
oL' I I (,A/ 

OB'hE.nl-1HEHHbI ~ 
l-1HCTl-1TYT 
Si,nEPHblX 

1-1ccnE.nOBAH 1-1 ~ 

,ny6Ha 

...• ;•: .. ::~. 
,.; .. ~!•~····$.~~ 

,l;l•' $~ 
•• ··'.! .-~· ,.· ... 

• •• f 

__ ,,,,;_,/,..,.,~·····"··'. -7l·· .. ---.,,!-~-~ 
❖Q,¼,. / 11111 ,,d#'V' 

.. ,.,,,,.,,..,,,,=·t"'-.7_,-,.... ·' .. , .. 
:-~ -;❖' t}-:~::f::: .· 

~ :a: -

L3I'" Lj• AT 3Anij 

P-2442 

:a: • ·S: 

IT. H. Eoromo6oa, B.A. MaTaeea, E.B. CTpyMHBCKHA 

-

s ..., ... 
:r 
s ... .., 
Q, 

0 ... ... 
c,: 
:a: 
A, 

e ... 
i • IA 
~ 
~ 

PEflHTHBHCTCKAH COCTABHAH MODEflb 
BblCllIHX ME30HHhIX 

H EAPHOHHhIX PE30HAHCOB 

1,,s 



P-2442 

IT. H. Boromoooa, B.A • .MaTBeea, B.B. ,CTpyMHHCKHII 

PEnHTHBHCTCKAH COCTABHAH MODEnb 
Bb!ClllHX ME30HHhlX 

· H BAPMOHHb!X PE30HAHCOB 

Hay11uo-TexuaqecKas 
6a6anoTeKa 

OHHH 



8 nocneaaee Bp8Mll ObtnO OTKpblTO MHoro HOBhlX M830HHhlX peaoHaHCOB co 31IB'I8HHlIMH 

CllHH-'18THOCTH J p .... 2+, l+, 0 + H OhtnH npeanpHHllThl nonhlTKII 001,8)lHH811HH H KnaccHqlll-' 

. . /1-41 
.KaUHH STHX BhlCWIIX ,M830HHhlX peao11aHCOB Ha oaae Toll HnH HHOll cxeMbl CHMM8TpHH • 

/2 3/ + + 
B paooTaX ' OhtnH HCCneaoaaHhl npencTaBneHHH 4212 H 5940 rpynnhl SU ( 6, 6), 

OllHaKO ll01l00Hhl0 CX8Mhl OCTaBnlllOT cnHWKOM MHOrO fl03MOlKHOCTell )lnll HOBblX M830HOB • 

. /4/ 
8 paooTe BhICWlle M030HHhl8 peaoaaHChl OllHChl_BSnHCb npHBOJlHMblM npencTaaneHH8M 

BIIyTpeaae Hapyweuaoll rpynnbl CHMMeTpHH SU (6, 6") , TSK Ha3b!BaeMblM "KHH8TII'I8CKHM 

cynepMyn&TnnneToM", K0Toph1ll 11an11eTc11 npHMhIM npoHaaeneaHeM peryn11paoro npencTaane­

HHH aa KHH8TH'I8CKYIO KOMllOH8HTy peryn11paoro npencTBneHHH rpynnbI SU (6,6) 

/6,6/ 
Cnenyll HSWHM pSOOTaM I Mbl DYJl8M H3Y'I8Tb Bb!CWH8 M030HHl,!8 p830HaHCbl, pac-

CMaTpHBall HX KaK CBH3aHHhl8 COCTOHHHll B · p . -aonae CHCT8Mbl KBapKa H aHTHKBapKa. 

ITonyqeHHhl8 B paooTe M8CCOBhl8 tpopMynhl uaxonHTCH B npexpaCHOM cornacuu C axcnepnMeH-

Tan&HhlMH naHHblMH, 11 Ha HX OCHOBe nenaIOTCll HOBhl8 npenCK838HHH. 

8 paooTe H3Y'ISIOTCH aneKTpoMarHHTHhl8 TOKH HOBhlX M830HOB B npennonolK8HHH MHHH­

Man&aoro aneKTpOMarHHTHoro B3aHMOJl8llCTBHll KBSpKOB. 

B § 5 paccMaTpHBaeTcH pem1THBIICTCKoe ypaBHeHHe nn11 oapnoaoa. Mw npennonaraeM, 

'ITO BblCWHe 6apHOHHb!8 peaoaaHChl COOTB8TCTBYIOT CBH38HHOMY COCTOHHHIO B p -aonae 

CHCT8Mbl H3 Tpex KBapKoB. Bb16paaaoe peweaae nonHOCTblO CHMM8TpH'IHO OTHOCHTenhHO 

nepecTSHOBKH KBapKOB H COOTB8TCTByeT 70-MepaoMy npencTaB/!8HHIO rpynnw SU ( 6 ) 

8 paooTe ObinH nonyqeHbl Ma:~HHTHhl8 MOM8HThl oapHOHOB H M8CCOBhl8 COOTHOW8HHH nm1 

oapnoHOB C paanH'IHhlMH 3H8'18HHHMH cnBH-'18THOCTH. 

2. PenHTHBHCTCKoe ypaBH8HH8 nnH M830HOB 

8 paooTe/B/ ObtnO nonyqeHO ypSBH8HH8 1 OfiHCb!Ba10ruee CB!l38HHhl8 COCTOHHHll B . 

CHCTeMe KBapKa H BHTHKBapxa B npenene _oon&ruoll MaCChl xaapxa, KOTopoe HM88T BHA: 

(2.1) 
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a=· (a,j); a= 1,2,3; 4 

I = 1,2,.3 

X e • X = x, - +. 2 •. 2 

CIUIHOBOII HHI!exc, 

- Y~HTSPHbIII nnnexc; 

e, 
X - 2 

··w(e) - IlOT8HIIHSII OCTSTO'IHOro B3SHMOil8l!CTBHH KBapKOBo Bll)'TpeHH88 IIBliJKBHHO OIIll­

Cb1B88TCll ypaBH8HlieM: 

<4De - VI -·m
2 

)¢(~~- 0. 
(2.2) 

Hnamee co6cTBeuuoe auaqenne sToro ypaBHBHHll cooTBeTCTByeT s - Bonue cncTeMbl 

x:aapx-aHTIIKBapx II OllHCblB8.8T B8KTOpBbl8 H nceBI10CKan11pHbl8 M830Hbl. 

MbI npennonOJKHM, 'ITO cneny10m11e co6CTB8HHOe 3Ha'l8BH8 COOTBeTCTByeT p -BOIIHe. 

Bonuosag <jlyBKIIIISI CHCT_8Mbl C y'l&TOM TOilbKO ·s - . Ji p - BOIIH IIMOeT BIIII: 

<llyimnHH <l> (X) 

YJ)SBB8BHHM: 

• "' 2... " 
11\ (x I• 11: 2) ,. IP (:a:I ,x2) =-¢o(e )cl>(X)+:¢(f2)e <t,p. (X); 

, p. 

A 3 A. 

