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AKTyanoHOCTo 

Paannqaue MeTO;!iU qncneHHOro 8H8nH38 KB8HTOBOMeX8Hl'JqecKOH CHCTeMU 
Tpex qacTHU, OCHOB8HHUe H8 B8pH8IUIOHHOM Il0,1!X0,1!e, HHTeHCl'JBHO HCCne;11y
IDTCH B nocne;11Hee BpeMal*I. CpaBaeane pacqeTOB noKaaano BUCOKYID ac_l4leK
THBHOCTo BapHaIUIOHHHX M0T0,1!0B. BMeCTe C Tehl npoHBHnCH pH;!i TPYAHOC
Teii, CBH38HHUX C IlHOXOil o6ycnoBneHHOCToID nonyqaeMOH 0606111eHHOil anre6-
pauqecKOH aa;11aqH Ha co6CTB0HHUe 3HaqeHHH H C npHM0H0HH0M STHX M0TO;!IOB 
K pacqeTy COCTOHHHil C IlOnHUM op6HTanoHUM MOM6HTOM J ~2. CnOJKHOCTH 
B03HHK8IDT H npH HayqeHHH noKanoHUX xapaKTepHCTHK BOnHOBOll rpyHKIUlll 
(ycnOBlle KaTo, f -i;p8KTOPU HAP-) B rpaHHqHUX TOqKaX aa;11aqH. B CBH3H 
C aTHM 6onomoe 3HaqeHHe HMeeT ;!16T8noHOe HCCH6;!10B8HH6 B8pH8UHOHHOro 
MeT0;11a, Il03BOnHID~ee IlOCTpOHTo BUCOK03~WeKTHBHUe anropHTMU pacqeTa xa
paKTepHCTHK TpexqacTHqHUX KB8HTOBOMexaaHqecKHX CHCTeM. 

qHcneHHUH 8H8HH3 38,1!8qH Tpex Ten HMeeT H orpoMHYID npaKTHqecKyID 
ueHHOCTo. OTKpUTHe cna6oCBH38HHUX COCTOHHHH Me30MOneKyn ,/JI' H ,,(~, 
KOTOpue onpe;11enHIDT BUCOKYID CKOpOCTo o6paaOB8HHH MeaouoneKyn, B03POAH
no H;!i8ID MIDOHHOro K8T8nHaafu/. 8TO OTKpUTHe c;11enano Heo6XOAHMUM rny-
60KOe TeopeTHqecKoe Hccne;110B8HHe MeaouoneKynHpHUX KOMIIneKCOB, B03HH
K8IDID,HX B npoueccax MeaoKaTannaa. PacqeT ypoBHeil aaeprHH H cooTBeTcT
BYIDIIIHX HM BOnHOBUX WYHKUHll Me30MoneKyn BOAOPOA8 HBnaeTCH O;!IHHM ll3 oc
HOBHUX 3BeHoeB B 3THX Hccne;110B8HHHX. 

K TOqHOCTH pacqeTOB npe,ll'.bHBnHllTCll BUCOKHe Tpe60B8HHll. TaK, .llnll 
8KKypaTaoro onpe;11eneHHll TeMnepaTypHOH 38BHCHMOCTH CKOpOCTH peaKUHH 
o6pa30B8HHH 11eaouoneKyn ""11 H tlfll Tpe6yeTCll HM8To 3HaqeHHll ypoB
aen 3HeprHH c OIDHOKOH He 6onee 10-3 aB. 

PacqeT cna6ocBH3aHHux cocTOHHHii 11eaouoneKyn J~ H JTi' 6un 
BnepBue Bunon11ea B paMKax a.nHa6aTuqecKoro no;11xo.zial 'If/. O.nHaKo no
nuTKa yny-qmHTo TO'lHOCTo pacqeTOB Ha 6aae 8,llH868THqecKoro MeT0,1!8 npH
Bena K peaKOMY yBenHqeHHll BpeweHH cqeTa. 

.llHccepT8UHll IlOCB!l1118H8 HCCll6,1!0B8HHID B8pH8UHOHHOro MeTO,llB, OCHOB8H
HOro Ha p831!0llt6HHH pememm no /J-qiyHKUH!IM BHrHepa B npe,llCT8B1!8HHH 
CHMMeTpHH EpeaTa-XHnnepaaca. ~nll OilHC8HHll BHYTP8HHHX nepeMeHHUX HC
Il01Io3YIDTC!I crpepOH,ll81IoHUe KOOP.llHHBTU. Bu6op npe,llCT8B1!8HHll BOnHOBOH 
~YHKIUIH onpe~eneH ero T6CHOH CB!l3o~ C 8~H868THqecKHM npe~cTaBJ10Hll0M • 

f*lr v Pu · s r v· · · • • zynin, •• initsky. Muon Catalysed Fusion, v.3, p.307 11988. 

