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1. Baeoeuue · -

AKTHBHLie uccne.n.onaHH.ll yponueii napaM~rnuTHhiX non on Ce , Pr, 
Nd , Tb u .n.p. n pa3HhiX coe.n.uueuu.Jix c noMo~hiO ueynpyroro napa

MaruuTnoro pacce.JIHH.ll T'enJIOBhiX ueiiTpm-l'on c Jnepru.JIMH oT.:. J .uo 

- 100 · MJB /cooTneTCTBYIOil\eii o6nacTH .n.aneKoro unclJpaKpacnoro 

HJJiy'leHH.ll/ ua'laJIH npono.n.HTLC.ll c 1969 r. I 1-3 I. 
Pac~ennenue ocuonuoro MYJILTHDJieTa cno6o.n.uoro napaMaruuT

uoro nona no.n. .n.eiicTnneM JJieKTpn~ecKoro /n MarnuTnoro/ non.JI 

KpHCTaJIJIH'leCKOH perneTKH H30~.liTOpOB, DOJiyDpOBO,!I,HHKOB H MeTaJIJIH'le- • 
. . 

CKHX Be~eCTB ,!l,aBIIO HCCJie,!l,yeTC.ll C DOMOil\biO MHKpOCKODH'leCKIIX 

MeTO,!I,OB, TaKIIX, HanpnMep, KaK ODTII'leCKa.ll CDeKTpOCKODH.ll, clJnyopec-. 

UeHUII.ll, HH$paKpacHa.ll cneKTpOCKODH.ll H 3llP, a TaK/Ke C DOMO~biO 
MaKpOCKODH'leCKHX MeTO,!I,OB, TaKHX KaK HJMepeHHe BOCOpHHM'lHBOCTH, 

HaMarHH'leHHOCTH, MarHHTHOH aHH30TpODHH B 60JiblllHX non.JIX, y.n.eJibHOH 

TennoeMKOCTH H MarHHTHOro nop.li,!I,Ka I 4 I . B cnyqae npnMeHeHH.ll 

H30Jl.liTOpOB H,OOJiynpoBO,!I,HHKOB MHKpOCKODH'leCKHe MeTO,!I,bi,OCIIOBaHHhie 

ua B3aHMO,!I,eHCTBHH $OTOHOB C Bell\eCTBOM, ,!l,aJIH TOJI'IOK pa3BHTHIO 

DO,!I,p06HhiX Teopuii, coneprneHCTBYIOil\HX KJiaCCH'leCKYIO MO,!I,eJib TO'lelJ·, 

HhiX Jap.JI,!I,OB C y'leTOM J$$eKTOB JKpaHHpOBaHH.ll, KOBaJieHTHOCTH H 

.n.p. Is I . B cnyqae ucnoJILJooaHH.ll MeTaJI.JIH'leCKHX o6paJuon MeTO.!I.hi 

$OTOHHOH cneKTpOCKODHH, B OCHOBHOM, He ll03BOJIJIIOT HJMepHTb pac

~enneuue ypoBHeH napaMarHHTHhiX HOHOB, TaK KaK CHJibHOe B3aHMO• 

,!l,eHCTBHe $OTOHOB CO CB060,!I,HbiMH JJieKTpOH~M·H npell.liTCTBye.T ua6mo

,!l,eHHIO CJia6hiX nepeXO,!I,OB Meil<.li.Y KpHCTaJIJIH'leCKHMH ypOBHHMH JIOKa

JIH30BaHHblX JJieKTpouon o6ono'IKH. BoJMOiKHOCTH MeTo.n.on onTutJecKoro 

'norJIOil\eHHJI H $OTOJJieKT:lH~'leCKOH 3MHCCHII orpaHH'leHhl no cpanHeHHIO. 

c pacce~nueM :HeiiTponon yJKHM .n.uanaJonoM ':meprllu nop.JI.n.Ka 1 3B 

u. ne6onLrnoii TO'IHOCTLIO paJpellleJiiiJI- na 3HeprliiO np~Mepno 2011/o I 6 I . 
. BcJie,!I,CTBHe 3TOrO ypOBHH napa:MarHHTHhlX HOHOB B. MeTaJIJIH'leCKHX 

.coe~u~enu.Jix otJeHL Mano ·HJy'leHLI, u no3TOMY no.n.po6l!a.si TeopuJI ne 

pa3BHBaJiaCL. 
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llOCKOJihKY B3aHMO,D;eii:c~BHe Jieii:TpOHOB, CO CB060,D;HhiMH :meKTpo
HaMH npene6pe)I(H~W MaJIO no cpaBHeHHIO C B3aHMO,Il;eHCTBHeM HX C JIO
KaJIH30BaHHhiMH :meKTpOHaMH, Heii:TpOHHaH cne:KTpOCKOllHH MO)KeT. CJiy
)I(HTh 3<fJ<fJeKTHBHhiM MeTO,Il;OM ,D;JIH H3yqeHHH CBOHCTB ypOBHeii: napaMar-· 
HHTHhiX HOHOB B MeTaJIJIHqeCKHX Bell.(eCTBaX. . 

B H30JIHTopax u. no~ynpono,D;HHKax H3MepeuuH nepexo,D;on BHYTPH. 
OCHOBHOrO MYJihTHllJieTa. C llOMO~hiO pacceHHHH HeHTpOHOB ,Il;OllOJIHHIOT 
pe3yJibTaThl (llOTOHHOH cneKTpOCKOTIHH, TaK KaK npaBHJia .· o'i6opa ,D;JIH 
3THX MeTO,D;OB pa3Hhle, u, KpoMe Taro, none,D;euue ¢oua, o6ycnonneuuoro 
<iJOHOHaMH, 6y,D;eT pa3JIHqaTbCH ,D;JIH' 060HX MeTO,Il;OB. 

,lJ;o CHX nop H3MepeHHH npOBO,Il;HJIHCh C llOMOil.(hlO·PaCceHHHH · 
Heii:TpOHOB Ha Be~eCTDaX, CO,D;ep)l(a~HX HOHhl pe,D;K03eMeJibHhiX 3JieMeH
TOB: 0,D;HaKO .TaKHe )l(e H3MepeHH.H MhiCJIHMhl H,Il;JIH Jil06biX napaMarHHT
HhiX 'HOHOD, eCJIH 3TH HOHhl D HCCJie,D;yeMbiX nemeCTDaX HMelOT JIOKaJIH-

. 30BaHHhle 3HepreTuqecKHe COCTOHHHH C He CJIHIIIKOM 60JihlliOH IIIHpHHOH; 
B ,D;an:bneii:IIIeM 6y,D;eM paccMaTpnnaTh nerKue pe,D;Ko3eMeJILHLie noHLI. 

