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1. ITocnenmie ro.1:i'b1 oaHaMeH0Bam1cb cepbeaHb1Mn ycrrexaM11 

Teo_pllll MeTannoB, 01111 cy.mecTBeHHb!M o5pa30M CBSl3aHb! C BBene

Hl!eM K0Huerru1111-rrceBnorroTeHlll!ana nnsi 0ill!CaHl!SI sneKTpoH-II0H

H0ro B3al!MonefiCTBIISI, B MHoroqacT11qHofi aanaqe 0ill!CaHl!SI MeTanna 

KaK CIICTeMbl S{leKTpOHDB II II0H0B II0SIBl!nCSI Manbifi rrapaMeTp -

-_ VK/E F ( V K. - qiypbe-KOMIIOHeHTa rrceBnorroTeHu11ana, E F -

aHeprl!SI qiepMII-SneKTpOHOB). Ha OCHOBe peweHl!SI aanaq11 BO BTO

poM rropsinKe Teop1111 B03Mymea11fi IIO 3TOMY rrapaMeTpy pacCMOT

peH psin xapaKTepHb!X sneKTpOHHbIX CB0fiCTB MeTannoB, TaKl!X KBK 

CTpyKTypa SHepreT11qeCKIIX 30H, TOilonornsi II0BepXH0CTII ¢epMII; 
Ill 

sneKTporrpOBDUH0CTb II T,n. ( CM,, Harrp11Mep, pa5oTy ) • OnHoBpe-

MeHHO sToT MeTon peweH11si l!MeeT naJKe eme 5onbwee aHaqeH11e, 

T,K, II03BOnSieT BllepBbie IIOCTalillTb BOilpOC O KBaHTDBOMexaHl!qecKOM 

Bb1q11cnea1111 TaKl!X MaKpOCKomfqeCKIIX CBOfiCTB Kpl!CTann11qecKofi peweT

Kll· MeTanna, KBK 3Heprl!SI CBSl311, yrrpyroCTb, ypaBHeH11e CDCTOSIHIISI, 

qlOHOHHblfi crreKTP II T,II, ITocnenoBaTenbHOMY paCCMOTpeHl!IO BCefi 

CDB0KYIIHOCTII T8KIIX CBOfiCTB, a T8KJKe KOHKpeTHbIM BbJq11cneHl!SIM 

11x nnsi psina -aerrepexonHbIX MeTannoB rrocBsimeaa sTa n11ccepTau11si, 

Ha116onee cymeCTBeHHOfi qepT0fi Ilpl!BOUIIMOro paCCMOTpeHIIS1,-0Tn11qa-

/ll ( • 10l!lefi ero oT cTaanapTHoro rronxona KOTopb!H orpaa11qnBaeTcsi 

qneHaMI! BTopofi cTerrea11 no rrceBnorroTeau11any), siBnsieTcsi aaan11a 

ponll I! yq~T B KOHKpeTHblX BbJq11cnea11six qneHoB Bb!CWero rropsinKa 

no rrceBnonoTeau11any, B paMKax MHorosneKTpoaaofi Teopn11, Ha 

BalKHOCTb 3TIIX qneHOB BilepBbie 06paT11n11 BHl!MaHl!e EpoBMOH I! -Ka-
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ran , K0T0phle yKa3ann, qTo HX ponh ll~CHT He T0nbK0 K0nnqecT-

BeHHblli xapaKTep, ~o Jlml Pl1Jl8 B0npoC0B npnnunnnanbllbili, TaK KSK 

llBnlleTCll HCToqnl!K0M B0311HKII0BeHHll nenapllblX c1rn, cymecTBeHHbIX 

Jlnll cTa61rnn3aunn perneTKI!, I! T.n. 

llnccepTaUl!ll C0CT0l!T M3 JleBllTH rnaB. nepBall rnaBa 

BBOJlllbIH xapaKTep. 

