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0 MO,ll.EJH1 KBA311HE3AB11Cl1MhiX KBAPKOB 



§ 1. 

8 STOlt pa60Te Mbl 6yaeM paCCMSTpl!BSTb OaiiH 113 HSI!60nee ynpoiiieHHbiX Ba-

pi!SHTOB KBSpKOBOit MOaenll 6apHOHOB, ao II3BeCTHOit CTeneiru CXOaaoJt C o6ono-

'!e'JHOit MOaellbiO STOMHOI'O ro:tpa. 8MeCTO TOI'O, 'IT06bl paccMaTpi!BSTb aaaaqy 0 CBH-

3SHHbiX. COCTOHHIIHX CI!CTeMbl Tpex KBapKOB, HSXOaHIIIIIXCH B IIHTeHCIIBHOM B38HMOaeit

CTBHH apyr C apyi'OM, Mbl KSK.H B o6onO'!G'IHOit MOaenn Hapa.6yaeM C'IHTSTb B03-

MOlKHblM paCCMSTpiiBSTb KBSpKII B 6apl!OHe KSK HG38BHCHMbie 'ISCTI!llbl, aBHlKyiiiHeCH 

B HeKOTOpOM 'ycpeaHeHHOM' I!nH CSMOCOrnaCOBSHIIOM none. 

8 TSKOit CXeMe HMeGT CMb!Cn He TOnbKO BOnHOBSSI tflyHKllHH BCeit CHCTeMbl Tpex 

KBSpKOB, HO H HHaHBHayanbHbiG, OaHO'!aCTH'IHbie BOnHOBble tflyHKUHH KSJKllOI'O KBapKa. 

8Tn oaao'!aCTH'IHble sonaonble WHKUHH onl!Cb!BaroTCH o6bi'IHbiM ypanaeaHeM .D.11paKa 

anH '!aCTHUbl, aaxoaHIIIeitCH B HeKOTOpOM aaHHOM none. TaKI!M o6pa30M, aaecb KBap

KH, BXOaHIIIHe B COCTaB 6apHOHa, 3aHHMaiOT oaHO'ISCTH'IHble SHepreTH'!eCKHe ypOBHH, 

KaK STO HMeeT MGCTO ll B o6onO'!G'lHOll Moaen11 anSI OTaellbHbiX HyKnOHOB, o6pa3yiOIIIHX 

aTOMHOe MpO. 

Heo6xoaHMO, KOHG'IHO, noaqepKHyTb ll CyiiieCTBeHHble OTnH'IHSI OT o6onoqeqaoit 

MOaenn aTOMHOI'O ro:tpa. TaK KSK B. ro:tpe aaepi'Hll B3aHMOaeiiCTBHSI COCTaBnSIIOIIIHX ero 

ayKnoaoB Mana no cpanHeHHIO c HX co6cTneaaoii aaeprneii, o6ycnosneHHbiH naauMo

aeiiCTBHeM HyKnOHOB aetfleKT MaCCbl Man no cpanHeHI!IO C MaCCOH Slllpa. 8 cnyqae 

JKe paCCMaTpl!BaeMoit KBapKOBOH MOaenn 6apHOHOB Mbl C'IHTSeM Macey oaHOI'O KBap

Ka MHOI"O 60ilbWGH MSCCbl 6apl!OH8 ll aetfleKT. MSCCbl 6yaeT npaKTH'IeCKH paBeH CyM

MG Mace BCeX Tpex KBSpKOB (B CB06oaHOM COCTOSIHHH). 

Llanee, 'II!CnO KBapKOB ( Tpll) BpSill nn aocTaTO'IHO anSI TOI'O, 'ITOObl HMeno non

Hblit CMbtcn caMo noliHTHe 'ycpeilaeaaoro nonSI'. Eme oollbwee cymecTBeliHOe OT

nn'llle Bbi3biBaeTCSI TGM OOCTOHTenbCTBOM, 'ITO B paCCMS':'pHBaeMol!: MQ)lenH Oapno

IIOB )lnSI nony'leliHH npanHnbHblX peaynhTSTOB Haao OTKa38ThCSI J:tnH KBSpKOB OT npHH-
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UHna Oayn.11 .11· C'I.IITaTb, 'ITO ):10 Tpex JCBapKOB C OJ:IHHaKOBbiM Cni!HOM MOlKHO no

MeCTHTb Ha OJ:IHOM 9HepreTH'IeCKOM ypOBHe, T.e. HaM noTpe6yeTCS!, 'IT06bi BO/lHQ

Bast ljlyHKUliS! CI!CT9Mbl Tpex,. KBapKOB, o6paayromnx 6api!OH, 6bina 6bi He aHTIICI!M

M9Tpii'IHOl!, a CIIMMeTpii'IHOfi ljlyHKill!ell KBapKOBbiX nepeMeHHbiX: e-kE (Xk' Ak ,j k); k •·1,2,3 • .. 
3aecb x - npocTpaHCTBSHIIbie nepeMeHHbie, A - yunTapiibie, j - cnnHoBbie 

IIHJ:ISKCbl. 

3Ty ljlyuaaMeHTallbHyro TPYJ:tHOCTb MOlKHO o6oi1Tu pstJ:tOM cnoco6oB. YKalKeM 

aaecb, HanpuMep, Ha cneayromne J:tBe B03MOlKIIOCTH. 

I. CymecTByeT He oauH TpunneT KBapKoB, a Tpu TpHnneTa: 

(pa, na ,.\a); a ~1.2,3 

II paCCMaTpUBaeMbie 6api!OHbl COCTOS!T TO/lbKO 113 KBapKOB, npUIIa):{/lelKallli!X K paa

ili!'IliblM TpnnneTaM. Enaroaapg STOMy npOTUBOpS'II!e C npUII!lUnOM Oaynu He B03HI!Ka"' 

eT, U Bnonue J:tOnyCTUMO C'II!TaTb KBapKU ljlepMUOHBMI!. ,llefiCTBliTellbiiO, 'O):II!HaKOBble 

KBapKu' c oanHaKOBbiMII UHJ:teKcaMu (A, j) , nelKamne ua oauoM suepreTutrecKoM 

YPOBHe, B J:taHIIOl! CXeMe 6yayT pa3/lU'IlibiMU, OTIIU'IastCb MelKJ:ty co6ofi IIOBbiM KBaH-

TOBbiM 'IUCIIOM - HOMepOM TpunneTa a 
• 3TOT J:tOnOl1HUT9ilblibill UH.Q9KC a noa-

BOIIS!ST HaM TaKlKe paCCMaTpUBaTb BOIIHOBbla ljlyiiKilllll tP ( e- I' '
2

, '
3

) , CUMMST-

pU'IHbiS no OTIIOlllSIII!JO K (I , e-2, 'S. B CaMOM aene, B3S!B B Ka'ISCTBe nonHofi BO/l

HOBOH ljlyHKilUl! Bblp8lK9IIUe BUlla: 

fa a a l/J((I,(2,,3), 1, '2, 3 
B KOTOpOM f -. aHTUCUMMSTpU'IHblH TeH30p, nony'IUM ljlyHKilUJO, aHTUCUMMSTpU'IHYJO 

no OTHOlllSHUJO K nepeCTaHOBK8M nol1Hb!X CliCTSM nepeMSHHbiX: 

(ak,,k)a(ak,xk,Ak,Jk); k=l,2,3. 

Ha TaKoll nOJ:IXOJ:I K KBapKOBbiM MOJ:ISIIS!M 6binO BnepBbiS yKa3aHO B pa6oTe 

H.H. Eoronro6oBa, E.B. CTpyMUHCKoro, A.H. TaBxennaae "K Bonpocy o cocTaBHbiX 

Ill 
MO):ISIIS!X B TSOpl!U 9/lSMSHTapiiblX 'IaCTllll 1 

• 

2. CymeCTByeT TOilbKO OJ:IUII TpnnneT KBapKOB ( p, n, ,\) U OIIll S!BIIS!JOTCS! 

napaljlepMnoHaMn TpeTbero nopstaKa. 3Ta B03MOlKHOCTb BnepBbie 6bma noKaaaHa 
/2/ 0. fpna6eproM • 

C MaTaMaTli'ISCKOl! TO'IKll 3paHUS! o6e STU CX9Mbl IIM9JOT MHOI'O o6mero, TaK 

K3K KBaHTOBaS! aMnllUTy):la pOlKJ:teHHS! llill! YII.II'ITOlKeHUS! napaljlepMliOHa TpeTbei'O 

nopnaKa npeacTaBnneTcn cynepnoannneil cooTBeTCTByromnx aMnnnTyJ:t Tpex paan'IHbiX 
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¢epMHOHOB, TaKHM oopa30M1 OAHH TpanneT napa¢epMHOHOB B03HHKaeT H3 cynepU03H

UHH Tpex ¢epMHOHHbiX TpanneTOB, 

3aKaH'IHBaSI Oo~ee ODCylK.QOHHO np'HHSITOH MOAOnH oapHOHOB1 UOA'I9pKH9M1 'ITO B 

HaCTO~ee speMSI KsapKOBaSI MOAenh. SIBnSIOTCSI nonHOCTbro rnttOTOTH'IOCKOH H ee UOH

HOCTb 3aKnro'laeTCSI UOKa TOnbKO B TOX peaynbT8TDX1 KOTOpb!e MOlKHO nony'IHTb C 

ee UOMO~bro, 

TiepefiAeM Tenepb K nony'leanro TaKax pesynbTaTos1 yAennn ocoooe BHHManae 

onpenenenaro MarHHTHb!X MOMOIITOB oapHOIIOB H OTHO~OHH!l 'aKcaanbiiOH H BOKTOpiiOH . 

