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O6ll.\Arl XAPAKTEPVICTVIKA PA6OTbl 

A«myanbHOCmb. 3Kcnep111MeHTailbHOe 111cc11eAOBaH111e HeilenTOHHblX pacnaA0B 

K-Me30HOB 111, B YaCTHOCTIII, onpeAeI1eH111e napaMeTpOB MaTplllYHOro 3IleMeHTa 

(YaCT0 Ha3blBaeMblX B IllllTepa'fYpe napaMeTpaMIII HaKilOHa) AJlSl pacnaAOB 

K ➔ 3,r SlBilSleTCSl aK-ryailbHblM AJlSl nposepKIII TeopernYeCKIIIX MOAeneC1, 

on111CblBalOIJ.IIIIX Hlll3K03HeprernYeCKllle Me30HHble npo4eCCbl B TepMIIIHax 

3cpcpeKTIIIBHblX K111pa11bHblX narpaH)KlllaHOB. Vlcc11eAOBaH111e CTPYKTYPbl 

3tj)cpeKTIIIBHoro narpaH)KlllaHa, on111cbIsat01.J.1ero He11emoHHbIe pacnaAbl c 

1113MeHeHllleM cTpaHHocrn I b.S I =1, sisnsieTcsi OAHOC1 1113 aK-rya11bHe1.1w111x 3aAaY, 

KOTOPYIO MO)KHO peWIIITb B 3KCnep111MeHTaX no 1113yYeHIIIIO pacnaAOB K-Me30HOB. 

nocKOilbKY p0ilb pa3111114HblX AIIIHaMIIIYeCKIIIX MeXaHlll3MOB B on111caHIIIIII K

pacnaAOB s TeOPIIIIII He YAaeTCSl BblSICHIIITb A'O KOH4a, HeCOMHeHHbll.1 IIIHTepec 

npeACTaBilSleT Ill06asi B03MO)KHOCTb IIIX 3KCnep111MeHTailbHOro pa3Ae11HIIISI. TaK, 

C0BMeCTHbll,1 aHa111113 AaHHblX no pacnaAaM K ➔ 21t, K ➔ 37t AaeT B03MO)KHOCTb 

BblAeileHIIISl BKilaAOB TaK Ha3blBaeMblX "nlllHrBIIIHOBblX" AlllarpaMM. AK-ryailbHOCTb 

3T0Jii npo611eMbl 06yc11os11eHa TeM, 4T0, no cospeMeHHblM TeopernYeCKIIIM 

npeACTaBileHIIISIM, n111HrBIIIHOBble AlllarpaMMbl 111rpat0T pOilb He T0ilbKO B 

AIIIHaM111YecKoM yc11111eH111111 nepexoAOB c 1113MeHeH111eM 1113ocn111Ha I b.l I =1/2, HO 

TaK)Ke nOJlH0CTblO onpeAeilSIIOT npsiMoe CP-HapyweH111e B HenenTOHHblX K

pacnaAaX .. .Qnsi C0BMeCTHoro aHa111113a AaHHblX no HeilenTOHHblM pacnaAaM 

K ➔ 21t, K ➔ 37t C 4eI1blO pa3AeneHIIISl pa3111114HblX BKilaAOB B aMnillllTYAbl KpOMe 

AaHHblX O sepOSlTHOCTSIX pacnaAOB Heo6XOA111Ma IIIHQ)OpMa4111si O napaMeTpax 

MaTp1114HblX 3IleMeHTOB AJlSl pa3111114HblX KaHail0B pacnaAOB K ➔ 31t. Xorn 

pacnaAbl K± ➔ 7t±7t07tO IIICCileAOBaillllCb BO MH0rlllX 3KCnep111MeHTaX, TOYHOCtb 

1113MepeHlllfl napaMeTpOB HaKilOHa HeAOCTaTOYHa AJlfl npoBeAeHIIISl HaAe)l(HblX 

TeopernYeCKIIIX pacYeTOB. 

l..lenb pa6ombt: 

OnpeAeI1eH111e Tpex _ napaMeTpos MaTplllYHoro 3IleMeHTa pacnaAa 

K+ ➔ 7t+7to7to C T0YHOCTblO, npeBblWa101.J.1eC1 TOYHOCTb npeAblAYIJ.IIIIX 

~::;:.~~~~:~~~ ~ ~- :---~~~~: H I;.,,. {1, >'. ,. n. i;u,.:,ij iww,..,111 I 
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3Kcnep111MeHTOB Ha 60JlbWOC1 CTaTll1CTlt1Ke co6b1T111C1, B KOTOPblX 1113MepeHbl Bee 

K111HeMarn4ecK111e napaMeTpbl 4acrn4. 

C03AaH111e MaTeMaTll14eCKoro 06ecnel!eH111s:i AilH o6pa6oTKll1 

3Kcnep111MeHTaJlbHblX AaHHblX no pacnaAaM K-Me30HOB, nony4eHHblX Ha 

ycTaHOBKe n,mEPOH-2, Ha CepnyxoBCKOM npoTOHHOM Cll1HXpOTpOHe. 

