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BHHHUKHH: C.I-1., ByKaHnoBl.PI cP.P •• TioHoMapes l1.YI. P4 - 12018 

Aaua6aruqecKpe rrpeacTasneHHe B aana~e Tpex Ten c KynoHOBCKHM 
B38HMO.aeHCTBHeM. II. 3¢¢eKTHBHOe nsyxyposHesoe npu5nu:a;:eHHe 

Tipenno:?KeHo KBHOHuqecKOe onepaTopHoe rrpeo6paaosaHue 6ecKOHe~Ho
MepHoH CHCT8Mbi HHTerpone¢¢lepeHUH8llbHbiX yp8BH8HHH, npencTaB1lSil0lliHX 

ilBH>K8HH8 CHCT8Mbi TpeX Tell B 8ilH868TIPI8CKOM 6a3HCe, KOTOpoe Il03B01HI8T 

CBeCTH HCXOllHYIO 38.0.81.IY K pell.i8HH10 KOHeqHoro T.JHClla 11HQl¢epeHUH81lbHbiX 

ypaaHeHHH. B Kaqecrae npuMepa npHBeneHa CHCTeMa Ll.BYX cas:~:aaHHbiX 

JlHcp¢epeHUH8llbHbiX ypaBH8HHti, KOTOp8s:): Ilp8llCT8B1l518T H:CXOllHYlO 6eCKOH€T.IHQ

MepHylO CHCTQMY C ToqHQCTblO .-.(2M) - 2 ,r.a.e M-l ""ffi c /M O - OTHOWeHHe M8CCbi 

OTpHU8T81lbHO 38pSDK8HHOll qacTHUbl C K llp11B8ll8HHOH MaCCe IIQllQ)KHT81lhHO 

38p511K8HHbiX qaCTHU a H b. 00K838H01 qro IIp8ll1lO>K8HH08 IIpa06pa30B8HH8 

ycrpaHs:teT H3B8CTHbJ8 TpyilHOCTH IIOCT8HOBKH rpaHH'iHbiX yc1lOBHfi B 8llH868-

THT.I8CKOM 6a:)HCe. 06Cy}l{ll88TCs:I ¢H3H'-!8CKHH CMbTCll npeo6pa30B8HHSI 

H nonytteHHbiX perneHuti. 

Pa6ora BbiDOJIHeHa B Jla6opa-ropuu reopeTHT.J:ecKoH qm3HKH OH.HY1. 

TipenpKHT 06b9J:IKH9HHO!'O KHCTKTyTa S!llepHbiX KCCIT9J:IOB8HKH, lly61Ia 1978 

Vinitsky S.I., Vukajlovic F.R., Ponomarev L.I. P4 · 12018 

Adiabatic Representation of the Three-Body Problem 
with the Coulomb Interaction, II. Effective Two-Lev·el 
Approximation 

A canonical transformation of an infinite set of differential 
equations describing the motion of the three-body system in the 
adia.batic basis is suggested. This transformation allows one to re
duce the initial problem to the solution of a finite set of differential 
equations. As an example, a system of two bound differential equa
tions is constn.tcted. It represents the initial infinite set of equations 
with the accuracy 0!(2M)-2l, where M -1, mc/M0 is the ratio of the 
mass of the negative charged particle c to the reduced mass of 
two positive charged particles a and b. It is shown that the trans
forrn.ettion suggested removes the difficulties in formulating the boun
dary conditions in adiabatic basis. The physical meaning of the 
transforrna.tion and solution obtained is discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JlNR. 
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I.BBe.neHze 

I1cnom;sOB8RH6 8,nH868TH'i6CROrO 68SHC8 B 38,n81i6 Tp6X TSJI 

C RYJIOROBCRHM B38HM0~6~CTBH8M ll03BOJIR6T CB6CTH HCX0~06 ypaB

H6HH6 lllpe,n~iHrepa ~ CHCTSMH Tpex sap.RlltSHHIDC "l8CTHU (a., K" c. ) 
c Macca.MR ( M~ >;. 1'11 , He.. ) R c.HcTeMe o6HRROE6HHHX HHTerpo.nH!J:

!J:epeHUHBJII:.HHX ypaBH6HHH (B 6~HHL\8X e = Ji = n1Q. = :1. 
m~1 = M;1 + Mc.--J. )/!,2/: ;;> 

{f(1:~-r2ME"'t")- V.:i(R)JJ,O~) = L:u;;/~)~·U), 
t j:P' 

f..= (jjQ.) TJ;.=(V.a.,.jc. V.a,J() I= (1 0)~·· (I) 
'J J.j1 , 'J Vtt,4 ... u.,,J., , o 1 'J 

M M I -1 u-1 11-1 = t> 1"11·et. , /'10 = rr4 + 1 • 

3~6Cb ( rt 'r' ) - DOJIH~ H860p RB8HTOBHX 'IUC6JI 38~8'IH TPSX 'l'SJI, 

X8p8RT6pH3YilllH~ ,llllH!It6HH6 ( ~ ) OTPHU8T6JlbHO 38Pf!llt6HHOl!: 'I8CTHUH 

c H OTHOCHTeJII>Hoe ,lJ,BH:ttsHHe ( 1:' ) .R,nep a. H f ; R - pac

cTO.RHHe M61t.IJY O~OHMSHHO 38p.FIIIt8HHHMH 'I8CTHila.MH Q H f ; 3H8R 

~ BRJIID'I86T B C86.FI CYMMHpDB8HH6 DO ~CRp6THOMy H HHTerpHpOB8-.: 
no HenpepHBHOMy Cll6R'l'pa.M 38,n8"lH .llllYX USHTpDB, a M8TPHU8 no-

T6HUH8JIOB V(~) = { v .. ;(R.) 3 HM86'1' BH,n (Bee 060SH8'I8HH.FI CM. 
~2-4/) 

U (It) =- J(H1~~z..,.2 j + 2 H W(R.) +H (~)-t- dd.~(l) +809 +.ZQ(R) J K. 

H(R) = H(o)(R) +;)! H(i)(R) = 

3 



={He+>(~)- H'*>(R.)~ +Z{ H'->(lt) -2H',.>[R)~, 

z = (M,- M ... ) I ( H, + M ... ) ' (2) 

r,~~;e 

JJ Qillfl z. ...... z -z.\ z H (ll')( H,;(tz.) + --jk(}. = <c:\ ~ + i f< J> - (:t+at.) •i K), 

H~~>c~) = t <q-1 D-rl t> , Q,/~) = -i <~ \~ IJ> , 
( ) 

j /) 
• • 1 fl =- 0 • I ~ BL"'>d 1"1 0 ...,,.., .. "',J"' ( ) ' 

HuC~)=HJ,(~), Q,i(~)=-Q.~(I<), fi.Y'fl i~"~'(R)= C,,.,,~~.,..(fl.) 
I a J 'D J ' ' 

1' )Y?.fi ~ { 1 ~ J 0111,.., =@ + b"'o 0',..,1 + S,,o S',..1 L{(l-1'1-tiXHrn)} .?,..;,._1 +. (J+t•~+.t)(J-""')J S",..;r><+i , 

C.'llf,J rrq.j c~) = R-.a < il'>l I i. ± I J rtq; .1 > ' 
~~ = -i- r (vt+ ~vr), l =--i{o~·- ~ 1)>< vr) 

.-z 1 ( ) ?.. L =-z t+t_+l_t.+ +it 

I. - ~ 
:t :::[.e± - ~ ... e:t ==eerie+, R=-ReR. 

...... ~ 

(2a) 

e, 7 e 9 , e 4> - C~6PJd'!6CRH6 OP'fll B6RT0pa R • 
KaK H3BecTao, aenocpe~TBeaaaR nonurRa corJiacoBaTI> ~H3K'le

cRHe rpaHH'lHHe ycJIOBIDI aa,IJ;a'IR Tpex Te.n c acHMnTOTHROt.t pemeHHi\ 

CIIC'I'6Mll (I) H8T8JIRHB86TCR H8 Ollp6,IJ;6A6HH!l6 Tpy~OCTH, 8 IIM6HHO: 

H6B6p!lhlit llp6,IJ;6JI ,IJ;HCCOI.U!8Il;HH CHCT6Mll ( a_, 8 2 C )npH 66 

p83B8JI6 H8 llO,IJ;CHCT6Mll (c.t,c) + C H a + ( l,c)(CM.pHCyHOK); 
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~
,-, 

/" I --- -i!. / ;.....___ u 
I I ...., 

; a,/ R 
-- (~---:,.._ a ----- s' _ _j \ 

R: \ o \ ' _, .... _ \ I , __ J 

( U,C)+ 0 a +Co, c) 

H6B6pHhlit HMTIYJI:&c B R8H8Jl8X Cl H ; , COOTB6TCTBY!OOIHX 

npo~eccaM pacce.HHIDI · (a., c.) + C 11 c< + ( f, c.) ; 
ROH6'lHOCT:b H ,IJ;8JlbHO,IJ;6:!1:CTBYKl!ll'lii xapai<Tep H6,IJ;H8rOH8JibHWC 

nooreHI.U!BJIOB U,; . ( ~ ) npH R - oo • 
B npe,l(l:l,eyme' pacJoTe 121 owro nocTpoeao npeocJpa3oBaHHe S(x) 

a,IJ;Ha6aTKG6CRoro 6a3Hca I~> , TI03BOJI.Hl001Ge BOCcTaHOBHTb npa

BHJibH!le llp6,IJ;6Jlll ,IJ;HCCOI.U!8U,:H1 B R8H8Jl8X a. H 8 . JlOTIOJIHHT6Jlb

H06 HCCJI6,IJ;OB8HH6 llOR838JIO, 'iTO ,ll)1fl 3TOtl IJ;6JIH ,IJ;OCTHTO'iHO ~iCllOJib-

30B8Tb acHMnTOTII'iecRH yHHTapaoe npeocJpaaoBaaHe 

S=f-iMS(R.) 
' R,-+00 

]Cil.)=SiU) U(R.)= su(ns+ 
I ' 

(3) 

ROTOpoe ocJpa~aaT B HYJib H8,IJ;HarOH8JlbHll6 M8TpH'iH!l6 3JI6M6HT!l 
- (O) -(~) H .. (oo) It! H .. (oo) B pesyJII>TaTe 'lero MBTPHIJ.B 

'J 'J ' 
s~~eRTHBH!lX noTeaUHaAoB B acHMnTOTKGecRon ocJJiacTH npHocJpeTaeT 

BH;/2-4/ 
-1.- ( 1 0) ) b 

(2H) ~/co) = 0 r f,;/00 'i + 

+ (2 H) Z Q .. ( oo ( 1 - o ,.. - = -1 ( :1+d! 0 ) ) ~ ) cl 
0 -t(1-~) 'J J dR. 