/3/ /4/ 
KOHcTaHT. Paasusan nnea paooT a 1 oyAeM c'laTaTb1 'ITO ycpenaennoe none 

xapaKTepasyeTCSI CKanSipllb!M panaanbHO-CHMMOTpH'IHb!M UOTOHUKllnOM V (r) (rne 

f - paCCTOSIHHO Ap 'ueaTpa TSilKOCTH' oapaona) H 'ITO HH3~Hfi SHapreTH'IOCKHH 

ypOBOHb COOTBOTCTByeT s -COCTOSIHHro. TaKHM oopaaoMI nnSI OAHOro KBapKa B . 

110{19 V Mb!• oy.neM HMOTb OObl'IH!)O ypaBHOHHO .LlapaKa: 

{y E+:i(y+)-·M-V(r)}t/leO; 
0 ar 

LlnpaKoscicae MaTpHUbi y B3SITbi snecb AnSI MeTpaKn. ( 11 ~ 1 -1 1 -1)-

1

( I 0) 
y 0 E 0 -1 

.. ( 0 ; ) r=_;;o, 

rne I - ennnn'IHaSI AByMepHaSI MaTpnual 
.. 
U. - MaTpUUbl Tiaynn. 

B Ka'leCTBe y s BbioepeM caMoconpSilKennyro MaTpauy: 

~) . 

( 1.1) 

B ypasaeana (1.1) M npeACTaBnSieT Macey KBapKa B CBODOAHOM COCTOSIIIHH, 

tiToobi nony'IHTb npaonamenae SU 3 1 naM nano C'lnTaTb MaCChi Ill scex Tpex 

KB8pKOB paBHb!MH, .LlnSI OOOCUO'IOHHSI H30TOUH'I9CKOH HHBapaaiiTIIOCTH ):IOCTaTO'IHO 

pasencTsa Mace p a n • 

.LleTana ¢opMbl 3aBHCHMOCTH V(r) oT nepeMennon nac cefiqac ne aa-

TapecyroT1 B8lKHO naWb 1 'ITOObl COCTOSIHHO C HaHMOHbWefi sHepraefi E = EO 

CBSI38HHb!M S - COCTOSIHHOM1 T,e, 'ITOObl OHO XapaKTepH30BanOCb HOpMapyeMOH 

:). ( 1.2) 
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r~e' X - \ o6bi'IHb!ll llBYXKOMllOHeHTHb!H cmmop: X a ( X I ~ 
x2; 

nottcTaana ( 1.2) B ( 1.1), nonyqn:M ypaauennll nnll onpeJlenemill pannaru,no-

cnMMeTpii'IHb!X ljly!IKUIIH </> , g rrpn D.8HHOM V 

ag 
(E- U (r ))¢-( 3 g+ r -~·) = 0 

a r 

~... 1 a.p (E+U(r)).g +-·-- = (J 
r a r • 

(1.3) 

.. 
rae U =M + V 

KBBpKB i 
PacCMOTpiiM op6n:Taru,HbiH MOMGHT L H rronHblti yrnoaofl MOMeHT 

..... ; .... 
r~ -+ L 

2 
a a a a a a 

Lx=l(z--y-);Ly'"l(x--z-); L =i(y- -x-L ay a z a z ax • ax a y 

.!lnll nonHoro yrnoaoro MoMenTa ualiJleM: 

0TKYllB 

.. 
I 

( 

¢ (r) 

i g( r )(a r) :) ( 

¢ (r) 

..... 
ig(r)(ar) 

; ) TX .. (1 • 

TX ' 

;z t/J = 

( 

cp(i-) 

0 _,. -to 

ig(r)(a r) 

c-!) 2x) 
(~) 2x 

2 

=.l.t/1 =_!_(_!_+1)t/Io. 
4 ° 2 2 ( 1.4) 

TmmM o6paaoM, a paccMaTpnaaeMOM S -COCTOllHHH,KaK H ClleD.OBBllO OlKH-

JlaTh, I= i- . Ha ( 1.2) BHJlHO, 'ITO L ne nMeeT onpeneneunoro 3Ha'le!IHll, a HMeu-

no, L = 0 nm1 aep)(IIHX KoMnoneHT cnnnopa t/J 
0

, n L = 1 nnll HH)!{HHX KOMrrouenT. 

TaKJKe n co6cTae!IHbiil cnnn KaapKa ne UMeeT onpenenennoro 3Ha'leHIIll. B cnyqae, 

KOI"D.ll D.BHJKeHI!e KBapKa 6ll1!3KO K Hepelll!THBIICTCKOMY, Iii!)!{Jil!e KOIO!llOHeHTbl CllllHOpa .. .. 
t/J 0 6ynyT Manbi n npn6mi)!{eniio L = 0, I= ~ 

J1 CXOJtll 113 (1.4), nMeeM a l 
¢ (r) -!..x 

I rf; = 2 
z o (. ()( ...... ) a. • 'llr ar 2 x 

x=xt=(~) ;x=xf =(~) 
Mbl IIOllY'IIIM BOnHOBble <jlyHKUilll 

noaTOMy, B3llB B (1.2) 

"' 0 = "'t cr >= "' (-;. 1 > 
·'· .. .. '1'

0
=•/Jf (r)=t/I(r,2), 
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gsnsnoumecg co6cTseHHbiMH QJYHKII llHMH onepaTopa z 

I "' ct. 1,, ..!.. "' c r, o z 2 

lz 1/1 (1, 2 )"' -it/1 (;, 2). 

B 06111eM cny'!ae Mbl llM99M cynepll031liiHIO STHX COCTOHHHfi 

"'0 "'<1>(1)1/1(?, l)+<I> (2)1/1(!, 2), 

rue ¢(1), <I> (2)- npOH3BOnhHble KOMnneKCHble 'lllCna. TaKaS! BOnHOBal! QJYHKIIHll COOT-

BeTCTByeT CIIHHOpy 

x "'<I>Cl)xf +<I>C2>xt I <I> O> I· 
¢(2) 

KaK BHJ:liiO, COCT0511lll9 naHHOrO KBapKa, HaXOIIHIIIerOCll Ha ypOBHe EO , MOJKeT 

6biTb xapaKTepHaosaHo llllCKpeTHOfi sonHosoll <jJyHKIIBell <I> (j ), a Y'IHTbiBal! aasllCH

CHMOCTb OT yHHTapHoro llHUeKca-<jJyHKIIHell <I> (j 1 A) , 

Ha ocaosaHHH (1.4) npeo6pa3osaHile 

1/1 0 -+2Iatfro ""'1,2,3 
SKBHBaneHTHO npeo6pa3oBaHil!O X -+a a X , KOTOpOe MOJKHO npeJ:{CTaBilTb B QJOpMe 

2 

<l>(J,A)-+ 1: (aa)Jl'<I>(j',A). 
J'= 1 f 

... 
0oSTOMY KOMllOHeHTbl BeKTOpa 21 MOJKHO npeUCTaB!lTb 06bi'!Hb1Mil CllHHOBb!Mil 

... 
MaTpHUaMH a· , neliCTBY!OIIIIlMH Ha I!HIIeKC III!CKpeTHOll BOnHOBOH QJYHKIIIIII <I> , 

PaCCMOTpi!M Tenepb CHCTeMy 113 Tpex KBapKOB B COCTOl!HIIH C HaHMeHblllefi 

saeprl!ell. 'ITo6bi nony'II!Th TaKoe cocTOl!HI!e B paccMaTpllBaeMoll cxeMe, neo6xo-

J:li!MO llOM9CTHTb BCe Tp!I KBapKa Ha ypOBellb 

mero 6apl!oHa 6yneT 

E,
0 

• Torna Macca cooTBeTCTByro-

m B"' 3 Eo . ( 1.5) 

CoCTOHI!He naHUOH CHCTeMbl Tpex KBSpKOB, H8X01151111HXC51 Ha ypOBI!e E 0 , 

npencTaBnHeTCH cynepn03HIIHefi BCeX IIOllyCTI!MbiX COCTOHIIHH, B KOTOpbiX HHAeKCbl 

( I) ( 2 l ( 3 l 
j 

1 
, j 

2 
, j 

3 
• , aanaromHe I z , I z , I z 11 yHnTapHbie I!HAeKCbi A 1 , A 2 , 

A 
3 

liMe roT onpeneneHHbie aaa'leHI!H, .'ITo6bi xapaKTepH30BaTb TaKyro cynepno3HIIHIO, 

BBeAOM B paCCMOTpeHHe J:lHCKpeTHYIO BOnHOBYIO QJYHKIIHIO 

( 1.6) 
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TipoCTpaHCTB9HHaR qaCTb BOnHOBO~ ~yHKUBH 6yneT CHMM9TpaqHOfi, nOCKOnhKy 

BCe KBapKH HaXOURTCR Ha OUHOM B TOM .)K9 ypOBH9 H AnR. HHX npocTpaHCTB9HHble 

~YHKUHII rp (f) g (f) -· OUHH8K0Bbl9. A TaK KaK Mbl noTpe6osamt, qTo6bi nonHaR 

BOnHOBBR ~YHKUHR 6blna CHMM9Tpnqaa nO OTHOW8HIUO K nepeCT8HOBK8M M9)KJ:ly 

efz(rf,Af,jf); f = 1,2,3, TO Ha ~YHKUHIO (1.6) Mbl non)KHbl aanO)KHTb 

lfCnOBII9 CHMMeTpHH no OTHOW9HHIO K KOM6nHHpOB8HHb!M IIHU9KCaM: a f z (A f' j f) 

f = 1, 2, 3. 3TO ycnOBII9 CHMM9TpHH 38M9HR9T B ABHHOH CXeMC nonxon, OCHOB8HHbiH 

Ha rpynne SU 8 , nrpag no cymecTBY Ty *e ponh. HMeHno 6naronapg eMy Mbl 

nonyqaeM anecb 56-nneT 6apnoHOB c o6biqaofi cncTeMaTHR:ofi. 