M(no,D; pacceHHIIH neii:Tpouo:B· npu uccne,rtonannHx Kp'ncTannuqecKnx 
_8 yponneii: orpaunqeu ueo6xo,D;HMOCThlO HMeTh i<oin.\eHTpau;uro napaMarunT

HhiX HOHOD :C 5 aTOMHhiX npon;eHTOD H 0.6pa3IJ;hl /nopOIIIOK/ D KOJIHqeCTDe 
npHMepHO OT 10 ,Il;O 500 rpaMMOB.B03MO)I(HOCTh ,D;aJILHeHIIIero yMeHL
IIIeHHH KOHIJ;eHTpaiJ;HH HOHOD H Beca o6pa3u;a 3aBHCHT OT pa3BHTHH 
ueii:TpOHHhiX HCTOqHHKOD eme 6onee DhiCOKOH MOil.(HOCTH. CerO,D;HH·JierKO 
~ocTynuoe :mepreTnqeci<oe pa3peiiieuue uM:eeT nenuquuy -1o/o ,D;O 10o/o. 

2. Teopemut.te(:t<Ue npeocmaeAeHUJl 

MarunTnoe .none,D;euue pe,D;K03e:MeJihHhiX 3JieMenTon, ux coe,D;nHe
nuii: u cnnanon onucLma~TCH npocToii MO,D;eJILIO I 7-9/ . llpu 3TOM pa3·
nuqaroTcn . XOPOIIIO JIOKaJIH30DaHHbie MarHHTHhie 41 - 3JieKTpOHhl H 
3neKTponhi npono,D;HMOCTH. Bo3HHKaro~ne MariiHTHhie MOMeHThi o6yc
nonneHhi napaMarHHTHhiMH .41 - 3Jiei\TPOHaMH, KOTOphie XOpOIIIO :mpa

·HHPYIOTCH :meKTPOHaMH 3anonneHHhiX Ss - u Sp -o6onoqeK OT oKpy-
. )l(alO~HX HOHOD •. 3nepreTnqecKHe COCTOHJIHH . 4 I - :meKTpOHOB OllHChi-
BaiOTCH KnanTOBhiMH qucnaMn L:, ·s u I ; TaK KaK L'S - cnH3'b n 
CJiyqae pe,IlK03eMeJibHhiX HOHOB llO,Il; )J;eii:C.TBHeM KpHCTaJIJIUqecKoro llOJIH . 
He pa3pyiiiaeTCH. OcHonHoe cocTOHHne .4 I - :Jne:KTpo:Hon onpe,D;enHeTcH 
no npa,auny Xyn,Ila, Ta6n. l. B 3Toii Ta6nuue yKa3aHLI nenuqnnLI S , 

L , j 11 COOTBeTCTBYIO~He OCHOBHhie MYJihTHllJieTHbie COCTOHHHH ,D;JIH 
PHAa pe,D;Ko3eMeJILHhiX 3JieMeHTOB. B paMKax Teopuu MoneKynJipHoro 
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·: · <n.onH·,.; 6·~3 yqeTa pacm 
. Taim'nqecKoM none~ 6h1 

.. ,,;_ . +<t)') 1/2.,:,;. <fJaKTOP 
· ~ k'T c := )/3. J ( ii) ( g:_J 

nopH,IlOK; ] ( q) onHCb 
•• 1' CpaBHeiine Teop€ 

, c 3KCnepHMCHTaJihHhll\ . > .~· '~nH' J ( qj :c}IJihHO OTJill 
unu He yqTeHhi ,D;pyrue 
paTypHOH 3aBHCHMOCT1 
Jne~eHTax;.~·coe,D;nnen 
ypoBHeii: napa:MarHHTHI 
p'o.ril.~ripu ·o6~HcneHnn 1 
qeHH.!l,BOCnpHHMqHBOC 
B3aH~O,D;eHCTBHi M~~J 
HX B3au'M:o.zieii:CTBHe C .. ·, 

TeMnepaType._ynop.!l,D;O 
.JJieKTpOHOB paCCMaT] 
3a~eTHO 3aBHC.!lT OT 
KpaMepca/ KplicTanm 
pa)I(HBa Th · MarHHTHbiH 

' npoHCXO,Il;HTh . 3a.Mopa> . ~ ~ ' 

OTCYTCTBHH CHJibHOro 
·He;·noHnn.!le.Tc.!l Mirmi1 

. , HaXO,D;.!lTCH ita caM.OM' I 
'faKoe ne~e-cnw 'Ha3hl 

.. ~ · TaM:unhTOHnan c 

J{ = }( . :+ _}( ·s 
. . F . L 

r,D;e J{F - KHHeTnqec 
J{ LS - cnun~op6H:Ta 

B3aHMO,IleHCTBife •. J{ F 

yponneii:nenuqJinhl ·~ 
Cnnu-op~nTa~LHiH~ci 
nepnbiii no36ymAeHHhi 
3aceneu; ·· · · · 

·- · Ha puc •. '1 1f306p 
pa~~ennenue . n, Kpuc 
KOToporo ropa3,D;O 61 



CB060,IJ;HhiMH :meKTpO
~o,IJ;eHCTBHeM HX C no
·poCKOllHH MO:>KeT. cny
:;TB ypoBHeii napaMar-

HHH nepeXO,Il;OB BHYTPH, 
HeiiTpOHOB ,IJ;OllOnHHIOT 
: npaBuna .· o'I'6opa ,D;nH 

~oua,o6ycnoBneHHoro 

1B. 

C llOMOII\hiO·pacceHHHH · 
K03eMenbHhlX3neMeH
IH nro6biX napaMarHHT
lC:TBax HMeiOT noKanu
KOM 6onhWOH WHpHHOH. 
'e,IJ;K03eMenhHhle HOHhl. 
.HHHX Kp'HCTannuqecKHX 
mTpau;uro napaMarHHT
IOpOWOK/ B KonuqeCTBe 
> ,IJ;anLHeiiwero yMeHL-
3aBHCHT~OT pa3BHTHH 
U:HOCTH. Cero,IJ;nH.".nerKo 
1enuquHy -· 1o/o ,IJ;O 10o/o. 

lJl 

leMeHTOB, HX COe,IJ;HHe~ 
/7;_9/ . IlpH 3TOM pa3·-

. " 

:Hble. 41 - JneKTpOIIhl H 
iiTHLie . MOMeHThl o6yc-, 
KOTophie · xopoiuo 3Kpa
'Sp ~o6onoqeK.OT oKpy
tf - :meKTpOHOB OllHChl
aK KaK L'S -cBH3b B 
cpHcTannuq~cKbrononH· 

~~TpO~OBOnpe,D;enHeTdH 
a3l:uihi Be.imqHHhi S , 
nneTHhle COCTOHHHH ,D;nH 

reopuu MoneKymlplioro 
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· nonH·,.- 6~3 yq.eTa paCiu;enneHHH ypoBHeii'i:uip'aMaruHTHhiX uouo:B B··:i<puc
Taiin'HqecKoM none·, 6hinH'Bhlt.{HCneHhl·napaMarHHTHhiH MOMeHT ~[]( f+· 

