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OBIIWI XAPARTEPMCTMKA PABOTbl 

.ARTY8JibHOCTb rrpo6JI8MH 
B paMKaX KBapKOBOtt MOA8.lill HapymelilIO~ SU(3) -CHMMeTplIB c 

M,IteaJibHHM CM81illil3aHHeM OKT8THoro H ClIBI'JI8THOro COCTO~ 
¢-M830H flBJifl8TCfl qJieHOM ceMe:A:c_TBa B8KTOpHllX M8SOHOB co mqm:
TllM apoMaTOM H IIp8ACT8MH8T co6ott CHCT8MY HS ss B8JI8HTHHX 
KB8pKOB. IT08TOMY HCCJI8AOBaHHe CBOttCTB aAPQIIlIOro polK,ll;eHHH 
¢-M830HOB BaJKHO AJifl BHHCH8HHH ,zurn:aMIDCH o6paSOB8HHH H BS8HMO
AeacTBHH CTpaHHHX KBapKOB. CpaBHeHHe C COOTBSTCBYIO!ltHMII xapaK
TepHCTHKaMH o6pa30B8HHfl CHCTeM HS doJiee JierRHX H 6oJiee THme
JlllX KBapKOB Il03BOJIH8T BliHBHTb saKOHOMepHOCTH, orrpeA8JIH8Mli8 
apoMaTOM BXOA.mnmc B aAPQ~ KBapKOB. 

Eo HaCTomnero BpeMeHH aHa.JIHSHpOBaJIOCb polK,ll;eHHe ¢-MeSOHOB B 
+ + -rry'lliax ~-. K- H p(p), HO CHCT8MaTH'I8CKH8 HGCJISAOBaHHH Ha 

60JibillOtt CTaTHCTHKe dli.lill BillIOJill8HH TOJlbKO B 8KcrrepHMeHT8 

ACCMOR, IlpOB8A8IIlIOM Ha YCKOpHTeJie s~ B CERN. 3TH AaHHHe 6H.Jm 
IlOJiyqeHH B orpaHH1I8IIlIO:A: KHH8M8TH'I8CKOtt o6JiaCTH perncTpHpYSMllX 

q>-MeSOHOB H orpaHH'IelilIOM HHTepBaJie 8Heprmt peaKr.um. ~o HaCTO
mnero BpeMeHH OTCYTCTBOBa.lill ~KcrrepHMeHTaJihHHe AaHHHe O polK,ll;e
HHH q>-MeSOHOB B H8ilTpoHHOM rry'IKe. 3Ha'IHT8JibHbllt HHTepec rrpeA
CTaBJIH8T HCCJI8AOB8HH8 TBKHX acrreKTOB a,DpOHHoro polK,ll;8HHH 
q>-M8SOHOB KBR B.JIBHHHe HASPHHX S(txIJeKTOB, crrpaB8.1iJIHBOCTb rrpaBH
Jia 0Ky6o-llBettra-LfimsYKH (OUL-1), ocodeHHoCTH rrapHoro polK,ll;eHHH 
q>-M830HOB. 

UeJibID ,lUICcepTal@OHHOtt pa60Tli HBJIHBTCH CHCTBMaTH'IBCKOe 
HCCJIBAOBBHHe M8X8HHSMOB o6paSOB8HHH q>-M8SOHOB B HBilTpoH
rrpoTOHHliX H HeiTpoH-HABPHHX BSaHMOABilCTBHHX rrpH 8H8pI'lm 
He:A:TpOHOB 30-70 rsB. 

HOBHSHa, Hay'IHaH 8H8tmMOCTb H rrpaKTH'IBCK8H USHHOCTb pa60Tli. 
I. BrrepBlie IlOJiyqeH!il ,n;aHHHe no nmpoKOMY CIIBKTpY xapaKTBpHC

Tmc o6pasoBaHHH q>-MBSOHOB HBttTpoHaMR: ~pe~aJibHiilM H IIOJI
HiilM illilCJIIDSHBHiilM CB'liSHH.HM, saBHCHMOCTH ceqeHHH OT aToMHoro 

HoMepa ~a-.MIIDieHu, BP'..Jia,m.r OW!-paspeme:mmx rrpm~eccoB n rrap
Horo polK,ll;eHHH q>-MBSOHOB • 

,_ 
Obl.t:.thiit'tii~il KHCTID'y'r ·1· 

ua-e~!it.U !Kc .,eaoBaiati ; 
6'1SnwOTEKA .. 



2. PaspadoTaHa HOBaH M8TO,!Ullia :0A8HTR@lliar.um sapH~emrux 
a,IqJOHOB C TIOMOmhID CRCT8Mtl llBYX rroporoBHX rasoBHX qepeHKOBCKIDC 
cqeT~OB ll Ha ee OCHOBe cos.n;aH KOMIIJI0KC MaTeMaTnqecKIDC rrpo
rpaMM, IIrnpOKO RCTIOJib3yeMmt COTpy,n;anqecTBOM EMC-2 rrpli pemeHHH 
pas~qHHX tpHsnqecKIDC sa.n;aq. 

3. IloJiyqemrue B ,l(HCCepTamrn pesyJibTaTH ncnoJih3YIDTCH rrpH 
TIJiaHHpOBaHRR 9KCTiepUMeHT8 "8KC"lJAPM" Ha ceprryxoBCKOM 
YCKOpHTeJie. 

ArrpodaI.~liH padOTH ll rrydrna~m. 
PesyJihTaTH, BOW0AWR8 B ,l(HCCepTaunro, odcy~a~Cb Ha ceMHHa

pax B JadopaTOpllll BHCOKIDC 9Heprllil 06~eARHeHHoro RHCTRTyTa 
H,n;epHHX RCCJI8,Il;OBalillil, MHCTUTYT8 (pli3liKR BHCOKUX 9Heprd 
(Bep~-U:ottTeH) , MHCTRTYT8 q}ll3RKR AH -Y:ciiCP (Ilpara) , padoqIL'{ 
COBemamrnx COTpy.n;mrqecTBa EL1C-2; 6H~ rrpe.n;cT8BJI8HH Ha 25-tt 
Me~Hapo.n;Hott KOH(f}epeHmrn no (pli3RK8 BHCOKIDC 9Heprd 
(CRHrarryp, 1990 r.). 0CHOBHH8 pesyJibTaTH .l(HCCepTamrn orry6~-

I 
KOBaHH B pMoTax /1-7/. 

06~eM . .l(HCC8pTamrn. 
,UnccepT8l;UIH COCTORT ll3 BBe.n;emrn, IIHTR rJiaB, 3aKJIID1!8HRH ll 

CTIHCKa UHTRpOBaHHOtt ~TepaTypH. 

00,llEP>KAHME PABOTH 

Bo BB8,Il;8Hlili 060CHOBHB88TCH aKTyaJihHOCTb BHdpaHHott T8Mtl 
RCCJI8,Il;OB8HRH, .n;aH KpaTK:Hil o6sop 9KcnepUM8HT8JlbHOtt cnTyamrn li 
BH,Il;8Jl8Hlil HaR60JI88 rrepcneKTRBHH8 HarrpaBJI8HRH. CqlopMy~oBaHa 
U8Jlb ,l(HCCepTamrn, 060CHOBHBa8TCH ee Hay1IB8H 3Haq1moCTb H 
rrpaKTnqecKaH U8HHOCTb. ITpnBe.n;eHa CTPYKTypa .l(HCCepTamrn. 

B rrepBott rJiaBe rrpoaHa~3RpOB8HH OCHOBHH8 Tpe60B8HRH, 
rrpe~HBJIH8Mtl8 K 9KcnepUM8HTY ,Il;JIH pemeHRH TIOCT8BJI8HHOtt sa.n;aqn: 

- Ha.n;e~aH n.n;eHTR!lnlliaUHH sapHmeHHHX qacTnu; 
- BHCOK08 paspemeHRe TIO 9(f}(f}eKTRBHOtt Macce BTOpHqH!,lX qacTnu; 
- BHCOKaH CB8TnMOCTb 9KCII8pnM8HTa; 
- ,Il;OCTaToqHo BHCO~aH 9(f}(f}eKTRBHOCTb perncTpamrn 4r-M830HOB. 

