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Pedepar

Jamnas paboTta mocssmena m3Mepennio mongpusamua A° (A%)-rumeponos, pozkparommxcs
B v, (,) B3aHMOJEIiCTBUSAX 10 KAaHATY 3apSyKEeHHOIO TOKA B PA3THIHLIX KHHEMATHIECKHX
00/1aCTSIX, U UHTEPIPETAINHN TOJIYYeHHBIX Pe3yJIbTaTOB B PAMKaX CYIIECTBYIONIUX MOJIEJIei.

I3mepenust MPOBOAMINCH HA JAHHBIX, HoTydeHHbX u3 sKcmepumvertra NOMAD (Neutrino
Oscillation MAgnetic Detector, WA-96) 8 CERN u npegnasnadeHHOr0 A/ MOUCKA V), — Uy
OCIUJLISIIANA.
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I'naBa I

Teoperndeckoe BBegeHUE

OHoit 13 HanbosIee aKTyaIbHBIX TPOOJIeM B (DU3HMKE 3JIEMEHTAPHBIX YACTHUI] HA CETOHSAIII-
HUIl JeHb SIBJISETCA COCTaB HYKJIOHA M MPHPOIA ero ciuHa. CyIecTByeT MHOIO TeOPETHIECKIX
MoJIeIeil 0 3TOMY MOBO/Y, OCHOBAHHHBIX HA SKCIEPHMEHTATbHBIX JTAHHBIX M OMHCHLIBAIOIINX
Te WK WHble 3MEKThI, TPU 3TOM HUKAK HE OObSICHSS JPYTHE.

OpHoit u3 mepBbIX Mojeseil Oblla Tak Ha3biBaeMas HaWBHAsl KBAPK-MAPTOHHAS MOJIENh
(KIIM), corstacio KOTOPOIi, BCe aJpOHBI COCTOSAT U3 TOYEYHBIX YACTHUIL - TAPTOHOB (KBaPKOB),
MMEOIINX JAPOOHBI IeKTpraecKuil 3apsi/ (B eIMHAIAX JIeMEeHTapHOTO 3apsi/ia) W HeCyIux
ciuH, paBubiii 1/2. Tak, HampuMep, OPOTOH COCTOUT U3 JBYX u (Up-BepxXHHil) KBAPKOB C
sapsaaom +2/3 u oguoro d (down-HuzkHEI) KBapKa, 3aps Koroporo paser —1 /3. Helirpown, B
CBOIO 0Yepe/b, COCTOUT U3 OJIHOTO U U JBYX d KBapKoB. CIMH HYKJIOHA OIPEJIEISIeTCs] TOJIBKO
STUMH KBapKaMW, Ha3bIBaeMbIX BaJleHTHBIME, 1 paBen 1/2. Tosxke, B coctaB HyKJIOHA ObLIN
"Br/IIOUeHBI "' TAK HA3BIBAEMBIE MOPCKUE KBAPKH, MPEICTABJISIONIIE COOOH (¢ maphl.

[Tocne skcmepumenTa, mposegerHoro B 87 roxy Eppomeiickoit Mioonnoit Koraboparueit
(EMC), 6bL10 HafieHo, 4T0 KBaApKU (MOPCKHE W BAJEHTHbBIE) MEPEHOCST JIUIIb YaCTh CIHHA
HYKJIOHA, KOTOPBIl M3 yCJIOBUS COXpAHEHHS YILJIOBOTO MOMEHTA, 3AIMCHIBAETCSA B BHUIE:

1 1

e AY u AG BKJIaJ KBAPKOB U TJIIOOHOB B CIIMH HYKJIOHA, L, KOMIOHEHTH X OpOUTATbHBIX
MOMEHTOB Ha OCh HYKJIOHA.

[TpakTiaeckn Hys1eBoe 3Hadenne A, MOJydeHHOE B 9TOM IKCIIEPUMEHTe (CM. CIIe/yonuii
IIYHKT), BBI3BAJIO OOJIBINO HHTEPEC K CIHHHY HYKJIOHA, TPUPO/IA KOTOPOIO J0 CUX IO OKOHYA-
TEJIbHO He SICHA.

1.1 Coun, nepeHoCuMbIii KBApKaMu B HyKJIOHe. CIIMHOBBIE

CTPYKTYpHbIE (DYHKIUN

[Ipu n3ydennn BKJIaJa KBAPKOB B CIIMH HYKJIOHA B IKCIEPUMEHTAX 110 TJTyOOKOHEYIIPYTOMY
paccesinnio (I'HP) sientoHoB Ha HYK/JIOHAX, H3MePsIeTCsl PA3HOCTh MEKJLy CeY4eHUsIMH TTPOIeC-
COB C TIapaJ/I/IeJIbHBIMU U aHTUHAPAJLJIEIbHBIMUA HAIIPAB/JICHUSIMHI BEKTOPOB TOJISPU3AIUN Ty YKa
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u murrenn [1, 2[:

Aot Aot 41 a?
dQ2dv — dQ?dv ~ Q? E?

X [My (E + E' cos0)G1 (v, Q%) — Q* Go(v, Q%)], (1.1.2)

rie (—Q?) KBaapaT HepeJaHHOTO YeTHIPeX-UMIYIbca, £ HadaIbHas SHEPrus JenTOHA,
E' xoneunas sueprus Jjientona, v = E — E' nepenannas sHeprus HyKJIOHY, 6 yroJ paccesHus,
My Macca HYKJIOHA-MUTITEHH.

B KIIM, upu v > My (obnacts THP), dopm-daxropst Gy (v, Q%) u Ga(v, Q*) Bhipaxa-
IOTCS Yepe3 CTPYKTYpHble (YHKIUU HYKJIOHOB g1 (7, Q%) u go(x, Q?):

MyvGy (v, QQ) = 91(1’:@2), MNVQGz(V, QQ) = ga(w, QQ):

IJIe g1 OIPEJIessieTcsl KaK Pa3sHOCTh UMIYIbCHBIX PACIpeeaeHuil (AHTH)KBAPKOB CO CIIMHAMM,

(=1 (=)l .
HANPABJICHHBIMHI MAPAJJIEIbHO (¢ ) W aHTUNAPAJIENbHO (¢ ) TPOJOJBHON MOIApPH3ANUN
HYKJIOHA!

0@ =3 T ¢l - d .0 + a5 - g, Q)] =
i=u,d,s,... 1 , ) (113)
ZQ,Z eiAqi(va )7

3IIECh €; 3apsiji PA3INIHBIX ADOMATOB KBAPKOB (U, d, S) B €MHHUIAX HJIEMEHTAPHOTO JIEKTPH-
9eCKOTO 3apsijia, T J0JIs UMITYJIbCa, KOTOPYIO HeceT (aHTH)KBapK B HyKJIoHEe. HTerpan Ag; =
fol Ag;(z)dx xapakTepu3yer MOJSIPU3AINII0 KBAPKA ¢ APOMATOM 1.

[Ipu BBICOKHX 3Heprusx, B ypasHenuu (1.1.2) Bropoii 4ien nogasisgerca u o't — ot o gy.
CitetoBaTe/IbHO, B 9KCIIEPUMEHTE MBI MOYKEM HAIMPSIMYIO U3MEPSITh BEJTUIUHY

1 1 1
r— {E(Au — Ad) + o (Au+ Ad = 285)| + 5 (Au+ Ad+ As), (1.1.4)
KOTOpad MO3BOJIAET BbIACHUTDL BKJIaJA PAa3/JIMYHBIX TUIIOB KBAPKOB B CIIMH HYKJIOHA. PGBYIIBT&T,
nostydeHHblit Kosmabopamueit EMC, ciemxyrormi:

1
r— / g1z, Q?)dx = 0,126 + 0,01 (crar.) £ 0,015(cucr.), npn Q2 = 10 T5B2  (1.1.5)
0

13 HefiTPOHHBIX U MHIIEPOHHBIX [-PACMaoB, HCHOIb3ys u3ocnuaoByo 1 SU(3) cumverpun
apoOMAaTOB KBAPKOB, OBLIH MOJYYEHbI CJIEIYIONINe 3HAYeHUS MATPUIHBIX 3JEeMEHTOB:

Au—Ad=F+ D =1,2573+£0,0028,

Au+ Ad —2As=3F — D =0,59+0,04, (1.1.6)

rjie F'u D KOHCTAHTHI CJa0bIX THIIEPOHHBIX PACIIAJIOB.

[Moacrasnstst B ypasuenne (1.1.4) skcnepumentanbusie gannse (1.1.5) u (1.1.6), kostabo-
panust EMC nonyawra ciaemyromuit pesyabrar: AY, = 0,12+0,17, B To BpeMst Kak B HAUBHOMH
n pengrusucrckoii KITM mpeickasbplBaInch 3HAUYEHHs, paBHBIE COOTBETCTBeHHO AY, = 1 u
AY = 0,75, TO eCTb CIIWH, EPEHOCUMBIiI KBAPKAME, OKA3AJICS TOPA3/I0 MEHBIIE 0KUIAEMOT0
pesyabrarta (ecan B (1.1.6) npenebpeus Bkiragom or As, ro AYX = 0,59). B pesysibrare dero
pPOIMIACH TaK HA3BIBAEMasl 3araJiKa CINHA HYKJIOHA.
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Mzt Bugum, uro KITM, xoporro o0bacHAOmMAas 3apsi/i 1 M30CIUH HYKJIOHA, HE MOYKET aJIeK-
BAaTHO OIMCATH COCTAB €ro CIWHA W JIUHAMUKY B3auMmoseicTsuit. [1s1 aroro Ham meobxommma
bostee ToryboOKast Teopusi, Takast Kak KBaHToBast XpomoauHamuka (KX /1), yaursiBarorast rio-
OHBI U WX B3aMMOJIEHCTBUSI C KBAPKAMH.

B KX/ g1 (7, Q?) BoIpazkaeTcs uepe3 CUHIJIETHbIC (dp) U HeCHHTJIETHbIe (a3 U ag) IPOTOH-
Hble MATPUYHLIE JIEMEHTHI AKCHATHHOTO TOKA!
1 1

E&g—i—%&g

e Cpy = 1 — 2@ 358 (%@)2 — 20.22 (M)?’ nC, =1-— 2@ _qqg (M)Q

1
Cns + § ap Cs, (117)

™ s s s
3aBucamue oT Q% 1 BBIYNCASEMBIe 0 TeOPHH BO3MYIIECHHI CHHTIeTHEIE n HecHHTTeTHBIe KX /T

K03 durnuenTol. Ecau He yIuTHIBATH BKJIAJ IMOJSPU30BAHHBIX TJIIOOHOB B CIIMH HYKJIOHA,
TO MATPUYHBIE 7eMeHTh B ypaBHeHuu (1.1.7) MOryT GBITH BBIDAYKEHBI Yepe3 CIUPAJTbHOCTH
KBapPKOB!

ag = Au+ Ad + As = AY,

a3 =Au—Ad=F + D, (1.1.8)

ag = Au+ Ad — 2As = 3F — D.

3 (1.1.6), (1.1.7) u (1.1.8) komnabopanueit SMC Oblin MOy 9eHbI CJIeYIONIIHe 3HAYEHHSI:
AY = 0,27+ 0,04 u

Au=0,8240,03, Ad=—0,4440,03, As=—0,11+0,03. (1.1.9)

OTH pe3yJbTaTbl MOKHO BBIBECTH HCXOId 3 pengruBuctckoit KIIM, ecaum yduThiBaThH
BKJIQI IOIAPU30BAHHLIX TJIIOOHOB B CHUH HYKJIOHA. JIJIs1 9TOr0, ImepenuimeM MaTPUYHBI J1e-
MeHT ag B Buje [3|:

ap = AY — ias(Q2)AG(Q2), (1.1.10)
27

e BK1ag AG HA3BIBAETCS AKCHATBHOI TIIOOHHOHN anomanmeit. [Iponssenenne o, (Q%)AG(Q?)
B BBICIIUX HOpsijiKax He 3apucuT ot Q2, o ectb AG(Q?) pacrer ¢ Q? Tak ke kak u 1/a,(Q?),
KOMIIEHCHDYSICh TIpH 3T0M, corstacHo (1.0.1), yriaossim MomerToM L,. Pusndecku 310 03HAUAET,
9YTO KBapK M3Jy9daeT [VIFOOHBI C ONpeIeeHHbIM HAaPaBJIeHHeM CIHA, KOTOPBIi KOMIIEHCUPY-
eTcs OpOUTATLHBIM MOMEHTOM KBAaPK-TIIIOOHHON CHCTEMBI JIJIS COXPAHEHHS MOJHOTO YTJIOBOTO
MOMeHTa. Takum o6pa3oM, ueM OOJIbIIe TITI0OHOB HCIIYCKAeTCst, TeM Oouibine pactyT AG u L,

HO C MPOTUBOIMOJIOYKHBIMHU 3HAKAMU.
Bo3mozkHBIIT BK/1aT TVIFOOHOB B CMUPAJIBHOCTH OT/IEIbHBIX KBAPKOB 3alUCHIBAETCS B BUIE:

Au = £(ap + 3F + D) — 5-0,(Q*)AG(Q?),
Ad = %(ao —2D) — +a,(Q*)AG(Q?), (1.1.11)
As = (ap — 3F + D) — 5=, (Q*) AG(Q?).
B rtabmune 1.1 mpeacTaBiaeHbI Pe3y/IbTAThl, BLIYECTICHHBIE II0 TAKOH cxeMe M IIpHOIN3H-
TEJBLHO COBIAJAIONINE C SKCIEPUMEHTAJILHBIMU JAHHBIMHU.
U3 pesyabraros (1.1.9), BeranciaeHHbx ncexopsi u3 ycaobust binoanenusi SU(3) cuvmer-
pPHH apOMATOB KBAPKOB, BUIHO, YTO BHYTPH HYKJIOHA CYIIECTBYIOT S5 MAPbI, HOJISPHU3AIS
KOTOPBIX JI0 CHX IOp HE M3MEpPEeHa SKCIePHMEHTAIBHO.

'TIpu aToM 6B1T0 TOMy4YeHO 3HAMeHHe [| = fol g1(z,Q?)dx = 0,136 & 0,013(crar.) + 0,009(cucr.),
mpu Q2 = 10 B2,
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Tabsmna 1.1: Braad passuvHus munos keapkos 6 cnuH HYKAOHG, NPEICKa3bi6aeMbls Hepe-
AAMUBUCMCKOT Keapk-napmonnol modeavio (HP KIIM), 20e AG = 0 u peasmusucmckod

keapk-napmonnoti modeavio (P KIIM) ¢ AG =0 u AG(Q* =1 (I'sB/c)*) =1,6+0,9 [3].

HP KIIM P KIIM P KIIM + 100wl
a,AG /2 0 0 0,13+ 0,08
Au — a, AG/2r 1,33 1,0 0,87 + 0,08
Ad — a,AG /27 0,33 0,25 —0,38+0,08
As — a,AG/2r 0 0 —0,13+0,08
ao = AY — 30, AG/2r 1,0 0,75 0,36+ 0,24

1.2 Coun A’-runepona u ero usmepenue

OcHOBBIBasICh HA YKCIEPUMEHTAIbHBIX AaHubIX, k. Duumcom, 1. Xapseessim u A. Ko-
nuHstHOM [4] GbLIa co31aHa MOJIE/IB, COTIACHO KOTOPOii BHYTPU HYKJIOHOB HAXOJATCA MOPCKHUE
KBapK-aHTUKBAPKOBbIe Maphl ($5), Hecylue HyjeBble KBanToBble unciaa JI = 01 (4robn He
M3MEHSATh COCTOSIHIE HYKJIOHOB), TO €CTh UX CYMMADHBIH CIIMH, DABHBII €JINHUIIE U B OCHOBHOM
HAIIPABJIEHHBIN MPOTUBOMOJIOKHO cuHy HykKjaoHa (cM. (1.1.9)), KommeHcupyercss opoUTAIb-
HBIM MOMEHTOM.

KauecTBenHast IpOBEpPKa 3TOH TUIIOTE3BI MOMKET OBITH OCYINECTBJICHA ITyTeM HW3ydYeHUs
Hampasiaeans cimHa A’-THIepoHOB, poMKIAIONIEXCS TPAMBIM 00pPA30M B JIENITOH-HYKIOHHBIX
rIyGOKO-HeYIPYTUX B3amMojeiicTeuax. /leo B Tom, uto BoHoBas dbynkimua A (kBapkobblii
cocTaB uds) 3amMUCHIBACTCS CJIEYIONHM 06pa3om [5:

1
V2
TO €CTb CIIUH AO IIOJTHOCTBIO OIIpeaeadeTCd S KBapKOM U U3MepAeTCd IO YFHOBOI‘/JI aCUMMeTpHuu

pacipeeenns IPOTOHOB, 0OPA30BABIINXCI B pe3yabraTe pacmaga A — pr~ U ONHCBIBAO-
IIXCST 3aKOHOM:

A= —zsT(uld] —uld?),

dN 1

N~ 1r |
riae acuMMeTpuuanblii mapamerp o = 0,64240,013, P BexkTop nonxsipuzanun, a P, exnamanorii
BEKTOD HAIPABJICHUS BhLIETa MPOTOHOB B cucTeMe nokos Al-rumepomna.

B kavecTBe JIENTOHOB MpEANOYTEHHE OTAAeTCs (aHTH)HeRTpuHO, KoTopbie 100% mossgpu-
30BaHBI I B3aMMOJEHCTBYIOT TOMLKO ¢ d, s, 4 (d, 5, 1) KBapKaMH, IPHYeM DACCeSHHe IIPO-
HCXOJUT HA KBAapKax C JIEBOH M AHTHKBAPKAX C MPABO MOJSpU3AIUsaMu (B3auMOIelicTBHe
3apsizkeHHOro ToKa). Cleyer 3aMeTuTh, 9TO JJIS JAHHOIO AHAJINW3a HEJb3sl HCIOJIb30BATh
aJIPOH-A/IPOHHBIE CTOJKHOBEHUs, TaK KaK B CUJbHBIX B3aUMOJICHCTBHUSAX COXPAHSAETCS MPO-
CTPAHCTBEHHAS YETHOCTDL M CJIEI0BATEIHHO, OTCYTCTBYeT MPOAoabHasd mnoaapusama AL,

l+aP-Pp), (1.2.12)
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JIng aHanam3a HOJIApPH3AIME MBI OyJIeM pacCMaTpUBATh JIBe KHHEMATHUeCKHe O0JIACTH, B
KOTOpbIX pozatorcs A-runieponst. 910 0baacth dpparvenranun mutienn (zp < 0) u 06/1aCTh
dbparmenranun nydka (rp > 0), tae xp = 2p; /W-oTHONIEHHE TPOIOIBHON KOMIOHEHTHI
umiyabea A, OTHOCHTEILHO OCH aIpPOHHOMN CTPYH.

1.3 O6baacte pparmMeHTAINT MUIITEHN

PaccMoTpuM MexanusM nepejiaqn ciuia A’-rumeponaM, pozkaonuMced B ob1acTi gppar-
menTarun muiern (OPM) nmpu B3anMomeiCTBHI 1, C BEIIECTBOM.

Heiirpuno, o6MeHUBAsACH TsizKeIbIM BEKTOPHBIM W T-6030H0M (B3anmo/ieiicTBue 3apsizKeH-
HOTO TOKa), PACCeMBAETCsl Ha JIEBOIOJSIPU30BAaHHOM d KBapKe (BKJIQJOM OT MODCKHX § U T
KBAPKOB ISl KAYECTBEHHOTO OObICHEHUsI KAPTUHBI MPOUCXO/SAIIEr0 Mbl IPEHEOPEraeM), Bbi-
OUBagd IIPU STOM €ro U3 HyKJIOHA, 8 00pa30BaBIIeecsd IBYX-KBAPKOBOE COCTOSHHE IIPUCOETUHICT
M3 MOpsI § KBAPK C HAIPABJIEHHEM CIIHHA, TIPOTHBOIOJOKHBIM HYKJIOHY (B OCHOBHOM) [4].

Ecin nannoe B3amMogeiicTBue Mpou30ILI0 Ha HEHTPOHE, TO M3Mepsis HalpPaB/ICHUE CIIH-
Ha POKICHHBIX NpAMBIM 00paszom A, MBI MOXKeM ompeeuTh HOJAPU3AINIO S5 Tap BHYTPH
HykJIoHa (cM. puc. 1.1).

Puc. 1.1: Juaepamma posicdenus A° 6 obaracmu dpaemenmanuu muwenu, npu paccesnuu

HEUMPUHO Ha Hedmpore.

JlaHHas MOJIEIb TPeICKa3bIBAeT MOJ0KITeNbHYT0 noxapusamuio A Ha mpoTonax u orpu-
naTe/JJbHYI0 HAa HEHTPOHAX, €C/IM CHUH S5 Mapbl AHTUKOPPEJUPYeT CO CIUHOM HYKJIOHA WU
OTpHUIlATEbHBIE TOJISIPU3aIu KaK Ha HeTpOHAaX, TaK U HA TPOTOHAX, €CJIN CIIUH §§ AaHTUKOP-
peupyeT cO CIUHOM BBIOMTOIO KBapKa.

1.4 O6aactp dpparmMeHTAIUN TYyIKA

Nnaue geso obcrout ¢ noaspusamueii A, poxk qarommxcs B 061acTn (pparMeHTanl My dKa
(ODII). B srom caayuae, BoiOuThI d-kBapk npespaimiaercs B 100 % JieBomnossipu3oBaHHbIN U~
KBapK, pparMeHTHPYONHil 3aTeM B KonedHoe coctoguue A° (cm. puc. 1.2). [Ipu sTOM HogB/I4-
eTCs BO3MOKHOCTb U3MEPATD MOIIPU30BaHHbIE (DYHKIUH (hDparMeHTAINN, XapaKTepr3yIIue
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Puc. 1.2: JTuazpamma posicdenus A° 6 obracmu dpaemernmanuu nyuka, npu paccesanuu redi-

mpuHo Ha 64AEHITIHOM d Keaprke.

BeposITHOCTL (bparMenTrpoBanns u kKBapka B A’ ¢ onpemesrennoil opuenTamyeil cnmna:

d(zp)AD!(z) — (1 — yg)*u(zp)ADA(2)
d(xp) DA (2) + (1 — yp)*u(zp)Di(2)

PA(IBayBaz) = - (].4]_3)

rne P, monapmsamua A°, ADﬁ(z) = DST — Dﬁl noJIIpu3oBaHHad (pyHKIuUS (parMeHTa-
i, D2 (2) = DA+ DM wenonapusosannas Gynknms dparmenramun, ¢(zp) pactipesenenne
KBApKOB BHYTPHU HYKJIOHA, Tp = Q/2vm 10/ uMIIy/Ibca, KOTOPYIO HECeT KBapK B HYKJIOHE,
yp = v/E noig nepBoHaYaIbHON SHEPIUM JIENTOHA, YHOCHMAS AJAPOHAMH, Z JOJSA aJPOH-
Hoit suepruu, ynocumoii A’ B maboparopHoii cucreme. B 3ToM BBIpazKeHHH MBI IIpeHeOperIn
BKJIAJIOM OT paccessHus HEHTPHHO Ha S KBapKax, a TaK zKe mepexojoM d — ¢ — .

13-3a MaJioro BK/Ia/a @ KBapkos u dakropa nojgasaenus (1 —yg)? (upu yp — 1), ananus
nossipusanun A B v, N — p~AX THP, obecneunsaer nam msmepenne kosbdurmenta CA =
AD?(2)/D2(2) ¢ Temn e cTaTHCTHICCKIMHE OMHOKaMH, 9T0 1 A7 nongpusaman A, To ecTn
SKCIepUMeHTAIbLHO Ollpe/iessgeTcd BKaad u KBapka B cnul A’-runepona.

B skcnepuvente HERMES [6], ucnionibays 27,5 I'5B mosistpu30BaHHbBI IO3UTPOHHBIH Ty 40K
ot yckopurens HERA, nsyuanach nongpusanuss A’-rumepoHoB, porgaoomuxcsa B TIyOOKO-
HEYNPYTUX JTEKTPOMATHUTHBIX B3aMMOJEHCTBUSIX, TPU 9TOM OblLIa Hali/IeHA CJIEIYIONAs Be-
JIMIHHA:

PA . AD;\(Z, QQ)

DA, = =
LL PBD(y) Dz/}(QOQ)

=0,11+£0,17(crar.) £ 0,03(cucr.), (1.4.14)

re D3, - nponoabnast (oTHOCHTEbHO Hanpasienus ummyabca A°) monapusamus A-rume-
POHOB, MONPABJIEHHAS HA TOJSPU3AIMIO MydKa (Pp) 1 Ha MPOJOJILHBII ANOISIPU3AIHOHHBIIT
dbakrop doronos (D(y)) (ecinm B KavecTBe OCH M3MEPEHHsI TMOJSPU3AIMNA BHIOPATH HAIPAB-
JieHre BUPTYaJIbHOTO (bOTOHA, TO pe3yibrar usMenntcs Ha 0,03 + 0, 17(crar.) + 0, 03(cucr.)).
DTu 3HaueHus MOIyHUeHbl npu cpeanem < z >= 0,45, 0,02 < z < 0,4 u %, BapbupyemMom B
npenenax ot 1 go 10 T'sB2.
U3 (1.4.14) BugsHO, 9TO ONMMOKK W3MEPEHHsI OTHOIICHUST % u3-3a (akropa

PgD(y) ~ 0,3 yBeInIuBatoOTCst B TPH pa3a, MO3TOMY 3TH JAHHBIE He SBJISIOTC KAKHM-T100 3a-
KJIIOYeHneM 0 BKJIaJe 1 KBapka B cinl A-runepona. CiaegoBaTeibo, IpuMeHeHne HeHTpUH-
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HOT'O TIyYKa HANO0/Iee BHITOIHO B 9TOM OTHOIIEHUH, HO U3-32 MAJIOTO CEUEHUsT B3aMMO/IeHCTBH,
JIJIsT HAKOILIEHUsI JOCTATOYHO OOJIBIION CTATUCTUKN TPEOYeTCs 3HAUYUTEIHHOE BPEMS.

OCHOBHO#t TPYAHOCTBIO B MIOIAPU3ZAIMOHHOM aHAIN3e ABAsAeTCa TO, 9T0 Kpome A, poxkma-
OIIIXCS TPSIMBIM 00Pa30M, CYIIECTBYIOT €Ie U Te, KOTOPble 00Pa3yI0TCs B Pe3y/IbTaTe pacia-
TIOB TSKEJBIX GAPHOHOB, TAKHX KaK X°, ¥*(1385), = u UMEIONUX TMOJSIPU3AIHIO, OTIHIHYTO
ot npaMeix AY. HeyuTeHHOCTb 3THX Pe30HAHCOB BeJeT K HellpaBUILHOI MHTEpIIpeTAIUdH MO-
JIYyIEeHHBIX Pe3y/JIbTATOB.

s npenckasanus nonspusanun A? (A%) B obmactn dbparmentamum mydaka 6bITO CO3/1a-
wo ape mogemn: BGH (Bigi, Gustafson, n Hiikkinen) w BJ (Burkardt u Jaffe), B koropsix
VIUTBIBAIOTCS BKJIABI PA3THIHBIX PE30HAHCOB M TszKesbIX 6aproHoB (cMm. puc. 1.3) [7].

[espio HaIIel paboTHI IBJISIETCS TPOBEPKA, PA3TUIHBIX MEXaHU3MOB IepeIadn CInHa B 00-
nactu dparMenTanun MurreHn u mydka. [Ipmaem B OPM MbI u3MepsieM KOPPeTaiinio MezK /Ty
comaoM s-kBapka n A-runepona, a B O®II MOKHO IKCIIEPIMEHTAIBLHO ONPeIeTuTh KO-
IMEeHT Tepeiadn cruHa oT u-kBapka A - C{}.