= (i o)E .. (oo)o .. -i. (Gt o"J{g.(oo)} (1-3,j)JJo (4) 
0 1 'J 'J 0 - o " ij a ,.... • 
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r.ne 

( - :;;e )-:1 -:t -:1 -:t -:1 -:t. -:t 0 = mt /mo.. = j -,:;; , me.. = MIA. +Me ~ rnt> = M
1 

+Me , 

a=~=~= 11-t<l) C=-r1-~ =He. "'~ 
ZM Ma.+Mc H<l ZM M

8
+Mc Mt 

ZQJoo) =-iif;!(oo)l:. = fA~'>~ <d-;e /,j) = { f,;(oc)-~-(oo)}<<l2/j) .(4a) 
J J R-+oo 

B ,UaHHOt:l paOOT6 TIOCTp06HO TI]J600p830B8HH6 T(l~.) , ROTO

poe C TO'iHOC!.l>IO 0 { (Zt·t)-~ J ,nH8rOH8JlR3Y6T M8TpRu,y TIO

T6HU118JIOB U ( ~) EO BC6it 00Jl8CTH H3M6H6HHR R. , T. 6. CBO-

,JI,HT 66 R CHCT6M6 .llllYX ypaBHSHHfi ( i- = i.a., i.. f ) (B .1l.8JlbH6HUJ6M, 

SCAM 3TO H6 OrOBOp€HO OCOOO, MH B€3.IJ.6 HCTI0Jlb3Y6M 6,JI,HHHUH 

e = t; = 1'11" = 1. > 

f J2 ... ,-y } ~ l (211Y~Zf(~) .,u_z. + Er~r: I - V.i (~) }. (R) = 0, (5) 

1 (Fe) = T (R) I (K \ u (~?.) = T(R) (11-MY
1 u (R) T-

1
CR) (5a) 

npH'ISM C TO'iHOCTbiO Q { (2MYZ J 

(

,-.J ,.-../ ) ,-.J u.~..J ..... CR) u,c:t,J1(R) 
U,;i(R) = ,-..; ,-.J 3,l. 

U.:I,J"-(R) V.:I,Ji (R) (56) 

B 8Cl'fMilTOTH'i6Cl<OH 00JJ8CTH R- co HMSIOT M6CTO Tip6)]:6JJbHH6 

COOTHOUJ6HIDl 
...., 
Q.:i (oo) = 0' 

,-.J 

U .. (oo) = ... ( ~ ~)E.: (oo) = 

r.ne B e.n;HHHuax e = 1:; = Me= 1. 

(

Ei.Q. 0\ 
0 E<.t), 

E 4 :: - Y¥1._ I z h 2. ' E, 8 = '0 E iet. = - Yl'lt I z 11
2 

(6) 

8 Yl - rJIBBHOe I<B8HTOB06 'iHCJlO COCTORHIDl fl )> H30JIHpoB8H-

HI:lX 8'l'OMOB ( Q,C. ) H ( (c. ) . 0,IJ;HOBP8M6HHO c 3THM B M8TPRU6 U(f~.) 
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,....., -1 
HC'I638!0'1' H6.IJ.H8rOH8JlbHb16 ,U8JlbHO,IJ;6HCTBYIOll!H6 TIOT6HIU'I8Jll:l u.i.(1t)"' ~ 

- 0 z ~ ROTOpble llpHCYTCTBYIO'l' B M8TIJHU6 V (fl.) , a 'IJI6Hbl ~ R-

ROpp€RTHpyiOTCR T8RHM 00p830M, 'ITO BOCCT8H8EJIHB86TCR npaBHJlbH06 

BHP8)K6HH6 .II.JIR ueaTpooeJK.Horo '<JieHa B ooozx RaHaJiax , o.. z C • 
CTpyRT:ypa M8TPHUH ,)-<u (R) T8ROBa, 'ITO DPH 12-+oo 

(·«.:a. .:c:t (R) )'<.:~~. ,;( (R.)) (JW" 0 \ 

M V.:;,i<l (R) JA.:I~ii (!<.) ;:: 0 .fv1t) ' 
(7) 

r.ne 

J'rl; 1 
= 1'11~t t ( Mci" MA.J~ + M,-J) ~ .JYt;1 

= 1'11~t { M:1 + (Me+ H1·rJ 
CYT:h npHB6.IJ.6HHhl6 M8CCH CHCT6M ( a.,c) + f H 4. + ( i, C.) 
COOTB6TCTB6HHO. ~3 COOTHOUJ6HHH (6) H (7) CJI6~6T, 'ITO npeo0pa-

30B8H.I'I6 T (R.) B 8CHMTITOTH'I6CRDtt 00Jl8CTH R ~ 00 BOCCT8-

H8BJIHB86T npaBHJlbHH6 HMllYJlbCH B R8H8Jl8X Q H f 
~ 

k = 2.M(A Ea. 
Q. ' 

k~ = ~..Mt Ee 

Eo.. = E11 t:- E.:.o.. 
) 

E.i = El'lt: - E.:.t • (8) 

CHCTSMy ypaBH6HHtl (5) 6y,n;eM H83HB8'l'b alj¢€I<THBHI:JM .II.BYXYPOB

H6Bb1M npHOJIH~6HH6M 38.1l.8'IH TpeX T6Jl B 8,IJ;H808TH'i6Cl<OM llp€~T8BJI8-
HHH. 

llpeoOp830B8HH6 'T' (I!) MOllt8T OHTb nOcTp06HO C JIJ060tt CT6-

D6HbD TO'IHOCTH llO TI8paM6Tpy (2M)-l. 0,IJ;H8RO npH Tipal<TH'i6CRO~ ero 

pe8JIH38UKH paayMHO orpaHH'iHTbCR BTOpHM llOPfl,IJ;ROM TSOpHH B03Myme

HHfl. B STOM CJIY'i86 npeo6pa30B8HH6 T = T(R) pea~syeTCR B 

BH,IJ;6 TIOCJ16,IJ;OE8'1'6JILHOCTH ,IJ;EyX npeOOp830B8HR~: 

. A(Z) i xc1) 
T = 7'(2)7'(1) = e" e . (9) 

R8llt,IJ;Oe H3 ROTOpbiX CO.IJ.6PlltHT ll8paM8Tp M8JlOCTH (2M)-l, a reH6p8TO-
-(rt) 

PH A onpe.n;eJIRIO'l'CR H3 ycJIOBHH ,IJ;HaroaaJI:oHDCT!i npeoopaao-

B8Haoro DOT6HUK8Jl8 tfi i ( /?.) B COOTB6TCTBYRlii6M TIOPR.n;RS T80-

pHH B03MY!Il6HHH. 

7 



ITpeo6pa3DBBHHH no~o6aoro THna acnon:o30Banac:o eme Baa ~ne

RDM/6/ npa paccMDTP.§/*!1 A - Y.IlllD€HH.fl B CTIGRTpe .JUlYlWTOMHh!X 

MDReRyR, TxappacoM7? npH JDCTp06HM:I IlOT6flW!8Ji8 B3Ell!MO:i6fiCTBI1H, 

38BHCHJ.{6rO OT CRDpOCT:J:, :1opreHC6HOM :! Ile.rr.epceHDM/S/ B 38.IIP"l8X 

KBBHTDBDH xmt.AH, fapTeHxay3DM a lilBapi~eM/9/, XapooROtl :1 CyaaRa

BDil:/101, KpaH"lliROM l1 clOJI,IIl/Il/ li MHOrliMH ~py rl1Ml1 8BTOpaMl1 MH 

Bll,U6R6Hi'!Jl .Illli1'1t6Hl1H U€HTpa MBCC COCTaBHHX CV!CT6M. 

Ilpeo6pa30BaHl16 (9) .flBR.fl6TC.fl onepaTOpHUM l1 !10 CMHCRY 0Rl13RO 

R npeo6pa3DB8Hl110 ~OR.IJ.H-BOTXOH36H/5/, C !lOMOl~blO ROTOpOr::J YPBBH6-

HV!6 .ll,lipap.a MOatHO !1PfiB6CTl1 R .IlllYXROM!lDH6HTHOH q·op.~e. 0TM6"l6HHYIO 

aH8JiOrHIO MO;K.HO apOll,ORitl1Tb .IJ:OCTaTO"lHO .n:aneRO, IlpHHI!MaJJ EO BHHMa-
-+ - ""1" Hae cooTB6TCTBI10 BeJIH"lllH: d- ~ f, p-- E, r.n:e ol- :u J3 

l13B6CTHH6 MaTpHUH ~paRa. 

B npe~ene R-+ oo npeo6pa3oBamte (9) npHHuMaeT B!1.Il. MaT-

pn'iHOfi "TpaHCR.fl!U!OHHOH 3RC!lOH6HTbl" 

-en) ( tvi o ) 
~.(oo)=&m~·(R.)={e~A ] .. = e -i'Vt •(IO) 

R ..... oo 'J o e .. 
...., .... - -1 .... 'd 

r.n:e a =: Q Ya. , C = 0 f l"f , a B6RH"lllHhl Q l1 C OTIP:J~6R6HH 
q.op.lyJiaMl! (4a) :1 npe~CTilBB.fliOT C060!Ii D6JII!'li!HY C.IJllHra 1!3 HJJ:6P Q 

ll g B U6HTphl Mace 8TOMOB (a. c) H ( i c) • IlpeJ6p830B8-

HI!6106paTH06 (10),paccMoTpeHo B' pa6oTe MaTBe~HRO ;J Jl::JBama/
12

/. 

VICT0pl:l'i6CI<H I16PBOH IlOilHTROH l'!C!lpaBl1Tb 8CHMTITOTH!\Y 8.l1,H8Cl8Tl1-

qecRYI:X p6Ill6HV!n 6~0 BB6)];6HH6 "Tp3HCR.F!Ul10HHOH 3l<CllOH6HThl" Eet:\TCOM 

M MaR HapponoM/I3 • 3TOT qo.uxo~ B .n.aJJ:o~elillJeM pa3Bimann EeHTC 11 

XonhT, Ee,Tc I! CnpeB8R/I41, lliHefi~epMaa1151, TopcoH/I6/ I!~.; 
lien I! ~. 1?/ BDD~AH TpaHCR.flUilOHHYIO 3RCI10H6HTY Ha OCHOB6 anno

Hana B T6XHHK6 np06RJmOHH!LlC onepaTOpOB ilem6axa/I8/, a illMii~Igj 
06cy~~an 66 CBB3b C YHHT8pHhiMH npeo6pa30BaHl1.flMH. 

