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1.BBeAeHlIe 

~aHHHe Ta6~H~H S~eKTHBHHX nOTeH~Ha~OB 8~aqH TpeX Te~ C 8~eK

TpOWarHHTHHM BaaRMO~eAcTBHeM cO~epXaT HeKRA MMHRMa~bHHH 06~eM qHC~O

BoA RH~OPM~HH, KOTOPHA Heo6xo~H. ~~H oqeHxlI Ba~He~HX pe~HTRBHCTCKKX 

S~eKTOB B CBHaaHHYX COCrOHHHHX cRcTew, COCTO~WX Ma ~BYX qaCTMn c
 

aapanox e H oztaoã , 6o~ee ~erKoA, c aapH~OM -e. K qHC~Y' TaKHX CH-


CTeM MO~HO OTHeCTH pH~ npHMepOB: weSOMo~eKY~H MSOTonOB BO~O
... ~ -+- li/

po~a, HOR H 2 ,CHCTeMa e e e H T.~. • 

KBaHTOBO-MeXaHHqeCKOe onHcaHHe TpeXqaCTHqHHX CHCTeM OCHOBHBaeTCH 

Ha YP8BHeHHH mpe~HHrepa c pe~HTHBHCTCKH. raMH~bTOHHaHOM, nOCTpoeHHHM 
I ~ I

B MrHOBeHHO~ ~opMe ~HHaMHKH npaMoro BaaHMo~eAcTBH~ .llpH pemeHHH
 

ypaBHeHH. mpe~HHrepe B ~He68THqeCKOM no.nxone I 3 I caMoR TPy~oeMKotf
 
ae~aqeR HB~HeTCH BHqHC~eHHe WaTpHQHHX 8~eMeHTOB onep8TopoB pe~HTM-


BHCTCKoro Ba8HMo~eAcTBHH B e~Ha6eTHqeCKOW ~aaHce, ~. e. 
I~I . 

8~eKTH8HHX nOTeH~Ha~OB 38~aqH .B ~aHHOH pa60Te ~~H M8TPlIqHHX 8~eMeH-

TOB pe~HTHBHCTCKoro r8MH~bTOHHaHa B ~ByxypOBHeBOM npH~~HxeHHH (aa 

HCKJlDQeHHeM q~eHOB, onHCHBa~HX noaapxaauan BaKYYMa I 5 I ) no~yqeHO 
npe~CTaB~eHHe B BH~e ~HHeRHoR KOM~HHaqHH He60JlbmOrO qMC~a "Ta6~MqHHX" 

,<f1YH KIU!A, SHaqeHHH KOTOpHX npoTa6YJlHpOBaHH c nepeMeHHHW mar-oa , o6ecne

qRBa~HM !npH WHHHMa~bHOM 06~eMe Ta6J1Rq! TOqHOC~b pe3Y~bTaToB npR YC

pe~HeHHH no BO~HOBHM ~YHKqHHM CHCTeMH He xyxerv 10-2 • npHBe~eHH T8K~e 

BHpaEeHHH ~JlH MaTpHQHHX 3J1eMeHTOB ~HnOJlbHOrO H KB~pynOJlbHOrO 8~eK

TpHqeCKHX MOMeHTOB R MarHHTHoro ~HnO~bROro MOMeHTa CHCTeMH Tpex qa

CTHq, He06xo~KMHe ~~H oqeHKH B8aHMo~eRcTBHH c BHemHHMR nO~HMlI/b~ 

2.PeJlHTHBHCTCKHA raMHJlbTORRaH CRCTeMH Tpex qaCTRq 
~ ~ ~ 

0608HaQHM qepea ~, 'Ri, 71 ' Si , ~i., /,,-i ,Qi ,Si COOTBeT

CTBeHHO Maccy, P~Hyc-BeKTop, HMnYJlbC, onepaTop cnHHa, 9~eKTpJlqeCKRA 

aapH~, MarRHTHHA ~MnO~bHHA H 9~eKTpHqeCKHA KBa~pyno~bHHA MOMeHTH H 

BeJJHQHHY crran a i -ToA qaCTHI.tH, i =l,2,3.!OTMeTHw,qTO ~~H qeCTHq c2<o 
t-

B Ta6J1HqaX 06HqHO npHBO~HT SRaqeHHH /" H Qi , B3HTHe c 06paTHliM 8Ra

KOM.! ~npe~JlHM TaKxe: Mi~ := Mi rlv1,j ,mi;':: M-iMqi IÚr~,.il ~v~~J~, 

~ ~ ~ -Ri~ ~.=(~ ~-~ J1 }/MtJ )Ri ~ R+iJ. 
B MrHOBeHHoA ~OpMe ~MHaMHKH npavoro BaaHwo~eRcTBHH / ~,91 pe~HTJlBMeT
eXMA raMJlAbTOHH8H flI CHCTeMIi Tpex QaCTHq c 8J1eKTpOM8rHHTHIiM B88HMO

~eAcTBHev HMeeT c~e~~HR BH~ !c TOqHOeTbD ~o QJleHOBO~-~BK~Dq.Te~bHo!: 
~2 :::::z J 2 -"If 

t t : H(o) H (4) H(O)_ '")"" 1-1 I ") ~';Lji!!. H(I) -2 'R U(I)
fi - +) -L. -- -I--tt!.- ,'='_ _'1._+ 

i '211I; 2 i .."i r..i i 8M!c' (1.) 

Oe,}.Ciiúinuil.iÜ 19acnrryr I 
~"'i.1~lltii'iJll 6~,~~~!;B1Ud 

6'1&Jl~ '.i I i_HA
---.,. .... 



U ( 1) : U(VP)+ U(R.IWC)rU(DAIlW)+U(F~U(.sO)+U(T)rUíQj . 

U ( I) 
p~e B OnepSTOpe pe~~TKBKCTCKOrO B8aHMOAeaCTBMH BH~e~HH q~eHH,'	 M;
OnHCHBS~He a~eKTH nO~HpK8RQ.K BSKYYMaL! ~ H pe~HTMBHCTCKMe nOnpSB-

KK K MSCCav tiSCTIfi.\ ~MC~ ,ZJ;apBJ!HOBCKlIIe tiJleHH Ut>Mwt eflepMJIleBCKOe t./f'1 
CnHH-op6MTS~bHOe U~O~ TeH80pHOe t..frJ H KBs~PynOJlbHOe UlSl)B8BHMO- ~ 
~eACTBHH. Bee OHH CK~8,ZJ;HBSDTCH Ma onepaTopOB nspHoro BSSRMOAeAcTBRH 

qSCTJlI{: Ut><) :: k Z 
~ • 

if..?
..; J 

X = VP DARW'
J 

RMC 
/ 

..p SO» T 
~ 

LI""( I~ •	 ) J 
r~e	 tTr 

2 
(RMC) ~.;3. e ( I p"""" p- I - ~~ .~ --'jU. , :; _ 't (? -..' f- _ r:., p .• P /P Cf) ,,)

1.1	 2t/.M.c'" Y:'. '1 (/- r~ ~ ~ '2) d , 'L.o 
ri 'I. -,; ~.? o: 

U~"IlW~(tl;)2f Si (.c~-~)~J~ .s.: r:i(2à-~~)1.47TJ(;!.1C2d) 
".'7 c ·1'lSi+J. 2.M?- 2.s~+J 2 M{' f 1~ , 
V	 ? ç ~ 

U '1=") 2 (I!.i eiI )(I'i t. *)(-.. ~) I. r,»:'. =- - - r)J,J '..JZ- - S, • S, '-f71dl(r.. ) (2 D)V "3 S'l' ~V/2'C -? ~.c .. ~ 1l.J' {) 

(50) 'Ice. )(&...!J:.J ( )/b."e7i) jU " = --- te Si ~ ~- .....) ~ ~e (s.,'2A1,'c//.,~ .... ) .... 
to;) m.-:c: " r,}'"K.b«] .S,+ 3 (,:.}(J:),.5'. + v '; r..~ ,t I 'I 2 ...... . 7 I ~i t 

~ ~'i 

e.2.i f t=i 2i(r", x P).s, .:7. '7. i-: X ~) sy. (2~)+ -- C} ; -; _ ~ fi a r
Zc2. M~ r::~ M2. n~ ,

rJ 'LJ -r: "J (!2'd) 

U~.'1')::: _ 3 lI!. l' ~)Iti. (Li; )~I f~~'S.)(~s.)-(S;·~~ 2)
(J l 'Si Q~·c ~ 's. 2M'C;r~ ".) / ; 3 V ' 

..	 ) f ~ 

U(G,) 3 ~J Q. I b. ....... a ~ I IÍ -. ... ~ -k)?
 
