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1 BBe~eHHe 

MHorHe cornaCJ!TCJ! c yTnep)Kp;eHHeM, 'ITO "'HCJIO "aneMeHTapHbiX" qacTHII CTOllh )KC 

BeJIIDtO, 'ITO H 'IHCllO XHMH'ICCKme 3llCMCHTOB H me COC)J;HHeH:!iH. Ilpep;CTaBlll!eTCJ! llQ

y"'HTellbHhiM 6ernoe o6pall\CHHC It HCTOpHH pa:3BHTI!.I[ XHMHH H <!>H::JHKH )J;lll! llOHHMR· 

HIDl conpeMeHHoro cocTOJtHI!.I[ <!>H::JHKH aneMeHTapHh!X 'IRCTHII. OTxpLITHe nepzop;H'Ie

cxoii: Ta6llHIIhi XHMH'ICCitme 3lleMCHTOB HRWHM Bhi)J;aiO!l\HMCJ! COOTC'IeCTBCHHHKOM .IJ:.ll. 

MeHgeneeBLIM [1) B 1869 r. JtBHJIOCb ¢JHp;aMeHTOM, c ICOToporo <!>aiCTH'ICCICH Ha'Ianocb 

CHCTCMRTH'ICC!tOC pa:3Bl!THC XHMHH. 3p;eCb JMCCTHO llpHBeCTH ~TaTy H::3 pa60Thl [1]: 

, "A Mexpy; TeM, nCJlltHif 1ro Hac noHHMaeT, '!TO, npn nceif nepeueHe n cnoifcTnax npo

CThiX Tell, n CB06opHOM me COCTOJIHHH, He'!TO OCTaeTCJ! nOCTOJIHHblM, H npH nepexope 

3JieMeHTa n COeJ4HHeHHJt, OUJilO'laiOIUHe pa.HH:blif 3JieMCHT. B :JTOM OTHOIUeHHH nOHblHe 

IroneCTHO TOJiblr:O OPHO 'lHCllOnoe paHHoe, 3TO HMeHHO aTOMHLIH nee, cnOHCTneHHblH :JJie

MeHTy. BellH'lHHa aToMHoro neca, no caMouy cyzuecTny npeJ4MeTa, ecTb paHHoe, OTHO

CJtmeeCJ! He Jr: CaMOMJ' COCTOJIHHlO OTpeJibHOro npocToro TeJia, a Jr: TOH MRTepHanbHOH 

'!aCT.Ji, Jr:OTOpaJt o6zua H CB060~tHOMJ' npOCTOMY Teny, H nceM ero COI!J4HHeHHHM. ATOM· 

HhlH nee npHHapneXHT He yrn10 H He aJIMaoy, a yrnepo,rzy.· ••• BoT no :JTOH·TO npH'IHHC 

JI H CTapanCl! OCHOnaTb CHCTeMy HR neJIH'lHHe aTOMHOrO neca 3JieMeHTOn". 

ITepsoe noHHMaHHe cTpoeHHH aToMa npHwno c MO)J;ellbiO Proep¢opp;a, H s Heii: 6Lina 

::Jano)l(eHa ocHosa glll! o6'bJtcHeHIDl nepHogH'!ecxoii: Ta6llHilhi MeHp;eneeBa • .IJ:anee ICBaHTo

BaJt McxaHH:Ka p;ana rny6oxoe o6oCHOBaHHe rHnOTCt3hi Bopa H nepHOgH'IeCKOH CHCTeMLI 

aneMeHTOB MeHp;eneesa. PaaBHTHe aTOMHOH <!>H::JHXH Ha'!anocb c ycTaHOBneHHH <PeHoMe

HonorH'!eCKHX ::JaiCOHOMepHOCTeH, ::JRTCM 6LIJIH npep;llO)I(eHbl COOTBeTCTBYIOIIIHe MO)J;CllH, 

'ITO B xoHe'IHOM c'IeTe ::JanepwHnocb ycTaHOBneHHeM gHHaMH'!ecKHX ypanHeHHH. Ceii:qac 

<!>H::JHKR RTOMR B OCHOBHOM XOpOWO llOHHTR <!>H::JH!taMH, XOTJt H ::lp;eCb BCe Cllle l!MeiOTCJ! 

TeMHLie [IJ[THa. I 

TeopeTH'!ecxoe oiiHcaHHe CBOHCTB Jtp;ep Haxop;HTCJ! B o6IIIeM B yp;oBneTBOpHTellhHOM 

CO<;TOJtHHI!: MHOrl!e CBOHCTBa Jtgep OIIHCbiBaiOTCJ! Ha OCHOBe npOCThiX npHeMneMhlX <t>e

HOMeHOnarH'!eCitl!X MOgeneH, O)J;HaiCO MHOrl!e JtgepHble MO)J;elll! He OCHOBaHhi Ha nepBhiX 

npmuumax, B Hme MHoro CB06op;Hh!X napaMeTpOB, )J;OIIYIIIeHHH I! T. p;. 
MeHee yp;osneTsapHTellhHO onHCaHHe csoii:cTB aneMeHTapHLIX 'IRCTHII: B GTOH o6na

CTH <!>HnHKI! HgeT HHTeHCI!BHOe HaiCOIIlleHI!e 3KCIIepHMeHTanbHhiX )J;aHHhlX I! anpo6Hpo

BaHI!e pa:3llH'IHhlX MO)J;eneii:. 3p;ecb JMCCTHO OTMeTHTb HeCOMHeHHLill ycnex COBpeMeH

HhlX ItBap!toBhiX MO)J;ellCH B OIIHCaHI!l! CBOHCTB HeKOTOphlX aneMeHTapHLIX '!aCTI!II (nop;

po6HOCTI! H ccLinKH eM. B [2)). Op;HaiCO B HHX o'!eHb MHoro cso6op;HLIX napaMeTpos, 

)J;OnyllleHHH, I! 60llbWI!HCTBO cospeMeHHhlX GKCnepHMeHTaJibHhiX )J;aHHhiX He HaxO)J;JIT 

csoero o6'bliCHeHI!.I[ B paMKax TaiCHX Mop;eneii:. KsapKH Henocpep;cTBeHHO B GKcnepH

MeHTe He Ha6lliO)J;aJII!Cb, I! GTOT <!>aiCT MHOrHe <!>H::JHKH OTHOCJ!T K He)J;OCTaTKaM KBapKo

BhiX IIpe)J;CTaBneHI!H. ,IlyMaeTCJ!, 'ITO HCHa6JIIO)J;aeMOCTb KBRpKOB MO)I(HO 06'bliCHHTb Ha 

OCHOBe rHnOTCt3hi A.A. TirmtHHa [3) : KBRpKH JtBlll!IOTCJ! ltBa:JH'!aCTHIIaMI! IIO aHanOrHH 

C KBa:JH'IRCTHilaMI! llllCpHOH ¢H::JHKH, <!>H::JHKI! TBepaoro Terra H T. p;. (nop;po6HOCTH CM. 

B (4)). 
CooTBeTCTBHe BhlllBHraeMLix rHnoTro <!>H::JH'IecKoii: npHpop;e JtBneHHH Bcerp;a npHBO· 

)J;HllO It TOMy, 'ITO )lOilrO 06Cy)l()laeMLIC H HCIIOHHTHble B KOpHe npOIICCChi B KOHC'IHOM 

l!TOre OIIUChiBaJII!Cb TO'IHO 6ecnapaMeTpH'ICCKHMH ¢opMynaMH. C p;pyroii: CTOpOHhi, 

HOBbie rHIIOTe::Jhi He OTpl!IIaJIU 0611\eilpH::3HaHHhiX KnaCCH'IeCICI!X ~OCTU)KeHHll, a Hao-
./ ' 
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6opoT, OCHOBh!Banncb Ha CTapbiX pet3ynbTa.Tax ll llMCilii npC)J;CKat3aTCilhHYIO cuny. KaK · 

npnMep, MO)KHO yKaaaTb riinoTrohi MeHp;ene~na, PaneJI, IInaHKa n Bopa. ~ 
'~eM o6'hJICHIITh ycnex .IJ:.M. MeHp;eneena,. IlnaHKa II Bojm ? Ycnex. conyTCTBOBan 

.IJ:.M. MeHp;eneeny noToMy, 'ITO eMy yp;anocb Bh!p;eniiTh He'ITO o611\ee II cno6op;HoMy 

npoCTOMY Terry, ll BCeM era COC)J;IIFCHIIJIM, a IIMeHHO, aTOMHhiH nee. fim~Tet3hl IlnaHKa 

. II Bopa OCHOBhiBailllCb Ha KBaHTOBaHIIII, llilll, p;pyrnMU CilOBaMll, npUHUlllle pet30HaTopa. 

B Teopuu t3ByKa PaneJI npnHirim pet3oHaTopa TaK)KC urpan. He nocnep;HIOIO ponb. A 'ITO. 

)Ke JlBITJleTCJl 0611\IIM )J;ilJlllt3ilY'IeHIIJl 'IepHoro Terra, <floToa¢¢eKTa, KOMllTOHOBCKOro pac

CCJIHIIJI, aTOMOB, Hp;ep, MOileKyn, TBCpp;oro Terra, .aneMeHTapHblX '!aCTIIU,... Mbi CTap

TOBaill! C TIITIOTet3hl, 'ITO 0611\liM )J;ilJI BCCX uepapXU'IeCKIIX CUCTeM HBJIJIIOTCJI t3aKOHhl 

coxpaHeHl!Jl OHeprHH-HMnynbca H a)l;HaOaTH'ICCKOrO HHBapHaHTa 8pmi>eCTa, 

a TaK)Ke llpHHIIHll peOOHaTopa )J;ilJl CTOJl'lllX BOilH ITI060H ¢n::n!'ICCKOI!.llp1Ipop;~I; .C 
uenhiO p;oKaaaTh aTy rnnoTet3y B pa6oTax [5, 6] 6hm nponep;eH cncTeMaTII'IecKI!I! cpa

BHI!TCilhHhiH aHanll::J COl!::JMepi!MOCTeH )J;illlH BOilH I! CKOpOCTCH llO)J;CI!CTCM llpOTOHa II. 

neiiTpoHa. 
P.accMoTpiiM BO::JMO)KHbie penoHaHChi B cucTeMe p;nyx p;nyx •mcTI!U a n b c o6pano

naHI!eM npoMe)KyTo'IHoro HecTa6ImhHoro pen<mancnoro cocTol!Hl!ll R, naTeM pacna~~a
IO!l\Crocl! Ha p;ne •racTIIUhi c ll d: a + b -> R -> c + d. EcTcCTBeHHO, 'ITO nnnapnaHTHal! 

Macca (nonHal! ancprnll) prooHaHca MO)KeT OhiTh Bhi'U!Cn<;Ha no <flopMync 

mil =. Jm~ + f>?b + Jm~ + P?b ~ Jm~ + P'/d + Jm~ + Pc
2
d, (1) 

rp;e Pab u . Pcd'- - cooTBCTCTBYIO!l\Ue l!MnynhCbl OTHocnTellbHQro p;Bl!)Kel!l!ll •mcTUU B 

CUCTCMe l!X UeHTpa Mace. 

ct>opMyny ( 1) MO)KHO ncpcnncaTb B nnp;e [7] 

n+{ 
TTIJ! = 1/ffi~ + (-.--)2 + 

r 
(2) 

Ilpu nony•reHI!I! ¢opMyrrbi (2) Mhi Bocn~mhnona:rucb ycrromxeM KnaHToBaHl!l! B~>pa-
3oMMep¢errb;J;a:· . 

Pr = n + 'Y· (3) 

O"'eBH)l;IJO, ¢opMyn'a (2) )l;nJI Maccbi.peoonancoB aneMeiiTapHbiX qacTHII 

coana~~:aeT c cooTBeTCTBYKHIIHMU· «<JopMy.naMn )l;nJI co6cTBCIIHbiX "'aCTOT 

peaoHaTOpOB
1 

HHTeptl>epOMCTpOB 1 opraHHbiX Tpyo H T.)l;. 1 TO CCTb C ti>op

MynaMH )l;nJI COOCTBCHIIbiX '!aCTOT'CHCTCM· BOJIHClBOH•npnpo~bi· ¢opMyna'(2) 

norry•rena Ha ocH<me naKonon'coxpaHCHlll! GHepnm-nMnyrrhca n ap;na6aTn'!ecKoro I!HBa~ 
pnaHTa 8pcHepecTa, a TaK;K~ ycrromrii cyll\CCTBOBaHl!l! co6cTBC~HhiX qacTOT penona

TopoB, U llOGTOMY cnpaBep;m!Ba )lll.!I pac'!eTOB co6CTBCHHhiX '!aCTOT Cl!CTCM. BOilHOBOH 

npnpo;J;bl. 
CcioTHowemie (2) ncnorr&nonaiio B .pa6oTax [7) - [11] p;nJI anamm~:MaccoBLIX. pac-

npep;ene~nii ap;poHHhiX penoHancoB, Ha•mlial! oT nerKiix·~o ~JI)KenhiX. BLino·nonyqeno 

xopowee OIII!CaHI!C.3KCTICpm._1:CHTailhHhiX:p;aHHhiX; IIpl! 3TOM Mbl nonararrl!:{'= 0 1!:1/2; 

a napaMeTp T 6panl! paBHhiM 0.86 ¢:-.1. 
B omxcaHHhiM Bh!We nop;xop;~ Bhl'IUCllCHIIJl• Mace ap;p.oHHhiX' penoHaHCOB· l!MencJI 

.eiJ:HHCTBE!HHbiH. caooo)l;HbiH; napaMeTp. r, xoTJI u.c <t>nKcl!p~BaHHhiM .nna•{enneM: 

3' 
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Cnep;yeT naMeTUTh, 'ITO ::JKcnepnMeHTanhHhlii cneKTp· ap;poHHhiX penmmncon o'!eHh 5o

raT, II, ecTeCTBeHHO, HaUI nop;xop; He B COC~O.liHilU cinncaTb !lee Ha6mop;aeMbie ap;pOHH~e 

cocTonnnn, nocKonhKY on nrma'!anhno npeTeHp;yeT numb na nocnponnnep;enne nonmKe

nnn IICHTpOB T.liJKeCTil COOTBeTCTBJIOIIIIIX ·MynhTIInneTOB. C p;pyroii CTOpOHhl, 3TOT 

nop;xo;o; npep;cKanbrBan Mnoro HOBhlx penonancon, paHee · ne na6nrop;anmnxcJI. 