.llpyroii no~xo~ 6HR npe.n:noateH TiaROM H XHpur~en:o,nepoM/20/ no.n 

Ha8DaHH6M "the best adiabatic approxirr,ation", B aaCTOH!J166 Bpe-

M.fl pa3BI!B8H1!'C.fl ero pa3JIH'lHhl6 Ba~/8HTLI: "the post <~diabatic 

approximution" !\napa H ~aa/2 , "the non-adiabatic pseudo-

potential" XaHTSpa I'! IiHilJO!la/
22

/, "a diagonalisation treJ;!~Jnt 
of the electron translation effect" An6aTa l1 fpyeHa 

(H~eH ROTOporo npe.n:no~eHa Po3eHTaneM/
24

/) n .up. OcHOBHa.fl a.n:eJJ 

3THX !lO.UXO.IJ:OB COCTOilT B ~8RTOpH3aUill1 BOAHOBOH ~YHRUHH CHCT6MH 

Tp6X T6R H ~arOH8RH3a!UIIf lfCXOMOH CHCT6Mhl !10T6ll!UI8JIOB. 

8 

Tio~o.n:, npe~araeMH! B .n:aH.Hotl pa6oTe, o6~e.ILKHJJ6T B ce6e 

a.n,ell "the best adiabatic approximation" c H.IJ:€6tl BB6.IL6HHR 

"Tp8HCAJJU11DHHDtl 3RCllOH6HTH" H8 OCHOB6 npeo6pa30B8HHR (9). llo~a-
38HO, "!TO C llOMOJ.{bll O.IJ:HOrO 3TOrO npeo6pa30BaHHJJ MORHO pernHTb 

066 38.IIP"lA O.IJ:BOBp6M6HHO: .IJ.HarOHaAH30BaTb M8TPl1QY ll::lT€HUilaROB 

U ( /Z.) .11 BOCCTaHOBHTb llp8Bl1RbHH6 .l1MllY ROCH k.: B RaH8-

R8X peaRUHl'!. 

2. AzarOH8RK38gaH CHCT6MH ypaBH6H~ 

CHCT6MY ypaBH6HHH (I) nocne npeo6pa30B8HHH (3), BDCCT8H8-

BAHB8Dq8rO Ilp8BKRI:.Hhl6 Ilp6.1L6Rhl MCCOUI18Uff.l1 B R8H8R8X G\. R t 
1 

llp6.IJ:CTaB.l1M B Bl1.IJ:6 

{ 

A Jf. ( A 

I Jiz. + 2-H E"r I 

r.n:e BB6.IJ:6HH 0603Ha"l6HKR: 

j~·> 
J 

Uci 

= j.(t<) 
d ' 

-1-
= (ZH) Uii (R.) 

)}j (0) '\' ,fl•) u.i , = L u.ii .J\J ' 
J=Fi. 

= V.. +(z11r
1

{ cJQ,, +ZQ .LL 
H dl{ ~LdR_ J 

u,J = LJ,;(R) = 1Iij + ~ + 2q .. ~ 
G <I d R_ Y 'J d R_ 

(II) 

v .. = E.(R)+ ~ +(l,MY1
{ J(J-tj)-ZY11Z..i + H··(K)2 

" ~ ,... ({2 ., J ' 

Q - Q - - Q- ( 12) 

'
·;- .. (K.) v..=H .. (Il)+B··(I.) 4 .. = ,.(R.) 

• ~' J '.l '.1 'J ' Y'J ',/ • 
llpeo6p830B8HH8Jl ¢yHRUHJl 

-(1) l (1) = e 'A 1 (tJ) (13) 

Y~BR6TBOPfl6T CHCT6M6 ypaBH6HKtl: 

f .. A: c .. - u~~>)7..I~:l) = , u ~~)1<1> t I JKZ + ZM E .. t'I ~... J (. f:. 'J J ' 

{ )-z 7.. -<~> 
r.n.e c 'l'O"lHOCT:OK> 0 (2 H J no 1\ 

(14) 

V~~> = U .. + i- (zHY 1 [A'~> u] .. + " .. [_N~> [R~> U]} 
.... " , " Z, ' ' ii ' 

u~~> = u..: · + i. [Act) 2H u] .. + ~ (Aw [A<~> Z I1 U11 + 
'J J ' "J Z ' ' j ij ( I4a) 

+ ~ [Rt> u1 .. -;, [N~, £ 1 .. 
' LJ ' .J Jl:a. i.J 
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llpeo6p830B8HH6 1 COOTB6TCTBYDm66 reHepaTopy 
,D,HT R CJJS.DYmtSMY ypaBH61ill!O ,lJ,J1R (!:yHRUHR 

A'~.' 
' 

npll:BO-

' (.Z) ' A(~) 

j cz.> ~A ~.a .;1•> 
= e e .A (25) 

{ 
... dz ( ... - u(l.}) (i (2) '\' (2) (2) 

I 'Kz. + 2,!1 E..,1: I <i J i = ~. u,i ~· , (26) 
d J#~ 

r~ C TO'IHOCTb!O 0 {(2M)-2J no J\(Z) 

u.<~> = u.'~> +" czttr1
[A'2.' u':t>] .. 

"(.. (,(.. } "" -t- f [A'a: (A'~' U'~>J] .'. 
"(.. 

(2) 

u..i = u~~> + t- [A(z.> ZM U':t>].. + Lz. [Acz.> [A a> ZNU'f)]J + 
LJ ' (.I z ) ' .. 

d •J . [A(2) (1.)] +. [A(2) JQ ZQJ ] . [A(Z.) JZ] 
+ " .ll. ' lA i.i " 1l. ' JR + cJ R i.i - (, H ) ol Rz. '-i ( 26a) 

A(Z.) 
rsH6p8TOp 1 \ onpe,neJIReTCR H3 ypaBHSHHR 

~ [ J\(Z.: v 1. . = - i ( )..(1.). v). . 
~J t..J 

pemaR ROTopoe, nony'IHM c y'leTOM onpe~neaan (20), (22): 
!t 

(27) 

i.A(:) = (, L cp ct~ V)p == i (r·(>.'~>.v))o( . (28) 

JS"':I (Z.) ( (:l) ) 
TaR on BH6op reaepaTopa .!\. >ICRJl!O'laeT 'lnea i A Z M V ~" 

(1) " B ll0T6HUH8JI8X 
J.\.(1) --- .A(1) 

~HRUHH 

fA ii , UORB>IBWHliC.fl BCJ1S,IJ;CTBM6 38M6HH 
B BHP8lK6HR.flX (I4a), (Z) 

.i ~.z) H noTeaUHaJlH Va R u,J~~> JlHm:& 
• 3 -(:1) 

'IJ16H8MH ll0ps!.n;R8 rv (2M)- OTJlH'l810TCR OT (!:yHRUHil: ..f M no-
-c:t) -c:~> 

T6HUI'I8JIOB U. . H U~; B ypaBH6HHVJ ( 14), !1Jc .flBH!ill BM,IJ; 
(.(.. . 

CJI6.DY6T H3 COOTHOillSHVIn (26a) J.1 (27): 

U ~~> = U. · + i.. (ZMf
1 [A't> u J . + £ [;..'"' + ./\<2.> ( >.'1 >V)] "" (..(. z ) 1,1- z , <.l 

u./.z> = _!::... [ A'1>+A'z: u] .. + .£ [A'1) ()..'1.> ZM v)] + 
J z ·J j?, ) tj 

+ i [Ac:~>+.A'z; J~ +ZQjf(] -i [x-s.)+J\cz.> ~z] <:9> 
cJ .. } cJR .. 

I..J Cj 

12 

llpeo6p830B81ill6 y<L) , ,D,H8rOH8JJH3HPYI!lll66 M8TpHey U.~~) 
C TO'IHOCTb!O 0 t (2M) - 2}, MD litHO TIOCTpDHTb C TIOM01\lb!O TpeX reH6p8-

TOpDl3 A'") 1'1 = 3,4,5: 
, <.Ji.'"> c.A's> i.AC'> .;.Am 

T<Z> = e = e e e · (30) 

0T6p8CHB8R corJJ8CHO npHHRTOMY YCJJOBRIO 'IJJSHH 0 t(2M)-
3

} ~ 
¢YHRUHR 

i(S) = T (Z) j(Z) 

' (31) 

llOJIY'IHM CJJ6.DYI!lll66 ypaBH6BH6: 

( A JZ ( ,. (S) \ l (S') 
l 1 J~z + ZI1 E,.rr - U a J J i.: = o. (32) 

llpeo6pa30B8HH6 (30) H3M6HR6T B ,IJ;H8rOH8JibHHX TIOT6HUH8JI8X 
U :~) JJHWb '!Jl6HH N (2M)-3 , 'ITO H8XO,Il,HTCR 38 TIW.ll;6Jl8Mil: npHHR

Ton TO'IHOCTH. TaRHM 06p830M,C TO'IHOCTb!O 0 t(2M)-
2J cnpane,IJ;JJHBH 

p8B6HCTB8 

u .. = v.<~) = uca> 
(..(.. "(, .. (..(..' 

,~) 
U·· =0 

•J ' 

,...-
1 .. = j.(&") ... (33) 

llpHHHMaH BO BHHM8Bil:6 COOTH0ill6HHR (16) H (30), MOlKHO y6e~TbC.fl 1 
'ITO C TOn &6 CT6TI6Hb!O TO'IHOCTH ypaBH6HHR (32) H (5) aRBRB8JI6HT-

RHo (.1.) 

llO,IJ;CT8BJIJljJ B BICP8X61ill6 (29) ,lJ,J1R TIOT6HUJ.18Jl0B U tc RBH~ 
A,('if A(Z) ,c:t) 

BH,IJ; r6H6p8TOpo8 J \. , 1l H 1'\ 7 npa~M R ypaBHSHHIO 

,.. ,......, } ,..., 
E..,e- I - ~J~) Ji. (~) = 0 , 

r~ MaTpauu ~·~ (R) R Vu (R) onpe,neJleHH ifop.~yJlaMR 

f -i -i Jz l (ZM) )Au (R) J R + 
(5) 

;<-t;,C~) = i -z(zHT
1 
{;; {(r.~)cj~-c:-~'J·(r.~~·c:} (

34
> 

-1. ,.. 
u .. (~) M .. (R) = I 

/--~~. ;··~.~- ' 
,..J ,...v -1 ,.y cl v .. (R) = v. (R) + (ZH) ZQ .. (R)JR 

/,.(, '" "" 
"" I 
ll''J = 11",; J + 'i <J' ) 

I 

~lj ::: .:!!h-
dfl. 
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v. (f<) = v. (I<) + GZ11T1 do... O) + 
'" "" 

