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Macchi H KOHCTaHThl JiempHiihlx pacna~oiJ ~i:e3ottoii H Hx paAHaJihHO.Bo36y)KAeH-· 
HhlX. C:OCT051HIIH. IloJiyqeJihl qnCJieHHble pemeHH51 ypaBHeHHH lliBHHrepa---: 
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B I1ocJie;i1.uee npeM.H ;i1.ocTnrHyT oHa"<IHTeJII>HhlH ~porpecc 

B ClICTeMaTJIKe MCOOHOB C TIOMOII1,l>IO TIOTCHTI;H«lJII>HhlX MQ

)];CJICH, 6rrar6;a,ap.H TeopeTIIKo-noneBoi. cpopMynnpoBKe no

Tem:i;naJII>HOH Mop;eJin ua OCHOBaHHH 0<fl<fleKTllBHOro raMHJib

TOHHaHa. KX,IJ, [1-3]. B TaKon KX,IJ, - HHCTIHpHpoBa.HHOH 

TIOTeHn;HaHhHOH MO)];CJIH MeoOH OTIHChlBa.eTc.H no aHaJIOr:EIH 

c aTOMOM B K8,Il,, r;a,e CB.HOaHHOe COCTO.HH.He o6ycJIOBJieHo 

CTaTH"'IeCKHM (KYJIOHOBCKHM) BOaHMoµ;eii:CTBHCM. ,Il,JI.H oa

;a,a"tJII CTICKTpOCKOTIHH MeoOHOB n TaKOM noµ;xoµ;e 61>m HC

IlOJihOOBaH 0cpcpeKTHBHbIH ra.MHJibTOHHaH KX)]; B xynoHo-:

BCKOH KaJIH6pOBKe, HHTerpnpoBaJIHhlH no f P:IOOHHhlM CTe

TICHllM' CB060)];hl,· KOTOphlH co;a,ep.1KHT qeThlpCXKBapKOBOe 
• 

BOaHMO)];CHCTBHe C q>eHOMCHOJIOfIPICCKHM IlOTCHD;HaJIOM. 

KX,IJ, - HHCTIHpHponaHHaH TIOTCHTI;HaJibHa.H MO}J;CJib B 06-
Jia.CTH T.R)KCJibIX KBapKOB rrepexo;a,HT B HepeJI.HTHBHCTCKYIO 

JIOTCHIJ;HaJibHYIO MO)];CJib C ypaBHCHHeM IIlpep;HHrepa )];JI.H 

KBapKOHHCB (MeOOHOB).,B o6JiaCTH )KC JierKHX KBapKOB MO

ACJib npHBOAHT K cncTeMe ypanHennii Illn:e:Hrepa - )];aii.

coHa (Ill)].) ;a,rr.H co6cTBeHHOH 0HeprHH xnapKa H BeTe -

CaJirrHTepa (BC) µ;JI.H crreKTpa CB.HOaHHI>IX cocTO.SIHHH xnap

KOB.. I~eHTpaJihHOH npo6JieMOH B 9TOM noµ;xo;a,e .SIBJI.SieTc.H 

onpep;eJieHHe Bllµ;a IlOTCHIJ;HaJia, IlOOBOJI.HIOlllCfO ep;HHhlM 06-
panoM orrncaTb cneKTpbI BCCX MCOOHOB KaK CB.SIOaHHbIC CO-:

CTO.HHH.H KBapxa lI. aHTHKBapKa. 

B pa6oTax [1-3] 6hlJlo noxaoaHo,.-q:To.KX)J;,- HHcnnpH

pona1rnaJI IlOTCHIJ;HaJibHaH MO)];eJib )];JI.H 6eoMaCCOBbIX KBap

KOB C KlipaJihHO lIHBapnaHTHLIM cpeHOMeHOJIOfH"'IeCKHM no

TCHIJ;Ha.JIOM, orrpeµ;eJICHHLIM Hl3 crreKTpOCKOIIHH TJDKeJil>IX 

i a~-.,~:.r.; .... l.n 1rn:rneyr ! 
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KBapKOHHeB B npe}:\en:e OOilhIIlHX. paCCTO.HHHH, npHBO}l;HT K 

