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AkcnepumenT CITACUAPM HauesneH Ha CHCTEMAaTHUECKOe HCCJ/IENOBaHHE CIH-
HOBOH CTPYKTYpBl HYKJ/IOHA W CIIHHOBOH 3aBHCHUMOCTH CHJIBHOTO B3aWMOAEHCTBHS
aHTHUBeLIeCTBA U BellleCTBa C MaTepued mpu 3Heprusx 1o 45 [3B. B pamkax mepsoro
JTalna dKCIeprMeHTa M3y4yeHHe CIMHOBBIX CBOHCTB afpOHOB OyeT MPOXOAUTb Ha Aei-
crBytouedl ycraHoBke CITACHAPM Ha myuke OTpULATENbHO 3apsKEHHBIX apOHOB
KaHaJsa 14 yckoputesbHoro kommniekca ¥-70. Ha Bropom sTane B kaHase 24A yckopu-
TeJIbHOTO KoMIIekca ¥Y-70 mpexpnosaraercss GOpMHUpPOBaHHE MOJSPU30BAHHBIX IIyUKOB
TNPOTOHOB M aHTUNPOTOHOB. [l0JSIPU30BAHHBIM AHTUIPOTOHHBIH MYUYOK, G€3yCJIOBHO,
CTaHeT YHHMKAJbHBIM Iy4KOM B MHpe. [InaHupyeTcs NPOBECTH U3MePeHHs OLHOCIHHO-
BbIX aCHMMETPHH B flecsiTKaxX peakLUH Kak Ha BOAOPOJIE, TaK U Ha Pa3IHUHBIX fAPAX.
Ha ycranoske CITACHAPM B03MOXKHO TaKKe H3MepeHHe NONepeyHOH NOJIsIpHU3aluy
TUIIEPOHOB U 3/€EMEHTOB CIIMHOBOM MaTpPHLB BEKTOPHBIX Me30HOB. [l H3yueHUs
CNHHOBOH CTPYKTYPhl HYKJ/IOHa NpefosaraeTcs IpOBECTH HCcael0BaHHs 06pa30BaHus
KBapKOHHM$ [/ OlpeJle/leHHs] BK/aja IJII0OHOB B CIHH NPOTOHA. Ha/nnuue 1ByX THIOB
MOJIAPU3OBAHHBIX H BOCHMH THIIOB HemosspusoBanHbX (1=, K*, p,B,d, C) nyukos
B KOMOHMHALMM C MOJSIPU30BAHHON MHIIEHBIO paclIMpsieT AMaNasoH HcClel0BaHHH
N0JISIPU3aLMOHHbIX IBJeHUH U yCHJIHMBaeT yHHUKa/NbHOCTb NPOEKTa.

The SPASCHARM experiment is aimed at a systematic study of the nucleon
spin structure and the spin dependence of the strong interaction of antimatter and
matter with matter at energies up to 45 GeV. As part of the first stage of the
experiment, the study of the spin properties of hadrons will take place on a beam of
negatively charged hadrons in existing beamline 14 at the operating SPASCHARM
setup at the U-70 facility. At the second stage, the formation of polarized beams
of protons and antiprotons is assumed in beamline 24A of the U-70 accelerator
complex. A polarized antiproton beam will certainly become a unique beam in the
world. It is planned to measure single-spin asymmetries in dozens of reactions, both
on hydrogen and on various nuclei. At the SPASCHARM facility, it is also possible
to measure the transverse polarization of hyperons and elements of the spin density
matrix of vector mesons. Spin structure of the nucleon will be investigated in the
study of the quarkonium production to determine the contribution of gluons to the
proton spin. The presence of two types of polarized and eight types of nonpolarized
beams (wi,Ki,p,ﬁ, d, C), in combination with a polarized target, expands the
range of studies of polarization phenomena and enhances the uniqueness of the
project.

PACS: 41.85.—p; 13.30.—a; 13.88.+¢; 13.85.D
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[lamsmu npogeccopos C. 5. Hypyuiesa
u fO. M. Kasapunosa nocsesuaemcs

PE3IOME ITPOEKTA

Ha kpynneiimem B Poccuu yckopuTesbHoM Kommiekce Y-70 B HMucrtu-
TyTe (U3UKH BbICOKMX 3Hepruil um.A. A.Jlorynosa HHUIL «KypuartoBckuii
HHCTUTYT> (nanee — MIPBD) cosnaH 3HauUMTeNbHBIH 3ajes [Jsi TPOBedeHHs
uccaenoBanuil Muposoro yposHsi B akcnepumerte CITACUAPM (CIluHoBbIe
ACummetpuu B obpasoBanuud YAPMonust). DTH HCCAE0BAHUS MO3BOJAT
HULL «KypuaToBcKHH HHCTHUTYT» 3aHATb JMAUPYWOLIHE B MHpe [O3ULHUH
B 00J1aCTH CIIMHOBOU (PU3UKHU.

[TpoekT HaleseH Ha HCCJIEN0BAHHE CIIHHOBOH CTPYKTYPHl HYKJIOHA U CIIH-
HOBOH 3aBUCHMOCTH CHJIbHOT'O B3aUMOAEHCTBHS aHTHBEILLECTBA U BelleCTBa
¢ Marepuei npu aHeprusx a0 45 ['5B. CnuH B KBAHTOBOH MeXaHUKe sIBJSETCS
COOCTBEHHBIM YIJIOBBIM MOMEHTOM YacTHIL CO CrelU(pHYeCKUMH CBOHCTBAMH.
B oTinune ot opOHTAIBHOrO MOMEHTA CIIHH He CBSI3aH C IepeMelleHHeM da-
CTHIIB B IPOCTPAHCTBE U SIBJISIETCS ee BHYTPEHHE! KBAHTOBOH XapaKTepHCTH-
KoH Hamonobue Macchl Mid 3apsjaa. [loHsTHe crivHa OBIIO BBEIEHO B HayKy
noytu 100 ser Hasam AJs ONMCAHUS aTOMHBIX crekTpoB. Ero mpupoma no
CHUX IOp ocTaeTcs TalHOH. JIaHHBIM NPOEKT 3aMeTHO NPUONHU3UT ee Pasraiky,
1 3T0 GYHEeT NMPOpbIB B (hyHAAMEHTAIbHBIX HAYYHBIX HCCIEN0BAHUSX.

Y06kl IPOBOAUTD MOJSIPU3ALHOHHBIE HCCIEOBAHHSI, HYKHO CO3/aTh Myd-
KH T0JISIPH30BaHHbIX YaCTHL, H/UJH HCIO0Jb30BaTh TEXHUKY MOJSPU30BAHHBIX
MHuIIeHe#. B noc/ieiHue Tobl MPOU30IIeN 3aMeTHBIH POrpect B SKCIepUMEH-
TaJIbHOM U3Y4YeHHU CIIHHOBBIX 3(h(heKTOB NPH BBICOKUX 3Heprusax. [lopasisio-
1ee O6OJBLIMHCTBO IKCIEPUMEHTOB OblIO NPOBeNEHO B 00/1aCTH HemepTyp-
6aTuBHON KBaHTOBOH XxpomonvHaMHKH (KX]I) mpu yMepeHHBIX MONepeuHbIX
UMnyJabcax. MHTepnperanns 3THX pe3ysnbTaToB B paMKaX KBapK-MapTOHHOH
MOJle/IH 3aTpyJHEHa.

[TosiBNeHHe 3KCNEPUMEHTANbHBIX JaHHBIX CTHMYJIHPOBAJIO TEOPETHIECKOE
OCMbICJ/IEHHE CIIMHOBHIX 3((ekToB. [Ipy 3TOM XapakTepHb! BbICKA3bIBAHHUS U3-
BECTHBIX TEOPETUKOB, HalpuMep aHrauyanuHa . Jlugepa: «CnuH B aKcHepu-
MeHTax youJs GoJiblile TeOpUH, ueM J060# Apyroi (Gu3uUecKni napamerp» *.
Wnu amepuxanua Jx.DBbsépkena: «IlosnsipusaunoHHble faHHble 4acTo OblIU
KJaabulleM MOAHBIX Teopuil. Ecau 6bl TeopeTuKH OblIM B CHJaX, B LeJSX
CaMO3alIXUTBl UM CTOMJIO OB BOOOIE 3aNpeTHTh TakHhe u3MepeHus» **. Cero-
IHS HET TEOpHH, NpeTeHAYIOleH Ha [OJHOe OMHCaHHe BceX HabJIofaeMblX
NoJISPU3aLMOHHBIX 3(phekToB. HOBBIE CIIMHOBBIE NaHHBIE, SKCIIEPHUMEHTAJBHO
noslyyeHHble JI GOJBIIOro YMcaa pasHooOpasHbIX peakUHWd Kak Ha MoJs-
pPHU30BaHHOM AHTHUIPOTOHHOM Iy4yKe, TaK H HA IOJISPU30BAHHOM IPOTOHHOM

* Leader E. Spin in Particle Physics. Cambridge Univ. Press, 2001.
** Bjorken J. D. Proc. Adv. Research Workshop on QCD Hadronic Processes, St.
Croix, Virgin Islands, 1987.
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nyuyke B o6jactd HeneprypbatuBHoH KX]I, KpailHe BaKHbl JJif Pa3BUTHSA
TEOPETHUECKHUX IOJXO0B M BO3MOXHOTO CO3JaHUSI TEOpPUH (MOAEH) IS
OIMCaHUSI BCeX CHMHOBHIX 3((eKTOB B CHUJbHHIX B3aUMofeHcTBUSIX. B Ka-
Hase 24A yckopuTesbHOro Kommsekca ¥-70 npenmnosaraercsi GopMUpOBaHHUE
TNOJISIPU30BAHHBIX TYUKOB MPOTOHOB M aHTHNPOTOHOB. IIpoBeneHBl pacyeThl
UX rapaMmeTpoB. MIHTEHCHUBHOCTb aHTUIIPOTOHHOTO My4Ka ¢ 3Heprued 16 I'sB
moxer gocturath 10° amTunpotoHos 3a muka yckopurens (10'° anTumpo-
TOHOB B CYTKHM) NpH cOpoce Ha nepsuuHylo MmuumeHb 10'3 mpotoHos w3
Y-70. Tlonsipu3oBaHHBIA AHTHUIPOTOHHBIH MyYOK OT pacrnajga A-rUIepoHOB,
KOTOpbIH OyfeT NOCTyIeH Ha MNATBIH ToA Mocje Havyasna (pUHAHCHPOBAHHS,
CTaHeT, 6e3yCJI0BHO, YHUKAJbHEIM TyYKOM B MHUpe. B aHTUIIPOTOH-NPOTOHHBIX
AHHHUTUJISIUUSIX HET OTPaHHUEHMs] HA KBAHTOBBIE UHCJA OOJBIIMHCTBA POXK-
JAIOLINXCS PE30HAHCOB B OTJIMYHE OT 3JIEKTPOH-NIO3UTPOHHON aHHUTUJISLIUH.
VIHTE€HCUBHOCTH MOJSIPU30BAHHOIO MPOTOHHOTO MyyKa ¢ sHeprueit 10-45 3B
OyfeT Ha NOPSAOK OoJblle, YeM aHTHUIIPOTOHHOTO, NPH TOM K€ 3HAYeHHH
cpenHed moJssipusanvu. Bce 3TO MO3BOMUT B 3KCHEPHMEHTE Ha YCTAHOBKE
CITACYAPM permath MaciiTabHble HayuHble NPOOJEMbl, CBSI3aHHBIE CO CIIH-
HoM. AHamora cosnaBaemod HoBo# ycraHoBKM CITACHAPM pasi pabotl
Ha MOJISIPU30BaHHBIX NMyuykKax B MHpe HeT. OxuAaeMbll MEpHOI COXPaHEHUS
yHukanbHocT Kommiekca CITTACHAPM — He menee 15 ser.

[Tosisip3oBaHHble MYYKH CTAHYT MOLIHBIM HHCTPYMEHTOM /ISl HCCJIe0Ba-
HUH CIIMHOBBIX 3((eKTOB Ha aHTHUIPOTOHHBIX U MPOTOHHBHIX Iy4YKaX C 3Hep-
rue#t 16 ['3B u Boille npu cpennedt nossipusaunu 45 %. [lnanupyercs ompe-
JeNuTb 60/bIIOH HAab0p HEOOXOAMMBIX (PU3UUECKHX HAOJ/I0faeMbIX, BKJ/04as
OJIHOCTIHHOBbIE aCUMMETPHH, B JecATKax peakLuH B 06/acTH (parMeHTalnH
TMOJISIPH30BAaHHOTO TyYKa KaK Ha BOAOPOZE, TAaK W HA Pa3iHUHBIX SAPAX.
JlaHHBIX B TaKOM 00beMe HeT HU JJIsl KaKOH 3Hepruu. Pe3ysbTaThl cpaBHeHUs
yKaxKyT Ha pas3/nuus B3aMMOJAEHCTBUS aHTHUBELLECTBA U BelleCTBA C MaTepu-
e, 4To B TeueHHe MHOTHUX JIeT SABJAseTCS aKTya/JbHOU HaydHOH 3ajzauert. Jis
U3y4YeHHUs] CIIMHOBOH CTPYKTYPBl HYKJOHA OYyAyT MPOBENEeHbl HCCJENOBAHUS
06pa3oBaHUs YapMOHHS B 00JIACTH (hparMeHTALHH IIOJSIPH30BAHHOIO MydKa
C TOMBITKOH ONpeNesNUTb BKJAJA TJIOOHOB B CIIHH MPOTOHA, YTO MOIJIO Obl
NOMOYb pasrajike «CIIHHOBOTO KPHU3HCa» MPOTOHA (BCe KBAapKH B MPOTOHE
OTBeTCTBeHHHI Beero 3a ~ 30 % chuHa MpoTOHA), CYIIECTBYIOLIEro yxke 6osee
30 niet. Mbl yunuTBIBaeM TOT (PaKT, YTO 3HAUYUMBIN BKJIaJ B CEUEHHUE POKIEHUS
YapMOHHUEB OyIeT BHOCHTDb NPOLECC aHHUTUJISILUY KBapKa U aHTHKBapKa. Tem
He MeHee Mbl OXKMJaeM, UTO IPU pp-B3aUMOAEHCTBUY B POXKIEHHE COCTOSTHUSA
Xc2 (3555 M3B) co cnuHoM 2 onpenesioiuil BKaaa 0yaeT BHOCHTb HMEHHO
TJIIOOH-TVIIOOHHOE causiHue. JlaHHas 3agada HauboJiee CJI0OXKHAS U sABJAsSETCH
KOHEYHOH LeJbI0 3KCIIePHMEHTa, TIPH TOM Ha MEPBBIX 3TaNax IJaHHPYeTCs
BBIIIOJIHUTb He MeHee BaXKHbIE, a 10 00beMy H3MepeHUH 60/ee HHTEHCHBHBIE,
UCCJ/IeI0BAHUS IPYTHUX Pa3/JMYHbIX CIIMHOBBIX fIBJIEHUH.

Hasnnuve nonsipu3oBaHHBIX KaK IPOTOHOB, TaK U aHTUNPOTOHOB B CP-Heli-
TPaJbHOH pp-CUCTEME OTKPBIBAET BO3MOXKHOCTH IJis1 M3yUYeHHUS] U CPaBHEHHUS
opyr ¢ npyrom CP-compsikeHHBIX peakLUWi, YTO MO3BOJNHT B3IJSHYTb Ha
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CP-MHBapHaHTHOCTb B HOBOM paKypce, HeIOCTYIHOM [Jisl CTOJKHOBEHHH
HemnoJIsIPU30BaHHbIX YacTull. [IpoBeneHne TaKWX HU3MepeHHH B OymylieM IIo-
TpebyeT, CKOpee Bcero, HEKOTOPOH MOAHM(HKALHWM yCTAHOBKH, B YaCTHOCTH
paclIMpeHHsl ee aKCelNTaHca Ha 3a[HIOK MOJyc(epy B CHCTeMe LEHTpa Macc
CTOJIKHOBEHHUS.

JlonoHUTeIbHbIE YHHKAJIbHBIE 0coOeHHOCTH dKcnepuMeHTa CITTACHAPM
CBSI3aHbl C BO3MOXXHOCTbIO H3MePEHHsI MHOXKECTBEHHOCTH 3apsIKEHHBIX afpo-
HOB B COOBITHH, ONpelesieHHs] LEeHTPAJSbHOCTH COYJapeHUH afpoHa C SIAPOM.
Takux uccsenoBaHUH B MUpe MOUTH He MPOBOAMJIOCH, HO €CTh MepBble yKasa-
HHSI Ha UX aKTyaJbHOCTb. TaKyKe HOBH3HA MPOEKTA CBsI3aHa C BO3MOXKHOCTbBIO
PETUCTPUPOBATh HE TOJBKO CTAaOHJbHbIE MO CHJIBHOMY B3aMMOIEHCTBHIO Ya-
CTHLBI, HO U MHOTOYHCJIEHHbIe PE30HAHCHI, KAK Me30HHbIE, TaK U OapHOHHBIE.
Ha ycranoBke CITACHAPM B03MOXHO Tak»e H3MepeHHe MONepevyHol Mo-
JISIPU3ALMH THIIEPOHOB U 3JEeMEHTOB CIIMHOBOH MaTpHUIbl MJIOTHOCTH BEKTOP-
HBIX Me30HOB, UTO SIBJISIETCS OTPOMHBIM MPEMMYILECTBOM NpoekTa. Hakowner,
HaJl4he BOCbMM THIIOB HEMOJSIPU30BAHHBIX MYUYKOB (wi, K=, p, D, d, C)
B KOMOWHALIMHU C MOJISIPU30BAHHOH MMIIEHBIO Ha MOPSIOK pacIiUpsieT Auarna-
30H UCCJIEIOBAHHH TOJMSPU3ALUOHHBIX SIBJEHHUH W YCHUJMBAET YHHUKAJbHOCTb
TNPOeKTa.

[Monspuzauuonnsiét npoekt CITACHAPM otnuuaet riobanbHbIN, CHCTe-
MaTHUECKHH MOAXO0M B U3yUEHWH CHCTEMBI aHTHIIPOTOH-TIPOTOH (S4p0) U Mpo-
TOH-TIPOTOH (5iAp0). B oTanume oT GOJBIIMHCTBA MOJSPU3ALUOHHBIX KCIe-
pumentoB B CITACUAPM 6yner peasiisoBaHa MoJiHasi FeOMETPHS 1O a3UMY-
TaJbHOMY YTJy TIPH PETUCTPALMU 3apsi2KEHHBIX YACTHIL, YTO TO3BOJNUT HCCIIe-
IOBaTb He OUH AECSATOK HOBBIX MPOLECCOB C NpelebHO HU3KUMH OLIHOKAMH.
CoueraHue MWHUPOKOro HaGopa MYyUKOB M MHULIEHEH C BO3MOXKHOCTBIO OLHO-
BPEMEHHOH PEruCTpalyy 3apsKeHHBIX W HEHUTPAJIbHBIX YACTHUL — MPOLYKTOB
peaklHil — BEIFOAHO OTJIMYAeT JAHHBIE MPOEKT OT APYTHUX MOJSPU3ALHOHHBIX
TNPOEKTOB, CO3JaHHBIX TOJ OTPaHHYEHHOE YHMCJIO M3yuaeMbIX peakuuil. Mame-
peHHe CHOHUHOBBIX 3(P(eKTOB B GOJBIIOM KHHEMaTHYeCKOM JAHaNa3oHe W UX
CpaBHeHHe B PA3JIHUHBIX peaKUHUSIX MPUHLHUIHAJIBHO Ba)KHO JJISI PACKDPBITHS
MeXaHH3Ma B3aHMOIEHCTBUS YaCTHLL.

KoJleKTHB aBTOPOB IaHHOTO MPOeKTa U3 JabopaTOPUH MOJsPU3aLOHHbIX
skcriepuMenToB DB umeer 60/bILON Hay4YHBIH 3afes MO MPOEKTY Kak MO
HayuyHOH 4acTH, TaK U 110 MOArOTOBJEHHOMY 06opynoBaHuio. OH 3aHUMaeTCs
MOJISIPU3ALIMOHHBIMU HCCJieoBaHUsIMU Gosiee 40 JleT W NMpUHMMAJ ydacTHe
NPaKTHYECKH BO BCeX KPYMHEHIIHX afpOHHBIX IKCNEPHMEHTaX MO CIHHOBOH
TeMaTHKe B POCCHHCKHX M 3apyOeXXHBIX LEeHTpaX. B 4acTHOCTH, KOJIJIEKTHB
Chirpasl pellallyl0 PoJb B MOATOTOBKE W IMPOBENEHHU MOJSPU3aLHOHHBIX
skcniepumenToB ES81 u E704 B HauuoHasnbHOH ycKopuTenbHOH saboparo-
pun um.d. Pepmu (FNAL, CIIA) u STAR u E925 B bpykxeiiBeHCKOH
HauuoHanbHO# JabopaTtopun (BNL, CIIA). B skcnepumeHTax, NpoBeeHHBIX
B UDB3, a Takke B 3apy6exHBIX LIEHTPaX, OblIM OOHAPY>KeHbl 3HAYHUTEJb-
Hble MOJISIPU3aLHOHHbIE 3P(EKTbl, KOTOPbIE HE MOTYT ObITh 0OBSICHEHBI UMEI0-
IUMHUCS] TEOPETHUECKUMHU MonensiMu. [lo pe3ysnbTataM 3THX IKCIEPHUMEHTOB
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TOJIKO TIO CIIMHOBOH TeMaTuKe ony6aukoBaHo Gosiee 100 pa6ort, 3auiuiieHo
6 noktopckux u 6osee 10 KaHAMAATCKUX AMCCEPTALHUH.

Cpeny aBTOpOB JAHHOIO MPOEKTA Ba)KHOE MeCTO 3aHUMaeT Ipynmna Io-
JISIPU30BaHHBIX MHUIIeHeH (HblHe — ceKTop HU3KUX TeMmnepatyp JISAII) wus
OUSIH, koropas 40 set coBmectHO ¢ pusnkamu us UPBI nposogut nossipu-
3aLlMOHHbIE HCCJIEOBAHUS HA YCKOPUTeNbHOM Kommekce Y-70 B [IpoTBuHO.
Ipynna yuenwix u3 aByx apyrux uHctutrytoB HULL «KypuaroBcku#t uncru-
TyT», a UMeHHO KypuaToBCKOro KOMIJIEKCA TEOPETHYECKOH M SKCIEPUMEH-
tanbHoi (usnku (KK TID) u IletrepOyprckoro HHCTUTYTA siiepHOH (DU3UKH
uM. B. I1. KoncranTtunosa (ITMA®), Tak ke Kak u rpynna us HaunoHasnbHoro
UCCJIEI0BATENBCKOTO siiepHOro yHuBepcuteta «MHUOHU» (HUAY MHUOU),
ABMSIOTCS MoJHOUeHHbIMKM yuyacTHHKaMd CITACUAPM. HMHuTepec K yuyacTuio
B JKCIEPUMEHTe * ¢ MOJSIPU30BAHHBIM MYYKOM WU TOTOBHOCTb Yy4acTBOBAaTb
B HeM BbICKasanu rpynnbl U3 Kapsosa yuusepcurera ([Ipara, pykoBonu-
teqb — M. @unrep), Tpuectckoro yHusepcurera (Mranusi, pyKoBoguTeab —
®. BpanamanTe), Matinuckoro yHuBepcutera uM. M. ['yrenbepra, BonHcko-
ro u boxymckoro yHuepcutetoB ([epmanus). KonnuecTBo MoTeHUHANBHBIX
TnoJIb30BaTeiel HHPPACTPYKTYPhl AaHHOro npoekTa npesbilaet 100 yesoBexk.
Bce 3TO NMpUBOAMT K OueHb BBICOKOH BEPOSITHOCTH YCIELIHOH peasid3alliu
COOTBETCTBYIOLEH MH(PACTPYKTYphl U HauaJsy BBINOJHEHHS HayuHBIX 3aiady
NpoeKTa B TeueHHe OHKAUIIUX AECATH JET.

CyMmMapHBIe pacxolbl Ha U3roToBJeHHe B PoccHu HE0OXOIUMOTr0 HayUHOT O
obopynoBanust 1Jjsi uccaenoBatenbckoit ycranopku CITACHAPM cocraBsaT
1 mapn py6. Kpome toro, eme 1 mapa py6. morpebyercsi A/ BBITOJHEHHS
paboT 1O CO3JAaHUI0 AHTUIIPOTOHHOTO (M MPOTOHHOrO) KaHana 24A Ha ycko-
putesbHOM Kommsekce ¥-70. Takum o6pa3oM, UTOroBasi CTOMMOCTb MPOEKTa
OLleHUBaeTcsl B 2 MAPA pyO. DKCIeprMeHTaJ bHEIE UCCIEN0BAHUS C MOJSIPU30-
BaHHBIMHM MYyYKaMH Ha HOBOM KaHaje 24A MoryT ObITh HauyaThbl Yepe3 YeThipe
rofa nocJje Hauaja (PMHAHCUPOBAHMS NPOEKTa.

BBEJAEHHE

3a nocJ/ieiHMe HECKOJIBKO AECSTKOB JeT OblIM 00HapYyKeHbl 3HaYUTeNbHbIe
CITHHOBBIE 3((EKTH B Pa3JMYHBIX (puUaHueckux npoueccax. OpHaxko HabJro-
Jaemble OoJsbliHe CHUHOBBIE 3(P(EKTHl I0Ka He YAAJ0Ch OOBACHUTb B paM-
Kax CTaHJapTHOH TEOPHH BO3MYLIEHHMH KBaHTOBOH XxpomopmHamuku (KX]I),
npeanoJsiaraioiiel KoJJMHeapHyl0 KHHEMAaTHKY. B CBfI3M ¢ 3TUM akTyaJbHBI
I[aJIbHeIl/JILLII/Ie CUCTEeMaTH4YeCKHe 3IKCIIepUMEeHTaJIbHble HCCJAENOBAHHUSA B 3TOU
obslacTH C H3MepeHHeM HeCKOJbKHX 3aBMCALIMX OT CNHMHA HabJ/lofaeMblX
(onHOCTIMHOBOH ¥ ABYXCIIHHOBOH aCHMMETPHH, MONSPU3ALUY THIIEPOHOB, 3JI€-
MEHTOB CITMHOBOH MaTPHIbl BEKTOPHBIX ME30OHOB) B J€CATKAX PA3JHYHBIX pe-
akuui. [no6ajbHEIH aHa/MU3 MOJYYeHHBIX TaKMM 00pa3oM JaHHBIX MO3BOJUT

* BkJtouast BO3MOXKHOE ydyacTHe B CO3OAaHHUU U U3FOTOBJEHHUH YCTAHOBKH.
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BBISIBUTb OOlIMEe 3aKOHOMEPHOCTH HX NOBELEHHs, CPAaBHUTb B3aMMOAEHCTBUSA
YaCTHIBl U aHTHYACTHILE! C TIPOTOHAMH H SIIPAMHU, ONPEJeNHUTh POJIb [IBETHHIX
CHJI, UCCJIeJI0BAaTh CIHHOBYIO CTPYKTYPY HYKJIOHA, 3aBHCHMOCTH CIHHOBBHIX
3(h(heKTOB OT MU30TOMUUYECKOTO CIIMHA, HEPTUH MYy4Ka, COpTa KBAPKOB, aTOM-
HOT'0 Beca s[pa MMILIEHH W MHOXKECTBEHHOCTH 4acTull B coObiTHH. PaHee mo-
I0OHble MCC/IEf0BAaHUSA B TAKOM MacllTade He NPOBOAM/INCH. BaanmonelicTBue
TOJISIPU30BAHHBIX YACTHI] NIPEACTAB/ISAET COO0H YHHKAJBHBIH HHCTPYMEHT JJIS
H3yUeHUs] MeXaHM3Ma CHJIbHBIX B3aUMOIEHCTBUH B 006/1aCTH KOH(haHHMeHTa.

Jlas mpoBefeHMs ONHCAHHBIX BBILIE HCCJIENOBAHUH TpebyeTcs dKCIEepH-
MeHTaJ/lbHasi YCTAaHOBKA MHUPOBOTO YPOBHS M CO3/laHUMe KaHaja IMoJIspU30BaH-
HBIX TIPOTOHOB U @HTUIIPOTOHOB.

Lensto sxkcnepumenta CITACHAPM Ha co3gaBaeMOM HOBOM apOHHOM
KaHasle yacTul 24A yckopuresnpHOro KoMmmiekca ¥Y-70 sBisieTcss uccienoBa-
HHe CIUHOBOH 3aBUCHMOCTH CHJIBHOTO B3aUMOJEHCTBHUS aHTHBelllecTBa (1 Be-
I[eCTBAa) C MaTepHel U CIIHHOBOK CTPYKTYphl HYKJoHA. [Ipexne Bcero, Gymer
TNPOBeJieH IKCIIEPUMEHT Ha AHTHIIPOTOHHOM U TPOTOHHOM IOJISIPH30BAHHBIX
nyukax ¢ sHeprueil 16 ['sB npu monsipusauuu 1o 45 % c usMepeHreM oIHOrO
U TOro ke Gosblioro Hatopa Hab/0gaeMbIX (DH3MIECKUX BeJIHYHH (OTHO-
U IBYXCIIMHOBBIX aCUMMETPHH POXKAEHHS YACTHLL, NOJSIPU3ALUH B POXKAEHUH
TUIIEPOHOB U Ap.) AJIsl U3yUeHHUs] AMHAMUKH U POJIM CIIMHA B CHJIbHBIX B3aHMO-
nedctBusix. PUHANBHON 3anauell SKceprMeHTa OYAYT UCC/IEI0BAHUS, KOHEU-
HOH LIeJIbI0 KOTOPBIX SIBJISIETCS ONpefieleHre BeJIHUNHbI NOJSPH3aNH KBAPKOB
U TJIIOOHOB B IIONEPEYHO- U INPOJOJbHO-NOJSPH30BAHHOM NIPOTOHE M aHTHU-
NPOTOHe Yepe3 oOpa3oBaHHe KBAapDKOHMS CO CKPBITOH CTPaHHOCTBIO (p-Me30oH
1 f9(1520)) u ckpbiThIM ouyapoBaHueM (x2(3555 M3B) u x.1(3510 M3B)).
BriepBele Takue u3MepeHMs OyAyT MPOBeleHbl HAa YHUKAJbHOM IyUKe MOJS-
PH30BAHHBIX (2aHTH)IPOTOHOB OT pacnaja (aHTH)THIIEPOHOB.

B OB 3aBepuieHbl paGoThl M0 CO3JAaHUI0 3CKU3HOTO MPOEKTa HOBOTO
afipoHHOro KaHaja 24A. DTH paboThl MPOBOAUIKCH CoBMecTHO ¢ [ocymap-
CTBEHHBIM CIIe[[MaJM31POBAHHBIM NPOEKTHBIM HHCTHTYyTOM. K 2015 r. 6bla
MOJTyueH 3CKU3HBIHA MPOEKT «TOJIOBBI» KaHasa (IanHo# 50 M) — 3TO MPOBOAKA
MydYKa NPOTOHOB OT €ro BBIBOAA M3 ¥Y-70 10 NepBHUHOH MHUIIEHH, paclo-
JIO)KEHHOH TNepeq CrelHalbHbIM PafiHaLUOHHO CTOMKUM MarHutoM. [losHas
NPOTSKEHHOCTb KaHaja, OT MePBUYHOM MHUIIEHH U JI0 ero KOHLA, COCTaBJSAET
180 m. B 2016-2019 rr. 6111 MOArOTOBJEHBl BCe HEOOXOIUMBIE TEXHUUECKHE
3aJaHHUS Ha CO3JaHHe PA3JUYHBIX Y3JI0B KaHAJa.

B kanasne 24A mpennosaraercs (popMHPOBaHHE MOJSPU30BAHHBIX MYUYKOB
NIPOTOHOB M aHTUIPOTOHOB. [Ipon3BeneHbl pacueTsl UX napameTpoB. MHTeH-
CHBHOCTb aHTMMPOTOHHOTO Mydyka MoxeT focturaTh 10° anTunpoToHoB 32
wuka yekoputessi (100 B cytku) npu c6poce Ha nepsuuHylo Muiledn 10'3
npoToHoB 13 ¥Y-70. [TosfipH30BaHHEIA aHTUIIPOTOHHBIH ITyUOK, KOTOPBIH GyHeT
noctyneH B HULIL «KypuaToBckuit HHCTUTYT», CTaHeT, 6€3yC/I0BHO, YHUKAJb-
HBIM My4KOM B Mupe. Jlo 3TOro aHTUNPOTOHHbIE MYUYKH C HEpruell nopsjaka
1 I'sB npumensinuce B LIEPH, a 3atem ¢ sneprusmu 8 u 200 I'sB — B sabo-
patopuu uM. D. @epmu (FNAL, CIIA). [Ipy 5TOM eAHHCTBEHHBIM MOJSPU30-
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BaHHBIM My4YKOM aHTHNpPOTOHOB Obln myuok Bo FNAL c¢ sueprueit 200 I'3B.
[TosiB/leHMe aHTHUIPOTOHHOIO BBICOKOMHTEHCHBHOIO, HO HEMNOJSPU30BAHHOIO
nyuka ¢ sHepruedt 10 15 I's3B B npoekte FAIR ([epmanust) nnanupyercs He
panee 2030 .

Ycranoska CITACUAPM ¢ aHTHOPOTOHHBIM MOJSIPU30BAHHBIM MYYKOM
CTaHEeT MOILLHBIM UHCTPYMEHTOM MJisl IPOBeJleHHs] CHCTEMAaTHUeCKOro NOJspHU-
3aIL[IOHHOT'O 3KCIIePHMEHTa C OINpefe/eHHeM IOJHOTO Habopa HeoOXOAMMBIX
(pusndeckux HabJIIOJAEMBbIX, TAKHX KaK CedeHHe, TOJISIPU3aLns B YIPYrOM aH-
TUIIPOTOH-TIPOTOHHOM PAcCesHUU B 00/1aCTH KaK KyJOH-s11epHOH UHTep(hepeH-
LMH, TaK U AM(PPAKLIHOHHOTO KOHYCa, OAHOCIIHHOBbIE aCUMMETPHH B GOJBIIOM
KOJIMYEeCTBe peaklUH B 06/1aCTH (pparMeHTaLMH MOJISIPU30BAHHOIO MyUyKa Kak
Ha BONOpPOZE, TAK W Ha PA3JMYHBIX sapax U Ap. JaHHBHIX B HEOOXOAHMMOM
oObeMe HeT HH AJ KakKWMX 3Hepruuil. Takue ke u3MepeHus: OyAyT IpoBe-
IeHbl W Ha MNOJSPU30BAHHOM INPOTOHHOM INyuke. B pesysnbraTe cpaBHeHUs
6ynyT oOHapyKeHbl pas/jM4yus B3aWMOIEHCTBHUS AHTHUBELLECTBA M BelLECTBa
C MaTepuel, UTO y>Ke B TeUeHHEe MHOTHX JIeT SIBJISeTCS aKTyaJbHOH Hay4HOH
3anauert. Mcenenosanust Ha kaHase 24A MoxXHO OyfieT NPOBOAUTH B AMamna-
30He 3Hepruil mojsipusoBaHHoro nyuka 10-45 I'sB. OntumanbHas sHeprus
AHTUIIPOTOHHOTO MyyYKa ¢ y4eToM (DOHOBHIX TpoleccoB cocTaBaser 16 3B *.
C moMoIIbI0 TOJSIPH3ANMH TyYKa MOXKHO MPOBECTH IMaplyabHO-BOJHOBOH
aHaJM3 JaHHBIX TP MOHUCKE HOBBIX ()OPM MAaTEpHH, BKJIOYAs 3K30THUECKHE
coctosiHUs. OTMETHM, UTO B aHTUIIPOTOH-TIIPOTOHHBIX B3aHMOIEHCTBUAX HET
OrpaHHYeHUs] Ha KBAHTOBble YHCJIA POXKAAILIMXCH COCTOSHHUH M UYaCTHL,
BKJII0Uasi M COCTOSIHHUSI C 3K30TMYECKUMU KBAHTOBBIMHM UHCJAMH, KOTOpBIE
OyLyT pOXKIATbCSl B CONPOBOXKAEHUH C APYTMMH 3K30THUECKHMH YaCTHLAMH.

OcHoBHo#t Bkjaan B akcrnepuMedT CITACUAPM npuBHeC/aH yuaCTHHKH
us UOB3, OMAU, KK TaD, ITHUADP u HUAY MUDU. Tlpu npunsatuu
pellleHHs 0 (PUHAHCHPOBAHUH paboT MO CO3MaHHUI0 KaHana 24A B sKcnepuMeHT
TaK)Xe BOUAYT y4acTHUKH U3 MHcTuTyTa sinepHoi pusuku CUOUPCKOro oTae-
jgennss PAH (ux Bksapg 6yzneT B CIUH-(QJUNNEP) U 3apyOekKHbIX HHCTHTYTOB,
y2Ke MpPOSBUBLIMX HMHTepeC K AaHHOMY mpoektTy. Ilpu 3TOoM sKcnepumeH-
TajbHasl YCTaHOBKA NOJ’KHA ObITb, 0€3yCJI0BHO, OCHAIlleHa TeXHOJOTHUECKHUM
o6opynoBaHNEM Ha MHPOBOM YDOBHE.

B orsnrune ot GOJMBLUIMHCTBA BBINOJIHEHHBIX PaHee MOJSPU3ALHOHHBIX 9KC-
nepumentoB B CITACUAPM Gynet peanusoBaHa 27w-reOMETPHS MO a3UMY-
TAJbHOMY YIJIY, YTO [03BOJIUT 3HAUHUTENbHO YAYUYIIUTb TOYHOCTb U3MepeHHUs
CITHHOBBIX HAOJIIOaeMblX, a IJIaBHOE — MHMHHMH3HPOBATH CHCTEMAaTHUECKHe
ownbKK usMepeHuil. TestecHslil yroa yetaHoBKH (A ~ 200 mMpan 1o BepTHKa-
au 1 300 Mpan mo rOpU3OHTaMH B 06/1aCTH (parMeHTalUH yyKa) MO3BOJseT
NPOBECTH U3MepeHHUs B LIMPOKOM JAHANa3oHe KHHeMaTHYeCKUX MepeMeHHBIX
(pr, TF) ¥ DaeT BO3MOXKHOCTb Pa3feJHUTb 3aBUCHMOCTH OT 3THX ABYX Ile-

* I1pu sHepruu nepBUUHOrO Iyuka npoToHoB 60 I'sB.
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PEMEHHBIX, YTO OObIYHO He YAaeTcs OCYLIeCTBUTb Ha JKCIIEPUMEHTasbHBIX
yCTaHOBKAaX C MaJbIM TeJIeCHBIM YIVIOM pPerucTpaLui.

K nacrosiieMy BpeMeHH BEINOJHEH 3HAYMTENbHBIH 00beM paboT Mo co-
snanuio yctranoBku CITACHAPM. [poBeseH KOMMJIEKCHBIE 3aMycCK, U HauaThl
uccaenoBanus nepsoi ouepend skcnepumenta CITACHAPM na kanane 14.
Co6paH, UCTIBITAH U yKe paboTaeT MIMPOKOANEPTYPHBIH CIIEKTPOMETPUIECKHH
maruuT. Co3JlaHa U 3amylleHa TPEKOBasi CHCTEMa Ha OCHOBE MPOIOPLHOHAJb-
HBIX KaMep U Apei(oBblx TpyOok. Takxke co3naHbl 1Ba MHOTOKaHaJAbHbBIX II0-
POTOBBIX YEPEHKOBCKHX JETEKTOpPa U BeleTcs UX HacTpoika. OHH CrocoGHH
o6eCreunTb IepBble H3MepeHHst Ha AaHTUIPOTOHHOM ITy4Ke, XOTSI M B Orpa-
HUYEHHOM TeJIECHOM YTJIe 110 CPaBHEHHIO C IOJIHOH NPOeKTHOH KOHQHUTypa-
nueil. B cocTaBe yCTaHOBKH MCHOJb3YyeTCs 3JE€KTPOMArHUTHBIH KaJOPHMETP
U3 CBHHI[OBOTO cTekJja. MimeloTcs Mopynu anpoHHOro kajopumerpa. CosnaHa
¥ HACTpOeHa MydYKOBas amnmaparypa, HaCTpauBaeTCs HOBAas PETHCTPUpYIOLIas
3JIEKTPOHMKA U cUcTeMa cbopa NaHHBIX B craHaapte «EBpoMUCC».

OnHako AJ1s1 MPOBeJEHMsI SKCIIEPHMEHTa MHPOBOIO YPOBHSI 3TOTO COBEp-
IIEHHO HEeJO0CTAaTOYHO. [IJIs1 BBINOJHEHHS [IPOrPaMMbl HCCJIEfOBaHUE Tpely-
eTcs caMoe COBpeMeHHOe o0opynoBaHHe. B yacTHocTH, TpebyeTcs co3naHue
CHCTEMbl CBEPXIIPOBOASILMX MAarHMUTOB, «CHOMPCKUX 3MeeK», o0ecleyHBalo-
I[MX TI0BOPOT TIOJISIPH3ALNH TyUKa Ha MUIIEHH, a TaK)Ke KPHOTeHHOH CHCTEME
KaHasa 24A. d1o o6opynoBaHHe MBI IPHUYHC/ISIEM K YCTAHOBKE, a He K KaHasy.
Jlns ycTaHOBKM HeOOXOAHMMO CO3[aTb MPELHU3UOHHBIE TOHKOCETMEeHTUPOBAH-
HBIH 3/JIEKTPOMArHUTHBIA KaJOPHMETD THIA <«IHALLJIBIK» C MEJKOH SYeHKOH,
IIIPOKOANEPTYPHBIH MHOrOKaHaJbHBEIH YepeHKOBCKHH nerTekTop Tuna RICH,
CHCTEMY MOJIIPUMETPOB AJIs1 H3MepeHHs abCOJIOTHOH BeJIMUMHEI N0/ pHU3aLIHH
My4yKa, a TaKkKe HEKOTOPOe Apyroe o60pynoBaHHUeE.

1. PU3HYECKAA ITIPOT'PAMMA CITACHAPM

CnuHOBEHIE Ha6JIIOﬂaeMbIe ABJAAIOTCA TaAKUMHU NPEUU3UOHHBIMU UHCTPYMEH-
TaMH, KOTOpbI€ IMO3BOJAKT I‘JIY6)Ke INOHATb TIPUPOAY CHJIbBHBIX BSBHMOﬂeﬁ-
ctBuil. OKOJIO CTa JIeT Hasaj H3ydyeHHe CTPYKTYPhl CIEKTPOB H3JydeHHS
¥ TIOTJIOLEHHsT aTOMOB IPUBEJIO K HeOOXOAMMOCTH BBEJIEHHs MOHSTHS CMHHA
yactul. Co BpeMeHH NPOBEeHHsI 3HAMEHUTOro dKcrepuMenTa Lrepra—Tep-
Jaxa ¢ My4yKoM aTOMOB cepefpa B CHJbHOM HEOZHOPOAHOM MarHMTHOM IIO-
Je [1] Tonbko ceifuac HauaaM SKCIEPHUMEHTAJNbHO HCCJENO0BaTh BJIHSHHE
CIIMHA Ha B3aHMOﬂeﬁCTBHe JacTul. HepBbIe pe3yJsbTaThbl OKa3aJUCb HEOXKH-
JaHHBIMUA W MOMOIJIK PACKPBITh MapafoKCaJJbHY0 KBAHTOBYIO NPUPOAY CIIKHA,
MPUHUMAIOLLErO TOBKO LieJble U MOJyLe/ble 3HaUeHHs!.

YuuBepcasnbHbiil KaHan 24A ¢ ycranoBkoit CITACHAPM cospaercs ¢
HeJIbI0O H3y4YeHHUsd q)yHILaMeHTaJIbHI)IX BOIIPOCOB CHUJIbHBIX B3aHMOﬂeﬁCTBHﬁ
M CIMHOBOH (DM3HMKH, B3aHMOIEHCTBHUI MOJISPU30BAaHHBIX MPOTOHOB W AHTH-
MPOTOHOB C HYKJIOHAMH M SIApPAaMH, MOHHMaHHE KOTOPBIX MO3BOJMT paCLIH-
PUTb HaAllX 3HAHUA O CTPYKTYyp€ aApPOHOB U AMHAMHKE HUX BSaI/IMO,Z[eI‘/JICTBI/IH,
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B TOM YHCJe Ha YPOBHE CTPYKTYPHBIX COCTaBJSIOLIMX aApOHOB — KBAapKOB
U TJIIOOHOB.

Llensto 6oraToit (pusmdeckoit mporpammsl skcrnepuMenta CITACHAPM
(CIlunoBeie ACumMmerpun B poxaenurn HAPMouus) siBasieTcsl paciivpeHue
HallMX 3HaHUH B 00JIACTH CHJIBHBIX B3aUMOAEHCTBHUE, O CTPYKType apOHOB
U pOJIM CIIMHA B JAHWHAaMHKe CHJbHBIX B3aHMOIeHCTBHH. M3MepeHue passiny-
HBIX CIIMHOBBIX HabJ101aeMbiX (aCUMMeTpUH Ay, noJsipusanuu Py, nepenadu
cnuHa Dy, 37€MEHTOB CIMHOBOH MATPHLbI TJIOTHOCTH P M OP.) OTKpHI-
BaeT NOMOJHHUTEJbHble BOBMOXKHOCTU JJIsi CPABHEHHs] NaHHBIX dKCIEepPHMeHTa
U TpeacKazaHWi Mopesedl, 4yTo OyIeT CHOCOGCTBOBAaTb B KOHEYHOM HTOTe
pellleHHI0 0603HaYeHHBIX BBILIE NPOOJIEM.

Teopust Bosmymenu#t KXJI npenckaseiBasa He3HauMTeJbHbE CIIMHOBbIE
s¢pdekrrr (mopsinka 0,1 %), BoIMHpaOliKe ¢ POCTOM IHEPrUU B3aUMOAEHCTBUM
(v/s) v monepeunoro umnynsca (pr) [2]. OnHako sKcrepUMeHTaIbHBIE HCCle-
IOBaHMUsl TIOKa3asu, uTo 3¢ PeKThl, HabMOaeMble B HHKJIO3UBHBIX pPeaKIUsX,
He yObIBAIOT 3aMETHBIM 06DPA30M C YBEJNUUYEHHEM /S U Pr.

Hapsiny ¢ mossipu3oBaHHBIMM TIPOTOHHBIM W AHTHUIIPOTOHHBIM MyYKaMH
KaHal 24A TO03BOJUT BBIBOAWUTb Ha YCTAHOBKY HEMOJISIPU30BAHHBIE MYYKH
nuoHoB (1), xaoHoB (K *), IPOTOHOB U aHTHUIPOTOHOB, a TAKXKe YIIePONHBIH
U JeUTPOHHBIH My4yKH. B KayecTBe MHUIIeHeH MpeAnosaraeTcsl UCIONb30BaTh
TONEPEYHO- U MPOAOJBHO-TIOSIPU30BAHHbIE TPOTOHHbIE MUILIEHH «3aMOPOXKeH-
HOT'0» THIIA, & TAKXKe IIUPOKUH HaGOp HEMONAPU30BAHHBIX MULIEHEH, BK/IOYAs
JKUIIKOBOJIOPOJHYIO U TBEpAble siIepPHble MHUILIEHH.

Bce BhlllIeCKa3aHHOE TOBOPUT O BO3MOXKHOCTH HCCJIEIOBAHHUS C BBICOKOMH
TOUHOCTBIO CIIHHOBBIX 3(D()eKTOB BO MHOTHX HeCsiTKaxX peakLUuil ¢ pas/nd-
HBIMH HayaJbHBIMH W KOHEUYHBIMH COCTOSTHMSIMH, 4TO MO3BOJIUT BBISIBUTD
oflIre 3aKOHOMEPHOCTH aIPOHHBIX B3aWMOIEHCTBHHA. DTO BBITOIHO OTIHYAET
CITACYHAPM ot apyrux nojisipH3aiiiOHHbIX 9KCIIEPUMEHTOB, B KOTOPBIX H3Y-
YaeTcs, Kak MpaBUo, HeGOJbIIOE YHCIO PeaKIHi.

B sxcnepumente CITACUAPM Ha kanane 24A OynyT NpoOBOOUTHCS HC-
CJIeIOBaHUS 110 B3aHMOIEHCTBUIO TOJISIPU30BAHHBIX MPOTOHHBIX H AHTUIIPO-
TOHHBIX NyYKOB C MPOTOHHOH JIUOO C SIE€PHBIMM MHULIeHsIMH. MMmysbe mo-
JISPU30BAHHOTO TMyYKa MOXeT BapbUpoBaTbesi B nuamnasoHe 10-45 I'3B/c,
a TomepeyHasi moJjsipusauus mydyka coctaBut 40-45%. HemossipusoBaHHble
nydkd MoryT umetb ummyjbc oT 10 no 50 I's3B/c.

Hayunas nporpamma CITACHAPM BkitouaeT B ce0Gsi HECKOJNBKO CepHil
U3MepeHHUH, KOTOpble HalpaBJeHbl Ha HCCJeN0BaHHe (HyHAAMeHTabHBIX MpPO-
6aem KX]I B HemepTyp6aTHBHOH 06/aCTH, B KOTOPOU MPOSIBJISIOTCS TaKHe
sBJEeHUS, KaK KOH(alHMeHT, cJusiHHe Ju60 (parMeHTalUs KBapKOB B af-
POHBl W CHOHTAHHOE HapylleHHe KHUPaJbHOH CUMMeTpPUH. DynyT n3mepeHbI
TonepevHble OfHOCIIHHOBbIE aCHMMETPUH Ay B pPeakLUHsAX HHKJIO3UBHOTO
obpasoBanus ¢, f2(1520), J/1, Xc1 ¥ Xc2 Ha MPOTOHHBIX M aHTHIPOTOHHBIX
TOJISIPU30BaHHBIX MyYKaX.

[l u3ydeHUs TMOJSPU3ALUMK KBApKOB W TJIIOOHOB B 00/1aCTH GOJBIINX
xp OYyOYT U3MepeHbl IBYXCIMHOBble acUMMeTpud Ayy U Apr B mpoueccax



16 ABPAMOB B.B. ¥ JIP.

o6pasoBaHus yacTull ¢, f2(1520), J/1, Xc1 U X2 B COyIApEHHUSIX NOMEPEYHO-
1 IIPOJIOJIBHO-MOMIPU30BAHHOTO ITyYKa TPOTOHOB € MONEepPeyHo- (IPOLOIBHO-)
MOJISIPU30BAaHHON MPOTOHHOH MHIIeHbl0. Halled uesbio siBJAsSETCS MOJy4YeHHe
UH(pOpPMAaLHHY 0 BKJaJe KBapPKOB U [VIIOOHOB B CIHH MPOTOHA. AHAJIN3 BEIXOJOB
3THUX YaCTHL B CJydasiX, KOTAa CIHHBI MULIEHH W My4Ka HarpaBJeHbl B OfHY
WJIH pa3HbBle CTOPOHEI, MO3BOJIUT OLEHUTHb JOJIO CIHMHA HYKJIOHA, NepeHOCH-
Myi0 KBapkaMmu (mpobJieMa «CIHMHOBOTO KPH3HCa», 3aKJIIYaloLIerocsi B TOM,
yTo cerofus, crnycts 30 sieT mocJie MpoBefeHUs THOHEPCKOro 3KCIEpUMEHTa
B LIEPH, Bce BaneHTHble U MOpPCKHe KBAapDKH B IIPOTOHE B CyMMe OTBETCTBEH-
Hbl Bcero Jiniib 3a 30 % MpomOJIbHOTO CHKMHA MPOTOHA).

HccnenoBaHue OTHOLIEHMH BBIXOLOB Xe1 H Xc2 MO3BOJUT I[POBEPHUTH
HOBYIO TeOpeMy O MacIITaOGHOM HHBAPHAHTHOCTH B BBEIXOlaX 3THX Me30-
HOB [3, 4], KoTOpasi 3KCIePUMEHTAIbHO MOATBEPK/AeHa Ha DoJibliom afpoH-
HoM KoJsainepe (BAK) [5, 6].

JlaHHble HcClefoBaHUS SBJAAIOTCA HauboJjee CJAOXKHBIMM B Iporpamme
CITACHAPM v Hak/afblBaIOT JKECTKHE OTPAaHHYEHMsI HA TPeOOBAHHUS K KC-
nepUMeHTa/IbHOM ycTaHOoBKe. [Ipu 3TOM Ha paHHHX 3Tamax OYAyT pelaTbes
He MeHee MHTepecHble 3a1auu. [lepeuncaum ux.

e ll3MepeHHe OMHOCNHHOBBIX MOTEPEYHBIX (A3MMYTasbHBIX) aCHMMETPHH
AN aZpOHOB, COCTOSILIIMX W3 JIETKUX KBapKOB u,d, s, TIPU PaCCesIHHUH IIole-
PEYHO-TIONSPU30BAHHOIO My4Ka HA HeMoJISIPU30BAHHOH MHILEHH JHUOO0 Hero-
JIIPU30BAHHOTO My4yKa Ha MONEPeYHO-NOMNPU30BaHHON MHUILeHH. B kKauecTBe
PErUCTPUPYEMOH YaCTHIBI MOKHO MCIIOJIb30BATh JIFOObIE YACTUIIBI (CO CIIHHOM
J=0,1/2,1,...) u naxe sigpa. B kauecTBe MHIIEHH MOXKHO HCIIOJb30BaTh
NPOTOHBI U 1pa, YTO M03BOJISAET UCCAEN0BATh 3aBUCUMOCTb AN OT aTOMHOTO
Beca MHUIIeHH. PerucTpauusi afpOHHBIX PE30HAHCOB B JOMOJHEHHE K OOBIUHO
U3MepsieMBbIM CTaOUJIbHEIM 10 CHIIBHOMY B3aUMOLEHCTBUIO aJpOHAM MO3BOJIUT
CYILLECTBEHHO PACLIMPUTh CIIMCOK NOCTYIHBIX 1/ U3ydeHHs peakuui. PaHee
u3MepeHUH Ay 17151 pe30HAHCOB NMPaKTHYECKH He MPOBOAMJIOC.

e OrmpesiesieHe MOTEPEYHBIX (MO OTHOLIEHHIO K MJIOCKOCTH PAacCesiHHUs)
nossipu3allvuil Py TUIIEPOHOB M AHTHUTUIIEPOHOB, 06pa3yIOLIUXCS HEMNOJspHU-
30BaHHBIMM NMyYKaMU Ha HENOJsPU30BAHHBIX MHUIIEHSX (IPOTOHHOH U sinep-
HbIX). 3Mepenune mossipusaunu Py BO3MOXKHO GJarofiapsi HapylLIeHHIO YeT-
HOCTH B €J1a0bIX IBYXUaCTHYHBIX pacnajgax rurnepoHos. [lapameTpsl yrioBoro
pacrpenesieHHsl NMPOAYKTOB paclaia THUIePOHOB CBSI3aHBI C MoJspU3aLiel
pacrapatwouefics yactuusl. CpaBHeHHe Any W Py s TUNepoHOB (aHTH-
TUINIEPOHOB) OTKPbIBAET JAOMOJHHUTEJNbHbBIE BO3MOXKHOCTH JJIsi BblGopa (WMJH
IMCKPUMHHALUH) KOHKDPETHOH MOJeNH TeHepaluH 3HAUUTeJbHBIX BeJHYMH
An u Py. lo HacTosilllero BpeMeHH OfHOBPEMEHHbIX U3MepeHUH Ay U Py
IJ151 3alaHHOH peaKLUH NPaKTUYECKH He NPOBOAUIOCH.

e l13MepeHMe BLICTPOEHHOCTH (3/1€EMEHTOB MATPHULbl MJIOTHOCTH pjk) BeK-
TOPHBIX Me30HOB (cnuH J = 1, yeTHoCTh P OoTpHULlaTe bHasI), pacnafaouXcs
Ha [IBe YaCTHLbl, B Mpoleccax COyAapeHHH HenoJsipu3oBaHHBIX yacTHl. Kak
U B CJIy4yae FMIIEPOHOB, [/1s1 BEKTOPHBIX ME30HOB MOXKHO U3MEPHUTDb U CPABHHUTD
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BBICTPOEHHOCTb U A, UTO paHee He MPOBOAUIOCH M UTO MO3BOJIUT MOJYYUTh
JOTOJIHUTEJ/IbHBlE OIPAHUYEHHUs] HA MEXaHU3M CHJIbHOTO B3aUMOIEHCTBHSI.

Jliisi BceX TpexX Mepeurc/eHHBbIX BhIIE CepHil U3MepeHHH MOTYT MPOBO-
IWTbCS UCCJIEIOBAHUS 3aBUCHMOCTH CIIUHOBBEIX 3P(EKTOB OT pr, Tp, HOMEpa
snpa A, SHEpPrHM peakUWH /s B CHCTeMe LeHTpa macc (C.I.M.), MHOXe-
CTBEHHOCTH BTOPHUYHBIX YaCTHIL B COOBITHU (Np), a TAKXKe OT LEHTPaJbHOCTH
(Cr) coynmapenuss yactuu mnydka c¢ sigpoM. CTosb pasHO0OpasHbIl HaGop
TNOJISIPU3ALMOHHBIX JaHHbBIX TTO3BOJIUT MOJYUHTb OTPAHHUEHHUS] Ha BO3MOXKHBIH
MeXaHH3M MPOUCXOKIEHUS CIMHOBBIX 3(P(PEeKTOB B CUJIbHBIX B3aHMOIEHUCTBHU-
X, BBISIBUTb HOBble 3aKOHOMEPHOCTH. B naHHOM cilyyae MOXKHO TOBOPHUTH O
CHCTEMAaTHUYeCKOM TOAXO[e K HMCCJAEeNOBAaHHIO MPOoOGJeM CHJbHBIX B3aUMOAeH-
CTBHUH U CIIMHOBOH (DHU3HKH.

VismepeHue pas/inuHbIX IBYXCIHHOBBIX KOPPEJSLHH, B HAUaJbHOM H/HJIH
KOHEYHOM COCTOSIHMSX, sIBJsieTcsi Gosiee TPYAHOH 3amaueil, KoTopast GymeT
pelaTbCsi MO0 Mepe TOTOBHOCTH ammapaTtypbl ¥ MPOTpaMMHOro obecreyeHHs
JKcrepuMeHTa. Hanprmep, BO3MOXHO H3MepeHHe Tepenadn cnuHa (Dyy) oT
HaJIeTAIOM[ET0 TOJISIPU30BAHHOrO TIPOTOHA (aHTHUIIPOTOHA) K 06pasyromeMycs
runepoHy. TakKe HHTepecHO M3MepeHHe ABYXCIHHOBOH acuMMeTpuu (Ann)
B MPOILIECCAX PACCEesTHHS MONEePeyHO-MONSPU30BAHHOTO MTyYKa Ha MONepevyHo-
MOJISIPU30BAaHHON MUIIEHH B HHKJ/IO3UBHBIX U 9KCKJIO3UBHBIX peaklHsX.

Akcnepument CITACUAPM no3BoJsisieT MPOBECTH OfHOBPEMEHHOe H3Me-
peHHe aHaJH3UpYIOLlel CMOCOOGHOCTH myyka Ap, MUIIeHH Ap U CIHHOBOH
Koppesasiuud Ayy B YIOPyrom pp-paccestHHd. B oGsmacTu nudpakUuHOHHOTO
xonyca 0,075 < —t < 0,6 (['sB/c)? npu ummynbce Gombuie 12 [3B/c Her
naHHbX 171 Ay . Kpome Toro, ecTb BO3MOXKHOCTb KCNEPUMEHTANBHO MPO-
BEPUTb OUYEBUIHOE PaBeHCTBO Ap U Arp.

[IpucyTCcTBHE B CTOJKHOBEHHSX TOJSPU30BAHHBIX YACTHIL ABYX aKCHAJb-
HBIX BEKTOPOB HCXOIHOH TMOJISIPU3alMH, HaXOASILIMXCS IOA TMOJHBIM KOH-
TPOJIEM 3KCIIEPUMEHTATOPOB, CYLIECTBEHHO YBEJIMYHMBAET YHUCJIO BO3MOMKHBIX
KOpPPEeJLUH MeXAy BEKTOPAaMH B TOH WJHM MHOM PeakLHH, TeHePUPYIOLINX
u3MepsieMble CIUHOBEIE acuMMeTpuH. Cpefn HUX 0COOBIH HHTepec MpeacTaB-
JSIIOT Te, HaJW4He KOTOPBIX 3alpellleHO 3aKOHAMH COXpaHeHHsl, B UaCTHOCTH
3aKOHaMH COXPaHEHHsl TUCKPETHBIX CHMMeTpui. [IpuMeHUTeNbHO K aHHUTHU-
JISIUUW TIOJISIPU30BaHHBIX KBApKOB M aHTHKBApKOB Takasi mpobJjema paccMmar-
puBajsach B 1leJOM psjae ny6aukauni [7-14]. OOGLIMPHBIA COUCOK MOTEH-
IMaJbHO HWHTEPECHBIX OJHO- M JBYXCIHMHOBHIX aCHMMETPHH, HapyLIaiollux
CP/T-unBapuantHocTb, npuBeneH B pabore [8]. MsBectHo, omHako, uTo
u CP/T-uHBapHaHTHbBlE B3aMMONEHCTBHS B HayaJbHOM H KOHEUHOM COCTOSI-
HHSIX TaKXKe MOTYT HUMHUTHPOBaTh T-HedeTHble 3(P(eKTH. YHHKANBHOCTb CH-
CTEeMBI CTAJKHUBAIOLIUXCS MOJSIPH30BAHHBIX TMPOTOHA W AHTHUIPOTOHA COCTOUT
B TOM, YTO OHa siBjisieTcsl UCTHHHO CP-HeliTpasnbHOH 1o BceM 3apsinam (3Jek-
TPUYECKOMY, GaPHOHHOMY, CTPaHHOMY...). DTO M0O3BOJISIET MPOBECTH CpaBHe-
HUe HabgonaeMblx 3p¢ekToB B CP-conpsikeHHBIX peakUUsX U TeM CaMbIM
OTHeJUTh peanbHble HapyueHuss CP/T-uHBapUaHTHOCTH OT (PUKTHBHBIX.
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B ucTHHHO HeHTpaJbHOH NPOTOH-aHTUIIPOTOHHOH CHCTEMe CYILIeCTBY-
I0T TakWe CIIHHOBbIE ACHUMMETPHUH, KOTOpPble He MOryT OBITb HMHTHpPOBa-
ol CP/T-vHBapuaHTHBIME B3aWMOAEHCTBUSIMM B HauyaJbHOM H KOHEUHOM
cocTosHMsIX. B KauecTBe omHoro u3 mnpumepoB [7,8] mnpuserem Aot o
x (p- [¢, X {z]), rme p — BekTOp UMMy/IbCa NPOTOHA, a (, U ;; — BEKTOPHI
TNOJISIPU3ALIMHY IPOTOHA U aHTUIIPOTOHA. DTa ACHMMETPHUS MOXKeT HabJI0faThCs
B CTOJIKHOBEHHSX MOTEPEeYHO-MONSIPU30BAHHBIX YACTHUL C B3aUMHO OPTOTO-
HaJIbHBIMM To/IsipU3aluaMH. [Ipy cMeHe 3Haka ofHOH M3 mosspusaui Aot
TaKkKe MeHsieT 3Hak. [IpucyTcTBHe BKJaaa AcT B cedeHHH pp-PeaklluH C jie-
TEKTUPOBAHHEM B KOHEUHOM COCTOSIHHM MUCTHHHO HeHTpPaJbHOH MOICHCTEMBI
B aKCeNTaHCe, CHMMETPHUHOM OTHOCHTeNbHO £ = 0, Ob110 Obl OAHO3HAYHBIM
cBugeresbcTBoM CP-Hapymenus. K dncsy TakuxX 3KCIEPUMEHTOB ¢ UCTHHHO
HeHTpa/JbHBIMU M0 BCEeM 3apslaM KOHEUYHBIMH COCTOSIHUSIMH MOXKHO OTHe-
CTH, B YaCTHOCTH, U3MEPEHHs YIPYroro, HEYNpyroro W TMOJHOTO CeueHHH
B ppP-B3aUMOAEHCTBUAX UJH CeYeHHUSs HHKJIO3UBHOTO POXKAEHHUS UCTHHHO Hell-
TPa/JbHBIX PE30HAHCOB M YACTHIL, HAPUMeEp 7' -Me30HOB, B CHMMETPHUHOM T10
Zp aKCerTaHce.

[eabio uccnemoBanuil Ha ycraHoBke CITACUAPM sBisiercs pelueHue
3ajay 10 W3yUeHHIO CIIMHOBBIX CBOMCTB CUJIBHOTO B3aUMOAEHCTBHS, KOTOPBIE
ellle HUKTO B MHpe He MbITaJCSd BBIIOJHUTb W B OJMKaiillee BpeMsl He
TJIAaHHUPYeT H3-3a CJIOKHOCTH M KOMIIEKCHOCTH HccJefoBaHui. Haubosee
6auskuM K sKkcrnepuMeHTy CITACHAPM U [ONMOJHSAIOMKAM €ro (pU3UUECKYIO
nporpaMmy siBjsieTcsi mpoekT coznaHHoi B 2021 r. kossnadopauun SPD (Spin
Physics Detector) [15-17] na coopyxkaemom yckoputese NICA B OUSAU.
Kpartkuii 0630p (huauyeckodl mporpaMMbl 3KcrnepumeHTta B Jly6He npuBeseH
B rpuJs. A.1.5.

Huxxe moppoGHee mpuBeneHbl OMUCAHHE OCHOBHBIX H3ydyaeMblX (u3Hye-
CKHUX [POLIECCOB M MpPHUMepbl peaklUHil, B TOM 4YHCJe OLEHKH OXHAaeMOH
CTaTUCTHKH, YPOBHS ()OHA U CTATUCTHYECKOH TOYHOCTH HU3MEPEHHH.

1.1. HUccaenoBanne cniuHOBBIX 3(h(eKTOB B POMNKIEHNU KBAPKOHMHSA.
DKCIIepUMEHTHI MO TyGOKOHEYNPYTOMY pacCesiHUI0 HEeMoJIsipU30BaHHbIX 3JIeK-
TPOHOB W MIOOHOB Ha HETOJISIPU30BAHHBIX HYKJOHAX MPUBENH K OTKPBITHIO
kBapkoB B 1960-x rr. B 1988 r. B skcnepumente EMC (European Mu-
on Collaboration) 8 LEPH no ray6okoHeynpyromy paccesiHUIO MOJISIPH30-
BaHHBIX JIENTOHOB Ha MOJSIPU30BAHHBIX HYKJOHAX MOJYYeHbl Pe3yJbTaThl,
COIVIACHO KOTOPBIM BKJaJ CIHHOB KBapKOB B CIIHH MPOAOJBHO-MOJSPU30BaH-
Horo npoToHa MaJj (npumepHo 30 %), uTo mpoTHBopeuuso pacuetam KX]I.
drta npobJemMa Moslyyusaa Ha3BaHHE «CIMHOBBIM KpH3HC» HyKaoHa. o cux
nop 3Ta mpobseMa He pelleHa, ¥ HAa MHOTHX YCKODHTEJISIX MHpa HIET ee
UHTEHCHBHOEe H3ydeHHe. Baxknedimell 3amaueit skcnepumenta CITACUAPM
SIBJISIETCS] pellleHHe STOT0 CIIMHOBOTO KPU3HCa.

B KX ]I ectb Tpu (hyHIaMeHTaNbHBIE PYHKLUNUH pacnpeneNeHns 151 IPOTo-
Ha. DT0 QYHKUHUS pacrpefeseHUsi MAPTOHOB N0 UMIyJabcaM f(x), ycpenHeH-
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Hasl 1O CHHMHAM, (DYHKLHSI CIHUPAJbHOCTH pacrpefiesleHdsl NapTOHOB MO CIH-
paJIbHOCTSIM B MPOAOJBHO-IOJSIPU30BAHHOM NPOTOHE ¢(x) U (YHKLHsS More-
PEUHOCTH pacrpelesieHus MapTOHOB MO CIHMHAM B MOMEPEYHO-MOJSPU30BaH-
HoM mpoToHe h(x). CIHMHOBBIH KPHU3HC MPOTOHA CBsi3aH ¢ (PyHKUHeH g(x).
Wsyyenne ¢pyHKUUK h(z) TONBKO HAyaloCh.

Pesysnbrathl HccienoBaHust (YHKUUHM CIHPANbHOCTH ¢(z) MOKA3bIBAIOT,
uro TOJbKO 30% CnHHA TPOTOHA MEPEHOCSTCS BaJEHTHBIMH M MOPCKHUMH
KBapkamu u aHtukBapkamu. Ocrajbhble 70% chouHA MPOTOHA MOTYT OBITH
0ObsICHEHBI BKJ1a[I0M TJIIOOHOB U/HUJIH OPOUTANbHBIM MOMEHTOM. DOJIBIIHHCTBO
TOJISIPU3ALIMOHHBIX SKCIIEPUMEHTOB B HACTOsIIIlee BPeMsi HalpaBJ/ieHo Ha TOUCK
BKJaJa IJIIOOHOB B CIHH HYKJOHOB. Jlo He#aBHero BpeMeHH BCe MOINBITKH
06HapyKUTh BKJAaJ T[VIOOHOB B CIMH HYKJIOHA JABajd OTPULATEJbHBIE pe-
3yJbTaT.

B skcneprMeHTax ¢ MOJSPU30BAHHBIMHU JIENTOHHBIMU TYUKaMH, IPOBeeH-
HBIX 32 MOCJe[Hee BPeMs B PA3JIMYHBIX YCKOPUTEJbHBIX LIEHTPaX, MBITAIUCH
0GHAPYXKUThb TOJSPU3ALMIO [JIIOOHOB MPH OTHOCHTEJbHO MaJjbiX 3HAYEHHSIX
nepemeHHol Bboépkena xp (no 0,1-0,15). B akcnepumentax Ha RHIC (STAR
u PHENIX) npeanpuHA/MM NOMBITKY OOHAPYXHUTh MOJSPH3ALMIO TJIIOOHOB
npu Majabix (okoso 0,01) u mpomexyrtounbix (no 0,2) 3HaueHHsIX xp, TOraa
KaK HeoOXOIMMO IPOBECTH HM3MepeHHs BO BCeM AHana3oHe, 0COGEHHO IpH
OO0JIbIIMX 3HAUEHUSIX TR.

B skcnepumente COMPASS B pesynbrare rno6anbHOTO (DUTHPOBAHHUS
IaHHBIX GBLIO TOJYUEHO YKa3aHHe Ha TO, YTO BKJIAJ TJIIOOHOB B CITUH MPOTOHA
BO3MOXKEH TPU 3HAUEHHAX X, paBHbIX npumepHo 0,3 (puc. 1) [18].

o mocnenHero BpeMeHH BCe H3MepeHHsl IBYXCIIHHOBBIX ACHMMETpPHH
OBLTH CPABHUMEI C HYJIEM B Ipejiesax oUM60K, U Toabko B 2017 r. 6blu omy6-
JIMKOBaHbI NaHHble skcnepumerta STAR, ykasbiBawline Ha HEHYJIEBYIO aCHM-
metpuio (puc.2) [19].

CriefyeT OTMETHTb, YTO BCE€ HCCJENOBAaHUs SBJSIOTCS MOJIEJIbHO-3aBH-
CUMBIMH KaK C TOYKM 3PEHHs BOCCTAHOBJIEHHS MapaMeTpPOB peakLHH, Tak
¥ C TOYKH 3PEHHsI OMHUCAHHUS MPOLIECCOB.

OnHUM ©3 BO3MOXKHBIX CIIOCOOOB OMpEeNe/eHUs MOJSPU3aLUK MapPTOHOB
(KBapKOB M IJIIOOHOB B INPOTOHE) SIBJISI€TCS H3ydeHHe CIHHOBHIX 3((eKToB
B 00pa3oBaHUM yacTul ¢, f2(1520), a takxke x.1(1P) u x2(1P), KoTopele
pacrnagatorcst Ha J/¢ u poroH. Xopollo HU3BECTHO, UTO 00pa3oBaHHE KBap-
KOHHUSI BKJIIOUAeT TPH OCHOBHBIX TIpOllecca Ha MapTOHHOM YpoBHe (pHc.3):
KBapK-TJI0OHHOE paccesiHUe (@), aHHUTHIISILMIO JIEFrKUX KBapKoB (6) U TJII00H-
raooHHoe causiHue (8) [20-25]. Ilpu aToM B paccmarprBaeMoi 06JacTH
SHepruil NOMMHUPYIOIKE BKJAaA AJs NPOTOHHOrO mydka OyAeT AaBaTh MpO-
eCC KBApK-TVIFOOHHOTO PACCesiHUs, a [Jisi aHTUIPOTOHHOTO — KBapK-aHTH-
KBapKOBasi aHHUTUJISILIKS.

UroGel H30eXaTb BJIHSHHS OCHOBHOTO KBapK-aHTHKBApKOBOIO BKJala,
OCHOBHbIE HCCJIEIOBAaHUS MJIAHHUPYETCs MPOBECTH Ha MOJsSPU30BAHHOM IpO-
TOHHOM TyuKe (B pp-B3aUMOIEHCTBHUH) MPH MAKCHUMAJbHOH 3HEPTHH (OKOJIO
40 I'sB), uTo6Bl yBENUUUTb CeYeHHe HHKJIO3MBHOTO POXKIEHHS KBAPKOHHSI.
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Puc. 1. PesysbraT rio6a/ibHOro aHani3a naHHbeix [18]
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Puc. 2. [laHHble U3MepeHHE ABYXCMHHOBOH acuMMeTpuH B skcrepumenTe STAR [19]
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Puc. 3. TunuuHele guarpaMMel 06pa3oBaHUsl KBAPKOHUS

W3 skcrepuMeHTaIbHBIX JAHHBIX H3BECTHO, UTO CeYeHHe POXKAEHHUsS COCTOs-
HHsL x co crnuHOM | coctasisier npumepHo 30% OT ceueHHst X COCTOSIHHS
co cnuHoM 2 [26]. XapakTepHO# 0COGEHHOCTBIO MPOIECCOB 0Opa3oBaHUs
KBapKOHHsI sIBJISIETCSI WX BBICOKAs UyBCTBUTEJNbHOCTb K TJIIOOHHOMY COZEp-
JKAHHI0 B3aUMOJEHCTBYIOMUX YacTHL. O6pa3oBaHHe COCTOSTHUE KBapKOHHUS
B CTOJIKHOBEHHSIX HYKJIOHOB BbI3bIBaeT 0COOBIH MHTEpeC, TaK KaK COCTOSHHS
¢ KBaHTOBBIMH uucaamu 177, 1T 2%+ Hecyr uHpopmauuio o mioTHOCTH
TJIIOOHOB B HYKJIOHaX. [1ogoGHEIE COCTOSIHUSI OTHOCHUTENBHO JIETKO PErHCTpPH-
poBaTh 4Yepe3 WX AMJENTOHHbIE U paJHallMOHHbIE MOIbI pacraja.

OmpenesneHne pasHULBl CedeHHH (ABYXCIHHOBBIX acUMMeTpHH Apnny
u App) mns uactun @, fo(1520), J/¥, Xel U Xe2 C HCIONb30BaHHEM
TMOJISIPU30BAHHBIX My4YKa M MHULUEHH SIBASETCs TECTOM AJIsi IPOBEPKH pas3/nd-
HBIX MOJeJel, HEeKOTOpble U3 KOTOPbIX MpelcKa3bBalOT MPOTHBOMOJOXKHBIN
3HaK misi App AJIsE 4AaCTHIL C pas3HbIM CIHHOM. [IpojosibHasi ABYXCIMHOBas
1 I(++)—-1(+-)

acHMMeTpusl ompefessieTcsi Kak App = , Tne
P o (Po P T+ +1(+-)

Pp — s3Hauenue noaspusauuu nyuka, Psf — sddexTuBHas nonspusauus

mumenn ¥, I(+4),I(+—) — KOJMYeCTBO HOPMAJH30BAHHBIX COOBITHH.

Cocrosinust (++) U (4+—) COOTBETCTBYIOT 3HaUYeHMsIM INOJSPU3ALUE MydKa
¥ MHULIEHH (—<—) U (——>) COOTBETCTBEHHO.

Bosbluasi BesnunHa Ay, GyfeT yKas3blBaTh Ha 3HAYUMTEbHBIHA BKJIAM [JII00-
HoB AG/G(x) B CIIMH NPOTOHA HE3aBUCHMO OT NPEAINOJNOXKEHUH KOHKPeTHOH
mozmesnin [21]. Kak 6buio mokasaHno, B TOM uucje B pabore [27], yrioBoe
pacrpefiesieHHe KOHEUHBIX (DOTOHOB U JIENTOHHBIX Map 06ecreunBaeT BO3ZMOXK-
HOCTb M3MepeHHsl OJISIPU3AINH HaYaJlbHBIX KBAPKOB U TJIFOOHOB.

Onxoit u3 ueneét sxcrnepumedta CITACUAPM sBasieTcss ucc/enoBaHue
CIIHHOBOHM CTPYKTYPBl MPOTOHA W H3yueHHe (DYHKUMH cnupajbHOCTH ¢(x)
¥ TpaHCBepCalbHOCTH h(x) myTeM H3MepeHHs Pa3jHUHBIX ONHOCIHMHOBHIX

* [lonsipu30BaHHEIE MUILEHH TOJIBKO YAaCTHYHO COCTOSIT M3 INOJISIPU3OBAHHBIX s1ep
Bonoposia. OBGLIYHO KOJIMIECTBO HEMOJISIPU30BAHHBIX IPOTOHOB B MHUIIEHH, YMeHbIIA0-
IUX peasbHOE 3HauYeHHe MoJjspusannd, B 7—10 pa3 Gosblie 4nc/Ia NOJSIPU3OBAHHBIX.
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¥ JBYXCIIUHOBHIX 3((eKTOB B CTOJKHOBEHHSX [IBYyX afpoHOB. B mporpam-
MY 9KCIIEPUMEHTA BXOIMUT KOMIJIEKCHOE H3yueHHe MeXaHH3MOB 00pa3oBaHMUs
KBApKOHHsI B CTOJKHOBEHHSIX HEMOJISIPU30BAHHBIX M MOJSPH30BAHHBIX a1po-
HOB ¢ aHeprueit no 50 3B, BkjOYas MpUMeHEHHe MydyKa MOJsPH30BAHHBIX
AHTHIPOTOHOB. BO3MOXKHOCTb HCIOJIb30BAHUS PAa3JHUHBIX THUIIOB MYYKOB IJI5
perucTpauuy KBapKOHHEB MO3BOJISIET ONMPEAENUTb BKJAA OCHOBHBIX KaHAJOB
o0pa3oBaHUsi KBapKOHHUS (cM. puc. 3).

Eule ofHMM Ba)KHBIM MOMEHTOM SIBJISIETCS TO, YTO HPH SHEPrUAX YCKO-
pUTEJbHOrO KoMIiekca ¥-70 B COOTBETCTBHU € pacyeTaMu u3 paboTel [28)]
uccseoBanie 06pa3oBaHKsi YaPMOHHSI POMCXOANUT MMEHHO B TOH 00J/acTH,
B KOTOPOH MOXKHO OXKHJATh BKJIAJ [VIFOOHHOH KOMIMOHEHTH (puc.4), a KMEHHO
npu zp BOau3u 0,3, roe OXKuAaeTcss MakCHMajbHOE 3HaueHHe MPOLOJbHOM
IBYXCIIMHOBOH aCHMMETPHH.

i 04F
S 02F
3 g U T -
3 - —02F
£ I E
3 < —04F
2f T T
015 pov el v b b b a b bena’el
T S 0,25 0,5 0,75 1,0 1,25 1,5 1,75
—04 02 0 02 04z pr, [3B

Puc. 4. CoorBercTBHe MexXny peanb- Puc. 5. 3aBUCHMOCTb MAapTOHHBIX CIHHOBBHIX
HO M3MEepPEHHBIM 3HAUeHHEM MepeMeH- acCHMMeTpHH ¢gg — g (CIUIOLIHAS JIMHHS),
Hoil PefiHMaHa xp W HOJMMH HM- ¢g — Xc1g (WITPUXOBask JUHHSA) U gg — Xc2g
My/ibCa, YHOCHMbIMU apTOHAMH (TyHKTHpHAsi JIMHHSI) OT IMONEPEYHOro HM-
myJbca yapmouus (cM. puc. 13 uz [28])

B pamkax ofHOH U3 MojeJseH NapTOHHAas ABYXCIMHOBas acHMMeTpHUs
TJIIOOH-TJIIDOHHOTO BKJana Besuka (puc.d). Tak Kak HU3MepeHHs NpenrnoJa-
raeTcs BBINOJHATbL B 00/1aCTH, B KOTOPOH OXKMJIA€TCS MAKCHUMaJbHBIH BKJak
HapTOHHO'I;I CIIMHOBOH ACUMMETPUU B OXKHAAEMYIO0 NBYXCIIMHOBYIO aCHMMeET-
pulo, TO H3MepsieMasl (hpU3uyecKas BeJMYMHA MMEHHO B 9TOH 06JlacTH MOXKeT
CYLIECTBEHHO OT/IHYaThCs OT Hyns. M3MepeHue e NBYXCIIHHOBOH acMMMeT-
PHH B POXKIEHHU COCTOSIHHH CO CITUHOM 1, a Tak»Ke MOMEPEYHBIX ABYXCIUHO-
BbIX aCUMMETPHH MO3BOJHT OLEHHTH BJAUSIHUE KBADPKOBHIX MOJISIPU3ALHH.

CJI0)KHOCTh U3MepeHHE 00pa30BaHHsi YapMOHHS CBsi3aHa C IBYMSI OCHOB-
HbBIMH (paKTOpaMH: OJHU30CTBIO MO MacCe OCHOBHBIX COCTOSIHHUE Xcl M X2
U MaJbiM ceueHueM. [IpoBemeHHOe MoJeNHpOBaHHe (U3HUECKHX Mpoliec-
coB [21] mokasaso BO3MOXKHOCTb pasfe/ieHus YKa3aHHBIX COCTOsiHUE (pHc. 6)
IIpHU BBINTOJTHEHHUHU 2KECTKUX Tpe6OBaHHﬁ K 3KCHepHMeHTaJIbHOﬁ YCTaHOBKE,
a UMEHHO: eCJIi paspellieHre TPeKOBo# cucrembl coctaBuT Ap/p = 0,004 mpu
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10 T3B/c, To 3HepreTHyecKoe paspelleHHe 3JEKTPOMArHUTHOTO KaJoOpUMeTpa
6yner Ha ypoBHe 3%/vE. XapakTepUCTHKM M pacrofioKeHHe NeTeKTOpPOB
OIpeleNsiIiCh YKa3aHHBIMU TpeGOBaHUAMHU.

