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1. BBE,II;EHME 

B pa6oTax 1- 4 6hIJI rrpegrro)KeH rrorryq>eHOMeHOJIOI'IPiecKirii: rrogxog gmr orrn:~a

HHJI crreKTpa Mace agpoHHbIX Il gn:6apn:OHHbIX peOOIIaHCOB. IIpn: 0TOM OKalJaJIOCb, 'ITO 

IIpOCTaJI MaCCOBaJI q>opMyrra (1) ( CM. HH)Ke) 6JIIll3KaJI KaK IIO CBOeH q>IlOil'leCKOH rrpn:po~1e, 

TaK' n: rro crroco6y BbIBoga K <J>opMyrre BarrbMepa B cTapoii: KBaHToBoii: Teopn:n: Hn:rr1,ca 

Bopa, OIIIlCbIBaeT He TOJibKO rpocc-cTpyKTYPY ( T.e. IIOJIO)Kemre "n;eHTpOB TJI)KeCTn:" 

MYJibTilIIJieTOB ) crreKTpa agpoHHbIX Mace, HO Il IIOJIO)KeHn:e OTgeJibHbIX ypciBHeH C TO'l

HOCTbIO _He MeHbllleH, 'leM IlX lllilpn:Ha. PeoyrrbTaT 0TOT OKaoaJICJI B BbICllleH CTerreHn: 

HeO)KilllaHHhIM, IIOCKOJibKY yKaoaHHaJI 6arrbMeporrogo6HaJI MaCCOBaJI q>opMyrra BOBCe He 

cogep)Karra rrogroHO'IHhIX rrapaMeTpOB. IIpn: 0TOM 6h!rro cgerraHo rrpegcKaoaHn:e pHga HO

BhIX peooHaHCOB, ycrrelllHO IIO/ITBep)K/leHHOe n;eJibIM PJIIIOM BbIIIOJIHeHHhIX HeOaBilCilMO 

):lpyr OT ):lpyra ;)KCIIepn:MeHTaJibHbIX pa60T 5- 9. B qmon:Ke IlOBeCTHO cpaBHilTeJibHO He-

6oJiblllOe 'IIlCJIO rrpn:MepoB TaK Hal3bIBaeMhIX "rpy6bix" CilCTeM, rrro6arrbHbie CBOHCTBa 

KOTOpbIX rrpeKpaCHO OIIIICbIBaIOTCJI B rrpocTeHlllliX IIO):IXO):lax, ogHaKO TO'IHOCTb onn:

caHilJI <J>n:an:•recKoii: KapTn:HhI rragaeT B rrpon;ecce 'ee ):leTarrn:oan;n:n:. BrrepBbie rro1106Hoe 

rroBe):leHn:e cn:cTeM B Krraccn:'!ecKoii: MexaHn:Ke 6bIJIO OTKpbITO AHpn: IIyaHKape, KOTOpbiii:, 

co6CTBeHHO, n- rrpe):IJIO)KilJI ,y):\a'IHOe HaoBaHn:e lllIJI TaKn:X CilCTeM. C MaTeMaTn:'leCKOH 

TO'IKil opeHilJI CHil)Ke1rne TO'IHOCTil orrn:caHHJI q>IlOil'leCKOH CilCTeMbI C pOCTOM 'IIlCJia 

rrapaMeTpOB MO):\eJin: O'leHb rro11po6Ho n:oy'leHO B Teopn:n: arrrrpoKCHMan;n:n: MHOrO'IIIe

HaMn: Ta6JIIl'IHO Oa):\aHHhIX q>YHKD;Illi. XopolllO IlOBeCTHO, 'ITO c pOCTOM IIOPJIIIK<;t arr

IIpOKCHMilPYK>ll\ero MHOrO'IJieHa Ha'ln:HaeTCJI pacKa'!Ka arrrrp9Kcn:Man;n:n: B Me)KyOJIOBUX 

IlHTepBarrax, a oaga'la KoppeKTHOH 0KCTpaIIOJIJIIJ;lilI 0KCIIepn:MeHTaJibHbIX gaHlibIX CTaHo~ 

BIITCJI B006ll\e HeBhillOJIHilMOH. B q>IIOilKe KJiaCCII'leCKilM rrpIIMepoM KOppeKTHOH pa60TbI 

C rpy6bIMII CilCTeMa?,rn JIBJIJieTCJI Teopn:JI /IIIq>paKD;IlII. IJ;eJibIO HaCTOJill\eH pa60TbI JIBJIJI

eTCJI HeCKOJibKO Hec-raHgapTHOe npn:JIO)KeHn:e MeTO):\OB Teopn:n: rrogo6n:JI II paoMepHOC'rII 

K Oa):\a'le pac'!eTa crreKTpa Mace peooHaHCOB B cy6aTOMHOH. q>IlOIIKe. 

2. IlpHH~Hilbl noµ;o6HJI u paoMepHOCTH 

B pa6oTax 1- 4 6hlrra rrpegrro)KeHa crregyK>ll\aJI KoHn;errn;HJI i\ifH omrcaHn:JI agpoH

HhIX peo'imaHCOB: rrepIIO/IIl'leCKOe' IIBII)KeHn:e, rrpeJIOMJieHn:e II llHTep<J>epeHD;IlJI ge6poii:

JieBCKllX BOJIH B orpaHn:'leHHOM ofrbeMe rrpocTpaH~TBa OTBe'!aeT oa o6paOOBaHile peoo

HaHCOB B JII06oii: KBaHTOBOH CIICTeMe. 0KaobIBaeTCJI, 'ITO KJiaccn:'!eCKllH aHarror 0TOro 

YTBep)Kgemrn, xopolllO rrpoBepeHHbIH B aKyCTIIKe Il B Teopn:n: 0JieKTpoMarHn:THb!X Kolle-



6amrir, MO:lKeT 6bITh C MllHIIMaJihHbIMll Mop;mp1IKaJ:llli!Mll nepeHeceH B qmt1nKy npoMe

:lKYTO'IHbIX :meprnir. 
Ha OCHOBe npep;nono:lKeHIIll, BBep;eHHbIX B pa6oTax l- 4 , 6bIJill paCC'IIITaHbl MaCCbl 

II nrnpIIHhl p;mr 60JihWOII rpynnhl ap;pOHHhIX II p;n6apIIOHHhIX petlOHaHCOB. Ilpn OTOM. B 

paMKax.R-MaTpll'IHOro cpopMarillt3Ma lO Mbl ncnOJihtlOBaJlll rpaHII'IHble ycnoBIIH 1mnr1e

HIIH Ha noBepXHOCTII petlOHaHCa, pacnap;arorqerocH Ha )];Ba ap;poHa. B pet1yJihTaTe 6brnO 

nony'IeHO HOBOe ycnoBne KBaHTOBaHIIH aCIIMnTOTII'IeCKoro IIMnynbca: 

Pro= n +,, (1) 

rp;e 1 =0 IIJIII 1/2. Cny'Iall Pro = n + 1/2 IIHTepnpeTnpyeTCH KaK pap;nanhnoe KBaH

TOBaHne, a cny'Ian Pro = L MO:lKeT paccMaTpnBaTbCH KaK xopowo IItlBecTHOe ycnoB1re 

op6nTaJibHOro KBaHTOBaHIIH no Bopy-3oMMepcpenbp;y. B pet1yJibTaTe TaKoro aCIIMilTO

TII'IeCKOro KBaHTOBaHIIH nony'IaeTCH MaCCOBaJI cpopMyna 6aJibMepoBCKoro Tuna: 

mn(R) = Jmi +P2 +Jm~ + P 2 +Amn = mi + ( n + 'Y )2 + 
ro 

2 (n +'1)2 A m 2 + -- +urnn, 
ro 

(2) 
rp;e ,=0 IIJIII 1/2, R Ot3Ha'J:aeT, 'ITO MhI IIMeeM p;eno c pet3oHaHCOM, a IIHp;eKChI 1 II 2 
COOT.ileTCTBYIOT nepBOll n BTopoir 'IaCTllJ:laM, Ha6nrop;aeMbIM B BbIXO)l;HOM KaHarre )l;BYX

'IaCTII'IHOro pacnap;a ap;poHHoro pet10IrnHca R -> l + 2. 
<l>opMyna (2) xopowo onncbIBaeT rpocC-CTpyKTypy. cneKTpa ap;pOHHbIX petlOHaH

COB, noCKOJibKY COOTHOWeHne Amn < r IIMeeT MeCTO )l;lIH BCex IICcnep;oBaHHbIX cny'IaeB 

cnnhHhIX pacnap;oB R -> l + 2. ThaBHhlll 'IJieH B cpopMyne (2) BocnpoIItJBO)l;IIT TOJihKo rro

no:iKeHne "ueHTpa TH:lKeCTII" MJllbTIInneTa II IIMeHHO B OTOM CMbICJie onIICbIBaeT rpoc:c

CTPYKTYPY cneKTpa ap;pOHHhIX II p;n6apnoHHbIX pet10HaHCOB. ToHKaJI CTPYKTypa OTIIX · 

cneKTpOB onpep;emeTCH OCTaTO'IHbIM BtlaIIMO)l;ellCTBIIeM II COOTBeTCTBJIO!qllMII KBaH-' 

TOBbIMll 'IllCJiaMn, KOTOpbie OTCJTCTBYIOT B paMKaX nop;xop;a l- 4. ThKIIM o6panoM, 

ycnoBne Amn < r MO:lKeT paccMaTpIIBaTbCH KaK t3MnnpII'IeCKllll q>a.KT. 

