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M. B. EPEMT{H

TEOPI,Ifl KPHCTAJITPTTIECKOfO IIOJIq B,U.I,ISJIEKTP[IKAX

llo4 rpracra,T,ruqecKuM rro,'reM rroHr.iMaror rtc,,re, AeficrByroqee Ha npo6-
Hyio qacrr4qy, HaxoAflrrlyrocfl BHyrpr.r BerrlecrBa. B xaqecree TaKr4x [po6Hbrx
qacrr.rq o6br.{Ho Bbr6r.rpanr r4oHbr c He3arroJrHeHHbrM:/. d- n f-o6onourauu
(axrueapyrcrqne MarHrirHbre noHbr). I(o,ruuecrBeHHofi xapaKrepHcrHKoft
noJlg tBd'IflIOTCg TaK Ha3bIBaeMble IIapaMeTpbI Kp],tcTa,LlI4rIeCKOtO nOJIfl
Bfi u Blk'do, xaparirepu3yroque sHepfuio B3aHMoAer?crBHfl MafHnruoro
HOHa C OKpy)KarOquMH ero qacrfir{aMfi Berr(ecTBa (,ruraH4aun). oneparop
3HeprHI.r o6uqHo [peAcraBrqror B BnAe [1, 2]

7€ : L alcfi + L a5u'u'7 o {cu'cu,}|.
3necr

ctr: L ,rQ), (2)
i

rAe i-HHAeKc nepe.MeHHbrx a,ireKrpoHoB He3arroJrHegHori o6o.nouxz. CQe-
puqecKHe reHsopbr cfi(i\ cnasaHbr co coeprqecKxMH QyHKTIHflMH coorHorrre-
HI]EM

'fitit: l#rrn(o,,qi).
rJep:.s {Cn,Ca"y o6o3HarreHo Henpr.rBoAr.{Moe ren3opHoe [por43BeAeur.re tB] .

flapauerpu Kpi.icra,rrJraqecKofo no,'rf orrpeAeJrrror tro AaHHbrM onrrlrre-
cKHx H MHKpoBoJrHoBbrx cneKTpoB raK, rrro6bi paccrlnraHuar c noMolqbro

( I ) sueprerulrecxa.:
qae Il OTHOCIITe.-Ibi'
c SKCnep!i\IeHTaJin-1

niulleparop L--\:!
tl 6e3pa3MepHLJ\{ o*i
TorAa nepBble q.rei:
Hbrx MoMeHTOB npc6
rrlecrBa. t{lesu co c
3bIBaeMoe KoppeJE:'
r,I3 MeHeHIirO 3"rl eKTp oc
Hoft o6ororIKa HoHa -

flepaue r{JIeHbI Koon
KaK [o[paBKI.l K ri
83aHMOAerlCrBHe 3,lt:

Cne,4ytoulrae q"-IeHirI

3JIeKTpOHOB CraHOts;:
CAe,IIaHHOe nof CHeliIi
cHqecKoft 3,'reKTpo,fil
cTOJrb IOJIHyIO aHa.-I(
ns 9QoeKTI,IBHbIX or
Coepeueuuafl reopltl
qrrHbr rrapaMerpoe .B

Qexraun repeKprrBe
faHAaMr.{ u [poqecca
OHI,I TCCHO CBS3AHbJ

MoAe'rb ror{er{Hb
Eere a Ban @.tera
psAKy BeJHqHHL{. B
JsloTcq B BLIAe TOq€

MerrleHHofo B Haqa.-l

B:

rAeyrJIbI 0agQi'
3apsA (puc. 1); (r:)
Qynxur.rrx. Cyurtxpc
TIO BCEM I-iOHAM OK:
Ra p 100 A. ,rluurr
peAKo AocTaTorIHo
6naxafturnuI,I iIHraH

I4ottu 
"rnraHroB.urlsx 6es ueHrpa IIH.