< 30 [ s 30 I
I g *r
S 10 poee I | § 10 1
< T - @ i
o 0 o 0
o L o L
< ol 101 < 10 B
0.2 0.3 0.4 05 0.6 0.7 0.8 0.2 0.3 0.4 05 0.6 0.7 0.8
z z
< 10 [ < 10 I
s [T s %0
S 10 - S -0 -
@ R @ i
o -20 [~ o -20 -
o L o L
< -30 1< -30 | | | \ \
0.2 0.3 0.4 05 0.6 0.7 0.8 0.2 0.3 04 05 0.6 0.7 0.8

V4 4

Puc. 1.3: Hoaapusayusa A°/A° 6 obracmu dpaemenmavuu muwenu 6 v-I'HP (6epzrue pucym-
ku) u v-I'HP (nustcnue pucynru): cnaownas sunus — wouenas KIIM, nynkmupnas — BGH

modeav, moueunas — BJ-I modeav u mouru ¢ wepmourxamu — BJ-II modeas.
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0O0630p IKCIIepuMeHTAJbHBIX JTAHHBIX

Kak 6b1j10 yKa3zaHo BbIllle, HEKOTOPbIE TEOPETUYECKUE MOJE/H IIPeICKa3bIBAIOT HEHYJIe-
Byto nongpuzanuio A’-rumepoHoB, poxKalomuxca B (AHTH)HeHTPHHHBIX B3aMMOIEHCTBHAX.
Curyanug ke ¢ 9KCIepUMEHTAJIbHBIMI JAHHBIMHA OCTAETCS JI0 CUX MOP HESICHOM.

B meckosbKNX HEHTPUHHBIX IKCIEPUMEHTAX HaOII0ATach OTPHUIATEJbHAs ITPOAOIbHAS
(oTHOCHTE/ILHO HaNpaBaeHus uMiryjibca W-6030na) nonspusamust A, ¢ abeosoTHbIM 3HAUE-
HueM, Mengommmcs B npejgenax or 0,1 o 0,63 u craructudeckumu ommmbramu ot 0,13 10
0,17 (cmorpure P, kommnonenty B Tabsmie 2.1). OneHKa »Ke cHcTeMaTHdecKuX HeOlpPeIeseH-
HOCTell, TPUIICAHHAs ITUM pe3yabTaTaM, Bapbupyercsd oT 0,02 10 pa3MepoB CTATHCTHIECKUTX
omm6ok. Cormacuo apropaM, GOMbIHMIl BKIAA B cucTeMarnueckue ommoku gaet don ot K3,
HO JIJIST HAC JI0 CHX TOP OCTAeTCs HEesSICHBIM BOIMPOC: KAK B SKCIEPUMEHTAX Ha My3bIPhKOBBIX
KaMepax yuanThiBajca 3Gp@eKT moTepr HI3KO3HePreTHIeCKNX MHOHOB B paciage AY, koTopoiit
MOZKET CYIECTBEHHO TOBJIUSATH HA PE3Y/JIbTAThI W3MePeHHs! ToJisipusaiin (1moapobree 06 3ToM
cmotpute B rtase VI)

[Tpu u3ydyeHnu momepevHoil (BI0JIb BEKTOPA, MEePIEHIUKYISIPHOrO MIOCKOCTH DPOYKIEHHS
A®) monapuzanuu A°-runepoHoB, B ABYX IMEPBBIX SKCIEPUMEHTAX ObLIH TOTyYeHbI PE3YTbTAThI
C IPOTUBOIOJIOKHBIME 3HAKaMH (cMOTpUTEe Py KOMIIOHEHTY B TabJiuie 2.2), He MOATBEePIK 1aB-
mecst Gostee mo3xaHUME n3MepenusaMu (cmorpurte P, kommoHenty B Tabsmme 2.1).

Cremyer 3aMeTHTH, YTO OCHOBHBIM HEIOCTATKOM, KOTOPBIM CTPAJIAIOT BCE IIPEIbIIyIIIIe
HefTPUHHBIE SKCIEePUMEHTHI, BBITOTHEHHBIE HA MY3bIPHKOBBIX KaMepax, SBJIsIeTCS HI3Kasd CTa-
tuctuka Habopa A° cobbiTuii. JlaHHBIe, HAKOILICHHBIE 32 YeThIpe roja paboThl SKCIePUMEHTA
NOMAD (ero onmcanne cMOTpUTE B CJEAYIONIEH IaBe), 00eCIeanBaOT HAC CTATUCTUKON 60-
Jliee 9eM Ha TOPsJIOK BbIIe, TO3BOJIAS TaKUM 00pa30M, JETAJbHO U3YUYUTH IPOJOJIBHYIO U
nonepeunyio noagpusamuu A’ B 3aBHCHMOCTH OT Pa3IMYHBLIX KHHOMATHICCKHX IepeMeHHDBIX.

12
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Tabmuna 2.1: Hoaapusayus A°-2uneporos, usmepennas 6 npedvldyuus Helmpurnue sKcne-

pumernmazx. Pesyivmamul, danw, 6 “J” cucmeme, 6 xomopoti ocu, 6 cucmeme nokos A onpede-

. _ __ ewXer . 9
AANOMCA CACOYIOUWUM 00PA30M: Ny = €y, Ny, = enrxen]y Mz = Mg XMy, 2de ey edunuuHbLl BeK-

mop wanpasaenus moxa (W 603ona), er eQunuunvl 6eKmMop HaNPaBAEHUA HYKAOHA-MUULEH.

< E, > cpednas onepzus (anmu)uedmpuno 6 Habopa cobuimut 3apancennozo moka.

Peakmmst < FE, > Kumemar.
DKCIepUMEeHT [[B]| O6acTb Nj P, P, P,
Vy —D 51 ITonuwrit mabop | 289 | —0.10+0.14 | —0.02+0.16 | 0.12+0.15
WA21 xp <0 203 | —0.29+0.18 | —0.09+0.19 | 0.194+0.18
zp >0 86 0.53 +0.30 0.08 £0.28 0.04 +0.29
Uy —D 40 [Tonuwiit mabop | 267 | —0.24 +0.17 | —0.05+0.16 | —0.20 +0.17
WA21 xp <0 210 | —0.38 £0.18 | 0.02+£0.18 —0.17£0.18
xp >0 57 0.32£0.35 —0.38£0.34 | —0.30£0.36
v, — Ne 40 [Monuerit mabop | 469 | —0.56 +0.13 | —0.02+0.13 | 0.08 +£0.13
WA59 xp <0 403 | —0.63+0.13 | —0.02+0.14 | 0.124+0.14
xp >0 66 | —0.11 +£0.45 | —0.06 £0.40 | —0.01 £0.44
v, — Ne 150 ITommsrit Habop | 258 | —0.38 £0.16 | —0.04 £0.17 | —0.17+0.18
E632 xp <0 190 | —0.43+0.20 | —0.06 £0.19 | —0.45+0.19
xp >0 68 — — —
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Tabmuna 2.2: Hoaapusayus A°-z2uneporos, usmepernas 6 npedvldyusus HempuiHoLT sKCne-

pumernmazx. Pesysvmamu danve 6 “J”7 cucmeme, 6 xomopoti ocu, 6 cucmeme nokoa A° onpe-

deaaromen caedyrouum obpasom: Ny = €y, Ny = @i?', nr = ny X ng, 20e e, eduruy-
v

HoLl BEKMOP HANPABACHUA NAdaow,e20 (anmu)Hedmpuno, ey eduruuHLl 6EKMOpP HaANPaAe-
nua deusicenus N°-zunepona. < E, > cpednas snepaus (anmu)netimpuno 6 nabopa cobuimudi

3aAPANCEHHO20 TMOKA.

Peakmms < FE, > Kumemar.
OKCIepUMEeHT [['B] O6acThb Na Py, Pr Py

v, — Ne
FNAL 43 ITommsrit Habop | 187 | —0.15+0.20 | —0.12 £0.19 0.34 £0.18
v, —d 43 [Tonuwrit Habop | 181 — — —0.32£0.20
BEBC xp < 0.3 136 — — —0.57 +0.22
v, —d 95 [Tonuwrit Habop | 234 — — 0.06 £0.18
BEBC xp < 0.3 166 — — —0.06 +0.21
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dxcnepuMedsT NOMAD

3.1 OcHoBHag njaesi IKCIIePUMEHTA

[nasuoii nesbio skcrepumerra NOMAD (Neutrino Oscillation MAgnetic Detector, WA-
96) sIBJISIETCS TIOUCK TOSIBJIEHUS Tay-HeHTPUHO (1) B MyUYKe MIHPOKOTO CIIEKTPA OT YCKOPHUTEIsI
SPS B CERN, cocrosguiuM IpeuMyIIecTBeHHO U3 V.

THerextop NOMAD! 6511 cKOHCTPYHPOBAH /151 H3MepeHus I HAeHTH(QUKAINE TaCTHI, KaK
3apsizKEHHbIX, TaK M HeHTpaJbHbIX, POK/IAIONINXCI B HEHTPUHHBIX B3aUMOJENHCTBUIX BHYT-
pHU YCTAHOBKU. AKTHBHAS 9aCTh JIETEKTOPa MPEJICTaB/sIeT coboit Habop apeiihoBbix Kamep ¢
cymmapuoit 3dbdeKTuBHO Maccoit 2,7 TOHHBI W HU3KOH cpejHeil miorHocTbio (98,6 Kr/ M3).
JleTeKTOp HAXOMUTCS BHYTPH MaruuTa, odecredmBaromiero Marautaoe mose 0,4 T, xoTopoe
CILyKUT JJIsl ONpeJesieHus MMIYJAbCOB 3apsKeHHBIX YaCTHI] MO KPUBU3HE WX TPAEKTOPHUI,
UMEINIUX MHHHUMAJIbHbIE HCKazKCHHA, BO3HUKAIOIINUX MN3-3a MHOTOKPATHOT'O pPaCCedHHNd. 3&
HabopoMm JpeitoBBIX KaMep CIeAyeT JeTEKTOP MePexXoHOr0 U3/IydeHus /sl nAeHTu(UKAINNT
9JIEKTPOHOB, 3JIeKTPOMATHUTHBIH U a/IpOHHBIN KAJOPUMETPHI U CHCTEeMa MIOOHHBIX KaMep.

3a gernipe roga Habopa gaHHBIX B 3KcmepuMerTe NOMAD Ob110 3aperucTpupoBaHO OKOJIO
2,5 MIVIJIHOHOB V,, B3aUMOJEHCTBHIl 110 KaHAJTy 3apAzKeHHOTO TOKA.

Hpe,ZLHO)KeHHbII'_/‘I MeTOJ IpoBedeHUud IKCIIEPpUMEHTA ABJIAETCA JONOJHUTEJIbBHBIM 110 OTHO-
IMEHUIO K METOJ/IMKEe MCIIOJ/IL30BAHUS SI/IEPHBIX IMYJIbCHIT JIJIsi OOHAPYZKEHUs T~ PacHaIoB, Bbl-
opannoit komabopamueit CHORUS.

Herekrop NOMAD yioBIeTBOpSIeT CJIEAYIONUM TPeGOBAHUAM (HEOOXOJAUMbIE YCIOBHS
JUTSL IOMCKA PACIIAI0B T -JIEIITOHA):

— obecneunBaer BBHICOKYIO 3D (MEKTUBHOCTH U TOYHOCTH BOCCTAHOBJICHUST UMITYIHCOB 3aPsi-
xkeuubix dactun (Ap/p = 3,5%);

— WIeHTUMUIUPYET MIOOHBI, SJIEKTPOHBI U (POTOHBI C BBICOKOiT 3(PEKTUBHOCTHIO U XOPO-
el YuCTOTOM.

Kpowme moncka HeHTPUHHBIX OCIUILIATNN, JaHHBIE, HAKOILIeHHbIe B aKcepumerTe NOMAD
(GoJibInast CTATHCTHKA B JETEKTOPE € IJIOTHOCTHIO BOJOPOIHON My3bIPHKOBOi KaMephl ), TIpe/i-
CTaBJIAIOT OTPOMHBIII WHTEpeC I W3yYeHUs MHOTHX MPOIECCOB, TPOXOMANINX C yIacTHEM

171719 MONTOTOBKY NAaHHOMN TJIaBBI MCIOIB30BAIACH KAHINIATCKAS THCCEPTAIMS 8]

15
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HefITpHHO, TaKUX KaK m3MepeHue nojsgpusanun A’-rumepoHos, n3ydenne BBIXOJ0B Pe30HaH-
COB.

3.2 JleTeKTOp M IIy4YOK HEATPUHO

Herekrop NOMAD nokasan cxemarnveckn wa puc. 3.1 (Bujg cboky) u puc. 3.2 (Buj
cepxy). OH cocrouT u3 HAGOpa MOJJIETEKTOPOB, KOTOPbIE PACIOJIATAIOTCS BHYTPH MarHHUTA
obbeMoM 7,5 X 3,5 x 3,5 m3. MarauTHoe moJie ropu30HTAIbLHO, HepIeH UKYIIpHO HapaB/Iie-
HUIO0 HeUTPUHHOTO my4ka u uMeer Beanuuny 0,4 T

Muon
Chambers

Front DipoleMagnet  TRD
Calorimeter Modules Preshower

Neutrino

=

Trigger Planes

Veto Planes

1 metre Elect eti Hadroni
) romagnetic adronic
Drift Chambers Calorimeter Calorimeter

Puc. 3.1: Jlemexmop NOMAD (sud cboxy)

Front TRD Muon Chambers

Calorimeter DIpOIeMagnet Modules Preshower

Neutrino
Beam [
. llllll

Drift Chambers Trigger Planes

Electromagnetic Hadronic )
Veto Planes Calorimeter Calorimeter Iron Filter

Puc. 3.2: Jlemexmop NOMAD (eud ceepxy)

CucreMa KOODJMHAT JETEKTOPA ONpe/ieJieHa cieayomum obpasom (cm. puc. 3.1): ocb X
HalnpaBjeHa BIUIyOb PUCYHKA W COBIIQJAeT C HAITpaBJIEHHEM MAarHUTHOIO I0Jid, OCh Y Ha-
npaBJieHa BBEPX, a OCb Z T'OPU30HTAJIbHA U JIONOJHSET CUCTEMY JI0 TPABO, MPUOIM3UTETHHO
COBIIaIas C HAIpaBJIeHHEeM HEHTPHHHOIrO IIydka. Hajxo orMeTnTh, 9TO My9YOoK HEHTPHHHO CO-
crapiger yroy 42,5278 mpas (i 2°26'12") ¢ ocbio Z B Y Z mnockocru. st ananusa Gyer
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HCITONIH30BaHa CHCTeMa KOOPIMHAT, B KOTOPOI OCh Z COBIIQIaeT ¢ HalpaBIeHueM HEHTPUHHOTO
My 4JKa.

3.2.A Ilydyok HeliTpuHO

Herekrop NOMAD naxoaurcs B 3anajuoit 3ose CERN (WANF) u mojBepraercst Bo3eii-
CTBHIO IyYKa HEUTPUHO IIHPOKOTO CIEKTPa OT yeKopuTead SPS. DToT mydok ObLI crienuaabHO
ontumusupoBan st 3kcepumerToB NOMAD u CHORUS. Cxemaruwueckuii Bu OCHOBHBIX
9JIEMEHTOB, CJIyKalluX JJIsd CO3AaHus HeTPUHHOrO IIy4Ka, HPUBEIEH Ha puc. 3.3.

BCT1 seEMs Al Collimator Reflector 5 Muon Pits CHORUS
(S
BCT2 N i Horn ¢ Tunnel ¢ Earth
[y >
N
Be Target e u
450 GeV/c protons TDX collimator Iron Shield NOMAD

Puc. 3.3: Cremamumeckuti 6ud 0cHOBHLT INEMERNOB, CAYHCAULUL OAA CO30AHUA HETMPUHHO20

nYwKa.

Heiitpuno obpasyiorcst B paciiajiax BTOPUYHBIX T ¥ K Me30HOB, BOSHUKAIONIUX IIPU B3au-
moieiicTBusix 450 ['9B nporonos ¢ 6epusiineBoit muienb0. Bropudnbie muoHbI 1 KAOHBI (POKY-
CHUPYIOTCS Hapoil KOAKCHAJbHBIX MACHUTHBIX JIMH3 B BAKYYMHBIH paclaIHBII KaHAJ JJIHHHONR
290 M. 2Kene3nasa u 3eMigHas 3alUTa [TO3BOJILIOT HOIVIOTUTH MIOOHBI M & IPOHEL.

Herekrop NOMAD (CHORUS) pacnosoxen Ha paccrosanu 835 M (823 M) oT MuUIIeHH.
Cpenree paccTostHEE OT TOYKH pacnaia aJapoHoB 10 ycranoBku NOMAD - 620 .

Huxs yexkoputenss SPS nosropsiercst kaxkapie 14, 4 ¢. [IpoTons! n3BiiekaoTcst n3 yCKOpUTe-
Jig 3a 7Ba 4 Mc cOpoca, pa3/ieIeHHBIX NpoMexkyTKoM 2,6 c. Ilocte ontumusanuu mydka ObLia
JIOCTUTHYTa PeKop/IHasd WHTeHCHBHOCTL: 10 1,5 X 10! mpoToHOB B KazK/10M U3 cGPOCOB.

Ha puc. 3.4 nokazan pacdeTHBI dHepTeTHYECKUil CIEKTP W COCTaB HEUTPHHHOTO MydYKa,
noJrydeHHblii ¢ momoinbio getanabaoro GEANT mozennpoBanust pacmnaanoro kanasa. [lorokm
HefiTpuHO nafoTcs B pacdere Ha 10° MPOTOHOB HA MUIIEHD (protons on target - p.o.t.).

[TapameTpsl pasJMIHBIX KOMIOHEHT HEHTPHUHHOIO MydKa mpuBegeHbl B Tadauie 3.1. Oc-
HOBHBIE HEOTHOZHATHOCTH HPU MOJIETUPOBAHUK BO3ZHUKAIOT U3-3a HETOYHOTO 3HAHUS BBIXO/IOB
7 u K Me30HOB IpHU aJPOHHBIX B3aUMOJEHCTBHUSAX B OEPUJIIMEBOIl MUIIEHH, KOTOpPbIE OBLIH
yJIyUIIeHbl u3MepeHusMu Kojiadoparnuu SPY, 94T0 m03BO/IMIO YTOYHUTE COCTAB HEHTPUHHO-
ro Imydka.

3.3 VYcranoBgka NOMAD

Huzxe OyayT npuBeseHbl OCHOBHBIE XapaKTePUCTHKH pa3JIHIHBIX dacTeil yeranoBku NOMAD.
B ux omucanum Mbl Oy/eM c1e10BaTh HAPABJICHUIO HEHTPHHHOTO IIyYKa.
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Puc. 3.4: Pacuemnwniii anepzemuveckutd cnekmp u cocmas HelmpurHozo nyywka.

3.3.A Cucrema BeTO

18

Cucrema Bero (veto - V) cocront n3 HabOpa CHMHTUILISIIIHOHHBIX CYETINKOB, MOKPbIBA-
fommx obracth 5 X 5 M? nepen gerekropom NOMAD. Oun pasmernmarorcs TakKuM 00pa3oM,
YTOOBI ONTUMAJIBHO OTOPOCUTDH COOBITUS C 3aPSAZKEHHBIME YACTUIIAMU, POXKIAIONIUMUCS B Heil-
TPUHHBIX B3auMoaeicTBusax nepes gerekropoM NOMAD, B xKee3HOl Moaep:KKe TeTeKTOpa
1 OT KOCMHYECKHX JIydeil o OOJBIINM YIVIOM, IePeCeKalouX YCTAHOBKY KaK B HAIIPABICHUN

y4YKa HEUTPUHO, TAK ¥ B TPOTUBOIOJIOKHOM. HeboJibIast 1018 B3anMO/IeHCTBUI B IEHTPAJIb-
HO¥ 00J1aCcTH KeJjie3a He MOXKeT ObITh MCKJ/II0YeHa, TaK KaK CTaJbHas CTPYKTypPa MOIEPKKA
(‘kop3uHa’), B KOTOPOii yCTaHOBJIEHBI OCHOBHBIE JIEMEHTHI JETEKTOPA, MPOXOIUT Yepe3 IpPo-

Tabmuna 3.1: Cpednas anepaua u cocmas netimpunnozo nyuxa. Oxcudaemoe HUciLo 63aumodeticmeut

sapasicennozo moxa 6 afiexmuenom obseme demexmopa NOMAD (das 2,4 x 10*° p.o.t.)

Cpeansisi E,, (I'sB) | Ornocurenbubiii cocra | Hucso v s3anmoneiicrsuii 3T
v 23,6 1,000 1,15 x 106
7, 997 0,07 0,39 x 10°
Ve 37.0 0,01 0,17 x 10°
7, 33,2 0,003 0,22 x 10*
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CTPAHCTBO, B KOTOPOM CHUHTULIATOPBI MOIJIH OBl ObITh YCTAHOBJIEHBI UIEAJTBHBIM 00pPa30M.
AHajornaso, B3auMOIEHCTBHAS B HepeaHeil YacTu OOMOTKH MarHnTa He 0TOPAChIBAIOTCs, HO
MOT'YT OBITH OTJIeJIEHBI OT IOJIE3HBIX B3auMojeiicTBuil B 3 peKTuBHOM 00beMe IeTeKTOpa,
OCJIe PEKOHCTPYKIIUU BEPITUHBI COOBITHSI.

Db deKTUBHOCTD CUCTEMBI BETO TOCTOSIHHO ITPOBEpsieTcd W ObLTa HaiigeHa MOCTOIHHON Ha
yposae 96-97%.

3.3.B Ilepemnmit kajopumeTp

| v-beam

175cm

Puc. 3.5: Bud ceepxry Ha nepednuti xaropumemp

Herekrop NOMAD mnoagenien Ha aByX Kese3ubix KosoHHax (‘I”), pacrosoKeHHBIX 110
obe croponbl MaruuTa. [lepeansist KojioHHA OBl 3al0JIHEHA CIIMHTH/LIATOPaAMU, 9T00OBI 0bec-
[EeYUTh JIONOJHUTE/JIHHYIO aKTUBHYIO MUIIEHb JJIsi HEHTPUHHBIX B3aumojeiicTBuii. Ousude-
CKHe 3aJIa4d, KOTOPble MOI'YT OBITh U3yUeHbI ¢ MOMOMIbIO HepeaHero kajgopumerpa (forward
calorimeter - FCAL), BKIIOYaIOT MHOTOMIOOHHYIO (DU3UKY ¥ TIOUCKU HEHTPATBHBIX TAKEIbIX
00bEeKTOB, POXK/IAIOIIMXCS BO B3aMMOJIEHCTBUSIX HEHTPUHO.

FCAL cocrout u3 23 KeJae3HbIX CJI0EB, Pa3/IeJeHHBIX MPOMEKYTKAMU, 3aI0JTHEHHBIMI
crimaTisLassTopavu. [Tonepednoe ceuenne FCAL, mepecekaemoe mydkoM HEATPHHO, COCTaB-
aser 175 em X 190 em (em. puc. 3.5). [derekrop umeer obmryo maccy 17,7 T u riyOumy,
SKBUBAJIEHTHYIO O JITAHAM $I/IEPHOTO B3aUMO/IeCTBHSI.

3.3.C peiidoBbie Kamepbl

Hpeiicdonbie kamepsr (Drift Chambers - DC), koropbie sIBIASIOTCS OJHOBPEMEHHO MUIITe-
HBIO /I HeHTPUHHBIX B3aUMOJEHCTBHII M TPEKOBBIM JETEKTOPOM, IPEICTABILIOT CODOH OC-
HOBHYO 9acTh jJerekTopa NOMAD. OHu 0b11H CKOHCTPYHPOBAHBI ¢ YIETOM IIPOTHBOPEUNBBIX
TpeboBaHUil: CTEHKN KaMep J0JIKHBI ObITh KaK MOYKHO TsizKeJiee Jijisi oDeciiedenusi HeoOX0/1m-
MOI'0 KOJIMYeCTBa, HEHTPUHHBIX B3aMMOJIEHCTBUI U B TOXKEe BpeMs KaK MOYKHO Jierde Jijisi TOTO,
9TOOBI MUHUMHU3UPOBATH 3(MPEKThI MHOIOKPATHOI'O PACCesHUsI, BTOPUYHBIX B3aUMOIeiCTBIi
aJIPOHOB, (POTOHHBIX KOHBEPCHUil 1 TOPMO3HOT'O U3IYUeHUs /I JTEKTPOHOB. /71 TOro, 4To66n!
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Cut of adrift chamber by a plane orthogonal to thewires

lcm

Ar(40%)-C H (60%)

Kevlar-epoxy honeycomb (Aramid)

Close-up of adrift cell

°
k—— mylar

o fieldwire
-3200V
Cu-Be 100 micrometers

sensewire
+1750 V
gold plated tungsten 20 micrometers

3,2cm

4 mm

2.8 mm

°
/ Aluminium strips

Puc. 3.6: Obwuti eud dpetihosvix xamep yemanosku NOMAD.

20
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CpeHss PpaualOHHas TJIMHA YCTAHOBKH ObLTa MUHUMAJIbHA, KAMEPBI CIeTTAHbl U3 BEIleCTBA
C HU3KOH IJIOTHOCTHIO W MaJIBIM aTOMHBIM HOMEPOM. B urore MexKjly AByMs U3MEPUTE/IbHBIMU
IJIOCKOCTAMU JIPEiipOBBIX KaMep COAePKUTCA MeHbIne 1% paauanuoHHON JIJINHbI.

Kaxkgas kamepa (puc. 3.6) cOCTOMT M3 4YeThIpeX IaHeseil, pa3ieJeHHbIX TPOMEXKYTKaMH,
3aMOJTHEHHBIME Ta30BO# cMechio aprou - stan (40% - 60%) npu armocdeprom nasienun. ITo-
CKOJIbKY MAHEeJH He ABJISIOTCA aOCOTIOTHO Ta30HEIPOHUIIAEMBIME, Ta30Basg CMeCh MOCTOSHHO
MUIPKYIUPYeT B 3aMKHYTOM KOHTYDE, COJEPZKAIIeM CHCTeMY OYUCTKH, KOTOpas CIYXKUT JIJIs
yJIaJIeHusT TPUMeceil KHCJI0POJia U BOJISTHBIX MapOB.

HT00bI OIpeIessiTh KOOPANHATHL TpeKa (x u ), Tpu ApeiihoBHIX TPOMEKYTKa 060py10Ba-
HBI CUTHAJTBHBIME ITPOBOJIOYKAMY, COCTABISIONIUME YTIbI +5, 0 ¥ -5 rpa/lycoB MO OTHONIEHUIO
K HANPABJIEHHIO MATHUTHOIO MOJs (pas3pelieHne Mo KOOPAWHATAM, B 3aBUCHMOCTH OT YIJIa
IOJIETAa YACTHII, cocTaBasger or 150 1o 650 MUKDPOH).

CymMapHOe 9uc/I0 KaMep B MOJIHOM JeTekTope - 49, 1aro coorBercTByeT 147 MIOCKOCTSIM.
[Ipuyem BHYTPU MUIIEHHOW YaCTU yCTAHOBKH HAXOAUTCd 44 KaMephbl, a HTh OCTAJIbHBIX yCTa-
HOBJIEHBI WH/MBULyAJbHO B 00sacTh nerekTopa mepexopnoro uaiaydenns (TRD) u obecnieqn-
BAIOT TPOCJTEKUBaHNe TPEKOB 4epe3 miaockoctu TRD 1o 371eKTpoMarHuTHOTO KaJaopuMeTpa
(ECAL).

Kaxkast kamepa coorsercrByer 0,02 paguanuonuoit jpmmabl. DddexTuBHast Macca cucre-
MBI ApeitpOBBIX KaMep B Tonepednoi obractn 2, 6 x 2, 6 M2 coctapager 2,7 T. Mummennas 9acThb
ycranoskn NOMAD 6smu3ka k nzockansapuoii (Nyporonos : NHeﬁTpOHOB ~ 50% : 50%).

