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Om u3oamenvcmea

Hannoui nepesod 6bii HAYAT 1O UHUYUATUBE HEYTOMUMO0
nponaecanducra npumernenus meroda s0epPHOZO MASHUTHOZO Pe30-
Hauca OAsfl UCCAe008AHUSL METAAA08 OOKT. (u3.-MaT. Hayk, npog.
Mockosckoao uncTutyna craru u cnaasos b. H. Dunkesvwirelina.
Eeo 6esspemennan KoHuuna He NO3B0AULA OCYULECTBUTL pPeOaKTu-
posarue KHu2u.

OT penakTopa PycCKoro mnepesoja

Bckope nocsie OTKpBITHSI SIIEPHOrO MArHUTHOTO pe30HaHCa 3TOT
MOUIHBIH METOJ HCCJeLOBaHHS MHKDOCKOMHMYECKOH CTPYKTYpH pas-
JIMYHBIX OOGBEKTOB OBl NPHMEHEH K HM3yYeHHI0O METa/JIOB H CIia-
BoB. Takoro pona paGoThl HHTEPECHHl MpEXJe BCEr0 TEM, YTO AAIOT
'‘BO3MOXKHOCTb MOJy4YaTb HH(GOpMaLHI0O 00 3JEeKTPOHHOH CTPYKType
MeTaJyIOB MU O TeX H3MEHEeHHsX, KOTOpble OHa MNpeTepleBaeT INpH
MCKa>XEHHH peLIeTKH, NPH JIETHPOBAHHH H T. H.

B Hacrosiliee BpeMsi HMEIOTCS yKe COTHH PaboT, NMOCBSIILEHHBIX
HU3YYEHUI0O METaJJIOB C MOMOUIbI0O MeTOAa si. M. pP., H HX KOJHYe-
cTBO HemnpepelBHO pacrteT. [Ipensnaraemblii nepeBom kuury T. JIx.
Poynanna paer npencraBiieHHe O XapakTepe 3THX paboT H O Tex
pesyJbTaTax, KOTOpble ObIJIH B HHUX TIOJNYYeHB, H MOXET OKa3aThbCs
BeCbMa MOJIe3HbIM [Jis MepPBOHAYAJbHOrO 3HAKOMCTBA C 3TOH 06
JIaCTbI0 NDHMENEHHUs] SAePHOro MAarHUTHOro pesoHaHca. [lo mmpc-
Te 0XBaTa MaTepHaJia 3TOT 0030p SIBJISETCS €IHHCTBEHHHM B MHPO-
BOli suTepatype. B Oosbiiux MoHOrpagusix, NOCBSILEHHBIX saep-
HOMY pe3OHaHcy, BOMPOC 00 H3yYEHHH METaJJIOB OCBellaeTcs Co-
BEepLIEHHO HELOCTATOYHO, a B HMEIOIIEMCSI Ha PYCCKOM $I3blKe 00-
30pe, ChelHaJbHO MOCBSILEHHOM H3yUYeHHI0 MEeTa/JIOB C MOMOLULbIO
. M. p. [1 *]!, He oTpaKeHbl paGOThI 110 H3YYEHHIO CIIJIABOB.

! 3gech ¥ B HajbHEHINEM CCHIKA CO 3Be3[0YKaMH OTHOCATCH K JIHTEpaType,
N06GaBJIeHHOM PeNaKTOPOM MepeBOAa.
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Has npensiaraeMoil KHUTH XapakTepeH CBOeoOpas3HBIH <«Ipak-
THYECKHH» HOJXOJ K HM3JIOXKEHHI0 Marepuana. Tak, B mepBoM pas-
Jlejle aBTOp CHaya/Jla 3HAKOMHT UMTaTeJsl C Pa3/JHYHBIMH XapaKTep-
HbIMM THIAMH DE30HAHCHBIX JHHHA UM MOKa3blBAE€T, KAK HX MOXKHO
0XapaKTepH30BaTh C MOMOILbI0O HaOJIONAaeMbIX Ha OIbITe BEJHYHH.
U JHWb B CJIEAYIOIIUX pasjenax pa3bupaeT NPHUYHHBL, KOTODbIE
NpHUBOJAT K HabawonaeMmoil popme JHHHHA. DTHUM Ke NMPAKTHLH3IMOM
0OBSICHSIETC M TO, YTO KBaJpymoJibHble 3¢ (deKTbl B UHCTHIX MeTaJl-
Jlax, HanpuMmep, oOcyxKJaloTcs B pasjese, NOCBSIILEHHOM PEe30HaHC-
HOH 4YacToTe, a KBaApymnoJbHble 3¢(eKTbl B cnaaBax 00CYXKAAIOTCA
B pasjesie, MOCBSILIEHHOM HHTEHCUBHOCTH pe3oHaHca. Takoe pac-
NOJIOXKEHHe MaTepHasa MOXKeT Bbi3BaTb BO3PaxeHHs C TOYKH 3pe-
HHUSl JIOTHYHOCTH, HO, BEPOSITHO, HauboJjee NPHFOLHO HMEHHO M1
NepBOHAYa/JbHOIO 3HAKOMCTBA C MPEIMETOM.

K coxaJgeHuio, MoJyuyusioch TakK, YTO IMOCJE€ HaNHCaHUS OCHOB-
HOrO TEKCTa KHHUTH, MOSIBUJCS Lesbli psl paboT, BaXKHbIX C NpHH-
UUNHAJbHOH TOYKM 3peHHsi. DTO OTHOCHTCS MNpexje Bcero kK pabo-
TaM, NOCBSIILLEHHBIM H3YyYEHHIO MEepPexXOJHBbIX M, B UaCTHOCTH, (eppo-
MarHUTHbIX MeTaJ/JIOB, U K paboTaM, MOCBSILUEHHBIM H3YyYEHHIO
3JIEKTPHUYECKHUX TPaJUHEHTOB, BO3HHKAIOLIHX B peLIeTKe MpH Jeru-
poBanuu u npu Aedopmauuu. IlepBas rpynma pabor mnokasaJga,
YTO B NOBEIEHHH MePeXOAHbIX METaJJIOB H CIJIAaBOB Ha OCHOBe
nepexoJHbIX METaJlJIOB MMeeTCs LeJblH psAJ aHOMaJHH, CBSI3aHHBIX
C HaJHYMeM He3aNoJIHEHHbIX 000/I0YeK; HMMEHHO 3TH MeTaJsJjbl U
NpeACTaBJSAIOT cedyac HAWOGOJBIIHH HHTEpeC NJsI H3YYeHHUS MeTo-
JoM s. M. p. Bropas rpynna pa6or BHecn1a SICHOCTb B NPOHCXOXK-
JIeHHe 3JIEKTPHYECKHX TpPaJHeHTOB, BO3HHKAWOIUUX NpH Jedopma-
IHUM W NpPU JIETHPOBAHHH, OOHADYXKHB CHJbHOE BJHMSIHME Mepepac-
npefeseHuss IJIOTHOCTH 3JEKTPOHOB MNPOBOAMMOCTH; OGJaronaps
3TUM pa6GoTaM CTAaHOBUTCS BO3MOXXHBIM IIMPOKO HCIOJIb30BAThb Me-
TOM $1. M. p. AJS1 H3ydeHHs jedeKTOB pelleTKH, cerperauui, Hcka-
JKEHHIl DeLUeTKH NPH JIETMPOBAHMH H T. J. HA CaMBbIX Pas3/HYHBIX
o6beKTax.

ABTOpY ymasnoch, OLHAKO, PacCMOTPeTb OOJBIIYI0 YacCTb 3THX
pa6or B nobGaBjenusax npu kKoppekrype. Co cBoeil CTOpOHBI, pefak-
TOp N0OaBMJ CCbIKH Ha DaboThl, TOSBUBLIMECS I103XKe, TaK 4TO B
TAKOM BHJle 3Ta KHHUra OTPaxKaeT BCe CYILECTBEHHOE, UTO HMeEeTcs
B HacTosiulee BpeMsi B 00J1aCTH H3y4Y€HHS] METaJ/JIOB C IMOMOILbLIO

. M. p.
H. D. Illeconres



1. BBELEHHE

SIlepHBII MarHUTHBI PE30HAHC CO BPEMEHHM €ero OTKPHITHA B
1945 r. {1, 2] pa3Buics B METOH, KOTOPbIHi HE TOJBKO [aJ MHOrO
CYLIECTBEHHbIX CBEJEHHH IJIsl sANepHOH (H3HKH, HO IMO3BOJIMJ elle
Tay6xKe NMPOHHKHYTb B (DH3MKy aTOMOB M MOJIEKYJ BellecTBa, Ha-
XoJsllerocsi B ra3000pasHOM, XXHAKOM HJH TBEPIAOM COCTOSIHHSX
[3]. K atomy BpemeHnu Teopus Oblia pa3paboTaHa A0 TakOH CTeme-
HH, YTO OKa3aJIOCb BO3MOXHBIM HEMNOCPELCTBEHHOE HCMOJb30BaHHE
3TOr0 HOBOrO THIa HHPOpPMaUUH. DTO 0OYCJIOBHJIO OBICTPBIH POCT
npyuMeHEeHHH MeTOJa MAarHHUTHOTO pDe30HaHCa, KOTOPBIH OCOOEHHO
3aMeTeH B 006J1aCTH XHMHH, NOCKOJBbKY 31€Ch MOXKHO CpPaBHHBAaTh
TEOPHI0 M 3KCIEPHUMEHT, HCIOJb3ysl CPaBHUTENbHO XOPOLIO H3BECT-
Hble TPOCTble MOJIEKYJIBI C MaJIbIM YHCJIOM aTOMOB.

[IpuMeHeHHe silepHOrOo pe3oHaHca Bce 06oJiee paciiUpsieTcss H
KaXK[0e ero NDHJOXKEHHe NPaKTHYeCKH INpeBpallaeTcss Temepb B
OTHeNbHYI0 06s1acTh HccienoBaHHss. MHOrUM Merannodusukam, 6es
COMHeHHS], OblJIO Obl TPYLHO ONPENENHTb CTPYKTYPY <HIVIBI IHKOO-
pasa» Ha OCHOBe DEHTIeHOBCKHMX [NaHHBIX, a TaKxXe pacuuppoBaThb
KpUBLIE SIIEPHOr0 pPe30HAHCAa HHUKOTHHA IJIs1 MOJYYEHHUsS CTPYKTYp-
HBIX CBeJeHMH O HeM. B [NeHCTBUTEJbHOCTH MOXKET Ja)ke OKa3aTb-
csl, 4TO anmaparypa, NpUMeHsieMasl JJisi HCCJeNOBaHHSI DPE30HaHC-
IBIX CBOMCTB MeTassa, GyfeT HempuUroiHa AJs paboTbl C OpraHu-
yeCKUMH MoJieKyJaMd. M xoTsi npupoma B3aUMOAEHCTBHUS sijep
IPYyr ¢ IPYyroM ¥ C 3JIEKTPOHAMH He 3aBHCHT OT COCTOSIHHSI HCCIe-
IyeMoro 00'beKTa, AJs HHTepHpeTallud CcrelH(HYEeCKHX DPe3OHaHC-
HBIX H3MepeHH#l Heo6XOonMMa TeOPHS, YUYHTHIBAIoOIlasi OCOOEHHOCTH
3JIEKTPOHHON CTPYKTYpHl BeIlllecCTBA H COCTOSIHHE BHYTPEHHEro IBH-
)KeHHuss B HeM. llenblo KHUTH siBJIsieTCs 0030p 3KCIIEPHUMEHTAJbHBIX
pe3y/ibTaTOB M TEOPHH, OTHOCSIUMUXCSH K MeTajljiaM.

B ombiTax Mo sAepHOMY MAarHHTHOMY pDE30OHAaHCy yalle BCEro
MOJIyYyaloT 3aBHCHMOCTb CKODOCTH MOIVIOLIEHHS 3HEPrHH OT MOrIJIO-
waemoit wacrorsl. [TosesHass uHopMauus 3akJOUeHa B lapaMer-
pax JIMHHM PEe30HAHCHOrO MOIVIOILEeHHs, a HMEHHO B €€ De30HaHC-
HOH 4YacToTe, IIMPHHE, (OpMe M HHTEHCHBHOCTH. JDTH NapaMeTphl,
pasymeercsi, OGBIUHBI /51 XapaKTEPHCTHKH JIOOBIX CNEKTPaJbHBIX
aunui. B caydyae siiepHOro pe3oHaHCA OHH 3aBHCAT OT 3JIEKTDPH-
YeCKMX W MAarHHTHBIX NOJIel B MeCTaX pAacNOJIOKEHHs sJep; 3TH
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110J1s1 B CBOIO OYepelb ONpefessioTCS MECTHbIMH aTOMHBIMH KOH(H-
rypalUsiMH M IVIOTHOCTBIO 3JIEKTPOHOB NPOBOAMMOCTH BOKPYT s1l€p.
Ilos10My OueHb BaxKHO NOHHMaTbh, KakK JOJKHBI MEHATbCA MNapa-
MeTpBl JHHUHM NPH H3MEHEHHHM CTPYKTYphl HJH COCTaBa HCCJeLye-
MOro MeraJa.

B Tex cayuasx, korna HabJ/10faeTCss AOCTAaTOYHO HHTEHCHBHAfA
JIUHHS SIIEPHOro pe30HaHca, C €ro MOMOUIbI0 MOXHO YCHELIHO
nu3yuyaTb pasyiMuHble NedexkThl pemeTkd, AHddysuio (nmepeHoc mac-
Chl) M TOHKHE M3MEHEHHsI B SJIEKTPOHHOM CTpoeHHH Meransaa. [Ipu-
Mepbl TaKHX MPHUJIOXKEHHH 3aHHMAIOT 3HAUHTENbHYIO YacTb o0beMa
5TOH KHHUTH. MeToIOM pe30oHaHCa MOXHO H3yyaTb TakKxke nedop-
MalH{I0 MeTaJ/JIOB U MOCJAENYIOLUHH MpollecC OTHYCKa, KOTOpble BJIH-
SIOT Ha MHTEHCHBHOCTb PE30HAHCHOH JIMHMM, B TO BpeMsl KakK LIH-
pHHaA U (opMa H3MEHSIOTCS He3HAYHMTeJbHO, a pe30HaHCHAas 4acTo-
Ta BOBCe He H3MeHsercs. JlerupoBaHue uau TepmoobGpaboTka,
BBI3bIBAIOIIHE MEPErpyNNUPOBKY aTOMOB KOMIIOHEHTOB CHJaBa, B
obmwem chayyae OyLyT BO3LEACTBOBATh Ha BCe MapaMeTphbl, XOTs
yaile BCero HpH 3TOM HauboJjiee CYILeCTBEHHO H3MEHSIIOTCA 4YacTo-
Ta WM UHTEHCHMBHOCTb DE30HAHCHOH JIHHHH.

MHoro cBeleHHii 0 MeTa/jiaX NAalOT TaKXe TaKHe HCCJ/eNoBa-
HHUSl, KOTOpble MOI'yT IOKa3aTbCsl MeHee BaKHbIMH /ISl MeTaJjyp-
TMY, HanpuUMep H3y4yeHHe BJIMSHHUS AaBJEHHS M TeMOepaTtypbl Ha
pesoHanc. OOGHapyXeHO, YTO MNPH pPaBHOMEPHOM BCECTOPOHHEM
CXKaTHH MeTaJljla CIBHUraercsi pe3oHaHCHasl 4acTroTa, B TO BpeMs
Kak Jpyrde mapaMeTpbl CYLIECTBEHHO He HM3MEHSIOTCS, a H3MeHe-
HHe TeMIepaTypbl NPH ONpEeJeJeHHBIX VCJIOBHSIX MOXKET BbI3BAThb
pe3koe H3MeHeHHe IIMPUHBI JHHHU.

HcenenoBanne MeTasioB MeTOLOM SIIEpPHOrO pe30HaHca cmoco6-
CTBOBaJIo GoJjiee riay0GOKOMY MOHHMaHHIO HX 3JIEKTPOHHOTO CTpoe-
HHUfl, TaK KaK IJIOTHOCTb 3JIEKTPOHOB IPOBOAHMOCTH B MeTaJe
CYLIECTBEHHO BJIMSIET Ha YaCTOTY JHHHH MOTJIOLIEHHS. DTa OTHOCH-
TeJbHO HOBasg 00/1aCTb HCCJENOBAHHS TpPHBJEKJa BHHMaHHE Kak
T€X, KTO NBITaeTCsd YJYYIUHTb TEODHIO METasJIOB, TaK H TeX, KTO
HHTEpecyeTcsl IJaBHbIM OOpa3OoM HX MeXaHHYECKHUMH CBOMCTBaMH,
OCOOEHHO B TeX CJyyasiX, KOrJa 3TH CBOHMCTBA TECHO CBSI3aHBI C
JedeKTaMu CTPYKTYpbl MeraJia.

OTOT MHTepeC ONpeiessieTcsi TeM OGCTOSITENbCTBOM, YTO JAHMCJO-
KallMd M TOYEeYHble HECOBEpLIeHCTBAa, €CJAH OHH HMelTcs B JoOCTa-
TOYHOM KOJIHYeCTBe, BJAMSIOT Ha NapaMeTpel pe3oHaHca. Bo3Mmox-
HOCTH, KOTOpble sII€DHBbIHi pe30HaHC TMpeACTaBJsieT LJs HCCaeN0-
BaHHsl BHYTPEHHHUX 3JIEKTPOHHBIX KOHGUrypalUu#l B MeraJlje, BeCh-
Ma BeJIHKH; OJHAKO CYLIECTBYeT HeMaJso NPEensATCTBHH AJsSI mpHMe-
HEHHs 3TOr0 METOJAa M HEKOTOPble H3 HHUX HHOrAa HEelpeoaoJHMBbL.
OTOT 3KCHEPHMEHTAJIbHbI METOJ NPUMEHHM He K JI060MY TBEpO-
My Teay: Hao6OpOT, OYeHb BaXKHbl CBOMCTBA aTOMHBIX silep, U B
GOJIbLUHHCTBE C/yYyaeB HMEHHO OHHM ONpEENsIIOT MaTepHal, Ha Ko-
TOPOM JOJIXKHBI OBITb OCYLIECTBJIEHBl 3KCIepuMeHThl. Kpome Toro,
METOA He OYEeHb «YYyBCTBHTENEH» IO CIOCOGHOCTH OOGHApYKHBATh
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MaJible KOJHYeCTBa KaKoro-nHbo 3JeMeHTa HJIH COeIMHEHHs, I
M03TOMY €ro HeJb3s HCINOJNb30BaTb [/ aHAJUTHUYECKHX HCCJHeNO-
BaHMN MeTaJlJIoB !,

B pasgmene II BBoasiTCc BeJHMYMHBI, MOJyyaeMble H3 ONBITOB IO
AlePHOMY MarHHTHOMY pe3oHaHCy. KaXkIblii u3 mapameTpoB MOrJo-
1meHuss OyZleT paccMOTpeH 3Iechb MOAPOOHee C TOYKH 3PEHHUST €ro
KOJIHUECTBEHHOI'0O H3MEPEHHsT M MPHTOJHOCTH M/ TE€X HJH HHBIX
uccjenoBanuit 6e3 pacCMOTPEHHS] MOPOXKIAIOLUX €ro MPHUYHH.

B pasgene III maHo GoJiee nerajbHOE OMUCAHHE TeX MeXaHH3-
MOB, KOTOpble OTBETCTBEHHBI 32 4aCTOTY, IUHPHHY, (GOPMY H HHTEH-
CHUBHOCTb HabJ/I0LaeMOil JIMHUU morJyiollenusi. B nocnennet yacru 6y-
JnetT oOpalleHO BHHUMAaHHEe Ha Te OCOOEHHOCTH 3KCIEePHMEHTAaJIbHOM
TEXHHUKH, KOTOpble CJielyeT HMeTb B BUAY /s H30€XaHHS Hexe-
JlaTeNbHBIX HCKaXKEHHH MpH HM3MEpeHHSIX WM Ui ydyeTa 3THX HC-
KaXXeHHUH, €CJU OHH HEH30€XKHHI.

! MeTtox filepHOTO MarHMUTHOTO Pe30HaHca C YCNEeXOM MoOxeT GHThb NMpHUMEeHeH
NJs1 onpejesieHHsl COCTaBa CIJIAaBOB, BKJIOYasi KOHLEHTPALMH JIerHPYIOLIEro 3Je-
Menta oT ~ 0,1 % (ar.) u BhIIle, €CIH MOXKHO HCNOJIb30BaTh BJHSIHHE KBaApy-
noJibHHX 3(¢$eKTOB Ha WHTEHCHBHOCTb JHHHH. ITpum. nepes.



1. MAPAMETPbl PE3OHAHCHOH JIMHHH

$I. M. p-— CHeKTPOCKONMHSI MeTaJ/JIOB MOJOOGHO IAPYTHM THIIAM
a6copOLHOHHOM CIEKTPOCKONHH (ONTHYECKOH, yJabTPa(HOJETOBOM)
XapaKTepu3yercsi CeJIeKTHBHBIM IHOTJIOILEHHEM H3JYy4YeHHsI B HEKO-
TOpoil o6sacTi uyacTtoT. DYHKUHOHAJNbHAST 3aBHCHUMOCTb MOTJIOLLe-
HHSI OT YaCTOTHl OMNpeJeJIsieTCss COCTaBOM, CTPYKTYPOH H TeMmmepa-
Typoil MeTaJjjla, a TaKXe MarHUTHBIM I0JIeM, B KOTOPOM HaXOIUT-
csl uccaenyeMblt Metansa. Mel O6yjleM mnpejnoJsiaratb, YTo MeTaJliH-
yecKUil oOpa3ell HAXOAUTCA B CHJIbHOM MArHMUTHOM IIOJie, HampH-
mep 10000 ec. AnnapaTtypa, npuMeHsieMasi Ajsi OOHapyKeHHS MO-
[JIOILEHUS, JOJIXKHA COJLEpXKAaTh MCTOYHHK H3JIyYeHHS COOTBETCTBYIO-
1eH 4acTOThl M YCTPOHCTBO, H3Mepsiiollee norJolieHue. KosnuecTso
SHEpPrHH, MOTJIOUIEHHOH JaHHBIM THIOM siiep, OOBLIYHO HEBEJHKO
BHe MNpEJeJoB OYeHb Y3KOH 00JacTH Pe3OHaHCa, BHYTPH XK€ 3TO#
o6J1acTH MOIJIOLIEHHe BO3pagTaeT MO BeJHYUHE Ha HECKOJbKO IO-
pankoB. KoHLUEHTpupYys BHHMaHHe Ha 3TOH OTHOCHTEJIBHO Y3KOH
00/1aCTH PadHOYaCTOTHOrO chnekTpa (3aHUMalollelf, HampuMmep, 006-
JacTh WHPHHOHK okoso 100 Key ¢ neHTpOM B pailoHe okoJo 10 mey),
PaCCMOTPHUM - HECKOJIbKO THNMHYHBIX JIMHHH IOTJIOLIEHHS] M HX 3KCIe-
PUMeHTaJIbHble XapaKTePHCTHKH.

Pe3oraHc B YHCTOM MeETaJJIHUECKOM aJIIOMHHHH, MPH KOMHAT-
HOH TeMmepaTtype, HabJlo4aeMblii Ha 3KpaHe ocuuagaorpada, noxa-
3aH Ha puc. 1, a. OpauHaTa Ha 3TOM PHCYHKe MPONOPIHOHAJbHA
CKODOCTH MOIJIOLEHHS] 3HEeprud, a mo abcuucce OTIOXKEHA 4YacTo-
Ta. Yalue JHHHIO MOIVIOLIEHHSI 3aMHCHIBAIOT HAa CaMOMHCIE, KOTO-
pblil BCJeACTBHe Haunbosiee IIMPOKO NPHUMEHSEMOrO METOLA HEeTeK-
THPOBaHHSl BblU€PUMBAET He CaMy JIHHHIO, a €€ MPOU3BOLHVID
A(puc. 1, 6). ®akTHYECKH 3TOT CHOCOO 3amMCH HACTOJbKO pPacmpo-
CTPaHeH, 4YTO YacTO TrOBOPS O WIHPHHE JIMHHH HJIH ee BeJHYHHe
HMEIOT B BHAY PAacCCTOSIHUS MEXAY MAaKCHMYMOM H MHHHMYMOM
NMpou3BOAHON, 0003HaYeHHble HAa puC. 1, 6 yepe3 &, u J’.

Jpyrue THNUYHbIE JIMHHHM MOIJIOLIEHHS H WX NPOM3BOAHBIE MO-
KasaHbl Ha.pHuC. 2, a U 2, 6. [lo ocu abcuucc 3mech OTJIOXKEHA ya-
CTOTa, a OpJMHATa BbIpa)€Ha B NPOU3BOJIbHBIX E€IHHHIAX.

Ha puc. 2, a BBepxy nokasaHa 3amdCb NPOU3BOAHON JIMHHH
fIOTVIOUIEHHs1 sJep KaAMHSl B MOPOILIKE YHUCTOTO METaJJHUECKOro
KajJMusi, a Ha puC. 2, 6 — Anep cepe6pa B MOpPOIUKE ClJjaBa ceped-
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pa ¢ 0,61% (ar.) onoBa. BHH3Y Ha 3THX DHCYHKax H306parkKeHbl
COOTBETCTBYIOILHE JIMHHK morjolieHus. O6Ge 3anmucH CaejaHbl B 110-
Jie 11300 ec npu KomHaTHOH Temneparype. Puc. 2, a waiocTpupy-

g

;-—JZ)
a

Puc. 1. JIuHus MOIJIOUIEHHST YHCTOrO MeTaJlJIMYyecKoro

aJIIOMHHMA TIPH KOMHATHOH TeMIlepaType-—a H NepBad

TIPOH3BOJAHAS KpHBOI:I TIOIVIOLIEHHA AaJIOMHHHSA, HIIIOIT-

pHpYIOILasi CnpeaesieHHe WHPHHE §v ¥ aMmmuTyasl I'—6
€T THMNMYHYIO JIHHHIO OT SiIep CO CHHHOM !/, B HEKyOHYecKOM Me-
TaJJjle, a puUc. 2, 6 — JIHHHUIO B CIJaBe C HeOGOJbLIOH KOHLEHTpa-
uueir npumeceit. HeGosbiioli 6yropok Ha rpa@Hke NpPOH3BOLHOH
pHcC. 2, 6 BbI3BaH sAPaMH, HaXOAAIIUMHCA BOJH3H aTOMOB MPHMECH.

] v, M2y

A M A
A

Puc. 2. Jluuns norjouwleHuss (BHM3Y) H COOTBeTCTBYIOLlasi el MNPOH3BOAHAS
I @ — YHCTOro KaiaMmus M 6 — cniaBa cepebpa ¢ 0OJI0BOM

XoTst MHOrJa MOXHO HabJiojaTh H JApyrde (GopMbl JIHHHIH, Ha
puc. 1 u 2 nmpexacras/eHbl HanboOJee CYLIECTBEHHble HX YepThbl, KO-
TOpble ¥ HeOo6XOAMMO paccMoTperb. KpaTkoe omnucaHue 3Kcnepu-
MEHTaJIbHOTO METO/a, NMPHUMEHSIeMOro [Jisi MOJIyYeHHUs 3alHucCH mep-
BOH NPOM3BOJHON KDHUBOH IMOIJIOILEHHS, AaHO B pasnedne. IV.
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A. ®opma M IWIKPHHA

CumMeTpHusi pe3oHaHCa siBJAsieTcsl HauboJsiee Jierko HabJgionae-
MOH H CYLIECTBEHHOH €ero yepTod, KOTOpasi HemoCpPeACTBEHHO INOKa-
3bIBaeT, HMeeT JH (pyHKYus opmol JTUHUU g(v) LEHTP CHMMETPHUMU.
Ilpy paccMOTpeHHH pe30HAHCHOH JHHHHM, CUMMETPHYHOH OTHOCH-
TeJIbHO YaCTOThl v, (HampuMep, JIMHUH, H300paxKeHHo#l Ha puc. 1),
ee ¢GopMy YacTo aNNpPOKCHMHDYIOT aHAJUTHYECKH OJHOH H3 OBYX
M3BECTHBIX KPHBBIX: TaycCOBOH, [JIsT KOTOpoil g(v) MHPOMmOpuHO-
HaJbHa exp[—2(v—wvo)?2/dv]?, nau 1OpeHUOBOH, NN KOTOPOMH

g (V) ~[1 + 4 (v — vp)/38v] L.

B neficTBUTENBHOCTH 3TH KPHBble DEIKO AAalOT TOYHOE BOCHPO-
n3BeJleHue SKCIIePUMEHTAJbHONH (OPMBI JIMHUHM, OLHAKO OHH mpej-
CTaBJAIOT yLOOHbIE BHIpaXK€HHST M HX HCNOJNb30BaHHE HMeEeT HeKO-
TCpOe TeOopeTHYeCKoe OmpaBlaHHe.

I'ayccoBa kpuBasi (KoTopasi XOpOLIO anmpOKCHMHDPYET JIHHUK
IJ1s1 MHOTHX METaJIOB NMPH TeMOepaTypax HHXKe TOYKH IJIaBJIeHHs )
BO3HHKAeT NPOCTO BCJeACTBHE OecrnopsilOYHOCTH OpDHEHTallueH saep-
HBIX CIHMHOB B 00paslle, TOrja Kak JIOpeHLOBa KpHBas SBJAETH
XOpowWwHNM NPHOJHKEHHEeM B TeX CJyyasix, Korga, KpoMe 3TOro, cy-
IIeCTBYIOT MpoOllecchl, OrpaHHYHBaIOllNe BpeMsl KH3HH COCTOSIHHH
siiepHOro cnuHa. BpeMmsi KH3HH MOXHO OLEHHTb, HCHOJbB3YS MpPHH-
uun HeompeneaeHHoctd B ¢popme AE - At>A. Ecniu AE=Ahov, Toraa
BpeMs XH3HH NO OTHOMIEHHIO K Nepexoiay paBHO '/ymdv, T. e. mpH-
6/1M3HTEebHO OOPATHO NMPOMOPLUHOHANbHO IMIMPUHE JHHHUH.

OnuceiBast cummeTpu4rsle JUHHH, OOGBIYHO HCIOJB3YIOT BesH-
YHHY v (Cp. pHC. 1); 3TOT MHTepBaJ MeXAY SKCTPEMyMaMH NpPOU3-
BOJHOH JIHHMH NOIJIOILEHHS MOXeT OBITb JIerko M TOYHO H3MepeH
H OYeHb XOpOIIO BblpaxKaeT NOHsITHE WIMPUHBL. Takoe ompeneneHue
LWIHPUHB He HMeeT TIJ1yOOKUX OCHOBaHMii; yacroe ynorpebJeHue
3TOH BEeJHUYHHBI [AJIS1 ONHCAHHUSl 3KCIEPUMEHTAJbHBIX pe3yJbTaTOB
06yCJIOBJIEHO NPOCTO METOAOM JeTEKTHPOBAaHHS, KOTOPBIH, KaK yxe
YNIOMHHAJIOCh, CTaJl CTaHAAaPTHBIM, H elle TeM OGCTOSTEeJbCTBOM, UTO
IJIsT TaycCOBOHM KPHBON BeJMYMHA Ov paBHa YABOEHHOH cpeaHe-
KBaJpaTHYHOH IWIHPHHE JHHHH (yIBOEHHOMY KOPHIO KBaJpaTHOMY

H3 BTOpPOro MOMeHTa), T. e. Ov=2[Av?]'/z. DKcnepuMeHTaJIbHBI
e BTOPOM MOMEHT, OmnpejiesiieMbl paBeHCTBAMH

[ce]

v —vprgmav, { gmav=1,

0

(v =

°t./‘38

HMeeT rMyOOKHH CMBICH, TaK KaK ero BeJHYHHY MOXKHO MOJCYMTATh
HE3aBHCHMMO OT 3KCNEePHMEHTa, MCXOASI W3 OCHOBHBIX IIOJIOXKEHHI
TEOPHHU.

[IupuHy acHMMeTPHYHON JIMHHMH, H300pa)K€HHON Ha puc. 2, a,
OOBIYHO OMMCHIBAIOT APYTrUM crnoco6oM. [losiBleHHe TaKoro morao-
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LlleHUs YKas3blBaeT Ha TO, YTO OHO COCTOMT M3 Habopa CHMMeETpHU-
HBIX DE30HAHCHBIX KDHBBIX, PacHpeleJeHHbIX COrJIaCHO MYHKTHP-
Ho#t kpuBo# [(v). 3nmecy [(v)-dv npomopuHOHA/IbHO YHCIY sfep,
TMOrJIOIAIOLIMX SHEPTHi0 B 06JacTH 4acToT OT v A0 v-+dv mpH OT-
CYTCTBHH CHMMETPHYHOro YIIHpeHHs. B 3ToM ciyuae Heo6XoZHMO
OUEHHUTb IUHPUHY CHMMETDHYHBIX JIMHHH, COCTaBJSAIOLIHMX OOLILYIO
KPHBYIO, H 3aTeM ONpeNeJuTb BHA (YHKUMH pacnpeneneHus [(v) u
110 BO3MOXKHOCTH TpaHUYHblE YACTOTH Vi U Vg 006JACTH MOIJIOLIEHHS,
onpeneasiemoit ¢yukuuein [(v). Ecaun ¢yukuus /(v) u3BecTHa, TO
3TH IPaHUYHble YAaCTOThl yIOBJETBOPHTENbHO ONHCHIBAIOT PE30HAHC,
KOTOPHIi NOJKeH ObITb MPU OTCYTCTBHH CHMMETDHYHOIO YLUHDEHHS.
Takum o6pa3oMm, aCUMMETPHYHYIO JIMHHIO BCEerja ONHCHIBAIOT LIH-
PUHON ee CHMMETPHYHOH KOMIIOHEHTBbI, onpeje/ieHHe KOTOPOH JaHO
B OpeablaylileM a63ale, W NAaHHBIMH, NOCTATOYHBIMH ISl TOJIHOTO
onpenenenus: ¢pyHkuuu / (v).

JIMHUH $SIIEPHOrO MOIJIOIIEHHS, O KOTOPbIX TOBODHJIOCH BhIlIE,
COOTBETCTBYIOT MHUMOH 4acCTH s/lepHOI BOCIPHHUMYHBOCTH; JeHCTBH-
TeJbHasl ee YacTb NPHUBOAUT K SIJEPHOH AHUCNEpCHH (CM. NMpHUJIOXKe-
Hue A). O6Ga 3T siBJeHUS NAIOT B NMPHHLHIE OLUHAKOBYIO HH(OP-
manuio. Ilpu u3ydenuu ¢opMbl JHMHHH BaXKHO HMeTb B BHIY, UYTO
UHOrZa HanpsiKeHHe, MPOMOPLUOHAJNbHOE JHUCHEPCHH, MNPHUMeIH-
BaeTcss K CHTHaJy mnorjomeHusi!. DTo MOXKeT NPOU30ATH BCJe-
CTBHE HeNpaBWJIbHON peryJHpOBKM anmapaTtypbl HJH BCJEICTBHE
«CKHH-3¢hdekTa» B Meraasax. IlocnenHuit ciaydait paccMoTpeH B
pasnene IV.

B. UHTEeHCHUBHOCTH

VIHTeHCHBHOCTb JIMHHMH TIOTJIOLIEHHSI, OMHUCBIBAaeMOH (YHKIHEH
[ee]

dopmbl g(v), paBHa K| g(v)dv=K, rne K ompenensiercs 4uciom
(o]

fiiep, AalOIUX BKJajJ B Pe30HAHC, KBaJpaTOM MaTPHYHOIO 3JE€MEH-
Ta JJs KBaHTOBOTO nepexoja M APYrMMH (paKTOpaMH, XapaKTepH-
3YIOLMMH H3yyaemble sigpa (cM. npuaoxeHue A). MaMmenenue miu-
pUHBl (YHKUMH g (V), HE CONMPOBOXKAaeMOe H3MEHEeHHeM ee (hOpMbI,
KONEYHO, OyAeT H3MeHATb aMIJAHUTYAY J’/, KOTOPYI0 MBI XOTeJH Obl
HCIOJb30BaTb KaK MePY HHTEHCUBHOCTH JHHHH. UTOGB CKOMIEHCH-
poBaTb 3TO H3MEHEHHe H INOJYYHUTb MEepPYy HHTErpaJbHON HHTEHCHB-
HOCTH, 3aMeTHM, 4YTo g(v) siBJsieTcs HOPMHUPOBAHHOH (yHKIHeH, H
NO3TOMY €e MaKCHMaJbHas BeJHYMHA g(Vmax) NPONOPIHOHAJbLHAS
(6v) !, a ee MaKCHMaJIbHBIH HAKJOH npomopuuoHased (ov) 2. ITo-
3TOMY aMIJIMTYAa HaOJI0naeMoil MPOU3BOAHOH OT NMMKa 10 INHKA,
T. e. J/, nponopunonanbua K(dv) =2 W, clefoBaTeJbHO, MOJNHAS HH-
TencuBHOCTb K nponopuuonanbHa J/(dv)2 Ilpu cpaBHEHHH HMHTEH-
CHBHOCTEH pe3oHaHca psla CnnaBoB ¢opMma JHHHH MOXKET OCTa-
BaTbCsl NPaKTHYECKH HEH3MEHHOH, TakK 4TO mnpousBeieHue J’(dv)?2

! 3To MPHBOMHMT K HCKaXKEHHIO GOPMH JIMHHU Toryowenus. [Tpum. ped.

13



C/IYXKUT XOPOLIEH Mepoil OTHOCHTEJbHOH HHTEHCHMBHOCTH. Eciau mmu-
pHHA JIMHHH IIOCTOSIHHA, TO caMa BeJH4YHHa J’ ABJsSETCA BIOJHE
YIOBJIETBOPHTEJIbHON MEpPOH ee HHTEHCHBHOCTH. B 3TOM cayuae
HHTEHCHUBHOCTb, OTHECEHHYI0O K INOCTOSHHOMY 4YHCJYy saep, conep-
XKauuxcss B obpasle, H K OJHOH M TOH 2Ke YYyBCTBHUTEJIbHOCTH al-
napatypbl HepeAKO MPEeACTaBJAT KaK g(V max).

Tak Kak NmpH H3MepeHHsiX Ha CepUH CHJIaBOB HJH JepOopMHPO-
BaHHBIX MaTepHasJOB OYeHb TPYAHO MNOJAJAEPKHBATh MOCTOSAHCTBO
BCEX 3KCAEPHMEHTaJbHBIX NMapaMeTpPoB, TO BCerja MNPHMEHSIOT He-
KOTOpble MeTOJbl KaJHGPOBKH INKaJbl HHTeHCHBHOCTH. Kaxxnoe
NOoJAHOE H3MepeHHe HHTEHCHUBHOCTH COCTOHT B HaOJIIOLEHHH pe3o-
HaHCa OT HceyeayeMoro obpasna H perucTpallHd 3TaJOHHOIO CHrHa-
Jla, naBaeMmoro Ju6GO0 CreuuaJbHOH paxuocxemoil, 1u60 B BHIEe 3a-
IHCH pe30HaHCa OT CTaHZAPTHOro o6pasua. DJIeKTPHYECKHI CHIHAaJ
«CpaBHEHHSI» OOLIYHO NPHUMEHSIOT B amnaparype AJs H3MepeHHs
pe3oHaHCHOro mnorJoulenusi, pasdpaboranunoin Ilaynmom, Hakhtom n
Yorkuucom {4], B To BpeMs, KaK B cXeMaX siJ€pHOIH HMHIYKUUH TH-
na Bsoxa npuMensrorcs o6a Merona KaJau6poBkH [5, 177].

B mocsnenHeM ciayyae co3gaBaTbh 3JIEKTDUYECKHIT Kaau6GpoBOu-
HBIfl CHTHAJl HECKOJIbKO TPYJHee, YeM B NepPBOM, OJHAKO 3TOT CIO-
co6 KanuOpPOBKH BCe-TaKH HMMeeT NMpPaKTHYeCKHe NpeuMyllecTBa ie-
pell NmpUMeHeHHeM «CTaHAapTHOro ob6pasua», KOTOPHIH [Jsi yno6-
cTBa paboThl HOJI2KEH HMETb HHTEHCHBHBIH pe3oHaHC, OJIH3KHHA NO
4acToTe K M3yyaeMOMY pe30HaHCy, HO He mepeKkpbiBaloLuiics ¢
uuM. Kanu6GpoBouHBbI# CHrHaJ, mosydaeMblil JIIOOBIM H3 3THX ABYX
METOJOB, HCHOJb3YIOT JIJIsi HODMHPOBKH BCEX Pe3yJbTATOB CEPHH M3-
MepeHHUH, nesl KaXKAyio H3MepeHHYI0 aMIIuTyaAy J' Ha aMIJIHTYLY
COOTBETCTBYIOIIEro KaJubpoBouHOro curHaja. IlocienHsss MoxxeT
MeHATbCS BCJENCTBHE H3MEHEHHH MapaMeTPOB CXeMbl pErucTpH-
pYIOIlero YCTPOHCTBA HWJHM 1O KAaKUM-TO JPYrHM MNPHYHHAM, HO
YaCTHOe, KOHEYHO, He 3aBHCHT OT 3THX H3MEHEHHH, eCJUu TOJBKO
OHH He MPOHCXOASAT B MPOMEXKYTOK BPEMEHH MeXIYy 3amnucCiMH
CHrHaJIOB OT o6pasua M OT craHnapra. Jas o6o3HaueHHsT 3TOH HOp-
MHDOBAaHHOH aMIUIUTYAbl OyAeT HCIOJb30BaH CHMBOJ J.

B. Pe3oHaHcHas yacToTa

[TonoxeHne pe3OHAaHCHOH JIHHMM B MeTa/llaX HMeeT GOJbLIOe
3HayeHHe, TaK KaK OHO YAaCTHYHO Ompeje/sieTcsl MJIOTHOCTbIO 3JeK-
TPOHOB M 3JIEKTPOHHOH BOJIHOBOH ¢(yHKUHell B Meranane. PesoHaHc-
Hasl yacroTa siipa, HaXOAsLIEerocs B MarHUTHOM IOJe, NPH OTCYT-
CTBHM BCeX B3aUMOJEHCTBHH MeXIy SAPaMH U MeXAy siIpaMH H
3JIEKTPOHAMHU SIBJSIETCST CBOHCTBOM, NPHCYIIUM CaMOMY aTOMHOMY
anpy. UMenHo Hanuuyume B3aMMOJEHCTBHIl C [PYrUMH spaMH H
3JIEKTPOHAMH MPHBOJHMT K TOH 4YacToTe, KOTOpash HabJ/rofaercs
3KCNEPHMEHTAJbHO W BbI3blBaeT H3MeHeHHe (GOPMbl Pe30HaHCHOI
JIUHHH: BMECTO GECKOHEYHO Y3KOH JIMHHH MOSBJSETCS XapaKrep-
Hasi CTPYKTypa pe3oHaHca, HabJjlogaeMasi B [1eHCTBUTENbHOCTH.
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[Ton pesoHaHCHOM 4acTOTOH CHMMETPHYHOrO MOTJIOIIEHHSI MOHH-
MaloT 4aCTOTYy IeHTpPa JHUHHH vo. Ias mo6oi 6osee ClOXKHON (HOp-
Mbl JIHHHH MOKeT ObITb BbIOpaHa HEKOTOpas XapaKTepHas TOYKa
(06BIYHO JIerKO M3MEPHMBIH HYJb NPOU3BOJHOH), KOTOpas oOmpe-
JeJsieT I0JIOXKEeHHe pe30HaHca, OJHAKO MAJS MOJHOrO OMHCAaHHsA
YaCTOT PE30HAHCHBIX JIMHHi, COCTaBJSAIOILHX HabJlogaeMoe MOIJO-
uieHne, HeoGXOJHMO ellle NPUHUMAaTb BO BHHUMaHHe (POPMY JIMHHH.
Y acuMMeTpHUYHOH JHHHH cniaBa (pHC. 2, 0) NOJOXEHHE HYJs
MPOU3BOJHON CYLIECTBEHHO He MEHSIeTCs 110 CPaBHEHHIO C MOJIOXKe-
HHEeM [Js YHCTOrO MeTaJjila, KOTOpLII HMeeT CHMMETpPHYHOe II0-
TVIOLIEHHE; 3aMeTHble M3MEHEHHs|, OTJHYaiollhe DPe3OHAHC Ch/aBa
OT pe3oHaHCa YHCTOro MeTannd, BhABJAITCSA npu aHasuse “¢opMHI
JIMHAH ¥ CHMMETDUYHON LIMPUHHL.

Ilpn onucaHHH MOJNOXKEHUS SJEPHOTO pe30HaHCca B MerajJe
0GBbIYHO 3aJal0T €ro CABUT OT pe30HAHCa TOrO e H30Toma B He-
NPOBOASILIEM 3TAaJIOHHOM BellleCTBe, MOMELIEHHOM B TO XK€ MarHuT-
Hoe noJe. Hjs 3TOro onpenensioT 4acTOTy SIIEpPHOrO pe3OHaHca v
sep, HAXONSLIKUXCS B COeJMHEHHH HJH B BOJLHOM pacTBOpe, cOLEp-
XKalleM COeIHHEHHe HccCaenyeMoro 3JjemeHTa. Kpome ‘Toro, B TOM
)Ke BHEIllHEM MAarHUTHOM [OJle ONpPeleNslOT DPEe30HAHCHYI YacCTOTy
vy TeX 3Ke sJepHbiX CIOHHOB B MeTajje. Pa3HOCTb yacToT
vo—v, HasBaHa ciBurom Hafita B dYecTb ee OTKpbIBaTeasl. ITOT
CIBMI BO3HHKaeT B MeTaJljle, HaXOAsilieMcss B MAarHUTHOM IOJie,
BCJIEACTBHE HAJM4YHs HECHAPEHHBIX 3JIEKTPOHHBIX CIOHHOB H MOXeET
CYKHUTb MEPOH YHC/Ia 3THX HECKOMIEHCHPOBAHHBIX CIIMHOB.

B uneanbHOM ciyuze H3MepeHHUs] HYKHO Obljo Obl NMPOBOLHTHL
BHayaje Ha MeTaJjlle, B KOTOPOM CHapeHbl BCe CIHHBI 3JEKTPOHOB
NPOBOAMMOCTH, a 3aTeM Ha MeTaJjlle, KAKHM OH B IE€HCTBHTENbHO-
CTH sIBJSIeTCsS, KOrga €ero MOMeIlaloT B MarHUTHOe MoJie. DTO He-
BO3MOXHO OCYIIECTBHTb Ha MPAaKTHKe, H MepPBO€ YCJOBHe NPUOJIU-
KEeHHO OCYILECTBJSIETCS, €CJAH yJayHo BHIOpaHO XHUMHUYECKOe Coe-
auxenue. HeompenesnenHocTb B HCTHHHOM ciBure Hafita mpoucxonut
BCJEJCTBHE DPa3/MYUsl PE30HAHCHBIX YaCTOT B PAasjHYHBIX BO3MOXK-
HbIX 3TaJIOHHBIX COEJHHEHHSX. DTH TaK HasblBaeMble Xumu4deckue
cO08ueu OrpaHHYMBAIOT TOYHOCTb, C KOTOPOH MOXKHO ONpPENENHTb
sKcnepuMeHTanbHo cABur Haiita. KpoMme Toro, uto Bce 3JI€KTpOIIbI
B NOJXOASLIEM 3TaJOHHOM COEJHHEHHH [NOJKHBH OBITb CHApeHH,
39TO COeJHHEHHEe He NOJIKHO elle HMeThb MapaMarHUTHOrO BKJaja
BTOPOTrO NOPsiKa B XHMHYecKoe 3KpaHupoBaHue [7]. Ilocnenuee
yC/IOBHE JielaeT JKeJlaTeJbHbIM HCIO/b30BAaHHE COEIMHEHHs! C BbI-
COKOH cHuMMerpHeH cTpyKtyphl [8]. IlapaMaruuTHble mnpumecu B
pacTBOpe, COAepKallleM 3TaJOHHOE COeNMHEHHE, TaKXKe MOTYT MpH-
BECTH K He6GosblIMM olHOKaM [9] B onpenenenun ciaura Haiita.

Meransnyeckuii M 3TajIOHHBIH 00paslbl MOXHO NOMeIlaTh B
PErHCTPHPYIOLIYIO annapaTypy OJHOBPEMEHHO MJH IOOYEPEeNHO.
OJIMH MOCJIe APYroro, B 3aBUCUMOCTH OT TOro, 4To OoJiee yAOOHO.
Ilpn 3TOM BaXKHO, YTOGBI MAarHUTHOE MOJIE, AEHCTBYIOIEe HAa KaX-
Iblii o6paseln, ocTaBajoch HeM3MeHHbIM. Ha puc. 3 npexncrasiens
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JIHHMH NOIJIOLUIEHHS OJHOTO M TOrO XK€ HM30TONa B HENPOBOASALIEM
3TaJIOHHOM CO€JMHEHWH U B MeTaJlle, HaXOASIIUXCA B OJLHHAKOBOM
BHELIHEM MarHUTHOM moJse. PesoHaHcHas 4acTtotTa B MeTajle v,
Oosbllle, yeM v, TaK KaK Ha siipa MeTajJua paeficTByer GdJbliee

Jv

v, MY

= 4v -
Ur Yy

Puc. 3. JIuHuy morJiolieHUss U30TONA B HEMPOBOASALIEM 3TAJOHHOM COElH-
HEHHH H B MeTaJjuie

BHYTpeHHee MarHHUTHOe MoJie, 4eM Ha sifpa ausJjektpuka. M vy, u
V. npAMO NPONOPLHOHAJNbHBI HampsiKeHHOcTH moss. Ha 3tom pu-
CyHKe BeJHYMHAa Av=vy—v, OTMeYeHa KaK pa3HOCTb MexX1y LeH-
TPpaMH JBYX CHMMETDHYHBIX PE30HAHCOB.



AJNEPHBIH MATHUTHBIA PE3BOHAHC B METAJIJIAX
C MUKPOCKONMHYECKOM TOYKH 3PEHMSA

A. O6umue 3aMeyaHHsi 0 SiA€PHOM MAarHUTHOM pPe30HAHCHOM
NOrJIOUEHUH M PeJlakCalHuu

Mbl 6yneM npencrabBasaTb cefe MeTass Kak NPOCTPAHCTBEHHYIO
pellieTKy sep, Kotopasi o6pa3yer CAUHOBYO CuUCTemy !, Ha3BaHHYIO
TaK MOTOMY, YTO siapa 06/afaloT CIMHOM HJH, 60Jiee TOYHO, CIIHHO-
BbIM MOMEHTOM KOJIHYECTBA [BHXKEHHS 2. Kaxjxoe siIpo C OTJIHY-
HBIM OT HYJIsi CIHHOM HMeeT TaKXXe MarHHUTHBIH [JHNOJbHBIH MOMEHT
uw=vAl, rpe y-—THPDOMarHUTHOe OTHOIIEHHe; F — MOCTOsIHHAS
INnauka, neneHHass Ha 2;, U | — KBAaHTOBOe YHUCJIO SIJ€DHOTO CIIH-
Ha, KOTOpOoe MOXeT HUMeTb 3HaueHus 1/2; 1; 3/2, ... (cM. cToaben 7
tabs. 1). CoMH M MAarHUTHbBIH MOMEHT SBJISIOTCS BHYTPEHHHMH
CBOMCTBaMM, XapaKTepHBIMH [JIs [aHHOrO sApa, Kak ero macca
u 3apsan. Kaxiapli HYKJIOH (NPOTOH M HEHTPOH), COAEepKallHics
B siipe, UMeEeT CNHH M MAarHUTHbIfI MOMEHT.

Ha6aionaeMbli NOJHBIN MOMEHT siApa He SBJSETCA INPOCTOH
BEKTOPHOH CYMMOH COCTaBJSIOIIUX €ro MOMEHTOB, OH BKJIIOYaeT
B ce0s1 BKJaZbl OT OPOGUTAJbHOTO [IBHXKEHHS HYKJIOHOB BHYTPH
saapa.

HMeTh TOuHble CBENEHHS] O MPOHCXOXKIEHHUH SIePHBIX MOMEHTOB
IJIsI TOro, YToGbl HCMOJNb30BaTh HX KaK 30HIbI, H3MepSIOLHe BHYT-
peHHHe 3JIeKTpUYeCKHe M MarHHTHble NOJIs B BelllecTBe, HeT HeoG-
xonuMocTdH. Tak KakK MOMEHTbl siiep He MOryT ObITb BbIUHMCJEHHI,
MBbl [OJlaraeMcsi Ha 3KCHEPHUMEHT, YTOObl MOJNYYHTb 3HAYEHHS W
u I. Cnun [ HauboJiee yacTo ONpejeJsiOT MO U3MEPEeHUSIM CBepX-
TOHKOH CTPYKTYpPbl ONTHYECKHX, MHKPOBOJIHOBLIX M TapaMarHUTHBIX
CMEeKTPOB HJH B METOLE MOJIEKYJSPHBIX MYYKOB. DTH METOJbl MO-
ryT OBITb HCIOJIb30BAaHbl TaKxXe MAJs ONpeJeNeHHs MarHHTHHIX Mo-
MEHTOB; OJIHAKO METOJ siJePHOro pe3oHaHca OObLIYHO AaeT HauboJgee
TOUHBIH CIOCO6 H3MepeHHS .

! TlpocTpaHcTBeHHasi pelleTKa sjep CYIIECTBYeT, KOHEYHO, B JIOGOM TBepLOM
Tere, [ais MeTa/la CYIIECTBEHHO HAjHuKe 3JEKTPOHOB WPOBOAHMOCTH. [Tpum. peo.
2 He o6si3aTenbHO, 4TOGHl KaXKaoe SAPO HMEJO CNAHOBLII MOMEHT; NeHCTBH-

TeJbHO, BCE ﬂ}lpa Y KOTOpBIX 3apsan U Macca HBJUUOTC?I ‘lETHblMH YHCJIaMH, HMEIOT
CITHH, paBHbIH HYJIIO.



H3BecTHO, 4TO y siiep C HeYeTHbIM MaccoBbIM uucaoM A cou-
HOBOe KBAaHTOBOE€ YHCJO / NDHHHMAeT TOJbKO NOJylesble 3HAYEHHS
1/2; 3/2 v T. A. U 4TO siApa C 4YeTHBIM A M HeueTHbIM Z (3apal
Anpa) uMeloT Lesble 3HaueHuss /. Haubosnee craGuibHBIMH SIBJS-
orcsl anapa ¢ yetHoiMu A U Z, y Kotopeix p = 0, a HauMeHee CTa-
GMJbHBIMH  (KOTOpBIE COOTBETCTBEHHO PEeAKH B NPHpOAe) — siApa
¢ uetHbiM A H HeueTHbIM Z. [To3TOMYy CnHHBI NOYTH Bcex snep,
KOTOpbIX OyIeT MIATH pedb,— moayuenble (cM. Taba. 1). 1o cymie-
CTBEHHO /ISl MNpPeLCKa3aHHs DE30HAHCHOr0 IOBeJeHHsI HEeKOTOPbIX
METaJJIOB ¥ CIJaBOB.

Slnipa co cnuHOM, paBHbIM HJH OOJbBIIMM €IHHHIBI, MOTyT 06-
JajnaTh SIIEPHbIM 3JIEKTPUYECKHM KBaJPYMOJbHBIM MOMEHTOM Q.
DTO CBfI3aHO ¢ OTKJOHeHHeM ¢GOpMbl siApa OT C(epHuecKoi; moJo-
JKHTENbHBIH KBaJAPYIOJbHBIH MOMEHT yKas3blBaeT Ha TO, YTO SIAPO
BHITSIHYTO BAOJb OCH, COBMajamwliefi ¢ HampaBjleHHeM COOCTBeH-
HOrO MOMEHTa KOJIMYEeCTBA [IBHKEHHS !,

MoXHO mnoKasaTb, YTO 3JIEKTPHUECKHH JHMOJbHBIH M MAarHHT-
HBIH KBAaJpPYMOJbHBIH MOMEHTHl sipa paBHbl HYJI0. MyJbTHNONb-
Hble MOMEHTHl 6oJiee BBLICOKOrO MOpSIAKa, CYLIeCTBOBaHHE KOTOPBIX
MoOXer OblTb LOKa3aHO H3 coo6GpaxkeHu# ueTHocTH [3], HMelOT
HUYTOXKHO MaJjble S3HEPrdd B3aUMOMIEHCTBHUS C MOJISMH, CYLIECTBYIO-
IIMMH B TBEPAbIX TeJaX, H UX MOXKHO He paccMaTpHBaTh B JaHHOM
HCC/Ie[OBAHHM.

SIBJleHMe SiIepHOr0 MarHUTHOrO pe30HaHCa JAONYCKaeT IIHPOKOe
pa3Hoob6pasue SKBHBaJIEHTHBIX ONHCaHHUH.

JJs SICHOCTH M MOCJeJ0BaTEeNbHOCTH H3J0XKeHHs1 Mbl OyneM
noJb30BaTLCS BCerna OAHUM M3 HHUX. PelieHue HCno/ab30BaTh «OIll-
THYeCKMH» moaxon (pasButhiit Baom6eprenom, Ilayumom u Ilepces-
JoM [11]), ocHOBaHO Ha ero BO3MOXKHOCTH JIETKO NMPHUMEHHTb TEOPHIO
BO3MYIIEHHA ¥ 1aTbh, TaKHM 06pPa3oM, XOpouyw (eHOMEeHOJOTHYE-
CKYI0 KapTHHY B3aMMOJEHCTBHH B TBepIBIX Tesax.