HcnoJib30BaHIIe npIIHJ:lllnOB nop;o6nH, pa3MepHOCTII II aBTOMO)l;eJibHOCTll OKa3·a- . 

JIOCb O'IeHh ycneWHbIM B MexaHIIKe cnJIOWHbIX cpep;, rnp;pop;IIHaMIIKe, TeopnII ropeHIIH 
II T.Il. 11, 12, 13. 

IlpoIInnrocTpnpyeM pa60Tocnoco6HocTh MeTop;oB Teopnn nop;o6IIH Ha xopomo 

II3BeCTHhIX npnMepax Im HepenHTIIBIICTCKOll Hp;epHOll q>ll3IIKII. 

CornacHo Benq::Je~Kepy 14 nMeeT MecTo cnep;yrorqasr 3aBncnMOCTh pap;nyca Hp;pa 

R = RoAI/3 (3) 

OT 'IllCJia HJKJIOHOB B Hp;pe A. H3 cpopMJJibI (3) HeMep;neHHO cnep;yeT, ~TO o6'heM Hp;pa 

nponopqIIOHaJieH 'IllCJIY HJKJIOHOB. 8To CBOllCTBO c6nn:iKaeT Hp;po c o6hl'IHbIMll O)l;Hopo

)l;HbIMll BerqecTBaMn. JlaHp;ay, Hi OCHOBe pa3pa6oTaHHOll UM Teopnn cpepMII-:lKll)l;KOCTII, 

BBeJI nOHHTIIe KB~II'IaCTJIJ:l 15. Ba:lKHellWell XapaKTepIICTIIKOll q>epMII-:lKJl)l;KOCTII OKa3a

JiaCh p;e6ponneBCKaJI )l;lIIIHa BOJIHbl Aj = l/k1 KBa3II'IaCTllJ:lbl, ne:iKarqen Ha noBepxHoc·rn 

<l>epMJI. BBep;eHne IlOHHTIIH O KBamr'IaC~Jlqax npep;cTaBJIHeTCH )l;OCTllTO'IHO o6oCHOBaH

HbIM TOJlhKO npn BhlnonHeHIIII JCJIOBIIH 

k1R ~ l, R ~ A1, (4) 

.2 

'ITO COBnap;aeT c ycnOBIIeM npnMeHIIMOCTJI KBa3IIKJiaccn'IeCKOro npn6JIJl:lKeHIIH KBaHTO

BOll MexamrKn. 
B paMKax Teopmr KOHe'IHbIX cpepMII-CIICTeM t3HepnIIO OCHOBHoro COCTOHHIIH Hp;pa 

MO:lKHO npep;cTaBIITb B BII)l;e cyMMbl 

E = Eo+E1, (5) 

rp;e Eo ll E1 nnaBHaJI JI ocunnnnpyiorqasr <PYHKJ:lllll 'IIICJia KBa3II'IaCTIIU, COOTBeTCTBeHHO. 

CornacHo pa6oTe 16 0HeprIIH E1 11MeeT nepnop; 1r/2 B wKarre k1R- ·,IJ;encTBIITeJibHo, 

)l;JIH KBatlII'IaCTIIU B Hp;pe BbIIlOJIHHeTCH ycnoBne npIIMeHIIMOCTll KBa3IIKJiaCClI'IeCKOro 

npn6mt:lKeHIIH. II00T0My MO:lKHO npIIMeHIITh npaBnno pap;IIaribHoro KBaHTOBaHIIH Bopa-

3oMMepcpenhp;a. B IITore nony'IaeTCH npaBIIJIO KBaHTOBaHIIH )l;JIH ypoBHH <l>epMII 
1? 

7r 
k1R =_2n, n = 2,3,4, ... , (6) 

p;ocTaTO'IHO xopowo Bocnpol!t3BO)l;Hlqee Marn'IeCKlIC 'IIICJia HJKlIOHOB B Hp;pe. Ilp1rne

p;eHHblll pet3JllbTaT MO:lKHO llII_TepnpeTnpoBaTb cnep;yrorqeM o6pa30M: HaII60JihWCll CTa-

6IIJibHOCTbIO o6nap;aIOT Hp;pa, y KOTOpbIX Ha p;HaMeTpe d = 2R YKJia)l;bIBaeTC.H 1.1e

JIOC 'IHCJIO p;e6pOUJICBCKHX UOJIYBOJIH KBaOH'IaCTHl.lhl, JIC)l(all.leU Ha UOBepXHO

CTH <l>ep_MH. 

,IJ;nH H)l;CpHbIX pe3oHaHCOB KOJIJICKTllBHOll np11pop;bl 17 TaK:lKC Ha6nrop;aeTCH COOT-

HOWeHJIC 
1 

k = /3- = /3 A-1/3 
R I ' 

(7) 

anarrorII'IHOe (6). TaKIIM o6pa30M, B npnBep;eHHbIX np11Mepax Ha6nrop;aeMbIC KBaHTO

Bble t3q>q>eKTbl o6'bHCHHIOTCH cyrqeCTBOBaHIICM pe30HaHCHbIX co6CTBeHHbIX 'IaCTOT )];ITH 

p;e6poirneBCKIIX BOJIH BHYTPII ccpepn'IecKoll nonocTn pap;Hyca R. 
B t3TOM naparpacpe Mbl KpaTKO pacCMOTpenn rpocc-cTpyKTYPY Hp;pa, OTBJICKaJICh 

OT ee TOHKIIX p;eTaneir . .ffp;po paccMaTpIIBaJIOCb KaK rpy6asr Cl!CTeMa, )l;IIHaMIIKY KOTO

poir MO:lKHO onncaTh. B ·06rq11x 'IepTax B paMKax Teopnn cpepMII-:lKU)l;KOCTII. YKa:JaHHIJII 

nop;xop; 6bm ncnonh3oBan B.r. HocoBbIM 16 B MoHorpacpmx "MaipocKonu'IecKIIe KBaH

TO.Bhre t3q>q>CKTbl B aTOMHbIX Hp;pax". ,IJ;nH npIIMeHIIMOCTlI TaKoro nop;xop;a Heo6xop;m,:10 

BhIIIOJIHeHne cooTHoWeHIIll (3) u ( 4 ). Ilpu OTOM oKaohrnaeTc.H, 'ITO Ba)l(HenIIIeu 

xapaKTepHCTHKOU .Hp;pa KaK rpy6ou CHCTCMbl .HBJI.IICTC.H BCJIH'IHHa k1R, no 

onpep;eJieHHIO coenap;aIOII.laH c yrJIOBhlM MOMCHTOM L = k1R KBaOH'laCTHl.lbI, 

JIC)l(alil;eU Ha UOBCpXHOCTH <l>epMH. 

l1moTet3a aBTOMO).CllhHOCTll, BBe).eHHaJI B q>limIKY 'IaCTI!U MaTBCCBbIM, Mypa

AHHOM JI TaBxeJIII).3C 18 , no).pa3yMeBaeT UHBapuaHTHOCTh no OTHOWCH_IIIO K npeo6pa-

30BaHIIIO nMnynhCHOro npocTpaHCTBa P;-> eP;. 
,IJ;arrhHCllwee pa3BIITIIe npIIHUIInbl noi:-o6IIH, pa3MepHOCTII J1 aBTOMO).CJihHOCTll 

nony'InnII B pa6oTax A.M. Barri:-1rna 19, nocBHrqeHHhIX peJIHT1rnncTcKoi'1 Tcopmx i:-1rna

Mn'IecKnx CllCTeM. 