3.3.D Tpurrepubie mioCKOCTHI

JIBe TpurrepHbie mI0CKOCTH ycTaHoBaeHb B nerekTope NOMAD mis orbopa HedTpuH-
HBIX B3amMmogeiicTBuii B adbdexrusHoM 00beme ycranoBku. [lepsasi miockocrs (T7) ciemyer
3a aKTHBHOII MuIeHbio, a Bropas (1) pacmosoxkena cpady 3a obracteio TRD. Obe miocko-
CTH HepeKkpbIiBaioT 001acTh 280 cM X 286 ¢M U COCTOAT U3 32 CHUMHTULIANHOHHBIX CUETIH-
KOB, MPOCMATPUBAEMBIX (hOTOYMHOKUTEIAMHI (C BPEMEHHBIM Da3pelieHneM 1 HC), KOTOpbIe
OPUMEHTHPOBAHBI MapaJie/ibHo MarHuTHOMY moJ0. [losle B 0,4 T ymeHbmaer OTKJIUK THX
doroymuozxkureseit Toanko na 30%.

st orbopa “moJie3nbix” B3auMojieiicTBuilt Tpedyercs coBlaJieHre CUTHAJIOB ¢ 00enX IJ10C-
KOCTeql.

Cpenass 3pHeKTUBHOCTh TPUTTEPHBIX CUYETIUKOB OIIpejie/ieHa ¢ UCIOTb30BaAHUEM JKCIIe-

PUMEHTAJIBHBIX JaHHBIX U coorBeTcTByeT (97,54 0,1)%.

3.3.E JlereKkTOop mepexoTHOTO M31ydeHUusd

Herekrop nepexomuoro uaaydenus (Transition Radiation Detector - TRD) paspabarsi-
BaJICA [l OTJe/IeHHs 3JeKTPOHOB OT aJpOHOB C ypOBHeM Hofapienuda dpona aydme 103 mpu
90% sddexruBrOCTH MAeHTU(DUKAIUE 3JIEKTPOHOB. JIeTeKTOp yCTaHOBJICH Cpa3y IOCJIe Hep-
BOil TPUTTEPHOIT TJIOCKOCTU ¥ COCTOUT U3 9 MHAMBULYAJTbHBIX MOty Ieil. KaxKIblit 13 HUX BKJITO-
4aeT pajuaTop, COMPOBOXKIAIoNuiics JeTektupyiornieil miockocrbio. [lepsoie 8 TRD momyiteit
cuapensl B 4 mayOsera.

Y1o0BI 006eCIeINTh TOUHYIO IKCTPAIOSIII0 TPEKOB U3 MUIIEHHBIX IpeiihOBBIX KaMep B
KaJOPUMeTD, MATH JOMOTHUTETbHBIX ApeiihoBbIX KaMep moMermatores B obmactu TRD: ogna
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-? Al-frame
~— radiator

315 polypropylene foil§(15 um thick)

176 straw tubes () 16 mm)
TRD —— tungstenwire (¢ 50 um)
Modules
gas mixture

(80% Xe - 20% CH,)
dry N, flow

Puc. 3.7: Cremamuneckut eud ceepry 1a mModysv demexmopa neperodno2o u3AYweHua.

nocse kaxkgoro TRD ay6iera n oguaa nocie mocstemanero moayast TRD (em. puc. 3.1, 3.2 u 3.7).

Kanu6bposka TRD HempepbIBHO OCYHIIECTBISIETCS C IMOMOINIBIO PaIRO0AKTHBHOIO UCTOYHU-
ka Fe (E,=5,89 k3B), HaHeCeHHOr0 TOPU30HTAJIBHO B CepeinHe KazKIOoil JeTeKTHpYoIeil
mrockoctu. CHeTeMa caMoCToATeIbHOI0 TPUITepa UCHOoIb3yeTcs /I 3alucu °°Fe curnaios B
KasKJI0i TPyOKe MexKk 1y HeTpuHHBIME cOpocamu. OTKINK Ha HUCXOTHBIE CUTHAJIBI OT HCTOTHH-
ka °Fe orpaskaeT Bce M3MeHeHHUs B PabOYNX YCIOBHAX (BBICOKOE HAIpsIZKEHHe, TeMIepaTypa,
JIABJIEHNE, COCTAB Ia30BON CMeCH, U T.IL.), obecrnednBas TakKuM 00pa3oM 3HhEKTHBHYIO TPO-
Bepky 1 KaauOpoBKy TRD.

10 GeV pions

Arbitrary units
(€} W - S~
a (&) (@) a

N
@)

2 ! 10 GeV electrons

------

20 25

Energy (KeV)

o
o
o
o

Puc. 3.8: Omxaux mpy6xu TRD na 10 I'dB-noili nuon u saeKmpon (usmepenus Ha mecmosom

nyure). Ilynkmupnas sunus coomeememeyem cuznany om ucmounuka > Fe (5,89 kaB).

N nentudukanug smekrponoB B TRD ocHoBaHa HA pa3/IMYnu B SHEPTOBBIIEJIEHHH B TPYO-
Kax JiIg 9acTui; ¢ pasubivu Jlopenn-dakropamu v = E/m (cm. puc. 3.8). 3apszKeHHBIE
gacTurpl ¢ 7 < 500 BBIAETAIOT JHEPTHUIO B Ta30BOI CMeCH KCEHOH — MeTaH MPEenMYIIeCTBEHHO
3a CYeT MOHU3AIMOHHBIX MIOTE€Ph, TOIIA KaK PEISITHBUCTCKIE 3apsizKenHble dactupl (7 > 500,
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DTABHBIM 00pa30M 371eKTpoHbI B yctanoBke NOMAD), ncImycKaror TakzKe mepexoaHoe u3Jryde-
HHE Ha TPAHUIAX pas3jela Mexkjy cjaoaMmu Gposbrd B pajuaTope. B pesyibrare, 1pu nepece-
YEeHUU PauaTopa 3JEKTPOHOM 00pa3yIOTCs HECKOJILKO POTOHOB B K3B-HOIT 06/1acTH SHepruii
(< N, >~3 ¢ < E, >~14 k3B s ssexrpona 10 I'sB).

Oxos0 60% Beex (POTOHOB, HCIYIIEHHLIX B PaJHATOpe, HOLJIOMAIOTCA B JeTeKTHPYIOIINX
IJIOCKOCTAX U3-3a OOJIBIIOrO cedeHHs IOIMIOMeHHd B Xe ajid (POTOHOB B 00JIACTH HECKOJbKUX
K3B. DHeprug mepexomHoro peHTTeHOBCKOTO H3JIyYeHHA J00ABISCTCA K SHEPrOBLIICICHUIO
OT MOHU3AIMOHHBLIX IOTEPb POJUTEJLCKON YacTHIbLI B TOH zKe TpyOKe, HMOCKOJLKY YIJIOBOE
pacipejie/eHne BhIeTAIIuX (POTOHOB IIPAKTHYECKH COBIAIACT ¢ HauaJbHLIM HalPpaBJICHUEM
JIBUZKEeHUs YACTUIBI (CPeJHUN yroJ1 BhLIeTa mopsaaka 1/7).

3.3.F lereKkTop JuBHE1

Herekrop suBHeit (preshower - PRS), KoTopbiii pacrosiozken nepej 37eKTPOMArHUTHBIM
KaJI0puMeTpoM, (POPMUPYETCsT U3 JIBYX IJIOCKOCTEH MPOMOPIUOHATBHBIX TPYOOK U MCIIOIB3Y-
eTcs JIJIg OnpejesieHrus] KOOpAWHAT (DOTOHOB B 3JIEKTPOMATHUTHOM KAaJOPUMETPe U COTEeUCTBY-
eT uaeHTUMUKAIIT 3TeKTPOHOB. ETo cTpyKTypa momMoraer pacmimdpoBaTh CUTHAJIBI B OJI0KAX
9EKTPOMATHUTHOTO KAJOPUMETPA, BHI3BAHHBIX CMeKHbIMEH dacTunamu. [lociae pekoHCTpyK-
[ KJIACTEPOB, COOTBETCTBYIONIUX 3aPSIZKEHHBIM TPEKaM, OCTAJILHOE SHEPTOBBIIEIEHAE MOYKET
OBITH IPUIHCAHO (POTOHAMZ.

3.3.G DJaeKTpOMAarHUTHBI KaJIOPUMETP

[enun dusudeckux ucciaenoBanuii Ha ycranopke NOMAD tTpebyior Xopomreil wmgeHTH-
(pukanum JTEKTPOHOB, a TAKYKE OYEHb TOYHOIO OIpPeeJIeHUs] HEIOCTAIOIIEr0 MOTEePEeIHOrO
UMITYJIbCA B COOBITHUM.

Entries 3211
X/ndf 1061 / 81
Const 1175+ 8.175

180

160 Mpi0o 01345+  0.7197E-03

std 0.1092E-01 +  0.7399E-03
BkgConst 519.7 £ 98.39
BkgMean -1.236 £ 0.8300E-01
BkgRMS 0.6179 +  0.2337E-01

140

120

100

80

60

40

20

0 \\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 01 02 03 04 05 06

2 yinvariant mass (GeV)

Puc. 3.9: Pacnpedesernue unsapuanmmot Macco, cucmemv, 06YT Gomonos, pexoncmpyuposaH-
HOLT 6 IACKMPOMALHUMHOM KAAOPUMEMPE, codeparcum Acubili nuk om m°.

B 1o Bpems kak mjpenTuduKansg 3JIEKTPOHA, BBITIOJIHEHA, TJIABHBIM 00Pa30M, JIeTeKTOPOM
nepexoHoro uzaydenus (TRD), u3mepenue ero sHepruu, a TakKe onpejieeHne Heli TpaIbHOI

2~ 70% doronos KorsepTHpYOT B PRS.
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KOMIIOHEHTBI MTONEPEeYHOTO MMIIYJIbCa TPeOYeT HAJUUUS FJTEKTPOMATHUTHOTO KaJOpHMeTpa C
OOJIBITUMU TIONEPETHBIME Pa3MepPaMU U C XOPOIMAM dHepreTudeckuM perreHnem. Kpome To-
1o, 3JIEKTPOMArHUTHBI Kasopumerp (electromagnetic calorimeter - ECAL), ucrosib3oBanHbIif
Bmecre ¢ jgerektopom jmsHeil (PRS), momxken yiayammrs (1o KpaitHeit Mepe Ha jBa mOpsi/Ka)
YUCTOTY OTOOpA 3JTEKTPOHOB, mpeaycmorpernyio TRD.

KanubpoBka n OTK/JIUK KajopuMeTpa Ha (POTOHBI HU3KOH SHEPruu OBLIT MPOBEPEH U3Mepe-
nueM 3 PeKTUBHON Macchl T° KaK B YCJIOBHAX TECTOBOTO MyYKa, TakK U B 9KCIePUMEHTAIbLHBIX
yeaoBusix (puc. 3.9). Pesyabrarsr va TectoBom mmyuke m, = 133,7+1,2 MsB u 0,,, = 16 M3B.

Entries

(E,)pex = 0.566 GeV £ 0.003

300 [ +
200 [ +

100 — +

+ +
M &*N -
) S RV E I R Ak L PP -

0 0.2 0.4 0.6 0.8 1 1.2 1.4

muon energy distribution (GeV)

Puc. 3.10: Onepeosvidesenue 6 aaexmpomazHummom KaiopUMEMPE, 6bBEAHHOE MIOOHAMU, NEPEce-
Karouwumy demexmop 60 epems Hnabopa dannoir. Cugnasbt NONPABAEHHBL C YYETMOM 3468UCUMOCITIU

3H€p206bla€ﬂ,6HU.ﬂ om yzaa MIOOHA O OMHOWEHUNO K NAOCKOCTU KAAOPUMETDA.

OTKJIMK KaJOpHMeTpa Ha MIOOHBI COOTBETCTBYET cpejHeMy sHeprosbiaeennio (0,502 +
0,003) I'sB. Ou 6bl1 HaligeH cTabuabHBIM B npedenax +1% Ha npoTszKeHHn Bcero meproja,
9TO ObecrednBaeT XOPOIIYIO MTPOBEPKY yeToidunBoCcTH paboThl KasopuMmerpa. Puc. 3.10 moka-
3BIBAET TUIHIHOE YHEPrOBBIIEIEHNE, COOTBETCTBYONEe MIOOHAaM, mepecekatoruv ECAL.

W3-3a cBoeit OrpoMHOIl MACChI, JTEKTPOMATHUTHBINA KAJOPUMETD HUCIOJIB3YeTCs TaKkKe U
JUTst 0TO0pa “9K30THYECKUX  HEHTPUHHBIX cOObITHIl (~ 2,5 coObITHs Ha HERTPUHHBIHA cOpOC),
KOTOPbIE SIBJISIOTCS OYEeHb IOJIE3HBIMH KaK i (pusmueckux reseil, Tak u i TPOBEPKHU
Ka4eCcTBa IyYKa.

3.3.H AnaponHBIT KajopuMeTp

A nponnsiit kamopumerp (hadron calorimeter - HCAL) ucnosib3yercs jijist yTOUHEHUST W3-
MepeHUiT HeJOCTAIONIEr0 MOMePEedHOr0 NUMITYJIBCA [yTeM PACIO3HABAHUS HEHTPAJIHHBIX aIPO-
HOB U W3MEDEeHUsI WX SHepPruu u HanpapjaeHus. OH CIYKUAT TaKzKe I W3MEePEHUsl SHEPIUuu
3apsi’KEHHBIX YACTUIL B JOMOJTHEHNE K U3MEPEeHUsIM UMITYJIhCa B JApeiihoBhIx KaMepax.

HCAL npezacrapisger coboii KamopuMeTp U3 xKejre3a i CIuHTIIIITopoB. JletekTop NOMAD
pacrosiaraercst Ha kene3ubix onopax (‘) mo obe croponsl MarauTa. /lanbHgs (10 HAIPAB-
JIEHWIO Ty9YKa) KOJIOHHA ObliIa 3amosiHeHa cruHTHLIsTopamu Juisi dhopmuposanuss HCAL c
MONEPEYHBIMA pa3MepamMu 3,6 M B MMUPUHY U 3,0 M B BBICOTY.
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360 cm

350 cm

5inch
Photomultiplier

Light Pipes Scintillator Iron Pillars Bolts

Puc. 3.11: Bud na adponnviii xasropumemp.

Omopsr ‘I’ cocrosT u3 23 xkene3ubix yaacTtkoB. [Ilects 3 3Tux Momyaeit GopMuPYyIOT CTEH-
Ky pa3mMepaMu 9,4 M IMUPUHOI, 5,8 M BBICOTO# 1 1,5 M OT mepeiHero 710 3a/IHeTO Kpas, KOTOpas
BBICTYIIaeT B KauecTBe (PUIBTPA JIsd OOJIBIINX MIOOHHBIX KaMep U KaK IHOJIep:KKa JIIs ‘KOp-
3UHBI ', B KOTOPOIi pa3mMemniaercs 00/bimas Jacth noaaerekTropoB NOMAD. Ona obecrnednBaer
TaKzKe MOTJIOTHTEh JJIsl aJPOHHOTO KaJIOpUMeTpa.

Cxemarwaeckuit Bug HCAL npusenen va puc. 3.11. AKTUBHBIMEI 3/IEMEHTAME KAJTOPHMET-
pa SIBJISIOTCS CHUHTHLISIIIHOHHBIE TJIOCKOCTH, CBET ¢ KOTOPBIX HAMPABJSETCS HA (DOTOYMHO-
JKUTETb Ha KOHIE KayKJI0r0 MOLY/IS.

1600

1400

1200

1000

200

s

20 0 20 40 60 8
HCAL Measured X - Predicted X cl

g

8

8

sk
3§HmH‘m”m”mH\H‘mum”m‘

Puc. 3.12: Koopdunammnoe paspewerue 0aa M0O0H08, NPOTOOAUWUT “Hepe3 omdesvHblll MoOYab

adpoHH020 KAAOPUMEMPA.
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CursaJibl ¢ KaxkJa0ro (poTodIeMeHTa UCIOIb3YIOTCA /I U3MEPEeHUI SHEPTUU U KOOp/INHA-
ThI, & TAKKE ONPEIEJICHIST BDEMEHHBIX XapPaKTePUCTUK COOBITHsI. JHEPrOBhIIE/IeHAE B JAHHOM
MOJLyJIE TTOJIy9aeTCs U3 FeOMEeTPUIECKOr0 YCPeHEeHUsI CUTHAJIOB € JIBYX (DOTOIJIEMEHTOB, a I'o-
PHU30HTAJbHAS KOOPJAMHATA SHEPTOBBIJACICHUS ONpeAeIdeTcs JJINHOW 3aTyXaHus B CIIUHTHJI-
JIATOpe W OTHOIIEHHEeM CHIHAJIOB ¢ (oTod1eMeHTOB. Puc. 3.12 mokaspiBaeT pa3HUILy MeEKIy
MpecKa3aHHON KOODMHATON 1 Pe3yIbTaTOM U3MeEPEeHHs B aIPOHHOM KAJOPUMETpPe I MIO-
OHOB, TIPOXO/ISATIUX Yepe3 OT/IeTbHBIN MO/IY/b; TUITUIHOE KOOPAWHATHOE pa3pemnierne ~ 20 cM.

Beprukaibnas kKoopjuHaTa ompejessercs 1no popMe SHEeProBbIAeEHUsS W ero pacipe/ie-
JIEHHUIO MexK 1y Moy asaMu. CyimecTByeTr OO/IbIas BEPOATHOCTD, 9TO aJIPOHBI IPE0OPaA3yIOTCs B
aJIPOHHBIN JIUBEHb MPUOIU3UTETHHO B 2.1 )y BEIecTBa 10 aJIPOHHOTO KaJopuMerpa. Takum
obpa3oM, 0o0IIast aJpoHHAsT SHEPTUA JIOIKHA OBITh B3BEIIEHHOI CYMMOil SHEpTroBbIIe/IeHHiT B
AaJIPOHHOM U 3JIEKTPOMATHUTHOM KaJIOPUMETPaX.

3.3.1 MiooHHbBIE KaMePhI

Miroonnsiit merexkTop ycranoBku NOMAD cocrout u3 10 apeiidoBbIX KaMep, HCIOIb30BaH-
HBIX paHee B 3KkcrmepuMenTe UAL. Kaxgasg KaMepa IMeeT aKTUBHYIO 001acThb 3,75 X 5,55 m?
C JIByMd ILTOCKOCTSIMHU JIpeiipOBBIX TPYOOK B FOPU30HTAJIBHOM H JIBYMS B BEPTUKAJIbHBIX Ha-
[IpaBJIEHUSIX.

Kamepbl KOMOUHUDYIOTCS B TApbhl (MOJLYJIH) JIJI PEKOHCTPYKIIUH CErMEHTOB TpeKa. [lepBast
MIOOHHASI CTAHIUS COCTOMT M3 TPeX MOJY/el U paclIooKeHa 3a aJPOHHBIM KAJOPUMETPOM.
Ba Heil ciemyer Kele3HBIH MONIOTUTEb TOMIMUHON 80 ¢M U BTOpas MIOOHHAsI CTAHIUAA W3
nByX Mopmyseii (cm. puc. 3.1 u 3.2).

Track residuals
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Puc. 3.13: Paspewenrue dasa ceamenmos 8 MIOOHHT KAMEPAT, COOEPHCAULUT 4 OMCHEMAE, NPU

TOpowem ravecimee 2030801 CMecu.
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Kamepbl 00CTy2KUBAIOTCS Ta30BOM cMechio aproH : tan (40% : 60%). KadecrBo ux pabo-
THI HEIPEPBIBHO MOHUTOPUPYETCs € MOMOIIBIO BBICOKOYHEPIETHYHBIX MIOOHOB, ITPOXOISAIIINX
gepe3 JgereKTop. CpeHee TPOCTPAHCTBEHHOE pa3pelleHne Jjis OTCYETOB JIEXKAT B 00JIaCTH OT
350 MM 70 600 MKM B 3aBECHMOCTH OT KadeCTBa ra3oBoii cmecu (puc. 3.13).

Puc. 3.14: Paspe3 modyara M0OHHBT Kamep nokadvieaem zeomemputo opetihosoir mpybok
U TAPAKMEPHOE PACNONONCEHUE OMCYUEMOE NPU NPOTOHCOCHUYU MIOOHG (OCHOBHAA AUHUL) U

PEKOHCPYUPOBAHHBLE CEZMEHMBL 8 NPOEKUUAT (NYHKMUPHBLE AUHUL).

Cpennasa sddexrupaocTh Kamep cocrapuger 92, 5%, a 0CHOBHBIM UCTOYHHKOM Hedhek-
rusHocTH (6,5%) ABJIsIeTCsl HAJTMYHE MEPTBBIX 30H MKy JIpeiihoBbIMEH TPYOKAMH.

CerMeHThl TPEKOB BOCCTAHABJIUBAIOTCS OTIEIBHO B KayKJ0i u3 crannuii (3 win 4 orcuera
Ha MPOeKInio), cM. puc. 3.14. smepennas 3(bbeKTHBHOCT DEKOHCTPYKIUU CEIMEHTOB TPeKa,
97%.

Mioonbl uaeHTH(DUIUPYIOTCS €CJIM OHU MPOXOAAT DoJiee 4eM 8 JIJIMH B3auMOJeiCTBUS Be-
MECTBA TOMIOTUTENST (Njpg) M JOCTUTAIOT MIOOHHOI craHmuu 1, win 13 Ay I MIOOHHOI
cranuu 2. ITopor Ha MMITYJILC JiJisl TOCTHZKEHUsT MIOOHHBIX Kamep (¢ BepogTHOCTbIO 50%)
cocrapiser 2,3 ['sB ans crannmu 1 n 3,7 I'9B s cranmun 2.

[eomeTpuveckn, BEpOATHOCTH TONAJAHUA MIOOHA B JII00YIO U3 AByX crannuii ~98%. 1o
YUCJI0O OTHOCUTCS K MIOOHAM, POKJIAIOIIMMCS B HEHTPUHHBIX B3aWMOJIEHCTBUSX 110 KaHAJIY
3apAzKEHHOI0 TOKA, C YIeTOM YCPeTHeHUs M0 KOOPAUHATE TMEePBUIHONW BePIIMHBI B MUIIEHHO
gactu gerekropa NOMAD, u He BKIIOYaeT Te MIOOHBI, KOTOPbIE€ OCTAHABIUBAIOTCS B BEIIECTBE
MOTJIOTUTEJIS.
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3.4 Tpurrepsl 1 HabOOpP JTAHHBIX

Caemyrorime TpUrrepbl OBLIM HCIIOIb30BAHbBI JJIsi aHAJIN3a HEHTPUHHBIX B3anMOIECTBHI
B gerektope NOMAD:

o V x T} xTy. DTOT TpHUITEp MO3BOAECT IIPOBOIATH AHAIN3 HEfITPHHHBIX B3anMOIeilCTBHIl B
JipeiichoBBIX KaMepax MUIIEHHOI YacTu ycraHoBku. o Kpaiineit Mepe, 1o oJHOMY OTCUe-
TY JIOJIZKHO OBITH B TPUTITEPHBIX 1I0CKOCTSX T u Th. JIs Toro, 4rodb 0TOPOCUTH COOBI-
THST C MIOOHAMH, [T€PECEKAIONINMHI BCIO JIJTNHY JIETEKTOPA, TPeOYeTCsT OTCY TCTBUS OTCIETa,
B cuerunkax sero (V). Hacrora cpabarbiBanus Jjyist 31oro tpurrepa ~ 5,5/10'% p.o.t..
Cpenu HuX 0K0J10 0,5 COOBITHS - TOTEHITNATLHO HHTEPECHbIe KAHIUIATH HA HeHTPUHHbBIE
B3auMOJIeiicTBHS B JApeitdoBbIX Kamepax. OcTaibHble cpabaThIBAHUSA COCTOIT U3 ‘KOCMU-
decknx’ cobbiTHii (0KOJI0 1), MIOOHOB, W3bGeraromux cucremy Bero (1,5), n HEHTPUHHBIX
B3anMOJIeHiCcTBIil B BerecTBe MarauTa (2,5).

o Vi x FCAL. HeiirpuHnble B3anMOEiiCTBHS B IIepeIHEM KaJIOPHMeTPe C SHEPrOBbIIee-
HueM 00JIbIIe 3 Mip BHI3BIBAIOT cpabaTbiBaHue 3TOro Tpurrepa. CoObITHSA ¢ MIOOHAMH,
nepecekatornumu FCAL, orbpachiBaloTCs MOIMHOKECTBOM cuCTeMbI BeTo V. Okoso 6,5
HefiTpUHHBIX B3anMojeiicTsuii mpoucxoqut B FCAL ma 10 p.o.t.

o Vax T, xTyx FCAL'. 9T0T Tpurrep UCIOAb3yeTCs i H3y9eHHs KBA3HyIPYTHX COObI-
THit B mepegHeM Kajopumerpe. Takwe cOOBITHS MO3BOJISIIOT MPOBOIUTH W3MEPEHUsI 10~
TOKa HEHTPUHO KaK (DYHKIIHIO SHEPruu HedTpuno. /I1g cpabaTbIiBaHUS STOTO TPHUITEPA,
TpebyeTcs mo Kpaiineit Mmepe 1 mip sueprosoigenenns B FCAL. Yacrora cpabarpiBanns
Juis 3Toro tpurrepa ~ 1,5/10% p.o.t.

o T} x Ty x EC'AL. 971eKTPOMAarHUTHBIN KaJJOPUMETP TaKKe UCIOJIH30BaH B KAIECTBE M-
IeHN JIJIsi HeWTPUHHBIX B3auMojieiicTeuil. Pazubie dpusmvyeckue npodjieMbl MOTYT ObITh
M3y4eHbl, WCTOJAb3ysd COOBITHS, OTOOPAHHBIE ITHUM TPHITEPOM; CPeIW HUX UV, — U, U
Vv, — V; OCHWIISNNH. DHeprosulaenrenne 6ombire dem ~ 1,5 mip B ECAL 3amyckaer
STOT TPUITEp, UMEIONIHUil CPeHIO JacToTy cpabarbiBanusa ~ 2/10'3 p.o.t.

o CJIVUANHBIN. Caywaitabii Tpurrep, KOTOPHIl TO3BOMISIET W3y9aTh 3arPy3Ky JeTeK-
TOpa, OBLJI CKOHCTPYUPOBAH TakuM obpasom: V X 17 X Ty Tpurrep ObLI B3AT U 3a/1ep:KaH
Ha 23 Mkc (coorBercrByer 1 obopory SPS).

[Ipubamsurebno 15 TPUTTEPOB, COOTBETCTBYIOMMUX KAHINIATAM Ha HEHTPUHHBIE B3aUMO-
JIefiCTBYS, 3AIMMCHIBAIOTCS HA JIEHTY B KaxKJIOM HefTpUHHOM cOpoce.

Kpowme Toro, pazindabie TpUrrepbl yCTaHABJIMBAIOTCS BO BpeMs MPOMEXKYTKA 2, 6 ¢ MeK Ty
aByMst HefirpurHbIME cOpocavu (¢ jorukoit VT T5). OHu uCHonb3yoTes Jiis:

— KaJMOPOBKU TO/JIETEKTOPOB YCTAHOBKHU;

— u3Mepenus 3PEGHEKTUBHOCTH TPUTTEPHBIX CUYETUHKOB.

OJIHEM W3 TPUTTEPOB SIBJISETCS BBIGOP JTEKTPOHOB (OT pacmaa MIOOHA W UCIYCKAHUST
J-3JIEKTPOHA), KOTOPbIE UCHOJIB3YIOTCS JIJI U3YUYEHUs TIOBEJIeHUsI JIEKTPOHOB B JIeTeKTope. B
uTore 0kKoJio 60 TPUTTEPOB B3ATHI BO BpeMs MPOMEXKYTKa 2,6 ¢ MeKIy JBYyMs HEUTPUHHBIMA
copocamu.
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[Ipu nabope JaHHBIX BO BpeMs HEHTPUHHBIX COPOCOB TUMTUIHOE MEPTBOE BPEMS COCTABISIET
~ 10% m Bo3nmkaer u3-3a BpeMenu onudposku undopManun. Bpems, norepsHHOE M3-33
POCTOEB WJIU TEPEXO/IOB OT OJIHOr0 dTara Habopa JaHHBIX K JIPYTOMY, OIEHUBAETCH MeHee
gem B 3%.