CrauuoHapHble MeToJbl HaGJIIONEHHS SIIE€PHOrO pe3oHaHca, Ta-
KHe Kak MeToJ fIlepHOH HHAYKUHMH HJIH MOCTOBble Meroanl [12], B
KOTOPBIX NPHMEHSIOT HenpepbiBHOE PagHOuYacTOTHOE BO3GYKIEHHE,
MO CONEpPXKaHHI0O HECKOJbKO OT/IMYAIOTCS OT METOAOB, HCHOJIb3YIO-
LIUX HMIYJbCHYIO PafMOYaCTOTHYIO MOILHOCTb MAJIsi BO3GYXKIEHHSA
sIIePHBIX MepexoJ 0B — METOJOB CIIMHOBOrO 3Xa W CBOGONHOH mpe-
ueccuu [13, 14]. B nanHO# KHMre He MMeeT CMbICJa CPaBHHBATb 3TH
METOAbl U OOpEMEHATb YHTAaTeJsl HOMEHK/IAaTypoil M JeTalsiMH pas-
JIUYHBIX 3KCIEpPHUMEHTaJbHBIX ycTpoiicTB. ONHAaKO cJjenyeT OTMe-
THTb, YTO KaXX[AblH M3 HHUX NPENCTaBJSET COOOH METOJ MOJyYeHHS
PE30OHAHCHBIX NAHHLIX, MPAaBUJIbHASl UHTEPNPETALHS KOTOPHIX C TOU-
KM 3DEHHs sIePHbIX B3aHMOJEHCTBHUH [OJXKHA OBITb €IMHON IJs
BCEX Clyuaes.

an JI060M HMCIOJb30BaHHH SIIEPHOr0 pe30HaHCa K CHCTeEME

! JleficTBME 3JIEKTPHUECKOTO MOJS Ha KBaAPYMOJbLHBIA MOMEHT siipa odcy;x-
naercst B cratbe [lepceasa [10]. :
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SIIEPHBIX CHHHOB, MOMEIIEHHBIX B CHJBbHOE OJHOPOJHOE MAarHHTHOE
noJie ¢ HampsiXKeHHOCTbIo [y, MOABOJAAT SHEPTHI0 OT PagHOyYacroT-
HOi cxeMbl. IIpaKTHYeCKH 3TO OCYLIECTBJSIOT NyTeM IOMeLIeHHs
MeTaJauyeckoro obpasua (o6beMoM OkoJio 1 cm3) B KaTyIUKy HH-
JNYKTHBHOCTH, KOTOpas HAXONUTCS MEXJY MOJIOCHBIMH HaKOHeu-
HHKaMH COOTBETCTBYWIero MarHuta. IlorJjolieHne s3HEpPrHH MPOHC-
XOJNHUT BCJENCTBHEe HHAYLHPOBAHHBIX MEPEXOJOB MeXIy 3HepreTu-
YeCKHMMH YpOBHSIMM CIHMHOBOH cHCTeMbl. [l KaXKAOro CIHHA,
XapakTepusyeMoro napamerpaMu /A u p (MaKcHMaJjlbHbIE KOMIIO-
HEHTBl COOTBETCTBEHHO CINMHA M MAarHUTHOrO MOMEHTa B Hampas-
nenun H,), umeerca (2/41) BO3MOXKHBIX OpPHEHTAalLHWi, Ka)jpas H3
KOTOPbIX COOTBETCTBYET YDOBHIO 3HEPrHH SIIEPHOrO MAarHUTHOrO
MOMEHTa B MAarHUTHOM noJje. Pa3HOCTb 5HEPrHH MeXAY COCEeJHHMH
YPOBHAMH paBHa hvo=pHo/l (cM. JeByio yacth puc. 5). IlpaBuaa
oT60pa, ympaBJsIOlIHe MPOIEeCcCOM, pa3pellaloT Mepexoibl MeXIy
COCEHUMH YPOBHSIMH, M INPH HAJOXKEHHH OCUHJJIHPYIOILEro Mar-
HHUTHOTO MOJIsI YacCTOTBl vy NPOHUCXOAUT BBHIHYXKIEHHOE H3JyYeHHE
H MorJiolleHHe 3Hepruu. BhlpakeHWe NJis MOJIHOH CKOPOCTH MOIJIO-
meHuss U Gosee moapoOHOe KOJHYECTBEHHOE ONMHCaHHE Mpollecca
naubl B npujoxenuu A. Ilpu 3THX mpoueccax MarHHTHOE KBaHTO-
BO€ YHCJO M, XapaKTepH3ylolllee pasJiHuHble BO3MOXKHblE YDOBHH,
MeHsIeTCsl COOTBETCTBEHHO Ha -+ 1 M Ha —1. MarHuTHOe KBaHTOBOE
YHUCJO M MOXeT NpHHUMaTb 3Hauenus [, [ —1, ... —I, npuuem
—mpH, '
—-

Ecav npoucxomuT pesysnbTHPYIOLlee MOrJOLEHHE SHEPTHH BHI-
COKOYaCTOTHOrO MOJisi, TO [JOJIKHBl Npeo6JiafaTh Mepexoibl THINA
Am=—1. 3OTo0 BO3MOXHO TOJbKO INpu H3OBITKE CHHHOB
Ha HHXXHHMX SHEPreTHYECKHX YPOBHSX, YTO GyNeT UMeThb MECTO, eCJH
CyLIECTBYeT MpOLEeCC, MOCPENCTBOM KOTOPOrO CHCTEMa CIIHHOB MO-
JKeT B3aMMOLENCTBOBAaTb CO CBOHUM OKpYXKEHHEM H IPHXOJHTb B
TenyioBoe paBHOBecue. Ilpu paBHOBecuu HacejeHHOCTb 2/+1 ypos-
Hell 3amaercsi pacnpenejeHHeM bouabnmana exp(mpHo/lIkT) un
TaKHM 006pa3oM YyCTaHaBJHBaeTCsi HEOOXONMMBbIH H3GBITOK sijep
B HHXHHUX 3SHEPreTHYECKHX COCTOsHUAX. 3nxecb T — abconoTHas
temneparypa, k— nocrosinHas Boabumana. Ecinm KoHTakT Mexny
CIIMHOBOM cHcTeMOl W pelleTKOH (TemyoBbHIM pe3epByapoM) ILJIO-
XOH, TO, OUEeBHJHO, IpolecC MOTIJIOLUIEHHS 3SHEePrHH HApYIIUT 3TO
paBHOBecHe. HempepblBHO JeHcCTByoollass pajnudaunus OGymeT cosia-
BaThb YMEHbIeHHe H3OBITOYHOH HACEeJeHHOCTH HMXKHHX 3HEPreTH-
YeCKHX YpPOBHe#l M TaKMUM 06pa3oM MpHUBeIET K BbIpABHHBAaHHUIO MX
HaceseHHocTell. Tak Kak nosiHOe Yucjao aGCcOpOGUUOHHBIX IEepPeXooB
OpsIMO NPOMOPLHOHAJBHO H3GBITOYHOH HACEJEeHHOCTH HHXKHEro co-
CTOSIHHSI, MOIJVIOLUIEHHEe MOILHOCTH OT PaJHOYaCTOTHOH CXeMbl COOT-
BETCTBEHHO YMEHBIIUTCS M PE30HAHCHOE MOrJOoLIeHHe, KaK TOBOPAT,
OyZeT MOjJBepXKeHO Hacoviujeruro. Ecan Tenepb BHIKJIIOYHTL DalHo-
'4aCTOTHOe BO30YXK/eHHe, CIIHHOBas CHCTEMa BOCCTAaHOBHT CBOE DaB-
HOBECHOe pacrpejesieHde Mo 3HepreTHYeCKUM YPOBHAM He MI'HOBEH:
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HO, a MyTeM MOCTENEHHOro NPHOJHKEHHS K COCTOSIHHIO PaBHOBECHS,
CKOPOCTb KOTOPOTO XapaKTePH3yeTcsl BPEMEHEM CIHH-PELIeTOYHOH
penakcauuu T;. [dis MeTaJ/0B NPH KOMHATHOH TeMmmepaTtype 3TO
BpeMsi mopsiika 1+10 (m:cex).

B mpenbipyumux paccyXAeHHsX Mbl IpeArnoJarajd, 4YTo cylle-
CTBYeT HEKOTOpas CBsI3b MEXAY siAPaMH CIHHOBOH CHCTEMBI, B MpO-
THBHOM cJiydae Obl710 Obl 3aTPYAHHUTEJNBHO pacCMaTPHBATh COHHOBYIO
CHCTEMY KakK €IHHOe Iesoe, Haxojslleecs BO BHYTPEHHEM paBHO-
Becud. [y BpeMeHH CHHH-CIHHOBOH penakcalMu Ty’ HEBO3MOXKHO
IaTh TaKOe )K€ OMepaliOHHOe OmpejeseHHe, Kakoe OblJIIO JaHO MJs
BpeMeHH T, OZHAKO KauecTBEHHOe €ro OObSICHEHHE COBEpPIIEHHO
aHajoruyHo !. Eciu ongHa vacTh COHHOBOH CHCTEMbl MOJABEPTHYTA
BO3/IeICTBHIO pajHallM¥d H, TAKHUM 06Da30M, CTAHOBHUTCH JIOKaJbHO
HarpeToil MJIH HacbIIlEHHOH, ee H3OLITOYHast 3Heprus OyneT pac-
NPOCTPAHATbCS MO CHOMHOBOH CHCTEMe IOCPENCTBOM CIHH — OHG-
¢ysuonHoro mpouecca [15].

CyliecTBEHHOE OTJIMYHE 3TOro cJyyas 3ak/aioyaeTcs B TOM, 4TO
B ONHCAaHHE CHHH-CIIMHOBBIX B3aHUMOJAEHCTBHH [AOJIKHO BXOIHUTDL
paccrosinde mno pemertke. Ilpomecc cnuHOBON AM(OY3UH MOXKHO
NpPEACTaBJASTh KaK Nepefayy OpHEHTALlHH OT OJHOro SIEpPHOro Mar-
HUTHOTO JHMOJS K APYroMmy, nono6HOo oG6bIYHOH Auddy3un Macc;
TOJIBKO B Mpollecce CNHHOBOH AH((Y3UH He MPOUCXOLUT IepeMe-
HIeHUs] CaMHX aTOMOB. YpaBHeHHs HJsa Juddys3uu Tenja HIH Mac-
CBl NPUMEHUMBbI ¥ i Aud(Yy3HH CIHHOB, €CJIH HCIOJb30BaTh MOJ-
XOISAILYI0 KOHCTAaHTY nH(pdysun. B stom cayuae nuddynaupyouiei
BEJHUYHHOM $IBJASIETCS BEPOSITHOCThL HECKOMIIEHCHPOBAHHOrO ChUHA 2.

B smTepaType yacTo BCTpeuaercsl Tak:Ke CHMBOJ T, KOTOpBIH ymo-

Tpeb/IsieTcsl KaK IapaMeTp, XapaKTepU3yUMH IIHPHHY pPe30HaHCHOH
[ee]

Junpd. Tak Kak ¢yHKuus ¢opMel g (v) HOpPMHpOBaHa (S g™ dv=l),

. 0
pacuupenune pe3OHaHCHOI';I JIMHUHU NPHBOOUT K YMEHBUIEHHIO MaKCHMaJlb-

HOrO 3HaueHH g (Vmax). BesmunHa T, onpepensercss oOGbIYHO Kak
1 o

+ O (Vmax). [DTO onpenesieHne corJjacyetT Mexjay cofodi 0003HayeHHd,
2

BBEJEHHbIE JBYMSl HE3aBHCHMBIMH TIpYNIaMH, KOTOpbIE OCYILECTBHJIH
nepBble 3KCHEPHMEHTHl MO sifepHoMy mnorJouleHuio [16, 11] u snepHoi

uHpykuun [17,1). Oas moGolt KpHBOH NpaBHJbHOA ¢dopMbl T, mpHOJH-

! TaTh omepanHOHHOE omNpejeseHHe KaKO#-TO BEJHYHHE O3HAYaeT yKas3arh,
xoTsi 66l B MpHHIMMNE, cnoco6 ee u3Mepenus. Takoe onpeneseHHe BpeMeHH CIHH-
CIIMHOBOH peJlaKCauMH, pasyMmeercs, MoxeT GbiTb naHo. OnHako Ijsi 3Toro HeoG-
XOJMMO PacCMaTpPHBATb MOBEJEHHE CIHHOBON CHCTEMBI NMPH NEHCTBMH HMIYJbCHBIX
PafHOYacTOTHEIX MOJIeH, OT Yero aBTOP C CaMOro Hauaja OTKasaics. [Tpum. ped.

2 TIpouecc yCTaHOBJIEHHSI PAaBHOBECHS] MeXJY CIIMHOBOH CHCTEMOH W peLIeTKOH,
NO-BHAMMOMY, Bcerjia MoxeT ObITh ONMHMCAH C MOMOLIbIO XapaKTEPHOrO BPEMEHH pe-
nakcauun Ty, 4TO ¥Ke KacaeTcss YCTAHOBJIEHHSI PABHOBECHS BHYTPH CIHMHOBOH CH-
CTeMBI, TO, KaK IOKa3bIBalOT NMpsiMble W3MepeHHs [2*], B TBepaBIX TeJaax 3TOT mpo-
IlecC He BCET[a OMUCHIBAETCS MPOCTHIM KCINOHEHIMAJbHBIM 3aKoHOM. Ilostomy asis
TBEPABIX TeJ MPOCTOe MPENCTaBJEeHHe O CYNIeCTBOBAaHHH BPeMeHH pejakcauuu Iy’
HMEeT CKOpee KauyeCTBEHHHI, ueM KOJIHYeCTBEeHHBIH .CMbICJL. [Tpum. peo.
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JKeHHO paBHO 1/2 mdv M, TakUM 06pa3oM, ee pacCMaTpHBAIOT HHOrAa
KaK BeJHYUHY, OOpaTHYIO LIHPHHE JIMHHH 1.

Hrak, siBieHue siiepHOro pe3oHaHCa COCTOMT B MOIVIOUWIEHHH DajgHo-
YacTOTHOM 3HEpruH sApaMH MeTa/lla M TocJefyiouiell nepenaye 3Toi
SHEpruH pellleTKe 'B BH/JE HE3HAUYHTE/IbHOrO KOJHYECTBa Temsa. YacroTa,
NpH KOTOPOH NpPOMCXOAUT PE30HAHC, ONpeNeNsieTCsl Pe30HaHCHBIM ycJio-
BHEM :

vo=wuHo/Ih= (y/27) Ho, (1)

r/ie 7 — rHpOMarHuTHOE OTHOLIEHHe, T. €. OTHOIUEeHHEe SIIePHOro JAHMOJb-
HOTO MArHHTHOrO MOMEHTa I K COOCTBEHHOMY MOMEHTY KOJIMYecTBa JBH-
skeHust sigpa [ h, H,— marHuTHoe moJie Ha sizpe.

UpesBbiyaitHo npocToe no ¢opMe ypaBHeHHe (1) 3ak/oyaer B cebe
HECKOJIbKO BaXHbIX MOMEHTOB, KOTOpBHIE CJIeflyeT OTMeTHTb. OHO BHIpa-
3KaeT, OYeBHJHO, COOTHOLIEHHE, CYIIECTBYIOIEe JHIIb MEXAY MarHuT-
HBIM IIOJIEM Ha A0pe W HabMofaeMoH pe30OHaHCHOH yacToTod. ITO Co-
OTHOLIEHHe He 3aBHCHT OT MaTepHaJja, B KOTOPOM HAaXONATCH sApa.
[TosToMy BO3MOXKHO H3ydyaTb BHYTPeHHHE MarHUTHblE TOJSI B TBEPHABIX
TeJlaX, CPaBHUBAst MeXAYy COOOH pe30HaHChl [JAaHHOrO M30TONA B Hec-
KOJIbKHX CO€IMHEHHsIX HJH B HEeCKOJIbKHX MeTasax. Besikoe pasnnuue
B BeJMYHHE MPUJOMKEHHOro MoJsl fyyewn, HEOOXOAHMMOE IJIi TOrO, 4TO-
Obl pe3oHaHC BO30YKJaJCs KaXJAbli pa3 Ha OJHOA M TOH Ke 4acToTe,
OyZeT MPOMCXOAMTb BBUJY BHYTPEHHHX MAarHUTHbIX TMOJeH, CyLleCTBY-
IOUX B TBEPJOM TeJse (UM B KHUAKOCTH M rase). BHyTpeHHMe mnoJs
OOBIYHO COCTABJISIIOT MEHee OLHOrO IpOLeHTa OT OCHOBHOTO MNOJIS Henewun.
[TosToMy cyliecTBeHHO, YTO corJacHo ypaBHeHuro (1), u3Mepenus ya-
CTOTHl JAIOT T€ XKe CBeJEeHHs O BHYTPEHHHX MarHMTHHIX NOJSIX B TBEp-
JIoOM TeJe, 4TO U H3MepeHHs moJs. UYactora MoxKeT ObiTh H3MepeHa
oueHb ToyHO. He npejcraBisier Tpyja u3MepeHHe ¢ TOYHOCThIO Zo 1078,
TaK 4TO M3MeHeHHe yacTOoThl Aaxe Ha 0,019 0ObI4HO MOXKHO H3MEPHTb
¢ Xopoued TOYHOCTbIO. Bo BCSIKOM cJlyyae Bcerja MOXKHO HCIIO/Ib30BATh
TY BeJMYHHY (TOJIe HMJIM 4acTOTy), KOTOpYIO Jierye H3MepHTb C 6OJb-
1iefl TOYHOCTBIO.

Ilpennosnio:kuM, 4To NpH (PUKCHPOBAHHOH YaCTOTe v, Mbl HabJOAaeM
nocJIeJ0BaTeNbHO JBa Pe30HAHCAa — B MeTa/ule H B HEKOTOPOM 3TaJIOH-
HOM COefIMHeHHH. [1J7 3TOro HyXKHO M3MEHATb BeJHMYHHY BHEIIHEro
MarHuTHOTO MOJISI TaK, YTOObI NMPHUBECTH LIEHTp pe30oHaHca A/ KaxKAOoro
BellecTBa K 4actoTe v,. Ec/JH pe3oHaHCHOe YycJOBHE B MeTaJule OCy-
LeCTBJISIETCS] NIPH BHeIIHeM nose H,,, TO JJs 3TaJOHHOTO COeJMHEHHS
HeoOXOZMMO Jpyroe noJje HanpsikeHHOCTbio H,. ViaMepeHHe pasHOCTH
AH = H, — H,, nNpakTHYeCKH 3KBHBAJEHTHO M3MEPEHHIO BeJHYHHBI
Av=v, — v,, 0 KOTOpO!l yIOMHHAJOCb B KOHIle NMpeAbIAYLIero pasjesa.

Crnexyer OTMETHTb, UTO 3Ta «3aMeHa NepeMeHHbIX» OTpaxKaeT CIBHT

\

! Bennunna T, onpenensieTcsi BpeMeHeM XKH3HH SIAEPHOTO COCTOSIHHA, KOTOpOe
no MOpsAKY BeJUYMHBE paBHO ![omdv (pasmen II-A). Ilpu Gosee mogpoGHOM aHa-
JIM3e BeJIMYMHBl To HYXKHO YUYHUTHIBaTh pPasjiMuHble UCTOYHMKH YUIMPEHHUs JHHHH, KO-
Topble 6yayT paccMoTpensl HuiKe (paspmen III-B r mpuaoxenue B).
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pe3oHaHca B MeTaJule IO OTHOLIEHHIO' K- PE30HAHCY 3TaJIOHHOro .00pas-
na. EciM gacToTHl pe3oHaHCa B MeTa/ule U B XHMHYECKOM COeJMHEeHHH
OJMHAKOBBI, TO pe30HaHC B MeTasle (BcaeAcTBHe cjsura Haiita) Ha-
6/mopaercss Bcerfa NpH 604ee HU3KOM BHEIIHEM MarHMTHOM HoJsel.
U, HaoGopoT, eciu BHellHee IOJIe IOJAEPKHBAETCS IOCTOSIHHEIM, TO
oH Ha6mmojnaercst npu 6Gosee evicokol wacmome. HeGombimoe none AH,
KOTOpOe B MeTaJlle HampaBJ/ieHO II0 BHeIHeMy IIOJII0 M TaKHM o0pa3oM
yBEJHYUBAET IoJIe Ha siipe, GYAeT BHI3bIBATb yeeauderue Av pe3oHaHC-
Ho#l yactoThl [cM. ypaBHeHue (1)]. Tepmun cpeur Hafita npumensior
151 o6o3HaveHust 6o AH=H, — Hp,, n160 Av=v, — v,, H, IIOCKOJIb-
Ky, (KaK OyJeT I0Ka3aHO MO033Ke) 3Ta BeJHYHHA IPSIMO IPONOPLHOHAIb-
Ha BHEIHEMY MO0, NPaKTHYECKH ee BCerja JailoT B (opMe omHocuU-
meabno2o casura Haitta AH/H, wau Av/v,.

[TockosbKy, KOrZa siIpO 3aHMMaeT CBOe OObIYHO2 MECTO B IEHTpe
aroMa, noje Ha siiape H, He paBHO B TOYHOCTH Hpyemn, SKCIEDPH-
MeHTaTopaM YyJoOHee YKa3blBaTh YacTOTYy pe30HAHCA NpH JaHHOM
BHeuIHeM moJjie.2 CIBHTH, 3aK/OYeHHble B KpYIVIHle CKOOKH, NOJTydeHb!
IIyTeM KOCBEHHOH OIleHKH.

B cronbue 2 Taba. 1 nmpuBeneHb pe30HAHCHBIE YacTOTHl (B Mey)
H30TONOB, HAXONSLIMXCA B XHMHYECKOM COEJIHHEHHH BO BHEIIHEM
none 10000 2c. DT BeJHYHHB NPUGAU3UTENbHO paBHbl 10%y/2m:,
HampuMep vy/2m rir =1654,7 ec—!-cex—!. B Tabauue npencraBie-
HBl JIMIIb T€ 3JIeMEHTHl, KOTOphle SBJSIOTCS MeTaJJlaMH M AJs KO-
Topblx caBur Hafita nu6o yxKe u3BecreH, JUGO MOXKHO NpeAnoJa-
ratb, uto oH Oymer usMepeH. B cTonbue 4 yKasaHO 3TajJOHHOE
COeJHHEHHe, KOTOPOe HCHOJb30BaJOCh IIPH H3MEPEHHH CHABHra
Hatita, nanHoro B cronbue 3. XUMHUECKHE CIBHTH Y pPasjHYHBIX
COoellMHEHHH, KOTOpble MOryT ObITh HCIIOJIb30BaHBl [JIsI M3MEpPEHHH,
OOBLIYHO COCTaBJSIOT He 06oJiee HEeCKOJbKHUX MpPOLEHTOB OT CABHTA
Haiita nas Jjerkux sinemeHtoB. TpyaHo cuenats Gosee obluee yT-
BepXK/JEHHEe OTHOCHUTEJbHO XHMHYECKHX CIBHUIOB, IIOCKOJIBKY OHH
3aBHCAT OT 3JIEKTPOHHON KOH(MUrypaluu TOH MOJIEKYJBl WJH HOHA,
KOTOphle HCHOJB3YIOT [Js CpaBHeHHs. B crosbue 5 mnpuBeneHb!
JUTEPATypPHble HCTOYHHKH [Jis1 NPEACTABJIEHHHX B TabJHLe CIBH-
roB Haifita. B cron6uax 6, 7 u 8 mpeacraBJ/ieHbl [OMNOJHHTEbHbIE
CBeJIeHHsI, KOTOpble INOMOTYT YMUTATENI0 PEUIUTb BONPOC O BO3MONK-
HOCTH NPHMEHEHMs $JePHOro pe3oHaHCa K H3YUEHHIO KOHKPEeTHOM
3afgayu. [lpm stoM mnoJesnsl ciaenyiomue 3aMeuanus. OTCyTCTBHE

! 3To yTBepxJeHHe CNPARELIUBO TOJbKO AJS HerepexcAHbIX MeTasos. B me-
pexoanbix Merajnax casur Haiita moxer GbITb oTpuuaresnsHEIM. ITpum. ped.

2 OcHoBHoe passuuue Mexny Ho a Hy, .. A1 HemeTamioB 0GYC/IOBJIEHO:
a) op6HTaNbHBIM [BHXXEHHEM 3JIEKTPOHOB, KOTOpOe co3faeT He6oJbliloe MoJe, Ha-
NpaB/ieHHOe NMPOTHB BHEWIHero 1oJisi, H 6) BO3GYyXIEHHBIMH NapaMarHUTHBIMH KOH-
¢urypaunsMu, KoTopele Co30al0T BHYTPEHHUE N10JIsl, COBNANAIOUIHE O HANPaBJEHHIO
c pHeurnuM mnoJgeM. IlepBuifi (AuamarsutHblit) 3ddekT 6ua paccMoTper JleMGom
[18], mocnennmit — Pamcu [7]; o6a addpektra MOXKHO paccMaTpHBAaThb KaK MarHHT-

HYI0 3KPaHHPOBKy [3], KOTOpasi NaeT BKJaX B XUMHYECKHe CIBHTH, YNOMSHYTHIE
paHee.
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Ta6auma 1

v, mey Jist Jurepar IHDH- Copnepixa-
Msoron | Hesewn = | AH/H, % Coe%aﬂii}:,??a) HblH I}J{c‘ryog: ‘Ha gv, Cniur :“:C:{:g:;’:}f_

= 10000 ec ’ HHK Kay* HOH cMecH
Lié 6,265 0,0263 LiCl 21,178 — 1 7,4
Li? 16,547 0,0261 LiCl 21 10,3(77°K) | 3/2 | 92,6
Be? 5,983 0,000 BeCl, 19,20 3,5(H 3/2 | 100,0
Na28 11,262 0,112 NaOH 21 2,7(77°K)| 3/2 | 100,0
Mg | 2,606 0,111 MgCl, 6 ~2 () 5/2 | 10,1
AlZ 11,094 0,161 AICl, 21 9, 5/2 | 100,0
Si29 8,460 0,018(c) SiO; (s) 22 — 1/2 4,7
K39 1,987 0,265 KCHO, 214,174 | <0,7 3/2 | 93,08
K4 1,092 | (0,265) — — - 3/21 6.9
Tis? 2,400 — — —_ — 5/2 7,75
Ti4e 2,401 — — — — 7/2 5,51
A\ 11,193 0,56 VOCl, 23 12,7 7/2 1 99,75
Cuss | 11,285 0,232 | CuCl(s) 19 7,2 3/2 | 69,09
Cuss 12,090 0,235 CuBr (s) 21 6,5 3/2 | 30,91
Ga® | 10,218 | 0,449(6) | GaCl, 21 0,34 | 3/2| 60,0
Gat | 12,984 | 0,449(8) | GaCls 21 0,42 | 3/2| 40,0
Se? 8,131 — — 22 - 12| 7,50
Rb#s 4,111 0,650 RbOH 21 0,21 52 | 72,2
Rb8? 13,932 0,653 RbOH 21 0,75 3/2 | 27,8
Nbes 10,407 0,85 NboOs 19,24 8,6 9/2 | 100,0
Mo?®6 2,774 0,584 K2MoO, 6,171 0,22 5/2 | 15,78
Mo?? 2,833 0,584 K:MoO, 6,171 0,25 5/2 9,60
Rhios 1,344 ©,3) (@ 19,25 - 1/2 | 100,0
Pdtos 1,74 — — — — 5/2 | 22,6
Agr | 1,722 0,522 AgNO, 26 — 1/2 | 51,35
Ag1o | 1,981 0,522 AgNO, 26,27 0,115 | 12| 48,65
Cdu 9,028 0,415 (e) CdCl, 28,29 1,1 1/2 | 12,86
Cqus 9,444 0,415 (e) CdCl, 28,29 1,1 1/2 | 12,34
In11s 9,310 | 0,786 (h)| Iny(SOy); | 168 ~2,1 9/2 | 4,16
In118 9,329 0,786 (h)| Iny (SO4)s 168,214 2,1 9/2 | 95,84
Sn117? 15,77 0,725 (e) SnCl, 6,30 | ~3,0 1/2 7,67
Sn119 15,87 0,725 (e) SnCl 6,30 | ~3,0 1/2 8,68
Sbi121 10,19 —_ — — — 5/2 | 57,25
Sbis 5,518 — — — — 7/2 | 42,75
Cs133 5,585 1,49 CsCl 21 0,52 742 | 100,0
Bal3 4,230 0,403 BaCl, 28 1,0 3/2 6,56
Ba13? 4,732 0,403 BaCl, 28 1,0 3/2 | 11,25
La1s® 6,014 | 0,63(j) | La(NOg); | 175 7,8 772 | 99,91
Ta®l | 5,095 | 1,1, KTaO, 169 <15 7/2 | 100,0
Wiss 1,790 1,06 WFs (g) 217,25 | <<0,08 1/2 | 14,28
Rel85 9,586 — — — — 5/2 | 37,07
Rel187 9,684 — — — — 5/2 | 62,93
Osl8® 3,307 2,4) — 19,31 — 3/2 | 16,1
Irie1 0,81 2,0) — 19 — 3/2 | 38,5
Ir1es | 0,86 (2,0) — 19 — 3/2 | 61,5
Pt1es 9,153 —3,92 H,PtCl, 32 2,4 1/2 | 33,7
Au%? | 0,691 (4,0) — 19 - 3/2 | 100,0
Hgo | 7,612 | 2,46(¢) | Hg(NOy), | 33,19 3,2 1/2 | 16,92
Hgt | 3,08 — — - 3/2 | 13,22
TI%0s | 24,33 1,56 (¢) | T1(CHyOp) | 34 >60 1/2 1 29,52
TI20s | 24,57 1,56 (¢) | T1(CaHyOz) | 34 33 1/2 | 170,48



Ta6auuna 1 (npomosmkeHHe)

Copepxa-

Vp Ml pIA Jlureparyp- HHe H30TomNa
Haoron | Hpyey = AH"/A,H' coe?;:&ﬁ%};"eo?a) HBl HCTOY- %I;x,p ::ua Crun g ef:reacraen-

=10000 a¢ HUK HOH cMecH
Pb20? 8,899 1,47 PbSOy (s) 35 2,3 1/2 20,8
Bi20® 6,842 1,41 (j) Bi (NOj); | 170,172 2,9 9/2 | 100,0
Sc4s 10,343 0,24 (/) | Sc(NOjs); | 175 16,6 7/2 | 100,0
Mnss | 10,555 —0,13 KMnO, 176 13,6 (k) 5/2 | 100,0
Yso 2,086 0,337 YClg 214 — 5/2 | 100,0
Crs3 2,406 0,69 — 3* — 3/2 9,54

* Nasa cayyas (d).

(a) B BOOHOM pacTBOpe, €CJH HeT MOMOJHHTENbHBIX YKa3aHHH;

(b) cmBur Haiita pas XUAKOro MeTalsa; B TBePAOM COCTOSIHHH HaGJofaeTcs
YHCTO KBaJPYMNOJbHEIA pe3oHaHc [36];

(¢) xuMmuyeckuil CIBHT; Yy KpeMHHs1 HeT caBura Haiira;

(d) mpu KOMHAaTHOH TeMIiepaType, eCIH HET NONOJHHTENbHBIX MOsICHEHHI;

(e) casur Haiita anusoTponHbIi;

(f) pe3soHaHc GepHJuIMsi pacllellsleH MepBHIM NOPSAKOM KBaApYNOJLHOrO B3a-

HMOJEHCTBUSA, MAaTHHS — BTOPbIM; JaHHbIE O LIHPHHE JIWHMK OTHOCATCS K LEHTpaJb-
HOH KOMIIOHEHTE;

(g) npuBeneHHass B crosiflie 2 4acTOTa, OTHOCHTCS K MeTally,;

(h) coBur Hafita ans xupxoro unaus npu 170°C; B TBepAOM COCTOSIHHH Ha-
6iogalicss YHCTO KBaApyNOJbHBIA pe3oHaHc [173];

(i) cmBur Haiita gna xuakoro BHCMyTa;

(j) uMeercss 3aMeTHas TeMnepaTypHasi 3aBHCHMOCTb; IIpHBeNEHHAasl BeJHYHHA
OTHOCHTCSI K KOMHaTHOH TeMmmeparType;

(k) BemuunHa, xapakrepusyiouiast $-Mn, 8aBHCHT OT TeMmepaTypel W Hamps-
JKEHHOCTH nosiA. PesaoHaHC B a-Mn Takxke Ha6monascs;
(s) B TBepAOM COCTOSIHHH.

H30TONa B cTO/0LE | CBHAETEJbCTBYET O TOM, YTO €ro NOTJIOLLEHHE
B MeTaJJje He Habmaiopanocbh. Pe3oHaHc spuep co cnuHOM, 60Jb-
IwuM, yeM 1/2, TpyaHo Ha6aionaTh, €CJAH OHH HE IIAXOAATCS B Me-
CTax pemerku ¢ KyOuyeckoi cuMMmerpueil (cMm. pasgen III-T).
Hns anep, HaXOASIIMXCA B pelleTKe C KyGHYECKOH CHMMETpHEH,
MOXHO MNPHOJHMXKEHHO CYUTATh, UYTO /I NAHHOrO H30TONa aMIJIH-
Tyfa pe3oHaHca J’ TeM GoJblue, 4eM GOJibllle €ro THPOMAarHUTHOE
OTHOILEHHE, CIHH, €CTECTBEHHOE COJepKaHHE U YeM YKEe ero JH-
HHSl NOTJIOLIEHHUS.

[eranbHoe paccMOTpeHHe HEGOJBILOrO YHC/Aa B3aHMOAEHCTBHII,
CYLIECTBYIOLUX MeXIAY SAePHbIMH MOMEHTAMH H HX OKPYKEHHEM
B Me€Tajljie, I03BOJISIeT CB3aThb BEJHYHHBI, MOJYYEHHblE H3 3KCIe-
PUMEHTOB 10 pe30HaHcy B MerTajJax (pPe30HAHCHYI0 4YacCToTy,
IIHPHHY, HHTEHCHBHOCTb U ¢dopmy JuHMH, Ty U Tp) C 3JeKTPOHHOMH
CTPYKTYpPOH M C JIOKAJbHOH KOH(QHUrypalueli aTOMOB MeTaJJja B
obnactax pasmepamu ot 5 mo 10 A. U, mao6opor, csoiicTBa Me-
Ta/lyla MOXKHO [0 HEKOTOPOH CTeNeHH HCCAeNOBaTh IO €ro pPeso-
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HAaHCHOMY IOIVIOILEHHIO M, YTO OCOGEHHO BaXKHO, MOXKHO Ipocie-
JIIUTh 32 MHKDOCKOIMYECKHMH H3MEHEHHSMH CTPYKTYpHI, IPOHCXO-
OSIIMMH NpU JETHPOBAHMH, AepopMaluH H T. A

Slnepuble MarHuTHble [AUNOJbHbBIE MOMEHTBHl B3aHMOJEHCTBYIOT
C MArHUTHBIMH NOJIIMH [OPYrHX S€pP M C MAarHUTHBIMH JHUIOJb-
HBIMH MOMEHTaMH 3JIEKTPOHOB B TBepaOoM TeJse. IIpumepaMu Heko-
TOPBIX crmeuudHUYEeCKH MarHUTHbIX B3aMMOIEHCTBHiH, KOTOpble Oy-
LYyT pPacCMOTpEHBI, SIBJASIOTCA: a) KOHTAaKTHOe B3aHUMOJelicTBHe
MEeXAYy SJepHbIM H 3JIEKTPOHHBIM [HNOJNSIMH HJIH CBEPXTOHKOE
BR3aHUMOJEHCTBHE S-THIA, KOTOPOe MPUBOAMT K H30TPONHOMY HaH-
TOBCKOMY CJBUTrYy M K KOCBEHHOMY OOMEHHOMY B3aHMOMEHCTBHUIO
MeXIy sIepPHbIMH CIHHaMHU; 6) B3aUMOJEHCTBHE MEXIy SIePHBIM
H 3JeKTPOHHBIM JHUMOJSIMH Ha PAacCCTOSTHHH, KOTOpPO€ MOXHO pac-
cMaTpuBaTh KakK OObIYHOe B3aHMOJEHCTBHE MeXJY TOUEYHBIMH
MarHUTaMi H KOTOpPOe MOXKET BbI3BaTh AHH3aTPOIHIO HAHTOBCKOTO
CIABUIra, €CJU pacmpelesieHHe 3JEeKTPOHHOro 3apsiia HMeeT CHM-
MeTpuio, GoJiee HH3KYI0, 4eM KyOuueckas; B) IpsIMOe B3aHMOIEH-
CTBHE MeXJLY SIIepPHBIMH [HUIOJSMH, KOTOpPO€ OIHCbIBAeT BJIHSHHE
MAarHuTHOrO MOJIS ONHOrO sApa Ha Jpyroe. DTO. B3aUMOJeiCTBHE
4acTo SBJSIeTCS TJaBHOH NDHUYMHON ymupeHuss JuHHH. OOMeHHOe
B3aMMOJEHCTBHE, YIOMSIHYyTO€ B MyHKTE (@), MOXET TaKkKe IMpo-
KCXOIHUTb MeX]y IlapaMarHUTHbIM HOHOM H OKPYKAWOIIHMH €ro
aapamu. Ecau npeacTaBHTh, YTO IJIOTHOCTb 3apsila HeClapeHHBIX
3JIEKTPOHOB OINUCHIBA€T IPOCTPAHCTBEHHOE pacIpefiesieHHe 3JeK-
TPOHHOH H&MAarHUYEHHOCTH, TO MOXKHO JIETKO NOHSTb, KakK 3JIEKTPO-
Hbl B3aHMOJEHCTBYIOT C SIpPaMHu.

Hapsiny ¢ MarHUTHbIMH B3aHMOJEHCTBHSIMH CYILLECTByeT B3aH-
MOJIEACTBHE SIIEPHBIX 3JIEKTPUYECKUX KBAAPYNOJbHBIX MOMEHTOB
C rpajMeHTaMM 3JIEKTPHUECKOro. MoJsi B TBEpPAOM TeJe, KOTOphIe
BO3HMKAIOT TOrAa, KOrja pachnpelesneHue 3apsija HMeeT CHMMET-
pyulo, Gojee HU3KYI0, 4eM KyOHueckasl.

OueBHIHO, YTO AJIT H3y4YeHHs] pacHpefiesieHHs] 3JEKTPOHOB MPO-
BOJUMOCTH M CBOHCTB 30HBI IPOBOJHUMOCTH B MeTaJje GoJibllioe
33ayeHde HMEIOT MAarHUTHble NHUMOJbHBle B3aumojneictsus. C npy-
rol CTOPOHBI, KBaJpyNoJibHble B3aUMOIEHCTBHS NAIOT JYYIIHH CIO-
co6 Ha6JIIONEeHHs BHYTPeHHUX JedopMauuil UM HeOOJBLIMX OT-
KJIOHEHHH OT HJAeaJbHOH CHMMETPHM pelleTKH. [IpuuuHamu BoO3-
IIMKHOBEHHS BHYTPEHHMX JedopMaunuidl MoryT ObITb BaKaHCHH,
BHeJpPEHHs], AUCJIOKAUUHM HJH NPUMECH, HAXOJSUIHecs B MOJIOXKe-
HHM 3aMeLleHHsl HJAU BHeJpeHusi. EcTecTBeHHOe pasjesieHHe IBYX
riaBHbIX o6JsiacTeli NPHMEHEHHsT pe30HaHca B MeTajjaX B COOT-
BETCTBHM C THUIIOM SIA€PHOTO MOMEHTAa YaCTHYHO ONpelessieT Kap-
THHY MOCJEAYIOILEro H3J0XKEHUS.

Bb. Pe3oHaHcHasa yacTora B MeTaJJax M CIJaBax

Slnepunblii pesonanc B MeraJJse BmepBble HaGuiopan [layun [37].
On chenan npaBU/IbHBIA BBIBOL O TOM, YTO HEKOTOpPbIE JIOMHblE
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CHrHaJIbl, OGHApyXeHHble UM, siBJAsiOTC pe3oHaHcamu CuS® u Cu®
B MeJIHOI MpPOBCJOKE XaTYIIKH BbICOKOYAaCTOTHOTO CIEKTPOMETpa.
Bckope Hait o6GHapyuJ, 4TO pe30HAaHC B METAJJIHYECKOH MeNH
BO3HHKaeT mpu Gosiee BbICOKOH yacrore, yem B Hemerasne (CuCl)
B TOM € MAardHdTHOM II0Jle, W IIOKa3aJj, 4TO 3TOT CJABHI SIBJISETCS
XapaKTepPHBIM CBOMCTBOM MHOruX MeTasnoB [38]. Dddekr o6bsc-
Hed [39] meiicTBHEM [OMOJIHUTEJNBHOrO MATHUTHOTO MOJIsS, CO3Ma-
BaeMOro Ha sipe CNHHAMH HeCIapeHHBIX 3JIEKTPOHOB HPOBOJHMO-
cti. OueHKH CIBHra pPe30HAHCHOH 4YacCTOThl, OCHOBaHHble Ha 3TOM
NpPENNOJOXKEHUH, OKa3aJHuCh B XOPOIIEM COrJacuu C HabJlogaeMbl-
MH BeJIHYMHAMH, II03TOMY IOCJELYIOIIHE IOMBITKH ero OOBbSCHEHAS
VCTYNMUJH MeCTO YTOYHEeHHsIM Teopud. B mnoapo6roét 0630pHO#H
cratbe Haiita [19] neranbHO paccMOTpeHbl H3MepEHHsI CABUTOB H
HX MHTEpHpeTauus, OCOGEHHO B UYHCTHIX MeTasiaax. CJI0KHOCTh
NPUrOTOBJIeHHs] 06Pa3LOB M TPYAHOCTH, BO3HHKAIOLIHE NPH 00DbsC-
HEHHUH OINBbITHBIX JaHHbIX, HECKOJbKO 3aMe[JISIOT IpPOLEecC MHOosBJe-
HUsI paboOT MO HCC/AENOBAaHHIO CIJIABOB.

1.. Cosuz Hatita 8 uuctetx merarrax

ITocne nepBrix usmepenuit Haiira [38] na autun, Hatpuu, ajio-
MHMHHH, MeAM U Tra/UIdH, HCCJEefOBaTeJU Hayalu H3yyaTb CABHIH
Ha Jpyrux MeTaj/Jax IpPH pa3qUyYHBIX TeMmepaTypax, NaBJEHHSX
M 1mpH JerupoBaHuu. Ha#lT ycTaHOBHJ, 4TO BeJWYHHA CABHra Av
NPsIMO NPOMOPIHMOHANbHA HANPSIXKEHHOCTH BHEIIHEro I0Js M YTO
CIABHIH JJI Pa3HbIX HU30TONOB OJHOTO M TOrO XK€ 3JeMeHTa OlH-
HaKOBbl B MpeJielax TOYHOCTH 3KCIEpUMEHTa. DTa TOYHOCTb OKa-
3ajlacb JOCTATOYHOH, MOCKOJBKY C TOrO BpEeMEHH 3TH JBa IOJIO-
JKeHHsl OblIM MOATBEPXKAEHbl OMNBITAMH, NPOBELEHHBIMH C CaMBbIMH
pasHoo6pa3HbIMH MeTasnaMH. [1OCTOSIHCTBO OTHOCHTENBLHOrO CIBH-
ra Halita Av/v" ¥ onuHakoBasi BeJIHYHHA 3TOr0 OTHOLIEHHS MJIs
Pa3JIMYHBIX H30TONOB OJHOrO W TOrO K€ 3JeMeHTa SIBJSIOTCSA Xa-
pPaKTepHbBIMH OCOGEHHOCTSIMH 3TOr0 SIBJI€HHsl, KOTOpble IMOMOIVIH
HalTH npaBuJbHOe ero oObscHeHue. ToT ¢GakT, YTO pasjHYHbIE
H30TONIBI HEKOTOPOro 3JjeMeHTa OOBIYHO 06JafaloT pas3IHYHBIMH
SIIePHBIMH MArHUTHBIMH MOMEHTAMH M TeM He MeHee KaxIblil U3
HHX TPH H3MEpEeHHH NaeT OJHO M TO Ke 3HayeHHe Av/v, YKasbl-
BaeT, YTO M3MEPEHHBbIH CIABHUI OIpeJeNsieTCsl He CBOHCTBAMHU sJep,
a HCKJIOYHTEJIbHO CBOHCTBAMH MeTajja, B KOTOPOM HaXOAsTCS
9TH Alpa.

Vnomsinyrass Teopusi [39] yuuTbiBaeT TO OOCTOSITEJNLCTBO, 4YTO
MeX1y IUIOJbHBIMM MOMEHTaMH 3JE€KTPOHOB H SIePHBIX CIIMHOB
CyLUIeCTByeT B3aHUMOJENCTBHE, KOTOpOe NpPHBOJNUT, HampuMep, K
CBEPXTOHKO#l CTPYKTypeé ONTHYECKHX CIIeKTPOB. DTO B3auUMoOJIeH-
CTBHE, KaK H3BECTHO, HauOoJiee BEJHUKO MAJIs1 HeCHapeHHBIX S-3JeK-
TpoHoB. OTclofa cJjieflyeT, 4YTO €C/JH OLEHHUTb IJOTHOCTb HeClapeH-
HBIX 3JIGKTDOHHBIX CIOMHOB B MeTaJjJjie B TOYKEe, TIJe HaXOIUTCS
SIAPO, U YMHOXHTb OObIYHOE BbIpaXKeHHe [Jisi CBEPXTOHKOrO B3aH-

26



MOIEHCTBHSI Ha 3Ty MJOTHOCTb, TO INOJYYHTCS NPHOIHKEHHOE BHI-
paxkeHue [Jsi JOMOJHHUTENbHOH SHEPrHH KaXkJOro siipa B MarHuT-
HOM mnoJje. DTO NPHBOAHT K CJAENYIOIeMYy BbIpa{€HHIO NJs Hai-
TOBCKOT'O CJBHra:

oo . A 8
o—ve ”‘=T“xpvo<l«p(0)l2>p @

v, vr

rle Vo, H V., KK H OpexJe, Pe3OHAHCHbIE 4acTOThl MeTajsla M 3TaJIOH-
HOrO COeJHMHEeHHUS, Xp — 3JIEKTPOHHAsl TapOMarHUTHasi BOCIPHHMYHBOCTD
V, — aromublii o6beM u P(0) — 3HaueHHe HOPMHMPOBaHHO! 1o o6beMy V,,
BOJIHOBOH (DYHKLIMH 3J1eKTPOHOB ¢ 3Heprueii ®epmu Ep, B3sTOE B TOUKE,
rge Haxomurcsi simpo. CpepHee oT KBagpata (ynkiuu Pp(0) B3TO 1m0 BeeM
3JIEKTPOHHBIM COCTOSIHHAIM Ha noBepxHocTH Pepmu. Beanuuna< Pp(0) 2>F
COKpallleHHO oGo3HauyaeMass Pp, sBIfETCS TaKHM 00pa3oM cpenHei
IVIOTHOCTBIO BEPOSITHOCTH B TOYKE HAXOXKJEHHS s1pa /IS BCeX 3JI€KTPOH-
HBIX COCTOSIHHH Ha MoBepXHOCTH DepMH.

YpaBHeHHe (2) BblpaxkaeT BCe CYLIECTBEHHbIE YepThl CJABHIOB, Ha-
6mofaeMblX B YHCTBIX MeTa/ulaX; M3 HEro cJjefyeT, 4TO a) pe30HAHC
B MeTaJlle JIEXKHT BCerfa npH Gosee BBICOKOH 4YacTOTe, YeM B HeMe-
Ta/lJINYeCKOM COefHHEHHM; ©6) CIBHMr IIpONOpUMOHaJeH v, (wm H,);
B) TaK KaK MHOXHTeJH, BXOAsui¥e B 3Ty (OpMyJy He 3aBHUCAT OT
TeMIepaTypH, TO U CABHI SBJISETCS TEMIEPAaTYPHO He3aBUCHUMEIM; T) Pp
H, cJeloBaTeNbHO, Av/v, BO3pacTalOT M TSKEJIbIX 3JIEMEHTOB U
I) s MeTaJUIOB C HM3KOH KOHIeHTpalHedl S-3JIeKTPOHOB CIBHI' JOJIKEH
OBbITb HEGOJIBIIMM.

Bospacranne Pr NpH yBeJMYEHMH AaTOMHOrO HOMepa JAeMOHCTpH-
pyeTcsl JaHHBIMM O KOHCTAHTaX CBEPXTOHKOH CTDYKTYpHI 3JIEMEHTOB.
Y OJHOBa/JIEHTHBIX METaJIIOB, HaNpHMep, IJIOTHOCTb 3JEKTPOHOB B siipe
Pr TpeBOCXOJMT BesqMUHHY V; ', COOTBETCTBYIOILYIO DaBHOMEPHOMY pac-
TpefieIeHHI0 TVIOTHOCTH, AJIs IMTHSA B 35 pas, a 1Jis1 uesuss — B 3200 pas
[40]. OTH BeJMUHHB TOKa3bIBAIOT, BO CKOJBLKO pa3 HaMarHHYeHHOCTb
B TOUKE HAXOXJEHHs sApa IpeBbllIaeT OOULYI0 HAMAarHU4eHHOCTDb 3JI€KT-
POHHBIX CITHHOB, OINpefesisieMylo BblpaxenneM X,Ho.

B JsuTepatype BCTpedalTCsl Apyrue y1106m>1e ¢opMEL 3TOrO ypaBHe-
Husi. OnHy u3 HauGosiee OOBIYHBIX Bapﬂaum»x NOJIy4aloT 3aMeHOH BeJiH-
ynHbl < | (0) 2 >>F, KOTOPYIO KpailHe TPYAHO BHIYHCJIHTbL TeOpeTHYe-
CKH. DT0 BbIYHC/IEHHE MOXKeT ObITb pasfie/leHO Ha JBa 3Tala, KOTopble
BaXKHO OTMETHTb.

[lpexxje Bcero BCIOMHHM, YTO KOHCTAHTa CBEPXTOHKOH CTPYKTYpHI
IJI1 S-3JIeKTPOHOB [41]

A=(16 7/3) By hlpa (|2

3necy B — marseroH Bopa, |, (0)|2 — nIOTHOCTL BEpOSITHOCTH IOMNa-
JlaHUsT Ha SO BAJIEHTHBIX 3JIEKTPOHOB CBOOOJHOTO aToMa; JApyrue
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CHMBOJIbI OB/ OorpeaeJieHbl paHee. O‘JEBHILHO, €CJIH HMeeTCA uameper-
Hoe 3HaueHHe A M MOMKHO OI€HHTb MHOXKHTEJb I1epeHOPMHPOBKH

E=(Pp/Py) =<V O) s/ |92 ()%,

BbIPAXKAIOUIHH M3MEHeHHe 3JIeKTPOHHOH IIIOTHOCTH B sipe IIpH Iepe-
XOfle OT CBOGOJHOTO aToMa K BepLIMHe 30HBI NPOBOAMMOCTH B MeTaJlle,
oTHajaer Jaxke HEOOXONMMOCTb BhUMCJeHHs | (0) 2. Besmmunna §
o6biyHO 6/M3Ka K eluHuLe. Tak kKak mnoxcuutath |y, (0)# moBo/BHO
TPYAHO (OCOGEHHO MJIsi TSXKENbIX AaTOMOB), H NOCKOJbKY 3Ta BeJHYMHA
He CYIIeCTBEHHA [Jil TEOPHH MeTa/lIOB, ee HCKJIOYeHHe JKesaTesbHO.
YpaBHeHHe (2) Telepb MOXKHO 3aIUCaTh B BHJE

Av A eRe
A %,V . 3
v, 2878 % [y (0)f )

IMosiBuBILIKECS BOJIHOBblE (YHKIHM BHIPAXKAIOT H3MEHEHHE, COOTBETCTBY-
1ollee Tepexofy OT CBOGOJHOrO atoMa K MeTaJsuly.

Hpyryio pa3HOBUIHOCTb YypaBHeHHs] (2) MOXKHO MOJYyYUTb IyTeM
COOTBETCTBYIOILEH 3aMeHbl X, Jra ciabasi nmapaMarHWTHasl BOCIPHHMYH-
BOCTb, BO3HHMKAaIOIlasl B pe3yJbTaTe YaCTHYHOIO BBLICTPAUBAHMS 3JI€K-
TPOHHBIX CIIHHOB BO BHeLIHEM MarHUTHOM Iosie, Oblja mojcuyuTaHa [lay-
Jau [42] i Mojenu CBOGOIHBIX 3JIEKTPOHOB 0€3 yueTa B3auMOJEHCTBHS
MexXny HuMU. BaxKkHoe yTouHeHUe B TeopuH Gblio chenaHo [lafincoMm [59]
Pesyswrar Ilayan umeer BuA:

%o = BN (E,), )
rae N (Er) — MJIOTHOCTb OJHO3JIEKTPOHHBIX COCTOSIHHII Ha NMOBEPXHOCTH

®epmu, oTHeceHHas K eluHHIle o0beMa, a X, — BOCIPHUMYHBOCTL €MH-
HUIBI oObeMa. YpaBHeHHs (2) U (3) HMeOT Tenepb BHJ:

& B BN (EN B O, ©)
H
v _ BArO e
v, = AV (Ep) 21h |9, (O 2 ©

Hcnosb3oBaHue pa3iuyHbIX BbIpaxkeHWH AJs casura Haiita npen-
CTaBJisieT G/AronpUsiTHble BO3MOXKHOCTH [IJIsl TIPOBEPKH TEOPETHYECKHX
3HaueHuit X, u <[P (0)2] >F. CyuecTByeT OueHb Majo CIOCOGOB U3Me-
PeHHs] 3JIeKTPOHHOH IVIOTHOCTH, NO3ITOMY, XOTsl 3€Ch IJIOTHOCTb OIIpe-
LeJSeTCsl JIMIIb B ONHOM TOYKe, 3TO SIBJSETCS 3HAYHTENBbHBIM JOCTH-
2KEHHEM.
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JIast TeopernuecKoil omeHkKH HalToBcKoro cipura aBTOpHI NEpBHIX
pabot [44, 39] BbLYUUCIAIN BOJHOBbIE (DYHKIMH, OJHAKO, OHH BBIHYXKJeE-
Hbl GbLIM NOJIb30BAaTbCSI KOCBEHHBIMH MeTOJAMH JJISl OI€HKH BeJHYHHbBI
Xp, TMOCKOJbKY OHAa SBJISIeTCS JIMIIbL OAHHUM H3 TpeXx [45, 46] m3BecTHHIX
(akTOpOB, AKX BKJaJ B M3MepseMyl0 MaKPOCKONHYECKYIO MarHHT-
Hyl0 BoCIpHHMUHBOCTb. B 1954 r., mpuMeHsiss 3/eKTPOHHBIA CITHHOBBIH
pe30HaHC, yAaJochb H3MEepHUTb BeJHUHHY X, JJs JUTHA [47] U pesyJnb-
TaT GbLI HCIOJb30BaH JJIS BbIYHCIEHHS] OTHoeHUust Pr/Pa*. Heckoibko
no3xe Oblja BBINOJHEHa MOAOCHast e pabora AJs Hatpus [49, 50].
B kaxJoM ciyyae pe3y/bTaThl ObIM BMOJHE YHOBJIETBOPHTEJbHBIMH;
Xopolllee COBNafieHHe MeXAY NOACYHTAHHBIMH H «H3MEepeHHbIMH» 3Haue-
HUAMH Pr/P4 cO3/la€T yBEepeHHOCTb B NpPaBHJBbHOCTH JaHHBIX 06 3Je-
KTPOHHBIX BOJIHOBBIX (YHKIHSX AJST METAJ/JOB M IO3BOJIIET OLEHHTb
OTHOCHTEJIbHYIO Be/HYHHY S- U p-OYHKUMH, JAOMHUX BKJaJ B OOLLYIO
BOJIHOBYI0 (byHKIMIO Ha noBepxHocTH ®epmu. Ompenenenne X, MeTOJ0M
3JIEKTPOHHOI'O CIHHOBOI'O pe30HaHCAa BO3MOXKHO TOJILKO HJIsl IeJOYHBIX
MeTa/uloB U Gepususi [51, 52]; UMeHHO Ha 3THX MeTaJ/ulax HauGoJee
YacTO MPOBEPSIIOT 3JIEKTPOHHYIO TEOPHIO.