<I> ( X) •· f de¢~ (e )'P ( x1 • 11:
2 

) ; 

(2.S) 

2 " 
<l>p.(X)=f,de¢•(e >e,,.'P(x

1
,'x 2 ). 

" ·4> p. (X ) OIIHCblBSIOT IIBHJK8Hll8 CIICTeMbl xax uenoro II 7IIOBI18TBOplllO'l' 

2 2 ,. 
(p -,p. )<l>(p)= 0 

A A IXI) 

<l>(p) = flJ:,(X)e dX ; 
(2.4) 

2 2 " (p -,m )~,,. (p) .. 0 ; 
" ~ htp -»µ (p) •f'J:l p. (X)e dX 

HepenHTHBHCTCXHll xapaKT8p IIBHJK8BHH xsapxoB BHyTpH COCTSBBOII 'ISCTIIItbl npBBOIIHT B 060-

IIX Cil7'18HX'K IIOilOIIHHT8IlbHbIM ycnOBHHM: 

A 'ft A 'lil 

(p -,p.)<I> (p) •• ~ (p)(p +:p.) D 0 
(2.5) 

(p -,m)d>,,.(p) = i,,.(P>CV +m)• O. 

YpaBB8BHH (2.6)' npellCTSBIISIIOT co6ol! ypaBB8BHSI THna BaprMaHa-Bnruepa. CTpyxTypa Tea-

4 

I 

' 
1-

_1 

r 

·/ 

'.\ }' 

/ 

'\. 

" /5/ ; 
aopa -~ ( p)-.Hayqega B,pa6oTe , IlOSTOMY Mbl orpaHH'lliMCll paccMOTpenneM CTp)'JCTYJlbl 

I~ ~ . • • 

.Teuaopa 

(2.8) 
4> p. ( p) • Ha ycnosnll ( 2.4) cnenyeT 

~ 1 m+1 V • V 
<l>,. = :,---l<--H-r v + y •· ¢ .. )l; p v .... = o; ,. y. 2 2m v,,. • ,. , r,,-

. rne UOpMHpoBK!3 Bbl.f>pBHa TaK, 'lTO 

,. " 
Sp<i>•,i, = ('V V -,¢, 

p. v a,1.1 a,v p. ¢.,, ) • 

" 
PaCCMOTpHM CilHHOB08 conepl!<SHH8 MYilbTHIIlieTa, OilHCb!Ba8MOrO BOIIHOBOI! qiyHKI!Hell e,,. c)f> • 

ITpn npocTpanc:Tseaublx spameunnx xoMnoHeUTbt 4-BeKTOpa e P. npeo6paay-

IOTcn cneny10mnM o6paaoM: 

+ ·eo,. 0 (cxannp): e - 1 (sexTOp) 1 

PaccMoTpHM CilHHOB08 conepJKSHHe MYilbTHnneTa, OilHCbIB88MOro BOIIHOBOJI <jlyaxunell' 1;.,,. <%J p.. 

; ITpn npocTpaHCTB8HHblX BpameHHHX KOMllOB8BTbl 4-BexTopa 

ny10mHM o6paaoM: 

+ 

~p. 

f0 .. 0 (cxannp) e .. 1 (aexTop). 

npeo6paay10Tc>1 cne-

0TCIOIIS BHllHO, 'ITO <jlyuxum1 V ,,.,.. H ¢,,; OilHCblBSIOT cneny10mne COCTOSIBHH C on-

peneneUHblM 3HS'l8HH8M IlOIIHOrO MOM8HTS H '18THOCTH: ¢, : 0-(nc&BllOCKan,Hp. 0); · ]+ 
V 

) + -; I (axcnan ·Aµ ) ; I (BexTop v,,. ) ; (axcHan a,,. ) ; ·v p.,v 

· 2+(Teuaop Dp.v ). 

O+(cxanHp s 

PennTHBHCTCKH KOBSpHSHTHoe Bbl/l8Il8HH8 9THX COCTOHHHI! onpenenneTCH Bblp8JK8HHHMH: 

¢,,,. a + !.Lo 
p. m 

a . P. p.. p =· 0 

D + -- ',;vup V p.,v =· p.v ,IT m 
1 I 

A + --,,.v Pu ·p ./3 
Pv 

S + - V 
m P. 

Dp.v = Dvp. ; Dp.p. =· 0; 

pµA =pp.v =0; 
p. p. 

pp. Dp.v .. 0 ; 

Pp. Pv 
I =·o - ---p.v /IV m 2 

AMnnHTYllbl COCTOSIHHl! HOpMHpOBSHbl TSKHM o6paaoM, 'IT06bl: 

V V p..v p.,v n,... n,... A A + s-s _e v 
p. p. p. p. 

'¢,,,. ¢ •p. = a,,. a,,. -,00 
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. .' ~ , . ~ 

:.. 
f • 2+ , l + , ,O + -. coo,:BOTCTDyIOm:ax • - p -001111e, P_emeime (2.5), Kp0M8 COCTOlIBBll 

COll8PlKllT COCTOlIIIBSI, JP • • 1 j" 1 0 - _ B 'S - BO/IH8, . ltoT?pble llM!l'lDT npocTpal'lCTB81IEhl8 

KBaHTOBble 'IHCna 1!3B8CTllblX eexTopBb!X H ni:eMoc~am1pBhlX M830Kon, · IlosMelI!Ie · STnx _Ao­

nonimTem.ablx COCTOHmtll ( V, 8 ) H8H3'58lKHO B lIB11ll8'l'Cll C/18ACTBH8M. 38KOHOM8pllOCTH, 

CBOfICTB8BBOl1 BC8M pemtTllBHCTCZ:B ,l{HBapHaHTHhlM ypaBH81l'.BSIM: ecnl! .-HM88TCll pemeane B 

COCTOSIBBB. C op6HT~/lbHblM MOM8BTOM. t =- to • TO cymeCTBY!OT pemomrn JUUi BcEix 

0 -~ £.-~ to •'. 3aplillOBbl8 'l:8THOCTH CBSI3AHBblX COCTOlll!Bll D CllCTOMe !tBapK HOJUJC allTII-

11:napx.',oy,QyT onpe11enS1TbCH M8!tCIIM4/lbHblM 3Ha'l:8Bl!'.8M op6KTMblIOro MOM8HTa CHCT8ML:! 