IlpnMeHIIM _ll3JIO:lKeHHble BbIWC npnH~nbl ).JIH aHaJilma cneKTpa ai:-poHHbIX (u 
i:-pyrnx cy6a'J:'.OMHhlx) pe3oHaHcoB. Bocnonh::JyeMCH TeM, 'ITO ).JIH ccpep11'IecKII Cl!MMe

TpII'IHhIX CUCTeM yrnoBOll MOMeHT L HBnHeTCH IIHTerparroM ABil)l(CHIIH. KpoMe Toro, OH 

ocTaeTCH HeII3MeHHhIM npn npeo6pa3oBaHim Iioi:-o6IIH 

' p-> eP, r _, e-tr, (8) 
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rµ;e p = nk. B 3TOM cJiyqae µ;mrna BOJIHhl µ;e Bpoii:mr npeo6pa3yeTC.!I KaK >-v-> e-1 >-v. 
lITaK, a KBa3llKJiaccuqecKoM npII6JIU)Kemrn L = R/ >.v, TO ecTh IIHTerparr µ;au)KeHll.!I L 
onpeµ;err.HeTC.!I xapaKTepHhlM pa3MepoM CIICTeMhl u COOTBeTCTBYIOllieII µ;mrnoii: µ;e6poii:

JieBCKOll BOJIHhI. B pa6oTax l- 4 6h!JIO IlOKa3aHO Ha KOHKpeTHhlX npuMcpax, 'ITO ycrroBIIe 

KBaHTOBaHII.!I (1) MO)KeT 6h!Th npuMeHeHO )];JI.II ap;pOHHhlX pe30HaHCOB, pacnap;aIOlliIIXC.!I 

KaK 3a cqeT CUJihHOro, TaK II 3a C'leT CJia6oro. B3aUMOp;eii:CTBII.!I. Ilo:JTOMY Mhl npuMeM 
cnep;y10wy10 pa6o"lyIO runoTeoy: ycnouue KBaIITOBaHu.H (1) cnpaueµ;nuuo µ;:rn 
peoonancoB JII06ou: npupop;bl, HeOaBUCUMO OT Bup;a BOaHMOµ;eu:CTBU.H npu Bhl
DOJIHeHUU yc.rrOBU.H KBaOUKJiaCCU"IHOCTU (4). ,UpyruMU ciioBaMU 3p;ech Mhl UMeeM 

p;eJio C npmru;rmoM aBTOMO)J;eJihHOCTU BTOporo p~p;a. To eCTh K npuHI~IIIlaM Teopuu 

pa3MepHOCTII II aBTOMO)J;eJib~OCTll. p;o6aBJI.!IIOTC.!I onpep;erreHHble CBORCTBa aCIIMilTO'Ill

qecKoro IlOBep;eHU.!I paccMaTpHBaeMh!X BeJiiI'lllH. B millleM crryqae 3TO Tpe6oBaHIIe Bhl

IlOJIHeHU.!I ycJIOBll.!I KBa3IIKJiaCCll'IHOCTII ( 4). 

Ilepenull!eM q>OPMYJIY (1), UCilOJih3Y.H coqTHOllleHU.!I >-v = n/ P, >-c = n/mc: 

mn(R) = ncJ>.(1)02 + >-r/ + ncJ>.(2)02 + Xi/, (9) 

rp;e >-c KOMilTOHOBCKa.H )J;JIIIHa BOJIHhI )];JI.II npop;yKTOB 6uHapHoro pacnap;a pe30Ham:a. 

3p;ech >.0/ >.c, r 0/ >.v - napaMeTphl nop;o6u.H, u npn IIX <pnKcupoBaHHhlX 3Ha'!eHll.!Ix· ne

JIII'IIIHa IIHBapuaHTHOll MaCChI OCTaeTC.!I nop;o6Hoii: caMoii: ce6e npu .ll3MeHeHIIII BCex 

OCTaJihHhIX napaMeTpOB 3ap;aqu. 

CJiep;yeT 3aMeTUTh, 'ITO B nprrnep;eHHoii: Bhlll!e <popMyi:mpoBKe npum~una aB'IO

Mop;eJihHOCTII )];JI.II pacnpep;eJiemrn Mace pe30HaHCOB O)J;UHaKOBO Ba)KHYIO pOJih IIrpaIOT 

)J;JillHhl BOJIH p;e Bpoii:JI.H u,KoMnTOHa. ToJibKO IlpII onpep;erreHHhlX COOTHOll!eHII.!IX Me)Kri;y 

HllMII B03HIIKaIOT pe30HaHChl 
ro >-c 
>.v ex >-v ex n. (10) 

HecMOTp.!I Ha npII6JIII)KeHHhlll xapaKTep noJiy'leHH~X COOTHOllleHIIll (npu IIX ycTaHOB1le

HIIII 6bIJIO ucnOJih30BaHO acuMnTOTII~ecKoe ycJIOBlle KBa3IIKJiaCCII'IHOCTII ( 4)) IIX TO'l

HOCTh OKa3arrach yp;IIBIITeJihHO BhICoKoii: ( cM; pa6oThl 1- 4 ). HII)Ke Mhl npIIMeHIIM a-rII 

cooTHoll!eHII.H )];JI.II cucTeMaTII'!ecKoro IIccrrep;oBaHu.H pe3oHaHcoB B cIIcTeMax (pp), ( 1rrr) 
II ( e+ e-) II Ha OCHOBe cpaBHUTeJihHoro aHaJIII3a 3TUX CIICTeM p;ap;IIM IlHTepnpeTa~IIIO 

"p;apMll!Tap;cKoro a<p<peKTa". 

3. HecTpaHHble µ;u6apUOHHble peooHaHCbl 

llcTopH.!I p;n6apHOHHhIX pe30HaHCOB p;paMaTil'!Ha Il npoTilBOpe'IHBa. CoBpeMeH

Hhlll CTaTyc p;n6apnoHHhIX pe3oHaHCOB npep;cTaBJieH B Hep;aBHIIX o63opax 5, 6, 7., rp;e 

aHaJIIl3HpyIOTC.!I aKcnepHMeHTaJihHhle p;aHHhle 06 Y3KilX p;n6apHOHHhIX pe3oHaHcax B 

06JiacTII IIHBapuaHTHhIX Mace µ;o 2300 MaB. XapaKTepHoii: oco6eHHOCThIO p;n6apnoH

HhIX pe30HaHCOB .!IBJI.HeTC.!I IlX aHOMaJihHO Marra.II lllllpHHa. 06'b.HCHeHne aToii: oco6eH

HOCTll .!IB11.!IeTC.!I BeCbMa cepbe3HOM TeCTOM )];JI.II rr106oii: TeopeTU'leCKoii: Mop;errn. 06-

30p TeopeTH'leCKllX pa6oT npep;cTaBJieH B 20 ( CM. TaK)Ke Hep;aBHUe ny6mIKa~Uil 21 , 22). 

Cy1I1eCTBYI01I1lle TeopeTU'leCKile MOp;erru He B COCTO.!IHilil o6'bHCHilTh Y30CTh ll!IlpHH 

p;n6apUOHHhIX pe30HaHCOB. Ilocrrep;HHH p;ocTynHa.H HaM pa6oTa 23 p;aeT o~eHKY )J;JIH lllll

pHHhl r ~40 MaB. Ilo Hall!eMy MHeHUIO 24 ' MaJIOCTh lllllpHH p;n6apHOHHhlX pe3oHaH

COB no cpaBHeHUIO C nmpuHaMll ap;pOHHhlX pe3oHaHCOB o6ycJIOBJieHa MaJIOCThIO r--N 
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B3aIIMoµ;eii:CTBHH no OTHOllleHHIO K 7r N B3aHMOp;eIICTBilIO B q6rrac:rn q>OpMnpoBaHll.!I 

pe3oHaHca. ·3Ha~e~~ IIHBapnaHTHhIX Mace p;u6aptWHHhlX I p~30Hruicol3, .' Bhl'lncrreHHhie 

B cy1I1eCTByi>1I1UX TeopeTU'leCKUX MOp;eJIHX 20., ,CilCTeMaTH'lecKii 6oJibllle Ha 300 MaB 

qeM aKcnepuMeHTaJibHhle mi:a'JeHII.!I. Ha cerop;HJrlllHilll p;e1:1, Halli nop;xo~ ,1'-' 4 HB11.!IeTCJI 

ep;llHCTBeHHOii: Mop;errhIO, c xopoll!eii: TO;;HOCThIO onuch!BaI01I1Illl KaK ll!HpHHhl,
0 

TaK n 

HHBapuaHTHhle Macchl p;n6apnoHHhIX pe3oHaHCOB. 
Op;HaKO crrep;yeT 3aMeTUTh, 'ITO 0KCnepuMeHTaJihHhlll cneKTp p;n6_apHOHHhlX pe-

30HaHCOB O'leHh 6oraThIH, n, ecTeCTBeHHO, Halli nop;.xop;: He. B, ~OCTOHHilII onncaTb Bee 

Ha6rr10p;aeMhle p;n6apllOHHbie COCTOHHHH, nocKqJihKY OH Il3Ha'I8f!hHO' npeTeHp;yeT JIIllllh 
, ' 

Ha Bocnpom:mep;eHUe nOJIO)KeHHH ~eHTpOB TH)KeCTil COOTBeTCTBYIOlliHX MYJihTIInJieTOB. 

