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BBe;n;eHHe 

)J,BJX3JI8RTpOHHb18 8TOMHb18 CHCT8Mbl trayqBIOTCR B RB8HTOBOtl: M8XBHIH\6 
Ha npoTa~eHMM MHor.11X neT [I]. Ha.116onee T01.:IHbJe trMcJieHHhle peayn:oTaTH 
,II.l!R 8TOM8 reJIL:IR 0bJJUI TIOJIYli:6Hbl C llOMOil.\:010 B8pi181J;HOHHOrO ITO.ZOCO.zt8 C l1C
ll011:030B8HVI8M nepMMeTpHqecmu rtoop.IJ;MHBT [ 2]. O;n;narto rtoag)iJ;lHn;MeHTbl paa
noJKeHMfl BOJIHOBOil rflyHRLVUl B aTOM TIO,Il;XO,IJ;e onpe;n;eJIRIOTCR H,80,1l;H03H8qHQ 113 
pertypp6HTHblX COOTHOU16HHM. 8TO TIPHB6JIO R H806XO,IJ;HMOCTH BB6)];6Hl1R HOBbJX 
p83JIOA6HMil, B KOTOpb~ MCTIOJID30B8HM6 rMnepeWepHqeeRMX R00p,Il;MH8T ll03B0-
1IR6T RBHO Bbl,II.61IL:IT:O norapHqJMHq6CRY10 Oe066HHOCT:O B TOqKe TpOtiHOrO eoy
,l\8p6Ht-IH [3,0 . .IlJIR yqeTB napHhiX KOppe;rm:u;rri:.t SJI8.KTpOHOB B pa60T6 [5] 
6blJIO npe;n;noxeHo Hcnon:oaoBarn rHnepeqJepMqecrtoe a;n;Ha6BTHqeeKoe (HSA) 
p831IOlK6HH6 BOJIHOBOti !fJYHRIJ;VIH. 9TOT ITO.~XO)l; npHM8HRJICR ,Zl;l!R pe UJ6HMR lllMpO
ROrO Kpyra aa,IJ;aq aTOMHotl: WL:!aHkH 11 OKB3BJI?R oeodenno noneaHHM ;n;na no
HMMBHHR ,ZtHHBMHKH 8TOMHhiX e.HeT6M C .II.BYMH VI 60H66 81I8KTpOH8MJ1 (eM. o6-
30pbl [6, '1) • 11ellOJI:030B8HH8 MHOrOK8H8JI:OHOrO npM6JI¥IJK6HHH HSA-ITO,I(XO,Z1;8 
ll03BOJIH1IO Cy!l.(eeTB8HHO TIOBblel!Tb TOl.!HOe T:O Bblt{l1CJ'I6HL:Ifl Cll8KTp8 J'I:OHb!X X8-
p8I{T8pMCTl!l{ BTOMOB H MOHOB (eM., Hanp., [8-I3j). B p8M;H8X ,n;OeTMrHy
TOH TOqHQCTH (~ IQ-4 a.e.) He06XO,ZtMMO yqHTNBBTb M30TOITH1.!8e.KH6 awwa.K
Tbl, CBfl38HHbJ8 e KOHeqHOt:i Maecot! R;n;pa. B OCHOB6 YTIOMHHYTbiX Bh!Ule napa
M6Tpaaa~ail ne~aT rennoueHTpaqecRHe KOOPAHHaThl [14] (eM. pac. I), npH
Bo.n;H~e K nep8KpeeTHbJM qJ18H8M B Bbip8~6HHffX ,ll;nfl KMH8Tllt{8CKO~ 3HeprHM, 
MOM8HT8 MHepuMM ~ ITOJ'IHOro yrJ'IOBOrO op6HTBJ'IbHOrO MOM6HT8. KaK M3B8CT
HO, MCTIOJ'Ib30B8HM8 HK06M6BCRHX KOOp,n;HHBT [I5] ll03BOJ'IH8T yqeCT1 H30TO
UHqeeKM8 awWeKTbJ, HO HapyruaeT p8BHOTIP8BM6 TOXA8eTB6HHblX l.!BCTHD; ;zJ;JIR 
N-3JI6KTpOHHOrO 8TOMB, qTQ npHBO,ll;HT K CJ'IO~H~M rpBHHqHbJM YCJ'IOBHHM COOT
B6TCTBYIDmMX Kp88BbJX 38,ll;Bl.!. 8TO HBH1IOC:O npHqMHO~ TOrO, qro ,ll;O H8,ll;8BH8-
ro Bp6M8HH H30TOTIJ1t{8CKM8 3qJQJ6KThl, KBK TipBBMliO, yqHTblB81IMC:O TID TeOpLU1 
B03My~eHail [I,I~. B H6~8BH6M p860T6 [I7] paCCMOTp6Hhl MO~HWRUHPOB3H
HbJ6 renHOU8HTPHtreeKae KOOp,ll;MHBTU ,ll;JIR N+l qaeTMUy KOTOpbie no CYTH 
eeTD 6apHUeHTpMqecKMe Koop,n;MH8Thl Pa,11;ay [rs]: c HaqanoM orcqeTa, no
Me~eHHbJM B K8HOHMqec.Ky!O TQqKy Pa;n;ay-6apHD;8HTP B, nemamyro HB JIMHJU1 
OH, C061!'!HHID~eil H~po H C UOHTPOM M3CC 3TOM3 0 (CM. pHC. 2). Ha TOM"" 
1IHHHH ne~T n;eHTp M8CC N 31I6KTpOHOB D. llo onpe,n;eneHHIO BD eCT:O reOM8T
pMqecK08 epe.ztH68 HD H OD, T.e. HD•OD=(BD)2• B 3TMX K00p,Z!;HH8TBX npoMe-
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XO,Il;HT p83,11;8118HM8 N+l nepeM8HHblX, COXp8HH8TCfl ,l],t18rOH81lbHb!}f Xaparnep 

B.CBX ,1l;MH8ML11.l8CKMX B8JILitJ:LiH .11 p8BH0llp8BV18 BC8X N 3118K'rpOHOB llOCJl8 OT,I.(8-

1l8HMH U8HTp8 .11H8PUL1Li CMCT8Mbl N+l q8CTMU• 

B H8CTORJ.q8~ pa6DT8 BB0,11,11TCfl HSA-n_pe,ZJ,CT8BJJ8HI18 B 68p!i!l\GHTpL11.l€C!\MX 

K00p,Il;MH8T8X ,11;11H relli18llO;lt06HbJX CI1CT8M, B 1\0TOpO!,t TOqHQ ytr\lTblB8JQ1'CA 

a 

H 

( 

Q 

H 

PHC. 2. EapHueaTpHqeCKHe KOOPAHHSTH ell =3). 
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P•c. 3. Eap•~eHTpMqeCHM6 HOOPA"H8T~ (/V~z) B CMCT6M6 

tteHTpa Mace. 

R/R•Z 

X 

X 

PHCo 4. Bp8Ul810l1l8HCH CHCTeMB KOOp,n;HHBT XY~ 38,li;8H8 HB c!flepH46CKMX 

OpT8X BeKTopa R ; { R' 8' p } ( R; Sa - s,~) . BeHTOp 
'i ~ { ~. IJ', !P} (rt •- S/) aa,llaH BO Bpa~aiO~e~cH cMcTeMe Hoop

;zJ;HHBT XYi!. : yron. 'f - TIOBOpOT BOKpyr Z t OTCqHTbiB86TCH 

OT OCH X , yroJI '1J' - llOBOpOT BOKpyr 9 1 OTCtfHTb1B86TCfl OT 

OCH Z. , OCI:. fj nepn6H,ZlHKYJIHpHa llJIOCKOCTH Tpex 48CTHU. 
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rwppellHUHDHlibie 11 113D'.i'OTIH4eCK!1e Qlh\CKTb! B B'l'Ollle. PaccJ.torpeHGI pa:~mi4-

Hble CllOC06bl cj;lOp!!tnpOB8HltlR HSA-:383llC8. r.ilJ8/\llO:>KCll8 M.0Jl8KYJIH}:H8H 10!8CCVI

J_l11R81U'ifl H3A-COC1'0HHHVi, TI_i)l1B8,ll,CHW TijllWCpb1 1\0p~J8JIHUl10H!i!JX /~U<Jl']J8MM. ,LiO

HB IlOllHBR KJIBCCnJlHKBl(lllfl ji,.B8ii\,ZJ),J B03CiYIK.l\8HHb.!X COC'TOHHL1.i1 . .UBYXanel\'l'llOHHbJX 

Cl1CT8M. Ob!TI01IH8HO COUOCT8BJl8H!18 p83lll1l.l.Hl.JX KJ!8CCYJt!H1K8I~!10Hilh!X CXCB. 

P83lH1TbJ~i llDAXO,ZI, TipVJ1118H8H ,1J)IH BLil.l.l1CJlCH11fl :JHeprl'l£1 OCHOBHOI'O COCTOHHI1H 

OTp!tll.l,BTCJibHOro L10H8 BQ,ll.OyO,Il8 C Y48TOM IWH81.!HOi1 MBCCb! H.J(]J8. Y.VlCJl8HHO 

l1CCJ18)'.\0B8Hbl yrJIOBbl8 Vl ~J8)J..L18JlbHbJC KOp)CJIHl.l;11J!i. 11)CCJIC)J.OBOH8 CXO,ll.111JOC'rh 

liSA-pa 3 110/:WHVIH. 

I. EapHUeHrpwqecxHe KDDP.lUlHB1'bi 

P8CCMOTpL1!,J C!1C'l'8MY Tp8X KynDHOBCl\i'iX Y8C1'l1LJ, a, _i L1 C C 33PHli.8MVl 

Za., Z.1 , Zc. L-I Jo:l8CC8M!.1 M c '7 t1 a~ /1 ~ . by Jl€M ua3bJ38Tb tr8CTViUhi a 1'1 

,I 8JI8KTpOH8Mitl, a 48CT11UJ' C - H,L!,pDM. YpaBi!eHne Uli€/.\1-l!lrepa !(JIH Allyx-

3JI8KTfJDHHoro BTOi-.HJ ll 8TOL.IHOi·i CiliCT€M€ €,il,ii!Hl1U .e..:: -h. = m..t. =J. loiMGCT Bl1;Ll 

it 0f = t. Y it = c;.,. r. <n 

Sa ot.H. +11t cL0 /1i-111 
Ha+Ht 11a • Mt 

s, = .£ol1a -11. cL, Ht+ Ht 

M,. +Ht !1. •l1t 

Ro ,/: t 
,~,, 

.i.',l.lU 

# 
dp = (Mr/Mo) , M. = 11a +M"'+Mc f = <Z, /, c . 

J3apm.(€HTp.M4€CJ-WC KD0Jl,LI,I1H8TLI (5) VH18i0T I!IJOCTyiO l'80M8'l'1JH\!GCI\Yi0 VJHT8p

i1f€TCilHIIO (erA. J.IMC • .5). Jla Jlltlmt1tl, CO€,l.l~HIH!O~€i.i reJHiDU€HTlJ I-f~ C. VI q€HTp 

IoiliepJ..J,L-m 0 cwcreMLI a.lc, J3bl6Hpaercn gauomtqecr{8fi TD4KB Pa;n.ay B -da-

PHileHrp, JIQI{8Jilli38UV!H KDTOpOi1 OTIJ.!O;il.CJIHC'l'Cfl COOTHDlll€HIIl8M 
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TpOHHOro 8TOM8: 

R: s. 
st Rt 

B t t (3') 
R R,.. .. 0 . 

r~e 

••. [j.+' 

f.!< 

B= 

)
-< 

'[= (11. -Mn~ 1 _;;,· =,t..,.,H; -H; 
1 

i=:t.,£, ... ,/. 
Yp8BH6HM6 illpe~MHrepa (I) B KOOPAHH8T8X (3) C y~eTOM COOTHOill6HMH (~) 

npvl06peTaeT BH.n; 

ieY=6'lf, (6) 

(7) 'Y, _ _ Za Zc _ Z~ Zc .,_ Za z_, 
5

- /(i+[a)Sa +[1~} }(i.+{f)~r[•S:./ /S:. -~j 
'ff = (c~._<_i.)Mr/(M,. +M~), t=a,/. 

8p;€Cb MH yqnH COOTHOm€HH€ Me~p;y CT8H,ll;8pTHNMH renHOU€HTpHq€CKHMH 

'if = '{, - Rc , f = a, ./, H 6apM~eHTpH~ecKHMH Sp KOOPAHH8T8-
MH! 