8KcrrepUM8HT8JlbHH8 .n;aHHHe, Jiemamne B OCHOBe .l(HCCepT8Ulilf, 
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IIOJiyqeHH c noMomhID cneKTpOM8Tpa EMC-2, pacrroJio~eHHoro Ha Ka
H8JI8 H8ttTp8JihHHX qacTRU (4H) ceprryxoBCKoro ycKOpHT8JIH. ITyqoK 
KaHaJia 4H q:opMHpOB8JICH li3 HSttTpOHOB llillpOKOnOJIOCHOro 9HepreTR
qecKoro crreKTpa co cpe.n;Hefi sHeprnett OKOJIO 40 I'9B rrpn He6oJih

mott IIpnM8CH MaJI08HepreTnqHHX ~-Me30HOB - 1,5%. 
cxeMa OCHOBHHX 8JI8M8HTOB CII8KTpOM8Tpa EL1C-2 IIOK838H8 H8 

pnc.l. CneKTPOM8TpnqecKd MarHRT TnIT8 CII-40 UM8JI 9(f}(f}eKTRBHYID 
.n;~y no rryqKy 200 CM n arrrrepTypy IOOx29 cM. IIoJie MarmiTa 

nsMeHHJIO rrorrepe•myro 
~,,,, 

,.,,.~ - • C " •• I 
-1~--L§~~-f~~ ll~l 111 

COCT8BJIHIDmyID UMIIYJibC8 
sapHmemrux qacTnU Ha 
0,63 I'9B/c. CHCT8M8 
li3 13 llBYXKOOpAMH8T-

/ :L· \ - ""t L:'.:;l..LY meHHHX .n;o n nocJie 
•71 m-1/0 • l'flrllG-1 I 

I 
•• •~ f r lflr-2 

. _ MarHRTa, RCII0Jlh30B8-

HHX rrporropunoHaJihHHX 
KaMep (IIK) , pacIIOJIO-

~e/· JI8Ch .n;JIH perncTpamrn 
~-7dl •Mm~~~ -I: " , m.M• _ TpaeKTopllil sapHmemrux 
' - ~ \ /' ! 'I8CTRU ll ,I(JIH (l:opMRpO-

,-:,.. 
Ms•m · saHRH sarrycKaromero 

YCT8HOBKY cnrHaJia. 

PHc.l cxeMa CII8KTpOM8Tpa EL1C-2. ,ll.JIH n.n;eHTR!lnlliamrn 
sapH~emrux qacTHU 

liCIIOJib30B8~Cb }JJ38 MHOrOK8HaJibHHX rroporoBHX rasoBHX qepeHKOB
CKIDC cqeT~a (Mffi'lIC-1,2). ro.n;ocKOII CURHTHJIJIHUHOHHHX cqeTqH
KOB (I') IIpnM8HHJICH B CHCT8M8 sarrycKa CII8KTpGM8Tpa. ITOTOK 
HettTpOHOB KOHTPO~OB8JICH HettTpOHHHM MOHRTOpOM (MH). B Ka
qe CTB8 Mliill_8Hefi RCIIOJib30B8~Cb BO.n;opo.n; ( 0, 05 H.n;epHott .n;JillHl,l ) H 

Tpn H,n;epHHX MHmeHR: yrJiepo.n;, aJIIDMRHllil H Me,IJ;h (ITO 0,1 H.n;epHott 
.n;~). YcJIOBRH sarrycKa crreKTpoMeTpa 6H~ 6JiarorrpHHTHH .n;JIH 
perHCTpamrn C06HT:Hil c 4-MH ll~ 6oJiee BTOpHqH!,lMH sapHmeHHHMH 
qacTnuaMH. IIepB:HqH8H 9KCTiepnMeHT8JlbH8H RH(lX:>pMaUHH, rrpoaHa~-
3lipOB8HH8H B .n;nccepT8UHOHHOtt padoTe,. COOTB8TCTBY8T ~9-10

6 

saperHCTplipOB8HHl:1X B38nMO.n;ettcTBllil HettTpOHOB C Bo.n;opo.n;Hott MH

ID8HbID H TIO ~4·I06 B38HMO.n;ettcTBlitt C Kam.n;ott HS H.n;epHHX MHlll8H8a. 
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BTopaH rJiaBa IlOCBHJn8Ha_HCCJI8AOBaIIBID xapaKT8pHCTllli CHCT8Mll 
~8HTHqMK81.Ulli sapHJKe:mmx qacTHU Ha OCHOBe Mffi'l!C-I,2, rJiaBHaH 
3aAaqa KOTOpo:A: - p83A8JIHTb C _BHCOKO:A: 8qxt)eKTHBHOCTbID ~/K/p B 
IIrnpOKOM HHTepBaJie HMIIYJibCOB OT 3 ~o 40 rsB. B KaqecTB8 pa~a
TOpOB HCITOJib30BaJICH B03,IzyX (MfII'qC-I) H (fil)80H-I2 (MfII'qC-2). 
XapaKTepHCTHKH Mffi'l!C-I,2 1IpHB8A8HH B Tad~e I. 

Tadm~a I 

~CJIO IAMrryJibc rropora, rsB/c 
CqeT'IHK ras KaHaJIOB 

~ K 

Mffi'l!C-I 7 B03,IzyX · 6,0 2I,2 
Mffi'l!C-2 I4 (fil)80H-I2 3,I I0,8 

TaKHM odpa30M, CHCT8M8 ~8HTH@rn:ar.um B HAeaJihHOM 
Il03BOJIHJI8 B OdJI8CTH IDMIYJibCOB 3+II rsB/c OTA8.JrnTb K/p 
OdJI8CTH II+2I rsB/c - oc~eCTBHTb rromoe p83A8JI81IB8 

p 

40,3 
20,5 

cJiyqae 

OT~. B 
~/K/p. 

3THM IDMIYJihCHHM HHTepBaJiaM COOTB8TCTBOBaJia OCHOBH8H qacTb 
BTOpH'IHHX sapHlK8HHHX qaCTHU, perHCTPHpY8MllX Cil8KTpOM8TpOM 
EMC-2. B OdJiaCTH IDMIYJihCOB OT 2I AO 40 rsB/c B03MOJKHO OTA8JI8-
mrn p OT ~/K. 

B peaJibHHX 8KcrrepHM8HT8JibHHX COdHTHHX qepeHKOBC~ CBe~ OT 

0,zu:IO:A: qacTHUH pacrrpeAeJIHJICH MeJK,Izy HeCKOJibKHMH KaHaJiaMH cqeT
~OB (B cpeAHeM I,8 MH MfII'qc-r H I,5 AJIH MfII'qC-2), B TO JKe 

BpeMH rrpoHCXO~JIO HaJioJKeIIBe CBeTa OT HeCKOJibKHX qacTHU B OA

HHX H Tex JKe KaHaJiax (AJIH 30% qacT~ B Mffi'l!C-I H 20% qacTMU 
MH Mffi'l!C-2), 8 TaKJKe ql()HOBOe cpadaTHBaIIBe cqeT'IHKOB OT Hesa
perHcTpHpoBaHHHX qaCTHU (I5-25% MH MfII'qc-r H IO-I5% AJIH 
Mffi'l!C-2). IlOCKOJibKY Mffi'l!C-I pacrroJIOJKeH MeJK.Iiy IlOJIIDC8MH crreKT
poMeTpH'IeCKoro MarIIBTa Cil-40, 8H8.Jrn3 IlOJiyqeHHo:A: c Hero HH(llop
Mar.um YCJIOJKHeH H3-3a HCKpHBJieIIBH TpaeKTOpd aapHJKeHHHX qaCTHU 
B MarIIBTHOM IlOJie. -