Ilo0TOMY HiI)Ke Mhl npoaH~~npyeM 0KcnepuMeHTaJihHhlll c;eKTp µ;rmp~TOHHhIX pe::30-

HaHCOB, npUBJieKa.H )J;lIH 0-roii: ~errn Bee p;ocTynHhle, 'HaM ,0KCnepuMeHTaJihHhle p;aHHh!e. 
,U11.!I 3TOrO 6yp;eT IICilOJiht30BaHO COOTHOllle~He ,, , , : ', . . . . 

j : ' ; ~ !.~ ! 

mn(R) = Jm~ + P 2
_ +Jm~. +f2;~,!, (11) 

ll3 KOToporo Mhl B~'!IlCJIIlM FiimyJihC p Iia6n:iop;l°ie:Moro rip~;foHa (aHTHnpOTOHa) B Cll

cTeMe ~eHTpa 1rnep~un pacrraµ;a10~eroCH peooHaHcHo~6 cocT~HHHH. ,Uarree norry'leHHOe 

p;rrH pa.'3HhIX p;unpoTOHHhIX n aHTHIIpOTOH-npoTOHHhlX' cocTOHHnii pacnpep;erreHne P 
Mhl npuMeHHM )];11.!I Bhl'IIlCJieHHH cneKTpa Mace )J;JIH, e+e-: CilCTeMhl, ncnoJI~3YH npI!H

~un MaCll!Ta6HOll IlHBapHaHTHOCTII (8) u <popMyrry. (1_1).' : 8xc11;epxi:MeHT8flhHhle p;aH

Hhle B COBo~ynHOCTil c peoyrrhTaTaMil HallIUX pacqeTOB·Ha OCHOBe <popMyrr (1) n (2) 

npep;cTaBrreHhl B Ta6rru~e .1 . ( oaMeTHM, 'ITO B Hall!eM nop;xop;e· Macch!' p;IInpoTOHHhIX n 
npoTOH-aHTIInpoTOHHhIX pe30H~COB )J;OJI)l(Hhl 6h!Th paBHhlMU n KaK Bll~HO Il3 Ta6JIIlllhl 

1, TaKOe paBeHCTBO B CaMOM p;erre BhlnOJIHHeTCH c' XOpOlliell TO'IHOCTbIO). B 0TilX pac

qeTax, KaK Il B pacqeTax pe30HaHCHhIX Mace µ;JIH p;Byx ·nnoHoB';'napaMeTp ro= · 0,86 4>M 

6hlJI (pIIKCIIpOBaH. 

'. '<' 
4. ")];apMmTap;:cKHH acJ>cf>eKT!' 

CoBpeMeHHOe COCTOHHIIe 0KcnepIIMeHTOB ll TeopeTll'leCKilX MOp;errei':i no "p;ap

MlliTap;CKOMY a<p<peKTy" µ;aHo ,B, o63ope IO.H. IloKOTHJIOBcKoro 33 (JluTepaTypa no 

p;aHHOll npo6rreMe qpeOB~'Iaiiiio 6oraTa, CM. 33). CyTh "p;apMlliTa)J;TCKOro a<p<peKTa" 

COCTOIIT B TOM, 'ITO npn CTOJIKHOBeHHil TH)KeJihIX'IlOHOB npn 0Heprnn Hil)Ke KYJIOHO

BCKoro 6apbepa Ha6rr10p;aIOTCH Y3Kile no3HTpOHHhle JIIIHilil II 0JieKTpOHiiO-riOOHTpOHHhle 

naphl B p;uana3oHe 04><peKTHBHhIX, Mace 1,4+i,9 MaB c lliHpIIHaMII 2+:40:xaB. Ceii'lac 

MO)KHO' C'IIITaTb' 061I1enpIIOH~hIM <paKTOM HaJIU'!IIe c~oro a<p<peKTa.". IIocTOHHCTBO, 

C KOTOphIM YOKile JIIIHilil npoHB11.!IIOTCH B HeOaBilCIIMhIX' aKcnepI!:MeHTax' COBMeCTHO C 

HX CTaTIICTII'ICCKOll OHa'!IlMOCTbIO 5 - 6u, He n03B011.!IeT: IIHTepnp~1iiipoBaTb IIX KaK , 

cTaTHCTU'!eCKile <prryKTya~Ilil. TaK)Ke MO)KHO OTMeTHT~ KaK'o6~eiipn3HaHIIhlll BbIBO)J; 

0 TOM, 'ITO rnnoTe3a .p;ByxqacTil'IHOro pacnap;a Ha Il03llTJ)OH ll ~iieK,Tl)OH CB06op;Hoii:' 

arreMeHTapHOll HJIU COCTaBHOll qaCTII~hl, noKOHlliCllCH B CllCTeMe·:~eHTpa Mace CTMKHBa- ·, 

IOllill~CH IIOHOB, He MO)KCT 6h!Tb npIIOHaua aµ;eKBaTHOll !pllOlIKe paccMa.TpiIBaeMoro 'a<p- ' 

<peKTa. AHarrOril'IHhlll a<p<peKT Ha6JIIO)J;aJICH TaK)Ke npll ynpyroM"pacceHHilll nOOllTpOHOB 
npll HH3KilX·3HeprllHX Ha aTOMHbIX arreKTpOHax. . ,., 

'L··, 
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" Ta6irn:~a 1. CneKTP Mace µ;nnpoTOHHhlX n npoTOH~aHTllnpoTOHHhlX 

peaoHaHcOB (B.Mi:iB)!·8KcnepnMeHTaJibHhle µ;aHHhle µ;mr npoToH-

• aHTnnpoToHHbIX · peiloHaHCOB · Bt3HTbI na ICOMnnnH~nn 25 

;' 

·< 

Teoplll! :oKcnepnMeHT NN · ·11KcnepnMeHT N N 

1890 

,: ~' 
1932 

1999 

2199 

2327 

2470 

2625 
,:,,·2790 

2964 
3145, 
3332 :. 
3524 
3720 :: 

· 1877,5±0,5 32 

1886±1 26 

1892 29 ·-
1898±1 26, 1902 6 

1916±2 26, 6 1918±3 27 

1937±2 26 ;932±3 27 , 
1941 6 . 

1955±2 26 , 1956±3 28 
1965±2 26 1969 6 

1980±2 25 ' 

1999±2 26 

1897±1 
1920 
1930±2 
i942±5, 1949±10 

r 

1968 

2008±3 26 ,2016 6,2017±3 26 - 2022±6 
2035±8 28 

2046±3 ?6,2052'6 
2087±3 26, 6, 
2106±2 ~6,2122 6 .. 

. 2129±5 ,26 ,2155 6 
2172±5 26 

2194. 6 

2220 30 ,2236 6 ,2238±3 26 

2282±4 26, 6, 

2350 30 

2735 31, 

,.,\ ~ . ~ 

2080±10, 2090±20 
2110±10 

2180±10 
2207±13 
2229 
2260 
2307±6 
2380 
2480±30, 2450±10 
~2500 

:.r 
2710±20 
2850±5 

3370±10 
3600±20 

Op;HaKo nollcKn P~.aoHaHCHhlX cocTOHHnii npn pacceHHnn ~Ot3IITp6HoB Ha oneKTpo:irnx' 

npn COOTBeTCTJ3JIO~llX OHeprIIlIX µ;aIOT. t3Ha'IllTeJibHO 6onee CllllbHhle orpaHII'IeHlllI :ira 

nx' IIIllpmi:y: I' <. 10-3 .oB, ( CM, 'c,ChlJIKR; Ha OKcn~pllMeHTaJibHhle p;aHHhle B 25 , a TaK,Ke 

Teop,eTn.'.i:e~~):IO, pafioTy 3.4). IlpIIBJieKaTeJibHOCTb ocpcpeKTa. COCTOllT B Heo6hl'IHOCrn 

CllTya~nn: npeKpacHO llt3BeCTHM ClICTeMa,e+e- npolIBJilleT CBOHCTBa, HllKaK paHee He 

n~µ;oapeBaeMbie n ~IiKorµ;a He npeµ;cKaaaHHhle, CnTy~nlI noµ;orpeBaJiacb e~e B cBirnn 

'c npo6neMOH r~UOTeTH'lecKqro.aKCHOHa, HeHTpaJibHOH (J" = o-) 'IaCTII~I c.He

npep;cKat3bIBaeMOII Teopneii Maccoix. Ilpo6neMa aKcnoHa Bhlt3BaJia MHoro 6eaycneIIIHUX 
- ' 

6 : 

OKcnepnMeHTOB no ero o6Hapy,KeHllIO. IlooTOMY l];llll o6'bl!CHeHlllI µ;apMIIITap;cKoro o<p

cpeKTa 6bIJill coaµ;aHhl Moµ;enn, t3a'IaCTYIO OCHOBaHHhle Ha <paHTaCTll'IeCKHX Hl];MX. · B 

