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1 BBeµ;eHHe. <I>opMyJIHpOBKa npo6JieMbl. 

B qlll::JllKe '!aCTll~ n B JIµ;epHOll qlll::JllKe q>OpMynnpoBKa o6~nx rrpll~llIIOB pe::JOHaHCHOro 

pacceJIHllJ! rrpn HaJill'lllll HeCKOJibKllX KaHaJIOB peaK~llll nrpaeT ~eHTpaJibHYIO ponb )l;JIJ! llH

TeprrpeTa~= TeopeTll'!eCKllX II aKcrrepnMeHTaJibHbIX pe::iynbTaTOB. 0TBeT Ha o6bI'!HO BO::J

HllKaIO~llll rrpn aHann::ie aKcrrepnMeHTaJibHbIX µ;aHHbIX II rrpII TeopeTil'leCKIIX IIOCTpOeHllJ!X 

Borrpoc, 'ITO MO)KHO Ha::JBaTb pe::iOHaHCaMll, KaK orrpeµ;ennTb llX MaCCbI ll rrap~llaJibHhie 

lllllpIIHbI, MO)KHO IIOJIY'lllTb TOJibKO llCIIOJib::JYJ! J!BHO YHllTapHyIO MaTpiley pacceJIHllJ! s. 
06bI'!Hbill crroco6 ::iarrIICll rrap~llaJihHbIX aMIIJinTyµ;, B KOTOpOM MaCCbI n llII!pllHbI pe::io

HaHCOB q>IlrypnpyroT JIBHo, aTo <popMynhI BpenTa-BnrHepa (BB) (1] n IIX pa::inn'!Hh!e Mo

µ;nq>nKa~nn. HMeHHO TaKne rrpOCTbie II J!CHO llHTeprrpeTnpyeMbie q>OpMynhI IICIIOJib::JYIOTCJ! 

B rroµ;aBJIJ!IO~eM 'llICJie cny'laeB rrpn OIIllCaHllll 0KCIIepnMeHTaJibHbIX µ;aHHbIX. <l>eHOMCHOJIO

rll',eCKIIll xapaKTep aTIIX q>opMyn B KaKOH-TO Mepe JIBJIJieTCJI nx nono)KnTeJibHou '!epTou, 

TaK KaK IIO::JBOJIJ!eT He orrnpaTbCJ! Ha µ;nHaMn'leCKIIe Moµ;enn. 

Bxoµ;JI~lle B 0TII q>opMyJihI BeJill'lllHbI ER II I'R n, B MHOrOKaHaJibHbIX ::iaµ;a'lax, 

nap~llaJibHbie WllpllllbI llJIII 6p0H'lllHrll pacrraµ;oB pe::ioHaHCOB B pa::iJill'!Hbie KaHanhI, Haxo

)l;J!TCJ! B pe::iyJibTaTe q>llTllpOBaHIIJ!tlKCIIepnMeHTa..'IbHbIX )l;aHHbIX. IlapaMeTpbI pe::ioHaHCOB, 

H'auµ;eHHbie IIMeHHO B pe::iynhTaTe q>llTIIpOBaHllJ! C llCIIOJib::JOBaHlleM q>OpMyn TIIIIa BB, II 

q>nrypnpyroT B Ta6JI1I~ax Particle Data Group. 

CpaBHeHne C aMIIJlllTyµ;aMn pacceJIHllJ!, oarrnCaHHbIMll B BIIµ;e q>opMyn TllIIa BB, He

o6xoµ;nMhI, B '!aCTHOCTll, n )l;JIJ! COIIOCTaBJieHIIJ! pa3Jill'!HbIX TeopeTU'leCKllX rroµ;xoµ;oB, B 

paMKax KOTOpbIX Haxoµ;nTCJ! ClleKTp n CBOHCTBa peooHaHCOB. TaKllM o6pa::ioM, q>eHOMCHO

norn'leCKaJ! npo~eµ;ypa BhIµ;eneHnJI rrapaMeTpoB peooHaHcoB, 'la~e Bcero IICIIOJibOYI<>~aJI 

qJOPMYJibI TIIIIa BB, J!BJIJ!eTCJ! OCHOBOU )l;JIJ! COIIOCTaBJieHeHllJ! pa::lJIII'lHbIX µ;nHaMn'leCKllX, 

HaIIplIMep, KBapKOBbIX Moµ;enen. 

Oco6eHHO KOppeKTHOll TaKaJ! npo~eµ;ypa )l;OJI)KHa 6b!Tb rrpn IIOIICKax 0KOOTll'lec:imx Me

::JOHHbIX peooHaHCOB c KBaHTOBbIMll 'lllCJiaMll o6bI'lHbIX qij COCTOJ!HllJ! T.K. OaKJIIO'leHne 

0 TOM, 'ITO 'TO IIJIII llHOe COCTOJ!Hlle He yKnaµ;hIBaeTCJI B "CTaHµ;apTHyro" cxeMy Boo6y)Kµ;e

HIIH CllCTeMhI qij , µ;enaeTCJ! Ha OCHOBaHllll cpaBHeHllJ! pac'!eTOB B KBapKOBbIX Moµ;eJIJ!X C 

aHaJillOOM aKcrrepnMeHTaJib~bIX µ;aHHbIX Ha OCHOBe BB arrrrpoKCllM~Ull. 

<l>opMYJibI BB B cny'!ae oµ;Horo peOOHaHCa ll oµ;Horo IIJill HeCKOJibKIIX KaHaJIOB pacCeJIHllJ!, 

IICXO)l;HO yµ;oBJieTBOpJIIOT ycJIOBlllO YHIITapHOCTll, ,I(oIIOJIHIITeJibHaJI rrpo6neMa BOOHIIKaeT 

rrplI IIOCTpoeHmI J!BHO YHIITapHC>ll S-MaTp~bI B cny'lae HeCKOJibKll:; rrepeKpbIBaIO~llXCJ! 



prooHaHCOB C ogn:HaKOBhIMll KBaHTOBhIMll 'lllCJiaMll TaKn:x, 'ITO I ER, - ER;··I~ rR, + rR, . 

Q-qeBn:gHo, 'ITO B :JTOM crry-qae IIHTep<pepeHI-1l1lI MeJKgy prooHaHCaMll .HBJlileTC.H n;eHTparrh

HOll '!aCThIO aHaJIU:Ja ll KJIIO'IOM K llHTeprrpeTan;1rn rrorry'leHHhIX pe:JyJihTaTOB, ,[(rr.H y'leTa 

:JTOll 1mTep<pepeHn;n:n: o6bl'IHO rrpn: 13aIIllCII aMIIJIIITfflhI B Bilge cyrrepIIOIJIIIl;llll BB aMIIJIII

Tffl rrepeg BB 'IJieHaMll BBOg.HTC.H pq:JJill'IHble qJa:JOBble MHOlKllTerrn:, paccMaTpn:BaeMhle KaK 

CBo6ogHhle rrapaMeTpbI. OgHaKo, ll rrpn: BBege1rnn: qJa:JOBhIX MHOlKIITeJien:, II 6ro HIIX .HBHh!M 

n: HeKOHTporrn:pyeMbIM o6pa:JOM Hapyll!aeTC.H ycrroBn:e YHllTapHOCTll, KOTOpoe .HBJI.HeTC.H llC

xogHhIM MOTllBOM IIpll :Jarrn:cn: aMIIJIIITffl B BB-<popMe. 

Ilpo6rreMa IIOCTpoeHlliI .HBHO YHIITapHOH S-MaTpllil;hI, llCIIOJih:JYIOID;eii qiopMyrrhI, CXOlKlle 

c qiopMyJiaMll BB B crry-qae rrepeKphIBaIO!Il;llXC.H pe:JOHaHCoB, gaBHO n:ccrregyeTc.H B .HgepHoii 

qJllt3llKe" ll qJllt3llKe :JJieMeHTapHbIX -qacTllil;, IlepBbie Teopllll, llCXOg.H[Il;lle ll::3 orrpegerreHHhIX 

MogerrhHhIX rrpegcTaBJieHn:n: o CTPYKType .Hgpa, 6bIJill co:JgaHhI B pa6oTax [2,3]. OgHaKo, go 

cn:x rrop OTCYTCTByeT .HBHa.H ll rrpoCTa.H cxeMa IIOCTpOeHlliI YHIITapHOH ll T-n:HBap11aHTHOH 

S~MaTpllil;hI Tpe6yeMoro Bllga B crry-qae HeCKOJihKllX rrepeKpbIBaIOin;IIXC.H pe:JOHaHCOB rrpll 

MHOrOKaHaJihHOM pacce.HHllll. 

'ITo6bI cgeJiaTb cyTh rrpo6JieMhI COBepll!eHHO .HCHOH, rrpon:JIJIIOCTpllpyeM Ha rrpocTOM 

rrpn:Mepe ogHOKaHaJihHOro pacce.HHll.H HeKoppeKTHOCTh o6bI'IHO llCIIOJih:JyeMoero rrpocTeH-. 

ll!ero BhlpaJKeHn:.H gJlil aMJillTfflhI pacce.HHll.H B Bllge cyMMhI BB crraraeMhIX B crry<rne rrepe

KpbIBarorn;llXC.H pe:JOHaHCOB. 