•+t,.· 
•C •· ( - ) ax = ( -) s+l ,.- CJ .' 

rAe ·s -nonHblll CHllH CBCT8Mbl l!'. tr.=. 0. ,.;-, f • ,Meaom,1 ( v,lil.-:11nn z:oTOpblX o= 1, 

OT/IB'l:8IOTCS! OT o!Sbl'l:Hh!X B8KTOpHbllt H HC8BllOCKannpHblX M830HOB 38PHll0BOII 'l:8TllOCTbIO, 

B 3aKnIO'l8HH8 OTMeTHM, '<TO llBa az:cuanhBblX COCTOSIHHB afL II •A B p.-DO/IHO 

BM8IOT npoTHBOnonOlKHhl8 3SpS!AOBb18 '1:8THOCTB, B Mbl 5y1:teM B AanbBellmeM o«so:rnaqan, nx 

no cxeMe jPC= 1 +~ H 1 + + COOTD8TCTB8HHO, 

3. MaccoBbl8 q,opMy/lbl A/Ill M830BOB 

Bee1:teM B llOT81IllH8n B38HM01:t8l1CTBHB KBapKOB 'l/18Bhl, Bapyma10mne yHHTapay10 CH~­

M8TpHIO, COl:t8pJKamne CnHHOBYIO 38BHCHMOCTb H cnna-op5nT8/lbBYIO CBll3b. 3am1caBHblA 'n-11:0-

BapHaBTHOA q,opMe TaKOII noT81IllH8/I HM88T BH1:t: 

" " " 2 . 2 
W(e)=W0 •A 8 +W 1 •:S +W.•(SS 11 L,,11 )+W (S,) , I' • I' r a I', J,I 

-r1:te 

?I.a a <1a )i "; o.8 ) 2 

s,. • cs,.• >1 + ( s,. >2 (3.1) 

cs,, ). • ..L (,y. •y )L , k - L 2 ; 
r k 2i • J,I ~ t 

I 

L/LV 
a a ---i<" - - e _ > • ,,.ae., va,,. ', 

·w I -CK811S!pHbI8, q>yHK!lBH, 38BHClIWH0 OT 
2 e,. B nepBOM nopRAK8 T80pHH.B03Myme-

HHI! nony'IHM nm1. nonpaBOK K M8CC8M cne11y10mee Bblp8JK8HHe: 

6 

\' 

-.. '' 

l 
(, 

_,. 
i 
I 

/1 

'" 

-I 

i 

2 •.~ "· - , -
am --f , ... 'l' de• 80 • (4> >-a (J)D + 11 0 • (<11,. >-a 41,. )D + 

- ll - ll -
:' a 1 • (4' s,. 4>) +a,• {4',. • Sy (JI')+ ,•ll (41,., rs,. 5v- s., s,.] ai., )+ (3.2) 

- ll 
+ •a (4',. .~ s,. ·s., +:s., s,. - ½a,..,-su· Jai.,); 

(i>.8 4>)D • (i~ 4') + (H>.8 ) • 

Bhl'!:HC/18BHB ynpomaIOTCll B CHCT8M8 BOKOR 11acTIIllbl, r11e onepaTOpbl cs,. >1: nepeXOABT B 

o'5hl'!Bbl8 onepaTOphl ·aepenBTHBl!CTCXOro CllBB8 KBapK'oB, a B0nHOBhl8 cj>yBKllBH HM8IOT BBll! 

,. 
(Jo 

; • _l (ui V
1 

+ iP); 
y.2 

1 ~ (ui v, + iO) ; q, I .1._ (y D +_I_£ 
•./2 I II ._; 2 Ilk 

B pe3ynbT8T8 nony'l8IOTCll C/18llYJOlllH8 M8CCOBbl8 q,opMy'llbl! 

~2 + 2 " m_ (2 )--m +:a,A
1

+{3+-,y+8 

"'2 i+ 2 "' · 
m ( 1 ) =· m +a,\+ /3 -•y- Sll ; 

;
2 co+) =-m

2 +aA8 +/3-2,y+ 10a; 

A f- 2"' 
m2 (1 )=-m +:a,\; 

" - 2 "' m2 ( \,.) =-m +:a AB + /3 

;
2 

co;> " m
2 +-a,'9 

i 2
( l-) --1'

2 
+:ao Aa+ /Jo 

"2 - 2 ~ 
m (0 ) -- I' +:a 0 A8 

u 
Uj '\ __ l_5 + (3.3) 

../3 . 
+ ia

1 
) • 

(3,4) 

r1:te HHll8XC u 0603aaqaeT MynhTBnneT nononanTenbHblX B8KTOpBE,1x H ncennocxan!Ipau: 

M830HOB1 1:tnB KOTOpblX u =· £ma,,:- f =- 1 napaMeTpbI a ao n q,opMynax (3.4 

OHHCblB8IOT YHHT8pHoe pacmennenae, /3 /3 0 -CHHHOBy~ 38BHCHMOCTb0 -y -cmrn 

op6HT8/lbByIO CBS!3b H ll COOTB8TCTByeT T8H30pHblM° CH/laM B noTe_HllHSne ABYX xsapz:o: 
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H3 ljlopMyn (3.4) cn:enyioT llBA COOTHOme.llBSI M&lK.lly Maeca>a: '18CTl:ll C PA3JIK'lll1,1>a; 3HA'le­

JlllSIMJ[ CIIllH-'leTHOCTBl 

... + " ++ " + " -5ai 2 (2 )+3ai 2 (1 )+m 2 (0 )-9m2 (117): 
(3.5) 

1i2 0 +-) __ ;2co:->-

• ·Ecnn T8H30pllb18 CHJibl OTCyTCTBYIOT ( 8 -· 0 ) 1 llOJIY'l810TCSI CJ181lYIOIIIJl8 COOTHOW811BSI: 

·"2 + ~2 + "2 +'I-m ( 2 ) + 2m ( o ) --3ni (1 ) ; 

"" + " ++ " -m2 (2 ) + ai 2 (1 ) a 2mll (1
17 

(3.8) 
A 2 +~ '°'2 -
lli (1 )• m (017,). 

Ecnn T8B30pllb10 CHJibl H CIIIIH-CDHHOB08 B38HMOll8ACTBH0 M8.1Ibl no cpaBH0HHIO C B38HMOA8ll-

CTBH8Jd cn11a-op6HT8 H JIJdll. MOlKllO npeaeop8'1h ({J =-8 =· 0 ) 
x/ 

HHH l 

; ll ( 2 +) + :i _( t+) = 2;2 (1+;.. ) ; 

" + ... +~ "' +;t-
m 2(0 )+:m 2 (1 ) - 2m 2 (1 · ) ; 

~. +;, " - "'2 -
mll(l )=m2(117)= m (0o ). 

, M1,1 nony'IBM coarnome-

(3.7) 

Kax n~KB3b!BalOT 8KCll0pBM8HTBnbHbl0 llBHHbt0, COOTHOW0HBSI ( 3. 7) xopomo BblllOnHHIOTCH, H 

Mb! 6yll0M IIOnh30B8TbCH HMll llml onpeneneHHH MBCC H8H3B8CTHblX 'IBCTBll. Bb16paunoe HAMB 

napymeane yHBTapnoll CBMM0TpHB npHBOllBT K MAKCBManbHOMY TAK Ha3bIBA8MOMY Cd -•cf, 

CMemuaaBBIO y = T = 0 •menoB B Ka)KJlOM B3 HOH0TOB. C pa3nB'IBblMB 3Ha'l8HHHMB j PO • 

0Txnoaenue OT MaxcnMan1,noro "'-,cf, CM8WHBAHIIH MOlKeT 6btTb y11Teao BB81l8Hll8M B no-

T8HIIHan B38HMOA8l!CTBHSI KB8pKOB 11neaa THIIa: 

,._ ab.' a b1 

w- w.,b •·Ob .1,_,.['WI +Wll•rs,, SvLµv )I- (3.8) 

/13 STOM cny11ae KB8/lp8Tbl Mace M830HOB Ka)KJloro H3 HOH0TOB llOnlKHbl ynoBneTBOpHTh ,pop­

x x/ 
Myne IlIBnnrepa : 

(Cd -•p)(<ll-•p) = }<K*-•p)(Cd+·<ll- 2K*). 