CremyeT OTMETHTB, UTO TIOMUMO MOIPOOHO PACCMOTPEHHBIX HCCJIe0BAaHUH
BKJIala KBapKOB M [JIIOOHOB B CIHMH IIPOTOHOB U AHTUIIPOTOHOB B POXJAEHUU
KBapKOHHUsl OYAYT UCCJIe0BAaThCS OJHOCIHMHOBLIE 3(D(EKTHl B POKAECHUU ITUX
K€ YacTHL Ha MoIepeyHo-NnoJs-

PHU30BAHHOHM MHlleHU. Briepbie asoF

OyLyT TpoBeleHbl U3MepeHHs E

CIIMHOBBIX 3(peKToB B 00paso- . 300F

BaHUH KBapKOHHS. = b
OnHoOBpeMeHHO C M3MepeHH- & 250 F

SIMM CIIHHOBBIX 3((eKToB OyaeT S 200 F

OIpefie/leHO COOTHOLLEHHE BbI- § -

XOMIOB Xc¢1/Xc2 C UCIOJNb30BAHH- § 150 F

eM MHOHHOTO, MPOTOHHOrO  aH- & -

THIIPOTOHHOTO MyuKoB, yto mo3- S 100F

BOJIUT IPOBEPHUTb HENaBHO 006- soF

HapyXeHHBIH 3(pdeKT MacuTad- s

HO#M WHBapuaHTHOCTH [3] Ha 0'....|..L..r')...\m.h FRTTL WIT

BAK [5, 6]. 33 34 3,5 3,6 3,7
3a 20 cyr Habopa aHHBIX [sB

Ha TNpPOTOHHOM IydKe C HH-  Pyc 6. Pasne/neHHe X.; ME30HOB Ha yCTaHOB-
TeHCHBHOCTBIO N0 ~10 mporo- ke CITACUAPM

HOB/LIMKJI MOXKHO 3aperucTpH-

pOBaTb HECKOJIbKO MHJIJIMOHOB COOBITHH DPOXKIEHHUS (-Me30HA, TaKXKe OXKHU-
naercss okosio 10000 cobwituii poxpmenusi J/i¢p u okomo 1000 — x.1/Xc2
Ha p-myuke. [lpu atom cratucTHueckue owu6ku o(Ay) B oOpasoBaHHH
J/1 cocTaBsiT HECKOJIBKO TMPOLEHTOB. Heo6xonnmas [/ OLleHKH aCHMMETPUH
CTATHCTHKA Xcl/Xc2 MOXKET ObITh HaOpaHa 3a HECKOJBKO CeaHCOB PaGOThI
yCKOpHTeJIS.

Takxxke OyneT npeanpUHATA MOMNbITKA M3MEPEHUs ABYXCIIHHOBOH acHM-
MeTpud Anyny B mpoueccax o6pa3oBaHMs map JenToHoB (mpoueccax pes-
Ja—$5lHa) ¢ 1eJsbl0 MOJydYeHHs OLEHKH MONepedHoCTH hi(x) KBapKOB B MpO-
ToHe. [Ipy 3TOM OueBMAHO, UTO B IKCIEPUMEHTE C «OTKPLITOH reoMeTpuei»
(e beam-dump sKcrmepHUMeHT), KaK W B HalleM cJydae, B KadyecTBe Jiell-
TOHHOH mapbl OpaTh ABa MIOOHa B mnpouecce Jpesnna-fHa GeccMmblcjeHHO
13-3a KOJIOCCANBHOT0 KOMOMHATOPHOrO (hOHA ABYX pacnalHblX MHOHOB (Bepo-
STHOCTb pacraja MHOHA Ha MIOOH W HeHTpuHO cocrasaseT ~ 99,99 %). B o
JKe BpPeMsl BEPOSITHOCTb pacrafia MHOHA Ha 3JIeKTPOH U HEHTPHHO COCTaBJISET
npumepro 10™*. Ceuenuss o6pazoBaHHs Mapbl 3/eKTPOHOB M Mapbl MIOOHOB
paBHBI M3-32 JIENTOHHOK YHHBEPCANbHOCTH H cocTaBAsOT npumepHo 107 o1
ceyeHHs1 00pa3oBaHUs Napbl MHOHOB. OfHAKO HCMOJb30BAHHE NPELU3HOHHOH
TpeKoBOH cucteMbl, Aetektopa RICH u 3/eKTpoMarHWTHOro KaJopuMeTpa
TM03BOJISIET MIPH OfHOBPEMEHHOM BHIOOpE 3JIEKTPOHA U MO3UTPOHA B IIpolecce
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Hpenna—{Ha nonaBuTb KOMOWHATOPHBIH (DOH OT IBYX pacHaiHBIX (Ha 3JeK-
TPOH M HEHTPHHO) MHOHOB Ha BoceMb Mopsnkos (nonasnenve 10~1 ansa kax-
noro nuoHa). Takum 06pa3oM, BKJai MHOHHOH KOMIIOHEHTHl B 3TOM cJydae
HeBeJIUK. JJ1 NOCTHXKEHHS HNOCTATOUHOH TOUHOCTH HeOOXOAHMO HECKOJbKO
MecsilieB paboThl Ha MyUKe.

Kak ormeuasioch Bo BBelleHHH, NaHHBIE H3MepPEHMs SIBJAIOTCSA Haubosee
CJIOKHOU 3ajavell. B Gosee paHHUX HcC/eN0BaHUAX TPeOOBaHHUS K paspelle-
HUIO HCIIOJb3yeMbIX NETEKTOPOB ObIIM CYIIECTBEHHO HHXKe. B ciemyromux
NyHKTax Oy#eT yjae/eHO BHMUMaHHE OPYTHM MpPOLIECCaM, Ba)KHBIM MAJisl TOHH-
MaHHS POJIM CIIMHA B CHJbHBIX B3aUMONEHCTBHUSX.

1.2. U3mepeHre OXHOCIIMHOBBIX MOMEPEUYHBIX acUMMeTpuid Apn an-
poHOB. OOBIYHO OCHOBHOM MOTHBALIMEH MCCJIENOBAaHUH C HCIOJNB30BAHHU-
eM T0JIIPU30BaHHON MHUIIEHU JHOO0 MydKa [eKJapHpyeTcs 3ajada H3yueHUs
CTPYKTyphl mpoToHa. OnHako, Kak I[0Ka3blBaeT MOJEJbHbIH aHaMU3 3THX
U3MepeHHUH, LeHHas HH(popMaLus, colepxkallascs B HUX, CBf3aHa C OUHa-
MHKOH CHJIBHOI'O B3aHMOJEHCTBHS afpPOHOB W KBapKOB B 00JacTH AeHCTBUSA
KoH(ailiHMeHTa. CriiHOBBIE 3(DQeKTHl TaKxKe MOTYT ObITb CBSI3aHbl C TaKWMH
(pyHIaMeHTaJbHEIMU MPOGJEMaMH, KaK CIOHTaHHOE HapylleHHe KHPaJbHOH
CUMMETPHH, MOSIBJEHHE MacChl y KBapKOB W aJpoHOB, 00pa3oBaHHe B aji-
pOHax KBa3W4acCTHl[ — COCTaBJsiiolinX kBapkoB [29]. UccaenoBanue crnuxo-
BOH CTPYKTYpPbl HYKJIOHA SIBJISIETCS TOJBKO ONHOH M3 ILieJied 3KcIepuMeHTa
CITACYHAPM. [Ipyroe Ba)KHOe HampaBJeHHe — H3yueHHe NTUHAMHKH CHJIb-
HbIX B3aUMOJEUCTBUI C yYETOM CIIHHA.

Kak yxe Opl1o ormedeHo, Teopus Bo3myuleHnd KXJI mnpexnckasbiBana
He3HauuTe bHble CUHOBbIe 3dekTrl (mopsinka 0,1 %), BeIMUpaioLye ¢ poc-
TOM 3HEPrUH B3aWMONEHCTBUH U MomnepedyHoro ummnysbca [2]. OnHako sxcme-
pUMEeHTa/bHble HUCCJIeOBAHUS T0Ka3anHu, 4To 3 QeKTsl, Hab/ofaeMble B HH-
KJIIO3UBHBIX PEaKLMsAX, He yOBIBAIOT C YBEJUUYEHHEM /S U pr. DKCIEPUMEH-
TaJIbHO OOHAPYKEHHbIE NONsIpHU3aLns A-THIIEPOHOB U OLHOCIIHHOBAs MONEpey-
Hasi aCHMMETPHs B MHKJIO3UBHOM 00pa30OBaHMM MHOHOB B 00J1aCTH (pparmeH-
TalMK MOJIIPU30BAHHOTO MIPOTOHHOTO MyYKa HUMeIOT OOJbIIHe U MPAKTHUECKH
OJIMHAKOBBIE 110 BeJHMUMHE 3HaYeHUS aCUMMETPHUHU U MOJSAPU3aLUN B IIUPOKOM
JManasoHe sHepruH B JadopaTopHoi cucteme — oT 20 no 20000 ['3B (3kBuU-
BajieHT 3Hepruu RHIC B c¢. 1. m.).

OnHoN M3 OCHOBHBIX (DH3HUECKHUX HAOJIIONAEMBbIX SIBJSETCS MONepedHast
OIHOCTIHHOBAsi aCUMMeTpusi Ay, KOTopasi IPONOPLHOHAIbHA PA3HOCTH ceyde-
HUH (IpY OOHOM M TOM XKe yIJle paccesiHusi) MpPU MPOTHBOMOJNOXHBIX Ha-
O'T - 0"L
pegr
UJH pasHOCTH ceyeHuit mox yraamu 90° (Bneso) u —-90° (BmpaBo) Ayxy =

MPaBJEHUSAX TMONEPEYHOH TOJSIPU3ALIUMHN MTyUKa WK MULIEHH An =

Oleft — arTight
= ————5 — OTHOCHTeJIbHO HalpaBJ/IeHHs BEKTOPA MOJIAPH3ALMHU POTOHA.
Tlefs T Oright
«CpIpasi» OIHOCTIHHOBas acuMMeTpus AN onpenessieTcs yepe3 H3MepsieMble
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6 . Ameas _ D NT - NV P — _
BEJIHYHHBI Clefylolum obpasom: AR = — cosp NT T NT rae noss
pr3alus Mydyka WM MUILIEHH, COS @ — CPeIHUH KOCHHYC yrJja Mexay HopMma-
JIbI0 K TJIOCKOCTH paccesiHUsl U HanpaBJeHHeM CIIHHA NMydKa WJH MULIEHH *.
Benuuuna D HasbiBaeTcs (akTopoM pas3baBiieHUs MOJSIPU30BAHHOH MHIlle-
HU **. HopMHpOBaHHBIE Ha YKCJO MYYKOBBIX YaCTHIL BBIXOABl HAb/I0NAeMOro
azpoHa h mjs MoJsipU3alMM MydyKa WM MHLIEHH, HAalpaBlIeHHOH BBEPX WJIH
BHU3, 0603HaudeHs Kak NT u N+ coorBercTBeHHO. CornacHo KoHBeHIHH [30]
TOJIOXKUTENbHOH Apn CUHTAeTCsl B TOM CJydae, €CJU BJEBO JIETHT OOJIblle
aJlpOHOB h 1Jis MydyKa ¢ moJsipu3anuei BBepx ***,

Kak 6bl0 0TMeueHO BEbIlIe, 3KCIEPHMEHTAJbHO H3MepeHHble 3HaYeHHs
acuMMeTpuu Ay BefyT ce0sl NPAaKTHUECKH OfMHAKOBO B GOJBIIOM AHANa30He
IHepruil. B kauecTBe npumepa Ha puc.7 CpaBHUBAIOTCA pe3yabTaThl Mo Ax
ans peakuuit p'p — 7+ + X, nosydeHHble TPH PA3JMUHBIX SHEPTHAX Ha
yckopuressx ZGS (v/s = 4,9 T'sB) [31], AGS (/s = 6,55 I'sB) [32], FNAL
(v/s = 19,43 TsB) [33] u RHIC (/s = 62,4 I'sB) [34]. Ipyrue pesynbrathl
npencTae/eHsl 6oJiee moapobHo B pasn. 5. O630p AaHHBIX U UX aHAJH3 MOXKHO
HalTH TakxKe B pabdorax [35-37].

JlaHHBIH TIpUMep TNpHBeNEH, NMpeXKae BCero, IJs TOro, 4ToOBl M0Ka3aTh,
4YTO Ha I[IepBOe MECTO B MOJSPU3ALMOHHBIX HCC/IELNOBAHUSAX BBIXOLHUT YiXKe
He HEprus, a CUCTEMAaTHUECKOe UCC/ef0BaHUE W aHANH3 JAHHBIX GOJBLIOTO
gyucsaa pa3faudyHbBIX peakunid. Hayunasi nmpo6sema, KoTopasi sIBJASIETCS LEJbIO
IaHHOTO NPOEKTa, — MCCJef0BaHUe NTUHAMHKH CIMHOBOTO B3aUMOAEHCTBHS,
B TOM UHCJ/Ie B INPOLECCE aHHUTHUJSLMHU C HCIOJIb30BAaHUEM aHTHUIIPOTOHHOIO
Myd4Ka, NPH POXKAEHUH LIMPOKOTO KJjacca YacTHL, B TOM YHCJeE COIepKalInX
$- U C-KBapKH.

OTMeTHM, 4YTO TeopeTHUecKasi HHTEpIpeTalusl MOJYyUYeHHBIX HaHHBIX
B UMEIOLIMXCA MOIeNsX 3aTpyIHEHa M3-3a CJOXKHOCTH pacueToB. B mpen-
naraeMbix Ha yctaHoBke CITACUAPM wuccienoBaHusix cjaefyeT 00OpaTHTh
BHUMaHHe, MPexJe BCEero, Ha /iBa aclekra:

1) cpaBHeHHe MOJMSIPU3ALUOHHBIX 3P(EKTOB MPH B3aUMOIEHCTBHU YaCTHIL
M aHTHYACTHL C BELIECTBOM DU OJHOH M TOH 2Ke SHEPrHM B OJHOH U TOH XKe
KHHEeMaTHUeCKOH 00J1acTH;

2) uccaenoBaHue COUHOBBIX 3((heKTOB aJsi GOJIbIIOr0 Kjaacca peaklui
B LIMPOKOH KMHEMaTHueCKOU 06JacTH.

* I1pu nosHOM (27r) reoMeTpUM MO a3UMYyTaJbHOMY YIJIy MPOBOLUTCS (DUTHPOBAHHE
10 COS .

** PakrTop pazbaBneHuss D onpenensieTcss Kak I0JHOE YHCJAO B3aHMOIEHCTBHH
B MHUILEHH, OTHECEHHOE K YHCJY B3aUMOIEHCTBUI HA MOJIAPU30BAHHBIX NpoToHax. [1pu
MCIO/Ib30BAHUHN MOJISAPU30BaHHOrO nmyyka D = 1.

##% TSl CpaBHEHMs] OJHOCHMHOBBIX aCHMMETPHH, MOJNYYEHHBIX MPHU H3MepeHHsX
C MOJISIPU30BAHHBIM MYUYKOM, U Ap, TOJYYEHHBIX NTPH U3MEPEHUH Ha MOJISIPU30BAHHON
MHILIEHH, HeOOXONUMO H3MEHHUTh 3HaK An B MOCJAEIHEM Caydae.
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Puc. 7. Ay nas peakuuit p'p — nt + X no pmammem ZGS [31], AGS [32],
FNAL [33], RHIC [34]. DkcnepumeHTanbHble faHHbIe B3STH U3 [38]

1.2.1. H3mepernue o0nocnunossix 3ghghpexmos ¢ ucnonv3osanuem nons-
pusosannozo nyuka anmunpomonos. JkcnepumeHtT CITACHAPM npepo-
CTaBJ/IsieT YHUKAJIbHYI0 BO3MOXKHOCTb HMCCJIeJ0BaTh CIIMHOBBIE 3(P(MEKTHl MPH
B3aMMOJEHCTBUM AHTHUBELLECTBA C BELeCTBOM U Te€ K€ CIHUHOBHIE 3(PQeKTHl
NpH B3aUMOJEHCTBHUM BelleCTBa C BELIECTBOM M CPaBHHUTb DPe3y/bTaThl MO
OJHOCIIMHOBOH aCHMMETPHH POXKIEHHUS PA3JHYHBIX YaCTHL[ MPH OAMHAKOBBIX
YCJIOBUSIX (HEPTMH M KMHeMaTH4ecKod obJsacTd peakuuu). Co BpeMeHH OT-
KpbITHs aHTHMartepud B 1930-e rr. oHa Bcersa OblL1a M OCTAeTCsl NPEAMETOM
G0JbILOH IIPUBJIEKATeJbHOCTH Mpexje Bcero Ajs (hPU3UKOB U (PUIOCO(OB.
Jns Gr3MKOB aHTUIIPOTOHBI MPEACTABJSAIOT 0COOBIH HHTEPEC, TOCKOJIbKY OHU
SBJISIIOTCS MapTHePaMM INPOTOHOB, KOTOpble, B CBOIO OYepelb, SBJSIOTCA:
a) eIMHCTBEHHBIMH abCOJMIOTHO CTaOUIBHBIMH aJ[POHAMH, OOUJIBHBIMH H 3(-
(PEKTHUBHO «CBOGOIHEIMH»; 0) 3apSKEHHBIMH, MOITOMY HMH JIETKO MaHHIY-
JIUPOBATL: YCKOPATb, CO34AaBaTbh INYy4YKHU C HU3BECTHBIMHU XapaKTepI/ICTI/IKaMI/I>|<
H T.I. ITO O3HayaeT, 4TO AHTHUIIPOTOHBI MOTYT OBbITh MCI0Jb30BaHbI JJ1d
U3y4eHHsl Tpollecca AHHUTHIALNUM M3 HeHTpajbHO 3apsixkeHHoro (C-Hed-
TPaJIbHOTO) COCTOSHHUS B IIMPOKHE CIEKTP KOHEUHBIX KBAaHTOBBIX COCTOSI-

* EAMHCTBEHHBIMH H3BECTHBIMH YacTHLAMH C NOJOOHBIMH CBOHCTBAMH SIBJASIOTCS
3J1EKTPOHBI (M MO3HUTPOHBI), HO OHH He Y4acCTBYIOT B CHJbHOM B3aHMOAEHCTBUH.
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HUH. C Henossipu30BaHHBIM IPOTOHOM H aHTHIIPOTOHOM MCXOIHBIE COCTOSIHUSA
tTakxke siBasiorcss CP-neiitpanbHbiMu. OpHako CP-HapylieHwe B mpolecce
AQHHHUTHJSLUY NOTeHLMaNbHO MOXKeT HapyluTb CP-HeHTpaibHOCTb KOHEYHBIX
COCTOSIHUH. M3MepeHHe MmoJisipU3allMy 4acTHL,, TaKMX Kak THIIEPOHBI, B KO-
HeYHbIX COCTOSIHUSAX MOXKeT NoMoub NpoBepuTh CP-HeHTpanbHOCTb KOHEUHBIX
COCTOSIHMH, T.e. coxpaHeHHe CP B pp-aHHUTHJALKH.

AHHMTUJISANNS epBOHAYANBHO MOJISPU30BAHHBIX MPOTOHOB M aHTHUIIPOTO-
HOB IIPHUBHOCHT HOBO€ Ka4eCTBO B HccienoBanue. CocTosiHYE C MOJIsIpr3alneit
Gosbiie He siBnsercss CP-mefitpansbHeiM. Ho, MeHss mossipusaunuu 06eux
yactull (p ¥ P), MOXKHO cKOHCTpyHpoBaTh CP-conpsixkeHHoe cocTosiHue. Cpas-
HeHMe XapaKTePHUCTHK KOHEUHBIX COCTOSTHUH, mpoucxoasmux u3 asyx CP-co-
TNPSDKEHHBIX HAYaJbHBIX COCTOSIHHUM, NMOTEHIMAJbHO MOXET IIOMOYb B IOHCKE
Hapymenuss CP B mpouecce pp-aHHUrHJASIOMH. Pe3ysbTatel H3MepeHHH IIO-
JISIpU3annil TrunepoHoB Ans AByX CP-compsikeHHBIX HadasbHBIX COCTOSHHN
JOJKHBI ObITh OJMHAKOBEI, ecJi BbinosHseTcss CP-unBapuantHocTs. K coxa-
JIEHUIO, He3aBUCUMEBIH OT Mojesu TecT CP-HapylneHNs HEBO3MOXKEH C JIBYMS
TOJISIPU30BAaHHBIMU TTPOTOHHBIMU MYyYKaMH H3-32 HEJOCTYIHOCTH CTOJIKHOBe-
HUS IBYX TMOJISIPU30BAHHBIX aHTHIIPOTOHHBIX MYYKOB.

B HacTosee BpeMsi IPaKTUIECKH JIIOObIE MOJSIPU3ALHOHHBIE SKCIIEPHMEH-
TaJIbHblE JaHHBIE JJIST pp-pPeaKlil NpeACTaB/ISAIOT GOJBIION HHTEpeC XOTs OBl
TOJIBKO MOTOMY, 4TO TaKHX JAHHBIX OYeHb Mas0, a BO3SMOXKHOCTb CPaBHEHHUS
pe3y/IbTaTOB M3MEepPeHUH ¢ JaHHBIMH Ha MOJSPU30BAHHBIX IPOTOHAX TPU TEX
JKe CaMbIX YCJIOBHSIX IIPEJCTABJSETCS OUeHb IePCIeKTHBHOH. Panee mono6HbIe
HCC/eJOBAHUS HA MHKJIO3MBHO 00PA30BAHHBIX NMHOHAX NPOBOAHJIUCH TOJBKO
B sKkcnepumenTe E704 nnis m-me30H0B [39-41], B KOTOPBIX aCUMMETpHsI 3apsi-
JKEHHbIX MHOHOB MEHSMAach Ha MPOTHBOMOJIOKHYIO, a aCHMMeTpUst T -Me3oHa
0CTaBaJ/1ach OJHOTO 3HAKa, UTO BIIOJIHE OOBSCHSIETCS KBAPKOBBIM COCTABOM I10-
JISPU30BAHHOTO HYKJIOHA U KHHEMAaTHUECKOH 00/1aCThi0 U3MepeHHH (001aCThbio
(pparMeHTalMM MOJSPU3OBAHHOrO MyuKa). Pe3ysnbTaThl 3THX HCCJEeIOBaHUH
TNpUBeNEHBl Ha pHC. 8.

Akcnepument CITACUAPM naeT BO3MOXHOCTb He TOJIBKO H3MEPHUTH
(cpaBHUTB) AN O/ T-Me30HOB C Jydllell TOYHOCTbIO B IIMPOKOM KHHEMa-
TUYECKOM JMala3oHe, HO U CYLIECTBEHHO PAcLIMPUTh KJjacc peakuui. Oco-
Oblli MHTepeC MPU HUCCJAENOBAHUH OLHOCIMHOBOH aCHMMETPHUM NPEACTaBJSET
pOXKIEHHe 4YacTHL, COCTOSIIIMX M3 TSXKeJblX KBapKOB, XOpoOLIO HabJjionae-
MOe B IIpollecCe AHHUTHJALMHK, KOTAA BTOPHYHBIE YACTHMLBl NOJIKHBI «3a-
ObITb» NPO NOJSPHU3ALUI0 UCXONHBIX KBAapKoB. C 3TOH TOYKH 3pEHHs BaXKHO
U3Y4YUTb CIIMHOBblE CBOHCTBA YaCTHL, COLEPXKAIUMX s- U c-KBapku *. Eciu
B pp-CTOJKHOBEHUSIX NPU HU3KHX 3HEPrHaX B 00Opa3oBaHHUU S5- U CC-Nap
JNOMHHHPYeET ¢g-TIPOLIECC, TO Ba)KHOH 0COGEHHOCTBIO aHTHIPOTOH-IPOTOHHBIX
peakLHH ABJsSeTCs NPSIMOH NOCTYI K ¢G-B3aHMOIEHCTBUSM.

*b- u TeM OoJiee ¢-KBapKU HENOCTYMHBI B 3IKCIEPUMEHTAX HA YCKOPHUTENbHOM
Komiiekce ¥Y-70.
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Puc.8. a) Ay B 7'-B3aUMONEHCTBHH B WHKJIO3HBHOM pOXKJIEHHH 3apsisKeH-

Hbix [40] u HelTpanbHbIX [39] Me30HOB; 6) aHANOTHUHBIH Pe3yJbTaT [/l pp-B3aUMO-
nercteus [33, 39]

HccnenoBanue Jo6bIX CIIHHOBBIX 3(pekToB B 06pasoBanuu ¢, fo(1520),
J/¥ ¥ Xc1/Xc2-ME30HOB MO3BOJISIET MOJNYYHUTb COBEPLIEHHO HOBYIO HH(Op-
MalHi0 O POJNH CIIHHA B CHUJBHOM B3aHMOJEHCTBHH, ONHAKO CeYeHHEe 3TUX
npoleccoB HeBesuko. Ha puc.9 mokasaH pesysibTaT OGbICTPOrO MOIEJNHPOBA-
HHSI PeTUCTpalli =~ -THIepoHa U (-Me30Ha *.

HMsyueHue Ha OHOH yCTaHOBKE MHKJ/IIO3UBHOTO POXKJIEHHUS (-Me30Ha C HC-
10J1b30BaHHEM aHTHUIIPOTOHHOTO ¥ MPOTOHHOrO MOJISIPU30BAHHBIX MYUYKOB MO-
MHUMO HCCJIEJOBAHUH MNOJSPU3ALUOHHBIX 3(P(EKTOB MPeJOCTaBUT HH(pOpMa-
LMI0 0 MeXaHHU3Me POXKJEeHHUs! CTpaHHbIX dacTull. CienyeT NOAYepKHYTb, UTO
HEBO3MOXKHO TOJYYHUTb YUCTHIH NMy4YOK aHTHIIPOTOHOB: B COCTaBe NMy4yKa Bce-
Tla MPUCYTCTBYeT 3HAUMTeNbHasl GpaKLUusl 7 -Me30HOB (BO MHOro pa3 6oJb-
wasi, YeM aHTUNpoTOHOB). [Ipu Hcc/enoBaHMH B3aUMOIEHCTBHE € ydacTHeM
T -Me30HOB Oy/ieT MosydeHa [OMOJNHHUTeNbHAs MH(OPMAlLHs O MexaHH3Me
POXK/IEHHS] YapPMOHHSI M CTPAHHBIX YaCTHIL.

JlpyruM HHTEepeCcHBIM HCCJIE0OBAHHEM C HCIOJIb30BAaHHWEM [OJISIPH30BaH-
HOT'O aHTHUIPOTOHHOTO MydYKa SIBJASETCS M3yueHHe ABYXCIHHOBBIX 3()h(eKToB
B POXKIEHHWH BEKTOPHBIX ME30HOB, B pe3yJibTaTe KOTOPOTrO CJeNyeT OXKHUAATh
MoflaBJ/ieHHe ceueHHsl 00pa30BaHHsl BEKTOPHbIX ME30HOB C MPOTHBOMOJOXKHBI-
MH 3HaYEHHSIMH MOMSPU3aLUH B3aUMOJEHCTBYIOLINX HYKJIOHOB, T. €. GOJbII0Ee
sHaueHne Apy. Tak)Ke BO3MOXHBIM HarpaB/eHHEM HCCJ/EN0BAHUH SBJISETCS
TIOUCK TJIIOOHHOH KOMIIOHEHTHI B JIETKUX 9K30THYECKHX COCTOSIHHAX. Takue

* OCHOBHBIE Pe3y/bTaThl MOJEJIUPOBAHUS, BKJIOUAsk MACCOBbIE CIIEKTPhl YACTHLL IJ151
Pa3/MUHBIX peakLMi W OLEHKH uMc/a COOBbITHH, NpHUBeleHbl B Npui. b.
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Puc. 9. OxupaeMble MaccoBble CeKTpbl 06pa3oBanusi =~ — Aw~ (a) u p-Me3oHa (6)

COCTOSIHUSI He JOJ/DKHBI YyBCTBOBATb MONEPEUHO-MOMSPU3ALHOHHbIE 3P(EKTH
(ANN), HO IOJKHBI OBITh UYBCTBUTE/bHb! K [POLOJBHBIM aCHMMETPHUSIM.

Co3naHue NOJSPU30BAHHOTO AHTHIIPOTOHHOTO MydKa TaKKe MO3BOJUT
TNPOBOAUTb IIPELU3UOHHBIE HCCJEN0BAHHS IO CIEKTPOCKOIMHMU C HCIIOJIb30-
BaHMEM [apIHaJbHO-BOJIHOBOTO aHasiu3a. Takue HCCIeNOBAHHUS MIPOBOASTCS
C TIOMOIIBIO METONOB, Pa3BHBAEMBIX B TOM UHCJe B PaMKax 3KCIepHMeHTa
PANDA [42].

Eme onHUM HHTEpECHBIM HalpaBleHHEM HCCJIe0BaHUH, B KOTOPOM
HEMOCPeCTBEHHO CPABHUBAIOTCS PE3Y/IbTATH B3AUMOAEHCTBHS aHTUIIPOTOHOB
C TIPOTOHAMH, SBJISETCS M3ydeHHe YNPYTUX peakuui. JlaHHAs ONMIMs TakKke
TNpeiyCMOTPeHa B IIpefJjlaraeMoOM SKCIIEPUMEHTe, a OMHCaHHe MOJOOHBIX U3-
MepeHHH NpuBefeHo B 1. 2.3.1, NOCBAIIEHHOM NOJISIPHMETPHH.

Ha ycranoBke CITACHAPM B03MOXHBI B2 pexHMa paGOTHEl C MyYKOM
AQHTHIIPOTOHOB: IepBasi CTaJHsl SKCIEePUMEHTa IPeAINoaraeT UCIOJb30BaHUE
HETOJIIPU30BAHHOTO MTyYKa W INOJISPU30BAHHON MHUIIEHH, a BTOpas — MOJs-
pU30BaHHbIH Ny4yoK. HemossipusoBaHHbI OTpULATENIBHO 3apsi2KeHHbIH My4OK
uMeet caenyrowui cocras: 7 /K~ /p=97,9/1,8/0,3 (%).

HurterpanbHas CTaTUCTHKA [JIs NIOJISIPU30BAHHOr0 aHTHIIPOTOHHOTO MydKa
¢ sHepruedl 34 I'sB u unrtencuHocThi0 80 Thic. 3a cOpoc 3a 30 cyT HaGopa
npejcTajeHa B TabJl. 1.

OTMeTuM, YTO MHOTHME W3 YACTHUI, MPEJCTaBIEHHBIX B TabJ.D AJis myd-
Ka 7, Ha aHTUIPOTOHHOM IMOJISIPU30BAHHOM Iy4Ke Takke OYAyT HMeTb
3HAUUTeNIbHYI0 cTaTHCTUKY Npy ~ 108, moctatounyio mas usmepenus Ay
¢ TouHocTbi0 dAN &~ 2,5/v/Ngy , unu 0,025 % *. [ljsi mpoLeccoB ¢ BBICOKHM

*Ilpu Hamuuuu oHA uU3MepsieMas ONHOCHHMHOBas acuMMmerpus AR°* cBs-
3aHa C acUMMeTpUAMM cuMrHana Ay u  QpoHa AY  ciemyiomuMm  oGpasom:
AR = An(1 — B/Ngv) + AR (B/Ngy), tie B — uucio hOHOBEIX COOLITHI MON
MKOM pe3oHaHca, a Ngy — MoJHOe yHcao coObTHH. Kak mokasanu uccienoBaHus,
acuMMmetpusi (hoHa BHe MUKa afpoHa h Gauska K Hymwo [13], uto u mpenmosaraercs
Jajlee IPH OlLEHKe TOYHOCTH M3MepeHHH curuajna dAn.
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Tabauya 1. Oxungaemoe yuciao co6biTuii Ngyv M OoTHomeHHe 3(dekTa K (hoHY
S/B nasi MeCIYHOro CeaHca Ha MOJSAPHU30BAaHHOM aHTHIIPOTOHHOM Iy4Ke C 9Hep-
rueit 34 B (3,6 - 10° B3aumoneiicTBuii) *

YacTtHua Ngv S/B YacTtHua Ngv S/B
at 2,1-10° | — n 1,6 - 108 —
- 2,6-10° | — n 1,4-10° —
Kt 1,7-108 | — A—prt 2,1-107 | 10,00
K- 2,2.-108 | — A — 7an® 1,1-10" | 0,13
p 1,6-10% | — AT smn | 42108 | 0,14
D 1,8-10° | — ET — An~ 1,0-10°% | 10,00

* PegyJsibTaThl MOJyUeHbl ¢ MOMOILBIO GBICTPOTO MOAEJHPOBA-
HUA.

ypoBHeM (oHa CTaTHCTHYecKass TOUHOCTb OyneT Ha Mopsuok xyxe *. Ilns
XapakTepHo#l cTaTHCTUKH Ngy = 108 B sKcrepvMeHTe ¢ MOJsPH30BaHHOM
MUILIEHbIO T0Jy4aeM To4yHocTh AN = 1,3 - 1073,

[Tpu 6omee Hu3KoH 3Hepruu 16 '3B, mpu koTopoil miIaHHpyeTcsl HAYH-
HaTh WCCJENOBaHUs Ha MOJSPU30BAHHOM IMyuKe, HHTEHCHBHOCTb AOCTHTAET
makcumyma (oo 400 Teic. 3a c6poc, a B cjaydyae ONTHMH3alHK KaHajga IJs
AHTUMPOTOHHOTrO Mydyka — 10 10° aHTUMPOTOHOB 32 LMK ycKopuTens, UM
mo 10! antumpotoHoB 3a cyTku). IIpyd 3TOM BBEIXOAB YACTHI, MEHSIOTCS
He3HauuTeJbHO. TakuM 00pasoM, 1Jjisi aHTHIPOTOHHOTO TyuKa C dHeprueu
16 I'sB kosuuecTBO peakuui, B KOTOPbIX BO3MOXKHO IMOJyYeHHE BbICOKOTOU-
HBIX JaHHBIX ¢ 0AN < 2% CTAHOBUTCS 3HAUMUTEJBHLIM.

1.2.2. H3meperue AN ¢ ucnonv308anuem UHMEHCUBHO20 NPOMOHHO20
nyuka. VlHTepec K U3MepeHHIO MOJISIPU3ALUOHHBIX 3(PEKTOB C UCMONb30BA-
HUEM HOJIHpI/ISOBaHHOI‘O HpOTOHHOFO quKa O6’bHCHHeTCH MHOTHUMH (baKTopa-
MH ** TaKMMH KakK:

— CpaBHMTE/IbHblE H3MepeHHsl C aHTUNPOTOHaMH (CM. MpeblayIini
MyHKT) T03BOJISIOT MOHSTh PA3sHUIY CIHHOBBIX 3(D(EKTOB B CHJIBHOM B3aH-
MOZIEACTBUH MeXKy BEIeCTBOM W aHTHBELIEeCTBOM,;

* ToYyHOCTb M3MepeHHH ONHOCIHHOBOH acHMMeTpuH JAxN [Jsi MajblX 3HaueHHH
An onpenensiercs: popmyiioit SAn = D/[(1 — B/Ngv)P cos ©+/Ngy |. [Ipn Huskom
ypoBte ¢oHa B ¢akrop (1 — B)/Ngv ~ 1, a 1jsi BBICOKOrO ypoBHsI (poHa — [O-
psizka 0,1. B GosiblIKMHCTBe CjyyaeB B JAHHOM [OKYMEHTe [Jisi OLEHOK TOYHOCTH
MBI [IPeAIoJiaraeM, 4yTo AJsi [oJsipu3oBanHoro nmydka P = 0,4, mist noJisipu3oBaHHOM
muiiend P = 0,75, a cosp =~ 1.

** B HaHHOM MyHKTe HE PacCMaTPUBAIOTCS MOAPOGHO HCC/IENOBAHUS YapMOHHS,
onucaHHble B m. 1.1.
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Puc. 10.  3aeucumocts An(A) ans  peakimu p'A — nX  (3KCrepHMeEHT
PHENIX [29])

— JOCTHUraeMasi HHTEHCHBHOCTD ITIOJISIPH30BAaHHOTO IyYKa NPOTOHOB IIpe-
BBILIAET WHTEHCHBHOCTb AHTHUIIPOTOHHOTO ITy4Ka B JECATKH pas ™, cooTBer-
CTBEHHO, 3HAUMTEJbHO PACIIMPSIETCS KMHEMAaTHUeCKHH NMalNa3oH M COCTaB
HCCelyeMBIX PeakIui (IIpH 3TOM BO3MOXKHO Pa3/esUTh 3aBUCHMOCTh 3(dekK-
TOB OT KMHEMAaTHUECKHX MapaMeTPoB, UTO HEOOXOAUMO IJsl AUCKPUMUHAILIMH
Mozesiell U HELOCTYIHO JJIsI CYIIECTBYIOLUIUX SKCIEPHUMEHTOB);

— MOXHO IPOBOAMTb HCCJENOBaHUS B 00JaCTH 3HEPrMH MNydka
10-45 T'3B, T.e. usyuyartb crnuHoBble 3(D(MEKTH B 3aBUCUMOCTH OT JHEPTHH
B C.1. M.;

— JI0 TIpOBeJeHUs] U3MEPEHUH Ha OCHOBE CYILECTBYIOIIUX NAHHBIX MOXKHO
3aKJ/I04YHUTb, YTO B 00/1aCTH (PparMeHTALMH [0JISIPU30BAHHOIO yuKa 3P peKThl
OyAyT 3HAaYUTENBHBIMH, I09TOMY GYAEeT NOCTHIHYTA BbICOKAs OTHOCHTEJbHAS
TOYHOCTb M3MEPEHHUH;

— MOXKHO TIPOBOAHUTb HCCJENOBAHUS C PA3JUYHBIMU SIIEPHBIMH MH-
ILIEHSMU.

[Tocnenuu#t MyHKT MpeACTaBAsieTCs 0COOEHHO MHTEPECHBIM B CBETE pe-
3ynbraToB sKcnepuMeHTa PHENIX, B koTopom o6HapyxkeHO H3MeHeHMe 3HAKa
ACHMMETPHH HEHTPOHOB MPH Mepexofe OT NPOTOHOB K 30s0Ty [43]. DTH naH-
Hble W NpelNcKa3aHHs CHJIbHOH 3aBHCUMOCTH aCHMMETPHM HYKJOHOB OT siApa
B paMKax MOJIEJH XPOMOMAarHuTHOH moJsipudaunu kBapkoB (XIIK) [37, 44]
nokasaHsl Ha puc. 10.

Ha6sonaemast acumMmeTpusi B plp-CTOJKHOBEHUsIX cOcTaBasieT —8%,
pTAl-COYIIapeHI/IHX yMeHbluaercsi mo BeauuuHe 10 —1,5%, Torma kak mpu
nepexosie K p' Au-CTOJKHOBEHHSIM MeHsieT 3HaK U jaocTHraeT -+ 18 %. 3aBucu-
MocTh Ay (A) Habmopaercss u nas K1- u m+-me3onos [45].

* PacueT XapaKTePUCTHK IOJSIPU30BAHHBIX NyYKOB NIpPUBEJeH B 1. 2.1.
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Puc. 11. Ilpenckazanus Any B paMKax MOJAEJH XPOMOMAarHWTHOH TOJsIpU3aLMH KBap-
KOB

B To e BpeMsi mocjenHHe pesyabTaThl dKcrmepumeHta STAR no wus-
MepeHHI0 3aBHCHMOCTH aCHUMMETPUM HHKJIO3HBHOTO DOXKIEHHS 7 -Me30HOB
OT aTOMHOIO Beca MHILIEHH [OKa3blBAlOT CXOXKee IOBeleHHe acHUMMeTpHH
B p'p-, pTAl- u p' Au-B3aumoneiicTeusx [46, 47]. Tem HHTepecHee MPOBEPUTD
3aBUCHMOCTb TIOJIIPU3ALUOHHBIX 3(P(PeKTOB B 00pa30BaHUU Pa3HBIX YaCTHIL
1 Pe30HaHCOB OT HOMepa slpa.

CrienyeT OTMeTHTb, 4TO B paMkax monend XIIK sta 3aBUCHMOCTb U BO3-
MOXKHO€ H3MeHeHHe 3HaKa MpelCcKasblBajoCh elle A0 MOJYYEeHHBIX pe3yib-
tratoB B 3kcrnepumeHtTe PHENIX. Ha puc. 1l mnpencraBiensl pesysbTaThbl
pacyeToB B paMKaX NAHHOH MOAEJM JJs APYrod peakuuu (¢ o6pasoBaHHEM
TIPOTOHOB), B KOTOPBIX TaKXKe OXKHUAAETCs CHJIbHAS 3aBUCHMOCTb OIHOCIIHHO-
BOH acMMMeTpUHu OT atoMHOro Beca (A) siapa.

MHoroo6pasue peaklui, KOTOpPble MOXKHO HCCJEN0BATh C UCIOJb30BAHU-
eM MOJISIPU30BAHHOTO TPOTOHHOIO MyuyKa, MOXHO NPeNCTaBUTb XOTS OBl MO
pesysbTaTaM OBICTPOrO MOIeJUpOBaHUs. B TaGs.2 mnpuBeneHa oxkunaemas
CTaTUCTHKA B HEKOTOPbIX PEaKLHUAX 33 OOMH Mecsll M3MEpeHU# C MNonspHu-
30BaHHBIM NPOTOHHBIM IMYYKOM IpH 3Hepruu 45 ['sB. Jlas ouenkn oxunae-
MOro 4HcJaa cOoOBITHH Hcmogb3oBajcs renepatop yactui, PYTHIA 6.2 [48]
C YYeTOM TeOMETPHM U pa3pelleHHsl YCTAaHOBKH, MAarHUTHOTO TOJs U 0TOOpa
COOBITHH 1O TPUITepy Ha OoJibllIMe 3HAUEHHs Tp. B pacyeTax HCIOJb30Ba-
Jlach TPOTOHHAsE MHULIeHb. [IpH MCMOMb30BAHUH siIEPHEIX (a8 He BOXOPOAHOMN)
MHUIIeHeH CTaTHCTHKa OyneT 6oJblle, MOCKOJNbKY CeueHHe JJISI NPOLECCOB
c OGOJIBIIMMH IONepPeyHbIMH HMIYAbCaMH pr HMeeT A-3aBUCHMOCTb BHIA
A1) rhe apr) > 1 [49].

CratucTHyeckasi TOUHOCTb U3MepeHUH An [Js MOJSPU30BAHHOIO MydKa
coctaput 0Ax ~ 2,5/[(1 — B/Ngy)v/Ngy ] wiu B nuanasose ot 3,2 - 107°
ans 7t -mesonos no 3 - 1072 nas peakuuu p'p — K +*(892) -+ X. MHorue
YacTULbl MOXKHO OyIeT perucTpUpoBaTh IO HECKOJbKHM KaHaJjgaM pachaja.
Takoii 06beM JaHHBIX 1aCT BO3MOXHOCTb Paclpee/IuTh CTATUCTUKY 110 GOJIb-
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Tabauya 2. Oxungaemoe yuciao co6biTuii Ngyv M oTHomeHHe 3(dekTra K (hoHY
S/B nas MecauyHOTo ceaHca Ha mpoToHHoM myuke (6 - 10'° BsanmoneiicTBuit) *

YacTtHua Nev | S/B YacTuua Ngv S/B
at 6,1-10° pt(770) = o ta® 3,0-10% | 0,40
T~ 3,6-10° p~(770) = 7~ x° 1,5-10% | 0,31
K* 55-10° a0(980) — nr’ 57-10° | 0,80
K~ 2,5-10° n—atn 7,8-10° | 4,00
p 4,7-10° w(782) = ntr~x® | 3,0-10" | 1,40
P 2,3-10° K**(892) - K*n% | 34.10" | 0,29
n 3,5-10° K "(892) - K—x°|9,7-10°| 0,71
7 2,5-10° w(782) — ym® 7,8-10°| 2,50
70 = vy 2,5-10° | 9,10 || A — pr~ 2,3-107 | 10,00
n— vy 1,3-10% | 25 || A = na® 2,1-10" | 0,67
©(1020) - KK~ [3,7-105| 25 || AT — pr™ 1,0-10° | 0,59
2T o An 35-10" | 10 |7 = Ant 1,0-10° | 17,0
K%Y —nta~ 6,7-107 | 0,9 || =% — Ay 3,5-107 | 0,25
P2(770) = nta~ 3,6-10% | 0,37 || x°(1385) — Ax® 9,8-10" | 0,77
K% (892) - K*n~ | 5,8-10" | 0,77 || w(782) = eTe™ 2,0-10° | 4,00
K™(892) — K-nt | 3,1-107 | 1,25 || p°(770) — ptp~ 1,0-10° | 4,00
* PacueTsl BBIXOIOB YACTHIL NMOJYYEHbI OJid TPUTTEpa Ha BsaI/IMOZLeﬁCTBI/Ie B MH-
IeHHW W OOIOJHHUTEJIbHO IJid Tpe6OBaHI/IH Cpa6aTbIBaHI/IH AIPOHHOTO U 3JIEKTPO-
MarHMTHOTO KaJIODUMETPOB AJiA MOAaBJIEHUSA COOBITHH C MaJIbIMH pPr U XF.

IIOMY YHCJY siueeK C LeJbl0 HCCIeNOBaHUs 3aBUCHMOCTH Ayn OT pr H Zp,
NPU 3TOM Ha TMOPSIAOK YBEJHUYHUTCS CTaTHCTHYecKas HeompeneseHHOCTb. Ho
U B 3TOM CJlyyae CTaTHUCTHKa OyneT OoJiee yeM AOCTATOUHOH MJIsl aHAJIM3a
NAHHBIX.

Ha puc. 12 B kauecTBe mpuMepa MPHUBENEH MACCOBBIH CHEKTp 7im~
NPUMEPHO 3a OIHH CYTKH Habopa IKCIepUMEHTAJbHBIX NaHHbIX. Pesysmbrar
noJlyyeH IpH OBICTPOM MojesaupoBaHUU MeTonoM MonTe-KapJo npu cienyto-
IHUX YCJIOBUAX:

— 3HepreTHYeckoe paspelleHue Kajnopumerpa op/E = 0,15/ E @ 0,03,
KOODJIMHATHOE pa3pelleHue o, , = 1,5 + 6/VE mm;

— IJid 3apsAKEHHBIX YaCTHULl UMITYJbCHOE pa3pelleHre He 3aBUCeJI0 OT M-
nysbca u coctasisno AP/P = 2%, kpome TOro, GblJI0 BBeIEHO OrpaHHYeHHe
M0 UMIYJbCY 3apsikeHHbIX yactul P > 0,5 ['3B/¢;

— 6bl10 pasbirpano 5 - 107 minbias-co6wiTuii;

— WHTepBa/ Macc JJis BbijeJeHus 7'-Me30H0B cocTapasn +10 MsB.

HccnenoBaHue Takoro KOJMUeCTBA peaKLHUH SIBJSETCS YHUKaJIbHBIM, 0CO-
GeHHO ¢ y4eToM 0XKHIaeMOH TOYHOCTH H3MepeHHH. BO3MOXKHOCTH yCTaHOBKH
CITACHAPM 1o3BoJISIT HCC/IE0BATh 3aBHCHMOCTb CIIHHOBBIX 3({EKTOB OT

0
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Incl. 7t7~7%in accept (REAL)

F h305
10000 | Entries 773124
C Mean 0,7474
8000 | Std. Dev. 0,1272
6000 F
4000 [
2000 F
:|||||||||||||||||||||||||||||||||

0
0,3 04 05 06 07 08 09 1,0

Puc. 12. Criextput mace 7wt~ 70 (8 [3B/c?)

TaKUX TepeMeHHBIX, KaK TOMepeuHbldl UMNynabc (pr), nepeMeHHass PellHMaHa
(xF), oHeprus peakuuu /s B C.1. M., aTOMHBIEl BeC siipa MHIIEHH Ao HJIH
nyuyka Aj, MHOXKECTBEHHOCTb BTOPHUYHBIX 3aps’KEHHBIX YaCTHULl B COOBITHH
(Nen), a Takke ueHtpanbHocTh (Cr) coynapeHHsl MyYKOBOH YacTHIUBL C SifI-
poM. [lBe mnocienHHe BO3MOXKHOCTH MOTYT OBITb peasii30BaHbl Gsaronaps
UCIIOJIb30BAHUIO TOOCKOMOB MHOXKECTBEHHOCTH U BPEMEHH IIPOJIETa.

M3aMepeHrne MHOXKECTBEHHOCTH aJPOHOB JaeT JAOMOJHHUTENbHYI HHDOp-
MalHMI0 O OMHAaMMKe CHJbHBIX B3aUMOAeHCTBUH. MHOXKeCTBEHHOCTb 3aps-
JKEHHBIX aJ[pOHOB XapaKTepU3yeT TEeMIepaTypy H IJIOTHOCTb COCTOSIHHS, 00-
pasylollerocsi B MOMEHT B3aMMOJEHCTBHS, a TAKXKe IPOLECC aJpOHH3alUH
1 KoH(paliHMeHTa KBapKoB. [lepBrie H3aMepeHUss An 115 3apsi2KeHHBIX THOHOB
B sxcnepuMeHTe BRAHMS na kosnaiinepe RHIC (BNL, CIIA) noxasa-
JI1 3HAYUTEJbHYIO 3aBUCUMOCTb AaCHMMETPHUHU OT MHOXKECTBEHHOCTH 4acTHIL
B coObiTuu [50]. McenenoBanre KoppeJsiiiii CHHOBBIX HabJgonaeMbix (Ay,
Pn, pmm/s DNN) 1 MHOXKeCTBEHHOCTH N¢, OTKPBIBAET HOBblE BO3MOXKHOCTH
U3y4YeHHs] MeXaHHU3Ma MPOUCXOXKAEHHS TONSPU3ALHOHHBIX SBJEHUH.

Js mMHOruX peakuuil ¢ o6pasoBaHueM 0apHOHOB U aHTUOAPHOHOB B KO-
HEYHOM COCTOSIHMM Ba)KHO HMETb BO3MOXHOCTb PerdcTpaldd HeHTPOHOB.
Jlns aToro ycraHoBka OyneT OCHAllleHa aPOHHBIM KaJlOpUMETPOM, KOTOPBIH
TaKXXe Ba)keH [Jis OpraHu3auuu 3(P(EeKTHBHOTO TPUITepa U PETHUCTPAlUH
HeliTpoHoB 1 K9 -Me30HOB.

B rabs. 3 mpuBeneHa oxXHaaeMasi CTaTHCTHKA PETUCTPALUH THIIEPOHOB.

PasHuua B CTaTUCTHKE MO CPaBHEHHIO C JAHHBIMH TalJ. 2 oObsicHSAeTCS
UCIIO/Ib30BAHUEM Pa3HbIX THIIOB TPUITEPOB (IPHU PETrHCTPALMU THIIEPOHOB HC-
TN0JIb3yeTCsl TOJBKO TPUITEpP Ha B3auMonelcTBHe). CTaTHCTHYECKask TOYHOCTD
usmepeHuit Ay cocrasut dAy = 2,5/[(1 — B/Ngv)v/Ngv ]. OHa Gyner Ha-
XOmUThes B AManasoHe oT 2 - 10™* s o6pasopanus =~ -runepona 1o 2 - 1072

ans Y -auTurunepona. PasGuenre Bcell craTMcTHKH no 10 sdeiikam (mo
NepeMeHHBIM pr WM Tp) YBEJIWYUT CTATHCTHYECKHE OLIMOKH B KaXKAOM
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Tabauya 3. OxupaeMoe 4yUCIO0 cOObITHMH Ngy pPOMKIEHHUS TMIEPOHOB U OTHO-
meHne 3¢derra Kk ¢oHy S/B niaA MecAUYHOro ceaHca Ha NMPOTOHHOM Iy4yKe
(6 - 10'° B3aumopeiicTBHI1) IPU TPUITEpe TONLKO HA B3aUMONEHCTBHE B MHUIICHH

Yacruua Ngv S/B Yacruua Ngv S/B
A —pr~ 6,9-10" | 10,00 || A —» prt 2,1-10° | 12,50
A — nr® 6,3-10" | 0,20 || A — mr® 1,2-10° | 0,13

vt et | 26102 003 || & > 7ar | 44-10° | 0,06
Y™ ar | 15-108] 003 || =" =@t | 6,0-10° | 0,14
AYT Sprt | 23-10° | 033 || AT = pr | 2,3-10" | 0,20

— An~ 9,9-10" | 10,00 || E" = Axt | 2,8-10° | 17,00

6une 1o yposHs 6 - 10~* mis obpasoBanust Z~-rumepoHa u 6 - 1072 nas
Y -aHTMTHUIepOHa.

1.3. U3mepenue mnomnepeyHbix mnogasipusaumii Pn runepoHoB U aH-
turuneponoB. CIIACYAPM craHeT mepBbIM 3KCIIEPUMEHTOM, B KOTOPOM
OyeT BO3MOXKHO OfHOBPeMeHHO U3MepsiTh Ay U Py nis runepoHos. CpaBHe-
Hue Ay ¥ Py 175 THIIEPOHOB (aHTHUTHUIIEPOHOB) OTKPBIBAET AOMOJHUTENbHbIE
BO3MOXKHOCTH /151 BBIGOpA (MM OTUCKPUMMHALUKM) KOHKPETHOH MOJeNH reHe-
PaLMH 3HAUUTEJIbHBIX aCUMMETPUH U TOJNSPU3ALHH.

VsmepeHue noJsipH3anyy TUNEPOHOB BO3MOXKHO 6J1arofapsi HalHuHIo cyla-
6oro pacrnana, MPOUCXOASALIETO C HapylleHHeM NPOCTPAaHCTBEHHOH UETHOCTH.
Tak, B caydae pacmaga A-rumepoHa M3 COCTOSIHUS C nogspusauued P Ha
T -M€30H U NPOTOH 3aBHCHMOCTb BEPOSITHOCTH BhHIJIETa NPOTOHA MOJ YIJIOM
0, K HampaBleHHIO BEeKTOpa MOJSPU3aLHUU runepona P umeer sux

dN 14+ aPe, 14+ aPcosb,

Q.  4r 4r ’

rje e, — eIMHWYHBIH BEKTOP B HaNpaBJeHUH [BHKEHHs IPOTOHA B CHCTEME
nokosi runepoHa. Bektop P B cusy coxpaHeHHs] UETHOCTH B CHJIbHBEIX B3au-
MOZIEHCTBUSIX HAIpaBJeH BAOJb BEKTOPA HOPMAJHU N K IJOCKOCTH pacCestHus,
OTpefe/IsieMOH HalpaB/leHHEM HMITY/lbCa HasleTalollero 6apHoHa p, H HM-
myJibca 00pa3yiollerocsi TunepoHa pe: n = (Pg X Pe)/|Pa X Pe|- [To naHHBIM
skcriepumentoB 1960-1970 rr., nmapamerp acummerpun a = 0,642 £+ 0,013
HapyIIAIOIIero YeTHOCTb CJa00ro pacrnaja siBjsieTcsl Mepod HHTep(epeHINH
MEX/Y BOJHAMH S U p B KOHeuHoM cocTossHHH [51]. CiienyeT oTMETHTB, 4TO
HoBble HU3MepeHusi akcriepumenta BES-III nanu npyroe sHaueHue, a uMeHHO
a = 0,750 + 0,009 £ 0,004 [52].

[Tonepeunsle moJsipu3auuyl Py TUIEpPOHOB M aHTUTUIIEPOHOB MOTYT H3-
MepSTbCS Ha JIOOOM M3 MyYKOB, PAaCCMOTPEHHBIX BbILIE, — HEMNOJSPU3O-
BaHHOM HJIM MOJSIPU30BaHHOM. B mocsenHem ciydyae Heo6XonnMo OymeT
ycpemHaTh Py 1O OBYM MOJSIpU3aLHUsiM. TakKe MOXKHO HCIOJb30BaTh HEINO-
JISIPU30BaHHYI0 YacTb Mydka, KoTopasi OyieT MpPHCYTCTBOBATb M H3MePSTh-
csi mpu paGore cucrembl MeueHusi myuka [b3]. Oxumaemasi cTaTHCTHKA
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N0 COOTBETCTBYIOLIMM peakLHUsIM HMeeTcsl B IPUBEJEeHHBIX Bbille TabJ/U-
nax. s OUEHKM CTaTHCTUYECKOH TOYHOCTH H3MepeHHs1 Pr THIEepOHOB
MOXHO BOCIOJIb30BATbCS OfHOW M3 (DOPMyJ ONpeleseHUs MOJAPU3aLUUU —
Py =2/a(Up — Down)/(Up + Down), rae Up u Down oGo3HadaioT HHTe-
rpaJibl MOTPaBJeHHOTO Ha 3()()EKTUBHOCTb YIJIOBOTO paclpeleseHusi B 06Ja-
ctu nosoxkutesbHbiXx (Up) W orpuuaresnbHeix (Down) 3HaueHHWH KocHHyca
yraa 6,, MexXJy HOpMalblo K IJIOCKOCTH pacCesHHUs] M HalpaBJieHHeM Bbl-
JleTa TpPOTOHAa B CHCTeMe MOKosi rumepoHa [54]. CraTHcTHYecKas TOUHOCThb
U3MepeHUs Py THIEpPOHOB 10 aHaJNOTHH ¢ 0 Ay ompenesisieTcs BBIpaXKeHHU-
eM 5PN = 2/[(1 — B/NE\/)O( NE\/], roe NEV = Up+DOWIl =54+B —
TMOJIHOE YMCJIO COOBITHH C TMIIEPOHOM B KOHEYHOM COCTOSIHHHM, B — 4uc-
JIO (DOHOBBIX COOBITHH TOJ MHMKOM Macchl PeKOHCTPYHPOBAHHOTIO THIIEpOHA.
[TapameTp o mnisi GOJBIIMHCTBA TMIIEPOHOB UMEET 3HAUUTEJBHYIO BEJHUYHHY
(mopsizka 0,5), UTO MO3BOJISIET MOJYUYaTh BBHICOKYIO TOUHOCTh H3MepeHHH Py .

VamepeHusi mossipusaliuyd TUNepoHOB Hayanauch B 1970-e rr. u panu
HEeOXHAAHHBIH pes3ysbTatT: NoJssipudauns A-TUIepoHa BeJHKa U He yOblBaeT
¢ sHeprueil. KpaTkuii 0630p CYIIeCTBYIOLUIMX 3KCIEPUMEHTAJbHBIX NaHHBIX
W NpelcKa3aHuil B paMKaX OILHOH M3 MoneJsiell mpuBefeHbl B npui. A.1.4.

B skcnepumente CITACHAPM BO3MOXHO H3MepeHHE MOJSPU3aLUU He
TOJIBKO A-THINepoHa, HO W IPYTUX THIEPOHOB W aHTUTHIEPOHOB. [10CKOJBKY
pacCcTOsIHHE OT LIeHTPa MHILEHH [0 NOCJeHEeH KaMepsl nepel CleKTPOMeTpHU-
4YeCKHM MarHHTOM COCTaBJ/ISIeT MOYTH 3 M, TO OOJBLUIMHCTBO paclanoB THIle-
POHOB OyIeT MPOUCXONUTb B OCHAILEHHOH TPEKOBBIMH AETEKTOPaMH 00/1acTH
YCTAHOBKH, IT03TOMY NapaMeTphbl TPEKOB OT paclaja THIEePOHOB MOTYT OBITh
U3MepeHH.

B rtabsn.4 mnpencraBneHBl 3HaYeHHs MapaMeTPOB pachaja THIIEPOHOB
(v u er), TmHe T — BpeMsi XKH3HH M ¢ — CKOPOCTb CBeTa, a TaKxke
CpeflHee pacCTOSIHHWE MpoJieTa TMIIEPOHA [0 pachaja NpH SHEPrHd rUIlepoHa
10 T5B (L) [51].

C yueToM CTaTHCTHKH runepoHoB (Tabs.1-3) u mapameTpoB pacna-
na (cm. Tab6a.4) craTHCTHUeCcKas TOYHOCTb [JIsi OOJBLIMHCTBA peaklui
6ymer He xyxke 0,5%, a mas peakuun K~ p — Y¥~X oHa COCTaBUT
8%. Ha puc. 13 mpejacTaB/ieHbl NpeickasaHsi MOJSAPU3ALMH A-THIEPOHOB
B pA-B3aumopefictBuu B pamkax moneau XIIK [35-37].

Akcnepument CITACHAPM mo3BoJisieT NPOBECTH HU3MepeHHe MapaMeTpoB
nepenayu cnuHa (napamerpoB Bosbdenwmreiina) B peakuuu pl +p — AT +
+ X. Brnepsele mpenoctaB/isieTcss BO3MOXKHOCTb H3MEPHTb B 3TOH peakKLHH
cpasy msTh MapaMeTpoB Mepelayd cnuHa, a uMmeHHo D, R, A, R' u A’, rne
D — possi KOMIIOHEHTHl HOPMaJIbHOH MOJISIPU3aLMK Ny4Ka, NepelaHHOH Hop-
MaJIbHOH KOMIIOHEeHTe TOoJsipu3aluud A; R — [0Jsi TonepeuHol KOMIIOHEHTHI
NoJISIPU3allii NyuyKa, NepefaBaeMasi MONepeyHod KOMIIOHEHTE TOoJsprU3alliu
A; A — poJs mpomoJibHOM MoJISIpU3aLMK NydyKa, NepenaBaemMasi MONepeyHon
KOMIIOHeHTe moJjsipusaund A; R’ — [0Js monepeyHo# KOMIOHEHTHI MOJISIPH-
3al|y My4yKa, epeaaBaeMasi POIOJNbHON KOMIIOHeHTe nossipusanun A; A’ —
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Tabauya 4. CBoiicTBa pacnaja runepoHOB

Mona }Ii;ill)ﬁ BR, % « cT, CM L, cm
pacrnana COoCTaB
vt — pr® wus | 51,57+0,30 | 0,980+ 0,016 2,404 20,21
>t 5ot uus 48,31 40,30 0,068 +0,013 2,404 20,21
Y o nr | dds |99,848+0,005| -0,068 0,008 | 4,434 37,03
0 5 Ay uds 100 — 2,22-107°|1,86-1078
A= pr~ uds 63,9+0,5 0,642+0,013 7,89 70,7
A — na® uds 35,8+0,5 0,650 + 0,040 7,89 70,7
20— Ax® uss | 99,524 40,012 | -0,406+0,013 8,71 66,2
E- = An~ | dss |99,887+0,035| 0,458 +£0,012 4,91 37,1
Q" - AK~ | sss 67,8+0,7 |0,0180+0,0024| 2,461 14,71
QO 5 =7 | sss 23,6+0,7 0,090 + 0,140 2,461 14,71
QO 5= 7% sss 8,6+0,4 0,050 + 0,210 2,461 14,71
. 04 - 04 Vs=698TsB  pA — AX
0,314 R lon SO 0,3 Moo " ™ op + Se,
0,2 ‘. , T -e 0,24 b zp = 0,30
‘J/ pA — AX " 7'\\
0,1r pp=1T3B/c 0.1 _" AN
0 @ poo‘o' So-. .. _. ° 0 QE\T o
0,1 F —0,1to o
S oz, = 0,30 S "o p+ Na,
021 o :(:f7 = 0,55 02 8% o @o" gF = 0,55
,073 1 1 1 1 ,073 1 1 1
0 50 100 150 200 0 1 2 3 4
A pp, I3B/c

Puc. 13. Tlpenckasanus nossipusanun A-runepoHoB B pA-B3anMOIEHCTBUH B paMKax
MOJIeJIM XPOMOMAarHUTHOH MOJIsIpU3alliy KBAPKOB

IOJIsl TIPOOJIbHOH MOJIIPU3aLIMK MyUKa, TepefaHHasi TPOAOJbHON KOMIIOHEHTE
noJsipuzauuu A-runepoHa *.

1.4. I/Ismepeﬂne 3JEMEHTOB MaTpPHULbl IVIOTHOCTHU p;i BEKTOPHBIX

ME30OHOB.

Kak u B CcjJay4dae THUIEPOHOB, MJisd BEKTOPHbLIX ME30HOB MO2KHO

U3MEPHUTb W CPAaBHUTL BBICTPOECHHOCTb H AN. DeMeHTh MaTpUIbl MJOT-
HOCTH pj;i, BEKTOPHBIX ME€30HOB MOTYT HU3MepATbCA Ha Jao6oM U3 [Iy4KOB,

* BoibpaHa cJiefiyioliasi CUcTeMa KOOPAMHAT: n = p; X py/ | pi| | pys| — HOpmaib-
Hasi KoMIoHeHTa, K; = p;/ |pi| — nponosibHast KOMIIOHeHTa, s = n X k; — nomnepeuHas
G0KOBasi KOMIIOHEHTA, [Ie P; — HMMILYJbC [OJISPU30BAHHOrO MyYKa, a Py — HUMIYJIbC

A-runepoHa.
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PacCMOTPEHHBIX BBILE, — HENOJSIPU30BAHHOM HJH MOJspU30BaHHOM. Eciau
OLHOCIHHOBBIE 3(P(PEKTHl CBA3AHBI C MOJSPU3allMeHd KBADKOB M aHTHKBAPKOB
J0 Tpolecca WX afpPOHM3AUHUM, TO MBI AOJKHBl HabJIOATb MOJISPU3ALHIO
He TOJIbKO T'MIIEPOHOB, HO M BEKTOPHBIX Me30HOB [55]. BricTpoeHHOCTH Bek-
TOPHBIX Me30HOB (V') OMHCHIBAETCS 3JE€MEHTAMHU P/ CIMHOBOH MATPHIIBI
MJIOTHOCTBIO p, TIe m U m' 0603HAYAIOT CIHHOBbIE KOMIIOHEHTH BOJb OCH
KBaHTOBaHMUS.

JluaroHasibHbEIE 3JE€MEHTBI P11, Poo U P—1—1 LIS MATPULBl C €AMHUYHBIM
CJIE[IOM, SIBJISIIOIIHMECS] OTHOCUTENbHBIMH HMHTEHCHUBHOCTSIMH KOMIIOHEHT CITMHA
Me30Ha M, MOTYT NPHUHATh 3HaueHHs 1, O, © —1 COOTBETCTBEHHO, KOTOPBIE
JOJKHBL ObITh paBHBI 1/3 115t ciydasi HEMOMSPU30BAHHBIX YacTHIl. [10CKOJIb-
Ky BEKTOpHble Me30HBI OOBIYHO PaCMafaloTcsl 338 CUET CHUJIBHOTO B3aMMOJeH-
CTBUSl Ha JBa ICEBJOCKAJ/SIPHBIX Me30Ha, TPYAHO H3MepPHTb BCE 3JIE€MEHTHl
Matpuusl p. Ho HeKoTOpEle U3 HUX MOTYT OBITh JIETKO ONpeeJieHbl Ha OCHOBe
JNaHHBIX M3MepeHHH YIVIOBBIX pacrpefesieHHH NpoayKToB pacnaga. MoxHo
M0Ka3aTh, UTO B CHCTEMe MOKOs1 BeKTOpHOro Me3oHa V' asist pacnaga V. — hy +
+ hg, e hy U hg SABJSIOTCS MCEBAOCKANSIPHBIMY Me30HAMHM, YIJIOBOE pacrpe-
nenerve W (0, ) = dN/dS) nponykToB pacrnajga uMeet cjeayomui sun [56]:

W (6, ) = 0,75{ cos® 20poo + sin® 20(pyy + p_1-1)/2 —
— sin 26(cos  Re pio — sin @ Tm pig)/ V2 +
+ sin 20(cos pRe p_1o + sin gpImp_m)/\/— -
— sin® 26 [(cos (2¢) Re p1—1 — sin (2¢) Im py_1)] }/77

3zmech 6 sBAseTCS MOJSPHBIM YIJIOM MeXIy HalpaBjeHUeM [BHKeHHUs hj
U OCbl0 KBAaHTOBaHHUS, ¢ eCThb a3UMyTaJbHbIH yroJ. MHTerpupys mo yriay ¢,

noJqydaeMm
W () =0,75[(1 — poo) + (3po0 — 1) cos 26].
AHaJ’lOFI/I‘{HO, UHTErpupysa mno yray 9, fnoJqiydaeM
W(p) = 0,5[1 — 2 cos (2¢) Re pi—1 + 2sin (2¢) Im p1 1] /7.

OtksoHeHHe poo OT 1/3 TNPHUBOAMT K HepaBHOMEPHOMY paclpefiesleHHIo
NpoAyKTOB pacnana no cos §. Mamepsas W (6), MmoxkHO onpeneauts pgoo. Lpy-
THe 3J1eMeHTH (p1o U pi—1) MOXKHO U3y4aThb myTeM u3mepenus W (4, ). B ps-
Ie clydyaeB Takuve M3MepeHHsl yKe OBLIH MpPOBeeHBl JAJs aapOoH-afpPOHHBIX
coynapeHui, Hanpumep B paborax [57-61].

B otauure oT mosisipuzalUy THIEPOHOB MapaMeTp BBICTPOEHHOCTH CIIHHA
BEKTOPHBIX ME30HOB ppp HE CBSI3aH C HalpaB/ieHHEM IJIOCKOCTH PeaklHH, TaKk
KaK OH 3aBMCHT TOJIbKO OT cos®f. TToaToMy, ¢ OfIHOH CTOPOHBI, HEBO3MOXKHO
U3MEepUTh 3HAK MOJISIPU3aLUK KBapKa MOCPEACTBOM OIpelesieHHs apameTpa
BBICTPOEHHOCTH CITMHA BEKTOPHBIX ME30HOB, C IPYroH CTOPOHHI, HET HeobXo-
IMMOCTH OINpefiesisiTh HalpaBJeHHe MJIOCKOCTH peakLUUH IJs1 U3MepeHHs poo,
KOTOpasi MPSIMO CBsi3aHa C BeJIMUMHON MOJsIPU3aLMH KBapKa BIOJb HalpasJe-
HUSI HOPMAJH K IJIOCKOCTH peakuuu [60].
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Jlpyrasi BO3MOXXHOCTb M3MEPEHHS MOJSPH3ALUH BEKTODHBIX ME30HOB pe-
anusyercs B UX pacrnajgax Ha napy depMmuoH-aHTHGepmuoH [62]. Tak, nns
M3MepeHHUst MOJIsIpU3alnK J/¢-Me30Ha HCIIOMb3YeTCs aHalU3 yIJIOBOK 3aBHCH-
MOCTH €ro pacrnaja Ha u' 1~ B crHpajbHOM GasKce, B KOTOPOM OCb KBAHTOBa-
HHSI TPOXOAUT BAOJb HaNpaBjeHHsl ABHXKEHHS] BEKTOPHOTO Me30Ha B Jabopa-
TOpHOH cucteMe. MBI onpenessieM 6% Kak yros Mexxay ummyabcom ut B cu-
creMe NoKosi J/1) 1 ocblo KBaHTOBaHHs. HopmupoBaHHOe yriioBoe pacrpese-
nenve p+ onuceiaercs BeipakenueM I(cos 6%) = 1,5 (1 +acos® 0*)/(a + 3).

[TapameTp mosfipH3aLUK (v CBA3aH C CEUEHHSMH 00pa30BaHUs MOMEPEYHO-
(o) ¥ mponosbHO- (07y,) MOJSIPU30BAHHOrO BEKTOPHOTO ME30HA COOTHOLIEHH-
eM o = (or — 201)/(or + 201,). Lns HenmoJsipH30BaHHBIX BEKTOPHBIX M€30-
HoB Mbl uMeeMm « = 0, Torma Kak « = +1 uan —1 mas 100%-# nonepeunoi
WJIH TIPOZIOJIBHOH MOJISPU3ALUK COOTBETCTBEHHO.

Jns  psima  BeKTOpPHbIX Me30HOB (w,¢ u J/1)) B  3KCIepHMeHTe
CITACUHAPM B03MOXHO ONHOBPEMEHHOE H3MepeHHe 3JEeMEHTa MaTpHUllbl
MJIOTHOCTH pop B MOJE pacraja Ha ICEBJOCKAaJsIpHEIe Me30HBI U NapaMeTpa
a B Momax WX pacnagoB Ha putu~ u ete”. Takke MMeeTcs BO3MOXKHOCTb
U3MepEHHs /IS 9THX BEKTOPHBIX ME30HOB OJHOCIMHOBOH acUMMeTpHUH Ay
C UCMOJIb30BaHUEM MOJSIPH30BAHHOM MHIIEHH JHOO MOJMSPU30BAHHOTO MyUKa.

CucTeMaTHUECKHUX HCCIeI0BAaHHH BBICTPOEHHOCTH paHee He MPOBOAUJOC.
Cirenyet, OfHAKO, BBIIENUTb HelaBHIOK padoty skcrnepuMmeHTta STAR, B Ko-
TOPOM OOHapy’KeHa HEOXKHAAHHO GOJIbLIasi BHICTPOEHHOCTb ¢-Me30Ha [63].

OnHoBpeMeHHOe H3MepeHHe Ha OJHOHM YCTaHOBKe TPeX Pa3/HYHBIX Ma-
paMeTpoB MOJISIPH3alMH BEKTOPHBIX ME30HOB SIBJASETCS OOJbLIAM NPEUMY-
ECTBOM IIpelJjiaraeMoil NporpaMMbl HCC/EeOBAHHH, MOCKOJbKY MO3BOJSET
caesath 6osiee 3HAUMMYIO TUCKPUMHHALIMIO a/lbTEPHATHBHBIX MOJE/IEH MPOuC-
XOXKJEHHS MOJNSPU3aLHOHHBIX 3(dekToB. B Tabn. 2 u 5 npuBeseHsl pasiny-
Hble BO3MOXKHbIE peaKLHH, B TOM 4HcJe 24 peakMH ¢ BEKTOPHBIMH ME30HAMHU
B KOHEUHOM COCTOSIHHU. JIJ/Isi HUX MOTYT ObITb H3MEPEHBI HE TOJBKO 3/1€MEHTHI
MaTpHULBl IVIOTHOCTH p;f, HO U ONHOCIIHHOBble acHMMeTpHH Ay . Panee crosb
MaclITabHbIX HCCJeJOBAaHHUN CIIMHOBLIX 3((EeKTOB 1Jf BEKTOPHBIX ME30HOB
He IJ1aHHPOBAJIOCh.

1.5. U3mepeHue OQHOCIMHOBBIX aCUMMETPHU HA My4YKe OTPULIATENb-
HbIX yactum. CHcTeMaTHUecKoe HCC/eOBAHHE CIHHOBBIX 3(QeKTOB Ha-
4aJioch elle [0 CO3NaHUs KaHazna 24A mossipr30BaHHBIX YAcTHI — C HC-
N0JIb30BaHWEM MHJOTHOH BEPCHH YCTAHOBKH W TOJISIPU30BAHHOH MHILIEHH.
B stom ciyyae oCHOBHBIE H3MepeHMs NPOBOASATCS B 00JACTH (hparMeHTa-
LMK HeMOJsPU30BAHHOTO MyYKa Ha KaHase 14. V3mepeHus Ha 3TOM KaHase
MOXKHO INPOBOAUTb C INPHMEHEeHHEM BTOPHYHOTrO MyYKa OTPHLATEJbHBIX 4Ya-
CTHL W NPOTOHHOTO MYyYKa, BbIBEIEHHOTO C NOMOLIbI0 3(deKTa KaHAIHUPO-
BaHUSl HENOCPENCTBEHHO M3 ycKopuTessi. OCHOBHasi mporpaMma H3MepeHHH
He TpelyCcMaTpUBaeT NMPUMeHEHHe NPOTOHHOrO MyYKa, TaK KaK OJHOCIIHHO-
Bble aCMMETPHH B 00J1aCTH ero (parMeHTalHH JOJKHbBI ObITh COBMECTHMBI
C HyJIeM.



40 ABPAMOB B.B. U IIP.

[lepBble u3MepeHusi, MpoBeleHHble Ha yctaHoBke [TPO3A, nanu Heoxu-
IaHHBIH pe3yJbTaT: aCHMMETPHsS HHKJIO3UBHO POXKIEHHBIX YaCTHIL Jaxe
B 3TOH 06/IaCTH MOXKET NOCTHUTaTh CYLIeCTBEHHbIX BeJUYHH BOJH3U TPaHULBI
dasoBoro ob6bema (puc. 14).

Ay, %

ool
15
P, I-‘SB/C

Puc. 14. 3asucumocts An(pr) ans peakunu 7 d' — 7°X npu sHepruu myuka
40T'3B B o6mactu ¢parmentauuu 7 -nydyka [64, 65] (3HaueHHWe xp HAXOAUTCS
B untepBaie 0,7 < xr < 1,0)

,U,ETa.HbeIe HCCJ/Ie1OBaHUsA 6y,lIy'T IIPOBOAUTBLCA MJis 60JIbIIOr0 YHCJIa Ya-
CTHILL C MCIIOJIb30BAaHKEM IIOAT0TaBJIHMBAEMOI'0 O60py&OBaHI/IH.

1.5.1. Hecnedosanue uHKI03UBHbIX peaKkyutl, 8KII04AA NY4OK AHMU-
npomonos. VccrenoBaHusi MHKJIO3MBHBIX NPOLECCOB Ha KaHajle 14 6ynyt
TPOBOAUTBCS C HCIIOJIb30BAHHEM MYyYKa OTPULATEJBHBEIX YACTHL C dHeprueu
28 wnnu 34 I'3B*. Henosnsipu3oBaHHBIE OTpULATENbHO 3apsiKEHHbIH My4OK
uMeet caenyromuit cocras: 7~ /K~ /p = 97,9/1,8/0,3 (%). Tun uactuis myu-
Ka OIpelesisieTcsl NMOPOTOBBIMU YepPEHKOBCKMMH CUETYMKAMM, PaCHoJOXKeH-
HBIMHM Ha mydke (cM. m.3.1). MHTerpanbHasi cTaTHCTHKA 3a Mecsil padoTHI
¥ BeJIMYMHA KOMOMHATOPHOTO (pOHA JJISi PA3JHUHBIX UHKJIO3UBHBIX peaKUUH,
TNOJIy4eHHble TP OBICTPOM MOIEJNHMPOBAHHHU, MPHUBENeHHl B TabJs. 5. YKaszaHHI
THI PETHCTPUPYeMOH UYacTHIBl W TPOAYKTH ee pacmana. JlJsi HEKOTOPBIX
peakIUi IpeANosaraeTcsi HCMOJb30BaTh HECKOJBKO MOJ paclajfa YacTHIl
1 Pe30HaHCOB.

Jnsi peakuu#l Ha NOJSPU30BAHHOH MMUIIEHW, TPUBELEHHBIX B TabJI. D,
npy HU3KOM ypoBHe (oHa dAN = 13/y/Ngy . s xapakTepHOH CTaTHCTHKH
Ngv = 10® nonyyaem Tounocts Ay = 1,3 - 1073, Ecaiu pasnenuTh Bcio cTa-
THCTUKY Ha 100 si9eek 1Mo nepeMeHHBIM pr U TF, TO YBEJHUUTCS XapaKTepHasi
oIIMOKa B OTHEJbHOH Touke 10 ypoBHs 1,3 %. B ciyuae MeHblIell CTaTHCTHKH
(nopsinka 10°) unTerpanbHas TouHocTh cocTaBuT 1,3%. Jas psaa peakuui
¢ BICOKHM ypoBHeM (ona (S/B < 0,3) To4HOCTb u3MepeHu# GyneT HeCKOJIb-
Ko xyxe. OTMeTHM, YTO [J/Isi MHOTHX H3 MepPe4YHC]eHHBIX B TabJs.d apOHOB

* DHeprust BTOPUUHbIX YaCTHI 3aBUCUT OT SHEPTHM ycKopeHHoro B ¥-70 nyuka (50
uan 60 I's3B cooTBeTCTBEHHO).
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OIHOCTIHHOBAsl aCHMMETpHUsl HHUKOra He U3Mepsiiack. B npus. B npusenensl
CTaTUCTHKA U MacCOBBbIE CIIEKTPBI C UCI0Jb30BAHUEM OTPHULIATEbHBIX KAOHOB.
[Tpumech K ~-Me30HOB B HeNOJISIPU30BAHHOM ITy4Ke cocTaBsieT Bcero 1,8 %,
4TO NPUBOAUT K 3HAUUTEJBHOMY CHHXKEHHIO UHCJa COOBITHH MO CPaBHEHUIO
C 7 -Nly4KOM, OOHAKO 3TH HM3MEpEeHHs I03BOJAT Mapas/esnbHO ¢ HabopoMm
IaHHBIX Ha 7 -MydKe MOJYYUTh YHHUKaJbHble NAaHHbIE 10 paHee HEUCCJIeNO-
BaHHBIM peaKLHUsIM C y4YKOM, COIEPKAIIUM CTPAaHHBIH KBapK.

Tabauya 5. Oxugaemoe ynuciao coObiTHii Ngy U oTHoureHHE 3ddekta K (PoHY

S/B pas mecsiuHoro ceanca Ha m -myuke (6 - 10'° B3aumoneiicTBuii) npu auep-
run 34 I'sB

YacTuua Nev | S/B YacTuua Nev | S/B
at 42.10° n—ata 5,3-10%| 5,00
n 8,7 - 10° w(782) = wta x| 3,5-107 | 4,00
Kt 6,7 - 108 w(782) — ~x° 3,8-10"| 0,50
K~ 9,0 108 ©(1020) - KT K~ |4,3-10°| 3,30
p 9,210 p(770) = 72 [2,9-10°| 0,17
P 2,6 - 108 p (770) = 7—x° |7,5-10%| 0,33
n 3,2 108 K% — 7070 1,7-107| 0,29
7 8,0 107 a0(980) — n7° 1,8-107| 0,11
KL 1,0-10° A —pr~ 1,4-10°| 10,00
70— 4,3-10° 10,00 [| A — pr ™ 1,1-10° 20,00
n— vy 42.10%| 2,00 || A — nx® 1,8-10%| 0,33
n —atr Ty 8,3-10%| 20,00 || A — mn® 7,7-10° | 2,20
KY = ntn™ 1,3-107 | 3,30 || AT — prt 9,3-10°| 0,50
P2(770) = ntx~ | 4,2-10%] 0,40 || AT =P 2,5-10"| 0,18
K% (892) - K*n~ | 1,1-10° | 1,70 || 2~ — An~ 1,9-10° | 10,00
K(892) » K-nt [4,3-107| 0,50 || " — Kot 1,6 - 10° | 10,00
K*t*(892) = K*t7%|1,9-10"| 0,38 || 2% — Ay 1,2-10°| 2,00
K "(892) - K~x°|3,8-10"| 0,77 || 2°(1385) — Ax® |3,9-10°| 5,00
w(782) = ete~ 1,7-10° | 2,00 || p°(770) — pFp™ | 9,7-10* | 1,40

1.5.2. Hccnedosanue 3KcKnt03UBHbIX Kananos. Kommieke H3MepeHHH,
OMMCAHHBIX Bbllle (OMHOCMHHOBLIE TPOLECCH, B KOTOPHIX H3MepsieTcs MOJsi-
pr3auus JHLIb ONHOHW M3 YaCTHL, y4acTBYIOIIMX B peakLUWH, B HadaJbHOM
JIU00 KOHEUHOM COCTOSIHUM), BKJIIOUAET HE TOJbKO WHKJIO3WBHbBIE, HO U JKC-
KJII03MBHBIE TIpolecchl. B mocsienHem ciydae mpeanosiaraeTcst UCIOJb30BaTh
IOTOJIHUTEJIBHO BETO-CUCTEMY MOJSPU30BAHHON MUIIEHH. DTO MO3BOJIUT 3HA-
YUTEJbHO CHU3UTb YPOBEHb (DOHA B SKCKJIO3MBHBIX MPOLECCAX.