IlpocTellll!a.H qiopMyrra BpeiiTa-BllrHepa grr.H aMIIJillTfflhI pe:JoHaHCHQ!'O pacce.HHll.H Ha 

lllJOJillpOBaHHOM ypOBHe c onpegerreHHhIMll KBaHTOBhIMll 'lllCJiaMll npll npeHe6pelKeHllll qio

HOM llMeeT Bllg : 

f = ri12 
-E---E-1 -+-ir 1 /2 (1) 

Ilpll :JTOM ycJIOBlle yHn:TapHOCTll 

Imf = - If 1
2 (2) 

BhlnorrH.HeTC.H ToJKgecTBeHHO (llMeHHO :JTO BMecTe c "prooHaHcHoii" CTPYKTypoii qiopMyrrhI 

(1) n: .HBJlileTC.H ornoBoii grr.H qiopMyrr BB). 

HcnoJih:JOBaHlle B Ka-qecTBe aMnJillTfflhI BhlpalKeHlliI 

N fn/2 

f = L E _ En + if n/ 2 ' 
n=l 

(3) 

HeMegrreHHO npn:BognT K 6oJibll!OMY Hapyll!eHIIIO <pyHgaMeHTaJihHOl'O_ paBeHCTBa (2). 

Bo:JbMeM, gJlil lllIJIIOCTPaI-lllll, KOHKpeTHhlll npn:Mep C gByM.H pe:JOHaHCHbIMll COCTO.HHll.HMII, 

2 

J 

l 
I 
I 

f 

Ha pllc.l np1rnegeH rpa<pnK I S(E) 1
2 ( S = I - 2if ), n::J KOToporo BngHo, 'ITO I S(E) 1

2 

O'leHb cyrn;ecTBeHHO OTKJIOH.HeTC.H OT YHllTapHOl'O :JHa'!eHll.H 1 gaJKe npn cpaBHl!TeJihHO 

crra6oM nepeKpbIBaHIIII pe:JOHaHCOB. IlapaMeTpbl prooHaHCOB IIpllBegeHbI B nognncn K pn:-

CYHKy. 
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Pnc.1 I'pa<pHK I S(E) 12: a) -- - E1 = 1.45, r1 = 0.3, E2 = 1.65, f2 = 0.3; 

6) - - - - E1 = 1.00, f1 = 0.3, E2 = 2.00, f2 = 0.3; 

B) -0-----0---- - E1 = 0.50, f1 = 0.3, E2 = 2.5, f2 = 0.3. 

ll:J pnc.2 BIIgHo, 'ITO OTKJIOHeHlle KBagpaTa aMnJIIITfflhI I f 1
2 

, BhI'IIICJieHHOll no 

qiopMyrre ( 3), OT :JHa'leHIIH, BhI'IIICJieHHbIX no qiopMyrre (6), coxpaH.HIO[Il;ell YHHTapHOCTh 

( CM. Hl!lKe ), goCTII!'aeT 30% gaJKe rrpn cpaBHl!TellhHO crra6oM nepeKphIB?-HUII pe:JOHaHCOB 

(E1 = l.2,f1 = 0.3, E 2 = l.7,f2 = 0.3). Ilpn cyrn;ecTBeHHOM nepe~phIBaHllll pmouar1coB, 

KaK, HaIIpID-rep, B crry-qae ceMeHCTBa BeKTOpHhIX p' Me:JOHOB ( Ep; ~ 1.4, rp; ~ 0.3, 

E,,i, ~ 1.6, r p; ~ 0.3, BCe BeJIII'IHHhI npuBegeHhI n f:JB) OTKJIOlieuue gocTn:raeT 100%. 

3aMeTn:M, 'ITO IIHO!'ga (n TOM 'IIICJ!e n y-qe6HOll Jil!TepaType) npegrraraeTC.H BhI'lllCJli!Th 

KBagpaT aMnJIIITj1\hI I f 12 KaK CYMMY KBagpaTOB aMIIJillTffl oTgerrhHhIX prooHaHcoB, TO 

eCTh 

1

2 
N fn/2 

lfl
2
~;1E-En+ifn/2' 

(4) 

u B Ka'leCTBe apryMeHTa npirnogllTC.H coo6palKeHlle, 'ITO llHTep<pepeHil;llQHHble -qrreHbI n 

:JTOM crry'lae HeKoppeKTHO Y'lllTbIBaTh KaK npeBbllllaIO!Il;Ue TO'IHOCTh llCXOgHOl'O BbipalKe

HlliI ( 3). ll:J puc.2 nn:gno, 'ITO :JTOT cnoco6 pac'!eTa HenpneMJieM gaJKe rrpn xopoll!o 
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panHeceHHh!X petlOHaHcax ( OTKJIOHemre KBaµ;paTa aMIIJlllTJ'Ahl, Bhl'IllC~eHHOr~ IIO cpopMyJie 

( 4) BeCbMa cyII:1eCTBeHHO ll BHe oxpeCTHOCTeH IIOJIIOCOB E1 ll E2 ). 
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Pnc.2 1) IpacpnK I f(E) 12 AJIJI E1 = 1.2, r1 = 0.3, E2 = 1.7, -r2 = 0.3: 

a) -- - TO'IHaJI cpopMyrra (6); 6) - - - - cpopMyrra (3); B) --- - cpopMyrra (4). 

2) ---- - rpacpnK I f(E) 1
2 

AJIJI E1 = 1.4, r1 = 0.3, E2 = 1.6, r2 ;= 0.3, IIOCTpOeHHbIH 

rro cpopMyrre (3). 

HnlKe Mhl o6cyµ;nM cyII:1eCTBYIOII:1He MeTop;h! rrocTpoeHmI HBHO yHuTapHoH S-MaTpHI:\bI, 

rrpnrop;Hhle AJIH pa60Thl C rrepeKph!BaIOII:lliMHCH prooHaHCaMll. Mhl paCCl\l'.OTpliM KaK B03-

MOlKHOCTb-COIIOCTaBJieHHH proyrrbTaTOB 3TliX MeTO/];OB µ;pyr C µ;pyroM, TaK li nx B03MOlKHYIO 

liHTeprrpeT~li!O B µ;yxe cpopMyJI Tnrra BB, 'ITO, KaK Mhl YBH)IHM, HBJIHeTCH HeTpHBliaJibHOH 

3ap;aqeii: (HaCKOJibKO HaM H3BeCTHO 3Ta CBH3b paHee He nayqarracb). EII:1e pan OTMeTnM, 'ITO 

Heo6xoµ;nMOCTb TaKoH liHTeprrpeTaLIHH AHKTyeTCH TeM, 'ITO HMeHHO BeJill'IHHhl, cpnrypnpy

lOII:llie B cpopMyrrax Tnrra BB,· rrpnBop;HTCH B Ta6rrnI:1ax Particle Ota _Group n C'IHTaIOTCH 

MaCCaMH li IIOJIHh!Mli ll rrapr:\liaJibHaMn llllipllHaMn pe30HaHCOB, COIIOCTaBJIJieMh!Mll C Teo

peTn'IeCKHMll rrpe)ICKa:JaHHiIMn, HarrpnMep, IIOTeHI:\llaJibHh!X KBapKOBh!X Moµ;erreii:. 

l:fo /];OBOJibHO 60llblllOro 'IliCJia pa6oT O rrepeKph!BaIOII:lliXCH pe30HaHCax Mhl o6cyµ;nM Te, 

KOTOph!e µ;aroT pearrbHhle, KOHCTPYKTHBHh!e MeTO/];hl orrncaHllH pe3oHaHCOB, II03BOJIHIOII:llle, 

HarrpHMep, o6pa6aTh!BaTb 3KcrrepnMeHTaJibHh!e AaHHhle, n B KOTOphlx rrapaMeTphl peao

HaHCOB cpnrypnpyroT HBHh!M o6panoM. Beµ;y!LIHMH coo6paJKeHHHMli rrpn aHarrn3e HBJIJIIOTCH 

YHHTapHOCTb n· T-nHBapnaHTHOCTb MaTpHI:\hl pacCeHHHH s, a TaKJKe liHTeprrpeTnpye

MOCTb IIapaMeTpOB q>opMyJI. 

4 

B crryqae MHoroxaHarrbHoro pacceHHl!H cyII:1eCTBYIOT uaBeCTHh!e MeTop;bl, orrupaIOII:IIl

ecH Ha ycrroBue ymnapHOCTU. 8To, HarrpuMep, N / D-MeToµ; [4], KOTOpbIH OCHOBh!BaeTcH Ha 

aHalIUTU'IeCKUX CBOHCTBll.X aMIIllllTYA pacceHHllH, UJill K-MaTpll'IHblll MeTOA [5]. B 3TUX Me

Toµ;ax He B03HI'.!KaIOT µ;orroJIHUTeJibHb!e crroJKHOCTlI rrpII orrI1caHllII 6mmxo pacrrorroJKeHHblX, 

ITepeKph!BaIOII:IIIXCH pe30HaHCOB, TaK KaK IIPI: 3TOM YHllTapHOCTb coxpaHHeTCH IIO IIOCTpo

eHlIIO. Mhl He 6yp;eM HlIJKe o6cyJKµ;aTb orrncamre pe30HaHCOB B N / D -MaTplI'IHOM MeToµ;e, 

corrocTaBrreHile KoToporo c cpopMyrraMII BB II03BOJIHeT Bh!p;eJIHTb na aMIIJIIITYA pacceHHllH 

pe3oHaHCHh!e II cpoHOBh!e qaCTII [6], ITO rrpil'IlIHe MeHbllleH rrorryrrHpHOCTII 3Toro MeToµ;a AlIH 

q>IITlipOBaHIIH 3KCIIepnMeHTaJibHb!e µ;aHHblX. 'ITO KacaeTCH K-MaTpli'IHoro MeToµ;a, TO KaK 

Mb! ITOKaJKeM HillKe, lICIIOJib3yeMble B HeM IT
0

apaMeTpb1 He MoryT 6h!Tb IIHTepITpeTilpOBaHhl 

KaK Macchi II llllIPIIHhl peaoHaHCOB. 