Ka'IeCTBe BhlBOp;a npnBeµ;eM t3aKJIIO'IeHHe H::3 o6,30pa 33: OcHOBHble oco6eHHOCTH 
µ;apMmTap;cKoro ocJ,cJ,eKTa npeµ;cTaBJlllIOT cepbe0Hy10 npo6neMy µ;m1 HHTep-

npeTaQHH H He 11axoµ;J1T o6'bJICHeHHJI. ' 
E~e pa::3 noµ;'IepKHeM: peaoHaHCHhle nnKll npn pacceJIHHll nomITpOHOB Ha CB06o

p;HbIX oneKTpOHax He o6Hapy,KeHhl, Ol];HaKO OHll o6Hapy)KeHhl Be+ e- CllCTeMe npn pacce

lIHllll TJI)KeJihlX llOHOB, a TaK,Ke npH paccel!HHll not3llTpOHOB Ha ( CBlI::3aHHbIX) aTOMHUX 

aneKTpOHax. JJ:pyrnMH CJIOBaMll, µ;apMm;aµ;cKHH ocJ,cJ,eKT Ha6JIIOµ;aeTCJI T0JlhK0 

npH YCJIOBHH npHCYTCTBHJI BHemHero CHJIOBoro QeHTpa. 
HaM npeµ;cTaBJIJ!eTClI 'Ipet3BbI'IaHH0 Ba)KHbIM yKaaaTb HeKOTOpbie xopoIIIO Ht3He

CTHbie aHaJIOrH'IHhle cny'Iall B pat3HhlX o6naCTlIX cpnouKn: 

l)ABC "'IaCTII~br"· unn ABC aq>cpeKT. Coo6~eHne o Ha6n10µ;eHnn ABC "'Ia

CTll~hl" BnepBhle 6hlno ony6nnKoBaHo B 35 aBTopaMn Abashian, Booth, Crowe (HaaBa

Hne OTOH 'IaCTll~hl 6bIJIO npllCBOeHo no nepBbIM 6yKBaM <paMllllllll aBTOpOB) B peaK~nn: 

p+d/d+p-+3 He+X, (12) 

npn aHeprnn naµ;a10~nx npoTOHOB OT 624 µ;o 743 MoB. B pacnpeµ;eneHnn IIMnynbca 
3 He B na6opaTopHoii cncTeMe Koopµ;nHaT Ha6n10p;aJICH ocTphlii nnK, KOTOphlii B p;aJib

HeiiIIIeM 6bIJI lIHTepnpeTIIpOBaII KaK npoHBJieHne pet3<?HaHCHOH CTPYKTYPhl B CHCTeMe 

):IByx nnoHoB npn Macce 315 MoB. IlocKOJibKY He 6bm HaH):leHo TaKoro ,Ke 'IeTKoro 

ocpcpeKTa B peaK~nii 

p+ d/d+ p -+3 H+ X, (13) 

TO aBTOphl pa6oT npnIIInn K BhlBO/:IY, 'ITO naocnnH ABC "'IaCTII~hl" paBeH HJJIIO. Jln

TepaTypa no oKcnepnMeHTaJibHOMY nay'IeHnIO ABC ocpcpeKTa· µ;oBOJibHO 6oraTa, coBpe

MeHHoe COCTOJ!Hlle Bonpoca OTpa,KeHO B o6aope 36. OTMeTIIM, 'ITO \lTOT acpcpeKT 0KC

nepnMeHTaJibHO nccnep;OBaJIClI B pat3llll'IHhlX peaK~lllIX ( aBTOpbI o6aopa 36 OTMe'IaI0T 

54 peaK~nn). ABC ocpcpeKT Han6onee 'IeTKo Ha6n10µ;aeTcH TOJibKO Torµ;a, Korµ;a B npo

AYKTax.peaK~IIII HapHµ;y C l];BJMlI nnoHaMII npIICJTCTByeT TpeTbJI 'IaCTll~a (nmx MHOro 

'IaCTIUJ;), CorJI~CHO OTOMJ o6aopy He lICKJIIO'IaeTClI B0::3MO)KHOCTb cy~eCTBOBaHIIJI 4-x 
pet30HaHCHo-noµ;o6HbIX COCTOJ!Hllll I =· 0, J" = o+ C 6oJiblllHMll IIInpnHaMII np-u 0Hep

rIIlIX 315, 455, 550 II 750 MaB. Cneµ;yeT oco6o OTMeTHTh1 'ITO (.e npoTHBO~ 

noJI0)KH0CTh cnyqaro µ;apMmTaµ;cKoro ocJ,cJ,exTa1 KOTOpbIH Bbl0BaJI 6oJihmoii 
no TOK' TeopeTH'leCKHX pa6oT) ABC ocJ,cJ,eKT 0CTaJICJI cJ,aKTH'leCKH He0aMe
'feHHblM. ABC 'laCTHQbl HHKorµ;a HHKeM He npeµ;cKa0blBaJIHCb. 3a ~CKJIIO
'leHHeM .Hameii pa6oTbl 3, rµ;e Mbl npeµ;cxaoblBaJIH peooHaHcHo-noµ;o6Hyro 
CTPYKTYPY µ;n.11 µ;ayxnHoHHOH cncTeMbl npu 0HeprHH 360 MoB. 

KoMnlllllI~lllI l];OCTJilHhlX HaM OKcnepIIMeHTaJibHhlX p;aHHhlX H proyJibTaTbI Ha

IIIero aHaJIII::3a no cpopMynaM (1) n (2) npIIBep;eHhl B Ta6nm~e 2: 
8TII YKat3aHIIJI Ha B0::3MO)KHOCTb cy~eCTBOBaHIIJI HOBhlX pet30HaHCOB MoryT OT

KpbITb 'Ipet3Bhl'IaHHO llHTepecHyIO o6JiaCTb <pllt3llKll pet30HaHCOB HeMHoro Bhlllle noporoB 

po,Kp;eHlllI n-'IaCTII~, HanpnMep, µ;ayx, Tpex, 'IeTbipex, ... nnoHOB, Met30HOB, HJKJI0HOB ll 

T.µ;. BcnOMH~M HeMHO)KKQ IICT0pllIO OTKpbITlllI peooHaHC0B. TaK p-Met30H C Ma.econ 770 
MaB II IIInpnHoii r=152 MoB 6hln oTKphlT 42 npII nay'IeHIIll yrnoBhlX n oHepreTn'!ecKux 
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Ta6rr:m~a 2. CneKTP Mace ;a;I:ImIOHHhIX pe::ioHaHcoB(B MaB) 

Teopmr aKcnepI:IMeHT 1nr 

315, r=25 36 , 313±3 41 

332±3 41 , . 

361 350±10 48 

395 37 , 400 39, 388±2 41 

425 .38 " 

455 36 470±7 41 

537 550 35' 520 37 
' 

583±3 41 

600, r=600 40 

652±2 41 

743 750 36, 769,9±0,8 r=151,2±1,2 25 

959 980±10, r= OT 40 ;D;O 400 25 

1180 1275±5, r = 185 ± 20 25 

1405 1465±25, r = 310 ± 60 25 

::iaBI:!CI:!MOCTeii rrrr-pacce.HHI:!.H. p-Me::lOH pacna;a;aeTC.H Ha ;a;Ba Ill:!OHa (~ 100%) I:! .HBll.H

eTC.H e;a;I:IHCTBeHHhIM TBep;a;o ycTaHOBJieHHhIM ;D;BYXIll:!OHHbIM pe30HaHCOM C MI:!HI:!MaJib

HOll Maccoii 770 MaB. lfoy'!eHI:Ie TpexnI:IOHHhIX cI:IcTeM npI:!Berro K OTKphITI:!IO w(782) 

Me30Ha C r=8.4 MaB npI:! pacce.HHI:!I:! aHTI:!npoTOHOB Ha npOTOHax ~3 I:! 77(54 7)-MetlOHa 44 

c r= 1,2 KaB B peaKIII:!I:! rr+ + d --> p + p + rr+ rr- rr0 • ,Il;eiicTBI:!TeJihHo, TpexnI:IoHHhrii rm

Harr pacna;a;a .HBJI.HeTC.H ;D;OMI:!HI:!PYIOlll.I:!M ;a;rr.H 3TI:!X Me30HOB: ;D;JI.H 77(54 7)-MetloHa 55%, 

;D;JI.H w(782)-Me30Ha 89%. CoBCeM He;a;aBHO 6bIJIO o6'b.HBJieHO 45 0 Ha6JIIO;D;eHI:!I:! pe30-