(3.9) 

xi /4/ 
IlepBble llBa H3 COOTHOI118HHll ( 3. 7) 6blnH nony11eHbl B pa6oTe • 

. xx/ 
Mb! 6y11eM o603HB'laTb CHMBOnOM 'IBCTBllbl KBBllpBT ee MBCCbl. 

8 

l 

~ 

i' 

,-· 

Mb! 6y11eM HCDOm.30_BATh ,popMyny (3.9) nn:ii Bbl''IHCJI8HH~ MSCCbl ll8BHToro Mejoaa B Hoae-> 

Te. HM8IOIIIH8CSI B H8CTOHmee BpEl~H sn:cnepHM8HT8JihHb18 ll8BHble H pe3yn~T8Tbl uamnx Bbl-

'IHCneanll npHB81l8Hbl B Ta6nnne. IlpHB81l8M 'IHCJI8BH1,18 ll8HHbl8 (B 8/lHHHllSX m-.,0 - 1), 
n OllTB8pJKA8IOIIIH8 .nony11eHable M8CCOB1,18 COOTHOW8HHSI ,( 3. 7) •. • 

All -•B .,,B -A
1 (14--16) ; 

K .. ,_,c•---·c•-,c (15 =-16) ; 
(3. 10) 

-f'-.:E =· E - D (19--19). 

.[Inn M830HOB C nonOlKHTen&noll '18THOCTblO xopomo BblllOnnneTcn_auanor COOTHOID0HHH rns­

moy: 

K**- All a C -Al .,c•- B 07 = 16 = 16). 
(3.11) 

HaTepecno OTM0TBTh, '!TO YHBT8PHb18 pacmennennn B ·s - B p - COCTOHHHHX 6nH3KH 

Apyr K Apyry: 

K -•11 •-K* -•p ( 12,5 =· 11,5). . (3.12) 

Hams Mo11en1, npencn:aawaa8T cymecTBOBanne AByx axcna.1Ihawx Me3oaoa c ·r =· Y =· 0 , 
• 

KOTOpbte OTJIH'IBIOTCH 38pH/lOBOll '18THOCThlO. Me3oa 0'(970) BM00T C=- 1 , a Me-

30H E' {1120) HM08T C =- 1. Maces D'- -M830H8 onpenenne_TCH H3 ljlopMynbt lllann-

repa (3.9) C oonbmel! omu6xoll, TBK KBK Benn11naa (;4C -•.3D _,·AI ) OK83blB88TCH Ma-

noll. IloSTOMy nnn Bbl'IHCJI0HBll MaCCbl D • -M83cina Mb! Bocnonb30Bannc1, ,popMynol! 

D' = ZE'-, f 
· (3.J3) 

Me3oaw D a E aa6n1011a10TCSI K8K p830H8HCbl B CHCT8MBX K *K • EcT0CTB0HHO npe)l-

nonOlKHTh, '!TO M8301Ibl 

TOMy, KSK B0KTOpHblf! 

M830H - TOm.KO HB 

,D' n :E' pacnanaIOTcB Ton1,11:o aa 

cf, -M830H pacnanaeTCH TOnbKO aa K K 

rr -M830Hbl. 

rr -M03oaw, auanorn11no 

, B B8KTOpHb11l Cd -

3aKOHbl coxpauennn MOM8HTB, '18THOCTB B H30TOllH'18CKOro . CIIHHB paapemaIOT TOnbKO 

411 -pacnan -D' · -Meaoaa a .3,r -pacnan E' -M830Ha. 3n:cnepBM0HT8nbHb18 JlBB-

Hb18 0 cxannpawx M830H8X npaKTH'l8CKH OTCyTCTBYIOT, 0/lHHCTBSHHblll K8HllHllBT B cn:annpHbl8 

M830Hbl k (725) ne YllOBn0TJ'lOpH0T aamnM M8CCOBb1M ,POpMynaM. HaTepec.110 OTME!THTh, 

'!TO CKBnHpHblll M030H C T - 1 MOlKeT pacna)l8ThCH TOJihKO BB llSITh " -M030HOB. 

/ 
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4. 3neKTpOMarHHTHhl8 TOKH Me3oHOB 

3neKTpOMSl'HHTHhle TOKH Me30HOB onpenemUOTCH MHHHManbHbIM sneKTpoMarHHTHhlM 
- /6/ 

B38HMO.[lellcTBHeM COCT8Bnll IOil!HX ero KBapKOB. B pa6oTe IlOK838HO, '!TO B HpBcyTCTBHB 

_cna6oro aneKTpOMSl'HHTHoro nonsr ypaBHeHBO nnsr -CHCT0Mbl llByx KBllpKOB BM80T cneny10mnll 

DH.[l: 

,. ,. 
<Ox + 40,- 11)1l'(xl ,x2) = !lcx,,x2 )'P(x, ,x2 )_; 

(4.1) 

"' 
rne - · II = 2(e 1 hi +e2 h:i) ; ~ . a u a 

h1 = t--- A (x )---a XU I a :z:U 
. , ~ t A I 

C•mTasr aoaMymeB'ne H Manb1M, nnsr aMDnHTYll <ii H 

µv +½o
1 

F·_(x),i=l,2. 
/LY I ,. 

¢ µ nony'l'.HM ypaasreaBsr: 

,, "' "' '"' "' 2 2 
(p -fl )cll(p)=JdkG(k,p)cll(p-k)+fdkG/l (k,p)cll,,(p-k); 

.. 
2 2 

(p -m )cD,_. (p) =filkGµv(k,p)<llv(P-k)+JdkG;(k,p)<l>(p-k); 

.. ,. (4.2) 

rne ,. ,. 
,. 2 
G = fo (k )[ rl + r2 ] 

"' -"" 2 "h 
'G •. f (k)[•r +f'.],-,f(k )F ,(e+ e.): 

jLV· ILV - · I • jLV - I • 

~ =2ik,,f',(k2)[r _;]-if (lc2)-A ,(:,-:.)1 
IL,.. 12 r IL • 

,. ,. . ,. . 

rl (k,p) -2., [-(Ap) + ½u("'F,,vl, i = 1,2 

f0 (0)= f(O)= 1, f,(0)=-0; 

(cM. np11nOJK8Hll8 A). ,. 
Hcnonbaysr B0pWIIHHbie onepaTOpbl Ci , nony'IIIM 9fl8KTPOMarHHTHhl8 TOKH Me30HOB: 

£ k2 - - k k 
J =f,,vl~[(l+-)(V V -¢, ¢,) -..!!.2.(V VP)]+ 
a r 2m 4m2 U,Jl u,v I-' v 2111 2 u:t< ,v F 

(4.3) 

-+ -¼- (ku llap -kp Bau )( Vu,,. V.p,v h + 
2

~ 2 Ed{Jyp fu_kkp ('VAi' ¢,v -¢, I-' V {J.v )I + 

+ _f_ -1( 1-~ )(Vu·u vu,,-·¢,,, ¢ ,,; )F + k,,. k!'(Vu·u ·vp,., )FJ(k,, l)va -•kv 8,,,, ). 
2m -4m •r ' ,.. 2m• .,.. ,.. ,-

10 

l 
')' 

;I 

,j 
:11;: 

) 

I 
. 
' 

~; 
!i· 
.ii 
'I 

l /,', 

-t 

J 
'•i 
ill .. ,\ 

·wr 
l"I I 
I 
11! 

