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06mrui xapa.KTepHCTHKa pa60Tbl 

AKTYaJibHOCTb. Hacroxm8JI .nuccepTan1rn IIOCBHmeHa 3KCIIepuMeHTaJlhHOMY u3yqeHUJO Bhl

IIOJIHeHUX rrpaBuna OKy6o-UBeftra-Mu3}'KU ( 0 UM) B aHHllrunxnttu IIOKOlIIUllXCX aHTurrpoTo

HOB [1, 2, 3, 4, 5, 6]. Hccne,noBaHux rrpoBo,nunuch Ha aHTUIIpOTOHHOM rryqKe LEAR B UEPH 

c ucrroJih30BaHUeM crreKTpoMeTpa OBELIX [7, 8]. HHTepec K ,naHHOII rrpo6neMaTUKe 6h!JJ: Bhl-

3BaH TeM, qTO He.naBHUe UCCJie,ZJ;OBaHUll Ha LEAR [9] no u3yqeHUIO BhIXO,na ,P-Me30HOB B w 
aHHUrUJilll(UU B IIOKOe IIOKa3aJIU 3HaquTeJihHOe ( B ~ 30 pa3) HapyrneHue rrpaBuna OUM. 

O6hJqHo rrpaBuno OUM [10] <popMynupYJOT KaK rro,naBneHue rrpoueccoB, orruch!BaeMh!X ,nua

rpaMMaMu C pa3pbIBHhIMU KBapKOBhIMU JIUHUXMU. OTHOCUTeJibHOe pOlK,!leHue ¢- u W-Me30HOB 

XBJIXeTCX O.ZJ;HUM U3 Hau6onee qyBCTBUTeJibHhIX crroco6oB rrpoBepKll BhIIIOJIHeHUX rrpaBuna 

OUM, T.K. ,P-Me30H XBJIXeTCX rroqTu qttCThIM COCTOXHUeM ss, a W-Me30H COCTOUT U3 nerKllX 

KBapKOB. PolK.UeHUJO ,P-Me30HOB B fl N aHHurunxuuu .ZJ;OJIJKHa COOTBeTCTBOBaTb ,nuarpaMMa, 

rro,no6Hal! u306paJKeHHOII Ha Puc. la) , a o6pa3oBaHUIO w-Me30Ha - ,nuarpaMMa, u306paJKeHHM 

Ha Puc. lb). 

Cne,nyll OKy6o [11], rrpaBuno OUM MOJKHO 3arrucaTh B BII,ne 

z = v'2M(A + B-+ C + ss) = O 
M(A+B-+C+uu)+M(A+"B-+C+dd) ' 

(1) 

r.ne M(A + B-+ C + qq) - MaTpUqtth!ft ::ineMeHT aMIIJIUTYAhl cooTBeTCTBYJO!UllX rrpoueccoB, a 

a,npOHhl A, B u C COCTOl!T TOJihKO U3 nerKllX KBapKOB. OTKJIOHeHue rrapaMeTpa z OT Hynx 03Ha• 

qaJio 6h1 HapyrneHue rrpaBuna OUM, a 3HaqeHue Z OTPaJKaJIO 6hl cTerreHh TaKoro HapyrneHllx. 
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Puc. 1: KBapKOBble .nuarpaMMhl o6pa30BaHUX (a) ¢- u {b) W-Me30HOB B jip-aHHurunxuuu. 

<p u w XBJIXIOTCX qneHaMU SU{3)-HoHeTa BeKTOpHbIX Me30HOB (JP = 1-) u o6pa3yIOTCX 

rrpu CMeIIIUBaHUU 0KTeTa Ws u CUHrneTa Wo Ha yron 0 . Ecnu yron CMeillllBaHUX "ll,neaJieH", 

sin0; = 1/v'3 {0; :::::J 35.3°), TO w C0CT0UT U3 nerKllX KBapK0B, a <p XBJIXeTCX qllCThIM COCTO

XHUeM U3 CTpaHHhIX KBapKoB, u cornacHo rrpaBuny OUM ero o6pa30BaHue B peaKuuxx c He

CTpaHHhIMU a.npoHaMU .ZJ;OJilKH0 6h1Th II0JIH0CTh!O 3arrpemeHO. O,nHaKO, .nnx BeKTOpHhIX Me30H0B 

yron CMeIIIUBaHUX 0 HeMHOro OTnuqaeTCX OT ll,neaJibHOro 0; (cornaCHO KBa,npaTUqffOII Macco

BOII <pOpMyne renn-MaHHa-Oey6o 0 = 39°), II03TOMY ,P-Me30H M0lKeT polK,!laThCX B a,np0HHhIX 

B3aUMO,neftCTBUXX. IIeperrucaB ypaBHeHue ( 1) B BU,ne, 0TpaJKaIOmeM 0THOIIIeHue Bh!XO.ZJ;0B ¢- u 
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W-Me30HOB, 

M~+B ➔ C+~ 

M~+B ➔ C+0 

Z + tan(0- 0;) 
1- Ztan(0 - 0;) ' 

(2) 

M02KHO IIOJI}"IMTh 3HaqeHMe 3TOro OTHOIIIeHMH JIJIH crryqaa BhlIIOJIHeHlrn rrpaBMJia Ollll, T.e. rrpM 

Z=0, 

a(A+B ➔ ¢ X) _3 
R = a(A + B ➔ w X) = 

4·2 . 10 
' 

(3) 

llMeBIIIMeCSI K HaCTOHIIIeMy MOMeHTY, 3KCIIepMMeHTaJibHhle .llaHHhle IIO 7rp-, PP- ll fip
B3al!MO.lleiic'i'BMIO Ha JieTy ( CM. [11, 12, 13, 14, 15, 16]) IIOKa3bIBaJIM .LIOCTaToqHo xopoIIIee co

rrracMe c rrpe.n;cKa3aHMHMM rrpaBMJia Ollll, Koropoe HapYIIIaJIOCh He 6orree qeM Ha 6710% . B 

T02Ke BpeM.sr, rrepBhle 3Kcrrep1IMeHThl Ha rry3hlpbKOBhlX KaMepax IIO l!JyqeHl!IO pd-aHHIIrl!JIS!I.IIIM 

B IIOKOe [17, 18, 19, 20, 21] YKa3aJIM Ha HaJIMqne He02KM.llaHHO CMJihHOI'O OTKJIOHeHirn OT rrpaBl!Jia 

OUM, R = (83 ± 25) · 10-3, B peaK11nn fin ➔ rpn- . O.LIHaKo, Ha6paHHM npn 3TOM CTaTl!CTl!Ka 

COCTaBJIHJia HeCKOJlbKO JleCSITKOB co6bITllli ll He n03BOJISIJia C.lleJiaTh KaKMX-Jil!60 OKOHqaTeJibHhlX 

BhlBO.LIOB. 

Ilocrre 3anycKa aHTMnpoTOHHoro KOMnrreKca LEAR B UEPH MHTepecHhie pe3yJihTaThl 6hlJIM 

norryqeHhl y2Ke B 0.LIHOM M3 nepBbIX 3KcnepnMeHTOB, KOTOphlii 6bIJI C.lleJiaH KOJIJia6opa111Ieii: AS

TERIX no npoBepKe npamma O Ull B p02K.L1eHnM ¢X- M wX-c1IcTeM B fip-aHHMrnrra11n1I B noKoe 

[9]. CTeneHh HapYIIIeHMa npaBIIJia OUll OKaJanacb CMJihHO 3am1ca111eii OT X, TaK .LIJIH X = n° 
3TO HapYIIIeHIIe npeBhlCMJIO npe.L1cKaJaH1Ie OUll B ~ 30 pa3, a .LIJIH X = 1/ He 6hmo Ha6mo

.lleHo KaKOrD-JIII60 3HaqlIMOro npeBhlIIIeHIIS! TeOpeTIIqecKOI'O 3HaqeHIIS! R. KpoMe Toro, 6hlJia 

3aMeqeHa CMJlbHM 3aBIICIIMOCTb BhlXO.lla ¢,-Me30HOB OT HaqaJibHOro COCTOS!HIIS! pp-CIICTeMhl. 

Po2KJieHMe ¢1r0-c1ICTeMhl, pa3peIIIeHHOe II3 .LIByx fip-HaqaJibHhlX COCTOS!HIIH, 3S1 M 1Pi, 6hlJIO 

06Hapy2KeHo TOJihKO B aHHMrlIJIHI.IMII II3 S-BOJIHhI. Crre.n;yeT OJIHaKO OTMeTIITh, qTo OTCYTCTBIIe 

C06bITIIH ¢1r0 ll3 P-BOJIHhl 6bIJIO nOKa3aHO Ha Marroii CTaTIICTMKe, (4±4 co6bITMH), II 3TOT pe-

3YJibTaT Tpe6oBaJI JIOnOJIHl!TeJibHOI'O nOJ1TBep2KJieHIIS!. 

llrra 061,srcHeHIIS! CTOJib He06hlqHhlX pe3yJihTaTOB B p02KJieHIIl! ¢,-Me30HOB, CBSI3aHHbIX C 

HapyIIIeHneM npaBMrra Ollll, 6bIJIO rrpeJirro2KeHo HeCKOJihKO TeopeTMqecKIIX 06'bSICHe11m1. Bo

rrepBhlX, 3TO CY111eCTBOBaH1Ie neKOTOporo pe30llaHca B CIICTeMe ¢1r [22] C .Maccoii 6JIII3KOH K 

CJMMe Mace JIByx HYKJIOHOB M KBaHTOBhlMM qllcJiaMM I = 1, jPC = 1--, qTo np1IBOJI1IJIO 6hl K 

yc1Irre11MJO BhlXOJia JiaHnoro KoneqHoro cocTOHHMH rrpM N N-aHHMrlIJIHI.IMn M3 S-BOJIHhl II ocrra-

6rre11n10 !13 P-BOJIHhI. Bo-BTOphlX, 3TO o6pa30BaHne CMcTeMhl ¢1r qepe3 B3anMOJieiiCTBlle JIBYX 

KaOHOB B rrpoMe2KyTOqHOM COCTOS!Hllll B peaKI.IMII Tl!I!a pp ➔ K* K ➔ ¢1r ( CM. [23, 24]). OJIHaKo, 

JiaHHhle MOJieJrn He CMOrJIM o6'bHCHMTb BCIO COB0KyrrHOCTb rrorryqeHHhlX 3KCI1ep1IMeHTaJibHhlX 

JiaHHhlX. 

B TO 2Ke BpeMH ll2KOHOM 3JIJIMCOM M Jip. [25, 26] 6bIJia rrpeJIJI02KeHa MOJICJih, npeJinorraraio

lI.IM HaJIMqne He60JibIIIOH rrpMMeCM norrapM30BaHHhlX SS-KBapKOB B BOJIHOBO:ii: cpyHKI.lllll HYKJIOHa. 