oi " :ze l ~ -;t;~\\r-l;"~}- sv f-~ G;:;;JlI""'s,)- ~f.cze) 

7 _ -. I ~ ~) 
C XCnOJlh80BSHMeM ICOOP,ZJ;IIH8.T x RMnyJlbCOB SIK06Jll: r =R3 -~ (R.( +~ ., 

- ......... ...., -. ~~) ;,;.- .... ~~.=t'R	 '= R,2.,-R,,) I<:r (M,R,+M:l.I(2..M1~ R3 /(M,rNLt-~);~_,i~'1):-7*J?IA-1*~-, 
...a -"'>~) 

BHpUeHKJI (2a)- (2e ) npmlHIISI1I' (B CHCTeMe IIOJCOJl n;eHTps Msce ~a p ...o) 

cJle.ztYDUt_A BIIJt:	 .q < 
(o) I p.....~ G-L _'_)I~+ ~R"tz.'~.2e ~/~3e ~~~3eQ. --- + + r	 -lo .. _f_ ...H - 27YJ 2 S'r71,2. 2..Ng 2711, 2 F R /,..+lRJ IY'-fR/ 

' 
He,)::: _ '-3"h(M,~(p:, (Pf)~}f~J- ?C1Q.(I;i~/M,&{R"')!P;1.~l_ 

." em~ c"" l j 8m,!l. c r (r 'fI 
" tQ, _ /_/~ + '-3'111f~/AI,~) b~ U CI) • 

l8MSlc1 12.8 'l11.5c2. I + ,
S 12 

2 
~. 

" 

~. 

U «i, U(x)(R-)+ U Ot) ípL l..í!).t-(/CI'o)(r-r l-í~t. x= v~ L>AR~ p) ~ ~ ~ 
- ra I 2.3 l' .2. / ;f:ij ~,/./ ",. /' 

UCR/lfC) _ U UtM c) U(I!.A(c) U (R.MC)
 
- f'J.. + 2.3. r fg. ,
 

U~~ ~/~2e2. IJ_tp:L$'l.)+-1.(R(R-:P)P- J.(R~)~Jj
"a... 2M. ~~ c!Z. iR 'tI/Ri> 'f /

/"'2

U(R"'C~ i!2~3e4 ~..!-í..!.Ã:'R-)+.L1...!...F.(r "b)G-r (~p)p)7 
1.?, ,., u u 2 r: lir ?J v-i> l2 U 23,-'11· .t~ d 'I /] .? 

~''''21f1f!JC ll!t '.t& 

U OU f C) _ c: -.J. U ~c) E •
 
"tA - ~x 23 ~,
 

U	 (50) _ U (so) U Cso) U('so) 
- ra: + .2~ + (3 ,) 

Uc:;.J= ;~';.:: [Cr/-;;Orffj);. (R'P)~ {i!r 1:;(1-::'J;j.(R-";).§'} + 

+ ~;~{C2r~;.r1f-:1~3 (;$..P).s..+~-1:. (f-'::;));'(';'p).~ r~ 

u~:~ 2~~~' ~8-~(í~:))~(G"fJ.~f-~~r.f (f.xP).S;]

_ cC3 e2.* f/~-&-fk' /n, 13)!! _.!.~ -+~2íí'/" 2M2))) I /z: -) ......8} ... 
2. 2. l'2 S r: "%& j.", R l.l:.a ~( ... .u y~(~i\,PJ. ~ 

2M&. cu... '".:la , 

U	 eso) t::.. -.1 U (50) Ex
 
ffb :: ~ 2l. ,
 

-. I -.. - .... iR-/
r.l'e rH .. :: / r -X R /) r,; -/r+2;, , !I npecõpaaonanae Ex JiIIeRJl8'P lIe-

CTaM_ aprYMeRTB Y onepSTopOB, OTHOC~eCH x q8C'PK~BK 1 _ 2: 
-1, ...... ......... ....... ) ~... - - - .... - AI.. )

Ex OC'?,IR~/-)r; 'f? ...)sl1~J'''.J ~"Noh'" t=x = OlRa ..R,,_..1iFl ... sals",~ ~",.. • 
, .,	 , I " ~ 

U&~	 /5/
H.IIOXBXM,RaXOBe~, qopo eC'Ph CYUMa napHKX nOTeBn;X8AOB DJlxRrs : 

U (vp) = u(Uu.t,.",J{R' "'UcUeJ.~'·"I)~ ) + U (~t),I)~ )
IL '/ 23 l'a.J 4'3 ('I'J, 

u(~~~tv.,},.) = ~Ú~,·e~. ~ ~x {Xi:.-Ií+.L)e-~)(r/~Q, ~::~ 
2~ r .3'1T / x& X I~" 2".2. , e C ~ • 

3.	 H&TpxquH8 8J1eKeR7B r8MWJIh~OR.8Ba B ~.8~8'P.qeCKOK 6a8Kc8 

BMec'PO mec'P. 'AeKapTOBb1X IlOOPAJm8'P sex'Popoa R-• ~ SBe~e. ne

peM8J1t1J1e R=IRI,~~(r,s 1''f3)~t,?::&&-'i"I)!R. • yr.m 31J1epa (<A G>, p)nepeXO;t1,8 

O'P "Jl8.(50p8.'l'opBol" CJlCTelOl KOOPAJlBS'P K K "Bp~e.~elcs" CKCTelle K/ OCh 

O~I JCo'Popol - B,ZJ;OJSh R • B lCo'Popol .p Jle••'P B RJIOClCOC'l.'JlOX~llil:.B 
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rrpOCTp8HCTBe cflYHKu.H~ OT yrJIOB (16, tq'f) pSCCIlOTpJlIl rrOJlHH~ Ha60p 088MC

HHX ~YHK~JI~ ~Ã~~M c Orrpe~eJleHHHIlH Op6HT8JIbHHIl 1l0MeHTOU Jr, 
npoexuaeã M MOMeHT8 H8 OCh Oe , 1l0~JleM m rrpOeK~HH MOMeHT8 H8 

OCh O~I H rrpOCTpSHCTBeHHOW qeTHOCThll A: 
2:T+f ;;,.., J .:T J \1

~)mJ"M (<Á 8d"/= .(6 'Tí:1.(I+J'orn) l (-I) 4!</J,f7;1f)+),(-t) J)A-I,-",~€?p); • 
B8SHCHHe cnHHopH eS~ B rrpOCTp8HCTBe crrHHOBHX rrepeMeHHhIX Tpex qaCT~ 

C'rp05lTCH Ma 0~HOq8CTHqHhlX crranopoa €?s;~, , f.'=~ 2,3, no cJIe,n;YIlIlleA cxeue e 
s~ ~~ 1; 

es:r = ~Gi S3:f3 €I,,' €s.s~.a ; e.Ii = Z-c s,,r, S'.at~ €s,s, es. t~ , 
_ ~ 3 __ ~lã 

r~e I:::s.,,,,~ , S s.=I"1"$; . BBO~H rrOJlHHA 1l0UeHT d(c rrpoeK~He~ ~ H8a}.

J =s+:1 , onpeaeaax TpeXq8CTHqHlie c4JepJIq~CKHe Cm'lHOpH 

1 ~(J3 ~Yzs ')...,." :T)13 (t:p, e, Cf) = fffCsr J"M eSj o()À"",;:rM (rjJ,~p). 
B KSqeCTBe B8aHCS B rrpOCTp8HCTBe ~YHK~HR OT rrepeMeHHHX S H 17 (rrPH 

a8~8HHHX R H",) l'!CrrO~hayeM rrOJIHH~ H860p Cf"i..,,cf.'b·~pemeHH1Jr KB8HTOBO

MeX8HHqeCKOH 88~8qH o ~Bl'!~eHHH 3ap5lXeHHOM q8CTH~H B rrOJIe ~HKCHpOBaH

HhIX (H8 P8CCTO~HHH 'R) KYJIOHOBCKHX ~eHTpOB I BI: 

~. (1 . 11- N ) (. . ?)!::"' _{t4(~), .: {('TJ'/h.)~JI5I ~HCKp·.crreKTp8, 
1'1771 )?, Rj - {'ill] (R Tlf,;., ~~uf'Ó" (?;R),r- -J.(~ ~= (k;",-)~Jl5I aenp , crrex-rpa , 

r~e TI. (f:"ft/..E"Ç~,,1=.1H N.W- HOpMHPOBOqHHH MHO~HTeJlh. A,z{H86aTHqeCKJlH"7'11 'i / p.... 7 f>o'" 
688Hb ~JI5I 8a~8qH Tpex crrHHOBHX q8CTH~ eCTb rrpHMoe rrpOH8Be~eHHe 688H