,Il;ocTaTO'IHO ITpocTh!e aap;a'III, HarrpnMep, µ;Ba peaoHaHca II oµ;nH·nrrn µ;Ba KaHarra pac

ceHHIIH, KOTOpb!e Mb! o6cyJKµ;aeM /];JIH KaJKµ;oro MeToµ;a, II03BOJIHT cµ;erraTb HalllII Bh!BO/];bl 

HarJIH/];Hh!Mll, _a TaKJKe IIOMOryT KpIITH'IeCKll B3rJIHHYTb Ha cyII:1eCTBYIOII:1lle IIO/];XO/lhl. 

Mb! YBlI/IIIM, 'ITO TaKaJI KalKYII:laJICH ITpOCTOII ITO IIOCTaHOBKe aa11aqa cpopMyJIIlpOBKlI pe

aJibHO pa60TaIOII:1ero MeT011a OITHCaHUH rrepeKpb!BaIOII:llIXCH peaoHaHCOB Ha OCHOBe cpopMyrr 

TIIIIa BB He MOlKeT C'IlITaTbc.a pellleHOH B crryqae MHoroKaHaJibHoro pacceHHnH, II B ITo

crreµ;yroII:1eH pa6oTe rrpnBep;eM ITocrreµ;oBaTeJibHyro rrpoI:1e11ypy p;rrH rrocTpoemm yHnTapHoH 

MHoroxaHaJibHOH, MHoropeaoriaHCHOH BB S -MaTplII:lhl. 

2 IlepeKpbIBaIOI.I.tHeC.H pe30HaHCbl B cnyqae O~Horo 

KaHaJia 

,Il;rrH crry'IaJI O/IHOro KaHarra, Korµ;a IIMeeT MecTo 'IIICTO yrrpyroe peaoHaHCHoe pacccH

Hne, H.C.Illarrnpo [7] 6blrra rrpe11rroJKeHa aaITIICb peaoHaHCHOH S-MaTpIII:\bl B Bn11e ITpmm

Bep;emm YHIITapHh!X COMHOlKUTerreii:, COOTBeTCTBYIOII:llfX OTp;ellbHbIM prooHaHCaM, II 3KCITO

HeHI:1UaJibHOro MHOlKlITeJIH, CBH3aHHoro C Hepe30HaHCHh!M q>OHOM. 8Ta cpopMyJia ITpnroµ;Ha 

AJIJI rrro6oro 'IUCJia ypoBHeH N, K0T0phle MoryT 6b!Tb u rrepeKph!BaIOII:IIIMllCH: 

N ( rn ) S(E) = e2i5a !! 1- i E - En+ iI'n/2 . (5) 

3µ;ecb 0B - cpoHOBaJI cpana, TO eCTb cpana IIOTeHI:llfaJibHOro pacceHHlIH Bµ;arrn OT prooHaHCOB: 

Jim S(E) = e2
'
58 . 

E-oo 
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Tpe6oBairne YHIITapHoCTII S(E)S(E)+ = I II T-1IHBap1IaHTHOCT1I MaTplID;hl pacce.!!Hlfll 

s co6moµ;aeTC.!l O'leBII)J;HhlM o6pa30M. 

AMnn1ITJAY peooHaHcHoro pacce.!IHII.!l f = (I - S)/2i MOlKHO nan1IcaTb B B1Iµ;e (µ;1rn 

npocTOThl BhlllllllleM TOilbKO pe:JOHaHCHYIO 'laCTb aMnITIITYllhl): 

1 " 'Yn , 
f(R) = 2 I E - En + ir n/2 (6) 

rµ;e 'Yn - napu;narrbHa.!l 111np1IHa n-ro pe:JoHaHca. 

B pa6oTe [7] noi1y'leHa npocTa.!l qiopMyna µ;irn Koa<p<p1In;neHTOB -y1 , 'Y2 µ;n.!l cny'la.!! 

oµ;Horo KaHaJia II ABYX penoHaHCOB: 

ll 

_ r E1 - E2 - i(r1 + r2)/2 

'Yi-
1
E1-E2+i(r2-ri)/2' 

E2 - E1 - i(r1 + r2)/2 

'Y2 = r 2 E 2 _ E 1 + i(r1 - r2)/2 · 

OTCIOµ;a nony'laIOTCJI none:JHh!e COOTHOllleHn.!! 

'YI r 1 2{,p 
-=-e ' 
'Y2 r 2 

r 1 +r2 
'P = _ arctan Ei _ E

2 

11.J = 11:J = [(E2 - E1)
2 

+ i(r2 + r1)2 /4] 
112 

r1 r2 (E2 - E1)2 + i(r2 - r1)2/4 

TO eCTb Moµ;ynn Bh!'leTOB 'Yn He paBHhl lllllpllHaM ypoBHeM. 

CnpaBeµ;nnBo TaKJKe npaB1Ino cyMM: 

'Y1 + 'Y2 = r 1 + r 2 . 

(7) 

<l>opMynhl ( 6 - 7) µ;nH cny'la.!! IIBYX pe:JOHaHCOB II oµ;Horo KaHaJia .!IBIT.!!IOTC.!l B II:JBeCTHOM 

CMh!Cne TO'!Hh!Mll ll nMeIOID;IIMII .!ICHYIO ll nerKO IIHTepnpeT1IpyeMy10. BB CTpyKTypy, II Mhl 

1IcnonhnyeM nx µ;n.!l OCMhlcneHll.!l µ;pyrnx Han6onee '!acTo 1IcnonhnyeMh!X MeToµ;oB. 

PacCMOTpllM cneµ;yIOID;ylO npoCTYIO naµ;a'ly, pe111eH1Ie KOTopoiI Mhl 6yµ;eM HIIlKe nony'laTb 

C llOMOID;blO pa3Illl'!Hh!X MeToµ;oB, 'ITO no:JBOilllT HaM CpaBHllBaTb penynbTaThl ll nccneµ;o

BaTb BO:JMOlKHOCTb nx llHTepnpeTau;:rrn B µ;yxe <popMyn BB. 

IlycTb IIMeeTC.!l CllCTeMa p;ByX prooHaHCOB C :JHeprll.!!Mll E1, E2 ll 1111IpllHaMll r1, r2, 

B:JalIMOp;eMCTBYIOID;IIX C O)J;HllM BHellIHIIM KaHaJIOM. 

IlocTpOIIM rpa<pnK KBaµ;paTa aMnnnTyµ;hl pacce.!!Hll.!l I f 12 c noMOID;bIO qiopMyn ( 6 -

7) II 6yµ;eM paccMaTpnBaTb ero KaK :JTaJIOHHhlM npn cpaBHeHllll c rpaq>IIKaMll KBaµ;paTOB 

aMnnnTyµ;, nony'leHHhlX C llOMOID;blO µ;pyr1IX MeTO)J;OB. 

6 

~1 

Ifa CTPYKTYPhl qiopMyn ( 7) Bllp;Ho, 'ITO npn µ;ocTaTO'lHOM pa3HeCeHHOCTI! proOHaHCOB, 

Korµ;a I E1 - E2 ,~ r I + r 2 , KOMnneKCHh!e KOHCTaHThl 'Yn nepexoµ;HT B o6h!'!Hh!e lllllpllHhl 

r n • To eCTb, KaK n cnep;OBaJIO OlKI!p;aTb, npocTa.!l cyMMa BB cnaraeMh!X ( <popMyna ( 3)) He 

npOTIIBOpe'lllT ycnOBlllO YHllTapHOCTll, ecnn pe:JOHaHChl O'leHb µ;arreKO paaneceHh!. 

Oµ;HaKo, B cny'lae nepeKph!BaIOID;llXC.!l p~30HaHCOB Koa<p<pnu;neHThl 'Y1 ll 'Y2 cyID;e

CTBeHHO OTITII'laIOTC.!l OT :JHa'leHUM r1 II r2, TO eCTb MaTpnn;a pacce.!!Hll.!l S, llOCTpOeH

Ha.!! Ha OCHOBe qiopMynhl ( 3), 6yµ;eT cyID;eCTBeHHO He YHUTapHOM. 

3 K-MaTplPIHbIH MeTo~ B cnyqae rrepeKpb1Ba10w;11xcJI 

pe:JOHaHCOB 

,ll;pyrnM 'laCTO l!CllOilb:JyeMh!M MeTO)J;OM onncaHll.!l pe30HaHCHh!X peaKD;llM .!IBil.!leTC!I K

MaTpl!'IHhlM MeToµ;. 

K-MaTpnu;a p;Il.!l cny'la.!! N penoHaHCOB n M KaHarroB nMeeT Bnµ; 

K(E) = f, 'YR'Y'fi 
R=l E- fR l 

rµ;e fR - µ;eMCTBl!TenhHh!e llOillOCHh!e aHeprnn K-MaTpl!D;hl, a 7R 
-µ;eMCTBl!TenbHh!e BeKT.Ophl napu;nanhHh!X llll!pl!H. 