.+ f (zttY2 
J:'r(r.fi) .. {r:.,. z/(r.fJ}v'l. -{LX +2-(Cr.,}vj? (r.u).:t 

w . J l I 'J \' ~J• ]~. 'J~ 

+ z (r·1-).:j{ t:< + z (cr.,..).v') J;r Ztt•l cr. zq.: + <
35

> 

f"'oW 

+ ~ {Cr·((r·~).v')' .(Cr·1-).Y')..-(Cr·~).v')./r·(Cr1)v'J ~]. 
')iJ (JI- 'J ~ 00 

OuCt<!) = Qi/R)- (zNr
1 ~ [ (r . .,)t/f.;, - ~'i (r·~);, + 

J 

+ f{Cr·}\- ~. - u,i (r,_)it: + (r.iA).:/1-i• - ~.i(r· u~·i} + 

+ (r.'1-)~1 (Cr·~).v')jt:- (cr.,yv').1 (r·tt-).Ji]. <
36

' 

Ilpo.H3B6.116HMSl B RpyrJJI:lX CK06KaX (r.,_.) 
1 

(r.u) .If 'l'.,n. CJ16-

.IJY6'l' noHMMaT:& B CMHcJJe onpe.neJJeHM (2!), a ne pexo.n ( r.,_. )co( -+(r·~ ), . 
H T.,n. (22) 0'1' ti8TblpeXB8KTOpOB K MaTpMUSM 2X2 OCYII.l6C'l'BJJSl8'l'CSl tl 
no >ISJJOJKeHHHM BYme npaBHJIBM coO'l'BeTCTBHSl. CHMBOJJ L BRJIJD'la-

' 8'1' B ce6Sl CyMMHpoBaHM8 ITO ~CKP9'1'HOMy H HHT8rp.HpoBaHH6 DO H8-
np8PHBHOMY cneRTPBM 38~'SH ~yx U6H'l'poB: 

lcs 

~ = fo fo i ~o + F k5 .I k J ' (3?) 
1 S-$ 

r,ne 11;t 112 WI - napa60Jm'S6CRH8 KB8HTOBN6 'l>'!CJ18 CDCTOSlHHSl 
J ' . 

H301lll:pOBaHHHX 8TOMOB ( Q.J C) H ( f, C) , a HHTerpaJJ no Henpe-
PliBHOMy Cn8RTpy npe.n;CT8BJ16H B B>'l,ne CYMMN, KaX B padorax/25,26( 

3.fpaHH'SHH8 YCJJOB>!Sl 

IlpH i = 1-1 = :f. , T .e • npH 0DHC8HHH CHCT6Mbl TpeX TSJI, H8-
XO~meftCSl B DCHOBHOM COC'!'OSlRHH no .IUlHM8HHlD '18CTHUH C , CHCT6-
M8 ~yx ypaBHSHd (5) OTRDCHTe;n,ao l}:yaKuait Z~~. H .Z, 
C nOT6HU>'f8Jl8MH (34)-(36) npe.n;CT8BJ1Sl6T C06oA sqqeR'l'liBH06 ~yx
ypoBH6B08 npH6JIH~6HH6 38.118'11! TpeX TSJI B a~a6aT.HqeCROM TIP8.IIC'l'aB
J18HHH c 'l'O'SHOCTI>ID 0 {C2M>-2}. Oaa nony-qaeTcR KaK pesyJI:&TaT npo-
8R'l'HPOBaRM CHCT6MH RRTerpo,nal}:l}:epeHU>'I8JlbRHX ypaBH6fiMA (I) B ~8 

RaHHB3illHX COC'l'OSlH>IR. 

14 

,-J """ 

IlOK8l!t6M Tenepb, 'iTO pememm j.:t<t H ~I' C>'ICTSMH 

ypaBH6HHR (5) B OTJ1Mt!H6 OT pemeHHR j(1 CHCT6KH (I) y~OBJJ6TBOpHDT 
npaBMJlbHHK rpaHHtiHHW yCJlOBHHM 3~aqH paCC8ftHHft. 

Ilpe1K.ne Bcero, H3 onpe.neneami (12), (20) II iJ:OIJ.IYJI t4J, t4a) 
CJIS;Dy!O'l' 8Cl!MTITOTH'S6CKH6 p8B6RCTB8 

V.. (oo) = ( :1 0) £i £,. = £,;.(<><>) ' 'lfii(oo) = 0 
~· 0 ~ ' v u ' 

• ~ -1 GV) ( .:~. o ) I a 1 . > (Q o \ (a o) {f,HJ Zt•i = o -G <i -£2 J = o -c;Zlf-•J<oo)= o -t (E,-Ej)<:i/i!l.i), 

(£,-E,.r1 o o o 
( 

-1. 
0 '(E, -E,) 0 r. = 

"J 

0 (38) 

0 (E,- yEir~o 0 0 
1 -1 

0 0 0 ~- (~i.-EJ') 

OTKY~ B CODTBSTCTBHH C p8B6HCTBOM (34) CJ16;Dy6T COOTH0ill6RH8: 

-1 .A (Q.I. 0 ) ' 'f.,;,j(oo)'f,;,;(w>) 

;< .:t: ( oo) = I - Z M 0 '1-1 {t ~ t £,; _ ~i , 

(1) ( Q 0 ) . d 
t_.l\ij'(oo) = 0-fJ.t <.i ~~ /.1) (::1-b,·.j):JR • 

C y'le'l'OM npaBHJia cyMM/2?/ 

{39) 

~ o;;,- ~{oo) f-idoo) = ~ -(i /l.IJ) .(j I Z li > := j_ (40) 
~ £.-£· ~ ~~ 2' 
J " J J 

ROTOpOe CTip8B8.IJ)IHBO npH HCnOJib30B8HHH DOJlHOrO H860p8 IJ)> 7 

T.e. llp3 cyMMHpoB8HHH no BC8MY .n;acRpeTROMY a HHTerp>!pOE8RHH 
no aenpepNBROMY cnenpaM sa,na'SH .IUlYX ueRTpoB, npa R ~ oo 

DKOH'l8T6J1l>HO noJiy'SHM: 

-1. -t .H -I • .'"' a. 11a. 0 eM~ 0 

( 

-t r. I )~, ) ( -1 ) 

f1 ,}-<;.,; (oo) = 0 !1-1. -{i(m,(H,)2 = 0 J\-1;1 • (4!) 

TaKHM o6p830M, B fl p:l.II6Jl8 ({ -oo npeo6p830B8HH6 (58) BOCC'l'8R8-
BJJHB86T B ypaBH6RHH (5) npaBHJlbHNS HMTIYJll>CH (8) B R8HaJiax peaR

UHH 0. H C 
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Zt1;-<,;~(oO)f £,.t:l- U.:.;(oo)} = 

0 c~'Ytg 0 £.,.e- Ei.i} 0 

0 \ (42) == z (Jr(l>. 0 ) (£¥11:' -£;.o. 0\ == (k~ .. 
ITo,n;qe PRHSM, 'l'I'O 3'1'0T pe sy .1lbT8T, TIO;ry'lSHHilll BO BTOpOM TIO

p.fl,TI,F.S T6 DPH!1 B03MY'!16HZH no napaMerpy (2M) -I, B .D:SMCTB:fT6)Jbf!OCTl.f 

.flBJl.ilSTC.fl TO'!HbiM, TIOCRO)JbRY BCS 'tJJJSHH rv (2M) - 3 H BH!iie, BD3HifR8-
----- ~ (3) . (V) A (&1 

, ~ I • 
~< ,;t J 

IOu\HS B rrors. u.aaJiax U.,. (~<:) o•r reHspaTopoB A _ 1\ 1\. · 
"""' , ) 

If T. ,n:. , o6paT(810TC.fl B HY )Jb Il acHMnTOTWI6£!<Dti C•d}!8CTP.r R .._ oo 

ft TIPllEO,JJ,HT )Jftillb R H3M6H6HIT!O TYHRLWH .i,; (R.). 

Ha nepBffil Bsnm,JJ, 3TDT pesy)JnTaT MaKsT noi<a3t3ThCH Y.HilBlf-

Te)JbHblM ,IL8JK6 npH HCTIOJlh3DB8HHl1 DOJ1H0Tii H860pa 1 j > , O,Il,ll8RO 

8TOM BO,n:Opo,n:a Ilp6,IJ;CT8BJJ.il6T COODli CHCTSMy, .ILJl.il ROTOpOM MOHiliO 

CTpOHTh T0'1Hl:l:6 PfllllSHHR/
29/ TID 'I'60p!iM B0:3;'Y!U6Hlif!. 

0TM6Tl1'.M, 'lTO C !1DMDlUhlO 0~6p81\>lll: CYMML1p0B3HHH Til'':~ (4.::) 

B ps6oTe Te,vJepa li CaxJiaHa/
30 

np1! paccMOTpeJ-HHl aTOt.E• Bun,opo.n:a 

B a,IJ;Ha6aTH'l6CROM npe,n:cTdB216HHH cyMMapHaB Mace a aTOMa Hf' 'f' Y.te, 

COOTB6TCTBy,oJ(8.fl ,I03!11Kemno 8TOM8 !WH D;SJIOro, Clb:Ji8 BOCCT!lHOBJI6H8 

JIHIIIh c 1'DtJHOCThlD 0 ~ (me j M,Y 3 . 'I'O'lHYIO Macey TBI<Hr»~ 
cnoco6oM !1M He YllBJl::lCb "!D.r::;tJMTh, nrcROJihRY npe -~"'lBllffT~ 7""" "" 
6h!Jia cq'O;Jilll!POB8H8 flPHE;t')\SHHan Mace a Vl'lc • B pa60T6' . 'c/ ,;), ' 
DSIIISHIDl TDll :Ke 3BJ(8'llll/J>J; OWIO Il:>6,::(Jl01tCHO f!P€0Cip:':.COE8Hi16 .... - \ l 77 .. -t exp (-,; (;' K lJ; · ,r.IJ.e K - rn.mynhC ueHTpa Mace roMa Bo.nop:·,.na, 

J ·-'(- (''' -· 8H8JIOnc'IU~li: .ipt100p830Btl:'lnil 'I oo) B Bl1,!Ld l. L; ,IJ;Jl.il H'3flt;;,8 t: 
D ... l"'.K6M T6116ph, 'lTD O,IT,H0Bp6MSHHD 0 BOCCT8HOB.'l6R'i!ElM rJflbPf!Jlb

HhiX lFI:TI;IJihCOB B R8H8JICJX a. I! t ::JG00p830BF,d:!6 (5a) 7Cl1'[iflB

Ji'l8T T8K'K6 npVIB8J(8HHYKl Macey M I:[;~ ll6HTp06£; 'UiOM r;c'I'tFii . .UIBJJ€ 

{ T(:r+1)-2rn
2

} /ZHR~ . li;r.H ~n-:>ro mm'!Ulf:M :n_;;m;:< mLr, 
o-• o-l '1/' ''" tJJI6HOB .-v 1'. ~ 11 "" 1\ B DOT6 fi!U'!31l8X i;' (". :Ip!i f; >> 1 