Pa3pa60TKa MeTO):la BOCCTaHOBJleHll1H KOOpJ:1111HaT nona):laHll1H y-KBaHTOB B 

rDJ:10CKOnll14eCKll1C1 3JleKTpOMarHll1THblC1 Kanop111MeTp B o6nacrn CTblKa 

nps:iMoyronbHblX s:14eeK pa3Horo pa3Mepa. 

Hay'IHaR H08U3Ha: 

1. Cyl.J..leCTBeHHO nOBblWeHa T04HOCTb 1113MepeHll1H napaMeTpOB HaKJlOHa 

J:1111arpaMMbl Aa11111T4a B pacna):le K+ ➔ n+n°n°, no cpaBHeH11110 c npeJ:lblJ:IYIJ..lll1Mll1 

3KCnep111MeHTaM111. 

2. BnepBble nony4eHbl HeHyneBble 3Ha4eHll1H KBa):lpaTll14HblX napaMeTpOB 

HaKJlOHa C T04HOCTblO OKOJlO 25%, 6onee 4eM BJ:IBOe npeBblWa101.J..1eC1 T04HOCTb 

npeAblJ:IYIJ..lll1X 1113MepeH111C1. 

3. BnepBble npe):IJlO>KeH 111 pa3pa60TaH MeTO):l onpe):leJ1eHll1H KOOpJ:1111HaT BXO):la y

KBaHTOB B rDJ:10CKOnll14eCKll1C1 3JleKTpOMarHll1THblC1 Kanop111MeTp B o6nacrn CTblKa 

nps:iMoyroJlbHblX 3JleMeHTOB pa3HOro pa3Mepa. 

4. BnepBble HaC1):leHbl aHaJ1111Tlt14eCKll1e cpyHKL.\111111, onll1Cb1Bal01.J..1111e 3aBll1Cll1MOCTb 

cneKTpa 111HTeHCll1BHOCTlt1 4epeHKOBCKoro 1113Ily4eHll1H, Bbl3BaHHOro 3aps:i>KeHHblMll1 

7t-Me30H8Mll1 B 3JleKTpOMarHll1THOM Kanop111MeTpe, OT 3Heprn111 7t-Me30Ha 111 

onpe):leJleHbl napaMeTpbl 3Tll1X cpyHKL.\111C1. 

npa«mu'lec«aR u,eHHocm1:, pa6om1:,1: 

1. Vl3MepeHHble 3Ha4eHll1H napaMeTpOB HaKJlOHa MOryT 6b1Tb 111cnOJ1b30BaHbl J:\Ilfl 

npoBeAeHll1H COBMeCTHOro Teopernl!eCKOro (pll1Ta 3KCnep111MeHTailbHblX ):laHHblX 

no HenenTOHHblM pacna):laM K-Me30HOB. noBblWeH111e T04HOCTll1 1113MepeH111C1 

n03BOJ1111T yMeHbWll1Tb Teopern4eCKll1e HeonpeAeileHHOCTltl B 04eHKe 3cpcpeKTOB 

npHMOro CP-HapyweHll1H 111 yc11111eH111H nepeXOJ:IOB C 1113MeHeHll1eM 1113ocn111Ha 

IMI= 1/2. 

2 

2. Pa3pa6oTaHHblC1 MeTOA peKOHCTPYKL.\111111 KOOPAll1HaT BXO):la y-KBaHTOB B 

3JleKTpOMarHll1THblC1 Kanop111MeTp no3BOJ1HeT onpeAeJlHTb 111X KOOPA111HaTbl B 

o6nacrn CTblKa npHMoyronbHblX 3JleMeHTOB pa3Horo pa3Mepa. MeTO):l np111MeHll1M 

J:IIlH Kanop111MeTpOB C 3JleMeHTaMll1 J11060C1 W111Pll1Hbl, TaK KaK nony4eHHble 

cpopMyilbl onpeAeilHIOT 3aBll1Cll1MOCTb KOOPA111HaTbl OT pa3Mepa H4eC1Kll1 

Kanop111MeTpa. 

3. nony4eHHaH aHa11111rn4ecKaH 3aBll1Cll1MOCTb cneKTpa 111HTeHCll1BHOCTlt1 

4epeHKOBCKoro 1113Ily4eHll1H, Bbl3BaHHOro 3apH>KeHHblMll1 7t-Me30HaMll1 B 

3JleKTpOMarHll1THOM Kanop111MeTpe, OT 3Heprn111 7t-Me30Ha MO>KeT np111MeHHTbCH 

AilH A111CKPll1Mll1Ha4111111 aAPOHHblX 111 311eKTpoMarHll1THblX Jlll1BHeC1, a TaK>Ke np111 

pac4ern aKcemaHca J:IIlH MOAe11111poBaH111H OTKJ1111Ka Kanop111MeTpa Ha nonaAaH111e 

3aps:i>KeHHblX aApOHOB. 

Aemop 3aU(U1.L~aem: ~ 

1. Pe3yilbTaTbl onpe):leneH111H napaMeTpo~ MaTpll14Horo 3JleMeHTa pacnaAa 

K+ ➔ 7t+7t 07t 0 , nony4eHHble Ha OCHOBe aHaJ11113a AaHHblX nepBoro 3JleKTpOHHOro 

3Kcnep111MeHTa no 1113y4eH11110 3Toro pacnaAa, rAe 1113Meps:111111cb 3Heprn111 111 

111MnynbCbl Bcex, y4aCTBYIOIJ..lll1X B pacnaAe 4acrn4. 