3HauuTeJbHBIH BKJAL B MCC/ENOBAHHE CIHHOBBIX 3()(EKTOB B 3KCKJIO-
3MBHBIX 3aps0BO-00MEHHBIX peakLHsX OblJ MOJy4YeH B CEPUH IKCIIEPHMEHTOB
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B B®3 Ha ycranoke [TPO3A npu suepruu nyuka 40 3B [66-72]. Bosb-
IIMHCTBO AaHHBIX B APYTHUX 3KCHepUMeHTax ObLIO MOJyueHO NPU YMEPEHHBIX
sHeprusix nydka (no 12 I'sB), HUXe 3HepPTHE yCKOPUTEJBHOrO KOMILIEKCa
HN®B3. Hccnenoanus Ha yctaHoBke CITACUAPM nosBosiAT cyliecTBeHHO
TMOBBICUTb TOUHOCTb H3MEPEHUH.

OTMeTHM, 4TO B Me30HHBIX NyuKax HalGJIIOAAIOTCS HEHyJeBble MOJsIpHU3a-
LU1OHHble 3(P(eKTh B 0O6JacTH (pparMeHTAlUM HeNoJSIPU30BAHHOIO IyuyKa,
4TO He MMeeT IOKa TeopeTHdeckoro obwsicHenusi. Ha ycranoske ITPO3A
B 1980-e rr. u3MepsAINCh ACUMMETPHH B 9KCKJIO3MBHOM 00pa30BaHUH B peak-
unn 7w~ pt — hOn npu suepruu 40 ['sB. O630p KaHHBIX HCCAeNOBAHUI MPUBe-
nen B mpua. A.1.2. 31ech OTMETHM TOJIBKO [1BE PeaKlMH, a UMeHHO m pl —
— w(782)n (puc. 15) u 7~ p' — 1/(958)n (puc. 16), pesyabTaTsl MO KOTOPHIM
YKa3blBalOT Ha 60JbliHe 3()(eKTh U OCHUNSALNNA aCUMMETPHH.

i - X 50 —

ST S Sl

—25F ++ I
C O3z

—50F 4 #

=75k, L - solh
0 0,5 1,0 0 05 10 15 20

—t, (T3B/c)? —t, ([3B/c)?
Puc. 15. Acummerpuss B peakuuu  Puc. 16. AcuMMeTpus B peakuuu

7 p' — w(782)n mnpu  sHepruu
40TsB [71], w-me30H peructpupo-
BaJicsl B MOJie pacrana Ha m H 7

7 p' — n/(958)n mpu  sHepruwm
40T3B [69], n'-meson perucrpu-
poBasicsi B MOme pacrnaja Ha [Ba

-KBaHTa

Craructuka B peakuuu 7~ p — w(782)n (33 Thic. MONE3HBIX COOBITHI Ha
T0JIIPU30BAaHHON MHIIEHH) Oblyia HabpaHa B TPeX CeaHcax C TeJeCHBIM YIJIOM
3/1IeKTPOMAarHUTHOIO KaJIOPHUMETPa, COCTABJISIOIUM IOJIOBHHY OT TeJIECHOTO
yria kanopumerpa ycraHoBku CITACHAPM. 3a tpu ceanca paGoThl ¢ y4eTOM
ABYX Mo pacnama — Ha 7w 7w’ u 7’y — MOXHO HaGpaThb CTATHCTHKY
B 20 pa3 6osbie. MonesupoBaHHe MacCOBOTO CIIEKTPA COOBITHH, B KOTOPHIX
sapeructpupoBana komGunauus mtr~ 70, npuseneno panee na puc. 12. To-
rja, HampuMep, B MEPBBIX YETbIPEX TOUYKAX, COOTBETCTBYIOLIMX NAHHBIM Ha
puc. 15, omnbka acummMeTpun OyneT okoso 2 % BMecTo ceropasmHux 10 %.

Craructuka B peakuun 7~ p' — 1/ (958)n (11 Thic. noJie3HBIX COOBITHE Ha
T0JIIPH30BAaHHON MHIIEHH) Oblja TakxKe HaOpaHa B TPeX CeaHCax C TeJEeCHBIM
YIJIOM 3JIEKTPOMArHWTHOTO KaJIOPHUMETPa, COCTABJSAIOLUIMM MOJOBHUHY OT Te-
JiecHOro yriyia Kajopumerpa ycraHoBku CITACHAPM. 3a tpu ceanca pa6otsl
C y4eToM JBYX IOMOJHHUTEJbHBIX MOJ Pacrafa Ha w1 m 1 U THmT 7y MOXKHO
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HabpaTh CTATUCTUKY mpuMepHO B 20 pa3 GoJblue. Torna, HampuMep, B MepBbIX
TPeX TOYKax OLIMOKAa acMMMeTpHH OyjeT coctaBisaTh 3—4 % BMeCTO cero-
nHSIHUX 13-17 %. Pesysbratel no peakuun m~p — fo(1270)n npencrasie-
Hbl H2ke — Ha puc. 108. 3a Tpu ceaHca paboThl ¢ yueTOM HOMOJHHUTEJIbHON
MOJIbl pacrajia Ha w7~ MOXKHO HabpaTh CTATHUCTHKY B 2 pasa GoJbiie. Torna
CyMMapHasi oIIMOKa aCHMMETPHH IO BCeM ceaHcaM OyneT MOYTH B 2 pasa
MeHblIIE.

HccnenoBanus Ha ycraHoBke CITACHAPM 1no3BoJifIT CyIIeCTBEHHO MOBbI-
CHTb TOYHOCTb M3MepeHHH. OTMETHM, YTO BCe U3MepEHHs B IKCKJIO3MBHBIX
KaHasax MpeAaroJsaraeTcs NpOBOAUTb OJHOBPEMEHHO C HCC/eNOBAHHUSMH HH-
KJIIO3MBHBIX MIPOLIECCOB, T. €. He TpeOyeTcst NONOJHUTENbHOTO YCKOPUTEIBHOTO
BpEMEHH.

1.5.3. Hauano uccnedosanuii no npoepamme CITACHAPM na kana-
ne I14. B Hacrosiliee BpeMsl NMJIOTHAas BepCHsl YCTAHOBKH MOATOTOBJEHA
K HCCJIeJJOBAHUAM U y2Ke INPOBEJIeHBl IepBble MEeTOJHYEeCKHEe CEaHCHl, a TakK-
JKe TEeCTOBBIH CeaHC 10 M3MEepPEHHI0 ONHOCIHHOBOH aCHMMETPHUH HHKJIO3HB-
HOT'O POXKJAEHHS 3aps’KEHHBIX afipoHOB *. OnucaHMe HCIOJb3yeMOH IKCIepH-
MeHTaJbHOH YCTaHOBKH NpHBeNEHO B 1. 3.1.

B paMkax 3THX CeaHCOB OCYILECTBJ/IEHBl 3allyCK U HACTPOHKa OCHOBHBIX
IeTeKTOpPOB (TPEKOBOH CHUCTeMbl). AHA/M3 3KCIePUMEHTAJIbHEIX AAaHHBIX I10-
3BOJIMJ JOOUTbCS BBICOKOH 3((eKTUBHOCTH JeTEeKTOPOB TPEKOBOH CHCTEMBI
(cMm. monpoGHee B 1. 3.4.2.4). HabGpaHHble mepBble aKCIepUMeHTalbHbBIE JaH-
Hble Ja/JHd BO3MOXKHOCTb OLEHHUTb CTAaTUCTHYECKHe OLIMOKH HU3MEpeHUs B Mpo-
BeJEHHOM CeaHCe M IPOBECTH BepHU(HMKALHUI0 AJITOPHUTMOB PEKOHCTPYKIHH
9acTHI.

O2kupaeMble CTaTHCTHUECKHE TOYHOCTH M3MePEHHs aCHMMeTpun 0 Ay HH-
KJIIO3UBHOI'O POXKIEHHUS M0 TaHHBIM [EepPBOTO TECTOBOTO CeaHca AJid Pasfuu-
HBIX MUHTEPBAJIOB 10 pr U Tp IS - U T~ -ME30HOB MPUBEIEHH B Tab. 6
U 7 COOTBETCTBEHHO.

Ozkupaemasi CTaTHCTHUECKAS] TOUHOCTb U3MEPEHUs] aCHMMETPHH COCTABJIS-
eT mpuMepHo 1,0-2,5%. B HacTosiiiee Bpemsi paspabaTbiBaeTcsl aJrOPUTM Bbl-
YUCJIEHUS ONHOCIUHOBOH aCHMMETPHUH 3apsi2KeHHbBIX alPpOHOB ¢ MHHUMaJbHbIM
YPOBHEM CHCTeMaTH4YeCKHX OLIMOOK, YTO NMPUHLUIIHANBHO BayKHO NPH HccJle-
JIOBaHHH MOJIAPU3ALHUOHHBIX fIBJEHHH C M3MepSeMOH acUMMeTpHed Mopsika
HECKOJIbKHX TPOLeHTOB. [IpenBapuTenbHble pe3ysnbTaThl aHAIM3a AOJOXKEHEI
Ha MexnyHaponHoi KoHpepeHuuu [ICPPA-2020 8 MUPH u ony6ankosa-
HBl [73].

Lens 6nnxatimero ceanca ** mo HaGopy IKCNEPHUMEHTANbHBIX JAHHBIX —
HOBBIF HaGOp CTAaTUCTHUKU JJISI H3MEPEHHs ONHOCIHHOBOH acHMMETPHH HH-

* NpentudurKauys THIA YacTHI He NMPOBOAHJIACH, GOMBIIHHCTBO PETHCTPHUPYEMBIX
YacTHIl ABJIAITCS T-Me30HaMH.
#* [Inanupyercs: B Hoss6pe—nekadpe 2022 r.
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KJIIO3MBHOTO POXKJEHHS 3apsiKeHHbIX NMHOHOB, a TaKXKe JaHHBIE 1Js U3Mepe-
HHsl OJHOCIHMHOBOH aCHMMETPHH MHKJ/IO3MBHOrO poxaenust KO-mesona. Us-
MepeHHe OJHOCIMHOBOH aCMMMeTPHH HHKJIO3UBHOTO poXaeHHs K 3-Me30HOoB
CTaJI0 BO3MOXKHBIM MOCJe BKJIOUEHHS B COCTAB TPEKOBBIX JETEKTOPOB CTaH-
LMH U3 TOHKHUX TPyGOK (CM. HHXKe OMHMCaHHEe YCTAHOBKH) M HACTPOHUKU BCel
npeiicoBoi cucteMpl. [IpoBeneHoO peasucTHUECKOe MOAENHPOBAHHE PEAKLHUH
7~ pl — K9X. Ilo pesyabratam 3Toro MogmenupoBanusi 3a 20-CyTOUHBIi
ceaHc Ha ycrtaHoBke CITACHAPM nnsi pa3nuuHbIX KHHEMATHYeCKHUX HHTEp-
BAJIOB aCMMETPHS B JAaHHOH PeakKLHH MOXKET OBITb M3MepeHa C TOYHOCTHIO
IO HeCKOJbKHUX mpoleHToB (Tabus.8). IlogpoGHee MomesnpoBaHMe NaHHOH
peakuuu onucano B npus.b.4.1 u B pa-
Gote [74]. Tabauya 9. Oxungaemas CTaTUCTH-
Takxxe mpoBemeHO peanucTuyeckoe — 1€CKasd TOUHOCTD NSMEPEHMS ONHO-
MOJeJIHPOBaHHE BO3MOXKHOCTH H3Mepe- ~ STMHOBOM ACHMMCTPHH B peaKiuu
HuA acuMMeTpud w(782)-mesonos Ha . P — wX 3a 20-cyrounsui ce-
anc Ha ycranoske CITACHAPM
TIePBOM 3Talle 3KCIIePUMEHTa Ha KaHaJe

14 B pamkax meHcTBYIOlIeH YCTaHOBKH. pr pz < 12,0 | pz > 12,0
Oxupaemasi CTaTHCTHUECKAsi TOYHOCThb <05 0,052 0,022
U3MepeHHs] OTHOCITHHOBOH acCHMMETPHH ~ 05 0.050 0.024

B peakunu 7 p! — wX 3a 20-cyTOuHbIH
ceanc Ha ycraHoBke CITACHAPM npu-
BelleHa B TabJ1. 9. B uHTepecyoueM Hac KUHEMaTHUECKOM HHTepBaJe (B 06.1a-
CTH (pparMeHTAaINY MyYKa NPH OTHOCHTEJBHO OOJBIINX MOMEPEYHbIX HMITYJIb-
caXx) acHMMETPHUI0O MOXKHO H3MEpUTb € TOYHOCTbIO Jsydite 3 %. [lompoGHee
MOJIeJIMPOBaHHe NaHHON peakuUuu onucaHo B npui.b.4.1 u B pabore [75].

B 2022 r. npoBeneH nepBbli HaGOp JAAHHBIX HA HEMOJISIPU30BAHHBIX sIlED-
HBIX MHILIEHSIX JJI HACTPOHKM AJTOPHUTMOB PEKOHCTPYKIHMH HHKJIO3HBHO-
ro poxaenuss K% u w(782)-me3onos. Bbiiu HabGpaHbl 3KcMeprMeHTalbHbIE
JaHHble Ha HECKOJBKHX fi1paX, MJIAHHPYeTCS MO 3TUM JAHHBIM HE TOJBKO
OTJIAJUTh AJTOPUTMBl PEKOHCTPYKIHH, HO U MOJYYHUTh JaHHBIE N0 A-3aBU-
CHMOCTH CeueHHs! HHKJIO3MBHOTO poxkaeHus K2- u w(782)-mesonos. Mac-
coBble crekTpsl hTh™ map, mosyueHHble NPH MEPBOM aHaJH3e NAHHBIX Ha
MyyKe 7~ -Me30HOB B 00JacTH Macc K2-Me30HOB M A-THNepoHa NpHBeJeHbl
Ha puc. 17.

Ha puc.17,a maccoBblil CreKTp MoJydyeH OJsl JAHHBIX, HaOpaHHBIX Ha
OJIHOM sIfipe B TedeHHe HECKOJbKHMX UacoB B IPEJIOJOXKEHHH, UTO 06e 3aps-
JKeHHble YaCTHIH SIBJSAIOTCS T-Me30HAMH, & Ha IIPAaBOH — B NPETOJIOKEHHH,
4TO MOJIOKHUTEJBbHO 3apsi?KeHHasi 4acThla siBjsieTcsi npoToHoM. [losydeHHas
wuprHa K9-Me30Ha npu npeiBapuUTeNbHOM aHanuse cocTasaser 13 MsB,
a A-runepoHa — 6 M3B (muk ¢utupoBancs ¢yukuueir laycca, don —
TNPOM3BEeleHNEM IKCIIOHEHTHI Ha CTEeNeHHble (PYHKIHH).

1.6. Pe3rome n nepcrekTuBsl. [losydyeHne HHTEHCHBHBIX NOJSPU30BaH-
HBIX MyYKOB MPOTOHOB M aHTHIPOTOHOB Ha KaHase 24A B MPBI mnosso-
JIUT OCYILECTBHUTb OOLIMPHYIO TPOTpaMMy (DU3HUECKHUX HCCAENOBAHHUU CIH-



46 ABPAMOB B.B. U IIP.
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Puc. 17. Maccosble crekTpsl At h™-nap, nosyyeHHble NPU NepBOM aHa/jM3e JAHHBIX
Ha myuke 7 -Me30HOB (a) u K~ -me30HOB (6)

HOBBIX sIBNeHHH B obsactu sHepruu 10-50 I'sB. BosmoxHOCTH ycTaHOBKH
CITACHAPM v uyBCTBHUTEJBbHOCTb K Pa3/JHUHBIM (DU3HUECKHM KaHajaM Obl-
JIM OLlEHEeHbl MyTeM MOJAEJNUPOBAHHS COOBITHH C y4eToM (pHU3HdecKoro (oHa.
Hapsixy ¢ moJssipu30BaHHBIMH TyUYKAMH Ha YCTAHOBKY MOTYT ObITh BbIBEJEHBI
HerMoJIAPU30BaHHble MyuKH MUOHOB (mF), KaonoB (K ¥), MpOTOHOB M aHTH-
NPOTOHOB, a TaKKe yriepoAHbld M AeHTpPoHHbIH nmyuku. Hanuuue nosnspuso-
BaHHOH MHILIEHH M Pa3JMYHBIX MYYKOB MO3BONUT UCCJIEN0BaTh OJHOCIIHHOBbIE
1 IBYXCIHHOBBIE 3(h(eKThl IPUMEPHO B CTA PA3JHUYHBIX PeaKUHIX U NOJYUHUTb
YHHUKaJIbHBle JaHHbIE, KOTOPbIE MO3BOJST AOCTHYb 3HAUUTEJBLHOTO IIporpecca
B noHuMaHuu KX ]I 1 npuponsl No/sgpU3alMOHHBIX SIBJE€HHUH.

2. CO3JAHHME IIYYKOB ITOJIPH30BAHHbIX ITPOTOHOB
N AHTHUIIPOTOHOB

CosnaHue Ha yCKOPHTEJIbHOM KoMILlekce ¥Y-70 KaHasma 4acTul, (hopMH-
pytowero nnst skcnepumenta CITACHAPM nyuku nosisipu30BaHHBIX MPOTO-

HOB M aHTHIPOTOHOB OT pacnana A(A)-THMepoHOB, MO3BOJUT CYLIECTBEHHO
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pacuvputh npoogumylo B MPBD nporpammy uccienoBaHuWi MoJsipUanu-
OHHBIX SIBJIEHHWH B aJPOHHBIX peakUusix. BmecTe ¢ TeM Hapsiny ¢ MydKamu
TOJISIPH30BaHHBIX YaCTHUIL pa3padaTbiBaeMblil KaHAJ MOXKET ObITh HCIIOJIb30BaH
IJ15 TIOJy4eHHsl NyYKOB BTOPUYHBIX aIPOHOB OOOMX 3HAKOB 3apsiia, MyuKoB
3JIEKTPOHOB B AHamna3oHe uMnysabcoB oT 10 1o 45 ['9B/c, a Takxe myuka mep-
BHYHBIX IPOTOHOB MOHUKEHHOH HHTEHCUBHOCTH ¢ uMmyabcoM no 50 ['3B/c.

OnTrumu3anyst OCHOBHBIX 1aPaMETPOB MarHUTOONTUYECKOH CHCTEMBI KaHa-
JIa MOJISIPU30BAHHBIX TIPOTOHOB U aHTHIIPOTOHOB POBOAN/IACH B PAMKaX, Orpa-
HUYEHHBIX JOCTYIHOCTbIO IJIOLIAfel IKCIepHMeHTa bHOH 6a3bl yCKOpUTeJs
Y-70 nns pasmerneHuss camoro kKaHasia W yctaHoBkn CITACHAPM, a takxe
He0OXOANMOCTBI0 00eCNeYUTh OHOBPEMEHHYI0 paboTy ABYX KaHAJIOB YaCTHIL
¢ opHOM MuLIeHbI0. OCHOBHEIE PE3y/IbTATHl pacueTa KaHasa MOJSIPH30BAHHBIX
4acTHLl NpUBefieHbl B paGoTte [76]. Bce npencraB/ieHHble B JaHHOM [POEKTe
pe3yJbTaThl pacueTa KaHasa 24A B3sTH U3 3TOH paGOTHI.

2.1. KaHaJ nosasipu3oBaHHBIX IPOTOHOB M aHTUIPOTOHOB. I[lnaHu-
pyeMoe TOBBIINIEHHEe HHTEHCHBHOCTH YCKOPEHHOTO MPOTOHHOTO IMydYKa [0
(2—3) - 10'3 npoTOHOB/LUMKA OTKPHIBAET HOBble BO3MOMKHOCTH /ISl MPOBeje-
HUST (PU3UUECKUX UCCJIe0BaHUM Ha ycKopuTesbHOM KoMmryekce ¥Y-70 UDBI.
B To ke Bpems mepcrnekTHBa pabOTHl C MPOTOHHBIM MYy4yKOM O60Jiee BbICO-
KOU MHTEHCHBHOCTH oOIpejiesiseT He0OXOAUMOCTb 3HAUMTeNbHOH INepecTpoi-
KH CYLIECTBYIOIIEH CHCTEeMBbl KaHANOB 4YacTUI. B sKcrepuMeHTasbHOH 30HE
yckoputess ¥Y-70 Ha nuomansx, ocBo60XK AI0IKMXCS OC/e 3aBepLIeHHs psila
9KCIIePUMEHTOB, MIJIAHUPYETCS CO3/aTh [Ba HOBLIX KaHasa YacTHL, Ha OCHOBE
MeJIJIEHHOTO BBHIBOJIA YCKOPEHHOT'O IIPOTOHHOrOo myuka c¢ 3Heprueir 50 I'sB
¥ UHTEHCHBHOCTBIO BhIBOAA 10 ~ 2 - 1013 IPOTOHOB/ UK.

Co3paHue 3TUX KaHaJsoB, paboTalOIMX OLHOBPEMEHHO C OfHOH BHeLIHeH
MHLIEHbIO, TO3BOJHUT CYILECTBEHHO YJAYUIIHUTb 3(P(EKTHBHOCTb HCIIO/Ib30BA-
HHS YCKOPEeHHOro B ¥-70 MPOTOHHOrO My4yKa, MOBBICHTb HHTEHCHBHOCTb U Ka-
YeCTBO BBIBOAMMBIX Ha 3KCIEPUMEHTAJbHble YCTAHOBKH MYYKOB BTOPHUHBIX
YacTHI[ M, 4TO TaKyKe HEMaJIOBaXKHO, OTKA3aThCsl OT BHYTPEHHMX MHUIIEHeH,
9KCIJIyaTaluss KOTOPBIX NPHUBOAHUT K Mepeob/ydeHUI0 MarHUTHOH CHCTEMBI
yckoputessi. JIBa HOBBIX KaHaja, MOJy4YMBIIMX oGo3HauyeHus 24A u 24B
(puc. 18), mpennasHauaroTcss A/ 0OeCledeHHsl NMyYKaMM YacTHI[ IKCIIEPH-
MeHTabHBIX ycTaHOBOK CITACHAPM u BEC (BEpummnuubit CrekTpomerp)
COOTBETCTBEHHO.

Ycranoska CITACHAPM cosnaetcst 1/t MPOBENEeHHS] CHCTEMAaTHYECKUX
UCCJ/IeI0BAHUH MOJISAPU3ALMOHHBIX IBJIEHHH B 9KCKJ/I03UBHBIX U HHKJIIO3UBHBIX
aJIPOHHBIX PEaKIUAX B 00JIACTH SHEPTHH YCKOPHTEJIbHOro KoMiiekca MPBI.
B pamkax nporpaMMel (QU3HUECKHUX HCCJIENOBAHUH B 3TOM 3KCIIEPHMEHTE I1J1a-
HUpYeTCsl MCIOJb30BaHME LeJIOro psiia MyuyKoB: B MEpBYI0 Ouepelb, MyuKOB
T0JISIPU30BAHHBIX IPOTOHOB U @aHTHIIPOTOHOB, MYYKOB MOJIOKHUTENBHO U OTPHU-
[aTesbHO 3apsiKeHHBbIX MTHOHOB, & TAKXKe MYYKOB 3JE€KTPOHOB, HEOOXOAUMBIX
IJ11 KaJUOPOBKHY anmapaTypel SKCIEePUMEHTAIbHOH YCTAHOBKH.
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Puc. 18. Cxema pasmerenus kaHanos 24A u 24B B sxcnepumeHTasnbHoM 3aie | BB
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Puc. 19. Cxema moJsiyueHHsl IyuKa MOJSPU30BAHHBIX IIPOTOHOB U3 pacmnafoB A-rure-
pOHOB

MeTo/ MoMyuyeHHs] HA YCKOPHTE/AX My4YKOB MOJSPH30BAHHBIX NPOTOHOB
(anTumporoHoB) ot pacnagoB A(A)-runepoHoB Obln MpensokeH B pado-
Te [77]. BmepBbie oH Obl1 ycmewrHo peanusosaH Ha 800-I'aB yckopurese
FNAL nns cospaHusl MONSPU30BAHHBIX MYYKOB NPOTOHOB M AHTHUIIPOTOHOB
¢ umnyabcom 185 I'aB/c [78]. IlosaHee mydok MosisipU30BaHHBIX MPOTOHOB
¢ umnyabcom 40 I'sB/c 6bi1 nosyuen Ha 70-I'sB yckopurtene UPBI [79].

CxeMa mnoJiyueHHs Tydka IMOJSIPH30BAHHBIX IPOTOHOB I0Ka3aHa Ha
puc. 19. Cuurtanoch, 4To B cucTeMe NOKOS A-THIlepoHa, POKIEHHOTO B MHU-
IIEHH TEePBUYHBIM TPOTOHHBIM MYYKOM, MPOTOH H3 HapylLIAMOLIEro 4eTHOCTb
pacnaga A — pm~ TPONOJBHO-TIOJSIPU30BAH CO CPeAHEH CIHPaTbHOCTBIO
a =0,642+0,13 [51] (no mauHbiM 3kcrepuMeHTOoB 1960-1970-x rr.). Bee
pacueThl MpPOBelleHbl UMEHHO IJi 3TOH BeJH4YHHbL. CJjefyeT MOAYEPKHYTH,
4yTo HOBble H3MepeHUsi 3kcrnepumeHta BES-III nanu ppyroe 3HaueHue, a
umenHo a = 0,750 4= 0,009 £ 0,004 [52].
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B na6opaTopHo#i cucTeMe NPOTOHBI UMEIOT KOMIIOHEHTY IONepeyHoi mo-
JSIpU3alkK, KoTopas TeM 0oJblie, 4eM GoJibllle Yros BblIeTa MNPOTOHOB OT
pacrana Mo OTHOLUEHHIO K TPAaeKTOPUAM POAUTENbCKUX THIEpPOHOB. B npyrux
TepMHUHaX MNoNepeyHas NoJspHU3aLUs ITUX NPOTOHOB KOPPEJNUPYeT C KOOPAHU-
HaTOH IepeceyeHUs MPOLOJKEHHS UX TPAEKTOPHH C MJIOCKOCTbIO BUPTYaJIbHO-
ro UCTOUHHKA, NPOXOASALLEH Yepe3 LEeHTP MULIeHH KaHasa. CpenHss nomepeu-
Has MoJspu3alus Mo BCeMy aHcaMOJIo NPOTOHOB OT pacnajga A-rumnepoHoB,
OUeBUJHO, paBHa HYy/a10. ONHAKO MOXKHO MOJYYUTb BBIOOPKM C HeHYJeBOH
TIONePevHOl NoNsipU3alMell MyTeM COPTHPOBKHM MX TPaeKTOPHUH MO yIJy BHI-
JeTa WJH, 4TO TO XKe CaMoe, 110 KOOpAHHATe INepecedeHHst C IJIOCKOCTHIO
BUPTYaJbHOrO HCTOUHHKA. COPTHPOBKA OOBIUHO OCYLIECTBJISETCS B OLHOH
U3 TJIOCKOCTEH, HalpuMep B BepPTUKAJbHOH, BHOJb ocH y. C TOYKH 3peHHs
MUHHUMH3ALUHUH CTATUCTUYECKUX OIIMOOK M3MEPEHHs CIIHHOBBIX aCUMMETPUH,
ONTHMAJIbHBIMU SIBJSIIOTCS BHIOOPKH C MaKCHMaJsbHBIM 3HaueHHeM IpOH3Be-
neHusi FoM * = Igz, rane I — HHTEHCHBHOCTb BBEIOOPKH, a fg — cpenHee
1o BEIOOpKe 3HaueHHe BEPTUKAJIbHON MOJspU3alud. B peasbHBIX reoMeTpUsix
KaHaJI0B HHTEHCUBHOCTb ONTHUMAJbHBEIX BEIOOPOK ONHOTO 3HAaKa MOJspHU3alliH
COCTaBJISIET, KaK MPABUJIO, MPUMEPHO 1/3 OT MONHOM HMHTEHCHBHOCTH IpH
CpelHeH MNoJspU3aLUH 5,73 ~ +40%. Ocratowasics npumepHo 1/3 mnosHOH
UHTEHCHBHOCTH TMPUXOIMUTCS HA HEMOJSPU30BAHHYK <«LEHTPaJNbHYIO» UYacCTb
ny4yka. TakuM o6pasom, riaBHas 3ajgada pa3paboTKH ONTHKM KaHaJja COCTOUT
B obecCreyeHUH [NOCTaBKH C(POPMHUPOBAHHOTO MyuKa MPOTOHOB (AHTHUIPOTO-
HOB **) OT pacmaga rUnepoHOB (AaHTUTHUIIEPOHOB) 3aJaHHOTO HMITyJbca Ha
MHULIEHb ¢ MUHUMAaJbHBIMH MOTEPSIMM HHTEHCHUBHOCTH U TOJISIPU3alllH, a TaK-
e C TPeLOCTaBJIEHHEM BO3MOXKHOCTH COPTHPOBKH U/MUJK 0TOOPA TPAeKTOPHH
MYyYKOBBIX YACTHL O MOJISPU3ALHH.

B naHHOM pasgesie mpuBelNeHbl pe3y/abTaThl Pa3pabOTKH MarHUTOONTH-
YeCKOH cHcTeMbl KaHana 24A, ONTHUMH3HPOBAHHOH [NJis MOJYYeHHS MyUKOB
MOJISIPU30BAHHBIX YACTHI, a TaKXkKe XapaKTEPUCTHKHU (POPMHPYeMBIX Ha ycTa-
HoBky CITACHAPM nyukoB. PaccMOTpeHHI0 XapaKTepUCTHK KaHaja Mpej-
IECTBYET OMHMCaHHWe MUIIEHHOH CTaHLWH, oOecredyunBarolleld OfHOBPEMEHHYIO
paboTy KaHasnoB 24A u 24B ¢ onHOH MHIIEHB.

2.1.1. Muwennasa cmanyua xananos 24A u 24B. MuienHas cTaH-
uust (puc.20) kanasoB 24A u 24B Oyner ocHallleHa TpeMs QHUIOJbHbI-
MH MarHuTamy, o0ecleudBaloLIMMH ONHOBPEMEHHYI0 padoTy 3THX KaHaJsoB
C MHIIEHbIO, Ha KOTOpyH OyneT cOpacbliBaThCsi MeNJIEHHO BbIBENEHHBIH M3
YCKOpHUTEJIsI TIPOTOHHBIH MydoK. BriepBele momoGHble cHcTeMbl oT6Opa BTO-
PHUHBIX YaCTHL ONHOBPEMEHHO B [Ba HJH TPH KaHaja ObIH NpPUMeHeHHI

* Figure of Merit.

## CxemMa [MOJIyueHHs [OJSAPU30BAHHBIX MYYKOB AaHTUIPOTOHOB H3 pacnaios
‘A-runepoHOB aBCoMIOTHO HAEHTHYHA, HO ¢ TO JIMIIL Pa3HULEH, UTO 3HAK KOppeJsiiuu
TONePeyHOH MOJSAPU3ALMH C IOJOKEHHEM TPAeKTOPHH B IJIOCKOCTH BHPTYaslbHOTO
UCTOYHHUKA NPOTHUBONONOXKHBIH.
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Puc. 20. Cxema MuIIeHHOH cTaHUMM KaHajgoB 24A u 24B: T — wmuIeHb KaHasa;
MT1-MT3 — punonbHele MarauTel; MC1 — marHutsl-KoppekTopel; Dump — cranb-
HOU NOIVIOTUTENb AJMUHOH 5 M. IIpHBeleHHBIH BapUaHT HaBeleHHs NPOTOHHOIO My4YKa
Ha MHIIEeHb COOTBETCTBYeT OTOOPY HeHTpa/lbHEIX BTOPHYHBIX YacTHL, B KaHal 24A
U MOJIOKHUTENbHO (OTPHLATE/IbHO) 3apSKEeHHBIX 4acTUll B KaHat 24B. [TyHKTHPHBIMU
JIMHHSIMH TI0OKa3aHbl TPAEKTOPHH BTOPHUUHBIX 3apS2KEHHBIX UaCTHL, OTOMPAeMBIX C Ka-
Haja 24B c HeHyJIeBBIMH yIJaMH POXKJEHHS B MUILEHH

B 9KCreprMeHTanbHbIX 30Hax yckopuress SPS B IIEPH [80]. Maruute: MT1
u MT2 npennasHauyeHbl A5 HaBeleHHS MEPBHUHOTO MPOTOHHOTO My4yKa MOA
onpefieNleHHBIM YIJIOM o B LeHTp MarHuta MT3, KoTOpHIH, B CBOIO OYepelb,
obecrieurBaeT oTOOp B KaHasbl 24A u 24B 3apsikeHHBIX BTOPUYHBIX YaCTHIL,
POXXIEHHbIX B MHUILEeHH KaHana T.

B kavecrBe marHutoB MT1 u MTZ2 nnanupyercsi HMCroJb30BaTh JH-
nosbHble MarHuThl Tthna CII-129 wu CII-7* Bxo#suide B HOMEHKJATYpy
000pyI0BaHUSA 3IKCIIEPHUMEHTABHOrO KoMIlleKca yckopuresas ¥Y-70. B arom
cJlyyae MaKCHMaJbHbIH yroJl HaBeleHHsl IPOTOHHOI'O My4Ka Ha MHUILEHb (Pmax,
onpenensiemblii napamerpamMmu maruuta CII-7, paBen 27 mpan. Ilong atum xe
YIJIOM HaBelEHHs] «CMOTpsAT» B LeHTp MmarHuta MT3 kananwsl 24A u 24B,
YTO TO3BOJISIET MAKCUMAaJIbHO TIPUOIU3UTD K MUIIEHHW KBAJPYMOJbHbIE JIHH3HI,
BXOASIIHE B COCTaB T'OJIOBHBIX OOBEKTHBOB 00OMX KaHAJOB, COXpaHsis IpH
3TOM BO3MOXKHOCTb 0TOOpA HEATpasNbHBIX BTOPUYHBIX YaCTHIL B 00a KaHaJa.

ABasisice PYHKUHOHANBHBIM 3/IeMEHTOM MHILEHHOH CTAHIMH KaHaJoB 24A
u 24B, marautr MT3 B TO Ke BpeMsl HCIOJb3yeTCs AJISI OUHCTKH OT 3aps-
JKEHHBIX BTOPHUHBIX YaCTHL HalpaBJjeHHs KaHajga 24A npu (popMUpoOBaHUH
B HeM IyYKOB IOJISIPU30BAHHBIX MPOTOHOB M AaHTHIIPOTOHOB OT pacnaja

A(A)-runepoHoB, a Tak)Ke MYYKOB 3JEKTPOHOB. B cB3W ¢ 3THM OCHOB-

* [Tapamerpsl mMaruuta CI1-129: namHa L = 4 m, nosesnas aneprypa LI x B =
= 330 x 100 MM, MakcHMaJbHOe 110Jie Bax = 1,8 To; marnura CI1-7: gauHa L = 6 M,
I x B =500 x 200 MM, Bmax = 1,8 Tu.
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Puc. 21. Tlonepeunoe ceuenute mariuta MT3 (B canTHMETpax)

Hble TMapaMeTpbl, MOJOXKEHHble B OCHOBY mpoekra MarHuta MT3 (mauHa
L = 2,6 M, MakcuMaJsbHoe mnojie B = 1,9 T, pasmep paboueit obnactu
I x B = 140 x 56 MM), fIBIsIOTCS KOMIIPOMHCCOM JOCTaTOYHO MPOTHBO-
peuyMBHIX TPeOOBAaHHWH K ero JAJHMHE NMPH MAKCUMaJbHO BBICOKOM 3HAYeHHH
MarHUTHOTO TIOJISI.

[Tockosnbky marHuT MT3 pacrnosokeH HeNmoCpeNCTBEHHO TOCJe MHUIIEeHH
KaHa/la, Ha KOTOpYyIo IpedrosiaraeTcsi HaBOAUTb BBICOKOMHTEHCHBHBIH MpoO-
TOHHBIH MYYOK, €er0 KOHCTPYKLHS ONpenessieTcsi He0OXOOUMOCTbIO J0JTOBpe-
MeHHOH paboTHl B YCJIOBHUAX BBICOKHX PafHALHMOHHBIX HATPY30K, NPUBOISAILINX
K paspylieHHI0 H30JLHH OOMOTOK B030y»KneHus. V3BecTHhIMH BapHuaHTa-
MU pelleHHs 3TOH NpoGJseMbl SIBJISETCS UCIOJb30BaHUE 3HAUMTENbHO GoJee
CTOUKOH K BO3JEHCTBUIO panuauud acboueMeHTHOH uan MgO-usonsuuu
oomoTok [81, 82]. Beuay C/I0OXKHOCTH M OTHOCHTEJIBHO BBHICOKOH CTOHMOCTH
U3rOTOBJIEHHs] TAKUX OOMOTOK B HallleM CJydae eIHHUYHOrO TPOU3BOACTBA
npeanoyTeHrde ObIO0 OTAAHO KOMIIOHOBKE MarHHWTa C BbIHECEHHOH BBEpX OT
TJIOCKOCTH TyuYKa 0OMOTKOH B036y:kaeHUst [83], H3rOTOBJIEHHON MeTOIOM Ba-
KYYMHOH NPONUTKH 3MOKCUAHBIM KoMNayHaoM. [lonepeuHoe ceyeHre MarHuTa
MTS3 B BbIOpaHHON KOMIIOHOBKE I0Ka3aHO Ha puc.2l.

Kak cienyeT M3 pacyeToB MOIIHOCTH [03bl, TPOU3BENEHHBIX C HUCIOJb30-
Banuem nporpammbl MARS [84], pecypc o6MOTKM MarHuTa (BpeMmsi HaGopa
nosbl 10 MIp) cocraBasier ~ 300 cyT. B pacuetax MOIIHOCTH [03bl U Tapa-
MeTpOB (POPMHPYEMBIX IYUKOB YaCTHL, MPEAINoJaranoch, 4yTo ajlOMHHHeBas
mulleHb kKaHana T pausolt 0,4 M U TosuuHO# 3,0 MM pa3MelleHa BIJIOTHYIO
K BxogHoMy Topuy MmarHuta MT3. Ulupuna muiieHu coctasiser ~ 100 Mm,
4TO M03BOJISIET HE NepeMellaTh MHULIEHb B OPU30HTAJNbHOH MJIOCKOCTH IIPH
MU3MeHEeHHH yI/a HaBeleHHs NPOTOHHOIO Nyyka B npejenax +27 mpap.

JlonosHUTebHAS 3allMTa B BUAE OETOHA, 3aMOJHSIOLIETO NPOCTPAHCTBO
BHYTPU sipMa MarHWTa OT HHXKHETO MOJCa 10 OOMOTKH, W CTaJbHBIX MJa-



52 ABPAMOB B.B. ¥ JIP.

CTHH, 3aTeHSIOLIUX BBICTYNAIOIIHe YacTH 0OMOTOK, IMOBBILIAET €€ pPecypc I0
2600 cyT NpH HMHTEHCHBHOCTH MepBMuHOro myuka 2 - 10'® mporoHoB/muK.,
4TO pellaeT OCHOBHYIO NMPOOJEMY SKCIJIyaTallMd 3TOrO MarHUTa B YCJIOBHSX
BBICOKHX PaJIHallHOHHBIX Harpy3oK.

[lpuBeneHHasi Ha puc.20 cUMMeTpPUYHAsE OTHOCUTEJbHO HATpaBJeHUs HC-
XOJHOTO MPOTOHHOTO MyYKa CXeMa MHILIEHHOH CTaHLHH CO3[aeT SKBUBAJEHT-
Hble YCJIOBUS AJisi OTOOPAa BTOPUUHBIX (HEHTPAJIbHBIX U 3aps’KEHHBIX) YaCTHIL
B HampasJeHUH 0Ooux kKaHasoB. [Ipu aToMm:

— NIpH oTGOpe MO HaNpaBJeHHI0 OfHOTO M3 KaHAJOB MyYKa HeHTpasibHbIX
BTOPUYHBIX YACTHL (¢ = £Pmax) BO BTOPOM KaHaje MOXKeT OBITb MOJyYeH
MyYOK MOJIOXKHUTEJbHO MJHM OTPULATEJbHO 3apsiKeHHBIX BTOPHUHBIX YACTHIL
B [Mana3oHe UMMyJabcoB OT 16 no 28 I'aB/c ¢ HyJseBHIM yryioM poOXKOeHHs
B MuIIeHH. HUXXHSS rpaHula [Mana3oHa UMIYJIbCOB YacTHL, OTOHPAEeMbIX BO
BTODPOH KaHaJl, ONpefie/IsieTCsl U3 YCJIOBHS TallleHHs B MOTJIOTHTENE HEMPOB3au-
MOJEHCTBOBABIIETO B MULIEHH MPOTOHHOTO My4yKa (KOTOPLIH MOCJe OTKJOHE-
Husg B MarHuTe MT3 He nOJ/KeH MomajaTh B HHTEPBAJ YTJIOB Ymax £ Ayp),
TOTAA KaK BEPXHssl IPaHULA ONpelessieTcsl MaKCUMaJ/bHbIM HHTErpaJjoM Mar-
HuTHOro mnoJst MT3;

— [py HaBeleHHH MPOTOHHOrO MydYKa Ha MHUILEHb C YIIOM |@| < Pmax
B KaHajbl 24A u 24B 6ynyT oTOupaTbCs 3apsiKeHHble BTOPHUHbIE UYaCTH-
Ibl C pasHBIMH 3HaKaMu 3apsiia. CBsi3b MeXIY HMIYJbCaMH 3THX Myd-
KOB MNPH HYJEBOM YTIJe DOXIEHHS B MHILEHHU ONpeNessieTCsl Bblpa’KeHHeM
D2 (Pmax — ©) + P1(Pmax + @) = 0, B KOTOPOM p| M pg CUMTAKOTCH anrebpa-
UUECKUMH BeJMYMHAMM, T.€. OTPHULATE/bHOE 3HaueHHe UMITYJbca COOTBET-
CTBYeT OTPHULATENBHO 3apsKEHHbIM yacThUaMm. Kak v B mpeablayiieM ciy-
Yae, ralleHHe HeNpoB3aUMOJEHCTBOBABIIETO B MHUILEHH MPOTOHHOTO MydYKa
HaKJaJblBaeT CyLeCTBEHHbIe OrPaHUYeHHs Ha OTOOP B KaHaJsbl 3apsiKeHHBIX
BTOPUYHBIX YACTHIL C HYJIEBBIM YIJIOM POXKAEHHs B MHIIeHH [85].

[IpuMeHeHMe B cOCTaBe MHILIEHHOH CTAaHLUHM MarHUTOB-KoppekTopoB MC
TMO3BOJISIET 3aMeTHO PAaCIUMPUTb OHAaNna3oH HMIYJbCOB 3apsiKeHHbIX UYACTHIL
B 0060MX KaHa/jaX 3a cyeT OTOOpa C MHIIEHH YaCTHL C HEHYJEBBIM YIJIOM
POXIEHHUS] B MHUILEHH.

2.1.2. Onmuueckasn cxema KAHANA NOJAPUIOBAHHBIX NPOMOHO8 (aH-
munpomonos). Paspaborannasi 6a3oBasi ONTHUECKAs] CXeMa KaHaJa MOJsPH-
30BaHHBIX MPOTOHOB 24A (puc.22), cocrosiliasi U3 ABYX 3epKajibHO-CUMMET-
PHUHBIX 4acTel, pasjeseHHbIX NTPOMEKYTOYHBIMU H300paxkeHusMu ((okyca-
MH) TydyKa B OGEMX IMOMepPedyHBIX MJIOCKOCTSX B CepeinHe KaHasa, yIoBJe-
TBOPSIET OCHOBHBIM TPeGOBaHHUSIM, 00YCJIOBIEHHBIM 0COOEHHOCTSIMU CO3IaHHS
Takoro kaHana [86]. OHa yuHTBIBaeT TaKxKe psili OTpaHHUYEHHH, HaKJ/abl-
BaeMbIX IJIAHUPYEMBIM pa3MellleHHeM 3TOr0 KaHaja Ha IJIOLIAAsX IKCIepH-
MeHTaJIbHOH 06a3bl YCKOPHUTEJIbHOTO KoMIIeKca ¥-70, 0cBOGOAUBILINXCS MTOCTE
3aBepleHusa APYrux 3KCIEePUMEHTOB.

HOFJIOU.[eHPIe HerOBSaHMOI[eﬁCTBOBaBLHHX B MHIIEHHU TMNEPBUYHBIX IMPO-
TOHOB KW POXKIEHHBIX B HeH 3aps2KEHHBbIX YaCTUL OCYLIEeCTBJAECTCA B IIpe-
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IeJax MHUIIEeHHOH CcTaHUMH KaHasia (cM. puc.20), a HeHTpasbHBIX YaCTHIL
(B OCHOBHOM HEHTPOHOB) — BO BTOPOM IIOTVIOTHTEJIE, PACIOJIOKEHHOM MeX-
ny marautaMmd M1 u M2 Ha paccTosiHMM 6 M OT UeHTpa MarHuta M1,
yroJ MOBOpOTa MyyKa cocTaBjseT b2 Mpan. TesiecHBIH yroJ MOMajarolInx
B KaHaJ HEHUTpaJbHBIX 4acTHL orpaHuurBaercs koJjaumaropamu Cl u C2
TakuM obpaszoM (£2,8 u +3,2 Mpax COOTBETCTBEHHO), UTOObI IPEIOTBPATUTD
BO3MOXXHOCTb B3aHMOJEHCTBHS HEHTPOHOB CO CTEHKAMH BaKyyMHBIX KaMmep
B KBaJpynosbHbIX JuH3aXx Q1-Q3 u B marHute M1 U 4TOOB UCKJIOUHTD
OJlIMH M3 UCTOYHHMKOB (pOHA B MyUKe MOJISPU30BAHHBIX aHTHIIPOTOHOB.

Maruutsl M1-M4 0oTKJIOHSIIOT TpacCy KaHaja B OAHY CTOPOHY Ha OOIIHUH
yros 147 mpan. Ilnsi aHanu3a mydka Mo UMMNYJbCaM HCIIOJNb3YETCs] TPOMEXKY-
TOYHOE M300paKeHHe B TOPU30HTAJNBHOH MJOCKOCTH, AUCIEPCHS B KOTOPOM
cospaercss MarHuTaMu M1 u M2 u 3areM KOMIeHCHpyeTcs depe3 KBaapy-
noJibHble JUH3b Q4-Q7 marnutamu M3 u M4. TpeGyembiii pa36poc myuka
no ummnysabcam Ap/p onpenensieTcs packpeitieM KojtuMaropa C3. YuacTtku
KaHa/ja [0 Y mocje MarHutoB M3 u M4 nsanupyercs HCIOJNb30BaTh s
pa3MelleHHs IeTEKTOPOB CUCTEMbl U3MepPeHHUs] UMIYJbCa YACTHUILI.

BepTukasbHas NJI0CKOCTb ONTHYECKOH CXeMbl KaHajla UMeeT eIUHHYHYI0
MaTpuly npeoOpa3oBaHUs MapaMeTPOB TPAEKTOPUM YACTHL OT MHUILEHU Ka-
Hasa 0 MHIIEHU IKCIEePHMEHTANbHOH YCTAHOBKH, YTO OobecleuyrBaeT B JH-
HeHHOM TIPUOJIHKEHHH 10 TIONEPEYHBIM TapaMeTpaM TPAeKTOPHE COXpaHeHHe
noaspusauuu npotoHoB A§, = 0 n1js Bcex pexxuMMoB pa6oThl KaHasa. Hamu-
yue KOppeJssiliii MeX1y KOOPIUHATOH YaCTHIbl B BEPTHUKAJIbHOHU TJIOCKOCTH ¥
¥ COOTBETCTBYIOLIeH KOMIOHEHTOH BeKTOpa MoJspU3aLuH &, B MPOMeXYToU-
HOM H300paKeHWH MydyKa * mpelrosiaraeTcs UCMOJMb30BaTh AJsl OpraHU3alluu
CUCTEMbl MeYeHHUs IOJSPU3aLUU YacTHL JUOO0 1/ BblAEJNEHHS C IIOMOLLbIO
KoJsiiuMaTopa C4 4yacTd mydka ¢ HEHYJIeBOH CpefHel Mossipu3anuei 4acTHil.
Bo BTOpoM cayyae koppekTupyomui Mmaraut MC2 ucnosb3yeTcs aJis cMele-
HUS ydka Ha Kossumarope C4, a koppekTupytouiie Mmariutel MC3 u MC4 —
IJisl BbIBEJIEHUS BbIIEJNEHHOH YacTH MyuKa Ha OCb dKCIEPUMEHTasbHOH ycTa-
HOBKH (11.2.1.4).

Jlnisi co3naHusl KaHasa MoJIiPU30BaHHBIX UACTHL MJIAHUPYETCS HUCIO0Jb30-
BaTb CTAaHAAPTHOE MarHUTOONTHYECKOe OOOPYNOBAHHE SKCIIEPUMEHTasNbHOIO
KOMILJIeKca yckopuTedas ¥-70: kBagpynodbHble auH3bl Tina 20K200 naunHo#
2 M ¢ MaKCHMaJbHBIM IpajiueHTOM MarHuTHoro mnojs 13 Ta/m B amepType
nuameTrpoM 20 cM U oTkJOHs0IHe MarHuThl tTuna CII-7A u CII-12A nau-
HOH 6 W 3 M COOTBETCTBEHHO M MaKCHMaJbHbIM MarHTHeIM mnoJem 1,8 Tn

* [ToMHMO KHHEMaTHKH pacnaja A-TUIIePOHOB CTeNeHb KOPPeJISLHUN 3aBUCUT TaKXKe
OT pa3MepOB MHIIeHH, pa3dpoca 0 UMIYyJIbcaM 3aXBaTbIBAEMOr0 B KaHaJl IPOTOHHOI'O
Nydyka U CTPYKTYpPHl Haua/lbHOH 4acTH KaHasa. 3axXBaT B KaHaJ IPOTOHOB, 006pa3o-
BaBILIUXCS OT pacrnajga A-TMIepOHOB Ha BbiXofe U3 MarHuta MT3, 3ameTHO CHHXKaeT
BeJIMUMHY KO3 HULMEHTa KOPPEJISLUHUU B IIIOCKOCTH JeHCTBHS OUYHIIAIOLIEr0 MarHuTa
(B Hamem csydae B FOPH30OHTAJBHOMN).
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B paboueit obaactu I x B = 500 x 200 MM, a Tak»Ke KOJJIMMATOPbl YaCTHIL
C MaKCHMaJIbHBIM PacKpbITHEM £75 MM.

MaxkcumanbHbIH UMITYJIbC (GOPMUPYEMOTO MyUyKa MPHU HCIONb30BaHHU Oa-
30BOH OMTHUECKOH cxeMbl (cM. puc.22) cocrasaser 45 ['3B/c. Moanguuu-
pOBaHHAasi ONTHYeCKas cXxeMa KaHaJa (C BKJIOUEHHBIMH MO NYOJeTHOH cxeMme
TIePBBEIM U MOCJTEIHUM 0ObeKTHBAMH) 00eCleYrnBaeT TPAHCIIOPTHPOBKY MyYKOB
yactuy ¢ umnyabcom 1o 50 ['3B/e, uto mosBossieT HOCTaBMASATH K 3KCIe-
pumenTanbHo# ycraHoBke CITACHAPM mnepBUYHBIH MPOTOHHBIH MyuYOK MO-
HMXXeHHOH HHTEHCHBHOCTH, BbIBEIleHHBIH H3 ycKopuTesas Y-70 ¢ momolibio
U30THYTOTO KpucTania [87].

Jlpyrue xapakTepuCTHKH KaHaJja, BKJ0Yasi MUHHUMAJbHBIH U MaKCHUMaJb-
HBIH pa3bpoc Myuka MO HMIYJbCaM, CYLIECTBEHHO 3aBHCAT OT pPa3MepoB
3((peKTHBHOrO HCTOYHHKA MPOTOHOB, KOTOpbIE, B CBOI Ouepelb, SIBJSIOTCH
GyHKUKeH uMnyabca yacTuil. Tak, MUHUMaJbHBIH (MaKCHMMaJbHBIH) pazdpoc
nydka Mo MMIyJabcaM B KaHaje MeHsietcs oT +4,5% (£11,0%) ans nyu-
Ka ¢ umnyabcoM 15 T3B/c mo +3,0% (+9,5%) mas mydka ¢ UMIYJbCOM
45 I'sB/c.

Kak csenyer u3 omnucaHus MulleHHO#H craHuuu (m.2.1.1), kanan 24A
MOXeT ObIThb HCIIOJNB30BaH TakxkKe AJs (DOPMHUPOBAHHS M TPaHCIOPTHPOBKH
K 3KCIepPHMEeHTaJbHOH YCTaHOBKe MYYKOB BTOPHUHBIX YaCTHL 0OOMX 3HAKOB
3apsina. B aTom ciyyae BBHAY CYyLIeCTBEHHO MEHBIIMX Pa3MepOB HCTOUHHKA
YacTHL, He 3aBUCSLIUX OT MMIYJbca (OPMHPYEMOro MydyKa, MUHHMAJbHbIH
paszbpoc mydka 1o UMIysabcaM B KaHaje coctasisieT +1,2%.

2.1.3. Ilapamempesl ny4Ka nPomoHo8 8 NPOMeICYymo4Hom u3obpajice-
Huu. Pasmepsbl Myuyka B MPOMEXYTOYHOM H300paxKeHHH BepPTHKaJ/bHOH M0c-
KOCTH OIpeJliesIlloTcad pasMepaMy 3((HeKTUBHOIO UCTOYHHKA IPOTOHOB U KO-
¢ pUUHeHTOM MaTpUlbl npeobpa3oBanust (y/yo) OT MHIIEHH [0 CEUEHHS
KaHa/a, KOTOPBIA B paccMaTpPHBaeMOi CXeMe MOXKET BapbMpOBAaThCs B JIOCTa-
TOYHO LIMPOKHMX Mpelesax ¢ COXpPaHEHHeM €IMHHYHOCTH MOJHOH MaTpHLbl
npeo6pa3oBaHusi KaHasa. DTO MO3BOJSET MOAAEPKHUBATH B POMEKYTOUHOM
1300pakeHHH HeU3MeHHble pa3Mepbl Mydyka B BEPTHKAaJIbHOH MJOCKOCTH MPH
(OpMHPOBaHHH MYUKOB MOJISIPU30BAHHBIX MPOTOHOB C Pa3HbIMH LIEHTPAJbHBI-
mMu umnysnbcamu (ta6.. 10).

CBsisb MeXAy KOOpAMHATAMH INPOTOHOB B BEPTHKAaJbHOH IIOCKOCTH
M CPeJHHMH II0 KaXKAOMY OWHY TMCTOrpaMMbl 3HaUeHHUSMH KOMIIOHEHTBI &,
BEKTOpA MOJISIPU3aLliH, HCIIOMb3yeMast /st MedeH s MOJIsIPU3aLMH OTAENbHBIX
4acTHl, MOKa3aHa Ha puc. 23 s nydka ¢ umnynscom 45 ['aB/c.

Koadduurent koppessiniuy MexXIy STUMH BeJudnHaMu cocrtasiser 0,83
LJIst Iy4Ka ¢ op/po = 1,2% 1 0,78 naist myuka ¢ o, /po = 4,2 %. [IpuBeseHHble
3lecb M jajee DPe3ysibTaThl MOAEJHUPOBAHMS MApaMeTPOB MyuKa MOJydeHbl
¢ ucnosb3oBanueM nporpammel Decay Turtle [88], MmomuduuupoBanton mis
pacyeToB XapaKTEPUCTHK My4YKOB MOJSPH30BAHHBIX MPOTOHOB (@HTHUMPOTO-

HOB) oT pacrnaga A(A)-runepoHOB.
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Tabauya 10. ITapaMeTpbl MPOTOHHOrO MyYKa B MPOMEXYTOYHOM M300paKeHUH.
Pa3mepnl nyyka npuBefeHbl Ajs MUHIMAJIbHOTO U MaKCMMAaJbHOrO (B CKOOKax)
3HaueHHs Ap/p, MPONyCKaeMOro KaHaJoM

LlenTpanbHblil HMIyabe myuka, [9B/c 15 30 45
Pasmep 3 PeKTHBHOrO HCTOUHHMKA MPOTO-
HOB B BePTHKAJ/bHOH MJIOCKOCTH 0y, MM 14,5 10,1 8,5
KoapuuumeHT yBennuenus y/yo AJst LeH-
TpaJsbHOI'0 MMMYJbCa MyuKa 1,4 2,0 2.4
Pasmep nyuka MpPOTOHOB B BepPTHKAaJIbHOM
IJIOCKOCTH Oy, MM 20,6 (22,1) | 20,9 (22,0) | 21,3 (21,7)
Pa3mep myuka NPOTOHOB B TOPU30HTAJIb-
HOH TJIOCKOCTH Oz, MM 10,0 (32,2) | 7,7 (37,0) | 6,6 (35,0)
0,6
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Puc. 23. 3aBHcuMOCTb CpenHero sHa4yeHus fy-KOMl'IOHeHTbI BEKTOpa MOJIIpHU3alluu OT

BEPTUKAJNbHOH KOOPAHHATHI MPOTOHOB B MPOMEXKYTOUHOM H300parkeHHH s MydKa
¢ umnyabcom 45 I'aB/c

2.1.4. Ilapamempst ny4ka nonapu306aHHbIX NPOMOHO8 HA MUULEHU
ycmanosku. Pe3ybraThl pacueTa napaMeTpoB MyuKa MOJsPU30BAHHBIX MPO-
TOHOB B KOHIIE KaHaja (Ha MHIIEHH SKCIIEPUMEHTa/NbHOH YCTAHOBKH) [IJis1
TPeX 3HAYEHUH LEHTPANbHOTO UMITYJbCa MydyKa MpUBeneHbl B Tabu. 11.

Ha puc.24 npuseneHbl mpohuaM NMydka Ha MHIIEHH 3KCIEPHMEHTAJb-
HOM YCTaHOBKH CIUIOLIHOM JIMHWeH mJsi mydka ¢ ummysiscoMm 45 ['3B/c
(0p/po = 1,2%) n wTpHxoBo# JHHHeH Ass mydka ¢ ummyabcom 15 ['aB/e
(0p/po = 4,5%). VIHTEHCHBHOCTb NMy4Ka MOJSIPH30BAHHBIX MPOTOHOB HA MHU-
ILIEHH IKCIIEPUMEHTAIbHON YCTAHOBKH KaK (DYHKIIHsI LEHTPAIbHOTO HUMITY/IbCa
mydyka MpuUBeleHa Ha puc. 25 1y MakcuMmasnbHOro pasépoca Ap/p, npomycka-
eMOro KaHaJioM. TaM »ke TPHUBOAUTCS 3aBUCHMOCTb OT HMITyJbCa My4YKa HH-
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Tabauya 11. ITapamerpsl MyyKa MOJNSIPU30BAHHBIX MPOTOHOB B KOHIE KaHaJja

p, [3B/c
[Tapamerp 15 30 45
op/po, % 2,0 4,5 1,4 4,4 1,2 4,2
00 X 0y, MM 17x14 [ 19x 16 | 14 x 10 | 17 x 11 | 11 x 8,7 | 16 x 9,0
ou X oy, mpat [ 14x15[1,3x 1,5[1,5x 1,8[1,3x 1,8 1,4 x 1,7|1,3 x 1,7
In/10" napa- | 3,5-10°19,2-10°|2,1-10" | 7,8-10" [ 1,5-107 | 6,810
IOLIUX YaCTHLL
I (x,/10" mana-| 3,8-10° | 1,1-10° | 3,5-10° | 1,4-10° | 1,3-10* | 7.6 - 10"
IOLIUX YaCTHLL
04r 0,4
g 50
Z03F Z 03[
o r o r
o i o L
o B o i .-
S 02 S 02F B
) r 5 C r- L
(=8 (a9 1 |
= i > C 1 |
§ 0,1 § 0,1 N _ .
o o - - o L | 1
R et RN ST —|—m
Coer P I B - ()] s P B i
—60 —40 —20 0 20 40 60 —60 —40 —20 0 20 40 60
T, MM Y, MM

Puc. 24. Tlpodpuau nyuka Ha MHILIEHH SKCIEPUMEHTaJbHOH YCTaHOBKH 1 p =
45 T3B/c, op/po = 1,2% (crnownast nunust) u p = 15 I'sB/c, op/po = 4,5 % (wpu-

X0Bast)

Puc. 25. VHTeHCHBHOCTb MydYKa
TNOJIIPU30BAHHBEIX TPOTOHOB  (TOJI-
CTasi CIJIOLIHAsi JHWHHSA) U (OHO-
BBIX 7 -Me30HOB (TOHKas CILIOMI-
Hasl) B KOHLlE KaHaja MpPH MaKCH-
MasnbHOM Ap/p, paccunTaHHasi Ha
10" napaomux Ha MHIIeHb KaHa-
Jla TIpoTOHOB ¢ 3Hepruei 60 I'aB.
HltpuxoBolt suHMeH o06o03HAUeHA
MHTEHCHBHOCTb TIPOTOHOB CO Cpef-
Hell mosaspusanuel & = 40%

VHTeHCHBHOCTb YacTHI Ha 1013

nagarimux nNpoToHOB

108 &

107

106

105
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TEHCHBHOCTH 7T -Me30HOB OT pacnanos K 2-Me30HOB, SBJSIOLMXCS OCHOBHBIM
UCTOYHHKOM (POHA B My4Ke MOJISIPU30BAHHBIX IPOTOHOB IIPH YCJIOBHU 3 dek-
THBHOH OYMCTKH HAMpABJIEHHs KaHA/A OT POXKAEHHBIX B MHUILIEHH 7 -ME30HOB
U IPOTOHOB, KOTOpas NpH (POPMHUPOBAHUU IOJSPHU30BAHHBIX MYyYKOB C HUM-
nyabcom > 30 ['9B/c obecneunBaercsi TOMBKO MpH OJHM3KUX K MaKCHUMyMy
pexxumax mMarHuta MT3, BXozasilero B cocTaB MHILEHHOH CTAaHLMH KaHAJIOB
yactun 24A u 24B (n.2.1.1).

DTO COOTBETCTBYET OTOOPY B KaHasl 24B BTOPHYHBIX YACTHIL C UMIYJb-
coM, OJIM3KMM K MakcuMajibHOMy 3HaudeHuio 28 ['aB/c npu nyneBom yrie ux
poxzieHus] B MullleHH. [Ipu 3ToM oTGop B KaHan 24B BTOpHUYHBIX YacTHIl
C HeHYJIEBBIM YIJIOM POXKIEHHS B MHILUEHH MO3BOJISET 3aMeTHO PaCLIHPUTD
IManasoH UMIYJAbCOB MYyYKOB, (DOPMUPYEMBIX B 3TOM KaHaJe.

B cuny enMHMYHOCTH MOJHOHW MaTpulbl NpeoOpa3oBaHUsl KaHasla B Bep-
THKaJbHOH TJIOCKOCTH KOPpeJsilusa MeX1y KOOPAMHATAMH UYacTHLL U &,-KOM-
TIOHEHTOH BeKTOpa MOJISpU3aLUH, NpUcyLLas 3(h(HeKTHBHOMY UCTOUHHKY NPO-
TOHOB, COOJIIOfAeTCsl TaKxKe /151 BbIBEJEHHOTO Ha MHILEHb 3KCIIepUMEeHTaJ/lb-
HOH yCTaHOBKH IPOTOHHOrO Nydka. [Ipu 3ToM cpenHsis o Nyuky nonepeyHas
noJsipU3alius IPOTOHOB paBHa HyJ0. M/ MedeHUs NOJIpU3aLUUU OTAJ/bHBIX
YacTHL, MOXeT OBITb HCIMOJ/Ib30BAHA CBA3b MEXIY BeJHUUMHAMH Yy U & B
IPOMEXYTOUHOM M300pakeHuu (cM. puc. 23).

[Tpocrefiiinm cnoco6oM MoOJy4YeHUS Ha MHIIEHH SKCII€PUMEHTaNbHOH
YCTaHOBKU MOJISIPU30BAHHOIO My4yKa C 3afaHHBIM HalpasJjeHHeM BeKTopa Io-
JISIPU3aLUU gBJsIeTCS BblAe/eHHe YacTH MydKa C OTIIHYHON OT HyJ/d cpefHed
noJsisipu3aliiedl BepTUKaNbHBIM KOJIJIMMATOPOM, PACIOJNOKEHHBIM B IIPOMEXY-
TOYHOM H300paxkeHHH. B paccMmaTpuBaeMoM KaHaje C 3TOH LeJbI0 IyUYOK
B TPOMEXYTOUHOM HM300pa’KeHUH CMEILAeTCs] KOPPEeKTHPYIOLUM MarHuTOM
MC2 no BepTHKa/lud B Ty WJIH APYTYI0 CTOPOHY MapaJjesbHO OCH KaHaJa
nepex xosnaumaropom C4 ¢ (QUKCHPOBAHHBIM pAacKpbITHeM Iiek. Taxkoi#l Ba-
pUaHT, He TpeOyOLIUH MepeMellleHUs L1eK KOJJIUMaTopa, I103BoJsieT ObICTPO
(B mpenese OT LHKJA K LMKJIY YCKOPUTENs]) OCYIIECTBASTb peBepc MOJsi-
pU3aLMKM My4yKa Ha MHIIEHH JKCIIEPUMEHTaNbHOH YCTAHOBKH, COXpaHSs IpH
3TOM 3IKCIJIyaTalMOHHBIH pecypc MCHOJNb3yeMoro KoJinmaropa. Ilapamerpsl
IPOTOHHOI'O Iyuka ¢ umnysibcoM 45 IsB/c u op,/po = 1,2% Ha Muluenu
SKCIIEPUMEHTANbHON YCTAHOBKM IIPH pPAcKpeITHH KojuMartopa C4, paBHOM

Tabauya 12. TlapameTpbl MONSIPU3OBAHHOIO MPOTOHHOTO MYyYKa C MMITYJIbCOM
45 TIaB/c u 0p/po = 1,2% Ha MUlIeHH 3KCIIEPUMMEHTAJbHON YCTAaHOBKH KakK
¢yHKIUA pexuMa KoppeKTupykomero Mariuta MC2 npu pacKpbITUU KOJJIMMAa-
topa C4, pagHom +15 mm

(BL)MCQ, Tn-m

Mapaverp 0,06 0,08 0,10 0,12
&y 0,324+0,19(0,394+0,15|0,44 +-0,14|0,47 0,13
I, Ha 10" napatomwx vactuu | 6,5 - 10° 5,2-10° 3,8-10° 2,5-10°
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Puc. 26. TMonsipusatyist NpOTOHHOTO MydYka ¢ UMIysabcoM 45 ['3B/c Ha MuleHH ycra-
HOBKH 1Jis1 pexxumMoB Koppektopa MC2, paBubix +0,12 Tn-m (cieBa) u —0,12 Ta-m
(cnpaBa) mpu C4 = +15 MM

+15 MM, npuBefeHbl B TabJ. 12 115 psiia pexKMMOB KOPPEKTHPYIOIIEro Mar-
Huta MC2 ¢ MONOXKHUTENBHON MOJISIPHOCTBIO BKJIIOUEHHS.

[Ipu 3ToM pexume paboThl KaHajla pasMep Mydka Ha MHLIEHH
SKCIIEPUMEHTAJNbHOH YCTAHOBKH B BEPTHKANBHOH IIJIOCKOCTH YMEHBILIAeTCs
10 0y ~ 3,2 MM TIIpH HEM3MeHHBIX APYTHX MapaMeTpax MydKa, MPHBeIeHHBIX
B Tabs. 11. Ilpu cMeHe mOJMSPHOCTH KoppeKkTHpylomero MarHurta MC2
Cpe/lHHe KOOPAMHATA § ¥ YToJl MAJeHHs MyyKa J’ Ha MHIIEHH B BEPTHKAJIbHOM
MJIOCKOCTH, a TaKxKe &,-KOMIIOHEHTa BEKTOpa MOJSPU3aLHH MEHSIOT 3HaK Ha
TIPOTHBOIOJIOKHBIH.

Tunu4Hoe pacmpeneseHne NOJAPU3AUMH &, OJ51 BHIOPAHHBIX 00pa3LOB
C HeHyJIeBOH mMoJisipu3alldedl MpuBeneHo Ha puc.26. [ BbIBeleHHs Bbile-
JIEHHBIX II0OYEpPEeHO YacTed IyyKa Ha OCb IKCIIEPHMEHTANbHOH yCTaHOBKH
UCIMONIB3YIOTCS KoppeKTupytoue Marautel MC3 u MC4.

2.1.5. Iapamempot nyuxka noaspu3osanuovix anmunpomonos. Ilapa-
MeTpbl 9((eKTUBHOTO HCTOYHHKA AHTHIIPOTOHOB OT pacrnana A-THMepoHOB,
a CJIeloBaTe/IbHO, U apaMeTpsl (POPMUPYEMOT0 aHTUIPOTOHHOTO MyuKa (pas-
MepEl, PaCXOAHUMOCTb, Pa3bpoc 10 HMIYJAbCAM, KOPPEJSLUS MEXIYy KOOop-
IMHAaTaM{ YaCTHL U COOTBETCTBYIOLIEH KOMIIOHEHTOH BEKTOpa MOJspHU3alHu
B IPOMEXYTOUHOM H300pakKeHHH) TOJHOCTbIO HAEHTHYHB! PUBEIEHHBIM BbI-
e napameTtpam MpoToHHoro myuka (cm. ta6sa. 10 u 11, puc.23). Ilpu atom
MHTEHCHBHOCTb I1y4YKa aHTUIIPOTOHOB B KOHIe KaHana (puc. 27) onpejensercs
CYILECTBEHHO MEHBIIMM CeueHHeM pPOXKAeHHs A-THIEepPOHOB MO CPaBHEHHIO
¢ A-runeponamu. Tak, MakcHMasbHast HHTEHCHBHOCTb aHTHIIPOTOHHOTO Myd-
Ka ¢ umnyabcoMm ~ 15 3B/c npumepHo B 20 pa3 MeHbllle MHTEHCHUBHOCTH
TNPOTOHHOrO IIy4Ka C TeM JKe LEHTPaJbHBIM HMIY/bCcOM. C MOBBILIEHHEM
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S E Puc. 27. VIHTeHCHBHOCTb My4YKa MOJS-

5" i PHU30BaHHBIX AHTHUIPOTOHOB H (YOHO-

= —

= 3 BBIX 7T -ME30HOB B KOHLE KaHaJa IpH

~ 104 b v MakcuMa/lbHOM Ap/p, paccuHTaHHas
10 15 20 25 30 ma 10" nagamomux Ha MUIIEHbL POTO-

p, I3B/c HOB ¢ 3Heprueil 60 3B

UMIy/bca (OPMHUPYEMOro NydkKa pasHHLA B HMHTEHCHUBHOCTSX MPOTOHHOIO
¥ aHTUIPOTOHHOT'O MYYKOB CYILECTBEHHO BO3PACTaeT.

Uro kacaetcsi POHOBBIX YCJIOBHH, TO B My4Ke aHTHIIPOTOHOB C UMIIYJIbCOM
menee 15 ['3B/c momumo 7~ -Me30HOB 0T pacnafoB K 9-Me30HOB NIPUCYTCTBY-
eT TaKKe 3HauuTeJbHOe KOJMYeCTBO ITUX YACTHUL OT pacrnafoB A-rHNepoHOB.
TakuM 006pa3oMm, ONTHMAaJbHBIM [0 WHTEHCHBHOCTH M (DOHOBBIM YCJIOBHSIM
SIBJISIETCS TIYUOK TOJSIPU30BAaHHBIX aHTUIIPOTOHOB C LEHTPAJbHBIM HMITYJIbCOM
16 I'aB/c, npu KoTOpoM COTIaCHO MPOBEEHHBIM pacyeTaM UKCJIO0 7T -ME30HOB
NpUbIM3NUTENBHO B 3 pasa Bblllle HHTEHCHBHOCTH aHTHIIPOTOHHOTO Mydka (co-
crapsomedt 4 - 10° wactun wa 10'% majaomux Ha MuIIeHb KaHana Mpo-
ToHOB ¢ 3Hepruell 60 ['3B). Brinenenre aHTHIPOTOHOB NP TAKOM YpOBHE
(hoHa HaxXOOUTCS BIOJHE B IIpefesax BO3MOXKHOCTEH NYYKOBBIX YePEHKOBCKUX
CUETYHKOB.

[IpocTpaHCcTBeHHbIE paclpesie/ieHUsi aHTUIIPOTOHHOTO MyYKa ¢ HUMITYJIbCOM
16 T'3B/c Ha 3KcmepUMeHTANbHOM MUIIEHH [Jisi MAKCHMAJbHOH MPOMYyCKHOM
croco6HoCcTH Ap/pp 6JIM3KH K TAKOBBIM [JIs1 IPOTOHHOTO MyYKa ¢ UMIYJIbCOM
15 I'aB/c (cm. puc. 24).

HHTeHCHBHOCTD (HDOPMHPYEMOTO TOJSPU30BAHHOIO MyYKa aHTHIPOTOHOB
(kak ¥ (DOHOBBIX 7 -ME30HOB OT pacnanoB K 2-Me30HOB) CyIecTBEHHbIM
00pa3oM 3aBUCHT OT AJHUHB MarHuta MT3. OnHaxo MoBbILIEHHE HHTEHCHB-
HOCTH aHTUIPOTOHHOTO My4yKa 3a cyeT yMeHblleHUs AJuHbl MT3 cBs3aHo
C YXYALIEHHeM OUHUCTKH KaHata 24A oT 3apsiKeHHBIX BTOPUYHBIX YACTHULL MPH
(opMUPOBaHNH MYYKOB MOJSIPU30BaHHBIX YacTull ¢ ummysascom = 30 I'sB/c,
a TakxKe C IMPOINOPLHUOHAJBHEIM YMeHbIIEHHEM MaKCHMaJbHOIO HMIYyJbCa
BTOPUYHBIX UaCTHI, OTOMpaeMblX B KaHas 24B.

[TosTomy 6Bl pacCCMOTPEH BapHAHT HCIOJb30BAHHS JOTNOJHHUTENbHON MHU-
ILIEHH, KOTOpasi Ha BpeMsl IPUOPUTETHOH paboThl KaHasna 24A ¢ aHTUIIPOTOH-
HBIM MYYKOM BBOIUTCS B 3a30p MarHuta MT3 6e3 usaMeHeHHs ero napamer-
poB. OcHoBHasi MHLIeHb KaHanoB 24A u 24B npu 3TOM BEIBOAMTCS U3 MYyuKa,
YTO 3aMETHO YXY/ILIAeT YCJIOBHUs 1Js 0TOOpa BTOPUUYHBIX YACTHI B KaHas 24B.
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Puc. 28. 3aBHCHMOCTH HHTEHCHBHO- a % E o (

~ -
CTH aHTHUIPOTOHHOTO NyuYKa H (OHO- g 5 [
BBIX 7 -ME30HOB OT IIOJIOKEHHS MH- T S 106k
IIEHH OTHOCHMTEJBHO IMepelHero Kpas =g 3
marauta MT3 pjs mydka ¢ UMITYJIb- G 3
. =

com 16 '3B/c u MakcumasbHOH Te- T .
penaBaeMoil BeJqHUHHOH Ap/po (oc- ~ 100 b
HOBHOE M0JIOXKEHUE MUIIEHU COOTBET- —-0,4 0 04 08 12 16
cTByeT KoopauHate —0,2 M) [TosoxKeHHe MHUILIEHH, M

Ha puc. 28 nokasaHbl 3aBUCHMOCTH MHTEHCHUBHOCTH aHTHMIIPOTOHHOTO ITyuyKa
U (POHOBBIX 7 -ME30HOB OT MOJIOXKEHHS MUIIEHH OTHOCHUTENbHO TepenHero
Kpasi Mariuta MT3 nis nmyuka ¢ ummysabcoMm 16 ['9B/c u makcumasibHOM
nepefaBaeMod BeJHUUHOH Ap/pp.

Ecay LeHTp HOMOJHHUTENbHOH MHILEHH pachosoXUTb B Touke +0,7 M
B MT3 npu 3HaueHMH MarHUTHOro moJs okoso Mmakcumyma (1,9 Ti), To
MHTEHCHBHOCTb aHTHIPOTOHOB Bo3pacTaeT B 2,5 pasa (mo 10 3a umk.s) npu
yBennueHud ¢oHa B 3,5 pasa. Peskoe yBennuyeHuHe (oHAa OT BTOPHUHBIX
7 -Me30HOB, 00Pa3yIOIIUXCsl HEOCPEACTBEHHO B MULIEHH, [eJaeT HEBO3MOXK-
HBIM ee MepeMellleHne ryy6xKe BHyTpb MarHuta MT3.

Eme onHMM BapuHaHTOM [OBBILIEHUS MHTEHCHUBHOCTH AHTHIPOTOHHOIO
ny4yKa, TPeOyIOLUIMM AOMOJHUTENbHON TIIATEeNbHOH NpPOpPaboTKH, SBJSETCS
ucrnosb3oBaHue B KadectBe MT3 cBepxmpoBoasiliero MarHura IJIUHOH 1 M
¢ MarHuTHbIM TosieM 4,5-5,0 Ti. Kak mokasbiBaloT pesy/bTaThbl pacueToB,
MHTEHCUBHOCTb aHTHUIIPOTOHHOrO MydYka ¢ mmmnysabcom 16 ['9B/c yBenuuusa-
eTcsl B 3,5 pasa npu 6,5-KpaTHOM BO3PACTAaHUH MHTEHCHBHOCTH 7 -ME30HOB
or pacnagoB K2-Me30HOB. IIpn 3TOM He yXyAIAIOTCS BO3MOXKHOCTH 0TGOpa
C MHIIEHM BTOPHUYHBIX YacTHL BO BTOPOH KaHalj, PaBHO KakK U (DOHOBBIE
YCJIOBHSL JIJIs1 TIOJISIPU30BAHHOTO IPOTOHHOTO MyuKa ¢ uMmyabcom > 30 ['9B/c.

2.1.6. Brusanue demexkmopo8 cucmemol medeHua u udeHmuuxayuu
Yacmuy Ha napamempol gopmupyemoix nyukos wacmuy. CucremMa Meye-
HHsl YacTHI MPOEKTHPYeMOro KaHaja MOJSIPU30BaHHBIX MPOTOHOB W aHTH-
NPOTOHOB (CM. M. 2.2) mpeiHa3HaueHa 1Jis U3MePEHHUs] UMIYJbCa OTAEJbHBIX
YacTUL B MyYKe, a TakxkKe JJIs ONpeJiesleHHs] BEPTUKaJbHBIX KOOpAHHAT 4a-
CTHL B POMEXKYTOUHOM H300PaKEHUH, UTO MO3BOJISIET «[IPUITUCHIBATE» KaXK-
IOMY MPOTOHY (aHTHUIPOTOHY) cpefHee AJs JAHHOH KOOPIUHATHI 3HauyeHHe
&,-KOMIIOHEHTH BeKTOpa MoJjspusanuu (cM. puc.23). Bmecte ¢ Tem mnpeno-
CTaBJIsA0OLIAsT HH(YOPMALIUIO O TOJIOKEHHH U pa3Mepax Mydka YacTHIl CHCTeMa
MeuyeHHs OyneT 3QPeKTHBHO MCIIOJNb30BAThCS U MPU HACTPOHKE KaHaJja.
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Tabauya 13. Ilapamerpbl UCXOOHOTO J-yYKa Ha MULIEHH IKCIEPUMEHTAJbHOM
YCTaHOBKH

LlenTpasbHBIH UMIyJIbe nydka p, [3B/c 15 45
Pasmepsl nyuka o, X 0y, MM 9,3 x 7,6 27 x 1,6
PacxonuMocTb MydKa o,/ X 0,7, Mpaj 0,53 x 0,57 | 0,14 x 0,24
[Torepu wactuu, % 17 14

[Ipensnaraemasi cucTeMa MeyeHHsl YaCTULL BKJOUYaeT B ce0s ceMb [BYXKO-
OPAMHATHBEIX T'OJIOCKOIIOB, TPU M3 KOTOPbIX, PAClOJOXKEeHHble MeXIy KBaupy-
MOJIBHEIMY JIHH3aMH Q5 1 Q6 (cM. puc. 22), npeaHasHadeHBl AJIST U3MEPEHHS
KOOPAMHAT YaCTUI B MPOMEXYTOUHOM H3o6paxeHud. OcTajbHble YeThIpe
TOZI0CKOIIA pacoJiaraloTes MonapHo A0 U mnocje MarHutoB M3 u M4, obecre-
4yBasi U3MepeHHe UMIyJabcoB dacTul. CyMMapHasi TOJILIMHA CHUHTHIIATOPA
10 MYUYKy B Ka)KJIOM TOJOCKOIIe COCTABJSET 8 MM.

Kpome cucTembl MeueHUs YaCTHL, BO BTOPOH UaCTH KaHasa B KBaAPyNoJb-
HbIX JuH3aX Q6-Q7 1 Q9-Q10 npennonaraercsi pa3mMecTUTh ABa 6-MeTPOBBIX
TIOPOTOBLIX YEPEHKOBCKUX CUETUMKA AJs WAEHTH(UKALMK YacTull. B cayuae
MPOTOHHOTO MyuKa ¢ uMnysabcom 40-45 ['3B/c uepeHKOBCKHE CUETUHKU OYAYT
paboTaTh Ha BO3AyXe IPH aTMOC(HEPHOM JaBJEeHHH, TOTAA Kak MJs MydkKa
¢ umnyabcom 15 I'sB/c (aHTHIPOTOHBI W MPOTOHBI) MPEANOJAraeTCsl HCMOMb-
soBatb (peoH R-22 (CHCIFy) Takke mpu aTMOC(epHOM JaBJIEHHH.

BnusitHnue nepeunc/IeHHBIX BBIIE JIETEKTOPOB HA KOHEUHBIE NapaMeTphl
(opMHUpyeMBIX MYYKOB, a TaKxKe HeOOXOAMMble N/ MX pa3MelleHHs HeBa-
KyYMHPOBaHHbIE YUaCTKH KaHaJsa OLeHUBANUCh [IOCPEACTBOM pacueTa MOoIJo-
IeHUST ¥ MHOTOKDATHOT'O pacCcessHHs B BellecTBE MOHOMMIIYJbCHOIO Myuka
C HyJIEBBIMU pa3MepaMU U pacXoOUMOCTbIO (J-TyuKa) [Js ABYX PeXHMOB pa-
6oThl KaHasa (Tab.. 13). CpaBHeHHe MOJYYEeHHBIX PE3YJbTATOB C PaCUETHBIMH
JaHHBIMH T1apaMeTpPOB MYYKOB, NPUBEIEHHBIMU B Tab.1. 11, cBUIeTebCTBYeT
0 He3HauUTe/JbHOM YBeJHUYEHHH pa3MepoB Myuka ¢ ummyabcoMm 45 [9B/c n
10-12%-m yBesnuueHnu pasmepoB myuka ¢ umnyabcom 15 ['3B/c npu morepe
HUHTEHCUBHOCTH nydka 14 u 17 % cooTBeTCTBEHHO.