HaHCa o- c Maccoii 749±30 MaB I:! r = 32 ± 17 MaB B cI:IcTeMe Tpex nI:IoHoB B pe

aKIII:!I:! rr- + A --> rr+ rr- rr- + A. , BhIJII:! npe;a;cKa::iaHhI BeKTOpHhie Me::ioHhI p n w '( CM. 

cchIJIKI:! B 06t1ope 36), · TaK:>Ke 6hirro npe;a;cKatJaHo 46 cym.ecTBoBaHI:Ie pet10HaHca o- c 

Maccoii 749±30 MaB B CI:!CTeMe Tpex Me::ioHon, o;a;HaKo o B03MO:>KHOCTI:! cym.ecTBOBamrn 

77-Met10Ha HI:!KTO I:! He no;a;ot1penarr. 

ll:TaK, HI:!:>KaliWI:!li pe::ioHaHC B Tpexnl:!OHHOli CI:!CTeMe 7)-Me30H I:!MeeT I:!HBapI:IaH

THYIO Macey MeH1,wy10 Ha 225 MaB no cpaBHeHI:IIO c Maccoii HI:!:>Kaii:wero pet10HaHca ·B 

;a;nyxnI:IOHHOli CI:!CTeMe (p-Me30Ha), npl:! 3TOM rp/r77 ~ 105 25 . Borree Toro, BCe BhI

weyIIOM.HHYThie pe3oHaHChI, I:!MeIOIIII:!e ;D;OMI:!HI:!PYIOIIII:!e TpexrrnoHHbie KaHaJibI pacna;a;a, 

:>KI:!BYT ropa::i;a;o ;a;orr1,we, •reM p-Met10H. ,Il;arree, 77'(958)-MetJoH, pacna;a;a10m.I:Iii:c.H npeI:IMY" 

rrrecTBeHHO Ha 7r7r7) (65%), I:!MeeT WI:!pirny 200 KaB, TO eCTb )KI:!BeT ;a;orr1,we p-Me3oHa' B 

760 pan. 

IlpnBe;a;eM errre O;D;I:!H UHTepeCHhili npI:!Mep; ,Il;I:!Ill:!OHHhie M~CCOBhie pacnpe;a;ene

HI:!.H1 Ha6,rr10;a;aeMble npl:! pacna;a;e T-Me30HOB, HeB03MO)KH0 o6'b.HCHI:!Tb B paMKax cy

rrrecTBYIOIIII:!X TeopeTI:I'leCKI:!X Mo;a;erreii ( cM. ofoop 47 ). TaK, npI:I pacna;a;e T(3S) --> 

T(2S) + rr+rr- Ha6rr10;a;aeTc.H nl:!K ·ii pacnpe;a;erreHI:II:! Mace ;a;nyx Ill:!OHOB npI:I aHeprI:II:! 

350±10 MaB 48 , a npl:! pacna;a;e T(2S)--> T(lS) + rr+-;r- npI:I aHeprmi ~ 310 MaB 49 . 

Borree Toro, npl:! pacna;a;e T(3S) --> T(lS) + rr+rr- Ha6rr10;a;a10Tc.H ;a;ila nl:!Ka - npl:! 

aHeprI:!.HX ~400 I:! ~ · 800 MaB 49 , cooTBeTCTBeHHo. Crre;a;onaTeJibHo, cI:IcTeMa I:I::i ;a;Byx 

Ill:!OHOB npI:! HaJII:!'II:!I:! TpeTbeli '!aCTI:!l!hI npo.HBJI.HeT pe30HaHCHhle c,BOliCTBa npl:! 6orree 

HU::lKI:!X ::lHa'!eHHlIX I:!HBapI:IaHTHOli MaCChI ;D;BYXIll:!OHHOII no;a;cI:IcTeMhI no cpaBHeHI:!IO co 

crry'!aeM cBo6o;a;Horo rrrr-BtJaI:IMo;a;eiicTBI:!.H. 
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Pet110Me: ABC aqiq>eKT Han6orree '!eTKO Ha6rr10;a;aeTc.H B crry:-ra.HX npI:IcyTcTBI:!.H 

TpeTbeli '{aCTI:!IIhI (I:!JII:! '!aCTI:!II), B IlOJIHOli aHaJIOI'I:!I:! C ;a;apMWTa;a;cKI:!M,aq>q>eKTOM . 

.IJ:arree npI:!Be;a;eM HeCKOJihKO npI:!MepoB, xopowo I:!3BeCTHhIX B .Hp;epHOli q>I:!31:!Ke. 

,Il;na npoTOHa He I:!MeIOT CB.H::laHH0!'O COCTO.HHI:!.H, ynpyroe pacce.HHI:!e npoTOHa Ha npo

TOHe npl:! MaJih!X a~eprI:I.HX He npo.HBJI.HeT HI:!KaKI:IX oco6eHHocTeii, op;HaKo ~CTh aKcne

pI:!MeHTaJihHhie YKatJaHI:!.H na TO, 'ITO B peaKIIHH p + n --> (pp) + rr- npl:! I:!HBapI:IaHTHOli 

Macce p;Byx npoToHoB 1877;5±0,5 MaB 32 na6rr10p;aeTC.H yt1Ka.H cTaTI:ICTI:I~ecKI:I o6ecne

'!eHHa.H neperyJI.HpHoCTh. B pa6oTe 50 na6rr10p;arrC.H p;I:!npoTOHHhili pe;onanc B peaKIII:!I:! 

dd --> 2n + (2p): Ill:!KOBoe 3Ha'leHI:Ie anep;xrn pa::in~a pet10HaHca - 0,43±0,09 MaB, 

cpep;nee ee tJHa'!eHI:Ie - 0,45±0,05 MaB, norrna.H wI:IpHHa pet1onanca - 0,14±0,13 MaB. 

IlpI:! p;o6aBJieHI:Ie K )l;BYM npoTOHaM neiiTpona o6pa::iyeTC.H CB.H3aHHa.H CI:!CTeMa (Tpl:!:'OH{ 

c norrnoii aneprneii CB.Htll:! 8,48 MaB. B peaKIII:!I:! 11 Li __.9 Li + ( nn) o6napy:>Keirn 5 

pe30Hancno-nop;66na.H CTPYKTypa B CI:!CTeMe p;nyx neii:TpOHOB npI:I·aHepI'I:!I:! OTHOCI:!

TeJibHOI'O ;D;BI:I:>KeHI:!.H 50 KaB I:IJII:! npI:I I:!Mnyrr1,ce P=5 MaB/c B CIJ;ll: p;nyx Heii:TpoHoB. 

Crrep;oBaTeJihHO, B 3TOM crry'lae p;e6poiirreBCKa.H )l;JII:!Ha BOJIHhI.HeliTpOHa paBHa ~ 40 q>M. 

To ecTh ocf>cf>eKTHB~oe paq:TO.HHHe Me}l(µ;y, µ;ByMB ueii:TpouaMH ~ 40 q>M. Ifo

BeCTHo, ,'ITO TPI:!TOH t He I:!MeeT pe30HaHCHhIX COCTO.HHI:!li ( Ce'!eHI:Ie ynpyroro p + d 
pacce.HHI:!.H He I:!MeeT HI:!KaKI:!X oco6eHHOCTeii), O)J;HaKO B peaKrr1rn 6 He + H --> Cl' + t 
o6Hapy:>KeH 52 pet1onanc y TpllTOHa c E* = 7, 0 ± 0, 3 · MaB 11 w11pmtoii r = O, 6 ± O, 3 

MaB. 

5. l:JMCJIEHHhlE PE3YJlhTAThl 

ll:HTeHCI:!BHh,Ie I:!CCJiep;oBaHll.H "p;apMWTa)l;CKOI'O" aqiq>eKTa Ha'!aJII:!Cb HeMep;rreHHO 

nocrre o6Hapy:>KeHI:!.H 53, Y)J;llBI:!TeJibH0 Y3KI:!X,Il0311TpOHHhIX nllKOB np11 pacCe.HHllll T.HlKe

JibIX I:!OHOB. \:hcnepI:IMeHTaJibHhie ::lHa'!eHI:!.H cneKTpa Mace e+e-, npI:!Bep;eHhI B Ta6rrm:~e 

3. Yt1KI:!e pe30HaHChI B .cyMMapHOM no::lllTpon:arreKTpOHHOM cneKTpe Ha6JIIO)l;aJIIICb 

rpynnoii ORANGE 54 p;rr.H cI:IcTeM U+Ta c aHepr11eii mIKoB E,+ +E.;..: = 634±5, 803::!:6 

KaB, U+Pb C 3HeprI:Ieli IlllKOB E,+ + E.- = 575 ± 6; 787 ± 8 KaB li u+u C 3Hepr11eii 

E,+ + E,- = 555 ± 8,630 ± 8,815 ± 8 KaB. Ipynna EPOS 55 Ha6rr10p;arra nl:!Kll npI:I 

aHeprI:I.HX 620, 750 11 810 KaB. ,Il;irn pe::ioHaHca c aHeprI:Ieii: 634 KaB, na6rr10p;aeMoro np11 

CTOJIKHOBeHI:!I:! U+Ta, 6hIJill nponep;eHhI lltJMepeHI:I.H yrrroBhIX Kopperr.HIII:!li rrenToHoB: Pe

::iyJihTaThI ,3TI:!X I:!3MepeHI:!li npOTllBope'!aT ·npep;noJIOJKeHI:!IO O pacnap;e HeIITparrbHOli 
cBo6op;Hoii ,. ~aCTllIIhI c HyrreBhIM cn11HoM. HeKoTophie e+ ~:.. -nl:!KI:!. cn11p;eTeJibcTnyroT o 

pa3JieTe ,'!aCTI:!II Ha 180°' 'ITO o6h!'!HO I:!HTepnpeTI:IpyeTC.H KaK COOTBeTCTBI:!e crreHa

pI:!IO pacnap;a CB06op;HOli '!aCTI:!IlhI, )l;BI:!:>KY,rrreiic.H co CKOpOCTbIO rreHTpa Mace CTaJIKI:!" 

