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Pa6oTa EHno~eHa B !a6opaTopsx BHCOKHX aHeprRa 06Le~eHHoro 
HHCTRTy'l'a 8,11;epma KCCJI8,1tOBaHd: K B ~O-KCCJI8,1tOBaT8JibCltOM 

HHCTl!:Ty'l'e 8,11;8pHoi! qntSKltK !.fi'Y. 

~e .PYKOBO~'l'emt: 
,li;Olt'l'Op qES:Hlto-48.'1'8118Tli'I8CBJ!X Hayit, 

CTa,l;lllllit H&y11HH1t COTpy;zgmt 

,li;Olt'l'Op qES:Hlto-48.'1'eu8.Tn8Clti!X Haylt, 

C'l'a,):ad H&y11HH1t CO'l'py;zgmt 

OiiJmHSJil>HHe OIIIIOH8H'l'B: 

,ltOlt'l'Op qRS:Hlto-YB.'l'eMaTneCBJ!X Hayit, 

C'l'a,l;lllllit Ha;ruml COTpy,1tlmK 

RBfi;'J}I.1t8T qES:Hlto-MR.TeMR.Tn8CKHX Haylt, 

CTa,l;lllllit Ha;ruml CO'l'py)l;HHlt 

.B.1m.ltB:MHP Ce preemt'i 

llyps:HH, 

B.Juwomp MHxaitJioBK'I 
illex'l'ep 

Hrop:& YxxalJiomt'i 

rpaMeiniintHI. 

Anexce~ EopxcoBK'I 

roBOpltOB 

Be,li;Ylllee HayqHo-KCCJI8,1tOBaT8JibClt08 yqpelll',ll;eHKe : 

HHc'mTy'l' TeopeTnecxol x axcnepmy~Tan:&Hol qmsEXR (MT~), 

MocitBa 

AB'l'Ope<Jlepa'l' pasoCJmH "--" !978 r. 

3aDtHTa ~ccepTBltlDI coc'l'OK'l'CJI " __ " ___ !978 r. B " " -qac. 

Ha sace.namm CneitH8JDi13l!poBaHHoro coBe'l'a .IJ;-047 .01.02 np111 Jia6opa

'l'OPliiJ! BHCOitBX aHeprRa O~e~eHHoro li!HC'l'li!Ty'l'a 8,11;8pHHX KCCJI8,1t0-

Ba.HJ!I, r.Jly6Ha, IIOCltOBCitO:It o6JiaC'm, Jia6opaTO.PKJl BHCOKHX 8Heprd 

OHHH, ltO*peF!I4-SaJl. 

C ~cCeP'!'~el KOlBO osHaitOMH'l':&CJI B 6x6nxoTexe !B3 OHHH. 

111eBHI cexpe'l'ap:& CoBe'l'a 

XI!JQOQUI'l' ~'l'eMa'l'll"'8CBJ!X Hayit 

~~ 
M.~.mA-m 

06maH xapaxTepxcTKKa pa6oTH 

A.Kzyan:&HOCT:& npo6JieMii. B HaCTOJIIllee BpeMii 6om 
MSyqeHHH BSaHMO,lte~CT~ 'CiaCTHn rrpx BRCOKHX 8H8prl 

nponeccaM MHOllteCTBeHHoro pom,neHWI. HccJie,JtoBaHHe : 

HHT8HCHBHO Be~eecg Ha KpynHeftml!x yCKOpMTeJIRX NO 

HHcpo pMartml, He06XO,lJ.HMYIO ,1tJIH ITOimMaHHH np:ldpo,lta ex; 

CTBd. liOTOK 8ltCrrepHM8HT8JII>HHX ,II;aHHaX CT:m&yJIRpOBI 

npH6JIHllteHHHX TeopeTK'IeCKHX ITO,IOCO,II;OB, ltBapKOBRX, l 

TKnepH~pK'CieCKHX H )tpyrHX ~HOM8HOJIOrK'C18CKHX MO,ltl 

ltOTOpax y,l{MTCJI 06'I>SICHHT:b pa3JIK'C1Ha8 CBO~CTBa MHOJ 

ai<ItWt. 
Oco6ytJ rronyJIHpHOCT:& B rroCJie,JUme ro,lta sB.Boe:ea; 

MO,IJ;eJI:b. HecoMHeHHHM ee ycnexoM, B 'CiaCTHOCTH, ~ 

TSJil>HOe ITO,II;TBepm,neHKe npe,II;CitaSaHHH 0 pom,neHHH 6o; 
SOHaHCHHX COOT~ B CTOJIRHOB8HKHX rrpH BHCORHX i 

HOmeHHH MeX,IJ;y cpe,II;RHMH MHOllt8CTB8HHOCTHMH 'CiaCTHU, 

RJIDSHBHHX CIT8ltTpoB B n-p-BSaHMO,IJ;eiCTBHHX H ,IJ;pyrHt 

,lt8JIR Truate ITO,ltTB8IJlE,ltaJlTCH Ha OnaTe, 'ITO CBJd,II;8T8JI 

BH.ltHMOMY, o npoHBJieHHM RBapitoBoa CTPYKTYPR a,IU>OH' 

TK'IIHHX nponeccax. IIoaTOMY ,IJ;aJil>HefunaH axcnepm.1eHT, 

KBapltOBO-MO,II;8Jil>HHX rrpe,II;CTaBJieHd B CRJil>HHX BSaHM 

BRCOKHX 8H8prl1.RX B8C:OMa aitTYaJil>Ha Jd HBJIH8TCJI H80' 

Ha nyTH It ITOCTpoeHHD 6y_nyme~ ~Hru~eCROft TeOpHH 

I!eJib pa60TR COCTOHJia B HCCJI8,II;OBaHKH pacnpe,IJ;e, 

HHX 'CiaCTHn B Tirp- H Tirn - BSaHMO,IJ;e~CTBHHX npH 4 
HeHHH ITOJIY'I8HHHX pesyJI:DTaTOB C rrpe,IJ;CitaSSHHHMH KB 

JVU! npOU8CCOB MHOlK 8CTB8HHOro p0l~.D;8HHSI. 



lmOJIHeBa B Jla6opaTopmr BHCOltlllX aaeprd 06'1.e~eaaoro 
ltCCJl9Jt()B8Hd ll B ~CHIICCJl9;I(OBB.TeJD>Clt<M 
(lmiDDil 1(['1 • 

..... 'l'ellll'l'n9CDIX H811t • 
l .. ..nmutt COTpy;JtiDIJt 

aayx, 
COTpy;JtBI[K 

...._'l'eMa'l'neCDX H81lt• 
COT~ 

•o-tiS.'l'eMB.TJNecltlllX Hayit, 

CO'l'~ 

RlraJtiiM![p Cepreemrq 
lfypau, 

RualiBMHp MxxaibroBlt'! 
merrep 

Hroph YBxaiJJ:om 
rpayeHH:t:tltd, 

Anexcel EopgcoBll'! 
roBOPltOB 

laY'mo-xcCJie;o;oBaTe.m>cxoe y-qpelr,1l;eHXe: 

LTRecxol ll axcnepma~TSJt&Hoit cpasmm (HT~) , 
· lloCitBa 

____ 19?8 r. 

ace~ COC1'0ltTCSI "~ "_Iff78 r. B " " '!B.C. 
COBeTal-D47.0!.02 np& Ia6opa

aaeprd 06!.~eHHoro llHC'l'ltoryTa Jl,ltepma: ncCJie.Iio- . 
, IIOCXOBCXOI o6.t8.c'l'lt, Ia6opaTOPHJI BHCOltlllX aaeprd 

~el 110&0 OSHaKOMlt'l'DCSI B 6XCSDOT9Xe JlBS 0Hml. 

aP8'1'am. Co»em 

ro-tla'l'EIIa'l'lt'!eCDX Hayx 

~~ 
M.~ • .mJ.qE:s 

''·'S 

;' 

06maa xapSKTePHCTHKa:pa60TH 

.AKzyaJIDnocn npo6JieMH. B nacTosmtee BpeMH 6om.moe BHHMaHll:e .B 
II3Y1JElllllli BSimMo;n;eitCTBliH. '!B.CTHD; IlpH BHCOitliX aaeprMX :i;n;eJISieTCJI 
nponeccaM MHolitecTBeHHoro poJK.IJ;enrui. HccJie;n;oBaHIIe aT:wc nponecco:B, 
UHTeHCIIBHO Be,eymeeCJI HB. Kpyrmeitm:wc yCKCipliTeJIJIX Mupa, ;I(aeT BalltHYJO 
UH<JlopManmo, neocsxo,JU!Mylo ;I(JIJI nmmlliaHIDI npHpo;n;H clt1IJ>HHX: Bsa.mm;n;en
cTBmi. IloToK aKcnepHMeHTaJIDHHX ;n;anHHX: CTHMYJIHPOBB.JI cos.nrume psma 
npH6JIIDKeHHHX Teopemecm IIO;ltlCO;I(OB, KBB.PKOBHX, na.pTOHHHX,MYJib
THIIepn~epll'!eCitiiX H ;n;pyrnx ~eaoMenoJiorHtJecltllX Mo~eJieit, B paMKaX 
KOTOPHX y,naeTCJI o6~CHHTh pa3JIII'!HHe CBOitCTBaMHoro'!acTH'!HHX:Pe
a.ronUl. 