. ~l.)']i/2 .·; .. ~aKTop ):(e: )KeHa (~::..1) 2 J (J +:1') ·H ~eMneplnypa 
k'Tc = ,1/J J ( q) ( g:..1) 2] (} ,+ 1), npii .. 'I(oTopoii BOJHHKaeT. MB.-rHII1'HhiH 

nopH,D;OK, J ( q) OnHChi.BaeT KOCBeHHOe 06MeHHOe i33aHM,O,IJ;eHCTB~e .. 
· · CpaBHenue TeopeTu<ie~Koii TeMnepaTyphl ·r c - ( ~ -1 ) 2 J ( .T + 1) 
c 3KCnepnMeHTanhHhl~fH BenuquHaM:H Tc . /Ta6n. 1/ n<,>Ka3biBaeT, qTo 

~ · 'unu· J(q7.cHnhHO oTnnqaeTCH, HanpuMep, ·,D;nH Ce +++H J~r++~:. 
HnH ue yq.TeHhl ,IJ;pyrue 3~~eKThl. IlpH no,i(po6H~M paC.CMOTpeHHH TeMne
P.aTypHOH ;JaBHCHMOCTII pa3HhiX MarHHTHhiX HBn.eHHH B pe,D;K03eMenhHhiX 
3neMeHTax;.-coe,IJ;HHeHHHX u cnnaBai oKa3hlBaeT6H, qTo pacll\enneHHe 

, . ypOBHCH napaMarHHTHhlX.HOHOB B Kp~cTa.iJ:nuqecKOM iwne HrpaeT Ba:>KHYIO. 
.pOnb'npu-o6'hHCHeHHH pH,D;a HBneHHH, TaKHX KaK• TeMnepaTypa· ynopB,D;O· . 
qeHHH, BocnpHHMqHBOCTh, MarHHTHaH aHH30Tponns H ,IJ;p. Ecnu o6MeHHO!'! 
B3aHMO,IJ;eHCTBHe Me:>K,IJ;Y noKanH30BaHHhiinl 3n~KTpOHaMH MellhWe, ~eM 
HX B3aH.Mo.rieiiCTBHe C KpHCTannuqecKHM noneM, ·.qTO HMeeT MeCTO\~IlH 
TeMnepaTyp·e .'ynopH,D;oq~HHH · <:' 10· K , .To MarHHTUhle cBoiicT.Ba 4£ ~ · 
.3neKTpOHOB paccMaTpHBaeMhiX. Bell\e~TB npH IIH3KHX TeMnepaTy~aX . 
3aMeT.HO. 3aBHCBT OT BenuqHHhl · } : IlpH.HeqeTUOM 3HaqeHHH .f /HOH 
KpaMepca/ KpHCTannuqeCKOe none mo6oii CHMMeTpHH He MO:>KeT 3aMo·-.' 
pa:>KHBaTL MarHHTHbiH MOMeHT. A llPH. qeTHOM 3HaqeHHH ] MO:>KeT 

' npOHCXO,Il;HTh . 3aMopa:>KJiBa~He MarHHTHOrO MOMeHTa. 3TO Be,IJ;eT, npH 
'otcyTcTBiin citnhHoro o6MeHa,' K TOMY~ qTo B napaMarHHTHOM BemecT:Be ·· 
·ne··noHBnHe.TcH MarmiTHoro ynopH,D;oqeHHH npu T =O;TaK KaK 3neKTPOHhl 

. " Haxo,IJ;BTCH .H:a caM OM' HH3KOM ypoBHe, i<oTopLiii nBnHeTCH neMarHHTHhiM. 
. TaKoe BemecTBO 'ua3LIBaJOT "napaM:arHeTHKOM no BaH <l>neKy~~ . 
. ::.. TaMHnhTOHHaH cBoGo.riHoro uoHa HMeeT BH:,IJ;: ·· · .•.. ·, 

/1/ 

r,IJ;e J{F - KHHeTHqecKaH H noTeHIJ;HanhHaH 3HeprHH 4 f -:meKTpOHOB, 
J{ LS - cnHH~op6uTanLHOe B3aHMo.neiicTBHe, H Rss - cnun-cnu~oBoe. 

B3aHMO,IJ;eiicTBHe. }{ F , .· J{ r:.s H J{ ss o6ycnoB_!JHBaiD,T pacmenneH~ui 
ypOBHeii BenHqHHhl ~ 10 3B, >-. 0,1 3B H ~ 10 . 3B COOTBeTCTBeHHO. 
Cnun-op6HT~uiLHaH ·cBH3h, KaK npaBHnb, · ,IJ;ocTaToqHo cHnLna,TaK qro 
nepBbiH B036ym,IJ;eiiHhiH MynhTHnneT npH KOMHaTHbiX TeMnepaTypax He 

. -. . 
Ja:cenen: ·· . ,. 

Ha puc.~~ H3o6pameHLI ypoBHH Pr+++ • Ilpu 3TOM yqHThiBanoch 
pacmenneHHe. B: KpHCTan.iJ:uqecKOM none, OnHCbiBaeMOe '}{ c , BKna,IJ; 
K~Toporo ropa3,IJ;O 6onLwe BKn.a,IJ;a. OT . ~ SS • BKna,IJ; OT o6MeHHOro. · 
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B3aHMO~eHCTBHH ; TO)Ke 60JJLWe BKJia~a. OT }(ss· • Il03TOMY .pa3JIH'IHLie 
•• • • u • I . " 

MarHHTHLie CBOHCTBa-pe~K03eMeJILHLIX 3JieMeHTOB H BeiqeCTB,_CO~ep)Ka-
• • ••. - !I • - • . 

lqHX pe~K03eMeJILHLie 3JieMeHTLI, OllHCLIBalOTCH CJie~ylO~HM raMHJILTO-
.. • HHaHoM: I 9 I : 11 

· · · 

}( ~ }{ F +}( LS + ~ L /2/ 

npH'IeM BKJia~ o~ peweTKHI 

. - I 
J< L = }(/so ex + }(drb /3/ 

. - ' . il 

. }('iso ex Oll_HCLIBaeT H30(POllHOe~aJILHO~eiiCTByiO~qee OCU:HJIJIHpyro~ee. 
B3aHMO~eHCTBHe 1/Py~epMaH-KHTTeJIL/ Me)K~y JIOKaJIH30BaHHLIMH MO-

• . . :1 • . • 

MeHTaMH ~epe3 llOJIHpH3al{HIO 3JieKTpOHOB npOBO~HMOCTH. . . I -
II - - - - /4/ 
I • 

}( iso ex = -~7: j J ~ R i -'R j ) J I J 1 ' ~ 

_ r~e- 'R1 - pa~uyc-BeKTOp 1 ·i -Toro MOMeHTa J~ . 
. BTopoii 'IJieH B ypaBHeHHH (3/ 3aBHCHT oT cy~ecTBOBaHHH op6uTaJILHoro 

MOMeHTa H HMe.eT BH~: :1 

}( = }( + }( . + '}( . /5/ orb an ex .. c ms 
. . - .. ·i 

HeH30TpOnHoe o6MeHHOe B3aHMO~eiiCTIJHe HBJIHeTCH CJIO)KHOH ri>YHKUHeii, 

3aBHCHiqeH OT BLI6paUHOr6 MexaHH3Ma B3aHMO~eiiCTBHH. B npOCTOM 
• • • . •I • . - . • .. -

CJiyqae 06MeHa qepe3 iiOiJHpH3al{HIO 3JieKTpOHOB npOBO~HMOCTH HMeeM: 
. . :1 . . . - . 