BaIOIIII:!XC.H I:!OHOB. B pa6oTe 54 cp;erraH BhIBOp; o TOM, 'ITO 3JieKTpOH-Il03I:!TpOHHa.H napa 

He MO:>KeT I:It1rry'!aThC.H I:!3 p;BI:I:>KYIIIero oTp;errhHoro .Hp;pa I:! 'ITO e+e- napa n::irry'!aeTc.H' B 

OKpeCTHOCTI:! KYJIOHOBCKO!'O noJI.H TpeTbero T.H:>KeJIOI'O IlOJIO)KHTeJihHO 3ap.H:>KeHHOI'O nap

THepa, p;BI:I:>KYlll.eroc.H c Marroii TpaHcnepcarrhHoii cKopocThIO (I V± l<0,02c). ll: HaKoHeII, 

I:!MeIOTC.H YKa3aHI:!.H Ha TO, 'ITO Ce'!eHI:Ie nporrecca; KaK q>yHKIII:Iii 3Heprmr HaJieTaIOIIII:!X 

I:!OHOB, llMeeT pe3oHaHCHhili xapaKTep. 

· MhI BhI'II:!CJII:!JIU c noMOIIIhIO <f>opMyrrhI (11) IIMnyrrhChI P OTHOCIITeJihHoro p;BII-

:>KeHI:!.Hj IICil~Jib3Y.H 3KCnepIIMeHTaJibHhie ::lHa'!eHII.H Mace pe::iomi.HCOB,II3 Ta6JIIIII 1, 2 ll 3 

)J;lI.H )l;I:!IlpOTOHHhIX, p;HilIIOHHhIX II e+ e- pe30HaHCOB ( CM. Ta6JIHI!Y 3 ll pIIC. 1 ). ,Il;JI.H µH
npOTOHHhIX II e+e- pe30HaHCOB B pacnpep;erreHHII p Ha6rr10p;aeTC.H '!eTKa.H peryrr.HpHa.H 
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cTpyKTypa·c HHTepBaJIOM ~25 MaB/c n ~53 KaB/c cooTBeTCTBeHHo. lfTo :lKe Kaca

eTCJI ;a;nnnoHHhIX peGoHaHcoB, TO D;a;ech TPmHo npnii:Tn K onpe;a;erreHHoMy BhIBo;a;y 1m

t3a 60JihllIOli Heonpe;a;erreHHOCTli Mace li IIIHpliH 0THX pet30HaHCOB, XOT.SI npn :lKerramrn 

MO)KHO 6bIJIO 6bI Il B 0TOM crry'lae 'ycMOTpeTh HeKy:io peryJI.SipHOCTh B pacnpe;a;erreHirn P. 
lfo Ta6rr~hl 3 n Pnc. 1 MO:lKHO DaKJIIO'IHTh, 'ITO ;a;eii:cTBHTeJihHO Ha6ll:io;a;aeTc.SI no;a;o6ue 

Me:lK;a;y pacnpe;a;erreHH.SIMH P(pp) H P(e+e-) µ;JI.SI ;a;nnpoTOHHhIX n e+e- peDoHaHcoB. lfo 
CpaBHeHH.SI 0KCnepHMeHTaJihHhIX AaHHhIX Me:lK;a;y P(pp) Il P( e+ e-) ~bl HallilllI, 'ITO\ 

P(pp) = 420P(e+e-), (14) 

II TeM caMhIM onpe;a;elllillli t3Ha'leHH.SI P( e+ e-) nD aKcnepIIMeHTaJihHhIX ;a;aHHhIX no npo'I oH

npoTOHHhIM n aHTIInpoTOH-IIpOTOHHhIM pet3qHaHcaM ( CM. Ta6rrnrzy 3). .I(aJiee c IIO

MO~hlO cpopMJllbI (11) MhI Bhl'IIICJIIIJIII IIHBapIIaHTHble )){aCChI All.SI e+e- pet30HaHCOB, 

IIcnorrhDY.SI IIMnyllhChI P( e+ e..., ), Haii:;a;eHHhle nD cooTHOIIIeHn.SI ( 14 ). Ilolly'leHHhie peDyrrh

TaThI .II cpaBHeHne c aKcnepIIMeHTaJihHhIMli ;a;aHHhIMli npe;a;cTanJieHbI B Ta6rrm~e 4. KaK 

BHAHO HO Ta6JIH~hI 4;- norpeIIIHOCTh ODHCaHHJI OKCnep11MeHTaJihHhIX ~aHHhlX 

COCTaBJI.JleT MeHee O~Horo npOI~eHTa. IlpII 0TOM B HallieM no;a;xo;a;e co;a;ep:lKIITC.SI 

TOJihKO Op;IIH. BapbIIpyeMblli napaMeTp - napaMeTp no;a;o6H.SI e. B paccMaTpIIBaeMOM 

CJIY'lae OH OKat3aJIC.SI paBHhIM 420. ( 
Ha6ll:io;a;aeTc1i TaK:lKe no;a;o6IIe Me:lK;a;y pacnpe;a;erreHII.SIMII IIMrryrrhcon P(pp) II P( 1r1r) 

;a;rr.SI ;a;IIrrpoTOHHhIX II AIIIIIIOHHbIX pet30HaHCOB ( CM. Ta6llm~y 3 II PIIc. 1) C rrapaMe'rpoM 

rro;a;o6II.SI e ~l. 
HTaK, Mb! IIOKat3aJIII, 'ITO IIMeeT MeCTO IIHBapIIaHTHOCTh npeo6pat3oBaHH.SI (8) 

;a;= AIIIIpOTOHHhIX, p;IIIIIIOHHhIX, II e+ e- pe,30HaHCOB. B nepBhIX ;a;nyx CllY'la.SIX OHa IIMeeT 

MeCTO All.SI CIIllhHO Bt3aIIMo;a;eii:CTBYIO~IIX CIICTeM, a B IIOClle;a;ueM Clly'lae µ;JI.SI CIICTeMbI C 

arreKTpOMarHIITHhIM Bt3aIIMo;a;eii:CTBIIeM • .I(pyrIIMII CllOBaMII IIHBapIIaHTHOCTp MacUJTa.6-

H~ro rrpeo6pat30BaHII.SI (8) II rrpIIH~II aBTOMo;a;ellhHOC~II crrpaBe;a;rrIIBbI ;a;mr pet30HaHCOB 

rr:io6oii: q>IIt3II'leCKOli rrpIIpo;a;hI Het3aBIICIIMO OT BII;a;a Bt3aIIMo;a;eii:cTBH.SI. 