( <ra) ( ! +(a f_, ) (Sa) 
'it = {a i+{J' ~ 

(8) 
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BH~HO, ~TO ~BH*6HH8 U8HTp8 HH8pUHH B raMMllbTOHM8H8 ~ OT~8JIR8TCH, 
IT OSTOMY ~ npe,IJ;CT8BHM8 _l. BM,ll.8 

6lf= R.x?[i~·R.} Y'C5a,sd . 
S;n.ec:D ~=!;,£/tMo + E , Fa - conpRJKeHHbl11 HMnynoc O'rHDCHTen:r:.-

HOro ,li;BMlK6HMff K:, U6HTp8 MH8PUVU1: 0 . l1p£1 nepexo;ue B CHCTGMY Li,8HTp8 

HH€pUHH 0 (CM. pHC, 3) HM€€M 

( 9) 

r~e 

He. = T + r8 = r + r (o) + b. r = H (a} + .6. r (IO) 

H ~) OnepaTop COOTB8TCTBY8T CT8H,ll.8pTHDMy r8MViJI:bTOHM8HY B Dp116JH1JK8-

HHH 68CKOH8~HO TfllK81lOrO R,ll.p8 [I]: 
1-1 (o):: r(o) + r(o}: f re~) r r(o) , 

(a) - .L. r (o) (a} -~ r - p <f ' Tq =-- (~Mp) L>s, ' f; crJ, 

CV"(o) . ,-,-f /""'/-< ,- _ -< (II) r =- Za Z, Sa - z~z • .>~ + z.z~ Sq -s~J . 
Tor,IJ;a nonp8BK8 A~ ' o6ecne~HB8W~8ff y~8T M30TOTIM48CKOro sw~eKTB, 
PBBHB 

.c. r = re. -r (o) = r... D. r,., . 
P=«,J' 

'Y' ( - ~ ,-1. - ,-~) (I2) 
flle-p=-ZrZc ISr~)fa.>a+,r~s.- -IS, . 

0~8BM,li.HO' ~TO ,li.068BK8 Ll. r K H 0 

np£1IBO,li.MT K Tpe6yeMOMY C,ll;BMry 

3H€prHH p83~€~HH€HHHX BTDMDB (C a) M ( C ~) , )leliCTBHT€ nhHO, MH ra-

MHnDTOHH8H8 paaMAHHeHHoro aToMa (e = t.. ~ Mp =i): 

H --(2m )-£L\. Z ,-,-< T(o) 'r.(o} (I3) er - r !p - " z, 5 r = "'! + "'f ' 

r;n;e mp= (1..+ H~-:L)-i - np~r~BeAeHHBfl Macca (e.p)..:. aToMa, cooTneTcT-

~ 

Lp =- j_ (ZcZe) mf = E(o) m 
~ 2 2n~ "P P · 

(I4) 

B paM.ttax npHHaTon B cneKTpDCRon~r~qecK~x pacqeTax TD4HDCTM ~ro-5 a.e. 

;llOCTBTOtiHO Bhl4£11Cm1Tb nepByiO H30TOTIH46CKY!O llOllpBBICY 

E - E (oJ ~ E r•> (1. - M -~) 
cr - ep mp "' c . (15) 

B RaqecTBe npHMepa paCCMDTPMM aToM (ca). Tor11a npH Sa/S~ <<f. 
Cllpane~nHBO COOTHOill6HH6 

6 



Vlcuon13YR pa3JiO/l\CHVle 

(:i+faf'-1. =- (2Hefi.+ O(H;t), (17) 

c T04EOC1':0JO 0 { M;t) fl0Jlji.J:88M 

L.. ror = _ c<~£)H;' ~t (18) 

OpLIM8Hflfl TCoper,ly l3Ylilfl8Jl8 £ rt) = rc~ [ l]: 
D. 'Ycr = - ( t1J1. 7' t) (19) 

(20) 

2. rvme pcg1e JJHG:e crw~i Bl!lW 6arHqecKni1 oa 3¥Ic 

Ilepexo~ or 6apHllCHTpll48CIO'!X r<oOp/.liH!a'r lt runepc(llepl<ltiecrmM ocymecT-
Bn7I8TCH C TIOMOtnb!O 38M€Hbl 

(21) 

B peayn1TBTe ra~mn1TDHHOH (IO) nyHo6peTae'l' DI1,IJ, 

r;n;e -1.. ,_. -1.. -(o! ,.._ V, := Vt;(.L,/Ja~,~)=~ V,(.t,1Jat)=£ (V +,d)- nonHaH no-
TeH~f8JibH8H ::meprHH, nonpanKa .& V = V5 - V(") onpe.neneHa B (IZ); lP - KB81lp8T YI'1IOBOI'O MOM8HT3 f -I'D 33161\TPOH<J, 

'IJO.t = a~uos(S:, ;5;//3;/IS(J) - yron Me;<Ay Bei<TopaMll Sa H s;. . 
RBHblLi DH;t.l oneparopoB noTem.J,H8JI1HblX auepr~1Li V (o} l:1 Vs nptiBC,ll;eH B 
nprtnoJKeHHH A. 

lloTeHI..\H8JJbH8H ::meprMR Ve. o6pBl!\8CTCfl B 6eCKDHGtiHDCT:b B T04Ke 
TpOiti:HOI'O COJ,ll;8p8HHR 48CT11U $(., ::.0 11 B TOtfK8X napHbiX CT01IKHOB8HH~ 
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(!zi) 1Yai =0 , o<>c£M, c£a~=a>cf-t{(M;/!1a)'/£), 

(ac) V'al = 7C , c£ =<iac , d-ac =a•cfJ((If!;t J.t), 

(/c) '1Yai = 1C , c£ =c£ lc , d-tc = autg({ ~:tt /:r-i) (Z
4

) 

BonHOBBH QyHI<UWH AByxaneKTPOHHoro 3TOM3 Y' E Lt { R; Ss{Q)} 
onpeAeneHa B o6nacTw {~,)2} = { 0~ ~ <oo, O~cu; .lij£, 0~ Bp;:tl, 0£, ~<;2?if«,~ 
11 H01J!·.H1.[JOB6H8 yC/lDBlil€M 

S~tJte/52 IYC~.Q)jf = i , 

h5 (~)<pj(Q;~)= Ej(52)<t(Q;£). (25) 

Co6cTB8HHLie !J)yHKUJ.H1 4'; r;oBnCTBopHIO'l' ycnommM nopw1pDBKL1 

<JIJ'>"'fJ9.Pj(9.;.12,)Pj·(9.;J2)=~j'. (25a) 

raMYill1TOHH8H (£!3) HM88T ,1.\M:CKpeTHhllA CTIGKTp. Co6CTB8HH!-.J8 3H8tiGHHR (rep-~ 

~bi) E,; (£,) napaMeTp;tqecJm aaBWCHT oT rwneppa11wyca fl·(M.s;+Htsi). 

-f VlCllOJ1130B8HL'l8 TOtlHb!X ViHTerp<JJIOH !.iJH1.JKCHViH - llOJIJiDrO op6HT8Jl1HOrO 

L H cmmonoro :f1 
:wMeHTOB, LIX npocrHlLIJ{, ML.. 11 Ms ua oc:o Z neno-

/.I.BM)KHOi1 C£1CT8Mbl KOOp,l.l,HllaT III flDJlHOf-1 li8TH0CTV! ftut l103BOJIH8T BI:Jn01I-

HJrTTb fi8pii,H8JI:bHblti 8H81Ul3 B np8,l.I.CT8BJJ8H~U1 TIOJIHOro M0l,,l8HT8 ,ZOlfl 38.Z1:8GJ1: 

(25). Or;a:eneHM8 qeTbljJCX yrJIOBbiX ncpeM8HlifJX ep' V:t.' p:::a, "· ocy-

li.(CG'I'B1IH8TCfl C ITOMOLQ:OIO POJJIOJK81Il1H J..ISA-lj}yJ-HCUl'l£1 PJ: (5(; Jl) no CT8H-

A8pTHllM 6wnonHpHWM raiJMOHI1J<BM '!/~:~~(s"'a,sf') E L1- (S"CSa)•St(S~)): 

P,;(Q;£)=fi P,~L(c£;£)Y'f,~L(s~,S~). (26) 

llo,n;craHo:sxa ~aano:KCHHH (26) B YlJ3BH8Hlt1C (25) VI ycpe;a.ueHltle no yrnOBb!M 

nepeMeHHbiM ,Sf' llpJIIBO,lJ,ltlT I\ C11C~8M.e 06b!KHOB8HHb!X ,ZJ;VIW!J!epeHl~lt1811DHb!X 

y paBH8Hml AJ!fl I<03<DijJWUH8HTOB If.}'~ (,c · f_)= s4t.i.t:o.Sol. plj~ (,< ;J.) 
(j) f t • ' 1 • 1 

~MJc£;.£)E L (S (oL!): 
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[ 1!:..._ IJ4+£) _ 4&4+t) -z£.!i£t7~t,(jJ {.t·.£)+ 
,J<~,£ cos fee sin.l·.t ;j l· J J t.t~ ' . 

+ ~ >,; Vt.1, t.'-tl (.o) <t/1_, w; £) = o , 
(27) 

# .fa<-' 1 a~ 
r,ue ..C.p - op6HTBJI1Hbii1 MOMGHT p -aneKTpoaa. BhlpaJKeHHR ,IJ;JIH M8TpL:tl!HbiX 

3Jl€M6HTOB Yia:Lt,La'L~' (ut.) npHB€,U€HbJ B npHJIOJK€HJ1£11 E. CMCT6M8 

,ll,l1l~(l}epeHUH8JlbHbiX ypaEH6HMti (27) ,l:t0ll0JIHH6TCH rpaHHl!HhiMH yCJIOBHHMH [5]: 
(j) 'f1• 1, (o;£) = o, 

u/J) (;r.t,. 11) _ t: ,,t.+S+.t. +~-' t/J(j} /;t[Ji .. t!J) 
Tfall .,_!.,,Vt - ci_./ T.!.tLa L·lf~,.:x I 

l'ff!k (d;,&) I =-i L,+s+t,. +.t,+i llfifj.{;rh.-.t.,£) 1 <
28

) 
Jot L'% E) llol ~,,.-;1' · 

B KOHKpeTHWX pact~:eTax orpaHHlLV!BBIOTCH nepBbiMH ~ :::. ~ (La:,~~) 
qneH8MM B p83ITOlltOHMM (26), qTQ llpMB0,11MT K Kp88BO~ 38}18qe (27)-(28) 
,unR c~cTe~rn )V~ o6biKHOBeHHhiX ,IJ;M~epeH~L:taJibHhlX ypaBHeHHM. B HacToR
w.ee Bp6MFI l1M€JOTCH YHL'IB€PC81l:&Hhl6 ll8K€Thl nporpaMM HSi~ .. TOM M BCATOM [20], 
1103BOJIHID~l16 H8XO~HT1 peill6HHH Cll6KTp8TIDHO~ 38~8~H (27)-(28) C6TOtiHMMM 
M6T0~8MH C 38~8HHO~ TO'tiHOCTD!O. 

PemeHMe HCXO~HOA CllGRTp8JIDHO~ 38~8tiH (25) MOmeT 6hlTD TBKme pe8JIH-

30BBHO MeT0,110M paano~eHMH no no,11X0,11R~eMy 6aaMcy if.>j"1 (Q) ELf ( SS') : 

. Pj CQ:f)=f,g/P(£)Pp(Q) . (29) 

81(805 /fj({J ( JZ) - K03<ji<jiMUH81!TH, ll0,11nelKBI1Ul8 onpe,11enaHM~ M3 COOT

B6TCTJ3YIOll\6t1 (25) 8llre6p8Mti6Cf\Ot1 38,ll;8tiV! H8 C06CTB6HHbl6 8H81.!6HMH; 

F { <il he,(f)/j')- Ej (£)~j' }J:P (£)= 0 (3
0) 

B R8'ti6CTB6 T8KOrO 688MC8 6CT6CTB6HHO MCTIOJID30B8Tb RMHeMH~e KOM6MH8-

P(o) ) - Z l..(j) 
(3I) j (Q -fL /,};;:<; X p X (Q) 

cTaH,11apTHbiX X -rapMoHMK cp x CQ) Ha L. 2 (SS) - coOcTBeHHHX 

tl)yHK!\MW onepa!..?pa rMnepMoMeHTa :JC t [ 3]: 
:tt.px(2)=:K(Xt-0Px(Q), 
Px(9..) = 4>M • .t,(ot)~j;";.~ (.S.,s~J . 