HbIft MOMCHT
d=

rAe E - 3.reKrpHqec
IIOd'IOX(eHH f r'I I'I f a H.l i

flqpllsyeMocTb A.:Iff II
3AMETHO OTJIHqACTC

cBo6oAHoro HoHa. :
HOHOB B KpliCTaJ.-Ie

[6] . B,'ruxrue oKp\-;
IIOTeHIIIia,'IbHOfi s \(O

(l)

(3)

O Ir1. B. Epeuuu, 1989
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HaeeAeHHHe Ha Jrr.rraHAax KBaApyno,'rbHbre MoMeHTbr npolopql{oHaJlbHbl
rpaAHeHTaM sreKrpHrlecxux noneft :

-. dEoQaP:oofr' ()

rp:e dq - KBaApy[o,'IbHag [oJlgpl.I3yeMocrb. TaK KaK rIoJIe E ectl cyMMa
nou'Ieft oT ToIIeiIHbIX 3aP'AOB, AHTIOJTCft 14 KBAAPY[O,'ICI1, PACIICT AHIIOJIbHbIX
H KBaApynO,lIbHbIX MOM€HTOB Ha JIHraHAax npOBOAHTCfl CaM0cof,lacoBaHHbIM
o6pa3oM. B qacrHocrr, B pa6ore l7l rat<we pacrierbl npoBeAeHbl AJrs. 17 pas-
r'II4qHbIX COeALIHeHHft .

llapauerpu KpllcraJlruqecKoro IIoJIT or ALI[or'IbHbIX a KBaApylor'IbHbIX
MOMSHTOB BbrtrucJrflrorcfl n0 Qopuy,rau [7]

, r-t lrk\ (
B*@. E):(-t)s t, | ) i"# Io.uu- s + r) (k * q * t)11iz r*' (e, q) *

I
+ * P, + ids)l(k* q * l) (k + q + z)l't' cTtrt-t(o, q) -

,
V \ax - ida)t(k - q + r) (k - q -t z)l't' c\'*r(e, q) l, (8)

Bf; h.x.): (-1)s.+, t, I I # {t o*"

I X[(&- s + r)(k*q*r)(k* q*2)(k- Q I211't'c11tte, qi+
* (Q,"* iQu")l(k+ s+ l) (ft * q*2\(k* q *3) (ft - Q *L1f'CL*n'-r(e, q) -
- (Q,"- iQu")l(h - q + 1) (e - s +2)(k* q * 1)(k- q +3)1''" c\*n\r(g, q) *

, '(Q**- Qus + 2iQxa\-T 
^-------Jl(k 

+ q+ r) (e * q * 2) (k * q *3) (ft*q*4)l't' cL*n_r(e, q)*
(a,.., - a.."-. - 2io ..\ )

1 \xxx xs!''x*at 
Uh - s+ l) (ft - q +2)(k - q * g)(k- q+4)l',, CLtn2*n(g,q)1.' 4 -qr'' ")

(e)

3Aecr Ar.rnonrnnii H KBaApyflo.rsnnfi MoMeHrbr onpeAeJreHbr xax e [B] .

.B pa6orax [9, l0] rprrBeAeHbr pacrrerbr no"nelt or HaBeAeHnnx Auno.neft,
xorAa Ar.rrroJrbHafl [oJ-rflpH3yeMocTb d,a-He cKad]rfp, xax e (6) tz (8), a reu-
Sopr RTopofo paHra.

Ha npocroft MexaHH3M Bo3HLIKHoBeHus KoppeJrsqnoHHofo KpHcratrhqe-
cKofo rroJrfl B paMKa\ roqeqHorl MoAeJrr{ o6parian BHHMaHT{e Axaaa Il].
On cocrozr B cJreAyroqeu. S.nexrpos I ns rle3ano,rrHeHsort o6o.noqKr.r Mar-
HurHofo r{oHa no,rrpr{3yer Jrrlfana. O6pasyroqllricq nprz 3roM My.IIbrI{noJIb-
sufi uouesr B3auMoAericlnyer c i-enemponoM ii3 roli xe o6o.noqxn uar-
surHoro uoga. B qacrHocru, npu yqere JrHIub Aune,rruofi floJrgptr3yeMocru
fl r.t f a HAoB BeJI I,Iq H H br g(rkt k:)n 

onp eAeJrfl loTcr BbIp axenuem I I 2]

Blk,k,to(r. a.r : - {{ru,*u) (-r)u *u, 4I;a7 (d' i' i ) "
- 

CP, (0. o)
X[(ftr + t"+ r)\ht+ h2+2)- p(p* ttj,),t-tl' 

"a ffi. (10)