Oco6yro nonyJIJipUOCTh B ITOCJie;zume ro;n;H 3B.BOeB8JIB. KBB.PKOBM 
'MO;n;em.. HecoMHeHHHM ee ycnexoM, .B '!B.CTHOCTR, JIBliiroch aitcmip~en
TaJIDHOe no;n;TBepJK,IJ;enHe npe;n;cKB.3anHJI o pox;n;eHliii 6oJIDmoro '!IICJIR pe
sonancHHX COCTOJIHIIit B CTOJIKUOBeHRBx npu BHCOKHX aneprHHX. CooT
aomeHHJI Me~ cpe;I(HliMll MHOXeCTBeUHOCTJIMH '!B.CTHD;, B.CHMMeTpHJI IIH
KJID31IBHHX cneKTpoB B lrp-B3a.HMO;I(eitCTBIIJIX H ~He ~e;I(CTBHJI.MO
;I(eJIH TB.KXte no;n;TBeiJlK;I(aJDTCJI na OIIHTe, '!TO cmr.n;eTeJIDCTByeT, no -
BH,1l;IDI!OMY, 0 rrpoJIBJieHHH KBB.PKOBOit CTPYKTyPH B,IUlOHOB B MHOrotJac:.. . 
· TnliHHX npoiieccax. IIoaTOMY ;n;a.JIDnenriiaa · a·iciiepm.ienTB.JIDHaa · npoBepita. 
KBB.pKOBO-r.m;n;eJibHHX npe;n;CTB.BJieHHit B CIIJibHHX B3a.HMO;I(eitCTBHJIX np:a 
BHCOIGtX aHepr:rurx: BeChMB. B.KTyaJIDHB. H JIBJIJieTcJt He06XO.Jn!MHM STaiiOM 
na. nyTH K nocTpoeHHD CS~en ~nru~ecKoit TeopHH. 

UeJID pa6oTH cocToRJia B ncc~e~oBB.Hllll pa.cnpe;n;eJieHHit sapaxen
HHX '!B.CTHD; B lrp- II lrn . -:- .. B3al!MO;I(eitcTBIIJIX II pH 40 raB/ C . H cpaB;.. 
HeHHR noJiy-qeHHHX pesyJibTB.TOB C rrpe;I(CKB.3B.HHJIMH KBB.pKOBOit MO;I(eJill 

~JUI IIPOUeCCOB MHOl!t~CTBeHHOrO pOE:,l{eHlm. . 

·O~'l>C,ll!me.um.J:i ;1u~ 

nuc~m::a~ ncrnc.normmn.i 
6~5Jit'iOTEKA 



. HorursHa pa60TH 3a.KJilO'IaeTCJI B TOM, 'ITO BIIepBile IlpH :JHeprnH 
40 rsB IIp0113Be~eH aHanH3 pacrrpe~eReHHH sapgna CTanKHB~Cst 'IaC
THU B 06RaCTHX ~parMeHTanHH 11 U8HTpanbHOft 06RaCTH, OIIpe~eReHO 
3Ha'IeHHe K031!$rrmSHTa nepesap.II,IUm p - n Ha HOBOM MSTO,IUI'I8CKOM 
ypoBHe. llOKa3aHO, 'ITO acHMMeTpM cneKTPOB BTOpU'IHHX IIHOHOB :11 acm.1- . 
MeTpHH• cpe~. MHO~eCTBeHHOCTSM Me~ nepe~eit H 3~8M nORY~e
pahm - HBRSHHH O~OM rrpnponu~ B paMKaX MO~SRH KBapKOB C Y'!STOM 
po~eHHH P-BORHOBHX T~SRHX M830HHHX pe30HaHCOB Bll'IHCRSHil BHXOnu 
pa3RH'IHHX M830HOB B MHO~SCTBSHHHX npo~eccax. 

HayqHast yeHHOCTb pa6oTH. lloRY'!eH H rrpoaaanHsnpoBaH 6oRbmoit 
3KCIIepUMeHTanbHHH MaTepHM no 1f"p- H 1f"n -B3al!MO~SRCTBHHM. , 

_naHHue ITO 11-p-BSaliMO~eftcTBHHM. IIPH P:.40 raB/c. HM81llT B~Hoe " 
3Ha'IeHHe~ BUHBReHHH 3aKOHOMepHOCTeit 3TIDC'pe~ B npe~aCHMIITO
Tli'ISCKOM 06RaCTH, T.K. B HHTSpBaJie 3Hepl'HM OT 25 raB ~0 14? rsB 
~pyrnx aKcrrepHMeHTOB no 11""p-coy}.(apeHHHM He HMeeTcst. lli!qx>p~ no 
'It"n -CTORKHOBeHHHM IIPR 3HeprHHX BIDIIS 40 raB/c OTCYTCTByeT. 

PesyRbTaT!l nccRe~oBaHHH pacrrpe~eReHHH sapgna ncxo~ '!ac
THU, acHMMeTpHH 11""p-B3aliMO~SMCTBHit H ~e ITO K031!$rrmeHTy rrepe
Sap.II,IUm IIPH 40 raB/ccorRaCY!llTCH C rrpe~CTaMeHHHMli 0 KBapKOBOit 
CTPYKTyPe ~OHOB. 3TH pesyRbTaTH B~Hll ~ ~8nbHefimeit paspa6oTKH 
MO~eReft MHO~eCTBeHHoro po~eHHH. 

~ aHanH3a pgna CBOil:CTB B3aliMO~eitCTBHil: · rrpeMOlKSH a!MJeKTHB
HllH MeTO~ orrpe~MSHliH. napaMSTpOB sapir.n;OBOH acHMMeTpHH BMeCTO 3Ha-. 
'IIIT8RbHO 6oJiee Tpy~OSMKOrO MeTO~a Bll'IliCReHM .aCUMMeTpHH CIISKTpoB. 

B!liiOJIHeHHHe paC'ISTil no MO~errH KBapKOB noKa3HBa!llT C~eCTBeH
Hllil: BKJI~ P~BOJIHOBHX peSOHaHCOB B MHO~eCTBe~OCTb.BeKTOPHHX H 
nce~OCKMHPHHX MSSOHOB, 'ITO HBJIHeTCH CTUMYJIOM ~ IIOCTaHOBKH 
3KCIIepHMeHTOB no HCCJie~OBaHlilll po~eHHH T~SJIHX M830HHHX peSOHWI
COB rrpn BHCOKRX 3HeprHHX. 

ITpaKTH'IeCKM yeHHOCTb pa6oT!l. PesyRbTaT!l, noRY'!eHiiue B ~aH
Hoit. pa6oTe ,MoryT 6HTb liCIIORb30BaH!l IIPH IIJiaHHpOBaHHH HOBHX SKCne
pHMeHTOB ITO ~OH~OHHHM B3aliMO~eilCTBHHM Ha ycKOpHTeRHX li ~ 
paaBnTM Mo~eRH KBapKoB. 