8AeC5 X= l);:.t,t'1 } - IIYR1TMMHAeKc, X=t'a+.ts + tl.
r:vrnepMoMeHT, l =0 ,I, • • • - qHCJio ysnoB 11 KB83Mpa,1l;ua nvHoti" WYHKnMH 

·4> o~.t. 4 ( cC ) no nepeMeHHOli cC : 

9 
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A.. I. f. {4+</L,.t'.•¥.<) 
't'u._t, = !lu._t, sm ~cos ~ Pl r~t.c) , 

~ _ [Hti+.t.+-lt+t)r(i+J)r(b.t .. ·.t~+£) 1,, <33 ) 

~t.l.r n i +k + 3/t > Nl.+ £, + 3/t ) J 
( .t, +i/.t, /.•</L) 

lf/,.t,.ft- HOpM•poB0qHW£i H03iJ!W•u•eHT, pi (tP.~-!.t) - f!On"I!O" 

HKOC5H. l1o;a;o6Hblt1 anre6yawl!eCKHi1 no;n,xo;D. pem:u1aooaH B padoTax [c.r]. ,LI.JlR 

YCKOp6HHH CX0,11,.11MOCTH p83JIOiK8HHH (29) B 8THX pa60T8X I1p8JJ;1lOlK8H8 113B8-

CTH8H npou;e;n,ypa BhlCiOp8 rn8BH01i OO,llllOCJI8,1:\0B8'l'81l:OHOCTVJ nO KOpHHM 

Y = Y(./4 , ././) anre6paH't!8CI\OM aa,IJ;a't!H (30) np:rr (k1WKC!1poBanHoM 8HBI.Ie

HlUI nmepMOM6HTa JC . YRaaaHHaa npoi.J,e:n,ypa npen,n;HaroHaJuiaaLUH1 HBJIH8T

ca H606X0,1U1MOlii np1r1 npOB8,1.1,6H:LH1 KOHKP8THbiX p8C1!8TOB 1 llOCKOJIDKY .Q83JIOlK8-

HH8 ITO CT8H,zr.8pTHbiM .7C -r8pMOHMJt8M 1 K8K IIJ3B8CTHO, M8,ll;JI8}IH0 CXD,1])1TCH [ 6, 

7 ,22]. C YB8JU1l{8HH8M I. CKopocT:o CXO,ll,HMOCTM.K8K MB'l'o.n;a Z -rapMDiutK, 

TSK M yKasaaaoM npoue.n;yp~ c npe~.n;MaroaanMsauMen; na~aeT. llpM 6on1lliMX 

aHaqeHHHX ~ cne~yeT HCUOR130Ban i\pyroi1 oaaMC p'~ (Q) €. L f ( S S )~ 
.-L2(St.J(S3), aneMeHThl KOToporo npM £_,.. oo ·nepixo.n.HT B BDJlHDBble 

WYHRU"" paa~ei1•HeHH"x aTOMOB ( pc), f = a,/ 

r)1e 

P1,(Q;t)= f. fiif1(&.)1?/~(9.). 
p(•) (Q)_ L a(j) If, (Q) 
Jrl: J-fn1,Jml}en '11r '1/f ' 

(34) 

(35) 

tt71P (9) = lfn~) y., JJ) ~/:.~~L ( <P, e, Y') , (
36

) 

$,~~. = ~/::,M" ( P. @,If)= [{£1. +i.)/it":1L £(1. .-},;..)] ~. 
{C-J.J"' [)~MJ~@o)i"'if'+ 6 o_:,.,. (<P8o)e -imY'] , 

,u=zr..--rc, v_;"'r -i!' 2="-r&>se,./, 

'f/t;\/•,v)= (Z,;fr> C,,n.m 'f...m(-z.:;zl)«j/f,.,.. (Zt:..Z.•-0· (37) 

C,.,..,_, = fin,j[(n,+lmO!T
1
n2 ! [(n.+!ml)tr'}J/1, 

'fn1 m. (x) = [(nj.,. fmi)/T' ;r:/ml/£ Uf (-x/J) L;:;~m/ (x?, 
X~,fA.Y, n:=. n:J_+n,_+m+1.' nan', m'-.m, nJ:!Itj, r=J.,£. 

3;n,ec:& f~~ (.1.,) - KDS\{l\lJMUMeHT~, no.n;JielltautMe onpe;n;eneamo H3 co-

DTBSTCTB$rome~ (25) anre6paMtqeCKO~ 38A8qM H8 C06CTB6HHhl6 3HaqeHMH 

f { <j I kB (~))j'>- Ej (~)f,;j' g.~ (fZ) =0' (38) 
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I{~ ::. { rzi, n[ 1 m f J - ~~lYJI:OTlU!H,llCKC, nf := n_ - rnaBHOG KB8HTO.B08 
ttl1cno pa3'bB,lllt!HeHrJOro 8T011ia, Pj.'J (52) - npaBit!JibHbre ltYHKU11.11 HyJie-
noro IIp~!Dmt~eHHH, ?fn.~J 0, v ).L%p{tiltl.f}/Yii?- K,YJiDHOBCKVl~ nap~donw!!ctui::., 
rbyl!KU(111 B MOl!EKYJiHPHO!-l C;.ICT8!W K00f!Jili[H8T ')(tt.:Z: ./!.,_ =: ee .£1.L::; .ex... ~~ - <J I <'f /ln./ '¥ 1 ..eo!=- .e.R. (Clll. p1-1c. 4) _s nJ:)C,l.lCTOBJienvm nonnoro r.lOM8HTa L, Lk.,_1,.d (:r) 
- nom'!HOM Jwre}lpa, ~~~t.. - cm,ut.eTpl130B8HHaR £:; -:J:lynJ<UliiH BMrnepa 
[IS'], 111. 11 ML. - cuc5c'l'HCHH6JC 3HBtiBJ#IH llPJ,_GKitviLl L. z ¥1 L z onepa
ropa l10JlHOro op6!1T8JIOHoro !.1DMewra L = La + .z; Ha MOneK.)'JUIPHYIO 
Z W <[IHKC"i10i38l!HYIO 2 OCH, ). = 0 (-i)L "'fi/"=(-i)~••-«,:fC W b=:t,[ 

- coOcrnemlbJe 3H8ttG.tum onepa'l'OfJDB P to-t - noJinov; l.iCTHOCTM 11 P,y~ -
O'l'_!J3lf:CHI1H 13 UJJOC!\OCT\1 )f~ £!.0JieKym=rpHOJ.i Cl1C'f8Mbl KOOP,ll;I-IH8'r: lf_,.3L- ~ 
(ct"lo .lJHCo 4)o 13BCJJ;8HHbJ8 1\!Wli'rD.BLIG tn;c;m { L M L. b} AB::IRiOTCH 'rOl.!
Hl>Jli!Vlo CydleC1'B8HHOI'O YCl\OpeH~H CXO,l.liHiOCTVI .[.'8JJIO:tLCtJtlH (34) MORHO ).(0-
CTm,HyTI. C J!OMO.l\110 fl.tJOU€Jl:J,!)bl npC~,IJ,H8f'OH8JHI3GU;.H1 - Bbi00pOM I'JI3BH011 
l1D,llnOCJI8,1J,Oll8T8JibHOC'l'YI 110 KOflHHl'l'l <f' .:;: 'f (l"l$.,1YZ) 8JII'€dp8Y11.!8CKOi1 38,ll,8-
411 (3tl) np11 1\nlKCVIpOlWUHOM 3H8ti8H!>'IU I'JICllH!Of'D l\B8HTOBDI'O 4l!JCJI8 Y/.. o 

2Bo j{JJ8CCL:Htll1!\81.l,.LIJ.A CDCTOilHM~l TIPM !(- 0 
I1p.11 !(_- 0 COCTOHHHA I!:.if,-33,LJ;81HI (25) X8.LJ8KT8p.113Y10TCA !!GdOpOM 

RB8HTOBLJX 1.j~JC8JI: j = { L M L.. «"X} ' f',IJ,C ;tL =(- i.) ..L .. + L~ -ti8THDCT:O, 
a rvmepMOMCHT X 4JHKC~ipyeT 3HBtiCHl1e ll8Hrpo6eiti:HD1l sHepnut 
Ej': :!C(Z+o/ )/i1!. t. B orcyTCTmie B3&0IMOJ!cliCTEHH op6wr8l!oH'e 
MOMCHTbl 3Jl6KTPOHOB ..e:. VI 4 ABJifBJ'l'CH XOp01Ul1MVI KBBHTOBbiMVI 1.JI1CJIOM.l1, 
'l'o€. flO Hf'IM ecn, .l:ll>f,P0Ji(,l.(€HVIe UpVI l(iHKCVI}JOI:fOHHOM 3H848Hll11Z o flp11 BJ0l!\)1.JC
H!tl\II B38HMO;~diCT.B11H 're, EbllJOJK,Il,8HIIe Cl!HMGGTCHo 'i'Ol',48 B JW"tJ:€C'l'£iEl npa
.lH1JibHOJX (},yHJ\Hl1W nyJHmorO fll]M6JUDi~61111H 8CT€CT.U8HHO t·!CH01Ib30.G8TL lUIHCli
HY" KOM6WH8~MID (3I): 

0(£) (40) 

H3 COOTB8TCTBYJOW,6.1'0 C8KYJJRpHOrO Y.fli.lB!ieHVIR 

TOI',I.\8 COCTORHHH HSA-C58311C8 X8!)8KT€PL13YIOTCfl uaOopOM J\BOHTOBbJX tJMC81I 
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j = { L M~tr:X)!} , r~c sHaqemm Y = V ( .t'a, £,) ne,;m<:;i.!CpoB"'"""" 

B nDiJHA.Ke BJ3pacTaHI1H i\OpHH E }1.) CCl'>YJiiliJ!Ioro .Y.PDBi-i€1-iHH n1m ,_:·:.mC1)IliJ-

B 8 Hrlb!X { L M l. :r.; .'K]. 
KafC fi0K838HO B ,P8ciOT8 [c:.3], 00ii,i8H KJJ<:lCC~h;JiK81tl1i-f COC'l'ORJ-mii T.[-16X

li8CTH'4Hb1X C!1CT8E B H::;;,-flj)8}J;C'I·OBJlGHVil1 OJ_(ll03ll8liHO YCT8HDl:>nL1B<:JB'i·Cn B J.10-

l18KYJl.R.pHOti C~1CT8J,;e KOO_iJ.J,flH8T. ll,i.iVliLitli:1:8H l!O I3HW.r,8Hli1C i:JTO OliCTOhTCll.:OC'l'l:l0 1 

npeo6vaayeM BOllHDByiV ·:;;'Yii.~il,mJ yLf1L7C (g-a, J_,) J\BYX.:Jl\CHTpOili!Ol'O 

arot.:n, aa.a;aHHYJV n cMcTeMe KOOiJ,L(l1H8T X Y Z c HllttBJIO!·:i H l'Olii\e B 
lll (,illllKCir1pOB8HHOl-i OCbiO z 1 B !,JOJlCl\YJiflpHj'lO - Xjr.. 0 OCb!V Z 1 C08.£l,lllHHIO

tll8i1 aneKTPDH I c aneKTpoumJ a : 

bM~. L '),/' Lo 1. >. . 
Y (5 Ss)= L. I/m/ (£.,«.,1J')2J,mlMJp,8,1f) (42) 

a, /,.l=(i-oJJi 

3J-i8Cb Y/" - BOJIHOB8H WYHi\I..;,WH tlBYX3JJ6K'l'pOHH01'0 8TOM8 B M0l161{YJ!flp-

'· In/ _, - _, - - - . ) 

110~1 C£1CT8MG fWOP.lU'IH8T .ex = .ee ' .e~. = e~ I ez= .ell (OM. Pi-10. If • 

t-IanOMHI1M, l.J:TO 1\BBHTOBbJe qVJCJ18 { L 11L. o} flBJlfl!OTCfl 'l'Ol.JHblMVJ. llepexo,LI, B 

J,\011CKyllHpH08 lliJ8,li.CT3BJI8HW8 fl03BOJIH8T Oll1l8,li,8JIL1T:O I(!.J3'l'HOCTb Bb!POIK1J.8W1H 

no .ta 1tl .,!~ npw q;JWKCi1pOB8HHblX 3H8l.J:81H1HX TOl.J:HbiX { L HL o} w rrpt1-

6n£11Kermoro J{ = Xo KBSHTOBhlX tJ:l1Cen. 3aMeTIIiM, YTO nonHaH qeTHOCTb 

>- = 6' (-1.) 4 = (-J.r~:. . TaK, ~nR cocTo"""i' c 6' =+I >~Me eM X= L + ~· • 
r,T-(8 S ;;:Q,l,2, ••• Vi HfJOTHOGT:O Hb!p01K).l.8Hl1H )Jf'na!X.. llO ~ M ~.( p8BH3 

Vma,; ={S+i)(L+i), a Ana 6'=-l cooTBeTCTBeHI!o: X= L+LS+,/. 1 

r~e1 S=t,2,... " Yn<w.>: = L (sn.) . llp>~ cyMM>~PDBBHM>~ no-t: " 
Lt B cer\ynHpHoM ypaBHeJJwM (41) cnelly81' yl.lecr:o ycnoBMH: 

6":(-:!.) 
I ;I 

L-/a -~, 
(43) 