/ ''-4 ')8 ' ' l{DTOphlll CJ!6,JJ;y6T f'3 p63YJihT8TOB pa60T '· ''" /: 

~ ,..~ -i. .:!') j_ .M :: (1+¥- Q ", (oo) L~,i == v 'J + (ZM) Z ~"i dFZ. :> 1"i \ o -rc.j-<t!/1-'J ' 

'lf.~ 
"J 

V":' 
H 

-t( :t+-£ o '{ i '~'coo)+ B'~'(oo) ~ + 0 u-2) 
{?. 0 -Y(:1-:K.)) fl,J 'J J ' 

' 0 (43) 
/ j 0) -i. { l ~ I (to) l ) = ~ 

0 
'( E, +~11) R.-z. [ J(r+J)-2/¥11. I + h,i (oo)J + 0(1.~-3 • 

16 

3~C» BB6~HH 0603H8~6HHR/4,28/ 

(.,.) , .... 2, . 
h i.l (oo) = <.. e (, >' 
h<~>. (oo) =- 1 <i\ f+f- +f'-f++ {_f+ +f+ t'_jj), 

'-J ':1 

(44) B ~~ coo) = -l <'-I P+ L + f'- J +I J > , 
r~ l H T - Op6.1!'1'8JII,H~ MOM8R'l' Jl6I'RO~ ~8CTHD;N C H 

DOAHHft MOM8H'I' CHCTSMH TpeX T6Jl COOTB6TCTB6HHO, fr - ROMDO-

R6R'l'H BMnyJII,ca ~acTHUH c , a 1 i> - pemeRH.R sa,n:a•u1 ,JJ;Byx 

~8HTpoB DJ>H ~- 1:>0 • C Y'i8TOM COOTHOmead 

tz = f(e.,. e_ + e_ e+) + e; 
rz == ~(r+L+J_l.,.) + Jt, 
ez = J2. = mz 

i!! i!! ' 

P:t == :t i-f,c- P~ 
H npallHJl CyMM 

L <c:l P~IJ><jlx.l i) = L'<i.l p~ lf><J I ~I'>=- ~ ' 
i j 

<i.IP:tiJ> =i(E.:-~;).Ci.!rtld'>7 rt = -r<-x.-t, 

(45) 

~ <iiP+l.i'><.jiP-1•> _ '""'<.:IP-IJ><JIP+I.:>=_ 1 
£-. E -E · - £..__. E ·- ~.. (46) 
j • J i ' " 

H3 BHp8E8HHR (35), HCDOHL3yR COOTHOm8HHR (43)-(46), ,lJ,A.fl D0'1'6H-

I.iji8JI8 'It, ( R) c TO~HOC'I'I:.I) 0 ( r 2 ) noJiy~HM DPH R» 1, 

V./r.) = (~ ;)c, + (2MY1
R-.e{[r(rd)-z..,.a]f + <Lil&l<->J-

z.(az. 0 \ ..... .:~. ~z. I ) - fR-
0 

{1C.t)<.:lr +t -ZI'l'lz. i> + 0(,_-~ = 

= ( E,o. 0 ) + 1. (;w;.t 0_)fr(r+1) -ZtMz.+ <ill2 ll>}R-147
> 

o Eu ?. o .1\{1 ') • 
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~ 

TaRKM o6paaoM, E peayn:oTaTe rrpeo6paaOBBHRR (9) B Ra~~oM 
R3 RBHBflOB 0. Ill C peaRIJ,IIll1 npH U6HTp0661!tHOM 6apb8pe EOCC'l'aH8B

JlHBaiOTCR np8BHflbHb16 DpRB6~6HHb16 MBCCbl .J\1(~ I! JV1 f CHCT8M 

(Gt,c.) + C H ct + (8, c.) COOTB6TCTB6HHO. B9JIH'H1H8 

< i. I t!l.l i. > :f= l ( e + J.) J ilOCI<OJlbRY 8,IWa6aTH"l6CRHR 6a3HC I i. > 
npH (< - oo nepexo~Wl' B B0JlHOBb16 riYHR~ H30JIHpoBaHHOrO 

8TOMa BO~OpO~ B napa60flH'i6CRII!X ROOp,IWHBTaX 
4
/. 

Ilplll np09RTZpoBaHUIIl Ha OCHOBHOS COCTO.flHIIl9 1.- = l, ,ll,1JR ROTC-

pore f=rn=O, ucnon:oays:qloJ:NynH (41), (42) n: (47), no.nyqi'JM 

~ ypaBH9HKA (5) 8CHMTITOTHRy, COOTBGTCTBYIDmJID ql13UqecRHM rpa-

HR'iHBM yc.i!DERRM aa~aqu paccesmiDI npH R >> 1. : 

{ ( ~ ~)(J:~- rc-r~) \ + (k:,. ~ "~}(~<t\J=o. 
R ) o k~1} f..~; (48) 

0TM8THM, 'iTO B paCCM8TplllB88MOM sqq'SRTifllHOM ~yxy pOBHSBOM 

npH61ll'!IK6HHM (5) ROpMOJWCOBO B38KMO~dCTBH6 z rr R -z OTCYTCT

BY6T no ITOCTPDSHMID, llOCROJI:ORY OHO COOTB6TCTBY6T nepexo~aM 

r'11 - WI ::t :1 ~ OllHCBHIIl.H RO'l'OpblX HS06XO~O Ml1HHMYM 'i6THpe 

COCT0.11HID'l/I?,~4/. 0.ILBBKO 'iJISHH ""(2M)-2 (Jt) 2 R-'I He l1G'ie-

saiDT l1 ,ll.aiDT BRJI8,D; B ITOTSHIJ,HBJI ~.:(I<) (35). 

B peaJI:OHblX pac'ieTBX C TO'iHOCTbiD 0 fC2M)-
2

} R6T He06XO,IW

MOCTR q'OpMHpOBaT:O npe~apHT6Jl:OHYID Macey ~i B KaHane t 0 

TIOMOmbiD npeo6p830B8HHH S (3), TIOCROfl:ORY C 3TD~ TO~HOCTbD OHa 

y~e co~pKHTC.H B npeo6pasoBaHHH 7' (9) no nocTpoeanro. B aTOM 

c.ny'!ae S = i , 0 :: i n cornacao pa6oT/
2

1 H onpeneJieHIDIM 

(4), (5) 1 (12) llOJIY'iiW 

'lJiJ· (oo) = ( 0 OH<*> (oo)) 
0 - ~z '('I , ',J 

( 
:1 0) -1 (1 0 \ V:.Joo) = o :1 £i.Q.. + (zH) v-;;~.coo)= o J+~-)£.:().., (49) 

H (>!')(~) - - .i. £. /4/ 
DOCROJlbRY t i - - 2. " • 
CorJiacao ifop.iynBM (20), (34), (35) KMeeM 

""' (E. o ) y,. (oo) = <"' 
" D £ (Z) .:1 t 

c:z.J V ) -z ( )-1 '\'"' E.:1 = uC..,.,)+(;.M j{,~z.1+~ L 
i 

',(#) ("') 
H,· {oo) H1, (oo) (50) 
~ . 

E, -E,j 

18 

t 
I 

~1 
~ 

ITocne.ILB.HR CJMMa E~HcJieaa B pa6oTa1
32

1 H paBHa f E,: • IlpR

am.~a.l1 BO BHKMBH>fe COOTHOlli6HIIl8 t=u = (:t- ~Y.1£4~H orrpe~eneHIDI 
( 4a) , IlO.i!Y'iHM 

E"~z)= E,t{1+ ~ + (~/(1+ ~J.t)(:t- ~), (51) 

OTRy~a CJ16~6T, 'iTO 

C II!CTHHHOH aaepr~ren 

.li.Jif! B8 J!HqHflbl 

E,';> c TO'iHOCTbiD "' {?/H) 3 COBIT8~89T 
£. i( H30JIHpOBBHHOrO 8TOM8 (~c.). 

-1 ) _;..< .. ,· ( 00 COOTB9TCTB6HHO ITOJIY'iKM: 

( 
aZ o J tf.1A.(-:.1(oo\ c: H-1(1. o)- -1 2. ~ )' J,,.,.(oo) 'hJ~J = 

· / '' / - o i; o ( 1. + ~) C f £, - Ei 

( 

-.1 ) = j\-('l 0 
0 j\(t-.1 

(52) 

r.ne Macca 

(\j (z.) 
Jvte ~ Me_,.. 

;x;z.(i -J!)z. 
!1 ,"'(.3 

TaR~ o6paaoM, O.ILBO npeo6paaoBaa~re 

HOrO npeo6p830B8Hl-tfl (3) BOCCTaHaBfllllBB6'1' 

ycnOB!Il.H (48) c TO'iHDCTb!O N M-3• 

(9) 6es npe~apnTen:o

ifnsn'iecRne rpaHR'iHHe 

4, ~H3K'ieCR!Il~ CMHCJI pemSHHR 

Tipeoopa30B8HR6 T(R) OTHOCHTCH R Rnaccy R8HOHH'i6CRHX 

npeodp830B8H~ 1 }l,llJl RO'l'OpUX BOilpDCH onpe,n6Jl6HHH cpe,W!HX 3HB'i6-

HI!~ O'l' onepa'l'OpOB npe,ll.CTBBMIDT C8MOCTO.HT6Jl:OHID\ HHTepec. B MJlb
R6tilll6M 06Cyll,I\6HHH MH 6y ,neM OCHOBimaT:OCfl HB OTMS'ieHHO~ paaee aaa

norn~ M6~~ p8CCM8TpHBa6MHM npeo6pa30B8HH6M ll npso6pa30BBHH6M 

~OJl,IW-BOTXOfi36H8/5/, 
PerneHaB ypaBHeHHR (5) aopMapoBaHH ycJIOBHSM 

<(.(11,> = 2: SJR~(I"(f{)~)l(~). 
(~,ll):(a,f)o 

OnepaTop 

.... ) "' f. 0 
R= (o { .. , 

"J 
ROTOpH~ B CT8pOM IlP6llCT8Bfl6HKH COOTB6TCTBY6T ROOp~RaTe 

B HOBOM llp6.JlCT8BJ18HH!Il npeo6paay6TC.I1 B Oll6p8T0p 

"""I -"' -1 

R = T(~) R r a) • 

19 

... 

(53) 

(54) 

.... 
fl. 