}( ... I K ('l.f -·R. J s s- I [L (R -·ff J 12+ [f (R -·ff J] 2tf6/ 
an ex I h i 1 ;I j I I j j I j .. 

:j 

i 

,[(JIH . B3aHMO~eHCTBHH C f3JieKTpH'IeCKHM IJOJieM- peweTKH B CJiyqa~ 
. reKCaroHaJILHOH CHMMeTpHH H 4£ - 3JieKTpOHOB npHMeHHeTCH raMHJIL-

:TOHHaH -. , _ ._ . ·. :1 . . . : _ . . . 

- }( c = 71 Vf Y~(Ji) + VJY4l(.~) +V6oY:(.f~).f. v:[y66(~)+Y:6(~JJ117/ 

Y::' (~ )~ 3.KI!H~aJieHTHLie !I onepaTOPLI CTHBeHCa I 10 I' vnm - llOCTOHH;. 

Hble, B03HHKaiOwHe npH pa3JIO)KeHHH KpHCTaJIJIH'IeCKOrO llOJIH no WapOBLIM 

ri>YH.KU:HHM I 10/. liHCJIO napaMeTpOB v m 3aBHCHT OT BLI6pamloii CHMMeT-. 
• 1 n 

I 
•I 
I 

6 

I 

pHH KpHCTaJIJIH'IeCKOrO 

Ii:LIX 3JieKTpoHo8. IIoc1 

· Co6cTBeHHLie BOJIHOBLI 

nony'IHTL nyTeM ~uaro 

BOJIHOBYIO ri>YHKU:HIO 01 

nonyqaeTcH KOM6umii.(J 

. OT 'Vf{' , ~3HaH c.o6CTI 

MarHHTHLIX ~HllOJILHLIX 
BCJie~CTBHe B3aHMO~e 

ypaBHeHHe /8//.liHCJIO 

~HMLIX npe~cTaBJieHHH 
HLie ~unonLHLie nepex 

, npe~qeHLI · npu ·i =. i. . 
· B · ~aJILHeiiweM 

OllHCLIBaiOiqHM MarHHT· 

eM. ~MH o6yCJIOBJieHL 

ypOBHeii. IJpH yCJIOBHH 

HHIO c pac~qenneHneM 

.RBJieHHe - "M:arHHTHLii 

3. B3auMooeucm 

TennoBoii Heii'fpt 

HOHOM ~BYM.R nyT.RMH: 

H, BO-BTOpLIX, nyTeM 3 

HOrO MOMeHTa C MarHl 

B. cnyqae Heynpyroro 

npH .R~epHOM B3aHMO~ 

MarHHTHOM - nepexo~I 

,[(nr!>r!>epenu:uanLH 

HHi ~JI.R oT~eJILHoroii 
3anucaiL a au~e /~21: 

. . 2 
a2

u _ 1,91e_J1.) 
_d..,.(}_d.,....w- - ( 2 m c 2 . 1 

r~e I n > ,· Jm·> - co6c 

JIH'IeCKOrO llOJIH C 3He] 

MOMeHTa, nepneH~HKY 

. a TOMHLIH r!>opM4iaKTO] 

ypoBH.R 'En • 



• Ilo3TOMY pa3nH'IHbie 
•BHBemeeTB, eO,!J;Cp:>Ka~ 
;ne,ll;yromuM raMHnhTO-

/2/ 

/3/ 

vrome e. oeuunnupyrome e . 
IIOKanH30BaHHbiMH MO· 
~HMOCTH •.. 

/4/ 

i ..• 
~OBaHHHOp6HTaTibHOrO 

/5/ 
. ' 
re.H eno:>KHOH q,yii:KriileH:, 
~eiieTBHH; :B npoeTOM 
TIP<?BO,ll;HMOeTH HMeeM_: 

:r (if -Ii ;ft/6/ 
J L_ J · ... 

M- perneTKH B enyqae 
npHMCHHCTeH raMHnb· 

~rl,J~~6r}i;l !'7/ 
/10/ v.m ·· · · , n • TIOeTO~H-: 

;Koro nonx no rnapoBbiM 
OT~bi6paHiioi{ eHM~eT· 

; . ~ ' 

I ., 

I 

'' I! 

pun KpueTannuqeeKoro nonx H rnaauoro KBaHToBoro quena napaMaruuT· 
HbiX 3neKTpoH:~m. IloeTOHHHhie V::' onpe,ll;enxroTeH 3KenepHMfmTanhHo. 

· Co6eT:BeuHbie aonuoabie q,yuKn;uu ypoaH:eH: napaMaruuTHoro· uoiia Momuo 
nony'IHTb nyTeM ,ll;HarouanH3aJ.J;HH raMHTibTOHHaHa /7 I ,,ll;eHeTBYIOmero Ha 
aonuoayro· lPYHKUHJ:O oeuoauoro J -::MynhTHnneTa.,Unx Ka:>K,ll;oro ypoBHH 
_nonyqaeTex KOM6nuauux pa3HhiX I J z > e MHominen.HMu,3aauexmnMH 
OT 'Vl[l _ .3HaH eo6eTBCHHbiC lliYHKJ.J;HH, MO:>KHO paee'IHTaTb BepOHTHOCTH 
MarHHTHbiX ,ll;HTIOnbHLIX riepeXO,ll;OB,B03HHKaiOlllHX MC:>K,ll;Y 3THMH ypOBHHMH 
aene,ll;eTBHe B3aHMO,ll;eHeTBHH ueH:TpouoB e MOMeHTaMH ypoaueH: /eM. 
ypaaueuue /8/ I. tlueno ypoaueH: if ux o6o3Ha'leime e no:Momhro uenpuao
.JiHMbiX npe,ll;eT~lBTICHHH r i onpe,!J;CTIHeTeH H3 TCOpHH rpynn/10/MarHHT· 
HbiC ,ll;HnOTibHb~C. ~epeXO,ll;bl MC:>K,ll;Y ri H rj pa3pCiliCHbl npH •i"j H 3a~ 
npemeHbi npu ., = _ 1 • 

B ·,ll;anhneH:rneM o6MeHHbiM B3aHMO,ll;eiieTBHeM H qneuoM J<ms , 
onHebiBaiOmHM :MarHHTOeTpHKJ.J;HIO /eM. ypaBHCHHH /3·6//, npeue6pera· 
eM. HMH o6yenoaneubi~ rnaBHhiM o(5pa3oM, rnupHHhi KpneT-a.imutiee:Kui 
ypOBHCH. IlpH yenoBHH ManoeTH 06MeHHOro B3aHMO,ll;CHeTBHH no epaBHC· 
HHIO C paemenneHHCM B KpHeTannH'ICCKOM . none ua6niO,ll;aCTCH HOBOC 
HBTICHHC • "MarHHTHbiH 3KCHTOH"c/11 /. ~~~::,···-·:\.;:.~ 