Ecnv HyXHO HOMyYHTb «3KCIEepHMeHTaslbHOe» 3HaueHHe Pr 14
MeTaJlJIoB, JJI1 KOTOPbIX HeJb3s1 HeNOCpeACTBEHHO M3MepsiTb Xp, Heol-
XOIUMO HCIIOJb30BaTh COOTHoOIIeHHe (4), B KoTopoM N (Er) MOXeT ObITh
OLlEHEHO II0 H3MepEeHHOH 3JIeKTPOHHOH yHesdbHOH TemtoeMkocTH Co,.
CootHomtenne Mexny C, u N (Ef), BuepBble BhbiBefieHHoe 3oMMepdessb-
noM [53], uMeeT BUJ W

C./T = s2k2N{(E ,)/3, @

rie T — abconmoTHasi TeMnepaTypa, k — moctosiHHass DBoubiMana, C, u
N (Er) — oTHeceHbl K e[uHHIle OObeMa MeTasia. IlogpoGHbiii 0630p mo
3JIeKTPOHHOH TEIVIOEMKOCTH MeTaJ/lIoB JaH B pabore [54]. 3Hauenue
BeJIMYUHBl X, MOXKHO TakKxkKe MOoJay4uTh [19], H3MepuB MaKpockoruue-
CKYI0 BOCIPHMMYMBOCTb. OJHaKO OIIMOKH NpPH 3TOM OYEHb BeJHKH,
MI03TOMY 3TOT METOJ HCIHOJIb3YIOT JJIs OUEHKH B KpaiHEM ciyuyae.

s ompenenienust X, MOXKHO TaKXe HCIOJb30BaTh YpaBHeHHE (2),
ec/iM HUMeloTCS HaJleXXHble 3HaueHHs Pr.

Ilocsie Bcero ckasaHHOro MOMKeT II0OKa3aThCsl, UTO 31eCh HMEeTCs
TIOPOYHBIH KPYT; OJAHAKO 3TO BEpPHO JIMIIbL OTYACTH, IOTOMY 4YTO B jeii-
CTBHUTE/NLHOCTH MBI HMeeM JeJIo C NPOU3BELEHHEM IBYX BEJMYHH, OT-
HOCHTe/IbHasi TOYHOCTb KOTOPBIX MeEHSIeTCsl OT MeTa/lla K MeTaJuly.
Tak kax BenuunHa X, He MOXeT ObITb H3MepeHa HeNOCPENCTBEHHO,
.33 MCKJ/IIOYEHHEM BBHIIIEYNIOMSIHYTHIX CJy4YaeB, 3TOT JAONOJHHTE/bHBIH
METOZ, €e OLIEHKH IpeJCTaBJsieT HHTepec B TeX CJydYasiX, Korja HMe-
JOTCS JlaHHble O COOTBETCTBYIOILMX BOJIHOBBIX (DYHKIIUSIX.

. * Peub uier o BhlYHC/IEHHH NO dopMyse (3) ¢ HCHOJb30BaHHEM H3MepeHHOro
3HauyeHHs HaHTOBCKoro cnBura. Heckonbko HHXe aBTOp Ha3biBa€T 3TO 3HaYeHUE
orHowenust P p/P, «u3mepeHHbiM». [Tpum. ped.
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2. 3asucumocts 4acroteL Pe30HaHca OT Temneparypst U obvena

Teoperuueckue Bbipaxkenusi Anasi Pr u X, OObIYHO COLEPHKAT SIBHYIO
3aBUCHUMOCTb OT (U3MUYECKHX pa3MepoB 3JEMEHTApHOH SYeHKH B Me-
TaJle, INO3TOMY HETPYAHO IOACUHTAThb HX 3aBUCHMOCTb OT 0OGbeMa.
Boubiiofi HHTEpeC mpelcTaB/isieT CPaBHEHHe pe3yJ/bTAaTOB TAKHX BbIYH-
CJIEHH C H3MepeHHSIMH. TeMIepaTypHOH U OOBEMHOH 3aBHCHMOCTH CJBH-
ra Hafita. Ecau pmaxe BbUHC/IEHHSI HE MOTYT JAaTb aGCOMIOTHBIX
3HaueHuit X, uau Pr, 10CTaTOYHO, YTOObI OHH GbLJIH CIIOCOOHBI IPABUHJILHO
NpefcKa3aTh 3HAaK M BEJUYHHY OTHOCHTEIbHOIO HW3MeHeHUsl 3THX Ia-
paMeTpoB B 3aBHCHMOCTH OT I€pHOJia pelIeTKH MeTaJla.

B nmnepBbix skcmepuMeHTa/lbHBIX paboTax sTtoro THma {55, 56,
57a] u3aMepsiiu 3aBUCHMOCTbL cIBHra Haiita oT TeMmmepaTypsl mnpu
IOCTOSIHHOM (aTMoctepHOM) J[aBieHHH. PajnuouacToTHylo KaTyul-
Ky, colepxkallylo MeTaJJH4ecKHH ofpasel, IOMeIlaJH B KPHUN-
crat [56], ¥ oueHb GJM3KO K HEH, BHe KPHOCTaTa, HaXOAMWJIacCh ApY-
ras HAEeHTHYHasi KaTywka c o6pasnoMm. Ilpu mocrossHHO# panuo-
YacTOTe H3MepsiJIi Pa3HUIy MEeXAY MPUJIOXKEHHbBIMH MAarHUTHBIMH
NOJIIMH, KOTOpble HEOGXOXUMBL [JIs IIOJyYyeHHs] pPe3oHaHca OT Of-
HOro M Apyroro o6pasuna. DTO H3MepeHHe 3KBHBAJIEHTHO Ompeje-
JIEHHIO Pa3HOCTH 4YacCTOT COOTBETCTBYIOLIMX PE30HAHCOB NPH (HK-
CHPOBaHHOM MarHUTHOM moJsie. Vi3aMepeHuss Obliy NPOBENEHbl MJs
JIUTHSL, HAaTpus, PyOuAus, Le3us H rajaus. MakcumaJbHOEe H3Me-
HeHMe ciaBura HafiTa npu H3MeHeHUH TeMIepaTypbl NMPOUCXOIUT Y
nesust (pesonanc Cs!3¥), mjis KOTOPOro 3TO M3MEHEHHE COCTaBJsIeT
0K0JM0 5—69% oT moJHOro CIBHra B HHTepBaJjie TeMmepatyp 78—
300° K. Peskoe uameHeHne ciaBura Ha ~3, MPOMCXOAHT TaKxkKe
NpU mepexole 4epe3 TOUKY MaBjeHUus. [l 3THX 3J1€MEHTOB, KakK
npaBusio, HabJionaercs JHHeHHass TeMmepaTypHass 3aBHCHMOCTb
ciBura (CKayoxk B cuBure Ajas py6unus npu 254°K mo cux mop
HeOOBSICHEH), KOTOpasli Pe3Ko BhIpa)KeHa MAJs 3JeMEeHTOB C GOJb-
IIMM aTOMHBIM HOMepoM. [lJs 1e3Hsl W rajjius CIBHT YMEHbIIaeTcs
NpH yBeJIMYEHMH TEMIEepaTypbl, AJS APYrHX 3JE€MEHTOB OH YBEJH-
YMBAETCSl MJIH OCTAeTCs MOCTOSHHBIM [56].

B TO Bpewms, Korjia GbUTH BBINOJIHEHB! 3TH SKCIIEPUMEHTHI, He CyIe-
CTBOBAJO HHUKAKHX JAaHHBHIX O TOM, KakK BJHsAJO 6bl Ha capur Haiita
OJIHO JIMIIb K3MEHEHHe TeMIepaTyphl, eClIH MOXHO OBLIO Obl HCKJIIO-
YHTb M3MeHeHHs o0beMa, CONpPOBOXKAIOIHE BapHallMM TeMIepaTyphl.
B camoM pese, pacuiMpeHHe IIpH HAarpeBaHHHM SIBJISIETCS HACTOJILKO
OYEBHIHBIM M 3HAUYUTENJbHBIM 3(peKTOM, UTO ObLIO BBICKA3aHO Mpe]-
THOJIO}KEHUe, YTO MOJIHYI0 TeMIepaTypHyI0 3aBHCHMOCTh ciapura Haiita
MOXKHO OOBSICHHTb H3MeHeHHeM X, H Pr npu u3MeHeHHH oObeMa. Buuio
yKa3aHo, 4Tto VX, yBeqMuMBaeTcs NpH paclIMpeHHH MeTaJja, clejo-
BaTe/bHO, M0 KpaiHell Mepe I Le3Usl M rausi, Pr JO/DKHO 3aMeTHO
YMeHbUIAThCS C YBeJHyeHHeM TemnepaTypbl. ClefoBaTeNbHO, MOXKHO
OXHJATbh, UTO IUIOTHOCTb 3JIEKTPOHHOrO 3apsija OyJeT YMeHbIIaThCs
NpY yBeJHYeHHH o6beMa, MPUXOASLIErocsl HA OAMH 3JEKTPOH, BCIEA-
CTBHE NEPEeHOPMHUPOBKH.
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SIBHast 3aBucuMocTb ciBura HafiTa oT TemnepaTyphl Gblia IIpo
IeMOHCTPHPOBaHa TOJHKO TOrfla, KOrJa IOsIBUJAch paboTa O BJIHSHHH
JaBJeHHs] Ha 3TOT caBHr [57, 58]. OkasaJioch, 4YTO H3MEHeHHE CJABHra
Hailita ¢ TemnepaTypoil NpH MOCTOSTHHOM O0beMe CPaBHHMO IIO BeJIHUHHE
C TeM H3MeHEHHeM CJBHra, KOTOpOe IPOHCXOLHUT BCJELCTBUE H3MeHEHHs
ob6beMa moj AefiCTBHEM TeMIlepaTyphl, N0 KpalHell Mepe I IL€TOYHBIX
MeraJsioB. 11 BBINOJIHEHHsT 3TOH paGoThbl HEOOXOAMMa BechbMa CJIOXKHAS
9KCNIepHMeHTa/IbHasi yCTaHOBKAa, TAK KaK Y JIMTHs, HampuMep, IIpH
yBesquueHWH naBjeHust oT 1 o 10000 amm wyacrora IeHTpa JIHHHH
THOIJIONeHNsT U3MeHsieTcsl Bcero Ha 27 ey mpu paboueil yacrore 10 mey.
[lpu u3mepenusix Temnepatypa Obliia mnocTostHHOH (18°C) u BHemnee
nosie Gbl0 (UKCHPOBAHO € TOYHOCTBIO 3-1077. Hcnosmb3yss H3BecTHbIE
JaHHblE O CXKHMaeMOCTH MeTaJuIoB, M3 3aBHCHMOCTH YaCTOThl pPe30HaH-
ca OT JaBJIeHHs! IIpH IIOCTOSIHHOH TeMIlepaType MOMKHO HeloCpeJCTBEHHO
HOJMYYHTb 3aBHCHMOCTb YacCTOThl OT o6beMa MpPH IOCTOSIHHOH TeMmepa-
Type. OTH pe3y/bTaThl HMeJH IepBOCTENleHHOe 3HaueHHe i1 CpaBHe-
HHSl C TEOpeTHYEeCKHMH BBIUHCJIEHHSMH, KOTOpble JajH K TOMY BpeMeHH
JocToBepHble cBefleHHs: 0 X, U Pp. HMcnosb3ysi TeopeTHuecKHe 3Haue-
Hust pas Xp, [B9], H3 3KCIepHMeHTa MOJYYMJH 3aBHCHMOCTb Pp OT
obrema. Teopernyeckue pe3dysbTaTthl [50, 60] Aass Pr B HHTepBase
00bEMOB, COOTBETCTBYIOILEM H3MeHeHHI0 AaBJjenuss Ha 10000 armm, co-
OTBETCTBYIOT pe3yJIbTAaTaM 3KCIIepUMeHTa JJsi HaTpusg M pyGumus.
Y uesusi ke ob6Hapy:KeHa GoJiee CHJIbHAasi 3aBHCHMOCTb OT OObEMa, UeM
TIpeZ0JaraJoch. '

UToGhl MOJHOCTHIO BHISICHUTh H3MeHeHUs] BeJMuuH X, # Pr, KOTO-
pble TPOMCXOAAT MpH HArpeBaHHM MeTaJula, HEOGXOAHUMO OOBSICHUTH,
HAKOHEll, MOCJIeHee sIBJieHHe, OOHApYKEeHHOe NIPH HCCJ/IelOBAHHSIX, HMEH-
HO, fIBHyIO 3aBHCHMOCTb ciBura Haiita ot Temnepatyprl. CpaBHuBas
XapaKTepHCTHYeCKOe BpeMsl KoJIeGaHHHl pellleTKH CO BpPeMeHeM, KOTOpoe
HeoOXOJMMO CIIHHY 3JIeKTpPOHA, UTOOBI IIPHCIOCOGHTBHCS K 3THM (iIyk-
TyalusM, MOXHO 3aKJ/IOYHTb, UTO X, He MOXKET 3aBHCETb OT TeMIle-
patypbl (P IOCTOSIHHOM oObeMe 00pasla), CJefoBaTeNbHO, MOJDKHO
u3aMmensithess Pr. B pabote [58] maHO 0OGBsICHEHHE 3TOrO0 H3MEHEHHS,;
OHO COCTOHT B cJjefyiouieM. KosieGaHusi pelleTKH MOMXKHO NpPEACTABJSTh
KaK TeIlIoBble JedopMallvi, NpHBOASAUIME K OBICTPIM HM3MEHEHHSIM
o6beMa, 3aHATOrO aTOMOM B pelleTke. TakuM o6pa3oM, Pr ecTb Me
HSIIOLLASICST BO BpeMEHH (DYHKIIMSI, MTHOBEHHOE 3HaueHHe KOTOpPOH MOXKHO
3anmucaTth B BHJE

P, (Vo) 4 (9P /0V), AV + %(azpp/avz)va AV ...,

rae V,— paBHOBecHBI aToMHBII o6beM npu Temmepatype T u AV=
=V ({#)—V, 3necp V (f) —MrHoBeHHoe 3HayeHHe AaTOMHOro oOObeMma
B MOMeHT BpeMeHH {. 13 3Toro pasjoxeHHsl BHJHO, 4TO B IEPBOM

NpHOJIHKEHHH Pr=P: (V,), Tak Kak AV=0 (uepTa o3HauaeT ycpes-
HeHne 1o BpeMenH). Opnako (AV)? Bcerja mNOJOXHTENILHO, TaK UTO
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CpelHee 1O BpeMeHH 3HaueHHe Pr B caMoM Je/le MOXKeT ObiTb (yHK-
LHell TeMrepaTypbl IIPH IOCTOSIHHOM o0beMe. JKCIepUMEHTaJ/bHbIE
3HaueHus1 [58] (02Pp/0VZ)y, MOJIOKUTEJNbHbI [JIs1 HAaTpUsl, PYOHAHS H
I[e3Us] M JOCTATOYHO BEJHMKH, 4TOObI OOBSCHHTb HabJIONaeMylo 3aBHCH-
MocTh cppura Haiita oT TemmepaTypsl.

Haxe HyseBble KONeOAHHS] DEUIETKH IPHUBELYT K TOMY, YTO BEJIH-
yuHa Pr GyNeT HECKOJbKO OTJHYaTbCs OT 3HAYEHHs!, BBIYHCJIEHHOTO
IJIsT cTaTHdeckoi pemteTkd. Eme ofHo cJencTBhe storo addekra Hy-
JIEBBIX KoJieGaHu#l Gblo oTMeyeHOo BiiomGeprenom [61]: npu HU3KOH TeM-
nepatype casurd Haiita B Li® u Li” Moryt GbITb HECKOJIBKO pa3yuy-
HBIMH, TaK KaK pa3/MyHa aMIVIMTYyAa HYJeEBbIX KoJieGaHHH, YyKa3aHHBIX
H30TONOB. DTO pasjuyve Habmofand Ha onbiTe [178], U OHO sABJsIETCA
HCKJIOYeHHeM U3 ofuiero npasuJ/a, no Kotopomy casur Halita opuna-
KOB ]I BCEX H30TONOB JAHHOTO 3JEMEHTa.

OnuuM Hu3 OO6CTOSITENLCTB, KOTOPOE€ TIO3BOJWJIO paboTraTh Ha
IIeJIOYHBIX MeTaJjlaX C TaKOH BBICOKOH TOYHOCTBIO, SIBJSETCS [O-
CTaTOYHO MaJjiasi IUHPHUHA HX DE30HAHCHBIX JIMHHI NMPH KOMHAaTHBIX
U HEecKOJbKO GoJsiee BBICOKMX TeMmmepatypax. IIpu uamepeHun ua-
CTOTbl pe30HaHCa TPYLHO NOJYYHTb TOYHOCTb, Gouabuyio yem 0,1
OT LIMPUHBI JHUHHH. ¥ 3THX MeTaJjJOB LIHPHHA, HabJlofaemasi mpu
KOMHAaTHOH TeMmmepatype, Mazaa BcjaencTtBue sddekra camorudpdy-
3MH B MeTaJe, 0 YyeM nojpobOHee GyAeT CKa3aHO MO3xXKe.

MoxHo oxujxaTh, YTO NJaBHOe H3MeHeHHe caBura Haiita B
3aBUCHMOCTH OT TeMIepaTypsl OyIeT NPOHUCXOAHTb BO Bcell obJia-
CTH TeMIepaTyp, B KOTODOH MeTaJjl1 OCTaeTcsi B TBEPAOM COCTOS-
HHM, €CJIM TOJNbKO HeT ()a30BBHIX NpeBpallleHHH WM (AJs CBEpPXMpo-
BOJHUKOB) Iepexofa B CBepxmpoBojsiliee cocrossHue. O6a 3TH
npeBpalleHys, BooGlle roBopsi, 6YyAyT OKa3blBaTb 3aMETHOE BJIHS-
HMe Ha 3JIEKTDOHHblE CBOHCTBA MeTaJJa.

Panee ynoMmuHa/ochb O pe3KOM H3MEHEHHH CIBHra, KOTOpoOe
O6GbIYHO MPOUCXOAMUT NPH MJABJEHHH MeTajja. BejencrBue oTHOCH-
TeJIbHOH NPOCTOTHI H3MEpeHHH pe30HaHCa NPH HU3KHUX TeMIlepary-
pax perucTtpauusi (a3oBoro npeBpallleHHs] MO H3MEHEHHIO CJIBHra
Hafita mMoxer okasartbcsi GoJsiee ynoOHOi, YeM pEerucTpalysi peHT-
reHOBCKMM METOAOM, OJHaKO pe3yJbTaT MOXKeT OblTb He BIIOJIHE
oJHO3HauHbIM. Peskoe um3aMmeHenue casura Haiita cBumerenbCTByeT
0 CKaykooOpa3HOM M3MEHEHHH CIIHHOBOH BOCHPUHMYHBOCTH HJIH
BOJIHOBbIX (YHKLHH M TeM CaMbIM IIOKa3blBaeT, YTO H3MEHHJIMCh
00beM, MNPUXOMASILMACH Ha 3JEKTPOH, B3aHUMOJEHCTBHE MeXIy
3JIEKTPOHAMH HJHM CTPyKTypa MeTajna. K coxaJjeHHio, ORHAKO,
CyllleCTBYeT BEPOSITHOCTb, UTO NpousseneHHe yx ,VoP r Gyner UMeTb
OJHO M TO K€ 3HaueHWe AJs ABYX pasuuHblXx ¢as. ExuucrBeHHbI-
MM [OBYMS TBepAbIMH (pa3aMu 4YHMCTOrO MeTaJjsa, KOTOopble ObLIH
HCC/Ie0BaHbl, ABJATCS MoauduKauuu osnosa [31]. B atom cayuae
cepoe OJIOBQ HMeeT He TOJNbKO APYTYI0 CTPYKTYPY PpELIETKH, HO H
COBEpPILEHHO HHYIO 3JEKTPOHHYIO CTPYKTYPY, COOTBETCTBYIOLLYIO
noJynpoBoAHHKY. Cepoe OJIOBO HMeeT OYeHb HEeGOJBLIOH CIABHI
Haiira [179], a pesonanc Sn!'!” B GesoM osioBe HabJ/i0gajJH Ha Ya-
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croTe, KoTopasi mpubJausurtenbHo Ha 0,779% OGosblue, yem yacrToTa
s ceporo osoBa. MccienoBaHHMe ¢ HOMOIIbIO pe3oHaHca ¢aso-
BbIX I[peBpalleHUH B YHCTBIX MeTaJljlaXx HHOrla HaeT XOpOIIui 3¢-
(dhekT, 0OJHAKO ropasjfo OOJbllIHe BO3MOXHOCTH OTKPBIBAIOTCS MpPH
NpPUMEHEHHH pe30HaHCAa K H3Y4YeHHI0 (Pa3oBBIX IEPEXONOB B cCILia-
BaX, NMOCKOJIbKY, KaKk OTMe€Ya/Jlochb paHee, pasjiuuHble (as3bl CiiaBa
MOryT OOGBIYHO pasJM4yaThCcs IO YacTOTAM PE30HAHCHBIX JIHHHH
KoMmmoHeHT. [lonpoGHee 3TOT BoOmpoc OyIET pacCMOTPEH MO3XKe.

PesoHaHcHble MeTOABI GbIJIM HCIOJNb30BAaHBl TaKXke AJS HCcJe-
JOBaHUA CBepXmpoBoAMMOCTH. Tak Kak ciaBur Hafita u Bpewms
CHHUH-DEIIeTOYHON pesnakcauuu I} ONpPeNeNsioTcsi MJIOTHOCTBIO
3JIEKTPOHHBIX COCTOSIHUH C OOOMMH HanpaBJIeHUSIMH CIIHHOB BOJIH3H
noBepxHocTu PepMH, MOXKHO OXHIATh, 4YTO CYLIECTBOBaHHe B
CBEPXNPOBOJHUKE 3alpelleHHOH JHEPreTHYECKOH IIEJH BbI30BET
3HayuTeJbHble H3MeHeHHs o6eux Beauyud. M, HaoGopor, usyue-
Hue ciaura Hafita ¥ BpeMeHH CHHH-PELIETOYHOH peslaKcaluH
MOXKHO HCIOJb30BaTh [HJs1 OOHapy»KeHus TakKoi Iienu. Drlio
YCTAaHOBJIEHO, YTO OTHOCHTEJbHBIH HaHTOBCKUH ciaBur pryTtH [33],
cocraBaswuid 2,5% B HOpMaJIbHOM MeTaJjljle, yMeHbIIAeTcss B
cBepXmpoBoAsilieM Metasne no 1,6% * (B cnaGblX MarHUTHBIX I10-
asax 750—2300 ec) u maxe no GoJiee HU3KHUX 3HaueHHB [62] B 60Jib-
IIHX MOJifiX. DKCIEpUMEHTAJNbHbIX [NAaHHBIX elle He OYeHb MHOrO,
M MeXAy 3THMH [BYMs pe3y/JbTaTaMH MOMKeET CYLIeCTBOBATb HEKO-
TOPOE pacXoX[eHHe, IO3TOMY MOKa HeJb3s CleJaTh ONpefeseHHbIX
BbIBOJOB. =

0O630p 3KCHepUMEHTaJbHBIX [JaHHbIX, MOATBEPKAAIOUIUX Ipa-
BWJIBHOCTb MOJEJIH C 3SHEPreTHYECKOH Ilesablo, H HX OOCYXKAeHHE
ony6aukoBaHbl B cratbe [63]. Ilo Teopun bBapnuna, Kynepa u
Oipucddepa {64] casur Haiita B cBepXNpPOBOLHHKE [LOJKEH CTpe-
MHTbCsl K Hydao [65]**, onnako Xaiine, [Tunnappn [66a] u np. [209]
NPeJOKHUIH Ppas3jHyHble BHAOU3MEHEHHS TEOpHH, OOBSCHSIOLHE
HaJnuhe OTJHMYHOrO OT HyJsi caBura Haita npu T=0° K ***,

IIpy npoBemeHHH 3THX 3KCHEPHUMEHTOB CO CBEPXIPOBOASIINM
MaTepuajoM BO3HHKAIOT TPYNHOCTH, KOTOpble MOTYT IIOKa3aTbCd
HenpeogonuMbiMH. VI3BecTHO, YTO MarHuTHas HHAYKUHss B o6pa-
HlaeTcss B HYJb BHYTPH CBepPXNPOBOAHHKA (3ddekt MeiiccHepa),
TaK YTO HH CTATHYECKOEe, HH BBICOKOYACTOTHOE MAarCHHUTHbIE TIOJS
He MOryT NPOHHUKATh B CBEPXNPOBOJSILIHA MeTass M B3aHMOJEHCT-
BOBAThb CO CHHHOBO# cHcTeMoil. CHJIbHble MarHHTHble NOJIS Paspy-
[IAIOT CBEPXIPOBOAMMOCTb, MpeBpaliasi MeTall B <HOPMaJbHbII»
Inpu Temmneparypax, 6ojiee HH3KHX, YeM TeMIepaTypa €ro CBepx-
NpOBOASLEr0 mepexoga B HysneBoM moJge. OpHako o6a 3TH
MOJIOXKEHHUS BHJOM3MEHSIIOTCS, €CJH Mbl HMeeM JeJ0 He C Mac-

* 3HaueHHe caBura npu aGCONIOTHOM HyJle TeMIepaTyphl, MOJyYyeHHOEe 3KCTpa-
noJisiuMell 3KCHEepUMEHTAaNbHbIX AaHHBIX. [Tpum. ped.
** TIpu ymeHblleHuH Ttemnepatypbl no 0°K. [Tpum. peo.
5 *** JTOT BOMPOC PAacCMOTpeH B psifie TeopeTHueckux paGor [4*—10*]. [Tpum.
peo.
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CHBHBIM MeTaJJIOM, a C YacTHLAaMH{, pa3Mepbl KOTOPBIX CpaB-
UMb ¢ TyOHHOH MPOHHKHOBEHHS] MarHHTHOI'O MOJS B CBEPXIPO-
BOJHHK, T. e. mopsiaka 5-10-6 cm. [nsi skcnepUMeHTa NPH 3TOM
TPeGYIOTCS KOHLEHTPHPOBAHHblE KOJJIOHAAJbHble 00Opasubl C pas-
MepaMu yactul MeHbine, uem 500 A B n1uamerpe, mpuyem uem
MeHbIlle pa3Mepbl dYacTul, TeM Jyuyiue. IIpurortos/ieHne 06pasLoB
npeacraBisieT, TakKuM o6pa3oM, OoJiblliHe TPYAHOCTH, a TaK Kak
YaCTHLBI NOJNYyYaloTCsl OOBIYHO pa3HOH BEJHYHHBI M HMeeTCs KaKOH-
To pa3bpoc MX MapaMeTpoB, MoJydYeHHe cBeJeHHH o caBure Hafita
N3  3KCHEPHMENTAJbHBIX JaHHBIX CTAHOBUTCH  HCKJIOUHTEJILHO
cJOXHBIM [33] *. .

HMamepenus T; B CBepXMpOBOISLUEM aJIOMHHHH, NPOBENEHHHIE
XeGenem u Cauxrepom [66] **, B coueTaHHH C JaHHBIMH 11O YJbTpa-
3BYKOBOMY HoOIJIOUIeHH0 [67] moaTBepAHIN OCHOBHOE [OJIOXKEHHE
HOBO} TEOpPHH CBEpPXNPOBOAMMOCTH [64] 0 KOoppessinuu 3JEeKTPOHOB
C NPOTHBOIIOJOXHBIMH CIHHAMH M HMIyJbcaMH. Mcrnonb3ysi OpHUrH-
HaJbHbIH 3KCEePHUMEHTAaJ/bHbI METOJ, 3TH aBTOPHl MpPOBeJH pe3o-
HaHCHble H3MepEeHHsl Ha MeTallle, HAaXOJHBIIEMCs B HOPMaJIbHOM
cocrossHuM. Peslakcalusi ke CIHHOBOM CHCTEMBI NMPOMCXOJHJIa B Me-
TaJjie, nepeBeieHHOM B CBEPXNPOBOAsILLEe COCTOSTHHE NMYyTeM YMeHb-
lIeHHs] BHEIIHEro MAarHUTHOrO MoJisg. DTOT MeTol LHMKJIHYECKOro Hu3-
MEeHEeHHs TMOoJsi YIPOCTHJ HCCJIeIOBaHHS MAarHUTHOrO pe3OHaHca B
CBEPXMPOBOIHHKAX.

CylecTByeT elHHCTBEHHBIH cJydail, Korja pe3oHac B YHCTOM Me-
Taje Habgawonaercss npu 6ojee HHU3KOH YacToTe, 4eM pe30HaHC
B BOJHOM pacTBOpe XHMHUYECKOro COEJHHEHHs, HCIOJb30BaBILIEro-
cs pas cpaBHeHHst {32]. MoxHO moJaraTh, YTO CTOJIb HEOGBIYHOE
noBenende Pt!9 BeposiTHO, CBSI3aHO CO CBOHCTBAMH 3TaJOHHOTO
COelMHEHHUs, a He HCCIeAyeMOro MeTaJjljia, ¥ MOXeT ObITb BbI3Ba-
HO HajMyheM OueHb OOJIBLIOrO XHMHUYECKOro ciaBura. Ecaum 3To
npennosioxXenue BepHo [215], To MOXHO cUMTaTh, UTO MeETaJJ Be-
netr ce6ss HOpPMaJbHO, TOJILKO €ro HaHTOBCKHH CABHUI HEJb3sl H3Me-
pPATH OOBIYHBIM CHOCOOOM; €ro HYMKHO IOJy4aTbh KOCBEHHO H3
CCOTHOIIeHHUsI, CBsi3blBapllero caBur Haklita co BpemeHeM cnuH-
peleToyHOH pesnakcauuu Iy. DTO COOTHOIIEHHEe OBLIO ONYyGJHKOBa-
Ho Koppuuroii [68] u o06blyHO HasbIBaeTcsi cooTHouieHueM Kop-

PHHTH:
AHNe (B Y
(7 ) = () ®

(BeiBox u o6Gcyxjaenue o6/acTu ero NPUMEHMMOCTH JaHbl B INpH-
JoxeHun b). OueBHaHO, YTO €C/IH H3BECTHO T'MPOMArHHTHOE OTHO-

* HyXHO OTMETHTb PaGoTy NMO M3MepPeHHI0 HaiTOBCKOTO CMELleHHS B CBEPX-
nposonnuke Amnapyca u Haiira [206], koTopble npuroToBisiM o6pasel, Hambl-
Jisisl Ha XOJIOAHYIO MOAJIOXKKY TOHKHE OJIOBSIHHbIE IJIEHKH BIIEPEMENKY C H30JHDYIO-
wuM marepuanoM. Ilpu T—0°K 3Hauenue cuBura cocraBisieT ~0,7 OT ero BeJH-
YHHBI B HODMaJbHOM cocrostnuu. JTpum. ped.

** CM. TakxKe pa6ory [11*]. Ipun. ped.
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wenue vy, abcojioTHasi Ttemmepatypa I Merajsa, OpPH KOTOPOH
HabJgaeTcsi pe3oHaHc, U BpeMs, pejgakcauuu 7T;, TO U3 ypaBHe-
Husa (8) MoxkHO BblUHCJIUTb AH/H,, Tak Kak ocTajbHble BeJHYHHBI
ABJSIOTCS (DU3HYECKMMH KOHCTAHTaMH, CMbICA KOTOPBIX OblI OI-
penened paHee. DtoT MeTox Aaer anas Pt!®® 3nauenne AH/H,,
paBHoe 1,8%. PesonaHcHass yactoTa B 3TOM MeTaJ/llle B HHTepBaJe
temnepatyp 78—340°K, B KOTOPOM INPOBOAMJIHCbH HCCJI€JOBaHUS,
JOBOJIbHO CHJIBHO 3aBHCHT OT TeMmmepaTtypbl. /st 0ObsICHEHUS 3THX
M3MeHEHH}, KOTOpble COCTaBJISIOT OKOJIO OJHOH TPETH OT IOJIHOTO
BBIYHC/JAEHHOTO CABHUra, HYXXHO MpPEANOJOXHTb, YTO NPH HHU3KHUX
TeMnepaTypax OGbICTPOE€ H3MEHEHHE 3aCeJEHHOCTH COCTOSHHH o0el-
HSeT S-30Hy. DJIEKTPOHBI, Iepexonsiiive B d-30HY, MOTYT, BEpOST-
HO, YBeJHYHBAaThb MAaKpPOCKOMNHYECKYI0 BOCHpHMMYHMBOCTb [69], Kak
3To M Hab6Jiojaercs. '

CKasaHHOro yKe JOCTAaTOYHO, YTOOBl NPOAEMOHCTPHPOBATH Lie-
Jiecoo6pasHOCTh NMPUMEHEHHs] SiJePHOrO MAarHUTHOrO pe30oHaHca K
HU3Y4YEHHIO 3JIEKTPOHHOH CIIHMHOBOH BOCIPHMMYHUBOCTH . 7 p, IJIOTHO-
cth coctosiuuit N(Efrp) WIM IJIOTHOCTH BEPOSITHOCTH Pr =
=<|P(0)|>>>F HaxoxKAeHHST B SIAPE 3JEKTPOHOB IPOBOAUMOCTH Ha
noBepxHoctd Pepmu. Dbla u3MepeHa TemnepaTypHash 3aBHCH-
MocTh caBura Haiita gas apyrux meradnoB [175] u, HecoMHeHHO,
JIIOJKHBI  MOSIBUThCS  HOBble paboTbl, OCOOEHHO MO H3yYEeHHUIO
CBEPXNPOBOJHHKOB. B 3TOM mnoc/lenHeM HamnpaB/jeHHH NPOBOASATs
cs [62] sKCepuMEHTBHl, B KOTODBIX HCIOJB3YIOT 06pasubl B BHAE
HaGopa TOHKUX mJeHOK Meranana {70, 71]. Takum o6Gpasom, Her
HEOOXOAUMOCTH NPHMEHSTh KOJJIOHJaJjbHble 00pasipl. YHpolleHHe
reoMeTpUH ¥ paBHOMepHasi TOJILMHA O6Gpas3la CUJIbHO YNPOLIAIT
HHTepIpeTalnuio U3MepeHui.

Ha cpBur Hafita Mano BaUSIOT BHYTpeHHHe NedopMalMH WM
HemapaMarHUTHble NPHMECH, KOJIMYECTBO KOTOPHIX He IpeBbIlIaeT
HECKOJIbKMX JecCSITHIX MNpoleHTa. JTO OBIO M0Ka3aHO OMBITAMH C
HanWJeHHBIMH U OTOXXeHHbIMH Yactuuamu {30], a Takxe H3Me-
peHHsIMH 3aBHCHUMOCTH cJBura HaiiTa oT KOHUeHTpauUMH MeraJJa,
pacTBOPeHHOro B 6oJiee KOHLUEHTPHPOBAHHBIX TBEPAbIX pacTBOpax
[72, 90]. Cnenyer mog4epKHYTb, YTO B3aHMOJEHCTBHe SIAEPHBIX IH-
nojieii ¢ 3JEeKTPOHAMH MPOBOAMMOCTH BCJEJCTBHE CBEPXTOHKOTO
B3aWMOAEHCTBHs (T. €. M30TponHbli casur Haiita) siBasiercs (3a
ONHHM HCKJIIOYEHHEM) €IMHCTBEHHbIM HCTOYHHKOM CIBHMra pe3o-
HaHCHOM YacTOThbl B TOPOUIKOOGPA3HOM UHCTOM MeTaJljle, ecu He
CYMTATh 3HAUYUTEJIbHO MEHbIIHE H He BbISIBJsE€Mble OTAEJbHO CABH-
r4, o0yCJOB/ISHHbIE H3MEHEHHSIMH aTOMHOIO OCTOBAa U XHMHUYECKOMH
cBA3H. VaMeHeHHMe CBfI3H NPHUBOJUT K XHMHMYECKHM CABHMraM, KO-
TOpble BHOCAIT HEONpeJeNeHHOCTb B H3MepeHue caBura Haiita.

Hlupuna, amnautysa # ¢GopMa pe3oHAHCHOH JMHHH B MeTajje
Yalle BCEro ONpPeNeJsIOTCS HEeCKOJbKHMH OJHOBPEMEHHBIMH BKJa-
JAaMH, OOYCJIOBJIEHHBIMH Da3/HYHBIMH SIIEPHBIMM B3aHUMOLEHCTBHS-
MH, U DU HHTEPNpPETAUNH NaHHbIX 3TH BKJIaAbl JOJ/IKHBI GbITH pas-
JeJieHbl ¥ NpOoaHaJH3HUPOBaHBEL. HYacToTa Xe pe3oHaHca OGBIYHO HE
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HMeeT TaKOH HeONpeeseHHOCTH, eClH oOpasel HCIOJNb3YIOT B BHIE
nopomka. PasiuuHble [Apyrue B3aHMOJAEHCTBHSI, KOTOpble, KakK M
CBEPXTOHKOE, MOTyT OBITb NPHYMHOH H3MEHEHMs 4acTOThl Pe30HaH-
ca, 3aBHCAT OT OPHEHTALMH KPHCTAJJIHYECKOH pELIeTKH MO OTHO-
LIEHHIO K BHEIIHEMY MAarHUTHOMY MOJIIO U B HUTOTe He JalOT CABHra,
€C/IH yYecTb HM30TPOMHOE pacnpejie/leHHe OPHEeHTalMH, CYyLIeCTBYIO-
IIUX B IOpOIIKe. Pasymeercsi, 3TH [OMNOJHHUTEJNbHblE B3aHMMOMEM-
CTBHSI MOT'YT M3MEHSTb IIHPHHY MJIH (GOPMY JIMHHH H, B YaCTHOCTH,
Ha/MYMe IHUNOJb-IUIOJbHOTO B3aHMOAEHCTBHS MEXIY 3JIEKTPOH-
HbHIM M siIepHBIM CNIHHAMM NPHBOAHT K AaHH30TPONMH caBura Haii-
Ta B HEKOTOPbIX MeTaJjax.

8. Anusorponneii cOsue Hailita 8 uucteix merasrax

B pa6ore [30] moka3aHO, YTO aHHU3OTPONHOE paclHpereseHHe
MJIOTHOCTH 3JIEKTPOHHOTrO 3apsila BbI3bIBaeT XapaKTepHble H3MeHe-
HUS1 GOpPMHI CHrHaJjla sAEPHOTO pe3oHaHca, HabJIl0AaeMOro B OGbIU-
HBIX MOPOLIKOOGPAa3HbIX MeTasyIMyecKuXx obpasuax. JledcTBHTeNb-
HO, ecJu OBl yOaJoCch OTAeJNbHO HaOJMIOAaTb pe30HaHC KaXJI0ro
KPHCTAJ/JINTa, Mbl HMeJHd Obl CHUMMETPHYHYIO JIMHHIO, IOJIOXKEHHE
KOTOpPOH 3aBHCHT OT OpDHMEHTAUMH KDPHCTAJJIMYECKOH OCH IO OTHO-
1IEHHI0O K BHEIIHEeMY MAarHuTHOMYy moJwo. [Ipu H3MeHeHHH OpHeH-
Talldd KPHCTAJJIUTa YaCcTOTAa Pe30HaHca H3MeHsijach Gbl B HEKOTO-
PBIX mOpefeNax U MpelesbHble ee 3HAUEHHUsS COOTBETCTBOBAJH Gl
OpHEHTallUH OCH CHMMETPHM pEeLIeTKH IO MOJII0 H NepIeHAUKYJsIp-
‘HO K mosio. B mopomkoo6pasHbix o6paslax, B CYLIHOCTH, MpeJ-
CTaBJIeHbl BCe OPHEHTAlUH, NMO3TOMY MOIVIOILEHHEe 3HEePTHH MpOHC-
XONMT BO BCEM HHTEpBaJIe YacCTOT, H 3TO NPHUBOAHT K dopme snuHHUH,
MOKAa3aHHOH Ha pHC. 2, a.

(IpUYMHOH 3TOr0 aHM3UTPONHOrO CJBHra sIBJETCS B3aHMOAeiCTBHE
SIIEPHOTO JMIOJISI C I0JIEM, CO3[aHHBIM B MeTa/lle HeCllapeHHBbIMH 3JIEKT-
POHHBIMH CIHMHAMH, HaXONAUIMMHCS BHe fApa. JTO B3aUMOJEHCTBHE
MOXKHO IIpeACTaBHTb KaK KJIaCCHYeCKOe B3aHMOJEHCTBHE ABYX Hamar-
HUYEHHbIX OpYCKOB, OJMH H3 KOTOPbIX (3JIEKTPOH) pasMa3aH BOKPYT
Ipyroro HJd OBICTPO JBHKeTcsl oKoJsio Hero. Ilosmubt ‘casur Haitra
co3jaeTcss CyMMOH IBYX MOJIEH B MecTe HaXOXKJAEHHs sIpa; ero H30Tpoll-
Hass s-yactb AH,; Oblia o6cyxJIeHa BbIlle, a YacTh, 3aBUCANLAS OT
opueHTalud AH,uu, OOYCJIOBJIMBAETCST aHM30TPONMEH pacrpe/e/ieHHs 3a-
psifia, KOTopas ONHCHIBAETCS BOJIHOBBIMH (DYHKIMSMH Hes-THOA. AH 4,
6b10 BeludcseHo [30] M B cjyyae aKCHaJbHO-CHMMETDHYHOTO pacipe-
IeJIeHUs1 3apsifia

AH e = B2VoN (Er) gr (3 cos?6 — 1) H,, 9)

rjle gr — Mepa aHH30TPONHMH B paclpefieJIeHHH 3apsifia, CBsi3aHHasi C BOJI-
HOBO#1 (DYHKUHe}i 3/eKTPOHOB IPOBOJHUMOCTH CJIELY IOILLHM COOTHOLIIEHHEM:

gr =<\ 9* @22 — ) rspdv > 5
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B 3TOM BbIPaXKE€HHH Z — OCb CHMMETPHH, HHTerpaj Gepercs IO 3JeMeH-
TapHOH aTOMHOM siyefike H yCpPeJHEHHE IPOBENEHO I10 MOBEPXHOCTH Pep-
MH; §r TIOJIOXKHUTEJbHO, €CJM II0 OCH Z IUIOTHOCTb 3apsiia HauOoJbllas;
AH 34y, TIPSIMO HPONOPUHOHANLHO BHEIIHEMY MarHuTHoMy nomo H; 6 —
yroj MeXAY OCbl0 CHMMETDHMH H HalpaBjleHHeM BHEIIHero MmoJs; oc-
TaJbHBle 0603HAUEHHs] HMMeloT MNpexkHHH cMbics. OpueHTamuu 0 =0 u

8= % ONpe/EeNISioT NpefiesbHble  3HaYeHHs AH . Ecm 6 =0, To

OChb CHMMETPHH KpHCTaja (OOBIYHO 3TO IeKcaroHasbHas HJIH TeTparo-
HasbHast OCh) MapaJuie/ibHa BHEIIHEMY I0J0, U TOJHOe J106aBOYHOE MoJie
B TOYKE HAXOXKJIEHHs $Apa, BHI3BBAHHOE 3JIEKTPOHAMH IMPOBOJMMOCTH,
paBHO

AH | = AHHa + 2[32V0N (E[-‘) quO.
Host 6 =7/,
AHJ_ = AHHa - B2V0N (EF) qFHO,

H JJ BCSKOro IIPOHM3BOJILHOTO yrJia IoJie paBHO

AH = AH | cos® 6 + AH | sin?6.

Jsis1 noJioxuTesbHOrO gr BenmunHa AH | GoJbiue, yeM AH |, u Ho-
3TOMYy 4YacToTa pe30oHaHca 6o04buie 1J51 KPUCTAJJIOB, OPHEHTHPOBAHHBIX
nox yraom 6 = 0; Takum o6GpasoM, AH | cooTBeTcTBYyeT GoJiee BbICOKOH
4acTOTe Vy; aHajoruyHo AH | — cooTBeTcTBYeT vy (CM. puc. 2a). Has
OTPHULLATEJIbHBIX ¢ MOJyYaroTCsl OOpaTHblE COOTHOLIEHHSI, HO MaKCHMyM
JIMHUH BCeTAa CooTBeTcTBYeT AH .

B nosmkpucra/mmyeckom Matepuane AH ycpennsiercsi 1o AH,,; B
pe3yJbTare ucde3aem CyMMAapHbIi CIOBHUT JIHHHH, OGYCJIOBJIEHHBIH x06a-
BOYHBIM B3aMMOJEHCTBHEM, OCTAIOTCS JIMIIb 3aBHCSIHE OT IOJS YIIH-
peHre U acummerpusi. OTHOCHTeNbHBI H30TponHbIA casur Haiita AHy,/H,
M3MepSPT N0 TOYKe, CABHHYTOH oT AH | Ha paccTosiHMe IBYX Tpereit
uHTepBaja Mexay AH, u AH . Eciu HeT crmenuasbHBIX OrOBOPOK, BO
BceX JIMTepaTypHbIX HCTOYHHMKaxX noj ciasuroM Haiita moxpasymeBaer-
cs uzomponreiwi casur Haiira.

BenuuuHy g r MOXHO NMOJIYYHTb M3 3KCIIEDHMEHTA, €CJIH HCIOJIb30-
BaTb NpHOJMKeHHble 3HayeHHs Ans Xp uau N (Er), OLHAKO INOKa ellle
HEBO3MOXKHO BBIYHCJ/IHTb 3TY BEJIHUHHY TEOPETHUECKH U CPABHHUTb C 3KC-
nepyMeHTa/bHBIMUE 3HaueHusiMu, OrHowenne (AH | — AH |)/AH,, He co-
Jepxur 1npoussefenuss V(N (Er), NIO3TOMY ero MOXHO H3M0Jb30BaTh
JJIs1 He3aBHCHMOTO CpaBHeHHsi ¢ Teopueil. Masyzna [29] cmenan nonsiT-
Ky KOJIMYECTBEHHO OODBSCHHUTb pe3ysbTaThl JJIS KaiMHsi, NpejrnoJaras,
YTO BOJIHOBAs (PYHKIIHS B MeTaJl/Ie MOXKeT GbITh aNlIPOKCUMHPOBAHA aTOMHBI-
MH S- ¥ p-QyHKUMAMH ¥ 4TO AJs VN (EfF) MOXHO HCNOJIb30BaTh BbI-
paxeHue, IOJy4eHHOe /s MOAENH CBOGOIHBIX 3JIEKTPOHOB. ITO MO3BO-
JIMJIO €My BBIYMCJIUTL BeJHYHHY &, KOTOpas Bblpax<aeT B 3TOM NPUOIH-
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JKEHHH NPOCTO HOJMIO BOJHOBOH (YHKUHM S-THNIA B MeTajlle; MyTeM
BHIYHCJIEHHS] OH IOJYUYHJl TaKKe JOJIO BOJHOBON (YHKIHH p-THNA
M QHM30TPONHIO 3STOH BOJNHOBOH  (YHKUMH. YUMThIBasg XapakTep
C/leJIaHHbIX NPHOJMKEHHH, MOXKHO, NO-BUAHMOMY, CKasaTh, YTO J0Js
BOJIHOBOH (YHKUMH p-THNA B MeTa/UIMYeCKOM KaJMHH COCTaBJseT
ot 601090 %.

Ecan pacnpepnesneHue 3J€KTPOHHOro 3apsina o6GJjafaer CHMMeET-
puel, 6osee HHU3KOH, YeM oOceBas, TO PE30HAHCHAs JIMHHUS MOXET
HMeTh ellle GoJjiee CJI0KHYIO ¢oOpMy, KoTopasi Gblia BbiuucieHa [30],
HO eule He HaOmwopanach B Merajnax. Cjenyer TakxXKe OTMETHTb,
YTO aHU30TPONUS CINUHOBOH MapaMarHUTHOH BOCIPHHMYHBOCTH MO-
JKeT NMPUBOJUTh K TAKOMY Ke SIBJIEHHIO, KaK M ONHCAHHBIH BbIlIE
a¢dekT, 0OYCIOBNEHHBIH pacnpefeneHHeM 3JeKTPOHHOro 3apsija.
Takum o6Gpa3oM, aHH30TPOIHSI HAHTOBCKOTO CMEILIEHHS MOXKET OBITb
BbI3BaHA He  TOJIbKO 3aMETHOH NPHMECbI0 BOJIHOBBIX (YHKLHH He
S-THMa, HO ¥ AHU3OTPONHEH S-YacTH CABHra.

Anusorponust pe3oHaHca Hab6uawonanach y osoBa [30], kaamus
[28, 29], prytu {33] u B MeHbLIel cTeneHu y Tajaus {34]; mepsble
IBa MeTaJjJjla HMEIOT NOJIOXKHUTEeJbHOE ¢ r, T. €. B HalpaBJeHHH
ocu C MmJIOTHOCTb MX 3JEKTPOHHOro 3apsiia 06oJblle, YeM MO Mps-
MBIM yrJIOoM K Heit (puc. 4). ¥ PTYTH M TaJ/Hs 3JeKTPOHHas IJIOT-
HOCTb OOJibllle B HaNpaBJeHUSX, NepNeHAUKY/ISPHBIX OCSIM CHMMeT-
pHH, T. €. ¢ F OTPHIATENbHO.

Ha puc. 4 cxematuyecku H306parKeHO BHYTPEHHEEe MAarHHUTHOE
noJsie, CylllecTByiolllee B 6eJloM 0JIOBe, B cJyuae, KOrja BHeLIHee
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Puc. 4. CxemaTtHueckoe M306paKeHHe BHYTPEHHEr0 MarHuI-
HOTO TOJIsl, BO3HHKAIOLLEro B GeJIOM 0JioBe

[oJie mapaJJiesbHO TeTPAarOHaJbHOM OcH (C/ieBa) HJIH TepHeHIHKY-
JSDHO K Hell (cmpaBa). AHH30TPONMHOE pacnpejejeHHe 3JeKTPOHOB
NPOBOJHUMOCTH C HECIIapeHHbIMH CIIHHAMH [eJjlaeT JlOKajJbHOE IoJie
Ha sipe 0J10BAa 3aBHCSILUM OT ODHEHTALWH PeEIIeTKH BO BHEIIHEM
noJie.
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4. KsadpynoasHoie 803myujerus 10epHo20 pPe30HAHCA 8 YUCTbLX
meransax

Bonpoc o KBaApYMOJbHBIX BO3MYIIEHHSX OydeT paccMOTPeH
3[leCb C TOYKM 3DEHHSI <IIOJIOXKEHHS» DEe30HAHCHON JHHUHM B OCHOB-
HOM JJisi TOro, 4To6Gbl naThb NpeJCTaBJeHHe O NPOHCXOXIEHHH He-
KOTOPOro KJjacca HafJlofaeMblX Ha ONbITe CINEKTPOB IOIJIOLIEHHS.
DHeprusi * 3JeKTPUYECKOro KBaJpPYNOJBHOrO B3aHUMOAEHCTBUS JO-
CTaTOYHO MaJjla MO CPaBHEHHI0 C MAarHHTHBIM pacliemjeHueM Av,
TaK YTO ee MOXKHO paccMaTpUBaTh Kak cnaboe BO3MYylleHHe Mar-
HUTHBIX ypoBHeH 3Hepruu. Jli1s nopomkooGpasHelX 006pasuoB
(ecain He paccMaTpuBaThb KBaJADYHOJIbHble BO3MYILIEHHS BTOPOTO
nopsiika) MoBelJeHHe pe30HaHCa HaNOMHMHaeT KapTHHY aHHM30TpOI-
Horo casura Haiita; ecsu Gbl MBI MOIVIH 3KCIIEPHMEHTAJIbHO HCCJe-
JIOBaTh MOHOKDHCTAJJIbl, TO OGHAPYXHUJIU Obl, YTO IMOJIOXKEHHE Dpe-
30HaHCAa 3aBHCHT OT OpHEHTAIMM OCH KpHCTa/Ja [0 OTHOLIEHHIO
K HanpaB/IeHHI0 BHELIHEro MAarHUTHOTO MOJS, HO LEHTDP TSKEeCTH
crnekTpa mopomkoo6pasHoro o6pasna He cMmeulaercs. IloHumanue
CBOHCTB pe30HAaHCAa MOHOKPHCTAJJIOB MO3BOJIIET OOBSICHUTb pe30-
HAHCHBIH CIIEKTP MOPOILKOB, MOJyYaeMbli NPH H3YYEHHH METaJJIOB.
Tak xak AJs siiep Co CnHHOM, GOJbIIMM uYeM 1/2, KBaApyHOJbHOE
B3aMMOJEHCTBHE MOXKET OKa3blBaThCS OYE€Hb CHJIBHBIM H IPHBOJHUTH
K 3HaYUTeJbHbIM H3MeHeHHSIM (opMbl pe3oHaHCa, TO aHHU3OTPOI-
HBeli caBur Haiita u kBajgpymosbHble 3(¢ekTh penko HabJwona-
I0TC OJHOBpeMeHHO. lckakeHHe 3JIEKTPOHHOH IJIOTHOCTH, [O-
cTaToyHOe, YyToGbl BbI3BAaThb 3aMETHYIO aHH30TPONHIO caBura Haii-
Ta, AOJKHO NPUBOAUTb, KAK MNPABUJIO, K CHJIbHBIM KBaJpPYNOJbHbBIM
s¢pdexTaM. 'Y BCeX MeTa/JIOB, Yy KOTOPbIX HabJI0OfaNHCh aHH30-
Tponuble caBury, [=1/2 u, ciegoBaTteqabno, Q=0.

a. KBajgpynonbHbe 35(pcdekThH nNepBOro nopsigka
B UHCTHIX Me€TagaJJax HUJIH B YyNOPSAOYEHHBX
pemeTKax

B orcyrctBuM KBajapynoJbHOro B3aumopeiictBus (2/+1) ypos-
Hejl MarHUTHOH SHEPrUM pAaCHOJIOKEeHbl 3KBHAHUCTAHTHO, W YacTo-
Thl COOTBETCTBYIOIINX 2/ ab6COpOLHUOHHBIX MNEPEXONOB OIHHAKOBBHI.
KBazpynosbHoe B3aMMOJEHCTBHE CMellaeT MarHUTHble YPOBHH Ha
HepaBHble PAcCTOSHUS M pacllemnisieT Pe30HAHCHYIO JHHHIO Ha 2/
KOMIIOHEHT, 4YacCTOThl KOTOPbIX B IE€PBOM MNPHOJHKEHHH TEOpPHH
BoaMmylenu# [73] paBHbI

3e2qQ

Vmom—y = Vo F(@m—1) Beosd —1) TP

(10)

Ha puc. 5 nsobparkena cxema ypoBHeH siipa co CIOHHOM 3/, B
MarHuTHOM [OJle, II0KasbiBalolilasl, KaK MEHSIIOTCS pacCTOSHHS
MeX1y YPOBHSMH B INEpPBOM MDHONMKEHHH TEOPHH BO3MYIUEHHI
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BCJeJCTBHE KBaAPYIOJbHOIO B3aHMOJEHCTBHSI C aKCHAJbHBIM 3JIEK-
TpuyeckuM noseM. CnpaBa H300paxKeH YHCTO KBaJpPynoJbHbli pe3o-
nadc, YpaBHeHue (10) noaydeHo AJsl 4acTo BCTpeyalollerocst Cay-
yasi, KOTJa sIAPO ¢ KBajpPYNOJbHBIM MOMEHTOM () HaxXOIHUTCS B He-
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Puc. 5. CxeMa 3depreTHYeCKHX YpoBHel IJs1 spa CO CIH-
HOM 3/; B MarHHTHOM TIOJe

OJHOPOJHOM 3JIEKTPHUYECKOM TIOJIe LHIHHAPHYECKoH (oceBo#l) CHM-
METPHH; Vm_sm—1 --- YACTOTA NEpexofa MexAay m H m — ] MarHur-
HBIMH YDOBHSIMH; 6 — yroJl MeXJAy OCbIO CHMMETPHH 3JIeKTPHYECKOro
noas u Hy; vo — HeBo3MYyllleHasi pe30HAHCHAsl 4acToTa, Onpejesie-
mast ypaBHenuem (1).

B o6ueit Teopun KBaApymoJbHHIX 3(G@PEKTOB B KpHCTaJJIHYe-
CKHX TBepAbIx Tejax [74] paccMoTpeHbl HEOGXOMMMble YCJIOBHS CY-
LJEeCTBOBAHHSI OCEBOTO IIOJIS W IOKa3aHO, UYTO 3TUM YCJIOBHUSIM
yAOBJETBOpPsieT niobasi OCb CUMMETPHH TPeTbero HJu 0OoJiee BBHICO-
KOTO NOpsiLKOB. DOJIBMIMHCTBO YMCTBIX METAJJIOB OTHOCHTCSI K 3TOM
KaTeropud, KOTopas BKJouyaeT B cebsi TeTparoHajbHylo, pom603 -
pHYECKyl0, TeKCaroHaJbHyl0 W KYOHYeCKyl KpHUCTaJJIHYECKHE
CTPYKTYPHI.

OneKkTpuueckuiit rpaaveHT eq B ypaBHeHuu (10) ects ckaJgsp,
NpeACTaBASIOIHUA co60f BeJIHYHHY BTOPOH INPOU3BOLHOM 3JIEKTPO-
CTATHYECKOTrO INOTEeHLHAaJa B MeCTe HaXOXKIEHHs sapa, KOTOPHIH
CO37aeTCs BCEMH 3apsifiaMHM, PacloJIOXKeHIbIMH Blie sjapa. Ilpous-
Boinasi Gepercs MO DAaCCTOSIHUIO B HATNPABJIECHHH OCH CHMMETDHH:

eq = ZB[(3C052 o;— i (11)
]

rlie @; — yroJl MexXIy OCbl0 CHMMETPHH M DaJHyCOM-BEKTOPOM r;, KO-
TOPBIi COEJMHSET IEHTP TSKECTH fNePHOro 3apsifa ¢ 3apsiioMe;. CyM-
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MHpDOBaHHE BeLeTCs II0 BCeM BHEIIHHM 3apsiiaM [0 OTHOIIEHHIO K
JaHHOMy sapy. Tak Kak Clofla OTHOCSTCSI BCE 3JIEKTPOHBI IIPOBOAH-
MOCTH, 3JIEKTPOHbl HOHHBIX OCTOBOB M JpYrHe siiepHble 3apsiiibl, TO
OOBIYHO OYEHb TPYAHO IOACUHUTATb 3Ty CyMMy. BaxKHO OTMETHTBh, Of-
HaKO, UYTO B MOYKAX Kybuueckol uau mempasopuyeckol cummempuu
2paduenm 3aeKkmpu4ecko2o noas 00Axcer 6cezda obpawyamecs 6 Hyab,
maK 4mo KeadpynoabHoe pacuieniserue ucyesaem. DTO TOJIOXKEHHE Jier-
ye BCEro NOJyYHTb M3 CooOpaxKeHHWH CUMMETpUH [74].