Hanwnre napaMeTpa· r, XOTJI II c <flnKciiponaHHhlM nna'!emreM, Bhi::JhlBano Heyp;o

nneTnopeHHOCTh. Hep;anno B pa6oTax [5, 6] 6hln npe;o;noJKeH 6ecnapaMeTpu'!ecKuu <fle

noMenonorii'IecKnii MeTog. 'B aTnx pa6oTax nop;po6no o6cy1Kp;aeTcn connMepnMOCTh 

IIMnynhCOB OTHOCIITCJibHOrO ;::J;B~llKCHIIJI (unii COOTBeTCTBJIOIIIUX ):IJIIIH BOJIH) npop;yKTOB 

pacnap;a pe::JOHaHCOB ancMeHTapHbiX '!aCTIIII. H~ OCHOBe TaKOii COU::JMepUMOCTli OIIII

caHhl IICHTpOII;::J;bi orpoMnoro KOnU'IeCTBa CJIIICCTBJIOIIIIIX 3KCnepiiMCHTMbHhiX )J;aHHhiX, 

a TaKJKe npep;cKanano ~>.iiroro HOBhrx. To'!HOCTh nam!rx pac'!cToB n'aniiciiT oT To'!no

CTII UCnOJih:::IJeMbiX 3KCncpuMeHTMbHhlX p;aHHhlX, nony'IeHHbie TCOpCTil'ICCKllC ::JHa'!C

Hll.li MaCC pe::JOHaHCOB 3JICMCHTapHbiX '!aCTHII JKlrap;biBaiOTCJI B paMKil 3KCncpiiMCHTanb

HhlX omu6oK. 

2 > Ooi..QHe coo opa)KeHH.H 

AHanoru.H Me1Kp;y pell.HTIIBIICTCKUM BbipaJKeHUCM ):lll.H <flYHKIIUH raMHnhTOHa cnq6op;HOU 

'IaCTHIIhi U )J;UCncpCIIOHHhiM COOTHOUieHUeM p;nH CTO.H'!IIX BOnH nonoro MCTMJIII'ICCKOro 

penonaTopa (nonHonop;a) o6cy1Kp;aeTc.H ;o;anHo (eM., HanpnMep, o6nop [12]). Ilpep;

cTaBrrHcTc.H, 'ITO OTMC'!eHHaJI aHanoriiH p;onJKHa liMCTb rny60KJIO <flii::JII'!eCKJIO npH'IIIHJ. 

.IJ:nH Harn.H):IHOCTU nponep;eM cpaBHIITellbHhlll aHanii::J KBaHTOBaHII.H KJiaCCII'ICCKOro 

norrn CMCIIICHUU CTpJHbi q( t, X) II CKan.HpHoro IIOJI.li, OIIIIChiBaeMhlX O;::J;IIHaKOBbiMH ypa

BHeHIIHMll (nop;po6HOCTII MOJKHO HaiiT;I B [13]. KnaCCU'!CCKOe none CMeu.icHII.li nog<III

H.HCTCH BOliHOBOMJ ypaBHeHIIIO 

82q(t,x)- 82q(t,x)- 0 
8t2 · 8x2 - ' 

(4) 

rp;e, liiiHCUHaJI nnOTHOCTb CTIJJHbi II CKOpOCTh pacnpocTpaHeHIIH KOne6aHllll B::J.liTbi na 

eAIIHHIIY· Ecnn cTpyna naKpennena na Kon·rrax, To cnpanegnnnhl rpann'!Hhre ycrronnH 

q(t,O) = q(t,'a) = 0. Knaccn'!ecKne co6cTBeHHhle peiiieHIIH ypannenu.H (4) nnnecTHhl: 

q(t,x) ~ exp[±iwnt]sin(knx), kna = mr. (5) 

Pcn.HTIIBUCTCKIIM ananoroM ( 4) .HBn.liCTCH ypaBHenue Kneilna - <l>oKa - ropp;oHa' 

8
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</J(t, r) _ .6.</J(t, r) + [m2 + V(r)]<jJ(t, r) = 0,. (6) 

OIIIIChlBarorrree ne1ITpanbnoe cKan.Hpnoe none. 3,o;ecb m - Macca '!aCTIIIIhl, V(r) -
IlOTeH~IIan. CKan.HpHoro BHeUIHero IlOl'IH, B::JaiiMO)l;eUCTBJIOIIIero C. norreM </J. · Hm'ip;eM 

C06CTBeHHble <flyHK~IIU II 'IaCTOThl )l;ll.H O)l;HOMepnoro CliJ'IaJI, KOrp;a V = 0 II none </J 
onpep;ei:reno Ha oTpenKe [0, a] c nyneBhlMU rpann'!Hb!MU ycnoBII.HMII na xonrrax oTpenKa 

<P(t,O) = <P(t,a) = 0: 

<Pn(t,x) ;.._ exp[±iwnt]sin(knx), kna = mr, I 
n2rr2 

Wn = Jm2 + k; = \ m2 + --;;;:---· (7) 

4 
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II TaK, KBaHTOBaHHble IlOliJI CMeiiiCHIIU II '!aCTOThl Knaccn'!eCKOH CTPYHhl II co6CTBeH

Hhle <flYHKIIIIII II 'IaCTOThl penJITIIBIICTCKOrO CKanJipHoro nonJI uMCIOT 'TOlK/];CCTBeHHO 

0):\IIHa~oByro aHamiTII'!eCKJIO <flopMy, npii m = 0 OHII B006me He OTnii'IaiOTCJI._ .IJ:py-· 

riiMn cnoBaMII, B paccMaTpunaeMOM CJIY'Iae co6cTBeHHhle nonn cMemeHIIU II 'IaCTOThl_ 

KnaCCII'!eCKOU CTpynhl II C06CTBeHHhle <flyHKIIIlli II 'IaCTOThl KBaHTOBOrO CKalll!pHoro 

nolll! COBnap;aiOT Me1Kp;y C060II, KaK penyJibTaT TO:JK)l;eCTBeHHOCTII COOTBeTCTBJIOIIIIIX 

ypaBHeHIIU II rpaHII'IHhlX ycnOBIIU • . Bonee TOro, <flopMynhl )];~ co6CTBeHHhlX '!aCTOT 

Knaccii'IecKoii CTPYHhl n KBaHTonoro pelll!TIIBIICTCKoro CKalll!pHoro nonJI conna;o;aro~ no 

<flopMe C <flopMynaMII ):lliJI C06CTBeHHhlX '!aCTOT• KllaCCII'IeCKIIX pe::JOHaTOpOB. 8TO II CCTb 

npnnrrim cooTneTcTBIIJI Me1K~Y Knaccii'Iecxoii <flmmKoii II KBaHTonoii M:dami:Ko1r, u nTo 

cooTBeTCTBIIc He naBIICIIT OT nocToJIHHoii IInanKa h: 
PaccMoTpiiM aToM nop;opop;a: Bop onpep;erriin "nonepxHoCTh"· aToMa Bop;opop;a ·KaK 

pap;IIyc KBaHTOBaHHhlX op6IIT, npU'IeM Ha TaKOU op6IITC IIMnynhC ancKTpOHa TOJKC npo

KBaHTOBaH~ Tor;o;a KBaHTOBaJI TeopiiJI npiiBO;::J;IIT K ycnonuro KBaHTOBaHII.H Bopa - 3oM:

Mep<flenbp;a 

Pnrn = nh. (3a) 

Crrep;onaTenhHO, ycnoBIIe KBaHTOBaHu.H Bopa - 3oMMep<flenhAa cnep;yeT II::J KBaHTOBOU 

TeOpiiU II TO'IHO BhlnOnHJieTC.li Ha KBaHTOBaHHhlX 6opOBCKllX op.6IITaX p;n.H BO;::J;Opop;o

nop;o6HbiX. aTOMOB. II 3TO He cny'IallHOe COBnap;eHIIe, ·KaK 3TO 6yp;eT noKa::JaHO HIIJKe. 

IlpiiB~p;eM oTphlBOK un nonynJipHoro y'Ie6HuKa no KBaHT<lBOU_ ~exaHuKe ([14], cTp. 46):, · 
"8Ty rmaneTapnyro Tcopuro aTOMa·ncJib:JJI C'IUTaTb cepbeniwif .Teopneif. Ona npocTO 

nenepna. ToT cj)aKT, 'ITO ona rrpnno~nT K O"'eHb xopom;IM penyJibTaTaM B cJiy'mc aToM a 

BO~opo~a, K C"'aCTbiO (1iJIII K HCC"'aCTbiO), CJIY'IaCH. 8TOT ycnex JIBHJICJI ~JIJI Bopa II~py
rJIX TCOpCTJIKOB MOI.qH~M TOJI'IKOM K pan~JITUIO KBaHTOBOH Teop1!1I aTOMa, HO CaM.Bop 

nnxor~a ne o6MaHbinancJI, on He c,;nTaa, 'ITO aTOM rro~o6cn nJianeTnoir cncTeMe." Ha 

caMoM gene aTOM n~;o;opop;a no;o;o6eH nrraHe-r'Hoii cucTeMe [5,,15]. . 
BoponcKuii pdrrenT KiiaHToBaHIIJI aToMa ·no,o;opop;a 6bm cne;o;yrorrriiii (eM. [16] Ha cTp. 

97): OH noTpc6onan paBeHCTBa KynoHqBCKOU II IICHTpo6CJKHOU 3HCprilll e2 /r2 = m.ev2 jr, 
npii BhlnOliHeHUII ycnoBU~ KBaHT()BaHllli BCJill'IUHhi MOMCHTa KOnll'IeCTBa ,IJ;BUJKCHIIJI M 8 : 

MB = nMo =_nh. KaK Mhl nHacM, 6oponcKm'i pcrrcnT KBaHToBaHUJI 6necT.HIIIC nop;inep

;o;urrcJI npu CpaBHCHUII C COOTBCTCTBJIOIIIHMU 3KCnCpiiMCHTMbHhiMII p;aHHhlMII, a, TaKJKC 

II03p;Hee connan c l)cnynhTaTaMII KBaHT~noii Teopmr. O;o;HaKo nonHnKnu TPY)l;HOCTII npii 

noliJKllaCCII'!CCKOU llHTCpnpcTaiilUl OCHOBHhiX penynhTaTOB KBaHTOMCXaHII'IeCKOU TeO

pun .Bop;opop;ono;o;.o6Horo.aToMa. Bop H~~a:n nenwmH~ MB = nM0 = nh "MoMeHTO~ 
IIMnynhca.arrcKTpoHa", npn I =n- 1 ee ~Bap;paT paneH. l'vf~ =(I +,1)211.2, B TO JKC 

npeMJI KBap;p.;,T MOMeHTa nMnynhca B KBaHTOBOII Teopnu paneH l'vf2 = I( I + 1 )h2
• Ilo-. . .. . . . ~ . 

3TOMJ npummi: K BbiBO)l;J, 'ITO cny'IaH I= 0 He IIMeeT KnaCClP!eCKOro aHanora, TO eCTb 
. " ~' ( . . , 

npHHIIHn COOTBeTCTBII.H Bopa p;nli cny'IaJI [ = 0 HC BbiiiOliHJieTC.H. 

KBaHTO~aJI TeOpii.H aTOMa BO)l;Opop;a IIMee; TO'IHJIO II np.li.MJIO KllaCCU'!eCKJIO aHalrO

rnro: ycnonne KBaHTOBaHliH Bopa·- 3oMMep<flerrbp;a ecTb ycnoBIIe KBaHTOBaHIIJI IIHBapxr

aHTa 8peH<flecTa (nop;po6Hoe Il::JliOJKeHUe UCTOpnii paDBIITU.li npUHIIIIna COOTBeTCTBU.H 

-Bopa -~~ Teop~m liHBapxr~HTa 8peH<flecTa p;aHo B MOHorpa<flu~I [17]) _u p;rr.H aToMa nop;o" 

pop;a BhliiOnH.HeTC.H .TO'IHO .. 

Mbi noKananii, 'ITO ycrroniie. KBaHTOBaHII.H Bopa - 3oMMep<flenbp;a BhlTeKacT TO'IHO 

II::J KBaHTOBOU Teopuu II OHO He CBH::JaHO C KBaHTOBaHIIeM yrnonoro MOMCHTa. B ::JaBep

UieHUU :nora naparpa<fla npunep;eM Bhlp;ep1KKY (eM. [17]; cTp. 108): IITax, a~na6aTJr-

5 

/' 



'ICCKHH IIpiiHiln:II.npomiJI CBeT Ha. TanHy KBaHTOBbiX ycJIOBliH. _aenCTBHTCIIbHO, pan:ee 

KBaHTOBoe ycnonue Bopa, cornacHo KOTopoMy "MoMeHT HMIIYJibca anexTpoHa, o6palL{a

IOIL{eroCJI BOKpyr H,gpa, paBeH J<CIIOMY KpaTHOMy h/2-;r", T:e. 2-;rmvr = nh,noTepHiiO 
OTTCHOK Gara_go'!HOCTH: IIpOCTO BCJIII'IHHa 

2 2-;rr Ekin 
·2-;rmvr = 2-;rPr = mv -- = 2-.-

v· v (8) 

HBJIHeTCJI - yJKe cornacHo TeopeMe BoJibi!MaHa - a,gua6aTrr~ccxuM IIHBapnaHTOM. 