HanpnMep, sonHoBaR ~YHKUHR ¢ CIIMMeTpnqgag OT):lenbHO 

, j
3

'J xapaKTepnayeT neKynneT peaoaancoB c I=.!. n no i 1 • i 2 21 
I=-CMemaHHOH CHMMeTpne~ COOTB9TCTByeT OKTeTy 6apHOHOB C 

... ! ;'t J l 
nonb3yeMCR nonHblM yrnoBbiM MOMeHTOM I = I I e 

f=t 

2 

II no A
1 

·,A , A 
2 ! 

~YIIKUHR CO 

3necb Mbi 

Boo6me, nng 6apaoHOB aaaaoro ceMei1:CTBa P, N ~ ~. cooTBeTcTByiOmae Bbipa-

)K9HHR ~YHKUIIB ¢ HM9IOT TOT )K9 BHU, qTo II B ttOUXOAe, OCHOBBHHOM Ha rpynne 

SU 8 • Lleno B TOM, qTo see paccy*neaaR rpynnosoro nonxona ocHOBaHbi B cymao

CTH TOnbKO Ha. ynoMHH8BW9MCR CBO~CTBe CHMMeTpHII. HeKOTOpoe OTnaqne paCCMaT

pasaeMO~ CXeMbl COCTOHT B TOM, qTO Mbl nonb3yeMCR yrnOBbiMH MOMeHTBMB KBap

KOB, Torna KaK B 06biqHOM paCCMOTpeHBB rOBOpRT TOnbKO 0 Cni!HaX KBapKOB. C Upy

rO~ CTOpOHbl, B 9TOii MOAena TaK )K9, KaK H B SUe TeOpHH, Mbl paCCMaTpHBaeM 

TOnbKO CTaTn:qeCKH~ cnyqaii - cnyqaii UOKORWHXCR 6apBOHOB. 3TO orpannqeane 6blnO 

HaMn sseneno, no cymecTsy, Y*e npa ~opMynnpoBKe ypasneang nnR KBapKa B 6apnone, 

B KOTopoe 6bm BBeneH paunanbno cnMMeTpH'll!bi~ CKam!p!!bi~ noTeanaan V ( r), aasn

cSimHfi OT paCCTOSIHHR AO U9HTpa TR)KeCTI! r 

§ 2. 

PaCCMOTpHM Bonpoc 0 HaXO)KA91!HI! MarHBTI!blX MOMei!TOB 6ap!!OIIOB. L!nSJ 9TQ-

ro Ha'll!eM C H3yqeHHR peaKUHH OAHOro ImapKa, H8XOARWerOCR Ha MHI!HManbHOM 

anepreTuqecKoM yposne E 0 , Ha saemaee MarHHTHoe none n uafiAeM B03HHKaiOfuee 

npH STOM H3MeHeHBe SHeprnn KBBpKa. 

BKniO'lHM He aasncgmee OT speMeHn MarHHTHOe none, xapa~~;TepHayeMoe seKTOp-

noTennnonoM A(;) 
TionyqHM: 

, H AOnonHHM ypaBHenne ( 1.1) COOTBeTCTBYIOWHMH qAeHaMH. 
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.. a .. . 
ly

0
E+y[l-:;-+eQ A(t}]-U(r)l,P-0, a r A (2.1) 

1 1 T·-r rne e Q A .. - aneKTPIPieCKHfi 3apllll KBapKa, Q c +·· -
C'!nTa!l A nocTaTo'IHO ManhiM, aafineM npnpameane BE , nponopunoaanbaoe 

3apru:1y KBapKa. .Qng aToro yno5ao npellBapnTenbHO KBanpnpoBaTb aTo ypaBaeane, 

nann caB: 

(f + U )(5:' -U)t/1 .. o, 

"' .. a . .. .. 
,),_ = y 0 E + y [ I a-; + e·Q A A ( r) I . 

0TC!Oll8 
2 2 

IS:' + uf -i'u- u l "' .. o. (2.2) 

npn pacKpblTBH BblpalKeHII!l 5:' 2 
Mbl Y'IHTbiBaeM, KpOMe qneHOB, He 38BHC!lmHX .. 

OT A , TOnbKO 'lneHbl nepBOI'O nop!lllKS. B TSKOM nHHefiHOM npn5nnlKeHHH )ln!l f 
2 

nony'lnM: . 
. "'2 _ 2 a a 
.l.. - E + tJ. + eQ I I I y y -- A • + y y A --

A V 11-1 2 3l' 1-L a r 1-L 11 V f1 a r 
,,.....- , ' l! v 

+ 

Ho 

Yv y 11 = yo y 5 ° v Yo y 5 °11 ,. - 0 11°11 = -· ~ ~ 11,1-L,A 0 A 

a A 
I~ ---1!-H 

11,1-L v,,_,,>. a rv.- >.' 
H 

rAe HA - KOMnOHeHThi BeKTOpa MarHHTHoro non!l, CnenoBaTenbao, 

TaK KaK 

f 2
=E

2
+f'o.-e(' I I( 

A 

a 
a r 

II 

A +A _a_)+eQAHu ... 
v v a rll 

Uf-i'U= -ly~= -l(y .. t) U'(r) a r r • 

TO H3 (2.2) OKOH'IaTenbHO nony'IHM: 

2 2 1 < Y1> , a a .... IE +tl-U (r)- -U(r)-eQAI~(--A· +A --)+eQ Hult/1=0. ( 2•3 ) 
r ·V arv v v arv A 
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LlnH Bbi'IHCneHIISI MarHIITHbiX MOMellTOB paCCMOTpllM '18CTHbifi cnyqafi onHOpon

HOrO MarHHTHOrO nonSI, HanpaBHB ero no OCH Z , 8HeprHH KBapKa EO , KOTOpaSI 

npH OTCyTCTBHH MarHHTHOrO nonSI 6bin8 onHH8KOBa nnSI o6enx He38BHCHMbiX BOnHOBbiX 

tPYHKIIHfi: 1/J =1/J(r,j) j = 1, 2, Teneph- 6yneT paanH'IHa. BKniO'IeHHe paccMaTpiiBae-

Moro MarHHTHoro nonSI BbinennriO B npocTpaH~TBe ocb z • TioaToMy 113 coo6paJKe

HHfi CIIMMeTpHII SICHO, 'ITO nHCKpeTHblMII C06CTBeHlibiMH cpyHKIIHHMll cf (j) nnH 0 E 

6ynyT 4> (j) ~ o (j -1) , 0 ( j - 2 ) , TO eCTb , )( ~ )( f , )( !- COOTBeTCTBeHHO HanpaB-

neHHIO yrnonoro MOMeHTa no OCH z 11 npoTHB aTofi ocn, TipHpameHnH o E nnH 

HHX 6ynyT paBHbl no a6coniOTHOfi BenH'IHHe H npOTHBOnOnOlKHbl nO SHaKy, 

Llnsr HaXoJKneHHSI pacmenneHHSI Mbl BOCnOnbayeMCSI cpOpMynofi TeOpHH B03Myme .. 

Hnfi nepsoro nopHnKa no napaM.eTpy eQ A • B paccMaTpHnaeMOM cnyqae H • = H =Const 

Hx=Hy=O, MOlKHO B3SITb BeKTOp-noTeHIIHan B cpopMe: 

A = _,.!!J.... A "'..!.!.Jc...; A =0. 
X 2 ' y 2 z 

Torna 
3 a a .. 

-t ~ (-·A +A -·) + H u = 
V=! ar

11 
II V ar

11 

a a · 
=lH(Y-·-·x-·)+Hcr· >=H(L +cr )=H(21 -L) ax ay z z z • z 

H ypaBHeHHe (2,3) npHHllMM{J' BHn: 

2 2 t(;-;, . 
F. + ~ - U (r) - -·U'(r) + e Q H (2 I - L )} r/1 = 0. 

. r A • z . (2.4) 

TaK KaK l Yv '::' = 1, 2, 3 SIBn)IIOTCSI CliMOCOnpSIJKeHHhiMH MaTpllii8Mil, onepa-

:rop 
( .... ~-·U 2 - .!.x!l. U' 
r 

TaKJKe 6yneT CaMOConpsrlKeHHblM, TioaTOMy B nepBOM npn6niiJKeHIIH 

n 

N* (21 L ) , .. 
2):;: oE=-eQ H o .- z v 0 dr 

0 A 
N~"' dr 

0 0 

( ~( r ) ( x cr Y- y cr " ) )() 
H o na ( 1.2) snnao, 'ITO L z r/1 = 

.. a .. fr/1* Lzl/! 0 dr =- ifl g(r)J x*(xcr +ycr +zcr )( xcr -ycr ) X dr • 
'0 t .Z: Y Z Y X 

10 

.~ l • 

(2.5) 



TaK KSK BBllAY p8All8llbHOfi CHMM9Tpllll 

fl
."(r)!2 .. 8a.,f3 . 2 .. .. rarf3dr=~·flg(r)! dr, 

TO 

llanee 

TaK KBK I z nnn BOliHOBOfi cjJyHKimn 

aoe qncno I ={ } • J= 1 

1/J O = 1/J (r, j) MOJKHO p8CCM8TpllB8Tb KBK 06bl'l-

1 0 2 -2, J= 

xj u" x 1 
II< • . = 2Iz· 

x, x, 
TO 

rne 

n noaTo.uy 

rne 

fllif>(r)l
2 

+ r
2

l g(r)l
2
1r

2dr 
0 

(2.6) 

KaK BllllHo, 8 paBHO cpenaeMy aaa'leanro z -KoMnoaeHTbi op6nTanbaoro 

li){OMeHTa B COCTOl!Hllll, B KOTOpOM I., = ~ . 