3. B3auMooeiicmeue HeiimpoHoe c 4 f - 3AeKmpoHaMu 

TennoaoH: ueH:Tpou MO:>KeT inaHMO,ll;eiicTBOBaTh c napaMarHHTHhiM 
HOHOM ,ll;BYMH nyTHMH: Bo·nepBbiX, nyTeM B3aHMO,ll;CHCTBH.H .H,!J;CpHbiX eun, 
H, BO·BTOpbiX, nyTeM 3TICKTpOMarHHTHoro B3aHMO,ll;CHCTBH.H ero MarHHT·· 
uoro MOMCHTa e MarHHTHbiM MOMCHTOM HeenapeHHbiX 3TICKTpOHOB HOHa. 
B cnyqae ueynpyroro pacce.HHH.H ueH:Tpouoa napaMarHHTHhiMH uouaMH 
npH H,!J;epHOM B3aHMO,ll;CHeTBHH 'Ha6nro,!J;aiOTe.H. lPOHOHbi, a npH 3TICKTpO· 
MarHHTHOM • nepeXO,ll;bl MC:>K,!J;Y KpHCTannH'ICCKHMH ypoBH.HMH. 

,Un!ll!llepeiln;uanhuoe eeqeuue ueynpyroro napaMariiB:Tuoro paece.H
lius ,ll;n.H OT,ll;enbHoro- nona B enyqae ManoH: nepe,ll;a'IH HMnynbca MO:>KHo 

3anueaTh B BH,ll;e /1_2/: 

\18/ 

r,ll;e I n >,·,I m·> - eo6eTBeHHble lPYHKUHH, onueblaaromue ypoBHH KpHcTan· 
nu'lecKoro non.H e 3HeprH.HMH Bn H Em , h, .. · cocTal!_JIB~ma.H no~uoro 
MOMCHTa, nepneH,ll;HKyn.HpHa.H BCKTOPY paCCCJlHHH q = k 1- k f , i f ( q) • 
aTOMHbiH lPOPMlPaKTOp, I.] • MHO:>KHTCTib JlaH,ll;C, p n • 3aeeneHHOCTb 

ypoBHJl Bn . - 7 



·,.·· 

,. . . .. B npocTeiiweM. cnytlae .I(BYX KPHCTaJIJIHqecKHX ypoimeii c paCCTO.H-
HHeM Me:>K.I(Y HHMH !!. . MbH03HepreTiiqecKHH nyqoK HeiiipoHOB 3Hepruu;'. 

..:;, 

I' 

i·; 

': . • • • ·. • : 11.·. ·. · •. · • ..... · • 
.. E > fi. MO:>KeT npH pacce.HHHH H nOTep.HTh H npH06peCTH 3HeprHIO .. fl .. ' 

. · • . . ,•. . : . . 11 . ' ~· . • 

)J;JI.H: pa3.I(eJieHH.H nHKOB 0 CB.H3aHHhiX C nepeXO.I(aMH Me:>K.I(y ypOBH.HMH 
. ' , 'I • , " .. . , , 
KpHCTaJIJIHqecKoro nOJI.H, H nHKOB, CB.H3.aHHhiX C rlJOHOHH.hiMH npo:QeCCaMH, · 

. . . , . I . . . . 

MO:>KHO HCnOJih30BaTL .. yrJIOByiO. H TeMnepaTypHyiO 3aBHCHMOCTH. HX . 
• ·. : I • ' 'I . · . ' ... , ' . 

HHTeHCHBHOCTeH.' JfHTeHCHBHOCTh O.I(HOrlJOHOHnOrO paCCC.Hl:IH.H H3Men.HeT.: 
·. C.H nponop:QHOHanhnO q 

2 ~a HnTenCHBnOCTh 3JieKTpOnHhiX iiepeXO.I(OB -
. nponop:QuonanLno .l 2( if ~I , ona yMenLwaeTCR c yBenllqenneM q. : : 
<I>ononLI no.I(qnn.HIOTCH. cTaTHCTHKe 1io3e, a 3acenennocTL KpncTannuqe -· . , . . I . ' . . 
CKHX. ypoBneii onpe.I(eJI.HeTc.H cTaTHCTHKoii lioJIL:QMana., 3To 3naquT, qTo · 

. 'I . •• • • • . . • 

unTenCHBnOCTh nHKOB, CB
1
.H3annhiX C nepeXO.I(aMH Me:>K.I(y ~pHCTaJIJIHlie-' 

CKHMH ypOBn.HMH 0 yBeJIHqHBaeTC.H npH nonH:>KenHH TeMnepa TYPLI, a HHTeH:-
, II • • • 

CHBnOCTh O.I(norlJononnhiX nHKOB yMenLwaeTC.H •.. 
' ' . 'j ' . ·. 

+ • } ' l ' : . 
( . . ' . ' 

.. 1 . !I . , . . . . 

. : . 4. 3KcnepuMeumaAbHbze pe3y/lbmambz 

.·.· 4.1. ~oe.I(nnennx Pr:l ~ 3neMe~TaMH ·.v ~ 'vr. rpynnLI. · 
Coe.I(nnennx Pr X v H Pr X VI , r.I(e X v = P , 'As , Sb, ·Bi u 

X VI= ·s, ·se, Te , HMeiOt Ky6uqecKyiO CTPYKTYPY THna 'NaCJ. , H nx 
. I . . 

'· JJieKTpHqeCKOe conpOTHBJieHHe COCTaBJI.HeT OT ·10 -3 '.1(0 10 -.4 {} CM I . . . 

H·OT 10 ~1 .1(0 10 -2 {} CM, COOTBeTCTBenno, npH 300 K, qTo yKa3bl-
• 'I 

. BaeT na .I(OBOJihnO · 60JibWOe qHCJIO CB060.I(nhiX 3JieKTponOB B 3THX coe ~ ., 'I • . • 

.I(Hnenuxx •• onu no.I(po6no nccne.I(OBanLI c noMoi:QLIO neynpyroro pacceH-
nux neiiTponoB 11 I~ . 1! . · · · .· . ·· . · ·, · · . 