/u/G F" t . . L I P . · • io entini, •• onomarev. Muon Catalysed Fusion, v.l, p.3, 
1987 • 

/1JfJl8f./ C.li.BHHHUKHn, !.H.IloaoMapeB, H.B.IlysuirnH, T.IT.IlyauHHHa, JI.H.Co
MOB. lltST~, T. 74, c. 849, 1978. 
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,.,r.E::i 1-i r-ch· -, · 1v~1 ·M~· r....-. . .... -· , ......... ..... .· ' 
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PaOOThl, IlOJIOliteHHUe B OCHOBy ;1(11CCepT81.\1111, BblilOJIHeHU B COOTBeTCTBl111 

C npo6JieMHO-T8M8Tl1'1eCKl11.1 IlJl8HOM H8Y'IH0-11CCJie;!(OB8TeJII,CKl1X paooT 06:oe
;1(11H8HHOro 11HCTl1TyTa fl;!lepHblX 11CCJI8;1lOB8HHii B ~y6He. 

Uenr, pa6oTu 

I.leJII,IO ;!(HCCepT81.\110HHOl1 pa6oru HBJIH8TCH pa3pa6oTKa 11 TeopeTH'leCKOe 

OOOCl!OB8Hl1e '111CJieHHOro MeT0;1(8 peweHl1H KB8HTOBOii 38;1(8'111 Tpex TGJI! 

- 8H8Jll13 oco6eHHOCTel1 ~eweHHH 11CXO;!lHOro ypaBH8Hl1H illpe;1(11Hrepa B 
npe;!(CT8BJI8Hl111 Cl1MMeTpHl1 Epel1Ta-XHJIJiepaaca; 

- IlOCTpoeHHe B8p1181.\HOHHOti IlPOl.\8AYPU Pl1TIJ.8 Ha OCHOBe npo6HUX qiyHK

IJ.l1W, Y'll1TUB8!0ll!l1X oco6eH'noCTll pe W6Hl1H 11CXO;!lHOrO ypaBH8Hl1H illpe;1(11Hrepa; 
- pa3pa60TKa anrop11TMOB, Heo6xo;!ll1Mh!X AJiff pean11sau.11H npe;!lnarae1.1oro 

M8TO;!l8; 
- pa3pa60TK8 perynffpl130B81!HUX MGTO;!(OB peweHHff 06061.11eHHOl1 anre6pa-

11'18CKOl1 38;1(8'111 Ha COOCTBeHHhle 3H8'18H11ff; 

- np11MeHeH11e paspa60T8HHUX anrop11TMOB 11 nporpaMM ;!(Jiff np8KTl1'16CKl1X 
pac'!eTOB ypOBHel1 anepr1,rn Me30MOJieKyJI 1130TOilOB BO.D,Op0;1(8. 

J:!21l!H8H HOBl13H8 

~Jlfl IlOCTpoeHl1H M8TOA8, ll03BOJIHI01.116ro 8KKypaTHO onpe.n.eJIHTI, JIOK8JII,

HUe xapaKT6pHCTl1K11 Cl1CTeMbl 11 06JI8;1(8IOl.llero BblCOKOli CKOPOCTI,IO CXO;!l11MOCTl1, 

npOBO.ll,11TCH 8H8Jll13 oco6eHHOCTeii BOJIHOBOii WYHKI.\Hll, CBH38HHblX C y'leTOM 

Cl1MM6TPHl1 TpexMepHblX BPBtlleHnti. 8Tl1 oco6eHHOCTl1 onpe.n,eJIHIOTCH BhlPO~eH

Hh!M11 IlOJIOlitem1mrn Tpex '18CTHIJ., np11 KOTOPhIX He onpe;!(e JieHO HanpaBJI8Hl1e 

IlO;!(BHEHOro penepa~ BnepBue noJiy'leHa 8Cl1MilTOTl1K8 oceBoro BUPOE;1(8Hl1H -

TPH '18CTl1IJ.U neEaT Ha OAHOl1 npHMOii. rrony'leHhl Bap11au.110HHhlw qiynKu.11onan q 
ypaBHeH11e lIIpe;!ll1Hrepa, Y'll1TLIB8!01.1111e pa3JI0lit6Hl16 BOJIHOBOM qiyHKIJ.1111 Ha Cl1M

MeTpl1'1HYIO 11 8HTl1Cl1MMeTpl1'1HYIO (OTHOCl1T8JII,HO nepeCT8HOBKl1 .ll.BYX '18CTl1IJ., 
pacnono~eHHhlX Ha 0011 OZ' no.n,Bl1JKHoro penepa) KOMnoneHTu. Ha ocHoBe 

npoBe;!leHnoro anamrna oco6eH!lOCTeii BOJIHOBol1 t1JYHKIJ.11ll nony'leH Ha6op 6a-
311CHh!X qiyHKIJ.11l1, onpe.n,eJIH!Oll!l1il Bap11au.110HHbll1 npou.ecc PHTIJ.8. Ilpe;!(JIOJKeHHh!l1 
npou.ecc Pl1Tl.\8 no3BOJIHeT pacc'IHTh!BaTr, ypoBHl1· aHepr1111 cncTeM Tpex qac
Tl1IJ. C lIIOOblMl1 3H8'16H11HMl1 KB8HTOBblX queen op611T8JII,HOro MOM6HT8 J 11 'IGT
HOCTl1 A (c yqeTOM To~ecTBeHHOCT11 qacTl11.\ 11 6e3 Hero). ~JIH aqiqieKTHB
Horo peweHl1H 06061.11enHol1 anre6pa11qecKol1 38;1(8'111 Ha co6cTBennh!e sHaqen11H 
pa3pa60T8H 11 TeopeTl1'16CKl1 OOOCHOB8H M6TO;!l o6paTHOl111repau.1111 C peryJIH
pl1381.\l16tl. 8TOT M6TO.ll, npe;!(H83H8qeH ;!(JIH peweHl1H IlJIOXO o6yCJIOBJ18HHblX 8JI

re6pa11qecKl1X aa;!(aq, B03HJ1Ka10m11x np11 11cnonr,30BaH1111 6onr,woro qncna onop
Hux WYHKIJ.11ti. 
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IlpaKTnqecKaff geHHOCTI, 