8~ <L., >t (2.7) 

I!ITaK, na (2.5) nony'lnM: 

eQ A li 
8E=--·2I (1-8) .. 

2 Eo . z 

CneAOB8TellbH01 MSI'HllTHblfi MOMeHT KB8pK8 6yAeT 

eQ •. 
/l .. __ A. (1- 8) . 

A 2Eo 

(2.8) 

(2.9) 

OnpeAellllM Tenepb MSI'HllTHbie MOMeHTbl 6apllOHOB • .llnSI STOI'O B03bMeM CyM-

Mapaoe npapameaae aaepraa Bcex Tpex KBBPKOB: 

11 



3 

~ BEe 
f=1 

_(1-B)eH.~ ·Q 21 cf1. 
2 E 

0 
f.., 1 A f z (2.10) 

liTo6hi HaiiTH pacmenneHne aHeprnn .anll 6apaoHa, ycpe.aHaM BhipalKeHne (2.10) no 

BOnnOBOll ljlynKUHR <fl
8

(a
1
,a

2
, a

3
) llBHnoro 6apnoaa. 

1 
PaCCMOTpHM 6apHOH H3 OKTeTa CO CnHHOM y· . IlO.ll'lepKHeM1 'ITO B paCCMBT-

pnsaeMoii cxeMe cnan 6apnona - aTo cyMMapHJ>Iii yrnosoii MOMenT KBapKos, cocTaB-

. ngromnx 6apnoH: 
.. 3 c e, 
S =.~ I • 

B [ =1 

Tor.aa Mhi aMeeM. llBe neaasncaMhie ljlyHKUHH ¢ 8t, <ll 8 f; , coOTBeTCTByromne 

3H8'leHRliM 2 s • = 1, -1. H o, O'lesn.ano, 

<I>I"~IQ 2I 1 e 1 <1lJ=-<Il*t~o 21<f>1H 
B f = 1 Af· z B f= 1 Af . z B 

nn=o~ e 
BE =- (1-B)eH (<ll*t ~ Q 21 1 1<1lt) 2s 

B 2Eo B f=1 Af z B z 

TaKHM o6pa3oM, MarnaTHhiii MOMenT 6apnoaa 6y.aeT: 

1.1 .;, (1-B)e (lfl*t -i_ Q 2I 1f 1<1lt ). 
B 2 E 0 B f= 1 A f z B 

06bi'lnO npHHl!TO 9TH Marni!THble MOMenThl Bhlp8lK8Tb B e_qHHHUBX 6opOBCKOrO ll)lep-

. - e 
noro MarneTona .anll npoToHHOH MaCChi -

2
--. 
mP 

B TaKHX ellnnunax ( npn h = 1, c = 1 ) , 

1.1 = 
B 

(l -B) m 

Eo 
< <ll*t I o 21<£, ¢+). 

B f= 
1 

'Af z B (2.11) 

PaccM=pnM eme cny'laii MOilenn, ynoMnaasmellcl! B ·:· Jl 1, s KOTopoii nMeroT-

Cll TpH TpnnneTa KBapKOB, 06oana'lHM Q A, a 38pllll KB8pKa C nOMepOM A H3 

TpnnneTa C HOMepOM a • Torlla, O'leBH.llHO, B (2.11) Mhl 

(f) 

llOnlKI!bl 3aMenHTb 

! Q 21Cfl .... ~ Q 
e = 1 Ae • e= 1 Ae 

• ae 21. 

~anee ycpellHenne cosepwaeM no sonnosoii ljlyHKUHH 

1 t 2 r,~a ,a ,a lf>B(al'a2,a3); I i'"·a ,a ,a I =6. 
v6 1 2 3 (a1,a2,a3) 1 2 3 

TaK KaK 

12 



__1_ i Q .. Q "'.2., _.!.., _..!_, 
3 12, 1 A,a A 3 3 3 

Mbl OIISlTb nony'lHM Ty JKe CaMyiO ljlopMyny (2,11 ), TIOJ:tp06HO TaKaS! MO):le.llb 6bl.1la 

/5/ 
paCCMOTpeaa B pa6oTe 1 r):le 6b1.110 yKa3aHO Ha B03MOJKHOCTb Bbi6opa U9.11b!X 3Ha-

'leHnfi A.liSI Q A, a • 

BepHeMCSI Tenepb K (2.11) H HafiJ:teM, B 'laCTHOCTH, /l H /l , BbinO.liHHB 
p N/6/ 

ycpeAHeHHe cnoco6oM, aaanorH'lHbiM yKaaaaaoMy E.B. CTpyMHHCKHM • ,Ung HyK-

.liOHOB .f2 pt pt n~ - pt Pf nt 
J3 

s- 6 1·1.--Jtl..-t-

nt nf pf -J'i nf nt p~ 
.J3 

cxeMhl SUe 3):leCb CTpenKa yKa3biBaeT aa aanpaBne-

HHe Z -KOMIIOHeHTbl He CIIHHa KBapKa, a ero IIO.liHOrQ yr.noBoro MOMeHTa, TaK KaK 

~ Q 211f1 <l>f"' v~{Pt Pt n+ + -+Pt P' nt 
f.,l ~ Z . p yJ 

H3 (2.11) nony'lnM: 

CoBepweaao aaa.norn 'lHO 

ll .. _ ..L (1 -o) m P 

N 3 E
0 

Ha BbipaJKeHH.I! (2.11 L KOTopoe HMeeT no.nayro ljlopMa.nbHJ'IO aaa.norHIO c naBeCT

HbiM pe3y.llbTaTOM SU e• H9TpyJ:tlt0 6blll0 6bi .Bbl'lHC.llllTb MarHHTHbie MOM9HTbl OCTa.llbHbiX 

6apHOHOB OKTeTa - OH!l Bblpa3SITCSI '19pe3 /l p 06bi'lHbiMil ljlopMy.naMH. 0J:tHaKO, 

BepOSlTHO, rrpH 9TOM CT91I9Hb rrpHM9HHMOCTH IIO.lly'leHHbiX 3Ha'l9HHfi 3Ha'lHT9.1lbHO 

yxyAWliTCSI. ,Ung aac 6hi.1IO cywecTBeHHo, 'ITO caMocornacoBaHHbifi noTeaunan .I!B.liSI

eTCSI paJ:tnanb!IO cnMMaTpll'lHbiM, TaKoe J:tonyweane, ecn11 ono n npnroAHo A.liSI nyx.no

ltoB, o6pa30BaltHbiX p ll n KBapKaMil C O):lllHSKOBblMH MSCCaMH, IIQ-BHJ:lllMOMy, 

II.liOXO IIOAXOAHT ):{.liS! OIIHCaHHSI CHTyaunn, llpll KOTOpOfi B 6apHO!Ie HM910TC.I! Hapy-

WaiOWHe CllMMaTpll!O TSIJK9.1lb19 X -KBapKn. 
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EcnH ee see JKe nonhiTaTbcSI onHcaTb c noMO!IlbiO TaKoro noTemmana V , To, 

BepOS!THO, HB~O BBeCTH B aero aua'lHTenbHbie cnnu-op6nTanbHhie 'lneHhi, KOTOphie 

pa3pyiii8IOT paananbHYIO CHMMeTpHIO, 

§ 3. 

no npHHSIThlM Tenepb npeacTasneHHSIM cna6oe saanMoaeficTsne aapoHoB c nen

TOHBMH B npoueccax, npoTeKBIOIIIHX 6es H3MeHeHHSI CTp8HHOCTH, xapaKTepH3yeTCSI 

CyMMOfi BeKTOpHoro H 8KCH8nbHOrO TOKOB: 

I ~IV+ lA ; II"' 0,1,2,3, 
II II II 

BXOUSIIIIHX B H30TOnHqeCKHfi TpHnneT 

V A 
Ill, p ; I II, p : p"' 1, 2, 3 ' 

BeKTOpHOrO H 8KCH8nbHOrO H30TOnHqeCKHX TOKOB: 

IV,A,.V,A +·I IV, A. 
II ll, l ll, 2 

BeKTOpHhlfi H30TOUH'leCKHfi TOK B npH6nnJKeHHH H30TOnnqeCKOfi HHB8pH8HTHOCTH' COX-

paHSieTCSI: 

v 
d!v I P "' 0. 

(3.1) 

PaCCMOTpHM M8TpnqHble aneMeHTbl 9THX 8UpOHHhlX TOKOB MeJKUy UBYMSI HYK

nOHHhlMH COCTOSIHHSIMH, Hcnonh3YSI nHIIIb 06IIIHe CBOfiCTB8 KOB8pH8HTHOCTH H 38KOH 
171 

coxpaHeHHSI (3.1), nonyqmoT 

<B'ilV,A(x)iB>=e-Hqxl;,J(v,A:..e_
2 

u. 
II, p B II B (3.2) 

3Jtecb q= p- p' , rJte p = ( E, p) ~ qeTb'!leXBeKTOp 9HeprHH -HMnynbC8 anSI COCTOSI-

HHSI B , p' - anSI COCTOSIHHSI B' 

J(~"' Fv(q2)yv+ F!~l(q2)-t;[yv, (yq)l.:. 