V!T8H, B Jo.i0118KYJlflPHOr •. ; Jl~)CJ!CTOl3Jt8Hl1V. HD3Hl1K8CT O/~H03HOYHIJH KJIOCC£1lPV.K8-

Ul.Ui COCTOHHHM j :: { L M J_, f) X y} 13 Of\fJ8CTHOCTVI J{31IOHl1\.fCCKOi1 TQqK£.'1 

Pa~ay~ = 0. 
fi.QH nepeCT8HOBK8 T01t.,LI,6CTB8HH1:..1X \.f1JC'rL11~ (), VI ~ (;:Uleii::q;OHOB) MM86T 

M6CTO 

(44) 

l\OT0i)06 Ci!fi3bJB881' q_., (1..J:6'l'Hb!C) ~ U (H61..J:8THbl6) MOJICKyJIHpHb16 COCTOHHVIH CO 

3H81..J:CHt16M emma as= s: + S/ npl!l I,(JlH\CV!lJOl:BHHLJX 3H8\I6HJ.1HX nDJIHOi-1 

tieTHDCTH A ;;: 6 (-i)L = :1[: • 3To no3nDJ1HeT np11 tj;l1KCJ.1poBoHH1lx sHaqe

mtRx S .11 A yK8381'D tlOilDJIHV!'.renoHyiO ff J.1Jit1 U qeTHOCi'O 6a3i4CHb!X HSA -

~YHK1U.f1l. TeM C8MblM OTTI8,ll,88T H806XO;Ll.l1MOCTb BBO,ll,l!JT:O ;Ll.OTIOJ1HHT8J11H06 KBBH

TJIBDO 4>~Cno A =171: {-1.) 5
'

1
"" 1 [24,2'], nocKORhKY /Jnl- npoeKI.\>IH 

L na MOJieKyiiHPHYIO oc:o ~ HC coxpaHHeTCH. Ta1o1M o6pa30M, nonHaH sorac-
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Cl1\iJL1K8~HR HSA-6aaHca np11 /1 =0 O.l\HOaHaqHo onpe.n;enHeTCH HB6opoM KB8H
TOBhiX qllcen j = {L ML:w.JCJJS](p)• 

26. KJI8CCHt\JMK8l.l;VIH COCTOHHVI~ llPH !IL- CO 

Mccnc~oBaH!le BC!lMnTOT!llt TepMOB !l cocTOHH!lil HSA-6aa!lca (25) )(OCTa
TOqHo npOBCC,'ll AJIH raMllH>TOHll8H8 H(o](II). llp!l STOM B03MymeHlle A r (I2) 
MOmHo yqecrn, npwMeHRH TeopeMy BHpHana (19). PaccMoTpHM .n;na onpe.n;e
neHHOCT!l p83bCAllHCHH"ll aToM (C,f=tZ) c aapff)(OM >mpa Z,_:Z B no
ne y,n;8l!8HHDrO ~:JJieKTpOH8 .I . ITpH /l - 00 M01I8KYJIHPHYIO OCT> KB8HTOB8HHH 
i!. MOiiCHO Hanp8BHT:0 BAOJID B8KTOp8 7[ := s~ J.1 Bb16p8T:O B K84.8CTB8 H8-
38Bt1Cl1.Mb!X nepeMeHHbiX [26] 
i=JZ~ , .f?_ = v'j'R=(R£•sfft, ;r'=D(&<P)sa/£. ( 1;5) -_, ,() 

KOMTIOH8HTbJ B8KTOpOB "t J1 f}V onp~eJJ8Hbl BO Bp8U(8JOLI.(8iliCf1 Ci1CT8Me I\00p-
,LJ,J1H8T c oc:o10 i.! , HanpaBJI8HHOU no R-=: R $p, , H OCHMH X M y t Ha-
npamieHHbJMH no C!lJepvrqeCKHM opT8M E9 H e~ . ITepexo.zt 113 H8UO;Il;BHJK
H0~1 cHcreMbi KDDPAHHBT XY Z BO BpamaroLI.(yiOcH ocymecTBl.lHeTcH c noMOII.l:OIO 
MaTP!l~w noBopoTa D(fY<P) , onpe,IleneHHOil B [r9]. YpaBHCHlle llipe)(l!Hrepa 
B 8CT8CTB8HHblX nepeMGHHbJX (45) MMeeT BM,ll; 

H?f=EY, H __ .LL2._£s2__ + h(~) - 2 ~s ;)/(, ')£. P , 
rile 

h./1-)=- i 1: ,1~, +p'l~v,,-rV + .f 

y: .fi_ (-...Z... _ L + i ) .J: (:t.+~'t) :;z z' J!. J"i'- -e 1 • -· ~ ilepeli.ueM OT B011HOBO~ il)YHK~MH Y' K 'If =' J j?_ y 
HY=EY: 

H ~ -{~ + _,z_2_J + 1: + LdJ-2 ;;.;_ .f<, J/R. p 2. ~ 1 " p~ ~} -t z-nr=-y -yL\~, +.li!-() o + J L -£ ,L - L.t/ 
(o) JG £.££ £ ' 

, Tor.n;a 

(1;6) 

(47) 

(48) 

Q =- (.3/£ +e. v.) . 
llp!l STOM C06CTB6HHb!€ IjlyHK~Hll lPi.p ( Q j $) raMHJI1TOHH8H8 h., 
HOpMllpOB8Hb! C 3JleM€HTOM 06beM8 ofQ = JRf ./"z' SineJ,/@,{<j. , 
a nonHb!li sneMeHT o6$eMa el?i = of£ ,IS[. llepeil!leM OT 6eapaa-
M6paoM nepeMeHHOi"i -;;:~ K 7{ = ~ '1(~ , TDr,n;a 6CHMTITOT:J.1qecKJill ra-
MHl.lbTOHH6H 1:., c TD'l!HOCTDJO .n;o tiJieHoB O(!l-~) nepexo.n;HT B raMV!JI:oro-
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( 49) 

(50) 

r~e 

K(•J = -1.- [{if v'l) + z ('!· V'l)] . csr) 

PaccMoTpHM acHMITTOTHKY Te pMOB E,; p ( ~) H yerneHHii tP.:p (Z,B~; .f?) 
ypaBH8Hl1fi 

('>2) 

"'-~ 
McnonnayH pa3nor.r;eHJIIe raM:I11lDTDHJIIaHa (49) no o6paTHbJM creneHHM ~ npJII 

~-! J. >> i. 

h-as= hf9)_ (z-1..)!2-~+Vrt)J-t + O(.R- 3
), (

53 ) 

r~e (•) 
h = - !;J 4;; - Z/z , 

V (t) = Z - Z £A'!: - ~h Z ~ + t Q &J - .3Ji , Z = 'l cos V;., , 

6y~eM HCK8Tb perneH•n (52) B BH~8 

E· f£) = E :·> + £0-J,f)-! E rtJ,{J-t. 
<f \' <P ip w + ip .N + ... 

i!J?,_,(Q;!?)= p~(Q) + ~-.<P1)(9.)+ .. . , (54) 

(o) t /. t (?.) ( ) :.,(o)(r>) 
r,n;e E,p =-2 /£n , E tp ==- Z-.1. £II 'r"if ;,c. - coorBeTCTBeHHO ::mep-

rmi VI npaBVJJIDHafl !i>YHKI.J,HH HyneBoro npvtC5JIJIDKeH¥Ifi SToMa (cp) c \l)WRCHpo

B8HHbiM rJI8BHhJM KB8HTOBbiM 1.J:HC1IOM n . ,1lllfl TIOCTp08H1-1H KJI8CC.IIIc_ilHK8U111.f 

COCTOHHJII~ H606XO,ZI;HMO Yli6CT:O B p831IOJIC6Hlr111 (54) 1.J:l18Hbl ,.._ £-1. , KOTOpbHj 

0Hl1M8IDT KYJIOHOBCK06 BblpO~,Z1;6Hl16 B CJI08 napa60JII11.J:6CKJIIX COCTDHHJIIM 

ln4 n£. m > c ¢lHKcMpoBaHHbiM rnaBHbiM ttBaHTDBbiM llHcnoM n:: n~ + 

+ Ylt +f7t+1.. 
1
m E Jmf • 8KBHB81leHTHblfii OOepaTop, C00TB8TCTBYIOIIU1i.t B03MYiJJ,e-

14 



-J.. --L - tJeL (55) 
fl, 

3.a.ec:o A E - npoeKu,HH iW oco z BElKTopa PyHre-JieHua. Co0cTB€HHLJe 
"""(0) 3ll8\l€H~Jri H COciCTB€HHLi6 '~YHKH~B1 Oi\B}:ilOJl8HTHOrD onepaTOpa .A npe.a.CT8B-

Jlri!OT lilCKO:.lb!C nonya..tncH E f;) n pa3no;~:emu1 (54) li rrp8BUJIOHb!€ ~;yHKWH1 ,;;(o}C'") < , " HYJlUBOl'O l1J.H16JLVDKC!I]IJH "t:,·p J(; • IlDC1Ie,il,HHG vY/J.6M HCI\8Tb B B>J.ll€ JUill€1lHO:W 
JIOMU;mau,mt 

(o) m.in(L,n-i) 

ip ip (52) = L. 
"'-=(i-Gfi ":=0 

1,PLrn>. ;, ) (o) ) ,.,L.>. (""' ! "-•"•"'- \Q = >t',.n,m (,.u' )I cUm 11._ '±', 9, 'f) 

n-m.-1.. 

L. 
(56) 

, , i 'f (o) ( ") KynononCKHX napaoompteci\HX Y:JYHKJJ,i:l'l. nJ.n.tm ,.u, y ~ ~=Z+Z,Y=z-z, 
no Bpau(aromeioicR c~c·reMe KOOP/J.HHaT B npe.n;cTaBneHVIH noJIHoro MOM€HTB L . 
Koalj)(j.JV!UVl€HTLJ a ;~nt. H8XO,lJ;HTCH VI3 peweHllH CeKynHpHoro ypam-reHHR 

,..,{2.,•-t) n-,.,-< ~ (J.) , 
L L: [<n,n,mLML>.llir }n~n;m'LH~.~)-E, [ .S: JaL!' =;0.(57) m'=~-0~ nt=O f n,n, mrn n;_m 
8.ll€Cb COCTOHHHR X8p8H:'.r€pVI3YlOTCR H860pOM I\B8HTOBbJX l.fL1C€JI t..'p ; 
i = { L H~. on 'f} (}.) , rAe 3HoqoH"H cj HyMepy~T B nopHAKe 

noap<3CT8Hl1R KDPHH E ,:p ccr<ynHpHoro ypaBH€Hl1f:l. (57) npvt tlJVIJWMponaH-
Hb>X L M L).. n . llpM L. ~ n- :£ ""CJIO KOpHeh (5'1) pBBHO n ~ ' npMqeM 
n (nH)/£- MMeer qerHocn >. = + (-:t.)L. , a n(n-:t)/£ 

_A : - (- i) L . ITOCJ1€,li,Hl18 Bb11JOlKA€'Hbl C COCTOHHVIHMVI HPOTHBOllOJ10JKHOi1 
qeTHOCTH. TBH:V!M o6paaoM, ncero l1M€€''l'CH n (n.+.t.)/2 HeBhJPOJK.lleHHbiX 
KOpHeH (57) npM WMKC"POBOHHWX L ML n (CT8liA8PTHOe (£L.+i) -Kp8THOe 
BbiPOlK,li.6HVIe Mt. ocraeTcH). PcwaH ceKyJlflPHOe Y!JOBHeH11e (57), noJryqaeM 
Bb!pB:<eH•e ~RH TepM8 (54) C TQqHQCTh~ 0(~-t) • 

Q(o},. ilpVIHMM8fl BO BIH1M8HHC, l.lTO M3'l'Pl1tJ:HbJ8 8118M€HTbJ DnepaTopuB .. , 
K(o) B ypanHeH"" (50) paBHW 
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3;nec:o Ap - co6CTB8HHoe 3H81{eHne ollC,[JOTopa 

(60) 

- ,l(MllOJI:OHOrO HHTerp8i13 ,ll.BLI!.lir:81HJ:Fi (2? ,2.t3]. ~JIH i>"03'I>8,ll,Hil8HHOrO 8TOM8 

( c 1 p ::=:.C) c 38.tJR,l.lOM R.a.pa Zc =:=. Z B HOJie 3JICI\TiJOHa a, cnpa.Be,LJ.-

liMBo 8H8JIDrl~1!HQ8 llp8;il.CT8BJI8HI18 • .b 1JC3YJI:OT8T8 MMC8i,,.\ IIOJIHY!O IW8CCJ1tj)I!!K8-

~>IID COCTOHH~ll HSA-Oa3>!Ca ip = fL H~ onp 'fpS },; • f=a,~ • .<~ fi (-£l'x. 
COCTORHHR p =a,./ B llp8,ll,81I8 p83'b8,Zl;MH8HH!:JX 8'l'OIAOB Bbli-Oli\;ll,CHLJ TID 'Y:CTHOC-