BosBpamasice K ypaBHenuio (10), BuguM, yro pnas m = !/, yacrora
nepexofia He H3MeHseTcCsl, TOrga Kak JJsi m==1/, umMeercss CHABHT
AV = Vinm—y — Vo, BBIPAXKAIOIIKMH H3MeHEHHe HeBO3MYILEHHOH YacTo-
Thl pe3oHaHca. B MOHOKpHCTaJle CTEKTp MOrJIOLIEHHSI IJs siiep C Io-
JILEJIBIM CITMHOM COCTOMT M3 LIEHTPaJbHOH JIMHHH (m = 1/y— — 1/,) H
2 | — 1 Tak Ha3bIBaeMbIX cameArumMelx JUHUHA [73], pacnoJioxKeHHbIX
OTHOCHTEJIbHO I€HTPAJIbHOM KOMIIOHEHTHI CUMMETPHUYHBIMH I apaMH, KO-
TOpble COOTBETCTBYIOT IlepexogaM m—m—1 U — (m—1)— —m.
Pacuiennienne Av, He 3aBHCHT OT HAlPS}KEHHOCTH BHEIIHEro IMoJs, U
OTHOCHTE/IbHAsi HHTEHCHBHOCTb CATEJ/IATHOH JIMHHMH, COOTBETCTBYIOIIEH
nepexony m-—(m —1), B xopoumem npubiuxenuu paBHa (I -+ m)
(I —m + 1) (cp. ypaBHeHue Al, npusoxenne A). 3HaHHE OTHOCHTEJb-
HbIX HHTEHCHBHOCTEH BajKHO HJisi MHTepIpeTalUH HEKOTOPbIX 3KCIepH-
MEHTOB; A/ sifep co cnuHoM [ = 3/, TPU JIMHHHU CIIeKTpa HMEIOT OT-
HOlLIeHHe HHTeHCcUBHocTed 3:4:3; nast [ =3/, cyujecmeyem NsATH JH-
HHA C OTHOCHTEJbHBIMH HHTEHCHBHOCTSMH 5:8:9:8:5 u gnal = 7/, —
ceMb JIMHH I C OTHOCHTEJIbHBIMH HHTeHCHBHOCTIMH 7 : 12 :15:16:15:12:7.

B nosukpucTannuyecKux BelllecTBaX, TaKHX KaK HamnpuMep, Me-
TaJJIHYECKHH MOPOLIOK, OTHeJbHble CaTeNJUTHble KOMIIOHEHTH He
BUJIHBI; HaGJIOQAI0TCS JUIIb ONpeNe/]eHHble CTPYKTYPHbIE 3JeMeHTh
CIEeKTPa, COCTABJIEHHbIE M3 CATENJIUTHBIX JHHHH, KOTOpPbIE COOTBETCT-
BYIOT BCEBO3MOXXHbIM 3HAUeHHSIM 6. DTH 3JIeMEHTbl CTPYKTYpH!
OOBIYHO TaKxkKe Ha3blBAIOT CATENJIMTAMH; UX HHTerpaJjibHble HHTEH-
CHBHOCTH YIOBJIETBOPSIIOT COOTHOLIEHHSIM, MPUBEIEHHBIM BBIIIIE.

KpuBass moryiouienus mast sigpa ¢ =3/, B nopolkoo6pa3Hom
obGpasue [75, 73, 76] mokasaHa Ha puc. 6 BMecTe C 3KCIEDHUMEH-
TaJbHOH 3amucbio pe3oHanca Bef.

Tak Kak HMHTEHCHBHOCTb MOIJIOLLEHHS paclpeneseHa no o6Jjac-
™ —1 < (3 cos?0—1) <2, Ha 3KCNEpHUMEHTAJbHON 3amMCH mep-
BOIl MPOM3BOJHON MAKCHMyMbl CaTeJJIMTOB B TOuKax =+e2gQ/4h
BbIpaxKeHbl He pe3ko. BenuunHa smepHOro KBaApYIOJLHOTO MO-
MeHTa Be?® Oblna naBecria MeHee XOpOIIO, YeM  BBIYMCJEHHBIH
3JIEKTPHUECKUH TpaJMeHT B pelleTKe, I[I03TOMY IO BeJHYHHE
e2qQ/h = 48 xey, uamepennoit Haiitom [20], u mo 3nauenuio eq =
=2,3-10% e0. cgse, BblUHCIeHHOMY gjsi OGepuaausi I[lomepaHt-
uem [77], 6bl10 Hakgeno, uto Q(Be?) = 0,029-10-24 cm2.

HecmoTpst Ha TO 4TO HEBO3MOXKHO M3MEpHTh BeJHuHHY (Q Hesa-
BHCHMbIM 00pa30oM M TeM CaMbiM IIDOBEPUTh NPaBHJIbHOCTb BbIUMC-
JIeHUH, 1leseco06pas3HO PacCMOTPETh OCHOBHBIE MOJIOXKEHHS, NpHMe-
HsBllKecss B pacuerax [loMepaHTia, Tak KaK 3TO IO3BOJUT IOHSTh,
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KaKOBBbl BO3MOXKHble MCTOYHHKH TIpaaHeHTa 3JEKTPHUHYECKOro IoJsd B
TOUYKEe HAXO02KJIEeHHUA dAApa B MeTaJjjax. CYI.U.ECTBEHHO 3aMeTHUuThb, UTO
3JIEKTPOHBI NMPOBOJLHUMOCTH pPasMa3aHbl IIOYTH PaBHOMEDPHO IO Me-

Tanay. [loatomv oHu pacnpenenenbl cepHyecKH CHMMETPHYHO BO-
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Puc. 6. IlepBblit MOpsAAOK KBaApYMNOJbHOTO pacCIUeneH s

KpYT J1000f TOYKH pellleTKH M He Jal0T BKJAaAa B 3JEKTPHUECKHH
rpanueHT. ['1aBuBIli BKJIan B e NAIOT ABaXKAbl 3apsi?KeHHble HOHBI,
o6pasyiomue peuerky Gepuaauss. Cymma (11) Oblia BbuHC/IEeHA
(Ha cueTHoi MamuHe) mjas 1400 GauxkaHIIMX y3JI0B B pelIeTKe U
HCIIOJIb30Bajach Kak IepBoe NpubauKenue XK eq. 3ateM GbuiM BBe-
JIeHbl [Be MOnpaBKH. Bo-nepBuix, Obla BBened (aKTOp 3KPaHUPOBKHU
[78], koTOpHIH yuuTBIBa€T TO OGCTOATENBCTBO, YTO BHYTPEHHHE 3JIEK-
TPOHBI CTPEMSATCS 3KPAHHUPOBATH sipa OEPHJIJIHS .OT BHELIHUX 3JeK-
TPUYECKUX IIOJIefl MyTeM COOTBETCTBVIOIIETO HCKAXKEHHsS] OCTOBA; 3TO
yMeHbIIHJI0 BenuuyuHy rpaguedta no 0,815 or. nmepBoHayasbHOro
3Hayenus. Bo-BTOphIX, GblIO BHIUMCAEHO AEHCTBHTE/bHOE paclpene-
JleHHe 3J1eKTPOHOB IPOBOAMMOCTA U TaKMM 00pasoM yToYHeHa Be-
JUYHHA 3apsiia, MPUXOJSALIErocss Ha KaXIbli y3ea pelleTku. DBuiio
HalJeHo, 4TO BHYTPH HeboJsblIOH cdepsl (BOKpYr sfapa), comepikKa-
el HauboJsiee GBICTPO HU3MEHSIOUIYIOCS YacTb BOJHOBOH (YHKIHH,
B JeHCTBUTENbHOCTH 3J€KTPOHHAsI IJIOTHOCTb HECKOJbKO MeHbIIIE,
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ueM CpelHss IJIOTHOCTb B MeTaJse, DTO 3KBHBAJEHTHO HEGOJbLIO-
My YBeJMUYEHHIO IOJIOXHTEJBPHOTO 3apsila B TOYKE HAaX0XIEeHHS
sipa GepuJTHs, 4TO NIPUBOAMT K Bospacranuio eq B 1,08 pasa; ra-
KuMm obpasom, eq = (0,815) X:(1,08) X (cymMMa 10 TOYEYHBIM HOHAM
penleTk). BesMyMHBI NMONPaBOK NOKA3bIBAIOT, YTO OMNPEAEJSIOUIUM
(aKToOpOM B CO3/aHHM TPAjJMEHTa SIBJSIOTCS HOHbI Be*? u mpuum-
HOH 3TOrO sBJseTcs TO, YTO MJOTHOCTb 3JEKTPOHOB BHe aTOMHOMH
cthepbl oyeHb 6JH3Ka K CpefHeH NJOTHOCTH B MeTajje, MO3TOMY
3JIEKTPOHbI MOYTH HE KOHLEHTPHUPYIOTCS BOJHU3U sApa M He CO3JaI0T
3KPaHUPOBKH. '

6. KBagpynoabHbie 5(p¢peKTb BTOPOTO NOpALKaA
B YHCTH X MeTaJaJax UJH B yNOpsAAOUYEHHH X
pelmreTKax

Tlpu GospluMX rpajueHTax IoJs pacllelseHHe NepBOTO NOPSAA-
Ka MOXEeT CTaTh HacCTOJNbKO GOJIbIIMM, UTO LIHPOKHUE JHHHH caTed-
JIITOB B CIEKTpe MOPOLIKOOGpa3Horo o6pasila TNOJHOCTbIO YCKOJb3-
HYT OT HabJIofeHHsT W OCTaHeTcs JHIIb LEeHTPaJbHBIH _Ilepexon
m="/,—>—1],. EcIu pacueThl TO TeOpUHM BO3MYLUIEHHH [KOTOpHIe
npuBeau K Gopmyse (10)} BeimosHUTL B GoJiee BHICOKOM MPHGJIHKE-
HMH, HCIIOJb3ysl TeOPHIO BO3MYLIEHH# BTOPOTO mopsiaka [73, 79, 74],
TO OKaxXeTcsi, UTO MPH JOCTATOYHO OGOJBIIMX TPpafHeHTaX MoJjs aa-
JKe lleHTpaJbHasi JUHUA Oyner cMelleHa. Pasymeercsa, NONpaBKH
BTOPOTO NpHGJHKEHHsI K Av m TaKkKe TIOJyYeHbl, HO, TOCKOJbKY NPH
OYeHb GOJIBILIHX eg CATEJJIUTHl B IOPOLIKE He HAGJIOAaeMBbl, 3TH IIO-
NpaBKH He HMMeeT CMbIcJa 3[ech paccMaTpuBaTh. HacroTa LeHT-
PajbHOR JIMHHH B MOHOKDHCTAJIJIE ¢ OCEBOH CHMMeTpHel paBHa

=

Vi, 1 =Vo+ (As/h)(1 —9cos?8) (1 — cos?6), (12)
2

rae vo—-Ino-npexHeMy 4YacToTa HEBO3MYILIEHHOTO IIOIJIOLEHHS B
MeTaJJe,

_ 9 243 e4q2Q?
64 412 (2] — 1) hv,

2

2(11(()))(:Ta.nb'Hble CHMBOJIBI HMEIOT TOT K€ CMBICJ, YTO B ypaBHEHHH

PesoHaHcHasi qMHUS #7151 NOpOLIKOOGpa3Horo o6paslia, COOTBET-
cTByloLIasi 6ecrnopsoYHOMYy pacHpefesIeHHI0 OPHEHTAUUH KpHCcTal-
JINTOB, NOKa3aHa NyHKTUPOM Ha puc. 7, BHu3y. CHJjolIHasg KpuBas
Ha 3TOM DHCYHKe NOKasbiBaeT 3()(}eKT MHNOJBHOIO YIIHPEHHs; TaM
e, BBePXY, IPeCTaBJeHa 3allUChb NepBOH MPOM3BOAHON JIMHUH IO-
raomennss Mg? B MeTaJuIM4ecKOM MaTHMM NPU KOMHATHOH TeMIle-
partype B moJe 7650 ec [6].
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Ilupuna pesonanca Mg? B 3TOoM ciyuae YaCTHYHO ONpEHENseT-
csi pa3bpocoM BeJMYHHBI I'DajfiHeHTa eg, BbI3BAHHOTO pedeKTaMu
peuletkH. PaccrosHne MeXJAy KpaHHMMHM TOYKaMH [POHU3BOIHOM
o6paTHO NMpPONOPLUHOHAJbHO BHellHeMy nogio. Mamepenuss naror B

ag
ad

g}

Puc. 7. Bropo# nopsanok KBaZpyNnoJbHOTO pacCIleNyIeHHs
ueHTphJIbHOTO Tepexons (m=1/2—-1/2)

nanHoM caydae e2qQ/h = 230 key, a BBIYHCIEHHOe [IJsT MarHus
3HayeHHe eg paBHO 2,2-10'3 ed. cgse; Takum ob6pasoM, Q=0,14-
<1024 ¢m?. D10 3HaueHHe BHOJHe BeposTHO [180] u nmaer momoJnu-
TeJbHOE NOATBEPIKIEHHE MOJEJH «TOUEYHbIX HOHOBY», MPHUMEHEHHOMH
IJIS BBIYHCJIEHHMS 3JEKTPHUYECKHX TPajHeHTOB B MeTaJjJe. 3Haue-
KEHe eqg JJis1 MarHusi OGbLI0 BblyucjeHo nmo ¢opmyae (11), B xotopoi
CyMMHpOBaHHe npoBoguioch mo 1300 ysaam pemerkn [80]. 3arem
OBl MCIOJb30BAH aHTHIKPAHHUPOBOUHBIH MHOXKHTENb, PAaBHbIA ISATH
[78]. DbdekTuBHBIN 3apsin A KaXKAOTO y3ja PelIeTKH M0JaraJcs
paBubIM +2. Mcnosnb3soBaHue Takodl MOLEJH He CBOGOZHO OT BO3-
PaKeHHUIl, TOTOMY JNaJsibHellleMy YTOUHEHHIO BBIYHCIEHHI NOJIKeH
TIpeAIIeCTBOBATh JETaJbHBIA aHAJM3 MNPENNOJIONKEeHHH, Ha KOTOPBIX
OCHOBaHa mojnenpb (cp. pasmena 5).

B. 3aKJHOUUTEJbHbE 3aMEeYaHHUS O KBaaApynoJabHBIX
BO3MYIMEHNAX B NPAaBUJbBHB X pelleTKax

KBaspynospHoe paclienieHne NepBOro MOPsiAKa B KPUCTaJJe C
0CeBOH CHMMeTpHeH XapaKTepH3yeTCsi CHMMETpHeH IMOrJIOLleHHs
OTHOCHTEJIbHO YaCTOTBl Vo H OTCYTCTBMEM 3aBHCHMOCTH paclielJe-
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HHSI OT HANpsI)KEHHOCTH BHELIHEero MarHUTHOro noss. LleHTpbl TaxKe-
CTH OTHAEJbHBIX CATEJJINTOB HE CMellleHbl, TAK KaK CpeJHee IO BCeM
yriaaMm sHaueHue (l—3 cos®0) paBHo Hyuaio. Paciiensienne BTOPOro
nopsigka o6paTHO TNPOMOPLHOHAJNBHO HANPSKEHHOCTH BHELIHEro
MarHHTHOTO T0Jis, TaK KakK B 3HameHaTtesb Az BXOIHUT Vo; PE30HAHC
OT mopomKooGpa3Horo o6pasua He SIBJASETCs CHMMETPHYHBIM OTHO-
CHTEJIBHO Vo, H ero LeHTp TsiKecTH cmeujaercs [30] K yacToTe, KOTo-
pasi JexuT Ha 8/j5 Aoh—! HHXKe, 4eM vo. [IpyrHe acmeKThl BJHSHHS
KBaJpYNOJbHBIX 3P(heKTOB Ha MAaTHHUTHBIA pe3oHanc OYAyT pac-
CMOTpeHbl NIPH 06CYXKAEHHH MHTEHCHBHOCTH IOIJIOLIeHUs!, Koraa Oy-
JeT paccMOTpPeHa pPOJib MCKaXKeHud pelieTku [74].

5. Qucro keadpynossHrbll pe3oHaHc

DJIeKTpPUUECKHe pacllelJieHHs] OCTaloTCs JaXe B OTCYTCTBHH
BHEIIHEr0 MAarHUTHOIO IOJSI U MOTYT NPHBOIHTb K PEe30HAHCHOMY
IIOIJIOIIEHHIO MAaTHUTHOH BBICOKOYAaCTOTHOH 3Hepruu (73, 81]. drto
[OIJIOUIeHHEe, Ha3biBAEMO€ YHUCTO KBaJpPYNOJbHBIM De30HAHCOM,
onpejessieTcsi B3aUMOAEHCTBHEM MEXIY SJEPHBIM 3JE€KTPHYECKHM
KBaJPYIOJbHOM MOMEHTOM H TPaJHEHTOM 3JEeKTPUYECKOro MO0Js
pellleTKH B TOYKe HaXoxJeHHs sfixpa. Panee ator a¢ddexr Habmo-
JlaJii TOJIbKO B HEMETaJ/JIHYeCKHX BellleCTBaX, OZHAKO HeLaBHO ObLIO
nosayyeHo cooGieHue [36] o uMcTO KBaApymOJNbHBIX pe3oHaHcax Gas?
u Ga’ B TBepmOM rajuiMd. Ja 3THM IIOCJEJOBAJO OCHOBATEJIbHOE
usyyenne [77] HCTOYHHKOB IPOHCXOXJEHHs TPaJMEHTa 3JeKTpHYe-
CKOrO IOJis M €ero TeMINepaTypHOH 3aBHCHMOCTH;, HCCJel0BaHa
3aBHCUMOCTb 3¢ ¢dekTa or nasiaerus [82]. Temnepatypuasa 3aBHCH-
MOCTb YaCTOTBl pe30HaHCa Oblna OObSCHEHA TEIJIOBbIM pacllHpe-
HYeM pelIeTKH H YCpPeIHeHHeM TPaJMEHTOB II0Js BCJEACTBHE
Kose6GaHuil pemetku. HalineHo, 4To 3JIeKTPHYECKHH TPajMEHT, CO3-
JNAHHBIH TPHXKAbl 3aps2KEHHBIMH HOHAMH, 00pas3yIOIHMH pEeLIeTKY
rajauusi, ¢ ToyHocteio 10 20% cooTBeTcTByeT HabJwopaBluelics 4a-
crote [181].

Takum o6pasom, 3TO ellle pa3 NOKAa3bIBAET, YTO 3JEKTPHUECKHE
rpajyeHThl B MeTa/ax MOXHO aJ9KBATHO OGbSICHHTB, 1OJIArasi, YyTo
OHM BBI3BAaHBl 3apAfaMH, HaXOAALIMMHCS BHe aTOMHBIX cdep, OKpy-
JKaIOUUX Pe30HAaHCHble sApa, a He 3JIeKTPOHHBIMH KOHGMHUTypalus-
MH BHYTpH 3THX c(ep. Takoe mpennosioxkenne HauboJjiee BepOsITHO,
TaK KaK OHO YCIIeIIHO OOBSACHHJIO 3KCIEPHMEHTH ¢ GepHJJaHeM H
maruueM. OnHako y GepHJ/IHs W MarHus uMeercss 12 mouTu pasHoO-
yAaJieHHbIX cocelled B KPHCTAJ/JIHUeCKOH pellleTKe, U KOHMUIYpauuH
BHEUIHHX 3JEKTPOHOB COOTBETCTBYIOT ATOMHBIM COCTOSIHHAM 252 H
3s2. Y aroMa rajsius HMMeeTCs TOJbKO OAMH OJMKaHIIHK Co-
cell, a TPU JApPYrHe napbl aTOMOB HaXOMATCS HECKOJBLKO JaJiblile,
Hnst o6bsicHeHHs1 MOJHOM KBaAPYMOJbHOH 3Hepruu [83] nHeo6xomumo
HaJIHuMe 3JIEKTPOHHOH aHM3OTPONHH, SKBUBAJIEHTHO! BCEro INpHMep-
Ho 20% npumecu 4 p OpOMTH. MOXKHO, NO-BHAMMOMY, Npes-
mosiarath, 4To HabJroAaBIIHACA 3 PEKT, no KpaiHeid Mepe, YaCTHUHO
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BbI3BaH AaHH30TPOMHMEN IJIOTHOCTH 3JEKTPOHOB BOKPYr szep
ranaus. DTOT Xe HCTOYHMK TpajHeHTa AeHCTByeT TakXe JJs Oe-
PHJLIMS U MarHus, XoTsi BjusiHue ero Menplle. CyllecTBOBaHHe Ta-
KOH aHM3OTPONHH IJIOTHOCTH 3JI€KTPOHOB IPOBOJHMMOCTH B IPYTHX
MeTajJax OOHApyKHUBAaeTCsl MO MOSIBJAEHHI0O aHM30TPONMHOro CABHra
Haiira.

B xuzkom ranauu HaGawomancs [38, 21, 77] oOblunblii smep-
HHIH MarHUTHHIE pe3oHaHC. B cBepxmpoBojsllleM TajJIHH KBaJpy-
ICJbHbIA pe3oHaHC HAGJIOAAJCS HAa TOH XKe caMOHM 4acToTe, UTO H
B HOPMaJbHOM COCTOSIHMH. UHCTO KBaApYNOJbHBIH Pe30HAHC HMeeT
3KCIIepHMEHTaJbHble NPEHMylllecTBAa HAJ MAarHUTHHIM DPE30HaHCOM
NPH HCCIEeJOBAHHH CBEPXIPOBOJISILIEr0 COCTOSIHHS; K 00pasuy He
HYXKHO TPUKJAJbIBATh HHKAKOrO BHEIIHEro MAaTHUTHOIO IoJs, H
MHTepIpeTalys NaHHbIX 3HAYMTEJbHO yNpolleHa. B cayyae mMaraurt-
HOTO pe30oHaHca NoJsipusupylollee moje H, B Merasue H, cjeloBa-
TeJbHO, YAaCTOTAa pe30HaHCa SBJAAITCA (YHKUHUSIMH DacCTOSIHHS OT
MOBEPXHOCTH MeTa/JIMYeCKUX yacTHU. JIMHHS Ke YHCTO KBajpy-
MIOJIBHOT'O PEe30HAHCa OCTAeTCsl OCTPOH, HECMOTPS Ha KOHEYHYIO TJIy-
6MHY NPOHUKHOBEHHS BBICOKOUACTOTHOI'O MOJISl, €CJH HET BHYTPEH-
HUX HaNpsIKeHWH, CO3MaUUX HEOXHOPOIHbIH TpaaueHT (T. €. rpa-
JIHEHT, U3MEHSIIOIMHCSA OT y3ja K y3nay). FisMepsis HachllleHHe TpH
Pa3/MYHBIX TeMIlepaTypax, MOXHO OLEHHUTb TIJYGHHY NPOHMKHOBE-
HHUS BBICOKOUACTOTHOTO TMOJII B CBEPXTPOBOASILIEM COCTOSIHHH M
Bpemsi penakcauuu T, [84].

6. Cosuz Haiita 8 cnaasax

IlpuMeHeHHe MEeTONOB SIIEPHOTO MAarHMUTHOTO pe3oHaHCa K H3Y-
YEeHUIO CIIJIaBOB BhLI3BAJIO GOJILIION MHTepec y HccaegoBateseil. Ha
nepBbIfi B3rAsA, ypaBHeHus (4) uaum (5) npencTaBAsilOT 3aMaHYH-:
Bble BO3MOXKHOCTH IJIsl TOro, 4ToObl MPOCJENUTh 332 H3MEHEHHSIMHU
N(Er) Tpu JnerHpoBaHHHM H, TaKHMM o00pa3oM, yriyGUTh KJacCHue-
ckde HabOmwonenus Om-Po3zepn u #MX HHTepIpeTaluio Ha OCHOBe
TeOpHH 30H DBpunniosna, npensnoxennywo xkouncom [85]. Tenepn
OYEeBHJHO, YTO 3TH NepBOHAYaJbHble MAEH CJAHIIKOM VIIPOLIAaJu
HHTepIpeTaluio OXHAABIIUXCS DPe3yJbTaTOB, XOTs1 MJsI HEKOTOPHIX
CHCTEM CIJIaBOB yJaJjoch HabJawofaTh 3aBHCHMOCTb c¢IBHMra Haiita
OT COCTaBa CI1aBa U OO'BSICHHUTb NOJNYYEHHble Pe3YJbTaThl C TOYKH
3peHHs1 OOlIeNPHHATON Teopuu cnsaaBoB. MHTepnperauus askcnepu-
MEHTaJbHBIX JaHHbIX COBCEM He MpOCTa, 1a H TEOPHUS elle IOJ-
HOCTbIO He paspafoTaHa, OJHAKO 3TH pPe3yJbTaThl BBISIBIAAIOT Xa-
pakKTep TOBeleHUs SAEPHOTO Pe30HaHCa B CnjaBax.

ITpu HabnlomeHWH pe30HAHCHOH JIMHMM 3JeMeHTa B CIJaBe
0ObIYHO TIPOMCXOTHT OLHOBPEMEHHOe H3MeHeHHe BCeX MapaMeTpoB
JUHHH. s mosyyeHHuss MaKCUMyMa CBeleHHMH O COCTOSTHHM MeTaJ-
Jla HeoOGXOIHMMO HCIIOJb30BaTh BCe 3TH AaHHBE. UTOGH COXpaHHTH
JIOTHYECKYIO TOC/e/l0BAaTe/IbHOCTh H3JI0XKEeHHs, B 3TOM pa3sfese 6y-
LyT pacCMOTPeHbl M3MeHeHHs1 caBura Ha#ita mpu serupoBanuu, He-
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CMOTpSl Ha TO, YTO MHOTHe 3JeMeHTapHble B3aHMOJAEHCTBHS, 3HaHHe
KOTOPBIX HEeo6X0AMMO [Jisi OGBbSCHeHHs Ha0J0laeMOro NOBeLEHUS
pe3oHaHca, B 3TOM KHHUTe ellle HeJLOCTAaTOYHO NOAPOGHO paccMoT-
peHbl HJIH BOBCE He BBEJIEHHI.

B psime cayyaeB 3TO He SIBJsIETCS CePbe3HBIM YIYILEHHEM, IIO-
CKOJIbKY B CIlIaBaX, KaK M 'B YHCTHIX MeTajjaX, IOMHMO CABHra
Haiita, npakTHyecku HeT HWHBIX HCTOYHHKOB CJABHTA UEHTPa JIMHHH.
Ho Bce-Taku HeoOX0ZuMMO INpPOSIBJSITH OCTOPOXKHOCTb IIPH OMNpeje-
JIEHMH MECTOHAaXOXJEeHHs aTOMOB, sApa KOTOPHIX NAlOT BKJal B Ha-
6JI01aeMYI0 JIMHHIO TIOTJIOLIEHUS] B KaXKJOM KOHKPETHOM cJydyae, H
HMETb B BHAY, YTO HEKOTOpble APyrHe B3aUMOLEHCTBHS MOTYT IOJN-
HOCTBIO YHHUYTOXHTb BKJAaJ B DPE30HAHC OT ONpedesNeHHBIX TPyl
atomoB. B 3TOM cCiyyae HHTeplpeTanusi H3MeHeHUs HaHTOBCKOro
CIBHTa OTHOCHTCSl JIMLIb K aTOMaM, JAlOIIUM BKJaRx B De30OHAHC, B
TO BpeMs KakK OYeHb MaJO MJHU COBCEM 'HHUYErO HeJNb3sl CKa3aTb
OTHOCHTeJbHO caBura Hafita njs Tex aToOMOB, OT KOTOPBIX IOTJIO-
nieHde He HabJogaeTcs.

OrHocutenbHo ciaBura Hafita B cniaBax MoxHo chopmy.iupo-
BaTb IpexX/Je BCEro JBa OCHOBHBIX IIOJIOXKEHHS: a) B Ipefenax
Jo60# onHodasHoi 06/1aCTH yacToTa pe30HaHCA MJABHO MEHseTcs
Npy M3MEHEHHH COCTaBa; 6) pe30HaHC KaXXJOTO H30TONa B MHOIO-
¢dasnoit o6sacT paclienJsieTcss Ha PAA JHMHHH NOIVIOLleHHs. 31ech
NOYTH NOJIHASE AaHAJOTHs C PEHTTeHOBCKMM MeToxoM. B onxnodas-
HBIX 00J1aCcTSIX pacCTOsSIHHE MEXAY JHHUSIMH Ha DEHTreHOrpaMMmax
HU3MeHsIeTCsl HellpepbiBHO; B ABYX(}asHbIX 06J1acTAX, eCJAH HMEKTCH
JOCTaTOUHble KOJIHUECTBAa KaxXmo# (asbl U JHHMH MOTYT OBITh pas-
pellleHbl, ynaercss OOHapYyXHUTb JABe OTHEJbHble KapTHHB Audpak-
IUH. YCJIOBHSI IJ1si pa3felbHOro HaGJ/IIOHeHHs] JHHHH siIepHOro pe-
30HaHCAa KaXIOH (paspl COBeplLIEHHO Te XKe: HeOOXOAMMO HaJHyHe
3aMeTHOH HOJM KaXAoH Gasbl M 4YTOOBl JIMHHM MOTJIOLLEHHS He
CJIMIIKOM TlepeKpbiBaauch. IlocienHeMy YC/IOBHIO, BEpPOSITHO, 6GoJee
TPYAHO YIOBJETBOPHUTb INPH H3YyUEeHUM SIAEPHOTO pe30HaHca, TaK
KakK 37ecb HeT OOJbIIOro KOJHYECTBA JHHHE, a HMeeTcs JHULIb
€JIMHCTBEHHHH MAaKCUMyM pe30HaHCHOTO moryoliedusa. Hasg vse-
pPeHHOH HHTepIpeTaluuy MAHHBIX, MOJYYEHHBIX IpPH HCCJIELOBAHHU
ABYX(a3HbIX CNJABOB, 11eJeco06pa3Ho TIPOBECTH OTAeJbHble HabJIo-
J€HUs1 Ha YHUCThIX ¢asax.

CyliecTByer BO3MOXHOCTb HaGJ/IIOJEHHsS pe30HAaHca OT sjep
KaXJI0r0 KOMIIOHEHTa MHOTOKOMIIOHEHTHOH cHcTeMBl (IJs Ka¥Kmio-
o KOMIIOHEHTa OCTAalOTCA B CHJe 3aMeuyaHWus MNpeabiAyllero a63a-
ua), oAHaKo npobseMa IOJNYYEHHS NOCTATOYHOH WHTEHCHBHOCTH
NOrJIOUIEHHS] NPU [POBEJEeHHH S5KCIEPUMEHTOB Ha CIlJIaBaX OuYeHb
CYLIEeCTBEHHA, H TOJbKO INPH OCOOBIX OOCTOSATEJLCTBAX MOIKHO
HabJI0faTh PE30HAHC OT 3JIEMEHTOB, MMEIOIMX MaJyi0 KOHLEHT-
pauuio.

BoabuinacTBO OMyG6/IHKOBAHHBIX PAaBOT MO CIIABAM OTHOCHTCS
K HCCJEeI0BAaHMIO OMHAPHBIX CHUCTEM, ONHAKO HaJHYHe JOMOJHHU-
TeJIbHbIX 'KOMIIOHEHTOB He BBOJMT HHMYEro HOBOIO B MEeXaHH3M MHK-
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POCKOIHYECKOTO B3aHMOIEHCTBHSI; OSTOMY NOBEJeHHEe JHHHH B OH-
HAapHOM CIIaBe GYIeT paccMaTpHBATbCA KaK HIIIOCTPALUs ee IIO-
BeJeHHSI B CIVIaBaX C OOJbIUHM UYHCJAOM KOMIIOHEHTOB. JTO He
3HAYMT, YTO PE30HAHCH BCeX KOMIOHEHTOB MOJIKHBI BeCcTH cebs
OJMHAKOBbIM 06pa3oM, HO NOBEJEHHE TPOHHBIX (HJIH MHOTOKOMIIO-
HEHTHBIX) CIJIABOB MOXKHO IOHSITb, aHAJM3UPYs SIBJeHHs, HAOJIO-
naeMble B OuHapHBIX cucTeMmaX. JlonojHurenpHass HHPOpMaLus,
nosydaemasi npu HaGJIONEHHH pas3iuYHBIX (ABYX Hau Gosee) co-
CTaBJSAIOIIMX CIJaBa B oxHOGMAa3HO# 06s1aCTH, HCHOJb3yeTcs ellle
HeJlOCTaTOYHO, TeM He MeHee BO3MOXHOCTb H3Yy4aTb BOJIHOBBIE
(OYHKIMH pAa3JHYHBIX 3JeMEHTOB IIPH OYeHb CXOJHBIX TI'DAHHYHBIX
YCJIOBHSIX MpeEACTaBJsieTcsl BeCbMa 3aMaHYHBOM.

CnBur pacreopumozo (uHgeKc b) B pacTBopuTene (HHIEKC Q)
B pa30aBJeHHOM TBepAOM pacTBOpe HMHOIJa MOXKHO rpy6o npen-
ckasatb {19], BBoast momyuieHue, uto caBur Haiita nas atoma b B
pellleTKE aTOMOB @ OINpEJeJsieTCsl TJIaBHBIM 06pa3oM 3JIEKTPOHHBIM
crpoenueM a. [To aunanorum c ypaBHenuem (3) cmeur Haiita Mo-
2&KeT GbIThb BbIpaxKeH B BHJE

(B2) = (Au/2Bram) OV (13)
bBa

r

31ech HCNONBb30BAHA KOHCTAHTA CBEPXTOHKOrO B3aMMOMAEHCTBHS
atoMa b, 4TOGBI NOJNYYHTb BeJHYHHY P 4 Ias 3Toro artoMa. IDTO
pubIUKeHHe OKa3blBAeTCsl JOCTATOYHO XOPOIIHM, €CJH CTPYKTYpHI
pelleTOK M BAaJEHTHOCTH pPacTBOPHUMOTO M pPaCTBOPHUTeNsT OJIM3KH
IPYT K APYTY HJHU €CJH OXHO U TO XKe PACTBOPUMOE HCIOJb3YETCs
KaK «30HA» B Da3JHYHBIX DaCTBOPHTENsX, OJU3KHX IO CTPYKTYpe
¥ BaJIEHTHOCTH.

MoxHO MoMyyuTh yAOGHBIE (hOPMBI MOCJENHErO ypaBHEHHs, feJis 06e
v
€ro 4acTu Ha T)wn , WM, HANIDHMep, Ha (Av/v)p 5 ; B OBOUX Cay-

yasix COKpAllaeTCsi MHOXKHTE/b, COAEpXKALIMH KOHCTAHTY CBEPXTOHOrO
B3auMogeHAcTBUS Ap.

KauecTBeHHO NOBefeHHe sIAEPHOTO pe30HAHCA B Mpejaeax OLHO-
¢asHoit 06sacTH MOXKHO ONHCATh, YKAa3aB, 4YTO Pe30HAHCHAS 4acCTo-
Ta JMHUHU TOTJIOIeHHsT OOBIYHO ¢/nab0 3aBHCHT OT COCTaBa; Kak
NpaBuJO, H3MeHeHHe HaHTOBCKOro caBura He TmpeBocxoaut 20%
€ro BeJIMUHHBL. DTO O3HayaeT, YTO BIUIOTb [0 TPaHHILI PacTBOPH-
MOCTH HAaHTOBCKHI CABUT Silep PACTBOPHTEJSI B CIJaBe C TOYHOCTHIO
1o 20% ocraercs TakuM Ke, YTO M CABMT JJS YHCTOTO PacTBOPH-
Tens. HaHToBCcKMit cIBUr pacTBODHMOrO B TBEPAOM @-PacTBOPeE,
KOHEYHO, MOXKeT JOCTaTOYHO CHJIbHO OTJIHYaTbcs OT caBura Haiita
YHCTOrO MeTaJjJla-pacTBOPUMOrO, B COOTBETCTBHH C YpaBHEHHEM
(13), HO ero u3MeHeHHsi B Npeiesax 06JacTH TBEPAOrO PacTBOpa
0o6bIYHO Bce elle He mnpesbiant 20% ero BeIUYUHBL

[lepBonauanbuble sxcnepumenTs [86, 30, 19] wa TBepmbix pac-
TBOpaXx IOKa3ajd, yto ciasur Hafita pacrtBoputesns He H3MeHseTcs
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NpH M3MEHEHHH cocTaBa. DTOT (HAKT MOXKHO Jierko oGbscHuTh [87],
VUUTbIBAS,, YTO MCKAXKEHHsl SJIEKTPOHHOH IJIOTHOCTH, BbI3BaHHbIE
JIETHPOBAaHHEM, CHJIBbHO JIOKAJH30BAHLI BCJEICTBHE H3BECTHOTO IIpO-
necca skpanupoBku [88, 89], HaGmomaeMoro BOKpYr aTOMOB IpH-
mecd. Takum o6pasoM, mpeamnoJarajy, 4To JIeTHPOBAHHE He IOJIXK-
HO 3aMeTHO BJMATH Ha ciaur Haiita. B mociaenyromux omnbiTax co
csaBaMu cepebpa [72, 901 6bio o6HApyKeHO, OQHAKO, YTO HaM-
TOBCKHH CABHT H3MEHSIETCSI H YTO 3TO M3MeHEHHe BBI3BAHO SApPaMH,
HaXOASIHUMHCS Ha 3HAYHUTEJbHO GOJIBIIHX PACCTOSHUSIX OT PacTBO-
puUMOro, ueM 3TO MOXKHO Obl10 Obl 0XHAAaTb Ha OCHOBE MOJENH
5KPaHHPOBAHHOTO 3apsifa. B TBepabix a-pacTBOpax Menu, Ha KO-
TOPHIX GBbLIO TPOBeAeHO OGOJIBIIMHCTBO PAaHHHX H3MepeHHH, Takue
fpa He OAlOT BKJajga B HabalogaeMoe De30HAHCHOe TIOIJIOLIEeHue
BCJENCTBHE KBaapymoabHbix 3¢dektoB (pasmen III-T).

SAnepubiit cnun [ cepe6pa paBen /5, 1 OHO o6pasyeT CO MHOTH-
MH 3JIEMEHTaMH TBepjble PACTBOPHI B LIHPOKHX -IpefesaX KOHIEeHT-
pauuil. XoTa ero siiepHbIE MOMEHT MaJ ¥ Pe30HAHCHOE TIOrJIOLIeHHE
COOTBETCTBEHHO cJyiaboe, OOLIMpHBIE CBeleHHs 00 3TOM 3JIEMEHTE,
H3BeCTHble M3 ‘MeTaJJopU3UKH, OUeHb MOJIe3HBl IJs HHTepIpeTa-
uuy peayabtaToB. McciaemoBaHu0 NpHPOIBI TBePABIX apacmé)
6/1aTOPOHBIX METAJJIOB IOCBSILEHO 3HAYHTeJbHO O60Jbllle pado
yeM HCCJIeJOBAHMIO TBEPABIX PAaCTBOPOB KaKoH-AuG0O Apyro# rp_yn-
nBl NepHOJHYecKOl TaOJullbl, U ONHCAHHE HX 3JEKTPOHHOH CTPYK-
TypBl IaHO HOBOJLHO nogpo6Ho. [Ins a-pactBopoB cepebpa ¢ Kan-
MHEM, HMHJIHEM, OJIOBOM HJH CYpbMOH NpH KOHUeHTpauusx mo 2%
nabmionajnoce [90] HekoTOpPOe BO3pacTaHHe MOIJOLIEHHS B TOH ya-
CTH JIHHHM YHUCTOTO cepebpa, KOTOpas COOTBETCTBYET GOJbIIMM IIO-
asM (MenbminM casuraM Hafita). I[Ipu uccnenoBanuu ciiaBa cepe6-
pa c 0,6% (at.) osoBa GBHIJIO OGHAPYKEHO, UTO HAa «XBOCTE» HeCMe-
LieHHOTO pe30HaHca cepebpa mosiBasieTcss HeGoJabLIOH «rop6» (cM.
puc. 2, 6). CMelleHHble KOMIIOHEHTHI IIOIJIOIIEHHSI CBSAI3aHbl C siapa-
MU cepebpa, HaAXOASUIUMHUCS II0-COCEACTBY € PaCTBOPEHHBIM aTo-
MOM, M HArJsIIHO TOKa3blBaloT, 4To cABUr Haiita H3MeHseTcss OT
TOYKH K TOUKE B pelleTKe cmyaBa. Tak Kak caBurd Hafira pasiuu-
HBIX sigep NPONOPLUHOHANbHBE HANPSXKEHHOCTH BHEUIEro IoJsi, pas-
JUYHe MeXAY HUMH OyIeT CHJbHee NPOSBJATHCS B GOJBIIMX Mar-
HUTHBIX TIOJIX, H JIyUYIIHe KOJHYECTBEHHble Pe3yJbTaThl MOXKHO IIO-
JIYUHTb, pab0oTasi 10 BO3MOXHOCTH NPH CAMBIX GOJIbIIMX HAMpPSXKEH-
HOCTSIX II0JIs,, COBMECTHMBIX C TpeOyeMOHd ero OJHOPOIHOCTBIO.
Y artomoB cepebGpa, COCEIHHX C PAacCTBOPEHHBIM aTOMOM, MOXeT
BO3HMKHYTb HEKOTODPbI aHH30TPONHBIN ‘BKJajn B ciaBur Haiita, xo-
TOPHIH B 3TOM cJyyae He INPOSIBJSIETCS, HO MOXKeT OBHITb CyLIecT-
BEHHBIM.

[Tepexonsi k 6oJiee KOHLEHTPHUPOBAHHBIM pPACTBOPAM, MBI HaXo-
IUM, 4TO HAHTOBCKHH CHBUT cepeGpa HeNpepbiBHO YMeHbIIaeTcs
PH YBeJHYEHHH KOHLEHTPAUMH PaCTBOPHMOrO, NpHUEM s CIJja-
BOB C OJMHAKOBOH aTOMHOH KOHLEHTpPalMeli PacTBOPUMOIO yMeHb-
IIeHHe B XOpOIIeM MNpPUOJMXKEHHH TNPSIMO INPONOPLUHOHAJBHO Z,
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H36LITOYHOMY 3apsify pacTBopumoro. Bennuuna casura B obsacrua
TBEPAOr0 @-pacTBopa JHHEHHO 3aBHCHT OT KOHLEHTpauuu (B mpe-
nenax 3KCIePHMEHTaJbHBIX OWIMGOK), HAauMHAs C TAKUX KOHUEHT-
pauuii, IpH KOTOPHIX y BCEX aTOMOB cepefpa HMEIOTCH COCeIHHe
aTOMbl PacTBOPHUMOro, H (QJIYKTyalluH MHUKPOCKONHYECKOH KOHLEHT-
palyy¥ HMeIOT CYIIeCTBEHHO CHMMETPUYHOe paclpejeseHHe OTHO-
CHTEJbHO MaKpOCKONHYECKOH KOHLEHTPaUHuu Co.

Bpykc ormerua [91], uTo mnMHHONMEpHOAHBIE OCHMJISIUM IJIOT-
HOCTH 3JIEKTPOHHOTO 3apsifa BOKPYT IpPHMECH, OCHOBHble (OpMYJIbI
IJis1 KOTOpbIX Gblin paHee mnoayuerbl Ppupmensem [89], cmapaior c
paccrtosiHueM Oosiee MeNJIEHHO, YeM 3KCIOHEHLHaJbHOe YMeHbllle-
HHe IUIOTHOCTH BOKDYT <«3KPaHHPOBAHHOTO» 3apsaa, H 3JEeKTPOH-
Has MJIOTHOCTb, MPEXJe 4eM IMPHHATb CBOe CpejHee 3HAUEHHE, MO-
KEeT OCIHHJ/IJIKPOBATh BOKPYT Hero. JlJHHA BOJIHBI 3THX OCIUHJJALHMT
MeHSIeTCSI ¢ U3MEHeHUEM HMIyJbCa 3JEKTPOHA, HO TaK KakK B (op-
MyJae ans cusura Haiita BosnoBas dynxuus [ (0)[2 ycpemusercs
He MO BCeM 3HAYEHHUSM R, a TOJbKO MO 3HaueHUsSsM Kp, COOTBETCT-
BYIOLIUM HMIIyJIbCYy Ha MNOBepXHOCTH PepMu, OCUMIISUMH MOTYT
4acTHYHO BocCTaHOBUThCA. IlomHblli ananus TpeGyeT BHIYHCAEHUS
3JIEKTPOHHOH BOJIHOBOH (DYHKIHUH IJsi KPHUCTAJIHYECKOTO IePHOMH-
YeCKOro IOTeHlHasna, BO3MYLIEHHOTro mnpumecbio; Ppumens u ap.
{92, 93] anmpokcHMHpOBA/NH 3TH BBIYUC/IEHHUs, PACCMOTPEB CJAYYAl
CBOOOJHBIX 3JIEKTPOHOB, DACCESHHBIX Ha chepHyecKHX IPHMECSX.
OHHM NOACYHTA/IH OTHOCHTEJNbHOE H3MeHeHHe Ap/p NJOTHOCTH 3JEK-
TPOHHOTO 3apsiza P (r), NPHUXOASILErOCs Ha eJUHHIY Oo6beMa U
e[HHHUYHbIH HHTepBaJ 3Heprud Ha mnosepxHocty Pepmu Ha pac-
CTOSHHHM 7 OT aToMa NpUMEeCH; Ap/p SBJSETCs OCUHJIHPYIOLLef
$yHKUMEHd OT 7 W NpPUHUMAeT KaK IOJOXKUTEeJbHble, TAK U OTPHLA-
Te/ibHble 3HAYeHHS; NPU OGOJNBLINX 3HAUEHHAX 7 AMILTUTYOA OCIHJI-
JAUMA yMeHbuaercst kak 1/r2. Ilna ouenku casura Haiita B TBep-
ABIX pacTBOpax ObIO CHEJNAHO TNPEeANOJOXKEHHe, YTO PACTBOPEH-
Hbleé aTOMbl YYaCTBYIOT B CO3[aHHHM 3THX (JYKTyaluull NJIOTHOCTY
3apsila He3aBHCHMO APYr OT Apyra. 2aTteM GbLJIO MOJYYEHO Cpei-
Hee 3HaueHHe A p/p 1 HeyNOPSLOYEHHOrO TBEPAOTO PacTBOpa 3a-
JaHHOM KOHLEHTPAUuH MNyTeM CYMMHPOBAHHS IO BCEM COCEASM
BCeX aToMOB cepeGpa. ITO cpelHee DaBHO CPEIHEMY OTHOCHTE/b-
HOMy H3MeHeHHIO caBura Haiita ans 3ananHoll KoHueHTpammy.
BbruncneHHbI# CABHT JIMHEMHO 3aBHCHT OT KOHLEHTPALHH U €ro Be-
JIHYHHA COTJIACyeTCs C 3KCIEepUMeHTOM. B 3Tor anaams, Komeuno,

He BxoasT ¢akropet VoXp m Pr,  koTophie Hepeako HHTEPECHb!
caMu mo ceoe.

YMeHblUeHHe HaATOBCKOTO CIBHTa PacTBOPHTEN B CHCTEMe, Yy Ko-
Topoil N (EF) yBeMUHBAETCS TNIPH yBeJHUEHHHU KOHILIEHTpalH PacTBOpH-
MOTO, 03HAYaeT yMEHbIUEHHE BeJHUHHbl Pr NIPH YBEJMYEHUH YHCJA 3JIeK-
TPOHOB C GOJILUIMMH SHEPrHSIMH; 3TO yMEHbILEHHE CBA3aHO C TIepexosioM
OT COCTOSIHHH S-THNA K COCTOSHHSIM P-THNIA Ha IOBEPXHOCTH DepMH.
Ecin umeiorcsi cBenenusi orHocutensho N (Er), 5T0 aeT BO3MOKHOCTH
ONpeJesuTh (QYHKUHOHANBHYIO 3aBHCHMOCTb Pr OT BOJIHOBOTO BEKTOpa
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kr anekTpoHa Ha mnoBepxHocTH ®epmu. DBosee sichHyio KapTuHy 3TOMH
3aBHCHMOCTH MOXKHO IIOJYYHTb, BOCIOJIb30BABLINCh NpeJIoKeHHbIM Haii-

ToM [19] paspesneHHeM BeJMYMHBI § Ha JBe YacTH b U Sg:
E=bst b= | (0)1*/ 12 (0) |2

2

se= <] (0)[>> £/ | %, (0)

Koucranta b COOTBETCTBYeT IepEHOPMHPOBKE BOJIHOBOH (hYHKLHH
CBOGOJHOrO aToMa K BOJIHOBOH (DYHKIIMH 3JEKTPOHOB B MeTaJjlle, Haxo-
ISILMXCS Ha JHe 30Hb NpoBOAMMOCTH ¢ k = 0. OyHKuUHA S paBHA
eguHulle Npd k=0 ¥u OGBIYHO yMeHbIIaeTCs NpPH yBeJHdeHUH k. 3a-
BHCHMOCTb BEJUYHHBI Sp OT K B OKPECTHOCTH kr MOXHO OIpEIEeJHTb,
€CJI1 H3BeCTHa KpPHBAs NJIOTHOCTH COCTOSIHHH.

Iasi npuMepa pacCMOTPHUM cJyyaii mapaGosiiyecKod 30HBI, AJIST KO-
Topoii npousBesneHne XV, (CIHMHOBasi BOCIPHMMYHBOCTb Ha aTOM) IIpO-
NOpIMOHA/bHA a?n'/s.(a@ — mapaMeTp pelleTKH CIlIaBau . = p + ¢Z—4uHuc-
JIO 3JIEKTPOHOB Ha OUH aTOM). PacTBOpDHTE/Ib M PacTBOPHMOE HMEIOT CO-
OTBETCTBEHHO p H p-Z BaJIeHTHHIX 3/IEKTPOHOB Ha OJHH aToM. OTHO-
CUTesJbHOe H3MeHeHHe X,V, NpH H3MeHEeHHH KOHIEHTPaHHH ¢ PacTBOPH-
MOro BbIpaxKaeTcsl Kak

dlﬂxpVo 2 da VA
i T ad " T3eTa (14)
Tak kak
dln(Av/v) dlnyx,V, dlnPp
= 4 T @ (15)
TO
dinPg __dlIn(Av/v) 2 da z 5
de @ d  3pted " (152)

Taxkum o6pasoM, A/ NnapaboJHYecKOH 30HBI NOJyYeHa CBsI3b MEXKAY
OTHOCHTEJIbHOH CKOPOCTbIO HM3MEHEHHsl C KOHIeHTpalluell H3MepsieMoro
capura HafiTa U OTHOCHTENbHOH CKOPOCTbIO H3MEHEHHsl BeJMYHHBI Pg;
MOXKHO OXHJaTb, YTO 3TH IIPEAMNOJOXKEHHSI CIpaBe]IUBbI JIUIIIb AJis1 KOH-
IeHTPUPOBAHHLIX TBEPAbIX DAacTBOPOB, KOrja IepeKphIBAlOTCS MOTEH-
uMajbl aTOMOB PAacTBOPUMOro. B pacyerax HMCNoO/b30BaHO NPHOIHMMKEHHE
XKeCTKOH cBs3U [164]. AHanu3Hpys CBOH pe3yJ/bTaThbl, NOJyYeHHbIE MPH
HCCJIeIOBAaHUH CIJIABOB cepebpa ¢ KajamueMm, [Ip3iiH npeioxua [72]
JpYroil Moaxof, IpeAnosiaras MpH 3TOM, YTO (opMa 3JEKTPOHHOH BOJ-
HOBOH (DYHKIHMH B KaxJOH aTOMHOH siuefike CIIJIaBa OCTAETCs TAKOH XKe,
KaK H B COOTBETCTBYIOUIEM YHCTOM MeTaJule, MIHTepecHO OTMETHTb,
uyTo BOJMH3H (Ha30BHIX TPaHHL He ObJIO OOGHApyXKeHO GBICTPOro
yMeHbluenusl ciBura Halita, Kak MOXKHO ObLIO Gbl OXHIATb HCXOAS
u3 npenacraBaexuit JI>xkoHca o (a3oBbIX U3MEHEHHUSX B crjlaBax. 3a-
BUCHMOCTb ciBHra HafiTa 0T KOHLeHTpallUu B mnpenesax OLHOH
(pasbl TakKe He oOHApYKHBaeT NUKa MM APYruX 3P ¢eKToB, Xapak-

4* 51



TePHBIX [JIsl TPaHHLl 30HB DBpu/siosHa, KoTOpble MOMKHBI GblIM Gbl
COMpoBOXKJaTh pe3kuil npoBasn Ha KpuBoi N (E). Kosn u Xeijin [94]
NPEANOJIOKUIHN, YTO OTCYTCTBHe 3THX 3((HeKTOB OOGBACHAETCS TeM,
YTO BOJIHOBHIE QYHKLUHMH Ha TPAHHIAX 30HBI SABJISIOTCS (DYHKUHUAMH
p-THIIA ¥ NO3TOMY He HAIOT BKJAajxa B casur Haiira.

Benencrsue xaotmueckux ¢sykryauuil cocTaBa B TBEPIOM pa-
crBope casuru Hailita Tex simep pacTBopuTessi, KOTOpbIe OKpYKeHbI
GOJIbIIAM HJH MEHBIIMM YHCIOM aTOMOB pPacCTBOPHMOTO, MOTYT
CYLIeCTBEHHO OTJHYaTbCSl OT CABUTA, XapaKTepHOro AJs HauboJjee
BEPOSITHOI'O pachnpefesieHHsl COCeIHHMX aTOMOB. B pesysnbrarte sTux
OTK/IOHEHHH IIMPUHA JIHHHH TOTVIOLIEHHsl siiep B TBepIOM PpacTBO-
pe yBelMUHBAeTCSH, HENOCPEACTBEHHO XapaKTepu3ys MHKPOCKOIH-
yeckHe HeomHopomnocTH. Korna mbl roBopum o cpBure Haiita ka-
KOro-HHGyAb 3J€MeHTa B CIJIaBe, TO HMEEM IIPH 3TOM B BHAY YIpO-
IIEHHY!0 CHTYalHIO, OTHOCALLYIOCS K HanbGosee BEPOSITHOMY COCTa-
BY; B JNEHCTBHTE/NbHOCTH e JIMHHS DE30HAHCA HMeeT CJIOXKHYIO
CTPYKTYpy. Ee mmpuny moxuo noacuurate [93} mas /1060ro KOH-
KPETHOI'O paclpele/eHHs] PacTBOPEHHBIX aTOMOB, €CJH H3BECTHO
pacrnpenesieHde 3/JeKTPOHHOH IJIOTHOCTH OKOJIO 3THX aToMoB. [lpu
()eHOMEHOJIOTHYECKOM  DaCCMOTPEHHH MNPOGIeMbl 1eJsecoo6pasHo
lipeanosiaraTe, YTO AJIs JAHHOTO COCTaBa CYLIECTBYET BIIOJHE OIpe-
Jenenplii casur Haiita u uyto Mukpockomuueckue (uykTyaunu
COCTaBa MNMPHUBOJSAT K YIIMPEHHIO JIHHHH.

B nByxcasuoit o6nacTu GyneT MosiBASATHCH pPe3OHAHC HccJjenye-
MBIX sifep Kaxno#i ¢aswl [30, 72], u npu stom HHTerpaJjbHas HWH-
TEHCHBHOCTb OYNeT NMPONOPUHOHANbHA YHCJIY Pe30HAHCHBIX sanep B
NaHHOH (ase. PesysnbTaTel Bcex HcclenoBaHHi IByxdasHeIX cmJa-
BOB IOKa3blBAIOT, YTO YacTOTa JIMHMH IOIVIOLIEHHS B Npenesax
ABYX(pa3HOH oOnacTH He H3MeHsieTcsl NMPH BAaPbUPOBAHHH COCTABA
B COOTBETCTBHH C COBPEMEHHBIMH MpPENCTABJIEHHAMH O CBOMCTBAX
cniaBoB. B mpenenax mByxdassoit o6nact moBemenue pe3oHaHc-
HBIX JIMHU# aHANOTHYHO MOBENEHHIO DPEHTTEHOBCKHX JHHHH u He
Oyner 3mecb OGCYXIATbCSl HETaJBHO. Hanpumep, eciu pacreopu-
MOCTL B TBEPJOM COCTOSIHHH MeTajJla b B @ MeHsieTCsi B 3aBHCH-
MOCTH OT TeMIeparyphbl, TO MOXKHO OXHJAATb, YTO YACTOTA H AMILIH-
Tyla Pe30OHAHCHOH JMHUH sinep a, BOOGILe ToBOPS, TOXKe 6ynyT us-
MeHsTbCsl. Takoe sBJeHHe MOMXKET NPOHCXOLHTb B CHCTeMe c
AHOMA/bHBIM TOBENEHHEM JIHHWI OTPAHHYEHHOH pPAaCTBOPHMOCTH,
KaK 3TO MMEET MECTO B CHCTeMe aJIOMHHHH — UHHK B OKPECTHOCTH
40% (aT.) umHKa.