(8) 

( 'Yi, 'Y2, ... , 'YM l 

MaTpnu;a pacce.!!Hll.!l S nann111eTC.1I c noMOID;bIO K-MaTpnD;hl cnep;JIOID;llM o6panoM: 

. N 'YR'Y~ 
I-i L E-,R -iK(E) - R=l 

I = N •1T 
S(E) = I+ iK(E) I+ i E ;"_,~ 

R=l 

(9) 

S-MaTpnu;a pacce.!!Hll.!!, nocTpoeHHa.!l c noMOID;bIO K-MaTpnD;hl, Bcerµ;a yHnTapHa n T

nHBapnaHTHa, I! C :JTOM TO'lKl! 3peHifJ! l!CllOilb:JOBaHI!e aToro MeToµ;a BCerµ;a KoppeKTHO. 

Op;HaKO, B cny'!ae HeCKOilbKl!X pe:JOHaHCOB l! KaHaJIOB CMh!Cil napaMeTpOB fR l! 'YRi 

He.!!CeH. 

O6hl'IHO llHTepnpeTnpy10T fR KaK aHeprnn ER , a Koaqxpnu;neHThl 'YRi KaK napu;narrb

Hh!e llll!pl!Hhl prooHa.Ii:COB. 3To µ;onycTl!MO npn µ;ocTaTO'lHOM paaHeceHHOCTl! prooHaHCOB, 

Korµ;a ,. E1 - E2 ,~ r1 + r2 • 

Oµ;HaKO B cny'lae nepeKph!BaIOID;l!XC.!l prooHaHCOB 0Ha'leHllH fR l! 'YR , nony'leHHh!e 

B peoynhTaTe <pllTI!pOBaHll.!l :JKCnepnMeHTanbHh!X )J;aHHhlX, yJKe HeITb0JI paccMaTpl!BaTb B 

Ka'!eCTBe aHeprniI prooHaHCOB ER ll nx BeKTOpOB napD;l!anbHh!X llll!pllH. 
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PacCMOTpnM, 11IDI npllMepa, CllCTeMy ll:J 11BYX prooHaHCOB n ogHoro KaHaJia. B 3TOM 

cnyqae 11 = ')'11, 72 = ')'21 , 

2 2 

K11 = -1l!._ + ~ , 
E- €1 E- €2 

S _ 1 2 
· E( 'Yi1 + 'Yi1) - 'Yi1 €2 - 'Yi1 €1 

11 - - i E2 E[ ·( 2 2 )] ·( 2 2 ) - €1 + €2 - i 'Yu + 'Y21 + €1 €2 + i 'Yn €2 + 'Y21 €1 

Ecnn µ1 ll µ2 - KOMllJieKCHble KOJ?Hll ypaBHeHWI 

_E
2 

-"E[€1+ €2 - i('Y;l + 'Yi1)l + €1€2 + ibi1€2 + 'Yi1€1) = 0, (10) 

TO aMnnnTygy /11 MO)KHO npegcTaBllTb KaK cyMMY BB: 

rge 

. A1 A2 
/11 = --- + --- , 

-E-µ1 E-µ2 

A1 

A2 = 

µ1('Yf1 + 'Yi1) - ')'11€2 - ')'21f1 

µ1 - µ2 

µ2bi1 + ,,J1) - ')'11€2 - ')'21€1 

µ2 - µ1 

<l>opMyJibI gnH µ 1, µ2 n A1, A2 cogep)KaT CB06011Hble ITapaMeTpbI €1,€2,')'11 n 121 . 

O'IeBngHo, 'ITO ecnn B pe:JyJibTaTe cpnTnpoBaHWI 3TH napaMeTpbI ~bI6paHbI TaK, 'ITO Teo

peTn'IeCKaH KpllBaH xopowo OITllCbIBaeT 3KCITepnMeHTaJibHble gaHHble, TO_ gnH HaXO)KljeHnH 

peaJibHbIX_cpn:Jn'IeCKllX :JHa'IeHllH 3Heprnn ll wnp:irn pe:JOHaHCOB HY)KHO BbI'IllCJillTb KOpHn 

µ1 n µ2 ypaBHeHll.ll ( 10). Torga geHCTBllTeJibHble 'IaCTll 3TllX KOpHeH MO)KHO llHTepITpe

TnpoBaTb KaK 3Heprnn pe:JOHaHCOB E 1 n E 2 , a MHllMble 'IacTn - KaK wnpnHbI pe:JoHaHCOB 

r1 ll r2 : 

E1 
X €J + f2 1 / 

µ 1 = -
2
- + 

2
y12v(€1 - f2)2 -bl\ +-Y?1)2 + w, 

E2 
X €J + €2 1 / 

µ2 =.-2- - 2y12v(f1 - €2)2 -b?1 +-Y?1)2 + w' 

r1 - 2µr = ( ,,;1 + 'Yi1) - · v12( €1 - €2)( ,,;1 - 'Yi1J 

✓(€1 - f2)2 - b?1 + 1?1)2 + w 

r2 - 2µ~ = bi1 +,,:
1
)+ v'2(€i - €2)bf1 -1i1) 

✓cf1 - f2)2 - b?1 + -Y?1)2 + w 
r11e 

w = /[(€1 - f2)2 + b?1 +-Y:?1)2l2 + 16(€1 - €2)2-yto:?1. 
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1•. 

lfo CTPYKTYPbI 3TllX cpopMyn BllgHo, 'ITO ecnn lf1 - f2I » (,';1 + 'Yi1), TO E, --> €;, 

r; --t 'Yil · OgHaKO B cnyqae ITepeKpbIBaHIIJI pe:JOHaHCOB :JHa'IeHIUI €1, €2 ll 'Yn, ')'21 

y)Ke HeJib:JH llHTepITpeT!lpOBaTb KaK :JHa'IeHllH :rneprnn E1,E2 ll WllpllH I'1,I'2. HeKop

peKTHOCTb TaKOil llHTepITpeTanm1 llJIJIIOCTpllpyeT pnc.3. CnJIOWHOil JlllH!len 1mo6pa)KeH 

rpaqmK KBa11paTa aMITJillTYl1bI I f 12, BbI'Ill:JieHHOR ITO TO'IHbIM cpopMyJiaM ( 6- 7). IlyH

KTllpHoi"1 JillH!len ll:Jo6pa)KeH rpacpllK KBagpaTa aMITJillTY/1bI I f 1
2 , BbI'IllCJieHHOn Ha ocHoBe 

K-MaTpllllbI co [JHa'IeH!lHMll ITapaMeTpOB fJ = E1, €2 = E2, ')'1 = r1, ')'2 = r2. 

Ilo3TOMY, HeCMOTpH Ha TO, 'ITO nony'IeHHaH C llOMO!llbIO gaHHoro MeTO/ja MaTpllna 

pacce.HH!l.ll s YHllTapHa ll T-llHBap!laHTHa, llHTepnpeTanWI proyJibTaTOB cpnTnpoBaHWI 

3Kcnep!lMeHTaJibHbIX 11aHHbIX ll cpaBHeH!le· nx c cpopMyJiaM!l Tllna BB :JaTPY11HllTeJibHbI. 

B cnyqae HeCKOJibKllX KaHaJIOB pacITa11a npllBe/jeH!le S-MaTpllllbI, ITOJiy'IeHHOil c ITOMO!llbIO 

11aHHOrO MeTO/ja, K cyMMe cnaraeMbIX TllITa BB CTaHOBllTCH :Ja/ja'Ieli 'Ipe:JBbI'IallHO CJimK

HOil (B 'IaCTHOCTll, B cnyqae N pe:JOHaHCOB ll M KaHaJIOB /jJIH OITpe11eneH!lH q>ll:Jll'IeCKllX 

:JHa'IeHllll 3Heprlln ll WllpllH pe:JOHaHCOB, T.e. llOJIIOCOB S-MaTplillbI, Tpe6yeTCH o6paine

HUe MaTpunbI (I+ iK) M-ro nopH11Ka u peweH!le nuHenHoro ypaBHemrn N-ro ITopH11Ka 

C KOMITJieKCHbIMU K03cpcpnnueHTaMU). KpoMe Toro, HeBO:JMO)KHO OITpegeJillTb ITapnllaJibHble 

1.0 

0.8 
j I 

I 
I 

0.5 4 /1 
/ 

/ 
/ -v 

0.3 

0.0 
I I 

1.00 1.25 

Pnc.3 a)--- 3Ha'IeHne I f 12 

1.50 

/jJIH E1 

\ 
\ 

\ 

1.75 

\ 

' ' ' ' 

2.00 
I':38 

1.4, r1 = 0.3, E2 1.6, r 2 = o.3, 

BbI'IncneHHoe ITO TO'IHOH cpopMyne (6); 6) - - - 3Ha'IeHne If 12 11IDI fJ = 1.4, 

'Yi= 0.3, f2 = 1.6, 'Yi = 0.3, BbI'IllCJieHHoe 'Iepe:J K-MaTpnny. 
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lllllplIHbI peaoHaHCOB, TaK KaK IIOCJie rrpIIBep;eHlIJI aMIIJilIT)'AbI K BllAY cyMMbI BB "IlICJIIITe/lll 

COOTBeTCTBYIOll.\lIX cnaraeMbIX He cpaKTOpll3YIOTCJI Ha MHOlK!ITem1, CBJI3aHHble C KaHaJiaMll 

o6paaoBaHIIJI II pacrraµ;a peaoHaHCOB. 

4 Ilpeµ;cTaBneHHe aMIIHHTyµ; pe3oHaHcHbIX peaKIJ.;HH 

C IIOMOll(blO He3pMHTOBa raMHHbTOHHaHa H 

,IJ;pyron: rrop;xoµ; K orrucaHIIIO penoHaHCHhIX peaK~lln: rrpu HaJill"Illll rrepeKpbIBaIOll.\IIXCJI 

ypoBHen: 6bIJI rrpeµ;noJKeH B pa6oTe H.IO.KofoapeBa, H.H.HIIKOJiaeBa, JI.B.OKyHJI [8]. 