EHJia paapadoTaHa MeTo~a aHa.Jrn3a AaHHHX C MfII'qc, Y~THBa
romaH IIpHBeAeHHHe Bl:1111e acrreKTH. B KaqecTBe BXOAHHX AB:mmx 
HCITOJib30Ba.Jrnc:6 rrapaMeTpH TpaeKTOpd qac·THU, n_ liMIJYJlbCH, 
OTcqeTH qepeHKOBCKHX cqeT~OB, a TaKJKe sqxt)eKTHBHOCTH OTAeJib
HHX K8HaJIOB cqeTqHKoB H BepOHTHOCTH HX ql()HOBHX cpadaTHB8Hlitt. 
3qxt)eKTHBHOCTH cqeT~OB rrpH perHCTpar.um qacTHU C liMIJYJlbCOM 
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BHllie rropora COCTaBH.Jrn B cpeAHeM 98% AJIH KaHaJIOB MfII'qc-r H ~9% 
AJIH KaH8JIOB MfII'qc-2. B rrpeAJIOJKeHHOM aJiropHTMe ~eHT:rntMKar.um 
AJIH sapHlKeHHHX qacTHU paccMaTpHBaIDTCH TPH rHITOTe3H od HX 
Macce, COOTBeTCTBYIDmHe ITHOHY, KaOHY, IlpOTOHY HJrn HX aHTH
qacTHUaM. B paMKax KaJKAO:A: rHITOTe3H BHqHCJIHeTCH pacrrpeAeJieIIBe 
qepeHKOBCKoro CBeTa MeJK,Izy OTAeJibHHMH KaHaJiaMH cqeT~OB H H3 

corrocTaBJieIIBH c peaJibHHMH KOH@IT'ypa~HMH CHrHaJIOB B Mffi'l!C-I,2 
orrpeAeJIHIDTCH OTHOCHT8JibHli!e BepoHTHOCTH (CTaTHCTHqecKHe 
"Beca") 8THX rHITOT83 MH Kal!',AO:A: sapHJKeHHo:A: qacTHUH. 

+ -B03MOJKHOCTH CHCTeMH HAeHT~OB8Tb ~-, p/p dH.Jrn HCCJie-
AOBaHH Ha pacrraAaX K~-~+~-. A-p~-. X-p~+. KOTOpHe dH.Jrn 

BHAeJieHH He3aBHCHMO - no COOTBeTCTBYIDmHM crreKTpaM 8qxt)eKTHBHHX 
Mace rrpo,nyKTOB pacrraAa, a TaKJKe HS aHa.Jrnsa pacrraAOB oqapoBaH
HHX dapHOHOB A~-K~p~+~-- EH.Jrn IlOJiyqeHH CJie,IzyIDIJU,ie OilTHM8JibHHe 
MH A8JihHe:A:rnero aHa.Jrn38 peayJihTaTH: rrpH BHAeJieHHH K~, A, A 
ql()H IlOIIBJKeH COOTBeTCTB8HHO Ha 40%, 30% H 90%. IlpH 8TOM dHJIO 
ITOTepHHO COOTBeTCTBeHHO 3%, 5% H·25% HCCJie,nyeMHX qaCTHU- IlpH 
rrpaKTmeCKH IlOnHOM coxpaHeHHH CHrHaJia A~ ql()H ITOA ITHKOM YM8Hb
IDHRCH B 2 paaa. C IlOMOmhID CHCTeMll ~8HTH@lli81.Ulli BHA8JieH T8KlK8 
rrpouecc c yqacTHeM aapHJKe:mmx KaoHoB - pacrraA ysKoro pesoHaH
ca ¢(1020)-K+K-. OOH IlOA ITHKOM q>-Me30Ha B crreKTpe 8(Iq)eKTHB
HHX Mace K+K- YA8JIOCb IlOAaBHTb B 40 pas rrpH IlOTepe He doJiee 
30% CHrHaJia. B03MOJKHOCTH CHCTeMH ~8HTH@n.nip0B8Tb pacnaAH 
X-p~+, ¢-K+K- H A~-K~p~+~- IlOK838HliI H8 pHC.28-2B. 

. _ ... lff P0:c.2 CrreKTPH HHB8pH-
<OOf ~\ 'X ,,j 320 6) 4> · • B) ~ 

1.2 8HTHHX Mace a)p~-. -., -r / - 1 "u 280 1 5 "u 

50 

d)K+K-, B)K~p~+~- des 
~ 1. ~ ~ 
2300 2 :I' ~eHTR@lliaI.UIB - (I) H _ 4 ... -• 2.0 n o 40 _ 

4 N ..... C HCilOJib30B8IIBeM 
"" I 30 

3 " 
~8HTH@rn:ar.um rrpo,nyK-

LO 1 ::, 
TOB pacnaAa - (2). 0 

i i:~~I TaKHM odpaaoM, C 

50f 10.2 .J RCITOJibSOB8HH8M rrpeA-

1.105 1,115 1.125 0.99 1.02 1.05 1.9 2.2 2.5 
JIOJKe:mmro aJirOpliTMa 

M(ru,-i , raB/c' M(K'K") , r•B/c' M(K"p,,>,.j , rae/c' dHJI8 AOCTRrHyTa BHCO-
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K8H SqxI)eKTHBHOCTb H,l(8HTH®marurn ~/K/p B HCCJie,mreMmC Ha ycTa
HOBKe EMC-2 MHoroqacTIBlllliX COOHTH.HX. 

rJiaBa 3 nocB~eHa M8TO,IUme oOpaOOTKH 8KCrrepHM8HT8JlbH0:0: 
HHilJ(>pMarurn H MO,Il;8.1rnp0B8HHIO HCCJI8.l(YBMillC rrpoueccoB o0pa30B8HHH 
q>-M830HOB. IlpHBe,neHa oOmaH CTpyKTypa nOST8ITHOro 8H8JIH38 ,naH
HliX. Ha STane reoMeTpnqecK0:0: peKOHCTPYKUHH coOHT~ C noMombID 
nporpaMMH PERUN BOCCT8H8B~8JIHCb TpaeK~OpHH sapHmeHHHX qac
THU- Ha STane CT8THCTHqecKoro aHaJIH38 C ITOMOmbID nporpaMMH 
BISMXC YTOTIBflJIHCb HX napaMeTpH, HCKJIIDqaJIHCb TpaeKTOpHH, reHe
pHpOBaHHHe rrpH peKOHCTPYKUHH coOHT~, OCYm8CTBJIHJI8Cb H,Il;8HTH
@fK8UHH sapHmeHHHX qacTHU, BH,D;eJIHJIHCb "He:0:TpaJibHlie BHJIKH" v0 

K8K napH pa3HOHM8HHO sapHmeHHHx qacTHU, TpaeKTOpHH KOTOpHX 
nepeceKaJIHCh B oOJiaCTH, pacrroJiomeHHo:A: sa MHill8HhID (pacnaAHOM 
oO~eMe), H BOCCT8H8B~8JI8Cb oomaH Bepllllllia B38HMO,ne:0:CTBHH B 

OOJiaCTH MHill8HH. 
PacrraAH cp-+K+K- HCK8JIHCb B COOHTHHX C ABYMH sapHmeHHHMH 

qacTHUaMH, HCXO,Il;HIIU™H H3 oome:A: BepmHHH H H,neHTH~HUHPOBaHHHMH 
+ + KaK KaHAH,l(aTH BK-. IlpH BH,D;eJieHHH K- HCKJIIDqaJIHCb OAH03HaqHQ 

H,l(8HTH(fJ.lmHpOBaHHHe ~ H p,·a TaKme HeH,neHTH~HUHPOBaHHHe qacTH
UH, HO He no,naBJiflJIHCb npHMeCH ~Hp B HMITYJibCHHX HHTepBaJiaX, 
r,ne 8TH rHITOT83H Hepa3JIHqHMH OT K80HH0:0: (COOTB8TCTB8HHO 2I+40 
raB/c H 3+II raB/c). B KaqecTBe K8H,1Ui,Il;8TOB B pacrraAH A-p~- H 

K~-~+~- rrpHHHMa.irncb v0 c SqxI)eKTHBHO:A: Macco:0: B rrpe,neJiax ±6 
MsB/c2 H ±IO MsB/c2 OT Tad~oro 3HaqeHHfl Mace AH K0 , qTQ 
COOTB8TCTBY8T 3-KpaTHO:A: Be~e paspemeHHfl no aqxI)eKTHBHO:A: 
Macce ,Il;JIH STHX pacna,noB. IlpH BH,D;eJieHHH H8:A:TpOH-rrpOTOHHliX 
B3aHMo,ne:0:CTB~ TpedoBaJIOCh, qTo6H nonepe~oe OTKJIOHeHHe Bep
illHHli C06HTHH OT opH rry~a He rrpeBHmaJIO 2,5 CM (rrpli pa)Uiyce 
MHill8HH 3 CM). TaKHM o6pa30M HCKJIIDqaJIHCb H3 aHaJIHsa B3aHMo,ne:A:
CTBHfl Ha OKpymaromHX MIBlI8Hb KOHCTPYKUHOHHHX 8JI8M8HT8X. B ,naJih
He:A:meM OCYm8CTBJiflJICfl aHaJIH3 xapaKTepHCT:tlli HCCJie,mreMmC rrpouec
COB C yqacTHeM q>-M830HOB. IlocJie K8mAOro 8Tana oOpaOOTKH HH
llJ(>pMaUHfl nepeITHCHBaJiaCb Ha MarHHTHlie JI8HTH CJI8)zyIDmero YPOBHfl. 