Anpo6agrur pa60T!l. 0CHOBHHe pesyRbTaT!l pa60T!l ~OKJia,!UlBMuCb 
Ha MeJK,IzyHapo~ KOH~epe~ B Ua.n:epMO (19?5), T6JIRHCH {19?6) 
II Ha ceccHHX OT~eJieHHH .ff,II;epHoii @rsHKH AH CCCP B 19?5-!9?6 r.r. 

lly6RHKaqnH. 0CHOBHOe CO~epxaHUe pa60T!l ony6JIHKOBaHO B 5 
CTaTbHX B JKypHMe "JmepHM @f3HKa" II B rome npenpiiHTOB Ollilli H 
llHH~. . 
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06'1JeM ,I!;!ICCepTa.Illiii. TeKCT COCTOliT H3 BBe~eiDIH, IIJITH rm U 
3ruUoo'IeHHH. _nnccepT~ CO~SplKUT 126 CTp~, BKJI!O'IM 13 Ta6~ 
H 23 pncyHKa •. CIIUCOK RHTepaTypu HaC'IUTHBaeT 9? HaJIMeHOBaHUH. 

- ABTOP SanumtaST 

.' 1. Y'IaCTliS B IIORY'IeHHH 3KCnepliMeHTaJibHOro MaTePRaJia, COCTa
BHBmero IO 000 11""p- li 3500 tin - B3aliMO~eiicTBHft npli 40 raB/c. 

2. PesyRbTaT!l IICCJie~oBaHHH pacrrpe~MeiDIH aReKTPII'IecKoro sa
p.ff,II;a B 1f"p- H tin -B3aliMO~eitCTBHHX llpH 40 raB/c. 

3. PesyJ!bTaTH aHaJIHSa aCHMMeTpHH cneKTpDB BTOpR'IHHX IIHOHOB 
n acHMMeTpHH sa~eHHHX 'IaCTHU Me~ nepe~en n s~en IIORYC~e-
paMII B 11p-B3al!MO~eilcTBlU{X npli 40 raB/c. .. 

4. PesyJ!bTaTH MeTo,IUI'IecKoro ncCJie~OBaHHH CIICTeMaTH'IecKIDC 
norpemaocTeit B nponaHoBoit KaMepe n onpe~MeHHe Koa~eHTa rre
pesap.~I,JUm p _. n npn 40 raB/c. 

5. PesyJ!bTaT!l pactiijTa no KBaPKOBOH MO~em BHXO~a M830HOB C -
yqeToM po~eiDIH P-BOJIHoBwc THJKeJIIlX MesoHHHX pesoHaacoB. 

Co~e'pJKrume @ccepTamm 

Bo BBe~~Hllli IIO~epK!iBaeTCH aKTyaJ!bHOCTb ll~Y'!SHHH npo~eCCOB 
MHOliteCTB8HHOro po~eiDIH, U3JiarBK!TCJt OCHQBH!le nOROlKeiDIH MO~.eRH 
KBapKOB ~ MHOrO'IaCTR'IHHX pe~ H nepS'IUCJIH!llTCJt UaJI60Jiee B~
HHS acneKTH ee npHMeHeniur K 3THM rrpo~eccaM. ; C~p.wmpoBaHa oc;.. 
HOBHM ~eRb pa60T!l: HCCRS~OBaHHe pacrrpe~eReHllit. sa~SHHHX 'IaCTHU 
B Trp- II Trn -B3auMO~eitcT:eisx nPR 40 raB/c li CpaBHem!e nORY'!SH
HUi.pesyJ!bTaTOB C KBapKOBOR MO~SJiblll ~ MHOlKSCTBeHHOrO po~eiDIH. 
Hs ~eJioro p.ff,II;a rrpe~cKaaaHnit·Mo~em KBapKOB CHMMeTpl!Hnoro n IIORY
~aMH'IecKoro xapaKTepa Bu6paau Te·Borrpoc!l, KoTopue ~ocTaTO'IHO 
JierKo MOrYT 6UTb rrpoBepeUH B ~aHHOM 3KCIISplmeHTe·, · Y'IUTilBa!llT ero 
OC06eHHOCTH H npe~CTaMH!llT OIIpe~eJISHHuH HHTepec B CBeTe C~eCT-

. BYJOOISH Ha ~aHHHH MOMeHT 3KCIIepuMeHTanbiiOH n· TeopeTU'ISCKOH CIITy
anHII. 

B rrepBoft rRane nsRara!llTCst MeTO,IJ;l!'IecKHe oco6eHHocTu npo~ecca 
nORY'!eiDIH H o6pa60TKH ~aHHHX~ 

3Kcnep:11MeHTanbHilH MaTepUaJI IIORY'IeH C nOM~blll ~yxMeTpoBOH 
rrponaaoBoil: rrysllpbKOBOit KaMepH .nTITK-500 ~ OHHH,.06JIY'IeHHofi B 
IIY'IKe !r-Me30HOB C HMIIyJibCOM 40 raB/c Ha CepDyXOBCKOM YCKOpHTeJia 
_naH!lcOCHOBHHe XapaKTepiiCTHKII KaMepu, CHCTSMH ~Torpa@fpOBaHHH; 

. MarHHTHOro. IIORJI H IIY'IKa· 
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. llpoCMOTp CTepeoqoTOCHHMKOB npOH3BO~~CH Ha ~eTHpexo6~eKTHB
HllX cTo~ax EITC-I, mecuo6~eKTHBHWC cTo~ax EITC-2 H cTo~ CAMET B 

JIB'!' A OUffif. Bcero '6W!o' npocM~TpeHo =90 000 Ka.np<>B. 3@leKTII:BHOCTb 

,IU30fiHOro npoCMOTPa.;D;JIJI HaXOJit,Il;eHHH B3BEMO~efiCTBHll C 'lnMOM .JIYlie:ii 
~3 COCTaBHHa 99,7%. 3aperHCTpHpOBaHHHe B 3~eKTHBHOfi·o6~aCTH 

co6HTIIJI Ma.ccm])muipoBMHCb. KaK Irp-, Tin - u TiC-nsamm~e:i1cTBHH 
no CTaH,IJ;apTH!lM KpuTepHHM. 

0To6paHHHe H sapuCOBaHH!le BO npeMH npoCMOTpa C06HTHH HSMepH

m!Cb Ha noJzyaBTOMaTax' THITa. "IlYOC", pa60TaJOOIHX Ha ~HHH C oBM 

Eam~-4. lloc~e~ o6c~eT pesy~I>TaTon usMepeHHfi H WOPMHPOBilliHe 
~eHTI:l cyMMapHwc pesyJibTaTOB (JICP) npousno~~cb Ha one I604A c 

nOMOillb!O CHCTeMH nporpaMM, C03~aHHWC B JIBS Ollffil. Ha 3~'lnTe.1IbHOM 

sTane no.JIYlieHHH JICP IIPOIISBO~CH OT6op co6uTufi, a Ta:KlKe V
0

-~aCTIIU 
H ~ - KBaHTOB C ~eTOM 3~eKTHBHOH o6RaCTH RX perucTpaUaH H Ka
l!eCTBa HSMepeHHfi. Cpe,IU!IIII OTHOCHTeJ!bHaH Oillii6Ka,H3MepeHHH HMITyJ!b-
COB'BTOplll!HHX fl± -MS30HOB COCT~a I3,9f0,3%. • 

· 0KOH'laTe.1IbHO Ha. MarHHTHYJO ~eHTY CYMuapHWC pesy~I>TaTOB 6~0·. 
3aiiHCaRO-=' IO 000 Trp- II. 3 500 Trn - B3aHMO~eiicTBIIit. oTOT 3KCne

pHM8HT~HHH MaTepuan 6~ HCnO~b30BaH ;rJ;JIJI nOJIYlleHHH qM3llll8CKHX 

pesy~I>TaTOB, BOme,rinm:x B~aHHYJO pa60TY• 
Bo BTOPOfi·r~aBe OCHOBHOH UeJibiO HCC~e~OBaHRH HBHHeTCH HS~e-· 

Hne-nonpoca, aacKOJibKo ~aneKo nepe~aeTcH n ueHTP~HYID o6~acTb ~ 
sapgn HaneTaromero IIHOHa ~ IIPOTOHa MHmeHH H KaK 3TOT sa~ pac

rrpe~e~eH B 06RaCTHX \[>parMeHTaullll H UeHTp~HOJl: o6~aCTH. 
PaccMaTPRBanHCb pacnpe~e~eHHH s~eKTp~ecKoro sapgna B c.u.M. 