Ha OCHOBe npe.n.JIOJK6HHblX M8TO;!(OB Ob1Jll1 paapa60T8Hbl' nporpaMMhl, C no

MOIJ\I,IO KOTOPhlX Bblq11CJl6Hbl 3HaqeHl1H ypOBHel1 3H6Pfilll CBH311 18 COCTOHHl1H 

M630MOJl6KYJI 1130TOilOB BO;!(OpO;!la C TOqHOCTI,IO He Hltlit6 10-3 
aB._ IlpOB6;1(6Hhl 

npeIJ.113110HHbl6 pacqeTbl cna60CBH38HHblX COCTOHH11tl M830MOJl6KYJI elel,jt 11 
cit~ , B KOTOPhlX HCilQJII,3QB81111CI, B03pacTaIOll{l16 Ha6opbl onopHUX qiyHK

l.\11l1 (MaKCl1M81II,Hbll1 pacqeT - 208'4 onopHHe qiyHKl.\lU!). 3TO Il03BOJ111ll0 ;1(0-
CTHrHyTI, BblCOKOll TOqHOCTl1 2•10-4 aB, qTO npeBblWaeT 6onee qeM Ha no
PHAOK TOqHOCTI, BCGX npe.n.meCTBY!OIJUfX Bapl181.\110HHhlX pacqeTOB. Buq11cJieH

Hbl6 B01IH0Bbl6 qiyHKLl.1111 11Cil01II,30Ba1111cr, ;itnH onpe.n.enemrn 3HaqeH11ll Y -qiaK

TOpOB. 8Tl1 3H8'16Hl1H Heo6XOAl1Mbl AJIH pacqeTOB CB6PXTOHKOH CTpyKTypbl 

cna6ocBH3aHHhlx cocTOHH11l1 1,1eaouoneKyn rld,1111 dt,I' . 
IIpe;!(JIO~eHHblH B8pl18IJ.110HHUll M6TOA 11 pa3pa60T8HHble Ha ero OCHOBe BU

q11CJil1T61II,Hble npoue.n.yphl HBJIHIOTCH 3qxp6KTl1BHblM cpe;!(CTBOM AJIH nonyqeHHH 

3Haqeii11n H6p8JIHT11Bl1CTCKl1X ypOBHel1 3Hepr1111 M630M0116KYJI 11 COOTB6TCTBYIO

!lll1X HM BOJIHOBhlX'qJYHKIJ.11H. 

Anpo6ag11H pa6oTu 

OCHOBHUG peayJibTBTU ;!lRCCepTal.\HOHHOH paOOTbl ;l!OKJI8;1lb1B8Jil1CI, Ha C6Ml1-

H8pax JJBTA, JIT~ OWUI, HS M6X.ltYH8pOAHhlX. Clll.!Il0311YM8X no MIOOHHOIIY K8T8-

n11ay, ToKuo, 26-30 aBrycTa 1986, ran11Ha, 26-29 uan 1987, ~nopu.n.a, 
1-6 MaH !988; Ha KoH~epeHIJ.1111 no q11CJ18HHblM M6TOA8M H npl1JIOEeHl1HM, Co

~11H, 22-27 aBrycTa, 1988; Ha M6lltBY30BCKOH KOHqiepeHIJ.Hl1 "MaTe11aT11qec1toe 

MOJt8Jil1POBaHl18 11 BUq11cJIHT61IbHaH qlll311Ka", Bonrorpa.n., 12-16 C8HTH6pH, 

1988. 

Ily6rurnanmt 

0CHOBH06 C0;1(8PJit8Hl18 .n.11cceprauHH ony6JilU(OBaHo B BOCI,Ml1 neqaTHUX pa-
6oTaxfl-B/, B TOM q1,1cne B ia:ypHanax 18T~, IBMHM~, "Physics Letters B" 

11 "KpaTKH8 C0061!l6Hl1H omrn". 

CTpyKTypa 11 06~e11 pa60Tbl 

n11ccepTaIJ.l1H 113J!Oll!:8Ha Ha 114 CTp8Hl1IJ.aX 11am11HOill1CHOrO T6KCTa 11 COC
TOl1T 113 BBe.n.en11n, qeTupex rnaB, aaKnDqeH11H, qeTupex np11noxeH11ll, cn11c-

1ta Jll1TepaTyphl 113 57 H811M6HOBaHl1H, !0 Ta6JIHU ll 2 pHCYHKOB. 