PacCMOTplIM ClICTeMy N HecTa6IIJibHbIX rrepeMellllIBaioll.\IIXCJI ypoBHen:, B3a!IMOµ;eii

CTBY!Oll.\l!X C M BHell!HlIMll KaHaJiaMll. KaJKp;OMY ypoBHIO R COIIOCTaBJIJieTCJI BeKTOp f R 

B N-MepHOM mrnen:HOM rrpocTpaHCTBe lI KOMIIJieKCHOe 3Ha"IeH!Ie :meprllll E:R = ER-irR/2. 

IloBep;eHIIe TaKOH cucTeMbI rronHoCThIO aaµ;a1m, ecnu II3BecTHa ra.¾IIJihTOHOBa MaTpII~a 

H;j (i,j = 1, ... N) . BpeMeHHYIO 0BOJIIO~ll!O BeKTOpa COCTOJ!HlIJI MOlKHO OII!ICaTb C rro

MOll.\hlO ypaBHeHIIJI illpep;IIHrepa C acpcpeKTl!BHbIM HeapM!ITOBbIM raM!IJlhTOHllaHOM H : 

d - -
ihdttp(t) = Htp(t). 

BeKTOpbI KBa3lICT~l!OHapHbIX COCTOJ!Hllll JIBJIJIIOTCJI co6CTBeHHbIMll BeKTopaMII Ma

Tpll~ H C KOMIIJieKCHbIMll co6CTBeHHbIMll 3Ha•JeHlIJ!Mll 

HfR = (ER - ifR/2),,j;R , 

II poII3BOJihHOe cocTOJIHIIe MHoroypoBHeBon: cuTeMbI BbipaJKaeTCJI "Iepea cyrreprroaII~IIIO co

CTOJ!Hllll ii R : 

N 

ii(t) = L bRfR exp [-(iER + rR)t/h]' 
R=l 

rµ;e bk - KOG<pq>ll~lleHTbI pa3JIOJKeHIIJI Ha"IaJibHOro COCTOJ!HlIJI f(o) no KBa3lICTa~lIOHapHbIM 

COCTOJIH!IHM. 

MaTpII~Y H MOJKHO aarrucaTh B BIIµ;e 

H = H(O) - ~r 
2 ' 

H<0> = !(H + H+) 
2 

10 

r = -i(H - H+) , 

j 

l 

l 
✓Ji 

rp;e H(O) ll f apMllTOBbI MaTpll~bI CO CJiep;aMl! 

N 

TrH<0l = L ER , 
R=l 

N 

Trr = L rR. 
R=l 

B aToM cny"Iae YHl!TapHax penoHaHcHax S-MaTp~a IIMeeT Blip; S = I - if rµ;e 

- 1 + f-AE-HA , 

!I/Ill 

N N 

f;i = L EAm(E- H)R!A9i. 
R=l g=l 

(11) 

3µ;ech AiR ecTh aMrrmITyp;a pacrraµ;a ypoBHH R B KaHaJI i , A9i ecTb aMIIJIIITyp;a 

o6paaoBaHIIH ypoBHH g B KaHaJie j . 

Ifo ycJIOB!IH YHllTapHOCTll MaTpll~bI s CJiep;yeT-COOTHOllleHue i(f - f+) = ff+ !I/Ill 

N 

i(f - f+)ij = L /iRf]R . 
R=l 

Ilop;cTaBJIHJI ( 11) B ycJIOB!Ie YHIITapHOCTll ( 12), IIoJiy"IaeM 

i(f-f+) = iA [-
1
- - --

1
-] A+= iA-

1-(H - H+)--
1
-A+. 

· E-H E-H+ E-H E.-H+ 

C µ;pyron: cTopoHbI 

ff+ = A-
1
-A + A--

1
-A + . 

E-H E-H+ 

JierKo Bl!p;eTb, "ITO ycJIOBlle YHl!TapHOCTll ( 12) BbIIIOJIHJieTCH, ecmi: 

A+ A = i(H - H+) = r . 

(12) 

O"IeBll/J;HO, "ITO IJ;JIH BbIIIOJIHeH!IH ycJIOBlIH T-l!HBap!IaHTHOCTll Heo6xop;!IMO, "IT06bl 

MaTpll~a H 6bIJia Cl!MMeTpll"IHOll, a aMIIJil!Tj'AbI ARi µ;en:cTBIITeJihHbIMll, TO ecTb 

H = HT , A+ = AT . Torµ;a 

s = I-iA(E-Ht1AT 

ll YCJIOBlle YHIITapHOCTll IIplIHIIMaeT Bll/J; AA T = f l!Jlll 

M 

EAR,A9; = rRg, (R,g = l, ... ,N). 
1=1 

(13) 

Ha IIOCJiep;Hero COOTHOll!eHIIJI cneµ;yeT, "ITO aMIIJllITj'AbI ARi 3aBllCHT TOJlhKO OT rRg 

ll He 3aBllCJIT OT Hr; . 0"IeBIIIJ;HO TaKJKe, "ITO pacrrap;HaH MaTpl!~a f IJ;OJIJKHa 6bITh HeO

Tpll~aTeJibHOll (KaK MaTp~a CKaJIHpHbIX rrpo!I3Bep;eH!Ill µ;en:CTBIITeJihHbIX BeKTopoB AR). 
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TaKllM o6paooM MN :meMeHTOB µ;eiicTBllTellbHoii MaTpllUhl A n: N(N +l) :me111eHTOB 

MaTpllU H{O) ll r CBJI0aHbl N(N + 1)/2 COOTHOllleHllJIMll ( 13), TO eCTh p;aHHaJI MOp;ellb 

coµ;eplKIIT MN+ N(N + 1)/2 cBo6op;Hb!X rrapaMeTpoB. 

OTMeTllM, 'ITO µ;= oµ;Horo ll0OllllpOBaHHOro ypoBHJI MaTpnua H llMeeT TOllhKO Ol];llH 

orreMeHT H11 = E1 - ir i/2 - KOMI_meKcHoe oHa'IeHne oHeprnn, cooTBeTcTBYJOlllee HecTa-

6nrrhHOMY ypoBHJO. 

AMrrrrn:Tyµ;a peooHaHCHOH peaKUllll B 0TOM crry'Iae orrn:cb!BaeTcJI c IIOMOlllhIO o6bl'IHOH 

q>opMyrrhl BpeiiTa-BnrHepa 

A1,A1; 
fo= E-E1+irif2' 

(i,j = 1,2, ... ,M). 

B crry'Iae HeCKOllbKIIX ypOBHeii (N > 1), He llMeJOll(llX CBJI0ll µ;pyr c µ;pyroM, MaTpnua 

H µ;naroHarrbHa, II aMIIlIIITYl];bl peooHaHCHblX peaKUJJll OIIJJCb!BaJOTCJI C IIOMO!l(h!O cyMMbl 

Bb!palKeHn:ii BpeiiTa-BrrrHepa 

f ~ AR;AR; (. . l 2 M) . 
;; = L.. E E ·r / i,J = ' ' ... , . 

R=l - R +i R 2 

3aMeTJJM, 'ITO raMJJllhTOHllaH H He MOlKeT 6b!Th µ;naro'.HallbHbIM B crry'Iae HeCKOllbKllX 

ypoBHei'r (N > 1) 11 oµ;Horo KaHarra (M = 1). Ilp11 oµ;HOM KaHarre BeKTopbI aMrrrrnTyµ; An 

coµ;eplKaT TOllhKO rro oµ;HoMy orreMeHTY ARI . B cooTBeTCTBllll c ycrroBireM yHnTapHocTJJ 

l];OlllKHO Bb!IIOlIHJIThCJI paBeHCTBO AR1Ag1 = rRg = 0 (R i= g) ' 'ITO HeBO0MOlKHO rrp11 

ARI # 0 . B crry'Iae HeCKOllhKJJX ypoBHeii II oµ;Horo KaHarra Koo¢¢11u11eHThl rrpn 'IlleHax BB 

Bcerµ;a KOMIIlleKCHbl. 

Ecrr11 JJMeeTCJI HeCKOllhKO nepeMelllllBaJOll(IIXCJI ypoBHeii, TO Bb!palKeHJJe µ;irn aMIIlIIITYAhl 

f;; cyll(eCTBeHHO OTllll'IaeTCJI OT cyMMbl BbipalKeHJJll BpeiiTa-B11rHepa. 

PacCMOTpllM, l];lIJI rrpn:Mepa, CJJCTeMy 113 ABYX ypoBHeii II M KaHalIOB. B .OTOM crry'Iae 

Torµ;a 

J,; 

H = H{O) _ ~r = ( Hn - iru/2 
2 X a - iaY /2 

ax - iaY /2 ) 
H22 - ir22/2 . ' 

H{O) =· ( Hn ax ) 

« H22 
.r = ( r 11 av ) 

aY r 22 

2 2 1 
LL AR,(E - H)-1 A9; = Ll{A1,A1;(E - H22 + ir22/2) + 
R=lg=l . 

+ A2;A2;(E - Hu+ iru/2) + (A1,A2; + A2,A1;)(ax - iaY /2)} ' 
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rµ;e 

~ = (E - Hu+ iru/2)(E - H22 + ir22/2) - (ax - iaY /2)2 . 