CilOHTaiIHOMY HapymeHHIO KHpaJibHOH CHMMeTpHH. B paM

iax 0TOH MOAeJIH B npn6nH2KCHHH rapMOHH'IeCKoro ocn;nn

lliITOpa AJI.H noTenn;nana. ( KaK 6011:ee npocTo~, 11eM npn-

6rrn2Kenne "pearrncTn11noro" JIHHeHHO pacTyrn_ero noTeH

n;narra) 6hlJI Bocnpom:rnep;eH rnnpoxili cneKTp rrerxnx Me

oonoB, B TOM 11ncrre ( 7r - p) - pacmenneHne 6eo 11,06aBn:enn.n 
B IIOTeHIJ;HaJI 'IJieHa CIIHH-CilHHOBOro BOct.HMOp;eicTBIDI [2]. 
B TO )Ke BpeM.H, AJI.H xoncTaHThl neIITOHHoro pacrraAa (/7f) 
0Ta Mop;em, AaeT peoym,TaT OHa.'IHTCJlbHO HH2Ke, 'tJCM OKC
nepnMeHTaJII,HOe ona-qenne. IIonhlTKn rroµ;1rnTh ::maqeHne 

J,r AO 0KcrrepnMeHTaJihHOro oa. C"tJeT Bl3aHMOp;eHCTBIDI Ha 

MaJihlX paCCTO.RHIDI.X C IlOMomhIO KYJIOHO~CKoro IlOTCHIJ;H

a.na a KOHe'IHOH Ma.CCbI TOKOBbIX KBapKOB (3,4] He HMCJIH 

ycrrexa. 

,Urr.a Bocrrpomrneµ;eHH.H 0KCIIepnMeHTaJibHOl'O OHa.1IeHH.H 

f1f B pa.6oTaX [5,6] npeAJIO2KCHa MOAH<f>HKaUIDI ypaBHCHIDI. 

Ill,U. 0Ha naKrr10qa.eTcJI BO nneµ;em1n B ypaBHeHne III,U 
HeKOTOPOH cpyHKIJ;lIH, )'gOBJieTBOp.snom;eii <f>mrn:-crecKHM rpa

HH'tfHhlM YCJIOBIDIM oaµ;a-crn. Thannoii n;emo Taxo:n: Moµ;n<f>n

Kannn .B.BJI.B.eTCJI cooµ;aHHe TeopeTH'ICCKoro HHCTpyMeHTa 

,:vrn: eµ;nHoro Ka'leCTBeHHoro orrncamrn crreKTpa H KOHCTa.HT 
JieITTOHHhIX pacnaµ.on Bcex Met30HOB, B TOM 1:rncne ITHOHa. 

Ha rrpnMepe rroTeHn;naJia raycca n rapMoHn-crecKoro ocn;nrr

JI.B.Topa aBTOpaMH 0TllX pa6oT 6hIJIO rroxauaHO, 'ITO nyTeM 

BBeµ;emm B ypanueHHe III,Il <f>ynKn;ni BhPIHTann.a MO)KHO 

µ;o6HThC.B. oµ;HoBpeMeHHoro nocrrpmmnep;enIDI IncrrepaMen

TaJihHhlX OHa'leHHil MaCChl ll KOHCTaHThl JICIITOHHOrO pac

rra~a IlHOHa. TaKoe e]),HHOe onncaHHe CTieKTpa H KOHCTa.HT 

2 

r-

pacnaµ;a µ;pyrHX rrceBp;OCKan.HpH:bIX MeOOHOB H BX .. paµ;n

aJihHhlX B006y2KgeHHH 6hlno rrorry-cieHO B CJiy'lae OCD;HJIIl.B.
TOpHoro, rroTenn;nana[ 6J ~ 

UenhIO HacTOJIIUeii pa6oThI .HBJI.HeTc.a onncaHne crrex-
" .~ . .. 

Tpa H KOHCTa.HT JieTITOHHhlX pacrraµ;oB MeOOHOB H HX pa-

µ;naJihHhlX Boo6y2Kp;eHHH c HCIIOllhOOBaHHeM MOAH<l>HK~lIH 

ypa.nHeHH.H III,Il., npeµ;nmKeHHhlH B [6J, · n µ;o6aimeHneM x 

OCD;HJIJI.HTOpHOMY IIOTeHI{HaJIY KyttOHOBCKoro BOaHMoµ;eii
CTBH.H. · 

Pa6oTa no·no)KeHa cneµ;yIOIIJ;HM o6paooM; B paoµ;erre 2 
I 

c<f>opMyrrnpoBaHa Kpaenaa oap;a.-cra p;m1 ypa.Biieiucii ill,Il. :n 
OIIHCaHa CXeMa MOp;H<f>HKa.IJ;HH 0'l'Oi'O ypa:aHeHH.8 c· IIOTeH

UHaJIOM rapMOHH'leCKoro OCUHJIJI.HTopa H Kyrrdno:ecxoro BOa

HMoµ;eiicTBH.H. B pa.op;ene 3 HOJIOtKeHa K{Jc;teBas: oap;a11a µ;IDI 

ypaBHemrn BC p;mi: rrceBµ;ocKarr.HpHI.IX, .~eKTOpHI.IX, aKCH-. . . 

aJII,HO - BeKTOpHbIX H CKaJI.B.pHhlX MeOOHOB n YCJIOBHe Hop- . 