n:MeeT 

2. rnaBa 2 Jll!CcepTau1r1r nocB11me11a KpaTK0MY M3nOJ1<e111110 

M0Jlen11 HenepexoJlHbIX MeTannoB 11 6a3npy10melic11 na neli Teop1111, 
/2 3/ 

pa3BIITOH EpoBMaHOM II KaraHOM 1 • EnaroJlapll cnpaBeJlnllB0CTII 
/2/ 

aJl11a6aT1rqecKoro npn6n1rX<eHl!ll B MeTanne 3anaqy 06 on1rca111r11 

CMCTeMbl aneKTP0H0B ll H0H0B MOX<H0 pernaTb B JlBa 3Tana. Cnaqana 

onpe)len11eTCll aneprilll aneKTp0IIIIOH Cl!CTeMbl npl! !pl!KCl!pOBallllbIX 

nonoX<emrnx l!0H0B, a 3aTeM aneI{Tp0HHall aneprmi Ee BMecTe 

c aHepr1reli 11enocpencTBe1111oro, KynonoBcKoro MeX<M0HHoro B3aMM0-

)leliCTBHll cocTaBnllJOT no.TenunanbHYJO a11eprn10 Jlnll perneHl!ll E. 
l 

/2/ 
3a)laqn 0 JlBl!;>Kelll!I! l!0II0B. CornaCHO pa6oTe , STY 3HeprMJO MOX<-

110 npeJlCTaBHTb B BHJle: 

(0) (I) 

E=E.+E =E +E +E + ... ( l) 
l e 

p11na Teopnn B03Myiuennli, rJle E <n> smn11eTc11 qneHoM n -oro no-

p11nKa · no nceBJlonoTeHunany V Q • B BbIpaX<eHHH Jlnll aHeprnn 

( l) M0X<II0 BbI)lenHTb qneHbI, He 38BHClll!lMe OT nonoX<eHHll H0II0B, 

napllble qneHbI, :pexqacTHqHbie _H T.Jl. ITpHBOJlMTCll KOHKpeTHblH BIIJl 

Bb1paX<e11nli JlmI E 1 
E(l) H E <2 > 

PaccMaTpHBaeTcll MeTann npn nyneBoli TeMnepaType. TorJla 

nonHaSI a11epr1111 KpncTanna oTnnqaeTcSI oT. ( l) Ha aHeprmo HyneBhIX · 

Kone6annli, K0Topa11 .npene6pexmMa no cpaBHe11n10 c yqnThIBaeMbIMH 

qne11aM11 (1). noaToMy Bee cBolicTBa KpncTannnqecKoli perneTKH, 

paCCM0TpeHH!>Ie B JlllCCepTaunn, onpeJlenllJOTCll C noM0II!blO 3Hep-

rnn ( l). 

3. B · TpeTbeli rnaBe M3naraeTq11 cxeMa onpeneneHnll M0ilY

neli. ynpyrocTn cnoX<Horo KpncTanna B cTaTnqecKoli 3anaqe. Ha 
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0CII0Be npnMeneHHll MeT0Jla 0Jlll0p0JlllbIX JleqiopMaunli 6binO nonyqe-;:-. 

110 cn(!!JlYJOl!lee BbipaX<enne JlmI MOJlyneli ynpyrocTn BToporo nop11n:

Ka: 

~ k k 
C = C - ( C -1) I 2 

f3,Y1f:12Y2 f:1,Y,f:12Y2 a 1"2 
C k I 

a 1f:11Y1 

= k 2 
C 

a .J32 Y2 
( 2) 

rJle nepBbIH qneH o~penen11eTCll KaK BT, _all np0ll3B0JlHaSI OT 3Hep

rnn Kpl!'CT(lnna n? napaMeTpaM BHG!II!Heli JleqiopMaunn, a BTopoli 

qneH yqHTbIBaeT 'nonpaBKy' na BHyTpeHHl!e )leqiopMaUHH ( T.e. 0T

II0CHTenbHbie cMemeHHll aT0M0B BIIYTPH aneMeHTapnoli gqeliKH), BbI3-

BaHllbie Bnemneli JleqiopMauneli 11qeliKn. CnaraeMoe C kf3 11Bnsi-a y 

eTCll CMerna~HOli.npo1!3B0Jlll0H no napaMeTpaM BHyTpeHHeli H B11em11eli 

)leqiopMaunn,. a C -1 - MaTpnua, 06paT11a11. Ma_Tpnue BT0pbIX npo-
- ~ "'k k - . 