CHrHaJThl q>-M830HOB B He11TpoH-rrpoTOHHliX (pHC.3) H He:0:TpOH
fl,nepHHX B3aHMo,ne1tCTBHHX (pHC.4) 6HJIH oueHeHH rryTeM arrrrpOKCH
Marurn Y3KHX ITHKOB B cneKTpax sqxI)eKTHBHliX Mace K+K- cyrreprrosH-
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JJ,He:A: pesoHaHCH0:0: ~YHKUHH Epe:0:Ta-BHrHepa C @lliCHpOBaHH0:0: T86-
JIHqHO:A: mHpHHO:A: 4,4 MsB/c2 H pacrrpe,neJieHHfl raycca, xapaKTepH-

.103 syIDmero 8KCITepHM8HT8JlbHOe pas-
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N 1.5 

'--
-~ 1.25 
::r 
<( 

~ 1. 
lD 
::;; 
0 
Y: 0.75 

6 ¥ 0.5 

,- • T ----. pememrn crreKTpoMeTpa. 

"u 
---... 
m 

1000-

·7l --U-~ ~ aool-

JI~':-I :S:: 6QQ t-
:::f . 

. <i 

--------- -- . ~ ~ 
I lD t '~4001 

C Al 

-~-- ----, 

Cu 

R(BEPlJ..11Hb1)<2.5 CM 1 o 
,I < 

0.25 
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3COCOEKTVIBHA51 MACCA K·K-, 138/c' 3C!XDEKH1BHA51 MACCA K'K- , r3B/c' 

0. 

PHc.3 CrreKTpH s(pt)eKTHBHliX 
Mace K+K- ,Il;Jlfl Bcex C06HT~ 

Ha BO,D;OpOAH:0:0: MHmeHH li ,D;JIH 
BH,D;8JI8HHliX np-B3aHMo,ne:A:CTB~-

PHc.4 CrreKTpH sqxI)eKTHBHHX Mace 
K+K- ,D;JIH C06HT~ Ha'yrJiepoAH:0:0:, 

aJIIDMHHH8B0:A: li M8AH0:0: MIBlI8HflX. 

KoJIHqecTBO BH,neJieHHHx cp-MesoHOB, a TaKme pasperneHHe no 
aqxI)eKTHBHO:A: Macce, noJiyqeHHoe B 9KCIT03liUHHX C pasHHMH 

Mlilll8HHMH, npirne,neHH B Tadmme 2. 
TaOmru;a 2 

MlimeHb H C 

a(¢), MsB/c2 1,7±0,3 2,2±0,4 
CTaTHCT:tIB:8 ¢ 2100±120 1190±80 

Al 

2,4±0,4 
1320±85 

Cu 

3,4±0,6 
1220±85 

MH orrpe,neJieHHH sqxI)eKTHBHOCTH perHcTparurn UHKJIID3HBHHX 
q>-M830HOB, a TaKme accoUHaTHBHO pom,neHHHX C HUMH CTpaHHHX 
qacTUU, ocymecTBJIHJIOCb MO,Il;8.1rnpOBaHHe yKa3aHHHX rrpoueccoB C 
noMombro rrporpaMMH RSIMUL, KOTopaH no3BOJIHJI8 pasr1rpHB8Tb KHHe
MaT:tIB:Y nccJie,mreMoro !pH3HqecKoro rrpouecca H rrpoBO.JUiTh qacTHUH 
- rrpO,nyKTH B3aHMo,ne:0:CTBHH - qepes MarHHT H ,neTeKTOpH crreKTpO
MeTpa EMC-2. B rrepBOM cJiyqae ,D;JIH rrpaBHJlbHOro yqeTa YCJIOBH:0: 
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sarrycKa ycTaHOBKH IlOMRMO <l>-M830HOB reHepHpOBaJIHCb TaKme AO
IlOJIHHT8~bHH8 sapHY.emrue qacTHI.U:l B COOTB8TCTBHH C MHOmeCTB8H
HOCTbID BTOp~x qacT~ B pp-B3aHMOA8ttCTBHflX rrpH 6JIH3KHX 
3HeprHHX. lt1Mrry~bCHH8 Cil8KTpll MOA8JIHPOBamrux <l>-M830HOB H AO-. 
IlOJIHHT8~bHHX qaCTHU IlO~OHHJIHCb IlOA 3KCil8pliM8HTa~bHH8 Cil8KT-
pH. Ilpoueccu accounaTHBHOro o6pa30B8HHfl <l>-M830HOB H CTpamrux 
qacT~, a TaDe rrapHoro po~eHHH <t>-MesoHoB, pasurpuBaJIHch B 
COOTB8TCTBHH C (lleHOM8HO~ornqecKott LUND-MOA8~bID a~OH-a~OHHHX 
B3aHMOA8ttCTBd rrpH Ma~ rrepeAamrux HMIIY~bcax. MOA8.11HpOBamrue 
qacTHI.U:l IlpOBO~~Cb qepes MarHHT H A8T8KTOpll Cil8KTpOM8Tpa C 
yqeTOM KY~OHOBCKoro pacceHHHH H B03MOY.HOCTH HX pacrraAa. IlpH
HHMaJIHCb BO BHHMaHHe 31Pt)eKTHBHOCTb H qJOHOBll8 cpa6aTHBaHHH 

rrponopUHOH8~bHllX KaMep, S!lJI)eKTlIBHOCTb BOCCT8HOB~8HHfl HCC~e~-
8MllX C06llTd rrporpaMMaMH reoMeTpHqecKott peKOHCTpYKUHH H CTa
THCTHqecKoro aHaJIHsa, a TaKme s!lJI)eKTHBHOCTh CHCT8Mll sanycKa 
Cil8KTpOM8Tpa. B 3KCil8pHM8HT8 perHCTpHpOB8JIHCb <l>-M830HH B 
KHH8M8TH'I8CKOtt o6~aCTH, orpa~eHHott no rrorrepe~ H IlpOAO~b

HHM HMITY~bCaM: PT<I rsB/c H PL>8 rsB/c. limKHmt Ilp8A8~ no PLC 
yqeTOM SHepreT~ecKoro cneKTpa H8ttTpOHHoro rryqKa COOTB8TCTBO
B8~ nepeMeHHott <DettHMaHa ~=0,I. B A8HHOtt KHH8M8THqecKott 

o6~8CTH S(PIJeKTHBHOCTb perHCTpaUHH <l>-M830HOB COCTaBH~a B8JIHqif
HY 2,8·1□-3 C oueHHBaeMott CHCT8M8THqecKott norpeIIIHOCTbID 20%. 
3(PIJeKTHBHOCTH perHCTpaUHH CHCT8M qacTHU ¢A, ¢K~, ¢K+, ¢K-, $I> 
COCTaBHJIH COOTB8TCTB8HHO 24%, 9%, 25%, 11% OT 3(PIJeKTHBHOCTH 
perHCTpaUHH ~3HBHllX <l>-M830HOB. 