MHpOBKH co6cTBeHHhIX <pyHKIJ;HH ypaBHenH.B., a TaK2Ke µ;aHo 

orrpep;erreHHe KOHCTa.HThI JieIITOHHoro pacrrap;a MOOOHOB. B 
paoµ;eJie 4 aHaJIHonpyeTc.a rrorry;qeHHMe "tJ:HCJieHHI.Ie peoyJI1>

TaThI. IpoMOO;rJ;KHe <f>opMyJII,I IIpHBep;eHhl B IIpHJIO.>KeHHB 
A. 

2. Ypaeaeaue illeuarep1:l - ,O:aiicpaa 

OcuoBHhle norro.>KeH:rui: n_ ypaBH~HH.B. KXA -~ .. HHCTIHpn
poBaHHOH IIOTeHI{HaH:bHOH MOµ;e.JIH rrop;po6Ho HOJIO)KeHI,I B 

(1-3,7]. II00TOMY B HacTo.amei pa6oTe IIpJIB01);HM TOJII,KO 

Te <f>opMyJihl, .KOTOp.bie 6yµ;yT HCilOil:bOOBaHI,I µ;rr.a pemeHH.B. 

--paccMaTpHBaeMOH npo6JieMhl • .YpaBHenne -ill,IJ; •µ;rr.a IlpOHO

BOJihHOro IIOTeHn;narra MO.>KHO Ilpf!ACTa.BHTI, B. CJie}:\yro~eM 
. . . ;,- . 
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Bll)W [7]: 

E(p) sin<p(p) = 1nn + ½ J (~Jir~ V(jp -.qi! sin <p( q) 

E(p)cos <p(p) = p + ½ J (~:7.V(jp - qj)( cos<p(q), 

I 

(1) 

rAe HHTerpHpOBaHHe BeAeTCJI B TpexMepHOM npocTpaH

CTBe KOOPAHHaT HMnym.ca q, ( = ft4,' ft, p/lpl; m0 - TOKO-

Baa Macca KBapxa, oaBHCHMOCTbIO OT BMilYJibCa KOTOpoii 

rrpeHe6peraeTC1I: :C11cTeMa ypaBHeH11ii pemaeTCJI OTHOCH

Tem,Ho cpyHKD;HH <p(p) H 0HeprHH KBapxa E(p) KaK cpyH

XD;}!H, oannCJim;nx Ton1>xo OT p = IPI-
IloCJie BHTerpnponaHn.a no yrnaM dnq ypaBHeHne ( 1) 

npBHBMaeT BBµ; 

rµ;e 

· E(p)sincp(p) =mo+ ½I1(P), 
E(p) cos cp(p) = p + ½I2(P ), 

Ii(P) = J dq\li(p,q)sin<p(q), 
l2(P) = J dql12(P, q) cos <p(q), 

Vi (p, q) = (2q:)3 J dnq V(IP - qi), 
½(p, q) = dz;)l J dnq V(IP - qj)e. 

(2) 

(3) 

(4) 

,UJJ.H pemeHBJI CHCTCMl,1 ypaBHCHHH (2) mo6HO ee npH-

BeCTH K CJieAYfOII.(CMY BBAY= 

2mo cos cp(p ).- 2p sin <p(p) + / 1 (p) cos cp(p) - I2(p) sincp(p) = O, (5) 

E(p) = ( m0 + ½11(p)) sincp(p) + (p + ½l2(p)) cos cp(p). (6) · 

4 

J. 

PemeiIH.S 0THX "ypanHeH'mi.oaBJICJI~ oi .H~HO~O BHJla no-
s•: ;.,• •-f 1 j ' ', 

TeHn;Harra H rpaHH"'IHLIX ycJmBmi. B HacTmnn;eii pa6oTe He- · 

IlOII.hlJ yeTCJI cneµ;y10m;nii ~HA IlOTeHn;nana [2,3]: . . 

4 ( ·· 47ra ) · V(jp- qi)= -3 (21r)3Vii~q.i3(p- q) + I . 8 2 , 
. . •· ·,p-qj 

(7) 

rµ;e . Vo n as - nocTOJIHHbie ocn;mm.aTopHoro H xynoHO: 

ncxoro BoanMoAeiicTBB.H, cooTBeTCTBeHHO. IlpeAnonaraeTCJI, 

, qTo OHH He UaBHCJIT OT IlOllHOI'O HMJiym,ca (p +"q); .IJ;BeTa 

H apoMa.Ta KBapxa. 