no· rrepeMeHHHM X= _a_ u Y = I (n E + Fr.· : 
PmaJC ' · 2 E - Fil 

dQ = .1._ [ d6+ _ d6-J · (I) 

d. ?. -6ine1 c{ ~ d.~ , 
r~e~=X :ium Y • Pacnpe~e~eHHH d.Q/d.X ;rJ;JIJI 1ln - R Trp-nsaHMo- • 

~eficTBHii ( cl.Qn/dx n d.Qp/dX) rroKasMH H~e.sHa'lnTeJibHoii Ki:>IJ-

ueHTpauuu sJieKTp~ecKoro sapgna rrpH Manwc saa~eHnHX X. 
HuH s~eKT 6~ o6aapYJKeH II B pacnpe,n:eJieHim 

dQP-n d.Qp . d.On 
'd.X =TX-dx 

AHanOrHll-

(2) 

npe~CTaBJifl!Oil1eM C060H pasHOCTb O~!HaKOBO HOpMHpOBaHHHX pacnpe~eJie~ 

HHfi 2apgna B up Hun -BSaHMO~eil:CTBRHX. Bemil!HHY d.Qp-n/d. ~ npu-
6miJKeHHo MOJKHO npHHHTb sa pacnpe~e~eime sapSI.I(a, npuaocHMoro rrpo-
TOHOM, rro~o6Ho ToMy KaK d.Qn /d 2; xapaKTepusyeT pacnpe~eJiame 
sapa,I(a, npHHOCHMoro n- . 
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TaK KaK, H8CMOTPJI Ha CBOe "([>parMeHTauROHHOe" IIpORCXO~eHIIe, cy
llleCTB8HHaH '!aCT~ 3JieKTPHlleCKOrO sapgna COCpe~OTO'leHa B 06JiaCTH 
MaJmx: SHalleiDtlt I X I , · 6u~ rrocTpOeH!l pacnpe~eJieHHH no nepeMeHHoft 

Y • Pacnpe~eJie~e d.Qn /d.Y oKasanocb .nonoJIMio nmpoKHM u neci>
Ma CXO;rtHHM no WO.PMe co cneKTpoM ncex 'oTpiiUaTeJibH!lX l!aCTIIU B n-n -
peaxrnm. B cBHsu c sTHM ·6~ IICMe.noBaH cpe,ll;Hlrli sapgn, · npnxo.1tffillll:ii

CH Ha O.J:tHY IIpORSBOJibHO sapJIJKeHHyll l!aCTJmY C .ltaHH!lM Y . , T. e. OT-

HOmeHIIe n d.On 
Oine1 .dY 

R n( Y) = (do+- c/. 6-) 
· d.y + dY . 

(3) 

SanucRMOCTb Rn(Y) noKasaHa Ha pH:c.I; rrpocTeiinmM o6pasoMoHa an-

rrpoKcm.mpyeTCH JIO!laHOlt ~eli: 

R (v\ (-O,I25+0,0I8) . . - I,5< Y <0. ",,= - . '' (4) 
(-O,I2?f0,023)+(-0,II9f0,0I?)·Y o< y < 3 5 

. ' 
ToT \[>aRT, ~To R0(Y) MO~Ho npe.ncTaBIITb B BH.Ite (4), CBH.J:teTeJID

CTnyeT 0 HMH~ .ItByx KOMIIOHeHT B pacnpe~eJieHRU OTp~aT8JibHOrO 

sap~a. nPHHOCRMoro nnoHoM. ~acTb sTore sapgna cocpe.noTol!eHa B 
06JiaCTir \[>parMeHTauRR' IIHOHa, cna.n;ai (B pacl!eTe Ha O~H ~OH) IIO 

Mepe npR6~eHUH K UeHTp~HOH 06JiaCTH. ~yraH l!aCTb IIOna.n;aeT B 

UeHTP~Hyn 06JiaCTb, r.ne IIPR 40 raB/c pacnpe~eJIHeTCH Me~ BCeMR 
~OHaMR rrpaKrn~ecKR panHoMepHo. 

• ~ HCCJie.noB8HuH pacnpe.neJieHRH noJIOZHTeJIDHoro sapSI,I(a Ha~~
Horo npOTOHa 6~0 llOCTpOeHO pacnpe,IteJieHRe cpe.ItHero SapSI,I(a OT 

\[>parMeHTauRR CRCTeMI:l "p-n 11
, npllXO.ItRII18rOCH Ha O~H sapJD!teHHHfi 

~OH IIpll onpe,IteJieHHOM 8Hal!eHRU Y : 
O.P c{Qp-n 

ine1 -:;ry-
Rp-n (Y) = (do; + cl.o;) 

d.Y dY · 

(5) 

Pacnpe.neJieHIIe R p-n ( Y ) , rroKasaHHoe Ha pRc.2, annpoKcHMHpona-
JIOCb SaBHCRMOCTbiD BH.J:ta: 

R (Y'= (O,I39.±<J,029)-(0,I20f0,028)·Y -2< y <0 • 
· P-n 1 (O,II3f0,0I6) , 0< Y <2: (S) 

_Taxm.~ o6pasoM, R sapgn npoTOHa CO~e.PJ!illT KOMIIOHeHTY, paBHOMepHo 
pacnpe,IteJieHHYJO cpe~ ~OHOB U8HT~HOH 06JiaCTR. 
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fln(}#) O['T..-.-,..-.-.-.-~~~~-.-.-.-~~~ 
· -n1 

-nz 
-03 

.-M 

-as 
-QS 

-0,7 

-o.a 

tz ts 2.0 2.q z.s 3.2 3.6 '1.0 

PRe. I Paerrpe,u;eJimme R" ( Y ) • Ilpm.rue JIHHHH 
eOOTBeTeTBYDT arrrrpoKem~ (4). 

llp.n(V)t 
Q9 

na 
01 

02 

at 

-22 -18 -1~ -10 -06 -0,2 112 0.6 10 ~~ t8 2.2 . 

If 

PRe. 2 Paerrpe,u;eJieHHe R p-n ( Y ) • Ilpm.rue JlliHl'IH 

eOOTBeTeTBYDT arrrrpoKeHMaunll (6). 
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B 3TOit ·.JKe rJIB.Be paeeMaTp>maeTeH BOIIpOe 0 TOM, KaKaH ,IJ;OJIH Sa-:-
. pH.u;a, np:aHoeHMoro 1f" -MesoHoM HJIH rrpoToHoM, rrpuxo,IJ;HTCH Ha mmupyro

lltHe 'laeT:mm, H. Krutrui ero 'laeTI>. paenpe,u;eJieHa MeJK,u;y neer.m oeTaJII>HHMH 
a,npoHaMH. Cono:eyrrHoeTI> pi:tcrrpe,u;eJiemti1 .sapH,IJ;a .Jlli.u;HpyBlllHX n · HeJIH.u;H
PYJ!lnHX 'laeT:m:t IIOKa3aJia, 'ITO sapH,IJ;, nona,u;aJ<llllrli B HHTepBaJI 

-O,I< X<0,2 
.HJIH -I,O<Y<2,0, 

(?) 

YHOeliTeH, B OeHOBHOM, H8Jlli,Il;HPYDIIIHMH a,IijlOHaMli. YCJIOBHH (?) eeTeeT
BeHHO e'lll:TaT:b rpaHHUaMli ~eHTpaJII>HOH o6JiaeTli np:a 40 TsB/e.· oTH or
paHH'l8HHH 6Jru3KH K HHTepnaJiaM, r,u;e Rn ( Y ) H R p-n CY) npaKTH
'leeKH noeTOHHHH (pHe.I H 2), Cpe,u;HHH ~OJIH sapH,IJ;a eTaJIKHBaiDIIIHXeH 
'laeT:m:t Ha o.u;HH sapJDKeHHWi a,npoH B sToil; o6JiaeT:a pa.nHa ... a, I2, 'ITO 
eorJiaeyeTeH e B8Jlli'IHHOH, KOTOp~ MOlKHO ITOJiy'lHT:b B MO,Il;eJIH KBapKOB. 