Kaxk Bumuo u3 onucanus gerekropa NOMAD, skcmepuMeHT IpeaoCTaBasgeT YHUKATbLHYIO
BO3MOKHOCTb U3Y4YaTh CBOWCTBA HEHTPUHHBIX B3aUMOJIEHCTBUI ¢ KQ4eCTBOM IKCIEPUMEHTOB,
BBITIOJTHEHHBIX HA MY3bIPHKOBBIX KaMepax (OTHOCHTEIHHO PEeKOHCTPYKIIUH TPeKoB® 1 UIeHTH-
dbukanuu 9acTuI), ¥ CO CTATHCTUKO, CPABHUMOIT ¢ MOJIyYeHHOl B 9KCIEPUMEHTaX KaJOpH-
METPUYECKOTO THIIA.

B cremytomeit rmaBe MBI MOKaxKeM, KaK U3 OTPOMHOTO KOJHYECTBA PETHCTPUPYEMBIX CO-
OBITHII BRIOPATD JIUIIL TY MAJIYIO 9acTh, KOTOpas HEOOXOIUMa, /I U3MEPEeHHS TMOJTAPU3aIun

A%-rumeponos, poKIAIOMNXCS B V,, B3aMMOJEHCTBUAX 3apPsAZKEHHOTO TOKA.

3CmoTpuTe 06 3TOM MOIPOGHEE B [8]
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[IepBolif mar mOASpU3aNMOHHOIO aHAJIN3a COCTOUT B IMOCTPOEHHH HAMEKHOU 1 dpdek-
THBHOI TpOIeIyphl HIeHTUMUKANINE HEHTPATbHBIX CTPAHHBIX YACTHUIL.

Yr1o06bI cBECTH K MUHHUMYMY CTATUCTHYECKHE ONMMOKHW M CHCTeMaTHYecKue BJIUSTHUs ¢o-
HOBBIX COOBITHIT TIpu m3Mepennu nosspusannn A, Heo6XoanMo 106UTHCS BBHICOKOH UMCTOTHI
Habopa NMpH MaKcnMaJIbHOM KosmdecTBe B HeM A, TO ecTh HYKHO MPHUIOKHUTH CleNIaIbHBIE
YCHJTHSI, YTOOBI MOJABUTH (DOH, OTHOCSIIHIICA K Y-KOHBEPCHH U PACIaLy JAPYTUX HEHTpaTbHBIX
YACTHUIl, U OBITH YBEPEHHBIMU B IPABUILHOCTH PEKOHCTPYKITUN HEHTPUHHBIX B3aUMOIEHCTBUI.

OnruMaabHbIi 0TOOP “HOIE3HBIX COOBITUI OCYIIECTBIISETCA C MOMOMIBIO JaHHBIX MoHTe-
Kapiio (MK), koropsie mipeicraBiasitor coboii Habop CMOIEIMPOBAHHBIX HEITPHHHBIX B3ANMO-
neiicTBuii, npoucxodux BHyTpu gerekropa NOMAD ¢ yuerom ero BHyTpeHHEH CTPYKTYPHI.

4.1 Ot60p v, (/,) COOBITHIT 3aPAKEHHOTO TOKA

B nerekrope NOMAD perucrpupyercss OrpoMHOe KOJTHIECTBO COOBITHIA, I3 KOTOPBIX HAM
HEOOXOMMO BBIJEIUTD JINIIL T€, KOTOPble MPOU3OILTH OT v, (U,) B3aNMO/IeHCTBHIT 3apszKeH-
HOT'O TOKa, OTOPOCHUB IPH 3TOM (POH OT KOCMUYIECKUX JIyUdeid n B3auMoeiicTBril HefiTpuHO BHE
sddexTuBrOrO 0OBEMa geTekTopa (BHE JpeiidoBbix Kamep). st 3Toro Ha coObITHS HaKJIa-
JIBIBAIOTCS CJIEIYIONINAEe YCIOBUS:

— MepBHUYHAS BEPIINHA JOJIZKHA HAXoauTcs B dpderTuBaoM 00beme gerekropa NOMAD:
| X, Y| <120 (em), 5 < Z < 395 (em);

— HEeOOXOJMMOCTD IPUCYTCTBHS B IEPBUYIHON BepInHe HAeHTH(MUINPOBAHHOTO MIOOHA (T10-
JIOZKUTEIBHOIO UJIM OTPHIATEILHOTO 3HAKA);

~ U3 IEPBUYHOIl BEPIIMHBI J0JKHO BHIXOJANTH KaK MHHHUMYM [BA 3apPs’KEHHBIX TPeKa
(BKJIIOYAST MIOOH);

— KBaJpaT PEKOHCTPYUPOBAHHOI MacChl aJ[POHOB JIOJIZKEH OBITH MOJIOKUTETHHBIM:
W2 >0 I'sB%

30
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— PEKOHCTPYHMPOBAHHASI SHEPTHs HEHTPHHO JIOKHA ObITh MenbIne 450 9B (MakcuMasb-
Hasi SHEPrHsi MPOTOHOB, cOpPACHIBAEMBIX Ha OGEPUJINEBYIO MUIIEHB ).

4.2 Ot6op cobpituii V'-runa

Heiirpasbubie crpannbie vactunsl (K2, AY u AY) moryT GuITh 3aperecrpupoBanbl B Jie-
TEKTOPe TOJIbKO B pe3ysbTaTe UX paclaja Ha JBe 3apsizKeHHbIe YaCTHIBI (MOJOKUTETHHYIO U
orpunarenpuyo): Ky — wtr~ (Bepostrocts 68,6%), A° — pr~ (A — prt) (BeposTHOCTH
63,9%). O1u cobbITus, HasbIBaeMble VO, OMpesenaioTes Mo JBYM TPeKaM, BBIXOJIAIIAM U3 OJI-
Hoit Touku (cm. puc. 4.1).

Puc. 4.1: Pexoncmpyuposannoe cobvimue 6 pearvhux dannuz, codepocaujee 3 eepusuns, VO

muna, udenmuduyuposannus xax pacnad K.

[IpuaUMast BO BHUMAaHWE CYIECTBOBAHME OOJIBITOrO KoJamdecTna “aoxkubrx’ VO, Bece KaH-
yuq ’
JMIATHI Ha, 9TH COOBITHS TOJKHBI YIOBJIETBOPSATH CJIEIYIOMIAM YCIOBUSIM:

— pepmmna V' gomkna naxoaured B adgdexTusrom obbeme gerektropa NOMAD:
| X, Y| <120 (em), 5 < Z < 395 (em);

— x? BepoaTHOCTH peKoHCTpYKIHN Bepmuabl VO Gombmre gem 0,01;

— HoIlepevdHasd KOMIIOHEeHTa IOJIHOT'O UMITYJIbCa ABYX UCXOAAINUX 3apPA2KeHHbIX TPEKOB, OT-
HOCHTEILHO HampasaeHns Bouiera VO (7MHMSI, COEMHSIONIAS TIEPBUIHYO 1 VO sepmu-
bl ), pi menbmre 100 MaB/c. DTo yeaoBue orépachiBaeT coObITHs, KOTOPbIe OLLIH pe-
KOHCTPYHPOBaHbI Kak V", HO He aBIa/1uCh UMH (HAIIPEMED, B3aUMOJICiiCTBIe HeHTPOHA),

a TakK Ke Te, KOTOpble TPOU30ILIN He U3 MePBUYHON BepPITUHbI;

— momepedHas KOMIIOHEHTA UITY/IbCA OJHOTO U3 BBIXOISIINX 3aPSIKEHHBIX TPEKOB, OTHOCH-
TebHO mMIyabca VO, pit Gonpme 20 MsB/c. Dto yeaoBue oTaenser 66IbIIyIO0 9acTh

COOBITHI, CBA3aHHBIX C Y-KOHBEPCHEiT;

— pemsa xusun VO ey < 6ery (TAGMMdHBIE 3HAYEHWS /TS OIPEIETCHHOTO THIIA Heii-
TPAJIbHOIN YACTHUIIBI).

Puc. 4.2 nosicusier cMbICJT 3TUX YCJIOBUIA.
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Puc. 4.2: IToacnenus x xpumepusm ombopa V° cobumuri.

4.3 MWNnentudukannsa HeHTPAJIbHBIX CTPAHHBIX YaCTHIL

U nentudpukarust HeRTpaIbHBIX CTPAHHBIX YACTHUIL SIBJISIETCS HEIIPOCTOI W BeChbMa, HETPH-
BHAJIbHOW 3ajadeil, TaK KaK U3 BCeX Vo coOBITHIi, 3apereCTPUPOBAHHBIX B IKCIIEPUMEHTE
NOMAD, b 5,1 % orrocures k pacmaxy A%, 7,8 % — K2 u 0,49 % — A°. Dro nonoxenne
JieJT yeyryO/isieTcs elie ¥ TeM, YTO Ha allapaTHOM YPOBHE HEBO3MOXKHO OTIMYUTH MPOTOHBI
OT IMHOHOB, 10 KOTOPLIM COOCTBEHHO U onpejesnderca tum V0.

[TosTomy mmenTudpukamusi, MOJTHOCTHIO OCHOBAaHHASI HA 3aKOHAX COXPAHEHUS] SHEPIHH U
HMITY/IbCA, OCYIIECTBIAETCA CICAYIONHIM 00pa3oM: Kaxk oMy VO coOBITHIO CTAaBUTLCA B COOT-
BETCTBUE TPU TUIOTE3BI PACIA/IA W TUIIOTe3a KOHBepcuu (POTOHOB B JIEKTPOH-TO3UTPOHHYIO
napy: v — ete . [locae dero, ucnosb3ys KuHeMarndeckuii (pur (cM. npuioxkenune 8.5), 1jist
Beex VY momyuaeM 1o 4 3nadennus 2, XapaKTepHU3YIOHNIUX JOCTOBEPHOCTH WX HPUHAIIEKHO-
ctd JaHHOU rumore3e. Ha puc. 4.3 m300pazKeHbl pacipe/ie/ieHusd CUMYJTHPOBAHHBIX COOBITHM
MK B npemenubix:

I hl(l +X3)
l[\ (1 + XA)
lKg 1n(1 +XK0) (4.3.1)
Z’Y 1H(1 + X'y)a

rjie X%, X%, X%(O u ng 3HAYECHUSI X2 JJI COOTBETCTBYIOLIUX I'MIIOTE3.
S
W3 3Tux pucyHKOB BUJIHO, YTO B YETHIPEX-MEPHOM ITPOCTPAHCTBE MMEPEMEHHbBIX [;, T0A60POM
3HaveHwuii [y, Iz, [ KO 1 [, MOYKHO BBLIEJUTH 00JIACTH, B KOTOPHIX OYIYT CO/epKaThCs OIpee-
nennble TUIBL VY coObITHII ¢ MAKCHMAJILHOM CTATHCTHKON M BBICOKOi 4mcrorToil. Mcmonb3ysa
HaiileHHbIe TAKIM 00pa3oM 3Hadenusd [;, Bce VO B peaJbHbIX JAHHBIX TPUIIAIICM:

e nabopy A, eciin oHM TpUHAIEKAT 00IACTAM:
(Ia = 0,97 lgo) <O0mly < (Iy—0,3) mlz > 5,1 (onn03Ha4HO MAEHTHDUINPOBAHHBLH
THII),

A <2mu lKg <2wu (ly—0,95- lKg) < 0,05 u l; > 5 (cMemaHHbIH THII, COAepIKAITH
kak A° tak m K9);

e nabopy K2, ec/iu oHu npuHajiexar 0b/1acTsm:
kg < (b =1) miy 2 (Igg +1) 1l < 0,75+ I3 (onnosnauHo MeHTHOUIMPOBAHHBI
THII),
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Puc. 4.3: Pacnpedenenue dannox MK 6 npemennviz l; = In(1+ x?) das passuunvis 2unomes.

5<lz<10ml, <Tuly<2ulgy <2m (Ilp — 0,95 - lKg) > 0,294 (cmerranublii THII,
coepzkamuii kak Ko tak u AY);

e nabopy A° eciin oHm HpHHAITEHKAT OBIACTSIM:
Ih>bul,>3unl; < (lKg —0,88) uly > (Ix +3) (oqHO3HAYHO HAEHTHMUITPOBAHHBIIL
THII),

In > 6,251, > 4,261y < 7,88 m Iy < (1,13 Lo — 0,84) u I > (0,93 - Is —0,92)
(cMemamnbiit THI, comepxanmii kKak A° Tak u K9);

e HAaOOPY 7Y /IJI BCEX OCTAJBbHBIX 00JIaCTeid.

B pesysbrare npuMeHeHHs ONUCAHHON BbIIe HWIeHTHMOUKAINOHHON TPOIEAyphl (ycaoBue
Ha HeliTpuHHble B3auMmojelcTeus, or6op VO cobbiThii u BHIGOP 3HAYEHUI [;), MBI 110/TyYH/IN
Tpu mabopa, coorBercrayomux A’, K2 u A°, 119 KoHTpo/Ia KauecTBa KOTOPBIX MBI IIPHBOIIM
pacrpejieleHns M0 MHBAPUAHTHOI Macce I peaTbHbIX JAHHBIX U CUMYJIHPOBAHHBIX COOBITHI
MK (puc. 5.8). OHaKO B 9TOM MeTO/Ie MPOUCXOAUT HCKazKeHne (ha30BOro MpocTPaHCTBA Pac-
naJjia, NPUYNHON KOTOPOTO SIBJISIETCS CYNIECTBOBAHNE KMHEMATHYECKUX 00JacTeil ¢ mepekpbi-
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nocae (cnpasa) udenmugdurayuu. Ha nux asno eudnw, pacnpedesenus K2 — uenmpanvmoldi

Puc. 4.4: Pacnpedesenue pearonvls OGHHBLL 6 NPEMEHHBLT @ =

noayassunc, A° u A npaswii u aeeviti noaysssuncy. coomeememeeno

BAIONIUMIUCS PACIPE/ICTeHUAME JIJI PA3JTHIHbIX runore3. OHU XOPOIIO BUIHBI HA puc. 4.4, Ha
KOTOPOM M300parKeHo pacupejesienne ApMeHTepoca /Il peabHbIX JAHHBIX 0 U MOCJe HIeH-
tucpukanuu' (o coiicTBax 3TOrO pacupe/e/enus cMorpute B npusioxenun 8.5). Ho Binsunem
3Tor0 3hheKTa MOKHO NMpeHedpedb ec/ii MPHU HOJISIPU3ANMOHHOM aHAJIM3€e HCIO0Ib30BaTh Ha-
6op cumyaupoBanubix cobbiruit MK (cmorpure riasy VI).

CymecTByeT TakzKe H JIPYTOil MeTO UAeHTH(MUKAIINN, KOTOPBIii OCHOBaH HA (-CUMMETPHH,
B pe3y/ibTaTe 4ero He MPOUCXOJUT MCKaXKeHus (pa30BOro MpoCTpaHCTBa pacitajia. Ho on mpu-
MernM Jjiniib opu rp < 0 (mogpobuee 06 srom cM. B [9)]).

4.4 OtaeneHne coObITHII HEUTPAJIHLHOIO TOKA

Heiitpunnoe B3amMo/ieiicTBue 3apsazKeHHOTO TOKa OMpejensdeTcd MPUCYTCTBHEM MIOOHA,
TPEK KOTOPOTO BBIXOAUT W3 MEPBUYHOI BEPIIMHBI W JOCTUTAeT MIOOHHBIX crTaHuuii (puc. 4.5,
a), HO CPeJIi HUX MOKET OKAa3aThCsl M COOBITHE HEITPATIHHOIO TOKA, MIPH YCJIOBUH, YTO OJMH W3
aJIpOHOB pacnaJjcsa Ha MooH (puc. 4.5, b). Jlag Toro, 4To6bl OTIENUTH UX, Ml HCIIOJIb30BAJIN
KOMOMHAINIO ITepeMeHHbBIX qt2ratio u p,, Uie:

. . (7P 5 1 : 1 :
qr =p — Tpha Q7(NC) = o ZQ%(Z)a Q3(CC) = " — Z qr(9),
h i i # lepton
e A(ele) Pt — pipse
qt2ratio = ———=, y = —————.
Q7(NC) P P

U jest 5TOr0 KpUTEpus OCHOBAHA HA CPABHEHUM CPEHUX KBaJPATOB UMILY/IbCOB Q% a/[pOH-
HO{l CTPYM JIsl JIBYX PHIOTE3: cOObITHE HefiTpaabHoro Toka - Q4 (NC) (Bce BuguMble TpekH,

3ot rpaduk ncnomszosasca aaa otbopa VO cOOBITHI I TPOBEPKH MAeHTHMDUKAIMOHHOM MPOIeLyPHL.
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Puc. 4.5: Hetimpunnve 63aumodeticmeus: a) aapancennozo moka; b) nelimpasvrozo moka, ¢

pacnadom 00Ho20 U3 A0POHO8 HA MIOOH.

HCXOJISAIINE U3 ePBUYHOI BEPITHHBI, OTHOCITCS K aJPOHHON CTPye) U COObITHE 3apszKeHHOIO
Toka - Q4(CC) (B 9TOM CIyuae MBI BrAuCAgIeM (%, HCKIIOMAA MIOOHHBIH TpeK ). OTHOmenne
Q2 119 Pa3/TUYHBIX THIIOTE3 %, npuMepHo pasuo 1 s cobeituit HT, Tak Kak caydaitno
VIAQJIEHHBI TPeK He I/ISMeHﬂeTTHOBe;LeHI/IH aJIpOHHON cTpyu, n HaxomgutTca B Oausu 0 gast 3T,
TaK KaK B 9TOM CJIy4yae, JICMNTOHHBIM TOK YBeJINYNBaeT 3HAYEHWE CPeJTHEerO MMITYJIbCa CTPYH,
KOrJa BKJIIOYA€TCA B Hee2.

Hcnonb3oBanue aByxmepHoro rpaduka qt2ratio(p,) mossossger nam Hautosee ahdexkTus-
HO OTJEMUTh COOBITHSI HEHTPAJIbHOrO TOKA OT 3apszKeHHOro (puc. 4.6). YceioBue, KOTOpOe

IIPUMEHSIJIOCH TIPH 9TOM (CMOTpHTE NMPSIMYIO JIMHUIO Ha rpaduke):
qt2ratio < a+ 3 x p,, tne a =0,7, 3=0,9. (4.4.2)

OTOT KpUTepHil HaKJaIbIBajICA TOJbKO Ha HAOOp ¥, B3auMojeiicTBuil, B KOTOPOM COOBITHS
HT nator Go/ibinoit BKjIaJ, B v, »Ke Habope 3TuM (DOHOM MOXKHO IpeHedpeyb.

4.5 Pesyabrarsl naeatudukamun V'

Ot6op n ugentudukamua VO cobpTuii B 3(pdpeKTuBHOM o0beMe JeTeKTopa XapaKTepH-
3YIOTCA CAeAYIOMUMH BeJTMIHHAMU:

KosmmaecTBO peKOHCTPYUPOBAHHBIX  VO—hTh~ COOBITHIT
KosmmaecTBO cCUMY/JIMPOBAHHBIX ~ VO—hth— COOBITHI

€ =

KosmmaecTBo oTr0OpaHHbIX  VO—h*th~ COOBITHIT
KosmmuecTBO peKOHCTPYUPOBAHHBIX — VO—h+h— COOBITHII’

KosmyecTBo maeHTUMUIUPOBAHHBIX ~ VO—h+th~ COOBITHIA
KosmmuectBo 0T0OpaHHBIX  VO—hth— COOBITHI ’

23roT KpUTEpHil MOYKHO TAK¥Ke MCIOIB30BATH U NI HaeHTHdUKAME coObTmit 3T B cIydae, ecii MIOOH

He ObLT MIeHTHUMUITNPOBAH
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Puc. 4.6: Tucmoepamma 3asucumocmu qt2ratio om p, noaeoasem pasdesimsv (ah-
mu)netdmpunnoe ezaumodeticmeus 3T om v, esaumodeticmeutc HT. Hanpumep, U, cobbi-
musa 3T nazodamesa 6 0CHOBHOM 6 NPABOM HUNCHEM Y2AY PUCYHKG (MOYKY), 8 MO 8pems Kak

saaumodeticmeus HT epynnupyromea 6 ae6oti eeprred wacmu pucynka (kpecmuku).

[Ie €, XapaKTePU3yeT KA4eCTBO JTeTEKTOPa U AJrOPUTMOB PEKOHCTPYKINN U HE 3aBUCHT OT
HaIlIX JefiCTBHUil, €, MOKa3bIBaeT KaKyio 4acTh “noaesnnlx” VO cobpiTuil MbI TepsgeM IIpH BLIpe-
3aHuu poHa, €; - NJICHTUMUIITPOBAHHAS JI0JIs1 COOBITHIT, OCTABIIMXCS TIOC/Ie KPUTEPUEB 0TOOpa
VO u Yy (ﬁu) B3anmoyieiicTuit. [TonHast 3peKTUBHOCTD € = €, X €, X €; TMOKa3bIBaeT, KaKyIO
qacth V0 cobpITHil ONMpeesIeHHoOro THIA MBI MOYKEM PEeKOHCTPYHPOBATH U MAeHTH(MUINPOBATE
B JAHHOM 3KCIEPHMEHTE.

PesyabraTs or6opa A°, K9 u A° runores B unenTudunnpoBanubx v, 1 U, cobbrtuax 3T
npuBeieHnl B Tabmumax 4.1 u 4.2 coorsercTBeHHO. OHE HOJIYYEHBI ¢ MOMOIIBIO HAOOPa CMOJIe-
aupoBaHHbIX coObITHT MK, B KOTOPOM HAXOMUI0CH COOTBETCTBHE MEYKIY CHMY/JIAPOBAHHBIMHE
1 PEKOHCTPYHPOBAHHBIMU BEJIHIHAMM.

Takum 06pasoM, mocae oTbopa coOBITHIT U HACHTHDUKAINN TACTULL 1 V(D)) B3aHMO-
neiicruit 3T, mbr momyunam wabop A°, cocrogmuit uz 95,9% (96,9%) macroamux A°, 2,4%
(2,0%) K2, 0,2% (0,2%) ~-xousepcun u 1,5% (0,9%) ocrambuoro dbouna. Habop K cocrout
w3 97,2% (97,3%) macrosmux K2, 1,7% (1,7%) A°, sraax or y-xousepenn A° n caywaitno
PEKOHCTPYUPOBAHHBIX coObITuii cocrasaser 1,1% (1,0%).

B maGope A%, poxaomuxcs B v, B3anmozeiictBuax 37T, comepxurcs 89,7% macTosmux
A% 55% K% n 4,8% A°, y-xonsepcuit u cryuaifHo peKOHCTPYHPOBAHHBIX TPEKOB.

3K sToMy mHabopy Tak »Xe IPHMEHSJIOCH OTpAHWYeHHe Ha HHBAPHAHTHYIO MACCY, COOTBETCTBYIOIIEE

0,025 T'sB.
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I'maBa V

CpaBHeHUe peaJbHbBIX JAHHBIX W COOBITHUIA

Moute-KapJo

[Ipu mosIpu3aIMoOHHOM aHAJN3e MHPOKO UCIOIB3YeTCsl HAOOp CUMYJIUPOBAHHBIX COOBI-
tuit MonTe-Kapmo, KoTopetit ObLT CO3TaH A/ MOUCKA Iy, — V; OCIHUITANHN B SKCIePHMEHTe
NOMAD wu upejcrasisier coboit 0OIIyI0 KapTUHY B3aUMO/IEHCTBHIT, TPOUCXOIANINX BHYTPHU
JIETEKTOPA C ydJacTueM HeWTpuHO. B 9TWX JaHHBIX, 3alMCaHHBIX B TOM Ke (hopmare 4TO u
peaJibHbIE, COXpaHeHa WH(OPMAIUST MEXK/Ty CMOJETHPOBAHHBIMU U BOCCTAHOBIEHHBIMU 3HATE-
HUSME KHHEMATHIECKIX MePEMEHHBIX, 9TO MMO3BOJISeT IPUHATH BO BHUMAaHHE BCe M3MEHEHMU I,
BO3HUKINKE HA CTAJIUUA UX PEKOHCTPYKIIHUH.

Huzke MbI mpuBeieM mporieaypy co3aanus Habopa MK u cpaBHeHme ero ¢ peaabHBIMHA JTaH-
HBIMHU. A eC/ii MOsIBATCST KaKue-Tn00 PACXOZKIEHUsI, TO 110 BO3MOYKHOCTH OIEHUTH UX BJIUSTHUE
HA MOJIAPUBAMKUIO U YIeCTh JJIsT OY/yIMNX HEHTPUHHBIX IKCIIEPUMEHTOB.

5.1 MoaeaupoBanue cobbiTuii B 1erekrope NOMAD

DHepreTudecKnii CrieKTP HEHTPUHHOTO IMydKa

Bocnpounssenenne (hopMbl U SHEPreTHYECKOTO CIIEKTpa HEHTPUHHOIO MydKa OCYIIeCTB-
asiercs ¢ momotneio nporpamvbl FLUKA, mogemupyoreit B3auMoieiictsie (aHTH)IPOTOHOB
¢ OepuIneBoOil MUIIEHBIO, B Pe3yJbTaTe Yero oOpa3yloTcd MHUOHBI M KAOHBI, PACIaIAIOIIHecs
3aTeM Ha MIOOHBI 1 HeﬁTpHHO. HJIOXOG 3HAaHHUE BbLIXOJO0B 7T U K ME30HOB, a TaK>Ke HETOYHOe
OIMCaHue UX IMOBEJECHHA B PaCllaJHOM KaHaJIe OCO6€HHO CKa3bIBaACTCA Ha CIIEKTpPEe DM IIy4Ka,
BJIHSIONIEro Ha BBIXObI PA3IMYHBIX TUIOB YacTul B coobituax MK! (puc. 5.1)

13,D;er nMeeTCd BBUAY HECOOTBETCTBUE KaHaJIOB peaKHHﬁ, a He 3aJI0O2KEHHbIE BBIXOAbI B IIPDOI'PaMMe CUMY-

JIMPOBAHUST

39
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0.3 [ MC: mean = 42.33 0.2 ; MC: mean = 50.28
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Puc. 5.1: Onepeemuueckuis cnexkmp (anmu)netdmpuno 6 cumyauposarnos coboimuar MK (2u-
COZPAMMDBL) U PEGALHOLL OGHHBLET (MOYKY ¢ QONYCTNUMBLMYU UHMEPBAAGMU OULLOOK) OAA 6CET
cobumul (064 6epTHUT PucyHKa) U 0aa KarHcdozo HAOOPA 68 OMOEALHOCTNU (HEMbLPE HUMCHUL

PUCYHEQ).
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BzaumozeiicTBue HEITPUHO C BEHIECTBOM

st onucanus B3auMOJIEHCTBUS HEHTPUHO C BENIECTBOM HEOOXOJIUMO 3HATH CEYEHUs PAC-
CedHHdA Ha IMPOTOHAX U HeﬁTpOHaX, IIpOHEHTHOE COTHOIIEHNE KOTOPBIX B MUIIIEHHON YaCTH e-
texkTopa NOMAD npakruueckn papuo equnune (Nuporonos NHeﬁTpOHOB ~ 50% : 50%).
13 5TOro yCaoBuS CJI€IyeT, 9TO YHCI0 B3AMMOICHCTBHUH (€CM He NPUHUMATL BO BHUMAHUE
MOPCKHE KBAPKH ) N;;"t /N~ 1/2. I3 Tabauupr 5.1 MBI BUAEM, 9TO 9TO OTHONIEHHE XOPO-
110 BOCHIPOU3BOAUTCA B CO6BITI/IHX MK 1 HaXOAUTCA B HEKOTOPOM Pa3HOIVIaCUU C peaJiIbHbIMU
AJaHHBIMU, IIPUYINHA KOTOPOI'O OKOHYATEJIbHO HE fACHA.

Tabauma 5.1: Koauvecmeo HEGMPUHHBLE 83aUMOIETCMBUL Ha HEUMPOHAT U NPOMOHAT OAA

pearorvir 0arnulr u coobvumut MK.