H3B0JlllbIX no BHyTpeHHl!M )leqiopMaUHllM C I 2 • lleMOHCTpnpy-
. a a·· • 

~ k k . I 2 
eTCll, qTo Ca~ 2 onpeJlen11eT qacT0TbI _qnTnqecKnx Kone6annli 

➔ I 2 
npl! q = 0 • C II0M0l!lb!O BBe)leHH1?1X Bennqnn o6cyX<Jl8IOTCll. ycno-

BHll ynpyroli CTa6HnbHOCTH Kp_nc1;annH'!~CKOH perneTKH. 

OKa~bIBaeTCll, qT0 npn TeopeTnqeCK0M nccneA0B8HHH ynpyrnx 

cBolicTii MeTannoB H3 qncna Jlpyrnx JleqiopMaunli yA061w_ BhIAennTb 

coxpa11si10mne 061,eM (JleqiopMaun_u· cnBnra). Pa3pa60TaHa cxeMa, 

no3Bonsi_10ma11 .onpeAenHTh Bee MoJlynn ynpyrocTH qepe3 npoH3B0Jl

llbie no )leijiopMaUHSIM CJlBHra 'H )leqiopMaUMH CX<STHSI ( 6yAeM H83bl-

BaTb HX M0AYnSIMI! Tnna <l>yKca H 060311aqaTb B .ll ) • llnsi 'K0HKpeT-

HblX CTpyKTYP ( reKcaroHanbHOH rin0TH0 ynaKOBaHHoli, 6enoro onoBa, 

HHJlHSI, Ky6nqeCKHX) onpe)leneHbl He38BHCl!Mble C0CTaBn,si10mne MH-

Kp0CKonnqeCKHX MDJlyneli C n MoJlyneli Tlma <l>yKca B , a TaK-

X<e C00TH0II!elll!SI MeX<AY HHMll. 

4. rnaBa 4 Jll!CcepTaUHI! noCBSil!lella paCCM0TpeHHIO ynpyrnx 

cBolicTB ~eTanna B acneKTe nnnaMnqecKoli 3aJlaq~. llnHaMnqecKy10 

MaTpHUY Kone6aHHli MeTanna.M0X<H0 npe~cTaBHTb B Bnne psina, co-

QTBeTCTBy10mero pa3noX<e111110 aneprnn 

D=D
1 

+D I) I ,+ l) (2) + I) (3J ••• 

( l): 
(3) 
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( qneHhl E coy• n · .E (I> , lie aaBncllmne oT KoopnnaaT aTDMDB, He 

na1DT BK~ana B · D ) • BbllIHChJBaeTcll l!BHDe Bhipa)KeHne D Cn) nnll 

cnO)l{HblX MeTannoB. B K8'16CTBe rrpnMepa· 11pHB61l6M Bhlp8)1{6Hlle 

nnll D <3> 

ll'!ei!Ke 

B cnyqae MeTanna C OllHilM 8TOMOM B 'sneMeHTapHoil 

D 
q 

a /3 
6 0 e :r ➔ I ( q + K ') ( q+ K ) ,Y ➔ V ... x 

K {, K 'It K I a 2 I" (q +Kl) -(q+K l (3) 
I 2 r-2 2' 

(3) ➔ ➔ ➔ ➔ ➔ ➔ ➔ 

xV ➔ ➔ S(K 2 -K 1)f' (q+Ki,-.lq+K J,K 2-K1}1- i !9=01 
(K:,K 1) K~OK:i;eO. 

• • ' I 

(4) 

• (3) . 
3necb f' - TpexrronlOCHilK, KOTOpblil orrpenenl!eTCll COBOKyIIHOCTblO 

Bcex · cB.ll38HHhIX nnarpaMM, nMe1Dmnx ·-rpn 'xBOcTa' BH8111Hero rronll 

.. /2/) . ➔ • 
(cM. pa6oTy , 0 0 - aTOMHhiil 061>eM, S( K) - c'I'pyK'I'ypHhlil 

qJ8KTop. Bbipa)KeHHe .. ( 4) • llElMOHCTpnpyeT 0'18Hb cymecTB8HHblil ql8KT, . 