J:lTaK, OTHOIIICHIIC Ekin/V .HBJI.HCTC.H IIHBapnaHTOM CIICTCMhi BHC.::JaBUCIIMOCTU OT BI!p;a 

. n~arrMop;e:ii:cTBim KOHCTUTyeHTOB MC:lKJ:\Y co6oii, BXOA.Hil.\IIX B cocTaB ciiCTCMhl. Ell.\e rropp; 

Parre:ii: B 1902 r. YKa::JaJI, 'ITO B HCKOTOphiX CHHYCOII):IaJihHO KOJIC6JIIO!l.\IIXC.H CIICTCMaX, 

TaKIIX. KaK IIpOCTOH. Ma.HTHIIK, IIO)l;BCC KOTOporo MC)J;JICHHO. yxopa'InBaCTC.H, IIJIII rrorre

pC'IHO KOJie6JIIO!l.\a.HC.H CTpyHa, Ha KOTopyiO MC):IJICHHO Hap;mrraCTC.H y::JKOC ,KOJib~O, ~!Jill 
cTO.H'Ine BOJIHhi B :Mep;rreHHo coxpall.\aiO!l.\CHC.H rrorrocTII, rrpoucxop;.HT ap;na6aTn'!ecxue 

I!3MCHCHH.H, IIpH KOTOphlX COOTHOl!JCHHe MC:lK)l;y <JHeprue:ii: II '!aCTOTOll OCTaCTC.H HCI!3-

MeHHhiM (18]. Crrep;onaTerrhHO, ycrroniie xnaHTonaHn.H Bopa- 3oMMep<lJerrhp;a nonmrxaeT 

H\3 YCJIOBII.H KBaHTOBaHH.H ap;na6aTII'ICCKoro l!HBapi!aHTa 8peH<lJecTa II BhliiOJIH.HCTC.H 

TO'IHO )l;JI.H aTOMa BO)J;Opop;a. JlerKO IIOKa::JaTh, .'ITO )l;JI.H rapMOHII'!CCKOrO OC~I!JIJI.HTOpa 

KBaHTOBaHHC l!HBapnaHTa 8peH<lJecTa rrpi!BO)l;IITh K MOp;u¢nKa~UI! YCJIOBI!.!! KBaHTOiia

'Hl!.!! Bopa -. 3oMMep<lJerrhp;a: Pnrn = (n + 3/2)n. TaxnM o6pa::JOM rrpocTo peiiiaeTc.!! 

TaiiHa IIO.!!BJieHn.!! crraraeMoro 3/2 B ycrronuu KBaHTOnamm Bopa-3oMMep<lJerrhp;a )l;JI.!!. 

rapMoHir'!ecxoro ocrirmrr.11~opa. B o6Il.\CM crry'Iae ycrromre KBaHTOBaHn.!! 6yp;eT npnMeT · 

nnp; Pnrn = (n +1)n, rp;e' 1 6yp;eT rrpiiHIIMaTh pa:J'rru'mhle nHa'!eHII.!! B nanucnMOCTI! 

OT paccMaTpnnaeMmr nap;a•m. HarrpnMep, )l;JI.!! rrp.!!MoyrorrhHOH .!!Mhl c 6ecKoHe'IHO Bhi
coKI!Mn CTCHKaMH I = 1. 

· Haiiin paccy:lKp;emr.!! MHornM rroKa:lKyT<;.!! cTapoMOJl;HhiMn. Connap;eHne npep;cxana

mril:, BhiTCKaiO!l.\IIX II\3 YCJIOBH.!! KBaHTC>BaHU.!! I!HBapnaHTa 8pe!l¢ecTa, C npaBIIiihHhiMII 

pe:JyJihTaTaMII. KBaHTOBOH Teopn:u, IIOJIY'ICHHhlMII B Tex· pe)l;KIIX CiiY'Ia.HX, Korp;a <ITO 

yp;aeTc.!!. cp;erraTh aHaJIIITII'IeCKII, yp;unrr.!!eT.' Ap;nu6aTu'Iecxu:ii: HHnapnaHT 8peu¢ecTa 

.HB~CTC.!! HHTerpaJIOM )l;Bll:lKCHII.!! B KJiaCCII'ICCKOll II KBaHTOBOll MCXaHI!KC npn ap;na6a

Tii'IeCKOM II::JMCHCHI!II HCKOTOphlX napaMeTpOB CIICTCMhl, IIO<ITOMY KBaHTOBaHUC <ITOrO 

nunaprraHTa npnno;u;n:T K unnecTHhiM penyrrhTaTaM KBaHTono:ii: Teopuu. IIpep;cTaBJI.!!

eTcH, 'ITO ap;ira6aTW!CCKHII IIHBapnaHT 8peH¢ecTa (n:rru o606Il.\CHHOe ycrronn:e KBaH

TOBaHU.!! Bopa c 3oMMep¢errbp;a) .!!BJI.!!CTC.!! ymmepcarrhHhiM n:HnapnaHToM p;rr.11 rrepu

op;n..JecKIIX )l;BII:lKeumr, II B ToM 'Irrcrre p;rr.!! penouaucon arreMeHTapHhiX '!acTn:~. Hn.:lKe · 

IIJ:l<:JBC)l;CM nponepKy <JToro YTBep:lK)l;CHI!.!! Ha OCHOBC CIICTCMaTII'ICCKOrO aHaJIU::Ja <IKCIIe

pHMCHTaJihHhlX p;aHHhlX n~ acnMTITOTII'ICcKn:M nMrryrrhca:M: P npop;yKTOB pacnap;a peno

HaHcon arreMCHTapHhiX 'IacTn~, ncnorrhny.!! ycrronne KBaHTonaHllir Bopa- 3oMMep¢errhp;a 
(3a), nepermcaHHoe B crrep;yl<'lll.\CM nup;e· · 

Pn = nnfrn = nPo umr Pn = Pofn. (9) 

3 06~aJI CTpyKTypa pacnpep;erreHH.H Mace peao

HaHCOB 3JieMeHTapHbiX · qaCTHIJ; 

IIpo):leMOHcTpnpyeM nnop;oTndpHOCTh nprm~nna counMepn:MOCTII pacnap;HhlX nMnyrrh-
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COB )J;ll.H ycTaHOBJICHII.H HCKOTOphlX 06Il.\UX CBOHCTB pacrrpep;erreHll.H Mace pet!OHaHCOB 

<lliCMCHTap~hlX '!aCTU~. ,IJ;pyrn:MU CJIOBaMH, 'nepe:ii:p;eM K rrp~BepKe Bhl~OJIHCHIIJi' yeno~Ull 
.KBaHTOBaHUH (9) pacnap;HhlX n~myrr:bcon. Hexo~ophlepe::mHaHChlll:Mero'.r p;oMnHnpyro

Il.\He MO)l;hl pacnap;a, 'U npep;CTaBJIHCTC.H, 'ITO pacnap;HhlC UMrryJibChl TaKUX MO)l; p;brrlfaihl 

npo.HBJI.HTbC.H B cno:il:cTnax Mop; pacnail;a p;pyrnx prooHan:con. Mhl ::maeM, 'ITO. B .Hp;pax 

Ha6rrrop;aiOTC.H IIO'ITU 'IllCThiC O)l;HO'IaCTH'IHhlC COCTO.HHH.H1 KOTOphle IIpO.HBJIHIOTCa tlaTCM' 

B 6orree CJIO:lKHblX KOJIJICKTHBHhiX COCTOJIHU.HX .Hp;ep (rrop;po6HOCTU CM. (19]). llo aHaJIO

ri!ll Mhi C'IlfTaeM, 'ITO )l;OMIIHnpyiO!l.\HC MO)l;hl pacrrap;a prooHaHCOB .HBJIHIOTCJI aHaJIOrOM 

op;Ho'!acTn'IHhlX cocTo.HHn::ii: .Hp;ep. IIponep;eM aHarrnn p;ocTyrrHhlX HaM axcrrepn:MeHTaJib

HhlX p;aHHhlX ·p;JIH rrponepKII YCJIOBIIH KBaHTOBaHII.H pacrrap;HhlX IIMIIYJihCOB ·If Mace pe

tJOHaHCOB, ucrrorrh::JY.H <lJopMyrrhl, crrpanep;JIHBhle p;rr.H penoHaTopon. HnnecTHo; <iTo nnoH 

pacnap;aeTC.H Ha MIOOH II MIOOHHOC HCHTpiiHO C BepO.HTHOCThiO, rrpii6JIII3HTCllhHO pa~HOll 
ep;IIHII~e u c IIMnyrrhCOM P = 29,7918 (P ~ 30) MaBfc. Mhl HeB cocTO.HIIllll o6-bl!c~mTh 
p;aHHOe CBOHCTBO IIUOHa; Mhl rrpep;rrorraraeM 'TOJihKO, 'ITO <ITO CBOllCTBO p;'orr:lKHO.IIMCTh 

¢>yHp;aMeHTaJihHoe nHa'IeHne p;rr.H noHnMaHII.H cTpyKTYPhl HeKOTOphlx prooHa.iicon: M~I 
MO:lKCM IICIIOllh::JOBaTh c<lJopMyrrupoBaHHhlll BhliiiC rrpiiH~HII petJOHaTopa· )J;JI.H. Bhl'IllCJie

HH.H Mace 6orree T.H:lKCllhlX MC30HOB: rrpep;r'roJIO:lKHM, 'ITO pacrrap;HhlC UMIIYJibChl ~.H:lKCllhiX 
Me::JOHOB n:MeroT n:Mrryrrhchl, xpaTHhle 29,7918 MaB/c: Pn = n * 29, 7918; n· = 1, 2, 3, ... 

Bhi'IHCJIHM MaCChi pmoHaHcon no <lJopMyrre .Mth = Jm~ + P;+ Jm~ + P;,rp;e rna" 
u mb - Macchi npop;yKTOB 6nHapHoro pacnap;a paccMaTpnnaeMoro pe::JoHaHc:;a. Pe

::JYJihTaThi paC'ICTOB ll COOTBeTCTBYIO!l.\HC <IKCrrepHMCHTaJihHhlC )l;aHHhlC IIpHBC)J;CHhl B 

Ta6rrii~e 1. B Ta6rru~ax 2-6 rrpiiBep;eHhl MaCchi pe::JoHaHcon, Bhl'IncrreHHhlX <: ·nc~;rr~
nonamreM llMIIYJibCOB, COII3MepiiMhlX C IIMIIYJihCaMll p;pyrn:x )l;OMIIHUpyiO!l.\UX· KaHaJIOB. 

8KCIICJlUMCHTaJibHbiC p;aHHhiC ::JaHMCTBOBaHhlii3 (2]. . . 

4 06~He BbiBOJJ;bl 

Ta6~n~hl 1-6 cop;ep:lKaT 6oraTyiO IIH¢opMa~n:ro,n: Ha IIX OCHOBC MO:lKHO C)l;CJiaTh MHOro 

<lJyHp;aMCHTaJihHhlX BhiBO)l;OB: 1).Mhl C'IUTaeM, 'ITO pe::JyJihTaThl, n{>ep;cTaBJICHH~e B Ta-

6rrn~ax, )l;OCTaTO'IHO y6ep;HTCJihHO )l;CMOHCTpnpyro~ <IMrrnpll'ICCKI!H <lJaKT COH3M(PIIMO

CTII IIMrryrrhcon npop;yKTOB pacnap;a penouan:con,n:paMKax .TO'IHOCTII cyll.\eCTBYIO!l.\UX 

aKcnepnMCHTallhHhlX p;aHHhiX., ,IJ;pyrnMU CliOBaMII, pacnap;HhlC UMrryJihChl penoHaHCOB 

nop;'In:~ro~c.H ycrronuro x~aHT~BaHll.H Bopa-3oMMep<lJerrhp;a . .flcHo~ 'ITO ¢aKT ccmnMepn

MOCTn IIMIIYlihCOB HC tlaBUCUT OT BUp;a B::JaUMO)l;CllCTBU.!! MC:lK)l;Y rrpop;yKTaMU pacnap;a 

prooH:aHca, OT KBaHTOBhlX 'IIICeJI penoHaHcon; OT Tuna -qacTn~. Borree Toro, B pa6oTaX 

(5, 6] 6blJIO IIOKa::JaHO; 'ITO COU::JMCiHiMOCTb l!MrrynhCOB cnpaBC)l;iil!Ba )l;JI.!! penoHaHCOB II 

cTa6nJihHhlX MnKpo- n M,axpocncTeM. CminMepnMocTb UMrryrrhCOB ecTh yHnBepcarrhHoe 

CBOH~TBO llpn:pop;hl, IIMCHHO <ITO CBOHCTBO OTBCTCTBCHHO na BO::JHI!KHOBCHlle 'MHOriiX• 

nepuop;n'Iecxux cTpyxTyp: II np;ech nonHuKaeT rJiaBHhlll nonpoc: .HBJI.HCTC.!! rru TaKa.H co~ 
II::JMepnMoCTh TO'IHOH urru' npn6mr:lKeHuo:ii: ? 0TneTa Mhl ue nHaeM, op;HaKo rrpep;cT~JIH
eTc.!!, 'ITO COI!tJMep~!MOCTh llMIIYlihCOB )l;Oli:lKHa 6blTh TO'IHOll -:- KaK <ITO IIMCCT MCCTO 

n Tnepp;b!X TeJiax n' x{mcTarrrrax. Ecrru aTo Tax, TO o6Il.\a.H cTpyxTypa :meMeHTapHhlX 

<iacTu~ )l;OJI:lKHa 6hlTh aHarrorwnia cTpyxType Tnepp;oro TeJia·u Kpn:cTarrrron. B rrro6o:M 