CumyupoBaHHBIE COOBITHS PekoncrpynpoBaHHbIe COOBITHA
Monte-KapJio Monte-KapJio Peanpuble mannbie
Np(%) = Np(%) 35,5 : 64,5 33,3 : 66,7 429 : 57,1

[Toce Toro Kak ompejaeneH HYKJIOH W KBapK, ¢ KOTOPBIM B3aWMOJIEHCTBYeT HEHTPHUHO,
BBIUHC/ISETCA YO PpACCesTHUs, MePeJAHHbIIl UMY/IbC, TOK B3aUMOJEHCTBHUSA. DTH JAHHBIE IIe-
penatorcst nporpammve JETSET 7.4, onuchiBatomeit obOpa3oBaHne aapoHHONW CTPYH, € MOCTe-
Jyrorieit ee gpparmMentanueii B pa3jandHOro poja dacTUilbl. 1O ecTh IMPOUCXOIUT MOJIEJIHPO-
BaHWe TPOTecca POKIeHNd W3 BaKyyMa ¢¢ map B MOJe, CO3JaHHOTO BBLIETEBITNM KBAPKOM U
JIBYXKBApPKOBBIM cocTosiHueM (qq'), KOTOPBI TpebyeT BBeeHus GOJIBIIOrO KOJNYeCTBA Mapa-
MEeTPOB, 3aJ0:KEHHBIX 110 yModaHuio cornacHo mogenn LUND u TpeOyronux HaCTPOUKH IO,
KOHKPETHBII SKCIIEPUMEHT.

Ha mnocneaneit cragnu mMozeMpoBaHusT HEHTPUHHBIX B3aMMOJIEfiCTBUI BCe JTaHHBIE “TIPO-
TACKUBAIOTCS Yepe3 YCTAaHOBKY, NreOMeTPUYECKHe pa3Mephbl U COCTaB BEIIeCcTBa KOTOPOit 3a1a-
forcsa nporpamvoit GEANT. [locse gero 3t coObITHS, TaKzKe KaK U /s PeAJTbHBIX JTaHHBIX,
BOCCTaHAB/IUBAIOTCS IIPOIPAMMOil PEKOHCTPYKIIMH U 3allUChIBAIOTCA Ha JIeHTY B (hopmaTe DST
v7r3.

5.2 Ob6mmee nmoBenenune V'

B TEOPETUIEeCKOM BBEJICHUUN 6bII[I/I IIpUuBEICHbI Pa3JIMYHbIe MEXaHU3MbI IlepeJadn CIInHa B
obmactu ¢dparmentanuu muniern (ry < 0) u B obnactu dpparmentanuu myuka (rp > 0), e
x-DefiHnMaHoBCKOe T = 2p% /W — OTHOIMEHHe TIPOJOILHON KOMIOHEHTHI UMITyIbca VO, oTHO-
CUTEJIHHO OCH aJIPOHHOI CTPYH, K Macce Bceil cucrembl. V3 puc. 5.2, Ha KOTOPOM H300paskKeHO
paciipejiejieHle 10 3TOH IepeMeHHO J/Isi peabHbIX JIAHHBIX U CUMYJIUPOBAHHBIX COOBLITHI
BuaHO, 9T0 AY-rEneponn? porKaaloTCa B OCHOBHOM mpu Ix < 0, B TO BpeMs Kak s Kg n
A® MakcmMyM IpHXOAUTCA Ha MEHTPaIbHYIo 06JacThb ¢ Hebombmoil accnverpreit K9 B O®II.
OaHaKO 9TO CMeIeHre BBI3BAHO HE CTOJBKO KHHEMATHKOIl IpoIecca, CKOJBKO MPOrpaMMOii
PEKOHCTPYKIIMH, IJI0OXO BOCCTAHABJIUBAIOIIEH HU3KOIHEPTETHIECKHE TPEKHU, 00Pa3yiolinecs B

’Ecau crenmuaibHO He OrOBOpeHo, To mMeroTca B Buny A, poxmaromuecs B vy, 7 Uy, B3aMMOJECHCTBUAAX
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pe3yJbrare pachaja HefTPATbHBIX JACTUIl (CM. pHC. 5.3, Ha KOTOPOM IIPEJICTABIEHBI PACIIPE-
JIeJIEHUsT 110 Tp JIJIsl CHMYJIMPOBAHHBIX U PEKOHCTPYHPOBAHHBIX coObITHiT). He nekarkenHOCTH
ke pacnpejesnennsi A oGbscHsIeTCS TEM, 9TO OHH HMEIOT 60Jiee BBICOKYIO SHEPIHIO POIK/e-
HASTS, TPUBOJISAIIEH K YBEJIMUEHUIO CPEIHEr0 MMITYJIhCA, N KAaK Pe3yabTaT 3TOro — OOJIBITYIO
3pPEeKTUBHOCTH BOCCTAHOBIEHUS.
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g 14 ¢ o) 02 [ - 5)
= e - "
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0.08 E e C .
oos [ * ~+ 0.1
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(o] L_\ e o N B L \_/—\_4 0 I N e e i B
-1 -0.5 0} 0.5 -1 -0.5 0} 0.5 1
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Puc. 5.2: Cpasnenue pacnpedeseruti no nepemennoti xp MeHcoy CuUMYAUPOSGHHOLMU COOBIMU-

amu MK (2ucmozpammos) v pearvonoimu 0aHHOMU (MOYKY ¢ QONYCUMBLMY UHMEPEAATLMU
- 0 . . 0

owubok) daa pexoncmpyuposannnz cobwmui: a) A° 6 v, ezaumodeticmeuazr 3T; b) K¢ 6 v,

szaumodeticmeusnz 3T: ¢c) A 6 v, esaumodeticmeusz 3T; d) A° 6 v, e3aumodeticmeunx 3T.

Ha pmc. 5.4 mokazaHa BeposTHOCTH poxkaenns V? B 3aBHCHMOCTH OT ero MOMepevTHOro
IMITYJIbCA OTHOCUTEIBHO OCH aJpOHHOM cTpyHu, KoTopas, coracuo moaeaun LUND, B obactu
p% < 0,5 ['3B? sKCIoHeRNHATIBHO CIAJACT C POCTOM P2 10 3aKony A X exp(—B xp?). 3nadenus
IapaMeTpa HaKJIOHa B AJId peaJibHbIX JaHHBIX U CUMYJIUPOBAHHDBIX CO6bITI/II'71 IIpaKTU4IeCKU
COBIIIAIOT C II0JIyYeHHLIMU PaHee B 9KcHepuMenTe 1o v, /N e paccedaHuio, ¢ UCIoJIb3oBanueM 15
bYTOBLIX mMy3bIpBKOBBIX Kamep B Fermilab [10] (cM. Tabmumy 5.2). B obmacru p2 > 0,5 ['9B?
9TO pacupeeeHne OTIHIAeTCsd OT MPOCTOr0 SKCIOHEHIIUATILHOIO 3aKOHA U OIMCHIBACTCA KaK
1/p7

BriepBbie B HEHTPUHHBIX SKCIIEPUMEHTAX, XOPOIliee KaueCcTBO BOCCTAHOB/IEHHST COOBITHIT, 0/1-
HOBPEMEHHO C OOJIBINON CTATUCTUKON COOPAHHBIX JAHHBIX, TO3BOJISIET HOCTPOUTH 3aBUCUMOCTh

3113 3axoHA COXpaHeHHsT GAPUOHHOIO YHCIA, MEHAMAIbHAS nuarpaMma poxkaenns AC: vyn — = KtTA, B

TO Bpemst Kak mast AY: vun — pu~AAp.
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0.09 0.08 -
0.08 -

0.07 -

arbitrary units
arbitrary units
arbitrary units
S
T

0.06 -
0.05 -

0.05 -

0.04 -

0.03 -

0.02 -

0.01 -

Puc. 5.3: Cumyauposarnoe (cniowmnas sunus) i peKORCMPYUpPoSantoe (NYHKMuUpPHaL AUHUA)

pacnpedenenue no v daa A° caesa, A° (6 yenmpe) u K9 (cnpasa,).

Tabsuna 5.2: 3navenus naxaonno20 napamempa B das pacnpedeaerus no nepemennot pr 6

cobvimuar MK u pearvhoir danHus 6 HEUMPUHHBLE 63aUMOIETCMBUAL 3APAHCEHHO20 TOKA.

CobbiTus _ B
AOBI/H KgBI/M AOBI/H AOBI/M
(0 < p2 < 0,5 I'sp?)
DKCIIEPUMEHT
MK 4,03+0,05 4,79+ 0,04 3,54+0,19 4,67+0,15
NOMAD
Jlanmpre 3,92+ 0,09 4,37+ 0,07 4,06 + 0,37 4,41+ 0,44
Fermilab JlanHbIe 4,53 £0,21 4,68 £0,18 - -

CPeJIHEero p% OT Tp JIIsd HefiTPAIbHBIX CTPAHHBIX YACTUIL C MUHUMAILHBIMU CTATHCTHICCKAMH
omubkamu (puc. 5.5). CyiiecTByoree pacxoxkaeHne, KOTOpoe Mbl BHIUM U3 STHX PHCYHKOB,
BO3MOXKHO 0ObsacHAeTca orcyTcTBueM KX/I-3dbdekToB B mporpamme MoaeTupOBaHUSA COOBI-
THil: 1pu T — 1, CHJIBHO YCKOPEHHBIE KBAPKH BHYTPHU aJIPOHHON CTPYW HAYUHAIOT U3/1ydaTh
MSATKHE TJII0OHbI, YBeJUYMBAas TAKUM 00pa3oM cpeiuuil px. [Ipuuunoil UX HEBKJIOYEHHUs B
HpOrpaMMy MOIEIUPOBAHUS COOBITHI CIYKHUT HEAOCTATOYHOE MOHUMAaHWE (PU3HKH STHX MPO-
IIECCOB, IVTABHBIM 0OPa30M BEpPOSTHOCTH H3JIydeHHs ITiooHOB. Ho stum sddpexTom B Hamem
caydae MOZKHO IpeHeOpedb, TaK KakK odeHb MaJo VY HaxoauTcesa B 06/1acTH Pa3HOIIACHI MerK-
ny coobiTuamu MK 1 peaJbHBIME JTAHHBIMH.

K coxkasiennio, n3-3a OOJIBIIMX CTATUCTHYECKAX OIMMOOK, HUYEro OMPEAeIeHHOTO HeJIb3sl
ckazath npo pacnpesetenns A° B v, n A® B U, B3anmomeiicTBUAX.

Eme oxnoit BaykKHOII KMHEMAaTHYECKOH IepeMeHHO, OIUCBHIBAOIIEH IMOBeIeHUe VO, ABIA-
eTcss OTHOCHTEIbHAs dHEePrud, YHOCUMAas HeHTpaJbHOIl CTpaHHON dacTureir B J1abOpaTOpHOI
cucreme: z = Fjg (V) / Ejgp(Bee agponsl). [IpuauHa HECOOTBETCTBHS PACIPEICTCHIN MEZK Ly
peasibHbIMI JaHHBIMI 1 HabopoM MK 1o sroif nepemennoii (cm. puc. 5.6) 10 cux mop OKOH-
JaTeIbHO HESICHA.



I'VIABA V. CPABHEHUE PEAJIbHBIX /IAHHBIX U COBBITHH MOHTE-KAPJIO 44

2 0.3 MC: mean = 0.27 0.35 MC: meon = 0.24
% E —  DATA: mean = 0.28 E —  DATA: mean = 0.27
> 0.25 &= 0.3 =
3 E ) == b)
= E 0.25 =
5 02 = E
s E== 0.2 =4-
0.15 = E
= 0.15 i _
0.1 — E
= 01 £ -
0.05 =W 0.05 =_
0 E L e T —— 0 = L T T —
(o} 0.5 1 5 (0} 0.5 1 5
2 2
P, GeV]2 Pr, GGV]2
49 MC: mean = 0.28 = MC: mean = 0.26
% 0.25 —— DATA: mean = 0.27 03 —— DATA: mean = 0.27
> £
= E C
_g = 0.2 j-l-
0.15 = E
g +_|_+ o1s &
01 = L 0.1 = 4 n
-+t :
0.05 = + 0.05 = + |
0 E | e T e Oy o S o) £ ! — \-|-\'-'\-+H'J-"T i
(0} 0.5 15 5 (0} 0.5 15 5
P, Ge 2 P, Ge 2

Puc. 5.4: Cpasnenue pacnpedenaenutdi no pr 6 cobwmusar MK (2ucmoepammol) U peasvHlz
JaHHOLT (MOouKU ¢ JONYCMUMBLMU UHMEPBAAAMU OWUDOK), OAA CACOYOULUT PEKOHCMPYUPO-
sannox coowmuti: a) A° 6 v, esaumodeticmeusz 3T: b) K 6 v, e3aumodeticmeusx 3T: c)

A° 6 v, ezaumodeticmeusz 3T; d) A° 6 v, ezaumodeticmeusnz 3T.

5.3 PoxaeHune u pacnaj HeliTpaJbHbIX CTPAHHBIX YACTUIL

[ Toro, 9TOOHI B OJISPU3ANMOHHOM aHAIN3e IPH KOPPEKTUPOBKE PeaTbHBIX JTAHHBIX HA
He3(HEKTUBHOCTH JETEKTOPA MOXKHO OBLIIO UCHO/IH30BATH HADOP CUMYJIUPOBAHHBIX COOBITHI
MK (cmorpute 6.2), HeoOX0AuMO YOEIUTCS B TOTHOM MOJIEIHPOBAHUHI TIPOIECCOB POKICHUST U
pacraga K9 A% u A°. Puc. 5.7, 5.8 1 5.9 muumiocTpUpPYIOT XOpOTITee CoTJIache pacipeIeenuii mo
HMITYJILCAM IPOIYKTOB pachaia’, muBapuanTHoOil Macce u Bpemenn Kusuu VO cooTseTcTBen-
HO, TIOJTBEP:K/Ias TeM CaMBbIM OTCYTCTBHE HEYUTeHHBIX 3(PhEeKTOB IeTeKTopa B MporpamMMe
CUMYJIUPOBAHUS U PEKOHCTPYKIUN.

JlonouTebHO 6b1T0 Haiiaeno, uro soixoasr A%, K% u A% B V,, B3AUMOJICHCTBUAX 3aPAKeH-
HOT'O TOKa, Kak (DyHKIUM Pa3/InuHbIX KuHeMaTuueckux nepementnix (W2 Q2 xp, yg), XOpoIio
BOCIIPOU3BOJIATCS TTPOTPAMMOI CUMYJIUPOBAHUS, 338 UCKIIOYEHIEM TOJHOTO HOPMUPOBOYHOTO
ko3bdurnuenta, KOTOPbIii MOXKeT OBITH HACTPOEH BBIOOpOM ($5) dhakTopa MOJABIEHU, Xa-
PaKTEPU3YIOIIEr0 BEPOSITHOCTL POYKCHUS CTPAHHBIX YacTHI] (10 yMOJTYaHUIO OH paseH 0,3,
9TO B MOJTOpa pasa 0oJbllle, YeM B peaJbHbIX JaHHbIX). CpejHue 3HaYeHUs KHHeMaTHde-
CKHX TIepeMeHHBIX JJIs coObITHil, comepskamux uaentnduposannbie K2, A n A°, npuseens
B Tabaume 5.3.

43710 pacmpenenenne mpuseaeHo TOIbLKO A1 AY, porkmarommxcsa B Vv, B3aUMOJEHCTBUAX
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Tabmumna 5.3: Cpedrue 3naueHua KUHEMAMUYECKUT NEPEMEHHBLL, OMHOCAUUTCA K POAHCOCHUIO

HEUMPANDHVLLT CINPAHHDLT 4ACTNUY,

CobbiTust AV B v, Kg BV, A B v, A B v,
[Tepemennbie
MK 53,3 62,8 78,1 65,9
< E, > (IsB)
Jlamubre 52,0 62,3 75,1 48,0
9 9 MK 40,0 51,8 69,2 37,2
<W=> (I'sB?)
JlanHbIe 36,3 48,5 61,3 25,3
) 9 MK 12,7 14,2 18,7 9,1
<Q” > (I'B?)
Jlanmbie 11,4 13,6 16,7 6,6
MK 0,26 0,23 0,23 0,23
< ZBj >
Jlauubre 0,26 0,23 0,23 0,26
MK 0,51 0,55 0,59 0,38
< YBj >

JlanHbIe 0,48 0,53 0,57 0,35
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[ A DATA
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Ll
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o e b b e i b
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Xg

Puc. 5.5: Cpaenenue 3asucumocmets pr om Tp Mencdy CuUMYAUPOSAHBMY COOLIMUAMY U pe-

ANOHOMU OGHHOLMU 08 CACOYIOUUT PEROHCTNPYUPosantus cobumul: a) A° 6 v, esaumodei-

cmeuaz 3T: b) K% 6 v, esaumodeticmeusx 3T; ¢) A° 6 v, ssaumodeticmeunx 3T: d) A° 6 v,

gaaumodeticmeuar 3T.
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E MC: mean = 0.27

e —— DATA: meon = 0.33
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(e} 0.2 0.4 0.6 0.8

Puc. 5.6: Cpasnenue pacnpedeserutds no nepemennot z 6 CuUMyAUPOSAHLLEL COOLMUAL (2ucmo-

2PAMMbL) U PEANLHULE OGHHULE (MOYKU ¢ 0ONYCIMUMBLMY UHMEPEAAAGMU 0WUbOK), 0Ad cie-

dyrowux pekonempyuposannunr cobwmut: a) A 6 v, esaumodeticmeusr 3T: b) K% 6 v,

szaumodeticmeusnz 3T: ¢) A° 6 v, esaumodeticmeusz 3T; d) A° 6 v, e3aumodeticmeunz 3T.
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Puc. 5.7: Cpasnenue pacnpedeseruts no umnysbcroim nepementvim mercdy cobvimuamu MK
(2ucmozpammoi) U PeaALHHMYU OGHHULMY (MOUKU ¢ JONYCMUMBLMU UHMEPBAAAMY 0WUOOK ),

dan A°, poocdarowguzea 6 v, esaumodeticmeusns 3T.



I'VIABA V. CPABHEHUE PEAJIbHBIX /IAHHBIX U COBBITHUI MOHTE-KAPJIO 49

g o2 £ MC: 1116.280 0.2 — MC: 497.645
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> E £
8 oa1s - = ) 0-15 & v >
0.1 ; 0.1 ? o
0.075 £ — 0.075 £ A,
0.05 — * - 0.05 £ o .
= - =
0.025 — F - 0.025 = -
0 e T | o E I \ Pl ‘
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E 0.15 = 2 g ]l @
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Puc. 5.8: Cpasnenue pacnpedeaerud no unsapuarmmol macce 6 cobwmuar MK (zucmoepam-
ML) U PEANLHUE OGHHOLT (MOUKU ¢ JONYCTNUMBLMU UHMEPEAAAMU OWUbOK), OA% CALOYIOULUL
pexoncmpyuposannws cobwmut: a) A 6 v, esaumodeticmeusz 3T: b) K3 6 v, 63aumode-

cmeuaz 3T; ¢) A° 6 v, e3aumodeticmeunz 3T: d) A° 6 v, esaumodeticmeusx 3T.
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Puc. 5.9: Cpasnenue pacnpedenenuti no cobecmseenmnomy epemenu scusnu 6 cobvmuss MK
(2ucmozpammoi) u pearvnuir OaHHLLE (MOYKU ¢ JONYCIMUMBLMYU UHMEPEAAAMU 0WUbOK), OAd
caedyrougur pekonempyuposarnux VO: a) A 6 v, esaumodeticmeusnz 3T: b) K¢ 6 v, 63au-

modeticmeusx 3T: ¢) A° 6 v, esaumodeticmeusz 3T: d) A° 6 v, ezaumodeticmeunz 3T.
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Brorancaenne IHOJIAPN3allnn AO—I‘I/IHepOHOB

Hoaspusamust A° (A°), poxxnatomuxcest B v, N (#,N) THP, onpenesnstercst u3 pacuasia
A — p7a~ (A — prt) mo yriosoit accumerpun pacnpejesienust TpoToHos (77), onncriBaro-
IIAXCA 3aKOHOM: . )
N aa s 47T(l—i—ozP-k)
e a = 0,642 + 0,013 - mocTossiHHAasE aCHMMETPHH, XapaKTepu3yionias nurepdepennuio S u
P sosmn (cM. [11]), P - Bektop nonapusamun A°, K - e IMHIYHbIN BEKTOP HAIIDABICHHS BBLTETA
IOJIOKUTETHLHON YacTHIb .

6.1 Omnpeaenenne cucTeMbl KOOPANHAT

CucremMa KOOPIMHAT, B KOTOPOit n3mepsaerca nosapusanus A’-runeponos, opuenTupyer-
Cs B IPOCTPAHCTBE OTHOCHUTETBLHO (PU3NUECKUX BEKTOPOB, OMMCHLIBAIOIINX COOLITHS ITyOOKO-
HeyIpyroro B3aUMOJEHCTBUSA V, C BEmIeCTBOM. DTHMU BEKTOPAMHU ABJISIOTCA: HalpaBJIeHHe
BbLIeTa 0OMennoro W-6ozoma (Pyy), mumynse VO (Pyo), manpasienne myuka meiirpuno (P,)
M BEKTOD, NepleHuKy/IspHbIil 1mockocTu poxkienus VO (1m1ockocTs, cojepzkalias BEKTOpPa
Pw u Pyo). IlpenocraBiennas ¢cBoboga BEIOOpA MO3BOJISIET HAM TTOCTPOUTH TPH CHCTEMBI, B
KOTOPBIX €JIMHUYHBIA BEKTOP N, MOKeT OBbITh HampaBieH BI0Jb Py, Pyo wmm P, - 310 Tak
Ha3biBaeMmbie “J”, “P” u “v” cucreMbl COOTBETCTBEHHO. Pazanunme MexKjy HUMH IIPUBEJIEHO B
nyHkTe 8.4, majabHeifnumii ke aHau3 Mbl OyjaeM HTpoBOAMTb B “J” cucreme, B KOTOpPOil och
OTIPEIEISIIOTCST CJIEYOIIIM 00Pa30M:

— 0Cbh N, BBIOUpAETCs BJOJIb HAIIPABJIEHUS PEKOHCTpyupoBanuoro W-6o3ona;
— ocb ny, = Pyo X n,/|Pyo X n,| oproronanbua miockoctu poxaenus VY

— 0Cb N, = N, X N, JOCTPaMBAET HAILy CUCTeMYy KOOPJIMHAT J0 IPABOCTOPOHHEI].

13HaK . HE UM3MEHAETCAd IPUu Iepexosae OT AO K AO, TMO3TOMY JIsI TPOCTOTHI U3JIOKEHUA MbI 6y;1eM ynoo-

MHHATHh TOJBKO AO, POXKIammuecs B v, B3aI/IMO,ILeI'/,ICTBI/IHX, Y49UTBIBad CIIPpaBEAJINBOCTH BCEX BBIBOJAOB U IJIA

AO

51
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1 1 1
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- - 4000
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0 C 0 [ ‘ | 0 L ‘ |
-1 0 1 -1 0 1 -1 0 1
Rec. cosB,-Sim.coso, Rec. cosO,-Sim.cosO, Rec. cosO,-Sim.coso,

Puc. 6.1: Koppeaauusa menHcoy cumysuposaHHuLMu U PEKOHCMPYUPOBIHHULMU Y2A08bLMU Ne-

pementvimy s udenmuduyuposannur A° 6 v, 63aumodeticmeuszr 3T us nabopa cobvmut

MK.

[IpaBUJIBHOCTD MOJTYYEHHBIX PE3YJIbTATOB 3aBUCHT OT TOYHOCTH BOCCTAHOBJIEHUS 4-X BeK-
topa W-6030Ha (HeoGXouMOe yeJIoBre Jijist TOCTpoeHust “.J” cucreMbl) U PEKOHCTPYKIMH Ha-
[paBJIeHNsT BBLJIETa, PACIAHBIX MPOTOHOB W NMUOHOB. ) JOCTATOYHO XOPOIIEM BBHITIOTHEHUN
9TUX yCJIOBHI TOBOPHUT puc. 6.1, Ha KOTOPOM nM300pazkeHa KOPPeIAnust MeXK Iy CUMY/TUPOBAH-
HBIMU W PEKOHCTPYUPOBAHHLIMU YTJIOBLIMU MepeMeHHBIME cos 6; = n; - k.

B mpeablIymux HeRTPUHHBIX SKCIepuMeHTaX noagpusanua A’-rumeponos onpenensiach
[0 HAKJIOHY HPSIMOil JIMHUHU, MOCTPOEHHOI Yepe3 yIJI0OBOe pacipe/ie/ieHne TPOTOHOB, 00pa30-
BaBINUXCS B pe3ysibrare pacnaga A — pr. Takoe u3mepenune e yuauntbiBaer 3hdexra, CBsi-
3aHHOTO C TOTepell HU3KOIHEPTUTUIECKUX MHOHOB, CYTh KOTOPOTO COCTOUT B TOM, YTO H3-3a
ILIOXOii PEKOHCTPYKIMA TPEKOB (B OCHOBHOM 9TO MHOHBI, MMEOIINe MAJbIi UMIYJIbC U JIETs-
e B IPOTUBONOIOKHYI0 cTopoHy otHocuTenbHo A), pacman A° MoxkeT He BocCcTaHOBHTBLCA
kak VO cobprtme (cMm. puc. 6.2, Ha KOTOpoM m306pazkeHa 3(h(EKTUBHOCTD BOCCTAHOBICHHS
[IMOHOB B 3aBHCHMOCTH OT WX HMITYJIbCA), 9TO TPUBOIUT K ONIMOOYHBIM pe3ysabraraM (cM.
Ha BepxHeil J1IeBoil rucrorpamme puc. 6.3 aCUMMETPUIHOE PaCIpe/ie/IeHne HEMOJIAPU30BAHHBIX
cobbrTuit MK).

Y1o0BI TPUHATHL BO BHUMaHUE 3TOT PDEKT, B IKCIEPUMEHTaX Ha My3bIPHKOBBIX KaMepax
(13-3a OTCYTCTBUS HAOOPA CUMYJIUPOBAHHBIX COOBITHIT) PACCMATPUBAIOCH PACIPEIeTeHNe TTH-
oHOB U3 pacnaja K% — 7w r~ Koropoe, ec/iu JaHublil 3¢ deKT npenedpe:KuM, J0/AHO BbITIsl-
JIeTh CAMMETPUYHO OTHOCHTE/IHHO MepeMeHHbIX cos f; = n; - k (Tak kak K3 Me30HbI sABJISIOTCA
OECCITMHOBBIME YACTUIIAMHU U CJIe0BATEIbHO, HE UMEIOT TOJISIPU3AIUN BIO/Ib KAKO-m00 n3
oceit), 9To MbI U HabIO1aeM Ha puc. 6.6 (BepxHsis JeBast rucrorpamma). OIHAKO IIPA ITOM He
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Puc. 6.2: Ifipexmusnocmo soccmanossenus © 6 pacnade N — prt | wax Pynryua umnyaivea

nuoHa.

YUIUTBIBAJICA TOT (PAKT, UTO “TePSIOTCS’ KaK IOJIOKUTETbHbIE, TAK U OTPUIATE/IHbHbIE THOHBI,
TO eCTh MPOUCXOANT “3armbanme” pacipeesenns: ¢ 000UX KOHIOBZ.

N3 Bcero cka3aHHOTO CJIEAYeT, UTO MPEXK/IE UeM H3MepPsTh IMOJSTPU3ANNI0, HEOOXOIUMO
CKOPPEKTHPOBAThH peasibHble JTaHHbIe Ha Hed(M@EKTHBHOCTH IeTEKTOpa C MOMOIILI0 Habopa
CHMY/THPOBAHHBIX COOBITHIA.

6.2 CrapgapTHBIA MeTOoJ M3MepeHns MOoJIAPI3aIn

Nzmepenne mojisipusanuu ¢ y4eToOM MOIPABKU Ha yIJIOBOE pa3pelieHue JeTeKTopa OCy-
MIECTBJISETCS CJIEIYIONMM 00Pa30M: OTHOIIEHUE PEKOHCTPYUPOBAHHBIX YIVIOBBIX pacipejeie-
HUil paclaJHBIX MPOTOHOB B PEAJTbHBIX JAHHBIX M cOObITHAX MK, 1m0 MeToay HamMeHbIIHX
KBaIpaTOB (DUTUPYIOTCA MPAMON TUHHEIH:

rae mapamerp A; - mompaBka Ha 3(pdEKTHBHOCTL IeTeKTOpa, a P, - MCKoMas KOMIIOHEHTa,
BekTOpa nongpuszanun P. ['pacdudeckn, sta mporeaypa moxkasaHa Ha puc. 6.3.