COB {~.....l H ~~À'" :rcf?~l; (3) 

flJZSAtl·'W1J;?!. (fjJ,e'Cf;~'?J'R) = '!Izs~"'::J;~ (s;s,~&.~,~(I,,?;R). 
38BHCHMOC'I'b íBzs)r'1II1d:!JOT rrepeuenaax ($,'7.;R), OT yr.aos (szS. 81Y') M OT 

crrHH~BhIX rrepeMeHHHX ~àKTopM8yeTCat rrOSTOMY ~eJleC006p88HO rrpe~CT8BHTb 

r8MHJIhTOHH8H fi B BM~e CYMMH qJIeHOB, K8S~H~ Ha KOTOpHX eCTh CK~~p

Hoe npOJll8Be~eHJle HeKHX HerrpHBO~HKHX TeH80pRHX onepaTopOB )(i K ~k 

P8Hrar(Xi ) . r(i\~eMCTBY~HX COOTBeTCTBeHHO H8(~~~H aa cnHHH), YMHO

seHHoe H8 onepaToP}f. (,ZJ;eLicTBYIl~ii aa (~, '7;~}) H H8 KoacMJloUtMeHT Ct , 
88BJlCSlItKB OT 1l8CC, 38p.H~OB 11 np , x8p8KTepHCTHK q8CTH~./ npH'IeM ace 

Xi , '>;. II1 ~ l< JIH60 apUHTOBH, JIH60 8HTHepMHTOBH/: (4) 
• ") I V ( + X -t- y X ,y IX ~y + 

H ~L-c/;?t X~·l:.Jt)' ~ =hi X~ 7 '1. :: J,ã- ~ ") hi =:t~hi=~J.)~\ ;t=~' l:k. =~/c. 
t IJ q .

OTCIl~8. ~JI5I M8TpJlqHIiX 3JIeMeHTOB r8MHJlbTOHH8H8 rj B 8,ZJ;Ha6BTPlqeCKOM 

npe~CT8BJleHHJIl rrOJIyqHJIM· 6H ( ) 

<I~/). ~/r''ml :r';';:IH IIS Àt 1m :1"113> =~Ã I di ;" dc;7Jç7oí"'" 5 

" x(-;l+s+:r'.fC-é (~I ~I r;~ 1<I~'I/~k/Ii»> <). '.", '7'11XiJÃ..,;r>. 
~ <f 'tO'",? , /Yjt / !,t' ",! >. . 

'" ., 4 

... 

npe~C'I'8BK'1'b r8llJllJlbTOHH8B H «) B BH~e ( 4 )OK88HBaeTCH H8 C8MOU ~e
ze B08UOlERIIJI, ec.aJl JlCK.aDqJlTb Jl8 p8CCUOTpeH1IJI qJIeHH U (vr) ~ riOJIee 

Toro, UIlHJlK8JlbllHI Rs60p cnepaeopoe {Xi} , {li] 11 {~lc.l 0,ZJ;H08H8qHO 

onpe~eJleH. 3'1'0 n08BOJIHeT BHpa8mTb 1l8TpJlqHHe 9JIeUeHTH peJlHTPlBHCTCKoro 

r8MKJIbTOHH8H8 ~ CKCTeYH Tpex CnJllHOBHX q8CTJl~ c 9J1eKTpOM8rHMTHHU 

B88KKo~eAcTB.eJl 16ee yqeT8 9~eICToB nOJlHp.8aQJI. B8Kyyva/ Qepe8 1l8T

pJlqHHe 3J1eUeUTH <P/1"t".i '1/f i,.yT86J1HqULIX onepaecpoa {~} c ICoacW>JI~J1
eHT8JI., 88SIICa~... 0'1' KB8HTOBHX qmce.a • OT Xap8K'1'epHCTKIC qaCTJI~. 

B ~8BBoA p860Te, Jla-ss OrpSHJlqeHHOrO 06~eU8 He 6y~eu npPlBO~HTb 

aBRiDC BHpaaeR1I1 ~.aJt acex Xi, lj H il.1c • OCT8ROBRUCH nonpoõnee JlilDJIb 

R8 T.R. "~BYXYPOBReBOM" npH6JlJlseu•• , B ICOTOPOM( 5) CJIJIhHO ynpomae-rca , 

4. HaBKe BspaaeBJla ~.aJt Jl8'1'p~BHX • .aeueHTOB r8MBJIbTOHJl8H8 

B ~ByxypoBBeBOJl npx6JlKKeaII. 

~. K.aaccI~IK8~II CB.08HRKX coc'1'oSRxl CXCTeus Tpex cnmHOBhIX qQ

C~ Heo6xo,ltJDI R860p JCB8H'POBJa qICeJl (Is ').p,,''117 7(J;~)st, SRMOrmqHHX 

KB8BTOBBK qJlC.aBK, Hcnonh3yeMHM ~.aJl RYU&P~RX ~YHK~xA ~x868'1'IqeCKOrO 

688.C8 (.3 ).)18 aJa TOqSBM. KB8H'l'OBIiUX QXCJl8lllX SlSJll'IIl'1'ca .aJUllb ~ ,

J3 • ') ;I J S •J -"npJr16JIJ!ZeRRO xopone" C 'l'OqHOC'1'bJ) O(ol2.) 10TROCR

Te.abBKI nopSl~OX Be.aXqXSU cnHH-eUHHOBoro x cnxH-op6I'1'8JlbBOrO B88HKO

,lteIC'l'BJl1I/;i=(?7,,7Jz)x -m - "npK6JlllDlteHRO xopoJllJ[e" c TOQHOCTbJ)O{f!2Mj,r11.e 

M=(A(,~Mtr'/O.t;'.,.M;~-~nops~o. Be.aJl1lJUIB He811.xat5aTXqeCltllX QJleHOB B aepa

.aaT.aKC'1'CltOU r8I1UbTOHK8Be H(O~ CBSOllBamua O'1'llOCJI'1'e.abRoe 11.BRZeHBe 

qac,.~ 1 • 2 C ~B"eRXeJl qaC'l'aqB 3/. 

B 11.ublfelmex 6Y11.eJl PSCCM8'l"pJIB8'1'b JI"b COC'1'OilllmR e (t.', sn)S~ (0,0,0), 
coo~e'l'e~y~e "CCHOBROJIY COCTOSBIm qaC'1'~R 3-; K 8TOXY TBny O'l'HO

CS'1'C. sce X8SeCTRKe CSa88HHBe COCTORR.. Tpex qSCT~ c Ky.aOHOSCKJlX 

B8eKK011.elc'1'BXeu. OCSOBROI a ...~ B cpe~Ree 8R8qeHxe .aD60ro onepsTopa 

B ?8KKX eOCTOSRISS 11.81)'l' DepaMe 11.Be ~YRK~" a~x86e'1'.qecltoro 6asxcs: 

2IS).P[O]~'Jd3.(</J/;),'(J;1,1;R.)= tBIsAf.,,·a(o,oJ,m::o,J'li'a ,~:::t 1. . 
OTUQcX'1'e.ahHea norpemROC'1'b, ot5yc.aoBJIeRBes npeRe6pezeuxeM BKJl8~OU oc

T~bHBX 688XCHHX ~YR~xl la '1'.R~ "~By%ypoBHesou rrpx6.axzeR••"/ He upe

BOCXO,ltJl'1'0(1 /!J.M), qTO COC'l'aBJlSle'l" <101 ~.afi ~-ue801l0JleKY.a .aOTonOB 
u+ . 

Bo~opo~a I UeBhme 1% - ,lt~f72 • C 'l'8KOD ae '1'OQHOC'1'bJ) S ~ByxypOBReBo. 

upH6.a..eRHX 110..0 SHQRCJlRTb x peJISTHBRCTCKJle nonpesxx x YPOBHRM IHep
/9/

r.. TpeXQeC'1'JlqgOH CmC'1'eMU • Boeao.abKY Ha'1'pI'qRHe eJlelleHTH HeKO-

TOpIa X& onepa'1'OpOB Xf TO~eC'1'BeHRO peSHS Hy.am upx 'li? ~ »1:: O, a 

8TOJl uplI6JlDellHX BllpazeRKe ( '5) 88MeTHO yrrpOIltSeTCH. 