2. C03AaHll1e nporpaMMHOro o6ecne4eHll1H J:IIlH o6pa60TKll1 3KCnep111MeHTaJlbHblX 

AaHHblX, nony4eHHblX Ha ycTaHOBKe r111nEPOH-2, KOTOpoe 6b1Jl0 111CnOilb30BaHO 

np111111cc11e):10BaH111111 pacnaAa K+ ➔ 1t+1to1to. 

3. Pa3pa6oTKy 111 np111MeHeH111e MeTOAa onpeAeJ1eHll1H KOOPA111HaT BXOAa y-KBaHTOB 

B rDJ:IOCKOn1114e4K111C1 3JleKTPOMarHll1THblC1 Kanop111MeTp B o6nacrn CTblKa 

3JleMeHTOB pa3HOro pa3Mepa C y4eTOM 3aBll1C111MOCTlt1 OT yrna naAeHll1H 4aCTlt1L.\bl 

Ha noBepXHOCTb Kanop111MeTpa. 

4. no11y4eH111e aHaJ1111Tlt14eCKll1X cpyHKL.\111C1, on111CblBalOIJ..lll1X 3aBll1C111MOCTb cneKTpa 

111HTeHCll1BHOCTll1 4epeHKOBCKOro 1113IlY48Hll1H, Bbl3BaHHOro 3aps:i>KeHHblMll1 1t

Me30HaMll1 B 3JleKTpOMarHll1THOM Kanop111MeTpe, OT 3Heprn111 1t-Me3oHa, a TaK>Ke 

cpyHKL.\111C1, on111CblBal01.J..1ll1X pacnpe):le11eH111e 3HeprOBb1AeJleHll1H OT a):lpOHHOro 

Jlll1BHH no H4eC1KaM Ka11op1t1MeTpa B 3aBll1Cll1MOCTll1 OT T04Kll1 BXO):la n1110Ha, 111 

3 
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KanopV1MeTpos 6blflVI 06beAV1HeHbl B wecTb rpynn - 5 rpynn B EMC2, a EMC1 

6blfl BKnlO'-leH B TpVlrrep, KaK OAHa rpynna. 

OTMeYeHO, '-ITO 6naroAapH BKnlO'-leHVIIO B COCTaB YCTaHOBKVI 

cneKTpOMeTpVIYeCKOrO MarHVITa, nponop4V10HaflbHblX KaMep VI ABYX 

aneKTpOMarHVITHblX KanopVIMeTpOB, Haw 3KCnepVIMeHT HBnHeTCH nepBblM 

aneKTpOHHblM 3KCnepV1MeHTOM no VICCfleAOBaHVIIO pacnaAOB K± ➔ 7t±7to7to, B 

KOTOpOM Vl3MepHnVICb 3HeprnVI VI VIMnynbCbl Bcex, yYaCTBYIOl.l.lVIX B pacnaAe 

Yacrn4. 

B mpem1:,eu anaae onV1caHbl MeTOAbl 06pa60TKV1 aKcnepV1MeHTanbHbIx 

AaHHblX. npVIBeAeHa 061.1.1aH cxeMa C03AaHHOro HaMVI KOMnneKca nporpaMM 

o6pa60TKVI VI paCCMOTpeHbl amopVITMbl, nono>KeHHble B OCHOBY C03AaHHblX 

nporpaMM. Cy1.1.1ecTBeHHOe BHVIMaHVle YAeneHO pa3pa6oTaHHOMY HaMVI Ha 

OCHOBe MeTOAVl'-leCKVIX Vl3MepeHVII/I HOBOMY MeTOAY peKOHCTPYKL\VIVI KOOPAVIHaT 

nonaAaHVIH y-KBaHTOB B roAOCKOnVIYeCKVle KanopVIMeTpbl, COCTaBneHHble Vl3 

npHMOyronbHblX aneMeHTOB pa3HOro pa3Mepa. nonyYeHHble cpyHKL\VIVI, 

OnVICblBa101.1.1V1e 3aBVICVIMOCTb KOOPAVIHaTbl y-KBaHTa X OT pa3HOCTVI 

R = ( Eteft - E,;ght )/ E101 OTHOCVITenbHoro 3HeproBblAeneHVIH cnesa Eieft / E 101 VI 

cnpasa E,;ght / E101 OT HYel/lKVI, B KOT0py10 nonana Yacrn4a, VI WVlpVIHbl 3TOIII 

HYelllKVI h 

x(R,h) 
a2h-tg(a1R)-2 + ✓4 +a2 

2h2 · tg2(a 1R)-4tg2(a 1R) 

2a2 · tg(a1R) 

x(R = 0) = ½, 
(2) 

rAe a,= 2.89, a2 = -0.16 - napaMeTpbl, no3B0flHIOT He TOflbKO npVIMeHHTb 3TY 

MeTOAVIKY AflH KanopVIMeTpOB C H'-lel/lKaMVI n1060111 WVIPVIHbl, HO VI onpeAeflHTb 