'ITO E <3> nnll cTaTn'!eCKcii! pe111eTKn n CDDTBeTCTBy1DmaS1 eMy D <3> · 

IlM810T pa3Hblil IIOpllllOK M'anOCTil ( MB.nhlM rrapaM'eTpOM. ieopHil, KaK 

yrroMl!HyTo B paanene · 1, llBnl!eTcll · V it/ E F ) • lleilcTBHTenbHo, 

(3) . . . . 
E · conep)l{IlT rrponaBen_eaHe Tpex V K➔i n rrosToMy RMeeT 

TpeTnil nop'llllOK ManOCTil, a· ·D Anll nnnHHOBDnHOBhlX qJOHOHOB 
(3) . 

( Manoe q ) conepiim~ qneHbl BTOporo IIDPllAKa, - COOTB6TCTBYID-

mn~ • i =0 nnH K =0 B ( 4) ( sK'paHnpoBBHHh1il rroTeHnnan nnll 
I 2 

.-q ➔ 0 HMeeT BenH'IIlHY -=l ). qneH BTopo'ro 110pllllK8 conep)KIITCll 

TBK)Ke B D (4) ·• 'TaKilM o6paaoM, BblllBneaa onaa· Il3 Ilpll'IHH Hey

ll8'1 CTaHnapTHOil TeOpHil, Y'IIlTblB81Dlll6il ·TonbKO D (2) : B Heil 

H038KOHHO OT6po111eHbl qneHbl TOI'O )1{6 rropllnKa ManocTn, 'ITO 

H B O (2) • 

llanee, rr'ocne' paccMOTpeHml yrrpyrnx Kone6aHilil B Hanpll)K8H-

HOM KpllCTanr.e llOK83blB86TCl! paBeHCTBO B MeTanne CT8TH'l6CKilX 

Monyneil ynpyricTn (m;ny'leHHhlX MeTOAOM DAHDPOllHhlX neqiopr.ianni!) 

Il llHH8MH'l6CKilX Monyneil ( rrony'leHHhlX ll'3 llllH8MH'leCKOil MBTPHllhl. 

B rrpenene nnnHHblX Bona). YIHTepeCHO, 'ITO C TO'IHOCTblO AD qne-

6 

HOB BTOporo IIOpllllK8 CT8TH'l6CKile Monynn rrony'IBIOTCll Il3 E (O) 1 

Eco n E <2> , a AHHaMn'leCKne - na E <2> , • E <3> n E <4
~_ Pa

BeHCTBD )1{6 COOTB6TC'tBy1DmHX Bblp8)1{6Hllil nMeeT MeCTO Il3-38 

/4/ 
cymecTBOB8HHll TO)KJ:16CTB I CBll3blB810mllX rrpenenbHhJe 3H8'18-

HHll MHOI'OIIOn!OCHHKOB Bh!Clllero IIOPllAKa C IlpOil3BOllHblMH 110 

sneKTpOHHOil rrnoTHOCTH .OT MHOI'OIIOn!OCHilKOB HH31116I'O IIOpl!AKa. 

B ·nnccepT81lllH paBeHCTBO ADK83blB86TCll Anll KpllCTannoB npOH3-

BOnbHOii CHMMeTpHH Il npH HanH'IHH H811pS1)1{6HHii ( '18CTHblii cnyqaii 

. . /5/ 
TeopeMbl nnll Ky6H'!8CKHX KpHcTannoB pacCMOTpeH B pa6oTe ) • 

B rrocnenHeii '!aCTH qeTBepToii rnaBhl o6cy)KJ:laeTCll npo6neMa 

/5/ 
HapyllleHilll COOTH01116HHii Ko11111 B MeTannax. lleMOHCTpnpyeTCll 1 

'ITO 9TH Hapy111eHHll CBl!38Hbl KaK C BKnanoM aneKTpOHHOI'O raaa 

B naaneHHe ( npH Tpe6oBaHHil ycnOBHl! paBHOB6Cilll p = 0 ) , TaK 

11 C xapaKTepHOii Anll MeTanna H6(18PHOCTblO cnn ( XOTll CT8TH'!ec-

K8ll 9H6pI'Hll E (2) - napHall, He06XOAHMO Y'IHTblB8Tb D Il D 
. (3) (4) 