B 3T0M crryqae p02KJieHMe ¢,-Me3oHa M02KeT npOMCX0JIMTb qepe3 JillarpaMMhl C Hepa3pb!BHb!Mll 

KBapK0BhlMM JIMHMHMII, T.e. 6e3 HapyIIIeHMH npaBMJia OUll. BepoaTHOCTh p02KJieHMSI ¢ npM 3TOM 

6yJieT 3aBMCeTb He TOJlhKO OT BeJIMqJIHbl nplIMeCM CTpaHHOCTll B HYKJIOHe, HO ll OT KBaHTOBhlX .. 

qMceJI HaqaJibHOro COCTOS!HIIS! N N-CHCTeMbI, MOJieJib norrapM30BaHHOH CTpaHIIOCTM TaK2Ke Ka

qecTBeHH0 06'hSICHHeT' noqeMy p02KJieHMe ¢ M02KeT 6b!Tb ycMJieH0 B N N-aHHMrMJIS!I.IIIM B noKOe 

, no cpaBHeHMJO c JipyrMMM TMrraMM .7r N, N N H N N-B3aMMOJieiiCTBMH. 

MoJieJib norrapM30BaHHOH CTpaHHOCTM He TOJibKO ycneIIIHO 06'bHCHHeT rrorryqel!Hhle pe3yJih

TaThl, HO _M n03BOJIS!eT CJieJiaTh paJI npe.n;cKa3aHMii, 3KCnepMMeHTaJibHM rrpoBepKa KOT0pbIX 
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Morrra 6hl CJIY2KMTb nOJITBep2KJieHMeM .llaHHOii MOJieJIM. OJIHMM M3 TaKl!X npe.n;CKa3aHIIH S!BJIS!

eTCS! ycMJieH1Ie po2KJieHMS! 1;(1525)-Me30lla (coOTBeTCTByeT ss-nape C KBaHTOBhlMll =crraMM 

S=l M L=l) M3 cnMHOBoro TpnrrrreTa B P-BOJIHe npM NN-aHHllrMJIHI.IMM. TaKoe ycMJieHMe 

JIOJI2KHO rrpoaBJIHThCH qepe3 OTHOIIIeHne BhlXO.lla !~(1525) K h(l270)-Me30HY, cocTOHIIIeMY M3 

rrernnx KBapKOB. IlpaBMJIO OUll npM MCIIOJih30BaHMM KBaJipaTM=oii MaccoBoii cpopMYJihl ferrrra 

ManH-OKy6o npnBOJIMT K CJie_n;yJOII.leii 011eHKe OTHOIIIeHMS! R B aJIPOHHhlX B3aMMOJieiiCTBMSIX: 

R(JH!525)/ h(1270)) = 16. 10-
3 

. 

UeJiblO JlllCCepTlllUIOHHOll pa6oTbl S!BJIS!JIOCb npOBeJieHne PSl.lla llCCJieJIOBaHl!ll Ha ycTa

HOBKe OBELIX (LEAR, UEPH) no rrpoBepKe rrpaBMJia OKY6o-UBe.iira-lln3YKll B po2KJieHMll 

¢(1020)- ll J;(1525)-Me30HOB npM aHHllrllJIS!I.lllll OCTaHOBMBiill!XCS! aHTMnpoTOHOB, a TaK2Ke npo

BepKa npeJICKa3aHMH MOJieJIM norrapM30BaHHOH BHyTpeHHeii CTpaHHOCTM HYKJIOHa O Cl!JibHOH 

3aBMCMMOCTM p02KJieHMS! 3TMX Me30HOB OT HaqaJihHhlX KBaHTOBhlX qMcerr fJ" N-CHCTeMbI, 

llrra 3TOro ll3yqaJI1Ich CJieJIYJOII.llle npoueccbl: 

1. aHHMrMJIS!I.ll!S! noKOS!II.IIIXCS! aHTMI!pOTOHOB B ra3006pa3H0ll (1 aTM) Jle.HTepMeBOii Ml!IIIeHM 

IIO KaHaJiaM 

pd ➔ ¢1r-p' 

pd ➔ W7r-p. 

(4) 
(5) 

2. aHHIIrMJIS!I.ll!S! nOKOS!II.ll!XCS! aHTMnpOTOHOB B raJoo6pa3HOii (1 aTM) BO,nopo,nHOll MMIIIeHM 

no KaHanaM 

fip ➔ ¢1r
0 

, 

PP ➔ ¢TJ. 

(6) 
(7) 

3 .. aHHMrMJIS!I.IMS! nOKOS!II.ll!XCS! aHTMnpOTOHOB B Bo.nopO.n;HOll MMIIIeHM npM Tpex pa3JIMqHbIX 

nJIOTHOCTSIX: 2KM,!J;KOCTh, ra3 rrpM 1 aTM II ra3 npll HII3KOM ,naBJieHMl! B 5 M6ap, no KaHaJIY 

pp ➔ K+K-1ro. (8) 

Hay'IHaSI HOBll3Hll pa60Tbl 3aKJIJ0qaeTCS! B CJieJIYJOII.leM: 

1. BrrepBhle B ra3006pa3HOM .neiiTepMM M3MepeHa BepOS!THOCTh aHHMrMJISII.IIIM B noKOe no 

KaHarry pd ➔ rp1r-p .nm1 o6rracTM MMIIYJihCOB rrpoTOHa-cneKTaTopa P < 200 M3B/c ; 

2. BnepBhle ll3MepeHhl BepOSITH0CTM aHHMrl!JIS!I.lllll B nOKOe no KaHaJiaM pd ➔ rp1r-p ll pd ➔ 
wn-p .nrra J1Mana30Ha l!MIIYJihCOB npoTOHa P > 400 M3B/c; 

3. BnepBhle B ra3o6pa3HOM ,neiiTepnlI 0611apy2KeHo cnrrhHoe HapYIIIeHne npaBMJia Ollll .nrra 

BeKTOpHbIX Me30HOB B aHHllrMJIS!I.lllll nOKOS!II.IIIXCS! aHTI!npOTOHOB; npM 3TOM 3KCnep1IMeH

TaJihHO nOJI}"leHHOe OTHOIIIeHIIe BhlXO,!J;OB R(¢1r- /w1r-) npeBhll.IJaeT npeJICKa3aHMS! npa

BMJia OUll B ~ 30 pa3; 

4. BnepBhle ll3MepeHa BepOS!THOCTb aHHl!rMJIS!I.lllll B noKoe no KaHaJIY 

PP ➔ K+K-TJ (9) 

c MMIIIeHhlO !13 ra3oo6pa3HOI'O Bo,ncipo.na npM HOpMaJihHhlX yCJIOBMHX; 
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5. BllepBhle 11p0BE'J(eH 11apn1rn.JihHO-BOJIHOB0ll aHamn peaxn1rn: aHHIIrlllll!Illlll B II0K0e no Ka

Hany pp ---t K+ K-1r° C BO.LI0PO.LIHOll MIIIIIeHb!O np11 Tpex pa:mll'IHb!X nn0TH0CTlIX; 

6. B11epBh!e 113MepeHa Bep0lITH0CTh aHH11r11nxn1111 B noKoe 110 KaHany pp --+ K+ K-1r0 
c 

BO.LIOPO.LIHOll MIIIIIeHb!O 11p11 Tpex Pa3Jill'IHb!X nJI0TH0CTHX; 

7. BnepBhle 113MepeHa Bep0lITH0CTb aHHllrllllllilllll B II0K0e 110 KaHany pp --+ ¢1r° C BO.LIOPO.LIHOll 

MIIIIIeHb!O 11p11 Hll3K0M .LlaBJieHl!II B 5 M6ap; 

8. BnepBh!e 011pe.neneH0, 'ITO B aHHIIrllJIHUIIII II0K0l!IUIIXCll aHT1111p0T0H0B 0TH0IIIeHlle Be

pOl!THOCTell polK.LleHllll CIICTeMhl ¢1r0 113 pp-Ha'Ia.JlbHb!X COCTOl!Hllll 3 S1 11 I P1 eCTb 

R(3S1/1Pi) > 15; 

9. BllepBhle BhIII0JIHeH0 113MepeH11e BKJIM0B S- 11 P-BOJIH B Bep0l!TH0CTb aHH11r11nxn1111 B 

II0K0e 110 KaHany 

pp--+ f~(1525)1r
0 

(10) 

.Llllll JKII.LIKOll II Hll3K0ro .naBneHl!ll (5 M6ap) Bo.nopo.nHhIX MIIIIIeHeu; 

10. BllepBh!e 113MepeHH0e 0TH0IIIeHl!e Bb!X0.LI0B KaHanoB R(pp --+ f~(1525)1r0 / fip --+ 
/2(1270)1r0) np11 aHH11r11nxn1111 113 P-BOJIHhl B ~ 10 pa3 11peBh!IIIaeT npe.ncKaJaHl!ll 11pa

B11na O Uif. 

Hay'IHM H IIpaKTH'leCKaH neHHOCTh pa60Thl! 

1. Pa3pa6oTaHa MeT0.LIIIKa Hax0JK.LleHl!ll 3q>q>eKTIIBHOCTII II 11apaMeTp0B Tpllrrepa cneK

Tp0MeTpa OBELIX, ncxo.nHoro Kon11qecTBa aHH11r11nxn11u, Bhl.LleneH11x B3a11Mo.neuCTBllii 

0CTaH0BIIBIIIIIXCll "aHTllllp0T0H0B, a TaKJKe 110 Bhlpa60TKe Kp11TeplleB OT6opa none3Hb!X 

qin311qecK11x co6h!Tllll B ycTaH0BKe OBELIX. OHa pean1130BaHa B BIi.Lie C00TBeTcTByID

inero 11porpaMMH0ro 06ec11eqeH11x, K0Topoe 11c11onh3yeTcx Konna6opan11eu OBELIX 11p11 

o6pa60TKe 3KC11ep11MeHTMbHb!X .naHHb!X. 

2. Ilo.nroToBneHa qacTb 11porpaMMhl Mo.nen11poBaHllll co6h!Tllii B .neTeKTope OBELIX, Boc-

11po113Bo.nxinax pa60TY Tpnrrepa C ero napaMeTpaMII II 3q>q>eKTIIBHOCTHMll. 

3. IlonyqeHHhle BllepBh!e Bb!X0.Llhl peaxn11ft ( 4)-(10) .LIJill pa3llll'IHb!X BII.LI0B pN-aHHllrl!JllIIlllll, 

II Pa3Hb!X nnOTHOCTeft MIIIIIeHII M0ryT 6h!Tb IICII0Jlb30BaHhl B .Lla.JlhHeiiIIIeM .Llllll TeopeTll

'I€CKIIX pac'IeT0B, np11 11naH11p0BaHIIII IIJIII M0.nen11p0BaHIIII 6y.nyrmrx 3KC11ep11MeHT0B 110 

113yqeH11IO N N-B3al!MO.LleiicTBllll. · 

4. IlonyqeHHh!e B pa6oTe 0THoIIIeHllll BhIX0.LI0B R(¢1r/w1r) 11 R(f~1r0 
/ f21r0 ) B aHHnr11nxn11H 

0CTaH0BIIBIIIIIXCll aHTllllp0T0H0B 11p11 pa3llll'IHb!X 3KC11ep11MeHT8JlbHb!X ycn0Blll!X II 06Ha

pyJKeHHhle B poJK.neHl!II <p- II f~-Me30HOB 3aBIICIIM0CTII OT Ha'IanbHb!X KBaHT0BhIX 'Il!Cen 

fl N-cllCTeMh! MoryT cnyJKIITb Kpl!Teplll!MII .Llllll 11poBepKII pa3Hb!X Te0p€Tll'I€CKIIX Mo.ne

neii. 