2.2. Cucrema MeueHHMs moJspusanum myuyka. CucTeMa MedeHHs ua-
CTHL, NPOEKTHPYEMOro KaHasa IMOJSPU30BAHHBIX POTOHOB U aHTHIPOTOHOB
npeqHasHayeHa [Jii U3MepeHHs UMITY/bca OTHEJbHBIX YAacTHUL B IydKe H
omnpenesieHUsT BEPTHKAJIbHBIX KOOPIHHAT YaCTHIL B NPOMEXYTOUHOM H300pa-
JKEHHH, UYTO MO3BOJISIET «IIPUIKCHIBATHY KaXKAOMYy MPOTOHY (QHTHUIPOTOHY)
cpefHee IJisl JaHHOM KOODAMHATHI 3HayeHHe P, -KOMIIOHEHTHl BEKTOPa MOJIf-
pusanuu. s 3Toro B MPOMeXYTOUHOM (oKyce KaHasa (cM. puc.22), rae
(opmUpyeTCcs HHBEPTUPOBAHHOE U YBeJUUYeHHOE H300paxKeHHe BUPTYaJbHOTO
UCTOUHHMKA M3 IIJIOCKOCTH TNEepBHYHOH MHLIeHH (cM. puc.l9), namepsercs
BEPTUKAJ/bHOE CMeIlleHHe y-TPAeKTOPHUH OT OCH My4YKa U 3aTeM HCIIOJb3YI0TCH
pacueTHble 3aBUCHMOCTH &, (y) THIA, Kak MOKa3aHo Ha puc.23. Kpome To-
ro, C MOMOIIBI TOAOCKONOB CHCTEMBI MeUEHHs, U3MEPSIOIIUX MPOXOXKIEHHE
TPaeKTOPHUH B TOPU30HTAJNBHOH MJOCKOCTH, ONPENessieTcsl UMIYJIbC KaXKIOoH
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My4YKOBOH YaCTHIBl ¢ TOYHOCThIO 0KoJI0 1 %. Kak 6blyo ormeueno B 1. 2.1.2
¥ TI0Ka3aHO Ha pHcC. 23, Xopollee 3HAHHE MMIIYJIbCA BAXHO U JJIsI YMeHbLIe-
HUA 3(peKTa «pa3MblBaHUs» 3aBUCUMOCTeH U3-3a pasbpoca MO UMIY/IbCaM
U 1jsi 6o/ee aKKypaTHOTO BOCCTAHOBJEHHS MOJSAPU3aLUM &, IJ5 KaxkKuoH
TPaeKTOpHH.

MeTtonuka co3faHus CHCTEMbl MeUYeHHs MOJISIPU30BAHHOTO IMPOTOHHOTO
(anTHIpPOTOHHOTO) MyuKa OblIa pa3paboTaHa M YCIEIIHO HCIO0JAb30BAIACH
B skcrnepumente E704 [78] mpu akTHBHOM yuyacTHH COTPYAHHUKOB MPOEKTA.
[Topo6Hast cucTeMa Tak»Ke yCIHENIHO HCMoJb3yeTcss B skcrnepumente FODS
(TTporBuHo) [79]. OnHako c/efyeT OTMETHTD, UTO OKHAAeMasi HHTEHCHBHOCTb
nyukoB B akcrepumMeHTe CITACUAPM 6yner Boite. Kpome Toro, npenanonara-
etcst, uto B CITACUAPM cnuHoBble 3)heKThl OynyT u3ydaTbesi ¢ Gosiee Bbl-
cokoil TogHOCTbIO. DKcnepumenTsl FODS 1 E704 MoxHO OTHeCTH K paspsiny
nouckoBbix, a CITACHAPM craBuT 3amauy MpelH3HOHHOTO HCCJEN0BaHHUS,
N03TOMY TOUHOCTb XapaKTEPUCTHK MydKa J0J2KHA OBITb BhILIE.

JleTeKTOpBl CUCTEMBI MeUeHHst OYIYT TaKKe UCKIIOUUTENbHO MOJE3Hbl AJIs1
HaCTPOHUKU U ONTUMHU3ALHUH PeXXUMa pabOoThl KaHa/a MyTeM H3MepPeHHUs TaKUuX
XapaKTePUCTHK MydyKa, KaK HHTEHCHBHOCTb, MPO(MHUJH, TPOCTPAHCTBEHHbIE
U YIJIOBble PACXOAMMOCTH, SMUTTAHC Iy4yKa, UMMyJbCcHas aucnepcus. Ontu-
MaJsibHasi HacTpolKa KaHaja NpearoJsiaraeT AOCTHXKEHHe XOpPOLIEro COrJacHs
U3MepeHHbIX U PaCueTHBIX MapaMeTpoOB.

2.2.1. Cxema pa3meuwjeHus demexmopo6 me4yeHusi. OCHOBHblE NETeK-
TOPbl CHCTEMBl MeUeHHUs pa3MeILalTCs B OKPECTHOCTAX IMPOMEXYTOYHOIOo
(pokyca, HaxoxsLerocss Ha paccTosiHud 60,5 M OT MepBUUHOH MMLIEHH KaHa-
Ja 24A n 59,4 M oT MumeHH 3KcrepuMeHTa. CxeMa pasMeIleHHs CHCTEMEl
MeueHHsl NOKaszaHa Ha puc.29 u BkiodaeT B cebf 4 cUeTUHKA IOJHOTO
notoka S1-S4, 3 romockona POL1-POL3 nns BocCTaHOBJIEHHSI MPOEKLHUH
TPaeKTOPUHU B BePTHKAJNbHOH MaocKocTH U 6 ronockonoB MOM1-MOMG6 nas
U3MepeHHUs] HMITYJIbca MYYKOBOH YaCTHLbI 110 ee OTKJOHEHHI0 MarHuTaMud M3
U M4 B ropu3oHTa/NbHOH JIOCKOCTH.

BeprykanbHas KOMINOHEHTa MOJNsPU3aLUH &, BOCCTaHABJAMBaeTCA MO NaH-
HBIM H3MepeHHH B pexxHUMe peasibHOro BpeMeHH Ha OCHOBe 3apaHee IOJ-
FOTOBJIEHHBIX M COXPAHEHHbIX B TaGJMYHOM BHJAE 3aBUCHMOCTeH, MOAOOHBIX
NPUBELEHHBIM Ha PHUC. 23, I/ HECKOJbKHX 3HAUEHWH HUMITyJbca B Mpelesax
akcenTaHca kaHasa. [lerekropel POL2 1 MOM2 pasmelneHsl B IPOMEXKYTOU-
HBIX (hOKycax cBOUX myockoctelt, a mapsl POL1, POL3 1 MOM1, MOM3 —
CUMMETPHYHO OTHOCHUTEJbHO (DOKYyCOB Ha paccTosHUM +2,2 M. PaccrosHue
B napax ropockonoB MOM3, MOM4 u1 MOM5, MOMSG, H3MepSIIOLUIUX HUM-
MyJbC MO OTKJOHEHHIO TpaeKTOpUH B MarHutax M3, M4, cocrasnseT 4,4 M.
YToJs OTKJIOHEHHUs JISl LLEHTPAJbHOTO UMITyJIbCca COCTaBJseT 73,5 Mpan.

MarnuTHast onTHka KaHana 24A (cM. puc. 22) mo3BOJSET PU U3MEHEHHH
Ko3(b(puLMeHTa YyBeJUYEeHHS [ep:KaTh pa3Mepbl Mydyka B I[IPOMEXKYTOYHOM
U300paxKeHHH, a €ro UMIYJIbCHYIO AUCIEPCHI0 — cJab03aBUCALIEd OT LeH-
TPaAJIbHOTO MMIyJbca B Auamnasone ot ~ 15 no 45 I'sB/c.
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[aGapuTHble pa3Mepbl aKTHBHOH 30HBI Ka)KAOH MJOCKOCTH OMNpeNessiioT-
csl pasMepaMH Mydyka B MeCTe pasMelleHHsl 3ToH miockocTd. [lomepeunbie
pasMepbl Myuyka B 00eUX MJIOCKOCTSIX B CEUEHHsIX pa3MellleHHs IOLOCKOIOB
cucteMbl MedeHHus: He npesbimaoT 170-180 mm. Pesysbrathl MonenrpoBaHus
MOKA3bIBAIOT, YTO INIPHU TaKHUX pasMepax HeoOXOAMMAasi TOUHOCTb M3MEpeHHs
nonspusauun A, ~ £5% JnocTuraercs NpH NPOCTPAHCTBEHHOH LIMPHHE
cermedToB rogockonoB POLI-POL3 4-5 mm. [t HOCTHXKEHHS TOYHOCTH
U3MepeHHUs MOJsIpU3alri Ha ypoBHe 1-2 % HEOGXOAMMO YMEHBIIUTh pa3Mep
(WHpUHY) CerMeHTOB, MO KpaiHed Mepe, H0 3 MM. TOYHOCTb H3MepeHHS
UMnysabca Ap/p NpU TaKOH Ke LIKPHHE CErMEHTOB HMIYJbCHBIX IOLOCKOIOB
MOM1-MOMBG6 cocrasut ~ +(0,6-1,0) %. Takum 06pa3om, UCXOIsT U3 TPH-
BeIEHHBIX BbIIIE Pa3MepoB MyuKa B MPOMEXKYTOUHOM H300paKeHUH KaKAbli
oTHesbHBIH rogockon 6ynet cocrosaTh U3 40-60 cermeHTOB.

Tpebyemoe OblcTpoAelCcTBHEe AETEKTOPOB U 3/EKTPOHHKH CHCTEMBI Meue-
HUSL OMpefiesIsieTCsl HHTEHCUBHOCTBIO MyUyKa, KOTOpas OXKHAAETCsS Ha YPOBHe
10 ~ 105 wactuu/c (maumrembHOCTh LMK/AAa — 10 ¢, AMUTENBPHOCTb IIATO
BbIBOma — 2-3 ¢).

2.2.2. lu3aiin 2odockonoé cucmemol medenus. B Hacrosiiee Bpems
paccMaTpUBalOTCA HECKOJbKO MOAXONOB K AH3aUHYy M KOHCTPYKLHH CLHH-
THJJISILMOHHBIX TOJIOCKOINOB CHCTEMbl MeueHHs U BeiGopa (DOTOHETEKTOPOB.
OnHUM W3 BapHaHTOB SIBJSIETCS TaK HasblBaeMas rpebellKkoBas CTPYKTYpa,
KoTopast ucroJb3oBasack B 3kcnepumente [EPA (MPB2) [89] u 3arem
B E581/E704 (FNAL) [78]. Takas cTpykTypa ¢ AByMsl psiiaMH MepeKpbiBato-
IUXCS CUMHTUJSATOPOB MoKasaHa Ha puc. 30.

B rpe6emkoBoil CTPYKType MepeKkpbIBAMOLIMECs APYT C LPYroM CLMH-
THJJISILHOHHBIE TAJ0YKH BBICTPOEHBl B [Ba psiia B JABYX MapasljiefbHbIX
MWIOCKOCTSX. Karkblil CUMHTHIISATOP OOHOTO Psiia TMEPEeKPBIBAETCSI C IBYMs
O/IMXKAUIIKMMY U3 PYTOTO psifia Ha ofaHy TpeThb. [Ipoxonsias yacTHLa MOXKET
nepeceyb JUGO OOMH, JUOO ABa CUMHTHJJIATOPA B ABYX psiiax. B pesysbrare
MPOXOXKIEHUs] YaCTHLBl 00pasyloTcsi TPH THUNA cOObLITHH: 1) cpabaTkiBaHHe
OIHOTO KaHaja B JI0OOM M3 IBYX pPsIOB; 2) COBNaleHHe CHUTHajla C JIeBbIM
CLUHTHJJISITOPOM M3 IPYroro psifa; 3) COBMNAafeHHe CHIHaJa C MPaBbIM CLHH-
THJLISITOPOM M3 APYTOro pPsiaa.

I'pebemkoBast CTPyKTypa HMMeeT CJedylollide TOCTOMHCTBA B CPaBHEHWH
¢ 00bIYHOM OJHOCJIOMHON CTPYKTYpPOU HelepeKpblBAOLIUXCS CLIUHTHI/ISILUOH-
HBIX [aJI0UeK:

— MPH 33aHHBIX MPOCTPAHCTBEHHOM PA3PEIIEHHH U [ePEKPbIBAEMO# MJ10-
any TpebyeTcs BABOE MeHble (POTOLETEKTOPOB H, COOTBETCTBEHHO, KAHAJOB
3JIEKTPOHUKH;

— OTCYTCTBYeT lleJb MeXIy CerMeHTaMHM, CHHKaiollas 3((peKTHBHOCTh
perucTpauyy 3apsKeHHbIX 4acTHIL.

K HemocTaTkam MOXHO OTHeCTH GOJiee CJOXKHBIA aJrOPUTM BOCCTaHOBJIE-
HHSl «<HCTHHHBIX» CHTHAJIOB U TPEKOB, 0COGEHHO IPH BEICOKOH HHTEHCHBHOCTH
¥ MOBBLILIEHHOM YPOBHE CJy4adHbIX COBMafeHHi. TakKe KOJMYECTBO Belle-



66 ABPAMOB B.B. Y JIP.

[ 2

>

chmcnt 1 1 1 1 1 1 1
number 1:2:3:4:5:6:7:89

Puc. 30. CTpyKkTypa «rpeGelIKoBOro» rofockona MedyeHHs Mydka C MepeKpblBaiolIy-
MHUCS CUHHTHAIsATOpaMH. JlaHHAs CTPYKTypa OTHOCHTCS K MOJISIPU3ALHOHHOMY TOJ0-
CKOIY, H3MepSIILIEMY KOOPAHHATHI BIOJb BEPTHKAJIbHOK ocH y. HanMeHbline siueiiky,
BO3HHUKAIOIHE BCJEICTBHE MEPEKPHITHS CUUHTHIIATOPOB U3 PA3HBIX PsioB, 06pas3yioT
cermeHThl. M3 31 cermeHTa To/IbKO 27 LEHTpasNbHBIX CErMEHTOB HCIMOJb3YIOTCS TPO-
11leccopaMH JIsi BOCCTAHOBJIEHHS MOJSPU3ALHUH &y

CTBa Ha MYTH MyUYKa B «pebelliKOBOM» FONOCKOIe B cpefHeM Ha 67 % GoJblie,
4eM B OJHOCJOHHOM TofocKoIe *,

AnbprepHaTHBHAs KOHCTPYKLHSI TOLOCKONA CHUCTEMBI MeYeHHs MpeACTaB-
JeHa Ha puc.31. B 3TOM BapuaHTe BCe CerMeHTHl CLUHTHJIATOPA pacroJa-
raloTCcs B ONHOH IJIOCKOCTH U HUMeeTCsl B3aHMHO-OJHO3HaUHOe COOTBETCTBHE
cpaboTaBIlero KaHaja OIHOMY W TOJIBKO OfHOMY MPOCTPAHCTBEHHOMY HHTEp-
Basly NpPOXOXKJAEHHsl yacTHUbl. TpamenueBuaHasi (popMa CerMeHTOB BbIOpaHa
IJ1s1 KOMIIeHcaluuy Hea(p(eKTHBHOCTH Ha Kpasx CerMeHTOB U B 3a30paX Mex-
1y HUMH.

B xauecTBe 0CHOBHBIX (DOTOAETEKTOPOB JJIsi CHCTEMBI MeUeHHUs TpejJara-
eTCsl UCMOJIb30BaTh KpeMHUeBbie poToyMHOKUTe U (SIPM *¥), pasmeleHHble
¢ IBYyX CTOPOH Masouek rogockomoB. SIPM — 3to MaccHB (OTOUYBCTBH-
TeJIbHBIX KPEMHHEBBIX siueeK Ha oOIleld MopnoxkKe. B oT/iM4Me OT JIaBUHHBIX
doronuomoB (APD), paGoTamomux B MPOMNOPLUOHAILHOM peXUMe, KaxKaast
syeiika SiPM paGoTaer B orpaHW4YeHHOM reiirepoBckoM pexxume. [lo cpas-
Henuio ¢ APD SiPM o6nanaer psipoM NperMyIIecTB: paboTaeT NMPH HHU3KOM
noporoBoM HamnpsikeHu# (~ 50 B), He cTpamaer ¢JayKTyauueil JaBUHBI, He
MMeeT Npo6seM ¢ HaBOAKaMH (He TpeGyeT SKpaHUPOBAHHUS).

B HacTosiliee BpeMsi OCHOBHBIMH CEPUHHBIMH TPOU3BOAUTENSMH AaHHBIX
usenus ssasorcs: Hamamatsu (Snonust), Zecotek (Cunramyp, corpynHu-
gator ¢ OUSAHN), Excelitas (CILUA, corpyanuuaior ¢ MUDPU/AO «HIIII
[Tynbcap»), SensL (Mpaauaus) U ap. ¥ KaxKIOro MPOU3BOAMTEJNS AaHHOE
usnenre umeet gupMmerHoe Hazpanue: MPPC (Hamamatsu), SiPM (SensL),
Si®d3y (MUDU), MIJI® [ (OUAH) u t. 1. (Bcero okoso 15 HaumeHOBa-

*Tlpu To¥ e TOJIIKHE Tajouyek CUHHTHJJISATOpPA M, CJIeI0BaTeJbHO, TOH XKe
9 (OEKTUBHOCTH PErHCTPALUM IJIsl YAaCTHII, TePecekKaloluX TOJbKO ONUH CJOH «Tpe-
6eLIKOBOro» rof0CKOIa.

*# Il KpaTKOCTH 3[1eCh HCMOJIb3yeTCsl Ha3BaHWe MPHOOpa, IPUHSATOE Y MPOU3BO-
nurtens SensL.
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SiPM SensL
MicroFC-30050-SMT

s

D

Puc. 31. BapuaHT KOHCTPYKLHH ONHOCJOHHOTO FOAOCKOMA CHCTEMBl MEYEHHS: @) BHJ
C TOpLIAa Ha CerMeHThl CLUMHTHIIATOPA (TpamnelneBraHasi GopMa MO3BOMSET YIYULIHUTD
9 (eKTUBHOCTb PETUCTPALMK Ha IpaHHLEe CErMEeHTOB); 6) KpellieHHe (DOTONETEKTO-
poB (KpeMHHeBHIX (DOTOYMHOXKHTeJEeH) K CerMeHTaM CLHUHTHJJIATOPA; 8) OOLIMH BUI
IBYXKOODIMHATHOTO [OI0CKOTa

Huil). Ha pblHKe MPUCYTCTBYIOT pas3nuuHble BUabl SiPM, cCKOHCTpyHpOBaHHBIE
TOJ pa3Hble 33a1auu.

Jas ropockona tpebyercss MakcHMasbHas 3(M(EKTHBHOCTb PErHCTPalUU
(PDE), HO He TpebyeTcsi 3HAUMTe/bHBIH AMHAMUYECKUI NUaNasoH, MOITOMY
MBI TIOIGMPATH MOAeNH ¢ GobimuMu sdefikamu (ot 50 1o 100 MrM?), HU3KOH
BeJMUYHUHON CONMPOTHMBJIEHUS] PE3HCTOPA M XOPOLIEH ONTHYECKOH H30/s1Hued
MexXay suedKaMu.

Haunyumumy xapakTepUCTHKaMH [JIsl Hallero JneTekTopa 00/a1aloT
usgeans S13360-3050PE  ¢upmbl Hamamatsu, Ho oHH oTsinyaoTCs
BBICOKOH 1LleHOH. Dbumxalmum aHagoromM mo XapakTepHUCTHKaM SBJSETCS
MicroFC-30050-SMT ¢upmbl SensL: ero ueHa ¢ ydetoM gocTaBkd Ha 36 %
HU2KE.

Ha puc. 32 npencrasien pabouuil yepTex pambl AJs NPOTOTHIA [OAOCKO-
na cucTeMbl MedeHMs. Pama npenHasHadeHa JJIs1 KpeIJIeHHs MajodeK CILHH-
THJLISATOPA B ABYX IJIOCKOCTSIX U IJIAT ¢ (DOTOAETEKTOPAMHU MO OfHOM C KaxK-
JOro TopLa CLUHHTHJATOpa. [Ipennonaraercss ucno/ab3oBaHHe (OTONETEKTO-
poB SiPM ¢ akTHBHOH 06J1acTbi0 3 X 3 MM M rabapuTHBIM pa3MepoM 4 MM.

Ha puc. 33 nokasana paspaborannas ais SiPM miara ycunurenei-puc-
KPUMHHATOPOB, Ha KOTOPYIO ObIIM CMOHTHPOBAHBI (POTOAETEKTOPBl. CLUHUHTHUII-
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Puc. 32. Pama 1ByXKOOpAMHATHOTO IOOCKOMNA Ha 32 KaHa/a Mo Ka)KIoH KoopauHaTte

Puc. 33. DnekTpoHHas nsata ¢ (OTOAETEKTOPAMH, YCHIUTEISIMH, IHCKPUMHHATOPAMH
u LVDS-nepenarunxkamu

JIILMOHHBIE cYeTYUKH TpousBonacTBa MIPB3I ceuennem 3 X 4 MM U IJaUHON
20 cm Obli OGEpHYTHI B CBETOOTPAXKAWUIMHA MaTepuan (maijap) u ycra-
HOBJIEHBl Ha pamy rogockona. C HCMO/Jb30BaHHEM JAHHOW MJATHI POBENEHBI
UCTIBITAHUS] IPOTOTHIA TONOCKONA HAa CBETOLMOAHOM CHTHAJjle U Ha aTMocdep-
HBIX MIOOHAX.

[TonHast RJAUTENBHOCTb CHTHAJa CO CTAHAAPTHOTO BBIXOAA COCTABJSET
okoJ10 300 Hc, cBeTOBHIXOA C ONHOH Nanodku — ~ 90 GoTO3/IEKTPOHOB HA MU-
HUMaJIbHO HOHHU3Hpyolyto yactuly (MIP). [pu pa6ote ¢ mossspu3oBaHHBIM
MPOTOHHBIM MyYKOM MakKCHUMa/bHOH MHTeHcHBHOCTH (10 107) B Kaname 24A
Takasl IJUTeJbHOCTb TIPUBENET K HaJOXEeHHI0 CHTHaja W HEKOPPEeKTHOH pa-
60Te 3MEKTPOHUKHU ropockomna. Mcnosb3oBanue fast-sbixoma SiPM ¢ mosHo#M
IJIUTeJbHOCTBIO He Gosiee 20 HC B 3THX YCJIOBHsSX GoJiee MPeanoYTHTENbHO,
XOTsI aMIUIUTYJa CUTHAJa TPH 3TOM Ha MOPSIOK MeHbLIE.
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FPGA MCU |
Diseriminator e =1 Yy 5 ) paa | SDRAM| |
2 P — i — '
"""""""""""" ! 1 Event : DMAt ____________:
,,,,,,,,,,,,,,,,, ! 'delection: | | | LEHUCS
Gate ! ' logical | bt S !
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Puc. 34. Baok-cxema perucTpupyolieil 31eKTPOHHKH CHCTEMbl MeUeHHs MOJIsAPU3aLiy
1715 paboThl B 6€CTPUITEPHOM PeXHMe

JetekTopbl cucteMbl Medenus nosspusannd CITACHAPM 6ynyt pacrmo-
JIO’KEHBI B TOJIOBHOH YacTH KaHasla 24 Ha paccTosHUM ~ 60 M 10 YCTaHOBKH.
Oprannzanusi CYMTBIBAHUSI JAHHBIX C HHUX 110 TPAAHLHOHHOH (TPHITEPHON)
cxeMe c oOuledl Ha BCIO YCTaHOBKY OJIOKUPOBKOH CHUJBHO yBeJuUuMusaa Obl
«MepTBO€» BpeMsl CHCTeMbl cOopa HNaHHBIX. [/ TpenoTBpalleHHs TaKoH
CUTyalUWH [IJis IEeTEKTOPOB CUCTEMbl MeUeHHSs MOJSIPU3aLHH TPeIyCcMOTpeHa
3JIeKTPOHHKA, padoTaiolas B 6eCTPUTTEPHOM peKUMe.

Ha puc.34 nokazaHa apXWTeKTypa IJIaThl AJisi CUUTBIBAHHS TOIOCKOIOB
cucteMbl MeueHusl. [lnata npennoJsiaraeT cYMThIBAHHE NAHHBIX 6€3 «MepTBO-
ro» BpeMeHH MPH HHTeHCHBHOCTAX A0 107 yacTHIl/UMKJA, XpaHeHHe NaHHbIX
ofiHOro c6poca YCKOpHUTeJs BMECTe C METKaMHU BPEMEHH C JHUCKPETHOCTbIO
6 HC W mepefayy HUX B 0OLIylo cUcTeMy cOopa AaHHBIX [0 CETH HHTEpHET
100 M6wur.

[TockosbKy GeCTPUTTEPHBIH METOJ B PErUCTPUPYIOILEH 3/1€KTPOHKKE TOA-
pasyMeBaeT BBICOKOCKOPOCTHOH c60p ¥ XpaHeHHe 60JbLIOro 00beMa JaHHBIX,
HeoOXOAMMO MPUMEHSTh ABYXYPOBHEBYIO apxXuUTekTypy. PyHKUMS perucrpa-
UUU COOBITUH U NpeaBapUTes]bHOH Oydepu3aluy OAaHHBIX OblJa BO3JOXKEHA
Ha mukpocxemy [1JIMC, B KOTOpOi BO3MOXKHO peaJsin30BaTh MapaJljiesbHYIO
06paboTKy AaHHBIX ¢ MaKCHMAJbHOrO Yucja KaHajoB. OTHOCHTEJBbHO GoJee
MelJIeHHble PYHKLMY 3alUCH U XpaHeHHUs faHHBIX B O3Y ¢ ux nocmaeanyoiei
OTIPAaBKOH Ha CepBep BBINOJHSET MUKPOKOHTpOJIIep. Takas peanusauus c6o-
pa NaHHBIX BO3MOXKHA MUCKJIOUUTENbHO BBUAY LIUKJIHUHOH paboThl yCKOPUTEJIS
Y-70: o6syueHre MULIEHH AJUTENBHOCTbIO B HECKOJbKO CEKYHH IepeMexa-
eTCsl BpeMeHHBIMU MHTEPBA/JaMH B HECKOJIBKO CeKYHH 0e3 MmyykKa.
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Takoll nu3aiiH nogpasyMmeBaeT NMPOCTOTY Pa3BOLKH M H3rOTOBJNEHHS OC-
HOBHOH TJIAaTBl M [aeT BO3MOXKHOCTb OCYIIECTBJIEHHS] MO3TAMHOIO MPOEKTH-
pPOBaHUSI MPOrPaMMHOr0 obeclevyeHUs] U He3aBUCUMOH OTJNAfKH U TeCTHPO-
BaHUS JByX OCHOBHBIX y3/10B — MHKpOKOHTpoJsepa u ITJIMC. OcHoBHBEIME
3JIeMEHTaMH CXeMbl siBjsieTcsi MUKpoKoHTposiep STM32F745 ¢upmer STM
n mukpocxema FPGA Spartan-6 ¢upme Xilinx. J{aHHBIH MUKPOKOHTPOJLIED
MOMHMO BBICOKOMpou3BoauTebHoro sinpa ARM Cortex-M7 umeer B cBoeM
COCTaBe MHOXKECTBO MepU(pepUUHBIX MOAYJeH, B TOM 4YHCJ/Ie KOHTPOJJEp INa-
msatu FMC, koutpossep Ethernet 1 DMA-koHTpo/IEp, KOTOPBIE HCMOJb3Y-
I0TCSl B TaHHOHU paspaboTke. MakcumasbHas TaktoBas yactota STM32F745
cocraBgsier 216 MIn. [ToMuMo MHKPOKOHTpOJIJIEpAa HA OCHOBHOH TMJjiaTe pac-
noJsioxkeHa MuKpocxeMa SDRAM-naMsaTH, KOHTpOJJIEp (PU3HUECKOTO YPOBHS
RMII Ethernet u npyrue anementsl (EEPROM-namsiTh, onepaunoHHble ycu-
JIUTENH), MO3BOJISIIOIHe B OyAyLleM NpPH HeOOXOOMMOCTH BHEIPUTb B IpO-
TOTUIl HOBble (yHKUHMU. [IpegycMoTpeHa rubkasi cucteMa BblOOpa BHELIHEro
UCTOYHHKA MUTAHUS 4yepe3 pasHble THUIIBI PAa3beMOB, a TaKkKe 4yepe3 HHTep-
HeT-pas3beM 10 cTaHaapty passive PoE.

Kak yke oTMeudasioch paHee, yCKOpUTeJbHBbIH Kommieke ¥Y-70 pabGoraer
IUKJIWYHO: cOpoc myuka — 2-3 ¢, may3da — 7-8 c. Takum o6pasom, 06-
LM anropuT™ paboThl GeCTPUITepHOH cucTeMbl cOopa NaHHBIX C TOAOCKOMNA
CBOAMTCS K IIONEePeMEeHHOMY BBINOJHEHHIO JBYX IIPOLECCOB: HENpPEePEIBHOH
perucTpauuu CoOBITHH BO BpeMs cOpoca MydKa M «BBIUMTBHIBAHHS» HAKOII-
JIEHHBIX [NAHHBIX W3 MaMATH W Mepefaud UX B ceTb BO BpeMsi maysbl. Ha
puc. 35 mpexacTaBieHa (YHKIHOHAbHAs CXeMa B3aHMMOIEHCTBHUS IBYX Y3JI0B
TNPOTOTHIIA C BHYTPEHHUMH aJrOPUTMaMHU PaboOThl KaxO0Tr0 U3 HHUX.

Muxkpokontpossiep STM32F7451GT6 BHIMOJHSET POJib «MOCTa» MEXIY
TpeMsi nepucepuiiHbiMu 60kamu: Mukpocxemoii FPGA, SDRAM-namsTbio
U CeTbI0 HHTepHeT. AJrOpUTM paGOTEl KOHTPOJJIEpA CBOAUTCS K IOIEpeMeH-
HOMY BXOLY B OAMH H3 ABYX DE€XHMOB: HEIPEPBIBHbIH peKUM IOJydeHUs
nanubix or FPGA u ux samucu Bo BHemHI0l0 SDRAM-naMsitTh U pexuMm
nepenayy NAHHBIX W3 MaMSATH B ceTb HHTepHeT mo mpotokony TCP/UDP.
[lepexon B TpebyeMblil peXKHM PeryJaHpyeTcss BHEUTHUM CHHXPOCHTHAJIOM OT
YCKOpHTeJIs, KOTOPbIH ONpenessieT BpeMeHHOH UHTepBaJ [/ c6opa JaHHBIX.

[TportoTun rogockona cucteMsl MedeHus ¢ SiPM B kadecTBe (hoTomeTek-
TOopa U GeCTPUTTEPHON PerucTpUpyoLlel 31eKTPOHUKON N/ paboThl ¢ MaKCH-
MaJIbHOH MHTEHCHBHOCTBIO TOJISPH30BAHHOTO IMydYKa I10Ka3as BEICOKOe Kaye-
cTBo pa6oThl Ha ycraHoBke CITACUAPM c unTeHcuBHOCTHIO 3 - 10° 32 nmka
yCKOpUTEJIS .

2.3. U3mepeHue aGCOJIOTHON MoOJsipU3aluy My4KoB. MeueHue Tpa-
€KTOPUH TYYKOBBIX YaCTHIL AJsl ONpelesieHHs] X abCOMIOTHOU TOJsprU3alnu
TNpeaCcTaBJsieT cO00M BIOJNHE aKKypPaTHBIM U HAJIeXKHBEIE METOM, MOCKOJIbKY OH
OCHOBaH Ha XOPOLIO U3BECTHBIX pacrnafax A-rHINepOHOB M NHUHAMHKE IBHKe-

* VIHTeHCHBHOCTb NMyYKa Ha KaHaje 14.
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HUs cnuHa 1/2 B MarHuTHOM moJie. PesysbraThl akcnepuMentos E704 [78]
u FODS [79] ocHoBaHbI Ha TakoM moaxoje *.

TeM He MeHee CJIOXKHOCTb T'€OMETPUH KaHajga W KOH(UIypaLUM Mar-
HUTHOTO T0JIS1 B €r0 ONTHYECKHUX 3JeMeHTaX, MOTeHLHUaJbHOe MPUCYTCTBHE
OlKOOK B aJropuTMax MeueHHs B peasibHOM BpPEMEHH, HeONpejeseHHOCTH
B A-cnekTpax ¥ T.[1. [eJAlOT KpalHe XeJsaTeJbHbIM He3aBHCHUMOEe IOATBEP-
KaeHue abCoJIIOTHOH MOJSIPU3aLMU NYUKOB, TaK e KaK M ee MOHMTOPHUPO-
BaHMe Ha NpeiMeT HecTabWJbHOCTed Bo BpeMeHH. [loaTomy Hapsimy ¢ pas-
paboTko# cructembl MedeHusi npoektT CITACHAPM Bkitouaer B cebst n0mMo-
HUTEJBbHYI0 HE3aBUCHMYIO MOJISIPUMETPHIO HA OCHOBE (DH3HMUYECKUX NPOLECCOB
B3aMMOJEACTBUS (aHTH)IIPOTOHOB C BEILECTBOM.

[IpencraBnsloT HHTepec INPOLECCH C JOCTATOUHO OOJBIIMM CeueHHEM
Y M3BECTHOH 10 HE3aBHCHMbBIM HM3MepeHHUsIM ** HeHy/IeBOH CIHMHOBOH acHM-
MeTpHell. B Hacrosilee BpeMsl OCHOBHBIM CIIOCOGOM H3yHUeHHS MOJSPH3ALNH
Ny4YKa SIBJISIETCS U3MepeHHe acUMMETPHU B 00JACTH KYJIOH-SepPHOH HHTep-
(epeHunu. [laHHBIH MeTOH AKTHUBHO HcCMoJb3yeTcss Ha yckoputese RHIC
B BNL [90]. B mpakrtuueckoMm mnjaHe pacCMaTpHBAKOTCs MOJSPUMETPHl Ha
OCHOBE YIPYTOTrO pp-paccesHUst U MUHKJIO3UBHOTO 00pa30BaHUs 3apsiKeHHBIX
TMIMOHOB C U3BECTHOH acuMMerpueil Ay. CieqyeT OTMETHTB, UYTO HEBO3MOMKHO
HAaHTH yKa3aHHbE BbllIe INIPOLECCH C H3MEPEHHBIMHU paHee WJHM HaJeXHO
TEOpPETHUECKH IPEeJCKA3bIBAEMBIMH CITMHOBBIMH ACHMMETPHUSIMH JIJIs1 BCEro
JOCTYIHOTO [HMana3oHa HMIYJIbCOB BO B3aHMOLEHCTBHUSX IMPOTOHOB H TeM
6osee aHTHNPOTOHOB. OHAKO IVIABHOH 3a1a4ell He3aBUCHMON MOJISPUMETPHU
SIBJISIETCS] POBepKa IPABHUJIBHOCTH OINpefeseHNsl MONSPU3alUH METOIOM Me-
4eHHUs U, ecJI HeOOXOAUMO, KOPPEKIIHS ero Npolenyp u anaropurmos. Y ecnu
MeueHHe pa6oTaeT KOPPEKTHO IIPU HEKOTOPBIX UMITY/IbCaX, TO €CTh OCHOBAHHUS
noJjiarath, 4To OHO OyfeT padoTaTb CTOJb K€ KOPPEKTHO U IIPU JPYTHX.
CTodT MOTUEpKHYTh, UTO JJISI HEKOTOPBIX MPOLECCOB C MPOCTOH KHHEMATH-
KOH, HalpHMep AJISI YIOPYroro paccestHUs, OJHOCIHMHOBAs acUMMeTpus Ap,
U3MepeHHas! Ha TOJISIPH30BAHHON MPOTOHHOH MHUIIEHH C HENOJSIPH30BAHHBIM
MyYKOM, MOXKET ObITb 3aTeM HCIOJNb30BaHA [JIf H3MepeHHs IMOJSPH3aNNH
My4Ka TOTO K€ COCTAaBa M TOM K& SHEPTHH.

2.3.1. Ilonapumemp Ha ocHoee ynpyzozo pacceanusd. Bo3moxHOCTb
UCII0/1b30BaHUS Pe3YJIbTaTOB U3MePEeHHH Ha MOJSIPHU30BAHHOH MPOTOHHOM MH-
WeHHW JJI8 TOJAPHMETPHH Iy4YKa CYIIECTBYeT B IOAXOZE, OCHOBAHHOM Ha
YIPYroM paccesiHUM (aHTH)IPOTOHOB B CHJY XKECTKOH KMHEMaTHUECKOH CBA3H
YacTHL, pacCessHHBIX B IEPEJHIO M 3afHIO nojycdepbl, a OJjs aHTH-
npotoHoB — B cuay CP-HHBapHaHTHOCTHM CHJIBHBIX M 3JIEKTPOMArHUTHBIX

* B skcnepumente E704 [78] Takke Obijia MpeanpuHsTa MOMbITKA U3MEPHTD MOJISI-
PHU3aLHUIO TPOTOHHOTO U aHTHUIIPOTOHHOTO NMYYKOB ABYMs APYTMMH MeTonaMH. Pesyiib-
TaThl 9THX W3MepeHHH OblIM BIOJHE COBMECTHMBIMH C MeUeHHeM, HO YCTyMaaH Mo
BeJIMYMHE CTATHCTHUECKUX U CHCTEMaTHUeCKHX OLIMGOK.

** Vnn U3 HalleXXHOH TEeOpHH.
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Puc. 36. Cxema xom6uHupoBaHHOro mnosspumerpa: G — GEM-gerekrops; H —
CLMHTHJISILHOHHBIE TOJOCKOIBL; S — CLHUHTU/ISLHUOHHbBIE CYETUHKH

B3auMopelicTBui. C HCIONb30BaHUEM YIPYTrOro paccesiHhsi MOXKHO CO3[ATb
TaK Ha3blBaeMbll abCOJIIOTHBIM TOJSPUMETpP, TVIaBHOH 0COOEHHOCTBIO KOTO-
pOro sIBJISIeTCS BO3MOXKHOCTb U3MEpEHHsI Ha MEPBOM 3Talle aHAJIHW3UpPYIOLLeH
CIMOCOOHOCTH TMPH PacCestHUH HENOJIIPU30BAHHOTO MyUKa Ha MOJsPU30BaHHOM
MHULIEHH, ¥ 2 Ha BTOPOM C MOMOILBIO TOJNYUEHHBIX Pe3yJbTATOB IJs TOH XKe
SHEpruy Myuka U TOH Ke YCTAHOBKH — MOJISIPU3ALMK My4YKa Ha HeNoJsipr30-
BaHHOH (BOLOPOIHOMN) MHILEHH **,

B ympyrom pp-paccesiHUM MOXKHO BBIIEJNHTb [IBE KHHEMaTHUeCKHe 00-
JacTH ¢ OOJBLIMM CeueHHeM U H3BeCTHOH OTHOCIHMHOBOH acHMMeTpuel ***
Apn: obnacTts KynoH-sifepHod uHTepdepenuun (KHAM) mpu 0,002 < —t <
< 0,05 (I'sB/¢)?, rme t — 4-MepHBIH KBaJpaT Nepeayu UMIYJbca, U 00/1acTb,
KOTOpasi ¢ yBeJMUEHHUEM IMepeflaud UMITYJIbCa TMEePEXOIUT B 00/1aCTb NUPpaK-
[IMOHHOTO paccestHus npu —t > 0,04-0,05 (F'sB/c)?.

KoMOHHUpOBAHHBIN TOJNSIPUMETP AJis1 YIIPYTOr0 PacCesiHHUs, TOKPbIBAKOIINHI
KHHeMaThdeckui nguanas3od —t ot ~ 0,002 no ~ 0,3 (I‘aB/c)Q, cXeMaTHYeCKH
nokasaH Ha puc. 36.

* BeqMurHa MOJISIPU3allMH MHIIEHH M3BECTHA C XOpOLIEH TOUHOCTbIO (Ha ypOBHe
1-2%).

** [Ipn M3MepeHHsIX MOJSIPU3ALUKM TPH HEKOTOPbIX 3HAYEHHSIX SHEPrHH MydKa
MOXKHO HCII0JIb30BaTh TAKXKe H3BECTHBIE 3HAUEHHsI aHAJIH3UPYIOLLEH CIOCOGHOCTH.

##% DTa aCHMMETpPHSI COBIJaeT ¢ MoNepedHoi noJsprusanreil P paccessHHOro HyK-
JIOHa B yMPYTHX CTOJKHOBEHMSIX HEIMOJSIPU30BAHHBIX HYKJOHOB. [03TOMY A/ TaKHX
TPOLIECCOB YaCcTO [OBOPSIT O Mossipudauny P BMecTo acuMMeTpHu Ay .
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Tabauya 14. Ilapametpsl romockomoB H1-H10 nmoaspumerpa ympyroro pac-
cesHud *

Paccrosinue [aGaputHble Paswmep asniementa K
OT LeHTpa pa3mepbl (wuprHa X ToJIIHHA X O/THHECTBO
MHUILIEHH, M | FOJOCKOINOB, MM X IJIAHA), MM S/IEMEHTOB
Ily4xoBEIE TOLOCKOIbI
XxY X Y X|\Y| X
H1 —4,25 54 x 54 6x3x54 | 6x3x54 |13|13] 26
H2 —0,25 54 x 54 6x3x54 | 6x3x54 |13|13] 26
[lepennuii netexTop
H3 0,25 62 x 70 6x3x62|6x3x70 15|17 32
H4 4,25 190 x 110 6x3x190|6x3x110(47 (27| 74
H5 5,75 238 x 126 6x3x238[6x3x126(59(31| 90
H6 9,75 358 x 158 6x3x358|6x3x158{99(39| 138
JletexTop oTnaun
ZxY Z Y Z|\Y| >
H7 0,1 246 x 118 6x3x246|6x3x118(61(29 90
H8 0,3 294 x 230 6x3%x294|6x3x%x230|73[57| 130
H9 0,1 246 x 118 6x3x246|6x3x118(61(29 90
H10 0,3 294 x 222 6x3x294|6x3x222|73|57| 130
CymMa 371eMeHTOB = KosiuecTBo PIAY = 826
*TlpuBeneHbl pasMepbl IeTEKTOPOB aJsi uaMepenus npu 45 3B, mas 16 T'aB
TpefyeTcs yBEJHUUTh Pa3Mepsl.

[TonsipMeTp cOCTOMT M3 Habopa TPUITEPHBIX CUETYMKOB S U TPEKOBBIX
neTeKTopoB Ha ocHoBe GEM * ¥ CUMHTHISLMOHHBIX ronockornos **. [lepen-
Hee IJIeYo, MpeAHA3HAUEHHOE [IJisi PErMCTPALUM MYUYKOBBIX (aHTH)IPOTOHOB,
paccessHHBIX Ha MaJible YIJIbl, NpeacTaB/sieT co00H MarHUTHBIH CHEKTPOMETp
C 27-aKCenTaHCcOM M0 a3WMYTY, KOTOPBIH OyneT 3aleHCTBOBaH BO BCEM KH-
HeMaTH4YeCKOM AuanasoHe. J[Ba mseua (cjeBa W cIpaBa) C a3UMYTaJbHbIM
aKcenTaHcoM ~ 15—17 % oT mosHoro yryia 27 nmpeHa3HaueHsl AJIs1 perucTpa-
UMM TIPOTOHOB OTAAYM B AU(PPaKUUOHHOH o6sacTd. IlapameTpsl rogocKonos
noJisipUMeTpa NMpuBefieHbl B Tad. 14.

Hsmepennss Ay (unu nosspusauuu P) B IHGPAKIHOHHON 006JsacTH
pp-paccesnus nipu 0,04 < —t < 0,525 (['3B/c)? u umnynbce 45 I'sB/c 6bin
npoBenenbl B akcnepuMente [EPA [91] Ha yckopuTesbHOM Kommiekce ¥Y-70
HM®BD. PesysbraThl M3MepeHHH W3 JAHHOH CTaTbd NpHBeIEHBl Ha pHc. 37.

* Gaseous Electron Multiplier — ra3oBblil 371€KTPOHHBIH YCHJINUTED.
** BMeCTO CLUMHTHJIJISILMOHHBIX TOLOCKOMOB MOT'YT HCIOJb30BaThCs TPEKOBBIE Je-
TEKTOPbl Ha OCHOBe Apei(OBEIX TPYyOOK.



KOHLIEINTYAJIbHBIN [TPOEKT 9KCIIEPMUMEHTA CITACUAPM 75

OnHOBpeMEeHHO C H3MepeHHeM [MOJSPU3aLKMH OblIH TMOJYYeHbl W JaHHbIE
no auddepeHuHaNbHEIM cedeHUsIM do/dt ynpyroro pp-paccesiHusi ¢ TOYHO-
croi0 1-4% B uHTepecyiomem Hac uHTepBase —t [92]. DTu pesysbrathl
M03BOJISIIOT OMpENeUTh (PAKTOP KauecTBa NU(PAKIMOHHOTO MOJSPUMETPa
FoM = P2do /dt (uem Goablie 3Ha-

yeHue FoM, Tem ayuwe mnons- L w005 =
puMmetrp). PesysbraTel BbIYHCIIE- +0o..‘” o
HHUS (aKTopa KauecTBa MPUBENEHBI ’,+ 0 ,\_“:
B Tabu1. 15. B Hanbosee muHTepec- | 4 + | o

HoM mJisi Hac uHTepBase 0,075 <
< —t < 0,225 (['3B/c)? ¢ samer- T ~0,10
HOH cpenHell acuMMeTpued Ay ~
~ (2,37 + 0,12)%, wusmepeHHoit [ 1
¢ ~ 5%-H OTHOCUTEJBbHOH OLING-

. - 4-0,20
KOH, Au(depeHINaNbHOE CeYeHHe
XOpOLIO ONHCHIBaeTcs (POPMyJIOoN - .
us paborel [92]: do/dt = ae’, |
=4-0,30

rie o = (84,8 +3,5) M6/(I'sB/c)®> [
ub=(11,42+ 40,35) (['3B/c).

U3 rtaba. 15 caenyer, 4yto dak-
TOp KauecTBa noJsspumerpa FoM
pacTeT ¢ yMeHbIIeHHeM KBaJpaTa
4-MepHOro nepegaHHOrO MMIYJbCa
—t 6yarofaps pocTy AUQdepeHIU-
aJIbHOTO Ce4eHUs. DTO Cpa3y HABOAWUT HA MbICJb 00 U3yYeHHH BO3MOXKHOCTH
UCIOJIb30BAHUSI ONHOBPEMEHHO C NU(PPAKLUHOHHLIM MOJSPUMETPOM H TOJS-
pumerpa B obsactu KAW. Tlonsipusauus B ynpyrom pp-paccesHud B o0.a-
ctu KW He usmepena npu umnyabce 45 ['3B/c. OnHako Takue u3MepeHus
Gblin mpoBesensl Ha RHIC npu sHepruu B c.u.M. /s = 6,8, 7,7, 13,7,
21,7 5B [18-20]. Haiinenubie myTem MOATOHKH MapaMeTphl MPUBEAEHHBIX
CNUH-(PIUNNOBLIX aMILIUTYA Rers v Im s OblM HHTEPNOJNMPOBaHb K Hallel
sHepruu /s = 9,3 3B, u nmo 3TUM napameTpam BbIUHC/IEHA aHAJH3UPYIO-
masi CrnocoO6HOCTh MpU ummyabce 45 ['3B/c. YuuTbiBasi orpaHUUYeHHbIE BO3-
MOKHOCTH IU(PPaKLUOHHOTO MOJISPUMETPA, IPEACTABISETCS 11e/1eCO00Pa3HbIM
UCIO0J/1b30BaHKE MapaJJie/lbHO ¢ AU(PPAKLHUOHHBIM MOJNSPUMETPOM U UHTep(de-
peHLHOHHOTO0. [lBa moJsipUMeTpa MOTYT paboTaTb NapasjelJbHO TOJBKO Ha
YKHAKOBOIOPOAHOH MulieHd (ZKBM).

Kunemaruueckuit nuanazon KHAW B ynpyrom paccesiHuu mnpoToHOB
HaXoouTCcs B 06JAaCTH OueHb MaJablXx mepepad ummysabca: 0,002 < —t <
< 0,05 (['3B/c)?. TlpupnexaTesbHOCTh 3TOTO Mpollecca AJs MOJAPUMET-
pDHH COCTOHMT B CJefylomeM. Bo-mepBbIX, CIIHHOBBIE aCHMMETPHH B 3TOM
mporecce J0CTATOUHO XOPOLIO H3ydeHbl Teopetuueckd [93,94], uro
TM03BOJISIET HCIIOJb30BAaTh TAKOH MOJSPUMETP M IPU 3IHEPrUsix Nydka, IJs
KOTOPBIX HET U3MepeHHBIX JaHHBIX. Bo-BTOpBIX, acuMMeTpust Ax I0OBOJIBHO
cnabo 3aBHCHT OT 3Heprud. CpaBHHUTEJBHO HEJABHO OHAa Oblla XOPOIIO

0 0,5 1,0

—1

Puc. 37. Tlonsipusauus B ynpyrom pp-pac-
cesiHuu npu ummnyabce 45 I'sB/c
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Tabauya 15. Honspusauus, KNHeMaTHYECKUEe MapamMeTpbl U (OH ANPPAKLMOH-
HBIX COOBITUH

—t, (TsB/o)? |n = S/(S + B) P » 6;‘;1:; | Oear Orec
0,040-0,075| 0,044 0,03+ 0,01 387  |0,285-0,395] 81,5840
0,075-0,125 0984  |0026+0002| 18,9 0,39-0,51 | 79,07—81,5
0,125-0,175 0978  |0023+0002| 7.8 0,51—0,60 |77,13—79,08
0,175-0,225 0968  |0022+0002| 53 0,60—0,69 |7547-77,13
0,225-0,275 0960  |0,016++ 0,002 1,6 0,69—0,76 |74,01—75,47
0,275-0,325 0944  |0,021 + 0,004 1.8 0,76-0,82 |72,69-74,01
0,325-0,375 0924  |0009+0005| 02 0,82—0,88 |71,49—72,69
0,375-0,425 0884  |0,009+0005 0,1 0,88-0,94 |70,38—71,49
0,425—0,475 0861  |0009+0008| 007 0,04—0,99 |69,33—70,37
0,475-0,525 0814  |0007+0010| 003 0,09—1,05 |68,37—69,33

usMepera Ha yckoputese RHIC B BNL nisi HeCKOJIbKMX 3HAUEHUH UMITyJIbCa
nyuka [95-97], B TOM uHc/e W B HECKOJbKHX TOYKax pabouero HHTepBaJa
umnysiabcos CITACUAPM. MakcumanbHoro sHauenust ~ 4,0—4,5% acum-
metpusi Ay mocturaer npu —t ~ 0,003 (I'sB/c)?, a CpeliHee 3HayeHHe,
B3BellleHHOe ¢ ceueHHeM Ha uHTepsate 0,002 < —t < 0,05 (I'3B/c)?, moxer
y b b
ObITh KOHCEPBATMBHO OlleHeHO Kak ~ 3%. CeuyeHHe YMPYroro paccesHus
B TOM 2Ke t-HHTepBaJjie cocTaBJjseT ~ 2,75 MO.

2.3.1.1. AbconrromHulii noaspumemp Ha OCHOBE YNPy2020 pPACCESHUSL.
Hcnonb3oBaHue MoJsipUMeTpa Ha OCHOBe YIPYroro pacCesiHUsl MO3BOJseT
co3ziaTh abCOMIOTHBIH MOMSPUMETD KaK [/l TPOTOHHOrO, TakK W AJIsi aHTHIIPO-
TOHHOTO MyYka. MeToa OCHOBaH Ha TOM, YTO aHaJH3UpYOLLasi ClOCOGHOCTD
YIpPYroro paccesiHUsl He 3aBHCHT OT TOTO, YTO TMOJISIPU30BAaHO — MYYOK HJH
MulleHb. TakuMm o6pasoM, [/ J11000H SHEPrHH MOXKHO CHada/la U3MepUTb
aHAJIU3UPYIOLLYI0 CIIOCOGHOCTb C HCIO/Nb30BAHHEM NOJISIPU30BAaHHON MHILEHH
Y HeINoJsipH30BaHHOTO MyUKa.

[Tonsipusanus MumeHu coctaniser 75—90 % (B 3aBUCHMOCTH OT HCHOJb-
3yeMOro BelleCTBa), a8 TOYHOCTb H3MEPEHHs MOJSPHU3aLUH MHIIEHH COCTaB-
asieT 2—3 %, 4TO MaJio MO CPaBHEHHIO C OXKHMAAEMOH TOYHOCTBIO H3MEpeHHs
TOJISIPH3ALMHU MTyUKa.

Huxe Gynet npuBesieHa OleHKa BpeMeHH, HEOOXOAWMOro /st H3MEpPEeHHs
NoJIsIPU3aliK MydKa KakK C HCI0J1b30BaHHEM abCOJIOTHOTO MOJSIPUMETPa, Tak
M C IMOMOIIbI0 MMEINUXCs AaHHBIX MO0 H3MepeHHI0 aHaJIM3HpYIOLLeH Ccrio-
COOHOCTH.

2.3.1.2. Ouenxa spemeru 015 u3MepeHUs NOAAPUAYUL NYUKA NOASPU-
308antbLx npomornos. OlieHKa HeOOXOIMMOTO BPeMEHH JJIsi H3MepeHHs I10-
JISIDU3ALMK B pp-paccestHuy npu ummnyjbce 45 [3B/c B uHTepBame —t =
= 0,040—0,475 (I'sB/c)? NpoBe/leHa B TPENNOJOXKEHUH HAeaJbHOH pabo-
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Tl (3¢p¢pextrBHOCTH 100 %) moasipMeTpa B 3TOM HHTepBase. CBETHMOCTb
L = vINpz, tne v = 0,1 — ckBa)KHOCTb MyuKa, ompejessieMas Kak Ko-
JIMYECTBO LHUKJOB B CeKyHAY, /] — HHTEHCHBHOCTb NyuyKa B LHKJe, Ny =
=6-102 — uucio ABorazpo, p — MJIOTHOCTb MHILIEHH, T — TOJIIHHA
muiieHu. OLeHKa TpoBeleHa [/ HHeHCHBHOCTH [ = 107 IPOTOHOB/ LUK ¥,
nnotHocTH JKBM p = 0,07 r/em® u niunb Mumens @ = 50 cM. CBeTHMOCTD
cocrasut 2,1 - 10%0 cp—2. ¢~ 1,

Obuiee oxungaemoe KoiuuecTBo coObTHH N(tg) = Ldo/di(t)oAtAp/@
npu cpenHem 3HaueHun to = 0,22 (I'aB/c)?> nna unTepsana At =
= 0,03 (T'sB/c)? ¢ asumyTanbHbIM akcentancoM Ay /o = 0,17 (Mpy HCnodb-
30BaHMU [BYXIJIEYEBOTO CIEKTPOMeTpa) W AU(PQepeHUHaNbHbBIM CeueHHeM
do /dt(t9)(0,22) = (8,326 £ 0,073) m6/(I'3B/c)? 3a 1 4 pa6oThl yckopuTeas
cocrasut 2,1-10% 8,326 -10727-0,03-0,17 - 3,6 - 10° = 3,21 - 10° npo-
TOHOB/U.

OcHOBHOl BKJIaJ B OLWIHMOKY H3MepeHHs MOJSPH3alMU NaeT oWHOKa H3-
MepeHHOH BeJMYMHBl aHaJu3upymolleil crnoco6HocTd. [lpy u3MepeHuH mO-
Jsiprsalyi nydka ¢ touHocTbio 14 % (owmbka 10% npu uU3MepeHHH aHa-
qusupytouteid cnocobHoctH) Ae = 0,1, € = 0,1 - Pg - Ay. [lpu 3HaueHusx
Pp =04, Ay = 0,022 nonyuaem Ae = 0,88 - 1073, cooTBeTCTBEHHO, HEOO-
XomMMasi cTaTucTHKa cocTasager N = 1/(Ag)? = 1,29 - 10° co6uituii. C yue-
TOM MOJIyUeHHOH BBILlE CKOPOCTH Habopa CTaTHCTHKH HaxoAUM Tpebyemoe
BpeMsi 1/s HaGopa Takod craTHCTHKH: T = 5—6 u**. [lpu 3TOM TOUHOCTb
U3MepeHHUs cpeHel MOMPU3alY TyyKa OKaXKeTcs, KAK Mbl OTMETHJIH, BhILLIE
14%. MoXHO C HCIO/Bb30BAHHEM HMEIOIIMXCS JAHHBIX JOCTUYb TOYHOCTb
B omnpefesneHur noJspusauud 11%, ecin «Chpyw» acHMMETPHIO M3MepHM
¢ TOYHOCTBIO D %. OnHAKO TpU 3TOM BpeMsi HaGopa CTATUCTHKH yBEJHUUTCS
B 4 pasa (T.e. coctaBuT npuMepHo 1 cyT). AHaJoruyHoe BpeMsl MOJydyaeTcs
TNPY UCMOJb30BAaHUU AAHHBIX B 006J1aCTH KY/NOH-sAepPHOH HHTep(hepeHHH.

BazkHO, UTO NPH HCMONB30BAHUH M3BECTHBIX YK€ NaHHBIX TOYHOCTb H3Me-
peHus MOJSIPU3alMK OrpaHUYeHa TOUHOCTBIO U3MepeHui. B Takoil cutyauuu
C/iellyeT MPUBECTH aOCOJIOTHOE 3HAueHHe MOJSPU3ALHUH, T.€. OMPENE/UTh
aHa/IM3UPYIOLLEYI0 CIocOOHOCTh AN TpU TpebyeMoil aHepruu. [asi usmepe-
HHsl aHaJU3UpYIollell COCOOGHOCTH C TOYHOCTBbIO 5 % TpebyeTcss MeHee Cy-
ToK. TakuM 06pasoM, MpH UHTEHCHBHOCTH Mydka 107 MPOTOHOB/UKMKJ MOXKHO
IOCTHYb TOYHOCTH H3MepeHHMsl MOJISIPU3alMH MPOTOHOB 7 % 3a HECKOJbKO
CYTOK.

2.3.1.3. Ouenxa spemeru 015 usMepeHus NOAAPUAYUL NYUKA NOASPU-
308aHHbLY AHMUNPOMOHO08. [IperMyIecTBO MCMOIb30BaHUS YIPYrOro pac-
CestHUS [JIsl U3MepeHHsi aGCOIIOTHOTO 3HAYEHUs! MOJSPU3aLMU MyYKa 3aKJI0-

* PacyeTHast MHTEHCHBHOCTb MOXeT gocTHrath 1,5 - 107 MPOTOHOB/LHKJI, TTPH HTOM
[IBe TPETH MydyKa UMeIT CPEeIHION moJjsipusaunnio okoso 40 %.

## [Ipy WCIONB30BAaHWM B pacueTax MHUIIEHM MJIMHOH 20 CM M HMHTEHCHBHOCTH
1 - 10° nporowos/uuKks Bpems coctaBut 110-120 u.
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YaeTcss B TOM, YTO JAHHBIE METONL MOXKHO MPHUMEHSIThb TaKxXe IJs M3Mepe-
HUSl TIOJISIPU3AlMH TMyYKa AHTHIIPOTOHOB, MJISI KOTOPHIX HET HHKAKHX 3KC-
MepUMeHTa/bHBIX JaHHbIX. OLeHKa HeoOXOOMMOro TpeGoBaHHS JIs MydyKa
AaHTMIIPOTOHOB TNpHBefeHa B pabore [98] Hcxoass M3 NPeANoJNOKeHHs, 4TO
abCoJTIOTHBIE BEJIUYMHBI JaHHBIX 3((EKTOB HJs MPOTOHOB M aHTHUIPOTOHOB
IOJOKHBI coBmanath. [Ipu olleHKe BpeMeHH HCIIO/b30BaJHCh AaHHble pado-
Tol [99], B COOTBETCTBHH C KOTOPOH yNpyrue CeueHUsi MPOTOH-NMPOTOHHBIX
¥ aHTHUIPOTOH-NIPOTOHHBIX B3aUMOJEHCTBUI COBMAAAOT U paBHHI s 16 ['3B
do/dt = (3,77 £0,16) - 10727 m6/(T'3B/c)? npu t = 0,3 (I'3B/c)?.

JLst u3MepeHnsl aHaJIU3UPYIOLIel COCOOHOCTH YIPYTOro pacCestHUs aH-
THIIPOTOHOB HAa INIPOTOHAaX IpPH 3Hepruu nyuka 16 I'sB c¢ ucmosb3oBannem
CYLIECTBYIOLIEH MOJSPU30BaHHON MHUILeHH (cM. 1. 3.3) mocraTouHo 50-60 4.
B nanHBIX pacyerax Gpajacb MHHUMAaJbHO BO3MOXKHAsl HHTEHCHBHOCTb MyUKa
MOJIAPH30BAHHBIX aHTHIPOTOHOB (6 - 10* 3a 1MKJ), YTOOB MYYOK MOJHOCTBIO
nonajgan B amepTypy MOJsPU30BAaHHOH MHLIeHH. [1Js1 HENoCpeACTBEHHOrO
U3MepeHHs MOJPU3aLUH TydKa ¢ OTHOCHTe bHOM TouHOoCcTho 10 % ¢ mpume-
HeHrneMm 2KBM Ttaxoro ke pasmepa Heobxonumo eie npumepHo 300 u. Ilpu
ucnosnb3zosannnd 2KBM pimno#t 50 cM u puamerpom 10 cM MOXHO NpHMe-
HSTb BCIO HHTEHCUBHOCTB MyYKa TOJISPU30BAHHBIX aHTUIIPOTOHOB (PUMEPHO
3,6 - 10°), BpeMsi U3MepeHUs yMeHbliaetcs B 15 pas u cocrasiser 20 u.

2.3.1.4. BoamoscrHocmo 8vi0eseHus ynpyeoeo pp-paccesnus. ILas mpo-
BEPKH BO3MOXKHOCTH BBIIE/IEHUST YIIPYTOr0 pp-paccesiHrs OblIO IPOBELEHO MO-
nenvposanue MetonoM MonTe-Kapso, uToGH OLEHHTb YPOBEeHb (hOHA U BO3-
MOXHOCTb BBIJIeJIEHHs] CHUTHaJa C HCIOJb30BaHHEM peasbHOH ammnapaTyphl
1 pazbpoca mydka.

[Ipy MonesMpoBaHUM HCIOJIb30BANUCh TaKHe MapaMeTphl MydkKa, Kak pas-
Mep MNy4kKa Ha MHIIEHH, YIVIOBOH pasdpoc, HMIYJbCHBIH pa3bpoc INyuka
(B coorBercTBHM ¢ m.2.1.4, Tabn. 11) nns sueprum 15 I'sB. Ilpu stom yuu-
THIBAJIOCh, YTO HMIYJbC MYYKOBOrO MPOTOHA M3MepsieTcsi ¢ TouHocThio 1%
(ummysbcHBIH pa36poc myuka coctasasieT 2%). Ha puc. 38 mokasansl yrio-
Bble pacrpefieleHUs1 IPOTOHOB OTAAYM M paccesiHUsl AJIs ABYX SHEpTHil, a Ha
puc.39 — HIBYMepHBle pacrpeleseHHss KOOPIUHAT NMPOTOHOB B MJIOCKOCTSIX
COOTBETCTBYIOLIUX NETEKTOPOB.

JI7sT BOCCTAHOBJIEHHSI HCIOJIb3YeTCsl YCTAHOBKA, IIPEJCTABJEHHAs Ha
puc.36 (MOXHO MHCIOJB30BaTh 4YacTb YCTAHOBKH). PacyeThl NpOBOIUJIHCDH
IJi IeTeKTOpoB rpebermkoBoro tuna (cm. kKak npumep puc. 30) ¢ pasmepom
CUMHTHJISIIMOHHOTO 3JieMeHTa 6 MM (T.e. ¢ maroM 2 mMm). Tpe6oBasoch
nonajaHue 00eWX 4YacTHL B JETEKTOP, M HAXONHUJIOCh MPOHM3BeleHHEe TaH-
TeHCOB YIVIOB JJIsi YAcTHIL OTHAYH M paccesiHusl. [lo peKOHCTPYHPOBaHHBIM
KOOpAHHATaM TOCTPOEHbl AByMepHble pacrpeneseHus s ynpyrux (puc.40)
1 nudpakuHoHHbIX (puc.41) mpoueccos.

Hcnonb3ys uHpopmanuio 06 3THX paclpefieseHHsX W BeIOHUpasi ciaefyio-
e uHTepBansl g —0,2 < Ap < 0,2 1 0,09 < tgl -tg2 < 0,14, nonyyaem



KOHLIEINTYAJIbHBIN [TPOEKT 9KCIIEPMUMEHTA CITACUAPM 79

E a 1 h9l
250 Entries 10000
200 F Mean 1,417
50k RMS  0,07869
100 f 2

50 F l
0:....|....| ..|H....|....
0 05 1,0 15 2,0 2,5
0, pan
p hol1
4000 Entries 10000
Mean  0,005988
3000 RMS  0,003417
2000
2
1000
0 1 1 FORNNT T TR T NN TN TN TN N [N TN TR TN TR NN T T S

0 0,05 0,10 0,15 0,20 0,25
0, pan

Puc. 38 (uBeTHO!H B 3/1€KTPOHHOH BepCHHM). YTJIOBblE paclpelesieHusi POTOHOB OTAA-
yu (a) u paccesinusi (6) nns sHepruit 45 (cunui, 1) u 16 (kpacHsiii, 2) 3B
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Puc. 39. Pacnipenenenne paccessHHBIX TPOTOHOB Ha MJIOCKOCTH, Ha KOTOPOH HAXOAUTCS

IETEKTOp PacCesHHBIX NMPOTOHOB (a), U MPOTOHOB OTHAYM Ha MJIOCKOCTH, Ha KOTOPOH
HaXOUTCS NeTEeKTOp 0TaauH (6), st YIPYTUX COOBITHH
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Puc. 40. TIpousBefeHHs] TaHTEHCOB OT PA3HULBl A3UMYTaJbHBIX YIJIOB (TOJMBKO AJIs
YIPYTHX MPOLECCOB ¢ yYeTOM pa3MepoB netektopoB H3 u H5)
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Puc. 41. To xe, uto u Ha puc.40, HOo 1/ IU(PAKIHOHHBEIX MPOLECCOB

OLIEHKY JJis OTHOLIeHHs curHazna Kk ¢ouy S/(S + B) = 0,995. Ha puc.42
TIOKA3aHbl pacrpenesieHUs 0 UMITYJIbCY YacTHIL /151 OTOOPAaHHBIX COOBITHH.

2.3.2. Ilonapumempus Ha OCHOBE UHKJIOZUBHLIX 3APANCEHHbIX NUO-
HO8. VI3MepeHUe CIHMHOBBIX aCUMMETPHUH B HHKJIIO3UBHBIX MpolLleccax B LIH-
POKOM CIIEKTpe Hepruu npu /s ot ~ 5 no 200 I'sB naxonuiock B hokyce
LIJIOTO Psifia HIKCIIEPUMEHTOB B TeUeHHe HECKONbKUX MOCAEIHUX AECATHIETHH.
Bomnpeku panHuM mnpenckazanusivm nepryp6atuBHoil KX, acummerpusi Ay
B POXKIEHHWH 3aps’KeHHBIX MHOHOB BIepe] oKasasach 6oJbliof (1o ~ 40 %)
M 0CTaeTCsl TAKOBOH BO BCEM NHana3oHe NOCTUIHYTBIX SHEPTHH. DTO moapod-
Ho obcyxpaetcs B m.1.2.2 u npua. A.1.3. Ha puc.7 npuBeneHa mombopka
pe3yJbTaTOB HECKOJbKUX JKCIIEPUMEHTOB. MIMEHHO 3Ty 0COOEHHOCTb OLHO-
CMHHOBOK aCUMMETPHHU Mpeiaraercsi ucmnoJ/b3osartsb B npoekre CITACHAPM.
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Puc. 42 (uBeTHO# B 3/1eKTPOHHO Bepcuu). PacrpenesieHre 1o UMIY/AbCy paccesHHbIX
yacTul (@) u 4acTtul oTaauu (6) Ans ynpyrux (cuHuil, /) ¥ IH(PPaKLUUOHHBEIX (Kpac-
HbIH, 2) mpoleccos

[onoGHoe mosesenue Ay Habmoganoch Takxke B mporeccax plp — 70X,
OnHako abCoMIOTHBIE BeJHUMHB Ay A8 HMHKMO3HBHBIX 7T MPEBBHIIAIOT
sHauenus Ay ans 70 Gosee uem B 2 pasa. Kpome Toro, ass 3HepreTH-
yeckoro nuanazoHa CITIACHAPM ~ 10—45T13B Kk HacTosilieMy BpeMeHH
MO0 3apsKEeHHBIM THOHAM HAaKOMJIEHO NaHHBIX GOJblle W JyYllled TOUHOCTH,
4yeM MO0 HeHTpanbHBIM. TakKe ObLIO HalfeHO, YTO acuMMeTpus Ay B mpo-
neccax p'A — 7T X Ha sagpax yriepona MpaKkTHYecKM He OTJHYaeTcs OT
p'p — 70X [32] u Kak MHHHEMYM [0 MeIH He MPOCMAaTPHUBAETCS ee 3aBHUCH-
MOCTH OT siiepHoro coctaBa muienu [100-102].

Hcxonss U3 3TOro TpenJsaraetcsi HCIOJNb30BaTh HMEIOLIMECS pe3yJsbTa-
Thl [/ U3MEPEHHUs MoJsipu3auuu nydka. ONTHMajgbHBIM [PEACTABJSETCS
B35Tb JaHHble 3KcnepumenTta E925 npu 22 3B, Tak Kak oHU ompefeseHbl
C HauJyulled TOYHOCTbIO *. V3MepeHHe ONHOCTHHOBEIX aCUMMETpHH, BKJIO-
yasg Ay B MHKJ/IIO3UBHOM POXKIEHHH JIETKHX Me30HOB, SIBJsIETCS BaKHeHIIeH
coctaasiioiied (usnyeckod nporpamMmmbl CITACHAPM. Jto o3Hauaer, 4To
BCe HEOOXOMMMBIE [aHHBblE [JIsi MOJSPUMETPUH HAa HMHKJIIO3UBHBIX MHOHAX

* JIpyruM apryMeHTOM fIBJIsieTcsl 6JIM30CTb SHEPruu (1 BooOlle BO3MOXKHOCTb IPO-
BECTH M3MEePEeHHs! IIPU TOH Ke SHEPTHUH).
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Tabauya 16. CkopocTh HaGopa CTATUCTUKU M OLEHKU BPeMEHH [Jisl U3MepeHUs
NOJIAPU3AIMHU IPOTOHHOTO MyYKa B pPeakuuu p'p — 7 X Ha MUIKOBOTOPOTHOM
muieHu pauHoi 20 cm (meranau cM. B Tekcte). Iloka3aHbl TONBKO cTaTHCTHYe-
ckue omubKu 1 Ayx u3 pa6orsr [32] *

[Tapamerp mast peaxkuuu | 0,65 < zrp < 0,6 | 0,6 <zr < 0,65 | 0,65 < zp < 0,7
pp—=atX (pr) =0,7T3B/c| (pr) = 0,7 TsB/c| (pr) = 0,8 [3B/c
AN, % 15,7+ 1,5 23,7+2,0 29,1 4+2,9
HeoGxonumoe ~55. 10" ~25. 10" ~1,6- 10"
yucyio Ny
Ceuenue o, MKO ~ 15 ~7 ~4
Ngv/UuKa ~ 12,7 ~ 6,0 ~ 3,4
Bpewms namepennit ~ 10,8 4 ~ 10,4 4 ~ 11,8 4
*OwnbKa HOPMUPOBKH TOJISIPH3AIMK MyUKa B TaOJHIY He BKJKOYEHA.

Tabauya 17. To e, uro u B Taba. 16, Ho pas peakuun p'C — 77 X Ha Mumenu
u3 rpagura toanmuHoN 4 cMm. IlokasaHbI TOJBKO CTAaTHUCTHYECKHE OIMUOKH [JIsI

AN u3 paGotsr [32] *

[Tapamerp mast peaxkuuu | 0,65 < zrp < 0,6 | 0,6 <zr < 0,65 | 0,65 < zp < 0,7
pTC—ntX (pr) =0,7T3B/c | (pr) =0,7T3B/c | (pr) = 0,8 '3B/c

AN, % 125+ 1,1 228+1,5 30,2+2,4
HeoGxomnmoe ~ 8.7 10* ~ 26 10* ~15-10¢
ynucao Nev ’ ) ,
CeueHHe o, MKO ~ 110 ~ 50 ~ 30
Ngv/UHKI ~ 48 ~ 22 ~ 13
Bpewmst namepennit ~454 ~ 34 ~34

* Omubka HOPMHUPOBKH TMOMSIPU3ALMY yYKa B TaGJIHILy He BKJOYEHA.

MOryT ObITb mMmoJydeHbl B camoM crnektpomerpe CITACHAPM u HuKakoe
Ipyroe JONOJHHTeNbHOe 000pyLOBaHUe He nmoTpedyercs. JeTeKTop yCTaHOB-
kn CITACUAPM npencrasisieT co60i MIHPOKOANEPTYPHBIH CIIEKTPOMETD 1151
3apS’KEHHBIX U HEUTPAJIbHBIX YACTHLL C XOpOoLeH HAeHTH(PUKaLHeH, UMEIHN
2m-aKCenTaHC M0 a3sUMYTy B KMHEMaTHUECKOM JMana3oHe 110 MONepeyHOMY
uMnysabcy pr < 2,5T3B/c n 0 < zp < 1 (meranbHoe omucaHHe cOCTaBa
nerektopos CITACHAPM conepxutes B 1. 2.5).

[IprBeneHHble HMKE OLEHKH MOJy4YeHbl UMEHHO Ha OCHOBE pe3y/bTaToB
skcnepumenta E925. B rtabn. 16 u 17 mpuBeneHbl OLEHKH MJsi CKOPOCTH
Habopa CTaTUCTUKH U BpeMeH 3KCMO3ULHH, He0OX0AUMble [JI H3MEepPEeHHUs TI0-
JISIPH3ALMK MPOTOHHOrO Mmydka ¢ ummyiabcom 22 ['3B/c co cratuctuueckumu
ournékamu AP/P ~ 4% (AP/P ~ 10% nas P =~ 40 %).
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MHTeHCHBHOCTb MOJISIPU30BAHHOI'O INyuKa B 3THX OLEHKax MpeamnoJa-
rajach KoHCepBaTHBHO paBHOH 10° MPOTOHOB/UMK/ ¢ HHTEpBAJOM MeXmy
UMKIaMH 9 ¢ (Ha MOPSIIOK HHXKe pacueTHOH HHTEHCHBHOCTH). V3aMepeHHBbIe
3HaueHUsi Ay MHKJIIO3UBHOTO POXKJEHHs 7T -Me30HOB B CTOJKHOBEHHSX p'p
(cm. Taba. 16) u p'C (cM. Taba. 17) B3ATH U3 paboTh [32]. OueHKH cedeHuE
0 ONpeJie/IeHbl TaKXKe M0 u3MepeHusiM [32], HOPMHUPOBAHHBIM Ha JAHHBIE U3
pabor [103, 104].

Takum 06pa3oM, OLUEHKH CBHIETEJbCTBYIOT, UTO 3a HECKOJBKO 4YacoB
9KCIO3ULUHN NOJISIPU3aLIUs IPOTOHHOTO My4Ka MOXKeT ObITb M3MepeHa Co cTa-
THCTHYECKOH TOYHOCTBIO ~ 3—5 %. M3MepeHHss MOryT ObITb NPOBeNeHBl Kak
¢ kpuorenHod 2KBM, tak u c 6ojiee NpOCTBIMH B OOpallleHUH SIePHBIMH
MHULIEHSAMH.

TouHOCTb UMEIOLIUXCS K HACTOSILIEMY BPeMEeHH KCIepHMeHTaJ/bHbIX 1aH-
HBIX 1/ Ay B UHKJIIO3HUBHOM POXKJIEHHH 3apsi2KeHHBIX TUOHOB BIIOJIHE IOCTa-
TOYHA [IJIs1 UCMOJIb30BaHUS B LEJSX MPOBEPKH (DYHKIHOHUPOBAHHS CHCTEMBI
MedeHHusi. BHe coMHeHMsI, TOUHOCTb 3HaHUS Apx I/ UHKJIO3WBHBIX MTHOHOB
Oyzet yayulleHa B mpouecce peannsaunu nporpammbl CITACUAPM. Taxxe
CJelyeT OTMETHUTb, YTO JaHHble U3MEPEHUS] MOXKHO MOATBEPAUTb U3MEPEeHHEM
OJIHOCTIHHOBOH aCUMMeTPHH OTPHULATEJbHBIX THOHOB.

CTOUT OTMETHUTb, YTO B MOAXOIE, OCHOBAHHOM Ha MHKJIO3HBHBIX NTHOHAX,
B akcrnepuMerTe CITACUAPM HeT mpakTUuyecKOH BO3MOXKHOCTH BBIMOJHHTD
HeoOXOIMMbIe NOMOJHUTEJbHBIE H3MEPEHUsT acUMMeTpun Ax Ha moJsipuso-
BAHHOW NPOTOHHOH MHIIEHH C TeM, YTOOBl HCMOJB30BaTb HUX Pe3YJbTaThl
ISl TIOJISIPUMETPHUU (aHTH)IPOTOHHOTO NydyKa TOH ke 3Hepruu. Ias sToH
LeJIM MPHLIIOCH Obl TIPOBECTH H3MepPEeHMs Ha MOJIIPU30BAHHON MHUILEHU IJIs
POXIEHUS MHOHOB B «3aHIOI» M0 OTHOLIEHHIO K HANpaBJIEHUIO My4Ka MOJy-
cdepy. Ho B mpoekte ycranoBku CITACHAPM He npeanoJiaraeTcss Hajnuue
«3aJIHEr0» CIIEKTPOMeTpa AJs 3apsiKeHHBbIX yacTHl. JlomosHeHHe ee TaKUM
CIIEKTPOMETPOM IPEACTaBMAseT COO0H OYeHb CEPbe3HYI0 M JOPOTOCTOSLLYIO
MOIM(HKALHKIO B 1I€JIOM BCETO SKCIEPUMEHTA.

2.3.3. Ilonapumempusa na ocnose 3¢pgpexma Ilpumarosa. Ele onHuM
BO3MOXXHBIM CIOCOGOM M3MepeHHs MOJSPHU3aLUH TyYKOB MOXKeT ObITb METO
Ha ocHoBe 3dekrta [IpumaxoBa. IIpouecc [IpumakoBa Obii BBeneH B 1951 .
B pa6ore [105], B KoTOpoil BrepBbie OblIO NMOKa3aHO, YTO LIMPHHA paaua-
[IMOHHOTO pacnaja af[pOHHOr0 Pe30HAaHca CBsI3aHa C ceueHHeM 00pa3oBaHUA
3TOr0 pe30HaHCa B KYJOHOBCKOM moJie sapa. B mosnsipumerpe [Ipumakosa uc-
MoJIb3yeTCs IMCCOLMAINS TPOTOHA B Napy pr’ B KYJOHOBCKOM ToJie fifepHOk
MUIIeHH ¢ GO/bIIOH BeJHUYHHOH 3apama Z:pZ — pyZ — prlZ, tne v —
BUPTYya/bHblii (hOTOH. DTa peaklus cBs3aHa ¢ (HOTOpOXKJEHHeM T'-Me3oHa
Ha TPOTOHHOH MHIIEHW INPH HU3KHUX SHEPrusax (M3MepeHHasr aCUMMeTpUS
cocraBusa ~ 90 % B obsmactu sHeprun 500-800 M>3B). Taxkum obpasom,
TOJISIPH3ALMI0 IPOTOHHOTO MydYKa MOXKHO HU3MEPUTb, HCIOJB3YS H3BECTHYIO
aCHMMETPHIO HU3KOIHePreTHUeCKOro (hOTOpPOXKIEHHS TO-Me30HOB KaK aHaJIH-
3UPYIOLLYI0 CIIOCOOHOCTb peaKLUH.
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Kak BrepBble 6biJi0 MokazaHo [IpuMakoBeiM U coaBTopamu [106], mupuHa
paIMalMoOHHOrO pacraja afpoHHLIX Pe30HAHCOB MOXKET ObITh CBfi3aHa C ceye-
HHeM 00pa30BaHHUsl PE30HAHCA MPHU B3aUMOAEHCTBUM alpOHOB B KYJOHOBCKOM
nosie siaep [107-110]. O6was hopmyna njsi 3TOH CBA3M, BKJIOUasi CIMHOBbIE
HabJonaemble, Oblia onucana Maprosucom u Tomacom [111]. CoBpemeHHBIl
aHasu3 npoiecca [IpumakoBa nmpeacrasieH B padote [112].

Korna koHeuHoe cocTosuue pr’ JBHKeTCS MOYTH Brepell, T.e. C O4eHb
MaJIbIM HMITYJIbCOM, TEPEJAaHHBIM OT MPOTOHA SIAPY, B PEaKUUH JOMUHUPYET
onHo(oTOHHBIH 06MeH. PellHMaHOBCKAs [UarpaMMa [IJis peakLdH BKJIOYaeT
AMILTUTYAY BUPTYalbHbIH GOTOH + p — 70 4 p, U 1151 O4eHb Ma/bIX IepefaH-
HBIX UMNyabcoB (ckaxew, |k?| ~ 1072 (T'aB/c)?, rme k — 4-uMIy/bC BUPTY-
ajibHOrO (poTOHA) B mpouecce [IpumakoBa BUPTyasbHBIH (POTOH HAXOAUTCS MO~
YTH Ha MacCOBOH MOBePXHOCTH. TakuM 06pa3oM, ¢ OueHb XOpOLIell TOYHOCThIO
AMMpPOKCUMALHK MOXKHO PAaCCMaTPUBATh aMIIUTYLY C BUPTYaJbHBIM (DOTOHOM
Kak (pU3UYeCcKyl aMIUIUTYLy OJis HAcTosiliero mpouecca $hotoobpa3oBaHus,
KOTOPBIH M3yyaJscsl IPH HU3KUX U CPeIHUX 3Heprusx [113].

3ameuaTesbHOH 0COOEHHOCTBIO NAHHOH peaKLHH SIBJSETCS TO, YTO AaxKe
NpU OUeHb BBLICOKHUX SHEPTUSIX HAUaJbHOTO TPOTOHA FHEPTHs B C.I[. M. AJA
peakuuu (oTOOOPa30BAHHUS C BUPTya bHBIM (POTOHOM Maja. Takke dKCIepH-
MEHTaJ/IbHO YCTaHOBJIEHO, UTO aHANHU3UPYIoIlasti CIOCOOHOCTb JaHHOH peaKLHH
NpU 3THX 3Heprusix Besuka U pocturaet 90 % [113]. Mpes ucnonb3oBaHus
spdexra [IpumakoBa 1/ “3MepeHUs MOJSPU3aLUK IPOTOHHOTO MydKa Oblia
npensoxena 1. Aunepsynom [114].