) . 
5. B IlllTDii rnaBe nnccepTannn pac~MaTpHBaeTcl! Tp.exrron1Dc-

HHK f' C3 l , onpenenS11Dmnii E <3> - Han6onee cymecTBeHHhiii BKnan 

OT HenapHOI'O M6)KHOHHOI'O B38HMOAeiiCTBHll. ITpHBO/lHTCll aHanHTll

'16CK08 Bblp8)1{6Hl!e Anll f' (3) , COOTBeTCTBy1Dmee neTneaoii n11ar

paMMe C TpeMl! 'XBOCTaMH' BH6111Hero rronll: 

(3) ) = ( ) r (ql,q2,q3 dql)dq2kq3 

l 
2 3 

_l_ _.'.!_g_ I :r /L fnl 2kE+q 'l-
611 2 q lq 2 q 3 r r 2k F-q r 

l -fi.1\ 

[ '• I 
I ; 

Anll 

k <q ] I -!J. . l+ii-A . F R 

2Arctg (!J.. A) Anll k > q 
F •R 

rne q R , fl I , /L 
2 

t /L 3 ·- panuyc OIIHC8HHOii OKpy)KHOCTH H KO-

CHHYChl yrnoB TpeyronbHHKa, IIOCTpoeHHOI'O Ha qi ·' q:2 , q3 

• 2 ½ 
fi=[fl-(k/qJIJ ;A=q•q•q 

F . R I 2 3 

3 2 2 2 
/l(2k) (l;_L q1+q2+q3 

F 2 2 )J; 
(2k J 
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Arctg npHHHMaeT aaaqeHHSI a npenenax oT Ono rr ·0TbICKHBa-

!OTCSI oco6eHHOCTH STOI'O Bblpa)KeHJrn. XapaKTepaaSI oco6eHHOCTb: 

r (3) = I 
-2"1tk I q / .. 1 

F R 

0 nnSI 

llml 

kF < q R 

k >q 
F P. 

I ( 6) 

cymecTay10maS1 nnSI cnyqag ocTpoyronbHoro TpeyronbHHKa ( q , 
I 

q I q ) I np!!BO/l!IT K IlOSIBneH!l!O HOBOI'O THna CIIHI'ynSipHOCTelt 
2 3 

Ha qio~OHHblX KPHBblX llHCnepCIIH. 06cy)K/la!OTCSI B03MO)KHOCTII !IX 

. /6/ 
aa6mo11ea11S1 • 

6. PaaaHTaSI a TpeTbeii rnaae cxeMa npHMeHSieTCSI a wecToii 

rnaae K Bb1qHcneHHJO Mo11yneii ynpyrot:TH ( H onTnqecKHX qacToT 

11ng q =0 ) pSilla MeTannoa. KopoTKo HanaraeTcSI anropHTM 11el!

CTBHS1 C031l8HHbIX nporpaMM llnSI sneKTpOHHO-BbiqHcnHTenbHblX 

MaWIIH. BnepBbie BblqHCnSIJOTCSI ynpyrHe CBOfiCTBa C 'ToqHOCTbID llO 

qneHOB TpeTbero nopSI/lKa (c ITOMOmbJO (5)). C HCITOnb30BaHUeM 

aaaqeaHll rrceanorroTeauHanoa, aaii11eHHbIX Xel!He H AHHMany ( orry6n11-

/ 1/ 
KOBaHHbie B KHIII'e XappHCOHa ) I BbiqHcneHbl MOllynH yrrpyrocTH 

necSITH pa3HbIX MeTannoa Li , Na , K Al Pb , Be 

Mg Zn In , Sn • PeaynbTBTbI rrpencTaaneHbI a a11ne 

Ta6nHU, ,1leMOHCTplipy10mHX BKnallbl OT OTlienbHhlX qneHoB SHeprlili 

( 1) B Ka)l(Jlblii 113 Mo11ynel!. ilaa menoqHblX MeTanna: Na Ii K Bbl

nenSIJOTCSI cpellli llPYI'liX MeTannoB oqeHb ManhIM BKnallOM OT E (2
) 