ABTop 3aIUHw;aeT: 

1. MeT0.LIIIKY 011pe.neneH11ll 3q>q>eKTIIBHOCTII 11 11apaMeTp0B Tp11rrepa ycTaH0BKII, IICX0.LIH0ro 

K0Jill'IeCTBa aHHllrllJil!Illlll, Bhl.LleneHl!ll B3al!MO.LlellCTBllll aHTIIIIp0TOH0B, 0CTaH0BIIBIIIIIXCll 

B 06-i,eMe MIIIIIeHn, a TaKJKe 110 Bh!pa60TKe Kp11Tep11€B OT6opa II0Jie3Hb!X qJll3ll'IeCKIIX 

co6h!T11ii; 
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2. 3KCnep11MeHTallbHhle pe3yJibTaTh! no Bep0l!TH0CTII poJK.neHHll CIICTeMhl <p7r- B aHH11r11nx

n1111 aHTl!npoT0H0B, 0CTaH0BllBIIIIIXC!I B ra3006pa3H0M .ne11Tep1111, .Llllll .LIByx .nnana30HOB 

11MnynhC0B 11poT0Ha: P < 200 M:iB/c II P > 400 M3B/c ; 

3. 3KC11ep11MeHT8JlbHhle pe3yJibTaTh! no Bepol!TH0CTII poJK.neHllll CIICTeMh! W"Tr B aHHIIrll" 

Jll!Illlll aHTllnp0T0H0B, ocTaH0BIIBIIIIIXCll B ra3oo6pa3HOM .neftTep1111, .LIJlll .nnana30Ha 1IM-

11ynhC0B npoToHa 400-,--1000 l\faB/c; 

4. 3KC11epnMeHT8JlbHhle pe3ynhTaThl no Bep0lITH0CTII poJK.L1eHllll CllCT€Mhl ¢1r
0 

B aHHl!rll

Jll!Illlll aHTllnp0T0H0B, 0CTaH0BIIBIIIIIXCll B BO.nopo.nHOII Ml!IIIeHn npll Tpex pa3ml'IHhIX 

nn0TH0CTl!X: lKII.LIK0CTb, raJ np11 H0pMan~HhIX ycnomrnx II ra3 np11 H113K0M .naBJieHIIII B 

5 Mfiap; 

5. 3Kcnep11MeHTaJibHbl€ pe3yJibTaTh! no Bep0lITH0CTII p0JK.L1€Hllll Cl!CTeM (pTJ II](+ g-,, B aH

HllrllJilIIlllll aHTllllpDT0H0B, 0CTaH0BIIBIIIIIXCll B ra3006pa3HOM B0.LI0po.ne 11p11 H0pMaJibl!blX 

ycnomrnx; 

6. 3KcnepnMeHTMbHhle pe3yJibTaTbl no Bep0lITH0CTII poJK.neHllll CIICT€Mbl g+ ](-1r0 
B aHHII

r11nxn1111 aHTllllp0T0H0B, 0CTaH0BIIBIIIIIXCll B BO.LIOPO.LIHO!I MIIIII€HII npn Tpex pa3Jlll'1Hb!X 

nn0TH0CTl!X: lKII.LIK0CTh, ra3 11p11 H0pManhHh!X ycnoBlllIX II raJ npn Hll3K0M .naBnemm B 

5 Mfiap; 

7. 06HapyJKeHl1€ CllJlbH0ro HapyrneHllll npaBIIJia OUif .Llllll B€KT0pHhIX M€30H0B, 3aper11cTpll

poBaHH0ro B 0TH0llleHllll BepmITHOCTeft poJK.neHl!ll fin --+ ¢m- / fin --+ w1r- B a11mir11nxm111 

aHTnnpoT0H0B, ocTaH0BHBllIIIXCll B ra3006pa3HOM .ne11Tep1111, .nnx Bcero .z:umnaJona 1111-

nynhC0B np0T0Ha; 

8. 3Kcnep11MeHTMbHhle pe3yJibTaTh! no 113MepeHIIIO BKJIM0B S- II P-BOJIH B Bep0l!TH0CTb 

aHHllrllJil!Illlll B n0K0e no KaHany fip --+ f~(1525)1r
0 

.LIJlll JKII.LIKOII n Hll3K0ro .naBJll'Hllll 

( 5 M6ap) B0.LI0P0.LIHhIX MllllleHeii; 

9. o6HapyJKeHlle CllJlbH0r0 HapyrneHllll ( B ~ 10 pa3) npaBnna O Ull .LIJlll T€H30j)Hb!X i!('30H0B. 

3aper11cTpnpoBaHnoro B oTH0llICHllll BepolITHOCTeft poJK.nemrn J;1r0 
/ f 21r0 

npu anmirunx-

111111 113 P-B0JIHbl; 

10. H8Jlll'III€ CIIJlbHOll JaBl!CllM0CTII Bep0l!TH0CTll p0JK.Ll€Hllll CIICT€Mhl <p7r OT Hfl'IallbHb!X KB<lH

T0BblX 'IIIC€Jl fiN-cnCT€Mhl, a l!MeHH0, np€11MYJU€CTB€HH0e p0JK.LICHl1€ CIICT('Mbl <pIT B aH

HllrllJil!Illlll noK0ll!UIIXCll aHTl!npoT0H0B 113 cn11H-Tp11nneTH0ro C0CT0lIHllll 
3 S1 . 

Anpo6anm1 pa60Thl H ny6nHKanHH, Pe3yJihTaThl pa60Thl .LI0KJia,llb!Ba.JIIH'b HBT0poiI 

Ha MeJK.nYHapo.nHoft KOHq>epeH111111 Deu.tron'93 (1Iy6Ha, 1993), na MeJK.nynapommii KOHq><'

peHnnn Hadron'95 (MaH'IecTep, Ben11Ko6p11TaH11x, 1995), Ha MeJK.L1ynapo.nnm.1 c11Mnm11yw' 

Strangeness in the Nucleon (UEPH, )KeHeBa, 1997), a TaKJKe Ha Hay,rnhlx ccMIIHapax na6opa

TOpnii Oif5IIf. 

OcHOBHble peJynhTaThl .n11ccepTa111111 ony6nnKoBaHbl B 6 pa6oTax [l, 2, 3, 4, 5. G]. 
CTpyKTypa H o6'heM .LIHCCepTanHH! .n11ccepTaIIllll C0CT0IIT 113 BB€.LICHllll, 'l('Tb!pcx rmrn. 

3aKii!O'IeHllll II cnl!CKa Ill!TllpyeMOll JlllTepaTyphl. O61,eM .n11ccepTau1111 100 CTpilHIIII. BKJIKl'Iilll 

pllCYHKll 11 Ta6nnIIhl. 
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KpaTKoe co,n;ep)Ka.HI:rn ,n;n:ccepTan:1111 

Bo BBe)J,eHHH o60CHOBhIBaeTCJ! aKTYaJihHOCTh pa60ThI, npllBO.llllTCSI KpaTKllii o63op 3Kcne

j)llMeHTaJlhHOii 11 TeopeTI!'IeCKOJI CllTYailllll o6cylK.llaeMoii npo6neMaTl!Kll, CTaBIITCSI uenh llC

cne.noBaHIIJI, ll3nOlf(eHbl Hay'!HaSI HOBil3Ha II npaKTll'IeCKaSI ueHHOCTh nony'IeHHh!X pe3ynhTaTOB, 
CqJOJJMYnllpOBaHbl BOnpOChI, Bh!HeceHHble Ha 3aIUIITY, on11caH nnaH ll3nOlf(eHIISI MaTepnana. 

B nepaoii: rnaae KpaTKO on11caHa 3Kcnep11MeHTaJihHasi ycTaHOBKa OBELIX 11 ee ocHOBHhle 
xapaKTepl!CTl!Kll. 

HcTO'IHIIKOM aHT11npoTOHOB nnsi yCTaHOBKll OBELIX SIBnsincsi on11H 113 ycKop11Teneii UEPH 

- LEAR {Low Energy Antiproton Ring.), ny'IKII KOToporo 06nanan11 cneny10llll1Mll OCHOBHhIMll 
napaMeTpaMll: llHTeHCIIBHOCTh ny'!Ka - I = 2 . 104 -;- 1 . 106 p/ s; pa3peIUeH11e no l!Mnynhcy 

- AP/ p < 10-
3

; OTCYTCTBlle np11Meceii npyr11x 'IacTl!U; MllHl!MaJlhHhlii 3MllTTaHC ny'!Ka ~ 
10 rr MM•Mpan; llMnynhCHhlii .llllanaJOH aHTllnpOTOHOB - 90 -a- 1700 M3B/c . 

BHeIUHllii Bll.ll 11 OCHOBHhie KOMnoHeHThl cneKTJJOMeTpa OBELIX noKaJaHh! Ha P11c.2. 

Molf(HO nepe'Illcnl!Th cne.z:tYJOUllle OCHOBHhle .lleTeKTOpbI crreKTpOMeTpa: MllIUeHh, coneplf(amasi 

ra3 11n11 lf(ll.llKOCTh {H2 , D2 11 T.n.); cn11panhHo-npoeKu110HHasi KaMepa {SPC) - nepIUIIHHhlii 

neTeKTOj) C Tpexpa3MepHhIM C'Il!Th!BaHl!eM l!HqJOpMaullll nnsi 3apsilf(eHHh!X TpeKOB II X-nyqeii; 

BHyrpeHHllii UllnllH.llp 113 30 CUIIHTllnnJ!UllOHHh!X C'IeT'IllKOB BpeMsinponeTHOii Cl!CT€Mhl ( to f); 
UllnllH.llj)ll'IeCKaSI npeiiqionasi KaMepa (JDC) c 6onhIUIIM nonepe'!Hh!M j)a3MepOM (0 ~ 1.6 M), 

Bh!COKIIM pa3peIUeHlleM ( a ~ 200 MKM)' Tpexpa3MepHbIM C'Il!Th!BaHl!eM llHqJOpMau1111 II ll3Me

peHl!eM ll0Hll3au110HHh!X noTepb dE/dX BnnOTh .llO 42 TO'IeK Ha TpeK; BHeIUHIIJI UllnllH.llp 113 

84 CUIIHTI1nnsiu110HHh!X C'I€T'IIIKOB BpeMsiiiponeTHOii CllCTeMbl (TOF); raMMa-neT€KTOJJ Bh!CO:

KOro yrnonoro pa3perneH11SI {HARGD) - 4 Monynsi, cnenaHHh!X 113 cnoen K0HBepropa 3x4 M2 , 

nponOlf(€HHh!X nnocKOCTS!Mll CTj)l!MepHbIX Tpy6oK napannenhHO 11 nonepeK K OCII ny'!Ka. 