DKCreprMeHTaNbHble BO3MOXKHOCTH TOAXOAA BIepBble OBIIH MPOLEMOH-
crpupoBansl B 1989 r. Bo FNAL (CIIA), rne 6bl1a H3MepeHa aHaNH3HPYIO-
1as Croco6HoCTh peakuuu [IpuMakoBa Ha MPOTOHHOM IMYy4Ke C HUMIYJIbCOM
185 I'sB/c u usBectHo# nossipusauueit. [lokazaHo, 4To OHa COOTBETCTBYET
TeopeTHueckuM oxunanusm [115]. Ananusupyomuias cnocobuocts T'(6) Kore-
PEHTHOrO0 KyJIOHOBCKOro npouecca pasua —0,57 + 0,12 (crat.) £ 0,19 (owu6-
Ka HOPMHDOBKH M3-3a (hakTopa pa3baB/jeHHs) B NMana3oHe Macc m’p CH-
crembl 1,36—1,56 T3B/c? u 00, = 60—120°. Ananusupyiouas crnoco6HOCTb
doTooGpasosanus 7°, ycpeaHeHHas MO TOH ke KHHeMaTHUecKOH 006/acTH,
coctasaser —0,65 + 0,04.

Jlnsi uaMepeHHusl moJsisipusalvu Ha ocHoBe 3(pexrta [IpumakoBa mJiaHu-
pYyeTcsl MCIO0Jb30BaTh MPELU3UOHHBIE TOHKOCETMEHTHPOBAHHBIH KAJIOPUMETP
THIA «LIALIBIK», BXOASIIKHA B COCTaB 3KCIEePUMEHTAbHOH YCTaHOBKU. [lis
OnpelesieHHs] BO3MOXHOCTH U BPeMeHH HU3MepeHHs OyIeT NpOBeAeHO NOMoJ-
HUTEJIbHOE HCCJ/IeN0BaHUE.

2.3.4. Pesrome no usmepenuio noasapusayuu nyuka. [lpy cos3gaHuu
Ny4yKa MO/ PU30BAHHBIX (aHTH)IPOTOHOB 3HAYEHHeE MOJISIPU3ALUH TYUKa MOXK-
HO omnpenenuTb, He TOJIbKO HCIIOJNb3ysdA pacHeTbl U CHUCTEMY Me4HYeHHsd, HO
U MPOBOJS AOMOJNHUTEbHble U3MepeHusi. Mcrmosb3ysi ynpyrie mpoLecchl AJs
OTpeleJsieHHs] aHAJHU3UPYIOLIeH COCOGHOCTH peaKlHH, MOXKHO MPOBECTH HU3-
MepeHHs MOJSpPU3alHY ITyuKa (@HTH)IPOTOHOB JJIsSI JI000H SHEPrHH YacTHL.
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PacueTsl MokasblBalOT BO3MOXKHOCTb M3MepEHHS TaKOH MOJSPH3ALUU 33 J0-
CTAaTOYHO MaJjloe BpeMsl 1Jif MPOTOHOB (HECKOJIBKO YacoB) M NPHMEPHO 3a
200 4 pyis aHTUIIPOTOHOB *.

C IMOMOIIBbKO H3BECTHBIX MJAaHHBIX II0 OIIHOCHPIHOBOﬁ ACUMMETPHUU POK-
AeHUA 3apsi2KeHHbIX I[MHOHOB MOXKHO OIIpEeAeJ/IUTb IMOJIApU3alrio IMydKa C
sHeprueil 22 I'sB (Ha ocHOBe paHHBIX 3KcrepumeHTa E925) 3a HeckosbKo
(5-10) gacos. JlanHas mporenypa JaeT BOMOXKHOCTb IIPOBECTH «KaJIHOPOBKY»
CHCTeMbl Me4yeHHMs MydyKa, KoTopasi OyIeT HCIOJ/Nb30BaThCs IJIsi ONpeeseHns
M0JISIPHU3aLIKH.

Cremyer OTMETHTBb, YTO MOJSPUMETP Ha OCHOBe mporecca [IpumakoBa
(¢ anamusupytoued cnocoduoctbio 90 %) siBasieTcsi, 6€3yCNOBHO, YHHKAJb-
HbIM [IPUOGOPOM B CpPaBHEHUM C ADPYTMMH IJJAHUPYeMbIMH MOJsSpHUMeTpPaMHy,
B KOTOPBIX aHaJHU3UPYIOLlas CIOCOOHOCTb FOPa3io MeHbIIIE.

2.4. Cucrema MarHutoB «3meiika» (spin flipper) pas moBoporta mo-
agpudanyuu. CHcTeMa MOBOPOTHBIX MAarHUTOB «3MeHKa» HOJIKHA COCTOATh
U3 MarHMUTOB, KOTOpPblE MO3BOJISIT H3MEHUTh OPHEHTAlLHI0 BeKTOpa MoJspH3a-
LMK TNYYKOBBIX YacTHL (IPOTOHOB WJM aHTHUIPOTOHOB) OT OOHOTO HaMpas-
JIEHUs. K JApyromy. DTa CHCTeMa He [OJKHa BHOCHTb HHKAKHX MPOCTPaH-
CTBEHHBIX HJIM YIJIOBBIX HCKa)KEHHH B ONTHUECKHe NapaMeTpsl mydka. Bcee
CMeILIeHUsT M OTKJOHEHMs TPAeKTOPHUH ITyyKa JOJKHBI KOMIIEHCHPOBATBCS
BHYTPH 3TOH CHCTEMBI MarHHTOB. «3MeliKka» OymeT pacrosararbcsi BOJIH3H
KOHEYHOro (pokyca KaHaJja MOJSPH30BAHHBIX dacTul 24A HenmocpeacTBEHHO
Tnepejl MUIIEHbIO SKCIIEPUMEHTA.

Cremyer OTMETHTb, YTO B OTJIMUHE OT KaHaJ/a MOJISIPU30BAHHBIX IPOTOHOB
u autunporoHoB B0 FNAL B 1980-1990-e rr. (sxcnepumentst E581 u E704)
B KaHaJe 24A aHanu3 mydka Mo HMIYJAbCY OyIET BECTHCh B FOPU3OHTAJBHOM
TJIOCKOCTH, a MO0 MOJsSpHU3alUM — B BepTHKaJbHOH. Matpuua mnepenauu
eIVHUYHAsA ¥ B FOPU30HTAJbHON, U B BEPTUKAJbHOH MJIOCKOCTH.

Cucrema «3Melika» KaHasia 24A Gyner UCMONb30BATHCS HJs1 ABYX Liesei:

1) mepuonMyecKoro U3MeHeHHs HaNpaBJeHHs BeKTOpa MOJSPU3aLUH TyU-
Ka Ha MPOTHUBOIOJOXKHOE HaNpaBjeHHe [Js yMeHbIIEHHs] CHCTEeMaTHUYeCKHX
OIIMOOK IKCIEPUMEHTA;

2) moBopoTa HampaBJieHHUs CIMHA OT BepTHKaJbHOro (HampaBsieHuHe N),
KOTOpoe OyIeT OnpelessiTbCsl CTAaHLUHEH MedeHHs, K MPOAOJbHOMY (Hampas-
JeHue L), 4TO HeOOXOOUMO IJIsl PA3JHYHBIX SKCIIEPHMEHTOB.

[Ipennonaraercss paGoTaTb Ha KaHaje 24A ¢ 3HeprusMu nydka B auana-
3oHe 10-45 I'3B. Ecsiu moJsisi B MarHuTax «3Meidku» OyoyT MepHeHAUKYsSPHbL
HaNpaBJeHHIO0 MydKa, TO IMPEHMYIIECTBOM TAKOH CHCTEeMBl OyeT TO, UTO
NpY AaHHOM yTJle TIPelecCHH CIHMHA BeJHYHMHA I0Js MOYTH He 3aBUCHUT OT
UMIyJbCa HYACTHIBbl B HAIEM QHMAaNa3oHe SHEPTHiH IydkKa.

*300 4 ¢ yyeToM BpeMeHH, HEOOXOAMMOro /s U3MEPEHHs] aHaJU3UpYIOLeH Cro-
COOHOCTH.
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TpeGoBaHusl K crHCTeMe NOBOPOTA CIHHA:

— MpEAIoaraeTcsi, 4YTo HA BXOJE B «3MeHKy» My4OK COCTOMT H3 Tpex ua-
creii: ¢ noasipusauueit P(+), P(0) u P(—) (B cko6Kax yKa3aHbl HapaBJaeHUs
TNOJISIPU3AllMK BBEPX MO BepPTHKAJM, YCJIOBHO HyJeBasi MOJsSPU3alsi U BHH3
M0 BePTHKAaJNH COOTBETCTBEHHO), U HEOOXOAUMO OCYIIECTBUTDH NOBOPOT MOJS-
pusanuii Ha 180° BOKpyT ocu myuyKa (HAa30BeM 3TO PeBepCcOM MOJspHU3aLuil);

— IOTePeuHYIo MOJSPU3alHI0 Ha BXOHE CHeJaTh Ha BBIXOLE «3MeHKH»
NPOJOJIbHOM, HaNpaBJeHHOH B ONHOM cCJydae BHOJb, B APYrOM — IPOTHB
HamnpaBJieHHs] UMITY/IbCa MY4YKa;

— IIPH 3THX ONepalHUsX NapaMeTpsl Mydyka (pas3Mephl, YIJOBble PACXONHU-
MOCTH, MOJIO2KEHNE OCH U T. [I.) He NOJXKHbl MEHSITbCS: NOMYCKH Ha H3MeHeHHs
MoryT Gbith HUXxe 10 %;

— JenoJspusyomui 3hPeKT oT «3MeHKH» Ha BbIXOAE N0JKeH ObITb HHU-
xe 10 %;

— BpeMsi peBepca MarHUTHOTO MOJsi «3MEHKH» He MOJKHO TMPHUBOIHUTH
K Torepe BpeMeHM Ha nyuke Bbile 10% (HampuMmep, ecqu Mbl coBeplIaeM
peBepc TMOJSAPU3ALMHK KaXKIBIH 4ac, TO peBepc MOJsl NOJKEH 3aBepLIMThCS
MeHblle YeM 3a 6 MHH);

— Ha 3KCIIePUMEHTaJbHYI0 YCTAHOBKY B OHJAHH-peKHMMe AOJKHA MOCTY-
natb HH(OPMALUS O COCTOSIHUU «3MelKU» B ONpeleeHHOe BPeMsl CeaHca;

— «3MefiKa» JIOJ’)KHA pa3MeCTUTbCSl Ha KaHalle Ha JJIMHe He GoJjee 8 M;

— TpeGoBaHHs K BHYTPEHHHUM pa3MepaM OMpelessioTcs pasMepoM MyudKa
Ha BBIXOLE W3 NOCJefHel JHH3BI (mepel «3MeHKOl»), KOTOpHe COBMNAaioT
IJ1s1 aHTUIPOTOHOB ¢ 3Heprued 14 ['sB u mnporonoB c aneprueit 40 ['3B
(MakcumasbHbIH 3axBat) — 120 MM o ropusoHTasn U 160 MM Mo BepTHKAJH
M0 OCHOBAHHMIO.

2.4.1. IIpoexm cucmemol nosopoma cnuna 0aa kanara 24. IlpoekTt
CHCTEMBI NIOBOPOTA CIMHA JJIS KaHasa 24 moxarotosseH rpynno#t MucTtutyTa
snepHoil (pusuxu (MAP) CO PAH nox pyxosoactsoM 0. M. [llaryHosa. Oc-
HOBHblE HJEH M NapaMeTpbl IaHHOH CHCTEMBbI MpeacTas/eHsl B padote [116].
Kax yxasaHo B Tpe6OBaHHAX K CHCTEMe [IOBOPOTA CIHHA, 3afaua CIUH-(IUII-
nepa — yMeThb He TOJIBKO NePeBOPAUMBATh CIIMH HYKJ/IOHA HA TPOTHBOIOJIOXK-
HBIH, HO U MEHSITh [I0NIePevHYI0 MOJSIPU3ALHIO Ha NPoAobHy0. O6MmHUi MeTOx
IJ1f TOHNOOHBEIX CHCTEM, OCHOBAHHBIM Ha HCIIOJb30BAHHH TeJHKOWAAIbHBIX
MarHMuTOB, OblJ YCMeLIHO NpUMeHeH Ha yckoputese RHIC [117].

[pocTefimas «3MelKa» COCTOMT M3 JBYX TeJHKOMIAJbHBIX MAarHHTOB
C TIPOTHBOIIOJIOKHBIM HAIMpaBleHHEM BPALIEHHUS U YeThIPeX KOPPEKTHPYIOMINX
marautoB. Ha puc. 43 nokasaH npoekT 06MOTKH TeJIMKOUJANBHOTO MarHUTA.

MaruuTHOe nosie ABYX TeJMKOWAAJbHBIX MAarHHUTOB U ONTHMaJbHAs Tpa-
eKTOpUSl 4acTHL, IpeicTaBjeHbl Ha puc.44. [l KOppeKLHH TPaeKTOpUH
YacTHLl HEeOOXOAMMO HCIIOJ/b30BATh KOPPEKTHPYIOLIHEe MarHUThHl (OTMeueHbl
npsiMOYyTrosibHUKaMu). JlaHHast TpaeKTopHs MOKasaHa [Jisi eIMHUYHOH MaTpH-
bl CHCTEMBI.



KOHLIENTYAJIbHBIN [TPOEKT 9KCIIEPMUMEHTA CITACUAPM 87

OO6MOTKa MarHuTa
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Puc. 43. Iu3aiin sipMa 1 0GMOTKH OJHOTO TeJIMKOHIAJbHOI0 MarHUuTa (0Ch z COOTBET-
CTBYeT BEPTHKAJbHOMY HaIpaBJIeHHIO)
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Puc. 44. MaruutHoe noJie AByX reJIMKOWAAJBHBIX MarHUTOB (@) U TPAEKTOPHS YaCTHIL
BHYTPH «3MeHKH» MPH eIHHUUHON MaTpuLe (6)

Pacuernl M0Ka3biBaloT, 4TO Kak MUHUMYM 97 % Mossipu3aliy coXxpaHseTcs
IJS BCeX KOMIOHeHT. Ha puc.45 mnpuBefeHbl CIHHOBBIE TPAaEKTOPHU IS
BEPTHKAJIbHOH U MPOJOJIbHON KOMIIOHEHT.
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Puc. 45. CniuHOBBIE TPAeKTOPUH AJsi MornepedHodt (a) W mpomo/bHOi (6) KOMIOHEHT
0JISIPU3aLUH

O611Ke CBOHCTBA CUCTEMBI:

— TeJIMKOUAAJbHBIH MAarHUT: MaKCHMaJbHOe MarHUTHOe TMoJe Bpax =
=47 x['c, pauHa A = 2,5 m;

— KOPPEKTHPYIOLIKEe NUMOJIbHbEIE MATHUTH: MarHuTHOe moje B = 23 k[c,
qiuna | = 30 cwm.

O6uwas pavHa cuctembl — 6,5 M, cnuHoBasi npospaynocts — 97 %.

OxoHuaTesibHAsi pa3paboTKa OMTHUECKOH CUCTEMbl MOXKeT ObITh BBHIMOJIHE-
Ha B MS1® CO PAH (Hosocu6upck), usrotosnenne — B UPBI ([IpoTBrHO)
unn OUSAHN ([lybHa).

2.5. Pa3menieHue 3KCMepMMEHTAJbHON YCTAHOBKM Ha KaHajue 24.
dxcnepuMeHTanbHas ycraHoBka CITACHAPM Gynet pacrosaratbesi B KOHLE
KaHana 24 (cm. puc.18), mpu 3TOM HNJHMHA KaHaja BhIOpaHa Tako#, YTOOHI
YCTAHOBKA HaXOAMJIACh B LIMPOKOH YaCTH rajieper yCKOPUTEJIbHOTO KOMILJIEK-
ca, 4TO MO3BOJIUT 00eCHeYnuTh HeOOXOAUMOE MPOCTPAHCTBO [Jis pa3MelleHHs
YCTaHOBKH H BO3MOXHOCTb €€ IMepeMeLleHHsl.

PaspaGoTaHbl uepTeXH HJisl YCTAHOBKH, KOTOPble MPeoyCMaTpUBAIOT:

— pasMellleHHe COOCTBEHHO YCTAHOBKH U «CUOMPCKOH 3MeHKU» B LIMPOKOH
4acTH rajepew;
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— pasMellleHHe ABYX IKCIIEePUMEHTANbHbIX JTOMHKOB [Jsi CHCTEMBI cHopa
IaHHBIX W BBICOKOBOJITHOH 3JIEKTPOHHKH, a TaKKe KOMIIbIOTEPOB 1Jis cOopa
W aHa/JM3a JaHHbIX, TaM ke OyAyT pacrosaraTbcs pabodyue MecTa ornepa-
TOPOB;

— TMOMeILleHHUs] [/ KPUOTEHHBIX CHCTeM obecreyeHHs] YCTaHOBKH KHIKH-
MU a30TOM U rejiieM (HeoOXOAMM IJisi (PYHKLHOHUPOBAHHUS TOJSIPU30BAHHOU
MHULIEHW U CHCTEMBI BpalleHHs CIHUHA);

— noMelleHUs (M1aT(OpMBbl) AJsT pa3MellleHHs] CHCTeMbl 00ecrieyeHH sl ra-
30M TPEKOBBIX JETEKTOPOB YCTAHOBKH.

CxeMma pasMelleHHUs] YCTAHOBKH MOKa3aHa Ha puc. 46.

HenocpencTBeHHO 3KCIIepUMEHTa/NbHAS YCTAaHOBKA OYAET CTOSTh Ha Cylle-
CTBYIOLIMX ABYXYPOBHEBHIX M0JIaX LIMPOKOH YacTH rageper. [IpoTskeHHOCTD
YCTaHOBKH OT CTeHBI rajiepet 10 3aHero (poHTa MOINOTHTEs MyuKa COCTaB-
asiet 37,5 M — 12,5 M 10 LeHTpa MUIIEHH U 25 M AJHHA CaMOH yCTaHOBKH
CITACHAPM, mupuHa 30HH ycTaHOBKM — Gosee 10 m. [lpenycmoTpeHsl
30HBI (BblIE€JIEHBl TPEYTrOJbHOH ILITPUXOBKOH) JAJIS AETEKTOPOB AJIS NOJSIPH-
MEeTPHUH U M3YUeHHUs YIIPYroro paccesiHusl.

MecTo pacrosioxKeHHs] CIEKTPOMETPUUYECKOTO MarHWTa (DUKCHPOBAHHOE
U OmpefeJssieTcss KOHCTPYKLHMeH noJia B 30He rasneped. OcTasnbHble 1eTEKTOPHI
MOTYT NPH HeOOXOOMMOCTH CABHTAaThCsl 1O HampaBJeHHIO mydka. Kommiexc
TNOJISIPU30BAaHHOA MHIIEHH MOXeT CMeIaThCsl MepreHIUKYJAsIPHO HampasJe-
HHUIO MyYKa, €CJAW B YCTAHOBKE HCIIOJb3YIOTCS BONOPOIHAS WJH SIIEPHBIE
muLIeHd. KpuorenHoe 1 razoBoe o6opynoBaHue OyAeT pacrosaraTbcsi Ha TOM
JKe YpOBHe, UTO U 3KCIIepUMeHTalbHOe 060pyLOBaHHUE.

JIOMUKH 17151 9JIEKTPOHUKH CHCTEMBl c60pa NaHHBIX, KOMIIbIOTEPOB U Me-
CTa pasMelleHHs CYKeGHOro MepcoHasla pacroJiaraloTcs Ha BTOPOM 3Take,
Ha OJHOM ypOBHE C IlepeXofaMH B rajepee.

PaspaboranHasi cxema pasMellleHHs anmnapaTypbl He TpeOyeT CYyLIeCTBeH-
HOH TepefieNIKW MMelolLlelcss B TaHHOM MecTe HH(pacTpykTypel ¥Y-70 u He
MelllaeT MPOBeEeHHI0 UCC/IeN0BAaHUE B IPYTUX IKCIEPUMEHTAJbHBIX 30HAX.

Baaronapsi 6etoHHON 3auiuTe QOH OT KaHajsa YacTHL, PACIOJOKEHHOTO
psIOM, HEBBICOK M He MellaeT MPOBENEHMIO SKCIeprMeHTa (pacyeThbl BBIMNOJ-
HSAJMCh B OTAEJaX MyUYKOB W paJHallMOHHBIX uccaenoBanuii MDBI).

3. 9KCIIEPUMEHTAJIbHAS YCTAHOBKA CITACHAPM

JL1si ucc/ieoBaHUsSI CIIMHOBHIX 3((eKTOB B POXKAEHHH UapMOHHs Ha Ka-
Hase 24 3KCIepUMeHTasbHasi YCTAHOBKA IOJIKHA O0ECNEUUTb BBIMOJHEHHE
HeOOXOIMMBIX OCHOBHBIX TPeOOBaHWi, HCXOHS M3 KOTOPBIX OINpelessercs
cocTaB 000pYIOBaHUS:

— pErucTpaluvio BTOPUYHBIX 3apsKEHHBIX 4YacTHUL[ B JAHana3oHe OT
500 M3B 1o 50 I'sB B GoJ/ibliiOM TeJIeCHOM yTJie U B MOJHOM a3MMYTaJbHOM
yrie;
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— perucTpanuio ramma-kBaHToB B nuanazone ot 200 MsB no 40 I's3B
(c BOBMOXKHOCTBIO MEPECTPONKH SHEPreTHUECKOH IKaJbl) B GOJBIIOM TeJec-
HOM yTIJle U B [OJHOM a3UMYTa/JbHOM YTJIE;

— UJIEHTU(QUKALHUIO 3apsiKeHHBIX YacTull B nuanasone 1-20 ['3B;

— BO3MOXHOCTb PETHCTPAlMK paclafioB BTOPUYHBIX YaCTHI, BKJOYAs
THUIIEPOHBI;

— BBLICOKOE KOOpPIMHATHOE paspelleHre MyYKOBBIX YaCTHI, TpeXie BCEro
IJI1 UCCNIeOBAHUSI YIIPYTHUX TPOLIECCOB;

— UMIyJbCHOe pasperuenue Ha yposHe 0,4 % mpu 10 I'sB/c;

— JHepreTHYecKoe  paspellieHHe  3JeKTPOMAarHUTHOTO  KaJopUMeTpa
3%/VE.

[TpuHuunuanbHash cxemMa yCTAaHOBKU INpHBeleHa Ha puc.47. DKcrnepuMeH-
Ta/lbHasl YCTAHOBKA COCTOUT U3 CJIEAYIOLIUX OCHOBHBIX Y3JIOB:

— My4yKOBOH anmapaTyphl, N03BOJIsIOMIEH perucTpuposath 10 107 yactui
3a cOpoC yCKOpUTeJsi, AJsl ONpeleseHUs] KOOPAUHAT U THUIOB MYYKOBBIX ya-
cTull (Ha puc.47 He mpelcTaBJieHa);

— JKHUAKOBOLOPOAHOH (mokasaHa Ha puc.47), moJsipU30BaHHON U SIIEPHBIX
MUIIEHEH;

DT2 DT1 TGT

DT4 oo p3

HCal ECal DT5

ToF3 RICH ToF2 MS/GEM2 /PC2
DC1-X PC3 PC1 ToF1

Puc. 47. Cxema skcnepumenrasnbHo#i ycranoBkn CITACHAPM: TGT — xuakoso-
nopoxnHasi muiieHb; GEM1, GEM2 — neTekTopEl Ha OCHOBe Ta30BOTO 3JIEKTPOHHOTO
yeunenusi (IY, unu GEM); TOF1-TOF3 — romockorbsl BpeMsinpoJieTHOH CHCTEMBI,
DT1-DT5 — craHuuu Ha OCHOBe TOHKOCTEHHBIX Aped¢oBbix Tpy6ok; PC1-PC3 —
nponopuuonanbHble Kamepsl [TMA® - KK T3®; DC1-DCX — npefidoBbie Kamepsl
[TNAD -KK T3®P; RICH — perektop KoJjel 4yepeHKOBcKoro uanaydenus; ECal —
3JleKTpoMarHuTHeIH Kanopumetp; HCal — anponnbiit kanopumerp; MuD — MrooHHBIH
netektop; MS — cnekTpomeTpuuecKui MarHuT. PaccTosiHue 1o ocu Z (mo HampasJe-
HHUIO NyYKa) N0Ka3aHO B MeTPaxX OTHOCHTEJbHO LEHTpa MHIIEHH
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— CIEeKTPOMeTpa 3apsi2KeHHBIX YaCTHL, COCTOSILIEr0 U3 CIEeKTPOMeTpHUe-
ckoro maraura M31, nerexropos GEM, mponopuunonansueix (PC) u npeii-
¢osuix (DT u DC) kamep;

— CHCTeMbl HIEHTH(HUKALNUHK THNA YacTHL, COCTOsILIEH M3 JeTeKTopa Ko-
Jel uepeHKoBcKoro usnydenus (RICH), moonHoro netekropa (MuD) u Bpe-
msinposetHbx netekTopoB (ToF), mocsenHue TakKe MOTYT HCMOJb30BAThCS
B KauecTBe NETEKTOpa MHOXKECTBEHHOCTH;

— snektpoMaruutHoro (ECal) u anponnoro (HCal) kanopumerpos.

CriemyeT OTMeTHTB, YTO Ha puc.47 TpUBeleH MaKCHMaJbHBEIE Habop 060-
pynoBaHHs, KOTOpoe GYAeT MCMOJb30BAThCS MPH HCCAEI0BAaHHH OLHOCIHHO-
BBIX aCHMMETPHH U MOJsIpU3alMH THIEPOHOB. B 3ToM ciyyae He Tpebyercs
BBICOKOTO HMITYJIbCHOTO paspellieHusi, HO HeOOXOOMMO HAXOAHTb BEpIIHHY
pacmaja TUIEPOHOB. YKa3aHHble PACCTOSHUSI COOTBETCTBYIOT padoTe C KUA-
KOBOJOPOIHON HJIK SIAEPHBIMM MHIIEHSAMH. [IpH HCIO/NB30BaHUM MOJSIPU30-
BaHHBIX MHILIEHel pacCTOssHHe OT LEHTpa MHUIIEHH [0 IepBOro IeTeKTopa
OymeT cocTaBiATb, MO KpaiiHe Mepe, 70 cM H3-3a NpPUCYTCTBHS MarHuTa
MOJISIPU30BAHHOM MHUILIEHH, I03TOMY KOJIUYECTBO TPEKOBHIX IETEKTOPOB TAKIKE
npuieTcss COKpaTuTb. [Ipu HcclenoBaHHM OZHOCIHHOBBIX aCHMMETpPHH Ha
nepBOM 3Tare Ha KaHase 14 TpeGoBaHHUS K anmapaType CyLIEeCTBEHHO HHXKe.

[Ipy u3MepeHMH 4YapMOHHsS MHOTHe IeTeKTOphl OyayT yOpaHbl, 4TOOBI
YMEHBIIUTh KOJHYECTBO BEILIECTBA U TeM CaMbIM YJYUYIIUTb HMIYJIbCHOE
paspelienue. Jlanee npuBefeHbl XapaKTePUCTHKKY OCHOBHBIX JI€TEKTOPOB 3KC-
nepuMmeHTabHOM yecraHoBku CITACHAPM.

3.1. IKcnepuMeHTaJbHasi YCTaHOBKAa mHpu pabote Ha KaHaue 14.
Ha nepBom 3Tame nccieoBaHMH 3SKCIEPHMeEHTaJbHAs YCTAHOBKA BBOJMTCS
C OTpaHHYEHHBIM KoJH4ecTBOM gHeTekTopoB. Ha puc.48 npuseneHa cxema
ycranoBku CITACHAPM (cocrosinue Ha 2021 r.). Bo BpeMmsi KOMILIEKCHOTO
3arycka M MepBOro ceaHca MO Habopy 3SKCIEepPUMEHTaslbHBIX NaHHBIX OTCYT-
ctBoBasia ctanius DTSO u3 ToHKUX npelhOBEIX TPYOOK AHAMETPOM 15 MM.

CucTeMa My4YKOBBIX IETEKTOPOB, PACIOJNOKEHHBIX 10 ocH yuka (BEAM),
BKJIIOUaeT CUUHTU/IsINUOHHBIE (S1-S3) U moporoeele YepeHKOBCKHE CUETYH-
ku (C1-C3, nBa mepBBIX UEePEHKOBCKHX CUETUYHMKA PACHOJIOXKEHBl paHee Ha
NydyKe U He MOKAa3aHBl Ha CXeMe), a TaKxKe CLUUHTHUJISLHOHHbIE T'OLOCKOIIBI
(H12, H2). K myuxoBoil anmapaType Tak:ke MOKHO OTHECTH CYETUHK aHTHU-
cosnagenuil (BK) u koppekrupytomue Marautel ycraHoBku (KM1, KM2).

CreKTpOMeTp YCTAaHOBKH B TeKyLleld KOH(HUIYpalUH COCTOUT U3 57 mioc-
KOCTEeH TPEKOBBIX JETEKTOPOB M IIMPOKOANEPTYpPHOrO MarHUTa. YCTaHOBKA
paccyuTaHa B MEpPBYI0 o4yepelb Ha PErHCTpPALMIO 3apsiKeHHBIX yacThl. Bos-
MOXKHO JIOTNOJIHEHHE YCTAHOBKH ellle LIeCTbI0 IJIOCKOCTSIMH. Perucrpaius
raMMa-KBaHTOB M 3JIEKTPOHOB OCYILIECTBJSETCH 3JeKTPOMarHUTHBIM KaJlOpHU-
MeTPOM Ha OCHOBe CBHMHILIOBOTO CTeKJa.

OCHOBHBIM 3JIEMEHTOM YCTAHOBKH SIBJISIETCSI KOMILJIEKC TPOTOHHOH MOJISI-
pHU30BaHHOH «3aMopoxkeHHOH» MuieHd (PT), Bkawouamoumuil B ce6s MarH4T
¢ HeomHOponHOCThI0 mosist 107%. Muwens oKpykeHa OXpaHHOH CHCTEMO#
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Spectrometer
magnet ECAL

DTS3

Puc. 48. Cxema ycraHoBku CITACHAPM, pnerekTopbl MOKa3aHbl He B MacliuTtabe
(nerextoper DTSO, DTS1 cootBerctBytor nerektopam DT, DT2 mnpu paGore Ha
KaHaje 24)

IJ1 TofiaB/IeHHsl (DOHOBBIX IPOLECCOB. B 3Toll cxeMe OTCYTCTBYIOT TPEKOBbIE
nerektopsl Tuna GEM, crucrema MoeHTU(HKALKH, COCTOALLAS U3 BPeMSAINPO-
JeTHbIX feTeKTopoB ToF, merektopa uepeHkoBckoro uasnyudeHusi RICH u mro-
OHHOTO JETEKTOpa, a TaKXKe aJpPOHHBIH KaJopUMeTp U ApPeH(OBbIe CTAHLHH
[MNAdP - KK TID.

3.2. IlyukoBas anmaparypa. [lyukoBas anmapaTypa BKJIIOYaeT B cebs
Habop [ETEKTOPOB 3apsiKEHHBIX YACTHIl, PACMOJIOXKEHHBIX IO OCH MydYKa
B 30He KaHa/ja [0 MHIIEHH YCTaHOBKH, a TaKKe CUeTYMK YaCTHI[, He Mpo-
B3aMMOJIE/ICTBOBABIIIMX C BELIECTBOM MHIIEHH, KOTOPbIH PACMOJIOXKEH MO OCH
MydKa M0CJe BCEX TPEKOBHIX NETEKTOPOB YCTaHOBKH. [IyuKOBble AETEKTOPHI
npeaHA3HaYeHbl KaK [Jis BIPAOOTKH MEPBUYHOTO TPHUITEPA, TaK M [Jis OIpe-
IeJIEHUs] THIIA YaCTHIBl U e KOOPAWHATE HA MUILIEHH MPU 06paboTKe JAHHBIX.

B kauecTBe 1eTEKTOPOB, BbIpabaThIBAIOIIMX TPULTED, MOTYT OBITH HCIOJb-
30BaHbl KaK OTAEJbHbIE CLHHTUIIISIIMOHHbIE CUETUHKH, TEPEKPbIBAIOIIHE MOJI-
HYI0 amepTypy Mydka, TakK ¥ TOLOCKOIbI CHCTEMbl MeUYeHHs MOJsIPU3aLUH
Myd4kKa, OMUCaHHble B M. 2.2.2.

B cnyuyae uCmosib30BaHUs MYyYKOBBIX CUYETUMKOB [OJIKEH MPHUMEHSThCS
ObICTpBI cuMHTHIAsSTOP (Hampumep, Pilot U) ¢ ¢poHTOM BbICBeUHBaHUS
MmeHee 0,5 Hc. B kKauecTBe (hOTO3JIEKTPOHHBIX YMHOXKHUTEJEH I/ 3THX CUeT-
4rKOB Hcnogb3yercss PIY XP2020, umeronuil nepeaHuil GPoHT HApPaACTAHUS
ummysbca < 0,5 He npu obIel ero IJIUTENbHOCTH [0 OCHOBAaHHUIO MeHee D HC.
OnbiT paboThl Ha KaHaje 14 MoATBepXkKAaeT BbICOKYIO 3(h(DEeKTHBHOCTb BhIpa-
GOTKM CHrHa/la COBMAleHHE B TeJeCKoNe H3 TpeX CUeTUMKOB: TPU 3arpyske
2 - 108 wacTHIl/c UKMCI0 CTyUaliHBIX COBNAJCHUE He npeseiaet 3 %. CueTunk
HEMPOB3aUMOIEHCTBOBABILIMX YaCTHI[ BKJIOUAETCS B AHTHCOBIANEHHS IS
BbIIeJIEHUST COOBITHIH C B3aUMOJEHCTBHEM MYyYKa B MHILEHH.

Kpome cHcTeMbl MeueHHsl 4YacTHI BO BTOpPOH 4YacTH KaHasta 24 mnpen-
1oJIaraeTcsi Pa3MeCTUTh [Ba MOPOTOBHIX [IETEKTOpA UYePEHKOBCKOTO H3Jyde-
HHUSI, KOTOPbIE MO3BOJISIIOT MAEHTH(PUIMPOBATh YACTHLB — 7 - U JK -Me30HbI
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¥ (aHTH)TPOTOHBI B AHana3oHe umnyabcoB 10-45 ['3B/c. B cayuae npoToH-
Horo myuka ¢ umnynscom 40-45 ['3B/c atu cuyerunku Oynyt paGoraTb Ha
BO3MyXe NpHU aTMOC(HEPHOM AABJEHHH, TOTAA KaK HJis MydkKa ¢ MMIYJbCOM
15 I'sB/c (aHTUMPOTOHBI U TMPOTOHBI) MPENMNoJaraeTcsi UCMoJab30BaTh (PEOH
R-22 (CHCIF3) npu atmMochepHOM AaBJIeHHH.

[Ipu paboTe ¢ My4KOM OTPHLATENbHO 3apsiKeHHbIX YacTHl (7~ /K~ /p =
=97,9/1,8/0,3 %) Ha ycTaHOBKE HCIOJb3YIOTCS TPH MOPOTOBHIX AETEKTOPA
YepeHKOBCKOrO HM3JydyeHUs. J[Ba TepBbIX CUETYMKA OTKauyaHbl L0 JAABJIEHHS
0,6 at™, a TpeTuil pa6oTaeT mpu atMochepHOM HaBjeHHH. VX OJHHBI, COOT-
BETCTBEHHO, paBHbl O, 3,5 U 4,5 M. UepeHKOBCKHUH CBeT perucrpupyercs dho-
ToyMmHOkUTeIMU S6DUVP, curHasbl ¢ KOTOPHIX MOCJE YCHAEHHUS MOCTYNA0T
Ha TUCKPUMHHATOPBI ¥ 3aMUCHIBAOTCS CUCTEMON c6opa AaHHbIX. [1py aHa/n3e
IaHHBIX PaCCMaTPUBAIOTCS TPH KOMOWHALWHM COBMAafeHHi/aHTHCOBNALEHHH
CHTHAJIOB C 3THUX CYETUYHKOB!

— cpaboTa/au Bce TPU CUETUHKA — 71~ -Me30H;

— He cpaboTaJ HH OIHWH U3 CUETUHKOB — AHTHIIPOTOH;

— cpaboTas TONbKO TPETHH CueTdnk — K -Me30H.

[lnsi ompenesieHUs] KOOPOMHAT 4YaCTHLbl Ha
MHUILEHH Ha KaHaje 24 mpenJsaraetcsi HCMOJb30-
BaTh YeThipe IBYXKOOPIMHATHBIE CTAHLHUH IMPO-
nopuuoHabHbix kKamep [TUAD - KK TP [118]
C YYBCTBUTeJbHOH 06JsacTbio pasmepoMm 200 X
x 200 MM ¥ LaroM CHrHaJbHBIX IIPOBOJIOYEK
1 MM, HamexxHo paGorawoiie ¢ 3()HeKTUBHO-
cteio Bhie 99 % npu sarpyskax a0 4 - 10° ua-
cruu/c. Kaxapiit monyns kamep (puc.49) Briito-
yaeT B cebsl 1Be MJIOCKOCTH CHUTHAJBHBIX MPOBO-
Jo4yek (3 U 6), HATAHYTBIX BO B3aHMHO-IIEpIEeH-
IMKYJSIDHBIX HalpaBAeHUsIX [JIs ONpelesieHHs
OIHOBPEMEHHO IBYX KOOPAMHAT.

Juamerp mpoBosiouek — 15 MKM. Bricoxo-

Ll

1 2

Qo ®9eececececsescscscscscscccscsccccse

4 5 6 7 8

Puc. 49. Ycrpo#icTBo nByx-
KOOPAMHATHBIX MPOMOPLHO-
HaJbHBIX KaMmep C [IaroM
1 mm (e B Maciurabe): 3,
6 — TJIOCKOCTH CHTHaJb-
HBIX MpoBoJiouek; 2, 4, b,
7 — BBICOKOBOJIbTHBIE 3JIEK-
Tponbl; I, 8§ — MailyapoBble
OKHa, OrpaHUYHBAIOINHe ra-
30BbIH 00BEM

BOJIbTHBIE 3J1eKTponel 2, 4, 5 W 7 BbINOJIHE-
Hbl U3 XOJIONHOKAaTaHOH (osibru u3 crsiasa AB2
tosmmnHod 40 MKM. 3a30p MeXay CHTHaJbHOH
TMJIOCKOCTBIO M BBICOKOBOJIBTHBIMU 3JIEKTPOIAMHU
cocTaBJssieT 3 MM. Bbicokoe HampsieHHe MOfa-
eTCcsl Ha KaTOAHble IJIOCKOCTH He3aBUCHMO /15
KaKJ10} N0JIOBUHKH KaMepbl. [a30Bbli1 06beM Ka-
Mepbl — OOWHKH AJ5 06enX MOJOBHHOK — Orpa-
HUYeH MaH/IapOBBIMH OKHaMH [ U & TOJILIMHOH
50 mkM. IIponyB kamep ocCyllecTBJsieTCs raso-

BOK cMecblo, coctosiiedt U3 74,85% Ar, 25% wusobyrana, 0,15% CF3Br.
CyMMapHbI# ra3oBbid 06beM MPOMOPIUOHAJbHBIX KAMEP YCTaHOBKHM HEBEJIMK
1 coctasjsier okoso 10 41, Tak uTo mpu pacxome rasoso# cmecu 0,2 ji/mMuH
BpeMsl TIOATOTOBKH KaMep K padoTe cocrasasier 8—-10 4, a omHoro 6assoHa
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Puc. 50. 3aBucumoctb 3(p(HeKTUBHOCTH NPONOPLUOHANBHON KaMephl OT HaNpsKeHHs
Ha NOTEHLHAJbHBIX MVIOCKOCTSX IPU Pa3JMUHBIX MOPOrax AUCKPUMHHALUH

HanboJsiee pacxXoloyeMoro raza — aproHa — xBataeT Ha 30 CyT HelpepbIBHOTO
MO IePKAHUS YKA3aHHOTO PeXKUMa.

JL7si perucTpaluy CHTHa/OB cpabaTbiBaHHs MPOBOJIOUEK HCIIOJb3YIOTCS
CrielHasbHble TJIaThl 3JEKTPOHUKH, PAacloJioKeHHble HENOCPeICTBEHHO Ha
paMKax MomyJed KamMep — MO 4YeTbipe Ha OAMH Monynab. Kaknas mnsara
BKJtoyaeT B cebs 100 KaHa/noB yCHJHTENEH W NUCKPUMHHATOPOB, a TaKikKe
1M(pPOBYI0 YacTb, KoTopas obecrneyrnBaeT KOAUPOBaHHWE HOMEPOB cpaboTaB-
IIUX M[POBOJIOYEK, a Takxke (HOPMHpOBaHHME H Tepefady MaKeTOB NaHHBIX
no uHtepdeiicy USB2.0. Takxe npenycmoTpeHo (opMHpoBaHHE OBICTPOro
curana «HMJIM» Bcex cpaboTaBIIMX KaHaJ/0B, KOTOPHIH MOXKeT ObITb MCIOJb-
30BaH MJis1 BBIPaGOTKH TPHUITepa.

Ha puc. 50 mpuBeneHbl THNHUHbIE KPHUBblE 3aBUCHUMOCTH 3((PEKTHBHOCTH
KaMepbl OT Hamnps)KeHHs] Ha BbICOKOBOJIbTHOM 3JIEKTPOAE INpPH Pas3JHUHBIX
noporax IMCKPUMHHALKK. XapakTepHoe mjato cocrasisier 150-200 B, a¢-
(peKTHBHOCTb Ha mJaTo — Gosee 99 %.

B nacrosilliee BpeMsi Ha KaHase 14 Tpu Takue KaMepbl BXOIST B COCTaB
CreKTPOMeTpa 3apsiKeHHbIX yacTHL. [y Gosiee TOUHOrO ONpeneseHHs KO-
OpAMHATHl YACTHIbl BOIU3H MHILEHH MOXKET HCIOJIb30BAThCsl CUUHTHJIISALY-
OHHBIA BOJIOKOHHBIH TOJOCKOIM, COCTOSILIUN M3 ABYX OAMHAKOBO YCTPOEHHBIX
U PacIoJIoKeHHbIX GJU3KO APYT K APYTY B3aWMHO-NeEPIeHIUKY/ISPHBIX MJ10C-
Koctell. Pa6ouas o6sacTe rogockona cocrasnaser 42 x 42 Mm. B kaxno# us
MJIOCKOCTeH CUMHTHIIsIMOHHbIe BoJlokHa SCSF-38 ¢upmbl Kuraray nuamer-
pom 0,5 MM o6pasyroT kacceTy U3 96 KOJIOHOK, PacCIOJIOKEHHBIX C LIaroM
0,44 mM, Kak mokaszaHo Ha puc.5l.

Kaxknasi KosloHKa MUMeeT MsATh BOJIOKOH 10 HAaNpaBJIeHWIO IBHKEHHS 4a-
ctun. CocefHMe KOJOHKH CJeTKa MepeKpbIBAIOTCS, TeM CaMbBIM YCTPaHSIOT-
Csl «MepTBble» 30HBl HEUYBCTBUTEJbHBIX 000JIOUEK BOJIOKOH H TOBBILIAETCS
3(p(PEeKTUBHOCTb PerucTpaluy. besasi BOAHO-IHUCTIEPCHOHHAS KPAacKa, UCIOJIb-
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Puc. 51. CxemaTHUecKoe NpeACcTaBJIeHHe YAaCTH CLUHTH/ISLIMOHHON BOJOKOHHOH Kac-
ceThl (@) W pacrosioxkeHne BOJIOKOH Ha (otokatone 16-anomHoro ®Y Hamamatsu
R7600-200-M 16 (6)

syemasi mJjsi (pUKCAlMM BOJOKOH B KacceTe, yMeHbIIAeT pPaclpoCTpaHeHHe
CUMHTHJISIIMOHHOTO CBeTa B MOMEePEUyHOM HaIpaBJIeHHH.

[ TPaHCMOPTHPOBKH CUMHTHJ/ISIHUOHHOTO CBeTa K (POTONETEKTOpPaM
UCIOJIb3YIOTCS BOJIOKHA-CBETOBOIBI TOTO K€ JHAMETpa, NMPUKJEEHHBIE ONTH-
YeCKUM SMOKCHAHBIM KJeeM K TOpPLAaM CLUUHTHUJISLHOHHBIX BOJOKOH C OHOM
CTOPOHBI KacCeThl, C COXPaHEHHeM reOMeTpUH YKJAaakH. [IpoTHBomo/s0XKHas
CTOpPOHA KacceThl OTIOJIMPOBaHa M COCTHIKOBAHA C 3epKaJjbHOH MOBEpPXHO-
CTbIO, UTO MO3BOJISIET YBEJHUHTh CBETOCOOP.

CgetoBofbl UMeloT AauHy ~ 20 cM. FIx cBOGOAHbIE KOHIbI BKJIEEHBI B OT-
BEPCTHS KBaJpaTHBIX MJACTHH M3 YepHOro IJIACTHKAa TPyNNaMH MO MSATh
BOJIOKOH, COOTBETCTBYIOIIUX OIHOH KOJIOHKE KacCeThl, OTIOJHPOBAHB U 3a-
(pMKCHPOBaHE! HA (POTOKATOAAX 16-aHOAHBIX (POTOJIEKTPOHHBIX YMHOKHUTEJEH
Hamamatsu R7600-200-M 16, xak mnokasaHo Ha puc.dl, 6. B xaxnoii mioc-
KOCTH HCIOJIb3yeTCs MO IecTh POTOyMHOKHTeNel. THIHYHEIH CBETOBBIXOI —
10-12 ¢oT03/1€KTPOHOB Ha KaHaj. AHa/jOroBble CHTHaJbl C aHONOB MPeod-
pasyioTcs B LHU(POBblE ¢ MOMOLIBI0 TUCKPUMHUHATOPOB C HHU3KHUM IOPOTOM
U napagasHbIMH BeIXogaMH B ctanuapte LVDS nist nepenaun cucreme c6opa
IaHHBIX. JJHCKPUMMHATOPBI PacHoJjioXKeHbl B HEMOCPEACTBEHHON OJHU30CTH OT
(pOTO3/IEKTPOHHBIX YMHOXKHTEJEN.

DPPEeKTUBHOCTD PETUCTPALUU TOLOCKOIIOM OJHHOYHBIX UYACTHL[ MO BCEM
KaHa/naM B cpegHeM pocturaer 99 % npu mHoxectBeHHoctH 1,1 [119]. Bpe-
MeHHOe paspelleHue rogockona cocrasnaseT ~ 0,8 Hc. B Hacrosiiiee Bpemst
U3TOTOBJIEH OJIMH TONOCKOMN pasMepoM 48 x 48 MM, KOTOpbIH yKe HCIOJb3Y-
eTcsl Ha KaHase 14 W KOTOpbIH NpeanoJsaraeTcs HCIONb30BaTh Ha KaHase 24
npu padote ¢ y3kuM (mo 5 cm) myukoM. Ha puc.52 mokasaHbl BOJOKOHHBIH
TOJOCKOI B 30HE 3KCIEePUMEHTAaJbHOH yCcTaHOBKU (a) W ero 16-KaHasibHBIA
IUCKPUMHUHATOP C PerynupyeMsM roporom (6).

Ha puc. 53 nokasansl npou/u nydka (a) U 3aBUCUMOCTb 3(P(PEKTUBHOCTH
BOJIOKOHHOT'O I'OJOCKOMNA OT KOOpAHHATH (6).
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Puc. 52. BosoKOHHBIH TOLOCKON B 30HE 3KCIEPUMEHTAJbHOH YCTaHOBKH (@) W ero
16-KaHa bHBIH OUCKPUMHHATOP C PETyJHPYeMbIM moporom (6)
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Puc. 53. Ilpoduau nyuka (a) U 3aBUHCUMOCTb 3(P(HEKTHBHOCTH BOJOKOHHOTO FOJ0CKOIA
OT KOOpAHHATH (6)



98 ABPAMOB B.B. ¥ JIP.

Puc. 54. BeTo-cuctema BOKPYT MOJSPU30BAHHON NPOTOHHON MHILEHH

K nyukoBo# ammapartype Tak:Ke OTHOCHUTCSI BETO-CHCTEMa, KOTOpast sBJsi-
€TCsl YacThi0 KOMILIEKCA MOMePeuHOo-MoMsPU30BaHHOM MulleHH (cM. 1. 3.3) *.
BHewHu# BUA BeTO-CHCTEMBI TOKaszaH Ha puc.d54. OHa mnpencTasJsieT co-
G0N HETEKTOp 3apsiKEHHBIX YaCTHIL M -y-KBAHTOB, POXAAIOLIUXCH B MHU-
IIeHH B pe3ysbTaTe B3aHMOIEHCTBHUS C NPOTOHAMH Iy4YKa M BBLJIETAO-
IMX K3 Hee non OOJBLUIMMH YIJaMH B J1aOOpaTOPHOH CHCTeMe KOOpAHHAT
(0,25 < § < 7—0,25), He nMonagawIUX B OTKPBITHIA TeJECHBIH yToJ, onpese-
JisleMblil anepTypol 3KCIepUMeHTaJbHOH YCTAaHOBKHU.

JleTeKTOp BETO-CHCTEMBI COCTOUT U3 ABYX ONMHAKOBBIX MOALYJEH, KaxKIbli
U3 KOTOPBIX MepPeKpPBIBAET a3UMYTabHBIN yroa Ay = w. Monynu MOryT nepe-
MeILaThCsl B TOPU30HTANBHON MJIOCKOCTH B MPOTHBOMOJOXKHBIX HalpaBJeHHsIX
MeprNeHIuKY/ISPHO OCH TMyuyKa, YTO IO3BOJISIET BBIBOAHUTb BETO-CUCTEMY W3
MPOCTPAHCTBA MEXAY IMOJIOCAMM MarHWTa Ha BpeMsl HaKauKW TOJISpHU3aluH
MHILEHH W BO3BpallaTh ee B pabouee MOJIOXKEHHE MMOCTe OKOHYAHHS HAaKauKH.

B paoyem mNOJIOXKEHHHM CHCTEMBl paccTOsiHME OT OCH MydKa JH0 ee
BHYTpPeHHeH MOBepXHOCTH cocTaBiaseT 50 MM mo ropusoHTtand u 40 MM Mo
BepTHKaJH. [lJIsi perucTpaluy 3apsiKeHHBIX YAaCTHLL HMCIOJb3yeTcsl MepBbIi
CJIOH IeTeKTOpa, COCTOSIIMH M3 CUUHTHJAATOPA (MOJHUCTHPOJA) TOJLIMHOH
10 MM. MulleHb OKPYKalOT YeThipe MJIACTHHBI CUMHTHJNATOpA. [lnuHa on-
Holl muactuHbl coctaBaser 400 MM. CBeT M3 KaxKAOH MJIACTHHBI COOHpaet-
Csl CIEeKTPOCMEIIAIUMHU ONTHYECKUMH BOJIOKHAMH JHaMeTpoM | MM THMa
BCF-91AMC, nposio’keHHBIMH B KaHaBKaX IMacTHH. [Iydku BOJIOKOH BBIBO-
AT cBeT Ha paccrosiHve 400 MM 3a raGapuTbl MarHHUTa MepreHAHKYJISIPHO
HampaBJIeHHIO yUyKa, Tle MarHUTHOe moJe cjaboe. [IpoTHBOMONIOKHbIE TOPLIBI
BOJIOKOH C KaX</I0H MJ1aCTHHBI cOOpaHbl Ha (hOTOKATONAX ABYX (POTOINEKTPOH-
HBIX yMHOXHTesned PAY-84-3, curHajsbl OT KOTOPBIX HCIOJb3YIOTCS B COB-
NageHusix AJis TofaBJeHus WyMoB. Jlajiee CTPYKTypa BETO-CUCTEMBl COCTOUT
U3 PACIIOJIOKEHHBIX MEePIEeHIUKYJ/ISIPHO MYyUKY UepeAyIOINXCs YEThIPEX CJIOEB
CBHMHLA TOJIILHUHON 7 MM U YETBIPEX CJOEB CUMHTHIISIHHUOHHBIX MJACTHH TOJ-

* Ipu ncnonb3oBanuy 2KBM MoxkeT IPUMeHATbCS APyTrasi BETO-CHCTEMA.
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Puc. 55. AM]'IJ'IHTyILHbIﬁ CIIEKTPp CHI'HaJOB OT KOCMHYECKHX YaCTHL B OJAHOM U3
KaHaJIOB perucTpaluu BETO-CHCTEMbI

IIMHOH 5 MM cO c6OPOM CHTHAJIOB TaKXKe MOCPEACTBOM CIEKTPOCMELIAONINX
BOJIOKOH. DTa YacTb JIETEKTOPA PErHCTPUPYET -y-KBAHTHL.

B Kkaxpmom Monysne CHTHal OT ~y-KBAaHTOB pETUCTPUPYETCs ABYMSI
®OY-84-3 B coBnamenusax. TakuMm o006pa3oM, BeTO-CHCTEMa PETHCTPHPYET
3apsiKeHHble YacTHIbl B UEThHIpEX HHTepBasax M0 a3uMYyTaJbHOMY YTy ¢,
a HelTpasbHble — B AByX. CyMMapHas ToJIHHA cOOPKH cocTaBiseT 60 MM.
KosuuectBo BelecTBa B cOGopke coctaBasieT 5Xo. Ha puc. 55 mpexncrasieH
AMIITUTYIHBIH CIIEKTP CHTHAJOB OT KOCMHUYECKHX YaCTHIL B ONHOM M3 KaHaJsoB
pEeruCTpalyy BETO-CHCTEMBI.

Bero-cucrema BKkio4aeT B ce0st TakKe JBa CHMHTHJISLHOHHBIX
CUEeTYMKA, pACIOJIOXKEHHBIX Ha TOpPIAaX MOAYJEH CO CTOPOHBI KpHOCTATa.
Onu mpexncraBisiioT coGoil nBe MIacTHHBL [-00pasHOH (POPMBI TOJILIMHOH
20 MM. CUMHTHJISIUMOHHBIA CBeT Iepen3sydyaercss CIeKTPOCMellarodM
BoJiokHOM Kuraray Y-11 puamerpom | MM ¢ MakKCUMyMOM H3JydeHHs
B ob6sactd 500 HM W peructpupyercs JaBuHHbBIM (oTonronom (SiPM) Tuna
MicroFC-30035-SMT ¢upmbl SensL.

CxeMaTHUeCKOe TIpelCTaB/IeHHeHHe CUETUHKOB I0KA3aHO Ha pHc. 56. dd-
(PEeKTUBHOCTb PETUCTPALHMHU 3aPs2KEHHBIX YACTHUL STUMH CYeTUYMKAMU COCTAB-
asieT ~ 99,5 %.

Cucrema c6opa DaHHBIX HCIOJb3YyeT BOCEMb KaHAJOB PETHUCTPALMU CHI-
HaJIOB C BETO-CHCTEMBI [Jis1 AaJbHeHIlIero aHaan3aa.

[Ipy M3MepeHHH 3KCKJ/IO3HUBHBIX peakuuil (cm. m.1.5.2) Bero-chcTeMa
MOXeT OBITb HMCIOJb30BaHa [Js (POPMHUPOBAHHsI TPUTTepa MEPBOrO YPOBHS.
[TnaHupyeTcst OpraHU30BaTh HECKOJIBbKO THIIOB TPUTTEPOB /ISl SKCKJIO3UBHBIX
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Puc. 56. CxemaTHueckoe npeacTaB/ieHHe TOPLEBLIX CHETYHUKOB BETO-CUCTEMBI

IIpoLeCCoB. ,HJIH BblJI€JIEHHS MPOLECCOB, B KOTOPLIX B KOHEYHOM COCTOAHHH
HMEIOTCA TOJBbKO HeﬁTpaJ’lebIe YaCTHIbl, B TPUITEPE B aHTHCOBNAAEHUAX MO-
I'YT UCIIOJIb30BATbCA CUTHAJIBI KaK C BE€TO-CUCTEMBI, TaK U C JONOJHUTEJbHOTIO
CUHUHTHUJIALUOHHOTO CYETYHKA, PACIOJIO2KEHHOro 3a MULIEHBIO U PErucTpu-
pytoiiero coOBITHS, B KOTOPbIX B TeJIeCHBIN yroJ yCTaHOBKH BblJI€TA€T XOTsA
Obl OJHA 3apsXKeHHas JacTtula.

3.3. Mumenn. Jl15 U3MepeHHs OJHOCIHHOBBIX MONEPEYHBIX ACHMMET-
puil Ay Ha Bomopone Oyner ucrnosnb3oBaHa KBM, nasi usmepenuss Ay Ha
sapax — OObIUHble siiepHble MUIIeHU (0T OepUJ/IIUs OO CBHHLA). DTH XKe
MHULIEHW MOTYT MPHUMEHSITbCS [JIsi MCCJENOBAHUS MOJSPH3aLHHU THIEPOHOB
¥ BBICTPOEHHOCTH BEKTOPHBIX ME30HOB.

BonoponHbie MUIIEHH, KOTOPBIE UCMIONbB3YIOTCS B SKCIIEPUMEHTAX Ha YCKO-
putesbHOM KoMiiekce DB, comepxxkar B pabodeil 4acTu HeboJsbIIOE KO-
JIMYIECTBO KUAKOro Bojopona (no 4 x). ITostomy nesnecoo6pasHo MPHMEHSTh
MHILEHH He KJaCCHUeCcKOro THIa (¢ pe3epBHBIM BOIOPOIHBIM 6aKOM GOJIBLIOTrO
o6beMa), a ¢ 3aMKHYTbIM BOJOPOAHBIM LHKJOM, UTO 3HAYHUTEJNbHO yMeHb-
maet obliee KOJUYECTBO HMCIOJb3yeMoro Bomopona. [lpy aToMm moBbllaercs
6e3omacHOCTb paboT, oTnagaeT HeOOXOAUMOCTb BO MHOTHMX HOPOTOCTOSILIMX
CHCTEeMaX BONOPOAHOH 6e30MacHOCTH M 3aMeTHO ympollaetcsi padoTa ¢ ¢u-
3MYeCcKOH ammapaTypoél BOKpPYT MHuIUeHH. /I OCYILeCTBJEHHs B MHILEHH
3aMKHYTOTO LIMKJIAa BOAOPOJA MPUMEHSIOT MEXaHUYECKHH KPUOTeHepaTop HJH
OXKM2KEHHEe BOAOPOIA XKUIKHM rejineM. BogopoaHble MUILIEHH C XKUIKHAM TeJd-
€M XOTsSl 1 MeHee S5KOHOMHYHBI, HO Jierde B U3TOTOBJIEHUH, NPOLLE H HalleXKHee
B 3KCIJIyaTallU¥, 4eM MHUIIEHH C KpUOreHepaTopaMHu. B 3aBUCHMOCTH OT
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KOHCTPYKLMH B TaKHUX MHIIEHSX JJISI OXKHXKEHHS BOJOPOAA MOTYT MCIOJb30-
BaTbCs TEIJIOTA WCIAPEHUs XKHUIKOTO TeJsidsl, XOJIOA MapoB Tesusl WJM, 4TO
9KOHOMHUYECKH MPEANOUYTHUTENbHEE, U TO U APYTOE.

B UDB2 paszpaborana 2KBM, B KOTOpoH 0KMKeHHEe BOLOPOAA MPOU3-
BOIUTCS MOTOKOM JKHUJAKOTO TeJIUs C HCIIOJNb30BAHHUEM TEIJIOTH HCMApeHHUs
JKHJAKOTO TeJIUsl U XOJI0Ofia NapoB IPY MUHHMAaJbHOM YHCJe CTYIEeHeH TemJo-
oOMeHa MeXNy reiieM U BOLOPOIOM.

Muitenp BkJ04aeT B cebs pabouuil 00beM, HaXoIsLIMHCA Ha MydKe ua-
CTHL U 3aMOJHEHHBIH XUIKUM BOJOPOLOM, KOHIEHCATOpP, B KOTOPOM OXKHKa-
eTCst BONOPOJ, U TPYyOONPOBOA KUAKOTO I'efivsl, 3aKaHUUBAIOLIUHCS CTHIKOBOU-
HBIM Y3JIOM. DT YacTH MHIIEHH OKPYXKEHbI TENJIOU30JALKEN U 3aKJ/I0UeHbl
B BaKyyMHbIH KOXYX.

Ha Bpemst paGoTel MuUllIeHb NTPHCOEANHSIETCS K cOCyAy Jlbloapa ¢ XXUAKUM
rejueM. bBJiouHash KOHCTPYKLMS MHIIEHH M03BOJseT 6e3 0cobblXx NpobieM
MeHSITb KOH(UTIypalHio pabodero odbeMa NPUMEHHUTE/]bHO K 3ajadaM KOH-
KPETHOTO (PU3MYECKOro IKCIIEPUMEHTa.

OcHOBHBIE MapaMeTphl UMelolecs MULIEHH:

— nauHa padoyero o6bema — 500 MM, nuamerp — 100 mm;

— BpeMs BbIX0OJa MHILIEHH Ha pabo4yuil pexuM — 3 u;

— pacxof KHUIKOro reqiusi B pabouem pexume — 0,7 s1/4.

Hcnonb3oBaHre cucTeMBl OXJIaXKAEHHSI HA OCHOBE »KMJKOTO TeJslvsl ONpaB-
IaHO ellle U HeOOXOAMMOCTbIO ofecreyeHHss pabOTOCIOCOOHOCTH MOJISIPU30-
BaHHBIX MHUIIeHeH (OTMHCAHBI HUXKe B JAHHOM pa3jiesie) U CHCTEMBl IOBOPOTA
cnuHa (1. 2.4).

JL71s1 5KCreprMeHTaNbHOTO H3MepeHHst (pakTopa pa3baBiieHust (3aBUCHT OT
THNA peakUUH, MHIIEHH U KHHEMaTHYeCKUX TepPeMeHHbIX) TpeGyTes U3Me-
PEHUS Ha YHCTOM BOLOPOJE, 3aJIUTOM B 000JI0UKY MHUIIeHH. Takke TpebyioTcs
U3MepeHUs] cedyeHu#l Ha Jerkux sigpax (C, Al) nns ydera 3aBHCHUMOCTH
ceyeHHH 00pa30BaHUS YACTHL, OT aTOMHOTrO Beca MHIUEHH NPH BBIUHUCJIEHHH
(bakTopa paszbaByeHUS.

3.3.1. Ilonsapu3oéannas muuleHv O U3MEPEHUA OOHOCRUHOBbLLX
acummempuil u 08YXCNUHOBLIX nonepedrsvix acummempui. s usMepe-
HHs1 OLHOCIIHHOBBIX MOMEpPEeYHbIX aCHMMeTPHi Ha KaHase 14 U IBYXCIHMHOBBIX
MOMepeyHbIX acUMMeTpuil Ayy Ha KaHajte 24 TJIAHHUPYeTCsl MCIOJIb30BaTh
TOTePeYHO-TIOJISIPH30BAHHY 0 MHLIEHb.

[Monspusosannas MumeHb s skcnepuMmenta CITACHAPM — wmuiteHs
«3aMOPOXKEHHOr0» THMA. TakKhe MHIIEHH HMeEKT psil MPEeUMYIIeCTB Mepel
MHUILEHSIMH C HeNpepelBHOH AWHAMHYECKOH HAKauKOH [MOJISIpU3aUMH sifep.
XoTsl mJisi HAKAYKH MOJSIPU3ALMH [/ MULIEHEH 000UX THIIOB MCIIOJb3YIOTCS
GoJblive MarHUTHbIe MoJist (B HaweM caydae 2,4 Ti) ¢ BbICOKOEH OfHOpPOIHO-
ctoio (AB/B =~ 10%) Bo BceM paboueM o6beMe. B ciyyae «3aMOPOKEHHbBIX»
MUILLIEHEeH [ yoepKaHus MOJSIPU3aLHE MOXKHO HKCIOJb30BaTh AOCTATOUHO
cnabuie moJisi (6osee 0,25 Ti) ¢ HeBbICOKOH 0nHOPOAHOCTBIO (0KOJO 1 %).
DTo no3BoJsisieT 06ecneynTh OOJBLIONH TeJeCHBIH yros ycTaHoBkH. O6GpaTHOH
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CTOPOHOH Menanu sIBJsieTCs He0OXOAUMOCTb oOecreyeHUs] CBEPXHU3KOH TeM-
nepaTypel B KPUOCTATe MHUIIEHH, YTOOBI BpPeMs peslaKCalUH [MOJSPH3anNH
JOCTHraJ 0 HecKosbKo coTeH dacoB (1o 2000 u). PaGouee BelecTBO MHILIEHH
B BUJle ILIAPUKOB AHAMETPOM 10 2 MM C KO3(PQPHULUHEHTOM 3aMO0JHEHHS OKOJIO
60 % nomemiaercsi B TepJIOHOBYIO aMiysy. AMIysa BCTaBAsSETCS B KPHOCTAT,
CrIOCOOHBIH 00eCIeunTh TeMIepaTypy HECKOJNBKO JECSTKOB MHJJIMKeNbBUH
B pexuMe 3aMopo3ku. Takas HH3Kasg TeMmIeparypa ofecreyuBaercs pac-
topenrem He® B He' ¢ momourbio fnomosnuTesbHOR oTkauku. OnHOH H3
TPYZHOCTeH pabOTHl C TAKOH MHILIEHBIO IBJAAETCS TO, UTO FeJIMH HAXOLUTCH B
CBEPXTEKYyJYeM COCTOSIHMH, M03TOMYy TpefyeTcsl BhICOUalllee KauecTBO H3TO-
TOBJIEHUS] U COOPKU HeTaslell KpuocTarta.

Komniieke «3aMOpoKeHHOH» MOJISIPU30BAHHOM IPOTOHHOH MHIIEHH BKJIIO-
yaer B cebs:

— TeJIMeBBI KPHUOCTAT FOPU30HTAJNBHOIO THNA C pedpHUKEpPaTOPOM pac-
teopenuss He® B He', BkJtouast cucTeMy 1aTUMKOB M PUOOP AJs U3MEpeHHs
KPUOTEHHBIX TEMIIEPATyp;

— aMITyJ1y C BEI[eCTBOM MHIIEHH, PACNOJIOKEHHYIO B BAaHHE PAaCTBOPEHHS
pedpuxKepaTopa;

— anmaparypy AJsl CO3AaHHUS ¥ U3MepeHHs BBICOKOH NOJISIPU3aLUy [IPOTO-
HOB MHILIEHH;

— MarHuUTHYIO CHCTEMY.

B nossipusoBanHoii Muiend skcrnepumerta CITACHAPM wucnosib3oBaH
reJIMeBbIH KPHOCTAT FOPH30HTANBHOTO THIA C pePHUIKEPATOPOM PACTBOPEHHS
He? B He, o6ecreunBatomum f8a pexxuma paboThi:

— «TeJIbli» pexXUM Hakauku nogsipuzauuu npu 7' = 0,2—0,3 K;

— «XOJIONHBIH» peXKUM coxpaHeHHs moJsipusanuu npu I’ = 30 mMK.

TernnoBast H30JSILKS HU3KOTEMIIEPATYPHBIX Y3JI0B KPHOCTATA OCYIIECTBIIS-
eTcs BaKyyMHOH pyOalllKoH W FepMeTHUHBIMM 3KpaHaMH IIPH TeMIlepaTypax
77nlK.

[Tocsie Hakauku mossipusauuu npu temmneparype T = 0,2—0,3 K pedpu-
xepatop pactBopenus He? B He! oBecmeunpaer HempepbiBHOe oxsaskjeHHe
nossipusoBaHHod MuiieHd a0 1" ~ 30 MK, 4To mo3BoJsieT cOXpaHATb CJ1a6o
MEHSIOIIUMCS 3HaUeHHe TOJSIPH3al1HU IPOTOHOB B TeueHHe HAabopa CTaTHCTH-
Kd B cjabom mMarHUTHOM noJjie ~ 0,4 T («3aMOpOXKEeHHBIH» PeXUM).

Lupkyaupyiomuii razoo6pasueii renuii He® oxsaskaaercss mocaenopa-
TeJIbHO B TeMJo0GMeHHHKax a3oTHOro 6aka, 6aka He!, 1-K BauHe, KoHmeH-
cupyeTcsl M MoCTyrnaeT B BaHHY ucrnapenus He3, a sarem — B xaman temso-
o6mennuKa. M3 Tennoo6mennnka He? mocTymaeT BHH3 BaHHBI PacTBOPeHHs
U «BCIJIbIBAeT» [0 KaHaJaM MexAy LIapHKaMH BelllecTBa MHUILEHH, PacTBOPS-
Ch IIPU 3TOM H, TAKUM 00pa3oM, oxJaxjas BemecTBo MumeHu. duppyHnu-
pysi BHyTpH pabouero obpasiia Mulienu, He? moctynaer B BaHHy HCMapeHHs.
Otkauka resiust He® us Banubl ucnapenus ocyiuects/siercs Hacocamu. [loce
nacocos He3 npoxoaut yepes asoTHyIo JIOBYLIKY M BO3BpalllaeTcsi B KPHOCTAT.
[ToppoGHO KpHoCTaT MOJsSPU30BaHHON MHLIEHH onucaH B pabote [120].
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PaGouuM BellecTBOM MOJSPU30BAHHON MHILEHH SIBJSETCS MEHTaHOJ
(CsH20) ¢ napamaruutHoii npumecbto TEMPO. &akrop pasbdasie-
HUsl (OTHOLIEHHe UHCJa BCeX HYKJOHOB K UHCJHY TOJISPH3YeMbIX MPOTOHOB)
cocraBnsier 8,4. Pabouee BellecTBO MHILEHH B BHIe IIAPUKOB NHaMETPOM
IO 2 MM, 3aMOpOXeHHBIX B JKHAKOM a3oTe, 3achlllaeTcsi B Te(JOHOBYIO
amnyay avamerpoM 20 Mm u aauHo# 200 mM. AMmnysna BCTaBJsieTcsl B BaHHY
pacTBOpEHMsI KpHUOCTaTa NMpH a30THOH Temmnepatype. KosudyecTBo BelecTBa
B Mumenn — 13,2 r/em?. Ao cooTBercTByeT ~ 10 % IIHHB B3aHMOJEHCTBUS
IJisl T -Me30HOB ¢ dHeprueid 28 ['3B.

MakcumanbHas BeJUYrHa MOJsIpu3aunu 75 % MOCTUraeTcss METOIOM MH-
HaMmuueckol nossipusauuu spep (AI14). Ons ocywectsaenus AT Heobxo-
IVMBl OTHOBPEMEHHO CJIeYIOLHe YCIOBHS U amapaTypa:

— CBU-reneparop ¢ yactoroit okoso 70 I'Tw;

— wmarnuTHoe noJe 2,4 Tn* ¢ ogHopoaHocTtbio A(B)/B nopsaxa 10~* Bo
BceM paboueM o6beMe MHIIeHH (~ 60 cm?).

Merton ocHoBaH Ha 3(ekTe BO3OYKIEHHS 3JEKTPOHHOIO NapaMarHuT-
Horo pe3onaHca (JIIP) ¢ mossipu3aunedl aTOMHBIX 3JIEKTPOHOB B MarHWT-
HOM MOJIe U NOCJeNyIolled Nepenaded MOJsPU3aLMH IPOTOHAM B Pe3yJibTaTe
uenouyku atomHbix nepexonoB [121]. Hacrora IOIIP 3aBucut oT MHAYKUMH
MarHutHoro mnoJsi. Mwmerouuiics B Hawem pacnopsikeHun CBY-reHepatop
MOKPBIBAET AMamasoH 4yactoT ot 66,17 mo 67,17 I'Tu. Has DIIP stoT nua-
Ma3oH COOTBETCTBYyeT MHAYKUMAM oT 2,365 mo 2,401 Tu, HeoOXOAUMBIM [J151
YCIELIHOH HAKaYKH MOJISIPU3aLUK TPOTOHOB B MHUILEHH.

BesnunHa nossipusalvy U3MepsieTCsl METOIOM $IIEPHOrO MarHUTHOTO pe-
soHanca (IMP) npu nose Hakauku. Habop CTaTHCTHKM NP ORHOM 3HAKe
MOJISIPU3ALMK TIPOOJIKAETCSl OOBIYHO JABOE CYTOK, MOCJE YEro MPOUCXOAUT
peBepc noJsipusauuu. Bpemsi peBepca (HakKauku MOJSPU3ALNN APYTOU MOJSIP-
HOCTH) 3aHHUMaeT HECKOJIbKO UacoB.

Hcnonbayemasi B HacTosillee BpeMsi MULLIEHb MPOILJIA [YOOKYI0 MOAEpPHHU-
3aluio 175 paboThl B MarHUTHOM nosie 2,4 Tn (mpH Hakauke MOJsSIPU3ALIHH)
U ycremHo orpaborana B TectoBoM ceaHce 2018 r. BuemHuil Bug MurieHu
TNpeaCTaBJeH Ha pUc. 54 BMecTe ¢ OXPaHHOH CHCTEMOH BHYTPH MarHHTa.

OO6wuii BHI MarHWTa MokKasaH Ha puc.b7. B pexume HaKaukd MOJSpH-
3allMK MHUIIeHb, oxJaxieHHas no T = 0,2—0,3 K, nomeimraercss B 1eHTpe
pabouero 3aszopa. [lose (opmupyeTcss B HeM TMOJIOCAMH H3 IepMeHApa
49K®D mupunoii 164 mm, paunoit 1000 MM u TosnuuHo# 80 mM. [ToTok moss
3aMbIKaeTcsl Yyepe3 MarHHUTONPOBOABI, H3roToBJeHHble K3 cTaau Ct3. Bepx-
HUH W HHXKHHE MarHUTONPOBOIBI BMECTe C MOJIOCAMHU MOTYT CHMMETPHUUYHO
CIBUraThCsl MJM pa3aBUraThes. B CIBUHYTOM COCTOSIHMM NPU BHICOTE 3a30pa
MeXIy MoJcaMd 75 MM M HOMHMHAJbHOM TOKe MHUTaHHs Maruuta 1440 A
MarHUTHOe MoJie B ero LeHTpasibHOH yacTH nocturaet 2,4 Ti.

* HeobxonnuMoe 3HaueHHe BeJUYMHBl MAarHUTHOTO 10/ NPSMO HPONOPLHOHANBHO
yactotre CBY-reneparopa.
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Puc. 57. O6wwmii Buxg mMarHurta «Jlu-
HO3aBp» C BBeleHHOH B pabouee Mo-
JIOXKeHHe OXPaHHOH cHucTeMol u pabo-
YUMH KOMMYHHKALHAMH Ha YCTaHOBKe
CITACUAPM Ha kanane 14 yckopu-
tens Y-70

Ha puc. 58 npuBeneHa HarpysouHas
KprBasi mMarHuta «J{MHO3aBp» MOJSPH-
30BaHHOU MHILEHH MPH COMKHYTBIX MO-
Jocax. B 3ToMm peXnme ocyliecTB/IseT-
csl HakayKa noJsipusauuu. [locse oxsa-
xaeuuss mumweHu go 1T ~ 0,03 K 1no-
Jqioca pasasuraiotcs Ha 250 MM, OT-
KpblBasi amnepTypy MarHurta [Jjs BTO-
PUUHBIX YaCTHIL[, BbIJIETAIOLIUX B Ipe-
nenax £300 Mpang 1O TOPHU3OHTaNH U
£250 Mpax 1o BepTMKanu. MarHur-
HOe TI0Jie TIPU 3TOM yMeHbLIaeTcsl M0
~ 0,4 Tn, u noasipusauusi MHUlIeHU
ylnepKuBaeTcsi B TedeHue 1-2 cyr.

Cpasy mocJ/ie M3roTOBJIEHHS] MarHHu-
Ta B pabouedl (LeHTpasbHOH) 06/acTH
MHULIEHU B UMJIUHAPE AuaMeTpoM 20 MM
U giuHo# 200 MM MoJiydeHo MoJie ¢ WH-
nykuuei ~ 2,4 Tn u MakCUMaJibHOH OT-
HOCUTEJ/IbHOHM Bapuauued OT MHHHMY-
Ma K Makcumymy ~ 4131074, Cpen-
HeKBaJpaTHUYHOe OTKJOHeHHe B 00be-
Me TMOJISIPU30BaHHOH MHIIEHH COCTaBH-
J0 ~ +4,3-107* Tpaduuecku Tomo-

rpacpml OTHOCHTEJIbHBIX OTKJOHEHUH MOJIY4YEHHOT0 MarHuTHOTO IMMOJisA Ha IOo-

BEPXHOCTH MHILEHHU OT €ro CpeiHeH

puc. 59.
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SRANEALTTTHT, 7

rZ 77

Y, CM

Puc. 59. PeSyJIbTaTbI NepBoOHa4YaJbHOTO HM3MEpPEeHUA MOoJsd MarHuTa HOJ'IHpH30BaHHOI>i
MHUILIEHH

B nenranone CsH 2O ¢ nobaBko# pamukana TEMPO, wncnosnbsdyemoro
B HacTosilllee BpeMsi B KauecTBe paboyero BelleCTBa, OTHOCHUTEJ/bHAS LIHPHHA
aunun nornoutenns (RMS) B nose 2,4 Ta cocraBiser ~ 1,65 - 1074, Takum
00pa3oM, AJsi yCIEMHOH Hakadyku (rmosyueHusi TpeGyeMoi MOJSPU3aLMU M0
BceMy 00beMy MHUIIEHH) HEOOXOAUMO, UTOOB ONHOPOAHOCTE MATHUTHOTO MOJIS
BHYTpH pabouero o6bema MuIIeHM cocTaBisna +1,65 - 107% uam meHbue.
Jns poctrkeHusi TpeOyeMoH OIHOPOAHOCTH OBII MPOBENEH LUK HeOOXOH-
MBIX PaGoT ¢ MarHHUTOM MoJsipu3oBaHHOK MulieHu. Ha puc.60 mnpuseneHa
KapTa MoJisi MarHUTA MOJISPU30BAaHHOM MHUILEHH BO BpeMsl ONTHMH3ALUH H IO
OKOHYaHHH paborT.
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Ecau mpu mepBbIX H3MepeHHSIX HEONHOPOAHOCTb MArHUTHOTO MOJs CO-
craBisna 1o (4,28 +0,08) - 10~* (npu makcumanbHOM pas6poce 2,5 - 1073),
YTO He MO3BOJISAJI0 HAKAUaTh MOJSPU3ALMI0 MUIIEHU BO BCeM 00beMe, TO MO
pe3ysbTaTaM MpOBeleHHBIX paboT yaaa0och CHU3UTh HEOMHOPONHOCTD IIOJIS 10
(1,22 £0,07) - 10~* (npu mMakcumanbHoM pas6poce 7,8 - 1074).

JL1si muTaHHS 3JeKTPOMAarHHWTa HCIOJb3yeTCs THPUCTOPHBIH HCTOUHMK
nutanust 28TI12 (Uyey = 215 B, Iy = 1500 A). TupuctopHbléi npeo6paso-
BaTeJb BBIMOJIHEH MO 3-(pa3Hoil CUMMETPUYHOH MOCTOBOH cxeMe JlaproHOBa.
Jlnsi oxnaXKIeHusi TUPUCTOPOB TPUMEHSIIOTCS MOAYJIM BOASIHOTO OXJaXKIeHUs
SS15BL. [lopaBsieHue my/abcaudil BBIMPSIMJIEHHOTO HAMPSIKEHHS OCYLIECT-
BJasieT naccuBHbIU [-o6pasueiit LC-¢puabtp. IlpumeHenne ob6paTHo cMellleH-
HOrO HYJIEBOTO [HOJA, MOAKJ/IOUEHHOTO MapajyesbHO BBIXOLY HCTOYHHKA,
TMO3BOJISIET 3ALIUTHTD 3JE€KTPOMAarHUT U THPUCTOPBI OT MepeHaNpsiKeHHUs TpH
CHATHH TOKa, a TakXe MpeNOTBpallaeT MOSIBJEeHHe HaNpsKeHHs 0O6paTHOU
TOJISIPHOCTH Ha KOHJEHCATOpPaX MacCHBHOTO (PUJBTPA.

B pesysbraTe B mocJieHEM CeaHCe Ha MHILEHH 3a KOPOTKOe BpeMs yna-
JIOCh TOJNYYUTh nossipusanuio Boilie 70% TNpU TeOpeTHYECKOM MaKCHMyMe
0K0J10 75 %, a cpefHsis Mmossipyusalus npyu Habope NaHHBIX cocTaBuia 65 %.

Marunut «[l1H03aBp», KOTOPBIH HCIONb3YeTCsl [JIsl NONePedHO-M0SIPU30-
BaHHOHM MHILIEHH, UMeeT TeJeCHHH yroJ packpeTus =+ 250 Mpan mo BepTH-
KaJii, 4TO MO3BOJISIET MPOBOAWUTL H3MEpPEHHs B LIMPOKOM KHHEMaTHYeCKOM
IManasoHe.

3.3.2. Iloaspu3osannan muuienov 014 u3mepeHus 08YXCNUHOBbIX NPO-
donorolx acummempuii. J1si U3MepeHHUsl NBYXCIIHHOBBIX MPOLOJBHBIX aCHM-
MeTpuil Ap; B YCTaHOBKE MHCIIOJb3YETCS MPOAOJbHO-TIOJSIPH30BAHHAS MHU-
wenb. Kpuocrar atoit muiuenn [122] 6bu1 nsrotosned B 1990 r. B pamkax
skcnepumenta E704 Bo FNAL (CHIA) u cefiuac Haxomutcs B OWSM.
O6umii BUI KOMILIEKCA MPOAOJbHO-MOMNSPU30BAHHON MHUILEHH MpPUBEIEH Ha
puc.61 u 62.

B OHAN Takke ecTb CBEpPXIPOBOASILIMN COJIEHOWH, M3TOTOBJIEHHBIH I10
obpasuy Qpanuysckoro coseHouna njs muimenn E704. Kpuocratr Bmecte
CO CBepXMPOBOJSLIUM COJIEHOUAOM MOXeT ObiTb TpaHcrnopTtupoBaH B UDBI
1 ucnosb3oBaH B akcrnepuMeHTe CITACHAPM Ha kanane 24A.

DTa MHLIEHb — «3aMOPOXKEHHOTr0» THIA, B KPHOCTaTe MHUILEHH HHU3Kas
TemrepaTypa NOCTMraeTcsi C TMOMOIIblo MeTosa pactopenuss Hed B He?.
Pabouasi Temmeparypa HpH HCNOJb30BaHUHM JaHHOH MuleHH Oblia 60 MK.
[To ocHOBHBIM mpHHOMNAM PaGOTEl U XapaKTEPHUCTHKAM 3Ta MUIIEHb COBIMa-
IaeT ¢ ITONepevyHO-NOoJSIPU30BAHHON MHUIIEHbIO, 38 HCKJIOYeHHeM HalpasJe-
HHSI MarHUTHOTO TIOJISL.

OcHoOBHBIE MapaMeTphl MOJSPU30BAHHON MHULLIEHH:

— xumuyeckui coctaB — nedranos (CsH;20);

— nivHa pabovero o6vema — 200 mm, nuamerp — 30 mm;
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Puc. 62. To xe, uTo 1 Ha puc.61, HO BUL cOOKY

— MOJISIPU3ALIUS MOXKET AOCTUTaTh 75 %;

— XUMHUYECKHH (akTop pas3baBieHHs (OTHOIIEHHE YHCJA BCEX HYKJIOHOB
K UHCJIY TIOJISIPM30BAHHBIX IPOTOHOB) — 7,3 1JIs MEeHTaHoJa.