TV! p=j,U. fiOaTOMY .l(l!H OJH1C8HVIH p8CC6f!H1Hi JJJeK'rporJO H8 

H011 8TOM8 8CT8CTB8HHO nepe~iTl1 K (a
1
.i) -npe,ll.CT8BJI8HV110 

fa.)= r<f£(tt>+ tu>), 

I-I)= 2-f/l(lff> -}u)) 

2B • .n:oppe;mrmoHHLie AlrlarpaMMbJ 

O,li.HOiU8KTpOH-

(61) 

TI01IH8fi KJI8CCM(j;l1K8~MH #SA-coCTOTJ.HMLi onpc.n,emlCTCH CJI8,llyl011UI!Ml1 HOCiO

p8MM nBBHTOBwx 4Mcen: {LM._u.-:fJ!Shp) (np>~.£-o) w {LHL%np'fpS}<p) 
(npM Jl- oo ). U.p11 rJll1KCl1pOB8HHUX 3H8'!8Hwnx TOl{HbiX 1\BBHTOBhiX '!Moen 

L, S 11 :Jl: Her nepeceqeHnM repMoB u cy1;~ec1'BY6T o;nH00HBqHaH CBRS:b MGJK-

7J.Y H860p8MM {Jcyf H { nq,} • ilD::JTDMY HM80TCH H8l'Jlfi.l{H08 COOTB8TC'l'

Bl16 M6JKAY Kli8CClil(IHK8J.UIJ8iti COCTORHHM {ncr } 1JEl3'LB,ll.lilH8HHblX 8TOMOB 

( /(..- 00) C CDCTOHHliJHMH {JC )I} B O!<:p6C1'HOCTM TOttHH Tpo~lHoro coy

,li;Bp6HMR (It -0) . 0HO yCT8H8BJ1t1B88TCH C TIOMOl!\:0!0 KOppeJIALI,HOHHbiX 

,LJ;HarpaMM- C1J6.BU8HH8t.l T8pMOB, ll01IYti8HHblX ITO Q;OpMyJ.lBM (40) (ft-0) H 

(54) (/<, ~ oo) C t!HCJI8HHbHAlo:1 T8pM8MIIJ. Ha p!1C. S CXCM8'l'l'P-iCCl-<:11 IIJ30c5p8iK8-

H8 KOpp€JIHLI,loiOHH8H /H18rp8ii\M8 ,LI)lH l S .e ( p:: /') COC1'0filmiil 7J.BYXS1I8K

TpOHHbiX a•r·oMoB. J,:mmo yc•ranoBwr:o T8Kli'e cooTBC'rc'l'BVIe MGIKJlY H5A-KnaccM

~~IIJKauwel1 qepes i ::{XY} CO CT8H,n:apTHDi1 8,ll,W.:J08'l'HY.ecKot1 i = {/v'./tn} 
[19]. 3)1,800 /v'- rJIDJ:mOe KB8HTDB08 ql!fCJiO B 11,l)C)~8JIC 06'b8,1l,l1H8HHOrO 8'£0-

M8, a t =-fa = -"t . 0TDlK,ll,8CTBJIHH tlltfCliO Y3JlOB I, no ncpeMeHnoM: ot c 

iHl,li.~WJ1bH!>IM KB8iiTOBi.:JJ,I, tlVlCJIOM nz == #- L -1. ' fl0J1J'1{88M J{ =£{11-1) 0 

1 T<.:J6JmLI,e I BblliOJlHeHo conocTaBnerme HSA-KJlBCCIIJ>.iJl11WHlli·J i= {XY} H i~[n'f} 
co craH,ll,apTHO~i BAVlBVBTMqecKoi1 i::::. {#tm}, c HJWccVI<J.:t11tauwe11 pasTJe.ZU'l-

HeHHoro aToMa i = {n,n1 m} [19], a TaH;;;e c i=fnKf} HnaccM

'.l!m\aul1ei1 fepp!1IK8 11 C£1H8HOrJiy [32]. 3;~60:0 n-rJ18BH08 KBBHTOBOe t!vtCliO 

lJ83'b8,ll)1H8HHOro 8TOM1.:l, n :L , n i. , m - na p800JHl1{80I\H€ KB8HTOBbJ8 ttliiC-

Jl8, K :: n2-- n!, a 7' = rn . B 'l'8liJiliiiJ.8 npl1BGL\€Hbl T8i<lK8 3HaqeHliiFI 

l<OpHe~ E f:}>' " E /.¢ ceKynHpHwx YJl8BHOJmii (41) H ('>7) I(RH c>~cTe-
"iLI H , vrcnon:c3or;aHuue np11 cocTaBneHVllii KoppeJmUJ.lDHHoi1 J~liiBI'PBMMbJ. ,llpy

roir. TI_il}iM8p l\Ol)!J€1lH11,1110HHOM .lU18rpaMMbJ .ZlJifi :1. P 0 
-COCTOHHt1i1 np~:lB8,l\8H H8 
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-1 = 3 

"=2 q=4 r--_:...;'-"-------- --- -
'1:1 q:] '----'-:...:..._ __ -- -----
v=O q=2 n=5 ~~~------------~~---;~~ 
"=2 q =1 

K :10 /'-___:...,...::.: "-1 - - - - - ~ ~ - - - __ _;q,_=_O,___, I 

\ ~=0 q:] - - -- - - - -- - --'--....::._""""\ 

y =2 q -2 

~ 
------ ~\ n=l. 

K =8 , __ '~..:.=.l!..1- __________ __,_q_-_,__1 _,1 
'=o q=o - - - - - - - - - - --"--"---..J 

~======----_-- :: ~ Jn-3 
'~·1 q=o K 4 ----------

q = 1 

K =2 v =o -~--------~~=~-~~ 
K =0 .;.o ________ q -o n=1 

PHc. 5. KoppeHH~HOHHaR ~HarpaMMa ~HR 43 ~ -cocTORHH~ 
ABYX3H6KTpOHH~X CHCT6M. 

pMc. 6. OTMeTHM, ~To B HSA-npe~cTBBneHHH HM6IDTCR TO~KH KB83Hnepeceqe
HnM [6,7,!0,!2]. B OKpeCTHOCTH 3THX TO't16K pa~H8HhH~6 M8TpM'tJ:HN6 ane-
M6H'I·bJ U68.l\M86BTI1'l!8CKOti CBHSH EMSIOT HpKO Bb!p8JK6HHbl6 MBKCHMYMb! [9,12_]. 
TO'tJ:Kt1 KB83Hnepeceti6HHH T6pMOB COOTB6TC'.rBYIOT TO'tJ:KBM TO'lHOrO nepeC81!6-
HVIH T8pMOB CTBH.l\BPTHOM 38.l\8'tiH .l\BYX U8HTpOB C p83.l\6RHIO~MMHCH nepeMeH
HbJMM [!9]. CHHrynHpH08 ITOB8.l\8HM8 M8TpH'tJ:HbJX 3H8M6HTOB B TO'tJ:K8X KB83ll
nepeceqeHHM MOJKHO ycTpBHMTD C ITOMO~hiO nepeXO.l\8 K rMnepcWepM'tJ:8CKDMY 
~M868THqecKoMy (HSD) 683HCY (eM., Hanp.,[9]). ITpl< nepexo~e K HSD
npeACTaBneHH~ KB83Hllepece~6HHH CTBHOBHTCfl TO't!H~MH nepeC6ti6HHHMH, 8 
T6PMbl Tenep:& H8ll0MMH8JOT [33] COOTB6TCTBYJO~JII6 T6pMbl 38,ll;8't!JII 7J.BYX ~6HT
poB (eM. [I2,l~). B STOM cnyqae H606XO,ll;HMO BH6CTJII COOTB6TCTByJO~M6 
£13M6H6HHH B KOpp6JHU.\.11DHHbl6 .l(Lf8rp8MMb!, CB.fl3b!B810ll(H6 /1,::. 0 H £: 00 • 
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-----0----:-1>. . . . .... 
.y = 2 _. .!. ~· ~ -- ~·_:·~ _:_• ._. -----':L...':c..l!_J 

~" 1 
\'-~~----------

'/ = 0 
~- ~. -:0-:-.: ~.~ .. 

.y = 1 • • • • • • • • • ••• --"--=--"--...1 

~=~~~~~--
tp• Pee. 6. KoppenaQHOHHaH ~HarpaMMa ~nH -COCTOHHHM ~ByxsneKTPOHHMX 

CHCT6M. llepeXOA K ~H868THY:6CKOMY npe~CT8Bn6HHID OTMeqeH HB 

pee. nyHKTHPHHMH nHHHHMH. ToqKH KBasenepeceY:eHH~ odBe~eH~ 

KPYlKKOMI!. 

,llJIH STOrO HYiKHO ll0M€HHTI> M8CT8MM OTB6q8.10ll\YIO p8CCM8Tpi1B88MOiil T01IK8 

RB83JIIll6peceqeHHfl napy COCTOHHHt'i i = { n. CJ} npH It ...._ 00 B COOTB8TCT

BHH C KOpp6llHUkJOHHOt1 ,n;HarpBMMOt1 CTBH;£(8pTHOi1 38.1J:BqH ll.BYX U8HTPOB. Ha 
pJIIC. 6 STB nepeCT8HOBKB OTMeqeHa llYHKTHpHHYK nHHkRYH ,IJ;JIH roqeK KB83M

nepeceqeHHJii t P 0 repMoB, o6Be.n;eHHblX KpyuaMH. AHan:orHY:HO MoryT 611TP 
llOCTp06Hbl KOpp8JIH~HOHHbl8 ,lJ;HBrpBMMbl H ~JIH .IJ:pyrHX COCTOHHHi1. TBKJIIM 06-
paSOM, HSA -6asHc no cyTH cooraercr:syer ~Ha6aTHY:eCKOMY 6asecy .n.nH 
CTBH.IJ:BPTHOJii sa;uaqn ,n;ayx 1..\BHTpoB c paa.n.enHJOUl}IMHCR nepeMeHHblMH. Bonae 
llO~p06HOMY HCCJI8AOB8HHJO KOppeJIHUHOHHMX ,ll;HBrpBMM 6y,n;eT TIOCBHll\8H8 OT

,l1,8JIDH8H pa6ora. 
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TaUm:1~a I. ConocTBBJieHMe HS.:',-KJI8CCMqlHK8~HB i=f:X)J} (R+O) M i=fnq} 
(H-oo) CD CT8H"8pTHOM 8,I(H808Tl11.l:6CtWti i={rnm} [19], C 

Knac0k·I}WK8l.I,L-I61I p83'b6"HH6HHOro 8TOi1l8 i=fn1 n 2m} [19] t 8 

Taic:te c Knacc11W11KaurieH i= {nRT J re;Jpi1Ka 11 CI1HBHOrJIY [ 32]. 
B~lJ M B~~) - 3H846H1iH KOpHei·I C6KYJIHpH1IX .f1J8BH6Hl1M (4!) 
M(5'1) ~nR H-. 1'1cnon:csyeJ~iLJe KB8HT0Bi;!B 'tiJrJCII8 ll0HCH6Hbl B 

·reKcTe. 

N 1 m "(1) 
~Xy Xv nq ~(") 

'""nq n1 n2 m n K T 

1 0 0 4,3898 0 0 10 -0,5 0 0 0 1 c 0 
2 0 0 ~3,1904 ~ 0 20 -6,6847 0 1 0 2 1 0 
3 2 0 2,7437 4 0 21 f' 1 G847 1 0 0 2 -1 0 
3 0 c 7,3319 4 1 ~0 -19,0250 0 2 0 3 2 0 

'* 2 0 2 ,4t189 6 0 .'Jl 1,8~~[3 1 1 0 " 0 0 
4 0 0 5,J187 6 l "" "" 17,0857 2 0 0 3 -< 0 
5 4 0 2,23fi3 8 0 40 -40,1747 0 3 0 4 3 0 
5 2 0 4,fl893 8 1 41 -10,2f7<1 1 " 0 4 1 0 
5 0 0 8,~405 8 2 42 l-:i,S53G 2 1 0 4 -1 0 
G 1 0 2,063..J. 10 0 43 38,G085 3 0 0 4 -3 0 
6 2 0 4,1697 10 1 50 -67,4277 0 4 0 5 4 0 
6 0 c 6,8559 lC 2 51 -28,J834 1 3 0 5 2 0 
7 6 0 1,9212 12 0 52 5, OCY.if3 2 2 0 0 0 0 
7 4 0 3,8896 12 1 03 33,6971 3 1 0 5 -2 0 
7 2 0 -5,41.289 12 2 04 55,21C4 4 0 0 5 -1 0 

3. CHCT6M8 !;!8~H8JI:CHbJX y P8BH6HL11i 

HSA -paanoli\eHne ,ll,Jlfl BOJIHOBOiii QIYHKU\1l:l Y(~,S2) ,ll,ByXsJieKTpOHHOrO 
8TOM8 HM66T BH,ll, 

Y{&.Q)=:R-i. f x1 (te)<PJ(9;&-) . (62) 

ilO,ll,CT8HOBK8 STOrO p83JI0~6HMH B ypaBH6HM8 illp6,ll,l1Hrepa (9) 11 ycpe"H6Hl:l8 

no HSA-oaaHcy npHBO,ll,HT K cHCTeMe o6~KHOB8HHbJX AMWWepeH~HaJibHhlX ypaB
HeHM>i MH pa~nantHhiX <i!YHK~H~ X= X (f<.) 