C yqeTOM ( 7) ypanHemie ( 5) nepenHmeM B CJie,qy101neM 

BB}l;e: 

F= Ft +F2 = 0, (8) 

rµ;e 

p1 = cp11 (p) + ~cp' (p) + sin•2;(p) . + 2m0 cos cp(p) - 2p sin <p(p ), ( 9) 
p p 

r1w 

F 2 = l 1(p)cos<p(p)- l2sinip(p), ··· · (10) 

Ii(P) ~ J dq;Vi (p,q)sincp(q), 
, I2(P) - J dqiv;(p, q)coscp(q), . (11) 

JIBH.hlii BB~ <PYHKIJ;Hii Vi(p,q) n ll2(p,q) npHBegeH B rrpmm-

2.KeHBH A. HcKoMaJI cpyHKllBJI <p(p) moBneTBop.HeT CJiegy

IOIIJ.BM rpaHnqHI,IM YCJIOBIDIM: 

cp(O) = rr 
') ' J.J 

111,6 
ip(p) p=:+0:: jp2 + ~o2 • 

5 
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Ka.x IIOBeCTHO, ypa.imenm1 C ocn:mm.HTOpHhlM IlOTenn:11-

aJiaM He IIMeIOT pacxop;IIMOCTen:, Torµ;a KaK KJJIOHOBCKIIR 

IlOTen:a;11arr npHBO1).IIT K yep - pacXO1).IIMOCT.HM. )].JI.H ycTpa

HeHH.H 0TIIX paCXOJ];IIMOCTeH 06bilJHO IICTIOJibOyeTCJI nep-
~j 

Typ6aTIIBHhlH MeToµ; peryII.Hpmmn:1111, corrracH0 K0T0p0MY 

B ypaBHeHne BBOJ];.HTC.H BeJilllJHHhl, COKp~a10ru.ne pacxo

}J;IIM0CTII B rrpe.a;erre 6ecKOHelJHO 6om>IIIIIX ona:qennn: HM-

. nyrr1,ca KBapxa (p - oo ). 

.B .a;am~oii pa6oTe ypaBHeHH.H ill)]. Moµ,11cf>11n:11pyeM crre

AYIOllI.HM o6paooM: 

rµ;e 

l1(p)-. l1(P)-I11(P), 
l2(P)-. l2(P)- l22(P), 

(13) 

I11(p)= 08 -fdqVi(p,q)J mo , (14) 
7r .mo2 + q2 

I22(P) = as f dq½,(p,q) J q + pexp(-up); (15) 
. 7r mo2 + q2 

r11.e u - cB0601J.H1>1ii napaMeTp. cI>yHKD;H.H 111 (p) 11 nepBoe 

cnaraeMoe cf>ynxn:1111 h 2(p} BBeµ;eHhl AJIJI ycTpaneHH.H Y <P -
pacxoµ;11MoeTeii. 

Pemenmr xpaeBoii oaµ;aq11 p;JIJI ypaBHeHmr ffiA oaBIICj{T 

OT napaMeTp0B mo, Vo,a u O". 8TH napaMeTphl <pHKCHpy

IDTCll IIyTeM <f>11T11p,0BaHHjl co6cTBeHHhlX OHalJeHHii ypa

BHeHHjl BC K 0xenep11MeHTaJII,HbIM OHalJeHIUIM Mace oeHO

BHI.IX cocTO.HHHH MeooH0B. Bee oeTaJII.HI.ie <f>11011qeeKHe 

BeJilllJHHI,I (KOHCTaHThl JieJITOHH.bIX paenap;oB rrceB.a;ocKa

illlpH.blX MeGOHOB, MaCCI,I pap;HaJII,HO B006y2Kp;eHH.bIX co
CTO.HHHH MefJOHOB H T .n.) .HBJIJIIOTCJl BbllJHCJI.HeMI,IMH, T .e. 

rrpeµ;cxaoaHIDIMH MOJ];eJIH. 

6 

3. YpaBHeHHe BeTe - CannHTepa 

YpaBHeH11e BC c rroTeHIJ;HaJI0M f_ 7) .;r~JI.H rrceBµ;ocxaJI.Hp-
. . 

HhlX, BeXTOpHhlX, CKarulpHhlX II a.KCH~HO - BeKTOPHhlX . . 

MeD0H0B M0JKH0 0aJIHcaTh B CJieµ;yiom;eM BHµ;e: 

x"(p) + W1(P)X(P) + Mx(p) + fo00 

dqW2(p,q)x(q) = 0,(16) 

rµ;e x(p) - BeKTop, a M, Wi(P) H W2(p,q) - MaTpnn;1,1, .HB

HI.ni: BRA K0T0pLIX rrpHB~eH B IlpmroxeHHH A. Ben11<11u1:i.r 

x(P) H Af C00TBeTCTBYIOT B0llH0BLIM <pyHKD;UM H MacCaM 

MOOOHOB. 