B TpeTI>eitrJia.ne npnne.u;eHR pesyJII>TaTR sKerrep:imeHTaJII>Horo He
eJie,u;onaHHH aenMMeTpHn paenpe,u;eJieHHft sapJDKeHRHx,'laeT:m:t • 

.AlraJIH3 1f"p-B3aHMO,IJ;eilCTB:IiH npn 40 TsB/e ITOKa38JI HaJlli'lHe 3Ha
'lHTeJI:bHOH aeliMMeTpliR epe,u;HllXMHOlKeeTBeHHOeTe:£i sapHJKeHlillX 'laeT:m:t 
MelK,lly nepe,IJ;Heil H 3a.u;Heil IIOJIYe!l>epaMli e.~ •. II, , KOTOpaH eYIIteeTBeHHO 
YMelil>maeTeH npH nepexo,u;e B cucTeMy ~eHTpa nnep~n eT8JIKHB8rolltliXCH 
KBapKOB (c.~.K.). PaHee no,u;o6Hllit s!l>!l>eKT 6RJI o6napYJKeH npH :aeeJie
.u;oBaHHll HaKJIOHa eneKTpoB BTOpll'llliDC IIIIOH.OB B lrp-cTOJIKHOBeHWIX IIPII 
25 TsB/e; aenMMeTpiiH erreKTPOB TaKJKe IIPaKTll'l8CKII He'lesaeT B c.n.K. 

' · ,U.rui CpB.BHeHHH 060HX s!l>!l>eKTOB 6RJia HeCJie,IJ;OBaHa 3aBHeHMOeT:b' 
aeHMMeTpllli liHRJIID3RBlillX CIIeKTpOB ll sapH,IJ;OBOH aeHMMeTpllll OT MHO
JKeeTBeHHOeTII II rrorrepe'l:Horo HMIIYJII>Ca BTOPH'lHHX 'laeT:m:t. C sToil. 
~eJII>IO 6RJia no,ny...eua 3B.BllCHMOCT:b napaMeTpa R OT 3TRX nepeMeHlillX· · 
IlapaMeTp · R onpe,u;eJIHJieH RaK OTHomeHHe a6coJIDTHHX sHa'leHRil RM
rryJII>eon Ha'laJII>HOrO DliOHa li rrpOTOHa B TaKOH CIIeTeMe OTC'leTa, r,u;e 
HMeeT MeeTO JIH60 CHMMeTpiiH DliOHHllX erreKTp;~ d. 51!' I d. F:, B liHTep
BaJie - 1 ~ P11~ 1 ( R speetra1 ) ,. Jru6o pa.neHeTBO cpe,u;HllX MHOJKeCT
BeHHOeTeil sapJDKeHlillX a,u;poHon B rrepe,u;Heil n sa,IJ;Heil rrciJiyewepax 

• ( R F-s ). 

3a.niiem~oeTI> napaMeTpa R · oT n,h npHBe.u;eHa B Ta6JI.I. ... KaK 
Bll,u;Ho us Ta6JI. I, .u;JIH neex MHOJKeeTBeHHOCTeil sHa'leHHH R ,_~ .. R · · 

R- spectra1 O.u;HHaKOBH B rrpe,u;eJiax. omn6oK. TaKIIM o6pasoM; MOlKHO ,u;y
MaTI>, 'ITO erreKTPaJII>HM aeHMMeTpHH n·acHMMeTPHfl sapH,IJ;a nnepe,u;
H.asa,u; - HBJieHHH oiuloil npnpo,Il;ll •. BalKHo oTMeTRTI>, 'ITO sHa'lemm Rr-& 
-onpe,u;eJIHIOTCH e CYIIteCTBElHHO JIY'llleil TO'lHOeT:biO, 'leM R speetra1 ; B 
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rrocne~eM C~ae HMeeTCH ~OllO~Te~HaH He0~03Ha~HOCTh, CBH3aH

H8.ii c Bu6opoM HHTepBBJia no. H 
Ta6mma I 3aBHCHMOCTh R,_a ·H R spectral OT MHD-:

~eCTBeHHOCTH 3a~eHHUX ~aCT~. 

nc:h R F-& R spec.tra1 

2 2,6I ± 0,45 2 60 + 2•5 
• - I,5 

.. 
4 !,9! ± O,IO !,98 ± 0,35' . 
6 !,5! ± 0,05 !,56± 0,!4 

8 !,29 ± 0,04 ' I,32 ± 0,!3 

IO !,04 ± 0,04 I,08 ± o,r3 

~I2 ·, 0,83 ± 0,04 0;79 ± 0,!5 

Bee I,35 ± 0,03 !,34 ± 0,06 

llcc~e~OBaHHe 3aBHCHMOCTH 060HX THITOB acRMMeTpHH OT rrorrepe~

HOro HMIIy~Ca BTO~HUX 3a~eHHUX tiaCTlm ll0Ka3MO, ~TO B K8JK,IJ;OM ... 

HHTepBMe fl R F-& l'I R speetra1 · T~e COBlla.IJ;BlOT, o~ruto, B 
~aHHOM c~ae Ollll'I6Kl'I napaMeTpa R Bec:&Ma Be~. Pnc. 3 HJIJIIO
CTpHpyeT noBe~eHl'Ie R ,_8 · B aanHcHMOCTH oT PJ. • B~o. ~ToR F-3 

pacTeT c yne~~eHl'IeM p.1 l'I ~ tiaCTlm c PJ.. :::>I raB/c 3HatieHl'!e 

R F-e npH6JIIDKaeTca K Be~~He = 3/2, xapaKTepHo~ ~ CHCTeMU 
UeHTpa l'IHepUHH CTMKl'!BaiDmHXCH KBapKOB. 8To.cor~acyeTCH C npe~
CT~eiiHeM o TOM, "<ITO a.n;poHU c 6o~llll'IMH PJ. npoHCXOMT B peay~

TaTe ~eCTKHX npBMUX coy~apeHl'IH KBapxoB Hati~HU+ tiaCTlm. 

Ha'ocHoBaHHl'I npoBe~eHHoro Hccne~oBaHHH no acHMMeTpHH cneKT

poB H 3a.PJI.]:{OBOfi aCHMMeTpHH Bnepe~-Ha3a.IJ; MOJKHO 3aKJIIO~T:&, ~TO no.:.. 

.IIJhl:eHHUe peay~TaTil 06HapYJK:HBBlOT O~HBKOBYJO 3aBHCHMOCTh o60HX 

a~eKTOB OT neh H PL . ~eMOHCTpnpya TeM CaMUM HX o6~ee npoHc
xo~eHl'Ie. 

.· B ~eTBepTofi r~e paCCMaTpHBaeTCH BOllpOC 0 ~ CHCTeMa
TH"'eCKHX norpemHOCTefi Ha·aHa~eHHH cpe~efi MHOJKeCTBeHHOCTH.H K0-

3~HUHeHTa nepeaa~ B rrponaHoBou nyaup:&KoBofi KaMepe. 
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,.~ 
1.3; f + 
1.2 

u 
1.0 

0 0.2 0.4 o.s o.a to ~ to 
q (r3B/~) 

Pnc. 3
1 

RF-a B 3aBHCHMOCTH OT nonepe~Horo HMIIY~:&ca 
BTop~~ aapsmeHHux ~aCTlm• ' · 

fipl'I HCC~e~OBaHHH 1f"n- H !f"p - B3aHMO~efiCTBHH B HameM 3KC- . 

nepHMeHTe Heo6xo~o HMeTi :8 ~. ~To peay~TaTil HSMepeHHii B · 

nponaHOBOH KaMepe CO~ep~aT He TO~KO CTaTHCTH~ecKl'Ie, HO H CHCTe-. 