Tt A ( 2) [ I) 2 I [ j ( 2) 2 q II 
Jl 11 "'FAq YvYs+FAlq )2;;;" Yv,(yq)_ys+FA(q )mYs 

(3.3) 

8 COOTBeTCTBHH C npnHSITOll 'leTbipexMepHOfi MeTpHKOfi ( 11 - 11 -1 1 -1) CKa-

nSipHOe npOH3BeJteHHe asyx qeThlpexBeKTOpOB onpeJtenaaTCSI K8K 

(q X)"' Q 0 xD - q;; • 

14 



.llanae, u 8 - JlHpaKOBCKHfi cnnnop: 

((yp)-mlu
8
(p)=O;u

8
= u*

8 
y

0
, 

06118L1810nJHfi TSKlKe H30TOUH'IeCKHM HHJleKCOM S = 1, 2 , Ha. KOTOpblH JlefiCTBylO'r 1!30-

TOUH'IeCKHe MaTpHUbl r p • B qaCTHOCTII, Jlilll MailbiX nepeLia'l nMnynhca q , KaK, 

nanpHMep, Jlilll {3 -pacnaLia, MOlKHO HanncaTb BMeCTO (3.3) Y;llPOnJeHHb!e BblpalKeHIHii 

B TSKOM cnyqae 

_ FA (0) 
<B'\1 (O)l B> = Fv(O)u .y 0+---y )r+u , 

v B v F (0) 5 B 
v 

rJ:te 
+ i r 

X y 
2 

onepaTop yaena'leHHil H30TOnH'IeCKoro cnnna. KaK H3secT-

HO, Llilll nenTOHHb!X TOKOB BeKTOpH81l H 8KCH8ilbH81l '18CTH BXOLlllT C OL11!H8K0Bb!MH· 

Koscjl¢>nnnenTaMH, TaK 'ITO Mbi acerJ:ta nony'IHM KOM6nnaunro BHJla: y v ( 1 + y 
5 

), 

Jlng HYKIIOHOB 1 0JlH8KO, 3KCnepnMeHT JlSeT 

F,..(O) 
"""F'(O)" = 1, 18 ± 0,02. 

v 

06bJ'IHO C'IHTaeTCil, 'ITO OTIIH'IHe 3TOrO OTHOWeHI!Sl 0T eJlHHI!Ilbl o6ycnoaneHo 

peHOpMHpOBKOfi Hill! scjlcjleKT8MI! BHyTpennei!. CTpyKTypbl HyrmOHOB, B MOJleiiH KB8pKOB 

npHHSlTO npeJ:tnonaraTb 1 'ITO Llilll KB8pKOB • Y'IIITbiBaSI TaKoe J:tonymenl!e, 

. FA 
6yneM onpeJ:tenHTh OTHOwenae --

Fv 
Jli!Sl HyKIIOHa, I!CXOJlll 113 paCCM8Tpi!B8eMOH 

MOLleill! He38BI!CI!Mb!X KBSpKOB, Jlnn 3TOrO BOCnOilh3yeMCil TeM lKe npl!eMOM, 'ITO 

II npH onpeLieileHI!H MarHHTHb!X MOMeHTOB, 

BaeneM a paCCMOTpenne snewnee ( neKsa!ITOBaHHOe) cna6oe none Av ( x) , 

BKIIIO'IIIB B narpaHlKI!SH B381!MO)leficTBI!Il 'lileH Bl!)la: 
3 

gov:olvAv. 
llone AV(x) Mbl C'II!TaeM nOCTOSlHHbiM AV(X )= Av , HO B OTIIII'II!e OT pac-

CMaTpi!BaBWerOCil Bb!We MarHIITI!Oro UOilll1 BBe)leHHe ero llBillleTCil 'IIICTO cjlopMailb-

Hb!M1 I!CnOilb3yeTCil B KS'IeCTBe BCUOMOraTeilbl!OrO npaeMa, 

OnpenenaM Bbi3BS!IHOe TaKHM noneM H3MeHeHae sneprn~ 8 E noKolln!eroc SI 

nyKnona, a TaKlKe npapawena11 snepraa 8 E f 
3 

KB8pKOB II npapaBHileM 

BE= ! ffe , 
p "'I 

rJle ycpeJ:tHe!ll!e npOBOJli!TCil no BOIIHOBOH cjlyHKUIIII HyKIIOHa 

15 



YpaBHeaae ~apaKa nnn CBo6onaoro ayKnoaa B paccMaTpaBaeMoM cna6oM none 

6yneT: 
3 V A +· I y p - m - g

0 
I A (J{ + J{ ) r l u ( p) = 0 

11=0 II II II B 

a.nOTOMY nnn noKomwerocn ayKnoaa nonyTJHM 

3 

ana 

ly
0
E-m-g

0 
I A

11
(Fv(O)y +F {O)y y )r+lu =0 

· II~O II • A II 5 a 

3 ' 
lE-y m.:.g [A (F (O)+F (O)y )+I A (F (O)u y +F (O)u )]r+lu .. o. 

0 0 0 V A 5 II"' 1 II V II 5 A II ' a 

0Tcrona aalineM B03Mymeaae B nepBOM· nopnnKe: 

3 

8 E .. g
0 

u* a I A 
0 

( F v< 0) + FA ( 0) y 
5 

) + 
11

: 
1 

A l'( F v< 0) u 11 y 5 + FA ( 0) u 11 ) l r + u a • 

.. 
rne u a. - cnaaop ayKnoaa nnn cnyqag p = 0 

TaK KSK B 9TOM cnyqae ero HHlKHHe. KOMnOH9HTbl paBHbl Hynro, 'In9Hbl C y 5 

BbmanaroT, H Mbl MOJKeM aanacaTb: 

3 

8 E = g
0 

A 
0 

F v ( 0) u *a r + u a + g 0 ! A v FA ( 0) u *a u 11 r + u a • 
· v~1 

HanpaBHM cnaa ayKnoaa no ocn z • Torna 

u~ u
11

r+ u a"' 0; 11=·1,2 

u* ·a ,+·u ... u* r+ u 
B 3 _.,. ~ 8 B B' 

Ho cnnaop u a npn P'"' 0, u z =1 xapaKTepa3yeTcn TonbKO CBoel!. H30Tona-

'IeCKol!. KOMnOHeHTOii C ( S) , yKS3biB8101Ileli, 113 KSK.OH cynepn03HUHH p H N CQ

CTOHT B 

B"' c(l)P+ c(2)N; li::(l)l
2 

+I c(2)1
2

"' 1. 

11TaK, Mbi nonyqana 

TaK KaK 

Ta Bnnao, 

8·E~= g
0

A lv(O) c*r+'c+ g
0

A3,FA(O)c* r+ c. 