'! 
·_--. l~t_-1-"'_; 

. , 
! ~ 

~ I ,. . 

j~ 
r 
I 
I: 

' l 

f ., k 2 - - k k -
J = 2if' .t_a_[(l+-)(V,. V,,.,--¢¢,v )

0 
-.J!.:.JL(V V_ -) ].+ 

ra r 2m _ 4m 2 ,.. ,... 2m 2 u p.v D 
(4:4) 

+_1_ (k lJ -k ·lJ • )('V vp. .. ) 0 +..J,.,,. E ,:i,. f k ('V/J¢' -¢'Y{J )Fl-I, --
m u -pa -p au· u ~ 2m~ a,-,.,p u -p v - ,v v 

if, _ k 2 
- - ku-~ - - . _ ----1(1 -:;---irHV,. v ... a-¢¢, > + --.<VuVp,a>DI, £. (p +p > 

,;m -· 4m ,.. ,... a 2m • . IL 1 _2 I-' 

rne SMDnHTYllbl V B . ¢, onpenenoabI qiopMynaM11 ( 2,8), a aMnn11Tyllhl 
ILtV V ·v ,. II cf, 

OIIHChlBaIOT _ cooTBeTcTaeaao BeKTopHhlll 11 nceanoaeKTOpahlll Meaom:.1. MarHIITHbie. MOMEIHTU 

M030HOB II MarHIITHb10 MOM0HTbl nepeXO,llOB yno6Bo Bhl'DICnHT:i., nepeXO.[lSI K HepensrTIIBIICT-

' cxoMy npeneny B ypaaaeaBB (4.1) B npncyTcTBIIB nocroaaaoro Baemaero MarliHTaor~ nona: 

rne 

.. 2 .... 
(:E -m __ P_)'l' =µ, H• 11' 

2m 

• .. .. .. et • .. . 
IL =,-. 1 + µ 2 1 µ 1 • m {L 1 +uj), i•-l,!Z; 

.. 
L, 

.. 
L, • 

.. .. 
_1 [{x_a_ 1 
2i ae 

(4,5) _ 

Jlna MarBHTHhlX MOMeHTOB M830HOB CTSHllSpTBhlMII M8TOll8MB KB4BTOB08 M0XSHHKB 

nony'IIIM q>OpMyny 

3j [l s(s+ 1)-f(t+l)] 
1L=· - + 

2 _3j(J + 1) 
(4,6) 

oTxyna cnenyeT, 'ITC I-' (2+) = 3 1,&(lH) •·-3'2 i ,-.(1+-) •· 1 • 

MarHBTHbl0 MOMeHThl nepexo.[lOB MOlKHO onpenenllT&, 6epsr MSTpB'IHhl0 8Jl0M0HTbI oneparopa 

MSl'HIITHOrO MOM0HTa C 'oonHOBhlMB q>yBKitll.ltMII (3.3). B peayn&TaTe nony<mM: 

+ ++ +;- + -
,-.(2 ➔ 1 )= ....L; IL(l .. o )-·v'+Q y2 ., 

+;.. + . 2i • µ(1 .. o ) __ ,_ Q 
v' 3 

(4~7) 
+ +- .. 

1L(2 .. 1 )=-•2iQ +--~ ++· --µ(1 -+ 1 ') = y.2Q 

rne Q =(<iiecD) 
F Q = (clle•>o 
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5. YpaBH8RH8 nm1 6apH0l!Op 

YpaBH8BH8, OnHCbIB810Ill88 CBH38HHb18 COCTOHHHH B CHCTeM8 113 TJ)8X ltBapltoB, B npe-_ 

nene 6om.moll M8CCbl ltBapltOB HM88T Bnn: 

2 2 2 . 1 &bo 
[iJ,.

1
+:iJ,.

2
+il,.

1
-•°'.T\V(x

1
x

2
x

1
))Jl' •(x

1
x

2
x

1
)• 0 (5.1) 

r.ae a, b, c • 1, • •• , 12 ; 

W (X
0 

X X ) -Clt8nHpHSll tjlyrumHSI, TpaHcnmtHOHHO HHBBpHBIITHBSI H CHMM8TpH'IHBSI OT-
I 2 a 

B~CHT8nbB0 nepecTBHOBOK CBOHX apryMeHTOB. BB8.ll8M nepeMe.BHb18 X H '· , B ltOTO-

phlX paanenneTCll ypaBH8HH8 ( 5.1 ): 

xi •· X + e,. 'It=O; 
l=-1.2,a I 

(5.2) 

2 2 2 1 2 ca,. +·ii,.- +·ii,. > -- _
3 
a + L 

I 2 a . X 

2 2 2 1 2 
L =· ( il-1: +il1: +a J: > -•...,,.(a J: +iJe +:ih ) 

.. , '-2 ... ·" '-1 2 ... 

Bay1:J>8HH88 .llBHlK8HH8 0DHCbIBB8TCR ypaBB8HH8M 

(3L- IV(e e e )-•m
2 

)¢(e e e ) •· 0 • 
, 1 2 a 1 2 a (5.3) 

Haamee co6CTB8HH08 3BB'l8BH8 m 
2 

STOro ypaBB8HHR CO0TB8TCTByeT ·s -C0CT0SIBHID CHCTe­
. abe. 

Mbl Tpex KBapKOB H B npe.11nonOlK8BHH nonaoll CHMM8TpHH B0nBOBOII tjlymaum l}I ( ,. ,. ,. ) 
p + 1 2 a 

OilHCb1B88T 58 -nneT 6apHOBOB co 3BB'l8BHRMH CilHB-'18TBOCTH j a ½ • .3/i+ • 

Mbl npe.11nonaraeM, 'ITO cne.11y10m:ee co6CTB8HB08 3BS'18HH8 &Toro ypaeaeaBH COOTBeTCTBY8T 

p -Bonae. nonHoCTbIO CHMMeTpH'IHBH BOn.llOBBSI tjlyHXll.HH 
'I' abo 

(x " " ) I 2 a 
·s - B P - Bona 6y.11eT BM8Tb BR.II: 

abo abo abo 

q,(x ,. ,. ,=·¢0 ce, e3e. )qJ (X) + ¢<el e, e.) }: [ Ip. q,'" 
1 2 I 1•·1,2,1 

C Y'l8TOM TOnbltO 

(5.4) 

TTpennonaraH tjlyaKJlHH ¢0 (!j ) B "'ce, > CHMM8TpH'lllblMll, nony'IHM: 

abo 
q, ,,. 

abo abo 
qJ (X)=H:<e)'l' (x1x2x,)(de); 

&bo abo 
(X) a f¢0 (e)t11' 'f (x

1 
~ x

1
)(d!); _ I q,

1
,. (X) a O; 

1-=1.2-1 r (5.5) 

12 

;"y; 

rne 

( de} -~ (e 1 +f 2 +:!a) d! 1 d[ 2 d[ a 

4>ymmmi: <lJ &bo(X) SI e11,;b'tX) ODllCbIBalDT JlBBlK8HH8 CHCT9Mhl gag nenoro H YJlOBn8TBopa-

JOT yp8BH8lllUIM! 