CBepxXIpOBOAAIIMY COJEHOU] UMEET MOJHYI0 IJIUHY 86 CM U BHYTPeHHUH
nuametp 9,4 cM. B akcnepumente E704 pacxonoBanoch 1,5 J1 XKMIKOTO resius
B yac. MaxkcumasnbHoe nose npu Toke 185 A pocrurano 6,5 Tn. Opxaxo
B Xofle HabOpa CTATUCTHKHM MAarHUTHOe MoJie cocTaBuso 2,5 T, uto ObLI0
IOCTAaTOUHO AJISl HYK] dKcrepuMeHTa. OOHOPOOHOCTh MarHUTHOTO M0JIs BHYT-
pu paboyero obbema MuleHu coctaBuaa =+ 5 - 10. TlosHbI# TesecHbIH yrog
packpbiTusi — 130 Mpaj Mo OTHOIIEHHIO K OCH MydKa.
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3.3.3. Hosas nonspu3o6annas muuleHv 071 U3MEPEHUs NonepedHsblx
u npodonvHbix acummempuii. 1y ©U3MepeHHsl NBYXCIHHOBBIX MPOIOJBHBIX
acummeTpuit Arpy B sKkcrnepuMmeHTanbHo# ycranoBke CITACHAPM naanupy-
€TCsl HCIO0JIb30BaTh INPOLOJbHO-MOSPU30BAHHYI0 MHUIIEeHb. JlJs1 3TOH Lesu
Jiydllle BCEro CO3[aTh HOBYIO MOJISIPU30BAHHYIO MHILIEHb «3aMOPOKEHHOT0»
THIIA Ha OCHOBE Pe3yJIbTAaTOB MOCJEHUX YCIEMIHbX Pa3paboToK B 3TOH 06Ja-
cTd. [1aBHOe OT/IMYMe HOBOH MHIIEHH — 3TO peasnd3alys BO3MOXKHOCTH HC-
T0JIb30BAHHUS «XOJIOAHOTO» KpaHa KPHOCTaTa AJIsl OXJIAXKJEHHS TOJISIPU3YIo-
el ¥ yoepKUBaollel mosspusauuio katyuek. Ha puc. 63 nokasan kpuocrar
TIOJISIPU30BAHHOH «3aMOPOXKEHHOH» MHIIEHH CO CBEpPXIPOBOASLIMMH KaTyll-
KamH, paspadoranseiii B OMSH.

B Takoil KOHCTPYKLHHU OTNafaeT Heo6GXOIUMOCTb BO BHELIHEM IOJISIPU3YIO-
meM MarHdTe, W AETEKTUPYIOIIasl CHCTeMa 3IKCIEePHMEHTaNbHOH yCTaHOBKH
MOXKeT pacloJiaraTbCsi MakCHMaJbHO GJIM3KO K MHIIeHH. Dosblive HapaGoT-
KA B 3TOH 06JIaCTH K HACTOSILIEMY BPEMEHH HMEIOTCs y CIELHaJHCTOB M3
Bonnckoro u Maiinuckoro yHuBepcuteToB [123, 124]. Jlpyroit ocobGeHHO-

Transverse (Saddle coil)

-

and
Longitudinal (Solenoid)

New coil with

10 layer (2.5 T) in
Mainz mechanical
workshop

Internal
holding field (1.2 K, 0.6 T)

Puc. 63. Kpuocrar nossipusoBanHod MuieHu ¢ nogspusyionied (Saddle coil) u ynep-
XuBamoled nossipusaurio (Solenoid) cBepXmpoBOSIIMME KaTyLIKAMA
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CTbIO TAaKOH MHILEHH SBJSETCS BO3MOXKHOCTh CO3aHHUS KaK NMPOOJNBHOH, Tak
U IBYX IOMepeyHbIX (BePTHKaNbHOH ¥ FOPU3OHTANBHOM) MOJISIPU3aLHH.

Ha puc.63 mnokasaHo ycTpOHCTBO A/ HAMOTKHM TaKUX KaTylIeK, CO3-
nanHoe B MariiHuckom yHuBepcuteTe. Hannune coBMecTHBIX pa3paboToK
U nonroBpeMeHHoe coTpynHudectBo OUSAN ¢ atum u apyrumu HeMeUKUMH
YHHUBEPCUTETAMH AAIOT HafeXAy Ha peau3aluio MHOTHUX NPHHLUNHAJIBHO
HOBBIX BO3MOXKHOCTEH, CBSI3aHHBIX C HCIIOJb30BAHHEM TOJISPU30BAHHON MU-
ILIEHH.

C noMoILbI0 NaHHOH MUILIEHH OblIM MOJYyUeHbl OXHIAeMble pPe3YJbTaThl,
MHUHHMMaJsbHasi TeMIepaTypa cocTaBuja MeHee 35 MK. IT1o mosBosuso c
NpyMeHeHHeM OyTaHoJa B KadecTBe paboyero BellecTBa NOCTHUb IOJSPU3a-
uun 86 % co Bpemenem pesakcauuu 1800 u (500 u mpu pabore ¢ mMydKoM).
[Tpu ucnosib3oBaHUU JeliTepUpOBaHHOrO OyTaHOJa, JONHPOBAHHOIO 100aBKOK
Finnland D36, nonyuena MakcumasbHast mossipusaiins 79 % ¢ TeMm e Bpeme-
HeM pesakcanuu — 1800 u (na myuke 1100 u).

Eue onHO#M mpuB/eKaTeJbHOH YepTOH TAKOH KOHCTPYKIMHU SIBJSIETCS BO3-
MOXKHOCTb TIOMECTHTb B TOT K€ KPHUOCTAT MOJSPHU30BAHHYK MHLIEHb-CLHH-
tTuansitop «Active target> [125]. MuieHH-CUHHTH/NSATOPE Upe3BblUaiiHO
TMOJIE3HBl [/151 U3MepPEeHUs psilla peakluH, Tak Kak [03BOJSIOT CYLIECTBEHHO
YJAY4LIMTh TOYHOCTb ONpe/iesleHHsl BEPLIMHBI B3auMoneHcTBUS. B HacTosee
BpeMsl MOAOOHAs MHIIEHb HCIIOJb3YeTCsl B 3JKCIIEPUMEHTEe Ha YCKOpHUTeJse
MAMI (Maiinn) ¢ ygactueMm cotpyaHukoB OMSM. O6buHO oHa ycTaHaB-
JIMBaeTCsl Ha creunanbHod BeraBke-mutanre (Cryostat-Insert, puc.64 u 65),
KOTOpast P HeoOXOAHMOCTH BBOAMTCS B KPHOCTAT.

Yike ycHelHO NpoBeleH MEePBbLIE B MUpe IKCIEPUMEHT C 3TOH aKTUBHOH
nosisipu3oBaHHON MuieHbio [126]. Ee Bbicokas 3¢h(heKTHBHOCTb U HU3KHE
TIOPOT PETUCTPALMHU TIPOTOHOB OTHAYH OTKPBIBAKOT HOBblE BO3MOXKHOCTH B HC-

7 U,

Muiiedb
(T = 45 uK)

[lnara JOETEKTOPOB
(T=4K)

Puc. 64. OcHOBHbIE BHYTPEHHHE Y3JIbl MHIIEHHU-CLUHHTHIIITOPA, CO3aHHOH COBMECT-
HbIMH yeuausMu (Maiinu-bonn-Boxym—-OWAN)
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3He-4He-mixture

Kryostat | Light guide tube, vacuum inside

Outer vacuum seal Inner vacuum seal
Detector board Target

L

V\A/N
220
226

1500 20

Puc. 65. [TosnsipusoBaHHast MUlLeHb-CUUHTHASITOP (MaiiH)

CJIeIOBAaHUH CIIMHOBOH CTPYKTYphl NPOTOHA U B NOJYYEHHH MOJEJNbHO-He3a-
BUCHMbBIX NaHHBIX. [losisipu3alinss MPOTOHOB 3TOH MHIIEHH-CLHHTHIIATOPA
cocraBusa ~ 65%, Bpemsi MOANepXKaHUs TMOJSIPU3ALUK [PH TeMIEepaType
45 mK B marnutHoM noJie 0,4 Tn — okosio 100 4. Ha nyuke nossipusoBaHHBIX
MedeHBIX (hOoTOHOB yckopuTesass MAMI usmepeHsl noJsipu3alioHHbIE HAGJIO-
llaeMble B peakuusax poropoxkaenus - U m+-Me30HOB, a TaK:Ke aCHMMeTpHs
CeuyeHHs] KOMIITOHOBCKOTO paccesiHUsl, 103BOJIA1011as H3BJleUb MOJeJ]bHO-He3a-
BHUCHMble JaHHBIE O CIIHHOBOH MOJSIPU3yeMOCTH MPOTOHA.

HoBasi mumeHes mo3BosisieT 10OUThHCS TakKe MaKCHMaJjbHOH aBTOMAaTH3a-
UM YCTAHOBKH M [IHUCTAaHLHWOHHOIO KOHTPOJSI OCHOBHBIX MapaMeTpoB, 4TO
Ype3BBIUAWHO BayKHO [/ TOBBILIEHNST HALEKHOCTH U 9KOHOMHUYHOCTH JKCIIe-
pUMEHTa/bHOH ycTaHOBKH. Pa6oThl 0 CO3JaHUI0 CHCTeMbl U3MepeHHUs M0Js-
pr3auuy MuuleHd Ha ocHoBe FIMP MoryT GBITh BBHINTOJIHEHBI CHELHATUCTaMU
u3 OMAHN u BoxyMmckoro yHHMBepCHUTETa, KOTOpble MMEIT K HACTOSILIEMY
BpeMeHHM MHpPOBble pa3paboTKH B 3Toi obsactu [127,128].

Kpome kpuocTara mo/isipu3oBaHHOH MHIIEHH HEOOXOAUMO CO3[aTb CIeLu-
aJbHYI0 TePMETHUHYI0 HACOCHYIO Tpynmy aas uupkyasuuu He® u oTkauku
He?, paspa6orath u cosmaTh cooTBeTcTBylouMe cucTemMbl IMP u Hakau-
ku. Jlas ympaB/eHHsl MpoleccaMd MOJSIPH30BAaHHOM MHIIEHH W KOHTPOJIS
ee MapaMeTpoB HeOOXOAMM AMCTAHLUUOHHBIM NyJbT W ClellHa]H3HUpOBaHHOE
nporpaMmMHoe ofecreyeHue 1/ BCeX CHCTEM.

B kauecTBe pabouero BellecTBa I[pelrosaraeTcss HCIOJb30BaTb OyTa-
HOJ — KakK MPOTOHHBIA BapHaHT, TaK U ACUTPOHHBIH — C HCHOJb30BAaHHEM
B KauyecTBe XMMHUecKoro pagukana Trityl. C GyraHosoM MOXHO OXHAATh
noJTy4eHus npefenbHoi noaspusauud (P, ~ 90 %, Py ~ 80%) ¢ nocraTouHo
60JIbIIMM BpPeMeHeM peJlaKCalluu MOJIpU3aLuH.

Ilpennosnaraercs, uTo B padoTax MO CO3LAHHUIO MOJSPU30BAHHOU «3aMo-
DOXXEHHOH» MHUIIEHH OCHOBHYIO posb Oymer urpatb rpynna JIAIT OUSH,
UMeloIlasi YHUKaJbHBIH OMBIT, MAOCTHXKEHUS WU pa3pabOTKH B 3TOH 00/acTH
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Tabauya 18. [eiicTByomuye U MJIaHNupyeMble MOJSIPHU30BaHHbIE MULIEHH, CO3JaH-
Hble coTpygHukamu JIAII OUIAHU

Mecto [Ty6nukarus

[MUAP, l'atunna [Tpenpunt OWSAHN 13-10253, 10-10257.

Hy6Ha, 1976;

Prib. Techn. Exp. 1978. V.2. P. 32
HUDBI, IlporuHo [Tpenpunt OUSAHN 1-80-93. [y6Ha, 1980
KapJsios ynusepcuret, [Ipara | Nucl. Instr. Meth. A. 1994. V.345. P.421-428
OUSAH, Ny6Ha Nucl. Instr. Meth. A. 1996. V.372. P. 349
MaiiHLCKHH yHUBEpCUTET Phys. Part. Nucl. 2013. V.44, No.6. P.964-967
DOHHCKHH YHUBEPCHTET Contract 200/1548. 2015

(taba. 18) [128-131], moaTBepKaeHHEM ueMy CJyXKaT AeHCTBYIOILIME yCTa-
HOBKH nofo6Horo tuna B [atunne, [IporBuHo, [Ipare u MaiiHue. BesycsosHo,
noTpebyeTcss aKTUBHOE M MOJIHOLIEHHOE ydyacThe creuranuctoB u3 UPBI, a
TaKXKe UX HEMELKHX KOJIJIer M3 HayuyHblX LeHTpoB (Maiinu, BouH, Boxym).

3.4. MarauTHbI# ciekTpomMerp. Pusnueckas mporpamMMma 3KCIepUMeH-
ta (cM. pasn. 1) mpemycMaTpHBaeT PeruCTPALMIO 3apsiKEHHBIX YacTHIl U U3-
MepeHHe HMX HMIy/abca. TpeKoBas CHCTeMa JOJIKHA YAOBJETBOPSTb TPeM
OCHOBHBIM Tpe6GOBaHUSM:

— UMeTb 00JbLIOH aKCeNTaHC;

— TI03BOJISITb BOCCTAHABJMBATb Paclaibl FMIIEPOHOB;

— [PH HW3MEPEeHMsIX YapMOHHs HMeTb paspelueHue Ha yposHe 0,4 % mpu
10 TaB*.

Mcxonss M3 3THX YCJOBHE Obla MOArOTOBJEHA CXeMa, BKJIodamllas B
ceOsl IIKPOKOATIEPTYPHBIH MarHUT U CUCTEMY TPEKOBBIX HETEKTOPOB.

3.4.1. Cnekmpomempuueckuii maeHum. CIeKTPOMETPHUECKMH MarHUT
usrotoBseH B UDPBD. OcHOBHOH 0COGEHHOCTBIO MarHWTa siBJsieTCsl GoJblast
anepTypa, MO3BOJSIOLIAS TPOBOAUTb HCCAENOBaHHS B OOJBLIOM TeJeCHOM
yrie W, TakuM o6pa3oM, oOecleudBaTh H3MepeHHe BTOPHUHBIX YaCTHIl B
IIMPOKOM KHHEMAaTHUeCKOM [uamas3oHe. Amneprypa (OKHO) MarHduTa HMeeT
pasmepsl 2300 x 1000 MM, TosmKHa 06pPATHOrO MarHUTONPOBOAA COCTABJSET
850 MMm. M3-3a nomepeyHoi HEOXHOPONHOCTH MOJIS peasibHast pabodast HPHHA
marHuta coctasjsieT 1400 Mmm. {5 SKpaHUPOBKH pacCesiHHOTO MOJIsl YCTaHOB-
JieHbl 3KpaHbl ToamrHoN 100 MM, pacriosnoxeHnHble Ha paccTosiHud 800 MM oT
LleHTpa MarHuTa. DKpaHbl HEMHOI'O YMEHbIIAIOT alepTypy YCTaHOBKH, OfHAKO
NpaKkTHYECKH He MCKa)kaloT akcenrtaHc. CHEKTPOMETpPHUUeCKHH MarHuUT 6e3
3KpPaHOB T0Ka3aH Ha puc. 66.

JLIs1 OLIEHKH XapaKTEPUCTHK IKCIEPHUMEHTANbHOH YCTAHOBKH OBIIH MPO-
BeJeHbl pacueThl MarHUTHOro mojs. Ha puc.67 mnpuBeneHa HarpysouHas

* Takasi TOYHOCTb BOCCTaHOBJIEHHSI UMITyJabCa H806XOJJ,I/IMa TOJIbBKO Ha IOCJAeJHEM
3Tarne U3MepeHuH.
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Puc. 66. Cnektpomerpuueckuil Mmaruut M31 Ha kaHase 14

S L B B B B p g

Mogpens M4

TN T T T T T T T T T T T T T T T N T T I
0,0 0,5 1,0 1,5 2,0 2,5 3,0
I, kA /Butok

Puc. 67. Harpysounasi kpuBasi 1J1s1 MOLEJIM CIIEKTPOMeTpHYecKoro Maruura M31

KpHUBasi, T.€e. 3aBUCUMOCTb MHAYKIHH MarHUTHOTO TMOJsl B LIEHTPe MarHuTa oT
TIPUJIOKEHHOH HAarpy3KH — 3HaueHHUsl TOKA B KaXKIOM BHTKE.

B Ta6sa. 19 mpuBeneHsl pe3ysbraThl pacyeToB AJdsi Toka 2,5 KA/BUTOK
(mpennosaraertcsi, 4To (pU3HUECKHe U3MEPEHHUs] Ha BTOPOM 3Talle SKCIepHUMeH-
Ta GyoyT NMPOBOAMTLCS NPHU AAHHOM 3HAUEHUH MOJs1), 3HaYeHHs KOOpAHHAT
JaHBl B MWJIJIUMETpaX, HHTerpajbHoe moje — B Tn-M. Ha puc.68 u 69
NOKa3aHbl rpauyecKre NpeacTaBaeHHs TaHHbIX pacyeToB [Js TPeX 3HaYeHUH
Toka. MHTerpas noJsist B ueHTpe Maruiuta — 1,5 Tom - M.

Ha xanase 14 mMaraut skcmiyatupyercsi Ha nmoHuxkeHHOM Toke (1 kA/Bu-
TOK) H3-3a OTCYTCTBHs TpeGyeMoro HcToyHHKa. CjefyeT MOTUEPKHYTb, UTO
GoJIblIOe 3HAUEHHEe MAarHUTHOTO TM0JsT HEOOXOAMMO TOJIBKO MJISi U3MepeHHH
peakIHil poKAEHHs 4apMoHMs. B apyrux ciaydasx HeGosblIoe 3HAYeHHE



114 ABPAMOB B.B. U JIP.

Tabauya 19. UaTerpanasHoe moJe B Maruure npu toke I = 2,5 kA/BUTOK

X
0 175 350 525 700
0 1,47493 | 1,40385 | 1,19856 | 0,89180 | 0,57204
100 | 1,49826 | 1,42978 | 1,22662 | 0,91376 | 0,58583
200 | 1,56563 | 1,50726 | 1,31544 | 0,98377 | 0,62758
300 | 1,67228 | 1,63846 | 1,48690 | 1,11726 | 0,69716
400 | 1,80469 | 1,81748 | 1,80361 | 1,34885 | 0,79707

Y

M4: I = 1,5 kA/BuUTOK M4: I = 2,0 kA/BuToK
50ﬁléllllllllllf\lw”l“”;' TTT1 7T 50_ TTTTTIITTT |w|| TT
L | —’Z
40 & 40 /
230_- 230_‘
° [ °
>~ 20F >~ 20F
10F 10F
: i ,
O'fll‘llzlﬁﬁ'i B Ottt
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X, cm X, cm
M4: I = 2,5 kA/BuTOK
504|||| TTTT ,|||||||||| s
—
gofs "
230
(9]
= 20
10
01‘||||I||| . i 4 P
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Puc. 68. M3onMHUM UHTErpasbHOTO MOJsSI B UeTBEPTOH YacTH padodeit obaactu 700 x
x 500 MM, I = 1,5, 2,0 u 2,5 KA/BUTOK
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Puc. 69. MHTerpasnbHoe nosie kak (pyHKIMsS MonepeuHbix koopauHat (X, Y) B paboueit
obmactu, I = 1,5, 2,0 u 2,5 KA/BUTOK

10JIs T03BOJIAET YBEJIUUNUTb 3(D(heKTHBHOCTb perucTpalny yactul. PacueTHas
KapTHHa MarHUTHOTO M0JIs NpH ToKe 1 KA/BHUTOK, MoOJy4yeHHAsh METOLOM YHC-
JIEHHOTO MOJEJMPOBaHHUS ¢ Hcmosb3oBaHueM nporpaMmbl ANSYS, mokasaHa
Ha puc.70. B 1ieHTpe Maruura moJie paBHo ~ 5,6 KIc.

JL7s1 mpoBepKH pacyeToB M INOJYUEHUS] TOUHOHM KapThl MArHUTHOTO IOJIS
Oblla co3jlaHa cucTeMa M3MepeHHMH Tomorpaduu MarHutHoro noas. Ona co-
crout u3 22 rpynn aardukos Xosaa c¢ touHocTbio 0,1 % (mo Tpu maTunka
B KaXXJIOH IpYIIE), OPHEHTHPOBAHHBIX HA M3MepeHHe OJHOH M3 TPeX KOMIIO-
HEHT T10JIs1.

Ha puc.71 noxkasana cucremMa M3MepeHUs] MarHUTHOTO MOJs, CMOHTHPO-
BaHHasi Ha CreKTpoMeTpuueckoM MarHute. Jatuuku XoJa, pasMmelleHHble
Ha BepPTHKAJbHOM jepxkarese ¢ maroM 40 MM, MOKPEIBAIOT MO BEPTHKANHU
(ocb Y) 840 mm. [lepkaTesb 3akpernsieH Ha KapeTke C NPELU3HMOHHBIM aB-
TOMaTHYeCKHUM ITIPHBOLOM IepeMellleHHs N0 IJHHe MarHuTa (BOOJb NydKa,
ocb Z) ¢ ocraHOBKaMHu uepe3 Kaxkasle 40 mM. CucTema Mo3BoJIsieT MPOBECTH
U3MepeHusl B 06J1aCTH MeX1y MarHUTHBIMH SKPaHaMH.

V3mepeHUs NMPOBOAUJIHCE B aBTOMATHYECKOM DEXKHME CO CUHTBIBAHHEM
¥ uupposusauuell NokasaHWU AAaTUMKOB XoJ/a B KaxK[IOH OCTaHOBKe IO
OCH Z Kak NpH IBHXKEHHH KapeTKH «BIIepefl», TAK ¥ Ha 00paTHOM MyTH (TpH
BO3BpPAIleHUH KapeTKH B HCXOLHOE IOJIOXKEeHHe) B TeX JKe TOYKax ocH Z,
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Puc. 70. PacuerHoe mose maruuta M3l npu Toke 1 KA/BUTOK: @) BepTHKa/lbHas
KOMIIOHeHTa 10J11 By B miockoctd X Z npu Y = 0; 6) mnockoets Y Z npu X = 0;
8) 3aBHCHMOCTb HHTerpasia [ Bydz oT nomepedsix koopauHat X u Y

Puc. 71. Cucrema U3MEpPEHHUs MarHuTHOTO MOJiA, CMOHTHPOBaHHasaA Ha CIIEKTPOMETpH-
YECKOM MarHuTe
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4TO M 10 MyTH «BIlepel». TakUM oOpa3oM, B Kaxao# u3 50 Touex mo ocu Z
MPOBOAUOCH MO /1BA U3MEpEHHs.

YuuTeIBas, UTO MOJHOE M3MepeHHe Tomnorpaduu MoJjs — 3TO JAOBOJIBHO
IJIUTeJIbHBIA Tpolece (MPOZOJ/KUTENBHOCTBIO B HECKOJNBKO YacoB M Haxe
CYTOK), NpPeLyCMOTPeHbl HEeCKOJbKO CHOCOGO0B OTCJEXKHBaHUS Apelda mo-
Jisl MarHuTa ¥ HM3MepUTeNbHOH ammapaTyphl: 1) HempepeIBHOE CJlleKeHHe 3a
U3MeHEHHsSIMH TOKA MHUTAHUS MarHWTa MyTeM H3MepeHMs HampsiKeHHs Ha
CIelMaJbHOM MPELHU3UOHHOM COMPOTHBJEHUH; 2) C MOMOLIBIO CIELHAIbHOTO
«OTIOPHOTO» HaT4yMKa XoJJa, HaxONSILErocs Ha HHUXKHEM II0JII0CEe MarHuTa
B (DUKCHPOBAHHOM MOJIOXKeHHH; 3) ¢ nomolibio nByx dMP-30H10B, Haxons-
IUXCS Ha 000MX MOJI0CAaX MarHuTa (BepXHeM M HHXKHeM) B (PUKCHPOBaHHOM
MOJIOXKEeHUH; 4) ¢ MOMOLIBI0 MPUCYTCTBYIOLIEr0 B CHCTEMEe psila NAaTUMKOB
CJIeXKeHHUs 32 TeMIIepaTypoH, TOKOM MUTaHHS — JATUHUKOB XoJJja U mp. DTH
JaHHBble TaKKe CYUTHIBAJIUCH U 3ANHCHIBAINCH OIHOBPEMEHHO C U3MEPEHUAMHU
MarHUTHOTO TOJIS.

Mamepenus: npoBogu/iuch B 3HaUUTe/bHON yacTH pabodyero obbema Mar-
HUTa, HO, K COXaJleHHIo, He BO BceM oObeMme. M3-3a KOHCTPYKTHBHBIX 0OCO-
OeHHOCTEH M OrpaHHYeHHH CHCTeMbl MepeMelleHHs AaTYnkoB Xoasa [132]
He YHaJoCh IPOBECTH U3MepEeHHUs Ha PACCTOSHUSAX, YHAJeHHBIX 6oJsee yeM Ha
0,4 M OT IeHTpa MarHMWTa BBepX 0 NYYKY, a TaKKe BOJU3M I'PAHULL allepTyphl.
CpenHexkBanpatuyHoe oTkJjoHeHHe (RMS) mo manHeiM pacuetoB U 101920
U3MepeHUH /ISl TPeX KOMIIOHEHT MoJisi OblIo HalineHo paBHbIM ~ £1,9 MTu,
yTto coctaBseT ~ £ 0,35 % OT nmosisl B LleHTpe MarHUTa. 3HAUUTEJbHBIH BKJIaI
B OTKJIOHEHHS 10 BceMy 00beMy BHOCHT OLIMOKA MO3ULHOHUPOBAHUS NATUHU-
KOB BO/IM3K pebep U YIJIOB MOJIOCOB, i€ TPaJUeHThl HHAYKLHUHU OYeHb BEJHUKH
u pocturaiotT ~ 5 mTu/mm. Ecu orpaHuduThCs TOJMBKO 00J1aCThIO BOAMH OT
noJitocoB mMaruuta npu |Y| < 30 ecm, To RMS =~ +£0,95 MTn =~ £ 0,18 %.
AGcosoTHEIE HODMHUPOBKH PACYeTHOr0 ¥ H3MePeHHOr0 MarHUTHBIX MOJIEH TpH
ToKe MUTaHusA | KA/BUTOK coBmaJju ¢ TouHocTbio ~ 0,13 %.

[l cpaBHEHMs NaHHBIX PAcUETOB M HM3MepPeHHH Ha pHUC.72 B TepMHUHAX
WUHTErpaJsioB MoJs BOOJNb OCH Z NpEeACTaBJeHbl CBEPXY pacueTHble pacrpe-
JeJleHusl UHTerpasoB B IMOIepeyHOH mockocTd XY [Jisl MOJHOro paboyero
o6beMa MarHWTa, CHU3Yy — OTHOCHUTEJIbHblE PAa3HOCTH MEXJAy pacueTHbIMH
M U3MepeHHBIMH MHTerpasaMH, HOpMUPOBAHHbIE HA MHTErpajbl OT OCHOBHOH
KOMIIOHEHTHl By, 1/ yacTu pabodero o6bema, rie OblIM IPOBEAEHBl H3Mepe-
uusa. O6osnauenns: AB(X,Y,Z) = Bpacuer (X, Y, X) — Busvepenus (X, Y, Z).
Ha puc.72 cHusy 3HaueHHs B cTaT-00KCaX COOTBETCTBYIOT (DUTHPOBAH-
HbIM KOHCTAHTOH C eIMHHYHBIMH owMOKkamu 2D-pacrpenesieHu#l B mosoce
Y] < 30 cm.

[lokasaHbl TONBKO Be MOMEpeYHble KOMIIOHEHTHI, KOTOPble BHOCAT TOMM-
HUPYIOWIMH BKJAA B OTKJOHEHHE B MAarHUTE 3apsKEHHBIX YaCTHIL, JETSIIUX
noA MaJblMH yriaMu K ocd Z. Ilo cpenHekBaipaTHUHBIM OTKJOHEHHSIM OT
HyJasl A7 Bcell mokaszaHHOH XY -NJIOCKOCTH HMeeTcCsl COrJlacHe B Mpelesax
~ £0,3% nnas unrerpana or Bx u ~ +0,18% — nnasa unrerpana ot By,
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a Buajau ot nostoco npu |Y| < 30 cm cornacue He xyxe ~ £ 0,14 % a5 obe-
UX KOMIIOHeHT. MHTerpasa moJs BOOJb MydKa [0 JIMHHUH, NPOXOAsilel dyepes
uentp maruuta, pased (0,703 £ 0,001) Tn-m. Unaykuus B ueHTpe Marxura
paBHa (0,5398 £ 0,0004) Tn. BesuurHa paccesitHHOTO MMOJsE B 30He GJnKai-
Iero TPekoBoro netektopa Bbiie M31 mo myuky paBHa ~ 15—17 mTa, a
B 30He OJIMXKAUIIETo AeTeKTOpa HUXkKe no myuky — ~ 0,2 MmTi.

[ln1si oTBoja Temsia, BHIAEJSEMOro MpPH paboTe MAarHuTa, yepe3 OOMOTKY
npokaurBaeTcs obeccosleHHas X0J/10AHAas BoAa NoA AasjeHueM 11 atm. Han-
Hasl cucteMa He TpeOyeT Cepbe3HON NOMOJHUTENbHOH MpopaboTKH.

[1pu cospanuu (pa3MelleHHN) YCTAHOBKH Ha KaHase 24A 1/1s 1OCTHKEHHUS
HOMHHAJ/IbHBIX 3HaYeHHH MAarHUTHOTO MOJist HEOOXOAUM CIeLHaU3UPOBaHHBIH
UCTOYHHK TOKa.

3.4.2. Tpexosas cucmema. TpeKoBble NETEKTOPHl IKCIEPHUMEHTA JIOJIK-
Hbl MMeTb MHHHMAaJbHOE KOJHMYECTBO BeIeCTBa U XOpollee KOOPIMHATHOE
paspeleHue. Masoe Ko/JM4ecTBO BelllecTBa TpelyeTcs, Ipexkie BCero, Ipu
UCCJ/IeI0OBAHUY YapMOHHUs. B 3THX HcCc/Ie10BaHUSX MPEATIONAraeTest UCIOb30-
BaTb [ETEKTOPbl Ha OCHOBE ra3oBOr0 3JeKTpoHHoro ycunenus (I'DY, GEM)
U CTaHLMH JETEKTOPOB Ha OCHOBE TOHKOCTEHHBIX TPyGokK. B Tabu. 20 npuse-
IeHbl Ha3BaHHUsl, TOJ0XKEeHHe * U pa3Mephl TPEKOBHIX AeTeKTOPOB. BriGop aTHx
IeTeKTOPOB OMpelessieTcsl JYYLUIUM KOOPAUHATHBIM paspelieHHeM.

Hroro kananos: 2500 ALIIT noss GEM-nerekropos, 2496 BLIIT nnis kamep
Ha ocHoBe npeldoBbix Tpy6ok u 1200 peructpoB Ajst NPONOPUUOHATbHBIX
KaMmep.

3.4.2.1. GEM-0emexmopeot. lpn nccienoBaHNH 4apMOHHSI HeOOXOIHMOe
KOOpAMHATHOE pas3pellleHHe IBYX MEPBBIX AETEKTOPOB, PACIOJNOKEHHBIX [0
CIIEKTPOMETPHUUECKOTO MarHuTa, OOMXKHO cocTaBisiTh 60-70 mxm. Takumu
xapakTepucTHkamMu 06/anai0T GEM-neTeKTOpel ¢ BpeMEeHHBIM paspelieHneM
10 nc. [lnaHupyeTcss HCMOJb30BaTh OBYXIJIOCKOCTHBIE IETEKTOPBl C TpeMs
creneHssMu ycuaenus (triple-GEM). TpekoBasi cucteMa GyneT BKJHOYaTh ABa
nerektopa tina GEM, pacnoJsioXXeHHBIX KaK MOXXHO OJivke K MulleHH. e-
tekTopbl GEM urparoT BaxKHYI0 poJib AJIs1 ONpelesieHHs] BTOPUYHBIX BEPILHH,
yTo TpebyeTcsl AJs perucTpallu pe3oHaHcoB U rumepoHoB. GEMI nosxeH
uMeTb pasmepsl 20 x 20 cm, GEM2 — 30 x 30 cm.

B DB ocBoeHa TexHOJIOrHSI U3rOTOBJEHUs feTeKTopoB GEM u3 mare-
puasnoB, noaroraBauBaembix B LIEPH. Cosnanbl nBa npototuna GEM-netex-
topa pasmepamu 10 x 10 cm (puc. 73). IIpoBeneHb! UCMBITAHUS STUX IPOTOTH-
noB. Jlerektoper GEM uMeloT npocTpaHCTBeHHOE paspelleHne okoJso 70 MKM
u paboraioT mpu 3arpyskax a0 10° Mmm%-cT!, T.e. B MHTEHCHBHBIX MyuKax.
CaMu JeTEKTOPHI MOJHOCTBIO YAOBJETBOPSIOT TPEGOBAHUSAM IKCIIEPUMEHTA.

* [lonoxkeHue NeTEKTOPOB MPENCTABIEHO NPU UCCNEI0BAaHUH OLHOCIHHOBBIX aCHM-
METPHUH C HCII0Jb30BAHHEM BOLOPOJHOH WMJIM SANEPHBIX MHIIEHEH NPH M3MEePEeHHAX Ha
KaHase 24.
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Tabauya 20. XapaKTepUCTUKHA TPEKOBBIX I€TEKTOPOB (KMpPHbIM mpugTOM oT™ME-
YyeHbI AETEKTOPbI, KOTOpbIEe MpeIojaraeTcs HCHOJb30BaTh MPH HCCIEIOBAaHUM
YapMOHMs, 3B€3[0YKOIl * — NETEKTOPbI HA KaHaje 14, MPOTeCTHPOBaHHbIE B Ce-
ancax 2018 u 2019 rr.)

Paccrosnue | Komnosunus IHar mpososox Paswepti Yucno
JetexkTop (nuamerp Kamepel Y X X,
OT MHILEHH, M Kamep KaHaJIoB
Tpy6OK), MM CM
GEM1 0,35* XY crpun 0,4 20 x 20 1000
PC1* 0,55 X, Y 1 20 x 20 400
PC2* 0,63 X, Y 1 20 x 20 400
PC3* 0,71 X, Y 1 20 x 20 400
GEM2 0,85 X, Y crpun 0,4 30 x 30 1500
DT1”* 1,00 UVvV,X,Y 15 32 x 32 384
DT2* 1,67 X, Y, U,V 30 72 x 96 336
DC1 3,00 X 17 80 x 120 140
DT3* 5,29 X, Y, U 30 120 x 168 432
DC2 5,70 X, Y, U,V 17 160 x 240 560
DT4”* 8,07 X,Y, U 30 192 x 240 672
DT5" 9,77 X,Y, U 30 192 x 240 672
* Hauaso merekropa.

Puc. 73. JlBa nportotuna GEM-zetexTopa

[To pesynbTaTaM HcC/eOBaHMH XapaKTepuCTHK nporotunos GEM mpu-
3HAHO 1eJ1eCO00pa3HBIM CO3aHHe 1BYX HeTeKTopoB. Ilpenmosiaraercs, 4to
pa3paboTKa M M3TOTOBJEHHE «HAJETEKTOPHON» 3JIEKTPOHHKH OYAYT BHIIOJHE-
sl B MUDU nau OUIN.

3.4.2.2. Ilponopyuonareroie kamepol. Mexny AByMsI [IeTeKTOpaMu
GEMI1 n GEM2 pacnonaratorcst Tpu mpornopuuoHasbHele kKameper PC1-PC3
¢ npoctpaHcTBeHHbIM paspeiieHreM 300 MKM. DTH Kamepbl paboTaioT 3¢-
(EeKTHBHO B MyyKax 4yacTHIL C MHTeHCHBHOCTbIO 10 4 - 105 wactui/c. Takue
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JKe KaMepbl IPeAIoaraeTcsl UCIob30BaTh B KaUyeCTBE MyUKOBbIX IETEKTOPOB,
UX yCTPOHCTBO ObLJIO omHcaHo paHee (cM. m.3.1).

3.4.2.3. Tpexosvie demexmopor Ha ocHose Opeiighosvix mpybok. 3a ne-
tektopom GEM2 pacnosioxkeHa npeiicoBass cranuums DTI1, cocrosuias us
IBYX ABYCJOHHBIX Kamep ¢ TpyOkamu nuameTrpom 15 mm [133] u paGoueit
obsactbio 48 x 48 cMm. OnHa M3 3THX KaMep MOBepHyTa Ha yroa 45° or-
HOCHTeJbHO BepTHKanu. Kaxaedt cmofi (X u Y) cocToHT M3 Tpex psijioB
npeioBbIX TPyOOK, CKJIEEHHBIX MeXOYy COOOH, CpeiHUH psig CIOBHHYT Ha
MoJIIara OTHOCHUTENbHO KpalHUX. TpyOKH «IIJIOTHO» yNAaKOBaHbl B TPU CJIOS
(tak e Kak U B «BOJIbLINX» KaMepax), B KaxkIoM cjioe — 1o 96 Tpy6ok, pac-
CTOSTHHE MEXY JIIOOBIMU COCEIHUMHU CHUTHANbHBIMU MIPOBOJIOKAMH — 15,5 MM
(puc. 74, a). llar mexny TpyOkamu coctaBaseT 15,5 MM, 3T0 paccTosiHHe
onpeessieTcsl TOUHBIMH [OBEPXHOCTSIMHM TOPLEBBIX 3J1€MeHTOB. KosuuecTBo
DT B csoe xpatHO 8, 4TO ompenessieTcsi MOAYJABHOCTBIO 3JEKTPOHUKH. IDTH
KaMepbl UMEIOT HeUyBCTBUTEJbHYIO 30HY pa3MepoM 3 X 3 ¢M U padoTaioT
3(p(heKTUBHO B MHTEHCHUBHbIX NMyuykax yactul. Kamepsl DT1 cmoHTHpOBaHHI
Ha OJHOH MOICTaBKe C CHCTEMOH MpPOMOPLHUOHANBHBIX Kamep (cM. puc. 74, 6).

Cranuusi DT2 cocTOMT M3 JABYX ONWHAKOBBIX Kamep, OfHA H3 KOTO-
pHIX TIOBEPHYTa Ha Yrosi 15° OTHOCHTENbHO BepTMKaIH. DTH KaMephl, Kak
1 Bce ocTansbHble DT-kamepel 3a MarHUTOM, W3TOTOBJIEHBI M3 Mak/apOBBIX
npeitdosbix Tpybok muamerpoM 30 mm [134]. Kaxpas COCTOMT U3 Tpex
psiioB npeioBbIX TPyOOK, CKJIEEHHBIX MeXIy COOO0H, CPeIHHUH psll CABHUHYT
Ha ToJIara OTHOCHTeNbHO KpaiiHux. Lllar mexny TpyOKaMH COCTaBJsieT
30,035 MM (ompepensieTcst rpe6eHKaMH Ha TPAHHTHOM CTOJI€ MPH CKJeHKe
KaMmepsl). KosmdaecTBo Tpy6oK B cj10€ KPAaTHO 8, YTO ONpefensieTcst MOAYJIbHO-
CTBIO 3JIEKTPOHUKH. B LIeHTpe 3TH KaMepbl UMEIOT 30HY HEUYBCTBUTEJIbHOCTH
nydyka U paboTaloT 3()(HEKTHBHO B WHTEHCHBHBIX NMyukaxX udacTl. CTaHLHH
DT3-DT5 pacrnosioxeHbl 32 MaTHUTOM U MU3MEPSIIOT KOOPAUHATHI (BOCCTaHAB-
JIMBAIOT TPEKH) YacTHLl B Tpex miaockoctax — X, Y, U. Kamepa U noBepHyTa
Ha 15° OTHOCHTeNIbHO BepTHKAJH.

1
29000000
VAN VAN VAN VAN N\ VAN VAN
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° MeCTo CKJIEHKH

40,3

Puc. 74. a) Cxema pacrnosioxeHusi TpyOoK; 6) CMOHTHPOBAaHHbIE Ha OJHOH MOJACTaBKe
TNPOINOPLHOHa/NbHBIE KaMephl (Ha MepefHeM NJaHe) U apeldoas kamepa DT



122 ABPAMOB B.B. U JIP.

Puc. 75. YeTBepTasi CTaHIMs KaMep C YCTAHOBJEHHBIM Tepel Hed TPUTTEPHBIM CUeT-
YHKOM Ha B3auMojeHcTBHe (@) W TPeTbsl CTAHIHS, DACHOJOKEHHAas cpady MocJe
maruura (6)

TexHoJOTUSI H3rOTOBJIEHUS NAHHBIX Kamep Obljia co3paHa B MPBI, mo-
JIyUeH MaTeHT Ha moJjie3Hyro Monesb [135]. Bee cranunu apeiidoBbix TpyGoK
CMOHTHpOBaHbI Ha KaHaJse 14 (puc.75).

3.4.2.4. Onmumusayus xapakmepucmux Kamep Ha 0ocHose Opetigho8bix
mpybok. Kamepsl Ha ocHOBe HIpei(oBbIX TPYOOK paboTalOT HA CTAaHOAPTHOU
razoBoil cMecu 93 % Ar, 7% COq. JpeiioBble KaMepsl YCTaHOBKH B CyMMe
UMeIoT ra3oBblil 06beM okoJsio 2700 s1. [l nprBefileHUs] KaMep B ONTHMAaJb-
Hoe paGouee cocTosiHMe TpefyeTcsl pacXOfi ra3oBOH CMeCH OKOJIO 5 Ji/MHH
B TeyeHHe CYTOK (IPUMEPHO TPH 00beMa Kamep).

Bblnu npoBeseHbl HUCCIENOBAHUS 3aBUCUMOCTH XapaKTePUCTHK paboTHI
KaMep OT pabouero HampsiKeHHS U CKOPOCTH INpoiyBa. B Hacrosiuiee Bpems
npennosaraeTcss padoTaTb CO CKOPOCTbIO IPOAYBa OKOJO ORHOro o6beMma
KaMep B CYTKH. DTa MUHUMAJbHO BO3MOXKHAsi CKOPOCTb MPOAYyBa TpedyeTcs
IJIS COXpaHEeHHUs] CTaGHJIBHOCTH CKOPOCTH Apelia HoHOB (Rp-3aBUCHMOCTH).

Jlist onpenesieHust pabouero HanpsiKeHHst OBIIH CHSATBH CUETHBIE XapaKTe-
PUCTHKH KaMep, OfHA U3 KOTOPbIX NpHBeleHa Ha puc.76. CueTHas xapakre-
pHCTHKA M3HAUa/JbHO CHHMAJaCh NPH MCIIOJb30BAHUH KOCMHUYECKHX MIOOHOB
U M03/Hee Bepu(HLUpOBajJach Ha Mydyke. B pesynbraTe uccienoBaHuil n.s
kamep DT2-DTbH 610 BriGpano pabouee HampsixeHue 2250 B, nist kamepsl
DTI1 (c nuamerpom TpyGok 15 mm) — 1950 B.

Jns naHHOro pekrMa paboThl Kamep OblIO MPOBENEHO HCCJAEeNOBAHHE MX
COOCTBEHHOr0 pa3pelleHHs] Ha KOCMHUYECKHUX MIOOHAX, KOTOpOe MOKa3aHO Ha
puc. 77. Benuuuna p2 = 143 MKM COOTBETCTBYET 0XKMIAHHUSM H TPeGOBaHHUSIM
9KCIIepUMEHTa [0 TOYHOCTH.

Bo BpeMst MeTogHUECKNX CEaHCOB ObIIO MPOBENEHO HCC/aen0BaHe 3 dek-
TUBHOCTH BCEX TPEKOBBIX AeTeKTopoB. Ha puc.78 mokasaHbl 3aBHCUMOCTb
3((peKTHBHOCTH OT HANPSKEHUs JJIST ONHOH U3 Kamep (a) ¥ 3(h(heKTHBHOCTb
BCeX CJIOEB TPEKOBHIX NeTekTopoB (6). Hekoropoe ymeHblleHHe 3 eKTHBHO-
CTH NPH yBeJHUYEHHUH HATPsi2KeHHUs CBSI3aHO C yBeJMYeHHeM ILIYMOB B KaMepe.
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Puc. 76. a) CueTHble XapaKTepUCTHKH BCeX TPYOOK; 6) yCpeiHEHHas XapaKTepuCTHKa
BCeU KaMephl

Overall residuals hres
Entries 12809
r Mean —0.01344
1500 1~ RMS 0.2141
L X2/ndf 105/34
: p0 1323.0 £ 19.8
1000 F pl 0.0009992 =+ 0.0018702
r p2 0.1425 + 0.0021
i p3 186.3 £ 7.1
- pd —0.05752 £+ 0.00678
500 - 5 0.35 + 0.00
0 -. I ISR [ I PR
-2 -1 0 1 2

Residuals, mm

Puc. 77. PasHocTh MeX1y BOCCTAHOBJIEHHOH KOOPAMHATOH TpeKa M KOOPAHMHATOH
B JaHHOH MOAIIJIOCKOCTH

HccnenoBanne xapakTepUCTHK KaMep B METOLHYECKOM CeaHCe NeMOHCTpU-
pYyeT BBICOKYIO 3((eKTHBHOCTb BCEX CJIOEB KaMep (OfHA MPOMOPLHOHAJbHAS
KaMmepa He paboTasa, 3TOMy COOTBETCTBYET HyJeBast 3((eKTUBHOCTb B OTHOM
crnoe) — Gosee 90 % Bo Bcex caiosiX U Bbillle 95 % [/ GOMBILIMHCTBA CJIOEB.
Jlns npefidoBbix TpyGok naHHoe 3HaueHue adekTuBHOCTH (95 %) sABAsSETCS
BBICOKUM, TaK KaK MPH MPOXOKAEHHU TPEKOB MeXAy TpyOKaMu (Ha paccrosi-
HHUHU paguyca TPyOKH OT CHUTHAJbHOH MPOBOJNOUKH) 3((eKTUBHOCTD Magaer.

3.4.2.5. [peiichosoie kamepor [THADP — KK TIP. CnenyoliMid TPEKOBBI-
MU JIeTeKTOpaMH MoryT crartb apedidoBele kamepsl [IMIP -KK TOD, ko-
Topble paspaboraHbl ¥ co3naHbl Ass 3kcrnepumerTa DIIEKYP. Tlonpo6uoe
ONHCaHHe 3TUX KaMmep npuBefeHo B pabote [118]. M3 BO3MOXKHBIX KOHCTPYK-
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Puc. 78. a) 3aBucumocTb 3(PEKTUBHOCTH OLHOT'O U3 CJIOEB KaMepbl OT HAINPSKEHHS;
6) 3((heKTHBHOCTb BCEX CI0EB TPEKOBOH CHCTEMBI, I0JyUeHHas! HA BTOPUYHBIX TPeKax

Ui Obljia BeIOpaHa Ta, KoTopas 0OecleuyHBaeT MHHHUMaJbHOE KOJHYECTBO
BelleCTBA Ha MYTH PerHCTPUPYeMBbIX MPOAYKTOB peaklHH, — MPOBOJOYHAS
npeiicoBasi Kamepa C rekcaroHasjbHOH CTPyKTypod. KoHdurypauus noutn
MPaBUJIbHBIX LIECTUTPAHHBIX APei(OBHIX syeeK MoKa3aHa Ha puc.79.
CBeTJIBIMH KpPYyKKaMH 0603HayeHbl TOTEHIHA/bHbIE TPOBOJIOUKH THAMET-
pom 100 mkm. Ilpoosouku B cnosx 3,4, 6,7, 9, 10 HaxonsiTcsi mox BeICO-
KHM MOJIOKUTENBHBIM MOTEHLHAN0M, 00pasyst MOYTH LHUJIHHIPUUECKH-CHM-
MeTpUYHOe npelihoBoe MoJsie BOKPYT 3a3eMJIEHHBIX CHUTHaJbHBIX TPOBOJIOYEK
(0o603HaUeHBl YEpHBIMH TOYKAaMHM B CJOX O W 8). JluaMeTp CHUTHaJNbHBIX
npoBoJioyek — 25 MkM. [loTeHuHasnbHBle TI0CKOCTH 2 U 11 UMeIOT HYJeBOH
MOTeHLHAN U CAYXKAT IJs1 CUMMEeTPU3aLUH T0JIs1 siUeeK C BHELIHEeH CTOPOHBI.
JleliCTBUTENBHO, 10 OTHOLIEHHIO K BepXHeMy psiiy sideek (cM. puc.79) mpo-
BOJIOUKH IJIOCKOCTH 2 3aalOT MOYTH TaKYIO 2Ke KOH(UTYpaLHio NoTeHLHana,
KaK W CHUTHaJibHble MPOBOJOUKHU miockKocTd 8. Lar siyeek CTPyKTypel —
17 mM. COBUT sideeK B IBYX CHUTHAJbHBIX TJIOCKOCTSIX Ha IOJIOBHHY Liara
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12
Puc. 79. Yacts

MePHOAUYECKOH  CTPYKTYPHI

NPOBOJIOUHbIX ApeH(OBbLIX KaMmep

JIEKYP (e B Mmacuirtabe): 2-4, 6, 7, 9-11 — mn/ocKOCTH MOTEHUMAJBHBIX MPO-
BOJIOYEK; O, 8 — IJOCKOCTH CHIHAa/JbHBIX NpoBoJoYek; 1, 12 — maiinapoBble OKHa,

orpaHHuMBalolKe ra30Bbli 00beM

x 100 F
4 90F
S onF
2 805— ITopor
= T0F e 15 MB
£ ok = 20 MB
5 F 4 30 MB
& o0 v 50 MB
Covava v bl aboava by aalag
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Puc. 80. 3aBucumocTp 3¢ PeKTUBHOCTH
npeiioBol KaMepbl OT MHUTAIOLIEr0 Ha-
Nps2KeHUs NPU Pa3JHYHBIX 1OpPOrax AHC-
KPUMHUHALUH

TouHOCTB, MKM

() e N NS NN SR R
0,10 0,20 0,30
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o

Puc. 81. 3aBucuMocTb TOYHOCTH Apeiito-
BBIX KaMep OT TaHreHca yrja HakJ/OHa
TpeKka MpU Pa3JHUHBIX HAMPSIKEHUSIX HA
MOTEHUHANbHBIX TPOBOJIOYKAX U (PUKCH-
POBaHHOM MOPOre NHCKPUMHHALKH. YTOJI
OTCUHTBIBAETCSI OT HOPMAJH K MJIOCKOCTH
KaMepbl B MJIOCKOCTH, MEPIeHIUKYISPHOH
HalpaBJ/IeHHIO MTPOBOIOYEK

n03BoJsIeT 3(P(EKTHBHO ONPeNe/ATb, ¢ KAKOK CTOPOHBI OT CHTHAJIbHOH IIPO-
BOJIOYKH INpOLLes TPeK PEerucCTPUPYyeMOH YaCTHLBL.

[a30Bblii 06beM KaMep OrpaHHueH MaljapoBbIMH okHamu 1 u 12 (cm.
puc.79) c repmerusanvell mo anOMHHHEeBOH pame. PaGouasi rasoBast cMech
conepxkHuT 70% Ar n 30% COg. IlpemycMoTpeHa BO3MOXKHOCTb MOIMELIH-
BaHusi 10 3% ¢peona-14 (CF4) s ouMiueHHs 3/1€MEHTOB BHYTPEHHEro

obbeMa.

Ha puc. 80 npuBeneHa 3aBUCHMOCTb 3(D(HEKTHBHOCTH KaMephl OT BbICOKOTO
HamnpsKeHWsi, MOJAHHOTO Ha IMOTEHLHAJbHblE NPOBOJOYKH TeKCAroHAJbHOU
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CTPYKTYpBI, OJs1 razoBoil cMecu 65% Ar u 35% COy. M3 3Toro pucyska
BU/JHO, YTO B JHana3oHe pabouyux moporoB 15-20 MB wupuna niaato sgpdex-
tTuBHOCTH coctaBasier 200-300 B. Ilpu mponyee kamepnbl paboyed ra3oBoi
CMeChbI0 HaNpsiKeHHe, MPH KOTOPOM JOCTHraeTcsl Takas ke 3((eKTHBHOCTE,
yMeHblaetcsi npubansutesbHo Ha 50 B. Ha puc. 81 nokasaHa 3aBHCHMOCTb
KOODIMHATHOH TOYHOCTH APEeH(OBEIX KaMep OT TaHTeHCa yIJja HaKJOHa Tpe-
ka. [Ipu pabGouem HampskeHuu 3,2 KB HeompepeseHHOCTb BOCCTaHOBJIEHUS
KOOpPIHMHAT cocTaBjseT NpuoausnutenbHo 200 MKM 1/ NepreHIUKY/IsIpPHBIX
TPEKOB.

3.5. dnekTpoMarHuTHbI Kasopumerp. OIHHM HX OCHOBHBIX JETeK-
topoB ycraHoBkd CITACHAPM sBisieTcss 3/J€KTPOMArHUTHBIH KaJOpUMETP
(PMK), HU3TOTOBJIEHHBIH [0 TEXHOJOTHU «ILIALLJIBIK» C TOHKOH CerMeHTaluel
1 0061312101 BBICOKUM pa3peliieHHeM U 3(h(eKTUBHOCTbIO. TeXHOJO0THS 13-
TOTOBJIEHHUS IETEKTOPA MOJIHOCTbIO OTpaboTaHa MPH MOATOTOBKE IKCIIEPUMEH-
ta PANDA. 3a ocHOBY B3siThbl pa3paboTKH, NOJNyUeHHBIE TIPH TIOATOTOBKE MPO-
exta «[lepenHu# 371€KTPOMAarHUTHHIH KaJOpUMeTp THMa “mauiibik’» [136].

Mopnynb nepeiHEero 3JeKTPOMAarHUTHOTO KaJlopUMETpa HMEeeT CIHABHUY-
CTPYKTYPY. B Kaxknom mMonyne «mamibeika» Haxoautest 380 coeB CBUHLOBOTO
norfoTUTes1 ToAnuHoi 300 MKM M CUMHTHJIsITOpPa ToauuHoN 1,5 mm. [los-
Hasi JJIMHA aKTUBHOH 30HBI Momyns coctaBaser 700 MM, niau 20 pagranuoH-
HbIX HJMH. YeTbpe s4eHKH KajJopuMeTpa MeXaHH4YeCKH 00belHHEeHbl B OfHH
Monysb. UepTexX MOLy/1s KajJopuMeTpa npeacTasieH Ha puc. 82. [Tonepeunsie
pa3Mepbl MOLYJIsi, COCTOSIIIETO U3 UEThIPEX ONTHUECKH U30JHUPOBAHHBIX KaHa-
JoB, — 110 x 110 mm (puc. 83).

Perucrpauusi cBeta B «IIALLJIBIKE» OCYLIECTBJISETCS Yepe3 CIEKTPOCMe-
IaKL[1e ONTHYECKHE BOJIOKHA, MPOXOASIIHE 4Yepe3 siUelKy KaJoOpUMeTpa
U Tepefamollye cBeT Ha (OTOAETeKTOp Ha Topue. IlnacTHHBEI CLUHTHIIATOPA
UMEIOT Habop OTBEPCTHUH MJISi MPOTSATHBAHHUS ONTHYECKUX BOJIOKOH M THHBI
IJ1s1 TOYHOTO MO3WLHOHWPOBAHHUS TJIACTHH OTHOCHUTEJIbHO APYT APYyTa.

Becb nerektop Gymer coctosithb u3 40 ctpok u 60 crosnbuos (220 x
x 330 cm), T.e. B obmed caoxHoctH uz 2400 sueex, niau 600 Momysned.

110

796

1033

Puc. 82. UepTex cynepmonyssi KajaopumeTpa
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0,5 MM

Puc. 83. Hacte Monyns KajopuMeTpa B paspese
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Puc. 84. [IpoBepka JUHEHHOCTH (POTOYMHOKHUTEJST

Monynu KajnoprMeTpa MOJHOCTBIO H3TOTABJIMBAIOTCS Ha y4acTKe CLUHTHILISA-
TopoB MPBI: or nuThs nop AaBleHHEM IIACTHH CLUHUHTHJISITOPA A0 COOPKH
MOZYJISI U MOJUPOBKH MyYKa ONTHUECKUX BOJIOKOH.

Perucrpanus cera 6ynet ocyuectsastbess @OY Hamamatsu R7899. Ha
puc. 84 nokasaHa JIMHEHHOCTb PETHCTPALIUK CBETOBOIO CHTHAJa, MOJydYeHHast
OT CBETOAHOMIOB.

Kak nokasanu npoBeNeHHbIe Ha MYy4YKe TeCTbl NPOTOTUIIA, 3a CYET TOH-
KO CerMeHTalHH HepreTHUECKOe paspelleHHe KaJopHMeTpa COOTBETCTBYET
TpeGOBAaHUAM K IETEKTOpY U coctaBisieT 3 %/+/E , uTo 1osBoJseT obecneyn-
BaTh HajlexKHOe (B COBOKYIHOCTH C MarHUTHBLIM CIIEKTPOMETPOM U alpOHHBIM
KaJIODUMETPOM) pa3fiesieHHe 3JEeKTPOHOB U anpoHoB. Ha puc. 85 npuBeneHsl
pe3yJIbTaThl M3MepeHHs] SHEPreTHYeCKOTro paspelleHHs] NPOTOTUNA 3JEKTPO-
MarHUTHOTO KaJopuMeTpa. Pesy/bTaT permcTpaluu 7'-Me3oHa MpPH HU3KMX
9Heprusx NokasaH Ha puc. 86.
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Puc. 85. Pesysbrarshl M3MepeHHs1 MPoO- Puc. 86. MaccoBbifi crektp m°-Me30-
ToTHNa KajopuMeTpa B UPBI HOB ¢ 3Hepruedt ot 1 mo 2 I'sB (me-

TEKTOp pacroJiarajcsi Ha pacCTOSHHH
1,5 M OT MHIIEHH)

CTabu/IbHOCTb 3HepreTHYeCKOH LIKa/bl KaJOpUMeTPa MOXKeT KOHTDPOJIH-
poBaThCsi MOHMTOPHOH CHCTEMOH Ha OCHOBe cBeronuosoB Ha yposHe 0,1 %.
Byner ncnosnbsoBaTbes KaaubpoBka AeTeKTOpa in Sifu, B TOM YKCJe Ha MIOO-
Hax, HMAEHTU(HUUHUPYeMBIX MIOOHHBIM JeTekTopoM. HawasnbHas Kanu6poBka
U ONTHMM3aLUA SHepPreTHUeCKOH LIKaJbl KaxK10# aueliku KajopuMeTpa OyAyT
NPOBOAUTLCS HA aTMOC(epHbIX MIOOHAX W BbIBEJIEHHOM 3JIEKTPOHHOM ITyuKe.

3.6. AnpoHHBIN Kagopumerp. 3a 37eKTPOMATHHTHBIM KaJIOPHUMETPOM
TNpeanoJsaraeTcs pacroJioKUTh aIpPOHHBIE KaJoOpUMeTp, HeOOXOAMMBIH s
BBIPAaGOTKH TPUTTEPA HA aPOHBI C OOJBIIMMHU 3HAYEHUSIMU T, & TaKkKe IJs
pasnesieHHst 3JEKTPOHOB, aIPOHOB U MIOOHOB (IPH COBMECTHOM HCIIOJIb30Ba-
HUM C MarHUTHbIM crnektpomerpoM, IMK u MiooHHbIM netekTopom). Emie
OflHA BaxkKHasl (PYHKUHS afPOHHOrO KaJOpUMeTpa CB3aHa C MICHTU(HUKALNEH
1 M3MepeHHeM 3HeprHH HefTPOHOB, aHTHHEATPOHOB U K © -Me30HOB.

Mopnynb anpoHHOTo KasopuMmerpa (puc. 87) nmpencrasisieT co60d CBHHIIO-
BBIH CLUMHTHJIATOP TUNA c3HABUY. OTHOLIEHHWEe TOJWMH cjoeB (4:1) Oblio
BBIOPAHO MCXOASI U3 YCJIOBHUE KOMIIEHCALMH, TOJIIMHA I€TEKTOpPa COCTaBJsET
6,5 soepHBIX IJMH, monepedHble pasmepbl Mopyas 100 x 100 mwm, nauHa
120 cMm, Bec 120 xr.

[Tonpo6Hoe onucanue KajopumeTpa npuseneHo B padore [137]. TomurHa
MacCUBHOrO CJI0s paBHA 16 MM, ToJIIMHA cUUHTH/AAATOpa — 4 MM. Kowm-
neHcauus e/h = 1 pgocturaercss npu HeGOJBIIOM BpPeMeHH HHTETPHPOBAaHUS
curHana (nopsinka 50 Hc) ¢ kKajopumerpa. MamepeHHas ¢ MOMOLIBIO panuo-
AKTHBHOT'O HCTOUHHKA HEOTHOPONHOCTDb IJIACTHHBl HA MOMEHT HU3TOTOBJIEHUS
Obl1a He xyxKe + 2 %. JlJsi KOHTPOJIsE aAPOHHOTO KaJOpPUMETPa UCIMOJb3YIOTCS
paMOaKTHBHbIE HCTOYHHKHU Ha ocHOBe '38Pu, BHeJpeHHbIe B HeopraHuyecKu#
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Puc. 87. CxemaTnueckoe npeactaBjieHHe MOAYJISl aIPOHHOTO KajJopumeTpa: | — CLHUH-
THJISILHOHHbIE MJIACTHHBI; 2 — CBHHLOBBIH MOIVIOTHTENb; 3 — CIEKTPOCMECTHUTENb
(WLS); 4 — dboroymHOXKHTED

cunHTHAIATOp YAIO3: Ce. CBETOBOH HMCTOUHHK KPEMUTCS HEMOCPENCTBEHHO
Ha CBETOUYBCTBUTEJbHYIO TOBEPXHOCTb (DOTONPHEMHHUKA — (POTOYMHOXKHUTEJIS
DAY 84-3.

CurHa/bl OT CBETOBBIX HCTOYHHMKOB PETUCTPHUPYIOTCS MEXIY LHKJIaMH
yCKopHUTeJssi. TpUIrTepoM CJAYKHT CyMMa CHTHAJOB CO Bcex MopyJed (uc-
MOJIB3YIOTCS BBIXOAB ¢ mocaenHux nuHonoB @IY). Kpome Toro, ampoHHBIN
KaJIODUMETP HMeeT OOLIYI0 CHCTEMY MOHHTOPUPOBAHUS HA CBETONUONAX, CBET
OT KOTOPBIX PA3BOAMTCS BOJNIOKOHHBIMH CBETOBOAAMHU Ha KaXKJABIH MOLYJIb.

Paspelienne Kanopumerpa coctapsieT ~ 57 %/+/E , oTHOLIeHHe CHrHa/a
e/p=1,01 +0,03.

B HacTosiiee BpeMsi ©MeeTcsl 0KOJIO 256 MOAYyJIeld aIpOHHOTO KaJOpUMET-
pa. s sxcnepumeHTa Heob6xonnmo 400 mMonyneii. BHelrHue pasmeps! KaJo-
pumetpa coctaBat 250 x 190 cm.

[pennosaraercst MOIepHU3ALHS aAPOHHBIX MOJYJell Ha OCHOBE COBPEMeEH-
HOH TEXHOJIOTMH CBETOCO0pa ¢ MOMOIIBI0 ONTHUECKHUX BOJIOKOH. DTO MO3BOJIUT
Ha MOPSIIOK YBEJHYUTb KOJHUECTBO COOUPAEMOTro CBeTa, YIYUIIHTh paspelle-
HHe U TOPOT PerHCTpalyy aApOHOB KaJOPHMETPOM.

3.7. Cucrema ugeHTU(UKAUMK BTOPUUHBIX uacTuUl. OCHOBHOH 3a-
nadedt cucreMsl upeHTH¢HuKannu ycraHoBkh CITACHAPM Ha mepBoM stame
sIBJISieTCS UAEHTU(DUKALHUS 3apsKeHHBIX afpoHOB (7- U K -Me30HOB M MPOTO-
HOB), KOTOpasi MOXKET OCYIIECTBJSATbCS TETEKTOPAMH KOJEl YePEHKOBCKOTO
U3Jy4eHHS] U JeTeKTOpoM BpeMeHH mposeta (mo 2 I's3B). Mpentuduxanus
3JIEKTPOHOB OYIET OCYLIECTBJATHCS C HCIOJAb30BAHHEM 3JIEKTPOMArHHUTHO-
ro W aJpoHHOro KaJjopumeTpoB. [Ipu Hcc/leTOBaHHH YapMOHHSI BO3HHKAEeT
HeOOXOAUMOCTb HMIEHTH(HKALKH MIOOHOB C TMOMOILILbIO COOTBETCTBYIOIIETO
IeTeKTOopa.
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Puc. 88. Pacnpenesienue no keagpaty maccsl M2 (8 T3B/c?) B 3aBHCHMOCTH OT HM-
MyJbca YacTHLBl Ha paccTossHUU 10,5 M OT MHULIEeHH

JleTeKTOp MHOXKECTBEHHOCTH M BPEMEHH IMpOJIeTa, COCTOSIIUME U3 Tpex
He3aBUCHMbIX IETEKTOPOB, MpPENINOoJaraeTcss HUCIOJb30BaTh IJs HIEHTH(U-
KalWK aJpOHOB HU3KHUX 3JHepruil. BpemsmposieTHas cuUcTeMa OueHb BaXKHa
1151 WAeHTH(UKAUY MelJIeHHbIX YacTHL — MPOAYKTOB pachaja pe30HaHCOB,
pasJsieTaroUXCs MoA GOJbLUIMMH yIJIaMH TOJ BO3AEHCTBHEM IOJs CIEKTpO-
MeTpuyeckoro mMarHuta. Ha puc. 88 moxaszaHbl pesynbTaTbl MOIENHPOBaHHS
YyBCTBUTEJNbHOCTH HASHTH(UKALMH YaCTHUL[ B 3aBUCHMOCTH OT paspelleHHs
nanpHero nerektopa H3, pacmosioxkeHHoro Ha pacctossiHuu 10,5 M OT MHUILEHH,
eCJIM paspellieHre JeTeKTopa Mo BpeMeHH coctaBjser 120 mc. Mopennposa-
HHe TIpoBefeHo AJi minbias-coGbiTuil mpu sHepruu nyuka 28 '3B.

Haxe npu paspemennd 120 nc u paccrosuun 10,5 M KaoHBl XOpOIIO
pasnensiiotcs He 6oJee uem 10 3 ['3B/c, a mpotonnl — no 4,5 I'3B/c. Ucnons-
3oBaTb rogockonsl H1 u H2 B KauecTBe BpeMsNposIeTHOTO I€TEKTOpa MPaKTH-
YeCKH HEBO3MOXKHO. DTH JeTeKTOPBl MOTYT OBbITb HCIOJIb30BaHbl TOJNBKO Kak
IEeTEKTOPbl MHOXKECTBEHHOCTH JIJIs1 PELLIEHHUs ONpelieIeHHbIX 3a1au U CO3aHus
crienMabHoro Tpurrepa. C y4eToM TOro, UTO YaCTHIIbBI HU3KUX HEPruil OyayT
«BBIMETATBbCS» CIIEKTPOMETPUUECKHM MarHUTOM, OCHOBHAsl HAarpyska 1o HieH-
THU(UKALUH aJPOHOB JIOKUTCSI HA NETEKTOP KOJell YePeHKOBCKOTO H3J1yueHHUs]
(M Heo6XomMMO, UTOOBl paspellieHHe BPEMSIIPOJETHOrO NeTeKTopa OblIo
ayuie 60 nc).

3.7.1. [Jemexmop KoJley 4epeHK06CK020 u3ay4enus. JaHHbIH neTeKTop
OyZlleT OCHOBHBIM [eTeKTOpOM /s pasfejeHus - U K-me30HOB. 3a oc-
HOBY MpejJiaraercss B3fiTb NETEKTOp, pa3pabaThiBaeMblil [/ 3KCHepHMeHTa
PANDA, rtak Kak AHanasoH 3HEPTHH PernCTPUPYEMBEIX YaCTHI[ B 3IKCIIEPH-
MeHTax npuMepHo coBnanaer (no 12-15 I'aB).
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Puc. 89. Tlpununn dokycupoBaHust (@) ¥ NPUHLMMHAJbHAs CXeMa AeTeKTopa Ha
ocHoBe asporeJist (6)
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Puc. 90. JlanHble MOnenUpOBaHHS pa3le/eHUs] Me30HOB U 3((PEKTHUBHOCTH UX Peru-
crpauuu ans gerekropa PANDA

[IpennaraeTcss HCHONB30BaTh (DOKYCHUPYIOIIME JIEeTEKTOp Ha OCHOBE Hec-
KOJIbKHX CJIOEB asporeJiss. DTOT MeTO[ BIEpBble OblLI MpPENJIOXKEH B CepelHe
1990-x rr. [138, 139]. [NpuHuun ¢oxkycHpoBaHUs U NPUHLKINAIbHAS CXeMa
IeTekTopa TNpuBeneHsl Ha puc.89. Ilpensaraercss HCHOMB30BATh HECKOJBKO
CJIOEB a3poreJisi C PA3JUUHBIMH 3HAYEHHAMH KO3(P(PHULHEHTA MPEJOMJICHHS.

[Ipennaraemblil [eTeKTOp NOJKeH pasfensith - U K -Me30HbBI 10 HEPTHU
10-12 I'sB ¢ addektrBHOCTbIO, 6a13Kol K 100 % (puc. 90).

3.7.2. Mioonnotli demexmop. MIOOHHBIH NeTEKTOp NpeqHa3HaueH s
perucTpauuy ¥ UIeHTH(HKAUWH ONMHOYHBIX MIOOHOB M MIOOHHBIX map, 00-
pasyoIXCs PU pacriane BEKTOPHBIX Me30HOB (w, ¢, J/v u np.). JaHHbii
IETEeKTOp sIBJsIeTCS] HeOOXOAUMBIM TPH HUCCJEI0BAHUU COCTOSIHUE YapMOHUS.

JL1st uneHTH(UKALUE MIOOHOB MIPE/NOAaraeTcsl HCMOIb30BaTh 4acTh OBbIB-
IIero MIOOHHOTO CIEKTPOMeTpa HeHTpHHHOro perekropa HMPBI-OUU.
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MiooHHbI# neTeKTOp OyAeT COCTOATb U3 LIeCTH TOPOMIAJbHBIX AMCKOB AMa-
MeTpoM 4 M U TOJIIMHON 22 ¢M KaxKAbld. JIUCK COCTOMT M3 ABYX MOJYKOJEL,
UMeeT LeHTpasbHOe 0TBepcTHe fuaMeTpoM 36 cM. Beero ucnosib3yercs 1iecTb
CTa/bHBIX TOMJIOTHTEJEH, KOTOPble O0ObeIMHEHbl MOMapHO W 00pas3ylT TpH
OIMHAKOBBIX 6J10Ka.

[Tocne kaxkaoro 670ka pacroJgaraeTcsi cTaHUusl Apeh¢oBux Tpy6ok. Pas-
Mep Ka)KJOH CTaHUMU — 3 M 10 ropudoHTtaiu u 2,4 m no Beprukanu. Oc-
HOBHBIE 3/IeMEHTbl CTAHLUH — ajlOMHHHEeBbIE ApeloBble TPYOKH THAMETPOM
30 MM [140]. Kaxknast Kamepa COCTOUT HX TPEX CJIOEB, BCE CJIOH ¥ BCE KaMephl
OIMHAKOBELIE.

BMecTe ¢ anpOHHBIM KaJOPUMETPOM MIOOHHBIH NeTEKTOp HOJKeH obecrie-
YUTh HEOOXONUMOEe paslesieHne MIOOHOB H aPOHOB.

3.8. Tpurrep, cucrema c60pa JaHHBIX U PETUCTPUPYIOMIAS IEKTPO-
Huka. 3.8.1. Tpueeep. B Hacrosiiee BpeMs B akcnepumerte CITIACHAPM
Ha KaHaje 14 OCHOBHBIM SIBJISIETCSI TPUTTEpP HA B3aHMOJEHCTBHE, KOTOPHIH
(dopMUpyeTCss W3 CHUTHAJOB C MyukoBoro Tejeckona (S1-S3) B aHTHcoBMa-
I€HHH C CUrHajoM cuetdnka BK oT myukoBoil wacTHLel, mpollenileil yepes
MHILEHb, He poB3auMopelicTBoBaB (puc.91).

Cucrema cbopa panubix CITACHAPM peanusoBaHa Ha OCHOBe MomyJsei
ayekTpoHukH B cranpapre «EBpoMUCC» u mosBosisieT perucTpuUpoBaTth 10
75 TeIC. COOBITHH 3a cOpoc ¢ pacTskko# 3 c¢. IIpy BeposiTHOCTH B3anMozeH-
ctBus ¢ mumeHpto 10% Bo3MOXXHAa paboTa C HHTEHCHBHOCTBIO MyYKa M0
750 Teic. wacTul/cOPOC ¢ MaKCHUMaJbHOH 3(P(HEKTHBHOCTBIO PETHCTpPALMH.
VIHTeHCHBHOCTb Ny4yKa OTPULATEJbHBIX YacTHL Ha KaHaje 14 cocraBiser
600-700 Tbic. yacTul/UMKA ycKopuTess. TakuMm o6pa3oM, Ha MepBOM 3Tare
paboThl 3KCIEPUMEHTa MOTYT PErHCTPUPOBATHCS TPAKTHUECKH BCe COOBITHSI.
JlaHHBIH TpUITep TakxKe M03BoJseT 6e3 MogU(UKaLUU cUcTeMbl c6opa AaH-
HBIX MOJHOCTBIO NPUHHUMATb BCe COOBITHS MpU paboTe ¢ MYy4YKOM MOJSPU30-
BaHHBIX aHTHNPOTOHOB *. [Ipu BeimosHeHun yactu nporpammel CITACHAPM
C MOJISIPU30BAHHBIM MPOTOHHBIM MYYKOM, MHTEHCHBHOCTb KOTOPOIO MOXKET
nocturate 107 3a c6poc, MPeayCMOTPEHO HCIOJb30BAHHME JOMOJHUTENBHOTO
TpUrrepa ¢ 6oJiee BHICOKHM 3HaueHHeM Ko3(h(HULHeHTa nofaBaeHusi. Anprep-
HATHBOH sIBJISIETCS 3aMeHa PETrHCTPHPYIOILEH 3JeKTPOHUKH Ha 60Jjiee BBICOKO-
CKOPOCTHYIO — C NOCJIeI0BATebHBIMH THTa0UTHBIMU LIHHAMH.

[Tpu paGore Ha KaHazme 24 ¢ NyYKOM MOJISIPU3OBAHHBIX TPOTOHOB OXKHU-
jaeTcs MHTeHCHBHOCTH A0 107 yacTHI/UMKA ycKopuTess **. B sToM ciyuae
KOJINYeCTBO B3aUMOJEHCTBHUHU € 2KHUAKOBOLOPOAHOH M IOJNSPH30BAaHHON MHIIE-

*Ilpu aTOM JOMyIleHHl [Ba MpPEeANOJNOKEHHS O TOM, UTO TPUITep Ha THI My4yKo-
BOil YACTHIIH TO3BOJIAET paBoTaTh ¢ OGLeHl HHTEHCHBHOCTBbIO myuka a0 2 - 10° wa-
CTHI/LUMKJ ¥ 4YTO My4YOK aHTHIPOTOHOB He ONTHMM3HPOBAH 0] MaKCHMaJbHYIO HH-
TEHCHUBHOCTb.

## JlaHHAsl MHTEHCHBHOCTb OIDAHHUYMBAeTCs TPeOOBAaHUAMH DPaJHaLMOHHOH 06e3-
OMAaCHOCTH K KaHasy.
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Beto

[ EMC

Tpurrep

Puc. 91. Cxema Tpurrepa yCcTaHOBKH

HamMu 6yner pocturath 108 3a muk/ yckoputens, a mpu pa6oTe ¢ sAepHBLIMHU
MHULIEHSIMM MOXKET IpeBbIlIaTh JaHHOe 3HayeHHe B MoJITopa-aBa pasa. UTobwl
UCII0/1b30BaTh MYYOK C BBICOKOH MHTEHCHUBHOCTBIO, NpeirnoJaraercs pabora
B Pa3JIMUHBIX MOJax *:

— JJIS UCCJIEIOBAHUS CIIHHOBBIX 3(D(DeKTOB B POXKAEHHH KBApKOHUS, Tae
HeoOXOAMMa MaKCUMaJ/JbHO BO3MOXKHAs MHTEHCHBHOCTb My4Ka, NpearoJara-
€TCsI UCIIOJb30BaTh TPUITED HA ABa MIOOHA,;

— JJIS UCCJIe[IOBaHHSl WHKJIO3UBHBIX PEaKLUMH YacTHL, paclaiaioliuxcs
Ha JIBe 3apsiKeHHble, PeAToJaraeTcs HCloab30BaTh FOJOCKONbl MHOXKECTBEH-
HOCTH (3T XKe JNETEKTOPBI NpelrosaraeTcsi UCNoab30BaTh NpU HEOOXOOUMO-
CTH BBIIEJUTb COOBITHS C GOJBIION MHOXKECTBEHHOCTBIO);

— 4yT0oObl BEIOpaTh (000TATUTh COOBITHS) ¢ OOJBIIUMH UMIYAbCAMH (B TOM
YucJIe NOTIEPEYHBIMU), TAKKe MPENNOIaraeTcsi UCIoAb30BaTh TOAOCKOIIBl MHO-
JKECTBEHHOCTH H/HJIH TPONOPLHOHANbHbIe KaMephl. {5l BbleIeHUsT COObITHH
¢ TpeOyeMbIMM KHHEMAaTHYeCKHMH MapaMeTpaMy MOTYT MCIOJb30BaTbCs MPO-
rpaMMHpyeMble JIOTHUecKHe MaTpuubl Ha ocHoBe GPU (rpajuueckue mnpo-
IECCOPHI).

Tpu nepeuncyeHHble BbIle MOABl PaGOTHl MOTYT OBITh AOMOJHEHUEM TPHUT-
repa Ha B3aMMOJEHCTBHe, TOTAA KaK MpPH HCCJAEeNOBAHHUHM YIPYTUX peakLHH
(¥ mpu M3MepeHHHU MOJSIPU3ALMHM HA OCHOBE YNPYTHX peakLHil) HeoOXOoUM
OTHeNbHBIH NOMONHUTENbHBIH TPUTTEpP. DTO CBSA3aHO C TEM, YTO PACCEsTHHBIE
YaCTHULbl BBIJIETAIOT [0 MaJbIMH yIJaMH, IO3TOMY HCIIOJNb30BaHHE TPUITepa
Ha B3aUMOJEHCTBHE HEBO3MOXKHO.

KunemaTrka W anmapaTypa ONHCaHbl B pasiese, MOCBSILIEHHOM MOJISPHU-
metpuu (mm.2.3.1, 2.3.1.4). Tpurrep Ha ymnpyroe paccesiHie AOJKeH OyaeT
0TOOpaTh COOBITHS C KOPPEJSLUUSMHU [0 YIJy BblJIeTa pPacCesiHHOH YacTHLbI
¥ yacTuubl otaaud. OOIliee YHCIO YNPYTHX COOBITUH 3a LHKJ YCKOPUTEJIS
cocTaBuT mpumMepHo 10°, HO FOXOCKOMBI JOMKHB PaBoTaTh NMPH HHTEHCHBHO-
cti o 107 wacTuu/uuka yckoputens. Tak Kak A/sl MCCJe0BaHHs yIIPYToro
paccestHHsl TIpelIIoJlaraeTcsi UCMOIb30BaTh HAOOP CLUUHTUTHJISLHUOHHBIX Je-

* Jlo co3faHusl ObICTPOH 3JEKTPOHUKH.
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TEKTOPOB CO CYUThIBaHMEM Ha ocHoBe SiPM, TexHoJsiorust BelGopa Tpurrepa
MOXeT ObITh MOCTPOEHA aHAJOTHUHO CHCTeMe MeueHHs mydka (m.2.2.2).

3.8.2. Cucmema c6opa dannsix. Ha ycraHoBke cosmaHa cereBasi CH-
cTeMa c6opa AaHHBIX C COBPEMEHHOH CTPYKTYpOH Ha OCHOBe YHHBepCaJb-
HOH JIOKaJbHOH BBIYMC/IUTENBHON CETH M KOMIBIOTEPOB OOIIero HasHaueHHs
(puc.92). Ta ke ceTb HCHOMb3yeTCsl AJIsI KOHPUTYPHUPOBAHHUS U MOHHUTOPHPO-
BaHMS 3JIEKTPOHUKH, UTO YNpPOLLAEeT yIpaB/jeHHe YCTAaHOBKOH U 3aKJajblBaeT
NpaKTHYECKH HeOorpaHUUYEHHBbIH MOTEHLMaJ MOAEpPHHU3ALMHU JI000H U3 ee ua-
cTell He3aBUCHMO OT Apyrux. Cucrema c6opa OaHHBIX HE MMeeT MPUBSA3KH
K TPUITepy, MO3TOMY MOXKET HCII0Jb30BAaTbCsl OAHOBPEMEHHO B IBYX PeXKHU-
Max: TPUITepPHOM (I/1s1 OCHOBHBIX NETEKTOPOB YCTAHOBKH) U OeCTPHUITEPHOM
(nis romockomoB cucTeMbl MeyeHHsi). [lo Mepe cOBeplLIEHCTBOBAaHHS pPeru-
CTPUpPYIOLLEH 3JeKTPOHUKHM NPUHLMUIHAJIBHO BO3MOXKEH IepeBOJ BCel ycra-
HOBKM Ha paboTy B GECTPUITEPHOM pexkHMMe. JTO M03BOJsSeT pa3Mellarth pe-
THCTPUPYIOLLYIO 3/E€KTPOHUKY OJIMKE K 3J€MeHTaM yCTAaHOBKH, MCHOJb30BaTh
eMHYIO0 ceTb A/ cOopa NaHHBIX, yIIpPaBJdeHHS U KOHTPOJs, a B JajbHelilleM
JaeT BO3MOXXHOCTb JIEFrKO MOJEPHHU3UPOBATh CUCTEMY, KOMOWHHUPYS B eMHOH
CeTH 3JeKTPOHUKY Pa3/MYHBIX POU3BOAMTEJEH.

[lepenalomumu yanamu cetTd c6opa HaHHBIX MOTYT ObITh JI0Oble peru-
CTPUPYIOLLKE MOLYIH UM KOHLEHTPATOPbl IaHHBIX C HHTEPHET-HHTEP(eHCOoM.
Jlns GoJbLIMHCTBA NETEKTOPOB Y3JaMU SBJASIOTCS HHTeJJeKTyasbHble KOH-
Tpossiepsl EM-5 [141] KOp3WH C perdcTpupyiolieit 3JeKTPOHHUKOH B CTaH-
napte «<EBpoMHUCC» [142], HO Mo Mepe COBepLIEHCTBOBAHHS U OOHOBJIEHHS
3JIeKTPOHUKU MMH MOTYT CTaTb KakK PerucTpUpYIOllHMe MOAYJNH C HHTEPHET-
uHTep(delicoM, TaK U cleludUUHbe AJIS OTAEJNbHBIX AETEKTOPOB KOHLEHTpa-
TOpbl JAaHHBIX.