·. · Ha . pHC. 1' noKa3ano paci:QennenHe OCHOBHOrO COCTO.HHH.H HOHa 
P. -H+ 3 . ' :1 • 3 3 3 

r · . H no.z:t .I(eiicTBHeM L S - CB.H3H na 3 Y:POBn.H H4. , H 5 H H 6 • 

PaCCTO.HnHe OT ocnoBnorJ f. ~MYJihTHnJieTa 3
H4 . .1(0 CJie.I(yiOI:Qero 3H5 , 

•I 

.. /0,27. 3B/: BeJIHKO no cpaBnenHIO C pacwennenH.HMH DO):( .I(eHCTBHeM 
KpHCTaJIJIHqecKoro: DOJI.H Y - 0,020 3B/, n03TOMy· npH ·: .I(aJILneiiWHX 
paccy~a~BJIH.Hnue. 6onee . BLICOKHX MYJILTimneToB na pacwennenue 
ocnoBnoro MYJILTHnneTa ~e yqHTLIBaeTC.H. B cnyqae nona Pr -H+ :B · 
Toqe~moii CHMMeTpHH Oh j raMHJILTOHHan KpncTannuqecKoro nonx .I(JIH 

o.I(noro nona Mo:>Kno 3anuc~Th B BH.I(e I 13 I: 

J{ =A <r 4 > 
c ' 4 

-~. • t. 

+A <r6> 
6 

! 
I • 

f3} [oJo J +solo J 1 
I . 

y j [ 0 ~ (J) - 21 O/(J ) ] 

I 

,I 

II 

;I 

8 

/9/ 

l i 

'· 

1 

I 
l ... 
'""l .. 

... .,., ... 

··.f /· 

~ f • ··.:.. 

r.I(e ·A 4 H :A 6··- napa~ 

qucnennhie MnO:>KHTeJIH 

• 4 . 1 '.· 4 . 
0 ·- - [. T + T· 

4 - 2 ·.+ . 

<r" >:.: ·rJl 

·.r.I(e f ( r) -: pa.I(HaJILI 
nona. I ( r) paccqnThiB 
KaaitToBoMexanu;_ieci<a 
,.I(eHCTBYIOI:Qero na COC1 
cnyqae Ky6uqeci<o_ii · c1 
BbipO:>K.I(eHHe 3 H4 ypo1 
3aBHCHMOCTb KOTOpbiX 
na pnc. 2. Co6cTBeHHI 
OT X ·, .I(aHLI B . Ta6in 
:meMeHTbl .I(H4J4JepeHUHi 
Pa3pew.eHbi nepexo.I(LI 
Hei<orepeHTHoeynpyrc 
HbiX: ypOBH.HX. r 4 H . l 
.r

1
· n .r 

3
• 3nanne 3 

/CM. pHC •. 3/ D03BOJI.H' 
ypOBHJi 3H~ ITO):( .I(eiic 
TeM caMbiM napaMeTp 
B ni6n •. 4. KpoMe roro 
nepeXOJJ,OB. 0.I(HaKO OH 

'.Ha OCHOBaHHH np 
BJIH.HHHe TOJibKO CaMhll 

A 4 n A 6 cne.I(YJOI:QH~ 

·A 4·-
ze2 

. a 5 

r.I(e Z - 3ap.H.I( coce.I(I 
noro ·nona~ ,TipnBe.I(eHIJ 
rlJopMynaM /11/ npn . 
BCeX COe.I(HHeHHH XOPOI 
MH, npuqeM e.I(HHCTBe 

.. " 
'·. 



' ,' -. '. ~ ' 

·,·· 

KHxypoimeii: c paccToH_
:wK HCHTpOHOB 3HeprnH," . 
I06peCTH 3HeprHro _'fl. • : 
>~aMH Me)I(~Y yponnHMH 
OHOHHbiMH npOUCCCaMH, · 
>HYIO. • 3aBHCHMOCT~. HX 
), pacce:HHHH. H3MCHHCT.: 
KTpOHHhiX nepexo~OB -
C YBCITH,CHHCM q. 

ICHHOC,Tb KpHCTaiTITH'IC -· 
::~ •. mua.:;_,3.T() 3HatiHT, q'!o · 
H:· MC)I(~y · KpHCTaiTITH'IC-' 

.' " . ' . \ . ~. . \ . 
reMnepa TYPhi, a HHTeH-

1lQT/Ibl .· 

vr~ rpynnhi. 
= P, ·As , ''Sb, ·Bi ·. H 

py THna. 'NaCI. · , H ux 
10 .~3 '·p;o 10 ~4 n CM 

m 300 K, 'ITO yKa3bi
riCKTpouon n _3THX coe-
• ro ueynpyroro pace ~H- · · 

3HOrO COCTOHHHH HOHa , 3 3 ., 3 
IH ~ H4. ; H 5 H H 6 •. 

~o:crre~yroruero 3H5 · 

HHHMH f:lO~ ~CHCTBHCM 
)My npH · ~aiTbHCHIIIHX • 
ITeTOB Ha, pacruenrrCHHC 
:rryqae nona . Pr +++ . B · 

liTITHlJCCKOrO nOITH ~ITH 

) l '. /9/ 
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. I 

. l . :. :I 
.. I 
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. I 
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.ll 
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.I 
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r~e · ~ 4 H A 6. - napaMeTphi KpHcTarrrrHtieci<oro norrH, f3 1 H . y 1 . · -

lJHCITCHHbiC MHO)I(HTCITH, 0 ~ 3KBHBaiTCHTHbiC onepaTOpbi /HanpHMep, 

,·. 

1 4' 

< r n > r [ l(r)] 2 
r nr 

2 
dr /10/ 

·. r~e f ( r) - pa~HaiTbHaH qacTb norrnonoii: clJyHKUHH napaMarHHTHoro 
nona. f ( r) pacctiHThJBaeTcH no MeTo~y caMocorrraconannoro norrH /14/. 
KaauronoMexanHqecKaH Ja~aqa ~uarouarruJaUHH raMHIThTonuana /9/, 
~eii:CTBYIOIUCrO Ha COCTOHHHC 3H 4 , pelllaCTCH TO'IHO / 15/ • B ~aHHOM 
crryqae Ky6H'ICCKOH CHMMCTpHH tiaCTH'IHO CHHMaCTCH ,9 -KpaTHOC 

BblpO>K~CHHC 3 H 4 YPOBHH H norryqaeTCH 4 YPOBHH r 1 ' r3 ' 14 H T5 ' 
JaBHCHMOCTh KOTOPhiX en OTHOIIICHHH. X "' A 4 < r 4> I A 6<r 6> npune~ena 
na puc. 2. Co6cTBeHHbie clJyHKUHH 6e3 ytieTa Milo>KHTerreii:, JaBHCHIUHX 
OT X , ~aHbl B Ta6rrmie. 2. C HX noMOIUbiO oiipe~erreHhl Ma TpH'IHbiC 

3ITCMCHTbl ~HclJdJepCHUHaiTbHOrO CC'ICHHH /8//<nl }J,- lm>l 2, CM.Ta6.ir.3. 