3 
c*r+c ., I c*(s)(r+) ,c(s') = c*(l)c(2), 

~~~ s=l . s, s . 

'ITO 8 E ae ac'Ie3aeT, nHmb ecna B RBmieTcn cynepno3auael!. P 

c c(l)i 0 a c(2)={ 0. 

(3.4) 

(3. 5) 

H N 

KaK aanao, B (3.5)· ae BxonBT TJneHbi, conepJKaiiUle A 
1 

a A2 , nosTOMY Mbl 

n nanee 6yneM paccMaTpHBaTb cny'Ial!., Korns A 
1

., A 
2 
.. 0. 
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PaCCMOTpHM ypaBH8HH8 ang KBapKa B HyKnOHe npH Hanaqan BB8A8HHoro cna-

6oro non H • .llononHHB ( 1.1) COOTB8TCTBYIO!UHMH qneHaMH 1 nonyqnM: 

TO eCTb 

IE.f.ly (;l_i_) -y U(r)-g [A (l+y )+A a (l+y )]r+lt/1=0. 
s a t o o o s 3 3 s. 

HeaoaMymeaaag aomroaaH ljlyHKUHH KBapKa, naxoagmerocg Ha ypoaae E 
0

, 

6yAeT 

( 
cf> (r) .... xx). 
lg(r)(ra) 

3aecb X - CUJU!Op H no OTHOIU8HHIO K 06bJqHOMy CnHHy H no OTHOIU8HHIO K 

.H30TOnH'I8CKOMy cnnny: 

x-=!<I>(j,A)!; j,A=1,2. 

Ecnn it> ( j 1 A) OTnH'IHa OT Hyng nHIUb ang OLIHOil napbl HHA8KCOB
1 

HanpnMep, 

ang J=l,A=l, B paCCMaTpUB88MOM COCTOHHHH HM88TCH KBapK onpeneneHHOrO COpTa 

( p nnn n ) c onpeaeneHHbiM I z • B o6meM cnyqae AHCKpeTHaH aonaoaag ljlyHK 

UHH il>(j,A) XapaKTepnayeT cynepn03HUHIO TBKHX COCTOHirHil. Mb! 6yaeM nonb3Q-

BBTbCH 8AHHnqgoi! HOpMHpOBKOil LtnH ¢ 

3aecb HBHO BB8A8H HHA8KC KB8pKa A 1 noCKOnbKY B Hallie ypaBH8HHe Tenepb 

BXOAHT onepaTOp r+ 
1 M8HHIO!UHfi n na p 

HailaeM npnpamenne aneprnn KBapKa BE B COCTOHHHH it> , o6ycnoanenaoe 

BKnJ6qeHH8M Cna6oro nong, I1pHM8HHH tjJOpMyny T80pHH B03MY!U8HHfi, B nepBOM no

PHLIK8 HaliaeM: 

N~ (l + y 
5 

) r + t/1 
0 

d ~ 

N* t/1 dt 
0 0 

HeTpyaao anaeTb, qTo 

TaK KBK BBHAY paananbHOli CHMM8TpHH 

17 

N* t/1 dr 
0 0 



fr'¢*(r)g(r)dr"=f tg*(r)¢(r) dr=O. 

Aaanornqao rronyqnM 

N* r a ,+ t/1 dr=O. 
0 5 z 0 

TaK KaK az=2I z-2L z' TO 

Ho. 

H 

+. .. 
ft/1~ r 1/1. 0 d r 

N~ .P 0 dr 
BE .. gOAO 

N* (2I -2L )r+t/1
0 

dr 
+ ·A o z z · 

go 3 N* .p d! 
0 0 

PacKpb!B8Sl 9Tll Bb!paJ1(eHnS! K8K H B § 2, oyAeM .HM9Tb 

.. 2 2 2 .. 
N* 1/1 dr=·fll¢(r)!. +r \g(r)! }drx*x= 
. 0 0 

2 2 2 .. 
·=fl!it>(r)! +r \g(r)! dr 

N*r+.p dr= fl!¢(r)\ 2 +r 2 \~(r)\ 2 
ldr"x*r+x 

0 0 

f.P* 21 ,+.P
0

dt .. JIIit><r>l
2
+r

1 ldr>l
2

ldrx*a ,+x 
0 z . z 

.. 2 ,. 12 2 .. * + N* L r + 1/1 0 d r"' - f t g ( r) r d r X a• r X. 
0 z 3 . z 

x*r+x =I <I>* (j,A)(r+, <I>)
1

,A =I <I>* (i, l)<l>(j,2) = <l>*r +¢ 
l, A l 

x*a ,+x=I <l>*(j,A)(r+a <f>)l A. 
z j,A z , 

C _Apyroli CTOpOHbl, K8K 9TO OTMeqanOCb B § 11 

a <I> "'2 I <I> z z 

+ 
n rroToMy x* a·z r +x "' <l>* ? I z r ¢. 

11TaK, BE AnSI OAHoro KnapKa, uaxoAmuerocsr B cocTosrJmn, xapaKTepnayenpM 

AHCKpeTHOH BOnHOBOit <flyHKUHeH ¢ t rrpeACTasnsreTCSl BblpalKe!ll!eM: 

BE=<l>*(g
0

A
0

r++g A (1-2B)2I r+)¢, 
0 3 z 

rAe B aaAaeTcsr ,PopMynoil: (2.6). CneAOBaTenhao, npnpameane aaeprna uyKnoua 

B COCTOS!HHH C ):lllCKpeTHOH BOnHOBOH ciJyHKilHeH cf> t Bb!pa3HTCS! C ITOMOIIlb!O CYMMbl 

ITO TpeM KBapKaM: 

3 3 t 
BEt = cl>*

8
t I g

0 
A 

0 
I r+lfl + g

0
A 

3
(1-2B) I 21 1!1 ilfl I <I> 

13
• (a 

6
) 8 

If= I f,l • 
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Tip.l!paBHml 9Ty CYMMY Bb!palKeH.IIIO (3.5), Hal!:AeM: 

t ! If) ( Cfl I Cf) t FA(O)c*(r
1

+ir
2
)c .. (l-2o)cll*

8 
I 2Iz r

1 
+ r

2 
)ell 

f.,.t B • 

+ r .,. 
(3.7) 

Tax KaK, B COOTBeTCTB.IIH C (3,4) 

(3.8) 

a r Cfl u I~fl siBnmoTCli spM.I!ToncKHMH MaTpunaMH, Mbi non)"IHM aa (3, 7), paanenlili 

nemeCTBSHHyiO H MH.IIMYIO 'laCTll: 
. 3 

F (0) c* r c = .cll*t I 
V . p B f., l 

FA(O)c*rp c., (1-28) cll*t f 
B Pal 

CTBa HM9IOT MeCTO H Anli p = J , 3TH COOTHOm9H.II.li B Cny"lae p=3 YA06Hbl 

TeM, 'ITO o6e qacTH HX He aHHynnpyiOTCli B IIPH Bbi6ope B =·P ann B .. N , Boab-

MSM B HHX 

Tor!la nony'lHM 

(3.9) 

a TaKlKe 

.llna Bbi'lHCneHHli npanoA 'laCTH nocnom,ayeMcli· npe!lcTanneliHeM 

Tax KaK 

; 2 I<f~ If> ... t _ Jv2PhtnJ-ptpJnt 
~ z r3 "'P-

f=l y3 
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TO 

l1TaK 1 

cfl*t ~ 2Icfl r cfl Ill+ "' ...1.:.1=1, .l... 
P f =I z ! P 3 3 • 

FA((I) 

F v(O) 
5 T 0-28) 

(3.10) 
181 

3TOT peaynbTBT 6hln nonyqeu B paoOTe ua ocuoae aaMeqaun:n, c~enauuoro 
x) 

B. MaTaeeBbiM n: E. CTpyMn:HcKn:M. 

§ 4. 

nepeil~eM K OOCYlK~eHH!O nonyqeHHhlX Bblllle peaynbT8TOB1 HMeHHO, paCCMOTpHM 

~ne ¢opMynbt - ¢opMYnY ~nn MaruuTuoro MOMeuTa npoToua 

mp 
/L "'(1-8) --

p Eo 

H ljJOpMyny ~nH OTHOllleHHH BKCn:anbHOH H BeKTOpHOH KOHCTBHT 

FA (0) 

Fv ( 0) 

5 
- (1-28) 3 • 

( 4.1) 

(4.2) 

3necb m p - MBCCB npOTOHa, EO - MliHHM8nbHbiH auepreTuqeCKHH ypOBeHb 

KBapKa B uyKnoue, 8 aa~auo BbtpaJKeuneM {2.6): 

0 = ..3._ 
3 

jr 4
lg(r)l 2 dr 

r I I ¢ ( r ) 12 
+ r2 I g ( r ) I 2 I r 2 

d r 
0 

(4.3) 

KaK YliW OTMeqeuo, 0 CBH38HO CO cpe~HHM 3HaqeuueM z -KOMfiOHeHTbl Op-

OllTa11bHOrO MOMeHTB l z ~ng KB8pKa: 

<t.>t =o; <t,>~ =-o. 
Boo6111e, B COCTOHHIIH KBBpKa , B KOTOpOM lz HMeeT onpe~enenuoe 3Haqe-

nne 
<Lz>l. e2I.o. 

3 • 

cr, t t TaK KBK ~ 21• <flp"' <lJp , TO CYMMllpyg no BCeM TpeM tmapKaM, OOpa3y!O-
p= I 

llii!M HpOTOH, nonyql!M: 

- t (U t 0 - < cflp "- z <t p >, (4.4) 

x) 
CM, npuMeqaul!e npii KOppeKType. 
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rna f, z ...:. KOMllOHBHTa CYMMapaoro OpOHTaJibHOro MOMBHTa KBOpKOB 1 

f c i l(f) 
z f= I z • 

I fl I !Pl 1 Pl 
I =-U +l 2 z 

TIOCKOnhKY 

Bl'lllHO, 'ITO BeJII'I'IllffY 8 MO~HO RHTepnpeTnpOBaTb .KaK BKJiall OpOnTaJibHOrO MO-

MeHTa KBapKoB B cnaa HYK1JOHa. B cnyqae npnonn~eaao aepenSITnnncTcKoro xapaK-

Tepa llBI'I~BHRSI K~pKOB, KOrlta I g ( r) Mano no cpanaeHniO c ¢( r) , 8 non~ao 

ObiTb Mano. Ecnn aooome npeaeope'Ib 8 

BllTbCSI COOTHOWBHI'I{1M ( 1.5) 

B !jJOpMynaX {4,1 ), (4.2) 1'1 BOCUOJib30-

{4.5) 

TO lllUI MarHHTHOrO MOMeHTa npOTOHa Mbl nony'li'IM 

{4.6) 

a llJISI OTHOWeHI'ISI aKCUaJibHOfi 1'1 BeKTOpHOfi KOHCTaHT 

5 T = I,67 (4.7) 

- pe3ynhTaT SU 
6 