JE T PP P U PPRUPPRN : Apxus Cepsep
Peructpupytoias 3/1eKTpoHHKa IE'. MeJJIeHHOro DAQ

: : KOHTPOJIS

: O6paboTka
: Kanopumerp (onnatin)

: HpeiipoBbie Kamepbl EM-5 |

: TIponopuxoHa/IbHbIE '

: Kamephl

;FO,U,OCKOI‘IbI,BeTO, L | EM-5 I;I DJIeKTPOHHBIH
| TyIKOBLIe MOHHTOPHI Ly KypHAT

: CHHXpOHH3AIHUS :

¢ Y-70 OxcmepT

I;l JlexypHbIH
CMEHEI

Puc. 92. Cetb cucteMbl c60pa NaHHBIX YCTaHOBKH
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[TpuHuMalomWKi y3esa ceTw npeacrtapJsieT cob6od cepBep, MOAKJIIOYEHHBIH
K ceTeBOMYy KoMMyTartopy uepe3 uHTepHer-nopt 10 I'6ut/c. Ilpu HeoGxomu-
MOCTH KOJIMYECTBO Y3JI0B IIpHeMa MOXKeT ObITb yBeJHueHO, B TOM 4HucJe 114
UCIOJIb30BAHUS PA3JHUYHBIX CXeM TOpsSdyero pe3epBUPOBaHHUS (apXUTEKTYPOH
CHCTEMbl KOJIMYECTBO Y3JI0B MPUeMa He OrPaHHUYEHO).

Jnis mepenauu naHHBIX HCMoOJb3yeTcsi cTaHnapTHbIE mpoTokos TCP. Ha
KaXK[OM y3Jie Mepefady 3anylieHa nporpaMmma, KoTopasi aBTOHOMHO IlepefiaeT
cozepKrMoe Oydepa ¢ HAKONJEHHBIMHU AaHHBIMH Ha y3es npuema. Hcmosb-
30BaHHe TPAHCIIOPTHOTO CETEBOr0 IMPOTOKOJ/A CO BCTPOEHHBIM a/JrOPUTMOM
npeJoTBpallleHHsl [leperpy3ok I03BOJHIIO 0TKa3aTbCsd OT TPaJULMOHHOH cXe-
Mbl IOCJIE[OBATENBHOTO BBIUMTBIBAHHS NAHHBIX W3 KOHTPOJJIEPOB KOP3WH
¢ 2JeKTpoHUKOH (pull): KOHTpoOJepH OTHPABJSIOT JAHHBE B XPaHHJHLIE
CaMOCTOSITE/IbHO U MapasjesibHo Apyr apyry (push).

[Tpu mosydenuu push-zampoca oT yasa nepegadu Ha ysJjie TIpHeMa 3aryc-
KaeTcsl OTAeJbHBIH NIPOLECC, BBHIIONHAILINN 3alUCh HAKOIJIEHHOH 3a cOpoc
NOPLHH JAaHHBIX C 3TOTO y3Ja B (pally B pacnpeles]eHHON MM JIOKaJbHOU
¢aitnoBoii cucteme. CoBpeMeHHblE KeCTKHE AHUCKH NOCTATOYHO MPOU3BOLH-
TeJIbHBI /s 3alIUCH BCeH MCXOAHOH («Chipofi») MH(pOPMALIHH, MOCTynarlleHh
OT perucTpupyioilei 3aekTpoHukH yctaHoBkun CITACHAPM. Tak, maccus
u3 uetbipex SATA-nuckoB obecrneunBaer ckopocts 3amucu 250 MB/c, uto Ha
IBa TIOPsiiKa MPEBOCXOAUT OXKHUIAeMbIH MOTOK AaHHbIX. CoXpaHeHHe NAaHHBIX
B HUCXOLHOM (hOopMaTe HCKJ/I0YaeT BO3SMOXKHOCTb MOTEPH Pe3y/nbTaToOB paboOThHI
YCTaHOBKU BCJIeACTBHe cOOeB B IporpaMmax o6paboTKHU.

3.8.3. Pecucmpupyrowana 3nekmporuka. Paborawolias B HacTosllee
BpeMst B 9KcnepuMenTe CITACHAPM perucrpupytomas sjaekrponuka (BLIIT,
ATLITI, peructpsl, cueTduky) B crannapre «EBpoMMCC» paspaborana u mpo-
U3BeJleHa B oTHeJeHUU 3JeKTpoHuku MPBI. [Ipotokos nepenauu nossosser
nepefaBath Mo LiHHe 16-OUTHBEE NaHHble ONHOBPEMEHHO C aapecHOi HHDOp-
mauved 3a uuka 100-200 HC B 3aBUCHMOCTH OT THIA MOAYJS.

Hudopmanus ¢ KanopuMeTpoB peructpupyercs sapsnoseiMu ALIT 12 6urt
(Monyns EM-6) ¢ uyBctBUTesmbHOCTBIO 250 K1 Ha OTCUET U BpeMeHeM mpe-
o6paszoBaHus MeHee 5 MKc. OOliee KOJTHUECTBO KAHAJIOB 3JIEKTPOMArHUTHOTO
U anpoHHoro kajopumerpoB — 3000.

J171s1 CUMTEIBAHHUS I€TEKTOPOB TPEKOBOH U BPEMSIPOJIETHON CUCTEMBI pas-
paboransl U mpousBeneHsl Monyau BLIT (EM-3) Ha 6ase 3aka3HOH MHKpO-
cxemel HPTDC, nosBossitomie#i u3MepsiTb BpeMsl ¢ TOUHOCTBIO IO 25 HC Ha
orcuet. 3500 kaHasnoB BLIIT pacmpenesieHbl MO HECKOJBKHM KapKacam [IJis
yMeHbILEeHUsS] BpeMeHH TepeayH.

[onocKOMEl MHOXeCTBEHHOCTH, MYYKOBBIE CHCTEMBl U CHCTEMbl MeUeHHsl
OynyT cunthiBaTbes peructpamu (EM-4) rny6unoit no 2-5 Mkc (B 3aBHCH-
MOCTH OT BbIGOpa LIara 2 WM O HC), YTO MO3BOJHUT He 3a60THTbCS O TOUHOM
nonbope KabesNbHBIX 3a[€PKeK HJIl CUTHAJOB C STHX JIETEKTOPOB.
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Jlas yMeHblleHUs] BpeMeHH CUMTBIBAHHS NAHHBIX W Nepexoja K 6ecTpur-
TepHOU cUcTeMe cOopa JaHHBIX B OyAylLIeM IJIaHUPYEeTCs 3aMeHa MOAYJIbHOH
anekTpoHuku craHpapra «EBpoMHCC» ¢ napassenbHOH WIMHONW Ha 3J€K-
TPOHMKY Ha ocHOBe craHiapra xTCA ¢ mocrenoBaTenbHBIME THTaOHTHBIMH
JUHUSIMU Tlepeflayd [JaHHBIX. DTO IO3BOJHUT PErHCTPUPOBATb BCE B3aUMO-
IeHCTBHS Jaxke NPH paboTe C BBICOKOMHTEHCHBHEIM IIOJISIPH30BAHHBIM IIPO-
ToHHBIM nydkoMm a0 107 3a cGpoc. Ilpu cosmaHMM JaHHOH 3JEKTPOHHKH
TIPeAINoJIaraeTcs NCrob30BaTh onbIT Kostadopanu PANDA u Bo3MOXKXHOCTH
HeMeIKHX YUaCTHHKOB IPOeKTa *.

3.9. Cucrema MeJJIEeHHOTrO KOHTPOJS Y3JOB ycTaHOBKHM. CHcrema
MeaneHHoro KoHtpoJisi yctaHoBkd CITACUAPM mnpencraBasier co6oit KoM-
TJIeKC TPOTPAMMHBIX M amlNapaTHBIX CPeACTB, KOTOPBIE BLIOJHSIOT CJELYIO-
mue PyHKIUU:

— KOHTPOJIb ¥ JIOCTYT K YIPaBJEHHIO MTapaMeTpaMy JAeTeKTOPOB U IPYTHX
TIOACHCTEM IIPH paboTe W HACTPOHKE 3KCIIEPUMEHTAJNbHOH yCTAHOBKH;

— CBOeBpeMeHHOe OOHapyKeHHe HeHCIpaBHOCTEH B paboTe YCTAaHOBKH
U CUTHa/NU3aLHUI0 00 aBapUUHBIX CUTyalUUsX;

— MOHHTOPHHT NapaMeTPOB OKPYKaIoLlel Cpefbl;

— apXUBHUpOBaHHE MapaMeTpoB pPaboThl YCTAHOBKM B 6a3e NAHHBIX MAJS
TNOC/IeAYIOMEr0 HCIIONB30BAHHS TIPH aHAJMHM3e JaHHBIX 3KCIIEPHMEHTA C LEeJIbIO
KOpPPEeKLMH XapaKTepPUCTHK IeTEKTOPOB.

ApxuTeKTypa CHCTEMBl VIpaBJeHHs IKCIEPUMEHTAJbHOH YCTaHOBKH
CITACUAPM npencrasieHa Ha puc. 93.

Jlst obecriedeHUs] COBMECTHMOCTH B YIPABJEHHH Pa3iHUHBIX NOACHCTEM
yCTaHOBKH MpuMeHsieTcst nporpammHas cpena EPICS (Experimental Physics
and Industrial Control System). B npusenennoii apxurekrype EPICS wuc-
NOJIb3yeTCsl Ha ABYX YPOBHSAX — YIIPaBJeHHUS W KOHTPOJS — U OIpenesseT
MPOTOKOJ OoOMeHa NaHHBIMM MeXKIy HHMH 10 CeTH HHTepHeT. Ha ypoBHe
YCTPOHCTB paboTaloT clielHabHO pa3padoTaHHble MHKPOKOHTPOJIEPHbIE MO-
LyJH, KOTOpble OCYLIEeCTBJSIOT HEOCPeACTBEHHOE H3MepeHHe U yIpaBjeHHe
napaMeTpamMu 1eTeKTopoB. OOMeH HaHHBIMH MEXIY MHUKPOKOHTPOJIJIEPHBIMU
MOIYJISIMH U YPOBHEM KOHTpPOJs ompenessiercs npotokosamu Modbus RTU
u CANbus.

YpoBeHb KOHTPOJIsi 00pa3yloT OQHOMJATHBIE KOMIbIOTepsl Raspberry Pi,
Urpalle poJb MPUEMOINEPENATUMKOB NAHHBIX MeXIY YPOBHEM YCTPOHCTB
U ypoBHeM yrnpasjeHus. Ha onHomaTHEIX KOMIbIOTEpax 3alyCcKaloTcs MpHU-
noxenusi Input/Output Controller (I0C), KoTopble SBASIOTCS YacTbio MPO-
rpammHoro obecnevyennss EPICS u, ¢ onmHo# cTopoHBI, 06ecrneunBalOT HH-
Tepdeic K NAaHHBIM MHKPOKOHTPOJJIEPHBIX MOLYJEH COIJIaCHO IPOTOKOJaM
BbIOpPAHHBIX MOJIEBBIX LIMH, a C APYrod — 06pabaThlBalOT 3alpochl 10 MPOTO-
koay EPICS ot ypoBus ynpaBnenus. s nonjep:Xku (pU3NIeCKHX YPOBHEH

* bonHcku#, Ma#iHICKUE 1 MIOHXeHCKUH yHHBEPCUTETHl BbIPA3UJIH 3aHHTEPECo-
BaHHOCTb B NOATOTOBKE alNapaTypel [/ KCIepUMEHTa Ha MyykKe aHTHUIIPOTOHOB.
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YpoBeHb ynpas/eHHs YpoBeHb KOHTPOJIS YpoBeHb yCTpPOHCTB
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Puc. 93.  ApxuTeKkTypa CHCTeMbl YINpaBJeHHs 3SKCIEPUMEHTANbHOH YCTAHOBKH
CITACHAPM — Control System Studio (CSS)

nepenaun nanubix Modbus u CAN nast Raspberry Pi u3rotossieHsl agantepsl
cBsisu (puc. 94).

YpoBeHb yNpaBleHUS CJAYKHUT JAJISI BU3yaJlU3aLUH U apXUBHPOBAHUS NaH-
HbIX. Ha aToM ypoBHe ucnosb3oBaH nporpaMmMHbii KoMisieke Control System
Studio (CSS), ¢ momoubi0 KOTOPOTO peasi30BaHbl KJAUEHT, POPMUPYIOLINK
sampocel K npuioxkenusMm [OC, o6paGoTuMK aBapHUHBIX CHUTyauHH M ap-
XMBaTOp JAHHBIX. B KauecTBe XpaHHUJ/HIA JAHHBIX BblOpaHa 6asa NaHHBIX
PostgreSQL.

B Hacrosimee BpeMst pa3paboTaHBl CJEAYIOMIHE MHKDPOKOHTPOJIIEPHbBIE
MOZLYJIH:

— Me3OHHMHHble mJaThl (puc.95), ocyllecTBAsIOLINE KOH(HUIYPALHIO
[TJINC, xoudurypanuto wmuxpocxem HPTDC u 4yTeHune paT4vkoB TOKa
B MOJYJISIX PETUCTPUPYIOLIEH 3/1eKTpoHUKH cTtanaapra «EspoMHUCC»;
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“[H

| IS

Puc. 95. MesonuHHasi msata, yctaHoB- — Puc. 96. Moay/ib MOHHTOPHPOBaHHUs Ma-
JeHHast Ha Monyab «<EBpoMHCC», u me-  pamMeTpoB MarHuTa MHIIeHH «J{HHO3aBp»
pexonHble MJIaThl

— mepexofHble MaaTel (CM. puc.95), cayxKaiide [Jsi TECTHPOBaHHS
M YCTAHOBKM [OPOTOBBIX HAMpPSKEHUH YCHJMTEJNEH CHIHAJOB TPEKOBOH
CHCTEMBI;

— MOAYJ/b MOHHTOPHPOBAHHs MApaMeTPOB MarHuTa MHUILIeHH «[[HHO3aBp»
(puc.96), cayxaumil ajsi M3MepeHHst TOKAa MarHWTa, OTC/AEKHBAHHS TeM-
mepaTypel BOIbl B OXJAXK[IAWIIHX KOHTYpax, MOHMTOPHPOBAHHS MapaMer-
POB OKpY2Kaiolleil cpefibl (TeMIepaTyphl BO3AyXa, BJAaXKHOCTH, aTMOCHEPHOTO
JABJICHUA);
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Cuctema MeaneHHOro koHTpansi ycraHoeku CIMTACHAPM

[Ewroip [ ADC | Temp. Magnet | Ponel 0C 1 [PoneiToC2 |Dino [ Gas |

Kpeim#1(0), nesan crofka
panelTDC 2 | L ] panel TDC 4 ‘ [ ] panel TDC 6 L[] panel TDC 34 | L] panel TDC 24 L[]
TPall | treshall=p TPall treshall [0 TPall | treshall [0 TPall | treshall [0 TPall | treshall o
X122 _1p1 | treshi= Y123 _Ip1 |treshi= Vi2i Ip1 | treshi= X023 Ip1 | treshi= Y024 _Ipy | tresh1=
X132 T2 | tresh2s Y133 Jp2 | tresh2= Vi3i Pz | tresh2« X033 P2 | tresh2= Y034 P2 | tresh2«
X113 _TP3 | tresh3=p U1 _IP3 | tresh3= jo V112 _IP3 | tresh3=Jo ¥0.1.4 _IP3 | tresh3= o V011 _IP3 | tresh3= o
—  1p4 | tresha=p — P4 |tresha= |o — T4 | tresha= —  1p4 | tresha= o —  1p4 | tresha=Jo
X134 TP5 | treshS= p U132 TP | treshS= [0 V133 Tp5 | treshSw= Y031 PS5 | treshS= jo V032 TPS | treshS= o
Vi1l _1pg | treshé= p UL13 _IP6 | treshé= o X011 _Ipg | treshé= Y002 _Ipg | tresh6= o U013 _IP§ | tresh6= fo
Y121 _Ip7 | tresh7= U123 Ip7 | tresh7= X021 Ip7 | tresh7= Y022 Ip7 | tresh7= U023 Ip7 | bresh7=
V131 18 | teshs= U133 P8 | reshs= X031 _IP8 | treshs= ¥032 _1P8 | treshs= U033 _IPB | treshs=
Ampl. number Ampl number Ampl. number Ampl. number Ampl. number
1.8 1.8 1.8 1.8 1.8
Press to LVDS drivers OFF | Pre | OFF | Press ol i | OFF
BUn3 BUN4 BUNS
BUM1 BUN2 U u -
panel TDC 1 ‘ [ ] panel TDC 3 [ ] panel TDC 5 E) panel TDC 25 [ ] panel TDC 23 [ ]
TPall | treshall=f TPall [treshall o TPall | treshall [o TPall | treshall TPall | treshall [o
X111 _1p1 | treshi= Y112 _1p1 |treshi= [0 UL14 _Ip1 | treshi= X012 _p1 | teshi= Y013 _Ipy | treshi=
X121 _Ip2 | tresh2= ¥vi22 12 |tresh2= Ui24 P2 | tresh2= X022 P2 | wesh2= Y023 IP2 | treshz=
X131 _Ip3 | tresh3= Y132 _1p3 |tresh3= Ul34 _1p3 | tresh3=fo %032 _Ip3 | tresh3=p Y033 _1p3 | tresh3=Jo
X112 _Tp4 | treshd= Y113 Tp4 | tresha= Vi1 P4 | treshd=fo X013 T4 | tresha=p Y014 Tp4 | tresha=fo
X123 _Ip5 | tresh5= UL21 _Ips |treshs= V122 _Ips | treshs=Jo X024 IS | treshs=p V021 _Ips | treshs=jo
X133 _Ipg | tresh6= U131 Jpg | tresh6= V132 Jpg | treshe= X034 Jpg | treshé= U031 Jpg | treshs=
X114 _IP7 | tresh7= UL12 TP | tresh7= Vii3 IP7 | tesh7= Y001 IP7 | wesh7= U012 IPT | tresh7=
X124 _IpR | tresh8= U122 _1pR | treshe= V123 _1pA | treshs=Jo V021 _1pR | treshg=p .22 _1pg | tresha=jo
Ampl. number Ampl. number Amp. number Ampl. number AmpL number
1.8 1.8 1.8 1.8 1.8
Press toLVDS drivers OFF Pre i | OFF | Presstol) | drivers OFF
on/off # State Volt +5.0 Volt -5.2 Volt +3.3 Curr +5.0 Curr-5.2 Curr +3.3 Crate
@  onioff EuroNIP #6 EM4, EM9
L on/off EuroNIP #13 ON 5212V 1-5,395V 3,451V 17,115A 1,632A 0,446 A 14 degC EM3
@ onoft EuroNIP #14
L ] on/off EuroNIP #12 ON 5117V -5,402V 3,399V 21,755A

Puc. 97. DnemeHTH rpaguyeckoro uHTepderica CUCTEMbl YIIpaBJIeHHs]

— WCTOYHHUKU MHUTAHUS C MHUKPOKOHTPOJIJIEPHBIM yTIpaBJeHHEM, NpenHa-
3HaUeHHble 115 MUTAaHUA MOLYJeH PEerncTpUpYIOLlel 3/1eKTPOHUKH CTaHAapTa
«EBpoMHCC», MOHUTOPHPOBAHHUS TEMIIEPATY B, HATIPSI)KEHUSI TUTAHUS U TO-
Ka NoTpebJieHUs] KapKacoM MOAYJei.

Benercss paspaGoTka MHUKPOKOHTPOJIJIEPHBIX MOLYJNEH MHJs MeNJIEHHOTO
KOHTPOJISl APYTUX NEeTEKTOPOB U MOACHCTEM YCTaHOBKH. CHCTeMa MeaJIeHHOro
KOHTPOJISI HCIIOJb3YeTCs B TEUEHHE TPEX CEaHCOB YCKOPUTENBHOTO KOMILIEKCa
npu Hactpoiike u pabote ycranHoBku CITACHAPM. TlonpoGHee cHcTeMma
c6opa maHHbIX onucaHa B padote [143] u nucceprauuu [144].

I'paduuecknit nHTepdeic A MeNJEHHOTO KOHTPOJS W YNpaBJeHHUsS CH-
CTeMaMH JIeTeKTOpOB, co3naHHbil B CSS, npencrasseH Ha puc. 97 U BKJOUaET
B cebsl HECKOJIbKO BKJAJOK, OTHOCSIIMUXCS K PasHbIM IMOACHCTEMAaM yCTa-
HOBKH.

3.10. Tlaker mporpamMm aJsi aHaJu3a JAHHBIX «B JUHUIO» U «BHE
JuHuM». OINBIT yYacTHsl BO MHOTMX COBPEMEHHBIX JKCIepPUMEeHTaX (PH3UKH
BBICOKMX YHEPrUH FOBOPHT O TOM, UTO PA3BHUTHe MPOTPAMMHOr0 obecreueHus
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LOJIXKHO UITH MapaJijielbHO C pa3BUTHUEM anmnapartypsl, 10 TOTO KaK yCTaHOBKa
6yzet noctpoeHa. B HacToslee BpeMs CyLIeCTBYeT JOBOJBHO 60JblI0e KOJH-
4YeCTBO KayeCTBEHHBIX NPOTrpaMM B 06JaCTH (DU3UKH 3J1€MEHTApPHBIX YaCTHILL.
Uro6bl U3 3TOrO MOJYYMTh MAKCHUMYM I10JIb3bl, HECKOJbKO IKCIIEPUMEHTOB
Ha yckoputesabHoM Kommekce FAIR paspaGaTeiBaloT NporpaMMHYI0 cCpenry
FairRoot [145], koTopast mpenoCTaB/isET STHM IKCIEPUMEHTaM BCiO 6a30BYI0
(PyHKLIMOHA/IBHOCTb AJI MOJE/JIUPOBaHUS, cOOpa AaHHBIX U aHANM3a, A TaK-
JKe TMporpaMMbl CTOPOHHHMX Pa3pabGoOTUMKOB B (POpMe «BHEILUHHX MAaKETOB».
[pynna UPB3, aBnsisick aKTUBHBIM yUaCTHUKOM Pa3pabOTKH MPOTPaMMHOIO
obecneuenus: ans sxkcrnepumedta PANDA na FAIR, Takxke B3sija 3a OCHOBY
nporpammuyto cpeny FairRoot.

3.10.1. Cmpykmypa npoepammuozo obecnedenusn. «Buelnve nake-
TBl» — 3TO Habop MporpaMM OT CTOPOHHHX Pa3pabOTUHKOB, KOTOPEIE HEOGXO-
oMbl 1715 3anycka FairRoot. OHM pacnpocTpaHsiioTCst OIHUM AHCTPUOYTHBOM
¢ (PUKCHPOBaHHBIMU BepCHUSIMU JJIsI COBMeCTHMOCTH. [Tonep:kka U pasBuTHe
KajkKJIOrO MaKeTa OCYIIECTBASIOTCS €ro pa3paboTYMKaMH, OJHAKO B3aUMOLeH-
CTBHe M BKJaj Bcero coobuectBa FairRoot He wuckitouenwl. Ilepeuncium
OCHOBHBIE HCIIOJIb3yeMble TTPOrPaMMBlI.

e ROOT [146], paspaboranubii B LIEPH ¢usuueckum coobriuecTBom,
NPeNOCTaBJsIeT OIPOMHOE KOJHYECTBO HHCTPYMEHTOB U LIMPOKYIO (DYHKIHO-
HaJIbHOCTb, CHELHU(UUECKYIO U MOJIE3HYIO 1/ (PU3HKH BBICOKHX SHEPTHH. DTO
OCHOBHOH MaKeT, KOTOPBLIH MOBCceMeCcTHO HcmoJb3yercsi B FairRoot (otciona u
ero HasBaHue). OcHOBHbIe (PYHKIMOHAJNBHOCTH, BaxKHble 1151 cpenbl FairRoot,
BKJIIOUAIOT!

— CINT — uHTepnperaTop MakKpOKOMaH[ ¢ HHTEPAKTHBHOH 000JI0YKOH;

— rpacduueckuil uHTepdeiic nombsoarens (GUI) mis necnenoanus o6b-
extoB (Objects), oToOpakeHHsI MOJb30BATENbCKUX OOBEKTOB WJIM B3aHMO-
IeHCTBHS C 0TOOpaXKaeMBIM COLEPXKHMBIM, a TaKyKe BHU3ya/Ju3aTop COOBITHH
(Event display);

— omepauuu ¢ QailJaMH, BBOL-BBIBOL NAHHBIX, MOLAEPKKY OHHAPHOTO
(opmaTa (aiJios;

— uHTepdelic K 6a3aM NaHHBIX;

— napaJuiesibHble Beiuncaenus (PROOF);

— TUCTOrpaMMHpPOBaHHe, rpaMKH, MaTeMaTHUeCcKHe (YHKLHH, PUTHPO-
BaHMe JaHHBIX, HHCTPYMEHTH! ajareOpbl MaTpuL U Op.;

— OIHCcaHMe, yNpaBleHHe U BU3Yya/H3alHI0 FeOMETPUH U MaTepHaJIoB;

— (opmaThl NpeaCTaBJeHUs] AAaHHBIX, OTHOCSIIHEeCS K (PU3UKe YaCTHIL
(Hanpumep, BekTOphl JlopeHIia);

— MHCTPYMEHTHl MyJbTHBapuaHTHoOro aHasnnsa (TMVA).

e BupryansHas Mounrte-Kapio (VMC) u BupTyanbHas reomerpruyeckas
MOZle/IU TIPUMEHSIIOTCS IJI TOTO, UYTOOBl M3 OTHOrO HHTep(elica MMeTb HO-
CTYI K pa3JIMUHBIM TPaHCIOPTHBIM nakeraM MoHrte-Kapsio n ux onucanu-
M reoMeTpuii. [Ipu 3TOM reomeTpui0 HEOOXOOMMO OMHUCATh TOJBKO pas, a
M0JIb30BaTE/Nb HUMEET BO3MOXKHOCTb «Ha JIETy», T.e. 0e3 MePEeKOMIHUJSLHH,
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BBIOMpaTb MOJeJb, KOTOPYIO OH OyIeT HCIoJb30BaTh. B HacTosilee Bpems
peanusoBaHbl uHTep(eiicnl s Geant3, Geant4 u ROOT (FLUKA 6osbiie
He TIO/IEPKHBAETCS).

e Geant omuchiBaeT MPOLECCH MPOXOXKAEHHS YACTHIL Yepe3 BelleCTBO.
Geant3 [147] nanucan Ha siseike Fortran, u ero mocsienusisi Bepcust 3.21
narupyercst 1994 r. Geant4 [148] paspaboran Ha 0cHOBe (pU3NUECKOH MOfE/H
Geant3, omHaKo MOJNHOCTbIO peann3oBaH Ha si3bike C++, A/ TOrO UTOOHI
UCI0/Ib30BaTh 0OBEKTHO-OPHEHTUPOBaHHBIHA nonxon. Ero TpaHcmopTHBIN Kox
OblJ1 OOHOBJIEH, YTOObI clleslaTh (hU3UUyecKue MpoLecchl 6ojee peanuCTHUYHBI-
MU, OIHAKO pe3ysbTaThl 00€UX BEPCHUH COMOCTABUMBI.

e PYTHIA [149], reHepaTop 4acTHI BLICOKOH 3HEpPTHH, BKJOUYaeT B cebs
Monesau pacrnana. OH MomenupyeT CTOJKHOBeHHs dacTul. Cpend MNPOUMX
B HEro BKJIOUEHbl TakKWe Mpouecchl (DU3NYECKUX pEeaKUHH, KaK >KECTKHe
U MSTKHe B3aMMOJEHCTBHs, NapTOHHbIE pacrpeieleHUs] U NapTOHHbIE JUBHH,
(pparMeHTalMU U pacnajpbl.

e PLUTO [150], naker /st MOfeMPOBAHUS apOHHBIX B3aUMOAEHCTBUH,
HanucaH Ha sisblke C++. DyHKuHoHanbHOCTh OUbAMoTekKH PLUTO Mmoxer
6biTh 3anerictBoBaHa U3 ROOT, rme ee BBIBOA MOXHO aHa/JHW3UPOBATh JIHUO0
nepesnats B Geant nsi fanbHelnel paGoTel.

IIporpammHuas cpena FairRoot — 32T0 6ubinoTeka KsaaccoB Ha s3blKe
C++, mpepmocTaBasiollasi yrnpaBleHHe MOTOKAMH AaHHBIX, a TakKxKe HHTep-
(eiichl L/ PA3JIMYHBIX HHCTPYMEHTOB MOLEJHMPOBAHUSI U PEKOHCTPYKLHHU U3
«BHEILIHUX MakeToB». CXeMaTHYeCcKH ee CTPYKTypa NpelcTaBjeHa Ha puc. 98.
FairRoot aBnsiercs unTepdeilicom u 6a3oi A peanusaluy POrPaMMHOIO
obecneuenus sxcnepumenta CITTACHAPM.

Cpena 6asupyercs Ha ROOT u wucnoneayer ¢opmar (ainoB AaHHBIX
(.root), cucremy BeTBieHHs maHHBIX (Kgace TBranch), wemouxu ¢aiiios
(TChain), konteiinepsl nauubix (TClonesArray), omucaHue M ympaBjeHHe
reometpueil (TGeoManager u T.1.) U 6a0uHyt0 cTpyKTypy 3amau (TTask).
CucTemMa CIpOEKTHpPOBAaHAa TaKUM 00pa3oM, UTOObI JOOble NEHCTBHS MOXKHO
66110 BBIMONHATDL M3 KoMaHAHOH cTpokd ROOT wusu nmyTeMm 3amycka creuu-
aJIbHBIX YIPaBJSOIUX (aloB — MaKpOCOB, HaNHUCAHHBIX AJs C+--HHTep-
nperatopa ROOT (CINT). Becs Ko /151 MOZIeTHPOBAHUS HJIH cOOpa NAHHBIX
CKOMITHJIUPOBAH B JHUHAMHUECKHe OUOJMHOTEKH, H «r00t» — eTMHCTBEHHBIH HC-
nosHseMbld paiin. ROOT-makpockl ncnogb3yroTes A KOH(QUTYpUPOBaHHUS,
yNpaBieHHs] U 3amycka MOJEJHPOBaHUS (M OHJIaHH-CUMTBIBAHHS) COOLITHI,
TPaCCHPOBKH YacTHI uepe3 BelllecTBO MeTonoM Monte-KapJo, onucanus ne-
TEKTOPOB, PEKOHCTPYKIHH U aHaJ M3a NaHHBIX. B TakoMm moaxone M3MeHeHHe
HacTpoeK, MapaMeTpPoOB HJIM Jaxe [epPeKOMIOHOBKA KOH(HUrypauuu obopy-
JOBaHHUSl BCEro AETEKTOpa He TOTpPebyeT KOMIHJSLHWH HJIH HCIOJb30BAHHUS
apyroro si3bika, kpome C--+, HJs pefakKTHPOBaHHS Makpoca. bosee Toro,
abCoJIIOTHO TOT K€ MaKpoC MOXKeT ObITb BBINOJNIHEH Ha JI000H MallvHe 0e3
U3MeHeHUH (HamprMep, MepcoOHANBHOM KOMIIbIOTEPE, pacrpeeneHHOH BEIUHC-
JIUTEJbHOH (DepMe W/ TPUL-KJaCTepe).
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UT70ECal SpascharmRoot

UT0Fts

U70Hodo Oundposka Poiﬁ-izne [Touck I/IT q)ep}[{'g/;posaﬁne
[ U70Cher 2

Menenxep BBoga- FairRoot
BbIBOJIa

[Tpunoxxenus
OTtobpaxkeHne P

COObITHH
['eHepartoper basosele pynkuuu || MarautHoe

r 3anauu
I/IHTepHOJIHLU/IH COOBITUH JeTEeKTOPOB ToJie
TPEKOB J}

bubanorexu

ROOT

[vMC | [Geants| [ Geanta | [ asL | [Monaisa| [ BoosT | [cLrx| [vam|

Puc. 98. Cxematuueckast  CTPyKTypa MNPOTPAMMHOH  cpelbl  3KCIepHUMeHTa
CITACUAPM: BHH3y — OHUOJHOTEKH CTOPOHHHX pa3pabOTUMKOB;, B LEHTpe —
nporpamMHas cpezia FairRoot; BBepxy — KoHKpeTHas peanusauust SpascharmRoot

3anyck momenupoBanus (¢ momouieto VMC) siBasieTcss BHYTpeHHe# da-
CTbIO TIporpaMMHOH cpensl (puc. 98). [leTeKTOpbl YCTAHOBKU OMpeesieHbl KakK
COBOKYMHOCTb MX IeOMETPUYECKOT0 OMMCAHUS U UX (PYHKLHOHAJBHOCTH Kak
AKTHUBHBIX 3JeMeHTOB. JlOCTyN K BBINOJHEHHIO BO BpeMs LIAaroB TPacCHPOB-
k1 MeTonoM MonTe-Kapso ¢ momoripio BEIOPaHHOIO TPAHCIOPTHOTO MaKeTa
npenocTasisieTcss 6a30BBIM KJaaccoM aeTekTopa U3 FairRoot.

BelnosHeHHe IPoLIeCCOB OPraHH30BAHO Yepe3 3aJadu, KOTopble yHacJjen0-
BaHbl OT Kynacca TTask makera ROOT. 3amauu MoryT no6aBasiTbCsi, yoansTh-
Csl WJIM 3aMEHSITbCS HENOCPeNCTBEHHO B MakKpocax, NpenocTaBisis OJOYHYIO
CTPYKTYPY («KOHCTPYyKTOpP») AJIs1 mosb3oBaTesell. Ha yposae cpexrr FairRoot
TIPOUCXOUT OPTraHHU3aLHs NOCTABKH BXOIHBIX/BBLIXOAHBIX KOHTEHHEpPOB NaH-
HbBIX, COelMHeHHe ¢ 6a30i JaHHLIX apaMeTPOB, a TaKxXKe BbIIIOJHEHHE 3a/auH
B LHKJe M0 CcOOBITUAM. MOKHO XpaHUTb oblive AJs 3agad BpPeMeHHble
IaHHBIE TOJIbKO B MAMSATH, He PACXOAYsl MECTO Ha JKECTKOM IHCKe.

[lpy MHHMLHKANM3AUMHK 3ajauya MOJydaeT yKasaTeJqu Ha KOHTEHHephbl NaH-
HBIX W MapameTpoB. Bo Bpemsi BbIMOJHEHHs MporpaMMHasi cpeia 3abupaet
peaJibHble KOHTEHHepbl 110 3TUM yKasaTessM. 3a4a4l MOI'YT PyNIIMPOBATbCS
B DOAMTEJbCKHE 3alauyM, CO3[aBas HEPapXHI0 BBIMOJHEHHS, UTO OCOOEHHO
TMOJIE3HO [1J15 MPeNOCTaBJAeHHs LelovYeK M0 yMOJYAHHUIO /IS MacCoBOro Mpo-
U3BOACTBA NaHHBIX. PaboTa ¢ peasbHBIMH JaHHBIMH OpPraHW30BaHa aHaJo-
THYHBIM 00pa3oM: Ha cXeMe CJeflyeT 3aMeHUTb (pakJibl, MOJNyUeHHBblE IPH
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MOJEJMPOBAHHH, Ha (pakJbl, COOTBETCTBYIOLME peasbHBIM JAHHBIM C HeTeK-
TopoB. HemocpencTBeHHO BBIMOJIHEHHE 3aadyd OCYIIECTBJ/SET KOHKPETHBIH
peas30BaHHBIA 0OBEKT KJacca, HacsenoBaHHoro ot FairTask.

bBasa manubix nepuona BeinosHenus (RTDB) ynpas/sieT BBOIOM-BBIBOAOM
napaMeTpoOB W UX pacrnpefiesieHreM Mexny 3anadamu. @opmart daitio ROOT
M03BOJISIET XPaHUTb O0Jiee CJOXKHBIE CTPYKTYpBI, HeKeJH MPOCThble YHCJa
U CTPOKH, HallpUMep, TUCTOIPAMMBbl WM MaTeMaTHuecKue GyHKIUH. OObIYHO
reoMeTpHs, UCIO/Nb3yeMas IPY MOJeNHPOBAHUY, LelHKOM xpaHUTcs B RTDB.
OTo 103BOJISIET NPU MOAEJIHPOBAHHHM 3aHUMATbCS HACTPOHKOH 6e3 reHepupo-
BaHMS HOBBIX JAHHbIX, MoJy4deHHbIX MeTonoM Mounrte-Kapao. Ilpu pabote c
9KCIIepUMEHTAJbHBIMY IaHHBIMH MOXHO HCIIOJb30BaTh faHHble RTDB nas
pas3JIMUHBIX MPUBS30K. TaKOH MOAXOMA MO3BOJSET ObITh YBEPEHHBIM, YTO MOJE-
JIMPOBAHHE W aHAJM3 3KCIePHMEHTaJbHBIX AAHHBIX MPOU3BOASTCS B €IMHOU
reOMeTPHH.

B ofuem ciyuae nporpaMMHoe ofecreyeHHe AOJKHO MO3BOJHUTH CMOJE-
JIMPOBATh BECb 3KCIIEPHMEHT LEJHUKOM, AJS TOro 4roObl paspaboTaTh Hau-
Gosiee mopxonsiiee 00OpYyAOBaHHE NeTeKTOpa, a TakKxkKe Bce HeoOXOAUMBble
aJITOPUTMBI [J151 PEKOHCTPYKIMH IKCIIEPUMEHTANbHBIX NaHHBIX. 3aTeM H3Me-
PEHUS NOJIKHBI OYLYyT CPaBHUBATLCS C pPe3yJabTaTaMH MOJEJHPOBAHHUS, YTOOHI
KaK MOXHO TIlaTeJibHee U3YUHUThb (DU3NYECKYI0 MOLEJb, SBJSIOLLYIOCH LEJbIO
skcrepumeHTa. O6paboTKa pe3ysnbTaTOB MOJEJNHPOBAHUS U PeaNbHBIX JKCIIe-
pPHMEHTaJbHBIX JAaHHBIX OOJKHA OyIeT CXOAWTBHCS Ha 3Talle, Iie HauWHaeTcs
PEKOHCTPYKIHS OTKJIUKA OTAEJNbHBIX JETEKTOPOB.

C onmHol CTOpOHBI, (hU3HUecKas peakLus Moneaupyercs Meronom MoHTe-
KapJsio ¢ momouibio reHepaTopa 4acTHll, 3aTeM 4acTHIbl JOJKHBI OBITH Tpac-
CHpOBaHbl UYepe3 BeLIECTBO [AETEKTOPOB M pe3yJbTaT HMX B3aMMOLEHCTBUS
C aKTHBHBIM BeLIECTBOM Ipeobpasyercsi B OLM(POBAHHbIE AAHHBIE, CIELH-
(uyeckue A KaXKAOrO JAeTeKTopa. Takue [NaHHblE COAEP:KAT HCKaXKeHHS
U U3MeHEHHsl CUTHAJOB, TUIHMYHbIE AJIf KaxKOAOr0 NEeTEKTOpa, U OHU MOXOXKH
(v mpencTaB/ieHBl B TOM e caMOM (popMaTe) Ha IaHHBIE U3MePeHUH B peasib-
HOM 3KcrepuMeHTe. C IpPYyro#l CTOPOHBI, SKCIEPUMEHTa/bHbIE JaHHbBIE TaKikKe
HeoOXOIMMO MOATOTOBUTBE [IJISI TOrO, YTOObBl MX MOXKHO OblJIO 06paboTaThb
B paMKax TOH Ke LeNo4ykHh 00paboTKH.

[IpousBozpsTcsl KaanbpoBKa M mpeobpasoBaHHe M3 BHYTpeHHero (peanu-
30BaHHOTO B )KeJjle3e) TpelCTaB/eHHs] B MPOrpaMMHOe, HallpUMep HyMepauus
KaHaJ/oB, CHCTeMa KOOpAMHAT M Tp. B omnceiBaeMo# Lernoyke 3TamoB pe-
KOHCTPYKLHSl NaHHBIX MPOHUCXOAMT MOLIAroBO AJs 000MX HaOOPOB [NAHHBIX.
CHavasia ocylLecTBASETCS PEKOHCTPYKIHS OTK/IMKA AJi OTAEJNbHBIX NETEKTO-
pOB, 3aTeM MPOU3BOAATCSA IJoba/bHble AEHCTBUS, TAKHe KaK PEKOHCTPYKLHUSA
00pa3oB /15 TpeKa 3apsKeHHOH uacTUlLibl, (PUTHPOBaHHE TPEKOB U JIUBHEH
B 3JIEKTPOMarHWTHOM KaJIOpUMETpe U T.II., a 3aTeM HIeHTH(HKAIUS YaCTHIL.
Ha nocsennem stamne y»xe ecTb BO3MOXKHOCTb NPOBECTH (PH3NYECKUH aHAIN3
KaHAMWAATOB B YACTHLb, KOTOPbIE NMPEACTaB/AIT cO60H HaGOPbl U3 BEpLIHHBI
poxneHus U 4-umnynbca. OTMETHM, UTO AJTOPUTM (PU3UYECKOr0 aHajn3a
CUJIBHO 3aBHCHT OT M3y4aeMOro KaHaja UJH peakiHH.
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Puc. 99. TlocnenoBatensHoCTh BeiMosHeHUs 3anad T Task npu MopenrpoBaHuu B cpesie
SpascharmRoot Ha mnpuMepe IeTeKTOpa, HAEHTHOHUUUPYIOLEr0 YacTHLbl (KaJopH-
merpa uan ECal), n TpekoBoro nerektopa (CHCTEMBI CTAaHUMH npeH(OBEIX TPYyOOK
win FTS). Mony/bHas apXUTeKTypa MPOTrpPaMMHOH Cpeibl MO3BOJsIeT MOAKIKYATh
KOMIIOHEHTBI, HEOOXOAUMBIe 115 KOHKPETHOrO caydast

HaGop u nopsiiok 3agay COCTaBASAIOT CTPYKTYPY 3afaHHUS [J5 BBITOJHE-
uus. Ha puc. 99 moxasan npumep Toro, Kak 3afiaud COeIHHSIIOTCS APYT C ApPY-
rom B caydae kamopumerpa (ECal) u cranumit apefidosbix tpy6ok (FTS)
BMeCTe C TPEKHHIOM, PEKOHCTPYKLHEH KIacTepoB, HIEHTH(HUKALMeH YaCTHLI.

Crauana samyckaercs MerofoM MoHTe-Kapso MozmenupoBaHHe dYacTHIL
M MX TPAaCCHPOBKA yepe3 BeIlleCTBO KaXKAOTo JETEKTOpa, KOTOPOe MOXKET OBbITh
aKTUBHBIM (IIPOM3BOAUTb HaHHBIE) WJM NACCHBHBIM. UTOOB MOJEIMPOBATDH
TNoBeJleHHe NeTeKTOPOB, HUMEIOTCS pa3jMuHble 3alaud: OT OBICTPHIX («Hne-
aNbHBIX») aJTOPUTMOB 10 JETaJbHBIX OMHCAHMH BCeX NPHUHIUIOB PaboTH
npudopa. OTMeTHM, YTO, HANPUMeP, [/ TPACCHPOBKH HE3aBHCHMO OT NyTH,
0 KOTOPOMY MPOUCXOAUT BbINOJHEHHE LENOYKH, BCErAa HMEIOTCS NaHHBIE
B onpeseseHHOM copmarte. Takas »Ke MOAyJbHAas KOHLEMIUS MpPUMEHHMa
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U JJIS UAEHTH(UKALUK 4aCTHL, PEKOHCTPYKLHH 3JeKTPOMArHUTHBIX JIMBHEH
U T.I., UTO JaeT BO3MOXHOCTb I10J/Ib30BATE/I0 BEIOUPATh CBOM COOCTBEHHbIE
KPUTEPUH [ ONTHMaJbHOrO (C TOUKH 3peHHs NeTalHu3allli, CKOPOCTH HJH
MPOCTOTHI PabOThI) HaGopa 06OPYIOBAHHUS.

Paspaborannble 6/I0KH M03BOJISIIOT MPOBOAHUTb MOJEJNUPOBaHHE AAHHBIX
U UX aHa/u3 OHJAHH («B JIMHHIO») W oualiH («BHe JUHHUK»). [Iporpamma
06paboTKH NaHHBIX OHJAWH HCIOJb3yeTcs [/ aHa/ju3a AaHHBIX Hermocpen-
CTBEHHO BO BpPeMS NPHEMA U, MPexJe BCero, TpedyeTcs A/ OLEeHKH KadecTBa
NOCTYNAOLIUX NaHHBIX U NIPH HEOOXOAUMOCTH AJ1sl IPUHATHSA PelleHuH 110 3a-
MeHe (PEMOHTY) pPerucTpHUpyollell 31eKTPOHUKU MM JEKTPOHHUKH CHCTEMBI
cbopa NaHHBIX.

3.10.2. ITakem npoepamm Oas aHanu3a OAHHLIX «8 JUHUIO». B mpo-
rpaMme OHJAHH-00PabOTKH peasM30BaHbl CleAyIOllHe KOMIIOHEHTHI: peodpa-
30BaHHE NAHHBIX, [OCTYNAIOLUINX U3 MOLYJEH PErHCTPUPYIOLLEN 3JeKTPOHUKH
(BLLIT, ALIII, perucTpoB) cucTeMbl c6opa HaHHBIX, H3 «CHIpOro» (opMata
B ¢popmar ROOT-epeBbeB; JoKanbHasi PEKOHCTPYKILHSI XUTOB B MJIOCKOCTSAX
KaMep s IOCTPOEHHUS] TPEKOB 3apSKEHHBIX YACTHI[, KJIACTEPOB B 3JIEKTPO-
MarHUTHOM KaJIOpUMETPE, XUTOB B CLUMHTHJ/IISLHUOHHBIX MYy4KOBBIX TOIOCKO-
Tax; yNpOIIeHHBIH aJArOPUTM MOCTPOEHHS TPEKOB M0 KaMepaM; BOCCTaHOBJIE-
HHMe KOOpAMHAT MydKa Ha MHUIIEHH 3KcrnepuMeHTa. [lapansensHo ¢ paboroi
cucteMbl c60pa NAaHHBIX Ha CepBepe MAYT MPOLECChl NPOrpaMMbl OHJAHH-
06paboTKH naHHbIX, BhiosHeHHble B BUie ROOT-makpocos. [lpeo6pasosa-
HUe (QalJoB C NaHHBIMH B «CbipoM» (opmate B ROOT-nmepeBbst nmpoucxoaut
B NIPOMEXYTKe MeXAy cOpocaMy YCKOpPHUTeJsl, NoNyueHHble (haibl 3aMHUChl-
BAIOTCS HA JHCK.

Ha puc. 100 npuBeneHa 6JoK-cxeMa pabGoTHl MpOrpaMMbl OHJAHH-00pa-
GOTKHU.

@aiinel, conepxamue naHHble B Buge ROOT-nmepeBbeB, yuTaTCsA MpPO-
rpaMMoOH BU3yaJM3alUHW U KOHTPOJS KadecTBa NaHHBIX. OHa MOXKET CUMTHI-
BaTh AaHHble (aiin 3a ¢ailioM B mpoliecce UX Habopa, a TaKXKe B pPeKUMe Ta-
KETHOH 06paboTKH, KOTa U3 onpeleseHHOH OUPEKTOPHH CUHTHIBAETCS Cpasy
MHOXecTBO .root-¢haiisioB, Hakon/eHHbIX paHee. OCHOBHASA LieJb NPOrpaMMbl
BH3ya/H3alud — OTOOpaXKeHHe MpeJCTaBIeHNH, NMEIOLUINX OTHOLIEHHE K Ka-
4ecTBYy HaOHpaeMbIX JAHHBIX B BUAe THcTOrpamM. Eio Mosb3yeTcs mepcoHasn
cMeH BO Bpewms cearcoB Ha ycranoBke CITACHAPM. Bepxwsisi nanesib uHTEp-
(efica pazbuTa Ha BKNALKHU C HepapXU4yeCKOU CTPYKTYpPOH AJis HaBUTraLUU 10
IETEKTOpaM YCTaHOBKH (BEpXHHH psifi BKJAJOK), THIMAM 0TOOpaxkaeMoH HH-
dopmannu (BpemeHa, npoduan, 3PPEKTUBHOCTH, MHOXKECTBEHHOCTH H T.1I.),
a TakxKe [JIsl HaBUTALlMK 110 3J1eMeHTaM AeTeKTOPOB (IJIOCKOCTSIM OJOCKOIIOB,
CJIOSIM KaMmep U T.1.). B cTpoke cocTosiHUs MpUBOAMTCS CayKeGHas HHDOP-
Mallusi, Takas Kak 4HUCJIO0 CUMTAHHBIX (paijoB, yucao coObiTuil. [Iporpamma
KOHTPOJISl KauecTBa AaHHHIX mpefcTaBiser coboil ROOT-makpoc, ucnombay-
romni rpaduueckyto 6ubanoreky nakera ROOT. [Toatomy ¢ rucrorpamMmmam,
oTobpaxaeMbMH B OKHe mporpamMsl (B Canvas), MOXKHO BBINOJHSITb BCe



146 ABPAMOB B.B. U JIP.

*.dat

- .

TCP

*. 100t

*.r00t
SpascharmRoot

Puc. 100. Byok-cxema nporpaMMbl 06paGOTKH AaHHBIX «B JIMHHIO»

CTaHIapTHBIE NEeHCTBUS, KOTOpble AONYCTUMBI 1/ FMUCTOrpaMMaM B MHTepak-
tTuBHOH ceccut ROOT: MeHsSITh mpenesibl THCTOIPAMMHUPOBaHHS, PUTHPOBATD
pacrnpenesieHus U T.II.

[TonrotoBnenusle npu padoTe «B JHHHUIO» .root-hallibl MOTYT HCMOJIb-
30BaThCsl U NpU aHanuse. Ho cienyer yduTeiBaTh, 4TO 4acTh (paksioB mpu
9TOM MOXKeT OTCYyTCTBOBaTbh, TaK Kak IpH padoTe «B JHHUIO» aHAJIU3UPYIOTCS
TOJIBKO TOCJIeHHE MOCTYIUBIINE JaHHBIE.

3.10.3. Ilakem npoepamm Ona aHanu3a OAHHLIX «BHE JIUHUU» U MO-
deauposanusa. Tlpu paboTe «BHe JUHUU» BeleTCs aHAJIN3 [0 BCeM 3a1aHHBIM
(haiiiam (0OBIYHO 3TO BCS NUPEKTOPUS C JNaHHBIMM, HAaOpPaHHBIMH B ONHUX
ycaoBusix). [lpu ananuse Ha mepBOM 3Tarie MPOBOAUTCS CJAHSIHUE TaHHBIX
U3 Pa3JMYHBIX MOTOKOB C MOMOIIbIO MOCTpOUTE s COObITHE (event-builder) *.
ITOT NPOrpaMMHBIA MOAYJIb COMOCTABJSIET 3aNMCAHHbIE (pakJbl JAHHBIX C pas-
JIMYHBIX [E€TEKTOPOB W MO OTMETKAM BPEMEHH HAaXOAHT COOTBETCTBHE MEXIY
COOBITHSIMH BHYTPH pa3HbIX IOTOKOB NaHHBIX, Ha BEIXOJe (DOPMHPYETCst MOTOK
COOBITHH € JaHHBIMH BCEX JETEKTOPOB YCTAHOBKHU. [IpH 3TOM oCylecTBsIeTCS
NpoBepKa KayecTBa NaHHBIX, B TOM UHCJe OOHApyKeHHe MOTepU BaKHOU
UH(pOPMAaLHY MIPH COOSIX PErHCTPUPYIOLLel 3JeKTPOHUKH. [lo faHHBIM MpoBe-
IEHHOT'0 CeaHCa ¢ KOMIJIEKCHBIM 3aMyCKOM YCTaHOBKHM KOJIHUECTBO OLIMOOK
Maad (moM TpoLeHTa), TaK 4TO MPAKTHYeCKU BCs MpPUHSATAs HH(MOpMaLHs
(c TOYKH 3peHHsT KAYeCTBA JAHHBIX) HCIIOJMb3YETCs [l AHAJMHM3A.

* MoXXHO TIPOBOAUTb aHAJIN3 OTHENbHO [JIs KaXKI0r0 BBIOPAHHOTO MOTOKA.
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Puc. 101. Llenouka BeImosHeHUs1 3TanoB B cpene SpascharmRoot

[TapameTpsl
FairTask Hanrre
RunID 1 FairParIO | . Daiin 1
P L FairTask::SetContainers()
FairTask::Init() RunID 1
“ <=
Pram ; ..
iyl FairTask::Exec()
o —,

RunID 2 | | FairParIO Daiir 2
O < = FairTask:Relnit() RunID 2
container < —ni

FairTask::Exec()
e

Puc. 102. Cxemartuyeckoe npencraBnaeHue npoueccos B FairTask, a Takxxe MexaHuama
o6pau1eHH;1 K ImapameTrpaM U NaHHBIM. ﬂaHHbIe U NapaMeTphl CBA3aHblI Yepe3 yHUKaJb-
HblH uaeHTHduKaTop RunlD

[TporpaMmHBIH nakeT AJs MOAEJMPOBAHHS, NMPUMEHSEMBbIH AJIS OTNALKH
aJrOPUTMOB M OLEHKH 3((EeKTUBHOCTH, B HACTOsllee BpeMs ONUCHIBAET
«H€eajibHyI0» TeOMETPHIO IKCIepUMeHTa bHOH ycTaHOBKH. MneanbHocTh 3a-
KJoyaeTcss B abCOIOTHOH oTbhiocTHpoBaHHOCTH U 100%-# 3¢ dheKTHBHOCTH
nerektopoB. [locse ompenesneHHsl peasibHBIX reoMeTpUM U 3(P(HEKTHBHOCTH
Ha OCHOBE 3KCIIEPUMEHTaJbHBIX NAHHBIX BCe peasibHble MapaMeTpel OYAyT
BHeCEHbl B IPOrPaMMHO€e ONHUCaHHE YCTAHOBKH.

Ha puc. 101 nokaszaHa mocsenoBaTesbHasi LeNouKa TakKUX OOOOLIEHHBIX
JTAIoB.

[TpumepHast nuarpamma paboThl 3afad MoKasaHa Ha puc. 102.

,HJ'IH BOCCTAHOBJIEHUSA TPEKOB 3apsAKEHHbIX YacCTULl B TpeKOBOﬁ CHUCTe-
Me BbIOpaH MeToJ TMOMCKa TpeKa, M3BECTHbIH Kak mnpeobpasoBaHue Xada.
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Puc. 103. CxemaTtHueckoe npeicTaBieHHe OCHOBHOIO MPUHLIKIA NpeoOpa3oBaHus Xa-
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Puc. 104. [Tpumepnl noJiydeHHBIX TPOCTpaHCTB Xada B MI0CKOCTH ZY AJisi OTHOro (@)
u Tpex (6) TpekoB

OTOT MeTon HCIONb3yeT NapaMeTpUyeckoe ONMMCAHHE TPeKa: Kaxkaas Touka
B [IPOCTPAHCTBE N1ApaMETPOB ONHCEIBAET TPEK B KOOPAUHATHOM IIPOCTPAHCTBE.
Jlast BEIGOpa KaHAMAATOB B TPEK MIPOBOAHUTCS MOHCK JIOKATBbHBIX MaKCHMYMOB
B npoctpaHcTBe Xada. Mamtoctpauus npuMeHeHUs MeTola B ABYMEPHOM
NpoCTpaHCTBe MpHUBeaeHa Ha puc. 103.

Ha puc. 104 nokasaHsl mpuMepsl MOJTyYeHHBIX TpocTpaHcTB Xada B mioc-
KOCTH ZY npH MOJEJHPOBAHUY C OfHHM U TPeMs MIOOHAMH Ha COOBITHE.

Ha ocHoBe pe3y/sbTaToB MOAENHMPOBAHHUS W MEPBBIX IKCIEPUMEHTAJbHBIX
JaHHBIX, HAOPaHHBIX NPH KOMILIEKCHOM 3allycKe YCTAHOBKH, IOJYy4YeHbl pac-
TnpefesieHHsl 0 TAKUM KMHEMaTHUeCKHM INlepeMeHHbIM, KaK HMIyJbC (¢ yde-
TOM 3HaKa 3apsiia), MONepeuHbl UMIYAbC pr, NepemeHHass PeliHMaHa Tp.
YcJ10BHS, TIPY KOTOPBIX NPOBOAUJIOCH MOAEJHPOBAHHE, CJIEAyIOLIHe: B Kaye-
CTBe reHeparopa ucroJb3opajcs naker PYTHIA 8 (B cocrtaBe mporpaMmHoO-
ro mpoxykra SpascharmRoot masi 06paboTKM 3KCreprMeHTaJNbHBIX AAaHHBIX
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B 00J1aCTH (PU3UKH BBHICOKHX 3Hepruil), minbias-cobbiTus (6e3 GpuabTpalnu),
B3aMMOJIe/iICTBHE [POMCXOOUT Ha IIEHTAHOJOBOH MHIIEHH, 3(PPEeKTHBHOCTb
Ka)KI0H MJIOCKOCTH TPEeKOBOH CHCTEMbl NMPH MofenupoBaHuu — 95 %, pas-
pelieHue npeidoBbXx TPyOOK Bcex Kamep — 500 MKM, «MepTBbIE» 30HBI
B KaMmepax He BKJIo4eHbl. MHTerpan koncrautHoro moss 0,6 Tor- m.

Mertoj 1o3BoJ/iieT BOCCTAHABJAUBATb TPEKHU C BBICOKOH 3()(heKTUBHOCTBIO
(6oee 98 % nast omuHOYHBIX TPeKOB U Gosiee 85 % mJjsi MHOrOYaCTHUHBIX
cOObITHE *).

B cranpapTHOM mporpaMMHOM 00ecledeHHH aHa/W3a NaHHBIX 3IKCIIEpH-
MEeHTa peasH30BaHbl TAKXKEe aJTOPUTMbl BOCCTAHOBJIEHHS NEPBHYHOH U BTO-
PHUHBIX BEPIIHH, KOTOPble HEOOXOAUMBI H UCIIOJIb3YIOTCS AJIsT 0TOOpA YaCTHULI.

4. IINIAH-TPA®UK PEAJIU3AIINHU N OIEHKA
CTOMMOCTH IMTPOEKTA

OcHoBHBIE pacxofbpl TPeOyIOTCS Ha CO3[JaHHe KaHazla IOJSPHU30BAHHBIX
YaCcTHL W MOJEPHH3ALMI0 SKCIEPUMEHTAbHOH YCTAHOBKM JJIsI TIPOBEJEHHS
TNPELU3UOHHBIX HCCJIEN0BAHUH € HCHOJB30BAHHEM MOJSPU30BAHHOrO Myd-
Ka. BeimosiHeHB! paGoThl 1O pacueTy M 3CKH3HOMY MPOEKTHPOBAHHIO KaHa-
Jia TOJISPU30BaHHBIX uacTul. My BBINOJHEHHS paboT MO co3jaHHI0 (aH-
TH)IPOTOHHOT'O KaHasa 24A Ha yckopuTesbHOM KoMIiekce Y-70 morpebyercs
OK0JIO 2 MJIpA PYO.

J1J1s1 BBITOJIHEHUS] HAMEeYeHHOH 3KCIepHMeHTaNbHOH MPOrpaMMbl Heo6Xo-
IMMO CO3[aHHE CHUCTEMbl CBEPXIPOBOJSIINX MArHHTOB «CHOMPCKHUX 3MeeK»,
CITMHOBBIX POTaTOPOB M KpHOreHHo# cucreMsl K HUM (200 muH py6.), Ko-
TOpble MOTYT ObITb paspabotanbl U cosnanbl B P CO PAH (Hosocu-
6upck). Ilpely3HOHHBIN 3/€KTPOMArHUTHBIA Ka/loOpHMETp THIA «IIAIIJIbIK»
(150 mau py6.), mosHasi TexHOJOTHSI KoToporo paspabotana B UPBI (co-
3IaHbl ¥ O(QOPMJEHBl [Ba OIMBITHO-TIPOMBIIIJIEHHBIX 06paslia), MO3BOJHUT pe-
THCTPUPOBATh BCe JOCTYIHBIE [0 Macce HOBblE COCTOSIHHS MaTepHH, pac-
najamouecs B TOM 4YHcie Ha (oToHbL. JleTeKTOp KoJlell 4epeHKOBCKOro
usnydenns (250 MaH py6.) mo ofpasiy Takoro e JeTeKTopa B IPOEKTe
PANDA no3BosMT HAEHTH(HLHMPOBATh BCe 3apsiKeHHblE afpPOHBI BO BCEM
JOCTYITHOM 3HEPreTHYeCKOM HHTEpBaje, UTO HEeOOXONUMO MJISi CIHHOBOTO
HCC/IeJOBAHUS [I€JI0TO CIEeKTPa Pa3HOOOPA3HBIX PE30HAHCOB U OOHApPYKEHHS
HOBBEIX. CHCTeMa MOJSIPUMETPOB JJIs1 U3MePEHHUs] aOCOMIOTHON BeJHMYHHEI 110~
asipusanuu nyuka (100 man py6.) paspabaTbiBaeTcsi ¥ MOXKET ObITb CO31aHa
B UDPBI comectHo ¢ MUDU. CToumMocTh MOJMSPU30BAHHOH MHIIEHH HOBOTO
TIOKOJIEHHS, MO3BOJISIIOIEH MOJMY4aTh KaK IMONEPeuHYIo, TaK H NPOLOJbHYIO
noJisipu3anuio, cocrapiser 250 MaH py6., OAHAKO 3HAYUTENBHBIH BKJAL MO-
’eT OBITh BHECEH HEMELKHMH YUaCTHHKAMHU MPOEKTa.

* st 100%-it 5¢pheKTHBHOCTH KaMep.
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CyMMapHBIe pacXojfibl Ha U3roTOBJeHHe B Poccuy Heo6XOIUMOro HayyHoro
obopynoBaHus coctaBat 1 mapx py6. Takum o6pasoM, UTOroBas CTOMMOCTb
MpOeKTa oLeHHBaeTcs B 3 MJapn pyo. *

[Tocsie Hauana punancuposanus npoekra CITACHAPM mnan-rpaduk co-
3IaHHsl OCHOBHBIX NO3HLUMH KaHama 24A ¥ IKCrepHMEeHTaNbHOH YCTaHOBKH
npefycMaTpUBaeT caefyollie CPOKH:

— 3aBepllieHHe padouyero NpoekTa Ha KaHaJ U 30HY YCTAaHOBKHU — IlepBble
IBa romga **;

— M3rOTOBJIEHHE 3JIEKTPOMArHUTHOTO KajopuMeTpa THMa <«MaIIbKy —
TnepBble UeThipe ToAa;

— U3rOTOBJIEHHE MAarHUTOB «3MeHKa» M KPUOTeHHOro o0OpyHOBaHHUS —
nepBble TPU roaa;

— M3rOTOBJIEHHE JeTeKTopa KoJjell YepeHKOBCKOIo M3JyyeHHs] — CO BTO-
poro no mATHIH rof;

— co3laHue KaHasa 24A ¥ pa3MelleHHWe YCTAHOBKH Ha 3TOM KaHajle —
TPEeTHH-YeTBEPTHIN TOABI;

— CO3/laHHe CHCTeM H3MepeHHsl MOJNAPHU3aLUH — BTOPOH-UeTBepTHIH
TOZLBI.

IlepBblfl NMPOOGHBIM ceaHC C IOJSPH30BAHHBIM MYYKOM IIJIaHUpPYyeTCs Ha
IATBHIA O pean3aluy MIPOeKTa.

3AKJIOYEHHE

[onsipusauuonselii npoekt CITACHAPM otnuuaer rio6ajibHbIH, CH-
CTeMaTHYeCKHH MOAX0[ B M3yYeHHH CHCTEMbl aHTHUIPOTOH-MNPOTOH (A1pO)
¥ TPOTOH-TPOTOH (s4pO), BKJIOYAs MPOBELEHHe O0030PHOr0 MOJSPH3ALH-
OHHOTO 3KCIEepPHMEHTa M OfHOBPEMEHHOE HCCJIENOBaHHE JAECATKOB peaklui
1 HECKOJbKHX (DPH3MYEeCKHUX HAOJIOfAeMbIX, 3aBHCSIINX OT MHOTHX IlepeMeH-
HbIX. B ToM uMcsie 6yneT mpeanpHHATA NONBITKA ONpPENENHUTh N0JPU3ALHNI0
TJIIOOHOB B IIPOTOHE (QHTHIIPOTOHE) B 00JACTH HX (pparMeHTAlVH MPU HC-
csleoBaHUY 06pa3oBaHus yapMoHus. OxxunaeMasi BEICOKAst TOUHOCTb H3Mepe-
HUH, MHHHMaJIbHblE CHCTEMaTHUeCKHe OIKMOKH Hapsily ¢ LIHPOKHUM HabopoM
Ty4YKOB, MHILIEHeH, BTOPHYHBIX 3apS?KEeHHbIX W HEATPANbHBIX YACTHL BEITOJHO
OTJIMYAIOT 3TOT MPOEKT OT APYTUX NOJSIPU3ALHOHHBEIX TPOEKTOB.

[TonsipusoBaHHbBlE AHTUIPOTOHHBIHA M IPOTOHHBIN IyUKH SIBJISIOTCS IOHC-
THHE YHHKaJbHbBIMH HHCTPYMEHTAMH B 3THX HCCJ/IEOBAaHUSAX.

Boinenum ocHoBHble mpenmyliectBa npoekta CIIACHAPM:

— obmupHas (QU3UYecKast IPOrpaMMa U CHCTEMaTHUeCKOe HCCJIeN0BaHUe
TOJISIPU3ALMOHHBIX SIBNEHUH (THNA Nepuoandeckod tabaunsl uau PDG);

* B 3Ty cyMMy He BXOAHT CTOMMOCTb HOBOH MOJIIPU30BAHHOH MHUILEHH U 3JIEKTPO-
HUKH B cTaHgapTe XTCA, Tak Kak CTeleHb y4acTHs HeMeLKHX MapTHEpOB B HAcTOSsi-
llee BpeMs HeH3BECTHA.

** Bce natbl yKa3aHbl OTHOCHTE/IbHO Hauasna (D)MHAHCHPOBAHHS NPOEKTA.
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— pas3HooOpa3ue IyuKOB: MOJSPU30BAHHbIE MPOTOHB M AHTHUIPOTOHH,
HernoMsipU30BaHHble Nyuku n+, K+ p* d, C;

— perucTpauus U UIeHTU(PHUKALNUSA HeHTPaJbHbIX U 3apsKeHHbIX BTOPHY-
HBIX YacTull, BKaoyas v, 70, 7+, K+, p* d u pesonance;

— HCCJIefl0BaHUe JECATKOB PeaKLHi ONHOBPEMEHHO;

— TIOTNIePeYHO- U MPOLOJBHO-NI0JISIPU30BaHHbIE U SIiepPHble MUILIEHHU;

— HCCJeI0BaHUE Pa3/IMYHBIX CIIHHOBBIX Habmonaembix: Ay, Py, Ann,
Arr, DynN, pik -3

— HCCJIel0OBaHHe TMOJSPU3ALUOHHBIX 3((EKTOB B 3aBUCHUMOCTH OT pas-
JIMUHBIX TEPEMEHHBIX: /S, pr, T, ATOMHOTO HOMEpa, MHOXECTBEHHOCTH,
peakuuH. .. ;

— MOJIHBIA a3UMYyTaJbHBIA YTroJl, MO3BOJSIOINA MUHUMHU3UPOBATE CHUCTe-
MaTHUYeCKHe OLINOKH;

— CIHH-(JIUINED, MO3BOJSIOLMH N0Iy4YaTh KaK MOMNEPedHyo, Tak U Mpo-
LOJIBHYIO TOJISIPU3aLMI0 U MEHSITb WX HalpaBjeHHe, YTO TaKxKe BaxKHO /I
yMEHbLIEHUS] CHCTEMAaTHUECKHUX OLIMOOK;

— OblcTpasi (MpH pa3BUTHH) GecTpUrTepHasi cUcTeMa c6opa JaHHBIX.

HMroroBast CTOMMOCTb MpoeKTa (KaHas + 3KCIepUMeHTaJ/IbHask YyCTaHOBKA)
oueHuBaetcs B 2 MapA py6. Co3naHue Takoro KaHaja U 3KCIEpPUMEHTaNbHON
YCTaHOBKH, T10JyYeHHe NTyYKOB N0JSPU30BAHHBIX YACTHL] [IPUBJIEYET K HccJle-
LOBAHHSIM Ha YCKOPHUTEJbHOM KOMILJIEKCE YUYEHBIX M3 DA3JHUHBIX Hay4YHbIX
LIEHTPOB.

TekcT mpoekTa MOArOTOBJIEH NPH MopaepKKe Poccuiickoro HaydHoro (oH-
na (rpant Ne22-12-00164). Padora cotpynnukos HUAY MHU®U BrimonHeHa
npHy mojfepkke MHUHHCTEPCTBA HAyKH U BhICLIero o6pasoBaHusi PO (mpoext
Ne 0723-2020-0041) u nporpammer MUDPU «IIpuoputer-2030».

IMPUJIO2KEHHUE A. COBPEMEHHOE COCTOIHHUE
HCCJIENOBAHHHU B TAHHOH OBJIACTH

DKCIeprMeHTa/NbHbE ¥ TEOPETHIECKHE HCCJEN0BAHUS B 06JIACTH CIIHHO-
BOH (hU3UKH B IpolieccaXx 00pa3oBaHUS U B3aUMOJEHUCTBUS aJpPOHOB C al-
poHaMH, ()OTOHAMH W JIEITOHAMH BeLyTCSl yXKe HeCKOJIbKO NeCATHJeTHH —
CO BpPeMEHH MOsIBJEHHUS MepBblX ycKopuTesed yactvl. CoBeplleHCTBOBaHHe
yCKOpHTeJ/IeH U JeTeKTOPOB YacTHI, CO3[aHHe NyYKOB MOJSPU30BAaHHBIX ua-
CTHLl M Pa3BUTHE TEXHOJIOTMH IMOJISAPU30BAHHBIX MHIIEHeH MO3BOJIMJH MOJY-
YHUTb OFPOMHBIH MacCHB MOJISPU3aLLHOHHBIX JaHHBIX. B ciuHOBOH ¢u3nKe npu
BBICOKMX 3HEPrHsaX MPOBOAATCA MPELHU3HOHHbIE U3MePeHHs, KOTOpble 103BO-
JIIIOT BBISIBJAATb OCOOEHHOCTH JMHAMHMKH CHJIbHBIX B3aHMOJEHCTBHH M NpO-
HHUKATh IIy0xkKe B CTPYKTYPY afpoHOB. PeHOMEHOJIOTHs CIIMHOBLIX SIBJEHHH
0Ka3asach yIUBUTEJbHO O0raTod U TPYAHO OOBACHUMOH C (PyHIAMEHTaNbHBIX
MO3ULHH KBAHTOBOX XPOMOAHHAMHKH.

[losiBjieHMe TOUYHBIX [AaHHBIX CTHMYJHpPOBaJo OypHOe pa3BUTHe Teope-
TUYECKUX MojeJsell, oObsACHAIWUX HaOMofaeMble sBjaeHUs. IIpuBeneHHbIE
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B JAaHHOM MPUJOXEHHUH KpaTKue 0030pbl OTHOCATCS TOJBKO K aJpPOHHBIM
B3aHMOJEHCTBHUSIM.

A.1. Pe3ynbTaThl NOJSIpPU3alMOHHBIX dKCIIEpUMEHTOB. [lepBrie moJsi-
PHU3aLMOHHbIE 3KCIIePUMEHTBI IPOBOAM/INCE IJIl YNIPYTHX M 3apsAf0BO-00MeH-
HBIX peakLUH, OCKOJbKY IPU HU3KHUX 3JHEPrUsiX CeuyeHUs] TaKUX peakLHU
crnuHoBble 3(DheKTsl BeUKU. C POCTOM HEepPrHH YCKOpHUTeJsel yBenunBaeTcs
CpenHssl MHOXKECTBEHHOCTb B COOBITHH, a CIIMHOBbIE 3(P(EKTH B KOHKpPET-
HbIX OMHApHBIX Mpoleccax M HMX cedyeHHs ObICTPO YObIBAWOT. THMHYHBIMH
MpUMepaMu MOTYT CJyXKHMTh CeueHHe Mpolecca Mepesapiiku m-p — 7on,
KOTOpOE MafaeT Kak s~ |, ¥ ceueHue Mpouecca ™ p — pp, KOTOPOe NaaeT Kak
s72, uTO yKasblBaeT Ha TO, YTO NPH BBICOKMX SHEPTHAX B TAKMX MPOLEccax
MIPOUCXOAUT 0OMeH pemkeoHom [151].

Jl1s aHanu3a JAHHBIX TPH BBICOKMX 3HEPTUsiX OblI MpeiJoKeH HHKJIIO-
3UBHBIH I[OAXOA, B KOTOPOM pEerHCTpHpyeTcsl JIMLIb OfHA HWJH HEeCKOJbKO
U3 obpasoBaBlIKXcs yacTHL [152]. dToT moaxon okasaljcs O4eHb YHOGHBIM
IJ1 UCCJIeIOBAHUS TI0NIePEYHBIX OfHOCIMHOBBIX acHMMeTpu#l (Ap) afpoHOB,
TONepevYHbIX MOJsIpU3anul (Py) rUIepoHOB U 31eMEHTOB CIIHHOBOH MaTpPHIHI
MJIOTHOCTH (p;1;) BEKTOPHBIX Me30HOB. B cuiy orpannueHHocTH HHGbOpPMaALUK
B MHKJIIO3UBHBIX IIpolleccax 3a IocJegHee BpeMsl IPOBeJeHbl U3MepeHHs, IIpH
KOTOPBIX TaKXKe H3ydyaeTcs 3aBUCHMMOCTb Pe3y/bTaTOB M3MePeHHH OT MHOXKe-
CTBEHHOCTH U LeHTpasbHOCTH coynapeHUi. IlosyuyeHHble faHHbBle MOKa3aJnu
3aBUCHMOCTb MOJIIPU3ALHOHHBEIX 9(P(EKTOB OT 3THX [ONOJHHUTE/bHBIX Iepe-
MeHHbIX. JIJ1s U3y4eHHS CIMHOBOH CTPYKTYpbl aipOHOB YacTO HCIOJb3YIOTCH
TNOJIyMHKJ/I03MBHBIe HeyNpyrve MpoLecchl, B KOTOPHIX MOMHMO afipoHa peru-
CTPUPYeTCSl pacCesiBLIMHCA JIETITOH.

A.l1.1. Ilonsapusayus 6 ynpyeux peaxyusax. Ha puc. 105 npueneHo
CeyeHHe YMPYroro MPOTOH-MPOTOHHOTO paccesiHust npu 3Hepruu 11,75 3B
IJisl COyJapeHW# ¢ mnapajenpHbIMA (11) W aHTHnNapasiesbHeIMH (1))
CIIMHAMK INPOTOHOB B 3aBUCHMOCTH OT 0e3pa3MepHOiH INepeMeHHOH p7| =
= B2Poyo1(s)/38,3 [153], rne P? = p?2. Tam »e CIJIOUWIHBIMM KBaj-
paTaMH II0Ka3aHO CedyeHHe MPHU Topasfo Oojiee BBICOKOH 3Hepruu (mpu
s = 2800 I'sB?), mnoayuyennoe Ha ISR B LIEPH. B nudpakuroHHoil
06J1aCTH, COOTBETCTBYIOIIEH MaJsbIM yIJIaM pacCesiHUsi, cedeHHe OIMHAKOBO
B pa3/IMuHBIX CIIMHOBBIX COCTOSIHHSIX M MPH pasHbIX 3Heprusix. B oGmactu
NPOMEXKYTOUHbIX 3HAYEHHil P2 HMMeeTcs c/aabas 3aBUCHMOCTb OT CIHMHA.
[loBeneHue ceueHust B 06/IaCTH GOJIBIIMX 3HAYEHHE p3 OKA3a/J0Ch HEOXKH-
HaHHbIM. Korja crnuHBl MPOTOHOB MapasjesibHbl, HAaKJOH CeuyeHHH TakKo#
e, YTO M [Js HeNoJsIPU30BAHHBIX NPOTOHOB, MOJYUEHHBIX MPHU TOpasno
6oJiee BHICOKHX 3Heprusax. OnHaKO [/ aHTHNAPAJJIENbHBIX CIMHOB HAKJOH
cedeHust 6osiee KpyTod. B 1970-e rr. npenmnosarany, 4To CIHHOBBIE 3(P(EKTHI
JIOJKHBI BBIMEPETh TPH BBICOKMX SHEPIUSX U GOJIBIINX 3HAYEHUAX Pan.

C.Bponcku#i Ha3Basl 3TOT pe3y/bTaT <«OAHOH M3 HepasrajaHHbIX TallH
afpoHHol (husuKH» [157]. OnHaKO BO3HMK BONPOC: He MPOSIBJSETCS JIU 3aBU-
CHMOCTB OT CIIMHA TOJIBKO B 06J1aCTH YIJIOB paccestHust B6au3u 90° B c. 1. M.,



KOHLIENTYAJIbHBIN [TPOEKT 9KCIIEPMUMEHTA CITACUAPM 153

E T T T T T T T T 73
g prp—ptp ]

i 11.75 GeV/c )

: s do/dt (1) E

: o do/dt (11) -

o 10g ~ " (do/dt) de Kerret et al. 3
% g : s = 2800 [GeV[? ]
o 1g E
= E ) ]
< C e%).&pf ]
s 101k E
? 0 E n .f.l - E
= C ) %% ]
1072 Q .

- s 3

- —1.6p2 :

1073 é_ e PL _g

E 1 l 1 l 1 l 1 l 1 l J

1 2 3 4 5

Scaled P? p2 -p?P? 04(5)/38.3, (GeV/c)?

Puc. 105. CeueHue NpOTOH-IPOTOHHOTO YIPYTOro pacCcesiHusl B 3aBUCHMOCTH OT CKel-
JMHTOBOH mepeMenHOH pi = B2P? o101 (s)/38,3 [153, 154]

T T T T T T T T T T T
ptp—optp
= 90cn

= ﬂi ¢ 11.75 GeV/c

W =~ oo
r J
P

Oparallel/ antiparallel
T

a .
A T

1 2 3 4 5 6
Pf, (GeV/c)?

Puc. 106. OtHowenye ynpyrux cedennit o1 /o™ B 3asucumoctu ot P2 [155,156]

B KOTOPOH BakKHa HIEHTHYHOCTb MPOTOHOB? UTOGH OTBETHTH Ha 3TOT BOMpOC,
Ha yckopuTese ZGS 6bl1 MOCTaBJeH BTOPOi 3KCIIEPUMEHT, B KOTOPOM MeHsl-
JMCb 3HEprus U pi, a yros paccesiHus octasancsi paBHbiM 90°. Ha puc. 106
NMOKa3aHo OTHOLIeHUe ynpyrux cedenuii o1 /o™ B saBucumoctu ot p2. [155]
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Hapsily ¢ OaHHbIMM u3 paboTsl [153] u puc. 105. CyectByer GoJblias
PA3HHUIA MEXJy CeYeHHsMU B 06/1aCTH MaJblX P2, COOTBETCTBYIOIIUX MaJbIM
sueprusm. Ho mpu p% > 1,5 (I'sB/c)? nBa naGopa NaHHBIX NPaKTHYECKHU
COBMAJAIOT U He 3aBUCAT OT HampabjeHus cnuua. [pu p2 > 3,7 (['aB/c)?
3aBHCHMOCTb OT CIIHHA CHOBA CTAHOBHUTCS CHUJIBbHOH. DTH NaHHble yOeXAaloT,
4yTo GOJIbLIHE CNHHOBBIE 3(QQEKThl He CBSI3aHbl C UAEHTHYHOCTbIO MPOTOHOB
npu yrie paccesiius 90° ¥ BO3HHKAIOT B IIpOLECCE KECTKOIO pacCesiHUs
B 06/1aCTH GOMbLIMX 3HAueHuH px [157]. DTH yNMBHTeNbHbIE PE3YJbTaThl He
TIOJIYYHJIM TT0Ka JOCTATOUHO YOeIUTEeNBbHOr0 TEOPETHUECKOrO 00bCHEHHUSI.

A.1.2. Honsapusayusa u acummempus 8 3apsa0060-06MeHHbIX peaKyu-
Ax. 3HAUUTEJbHBIH BKJal B HCCAeIOBaHHE CIHMHOBBIX 3((QEKTOB B IKCKJIO-
3UBHBIX 3apsiIOBO-00MEHHBIX peaKlHsX OblI NOJYyUeH B CepUH IKCIIEPUMEHTOB
Ha ycraHoBke [TPO3A (IIporBuHo) mnpu 3Hepruu nyuka 40 9B [66-72].
BO/BIIMHCTBO HaHHBIX B APYTHX 3KCIEePUMEHTax ObIO MOJYdYeHO MPH yMe-
peHHBbIX 3Heprusix nyuka (no 12 ['aB), HUXKe sHEprul YCKOPHUTEJBHOTO KOM-
nnekca UPBI.

K cepenune 1980-x rr. GbliM 3aBeplieHbl HCCJENOBaHUS aCUMMETPHUH
B 9KCKJI03UBHOH peakuun m~ + p! — 70 4+ n npu umnyance 40 I's3B/c [68].
Hurepec K 3TOH peakuuu 0OYyCJOBJEH TeM, UTO B MOJIEJH M0OJI0COB Pemke
IaHHas peakLHs HIET yepe3 OOMEH OINHUM p-TIOJIOCOM W MOJISIPU3aLUs Kak
UHTep(epeHUHOHHbIH 3(h(PeKT N0IKHA OTCYTCTBOBATD.