(55) 



O~aRO B HOBOM npa~cTaB~6HHH ~~~3~6CRH H3M6pHMYM 3Ha~6HH-
"'' SlM KOOp,nPIH8Tll COOTB6TCTBY6T H6 Oll6p8TOp R. 1 a TaK aaaHBae-

"'' Midi onepaTop R,.. "mean position" ... /5/, ROTOpu! no t}:op.1e 

COBna,naeT C onepaTOpOM KOOp,nPIH8Tll /( B CTapoM npe,npTaB~6HHH H 
I 

Cp6~66 3H8'q6HH6 f?..,. ROTOJX>rD 0Dp6~6JIR6TCSI BHJl8!:6HH6M 

R~ = <71 i 11> = SJ /{ y+(fl.) R ](~) • (56) 
0 

BH~ onepaTOpa "mean position" B CTaJX>M rrpa,ncTaB~6HHH 
ll0~~86TCB 06paTHHM npeo6pa3DB8HHeM 

Rro. = r-1(K.)R~ T(l{)== r-1
(1{) i r(l{) = R +~R. (5?> 

Oa cocTOHT H3 JUlY X ~acTeA: onepaTop R npa,ncTaBJIReT cpe~ee 
,JUlHllteHHe B6RTOpa it B npouecce CTD~HOBeHHSI, a onepaTop s R 
ODHCHBaeT 

11
,IU>Ollt8Hae" ROHl\OB 3TOro BeRTOpa H8 p8CCTOSIHHSIX ""Q.. 

a "'l COOTB6TCTB6HHO, T.e. B 06JiaCTSIX DOps!,ItKa p83M6poB +•/H...) 
a ,., ( rn1 / H1) • 3Ta ~eJIORaJIR38l\HSI B6RTOpa it aaa~or~aa 
",IU>OlltaHHD" ( "~itterbewegung" ) peJIRTHBHCTCROrD 3JI6KTpoaa B 

T60p~ ~paRa Ha paCCTDSIHRSIX Il0ps!,ItK8 ero ROMTITOHOBCRDI ~ll 
BOJIRul

5 • B HOBOM npe.ucTaB~eaaa ,nBJIORfJIR3al\HB B6RTOpa R 38-

"'' A ~ RJlll'leaa He B onepaTopa R,.. = R 
7 

a B BDJIROBHX bHKL\HBX .x{t). 

llPH Roae-qaux R CMHCJI npeo6pasoBaHHSI T(IO cocTOHT B 

C,JUlHr6 Ha H6ROTOpu! B6RTOp, B6~Ha ROTOpOro He 0Ilp6~6Jl6Ha 1 A ~ 

nocRO.Ill>RY onepaTop SR He,nPiaroaaJieH. B acHMnTOT~ecRol o6Jiac-

TH R- 00 ' r.na onepaTOp r-.t (oo) Ilpa,UCT8BJIR6T co6o:A MaT

p~ayn 11Tp8HCJISI~OH~D 3RCTIOH6HTY" (10), OH npao6pasyeT onepa-

TOp R B onepaTop/ J..
2/ 

A ~ A f ) (l.. 0) 
R..., "" T- (oo) R Tloo = o R, );.i ' (53) 

_,. -+ _,. -.. -+ 
r.na Ra. = R - a H 11.1 = R + 8 npa.ucTaBJISIM co6ol 

paCCTOSIHHn M6llt.IJ3 nGHTpaMH M8CC aTOMOB ( ct~c) H ( I, c.) H 

RJUlBMH I H a. cooTB6TCTBeHHo (eM. PJ!Cyuox). 
no aaaJioraa c onpe,naJieHH6M (56) B HOBOM npe,ncTBBJ16RIDI MOllt

HD llOCTJX>HTl> Cp6,IU1H6 3H8'q6HHSI OD6paT0poB MOM6HTa J,: H £',., 
TORS J ~ H '1'. ~. 1 R8R Cpe,IU1H6 3H8'q6HHSI OT OTI6paTOpoB ~ f J " 
H T.~. B HCIO~OM llp6~CT8B~6HHH DO BOJIROBYM bHRmtS!M Ilttl 
B HOE:>M llp6,UCT8BJ16HHH. 

·r 
I 
~. 

113 llP6.lU'.If..Y!!I6rO CJ16.II;Y6T, 'lTD npeo6p830B8ill!6 'r(!:.) M6Hll6T 

JIHlllb <fo:r:My <fyaRrm>ff), He saTpar~maR ee apryMeHTa: 

](R) = T(f!.) Y (R). Tip!! 3'l'OM apryM6ilT <fyHRIJ,IHi npeodpasyCTCE 

C llOMO!!IblO 06p8THOrO onepaTOpa, B Cl1Jl,Y '16rO CTipBB6,TI)l!ITlH p8B6HCT-

B8 - A - ~ l " I ~ I 
R..., =<X /R,!.i) = .:....J I< i> =· R..,.., 

T,a. cpe,mme 3H8'l6Hl1.fi onepaTOP:lB "mean position" B cTapoM H 

HOBOM ll}l6.I\CTOBJ18RKRX OOBTI8)J.8!0'1' M6'K.IJ;Y OJ6:JM:, 

GTM6Tl1M, 'lTO ac!1MnTDTlr'l6cRoe npeo6pasoBaHHe, rrpe.li)lOllt6HHOe 

B pa60T8 ~SH8 l1 JJJ!/l?/, CO.I\6PI!ili'I' H6 TOllbRO npeo6pa30B8H!I6 q:op

MH ~YHRWin, HO T8K~6 il CM6Hy !!X apryM6HT:lB, B H8illl1X 0603H8~6Hil

JlX ero MO'l\HO npe,n;CTBB!ilTb B BZ,I\6 

.{(f<) = &·VM T-
1
(fl.) T(i...,) J (R.., ), 

~ .... .., 
HJrn 

( Z~(R)\ _ (e_;tv; ~ O)(~,.(R)) (e~vt ... o)(eav1 .. 0)\lr~~ 
I - i vr ~ ' = 8 v-- ~ .. ~ 

lluC•Jj •~~ o e ,, X;ti'' o e ',,\ o e'•\/~'(1;) 
...... . ... 

::;, 'JMG§ll__ii!LVl TipMM£1! 

B ra'tacrBe lLllJIIOC'rpamliT ;J3JI~HGHHOl\ cxeMu ml'lHCllMM c r~: rro
MOJU>IO YJ:OD:J;< 3Heprrru /v<. -M63~l~\Oll6HYJI ll30TOTIOB BO;\Dp::J,n:a ff/«, 
J~ 1 ttj«~pJ1«) pi"/'<, dt//.{. ll COC:clOHHIU! C TI~l:lHUM i>lDM6HTOI:"l 

I= O 8 T8IOK6 8He;:,·c;ro CB.S:J8HH01'0 CCJCTOBW1H e+- e- e; 
• ? 

B cJiy'Iae PW'HHX 'i:acc n.ne p ( M" "' /'1 i, ;;e = 0) He -.-pe6yeT-

cR npe,llllapuTe;;bAOrO npeo0pa30B8HV"'J (3) S , 8 BOG acfcf 'l\'i'HBHhl6 

;w•reHUllH}l!:l Cl1MM6Tpli'JH!.l DTH-.iC:11'8.'l.bHO 3 ME 'It.! ,lH.I\CnCOB ct -t;- f. 
B 3TOM c;,1y'1De nprr nepew.[Le OT 'iJu:_),l1~i Z... H Zt H 

!j:yHRIL\\'<lM 

,.., 

~J = 
i:J.c.. + .i:tt 

fr 
~ 

li ~u= 
- ;;,. + ;;, 

Vi (59) 

CllCT6M8 ( 5) pacnanae TC.fl H8 )ll38 H833BllC!ii.:W:: y p8EH6HIDl C llDT6H-

U,I!8JI8MH ~j, :1 ~ ( /() H ~w, 1 ,.... ( R.) , r-J ilpi'l'16M C B.H38HH06 

COCT0)1Hll6 cy;uf:lC'TBYBT TDJJblW B TIOT8H1U!8Jl6 V J.~, J.~ ( ~). T8RklM 

OCipa30M
1 
~ CJ!Y~86 p8EHW:: MBCC .flJ1.6p 38)J.8lJ8 Tpex T6Jl C TD'IHOCTbKl 

0 { (2f.D-4
) CBOMTCB R_ p6ill8H:1IO O,UHOM6pHOrO yp3BH6Hllfl Wpe,l';BHrepa. 

x) Tarw.s liHTcpnper«·;::- npeo6pa3DBE\Hf;!, W!8.'1Dril'li-i0ro T (oo), 

JC';cy K.l\BJJact- ;;ewnaH.I\8 Y! :.1a::8HTn/ 3 npil paccMoTr':H:r:; arm.1a 

JD.UOPDN' E '·~~;E.6ar::'l8CI\DM I1PCJ;J.CT8E.-:'~mn, 
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,-../ ,.., 
B T86JIHI.J;6 I npHB6,ll.6Hhl M8TPHL\bl ll0'1'6HIJ;lf8JIOB ~.:1 (~) H Qjl.(ll.) 

aqqeRTHBHoro ,ll.ByxypoBHeBoro npR6JIHIKSHIDJ ,lJ.JlJl M63DMDJieRyJIH pp~ 

B OCHDBHOM COCTO.flHR111: Yl = :1 no ,IlllHllt6H111:Kl ,)-< -M630H8 • .lJ.n.R 
Cp8BH6HR.fl npRB6,ll.6Hbl T8Rllt6 HCXO,ll.Hbl6 nDT6Hll,H8JlH VH ( R ) 
(B paccMaTpHB86MOM cJiy~e Q,u. ( R) = 0 ) . 

IlpH nDCTpD6Hlil'l Vj'J ( R) , (1,~ 1 ( /{) R _,;<-< (ll) no trOJNY-

JI8M (34), (35), (12) RCnOJih30B8Hhl T6J:!dl:l Ei(R) R M8TplfqHbl6 

::lJl6M6HTbl Vo~j ( ~) H '/-:ti ( ~) ' CB.fl31:lB8RX!UI6 OCHOBH06 

CDCTO.flHH6 i =- :i. 38,ll.8"iH .IlllYX IllHTpDE (T.e. napy 13 H 1~-t ) 
C 2x20 BD36y~,ll.6HHHMH CDCTD.flHHRMH, 'iTO CDDTB6TCTBY6T Y"i6TY nSPBHX 

"i6Tblpex o6DJIO"i6R n.. = I, 2, 3,4 no RJiaccnifHR8I.J;HH H3DJIHPOBBHHHX 

8TOMo~3 • 4/. KpDM6 TDrO, E CYMM6 (37) 6Hn y"iT6H T8RIK6 HHTBrpaJI 

no HenpepHBHOMy cneRTpy 38,ll.8"iH .IlllYX I.J;6HTPDB, y"iV.TblE8KlmHH CB.fl3h 

c CDCTO.RHH.flMH I k 112 WI> .IWJ 3H8"i6Hllli rn = O,I; Y1 2 =0,I,2,3; 

k =0,2(0,I)I(0,2)2(I)Io/
3
/. Bee T6pMH H MaTpH"iHhl6 ::lJI6M6HThl 

(RaR ,lJ.JlJl ,ll.HCRp6THOrO, TaR H ,lJ.JlJl HenpSpbiBHDrD Cn6RTpOB) Bbl"iHCJI6-

Hhl c maroM R =O,I(O,I)20 R a6cOJIK>THOil: TO"iHOCTbK> ae xyllte 'iSM 

"'I0-
5

, a KX amlMnTOTHR8 Hail:,ll.6H8 B pa60T8X/4 ' 28/ • 

OlffteRTRBHH6 nDTSHI.J;HaJibl 1f.:J (R) (Ia) CHCT6Mbl (I} no-

CTp06Hhl no qopMyJiaM 

r.ne 

( 
vt .. ,J" 

u,l,J~ 

u. .. ,;&) = 
v ... ·c '",J 

A ( Vis 1 Js Uts,J"- \ A-:t, 
1h,.,Js u ... ,.i" J (60) 

A= j_ (1 -i) 
u i 1 

Uts,JA. = <. i.s \ V IJ ~ > H T.,ll.., a HH,IJ;6RCH s Iii ct. 