TaK KaK sKcnepnMenTaJibHoe saaqeane llJISI flp 

BO BHHMaHRe rpyOOCTb .I'ICUOnh30BaHHOlf MOllBJIH w H938BI'ICUMbiX KBapKOB" 
1 

peGyJibTaT 

(4.6) cnenyeT C'lHTaTb ynoane'raopnTeJibHbiM, B !jlopMyne ~e { 4.7) cornacne c SKene-

pnMeHTOM 3Ha'lnTenhHO xyJKe nenn'lHHbi 8 TaK KaK ns {4.3) cnenyeT, 'ITO 8>0, 

cpasy nnnao, 'ITO y'IeT 8 B (4.2) H3MBHI'IT npany10 '18CT!, B Hy~HOM HanpaBJIBHHU, 

0TMeTHM1 'ITO' B8~HOCTb Y'lBT8 BKJI8lla opOHT8JlbiiOro MOMBHT8 ObiJia y~e llOll
/9/ 

'lBPKHyTa D paooTax raTTo II np., Xapapu • 

B sTuX paooTax, onaaKo, anTopbi ncxonnnn ns Toro, 'l:To K npencTannenuiO 

npuMemnaanucb npyrue npencTanneanSI, uanpuMep, {20) c L =I • 

B name !I cxeMe ae TpeoyeTcsr DbiXOllUTb sa npenenbi npencTaaneuuSI {56), TaK KaK 

npnMBCb COCTOSIII!Ilf C l "' I o6ycnoaneaa caMnM ypanaenneM .UnpaKa • 

.Qng opneHTHpOBO'lHOlf OUeHKII BeJIH'l!IIIbl 0 B03bMeM npocTelfmyiO !jlopMy CKa-

ngpaoro nong: 

V(r)=-M, r<r
0 

V(r)=O, r>r
0

, {4.8) 
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Ill 
rrpeAnOMeHayro B pa60Te • KaK BHAH01 3AeCb HHTeHenaaoeTb rronn B soHe O<r<r 

cTonb aennKa 1 qTo cKannpaoe none ~aKTnqeCKrt rronHoeTbro 'KoMrreHenpyeT' aero 

eo6eTBeHHyro Macey KBapKa 1 a aHeprnn F. 0 rronyqaeTeR rronomnTenbHoli TonbKO 

na-sa TOI'0 1 qTo rroTeHunanbHhili 6apbep noKann3yeT KBapK B c~epe paAnyca r 
0 

• 

HTaK 1 BOCITOnb3yeMeR ypaBHeH!teM ( 1.3) 1 B KOTOpOM TeiTepb 

U=0 1 r<r 0 

nonyqHM 
U=M 1 r >r

0
• 

1 acf> 

0 

!! =- --- __ ,. 
(E+U) rar (4.9) 

noACTBBHB 3TO BblpallieHHe B rrepBOe H3 ypaBHeHHli ( 1.3) H yqHTbiBaR1 qTO U 

RBnReTCR ITOeTO.IHHOll lKpOMe TOqKII r = f O ) 1 rronyqnM: 

0TCIDA8 

TO eeTb 

a¢ a2 

i"'£.<E-U)c/>+ --1-!2- + ,_i__i.,j = 0. 
(E+U) a, ar 2 

~+ (E2-U2) ref> 
a r 2 

a 2 
ref> 2 

---,+ E a,z- r cf>' = 0 

0 r ~ r o 

O<r<r
0 

a2
rcf> 

a r 2 
-(M 2 -E 2 )rcf>=0; r> r

0
• 

( 4.10) 

TaK KaK ref> AonmHo o6pamaTbeR B Hynb rrpn r= 0 1 He rrpeTeprreBBTb paspbi-

aa rrpn . rrepeXOAe qepes r = r 
0 

rronyqnM 

II eTpeMI!Tbel! K Hynro ITilll r ... .., 1 TO 113 (4,10) 

r c/> = A sin E r 0< r < r o 

r cf> = A sin E r 
0 

-yM
2
-E

2
(r-r

0
) 

e 1r>r
0 

A= const. 
(4.11') 

H3 { 4.9) 1 Y"'IIThiBaRI qTo g ( r) TaKJKe He AonmHa HMeTb paspb!Ba a ToqKe 

r = r o , HaXOAIIM 
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OTKYil8 MOlKHO nony'IKTb ypaBH9HH9 lln!l onpeJleneHII!I C06CTB9HHOI'O. 3H8'19111HI 9Hep-

I'KH E =Ell. 

1 + .!. 
M 

sin F r + - 1-( _E_ -1) sin E r • = 0. 
o Er E.+M o 

Q 

.llanee, lln!I TOI'O 'IT06hl He paCCM8TpHB8Tb Macey M , BenH'IHH8 KOTOpoft H8M 

He H3B9CTH8 , II lVHI ynpOnt9Hil!I Bbi'IHCneH!Ili HM99T CMbiCn COBepntHTb npeJlenbHblll 

nepeXOil M ... oo • 

ilepeXOilH K npelleny, nony'IKM 

cos Er
0 

+sin Er "'sinEro. 
o E ro 

CnellOBaTenbno, 

Eo "'~/r o• 

I'll9 e - H8KM9HbWHil UOnQlKHT9nbHblll KOp9Hb ypaBH9HH!I 

sine 
cos e + sin ~ ., -~- • 

.lln11 r < r 0 nony'InM TaKJKe 

n lln!l r < r 
0 

Bbi'IacnnM o 

r 2 g ( r ) = - A ( cos E 
0 

r 

ro 
J (cos E 

0 
r 

0 

e 
f (COS X-~ ) 2 

d X 
2 0 X 

- ~------------------3 
f { sin 

2 
X + (COS X - .E!!!_L) 

2 
J d X 

X 
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Bxonlllllae crona HHTerpanbi oepyTClJ npocTo, TaK KaK 

slnx 2 a sin 2 x 
(cosx--) =cos x--- -'· 

X ax X 
llOny'lHM 

~ sin 2 ~ sln 2 ~ -+----
8 ~2_ 2 4 e 1 + stne cos~_ 2 ( !!!.{_,) 2 

1 e ~, 

3 f.:.:~ , e 
T ~ 

1 _<s1ne)2 
e 

OTKy,na, BOCIIOilh30B8BWHCb ypaBHeHHeM (4.14), Hiil!.UeM 

8 = ..!_ l 2 ~ - 3! . 
6 ~-1 

TaK KaK 'lHCneuaoe peweaae ypaBHeHHSI (4.14) naeT 

nonyqaeM 

TaKHM o6pa30M, 

e= 2,04, 

8-= 0, 17. 

fLp = 2, 49 

·FA 
T=1,1 

v 

(4.17) 

( 4.18) 

(4.ll'l) 

KaK BH.UHO, 3ll8'leHHe M8I'l!HTHOI'O MOMeHT8 1Ip0TOH8 0TnH'l8eTCSI 0T 3Kt;:IIepH

MeHT8nbHOI'O Ua 12%, a OTHOWeHHe 8KCH8nbll0~ H BeKTOpaol! KOliCT8liT- Ha 7%. 

llpHHHM8SI BO BHHM8HHe ynpoweHHbil! xapaKTep HCIIOnb3.0B8HHOl! MO,nenH, STH pe3ynb

T8Tbl MO)KHO C'lHTaTb Y.UOBneTBOpHTenbHblMH. 

l1cnonb3YSI nony'leHHbie peaynbTaTbi, MO)KHO Bhl'!HCnHTb ewe cpenHHl! KBanpaT 

panayca ayxnoaa: 

2 
<r >., 

p 

fr 2p(r)d7 

fp(r) d; 
., 

\ 
rne p(r) - nnoTHOCTb pacnpeneneHHSI aneKTpH'leCKoro 3apg.na. 

B paccMaTpHBaeMoll Monena p ( r) nponopuaoaanbHO 

~ ~ ( r ) t/1 
0 

( r ) = I cp ( r )[ 2 
+ r 2 I g ( ·r ) I 2 

, 

II03TOMy, Ha OCHOB8HHH (4.15), l4.16) 

<r2> 
p 

)! 2 2 sin F.: 
0 
r 2 

J r l sin E r + (cos E 
0 

r - -,) I d r 
o 0 E 

0 
r 

• 2 · slnEr2 f l sin E 0 r + (cos E 0 r - _g_) l d r 
o E

0
r 

24 



X 
nonoJKJIB r =--- , nony'ln:M: 

Eo ~ 2 a sin 2 
X J x (1.---·) dx 

0 • ax X 

J (1-l...~)dx ax X 

, 3 • 2 sin 2 ~ 
r, I 3 -§sin.§+~---· 

2 

sin§ cos{._ 
~ 

1 l . 
~-

Orcroaa, y'IHTbiBaSI ( 4.5) n ( 4,17), HafiaeM 

< r ! > = 0, 43 -:1r . 
m" 

KaK BIUIHO, 3AeCb TSKJKe Ha OCHOBSHUll ynpomeHHOll Mo.nena nony'laeTCSI XOpo-

mee cornacne c sKcnepn:MeHTOM 

( < I;> SKCH = 0, 396 ~) , 
• m 

1T 

3aecb Mbi seaae nonbaosann:cb aHa'leHn:eM o nony'leHHbiM .nng cny'laSI 

npSIMoyronhHofi noTeHnHanbHofi HMbi, Ho aeooxoan:Mo noa•IepKHYTh, 'ITO B aaaHofi Mo

.nenn: HUKSKUX OCHOBBHUll anSI BbiOOpa HMeHHO TSKOfi <jJOpMbl 9KBUBaneJITHOrO UOTeH

IlUana He HMeeTcSI, ecnn ae HMeTb B sn:ay ynoMHHaBIIIeficg aHanorn:n: c Teopn:efi gapa, 

MolKHO Obin o Obi paccMoTpeTb Te JKe sonpocbi, aeTas Ha oonee oomyro TO'IKY ape-

. HU!l, He <jJn:KCHpyg KOHKpeTHOfi <jJOpMbl HOTeHnn:ana V (I) , Torna Mbl Obi He CMOrnn 

yJKe onpeaennTh senH'mHy o na ypasaennSI .lln:paKa. 

B TaKoM tny'lae MOJKHO socnonbaosaTbCSI nng onpeaeneHnSI o 9KCHepn:MeH-

TanbHbiM 3H8'leHUeM fl p , .llng yny'llllaHHSI ~O'IHOCTH peaynhT8T8 npn:MeM BO 

BHHMaHHe KOnneKTUBHy!O 9Heprn:ro KB8pKOB B HyKnOHe, Ecnn Oe3 y'leTa T8KOfi ):IOIIOn-

HJITenhHOfi saeprnn Mbi uonarann 

mp=3E
0

, 

TO Teiiepb, IICXO]:ISI H3 BbipmKeHHSI KOnneKTHBHOll SHepriiH B BU]:Ie ( Y'lllThiBSSI nUIIIb 