Moppzcon [2] o6pau,rJr BHr.rMaHr.re, qro B paMKax AaHHofo MexaHH3Ma
MOIKHO nodTyqHrb TaKXe yMeHbneHLIe gHepfeTLMeCKIlx I,IHTepBaJIOB MeXAy
4f*- u 4fu-r54-no"SrarypaqilnMu flpu BHeApeHrzn peAKoseMeJrbHbrx HoHoB
B KpllcraJrJr. Taxoe yMeHbrxeHlre 6Asa, +1 sa$urczpoBauo yxe B paunr.rx
pa6orax uo uccJreAoBaHrrro 4f* - 4fN-lld-nepexoAoB B aKrriBrpoBaHHbrx
KpIrcraJL'Iax [3]. Bu6npafl B (l) c yuerorr,r (10) qdrreHbr, orBeqarcqr4e Aer?-
cruro Ar{rroJrbnoro MoMeHra Jrr{faHAa Ha ror xe carrarrfi g,'reKTpoH, roropuft
co3Aaer 3Tor MoMeHr, MoppracoH rro,'ryqlr,'i

s O,€-
oAsa,+t(r.a.): -((rr)5a,^6-er)ay,d 1-,.. ,lt,
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Jrocb flapaMerpov :
e 3 pasa MeHbiLii- l,
(r2) q,af, rIPilB€-:cEii
cocrogunfi Ilf,;:vil=:
eAItHcreeunbIf,.

2. 3(D(DEKTbl c.litE

.4,efi crelte l'pi1c:i.-
.IroqeK 3aMerHo 3:1::;
HoB r.r3 oAttofi o6c.:t-
r I l6] . Anropu f. ia-
MAIHI,ITHOfO }iOHE : ::

t{epes nl, n'l' 1I -' .

uo.nsesnofi u n1'croi
oco6engo Ba)I(HbI J,.li
TpoHbr rl3-3a KpHCra.-

,Apyrl{e o6ono.IKli.'i
4f-erextpouu. Pacee
rrTo 3TI4 [pOqeCCbI ]tc
3AMCHbI

rAe da - KOHCTaHTH

I l6l

rXI
L

3Aecr lNt"l - 
-ruep

q

tr

9epes (lllcklll) o6o=
cKHX TeHsOpOB. KOTI

Ar.ra,rrbHbre HHTefpa,-
3JreKrpoHoB. Vs-za t
quii nos6yxAeHHbt.\ (

npoBoAnrcr ue no {
[8j ra [19] 3Harler
H peAKax serueJl. l
B HaAeXHOCTH paCCl
HHfl BrOpOrO H rpeT
OAHaxo 3rH npoqec(
paropaMr{, a npHBo;
rlecKoe rlotle. B cr1
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,rOKaJII,I3OBaHHbiMn Ha CBflSffX MeTa,'UI - 
JIHIaHA. Be.[nqnHH O6[AenHOrX Sa-

p'iAoB IIpeA[o,'Ia|aIoTcfl IIpo[op[1{oHa,'IbHbIMH KBaApaTaM I;IHTe|pa,'IoB IIe-

ir.npor"uir"t. Bupaxenne AJrfl rlapaMerpoB Kp,,cra,{,'Ifiqecl(oro noJIfl or

o6MeHHbrx sapflAoB B roqrrocrr{ coBnaAa'er c (at1. Be.[r'IrHa Gf2-sto
trapaMerp MoAeJII{ o6tr'tenuux 3aptAoB'

'fleHHe BbIpa>KeHI'Ifl AJrn IrHrerpaJIoB nepeKpblBaHy" y?--!oy:fi:I
cf 5 uxrlnnx Rnl, flpeACTaB,'IeHHbIX B BHAe lnneftgltx KOM6HHaUIiH OpOHTaJIeI',I

rayccoBcKofo rlira, [pI.IBeAeHbI B flpnJloxesnr'r II' Cootnetcreyro,]ft rql-
Atrunog61e QynNqr.rn A,'Iti peAKO3eMeJIbHbIX HOHSB [OIyrIeHbI B [+u' ']Il'
H ;;;;;;.;ir" f if npr{BeAeHbr rayccoqctl{e pa3rlo>KeHr'ri Qynr<uuft Ars F-,

at-'1421, Cl- [43], i e npu.rloxenl{I4 IV-Lnn psAa AByx- I'I rpexpflAHblx

lionoB rpyrrlbl xenesa [43].
BN,ri,inr n .naparraeipri KoppeJrsq[oHHofo Kpr.rcrard'ruqecKoro IIoJlfl Ha