KOOPAVIHary y-KBaHTa B o6nacrn CTblKa HYeeK pa3HOro pa3Mepa. noKa3aHa 

He06XOAVIMOCTb yYeTa nonpaBKVI DX K KOOPAVIHaTe, BOCCTaHOBneHHOIII no 

cpopMyne (2), B 3aBVICVIMOCTVI OT yma naAeHVIH a Ha nosepXHOCTb KanopVIMeTpa. 

nonyYeHO aHanV1rnYeCKOe Bblpa>KeHVle AflH 3TOIII 3aBVICVIMOCTVI 

6 

DX(a) = a1 • 1h(a2a - a3 )+ a4, 

rAe 8 =14.0, 8 2 =21.6, 8 3 = -0.898, 8 4 =10.5. 

npV1BeAeHbl KPVITepVIVI OT6opa co6blTVIIII, HaV16onee cy1.1.1ecTBeHHblMVI Vl3 

KOTOpblX 6blflVI: 

1. VIMnynbC BTOpVl'-IHOI/I 3apH>KeHHOI/I Yacrn_L\bl AOfl>KeH 661Tb Vl3MepeH C noMOl.l.lblO 

MarHV1Ta MC-12; 

2. ecnVI BTOPVIYHaH 3apH>KeHHaH Yacrn4a nonana B KanopV1MeTp nrA2, TO TaM 

AOfl>KHO 661Tb 3aperncTpV1pOBaHO Bbl3BaHHOe e10 YepeHKOBCKOe CBeYeHVle; 

3. B o60VIX KanopVIMeTpax AOfl>KHO 6bITb 3aperncTpV1pOBaHO YeTblpe flVIBHH OT y

KBaHTOB c 3HeprV1e111 He HVl>Ke 500MeV. 

npoAeMOHCTpVlpOBaHa KOppeKTHOCTb npo4eAYPbl KVIHeMarnYeCKOI/I 

V1AeHrncpV1Ka4V1V1 co6b1rn111, B pe3ynbTaTe KOTOpo111 AnH nocneAy101.1.1ero aHanV13a 

OT06paHO OKOflO 33000 cnyyaeB BOCCTaHOBneHHblX pacnaAOB 

YAOBnernopHIOl.l.lVIX rnnoTe3e K + ➔ 1t+ 1t
0n° c P(x 2

) :e: 0.03. 

'-lemaepmaR anaaa nocBHl.l.leHa pacYery acpcpeKTVIBHocrn perncTpa4V1V1 

pacnaAa B ycTaHOBKe (aKcenTaHca), BblnOnHeHHOMY MeTOAOM MoHTe-Kapno C 

nOMOl.l.lblO C03AaHHOro HaMVI KOMnneKca nporpaMM. 

AAeKBaTHOCTb MOAenVlpOBaHVIH KOHTpOnVlpOBanacb no COOTBeTCTBVIIO 

3KCnepV1MeHTanbHblX VI CMOAenVlpOBaHHblX pacnpeAeneHVIIII. Ha pVIC.2 noKa3aHbl 

pacnpeAeneHVIH cyMMapHoro 3HeproBblAeneHVIH B OAHOIII Vl3 rpynn HYeeK 

KanopVIMeTpa, BKnlO'-leHHOIII B TpVlrrep (a) VI 3cpcpeKTVIBHblX Mace YeTblpex y

KBaHTOB VI n·-Me30Ha (6) AflH OT06paHHblX co6blTVII/I. CnnOWHOI/I flVIHVlelll noKa3aH 

3KCnepVIMeHTaflbHbll/l cneKTp, nyHKTVIPHOIII - pe3ynbTaT MOAenV1poBaHV1H. Ha 

pVIC.3 npVIBeAeHbl 3aBVICVIMOCTVI 3cpcpeKTVIBHOCTVI perncTpa4V1V1 VICcneAyeMoro 

pacnaAa OT AanV1T4eBCKVIX nepeMeHHblX X ~ Y. OTMernM, '-ITO aKcenTaHC 
' 

HBnHeTCH maAKVIM VI cna6o 3aBVICVIT OT X VI Y. 3TO 03HaYaeT, '-ITO pacnaA 

perncTpVlpyeTCH C npVIMepHo OAVIHaKOBOIII 3cpcpeKTVIBHOCTblO noYrn BO BCeM 

cpa30BOM o6beMe. 
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6 
Pacnpe.QeneH1,1si a) 3Heprosb1,QeneH1,1si B nsirnvi Tp1,1rrepHovi rpynne 1,1 6) 4eTb1pex y

KBaHTOB 1,1 1t-Me30Ha ,QilSl pacna,Qa K + ➔ 1C + 1[
0

1[
0 . Cnno~HaSl Jll,1Hl,1Sl - 3KCnep1,1MeHT, 

nyHKrnpHaSl - MO,QeI1i11pOB8Hil1e. 

0.08 --

w 0.07 -
U I 

~ 0.06 ~ 
b:: I 
t5 0.05 '
'--' 
< 0.04; 

0.03' 

0.02 [ 

0.01' 

0 'J • I I 

-1.5 -1 -0.5 0 

a) 

I I L j 
0.5 1 1.5 

(S,-s0)/m.' 