. MaTplPIHOe ypaBHeHHe ( 16) YJJ;OBJieTBOp.HeT CJieµ;yIO[D;HM 

rpaHIPIHbIM YCJIOBIDIM H YCJIOBHJO HOpMHpOBKH: 

x(o) _.: x(oo)·= o; 

{X) dpxT(p )x(p) = 1. 
.,,o 

(17) 

(18) 

OIIHca.HHe MeD0H0B xax CB.H0aJIHhlX COCTO.HHHH rraphl 

KBapK - aJITHKBapK CB0AHTCJI K pemeHHIO xpaeBoii aaµ;alJH 

,D;illl CIICTeM HHTerpo-µ;11<p<flepeHD;HaJil>HhlX ypasHeHJm: (16) 
c rpaJIH-q]IfilM1l YCJI0BJHMH (17) n YCJI0BHeM H0pMHp0B:KH 

(18). . , 

· · Hcrrom,oy.H pemen:w1 0Toii oa;qalJH, M0lKH0 BhllJHCJillTI> 

X0HCTa.HT.bl JICJIT0HHhlX pacrra;qoB rrceBµ;ocxan.HpH.bIX Meoo-

H0B · cornacim rnero110m;ei <popMyrre [7J: . 
FM= 4J:c (

2
~)3 ✓-iir fo00 

dpU2°(p)sin('P1
; "'

2) (19) 

r1J.e U2°(p) - KOMilOHCHTa BOJIHOBOH cpyn.KD;HH rrceBTJ.OCKa

mq>Horo MeooHa (cM. Ilpmro.>K~HHe A). 
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4. 1IHCJICHHbIC peoyJI&TaTbl H oaKJIIO'qCHHC 

PeIIIeHIDI Mop;mfnrn;npoBairnoro ypairneHIDI III,[( c BbI

qnTaHHeM (13) n ypaBHeHIDI BC rronyqeHbI c rroMorn.1,10 

qncneHHoro MeTop;a HAMH [8]. 
TO"'IHOCTL rrorryqeHHOro peIIIeHH.H C IIOMOIIJ.I,IO paoHOCT

HOH cxeMLI nccnep;oBa.Ha rryTeM pacqeToB Ha rrocne~oBa

Terr1,ttocTH cr~aIOIIJ.HXC.H ceTOK. IlpoBOJ];.H "'IliCJieHHhie OKC

rrepnMeHThl Ha Tpex cryrn.arom,nxC.H ceTxax, y6e;a,nrrnc1, B 

CXO}J;HMOC'l'H paoHOCTHhlX peIIIeHHH. 

3Ha"tfeHn.H rrapaMeTpOB ( m.0 , Vo, as H ('f) 6hlJIH orrpeµ;e

JieH1>1 rryTeM q>HTnpoBaHIDI co6CTBeHHhIX OHa"tfeHHH ypa

BHeHHJI ECK ax~rrepnMeHT~bHbIM OHaqeHH.HM Mace Meoo

HOB. Ha.Hrry:qmee q>HTHpOBaHHe J];OCTHrHyTo rrpn CJiegy10-

IqB:X OHa"tfeHH.HX napaMeTpOB: 

Vo= 505 M0B; Os= 0.2; ('f = 220 M0B- 1
~ 

mo .. ,d = 2.6 M0B; m0, = 73 M0B; 

m 0,, = 1237 M0B; m 06 = 4681MaB. 

3TH 13Ha"tfeHH.H napa.M.eTpOB HeoHa"'!HTeJibHO 'oTJIH"'IaIOTC.H 

OT 13Ha"tfeHlrii,norryqeHHhlX B crryqae "'IHCTO OCD;HJIJI.HTOp

Horo noTenn;narra [6J. 
Ha pncyHxax 1 - 2 rrpep;cTaBrreHbI perneHIDI ypaBHeHH.H 

EC Ha co6cTBeHHhle q>yHxn;nn U1°(p) n U/(p), cooTBeT~ 

cTByromne BOJIHOBhIM <f>YHKD;H.HM 7f, K, D H B MeooHoB. 

. YpaBHeHne BC HMeeT Tau1<:e yorroBhie perneHH.H, KOTO

p1,ie OT02Kp;eCTBJI.HIOTC.H pap;HaJibHO Boo6y2Kµ;eHHhIMH co

CTOJIHH.HMH MeOOHOB. Crre,o;yeT ?TMeTHTh, qTo perneHH.H 

-J:VUI 0THX COCTOHHHH orrpeµ;errHIOTCH TeMH )Ke rrapa.MeTpa.MH, 
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...... , ... 

t 

! ' 

' 

" KOTOpnie BXO;IJ..HT B pemeHH.H ;a;rr.a OCHOBHhlX COCT051HHH Me-

OOHOB. KpHBbie co6CTBeHHbIX <PYHKII;HH }J;JI.H nepBhIX pap;n- . 