MaT~eCKl'Ie O!lll'I6Kl'I. Bo-nepBUX, B 'nponaHOBOH KaMepe npOTOHll xopomo 

. H,II;eHTH~PYJOTCH ~ B ~ae, ec.mi HX HMIIY~C (p~a6 .) HaxO~TCH 
B HHTepBMe (I50+700 MaB/c). Ec~ ~a6opaTopH1lH HMny~:&c BTOPH~Horo 
npOTOHa O~eHh MM (~!50 MaB/c), TO OH B006~e He perHCTpHpyeTCH, 
H 1f"p-c06UTHe Henp~HO H,II;eHTH~pyeTCH KBK 'I!n. BO-BTOpUX, 

He06XO~O ~TUBaTh, ~TO cpe~ nl'IOH-~OHHUX H KBa3H~OHHux 
CTO~OBeHlltt HMeeTca·npHMeC:& H ~CTO ~epHUX CTO~OBeimfi, Kor~a 

nHOH B3aHMO~ettcTByeT cpaay c MYMH ~ 6o.1I:&lllll:M ~MOM ffYMOHOB. 
B ~acTH TBKHX, co6uTHtt Me;ItJieHHUe npoTOHU He BK,IUIU, ~6o perHCTpn-

' pyeTca TO~Ko o~ npoToH. B peay~TaTe co6il.THH aToro THiia He
npan~Ho H,II;eHTH<flmnlpYJOTCH K8K 1in , :... ~ 1ip-B3WIMO~ei1CTBIIJI. . 

C yqeToM yxBaaHHux Burne a~eKTOB 6~ n~eHU cooTHomeHll:H Me~ 
xoa~eH'roM nepeaa~ ex. , MHOllteCTBeimocT:&IO aap~eHHUX ~ac
T~ l'I ~y:i:'HMH 3KCnepHMeHTamHUMH Be~aMH. llpn: BUBO~e 3THX CO-

. oTHomeHl'IH o6MeH aap.gn;oM Melli,Ily 11 n p npll: 40 raB/c no~a..ircii npe

He6peJKHMo MMUM, tf>pa.ThlefmU~H n l'I p ·c~TMaC:&. 3ap.giJ;C>BO ciiMMeT
pll"'HOfi, l'I rrpe~O~MOC:& T~e, ti:TO OTHomeime ~cna 6UCTpllX. H. 

- Me;ItJieHHUX npoToHoB B lin - n T!p-:Baa.ID.w~e~cT:inmx (sa BWieToM 
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·~ 

IIOCJie,IUieM CJIY1Iae HM88TCJI ,II;OIIOJilillTeJI:bHaJI H80,IUI03Ha"'HOCT:&, CBJI3aH
HaJI c BH6opoM RHTepBaJia IIO. R. 

Ta6mma I SamtCRMOCT:& R,. 5 ·n R speetra1 oT MHo-
. lK8CTB8HHOCTR 3aPJI1KeHHHX "'aCTml;. 

nc:h R F-6 R Spec.tra1 I 
2 2,6! ± 0,45 2 60 + 2 •5 I 

• - !,5 I 

4 r;9r ± o,ro 1,98 ± 0,35' I . 
6 !,5! ± 0,05 !,56± 0,!4 

I 
I 

8 !,29 ± 0,04 I !,32 ± 0,!3 

.. 
IO !,04 ± 0,04 !,08 ± 0,!3 

~!2 0,83 ± 0,04 0;?9 ± 0,!5 

Bee. . !,35 ± 0,03 !,34 ± 0,06 

Hccne,IJ;OBaHRe 3aBHCHMOCTll OOORX TRIIOB aCHMMeTpRR OT nonepe"'
Horo ID.myJI:bCa BTOpWIHHX 3aPJI1KeHHHX "!aCTHU IIOKa3aJIO, "'TO B KB.lJt,II;OM , . 
RHTepBaJie fi R F-r. II R speetra1 Ta.KlKe COBna.n;ruoT, O,IUirutO, B 
.n;aHHOM CJIY1Iae OlliROKH napBMeTpa R Bec:&Ma BeJIIffii'I. Pl!c.3 IIJIJIIO-
CTpiipyeT IIOBe.n;eime R ,.8 · B samrcHMocTII oT. Pl. • Bli.IU!o. "'TO R r-s 

pacTeT c YB8.1Ill"'8llli8M p.l. li ;rtJIJl ti:acTmJ; c pl. ::>I raB/c 3Ha"'eime 

, R r-s npiiOJIIDitaeTcJI K BeJIH"'l!He = 3/2, xapaRTepHoft ;rtJIJl CIICTeMH 
~eHTpa liHep~ CTaJIKliB~liXCJI KBapKOB. oTO.COr~acyeTCJI C npe.n;
CT~ellli8M o ToM, "'TO a.n;poHH c OOJI:blliRMli PJ. npoiiCXO,II;IIT B pesyJI:b
TaTe lKSCTKliX npJIMHX coy.n;apemtiiKBapKOB Ha"'aJI:b~ "'acTnu. 

Ha'. OCHOBaHRli npoBe,IJ;eHHOrO RCCJie,II;OBaHliJI no aciiMMeTpRR cneKT
POB ll 3apJI,II;OBOH acHMMeTpllll Bnepe.n;-Ha3a,IJ; MOlKHO 3axm:J"'l!T:&, "'TO no::.. 
~8HHHe peayJI:bTaTH OOHaPYKHBaiDT O,II;liHrutOBYD 3aBHCliMOCT:& OOOIIX 
a@JeKTOB OT neh li p.L , ,I1;8MOHCTpnpyJI TeM Cal.!HM liX 0011{88 npoiiC- · 
XOlK,II;8Ime; 

B "'eTBepToii r~e paccMaTpnBaeTCJI Borrpoc o ~ cHCTeMa
TH"'ec;att IIOrpemHOCTeft Ha'3Ha"'8HRJI cpe,IUieft MHOlK6CTB8HHOCTR.li KO~ 
a~nuneHTa nepe3apJI,II;Kli B nporraHoBofr nysup:&KoBoii KaMepe. 
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' I 

·~ 

:' t\ 
iJ' 

~~ 

""'<' 

~<r-8 

1.5 

1.4 

t.3 k-+ 
1.2 

u 
1.0 

0 o.a a4 o.s o.e 1.0 ~ 1.0 
q cr3B/~) 

I 
RF·S Pl!c. 3 ~ 3aBHCHMOCTH OT nonepe"'HOro HMny~:&ca 

BTOPU"'HHX sapJDK8HHHX "!aCTHU• 

Ilpn HCC~e,IJ;OBaHRR irn- ll irp - B3aRMO,II;8HCTBRii B HameM SKC- . 
nepHMeHTe Heo6xo,II;l!Mo :ilMeT:b B mr,u;y, "'TO peayJI:bTaTa :nsMepeimii B 
npOITaHOBOH KaMepe CO,II;eplltaT.He TOJI:bKO CTaTHCTli"'8CKl!e, HO ll CliCTe..: 
MaTWieCKl!e OlliROKl!. Bo-rrepBHX, B hponaHOBOii KaMepe npoTOHH xoporuo 

. ll,II;6HTH~PYDTCJI JillUI:& B CHYlJae, ec.mi RX , :m.my'Jrbc ( P ~aO • ) H8XO,II;liTCJI 
B·HHTepBaJie (!50+?00 MaB/c). ECJIH ~6opaTopHHii HMny~:oc BTOPH"!Horo 
npOTOHa O"'8H:& MaJI (~!50 MaB/c), TO OH BOOOII{e He perHCTpnpyeTCJI, 
H irp-COOHTRe HenpaBM:&HO li,II;8HTH~pyeTCJI Krut 1Jn. BO-BTOp!IX, 
HeOOXO,II;liMO Y"'l!THBaT:&, "'TO cpe,II;ll ITHOH-~OHHHX ll KBa3lr~OHlnlx . 
CTO~OBeHHfi UMeeTCJl npHMec:& ll "'l!CTO Jl,II;epHHX CTO~OBeHRn, Kor.n;a 
ITHOH B3aRMO,IJ;ei!CTByeT cpasy C ,II;BYMJI Will OOJI:&lllliM "'l!C~OM ~OHOB. 
B "!acTn Taxnx co6uTRtt Me,IJ;JieHHHe npoTOHll He Bli.IUill, JIH6o perncTpn-