'I;aKIIM o6paD_oM, Ha OCHOBaHIIII BbIIIIeIIt3llO:lKeHHOI'O Mb! rrpIIxo;a;IIM K BbIBo;a;y o 
TOM, 'ITO ;a;apMIIITaTCKIIli acpcpeKT ;a;oll:lKeH IIHTeprrpeTIIpOBaTbC.SI KaK pet3oHaHc B CII

cTeMe e+ e - B npucyTCTBIIII TpeThero ( T.SI:lKeJIOI'O) napTHepa, B nOllHOli aHaJIOI'IIII C 

q>II3IIKOli pet30HaHCOB . All.SI ;a;IInpOTOHOB II ;a;IInIIOHOB. Hcxo;a;.!I II3 npIIH~IIna Heonpege

lleHHOCTII reii:t3eH6epra, MhI MO:lKeM o~eHIITh xapaKTepHhle pat3MepbI e+e- pct30HaHCOB: 

200 - 4000 q>M. Crre;a;oBaTeJibHO, e+ e- pe30H1iHChI IIMelOT 6oJibllIIIe pat3MepbI, nop.SI;a;Ka 

u 6oJihllie p;llIIHhI KOMnTOHOBCKOli BOlIHhI 0lleKTpoua (386 q>M), 'ITO nOllHOCThlO COI'llacy

eTC.SI C HaI1Ieii: KOH~en~IIeii: KBaHTOBaHII.SI aCIIMnTOTII'leCKOI'O IIMnyllhCa ( CM. naparpacp 

2). 
Ilo;a;o6Ha.SI TpaKTOBKa ";a;apMIIITa;a;cKOI'O acpcpeKTa" n03BOJI.SieT KOllII'leCTBeHHO o~e

HIITh TaKy:io Ba:lKHYIO xapaKTepIICTIIKY KaK BellII'llIHa nepe;a;aHHOI'O IIMnyllhCa. B aKcne

pIIMeHTe cpe;a;uee t3Ha'leHne nepegaHHOI'O rrenTOHaM lIMnyllhCa paBHO 800 ·_ 1000 KaB / c 54 

;a;rr.SI pet3nuauca c Maccoii: 1652 KaB, 'ITO no nop.SI;a;Ky BellII'IIIHhI xopoI1Io corrracyeTCJI c 

uaI1Ieii: o~eHKoii: 650 KaB/ c •• 

ThKlIM o6pat30M, ;a;apMUITap;CKlili acpq>eKT MO,KeT 6h!Th 06'b.SICHeH B paMKax Tpa

p;II~lIOHHhIX q>IIt3II'leCKHX npe;a;cTaBlleHlili 6e3 Bne;a;eHH.SI rIInoTe3 0 cy~eCTBOBaHHII a.K

ClIOHOB IIJilI KaKlIX llII60 IIHhIX HOBhIX "arreMeHTapHbIX 'laCTII~". Y;a;IIBIITellhHO, o;a;HaKO, 

;a;pyroe • .I(o CIIX nop HIIKTO He o6pa~aJI BHIIMaHII.SI (HaM Helit3BeCTHhI TaKIIe pa60TbI) Ha 

TO, 'ITO B .SI;a;epuoii: q>II3IIKe II B q>lI3lIKe 0lleMeHTapHbIX 'laCTlI~ IIMeeTCJI MHOro .SIBJieHlili 

aHaJIOI'II'IHhIX ;a;apMIIITa;a;cKoMy acpcpeKTY. 
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Ta6mu~a 3. Pacnpegerremie RMnyrrhcoB P n Mace gmr gnnpoTOHHhIX, 
ARilllOHHbIX R e+e- pe30HaHCOB 

P(NN) m(NN) P(7r7r) m(7r7r) P(e+e ) 420 * P(e+e-) m(e+e-) 
20 1877 71 313 
29 1877,5 90 332 
94 1886 105 350 
120 1892 140 395 
155 1902 160 425 
193 1916 206 497 0,4637 195 1,380 
230 1932 237 550··· 0,5476 230 1,498 
250 1942 255 583 0,5992 252 1,575 
274 1955 0,6553 275 1,662 
298 1969 295 652 0,7029 295 1,738 
316 1980 0,7566 318 1,826 
344 1999 348 750 0,8109 341 1,917 
368 2016 359 770 
394 2035 
415 2052 
457 2087 
477 2106 470 980 
502 2129 
529 2155 t.1 
547 2172 
568 2194 
593 2220 
609 2238 619 1270 
649 2282 
670 2307-
707 2350 711 1450 
731 2380 

Ta6rrm~a 4. CneKTp Mace e+e- pe30HaHCOB (B KaB). IIapaMeTp nogo6m1 e=420 
Teopmr 1026 1031 1116 1172 1260 1375 1497 1568 
aKcnep 1043 58 1062 58 1380 54 1498 1532 56 

aKcnep •11067 57 
-1575 54 

Teopmr 1657 1749 1818 1932 2029 2134 2225 2402 
aKcnep . 1662 56, 59 1738 56 1831 1917 56 

aKcnep 1652 54 1837 54 

6. 3AKJIJOqEHHE 

ProIOMIIpyeM BbillleCKa:JaIIHOe crregyIO~RM o6pa30M: 
1) PeaoHaHCbI B cy6aTOMHbIX CRCTeMax IlOA'IRHlIIOTCJI npR~IIny nogo6m1, co

rJiaCHO KoTopoMy gJIIIHbI BOJIH ge Bpoiimr II KoMnToHa coII:JMepIIMbI. 
2) Bo BCex IICCJiegoBaHHbIX CJIY'laJIX pe30HaHCbI B03HIIKaJIII npR ycJIOBIIII COR3Me

pRMOCTII gmrnhl BOJIHbI ge BpoHJIJI C reoMeTpII'IeCKIIMR pa3MepaMR CRCTeMbI, He:JaBII
CRMO OT 4lll3R'leCKOll npnpogbI B3aIIMogeiicTBmI. 

12 

3) ".I(apMI1ITagTcKnii aqiq>eKT" II "ABC"-aqiq>eKT HaxogHT npocToe II ecTeCTBeH
Hoe o6'bHCHeHRe B paMKaX npegJIO)KeHHOll KOHD;eil~R. 0HII o6'bHCHlIIOTCH B03HRKHO
B€HReM pe30HaHCOB B BOJIHOBOll CIICTeMe, KOTOpaJI OKa:JaJiaCb JIOKaJIR30BaHHOll B npo
CTpaHCTBe R3-3a HaJIII'lmI CIIJIOBoro u;eHTpa ( TpeTbell 'laCTUD;bI nmI HeCKOJibKRX gonorr
HRTeJibHbIX 'laCTRJJ;). 
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.. rapeeBCl>.A., PaTHCIO.JI., Ka3aqa r:c; • 
Pe3oHaHChI B cy6aTO~HOH\pH3HKe .. . 
H npHHIJ;Hilhl noA06m1 H pa3Mep11ocTH 

_- ~ -:;:-

P2-9s.:.s2 

.B paMKax MOAeJIH; OTKPhIThIX KBaHTOBhIX . pe30HaropoB HCCJieAOBaHa 
npHMeHHMOCTh ·npHHIJ;HilOB IlOA06m1,' pa3MepHOCTH. H aBTOMOAeJihHOCTH K 
. amlJIH3Y 6anhMeponOA06HOH MaccoBoi q>OpMyJihI AJI51tn.eKTpa Mace aApOHHhIX 
pe3oHaHCOB. IloKa3aIIO, qTo B cy6aTOMHOH q>H3HJ<e ripHHIJ;Hil IlOA06H.S1 q>op
MYJIHpyeTC51 B BffAe yTBep~eHH51 o coH3MepHMOCTH AJIHH B()JIH Ae BpoHJI51 H 
KoMnTOHa . .D:aHo KaqecTBeHHOe o6'b51clieHHe ABC H <<AapMmTaACKoro» sqiq>eK-
TOB Ha ocHoBe. npHMeHeHH~ npHHIJ;Hna no'Ao6H51 K CJ;IeKTpaM· Mace yaKiix 
AH6apHOHHhIX pe30HaHCOB, AHITHoirnhli pe30HaHC01! H pe30mlHCOB B CHCTeMe 

·_ (e+e-:), ~a~OA51ID;eHC51 B IlOJie_'I'p_eThero (T51)KeJIOI'O) napTHep~ •.. 

. . Pa6oTa BhlilOJIHeHa B Jia6opa:ropHH TeopeTHqecKOH(pH3HKH H~. I-I;H.Boro-
JII<>6oBa 011.SIM. · · · · · 

,- ' { . . . 

· Ilpenp11Hr Q(n,e,111HeHttoro 11Hcimyra SI,iep_HbIX 11cCJ1e,1oaaH11ii. ,[(y6Ha, 1995 

Ilepe:eoA aBTopoB 

. Gareev F:A., RatisYu.L., Kazacha G.S. 
Resonance Phenomena in the Subatomic Physics . 
and Principles of Similitude and Dimensions 

- • - < ~ > • ~ ' ~ • ,,. • -

P2-95-82 

,: In the framework of the open quantum resonators model the applicability 
~of.the similitude, 'dimensions and automodelity pnnciples for the analysis of· 
Balmer:-Hke hadronk resonances . mass formula . is investigated. IL is 

. demonstrated that in subatomic physics the· simil\tude principle is formulated 
as- a. statement of the commonsurability of the· de Broglia and Compton 
wavelengths'. Thequalitative explanation of the ABC and ~Darmstadt>> effects 
is given on the base of applicaticm_ of th~ similiiu:cte principle for the ma.ss 
spectnilll of the ·narrow dibaryonic resonances, dipionic resonances and 

-resonanc~s in the (e+ e-1-system in the. ~xternal fiellof the.third ·(heavy) 
partner_.· 

The . investigation. J:ias been performect'at the . Bogoliubov Laboratory_. of; 
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