aJihHO noo6y21<~eHHhIX cocTo.HHni -:r-, K-, D- n B- Meoo

HOB noo6paJKCHbl Ha pIICYHKax 3 - 4. 
CoficTBeHHbie r.rnaqeHH.H ypairnettn.a EC H KOHCTaHThl 

neJITOHHhIX pacrra;a;oB MeOOHOB H HX pap;HaJibHO Boo6y2Kp;eH

HhlX COCTO.HHHH rrpnBcp;eHhl B Ta6nnn.ax 1-5. 
Uu Ta6JIHIJ, BHJ];HO, qTo TeopeTHqecKHe OIJ,eHKH Ma.cc pa-

- u 
J];liaJibHO BOooy2Kp;eHHhlX COCTO.HHHli Ta.K 2Ke, Ka.K B cny-
qa.e qncTO OCIJ,li1IJI.HTOpHoro. IIOTCHD;lia.Jia., rrpHMepHO B 1,.5 

paua npeBI,IIIIa.IOT HOBeCTHbie OKCIJepHMeHTaJibHhle OHaqe

Hli.H [9]. 0AHaKo, CJieAyeT OTMeTHTb,"ITO OIJ,eHKa AJI.H MaCCbI 

pagna.JlbHOl'O Boo6y2KgeHH.H IIHOHa OJIHOKa K Hep;aBHeMy 0KC

rrepaMeHTaJibHOMY peoym,Ta.Ty, rrorry11eHHOMY B [10). Boo
MO)KHO, 6oJiee TOqHoe OIIHCaHHe crreKTpa MeOOHOB qorry

"IHTC.H C HCilOJibOOBaHHeM BMeCTO OCIJ;HJIJI.HTOpHoro JIHHCHHO 

pacTymero IlOTCHilHaJia H 6erymen: KOHCTaHTbl CB.HUH Ky

JIOHOBCKOro ITOTCHUHaJTa C COOTBCTCTBYIOIUHM BbitiopoM 

cxeMbl peryJI.HpnoaIJ,HH. Ha TaKyIO BOOM02KHOCTb, B qa

CTHOCTH, yKaobIBaeT pa6oTa (llj, q:~e c IIOMOIII.hIO ypa

BHCHH.H CarrrrnTepa OIIHCaH crreKTp Bcex MCOOHOB. oa HC

KJIIO"ICHIIeM IlHOHa H KaoHa. MMeHHO )1JUI HTlIX MefJOHOB 

cyiqeCTBCH BqJqJeKT CfIOHTaHHOro HapymeHH.H KHpaJibHOH 

CHMMCTpnn, AJI.H y"tJeTa KOTOpoii BMeCTe C ypaBHeHHeM 

CarrnnTepa Ha~o pelllaTh ypaBHeHHll m.IJ:. 8TH IIp06JieMhl 

.srnJUiioTC.H rrpep;MeToM Harnnx p;an:hHeiiumx nccne.a;oaaHnii:. 

ABTop1,1 6rraroµ;ap.HT A.M. 3aiin;eBa, H.B. IIyo1,rnnHa, 

8.A . .Kypaeea, T.II. IlyohlHHHY, E.B. 3eMJUIHYIO n 

T.A. CTpmK oa rrorreon1,1e 06cy2K;rt;eHH.H. 
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Puc. 1. PcmcHllJI ypanucmm BC ua coGcrncuuuc <l>YHKUUII U1(p): 

a).n;JIH 71"-Meaoua; b ).n;JIJI K- Mcaoua; c ).n;JIJI D-Meaoua II d) JI.JIH B

Meaoua. 
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PIIc. 2. PemeruIJI ypanuemm BC Ha co6cTDeHHLie <pymw;1rn U2(p): 

a).n;JIH 71"-Meaoua; b ).n;JIJI J(.;..Mcaoua; c).n;JIJI D-Meaona II cl) JI.JIJI B

Meaoua. 
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Puc. 3. 0JI.HOY3JIODLie pcmemrn ypanuemrn BC U1(p): a).n;IDI 71"

Meaona; b ).n;JIH A:..Meaoua; c ).n;JIJI D-Meaoua II d) .n;JIH .B-Meaona. 
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Puc. 4. OJI.HoyaJioBLie pememrn ypanHeHllJI BC U2(p): a).n;JIJI 71"

Meaona; b).n;JIJI K-Meaoua; c).n;JIJI D-Meaoua u cl) JI.JIJI .8--Meaoua. 
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Ta611n.u;a 1. 3mtlJCHIIH M<ICC llCCBLlOCKaJIJipHI.IX MC30H0B II IIX 

pa.n.naJJ.bUO no:16y1tt/lCIIULIX COCTOIIUUtt i B iblJ) 