Conepll[8Hll6 n11ccepTag11H 

Bo BB~88HHH A88TCH KpaTKOe co.n.epll!:8Hl18 ;!lHCCepT81.\110HHOH pa60Tbl. 06o
CHOBUBa8TCH 8KTyaJibHOCTb Bb16paHHOtt T6MH. 

B nepBoll rnaBe npoBOA11TCH aHa1IH3 ypaBH6Hl1H mpe.n.11Hrepa CHCT8MU 

Tpex qacT11U B npe.n.cTaBn8HHH Cl1Wl6TPHH Epel1Ta-X11nnepaaca. BonHOB8H 
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qiyllliUlUI CllCTelm C HBBHTOBbll,\11 q11c /181Jll IlO/lHOro op611T8l!I,HOro MOMeHTa J 
Iii ero npoeKUllll H8 OCI, oz, paBuon M, npe,l.lCT8Bilfl6TCfl B BJ.:1,1.le CJMMbl 

r J J"' .r } 
~ (SJ =,.,?_J [JI(.., (~,1,(J·F- (S;,, I (I) 

r,l.le s - IlOJIHbltl Haeiop He38Bl'.ICHMhlX neper.ieHHb!X CJ.:ICTeMhl, 5;,., - BHYT

peHHHe He38Bl'.ICJ.:!Mhl8 nepeMeHHhle CHCTeMhl, ,o,.,-:, (o(i/3,fl - /.) - g_JJHK-

Ul'.111 B1.:1rttepa, "-, 13
1 

y - yrrrhl 3.vinepa nO;;:(BHi!moro penepa. liDi'.lBl1lKHb!li 

penep <~H!Wl1pyeTCH B npOC'.l'P3HCTBe Cll8,l.lJI0\1lllM 00p830M! DCI, OZ' penepa 

H3Ilp3Bllfl8TCH B,l.lOJII, qacTHU I 11 2i DCI, tJ X' JielKHT B IlllOCJWCTH Tpex 

qacTHJ.J. B 1rnnpaB11emrn TpeTI>e}i qacTHUb!i ocr, OY' onpe,l.leJIBeTCH TaK, 

qTQObl opH8HT3UHH IlO,l.lBlllKHOro ll HeTTO,l.lBlllKHOro penepoB COBil3,l.l3l!3. ]l3Hll8H 

~opMa yqeTa CHMMeTpl1l1 sa;;:(aq;i 6una npe,l.lno•etta XHnnepaacoM u Epeii

Toi/*I. 
:S § I BLJBO,l.ll1TCH ypaBJieHHe lilpe,l.ll1Hrepa B npe,l.lCT3Bll6HlUl norrHoro op-

6l1T8l!I,HOro MOMeHT3 ,l.lllfl BHJTpeHHHX ll833BHCHMhlX nepeMeHHhlX CHCTeMhJ! 

R, x, z. 8,1.lecI:> R - paccTOHHHe MeJKi'-lY qacTl1J.J.8MH I H 2,a X l1 Z -
,l.leHapTOBLI KOOp,l.lHH3TLJ Tpeneirt qaCT}IUbl OTHOCHTellbHO IlO;ztBmirnoro penepa. 

Haqano IlO,/\BHBHOro penepa qnrncHpyeTCH B uettTpe M8CC qaCT11U I 11 2.]la

nee BhlilllCLJBaeTCH BL!pa)l(eJ!l1e .llilH B8pl13Ul10HHOrO ([)JHKUHOH3/13 <If'/ I-I IY--.> 
( H - raMl1l!I,TOH1'.13H CHCT8Mhl Tpex qaCTl1U), CT8Ul10H8pHb!e TQqKH KOTOporo 

onpe,l.leJIHIOT YPOBHI! 3Heprl1l1 CBH38HHb!X COCTOHHHl1 •. 

]lnH npe,l.lcTaBneHl1H, yqHThlBBIOlllero qeTHOCTI> BOJIHOBoil WYHKUl1l1: 

J r J.l"" j J'A 
'Y,, /SJ== 2... ~,1.., r,, 1.5,f. · F..,. /R x, z} .,.,,.W..IJ v· I I 

1".I 
r,l.le ~11 ... (.{, /3, r) - Cl1MMeTpl130B8HHhle WYHKUllll BHrHepa, Bb!Ill1CL!B3eTCfl 

(I ) 

ypaBtteHHe lllpe,l.l1rnrepa: 

J ) .T..I ? J (If..,,,.,, -a'rn..,,·c F,.,,,=0
1 

m= ;lff,//
1 

•.• 
1 

T,· 
hi =:~(,I V' .. 

n _ -1.. { { -; 1,,t;_} 1 r ./'2 z i] 
n ,..,.. - 2,)1,z. - R1 aR.. (R ,U? - i1 Lo<. -1- "'9" -,.. (2) 

+-f._[J(f+1J-1nz.+~,.miJ] + :;: + V(1<
1
x,zl;· 

,I 

Jim hl:tt =. Ym,m1:f [; (m± J) ± i} 
I 2,;,,t.1?. 

H 1/M,,.,, =O npl1 /m-J??'/:;:::21· 
j'lf./ .. . 