( /.;_~ + 2 E - Ujj )Xj = ~. f1t' Xj' 
J "h~. 

XJ{O)=J..j{oo)=O 
3~ect {l{;j}H'•t 

(63) 

(64) 

- KB8,ll,p8THaR M8TpL1U8, onpe"eJifleMBH COOTHOill6HHHMM 

Uj.j' = ~ SJ/ + Kj/ + £ Qi/ ~ 
~ ~ £.£; + 4£.-l (65) 
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Qjj'=<pj/- ki<Pp)- %1Z-,t~, . 
MaTpMl.I,B Kjj' npe,llCTBBMMa B BM.D.e cyMMLI CL1MM€TlJltltJHbiX .11 aHTMCl1MMerpHl!

HbJX M8Tp£1l.l, 

Kjj' = Hjj' + (f~ Qjj')- 1/4~-Jfii' I 

(66) 
HJi = Hn =fJ9 g~ ~x·- ~£-£dj;· , 
Kjj'-K;'j=2(-f£ojj'), OJJ'=-Oj'i. 

Tor,n;a Marpw:u,y 11 noreHUMBJIDB 11 U MOlltHO npe,llCTBBHTh B fiBHO caMoconpH-

l!C8HHQ}i iJ)OpM8 

U = W + H - 1/lr fP.- 21 + Q ~ + ~ () . (67) 

baTpMl!Hbl8 3Jl8M8HTb! (67) VJM8iOT npOCTJIO CTpyKTYJ:..IY H Ebll!MC1IfiiOTCfi trepe3 

ROMMYT8TOp 

[we~~ I h.llJ =- 2~ -·All + £ -~rs 

Qjj' = [~ (Ej- Ej')Ti<j 1% /j') I 

Hjj' = - 4= Qjj" Qj'j' I H = - Q £ . 
llpl1 i =j' (68) np~BO,n;MT I\ :reopeMe TeJIMa.Ha-~.o;e}-IH!,·taHa 

(68) 

(69) 

PaccMorpHM acVIMITTDTHi<Y ya,n;l1BJI:OHhiX peUJeuwH cMcTeMu ypaBH8HH.i1 (63) 
B oRpecTHOCTM TOl!KR /R :;0 - 6ap.v~ueH:rpa 8 : 

{ J£ i ~} "'( ') -J.£• + ~- W;+ 9,;_z- L X, -ft: K\i + 2QiJ l.t Xj - o . C
70

) 

3Aech Kij. K'j + £/lr£-1J;;., Q,j - yerynHpHwe B Hyne MarpH~Hwe 
aneMeHTW (65), a W; = w,if.;£-f + iEr>£-L +££:~>+ ... 

r,!(e 'W/01 =X{): +I{) +lr:c(X+fl. i . PeweHHe (70) HmeM B BH)(e 

Xj (J..) = z JZXo •Sh F'jio (~) (7I) ., 
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Fji.(.t)-= L. [!;.(:)£t + L. .L r..:t.~~ietnJd . (73) 
t=O I t=t .Sd J 

TiepB~e qneHhl 3TOrO p83H0*8HMR Ollp8~8nHIDTCH COOTH0ill6HMflMH [23]! 
rt{o) I, f7.(J.) = E {(-) 1(.7/ + S'f) rJLo = 0 Jt-o I r {,Q l-o '-o I i tfl.o '/2 ' 

p.~! = [t (Xo+2)•i] Qji.(O) 
J. (z. +J)'-- (:f:J o.,)J 

p.0J _ B ••• 
J"· - (%. +4 )£:: {:Xj t 2,)1 

Bji. =Z: {[2(:X.+£)+3]Q,,,(o)+£EfJf., 7 p.;~J + 
J' «4 u JJ ] I "· 

t [2 (X,+!)+i] ~ OpJo) + Kji.(o)- (U- 2£(j))S)i. 
ilOCKOHbKY COCTOHHHR C qeTHhlMH H HeqeTHhlMH ~ He CBH38Hhl Me~~y 0060" 

BCRB~CTBHB COXpBHBHHR TIOllHOil qeTHOCTH )I :f:t)~o , KOaiN?H~HBHTN 
Pjif£) perynapHhl, a aHaMeHaTan' Koa!NJH~HBHTOB F,/f.) odpa~aaTcR 

B HYn> npH X; = X. + 2. noaTOMY TSKHB Koa<J)\liHUHBHThl HBOdXOi!HMO 

C~TSTD p8BHb!MH Hynro: ) • {IT/ '? •J 
P (2 = 0 npH J E ""i =.v0 h 

J •• 
H BM6CTO HMX BBO~MTD KD3WWHUH8HThl 

p (£,t) ( Bit:. _) 
ji. :: 2. (JC.+r) /jE{X,;::X.+£} · 

nocne~yro~He qneHH paano~eHHR (73) TaK~e MoryT 6hlTD BNqncneaN. 
T8KHM 06p830M, p6ill8HHR CHCT8Mhl ypaBH8HH" (70) ITO M8~R6HHO" nepe

MeHHO~ ~ CO~e~aT HeTpHBH8RbHYID norapHWMMqecKyro qacTD, H8~H8H C 
qneHa F:/z;i) IZ t 4 £_ npH j E [xi = x. + 2} ' TOri!S K8K .llnfl 
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8,zut:868Tio11·I€CKOrO (583HC8 l1 T8pMOB 38,I{81.J:H (25) I1M8JOT M8CTO CT8H;D;8_1JTHb!8 
cTeneHHble paaJioJKeHHR no ft . llpl'I aToM xapaKTep norapi1ilJMMI.J:eciwi1 oco-
6eHHOCTH OK88biB86TCR HBHhiM o6p830M CBH38H C COXp8H8Hl'I8M ll0JlHO.i1 I.J:8T
HOCTJ1 Tp6XI.J:8CTl11.J:HOiii Cl1CT6Mh!. 

4. Knacc~Ht:umagmH ABBJKAbl Boa6yJKA6HHblx coCTDHHmj;j )J;Byxanewl'PDHHhlx 

~ 
Haqmaaa co BpeMeHM aKcnepMMeHTBJIDHOro o6Hapy~eHioiH ABBJKAbl BOa6yJK

A6HHbiX COCTOHHMiii (~C) fiE B 1963 rDAY [29],He npeKp8~8JOTCH llDllhiTKM 
llOCTp08Hl1H KJ18CCl1WMK8~l10HHD~ CX6Mhl ,I{JIH T8Kl1X COCTOHHMiii. Cpaay B~HCHI1-
JIOCD [30], I.J:TD H3B€CTH8H 1UI8CCHl;i;JMK81.\l1H ).I,JIH 0,1l;HOKp8THD B036YJK,1J;6HHI.>IX 
COCTOHHMill, 6831oipyiO!I18HCR H8 MO,D;6JIL1 H638BL1CHMblX 'I.J:8CTHU, H€ B COCTOHHHH 
8,11;6KB8THO Olll1C8TD n£C, llOCKDJlbKY H8Jll11.J:l18 SJ18KTpOHHhiX Kopp6JIHI.\V.~ llpl1-
B0,1l;l1T K CHJihHOMY nep8M81Dl1B8Hli.!JO p83Jllii.J:HblX KOHcfJHrypaURlil. 'I'eM H8 M6H86 
,D;JIH H6KOTOpb!X CJIYI.J:86B OK8381IOCI:. B03MOJKHblM TIOCTpOl1TI:. CTI8li,118J1bH.bl8 JUIHeti
Hbl€ KOM6HH8IJ;l1l'.l l'.l3 npOi'l3B6A8HHiii 0AH03l16KTpOHHbiX COCTOHHH}I, ll03BOJIHIOW,.I16 
npH61IHJK6HHO OllHC8T:& ,l(BC. 8TO T8.K H83bJB88M8ff 11 +11 l1 11 - 11 .K1I8CC.IIH1Jl1.K8LJ,Hf1 
Kynepa, ~aHO H llpaTca [30]. AJIDTepHaTHBHaR aMnHpH~ecKaH cxeMa 6blna 
llp6,1J;J10~6H8 B p860T6 [31] • B 3TO~ CX6M6 HB OCHOB6 8H8JIH38 P630H8HCH~X 
BDJIHDBbJX WYHKI.\Hli, KB8HTOEhlX .n;eWeKTDB .11 npHBe,n;eHHbJX w.11p.11H npe~nomeHo 
KJI8CCH!lJMJ..U1pOB8TI:. ,llBC CHMBOJIOM ( n.., n, cL) ,.5+;1. L 3'' r,n;e .KB8HTOB06 
~110110 n 8CCOI.\l'Il'IpyeTCH C llOpOrDM K8H8Jl8 1 ft - rn8BH06 KB8HTOB06 ~HC-
110 BH6UIH6ro Sl16KTPOHa, HH~8.KC ol ::tt,~, C. 06D3H84:86T p83Jll'.lt{Hbl6 peao
H8HCHbl6 cepm1:, S H L - TIOJIHbliii cnHH H nonHblti op6L1TB1IhHbJi1 yrnoBoti Mo
M8HT, $- I.J:8THOCT:& COCTORHHH. El.l\6 0,1l;H8 KJI80Cl'.I@MI\81.1,Mfl ,l.U3C Ooma npeJJ:
HOlK8H8 B p860T8 [32] HB OCHOE8 TeopeTMKO-rpynnOEoro S U (t,)<SU(¥) 
TIO,llX0,1l;8. B ,1l;OllOJIH6HH6 K OCibii.J:HbiM rnaBHblM KB8HTOBbJM I.J:MCJIBM nJ.. H n:. 
3JI6KTPDHOB CibiJrn BB8,11;6Hbi 7fB8 HOBhlX I.J:MCJia K 11 r 1 TIOJIY1!6HHbl8 ;n;HaroHa-- - .....::::+ ..-JIH38lJ,l'I6iii A~ -A 1 , rAe Aj. 1o1 A.t ecT:& B6KTDPbJ PyHre-JieHI.I,a ABYX aneKT-
poHoB. 9TH ti.I1CJI8 TI03BOJIRIDT 1 O~BKO, Oll.IIJCBTI:. TOJI:&KO yrnoBbJ6 KOppenHI.I,HH 
SJI8KTp0HOB [24] • }11IH Olli'JC8HHfl p8,Z1;118JibHhlX K0pp6JIRI.I,Htf .JIHH [24] HB OCH0-
136 Hccne,n;oBBHHH noBe,n;eHMH HSA WYHKIJ;i'l~ no r11nepyrn.y ot BEen .n;onoJIHH
T8JII:.HOe I.J:HCJIO A=tl ,-1 l1JIH 0. B era CX6M6 ,UBC KJI8CCHWHI.I,l1PYIOTCH, CHMJ30-
noM 2S+< L"' ;:;; ( K, '{' )~ • B pa6oTe [25 J B p8MKax pOBM6paQMDHHOii MO-
,n;enH 6bJJI p8CCMOTp6H M0116KYJIHPHhln 8H8110r ABYXSJl6KTPOHHOrO 8TOM8 - Tpex-
8TOMH8H 11.11H6~H8R MOJieKyJia l1 ,7.{8HS COOTB6TCTBYIOW.8fl HHTepnp6T8IJ;l1H KBBHTO
BbJX t~Hcen K, T H A. B He.n;BBHe~ pa6oTe [3~6blna BBe,n;eHa MOJleKyJIHPHBH 
KllaccHWHK8IJ;HH }.IBC H8 OCHDB6 M6T0,11;8 MOJI6KyJIHPHbiX op6.11T8JI6~ (MMD) H yc
T8HOB116H8 CBHS:& c ,n;py~HMH KnaccHWHKBI..tHHMH. O~eBH,Z{HO, tiTO B MMO cnyqa~ 
A=O He B03HHKaeT. B Kat~eCTBe a,n;Ha6aTH~ecKo~ nepeMeHHoti B MMO :Hcno:nDsy
eTCH MeJ<aneKTpOHHOe paccTOHHMa Jl(J = / ~ - Zt I . B MMO )IJlC uac-
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1a6HMUa 2. CooTBeTcTBMe Me~~y pasnM~~MH KnaccMWHKaUHHMH AHC 
~ByXS1I€KTpOHHhlX CMCT€M HM*€ n=2 nopora. 0603H8q€HHH 
llOHCHfl.iOTCH B •reKCT€. 