,"*i"po"r* /o-o6oio.rrdn H'6a [epeKpbIBaHI,Iq olpeAelslorcf BbIpaxeHaeM

i32l 1 ,- { ht h2 r \ [ (za, + ri (1,llre'lllJ p(Er) 4Blkrn-,p (s) - T tt(zp * r) \t" td hJ L-- U"llFIh)

., T r-tilo/\ L\
ltm

-*( Ia

rracnpeAe,,ieHr4e 3"rieKrposgofi nJloruocrl{ Ha d'II'IraHAe s [32] trpeAno'rara-

.'rocr cQepuqecKu-cI{MMerpHqHbIM.

4.BjII,I'ItilIEIIPouEccoBnEPEHocAsAP'AAJII{rAHA_METAJIJI

Bxnar, e Bf; I'I3-3a npoqeccoB rlepeHoca 3apflAa or JII{raHAa B He3aIIoJI-

,,.nnyr oOo"tlouny lf tu."""no.o I{oHa npl4 kf 0 oflpeAe"Iflercn @opnay-

.,oft, aHa,lorlqHofI (29), e Koropoft BeJII{rIHHbI S[ saueuenu Ha

sa .,t^-n, (2k + l) ( l" ft /o \, n - r'TE(Ia,Rb):L'(-|),o_,',ffi\_;q,^,)|o,o||yIanx'6\g'tom,.(33)
€, n, n'

3AeclLto,e_3Hep|I{fl[epeHoca3apfl'/.€I{3cocToflHL|fllI:'/'taHAaEsl".o6o.
,,'ror{Ky; 1r'- 6aupuaMepHbIe llHrerpaJIbI IIepeHoca (uapaluetpu KoBaJIeHT-

uocrn):

YE,"r: - #-- { a ul ri - | (E l' I o) (o t q) *
t^E,qr t e

. I t-1aht ite,i, tosrg lrrrEz) -

rAe Arrfl KparKocrr{ uepes ([,0, p), (rl, [) o6osuaueHm la6opu op6nra'nl-

r{brx KBaHTOBbIX quceJl SJIeKTpoHoB JIHIaHAOB I{ MafHHTHOfO I{oHa cooTBeT-

"i"en"o; 
h _ oneparop xnHeruqecroft H rrore'ur{a.ntHofi 3Hepr'n,n 3JreK-

TpoHa B rroJle ocToBoB T4OHOB; 69rz - ocTaToqHoe 3JieKTpocTaTHqecKOe BSaI{-

l,toAefi creue a,'I eKTPoIioB.

Cle4yer oTMer'rrb, qro o6siqnO xo.nQnrypaWI4 lN-tl' wnu tt't+t.11'12t'+l

OTCTOflT OT OCHOBHbIX HA BCJII4qI TTY - AI,, 6, IIOSTOM} KOBAJICHTHbIft EXNAA

v 7fi, Eurypnpyloqrx n npaeofi rlacru Qopr'ry'n (15)-(17)' orcyrcrByer'

Bx,rlau xie, iessaHHble c [epeKpbIBaHI'IeM' I.Melorcfr rr oqeH'Balorcs 
''o

Sopuy,raru (19), (24) u.nu (29).
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LiYFn-116i' (n c*r-r) [sol

noBopora cncreMEr KoopahHar raK, cro6bl ImBi o6patr;racb B HyJtb'

flpuue caHue. Si;-eQcberru [epeKpbrBaHHrs 4f-o6oaoure; yil-n"peno" 3rleKrpoHa e 4f-o6o.

roury: yi4-nepeHoc 3JIeKTpoHa n 5d'o;ro,rovry.
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3,Haqeuufi 8i cessano c HeyqeroM acI{MMerpLIH sJleKrpoHHoft n.tlorHocrll Ha

Ci- npr.r pacqere rlepeKpbIBaHI{fl It KoBaJIeHrHocrI'I. Tarue }Ke pacxo}ItAeHnfl
IrMeroTcs 14 AJrtl ApyfHx xJIopHAoB I{ oKCI{AOB. !,.nn @topIEAoB pacxoxAeHl'Ift
Irer, [o-BuAr.rMoMy 143-3a rofo, rrro flofiflpl,I3yeMocTb QtOpa caMafi Ma-
dleHbKafl r.r npIi6JILrxeHLre coepBrIecKLI-cHMMeTparIHbIx JIH|aHAOB AJIfl HHX,

raKHM o6pasoM, onpaBAblBaercfl. Sror Boflpoc rpe6yer AaJIbHeftIx[x HccJIe-
IOBAHHfi.