Pa3peliiCHbl nepexo~bl r1 .... r4 ' r3.... r4 ' r3 .... rs H r4 .... rs .. 
HeKorepenTnoe· ynpyroe MarHHTHoe pacceHHHe npouc:Xo~HT na MarnuT-. 
HbiX: ypoBHHX I' 

4 
H l's , HO He n~OHCXO~HT Ha HCMarHHTHbiX .. ypOBH.Jl:X 

I' 
1

.H f 
3

• 3HaHHC 3HeprHii: · H HHTCHCHBHOCTCH . 3TH X 4 nepexo~OB 
/eM. puc •. 3/ noJnorrHeT norrnocThiO onpe~errHTh cxeMy pacruenrreHHH 
ypOBH.ft. 3n4 no~ ~CHCTBHCM Ky6HlJCCKOr() KPHCTaiTITH'ICCKOrO noiTH, ." . 
TCM caMhiM napaMeTpbl KpHCTaiTITHlJCCKOrO norrH, KOTOphle_ npHBO~HTCH 
n Ta6rr. 4. KpoMe 1-oro, ueunaH Hn¢opMaUHH co~ep)I(HTCH B IIIHPHHe JT":X. 
nepexo~on. O~naKo ona ~o cux nop ile~oc.TaTO'IHO no~po6no H3ytieHa. 

.Ha OCHOBaHHH npOCTOH MO~CITH TO'IClJHbiX 3ap.R~OB, Y:tiHTbiBaiOIUCH 
BITHJIHHC TOITbKO CaMhiX 6ITH3KHX HOHOB, MO~HO onpe~enHTb napaMeTpbl' 

A 4 H A 6 crre~yroiUHM o6pa3oM: 

A . 4- H A6-
Z e 2 

a 7 

. ' 

/11/ 

rp;e Z - JapJI~ COCC~~HX HOHOB H a - HX paCCTOHHHC OT napaMarHHT~ 
uoro uona. Hpune~enlihie n Ta6rr. 4 /n cKo6Kax/ .~~;anHhie no.iiyqenhi no 
clJopMyrraM /11/ npu z = _ 2 .• HnTepecno, 'ITO 3TH pe3yiTbTaThl ,D;ITH 

BCCX COC,li;HHCHHH XOpOWO corrracyiOTCH C 3KCnepHMCHTaiTbHhhiH'.JiaHHbi_
MH, npH'ICM C,D;HHCTBCHHbiM onpe~CITHIOIUHM napaMeTpOM JIBITJICTCH 

9 



perneTOlJHa.!l ITOCTO.!IHHa.!l. HeomH,I\aHHO·To, 'ITO •A 4<r4>/'A 6<t 6•> ->>1, H 

3TO OTHOllieHHe He yMeHLlliaeTC.!I. C yBeJIH'IeHHeM aTOMHOrO HOMepa HOHa 

X v HJIH X VI, KaK cne,I\oaano omH,I\aTL, H3- 3a JliJ!lleKTOB KoaaneHT

HOCTH H nepeKpbiTHH BOJIHOBLIX lPYHKD;HH. B H30JIHTOpaX /l 6 ' l7/, ,lJ;JI.!I 

H30JI.!ITOpOB yaeJIHlJHBaeT.CH CTeiTeHL KOBaJieHTHOCTH npH 3aMeHe HOHOB 

S Ha "Se H Te HJIH P Ha ·As , "Sb H Bi ~ B Ta6n. 4 HeT yKa3a

HUH Ha no,I\o6noe noae~enue 3THX coe,I\HHeHHii. KpoMe Toro, omH,I\anocL, 

'ITO JliJ!lleKTLI S·s 5 p -·JKpauupoaanHH H nepepacnpe,I\eJieHHH 3ap.H.I\OB 

6LIJIH 6LI 3aMeTHLIMH H B MeTaJIJIHlJeCKHX coe,I\HHeHH.!IX. Ha aenH'IHHY 

· KpHCTaJIJIHlJeCKOrO ITOJI.!I Ha riapaMarHHTHOM HOHe TaKme MOryT BJIH.!ITL 

3JieKTpOHLI npOBO,I\HMOCTH, 3KpaHHpy.!l ero Hmi o6pa3y.!l BHpTyaJILHLie 

Sd -cocTOHHH.!I. 

4.2. H30AJimop Pr F 3 

PaccMaTpHBaeM pacll{enneuue ypoaueii Pr +t+ a PrF 3 , uc-

cne,I\oBaHHLIX c ITOMOID;LIO ueynpyroro napaMarHHTHoro pacceHHHH ueiiT

pouoa B /3/ • 0CHOBHOe COCTOHHHe Pr +++ 3H 4 pacll{.eiTJI.!IeTC.!I' ITO,I\ 

,1\eHCTBHeM KpHCTaJIJIH'IeCKOro ITOJIH TO'IelJHOH CHMMeTpHH C 2 v Ha 9 
YPOBHeii 2r

1
, , . 2['

2
, .3[' 

3 
H 2r . Pe3YJILTaTLI, ITOJiy'leHHLie ripH 300 

H 77K, npe,I\CTaBJieHLI Ha pHC. 4. kopOlliO BH,I\HO, .KaK ITHKH, CB.!I3aHHLie 

C ~apaMarnHTHLIMH nepeXO,I\aMH, ITO.!IBJI.!IIOTC.!I npH 77Kna !lJoue lPOHOHOB. 

"IIapaMarHHTHa.!l cocTaBJI.!IIOID;aH H npe,I\nonaraeMLie noiwmenHH napaMar

H'HTHLIX nepeXO,I\OB ITC?Ka3aHLI Ha puc. '5. Ha OCHOBaHIIH 3THX H3MepeHHH 

y,I\aJIOCb onpe,I\eJIHTL 3HeprHH OT,I\eJILHLIX ypOBHeH H . YTOlJHHTb HX 

0_60JHalJeHIIH, KOTOpLie H3BeCTHLI H3 OITTHlJeCKHX HCCJie,I\OBaHHH HOHa 

Pr B LaF 3 • 

Ha. puc. 6 cpaBHHBaiOTCH onTHlJeCKHe ,1\aHHLie ,1\JIH Pr a La'F 3 , 

Pr F 3 c. ,1\aHHLIMH, nony'leHHLIMH npu noMOID;H pacce.HHHH neiiTpouoa. 

5. BAUJI1We KpucmaAAu•tecKux ypoeueu Ha pJio 
MaKpOCKOnU'IeCKUX JIBAeHUU 

KaK yme 6Lmo cKa3aHo, MeTO.I\ pacce.Hnu.!l ueiiTpouoa .!IBJI.!IeTC.!I 

e,I\HHCTBeHHLIM rrp.HMLIM MeTO,I\OM H3yiieHH.!I yp·oaueii napaMarHHTHLIX 

HOHOB B MeTaJIJIHlJeCKHX 'coe,I\HHeHH.!IX. IloJiylJeHHLie xapaKTepHCTHKH 

3THX ypOBHeH He06XO,I\HMLI ,1\JIH .MHKpOCKOITHlJeCKOrO 06'b.!ICHeHHH p.!I,I\a 

10 

• I 

MaKpOCKOITH'IeCKHX .!IE 

HOHLI. BJIH.!IHHe KPHCT 

ynop.!I.I\O'IeHH.!I yme o6 

'ITO ,1\JI.!I ITO,I\p06HOH Te 

HH.!I, C06CTBeHHLie lP} 

,1\eHCTBHIO. 