H E(
3

) no cpaBHeHH!O C BKnallOM OT E i (rrpHqeM BKnallbl OT E C
3

l 

Ha rrop511lOK MeHbWe BKnallOB OT E C
2

l ) • IT09TOMY Ben11qHHbl Mo11ynell 

' 
C/lBliI'B rroqTlf rronHOCTb!O orrpenenSIJOTCSI BKna110M OTEI I a aenl{ql{H8 

Monyng C)KaTIISI - KOHKypeHuHeii BKnBllOB OT E (I) Ii E, 1 Ii Bee OHli 
I 

llOBOnbHO 6nH3Kli K aKcrrepl!MeHTy. B rron110aneHTHblX MeTannax pea-

KO B03pacTaeT ponb ace ii aneKTpOHHOii saeprllli , Ee, ITO cpaaHeHH!O 

C E
1 

• ITpli 9TOM B pSille cnyqaea oco6eHHO Ba)KHY!O ponb HI'paeT 

BKnan OT qneaa TpeTbero ITOpS!llKB - E(3
) Bo-rrepBblX, qacTo 

HMeeT MeCTO oqeHb CllnbHaSI KOMrreacauH51 BKnanoa OT E <2> Ii E 
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Terna OKtiHqaTenbHblil peaynbTaT cnnbH0 3aBHCllT OT 3HaqeHHR 
(3) (2) 

BKnai:ta OT E • X0TR OH Man no cpaBHeHlll0 C BKnai:toM OT E • 

npnMepoM MoryT cny)KllTb M0Aynn CABnra AnR CBllHIIa, 022 n B 66 

AnR onoBa. Bo-BTOpbIX, M0)KH0 yKa3aTb npnMepbI, ri:te BKnai:t 

OT g3> · nopHAKa BKnai:ta oT·. E<2 > : M0Aynn 8 ll 8 AnR 
22 33 

MarHnR, B 
33 

- nnR anroMnHnR, Cpei:tn nonnBaneHTHhIX MeTannoB 

AnR Al n Mg nonyqnnocb YA0BneTBopnTenbHoe KonnqecTBeHHoe 

cornacne c aKcnepnMeHToM, a i:tnR ocTanhHbIX - KaqecTBeHHoe co

rnacne. 

KpoMe pacqeToB c ncnonbaoBaHneM nceBi:tonoTeHunana Xeil

He-AHnMany, T0qH0CTb K0Toporo B pHi:te'cnyqaeB 0Kaaanacb HeA0CTa-

ToqHoil, AnR Na K Al Pb , Mg n Sn ·6hmn npoBe-

AeHbl Bb1qncneHllR -C M0AeilbHbIM noTeHunanoM, napaMeTpbl K0Toporo 

0TbiCKllBanncb B paMK8X o6paTHOil 38Aaqn. Cpenn aKcnepnMeHTanb~ 

Hb!X AaHHbIX I ncnonb30B8HHhIX C aT0il ue~bro, Bceraa HaX0AllnllCb 

napaMEiTpbl peIIIeTKll ( B BHAe ycnoBHSI Aafl!leHne pd) • a AnR Mg 

n Sn --' n HanpH)KeHne CABnra = 0), nonyqeHHhie peaynbTBThI xopo

rno cornacyroTCSI C 8KCnepnMeHT0M. noi:to6HO T0MY, K8K 8T0 .. Ha6nro-

nanocb B cnyqae npHMoil aanaqn, i:tnR· Na n K xapaKTepHhI oqeHb 

Manbie BKnaAbl OT aneKTp0HH0il aHeprnn no cpaBHeHnro C BKna-

AOM OT E 1 • Ha npnMepe npnBeneHHhIX B Ta6iinuax peaynbTa-

T0B i:tnR Mg n Sn o6cyi:tnM ponh aneKTp0HHoil aaeprnn B nonnBa

neHTHhIX MeTannax. KaK BHAH0, noqTn BO BCex M0AynRX paccMaT-
(3) 