"spameHne") 
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WI(I+lL 

nafiaeM ang nyKnona II ang aaooapa 

. 3 
m =3E 0 +·- w 

p 4 

lS 
mv*=·3E.0 +·-

4
-·W 

(938,2 Man) 

(1236 Man) 

Toraa, yqaThlsag (4.1 ), nony'Il!M li =0,146. B aToM cny'Iae l!3 (4.2) .nng 

OTHOlUeHl!g aKCaam.HOH a BGKTOpHOH KOHCTaHT · UOJiy'IaM 

O'Ie~ onii3KOe K 9KCnepaMGHTy, 

§ 5. 

F . 
~ 0,185 sna'IeHHe, 

FV. 

B npeanrayiUIIX naparpatjlax Mbi nes.ne ncxo.nnnn ns npe.ncTannenng o TOM, 'ITO 

caMocornaconaHHhlfi nOTeimnan m~ngeTCH CKangpHbiM. 

PaCCMOTpiiM Tenepb cnyqal!, KOTOpb!H B03HHKaeT, GCnH npeanonOJKHTh, 'ITO 

aBII*eHne KBapKoB B ayxnoae xapaxTepiiayeTCH ypaBHenaeM ~paxa c n9enaocxangp-

. HbiM noTenuuanoM: 

I ... a 
· y 0 E+i(y at )-M+e<y 5 V(r)lt/1=0, (5.1) 

rae V ( r)- PMIIan&ao-caMMeTpa'IHag cjlyHKuag a c; ""± 1 • l1cxorw· 1!:3 TaKoro ypan

neHIIH, MO*HO ObinO elb! TGM *G nyTeM, 'ITO a B npe.[lbraylUIIX naparpatjlax, TIOny'IKTJ> 

,Bb!pa*GHII9 ang Mai'HIITHb!X MOMGHTOB, OTHOlUGHHH aKCIIanbHOl! Iii BGKTOpHOH KOHCTaHT 

II T,n,, BBOag B · (5,1) Mannie 'InGHbi, COOTBGTCTBYIOlUHG BHGlUHHM nongM, HanpHMep, 

Mai'!IIITHOMy Hna cnaooMy, Ho 3!1GCb IIMGGT CMbiCn OopaTRTb BHHMaliHG Ha OaHO HHTe

peCHOe CBOHCTBO ypaBHGHHl! TaKOI'O THTia C TICGB.[IOCKangpHb!M TIOTGHl!HanoM, a HMGH

HO,Ha B03MO*HoCTh nec&Ma npocTo conepiUIITh npeae.zn.HDrll: nepexoa n cnyqae, xor-

aa cno6oaaag Macca KBapKa M ..... • ~ng 9TOI'O KBaapHpyeM ypaBHGHHG (5.1), 

aaniican: 

I ... a 2 
y E+l(y -·)-M+·"y V(r)! ·'··0 

0 a r . 5 "' , 

OTKyaa, I{OCne O'IGBHaHb!X ynpOlUGI!Hl!, TIOny'IHM! 

( 2 2 2 (;; ?) ' 
E +~ +V -M + ly c; -·-V (rHt/1 (r)=O. r o r 

(5.2) 

npe.~:~nono*aM, 'ITO cjlyHKUHH U(;),V 2(;)-M
2 

M ...... Toraa 

OCTaeTCH KOHG'IHOH HpH 
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(5.3) 

not:~cTaBHB (5.3) B (5.2), nocne npenenhHoro nepexot:~a nony'lnM 

2 ~ I F + 6 2 + U·( r) I tb ( r) ~ 0. (5.4) 

4neHbl 1 Bbl3biBa!OlUHe CMemnBaHne COCTOI!HHfi C pa3nH'l,!lbiMH L, llpH 9TOM 

Bbman:a a Mbi npawna K ypaBHeHHIO KnefiHa-ropt:~oHa. 

ilpennonoJKnM nanee, KaK Bcerna, '!TO peweune ypaBHeHnSI (5.4) c uaaMeHbWIIM F 
2 

COOTBeTCTByeT S -COCTOSIHHIO, TaK KaK 9T0 ypaBHeHHe He CO,t~eplKHT MaTpH'lHOfi 
~ . 

CTpyKTypb11 TO t/J D ( r) )]O.lllKHO 6b!Tb npOIIOpUBOHanbHO HeKOTOpofi CKa.llS!pHOfi iflyHK-' 

nan cp ( r) 
1/J o (~) = cp ( r ) (} ' 

rne (} - He 3aBBC S!WHfi OT f 'leTbipexMepHbil!: cmmop. 

C npyrofi CTOpOHbl 1 IIOJlCTaBHB (5,3) B HeKBaJlpHpOBBHHOe ypaBHeHne (5.1) 1 

Hal!:neM: 

n noToMy nnSI npenenbuoro cny'laSI ( y 
5 
-"·) 1/J 

0 
= 0 

3ua'laT, B paccMaTpnBaeMOM cnyqae 

1/J = 0 :) (5,5) 

rt:~e X - 06bi'll!b!l!: t:IBYXKOMIIOHe!!THblfi CIIHl!Op. ,TaKaS! CTpyKTypa BO.lll!OBOfi iflyiiKUHli 

IlOK83b!BaeT1 'ITO Mbl IIaXO,[IHMCSI B cyiUeCTBel!IIO peni!THBHCTCKOl!: o6naCTli 1 TaK KaK 

Be.llB'lHllbl BepXHeli H HBJKHel!: KOMI)Ol!eHT BO.llliOBOfi iflyiiKUHH paBHbl, 

C ,t~pyroli CTOpOHbl 1 TaK KaK H3 (5.5) cne,t~yeT, 'ITO 

BH)]l!O, 'ITO Tellepb 

T,e. B IIO.lll!OM yrnOBOM MOMeiiTe HeT BKna,[la OT op6BT8nbl!OrO MOMeHTB, 11 Ol! :co

CTaBnel! TO.llbKO H3 CilHl!a KBapKa, il09TOMy, IlOBTOpHB paccylKJleiiHSI npeJlbiAYlUllX 

naparpaif!OB1 MO lKl!O y6eJlllTbCII1 'ITO B )]al!HOM cnyqae He 6y,t~eT OTK.llOHelii~l!: OT 

FA 5 
pe3ynbTaTOB o6bi'lHOfi SUe -Teopaa, TaK KaK o = 0 • B qacTBOCTa, -F-- ~ T , 

v 
a TaKJKe p. p =3 • .LlefiCTBHTenbH01 BK.lliO'lHM HOCTOI!HI!Oe MarHHTHOe none H no 

oca Z a BBeneM coOTBeTCTBYJOlUI!e qnel!bi B ypaaueuae (5.1). Torna, nocne npe-

nenbnoro nepexona npn M ~ oo 

{5.4) ypaBueune Bnna: 
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I E 
2 

+ ~ ,+ U (!) + eQ H (a + L •) lr/1 ~ 0, 
A • 

OTKYAB 

2E 0 oE~-,.eQAH 
+· .. 

Itf,o(a.+L.)r/Jo dr ~-eQAH 

I r ., d; 
0 0 I~ "" d; 0 0 

+· ... 
fr/1 a r/1 d r 

0 !7. 0 

111 UOTOMy, HeCMOTpH jiB pel!HTI!Bl!CTCKRH xapaKTep ABRJKeHI!H, MBI"HHTHhlH MOMeHT 
e QA 

6yAeT panel! - • TaKHM 06pa30M1 MBI"HHTHhiH MOMeHT UpOTOHa B eAHHHD:BX 
2 E0 

6opOBCKOI"O M8I"HeTOH8 OK83hiBaeTCII p8BHhlM 3. 

KaK BIIAHO, paCCMOTpeHHBH paHee MOAellb CO CKBlii!piihlM ITOTeiin:HaliOM C ljJH3H

'!eCKOH TO'lKll 3pe!IllH HBli!IeTCH 6onee rrpHeMl!eMOH, 'leM MOAe/Ib C ITCeBAOCKBlii!pHbiM 

ITOTeHIJ;RaliOM, TaK KBK OHB AOITYCKaeT y'IeT BKli8A8 Op6HT8llbHOI"0 MOMeHTa B CUHH 

HYKliOI{a. 

C Apyroif CTOpOHbl, MOAellb C UCeBA0CK8lii!pHhiM ITOTeHn:HaliOM B MBTeMBTI!

qecKOM OTIIOilleHHH IIMeeT I!HTepecHoe CBOHCTBO - B03MOiKHOCTb 3li8'IHTe/IbHOI"O 

yrrpomeHnsr 3aAa'IH rrpn cooTBeTcTnyromeM rrpenenhHOM nepexone M .. .. • 3Ty 

OC06eHHOCTb ITCeBAOCKaliHpHhlX ITOTeHIJ;I!BliOB MOlKHO HCITOllb30B8Tb Upl! paCCMOTpe

HI!II 6onee CliOlKHbiX MOAene:ii, OCHOBaHHhlX Ha ypaBHeHIIHX TIIIT8 EeTe-Col!ITHTepa, 

I"Ae BCHKOe B03MOJKHOe yrrpomenne HBliHeTCSI KpaifHe lKel!aTel!bHhlM, 
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PyKonnch nocTyrrRna B nanaTeJibCKnfi OTnen 
13 IIHB8pll 1967 r, 

TipnMeqaane npn KoppeKType 

1101 Bo npeMII neqaTaHnH sTore npenpunTa 6hm nonyqea nperrpnHT renn-Manna , 

B KOTOpOM H8 OCHOBe npyrHX C006palKeHHll ll:JISI OTIIOWeJIHII 8KCil8JibHOli ll BeKTOpHOH 

KOHCTaHT 6hma nonyqeua cnenyrowa11 lj>opMYna: 

G A 5 1 < p2 > -+ 4 
-- -(1-- +6(-P_)) 

Gv 3 3 m2 m4 

3necb < p2 > - cpennee anaqenne KnanpaTa nMnynbca KnapKa B nyKnone, m- slj>-

lj>eKTHBHall Macca KBapKa, T.e. B nawnx o6oanaqef!HIIX m ~ E 
0 

, npnqeM a sTofi 

lj>opMyne llMeeTCH B nnny paanoJKenlle no CTerrenllM -lL , nocnenonaTenhno yqn-
m 

TblB8IOWee peJIIITHBIICTCKile Il0Up8BKII, J1nTepeCHO OTMeTilTb, qTo COOTBeTCTBYIOWee 

paanoJKenne nnH nawefi nenRqi!Hbi 8 H8 OCHOB8HHH (1,3) II (2,6) 6yneT: .. 
8=~+ ... 

6 E 2 
0 

TaKnM o6paaoM, na lj>opMynbr (3.10) Toque rronyqaeTCSI Bbiwerrpnnenennan cpopMyna 

renn-Manna. 
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