Hcnonb3oBanue usmepenuii PE30HAHCHOM 4YacCTOTHI B HHTepMe-
TaJJIMYeCKUX (aszax I/ MOJVYEHHS KOJUYECTBEHHBIX pe3yJIbTaToB
SAaTPYLHHTEJIEHO KaK M B C/yyae TBEPAbIX Q-DACTBOPOB; a HMEHHO,
XOTsl Pe3Y/bTaThl B OGLIEM MOTYT GbITh WHTEPIPETHPOBAHBI B CO-
OTBETCTBHM C 30HHOH TeOpHeH, H3 H3MepeHHH CHBHIOB YACTOTHI
AJEPHOr0 PE30HAHCA HeNb3sl MOJNYYHUTh 3HAYEHHS IJIOTHOCTH CO-
CTOSIHMH HJIH BOJIHOBBIX (yHKUHMH, €C/lM He MpOBECTH JOTOJHUTE/Ib-
HBIX HE3aBHCHMBIX H3MEepPEeHHH HJIH He ClenaTh YIpPOMIAOUIUX
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PeNOJOXKEHHH OTHOCHTEJbHO ONHCA M3 3TUX BeJUYHH. Tem He
MeHee CYIIeCTBYeT HE Majl0o HHTEePeCHBIX 0coGeHHOCTell pe3oHaHca
B 3THX (pasax, KOTOpble He 3aBHMCST OT KOJHYECTBEHHOTO MOHHMa-
uua casura Hafira. Hanpumep, umelotcs Gosbline H3MEHEHHS
HaHTOBCKOrO CABHra IpH COCTaBaX, COOTBETCTBYIOIIHX HEKOTOPHIM
HpOMeXYTOUHHIM (pa3aM. Pesonanc kKaxamus B y-ase cucreMmbl ce-
pe6po —kanmuit [72] umeer casur 0,28% mno OTHOIIEHHIO K pe30-
HaHcy Kaamus B BoaHoM pactBope CdCly. Ttor caBur HyXHo cpas-
HUTb co casuramu 0,55 u 0,44% mas a- u B-das coOOTBETCTBEHHO
u ¢ 0,46% nas e-pasel, Haxomsulefics O JgUarpaMMe COCTOSI-
HHB C OpYro#l CTOpOHB OT +y-(ha3bl. 3HayHTEJbHOE YMEHbIIeHHe
IVIOTHOCTH COCTOSIHMH 1Js1 +y-$as3bl MO0 CpPaBHEHHIO C JPYTHMH
tasaMu 3TOH CHCTEMBl IIOKa3blBaeT, KaK M MpexanoJsarajoch [85],
YTO COOTBETCTBYIOLlasi 30Ha DpuaJI0O3HA NOYTH MOJHOCTBIO 3a-
MOJIHSETCS.

B ynopsimouenHoM cniaBe caBurd Halita OJHHAKOBHIX sizep
pasJMYHBI, €cJM 3TH siipa 3aHMMAIOT HESKBHBAJEHTHbIE [0JIOXKe-
Husi. OLHAKo 3JIeKTpOHHAsi KOH(HUrypalusi BOKPYr KaxJaoro sigpa
JaHHOTO THNA OJMHAKOBA, MOSTOMY JIHHHH CYLIECTBEHHO He YIIH-
pSIOTCS B IPOTHBOMOJIOXKHOCTb TOMY, UTO HMeeT MecTo Jjsi Oecro-
PSIOYHBIX TBepAbIX pacTBopoB. OTHOCHTEJNbHOE KOJHYECTBO Ppas-
JIMYHHIX HESKBHBAJIEHTHBIX THIIOB sfep OIpelesisieT HHTerpaJbHhe
HHTEHCHBHOCTH JIHHHMH MOTJIOUIEHHS. DTO MO3BOJSET HHOTAA HCMHOJb-
30BaTh SEPHBIH pPe30HAHC [AJsi YTOUHEHHs1 Pe3yJbTaTOB, MOJyyae-
MBIX METOJOM DEHTTeHOBCKOH mudpakuuu, 0cCOGEHHO B TOM CJiyuae,
Korja aToMHble ¢GopM-(haKTOPE KOMIIOHEHTOB CIJIaBa IOYTH OJH-
HAaKOBbl HJH KOTJA CTPYKTypa pPELIeTKH HAacTOJbKO CJIOXKHA, 4YTO
PEHTreHOBCKHUH aHa/iu3 CTAaHOBUTCS KpaiiHe 3aNyTaHHBIM.

CkasaHHOe XapaKTepHO IJs filep €O CIUHOM /o, masi sjmep c
MaJbIMH KBagpyMOJbHbIMH MOMEHTAMH HJIH [AJs sAep, Haxous-
(IUXCS1 B y3JaX pelleTKH C COBeplUeHHOH KyOHueckoi CHMMeTpHell.
Ons simep ¢ GOJBLIMMH KBaApPYIOJbHBIMH MOMEHTAMH IOJOXeHUe
pe3Ko H3MeHsieTCsl. B aTOM cayyae mpu aHasu3e pe3ysbTAaTOB HyX-
HO Obl10 OBbl YYHTHIBAaTH KBaApPYNOJbHble B3auMMomeHcTBHA (CM.
npeAbIAYIIME pa3fen), Tak KaK TPagHeHThl 3JeKTPHYECKOro [10Js,
OpHCyllVe pa3HbIM HE3KBHBAJIEHTHBIM y3JaMm, OyAyT pacllemyasaThb
pe3oHaHC. :

HaifiToBCcKH#i CABMr B XKHAKHMX cCIJaBax OblI HCCAENOBAH MJIs
HEKOTOpBIX CNJaBoB PTyTH c TtaaiaueMm [30], HaTpus ¢ KaaueM u
Hatpusi ¢ pybuaueM [95]. Beuto oGHapyxeHo, yTO B KaXKaoM Caly-
yae CABUTH IIJIABHO MEHSIIOTCS NPH H3MEHEHHM COCTaBa H OTCYT-
CTByeT ylIMpeHHe, OOYCJOBJEHHOEe HEOMHOPOMHOCTBIO COCTABa, KO-
TOpPOE SBJSIETCS IJIaBHBIM HCTOYHHKOM IUHPHHBI JIMHHH IJIS1 TBEp-
ABIX cniaBoB. B pacnsaee siapa GbicTpo nudGbYHAUPYIOT, H B HTOTE
nosyyaercst cpenHee 3nayenue y,VoP r, B3TOe 1O BceM KOHGHIY-
pauusM BOKPYr HCCAedyeMBIX silep. DTO yCpeIHEHHe BCJEeACTBHe
AH(phy3ur MOXKET OCYLIeCTBJAATHCS H NPH TeMIepaTypax HHXKe TOY-
Kd MaBjieHHss. OHO CTAaHOBHTCS CYLIECTBEHHBIM INPHOJIH3HTENbHO
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IpH TOA Ke TeMmepaTtype, NMPH KOTOPOH NPOMCXOIUT CyKEHHe JIH-
HHH, OGYCJOBJIEHHOE YCPeIHEHHeM CTAaTHYeCKMX MHIOJbHBIX MOJIel
(cM. caenyromwui pasgen). B Kuakux cniaBax HaTpus € pyouaueM
ynajnoch HaGJiofaTh pe3oHAHCHl 060uX 3semeHToB. HafiToBckuit
CABMI HATPHUA B 3TOM XKHIKOM CIlIaBe yMeHblIaeTcs NpH Jno6as-
JIEHHH HaTpUsl WJIM, MHBIMU CJOBAMH, YBeJUYHUBAETCS IIPH YBEJH-
YEHHH KOHLEHTPAUWH pPYOHUAHS. DKCTPanosslusi pe3y/JbTaToOB K
GECKOHEYHO MaJIbiM KOHLIEHTPAUHUSM HaTpus B PYOUIHH NPHUBENH
K 3HAYeHHIO, KOTOpoe OKasaJjoch IpumepHo B 1,6 pasa OGosblle,
yeM HaHTOBCKUH cIBMI yucTOro HaTpusi. COBuUr pyOHIMS HOCTHTaeT
HauOOJIblled BEIMYMHBI B YHUCTOM pPYOUAMM M YMeHbIIaeTcs IpH
noGaBnennn Hatpusi. O6a 3TH pe3ysnbTaTa MOXKHO OOBSACHHTbH HC-
XOIs H3 COOTHOLUEHHSs, BbIpa)KeHHoro ypaBHeHueM (13). PaseH-
CTBO -

(AV/Vr)Na BRb (vaog)@l_
(Av/ vr)Na (XpV'Jg)Na

ocTaercss B cuJe npu OeckoHeuHO O6oJiblIOM pa36aB/ieHMH HATpHA
B pybumuu. Mcnonbsys naunele taba. V o63opa Haitra [19] (uau
taba. VI crarbu Ilafinca [69]), MOXHO Ha#iTH, YTO OTHOILUEHHE,
CTOsllllee B MpaBoOil yacTH paBeHcTBa paBHO ~ 1,9, OObsicHeHHe 3THX
3KCIIepUMEeHTOB Oblio paHo Daangenom u [suuenem [93]. Hemo-
CpeACTBEHHOE H3MepeHHe 3JIEKTPOHHOH CIIHHOBOH BOCHPHHMUYHBOCTH
CUCTEMBl HATPUU — pyOUAMH NpeacTaBasao0 Obl 3HAYHUTEJLHBIA HH-
Tepec.

XOTsl ONBITH C XHUAKUMH CIJIABAMH, HUMEIOIIHMH B TBEPAOM CO-
CTOSIHHH BBICOKYIO CTeleHb TOpsiAka (MHTepMeTaJ/IMYecKHe COeIH-
HeHHs), OO CHMX IOp ellle He NMPOBOMHMJIMCH, METOJ SIAEPHOrO pPe3o-
HaHca MoxeT OBITb NPUMEHEH, IO-BUAMMOMY, OJS H3V4YEHH Ha-
YaJbHOH CTAaZMU ymnopsifoyeHus (uau oOpa3oBaHHs CKOIVIEHHH) B
JKHUAKOCTH. YINOpsiioYeHHe JOJKHO OBlJIO OBl NPOSIBUTHCSI B BHIE
NOJIOKHTEJNBbHOTO HJH OTPHLATEJIBHOIO OTKJOHEHHS OT PEryJsipHOTO
M3MeHeHHs] CABUra IIPM COCTaBe COOTBETCTBYIOIeM Haubojee mMoJ-
HOMY MNOpPSIAKY, ¥, KOHEYHO, HOJIXKHO OBITb GoJiee 3aMeTHO, KOTrIa
TeMIlepaTypa MXHUIKOCTH NPUOIMKAETCHd K TOYKE IIJIaBJEHHS.

[lpenpinyiiee oOcyxKaeHHe NOBeleHHs caBura Haifita B cnaa-
BAX OTHOCHJIOCh K CJYy4al0 BBEJEHHS HENepeXONHbIX 3JEeMEHTOB B
KayecTBe pacTBopuMBIX. MHTepecHble 3(dekThl HabMOZAIHCH TaK-
XKe NpH HCCAeNOBAHHH BJHSAHHS N06ABOK NEPEXOIAHBIX 3JeMEeHTOB.
CyuiecTByer pasiuyue MeXAy TEMH IEPEXOAHBIMH 3JeMeHTaMH,
KOTOpble B TBEPAOM pPacrBOpe HMEIOT He3aloJHEeHHYI0 (Mo B 6o-
Jee o0LleM ciyyae BHYTPeHHIOW) d-060JI0YKY M DPe3YAbTHPYIOULHiL
MarHuTHHI MOMEHT NOpsAKa OJHOro MarHeroHa bopa (cayuait a),
M TeMH MNepexXOAHBIMH 3J1eMEHTaMH, KOTOpPble B pacTBOpPe HMEIOT
3anoJsiHeHHYI0 d-o6osouky (cayuai 6).
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UTo6bl pa3/MyUTh 3TH JBa CJAydYasi, MOXKHO HCIOJb30BaTh METO.
SIJIepHONO MArHUTHOIO PE30HAHCA, MIOTOMY YTO HJAET Peub 00 3JIeKT-
POHHOH KOH(HUI'YypaLHH aroMa MepeXOZHOTo MeTaJjJsa, HaxoAslle-
rocss B TBepIOM pacTBope. B ciayuae, korga HOHBl PacTBOPHMOTO
06J1a1al0T MAarHUTHBIMH MOMEHTAMH, MOXKHO IOJIYYHTb MOJYKOJHU-
YeCcTBEHHOE OINHKCAHMe paclpene/eHnud MOJsSPH3ALUN 3JEKTPOHOB B
3oHe mpoBomumocTH. MccienoBanusi 6oraThiXx Menplo CIJIAaBOB CH-
cTeMbl Meab — Mapranen [96] mokasasm, yTo 3Ta CHcTeMa Tpen-
craBjasier co6Goii mpumep cayuas a. IlosoxkeHue LeHTpa pe3oHaH-
ca M3MeHsAJNOCh o4yeHb Majo [97], Torma kak IIHDHHA CHJABHO H3-
MeHMJach IIPH yBeJHYEHHH KOHILeHTpaluu Mapraxua. Kpome roro,
6bl10 OOHapy#KeHo, YTO IIWPHHA JMHMHM nponopuuoHanpHa Hm/T,
rae H, — Bnemnee maruutHoe noje u I — temneparypa. [Ipensa-
puTeabHOEe paccMoTpeHHe Bompoca [96] mpuBeso K BBIBOAY, YTO B
TAaKOM CIlJlaBe MOKeT NPOH30HTH OueHb OOJbIIOH CHBUT PE30HAaHC-
HOM YacTOTHI BCJIEJCTBHE TOTO, UTO HeCmapeHHble d-3J1€KTPOHbI HOHA
MapraHina GOyNyT OPHEHTHPOBAThb S-3JI€KTPOHBI B 30He INPOBOIH-
MOCTH MOCPEACTBOM S —d OGMEHHOr0o B3aMMOJAEHCTBHS THIA Npel-
qnoxeniioro Ppenuxom u Habappo [98] u 3unepom [99]. dta ogmHO-
pOIHAsl MOJISIpU3alusl 3JEKTPOHHBIX CIHHOB, BO3JEHCTBYsl Ha siiep-
HBle MOMEHTHI, co3faBaja Obl HeoObluaiiHo Gosplioi caBur Haiira,
He BBI3BIBAs CKOJBKO-HHOYIb 3aMETHOrO YILIHPEHHs JHHHH; HHAue
roBOpsl, HOJIST HECKOMIEHCHPOBAHHBIX 3JIEKTPOHHBIX CIHHOB B 30HE
NPOBOJAMMOCTH CYLIECTBEHHO BO3pocja OBl MO CPaBHEHHIO C BeJIH-
YHHOH, XapaKTepHO# HJA YyHCTOH MeIH, H Obljia Obl MOCTOSIHHOH BO
BceX Toukax MeraJna. [1o3ToMy OTCyTCTBHe KakKOro-Gbl TO HH GBLIO
u3MeHeHHs1 caBura Haiita u GoJsblloe yBesvyeHHe LIHPHHBI NMPOTH-
BOpeuusiM oxkupaBwumcs sddekram. [locmenyroline BhUHCIEHUHS
[100] o6bsicHuiM 3TO NMpPOTHBOPEYHE TeM, YTO 3JEKTPOHBH MPOBOMM-
MOCTH MNOJIAPH30BAHbI JIHIIb BOGJH3H MPHMECHBIX HOHOB MapraHia.
Te 3/eKTPOHBI IPOBOIHMOCTH, KOTOPHIE He HAXOASTCS B HENOCpen-
CTBEHHO! OJ/M30CTH K MOHY MapraHlla, He MEHSIIOT CBOe# MOJIsIpH-
3allUd ¥ NPUBOJAT JHIUb K 0OblYHOMY casury Haitra. Tak xak B
3THX ONbITAX MCCJAENOBAJIM CIJaBBl ¢ MaJiof KOHIeHTpauueil Map-
raHua, TO [AJs MHOTHX aTOMOB MeIH OTCYTCTBOBaJa H3GLITOUHASA
NMOJIIpU3alusl U LEeHTP JHHHM He cMellajcs. [Ipu Oosee e BbICO-
KHX KOHUEHTpauusX MapraHua Hejb3s Obl10 HabJ/i0naTh pe30HAHC
BCJIeJCTBHE OGOJBLIONO BO3PACTaHUs IIUPHHBI JIMHHH. DTa IIHPUHA
06yc/OBJIeHA MAarHUTHBIMHM IOJIIMH IapaMarHMTHBIX HOHOB, GecIio-
PSIIOYHO PAacCIOJIOKEHHBIX B pelleTKe, W MNoJspH3aluel, YIOMSHY-
TOH Bhle (oHAa OymeT paccMoTpeHa GoJsee NOAPOOHO B CJEAYIO-
ueM pasjedie).

Pacnpenenenue noaspusayuu 31eKTPOHOB NPOBOLMMOCTH B OK-
KPECTHOCTH IapaMarHUTHOrO HOHA HYXKHO OTJHYaTh OT pacnpeje-
JIeHHs 3apsda, PaCCMOTPEHHOrO paHee B 3TOM pasfese. Mcceaenosa-
HHE CIJIaBOB MeIb — MapraHell OOHADYKHJIO MAarHUTHBIE MOMEHTHI
y HOHOB MapraHia M JOKa/JM30BaHHbIH XapakTep CIHHOBOH MOJSI-
pH3aluH.
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[Tpumepom cayyass 6, YNOMSHyTOTO BbIlle, sIBJSIETCS PacTBOp
HMKeJs B Meau. B cmaaBax, comepxkamux no 10% Hukens, He
o6uapyxeHo [97] HMKaKMX HM3MEeHeHMH WIMPHHBI M 4YaCTOTHI pe3o-
naHcHoi auHHH Cu®d, yTo cayyaeTcss AOBOJBHO PEIKO Haxe B Cay-
gae PacTBOPOB C HeEMEPEXOJHBIMH MeTajnaMH. VIHTeHCHBHOCTb JH-
HUY OYeHb CHJIbHO 3aBHCHT OT COCTaBa CIlJIaBa BCJEACTBHE KBak-
pynmoJibHBIX 3¢ dekToB (uX moapobOHOe ONHMcaHWe MAHO B pasfiene
III-T). B Gomee KOHUEHTPHPOBAHHBLIX PACTBOPAX HHKEJIS B MelH
(okono 30% Huxens) pesoHaHcHoe mnorgomenne Cu$® Hecko/bko
yuwppsierca [101], uTo BbI3BaHO, BEpOSTHO, CylIeCTBOBaHHeM o06Ja-
CTell ¢ BBICOKOIl KOHLEHTpallueH HHKeJs. DTH 006J1acTH MOTyT BO3-
HUKAaTb BCJENCTBHE OOBIYHOH HEOLHOPOLHOCTH KOHIIEHTpaUHH B
GecnopsiIOYHOM TBEPAOM pPAaCTBOpPE M, BO3MOXKHO, 006/1aJal0T CHJIb-
HbIM NapaMarHeTH3MOM.

Wrak, usyuenne pesonanca B pa36GaB/ieHHbIX CIJIaBax C Helepe-
XOAHBIMH HMJH TIEePEXOIHBIMH DACTBOPEHHBIMH 3JEeMEHTaMH MOKa-
3bIBAeT, YTO MCKaXKeHHUs TJIOTHOCTH 3apsia, TaK Ke KaK H HCKa-
JKeHHs] CIIMHOBOH INOJIIPH3allMH, OrpaHHYeHbl HeGoJbIIOH 06s1aCThbIO
BOKpYyr npumecu. [eranbHblii aHanu3 Hu3Mmepenuii casura Haiira
TpebyeT ONHOBPEMEHHOTO HMCIOJb30BAHHUS PE3YJbTATOB APYTHX H3-
MepeHH#, HanpuMep MAarHUTHOH BOCIPHHUMUYHMBOCTH, 3JEKTPOHHOH
TENJOEMKOCTH HJIHM 3JIEKTPOHHOTO CIHMHOBOr0 pe3oHaHca. Pakrophl,
onpenensionine casur Haiita, cloXHB N0 CBOell NpuUpoOxe, U H3-
MeHeHHe KaXKJIOro M3 3THX (aKTOPOB IPH JIETHPOBAHUH OOYCJIOB-
JIeHo KOoMOWHAaIMell He3aBHCHUMBIX INPOIECCOB, TAaKHX, KaK IepeHoc
3apsaa, JOKaJbHOEe HCKaXXeHHe paclpejeseHHsi 3apsifia, BBeJeHHe
H30BITOYHOTO 3apsiia B pellleTKy M BCerga CyLIeCTBYIOLlee 3Kpa-
HupoBanue. [lo 3Tolf mnpuuMHe wuHTEpHperanusi pe3yJbTATOB He-
CKOJIbKO HEOJHO3HayHa, KaK 3TO OBIBAaeT W MpPH APYTHX XOPOIIO H3-
BECTHBIX SKCIIEeDHMEHTAJbHBIX METONaX; pa3yMeeTcs, sAepHOH Mar-
HUTHBIA pe30HaHC CcJelyeT PacCMaTpPHBaTh KAaK ONHH H3 He3aBH-
CHMBIX METONOB HCCJAENOBaHHsS, Pe3YJbTAThl KOTOPOIO MOXKHO
npeacKasaTb HCXOHs M3 /060 KODPPEKTHOH TEOpHH CIIJIABOB.

CyuiectByer omHa OCOGEHHOCTh PE30HAHCHOTO MOIJIOIIeHHS B
CIJIaBaxX, KOTOpas NONMyCKaeT OZHO3HAuUHOe OOBbsSCHEHHE M He Tpe-
OyeT moapoGHBLIX NAaHHBIX O BeJuuuHe casura Haiita. 910 — u36H-
TOYHAsi LIMpHHA, OOyC/NOBJeHHAas BJHsSHMEeM OGJYKTyalHH cocTaBa
Ha H30TPONHBIH M AaHHU30TPONHBIH CHBHUrH. MOXKHO O0XHZATb, YTO
ylHpeHHe, BbI3BaHHOE 3TOH NPUYUHOH, CTPEMHTCS K HYJIO IJS CO-
BEpIIEHHO YMOPSANOYEHHOIO COCTOSIHHS, MO3TOMY IpPH YIOpsAoyYe-
HUHM LIMpHHA MO0JI)KHA 3HAYUTENbHO YMEHbUINThCHA. ViMeloTcss Heko-
TOpble ApYyrHe BKJAaAbl B LIHPHHY, KOTOPble OCTAKIOTCA AaXe B YIO-
PSANOYEHHOM COCTOSIHHH; NIPH YNOPSAOYEHHH OHH TOXe H3MEHSIOTCS,
HO NPOCTpaHCTBEHHAs HeONXHOPOAHOCTb caBura Hafita Bcerma sis-
JSIeTCSl BaXXHbIM M 4acTo MNpeo6/afaloliiM HCTOYHHKOM IUHPHHBI
B Heynopsiio4eHHbIX cnjaBaXx. OHa MoxeT GBITb BBISBJeHAa IO JIH-
HeiHOH 3aBUCHMOCTH Yyluupenus or Ho, moutu Bce mpyrue yiupe-
HHSI He 33aBHUCAT OT HANPSXKEHHOCTH BHELIHEro MOJIf, MO3TOMY MOXK-
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HO YCIIEILIHO MCCJeN0BaTh yNOpsiioueHHe (HCMOJb3Ys sapa CO CIH-
HOM 1/2 uau sinpa co cnuHOM, GosbMM 1/2, HaxonslHecs B MHKpO-
06J1aCcTAX ¢ KYyOGHUECKHM OKpYXEHHEM) He3aBHCHMO OT TOrO,
HACKOJIbKO YAOBJIETBOPUTEJIbHO YHAETCS HHTEPHpPETHPOBATbH CIOBHUT
Hajira.

Hecxoabko HccaenoBaHuil OblLIO BBHIIOJHEHO Ha TBEPIABIX CIJa-
BaX, oGJajalllkiX AaJbHUM NopsigkoM. Hampumep, pe3oHaHc Ha-
6JI0faMH B HHTEPMETAJJIHUYECKHX COENUHEHHsAX (BaJIEHTHBIX) THINIA
leJOYHOH MeTaJJ-+Taxenanit meraan [30, 102], takux kak NaTl,
LiTl, B coenMHeHHAX, YACTO HCIOJb3YEMBIX KaK IIOJYIPOBOIHUKH,
rakux kKak InSb unu GaAs [103], u B coenuHeHHSAX CO CTPYKTYpO#H
W30 (B-Boandppam) [104]. DTu BeliecTBa NpaKTHUECKH He pacT-
BOPSIIOTC APYT B JIpyre B TBEPAOM COCTOSIHHH M He CYILEeCTBYIOT
B HeymopsinroueHHoMm Buie. Cmeur Haiita, KoHeuno, nonkeH paB-
HAThCS HYJIO B JIOGOM BellleCTBe, HMMEIOLIEM OYEHb HHU3KYIO IJIOT-
HOCTb 3JIeKTPOHOB NpoBoxumoctd. B cayuae NaTl [30] mabaonancs
3HAYUTEJbHBIA OTpHMIATEJbHBIA cABHr (vo<<vr ) pDE3OHAHCHOH ua-
crotel Tl no cpaBuenuio ¢ yacroroit Tl* B BogHOM pacTBOpe yKCyc-
HOKMCJIOH COJIM; pe3oHaHCH 0Ji0Ba M raius B NbsSn u ViGa tak-
e MMeJiH OTpuuartebHble casuru [104]. Bosmoxno, uTo 3TH COBH-
I'H SBJASIOTCS XHMHYECKHMH CABHTaMH, HO OHM IIOJYEPKHBAIOT TO,
YTO s AEpHOEe IOTJIOUIEHHE B HEKOTOPBIX XOpPOILIO YIOPSAOYEHHBIX
CIyiaBax, KpoMe Y30CTH JHMHHH, MOXET HMMeTb ellle 4acTOTy pe3o-
HaHCa, COBEPIIEHHO OTJHYHYIO OT TOrO, YTO MOXHO OBbLIO OXKHIATh.
M3BecTHO, 4TO COeIHHEHHS CO CTPYKTYpoH PB-Boabppama o06jaana-
IOT BBICOKMMH TeMIlepaTypaMH Iepexoja B CBEpXTpOBOAsLIEE CO-
CTOsSIHHE; e€CThb HAaJeXJa, YyToO H3ydeHHe SAEepHOro pe3oHaHca MO3BO-
JHUT Tay6Xe H3YYHUTb HX 3JEKTPOHHYIO CTPYKTYPY.

B. llinpuna u popMa JHHUM PE30HAHCHOrO NOTrJOLIEHHS

[Tocne Toro Kak omucaHbl (DAKTOpPH, ONpeje/sollie YacTOTy
fIepHOTO pe3oHaHca B MeTa/jlaX, PacCMOTPHM CleAylollxe [Ba:
Haubosiee JIerkO H3MepsieMBIX MapaMmerpa — IIUPHHY U (POPMY JH-
HUM. YIIHpeHWe JMHHH, BbI3BaHHOe (JyKTyallHeif cocraBa B CIJa-
Be M aHH30TPOMHBIM caBurom Haiita, yXe paccmarpuBasoch Ipu
06CYyXeHHH yacToThl pe3oHaHca. Ob6a 3Tu 3ddexTa BO3HHKAWOT B.
pesyJbTaTe B3aMMOLEHCTBUH CIIUHOB 3JIEKTPOHOB C SIAE€PHBIMH CIIH-
HaMH; KBaApyNoJbHble B3aHUMOAEHCTBHSI TaKxKe HMeIOT O00JbIuoe:
3HayeHHe TPH aHaJH3e PE30HAHCHOrO IMOIJOLLEeHHS.

Benauunnbl 6v u g(v), BBeleHHble B pasaene I, ompeneasiorcs
B 3HAYUTEJbHOH Mepe JIOKAJbHBIMH aTOMHBIMH KOH(MHTYpaLUSIMHU;
C/le0BaTeNIbHO, OHM oOTpaxkawT auddysuio, cerperupoBaHue, yIo-
psilouende M, BO3MOXKHO, BbiNaJeHHe HOBOH (a3l U MHKPOCKOMU-
YyecKHe HCKaXKeHHs pelleTkH. [Ipu uHTepnperauuu pes3ysabTaToB,
OTHOCSAILUXCA K H3YYEHHIO 3THX IPOLECCOB, OOBIUHO BBISICHSIIOT, Ka-
KOH H3 BHIOB oOuien3BecTHHIX [105, 76] ucka)Kenuii MOMKET OBHITH
OTBETCTBEHHBIM 3a [MOJyYeHHble NaHHBE; H, HAaoO6OpPOT, NpPH pas-
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paBGoTKe METOAMKH SKCIePHMEeHTa BaXKHO BBICHHTb, KaKHe Mmapa-
MeTphl JHHHM OyAyT NaBaThb HauOOJbIIHE CBeJeHHS IPH [IaHHOM
ucc/eq0BaHuK (Hanmpumep, HccaenoBanue Aud@vauu TogpasyMeBa-
€T u3MepeHHe WIHPUHBI JHHHH). UTOGB OTBETHTb Ha 3TH BOTPOCHI,
HeOOGXOQMMO BBECTH HEKOTOpble HOBBlE siiepHble B3aHMOJeHCTBHS,
KOTOpble NAlOT BKJAJ B IIHPHHY KaXKQOH JHHHH PE30HAHCHOTO MO-
TJIOLLEHHS.

1. Junoavroe ywuperue

CraTHyeckoe siIepHOE MATHHUTHOE AHMNOJbHOE YIIHPEHHEe, KOTO-
poOe TaKKe HA3BIBAIOT CNIMH-CIIMHOBBIM, JUMOMb-JHMOJNBHBIM HIH IH-
MOJIBHBIM yIIHpPEHHeM, 0OYC/IOBJEHO NPOCTO JOKAaJbHbBIMH MarHHUT-
HBIMH TOJIIMH, CO3J1aBaeMbBIMH IPYTHMH fIAPaMH CIHHOBOH cHCTe-
Mbl. JInsi coBepllIeHHOH peLIETKH 3Ta BeJHYHHA INPEACTaBJAseT CO-
60 aGCOMIOTHBIH MHHMMYM LIMDHHBI M e€e HEOGXOQMMO BBIUECTb U3
NOJMIHOM IIHPHHBI NpEXJe YeM pacCMaTPHUBAThb 3JEKTPOHHBIE BKJIA-
nbl. Jlys mojacyera TEOPETHYECKOro 3HAYeHHsI BTOPOTO MOMEHTa JIH-
HMM PE30HAHCHOTO IIOIVIOUIEeHHs, IIMPHUHA KOTOPOH o0O6ycjoBJeHa
3THM MeXaHH3MOM, MOXKHO BOCIIOJIb30BAThCS TOYUHBIM BBIPaXKEHHEM,
sbiBeleHHbBIM Ban-®uekom {106]. [ns ero BbluHcAeHHs TpebyloTcs
JULIb JaHHble O KPHCTAJJHUYECKOH CTPYKType H CBOHCTBAax siep
(oTHOCHTE/NIbHOE COJAepKaHHe H30TONOB M THPOMArHHTHOE OTHOIle-
Hue sgep Hccaenyemoro Beutectsa). Popmysna Ban-®Paeka B yacr-
HOM cCJyyae MOJIHKPUCTAJIMYECKOTO MOPOLIKA HMEeT BHI:

3 — 4 _
AH? = - I (I +1)7%h? grof“ + R2 ; Ii([; +1) 3. (16)

OHa jaeT cpefHMH KBaipaT JIOKaJbHOrO IOJs, AEACTBYIOLIErO B pe-
TIeTKe Ha $ipa C THPOMAarHUTHBHIM OTHOLIEHHEM Y H SIAEPHBIM CIIMHOM /.
ATto nose cosjaeTcss APYrHMH SiIpaMH TOTO K€ THIA, YIAJE€HHbIMH OT
JIAHHOTO SIApa Ha pacCTOsIHHE ry;, U SIApaMM APYroro Tuna (xXapakre-
pH3yeTcsl mapameTpamH Y;, /), yAa/eHHbIMH Ha PacCTOSIHMH r;. [loaTo-
My CYMMHpOBaHHe IO [ BKJOYaeT B cebsl TOJBKO Sipa, OJHMHAKOBBHIE
'C JIaHHBIM S1IpOM, a CYMMHpOBaHHe IO j — BCE OTJIMYAIOUIHECS OT Hero
sigpa. YpaBHeHHe (16) BblpakaeT BKJaJ BO BTOPOH MOMEHT TOJIBKO
‘OZHOTO M3 HEeCKOJIbKHX B3aMMOJEHCTBHH, CYILECTBYIOIIUX MEXKAY sifep-
HBIMH JHIOJNSIMH MJH SIAePHBIMH JIHIONISIMH M CIHHAMH 3JEKTPOHOB.
Hnsi nosny4yeHuss IIOJHOrO BTOPOrO MOMEHTAa HeOOXOAMMO CJIOXKHTD
BTOpble MOMEHTHI, OGYCJIOBJIEHHbIE BCEMH STHMH B3aHMOJEHCTBHSIMH, H,
eCcJI1 YUTeHbl BCe MeXaHH3MHl YIUHpeHHs, OH JOJ/DKEH COBHaJaTh C JKC-
IIepMMEHTAJIbHO OlpeJesieHHBIM BTOpPHIM MoMeHTOM. IlocsiefHuil onpepe-
JsieTcst popMyJIoH

[oe]
\ (# —Hy g (H)aH,

0
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TIpHyeM
[se]
\gyan =1.
0
3necb H,— LeHTp TsXKECTH JHHHM norJowenus g (H). [as tunuy-
HOTO CJIyyasl YHCTOTO MeTa/ula, MMeIOLLero JBa H30TONa C KOHLEHTpa-

IUSIMH p; U Py, TIPH BbluHcJaeHuH (AH?); 1js mepBoro M30TONA MepPBLIH
4IEH YMHOXKAeTcs Ha Py, BTOPOH—HA P, TIOCJIE YEro CyMMHPOBAHHE IPO-
BOJMTCSl 1O BCEM Y3JaM pellleTKH, 4TO JaeT

B = [ L+ D v Wp+ o L+ )73 500, | 2 reye (162)
i

Hexoropble nosiesHple CyMMBI 1O pelieTKaM JAaHbl B paGoTe [21].

Ha puc. 8 cxemaTnueckH HM3o0pa)keHa pelieTKa SIA€PHBIX JHIOJEH,

HaxojAuuxcss B nose H,. SlmepHeil cnuH A HaxofHTCsS B IoJe Bcex
OCTaJIbHBIX CNHHOB. BennunHa
nonss B TOYKE HAXOMKIEHHS f \ ‘ f ~ )
anpa A, co3maBaeMoro Mar-
HUTHBIM JunojeM sapa B,
paBHa ug /[r3, rme r—pac-
CTOSIHHE MeXIYy 3THMH siipa-
mMu. KoMmonenra sTtoro moJs,
napaJjiesnbHasi HalpaBJeHHIO
Hy, MeHsieTcs1 OT TOYKH K TOY-
Ke, BHI3BIBasg pas3bpoc peso-
HAHCHOTO IMOIJIOUIEHHSI OKOJIO
Besunuunbl H,. Kpome 3toro
BKJaJa B UIHMPUHY, HMeeTcCs
elle BKJaJ OT OCUHJJIHPYIO- }
1lero moJisi, BBI3BAHHOTO mpe- |
LeccHell MOMeHTa pug BOKpyr /o H
HanpaBJeHusi Ho.

Ecau rupomMarHutHoe OT-
HolleHHe sapa B Takoe e,
Kak ¥ aapa A, To 3T0 ocuu-
JUpYyIolllee MoJie B TOYKE, Tle HaXOLUTCA sAapo A, 6yIeT uMeTh Kak
pas Takylo 4acroTy, Kotopasi TpeGyeTcs sl HHIYLHPOBAHHS mepe-
X010B sigpa A, noatomy GyaeT NPOUCXONHUTH ONPOKU/bIBAHHE CITH-
HOB, O KOTODOM TOBODMJIOCH paHee NPH PaCCMOTPEHUH CIHHOBOMH
nuddy3un. ATOT mpouecc OrpaHUYMBAaeT BpeMsi KHU3HM CIOHHA B
JaHHOM COCTOSIHHM H YUIMDSIET JHUHHIO MOTJIOLIEHHs TMOYTH TaK XKe,
KaK ¥ HEOJHOPOMHOCTb CTATHYECKHX JIOKaJbHbIX moJgeit. O6a mpo-
Iecca Yy4YHTHIBalOTcsi ypaBHeHHeM (16) u moapo6HO paccMOTpeHH!
BaomGepresom u ap. [11].

Jasi rayccoBoit KpUBOH IUHpUHA JMHMK Ov cB3aHa ¢ AH? Bbl-
paxenueM &v=2(y/2n)[AH?%=1/xT 3 (cM. nmpHJIOXeHHE B). He-

- —— » —
—
—

f
!
l
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- —y -—
-

Puc. 8. Pemetka saepHbIX AunoJei, noMe-
IIeHHbIX B MarHuTHoe mnoJae Hy
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CKOJIbKO BEJIMUMH, BBIYHCJEHHBIX Mo @opMyJe (16), mpeacraBJieHb
B cToJs6Ie 5 TalGJ. 2; ©X MOXKHO CPaBHHTb C H3MepeHHbIMH BeJIMYH-
HaMH Ov, NpeACTaBIeHHBIMH B cronbue 6 Taba. 1.

Ta6auuna 2
AHS, 2ct - ___(L )
Hsoron no gopmyJe H3 9KCIIePH- 2(aHnV (v/m) (AH%2 Il Nurepatypa
(16) ~ MeHTa ec Key
Li? 4,3 4,1 4,2 7,0 [21]
Na28 0,63 0,67 1,6 1,8 [21]
Al 7,6 9,0 5,5 6,1 [107]
Cuss 5,6 5,8 4,7 5,3 [21]
Nbes 16,2 36 (e) 8,05 8,4 [24]
Ag1oe 0,0127 0,084 (e) 0,226 0,045 [27]
Cdus 0,05 0,36 (e) 0,45 0,43 [28,29}
T]208 0,89 97 1,9 4,7 [34]

INIpumeuanue. (e)— Beauudda (8 H/2)?, KoTopast B TOYHOCTH paBHa AHS RJA rayccoBoit Jime
Hun: OH — H3MepeHHOe DacCTOsIHHE MeXAY TOYKAMH MaKCHMaJbHOTO M MHHHMAaJbHOrO HAaKJOHA.

CpaBHeHHe TeOPETHYECKHX H SKCIePHMeHTaJbHbIX 3HaUE€HHH BTO-
pBIX MOMeHTOB (Tab.. 2, cTos6ubl 2 U 3) 1/ YHCTBIX OTOMKIXKEHHBIX
MeTaJUIOB C aTOMHBIMH HOoMepaMHu BmjoTh n0 100 mokasbiBaeT, yTo
JIHUIOJbHOE YIIHPEHHE SBJSETCS TIJIaBHBIM HCTOYHHKOM IIHDPHHHI
JIMHHH 3THX sjeMeHTOB., [ledopmanus pelmerkn HIH paxe caaboe
JgerupoBanue (MeHee 109 pacTBOPHMOro) H3MEHSIIOT IHUIOJbBHYIO
IIUPHHY- He GoJiee yeM Ha 10—20%. Dto 0GCTOSATENBCTBO NMOMOTAET
KCIIePUMeHTaJbHOMY OOHapYKEeHHI0 pe30HaHCa YHCTBIX METaJljoB,
TaK KaK OOBIYHO MpHMEHsieMble METOAbl perucTpauuu (cM. pas-
nen IV) TpebyioT MOAyJsluMM MNOJs, BelHYHMHA KOTOPOH HOJKHA
ObiTh 6/M3Ka K LIMPHHE JIMHUH, €C/IH HYXKHO MOJYYHTb MaKCHMYyM
YyBCTBUTENbHOCTH. [IJ11 Cn/aBOB [pyrde BKJajAbl B IIHPHHY Ha-
CTOJIBKO BaXXHBl, YTO IHUMOJIbHAS IIMPHHA CJYXHT JHIIb YKa3daHUeM
HUXKHero npepena. [lpumeHsas ypaBHeHHe (16) k ymopsiloueHHBIM
CnJjlaBaM, HY»KHO NPaBHJbHO BHIGHPATb MOAXOJSIIHE PACCTOSHHS 7 of
U roj MeXJIy sapaMdH AByX (uau O6oJsiee) THUIOB, MMEIOIIHXCS B
CrJiaBe, H YYHTBIBATb pacnpejeseHHe H30TONOB B YHNOPSAAOUEHHOMH
pelleTke. B HEKOTOpHIX cJaydYasx TO MAMIOJNbHOH IIHDHHE MOXKHO
BBIOPATh NPABUJbHYIO CTPYKTYPY pEIUIeTKH, €CJH HeT yNOBJETBODH-
TeJbHBIX PEHTTeHOBCKHX HaHHBIX.

2. Cyscerue aunuu, 86138aHHOE OBUNCEHUEM ATOMOB

Ecaw 6b1 B Taba. 2 g5 Kaxa0ro H3otomna Gblj¥ MPHUBEJEHB! CBe-
JleHHs O IIHMPHHe JIMHHM IPH KOMHATHOH TeMmepaType, TO AJs JHUTHA
H HaTpUs MOXKHO OblJ0o Gbl OGHApYXHTb 3aMETHOE PacXOXKIeHHe
MeXJy TeopHeH H 3KcnepuMeHTOM. [ 3THX 3J€MEHTOB LIMPHHA
JIMHMH TIPH KOMHATHOH TeMIepaType HAaMHOTO MeHblle BeJHYHHBI,
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BBHIUMCIeHHOH mo ¢(opmysae (16). DTo sABneHHe MOKa3bIBaeT, YTO
Pe30HaHCHBIH METOX MOXKeT GBITb INPHMEHeH K H3yueHHI0 nu(py3uH,
4TO MMeeT GOJbILIIOE 3HAueHHe NPH U3YUYEHHH CTPYKTYDhl METaJslIOoB.
Kak yxe 0TMeyaJioch, YUIHPEHHe JHHHH INOTJIOIIEHHS] ONpelesieTcs
HE3aBUCSIIMM OT BPEMEHH B3aHMOJEHCTBHEM MeX1y SAPaMH.
Bxnanel Bcex siiep NPH BCEBO3MOKHBIX (X2OTHYECKHX) CIHMHOBBIX
KOH(UIypalUUsiXx CYMMHPYIOTCS M AaloT HabJiojaeMoe IHIIOJAbHOE
ylinpesne JuHUH. OHAKO, ecaH BCJEJCTBHE MHTpallMid aTOMOB
iipa AOCTaTOYHO OBICTPO MABHIKYTCS, MX JIOKaJbHble moast OYAyT
YCPEAHATbCA M CTPEMHTbCS K HYJNI0 B KaXJIOM Y3Jjie pPELIeTKH.
Bpemsi Koppensiuuu t., B TeyeHHe KOTOPOro MOXKeT IIPOHCXOIHTb
B3aHMOJEHCTBHE MEXIy CIHHAMH, NpeXje YeM OHO IpepBercs
«IIePECKOKOM» Sipa M3 OJHOro y3Ja B APYro#, yMeHbIIaeTcs NpH
yBEJIHYEHHH TeMIepaTypbl. DTH NePeCKOKH BO3MYIIAIOT KaK CTaTH-
YECKYI0, TaK U OCLHJHPYIOIIYI0O KOMIIOHEHTB! JIOKAJbHOTO MOJS, U HX
JeficTBHe CTAaHOBHUTCS OCOGEHHO 3aMEeTHBIM, KOrja 3a BpeMsi, pas-
HOe WJH MeHblllee, iemM T, 06s3aTeNbHO MPOM30fiJIeT Takoi mepe-

ckoK; T, ecTb XapaKTepPHCTHYECKOe BpPeMs 060X MPOUECCOB YIIH-

pPEeHHsl JIHHHH, ONHCAHHBIX paHee I@PH pPacCMOTPEHHH YpaBHe-
uus (16).

Co BpeMeHH omy6/HMKOBaHHSI paGoTH BsomGeprena, Ilepcesna u [la-
yHpa [108, 11] cramo oueBHAHBIM, YTO JBHXKEHHEe ATOMOB B peIETKe
HrpaeT CYIECTBEHHYIO pOJb B SIBJEHHH pe30HaHCa. JTa KJacCuyeckasi
pabora O sepHOH peJlaKCallid 3aJI0XKHJ1a OCHOBBI TEOPHH BpeMEH pe-
JIaKCallMH, IIPOHCXOJsiiel BCJeACTBHE B3aHMOJEHCTBHSA slep C (JIyK-
TYHUPYIOULMMHU JIOKAJBHBIMH TOJISIMH. PaccMmarpuBasi 3aBUCHMOCTh BHYT-
PEHHHX TIoJiel, CYIEeCTBYIOUMX B TBEpPJOM TeJle HJIH B XKHAKOCTH, OT
BPpEMEHH, aBTOPbl IOJIyYHJIH BBIPA}KEHHs, ONHCHIBAIOLIME CYIKEHHE
JMHHM TIOIVIOULEHHsl, BBI3BAHHOE JBHXKeHHeM aToMoB. UTOGHI IpoHcXo-
IUJ YIOMSHYTBIE paHee IpolecC B3aHMHOrO NepeKHIbIBAHHSI CIIMHOB,
Heo0X0HUMO, YTOObl OCHMJUIHpYIOlLee NMoJle B TOYKe, TJe HaXOAUTCS
f1po A, KoppenupoBaso C mpeueccHeil siapa A, moka cnuHel simep A u
B obmenuBaioTcsi 3Heprueill. [lo ompejesieHHIO 3TOT O6GMEH B 3KECTKOH
peleTKe IMPOHCXOJHT 3a BpeMs Ts. [Ipennosioxxum Tenepp, uto sapo B
1lepeMecTHJIOCh B JAPYTYI0 TOUKY TIpexae 4YeM OCYULeCTBHJCS OOMeH
SHEPrHUH MeXJy CIHHAMH, TeM CaMbIM IIpepBaB 3TOT NPOLECC M YMEHb-
IIMB JJIMTEeNbHOCTb KOppEJIHPOBAHHOrO JABHKeHHs. B 3Tom ciaydae mpo-
TecC CIHH-CIMHOBOH peJlakcallMH, IPOMCXOASMIMI IyTeM B3aMMHOIO
TIepeKH/IbIBAHUSl CIIMHOB, CTAHOBUTCS 3HAYUTENBHO MeHee 3(PPEKTHBHLIM,
BpeMsl CITHH-CITHHOBOH pe/laKCallWH BO3pACTaeT W LUMPHHA JHHHH §v ~
=~ 1/nT,; yMeHbiaercss. CHMBOJIOM T, 06o3HaueHa MOIH(HKaLHUS BesH-

JUHBI T;, COOTBETCTBYIOIlAs CJydyaro JBHXKEHHS sJep B pelIeTKe.

CyxeHue TPOUCXONHUT, KOrjaa rczT; = 1/Y[AH?] Y2 Tak Kak 7. CBfl-
3aHO ¢ Ko3pduuuestom audpdysuu D = D, exp (— Ep/RT) cooTHoure-
HueM T,=r?/12D, rpe r — paccTosiHHe 10 OJIHXKaHIIero CcocexHero
s1ipa, TO BeJMUMHY [ MOMKHO ONpelesNHTb B HEKOTOPOH OG/IacTH TeMIle-
paTyp, U3Mepsisi 3aBHCHMOCTb IIHDHHBI JMHHH OT TeMIepaTyphl. B mpu-
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BeJleHHOH QopmyJie D, — oObIUHBIH TPeA3KCIOHEHI[HABHBIA MHOXKHTEJb;
Ep — 3Heprust akTuBauuu AJs Aubdy3nH, oObIYHO BhIpa)aemasi B Kajo-
pusX Ha Mosb; R — rasoBasi nocrosiHHasi; T — aGcomoTHasi TemIepa-
Typa.

ObdeKT CyKeHHs! JHHHH B TBEpABIX TeJax OblI MOAPOGHO HCC/IEN0-
BaH B psJlle 3KCIepHUMeHTaNbHBIX padoT. CyxKeHHe JIMHHH NOIVIOILEHHUs
OYeHb YacTO COIIPOBOXKJAeTCsl H3MeHeHHeM ee ¢popmol, PopMma cysicer-
Hblx JIMHHH Bcerfa O6au3ka K JlopeHIoBOH, ofHakKo, ¢opMa JIMHHIA,
XapakTepHasi JJs1 JKEeCTKMX pelleTOK, MOXKeT ObITb CaMOH pa3JIMYHOMH.
EnvnctBenHoro napamerpa Ov HeNOCTaTOYHO JJIs1 ITOJIHOTO ONMHCAHHUS
3TOr0 CJIOKHOTO fIBJIEHHs, KOTOpOe BCerja HasblBalOT IIPOCTO CYKeHHeM
JuHuH. Ecin ¢opma JHHHH 1J1S1 XKeCTKOH pelIeTKH rayccoBa, Npoiece
CY2KeHHsl XOpOLIO OMNMChIBaeTcsl BbipaxkeHuem [109]:

_1 2 __1_ 2,.2_ J'I:‘C‘,a’/z 17
G- re e

2 2

rie no’/: = n/(81n2)"e =~ 1,34. ra dopMysa HECKOJBKO OTJIHYAETCS
OT nepBoHayanbHOH opmysbl Buaombeprena, Ilepcesna u Ilaynza [11],
B KOTOpPOH BMeCTO MHOxHTess 1,34 crosno 2. OnHaKo NMOCKOJMbKY 3TH
(opMyJibl He NpeTeHAYIOT HA MOYHOe ONHCAHHE CBSi3H, CYIIECTBYIOLLeH

MeXIy T, H 1T, B peajbHOM TBepJOM TeJle, Pa3HHLA MeX]y HHMH
He CyulecTBeHHa, M 00a Bblpa)KeHHsl BecbMa IIOJIE3HBI JI/Is IOHHMAaHHS
npouecca yMeHblIeHHs! AWMOJBHOH LIMPHHBI JIMHHH BCJIEACTBHE JBHKe-
HUS s17ep.

Hnsi ynobeTBa ucnosb3oBaHust dopmyJbl (17) npu o6paboTke pesyJib-
TaToB, MNOJACTAaBHB B Hee BMECTO T; 3HaueHue 1/mdv, mosyyuMm

(8V) = (Bvo) — arctg (4.2 T V). (17 a)

Ha puc. 9 mokasana 3aBucuMocts Ov or T 1a Na B MeTasuyec-
KOM HaTpud [H5]. DTOT PHUCYHOK [EeMOHCTPHUDPYET CyXKeHHe pe30HAHCHOH
JIMHHM BCJeJCTBHe AH(bhY3HH, KOTOpoe NMPOMCXOAUT IIPH TAaKOH TeMIlepa-
Type, KOrJa 4acToTa IlepecKOKa sifipa CTAHOBHTCS NOPSiAKa HJIM GoJblie
wHpHHbl  JHHUHM. CIJIONIHAsh KpHBasi MpEeACTaBJIsieT 3aBHCHMOCTb OV OT
T, monyueHHylo M3 ypaBHeHHs (17a), B KOTOpoM OBbIJIH HCIOJIb30BaHEI
aHauenusi D, = 0,242 cm%/cex u Ep = 10,45 xkax, B3sATble U3 H3Mepe-
HHA MerofioM palHoakTHBHBIX H3ortomoB [110], u r = 3,71-1078 cm.
[lynkTHpHAss KpHBas napaJjejbHa CIVIOLIHOH KPHBOA H YYHTHIBAeT
TNONpaBKH Ha YIIMpeHHe H3-32 MOAYJSUHH H HEeOJHOPOJHOCTH TOJS.
XapakTepHoit yepToii ypaBHeHHst (17), KoTopasi XOopowo BHJHA Ha pHc. 9,
SIBJISIETCS] CPaBHHTEJIbHO DE3KHH IlepeXoj OT IIHPHHBI §v,, COOTBETCTBYIO-
uiell KecTkod peuerke, K obnactd t.0v<<1, B Kotopoit v mponop-
IIMOHAJIHO T, DTO CO3/laeT TPYAHOCTH I[IpH pacyeTe BesJH4HHbI D, ecJH
HCIIOJIb30BaTh OJHH TOJIbKO H3MepeHMsl LIMPHHBI JIMHHH, TaK KaK pe3yib-
TaThl IOJNYYalOTCS JJISi OrPe8HHYEHHOro TeMIepaTypHOro HHTepBaJja,
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3HAUMTEJbHO GOJee Y3KOro, 4eM Ta o6JacTh, B KOTOpoil T, MOKeT
6bITb M3MEpeHO APYrHMH MeTolaMH (0 HHX OyJeT CKasaHO IO3Ke).
C apyro#l CTOPOHBI, MMEHHO DE3KOCTb Iepexoia MnosBoJuaa Crokacy H
Cmuxrepy [111] nosy4nTb HEKOTOpPOE COOTHOLIEHHE, B KOTOPOM «TeMIle-
patypa CYyXKeHWsi» MrpaeT BaxHyio pojb. Mx aHams oTHocuTcs K
067acTH BBICOKHX TeMIlepaTyp, I/ie CyXKeHHas JIHHHS HMeeT CyIIecT-
BeHHO JIopeHIOBY ¢GopMmy.
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Puc. 9. TeMmnepaTypHast 3aBHCUMOCTb IIMPHHB!I JIHHHHM MOIJIO-
menusi Ov B MeTaJUIH4eCKOM HaTPHH

YpaBHeHune (17a) GblI0 HCMONB30BAHO AJIST aHaJH3a pe3yJ/bTa-
TOB M3MepeHMH, NMPOBeIeHHbIX HA MeTajJuyeckoM JHTHH [21], HaT-
puu [55], amomunuu [112] u xagmuu [113] 1 Ha Bonoponxe B maJgJa-
nuu {114, 115] u ranrane [116]. das sutHs u HaTpus owmubKa
B OmpejeseHHH BesinuuHbl E p He npesblmaer 10%, o1Hako pe3yib-
tathl 1as Dy GbliM HEBEPHBIMH MO NMOPSAKY BennuuHbl. [das aJio-
MHHS, HUMeOLero HU3KOTEMIEePaTyPHYIO JHHHIO JOBOJbHO HEOObIY-
HOoH ¢(opMbl (cM. puc. 1), BTOPOH MOMEHT KOTOPOH HECKOJBKO
GoJiblile, YeM 3TO JOJXKHO ObITh Mo ypaBHenuio (16), HaligeHHoe
3nauyeHue Ep, nmo-suaumomy, HeBepHO [112] Tak Ke, KaK U 3Haye-
Hue D,.

OTH 3KCIEepPUMEHThbl NOKa3blBAIOT, YTO, H3yuasi MpPoLecc CyXKeHHs
JIMHUH, MOXHO TOJYYHTb MOJNYKOJHYECTBEHHble CBENEHHS 06 3Hep-
THH aKTHBalUMH M O BeaununHe D,. Bosee Tiatenbnbiit anaaus [111]
JaHHBIX O CY>XKEHHM JHHHH B aJiOMUHHHU [112] BnocaencTBuM IOKa-
3aJ1, 4TO pe3yJabTaThl HAXOASATCS B KOJHYECTBEHHOM COTrJIaCHH C KOH-
cTaHTaMH IUGQY3HUH, NOTYyueHHBIMH GoJjiee HajleXHbIMH MeTOLAaMH.

OueHKy 3aBHCHMOCTH Ko3bduuuenra Audxbysun D oT cocrasa
MOXHO TMOJIy4uTb, H3yyasi 3aBUCUMOCTH Ov oT T 1/l Kakoro-HuGyab
OJIHOrO KOMIIOHEHTa B CEPHH CIJIaBOB. JTO ObIIO NpOBelEeHO AJsI TBep-
JBIX pPacTBOPOB MarHusl B JIMTHH, cojepxkamux 1o 18 9, (ar.) marHus
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{117]. OGHapyXeHO, YTO NO Mepe yBeJHYEHHS KOHIEHTPALMH MarHus
CyXeHHe JIMHUH ITOTVIOIIEHHS JIMTHSI TNPOMCXOAMT IIpH BCe GoJsiee BLICO-
KHX TeMIepaTypax, IpHYeM K3 aHaju3a pe3yJbTaTOB CJENyeT, 4TO
Ep He Mensiercs.