Coc
TDH

HMe 

ts+iL" 

HeM
!11€H:&
ll!Mi'i 
HOM€p 

;:;; 
cepM;.i 

2 

3 

3 

2 

J 

8 

Cocper, Fane 
vnd Pruts (:..>g 

~~sTin+2pl1p 

2n;;'s-:!p!1'p 

~ ~ 

2snp+ns2p 

2s£p:n.s2p 

Lipt~l'v· 
ar:.d 
Connell.}' 
[01] 
(n,ii',ol) 

(:::!,rl,a) 

(G,fi,b) 

(2,ri',b} 

(::.: 1 n, !:l.) 

(2,i1,b) 

<~,n,c> 

(2,ri',~:~) 

(2s~p-ns2p)+2p;d (2,n,b) 

C2~lnp-;;'s2p)-2p~~l (2,n 1 c) 

Lin [24] 
r.(K 1 ·:r )~ 

Fe::1gin 
o.nC: 
Bri_§gS 
[33j 

v(Nlmp) 

n(l,O)~ v(4fou) 

n<-l,o); v(3p~u) 
+ n<C,l) 2 v(2p£u) 

n(l,0)2 v(4t'6"u) 

v(3d6" ) 
g 

v(3dl< ) 
g 

,il8HH8H 

padoTa 

v(2 1 0)"' 
6 

v(2 1 l)g 

v(2 1 0)u 

v(2,l)u 

v(2 1 0)u 

v(2,l)u 

v(2,0)g 

v(2 1l)g 

~S+<L"' (•/" ) CHijJHI\liPYIDTCH CHMBOnOM 7f /V-<- fl'tp • 3A6Co 1/- Blldpa-
UHDHHO€ KB8HTOBD€ qHC1I0 1 HYM€pyiDmee llOC1I€~0B8T€1I:OHOCT:O ypOBHen SH€p
rHH B aa~aHHOM MO noTeHLJ,Hane, m.- npoeKUHH nonHoro op6HT8II:OHoro MD
M€HT8 H8 M€~S1I€KTpOHHYJO oc:o, p = /J H1IH U • 

B ,ZJ;8HHO~ pa6ore npe.zwaraeTca nonHaH KJiaccHqJHKau,HH JlliC, 6aaMpy!O
maacH HB MD1IeKynapHoW KnaccHWMKBUHH cocTOHHHH HSA-oaaHca. B npe,ZJ;ene 
06b€,ZI;HH€HHDrD 8TOM8 COOTB€TCTByiOmHU H86Dp KB8HTOBhlX qHC€1I 6y,ZJ;€T 
t~H L"' 1f' (:K, j)) r ' p ~ J Hnll (,( ' a B npe~ene pS3b6)iHH6HHhlX STO

MOB - fS+<L. ff ?f ( n, ~) p , r)ie f =! llnl! (,( , eCnll paCCMSTpHBS6TCH 3S
,ZI;8'tJ:8 H8 CBH38HHbi€ COCTOHHHH 1'.1 f = a. H1Il1 ./ - B 38,ll;aqe p8CC€HHHH. 
B.ztec:o 'lJ MMeeT CMb!CJI BH6pau;vtoHHoro REaHTDEoro ti:J.:lcJia. KoppeJIRr.tHOHHhle 
,lll18rp8MMbl yc·r8H8EID1B8iOT B38HMHO O,liH03H8qHyiO CEH3:0 M€JK,ZJ;y napBMH qHCeJI 
{X Y} 11 [ n. 'f} . STo noaBonReT noJI:oaoBaT1CH o6eMMH KJiaccH(j?HK8Ul1!U!.H 
,ZI;1IH 0603H8qeHHH O,ZJ;HOrD H TDrO lK€ COCTOHHHR. qHCJI8 { 11. 'f} y,ZJ;06Hbl ,ll;1IR 
DfiMC8HMH llp01.(€CCOB B036yJK,l.(€Hli:IR 8TOMOB l11IH HOHOB 8JI€KTpOHHWd y,n;apOM, 
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ror,ll,a KBH qwcna {XV} nonesHbl npl!I paccMoTpeHJ.U1 npoueccoB ,LJ.Byxanex

TpDHHOli L1DHL138UWL1o 00e R1I8CCli!YcJliiK8UVUIJ MOlKHO OC5'b8AJ1H.i11'b Oj.{HIIJ&l CHMEOJ10M 

(:K,Y)p) 
(n,ry)p . 

/i.nfl Knaccmj;MK3[\>1M illlC YA06Hee nonl>30B3Tl>Cfl v{n, 'f)p,P~j,ll, KnaccM~m
K8UVJ8i1.o b T86J1HU,8 2 ilpliiB8,48liO COOTB8TCTB11I8 M8Jit,l.lJ' ,l-)83JH1qHbJMlii KJI8CCM~H

K8iPH1Mil.i. ;.iBC ABYX3JI8HTpDHHb!X Cl1CT8M HM:Ke n=-£ nopOr8 • .5onee TIO,ll;p06H08 

o6cylK,ll;8Hae J<Jiaccw1Jl1H8lJ)Hl .LWC B HSA-no,LJ.xo;n,e 6y,ll;eT .I\BHD H OT..QeJibHoH pa-
doTe o 

5o PacqeT OCHOBHOrO COCTOHH11H DTp.11g8T8llbHOI'O MOHO BOAOt.JDA8 C 

yqeTot;; I\OH8qJ-iOCTH J,J8CCL.J RJ.lP8 

BDP-l:JilCJieHv.e aHeprMM OCHOHHoro coC'l'ORmm H- B J..I5A-noAXOlJ.e CBOMITCR 

K H8XDJKA8Hli!JO T8PlWB E i (£) VI C00CT..B8liHh:X (iJYHI\U!I1i 'f .Lt. I~ (<i; .£) 38/.l,BqL'! 

(27), (28), Bwq;,cneHM~ a~ljJeHTMBHWX noTeHuManoB Uij ( .£) (67) "• 
H3i<OH8U, peweHM~ 33Al,qM (63), (64). 

3aAaqa WTypMa-JIJ.'iyBJIJJtrL'l (27), (28) anni..JOf\Cl1ML1.PDl:H3Jiac:o HOH8lJJJO

pasuocTHhrr,a1 ~'0PLiJ'JI8MJ.1 B'l'Oporo ll01Jli;~K8 TO'-liiOC'l'.Lil OTH0Cl1T8 JibHO W8r8 Ce'l'-

1\M hot . l~oc=rpOGHllle cerm1, ailn_poi\C· .. 1; .. l&Ji.l1fi n }Je·...;envr:e anreUiJ8Mqecrww 38/~8-
ql!J H8 C06C'i'B8HH1!8 3H848H1H! :x:y.,(CC'l':BJiHJUICb 8JJrOpWl'l.181•il1 11 IIVJI'_[)Oll'liA8MliJ, 

iJ83p8COT8HHbll,il-l B [ 20] o 

.ilJIH VtayqeHHH pon11 yrnOEbiX 11 pa.n;rr.a;r:DHL!X iwppellfiUMiti lll o6ecneqeHHfl 

~:r:iJe0yei.<0~1 TDqH;)CTlll (-../Io-5 aoe.) Eb!q.i-JCJreHliJTI repMoB E c: {J,) M CiJYHRI..(illiJ 

p
1
fi)L let,~) H800XOI\V.I.10 MCCR81\DB3Tb 33BHCMMOCTJ> £,(.£) 11 lf.t.(i~ (>. ~) 
o:-1{(, a<-<1 

OT qwcna ypaBH8HH~ AV~ CHCTeM~ (27) H qHcna ysxoB ~~ROHeqHo-paaHoCT
HOU ceTHH no cl.- ,zr;nH paaJmqHbJX aHal.leH.vrti rMmeppa,zr;Hyca !t . B Ta6mn.J,ax 3 
H 4 np111B8,ll;6H8 38BHC111MOCTb 3H84:8H.Lilti: T8pMOB fi. (£.,), i.:.{,3, OT ll8p8M8TpOB 

N'"" n.,t. /1HR ABYX aHaqeHHA rMneppallJ!yca It =I H IS. Ma 3THX Ta6nHu 

B111,ll;HO, qro C pOCTOM Je CXO,ll;111MDCT1 3H84:8Hl1Iti: TGpMOB B 38Bl1CHMOCTH OT 

qHCJI8 yp8BH8HHti: ~ (4:HCJI8 6.vrcWep.vrqecKMX rapMOHHK) Cy~eCTB8HHO ynyq

W88TCHo C yB8JIH4:8HH8M qHCJIB yaJIOB ~~ KOH6qHo-p83HOCTHOH C8TXH 3H8-

tl8HHH T8pMOB E i- (/(,) B 38BHCliiMOCTH OT It MGHHIOTCH H63H8qHT8Jl:OHO. 

E~cTpaR cxo,nHMOCTJ> paano"''""" GaaMCHh!X HSA -<jJyHK~M~ no 6Hc<jJepHqecKHM 

rapMOHHKaM c poe TOM J, CBH,zr;eTen:ocTByeT o TOM, qTo WYHKll,HM Pi (Q;£) 
06paayiOT Y.zt06Hbli1 083HC }l,JIH Oll..VJC8H£1H llPOU8CCOB B036YliC.zt8lH'lH M HOH£138ll,Ml1 

a .nayxaneKTPDHH~X CMCTeMax. 3aMeT.vrM, qTo pasno*eHMe HSA-WYHKll,£1« noJC

rapMDHMK8M (32) C yB811VIqeHM8M £_ CXO,ll,VJTCH Qq8H1 M8,ll,l.I8HHO [7 ,10,22] • 
TaKoe paaJII1q£1e B no:ae,ll,eHMM 0aaMCHbJX JISA-WyHKUMiil o6ycJio:sneHo reM o6-

CTDJJTen:ocrBDM, qro Mbl pewaeM CMCT8MY ;D.JiiQ;IWepeHUL18J1:0HbJX ypaBH8HL1l1 (27) 



Ta6nwua 3. 38BWCl'IMOCT:O 3H8ti6HWti T6pMOB Ei ( !fi.) ,i=1,3, OT tiHC1l8 YP8BH6-

HHH N~ CHCT6MW (23) npw qnmcHpOBBHHOM tH1CJie yanoB ceTKH 

n.,; ~100 1\ID! 3HSqeHHli rHneppBI\HYCB /I_ ~1 M 15, 

~~ E
1 

(1<=1) E
8

(1<=1) E
1 

(1<=15) E
8 

C9'!=15) 

l -0,542798 91.258550 -0,998212 -0,105011 

2 -0,607284 28.558064 -0,998364 -0,218245 

3 -0,613780 28.514950 -0,998365 -0,228252 

4 -0,615385 28.513460 -0,998365 -0,228323 

5 -0,615960 28.512943 -0,998365 -0,228342 

G -0,61G215 28.512713 -0,998365 -0,228348 

7 -0,615345 28.512594 -C,998365 -0.228351 

8 -0,616417 28.512526 -o, 998365 -0,22&152 

g -0,616461 28.512485 -0,998365 -0,228353 

1C -0,616489 28.512459 -0;998365 -0,228354 

Ta6nM~a 4. 38BHCHMOCT:O 3H8ti6Hlllti T6PMOB Ei (:ll)' i=1,3, OT tilliC1l8 yanOB 

KOH6tiHO-p83HOCTHO:ti C6TKH n« npH WHKCHpoB8HHOM trHcne ypaB-

H6HMti N"' = 3 .n;nR aHatreHH:ti rnneppa,n;HycaJt.=I H IS. 

n<i E
1 

(:R=1) E
3

(:R=1) E
1 
C1l~15) E

3 
C9'!~15) 

100 -0,613780 28,514950 -0,998365 -0,228252 

200 -0,513843 28,519087 -1,000938 -C,228247 

300 -0,613855 28,519853 -1,001418 -0,228246 

400 -0,613859 28,520121 -1,001586 -0,228245 

500 -0,613861 28,520245 -1,001664 -0,228245 

600 -0,613862 28,520312 -1.001707 -0,228245 

700 -0,613863 28,520353 -1,001732 -0,228245 

TID nepeM6HHOti oC tiHC1l6HHO C 38,ll;8HHOti TOtiHOCTbiD, 8 H6 p83JI8r86M peme

HH8, KBK B MeTo,n;e X-rapMOHHK, no nonHHOM8M fiKoOH, tiTD MMeeT CMhlCn 

J.llliU!:O B 0Kp6CTHOCTH TOtiKlli TpOJiiHOrD CDY,11.8p8HHR /J ~ 0 • B T86JIH~e 5 npl1-