B r~aBe 4 HCC~e~IDTCfl xapaKTepHCTHKH HHK~3HBHOro o6paso
BaHHH <l>-M830HOB B HettTpoH-rrpOTOHHHX li HettTpOH-flA8PHllX B3aHMo

A8ttCTBliflX. 
,U.rrfl H3M8p8HHfl HMIIY~bCHllX cneKTpOB <l>-M830HOB no~yqemrue 

Aamrue 6HJIH pa3Ae~eHH Ha 7 HHTepBa~OB no nonepe'l!Hott COCT8BRH

romett (PL) li IO HHT8pBaROB rro IlpOAORbHOtt COCTaBRHromett (PT) 
HMITYRbCa. KoJIHqecTBO <l>-M830HOB B Ka~OM HHTepBaRe 6HRO orrpe
A8R8HO H3 8H8JIH3a COOTB8TCTBYIDmHX pacrrpeAeReHlitt rro s(PIJeKTHB
HHM MaccaM K+K-. IloRyqemrue T8KliM oOpasoM 1~.myRbCHH8 cneKTpH 
saperncTpHpOB8HHHX <l>-M830HOB OHJIH CKOppeKTHpoB8HH H8 COOTB8T
CTBYR:JmH8 ~P8HUH8RbHH8 s(PIJeKTHBHOCTH HX perHCTparum. Ha 
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pHc.5 H 6 IlpHB8A8HH H3Mepemrue H BOCCTaHOBRemrue crreKTpll 
<l>-M830HOB no Pi H PL A~fl HettTpOH-IlpOTOHHHX B38HMOA8ttCTBd. 

i: ' ' ---..---,-1 " 0 H3MEPEHHbt"1 cnEKTP 

'Q; =- . BOCCTAHOB/\EHHbtH cnEKTP 
" ~ :.- EXP(-J.02P,) -- LUNO-MOAE/,b 

~~--~ 6 ' 
~ o E- .... .. :1 

a: 5~ ·--------------. . 

.::, 10 r 
z: = 
"Cl " ,o4r-

:: -❖-

t 
10

3
~ 
§ 

+ 
+ +-+-

,02L. 
0. 0.2 0.4 0.6 0.8 ·1. 

r: • (r38/c)2 

1 0 7 k-O H3MEPEHHblft cnEKTP 

10
6 

a:' 105 
• "Cl ......._ 

z 
"Cl 

w 104 

10
3 

e BOCCTAHCB/\EHHblR cnEKTP 
_ (1-x,)4-28 

2 
10 ~a-~12c---'16~..,,2.,_0_2~4---,2.,,a~ 

PL , r3B/c 

Plic.5 CneKTpll <l>-M830HOB Plic.6 11HBapH8HTHH8 Cil8KTpll 
2 . 

no PT" <l>-M830HOB no PL. 
. . 

AnrrpoKcHMaUHH PT-cneKTp8 IPYHKUHett exp(-B·PT) A88T 3Haqemi:e 
nOK838T8~fl 8=3,02±0,55 (rsB/C)-2 , qTQ COOTB8TCTBY8T cpeAH:8MY 

sHaqeHHID <PT>=0,51±0,05 rsB/c. 11HBapnaHTHlltt cneKTp rro rrpo
AORhHOMY HMrryRbCY xopomo OITHCllB88TCfl CTeneHHott 38BHCHMOCTbID 
(1-l~l)N c rroKasaTeReM N=4,28±0,42. <DeHoMeHoRor~ecKHe MOAe

JIH a~OH-a~HHHX B38HMOA8ttCTBd C MaRHMH rrepeAaqaMH HMrryRb
COB LUND li FRITIOF AOCT8TO'l!HO xopomo OITHCHB8IDT Cil8KTp no rrpo
AORbHHM HMITY~bCaM <l>-M830HOB, HO Ilp8ACKa3UB8IDT OoRee KpYTOtt 
HaKROH Pi-Cil8KTpa. 

CpaBHemi:e IlORyqeHHHX pesyRbT8TOB C AamruMH 9KCil8pHM8HTOB, 
IIpOB8A8HHHX B IIpOTOHHHX rry~ax p83JIHqHilX 3Heprd IlOK83llB88T, 
qTo rrapaM~Tpll HaMOHa Pi-Cil8KTpoB B HJMOH-HYKROHHHX B38HMO
A8ttCTBliflX COrRaCyIDTCfl C B8JIHqJfHOtt B~ (rsB/C)-2 H838BHCHMO OT 
3H8prHH qaCTHI.U:l rryqKa li JMa'AUBaIDTCfl B 00IeyID T8HA8HUHID pocTa 
cpeAH:HX rrorrepe'l!HllX HMrryRbCOB C YB8~8HH8M MaCCll o6pa30B8HHO
ro a~Ha. IlOK838T8JIH HaMOH8 ~- Cil8KTpoB COOTB8TCTBYIDT 3Ha
qeHHflM N=4+5 B KHH8Ma~eCKOtt 06R8CTH ~>0,I+O,I5 H IlOK83llBa

IDT AOMHHHpYIOIJlYID poRb rrpoueccoB U8HTp8RbHOro po~elilifl 
<l>-M830HOB HJMOH8MH. IlpHB8A8Hlill8 Be~ He IIpHTHBOpeqaT 
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TaKme IIp8ACKa3aHlUiM npaBll.Jl KBapKOBOro cqeTa n~H oO~aCTU [ppar

M8HTau;mI (N=5). 
11.HKJII03HBH08 ceqeme oOpasoBaHHH ¢-M830HOB B H8ilTpOH

IIpOTOHHl:lX B3aHMOA8:A:CTBUHX.0ll~O Bll'-mC~8HO UCXOAH U3 K0~8CTBa 

saperncTpHpOB3HHl:lX ¢-M830HOB, CB8TUMOCTU 8KcrrepmmHT3, 8!lXIJeK
THBHOCTU perucTpai.um u rrapu;na~bHOtt BepOHTHOCTU pacrraAa 
q>--K+K-. B pesy~bT3T8 OHJI.3 rro~yqeHa B8~qlfHa 53±9 MKO B KHH8-

MaTuqecKott oO~aCTH perHCTpai.um ¢-M8SOHOB B 8KCII8pHM8HTe: PL>8 
rsB/c U PT<l rsB/c. )l.JIH OU8HKU BOSMOJKHHX CHCT8M8TnqecKHX OIIIH
OOK ceqeme oOpasoBaHHH ¢-MeSOHOB OH~O OI!p8A8~8HO H838BUCHMHM 
M8TOAOM - rryTeM HOpMHpOBKH Ha ceqeme oOpasoBaHHH 

A-rHIIepOHOB. Pesy~bT3Tll o60HX M8TOAOB cor~acyIDTCH B npeAe~ax 
30%, qTo c~y~T OU8HKO:A: CYMM8PHOil CUCTeMaTnqecKoil rrorpelIIHOC
TU. 3KCTparro~HIJ;l-iH ceqeHHH B rro~yro KHH8M3THqecKyro oO~aCTb 
(-1 <:i;, <1 ) OH~a IIpOB8A8Ha B I!p8AI!O~omeHHH, qTQ rro~yt-ieHHaH 
arrnpOKCHM8IJ;l-iH HMIIY~bCHHX CII8KTpOB A8ilCTBUT8~bHa U BHe KHH8M3-

---,-- --~--~- TnqecKott oO~acTH perucTpaUHH 
~ ! O pp • 24 raB/c • Blobel et al. 
:;: ■ pBe, 70f>B/c ,Antipovetal. ¢-MeSOHOB. Pesy~bTaT 8KCTparro~H

'Y pBe. 150 f38/c. Anderson et ol. 
D pp. ,r,,.52 raB, Orijard etal. UHH: a(¢+X)= 220±40±70 MK6, rAe 

b ~ O pp , 93 raB/c , ACCMOR 
W104 t, pBe •. 100faB/c,ACCMOR 
:S: A pBe, 120 faB/c, ACCMOR 
[5 e pBe, 200 raB/c, ACCMOR 
:r + np , 30-70 raB/c, 6~C-2 
W - FRITIOF-MOAEAb 
(_) -- LUND-MOAEAb 
w,o3 
0 
:r: 
m 
:s: 
(Y) 