[naBHOe BJ/MsIHHE [0GABKHM MarHusi 3aKJo4aercs, INO-BHUAMMOMY, B
yYMeHbILIEHHH BeJHYHHbl D). DTOT pe3y/bTaT He SIBJSETCS HeOXHJaH-
HbIM, HO €ro KeJaTeJbHO NPOBEpPHUTb, XOTs Obl MOJYKOJHYECTBEHHO, C
MoMOUIbI0 APYrHX MeTojoB. IIpH M3MepeHHAX mapaMeTpoB AHdbY3UH
METOJOM = pe30HaHca HeT HeoOXOAMMOCTHM KJAaThb, MOKa IpOM30HAeT
miepeHoC ‘AOCTAaTOYHOro KOJMYeCTBAa MacChl, NOTOMY YTO 3TOT METOJ
HeNpephIBHO OOHapy»KHBaeT 3(deKThl IBHKeHHs, NPOHCXOASULero B
MHKpoo6JIacTsX no BceMy obpasily. Ilpu TakoMm ucnosb3oBanuH 3ddekra
CyKeHHs1 TpeOyIOTCS JIHIIb OTHOCHTeJ/bHbIe JaHHble, [I03TOMY HHTepIpe-
TalMsl pe3yJbTaTOB MeHee CJIOXKHA, 4YeM MpH abCOJIOTHHIX H3Mepe-
uuax D. ‘

KoHcTaHTHl AupGhYy3uH MOryT OBITb H3MEPEHBE! C IOMOIIBIO - APYTOro
PE30HAHCHOI'0 MeTofa, Gosiee TPYAHOro, HO 3HAUUTE/bHO GOJlee TOYHOrO,
yeM H3MepeHHe IUMPHHBI JuHHH. BMecto ouenku T, u3 v, Hemocpen-
CTBEHHO H3MepsiloTcst BequuuHbl Ty W T, (CIHH-peleTOYHOE BpeMsi
peflaKcauyu), U3 KOTOPbIX MoxeT ObiTb rnosydyeHo 7. PaGoTsl Takoro

THIIA Ha lIeJIOYHBIX MeTasax (0630p HUX JaH B C’l‘aTbe [1 18]) H aJIloMH-
Hud [111] mO3BO/MMMIM BBLISICHHTL MeXaHH3M peslakCallid W JOKa3aJH,
YTO TaKHUM CIIOCOGOM MOXKHO NOJYYHTb KOHCTAHTHI AH(Y3HH, KOTOpHIE
TIOJIHOCTBIO COIVIaCyIOTCSl C Ppe3y/bTaTaMH, IIOJYYeHHBIMH METOLOM
PAZHOAKTHBHbBIX H30TONOB. DTH U3MepeHHs GbLIIM OCY (IeCTBJIEHb HMITYJIbC-
HBIM pafvo4acTOTHeIM MeTojoMm [119, 120], onMcaHue KOTOpPOro MOXK-
HO HalTH B 0030pHOH cTatbe [Isiika [14]. DTOT MeTOx 0OCOGEHHO YIoO-
GeH JJis1 u3MepeHHs1 BpeMeH penakcauud oT 107* cek mo 1 cek; B aTux
npefiesax HaxXONATCS BpeMeHa peslakCallid MHOTHX MeTajioB. Kiamepe-
Husi Xosaxomba H HopbGepra [120] naa auTtHs, HAaTpusi U pyGHAUs Obl-
JH clienaHbl B o0JacTH Temnepatyp oT — 65 mo 250° C, B KoTopoit
T, usmensiercs mnpumepso B 10° pas. B 3Toif oGnactu Temmepa-
Typ (KaKk IOKa3blBaeT SKCIEPHMEHT) HaO/I0JaeTcsl yKe NPaK THIECKH
NIONHOe CYy)KeHHe JIMHHMH, II03TOMYy JJs 00paGoTKH pe3yJ/bTaToB
MCnosb3yeTcsi He ypaBHeHHe (17), a ero BbICOKOTeMIlepaTypHasi pasHo-
BHJIHOCTb, NOJy4arowasics npu t./ T, — 0; npu 3tom ', o6paTtHo mnporop-
uHoHambHO D. Tak Kak H3MepeHHsI paclpoCTPAHSIIOTCS HAa TPH JeKafbl

JIOI‘apHQ)MH‘leCKOf;I HIKaJabl, MOXKHO IIOJYYHUTb O4YE€Hb TOYHBIE 3HAUEHHS
Do HED.

8. Yuwupenue, 66i3616aeM0€ KOHEYHOCMbIO BPEMEHU CRUH-PeULenOYHOL
perakcayuu

HccnenoBanue HpUHBL JIMHKH, npoBeneHHoe 'yToBckuM [21], moka-
3a50, YTO CYy»KeHHe, BbI3BAaHHOe [BHKEHHEM aTOMOB, KOTOpoe HaGJio-
JaeTcsl - B HaTpHH M JIMTHH, He TNPOMCXOIMT B 1E€3HH H pYCHAHH, CJe-
JOBaTeJIbHO, TJIABHBIM HCTOYHHKOM VIUMpEHHs JIMHHH SIBJISIETCS He
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BO3JleiCTBHe COCEJIHHX CTAlMOHAPHBLIX JHNOJIeH, a Kakas-To WHasl MpH-
upHa. OkxasblBaeTcs, 4TO 3TH MeTa/lbl 06/1ajaloT AOCTAaTOYHO KOPOTKHM
BpeMeHeM CIHH-pellleTouHOH penakcauuu T, [120], KoTopoe u ompenens-
eT IIMpHHY JIHHHMH. DTO YTBepXKJeHHe CJelyeT W3 COOTHOIEHHs 8v =
= (I/T,) + (*/>T:), paccmotpenHoro B mnpusoxenud bB. OnHako cie-

ILyeT TOJBKO OTMeTHTb, 4TO T; JaeT BKJAJ4 B IUHPHHY JHHHH H YTO
3TOT BKJaJ MOXeT OblTb JOMHHHpyomuM. B merannax T, ompezens-
eTcsl TJaBHBIM 00pa3oM 3JIeKTpOHaMH IIPOBOJMMOCTH [68] M HOMKHO
U3MepSTbCS MNpSIMBIMM MeTOJaMH, KaK 3TO OblIO CHesNaHo IJs MeIH
[121, 107, 122], amomunus [107, 122, 123, 111] u LeJOYHBIX MeTaJ-
qoB [120, 123], ecsm OHO He OKa3blBaeT CHJILHOrO BJIMSIHHS Ha ILHpPH-
Hy JmuHud. B nocnenHem cayyae T; HaeT TeMIepaTypHO 3aBHCHMBIi
BKJIaJ, JIOPeHI[0BOH (hOpMBI, LIHPHHA KOTOPOro NpPSIMO NPONOpPLHOHAJbHA
abcomoTHO Temmepatype. Tak Kak BkJal B wmpuHy 1/, T, o6ycJoB-
JIeHHBIH 3JIeKTPOHaMH IIPOBOAMMOCTH, IIPHBOJUT K yeeauueruro 8v c
BO3pacTaHHeM TeMIIepaTyphl, €ro Jierk0 OTJHYHTb OT OOJBbLIMHCTBA
Apyrux uctounukoB. Tak Kak 1/T, SKCNIOHEHLHMANLHO yMeHbuiaemcs

C TeMIepaTypod, B KOHIIE KOHILOB HACTymaeT MOMEHT, KOrja LIMpHHA
JIMHUM B IIpeflesie fIpH BBICOKHX TeMIepaTypax OIpeJessieTcsl BesHyH-
Holt T, KoTtopast npu _3ToM paBHa T, [120].

CootHowenne Koppuurun (8) mokaswmiBaer, utro 7,7 o6GpaTHO
nponopunonanbio (yAH/H)?;, tak kKak AH/H HauGosee BeJHKO
y TSAXKeJbIX 3JEMEHTOB, MOXHO OXHJAATbh, 4To Bpemsi T Oyner cy-
I{ECTBEHHbIM HCTOYHHKOM YIIHPEHHS JIHHHH [IJS TaKUX TSKeNbIX
3JEMEHTOB, Y KOTOPbIX MMEETCS OTHOCHTENbHO HeOOJIbIIOH NPOLEHT
silep C 3aMEeTHBIM TMPOMATHHTHBIM OTHOLIEHHEM, a Yy OCTaJbHbIX
nsoronoB cnud /=0. Takoe comep:kaHHe H30TONOB B CMECH CYILECT-
BEHHO IIOTOMY, UYTO Yy TSIXKEJBIX 3JEMEHTOB CYyLlecTByeT O0JIbIIOH
BKJaj B IIHPHHY, OOYCJOBJEHHbIl IHNOJb-AHIONbHBIM B3aHMOAEH-
CcTBHEM (a TaKXXe CHHOBBIM OGMEHOM MeXIy HeHIeHTHYHBIMH coce-
JISIMH, KOTOpbIii Gyner paccMoTpeH nosxe). Ilpsmble uamepenus T
GbLIM  HCIOJb30BaHbl JJisi CPaBHEHHS] C pe3yJbTaTaMH H3Mepe-
Huil caBura Hafita, 4TO6Gbl OLIEHHTb OTKJOHEHHS OT COOTHOIIEHHS
Koppuuru. 3DTo comnocraBjeHHe B KOHEYHOM HTOre JOJKHO
cnoco6CTBOBaTh pPa3BUTHIO 60Jiee MOJHOrO MOHUMAaHHs 3JeKTPOHHOH
CTPYKTYpbl ~ METaJJIOB, BKJIOYasl KOppeJasuuio - OGMeHHBIe
apdextor [59].

JlBHXXeHHe B pelIeTKe BJHMSET TakXKe Ha HabJojaeMble 3Haye-
uusi T; B wenounbix mMerannax [120, 118]. 3Hast creneHb 3TOro BJHS-
HHS, MOXHO IOJYYHTb JOTOJHHUTEJbHbBIe JaHHble O T, U D, HCIOMb-
3ys1 TeopHio baomGeprena u np. [11] uau Gosee yTOUHEHHYIO TEOPHIO
Toppu [124]. TTocnenusas npexacraBiasier o060l TeopHio AHDPGDY3HH
IJisi GecrnopsiioYHOTO [BUXKEHHS aTOMOB, KOTOpasl YYHTbIBaeT IH-
CKPETHOCTb [efCTBHTEJNbHON pelleTKH M JaeT HECKOJbKO Jyullee
cornacue ¢ skcnepumentom [120]. 3HaueHus t. u D, mosyueHHble
3TUM crnocoGoM, COrJacyloTCs ¢ pe3yJbTaTaMH, MOJYyYeHHBIMH H3

faHHBX A-s T, HO HMEIOT MEeHbIIYI0 TOYHOCTD.
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4. Bzaumodeiicteue mesxdy f0epHoiMU ChuHamu, 00Yca08AeHHOe
Haauyuem 34eKTPOHO8

M3Mepenuss nokasasu, 4To JJisi 3JIEMEHTOB C aTOMHbIM HOMEPOM
6osnee 100 HaGmoJaeMasi IIHPHHA JIMHHA 3HAYHTENbHO NPEBOCXOJHT
BeJHYHHY, MoJayyaeMyio 1o ypasHenuto (16). Bosee Toro, sta mimu-
pHHA He 3aBHCHT OT HATNPSKEHHOCTH BHEIIHEro MarHUTHOTrO moJs H
OT TeMnepaTypbl o6pasla, H NO3TOMY aHM3OTPONHUS CABHra U MaJjble
BpeMeHa pelaKCallUH He MOryT ObITh ee IVIaBHBIMH HCTOYHHKAMH.
Ha6nionaemblit 3¢ ekt BbI3bIBaeTcss 3JeKTPOHAMH INPOBOJHUMOCTH,
KOTOpble OOYC/JIOBJIMBAIOT CBSI3b MEXKJIy COCENHHUMH siipaMu. Jlmep-
Hble MarHUTHble MOMEHTHl OKa3bIBAIOTCH CBA3aHHBIMH JPYT C IPYIOM,
TaK KaK Kax[Jbli U3 HUX IO ouepe]H OOMEHHBAETCs] 3HEPTHEH € 3J1eK-
TPOHAMH NPOBOAMMOCTH IOCPEACTBOM CBEPXTOHKOTO B3aHMOJeEHCT-
BHsI, OTBETCTBEHHOrO 3a cABHr Haiita. DToT npouecc, Ha3blBaeMblil
OOBLIYHO ObOMeHoM AOepHbLx CNUHOB8 WJIH KOCBEHHbIM OOMEeHHbIM
e3aumodeticTeuem, Obl] JeTaJbHO H3yueH JHUIIb Ha cepebpe [27] u
Ha Tajajauu [34] *, HO, HECOMHEHHO, OH SIBJSIETCSI [VIaBHBIM HCTOYHHU-
KOM YUIHpeHUS /51 GONbIIHHCTBA TSXKeJbIX 3J€MEHTOB BCJEICTBHE
Oo/bIION BeJHYHUHBI MX CBEPXTOHKOro B3auMojeHcrBusi. Ilpouecc
silepHOr0 OOMEeHAa MOXKHO HAarJIsi/IHO NpPeICTaBUTh CJAeNYIUIHM 06-
pazom (puc. 8). DJeKTPOH, NMPOXOJSLIMN Yepe3 pelIeTKy, B3aHMO-
LeHCTBYeT CO CMHHOM A ¥ 4aCTUYHO MOJSIpPU3YeTcss HM; 3aTeM 3TOT
3JIEKTPOH B3aHUMOJEHCTBYEeT CO CIHHOM B, 3¢ddeKkTHBHO CcBs3bIBas
JBa CIHMHA BMECTe B TOM CMBbIC/Ie, UYTO OpHeHTalusi cnuHa A ompe-
JensieT SHepruio cnuHa B. B  npoTHBONONOXHOCTL OGBIYHOMY
JHUIIOJBHOMY B3aHMOJEHCTBHIO (pacCMOTPEHHOMY paHee) B 3TOM
npolecce KOCBEHHOT0O OoOMeHa 3JIeKTPOHBI IPOBOJUMOCTH (MJH APY-
rHe He JIOKaJH30BaHHble 3JIEKTPOHbI) HrPalOT CYLIECTBEHHYIO POJb.

Jns nosly4eHHs] aHAJUTHYECKOTO BbIPaXKeHHsS] BEJIHYHHBI B3aMMO-
JIeHCTBHsI OBl HCTONb30BaH [27, 34] BTOpO#l MOPSINAOK TEOPUH BO3MY-
wenuii. KocBeHHoe B3auMozeiicTBUe MEXIY sIIePHbBIMH CIHHAMH
0Ka3aJoch TOro Xe THNAa, 4YTO H O6OMeHHOe 3JIeKTPOHHOEe B3aUMOIei-
cTBHe, H3yueHHoe BaH-Piekom B ero ocHOBHON paGoTe mo IHMOJMb-
HoMy ywnpenuio [106]. B aToit paGore 6bljio NMOKasaHo, YTO MNpO-
neccbl o0MeHa MeXJ1y HIEHTHYHbBIMHM SApaMy He [Jal0T BKjaaaa BO
BTOPOH MOMEHT HaOJIoNaeMOH JIMHHM MOIVIOLeHHs, TOrlAa Kak
o6Mel MeXJ1y HEeHIEeHTHYHBIMH f1paMH MPHUBO/UT K A0GAaBOUHOMY
BKJany:

AHE = (01 (I 1) 3} Al (ry) (18)

J

[lITpuxom BbifieNIeHbl Te siiPa, Pe30HAHC KOTOPbIX He HabJIofaeTcs.
CyMMHpOBaHHE HJET 1O BCEM spaM TaKOro THINA, HAXOASUIUMCS B
pemterke. Ilono6Hble BkJagbsl GYIyT BO3HHKATh OT KaXKAOTO THMA He-
HJEHTHYHbIX sifiep (MMEIOLUIUX CIHH); [JI YHCTBIX METaJJIOB OOBbIYHO Xa-

* CMm. Takxke pa6otsl [12*] u [13*]. Hpun. ped.
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PaKTepHO MPUCYTCTBHE JIMIIb ORHOrO H30TOHa JApYyroro BHAa. B ypas-
HeHuu (18) 7 ecTb rUpOMarHMUTHOE OTHOLIEHHE sifep, Pe30HAHC KOTOPbIX
Habmopaercs. Ilapamerp o6MeHHOro B3auMOAeHCTBHSL A;j- (r;j-) MeXxny
sIpaMH [, y4aCTBYIOIIHMH B pe30HaHce, H SiApaMH j’, He y4YacTBYIOLIH-
MU B HeM, ONpeJessieTCsT BeJUYHHOH CBEPXTOHKOrO B3aUMOJEHCTBHS B
MeTasse, NO3TOMY 3KCIIepUMeHTaJIbHOe ONpejie/leHHe BETHYHHBI A ;; MOXKET
JaTb CBeJeHHs O BOJIHOBBIX (DYHKLHUSX 3JEKTPOHOB IPOBOJMMOCTH.
BBUIy CJ/I0KHOCTH BBIYHCJIEHHH, NPHBOISLUIUX K TEOPETHYECKOMY BhHI-
paxenuio pjs A;, BecbMa COMHHTE/bHO, YTOObI HCCJELOBAaHHE OGMEH-
HOTO YILIHpeHHsl JaJI0 KakHe-HHOY b noJie3Hble cBeneHusi. OqHako Heolxo-
JIIMO KaueCTBEHHO OL|€HUTD BJIMSTHHE 3TOr0 (PaKTOpa, YTOGH HMETb BO3MOXK-
HOCTb JeslaTh KaKHe-TO 3aKJIOYEeHHsl O LIMpHHe JIMHUH, KOTOpyK CJe-
JyeT OXHJaTb B TsDKeJbIX MeTa/ulaX H MX CIlaBax. B cBsi3n ¢ 3THM
cJeflyeT pacCMOTpeTb BeJHYHHY A;» H cIocoObl ee H3MepeHHs.

Ilpn BbiBome A;j+ HY:KHO BBIYHCJHTb CJIOKHOE CpelHEB3BelleHHOe
BbIpaXKeHHE /11 CBEPXTOHKOro B3auMmopeHcTBusi. HeobGxomumo BhInoJ-
HHTb JBOMHOE HWHTErpUpOBaHHE: a) N0 BCEM 3aHSATHIM COCTOSIHHSIM B
30He MPOBOAHUMOCTH U 0) MO BCEM HE3aHATHIM NPOMEKYTOYHBIM COCTOS-
HHSIM, B KOTOpble TMOMAaJaloT 3JEeKTPOHbl, HCINbITABILIHE BHPTYaJbHOE
paccesiHue B pasyJ/bTaTe B3aHMOJEHCTBHSI MX CIHHOB C SIIEPHBIMH CIIH-
HaMu. [TosTOMy [Js1 BBIMOJIHEHHS] BCEX BBIYHCJIEHHH HEOGXOAMMO cje-
JlaTb TPEATOJIOKEHHsI OTHOCHTENbHO a) ¢opMbl KpuBoi E (k) u 6) «ad-
(eKkTHBHOH» BeJIMYHHBI CBEPXTOHKOrO B3aMMOJEHCTBHSI B MeTaste. ATy
3(heKTHBHYIO BeJMYMHY He/b3sl HENOCPEJCTBEHHO CPaBHMBATH C «Iepe--
HOPMHPOBAHHOM» KOHCTAHTOH CBEPXTOHKOro B3aumojeiictBus AE, xoro--
pas BXOAMT B BblpakeHHe JJs ciBura Haiita, Tak Kak nociednss:
colepXHuT B cebe suub Beanuuny < | (0)[*>>, [cM. ypaBuenue (2)],
B TO BpeMsl Kak Ta 3(p(deKTHBHAs BeJHMYHHa, O  KOTOPOiX
HJeT peub, BKJouaeT B cebst cpeaee ot |y (0)|* no Bcem cocrosnusm
30Hbl. [TocKO/IbKY B pe3yJibTaTe MOJYYaeTcsl JIMIIb HHTErpaibHasi BeJsH-:
UHHA, HeJb3s OXKHJATh, YTO OHA MOMXET JaThb KaKue-JTH6O CBEeJeHHS O
JeTallsix 30HHOH CTPYKTypbl. Bblpaxkenue, mosmyyeHHoe PynepmaHoM u
Kurrenem [27] nas nmapamerpa oOMEHHOTO B3aHMOJEHCTBHSI, HMEET BHJ

VIm*EN, (6 &V, () 1\¢
A[j’(f[j’): om (2] . ("") X
@0+ \ry
X [2k prijr cos (2k prijr) — sin (2kri0)], (19)

rie Vo, — aToMHbi#i 06beM, m* — sddeKTHBHAsE Macca 3JEKTpoHa; v, —
HaGMo/laeMoe paclluenyieHHe CBEPXTOHKOH CTPYKTYpbl B aToMme; r;j —
paccTosinie MexJy B3aUMOJAEHCTBYOWIMMH siipamH i H j'. (Ecau wv,'
BbID2KEHO B CeK ' W JJIs1 BCEX OCTAJIbHbIX BEJIHYHH HCIOJIb3YEeTcs CH-
crema epununl CI'C, To pesynstar 6yjner BhlpaxeH B sprax). Iloxcta-
BHB COOTBETCTBYIOILME BEJNHYMHBI JIsi cepepa, mosarasi, 4To m* paBHO
Macce CBOOOAHOrO 3/eKTpoHa H §; = §;» = 1, nonyyaeém 3Hauenue 4;;
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Anst GiuKafummx cocenedt (r;» = 2,88-1078 cm), paBHoe 2,6-107% gpe,
KOTOpO€ COOTBeTCTBYeT uactoTe A/h =~ 40 ey.

Ecnu npuMenuts ypasuenue (18) anst cayuas Gamskailiuux cocefle
B peIIEeTKe, HMeloulell KOOpAMHAIMOHHOe uucJ/o 12, To

AH? — .;( By 1) 12 f - A, (18a)

rae [ — 0N Y3/0B pellleTKH, 3aHATHIX He PE30HAHCHBIMH (IITPHXOBAH-
HBIMH) siipamu (a1 cepepa f=1/2). M3 ypasuenus (18a) nns Be-

auunsbl (Y/m)[AHZ)?, Belpaxaioweil BkJAan B LIMPHHY, CO3JaHHbBIH
paccMaTpHBaeMbIM B3aHMOJEACTBHEM, MNoJyyaeM 3HaueHue 50 2y. Ito
TNPeBOCXOJHO COIJIaCyeTcsi C 3SKCHepHMEHTaJbHbIMH JaHHBIMH, H, XOTS
TaKoe Xopolllee COBMaJeHHe, NO-BUAMMOMY, CJy4aiiHo, OOMeHHOe B3aH-
MOJIEHiCTBHE MOXKET, OUEBH/IHO, NMOJHOCTHIO OGBSICHHTb, NMOYEMy IIHpPHHA
JIMHHH TIPEBLIIAET PACCMOTPEHHbIE paHee BKJafbl.

Hisi Tanus MOACYMTAHHOE 3HAYEHHe A;jr TaKKe YOBJETBOPHTE/b-
HO corjlacyercst ¢ HaG/IOJAeMOH BeJIMYHHOH; OJHAKO MNpH CTPEMJIEHHH

f x nymo (npu stom AH} Takxe CTpeMHTCS K HYJII0) IIMPHHA JINHUHH
3HAYHTENIbHO NpeBbINIaeT NAHMOJBHYIO. JTOT 3bdeKr oOHapyKeH B
ONbITaX, KOTOpble ObHIM NMPOBEJEHbl HAa M30TOMHYECKH 0GOTAIlEeHHbIX
ob6pasuax. Bapbupys BennumHy f, MOXHO GbIO H3y4aTb 3aBHCH-
MOCTb UIHPHHBI JIHHUM OT f. B 3TOM ciyyae f monHOCTbIo ompenens-
eT H30TOMHYECKHH COCTaB, NMOTOMY YTO TaJJIHil HMeeT BCEero ABa
usorona: TI?® u TI?5, xa/eli U3 KOTOpHIX O6JajgaeT siAepHbIM
MOMEHTOM. DTO HCCJEOBaHHE OTKPHLIO IICEBIOAHIONbHOE B3aHMO-
JleHCTBHE, BbI3BAHHOE TOH YaCTbIO BOJIHOBOH ‘DYHKIHH 3JIEKTPOHOB
NPOBOAHMMOCTH, KOTOpAsl XapaKTepH3yeT COCTOSIHHS, OTJHYHblEe OT
§-COCTOSIHHS. B 3TOM ciyyae cBsisb MeXAy spaMu OCYILIeCTBJSETCS
OGBLIYHBIM JHUMOJNBHBIM B3aHMOJelcTBHEM MeXJy CIMHaMH sifipa H
3JIEKTPOHA, NMPHBOASILIUM K aHM30TpPOonHoMy caBury Haiira!l. Daek-
TPOHBI CBfISBIBAIOT JBAa siAPa TakKMM 06pa3oM, 4TO HopMa SLEpPHOTro
B3aMMOJIEHCTBHsI TOYHO TaKas e, KaK ec/d Obl sapa GblIM cBOGOT-
IBIMHM TUTIOJIIMH, B3aMMOJEHCTBYIOLIMMH HAa PACCTOSIHHH.

BenuynHa nceBROOMNONBHOTO B3aHMOAEHCTBHSA B:;; omnpene-
JIeTCS MHTErpajsaMd OT BOJHOBBIX (DYHKUHI He S-THINA, B3SATHIMM
Mo cocTostHMsiM 30HbI [34]. Tlo Xapakrepy mNoBeeHHsI 3TOT BKJaj
B IIMPHHY JIMHHM HEOTJIMYMM OT OOBIYHOr'O AHIIOJNBHOrO BKJada, HO
MOXCHO OXKM[aTh, YTO IJISI TSXKENbIX METa/JJIOB OH CTAHET CyIIecT-
BEHHBIM, €CJIH [0/l p-COCTOSIHMsSL B BOJIHOBOH (yHKUUM GyneT
BeJUKa (HanmpuMep, paBHAa WJH GoJblle, YeM KO0JS $-COCTOSIHHSA).
Bropoii MOMEHT JIMHHH, 06YCJOBNEHHBIH OGBIYHBIM AHMOJbHBIM M
fICEBJIOJIUMOJIbHBIM B3aUMOJEHCTBHAMH MEXAy HIEHTHYHBIMH H He-
HIEHTHYHBIMH SIIPAMH C OTHOCHTENBHBIMH cofepxaHusimu (1 — f)

! Toynee roBops, ¢ OQHUM SAPOM 3/IEKTPOH B3aUMOMEHCTBYET NOCPEACTBOM
KOHTAaKTHOTO MEXaHH3Ma, a C APYTHM — NMOCPENCTBOM MEXAHM3Ma KJaCCHYECKOro
TUNOJIb-AHMOJIBHOTO B3auMonelcTBus. [Tpum. ped.
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u f, paccunTaHHblil 1715 GJAMXKANIIKX COCelleil B pelieTKe ¢ KOOPIH-
HALHOHHBEIM YHCIOM 12, uMeeT BUA

361(!+1) 252,-312
B g =g - (L= 1) (B Y223
161" (I’ + 1) rra e
B TR (20)

B sroit ¢opMyne napaMeTprl, He OTMeyeHHble LITPUXAMH, Xa-
paKTepu3yloT sigpa, IJs KOTOPBIX ONpefeJsieTcsi BTOPOH MOMEHT,;
KOHCTAaHTAa B3aUMOIEACTBHS MeXJAy JI0ObIMH [ABYMS COCeLHHMH
agpaMu o6o3HaueHa uepe3 B. DTo B3aMMOLEHCTBHe MO MOPSAKY
BeJHYHHBl OJHHAKOBO KaK [Js1 KyOUYeCKHX, TaK H AJs HeKyGHue-
CKHX KpHCTaJOB. B Tannuu oHO co3jnaeT WIHPHHY, MPUOJIHU3HTENbHO
B NSATb pa3 MPeBbILUIAIONIYI0 OOBIYHBIH NUIONbHBIE BKaAan !. 1o CBH-
JIeTeNILCTBYEeT O 3HAUHTEJNbHOH Jl0J1e P-COCTOSIHHSI B BOJIHOBO# (DYyHK-
UMM 3JeKTpoHa Ha noBepxnoctu Pepmu.

OG6MmeHnHOe H MCEBAOIHMMOJbHOE YIIHDEHHE CTAaHOBHUTCS CpaBHI-
MBIMH IO BeJIHUMHe C OGBIYHOH IHIOJbHOH ILIMPHHOI, KOrja aToM-
Hbli HOMep 3JeMeHTa 6sau3oK K 80—100, H, BeposSITHO, SIBJISIOTCA
IJIaBHBIMH HCTOYHHKAMM YIIHDPEHHS JIMHHH [AJs1 OOJIbIIHHCTBA TSIXKe-
JbIX 3neMeHToB. Hepenko To CyXKeHHe De30HAHCHOH JHHHH [27],
KOTOpOe MOIJIO ‘Gbl IPOUCXOJHTb B MeTaJljle, COCTOsIIEM TOJIbKO H3
OIHOI'O0 H30TOMAa, MAaCKUPYeTCs IICeBJOAMUIOJIbHBIM B3aHMOJEHCT-
BHEM.

XapaxkTepHo#i 4epTod OO6OMX B3aUMOJEHCTBHH, OCYILECTBJSEMBIX
MOCPEeACTBOM 3JIEKTPOHOB, SIBJISIETCSI HX 3aBHUCHMOCTb OT PACCTOSIHHUSA
B peuletke; o6a OHM cojepxKaT (MOLYJIHPOBAHHYIO) 3aBHCHUMOCTb,
06paTHO NIPOMOPUHOHAJBHYI0O Ky6y DacCTOsIHMS, H, TaKHM 06pasom,
OXBaTbIBAalOT OTHOCHTeNbHO OoJsbline o6JgacTd B MeTasne. Takas
JKe 3aBHCHMOCTb 3JIEKTPOHHOH IOJISIPH3allMU OT PAacCTOsiHUs Oblia
TIOJIyYeHAa IIPH MCCJHEJOBaHHH SNEPHOTO pe30oHaHca B ClJaBax
Meab — Maprasel [100], ynoMsiHyTHIX paHee.

BnusHue OOMeHHOTO B3aHMOJEHCTBHS Ha BpeMs pesakcaluu
paccmoTpeHo PsndunabmoMm B obluieifl TeOpHH peNaKCAUHOHHBIX NPO-
neccos [125].

B HeynmopsiloueHHBIX TBepAbIX PacTBopax OOMeH SIIE€PHBIX CIH-
HOB OyJeT yBeNHYHBATb IIHPHHY JIHHUH, €CJH TOJNbKO BeJHUHHA
CBEPXTOHKOIO B3aUMOJEHCTBHS y pacTBODHMOIO He MeHblle, YeM
y pacrBoputens. Ho naxe Torma MoxeT NPOSIBUTBCS 3aMeTHOe
BlHsiHHe OOMeHHoOro 3¢@¢eKTa Ha IIHPHHY pE30HAHCHOH JIMHHH
H30TONHYECKH YHMcTOro pactBoputensi. OGbBIYHO LIMPHHA JIHHMH B
CnJjiaBax TSKeJblX MeTaJsJOB 3HAYUTeNbHO OoJibllle, YeM AHMOJbHAS
winpuna [102; 30]; ogHako Ge3 NOMONHHTENbHBIX NAHHBIX O 3aBHCH-

! OTo 3aK/OyeHHe aBTOpa CBSI3aHO C OWIHGOYHON HHTEpNpeTalueli pe3yabTa-
TOB M3MepeHHH. Ha caMoM nesle BKJaj B IUMPHHY OT MCEBLOAHNOJBHOrO B3aHMO-
JeACTBUSA B Ta/JIMH TOrO XKe NOpPSAKAa, YTO W NHMOJbHBIA BKAan. [Tpum. ped. [13*].
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MOCTH 3TOH ILIHPHHBI OT HANpsXKEHHOCTH MOJs Henb3s OTIHYHUTH
yWHpeHHe, BbI3BaHHOEe (JYKTyalHsIMH COCTaBa, OT YUIMPEHHd,
BbI3BAHHOTO CIIHHOBHIM OOMeHOM. Tak Kak mocJienHee OOBIYHO TOKeE
J10JIKHO YBeJIHYHBATbCS BCJeLCTBHe (JIYKTyallHii cocTaBa, TO KOJIH-
YeCTBEHHbIH aHaJ/M3 IIMPHHBI JIUHUH CTAHOBUTCS KpailHe TPYIHBIM.
CrenyeT OTMETHUTb, YTO YNOPSIAOYE€HHE Pe3KO H3MEHseT MOoJIoKeHHe
e/l U TOSIBJISIETCS] BO3MOXKHOCTb KOJIMYECTBEHHOTO PacCMOTpPEHHs
sIBJIEHHS, TIOTOMY UYTO, C OJHOH CTOPOHBI, HCue3aeT BJHSHHe GJIYK-
TyallUH COCTaBa, H, C JAPYroil CTOPOHBI, CTAHOBSITCS BO3MOXKHBIMH
3IKCIIEPUMEHTHI, NMPH KOTOPBIX YAaCTHYHO MCKJIIOUAIOTCS -OGMeHHbIe
3¢ dexTol. Bo BcsikoM cilyyae MOXHO CpaBHUBAaTh OOMEHHOe B3aH-
MOJEHCTBHE TPH OJIMHAKOBBIX TeOMETPHYECKHX KOH(DUIypalusix
y Pa3NHyHBIX aTOMHBIX si7ep. Pa6oTa Takoro tTHna Gbljla BbINOJHEHA
Hlyapmanom u ap. [103]. Oun oGHApYKW/IM, YTO IIHPHHA JIHHHI
B coenunenussx InSb, GaSb, InAs u GaAs B oCHOBHOM ompeje-
JsieTcsi oOOMeHHbIM MeXaHH3MOM H II0Ka3aJid, YTO MOoJA00HbIe HccJe-
JOBaHHS MOXHO HCINOJb30BaTh MAJS MOJYYEHHSI CBENEHHH O BO3-
OyK/JEHHBbIX 3JIEKTPOHHBIX COCTOSIHUSIX B 3THX COEJHHEHHSIX.

5. BaaumoOelictgue mexncOy AO0ePHOIMU CRUHAMU U UOHHbIMU
ocrosamu, 00YcA08AeHHOE IAEKTPOHAMU

Hai#it u Kurreap [126] o6cynuau Bompoc o CBSI3H SIIEPHBIX CNHU-
HOB ¢ 3d-000/I0UKaMH B YHCTBIX IepeXOAHbIX MeTajnax. Ecau Obt
CYylLIeCTBOBaJO aHTH(eppOMAarHUTHOe YNOpsiJOYeHHe CIHHOB, BO3-
HUKJIH Obl OYeHb GOJIbLIHE BHYTPEHHHE MarHUTHbIE MOJIS, H 3TO NMpPH-
Beso Obl K pacllen/ieHHI0 ypOBHell MAarHUTHOH SHepPruu sifep Mopsin-
Ka 10% ec. OTcyTcTBHE TAaKOTO pacllenyieHus B BaHajWH, HUOOHH H
MonubaeHe 3acraBisier npeanosarate [126], yro nu6o 3d-cBsi3b
CoBepIIEHHO KOBaJIeHTHas, JUO0 BCsKasi KOrepeHTHas aHTHdeppo-
MarHUTHAsl TIOJNsSIpH3alUsl CYILECTBYeT JIMLIb OYeHb KOPOTKOEe BpeMsl.
(Majioe BpeMsi KOppensilMH 1Js1 B3aHMOJAEHCTBHSI OmNpelensiercs
OBICTPO H3MeHsIolLelcsl OpHeHTaLHel CIIMHOB.)

OnbiTel MO SILEPHOMY pe30HaHCYy B CHJaBax MeIM C Maprad-
uem [96, 97] mokasasiu, YTO HH3KOTeMNepaTypHasi (B KHIKOM re-
JMH) IIHPHHA JIHHUH MeIM 3HAYUTeJbHO MpPEBLIIIAET BEJIHUYUHY,
COYC/OBJIEHHYIO [IUMOJbHBIM B3aHMOJEHCTBHEM SIIEPHBIX CIHHOB
Jpyr ¢ ApPYroM H B3aUMOJeHCTBHEM MeXXJAy HOHaMH MapraHua
(IeiCTBYIOUIUMH KaK OHIOJH) H SIepHbIMH cniHHaMu. B atom ciay-
yae 3a u3ObITOUHyIO wWHPHHY [127] OTBeTCTBEHHa CBSI3b HOHHBIX
0cTOBOB ¢ sifepHbIMH cnuHaMHu [100]. ¥V 371eKTPOHOB NMPOBOAHMOCTH,
JBHXKYLIUXCS B KPHCTAJJHYECKOH pelleTKe, CyllecTByeT OOMeHHOe
B3aMMOJEHCTBHE C HOHHBIMH OCTOBAMH MapraHia M CBEPXTOHKOe
B3auMojeicTBue C siapamu Menu. KocBeHHasi CBsI3b HOHHBIX OCTO-
BOB C sIIepHbIMM CIOMHAMH IIO3BOJISIET TaKXe OOBSICHHTb 3aBHCH-
MOCTb LIHMPHHBl JIHHHH OT TeMTepaTypbl M HANpPSIXKEHHOCTH MOJs
B oueHb pasGasaennom (0,0299% (at.) Mmapranua) cniaBe, IOTa
pa6oTa MO3BOJIMJIa OLEHHTb SHEPrui0 OOMeHHOH CBsI3U 3JIEKTPOHOB
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NPOBOAUMOCTH C HOHHBIM OCTOBOM MapraHiua u MOATBepJHJa, YTO
MapraHel, pacTBopsieTcsl B. MelH B Buie Mn++ (o uyeMm CBHIeTeNb-
CTBYIOT W Apyrue ucciaenoBanusi [128]). Illupuna aunuu Menu (npH
KOMHATHO! TeMnepaType) B pa36aBJeHHOM CIIaBe MaJo OTJH-
yaeTcsl OT IIHPUHBI JIHHHH YHCTOH MeIH, TaK Kak IOJHAas HaMarHH-
YeHHOCTb MapraHia HeBeJHKa. )

I'. UHTEHCHBHOCTD PE30HAHCHOIr'0 MNOrJIOWEHHss U KBaJApPymnoJbHbiE
B3aUMOJEACTBHSl B HeECOBEpPLIEHHbIX KpPHCTaJdJdax

[Tpu u3yyeHHH MeTaNJIOB C TIOMOILBIO SILEPHOrO pe3oHaHCca
CpaBHUTENbHO peIKo TpeGyeTcss H3MepsThb aGCOMIOTHYIO HHTEHCHB-
HOCTb MOIVIOULEHHS (MOLIHOCTb, MOTJIOWIEHHYIO OJIHHM SIAPOM) HJIH
CpaBHHBAaTh MOILHOCTH, MOTJIOIaeMble ABYMSI Pa3JHYHBIMH COPTaMH
sinep. CpaBHEHHE TaKOro THIA MOXHO OCYIIECTBHTb C MOMOILBIO
ypaBHeuust A4 (npusnoxenue A), ec/qu NPUHSITD BO BHHUMaHHe, 4TO
B OTCYTCTBHH HacChILEHHS 3HEPTHs, MOrJoLiaeMasi CHCTeMOi siiep-

(o]
HbIX CNHHOB B eJMHHMLY BpeMeHH, TponopunoHanbha Hi[ vy”dv.
[}

OTHoLIeHHe CHTHa/Ja K LIYMY MOXXHO BBIYHCJIHTB, €CJH HCIOJb30-
BaTb BblpaxKenue, naHHoe [TayHnoM B mpujoxenuu k pabote [11] u
B pabGoTte [4]*.

[Ipu HccnenoBaHHM METaJJIOB IIPENCTABJsET UHTEPEC H3MeHeHHe
MITEHCUBHOCTH IIOIVIOLIEHHSI OJHOrO H30TONMa B 3aBHCHMOCTH OT
TeMIepaTypbl, cocTaBa WM creneHd nedpopmauuu. Hnas storo mo-
CTaTOYHO BOCIIOJIb30BATbCS ONpeeseHHeM HHTEHCHBHOCTH, NaHHBIM
B pasgfene I, Tak Kak 3ajaya CBOAMTCS K HAXO0XIEHHIO JHIIb OT-
HocureabHblx BenHuuH. [lockonbKy mosHas mnJjouiaap noja KPHBOH
NOTJIOLEHUS JOJI?KHA OCTaBaTbCs IOCTOSIHHOH, 3aMeTHOe H3MeHEHHe
BH/AMMOH MHTEHCHBHOCTH (HabJi0onaeMoe B mpeaenax y3Koi o6JacTu
vo*iAv, LEHTP KOTOPOH JIeXHUT MNpPHU. YaCTOTe pe30HaHca) CBHIe-
TeJbCTBYET O YaCTHYHOM IepepaclpefeseHHH IOorJolieHus. [las
3TOr0 OKPYXKEeHHe HEKOTOPBIX Y3JIOB PEIIeTKH JOJIXKHO CYLIECTBEHHO
OTIMYAThCS OT OOBLIYHOrO, TOrJa YacToTa, IIorjoliaeMasi SIAPaMHi,
KOTOpble HaXxOAsATCS B 3THX y3JaX, MOXeT JieXaTh BHe HHTepBaJja
vo+Av. Takoe siBi1eHHe (BrmepBble OHO HaGJIIO[1a/I0Ch B HOHHBIX KPH-
craanax [129, 130] 1 BmocaencTBHM OBLIO AeTanbHO H3yueHo [74])
NPOUCXOAUT B DPsifie MeTAJJIOB H CIJIaBOB, B KOTOPBIX CYILECTBYET
KBaJpynoJbHOe B3aHMOLEHCTBHE filep C AedeKTaMH pelleTKH.

KauecTBeHHO siBeHHe MOXHO OOBSICHHTb CJELYIOIHM 00pa3oM.
JledekTbl paccMaTpPHBAIOTCS KaK HCTOYHWUKH HEOJHOPOJHBIX 3JeK-
TPHYECKHX TIoJeH, NeACTBYIOIUX Ha pacCTOssHUSAX He OoJiee He-
CKOJIbKHX nepHozoB pewerkd. Ilostomy Bce gapa, Korophie Haxo-
JaTcst B obsacTax MeTasana, JOCTATOYHO yHAJeHHBIX OT AedeKTOB,
COBepILIeHHO He B3aHMOJEHCTBYIOT ¢ HHMH. YacToThl CHrHaJOB

! BoipaxeHue [/15 OTHOLIEHHS] CHTHa/a K IIYMY B PereHepaTHBHOM JETEKTOpe
s. M. p. AaHo B pa6orte [14*].— ITpum. ped.
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NOrJIOLEHHs AJS 3TOH IPynmbl silep OcTaioTcss BOJH3H vy, H 3TO
NOrJIOUIeHHEe ompejensieT HaO6JI0OfaeMYyl0 HMHTEHCHBHOCTb JIHHHH.
Ecan usBecteH 3¢ ¢eKTHBHBIN 06beM, KOTOPBIH AOJKEH ObIThb CBfl-
3aH C JaHHBIM THNOM JedeKTa, To, U3Mepssi HHTEHCHBHOCTb, MOXHO
ONnpefesyuTh UYHCAO Je(eKTOB 3TOro THNA; ecad 3(PGbeKTHBHBI
0o6beM, NPUXOASALUIICA Ha OAMH HedeKT, He H3BECTEH, ero MOXKHO
Onpe/iesiuTh, U3MePsisl 3aBUCUMOCTb HHTEHCHBHOCTH OT YHcja Aedek-
TOB, BBEJEHHBIX 3KCllepHMeHTanbHO, Eciin mpoBecTH Takue H3Mepe-
HHSl [JI1 HECKOJIbKHX BHJOB PasJHYHbIX Je(eKTOB (HampHMep,
pacTBOPEHHBIX aTOMOB), TO MOMKHO MNOJYUYHTb PSIi OTHOCHTEJIbHBIX
3¢ (eKTHBHBIX 06HeMOB. YTOYHEHHe 3THX NPEACTABJEHHH C yYeToM
MCTHHHOX 3aBHCHMOCTH 3HEepPrHH B3aHMOJEHCTBHsI siiep, PacroJo-
JKEHHBIX BOKDYT Ze(deKTa, OT HX NOJIOXKEHHs, a TaK¥Ke yyera mnepe-
KPbITHA 00beMOB 1€(eKTOB COCTaBJseT NPEAMET TEOPHUH AO0epHbLx
K8a0pynosbHoLx 3)eKTo8 B HecoseputenHblx KpucTasrax. dtu 3¢-
¢exThl B nOpOMKOOGpa3HbIX 06pa3lax BCeraa CBsi3aHbl C HHTEHCHB-
HOCTBIO fIJI€PHOTO pe30HaHCca, *

1. Keadpynoavroe yuiupenue MAZHUTHO20 Pe30HAKCA

OcHoBHBIE CBefleHHS O KBaAPYMOJbHOM B3aHMOMEHCTBHH ObLIM
YXe H3JIOXKEHBl NPH PaCCMOTPEHHH KBAaAPYMOJbHBIX 3((EKTOB B
KpHCTa/JlaX YMCTHIX MeTasanoB (pasgen III-B). HanoMuum sums,
uTO siipa, HaXo[slllHecss B y4acTKaX PelIeTKH C COBEPIICHHOH Kybu-
“eCKOll CHMMeTpHeH, He HCIBITBIBAIOT HHKAKOrO KBaJPYMOJbHOTO
BO3MYIIEHHS M YTO siJpa, Haxojsuluecs B 06JacTaX ¢ OJHOPOJ-
HBIM, aKCHa/JIbHO CHMMETDPHYHbIM TIDaJHeHTOM NOJs, MOTyT MNpH-
BECTH K pE30HAHCHBIM JIMHHAM, (OopMa KOTOpPBIX MOKa3aHa Ha
puc. 6 u 7. TH 3aMeyaHusA H TO OGCTOATENBCTBO, YTO B KYGHUECKHX
KPUCTa/jlax Je(deKTh BBI3BIBAIOT OOJbIIHE HEOOHOPOOHble U, Be-
POSITHO, HEaKCHaJbHO CHMMETpPHYHble TPaJHeHTHl MOJs, ObIIH HC-
NOJb30BAHBl [JI1 HHTEPNPETAllHH pe3yJbTAaTOB, MOJYYEHHBIX AJS
Ie(pOpPMHPOBAHHBIX M JJIsl JETHPOBAHHBIX METAJJIOB C KYGHYECKOH
pewerkoi *. I[IpuMeHsieMble B 9TUX HCCJEJOBAHHSAX METOAbI MPHIOA-
HBl TaKXe JJIs1 JI0O0ro MeraJjia ¢ HeKyGHYeCKOH pelleTKOH, B KOTO-
poM MOXHO HaGJI0AaThb MapaMarHHTHBIH MM YUCTO KBaJpPyMOJbHBIf
pesoHaHc, Korja MaTepHasl HaXOJAMTCS B COCTOSIHMHM, COBEPUIEHHO
cBOGOMHOM OT medopmaumit. B stom ciyuae B kaxaom yame pe-
IIETKH Yy>Ke CYUIeCTBYeT 3JeKTPHUECKHH TpajHeHT e U HCKaxe-
HHSI pemleTkH OydyT BbI3bIBaTb M3MeHeHHHs Aeq.

OGbIYHO pe3KO pa3/MYaIOT KBaAPYMNoJbHble 3(GheKThbI nepBoro
lopsilKa OT KBaAPYNOJbHBIX 3((HeKTOB BTOPOro Mopsiika. D dek-
Tbl 1ep8020 nopaoKka CBSI3aHbl C MOBEJEHHEM CATEe/NJHTHBIX JIHHHI,
KOTOpPOE OMHChIBAeTCsi MePBbIM NpPHO/HKEHHEM TEOPHH BO3Mylle-
Huit. CMellleHHe CaTeNIMTOB, COracHO puc. 6 u ypaBHenmio (10),
NpsSIMO  NMPONOPLHOHAJBHO 3JIEKTPHYECKOMY TIpadHeHTy eq, nefi-

* CMm. Takxke pa6ory [26*]. ITpum. nepes.
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cTBylolleMy Ha sinpa. HeGoJpline rpafiveHTsl He CO3[4al0T CKOJBKO-
HUOyab 3aMeTHOro 3(gdexra; caTeJJIHTHble NHKH NONajampT MpH
3TOM BHYTpPb 06J1aCTH OGBIYHOrO AHMIOJBHOIO YIIHDEHHS Pe30HaHcCa.
AroT cayyall xapakTepeH MJs MeTaJJIoOB C KyOMYeCKOH pemIer-
KOH, JaXe NOABEpPrHyTbix Hebosbiuoi AedopMmauud. Ilpu 66ib-
IIMX 3HAYeHHSIX T'PAaZHEHTCB CYLIeCTByeT HeOOJbIIOH HHTEpBaJ eq,
B MIpelenax KOTOporo (ecJH ¢ OLHOPOLHO) MOXKHO OGHAPYXKHUThL
crnpeliesIeHHbl U30bITOYHBIA KBaAPYMOJbHBIM BKJIAX B IIHDPHHY JH-
HHM. 3a mpeleiaMH 3TOr0 HHTepBajla CaTeJUIMTHI yxe He HabJio-
NalOTC M BKJaJ B HHTEHCHBHOCTb JaeT JIMIIb HepacllemJeHHas
LEeHTpaJbHasl JIMHHA; MPH elle OOJbLUINX TPajUHeHTaX . pacllensier-
Cs caMma lleHTpaJibHasi KOMIOHeHTa. DTO paclleljieHue LeHTpaJb-
Horo nepexoga (m=!/,—>—1/,) HasbiBaercsa 3¢peKkToM 8T0p020 nO-
padka, Tak Kak JJs ero ONHCAHMs HCHOJb3yeTcss BTOPOe NPUOJH-
JKeHHe TeopuH Bo3amylleHHH. To OOGCTOSATENBCTBO, YTO BEJHYHHA
rpajueHTa, HeoOXxoiuMasi [Jsl CO3[aHHUSI BTOPOro Mopsila YLIHpe-
HUS, CHJIbHO OTJIMYAEeTCH OT BEJHYHHBI, MPH KOTOPOH NPOHUCXOIUT
yUIHpEHHe MepPBOro MOpsiiKa, SIBASIETCS CYLIECTBEHHBIM [JIi HHTEp-
nNpeTallHd 3KCIIEPUMEHTANbHBIX AAaHHBIX OO HHTEHCHBHOCTH JIHHHH.

Ilenecoo6pa3Ho mpexae pacCMOTPeThb 3JeKTPHYECKHe I'PaJHeHThI
BHE CBSI3H ¢ je¢dOpMalHUsMH, KOTOpble MOTYT HX CO3[1aTh, TaK Kak
OIHOTO TOJIBKO INPENMNOJIOXKEHHST O MNPOMOPLUOHAJBHOCTH MEXAY
rpajHeHToM u JnedopManuedi HELOCTAaTOYHO, HCXOAS H3 KJaccuye-
CKUX mnpenacraBjeHuii o mepopmauuu [131]. Kak ormerun Buom-
6epren [76], MoxxHO mpeamoJiaraTh, YTO T'PafHEHTH BO3HHKAIOT Kak
BCJEICTBHE B3aHMOJEHCTBHSI MeXNYy BHEUIHHMH TOYeYHbIMH 3aps-
JaMH U MOHHBIM OCTOBOM, TaK H BCJEACTBHe HENOCpPeICTBEHHOH He-
(¢opMalMH HOHHOTO OCTOBA, BBI3BAHHOH GJIH30CTBIO JPYTHX HOHHBIX
0cTOBOB. MOXKHO TaKKe BKJIOUHTHL Cloja 3(P¢ekT JoKaaH3alHH; OH
NOJIXKEH CYLIeCTBOBATh, HaXe eCJH OTCYTCTBYIOT HCKaXKeHHsI OCTOBa,
BbI3BaHHblE TOYEYHBIMH 3apsilaMH, H NMPSMOe B3aUMOLEHCTBHEe MeX-
Iy HOHHBIMH OCTOBaMH. DKCIepHMeHTaJbHble JaHHble, PHBeJeHHble
B pasiesie 3, NOKa3blBAaIOT, OAHAKO, UTO OObIYHAS MOJENb NPHMECH B
BHJle SKPAaHUPOBAHHOrO 3apsila He MOXEeT NPHUBECTH K IPajHeHTaM,
KOTOpble HeOOXOJUMBl AJ51 OOBSICHEHHS KBAaADPYHOJBbHBIX 3¢ deKToB
B MeTaJ/ljlaX, i YTO IPaJHeHTbl, BOBHHKAIOIHE BOKPYr TOYEUHBIX Je-
(ekTOB C H30BITOYHBIM 3apSJ0M, OKa3bIBAlOTCS MPOMOPIHOHAJb-
HbIMU 1/r8. [lanee sKcmepuMeHTHI, NpoBeleHHble Ha Menu [177], mo-
Kas3blBalOT, 4YTO TPafMeHT NPONOPLHOHAJNEH H3OGBLITOYHOMY 3apsily
Z pacTBOPEHHOTO aToMa, 3a HCKJIOYeHHeM TeX CJyuyaeB, KOraa
aTOMbl NPHMECH HMeIOT HyJeBOH H3GBITOYHBIH 3apsii HJAH Koria
HX HOHHBle paJWychl paBHbl MJM GoJibllie pajgnyca HOHa Menu. Hs-
MeHEeHHe TpaJHeHTa, BbI3BAHHOE IPHCYTCTBHEM JedeKTa, paBHO

Aeq = 17ehe (Z)/a}, 21y
rie <GyHkuus HAedopmauuu &(Z) YyuHTbIBaeT KOMOMHHDOBaAHHOE
BJIUSIHHE HM3MEHEHMH pas3Mepa M BaJIEHTHOCTH; A — (e3pasMepHast
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KOHCTaHTa, CBfi3biBaloulasi rpaaueHT ¢ &(Z); ap— MOCTOSHHAS
pettetkd. Pa3nenbHoe paccmoTrpenne 3¢ ekToB pa3Mepa U BaJIeHT-
HOCTH HECKOJIBKO HCKYCCTBEHHO, TaK KaK HPH CKOJIbKO-HHOYIb 3a-
METHOM DAacCTOSIHHM OT Aedekra (HampuMep, B JBa aTOMHBIX JAHa-
MeTpa), BEpPOSITHO, He UMEET CMbIC/]a CTaBHTb BOMPOC, BhI3BaH rpa-
JHMeHT M3MEeHEHHEM B6Q/AeHTHOCTU WM H3MeHeHHeM pasmepa. [as
peleTKH MeTaJJla 3TH NpeJCTaBJeHHs] HACTOJNbKO YCJOMKHEHBI, YTO
HU3MeHeHHs1 BaJIEHTHOCTH, O3Haualolllee OObIYHO H3MeHeHHe 3apsia,
BBI3bIBAaeT NepeMellleHHs1 B pelleTke. Bo BCIKOM ciydae, MoBeJeHHE
JNHHUHA NOTJIOLLEHHS] NOJHOCTBIO OnpefiensieTcss KOH(HUIypalHsiMu 3a-
psAla B pelleTKe He3aBHCHMO OT MX CBS3H CO CMeLIeHHSIMH aTOMOB
pelleTKH.

B okpectHocTH TOueuHOro nedekra (yHKuus e(Z) HMeeT BH]I
e0(Z)/r3, rue eo(Z)— «cuna» pedekra. i 3Toii KOHCTaHTH He CY-
LIeCTBYET BbIpake€HHsi, KOTOpoe Gbl MPaBUJbHO OMMCHIBAJO BJHSAHHE
JI00bIX PacTBOPEHHHLIX aTOMOB; MO3TOMY non 3(¢GeKTHBHBIM pas-
MepOM HCKaXK€HHf, COIJIacHO DPe30HAHCHBIM H3MepeHHsSM, MOHHMa-
10T TOT 00beM, BHYTPH KOTOPOro M3MeHEHHsl I'paJHeHTa PaBHBI HJIH
GoJibllle KPUTHYECKOH BeJHUHHBI (Aeq). . OTHOuIEeHHe 3THUX 006BEMOB
pPaBHO OTHOLIEHHIO BEJHYHH €9(Z), XapaKTepH3YIOUIUX pa3JHyHble
ToueuHble AedekTbl. M3 ombiTa MOXKeT GBITh OLEHEHO JHHIb MPOH3-
BelleHUe Ago(Z); ans pa3baB/ieHHOro ClJiaBa 30JI0Ta MU MeOd CJe-
JyeT CUMTaTh, UTO BeJMYMHA A npuMepHo paBHa 200, ecau & (Z)
[OJIyYEHO H3 PEHTreHOBCKHX H3MeDEeHHH 3aBHCHMOCTH MapaMeTpa
peuietky ot cocraBa [132] u £(Z) paBHa ryaBHO# cIBUTOBOH Nedop-
MalHH BOKPyr atoma 3oJjiota [131].