B peey.ab'l'aTe ycpe~eHRn no Xy.aOHOBCKHM ~~epOH~8JlbHaK ~YHK~HHU 

YJP,'.,y, ~ 1;R) onep8Topa ~ rrpe06p88YDTCH B. onepaeopa ir;') , , 
~elcTBy~xe HS ~YHK~H. OTnepeueHHol )2: ~I' 
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~(j\ (R):: <p'/'{/p) z: R3 (dld..n (}~,?") "Pp,(l,"J;R) Y;' {f}1:J (E. "J 1'R)rr ) I 
Ü u '~'P I • v • / a <1 - -I .' I" ( . f?' r I ( \0 

;rr0~p83YMeBaH ~8yxyp08He80e npH6~HxeHHe, B ~8~bHeHmeM He 6y~eM B&nH
-r : /. ) tC&BaTb KB8HTOBHX tn"ce~ t.:2:r. LO,O ,1I1::yYJ.20/. J{Ba~p8TllfqHHe no JlfMnYJIbC8B1' 

H(I) .i' 
4JreHY B raUHJIbToHHj!te (1) • (2) npxao.aa-r K orraparopaa ~~ BH)l:8 

1\ (R) ""'\ o,,€l ) 'dI' 
}f(~)f'r =;fõ Y(})ff,(R ~, f i:. 2 , 

r~e 'V ~ft [R) - <tYHKllllfPf~T R. • .QnepaTopu, 8KJIDtI81lUtMe tIeT8epTYll CTe
(/Ci)r'F lf (p-' ....lp2 

nea s JlfUnYJIbCOB IH8rrp.,P, 'PI I. 0~H8KO, CO~epJlt8T ~Jlcf4lepeHllJlp088

HHe rro R ~o~eê 8HCOKoro nopH~Ka, tITO npHBe~o 6H K rrPHHllHnHa~bHHM 

TPY~HOCTln( npa HerrepTyp('laTH8Hou pemeHMH ypaBHeHHSI rnpe~HHrepa. BB~y 

3Toro T8Kllfe qJIeH& MH 6y~eM Y4llfTH8aTb TOJIbKO no TeOpllfJl 80all~eHllIA, 

MCnOJIb3YSI npe~CTaBJIeHJlfe PfX ~aTpllfttHHX 3JIeMeHTOB, Tpe6y~ee BUtIllfCJIeHHSI 

He 60JIee tteM BTOpUX npOJlf3BO~HHX BOJIHOBOH ~YHK~HJI TpeXtIaCTPftIHO" CllI

CTeUy. npOJlJrJrDCTpllfpye~ 3TO npe~CTaBJIeHllfe H8 npllfMepe orrepaTop8 ~~ = 
.:: y;,~ . C Y4.eTOII 3pMHTOBOCTllI ~5" I.1MeeM 

R~Úi ~ .....
~lt)rf:<f'Ir;5'r{5/p>= ~lljJl{S~J (Y~Y'F ) (%sCf ) ,. <t'I ~s- r;.s/r'/ ,r 

rAe CTpenKI.1 YKa3~Ba~T. 4TO COOTBeTCTBY~~I.1H onepaTOp Ae~CTByeT Ha ~YHK

41.1~ B neB~X Hnl.1 npaB~X o6~naAKa~. B o6~eM cnY4ae. cneAOBaTenbHO, Ma

Tpli!QHUe a.lew:eHTH ~(~ Jp'p (R) onepe-ro po a '1, ttepea KOTOpye BHp8

saeTCSI peJrSlTHBMCTCKM" r8MllfAbTOHH8H CHCTeBIH Tpex tt8CTH~ /C T04HOCTbD 

no 4~eHOB nopSl~Ka O(/~~/) HJ!eDT BJI~ ~8 ( ) 
'" ) L..gL da( 01.,4 cY - - 2 -:;.
'(j (~)r'r (R = -1;0 :fro 7J~ d"ei)?'r (R) ()tift ,O(,t> ~ .(I) 

I/IHosecTBO cnMHOBHX onapaeo po n' {Z"" ~ B r8MJlJIbTOHJl8He H COCTOHT 

M8 ..O~HOQaCTMttHHX onepa'ro po a cnaaa S. i:.l 1)3, H JlX HenpM80~JlMHX nap-., ) .~ 
HHX TeH30pHHX npoH38e~eHllfH paHr8 O llf 2 ICM. npHno~eHHe 2/, 

~CrrOJIb8YH TeopeMY BMrHepa-3KK8pTa, no~yq8eW cJIe~y~ee 8&p8~eHHe 

H(,)
~JIa M8TpJlf4HHX 8JIeMeHT08 peJrHTllfBJlfCTCKOro raMMJIbTOHH8H8 tIepea npJI

Be~eHHue M8TpMQHHe 3JIeMenTH onepa-ropoa ». /8&nllfCaHHHe 8 HBHOM 8J1~e/, 
npH8e~eHH1ie M~PHQHHe I' aJfeMeHTH ~(k):: ~)Is~Is crrHHOBYX orre p aropo a :2; I< 
JI onepar-opa "J(J) = ';j(a)r? (i) := e. ~!) : 

<I~I Àf ']");;. / H(1)/I S?. f> :IN.>~ ol~ cJ;~ ~Í" X 

, ( 3m z){f..' '" '" I "" A.I 71J-n)(."" /' "')
x { -8mf~ /- M ~!32+ ~o-2if-tr'J.+~~+~\'1S5+~s')j "t"

I:Jl\-16 

~J~,,:II r ] I ~t'2!. rn/~J~"" -1.i) ]/7, )/,,, I 1\ )g1\4-~dl''p --3 ;J32. --'-\1-- \~53 ~ 51 1- (.J+fJ(lj5r+~~39 -f 
1> 'R ~Mj 4'lT)/~ MI2. 

~ I (1\ \' ,](J'+I)) I (' bi» A
T2M.M~ ~/8 +àp'p '(ao - 2M?, M~ -t M; 21/4 1" 

~. 6 
~ 

..< 

+ (~ ~-f:J!51 +~ l-fl~/S~)J deR) -(~ A+E~/S3, (I+-t>f') +I 

2.5,+1 2M~ 2s~+f 2M; rr 2s~+1 M~ I' 

+ ~ 4-J.A;/Sa. ~ ~ ')~ _ _ 1_
 
.2S~+4 AA; +-2>,-1-1 M't PP (J1+2 J'2.S .... f
 

X [r )LJ.f?> ~ t-pp p,jl3 ~ )4lf2-t~'E~ r. cf(,e\ê ]} + 
\3M2.M3Sh CI) 3M.M3 s,c;3 (2) (f GM,/.12.S IS2 rr / (3) 

+(_ti1+s~;r+!J;r(J+I)(2J"1-1) g';;} {~:s. (~~ + ~) 99 %)1

+ ::;~ [(l-~ll-*))~ +q+~n ~9] +~~1 (1+ ~»ff+~(' -~)~9 ]}+ 

+C_\)d+ s+J Q."J(Jt-I)(2J+f) ~Sl 5 2 }Sgt9~~ ek. +~ fi2.?-n+ 'l!.L. _I A 

3(2; :r-t)(2J+3) 1J J J 14M,4~/~ R3 qq) 8A13S,rM2
s2, ~ ffM,s, ~lJY~2 + 

+ 3Qt(tEy· -"~):r_ :T3Q2.(l.GI2-~)~..)_3~'A(Uf'p)~/2. ~(42)J; 
2 2. QI2 R3 "lio) 2 2 if JZ!> T 

I . '1+S t-Y+'f /s: 2} 
<'I~/).P':Jd;~/ H(I)/ls).j>:JJ1?1>-= (-1)(/ ~J"là )( 

x (J;.+I r(Ji.+2) {~1" ~ lI!.! 7:: I /!J- J '" 
\ 2.J"" +3 4M,1J2.~S~ R?I -r(~) +8M

j 
s,3 tM~S.2 Q.)+f/J~SI Z~). ~1f1.-1

t ~ (fJ;12 -~)~o) +:3~~ (ig12- ff)71.,,) -!!frt+tÍ>)V' 2 Q,4» 

J I =- J:!2 ) J( ~ '7Yl4~ C:;: ::r'). 
5. T86~JlllH a~~eKTMBHHX nOTeRllH8JI08 peJIHTJlBllfCTCKOA 8a~84m 

Tpex Q8CTllfll c a~eKTpoMarHMTHHM 8aaMMo~e~cTDllfeM 

B n pHl1o~eHHH 1 IlpKBe~eHU SlBHHe Bl>lpa.eHMH ~JIR onaparopo a 7f. ' 
~8~JlX 8KA~ npJl 8H4J1CAeH.JI W:8TpH4HHX 3JreMe~T08 pe~flTJl8J1CTCKOro r8

IIJ1AbTOHH8H8 fI~)8 ~ByxYP08HeBov np"6AMKeHHM. B p8CCU8TpMB8eMOM 

a~eqb c~ytI8e p8BHHX 38pJl~OB ~1 =- ~< nexo-ro pae MS HIIX 06JIa~8DT ~ono~

HMTeJrbHoA CMMMeTpJle~, BcneAcT8He ~ero ~JrJl HeKOTOpHX COCTOHHMA a~Jl8

6aTH4eeKoro 68s.ca JIX M8TpH4HHe 3~eMeHTH To~eCTBeHHO 06pa~8DTC~ B 

Hynb. Ta6nH4a 1 co~ep.HT nepetIeHb 3TRX Hy~eBHX MaTpH4H&X a~eJleHTOB. 

rrpMBe~eHK T8KKe Te ~yHKllHm ~~fr(R1~ASI KOTOpUX c~eCTBYDT npOeTg~ 
8H8AJlfTHQeCKJle BypaxeHJla,JI 8CRMnTOTRtteCKJle ~OPMY~y ~~R i~HB8nmJlX dC) I. 