' pyeTCJI TOJI:bKo o,IJ;HH npoToH. B.peayJI:bTaTe co6Ii.TUJI aToro Tnna He
npaBM:&Ho ll,II;8HTR!.PmnJPYJOTCJI Krut 1f"n . - m 1f"p-B3aHMO,IJ;eitCTBUJI. 
C Y'!JSTOM YKBaaHHHX BUme a@>eKTOB 6ll.1Ill nOJIY1Ie!Ill cooTaomeimJI.Mex.n;y 
KOaq¢HnlleHTOM. nepeaapJI,II;Kli «. ; MHOllt8CTB8HHOCT:&IO saproiteHHWC "'ac
Tl!Il; II .n;pyrin.m aKcnepHMeHTaJI:&HllMR BeJill"'llHEl.Mli. Ilpn BuBo.n;e aTRX co
OTHomeHllii o6MeH aapJI,II;oM Mel!(,II;y 11 II p npH 40 raB/c noMrancir npe
He6pelltl!Mo ·MaJIHM, <lJparMeHT~ n H p ·c"'l!TaJiac:&. sapJI,I~;ClBO CnMMeT
PIP'IHoft, li ripe.n;noMraJioc:o Tme, tlTo oTHomeH1Ie "'l!CHa oucTpHX II· 

- M~,IJ;JieHHHX ripoTOHOB B irn - ll l!p-Bsamm.n;eiiCTB~ (sa ButieTOM 
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,u;ncl;paia.J;I!OlllillX IlpOTOHOB) O,niiHa.KOBo.llO,IJ;CTa.HOBKa ,IJ;a.HHllX 3KCll8,PHM8HTa

npH 40 faB/c B Haft.n;eHHHe COOTHOmeiDUI Il03BO~~ OU8Hl!Tb ~ne 

cncTeMaTn<IeCimx norpemHocTeii B KaMepe. TioJIYllemme peaynTaTH no

Ka3a.IDI, tiTO ytJ:eT "nepeKatiKH11 C06HTHil: C OtieHb Me,IJ;JieHHHMH (HeiDU(H

r.~.IH) npOTOHaMII H3 1!p B 1!n OC06eHHO CYJ!l8CTB8H ;IVlli npamiJibHO

ro onpe.n;eJieHIUI l}emrtiHHH Koa~eHTa nepeaapJI,IUm oc • 3TH peayJI:&

TaTH npnne.n;miH B Ta6JI. 2, r.ne X-tiHcJio co6uTllii "lrp c neBH.n;HMHM npo

TOHOM, uenpam!.1ThHO II.ILeHTH~mnpyeMUX Ka.K 1f'n , a Nn- rroJIHoe tinc

JIO aaperncTpnpoBaHHllX 1f'n · -co6HTHii. CorJiacHo Ta6JI.2, MHIDfMaJII>

HOMY 3HatieiD1!0 Xmin = 150, COOTB8TCTBYJW18MY f!YJl8BOMy BKJia,IJ;y M8PHllX 
B38liMO,IJ;8HCTBIIll, OTBetiaeT MHHHMaJI:bHaH Be~tiHHa K03(J$!UH8HTa rrepe-

aap.li,IUGl 
Q'; min = 0,30 ± 0,03. (8) 

HMITYJibCHHii cneKTp Me,IJ;JieHHHX npoTOHOB B ifp -cToJIKHoneHIUIX npa 

40 rall/c 6UJI HCTIOJib30BaH .n;nH OU8HKH MaKCHMaJibHOH "nepeKatiKR" R3 

trp B rrti • KOTOpasi OKa3a.JiaC:& paBHOil X m;~.~ = 350' tJeMy OT

ne-qaeT ex. max = 0,38 ± 0,03. (9) 

TrumM o6paaou, iicTUHHOe aHa'leHRe Kos~MeHTa nepesapMKU orpa

HIItreHo .nonoJI:bHO JKecTKHMH oueHKaMl1 (8) 11 (9). Cpe.n;HeMy Meli\IlY 

X min . =150 11 Xmax =350 3Ha're!ll1io X=250 OTBettaeT KoaCJ$mReuT nepe

sapMKU 
()(. = 0,34 ± 0,03~ (IO) 

3Ta Be~tiHHa yKa38lia B 5- M CTOJI6Ue Ta6JI.2, Ee pa3yMHO paccMaT

pl1BaT:b Ka.K ncnpaBJieHuoe sHa'leHIIe Koa~eHTa rrepesaPMKU ;rvm 
Hamero sKcnepnMeHTa. Tio.n:yqeHHoe sHa'leHUe ex. corJiacyeTCH c .nan

HllMH p-p SKCnepUMeHTOB rrpn. pa3HllX aHeprnHX. PactieT MH01K8CTB8HHOC

TU H8HTpOHOB OT cl;parM8HTauHl1 TipOTOHa.B paMitaX MO,IJ;e~ KBapKOB .n;aeT 

.noBOJI:bHO 6~3Koe sHa'!eHRe OC. , npn6~3l1TeJI:bHO pallHOe 0,33. 
Tipone.n;eHHUii aHaJIHS CHCTeMaTI!'leCKl!X norpemHocTeii B KaMepe no

KaaaJI, 'IT0""'3% BTOplrti:lillX npoTOHOB B 1f"p-CTOJIKIIOB8ID1HX UM8!0T Ma

Jlll8 ~6opaTopHHe IiMTIYJibCll l! llOTOMy He ,neTeKTRpyroTCH. llo OTHOWe

HIDo K tiHCJ!Y Me.ILJIElHHllX npoToHOB (PJia6 • 4 700+800 MaB/c) _noTepn 
COCTaBJIHIOT -10%. . 

B IIHToli rJialle paccMaTpHBaeTCH pm~eHRe TsmeJrux MeSOHiillX pe
soHaHCOB B Mo.n;e~ KBapKoB. H3 aKcrrepweHTmimx ;n;aHiillX no oTao- . 
mellihl f/ro 11 K*(1420)/K*(890) ;n;eJiaeTCH BUBo;n;, 'ITO P-BOJIHOBHe 

MesoHHHe cocToHRIUI cocTallJIH!OT ae· MeHee ..... 25% oT BCex MesoaoB, ue
nocpe.n;cTBeHHo o6pasyeMHX·B MHoro'!aCTl!'!HllX peaKURfix. lna oneHKH 

10 

'e-< 
:X: 

i 
(I) 
0 
:<: 
tsiO 

~~ 
~J:..t 
aiO 
I>'"<<' 

j 
tjtsl 

al ![! §' 
¢l• 

-~ fi~m~ 
al 
00 

fiQ 
00. 
.m 

o!ll:l 
8 
0 
0 
:X: 
:X: m 
~ 
0 
m 
~ 
~ 

....... 
0 
H 

0 
II 

<: 

f:.. -0 
lO 
C') 