X8p8RT6pR3YK>T CKMM6TpH ... H06 H 8HTHCHMM6TPfi ... H06 p6ID6HR.fl 38,ll.8~ 

.IlllYX I.J;6HTpDB ITO OTHOID6!ill!O R Oll6pau;HH 0Tp8!!t6HH.R f ~ 'J, z-+- z~ 
I.( -+ - \(' ,nJ1.fl R811t;II,OrO H860~ U8pa60JIJ1["q6CRKX RBaHTOBHX "iHC6Jl 

J = I 11111%. 1'1'\ 1 /4 •2 I. TaROS onr.neJI6H.i'I6 (60) OTJI.i'I"i86TC8 

OT npHH.RTOrO B npe,lJ;bl,IJ;YmHX pa60Ta.xl
2

• 
33 

38M6H8M.i'I ~- S B u-+ ~. 
lla TB6nHLibl I aenocpe~TBSHHO BH,ll.Ho, 'iTO npeo6pa30BBHHH6 

noTeHI.J;HaJIH V11 ( R) (35) B o6JiacTH roa!lMo.n;eacTBH.R I '--~ <. IO 

OTJll{tlaiJTC.fl OT HCXO,ll.HblX U:t:t ( ~) (2) H8 B6Jll{t!HHY "" I0-2-I0-3, 
T.e. H8 B6Jll{t!HHY N (2M)-2 • 

22 

~ 

1 
·~ 
i 

-I. 
IlpR R. =15, I B6JllfqHH8 /A-:ttt,1A. =0, 9565, 'IJTO OTJIH'IJ86TC.fl OT 

8CHMnTOTJ1["q6CROrD 3Ha'IJ6H.i'I.R ~-:'4,:1.._ (oo) = f1oj.f'r{A... =0, 9494 • 0TMe-

'IJ6HH06 0TJI.i'I'IJH6 06~.flCH.R6TC.R T6M, 'iTO B BblGHCJI6HH.flX RCITOJlh30BaHa 

JIRmh "i8CTh llOJIHOrO 8,ll.H868TJ1["q6CROrD Ha6opa lj )> H, RpDM6 TOro, 

r:~, 'iTO npH R = I5 e111e ae )(OCTMraerca aCI!liiiTOTHI!ecxoe 3Ha1!6HHe 

_.#:t.,,u_(oo). 0,l(HaKO B6J!HI!HHa OTJ!H'IHB COCTaBJ!B6T~"VI0-J~(21d)-J,T.e. 
HaxO)(MTCB 3a np6)(6JlaMH TIPHHBTOH_TOI!HOCTH 0 {(2M)-2} • 

Ilpl~ llDCTpoerum M8TPHUH f- 1 (20) nOT6Hll,H8Jlbl ~i ,nJ1.fl 

j:;, i 6blJIH nepeonpe.n;eJieHH CJI6.IJ:YKllltl1M o6paaoM: _ 

Y;, = ~.(R)+ f-r(zr·0-1
{ J(J+~2-zm'~-i + Hii(~)J(J+a~.), (6I) 

r.n;e o( - H6ROTOpoe nOJIO~HT6RhH06 'IJHCJIO, RD'l'Op06 B8phHpDB8Jl0Ch 

B npe.n;eJiax 0, I < o1. < 2, 0. 

T8R8.fl npou;e~pa 6blJIB HCll0Jlh30BaHa ,II;JI.fl CrJI8~B8HH.fl nDT6HUHa

JlOB ~1 (R) npM R < :1 • Oaa no.no6aa cnoco6y, ROTOpiDt 6WI 
HCITOJlh30BaH BDJ1hH6BH'IJ6M H I1DJino~34/ .n;JI.fl peryJIBpn38UHH Bbl'IJHCJie

HH~ BO BTOpDM ll0pR,IJ;K6 TeOpHH B03MY,m6HH~ .i'I B H6HOTOpOM CMHCJIB 

H8llOMHHa6T pery JIBPH38I.J;HJO THXOHOBa735/, HCll0Jl.b3Y6MyiO ,IJ,Il.fl ITO,ll.8B

Jl6HR.fl Bb!Cill.i'IX raPMOHHR npH CyMMHpoBaHHR pa.n;a ~ypLe. 

Bb16op 'IJMcJieaaoro aaa"ieHH.R d.. B yRaaaHHHX npe,neJiax H3M6H.flJI 

Bbl"iHCJl6HHOe 3Ha"i6HH6 :=meprHH CB.fl3H .;'(. -M630MOJI6RYJI H8 B8JIJ1["qHHY 

No, or aB, a ,II;JI.fl cHcTeMH e + e- e +- aa BSJIH"iHHY rV o, OOI aB, 

'iTO H8XO,IJ;HTC.fl 38 npe,IJ;6Jl8MR llPHH.flTO~ TO"iHDCTH. IlpH ~6Jl8HHR MOMHO 

llpDB6CTH 3RCTpanOJI.RUHKl R 3Ra'IJ6HHD rJ.. = cY~/ • 
n Ta6Jmu;e 2 npe.n;CT8BJI6Hbl 3H8G6HR.fl En,.. ::lHeprRH CB.fl3.i'I 

M630MOJ16RYJI H CHCT6Mbl e + e- e + , Bbl"iHCR6RHH6 R3 CHCT6Mbl ypaB-

HSHHH (5) C nOMOmbiO aJirOpHTMa/36{ OCHOBaHHOrO Ha H6rrpepHBHOW 

aaaJiore M6TO,ll.8 HLK>TOHa • .li.n.R cpaBH6HR.fl npHBe.n;eaH TaRze saa'IJeHH.R 

e ,."IT' Bbl"iHCJl6HHb16 H3 rrOJIHOH HCXO.IJ,HDit CRCT6MH ypaBH6HHH {!), 
~ ) (e) 

8 T8Rw;e 3Ha'IJ6Hiii.fl E. nr , H8H,IJ;6HHhl6 B .IlllYXYPOBH8BOM ITPH-

6JIHIKBHHH 3TOH CHCT6Mbl ( i :: i = i) , R P63YJihT8Tbl B8pH8UHOH

HHX pac ... eTOB. Jlerno Br~,II;6Th, 'ITO B CJIY'IJae M630MDJI6RYJI 0Tn.i'I'IJ.i'I6 

M8'.t.JJY 3Ra"!eHH.RMH lnr H c•v as npeBHID86'1' r-~ 0, I aB, B ,., 
TO BpeM.fl R8R OT JIJ1["qR6 M6!;.JJY t r..r R C :TV ,!!,!> RpaitHel MSpe 

aa nopa.n;oR 60JII>me. Bo Bcex cJiy"iMX OTJIIfqHe c
1

.,.. Iii E.. 
11

,.. 

COCT8Bn.fl6T B6ni!"'HHy N (2MrJ HJIH M6HhiD8 0'1' 3Hepnm £::1 OCHOB-

HOrO COCTO.flHJii.fl aTOMOB ( Q
1
C) H (If, C:.) • 
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0TM6THM, ~TO B cny~ae paBHRX M8CC ~OpM8RbH8R 38M6H8 

!1 ~Mo.. B CHC'I'6M6 ypaBHSHHH (I) 663 II3M6H6HIIR il0T6HLU18ROB 
tf(~) il03BOnR6T nony~HTb yze B ~yxypoBH6BOM npH6RHM6RIIII 

{.: =:1) RSOMII,ll8RRO XOpomHe pe3ynl>T8T!i I<8R ,lJ,)Ul 3H~niH CM3H, 
TaR II ,lJ,)Ul ce~eHKH paccenHHR B CHCTeMe Tpex Ten! I. 

6. 3;qei<THBH06 MHOrOYpDBH6B06 ilpH6nH~SHH6 

H 38,ll8~8X p8CC6.SHIDJ ilp!I SHepriiRX CTOni<ROB6RHR £.. J ClOJihWHX, 
'q6M 3R6pr~In B036yllt.n6RHR C = £ 11 - £1 BTOporo ypnBH.a 11 = ~ 
II30n:HpOB8HHOrO 8TOM8 BO~opo,na, H606XO~O pema'I'b CIICTSMY ypaB
HSHIIH (5) pa3MepaocTH 6onbrneH ~eM ~a. ~ nocTpOSHHR s~~ei<THB

HRX ilOT6HUH8JIOB (35) B 3TOM CJiy~ae H606XO,!UfMO, RpDM6 v;,L Q~i 
> ) 

1T1 j H 'lsi, IICil0Ah30B8Tb T8I<MS BC6 ilOT6HUII8Jlll ~s, "Yss, 
V, V:. Q t a . II T.~. HaMSTHM Oelllzy!O CX6MY TIOCTpoe-

st"L SJ 1 s , -ys; 
HIIR T8~1IX il0T6HUH8JIOB, orpaHH-q!IBWIICb ~ Onpe.neneHHOCTH CJiyqaeM 
JOChMH ypaBH6ID1H ( S,t = 2,3,4), ~TO COOTB6TCTBY6T y~eTy BC6X 
COCTOflHHH BTOpoft OClOJIO~I<H H30JIHpOB8HHOrO 8TOM8 BO~Opona, T.e. 