JIucioKauud MOXHO NpUGJAH3UTENbHO omHuchiBaTh [133, 76], BBO-
nsi BMmecrto e(Z) Beauuuny b/r, rome b — Bektop broprepca, r —
paccTosiHMe OT Jucjaokauud. B a3tom cayuae Her 3ddexToB oT
aTOMOB NpHMeCH H (PYHKLUHOHAJbHAsi 3aBUCHMOCTb OT 2 OTCYTCTBY-
er. Mcnonb3oBaHue nuciaokauuid Morsio Obl 0aTh HAMJYYIIHH CIO-
co6 JJisi MPOBEPKH MPONOPLHUOHAJBHOCTH MeXAY TpajHEeHTOM H
IecdopMmallved, OHAKO NoJs JedopMalHil B 3TOM cjaydyae MpoOCTHpa-
IOTCS HAaCTOJIBKO 1aJIeKO, YTO, HECOMHEHHO, NPOUCXOLHUT 3HAYUTENb-
HOe NepeKkpbiTHe U ocnabjeHHe HanpsiKeHui. JlanbHeHmuM ycme-
XaM B 3Toi 06JIaCTH MOXKET CIOCOOGCTBOBaTb GOJbIIOE KOJHYECTBO
CBeJleHH#, KOTopble HAaKamIUBAIOTCA NPH JeTaJbHOM H3y4EHHH pac-
MOJIOXKEHHUS] NHCJOKAlHi, MOJyyaeMblX KOHTPOJHPYEMBIMH MeTOoJa-
MU NpH YepefOBaHUH AepopMalUUll H OTKHIOB. I pasueHTsl, BO3HH-
Kalollye Ha sApax, PacloJIOXKEHHbIX B OKPECTHOCTH JHCJOKaLHH,
BHI3bIBAIOTCSI HCKAaXE€HHEM BHEIIHUX 3aMOJIHEHHBIX 3JIeKTPOHHBIX
o6osouek (ocToBa) H, IO-BHIUMOMY, NepepaclnpereseHHeM 3JeK-
TPOHOB NPOBOAMMOCTH B JgedopmupoBanHOH pemlerke [134]. Beuny
pasJMyHBIX 3apsANOBbIX 3¢ (}eKTOB, BAHUAIOLUX HA BEJHUYUHY
€ (Z)/r}, nocienHsiss, no-BUAHMOMY, 3HAuYHTEJbHO OGOJbIlIE, YeM
0OblyHasi KPUTHYecKasi CABHUroBast nedopMmalius, HO MAJs JUCJIOKa-
IMH MCHOOJb30BaHUE BeJHUMHBI b/r u A= 1, BeposTHO, sBJsIeTCST HO-
CTaTOYHO OGOCHOBAHHBIM.
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2. KsadpynoavHsie 3¢hdexTol
a. KBagpynoapHble 3¢ hpekKTH NepBOro nopsaika

Kaxnoe siipo B pelmeTke MOXET OKa3aTbCsd B 06GJACTH C TaKUM
TPagueHTOM, KOTOpbli OyJeT HAOCTaTOYHO BEJHK, YTOObl YIIHPHUTH
CaTeJJIUTHL M ClleslaTh HX HeHaOJsroJlaeMbIMH,. OLHAKO elle HeLOoCTa-
TOYHBIM, 4TOOBl BbI3BAaTh 3aMETHOe paclien/eHHe LEeHTPaJbHOH JH-
HUU. B 3TOM ciyyae BCS HHTEHCHUBHOCTb ONpefessieTcsl WHTEHCHB-
HOCTBIO OfAHON LEHTPaJbHOH JIMHHH; CaTeJJIHTHOE MOrJolleHue
MOYTH paBHOMEPHO pacnpenessercs no O60JblIOH 006/1aCTH 4acToT
OKOJIO vo H He OOHapy»KUBaercsi OObIYHBIMHM 3KCIEPHMEHTAJbHBIMH
merogamu. HarasgHoe mpencraBieHHe 06 3TOM MOXKHO MNOJYYHTh
u3 puc. 6, ecan Boo6pPa3UTh, YTO CATEJJIHTHl YIIHPEHBl HACTOJBKO,
YTO MOXKHO JIErKO OIIHOWUTBHCS M NMPHHATH IVIOCKYIO YacTb MOTJOLLe-
HUSA N0 0o6euM CTOPOHAM OT LEHTPaJbHOH JIMHHHM 3a HCTHHHYIO HY-
JeBylo JuHu0. [Ipn pabore co cnjaBaMM Takas «ouIMOKa» HeH3-
OexXHa M, BEPOSITHO, CYUIECTBEHHO YNpOLlaeT HHTEpIpeTalHio pe-
3yJbTaToB. MIHTEHCHBHOCTb OJHOH LEHTPAJbHOH JHHHUHU COCTABJSIET
4/10 monHo#t (BKJoYasi CaTENJIMTh) HHTEHCHBHOCTH, eciau [=23/2;
9/35, ecn [=5/2; 4/21, ecnu I=7/2 u 5/33, ecan [=9/2. [DTn 3Ha-
YEHHS MOJyYeHbl U3 OTHOLIEHHWH UHTEHCHBHOCTH Das3JIMYHBIX Mepexo-
0B, NMpHUBeJEeHHbIX B naparpade 4a mocsie vpaBuenus (11)]. Iloa-
HASL OTHOCHTEJNbHAst MHTEHCHBHOCTb OOBIYHO MOXKeT ObITh NOJYYeHa
M3 ONBITOB C YHCTHIM, XOPOLIO OTOXXKEHHBIM MeTaJJIoM ¢ KyOuue-
ckoll peinetkoil. Ecnu 3HauuTesbHas XojomHas OdedopMallvsg HJIH
yMmepenHoe (mo 5% (aT.) KOJIMYeCTBO MPHMECH YMEHBLIAIOT MOJHYIO
HHTEHCHBHOCTh INPHOJHM3HUTENbHO OO0 BEJHYMHBI, COOTBETCTBYIOLIEH
BKJaJly OILHOH JIUIIb LIEHTPAJbHON JIMHHUH, TO CATENJHTBHl NPH 3TOM,
I10-BHJHMOMY, HCKJIOYEHbl M3 HaOJIIOJEeHHS W Mbl HUMeeM JeJo C
KBaJpynoJbHbIMU 3¢ dekTamMu nepsoro nopsiika. [locsne aToro Mox-
1O H3YYUTb 3aBHCHMOCTb MHTEHCHBHOCTH CaTE/NJIUTOB OT KOHIEHTpa-
MM HCKa*KeHMH, 3Hasl, 4TO LIeHTpaJbHas JHHUS OCTAaeTcsi HEBO3MY-
LIeHHOH. MOXXHO NMOJNYYUTb BEPXHHH U HUXKHUHA Npepesibl AJsi COOT-
BETCTBYIOIUUX FPafHeHTOB, a rpadUK 3aBHCHMOCTH HHTEHCHBHOCTH
CaTeNJIUTOB OT KOHIleHTpPalUHu AedeKTOB MOXKHO HCIOJb30BATH MAJS
onpeleseHHss OTHOCHTeNbHOro ob6bema pAedekra. HWHTeHCHBHOCTB
caTeJl/IITOB eCTh He YTO MHOe, KaK HabJwJaeMasi OTHOCHTeJbHas
nuHTeHCHBHOCTb  (JOv?)/(Jodvo?) (cM. pasmen II-B) 6Ges Bkaana
LeHTpaJbHON JIMHMM. BenuuuHbl Jo U &vo OTHOCATCS K HEBO3MY-
LIeHHOMY PE€30HaHCy YHCTOro, cBO6OJHOro OT AedopmMaluuud Meras-
Jsa. Ilpumepamu 3¢d¢peKToB mepBOro mopsifka SIBJASIIOTCS BJAHSHHS
JIHMCJOKAlUA Ha HCYe3HOBEHHE CAaTeJJIMTOB B X0J0AHOAE(HOPMHPO-
BAaHHOH MelHW M B 3arpsi3HEHHOM aJIIOMHHHH. DTH siBJeHHS OymyT
fHosee moapoOHO PacCMOTPEHBl MO3Ke.

OueHKa HHMXKHEro npefena [Js rpajueHTa, HeOOXOAMMOro YTO-
Dbl HCKJIOYUTb CaTeJJIHTHbIE JIHMHHH, MOXeT OBbITb IMOJydeHa H3
ypaBHeuus (10) u puc. 6. UTo6bl HCKJIOUHTH CKOJbKO-HHOYIbL 3a-
METHBIH BKJaJ CaTeJJIUTOB B H3MepsieMYyl0 HHTEHCHBHOCTb Jov2,
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HY>KHO, 4TOGBl MHKH CaTeJVIHTHOH CTPYKTYpbl (cM. puc. 6 mas
I=3/2), Haxomnunuch BHE 06JACTH vo=*dv, T. €. OblIHM yHaJeHbl OT
LEHTPa Ha IMOJIHYI0 IIHPHHY JIMHUH WM GoJblue. Boabmue snaue-
HMS MPOU3BOJHON CATEJVIUTHBIX JIMHHH OrpaHHuYeHbl 06JacTAME
3THX NHKOB, KOTOpble BO3HMKAIOT Ha 4YacTroTax vo * e2qQ[/4h nas
I=3/2. [Ina 66ablIMX 3HAYEeHHP CIHHA CaMble BHYTpeHHue (M=
=3/2—-1/2; —1/2—-—3/2) u3 (2] — 1) caTeJJHUTOB HMEIOT YaCTOTh
vo * 3e2gQ/[41 (2I—1)h, u Tak KaK Bce APYrue caTe/JJIUThl OKa3bIBa-
IOTC BHe 3TOH 06J1aCTH, TO AOCTAaTOYHO TNOTpPeGOBaTh, YTOGH
[3e2gQ/41 (2]—1)h] >év. Torma Bce Te sigpa, AJAS KOTOPBIX
q>2[41(21—l)h6v/362Q], NpakTHYeCKH He OYAYT NaBaTb BKJaja B
Jov2.

Ecnin u3 3KcmepuMeHTa ClefyeT, YTO LEeHTpaJibHasi JIHHUS He
803MYyU4eHa, TO aHAJOTHYHble COOGpaXKeHHsI MPHBOASAT K BEpXHEMY

npeneny mnas q:

1/,

q<_h_{ v v 12872 (21 — 1) } 22)
e2Q 25 (21 4 3)

Boénbuine 3HaueHusi ¢ MOJXKHBI CO3JaBaTh 3aMETHOE paclUHpe-
HHe H acCHMMETPHIO NOTIJIOLleHHs. YpaBHeHHe (22) moJsyuyaercs,
€C/IH MPEeAMOJIOXKHTh, YTO PAacCTOSHHE MeXAy nukaMu (puc. 7y
JOJI)KHO GBbITb MeHbIle dv/2, T. e. MOJIOBHHBI HIMPHHB HEBO3MYILEH-
HON JMHUH. BepXxHU#l W HUXKHHUEA mpefessl ¢ OTJHYAIOTCA APYr OT
Jpyra MHOXHTENeM, PaBHBIM NPHOJU3UTENBHO (vo/6v) , OOLIYHO
nopsagka 10 unu 20. Ecan ¢ mponopuuoHaJbHO r—3 B OKPECTHOCTH
TOUEYHOT0 AedeKTa, KOTOPHIH He BbI3bIBAaeT pacllenyieHHs LeHTpaJllb-
HOH JIMHMH, TO [OTJIOLLeHHe OT BCeX sjep, HauuHas ¢ OJaMXKaiIux
cocelleil ¥ BIJIOTh OO0 siiep, YAAJEHHbIX Ha PacCTOSIHHs, MPUOGJIH3H-
TEJbHO B TPH pasa OOJblive, MOXeT ObITh 3HAUHUTEJNbHO YIIHPEHO
BoienctBue 3¢ dexkroB mepBoro mopsinka. CaTelMTHI OT IMOCJAEN0-
BaTe/NbHbIX LUMJIHHIPHUYECKHX 000JI0UEK, OKPYKAIOUIUX NHCJIOKAIHH,
OyILyT pacHoJioXKeHbl HACTOJbKO TECHO, YTO MpEeNBIAYLIHE YTBEPNK-
JIeHHsI OTHOCHTEJIbHO § He MOTYT CYILECTBEHHO CHOCOOCTBOBAThH IO-
HUMaHHIO HX CTPYKTYpHI.

6. KBagpynoabHbe 3¢p¢deKTH BTOPOro nopsAkKa

Bropoe npuGiuxkeHHe TEODHH BO3MYILEHHH  ONMHUCHIBAET Xapak-
TEep HCKaXeHH HJM OcjaabJieHHs JHHHH, COOTBETCTBYIOUIEH nepe-
xony m=l/y—>—1/,, Ymnpenune, o6ycnoBjeHHoe 3¢pdeKraMu mnep-
.BOrO MOpsAKa, OOBIYHO NPH 3TOM 3aKOHYEHO, U B HaAOGJI01aeMOlt
HHTEHCHBHOCTH OTCYTCTBYIOT BKJI2[bl OT CaTeJJIHTOB. MOXKHO ycra-
HOBHTb HHXKHHMH Npenesn NSl BeJIUYMHBI TpPajUeHTa, €CJAH MPeanoJio-
KHTb, YTO paclLIelyieHHe MeXAYy NMHKaMy LEeHTPaJbHOH JHHHH (CM.
pHuc. 7) IOJXKHO COCTaBJSITh, IO KpaiiHell Mepe, 5dv, 4TOOBI HX MpPO-
M3BOJHble YCKOJNBb3HYJH OT HabJaioneHus. [lasi 3TOro BeJqHYHHA ¢
JOJIXKHA TpeBbIIIATh 3HAYEHHE

- 25612 (21 —1) \+ _h_
qc= { v Ov Y (21———+ 3 } 2q " (23)
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IlIupuna 56v Obl1a BbIOpaHa NPOU3BOJBHO; MPAKTHUECKH OHA
onpenessieTcss OTHOLIEHHMEM CHrHajga K myMy. C HCUE3HOBEHHEM
LeHTPaJbHOH JIMHUHK BOJIM3H Vo HE OCTAaeTCs YXKe OCTPOro pe3oHaH-
<a M HMHTEHCHBHOCTb Najnaer A0 Hyasi. [panueHTtsl, Heo6XoaUMble
J1JI51 TAKOrO 3aMETHOTO YIIHPEHHs BTOPOrO MOPsiIKa, MPHUGJIH3HUTENb-
1o B 30—60 pa3 6osblie, yeM Te€, KOTOPble NMPUBOIAT K HCUE3HOBE-
1TMI0 CATeJJINTOB.

3. ObcyxcOenue 3KcnepuUMeHTaNbHbLX OQHHbLX

OGcyxaeHre crneuMUKH KBaAPYNoOJbHbIX 3((EKTOB B HecoBep-
ileHHbIX KPHCTaJJaX, BEPOATHO, MOXHO NPOBECTH HECKOJNBbKO Jyu-
me, ueM 370 cienan bBaomGepren [76]. OH KnaccuduuupoBan s¢-
{EeKTH B COOTBETCTBHH C HECOBEDLIEHCTBAMH, KOTOpbIE HX BHI3bIBa-
10T. OHAKO CYIIEeCTBEHHO OTMETHTb, YTO GECCMBICIEHHO MPHCTYNaTh
K HM3YyYeHHIO, Hampumep, AUCJIOKALHH B MeTaJjlje, He HMesl MpeiBa-
PHTEJBHBIX JaHHBIX O BAMSAHHH XOJIOJHOH OOpPabOTKH Ha pe3oHaHC-
Hoe morJouleHse. B 3TOM oTHOIIeHUH SiJEpPHBI Pe30HAHC N0 CHX
TIOp He HMEET HHKAaKHX «THIHYHBIX» MPHMEPOB KBAAPYIOJbHBIX 3(¢-
<eKTOB, HMEIOTCSl JIMLIb KOHKpPeTHble 3(¢ekThl, HabJI0JaBIIMECS
8 HEKOTOPBIX KOHKDETHBIX MeTaJjllax.

DKcnepuMeHTaJbHble pe3yJbTaThl, NOJyYeHHble Hjas menu [30,
97] u amomunus [135], HAMIOCTPUPYIOT Te KBaAPYyNnoJabHble 3D (EKTHI,
KOTOpPble MOXKHO OXHAAThb B XOJOJHOJe(OPMHPOBAaHHBIX MeTaJiax
M B TBEpPAbIX pacTBopax ¢ GecnopsiJOYHO pachpelejeHHbIMH Jedek-
TaMH. HekoTopbie H3 3THX KCIEPHMEHTOB yXKe GBI PacCMOTPEHBI
B o63opax [76, 74]. KBanpymosbubiit MomeHT Al¥ paBen 0,156-
-10-24 cm2, a ero cnuH paBeH 5/2; y Meau MMeIOTCs ABa H30TOMma C
TIOYTH PAaBHBIMH KBAADPYIOJbHBIMH MOMEHTAMH, ONHAKO COLepIKaHHE
OJHOrO H30TONa_ B €CTECTBEHHOH CMecH B [Ba pa3a OoJblle, yeM
npyroro. [loBeneHHe pe30HaHCHBIX JHHHE OOOMX H30TONOB OJHHA-
KOBO, H JaJibHelilee o6CyxaeHne OyIeT OTHOCHTbCS K GoJjiee pac-
npoctpaHeHHoMy usotomy Cu®®, nns koroporo Q=—0,157-10-24 cm?
u [=3/2. Pasuble 3HaKU KBaApPYMOJbHBIX MOMEHTOB aJIIOMHUHHSI H
MeOH He BJHMSIOT Ha HHTEPNPETALHUI0 3KCIePUMEHTOB, MOTOMY YTO
paclienJieHye CaTeJJMTOB BCerfia CHMMETPHYHO OTHOCHTENBHO Wy,
KaK 3TO CJle[lyeT M3 XapaKTepa 3aBUCHMOCTH paclielJieHHsi OT Mar-
HUTHOTO , KBaHTOBOro uucnaa m [ypaBHenue (10)], a pacuennenue
IIEHTPaJNbHOH JIMHHM XapaKTepH3yeTcsl JHIIb BeJHYHHOH Q2.

3a. KBangpynoabHble 5 peKTH B XoN0LHOLEeDOPMH-
pPOBaHHBIXMeTaJdaax

Kak nokasannm wuccienoBaHust [30], MHTEHCHBHOCTb pe3oHaHCa
YHCTOM MeAH, MNOJBEePrHYTOH 3HAYHMTEJbHOH XOJOLHOH o06paboTke
(HanunuBaHuIO), cocraBisier npubausurenbHo 40—509% or HHTeH-
CHBHOCTH pe30HaHCa B XOPOUIO OTOXKKEHOH Menx !, a NpH HENoAHOM

! Cm. Takxe paGory [15*}. Mpux. ped.
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OTXKHre TnOoJydYaercsi HHTEHCHBHOCTb, MPOMEXYTOYHAss MeXIy
HHTEHCHBHOCTSAIMH, COOTBETCTBYIOLIHMH XOJIOAHOAE(POPMHPOBAHHOMY
H XOpOIIO OTOXKEHHOMY cocTosiHMsAM. Takoe noBeieHHe BBI3BaHO
KBaJPYMOJbHBIM yUIHDEHHEM NEepPBOro MOPSANKa M JOJKHO GBITb CBSi-
3aHO ¢ IpafHeHTaMH, KOTOpPbl€ CO3[al0TCA MNOJAMH AedopMalui,
CYLIECTBYIOLIMMH OKOJIO AHCHOKauui. MHTEHCHBHOCTb OJHOH JHIIbL
IleHTPaJbHOMN JIMHHH LOJKHA cocTaBasATh 4/10; pacxox1eHHe MeXLy
5TOH TEOPeTHYECKOH BEJHYHHOH H KCIEPUMEHTaJbHO HabJ/01aeMoi
(or 0,4 no 0,5) MOXkHO OGBACHHTDb, MpeanoJaras, 4to obpasel, nox-
Bepriuicss XoJoJHOH 06paboTKe, BEPOSATHO, He OBbLI «IOJHOCTHIO»
nedOpPMHPOBAH M YTO OTOXKXKEHHbII o6pasel (B BuAe MOPOIIKA) He
COCTOSI1 M3 MAEaJbHBIX KPHCTAJJHKOB. DTO MNOATBEPXKAAETCS Mpo-
BeJleHHbIMH M3MEPEHHsSIMH Ha ONHJKaX, MOBEPXHOCTHBIA CJOH KOTO-
pBIX 6bl1 yaajeH (mpu oGpaboTke KucaoTo#). Ilocme 3TOro MHTEH-
CHBHOCTb De30HaHCa OKasdajach npu6ausutenbHo Ha 209% OGoabuie,
yeM HHTEHCHBHOCTb pe30HaHCa B MNOPOIIKE, HMCCAENOBAHHOM HENo-
CPeICTBEHHO IMOCJe HaNHJIMBAaHHS MeTalli. JTO MOKa3biBaeT, 4YTO
BHYTPEHHME CJIOH ONMHJIOK ObliM 1eOpPMHMPOBAHbl B MEHbIIEH cTerne-
HH, yeM HapyxKHble.

[TosnyueHHble pe3yJbTaTbl MOXHO MCIOJb30BaTh MJsl KOJIHYE-
CTBEHHOT'O ONpeJeJeHHs] IVIOTHOCTH AHMC/IOKAlMH, HO IJIsI 3TOrO He-
06X0AMMO 3HaTh JHOO pacmpejesieHHe 3JeKTPHYECKHX TpaaleHTOB
BOKPYT JAMCJOKALHi, JHOO POBECTH KOHTPOJIbHBIA SKCIIEPHMEHT JJIA
KaJUGPOBKH HMHTEHCHBHOCTH DE30HAHCA, HCIONb3Ys KaKoH-HHOYAb
He3aBHCHMbIl MeToj (HanmpHMep, PEHTIeHOBCKHM), WM CO3JaBas
KOHTPOJIHPYEMYIO MUIOTHOCTb JHCJOKAlHi B MeTaJJIHUECKOH (osbre.
BeposATHO, ONHJKH HE OYeHb MPHrOJHBI /s HCCIeJOBAaHHH TaKOro
tuna. KonnuecTBeHHOE onpejesieHHe YHcaa JUCAOKalHU# ¢ MOMOLLbIO
SIIEPHOTO pPe30HaHCa, CllelaHHOe B NPEIONOXKEHHH O PaBHOMEPHOM
WK 6ecrnopsioYHOM paclpeleNeHHH AMCJAOKAlHH, MOXKET OKa3aTbCs
OLIHGOYHBIM, €cjH OOJblliHe JOKaJbHble KOHIEHTPAUHH MJIOTHOCTH
JMCJOKalMii YepenynTcst ¢ 06JacTaMH, CBOGOJHBIMH OT nedopma-
umit. [Ias HccjaegoBaHHsi 6eCcrnopsilOYHO pacmpelesieHHbIX HTHCJOKa-
UMl (KOTOpble MOTYT CYIIeCcTBOBaTb B 1€(OPMHPOBAHHOM, HEOTHY-
leHHOM o06pasile) MOXHO HCMOoJb30BaTh H3MepeHue BTOPOro
MoMeHnTa. YoTkuHc [133, 76] BbiBea ¢opMyJy, CBA3bIBAIOUIYIO MJOT-
HOCTb NMCJOKAIHH C BKJAALOM CAaTeJJUTOB B BEJIHYHHY BTOPOTO MO-
MeHTa IJs GecrnopsilouHOro pacrnpejesneHHs NHCAOKaUuid B. MOHHOH
pemerke (NaCl). dta ¢opmyna Gblia ucnonbzosana {102, 76] naa
rpy6oil OLEHKH MJIOTHOCTH AMCJIOKAalHi B X0J104H0/1e()OpMHPOBak-
HOM MEIH, HCXOAS M3 SKCIEPHMEHTOB, OMHCAHHBIX BbIUIE. DTa OLEH-
Ka COrJ1acyeTcsi C pe3yJabTaTaMH, MOJYYEHHBIMH JPYrHMH METOJLaMH.

B onuakax uucroro amioMuHus (99,99%) nuciokaluH HE cOXpa-
HSIOTCS B KOJMYECTBE, AOCTaTOYHOM JJIsl TCro, 4ToObl BbI3BaTh 3a-
MeTHOe yLIMpeHHe nepBoro nopsiaka. OnHako heGoabluast 106aBKa
[0,64% (aT.)] MarHus ¢HUKCHpPYeT [MCJIOKAllHH, BbI3blBasi CHJbHOE
yMeHblleHHe MHTEHCHBHOCTH, KakK Nokasano Ha puc. 10. IIpu stom
Ha6a104aeMble [135] 3¢ dekTbl MOJHOCTbIO- aHAOTHUHBI COOTBETCTBY-

78



rouuM 3¢pderTaM LJs1 MeIH, TOJbKO HHTEHCHBHOCTb JIHHHH B OTOX-
»KEHHOM MaTepHaJie ONpeJessieTcsl Temnepb COAepXKaHHEM INpPHMecH
W HHMXXHHH Tpefies] HHTEHCHBHOCTH B 1e(OPMHPOBAHHOM caBe 6JiH-
30K K 9/35, XapakTepHO# BeJHYMHe [JIsi MeTasJa cO CIHHOM [=5/2.

KpuBas (a) Ha pucyHKe OoTHocHTcs K cmaaBy Al+0,64% Mg,
HaNMJIEHHOMY NPH KOMHATHO# TeMmepaType; KpuBasi (6) mOKa3bl-
BaeT pe30OHaHC B CIJaBe mnocJe orxkura npu 250°C B  Teuenue
87 u.; (8) — mocae orxura npu 480°C B Tedenue 2 «.; (2) — peso-
HaHc B uHctoM Al, HamuieHHOMy I©IpM KOMHATHOH TeMmeparype.

9w
0]

475 |-

250 -

a5

T T
5,170 6,160 6,790
v, mey

Puc. 10. JIunusa noraowenus Al? s cnnase Al+0,649% (at.)
Mg (nyHkTHp) M B uucToM Al (cnyowmHasi JIHHHSA)

CocTosiHHe: a M 2 — AedopMauus npH KOMHAaTHOH TeMmneparype,
6 —orxur (850° C; 87 «); 8 —oTxur (480° C; 2 4)

Ara paboTa NeMOHCTPHPYET BO3MOXXHOCTb H3y4YeHHs TeMmepa-
TypHOI 3aBHCHMOCTH OTPbIBa AMCJOKAUMi OT LEHTPOB 3aKPEJIeHUs
H onpejeseHHst SHEPrHH aKTHBALMH AJs JBHXKEHHS NUCJIOKAUMH MPH
OTCYTCTBHM BIIEIIHUX NPHJOXKEHHBIX HamnpsixkeHui. BBHUAY cpaBuH-
TeJNIbHO GOJBIIOH MPOTSKEHHOCTH (r~!) moselt nedopmauuil BOKpPyr
JIUCJIOKALMH BaXKHO HCMOJb30BAaTh CTATHCTHYECKHH MOAXOX IJs yue-
Ta UX BJMSHHUSI HAa pe30HaHCHoe norJolleHHe. [IpencraBieHue o Kpli-
THYECKOM pajuyce HaH oObeMe, NMPHUXOASALIEMCS HAa ONHO HMCKa)Ke-
HHe, 3[eCb He MPHUMEHHMO.

36. KBanpynoabube 3¢ppeKTh B cnnaBax

KBanpynoabpHbie addektr, 06yca0oBIeHHble HHOPOAHBIMH aTOMa-
MH B TBEPAOM DacTBOpe, JOCTATOYHO BeJHKH. HecKosbKO MpoLeHTOB
npuMecH (pacTBOPEHHOrO BeLIECTBAa) YaCTO YMEHbIIAET HHTEHCHB-
HOCTb morJoulenus 6osee yeM Ha 909%. Takoe siBneHHe XapakTepHO
IJs1 1106010 crnjiaBa Ha OCHOBE MeIH HJIM aJIOMUHHS, a TaKXKe JIJs
JIPYTHX MeTaJllJoB, UMEIOLIHX sfApa co cnuHOM Goublue 1/2 ¢ gocra-
TOYHO OOJIbIIMM KBaJpYNOJbHBIM MOMeHTOM. CpaBHHUTb MOBeleHHe
MellM C NOBeIeHHMEM aJlIOMHHHS OCOOEHHO HMHTEPEeCHO, HOCKOJBKY
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CTPYKTYPBl HX pEIIETOK H KBaAPYNOJbHbie MOMEHTH OJMHAaKOBbI.
Ilpu 3ToM OBLJIO MONY4YEHO 3aMETHOE Pa3JuuHe SKCIEPHMEHTaJbHbIX
pesysnbTaTOB, BEPOSITHO BBHAY TOrO, YTO 3JEKTPOHHBIE CTPYKTYpHI
3THX 3JIeMEeHTOB OTJHYaloTcs ApYyr ot apyra. Ha puc. 11 nokasa-
Ha 3aBHCHMOCTb OTHOCHTEJNbHOH HHTEHCHBHOCTH norJouieHus Cubd
B HEKOTODHIX TBEPAbIX a-pacTBopax Meau [177] oT KOHUEHTpaLHH
pacTBOpeHHbIX aTOMOB. VaMmepenusi GBLIM MPOBeNEHBl B OCHOBHOM
Ha 4acToTe vo=4 M2y METONOM SIIePHOM HHIVKIHH.
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Puc. 11. 3aBHCHMCCTb HMHTEHCHBHOCTH lEH-

TpasnbHoil KomnoHeHThl Cu® B TBepamix a-pa-

CTBOpPaX MeAH OT KOHUEHTPaUUH PacTBOPHMO-

ro. YcaoBHble 0603HAaYeHHs, XapaKTepH3YIO-
Iide JIETHPYIOWIKA 3JIEMEHT:

©, © —uuHK, [] — KpeMuuil, @ — HHRUH, 4 — 30J10TO

TonbKO TOYKM, NpeACTaB/lEHHble MEPEYEPKHYTHIMH KPYIXKKaAMH,
GOblJIM TOJIyyeHbl Ha 4yacrore 6,3 M2y METOLOM SIIEPHOro morJolle-
uus [30]. MHTeHcuBHOCTD, MOKa3aHHAst [Jisl YHCTOH MeIH, COOTBET-
CTBYET MOJIHOH HMHTEHCHBHOCTH OJHOHM JIMIIb LEHTPAJbHOM JIMHHM
(m=1/2—-—1/2) (Bce n3mepeHusi GbIIM NMPOBeNEHbl HA XOJIOLHOJE-
($OPMHDPOBAHHBIX CNJIaBaX, TaK YTO TOJBKO 3TOT NEPeXOoJ H MOXKHO
6b10 Habuaiomatb). HabGalomaemoe yMeHbllleHHE WHTEHCHBHOCTH
06s13aHO0 KBaApymoJabHbIM 3¢ dekram Broporo mnopsaxka. Lupuna
u ¢opma pesonancHo#i JuHMH Cub® MeHsIIOTCS NPH 3TOM OYeHb
mano. OTHOcUTe/NIbHAS HHTEHCHBHOCTb, NpEACTaBJeHHass Ha pHc. 11,
yKe CKOPPEKTHpPOBaHa Ha M3MEHEeHHe COCTaBa, TaK 4YTO OHa SBASET-
¢ MCTHHHOHM Mepo# aoau sapgep CuS, morsomiaroliux 3HEPTHIO HPH
9acToOTE V).
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YMeHbllIeHHe HHTEHCHBHOCTH OblIO HHTepnperHpoBaHo [30] Tak,
uyTOGbl MaKCHMa/bHO YIPOCTHTb MOHATHe «3(PdeKTHBHOrO pa3Mmepa ne-
dekrar. [Ipeanonaranu, yTo BO/M3H DPACTBOPEHHOTO aToMa 3JIeKTpHYec-
KHH TpajueHT BeJHK W pe3oHaHC Joboro sizpa Cu®d, Haxomsiierocs
PSIOM C pacTBOPeHHbIM aToMoM, He OyneT Habmonatbesi. Y snep Xe,
PACMoOJIOKEHHbIX Ha OOJIBLIMX DPacCCTOSIHUSIX OT PacTBOPEHHOrO AaToMa,
LEeHTpaJbHble MNepexofbl OyAyT HEBO3MYIleHbl. Beskuit aTom Menu, B
OKDECTHOCTH KOTOpPOro BHYTPH c¢epbl KPHTHYECKOTO pajuyca r, HeT
HH OJIHOTO pPacCTBOPEHHOIO aToMa, OYeBHAHO OyJeT IMOJHOCTbIO JaBaTb
CBO! BKJIaJ, B HaO/MI0[JaeMyl0 HHTEHCHBHOCTD.

/151 HeymopsiIOUEHHOI'0 TBEPAOro PacTBoOpa JETKO OMNPeNesUTh Be-
POSITHOCTb TOTO, YTO B OKDECTHOCTH aToMa MeAH B JIOOOM M3 N OK-
PYKAIOLIUX ero COCeJHHX Y3JIOB PeLIeTKH, HaXONSWHUXCS BHYTpPH cde-
pbl pajuyca r., HeT HM OJHOrO DPacTBOPEHHOro aroMa. Ecau oTHOCH-
TesbHAsl KOHUEHTpallMsl pacTBOPUMOTO paBHA €, TO Kax.blil y3enl pe-
LIETKH MOXKET C BePOSITHOCTBIO (1 — ¢) OBITh 3aHATHIM aTOMOM MeJH.
BeposiTHOCTb TOrO, 4YTO 7 y3/0B OYLYyT 3aHATHl aTOMaMHM MeJH, paBHa
(1 —¢)". TlosTomy ZIOJIsi TeX simep MeIH, KOTOpble y4acTBYIOT B IOIJIO-
menn, paBHa (1 —¢)®, u ecaH opMa JIMHHH 3aMETHO He M3MEHseTcs,
oTHouenne JOv3/Jodv; no/mKHO GbiTh mpomopiHoHaabho (1 — ¢)”. OTHo-
CHTENIbHAs HHTEHCHBHOCTb MOXET ObITh BBIpAaXKEHA NPOCTO OTHOLIEHH-
eM J/Jo= g (Vmax)/€o (Vmax) (pa3zen I1—Db). lns onpexenenus n wc-
NOJIb3YIOT rpadMK, BHIPAXKAIOUWIMA 3aBUCHMOCTb MHTEHCHBHOCTH OT CO-

CTaBa B JIBOHHOM JIOI‘apPI(pMPIquKOM Macuitabe; 3Ta 3aBHCHMOCTb
HMeEeT BHJA:

logo (g/80) = nlogie (1 — ¢) =— nc/2,303. (24)

[pu6mu>keHHOe PaBEHCTBO CIpaBeJIMBO NPH MagblX ¢ (g U g —
OTHOCHTE/IbHble BeJHYHHbI MAKCHMYMOB KDHBBIX MOIJIOUleHHs). Pe3yJb-
TaThbl, NPeACTaBJEHHbIE HA puc. 11, U300paxkeHHl B NBOHHOM Jorapud-
MHYeCKOM MacuTabe Ha puc. 12. TouHOCTb M3MepeHHS] HHTEHCHBHOCTH
coctaBasieT okosio 10%, HO TeM He MeHee BHJHO, UTO COOTHOLICHHE
(24) xopowo BbinosHsieTcss (puc. 12). Kpome Toro, okasaJoch, yTo AJs
IHHKa, HUHIWS, KPEeMHHsl M J[pYyrux 3JeMeHTOB noarpynmsl B [177],
PacTBOPEHHBIX B MeIH,, 1 NPHOJHIUTENbHO NPONOPLUHOHANBHO H36bITOY-
HOM BaJIeHTHOCTH Z DPacCTBOPEHHOro 3JjieMeHTa (cM. Tabm. 3). dtoro W
CJIe[IOBAJIO OXKHJATb, €C/IM ¢ MNpPONOPUHOHAMILHO Z/rd, MOTOMYy 4YTO B
HEIpepbIBHOM CPefie N JOMKHO ObITb paBHO (4/3)1irid,, YTO MPOMOPLHO-
HasbHO BequuHe (4/3)nd.Z/qc, TOe do — YMCJO aTOMOB B cM3, r,—
KPUTHYECKHH PaJMyC, ¢.— KOHCTaHTa, onpejensemas dopmysof (23).
OTKJ/IOHeHHsI OT 3TOH NPONOPUHOHAJBLHOCTH MOTYT IPOMCXOAHMTb BCJEJ-
CTBHE TOrO, YTO B TpaHElleHTPHPOBAHHOH KYOHYECKOH pelleTKe YHCJIO
aTOMOB, KOTOpbIE JIEXKaT BHYTPH KOODAMHAUHOHHOH cdepbl C LEHTPOM
B OJHOM M3 Y3/I0B pelleTKH, MPHHHMaeT ONpeAesIeHHbIE leJble 3Haye-
HUSL N,y (TAON. 3).

Tak kak B BbIpaxeHHe JJi1 KPHTHYECKOro 3HaueHHsi TpajiMeHTta g,
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Puc. 12. PesysnbraTel puc. 11, BblpakeHHble B ABOHHOM
norapupMHUeCKOM MacuitaGe

Ta6auma 3
Howmep
PacTBopeH- z n KOODAHHA- Honnble . 1 da** ATOMHBI***
HBIH aTOM n 2uK HHOHHOK | PaAMYyCbl 2 Tax nuametp, A
chepor
Zn 1 18 18 2 0,74 0,055 2,67
In 2 46 42 3 0,81 0,259 3,14
Si 3 58 54 4 0,41 0,015 2,75
Au 0 46 42 3 1,37 0,148 2,88
i | |

* BeJsnyuHB! B3AThl U3 paGoTel IlaysuHra, cHocka [165].
** OTHOCHTeJIbHOE H3MEHEeHHe TMapaMeTpa pelleTKH, UPHXORsIUleeCs: Ha eJUHHILY aTOMHON KOH-
LleHTpaLHH pacrsopumMoro [136, 132].
*%* Nuamerp loJbAMIMHATA [AJIS1 KOOPAMHAUHOKHOTO uHcJa 12 ANS1 MeAH OH paBeH 2,557A°.



BXOJHT Vq, SKCIHEpPHMeHTa/bHble 3HAUeHHS BEJHUHHBI . 3aBHCAT OT V.
WX omnoutenus, BOOOIe TOBOPS, He MO/KHBI 3aBHCETb OT Vg, €CJH
He YUMTHLIBATH HEKOTOpble «060JoueuHble 3(deKTh», 06YCJOBIEHHbIE
IUMCKDETHOCTBIO peLIeTKH; X MOXHO YacCTHYHO YYeCTb, INPOBOAS H3-
MepeHHsl MHTEHCHBHOCTH Ha DasHbIX YacTOTaX. Tak Kak OTHOCHTeE/b-
Hble pa3Mepbl JedeKkTa ONpefessioTCs HMEHHO 3THMH OTHOLUEHHSIMH,
a6CoMOTHEIE 3HAUeHHsi 7 He NpeJCTaB/sOT OOJIBIIOrO HHTEepeca.

Usnman u Ceiimyp [97] uccienoBanu cnjaBel MeIH € HHKeJeM
(comepxamue 1o 9,2% (ar.) HuKeas); u3Mepsss OTHouieHHe J/Jo,
OHM Hamuag, yto n=18, ecau uU3MepeHHs] NPOBOAATCS HA YacToTe
7 mey, u n=28, eciid OHM IPOBOASTCH Ha yacToTe 3 Mey. 3aBHCH-
MOCTb BEJHUYMHBI 1 OT Vo MOXET HMEeTb CJOXHBIH XapakTep; NO3TO-
My ObL10 OBl TPYAHO IO 3THM H3MEPEHUSM OLEHHTb 3HayeHHe N
nas1 yactotbl 4 mey. CyllecTBeHHO, OLHAKO, YTO 3HAUEHHUs] N MO
LIMHKAa ¥ HHKeJs JOBOJBbHO OJH3KH APYr K APYry; 3TO MOATBEpK-
JaeT Hallle 3aMeuyaHHe, 4To 7, rpy6o ToOBOps, NPOMOPLHOHAIBHO
HW30bITOYHOM BaJIEHTHOCTH PAaCTBOPUMOrO, KOTOPYIO B 3TOM CJydae
HYXXHO mosnarath paBHoi (—1). s cpaBHeHHsI 3THX pe3yJ/bTa-
TOB ¢ NAHHBIMH, NpHBEJEHHBIMH B Ta6Ja. 3, 3aMeTHM, UTO AJs HH-
keas [137] (1/a) (da/dx)=—0,030.

®opma JaunuK norgolienus Cu® B 3THX cniaBax MeloH ¢ HUKe-
JeM ObL1a BblyHcsaeHa [97] cyMMHpoBaHHeM BKJIafoB OT HaGopa
KPHUBBIX, MMeIOIUX (opMy, IIOKa3aHHYI0O Ha puc. 7.

CoorsercTByolliee A2 15 KaXkmoi KpUBOH 3TOro Habopa ompe-
IeJsiaM, Tpenrnosaras, 4YTO ¢ TPONOPLUHOHAIBHO 73, M BKJIAL
KaXJ0i KpuUBOH OGpajsd ¢ BECOM, PaBHbIM BEDPOSITHOCTH TaKOTO pac-
NOJIOXKEHHS aTOMOB, IIpH KOTOPOM Ha pacCTOSTHHH ! OT aToMa MenH
HaXOQMUTCS OOWH aToM HHKesas, Takue KoHdurypauuu, HpH KOTO-
pPBIX IO COCEACTBY C ATOMOM MeJIH HMEIOTCSl [JBa aToMa HHUKeJd,
He YYHUTBIBAJHCh, IIO3TOMY JJs1 BBIYHCJIEHHS OTIEJbHBIX BKJAIOB
MOXKHO OblIO NoJb3oBaTbcs ypaBHenueMm (12), kotopoe chpasen-
JUBO TOJBKO HJsS 3JEKTPHUYECKHMX TIIoJiel ¢ o0ceBOH cuMMeTpued.
MoXHO NOJYYHTH XOpolllee COOTBETCTBHE MEXKAY BBIYMCJIECHHOH H
3KCIEepPHMEHTaJJbHO Hab/NI0HaeMON KDPHUBOH MOIJIOUIEHUS, €CJAH CYH-
TaTb, YTO B MeCTe HAaXOXAEHUSI BTOPBIX OJMKaAHIIUX cocedel
g=1,7-108 cm8.

HecMoTpsi Ha TO 4TO KOJHYECTBEHHBIE COOTHOILLEHHS, ONpeje-
JSIOLlYe BeJUYHHY 3JIEKTPHYSCKHX TI'DAaTIHEeHTOB B pelleTke, elle
He 00 KOHIIA BBISCHEHBI, CYLIECTBYET LeJbIH psd HHTEPECHBIX Ka-
YeCTBEHHBIX OCOOEHHOCTEH NOBeNeHHs CIJIaBOB MedH, KOTOPble XO-
poumio u3yyeHbl. IIpuMeuaTe/qbHO TO, YTO MOUTH HET KOPPEJSALUH
MeXJy BeJHYMHOH IpajveHTa U H3MeHeHHeM IapaMeTpPOB pelleT-
KH, XOTsl OOBIYHO CYHMTAIOT, YTO 3TO H3MEHEeHHe SIBJISIETCS HeNocpes-
CTBEHHOH Mepo# pedopMaluuy, BO3HUKAIOUIEH BOKPYr LieHTpa IH-
Jarauud. Tonbko y 30J0Ta paguyc HOHA MPEBOCXOAUT PALUYC HOHA
MeId W 3(deKTbl pacTaJKMBAHMS HOHHBIX OCTOBOB M JIOKAJH3a-
UMK 3JIEKTPOHOB MOJIKHBl OBITb ONpENeJsIOIMMH (aKTOpaMH B
co3nanuu rpapuenta. Monnele pamuychl BceX APYTrHX HCCJeLOBaH-
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HBIX pACTBOPEHHBIX 3JE€MEeHTOB MeHblle, YeM paJHyC HOHA Meln
(0,96 A). KsampynonbHele 3p@eKThl B MeIH MOXKHO, NO-BHAUMO-
My, CpaBHHTb ¢ 3G®deKTaMu <«BaJEeHTHOCTH», PaCCMOTPEHHBIMH
Paiinopom [138] nssi cniaBoB MenaH; pasHHla TOJbKO B TOM, 4YTO
NpH PAacCMOTPEHHH PE30OHAHCHBIX SIBJEHHH He HCIIOJb3YeTCs KOH-
cranta C, BBeleHHash PeiilHopoM 1Jis1 TOro, 4ToObl yuecTb pasJjuue,
CYIIeCTBYyIOLlee MeXJAYy PacTBOPEHHBIMH 3JIEMEHTAMH, HaXOJSLIH-
MHCS B pas3HbIX NepHORax NepHOAUYECKOH CHCTeMBbl, HO obJjamaro-
IIMX OZMHAKOBOH BaJeHTHOCThbIO. IIpH pacTBOpeHHMH B MeIH KpeM-
HHUSI, TepMaHHUA M OJIOBAa OTHOCHTEJNbHble H3MEHEHHS I1apaMeTpOB
pelleTKH, MPUXOAsIIUecss Ha OAHY aTOMHYIO JOJIO DPacTBOPEHHOTO
3JleMeHTa, NPUOJHKEeHHO HaXOomsiTcs B OTHOlleHuH 1:6:19, HO BO
BCeX 3THX CJy4YasiX B OKPECTHOCTH DPAacTBOPEHHOrO aToMa BO3HH-
KaloT NOYTH OJHMHAKOBbIE 3JIEKTPHUECKHE PpAaAUeHTh. JTO O3Haua-
eT, uto 3¢ (eKT JTOKaTM30BAHHOH BAJEHTHOCTH He fBJSIETCS IJaB-
HbIM (aKTOpPOM, ONpeleNsOmHM NapaMeTpbl peleTKH TBEPAOTO
pactBopa. BBuay 3aBucuMOCTH ¢~r~2 3TOT pe3yJbTaTr sIBJSETCS
HeCKOJIbKO HEOXKHJAHHBIM (CM. JOIOJIHEHHS NPH KOPpeKType).

Mexay peHTreHOBCKHM METOAOM H METOJOM SIIEPHOro peso-
HaHCa BO3HHKAaeT OYEBHIHOe pasJjiiude, Kormga o0a OHM IpHMEHs-
IOTCS JJI1 M3YYeHHS KBaJpylnoJabHbXx >(dektoB. PesonaHcHble u3-
MepeHHUs] XaPaKTepu3yoT JHlIb 06GJACTH BelllecTBa, CBOGOAHBIE OT
pPacTBOPEHHBIX aTOMOB, IIO3TOMY B HHX He MPOSIBJSIETCS B3aMMOIEN-
CTBHE MEX]JYy PacTBOPEHHBIMH aTOMaMH, KOTOPOE, O4eBHIHO, UIpa-
er GoJbllIyIO' POJIb B PEHTTEHOBCKHX HcciemoBaHusaX. Kpome Toro,
pe30HaHC He UYYBCTBHTEJEH K YHUCTOMY pPAaCUIMPEHHIO PpELIeTKH.
PasHoMepHOe BcecTopoHHee cxKaTHe He GyaeT CO31aBaTh IpajHeH-
Ta B y3Jax KyOuuecko#i pelleTkd. PaBHOMepHOe pacuUInpeHue pe-
IleTKM MOXHO Obl1O Obl CO314aTh, YBeIHUYHBAsi (TCHIOTETHYECKH).
YHCJIO 3JIEKTPOHOB HAa aToM B uucToM Metasse. Ecaum 6B uucao
3JIGKTPOHOB Ha aTOM B YHCTOM MeTaJjljle M3MEeHSJIOCh Obl, TO HYXKHO
6blJIO OBl OXKHAATh H3MEHEHUST HaHTOBCKOro cjaBHra HabJromaemoil
JMHHH TIOIJIOLIeHUsT (OCTaBLIEHCS LEHTPAaJbHOH JIHHHH), OJHAKO
sror addekr He Habmiogaerca [19, 30, 177, 97]*. Uuciao smaekr-
POHOB, IpPHUXOASIIUXCA HAa aToM (KOTOpOe MMeeT CMBICH, KOTAa Io-
TEHIIMaJbl aTOMOB MpHMECH TIepPEeKPbIBAIOTCA), ¥ H3OGBLITOUHBIH 3a-
psilL. pPacTBOPEHHOTO AaTOMa YYacCTBYIOT B CO3JAaHHMH <HCKaXKeHHH,
06VC/IOBIEHHBIX BaJIEHTHOCTbIO PAacTBOpeHHOro artoma» [138, 139]
He3aBHCHMO Jpyr ot Apyra. Ilpm H3yueHuu KBaApymoJbHBIX 3(¢-
{exToB OblII0O O6HAPYXKEHO TOJBKO BJHMsSHHE H3GLITOYHOrO 3apsna,
XOTsl U3MCHEHHe YHCJa 3JeKTPOHOB, NIPUXOASLIMXCA HA aTOM, Oye-
BHJHO, CyLIECTBEHHO BJMsieT Ha cABMr Halita B cmiaBax cepe6pa,
O KOTOpPBIX yXe OBLIO CKas3aHo.

Jpyroe pasnuuue MeXKAy PEHTTE€HOBCKMM W PE30OHAHCHBIM Me-
TOJAMH COCTOMT B TOM, UTO IIepPBHIfi CIOCOGEH 3aMeuaTb CMelleHHe

* LluTHpoBaHHble PaGOTHl MOCBSIIEHH HCCACAOBAHHMIO KBAJPYMOJBHHX 3(dek-
TOB B CM/IaBax M Ae()OPMHPOBAHHBIX MeTa/JIaX. DTH OGBEKTH Maslo MPHFOLHH AJIS
H3MepeHHsi H3MEHEHHH HaiTOBCKoro casura. ITpum. ped.
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aTOMOB, TOI'Ja Kak BTOpo#l Gojiee YYBCTBHUTENEH K HEOJHOPOJHO-
CTAM CMelleHHs aTOMOB HJH K HEOJXHOPOMHOCTSIM pAacIlHpeHusd
pemwerkd. HakonseHnue uyXKepOZHBIX 3JE€MEHTOB B pellleTKe MNOJXK-
HO TOpasfio CHJbHee BJHUSITh Ha JaHHble O CMeEIeHHH aTOMOB, MOJY-
yaeMble PEHTTEHOBCKHM METOJOM, YeM Ha pe3yJ]bTaTbl pe3OHaHC-
HBIX HM3MEpeHHH, KOTOpble, KOHEUHO, HHYero He MOTYT CKas3aTb O
CMellleHHH aTOMOB HJIM O JedopMauusix B TeX y4acTKaxX TBepAOro
pacTBopa, KOTOpble 3aHATHl pacTBOpeHHbIMH aTtoMamH. Ilo-Buam-
MOMY, TJIaBHBIM HCTOYHHKOM BO3HHKHOBeHHS JdedopMaluil pelleT-
KM BOKPYr TOUEYHBIX Ne(heKTOB SBJsSETCS H3MeHeHHe pa3MepoB
aTOMOB HJJM MOHHBIX OCTOBOB. JleTa/jibHOe CpaBHEHHE PE30HAHCHBIX
NaHHBIX C pe3yJbTaTaMH HCCJIENOBAaHUH TBEPIBbIX G-DPaCTBOPOB, BhI-
MOJHEHHBIMH APYrUMH (MEXaHHYECKHMMH H 3JEKTPHUYECKHMMH) METO-
JaMH, 31eCb He PacCMOTPEHO; TaKoe CpaBHeHHe MOXKHO INPOBECTH,
UCIONb3Ysl MapaMeTphbl, NpeACTaBJeHHbBe B MOCJETHUX TpeX CTOJO-
nax Ttabua. 3. XoTs NPUCYTCTBHE PACTBOPEHHBIX aTOMOB B 3HAyH-
TEeJBHHONH Mepe OIlpefessieT MCKa’KeHUS pelleTKH, 3JIeKTpHUYeCcKHe
rpajMeHThl ONpPeNeJIIOTCs He <CTOJbKO 3STHMH JedopMalUsiMy,
CKOJIbKO 3(eKToM mnepepacnpefeneHus 3apsna !l. MoxkHo ckasars,
YTO THIOTETHYECKUH aTOM, HOHHBIH pajguyc KOTOPOro MeHblle, 4eM
HOHHBIA paguyc aToMa pPAacTBOPHUTENS, U KOTODPHIH He cO3JqaeT Hu-
KakMX 3¢ (eKTOB, CBSI3aHHBIX C JOKaJu3auuei (mepepacmpejede-
HHEM) 3apsja HJH C HaJpuyueM H30BITOYHOTO 3apsfa, He Oyger
NPUBOAHUTh . K TAKOMY OOJIBIIOMY KBaJApYIIOJbHOMY VIIHDEHHIO, K
KaKOMYy NPHUBOJUT 1000 peasibHbI pacTBOPEHHBIH aTOM C €ro H3-
OBITOYHBIM 3apsiIOM.

HyXHo eme 106aBHTb, 4TO OO CHX NOP He TOSIBUJIOCH HHU OJHOMH
paboThl, CIHeUHaJbHO IOCBSILIEHHOH KBaAPYNOJbHbIM 3dderram
nepBOro nopsiika, o6yc/aOBJEHHBIM NPHMeCSIMH B Medd. Eciu 3aBu-
CHMOCTb §~r~3 cnpaBejJiMBa Ha GOJbLUIMX DACCTOSHHAX, TO CJe-
JyeT OXHAaTb, YTO HJsl 3JE€MEHTOB TabJi. 3 H3MeHeHHe HHTEeHCHB-
HOCTH Oyzner cooTBeTCTBOBaTh 3HaueHusM 7 ot 500 go 1500. Ocra-
TOYHble [AMCJOKAaUWH HUJIH [APYrHe MeXaHHueoKHe aedeKThl B
OTOXKJKEHHOM Marepuajie, a TakKke CJayyaliHble NpPUMeCH OyayT
YCJIOXKHSATb HMHTEpIpeTaluio pe3yabTaToB [74]. MoXHO o0XHAaTh,
YTO NpU DACTBOPEHHUH IHHKA B Medd HHTEHCHBHOCTb OVIET H3Me-
HATBCA B COOTBETCTBMHM ¢ BbipaxenneM 0,6(1—c)%0+0,4(1—c)s,
ITo-BupumMoMy, HH B MeIH, HH B aJIOMHHHH 3KDAHUPOBAHHOE Ky-
JAonoBckoe mosie [30, 76] He siBisleTCs HeMOCpPeICTBEHHBIM HCTOY-
HUKOM HabJwoaaeMbiX rpaaueHToB. OQHAKO 3TO He TOBOPHT O TOM,
YTO €ro He CyLIeCTBYET; MPOCTO TPaJHEHT, BbI3BAHHBIH 3TOH NPUUH-
HOM, C/IMIIKOM MaJj 10 CPaBHEHHIO C HabJofaeMblM IpaJueHTOM,
06paTHO NPONOPLUHOHANBHBIM KyOy pPacCTOSIHHS, ¥ NO3TOMY HHUKAaK
He BJIUSIET HA pE3YJbTaThl

[Tpumécn B aJIOMMHHM CO3LAIOT B TOYKAX HAXOMXKICHHUS anep
AMIOMHHHUSI TPAJMEHTHl, MEHblLUHE M0 CPABHEHHIO C TEMH TpajHeH-

! 910 ne Bcerna Ttak. CM., Hanpumep, pa6oty [16*]. /Tpunm. nepes.

7* 85



TaMH, KOTOpble OHH BBI3BIBAIOT Ha siJpaX MelH; BepOSITHO, 3TO SB-
JSIeTC TIPSIMBIM CJEACTBHEM TOrO, YTO pelIeTKa aJIOMHUHHA §B-
JIsieTCsl JOBOJIbHO «OTKPHITOH» MO CPaBHEHHIO C pPELIeTKOH MeNIH, co-
crosilllefi M3 compHKacawomuxcs HoHOB. KBaapynosapHble 3¢dekThl
nepBOro mopsiika HabJwonajuch B TBepABIX. G-PACTBOPAX aJIlOMH-
HHUsI ¢ UMHKOM H MarHueMm [135]. MlccnenoBanus GbliM MpOBedEeHbI
Ha yactoTe 6,18 mey Ha OTOXXKEHHOM MaTepuaje, yToGHl CBeCTH
K MHUHUMyMY BJHsIHMe AHcJaoKauuii. Bbro o6GHapyKeHo, yTO HH-
TEHCHBHOCTb MajaeT OT HCXOQHOTO eIMHHYHOIO 3HAYEHHS], COOTBET-
CTBYIOLIEr0 YUCTOMY AaJIOMHHHIO, NPUOJH3UTENBHO OO OXHOH YeT-
BEpPTH B CIJIaBe aJIOMHHHS C HECKOJbKHMH IIDOIEHTAMH LHMHKA,
Kak 3To mokasano Ha puc. 13. Tak Kak IOJHAs HHTEHCHBHOCTD
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Puc. 13. Vamenenue nonmoii untencup-  PuC. 14. VIaMeHeHHe MHTEHCHBHOCTH
HOCTH pe3oHanca Al B HamuJeHHBIX H CaTeJUIMTOB, MOJYYE€HHOE M3 MaHHBIX
‘OTOXIKEHHbIX CIJaBaX aJlOMMHH{i —  PHC. 13 B fBOHHOM Jjorapudmuye-
IMHK cKoM Macuitabe

LHeHTpaJbHOl JuHHM paBHa 0,257, To mpexamosarasi, 4yTo Habaiojae-
Masi MHTEHCHBHOCTb aCHMIITOTHUECKH TPHOJIHKAETCS K 3TOH BeJH-
YHHe, HMHTEHCHBHOCTb CaTeJJIMTOB MOXHO CUHTATb pPaBHOH
[(g/go—0,257].