F,A.Hylleraas. Zeits. fur Physik, v, 54 1 p, 347, 1929; 

G,Breit, Phys, Rev., v, 35 1 p. 569 1 1930. 
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r,l.le v-ur-'J = (~ -.l (-~Jj)/2.; 

f,,,,,A_H =[[1. +f/,.,,,,).(-.t)JJ[ j{Jri} -;,,,(nu-1.JJj~• 
I 

r::.,.,."- = ~ -S' ... o}/l i + 8',.,,t).f-:t.}:l[J(frl.)-m(m-1.)]]\' 

d - L. i. = z ax Xoz.1 
2.~_J.z. ;_ _ _a: t!J..2.. 

P,.,, - x axX ax az1 +- X'- J 

z Z2. ZzZa . 2.,2.,,_ • 
Vf~, X, z} = --;;- +-[.x2 -1-(.z - .1:!:1-l- R):/~ +- [X~+-(z+-.!:?2L-tcrJ~ 1 

r-.... bt,+n'Jz. m,-,.m1 

•t v"•1. = wr,. t + m._-", -t ( j"' •L • .,,,'f3 = n,, ~Jnz. -1- l'Yl:,, I 

a m,
1

1nz
1

111::, - M3CCL! ll Z, 1 Zz,Z3 - 33pH;ztbl qaCTllU 1,2 ll 3 COQT-

B8TCTB8HHO, 
B § 2 llCC/16,1.lJeTCR aCHMTTTOTllqecKoe ll0BG'A6Hlle KOMilOH6HT BOnHOBQll 

lJJYHKUllll ,::1. npll R. ....,o , llcnonI>30B3Hlle COOTHOWGHl'.lli 1feHra-(l>attof*/ 
. t 

CBH3hlB310l!l6rO /J -q,yHKUllll BHrHepa ll.6HnonapHble rapMOHllHH, Il03BOnHeT 

BblP83llTI, K0.14IlOHeHTL! BO/lHOBOll qiyHHUllll (i'.lllfl ~ = + (-1)j ) B Bll,l.le 

F!,1 (R,r, fJ,z/ =Crwir 1 }S.wJ&tz,(}//11fR,r}+ off), (3) 

r'Ae Cr,-, BhlP8lK8K>TCH qepea KOstlJ(J!HUHeHThl Kne6wa-rop'Aaaa, VJ n, 

ct1iepll1JeCKlle rapMOHllKll, 3 llr (I!, r) - orpaHHIJ8HH8R qiyHKUllll nepeMeH

HblX /<. ll r , He 33BllClll!l3ll OT m • CoOTHOUJGHlle (3) BCKPblB86T CBH3I, 

.146lKi'.lY H0.14IlOHeHT8Mll C paanHIJHblMll 3H3q6HllflMll m npll R. ➔ 0 ' a T3K-

lK8 RBHYIO saBHCHMOCTI, KOMnoaeHT oT yrnoBoli nepeueHHOii 6,z . IlocneA

Hee H8Ki13AblB3eT orpaHHIJ8HHe aa BblOOP BHyTpeHHllX H633BllCllMblX nepeMeH

Hl:lX, Koop,l.lllH8Tbl, llCnonr,ay!Ol!llle pacCTO!lHllfl rl2' r23 R r13 M6X'AY IJ8CTll

U3Mll (nepeMeHHble Xllnnepaaca), 8 T3KlK6 nepHM6TpllqecHH8 KOOP'AHH3Tbl npll 

ABHHOM ytJeTe CllWA6TPllH npllBO,l.lflT K HeKoppeKTHOMY onr.1caH1llO noBe'Aelillfl 

peweHH!l B oKpecTHOCTH TOIJKH napaoro coy'AapeHHH qacTHU I H 2 (R_=O), 
B § 3 pacc11.0Tpeaa 8Cllll.IlTOTllK3 BO/lHOBOii tlJYHKUIDI npH x? 0 ( OCeBOe 

Bblp0lK.z!8H_He). IlOK838HO, qro peUJeHlle npll x-o llMeeT Bili'-! 

F!).((,K,Z) = x""i-:: (~z)-,.. o(X,,...). (4) 

IlonytJeHHOe BblP8lK6HH8 llCil0/1I,3JeTC!l npll IlOCTP08Hllll Hac5opa onopHblX qiyHK

UHll, 
B § 4 BhlBO,l.lHTCH ypaBH6Hlle lllp8'AllHrepa CllCTeJW Tpex IJ8CTllU B cqiepo-

llASnI,HL!X KOOP'AHHaTax. IlpH STOii. npOBOAHTCH pa36H6HHe BO/lHOBOH tlJYIIKUHll 

1~1 E,S,Chang, U.Fano. Phys. Rev. A, v.6, P• 173 1 1972. 
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H8 _Cl1MM8Tpl1'IHYIO l1 8HTl1Cl1MMe.TpllqHyIO (OTHOCl1T8JH,UO nepeCT8UOBfm qac

Tl11.\ l ll 2) COCT8BJIHIOU(l18. 