2 
;'2 1 o2 

:r: 
:s: 

1 0 
0 1 0 20 30 40 50 60 

v-s rsB 

PHc.7 11.HKJIIOSHBHoe·ceqeme 

o6pa30BaHHH ¢-M830HOB B 
H~OH-HYMOHHl:lX peaKIJ;l-iHX. 

rrepBaH us OIIIH60K HB~H8TCH CTaTHC-
THqecKo:A:, a BTopa.H - CHCT8M8TU
qecKo:A:. 3TOT pesy~bTaT cor~acyeT

CH C AaHHHM:n 8KCII8pHM8HTOB, IIpO
B8A8HHl:lX Ha IIpOTOHHHX rry~ax B 
CM8JKHHX oO~aCTHX 8Heprn:A: (pnc.7). 
Ms cpaBH8HHH 8KCII8pHMeHT3~bHHX 
A3HHHX C npencKa33HH.HMH qleHOM8HO
~ornqecKHX MOAe~eil, TaKme npHBe
A8HHHMH Ha puc.7, BH,n;HO, qTQ 
LUND-MOA8~b He OIIHCHBaeT 8Hepre
Tlfq8CKYID saBHCHMOCTb ceqeHH.H 
BO~SH rropora peaKUHH, TOrAa KaK 
MH FRITlOF-MOA8~ Ha0~IDAa8TCH 
~yqrnee cor~acne c sKcrrepHMeHTOM. 

Ms aHa~sa H8ilTpoH-HnepHHX B38HMone:A:CTBlf:A: OI!p8'A8~8H8 
saBUCHMOCTb ceqeHHH oOpasoBaHHH ¢-MeSOHOB OT aTOMHOro HOMepa 

IO 

HASP MUIIl8HH A. B pesy~bTaTe aHa~sa Buquc~eHH C~8nJIO!IUf8 OTHO
IIl8Hlrn cetrnHlf:A: oOpasoBaHH.H ¢-M830HOB: a(Al)/a(C)= l,91±0,21 H 
a(CU)/a(C)= 3,85±0,40 (CHCT8MaTlfq8CKH8 rrorpelIIHOCTU rro~yqemrnx 
OTHOIIl8Hn:A: H8 npeBHIIlaIDT 3%). CTerreHHaH rrapaMeTpHsau;nH BUAa 
O(A)=Oo·Aa npu SHaqeHUH IIOK33aTe~H a=0,81±0,06 xoporno OIIHCH
BaeT 33BHCHMOCTb ceqeHHH OT Be~ AB KHH8MaTnqecKo:A: oO
~aCTU perHCTPHpY8MHX B 8KCII8pHM8HTe ¢-Me30HOB, xapaKTepusyID
nte:A:cH cpe,znoo,m sHalrnHHHMH <:i;,>=0,28 u <PT>=0,35 rsB/c. He 
oOHapymeHO cymecTB8HHO:A: saBUCHMOCTH Be~qHHH a OT IIpOAO~bHOro 
H rrorrepeqHoro HMIIY~bCOB ¢-M830HOB B rtpeAe~ax KHH8MaTnqecKo:A: 

o6~3CTH HX perucTpaUHH B 8KCII8pHM8HT8. B pesy~bTaTe arrnpOKCU
MaUHH HHBapnaHTHHX CII8KTpOB no IIpOAO~bHOMY HMIIY~bCY CT8II8HHO:A: 
~yHKu;ne:A: (1-1:i;,l)N rro~yq~Hll 3HaqeHHH IIOKasaTe~H N, paBHHe 
4,39±0,37 B nC-, 4,14±0,40 B nAl- H 4,43±0,41 B nCu- BS8HMO
A8:A:CTBHHX, cor~acyIDmU8CH Me~..,ey- cocoa B I!p8A8~3X OIIIUOOK 
usMepemnt. 

Ha pnc.8 IIOKaSaHa 

1.2 

1.1 

1. 

i::S 0.9 

0.8 

0 p+Be/H , ACCM0R 
0 p+Ta/Be, ACCM0R 
e n+Cu/,J/C, 611C-2 
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0. 0.1 0.2 0.3 
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B8~qlfHa IIOKa~aTe~H a B 3aBHCHMOCTU OT 
cpe,n;Hero sHaqemH :i;, saperncTpu
poBamrnx ¢-M830HOB B 8KCII8pHM8H
TaX, IIpOB8A8HHHX B H8:A:TpOHHOM H 

IIpOTOHHOM rryqKax. 'C~OIIIHO:A: 
~e:A: npencTaB~eHa rrapaMeTpusa
u;nH rrapa6o~qecKo:A: ~YHKu;ne:A: sHa
qeHlf:A: a MH npoueccoB oOpasoBa-

0.5 

PHc.8 IloKaSaTe~b a B 3aBH-

HHH ~ H K-M830HOB Ha pas~qHHx 

HAPaX. PHCYHOK YKaSHBaeT Ha 
YM8Hblll8HH8 a C pocTOM Xp KaK n~H 
¢-MeSOHOB, T3K U A~H 'APYI'HX qac
TUU. Ms cpaBH8HHH ceqeHHH oOpa-
30BaHHH ¢-M830HOB Ha BOAOPOA8 C 
pesy~bT3TOM 8KCTparro~HUHH ceqe
HHH Ha HAPaX K A=l (a0 ) C~8nJ8T 
COOTHOIIleHHe: ao>O(A=1). 

CHMOCTH OT cpe,n;Hero 3Haqe

HHH Xp saperHCTpHpOB8HHl:lX 
B 8KCII8pHM8HT3X ¢-M8SOHOB. 

CorrocTaB~eHHe pesy~bT8TOB H3M8p8HHH a, rro~yqeHHHx A~H 
¢-M830HOB, C COOTB8TCTBYIDIIU™H A8HHHMH n~H ~,K-M830HOB - C 
O,n;HO:A: CTOpOHH, U J/ID (a=0,94+0,96) - c 'APYI'O:A:, yKa3HBa8T Ha 
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c~eCTBem-n,r:0: pocT Be.JIW-Ullill a C YB0.Jllfl.!0HH0M M8CCll KB8pKOB, 

COCT8BJI.HIOIIUiX KOH8'!Hll:0: 8,JJJ)OH. TaKyIO 38BHCHMOCTb MOlKHO OCl'b.HC

HHTb M8HblllliM ce'!eHHeM B38HMO,n;e:0:CTBH.H C HYKJIOH8MH .H)JJ)8 H 60.Jib

me:0: ~o:0: (f)opMHpOB8HH.H a.n;poHOB, fOCTO.HIUHX H3 60.Jiee THW.8.JlllX 

KBapKOB. I1pe.n;CK838HH8 (peHOM8HOJIOI'l'I'IeCK0:0: FRlTIOF-Mo.n;e.JIH 

8,JJJ)OH-.H.n;epI:IllX B38HMO,IJ;8:0:CTBd C M8.JlllMH rrepe.n;a'!aMH HMITYJibCOB 

,!J;JI.H A-38BHCHMOCTH C8'!8Hl{.H o6pa30B8HH.H <p-M830HOB (ITYHRTHpH8H 

JIHHH.H Ha pHC.8) IlpOTHBOpetrnT 9KcrrepHM8HTaJibHI-lM .n;aHHUM ,IJ;JI.H 

<p-"M830HOB H 60Jiblli8 COOTB8TCTBY8T 3KCrrepHM8HTaJibH1IM .n;aHHUM ,IJ;JI.H 

'Tr H K-M830HOB. 

B rJiaBe 5 rrpoaHa.JIH3HpOB8HO acCOJJ,H8THBHOe o6pa30BaHHe 

q>-M830HOB co CTpaHHUMH '!8CTHU8MH, a TaKme rrapHoe po~eHHe 

q>-M830HOB. 
MccJie.n;oBaJIOCb COBM8CTH08 pom.n;eHHe q>-M830HOB H H8:0:Tpa~bHHX 

CTpaHHUX '!8CTHU AH K0 , Bll,!J;8JI.H8MllX ITO HX pacrra.n;aM A-p'!r- H 

K~-7r+7r-, a TaKme K+ HK-, perHCTPlfPY8MllX C ITOMOUU,10 MfII'qc-

1, 2. Ha pHC. 9 IlOKa3aHll ,!J;OJIH COClllTirtlt, co.n;epw.anuu A, K~, K+, K
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0 PHc.9 ~OJIH COClHTd c A,Ks, 
K+,K- B 38BHCHMOCTH OT 

Sqxl)eKTHBH0:0: M8CCH accoJJ,H-
8THBH0:0: rrapu K+K-. 