Pr.1c.3 

w 0.07 -
'--' 
~ 0.06 · 
ti:: 
w 0.05 -
'--' 
'--' 
< 0.04 -

0.03 -

0.02 -

0.01 · 

0 -'2 -'1 6 ' 1 2 
(S,-S,)/m.' 

6) 
Pacnpe.QeI1eH1,1si aKcenrnHca no nepeMeHHblM .Qi11arpaMMbl ,Qanm-1a J:IIlH pacna,Qa 

K+ ➔ ,/,!l,!l: a) pacnpe.QeI1eH1,1e no X=(s3 -s0 )!rn;.; 6) pacnpe.QeneH1,1e no 

Y=(.r2 -s1)!rn;. 
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On1,1caHbl pe3yJlbTaTbl ABYX MeTO,Q"14eCK"1X pa6oT: "1CCJ1e,QOBaH"1Sl 

3Heprern4eCKOVI 3aB"1C"1MOCT"1 4epeHKOBCKOro 1,13Jly4eH"1Sl, Bbl3BaHHOro 

a,QpOHaM1,1 B 3JleKTpOMarH"1THOM Ka11opr.1MeTpe 1,1 "13Y4eH"1Sl pacnpe,QeileH"1Sl 

3HeproBbl,QeJleH"1Sl OT a,QpOHHOrO Jl"1BHSl no Sl4eVJKaM 3JleKTpOMarH"1THoro 

Ka11op1,1Merpa. nony4eHHble pe3yJlbTaTbl np1,1MeHSlJ1"1Cb ,QJlSl A"1CKp"1M"1Hal.\"1"1 

a,QpOHHblX 1,1 3JleKTpOMarH"1THblX Jl"1BHeVI, a TaJOKe "1CnOJlb30BaJ1"1Cb np1,1 

MO,Qe111,1posaH"1"1 OTKJ1"1Ka Jl"1BHesoro rO,QOCKOn"14eCKOro ,QeTeKTOpa Ha 

nona,QaH1,1e a,QpoHa. 

Or6op CMO,Qe111,1posaHHblX C06biT"1VI npOBO,Q"1JlCSl no reM >Ke Kp1,1repr.1s:!M, 

4TO 1,1 or6op peanbHblX pacna,QoB. 061.J..1ee 41,1c110 co6b1rnvi s Aa11"1Tl.l-n11ore, 

nocTpOeHHOM MeTO,QOM ~OHTe-Kapno, np"1MepHO B ns:!Tb pa3 npeBbJWaJlo 

3Kcnep"1MeHTaJlbHYIO crarnCrnKY. Ka)l(,IJ.blVI 61,1H pe3y11brnpy101.J..1eV1 ,Q"1arpaMMbl 

AaJ1"1Tl.\a npe,QCTaBJlSleT co6ovi OTHOWeH"1e 4"1CJla 3KCnep"1MeHTaJlbHblX C06blT"1VI 

K 4"1CI1Y co6biT"1VI, CMO,Qe111,1posaHHblX C nOCT051HHblM MaTp"14HblM 3JleMeHTOM. 

B n11mou anaee np1,1so,Qs:ircs:i pe3y11bTaTb1 onpe,Qe11eHr.1s:i napaMerpos 

Marpr.14Horo 3JleMeHra pacna,Qa K+ ➔ n+n°n°, nonyYeHHble . Ha ocHose 

aHa111,13a ,Qr.1arpaMMbl Aan"1Tl.\a 1,1 3Heprern4ecKoro cneKTpa n+-Me3oHa. 

l/lccne,QOBaH"1e B03MO>KHblX 1,1CT04H"1KOB cpoHa noKa3ano, :-ITO np1,1 Hawevi 

nocraHOBKe 3Kcnepr.1MeHra 1,1 Kpr.1rep1,1s:ix or6opa co6b1rnvi ,Qpyrne K-pacna,Qbl He 

MOryT SlBJlSlTbCSl 1,1CT04HOKaM"1 cpoHa. Ol.leHKa BKJla,Qa OT ,Q"1cppaKL\"10HHOro 

paccesiH1,1s:i K-Me30HOB B Bel.J..leCTBe Ha nyr1,1 nyYKa 

K+ N ➔ K+ N1C0
1[

0 npeHe6pe>K"1MO Mana 1,1 COCTaBJlSleT OKOJlO 0.5%. 

AnnpoKC"1Mal.\"1Sl Aa11"1Tl.l-n11ora Bb1pa>KeHr.1eM (1) Ails:1 KBa,Qpara 

MaTp"14Horo 3JleMeHra ,Qaer AilSl napaMeTpOB HaKJlOHa 3Ha40H"1Sl 

g=0.736±0.014±0.012, 

h=0.128±0.015±0.024, 

k=0.0197±0.0045±0.003, 

(3) 

C x2 = 15 Ha creneHb CB060Abl. 3A0Cb nepBbl0 OW"16K"1 - crarncrn4eCK"10, 

BTOpble - C"1CTeMaT"140CK"1e. nony4eHHOe HaM"1 3Ha4eH"1e napaMeTpa k 

9 



} 

OTm14aeTCSl OT HYIUI nO4Tl,1 Ha 4eTblpe ow1,16K1,1. B 6OilbW1,1HCTBe 3KCnep1,1MeHTOB, 

rAe aHan1,131,1posanc>1 TOilbKO 3Heprern4ecK1,1i;, cneKTp 1t-Me3oHa, 3TOT napaMeTp 
,.r. 