Ho ycrroBJJH yH11TapHOCTII crreµ;yeT, 'ITO 

l. I ~1 I:= P11 
I A2 I = r22 

(A1A2) = av 

TO ecTh µ;rrJJHhl µ;eiicTBJJTellhHhlX BeKTopoB A1 11 A2 paBHhl coOTBeTCTBeHHO µ;11aro

HaJihHhlM OlleMeHTaM r 11 II r 22 MaTpllUhl r , a rrapaMeTp aY paBeH llX CKa.'IJipHOMY 

rrpo110Beµ;eHJJJO. 

IlapaMeTp ax He JJMeeT JICHoii ¢11011'IecKOH JJHTeprrpeTau11n. O~eBJJµ;Ho, 'ITO B o6cy

JKµ;aeMoii MOl];elIJJ a = ax - iaY /2 OTpalKaeT BKllaµ; llHTepq>epeHUJJJJ (rrepeKpb!BaHirn pe

OOHaHCoB) B IIOlIHOe ce'!eHne pe0OHaHCHoro pacceJIHHJI. B 'IaCTHO~TH, ecmI ax = aY = 0 

(T.e. MaTpnua H µ;naroHarrhHa), TO aMrrJI11Tyµ;a f cB0µ;11TcJI K o6hl•rnoii cyMMe BB 

f, AliA1; A2,A2; 
ij = E-E1 + iri/2 + E- E2 + ir2/2' 

(i,j = 1,2, ... ,M). 

B OTOM crry'Iae BeKTopbl A1 n A2 µ;orrlKHhI 6b!Th opToroHarrhHhl (B 11,f-MepHOM 

OBKJIJJl];OBOM rrpocTpaHCTBe), rrocKOllhKY (A1 , A2) = aY = 0 . Ho oaBJJCIIMocTh rrapaMeTpa 

a OT paoHOCTJJ (E2 - E1 ) JIBHhlM o6paooM He orrpeµ;erreHa. 

B cny'Iae µ;Byx peooHaHC0B II oµ;Horo KaHarra MHJJMaJI 'IaCTh rrapaMeTpa a orrpeµ;erreHa 

oµ;HooHa'IHo: aY = Jr11r 22 . Cneµ;oBaTeJibHo, 11rnTp11ua H Bcerµ;a Heµ;naroHarrhHa. 

Orrpeµ;err11TeJih ~ MOlKHO oarr11caTh B Bnµ;e 

~ = (E - µt)(E - 112) . 

rµ;e µ1 II µ2 - K0MIIlleKCHble co6cTBeHHble oHa•reHJJJI raMHJibT0HJJaHa H . 

JierKO B_JJµ;eTb, 'ITO B OTOM cJiy'Iae aMIIJIJJTYAY !11 M0lKH0 rrpeµ;cTaBllTh KaK CYMMY BB: 

rµ;e 

'Yt 

')'2 

'Yt ')'2 

f11 = E - µ1 + E - µ2 , 

(r11 + r22)µ1 - r11H22 - r22H11 + 2ax~ 

µ1 - /12 

(r11 + r22)µ2 -r11H22 -r22H11 + 2ax~ 

µ2 - /11 

13 

(15) 



<l>opMynbl µ;mr µ1, µ2 II 1'1, 1'2 coµ;epi1mT cBo6oµ;Hble ITapaMeTpb! H 11 ,H22,r11 ,r22 

II a" , 0Ha"l:eHUJI KOTOpb!X OITpeµ;enJIIOT ITOllOlKeHUJI ITOll!OCOB CITeKTpallbHb!X llIIHIIll II IIX 

WIIpIIHb!. HarrpIIMep, Ha pIIc.4 ITOKaoaHa oaBIICIIMOCTb <t>opMb! mrnIIII I f11 1
2 OT BellII"IIIHbl 

ITapaMeTpa a"' ITpII oµ;HIIx II Tex JKe oHa"l:eHIIJIX H 11 ,H22 ,f11 ,f22 . 8To ooHa"l:aeT, "ITO 

0Ha"l:eHUJI H11, H22 II ru, r22 HUB KOeM crry"l:ae Hellb0JI IIHTepITpeTnpoBaTb KaK 0Ha"l:eHIIJI 

ITOll!OCOB E1, E2 II WIIpIIH f I, f 2 · 

O"ieBnµ;Ho, "ITO ecrrII B peoyrrhTaTe <t>nTIIpoBaHIIJI ITapaMeTpb! H 11 ,H22,f11 ,f22 u ax 

Bb16paHbl TaK, "ITO TeopeTII"leCKaJI KpIIBaJI xopowo OITIICb!BaeT 3KCITepuMeHTallbHble µ;aH

Hble, TO l];llJI ITOllY"leHUJI OHa"l:eHUll aHeprnir n wnpuH peooHaHCOB HYlKHO HaliTU co6CTBeH

Hble OHa"l:eHiiJJ: µ1 n µ2 raMUllbTOHUaHa H. Torµ;a µ;eHCTBUTellbHble '!aCTU 3TUX co6-

CTBeHHb!X oHa'!emrir MOlKHO HHTepITpeTnpoBaTb KaK aHepruu peooHaHCOB E 1 n E 2 , a 

MHUMble "l:aCTU - KaK WUpUHbl peooHaHCOB f1 U f2 : 

E1 

E2 

r1 

r2 

rµ;e 

w 

,, Hu +H22 1 / 
µ1= 

2
. + 1ov(Hu-H22)2 -(ru+f22)2/4+4(ax)2+W, 

• 2v2 
X H1 +H22 1 l 

µ2 = 
2 

-
2
v2y(Hu - H22)2 - (fu + f 22)2/4 + 4(°'x)2 + W, 

y fu + f22 1 (Hu - H22)(f22 - fu) - 4a"✓fuf22 
-2µ1 = - 1o--============== , 

2 v2 ✓(Hu - H22)2 - (fu + f22)2 + 4(ax)2 + W 

2 
y fu + f22 1 (Hu - H22)(f22 - fu) - 4ax~ 

- µ
2 

= 2 + v2 ✓(H11 - H22)2 - (fu + f22)2 + 4(a")2 + W ' 

{[(Hu - H22)2 - (fu + f22)2 /4] 2 + (Hn - H22)2(I'22 - fu) 2 + 

+ 16(a")2fuf22 - 8ax✓rur22(Hu - H22)(f22 - fu)} 112 . 

lfo 3TUX <t>opMyn Blll];HO, "ITO ecnu ITapaMeTp a" ( OTpalKaIOWIIll CTeITeHb nepeKpb!

BaHUJI peooHaHCOB) cywecTBeHHO OTllU"l:aeTCJI OT HYllJI, TO <t>non"l:ecKne 0Ha'!eHUJI aHeprnir 

n wnpnH peooHaHCOB E;, I'; cywecTBeHHO OTllll'laIOTCJI OT arreMeHTOB raMUllbTOHUaHa 

H;;, f;;. 

TaKUM o6paooM, µ;aJKe B CaMOM npoCTOM cny'!ae ABYX peooHaHCOB n oµ;Horo KaHana 

µ;nH HaxoJKµ;eHUJI peanbHb!X <t>uon"l:eCKUX OHa'!eHUll KOMIIlleKCHb!X aHeprnir n BeKTOpOB nap

llllallbHb!X wnpnH Heo6xoµ;nMO HaliTn co6CTBeHJible 0Ha"l:eHUJI ABYXMepHOll KOMillleKCHOll 

MaTpUllbl H n Bbl'll1Clll1Tb BeKTOpb! nap11nanbHb!X wnpnH ITO <t>opMyllaM ( 15). 

IIoaToMy, HecMoTpH Ha To, "ITO ITony"leHHaJI c noMOWbIO µ;aHHoro MeToµ;a MaTpn11a 

pacceJIHnJI S ymnapHa n T-nHBapIIaHTHa, nHTepITpeTaI1UJI peoynhTaTOB <t>nTnpoBaHUJI 

14 

3KCITepuMeHTanbHb!X l];aHHb!X n cpaBHeHue nx C <t>opMynaMn TnITa BB oaTpyµ;HnTellbHbl. 

B '!aCTHOCTn HeJicHo, 'ITO HaDb!BaTb ITaplll!anbHOH wnpnHoir peooHaHca n 6paH"lnHroM B 

cny'!ae HeCKOllbKUX KaHallOB pacITaµ;a. 

KpoMe Toro, 3TOT MeToµ; JIBnJieTCJI O'leHb Tpyµ;oeMKnM, ITOCKOllbKY Tpe6yeT o6paweHUJI 

N-MepHoir MaTpnllbl µ;rrJI KaJKµ;oro 0Ha'!eHUJI E. 

5 

1.0 

0.5 

0.0 I I I I I I I ;"" r"'", Y I I I I I I I I I I 
0.5 1.0 1.5 2.0 2.5 

r3B 

Pnc.4 a) -- fr>a<t>UK I fn(E) 12 /JinH E1 = 1.4, r1 = 0.3, E2 = 1.6, r2 = 0.3, 

nocTpoeHHblli ITO TO<iHoir <t>opMyne (6); 6,B) fr>a<t>nK I fu(E) 1
2 µ;nH Hu= 1.4, 

ru = 0.3, H22 = 1.6, r22 = 0.3, ITOCTpoeHHblll ITO <t>opMyne (13): 

6) - - - - ITpn ax = 0 ; B) -- - ITpn ax = 0.5. 