Bee 'IaCTll .ll€T€KTOpa ycTaH0BneHbl BHYTPII 061,eMa OTKj)bIT0ro MarHl!Ta aKCllanhH0ro nonsi 

(OAFM) c nen11'!11Hoii nonsi B ueHTpe 0.5 T. TaKasi K0Hq,11rypau11si no3nonsieT per11cTp11ponaTh 

3apSilf(eHHble 'IaCTIIUhl B yrn0B0M .llllanaJ0He ~ 3rr, IIM€Th .llnJ! HIIX BhIC0K0e pa3peIUeHl!e no 

11Mnynhcy 11 11neHTllqJI1Kau1110 no dE/dX 11 TOF (11crronh3YSI SPC-, JDC-KaMeph! 11 npeMsinpo

neTHYJO CllCTeMy). Y CTaH0BKa 6h!na 0nTl!Mll3llp0BaHa nnsi per11cTpau1111 3apSilf(€HHh!X '!aCTIIU 

C .llOCTaTO'IHO Hll3Kl!M noporoM no l!Mnynhcy: nll0Hhl, KaOHbl II np0T0Hbl ycneIUH0 perl!CTJ)ll

PYJOTCSI .lleTeKTOpOM Ha'Il!HaSI c l!Mnynhca ~ 80, 160 11 300 M3B/c, C00TBeTCTBeHH0. EonhIUO"' 

pa3Mep neTeKTopa 06ecneq11nan xoporny10 rr / K / P-11neHT11q,11Kau1110. TaK, Hanp11Mep, npeMsi

nponeTHasi CllCTeMa n03BOmreT Bhl.llenSITh 3apSilf(€HHhle Ka0Hhl Bnn0Tb .ll0 0.6 f3B/c, a np0T0Hhl 
no 1.1 f3B/c. 

BpeMsinponeTHaSI CllCTeMa o6ecne'!l!Bana Hal!60nee 6h!CTphlii 0TKnl!K cpe.n11 0CTanhHh!X co

CTOBnJ!JOUlllX neTeKTopa OBELIX. BpeMeHHhle 0TC'I€Thl OT TOF-c11cTeMh! nocTynHh! ylf(e 'Ie

pe3 50 HC. OHll cnylf(llnll BXO.llHOII llHqJ0pMau11eii nnsi Tj)llrrepa nepnoro yponmr, K0T0phlii B 

Te'IeHlle 200 HC Bhlpa6aTh!Ban perrreHl!e O none3H0CTII C06h!TIISI. Ilp11 3T0M Tpllrrep0M aHanll3ll

ponan11cb: MHOlf(eCTBeHH0CTh OTC'IeTOB B TOF-cl!CTeMe, llX Tononor11si, nn11TenhH0CTh BpeMeHll 
nponeTa 'IaCTIIU. 

Bo BTopoii: rnaae pacCKa3h!BaeTCsi o nponenattHoii pa6oTe no 113yqeH1110 peaKII11ii 

pd ➔ c/>rr-p 

pd ➔ wrr-p 
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{11) 
{12) 

5----,_ ____ 

SM1 

~ z 

" 
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P11c. 2: CneKTpoMeTp. OBELIX. l.MarHl!T - OAFM; 2.BepIUIIHHhlii )J,eTeKT0p - SPC; 3.Bpe

MSinponeTHaSI c11cTeMa - TOF; 4.U11n11Hnp11qecKasi npeiiqionasi KaMepa - JDC; 5, 3neKTJJOMar
HllTHhlii Kanop11MeTp - HARGD {SMl-a-4 - neBbiii, npaBhiii, nepxH11ii 11 HIDKHllii cynepMo;zyn11). 

npll aHHllrllnS!Ullll noK0SII.Ul!XCSI aHTirnpOT0H0B B fa3006pa3HOii {npll H0j)MaJlhHh!X ycn0Bl!SIX, 

1 aTM) neiiTep11enoii Ml!IUeHll. IlaHHble KaHaJihl aHHllrllnSIUllll 6hlnll Bhl6paHb1 nnsi ll3Y'IeHl!SI 

n0T0MY, 'ITO npe.z:thl.llYUllle ll3MepeHIISI Ha ny3hlj)hK0Bh!X KaMepax II0Ka3anll HaJill'Ille 3.lleCb 6onh

IU0ro HapyrneHl!SI rrpanmm OUM. OnHaKo, Ha6paHHaSI B 3TIIX 3KCnep11MeHTax CTaTl!CTIIKa 6h!na 

SIBH0 HeJI0CTaT0'!Ha (TonbKO 54 C06hITIISI c/>rr-). 

B .llaHHOii rnane OIIl!Ch!BaeTCSI cneu11anhHhlii Tpllrrep nnsi Bhl.lleneHIISI peaKIIIIII (11) II (12), 

Y'IllTh!BaJOI.Ullii pa3HYJO MH0lf(eCTBeHH0CTb '!aCTllll B 0CH0BH0M TpeK0B0M )J,eTeKT0pe, 3 11n11 4 B 

3aBUCIIM0CTll OT llMIIynhCa np0T0Ha. q>-Me30H per11cTpnp0BaJICSI no ero M0)J,e pacnana B K+ K-, 
a W-Me30H - no rr+rr-rr0• Bcero 6h!nO npoaHanll3llp0BaH0 1.1-106 C06h1Tllll C .llaHHh!M Tpnrre

poM. IIonpo6HO paCCKa3h!BaeTC.!I, KaK Bhl.llen.!Inl!Ch C06h!TIISI aHHllrlln.!!Ullll 0CTaHOBllBIUIIXC.!I 

aHTllnp0T0HOB B ra3e neiiTepll.!I BHYTPII Ml!IIIeHll, KaK ocymeCTBnl!nCSI no)J,C'!eT llCX0.llH0ro-'Ill

cna aHHllrlln.l!Ullll nnsi C06h!Tllii, np0IUeJIIUIIX 0T60p q>-TpnrrepoM, KaK Hax0.llllnl!Ch napaMeTphl 

II 3qJqJeKTIIBHOCTll KalK.ll0ro ycn0BIISI MH0roCTyrreH'!aTOro Tpllrrepa. 

B 3TOII rnaBe TaKlf(e ll3n0lf(eHbl 0CH0BHhle Kpl!Tepllll 0T6opa none3Hh!X co6h!Tllii peaKUI!ii 

(11) 11 (12) .lln.!I pa3Hh!X llHTepBaJI0B llMIIYIIhC0B np0TOHa, MeT0.llhl qJIITllj)0BaHll.!I 0K0H'IaTenh

Hh!X 3KCnep11MeHTaJlhHh!X pacrrpe.neneHllii. IlpOBe.z:teHa np0BepKa Ha)leMH0CTll pa6o'Ieii npoue

.llYPhl II B0cnp0ll3BO)J,llM0CTll 3KCnep11MeHTaJihHh!X .llaHHh!X B rrporpaMMe M0)J,en11p0BaHll.!I. Ilpo

Be.z:teHbl o6cylK.lleHlle nony'IeHHh!X pe3ynhTaT0B, oueHKa llX CllCTeMaTll'IeCKIIX norpeIIIHOCTeii, 

cpanHemie C npe.z:thl.llYlllllMll ll3MepeHll.l!Mll. 

OKOH'IaTenhHble pe3ynhTaTbl no BhIX0.llY peaKIJIIII {11) II {12) npl!BeJieHbl B Ta6n11ue 1 
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nm1 Ka:amoro 1!3y,IeHH0ro nuanrooHa l!MnynhC0B np0T0H0B. Ha6paHHall CTaTUCTUKa nnll peaK

uuu (11) B o6nacTU npoT0H0B-cneKTaTOp0B p < 200 M3B/c 6onee qeM B 10 pa3 npeBb!IIIaeT 
Bee npe.n;i,mynn1e uccne.n;oBaHUll, Bb!Il0nHeHHble Ha IlY3b!pbK0BbIX KaMepax. lfaMepeHue naHHbIX 

peaKUm'i: B o6naCTJ{ npoT0H0B c P > 400 M3B/c npoBe.n;eH0 B!IepBb!e. 3¢<peKTUBHOCTU pe

ructpauuu CMG Ka:amo:ii pea.Kuuu, npUBe,D;eHHble B naHHO:ii Ta6nuue, o6ycnoBneHbl He T0ilbK0 
a.KcenTaHC0M ycTaH0BKI! u TPUrrepa, HO u Bce:ii uenoqKo:ii nonyqeHul! OKOHqaTenbHhlX Ha6o

poB naHHbIX. IIpuBe.n;eHHble BenuquHbl BepOl!THOCTe:ii aHHUrUITl!IlllU nonpaBneHbl Ha BKnan OT 

npyrux Mon pacnana ¢>- u w-Me30H0B. 

Ta6nuua 1: BepOl!THOCTb po:ameHUll tfxrr- u W7f- B pd-aHHUrUill!UUU B Il0K0e nnll pa3nuqHb!X 

nuanrooH0B MMnynhca npoToHa P 
KoHeq, C0CT0l!H. <p7r-Ps 

P (!'3B~) <0.2 
Konuq, co6b!T. 859 ± 57 

€MC % 0.999 ± 0.023 

W(pdF104 

W(pn). 104 
6.62±0.48 

14.8± 1.1 

<p7r-p 
0.4+1.0 

38±9 

0.309 ± 0.009 

0.95 ± 0.22 

W7r-p 
0.4+1.0 

499 ± 63 

0.248 ± 0.006 

8.4±1.1 

llnll BblqncneHUll Bep0l!TH0CTI! aHHl!rllnl!Ulll! Ha He:iiTpOHe 6blnO ucnonh30BaH0 3HaqeHue 

R(pn/pp) = 0.81 ± 0.03, nonyqeHH0e B 3KCilepnMeHTax Ha ny3b!pbK0Bb!X KaMepax c )l(llnKUM 

ne:iiTepneM. llnll pea.KUl!U pd -+ W7f- 6hlna nonyqeHa 3aBUCl!M0CTb Bep0l!TH0CTI! aHHlffUillIUUU 

OT l!Mnynhca npoToHa B UHTepBane 400+1000 M3B/c. OHa HaxonuTcl! B nocTaToqHo xopo

IIIeM cornacuu c pe3ynhTaTaM11 TeopeTuqecKMX pacqeT0B, ocH0BaHHhIX Ha yqeTe npoueccoB 

nepepaccel!Hl!ll o6pa30BaBIIIUXCll B K0HeqH0M C0CT0l!Hl!l! Me30H0B. 

llnll nByx nuana30H0B IIMilYilbC0B p np0T0H0B-cneKTaT0p0B onpe.n;eneHbl cnenyIO!Illle 0TH0-
IIIeHl!ll BepOl!THOCTe:ii aHHUrl!Ill!UUU: 

R (pd-+ <p1r-p/pd-+ w1r-p) (133 ± 26) · 10-3 

(113 ± 30) · 10-3 
P < 200 M3B/c, 

P > 400 M3B/c . 

OHn noKa3b!BaIOT 3HaqnTenbH0e 0TKIT0HeHue OT npe,n;cKroaHu:ii npaBuna O UH R( <p / w) 

4.2 · 10-3 
• Bb!qucneHHasI BenuquHa napaMeTpa Z, xapa.KTepu3yIOIIIero CTeneHb HapYIIIeHU,!! 

npaBuna OUM, paBHa JZI = 0.29 ± 0.03 , qTo 3HaquTenhH0 6onbIIIe qeM BO Bcex npyrux 

npoueccax anpoHH0ro B3aMMone:iicTBUll, rne napaMeTp HapYIIIeHul! eCTh JZI :;::, 0.06 + 0.1 . 

AHanu3 yrnoBoro pacnpe.neneHl!ll pacrrana · ¢>-Me3oHa ( CM. puc.3) noKa3an npeUMYIIIe

CTBeHHoe po)l{neHUe CUCTeMbl <p7r U3 cnuH-TpunneTH0ro HaqanbH0ro C0CTOl!HUll 3 S1 npu pN
aHHUrUITl!UUU B noKoe. 