· :I 2 abo abo lpz •1>~ 
(p -m )ell (p) a O; ell (p) = J e q, ( X )dX 

2 ; &bo 
(p -,11 )·ell," (p) =- 0; 

abo tp·x 
ell 11' (p)=f.e ell

1
1' (X)dX. (5.8) 

YcnoBHe nepenHTHBHCTCEOro xapaKTepa JlBHlK8HHH ltBapKOB BnyTpB COCTaBHOI! 'IBCTIDJhl npx­

B0.IIHT K ypaBH8HllHM.BaprMana-Baruepa: 

(; -m)a' ellabo 
a 

b' abo . 0 ~ &bo 
(p-,m)b'ell =-(p-m)

0
ell =-0; ·_ 

•' abo A b'· abo " ' o' abo (p - M) ell ~- (p -11) ell =· (p -M) ell =· 0 • 
• !Ji. b If.I • o IJ' 

(5.7) 

abo abo · 
CTpy1trypa tjlyn1tn1tll ell (p) It q, I Ji. (p) CH,IIl,HO 38BHCBT OT npe1-1nonOJK8IIBH nonu(!I! CBM-

abo>· abo 
MeTpHH BOnHOBOII tjlyaXD.HH l}I (x, xll :a:,),OTCI0/.18 cnenyeT, 'ITO <lJ HBrut8TCll CHMM8TpH'I~ 

HhlM T8B30pOM Tp8Tbero paara B HM88T 384 B838BHCHMhlX-KOMDOB8BThle CTpyKTypa ero XO­

pomo 113Y'l8Ba B pa6oT/
51

, CpenH tjlyBEJlHII q, :;:· (i ;... 1, I!, a) ueaaB~CHMoll OKB3h1Ba8T-
abo abo 

CH TOnbKO 0.11881 H8IlpHM8p <lJ /L =· q, II' , nellCTBHTenbBO, H3 nonaoil CHMM8TpHH 

XlYMMhl I e <ti abo 
1•1,:r,i'Ji. IJi. 

cneny~T: 

cllabo = <II bao .,. .,. 
q,•bo =· q,aob 

2/L 2¥' 

abo 
<Ii 

II' 

oba 
= q, .,. 

q, &bo 

/L 

·q, O&b 

/L 

boa 
=·<Ii" 

(5.8) 

nocnennee ycnoBue oaaa'laeT, 'IT0 Tenaop Tp&Tbero paara o6nanaeT cMemaaaoll c1tMMeTp11-

el! H BM88T 572 H838BHCHMhlX K0MDOH8HThI, C Y'l8TOM ycnOBHII (5.7) tjlymatllH 

6yneT HM8Tb Cn8JlYIOIIlHII BHJl: 

abo 
I <Iii' 

abo 
= I q,!/.1 

ti:;:-1.2,,1 
=- 0 • 
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rne 

abo 

lfl/.1 
a{Jy (If )I: (afJ>y Ilk ,._, [atl}y . t Ille 

DI.I • li + NI.I • d + "I.I • --

[af:l],y 
1 l: NN 

+ °TQKlt/1 :{Jy) 
<11,1 

[111~ 
b 

. ,/.6 
+ 

af3y 1 ;+M afJ ·Y v v 
DI.I -· ../2 [ C--nr-).y I •CJ • t1.,,/.I ; ?' 'P.,,,. = p 'l'.,,/.1 •. o ; 

N[aJ3ly ___ ._l_[(;+:M >· -cJ°fJ • .,,,,·Y 
/.I ,/.2 2M Ya 'I.I 

.. . .. 
(p -M)'i.'

11 
• (p-M)'i.', • 0 

,/.I /.I 

<afJ>y 
NI' 

t {11). 1 ,ii• b • 
b • v2 

[anti [fJna 
¼[NI.I +:NI.I }.; 

(11)1: 
b 

[ti;J1, · lJk}I 
¼[b +:b I 

(5.8) 

,j>yHKllHH d Ilk 
I 

• bl OllHChIBalOT COOTB8TCTB8HHO YHHTSpHhlil 1l81tynneT H OKT8T, •C -

MSTpHna aap!!llOBOro conp!!JK8HH!I. CnHH-T8H30phl q, p.,v H 'I', a, OHHChIBSIOT COCTO!IHHH 

co cneny10mHMH 3H8'18HHHMH cnHH-'18THOCTH: t --S/2- , .3/-it- , ¼ - H jP = 3/2- , ½ ± 
+ + ' 

COOTB8TCTB8HHO. CocTOllHHll 3/2 H 1/2 • KSK H B cnyqae M830HOB, llOIIJICHhl 6b1Tb H83B8Hhl 

'a6HOpM8/lbHhIMH' , HM8!1 B B11.!1.Y RX 8HOM8/lbH08 HOB81l8HH8 npH aapHllOBOM conpHJK8HHH. 8 

nan&HellmeM Mhl He 6yneu paCCM8TpHB8Tb 3TH COCTOIIHHll H HS/IOJKHM HS ,j>yHKllHH 11' !If.I 

"/.I 
ycnOBHH: 

/.I"' -p -.,,,. pl.I 'I',,. - 0. 

H 

Penl!THBHCTCKH KOB8PH8HTH08 Bblll8/18HH8 COCTO!!HHII C p83/IH'IHhIMH 3H8'18HHllMH nonHoro MO­

M8HT8 6yneT onpenen!!TbCll Bhlp8JK8HH!!MH: 

, a/a i P , K 
'I',., =· IP

11 
+ v.3(,y11 + ; ),y 1 lf 

( 5.10) 

'I' ,..., s/2 - . P a/2 P a/2 a/a 
= 'l'.,u + "~. ~t .!..[{y + :f!....),yl 'I'., +(y + L)·Ys 'P }H e... 'I' I + ,- -~ 2 5 /.I M II M I.I /.IIIUP M p 

y2 p p 1 K 
+ ' [ 8 - ~ - - , P ·Y •y l 'I' T /.Ill M 2M f.lVUP a· ·p s 

H HOPMHPOBK8 onpeneneaa TSK, 'ITO 

. 'P 'I' • 'W a/2'. 'IP a/2. _ 'IP K .'{I K 
·"' ,JI JI .,., , 

-s/2 sh --a/2 a/a 
'I',._., 'l'/.1,V =· ljlf.111 • lff.111 - 'P II • 11'11 -I 

'PK • N'K 

14 

,-· 

~ 

. • · , ·~ abe . 
'TaKHM o6pasoM, ,j,yHJtHUll If> /.I,, OllHChIB88T_ cneny10111He COCTOllHHSI! _ 

l : S/2 - , a-'2 - ., . 1/2 

t+ ?.+ 10: l 1l!-, 1/2-. 