[lepBble ke aKCMepUMeHTaJbHble naHHble mpu b W 12 ['3B/c mokasa-
JIU Hajquuue OOJbIIUX TOJNSPU3ALUOHHBIX 3((eKToB. DTOT (aKT 3acTaBUJ
TEOPETHKOB MEePeCMOTPeTh UCXOAHbIE MPEANOCHIIKH Moneau Pemike, BBeCTH
IOTIONHUTEJIbHBIE M0J1I0Ca, Y4eCTb 3(QeKTh NepepaccesHusl U T. n. OnHaKo
3TH OMBITHl MPOBOAMJMCH MPH HU3KUX 3Heprusix (Huxke 12 [3B), u nas
CTPOro# MpoBepKH Monesu Pelxke HyXKHbI ObIIM AaHHblE NPH GoJiee BBICOKHX
9Heprusx. JTUM MOTHBHPOBAJACh MOCTAHOBKA IKCIIEPUMEHTA MO M3MEpPEHHI0
NOJISIPH3allMK HEHTPOHA HAa YCKOPHTEbHOM KoMiieKce ¥Y-70. JlaHHBIe 110 TIO-
asipusauuu nipu 40 I'sB npencraBaenst Ha puc. 107 1 GblLIM TpegMETOM MHOTO-
YHC/eHHBIX 00cykneHui. [IpuB/ekasuch pasnuuHble MOAM(HUKALNH MOAENH
Penxe. JIunueit Ha puc. 107 npencraBjeHbl pe3y/bTaThl PACUETOB 0 MOAEJH
Pemxe ¢ yuerom ogmepona [158]. Aeropsl paboTsl [158] mpenckassiBaoT pocT
aBCOMOTHOM BeJMuMHbl noaspusanuu nmpu —t > 0,7 [3B? ¢ ysenuuenuem
3Hepruu nyuka. [Ipy U3MepeHUH MOJSIPU3ALMH IPH HECKOJIBKHX SHEPTUSAX Ha
ycraHoBke CITACHAPM wmoskHO 6yzieT IPOBePUTh CMeHY 3HAKa MOJSPU3ALHIN
B o6JiacTu sHepruil Y-70.

Ha ycranoeke [TPO3A B 1980-x rT. U3MepsiiuCh aCUMMETPHUU B 3KCKJIIO-
3MBHOM 00pa30BaHUH HEKOTOPBIX PE3OHAHCOB, TakKMX Kak m p! — w(782)n,
7 pt = n/(958)n, 7 pT — f2(1270)n, npu snepruu 40 I'sB [70, 159].

[IpakTHueckyn BO BCEX HCCJEOBAHUSAX OBLIM OOHApYKEHBI OOJbILHE (-
dexthl — Ha ypoBHe 20-40%. Pesyabrathl no peakuuu 7 p! — w(782)n
npejcTaB/eHbl Ha puc. 15, pesynbTathl Mo peakuud 7 p' — 1/(958)n — Ha
puc. 16, a pesyabTathl no peakuuu 7 p' — fo(1270)n — na puc. 108.
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OTMeTHUM, 4TO B Me30HHBIX NyuKax HaOJIIONAIOTCS HEHyJeBble MOJsSIpHU3a-
LMOHHBIe 3P(eKThl Jaxe B 00/1aCTH (PparMeHTALUH HENOJSIPU30BAHHOTO MyU-
Ka, UTO MOKa He MMeeT YIOBJIETBOPUTEJNBHOTO TEOPETHUECKOTO OOBSCHEHHS.
3HauuTe IbHBIE ONHOCIMHOBBIE aCHMMETpPUM, HabJjiofaeMble B COyLapeHHSX
Me30HOB C MOJISIPU30BAHHBIMH TMPOTOHAMH HE TOJBKO B 00/1aCTH (pparMmeH-
TAllMKd TNPOTOHA, HO WU B 0OJACTH (pparMeHTalUHd Me30Ha, MOTYT ObITb CBSi-
3aHHBIMHM C HECUMMETPUUYHOCTBIO Haya/bHBIX U KOHEYHBIX COCTOSIHHUH: Me30H
COCTOMT M3 KBapKa H aHTHUKBapKa, a HyKJOH — M3 TPeX KBapKOB.
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A.1.3. OdHnocnunosas acummempus Ay 8 UHKAIO3UBHBIX PEAKYUSX.
JlaHHble M0 Ax B HMHKJIO3WBHBIX peakUUsX MoJydeHbl Gosee ueM 1js 20
peaklUHd B aJpOH-aIPOHHBIX COyAapeHHsX u okojo 10 peakuwiél B JIENTOH-
aPOHHBIX coyaapeHusix. JlManasoH aHepruil /s peakuui B C. 1. M. MEHsJICS
ot 4,9 no 500 I'sB. Bo Bcem nuanasoHe sHeprud HabJ00aach 3HAUUTENbHAS
acuMmeTpusi Apx, KOTOpasi MOXKET MEHSITbCS B 3aBHCHMOCTH OT +/S, pr,
nepemeHHol PellHMaHa xp, aTOMHOrO Beca MulIeHH A, a Takke OT LeH-
TpasnbHOCTH coyaapeHud C'r ¥ MHOXKECTBEHHOCTH 4acThLl N, B COOBITHH.

[Tpu umnyabce 11,75 TaB/c (v/s = 4,89 I'sB) Gbliu npoBeeHsl moapo6-
Hble usMepenuss Ay (pr,xr) Ans obpasosanus 7+, K+, p, p B nmpoToH-
NMPOTOHHLIX coynapeHusx [160]. Pesyabrathl ans peakuuit plp — 7 + X
nokasanbl Ha puc. 109 u 110 1 HMET HEMOHOTOHHYIO 3aBUCHMOCTb AN (pr)
¢ uaMeHeHueM 3Haka npu pr ~ 0,6 [3B/c [35].

Takoe moBenenue An(pr,xp) TPH YMEPEHHBIX SHEPTHSIX MOXKET OBITh
CBSI32HO C MaJIbIM YHCJIOM SKCKJIFO3UBHBIX KAaHAJIOB, NAIIIKX BKJaJ B HHKJIIO-
3UBHYI0 peaklHio. Bo3aMOXHO TakKe, UTO NMPH MaibIX pr U /S KBapKOBble
CTeNeHH CBOOOJEI ellle He SIBASATCS onpefesomnmu nis Ay. Eule onHa us
TUTIOTE3 COCTOMT B YBEJIHYEHHH Pajiuyca NeHCTBHs UBETHBIX CHJI 7' C YMEHb-
IIEHWEM pr B CHJIy COOTHOLUEHUS HeolpeieeHHOCTeH dprdr > h/2 [37].

[Tpu Gosee BBICOKHX 3HEPrusix (b < /s < 70 I'sB) nmeer mMecto mpubiin-
JKeHHbIH CKeHJUHT (He3aBUCUMOCTb Ay OT SHEPruH) IJs STUX ABYX PeaKLHil.

m p?=3,003B/c

An(z4, P1) An(z4, p7) A pP—40T5B/c
05 05— V¥ »?=5,003B/c 7
[ mp?=2,003B/c C O p¥=6,0I3B/c
L . L T
04F Apt=40T3B/c 04F Z prg(r]gzg?c
N VpaiZB,OFaB/c C pZ: ,or : c
[ Op¥=6,0l3B/c C o pw—&? 3B/¢
0,3 Op¥=70T3B/c - 0,3F ~ [+ pwz&o IsB/c
[ ApT=T75T9B/c )( Y * p?=9,0TsB/c
L O p*=8,0T3B/c % C \
0,2[ @ pr—85TB)c +,$ 0,2 : \
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pp, [9B/c pr, [9B/c

Puc. 109. An(pr) nns peakuwun p'p —  Puc. 110. Ax(pr) mas peakimu p'p —
— 7t + X. Jlannble B3sTH K3 [12] — 7w~ + X. Jlaunbie B3sTH U3 [12]
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Puc. 111. 3aBucumocts An(pr) AN NPOLECCOB HHKJ/IO3MBHOTO 00pasoBaHUS 7,

K* pu p B plA-coynapenusx mpy ABYX YriaX pOXKIEHUS afgpOHOB M HMIYJbCE
40 TsB/c

[MonpoGHoe wuccaemoBanue 3aBucumoctd Ay (pr,xp, A) 0T KuHeMa-
TUYECKUX [IepeMeHHBIX M aTOMHOro Beca A MHIIEHM BBIIOJHEHO Ha
ycraHoBke FODS-2 npu 23Hepruu moJsIpU30BAHHOTO MPOTOHHOTO TMydKa
40 T5B [100-102, 161]. HMamepeHuss ObliM NpOBeEHbl Ha MPOTOHHOM,
YIJIEPOAHON U MeJHOH MUIIEHSX AJ1s POLECCOB HHKJIO3UBHOIO 00pa3oBaHUs
7%, K%, p v D npu HeckoJbKHX yIJaX pOXKJeHHs alpoHOB. Pesysbra-
bl [100, 101] npexncraBnensl Ha puc. 111. 3aBucumocts Ay oT A okasagach
He3HauuTeJbHOH. [ToaToMy Ha puc. 111 mokasaHel ycpeaHEHHblE Pe3yJbTaThl
Ha YIJepoAHOH W MeHOH MHILIEHSAX.

3amerHast acumMeTpust Ay Habsogaercs B 06/1aCTH (hparMeHTaLHH MOJIs-
pH30BaHHLIX NPOTOHOB (zp > 0,35) ms Tex anpoHos (7, K+, p), B cocTan
KOTOPbIX BXONSIT BaJleHTHble KBapKW W3 NpoToHa. /s afpoHOB, comepiKa-
KX TOJbKO Mopckue KBapku (K~ u p), Ay = 0 Bo Bcell HccaenoBaHHOH
KhHeMaTHuyeckoil obsacTu. OOGHapyKeHbl OCUMMAAUMH Ay (Kak (YHKUHH
KMHEMaTHYeCKUX TepeMeHHbIX pr W T'r) A5 peakuuu p'p — pX, mpudeM
3HAYMTEJbHAST AaCHMMETpPHUS HaOMIONAeTC sl TOJIbKO B 00J1aCTH MOJSPHBIX YIJIOB
MeHee 70° B C. 1. M. CTaJKUBAIOLIUXCS HYKJIOHOB. B Moziein XpoMOMarH1uTHOH
nonsipusauun kBapkos (XIIK) ocuunnsiiuus Ay cBsizaHa ¢ MpeleccHel CrnrHa
kBapka B s dexTusHoM 1BeTHOM mose [37]. Ias peakuuu p'p — 7~ X 3a-
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BUCHMOCTb Ap OT MOJISIPHOTO YIJa B C.11.M. 0., UMEET MIOPOTOBHIH XapakTep,
¢ noporom BGJH3u yria 73° [26].

BecbMa HeoXKMIaHHBIMH OKa3a/JHCh JaHHble M0 Ay 115 peakuui p'p —
—nX, pTAl = nX u p'Au — nX, nonyuenHsle npu sHepruu /s = 200 'sB
B skcnepumenTe PHENIX [162]. Peaynbratel paccMoTpeHsl Bbilite (B 1. 1.2.2)
¥ MokasaHbl Ha puc. 10 B 3aBHCHMOCTH OT aTOMHoOro Beca A. AcuMMerpus
AN(A) m/si MHKJII03WBHOTO TPOLIECCa MMOKa3aHa HA 3TOM PUCYHKE KpYKKa-
mu. OHa MeHseT 3HaK M yBeJMuMBaeTcs B 3 pasa NpH mepexone oT plp-
K p' Au-coynapenusm.

Korna Hak/1agbBaloTCsl JONONHUTENbHbIE TPeOOBAHUS PerUCTPaLUK 3apsi-
JKeHHBIX 4acTull cuetunkamMu BBC, pacrnosoxeHHBIMH B 06/1acTH (pparmeH-
Tauuu crankusamonxes yactul (BBC-tag, kBappater), To Ay (A) ocraercs
OTpULaTeJbHOH M Hebo/bLIOH MO BesauurdHe. Eciau ke oTOUpaTh TOJBKO
COOBITHS, B KOTOPBIX HeT curHamnoB B BBC-cuertunkax, To Ay (A) caBuraercs
BBepx. Jlsisl MHKJIIO3UBHOMN peakuu 3T0 noBefieHHe Ay (A) MOXKHO OOBSCHUTD
npeLeccHell crvHa KBapka M HedctBueM cugbl LlrepHa—Tepnaxa B Heon-
HOPOJHOM KPYTOBOM MomepeuHoM xpomomarHuTHoMm moJjie [37]. Tlockosbky
s¢dekt Habmogaercss B obaacti mansix pr (~ 0,3 [9B/c) u Goabunx A,
TO CYLIECTBEHHBIM MJIf ero OOBbSCHEHHs SBJSETCS TaKxKe CHJbHOe yBesnye-
HMe TOMEePeyHOro pajuyca LBeTHOTrO MoJs npu Manablx pr. Ot6op coOBITHH
¢ nomoulpto cyetyrkoB BBC cMmelnaeT cpeqHow0 LEeHTPAIbHOCTD COyapeHHus,
4TO ¥ TMPUBOAUT K COOTBETCTBYIOIIUM u3MeHeHusim aisi Ay (A). Baxuo mpo-
IOJKHTb UCC/Ie0BaHHe 3TOro apdeKTa NpU APYTHX SHEPrUsX U Ha APYTUX
MHULIEHSX, B TOM YHCJE B 3aBUCUMOCTH OT LIEHTPAJbHOCTH.

[penckasauus monenu XIIK [37] nokasaubl Ha puc. 10 ToscTOl JMHHHUEH.
ToHKHe JUHUK 00603HAYAIOT OMHO CTAHAAPTHOE OTKJOHEHHE IJIs 3THX pacye-
TOB 1o mopend. Monesb [37] mpenckasbiBaeT HOMOJHHUTEbHBIE MHHHMYMBL
An(A) mpu A =3 u 86.

Emle onHo Ha6J/ioneHHe, He MOJYUHBLIEe T10KA SCHOTO 00bSACHEHHS, — 3TO
3aBucuMocTh Ay (zp, Ney) Ans peakuus plp — mF + X B 3KCHephMeHTe
BRAHMS npu suepruu /s = 200 I'sB [43]. Oxkaszajoch, uto Ay (zr, Nen)
yBeJMUHBaeTCsl N0 abCOJMIOTHOU BeJM4MHe, ecd OTOUpaTb COOBITUS C MHO-
JKECTBEHHOCTbI0 N, Bhille cpenHeill. Takue naHHble MoKasaHbl Ha puc. 112
3aKpalleHHbIMU KpyKKaMu. Eciiu e BbIOMpAIOTCS COOBITHS, B KOTOPBIX MHO-
JKECTBEHHOCThb HUXKe CpelHeH, T, cO0TBeTCTBeHHO, AN (25, Ney) CTAHOBHTCS
MeHblle mo abcosoTHOH BennunHe. Mopenp XIIK kauecTBeHHO 0OBSICHSIET
9TH naHHble N0 AN (zp, Nep) ycuneHneM 3p(heKTUBHOTO LIBETHOTO M0JIsT B 00-
JIaCTH B3aUMOJEHCTBUS Npu TpeGoBaHUM 60Jiee BHICOKOH MHOXKECTBEHHOCTH,
TOCKOJIbKY TOJIe CO3[aeTcsl ABHXKYILMMHUCS KBapKaMHU-creKkTaTopaMu [37].
Uem Goublie yacTull Nep B COOBITHH, TeM GOJIbIIE 0XKHIAETCS KBAPKOB-CIEK-
TaTOPOB.

B HacTosillee BpeMsi HOBble pe3yJbTaTbl B KCIEPUMEHTAxX [0 CIIMHOBHIM
SIBJIEHUSIM MOCTYMaT ¢ yckoputeabHoro kommniekca RHIC B BNL. Jlannbie
0 UHKJI03UBHOMY POXKJEHHUIO 3aps?KEHHBIX U HEATPasIbHBIX TMOHOB, KaK ykKe
0TMeYaJsioch BbIlIe, Cla60 3aBHUCAT OT SHEPTHUH (CM., HarIpUMep, pHC. 7).
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BRAHMS) [30]

MHK/103uBHOEe 06pa3oBaHKe YacTHL, Ha My4YKax OTPULATENBHBIX YaCTHLL
Ha [0JISIPH30BaHHOH MHILEHH «3aMOPOXKEHHOT0» THMAa aKTHBHO H3y4aJoch
B skcnepuMenTe [IPO3A B UPBI. OnHa U3 Takux peakUuil npeactaBjeHa
B n. 1.5 u noxkasana Ha puc.l4 ana peakuuu mepesapsiaku mdl — 70X
npu sHepruu nyuka 40 I'sB [64]. OcoGeHHOCTb 3THX peakUHil B TOM, 4TO
OTJHYHAsE OT Hyasi acummeTpusi Ay (pr) mnosiBasercs B 06/JacTH (pparMeH-
TalUMH 7 -My4Ka, KOTOPBIHA, €CTECTBEHHO, HEMOMSPH30BaH, MOCKOJbKY CIHH
7~ paBeH Hy/w0. BoamoxHo, 3HauuTesibHas Ay (pr) BO3HHKaeT U3-3a CHJlb-
HOM acHMMETPHH HauajbHOrO COCTOSIHHS, KOra KBapK W aHTHKBapK MHOHA
HaJeTalT Ha TPH BaJEHTHBIX KBapKa MOJSPU30BaHHOrO HyKJoHa. [loxoxas
cuTyauus HauaionaeTcs M A OWHApPHBIX peaKLHH, pacCMOTPEHHBIX BEHILIE.
O6MeHHOe B3aMMOJEHCTBHE TAKXKE MOXKET HI'PATh 3HAYUTEJNbHYIO POJIb B MPO-
MCXOXKIEHUH OJHOCITMHOBOH aCHMMETPHH.

A.1.4. Ilonepeunan noasapusayus Py 2unepoHos 8 UHKIIO3UBHBIX pe-
akyusax. OOHapyKeHHe 3HAYUTEJbHOH MOMEPeUHOl MoJsipu3auuu A-rume-
DOHOB B MHKJIIO3MBHBIX peaklMsX SIBUJIOCH CIOPIPH30OM, ITOCKOJBKY TEOpPHS
NpencKasbiBaja BbIMUPaHHE CIHHOBBIX 3((MEKTOB MPH BBICOKHX 3SHEPrUsX
¥ GOJIBILIKX MOMEepeyHbIX UMMyabcax [2]. B maspHeiiiiem 3TH Hcc/en0BaHHUS
ObLIM MPOAOJIKeHBI, raBHbIM o6pa3om, Bo FNAL (CILA). Bosbiias nons-
pusalus HabJ/onasachk NPAaKTHYECKH /ISl BCEX THIEPOHOB M aHTHUTHIIEPOHOB
B IIMPOKOM HHTEepBaJjie SHePTruil W AJs PasHbIX MydkoB. M3amepeHus Ha mpo-
TOHHOH U SifIePHBIX MUIIEHSIX [OKa3a/i He3HAUHTEJIbHYIO 3aBUCUMOCTb Py OT
aToMHoro Beca muineHd A. IloJisipusanusi TMIEpPOHOB B COYAAPEHHUSIX WIAEH-
TUYHBIX HEMOJNSAPU30BAHHBIX a[IPOHOB, HAMIPUMEp B pp-COYLAPEHHSIX, SBJISETCS
He4yeTHOH pyHKIMeH nepeMeHHod xp: Py (—xp,pr) = —Pn(zp, pr), oTKyna
cnenyet Py (0,pr) = 0. [IpubnukeHHO 3TO COOTHOLIEHHE BBIMOJNHIETCS U B
pA-coynapenusx. O630p NaHHBIX MO MOJSIPU3ALUU THIIEPOHOB MOXKHO HAHTH,
B YaCTHOCTH, B paborax [163-165].
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Ha puc. 113 noxkasana nossipusanus B peakuuu p Be — A + X npu snep-
rusix nyuka 400 ['3B [166, 167] u 800 I'sB [168]. KpusbiMu Ha puc. 113 mo-
KaszaH QUT AaHHbBIX U3 o63opa [165]. [Tonsipusanus B peakuuu pBe — A + X
OTpPHLIATeNbHASL, a4 ee BeJHUHHA PACTeT C yBeJUYeHHeM Tp U pr. 3aBUCH-
MOCTb OT HEPrHH Nyuka He3HauuTespHasi. Ha puc. 114 nokasana Py B pe-
akuun p Be — 2~ 4+ X npu sueprusix nyuka 400 I'sB [169] u 800 I'sB [170]
u ¢ut [165]. U xoTsa sHak Py B peakuun pBe — =~ + X Toxe oTpula-
TeJIbHBIH, HO MakCHMaJjbHasi BeJWuyMHA Py BIBOe MeHble W NOCTHUraeTcs
oHa mpu zr ~ 0,5 B oTinuKe oT A-rumnepoHa, JAJsi KOTOPOro MakcuMyM Py
HaxomuTcst BOM3KM xp = 1. Iloxoxee moBeneHHe HAOJIONAETCS TaKXKe MIJs
peakiuuu pBe — 20 + X npu sHeprum nyuka 400 [3B [171]. B pamkax
mozenu XIIK [37] takoe nosenenue Py (xp) oObsicHsIeTCS NpelLieccHell CrvHa
S-KBapKa B 3(p(eKTHBHOM KPYrOBOM IMOMEPeYHOM XPOMOMATHUTHOM MOJe MPH
onHoBpeMeHHOM feficTBuM cuabl LlTepHa—Tepnaxa.

[Monspusauus B peakunn pA — YT + X mnokasana Ha puc. 115
U HMMeeT TOJIOXKUTENbHBIA 3HAaK. [laHHbIE MOJYYeHBl NPH SHEPrUsX IMydKa
400 I'sB [172-174] u 800 I'sB [175]. [TosioxuTebHAs MOJSIpU3aALUs HAOI0-
HaeTcsi TakxkKe B peakuuu pA — X~ + X npu sueprun 400 I'sB [176, 177].
[Monsipusanust A ompenessieTcsi moJsipusalldedl s-KBapkKa, TOra Kak s
YT -runepoHa B CHJIy OCOGEHHOCTEH €ro BOJNHOBOH (DYHKLUHMH MOJNSAPU3ALHUSA
TIPOTHBOIOJIOKHA TNOJISAPH3ALUHN S-KBApKa, UTO MOXKHO OOBSICHHUTH IMOJOXKH-
TeJbHEIM 3HaKOM Py B peakuun pA — X7 +X.

BoabuinHeTBO n3Mepennit Py B peakund pA — A + X Oblau BBINOJHEHBI
npu BeICOKOE 3Hepruu (y/s > 27 ['3B) U nokasand COBMECTUMYIO C HyJEM
nonspusauuio. Exuncreennblit skcnepument (E766), B koTopom Habaionanach
3HauyMTe bHast moJsipusaurst A, Obl1 mpoBeneH npu /s = 7,31 I'sB [178].
Pesysnbrater E766 moxkasans! Ha puc. 116 3axkpaureHHBIMH Kpy»kKamy. Crjor-
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Hasi KpuBast Ha puc.116 — pesyabraThl pacueToB mo momeau XIIK [179].
3aBUCHUMOCTb Py OT /s MMeeT Pe30HaHCHBIH XapakTep.

IIpoBepka 3THX JAaHHBIX fIBJsETCSl aKTyasbHOH 3amauell u obJerdaer-
csi TeM OOCTOSITEJbCTBOM, YTO HMIIYJbC MPOTOHHOrO MyYKa HOJIKeH ObITh
27 I'sB, uto nocrynHo aasi ycranoBku CITACUAPM.

Ouenpb Gosbllas nosspyusaums (04HaKo ¢ GOJMBIIMMH OLIMOKAMH) H3Mepe-
Ha nas peakuuu K+tp — A + X B auanasoHe MMMNy/ibCOB Mydka oT 8,2 10
70 I'aB/c [180-183]. PesysbraThl H3MepeHHH npuBesieHbl Ha puc. 117 Hapsiay
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¢ pesysbraTaMu pacyertoB [165]. [Tonyuenue Gosiee TOUHBIX JAHHBIX 1O 3TOH
peaklHHy sIBIseTCs aKTyasbHOH 3amaueil. B

Pesynbrathl u3Mepenus Py B peakuuud pp — A + X mnokasaHbl Ha
puc. 118 [184]. OcoGeHHOCTbIO 3THX pe3yJbTATOB SIBJSETCS yKa3aHHe Ha
ocuusAuuio Py(xp), 4To OyIeT HHTEPECHO MPOBEPHUTb M HCCJAENOBATh Ha
aHTUNPOTOHHOM Tyuke ycTaHoBKH CITACUAPM.

A.1.5. IIpoepamma 3KcnepumenmanvHovlx ucciedosanuli 8 skcnepu-
menme SPD. B 6nmxkaiiliee BpeMsi OIHUM U3 JIUAEPOB MO HU3YUEHHIO CIH-
HOBBIX 3((PeKTOB B aJpOHHBIX peakUusix ctaHeT OObelHHEHHBIH WHCTHTYT
snepHblx uccnenoBanuil B Hy6ne. B OMAUN cosnaercs konnaiimep NICA
IJis] U3yUeHHsl CBOHUCTB MaTepPUH B YCJOBUSX BBICOKOH IJIOTHOCTH (coyna-
pEHUs] HOHOB) U TNPOBENEHHS IKCIEPUMEHTOB B 00JIACTH CIIHUHOBOH (DHU3UKH.
CrankuBaolecs MoJsipu30BaHHble TyYKH IPOTOHOB U NEHTPOHOB B 06/1aCTH
3Hepruii B ¢. 1. M. 10 27 I'3B no3BossitoT peann3oBarb 06LUIMPHYIO POrPAMMY
UCCJIEIOBAHUH CTPYKTYpbl IPOTOHOB U NEHTPOHOB U POJIM CHHUHA B CHJbHBIX
B3aMMOJEHCTBUAX.

Ycranoka SPD (Spin Physics Detector) mpeamosaraetr 4mw-reomMerpuio,
NpeLM3HOHHbIE TPEKOBble U KaJOpPUMETPHUUECKHe JeTeKTOPbl U HAEHTH(HUKA-
uuio yactui [15].

OcHoBHO# 1esbt0 3KcnepuMeHTa SPD siBaisiercsi M3MepeHHe TJIFOOHHON
KOMIIOHEHTHI CIIHHA HYKJIOHA NTPH 60JIbIIMX 3HAUeHUsX NepeMeHHOl BpépkeHa
C HCIIOJIb30BAHHUEM PA3JIMUHBIX NOTOJMHSIOMIKNX APYT APyra NPOOHHKOB, TAKHUX
KakK TpOLEeCCh 00pa30oBaHUSl UapMOHMS, OTKPBITOrO YapMma M MpPsSMBIX (OTO-
HOB. LlensiMU 3KCIepHMeHTa SIBJSIOTCS MOJyYeHHe JOCTYNa K CIHPAJbHOCTH
raooHa, GyHkoud CuBepca [IJs TVIOOHOB W (QyHKUMH DBollepa—Mionbaepca
B HyKJOHe. TakXe myIaHUpyeTCsl MOJNYUUTh JAaHHbIE MO TAK HA3bIBAEMOMY pac-
TpelesieHnI0 «TpaHCBepcUTH» (transversity) nsis ritooHoB u TeH3opHele TMD
PDFs (3aBucsimigie OT NOMNEPEYHOr0 MMIyJabca (DYHKLHH paclpefeseHns) B
IEeUTPOHE MOCPEACTBOM H3MepeHHs CrelU(pUIecKUX OIHO- U IBYXCIIHHOBBIX
acuMMetpuil. B tabu. 21 npuBeneHsl pasjaudHble QYHKIHUH pacrpelesNeHHi Mo
UMITYJIbCY, 110 KOTOPBIM MOXKeT OBITb MoJyueHa MH(OPMALUs B IKCIIepUMEHTe
SPD. B cronfuax nprBeneHbl JaHHBIE MO TJIOOHHOH MOJISPU3ALHH, @ B CTPO-
Kax — [0 NoJsipU3aLny afpoHoB. 2KUPHBIM LIPH(TOM BbleseHbl Te (PYHKLHH
PDFs, koropble nyanupyercsi uccaenosatb Ha SPD.

Oxupuaemble pesysbTaThl, KOTOpele OynyT nogaydenol Ha SPD, momoryr
OLEHUTb POJIb [JIIOOHA B CHMHOBOH CTPYKTYype HYKJOHa WU OYyAYyT CJIYyXKHTb
BaXKHBIM [IONOJIHEHHEM [J/15 NeHCTBYIOLWIMX W MJaHUPYeMBIX HCCJeNOBaHUH
Ha kosnaiinepax RHIC u EIC (BNL) u 3xcnepuMeHTOB ¢ (DHKCHPOBAHHOM
muienbto Ha LHC (ILEPH), a rtakxe skcnepumenta CITACHAPM. Ilo-
npobHee ¢ (PM3MKOH OCHOBHOTO 3Tamna HCCJeNO0BaHUH MOXKHO 0O3HAaKOMHUTBCS B
paborax [15, 17].

Ha nauasnbHom artane paboTsl kossadinepa NICA npu noHuKeHHOH cBe-
TUMOCTH W 3HEPrMH COyIapeHHH MPOTOHHBIX W HMOHHBIX MYUYKOB OCHOBHOH
LeJbl0 KCIepUMeHTa OyHeT HCC/eNOBaHHE MeXaHHW3Ma BO3HHKHOBEHHMs II0-
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Tabauya 21. TniooHHble (PyHKIMM pacrpeneseHus, 3aBUCSIIAE OT MOMEPEYHOro

HMIYJIbca
Henoasipuzo- UPKYJIspHas .,
P Hupkyap JlvHeliHast mossipu3aLys
Anponst BaHHbIE TnoJIsipU3alus
TJIIOOHOB
TJIIOOHbI TJII00HOB
Henoanspuso- IlnotHOCTB DyHKIUA
BaHHbIE pacrnpeneneHust Boepa—Myagepca
Lg
g(z) hy ?(z, kr)
[TpononbHO- CnupajabHoOCTh dynkuus
T0JISIPU30BaHHbIE Ag(x) KotuuusHa—-
Myannepca
[Tonepeuno- PDyHKIUA Koppensuus mexny INonepeuHocTh
TOJISIPU30BaHHbIE Cusepca CITHHOM HYKJIOHA |(TOJIBKO AJiS AEHTPOHOB)
A (z, k) U MoJisipu3alnei Arg(z),
KBapkKa 3aKpy4YeHHOCTh
(pretzelosity)

JIIPU3aLMOHHBIX 3((eKTOB B CHJAbHBIX B3auMoneHcTBUAX. [Iporpamma 3THX
UCCieIoBaHui Moapo6HO n3sokeHa B pabore [16]. Ona Bkawuaer B ceds,
B YACTHOCTH, OfHOCIIHOBBIE aCHMMETPUH B 0OPA30BaHMHU JIETKUX ME30HOB,
o6pasoBanue nap Hpenna-fHa, nojaspusanuio ruepoHoB, NOJsSPU3ALHOHHbIE
(yHKOUH (QparMeHTAlHH, YIIPYroe paccesHHe, SKCKIIO3UBHBIE KECTKHE IPO-
LleCChl ¢ IeHTPOHAMH, paccessHHe Ha GoJIbILIMe YIJIbl, CKEHJMHI0OBOE MOBeeHHe
MHKJIIO3UBHBIX U 9KCKJ/IO3UBHBIX PeaKLUH, HCCle0BaHIE MUKPOCKOIHUECKOH
CTPYKTYpBI IEHTPOHOB, 00pa3oBaHMe UapMa U BEKTOPHBIX Me30HOB, 00pa3o-
BaHHe Me30HOB B 3aiHell moaycdepe (Hasan). Takxke moapo6HO o6CyKaaeTCs
HCC/eJOBaHHe LeHTPANbHBIX HYKJIOH-HYKJOHHBIX COyAapeHHH, BK/II0Uas MHO-
FOKBapKOBbIE COCTOSIHUS.

A.2. Teopernyeckne MoJej¥, ONMHCHIBAIOLIVE OXHOCIIMHOBBIE SIBJIE-
HHUS. 3/leCb PACCMATPUBAIOTCS PA3JIMYHBIE MOAEJH, NPEJIOKEHHbIE [/ 00b-
SICHEHHUS] OTHOCIIMHOBBIX MOJSPU3ALUOHHBIX JaHHBIX. McTopruecky nepBbIMH
MOZIeJISIMH, TIPEJJIOKEHHBIMH /151 OOBSICHEHHS] OOJBIIUX IOJSIPU3ALHOHHBIX
3(h(heKTOB BO B3aUMOLEHCTBUAX aAPOHOB, OBLIM MOJEJNH, UCIOMB3YIOLIKE T10-
JyKJaccuyeckue MexaHuaMbl. OfMH M3 MOAXOL0B OCHOBAaH Ha MOJEJNH IMOJIO-
coB Pemxke [185-187]. OG30p 3Tux Mozmeseit MOxKHO HaiT B pabore [188].

Jpyras rpynna Mozesed npennosaraet (pakTOpU3aLHUIO MepTypOaTHBHBIX
U HenepTypOaTHBHEIX (pakTopoB. 2KecTKoe paccesiHMe NApTOHOB (KBapKOB
U TJIIOOHOB) OIMMCHIBAETCS B TAKHX MOJEJSIX B paMKaX TEOPUH BO3MYIIEHHH
KX]I. Msirkue npouiecchl (¢ HeGOMBIIOH Mepefaueit UMMyJbca) YUUTHIBAIOTCS,
HalpuMep, yepes3 BBeJeHHEe CTPYKTYPHBIX (PYHKUUH U (PyHKLUHH (hparMeHTa-
L1H APTOHOB B alPOHBl, KOTOPble HAXOAATCS U3 SKCIIEPUMEHTA U YYUTHIBAIOT
NpeACKa3blBaeMyl0 M3 TEOPHUH 3BOJIIOLUMIO 3TUX (PYHKUUH NPU H3MEHEHUH
TNepelaHHOTr0 UMITYJIbCa.

A.2.1. Mexanusmot Cuseepca u Konnunsa. B nacrosiiee Bpems Hau6o-
Jiee MIHUPOKO 00CY’KIaeMbIMH MeXaHH3MaMH, NPeJIOKeHHbIMH [ 00bsICHe-
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Puc. 120. 3aBucumocts Ay (zr) aas p'p — 7°X us paborsr [193]

HUS pacCMAaTPUBAEMbIX TOJSPU3ALUOHHBIX 3(P(EKTOB, SABAAIOTCT MEXaHU3MBI
Cusepca [189] u Koanuusa [190]. B ocHoBe 3THX AByX Momened (Mexa-
HHM3MOB) JIEXKUT TPEAINONOXKEeHHe O CYLIeCTBOBAHHM 3aBUCSLIMX OT CIMHA
¥ TIOTMIePEYHOr0 UMIynbca PyHKUMH pacnpenesenus kBapkos [189] B moisipu-
30BaHHOM MPOTOHE JIN60 (HDYHKLHH pparMeHTallH MOJNSPH30BAHHBIX KBApPKOB
B anpoubl [190]. B kaxmoét u3 aTux Mopesied moapasymeBaeTCs HaJHdue
KOppeJSIIMH MeXIy HarpaBleHHeM CIIMHA U IoNepeuHbIM uMmyJibcoM. Co-
BpEMEHHOe COCTOsSIHHE MOesied 00CyxKaaeTcsi, Hanpumep, B pabore [191].

Ha puc. 119 npencraBneHsl mpenckasanus B pamkax mopenun Cuepca
Ha OCHOBE dKCIEepPUMeHTasNbHbIX JaHHBIX BRAHMS no WHK/JIHO3UBHOMY POXK-
neHuio mF npu sHepruu /s = 200 I'aB [192]. 3amrtpuxoBaHHEE MOJOCH
00603HAUaIOT <«IOJIOCY CTATUCTHYECKOH HeOoNpele/leHHOCTH» TPH BapHallMH
napaMeTpOB MOJEJIH, UCNOJb3yeMbIX /s H3BJedeHUs ¢pyHKUuH CHBepca, Ha
OCHOBE JaHHBIX 110 [VyGOKOHEYIPYTHUM MOJNYHHKJ/I03UBHBIM mporeccam [193].
Hanuele STAR mns 70 npu sueprum /s = 200 I'sB [194] npuseseHsl Ha
puc. 120.

Ha puc. 121 noxasauel nanuble BRAHMS no Ay mis K+ [192]. Us
puc. 119-121 MOXHO cfieaTh BBIBO, UTO /ISl T aCUMMETPHSI MOXKET GbiTh
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Puc. 122. 3aBucumocts Ay (pr) ans peaxuuu p'p — 7°X us paGors [193] u npexn-
cKaszaHus B pamkax mozeJseit Cusepca (@) u Konnunsa (6)

0y K* srtoro

onucaHa onHMM MexaHusmoM CuBepca, Torma Kak mJjsi
MeXaHH3Ma HEeJOCTATOUHO.

OTmeIbHOTO  PAaCCMOTPEHHsSI 3aC/AYKHBAIOT IpeiBapUTe/bHble NaHHBIE
STAR nns 7° npu suepruu /s = 500 [3B [195]. Ha puc.122 onu
NpeACTaBJeHbl B CPaBHEHWH C T[PeACKa3aHHUsIMM B paMKax MojeJel
CuBepca u Komnuusa coorBerctBeHHo [193]. Acummerpus Ay (pr)
OKasasach 0oJiblie, 4eM MpeACKa3biBaeMasi KaXK[IblM M3 ABYX MEXaHH3MOB
B OTHEJbHOCTH. ABTOpHl pabothl [193] mpeanosaraioT, 4To ¢ MOMOIIBIO ABYX
MEXaHH3MOB MOXXHO ONHCATh 3TU NaHHBIE, KOTOPHIE BIEPBbIE M3MEPEHBI MPH

CTOJIb GOJIBILINX 3HAUEHHUSAX [IOMEPEeYHOro uMIlyJbca.

A.2.2. Bxnad eoicuux meucmos. JIpyrodl MexaHU3M TeHepalUH
OIHOCIIMHOBBIX acUMMeTpUi Obli npepoxked EdpemoBeiM u  TepsieBbM
B 1982 r. [196]. OHu paccMaTpUBAIOT B paMKax KOJJHHeapHOH KMHEMAaTHKH
BKJIaJ TBHUCT-3, YUYHUTBIBAOIIMH 3((peKTbl KBapK-IJIIOOHHBIX KOppeJsuil.

B nanbHefieM 3TOT NOOXOL pa3BUBAJICS TaKXKe B IPyTrUX paboTax, HalpHMep
B [197, 198].
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Oco6eHHOCTBIO MEXaHH3MA, YUUTHIBAIOLLETO BKJAJ TBUCT-3, ABJSETCS 3a-
BHCHMOCTb OT MOTE€PEYHOro UMmyJbca Buaa Ay ~ 1/pr, 4To XxapakTepHo s
BKJIIOB BBICLIMX TBHUCTOB. DKCIEPUMEHTaJbHble AaHHble MPU NOCTHUTHYTHIX
K HacToslleMy BpeMeHH IONepeyHbIX UMNY/AbCax HEe YKa3blBalOT Ha 3HAUH-
TesbHOE yMeHblleHue Ay (pr) MpH YBeJUYEHUH Pr.

A.2.3. Bepnunckas modens epawjarouuxca Keapkos. Monenp Bpala-
IOLMXCS] BaJIEHTHBIX KBapKOB B MoJisipu3oBaHHOM nportoHe (BepsuHckas mo-
neqb) [199-201] Geia npensioxkena mjsi 0ObSICHEHHUST TPOUCXOXKAEHUS OTHO-
CITMHOBOH acHMMETPHH B 00pa30BaHMH MHOHOB U MOJIsSIPU3aLKHK A-THITEPOHOB.
Op6GuTanbHOe BpallleHHe KBapPKOB POUCXOAUT BOKPYT OCH MOJIsSPU3aLHK MPO-
TOHOB, MPUYEM u- U d-KBapKH BPAIIAIOTCS B IPOTHUBOIMOJIOKHBIX HAPABJEHH-
X, YTO CBSI3aHO C WX MOJIspU3aLMel 1 BOJHOBOH (DyHKLHeH npotoHa. Bsa-
UMOJieficTBHEe MPOUCXOAUT BOJIM3H (DPOHTAIBLHOU MOBEPXHOCTH CTaJ/KHBAIO-
IUXCS aJPOHOB, TaK YTO 0OPa30BABIIMHCS MTHOH NPUOOPETAET NOMOJHHUTEb-
HBIH TOMEpPEeUYHbId UMIYJIbC NPH PEKOMOHHALMK C MOPCKHM aHTHKBAPKOM M3
MullleHd. Bep/rHcKas Mofesb 1M03BOJIsIET KAa4eCTBEHHO OMHCATh Pe3yJbTaThbl
U3MepeHHH OJHOCIMHOBOH aCHMMETPHH M TOJISIPH3ALMH THIEPOHOB, OfHAKO
He MOXET OIHCATh MOJSIPH3ALNI0 aHTUTHIIEPOHOB.

Ha puc. 123 nokasanbl paHHble 3KcnepumeHntoB E704 [33, 202-205]
u E925 [32] mpu sHeprusix 200 u 22 I'3B, KoTopble CpaBHUBAIOTCS C ABYMs
BapMaHTaMM Napamerpusauuu naHHbix E704. [lpenckaszanus mopenu naJs
An(zr) u Py(zr) B peakunn p'p(A) — AX cpaBHMBAIOTCS ¢ 1aHHBIMH Ha
puc. 124 [206, 207].

A.2.4. Modeno uncmanmonnol sxudkocmu. Jlpyras UHTepecHas BO3-
MO2KHOCTb pacCMaTpuBaeTCsd B OTHOLUEHHWHW MeXaHW3Ma, OCHOBAHHOTO Ha

0,6 LI B B S S S B B B LA e 076 LI B B B S S B S B B E O B
Ay | pT+p0) =7+ X Ay | pT+p(0) =7+ X
0.4 0.4
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Puc. 123. An(zr) nns p'p — X npu pasHeix sHauenusx mapametpos Bepaunckoii
momesn [200]
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Puc. 125. An(q:) nn1s paccestHUst KBapKOB NPH pa3HbIX MapaMeTpax mg HHpakpac-
Horo o6pe3aHus (a) U pasHbIX AHHAMHUYECKHX Maccax KBapka mg (6) u3 momesn [208]

KBapK-KBapKOBOM B3aWMOJEHCTBUH, UHAYIMPOBAHHOM GOJIbLIMM aHOMAJbHBIM
KBapKOBBIM XpoMoMarHuTHbiM MomeHToM [208]. OueHku, nosydyeHHbe Ha OC-
HOBe MOJIEJTM MHCTAHTOHHOM KUAKOCTH AJist Bakyyma KXJI, mokasbiBaioT, 4To
BO3MOXKHa reHepalysi GOJbIIOH ONHOCTHMHOBOH aCMMMETPHUH Ha KBapKOBOM
ypoBHe. J{aHHBIH MeXaHU3M MOXKeT OBITh OTBETCTBEH 3a GOJIbIIHE OJHOCIHHO-
Bble aCUMMETPHH, KOTOpPble HAO/I0AI0TCsl B peaKLUsiX 00pa3oBaHUs afipOHOB
npy BBICOKUX 3Heprusix. Ha puc. 125 npuBeneHbl 3aBUCUMOCTH aCHMMETPHH
AnN(g:) OT mepeaHHOro UMIY/IbCA MIPU Pa3HBIX 3HAUEHHUSIX MapameTpa uHdpa-
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KpPacHOro o6pesaHusi my ¥ AMHAMHUeCKOH MacChl KBapKa mg. ACHMMeTpus
moxet pocturatb 50 %, a 3aBHCHUMOCTb OT MEPEJAHHOT0 HUMIYJIbCA HMEET
HHTEPEeCHbIe 0COGEHHOCTH.

A.2.5. Kupanovnas modenv punompayuu cnunogoix cocmoanui. Eie
ONUH MeXaHH3M MSTKOH (HermepTypOaTHBHOM) TeHepalMHd OIHOCIHHOBOK
aCUMMETPHH OCHOBAH Ha KHPAJbHOH KBAPKOBOH MOJEJNH, B KOTOPOH IPHHATHI
BO BHUMaHMe Takue (akTOpbl, KaK YHUTAPHOCTb M KapTHHA MPHLENbHOTO
napametpa [209]. B paccMaTpuBaeMoit Mofe i MPOUCXOAUT (PUIBTPALIUS CIIU-
HOBBIX COCTOSIHHH, KOoTOpas 0oOyCJIOBJeHa YHHTApPHOCTBIO B s-KaHaje. OHa
CBSI3BIBAET NOJISIPU3ALHUIO C aCHMMeTpUel B MOJIOXKEHHH KBapKa B MPOCTPaH-
CTBe TIPULEJBHBIX MapaMeTpoB. Mogesb MpeacKasbiBaeT AJS OAHOCIHHOBOH
ACHMMETPUH JUHEHHBIH POCT B 3aBUCHMOCTH OT Ty M BBIXOJA Ha IJIATO IIpH
pr > 1 I'aB/c [210]. Ha puc. 126 npencraBieHbl npeaBapuTe/bHble AaHHbIE
skcnepumenta STAR [211, 212], kKoTopble CpaBHUBAIOTCS C MPEACKA3aHUSIMU
mozmesin [210]. ABTOpBI MOAUEPKHBAIOT, YTO COMJIACHE IKCIIEPUMEHTAJbHBIX
IaHHBIX Y pPe3yJbTaTOB pacyeTOB MOJENH HMeeT IOKa KaueCTBEHHBIH Xa-
paktep. IlJs KOJHUECTBEHHOTO aHaJ K32 HEOOXOAHMMO HMeThb JAHHBEIE IIPH

An, %
TE E
6F
5
4F 3
3E
2F
LE
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Puc. 126. 3asucumocts An(zr) ana p'p — «°X [210]. Yronm usonsuuu nHoHa
70 mpan, /s =500 T3B u 0,32 < xr < 0,40. Hanusie STAR B3sath us [211, 212]
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Puc. 127. Py(zr) (a) v Py(pr) (6) ana peakuuu pp(A) — ATX, cniomnse Ju-
HHM — TpeNCKasaHHsi MOAENH (UIbTPALMH CIIHHOBBIX COCTOSTHUE [213]
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xzp > 0,4. AsTophl pa6oTh [210] npenckaswiBatoT, uto Ay = 0 1asa plp — pX
B 06J1aCTH (pparMeHTalMU MydyKa, OfHaKo Ay He paBHA HYJIO AJs Tpolecca
oGpasoBaHust HeiiTpoHa B sKcrepuMenTe PHENIX [43, 45].

[Tonsipusanus runepoHoB MoKazaHa Ha pHC. 127 B 3aBUCHMOCTH OT Tp
1 pr. CHJIONIHBIMY JIMHUSIMU TIPEJCTaBJEHEl Pe3y/IbTaThl PACYETOB MO MOAENH
(bUABTPAlLlMK CIIHHOBLIX cOCTOsSIHUE [213].

A.2.6. Bpauenue napmonoe 8 cmpykmype cocmaenirujeeo KeapKa.
B npyrux pa6orax TpowmwuHa u TropuHa TakxKe paccMaTpHBaeTCsl MeXaHHU3M,
6sarogapst KOTOPOMY MHPEJIOJIOKUTENbHO BO3HHKAIOT OAHOCIIHMHOBAs acHM-
METpHS U MOJSPH3alNs THIIEPOHOB 32 CUeT BpALIeHHs KBapK-aHTHKBAPKOBO-
ro o6jaka BHYTPH BaJEHTHOTO COCTaBJsiollero keapka [214-216]. OcHos-
Has poJib B MeXaHU3Me BO3HUKHOBEHHS MOJsSpPU3aLUH THIIEPOHOB MpUHAlJIe-
JKUT OpPOUTANBHOMY MOMEHTY U TIOJISIPH3ALMH Maphbl SS-KBAPKOB, BXOASIIMX
B CTPYKTYpYy COCTaBJjsoLlero Keapka. O6pa3oBaHHe THIEPOHOB MPOHUCXOIUT
B 1Be cTanvu. Ha nmepBoil cTafiuy NPOUCXOASAT NEPEKPEITHE U B3AUMOAEHCTBYE
neprepuueckrux 06/aK0B COCTaBJIAIOIMX KBAPKOB, YTO NIPUBOAUT K MOsIBJIe-
HMIO MAacCHBHOI'O CTPAHHOTO KBapka W reHepaluM cpenHero noJjs. Ha BTopo#
CTaguM mpolecca padoTaloT ABa KOHKYPHUPYIOLIMX MeXaHHU3Ma: MPOUCXOAUT
PEKOMOMHALIUSI COCTABISIOUINX KBAPKOB C MAaCCHBHBEIM BHUPTYaJbHBIM CTPaH-
HBIM KBapkoM (MSITKOe B3aUMOIEHCTBHE) ¢ 0Opa30oBaHUEM THIIEPOHA JHOGO
paccesiHMe COCTaBJSIONIEr0 KBapKa B CpeHEM MoJie (B3aUMOJeHCTBHE C 60JIb-
o# mnepenauell MOMepeyHOro HMIyJbca), €ro BO3OYXKJAEHHe H IOsIBIEHHE
CTPAaHHOTO KBapkKa B pesy/bTaTe pachajfa Bo30yXKIEHHOro KBapka. 3aTeM
TIPOUCXOUT (hparMeHTalWsi CTPAHHOTO KBapka B TumepoH. [lpexckasanus
MOIeNU M HaHHble mjsi umnysiabca myuka 400 ['sB/c B 3aBucHMOCTH OT zp
W pr TPUBEJeHb A/ CpaBHeHHs Ha puc. 128 [215].
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Puc. 128. Px(zr) ansa pp — ATX (a) u Px(pr) nas pp(A) — ATX (6) [215]
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Monenb npenckasbiBaeT OTPHLATENbHBIN 3HAK MOJSAPH3aLUU A U ee 3a-
BUCHMOCTb OT Zp. JTa 3aBHCHMOCTb aHaJOrMYHa MOJydyaeMod B MoIenH
XIIK [37]. B ofoux caydasix OPOHCXOAHT paccesiHue B 3(PQPEKTHBHOM I10Je
1 00HApYKHMBaeTCsl 3aBUCHMOCTD TOJISIPH3ALMH OT & g, KOTOPasl OMHCEIBAETCS
TPUrOHOMeTpUYecKol (yHKUMell. Moznesb TakxKe MNpejcKasblBaeT CKeHJHMHT
noJisipu3alvd A B 3aBUCUMOCTH OT zp. [IpeicKasaHu#l MoJsipu3alUM AJIs
APYTHX TMIEPOHOB He MPUBOLUTCS.

B pamkax sToél Moziesii TakKe fesaeTcst MOMBITKA 00bsICHEHUS CKeH/IHHTa
OMHOCTIHHOBO# acuMMmeTpuu [217].

A.2.7. Modenv xpomomaenumnot cmpyHnst. Monenb PoickrHa (Hasbl-
BaeMasi TaKkxKe MOJIEJbI0 XPOMOMATHUTHOH CTPYHBI) OTIHYaeTCs MPOCTOTOM
U HaJISIHOCTbI0 MeXaHHW3Ma TOJsSPU3aLUOHHBIX SIBJEHHH H BO3MOXKHOCTBIO
ero NpHMeHeHHs B KauecTBe 0ObSCHEHUS MOMNSPHU3ALMN THIIEPOHOB B COYAA-
PEHUAX HeNoJIIPU30BAHHBIX YACTHL U OAHOCIHHOBOH aCUMMETPHUH afpPOHOB
B COyJapeHHsIX MOJsSPU30BAHHON U HemoJsipu3oBaHHOM yactuy [218-220].

Boabuine nabaonaemble nonspusaunontsie appextsl B AT+ B — C + X
CBsI3aHbl, BUIUMO, C GOJIBIIUMH paccTosiHUsAME (r >> 1/gr) U MOryT naTh WH-
(opMaLMI0 0 MeXaHH3Max aJpoHHM3alUH U KoH(palHMeHTa. B 3To#i Momesu
CTPaHHBIH KBapK CO CIIHHOM BBepX Yallle BblJeTaeT BIPaBO, YeM BJIEBO.
Takoil pesysbraT moJiyyaetcsi, €Cad MPUHATb BO BHUMaHHe B3aWMOIEHCTBHE
11BETOBOI'O MarHMUTHOTO MOMEHTA KBapKa ¢ XpPOMOMAarHUTHBIM 110JIeM, BO3HHKa-
IOLLMM [10CJIe COyaapeHusi, Ha cTanuu anponusaunu [218]. [locne coynapenuns
1 0o6MeHa [1BeTHBIM IVIIOOHOM (I1BETOBOH Mepe3apsiiki) MexKIY CTaJKHBAIOLIH-
MHCSI a[pOHAMH HaTATHBaeTCs TPyOKa IIBETOBOro MoToka (cTpyHa). OOBIUHO
paccMaTpPUBAETCs TOJMBKO MOTOK HANPS2KEHHOCTH XPOMO3JIEKTPHUYECKOTO TOJIS,
HO TaKkoe pellleHHe HeycToHuuBo. Kak mokasaHo B pabortax [221], Bokpyr
TPyOKH BO3HMKAET XPOMOMArHUTHOE MoJie (KaK BOKPYT NMPOBOJIHUKA C TOKOM).
CxemaTHuecKoe NpejacTaBjleHHe TPYOKH LBETOBOTO MoToka (ctpyHbl KXJII)
MeX1y KBapKOM M aHTHKBapKOM NpeACcTaBJjeHo Ha puc. 129.

[Tosie B3aWMonelCcTBYeT ¢ XPOMOMArHUTHBIM MOMEHTOM [ BblLJIETaloLIe-
ro U3 o6sacTH B3auMOAeHCTBHUs KBapka. [lockosbKy HampaBjeHHe TPYOKH
6/IM3KO K HaINPaBJEHHIO CTAJKHUBAMOMIIMNXCS YACTHL, HEOAHOPOLHOE XpOMOMar-
HUTHOE MOoJie COOOIIAaeT KBAPKYy CO CIIHHOM BBEpPX JOMOJHHUTENbHBIN MOIe-
PeYHBIH WMIYJbC g7, HAlpaBJeHHbIH BIPaBO, a KBapKy CO CIIMHOM BHH3 —
BneBo [218]. [MogpasymeBaercsi, UTO CHJIbl, AEHCTBYIOLIHE CO CTOPOHBI HEO[-
HOPOJHOTO XPOMOMATHHTHOTO MOJsi (aHaJOTHYHble CHJIAM B 3KCIEepPHMEHTe
[lrepua-Tepaaxa [1]), cMemamoT crekTpbl HAGMOAAEMBIX aAPOHOB BJIEBO HJH
BIIPaBO 110 LIKaJje TOMepeuHbX UMIy/abcoB. PopmMa U MarHuTyaa caMux pac-

B Puc. 129. CxemaTnueckoe npeicraBieHHe
/‘\ E TPyOKH [IBETOBOTO TOTOKAa MeXAYy KBap-

> KOM W aHTHKBapKoM. [IponosibHbIMU JIHHHU-
SIMH T0Ka3aHO HalpaBjeHHe XPOMO3JIeK-
TPHUYECKOro noJjisi F/, a KpyroBeIMH — XpO-
MOMarHuTHoro noJs B

Q
Ql
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Puc. 130. Jlannsie E704 a5 p'p (3axkpaieHHsle Kpy:KKH) [33] B cpaBHEHMM C faH-
HBIMH 17151 D' p (cBeT/ble KpyKKH) [222] U3 padoTsl [220]

TnpeneJeHUH IIPH 3TOM He MeHsI0TCs. [10CKOIbKY OOBIUHO 32aBHCHMOCTD CIIEK-
TPOB OT pr OJM3Ka K 3KCIIOHEHLMAJbHOH, CHBUI JAaxke Ha HeGOJbIIYIO
BEJIMUUHY Ogr TPUBOAMT K 3HAYUTEJNbHOMY H3MEHEHHIO COOTBETCTBYIOLLErO
IU(phepeHIHaNbHOIO CeUeHUs NPH (PUKCUPOBAHHOM 3HAUEHHH IONEePEeYHOro
UMITyJbca, 6Jarofapst 4eMy ¥ BO3HHMKaeT HabJjiogaeMasi OQHOCIIMHOBAs aCUM-
METPHS.

Jannble skcnepumenta E704 [33, 222] B cpaBHeHHH C MpelacKasaHUSIMH
MOJEeJIM XPOMOMarHUTHOH CTPYyHbl NpelcTaBJeHsl Ha puc. 130.

A.2.8. Modenv xpomomaecHumnol noasapusayuu keapkos. Iloxoxue
ocHoBaHusi Jernud B ocHoBy Mopesu XIIK. Ha nannom stame 3sta Mmopenb
MOXET paccMaTpHUBaThCs Kak 000OIIeHHe IMIUPUUECKHX 3aKOHOMEPHOCTEH,
HaliIeHHBIX B XOfle TI00a/JbHOrO aHa/M3a AaHHBIX. MeXaHU3M, MOJOKEHHBIH
B OCHOBY MOJEJIH, SIBJISIETCS B HACTOsIIIlee BPEMsI JIMIIb OTHUM K3 BO3MOXKHBIX
Hapsily ¢ APYTHMH BapHaHTaMU TeHepallrH MOJSPH3aLHOHHBIX SIBJEHHH.

OcHOBHbIE TOJIOXKEHHUsT MOAENH H3JA0KeHb B padore [37]. OtmesbHble
peakllMH pacCMOTpeHbl B pabotax [36, 179, 223-227]. Monenb XIIK 6asu-
pyeTcsl Ha CJeNYIOLIUX MOJI0KEHUSX:
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BYz < 0) BYz > 0) Spin up quark
23 ///'\.\\ +
(A . L
\J s v
Target Beam Spin down quark
fragmentation fragmentation
region region

Puc. 131. MexaHu3M XPOMOMArHHUTHOH NOJISIPH3aLMH KBAPKOB (MHKDOCKOMHMYECKHUH
anmnapar llrepna-Tepnaxa). KBapk-npoGHUK OTKJIOHSETCS BIEBO MJH BIPABO B HEOJ-
HOpOAHOM ToJe B

— IoCJle MepBOHAYAbHON [[BETOBOH Iepe3apsiiKi BO3HUKAET IPOLOJIbHOE
XPOMO3JIEKTPHUECKOe ToJ1e £, a Takyke KPyroBoe MoMNepeuHoe XPOMOMArHUT-
Hoe moJgie B%;

— OHOCNHHOBas acuMMeTpusi obycnaoBjieHa cujoil Ilrepna-Tepnaxa,
IeUCTBYIOIEH Ha KBAapK B HEOJAHOPOIHOM IIONEPEUYHOM KPYyTOBOM XpOMOMar-
HUTHOM I0JI€E;

— IIpelleccHsi CIIMHA KBapKa B L[BETOBOM I10JI€ MeHSIeT KOMIIOHEHTBHI CHJIbI
HIrepHa-Tepnaxa;

— JMarpaMMbl IOTOKA KBApKOB M MpPaBHJa MOACYETA KBAPKOB OMHCHIBAIOT
BKJIaJ KBapKOB M aHTHKBApKOB B 3((eKTHBHOe IBeTOBOe MoJe. Bkiajwr
KBAapKOB M aHTHKBAPKOB — JIHHeHHble (DYHKLMH UX UHCeJ C BecaMH, olpene-
JseMbIMU LBeTOBbIMH (hakTopamu C'F(qq) u CF(qq) Ans KBapK-KBapKOBOH
1 KBapK-aHTHKBAapKOBOH Map COOTBETCTBEHHO.

AddexTUBHOE KPYroBoe MonepeyHoe XPOMOMAarHuTHoe moJje B® reHepu-
pyeTcsi peJIITUBUCTCKUMH KBAapKaMU-CIIEKTATOPAMH, KOTOPBIE JIETAT B IIPSIMOM
1 00paTHOM HamNpaB/IeHHSX B C.II. M. CTAJKHBAIOMUXCS HYKJIOHOB (puc. 131).
[Tpo6HEBIH KBapK M3 HabMogaeMoro anpoHa oTkaoHsercs cuiod UlrepHa-Tep-
Jlaxa B HEOZHOPOJHOM XPOMOMArHHTHOM II0JIe BJIEBO MJIHM BIPABO B 3aBHCHMO-
CTH OT HampaBJieHHs ero cnuHa (BBepxX WJM BHHU3). BaaumopelicTBre xpomo-
MarHUTHOT'O JUII0JbHOTO MOMEHTA COCTABJSAIOLLET0 NPOGHOTO KBapKa ¢ MoJeM
B® npuBoguT K HaGMI0aeMBIM OTHOCIHHOBLIM acUMMeTpusiM [37].

B wmopmenn XIIK cnuHoBble 3QeKkThl BO3HUKAIOT OJsiaromaps MeXaHH3-
My, aHajorudHomy 3Hamenutomy sdpexty lrepua-Tepaaxa [1], Toabko Ha
MHKPOCKOITHUECKOM L[BETHOM IoJjie B, BO3HMKAIOUEM Ha KOPOTKOE BpeMs
B IIpolecce B3aWMOAEHCTBUs aApoHOB. [lapameTpel MojesH OLEHHMBAJIHCH
M0 pe3y/bTataM IV06aJbHOTO aHANH3a MOJSPU3ALHOHHBIX JAHHBIX AJIs 81
Pa3/JMYHOH HHKJ/IO3UBHOH peakUMH ¢ OOLIMM YHUCJIOM 3SKCIIEPUMEHTaNbHBIX
touek 3670 [37, 44].

Huxxe npexncrtaBneHbl pesysbTaThl H3MepeHHH An W pacueToB Mofe-
au XIIK. Hanusie ana peakuuu p'p(A) — 77 + X npu /s = 200 (Ia,
16) n 64,2 (2) (BRAHMS [34]), 194 (3) (E704 [33]) u 8,77 (4)
(FODS [100]) I'sB npusenens: Ha puc. 132. Duepretndeckasi 3aBUCHMOCTb
JaHHBIX XOPOIIO OMHUCBIBAETCS COOTBETCTBYIOUIMMH KpHBbIMH Momenu XIIK.



KOHLIENTYAJIbHBIN [TPOEKT 9KCIIEPMMEHTA CITACUAPM 173

0,5

04F

0,3F

0.1F

701 1 1 1 1
0 0,2 0,4 0,6 08 zp 1,0

Puc. 132. Ax(zr) ans peakuuu p'p(A) = 7+ 4+ X
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Puc. 133. Ay (zr) mns peaxknmy p'p(A) — 7~ + X

Iauusie no peakuuu p'p(A) — 7~ + X [33, 34, 100] mpencraenenb Ha
puc. 133.

3Hak Ay Ha puc. 132 u 133 onpenensieTcsi 3HAKOM TOJISIPU3ALIMH BaJIeHT-
HBIX U- U d-KBapKOB B I0/151pu30BaHHOM BBepx npotoHe. Mogeab XIIK nosso-
JisleT 3KCTPAaIoJNUPOBaTh OMHOCIHHOBYIO aCUMMETPHIO, MOJsPHU3aLHI0 THIIepo-
HOB 110 TAKHM TE€PEMEHHBIM, KaK pr, T, 1/S, aTOMHBIH Bec siapa MuleHu (A)
¥ LEHTPATbHOCTb.
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A.3. Pe3iome u nepcrnekTuBbl. MHoroo6pasve moJisipu3alMoOHHbIX NaH-
HBIX U MojeJseH, NpeNJoKeHHbIX A/ UX 00bsCHeHMs, TpebyeT NpoBeneHUs
NPELM3HOHHBIX CHCTEMATHYeCKUX HCCJAeOBaHUH OO0JbLIOr0 4YHc/a MpoLec-
COB M IJ100a/JbHOrO aHa/jHu3a BCEH COBOKYNHOCTH NAHHBIX [J8 BBISICHEHUS
MeXaHH3Ma IPOUCXOXKIEHHUS CIHHOBBIX sIBJIeHHH. B paHHOM mnpusoxeHHH
OblIM Mepedrc/eHbl TOJNbKO HeKOTOphle U3 Mofened. Psan mopeseit, Hanpu-
mep JlyHOckasi, octajuch BHe paMoK onucaHus. CuaenyeT NMOAYEPKHYTb, YTO
GOJIbIIMHCTBO Mojesell He IpeTeHAyeT Ha I/100a/bHBIH aHa/lU3, KpOMe TOro,
MHOTHe paboTaioT (MK, TOUHee CKa3aTb, MOTYT OBITh HCIOJb30BaHbl MAJIS
pacueToB) B OrpaHMYEHHOH KHHEMAaTUYeCKOH 06JacTH.

BaxXHbBIM MOMEHTOM C TOYKH 3pEHHS MOJYYEeHHBIX IKCIepPHMEHTaJ/bHBIX
JaHHBIX SIBJISIETCS OTPAaHHUEHHOCTh Habopa AaHHbIX, NPexKIe BCEro, Mo TUIY
BTOPUYHBIX YACTHLL U [0 KHHEMaTH4YecKol o6acTh. B 60/bLIMHCTBe 3KCNepH-
MEHTOB M3MepeHUs IPOBOAMJIUCH B y3KOM TeJIeCHOM yIJle, YTO He M03BOJIsSeT
IIPOBECTH Pa3fesieHHe 3aBUCHMOCTEH 3((eKTa OT TpexX KHHeMaTHUeCKHX Ile-
peMeHHBIX (pr, Tr, \/5).

Takum o6pa3oM, ocTaeTcss HeOOXOAHMMOCTb B CHCTeMaTHYeCKOM HCCJIel0-
BaHHUU CIHHOBBIX 3(D(PeKTOB, KesaTebHO Ha ONHOH (DH3UUECKOH yCTaHOBKe
U TIPU OAMHAKOBBIX YCJOBHAX Habopa [J/s MaKCHMasbHO GOJIbLIOTO KJjacca
peakLUHH B LIMPOKOM KHHEMaTHYeCKOM JIH1anasoHe.

INPUJIO2KEHHUE b. PE3YJIbTATbI MOJAEJIMPOBAHUA

B naHHOM NpHJ/IOXKEHUH NpUBeNEHbl HEKOTOPbIE JOMOJNHUTENbHbIE Pe3yilb-
TaTbl MOAEJIUPOBAHUA CpI/ISI/I‘-IECKI/IX IpoLecCoB. CJIeIIYET OTMETHTb, UYTO OHH
noJslydeHbsl MeTofOM «OpicTporo» Monte-Kapio, 1. e. 6e3 peasibHOro onucaHus
JeTeKTOpPoB U 0e3 UCNOoJb30BaHUS «IoaHOro» MoHTe-KapJjo ¢ npuMeHeHHeM
Geant u HactpoenHsx B cpefie CITACHAPM-pyT anropuTMoB peKOHCTPYK-
MU, B Hacrosiiee BpeMsi HayaTo MOJIHOE PEAHCTHUECKOE MOAETHPOBAHUE
L7151 9KCIIepUMeHTa Ha KaHase 14.

Bb.1. MopenupoBaHue s mydyka aHTHUIpPoToHOB. Ha puc. 134 noxka-
3aHBl MacCOBBle CIEKTPbl HJsl YeThipeX peakuuil Ttuma pp — h + X, rae
h=A—prt,h =N —>ar®, h=A" = pr, h=2" — Ar—.

b.2. Moaenuposanue peakuuii p'p — h + X u pp' — h + X. Unre-
rpasibHasi CTATUCTHKA IJIs1 Cydyas B3aHMOIEHCTBUS HEMOJISIPU30BAHHOTO MPO-
TOHHOTO MyYKa ¢ MOJSIPU30BaHHON MHUlIeHb0 NpH sHepruu 60 ['sB npuseneHa
B Taba.2. Uucio B3auMonelicTBuil B Muuenu pasHo 6 - 109, Ha puc. 135
MOKa3aHo pacrpejieseHde Mo 3(pQpeKTHBHOH Macce MPOAYKTOB pacnaia Ha-
6sonaeMblX YacTHLL B Mpoleccax tTuna pp — h + X.

Uuceso cobbiTuii Ha puc. 135 cootsercTByeT 6 - 107 B3auMoeficTBUAM, HJIH
30 MuH paboThl YCTAHOBKHM Ha NPOTOHHOM Iy4ke ¢ 3Hepruedt 60 I'sB u un-
TeHcuBHOCTBIO 2 - 108/c6poc. B ceance mmutenbHocTbio 30 CyT CTAaTHCTHKA
oyzet B 1000 pas Gosblue (cMm. Tabd. 2).
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Puc. 134. DddekTuBHas mMacca NMpoayKTOB pacnajga B mponecce pp — h + X, rame
h=A—=prt (@), h=A—7x° (6), h=A" = pr (8), h=2" = An~ (2)
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Puc. 135. DddexrTruBHas macca MpoAyKTOB pacnajga B mpoueccax tumna pp — h+ X,
rie h = K7*(892) = K7 (@) u h = K=*(892) — K~ n° (6)

Bb.3. MopennpoBaHue 6GapUMOHOB U aHTMOAPHUOHOB B MpPoOILECCE pp —
— h + X. MogenupoBaHue NpoOBeJeHO C TPUITePOM Ha B3aHMOJEHCTBHE.
Pacnpenenenne no s dekTHBHON Macce MPOAYKTOB pacrana AJs 6apHOHOB
U COOTBETCTBYIOIIMX aHTHOAPHOHOB MOKa3aHO Ha puc. 136.

Yucso cobbiTuil Ha puc. 136 cooTBeTcTBYeT 3 4 paGoThl YCTAHOBKH Ha
NMPOTOHHOM myuke ¢ 3Hepruedl 60 [3B u uuTeHcusHoCThIO 2 - 108 mpoto-
HOB/cOpoC.

b.4. MopenpoBaHue WHKJIO3MBHBIX IPOLIECCOB Ha ITy4Ke OTpPH-
aTeJbHbIX YaCTHII. HepBbIﬁ 9Tall 3KCIIEpUMEHTa MNPOBOAUTCA Ha IIyd-
Ke OTPHLATEJbHBIX YacTHL, NpuMepHO 98 % cocTaBa KOTOPOro COCTaBJSIOT
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Puc. 136. d¢dexrrBHas Macca npoaykTos pacnaia B mpouecce pp — h+ X, rae
h=%T snrt (@), h=%" = qar~ (6),h=%" = nn_ (8), h=S" > ar" ()
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Puc. 137. 3ddekTuBHas Macca MPOAYKTOB pacrana B mpouecce m p — h + X, rae
h=m"=~y(a), h=n— vy (6), h=K% = atz™ (8), h = p°(770) = 7F 7~ (e)
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7~ -Me30Hbl. C y4eToM 3TOH (pU3HUUeCKOH MporpaMMbl ObIJIO BEIMTOJHEHO GBICT-
poe MOfe/IMPOBAHHE HHKJIIO3UBHOIO POXKAEHHS Psfia 4acTHLL ¢ GecTpuUrrep-
HBIM CbeMOM HH(OPMAUHH (PErHCTPUPYIOTCS BCE B3aHMOAEHCTBHS, UUCJIO
IPUHUMAaeMbIX COOBITHH oOIpejesseTcsl TOJbKO CeueHHeM B3aWMOJeHCTBUS
1 TeOMeTPHYeCKOH 3(h(eKTHBHOCTBIO ycTaHoBKH). Ha puc. 137 noxkasaHsl pis
NpyMepa MaccoBble CIIEKTPB! /IS YeTblpeX peakuui tuna 7~ p — h + X, rae
h=m"—>~y,h=n—vy, h=K%— 7tn~, h=p%770) — 77~ lannoe
MOJeJIMpOBaHue ObLIO MPOBENEHO MJs «HIeaJbHOH» YCTAHOBKH, BKJ/l0Yas
UIEHTU(PHUKALMIO YACTHL, C HOMUHAJBHBIM 10JIEM CIIEKTPOMETPHUECKOro Mar-
HUTa YU [PU MMIYJbCe My4YKOBBIX yacTul npumepro 34 ['3B/c, uro coorser-
crByer 3Heprun 60 ['3B B yckopurtese. [ToMHMO NMHUKOB COOTBETCTBYHOLIHX
4acTUL Ha puc. 137 BuieH Takyke KOMOMHATOPHBIH (poH. UHCaI0 COOBITHE Ha
5TOM pUCYHKe cooTBeTcTByeT 6 - 107 B3auMOmelCTBUSIM, YTO BO3MOXKHO Ha-
6patb 3a 30 MHH paboThl YCTAaHOBKY Ha 7 -NyykKe. B ceaHce HJUTENBHOCTBIO
30 cyr craructuka 6ynetr B 1000 pa3 Gosblie.

b.4.1. Peanucmuueckoe moOenuposarue UHKAIO3UBHOZO PONCOEHUS
peaxyuu K%- u w(782)-me3onos npu snepeuu nyuxa 28 I'B. B cassu
C MpOBeLEeHUEM KOMILIEKCHOTO 3aMyCKa YCTAHOBKH M IIPOBELEHHEM MeTONHU-
YeCKHX CEaHCOB M HaGOpPOM IEePBBIX JAHHBIX 110 HU3MEPEHUI0 OJHOCIHHOBOH
AaCUMMETPHUH U A-3aBUCHMOCTH WHKJIIO3HUBHOrO poxkaeHus (cm.m.1.5.3) mo-
SIBUJIaCh BO3MOXKHOCTb M BO3HMKJIA HEOOXOAMMOCTb PeasICTHIECKOro Moje-
JIMPOBAHUS HCCIEYeMBIX PeaKIHi.

OnHo#l U3 MepBBIX peaklvi, B KOTOPOH OyneT U3MepsiTbCsl OfHOCIMUHOBAS
acHMMeTpHsl, BbIOPaHO MHKJIO3MBHOE POXKAeHHe K 2-Me30Ha, UTO 0GbACHSeT-
Csl TAKMMH YCJIOBUSMHU:

— U3MepeHHUs] OJHOCIIHHOBOH aCUMMETPUH HHKJ/IO3MBHOTO POXKIAEHUS
yke npoBeneHsl (sxcrnepumeHT [TPO3A);

— ycranoBka CITACHUAPM conep:XHT cHUCTEMYy TPEKOBEIX IETEKTOPOB,
KOTOpAas ]aeT BO3MOXKHOCTb BOCCTAHABJHBATh 3apSIKEHHbIE TPEKH;

— B cocTaB K%-Me30Ha BXOAAT TOJIBKO S-KBapKH, KOTOpble B HaualbHbIX
4acTULlaX MOIYT OBITb TOJNIBKO MOPCKHMH, paHee He MPOBOAMJIHCH KCIIEPH-
MEHTBl 110 M3MepeHHI0 ONHOCIHMHOBOH aCHMMETPHH B peakUHUH C ydacTHeM
MOPCKOT'0 $-KBapKa;

— ceuyeHHe UHKJI03UBHOTO POXKJeHHUs K 2-Me30Ha 3HaUMTeJbHO ISl Hep-
rui Y-70, Tak 4TO OXKHIaemasi CTATHCTHUKA JOJIKHA OBITb OOJbILOH.

JLst TOro 4TOOB! OLEHUTh BO3MOXKHOCTh H3MePeHHsI OJHOCIHHOBOH acHM-
MEeTPHH, NPOBeJeHO MofiennpoBanre MeTogoM Monre-KapJso npu crexyomux
YCJIOBHSAX:

— B KayecTBe reHepartopa ucnosbayercs nakeT PYTHIA 8 (msirkue KX J1-
TpolieccHl BKJOYeHbl, xKecTkHe KX JI-mporeccsl OTK/II0UEHbI);

— MOJeJIMPOBAHHE BBINOJNHEHO AJs OBYX Ha0OPOB NAaHHBIX: A/ minbias-
¥ WHKJIIO3UBHBIX COOBITHI;

— B3aMMOJEHCTBHE IPOUCXOIUT Ha MEHTAHOJIOBOH MHUIIeHH AauHON 20 cM;

0
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Puc. 138. CnexkTp HMHBapHaHTHBIX MacC 7 7' CHCTeMBl 1 minbias-coObITHH Ge3

oT6opa

— 3((peKTUBHOCTH KaKJIOH MJIOCKOCTH TPEKOBOH CHUCTEMBI IPU MOJEIUPO-
BaHUU — 95 %, paspelueHHe ApeH(poBLIX TPYOOK BCeX KaMep KOHCEPBAaTHBHO
ouereHo B 500 MKM, «MepTBble 30HBI» B Kamepax He BKJIOUEHBI, HHTErpaJ
KoHcTaHTHOro noJist — 0,6 Tu - M;

— WIEHTH(UKALKA aIpPOHOB He TPOBOAMJIACH, TAKUM 00pa3oM, Bce 3ape-
THCTPUPOBAHHBIE aPOHBI CYUTAIUCH T -ME30HAMH.

Crauana Oblja MpOBeJieHa NPOBEPKA KOPPEKTHOCTH ONHCAHHS INIPOrpaM-
moii PYTHIA mnpoueccoB 7~ p-B3aumoneiictuit mpu /s = 7,3 3B, Ce-
YeHHe WHKJIO3HBHOTO POXKJeHHs K2-Me30oHa, KOTOpOe BbIIAeT reHepaTop
PYTHIA, cocraBasier 2,207 M0, ero 3KClepUMeHTaslbHOE 3HaueHHe —
(1,89 +£0,72) M6 [228].

Ha puc. 138 nokasan crmekTp MHBapuaHTHBIX Macc h~h' cucrembl ans
minbias-coObITHI 6e3 KaKHUX-I100 KpUTepHeB oTGopa (BCe 3apsiKeHHble aj-
POHBI CUHTAJINCh THOHAMH).

[To pesysabraTtaM MOJEJNHPOBAHUS BUAHA HEOOXOAHMOCTb OTOOPA COOBITHH.
Bblnu npuMeHeHbl cileyolie KpUTEPUH:

1) oT60p COGBITHI MO PACCTOSIHUIO MeXAy Tpekamu h™ u h™ (BTOpUYHas
BepIUMHA ONpelessaach /s TPEKOB, pacCTOsSHUE MeXAy KOTOPbIMH He IIpe-
BBIIIAJO 6 MM);

2) orbop coOBITHH N0 Z-KOOpAMHATE BTOPUUHOH BepIIHHB (pacCTOsHUE
OT MepBHUYHOK BepIIHHbI Gosiee 8 cM);

3) or6op cobbiTHi Mo KpuTeputo Apmentepoca—IlogonsiHckoro.

Ha puc. 139 nokaszan cnekTtp mocse or6opa MO MepBbIM JIBYM KpuTe-
pusiM, Ha puc.140 — MaccoBEIE CIEKTp MOCJe HCIOJNb30BAHHS BCEX Tpex
KputepueB ot6opa. Criektp ¢utupoBascs (GyHKuued [aycca. 3HaueHue Boc-
cranoBsenHoi Maccsl M (K 3-mesona) = (495,7 £ 0,1) MaB/c? (PDG-3naue-
nue 497,614 MsB/c?), mupuHa BOCCTAHOBJIEHHOTO Kg-MesoHa o=(7,80+
+0,01) M3B/c?, otHoutenue curiana k gony S/N = 2,35 B okHe +30.
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Puc. 139. CnexTp MHBapHaHTHBIX MacC CHCTeMB! ¢ (pUAbTpalMed JaHHBIX MO Z-KO-
OpZMHATe BTOPHYHOM BEPILIMHEI U PACCTOSIHHIO MEXIY TpeKaMH

m_inv_hist reco z vert cut dist
[— Data _barcks 0 _2cm_cut_arm_cut
2500 —— Background fit (exp) -
[— Signal fit 1]:]/Intr1es 61?5851)3
= C (Gaussian function) can :
5 2000 —— Background fit + RQMS 0,09678
kS N + signal fit X*/ndf 98,57/35
Z 1500 F Do 9,132+0,061
a C 12 -5,96+0,13
3 C Py 21594 36,2
%‘ 1000 |- D3 0,4957 £ 0,0001
& E M D4 0,007806 +0,000119
500 .
[ 1 1 1 - 1 | 1 1 L ! 1 1 | 1 1 T 1 “T“‘n“ ’.**".w’.”*r
0,3 0,4 0,5 0,6 0,7 0,8

M(h ht), T3B/c?

Puc. 140. MaccoBblii CrIeKTp IOC/e UCNOJb30BAHUS BCEX TPeX KPUTepHeB oTOopa

[To pesysbraTaM MOAEJIMPOBAHHUS OLEHEHO OXKHAAEMOe KOJHYECTBO COObI-
THH HHKJIO3WBHOTO POXKIEHUS ng-MESOHa 3a 20-cyTouHbli ceaHc Habopa
CTaTHCTHKU Ha 3KcrmepuMeHTasnbHoi yctaHoBKe CITACHAPM mpu yciosuH,
4TO 3a UMK ycKoputessi Oymet npuHuMatbes 25000 cobuituil. Oxupaemoe
KOJIUYEeCTBO COOBITUH MHKJ/IIO3UBHOTO POXKJIEHUS Kg-MGSOHa 3a 20-cyTouHBIH
ceaHc Ha yctaHoBKe CITACHAPM nist pa3iuuHbIX KUHEMAaTHUECKHUX HHTEp-
BaJIOB 110 pr U Py TPHUBENEHO B TabJl. 22.

[To 5TUM JaHHBIM paccUMTaHa OXKHJaeMas OLUIMOKAa M3MepeHHs] OTHOCIIH-
HOBOH acuMMeTpuu 3a 20-cyTouHbl#l ceaHc Ha yctaHoBKe CITACHAPM pnas
Pa3JIMYHBIX KMHEMAaTHUECKHX MHTEPBAJIOB MO pr U Pz, KOTOPOE ITPHUBEAEHO
Bblllle B TabJ1. 8.
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M, TsB/c?
Puc. 141. Maccosbiii criektp hTh ™7’ coObiThii (BCe 3apsiKeHHbIe YaCTUIbI CUHTAIOTCS
T-Me30HaMH) ¢ 06pe3aHHeM TOMbKO Ha Maccy 7 -Me30Ha 3a 3 4 Habopa JaHHEIX

o

PekonctpyupoBannbiil ciektp hth=mY cobbiTuil (Bce 3apsiKeHHBIE YaCTH-
bl CYMTAIOTCS T-ME30HaMH) ¢ oOpe3aHHeM TOJbKO Ha Maccy m’-Me30Ha 3a
3 4 Habopa JaHHBIX MpHBeleH Ha puc. 141.

B.5. Monenuposanue nas peakumii K p' — h + X mnpu sueprum
34 I'sB. HurerpanbHasi cTaTUCTHKA [/ B3auMOAeHcTBUA Nyuka K~ ¢ mo-
JISPU30BAHHON MUIIEHbIO NpH sHepruu 34 [5B nokaszana B Tads. 23.

Ha puc. 142 npuBeneHbl MaccoBble CHEKTpPbl JJIsi YeTblpeX peaklUHid TH-
ma Kp—h+X, ie h=A—>pr—, h=A—prt, h = A = na°,

= 1500 1D 360
10000 @ b 243 1250 L] ¢ |Entries 18490
B Entries 81946 .
30000 M 1116 1000 L Mean 1,120
N : RMS 0,1293E-01
20000 |- RMS  0,1993E-02 750 b
10000 |- ggg i
0 0 1
1,00 1,25 1,50 1,75 2,00 10 15 20 25 30
M, T3B/c? M, TsB/c?
5000 6 |[ID 334 P ID 344
4000 F Entries 13201 6000 I Entries 143345
Mean 1,116 Mean 1,199
3000 - RMS 0,3215E-02 4000 RMS 0,1820E-01
2000 )
1000 000
O 1 O 1 1
1,00 1,25 1,50 1,75 2,00 10 15 20 25 30
M, T3B/c? M, TsB/c?

Puc. 142. ¢ dektrBHas Macca NpoayKToB pacnaja B npouecce K p — h+ X: h =
=A—=pr (@), h=A—=prt (6), h=A—=nr’(6), h=%" = nr" (e
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h =%~ — nn~. C yyetrom nmpuMecu K ~-Me30HOB B Ny4Ke yKa3aHHasi cTa-
TUCTHKA COOTBETCTBYeT 28 4 paboThl YCTAHOBKHM Ha OTPHLIATEJBHOM IMYy4yKe
c sneprueii 34 I'sB. B ceance giurensHocTbio 30 cyT cratuctrka 6ynet B 26
pa3 6oJblie (cM. Tabu. 23).
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