B TpeTben: rJiaBe paccKa3b!BaeTCll o nponenaHHO:ii pa6oTe no u3yqeHu10 po)l{neHUll ¢>
Me30H0B B peaKUUl!X 

pp -+ <p1ro 

pp -+ <pr, 
(13) 

{14) 

npu aHHUrunl!UUU noK0lllllUXCl! aHTUnp0T0H0B B rrooo6pa3HOM Bonopone npu H0pManbHbIX 

ycnoBUl!X. llaHHbie KaHanhI aHHnrunllunu 6hlnn Bb!6paHb! nnll n3yqeHnl! n0T0MY' qTo U3Mepe

Hl!ll Konna6opauun ASTERIX [9] noKroann He T0IThK0 Hann=e 6on~IIIoro HapyIIIemrn npaBnna 
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Puc. 3: Pacnpe.n;eneHUll no cos0 (rne 0 - yron B c.u.M. </J Me)l{ny 6hICTpe:iiIIInM B na6. rncTCW' 

Ka0H0M Ji HanpaBneHIIeM nBn)l{eHllll ¢): a) - 3KCnepuMeHTanbH0C , b) - aKcCnTaHC II C') - 3K('

nepHMeHTaJILH0e, nonpaBJieHH0e Ha aKcenTaHc (noBe.n;eHue 6nu3KO K dN/d(cos0) ~ sin 20. 'ITO 

C00TBeTCTByeT aHHHTHill!UUU ll3 3 S1 ). 

OUM nnll ¢1r0, HO n cnnhHYID 3aBucuM0CTb Bhlxona 3T0ro cocT0lIHl!ll oT Ha•rnnhHhIX KBaHTo

BbIX queen pp-cncTeMhl. B TO )Ke BpeMll B TO:ii )Ke pa6oTe ASTERIX npn aHanme K,rnana dYT/. 
propeIIIeHH0ro 113 Tex )Ke HaqanbHb!X COCTOl!Hllll (3 S1 II I P1), qTQ II ¢rr0

, HC 6b!JIO 3HMeqeH0 

HI! CK0ilb 3Haq11Moro HapyIIIeHlill npaBnna OUM, HI! 3aBIICIIM0CTII OT Ha'IaJibHb!X KBHHT0BbIX 

qncen. 
B 3TOii. rnaBe nonpo6Ho onncaHbI: npouenypa BhmeneHllll co6b1T11:ii KaJKnof1 pt'aKumi, DbI

qncneHHe C00TBeTCTBYIO!IlllX BepOl!THOCTe:ii aHHllrHnl!Ullli, cpanHeHne ux C pC3JJibTaTHMII IIJ)('

nhlnY!Illlx 113Mepem1:ii. 
3KcnepnMeHTanbHble naHHble Ha6npanHCb c nBYMll THIIaMII Tpnrrepa: l.5· 10" ('O0b!TllfI c 

TpnrrepoM Ha MH0JKCCTBeHH0CTb 2 0TCqeTa BO BHyTpeHHCM ll BO BHeIIIHCM CJI()(' TOF-cm'Tl'1lbl 

ll eIIIe 0.75-106 C06b!Tllll C noII0JIHHTeJibHb!M ycJI0Bl!eM Ha MenneHHYIO qacn1uy. IIpn 3T01I ~,,_ 

Me30H perncTpnpoBanCl! qepe3 ero Many pac11ana B K+ x-, a r,-Me30H B naHH0M cny•me 6bln 

HeperncTpupyeMOll qaCTHUe:ii. HeCMOTpll Ha 3HaqnTCilbH0 MCHbIIIee ncxonHoe K0Jill'IPCTD0 naH

HbIX C TpnrrepoM Ha Me,D;JleHHYIO '!aCTHUY, 0K0HqaTenhH0e qncno DblneJieHHb!X ('O0b!TIIII nm1 

o6enx peaKunii. (13) u (14) 0Ka3b!BaeTCll 6onbIIIHM l!MCHH0 B 3TIIX naHl!bIX, 'IT() nponcxo.ruIT 

6naronapll 3<p{jleKTHBH0MY OT6opy TpnrrepoM co6b!Tl!ll C Me,ll;JlCHHb!MH KacmaMJI (CM .. mrnp11-

Mep, pnc.4 u Ta6nuuy 2 ). 
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P11c. 4: Pacrrpe.neneH11e IIO 3q>q>eKTIIBHOlf Macce K+ x- .nna CO6b!Tlllf peaKUIIII pp -+ x+ x- rr0 

( crrnoumoft IIIIHl!elf IIOK3.3aH pe3YIIbTaT q>!!Ta o6naCTII </>-Me30Ha): a) - .nna .D;aHHhIX C Tp11rrepOM 
Ha Me)lneHHYIO 'laCTl!Uy; b) - .nna )laHHh!X 6e3 Tp11rrepa Ha Me.nneHHYIO 'laCTIIUY-

AHan113 yrnoBoro pacrrpe.neneH11JI OT pacrra)la cp-Me3oHa )IIIJI peaKu1111 (13) IIOiITBep)l11n rrpe0 

.D;hl.D;ymlle pe3YIIbTaTbI O rrpe11MyruecTBeHHOM pO)K)leHl!II CIICTeMbI ¢1r 113 Ha'laIIbHOro COCTOJI
Hllll 3S1. Ilp!!,3TOM 6bln rrony'leH BepXH!!lf rrpe.nen Ha rrpoueHTHhllf BKIIa)l P-BOIIHhI B BbIXO)l 
¢rr0 IIPII aHHllrl!IIlll.11111 IIOKOJIIUIIXCJI aHT!!IIpOTOHOB B ra30O6p3.3HOM Bo.nopo.ne IIPII HOpManbHbIX 
ycnoa11ax: Rp(pp -t ¢rr0) < 13% c 95%CL . 

Ilna peaK1.11111 ( 14) 113-3a orpaHll'leHHoro aKcerrTaHca OKa3anoch HeBO3MO)KHhIM 113 aaan113a 
yrnoBoro pacrrpe)leneHIIJI OT pacrra.na </>-Me3oHa Ha,ne)KHO pa3.nenl!Th OTHOCl!TenbHhle BKna)lw 
Ha'laJihHblX COCTOJIHl!lf 3 S1 11 1 Pi. Il03TOMY, .nna )laHHOlf peaKUIIII 6blnll BbI'll!CneHbl TOIIhKO 
Hll)KHl!lf II BepXH!!lf rrpe.nenhI Ha BepOJITHOCTb aHH!!rllnJIUIIII, rrpe.nrronaraJI !Ip!! 3TOM, 'ITO Bee 
co6bITIIJI ¢TJ 11/IYT TOIIhKO 113 3S1 !III!! TOIIbKO 113 I P1 Ha'laJibHOro COCTOJIHl!Jl. 

BrrepBhle 6hln 113MepeH Bb!XO.D; peaKUIIII PP -t x+ x-'f/ !Ip!! B aHHl!rl!nJIUIIII aHT!!IIpOTOHOB, 
OCTaHOBIIBIIIIIXCJI B ra3006pa3HOM (rrp11 HOpMaJibHbIX ycnOBIIJIX) BO.nopo.ne. , 

IIony'leHHhle 3Ha'leHl!Jl BepOJITHOCTelf aHHl!rllIIJll.11111 .nna 113Y'leHHhIX peaKUIIII IIp!!Be.D;eHhI 
B Ta6n11ue 2 .nnJI O6011x Ha6opoB 3KCrrep11MeHTaJihHh!X .D;aHHbIX. Ilp11 BhI'll!CIIeHIIII BeIIl!'ll!H 
BepOJITHOCTII aHHl!rl!nJIUIIII Y'lTeH BKna.n OT .npyr11x MO.D; pacrra.na cp- II 'f}-Me3OHa. 

B 'leTBepToii: rnaBe paccK8.3blBaeTcJI o rrpo.nenaHHOlf pa6oTe rro aHan113y peaK:111111 

pp -+ x+ x- rr0 (15) 

!Ip!! aHHl!rllnJIUIIII OCTaHOBIIBIIIIIXCJl aHTIIIIpOTOHOB B BO.D;Opo.nHOlf Ml!IIIeHII IIpM Tpex pa3IIll'l
HbIX rrnOTHOCTJix: )1(11.D;KOCTh (LH2), ra3 rrp11 HOpManhHhIX ycnoB11JIX (NTP) 11 r3.3 rrp11 Hll3KOM 
.naBneH1111 B 5 M6ap (LP). OcHOBHoft uenhIO pa6oThI 6hlna rrpoBepKa rrpe.ncK3.3aH11ft Mo.nen11 rro-. 
IIllp113OBaHHOlf CTpaHHOCTII O CIIIIbHOlf 3aB1ICIIMOCTII pO)K.!J;eHIIJI KaHaJIOB aHH11r11nau1111 ¢rr0 II 
J;rr0 OT Ha'laIIbHbIX KBaHTOBbIX 'll!Cen pp-C!!CTeMbI. CornacHO 3T0lf MO,nen11 .D;aHHble KaHanhI 
aHHl!rllIIJIUIIII .D;OII)KHbI 6h!Th 3Ha'l11TenbHO yc11neHhI !Ip!! po)K.!J;eHl!II 113 CIIIIH-Tp!!rrne<rHbIX Ha
'laJlhHbIX COCTOJIHl!lf, rrpll 3TOM .nnJI ¢rr0 3TO COOTBeTCTByeT aHH11r11nJIUIIII 113 S-BOIIHbI (3 Si), 
a .nna J; rr0 - 113 P-BOIIHhI (3 P1 11 3 P2) • 
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Ta6m1ua 2: BepOllTHOCTII aHHIIrlWlll.11111 !IO KaHaJiaM pp -+ </nr0 ' cp'f] .nnH IIOKO.HllUIXCJl aHTl!o 
IIpOTOHOB B r3.3oo6p8.3HOM BO.D;Opo.ne !Ip!! HOpMaJibHbIX ycnoBIIJIX 

Tim Tp11rrepa C Me.nneHHOlf 'laCTl!Ueft 6e3 Me.nneHHOlf 'laCTlll.lhI 

Kon11q. co6hIT. ¢rr0 446±41 196±24 

€MC% {3S1) O.O474±O.OOll 0.0892±0.0016 
W(pp -t ¢1ro). 104 2.46±0.24 2.58±0.32 

Kon!!'!. co6hIT. ¢TJ 52±16 17.4±8.7 

W(pp -t ¢TJ) · 10 
HmKH11ft rrpe.nen 0.74±0.22 0.83±0.41 
Bepxa11ft rrpe.nen 1.04±0.33 . 1.21±0.61 

Konl!'l. co6hIT. x+ x-'f/ 847±61 425±42 
W(pp-+ x+ x-TJ). 104 4.67±0.35 4.61±0.47 

Ta6n11ua 3: OcHOBHble rrpoMe)KyTO'IHOro COCTOJIHHJI, )IOIIyCTl!Mble B KaHaJie aHHHrHnJIUHH 
PP -t x+ x-rr0; r.ne £ - OTHOCl!TenbHhllf yrJIOBOlf MOMeHT Me)K.ny pe3OHaHCOM 11 O6hI'IHbIM 
Me3OHOM; COCTOJIHHJI C O)IHHaKOBhIMII KBaHTOBhIMH 'lllCIIaMH, HOC p8.3HhIMH MaCCaMH: Ml, M2, 
... , 3aIIHcaHhI .nna KpaTKOCTII KaK R(Ml,M2, ... ) 