CliY'J:aC OTKphlBaiOTC.!!. rrpeKpacHhie B03M02KHOCTI! npe)l;CKa::JaHI!.H HOBhlX pro(~HJaHCOB I! 
yTO'iHCHII.H Mace cyll.\CCTBYIO!l.\IIX. 
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Tao.ilin~a 1. MHa~pimHTHble Macchi pe3oHaHi:oa, pacnlip;aro!Ilne= Ha 6nHapnbie 

' . KaHaJibi c IIMriJITbCaMn Pn = ~'* 29.7918 Mrm/ · -· 
proonancbl KaHaJibi pacnap;a Pexp n Pexp/n Mexp . 'Mth 

7r± p±v,.. 30 1 30 139.56995 139.56995 
X(285) 7r±7r'f . - 1 29.79 He Ha6. 285.43 

'X(300) 7r±7r'f - 2 29.79 He Ha6. 303.51 
X(330) 7r±7r'f 89.87 3 29.96 332 ± 3[20] 331.47. 
X(370) 7r±7r'f - 4 29.79 He Ha6. 367.05 
X(400) 7r-7r- 141.15 _fj' 28.23 397± 7 408.26 
X(450) 7r±7r'f 179.66 6 29.94 455 (21] 453.57 
X(450) 7r-7r- 174.56 6 29.09 447 ± 7 [20] 453.57 
X(500) 7r-7r~ 213.41 7 30.49 510 ±7(20] 501.8~ 
X(550) . · 7r± 7r'f 236.95 8 29.62 550(21] . 552.39 . 
X(600) 7r±7r'f 265.56 9 29.51 ~ 600(21] 604.55 
X(650) 7r±7r'f 294.61 10 29.46 652 ± 2(20] 657.98 
X(650) 7r-7r- 293.51 10 29.35 650 ± 8[20] 657.98 
X(700) 7r±7r'f - 11 29.79 . ne na6. 712.39 
p(770) . 7r± 7r'f 358 12 29.83 768.5 ± 0.6 767.56 
X(820) 7r-7r- 386.58 13 '29.74 822 ± 9[20] 823.35 
X(880) 7r±7r'f -- 14 29.79 He H:a6. 879.64 
X(936) · '7r±7r'f 15 29.79 ne na6. 936.33 
X(980) 7r±7r'f 469.70 16 29.36 980 ± 10 993.36 

X(1050) ·7r±7r'f --- 17 ·29.79 HC Ha6. 1050.68 
X(1100) 7r± 7r'~' 18 29.79 He na6: 1108.24 
X(1165) 7r± 7r'~' 19 29.79 HC Ha6. 1165.99 
X(1220) 7r± 7r'~' 20 29.79 HC Hll:fi. , 1223.93' 
!2(1270) 7r± 7r'~' 622.03 21 29.62 1275 ± 5 . 1282.01 
p(1450) 7r± 7r'~' 719 24 29.96 1424 ± 25 1457.00 
!~(1525) 7r± 7r'f . 749.62 25 29.98 1525 ± 5 1515.52 
fo(1500) 7r± 7r'~' 738.43 25 29.54 1503 ± 11 1515.52 
h(1565) 7r± 7r'~' 769.95 26 29.61 1565 ± 20 1574.12 
h(i640) . 7r± 7r'~' 807.02 27 29.89 1638 ±6 1632.79 
i>3(169o) 7r±7r'f 831.37 28 29.69 1686 ± 4 1691.53 

· p(1 ioo) 7r±7r'f 853.67 29 29.44 1730 ± 30 1750.33 . 
X(1740). 7r±7r'f 860.76 29 29.68 1744 ± 15 1750.33 
!2(1810) 7r±7r'f 896.70 30 29.89 1815 ± 12 1809.17 

Ta6nu~a 1. II ·ITlK r~M~·---- ---- · 

pe30HaHCbi. KaHaJibi pacnap;a Pexp n Pe;pjn Mexp Mth 
p(1250) w7ro 363.46 12 30.29 1250 1241.92 
p(1250) w7ro 392.51 13 30.19 1290 ±40 1282.74 
p(1450) W1r± 510.46 17 30.03 1463 ±25 1456.97 

P3{1690) W1r± 655.78 22 29.81 1691 ± 5 ·1705.97, 
p(2150) , 'w7ro. 921.57 31 29.73 . 2140 ±30 2143.47 
p(2150) W7ro 938.66 32 29.33 2170 ± 30 2195.84 

Ps{2350) W7ro 1028.86 35 29.40 2330 ±'35 2355.35 

p(770) "17ro 149.09 5 29.82 768.5 ±0.5· 768.37• 
ji(1405) "1'7ro 358;71 12 29.89 1406 ±20 1404.45 
ji(1405) "17ro 538.52 18 29.92 1323.1± 4:6 1320.08 
p(1450) ¢mo 359.54 12 29.96 1;465 ± 25 1462.42 
p(1450) i]po 296.14 10 29.61 1446 ± 10 1446:61 

p(1450) 'T/Po 323.83 11 29.44' 1470 ± 20 1472:63 

P3(1690) ¢>7ro 526.59 18 29.26 1691 ± 5 1704.83 

P3(1690) popo 352.53 12 26.88 1691 ± 5 ' 1693.46 

P3(1690) .7]7ro 750.50 25 30.02 1691 ± 5 168L28 
p(1700) popo. 363.19 12 30.27 1700 ± 20 1693.46 
p(1700) PTJ 534.34 18 .29.69 1701 ±15 1703.44 

p(1700) PTJ • 564.57 19 29.71 1740 ± 20 1741.17 
p(2150) pp. 529-.77 18 29.43 2155 ± 15 . :n6i.4f 

p(2150) pp 567.41 19 29.86 2193 ±2 2191.58 
ps(2350) p3( 1690 )1r± . 537.74 18 29.92 2330 ± 35. 2328.11 

Ps(2350) pp 714.7,5 .24 29.87 2359± 2 2359.31 

h!(1170) p01r+ 311.06 10 31.11 1170 ± 20 i 1152.34 

h!(1380) p07r+ He Ha6. 16 29.79 1380 ±20 '1400_.97 
a1 (1260) p07r+ 356.49. 12 29.71 1230 ± 40 ' 1230.51 

7r:i(1670) p07r+ 649:17 22 29.51 1670 ± 20 ; ,1679.43 
. 7r2(2100) p07r+ 897:58 30 29.92 2090 ± 29 2082.70 

hl(1380) . J{ !{*(892) - . 1 - 1380 ± 20 . 1386.66 

TJ(1440) . K± JC(892)" 138.45 5 27.69 1415 ± 10 ' 1419.61 

fi(1420)' , K°K.(892)0 146.54 5 29.31 1426.8 ± 2.3 1427.88 

!I (1510) K± K*(892)'f • 292.30 10 29.23 1512±4. 1516.64 

7r2(1670) . J{± !{*(892)'~' 452.92 15 30.19 1670± 20 1663.21 

¢>3(1850) K±K*(892)'~' 601.75 20 30.09 1854± 7 1846.14 

' 

!2(1950) ~±7r'f 988.19 33 29.95 ~ 1996 1985.97 
p(2150) '. 7r±7r'f 

r 
~ 1988 984.15 33 29.82 1985.97 

12(2050) 7r±7r'f 1012.42 34 29.78 2044 ± 11 2044.98 
h(2150) . 7r±7r'f 1015.45 34 29.87 ~ 2050, ~ 2070 2044.98 
p(2150) - 7r±7r'f 1040.68 35 29.73 ~ 2100 . 2104.02 

!I{1285) . ao(980)7r0 235.01 8 29.38 1282.2 ±0.7 1285.87 

fi(1420) ao(980)7r0 
• 356.10 12 29.68 1426.8 ±2.3 .1428_.59 

fi(1510) ao(980)7r0 HC Ha6. 14 29.79 1512±4' 1506.67 

fi(1285) --/tP 410.80 14 29.34 1282.2± 0.7 1290.65 

fi{1420) /Po 506.44 17 29.79 1426.8 ± 2.3 1426.05' 

fo(2200) 
. 

7r±7r'f 1051.78 35 30,05 ~ 2122 2104.02 
p(2150) 

,. 
7r±7r'f 1075.99 36 29.89 ~ 2170 2163.10 

ft(1510) . /Po H:e Ha6. 19 29.79 1512±4 1519.75 

!2(2150) '7r±7r'f 1104.21 37 29.84 . -:.._ 2226 2222.19 
fo(2200) 7r±7r'f 1152.08 39 

. 
29.54 ~ 2321 2340.47 

fs(2510) 7r±7r'f 1247.21 42 29.70 - 25l0 ± 30 251S.o3 
-
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penoHaHcbi KaHaJihi pacnaga .Pexp n Pexp/n Mexp · Mth 
' _7](1295) ao(980)7r0 246.54 8 30.82 . 1295 ±4 1285.87 

7](1440) ao(980)7r0 346.80 12 28.9 1415 ± 10 1428.59 
7](1760) ao(980)7r0 He Ha6. 20 29.79 1760 ± 11 1760.84 
7J(2225) ao(980)7r0 He Ha6. 30 29.79 ,..., 2221 2232.82 
7J(1295) 1P0 H:e Ha6. 14 .29.79 1295 ±4 1290.65 
7J(1440) /Po 498.81 17 29.34 1415 ± 10 1426.05 

'7](1760) /Po He Ha6. 24 29.79. 1760 ± 11 1763.99 
. 7J(2225) /Po He Ha6~· 33 29.79 ,..., 2221 2230.40 

7](1440) J<± K* (892)'~' 138.45 5 27.69 1415 ± 10 1419.61 
' ·· ao(980) J<±Jr 89.11 3 29.70 1003.3 ± 7 1003.40 

ao(980) J<±Jr 119.80 4 29.95. 1016 ± 10 W15.71 
a2(1320) K~I<- 443.32 15 29.55 1330 ± 11 1334.76 
fo(1370) 21{~. 418.12 14 29.87 ,..., 1300 1298.67 

· fo(1370) 2J<O 509.88 17 29.99 1425 ± 15 1420.11 . s 
1414:52 !2(1430) J(+ I<- 504.70 17 29.69 1412 ± 3 

fo(1370) . 21(~ . 536.11 18 29.78' 1463 ± 9 1463.9 
p(1450) J<±x± 541.15 18 30.06 1465 ± 25 1457.78 
fo(1370) • J<±Jr 513.75 17 30:22 1425 ± 15 1414.52 

.. fo(1370) .. J<±Jr 524.10 18 29.12' 1440 ± 20 1457.78 
fo(1500) 2Kf 577.69 19 30.40 ,..., 1525 1507.43 

• !~(1525). J{+J<- ' 562.61 19 29.61 14972:~ 1502.16 
' '!~(1525) 2I<~ . 563.76 19 29.67 ·1504 ± 12 1507.43 

,/ !~(1525) 2K~ 592.14 20 29.61 15472:~0 1552.67 
p(1700) J<OJ<± 618.99 21 29.48. 1586 ± 30 159.6.38 s . 

.. ¢(1680) J(+J(- 664.11 22 30.19 1655 ± 17 1641.09 
fj(1710), J<+J(- 653.49 22 29.70 1638 ± 10 1641.09 

' q\(1680) J{+J<-. 685.79 23 29.78 1690 ± 10 1689.06 
' q\(1680) J(+J<- 707.85 24 29.49 i726 ± 22 1737.75 
· Pa(1690) . J<+J(- 689.48 23 29.08' 1696 ±4 1689.06 

i . 'fJ(1710) J<+J<- 685.79 23 29.82 1690 ±4 )689.06 
/;(1710) I<~K- 694.20 23 30.18 1706 ± 10 1693.74 
/;(1710) 2K~ 714.82 24 29.78 1742 ± 15 1742.31 

· a4(2040) K~K- 812.19 27 30.08 1903 ± 10 1889.68 
!2(2010).' 2K~ 855.82 29 29.51 1980± 20 1994.10 
·a~(2040) I<~ I<- 891.46 30 29.72 .2040 ± 30 2044.01 
!4(2050) J<+J{- 862.74 29 29.75 1988 ± 7 1990.12 
!4(2050) J<+J<- 898.28 30 29.94 ·2050 ± 25 2042.07 
'pa(2250) J{+J<- 949.31 32 29.67 ,...,2140 2147.16 
12{1640) ww 143.51 5 28.7 1590 ± 30 1592.00 

. /2(1640) ww 238.49 8 29.81 1635 ± 7 1634.91 

Ta6 II 
-----...., . ~- --r ~~""~~·-·-- ----~· 

prooHaHcbi KaHaJibi pacnaga Pexp· · n Pexp/n Mexp · . Mth 

p(1450) J<±J<-± i • . \.541 18 30.06 . 1465 ± 25 1457.78 
Ps(2350) K±x± 1055.23 36 29.31. 2330± 35 ,· 2361.34 
a2(1320) 7]7r± . 535.62 '18 29.76 . i3l9.4 ± 2.1 ·. 1320.45 
X(1775) p±7r'f 714 24 29.75 1776± 13 1778.18 
X(2000) pa(1690)7r+ 328.92 11 29.90 2080±40 .\ 2078.65 

n± p±1Jf 355 12 29.58 ' 1869.3 ± 0.5 1869.9 
bt(1235) W7ro 348 12 29.00 1231 ± 10 1241.92 
bt(1235) - </>1r± 146 5 29.20 1231 ± 10 1241.92 
bl {1235) 