2Creayer OTMETHTD, ITO TIyOHHA 3TOTO ‘3armbanus” Menbime deM a1 AC, Tak Kak 06pa3yIoIrecs THOHBI

MMEIOT OGMIBINYIO SHEPrHUIo, a CJIeI0BATEIHHO 1 3 MOEKTHBHOCTH BOCCTAHOBIICHU S
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Ly ==t A L.
B 01 | - e 01 FEEtL
0.1 — == . = e - -+ . = ———t
c +—l—_|_ r - F -
E - E E
005 |— 0.05 |- 0.05 |=
0 1 it L ‘ 1 Lt 0 L t L L ‘ L L 1 L 0 1 Ll L ‘ 1 L b
-1 0 1 -1 0 1 -1 0 1
Raw cos©, Raw cosO, Raw cosO,
04 = 04 o4 =
:h-h*:%l:ﬂ-qslzl- : SN e
03 - 03 + 03 = -+
02 02 - 02
01 01 01
0 E L1 11 ‘ I 0 E L1 11 ‘ L1 11 0 = I ‘ L1 11
-1 0 1 -1 0 1 -1 0 1
Corrected cosO, Corrected cosO,, Corrected cosO,

Puc. 6.3: Bepzuue pucynku: neckoppexmuposanibie HOPMAAUIOGAHHDIE DACNPEICAEHUA NPOMOHOG
no cos 0;, obpazosaswuecs us pacnada A° 6 pexoncmpyuposannviz cobwmusr MK (2ucmozpammot)
U 8 PEAALHBIT OGHHBLT (MOUKYU ¢ JONYCMUMBMUY UHMepPsasamy owubok). Huschue pucynku: me orce
camovie pacnpedeserus nocie KOPPEKUUL HG Y2A080€ DA3PEWEHUE JeMEKMOPG; NOAAPUGUUSL ONpede-

AACMCA HAKAOHOM AUHUU, ’I’LpOG@(?@HHOﬁ uepes amu mouxu.

HecmoTpst Ha cBOIO 1IPOCTOTY, 3TO/ METO/, UMeeT U CBOU HEJIOCTATKU:

— HPOEKIHU BEKTOPA MOJAPU3ALUU U3BJIEKAIOTCI HE3aBUCUMO JPYL OT JPYyra;

— HeT pa3auuust MEXKJY CHUMYJUPOBAHHBIMH M PEKOHCTPYMPOBAHHBIMU YIJIOBBIMU IEepe-
MEHHBIMH, YTO IIPUBOUT K YMEHBIEHUIO a0COJIOTHOrO 3HaUeHUsT TToistpusarun (eMm. [12]).

6.3 Hospblit MeTOa U3MepeHUs MOJIPU3aIlun

J171s1 mpoBepKH pe3yIbTaTOB N3MEPEeHHs MOIIPU3AINH OBbLT CO3/IaH IPUHIININAATHLHO HOBBII
METO/T, KOTOPBIil YINTHIBALT HEJIOCTATKH MPEILIAYIIEro U ABISeTCSI XOPOIINM HHCTPYMEHTOM
AJId N3yYEeHUA 3C1)CI)GKTOB, CBA3aHHBIX C HEIIPpaBUJIbHBIM ITOHUMaHUEM BKJIaJ0B OT Pa3JIMYHbIX
TUIIOB (POHOBBIX COOBITHIA.

Npes ero 3ak/odaercs B caeyioneM: u3 Habopa peKoOHCTpyupoBaHHbIX coObiTuit MK MbI
"monapusyem' cuMyupoBanabie AU, IpUIHCEIBAS WM OIpeeeHHbIH Bec, a (GOH OCTABIISEM
HEIO/ISIPU30BAHHBIM 1, OTHOBPEMEHHO MOI0Npas 3HAUYEeHUs BCeX TPeX KOMIIOHEHT BeKTopa P,
00HBAEMCS MaKCHMAIBHOIO COBIAIEHHS C PeaTbHBIMUA JAHHBIMMA.

Nrak, mycTh peKOHCTPYUPOBAHHBIN MHUYIHBII BEKTOP HAIPABJIEHHS BbLIETa PACIATHBIX
nporonoB K™ onpeessiercst [yMst yriamu B cpepuyaeckoit cucreme koopaunar (6, ¢). Pasme-
M cepy B poCTpaHCTBe BEKTOPOB K" Ha mn onnHakoBbIX obstacteil (6unoB): A cos 0, A¢,,.

rec o A 0
Kazknas rakas obacTb cofepRut N cobpiThil, cocTogmux u3 N, pacnajgoB A -runepoHoB
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u N donosbix cobwrTnuii (pacnagsr K2, konsepcus GoToHoB ¥ — eTe™ u T. 1.):
rec _ N\TA bg 0 o
N;e¢ = N, + N9 . Ipunumem Bcem A Bec, paBHBIi

W =\(1+aP k™), (6.3.1)

116 HOPMHUPOBOYHBII MHOYKHTE/IH A OIMPEIe/ISIeTCs W3 YCAOBHSI COXPAHEHHS IMOJTHOIO YHCJIA,
A’-runeponos. TakuM obpazoM, 17 N,ﬁ\m HMeeM:

CONA (14 aP < B>,
N 1+ aP < ksim >

e <k* >, u <k > gapasiorcst ycpejanenueM BekTopa K*' B mn Oune u Ha Bceit cdepe
COOTBETCTBEHHO®.

Won (P) : (6.3.2)

T'pu xkomMnoHeHTHI BeKTOpa P 0IHOBpeMeHHO MOoA0UPAIOTCd IIyTeM MUHUMU3AIUN (DYHKITTN
X2, upu GpUTHPOBAHNE PACIIPEIeTCHNs CHMYINPOBAHHBIX COOBITHII PeaTbHBIMU JAHHBIMHA:

W (P) =23 [(No = M) + Ny tn (N /N3] (6.3.3)

rie NMC = K f,,.(P) kommdectso cobbituit B mn obsactu 3 nabopa MK, mopmuposan-
HOEe Ha II0JIHOE YHCJIO0 PeaibHbIX JIaHHBIX, K = Nd“t“/NMC HOPMHUPOBOYHbBIT (aKTOp, a
fon(P) = Wi (P) + N% . ®ynxuuonan (6.3.3), onucanubiii B [13], na 6eckonednocTn nveer
TaKoe ¥Ke aCCHUMITOTHYECKOe MOBeJeHHe, UTO M KIACCHUecKHil x> obajas IpH 3TOM JIyd-
IITIMU CBOUCTBAMU MPHU MaJioil ctarucTuke. Ero MuHIMI3anusa KBUBAJTEHTHA MAaKCUMU3AIINT
dyHKIMT TPaBIONOI00US.

Jl1st IpoBepPKU BBIYUC/IEHUI OBLIM TAK YK€ MCIOJIH30BAHbBI ABA JAPYTUX (DYHKIINOHAIA:

TPaIUITIMOHHDIH Y2

)

X*(P) =3 - : (6.3.4)
rJle BO3MOXKHBI JIBa 3Hauenust o2, : o2, = N y g2 = NMC
u jorapudm GyHKIUA npasaonogodous Inl:

InL(P) = — > Niata|pn NMC(P) (6.3.5)

mn

Bce Tpu yHKINM MUHEMHU3AINT JTAI0T IPAKTUYECKH OJUHAKOBBIE PE3YJbTATHI, OTHAKO,
VUIUTBIBas UX OCOOEHHOCTH IHPHU MaJIOil CTATUCTHKE, NI JaJbHEHIINX BBIYHCICHUN Oymaem
HCIIO/Ib30BaTh Bhipazkenue (6.3.3).

OnucaHHbBI BBIIIE AJITOPUTM, KOTOPBIH MO3BOJISIET U3B/IEKATH KOMIIOHEHTHI BEKTOPA IO~
JIIPU3AIUI KAK OJHOBPEMEHHO (TPEXMEPHBIN CJIydail), TaK U He3aBHCHMO JIPYT OT Jpyra (0/-
HOMepHBIIl ciydaii), 611 peanusoan Ha s3bike FORTRAN, ucnosib3ys jijiss MUHUME3AIUA
dbyukiun (6.3.3) crangapraeiii maker MINUIT, mo3BOJISIONIII BBITHCISITH KOPPEJISIIIIO MEK-
J1y KoMmoHeHnTamu BekTopa P B TpexmeproMm ciryuae. Oua Obl1a HalijeHHa mpeHeOpeKnMOo Ma-
J10ii (camas Gosibimas u3 HuX Mex iy P, u P, e nupesbimana 8 %), mo3roMy Mbl HPEI0CTABUM
pe3y/IbTaThl JIjIs OJHOMEPHOTO CJydasi, TaK KaK OH HauboJiee MOAXOMUT JIJis HADOpa JAHHBIX
C MaJIOi CTAaTHCTUKOW, UTO BayKHO IPHU U3YUEHUU 3aBUCUMOCTH HOJISIPU3ANUE OT PA3JTUTHBIX
KHHEMATHIECKUX TepeMeHHbIX.

3TnaBHOI OCOGEHHOCTLIO ITOTO METOMA ABJILETCA TO, ITO BeKTop K, B ommmume oT K'°° MOXKeT n He

OpUHAIJIEXKATh MmN 6I/IHy
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6.4 TecTupoBaHuUe KoOJia

KoppekTHocTh paboThl HOBOTO METO/IA ITPOBEPSLIACH C TOMOIIBIO “TIOJIIPU30BAHHBIX  JIaH-
upix MK (kaxmoit A npunuceisaica ec (6.3.1) ¢ onpejie/leHHBIM 3HAYEHHTEM TI0JIPU3AIIH,
a (bOH ocTaBAJICS HEMOJISPU30BAHHBIM ), KOTOPBIE MbI TOJCTaBIsLH B hopmyy (6.3.3) BMecTo
peabHBIX JTAHHBIX W BOCCTAHABINBAIN 3HAUEHWE UX MOJdpu3anuu. Pe3yapTarsl TecTupoBa-
HUsT JJIsl TPeX KOMIOHeHT BekTopa P (oaHOMepHBIi ciy4ail) nmpuBegens Ha puc. 6.4, rae mo
ocu Oz OT/I0KEHA CUMYJIUPOBaHHAS BesimanHa, a 1no ocu Oy omubKa BOCCTAHOBJICHUS, HE
IPEBLITIAIONTAA 0 AOCOMOTHOMY 3Hauenuo 1077,

-4
x 10

0.125

0.075
0.05
0.025

Psim-Prec

-0.025
-0.05
-0.075
-0.1

Puc. 6.4: Basucumocmv Py — Pree 0m Py, 0na “noaspusosannoz” A 6 V,, 63aUMO00elicEUAT

3T us nabopa cobvimut MK.

6.5 Biuguame poHOBBIX COOBITHII HA TOJIAPU3AIAIO

[Tonydennass B OpeabIAyIIeM IIYHKTE OIIHOKA BOCCTAHOBJIEHUS IMOJISPH3AIMH XapaKTe-
pusyer TOYHOCTHL BbIYUCJICHUA Hallei IIporpaMmbl IIpu HJAeaJIbHBIX YCJIOBHUAX, TO €CTb IIpU
O/IMHaKOBOM KOJIMYeCTBE W YIJIOBOM pacClpeae/IecHUun CI)OHOBBIX CO6bITI/II71, 9ero HEBO3MOZKHO
JI0OUTHCs B peasibHoil xKu3uu. [1oaToMy HEOOXOAUMO ONEHUTH BJIMSHUE HEIPABUJIBHOIO MPE/I-
cKazaHus (POHA MPOrpaMMOil MOJIETHPOBAHUS IIPOIECCOB HA PE3YIbTAThl H3MEPEHHIi.

JInst 9TOrO0, MOCTyHAas TaK Ke, KaK U IPU TeCTHPOBaHUM Koja, Mbl “nongpusyem” A% B coObI-
mugax MK co 3HaUYeHHsIMH KOMIIOHEHT BEKTOPa IJISPU3AIUd, OJU3KAMA K PeaJbHBIM JaHHBIM
P = (-0,2; —0,2; 0,0) (aaa A° P = (—0,07; 0,08; 0,11)) n, n3MeHsAst OTHOCHTEIBHOE COJIEP-
»KaHue (poHa, BOCCTAHABINBAEM CHUMY/INPOBAHHYIO MOISIPU3AIIIO. AJITOPUTM STOI POIIE Ly Phl
BBIDVISJIAT CJIEIYIONIINM O0Pa30M:
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nycts mosnsnii mabop A° cocront n3 Ny umernix A° m N% bonoBEIX COOBITHIL:

N =N+ NY (6.5.6)
B

[Tpu m3menennn nponentnoro ornomenus A° 3a caer onpegenennoro Tumna dbona (4TOOH
IIOJIHOE YHCJIO COOBITUIT OCTABATIOCH HEU3MEHHBIM ), HEOOXOUMO C/IEJIATh CJIeIYIOIINe 3aMeHbI:

Na= L Ny, N9 = N Nbe g (1 - 2 (6.5.7)

«
Do Po
e « - Tan GoHa, BKJIaJ B MOJSPU3AIUIO KOTOPOTO u3ydaercs, pg = Nj /N HauaIbHAS IUCTO-
Ta HaGopa, p HOoBad uucToTa, a & = Ny /N ornomenne nommoro uncaa A k mosmoMy ancry
Bapbupyemoro ¢oHa. Torma cooTHomeHne pa3anIHbIX THIIOB COOLITHN B mn OWHE BBITJISIHT
CJIEIYIOIIUM 00Pa30oM:

Nmn = p£0 NA,mn +£ (]‘ - Z%) Ngf]mn + %:Nbf]mn (658)

[ToxcraBisist 510 Bhipakenue B (6.3.3) BMECTO peabHBIX JAHHBIX, CTPOUM 3aBHCHMOCTD
PEKOHCTPYMPOBAHHOTO BEKTOPA MOJISIPU3ANNN OT Bapuanun (hboHa B €IMHUNAX W3MEHEeHUs 1~
crorbl pg — p (puc. 6.5). Ha stux pucynkax AP = 2% cooTBeTCTByeT yBeJUYEHUIO COOBITHIA,
cBs3aHHbIX ¢ pacnajgom K9, B 1,9 pasa, v-kousepcun B 9,6 paza u B 2,3 pasa Jjisi OCTaJbHBIX
cobuiTnit B Habope A° (Bepxmme pucynkn), mis nabopa A’ (HuKHEE PUCYHKN), MPONEHTHOE
comepzKanne K2 cieayer ysenuuth B 1,4 pasa, y-Konsepcun B 3,0 pa3a 1 OCTAJbHBIX COOBITHIA
B 1,5 paza. 113 9ero MOXKHO c/ie1aTh CIeIyIONIHe BHIBO/IBI:

— nongapusanua A° crabunbHa K n3MeHeHusAM (BOHA B JOCTATOMHO GOIBIION 06aacTH (0CO-
6enno o ocn Oy, Tak KaK pacipejesnerne (hOHOBBIX COOBITHIT BIOJIH HEe CHMMETPUYHO);

— momspusamua A, u3-3a HE3KOIT YHCTOTH HAGOPA, GOJIEe TYBCTBUTENBHA K IIPOTEHTHOMY
m3Menennio Goua (cm. puc. 6.5).

6.6 KOHTPOJIb BbIYHUCJIEHUS IIOJIPU3aIUn

KoHTPOJIb IIPaBU/ILHOCTH BHIYUC/ICHUH OCYIIECTB/ISETCS C TIOMOIIBI0 Habopa K 2-Me30HOB,
KOTOPbIE SBJISIOTCS OECCIIMHOBBIME YACTUIIAMHE U, CJI€OBATETHHO, HE UMEIOT MOJIAPU3AIIH.

Tak ke, KaK W JJIsI MPOTOHOB, HO CO 3HAYEHHEM ACHMMETPUYIHOrO mmapamerpa « = 1,
AHAM3UPOBAJIOCH YTJIOBOE PACIpPEeIeHne T, obpaszoBaBmuxca npu pacmage Ko — whr .
B pesysbrare dero ObLJI0 HaMIEHO, YTO MOJIAPU3AIUS OTCYTCTBYET BJIOJIb BCEX HAIPABJICHU
(cMm. puc. 6.6).
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Puc. 6.5: Usyuenue 6AuAnUA PASAUNHT 6KAA006 Hornocuir cobwmutl na nosspusauo A°
(sepzrue pucynru) u A° (nusicnue pucynxu). Habop A° (A°) 6 cobuumusar MK 6o “noaspu-
sosan” co snavenuamu P, = —0,2, P, = —0,2, P, =0,0 (P, = —0,07, P, = 0,08, P, =

0,11). Bapuayusa gona daemea 6 eOUHUUAT USMEHEHUA HUCOMBL (Do — ).
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Corrected cosO, Corrected cosO, Corrected cosO,

Puc. 6.6: BeprHue pucynku: HeCKoppexmuposarHsle HOPMAAUZ0BAHHBLE DACTPEIENEHUS NUO-
no6 no cosb;, obpasosaswueca us pacnada K9 6 pexoncmpyuposannuz cobwmuar MK (zu-
CMOZPAMMDBL) U 8 PEAALHUE JGHHBLT (MOUKY ¢ donycmumuMy uHmepsaramy owubok). Huorc-
HUE PUCYHKU: ME HCE CaMbLe PACNPEIEAEHUA NOCAE KOPPEKUUU HA Y2A0680€ paspeulerue demek-

Mopa; NOAAPUSAUUA ONPEICAACTNCA HAKAOHOM AUHUL, NPOBEIEHHOT YePe3 IMU MOUKU.



I'maBa VII

CucremMarnueckKue oOmnmoOKM

HpI/I aHaJIn3e IOJIdpUu3alun AO—I‘I/IHepOHOB Cliegua/JibHOC BHUMaHHUE JOJIZKHO 6bITb yiaeJse-
HO KOPPEKTHOMY ONpEIeeHHI0 CUCTEMATHIECKUX OIIMOOK, KOTOPbIE, M3-3a OTCYTCTBUS Ha-
Hopa CUMYJIUPOBAHHBIX COOBITHII, MPAKTUIECKN HUKAK He YINTHLIBATNCH B MPEILIIYIUX Heli-
TPUHHBIX IKCIEPUMEHTAX, BBHIMOJHEHHBIX Ha MYy3bIPHKOBBIX KaMepax. [loaroMmy BazKHBIM mpe-
nmytiectBoM dkcrepumenta NOMAD sBisiercss BO3MOXKHOCTH MOJEJIMPOBAHUST MTPOIECCOB C
y4eTOM BHYTPEHHEH CTPYKTYPhI JIeTeKTOpPa, MO3BOJISISI TaKUM 00Pa30M BBISICHUTH BJIMSIHUE
CUTEMATUYCCKUX HEOIPeJIeJICHHOCTe Ha pe3y/ibTraTbl U3MEePeHUil.

7.1 IcToyHuKu cucreMaTudecKnUX OMINOOK

B nmamrem anasmnse HN3y4aJIUCh CJAEAYIOINUE MCTOYHHUKH CUCTEMATHICCKHUX OHII/I6OK, B TOM
WJIM WHOU CTelleHn BJINAIOIIE Ha KOHEYHbIE PE3YyJIbTaTbl I/IBMGPGHI/If/ii

— HETOYHOCTb B OlIPe/e/IeHUN SHEPIUU HAJIETAINIEr0 HEHTPUHO, BeAYIIeld K IJI0XOMY BOC-
CTAHOBJIEHUIO HAIPaBJIEHHUST UMITYIbca W-0030Ha ¥, KaK PEe3yJIbTaT 9TOr0, K HEMPABUIb-
HOMY TIOCTPOEHHIO DJIABHOI cucreMbl Koopauuat (“J” cHCTeMbl) B KOTOPOH H3MepseTcs
norapusamua AY;

— HETOYHOE HpejcKa3anue (poHa MPOrpamMMoil MOAEINPOBAHNS COOBITHIT B JETEKTOPE;
— BO3MOKHasl 3aBHCHUMOCTH KOHEUHBIX PE3yJIbTATOB OT KPUTEpUEB 0TOOpa COOLITHIT;
— MpeIecChus CINHA YACTHIL, JETIIINX B MATHHTHOOM IIOJIE;

— “pasMbIBaHNe’ T paclpeIeIeHnsd;

— BKJIaJI OT (DOHOBBIX COOBITHIA V,, B3aUMOJEHCTBUI HEHTPaJIbHOIO TOKA.

60
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7.2 Omubku, cBI3aHHBIE C U3MEPEHNAMI KMTHEMATHIECKNX

BeJINYNH

JIIs1 OIEHKH CHCTeMaTHYEeCKHX OIMMOOK, OTHOCSINMXCSA K HETOYHOCTH BOCCTAHOBJIEHHS
SHEPIUU HAJIETAONEr0 HEHTPUHO, NCHOJIH30BAIOCH TPU PA3JIUIHBIX CHOCO0A €€ BBIYHC/ICHUSI
(mozpoGHee 06 ITOM CMOTpHTE B MPUIOKEHHH 8.5): 10 MOJHON BUAMMOIl IHEPTUH MIOOHA W
00OpPa30BABIINXCS AIPOHOB, IMOCTPOEHHE HEIOCTAIOIEr0 HMIIYJIbCA B METOI ABOITHOIO yIJa.
CucreMaTnyieckas HeOIpeaeeHHOCTh, CBA3aHHAd C BHIOOPOM MeToja, IpuBejeHa B TabJIH-
max 7.1, 7.2 u 7.3, maa A, A° B v, n A° B I, B3amMOIEHCTBISIX COOTBETCTBEHHO.

Tabmuma 7.1: Cymmaprvie cucmemamuueckue owubky 0as MPex KOMNOHEHM GEKMOPG NOAA-

pusayuu A° 6 v, cobwmusz 3T.

Ncrounnkn AV B v,, B3aumozeiicTpuax 3T
CUCTEMATHIECKUX OITHOOK P, P, P, |P|
PeKOHCTDPYKIHs SHEPIUH 9,9-1074 8,3-1073 1,2-1072 7,0-1073

Koppeknus donoBbix cobbrruit 3,2-1073 4,9-1073 7,9-1073 4,5-1073

pirv 5,2-1073 1,9-1072 7,4-1073 3,5-1073

Bapmnarusa pint 1,4-1072 4,9-1072 6,9-1073 8,1-1073

KpuTepues orbopa cT 8,0-107% 4,7-1073 1,4-1073 3,8-1073
Miny - - - -

CobpiTtug HT — — - -
[Ipereccus: cruHa 1,4-1073 5,9-107% 2,6-1073 1,0-1073
CyMMapHas OIIHOKA 1,6-1072 1,1-1072 1,8-1072 1,3-1072

Hemocrarounoe 3nanne (pu3mKu 1MpoIeccoB, CBA3aHHBIX ¢ (pparMeHTalueil KBApKOB B a/Ji-
pOHBI (BBIXO/BI cTpaHHBIX dacTull, orcyrcrBue KX/I-3dbdekToB u T.1.), sBisieTcsi MpUIHHOI
HETOYHOTO TPEJICKA3aHUsl COCTaBa U IIPOIEHTHOTO COOTHOIIEeHUsT (DOHOBBIX COOBITHII B HAOOPE
uaenTuduEposanubx A, KOTOpoe MOXKHO OIEHHUTH P CPABHEHUH PACIpeIe/eHIil CHMYJII-
POBAHHBLIX U PEATbHBIX JAHHBIX B PA3TUIHBIX KHHEMATHIECKUX 00JACTIX U CKOPPEKTUPOBATH
takuM obpazom nabop MK.

Hcnosb3yst CAMMETPHIO OTHOCHTEJIBHO mepeMenHoil v (cm. puc. 4.4), B |9] Gl Bhraucie-
HBI CJIe/IYIONIHE TONPaBoYHble KOI(MDMUIIMEHTDI, Ha KOTOPbIE JIOMHOYXKAJHUCH COOTBETCTBYIONINE
VO cobprtua B ganupix MK: 1,1 g K9, 2,0 ayia y-KBanToB 1 2,1 119 OCTATbHBIX COOBITHIL.
CucremaTndeckne OMIMOKN, OTHOCAIIHECT K HEIMPABIILHOMY TPeICKa3aHuio (hOHA MPOrpaM-
MOii CUMYJITUPOBAHNS, YUCIEHHO PABHBIE PA3HOCTH PE3YIBTATOB J0 U TOCTE KOPPEKTUPOBAHUSI,
npuBejieHbl B Tabannax 7.1, 7.2 u 7.3.
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Tabmuma 7.2: Cymmaprvie cucmemamuneckue owubky 0as MpPex KOMNOHEHM GEKMOPG NOAA-

pusayuu \° 6 v, cobvmuaxr 3T.

Ncrounnkn AV B v,, B3aumozeiicTpuax 3T
CUCTEMATUIECKUX OITHOOK P, P, P, |P|
Pekoncrpykiust sueprun v 2,9-1072 1,0-1071 7,4-1073 6,2-1072

Koppeknusa ¢poHOBBIX cOOBITHII 5,1-1072 9,9-1073 3,7-1072 3,4-1072
pirv 3,5-1072 1,5-1072 4,8-1072 3,5-1072
Bapmnarus pint 3,7-1072 5,2-1073 5,7-1073 1,8-1072
KpuTepues orbopa cT 7,2-1073 3,3-1073 2,0-1072 1,3-1072
Miny 4,5-1072 1,4-1072 1,2-1072 2,2-1072

Cobbiruss HT - - - -
[Ipereccus: cruHa 9,1-1073 4,9-1073 3,3-1073 5,5-1073
CymmapHas ommbKa, 9,1-1072 1,0-1071 6,5-1072 8,6-1072

“PazmbiBanue” rp pacrpeaejaeHus

Kaxk u Ha Bcex ycTaHOBKaX MOJO0OHOTO TUMA, N3-3a MPOCTPAHCTBEHHOT'O PA3PEIIeHns TeTeK-
TOpa, 3aBUCAIIETO OT YTIJIa IIPOJIETa YACTUIl Yepe3 M3MepUTeTbHbIe TJI0CKOCTH B JApeiihoBbIX
KamMepax, Mbl UMeeM HeOOJIBITYI0 HEOHPe/IeJeHHOCTh B M3MEPEHUN KOODJMHAT U MMILYJIHCOB
TPEKOB, IPUBOJAIIEH K TaK Ha3dbiBaeMOMY 3 dekTy “pasmbiBanus’ pacipejiesieHnil KuneMa-
TUYECKUX BEJIMYUH, TO €CTh MPETEeKAHWIO COOLITHIl M3 OAHON 00JacTH B JPYryio, KOTOPOEe
MOZKET CKa3aThCd HAa WHTEPHPETAINN Pe3YIbTATOB M3MepPeHUil.

UcenenoBannoe HaMu pacupejesieHne COOBITUN MO Tp MOKA3aJI0, YTO KOJHIECTBO MUTPH-
posasmx A? 3 OPM (O®II) cocrasuio 12% (3%), or nx obmero uucaa B OPII (ODM).
1ot 3pderT 0cOOeHHO Ba)KHO YIUTHIBATH pu Tp > (0, TAaK KaK W3-3a MaJIOil CTATHCTHKH,
ero BJMsIHUE B 3TOH obsiacT Hanbosiee 3ameTHO. COOTBETCTBYIONIAS CUCTEMATHIECKAs ONMUOKa
BBIYUCTATACH 1O (hOpMYyJIE:

Kommuaectso AY neperexmmx uz OOM 5 O®II
Komngecrso A? B OPII
u cocrapuia 2,2 - 1072 (maa zp > 0). Bauarue sroro sdpexta Ha 0OHIYIO MOJAPH3AINMIO

(6e3 oycJI0BUSI HA Tp) OTCYTCTBYET, TaK KaK YIJIOBOE pAacClpe/ie/ieHie MUTPUPYIOMNX YaCTHIL
N30TPOITHO.

x TMomsapuzamus A° 8 ODOM

7.3 HeonpeaeaeHHOCTh yCJI0OBHUiA oTOOpAa

Kpome omuboK, CBI3aHHBIX ¢ HETOYHOCTHIO H3MEPEeHN KHHEMATHIeCKIX BEeTUYINH, CyIIe-
CTBYeT TaKzKe HeOoIpeeeHHOCTb U MpH 0TOOpe “mose3HbIX” cobbiTuit. Jlemo B ToM, 9TO Ha-
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Tabmuma 7.3: Cymmaprvie cucmemamuneckue owubky 0as MPex KOMNOHEHM GEKMOPG NOAA-

puzayuu A° 6 v, cobwmusz 3T.