B rnaBe 2 paCCM8TJlllB88TCH npouecc Pl1Tl.\8, OCHOB8HHblli Ha onopmnc 

WYHKl.\l1HX Bl1}:(8 

Uf-tJft-f/]'-¥. I<. 'fi?''-exp[-frl. -1-pJ)R]. (5) 

Ilonyqeuublii B8Jll18[.\110Ullbl!1 M8TO,ll npHrO,ll6H ,llJifl pacqeTOB COCTOflHl1i1 npn mo-

6b!X 3HaqeHl1HX KB8HT0Bh!X q11c"en IlOJIHoro o_p611T8JibHOro MOM8HT8 . J l1 qeT

HOCTl1 ~ , 

B § l paCCM8TpllB88TCfl IlOCT8HOBK8 B8pll81.\110HHOro IlO,llX0,1!8 K Bh!q11cne

HHJO Y.POBHeii ::rneprl111 HepeJIHTHBHCTCKoro ypaBH8Hl1fl [l]_pe,llHHrepa H6CKORDimx 

qaCTHI.\ l1 ,ll88TCH o60CHOB8Hl16 ero n_pl1M8H8HHH, Ilpl1BO,llHTCH TeopeMa KaTr/*f 

0 C8MOCOilpHlli8I!HOCTH H orpattuqeHHOCTH CHl13Y onepaTopa raMHJibTOHa ll Te

opeMa XyHI.\HKepa, BaH-BHHTepa, JKucnnHal**f, onpe,lleJIHJOlI!8H HHlKHJOIO rpaHH-

1.\Y cyU(eCTBeHHoro cneKTpa onepaTopa raMHJioTOHa, 

IlocTpoe1rne npo6HL!X WJIIKI.\HH ocyU(eCTBJIH8TCH B § 2. 8,1\eCo BBO,lll1TCH 

pasnoiteHHe B.01IHOBOW rpyHKI.\Hll 

. F!'H (R., f I pl=- r<'"[(j'-:i)(1-p1/]i! tE. X 

XL ± Cl.. ... ts R. tr· i/J '". exp[-(J...,fs M,.,fs f )!?] 
.. t:=1. < ,r l• , 

F.!).°"f R, f, 7J = R. »1+'lrf-1.Jt1 -f;J1,t-i x 

a . . 

X ~ &I a ..... to. ttfJ(k_ exp[-(rl. ... ttt +J3~t-f/R], 
(6) 

r,l(e i.,/, '=. = o, :1., ... 1 i? j, h - MY1IbTlll1H,ll8KC (h = (t~i i:.)}, 
C. paBHO O m160 I B 38BHCHMOCTl1 OT qeTHOCTH F.,,, OTHOCHT81IbHO 'l : 
t -':" - ? , P83'.bHCllfl8TCfl Bbl60p MHOlKHTeneli, npHCYTCTBYJ011!11X B p83]10lK8-

Hl111 (6), . 
B § 3 IlOK838HO, tITO BbltiHC]l6Hl16 MaTpHt!HblX aneMeHTOB' B8pll81UiOHHOro 

WYHKl.\110l!8]18 CBO,llHTCH K Ol.\8HHB8Hl1IO 11HTerpanoB BH,ZJ;a 

O<) = 
fr,r (A,B) =: f elf f JR.[R 1 JJexf[-(Al-Bf)R]],· 

(7) 

/*IT.Kato. Comm. on Pure and Appl, Math,, v,10, p,151, 1957, 

/if.tf./ M.PH,ll, E.Cat1MOH, MeTO.l(IJ COBpe!,!eHUOll M8TeMaTnqecKoli qJH3HKH, T, 4, 
M,: Mnp, 1982, 
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.l(JIH KOTOph!X cnpaBe,ll;JIHB8 peKyppeHTH8H ifJopMyna 

r;,f (A, 8) = £ r;.1,J-f. (A,8) + G, 0 /A/3~ 

/ ) fI-i.J/ fi-,o ,A,8 =8(A1-6jl • 

B rnaBe 3 paCCMOTpeHB npo6neMa tIHC]l61JHOro peweHHH 0606U(8HHOR an
re6pauqec1rnR aa,llaqu Ha co6cTBeHHh!e sHaqemrn 

A)(=,..\Bx, (8) 

r,lle A n 8 - CHMMeTpnqHh!e MaTpHl.\bl pa:=iMepHoCTH n x n n MaTpuua 

8 - IlOJIOlliHT8]lbHO.Onpe,lleneHHaH. K aToli 38,llaqe CBO,llHTCfl peweHlle ypaB

H8HHH [l]pe,llHHrepa npn HCilOJlb30B8HHH Bapua[.\HOHHOii npoue,llyphl PHT[.\8. Oco-

6eHHOCTb!O 38,llaq1,1 (8) HB]IH8TCH ee nnoxaH o6ycnoBJI8HHOCTb npH CiOJibWHX 

3HaqeHHIDC n. Co6cTBeHHble sHaqeHHH ynoptt,lloqeuu no BospacTaHHIO. 