IIpOMe)KyTO'lHble COCTOJIH. l O-+(1S0) 1--(3Si) Jc+-fPi2 

K±K*" 0,1 L=l L=l 
(K±rr0)sK" 0,1 L=O 
a0(980, 145O)rr0 0 L=O 
a2(132O)rr0 0 1=2 
/ 0(980, 1370, 15OO)rr0 1 L=O 
/2(1270), J;(l525)rr0 1 1=2 
h=o(l 7OO)rr0 1 L=O 
h=2(11OO)1r0 1 1=2 
¢(102O)rr0 1 
e(l45O, 1700)_71"0 _ 1 

L=l 
L=l 

L=O,2 

L=O 
L=O 

1++(3Pi, 

1=0,2 
L=l 
L=l 
L=l 
L=l 
L=l 
L=l 
L=l 

2++(3A) 
1=2 

L=l 

L=l 

L=l 

B 3TO!f rnaBe rro.npo6HO OIIl!CaHbI: rrpoue.nyphl BhI)leJieHIIJI C06b!Tlllf peaKUHII (15) ll BhI'lHTa
Hllll BO3MO)KHbIX q>OHOBbIX peaKUHlf, rrpoue)lypa rrapUHaJihHO-BOJIHOBOro aHaJIH3a )laHHbIX .nna 
Tpex IIIIOTHOCTeft MHIIIeHH ll crroco6 BhI'IHCIIeHHJI BepOJITHOCTeft aHHHrl!IIJIUIIH 113 pe3ynhTaTOB 
q>IITHpOBaHl!Jl. 

Cne.nyeT OTMeTHTh, 'ITO rrapUHaJibHO-BOJIHOBOlf aHaJIH3 peaKUHH (15) - 3TO )IOCTaTO'lHO 
C!IO)KHM rrpoue.nypa H3-3a 6onbIIIOro 'IHCIIa rrpoMe)KyTO'IHbIX IIHTep¢ep11pYJOIUHX COCTOJIHHlf, 
p8.3peIIIeHHhIX H3 o60HX I = o, 1 ll3OCIIHHOB 5-TH (rrpH 6-TII B03MO)KHbIX) Ha'laIIbHbIX pp
COCTOJIHH!f (cM. Ta6nm1y 3). 

Tp11rrep .D;JIJI BCex Ha6opoB )laHHbIX 6bln OIITHMH3HpOBaH .nnJI per11cTpauHH C06bITHlf C 
_nByMJI 3apJI)KeHHhIMII 'laCTHUaMH B KOHe'IHOM COCTOJIHl!II. Ilna 3TOro Tpe60BaJIOCh O.D;HOBpe
MeHHOe cpa6aThIBaHl!e ,l:IByx C'leT'IHKOB KaK BO BHyTpeHHeM, TaK II BO BHeIIIHeM UHIIHH.npe 
TOF. KoJIH'leCTBO Ha6paHHbIX co6hITlllf C .D;aHHhIM Tp11rrepOM ll 'IHCJIO OKOH'laTeIIbHO OTQ-
6paHHbIX CO6b!Tlllf peaKUHH (15) IIPHBe.D;eHhI B Ta6JIHI!e 4. Ha pllc.5 .nm KalK.D;()ro Ha6opa 
3KCIIepHMeHTaJihHbIX .D;aHHbIX IIOK3.3aHbI .D;HarpaMMhI IlaJIHUa .nnJI peaKI!llll (15): 3KCIIepnMeH-
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Ta61rnua 4: Kom1'leCTBO Ha6paHHhlX co6h!Tllii C TpnrrepoM II OKOH'laTeJihHOe 'IUCJIO COOh!Tllii 

pearruuu pp ➔ K+ K- 1r0 .llnll Ka)KJlhlX 3KCnepnMeHTanhHhlX ycnOBllii 

IInoTHOCTh MHrneHn LH2 NTP LP (5 M6ap) 

!l,(8-BonHa/P-BonHaj_, % 87 /13 42/58 20/80 

lfacno co6hIT. c Tpnr. 2x2 10.4-106 6.7-106 9.4-10
6 

lfacno co6h1Tlfii pp ➔ K1· K-irD 29441 30358 36169 

2------~ 2...-------, 2------~ 
1.5 

1 
K• 

0.5 

2...----~-. 2------~ 2----~-. 
1.5 1.5 1.5 

0.5 t ~!tJf\il(},:CC·:•::· 1 o.5 t ":'.t,t:t~1,r,,> ·.· ... · 1 0.5 

0.5 1 1.5 2 0.5 1 1.5 2 

~ 'f -.r 'f -.i ~, ~ 1.5 ~ % 1.5 ~ 1.5 
(!) ," f"'' c., ' c., 
'-" l ~~ .._,, /fl .......... 

,,..::. 1 
Di:: 

~ 0.5 

~ 
0.5 1 1.5 2 

M2(K±n°), (Gev' /c•) 

~ 
-ti 
~0.5 

::!: 
0.5 1 1.5 2 

M'(K± 11°), ( Gev' I c•) 

~ 
-ti 
~0.5 

::!: 

0.5 1 1.5 2 

0.5 1 1.5 2 

M2(K±11°), (Gev' /c•) 

Puc. 5: IluarpaMMhl Ilannua ,11rn1 peaKUHU pp ➔ K+ K-1r0 npu Tpex pa:mn'IHhIX nnoTHOCT5IX 

BO.ll0p0,!1HOii MllllieHU: Bepx - 3KCnepuMeHTanhHhle .llUarpaMMhl; Hlf3 - aKCeTITaHC, nonyqeHHhlii 

MeTO.llOM MoHTe Kapno; cepe.i:tnHa - <pOH OT peaKuuu pp ➔ 1r+1r- X (r,11e X - HeiiTpanhHhle 

qaCTl!Uhl), KOTOphiii COOTBeTCTBeHHO COCTaBJI5IeT 2.6%, 2.2% u 2.7% OT co6h!Tllii K+ K-1r0 

TaJihHhle, c <pOHOBh!Mlf C06h!TU5IMU u aKcenTaHC ,11aHHOii peaKUllll. rn5!,!15I Ha 3KcnepnMeHTanh

Hble .llllarpaMMhI, MO)KI!O 3aMeTUTh HeKOTOphle oco6euHOCTU IlOBe,lleHU5I UCCJie,QyeMoro Kauana 

auHnrUJI5IUUU: IlOJIOChl OT pacna,11OB K-±(892)-Me30IIOB xoporno Bll.llHhl .llJ!5I Ka)K,!10H IlJIOTHOCTU 

BO.llopo,11uoii Mnrneuu, curuan OT ¢-Me3oHa ocna6eBaeT npu nepexo,11e K MUIIIeHn HU3KOii nnoT

HOCTu, a IlOJIOChl OT TeH3OpHhlX Me3OIIOB CTaHOB5ITC5I 6onee OT'leTJil!Bh!Mll npu auuuruJI5Illlfll B 
ra3e_ 

Ilpu npoBe.i:teHnn napunanhHO-BonuoBoro a.Hanu3a peaKunu (15) no,11pa3JMeBanoch, 'ITO pp
cncTeMa 1tHHnrunupyeT B K+ K-1r0 qepe3 .llByx'laCTU'!Hhle npoMe)KyTO'IHhle COCTO5IHlf5I ( CM. 

_12 

Ta6nuuy 3). 3neMeHTapHhle aMilJIHTY.llhl nepexo,11a napaMeTpU3OBannch B paMKax U3o6apHoii 

MO.llenu [27] u 3annch!Bannch B qiopMe 

AJPc(p, q) = L C1,1,ZJPC,J,J,,L,l(P, q)Wi(p)W1(q)F1,13 ,1(q) , (16) 
],I, 

r,11e p - llMilYJihC pe3OHaHca B na6opaTOpHOii CUCTeMe; q - llMilYJlhC pacna,11a B CllCTeMe no

K05I pe3oHaHca; I, [3 - ll3OCilllH CUCTeMhl pp II ero TpeTh5I KOMilOHeHTa; CJ,]3 - KO3<p<pHU!feHThl 

Kne6IIIa-rop,11aHa; ZJPC,J,J,,L,l - Cill!HOBble TeH3Opa (nocTpOeHhl B KOBapUaHTHOM <pOpManl!3Me 

[28]), KOTOphle 3a,!1a!OT yrnoBhie 3aBUCllMOCTU;_L - OTHOCl!TeJihHhlii yrJIOBOii 1\1O1\leHT Me)K.lly 

ll306apoii II Me3OHOI\I cneKTaTOpoM; [ - CilllH U3O6aphl; ¢YHKUil5I W - KO3<p<pHUUeHT no,11aBJieH!f5I 

EnaTTa-BeiicKonqia; F1,1,,1 - ¢YHKUU5I, onnch!BaJOIUM .llllHaMHKY po)K,11eHI15I H3o6aphl. Iln5I pe30-

HaHCOB ¢YHKUH5I F npe.i:tcTaBJI5IJiach peJI5ITHBHCTCKOii qiopMynoii EpeiiTa-BnrHepa. Iln5I onnca

HU5I Hepe30HaHCHOii K1r-cncTeMhl B OTHOCUTeJihHOM COCTO5IHI!l! S-BOJ!Hhl npnMeH5IJiaCh aHann

TifqecKM napaMeTpU3aUH5I TopHKBHCTa [29]. IIonHM aMilJlllTY.lla nepexo,11a 113 jPC _Ha'laJihHOro 

COCTO5IHH5I pp-CllCTel\lbl npe.i:tcTaBJI5IJiaCh KaK 

A}Pc(p, q) = L xjPcA'.,Pc(p, q) , (17) 

r.lle X~pc = W;ei\O; - KOMilJieKCHhle nepeMeHHhle, 5IBJI5IJOIUlfeC5I CB060.l1Hhll\lll napaMeTpaMH 

MllHHMlf3Hpy10meii npoueeyphl II Oill!Ch!BaJOIUlfe BKJia,11 Ka)K)lOro npoMe)KyTOqHoro COCTO5IHHJl 

A~Pc(P, q), npe.i:tcTaBneHHOro qiopMynoii (16). IlpH cyMMnpoBaHnn aMilJIHTY.ll 113 pa3m1•rnux 

jPC_Ha'lanhHhIX COCT05IHHlf pp-aTOMa npe.i:tnonaranoch,-qTo HHTepqiepeHUH5I l\le)K.llY Hl!MII OT
cyTCTByeT . 