QJlCJreHRye 3H8tIeH'JlJI OeTS.lbHHX1I.~ (R)/BYttKCJIeHHHe B / 4 / / I 'Ir
(j(J)f't 
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3a'rs6YJIltpOB8HH B !>lHO:EeCTBe ~ 8HaqeHJlA nepelleHHoA R, RBIlRlOlI\eMCR 

nO,lJ,MBO:EeC'rBOM' cOB0lQ:nHOC'I'M {R:: 'TI./lO)'I}=.I,,:,,~. MHO:EeC'1'BO ~ BH6pSHO 

TaK I tlTO 3BStleHJUI y. (R), B!lIq~C.leHHN~ c ~OKOlItbl) qeTl:lpeXTOqetlROA 

HHTepnOJUIlUIOHHOA <I>OPJlYJlK /HH~eKel:l olJj6 ,; :) f JI f npon~eHIi/: 

fV(R)- s~~ 1.J(R ) TTt..s (R-'Rt:).R P	 fi) 
~ -~ (J S . CR -R.)' So <·'So+/~R~Rso.,.s ) 

tl 

Ro5 E"'õ 
S=SO 1T#s s ~ 

rrpa R:!G 20 Jt nOJIOJlteHHIie paBHblMH ~(20) npx R~ QO, Y~OBJ1e'1'BOpHI)T 

Y:::JI("lolíj(l<)-V(f<J /fJeR)-V(R)) ) ~ 10-3 
, I?'Y1o.~(~(R.) J~Ci.) )/ 

npa acex R~ .2 . B 8aBMeJlKOC'I'U 0'1' nOBe,D;eRJUI rrpa cpe~HHX H 60Jlbmwx ~ 
COBoKynHOeT~ReTpJlBlIlaolbHIlX !J~'f> (R. )paS6J11TS aa HeCKOJIbKO r pyrin, M ,D;JUI 

K~oA Ma HMX H8A~eHO CBoe ~~O:EeCTBO ~ J qTO nOSBOJIJlJIO cy~ecTBeRHO 
YHeRbmETb o~~ell '1'a6.1H~. 

B Ta6IlI-1~b1 BKJIl')tleHJI T8K:Ee U8TpJlllHae 9JIelleRTIi orrepa'ropoa >:0 
1-1: J BXOARII\I-1X B BblpalKeHI-1R AIlA Al-1nOIlbHOro 3IleK'r; 2 

e, 
Tpl-14eCKOroJl ,D;HnOJIbHOrO llSrHH'1'ROrO MOueH'I'OB CHCTellH Tpex qgeTH~ • Re

o6xOAKKBX ~.IH o~eBKIl BB81l)(O~elcTBJlS e BHemHM.H 3.1eKTpouarHJ!~H)(. no

.IHllm. 

npR~QXeHJle 1. HBHae BHpaaeHHB ~JIa e<t>epOKA8JlhHHX onepaTopoB ~ 

v 8 S?7-4 - 'Cj:' - ~ o/, =:p.> = O (CM.O)).
 
1(3 (5 -l')~ , J
 

\/ 8 '3 ~27~ - 41 '7+ 3 -:I~i'a. - 
J~~2.:: R3 ~ (! -,) e- J o(~::.o •
 

Y:4 ~ - ~7'-7l(~"'1) {('H7-2r$-lí'~~ (~:'I~; + 

2 L) d r;) 3. ~ 2
.. ( ! 7-'7+ Q} -~I{J'dr 0-7'J);;( -(S."1)(S-I}Ú-J~':()Jg? + 

+ (nl'-:J~I) (1-1");1 -(2fp -'7. '+1)('li ~ I)~ fr 

+~'~-'7]'(lryl~ 17-?~)( S:tJo~~ -(.2f?-:r:~Ú -r'JJ;~ J,;;0()l~ . 
\( ::: _ 3.. 'd 2 

_ ~ 'd + -L ~({~/) 92. !:!- 70-rV G~ _ 
". 

'J t8 R 7JR~ R'- aR R.~ ~ 71. ds~ + R'1. E"-t' Gr9)( 

8 
~. 

\t 

_ (Q ~2.t-'2Z-3)~(!~I(? _ (2.l2.-I-!~3}g (/-7J~)2, + 
R.:J(l~{/ 'ds 7()'! R. (l-l/ °7 I J'õl 

'+ 2J(I~/) d . ~). /() -_ 
R>(~~ll7i! + fZ'jrr:r'd7 } 0(=0) f' =-2.. 

I ;(=-f~O.~o = --i-- 5 I (s~~; +:I (L -i')ô~'YJ ~ ,
! -{~ l: s . {
 

'(2. ~ ~i' ;;f.f=-o.
 

y:	 'd1- 2. ê} 2. ( ~(~~/) 'd '7(1-12.) é) )( 'd ) 
35.' :: - 8R~ - P-. ~ .+ R2 . c~4'dT + .E~1Z. 'd7 /-t~R. 

~.2 2. I ('d ( -r( ,) 'd 'd l/d ) - _
-~ - .s-';,- +~(I-i)g J 0<.=.°)1=2,
R2(i1~ 'O~ ~! 'Oi i '
 

\/ 4 (d 2.!d 0 Id) - 1?':1 :: -(S-/) - 1- Á/ I, -7]2.)- , o{ =-A :::..0. 
o-r .... 'O S ~ t../1Ji I·Z'~2.. j~? 

~. 2. {~'7 (0 7. ,) 'd t;j !J)
!>9 =R' q 7Jf'-! -YdT +-f)'l ('1;?fi 
- (1 ('12.- /22+ ! (I-1~ 'd )(1 + R. Id)} ,~=-9 s-«. 

l'--Jt.. 'do! 1'r e:r ôR II
 

y = ~ dCl-I) dÚ1)
 
~=f~o .42. R.. 3 1~-?2.. 

. ~ ~ -.v V ;;:-::/!-=o ,Y'!o2. z: [3'7 13=1') . -/ 
~	 ~ ~ 

y 50 :: y~C) Y~Cj ,Çi.:1=:.! ; Y~,= %7 ~Cj ) ~Of=- do ; 
~ ~	 ~ ~ 

YS2.. = y~~ y,?>~ )~=-o, 1>:2 ; Y5~ =y~~ ~5) CX:J.,'Ã=2; 
~ ~ _ r 

YS4:: Y~5' Y~5 };;;z =-(b s: 2 ; ~ 

4 (~~,)(I-1~( 2.~ 7J 1.~~ -J (G ~ ~ 9,))' 
.Yss"~ ('f.~ft :s 'd"l '7 ,. '1 'd~! 7 'd,f"9t'"'dr'Js!J' 

9 
."\ 

http:TI./lO)'I}=.I


r 

" (J~f )(12.) ( Q ~ /j I. 1;) 1_1 'J ~ _} ~ J)
/i-c; = R'I rI ~ l)'ZQ S âTQl r '?-'d? '()~ (~18t ia? dl 7 

r.:: _!!... ~~I )J,-r'-)(.'f~fã':r lo a $" ;;1 _lO IS ;;J '" 'J ;;;r)) 
5"? - 1<.'1 (1!.7~Z. ~~? 'Oi 9~ 7{~7 'é>r r;)s()}Ij~ 

~ =1 ={). 
npM~oEeHMe 2. HBHHe BHpsKeHHH ~~H cnMHOBHX onep8TopoB ~l< 
li MX rrpliBe,neRHIiX M8TpJ!lt.IHIiX a.neMeRToBg(4)I~ I)Is ~<IJ. '15.( //Is> 

-. _ r L'+1.,..1
Z., -:: Sz.. S3; ~(4)Z~~Is = ds's,o-.'(-I) 7TzI~ R2 R3 k' 

{ 
I .' ,f I 1{S2. , S~/} 

J( SJ .s SJ I, S, I ' 

~I 
~ .. 