B § l pa3BHBaeTCH Teop11H B03MYlI!8HHH oCioCi~eHHOli 38,l(aqu Ha coCiCT

B8HHUe sHaqeHHH, BBO.zll1TCfl xapaKTepnCTHKa ycT0Rq1rnocTn rpynnu coCicT

BeHHUX 3H8'l8HHtl: 

c~ (A,B) == /hf[lfxTAxl+fxTBx)':l~l: 1/X//::::J, )(et], 
., . . 

r,lle J; - llO,llllpOCTpaHCTBO B f<. 1 HaTHUyToe Ha coCiCTB8HHhl8 BSKTOpH. 

]lnH i -ro co6CTB8HHOro BeKTOpa )( i onpe,ll8Jifl8TCH COCiCTil8HHU!1 yron: 

(}; = arc.ft uxTA )(,-j /rxr Bx;)] . ]loKa3blBaeTCH 

TeopeMa. IlycTo (A
1
6) - CHMMeTpHqHaH napa 11 MaTpHua B nono~H-

TenoHO onpe,n;eneHa, Ilycn (A~/3) = (A+-11 1 8 +-f=) ,n;naroHanHanpyeMa H 

,llOnycKaeT MUHHMaKCHYID xapaKTepH381.\H!O COCiCTB8HHUX 3HaqeHHli H 

E. = [1111//2 +/IF//'}"~ <. Cz"- (A, B), 
r,lle :l'ic - no,n;npocTp8HCTBO, H8THHYTOe H8 nepBhle k_ co6CTB8HHh!X 

B8KTOpOB 11CXO,llHOU 38.l(aqH (8), 
Tor,lla 

&,· .s;~· +t:¥rr.sin[c/C~,._IA,8)] npH i=t.,21 ... 1 J:.; 
r,lle 0,· - coCicTBeHHLlli yron B03MYlll8HHotl sa,llaqH (A~ 87 . 

B § 2 CTpOHTCH M9TO,ZJ;bl perynHpl1381.\Hll nnoxo o6yCJIOBJI8HHblX sa,n;aq, 

BBO,llHTCH Knacc perynHpH38TOpOB ,lllIH napu (11, 8) : 

~=A +sr1.E 1 811. = 8 +- .s /3 E 1 
(9) 

r,lle lrl,,fa) 
.fa :.?!-0, a 

- B8KTOp perynHpH38[.\HH, TaKOll TITO rfz+13z-=:L 
.S - napaMeTp pe~ynHpnsaunn. ]lOKaSUB88TCH, tITO 
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&,- ~ 0,·fAR.,BR}~ /),·+ CYrc.sii?[.s/Cx,JA,£3)] npH it;.lt:., 

e c1m Bhlnonttetto ycnomrn & fo(,tfo/ > 01c , . r.ite &,- - l -n co6cTBeH-

Hul1 yron u tlf.L,,f!,)=«rc.f.J {.(_/,!3) • Jim1 perym1pH3aTopoB Knacca (9) xa

paKTeptto, qTQ OHll coxpaHHIDT CBOMCTBO B8pll81.UiOHHOl1 oueHKll 6b1Tn oueH

Kon cBepxy. 
llcnonn30B8Hlle perynHpH38TOpOB IlOB!lW88T YCToilqHBOCTI, co6CTB8HHIIX 

3HaqeHHll HHlltHel1 qacTH cneI{Tpa, e C]IH anpnopH ll3B8CTHO, qTO 3TH co6cT

B8HHUe sttaqemrn 0611a,l.la10T xopornen rpynnonol1 xapaKTepHcTHKOl1 ycToilqH

nocTH f C.z1c. /A/!,) >>E}. · 
B § 3 OilHC8H MeTO,l.l o6paTHOl1 HTepaJJ,llll C perynHpl138JJ,Heit. P8CCM8Tpll

B810TCH KOHKpeTHble nporpaMMHU6 peanH38JJ,llll M8TO,l.l8, OCHOB8HHIJ8 Ha cxeMe 

Eattqa ;zieKOMil03HJJ,lll'I CllMMeTpHqHlilX M8Tp:Bn, 8 T8KJKe npaKTl'.1qecirne peKOMeH

,lt8JJ,11H no ucnom,sonamrn sTHX nporpa1,u.,. B npMoiiteHM 3 npnno.itHTCH TeKc

Thl nporp8MM, OilUC8HHh!X B § 3. 
B rnane 4 npe.l(CT8B/18Hhl B8pU8JJ,llOHHh!e pacqeTh! ypOBHei1 3Heprl-lH M830-

M01IeHy1I HSOTOilO_B BO,l.lOpO.D,8. 
. B § l paCCM8TpUB8IOTCH pacqeThl ,meprnn CBH8U M880MOneHyn HSOTOilOB 

BO.l(Op0.1(8 ,l.l1IH OCHOBl!h!X U BOSCiyJK;ll6HHh!X COCTOHHHii. .C HB8HTOBh!M qHCllOM Op-

6UT8llnHOrO MDMeHTa J =O 11 J = i. • 
B § 2 paCCM8TPl-lB810TCH cna6oCBH38HHh!e COCTOHHUH Me80M01IeKyn J,/1' 

H elf/' . 06cyllt,l.l810TCH cnocoeiu 3KCTpanonHJJ,HH BhlqHC/leHHh!X 8HaqeHHl1 K 
npe;zieny n - oo • ilonyqettu attaqeHHH yponuen sue pr,rn -,E,, ( ol d,)-t) = 
= (l,9750t.o,ouo2) sB n -t,, rr:lt;,,'4) = (0,6604±u,0002 sB). 