He np1,1Hl,1MaJ1CSl BO BHl,1MaH1,1e 1,1 He onpeAeJlSlJlCSl, a B TeX Tpex, rAe 1,13y4aJ1CSl 

Aan1,1T4-nnoT, s npeAenax ow1,160K cosMecrnM c HyneM. nocKOilbKY 

O6Hap)')KeHHOe HaMl,1 orn1,141,1e HeseJll,1KO, AI1Sl cpaBHeHl,1Sl C APYrl,1Ml,1 AaHHblMl,1 

Mbl nposen1,1 Qll,1T X-pacnpeAeJ1eH1,1>1 (p1,1c.4) C Bblpa>KeHl,1eM 

IMl2 (X) = C(l + gX + hX2 ), npeHe6pera>1 napaMeTpOM k. Pe3yilbTaT 

g = 0.703 ±0.012, 

h = 0.106 ±0.013, 

c x2 = 0.91 Ha cTeneHb cso6OAbt, np1,1MepHo Ha ABe CTarncrn4ecK1,1e ow1,16K1,1 

MeHbWe, 4eM BeJl1,141,1Hbl (3). 3AeCb AaHbl TOJlbKO CTarncrn4ecK1,1e OW1,16Kl,1. 

JM/2 ,.., 

1.75 

1 .5 

',t= 
._J 

0.75 

0.5 

0.25 

_j_ - "-J --0 L _:_ 1 --- - 0. 5 

P11c.4 
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PacnpeAeneH11e no nepeMeHHO~ X pacnaAa K + ➔ 1t + 1t O 1t O 

Haw1,1 AaHHbte (3) AJlSl g u h Ha 5.5 1,1 3 ow1,16K1,1 (c y4eTOM 

C1,1CTeM8Tl,14eCKl,1X norpeWHOCTei;,) npeBblWalOT Ml,1pOBbte cpeAHl,1e 3Ha4eHl,1Sl 

(M1,1posoe cpeAHee Ailfl k He onpeAeileHo) g=0.594±0.019, h=0.035±0.015, HO s 

npeAeilaX OAHOi;,-ABYX ow1,16OK comacylOTCSl C nHTblO npeAblAYLLll,1Ml,1 

3Kcnep1,1MeHTaM1,1 (p1,1c.5 1,1 p1,1c.6). 
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nocKOJlbKY pa3Jl1,141,1s:1 B 3Kcnep1;1MeHTaJ1bHblX pe3yJlbTaTaX 4al.J..le scero 

o6ycnosneHbl c1;1cTeMarn4ecK1;1M1;1 ow1;16KaM1;1, 3TOH npo6neMe ygeneHo 

cepbe3HOe BHl,1MaH1;1e. Ans:i 01..1eHKl,1 C1,1CTeMarn4eCKl,1X norpeWHOCTeH Mbl 

nocTpo1,1n1,1 HeCKOJlbKO pa3Jll;14HblX g1,1arpaMM Aan1;1T1..1a: 

1 . .QJlR Ka>Kgoro ceaHca Ha6opa gaHHblX, nposegeHHblX np1,1 pa3HblX Tp1;1rrepHb1x 

noporax; 

2. nonaras:i B Kl;1HeMarn4eCKOM cp1,1re 0.Ql;IH 1,13 napaMeTpOB Hel;13MepeHHblM 

(Hanp1;1Mep, 1;1Mnynbc 3aps:i>KeHHoro n1;10Ha 1,1n1,1 3Heprnto y-KBaHra); 

3. np1,1 pa3Jl1,14HblX Kl;1HeMarn4eCKl,1X orpaHl;14eHl;1S'IX (Hanp1;1Mep, Ha Ml,1Hl;1MaJlbHYIO 

3Heprnl0 y-KBaHTOB); 

4. 06pe3as Kpas:i cyMMapHoro Aan1;1T1..1-nn0Ta. 

8 pe3yJlbTaTe aHaJ11;13a 3Tl,1X .Ql;larpaMM Mbl nony41,1Jll,1 HeCKOJlbKO Ha6opoB 

napaMeTpOB HaKJlOHa. MaKCl;IMaJlbHOe OTKJlOHeH1;1e napaMeTpOB HaKJlOHa OT 

3Ha4eHl,1H (3) Mbl np1;1BOA!;1M, KaK 01..1eHKY Haw1,1x C1,1CTeMarn4eCKl,1X ow1,160K. 

Ha1;160J1bWl,1e OTKJlOHeHl;IS'I 6blJll,1 nony4eHbl np1,1 pa3.QeJlbHOM aHaJ11;13e ceaHCOB 

Ha6opa .QaHHblX. 