(.: 
'~ 

r.ne wcnonb3UB8HH o6oaR8~eHWH 

TTCl~ .•• C. :: f(2.0..+I)(2€+I) ... (Qc+l) ) (f: (_I}S,+S.2.+ 
S 3 

+ 
S 

, 

R,; = (Si 1/5:../1 Si. \ ~ JSi (Si+ f) (2 S1' +1) ,z =:.1.2 :3.. . / )' , 

,- ..... J. tr (_ljI+'rr:, I 'D V fI' {Z } (s, IS'}
~2:' S,. Sa; ~Q..)I~~Is::' s~· , XIs '\""3 Sa S S) ~ Sz1' , 

p~ •S,,~ ; Co)Z.1:1s :: JI'IJS~ r; (I(I-t-t}-SJ(S,+I)- S2, (StL+/)) , 

g~. ~.t ; ~(.)Ú:Is= tr(-I)Z+-ZlTs'sz'IR, [;:.~,}{;f ~it} , 
, ~ =S . ~/. )Zl/ Is :=CfC-I)UT,;, I/I R. fI" I } (S.2., "Sol)

2., \~ S J S 'S 2. S S a S I I s, J'J 
-:z ....., cf )s'+I~sJ+1 TI D [ss! I Si J ,--,= 53; ~(')I~~Is# Z'I(-4 "sts""3 .s I SI , 

, 

Çl' 

(-z~ )ij = ~(~I\,§,S~)- ~~.~) =(5..0 s, )(~ 
I . 

~(=lJ I'S~ Is =(-4)I "i'S,.los~""TTs'sI'.I2. R2.'Ra f;.2s1,~~} D. 

~P8.eHJl-le .nJla l!(~).r~,h o~ea~ rp01l0a.nK O B o(5~ell CJlyqae I RO yn.pOJIt8eTCS 

npa S3::a2 I lCor.na 

.~ 

:1 
\. " 

li 

~. 
~ 10 

~. 

I 12 J fI I" i '{s/S 2 f""lS !2 
D = { "I 2· <:.5. - {3 fi 3/ S / ~ 11,1. 1 ' 

I' 1 SI -:J 2 12 72 J /2.,22 

7 (- .. ~ ) (2) . )J.+S1I-Sz+ITI 1) 'R ])JS, I S~2 
~8= S/~~3 )~(8)IS~LS:::(-/ 1'.s!sIt2"1 3 tISaJ'[, 

( .... ~ )Ú) s+I~s~ rc rJ {IIQ Ij
'2.9 :: S,95',2 ; i!:(9)I~~Is =: (- f) 'Ss Z'I2 7\, ~z s S,3s' " 

S, S,'2 7 } . 
J( -11'2. ,{ I
 

S, s, I I
 

~ _(- S)C1
) I I+I fI~l}{S 2SI}

/O - S;~ I ~ ?:(#o).1{s'.IS =f6 ()(-,) T1;,s I:Zs, R, s s&s' 1S:d I / , 

'2.,/ = (s.(i} s, l1~,)I~:~ ~(~p:Tt;sz'Js, R2. [~(~;,}f~~ ~~1 J 

/ 
___ (2.) J )S+I-S3 TC. R2.SS3 I s (fI' 21 c = (S:lliSJ» ; 2"lII~'IS':: I'1:(-t, 3ts/2, s~StS'aS.3s~~~SS2 

1'- '/ 

~13 = 1.. zt.,~)I's,' t.s = Js',J' JI'I ~ · 

02 11-12 22 

qHC~eHH&e 3H8qeHM~ KOTOpax 

_ :2,_. _ 

~ I T J'w.(/~ T T T T] ~ Ç6 t1 f1 Ç6 Ç3
T ~ g ~ 0 0 ~ T ]W-l/~ T T 2/~ 1 

11 - -55 56 'l/ 00 00, . ~ 00, o<fl,
-;;.n~~JI~~ 21(;)';jU. a Q )8 'Jj('5~J;# =!I(s~lUfl.30; CC'i'8J1bHUe '1~)r? rrpMBe)leH& 
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.q 

T86~~~s 2 InpoAo~.eHHel 

Ts6~H~8 2. 4Hc~eHHHe 8HSQeHHH K08~H~HeHTHHx ~YHK~Ha óf(~l'íO(R) ;1 R 00 00 00 00 00 00 01
 
B BHp8J1:eHHH (r) A~H Y8TPHQHIiX aae.. eHTOB oneperopoa y. ~(I42.lJ~ '<If.W)3" 'tcw}uu. tJQ")8~ Yo'l)~ li '<10'l)«u '1(1'1)3"
 
(c... npl11l0lKeHI-le 1) B SAH868THt.leCKOM 688Hce d 0,1 12,739 Q,254 0,005 7,357 22,327 0,839 1,112 I
!l
 ° 2 10 064 0,456 0,021 6,412 11,195 0,856 1,100 I 

0;3 8:061 0,620 Q,Q48 5,500 7,536 0,884 1,086 I
 

00 00 00 00 00 ~. 0,4 6,578 0,758 0,087 4,725 5,741 0,924 1,071 :

R ~(C6)a3 (jC9)8U ~(~)tLU 0,5 5,469 0,877 0,140 4,088 4,684 0,975 1,055
 Il;j ct2/93 'dC f2J8U lJel2)UU 1 I o 6 4 626 0,980 0,207 3,570 3,986 1,036 1,038


0,1 -7,,802 8,284 0,267 0,632 -0,118 0,265 0:7 3:~74 1,069 0,287 3,147 3,487 1,106 1,017 I
I
 

0,2 -5,755 4,036 0,268 0,845 -0,189- 0,263	 0,8 3,462 1.146 Q,379 2,801 3,107 1,181 0,993 
0,3 -4,323 2,601 0,270 0,878 -0,231 0,258 ~ . 0,9 3~054 1,210 0,479 2,514 2,803 1,260 0.966 
0,4 -3,315 1,875 0,271 0,834 -0,254 0,250 .~I	 I 

1,0 2,724 1,262 0,585 2,276 2,554 1,338 0,935
0,5 -2,593 1,435 0,271 0,769 -0,265 0,241 1,1 2,454 1,302 0,691 2,077 2~344 1,411 0.901

0,6 -2,066 '1,139 0,269 0,695 -0,269 0,229 1,2 2,230 1,331 0,795 1,i08 2,167 1,477 0.B64 ~
.
0,7 -1,684 0,932 0,264 0,622 -0,265 0,214	 I 1,3 2,043 1,350 0,892 1,765 2,015 1,535 0,825 I 

0,8 -1,372 0,762 0,256 0,557 -0,259 0,197	 1,4 1,886 1,35~ 0,980 1,642 1,886 1,581 0,785•0,9 -1,146 0,637 0,249 0,498 -0,248 0,178 1,5 1,753 1,362 1,058 1,637 1,774 1,617 0,745

1,0 -0,958- 0,531 0,233 0,445 -0,236 0,158 I 1,7 1,540 1,349 1,182 1,367 1,597 1,659 0,665
 
1,1 -0,816 0,447 0,217 0,399 -0,221 0,138 1,9 1,382 1,321 1,264 1,239 1,464 1,666 0,590
 