COCTORHHit s::: (11~ l1z. Wt] : 2 = [100], 3 = (010], 
4 = [ 001]. iJ J1 

B 3TOM CJiy~ae, RpOM6 M8TPHU r:p = roL~, r:~~ 
C J. * S ROT0p!l6 B~HCnRDTCfl, R8R 06~HO (20), H606XO,!UfMO 

J s · ·s 
BB6CTH M8TPHUH G./ R f} npH s:Fi no Cll6.IJYIO!IIHM 
ilp8BIIJ18M: p 

a.. IJe peonpe,neMIOTCfl ilOT6HUII8All ~s R UjS 

J-1 y v -= H 
} 

VH ""Y"ss 

viS 
vu 

111.1 
u1S - Uss 

~ 
U.S:/.- UH 

" 

" 
u'ts 

I.A. Sf 

st v = ~t, 

~ = lAss 

~ 
= Us:f 

~ 
r.ne IA,i onpe.neneHH ~opMyJIBMII (43). OcTanbHHS noTearmaJIH 
BHQHCJIHmTCH OOHQHHM 00pa30M (12) C TOR JIHWh pa.3HHU6R,qTo HH-

,U6I<Cll COC'I'OflHKH ilHl!IYTCR H8B6pxy • s. . 
o. reaepaTops (22) { J\ '">] J = A SJ aa.xo,llHTCH H3 

ypaBH6HKR A 

[ V] si 
1 

. 

i, A) -- ( zMr u. SJ , 

24 

(62) 

RnH B p83BepayTOit 38il!IC!fa 

A3j yjJ - v3Z VH VJV .Ali = i(Zl1Yj u3j. ' Kil C" v"' v") gi) CJ 
if' ¥2. 'f~ yYV VJ Vd 

A J V V l\. u (63) 

SJ. st' j,f S: • 
r.ne J\. > v 1 v II v< J - 06~HH6 M8Tpl1Uhl p83M6p-
HOCTH 2x2. AaanorHqHo (19) npe~CTBBIIM paBeHCTBO (63) B BII~6 

If 1;t t . . \ ' { -JJS J tJ ( )-j Si ~, L L r A = zt1 u"'- , (64) 
t:=z f3=:1 o1.f3 f3 5i 

OTRy .na H8H~6M Bllp8)!(8Hll:6 ~ A oL 

• !J {, t' . 
SJ -J ' ' r s J T:i -j{ (.SJ iJ\c~. =(ZN) ~f:s .Lf> Up =(2M) (r-v<)o~.J. (65) 

r sti 
M8TP11U8 .1. f3 HM66 T BH~ -

( -1)zi v2.3 v2.Y 
{ r-1 J :~· ( r "f "P . 

= 32. 1 '3J 3'f 

vri.f3 (r- )d-p V.,~.,._ 
yvz. 

ri.p 
yn 

d-f!> ( r-1):~; (66) 

( r-i) ~J~ .st: 
np~eM Ra~~M 113 M8TPIIU IIM66T Bl1~ (20), a Voi.p 
!IMSeT 6JIOGHYIO CTPYI<Typy: 

rne 

V st _ ( y.st o~.p - 0 ) 
v'• o v'' (67) . 

- o6~aaR MaTpaua 2x2 (Ia). 
M8TPIIUbl r j.S CTPO.flTCfl no cJ.;o}MyJiaM (66)' (67) Tpaacno

HHpOB8HH6M BCSX tl.neRCOB: 

{
r-1(.stJ __,. {r-j1jts 

- Jo(? J fid-
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CHCT6M8 ypaBH6HH~ (5) npHM6T T6TI6pb BH~: 

!t 
~ { -f . /Z. A ...V J ~ f;; (?M) ~,~\R)df?." + E.,riS'.:j- Tf.:/R) ~-(~)=0, (68) 

r~e TIOT6HUH8XH CTpORTCR no ~OpMyHaM (34)-()6) C yqeTOK onpe~ene
Hidt(62)-(67)H c 3ali6HOR(r·w).t- { (r·~~<).tVJ H T.n. 11pHHil-

T06 anpe~6H6HH6 (62) naT6HUH8HOB 06ecne~HB86T, C O,IUiO~ CTOpoHH, 

~H3l'I~6CRYID 8CMMnTOTHRY 

~ {( 1 0 ) (A:__ 1cr+1)-Zmz-+ <sl ez_ztYit)\ +(k~ .. ~ \1{~ .. \=0 
L--- o 1 JR'" Rz. ) o l<"}j \J,,) ' 
t.=z. . (69) 

(... == 1., 2, 3, IJ ) ( s, t) = 2., 3, ~ ' 

a C ~pyroR - CHHbHYD CBII3b KaHaHOB B 06HaCTH pBaKUHB 
H KOpoTK0~6ICTBYD~HR xapaxrep 3~KTJIBHYX TIOT6HUHaHOB. 

A (t) AC&) 
~ano~eHH~ cnoco6 nocTpa6HKH reaeparopoB ~\ H J~ 

((2I)H(28)) ~aroaanaayeT noTeHUK8HH U,;i ( R) CHCTBMH (I) 
no BC6M RB8HTOBllM ~HCH8M i = [ 11;~ tlz 1"1 J 38,Jr,a~H lillY X U6H'l'
poB. lloaTOMy M8TpH~H~ 3H6M6HT ROpHOHHCOB8 B38HM0~6~CTBHR 

< i.l'11l 2. e J/i Ylt :t .i )R: npz i '/' i OTCYTCTBYBT B npeo6paao-
B8HHHX nOT6HIJ,ff8Jl8X t!.:· 0) CHCT6MH (68). B03KO:I:HH, I 

o~Haxo, ~pyrHe cnoco~y nocrpoeaHa reaeparopos, xoro-

pHe C0Xp8HRIDT CHHbHYD CBR3b R8H8JIOB, COaTB6TCTBYIDmRX COC'l'ORRHRM 

jirt?) H IJ rn:t.t>,~epea onepaTop zt! R-z. • B aTOM 
cny~ae onepaTop ueHTpo6e!Horo 6apbepa npMMeT BH~ 

{ J(J+.i) -zrnz + <il t.tiJ)- .(C:w. 12. (j!J t'l'l:!::t)} ICz. , 

~TO coaTB6TCTBY6T ycpe,IUi6HIUO ~ l Yl1 I r z I j 1'11 ±.i > onepaTopa 
.,. -::7 ..,. 

Op6H'I'8JlbHOrO MOM6H'I'8 [. = J - t O'I'HOCHT6JlbHOrO lllll'Illt6RWI 
R~P no a~a6a'l'~ecKoMy 6aazcy. 

?. 3 8 K Jl D ~ 6 H H 6 

B ~aaaoft pa6oTe npe~ollteH H peanaaoBaa nocne~aBaTeJ1bHHA Me
TO~ npeo6p830B8Hl'Ifl 66CKOH6~HOM6pHa! CHCT6MH l'IHT6rpo~~~6p6HUH8Jlb
HHX yp8BH6HH! 8~868Tl'I~6CKOro M6TO,u.a, ll03B0Jlfl~H TIOCT8BH'l'b ~H3H
~6CKH6 rpaHH~HHe ycnoBHfl ~ aa,u.a~H Tpex TeJI, pemaeMoR B a~a~
'I'H~ecKOM 6aaace. 
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3q;q.6RTHBH06 .TI:BYXYPDBH6B06 Tip:l6JirB6Hl16 8,11.!1808TII!'l6CRDro 

npe.n;CT8BJI6H!'Jl 38~8'll'! Tp6X T6JI, llOCTp06HH06 B ~8HHOi1 pa60T8, 
CED,II.!1T KBaJ!TOBOMSXa.!Uiqe CKyll 38~-qy Tp6X TOJI R p6ill6HII!IO CHCTOM!:I 

.TI:BYX D6l:IRHOE6HHHX ~qqepeHU[I!8JlbHHX ypaEHSHflii. llOJIY~6HH8fl Cl'ICT6-
M8 3REl'IB8Jl6HTH8 l'ICXO,UHOii 38~'l6 C TD'lHOCTb!O 0 {_(2!,1)-2), B TO 

Dp6Mfl K8R CT8H.n;aprHD6 .n;ByxypODH6B06 llpi16JII1~6HH6 a~a6aTII!'l6CROrO 

M6TO~~ ~~.UCT8BJI.R6T II!CXO)J.HY!O 38.I\8'lY Tp6X T6JI JUllllb C TO'lHOCTb!O 
0 { (d,.) ) • 

TiocTpoeaaan crrcTeMa ypanaeaii!:M MDlKST 6HTb sqrfeRTITBHO ac

llOJib30Baaa ;Il)Ul p€lll6HKH umpOROrO RJI8CC8 38,Jr,a~ 8TOMHOfi !~ M630-

8TOMHOf: <[1131/lRii, B 'l8CTHOCTl1, ~ H8XOlK~6Hl'lfl 3H6prz:fi CBfl3ll ClfC

TSM!:I Tp6X T6JI H ~ D~MCJI6HilR C6'l6Hl'li1 p8CC8flHl'lflo BHllOJIH6HHH6 
H8MH 'lHCJI8HH!:I6 p8C'l6Tl:l TIO~TB8p~~8JOT 3TO 38RJIID'l6HJ16. 0600I!16Hl16 

H3JI0~6AHOrO M6TO.I(8 H8 MHOroypOBH6B~ CJiy'la:fi ll03EOJ!fl8T lll3Y'l8Tb 

B036y~~8HM6 8TOMOB TipH CTOJIRHOBSHHIIl C fl~p8MH, noporOBH6 Ill Clllll
HOEH6 a~q6RT!:I B T8RHX p68KUUHX H T • .n;. 

0CHOBH8R l'I~6R H3J!OlKSHHOro llO~O~a COCTOMT B npeo6p830B8-
HHH TIOT8HU!18JIOB :lCXO)J.HOH Cl'ICTOMH ypaBH6HlfH C USJ!bBJ COrJI8COB8Tb 

acMMnTOTHRY ee pemeazn c ¢•:3H'l6CRHMH rpaHH'lHHMH ycJIOBI!lflMIII aa.na
'lM p8CC6flHHRo AJihT8pli8THBH~/I2 , 39/ no~O~ COCTOHT E TOM, 'lT06H 

H3B6CTHHe q.>~3H~ecRI16 rpaHH'lHHe ycJIOBHfl c noMO:rtbiO acHMTITOT~ecRax 

npeo6pa30B8HHfi corJI8COB8Tb C 8Cl'!MllT0THROM pemeHHii k!CXO,IUiOH CHC

T6MH ypa:aHeamJ. TaRon no~o.n noanoJ!fleT CIUITb orpaaz~eHI'Ie 

rv (2M)-3 llO TOlJHOCTH, H MH paCCMOTpHM 6rD B ll::JCJ16;Izy!J!IIRX pa60T8Xo 

B 38RJim6HHe aBTOPH 6Jiar::>.I\8p!IT K .H • .IlaHHJIOBY, B.C.MeJielltHKa, 
ll.B.l1y3HHHHa, T .TI.IIy3HHIIlHY, JI.H.CoMoBa, H.<I.TpycKoBy, ,,,.n.<Iaii¢

r.taaa 38 p83HOCTOpOHHJOJO TIOMO!Jib H Kl.H.neMROB8 H Vl.B.KOM8pOB8 38 
TIOJI63HH6 06cy~~6HHR • 
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