8 °T8p-~R8X rpyJinhl ·su ( 6) HOBb!8. 6apHOHbl COOTB8TCTBYIOT 70-MepHOMy IIp8llCT8Bn8HHIO. 

CnenaB'B ypaBH8HH8 (5,~) IIO/lCTaHom.:y' i'a"I ➔il~ ·+ 0 ,·1 ex •. ) .• Mbt'11ony'IBM 

ypaBR8Hlle~ OllHCblBBIOlll'30. 6apHOllhl B I!pll:cyTcTl!llll c:;11a6oro sneKTpoMarHHTl!oro nollll: 

2 2 2 
[ax +:ax. + a,, 

I • 3 

&be -" · abo 
-}WJW =-lf'l' ; 

( 5. 12) 

rne 

ik~l:r2x3) =: I e.'1h(:re) 
1 ... -1, 2,1 

,.· 
,, . a a· ' ?' a ' /.Ill 
ll(x )=·l--.·A (:: 1 )+i•A (x1 .)--+¼a1 F/.1

11
(:r 1 ), 

I ax: - axf · 

B cnyqae 11ocT011anoro aaemaero MaranTaoro nona B aepenHTllBHcTcz:oM npenene ypanae­

HHe (5.12) npaHHM88T BHll: 

j, 2 . &bo ➔ ➔ abo 
·( & _, M - - ) 'l' = /.I J{ • , 'l' 

2M 
( 5.13) 

rne 

; = l: ;I •=•· 2,3 

➔ 

/.11 

3~ ➔ ➔ ➔ ~ \ ➔-
- (L1 + al ) ; LI =·-•He X _a_]. 

2m I ae-
1 

CTaHllBPTHhIMD M8TOll8MH KBBHTOBOli M8X8HDKH lln!I MBrHllTHhIX MOM8HTOB oapHOH!>B MOJICHO 

nony'IDTb C/18lly10mee Bhlp8JK8HD8: 

j(j + 1) +f( f+ 1} - s ( s + 1} l'spin 
µ=j[Q. . +-_-· 

2j(j + l} 8 

-rne Q - aap>1noaoe qncno; 

.•.:· 

j(j+l}+ s(s+ 1)-f( t+ 1) 

2j(j +:1} 

"splri - CllHHOBOi! MarHHTHhli! MOM8HT 6apno~a C TeMH JKe KBBHTOBhIMD 'IHCnBMD•B 

, 70-nneTe SU ( 6} , 

6. MacCOBhl8 ,j,opM~n_hl Ill!>! 6api!OHOB 

Macconb1e ,j>opMynhl nn>1 6ap11oa0B MOJKHo nony'IDTb, BBOllll B n0Tea111mn aaanMonell­

cTBIIll KBBpKOB qneHbl1 COl18pJK8WD8 !HDT8pH08 ~acmennenae, CllD(IOBYIO 3aBl!CDMOCTb D CllHll-
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,,·, 

. . I ;- ,, ' . , .. 
opf5HT8llbHYIO CBSl3b. Mb[ 15yneM npeaef5peraTb T8H30pBbIMH cn~aMH H qneaaMn, aapywaIO_IllH"'.'. 

Mn yanTapay10 n cnnnosy10 cnMMeTpn10 onaospeMeaao •. B KosapnaaTaol! <jlopMe TaKoA noTen-

11.nan nMeeT snn: 

" 2 ... 2 + .... ➔ _., ... ... ~ • 2 
Wa-W (r

1
+r +r 2 )+W.(r r+r r +r r )+ W •S +W •{SSL,,,,) 

rne 

'1 

•wl 

I 2 a • I 2 I 2 2 I 11 I' 4 I'- V .--

SI' = I. (SI' )I 
t=·t. 2,8 

C st' >i. = ii C-r5·r,. >t 

L"" = -1I. ce _a_ 
1=1,2.3 oev 

e 

k=l,Z.3; 

_a_) 

ae,.. 
- seKTop H30TonnqecKoro cnnaa -TOrO KBapKa. 

- CK8llSlpHbl0 ,PyHKUHH, 38BHCSIIl!H8 TOllbKO OT el 
B nepsoM nopnnKe Teopnn B03Mymennll nonyqnM: 

2 " - ➔ ➔ / - '":t'.... ..... ➔ ➔ 
BM= JqJ*W'P{de} =·ao (<l>Lr}+r:+·r;, ]<l>)+ bo (<l>[,1r2+'1'a+r2ra]<l>) + 

➔2 ➔ 2 ➔ 2] _, [ .. ➔ ➔ ➔ ➔ .. ] 
+·a I. (<1>

1
,. [r1+r

2
+-.-

3 
<1>

1
,.)+ b I. (<1>1µ r r +:r r +r r ~ 1 ,, )+ 

1 =t, 2- a r .. ,... 1 = 1, 2, 3 1 2 1 a 2 a ,-

- 2 - 2 
+ c

0 
(<I> SI' <l>)+ c I. (<1>

1
µ Sv <1>11' ) + d I, (<1>1 [ 1' Sv -Sv s,.·]<l>IV) • 

t=t,2,a l=·t,2,a µ._ , 

(_8.1) 

(8.2) 

I 
\ 

Bb1qncneann ynpoma10TCH B cncTeMe noKon, rne- onepa:opbI ·( S ,.,}1 nepexonnT B onepa-

\, 

Topbl of5b1qaoro aepennTnsncTcKoro cnnaa. B peaynbTaTe nonyqa10Tcn cneny10mne Maccosble 

<jlopMynb1: 

p - oonaa: 

8: 

L+ t+ 10: 

s - sonaa: 

~: 

12.: 

"2 -· 2 
M (!'/2 ) = M +aY +fiT(T+:1)+·35,y+:38 

" 2 - 2 M (3'2) =M +:aY +·,BT(T+'.l)+:15y-2B 

"2 - 2 . · 
M ,( l/2 ) = M +a Y +·,BT( T +· 1) + 3y - 58 
~2 +. 2 . 
M (3/2u) = M + aY +·,BT(T+:1) +·15-y 

M 2 ('3'2-) =-Id 
2 

+a Y +fiT(T +·1)+: 15,y +·B 

M2 ('-J/2-) = M
2 

+aY+:tJT(T + 1) + 3,y-,28 
"'2 +· 2 M ('I/2

17
:)= M +·aY+fiT(T+l) +3y ;' 

;
2 (J/2+)=-m 2 +:a 0 °Y+·t30 •T(T+·1)+3y0 i 

1i 2 (Vt) = m 2 +:a'0 • Y + tl; T(T + 1) + 15-y O :_ 

18 

(8.3) 

{8 1.3) 

r 

JI 

··;,. 