1,2 -0,695 0,376 0,199 0,358 -0,206 0,119 I 2,0 1,317 1,304 1,291 1,186 1,410 1,660 0,555
 
1,3 -0,601 0,318 0,181 0,323 -0,190 0,100 2,2 1,212 1,267 1,326 1,100 1,320 1,633 0,490
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2,8 0,678 -1,158 -1,831 0,525 0,867 0,981 1,487 0,.280 2'8 6'461 -0:081 -0,246 -0,180 -0,383 0,886 0,730
3,0 0,645 -1,125 -1,761 0,493 0,769 0,950 1,448 0,273 3'0 0'439 -0,081 -0,213 -O,i83 -0,359 0,816 0,682
3,3 0,599 -1,092 -1,672 0,460 0,656 0,915 1,390 0,266 3:3 0;413 -0,081 -0,177-0,188 -0,333 0,737 0,629
3,6 ,0,558 -1,075 -1,597 0,437 0,571 0,892 1,3a6 0,263 3 6 ° 393 -O 081 -0,152 -0,194 -0,314 0,678 0,588
3,8 0,534 -1,070 -1,565 0,425 0,526 0,882 1,303 0,262 3'8 0'382 -0'081 -0,139 -0,198 -0,304 0,647 0,566
4,00,512 -1,069 -1,517 0,416 0,489 0,876 1,273 0,·263 4'0 0:373 -0;081 -0,128 -0,202 -0,296 0,621 0,047
4,2 0,491 -1,072 -1,484 0,408 0,457 0,873 4'2 ° 365 -0,081 -0,120 -0,206 -0,289 0,599 0,5311,244 0,264
4,~ 0,473 -1,078 -1,455 0,401 0,430 0,873 1,218 0,267 4:4 0;358 -0,081 -0,112 -0,211 -0,283 0,580 0,516
4,8 .9,443 -1,095 -1,406 0,387 0,387 0,878 1,173 0,272 4 8 ° 346 -O 081 -0,101 -0,218 -0,274 0,549 0,491
5,2 0,418 -1,117 -1,369 0,373 0,354 0,889 1,136 5'2 0'338 -0:081 -0,092 -0,225 -0,267 0,524 0,4720,2795,6 0,398 -1,139 -1,339 0,359 0,328 0,903 1,106 0,285 5:6 0:331 -0,080 -0,085 -0,231 -0,262 0,503 0,456
6,0 0,383 -1,161 -1,317 0,342 0,30.7 0,917 1,082 6 ° ° 326 -0,079 -0,079 -0,236 -0,259 0,484 0,4420,2916,4" 0,371 -1,180 -1,299 0,325 0,290 0,932 1,063 0,296 6'4 0:322 -0,076 -0,074 -0,240 -0,256 0,467 0,431
6,8 0,361 -1,196 -1,286 0,308 0,275 0,945 1,048 0,300 6'8 0,320 -0,074 -0,070 -0,243 -0,254 O,4pl 0,422
7,2 0,354 -1,208 -1.276 0,291 0,262 0,956 1,036 0,303 7:2 0,317 -0,070 -0,066 -0,245 -0,253 0,438 0,413
7,6 0,348 -1,218 -1,269 0,275 0,250 0,965 1,027 0,306 7,6 0,316 -0,067 -0,063 -0,246 -0,252 0,426 0,406
8,1 0,343 -1,228 -1,262 0,257 0,237 .0,975 1,019 8,1 0,315 -0,063 -0,060 -0,247 -0,251 0,413 0,3990,3088,6 Q,3~0 -1,234 -1,258 0,240 0,225 0,982 1,013 0,309 8,6 0,314 -0,059 -0,057 -0,248 -0,251 0,402 0,392·
9,1 0,337 -1,239 -1,255 0,226 0,215 0,987 1,008 0,310 9,1 0,313 -0,056 -0,054 -0,249 -0,250 0,393 0,386
9,6 0,335 -1;242 -1,253 0,213 0,205 0,991 1,006 0,311 9,6 0,313 -0,053 -0,051 -0,24~ -0,250 0,386 0,381

10,1 0,334 -1,245 -1,251 0,201 0,195 0,994 1,003 10,1 0,313 -0,050 -0,049 -0,249 -0,250 0,380 0,3770,31110,6 0,334 -1,246 -1,251 0,191 0,187 0,995 1,002 0,312 
10,6 0,312 -0,048 -0,047 -0,250 -0,250 0,375 0,373 

11,1 0,333 -1,247 -1,250 0,182 0,179 0,997 1,001 0,312 
11,1 0,312 -0,045 -0,045 -0,250 -0,250 0,371 0,369 
11,6 0,312 -0,043 -0,043 -0,250 -0,250 0,368 0,36611,6 0,333 -1,248 .1,250

12,2 0,333 
0,173 0,172 (),998 1,001 0,312 12,2 0,312 -0,041 -0,041 -0,250 -0,250 0,364 0,363'-1;248 -1,250 0.165 0,163 0,998 1,000 0,312 13,4 0,312 -0,037 -0,037 -0,250 -0,250 0,358 8,3~~13,4 0,333 -1,24.9 -1,250 0,150 0,149 0,999 1,000 0,312 15,5 0,312 -0,032 -0,032 -0,250 -0,250 0,362 ,315,5 0,333 -1,250 -1,250 0,129 0,129 1,000 1,000 0,312 ~ 20,0 0,312 -0,025 -0,025 -0,250 -0,250 0,344 0,34420,0 0,333 -1,250 -1,260 0,100 0,100 1,000 1,000 0,3125 
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Ta6~H~a 2 /npo~o~.eHHe/ T86~H~a 2 /npOAO~%eHHe/ 

R 
0,1 
0,2 
0,3 
0,4 
0,5 
0,6 
0,7 
0,8 
0,9 
1,0 
1,1 
1,2 
1,3 
1,5 
1,7 
1,8 
2,0 
2,2 
2,4 
2,6 
2,8 
3,0 
3,2 
3,4 
3,7 
4,0 
4,3 
4,6 
4,9 
5,2 
5,5 
5,8 
6,1 
8,'1 
7,4 
8,2 
9,0 

10,0 
11,0 
12,0 
14,8 
17,6 
20,0 

~(~;)9U 
-2245,5 
-284,1 
-85,64 
-36,86 
-19,28 
-11,40 

-7,329 
-5,004 
-3,573 
-2,641 
-2,006 
-1,558 
-1,233 
-0,808 
-0,556 
-0,468 
-0,341 
-0,258 
-0,198 
-0,156 
-0,128 
-0,103 
-0,086 
-0,073 
-0,058 
-0,048 
-0,040 
-0,034 
-0,029 
-0,028 
-0,022 
-0,019 
-0,018 
-0,0115 
-0,012 
-0,010 
-0,008 
-0,006 
-0,005 
-0,004 
-0,003 
-0,002 
-0,002 

~(;;)~i 
1,1,428 
0,878 
0,Q85 
0,545 
0,442 
0,365 
0,306 
0,260 
0,223 
0,194 
0,171 
0,151 
0,135 
0,110 
0,091 
0,838 
0,072 
0,062 
0,055 
0,049 
0,442 
0,040 
0,037 
0,034 
0,030 
0,027 
0,025 
0,023 
0,021 
0,019 
0,018 
0,017 
0,015 
0,013 
0,011 
0,009 
0,009 
0,007 
0,005 
0,004 
0,003 
0,002 
0,002 

~OO
(55)UiU 

80000,0 
5000,0 
987,7 
312,5 
128,0 

61,76 
33,36 
19,570 
12,235 

8,045 
5,511 
3,907 
2,,851 
1,632 
1,009 
0,812 
0,548 
0,387 
0,284 
0,215 
0,167 
0,133 
0,108 
0,090 
0,069 
0,055 
0,045 
0,038 
0,032 
0,027 
0,024 
0,021 
0,019 
0,015 
0,012 
0,010 
0,008 
0,007 
0,005 
0,004 
0,003 
0,002 
0,002 

~;:)J3 
259,5 
61,16 
25,31 
13,21 

7,847 
5,070 
3,477 
2,494 
1,852 
1,415 
1,107 
0,883 
0,717 
0,492 
0,354 
0,304 
0,231 
0,180 
0,143 
0,117 
0,097 
0,081 
0,070 
0,060 
0,049 
0,041 
0,035 
0,031 
0,027 
0,024 
0,021 
0,019 
0,017 
0,014 
0,012 
0,010 
0,008 
0,007 
0,005 
0,004 
0,003 
0,002 
0,002 

00 

:/(56)(.('{.( 

40,180 
10,182 

4,628 
2,686 
1,788 
1,300 
1,006 
0,814 
0,680 
0,582 
0,507 
0,447· 
0,398 
0,321 
0,263 
O,t39 
0,199 
0,167 
0,141 
0,120 
0,103 
0,089 
0,078 
0,068 
0,056 
0,047 
0,040 
0,035 
0,030 
0,027 
0,'023 
0,021 
0,019 
0,015 
0,012 
0,010 
0,008 
0,007 
0,005 
0,004 
0,003 
0,002 
0,002 

I 

, 

: 

R 
0,1 
,0,2 
0,3 
04 
Q,5 
0,6 
0,7 
.0,8
0,9 
1,0 
1,1 
1,2 
1,3 
1,5 
1,7 
1,8 
2,0 
2,2 
2,4 
2,6 
2,8 
3,0 
3,2 
3,4 
3,6 
3,8 
4,0 
4,2 
4,4 
4,6 
4,8 
5,0 
5,3 
5,6 
5,9 
6,1 
6.,3 
6,6 
6,9 
1,2 
7,6 
8,0 
8,4 
8,8 
9,2 
9 6 

10'4 
11:2 
12,0 
12,9 
14,4 
15,9 
18,0 
20,0 

Y;~n" 
33,859 
17,435 
12,148 

9,603 
8,133 
7,171 
6,483 
5,956 
5,530 
5,173 
4,867 
4,602 
4,372 
3,993 
3,701 
3,580 
3,375 
3,210 
3,073 
2,960 
2,866 
2,788 
2,722 
2,668 
2,624 
2,587 
2,558 
2,535 
2,517 
2,503 
2,493 
2,486 
2,479 
2,476 
2,475 
2,476 
2,476 
2,478 
2,481 
2,483 
2,48& 
2,488 
2,490 
2,492 
2.,494 
2,495 
2,496 
2.497 
2,498 
2,498 
2,499 
2.,499 
2,500 
2,500 

(fi DI 
(5IliJU. 