4T06bl e1.J..1e pa3 y6eg1;1TbCR B npaBl;IJlbHOCrn MeTOAOB o6pa60TKl,1 1,1 

a.QeKBaTHocrn MO.Qen1,1posaH1;1s:i np1,1 pacYeTe aKcenraHca, Mbl, 1,1cnoJ1b3YR np1,1 

o6pa6oTKe TO >Ke nporpaMMHoe 06ecneYeH1;1e 1,1 Te >Ke MeTO.Qbl MO.Qen1,1posaH1;1s:i, 

4TO 1,1 np1,1 1,13y4eH1;11;1 K ➔ 3;r, onpe.Qe111,1n1,1 napaMeTp HaKJloHa A+ seKTopHoro 

cpopM<paKTopa s nonynenTOHHOM pacna.Qe K + ➔ ;roe+ v. Ha yacrn crarncrnK1;1 

(oro6paHO OKOJlO 12000 co6blrnH) HaM1;1 nony4eH npe.QBap1,1TeJ1bHblH pe3yJlbTaT 

;i., + =0.0288±0.0043, 

comacyl01.J..11,1HCR c M1,1pOBblM cpe.QHl,1M 3Ha4eH1;1eM A+ =0.0286±0.0022. 1,1 c 

pe3yJlbTaTaMl,1 scex npe.QblAYI.J..ll;IX 3KCnep1;1MeHTOB. 

8 3al<nlO'leHUU ccpopMyn1,1poBaHbl OCHOBHble pe3yJlbTaTbl g1,1ccepTa1..11,11,1: 

1. BnepBble npose.QeH 3JleKTpOHHblH 3Kcnep1;1MeHT C 1..1e11bl0 1,1CCJle.QOBaHl,1S'I 

pacna.Qa K + ➔ Jr+ ;r0 :r0 , B KOTOpOM 1,13Meps:!Jll,1Cb 3Heprn1,1 1,1 l;IMnyJlbCbl ny4KOBOH 
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4acrn1..1b1 1,1 scex npo.QyKTOB pacna.Qa, KaK 3aps:i>KeHHblX TaK 1,1 HeHTpaJlbHblX. 

ABTOpOM C03.QaHbl on-line nporpaMMbl KOHTpOJls:I pa60Tbl .QeTeKTopos 1,1 6blCTpOH 

peKOHCTPYKL.11,11,1 co6blTl;1H .QJls:I 01..1eHKl,1 Ka4eCTBa Ha61,1paeMoro Marep1,1ana B XO.Qe 

3KCnep1;1MeHTa. 

2. Bnepsb1e npe.Qno>KeH 1,1 pa3pa6oTaH MeTO.Q onpe.Qe11eH1;1s:i KOOp.Q1;1HaT sxo.Qa y

KBaHTOB B ro.QOCKOn1;14ecK1;1H 3JleKTpOMarHl;1THblH KaJ1op1;1MeTp B o6nacrn CTblKa 

nps:iMoyroJlbHblX 3JleMeHTOB pa3HOro pa3Mepa. nony4eHa 3aB1;1Cl,1MOCTb 

nonpaBKl,1 K BOCCTaHOBJleHHblM KOOp.Q1;1HaTaM B 3a81;1Cl,1MOCT1;1 OT yma na.QeHl;IS'I 

4acrn1..1b1 Ha nepe.QHIOIO nosepXHOCTb Kanop1;1MeTpa. 8Be.QeH1;1e 3TOH nonpaBKl,1 

no3BOJ1ReT 1,136e>KaTb C1;1CTeMarn4eCKOH ow1;16K1;1 B onpe.QeJleHl,11,1 KOOp.Q1;1HaT. 

Vlcnonb3YR pa3pa6oTaHHblH cnoco6 Mbl nony41,1n1,1 Koop.Q1;1HaTHoe pa3peweH1;1e s 

nrA2 o-=4.5MM s R4eHKax w1,1p1;1HoH 42.5MM 1,1 cpe.QHee pa3peweH1;1e o-= 7MM s 

R4eHKax w1,1p1;1HOH 85MM. -

3. BnepBble nony4eH 061.J..11;1H 81,1.Q cpyHKL.11;1H, 0~1,1Cb1Bal01.J..11;1X 3as1,1c1;1MOCTb cneKTpa 

l,1HTeHC1,18HOCrn 4epeHKOBCKoro 1,13Jly4eHl,1S'I, Bbl3BaHHoro Jr+ -Me30HaMl,1 B 

3neKTpoMarH1;1THOM Kanop1;1MeTpe, OT aHeprn1,1 n1;10Ha. nonyYeHbl TaK>Ke 

aHan1,1rn4ecK1;1e Bb1pa>KeH1;1s:i, on1,1cb1Bato1.J..11,1e pacnpe.QeJ1eH1;1e 3Heprosb1.QeJ1eH1;1s:i 

OT a.QpOHHOro Jll;IBHR no R4eHKaM Kanop1;1MeTpa B 3a81;1Cl,1MOCTL'! OT T04Kl,1 BXO.Qa 

3aps:i>KeHHOro a.QpOHa 1,1 w1,1p1;1Hbl R4eHKl,1. Pe3yJlbTaTbl l;IMelOT 061.J..11;1H xapaKTep 1,1 

1,1cnOJ1b30BaJ11;1Cb HaMl,1 np1,1 .Ql,1CKpi;1Ml,1Ha1..11;11,1 a.QpOHHblX 1,1 3JleKTpoMarHl,1THblX 

Jll,1BHeH, a TaK>Ke .QJls:I MO.Qen1,1poBaH1;1s:i OTKJll;IKa 3JleKTpoMarHl1THOro 

Kanop1;1MeTpa Ha nona.QaH1;1e 3aps:i>KeHHoro a.QpoHa np1,1 pacYeTe aKcenTaHca 

ycraHOBKl,1. 