,D;n.!l MHomed:Ba 

Ha.!l 3aBHCUMOCTL BOC 

HUH rrpe,I\CTaBJieHHH M 

,1\eHCTBH.!I ITO TeOpHH _E 

X --
N 

H Q 

r)l.e N - 'IHCJio aToM 
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3cPcPeKTOB KOBaneHT· 

tTopax /l6 • 17 I, ,n;_nn. 
TH npH 3aMeHe HOHOB 
. B Ta6n. 4 HeT yKa3a
DMe Toro, o>Ku,nanoeL, 
;npe,neneuun 3apn,noa 
Heuu.Hx. Ha aenu'-IHHY 
TaK>Ke MOryT BnHHTL 

16paJyH BHpTyanLHLie 

.~t+ B PrF 3 , ue

uoro paeeenuun ueH:T-
paemennneTen· no.n 

RMMeTpHH C 2 v Ha 9 
: nonyqeHJILie ripu 300, 
KaK nHKH, . eBH3aHHLie 
: 77Kuac1Joue cPOHOHOB. 
! noi:Io>KeHHH napaMar
illHHH JTHX H3MepeHHH 
~eH ~:yTO'-IHHTb HX 
x ueene.noaauuH: uoua 

.nnn Pr a · La'F 3 , 

paeeeHHHH HeHTPOHOB; 

I HeHTpOHOB HBnHeTeH 
>BHeH napaMarHHTHLIX 
HHble xapaKTepueTHKH 
<OrO o6~HeHeHHH pn,na 
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I 
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I 
I 

·1 
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I 
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MaKpOeKonuqeeKHX HBneHHH B aemeeTBaX, eo,nep»<amHX napaMarHHTHLie 
HOHLI. BnHHHHe KpHeTannuqeeKHX ypOBHeH Ha TeMnepaTypy MarHHTHOrO 
ynopn,noqeuun y>Ke o6ey>K,nanoeL /eM. Ta6n. :r 1, pa3,nen II/, u oqeau.nuo, 
'-ITO .nnn no.zipo6uoH: Teopuu ueo6xo,nuMo uMeTL 3HepreTu·qeeKue nono:>I<e
HHH, eo6eTBeHHLie cPYHKUHH ypOBHeH H ,naHHLie no 06MeHHOMY B3aUMO

,IJ;eHeTBHIO. 
· ,D;nn MHO>Keeraa MeTannuqeeKux aemeeTB n3aeeTHa TeMnepaTyp-

uan 3aBneHMOeTL BOenpllliM'-IHBOeTH, KOTOpaH Bhl'-IUenneTCH Ha OeHOBa
HHH npe,neTaaneHHH MoneKynnpHoro nonn 6e3 yqeTa o6Mennoro B3aHMo
.neH:eTBHH no Teopnu BaH ct>neKa l13lno clJopMyne /18/: 

X 
N /12/ I. 11 ; exp ( - T ; I T ) , 

H Q 

r.ne N - queno aTOMOB, H - BHernnee none, 11 ;-MOMenT ·i -Toro 
ypoann ( 11; = ~ < i l.T I ·i.>118 J,. T; - 3Heprnn ·i -Toro ypoann, u Q 
clJynKunn paenpe.nenenun :weKTponoa. llpu 3TOM BLI'-IHenenuu 11 ; u T; 
nannroTen no.nroHO'IHLIMH napaMeTpaMu. Reno, 'ITO nony'leHHLie Tat<u:M 
nyTeM pe3ynLTaTLI uy:>I<,naroTen B yTO'-IHeHHH. B enyqae HeeKonLKHX 
He3KBUBaneHTHhlX nono:>I<eHHH napaMarHHTHLIX HOHOB B perneTl<e H O'-lellh' 
rnupoKux ypoaHeH: o6pa6oTKa no clJopMyne I 12/ MO:>I<eT 6LITL aoo6me 
HeB03MO:>I<HOH. nnu ,na:>I<e HenpaaunLHOH. . 

Bee eKa3aHHOe 0 aoenpHHM'-IHBOeTH OTHOeUTeH TaK:>I<e K HaMaruu-

'leHHOeTH H TennoeMKOeTH. 
TepM03neKTpuqeeKan euna a MeTannax e napaMarHHTHLIMH npu-

MeeHMH, oeHOBHhlM ypoBHeM KOTOpbiX HBnHeTeH ennrneT, UMeeT TeM
nepaTypnyiO aHoManuro TaKyiO >Ke, KaK u B enyqae 3cPcPeKTa KoH,no, xoTn 
npQ'IHHa 3,neeL eoaeeM ,npyran I 19 I . · 

Bnnnnue MarnuTHLIX npuMeeeH: 6e3 noKanLHLIX t<pu.eTannnqeet<ux 
ypoaHeH: Ha noumi(enue TeMnepaTypLI nepexo.na B eaepxnpoao.nniUee 
eoeTOHHHe onueLIBaeTe,H TeopneH A6pliKOeOBa H ropLKOBa. llpH HanH'-IHH 
KPHCTannuq~eKHX ypoimeH: e oeHOBHhlM enHrneTHLIM eoeTOHHHeM ripo- . 
ueXO,IJ;HT He TOnLKO YHH'-ITO>KeHHe nap Kynepa, HO H·pO>K,IJ;eHHe HX, '-ITO· 
ae,neT K Menee ennLHOMY noHu:>I<eHHIO TeMnepaTypLI eaepxnpoao.nnmero 
nepexo.na 120 I . 3To nane~ne nnnroeTpnpyeTen pueyHKOM 7 .. 

llo,npo6HaH llllcPOPMaUHH 0 HBneHliHX, eBH3aHHLIX e eymeeTBOBaHH• 
eM KpneTannuqeeKnx ypoaHeH a MeTannuqeeKux aeiUeeTBax, eo,nep>KHT~ 
eH B o63ope·ct>ynL,ne n llernenn 121 I. 
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TipenpHHThi H coo5me 
HMHOrO o5Meaa,yHHBepcE 

_ aaytJHhiM rpynnaM H OTJli 
TionyqaTenHM H3Jl8Hll 

HBHT_b ·HHHUH8THBY B 6ec1 
o6MeH·a npHHHM8!0TCSI H8 
ny6nHK8UHH no TeMaTHK€ 

· EnH.HcTBeHHhifi BHJl 
3TO penpHHTbl (OTTHCK•H C 
' . B pSine cnyqaeB Mbi 
6onee KpynHh!M. nonyqaTe 
cnaTb HaM K8KHe-nH5o· Kl 
mypHanbi1 H3Jl8!0.IUHeCSI . B 

H3naTenbcKHfi. oTnen 
c~B -aa BhiChinKY xisnaHHf 
yKaSbiBaTb HHJleKc sanpa 

TIHCbM8 no BCeM BOJ 
oTnenbHbie HsnaHHSI cneny 

· .. Anpec· nnH nocbmKH 
6ecnnaTaoll: nonnHcKH aa.: 

~." .. 