J.\ 
R 
{5 . 
1t 

c 

;:_ 
:z~-

~f6 
m~ 
~ ....... 
ON 

~~ . 
:210 

~ II 
8 

,~i 
00 ...., 

~g 
H 

~ 

1li 
8 
altsl 

~~~ :>.£-< 
tQOID 
m:ao. o.om 

g§.~ 

~ 
aiO 
fiHal 

a~~ 00 0 m a. :a 
o.~g 

8~§' 

lO' 
H C') C') 
0 0 0 

0 .o· 0 

+I +I +I 
C') N gL [:-. H 

,N C') 0 

lO 
H C') C') 
o· 0 0 

0 0 0 

+I +I +I 
<.D 0 ~ r:--. H 

N C') 0 

lO 
H N C') 
0 0 0 

0 0 0 

+I +I +I 
en· en 2 [:-. 0 . 
N .C') 0 

N C') -.:1' 
0· 0 0 . 
0 0 0 

+I +I +I 

~ -.:1' C') 
o· N . . . . 

N C') 0 

N C') 
~ 0 0 . 

0 0 0 

+I +I +I 
H H g . co H . 
N C') 0 

,n. 
u. ""}~ 

,o. .s:: 0 s:: 
~ ~ ~:=v 

I I f l,c 
c c r= ""~-"' 
v v l;S 

u_ 

11 



OTHOWeHHH P- ll 5- BO~ Hap~ C ~aHHHMR ~yrHX SKCnepHMeHTOB 
6WIO ncnOJII,30BaHO OTHomemie f/f0 = 0,18;t0,II, no.nyq(nmoe B 1f""p
B3anMO~eitCTBHHX npn 40 raB/c. llpnBO~CH npe~CKa3aHHH KBapKOBOR 
MO~enll ~ po~eHRa TeH30pHHX; aKCHaJII,HO-BeKTOpHHX, BeKTOpHHX H 
nceMOCK8.7IRpHHX Me30HOB. llpoBe~emme paC'leTH nOKa3aJm, 'ITO pacna
~ P-BOJIHOBHX pe30HaHCOB ~aRlT CYDieCTBeHHllfi BKJrn.li D MHOllteCTDeHHOC'lb 
neKTOPHHX·n·oco6eHHo riceMOCK8.7IRPHHX MeaoHoB. CorJiacHo pac'leTaM, 
TaKUe pacnMH OTBe'lruoT aa• 25-30% ncex p -n w R aa -15% 
K*(890). B cJiy'lae nceMoCKaJIHPHHX -qacT~ pacnMH P-n~oBHX coc
Tomrnit ~8JOT, D cpe~eM,-40% llllOHOB,-30% KaOHOB ll~!llKe-?5% '2-
MesouoB. Y'leT npncyTCTBllH P-BoJIHoBHX cocToRHHH n npo~ToB KX 

pacn~a npll pac'leTax no Mo~eJill KBapKoB CYDieCTDeHHo yJIY'lmaeT cor
Jiacne c aKcnepHMeH~OM, oco6eHHo B CJiy'lae ~ -.MesoHa. OueHKH, oc
HOBaHHHe ua pesynTaTax pac'tleTa, corJiacyx>Tca c ~aHIWMH, aKcnepn
MeHTa- no po~eHlllD. P0 

, w , f , n<>, n K0 - MeaoHOB B Iip-cTOJIKHO-:-
BeHHHX-npn 40 raB/c (Ta6JI.3). - . 

Ta6JI!:!Ha3 
3Ha'leHHH MHOllteCTBeHHOCTK Me30HOB 11 HHKJIDS~IWOC 

. Ce'leHHft B Iip-B38llMO~eftCTDHHX npn 40 raB/C : 

'iacTH:ua MHOlKeCTDeHHOCTl> .vJHKJD sHBnoe cetreHHe ~M 

.t'ac'leT ~cne m.tenT .t'actteT ~cne HMeHT 
.Po 

' 0,45 0,63;tQ,O? 9,6 13,J±1,4 
c.> 0,50 p,48;t0,05 IO,? IO,CJ±1,1 
f 0,073 O,II,±0,07 1,6 2,4i;1,5 

A-.2 0,10 '-- .. 2,1 -
~ 0,05 - ' 1,0 -
Kl£+(890) 0,09'5 . 0 ,l.l66,t0. 038 ; 2,0 1,4±(),8 
K*-(890) 0,13 - • 2,8 -

_1{*+(1420) 0,017 - 0,35 -
K*-(1420) ' 0,025 - 0,53 -
'f' 0,025 - 0,54 -
~ 0,!'7 ·- 3,6 -
1To 2,26 ,2,52±Q,03 .· 47,8 53,4±(),6 

I 
KO+i{O . 0,40 0,24,±0,03 8,4 5,5;tCJ,9 

----

B aliR.JIRReHHH $I!-1YJmPOBaHH OCHOBIWe pesynTa.TH ~ccepT~-
OHHO!t pa6oTii: _ 

I. IIpn HEmocpe;i(cTDeHHoM y:'lacT:an SBTopa noJiy'leH aKcnepnMeH-: 
·TaJI:E.HIDi Mii.Teima.li no :Iip_ ( '710 me.) H no lin (-3,5 me. ) 
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B38.HMO~eftCTBHJIM. Ha OCHOBe ~aHHOro SKCnepnMeHTaJII,HOrO MaTepnaJia 
nsy'JeiW pacrrpe.n;eJieHHJ_I aapmKeHHWC 'laCTim _B aTmc naamro.n;eitCTBHHX 
n rrpoBe~eHo cpanHeHHe rroJiy'leHHHX pesynTaTOD c rrpe~cKa.3~.m 
MO~eJIR KBa.PKOB ~ MHOrteCTBeHHoro pOln,U.eHRa •. 

2~ YCTaHOBJieHO, 'ITO B pacnpe~eJieHHH OT.Plma.TeJII,HOro 'sapsr,u.a, 
npHHOCI!MOrO Tr, H noJIOl!OiTeJII,HOrO sapsr,u.a TipOTOHa coJiepF.UITCH )Ule 
KOMIIOHei!TH, O~a ll3 KOTOpWC COCpe~OTO'IeHa B 06JiaCTH <})parMeHTaJUIH, 
a ~yrast no'ITn panuoMepno pa.cnpe~eJieHa. cpe,IUI a,u.poHOB ~euTpanuofl: 
o6JiaCTH. Cpe~Hfl: OTp~a.Tenmm aapsr,u. OT H8.'JaJII,HOro 'If"" .liJIH IIOJIO
lKI'!TenHIDt aapsr,u. OT IIpOTOHa Ml!JJIBHH Ha O,IUIH 'aa.pSIJKeHI!Illl a,tJ,pOH D 

~eHTpanHott o6JiaCTH paneH"" 0 ,!2. 

3. llOKa.3aHO, 'ITO sapsr,u. Ha'JaJII,HHX '18.CT~, ITOIIa,tl,aiOIIlliX B UHTep
BaJI- 0,1-<=X..::0,2 liJili -1,0..::Y ..::2,0, YHOCHTCH, B OCHOBHOM, ·He
~PYJ<lllliMH '18.CTUn8Mll. B TOM JKe HHTepBaJie 3Ha'leHHR · Y cpe~Hfl: · 
sa~ OT HCXO~HHX 'laCTim Ha 0~ aapJIJKeHHHR a,u.poH OCTaeTCH.IIO
CTOHHHHM. lloaTm.W' Y =·- 1,0 ll Y = 2,0 MOl!tliO rrpmUITl> B Ka'le-

. CTBe r~ ~eHTpaJI:E.HOfl: 06JiaCTH npn 40 raB/c. 

4. 06uapYJiteuo, ttTo a.cHMMeTpllH cneKTPOB BTopllttHWC sapsmeuumc . 
mronoB d61!' / d R; n acHMMeTpllH Me;K,cy cpe~ MHOJKeCTBeHnoc-
THMH aapmteHHHX 'lacT~ B nepe~uen n sa,u.ueii noJIYc<})epax IIMeiOT npaK
THttecKH ~ O~laKOBYJ) 3a.DHCllMOCTb OT n eh • no Mepe yneJilltteHRa no
nepe'IHOro llM!IY.rii>ca OTHomemre R = Pp / P 'IT' , xapaKTepnsyxii~ee cncTe
MY. r~e acHMMeTpllH aap.lliSeHHWC '18.CT~ Bnepe~-Hasa,u. OTCYTCTByeT. 
npH6JIHXaeTca K Benll'!HHe R = 3/2, 'ITO cooTDeTCTByeT cncTeMe 

- ~eHTpa HHe~ CTa.JIKllBaiOIIlliXCH KBapKOB. 

5.· Onpe~eJieHo _sHa'leHHe KOa~eHTa nepeaapR,ti,Kll p -+ n c 
y'JeToM "nepeKa'!Kll" co6mllfl: c O'leH:E. MeMeHHHMll npoTOHaMll ns lip 
B 'lt"n • lloJiy'leHHast.Be.lm'IHHa. aToro Koa~eHTa. a.= 0,34,±0,03 
corJiacyeTcst c ~am~ pp-aKcnepHMeHTOB npn_pasumc aueprHRX n 
npe~CKa.3aHHHMH MO~eJill KBapKOB. 

6. B PaMKax Mo~eJill KBapKoB c y'JeTOM po~eHRa P-BOJIHOBWC Tst
ReJIWC MeSOHHWC peSOHaHCOB npOHSBe~eH paC'IeT BWCO~OB TeHsopumc,· 
aKCHa.Jil>HO BeKTOpHWC, BeKTOpHWC ll nceMOCKaJIHpHllX MeSOHOB ~ 
MHOrO'IaCTH'IHWC rrpo~eCCOB. llOKa3aHO, 'ITO npHCyTCTBHe npo~TOB 
pacna,u.a P~BO~OBWC COCTOHHIIft CYDieCTBeHHO y~aeT COrJiaCHe pac
CttnTa.HIWOC no MO~enll OTHomeHIIii MHOllteCTDeHHOCTH BeKTOPHHX 11 nceB
~OCK8.7IRpHWC MeSOHOB C SKCnepnMeHTOM. 
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,JI.M.IUerJio:sa. IIpenpiDIT anmi, .nr.:..8859., ,I{y6na, I975; 
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