B6,li;6Hb! TepMhl Eioo{£,) ,n;JIR pH,n;a 3HatrelmH ~ H n.«., Bhl'mcneHH:cra 6es 

ytreTa M30TOilllltrecKHX nonpaBoK. CpaBHeHHe aHaqeHHM. TepMOB E L, (£) H 

E i 00 {/<.) nOK83bJBBeT, tiTO paaHHUB Mellt.n;y HHMH Kone6neTCH B npe.n;enax 

OT H6CKOJI:OKHX Tb!CHtiHbiX ,IJ;O HeCKOJI:OKMX ,ll;6CRTHTbJCHqH!llX /l;t • 
ilpHM6Hfl6M8R B H8CTOR~6M paCti6T6 KOH6tiHO-p83HOCTH8fl C6TK8 CO,ll;epma

Jl8 500 Y81IOB. liHCJIO yp8BH6HHH ~ = 9. 8TH nap8M6Tp.bl o6ecneqHB810T TOti-

HOCT1 BH.MCn6HMH TepMOB £, ($,) H WYHHI\Mn If J:j~ ( ct; .f_) nOpH,liKB 
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.. 
~ 

-01 
' 

-0 2 
' 

f I \ 
\ "" i-< "..:::::::-- n; 3 

n=2 
-03 

' -
<:: 
- -04 ·- ' 
w_1of, 2 

' 
4 10 12 14 16 18 20 22 24 26 n =1 

ex (a.u.l -1.1 
-1 2 

' 
-1,3 

-1 4 
' 

-1,5 

PHC. 7. TepMbl £;, (/~,), i.= 1,2, •.• ,6, CHCT8Yhr H-. 



v ·(<R) II 
-0,1 

-02 
' 

-0,3 

91 -0,4 L___,____._~__L--'---'--'---'-~--'--~--'7-
4 6 8 10 12 14 16 18 20 22 24 26 

PHC. 8. 8W<{l8KTHBHhl€ TIOT€Hli,H8llbl V:i (!() = 

= W..J&,)+ H,J~)- o,25~-z: i=2, ... ,s. 

10-S a.e. B K8lK,ZJ;OL1. TQq!\e TID/(., O,ll;HOBp8M€1iHO BblqHCJIHJUICD nepBb!€ UieCTD 

TepMoB H cooTBeTCTBY!OUU:iX HM co<5CTB6HHb1X ilJYHKLI,Miii aa,~.~;aqll! (27), (28). 
Pacqerw npoBo.n;HnHco B cne.n;y10~Hx roqKax no rHneppa.n;HycyJt: 0.2(0.2) 
I (O.I)IS (0.2)25(0.25)30 (• Kpyrm1x CK06Kax yKaaaH war). IlpoHaBo~

HhlellfJ./.tL(,t.;J-)j,/~ EblqHCRHITHC1 ITO gJOpMyne qeTBepTOro ITOpH~K8 
TOGHOCTH. lloTeHLI,Hanbl CTi; HHTepnonMpoBanMCD c noMomn10 Ky6HqecKo~ 
cmraiiH-HHTepnonRI..VUI. rpa\{ll!IIUt repMoB E ,· ( £), i = :LJ £, ... J 6, noKaaaHhl 
Ha p11c. 7. Ha pHc. 8 npHBe,n;eHbl rpaqu:'!KJII M8TpHqHblX: aneMeHTOB V,·,· (£)= 
:: 'Wt.~ + llu. - o.ts-.£~t-, t'=t,J, ... ,$. 

PaccMOTpli!M Tenepn qHcneHHOe pellieHHe aa.n;aq11 (63), (64). 3ra aa.n;aqa 
p€U181l8C:O C llOMO~b!O M8TO,ZI;8 KOH84Hb1X S1I8M8HTOB C 11Cll01Ib30B8HMI8M CX8M Bf:l

COKOrO TIOpR,ZJ;K8 TOtiHOCTM [3~ • B ,l(8HHOM p8CtJ.6T8 6bJJU1 HCTI01Ib30B8Hbl H30-

napaM8TpM48CKae narpamKemr sneMeHTbl qerBeproro nopH,ZJ;Ka, o6ecnetiMBaiOUJ,He 

TOtJ.HOCTb 0 (h.~) OTHOCitiT81II>HO C06CTB8HHbiX 4l1C8JI.(3,ZJ;8CI> h~ - .ztJIHHB 

31I6M6HT~). B T80JU1U6 6 llpHB8,1t8Bbl 3Ii8ti6H\1H SHeprHH E (B a.e.) OCHOBHOrO 
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Ta6JIMli.B 5. 3H848H~1fl T8..JMOB 
¢ 

Ei (tf\), i=J.' ~·, ;Lllifl H8l\OTO~LiX ::maiJ:eHMi·1 N..t 

" nol "~. Bbll.li1CJieHHbl8 Oes yGB'i'G i'l3J TOn11G8 CKMX noupaBOK. 

1~ n"' El (1lol) ll3(:R=1) ~1 (~t=15 j E3 (1
<=15) 

3 100 -O,t.i1b.;OG 28,~i1:::'.4t-8 -C,9988CG -C,~:283t4 

6 100 -O,El?043 2P, s1o:ao -0,99US8C -0,222481 

3 1CC -C,618189 22' 009091 -0,998886 -0,22848'5 

3 200 -C,.::1bCJ7C 22,516095 -1,001461 -0,228278 

3 400 -O,Cl[_i::-8~:. 28,5176<:.9 -l,0(:21CO -0,228377 

3 GOO -0,015~89 2E,517821 -1,00222'? -0,22887[1 

Ta6JIHll,8 6. 38BV1CMM0Ci':O ;:meprlH'I OCHOBHOrO COC'fOHHMH l1 (B a.e.) OT 

.. 
":R 

1 

2 

2 

s 
5 

4VJCJI8 !J8,li,l1811:0Hb!X JIJ8BH€HM}l N:f( M l.J:£1CJI8 3JI8M8HTOB ~ 

3H8l.J:8HM8 npaBOVi rl)BHlt!lJ,bJ l1HT8pB8Jl8 MHT€rplllp0B8hlllfl 

~ax=2.;;, a.e • 

nf\=f:O n,=l<O n,=2•>0 

-0,5<,[;.7580 -0.~)257469 -0,5;:.:;[J74GG 

-0,52G8788 -Ci,5268C?i..) -c, ·52686 73 

-0,5274295 -0,5274182 -0,5274179 

-C,52743G8 -0,5274254 -0,52?4251 

-0,5274467 -0,52743[/j -0,52743:30 

-C,527"t.SJ1 -C,b274477 -0,5274·174 

cocron:nv.R H- B aaBMcLmocTv. or ti.V.Cira AI.R. :n.:aBJ!ellMi1 H cvrcreMe (63) 11 

t.IMcna aJreMeHTO:s 11-,t. Ha pwc. 9 nye.f.\CT8BJI8Hbl rpa\kJmoi a;p;peKT.IIlBHoro no-

TBHi10I8rra U<.t(J.)" paManbHO~ lj)yHKli"H X1.(.£). TiocKonoKy TO"HOCTb 

pacqera npvt KBlK,li,OM ~ coCi'BBnf:leT O(h~) , a 6a30BbJi1 war cerKH pa

BBH 0,1, TO pe3yl1:CTaTbl L1iL8KJT norpeWHOCT:O B ti.8TBGjJTOM-fll1TOllri ::>HaKe (c 

yl.l8TOM OWMGKVI, DHOCVli,iO}i 3G C1.J€T CTIJI8hH-.11HT81JllOJlflW'i£1 ra0Jil1t{HbJX ll0T8H

UJ.ia/!OB). Bw~mcne Hime H8MH <:~HalleHv.e 8H8JJrML1 ocnoBJ-IOro cocrof:IHJIIH H
E·=-0,52744rrt-G,OuOOI a. e. BLinoJmeHHLJtJ JJBA8BHO BBJH181(I1DillfLii1 pacqer 

E7J1Vl =-0,5274459 a.e. [35] c HcnoJib30JJBH.I1eM .2.25 npo6HbJX llJYHKIJ,Hiii 3KC

noHeHli,M8JI:cHoro Oaav.ca [36] xopouJO cornacyercH c HBUJMM peayn:oraror.:., 

TIOJlY48HHiJ;,: B W8CTHK8H8R:OHOM l1pJIJ6JIMJi(8HJ1Jil. llpOB8,L(€HHLJ8 B }.1.8HHOli ya6oTe 

l.ll1CJI8HHbJ8 :1CCJI€,ll0B8HLIJH yK83biB8fOT H8 BbJCOKYKl CKOpOCT:O CXO.L!,MMOCTIII HSh

!J83JIO,r,eH¥ifl BOJIHOBOli !J!YHK1.1,1U1 B 6aplll1.1,8HTpMqecKI1.X KOOp,li,L1H8T8X. 
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-0,75 

-1 0 
' 

-1,25 

-1,5 

2 L. 

38K1IJO'I6HH6 

PHc. 9. 8\W)eKTHBH~U noTeH~Han Utdt) 
H P81U18HI>H8H WYHK~HH Xi(~) 0 

x,(~ l 

... 

E-\054894R 

6 8 18 20 22 

lJt (a.u.l 

ITpDB6A8HHW8 HCC1l8~0B8HMR H p8C'I6Thl OTKPWBBJOT B03MOEHOCTH WMpO-

KOrO HCTI01l130B8HHR H8pHny C ~pyrHMH H3B6CTHWMH M8T0~8MH HSA-npe,n;CT8B

Jl€Hl1R B 68pMU6HTpMqeCKHX KOOp,ZI;HH8T8X ,ZJ;.TIH pac.qeTOB CTI8KTpOB re Jlli6TIO,ZJ;06-

HWX CHCT8M. ilpe,ZJ;1l0*8HH8R KJl8CCHWHK8Il,HH ll03BOnff6T 6,ZJ;HHhlM o6p830M K1I8C

CHWMnHPOB8T1 COCTOHHHH ,ZJ;BYXSJl8KTpOHHhlX Cl1CT8M K8K B npoueccax B036y~

,1J;ElHHR 8TOMOB l1 HOHOB 3Jl8KTPOHHhiM y;n;apOM, T8K l1 B npOI.J;8CC8X ,IJ;BYXS1I8K

TpOHHOLi HOHH38IJ,VIH. E011:0illOti HHTepeC llp6,ZI;CT8BJIH6T YICTIOJI130B8HH8 HSA -

npe,ZJ;cTaBneHHR ,ZJ;JlR KoppeKTHoti a~a6aTHqecKoti WopMynHpOBKH MHoroKaHan:o
HoM 38,ZJ;8qH p8CC8RHHR B Cl1CT8M8 Tp8X 38PR*6HHHX qaCTMU C yqeTOM nepe

pacnp6A6R6HMfl H p83Bana. P83BMTN~ llOAXOA MOmHO llpMM6HMTD B pacqerax 

CTl6KTpOB M630M0116KYJI M Tp6X8TOMHbiX MOJieKyJI. Ero B8lltHbiM ADCTOHHCTBOM. 

HBJifl6TCH B03MOJKHOCTD npHMOrO 0606il.i6HlUl H8 cnyqa~ N -S116KTpOHHOrO 8TO

MB HRH MOH8. TaKMM o6p830M, llP6A110llt6HH06 B A8HHOH pa60T6 HSA-npeACT8-

Bll6HH6 C MCIT011:030B8HH6M 6apHU6HTpHtr6CKHX KOOPAHH8T B6CDM8 nepcneKTHB

HO B T60pMM aTOMHHX H MOJISKyJiapHl:lX CTOJIKHOB8Hlfii:. 

llpHnollteHI!e A 

Bwpa*eHMH A1IH onep8TOpOB ITOT6HUM81IDHO~ SHeprHH V {<I) I! 

rMnepcWepMqeCKHX KOOPAMH8T8X HM6DT C116AYIDil.iHn BHA: 
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r)(e 

v(o) (ct., ll'al', £) = ~--~ \)&J(ct,IJ'"'~), (AI) 

v, c.~-. lf'd, .t) = £-~v, c.~-. IJ';;~>. (A2) 

ilpHnomeHHe E 

\/1 1 ~' I' (.t.) l!MeiDT Cne~yro~Mii EM)(: MaTpHttHble aneMeHTbl V,;,.«"-1' ..ca ~~ 

Vt~.~,. L./L/ (.~-) =- v.t.t,,L:-'/ c.~.J +A vL.~,,.t.:.~,· c"'J, (BI) 

Vt:~,,.t:,,'(.t) =<Y~;:(s:.,S,)j veot.zPa,)j UJ.~~~'j (s,.,S,;) • (B2) 

.A Vt.t,,ta'L) (ct.)= \t: Ll, L.:.L/ (ct)- VJ'/ 4,.t:.t/ (.I.) ' 
(B3) 
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