IIpeµ;cTaBJieHHe aMnJIHTyµ; peooHaHCHbIX peaK:QHH 

qepe::3 CKaJI.S:pHbie npoH::JBeµ;eHH.S: BeKTOpOB COCTO-

u 
.S:HHH 

Ecrrn ncITonwoBaTb co6cTBeHHble BeKTOpb! ¢R raMHllbTOHIIaHa H , TO ycnoBne 

yHnTapHOCTn ( 13) MOlKHO 0aIIIICaTb B BIIµ;e 

M 

(eR - eg)(¢R, ;fg) = I: AR;Ag;, (16) 
i=l 

rµ;e AR; ecTb aMITllHTyµ;a pacITaµ;a COCTOJIHUJI ¢R B KaHall i , a eR = ER - ifR/2 . 
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CooTHowemre ( 16), Haii:µ;eHHoe BemroM n II!Teii:H6eproM [9] µ;mr crrrraJI K0-J<0 cu

cTeMhl, Henocpeµ;cTBeHH0 CBH3h!BaeT He0pT0r0HaJihHOCTh COCTOHHllll in ll i. C HaJIII

"llleM nepeKphlBaIOll.\11XCH KaHaJI0B pacnaµ;a. CorrraCHO ( 16) CTeneHh HeOpTOr0HaJihHOCTII 

B0JIHOBhlX cpyHK~llll µ;rrn ypoBHeii: in ll i. onpeµ;errneTCH CKaJIHpHhlM np0113Beµ;eHl1eM 

M A* EAiR ;9 _, -, i-1 

(¢n, ¢.) = (fn + f
9
)/2 + i(En - Eg) 

3µ;ech, KaK o6h!"!Ho, AiR - aMnrrnTyµ;hl pacnaµ;a ypoBHH R no KaHarraM 

cnpaBeµ;JIUBO COOTHOWeHne 

M 

L JA;n l2=fn. 
i=l 

(17) 

, npn"IeM 

(18) 

3aBl1CllMOCTh aMnJinTyµ;hl prooHaHCHoro pacceHHlllI Ha nepeKpbIBaIOll.\11XCH ypoBHHX OT 

BeJil1'IllHbl (in,¢.) 113y"leHa B pa6oTax B.JI.Jiro6ow11~a [10]. (:ha 3aBl1Cl1MOCTh UMeeT 

npocTyIO CTPYKTYPY, o6ycJIOBJieHHYIO pe3oHaHCHhlM xapaKTepoM aMnJI11Tyµ;hl 11 ycJIOBl1HMll 

YHl1TapHOCTl1. 

IlpeJKµ;e Bcero, aMnrr11Tyµ;hl pe3oHaHCHh!X npo~eccoB µ;oJIJKHhl onllCh!BaThCH cyMMoii no

JIIOCHhlX 'IJieHOB, COOTBeTCTBYIOll.\llX KOMnJieKCHhlM 3HeprllHM en= En - ifn/2. C µ;pyroii: 

CTOpOHhl, B paMKax cxeMh! BB Bh!'IeThl pe30HaHCHblX aMnmrTyµ; cpaKTOp113YIOTCH 11 npo

nop~110HaJihHbl nap~11aJihHh!M aMnrr11Tyµ;aM pacnaµ;a pe3oHaHcHoro ypoBHH. 8To 03Ha'!aeT, 

'ITO 3JieMeHThl S-MaTp11~hl pacceHHl1H 11MeIOT CTpyKTYPY 

-~ AiRCjn 
S;; = o,; - z ~ E - E ·r /2 ' n=I n + z n 

(19) 

rµ;e no CBOeMy CMhlCJIY K03q>cp11~11eHThl CJn npeµ;cTaBJIHIOT co6oii: "aMilJI11Typ;hl o6pa30Ba-

HllH
11 

HeCTa611JihHhlX KBa311CTa~l10HapHb!X ypoBHeii. 

IlpoCTble Bhl"lllCJieHllH [10] noKa3h!BaIOT, 'ITO 113 ycJIOBl1H YHl1TapHOCTl1 55+ = l aBTO

MaTl1'IeCKl1 crreµ;yeT CllCTeMa ypaBHeHUH µ;JIH aMnJI11Tyµ; C;n : 

N 

AiR = L C;gUgn (R = l, ... ,M). (20) 
.g=l 

3µ;ecb u.n - 3JieMeHThl 3pMllTOBOH MaTp11~hl, COCTaBJieHHOH 113 CKaJIHpHhlX np0113Beµ;eHllll 

BeKTOpOB KBa3llCT~l10HapHhlX COCTOHHllH, KOTOpble onpeµ;eJIHIOTCH 113 Bh!palKeHl1H ( 17). 

lfo cooTHoweH11ii ( 17) ll ( 20) crreµ;yeT npaB11rro cyMM 

N M N 

LLAiRCtn=Lfn. (21) 
n=l i=l n=I 

JlerKO norry'IllTh TaKJKe aHaJIOr cpopMyJihl ( 17) µ;rrn aMnmrTyµ; Cn; : 

U-1 
gn 

M 
E CiRC;~ 

1;;;;} 

(fn + f 9 )/2 + i(En - E9 ) 
(22) 

Y"leT noCTOHHHOr0 cpoHa, CBH3aHHoro C noTeH~l1aJihHhlM paccenHl1eM ll npHMh!Mll pe

aK~l1HMl1, CBOµ;l1TCH K YMHOJKeH11IO "ll1CTO pe30HaHCHOH MaTpll~hl 5(R) Ha YHllTapHyIO 

cpoHoByro MaTplley B. Ilpn 3TOM 

. N A;nCJn 
S;j = Bij - z L E - E T /2 

n=I n + Z n 

rµ;e An; , KaK 11 npeJKµ;e, aMnrr11Tyµ;hl pacnaµ;a KBa311CTa~110HapHhlX cocTonH11ii:, a aMilJil1-

Tyµ;hl Cn1 onpeµ;eJIHIOTCH 113 coo;rHoweH11H 

c = B+Au-1 • 

TaKUM o6~a30M, µ;oJilKHO Bh!IlOJIHHThCH paBeHCTBO 

M N 

L AinB;; = L c;.ugn . 
i=l g=l 

O'IeB11µ;Ho, "ITO B c11rry yH11TapHOCT11 MaTp11~hl B MOJKHo B cooTHOWeH11n ( 22) 3aMe

Hl1Th C Ha C: 
M ~ ~ 
E C;nC;~ 

u.-J = (fn + r;)/2 + i(En - E
9

) 
(23) 

B Ka'IeCTBe npnMepa paccM0Tp11M 'IIICTO ynpyroe (oµ;HoKaHaJihHoe) paccenmre np11 Ha

Jill'Il111 µ;Byx nepeKph!Barow;11xcn pe30HaHCOB C oµ;llHaKOBh!Mll KBaHTOBh!Mll 'Il1CJiaM11. 

B 3TOM crry'Iae A1 = A11 , A2 = A12 ll 113 ypaBHeHllH ( 18) crreµ;yeT, 'ITO 

I Au 1
2= r1' I A12 1

2= r2. 

8rreMeHThl MaTp11~hl HeOpTOrOHaJihHOCTeH U : 

Un 

U22 

U12 

A11Ai1 = 1 
r1 

A12Ai2 = 1 
r2 

u• _ A12Ai, 
21 - (f1 + f 2)/2 + i(E2 - E1) 
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Torµ;a 

fl= ( Un U12) 
U21 U22 

= 1_ I u
12 

l2= (E2 - Ei)
2 + (f2 - r 1)

2 
/4 

(E2 - E1)2 + (r2 + r1)2/4 

n Koopµ;nHaThI BeKTopoB C1 = C11 n C2 = C12 onpeµ;errJITCJl oµ;Ho:JHa'!Ho: 

Cu = 

C12 

A U_1 + A u-1 _ An - A12U21 
11 11 12 21 - fl 

A [ 
(E1 - E2)2 - (n - fD/4 . f2(E1 - E2) ] 

11 -'-------'---''-=----''-'-'--+i-------
(E1 -E2)2 + (r2 - r1)2/4 (E1 - E2)2 + (f2 - f1)2/4 

A U_1 + A rr-l _ A12 - A11U12 _ 
11 12 J2V22 - fl -

A [ 
(E2 - Ei)2 - (n - n)/4 . f1(E2 - E1) ] 

12 -------+i----'----~-
(E2 -E1)2 + (r1 - r1)2/4 (E2 - E1)2 + (f1 - f2)2/4 

0Tc10µ;a norry'!aeM 

A11C;2 r 
(E1 - E2)2 - (q - fD/4 . r1r2(E1 - E2) 

1 - ! 
(E1 - E2)2 + (r2 - r1)2/4 (E1 - E2)2 + (f2 - r1)2/4 

A12C;1 = r 
(E2 - E1)2 - (n - rD/4 . r1r2(E2 - E1) 

2 ..C..------,,-'-,-----,-'--,--C----''-'--'--,- - ! 
(E2 - E1)2 + (r1 - r2)2/4 (E2 - E1)2 + (r1 - r2)2/4' 

'ITO coBnaµ;aeT c <f>opMyrroii illannpo (7). 

PaccMOTpeHHbIH MeToµ; µ;aeT yµ;o6HyIO BbI'lllCJIIITeJibHJIO cxeMy, no:JBOJIJ!Jl :JaIIIICbIBaTb 

aMnmITyp;y pacceJIHllJl B Bnµ;e CJMMbI EB 'IJieHOB, AJIJ! ClIJ'IaJI oµ;Horo KaHarra ll npon:JBOJib

HOro 'lllCJia prooHaHCOB. 