Ncrounnkn AV B v, BzaumozeiicTpuax 3T
CUCTEMATUIECKUX OITHOOK P, P, P, |P|
Pexkoncrpyknus sHepruu v 4,9-1072 7,4-1072 1,3-1071 7,6-1072

Koppexkiust (hOHOBBIX COOBITHII 3,0-1073 6,8-1073 7,8-1073 5,7-1073

pdirv 2,3-1072 5,1-1072 4,0-1072 3,0-1072

Bapmnarus pint 6,4-1072 2,0-1073 3,6-1072 4,6-1072

KpuTepues orbopa cT 2,5-1072 2,6-1072 1,2-1072 2,8-1072
Miny - - - -

Cobbrris HT 5,5-1072 1,0-1072 7,6-1073 3,7-1072

[Ipereccus: cruHa 4,6-1073 2,4-1073 9,3-1073 5,5-1073

CymMMmapHast omuoKa 1,0-1071 9,5-1072 1,5-1071 1,0-1071

KTapIBeMble yeaosus Ha VY u meiitpunnbie B3anvoneiicrsus (em. (4.1) u (4.2)), mo-namemy
MHEHUIO, SBISIOTCS ONTUMATBLHBIMU, OJHAKO UX BBIOOD He fABJISgeTcs OAHO3HAYHBIM. [lo3aTo-
My, 9TOOBI MIPOJEMOHCTPUPOBATH CTAOUIBHOCTH PE3yJIbTATOB IPU U3MEHEHUH THUX YCJIOBUIA,
MBI BapbUpOBa/IM KpuTepuu orbopa B cejyiomux npejenax': pit or 0,01 g0 0,03 T'sB, pdT"”
or 0,09 mo 0,115 I'sB, 7 or 40 mo 64 cm (cooTBercTBeHHO 5 W 8 TaOJNYHBIX 3HAYEHUI CT),
OTKJIOHEHHe OT TabJMYHOrO 3HAUeHHS MHBAPHAHTHON MaCCHIZ M., oT 0,020 mo 0,040 ['sB.
MakcumaabHOe OTKJIOHEHUE MOJISIPU3ANUN BHYTPH TUX UHTEPBAJIOB MPUMUCHIBATIOCH CHCTE-
MaTHYeCKOil HeONPeIeIeHHOCTH, CBSI3aHHON ¢ 0T6OpOM coObITHI (cMOTpHUTe Tabuunb 7.1, 7.2
u 7.3). Baustauem xe uzmenennst 3bGeKTHBHONO 00beMa JIeTeKTOpa Ha Pe3yJIbTaThl H3Me-
pernii (IIpy 9TOM NPUMEHSITIOCH CJIEJYIOIIee YCIOBHEe Ha HAXOXK/IEHHe MePBHYHO BEPITHHBI:
| X, Y| <110 em u 50 < Z < 395 ¢M) MOKHO HpeHeOpedb.

AnajornaaeiM 06pazoM m3ydanach mongpusanua A’ B 3aBHCHMOCTH OT KpuTepHs, Ha-
KJIQJIBIBaeMOro Ha Habop v, s3anmoseicrsnit 3T npn oraenennn donossix cobwrrnit HT. 3a
CUCTEMATHYECKYIO OIUOKY, KAK U B IPEJIBIIYIIEM CIydae, IPUHUMAJIOCH HAuOOJIbIee OTKJIO-
HEHWe pPe3yJbTaToB, PH BAPhHPOBAHUK TTapamMerpa « B HepaBeHcTBe (4.4.2), B mpejenax or
0,5 10 0,9. CooTBeTcTBYIIONNIT pe3yIbTaT IpUBeIeH B Tabaumne 7.3.

Ucnonw3ys nabop cumynupoBanHbIX cobbiTit MK npu anannse peaJlbHBIX TaHHBIX, CIETY-
eT MPUHATH BO BHUMaHUe TOT (DAKT, UTO B MPOrpaMMe MOJIETUPOBAHNS He 3aJI0¥KeHa MPerec-
chsl CIMHA YACTHIL, JIeTAnmx B MaranTHoM nose gerektopa NOMAD?. Tocse coorBeTcTByIO-
IUX BBIYUCIEHHI (cMOTpHTE mpuiokeHne 8.5) ObIIO HalieHO, YTO CpeJHHUIT yroJ MoBOpoTa

! BHyTpu 9THX MHTEPBAJIOB CTATHCTHUKA MeHsercs Ha 2-6%.
23roT KpUTepHit mpIMeHsca ToabKo axa AL,

3 Teno B ToM, ¥To manuble MK ObLIH CO3TaHbI 115 TTOUCKA HEITPHHHBIX OCIIAJIIANNIA, B KOTOPBIX TTPEIeCCHs

pOJIH HE UTPAET.
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cnnaa AY-rumepoHOB cocTaBageT B cpemHeM ~ 1,7°, a BOSHHKAIONIHe IPH 3TOM OIIHOKH Ha
MOJISIPU3AIMIO IPpUBeIeHbl B Tadbannax 7.1, 7.2 u 7.3.

WNrorosbie cucreMaruieckue HEOMPEIEJIEHHOCTH U3MEPEeHHsI KOMIIOHEHT BEKTOPa MOJISIPU-
3aIiy PUBEJIEHBI B MOCJIeIHNX CTPOKaxX Tadsui 7.1, 7.2 u 7.3, uX 9ucaeHHOe 3HAYeHUe IKBH-
BaJICHTHO KBaIPATHOMY KOPHIO M3 CYMMBI KBAIPATOB BCEX BLIMICTIEPEUNCICHHBIX OMMIO0K?.

B Tabnaune 7.4 npuBeeHbl CyMMapHbIe CHCTEMATHIECKHE OIMMUOKHU JI/Is PA3TUIHBIX KHUHEe-
MaTHYeCKHX 00JIacTeil.

4TIpenebperast KOppeJsIueil MeKIy BapHAIHeH YCI0BUil 1 KOPPEKTHPOBKOH (DOHOBBIX CODBITHIA.
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Tabuma 7.4: Cymmaprvie CUCMeMaMuUYEckue oOWUubKY 8 Pa3AUNHBLT KUHEMAMUYECKUL 000~

cmaAaz daa mpex xomnonenm eexmopa noaspusavuu A°, A e Vy U A% 6 v, cobwmusaz 3T.

Kunemarnaeckas AV B v,, B3aumoseiicTpuax 3T
00J1aCTh P, P, P, |P| |AP[*
xp <0 2,0-1072 1,1-1072 1,8-1072 1,3-1072 5,1-1073
xp >0 3,2-1072 4,8-1072 6,7-1072 4,2-1072 1,5-1072
p3 < 0,06 5,8-1072 2,1-1072 4,1-1072 5,7-1072 3,1-1072
0,06 < p% < 0,144 5,4-1072 3,1-1072 6,5 1072 4,9-1072 1,5-1073
0,144 < p7 < 0,264 2,1-1072 1,6-1072 6,5 1072 1,6-1072 6,1-1073
0,264 < p3 < 0,486 5,1-1072 1,4-1072 5,8-1072 2,0-1072 1,4-1072
p3 > 0,486 3,2-1072 3,3-1072 6,8 1072 3,6-1072 1,7-1072
2 < 0,42 (zp > 0) 3,5-1072 6,5-1072 8,8-1072 4,6-1072 2,4-1072
2> 0,42 (zp > 0) 2,3-1072 1,4-1071 4,6-1072 1,4-1072 4,0-1073
yp < 0,47 (zp > 0) 1,9-1072 1,2-107! 8,3-1072 9,7-1072 6,9-1074
yp > 0,47 (xr > 0) 4,2-1072 4,6-1072 5,0-1072 4,6-1072 2,8-1072
Kunemarnaeckas A0 B v, B3anmozeiicTpuax 3T
001aCTh P, P, P, |P| |AP[*
xp <0 1,4-1071 1,9-1071 1,2-1071 1,4-1071 1,5-1072
xp >0 7,5-1072 5,2-1072 6,2-1072 6,3-1072 1,4-1072
p% < 0,10 2,1-107¢ 2,6-107¢ 1,9-107! 2,1-1071 7,5 1072
0,10 < p2 < 0,31 1,4-1071 5,4-1072 1,5-1071 1,3-1071 1,2-1072
p% > 0,31 5,7-1072 8,4-1072 1,9-107! 1,2-1071 5,3-1072
Kunemarnaeckast AV B v, B3ammozeiicTeuax 3T
obracTh P, P, P, |P| |AP|*
xp <0 1,7-1071 6,9-1072 2,3-1071 1,4-1071 8,8-1073
xp >0 1,1-1071 3,2-107! 1,4-1071 2,6-1071 2,1-1072
p3 < 0,10 2,3-107! 2,5-107! 3,5-1071 2,3-1072 1,6-1072
0,10 < p% < 0,31 8,3-1072 1,3-1071 1,4-1071 1,3-1073 1,5-1073
p2 > 0,31 1,3-1071 9,6-1072 1,1-1071 1,2-1071 1,7-1072

* I3menenne 9ucTOTH HAOOPA B JAHHON KMHEMATHYIECKON 00IacTu
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Pezyinbrarhl

OcCHOBHOII 1IE/IBI0 HAIIETO aHAJIN3a SBJISAIOCH MOJIYUeHHe Pe3y/IbTaTOB U3MEPEHUs TOJIsI-
pusanun A’-runeponoB, poKIAIOMIAXC B 1, B3AUMOJIEHCTBUAX M0 KAHATY 3apSAKEHHOrO TOKA
U UX WHTEPIpeTaIysd B paMKax CYIMECTBYIONUX HA CETOMHSIIHAN JeHb TEOPETUIECKUX MOJIe-
neit. Brarogaps 6oJbIION CTATHCTHKE, HAKOIIEHHON 32 YeThIpe roja paboThl SKCIePUMEHTA
NOMAD, upescraB/siercss BO3MOXKHBIM H3MePUTh Takzke n nosspusanuio A’ B 7, B3anmo-
JieficTBUSAX M, BIepBbIe B HEfITPHHHBIX SKCIepHMenTax, npusectd pesyiabrarsl mis A° B v,
B3anmozeiicrBusix 3T (06a Habopa CTATHCTHYECKN OTDAHUYIEHDI ).

81 A'sm v, B3aIMOJAE(CTBUAX 3aPAKEHHOTO TOKa

Iongpuzamua B8 OPM u ODPII

Tabnuna 8.1: Ioaapusayus A° 6 OOM u O@IT (moavko cmamucmuyeckue owubky,).

Kunemaruueckasa Koauuecrso [Tonapmzanusa A° B v, B3. 3T
0bJIacTD CobpiTuit P, P, P,
HOJTHBIN HAOOD 8087 —0,15£0,03 —0,22£0,03 —0,04 £0,03
rrp <0 5608 —0,21£0,04 —0,26 £0,04 —0,08£0,04
zp >0 2479 —0,09 £ 0,06 —0,10 £ 0,06 0,02+ 0,06

B tabsmme 8.1 npuseaensl pesyabTaThl naMepenns noxsgpusannu A s noaroro mabopa,
zp < 0w xp > 0. U3 mee MbI BuanM, uro A’-rUmepoHbI MMEIOT OTPHIATEIBHBIE MPOI0Th-
HYIO U HOIEPEYHYIO IOJSpPU3AINN, YCHIUBAIOIINECS B 001acTh (parMeHTalun IydKa, MMOJI-
TBepXK/Ias TeM CAMBIM Pa3/THIHbIe MEXaHIU3MbI [IepeIadi CIIMHA U CYIIeCTBOBAHNE B HYKJIOHE
OTPUIATETHHO TOJSIPU30BAHHBIX $§ map (M. puc. 8.1, Ha KOTOPOM H306parKeHa 3aBHCHMOCTD
MOJISIPU3AIAN OT Tp). Tem He MeHee, 9Ta MHTEDIPETAIHsT HE MOYKET sIBJISIThCs OJ[HO3HATHOM,
MOKa He OyJeT MPUHAT BO BHMMaHme BKJaJ oT AU, 06pa3oBaBIUXCs B pesysabTaTe PACIaia
TAKeJIbIX OAPHOHOB.

66
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Puc. 8.1: Basucumocms npodoavroti (caesa) u nonepeunoti (cnpasa) noaspusayuu A°-

2UuNeporose om Tg.

IMongapusanusg B 3aBUCUMOCTH OT D>

Tabmuna 8.2: IToaspuszayus A°-zuneponos 6 3asucumocmu om nonepeumnozo umMnyabea (mons-

Ko cmamucmu1ecrue OWU67€U)

Kunnemaruueckasa KoauuecTso [onapu3anusa A° B v, B3. 3T
0bJ1acThb CobpiTuit P, P,

P2 < 0,06 1629 —0,25£0,08 —0,02£0,08 —0,06 £0,08
0,06 < P% < 0,144 1619 —0,38£0,08 —0,21+£0,07 —0,00£0,08
0,144 < P% < 0,264 1613 0,04 +£0,07 —0,24+£0,07 —-0,01£0,07
0,264 < P% < 0,486 1604 —0,08£0,07 —0,38£0,07 —0,07=£0,07

P2 > 0,486 1622 —0,16 £0,07 —0,23£0,07 —0,10£0,07

Ha puc. 8.2 n3o6pazkena 3aBUCHMOCTD nonepednoii mongpusanuu AY ot p?, KadecTBeHHO
IOBTOPAIONIEH Pe3yJIbTAThI, MOJYIeHHbIe U3 SKCIEePHMEHTOB M0 HEIOJISPU30BAHHBIM AJPOH-
AJIPOHHBIM CTOJKHOBeHUsIM. [IpojIo/ibHast 2Ke 1o/gpu3anus, He Hab/IoaemMas B 9TUX IKCIIe-
pUMeHTax, BeJeT cebsl HeCKOJILKO T10-APYTOMY, OHa HMeeT MaKCUMYM IIpU HU3KHX Pi, a KOTJIa
1I0IIePETHAST BBIXOIUT HA IJIATO, CTAHOBUTCS MAJIONH M 3aTeM CHOBA yBEJIMYUBAETCS TIPH 0O0JIb-
mux p3 (M. Tabaumy 8.2).

Cy1ecTByeT HECKOIBKO 00bSICHEHHI TPUPOBI MOTIEPEYHOM TOISIPU3AINT, HO BCE OHU NMe-
FOT HEJIOUETHI, II0ITOMY MbI HE OyJIEM MX IIPHIEPKHBATHCS.
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Puc. 8.2: Basucumocmv nonepeunoti noaspusayuu A°, noayuennoti 6 adpomn-adponnols cmonk-

nosenuazr (caesa) u 6 axcnepumenme NOMAD (cnpasa).

ITongapu3oBanHble (DyHKIIUN (pparMeHTAIAN

OraenbHO B 0Os1acTi (bparMeHTalUy [y YKa PACCMATPUBAIACH 3aBUCUMOCTh TTOJISAPU3AINUN
OT TepeMeHHbIX Yp = V/FE - J0Jisi IepBOHAYAJILHO SHEPIUU JIENTOHA, YHOCHMAasl aJpOHAMI
u 2 = Ej(VY)/Ejap(Bce anponsl) - oTHocHTebHAA 3Heprus, yHocumasa A° B maboparopmoii
cucreme (M. Tabuiy 8.3)1. DTu pesynbraThl MO3BOIAIOT HAIPAMYIO H3MEPATh IO/ PU30BAH-
Hble (PyHKIUU (pparMeHTanuum ¢ TeMHu »Ke OmuOKaMu, 4TO W noJisgpusanus. /leficTBuTe/1bHO,
npu yp — 1, Beipazkenne (1.4.13) npuanmaer BuI:

Py = ADM=)/DA2).

Taomuna 8.3: Hoaapusauyus A°-2uneponos 6 v, cobbmMuAT 3aPAHCEHHO20 MOKA 8 00AGCTIU
o

Ppaemenmayuu nyuka (MoavKo cmamucmuieckue owubky,).

Kunemarnaeckast  KoangecTso Cpennee Monsipusammst AV B v, B3. 3T
001aCTh COOBITHIA Buauenne (z) P, P, P,
z < 0,42 1221 0,30 -0,16 +£0,08 —0,03£0,09 0,06 = 0,09
z> 0,42 1258 0,57 -0,01+0,08 —0,17+0,09 —0,03+0,09
yp < 0,47 1228 0,49 -0,07+0,08 —-0,13+0,09 —0,13+0,09
yg > 0,47 1251 0,39 -0,10+0,08 —0,07£0,09  0,15+0,09

1CI/ICTeMaTI/I‘IeCKaH HEOIIpEeaeJIEHHOCTb, CBA3aHHaA C

HUKE CTATUCTUYECKUX OIIMOOK

adpderTom meperekanns coobitnii u3 OOM B OPII
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HOJIﬂpI/IBaI_[I/ISI B APYTUX KHHEMAaTUYI€CKHUX obJiacTdax

B rabsmie 8.4 npuBeaenbl pe3yabTaThl n3Mepenuii noagpusamun A’ B pazamaHBIX KnHe-
MaTHYIeCKUX 00J1aCTIX, KOTOPbIE MMOJ0UPAINCh TaKUM 00pa30M, 9T0OBI 00HAPYKHUTH P heKrT
ee MaKCHMa/JIbHOTO yBesnnuenna (nepemennbie Q% W2), a Takze BBIACHATL BKJIaJ OT pacces-
HUSI HeHTPUHO HA MOPCKUX KBapkaX (zp) (pe3yabrarel, HpuBejeHHbe B TadauIe 8.4, rOBOPIT
06 orcyrcrBun 310ro 3dhdexra).

Tabsuna 8.4: IToaspusayus A°-2uneponos 6 pasauunvs KunemMamuseckus 00AaCmAT (MoAbKo

cmamucimu4ecrue OWU67€U)

Kunemaruueckast KosmmaecTBo Honspusanns A° B v, B3. 3T

001aCTH CobbiTuit P, P, P,

xp <0,2 3508 —0,15+0,05 —0,17 40,05 —0,114+0,05

xp > 0,2 4579 —0,154+0,04 —0,26 0,04 0,00 £ 0,05

W? <15 2755 —0,33+0,06 —0,25+0,06 —0,08 £ 0,06

W2 > 15 5332 —0,06 £ 0,04 —0,21 +£0,04 —0,03 £ 0,04
Q? <5 3429 —0,21+0,05 —0,20£0,05 —0,08 £0,05
Q*>5 4658 —0,114+0,04 —0,23 +0,04 —0,02 +£ 0,04

8.2 A'-runepoHbl B CODBITUSIX 3apPAKEHHOTO TOKA

c 06
(_3 L e PyinAvy,CC
ﬁ 0.4 I A PyinAy,CC
3 -
8_ 0.2 -
20 ’
g
E 0.2 — + + +
04 —
7\ L1 ‘ | ‘ | ‘ | ‘ |
0 0.2 04 06 038 1

P, (GeVic)

Puc. 8.3: Basucumocmsv nonepeunoti nosapusayuv om pr oas A° u AP,

Pesymbrarel m3Mepenus noiasapusannn A npepcrasienst B tabaune 8.5, KOTOpbIe Hpej-
CTaBJIAIOT OIPOMHBINl MHTEPeC I HAIero aHajn3a, HeCMOTPS Ha TO, YTO UX HAOOP cTaTH-
CTUYECKH OrpaHudeH. B OCHOBHOM HpHUBJIeKaeT HAJTUMYHNE MOJOKUTETLHON TPOIOJIHHON MO~
pusamuun B OOM u orpunarensuoit B ODPII, a takzke moBejeHnne monepevHoOl KOMIIOHEHTHI B
3aBUCUMOCTH OT p3 (M. puc. 8.3 jyist cpahenns ¢ AY).
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Tabsuna 8.5: Hoaspusauus A°-2unepornos 6 v, cobumuar 3aparcennozo moka (Moavko cma-
“w

mucmuyeckue oOwuoKy).

Kunemarnueckast Komuuectso [osspusanus A° B v, 83. 3T
00/1aCTH CcOOBITHIT P, P, P,
HOJIHBII HADOP 649 —0,07£0,12 0,09+£0,13 0,10+£0,13
rxrp <0 248 0,23+£0,20 0,04 +£0,20 —0,08£0,21
xp >0 401 —0,23£0,15 0,10£0,17 0,25+0,16
rp <0,2 331 —-0,12+£0,17 0,08+£0,18 0,01 £0,17
x> 0,2 318 —0,03£0,17 0,10£0, 18 0,20+£0,19
W2 <30 202 0,16 £0,24 0,44 +£0,25 0,05+0,26
W2 > 30 447 —0,15£0,14 —0,03£0,15 0,144+0,15
Q? <5 161 —0.35£0.25 —0.07£0.26 0.34 +£0.27
Q*>5 488 0.02+0.14 0.134+0.15 0.024+0.15
P2 < 0,10 220 0,724+0,21 —0,20£0,25 0,10£0,25
0,10 < P2 < 0,31 211 —0,59+£0,20 0,31 4+0,21 —0,10+£ 0,22
P2 > 0,31 218 —-0,33£0,19 0,09+£0,20 0,28 £0,21

8.3 Tlongpusamua A’ B v, B3ammogeiicreuax 3T

Pesynbrars m3mepenns nonapusamuu A, pox naomuxcs B v, B3anmogeiicrsugax 37T, npu-
BeJleHbl B TaOuIe 8.6, K COKAIEHUIO, U3-33 OOJIBIMUX CTATHCTHYECKUX OIMUOOK HEBO3MOYKHO
c/les1aTh KaKnue-JTi00 3aKJII0UeHUs M0 TMOBOAY CYIeCTBOBAHUSA (DU3NIECKOTO MEXaHW3Ma, OT-
BETCTBEHHOI'O 33 Iepejady CIUHA B Pa3/IMYHBIX KHHEMATHYECKUX 00JIaCTsX.

I3 331 cobeirust (¢ mamoxkenubim yeiaosuwem wa HT), 161 orHOocHTCS K CHeruaJbHOMY
AHTHUHEHTPUHHOMY CeaHCy, IPOBO/IMBIIEMYCd B TeUeHHe ABYX HeJlesb B 1998 roay, a octajabHbIe
ABNAI0OTCA (DOHOBBIMU K V), B3amMojeiicTBuaAM. OJHaKO 10 CHX HOp He fCHO pa3HOIVIACHe
MeK/Iy STUMHU Pe3yIbTaTaMu.
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Tabsuna 8.6: Hoaspusauus A°-2unepornos 6 U, cobbmuar 3apancennoz0 moka (Moavko cma-
“w

mucmuyeckue owuoKy).

Kunemaruueckast Kosmuectso Honspusanus A° B 7, B3. 3T

00/1aCTh CcOOBITHIT P, P, P,
HOJIHBIHT HAOOD 331 —0,134+0,17 0,1240,16 0,09 4+0,17
U ceaHc 161 0,08 + 0, 23 0,344+ 0,23 —0,06 £+ 0, 24
v ceaHc 170 —0,354+0,24 —0,09 £ 0, 23 0,234+0,23
xp <0 236 —0,10+0,20 0,054+ 0,18 0,07+0,19
xp >0 95 —0,19+0,29 0,29+ 0,34 0,15+0,33
xp <0,2 156 0,10 £ 0,22 0,12+ 0,23 0,18 +£0,24
xp > 0,2 175 —0,40 £ 0,24 0,13+0,23 0,01+0,23
W?2 <15 172 —0,37+0,23 0,36 £ 0,24 0,26 £0,24
W2 > 15 159 0,134+0,23 —0,02+£0,22 —0,124+0,24
Q? <5 185 —0,20 40,21 —0,01 £0,22 0,26 £ 0,23
Q*>5 146 —0,01 +£0,27 0,254+ 0,24 —0,104+0,25
P2 < 0,10 109 —0,3540,31 —0,154+0,30 —0,00 £+ 0, 30
0,10 < P2 < 0,31 116 0,11 40,27 0,43+ 0,25 0,16 £ 0,28
P2 > 0,31 106 —0,21£0,28 —0,00 £ 0, 28 0,124+0,29
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8.4 KOHTpPOJIbHbIE U3MEPEHUS IOJAAPU3aIn

IMonsipusanus K

B rabaunax 8.7 u 8.8 npejcraBiieHbl pe3yabTaThl U3MePeHUs! OIS PUu3aIinm Kg, POXKIA0-
HIUXCA B V), U V), B3aUMOJICHCTBUAX 3aPAKEHHOr0 TOKa. VI3 HUX BUJIHO, YTO MBI MOYKEM BIIOJIHE
JIOBEpsITh HADOPY HEUTPUHHBIX B3aUMOJICHCTBHIT, B TO BpeMsi KaK HaJu4due He HYJIEBON 1MOJIsi-
pU3aIUU B AaHTUHEHTPUHHBIX COOBITHSX TOBOPUT O HEMOHMMAHUU HAMH dTUX MPOIECCOB MpHU
MoJeaupoBaHnu JaHHLIX MK.

Tabuma 8.7: “Iloaspusauus” K2 6 v, 636um00eticmeuss 3aparncennozo moka (mMoivko cma-
S u

mucmuyeckue oOwuoKy).

Kunemarnueckas Konnuectso “Tlongpuzanus” K2
00/1aCTD COOBITH P, P, P,
OJIHBI HAOOP 15074 —0,04 £0,02 —0,02£0,01 —0,02£0,02
xp <0 3252 —0,04+£0,03 —0,01+£0,03 0,03+£0,04
zp >0 11822 —0,04 £ 0,02 —0,02+£0,02 —0,02+£0,02
zp <0,2 7575 —0,05+0,02 —0,02+£0,02 0,00+ 0,02
xp > 0,2 7499 —0,04 £ 0,02 —0,01+0,02 —0,04 £0,02
W? <15 2787 —0,05+0,04 0,01+£0,04 0,03+£0,04
W2 > 15 12287 —0,04 £ 0,02 —0,02+0,02 —0,03£0,02
Q*<5 5350 —0,05+£0,03 —0,04 £ 0,02 0,00 £ 0,03
Q*>5 9724 —0,04 £ 0,02 —0,00+£ 0,02 —0,03£0,02
P2 < 0,06 3316 —0,03+0,04 —0,02+£0,03 —0,07+£0,04
0,06 < P} < 0,144 3323 —0,01+£0,03 —0,10+£ 0,03 0,01+0,03
0,144 < P? < 0,264 2955 —0,08£0,03 0,01+0,03 0,02+£0,04
0,264 < P% < 0,486 2813 —0,06 £ 0,03 0,01+0,03 —0,02+£0,04

P2 > 0,486 2667 —0,01£0,04 0,02+0,03 —0,04 £0,04
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Tabmuna 8.8: “lloaspusayus” K@ 6 U, cOOWMUAT 3apANCEHI020 MOKA (MOALKO CIMATIUCTI-

ueckue owubKy,).