H accoJJ,HaTHBHO po~eHHy10 rrapy 
K+K-, B 38BHCHMOCTH OT 9(fxlleKTHB

H0:0: M8CCll K+K--rrapu. Bo BC8X pac

rrpe.n;eJieHH.HX B OC>JI8CTH sqxlleKTHBH0:0: 
M8CCll K+K--rrapu, Cl.JIH3K0:0: K Macce 

q>-MesoHa, Ha6JI10.n;aeTc.H o6orameHHe 

CTP8HHHMH '!8CTlfU8MH. IlpHHI™a.H BO 

BimMaHHe ypoB8Hb (f)oHa rro.n; CHrHa

JIOM q>-M830HOB ITOJIY'!8Hll CJI8.I{YIOmI{8 

.n;o.JIH accoJJ,HaTHBHoro o6pasoBaHHH 

CHCT8M '!8CTHU: 2,2±0,3% .n;JIH ¢A, 

1,6±0,4% .n;JIH ¢K~, 8,6±1,9% ,IJ;JI.H 
+ -¢K ,_3,2±0,7% .n;JI.H ¢K, 'ITO COOT-

B8TCTBY8T CT8THCTHK8 144±19 ¢A, 

104±20 ¢K~, 570±120 ¢K+ H 210±45 
¢K- COClllTd. Y'!eT sqxl)eKTHBHOCTe:0: 

perHcTPaJJ.HH .n;aHHUX rrpoueccoB, a 
T8KW.8 rrapJJ,HaJibHHX BepoHTHOCT8:0: 

H8ClJIIO,!J;88MllX pacrra.n;oB H8:0:TP8JibHllX 
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cTpaHHllX '!8CTHU, Il03B0Jll{JI Bll'!HCJIHTb BKJI8.n;ll HCCJI8.I{Y8MllX rrpo

u.eccoB B HHRJII03HBHoe cetrnHHe o6pasoBaHHH q>-MesoHOB B KlllieMa

TH'!ecKo:0: 06.JiaCTH lU( perHCTpaJJ,HH P L>8 rsB/c (¾,>0, l) H 

PT<I rsB/c: 20±4% .n;JIH ¢A, 55±17% ,IJ;JI.H ¢K~, 33±11% .n;JIH ¢K+, 
26±10% ,IJ;JI.H ¢K-. ilpHHHMaH BO BHHMaHHe AB0:0:Ho:0: Y'!9T OT,!J;9JibHHX 

8KCKJII03HBHllX K8H8JIOB B cyMMe YK838HHllX Be.JIWIBH, BH'!HCJI8H 

BKJia.n; OI.J;11-paspemeHHUx rrpoueccoB, paBHU:0: 67±12%. 8Ta Be.JIWIBHa 

rrpe.n;cTaBJI.HeT co6o:0: HIDKHlnt rrpe.n;e.JI BKJia.n;a TaKHX rrpou.eccoB, TaK 

KaK He.n;ooueHeHa ,!J;OJIH peaKUd 8CCOW{8THBHOro o6p830B8HH.H 
+ 

q>-M830HOB C ~- H 8HTHrHITepOH8MH. 

TaKHM o6p830M, MOlKHO C,!J;8JI8Tb BHBO,n;, 'ITO rrpH o6pa30B8Hlm 

q>-Me30HOB He:0:TpoHaMH ,!l;OMHHHpYIOT OI.J;11-paspemeHHUe rrpou.eccH CJIH

.HHHH "MOpCKR.'l(" CTp8HHllX KB8pKOB. YK838HHa.H BHlli8 LUND-Mo,n;eJib 

He Y'!HTHB88T .n;aHHU:0: sqxl)eKT H rrpe,n;CK83llB88T BKJia.n; T8KHX rrpo

u.eccoB B COOTB0TCTBHH C rrapaMeTpOM rro.n;aBJI0HH.H po~eHHH 

"MopCKHX" CTp8HHllX KB8pKOB (1>125%). B FRITIOF-Mo,n;e.JIH' pac

CM8TpHB8IOTC.H TOJibKO OI.J;11-paspemeHHUe peaKJJ,HH o6p830B8HHH 

q>-M030HOB, 'ITO T8KW.8 He .n;aeT IlOJIHOro corJiaCHH C ITOJIY'!0HHHMH 

8KCrrepHM8HT8JlbHllMH .n;aHHUMH, T8K K8K B MO,n;e.JIH rrpe,n;CK83HB89TCH 

Ma.Jlll:0: BKJia.n; H8H8dJI10.n;aeMUX B 8KCrrepHMeHTe peaKUd. 
.AH8.JIH3 ,n;ByXMepHoro pacrrpe.n;eJieHHH ITO sqxl)eKTHBHllM .M8CC8M 

,IJ;BYX nap K+K-, o6pa30B8HHllX B O.n;HOM COC>HTHH (pHc.IO), 
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PHc.10 ~yXMepHoe pacrrpe
.n;eJieHHe ITO sqxl)eKTHBHllM M8C
C8M 8CCOJJ,H8TmlHHX K+K--rrap. 

Il03B0Jll{JI BH,n;e.JIHTb 21±8 COClHTd 

rrapHoro po~eHH.H q>-MesoHOB Ha.n; 

OClmI{M (f)oHOM COClHTd C '!0THp0X

K80HHHMH COCTOHHHHMH. HopMHpYfl 

Ha HHRJII03HBHoe ce'!eHHe oOpaso

BaHHfl q>-M830HOB H Y'!HTHB8H 8Q)

(peKTHBHOCTb perncTpaJJ,HH cp:tr-rrap 

B Kllli9M8TH'!8CK0:0: OC>JI8CTH PT<l 

rsB/c, PL>8 rsB/c 6HJI8 ITOJIY'!8Ha 
Be.JIWIBHa C8'!8HHH o6p830B8HHfl 

cp:tr-rrap B H9:0:TpoH-rrpoTOHHllX B38-

HMO,n;e:0:CTBHHX, paBH8H 0,85±0,50 

MKd. B pesyJibT8T8 8KCTpaITOJiflJJ,HH 

B ITOJIHYID Kml9M8TWI9CKYIO oOJiaCTb 
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(-l<~<l) no aHa~orim C aHaJIHSOM HHRJII03HBHOro oClpasoBaHHH 
<t>-MesoHoB no~yqeHa oueHKa ceqeHHH poJK,D;eHHH qxp-nap, pasHaH 
15±9 MKCl. 3Ta BeJillqlffia COOTBeTCTBYeT BK~a.ny 7±4% rrpoueccos 
polK,D;eHHH qxp-nap B peaKI.J;HH HHRJII03lll3HOro oClpa30B8HHH <l>-M830HOB. 
c yqeToM no~yqeHHo:A: oue:mra BK~a.n.a rrpoueccos cosMecTHoro poJK
.n.eHHH <l>-M830HOB H K+K--nap (10+20%) H ,Il.8HHHX no oClp830B8HHID 
nap <!>-Me30HOB B K80HHOM nyqKe c~e.nyeT, qTo HaClJIIO,I!.88M08 oClpa-
30BaHHe q:¢-nap He:A:TpOH8MH He no.n.as~eHO no OTHOilleHHID K OUM
paspemeHHHM peaKUHHM • 

B 38KJIIOqeHlffl CqJOPMY~OB8HhI OCHOBHhie pesy~bTaTH 
.n;HCC8pTaI.J;HH. 