pnBaeMbIX. MeTannoB BKn.aAbl OT E HMeroT nopRA0K BennqHHhl 

0KQHqaTenbH0ro peaynbTaTa. Oco6eHHO S!pKBM HBnReTCR cnyqail 

onTnqecKoll: qaCT0ThI AnR Sn , ri:te BennqnHa w ~ noqTn non-
e 

H0CTb!O onpei:tengeTCSI BKnai:t0M OT E C
3
> ( TQqHQ T8KOil )Ke peaynb-

TaT Ha6nroi:tancH n npn Bh1qncneHHRX c nceBi:tonoTeHunanoM XeilHe

AHnMany). KpoMe Toro, i:tnR Sn yqeT qneHoB TpeTbero nopHAKa 

He To·m'.,Ko noaBonReT nonyqHTb xopornee KonnqecTBeHHoe onncaHne 

ynpyrnx CBOilCTB peIIIeTKH, HO T8K)Ke o6nRCHReT ee ycToilqnBOCTb, 

KaK nerK0 YBHAeTb, ecnn oT6poCHTb BKn8Abl OT E' 3
) • M0Aynb 

CABnra 833 CTaHeT 0TpnuaTenbHbIM H3-38 6onbIIIOil OTpnuaTenbHOil 

'nonpaBKn• Ha BHyTpeHHne i:te~opMaunn. 
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KaK np1IseneHHbie Bb!We nplIMepbl - IICKnJO'IIITenbHO B8lKHaSI 

ponb sKnanos OT qneHoB TpeTbero nopsinKa B oTnenbHble MonynlI, 

TaK II ycnex B COBOKYITHOM OITIIC8HIIII ynpyrlIX CBOllCTB cnolKHbIX 

nonlIBaneHTHblX MeTannoB BMeCTe SIBmllOTCSI y6eJ:11ITenbHblM J:IOKa

aaTenbCTBOM Han1I'IIIS1 B 3TIIX MeTannax o'leHb clinbHoro.Henap

Horo MelKIIOHHOrO B381IMOJ:1el!CTBIISI 'lepea aneKTpOHbl npOBOJ:IIIMO

CTII, 

7. B cenbMOll rnase 06cylKJ:1aeTCS1.npo6neMa ycTOll'IIIBOCTII 

KplICTannlI'leCKOll peweTKII, 3HeprlISI CBSl31I, Il0J:IC'IIIT8HH8SI nplI no

MOWII Hal!neHHoro noTeHu1Iana, xopowo cornacyeTcsi c aKcneplI

MeHTanbHbIMII 3H8'1eHIISIMII, Llnsi IlSITII paccMOTpeHHblX MeTannoB 

IlOJ:IC'IIITBHbl 3HeprlISI CBSl31I II MOJ:lynlI ynpyroCTII nplI p83Hb!X MO-,. 

nmplIK8UIISIX CTpyKTypbi (c Ky61I'1eCKOl! O,U,K, .II r,U,K,· II reKcaro

H8nbHOll nnoTHO ynaKOB8HHol!). Bo scex cny'IBSIX (aa HCKnJO'leHIIeM 

Pb ) caMol! HII3Kol! sHeprnel! o6nanaeT Ha6n10naeMaS1 ~Kcnepn

MeHTa~bHO CTpyKTypa, ITpn STOM psin MOAII!pHUIIPOB8HHblX CTPYK

Typ SIBnHeTCSI He TOnbKO .HeBblrOJ:IHbIM SHepreTII'leCKH, HO T8KlKe 

II aeyCTOll'IIIBblM ( OTplIUaTenbHbie MonynlI). O6cy)!{J:18eTCSI 38BIICII-

MOCTb sHeprlIII CBSl31I OT o6~eMa, Lln11 Na 

C'IIIT8HO ypaBHeH1Ie COCTOSIHIISI Q = Q(p) 

K Al II . Pb . IlOA -

(Hynesasi 1IaoTepMa). 

B K8'1eCTBe nplIMepa H8 plIC, 1 nplIBO/tSITCSI peaynbT8Tbl nn11 Na 
IV . 