Aerop 6.raro4apeu E. 3. Ma.rrrl{Hy sa flpocMorp pyKorIHcI{ I4 Kprrnrle-
CITHC SAMCIIAHlTff.

IIPHJIONEHNE I
f nnue Bbrpa){ennq bopg Atrfl o6flacru II (pnc. 3)

^lp
t?r, qr r, r r, R) : + # ttu - Bu2 - 2u3) a2 + I (E - ua - +t) ga - | 12) - t' 1s+ uu -o 1 o)|,

b9n(r,, ro, R): I $ tu (g -tu" -2oT) oa+ t (9 - su4 - 4t)s)(t+rt - sr2) +'v\r'-' , 2rfrr-
+tr(3-u6-2a3)(70a3-200r*l)+13(9-u8-8u)'(35o-15/2)-ta1(9!ut0-l0la\.75,

^tpsD3o(r,,rr, R) :**{(t, - rruz -2ott) 42o6 1.1 (rs - su4 - 4as) (rs+rs - 35oa) a

+ f2 (13 -7u6 - 6pri (330coa - 120o3 f 10o2) + l3 (13 -LuE - 8ut) X
X (462o3 - 189o2 f 2lo - ll2) + t4(13 -3a'o - l0u3) (462a2 - 168o * 14) *

+ /s (13 - ut2 - l2o) (452a - 105) - 16 (13 + uta - l4la)-661.
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A. E" HIjKI,IOOPOB, C. Io.IIIAruKI,IH

KBA FITO BA' TEOP I,T fl CBflsI4 I{ CB O IiI CTBA COEA 14 H E H 14 [I MEA IA
CO CTPYKTYPOH NEPOBCKI,ITA

I'l3cecruo, rrro MHofHe KpHcradrr,rrbr co crpyKTyporl .r_epoecxnra (AB&)
ueycroftvxnu orHocr{rejrbuo _noBoporoB oxiaeaios BX;, qro npr.rBoAHr
K KacKaAaM crpyKrypHbrx rjrasoeux flepexoAoB. flpuuaua noao6Hori He-ycrofiunnocrfi cBfl3ElBaercfl c aH_fapMonlrqecr{r{Mll esaux,roAeftcrBaflMu B pe-llerr{e. cpaa, Kpi.IcraJrJroB cerr,reficiea [epoBcK[Ta Mox<Ho BbrAeJrr]Tb raK)Keoco6yn rpyllrly coeAHsenuft, KarHoHHafl [OAperxerKa r{oropbrx o6pasoeaHa
HoHaM14 c ocHoBHL,rM op6ura"urno Bbrpo>KAeHHhrM cocro.EHtell (xH_ieJrJrepoB_
cKHe noHu). CrpyNrypHue rjcKa>KeHufl sAecb cBfl3anbr c upueoaqueii
K cHffruro oJreKrpoHHoro Bbrpox(AeHrx 4e$opuauueft oKra3lpoB, oKpy)Kalo_qrlx rH-reJrJrepoBcKHe KarlroHnr (xooneparnsnuft eQoexr lua_Teinepa).
llo-eriAa*,roMy, Bo3Mox(Hbr cJryqarr, xoraa Moryr [posBrirbcfl o6" ;il;;ili
uey_croft unnocrra ttep oBcxraroeofi crp yKryp br.

Has6onee ucc.[eAosaHHuun ercneputraeHra.ntno coeALIHeHHfl MH rBJl.aror_cr Qropr.r4u MeAI{ co crpyxrypoft neponcxura AcuF3 H coeAHHeH[q c ne-poBc_Kuro[oAo6suulr nflocKocrqMu - 
AzCuFe (A: K", Na, Rb, NA*,- fiy

11 , 21 . Tpa4uquonnuli Nurepec AJrr Qnsnxr rBepAoro reJra rrpeAcraBJrspr
4lt g A. E, HHKH4opoB, C. IO. IIIauxus, 1989