' 
7]po - J - 1311 ± 10 ' 1316.40 

a2(1320) . .7J7ro 535 18 29.72 1318.1 ± 0.7, 1319.31 
wa(1670) bt(1235)7r0 359 12 29.92 1667± 4 ' 1663.99 
/2(1565) PP 147.36 5 29.47 1565 ± 20 : 1565.61 
/J(1710) PP 359.67 12 29.97 1697 ± 4 1695.17 I 
!H1525) 1]7] 530.76 18 29.49 ' 1525 ±5 1532.67 
/2(1810) 1]7] 723.78 24 30.16 1815 ± 12 1801.03 
!2(2300) . </></> 529.00 18 . 29.39 . 2297 ± 28 2303.71 
Kj(1770) Ko1J 715 24 29.79 .1770 ± 10 i77i.67 
D 1(2420)0 n· ( 201 o )± 1r'~' 355 12 29.58 2422.2 ± 1.8 ' 2425.33 

n± </>1r± 712 24 29.67 1968.5 ± 0.6 1973.66 . . 
B(1876) PP 29.94 1 29.94 1877.5 ± 0.5[22) 1877.49 
B(1880) PP 2 - He Ha6. 1880.32 
B(1885) pp . 94.31 3 31.44 1886 ± 1[22) 1885.04 
B(1890) 

.. 
120.67 4 30.17 1892[22) . 1891.62 PP 

B(1900) · PP · 142.29 5• 28.49 1898 ± 1[22). 1900.05 
X(1900) pp 138.91 ' 5 27,78 1897 ±·1 1900.05 
B(1910) ·PP 180.62 6 30.10 1911[22) 1910.30' 
B(1920) PP ' 207.76 7 29.68 i922[22) 1922.34 
X(1920) pp· 203.09 7 29.01 ,..., 1920 

. 
1922.34 

B(1936) pp 240.08 8 30.01 1936 ± 0.3[23) 1936.14'. 
X(1936) pp 240.08 8 30.01 1937.32:&:~ 1936:14 
B(1950) pp 274.14 9 30.46 1951 ±,0.3[23) 1951.66 
B(1970) pp 298.14 10 . 29.81 1969 ± 2[24) 1968.87 
X(1970) pp 296.48 10 29.65 1968 '1968.87 
B(1990) ' pp 328.15 11 29.83 1989± 1[23) 1987.71 
B(2008). pp . 357.30 i2 29.76 2008± 3 2008:15 
X(2008) pp 361.49 12 30.12 2011 ± 7 2008.15 
X(2030) . pp 381.86 13 29.37 2026±5 2030.12 
B(2050) pp 415.12 14 29.65 2052[24) 2053.60 
B(2080) pp 447.44 15 29.83 2079 ± 4[23) . 2078.51 
X(2080) pp 448.60 15 29.91. 2080 ± 10 2078.51 

Ta6 l.II 

B(2105). pp 477.97 16 29.87 2106±4[22) 2104.82 
'B(2130) pp 502.80 17 29:58 . '2129 ± 5[22) 2132.47 
B(2160) pp ~ 18 - He Ha6.· 2161.41 
B(2190) pp. 566.45 19 29.81 2192±3[23) 2191.58 
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Ta6nun:a 2. HHsapiiaHTHhie M:acchi pe::iomiHcos, pacnaAaiD~uecJI no 6uHapHhiM 

K;waJiaM c IIMnyrrbcaM:u Pn = n * 144~7 MaB/c.PenepHhiiiuM:nyrrbc II'ABa pana 
· MeHbllle. '!eM IIMnJllbC pacnaAa K*(892)± -+ K±rro ("' 100%) 

pe::JOHaHChi KaHaJihi pacnaAa Pexp · n Pexpfn Mexp Mth 
W(892}F KFrr0 289.4 2 c 144.7 891.59 ± 0.24 891.59 
ft(1420) K±7i(892)± 164.09 1 164.09 1426.8 ± 2.3 1417.7 
!t(1510) x±7i(892)± 292 2 146 1512 ± 4 1510 
rr2(1670) K± K*(892)± 452.92 3 150.97 1670 ± 20 1649.05 

· a2(1320) K±K 437 3 :·145.66 1318 ± 0.7 1314.77 
~~c1s2s) x±r 581 4· · 145.25 1s2s ± s 1521.47 
K1(1650) · K±¢> 311.88 2 155.94 1650 ±50, 1632 
K2(1770) K±¢> 441.30 3 147.1 1773 ± 8 · 1765.3 
K2(1770) K2(1430)±rro 287 2 ' 143.5 1773 ± 8 1773.8. 

·· Kj(1780) K2(1430)±rro 284 2 142 1770 ± 10 1773.8 
· K3 (1770) K±rro 287 2 143.5 1773 ± 8 1773.8 
Kt(1400) K±w 285 2 142.5 1402 ± 7 1406 
'.8(1898) pp 142.29 1 142.29 189_8 ± 1[22] 1898.73 
B(1964) pp 291.46 2 145.73 1965 ± 2[22] 1963.78 
X(l!J64) _ __'_p'p _ _ 296.48 2 148.24 1968 . . 1963.78 

Ta6nun:a 3~' IiHsapnaHTHhie Macchi pe::JoHaHcos, pacnaAaiO~uecJI no 6nHapHhiM 

~aHaJiaM c IIMnyrrocaMn Pn = n * 117.7659 MaB /c. PenepHhiH IIMnyrr~>c B ABa pan a 
MeHbllle, '!eM IIMnyrroc pacnaAa K±-+ 1-1±"~' (;::::64%) · 

pe::JoH. KaHaJihi pacnaAa Pexp n Pexp/n Mexp Mth 
K± 1-1±"1' 236 2 118 493.677±0.016 493.677 

. 7](547) 7r±7r± 236 2 118 547.45 ± 0.19 547.56 
. fo(980) 7r±7r± 470 4 117.5 980 ± 10 982.60 
!2(1430) 7r±7r± 701.25 6 116.88 ;:::: 1430 1440.48 
p(2150) .ir±.ff± 1065.40 9 '118.38 2149± 17 . 2138~07 
!t(1285) . rP'Y 236 2 118 1282.2 ± 0.7 1281.80 
!t(~285) ao(980)rr0 234 2 117 1282.2 ± 0.7 1282.78 
X(1935) pp 234.78 2 117.39 1!134.4~~:~ . 1934.76 
!~(1525) K±r 581 5 116.2 1525 ± 5 1536.79 
p(17oo)' K±r 691.94 6 115.32 1700 ± 20 '1724_ 
_p(2150) K±r . 954.38 8 . 119.3 2149± 17 2127.27 

K±r 
I 

p~(2350) 1055.23 9 117.25 2330 ± 35 2338:44 
p(1700) K±:K"(892)± 479.01 . 4 119.75 1700± 20 1690.74 
p(1405) 7]1r± 586.98 5 117.4 1406 ± 20 1409.14 
TjJ(3770) n±'JY- 242 2 121 3769.9 ± 2.5 3768.16 
~(4415) : '. n±'JY- 1174.21 1p 117.42 4415 ± 6 4418.67 
1/:(4040) n•(2007)01J (2007)0 232 2 116 4040± 10 4040.95 

.. T(4S) B±Ii'! 342.51- '3 114.17 10580 ±3.5 10581.42 
Bo n•(2010)± iJ;T 1649 14 117.79 5279.2 ± 1.8 5279.33 so .. 

' ~0-'Y 117 1 117 1314.9 ± 0.6 1316.12 .. 
. B-: -~:--y . 118 1 118 1321.32 ± 0.13 1320.98 1 
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Ta6nun:a 4; · HHsapnaiiTHDie' Macchi penoHaHco:S, pacnaAaiolldteCJI no 6nHapHhiM 

KaHarraM: c IIMnyrrbcaM:i Pn = n'* 91.24 MaBfc. PenepH:.hlii u:Mnyrrbc B Tpii pa:la 

• MeHbllle. '!eM IIMnyrrbc pacnaAa 7]-+ -y-y (38.8%) 
pe30HaHChi KaHaJihi pacnaAa Pexp ·n Pexp/n M~xp Mth 

7] 2-y 274 3 91.33 547.45±0.19 547.45 
w rr+rr- 365 4 91.25 781.94±0.12 781.47 

12(1270) 2-y 637· 7 91 1275±5 1277.36 
p0(1450) e+e- 732 8 91.5 - '1465±25 1459.84 
p±(1450) rf>rr± 358 4 89.5 1465±25 1473.51 
w(1600) porro 644 7 92 1662±13 . 1652·.03 
WJ(167Q) b1 ( 1235 )rr0 359 4 89.75 . 1668±5 . 1673.08 
7r2(1670) K±K(892)T 453 5 90.6 1670±20 1673.71 
¢(1680) J(°K(892)0 • 462 5 92.4 1680±50 1680.66 
!4(2050) 7r±7rT 1012 11 92 2044±11 2026:6 
!2{2300) ¢>¢> 529 6 88.17 . 2297±28 2314.21 
!2{2340) ¢>¢> . 573 6 95.5 . 2339±60 2314.21 
K 1(1400) K 0 w 285 '3 95 1402±7 1396.45. 
Kj(1780) K2(1430)0rr± 284 3· 94.67 1770±10 1765.58 
K2(1820) K±w 638 7 91.14 1816±13 1816.86 
K~(2045) ¢K*(892)± 363 4 90.75 2045±9 2046.17 

n± , K*(892)± K* (892)0 273 ,3 91 1869.4±0.4 1869.64. 
no JCl fo(980) 549 6 91.5 . 1864.6±0.5 1862.38 
no K0(1430)±rrT 364 4 91 1864.6±0.5 1862.11 
n± • wrr± 822 9 . 91.33 1968.5±0.7 1966.84 
B± non;± 1735 19 91.32 5278.7±1.8 5276.78 
Eo: .. n·c2o1o)± n; 1735 19 91.32 5279.0±1.8 5277.32 .. 
Bo .n±n;T 1733 19 91.21 . 5279.0±1.8 . 5280.3 

7Jc(1S) popo 1275 14 91.07 . 2978.8±1.9 2981.44 
. TjJ(2S)· 'Y7Jc(1S) · 639 7 91.29 3686.0±0.09 3685 .. 18 
T(3S) /Xb2(2P) 87 L 87 . 10355.3±0.5 10360.15 

N(1520)nl3 nrr0 · 456 5 91.2 ;:::: 1520 152Q.21 
JV(1535)S11 PTJ 182 2 91 . ;:::: 1535 1532.91 
N(1650)Su: nrr0 547 6 91.17. ~ 1650 1651.69 
N(1675)nts .6. orro 

. 
364 .( 91 ~ 1675 1674.04 

N(1680)Ft~ .6. orr± 369 4 92.25 ;:::: 1680 1675.66 
N(1710)Pu K±A 264 3 88 ;:::: 1710 1713.26 
.t\(1820)Fo5 p±KT . 545 6 90.83 . ;:::: 1820 1823:83 
A(1820)Fos ~(1385)0 rr0 '362 .4 90.5 ~ 1820 )820.14 
1\.(2350)H09 p±KT 915 10 91.5 ;:::: 2350 . 2346.15. 
' f..+ Ap+ 638 7 91.14· 2284.9±0.6 2284.81 . . c I 

~£+(2455) Atrr+ 9o 1 90 2452.9±0.6 2453.47 
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'J'a6JIHD;a 5. JlHBapnaHTHbie MaCChi pe::JOHaHCOB, pacrrap;aiOll\lleCJI ITO 6IIHapHbiM 
KaHanru..r c nMrrynbcaMu Pn = n * 68.67 M:JB/c. PerrepHhiii uMrrynbc B TPII pana 

' MeH~rne . .jeM IIMIIJllbC pacrrap;a K~-+ 7r±7r'F (68~6%) ' 
penoHaHcbi KaHaJibi pacrrap;a Pexp n Pexp/n Mexp Mth 

Ko 71"+71" 206 3 68.67 497.672±0.031 497.672. 
w(1420) p±7r'F 488 7 69.71 1419±31 1406.99 
1](1440) ao(980)±7r'F ' 347 5 69.4 1415±10 1412.34 

p(1450) · K°K 541 8 67.63 1465±25 1482.53 
fo(1500) · 7Jr/(958) - 1 68.67 ' 1503±11 1511.97 
!~(1525) 71"071"0 750 ·11 68.18 1525±5 1534.67 
w(1600) e+e- 824 12 68.67 1649±24 1648.08 

¢>(1680) K+JC 681 10 68.1 1680±20 1691.48 

P3(1690) ]{+]{- 686 10 68.6 1691±5 .1691.48 
p(1700) K±K'(892)'~' · 479 7 68.43 1700±20 1701.96 

/J(1710) K+JC 690 "10 69 1697±4 1696.15 

/4(2050) I<oftl 895 13 ' 68.85 2044±11 2044.12 
K*(1410) K*(892)±7ro 408 6 68 . 1412±12 1415:75 
1<~(1430) J<07r± 621 9 69 1429±6 1427.09 
K*(1680) JC(892)±7ro 615 9 68.33 1714±20 1717.44 

· Ki(1780) Kop± 612 9 68 1770±10 ' 1779.68 
J(i(1820) I<±¢> 481 7 68.71 1816±13 1816.1 
]{2(1820) 1r° K*(892)± 680 10 68 1816±13 1825.22 
Ki(2045). ]{±71"0 958 14 68.43' 2045±9 2051.53 

-n±. K*(892)± J{* (892)0 273 4 68.25 1869.3±0.5 1870.2 
no Kfo(980) 549 8 68.63 1864.5±0.5 1864.74 

; n*(2007)0 no, 137 2 68.5 2006.7±0.5 2006.89 
n*(2010)± n±, 136 2 68 2010.0±0.5 2011.68 

n; K*(892)± K"(892)0 .~412 6 68.67 1968.5±0.6 1968.47 
' n-± n;, 139 2 69.5 2112.4±0.7 2110.63 s' .· 

B± n"(2007)0 n;± 1650 24 68.75 5278.9±1.8 5275.99 
Eo n·c2o1o)± n;'~' 1649 24 68.71 5279.2±1.8 5278.54 