II , K (cnnowHaSI nlIHIISI) , KpylKKII II KpeCTIIKII 0003H8'18IOT SKCne-

p1IMeHT8nbHbie TO'IKII, 

8. rnasa BOCbM8SI .IlOCBSlmeaa IICcnenoBaHIIIO !pOHOHHblX KplI-

BbIX n1Icnepc1I1I nn11 p11na KOHKpeTHblX MeTannos, Lln11 Na n K 
/5/ 

KpHBb1e nncnepc?" nonc'IHTaHbI B npn6n1IlKeH1III aynesoro nop11nKa , • 

ITonyqe110 snonHe paayM11oe cornac1Ie c sKcnepnMeHTOM, 3To noKa-

3bIBaeT, 'ITO qne!lbl BTOporo nopS1J:1K8 naJOT OTII0CHTenbHO Manblll 

BKnan 'B '18CTOTbl !pOHOHOB nn11 STIIX MeTannoB, TeM C8Mb!M Bb!SIC

HS!eTcSI, no'leMy. ycnex CT8Hll8PTHOl! TeOplIII, He Y'IIITblB8IOWel! Bcex 

qneHOB BTOporo nopS!J:IK8 (cM. rnasy 4), orpaHII'IIIB8nCSI T0nbK0 

men0'IHbIMII MeTanriaMII, 

ITonpooHo 1IccnenosaHbl cpo110Hb1 B reKcaroHanblJbIX MeTan

/8/ 
nax : Be , Mg , Zn • B pac'leTax 1Icnonbaosanacb Mon_enb, 
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np11MeaeaaaSI paHbWe poaMaaoM H araHoM nnSI enoro onoaa 

Oaa aaKnIO'JaSTCSI B TOM, 'ITO' npH IlOCTpoea1111 )lHHaM11iiecKofi MaTpll

Ubl (3) qneHbl DI +D (2) Y'IIITb!BaIOTCSI nonHOCTbIO cornacao, HC

nonbayeMofi Teop1111, a BKnan Bb!CWIIX 'InSHOB D (3) + D (4) + .••· 

MonenHpyeTCSI npll noMOWH c11nOBbIX KOHCTaHT, onHCbIBaIOWIIX' 

aaaHMonefiCTBlle C 6n11~afiw11M11 COC8)lSIMH (C'JIITaeTcSI, 'ITO Baa11Mo-

neficTalle, COOTBSTCTBYIOmee 'IneHaM D + , IIMeeT KOpOTK0-
(3) 

)l8liCTBYIOWHfi xapaKTep). C 11cnonbaOBaHH8M nceanon0Teau11ana 
/1/) •, , . 

XeliHe-AHIIMany , nO)lC'JIITaH Q)OHOHHblli cneKTP Tpex MeTannoB 

caa'Iana TOnbKO nnSI D (-1).._ D <2> 1 a noTOM H C BKnIO'I8Hll8M .J,-10-

nenbHOfi KOpOTKonefiCTByIOmefi 'JaCTII, Tp11 aeaaBIICIIMbie c11nOBbI8 

KOHCTaHTbl onpenemmHCb c' noMOWbIO onpeneneHHbIX 8KCnepHMeH

T8nbHbIX QJOHOHHbIX 'I~CTOT, HaKna)lb!Banocb ycnoa11e OTCYTCTBHSI 

aa11aoTponHbIX aanpmKeHHfi, B peaynbTaTe nonyqeao xop~w_ee co

rnac11e C 8KCnep11M8HTOM nnSI MarHIISI, II anonae paayMHoe nnSI 6e

p11nn11SI II UIIHKa. Ha cpaaHeHIISI C peaynbTaTaMII Bbl'IIICneHllfi 6ea 

y'IeTa KopoTKonellcTBirn a11naa pewaIOmaSI ponb ·nocnenaero • .llnSI 

Be II l\!'g npoaeneHbI pac'IeTbI :T~K~e c MonenbHbIM nceanonoTeH-

u11anoM, .llBa napaMeTpa n0Teau11ana II Tpll c11n0Bbl8 KOHCTaHTpI 

OTbICKIIBaIOTCSI B paMKax 'o6pa~aoll aana'III, no~y'JeHHbie. peaynb

TaTbi xopowo cornacyIOTCSI co cno~Hb!M 8Kc.:nepllMeHTanbkbIM cneKT

poM ( pllC, 2), AaanOrll'JHbIM o6paaqM nony'ISHbl QJO!IOH~bie Kpl1Bbl8 

n11cnepcn11 JlnSI Al II Pb · 

OcHOBHble peaynbTaTbI, ·nony'IeHHbie B n11ccepTau11n, ony6nllK0-
/5, 7,8,9/ . · ,, "' 

BaHb) B pa6oTax ll pono~eHbI aa Me~nyaaponaoll KOH'l'e-

peHUllll no aeynpyroMy pacceSIHIIIO aellTpOH0B B Konearareae 
, /8/ . 

(1968) 'a TaKJKe Ha II BcecoIOaHoll KOHQJepeHUllll no Teopllll 
/6 10/ . 
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