TeopeTH'leCKHe .llnarpaMMhl Ilannua .l1Jl5I qJHTHPOBaHH5I peanhHhlX ,11aHHhlX nonyqam!Ch ny

TeM B3BeIIIllBaHH5I co6h!Tllii If3 aKcenTaHC-.lllfarpaMM c COOTBeTCTBYIOIUlfMII KBa,11paTI!'!HhlMII 

aMnJIHTY.llaMH nepexo,11a. Ilpn 3TOM .llJI5I BocnpOI!3Be)leHH5I 3KCilepnMeHTanhHOro pa3pemeHHJl 

ycTaHOBKII CaMU aMnJIIITY.llhl Bhl'llfCJI5IJIHCh IICilOJlh3Y5I pa3urpaHHh!e l!MilYJihChl, a TeopeTll'IC'

CKHe .llUarpaMMhl 3anOJIH5IJll!Ch cornacHO HX peKOHCTpynpoBaHHhlM 3Ha•ie~U5IM. <PyHKUIIJl x2 , 

KOTOPM MHHUMn3upoBanach ucnonh3Y5I naKeT nporpaMM MINUIT [30], 6hma onpe.llcJieHa cJJc

.llYJOIUlfM 06pa30M: 

( NExp _ NBG _ NTh)2 

x2 = I: 2' ; ~ , (18J 
i a Nf xp + a N

1
BG + a N'[h 

r,11e N;Exp, N;8° u NT" - cOOTBeTCTBeHHO qucno co6h!Tllii (BXO.llOB) B 51qe11Kc i peaJibHOf1 

K+ K-1r0
-, <poHoBoiI 7r+7r-X- 11 cyMMapHOH TeopeTU'leCKOH ,11uarpa.MMhl Ilanuua, a a;_,E,p = 

N;Exp, a1eG = N;BG II a1n, = ( N'!'h )2 / N;Acc - COOTBeTCTBYJOIUlfe UM KBa,llpaThl omu6o; { Nt'-r 
- 'IIICJIO c~6h!Tllii B 51qeii~e i aKCerITaHC-.llllarpaMMhl Ilanuua). 

B Ta6nuue 5 npnBe.i:teHh! IlOJ!Hhle Bepo5ITHOCTII 1tHHllrl!JI5IUUII no KaHany pp ➔ /{+ J{-ir0 

II .l1Jl5I peaKUI!ll pp ➔ ¢m0
, nonyqeHHhle .l1Jl5I K1t)K.ll0ii IlJIOTHOCTU BO.llOPO.llHOII Mllllil'HII B pe-

3YJihTaTe napunanhHO-BOJIHoBoro aHann3a. 3,11ech )Ke )1JI5I cpaBHeH115I np1me,11eHu pc1ynhT1tThI 

npe.i:thl.llYIUIIX U3MepeHuii KaHana ¢,1r0 c LHr u NTP-MnIIIeH5IMU. B11,11Ho, qTo OHi! cornacyIDTCJJ 

C pe3yJihTaTaMll, nonyqel{Hhll\lll B ,11aHHOM auanu3e. Pe3yJihTaTh! .llJI5I BO.llOPO.lla npn H113KOM .ll<l

BJieHIIH nonyqeHh! B nepBhlii pa3. Pe3yJihTaThl, npe.i:tcTaBJieHHhle B Ta6nuue 5, .lleMOHCTJJllJJYIOT, 

'ITO Bepo5ITHOCTh aHHlirllJI5Il.[Ull B KOHe'IHOe COCT05IHI!e K+ K-1r0 yBeJil!'lJIBaeTC5I Ha~ 50% npu 

nepexo,11e OT )Kll.llKOro BO.llOJlO.lla K ra3oo6pa3HOMy npn ,11aBneuu11 B 5 M6ap, B TO BpeMJl KaK Bhl

XO.ll COCTO5IHll5I ¢,1r0 na,11aeT npu auanorU'!HhlX ycJIOBU5IX 6onee qeM 5 pa3. 
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Ta6mn:1a 5: BepOlITHOCTll aHHll!'l!nlIUllll (B e,!1l!Hl!Uax 10-4
) B KOHeqHoe COCTOlIHl!e K+ K-n° 11 

qm0 .lUilI TPex: p_11._3n11qHblX IInOTHOCTelf B0,UOpO,UHOlf MllIIIeHll. 

f · 10 LH2 NTP LP{5 M6_<1,IJ)_ 

f(pp ➔ K+K-nY- . 23.7±1.6 30.3±2.0 31.5±2.2 

f(pp ➔ ¢m ) 4.88±0.32 2.47±0.21 0.92±0.10 

f(pp ➔ ¢m0 , 1 Pi) <0.1 c 95%CL 

f(pp ➔ <f>n°) 3.3±1.5 (31] 1.9±0.5 [9] 

rrpe.nbl.LlyrIDie ll3~~eHlllI 5.5±0.7 i3~ 2,46±0.23 [i) 

vfa pe3ynhTaTOB rrapu11anhHO-BOnHoaoro attan113a TaKJKe cne.nyeT, qTo Bhlxo.u ¢>n° rrpo11c

xo,u11T TOnhKO 3a cqeT HaqanhHOl'O COCTOlIHlllI 3S1, a BKna.u 113 1Pi 11cqe3aiome Man. linH LP

,uaHHhIX, r.ue rrpoueHT aHHHrunHUllll 113 P-aonHhl MaKcuManeH, orrpe.ueneH aepxHHH rrpe.nen Ha 

aen11q11Hy BKna.ua I P1 B Bb!XO.U ¢n°: f,p., (¢>1r0 , LP) < 0.1 · 10-4 C 95% ypOBHeM ,UOCTOBepHOCTll. 

Orrpe,uenuM BepOlITHOCTh aHHllrl!nl!Ullll f ITO KaHany PP ➔ ¢>n° rrpll HeKOTOpOH rrnOTHOCTll 

Ml!IIIeHll p l!CIIOnh3YlI 3HaqeHlllI BepOlITHOCTelf poJK.UeHUlI Br ,uaHHOX-0 KaHana 113 BCex pa3pe

llleHHhIX ypOBHelf jPC II aepOlITHOCTelf 3aceneHlllI W 3Tl!X ypOBHelf rrpu ,uaHHOlf rrnOTHOCTll 

p: 

f(pp--; ¢>n°, p) = W(3S1, p) · Br(pp ➔ ¢>1r0
, 

3
S1) + 

+ we Pi, p) · Br(pp ➔ ¢m0
, I P1). (19) 

Tor,ua, l!CIIOnh3YlI ,L{JllI W(JPC,p) pe3ynhTaTbl pa60Tbl [33), rronyqaeM cne.nyrom11e 3HaqeHl!lI 

aepol!THOCTH pOJK,UeHHlI ¢>1r0 113 HaqanhHblX COCTOlIHHlf 3S1 II I P1: 

Br(pp ➔ ¢>n°, 3 S1) = (7.57 ± 0.62) • 10~
4 

. (20) 

Br(pp ➔ ¢>1r0
, 

1 P1) < 0.5 · 10-
4 c 95%CL. (21) 

IIonyqeHHh!e 3HaqeHlllI IlOKa3h!BaIOT, qTO BepOlITHOCTh pOJK,UeHlllI ¢>n° 113 HaqanhHOro COCTOlI

HHlI 3 s I no KpaHHelf Mepe B 15 pa3 6onhllle qeM aepOlITHOCTh 113 I P1. 3TOT <paKT )'Ka3b!BaeT Ha 

Hanuque CHnhHOlf 3aBHCHMOCTH pOJK,UeHHlI ¢,n° OT KBaHTOBblX queen HaqanhHblX pp-COCTOlIHHlf. 

Ifa pe3yJihTaTOB rrapuuaJihHO-BOJIHOBOro aHaJIH3a TaKJKe cne.nyeT, qTO Bb!XO.U KaHana pp---+ 
f~n° 113 P-BOJ!Hbl JHaql!TenhHO CHJ!hHee qeM S-BOJ!Hbl. linH Hallnyqwero BapHaHTa orrucaHHlI 

,uaHHblX rronyqeHhl cne.nyromue 3HaqeHHlI BepOlITHOCTelf aHHlll'HJ!lIUHH: 

f(pp ➔ J;n°) = (2.26 ± 0.68) • 10-4 
, 

(20.4 ± 2.0) · 10-4 
, 

LH2, S - BOJIHa 

LP, P - aonHa 

IIonyqeHHhie B pe3yJihTaTe ,unlI TeH30pHhIX Me30HOB OTHOllleHlllI RB S- II P-B~nHe 

R(f;(1525)n°/h(1270)1r0
) = (47± 14) • 10-

3
, 

= (149 ± 20) · 10-3 
, 

S- aonHa, 

P- aonHa, 

(22) 

(23) 

(24) 

(25) 

)'Ka3hIBaIOT Ha 3Haq11TenhHOe rrpeBblllleH11e npe,ncKa3attlle OUM R(J~/ / 2) = 16 · 10-3 
rrp11 aH

H11r11nSII1HH 113 P-aonHhl. TaKoH xapaKTep HapynreHHlI npaauna OUM ,unlI TeH30pHhIX Me30HOB 

6hm IIpe.!1CKa3aH B MO,Uenu IlOJilipH30BaHHOlf BHyTpeHHelf CTpaHHOCTH HYKJIOHa. OTMeTUM, qTo 

R(f~n° / hn°)-oTHOllleH11e Bb!XO.UOB a P-aonHe U3MepeHo anepahle. 

B 3aKJIIO'IeHHH C<pOpMynupoaaHhI OCHOBHhle pe3yJihTaThI .nuccepTarmll: 
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1. Pa3pa60TaHa MeTO,UHKa no HaxOJK.l(eHHIO 3<p<peKTHBHOCTll H rrapaMeTpOB Tpurrepa CIIeK~ 

TpoMeTpa OBELIX, ucxo,uHoro KonuqecTBa aHHHrHJilillHH, Bhl.l(eJieHHIO B3aHMO.neHCTBIIH 

OCTaHOBHBlllllXClI aHTiirrpOTOHOB, a TaKJKe Bhlpa60TKe Kpl!TepHeB Bbl,L{eJieHHlI IIOJie3HblX 

<p11311qecK11x co6hITHH B ycTaHOBKe OBELIX. OHa peanu30BaHa B au.ne cooTBeTcrByro

mero rrporpaMMHoro o6ecrreqeHHlI, KOTopoe ucrronh3yeTCH Konna6opari11eH OBELIX rrp11 

o6pa6oTKe 3KCrrepHMeHTMhHblX .LlaHHblX. IIo.uroTOBJieHa TaKJKe qacTh rrporpaMMhI MO

.nen11poBaHHlI co6b!THH B .neTeKTOpe OBELIX, aocrrpou3ao,ul!ID;asr pa6oTy Tp11rrepa c; era 

rrapaMeTpaMl! II 3<p<peKTIIBHOCTlIMH. 

2. BrrepBhle .nnlI ,uayx .uuarraJOHOB llMIIYJ!hCOB F: rrpOTOHOB-CIIeKTaTOpOB ll3MepeHa BepOlIT

HOCTh aHHIII'l!JllillHH no KaHany pd ➔ ¢,n-p .LlJilI IIOKOlIIUHXClI aHTHIIPOTOHOB B l'a3006p8.3-

HOM .neHTepuu:. 

W(pd ➔ </>n-p) = (6.62 ± 0.48). 10-4 , 

W(pd ➔ </>n-p) = (0.95 ± 0.22). 10-4 , 

P < 200 M::iB/c , 

P > 400 M::iB/c. 

3. BrrepBhre ,UJ!lI .n11arraJOHa HMIIYJ!hCOB IIpOTOHOB p > 400 M::iB/c ll3MepeHa BepOlITHOCTh 

aHHHl'HJllillllll no Kattany pd ➔ wn-p ,UJ!lI IIOKOlllUIIXClI aHTll!IpOTOHOB B raJoo6pa3HOM 

.neHTep11u: 

W(pd ➔ wn-p) = (8.4 ± 1.1) · 10-4 
, P > 400 M:iB/c . 