7]~us) K*(892)°K 1307 19 68.79 ~979.8±2.1 2979.24 
J/1/;(1S) fr(1285)¢> . 1032 15 68.8 3096.88±0.04 " 3093.91 
J/1/;(1S) I;O:i\ 1032 15 68.8 3096.88±0.04 3094.28 
Xc2(1P) 

) 

3556.17±0.13 pp 1510 22 68.64 3556.79 
tjJ(2S) 3686.00±0.09 

' 
111'(958) .. 1719 25 68.76 3682.6 

N(1440)Pu 71"±_6.0 I 143 2 71.5 ~ 1440 1435.44 
N(1440)Pu nl 413 6 68.83 ~ 1440 1437.96 
N(1535)Su PI 481 7 68.71 ~ 1535 1534.93 
N(1650)Su p7ro 547 8 68.38 ~ 1650 1652.97 
N(1650)Su .6. 071"0 344 5 68.8 ~ 1650 1649.58 
N(1675)n15 K 0A 209 3 69.67 ~ 1675 1673.16 
A(1670)S01 nK0 414 6 69 ~ 1670 1672.03 
A(1670)Sot AIJ 64 1 64 ~ 1670 1669.54 

14' 

Ta6nHu;a 5 ( .... '' f 

pe:30HaHCbi KaiiaJibi pacnap;a Pexp n Pexp/n Mexp .. Mth 
A(1690)no3 L:o1ro 409 6 68.17 ~ 1690 1695.29 
A(1820)Fos ±.:.:_'F 

. ,' 545 8 . 68.13 ~ 1820 1825.86 P K. 
A(1830)nos nK 553' 8 69.13 ~ 1830 1829.65 
A(2100)Gor p±K'~' 751 11 68.27 ~ 2100. 2106.93' 
A(2100)Gor .. A~ 617 9· 68.56 ~ 2iOO 2101.05 
A(2100)Go7 ]{+3- 483 7 69 ~2100 2095.08 
L:(167Q)n13 p±J('~' 414 6 69 ~ 1670 1667.77 
~(1915)Fts p±K'~' 618 9 . 68.67 ~ 1915 1914.53 
L:(1940)n13 .6. 0 ]{'~' 410 6 "68.33 . '~ 1940 1942.09 
L:(2030)F1r Ko3- 412 6 68.67 ~ 2030 2030.16' 
3(1820)nt3 3-i+' 413 6. 68.83 

., 

1823 ± 5 1819.09 
A+ L:07r+ 824 12 68.67 2284.9±0.6' 2282.72 c 
no n..:7r+ 827 12 68.91 ' 2704±4 2700.21 c 

Ta6nHu;a 6. llHBapnaHTHbie Macchi penoHaHcoB, pacnap;aiOll\IIecJI.no 6IIHapHhlM 
KaHanaM c nMrrynhcaMII Pn = n * 74.39 M:JB/c. PeriepHb!ii nMr:rynbc paBeH IIMrryn:bcy 

· · pacrrap;a L:0 -+ A1 (~ 100%) ' · .· 
' penoHaHChi KaHaJibi pacnap;a Pexp n Pexp/n Me;,p Mth 

I;O- AI . 74 1 74 "1192.55±0.08 1192.55 
A(1405)Sot L:o1ro 153.74 2 76.87 "• 1407±4 '. 1402.68 
A(1670)Sot L:o1ro · 392.07 5 78.41 " ~ 1670 1644.88 
A(1800)Sot L:07r? 491.83 7 70.26 ~ 1800' 183,9.21 

A(2000)' L:o1ro 641:72 9 71.30 ' 2010±30 2050.59 
A(1670)Sot L:(1385)+7rO 229.18 3 76,39 i -~ 1670 . 166L51 
A(1800)Sm L:(1385~+7rO 347.26 5 69.45 ~1800 ·. 1827.63' 

3(1690) .. 3(1530)071"0 . 78.58 1 78.58 1690±10 '1686.92 
3(1820)n13 3(1530)07!"0 237.23 3 79.08 1823±5 1808 

3(1950) 2(1530)0; 0 353.11 5 70.62 ' 1950±15 1971.22 
3(1530)Pt3 3-7!"+ 146.55 2 73.28 ' 1531.8±0:32 1533.67 
• 3(1620) 3-7r+ 239.45 3 79.82' ~1620 1603.25 
3(1690) 3-?r+ ~ 303.69 4 75:92 1690±10 l683.07 
3(1950) ' I. I 3.;_1r+ . 

513.71 1950±15 i959.32 7 73.39 

2).MHorne penoHaHCbi MOJKHo U:HTeprrpeTupoBaTb KaK pap;IIaJibHbie' Bon6yJKp;eHIIH 
penoHaTopa. HarrpiiMep (eM. Ta6riiirzy 1), p(770)-, p(1450)- II p(2150)-MecioHh! pacna
p;aroTCJI Ha p;Ba niioHa c nMrrynbcai.m 358, 719 n 1065 M:JB/c coo'TseTcTilEiHHo, To ecTb 
KPaTHbi Me:lKp;y co6oii. 8To'Ha6nrop;eHIIe p;aeT rrpocToii crroco6 npep;c:KanaHIIJI Mace II 
KBaHTOBbiX.'IUCen pap;IIaJibHO-Bon6yJKp;eHHbiX penOHaHCOB: 

3).Crroco6 npep;cTaBneHIIH u;erro'!KII pacrrap;oB penoHaHcoB II p;anee, B cBoro O'Iepep;b, 
npop;yKTOB UX pacrrap;OB [2] HaBO)J;IIT Ha DpOCTJIO IIp;eiO 0 CTpJKType penOHaHCOB :JJie
MeHTapHbi:i 'laCTIIIJ;: Bee TJI:lKenbie '!aCTIIIJ;bi pacnap;aiOTCJI Ha 6onee nerKIIe p;epeBorro
p;o6HbiM o6pa::JOM, II KOHe'!HbiMII IIpO)J;JKTaMII pacrrap;OB J!BJIJIIOTCJI I'IJieK.TpOHbi, <floTOHbi, 
HeUTpiiHO II IIpOTOHbi. Ilpu I'ITOM pacnap; pe::JOHaHCOB HOCUT KaCKap;HbiU xapaKTep, IIpii- . 
'!eM COOTBeTCTBJIOll\IIe pacrrap;Hbie KaHaJIOBble IIMDJllbCbi COU::JMepiiMbi. 
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4).Bce llCCJie)lOBaHHhle HaMil pacrra)lhl peooHam:oB,'n'o)l'!IUIHIOTCJI U:Jn<JJKeHHhiM Bbiiiie 

npaBIInaM; HaM, BO BCHKOM CJiy'!ae, He Y)laJIOCh o6HapylKllTh KaKllX-Hll6JAb 13KOO-

, TII'!ecinx pacna)loB ·peooHaHcoB; KaK npnMep, o6cJAIIM TOnhio npo6neMy fr II 
/2-peooHaHCOB (eM. MnHn-o6::Jop[2] Ha cTp. 558). KBapKoBaH qq-Mo)lenb npe)lCKa::J.hl

BaeT ABa ImocKanHpHhiX 13 PI - cocTOHHIIH. B ::lKcnepnMeHTe IIOf!eCTHhl Tpn cocTOHHllH 

/I(1285), /J(1420) II /J{1510) C KBaHTOBhiMll 'IllCJiaMII 1++, TaK 'ITO 0)1HO Utl HllX He 

yKna)lh!BaeTCH B paM.Kll KBapKOBOll MO)leJIII, II nO::lTOMY npe)lJia,I'aiOTCH patlnil'!Hhle C~eHa

pnii )lll.H ee cmiceHIIH. Ho Bhllllenpi1Be)1eHHhiX Ta6nn~ Bll)lHO, 'ITO pacna)1Hhle HMnynhChl 

aTIIX peooHaricoB nowmHHIOTCH npaBnny cmmMepnMocTn. To JKe caMoe BepHo )1JIH TeH

oopHhi~ Me::JOHOB h · 2++. KBapKOBaJI MO)leJih ·"frpe)lCKa::Jh!BaeT )1Ba TaKnx MeooHa, !JO 

o6HapyJKeHo 6onhllle. Ha caMoM 11ene 'IIIcno prooHaHcoB !I n / 2 )lOmKHO 6hiTh ropao)lo 

6oJibllle no cpaBHeHIIIO C 13KCnepiiMeHTaJihHO HafiJIIO)laeMhiM • .IJ:onJKHhl fihiTh llX pa)lll

aJihHO BO':_l6YJK)1eHHhiC pcOOHaHChi, MaCChi KOTOphiX Bhl'IIICJIHIOTCH npOCTO no, npaBnny 

KpaTHOCTII nMnynhCOB. 

HTaK, Mhl npnX~Il:llM K BhiBO)ly, 'ITO peooHaHChl IIMeiOT 'IpCOBbi'!allHO 6oraTyiO 

cTpyKTYPY· Om1 npe)lc-i-aBJIHIOT co6oii cnoJKHhie BOJIHOBhic ·cncTcMhl, Bee n;BnJKeHnH 

no)lCIICTCM B KOTOpbiX COI!OMCpiiMhl cornaCHO OaKOHaM BOJIHOBOll MexaHIIKII, 'ITO npii

BO)liiT K CaMOCOrJiaCOBa'anro CO~TaBHhiX '!aCTCll MaTepnn AJ;yr C )lpyroM ll C nOJIHOll 

CIICTCMOll He::JaBI!CIIMO o-r' BII)la BOaUMO)lCll~TBIIH MClKAY 13TIIMII '!aCTHMU. Bonee Toro, 

COCTaBHhiC 'IaCTII (KnaCTCphi) MaTepiiiill0)106Hbi n;pyr )lpyry II BCCll CIICTCMC . .IJ:euCTBII~ 

TCJihHO, pCOOHaHChl pacna)laiOTCH no ~cnO'IKC )1CpCBOn0)106HhiM o6paooM Ha BCC 60JICC 

ncrKIIc 'IaCTil~hi. IJpu 3TOM pacna)lhl n0)106Hbi; KaK BCTKII n;epeBa nO)lOfiHhi MClKil:Y C0-

6ou II ll0)106Hbl CaMOMY )1CpcBy B ~CJIOM. 

'CIIcTcMaTwiccKnii aHanim np~AYKTOB pacnan;a prooHaHcoB noKaoh!BaeT, ·'ITO co-

' OTBeTcT~y~~ue ABII~CHIIH cocTaBHhiX •racT.eii He cyi.L\cCTBYIOT caMII no ce6e, HeoaBII

CIIMo, .IJ:Bn·lK~HliH, COCTaBHhiX '!a(;TCll MaTCpiiii, B Oll:HOM peOOHaHCe CaMOCOrJiaCOBaHhi 

C ll:BlllKcHilHMll COOTBCTCTBYK>UtiiX 'IaCTCll. B n;pyroM. KalKil:hlll pcooHaHC CaM no ce6c 

nrpaeT Tpiie)liiHYIO ponb: IIMCCT CJIOlKHYIO CTpyKTypy, BXO)liiT B COCTaB )lpyroro pe

tlOHaHca II y'IaCTBYCT B o6MCHC.MCJK)1y' KOMnOHCHTaMII BCI.L\CCTBa, no)ln;eplKIIBaJI ~C
JIOCTHOCTh ·cTpyKTyphi. TaKI!M o6paooM ycTaHaBniiBaCTCH rapMOHll'!CCKoc cn;IIHCTBO 

ABIIlKeHnii Be ex '!acTn~. Hn 'on;Ha '!aCT II~ a He MOJKCT 6hiTh 6onee <PYHAaMeHTaJihHoii, '!eM 

Bee ocTanhHhie. Cne)loBaTenhHo, npnxon;nM K BhiBO)laM, 6mmKu!!i no n;yxy BhiBon;aM Te

opnii 6yTCTpana )lll.H CIIJihHhiX BOaiiMOil:CllCTBIIll. (25]. On;Hii.Ko MClKil:Y ll:BYMH UO)lXOil:aMl! 

l!MeiOTCH rny6oKue paonn'IIIH: BhiBOil:hi 6yTcTpana cne)lyiOT Ill! Teoplm S-MaTpii~hi n;nH 
.CIIJihHhiX Btlai!MO)lellCTBIIll, Hallin ~hiBOil:hi HC oaBIICHT OT B'iin;a BtlallMOil:CiicTBllllii OCHO

BaHhi Ha npiiH~max COIIOMCpi!MOCTII II CaMOll0)106IIH, CJie)lyiOI.L\IIX Iltl OaKOHOB COXpaHC

HIIH ::lHeprnii~:IMnynhca n a)1ua6aTn'!ecKoro IIHBapuaHT~ 8peH<lJecTa. CaMocomacoBa- } 

HIIC )lBHlKCHIIII B nO)lCIICTeMax O)lHOro peOOHaHCa C COOTBCTCO::BYIOI.L\IIMll llOil:CIICTeMaMII 

)lpyroro peooHaHCa II )lBIIlKCHllll CaMIIX pCOOHaHCOB, a TaKJKC y'IaCTIIC 13TIIX nO)lCIICTCM 

II CaMIIX peOOHaHCOB B 06MCHC npllBO)ll!T K l!CpapXI!II )lBI!lKCHlill II K cru.mopramma~l!Il 

MaTepl!ll Ha KBaHTOBOM ypOBHe. 
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5 IJpeJ];CKa3aHHJI Mace pe30HaHCOB 3ITeMeHTapHbiX 

--qacTHD; 

BhilliC Mhl npoBCJIII CIICTCMaTl!'!CCKHll aHMI!tl JJ;OCTynHoro 3KCnepl!MCHTaJihHoro MaTe~ 
puana ')1JIH Bh!HCHCHll.H ycnOBIIll KBaHTOBaHll.H pacna)lHhiX l!MnyJihCOB prooHaHCOB 'Ia

CTII~. IJpn 3TOM aHannoe Mhi Bhl6nprum PlJ.CllaJJ;HhiC llMnyJihChl peooHaHCOB lltl IIX p;o

MliHirpyiOI.L\llX KaHanoB B Ka'!CCTBC penepHhiX l!M~ynhcoB. H npnlllnii K Bh!Bop;y:, 'ITo B 

TaKn::c CJIY'IaJIX )1CllCTBIITCJihHO IIMnyJihChi l! MaCChi. pCOOHa~COB KBaHTYIOTCH cornaCHO 

COOTBCTCTBYIOI.L\llM YCJIOBIIHM KBaHTOBaHIIH peOOHaTopoB. · 

EcTeCTBeHHo BOOHnKaeT Bonpoc,· a KaKyro ponh npu 3TOM nrpaiOT pacna)lHhic Ka

Hanhi peOOHaHCOB, IIMeiOI.L\IIC O'ICHh Manyro AOJIIO ( MaJihill BCC) .? Ho H)lCpHOll, <lJI!tli!KII 

Mhi OHaeM ( CM., HanpnMep, o6oop [19], rio~BHI.L\CHHhlll MCTOJJ;aM CMCIIIIIBaHIIH KOH<lJury-· 

pa~nii), ·'ITO 6aoncHhie BCKTOphi, IlMCIOI.L\l!C ManhiC Bcca B ocHOBHhix·cocTOHHl!HX H)lcp, 

CTaHOBHTCH )10MllHiipyiOI.L\HMll B Cl!JlhHO Bon6ylKJJ;P;HHhiX COCTOHHl!HX. To lKC caMOC n;on

lKHO 6hiTh .II 'B <lJl!llllKC peOOHaHCOB. 