0'leBnµ;Ho, op;HaKo, 'ITO nocTpoeHHaJI Moµ;eJib He JIBJIJieTCJI T-nHBapuaHTHon. 

YcrroBne cnMMeTpun S-MaTplll.\bI ( S;j = Sj, ) npnBop;nT K µ;onorrHnTerrhHhIM cooTHO

rneHIIJIM: 

B;i = B;;, c:n =.QnAiR. (24) 

K colKaJieHnIO, HeT pearrbHoro II nocrreµ;oBaTeJibHOro cnoco6a o6ecne'lnTh BhinorrHeHne 

nocrreµ;Hero ycrroBwi. IIcnorrb:JOBaHne npoeKl.\llOHHhIX onepaTopoB [11] µ;erraeT MeToµ; <f>op

MaJibHO T-,IHBapIIaHTHbIM, HO npaKTll'leCKll HenpnMeHIIMbIM p;llll ncnoJib30BaHllJl. 

HeKOTOpbie µ;onoJIHIITeJibHhie npeµ;noJIOlKeHllJl, ynpoma10mne MeTOA µ;o KOHKpeTHOH MO

µ;errn, Bep;yT K aBTOMaTn'leCKOMY BhinOJIHeHIIIO ycJIOBllJl ( 24). HanpnMep, OHO 6yµ;eT BbI

noJIHJ!TbCJl, ecrru C'IIITaTb, 'ITO Koopp;nHaThI AiR µ;eHCTBllTeJibHbI II He :JaBnCJ!T OT ypoBHJl 

R. 

S-MaTpIIl.\a pacceJIHIIJl B 3TOM MOp;eJibHOM crry'!ae 6yµ;eT llMeTb BIIA 

S(n) - 6·· ikk ~ Qn 
ii - '' - ' 3 i::i E - En+ ifn/2 ' 
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rµ;e 

N 

Qn 1=ug-i, 
g=l 

Ugn 
1 

(fn + fg)/2 + i(En - Eg) . 

6 3aKJII0'9:eHHe 

<l>opMJJibI EpenTa-BnrHepa ll nx MOp;llq>UKal.\llU ncnoJib3JIOTCJl B noµ;aBJIJ!IOmeM 'IUCJie 

crry'laeB p;llll onuCaHllJl 3KCnepuMeHTaJibHhIX µ;aHHbIX no npOl.\eCCaM, IIµ;ymnM 'Iepro pe30-

HaHCHbie npoMelKJTO'IHbie COCTOJ!HllJ!. 3anncb aMnJIUTYA pacceJIHllJl B Bnµ;e q>opMyJI Tuna 

EB Heo6xoµ;nMa n µ;rrJI conocTaBJieHUJI c 0KcnepIIMeHTaMn pa3JIU'IHhIX.TeopeTU'ieCKnx noµ;

xoµ;oB, B paMKax KOTOpbIX Haxoµ;JITCJ! cneKTpbI II CBOHCTBa pe30HaHCOB. 

06bI'!Hbie q>opMJJibI EB B crry'!ae oµ;Horo pe30HaHca ll oµ;Horo llJIU HeCKOJibKUX KaHaJIOB 

pacceJIHllJl ucxop;HO JAOBJieTBOpl!IOT ycJIOBlllO YHUTapHOCTll, oµ;HaKO cymecTByeT npo6JieMa 

nocTpoeHllJl J!BHO ymITapHoii S-MaTpUl.\bI B crry'!ae HeCKOJibKUX nepeKpbIBa10muxcJI pe3o

HaHCOB C oµ;uHaKOBbIMU KBaHTOBbIMU 'lllCJiaMu,TaKUX, 'ITO I En, - En, I~ rn, + rn, . 
06bI'IHO ncnoJib3JeMoe npOCTeiirnee BbipalKeHue AJIJ! aMJIUTJAbI pacceJIHIIJ! B BUµ;e CJMMbI 

EB crraraeMbIX B crry'!ae nepeKpbIBa10muxcJI pe:JoHaHCOB HeKoppeKTHo n HapyrnaeT yHu

TapHOCTb. 

MbI paCCMOTperrn B03MOlKHOCTb UHTepnpeTanuu B µ;yxe q>opMyrr Tnna EB cymeCTBy-

10mux MeTOp;OB nocTpoeHUJl J!BHO yHuTapHoii pe30HaHCHOH S-MaTpUl.\hI, ~purop;HbIX p;iIH 

pa6oThI C nepeKpbIBa10mnMUCJl pe30HaHCaMU. AHaJillt} 3TUX noµ;xoµ;oB· noKa:JhIBaeT, 'ITO :Ja

µ;a'la nocTpoeHUJI yHuTapHon MHOrOKaHaJibHon, MHorope:JoHaHcHon EB -Tuna S -MaTplll.\hI 
~ 

npoµ;orrlKaeT ocTaBaTbCJI aKTJaJibHoii, n B nocrreµ;y10meii pa6oTe npnBeµ;eM nocrreµ;oBaTeJib-

HYIO npol.\eµ;ypy ee norry'leHnJI µ;rrJI o6mero crry'laa M KaHarroB n N pe:JoHaHcoB. MbI 

Haµ;eeMcJI, ·'ITO :JTOT MeToµ; 6yµ;eT norrroeH npu onucaHUll u µ;rrJI UHTepnpeTal.\llll MHornx 

:Jaµ;a'l q>U:JUKII prooHaHcoa u Hp;epHoii <f>u:JuKn. 

Oµ;nH ·ll3 aBTopoB (B.K.X.) 6rraroµ;apeH B.JI.JI106ornney :Ja o6cylKp;eHue µ;eTarreii pa-

6oTbI [10]. 

19 



JIHTepaTypa 

1. G.Breit, E.P.Wigner, Phys.Rev. 49, 519 (1936) 

2. E.P.Wigner, L.Eisenbud, Phys.Rev. 72, 29 (1947) 

3. H.Feshbach, Ann. Phys. 5, 537 (1958) 

4. D.Bjorken, Phys.Rev.Lett. 4, 473 (1960) 

5. RH.Dalitz, Strange Particles and Strong Interactions, Oxford University Press (1962) 

6. B.K.XeHHep, .ll<I> 37, 1134 (1983) 

7. H.C.Illam1po, IlepeKpbIBaIOI.qHeCH ypoBHII II rHraHTCKHe pe::mHaHcbI. B c6. "Ilpo6rreMbI 

coBpeMeHHon .agepHon cpmmKH", M.,"HayKa", 1971, c.273-285 

8. II.IO.Ko6::3apeB, H.H.HnKorraeB, JI.E.OKyHh, .ll<I> 10, 864 (1969); H.IO.Ko6aapeB, 

MaTepHarrbI VII 3HMHen lllKOllbI JUI.ll<I>, 'l.2, JI., 298-312 (1972); 

9. J.S.Bell, J.Steinberger, Proc. of the Intern. Conf. on Elementary Particles, Oxford, 

(1965) 

10. B.JI.JI106oll!H~, Coo6r.qeHHe O11.llH, P2-5328, ,ll;y6Ha (1970); B.JI.JI106ollln~, 

MaTepllallbI XIX 3nMHen llJKOllbI JIH.ll<I>, 'l.1, JI., 33-97 (1984); 

11. M.Simonius, Nucl. Phys. A218, 53 (1974) 

Pyxoil.lICb IIOCTylIWUl B H3,D;aTCJibCKHH OT,D;eJI 
17 MapTa 1995 ro.zi;a. 

20 

'; 

'· 
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IlepeKphIBaIOm;HeCSI pe3oHaHCl>l B MHOI"OKaHaJihHhIX peaK[~IDIX 

vfayq~eTC51 npo6JieMa IlOCTpoeHH51. ymapHO~ S:-MaTpH~hl "B CJiyllae He-:-. 
.. CKOJil>KHX _ nepeKpb1BaIOm;HXC51 pe30HaHCOB C 0,AHHaKOBhlMH . KBaHTOBhlMH 
'IHCJl<lMH, Tairnx, 'ITO IER .:... ER f ~ I' R + I' R. PaccMaTpHBaeTC51'B03MO)K.:. 

' . , • I 2 I ' 2 , 

,. 
1 HOCTI> HHTepnpe-ra~liH Ha ocHoBe qx>pMyJI THna BpeiiTa - BHraepa c~eCTBy

iom;Hx MeTO,AOB pa6oThl C nepe1<p1>rnarom;HMHC51 pe30HaHCaMH. 
'l • ' 

. ' Pa601;a BhlilOJIHeHa B Jia6opaTOpHH TeopeTH'leCKOH q>H3HKH HM. ·H.H.Boro~ 
JI1060Ba OH.s:£11. 

i' 

C~o6r.qe11He Q!h,e,o;HHe~Horo HH~THTYT~ llJlepHbIX HcCJie]loBaHHii. ,lzy6Ha, 1995 · 

:Henner V.K;, Belozerova T.S. . .-
Overlapping Re~onances in Multichannel Reactions 

' ,,' ·;,' 

P4'.'"95-114 

. 'The pr~blem of constructing the unitarity S-matrix for.the overlapping 
resonances with' the- ' same quantum -number, I ' 'such as 
I ER ,.:... ER I ~r R + I' R is discussed. The interpretation with the help of the 

•. · I 2 • I· 2 · . ' . · , ' · · ' 

Breit - Wigner typ~ formulae of the' existing methods of working ~th 
overlapping resonances h.as bee~ studied.' · 

The .investigation has been perfohned at the Bogoliubov Laboratory of 
Theoret~calPhysics, JINR . ' .. . . 
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