OCHOBHHE PE3Y.1ThTATH M BHBO.!ll:l J]JIICCEPTAUMM 

l. BnepBHe no~yqeHhI .n.amme O xapaKTepHCTHKaX HHRJII03HBHOro 
oClpasosaHHH <!>-MeSOHOB B He:A:TpoH-rrpOTOHHhIX B38HMO,I!.e:A:cTBHHX: 

a) B KHHeMa~ecKo:A: oCl~acTH, orpa~eHHo:A: nonepe~M H 
rrpo.n.o~bHHM HMITY~bC8MH PT<l rsB/c, PL>8 rsB/c (nepeMeHHaH 
«rettliMaHa ~>0, l ) H3M8p8H():- .n;H(lJI)epe1mua~bH08 HHBapuaHTH08 ceqe
HHe polK,D;eHHH <!>-MeSOHOB He:A:TpoH8MH 30-70 rsB. OHO xopomo orru
CHBaeTCH sasucHMOCThID E·d3o/dP3 « exp(-B·P~)-(1-l~l)N rrpu 
3HaqeHHHX napaM8TpoB B=3,02±0,55 (I'sB/c)-2 u N=4,28±0,42. 
rro~yqemme pesy~bTaTH YKa3HB8IDT Ha ,II.OMHHHpYIOlll88 U8HTpa~bH08 
odpasosaHHe <!>-Me30HOB B H8:A:TpoH-rrpOTOHHhIX B38HMO,Il.8:A:CTBHHX; 

Cl) MO,Il.e~bHO-HesaBHCHMHM oClpasoM H3MepeHO ceqeHHe oClpasoBa
HHH <l>-M830HOB H8:A:TpoHaM1f 30-70 rsB B KHHeMa~eCKO:A: od~aCTH 
PT<l rsB/c, PL>8 rsB/c: a(q»-X)=53±9 MKCl; 

B) Mo.n.e~bHHM oClpasoM oueHeHo mrn:~IDSHBHoe ceqeHHe odpasosa
HHH <!>-Me30HOB He:A:TpOH8M1f 30-70 rsB (cpe,11;IIHH 8HeprHH B CUM~ 9 
rsB) B od~aCTH -l<~<l: a(q»-X)=220±40±70 MKCl. rro~yqeHHoe 
HHKJIIOSHBHoe ceqeHHe xopomo cor~acyeTCH c sKcnepHMeHTa~hHhIMH 
,Il.8HHHMH no oClp830B8HHID <!>-Me30HOB rrpoTOHaMH B CM8Y.HHX od~aCTHX 
8Heprmt. 

2. BnepBHe HCC~e,II.OB8Ha saBHCHMOCTb ceqeHHH odp830B8HHH 
<!>-MeSOHOB B He:A:TpoH-H,I!.epHhIX B3aHMO,Il.8:A:CTBHHX OT aTOMHoro Beca 
H.n.ep MlfilleHH .A: 
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a) B 8KcnepHM8HTa~bHO HaClJIIO,Il.aeMo:A: KlllieMaTuqecKO:A: od~aCTH, 
rrpH cpe,11;IIHX 3HaqeHHHX <~>=0,28 H <PT>=0,35 rsB/c, 8T8 saBH
CHMOCTh xopomo OilUCHBaeTCH CTenemmM 3aKOHOM O(.A)=Oo·.Aa co 
3HaqeHHeM noK838T8~H a=0,81±0,06; 

Cl) rrp0B8,Il.8HO cpaBH8HH8 no~yqeHHoro pesy~bTaTa C xapaKT8-
pll:CTHK8MH a.n.poHHoro p0lK,D;8HHH Ha H.n.pax 'IC, K HJ/ID, ll:3 KOToporo 
c~e.nyeT yKasaHHe O ClO~hmo:A: "rrpospa~OCTH" H,I!.ep (M8Hhill8M ceqe
mm B38HMO,Il.8:A:CTBlrn) ,Il.~H a.n.poHOB, . COCTO.HJIUfl( li3 Clo~ee THJKeJII-.L1: 
KB8pKOB; 

B) Ha ocHoBaHim aHaJIHsa no~y~emmx .n.ammx u ,nammx no oCl
pasosaHHID ¢-M830HOB B pA-B38HMO,Il.8:A:CTBHHX no~yqeHO, qTo BeJIH
'-IHH8 napaMeTpa a, noKa3aT8~H CTeneHH A-38BHctfMOCTH C8'-18lllrn, 
paCT8T C YM8Hhill8HH8M BeJIHqHHhI ~· xapaKTepusyrome:A: KHH8MaTH
'-18CKYID oCl~aCTh perncTpHpY8MHX ¢-M830HOB. 

3. BnepsHe B H8:A:TpOHHOM ny~e HSMepeHhI xapaKTepUCTllliH 
8CCOUH8THBHOro oClpasosaHHH <l>-M830HOB C '-laCTll:UaMH, co.n.eplK8mHMlf 
CTpamme KBapKH: 

a) no~yqeHa oueHKa BK~a.n.a OW,1-paspemeHHoro rrpouecca 
CJIHHHHH "MopcKlll" CTpammx KBapKOB B peaKI.J;HH HHRJII03HBHOro 
oClpasoBaHHH <l>-M830HOB B KHH8M8TW-18CKO:A: oCl~aCTH PT<l rsB/c, 
PL>8 rsB/c (~>O, 1). MsMepeHHaH .n.o~H ce'IBHHH/TaKoro rrpouecca: 
a(¢+ss+X)/a(¢+X)= 0,67±0,12 YK83HB88T Ha era ,II.OMHHHpYmmYID 
po~b B p88KUHHX oClpasoBaHHH <l>-M830HOB; 

Cl) H8Cl~ID,Il.8HO napHoe odp830B8HH8 <l>-M830HOB H H3M8p8HO ceqe
HH8 B KHH8M8Tll:qecKO:A: oCl~aCTH PT<l rsB/c, PL>8 rsB/c: 
o(¢¢+X)=0,85±0,50 MKCl. Mo.n.e~bHHM oClpasoM no~yqeHa oueHKa ce
qeHHH B KHH8M8TmecKo:A: od~aCTH -l<~<I: a(¢¢+X)=I5±IO MKCl, 
KOTOpaH COOTB8TCTBY8T BK~a.ny rrpoueccoB p0lK,D;8HHH qxp-nap B 
peaKI.J;HH HHR~ID3HBHOro odpa30B8HHH <l>-M830HOB, paBHOMY 
0,07±0,04,·H YK83HB88T Ha OTCYTCTBH8 38M8THOro 8q$3KT8 no.n.as
~8HHH pOlK,D;8HHH HHRJII03HBHhIX qxp-nap H8:A:TpoH8MH no OTHOill8HHID K 
OW,1-paspemeHHHM peaKUHHM. 

4. B pesy~bT8T8 rrp0B8,Il.8HHOro aH8JIH38 pemeHhI C~8)zyIOIIUf8 
sa.n.aqu, HM8IDmH8 M8T0~8CK08 3HaqeHHe: 

a) paspaCloTaHa H BH8,IIJ)8H8 HOB8H M8TO,II.HK8 H,Il.8HTH[f]lmal.J;HH 
sapHlK8HHHX 8,IIJ)OHOB C noMomhID CHCT8MH li3 .D.BYX MHOrOKaH8~hHhIX 
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rroporOBHX rasOBHX qepeHKOBCKillC cqeTqlllioB, IlOKa3aHa ee BHCOKafl 
srpIJeKTliBHOCTb Ilpli aHaJlli38 Ha6nro~a8MHX MHOroqacTHqHHx C06HTmt; 

6) cos~aH KOMIIneKC MaTeMaTHqecKruc rrporpaMM, Il03BOnHIDJJu,tlt 
rrpHM8HflTb paspaOoTaHHyID M8TO~Y li~8HTHg)lll{aLJ,m'I 38pHm8HHHX 
a~OHOB Ha 9Tarre CTaTHCTHqecKoro aHaJmsa 9KCil8pliM8HTanbHOtt 
HH{f)opMaLJ,m'I. PeaJm30BaHHHtt rrporpaMMHO anropHTM li~8HTH@lli8LJ,m'I 
lliHpOKO liCilOnh3Y8TCfl COTpy~qecTBOM no 9KCil8pliM8HTaM Ha 
YCTaHOBK8 BMC-2. 
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