PaccMoTpnM pacnan;hi: 

J(~ --> 1r0 1r0 P(I(~ --> 1r0 1r0
) = 209.04 72, 

1r0
--> ll±cf' P(1r0 --> ll±cf') = 26.12992. 

0THOIIICHllC 3Tl!X KaiianOBhiX IIMllY~bCOB paBH;> 

P(I\.~--> 7r0 7r0 )/P(7r0 ->.ll±cf')) ~ 8.0003. 

IJpen;noJIOjJ(I!M, 'ITO 'lT<i COOT!I<llliCHlli~ n;omimo 6biTh ~~~JlhiM, TO CCTh paBHO · 8.· IJ<~

CKOJlhKY 'lH<t'I<~HIIe IIMnyrrhca P( 1r0 --> p±cf') ll'lB<~CTHo 6om~e TO'!HO no cpaBHCHl!IO c 

l!MllYJihCOM P( J(~ --> 7f
0

7f
0 

), T<~ npen;norroJKIIM, 'ITo 

P(I{~--> 1r0 1r0
) = 8P(1r0 ~ ll±cf'), 

t 

II c [lTliM 'HOBhiM 'lHWICHIICM nMnynhca BhP!l!Cni!M Macey • K~-MCllOHa. 0Ha paBna 

M(J\~)~= 497.65858 M:-~D, 'ITo 6Jll!jJ(C ~ 6orrce TO'IHoMy :J~cncpnMCHTaJihHOMY nHa.: 

·w~n~> 497.661 ± 0.033 [2]', .'ICM ycpcn;lf~HHoMy 49!.672 ± 0.031 M:JB. HnJKe.'B Ta6nii~ax 
7-8 Mhi ~pl!BOil:liM IJC'lYJihT<lThi HCKOTOflhiX llflC)lCKil;;.HlHIIll Mace peooHaHCOB. 

, O'ICBIIAHO, 'ITo TO'IHOCTh npep;cKa."':laHHhiX M·acc pelloHaHcoa 3aBIICIIT OT TO'!HOCTII 

uc~m:th:JY<!MhiX B f>aC'IeTax. M·acc npop;yKTOB pacrian:a, Heo6xo)1nMo npoBeCTII ca~mco-: 
rrracoBaHHhiC paC'ICThi no BCCM IIMCIOI.L\l~MCH 13KCnCflliMCHTaJihHhlM )laHHbiM C y'!eTOM 

norpciiiHOCTCit C co6JIIOil:CHl!CM HC06Xo)1iiMhi~ COII3MCpiiMOCTCll. IJoi3TOMY Hallin npe)l

CKa::J,aHiiH Mace pe:JoHaHcoa Hyifmo C'II!TaTh cyry6o npe)laapl~TCJihHhi~~- Mhi.npocnM 

'I~!Ta~e~~ll npiiChiJiaTb HaM l!Hcj>opMa~l!IO no 60JICC COBpeMCHHhiM TO~HhiM 13KCnepl!MeH-· 

_ .TanhHhlM. )laHHhiM Mace peaoHaHcoa, na "<iTo aapaH:ee 6naro)1apHhi. 
' . ',. - " . . -
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Ta6Jiun;a 7. IIusapnaHTHhie Macchi peoouaucos, pacr~a;r~iuo~necJI no 6nuapHhiM 

KaHaJiaM c IIMTIYllhCaMn Pn = n * 26.1_299 M:JB/c. PenepHhiH nMnyllhC BO.IIT 

no pacnaga 7r0 -+ e"p± <~ w-8%) 
pcoouanchi KaHaJihi pacnaga Pexp n Pexpfn Mexp Mth 

iff e_Fp" 26 1 26 134.9764±0.0006 134.9764 
T e±'Y 888 34 26.11 1777~g:~~ 1776.84 

ft(1285) cP'Y 236 9 26.22 1282.2±0.7 1281.36 
!t{1285) ao(980)7r0 234 9 26 1282.2±0.7 1282.38 
a 2(1320) r/'.(958)71"0 287 11 26.09 1318.1±0.7 1317.51 

xo 71"071"0 209 8-"' 26.13 497.672±0.031 . 497.66 s 
Ki(1430)± x±, 627 24 26.13 1425.4±1.3 '1425.24 

n± ]Cl7r± 862 33 26.12 1869.3±0.5 1869.11 
no JCl fo(980) 549 21 26.14 1864.5±0.5 . 1863.97 
no c/Jpo 260 10 26 1864.5±0.5 1864.08 
n± 

s fo(980)7r± 732 28 26.14 1968.5±0.6 1967.82 
n± 

s 1J1(958)p± 470 18 26.11 1968.5±0.6 1968.03 
n,1(2536)± nox± 392 15 26.13 2535.35±0.34 2535.6 

B± e±'Y 2639 101 26.13 5278.9±1.8 5278.24 
Bo e±p" 2639 101 26.13 5279.2±1.8 5280.35 

1Jc(1S) K*(892)± K" 1307 50 26.14 2979.8±2.1 2978.38 
1jJ(2S). /Xco(1P) -261 10 26.1 3686.00±0.09 3686.38 

Xb0(1P) 1T(1S) 391 15 26.07 9859.8±1.3 9860.44 
T(2S) /Xb1(1P) 131 5 26.2 10023:3±0.31 10023.41 

E(1385)0 A7ro 208 8 26 1383.7±1.0 1383.93 
A+ c 3(1530)0 ]{+ 471 18 26.17 2284.9±0.6 2284.25 

Ac(2593)+ A~7ro 261 10 26.1 2593.6±1.0 . 2593.9 
':;'+- E+ K*(892)0 653 25 26.12 2465.6±1.4 2465.89 ':"'c ':;'0 n-g+ 522 20 26.1 2470.3±1.8 2471.11 ~c 

3c(2645) 3t7r- 107 4 26.75 2643.8±1.8 2642.18 

Ta6Jiun;a 8. IIusapnaHTHhie Macchi peoouaHcos, pacnagaiD~necJI no 6nuapHhiM 

KaHaJiaM c IIMnyllhCaMII Pn = 'n * 52.828 M:JB I c. PenepHhiH IIMnyl:rbc BO.IIT no pacnaga 

± .... e±'Y c~ w-11%) r 

peoouauchi: KaHaJihi Pexp n Pexp/n Mexp Mth 
pacnaga 

. p± e±'Y 52 1 52 105. 658389±0. 000034 105.658389 
T P1J 475 9 52.78 i 777,o~g:~7 , 1776.95 

'po p±p" 369 7 52.71 768.5±0.6 769.19 
·K*(1430)0 ]{* ( 892 )±7r" 423 8 52.88 1432.4±1.3 1431.76 

n± K±Jtl 792 15 52.8 1869.3±0.5 1869.36 
B± pli. 2430 46 52.83 5278.9±1.8 5278.9 

· 1Jc(1S) ww 1268 24 ·52.83 2979.8±2.1 2979.21 
Xb1(1P) 1T(1S) 422 8 52.75 9891.9±0.7 9892.43 

n- K-A 211 4 52.75 1672.45±0.29 1672.52 
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3aKJIIO'IeHHe 6 ., 

Ilpep:cTaBll.!IeTC.II, "'TO 6oraThill :JKCnepiiMeHTaJihHbiHMaTepnan no peOOHaHCaM :JlleMeH

TapHbiX "!aCTIIU 'He M01KeT_ 6hiTh nou.i!T 6e3 npirmie"lemrn HOBhlX ouaHnu o ~uyTp~H:ueii: 
c;pyKType."!acTm~, B~meTalO~IIX npii pacnage pe:JbuaucoB. Mhi.npiiBellii gocTaTo-.,mo 

... .' ' ; 

BCCKIIe apryMeHThi B nOllb3Y Toro, 'ITO npiipop:a OITIICaHHbiX BhiUie penouaHCOB O;l:II~ -

HaKOBa: CaMo HaJIII"!IIe pe30HaHCOB CBIIJJ;eTellbCTByeT 0 CllOlKHOH BHyTpCHHeu: CTpyK:. 

Type "!acTIIu. Bceo6~ee Mneniie ocnoBano ua ToM, .:ITo penouaHchi noHBllHIDTcJI nprl~ 
cTollKHoBeHIIII HII:JKO:JHcpreTn•recKnx "!aCTIIU r!, cnep;oBaTellbHo, ua 6ollhiiiiiX. paccToJI~ 
nnHx.' Ilo:JToMy oun He MoryT p:aTh nu<J>opMauniDo ca1.mx -~racTnuax. OTc10p:a CTaup:ap

Tnoe :JaKlllO"!eHIIe: rm<J>opMaurm o BHyTpenueii cTpyKTypeMIIK.po~acTnu Mo~eT 6hiTh 

ll3BITC"!eHa II3 BbiCOKO:JHCpreTII"'CCKIIX 'cTOllKHOBeHIIll II CTaHOBIITC.II 6olleC "uenHoil" C 

pocToM. :Jueprrm. Mbr C"!IITaeM, "!To pe:JoHaHchr o6ycnoBlleHhi CllOlKIIOII BHyTpeHueii 

CTpyKTypoii: CaMIIX MIIKpo~aCTitU, T~K "'TP "ii;eH.Hbr" :JKcnepnMeHTaJihHhie p:aHHbiC no 

pe:JonaHcaM npii Bcex _:JueprriHx. Ilpep:cTaBllC~IHhiU B p:auuou 'PD:6oTe MaTepiiaJI,-KaK 

HaM Ka1KCTC.II, p:eMOHCTpiipyeT ap;eKBaTHOCTb. :lTOro YTBep_lK):IeHII.II. <J>rmiiKC rrpouecca. 

Haw <J>eHoMeHonorwrecKIIH rrop:xog, ocHoBaHHh!ll Ha nepBhiX npiiuunrrax, He cogeplKIIT 

CB060IJ:HhiX napaMeTpOB .II. BOcnpOll3BO):IIIT ueHTpOll):lhi 3KCIIepiiMeHTaJihHhiX p:aHHhiX. 

To"!HOCTh. Bhr<iiiclleHnii :JaBIICIIT. OT :o"!Ho<;:u penepHhiX. ):laHHhiX. "!acTo Hawn :Shi"'II-, 

ClleHII.II p:alOT 60llee BhiCOKYlO TO"!HOCTb 3Ha"!eHII.II MaCe p~30HaHCOB no CpaBHeHlllO C 

cy~eCTBYlO~IIMII 3KCIIepiiMCHTallbHbiMII p:aHHhiMII, eCllii IICnOllh:JyeMbie penepHhie 3KC~ 

nepiiMeHTanhHhiC g~HHhie ~Mer~>T ~hiCoKyro T~~H~CTh. HanpiiMep, Mhi npegcKa:JhiBae~ 
Macey K~ (497.6586 MnB) c ,TO"'HOCThlO, onpep:errJieMOll TO"'HOCTh~ ~3MepeHII.II 0~~~ 
"!eHII.II Mace 1r

0
, e± II p± . . TaKIIX. npep:cKa.'JaHIIll OHa"'CHIIHMaCC pe30HaH~OB B,CTa;be 

rrpiisegeuo MHoro, u GTII npegcK~auim rrpo!;~pHeMhi. H~ur ciicTe~aTII"!ecKIIH aH~llun, 
' ' . \ . 