IIonyqeHa 3aBl!CllMOCTh BepGlITHOCTH aIIHHI'llJililll!H no KaHany pd ➔ W7r- OT IIMIIYJ!hca 

rrpOTOHa B llHTepBane 400-;-1000 M:iB/c. OHa Hax0.11"!,ITClI a .LlOCTaToqHo xoporneM corna

Cl!H C pe3yJihTaTaMH pacqeTOB, OCHOBaHHblX Ha yqeTe rrpo11ecc0B rrepepaccelIHlllI 06pa30-

BaBlllllXClI B KOHeqHOM COCTOlIHHH Me30HOB . 

4. Orrpe.n:eneHbl OTHOllleHHlI BepolITHOCTelf aHHlll'l!JilillHll R(pd ➔ ¢,n-p /pd ➔ w1r-p) .nnH 
.UByx .n11arraJOHOB llMITYJ!hCOB p npoTOHOB-CIIeKTaTOpOB: 

R (¢n-p/w1r-p) (133 ± 26) · 10-3 

(113 ± 30) · 10-3 
P < 200 M::iB/c , 

P > 400 M::iB/c . 

OHH IIOKaJhIBaJOT 3HaquTeJihHOe OTKJIOHeHue OT rrpaa11na OUM, KOTopoe rrpe.n:cKaJhIBaeT 

R(</>/w) = 4.2 • 10-3 . BenuquHa rrapaMeTpa Z, xapaKTep113yromero cTerreHh HapynreHusr 

rrpaa11na OUM, paaHa 

IZI = 0.29 ± 0.03 , 

qTO 3Ha-TeJihHO 6onhllle qeM B .npyrl!X rrpo11eccax a.npOHHOro B3aHMO,UeHCTBHlI, r.ne rra

paMeTp HapynreHHlI Z ecTh IZI ~ 0.06-;- 0.1 . 

5. M3yqeHa peaKlllllI pp ➔ K+ K-11 npll aHHllrllnlillHll IIOKOlIIUHXClI aHTHIIPOTOHOB B ra-

3006pa3HOM ao.nopo,ue npu HOpManhHhIX YCJIOBHlIX. BrrepBhle ·rronyqeHa BepOlITHOCTh aH

HHrHnlillHH no 3T0MY KaHany .LlJ!lI IIOKOlIIUHXCJI aHTHIIpOTOHOB B rrooo6pa3HOM BO,UOpo.ne 

rrpu HOpMMhHhIX YCJIOBHlIX: 

W(pp ➔ K+K-11) = (4.67±0.35) · 10-4
• 

Orrpe.neneHhI HlllKHHlf H aepXHHlf rrpe.nenhl BepOlITHOCTH aHHHI'HJIJillHH no KaHany pp ➔ 
¢11 .nnJI IlOKOlllllHXClI aHTHilpGTOHOB B rrooo6pa3HOM BO,Uopo.ue rrpu HOpManhHhIX YCJIOBHlIX: 

(0.74 ± 0.22) • 10-4 < W(pp ➔ ¢11) < (1.04 ± 0.33) • 10-4 
• 
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6. Onpe,uenem,1 BepOl!THOCTll aHHllrllIIlIUllll B nOKOe ,UIIJI peaKUllll pp-+ K+ K-n° npll Tpex 
pa3IIll'1HhIX nnoTHOCTJIX Bo,uopo,uHoft MIIUieHll: ( JKll.LlKOCTh (LH2), ra3 npll HOpManhHh!X 
ycnOBllJIX (NTP) ll ra.3 npll Hll3KOM ,uaBneHllll B 5 M6ap (LP)): 

W(pp-+ K+ K-n°) = (23.7 ± 1.6). 10-4 
, 

(30.3 ± 2.0) . 10-4 

(31.5 ± 2.2) · 10-4 

LH2, 

NTP, 

LP(5 M6ap). 

IlapUllaIIbHO-BOIIHOBOll aHaIIll3 nOKa3aII, '1TO yBeIIll'leHlle Bh!XO,Ua ,uaHHOro KaHana npll 
nepexo.ue OT aHHllrllIIJ!Ullll B JKll,LlKOCTll K ra3y npn Hll3KOM ,uaBneHllll 061>J1CHJ1eTCJI B03~ 
pacTaHlleM BhIXO.Ua K* ll TeH30pHbIX Me30HOB B aHHllrllIIJ!llllll ll3 P-BOIIHh!. 

7. Onpe,ueneHhl BepOl!THOCTll aHHllrllIIJ!llllll B nOKOe no KaHany pp --t ¢m0 ,UIIJI Tpex nIIOT
HOCTeft BO.UOpO,UHOll MllUieHll: 

W(pp ➔ ¢n°) = (4.88 ± 0.32) • 10-4 
, 

(2.4 7 ± 0.21) . 10-4 

(0.92 ± 0.10). 10-4 

LH2, 

NTP, 

LP(5 M6ap) . 

3Ha'1eHllJI .UIIJI LHr ll NTP-,uaHHbIX cornacyroTcll c pe3ynhTaTaMll npe.Uh!.UYUillX ll3Mepe
Hllft, a 3Ha'1eHlle .UIIJI LP-,uaHHh!X nonyqeHO BnepBhle . .Ilnll LP-,uaHHbIX onpe.ueneH BepXHllii 
npe.nen Ha BeIIll'lllHY BKIIa,ua I Pr B BepOl!THOCTh aHHllrllIIJ!llllll no KaHany PP -+ ¢n°: 

W,p, (pp-+ ¢n°, LP) < 0.1 · 10-4 

c 95% ypOBHeM ,UOCTOBepHOCTll. 

8. B aHHllrllIIJ!Ullll nOKOJ!llIHXCJI aHTllnpOTOHOB ll3yqeHa 3aBllCllMOCTh Bh!XO,Ua peaKUllll 
pN-+ <pn OT HaqanbHbIX KBaHTOBbIX queen pN-CllCTeMhl. 

B ll3MepeHllJIX C MllUieHb!O ll3 ra3o06pa3HOro ,ueiiTepllll aHaIIll3 yrnoBOro pacnpe.ueneHllJI 
pacna.ua <p-Me30Ha B peaKUllll fin -+ <pn- nOKa3an ,UOMllHllPYJOlllee pOJK,UeHlle ,UaHHOro 
KaHana ll3 cnnH-TpllnneTHOro Ha'laIIhHOro COCTOJ!HllJI 3S1, 

B ll3MepeHllJIX C MllllleHh!O ll3 ra3006pa3HOro BO,Uopo,ua npll HOpManhHbIX ycnOBllJIX ll3 
aHaIIll3a yrnoBoro pacnpe.ueneHllJI pacna.ua <p-Me30Ha onpe,ueneH BepXHllii npe.uen Ha npo
ueHTHh!ft BKna.u P-BOIIHhl B BbIXO.U ¢n°: 

Rp(pp -+ ¢n°) < 13% c 95%CL. 

1b pe3yIIhTaTOB naplU'laIIbHO-BOIIHOBOro aHaIIll3a peaKUllll pp -+ K+ K-n° nony'leHhl 
oueHKll BepOl!THOCTeft poJK,ueHllJI ¢n° ll3 Ha'laIIbHbIX COCTOJ!Hllll 3 S1 H I Pr : 

Br(pp-+ <pno' 3 S1) 

Br(pp-+ ¢no, !Pr) < 
(7.57 ± 0.62) · 10-4 

, 

0.5 . 10-4 C 95%CL . 

Ilony'leHHh!e 3Ha'1eHHJI nOKa3h!BaJOT, '1TO BepOl!THOCTh poJK,ueHllJI ¢n° ll3 Ha'laIIhHOro . 
COCTOJ!HllJI 3 S1 no Kpaii:Heft Mepe B 15 pa3 6onbUie qeM BepOl!THOCTh ll3 I Pr, 

TaKHM o6pa3oM, COBOKynHOCT_h pe3yIIhTaTOB Bcex Tpex 3KCnepllMeHTOB JKa3h!BaeT Ha 
HaIIH'1lle CllIIhHOll 3aBllCllMOCTll polK,LleHHJI tpn OT Ha'laIIhHbIX KBaHTOBbIX '1l1Cen pN
CHCTeMbl . .IlaHHOe ,UHHaMH'leCKOe npaBHJIO OT6opa He 061>J1CHJ1eTCJI B 06b1'1HbIX MO,UeIIJIX 
aHHllrllIIJ!lU'lll, KpOMe Mo,uenn nonllpH30BaHHOll BHyTpeHHeii CTpaHHOCTll HyKIIOHa. 
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9. BnepBhle BhlnonHeHO H3Mepemrn BKIIa,LlOB S- ll P-BOIIH B BepOl!THOCTh aHHllrllIIJ!llllll B 
noKOe no KaHany pp-+ f~(l525)n° .U,!IJI LH2- n LP(5 M6ap)-Bo.uopo,nHbIX MHUieHeft. OHo 
noKa3ano, '1TO Bh!XO,U f~n° ll3 P-BOIIHhl CYUieCTBeHHO 60IIbUie qeM Bh!XO.U ll3 S-BOIIHhl . .Ilm1 
Ha11ny'11IIero BapnaHTa OnllCaHl!JI ,uaHHh!X nonyqeHh! cne.uyrollllle 3Ha'1eHl!JI BepOl!THOCTeii 
aHHlffllIIJ!llllll: 

f (pp -+ f~n°) = (2.26 ± 0.68) • 10-4 
, 

(20.4 ± 2.0) . 10-4 , 

LH2, S - BOnHa, 

LP, P - BOIIHa. 

10. BnepBhle B aHHllrllIIJ!llllll noKOJ1lllHXCJ1 aHTllnpoTOHOB npoBe.ueHa npoBepKa npamma OUM 
.UIIJI TeH30pHh!X Me30HOB. IIony<IeHhl cne.uyIOllllle OTHOllleHIIJI BepOl!THOCTeii pOJK.UeHllJI 
f~(l525)n° II f2(1270)n° B jjp-aHHllrHIIJ!llllll ll3 S- ll P-BOIIHhl: 

R(pp-+ J~n°/pp-+ hn°) = (47± 14) · 10-3 , 

(149 ± 20) · 10-3 , 

S - BOIIHa, 

p - BOIIHa. 

TaKl!M o6pa30M, 06Hapy)KeHO, '1TO npll aHHllrl!IIJ!Ullll ll3 P-BOIIHhl npe.ucKa3aHl!JI npa
Bllna OUM (R(JU f 2) = 16 · 10-3) Hapy1IIaIOTCJ1 HaH6onhlllllM o6pa30M. TaKoi'1 xapaKTep 
HapyUieHllJI npaBllIIa OUM Jinll TeH30pHb!X Me30HOB 6bm npe,uCKa3aH B MO,UeIIll nonllpll-
30BaHHOll BHyTpeHHeii CTpaHHOCTll HyKnoHa. 

OcHOBHble pe3yIIhTaTh! ,UllCCepTaUl!ll ony6nllKOBaHh!. B pa60Tax [1, 2, 3, 4, 5, 6] . 
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