,1 
I 

I ,, 

Me)K!(y MBCCBMH 15apHOHOB c, pa3nHqHbIMll 3HaqeB11HMH j p 15ynyT cymecTBOBBTb COOTBOWe­

BIHI: 

8; 2 c3'2-> =3J 2 c!'l2->: sii 2
cl/2->: 

. ;2 <Jin _,;2 w2-> =; 2 <'3'2- >-·; 2 c•112- >: 

:l'\·2 "· . A + I'\ 

SM (3'2-) -,2M 2 
( l/2 - ) = SM 2 

(3/2 )-2lii2 (l/2 + ) • 
' u . u· 

(8.4) 

Ecnn, KOK n B Me30HHoM cnyqae, BKnan cnna-cnnaosoro B30HMonellcTsnn Man no cpasae­

HHIO c axnanoM cnna-oponTanbaoro B38HMonenciann, nonyqnM onao nof5asoqaoe cooTaowe­

ake: 

~"2 - ~-2 -
M (J/2 ) =-M ('J/2 ). 

(8.5) 

., J,fa BbipaJKeanl! (8,3) cnenyeT, qro KB8,[jp8Tbl MOCC 15apnOBOB ynosneTBOpSIIOT COOTHoweannM: 

~-: 

10: 

N + E .3I. +. SA 
--,4-

0-,,:\ a•-- I.*·=-~ 

(B.8) 

3TH COOTHOW8HHSI BblllOllHSIIOTCH C OOllbWOl! Toq~QCTbIO nnn OKT0T8 15apHOHOB co cnn­

HOM 1/2+ n neKynneTa 3/2+. l1M010Il!H0CH B HOCTOSIIl!80 Bp8MSI axcnepnM8HT8llbHbl8 l'.IOBHbI8 

0 15apnoHHbIX pe3oaaacax C OTp~ll.8T8llbHOfi qeTHOCTbIO ae Il03BOllHIOT nposepHTb cnpasennn­

BOCTb nonyqeHHbIX MBC~OBblX COOTHOWeann •. 

B 38Kll!Oqeane aBTOpbl Bblp8lKOIOT HCKpeHHIOIO 15naronapHOCTb OKaneMHKy· H.H. Boro1110-

15osy 38 IlOCTOHOBKy 3anaqn H BHHMaane, 8 T8KlK8 A.H. Taxennn3e 38 IlOCTOHIIHbll! HHTepec 

K paf5oTe. 

nPl1nO)KEH11E 

,. 
OnpeneneHHbl8 B § 3 B8pWHHHbl8 onepaTOpbl G 381l810TCH cneJ:tyIOil!HMH M8Tpnqabl-

MH 3ll0M8HTaMn: 
lkx " "' 

fdke ci (k,p) =J</Jri H (x
1

x
2

) ¢
0 

de 
lkx A "' 

fdke Gl'v (k,p) =J</J*el' H(:i:1 x2 )ev ¢de {A.1) 
lkx-" " 

fdk e GI' (k,p) = /¢~ H (x
1 

x 2 )ti' ¢de 
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,. 
u onepaTop H(x 1 JC 2 ) onpeAemieTcR cj,opMynol! (3;1). PacKpbIBaSI BblpaJKeHHR (A.l), no-

nyquM: 

~· :I "' " 
'G (k, p) =- fo (k )[ r I + r 2 1 ; 

2 1r.:9'2 
f0 (k )=fe ¢ri¢

0
dt; f 0 (0)=1. (A.2) 

"' "' "' "" '" "' "' 
Gµv (k, p) =- fl'~ [I\ +r 2 ] + fµv.u- Au·• (e1 + e 2 ) + i gl'"' Ay ( e 1 + e 2 ) 

f/W 

. -r,:e/2 2 1, k 
{e •et ¢*¢de =f(k

2
)81'11 +f 1 (k )_·µ_II_; f(O)= 1 

I' II 2m 2 

(A.3) 

g/WU = 
, .. e12 . -

4 f •le_ e_ • (¢*¢'-,.1.,.,q,)dt & 1J II· a· 't' 

= g(kl' cS "'7· + k11 Bpn + k cS ) + g ~ u JLII I 2m2 - • 

PaccMOTpHM BbtpaJKeHHE!! 

cr,.Ukll -fllUkJL) = 21{¢*</, •tu_<e,. a:II 
-e a > n:t/2 

II "'ff dt 

" 
u,e/2 a a 

2i f e :[ a~ (q,*q,euell )- ,n;-(¢*¢,U,/L )] de_= 

=f(k
2
)(8 k -8._kl') pn· II YU 

OTKYAB cneAyeT f2 (k 
2

) =- f(k 
2

) • 

,. 
GI' (k,p) = 2ikl' C:,• [r

1
-r

2 
]-if,•Al'(;1 _; 2 )+ gl'11 A11 (=1 - ; 2 ); 

(A.4) 

2 i-..e_ja tk·e/2 

2ik" ''{k) = {¢*¢ • t t de_ ; f =-2{¢*¢ f de 
-, 0 I' • • 0 

tke/2 . kk 11 
gµv= 4ife, e,,ev<¢;¢'-¢'"c,'¢)d,=g,cSµv +g2r ~-

2m 

• 
$opMcj,aKTOpbI g B OTJIH'IH8 OT cj,opMcj,aKTopoB M8HSIIOT 3HBKH npn oopameHHH Bpe-

MeHn, KOrAa ¢ ➔ ¢ * , B paooTe Mbt nonarann BCe cj,opMcj,aKTOpbt g paBHbIMH ayn10, 

PyKonnc& nocTynnna B H3AaTen&eKHII OTAen 
18 HOROpSI 1985 rona. 
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,/ 

~ J 
2+ 

I-t-

I++ 

o+ 

I-

0-: 

,T=O 

Jf I52o±20 

£: ~-

.D: ~ 

II40 

1420 

1420 

PyKonHCb nocTynnna B H3ABTenbCKHII OTAen 
18 HOROpR 1985 r. 

Taonmxa Me3oHHbIX Ee3oaaac0B 

T=O T=I T=I/2 

j: I253. Aa=~ K#~ 1430 -
£f n20t50 8: I2I5 (:': I330 - -
]): 970±50 A:i=~ C: I2l5 

~ 

soo±50 950 I090 

n2o±50 I2I5 1330 

n2o±50 1215 1330 

Maccbl H3B8CTHbIX pe3oHBHCOB nOA'l8pKHYTbl, 
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3aM8'181IH8 DJJ_H_ xopp8XTYP_8 

Kor.Ila 3T8 paooTa ObU18 YlK8 II8IIJIC8B80 Mb! CMorn11 03B8XOMHThCl! C 38M8TKOl! 

.R.H. A3HMOB8, B.B. AIIHCOBH'IS, A.A. A11cen&M8, T.c. n-ammoBa, H.T. nl!TnOBS (cM, )KST<I>, 

nac&Ma ,B pe.aaxn1110, II • Bbln. 3, 109 · ( 1965)), B KOTopoA p8CCM8TpBB88TCll 11epenl!THBHC'i'-:­

cxast' COCT8BII8st MOAenh Bb!CmHX M830RHblX B t5apuOBBblX peaoaa!ICOB, 'laCTh peayn&TSTO_B, 

xaca10mal!Cst M830BBhlX peaoaaBCOB, nony'IOBl!blX B Jl8DI8l! paooTe, COBlI8,ll88T C BX peayn&Ta­

TSMH. 
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