1,670 
1,654 
1,636 
1,615 
1,590 
1,559 
1,522 
1,478 
1,426 
1,366 
1,301 
1,231 
1,158 
1,010 
0,868 
0,801 
0,680 
0,574 
0,483 
0,406 
0,342 
0,287 
0,241 
0,203 
0,170 
0,143 
0,120 
0,100 
0,083 
0,070 
0,058 
0,048 
0,035 
0,026 
0,019 
0,015 
0,012 
0,009 
0.006 
0,004 
0,002 
0,001 
0,001 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

~;;gq 
0,751 

-0,085 
...0,267 
-0,330 
-0.,376 
-0,433 
-0,505 
-0,590 
-0,680 
....0,764 
-0,835 
..0,890 
-0,925 
-0,949 
-0,929 
-0,911 
.0,869 
-0,826 
.0,787 
-0,754 
-0,726 
-0,703 
-0,683 
-0,668 
-0,655 
-0-,645 
-0,637 
-0,631 
-0,626 
-0,622 
-0,620 
-0,618 
-0,616 
-0,615 
-0,616 
-0,616 
-0,616 
-0,617' 
-0,618 
-0,619 
-0,620 
-0,621 
-0,621 
-0,622 
-0,623 
-0,623 
-0,624 
...0,624 
-0,624 
-0,625 
-0,625 
-0,625 
-0,625 
--0,625 

'<1t53)~ 
-0,031 

0,1.48 
0,304 
0,435 
0,543 
0,628 
0,691 
0,732 
0,751 
Q,750 
0,733 
0,704 
0,666 
0,580 
0,495 
0,456 
0,389 

'0,335 
0,292 
0,259 
0,233 
0,212 
0,196 
0,183 
0,172 
0,165 
0,157 
0,151 
0,146 
0,142 
0,1:39 
0,136 
0,133 
0,130 
0,128 
0,126 
0,125 
0,123 
0,121 
0,119 
0,116 
0,113 
0,110 
0,107 
0,104 
0,100 
0,094 
0,088 
0,083 
0.077 
0,,070 
0,063 
0,056 
0,050 

(/c02 (/l«o ti
'd(53)311A5!>'!JU (53)~'U 

-0,002 111,309 -11,276 
0,009 27,497 ...5,775 
0,030 11,997 -3,981 
0,058 6,610 -3,099 
0,089 4,158 -2,571 
0,122 2,867 -2,211 
0,157 2,121 "'1,939 
0,192 1,659 -1,719 
0,226 1,353 ...1,532 
0,258 1,133 -1,368 
0,289 0,965 -1,223 
0,317 0,827 -1,095 
0,342 0,7.11 -0,984 
0,383 0,525 ...0,805 
0,414 0,390 -0,675 
0,426 0,337 -0,624 
0,445 0,255 -0,545 
0,459 0,197 -0,488 
0,468 0,156 -0,445 
0,475 0,126 -0,413 
0,480 0,103 -0,389 
0,484 0,086 -0,370 
0,487 0,072 -0,356 
0,489 0,062 -0,345 
0,492 0,053 -0,336
0,494 0,045 -0,329 
0,495 0,039 -0,324 
0,497 0,034 -0,320
0,498 0,029 -0,318 
0,500 0,025 -0,316 
0,501 0,022 -0,315 
0,502 0,019 -0,315 
0,503 0,015 -0,315 
0,503 0,012 -0,316 
0,504 0,010 -0,318 
0,504 0,008 -0,319 
0,604 0,007 -0,320 
0,504 0,006 -0,322 
0,503 0,004 -0,324 
0,503 0,003 -0,325
0,502 0,002 -0,327 
0,502 0,002 -0,329 
0,501 0,001 -0,330
0,501 0,001 -0,331
0,501 0,0 -0,332
0,500 0,0 -0,333
0,500 
0,500 

0,0 -0,334
0,0 -0,334

0,500 0,0 -0,334 
0,500 0,0 -0,334 
0,500 0,0 -0,334
0,500 0,0 -0,334
0,500 0,0 "!"'Ü,334 
0,500 o,q -0,333 

(2
V(S3~(J 

-0,561 
-0,566 
-0,574 
-0,582 
-0,589 
-0,596 
-0,600 
-0,603 
-0,602 
-0,599 
-0,592 
-0,583 
-0,571 
-0,543 
-0,510 
-0,492 
-0,457 
-0,422 
-0,389 
-0,357 
-0,328 
-0,300 
-0,274 
-0,250 
-0,228 
-0,207 
-0,188 
-0,170 
-0,154 
-0,138 
-0,124 
-0,111 
-0,094 
-0,079 
-0,065 
-0,058 
-0,051 
-0,042 
-0,034 
-0,028 
-0,021 
-0,016 
...a,012 
-0,009 
-0,006 
-0,005 
-0,002 
-0,001 
-0,001 
-0,001 
0,0 
0,0 
0,0 
0,0 
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BaKanOB n.n., Mene~HK B.C.	 P4-87-493 
3cW>eKTHBHble nOTeH~HaJIbl peJIHTHBHCTCKOH, s anasra 
T.peX TeJI C 3JIeKTpOMarHHTHWM B3aHMogeHcTBHeM 
B	 a~HaÔaTHtIeCKOM npeACTaBneHHH 

1l0JIyqeHO npeACTaBJIeHHe peJIHTHBHCTCKoro raMHJ1bTOHHaHa 
CHCTeMbI Tpex cnHHOBb~ tIaCTH~ C 3JIeKTpOMarHHTHb~ B3aHMO
AeHCTBHeM B BHAe CYMMbI tIJIeHOB C ~aKTopH30BaHHOH 3aBHCH
MOCTbID OT cnHHOBbm, yrJIOBb~ H c~epoHganbHb~ nepeMeHHb~; 

C nOMO~bID 3Toro npeACTaBJIeHHH nOJIyqeHW BblpIDKeHHH AJIH anna-: 
6aTHqeCKHX MaTpHqHbm ~JIeMeHTOB raMHnbTOHHaHa qepe3 He60JIb
moe 'ulcno "õasacaerx" MaTpHQKblX 3neMeHTOB. Ilpaaenensr TaÔJIH
Uhl tlHCneHHhIX 9HSQeHHA 9'1'HX MSTPHQHbIX 3neMeHTOB, n03B0J1HIO

• 1 
!lUIe OL\OHHTh C TO'lHOCThlO nOpnAICa 0(1 12H) (r~e 112M = (M'1 + 
+ M21 ) / 2(M11 + M;1) - napaMOTp ManOCTH B 8AHaÕaTHtIeCKOM 
pa3JIOmeUHH) rnODtlblO ponnTHDHCTCICHe 3lbc1leKTbl B JIIDÔOH CHCTeMe 
C e~HHHqHWMH ~apnAaMK qaCTHU. 

Pat5oTo DhJnon1l01l3 D !t0150POTOPHH TeOpeTHqeCKoi\: cPH3HKH 
OIUIlf. 

npenpHHT O&bonmlOlllloro IDleTKTyTn n,nOpHbIX nccrrenoaasaã. J].y6Ha 1987 

ne-peBoA O.C.UHlfOrpaAonol\ 

Eakalov D.D., Molozhik V.S.	 P4-87-493 
Effectiva Potontials of Relativistic 
Problem of 3-Sp1n Particles with 
Electromagnotlc Intoraction in Adiabatic 
Representlltion 

The relntlvintic Hamiltonian for 3-spin particles with 
electromngnotic interaction has been represented· in the 
form of O Dum of tcrms with factorized dependence on spin, 
angular and uphoroidal variables, and its matrix elements 
have boon uxprooDod in terms of the matrix elements of a 
sma!l numbor of "basie" operators. The numerical values 
of the lnttor hnvo been tabulated, thus allowing for the 
evaluation oP. tho lcading relativistic effects in any ) 

" 

body systom (with unit partícle char~e) with an accuracy 
of - O(I/2M), whore 112M c (M11 + M2 )/2(M11 + M3 1

) is the 
small paramotor of the adiabatíc expansíon (Mi, í = 1,2,3 
being particlo masses). 

Tho invostigotion has been performed at the Laboratory 
of Thoorotical Phyaics, JINR.\ Prcprlnt of thc Joint lnstitute for Nuclear Research. Dubna 1987 
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