HCCOMHeHHO, IIpiiBO):IIIT K BhiBO):IY 0 KBaHTOBaHHOCTII pacnap:HhiX IIMIIYllbCOB peOOHaH-

COB ( COBnap:alO~eii: C 3K~!ICPllMeHT~llb~Oll T~;~~CTI,lO Mace II IIMIIY~hCOB IICC~ep:yeMhi; 
pe:Joriaucos). ,, 

KaK cllep:cTBIIe TaKoro BhiBop:a Mhi npiixop:IIM K :JaKlllO"leHniD o cy~ecTBosamm 
pagnallhHO-Bo:J6y1Kp:ennhiX cocToJiu'iu'i_ II B 3TOM Mhi yBepeHhi. Muorne xopowo ycTano

~llCHHhiC peOOHaHChi IIMelOT. CBOIIX pap:IIallbHO B03QYlK):ICHHhiX napTnepoB C KpaTHhiMII 

pacnap:HbiMll IIMIIYllbCaMII IIO cpaBUeHUlO C COOTBCTCTBYlO~IIMII IIMIIYllbCaMII HII3KOlle

JKa~IIX IIllii BhiCOKOlleJKa~IIX peaOHaHCOB. 0TMe'IeHHOC Ha6lllO):IeHIIe MOJKeT .CllYlKIITb 

XOpOWIIM IIHCTpyMeHTOM ):Ill.!! npep:~Ka3aHUH HOBbiX pap:IIaJihHO B036yJKp:eHHhiX peoo

HaHCOB C 3apauee onpcp:ellen'HhiMII KBaHTOBhiMII "'IICiraMU .. TaKIIM o6pa30M, Hall):ICH 

~poc;oii: <J>eHOMCHO~Orii"!eCKIIH rrpiiHUIIII CIICTCMaTII3aUIIII cneKTpa Mace_ petloHaHCOB 
' ,. . '' . . 

3lleMeHTapHhiX "!aCTIIU. Pap:llaJihHhie Boo6y1K):ICHHhiC COCTO.S:HII.II II3BeCTHhi BO MHOriiX 

06llaCT.IIX <J>II~IIKII (s aTOM~~' .!I):Ipax, ~OlleKyllax, TB~p):lhiX Tellax,: .. ). 11 eCTeCTBCHHO, 

'ITO TaKUC COCTO.IIHU.II ):IOll1KHhi ua6lllO):IaTbC.II II B MIIpe pC30HaHCOB"!aCTIIU-:li HaKOHeu', 

rrpii. o6cyJKgeunii peooua:H~oB B PP-. n PP - cncTeMax [4] i..thi ycTanommn, "'TO GKC-· . ., , ; . '. 

IICpiiMCHTaJibHble ::JHa"!CHII.II MaCC COBTia;t~aiOT. B paMKax TO"!HOCTII 3KCIICpiiMCHTaJihHhiX · 

flaHHhlX. ,II;eiicTBIITen:bHo, oaKOHhi coxpauemm n:Heprrm u agna6aTII"!ecKoro IIHBapnaHTa-
,' ' ' • ~ 0 ' 

):Ill.!! CUCTCM "!aCTIIUa-"!aCTI!Ua II "!aCTIIUa-aHTli"!aCTIIUa ):IOlllKHhi BhiiiOliH.IITbC.II O):IIIHa-

KOBhiM o6pa30M. TaKo~ ,Y):IUBIITCITbHOe ua6lllO):ICHIIe 6hiliO c~enauo e~e B paHHUXHaiiiiiX 

pa6~Tax [5, 6]. 0Tc10p:a ~n~gyeT .<PY~AaMCHTaJihHhill BhiBog: Mnoriie Me:JOHHhie. peoo

HaHChi p:ollJKHht _IIMCTh ~B~nx gn6apnonHhiX napTnepoB. Eclln nTo TaK, To oTiphiBalOTC.II 
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xopowue rrepCITeKTIDlhi ~JI.ll CpaBHUTeJibHOfO CUCTeMaTU'!eCKOfO. aHaJIU3a Me30HHhiX Ii 
~u6apllOHHhiX pe30HaHCOB. 

lfT06hi IlOHllTh, KaK HeCTa6uJibHrui '!aCTIH~a (pe30HaHC) MO:lKeT C006~aTbCll C He-
. ,. . I 

CKOllbKUMU OTKphiThiMII KaHaJiaMu, Mhl CO'Illll He06XO~IIMhiM IlpOBeCTII aHaJIOfiiiO Me:lK~Y 
rroBe~eHueM HeCTa6uJibHhiX '!aCTIIq Ii pe30HIIpyro~IIX IlOJIOCTeH, TaKUX, KaK opraHHhle 
Tpy6hl,.[llleKTpoMarHnTHhle peaoHaTophi. 3~ech_nuwh yKaiKeM, '!To BrrepBhle Ha TaKyro 
aHaJIOfiiiO e~e B 1964 ro~y o6paTIIJIII BHiiMaHIIe '!biD, renn-MaHH II PoaeHipellb~ [26]. 
'B yKa3aHHOH pa6oTe OHU IlO~po6HO o6cy:lK~aJIU B03MO:lKHOCTb rrpe~cTaBJieHIIH peao
HaHCOB ;meMeHTapHhiX '!aCTUq B BU~e pe30HIIpyio~IIX IlOJIOCTeH B IlOJIHOH aHaJIOfllll C 
Haw.nM rro~xo~oM. O~HaKO pa6oTa [26] ocTanacb He3aMe'!eHHOH. 

'faKRM o6pa30M, rrpe~JIO:lKeHHhiH 6ecrrapaMeTpu'!eCKiiH rrogxo~, OCHOBaHHhiH Ha rrep
BhiX IlpiiHqllil_llX, ~aeT B03MO:lKHOCTh c<flopMynupoBaTb CTpaTeruiO 3KcrrepiiMeHTaJih
HOf0 IlOUCKa HOBbiX pe30HaHCOB, IIHOr~a C 3apaHee orrpe~eJieHHhiMII KBaHTOBblMU 'IU

CJiaMU. 
Mhl ~m~anii Hawn' uccne~oBaHnll no~ 'BJIUllHUeM cne~yiO~eii: KOHqenquu: pa3Hoo6-

pa3Hhie llBJieHUll B npupO)W o6yCJIOBJieHhi IlpOCThiMU•3aKOHaMII, o6~UMU ~Jill MllKpO~ 
u MaKpocucTeM [5]. llMu llBJilliOTCll aaKOHhr coxpa:HeHnll aH.epruu-uMnynhca u a~ua-
6aT~'recKoro nHnapiiaHTa 8peH<flecTa. Tor~a II reoMeTpii~ecKoe KBaHTOBaHue ~OJI:lKHO 
Hl:>cuTh yHuBepcaJihHhiH xapaKTep, nocKOJihKY OHO llBJilleTcll npocThiM o6'be~uHeHueM 
3TUX 3aKOHOB. TaKoe o6'be~nHeHue'no3BOJilleT c<flopMynupoBaTb npuHqnn pe30HaTopa 
II npimqnn COII3MCpllMOCTU ~Bll:lKeHllll B MUKpOCiiCTeMaX . .I(Jill npOBCpKII Hawero YT~ep-· 
:lK~eHIIll ~OCTaTO'IHO cy~eCTBYIO~UX ycTaHOBOK ~Jill Hll3KIIX, cpe~HIIX, npoMe:lKyTO'IHhiX 
II .BblCOKllX 3HepriiH. 06hi'IHO UCllOllb3YloT BllllllHIIe BHelliHero llOJill ~1Ill onpe~eJieHI1H 
co6cTBeHHhiX '!acToT prooHaTopa. PeaoHaHCHhle llBJieHnll B03HUKaiOT, Kor~a •racToTa 
BHeWHero llOJill COBlla~aeT C C06CTBeHHOll '!aCTOT

0

0ll pe30HaTOpa. Ilo3TOMY Mi:r npe~Jia~ 
raeM ecTeCTBCHHhlll MCTO~· ~Jill onpe~eJieHIIH COfiCTBeHHhiX,'!aCTOT (aHepruii:) 3JieMeH
TapHbiX '!aCTUq, OCHOBaHHhlll Ha CT01IKHOBeHUJrX O~UHaKOBhiX U pa3JIII'!HbiX '!aCTUq. 
Pc30HaHChi B03HllKHyT, KClr~a co6CTBCHHbiC '!aCTOTbl OTHOCUTCllbHOfO ~BU:lKeHllll 6y
~YT COll3MepUMhi C co6CTBCHHhiMU '!aCTOTaMu CTaJIKIIBaiO~llXCll '!aCTIII~. 

' CnpaBe~nuBOCTh Hawcro <fleHoMeHonorwrccKoro no~xo~a no~TB~p:lK~acTcll peayrrh-. ~ . . 
TaTaMII CIICTeMaTU'!eCKOfO aHaJIU3a npo~yKTOB pacna~a OfpOMHOfO 'UICJia pe30HaHCOB. 
Han6onee BecoMhiM ~OKa3aTeJihCTBOM cny:lKuT npeKpacHoe omicamre Macconoro pac
rrpe~(meHUll pe30HaHCOB II rrpe~CKa3aHire HOBblX. llH<flopMaqUll 0 BHyTpeHH.ell CTpyK
Type rrpoToHa, Heii:TpoHa; rruo:Ha, MIOOHa, aireKTpoHa 'Mo:lKeT 6biTh rrony•rcHa ira cy
~eCTBYIO~IIx 3KCilepiiMeHTaJihHhiX ycTaHOBKax C XOpOWUM 'pa3peWCHIICM Ii C 6oJibWOll 
c:raTIICTIIKoii: rrpii HimKIIx, rrpoMe:lKyTo'!HhiX II Bhlcoimx tJHepriillX. 

· . B tlToii: pa6oTe Mhl rrpe~CTaBUJIII e~IIHoe 6ecrrapaMeTpn'!ecKoe II 6eaMo~eJibHoe Boc
rrpmmne~eHue tlKcrrepiiMeHTaJihHoro pacrrpe~erremm Mace orpoMHoro '!ncna peaoHaHcoB 
31IeMeHTapHhiX '!aCTllq. Ilpe~CTaBJillCTc.!I, 'ITO 3a 3TUM 6ecrrpeqe~eHTHO TO'!HblM BOC
rrpmmB~eHIIeM 3KcnepUMeHTaJibHhiX ~aHHhiX -~OJI:lKHa 6blTh llpOCTrui U KpaCIIBrui <flii-
3UKa. Mhl 'rrpe~naraeM e~IIHhlii: TeopeTu~ecKIIii: cqeHapiiii: ~Jill IIHTeprrpeTaqmr Ha6niO~~
CMhiX pe3~HaHCOB B :lKIIBOll II He:lKIIBOll Ilpiipo~e, o6ycJIOB1ICHHhiX pa3HhlMII B3aUM~~eii:
CTBUllMU (rpaBuTaqROHHhiMn, cna6hiMII, arreKTpoMarHIITHhiMU II cnnhHhiMn). OcHOBhi 
3Toro e~uHoro cqeHapiiH - 3aKOHhi coxpaHeHull aHeprmr-:iiMrrynhca II a~Iia6aTu~ec 
CKOfO. liHBapnaHTa 8peH<flecTa ¢}. reoMeTpu'IeCKOe KBaHTOBaHUe ¢} CTOll'!Ue BOJIHhl. 
IJpe~CTaBIDreTCH, 'ITO HafiJIIO~aeMble IlOBCeMeCTHO B MaKpOCUCTeMaX rrepuo~U'IHOCTh, ' 
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conaMepuMOCTh, caMono~o6ue n <flpaKTaJihHOCTh MHornx CTPYKTYP ecTb peaynhTaT: 
nocrre~oBaTeJibHoro o6pa3oBaHIIH uepapxu'!ecKnx CTPYKTYP Ha pa3HhiX ypoBHllX ca~ro-. 
oprammaqnn MaTepun, Ha'!nHrur oT MIIKpo ypoBHH. 

B 3aK1IIO'!eHUe OTMeTUM, 'ITO MHOfiie II~CU, rrpe~CTa:imeHHhle B 3TOll pa6oTe, po~u
JIUCb no~ BJIUllHUeM pa6oThi A.M. Ban~Ima [27]. Mi,r O'!eHh rrpiiaHaTeJihHhl.ff. BaarcHy, · 
IO. PaTucy, B. Bap6awony, M. IIIupoKoBy, M: Ha~h, A. TllrrKnHy, P . .I(:lKmioc, K. 
rpu~HeBy, A. IIInpKoBy, <I>.IleHbKOBy, B . .IJ:y6oBuKy; B. <I>e~llHIUiy, A. '!e•reJibHU
qKoMy, II. Kopommy, IO. IlonoBy na none3Hhle o6cy:lK~eHUllU ~o6po:lKeJiaTCllhHYIO 
KpUTUKy. 

Pa6oTa BhlllOJIHeHa rrpn no~~ep:lKKe P<I><I>II (rpaHT No 96-02-17216). 
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fapeeB <1>. A., Eapa6aHOB M. 10., KaJaqa f. C. P2-97-292 
HoBasi cucTeMaTuKa cneKTpa Mace pe3oHaHCOB 3neMeHTapHhiX qacTHU 

TipOBe)leH CllCT~MarnqecKHii aHanll3 pe30HaHCOB 3neMeHTapHbiX qaCTllU 
Ha OCHOBe nepBbiX npHHUllllOB: 3aKOHOB COXpaHeHIDI 3HeprnH-HMnynhCa 
u Mna6arnqecKoro HHBapuiDim 3peHclJecm. B peJynLmre ycmHoBneHa KBaHTOBIDI
HOCTh llMnynhCOB npOJlYKTOB pacna)la pe30HaHCOB ll COOTBeTCTBeHHO MaCC pe30HaH
COB, a TaiOKe o6HapyxeHbi llX pa,nuanbHO-B03GYJK)leHHbie COCT051Hllil. full Ha6mo
)leHIDI JlaiOT B03MOXHOCTh c¢opMynupoBaTb CTPaTernro 3KcnepuMeHTanhHoro noucKa 
HOBbiX pe30HaHCOB ll npOll3BeCTll CllCTeMaTH3aulliO ll3BeCTHbiX. 
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The New Classification of Elementary Particle Resonance Mass Spectra 

Elementary particle resonances have been systematically analyzed from the first 
principles: the conservation laws of energy-momentum and Ehrenfest adiabatic 
invariant. As a result, resonance decay product momenta and masses of resonances 
were established to be quantized. Radial excited states of resonances were revealed. 
These observations give us a possibility to formulate to strategy of experimental 
searches for new resonances and to systematize already known ones. 
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