4. C03.QaH naKeT nporpaMM o6pa60TKl,1 3KCnep1;1MeHTaJlbHblX .QaHHblX 1,1 pac4eTa 

aKcenTaHca ycTaHOBK1;1 MeTO.QOM MoHre-Kapno. np1,1 C03.QaH1;11;1 nporpaMM 

1,1cnOJlb30BaJ11;1Cb pa3pa60TaHHble HaMl,1 MeTO.Q1,1Kl,1. B pe3yJlbTaTe o6pa60TKl,1 

3KCnep1;1MeHTaJ1bHblX .QaHHblX OT06paHO 33000 C06blrnH pacnaga K+ ➔ Jr+ ;r0 :r0 

Ha yposHe AOCTosepHocrn P(z2 ) ~ 0.03, paccY1;1TaH aKcenTaHc .QJlR aToro 
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pacnaAa 1,1 SKnaA OCHOSHoro Q)OHOSOro npoL1ecca - A"1¢paKl..l"10HHOro paccef!Hl,1fl 

K+ A ➔ K+ 1[
0

1[
0 A, OKa3aSW"1VICfl npeHe6pe>K"1MO MailblM. 

5. C T04HOCTblO, npesbIWatoLL1eV1 T04HOCTb npeAbIAYLLl"1X 3KCnep"1MeHTOS, Ha 

OCHOSe aHa111,13a A"1arpaMMbl ,QaJ1"1Tl..la onpeAeJleH J1"1HeVIHblVI napaMeTp 

HaKnoHa g Ailfl pacnaAa K+ ➔ JC+ JCO JCO. nony4eHHOe 3Ha4eH1,1e 

g=0. 736±0.014±0.012 cyLL1ecrneHHO om1,14aeTCfl OT M"1posoro cpeAHero 

3Ha4eH"1fl g=0.594±0.019, HO Ha6IltoAaeTCfl comac1,1e s npeAenax OAHOVI-ASYX 

ow1,160K C HeKOTOpblMl,1 1,13 npeAbIAYI.Ll"1X 3KCnep"1MeHTOS. 

6. C 6onee SblCOKOVI. OTHOC"1TeJlbHOVI T04HOCTblO, 4eM s npeAWeCTBYIOI.LIVIX 

pa6ornx onpeAeneH KSaAparn4HblVI napaMeTp HaKnoHa h=0.128±0.015±0.024. 

3AeCb TaK>Ke "1MeeTCfl paCXO>KAeH"1e c M"1pOSblM cpeAHVIM h=0.035±0.015. 

CyLL1ecrneHHO HeHynesoe 3Ha4eH1,1e 3Toro napaMeTpa, cosnaAatoLL1ee s 

npeAenax ow1,160K C HaW"1M pe3y11bTaTOM, paHee Ha6J1toAaJ10Cb TOJlbKO s ASYX 

3Kcnep"1MeHTaX co 3Ha4VJTeJlbHO xyAWeH T04HOCTblO OKOilO 50%. 

7. Bnepsb1e C YAOSJ1eTBop1,1TeJ1bHOVI T04HOCTblO "13MepeH napaMeTp 

k=0.0197±0.0045±0.003. nony4eHHoe 3Ha4eH1,1e comacyeTcfl c Havi6onee 

T04HblM pe3yilbTaTOM k=0.011±0.007, nony4eHHblM paHee, OAHaKO Ha 4eTblpe 

owvi6K1,1 om1,14aeTCfl OT HYilfl, TOrAa KaK see TP"1 npeAbIAYI.Ll"1X pe3y11bTaTa "13-3,a 

6onee Hl,13KOVI T04HOCTll1 "13MepeH"1fl COSMeCTIIIMbl C HyneM. 

8. nposeAeH aHaI1"13 3Heprnrn4eCKOro cneKTpa 1[+ -Me30Ha_ S "1CCileAyeMOM 

pacnaAe c L1eJ1bto onpeAeneH"1fl 3Ha4eH"1VI napaMeTpos g 1,1 h APYr"1M cnoco6oM, 

s npeAno11o>KeH1,11,1 k=0. nony4eHHble 3Ha4eH"1fl g = 0.703 ±0.012, h = 0.106 ± 

0.013, np1,1MepHO Ha ASe CTaT111CT1114eCKVJe OW"16KVJ MeHbWe, 4eM np1,1 
•. 

annpOKC"1Mal..lV1"1 ,QaJ1"1TL1-nilOTa C TpeMfl napaMeTpaM"1. np1,1 3T"1X 3Ha4eH"1flX 

napaMeTpos annpOKC"1M"1pytowafl Kp1,1saf1 HaXOA"1TCfl S 04eHb xopoweM 

comac1,11,1 C 3KCnep1,1MeHTaJ1bHblMl,1 AaHHblMl,1 (x2 = 0.91/ ndf ). 
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