CBH3annoe Ocnonnoe 1-oe pa,nnaJibII0e 2-oe pa.Lniamnoe 
C0CTOHHHC COCTOHHHC · no36y1K,ue1me no36y1R,ZJ.enne 

Te0pHJI 3RCU. Teopnn 3RCII, Teopnn 3RCII. 
7f 138 138 2093 1300 337.5 1770 
J( 493 4H3 2158 1460 3418 1830 
D 1869 186fJ 3054 4144 
D, 1900 1968 3086 4170 

B 5270 . 5270 6W5 7216 

B:i · 5295 6321 7238 

Be ·6207 70-15 7847 

Ta6mn:i;a 2. Macc1,1 cRaJIJipHLIX (o+)-Me3onon II IIX pa,D,IIam,

HLIX no36ylli,ll;eHIIii (n M3B) 

CDJI3aHnoe Ocnonnoe 1-oc pa,unaJILHoc 2-oe pa.D.Ham,noc 

C0CT0JIHIIC C0CT0JIHIIe no36ylli,ll;eHne no36ylli,ll;eHne 

Te0pIDI 3RCII. TeopIDI 3RCII. TC0pIDI 3RCII. 

ao 1029 980 2516 3748 

Iq 1119 1350 2577 1430. 3796 1950 

Do 2231 2440 3420 4498 

n:o 2301 3480 4550 

Bo 5589 6601 7511 

B;o 5651 6654 7557 

B:o 6606 7430 , 8223 

12 
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Ta6nnu:a 3. MaccLI a1<c1rnJILHo-nc1<Topm,1x (1 + )-MeJonon II nx 

pa,D,IIaJILHLIX no36y1R,ZJ.eH11ii ( n l'vfaB) 
--

CnnJaHHoe OcHon11oc 1-oc pa.nuaJILIIoc 2-oc pa,z:urnm,noe 

C0CT0JIHHC C0CT0JIHHC DOJ6y}l{J].eHHC no36ym.n.emie 

Teopnn :;men. Teopnn 3RCII. TC0pIDI 3RCII. 

a1 1317 1260 2696 3887 

K1 1369 1270 2739 1400 3922 1650 

D1 2398 2420 3544 4599 

Ds1 2432 2536 3578 4630 

B1 5744 6712 7603 

Bs1 5772 6743 7630 

Bc1 6624 7448 8240 

Xbl 9843 9890 10480 10255 11110 

Ta6JIHu:a 4. MaccLI ncRrnpm,1x ( 1 -)-MeJoHon n nx pa.D.IIaJILHhlX 

noa6ylli,ll;ennii: ( n M3B) 

Cnn3aHHoe Ocnonnoc 1-oc pa.nuaJILHoe 2-oe pa,LUiam,noc 

C0CT0JIHIIC C0CT0JIHIIC no36ym.n.enne noa6ym.n.enne 

TeopIDI 3RCII. Te0pIDI 3RCII. TeopIDI 3RCII. 

p 770 770 1665 1450 2229 1700 

J(* 822 892 1722 1410 2259 1680 

D* 1911 2010 2694 3060 

D* 
8 

1942 · 2110 2729 3090 

"J/\JJ 2933 3097 3543 3685 3861 3770 

B* 5310 5325 5978 6292 

B* s 5336 6005 6317 

B* 
C 

6260 6873 7024 

T 9550 9460 10023 10355 

13. 



Tafi.rnma 5. KoHCTaHTI,1 JiellTOHlll,lX pacnru:i:oB nce~oora.mrpHblx 

(0-)-Me:JOHOB H HX paJU{aJibHlil B036~eimii (B M3B} 

ICoecraHTa .l(M ornnnnor o /{m1 1-rn pa;uJam.uoro ,[{JIii 2-ro pa}laaru.eorc 

pacnaJ{a COCIOJIUHR sooGyH<.neHHJI Bo:roylRJ{eHBJI 

TeOpHR 3KCII. Teopus 311:CII. TOOpHH 3llCU. 

f,, 131 132 1.5 l 

fK 169 166 22 13 

lo 330 <310 22.'i 177 

Iv. 360 237 187 

lo 268 277 309 

In. 111,7 299 316 

lo~ 432 ·167 405 

IlpuJio.meuue A 

Maxpmu;c Wi(p), W2(p,q), M, H neKTOp x(p) KMeIOT CJie)zyl<>nom. 