.] 88K1I10qeHHH npHBO,l.lHTCH OCHOBHhle peaynnT8Thl ,l.lHCCepTauuu: 
1. Ilpone.l(eH auamrn ypantteHHH lllpe,ituttrepa Tpex qacTHJJ, B npe,l.lcTanne

HHH CHlr!LleTpHll EpeitTa-Xnnnepaaca. ilonytJeHll 8CllMilTOTHKll KOldllOHeHT BOn

HOBOl1 ~YHKUllll B OKpeCTHOCTH OCOCihlX TOIJeK npocTpaHCTBa BHyTpeHHHX ne
peMeHHhlX, CBH88HHhlX C BhlCipaHHOH ~OPMOH yqeTa CHMMeTpnH ((?_-.o, X➔ IJ). 

2. IlDK888HO, qTo npll R.-o KOMilOHeHThl peweHHH 88BHCHT OT yr
na 011. (yron MeJK.itY BeKTOp8MH i: ll r ) • 8TO H8Kll8,lth!B80T orp8HHqe

HHe Ha Bhleiop BHyTpeHHHX H888BllCHMllX nepeMeHHhlX. 
3. BnepBue Bllil01IH0HO HCC1I8.ltOB8HHe ocenoro Bhlp0JK,l.l6HHH, JlOK888HO, 

'ITO KOMilOHeHThl peweHHH npn CTpeMneHHH X K HYlllO B8.ltYT ce6H K8K 

:,;./ ... .r.t ) F,,,. d,x, z)::: X C..,, (R.
1 

X, z , ,,, =~ ~, . .. 1 I, 

ll c;[:(l!.
1

X
1
Z) orpaHHqeHhl. 
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4. Ha ocHoBe np0Be;zie1rnoro aua1U1sa ypaBHeHHH illpe,l.l1rnrepa nocTpoeH 
B8pH8Ul!OHHUll npouecc PllTU8, HCilO/II>3Yi011\Hli iJ}yum.um Bll,l{8 

U{-1)(1. -,z')]'i1 R.'f11('· eKp[-(rl. +-J3 f/R.J. 

IIonyqeHHhlli BapuaJJ,l!OHHblli JJeTo,l.l pacqeTa nosBonHeT nonyqau pe wemrn c 

n106UMl1 8H8qeHHHMH l(B8HTOBOro qucna op6HT8JII,HOro ,JOMeHTa J l1 qeT

HOCTH A • PaCCMOTpem,1 CBOV!CTB8 r8l'lfil;ITI,TQH,18Ha H8"CKO/II,l(l1X qaCTHU, ae-

06XOAHMUe A/IH o60CHOB8Hllll B8pll8UllOHHOI'O ueTo;zia. JlaHh! 8H8Jil1THqecHHe 

g)OpMynb! ,l.l/lll pacqeTa l!l!TerpanoB, B03Hlll{810J1\HX npll peAYHUllH ypa.BHeHHH 

llipe,l.ll1Hrepa H o6o6~ettnoll 3BAaqe na co6CTBennue 3HaqeHuH. 

5. Ha OC!!OBe 8H8/IH38 TeopllH B08MYu'.\8Hllli HCC/leAO.B8Hb! cnoco6b! pery
/lHPH38Ull11 Il/lOXO oCiycJIOBJieHHOK o6o6~eHHOA sa;ziaqu 1!8 co6CT.B6HHb!e 3naqe

HHH, B08Hl1!(810~eK npu HCilO/IL30B8Hl1l1 B8pl18JJ,llOHHOro M8T0.)\8 C 60/II,WHM 1(0-
]IHqe CTBOM onopHbJX tPYHKUHtl. 

6. Pa3pa6oTanu q0cneH1IbJe peamrnauirn 1.rnTD.l(a oCipaTnol-i 11Tepau11u c 
perynHpl138JJ,Hel1, nosBO/IHID~He s~weKTHBHO pewaTI> anre6pa0qecKy10 38.l\aqy, 

7. C08ABH KoMnneKc nporpaMM .11ne pacqeTa sHeprnn CBH3ll TpexqacTuq
Hux CHCTeM, OC!!OB8H!ib!lil 118 pa3paCiOT8HHOI.I B8pl18UHOHHOM M8TO;l(e • C ero. 

IlOMOll\LID npoBe;zieHbl pacqeTb! suepr11n CBH311.M830!.IO/leKyn ll~OTOilOB BO,l{Opo
,l.l8. BnepBue nonyqem,r c ToqHocn10 ~2 • 10--4 3B 3Haqe1rne ypoBirnlil sHeprnH 
cna60CBH38HHUX COCTOHH11li M830M01IeHy/l Jc!~ ll Jt,14 , 8TOT pe3y/lI>T8T 

HrpaeT OCHOBHYID pO/II, B onpe;l(e/leHl111 CKOPOCTll o6p830B8Hllfl M830M0/18KYil 
ll KHHeTHKll npoueccoB MlOO!!l!Oro K8T8Jlll38, 
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