Kunemarnueckas KomngectBo “Tlongpuzanus” K

00/1aCTh CcOOBITHIT P, P, P,
HOJTHBIH HAOOP 882 —0,01 40,07 0,02+£0,06 0,04+£0,07
U ceaHC 373 0,16 0,10 —0,09 £ 0,09 0,11+0,11
v ceamnc 509 —0,124+0,09 0,114+0,08 —0,01£0,10
xp <0 134 —0,19£0,17 —0,11£0,14 —0,31£0,20
xp >0 748 0,02+£0,07 0,05£0,07 0,10 £ 0,08
rp <0,2 543 0,05+£0,08 0,05£0,07 0,06 £ 0,09
xp > 0,2 339 —0,12£0,11 —0,03£0,11 0,00 £0,12
W? <15 243 0,03+0,13 0,16+ 0,14 0,28£0,15
W2 >15 639 —0,03 40,08 —0,0140,07 —0,04 40,08
QR*<5 505 0,07£0,08 0,01£0,08 0,17£0,10
Q*>5 377 —0,14£0,11 0,01+0,10 —0,10£0,11
P? < 0,10 279 0,07+0,13 —0,0940,12 0,06 £0,13
0,10 < P} < 0,31 308 0,01+0,11 0,0240,10 0,06 £0,12
P} > 0,31 295 —0,08 £ 0,11 0,13+0,10 0,13+£0,12

HOJ’IHpI/IBa,I_lI/IH B Pa3/JIM9YHbIX CHUCTeMaX KOOPpANHAT

JlomoTHITe TbHOI IPOBEPKOi MPABUILHOCTH BBIYMCIEHUN MOZXKET MOCTY:KHTh CpaBHEHHe
abCOJIIOTHOI'O 3HAYEHHS BEKTOpa MOJAPHU3AIUU, MOaydeHHoTo B “J” cucreme, ¢ pe3yibTaTaMu
B JIPYTHUX CHCTEMAaX, OMPEeIeIsIeMbIX CJIeIYIONUM 00pa3oM:

e “P” cucrema:
n, X PW

B =P T ST
T

n, =n, X n,;
e “V” cucrema (3aMeTHM, UTO JIJI Hee MOXKHO MpeHebpeds OMMOKOM OIpe /e IeHns SHEPI U
IPUXO/IAIIEr0 HeHTPUHO, U30AB/IsAsT HAC TAKMM 00PAa30M OT TOil HEONPEJIeJTeHHOCTH ):

HIXPN

n, =P, n, = m7
T

n, =n, X n,.

13 pe3ysbTaToB, MOJIYIEHHBIX JJIsl THX cucTeM (CM. Tabuauiy 8.9) BUIHO, YTO CYIIECTBY-
[oIast KOppesdius MexK iy HanpasieaueM W-6030na u Hefirpunabiv myakom (“J7 (“P7) u “v”
CHCTEMBI UMEIOT, B CPeJIHEM, OJHY U Ty K€ OCb ¥), MO3BOJIsIET MOCTPOUTH OJHY CHCTEMY W3

JIPYTOii IyTeM IPOCTOro MoBOpOTa oTHOCHTEILHO ocu Oy (cM. puc. 8.4).
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X" (v)

-——— )
x (V)

Puc. 8.4: Omuocumenvrasn opuenmayus mpex cucmem Koopouram, 06cysHcdaemus 6 mexcme.
O0na cucmema mootcem bumsd NOAYwEHA U3 OPY20T NYMeM NPOCMO20 BPAUEHUL OMHOCUMEAD-

HO HOPMAAL K naockocmu poscdenus (oco Oy).

8.5 O06cyxkaenne pe3yJabTaToB

Pazmudanble MOJE/NN, ONUCHLIBAIONIME COCTAB CIHMHA OAPMOHOB, MOTYT ObITH MPOTECTUPO-
BaHBI B obsactu dpparmentarmun mydka B peaknun v, N — p~AX, rae 100 % sreBononspu-
30BaHHBIN © KBapK (pparMeHTHpyeT B KoHeuHoe coctognume A HemocpegcTBeHHO min depes
pacrnazpl 6apuonos (cm. puc. 1.2). Hamm nsmepenus: npoposbroii noasipusanun B OPIT (cm.
Tabaumy 8.3), HAXOAATCS B COIVIACUM C BBIYMCJEHUsIMH |7], OCHOBAHHBIMU HA CTATHIECKON
KBapKOBOH MOJIEJN, KOTOpas NPUHUMAET BO BHUMAHUE PACHaIbl TAMKEIBIX DAPUOHOB U PE30-
nanco B A° (BGH mognens) u me coorsercrsyer BJ momenn (cm. pue. 1.3). Tem ue menee,
HaJ10 OBITH OCTOPOXKHBIME, JIeJIasd KaKue-Tu00 3aKTI0UeHAs 10 TOMY HOBOJLY, TaK KaK HA 9TOT
CYEeT eCTh CBOM MPUYMHBIL:

— BbIuncaenns, ocnoBanuabie Ha BGH Mozenn, ucnoab3yoT n3HadaabHO YCTAHOBIEHHBIE B
JIyHI0BCKOI MO/1€/1M BBIXO/IbI TS2KeIbIX OaPUOHOB U PE30HAHCOB, KOTOPHIE HE COBITAIAI0T
¢ m3MepeHHBIMEI B 3KcmepumenTe NOMAD;

— Baknblil BKaag B noaapusammio A’ B O®II oTHOCHTCS K CACAYIOMNM pacHagaM Ts-
KeJibix Gapuonos u pesonancos: 3(1385) — A7, X0 — A%y u = — A%r. Oanmaxo,
npeackazanusg B BJ mogenn me yumreiBator pacmaasr X (1385) u 0. Takum obpaszom,
STU BBIYHC/IEHHUS HE MOTYT OBITH MPSIMBIM 00pa30M CPABHUBATLCA C HAIIMMU U3MEPEHU-
SIMH.
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Tabmuma 8.9: 3asucumocmyv noaapusayuu A° (A°) 6 v, (v,) 63aumodeticmeuaz sapasicennozo

moka (MoAbKO CMAMUCMu%eckue oOwWuoKy,).

Cucrema, A" By, B3. 3T
KOOpJIUHAT P, P, P, | Prot|
“J” cucrema —0,15£0,03 —0,22£0,03 —0,04 £0,03 0,27+ 0,03
“P” cucrema —-0,17£0,03 —0,22£0,03 0,08 £0,03 0,2940,03
“Y? cucrema —0,10£0,03 —0,1940,03 —0,14 40,03 0,26 + 0,03
Cucrema, A° B v, B3. 3T
KOOPJIMHAT P, P, P, | Pyot|
“J” cucrema —0,074+0,12 0,0940,13 0,104+ 0,13 0,154+0,13
“P” cpcrema 0,024 0,12 0,10+ 0,13 0,19+ 0,13 0,21+ 0,13
“V” cucrema 0,15£0,12 0,07+0,12 —0,12£0,12 0,21£0,12
Cucrema A’ B D, B3. 3T
KOOpJAMHAT P, P, P, | Pyot|
“J” cucrema —-0,134+0,17 0,1240,16 0,094+0,17 0,204+0,16
“P” cucrema —0,03£0,18 0,1240,16 0,1240,15 0,174+0,16
“v” cucrema 0,056+0,17 —0,114+0,14 —0,234+0,17 0,26£0,16




SaKJ/JII0YeHne

Vcnonb3ys maHHble, HAKOIJIEHHBIE 3a 4 roma paborsl skcmepuMenta NOMAD na Heii-
tpunaoM nydke or yckopuresass SPS (CERN), rpynmoii u3 Jlaboparopuun lnepubix [Tpobiem
O6beaunennoro Uucruryra fnepusix Uccnenosanmii (1. dy6na) B cocrase: Kycros [1.B.,
Haymos /I.B., ITomos B.A. u Yykanos A.B., 6eu1 nposenen amamms nomapusamun A°/A0-
TUIIEPOHOB, POXKIAIONUXCS B V), (U,) B3aUMOJAEHCTBUSAX [0 KaHAIY 3apsKeHHOro Toka. [Ipu
9TOM OBLITH MOJTYYEHBI CJIIYIOIIHe Pe3yTbTATh:

e A’ B, cobprrusax 3T uMeroT OTpuIATEIbHBIE IPOIOJIBHYIO U OMEPETHY IO HO/ISIPU3AIIH,
puYeM MOCIe/Hsis He HabII0aaach B PEIBIAYIINX HEeITPHHHBIX SKCIepUMeHTaX (CM.
tabsmnpr 2.1 u 2.2):

P, =-0,154+0,03 (crar.) £ 0,02 (cucr.),
P, =-0,2240,03 (crar.) £ 0,01 (cucr.);

e yCUJIeHWe HOJsIpU3aliu B 00J1acTu (pparMeHTaIid MUIITEHH 10 CPABHEHUIO C 00J1aCTHIO
¢dbparMeHTaNUKA MydKa, TOBOPHUT B IOJIb3Y PA3IUIHBIX (DU3NUECKHX MEXaHU3MOB, OT-
BeTCTBeHHBIX 3a nosgpu3anuio B OPM u O®II, a TakxKe gBIsgeTCS JOMOTHATETHHBIM
JIOBOJIOM B TIOJIb3Y CYIIECTBOBAHHS MOJISIPU30BAHHBIX SS Iap BHYTPU HYKJIOHA:

P, =-0,2140,04 (crar.) £ 0,02 (cucr.),
P, =—-0,26+0,04 (crar.) £ 0,01 (cuct.);

e usMepenne noagpusanud AC-rumeponos B o6acTi dparMeHTAMd IIyYKa HO3BOJILET
onpeaenTh Ko3DUINEeHT Hepejadn cinHa oT u KBapka AY-runepomny:

CA=0,0940,06 (crar.) £ 0,03 (cucr.);

® II0BeJIeHNe IONepPeYHON NOMAPU3AINN B 3aBUCUMOCTHA OT p2T Ka4YeCTBEHHO COBIIAJaeT C
pesy/jabraraMiu, I0JIyYeHHBIMU B HEIOJAPU30BAHHBIX a/{POH-aPOHHBIX CTOJKHOBEHUAX,
YTO TOBOPUT B I10JIb3Y CYIIECTBOBAHUS €UHOTO MeXaHu3Ma (pparMeHTaiuu, He 3aBHUCs-
1Iero OT THUIla B3aUMO/IEHCTBU;

® OCHOBHOIT BKJIaJ B IMPOJOIBHYIO HOJIAPH3ANNIO JA0T obaacTu Maiabix Q2 m W2, morme-
pedHad Ke MMoJIdpudalud He 3aBUCUT OT 3TUX BEJIUYUH;

e >ddekT oT paccesinusg HEUTPUHO HA MOPCKUX KBapKax He OOHAPYKEH.
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e BIepBble B HEHTPHHHBIX 3KCIEPUMEHTaX ObLIa m3MepeHa moigpusanusg AC-rumeponos,
HO M3-33 HU3KO CTATUCTUKU HAOOPa, Pe3y/bTaThl MOIYyUYeHbl ¢ OOJIBINTUMU CTATUCTHYE-
CKAMHU ONINOKAMU:

P, =—-0,07+0,12 (crar.) £ 0,09 (cucr.),
P, =0,09+0,13 (crar.) £ 0,10 (cucr.);

® OTCYTCTBUE IMOJAPU3ALUU Kg B Pa3/IMYHBIX KHHEMATUICCKUX 00J1aCTAX IMOATBEPZK TaeT
HaJE2KHOCTDH HaIlIUX HBMepeHHﬁ.

OKOH“I&TGJ’IBH&H UHTEpIpeTalnud MOJIyIYeHHBIX Pe3yJbTaTOB MOXKeT 6bITb IIpoBeJeH TOJILKO
IIOCJIe YTOYHEHUST BBIXOJOB PA3INIHBIX PE30HAHCOB U TAXKEIbIX OAPUOHOB, JAIOMINAX BKJIAT B
noaspuzanuio A’-runeponos.

B0/ IHeHHBI aHa/Im3 0 H3Mepennio noagpusanuu A-rumeporos B V,, B3aUMOJIEHCTBUAX
[0 KaHAJIY 3aPA2KEHHOIO TOKA, MOCJLy2KHJI OCHOBOH /I OJATIOTOBKHA HAYYHOI CTaThU OT UMEHU
kositaboparmu NOMAD, koropast B Onzkaiiiiiee Bpemst Oyer HanpasieHa B xKypuaj Nuclear
Physics.



Ilonck 3navennii pyHKIUN X2

Xoporree npocTpancrBeHHoe paspemrenne gerekropa NOMAD mo3Bosisgier HaM ¢ BBICOKOIt
TOYHOCTBIO U3MEPATH KOOPAWHATHI U MMITYJIBCBl TPEKOB 3apPA?KEHHbIX YaCTHIL. O,ZLH&KO npu
CYIIECTBYIONINX OIMMOKAaX BCEe PABHO HEJIb3sl HANPSAMYIO HMCIIOJIH30BATh 3aKOHBI COXPAHEHUS
N1 ompeeneHns UMIyabca n tana VO, I109ToMy, HCTHHHBIE 3HAUCHHS KHHeMATHIeCKHX Ie-
PEMEHHBIX x; (MMITYJIbCHI TPEKOB W UX YIVIbI B JTAOOPATOPHOl CHCTeMe OTCUYeTa) MOAOUPAIOTCST
myTeM MUHAMU3ANUN HYHKITTNT

H = Z(Iz —x]")Gij(z; — 2F"), (:1)

C TeéM pacdeToM, LITO6bI OHU HaXOIUJIMCH B MHTEPBaJIlaX JOIIYCTUMbBIX OH_[I/I6OK nu3MepeHud. B
Boipazkennu (.1) 27 — u3MepeHHble 3HAUEHNS, G;jl obpaTHas MaTPHUIA OIIHOOK.

YT00BI yUeCTh 3aKOHBI COXPAHEHUs] SHEPTUH M MMITYJIbCA, MUHUMI3AIs Bbhipaskerust (.1)
OCYIIECTBJISIETCS 0 MeTojy JlarpanzKa:

_ m\T m
M(x,y)—Z(xz—xz ) Gij(xj_xj )+2ZOZ>\F>\(I',y), (2)
,J A
e « - koaddunuents! Jlarpanzxka, nogdupaeMbie B Ipoiecce MUHUMHU3AINT, £ W3MEPEHHbBIe
3HAYCHHS TTAPAMETPOB, y HeMm3MepeHHbIe mapaMerphbl (mmmyasce VO), A = 1, ..., L KommaecTBo
orpaHuveHuil (3aKOHOB coxpaHenus), byHKIuN Fy onpeaensorcs ciegyommm o6pa3oM:

Fl = Dzl +px2_pVSin(5:0
Fy = py1 + pyo — pvcosdsing =0
F3=p.1 +p.2—pycosdcosgp =0 (-3)

Fy =/} +mi+ /o3 +m3 —\/p} +mi =0.

3/ech OoCcM X W z HANPABJEHBI BJIOJb MATHUTHOTO IMOJS W IyYKAa COOTBETCBEHHO, O - yTOJI
MeZKJly HalpaB/aeHHeM 1oaera VO u IIOCKOCTBIO Y2, a YOI ¢ - a3UMYTAJBHBIH (YTOT MeXK Ly
npoekimeii Hanpapaenus VO Ha MIOCKOCTH Yz U 0ChIO z). Macchl TOJTOKATETLHO U OTPHUIIA-
TEJILHO 3apSIZKEHHBIX TPEKOB (M1, Mg) BHIOUPAIOTCS W3 MPE/IITOI0KEHNsT O TUIIOTe3e paciajia:
K9 — ntr=, A — pr~, A — prt u rumoress ramMva-KonBepenu y — ete”.

Munumusupys Boipazxenue (.2) ¢ noMouibio crangapraoro nakera MINUIT?, nosydaem
4 3pavenns (YHKIUK X2, XapaKTePU3YIOIHUX J0CTOBEPHOCTh MPUHAICAKHOCTH JaHHOro VY
COOBITHS ONpe/Ie/IeHHOi TnoTe3e (B HaeanbHoM caydae x2 = 1).

?Ha npakTuke ObLT MCTOJIBL30BAH APYTOfi COCO6, MOAPOOHO onucaHHbIil B [12].
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Pacnpenenenne ApmenTepoca

[Ipu naentuduxanun VO u koppextuposke ganuabix MK Ha HecooTBeTcTBIE BLIXOI0B pas-

JIMYHBIX TUIIOB YaCTHUIl, UCHOJIb3yeTcs pacinpeaenenne ApMenTepoca, IpeacTaBIgionee coboi
3aBUCHMOCTH P OT 1epeMenHoll o = ﬁ, rae p_, pi, PFY — NPOJOJbHBIE M MOIEPed-

Has KOMIOHEHTHI 3apsyKeHHBIX TPEKOB OTHOCHTEILHO nMITy/Ibca VO B 1abopaTopHOil cicTemMe
orcuera (puc. .5).

Puc. .5: Kunemamuxa V° cobwmus 6 aabopamoproti cucmeme omeywema.

PacemorpuM pacian VO ma aBe gacTHIb, ¢ MaccaMu My, m_ 1 aMIoyabcamu P, P_. Nx
SHepruy, MpoIoabHbIe U Iolepednble KOMIIOHEeHTH UMIIY/ILCOB B ciucTeMe nokos VO, cormacHo
npeobpa3oBaHugaM JIopeHIa, 3Ly Tca B BU/IE:

P = yp+ — VBEL
EY =~vyEL —v06p+

intx _ nt (4)
pr pr

=2 =_1 _E
ﬁ_Ea Y= 17ﬁ2_M’

re 3, M, E — ckopocth, Macca u sueprua V0. Vcnonbsya npeobpasoanns (.4) U paBeH-

CTBO NPOJOIBHEIX HUMIIYIbCOB p* = —p’, BEIPasKeHHe Jad & OyIeT BLIIIAICTD CIeILyIONMIM
obpazom:
&:p+—p_:’y(pi—p*,ﬂLﬁ(Ei—Ef)) (5)
Py + - V8 (E% + E*) ' '

Tak kak p* = P* - cosf (cMm. puc. .6), n3 3aKOHA COXPAHEHUST SHEPIUH MOy TAEM:

2 P* . cosf EX —E*  2P*.cosf m2—m?
+ = = + = . (.6)
G(E;+ E%) " Ei+Er G VE

o =
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Puc. .6: Kunemamuxa V° cobwmus 6 cucmeme nokos.

N3 sroro Beipazkenusi u puc. .6 ciaejyer, 4To

int 2 2
pr BM m% —m?
oo U T T e (7)

sm@ = 75

Vcnob3ys OCHOBHOE TPUTOHOMETPHUECKOe TOXKIecTBO sin’ @ + cos? @ = 1, moaydaeM ypaBHe-
HUe JLTAICA!

int \ 2 2
p_sz a= % =1 8
P* + / o ()
gl o
2 2 *
_ P+—p- _ mi—mZ ., 2PC
rae a = “==s Qo = —gm, &= ar

B pacnage K% — 7tn~ m_ ~ m,, To ecTb o = 0 U cJieJioBaTeILHO, ero pacipe/ieeHie B
IepeMeHHBIX pit 1 v CUMMETPHIHO OTHOCHTETHHO (), B KOTOPOM OHO UMEeT MAaKCHMYyM IO pa
(eciu He MPUHUMATH BO BHUMAHUE OIMIMOKH BOCCTAHOBJIEHWS] MMITYJILCOB), paBHbI 206 M3B.
Tast A°, A st pacupejesienust cMeIeHbl COOTBETCTBEHHO BIPABO U BJIEBO C MAKCHMYMOM
1o p% B Touke o = |0, 7|, pasom 101 MsB. Pacupejiesienne ¢poToHOB, KOHBEPTUPOBABIINX B
3JIEKTPOH-TIO3UTPOHHYIO APy, He TOIIMHACTCA STOMY 3aKOHY U PACIIPeIeIeHO BHU3Y JaHHOTO
rpacduka (cMm. puc. .7).

13 sTOro pucynka BHIHO, 9TO rpadbuk ApMeHTepoca sABIAeTCa NPEKPACHBIM HHCTPYMEH-
TOM JIjIst OT/IEJIEHUs] PA3JIMYHBIX TUIIOB COObITHiT (BRIGOD KpUTepres 0T60pa) 1 KOPPEKTHPOBKE
narabix MK Ha HECOOTBETCTBHE BBIXOAOB 4acCTUIL (IPU 3TOM HCIIOIB3YETCsl CAMMETPHsST Pac-

peJieJIeHn i OTHOCUTEIHHO TIEPEMEHHON ().
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0.25

% 0.225
0.2
o 0.175
0.15
0.125

0.1
0.075
0.05
0.025

int’ G

Puc. .7: Pacnpedeaerue pexoHcmpyuposantvix cobvimut no nepemennots o 6 nabope MK.



3mMmepenue ageprum HEiTPUHO

Jng mocrpoenus “J” u “P” cucreM, B KOTOPBIX MblI uiieM nosgpuzanuio A°, mMmynnbe
W -6030mna onpejessercs 1mo ¢popMmy.ie:

PW:PV_Pla

rie P; nvmmysibe MiooHa, n3MepsieMblit 10 KpUBU3HE TPAEKTOPUU B MArHUTHOM TIOJIE JIETEKTOPA
NOMAD, P, nmmysibc HefiTpuHO, HAPABIEHBIH BJOJb OCH Z W YHCJIEHHO DaBHBIT (B cHcTeMe
¢ = h = 1) ee sHepruu, BBIYUCISAEMON MO MOJHON BBIJETUBINEHiCS SHEPTUH B aJPOHHOM U
37eKTPOMAarHUTHOM KaJOpUMeTpax.

DTa mporeaypa OCYIIECTBIIETCS CAeAYIOMUM 00pa3oM: M3-3a HEBO3MOYKHOCTH OIpe/Ie-
JIEHUSI THIIA YaCTHUIBI, BCe TPEKN CUYUTAIOTCS 3a MUOHBI WM KAOHBI, MOCJE Yero, CPaBHUBAS
BBIJIEJTUBIITYIOCS SHEPIHIO C TAOJTMIHBIMY 3HAYEHUSIMHE, OMPEJIEISIOT SHEPTHIO CaMOil YaCTHIIHI,
IPU 3TOM HUKAK HE YUYUTBHIBas HEWTPAJIbHbIE YACTHUIBI U HEITPOKOHBEPTUPOBABIINE Y-KBAHTHI,
9TO BeJIeT K JOMOTHUTETbHBIM OMMMOKAM MPU M3MEePEeHUN MOJISIPU3AIIIHT.

Y10o0BI XOTh KAaK-TO YY€CTb 3TH HEJIOCTATKH, OBLT MPEITOKEH MeTOJ MOCTPOeHHUST HeI0-
CTAIOIET0 UMIIYJIbCa, OCHOBAHHBLII HA TOM, YTO CYMMAapPHBII IIONEPEYHbIA UMITYJILC aJPOHHONI
CTPYH M MIOOHAQ, OTHOCUTEIHLHO HAIPABJIeHUsT HEHTPUHO, JOJZKeH PaBHAThCS HYJ0. [Ipn sTom
JIeTACTCST TIPE/IIOI0KEHNe O TOM, 9TO OH JIEXKUT BJIOJIb 3TOH ocH (cM. puc. .8):

P, -siny=—(Pyg+Py)-sind, (.9)

rae P, u Py ummybesl Mioona u aJiponnoit crpyu, a Py nejocratonuii uMiryJibe.

Puc. .8: llocmpoenue nedocmarousezo umnysvea 6 HelmpunHom 83aUMO0EtcMEuL.

W3 3akoHA COXpaHEHUA UMIIYJIbCa IMOJJIYyYaeM:

E,=|P,|=|P,|-cosy+ (|Pu|+|Pn]|) - cos®, (.10)
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rie £, n P, suepruga m uMmyibc HERTPUHO.
U3 ypasrennii (.9) u (.10) nosyuaem BeIpazKeHue JIJisi SHEPIUH HEHTPHHO:

sin(y + 6)

Ev = ‘P“’ . sin 7y

, (11)
TO €CTh, JIJIS ee OlpeJie/IeHnd TpeOdyeTcs 3HATh JIMIIh UMILYJIbC MIOOHA M J[Ba yIJIa, KOTOPBIE
JIETKO BBIYUCJISTIOTCS.

JInst IOMOTHUATEILHO TPOBEPKH TaKzKe UCHOJIB30BAICS MeTol, aBoitHoro yria [14], B ko-
TOPOM HEPIusl HEITPUHO ONPEeIsIach CIeAYIomuM 06pa3oM (cM. puc. .8):

B & siny + sin @ + sin(y + 6) (12)
ok 2sin 7y ‘ '

OcCHOBHOIT HEJIOCTATOK MOCIEIHUX JIBYX METO/IOB 3aK/II0YAETCS B TOM, UTO HEIOCTAIONTNM
UMITYJIbC MOYKET He COBIAIATH C OChIO aJIPOHHOI CTPYH.

Ha puc. .9 uzobparkena oTHOCUTEIbHAS ONMMOKA BOCCTAHOBJIEHUSI SHEPTIUU HEHTPUHO JJIsi
BCEX TPeX METO/IOB.

2 x 10
8 x 10 L | Mean 0.7901E-02 C | Mean —0.1153E-01 x 10 = Mean 0.3181E-02
et 1500 [L°MS 0.2035 10000 RS 0.2135 10000 . 7¥s 0.2108
e - - -
C o 7500 ) 7500 — ¢
LICJ 1000 = -
- 5000 | 5000 —
500 | - B
- 2500 | 2500 —
0o = : 0 - ‘ 0 =
-1 0 1 -1 0 1 -1 0 1
Sim Rec: Sim Sim Rec: Sim Sim Rec: Sim
(E, 7 -E, TE, (E, 7 -E, TE, (E, - E, TE,

Puc. .9: Omnocumenvran owubra 60ccmanosienus IHep2uL HeTMPUHO OAL MPET PAZAULHOLL
cnocobos ee BuHUCAEHUA: G) N0 NoAHOT 6udumol suepeuu, b) nocmpoenue Hedocmarouiezo

umnyavca, ¢) memod 06oiinozo yeia.



Hpeueccmﬂ ClInHa B MAI'HUTHOM I1I0OJI€

[IycTb € - eMHUYHBIN BEKTOD, HATPABIEHHBIN B0JIb CIIMHA YACTHUIIHI B CUCTEME ee TIOKOS.
B sraboparopHroii cucreme, rje 4-X UMIyJIbC qacTuibl papen PP = (E, P), ee ciiun onuchiBaer-
cst 4-x Bekropom at = (a°,a), KoTopblil 3amuckiBaeTcs Yepes & MoCpeCcTBOM peobpa3oBaHuii
JlopeHIia B cemyromieM BHje:

o Pt (P -¢)?

2
St T

P(Pg

=S Bt m)

a

[Ipeneccusi crimHa YacTUIBI C MArHUTHBIM MOMEHTOM 4 B 1ojie B, B cucreme ee 1mokos
JaeTcs CJIEIYIOIIUM BbIPDaXKEHUEM:

% — 24 [¢B] + ;iEm(V - B) [v¢] (.13)

JIs1 9acTuI, TpoXoadIuX B MArHUTHOM IIOJIe pacCTOAHHe d 3a BpeMs t, BazKHO PacCMOT-
peTh JBa CJIydas:

® eCJI CKOPOCTb V TepIeHJIuKY/JIdpHa MO0 B, To couH YacTUnbl BpallaeTcs Ha YO,
paBHBIIL:

0, =2 Bt=01s3 L pr) ZILoBLdlew

1N P I'sB/c] (rpaz)

® ecJI yKe CKOPOCTh V IapaJsiieibHa 1o B, To cnne BpamaeTcst Ha yroJi, paBHBIH:

B B m m [FSB/CZ} d [em]
9||—2uBtm/E—0.183 ,U_NB[T] P[[5B/d]

(rpas)

s A-runeponos, jersmux B MarauTHoM nojie jgerekropa NOMAD (B = 0,4 T,
= —0,613 puyn, d = c7T="7,89cm), cpeHUI yTrOJ HOBOPOTA COCTABJISIET

0, = 1,7 rpan, 0 = 0,5 rpan.

Ha puc. .10 nzobpaxeno 6, (ciesa) u ) (cupasa) pacupe/esienne [jisi peagbHbIX JAHHBIX
u coobitnit MK. Tak Kak 4acTHIlb B OCHOBHOM JIETST HEPHEHIUKYISPHO MArHUTHOMY IIOJIIO,
TO HOBOPOTOM Ha ¢ MoKHO npenebpedn. IlosToMy, B cucTeMaTHIeCKHe OMMMOKN BKIIOYACTCA
TOJTBKO M3MeHeHUe MOJISPU3AINE MIPU MOBOPOTEe CIUHA B pe3yjbraTe mpereccun Ha 6, = 1,7

IrpajycoB.
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arbitrary units

Puc. .10: Pacnpedererue no yeaam 0, (caesa) u b (cnpasa) nosopoma cnumna A%-2uneponos
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