BUA: 

1) JI)II{ nceUAOCKaIDipHI,IX MC30HOB 

Wi(p) = ( Wu(p) o ) ;· 
0 l¥12CP) 

W2(p,q) = ( W21(p,q) 0 ) ; 
O · W22(p,q) 

14 

:~ 

M=(OM)· 
M O ' 

( 
Uf(p)) 

x(p) = U~(p) ' 

r.n;e UP(p), U~(p) II M - B0JIH0BLie cpynl{l{IIII II Macca ncen.n;ocRaJIJip

noro Me3ona, C00TBeTCTDeHH0j 

W(g)(P) = -{ Et(P) + [t9'1(P) =t= t9;(p)]
2 

+ : 2 (s:)
2
}; 

WGD = Vi(p,q)c;c; + Vi(p,q)s;s;. 

2) ,n;JIJI CRaJIJipHhlX Me30H0B 

Wi(p) = ( Wu(P) 0 ) ; 
0 vVi2(P) 

TXT( )-(W21(p,q) 0 ··)· ""2 p,q - ' 
0 W22(P, q) 

M-(! ~} 
\' 

( 
uY(P)) 

x(p) = ug(p) ' 

r.n;e aY (p), ag (p) IIJ\.f - noJIH0BLie cpynl{l{IIII II Macca cRaJIJipHux Me

aonon, cooTneTcTnenno; 

Wcm(p) = -{ Et(P) + [t9~(p) ± t9;(p)]2 + :2 (~)2}; 

15 



W(~D = ½(p,q)c;c; + Vi(p,q)s;s;, 

3) wrn aKCHaJlhHO-BeKTOpHbIX Me30HOB 

W11 P ; 
( 

. (') 0 ) 
W1(P) = 0 ' lffi2(P) 

W21(p,q ; 
W,(p, q) = ( o W,,(p, q) 

) 0 ' ) 

if= ( o 111). 
lvl O , 

( 
a}(p) ) 

x(p) = aHp) , 

ri::i;e a! (p)' a;(P) H M - BOJIHOBhle <ilYHKD.HH 

TOpHoro Me3oHa, COOTDeTCTDeHHo; 

II Macca aKcIIam.Ho - neK-

wcm(p) = -{ Et(p) + [t?~(p) =i= t?;(p)J2 + :2}; 

WGD = ½(p,q)c;c; + ½(p,q)s;s;, 

4) ll,JIJI BeKTOpHLIX Me30HOD 

Wu(P) 0 fV15(p) 0 

A I 0 W12(p) 0 W15(p) 
W1(p) = 

W13(p) 
-=-·, 

W15(p) 0 ·o 
o. W15(p) 0 W14(p) 

16 

- _,,,,_ "'"~....,;~~--·· - . ----:-;:;.:,~ 

lV21(P, q) 0 W25(p,q) 0 

A I 0 W2(P, q) = ,• H'22(JJ, q) 0 fV26(p,q) 

H125(p,q) 0 H123(p, q) 0 

0 W25(p, q) 0 lV24(p, q) 

0 

A I lvl M= 
0 

0 

x(p) = 

M 0 

0 0 

0 0 

0 M 

vl(p) 

vJ(p) 

o-i(p) 

o-J(p) 

r,[(e v!(P), v;(p) 11 M - BOJIHOBhle <IJyHKU:HH 

HOD, COOTDeTCTDeHHo; 

'\ 
0 

0 

M 
0 

II Macca DeKTOpHLIX Me30-

W(g)(P) = - { Et(P) + [t?~(p) =F t?;(p))2 + :2}; 

W(:!)(P) = -{ Et(P) + [t?~(p) ± t?;(p)]2 + :2 + :2 (c;)}; 
' , ( ) - 2v'2 + -. lV15 p - - 2-cP cP , 

p 

Wrn) = ½(p,q)c;c; + ½(p,q)s;s;; 

WGn = ¼(p, q)c;c; + ½(p, q)s;s;; 

Wrn) = -½(p, q)c;c;; 

17 



JIB:aHii DII)l <l>YHRUIIH ½(p, q) : 
' ' \, 

a 
·Vi(p,q) = -Qo(p,q), 

iT 
i ,, 
. 0: 

½(P, q) = -[AQo(JJ, q) -; 1], 
. 71" 

½(p, q) = 2:[(1 + A 2)Qo_(P, q) - A], 

¼(p,q) = A½(p,q), 

½;(p, q) = ; [(I - A2)Qo(JJ, q) + A], 
v21r 

r.zi:e 

Q ( ) : l Ip+ q I A JJ2 + q2 op,q=n--, =--
JJ - q 2pq 

\ 1 (7r ) C/ = cos(t71(p)±v2(JJ)], s/·'= siu(v1(p)±v2(p)], vG)(P) = 2 2 - 'PG)(P) 

E1 = e; + £ 2 ~ noJIHasi :meprnsi, 'PI, cp2 II E 1, £ 2 - pernettHSI ypaBHeHHSI 

III,n: .zi:mr RDapRa II aHTIIRDap&a,M - Macca CDJI3aHnoro cocToJIHIIJI. 
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