ITocTpoeHa 3aBUCHMOCTb JorapumMa HHTEHCHBHOCTH cATeAAU-
ro8 or In(l—c), onHako mnpencraBiedne o cdhepe KPUTHUECKOTO
paguyca, KOTopoe OblTO BBeNeHO NpH aHaJu3e INOBEJEHHS JHHUH
B MeJHBIX CIlJIaBaxX, 3/leCb He UCIOJb30BAaHO U BeJHYHHA 71 paccMart-
pHBaeTCs KakK IapaMeTp OTHOCHTENbHOro pasMepa. B TaxkoMm Jjora-
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pudmuueckom Maciutabe. TOUKH JIENJIM Ha NpsiMble JIMHHH C n=98
aasi uunka (cm. puc. 14) u ¢ n=130 nas maruus; omubka B U3Me-
penun n cocrasasaa okoao 10%. Kosu u Paid [74], obcyxnas
3TH pes3yJbTaThl, OTMETH/H, YTO HaiIeHHble aGCOMIOTHble 3HAYEHHS
JUIs A CJHIIKOM BeJuKH. Ha puc. 14 mpeacTaBieHbl JaHHble 00 HH-
TEHCHBHOCTH CATeJJIMTOB, OTHECEHHOH K NOJHOH HHTEHCHBHOCTH YH-
CTOr0 MeTaJjJja; MaKCHMaJjbHasi TeopeTHYeckass HHTEHCHBHOCTb
catesnauroB papHa 0,743. Boabline rpaarenThl, 00yCJI0BJIEHHbIE aTO-
MaMM Marsusi, NOpPUBOAST K TOMY, YTO IOIVIOLIEHHE TeX saep
aJIOMHHHS, KOTOpble SIBJSIOTCS GJUKAHIIMMU COCEJsIMH aTOMa Mar-
HHSI, HONBITBIBAaeT HeGOJbLIOe pacllenjeHHe BTOPOro Nopsika. IJTo
pacllielJleHde HaCTOJbKO ¢JaGo, YTO BMeCTO Oc/Jab/eHHs LEeHTPalb-
HOH KOMIIOHEeHThI HalJoJaeTcss JUIIb HEKOTOpoe aCHMMeTpHYHoe
yuinpenre. MlamMenenue (HopMbl JHHUH He MO3BOJIIET HCNOJbL30BATh
BeqnuuHy JOv? B KayeCcTBe Mepbl MHTEHCHBHOCTH B TOH 006J/1acTd
KOHIIEHTpallui, rae LeHTPaJbHasl KOMIOHEHTA jJaeT 6OJbIIOH BKJIAL
B WHTEHCHBHOCTD.

Ycmenrnoe npuMeHeHHe ONUCAHHOH MOAeNH AJsl HHTepIpeTalHuu
SKCIEPHMEHTOB 0 TOYEYHbIM Je(deKTaM OTYACTH ONperessieTCs BhI-
60pOM BeJMYMHBI, HCHOJb30BAHHOH B KauecTBe Mepbl HHTEHCHBHO-
cru. HcnonbzoBanue BenmuYHHB Jdv? no3BoJsieT YCTPaHHTb (DOH
NOTJIOLLeHHs, PAaBHOMEPHO NPOCTHPAIOILHMICS IO CHEKTPy 4YacToT B
OKDECTHOCTH Vo. DoJiblllie HEOXHOPOJHOCTH BeJMYHHBI ¢, cBOeoOpa-
3de (QopMbl JMHHH CATENJIMTOB U pacllenjeHHOH LeHTPaJbHOH KOM-
[IOHEHTBl TaKXe CHOCOOCTBYIOT TOMY, UTO PacCMOTPEHHAass MoJesb
oKasbiBaeTcsi 6oJiee JOCTOBEPHOH, YeM 3TO MOXKeT IOKa3aThCsd Ha
HepBbHIA B3rJs.

ITocKOJIbKY HaJuuyHe CHJIbHBIX KBaADPYNOJbHBIX 3G (PeKToB OBLIO
YCTAQHOBJIEHO AJIT MHOTHX KOHKDETHBIX DacTBOPHTeNeH U PacTBOPH-
MBIX, 06pasyoIlUX TBEPAblE A-DACTBOPHI, H3MEePEHHEe HHTEHCHBHOCTH
MOXeT OBITh HCHOJNB30BAHO HJsI OIPelesieHHs cocTaBa ©Goratoit
pactBopureseM ¢daspl. TaKHM METOJOM MOXKHO ONpPEIEJHUTb PacTBO-
PHMOCTh B TBEPIOM COCTOSIHMM MJH KOJHMYECTBO BhiNaBluell ¢aswl,
€CJIU TIPOBECTH COOTBETCTBYIOIIYI0O TepMoobpaboTky. Ilpumenenune
MEeTOa SIIepHOr0 MAarHUTHOTO pe30HaHcCa IJs 3THX Ilejell uMeer
CMBICJI B TOM CJyyae, KOTJa HCCJAEAYEMBIH COCTaB COOTRETCTBYET
TOH 00s1aCTH, I'le HHTEHCHBHOCTb OBICTPO H3MEHsIETCS NPH H3MeHe-
HHH KOHIIEHTPallU¥ pacTBopuMoro. Tak Kak H3MepeHHs MOXKHO Mpo-
BECTH Ha OJIHOM M TOM e o6pasile [0 U Iocje TepMooOpabOTKH,
OTHOCHTEJIbHble HHTEHCHBHOCTH MOTYT OBITb H3MepeHbl C XOopollei
TOYHOCTBIO. DKCNEPHUMEHT TAKOTo THIIA GBI OCYLIECTBJEH HA CIJaBe
aJIOMHHUsI ¢ MarHueM [135), HO B 3TOM cayuae HabmofaJcs JULIb
HeOoublIoH 3¢deKT, 00yCIOBJIEHHBH BTOPHIM MOPSIAKOM pacliernJe-
HHMSA LeHTpaJbHOH JuHHH. MccienoBanuble B 3TOH paGoTe chiiaBbl
OTHOCHJIHCb K TaKOH O0G6JIaCTH COCTaBOB, IJie CATEJNJHTH He [aloT
3HAYUTENbHOTO BKJafa B HHTEHCHBHOCTD.

ITpeanonaranoch, 4To HCC/eAyeMble TBepIble DacTBOPHI SIBJSA-
I0TCsl ‘0ecrnopsilOUHBIMH, YnopsifoyeHye OyIoeT OKa3blBaThb GOJbIIOE
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BJIUSIHHE HA HMHTEHCHBHOCTb De30HAHCa, TaK KaK IJIaBHBIM (PaKTo-
pOM, ompelensilOUIMM KBaApPYNOJbHOE BO3MYLIEHHE, SBJASETCS CHM-
MeTpHus peuieTkH. Ecau ymopsitoueHHe B cTeXHOMETPHUYECKHX COeIH-
HEHHSIX NPHUBOAUT K KyOHYECKOH CHMMETDHH BOKDPYT HCCJIedyeMbiX
f14ep, HHTEHCHBHOCTb Oy/leT G0JbIel, 4eM B cayyae GeCrnopsitO4HOro
pacmosioxeHusi coceiHHXx aToMoB. Eciu Xe ymopspouende cospaet
GoJsiee HUBKYI0O CHMMETPHIO (HanpHMep, TETPAarOHaNbHYIO), HHTEHCHB-
HOCTb OOBIYHO OymeT MeHbllle, YeM MJsi HEYNOPSAJOYEHHOTO TBEp-
noro pactBopa. Ilpu apyrux cocraBax 3TH TEHIEHUMH MOTYT Aa-
BaTb KaK INOJIOXKHUTEJbHblE, TaK M OTPHLATEJbHblE OTKJIOHEHHS OT
TpAMOH JMHUM Ha rpaduke 3aBHcuMocTH In(g/go) ot In(l—c¢).
CerperupoBaHue OyIeT C€031aBaTh MOJOMXKUTEJNbHBE OTKIOHEHHS !,
TaK KaK B 3TOM CJy4Yae 4acTb pellleTKH OGeJHEHA pPacTBOPEHHBIMH
aTOMaMH; HaJlHyue OJNHMKHEero Nopsjika AOJIKHO BbI3bIBATH OTPHIA-
Te/bHble OTK/JIOHEHHUsl. AHAa/NH3 TeX U3MEHeHHi#l HHTEHCHBHOCTH, KO-
TOpble MOTYT BO3HHKaTb IIPH YNOPSJZOYEHHH (BO3MOXKHO CYILECTBY-
I0lllero B @-aTyHH), Obln npoBeden Biaom6Geprenom [76].

Buusnue nopsinka aemMoHcTpupyercst pesoHancoM In!'S B coemu-
HeHuu InSb, uccnenosannom Wlynbmanom u ap. [140]. Tak kax pa-
AHOYACTOTHOE MOJIe CNOCOGHO NMPOHMKATh BHYTPb JOCTATOYHO KPYII-
HBIX MOHOKDHCTAJIJIOB 3TOrO IIOJNYIPOBOAHHKA, 3HeCh MOXKHO Heo-
CPEJCTBEHHO HaGJIIONAaTh H3MEHEHHe TIpajHeHTa INpPH HAaJOXKeHUuH
CTaTHYECKOTO CXKHUMaIollero Hampskenus. Jedbopmauuu, Jexalline
B npefiesiax obaactu ynpyroctu (<10-*), BrI3blBalOT yIHpeHHe JH-
HUH; U3 3THX NaHHBIX ObLIM NOJYYEHbl UHCJEHHBlE 3HAYEHHS IS
KOHCTAHT, XapaKTepPU3YIOLUIUX CBS3b I'PafMeHTa C YIPYTHMH CBOHCT-
BaMH, B YaCTHOCTH OBLIH NOJNYYeHbl KOMIOHEHTHl TeH30pa, CBSI3bl-
Balolllero 3/71€KTPHYECKHH NPAJUEHT C NPHJIOKEHHBIM HaTpsKEHUEM.
Yiwnpenwe JIHMHHH NPOUCXOMMIO BBHAY HAMMYMS BOCBMH CJIErka
pasiMyalomuxcs carteqMUTHeIX Junui (In''S umeer cnun 9/2). Ecan
HE TOBODHUTb O BO3MOXHOCTH HCC/IEJOBAHHSI aKYCTHYECKOTO Pe3o-
HaHCHOro noryioutenus [141] B Merannax, Het GOJBLION HAamex bl
4TO yHacTcst paboTaTh C MOHOKPHCTANNAMH YIOPSIIOYEHHBIX COENH-
nennit. OJHAKO, M M3yueHHe pe3OHAHCA HA NMOPOLIKAX B XODOILO
YIOPSIIOYEHHBIX UHTEPMETAJIHYECKHX COeJUHEHHUSIX MOXKET CIocol-

CTBOBATH JIY4UIEMY MOHHMAHHIO CTEMEHH COBEPLIEHCTBA peLIETOK
atux ¢as [142].

4. Apyeue npossrenus xeadpynonrsuoix e3aumodeiicreud

KBaapynosbHble B3aUMOLEHCTBHS BHI3bIBAIOT HEeKOTOphIe JOMOJI-
HUTEJIbHbIe HeGO/blIHe H3MEHeHHs! IUHPHHbl JUHHH U BPEMeHH pe-
JJaKCallii, KOTOphle Lesecoo6pasHo paccMoTperb. IIpH uaMeHeHmU
PacCTOSHUA MEXIy SHepreTHueCKHMH YPOBHSIMH SIAPAa B MACHHTHOM
ToJle TMPOUCXOJMT TaKxKe H3MEHeHHe [HIOJbHOH IIMDHHBI JHHHMA.

! dror apdekr HaGmoaancs na cnaasax Al—Zn u Al—Cu [17*). Tpun. nepes.
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Craruyeckuil (BTOpo#l) useH B ypaBHeHuu (16) ocraercsi HEH3MeH-
HBIM, HO IepBbIii UJeH H3MEeHseTCs, TIOCKOJbKY OCHH/JIHpYIOLIHe
NoJIs COCeNHMX siiep, NMOJABEPIKEHHBIX KBaJApYNOJbHOMY BO3Mylle-
HUIO, yXe He MOTYT BBI3bIBAaTb B3aHMHOT'O ONPOKUABIBAHUS CIIHHOB.
H3MeHeHHs!, KOTOpble B CBSI3H C 3TUM HeOOXOAMMO BHECTH B ypaBHe-
nue (16), paccmorpensl BiomGeprenom [76] u Kosnom n Paiidom
[74] Ha ocuoBe BbluncJenHil, BrnosHeHHbix KamGe u Osnomom [143].
Ecnn rpagueHT HEOJHOPOJEH H LEHTPaJbHas JIMHHS HEBO3MYILEHA,
BKJaj NepBOro ujeHa ypaBHeHHsi (16) Bo BTOpOH MOMEHT yMeHb-
waercs g0 4/5 ero BenmuuHbl, ecau [ = 3/2; u mo 257/315, ecan
I =5/2.

CnoxHee OGCTOUT jeJI0 ¢ TAKHMH o0paslaMH, y KOTOPbIX HeOoiI-
HOPOJHBIA TPaLMEHT MaJO MeHsieTCsl IIPH Nepexoje OT OMHOro aTo-
Ma K apyromy. Bo BcsikoM cayuyae, H3MeHeHHe JHIIOJBHOIO BTOPOTO
MOMEeHTa, 00yCJOBJEHHOE BJUSHUEM KBaJpYyNOJbHOIO BO3MYILIEHHS,
He J0JXKHO mpeBblinath 10—20Y%.

BpeMs cnuH-pelieTouHOH pesakcaudu T H3MeHsIeTCS BCJEACT-
BYe B3aHUMOJEHCTBHS SIIEPHOTO KBaIPYIOJbHOIO. MOMeHTa € BJIeK-
TPOHAMH NPOBOAMMOCTH (CM. IMpHJIOXKeHHe D), a TakXe BcieacrsHe
QAYKTYHPYIOMIMX 3JEKTPHUECKUX MOJel, CBI3aHHBIX ¢ BHOpaLUAMHU
pelleTKH MM MUrpauued aroMoB. MOXKHO 0XuaaTh, 4TO 3TH 3¢ dek-
THl, pacCMOTpeHHble B paGorax {76, 74], He GyAyT CyLIeCTBEHHO
BJIMATbL Ha Haba0JaeMOe CTALMOHADHOE PE30HAaHCHOe IIOTJIOLIeHHe.
310 oObsicHsIETCA TEM, UTO BpeMeHa pesiaKcalliH, CBs3aHHBIE C 3TH-
MH B3aHUMOJIeHCTBUSIMH, OOBIUHO 3HAUUTEJbHO 0OJbllle, YeM BpeMeHa,
06yCJIOBJIEHHblE MArHUTHBIM  (CBEDXTOHKHM)  B3auMojeicTBHEM
MeXIy siApaMH M 3JEKTpOHaMu mpoBomgumocTH. Ho B HekoTOpBIX
MeTaJj1aX IoJisi BOJIHOBOH (DYHKLHUH 3JEKTPOHOB NIPOBONUMOCTH He
S-THIIAa ‘MOXeET OKasaTbCs JOCTAaTOYHO GOJbUIIOH, YTOGH CO34aTh
sHauuTeabHblii 3¢ dext. IlogoGHOe 06GBsACHEHHE OBLIO MpPENOKEHO
17151 OGBbSICHEHHs] BpeMeH peJlaKCalluH, OIpelesIeHHBIX 0 LIMpHHE
gunun [21] B Ga®, Ga?l, Rb% y Rb¥. [las 3Tux map u30TONOB He
BBINOJIHSAETCS 3aKOH OOpaTHOH MNpPONMOPUHCHAJbHOM 3aBHCHMMOCTH
MeXJIy BpeMeHaMH peJaKCallid ¥ KBaApaTaMH THAPOMATHHUTHBIX OT-
HOLUEHUHA COOTBETCTBYIOUIMX seP, KAaK 3TO MOJNXKHO ObLIO OBHITh
corjacHo ypaBHeHuwo (bB4), ecium OTCYyTCTBYIOT MarHHTHasi H KBal-
pymosibHast peqakcallid, GOYCJIOBJEHHble BOJIHOBBIMH (GYHKLUHSIMHU
He S-THIA.

Tak Kax cBefeHHs O BpeMeHaX peNaKCaluH HeJOCTATOYHO IOJ-
HBI, 3TOT BONPOC He OyAeT 31ech OOCYXKAAThbCsl MOAPOOHO. 3aMeTHm
TOJIBKO, YTO 3TH 3G (}EeKTH MOryT JaThb HEKOTOpble CBENEeHHS O Xa-
pakTepe BOJHOBBIX (PYHKLHMH.

Biom6epren npensoxua dopmyay [76] nas Bpemenu, Heo6X0aHu-
MOTO JJIsi BOCCTAHOBJIEHUS DPABHOBECHS] IOCJE HACBIIeHHs LEHT-
paJbHOH KOMIIOHEHTH B XoJoAHOJAedopMHPOBaHHOH Menu. Ilpea-
CKa3aHHOe BpeMsl JOJXKHO OblI0 ObITh HEMHOTO MeHbllie, YeM BpeMsi
pesakcallMd B OTOXKKeHHOH Menu. MOXKHO cuMTaTh, OJHAKO, YTO
OMBITBEI MO HacHIIeHHIO B CTALLUOHADHOM. PeKHUME Hal0T OLHMHAKOBOE
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BpeMs T Kak AJisi X0J0AHOAe)OPMHPOBAHHOMN, TaK U [/ OTOXKKEeH-
HOH Meqd (ecqH He YUYUTHIBATb HeGOJBUIYIO MONMPAaBKYy, K IUHPHHE
JIMHUH, CM. TMpeAblAyluil a63al). Bulio paccMoTpeHO TaKXKe BO3-
MOXKHOe BJIMSIHME KBaJPYIOJbHBIX B3aHMOJEHCTBHH Ha BpeMs pe-
Jakcauuu B npouecce auddysuu [76, 74], XoTs 3KCIEpPUMEHTAJbHO
T 3¢ ¢dexTs He HabaOAaIHCh. HYyXHO OTMETHTb, YTO €IHHCTBEH-
HbI#l H3BECTHHIH CJyuyail crneunuasbHoro ucciaefoBanus [120], mpose-
JIEeHHOro IJisi OGHApYXKeHHs OXKHIaBLIerocsi KBaJApYNOJbHOrO BKJa-
Ia, IPUBEJ K OTPHLATEJLHOMY pesyJabTaty. B 3Toii paGoTe H3yyasu
NoBeJeHHe JUTHg BOJU3U €ro TOUKH NJIaBJEHHS.

Hepasno mosiBuJ0ChH coobienne {144] 06 ucciefoBaHUH TPSIMBIX
KBaJpYNOJbHBIX NEePeX0J0B (B HYJEBOM BHEIIHEM MAarHMTHOM II0Je)
y sgep aJIOMHHHS, SIBJSIOUIHXCS OJMXKAHIIUMH COCEASIMH aTOMOB
uuHka. JlaHHble 3TOH paboOThl Cyllec /BEHHO IOMNOJHSIOT 3KCIepH-
MEHTHI 110 SIIEPHOMY MAarHHTHOMY PE€30HAHCY, TaK KakK B ‘Hed u3yue-
HBl KaK 'pa3 Te siipa, KOTOpble He yAaJoCh HCCJAENOBaThb NpH H3Me-
PEHHSIX HHTEHCHBHOCTH METOAOM $IIepHOro ‘pe3oHaHca. Mcmosb3ys
9TOT HOBBIH METOJ MOXKHO HENOCPEICTBEHHO H3MepSTh SHEPTHIO
KBaJApPYIOJbHOrO B3aUMOAEHCTBHSI M _JeNaTh 60Jiee TOUHBIE 3aKJIO-
YeHHS] O 3aBHCHMOCTH BEJMYMHBI TDAaJHEHTa OT TIOJOXKEHHS B pe-
IIETKe.

5. 3akarouutensrble 3ameqanus o K8adpynoavHolx sdexrax

KBagpynosnbheie 3¢heKkThl BBIpaXKeHbl OOGBIYHO 3HAYHTENBHO
Oosee pe3Ko, YeM MarHWTHble. Pa3inyHble HCKaXKEHHS 4acTo Ha-
CTOJIbKO CHJIBHO BJIMSIIOT Ha PE30HAHC, YTO METOJ sIIEPHOro pe3o-
HaHCA MOXHO C YCIeXOM HCIOJNb30BaTh MJs H3YUeHUS MJIOTHOCTH
nedeKToB peleTKH M HX pacrnpejesneHHsi. DBblJo I10Ka3aHo, u4TO
AlePHbIH PE30HAHC MOXKHO NPHUMEHSATb K H3YUYEHHIO YIOPSAOYEHHS
NPOIIeCCOB BblAeJEHHs, K U3YUeHHIO CTPYKTYPhl TOUEUHBIX Ne(eKTOB,
TIJIOTHOCTH [QUCJAOKauUMH, AedeKTOB, CO3MaHHBIX OOJyueHHeM, H
Apyrux npobJeM, CBSI3aHHBIX ¢ Aedopmanuell pelleTkH. 3HayeHHUs
KBaJpymoJbHEIX MOMEHTOB TIpHUBeleHBl B pabGotax [3, 14, 145, 40],
OAHAKO OJQHHX JIMLIb 3THX JAHHBIX HEJOCTATOYHO AJs NpeLcKa3aHus
BO3MOX>KHOIO HCXO/a 3KCIEPHMEHTA, NOCBSIIEHHOr0 U3YUeHHIO KBaj-
PYNOJIBHOTO B3aHMOAEHCTBHS, TAaK KAaK BEJHYHHBI I'DAZHEHTOB 10
Hayaja H3MepeHHH OObLIYHO He M3BECTHBI M He CYIIecTBYyeT obuiero
MeTofla UX TOYHOH OleHKH. PasyMeercsi, HEKOTOPYIO MOMOILB MOXKET
OKa3aTb aHaJ/M3 Pe3ysNbTaTOB paboThl C Meablo u agoMudueM. He-
CKOJIbKO BCIIOMOTaTe/NbHbIX HM3MePEeHHH MOryT OBICTPO OLEHHTb
SHEPrHI0 B3aUMOJEHCTBHs €2gQ nist MOBGOro LaHHOrO PacTBOPHUTENS
H pedekTa.



1V. HEKOTOPBIE BOINPOCbHl 3KCNEPHMEHTAJIbHOH TEXHHKH

A. 3aMeuyaHusi 0 METOAMKe 3KCNEpPHMEHTA

TlpuMeHeHHe MeTOHA $EPHOrO Pe30HaHCa K HCCJAENOBaHHUIO Me-
TaJJOB HMeeT HEKOTOpble crneLHdHyecKHe OCOOGEHHOCTH, KOTOpbIe
CBOJCTBEHHBl MMEHHO 3TOH 06J1aCTH M KOTOpbIE OTJIMYAlOT ee OT pa-
6OT ¢ BellleCTBAMH, HE OTHOCSALIMMHCS K paspsiay [POBOJHHUKOB.
OcHOBHOe pa3JHyHe 3aKJAIYaeTcss B TOM, YTO 3[eCh CJAeNyeT NPUHH-
MaTb BO BHHMaHHe B3aMMOJeHCTBHE siiep C 3JE€KTPOHaMH IPOBOJH-
MOCTH; 3TOMY BOmnpocy Gbl1a NOCBsilleHa 60/bIast YaCTh 3TOH KHHUTH.
He MeHee BaXHBIM [JIsi TNPaBUJBHOH HHTEPNPETAllMd pPe3yJb-
TATOB SABJISIETCS]. Y4eT KOHEYHOM TJYOHHBI IIDOHHMKHOBEHHS paauoyac-
TOTHOI'O TOJsI B TNPOBOAHMK. DTOT KJACCHYeCKHH a(PdekT Moxer
CHJIBHO YCJOXHHTb H3MepeHHsl, U OOBIYHO IPEeANOYUTAIOT HCKJIO-
YHTbL ero BJMSHME, a He BBOJHTb COOTBETCTBYIOIIMe monmpaBku. Ilpu-
roTOBJIEHHe O06pa3lOB HepemKO BecbMa CJIOXKHO, OJHAKO 31eCh HeT
KaKuX-JIH00 NPUHIHUIHAILHO HOBBIX TPYIHOCTEH IJs1 MeTasJypros.
@®opma JMHHHE y BCeX HCCAEIOBAHHBIX OO CHUX [IOP IPOBOIHHUKOB
onpejessieTcd COBMECTHBIM JeHCTBHEM KpPHCTAJJHTOB BCEBO3MOXK-
HBIX OpueHTauud. AHanusupys <GopMy JHHHHM, HEeOGXOAHMO IOJY-
YUTh HHTEpECylOlllfe Hac CBeleHHs O 3aBHCHMOCTH HHTEHCHBHOCTH
TNIOTJIOLIEHUsT OT OPHEHTAllMH KPHCTaJjJja U OTCI0Ja MOJYYHTh CBele-
HUsL 00 3JIEKTPOHHOH CTPYKTYpeE.

[Ipu nccaenoBaHUsIX BO3HHKAOT TPYAHOCTH, 0GYCJIOBJEHHBIE He-
TOYHOCTBIO H3MEPEHHUH TIpHMeHsieMOo#l annapartyphl. [leJio B TOM, 4TO
NOYTH BCEerja OTHOLIEHHe CHTHa/Ja K IIyMy MaJjio, eCJH Jda)Ke OHO
npubJHKaETCs K TEOPETHYECKOMY ONTHMAaJbHOMY 3HaYEHHIO.

Xopomui 061K 0630p 3KCIEPUMEHTAJbHOH METONMKH M anna-
paTypel uMmeercst B psine pabor {12, 146]). B pannux crareax I[Tayu-
na, Haiira {147] u Bnoxa, Xauncena u Ilakkapaa [1] Takxke umeroTcs
HHTEpECHbIE 3aMeUaHUusl 0 MeTOJaX SINEPHOro IOIJIOIIEHUsS W MHAYK-
nuu. BoJbiioe pasHoo6pa3ve BO3MOXKHBIX CXEM JE€TEKTHPOBAaHHS
CHrHaJla He M03BOJIsieT NPOBECTH 34eChb NOAPOOHBIH Hx 0630p. Pac-
CMOTPHUM JHIIb HEKOTOPble OCOOEHHOCTH, OO6ILIMe MOYTH IJsi BCeX
3THX CXeM, M CHesNaeM HeCKOJbKO OOILUX 3aMeyaHH# 06 H3MepH-
TeJbHOH annaparype. B nanbueiiiem Mbl Oymem npemanosarath, 4To
YacTOTA MNPUMOKEHHOTO B.Y. MOJSA IOJNNEPKHBAETCH IIOCTOSTHHOM.
ilesblo CTalMOHAPHBIX N3MEPEHHH MarHUTHOrO Pe30HaHCa SIBJseTCs
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onpefeneHHe HCTHHHOH 3aBHCHMOCTH SA€DHOTrO MOIVIOIIEHHS  OT
BHelllHero mnoJsi. OOBIYHO AJST 3TOr0 IIPUMEHSIOT CHHYCOHIAJbHYIO
MOMYJISLMIO BHEIIHEro MOJsl, TaK YTO PE30HaHCHOe mMorJjolleHue Oy-
JIeT BbI3BIBATh MOAYJSIHIO BEICOKOYACTHOI'O CHIHAJa, MOCTYNAIOILEero
B NMPHEMHUK. DTOT aMIJIUTYIHO-MOLYJHPOBAHHbIH CHTHAJ 3aTeM Jie-
TeKTHpYyeTcsi. B pesysbraTe BO3HHKaeT IeDeMEHHOe HaTpPsIXKeHHe,
4aCcTOTa KOTOPOTO paBHA YaCTOTe MOAYJSILHH, a aMIJINTya Ompefe-
JISIETCSI HAKAOHOM KPHUBOM TOTVIOILEHHUS. DTO HAMpsIXKEHHe NOCTYyIaeT
B ()a30UyBCTBUTEJNbHBEIN AETEKTOpP, KOTOPHIH paboTaeT MO NPHUHUHIY
CHHXDOHHOTO BBHINPSMJIEHHSI HCClelyeMcro, curiaja. Curian peso-
HaHCAa CONPOBOXKJAETCS HeXeJaTeJbHBIMH IIYMaMH, HO, NOCKOJb-
Ky ux (asa MeHsieTCsI CO BpeMeHeM CJYy4YalHO, BKJaaJl IYMOB MOXKHO
IO HEKOTOPOH CTeNeHH YCPeOHUTb, OT(HUIbTPOBLIBAS BHIIPSIMJEHHBIH
BBIXOJIHOH ‘CHTHaJ. DTOT NPOLECC YCPeTHEHHS B KOHEYHOM CUYETe H
OlpejesisieT TeOpPeTHYECKOe OTHOLIEHHe CHTHaja K wwyMmy. ITpaktu-
YeCKH, YCPELHSATh WIyMbl 32 BpeMsi, OOJIblllee, YeM HECKOJIBKO MHHYT,
MOYTH Bcerjga HelleJecooOpa3HO, TaK KaK 37eCh yxKe MOTYT HrpaTh
CYLeCTBEHHYIO pOJb MeJJIeHHble BapHallUd I1apaMeTPOB JKCIEpPH-
MEHTaJIbHOH yCcTaHOBKH. Ec/iM yacTora MOAyJISIIMH CJMIIKOM BeJHKa
(no cpaBHenuio ¢ 1/T;), BO3HHKAaeT pa3HOCTb (a3 MeXAy HampsiKe-
HHEM MOAYJSIMH H TOJYydYaeMBIM CHTHAJIOM TIepeMeHHoro- toka [107];
3TO BJIMSIET HA BLINPSMJEHHBIH BBIXOAHOH curHaj. Ecau uacrora
Monynsiuuu 6oJbllle, yeM WIHDHHA JHHHH, MOXeT NPOHU3OHTH HCKa-
JKeHHe BBIXOIHOTO cHrHajsa [147, 148]; aTo B GoJbllell creneHu
KacaeTcsl pe3oHaHCa B 3TaJOHHOM o6Gpasile, yeM pe30HAHCA B Me-
tanjae. Ecan aMnauryna MOLyJsiliuM CJHMIIKOM BEJHKa, BBIXOMHOM
curHas yxke He OyJneT NPONOPILHOHAJNEH HaKJJOHY KPHUBOH IIOTJIOLLe-
nusi. Ilpu sTrom Habalonaercs amnmapaTypHO YIUIMPEHHAsl JHHHS U
mupuHa M or mMKa 10 NMHKa NPOHM3BONHOH KPHBOH MOTJOILEHHS,
noJlyyeHHast 3KCNepPHMEHTa/JbHO, OyNeT NpPeBOCXONUTh HCTHHHYIO
NTUPHHY JIMHMH; BTOPOH MOMEHT TOXe OyleT HMeTb 3aBbilIeHHOe
3Hauenue [149].

OnHOBpEMEHHO C MOAYJNSIUHEH W JETeKTHPOBAHHEM NPOUCXOLHUT
MeJIeHHOe H3MEeHeHHe BO BPEeMEHH BHEIIHEro MarHHTHOTO TMOJs,
HAaCTOJIbKO MeJJIeHHOe, YTO KaxXJIoe II0CJefOBaTeJbHOEe 3HAyeHHe
NoJisi MOXKHO CYMTaThb CTAlMOHAPHBIM. Ecau 3To He BBIMOJHSsIETCS,
TO MOTYT BO3HHKHYTb OOJIbIIHe HCKaXKeHHs, UMeollue Pa3JHyHOe
NPOHCXOXKAEeHHE;, eJUHCTBEHHAss TPYALHOCTb IpH paboTe ¢ MeTaJjJa-
MH BO3HHKaeT OGBIYHO BBHAY TOTO, YTO JIHHHIO NBITAIOTCS NPOHTH
3a BpeMsi, MeHblllee TIOCTOSIHHOH BpPeMeHH UHTerpHpylolleil ilend Ha
BBIXOJle CHHXDOHHOTO JeTeKTopa. AMIJIHTYAa BBbICOKOYACTOTHOTO
noJIsi He NOJKHA OBITb CJAMIIKOM GOJBLION, MHaye HACTYNMT HAcChl-
wenue pesonanca [11], {107] (pasmen III-A) u B nmpemeabhom ciy-
yae MeIJIEHHOIO INPOXOXKIAEHHS Yepe3 PE30HAHC IOCAENHHI HCue-
3aer. B onbiTax mo «6picTpoMy npoxoxaenuio» [122] ouenb 6blcTpOR
M3MeHeHHe BHELIHEro IoJjsi ¥ 6oJbllast HANPSIKEHHOCTb B.-Y. NOJS
UCTIONb3YIOTCS [/ U3MepeHUst T1; 3TH ONbITHL He TPeGVIOT MOody-
Asuud. B yactuue MerassiMYecKoro mopomka cremneHb HaChILIEHHS
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MOXKET 33aBHUCETb OT NOJIOXKEHHS sApa BHYTPH YACTHLBL IDTO yCJIOXK-
Hser aHaaus 3(dekToB, 0GYCIOBJEHHBIX Pa3MepoM yacTHL. JIox-
HOTO YUIMPEHHs JHHHH BCJEACTBHE HEOJHODOALHOCTH BHEIIHEro Mar-
HUTHOTO TIOJIS MOXXHO H30eXaTb, €CJIH 3Ta HEOLHOPOJHOCTb 3HAUYHU-
TeJIbHO MeHblle, YeM €eCTeCTBEHHas IIMPHHA DPE30OHAHCHOH JIMHUH.
OueHKYy HEeOLHODOJHOCTH MOJS MOXKHO JIErKO IOJY4HTb, H3Mepss
UIMPHHY THIMYHBIX Y3KHX JIHHUHA (HanpuMep, JUHHH NPOTOHOB B
BOJAE MJH JHTH B BOLHOM DacTBOpe XJIODHCTOTO JIUTHS) .

Ilpu mpoBeleHHH CEPHH H3MEPEHHH HHTEHCHBHOCTH HYXHO CO-
6aonaTh 0COOYIO TIIATEJbHOCTb; HEOOXOAHMO, UTOOBI AJSI KaXKIOTo
o6pa3la YCJOBHS 3KCIepUMeHTa OBIIM CTPOr0 ONMHAKOBBIMH, TaK
KaK OYeHb TPYAHO BBOIHThL COOTBETCTBYIOLIHME MONPaBKH. B npean-
HOM cJyuae «(akTop 3aloJIHEHHsI», KOTOPBI paBeH HOJie MOJHOH
MArHMTHOH SHEPTHH BBICOKOYACTOTHOTO IIOJIsI, HpHXOoAsllefics Ha
o6'beM, 3aHSATHIH 06pas3loM, J[OJMKEH OCTaBaThCs IIOCTOSTHHHIM.

ITpakTHuecky MOJHBIA O0bEM, 3aHSATBIH ITOPOIIKOM, OOBIYHO MOJ-
JepKuBaercss NocTtosiHHbIM. [losTomy reomerpuss mosasi B obGpasile,
HaxONsIeMCsl B BBICOKOYACTOTHOM KaTyIKe, 3aMeTHO He H3MeHseT-
cs, HO, KOHEeuHo, oOpa3ell (pakTHUYECKH He 3alOJHsIeT Bcero obbeMa,
II03TOMY BBOASAT IONPaBKy, TOJydYaeMyio B3BelIMBaHHeM o0pasnua
H BBIYHCJEHHEM HO0JH 06beMa, 3aHATOrO MeTaJJoM. [Ipn uaMeHeHuu
coctaBa ofpasla TaK:Ke BBOISIT NMONPAaBKYy, KOTOpPash YUYUTHIBAET HU3-
MeHeHHe 4YHcJa sIep, YYacTBYIOIUIHX B De3oHaHce. KHTeHCHBHOCTB
pe3oHaHCa NPAMO NDONOPUHOHATbHA YHCJIY MOMIOWIAIOMUX s1ep
B 06beMe, 3aHATOM 00pPa3LOM.

MeTon SIIEPHONO PE30HAHCa Hayaju NPUMEHSTh JJs HCcleloBa-
HHUSl CIJIaBOB CPABHHUTEJbHO HENAaBHO, IO3TOMY C IIOMOUIbIO TaKHX
HCCJIeOBAHUI yaaeTcsl OJYYHTh HOBblE CBEIEHHSI O BEIIECTBE TOJIb-
KO B TOM cJyuae, ecjii IpH IPHUrOTOBJEeHUH obOpasla ompeueseH-
HOTO COCTaBa M C H3BECTHON TEPMHUYECKONH M MEeXaHHYeCKOoH obpa-
O0TKO# HCHOJB3YIOTCS BCe paHee M3BECTHbIE MeTaJlJIOBeIYecKHe:
cBefeHus. Tak Kak O/l SKCIIepUMEHTa HeoOXOAMMBI 06pasibl B BU -
Je TOHKOTO IOpOIUKAa, TO 3TO YCJHOXKHSET 3anauy HCCJAeTOBaHH:!
CIJIABOB; 'ONHUJIKH, IOJYYeHHble M3 CJAHTKA CHJaBa, HauboJsee MpH-
IOJHBl AJS1 MCCIeLOBAaHUH MeTOOOM Pe30HAHCA, TaK Ke KaK W IJs
PEHTTeHOBCKHX HCCJIeJOBAHMH; HX MOXKHO clesaTh O4YTH cdepuye-
CKUMH MJIM OPOTPABUThL NpH IOCaenyiouel o6paborke !.

M3 nopomika ¢ momMouibl0o MarHUTa HOJXKHBI OBITh yAaJeHbl CJY-
yaiiHble MpuMecH (PeppOMATHUTHBIX YACTHL, TaK KAK HX NMPHCYTCT-
BUe BBOJHMT JAONOJHHUTE/JbHBIH HCTOYHHK YIIUPEHHs, NeHCTBYIOILIHH
aHAJIOTMYHO HEOJHOPOJHOCTH BHelIHero mnoJas. Ecau Ha wactumax
o6pa3yeTcsi eCTeCTBEHHOE IJIOTHOE OKCHIHOEe IOKPHITHE, TO 3TOrO
OblBaeT JNOCTAaTOYHO, YTOOBI H30JHPOBATL HX APYT OT APYra; ecJH
TAKOI'0 NMOKPLITHS HET WJH H30JSILHUS HEIOCTATOYHA, YACTHIBLI MOXK-
HO MOKPBHITb KaKHM-JIHOO COCTAaBOM MJIH IIOTPY3UTh B MAacJjo HJIHU
napadun. Hanpumep, onuaku cniaBoB cepeGpa yacTo NMOKPBHIBAIOT

! Pasnuynble MeToAbl MPUTOTOBJIEHHS MOPOIUKOB OMHCaHH B JuTepatype [163].
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TOHKUMH CYJIbGUIHBIMH IJIeHKaMu, o6pabaTbiBas HUX PacTBOPAMH
cynbGUAOB KaJ¥s HJAH HATpUsl. HacTHIBI CIJIABOB PTYTH, XKHAKUX
npy KOMHATHOH TeMmepaType, MOXHO MOJLepXHBATb H30JHPOBAH-
HBIMH ApPYT OT Jpyra, moMmellas HX B NapaHHOBOE Macjo C He-
GoJblIoil 106aBKOH MacasHoOH KucaoTH. llleqouHble MeTaibl OObIU-
HO JHCIEPrHUpYIOT B MHUHEPAJbHOM Macje. DTH MeTOABI yAOBJETBO-
pPHUTEJbHBl JAJIs1 U3MEpPEeHHH IIpU KOMHATHOH TeMIlepaType H HHXKe.
[asi paGoThl NpH NOBBLILIEHHBIX TeMIepaTypax MeTaJJuyecKHe da-
CTHIB HeOGXOAMMO OKDYXKAaTb 3aLIUTHON aTMoc(hepoil M TYromjas-
KHUM IIOKPBITHEM.

b. Buausinve pa3MepOB YacTHLL Ha PE30HAHCHOE MNOIJOIEHHe
B NPOBOJHHKAX

OG6blunble 110TEPH, OOYC/IOBJEHHBle NPOBOJUMOCTbIO 00pasua,
MOTYT BBI3BIBATb HMCKaXKeHue HaG/I0JaeMOro pe30HaHCHOTO norJo-
LIeHHs], KOTOPOe ONUCBHIBAETCS TENepPh 'CMEChbI0 JEHCTBHTENbHON X
W MHHUMOH %" yacTedl KOMIJIEKCHOH SIZepHOH BOCIPHHMYHBOCTH ¥,
YIOMSIHYTOH B mpuJoxKeHHH A. dTu 3d¢deKTh Gblau onucanbl Baon-
Geprenom [150] u HeckosnbKO Gosiee metanbHo Ysnmenom u ap. {151].
[lepBblli aBTOp paccmMarpuBaeT TakXKe 3(QeKTbl HaCBILEHHs; €ro
pe3yJabTaThl Telepb HYXHO MOAHGHUUHUPOBATHL, yuTs paGory Paox-
¢unpa [107). Dty pe3yabTarhl MOKA3BIBAIOT, TEM He MeHee, 4YTO
KpHBBle HaCHILIEHUSI AJIS1 METAJJIOB MOTYT OKa3aThCS HEBEPHBIMH,
ecsy 10 KpaiHell Mepe OIMH M3 pa3MepoB obpa3lia BeJUK IO CPaB-
HEHHIO C KJ1aCCHUYECKOH «CKHUH-IMTYOHHOH» HJH «TJYOGHHOH NMPOHHMKHO-
BEHHS» & BBICOKOYACTOTHOTO NoJjsi B Meta. ITono6uble ke addex-
THl YYHUTHIBAIOTCS NpPH aHa/M3e JAaHHBIX O pe3oHaHce BOJOpOAa, CO-
JepaKallerocs B TaJjjanueBoil mpoBosioke [114]. Pesynbrathl uccie-
JIOBaHUSI MeTaJHyecKUXx o0pas3LoB C OOJBIIHM pa3MepPOM YacTHUL,
(Ipu ycJOBHH, UTO aMIJIUTYZAA 8. 4. NOJI He JOCTaTOYHa [Jisi 3Ha-
YHTEJbHOTO HACBHILIEHHS CHCTEMBl SITIEPHBIX CIOHHOB) MOXXHO CBECTH
K caenyiomeMy. Ecau M3MeHeHHe MOLIHOCTH, morJsoudemoi o6pas-
1OM BOJH3H pe30HAHCa, U3MEPSITh, HCIOJAb3Ys JHUOO CXeMy, pearu-
PYIOLLYIO TOJBKO Ha morJyolueHue {147], nu6o cOOTBETCTBYIOIUM OG-
pPa30M HACTPOEHHYIO MOCTOBYIO CXeMYy HJH METOJHUKY sI€PHOH HH-
LyKLUUH, HabJIOfaeMbll CUrHAJ MOXKeT He OBITh CHIHAJOM YHCTOTO
SIIEPHOT0 NOTJIOUIEeHHs,, a NpeacTaBJsATb co00#l JNuHeHHYI0O KOMGHU-
HalUo IOIVIOUIeHHSl M AMCIEePCHH, Kak 3TO BUAHO U3 puc. 15. Ha
3TOM DHCYHKE I0OKa3aHa acCHMeTpHUYHas NIPOM3BOJAHAS JIMHHH IIOIJIO-
menns Cub3, uamepeHHast Ha YyacTHIAX NOPOLIKAa MeAH CepuyecKoi
¢opmbl nuamerpom 0,8 mm. Habaronaemble HCKaXKeHHsi XapaKrep-
Hbl AJs paboTel ¢ OOJbUIMMH YacTHUaMH Metasa. IlpencraBiien-
HH# pe3oHaHC Ha6J/10Jalu NPH KOMHATHOH TeMmepaType Ha 4acTo-
Te 13 mey, A KOTOPOH OTHOIIeHHe NMAaMeTpa K CKHHOBOH TJyGH-
He PaBHO OK0JO 45. Jlosisl MOIVIOILEHHS] U JUCIEPCHH ONpeaessiercs
CKHH-ray6uHON 6=5,03-10-3 (p’/v')":, rme & BhHIpaXKeHa B CM;
p’— conpoTuBNeHHe B MKOM, v/ —yacTota B M2y. B pabGore Usn-
M3Ha M Jp. JeTaJbHO ONHCAHbl XapaKTepHble aCHMMETPUUHBle KpPH-
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Bble TOIJIOIIEHHS, KOTOPBle MOJyYaloTcss NpH paboTe Ha MeTajidye-
cKHx 06paslax ¢ pa3MepoM HacCTHIl, CPABHUMBIM HJIH GOJILIIHM, YyeM
CKHHOBasi rayGuHa, Pe3yabraThl TeopeTHYecKOro HccJelOBaHHUS
ObLIM MOATBEPXKIEHbl 3KCIePHMEHTAMH, TIPOBEJEeHHBIMH Ha aJlOMH-
HHeBOH ¢oJbre pas3iuyHON TOJMUMHBI, XoTs (osabra HauboJjee NpH-
rofiHa MAJsi TAaKHX SKCIEDPHMEHTOB, H3 TEOPETHYECKHX pe3y/bTaTOoB
SICHO, 4TO NPH 3TOM IOJIy4aloTCsl HaHOOJbIMe HCKaXKeHHUs KPHUBBIX
pesoHanca. [lais HCc/AeNOBaHU Jyyllle NPHMEHSTh ONUJKH B (opMe
chep, UMIHHAPOB HJH Aaxe HeNPaBHJbHOH TreoMeTPHYecKo# ¢op-
MBbl. ACHMMeTpHUYHbIEe NPOU3BOJHbIe KPHBBIX IOTJIOLIEHHUS, NOJYyYalo-
wuecs s 060 U3 3THX GopM o6paslia, HMEIOT CMelleHHble HYJH
W HepaBHble ADYT JPYry MaKCHMaJbHble H MHHHMaJbHble 3HAYEHHS;
KPOMe TOTrO, MOSBJsIeTCS HeOOJIbIIOH MOMOJHHUTENbHBIH NHK CIpaBa
oT raaBHoro nuka (cM. puc. 15). CmelieHne HyJasi MOXKET NMPHBECTH

a
—] |
)
[ tinatiana .
/]
Vo
a

Puc. 15. AcuMMeTpHYHasi nNpOM3BOAHAsA JHHHH norjowenuss Cu®®, noayuennas
Ha cpepuHYeCKHX YacTHLAX MelH

K Cepbe3HBIM OLIMOKAM NPH M3MEePEHHH HANTOBCKOTO CIBHIa; acCHM-
METPHSI MOXKET YCJOXHHTb H3MepeHHe HHTEHCHBHOCTH. McKaxenue
JHHHH OUeHb 3aTPYLHSET TOYHOE ONpefleseHHe ee HCTHHHON (OPMBI,
II03TOMY €CJIH 3apaHee HEH3BECTHO, SIBJISETCS JIH JIMHUS CHMMETPHY-
HOM CTapaloTCcs HCHOJb30BaTh 06pasibl ¢ HAaHMEHBLIIMMH BO3MOXK-
HBIMH pa3MepaMH M TeM CaMbiM H30eXaTb BJHSHUSA CKHH-3(deKTa.

ITpu o6cyXneHun BJIMSHHS Pa3MepPOB 4acTHL (BJAMSHHE pas3Me-
POB YaCTHI| COBEpPLIEHHO AHAJOTHYHO 3(PeKTy CMEeIIHBAHHA <«U» H
«U» KOMIIOHEHTBl CHTHAaJa, BCTPEYAIOLIEMYCs B MOCTOBBIX cXeMaxX
v B anmnaparype IO siIepHON HMHAYKIHWH) He BCEraa yKasblBalOT Ha
TO, YTO HePaBEHCTBO BeJHYHH b u a (cM. puc. 15) u caBur Hynas He
OTAeNHuMBbl ApPYr oT Apyra. Heo6xogumMo oOTMETHTb, YTO B NepBOM
npubnukenun npu b/a>0,7 amnautyaa or muka no nuxa |b| + |af
nepBoOil NPOM3BOJHOM C TOYHOCTBIO KO 5% OQMHAKOBA KaK y acHM-
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MEeTPHYHOH, TaK il y CHMMeTpHYHOH KpHBOH. IIpn oGHapyxeHHH 3¢)-
(dekToB, 00YC/JOBJIEHHBIX pa3MepaMu 4acTull OO0JbllOoe 3HAYeHHe
HMeeT TO, YTO CIOBHT HyJs d 8cec0a COMPOBONKIAETCS aCHMMETPHEH
JIHHHH; OJHAKO HE3HAYUTENbHAsI M0 BUIY aCHMMETPHS MOXKET CONpo-
BOXKJATbCs CYLIECTBEHHBIM H3MEHEHHEM IIOJIOXKEHHS HYJs. DTO u3-
MeHeHHe GoJiee BaXKHO MpH M3MepeHun casura Halita, Tak xak yBe-
JHYeHHe WIHPUHBl JHHHH B BHAY OLIXOOYHOTO IOJIOXKEHHS LeHTpa
NPH 3afaHHBIX pa3Mepax YacCTHI U CKHUH-TVIYOMHBI NPOHCXOAUT Ha
NOCTOSIHHYIO TOJIO INUPHHBI JHHHH., JlJIsT OTHOCHTENBHO Y3KHX JIH-
Hu#l ¥ GonblMX caBuroB Hafita BO3MOXHBIE OWIUGKH 3aMETHO
yMenbwaiorces. Ilpu wm3yueHum mo60oro  Meranajga [Js IOAcCYETa
JIOXKHOT'O CABHra HeO6XOAMMO 3HATh HCTHHHYIO (POpPMY KPUBOH sigep-
HOTO NOTJIOIIEHHS; TAaKOH aHaju3 Obl1 NpOBeldeH MJs aJIOMHHHS
[151]. TTo HaGaomaemMoli aCHMMETPHH MOXKHO TPY6O OLIEHHTb BeJH-
yaHy cMeuieHus d (cM. puc. 15), ecau BOCHOJB30BaThCsl pe3yJbTa-
TaMH HCCJIEeNO0BaHUs BJHMSAHHS CKUH-3(G¢dekra, nmposemenHoro Macy-
no#t [29]. Tlosarasi, 4To NMOTJIOLIEHHE HMEET JIOPEHIOBY (hopMy, OH
npeacraBus (rpaduueckd) HEKOTOpPble CYlLIeCTBEHHBIE IapaMeTphl
JUHHU B OueHb ylAoOHOM BHJe. M3yueHHe 5JI€KTPOHHOTO CIHHOBOTO
pe3oHaHca B MeTaJJax He OBJIO pacCMOTpeHO B 3TOM 0030pe.
ecJM He CYMTaThb ynoMuHaHusg paborel Cauxrtepa u ap. [47, 49]
B CBSI3H C NPSMBIM H3MepeHHeM ¥, (pasmena III-Bl).

Hpyrue paGoThl MO pE30HAHCY 3JEKTPOHOB NpoBOAMMOCTH [152,
51, 52, 153] rnaBHbIM 06pa3oM OTHOCATCA K MCCJAEJOBAHHIO (OPMBI
JMHUM K BpeMeH penakcauud., OmHako B 9TOH 06J1aCTH CyLLeCTBYeT
OJHO sIBJIEHHE, KOTOPOEe MOXKET NpPeACTaBJSATb 3HAYUTEJbHBIA HHTe-
pec nJs Tex, KTo paboraeT ¢ siIepHBIM pPE30HAHCOM B MeTaJJax.
Osepxay3sep [154] npensoxun MeTon moJsipu3aluy SAEPHLIX CIIHHOB
IOCPeNCTBOM HACBILIEHHS 3JEKTPOHHOTO CIHHOBOrO pe30HaHca.
C npakTHyecKoil TOUKH 3pEHHs] CO3JaHHe HACBIUIEHHsS] NPENCTABJSET
HEKOTOPYIO TPYAHOCTb, TaK KakK o6pasell, COCTOSLINA H3 OUeHb Ma-
JBIX MeTaJlINYeCKHX HacTHL, JOJXKeH ObITh NOIBEPTHYT HeNpephiB-
HOMY BO3JeHCTBHIO HCTOYHMKA 3HAYHTEJbHOH MHMKPOBOJHOBOH MOIL-
Hoctd. OJJHaKo ecs 3TO YCJOBHE BBHINOJHHTb, HHTEHCHBHOCTb siflep-
HOr'O0 pe30HaHCa MOXKeT BO3PAaCTH Ha HECKOJbKO mopsaaxoB. Cremenb
NONAPHU3ALMH SAEPHLIX CINHHOB CTAHOBUTCS TaKOH, KaKyl0 OHHM
JOJIKHBI ‘OblIM ObI MMETh, €CJH OBl MX TMPOMATrHHUTHOE OTHOILEHUe
CTa/j0 PaBHbBIM THPOMATHUTHOMY OTHOLIEHHIO 3JeKTpoHa. dddexr,
TEOPETHYEOKH npeAckasaHHbli OBepxaysepoM, Oblg NOATBEpXKIEH
pa6oroit Kepsepa u Canuxrepa-[155] na aumun. Onu ke Habmaomanu
3TOT 3(GdeKT Ha HATPHH, HO HE CMOIVIH CO31aTh 3aMETHOTO HaChIlle-
HHUSI 3JIEKTPOHHOTO CINHHOBOTO pe3OHaHca. JTO SIBJeHHE MOXKeT
MMeTb 60JIbIlIOe 3HAYEHHe IJIs1 H3YYEHHS sIIEPHOTO Pe3OHaHCca B Me-
Tajyax, ecJd ero yAacTCs NPHMEHHTb K HMCCAeNOBAHHIO HHTepecy-
KX Hac npo6aeM. BospacraHHe MHTEHCHBHOCTH $iIEPHONO pe30-
HaHCa CONpPOBOXKJaaercss Hcye3HoBeHueM caBura Haiira, Bcaenctsue
TOTO YTO CNHHBL 3JIEKTPOHOB OOJIbIIE HE CO34aI0T CYMMAapHOHl Ha-
MarHMYeHHOCTH B HampasJieHHW MarsuTHoro noasi Ho. Ilpu macwel-
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illeHHH CIIMHBI BCEX 3JIeKTPOHOB CIaPHBAIOTCS, NayJHeBCKas BOCIPH-
WMYHBOCTb OKAa3blBaeTcsl ‘paBHOM HyM0 W caBUr Halita mucuesaer.
B paGote [19] o6cykpaeTcs BO3MOXKHOCTb HCIOJb30BAHHS 3TOrO
spdexTa AnA ycTpaHeHHsi HeonpeseseHHocTH (cm. pasnen II-B),
BBOJMMOHl XMMHYeCKMMH CABHTaMH NpH H3MepeHun casura Haiira.

B. BriBoa ¢opMbl JHHHH TNOTJOILEHUS
JJISl MOJHKPHUCTANIHYEeCKUX 00pa3nos

B 5TOll KHHre paccMaTpHBAaJHCh KPUBBIE $[J€PHOTrO IOIJIOLIEHHUS,
noJyyeHHble Ha MeTaJJMYecKHX MeJKoaucnepcHbix obpasuax. Coor-
BETCTBYIOIME K€ TeopeTHYecKHe BbIPpaXKeHHsi ObLIM JaHBl TOJBKO
Ans v(8)-pe3oHaHCHOH 4YacCTOTHl NpPH 33aJaHHOH OpPHEHTALMH KpU-
craJna. ’

IToayuuth cnekTp MOpOLIKoOGpa3Horo o6pasuma AOCTATOYHO
npocro {156, 30]. IIpenmonaraioT, yto o6pasel; COCTOUT M3 Oecrmop:-
JIOYHO OPHEHTHPOBAHHBIX KPHUCTAMJUTOB. UHC/IO simep B TakUX Kpil-
CTaJJIUTaX, ¥ KOTOPBIX MarHHUTHOe moJie o6pasyet yroJa 8 ¢ kpucrad-
JorpadMueckoil Ocpl0 2, MPOMOPIHOHAJNbHO Sin6dd. BeanuuHa mno-
TJIOLIEHHs B MHTEpBaJe 4acToT v, v + dv, KoTopyio Mbl Gynem 0603-
HauaTh Kak [ (v)dv, oueBHIHO, mpomnopixoHajbHa sin8dd, OO6biuHO
YHCJIO MOTVIOUIAIOUIUX SiAep CHJIbHO MeHsIeTCsl B HHTepBaJie YyacTor,
COOTBETCTBYIOLUIHX 3KCTPEMAJIbHO ‘BO3MOXKHBIM OPHEHTALHUAM; 3TO
3aMeTHO, HapuMep, Ha pHC. 2, @; 6 U 7, rae BUOHO, YTO IPH OIpe-
JNeJEeHHBIX YacTOTaX MMEeTcss MaKCHMyM morJjoulenusi. B o6Gpasnax
MeTaJjJja ¢ aHU30TPONHOH KPHUCTAJIHUYECKOH CTPYKTYpOH, NPUrOTOB-
JIEHHbIX B BHIe (OJIbI'H, Pa3yMeeTcs,, MOXKET NPOSABJATHCS BAHSAHHE
IPEANOYTHTENbHOR OpHEHTAUMM MJIH TeKCTypbl npokatku. Popma
JUHUH SIIEPHOTO pe30HaHca HPH 3TOM MOXKET 3aMETHO OTJIHYaThCs
OT TOH, KOTOpas NOJy4YaeTcs AJsl COBOKYHMHOCTH GeclnopsiiouHO OpH-
€HTHPOBAHHBIX YaCTHIl MOpOIlKa. B meTannax ¢ xyGuueckoi peliler-
KOH HeT BJIMSIHHS OpHEHTAllWH, MIO3TOMY HE HMEET CMBICJa TOBOPHThb
00 3TOM SIBJEHHH; OJHAKO MOXKET 0Ka3aThCs MOJIe3HbIM paboTaTh ¢
ob6pasuaMy, NPUTOTOBJEHHBIMH H3 OPHEHTHDOBAHHOMH !(OJbTH, pas-
06aBJIeHHBIX CIJIABOB HEKOTOPBIX METAJJIOB C KyOHYeCKOH pell2TKOMH
JJIsT TOro, yToObl yBEJHWYUTb UHTEHCHBHOCTb CATEJJIMTOB B ONBITAX
0 KBaJpynoJbHbIM 3ddeKTam.

BrluncauTeapHble MallMHBl YIPOLIAIOT ITOACYeT (HOPMBI JIHHHH.
Her He06X0OMMOCTH MOJyYaTh SIBHYIO aHAJMTHYECKYIO 3aBHCHMOCTb
aMIJIUTYbl TOIJIOILEHHsT OT 4acTOThl. ECJM H3BecTHa 3aBHCHMOCTH
YacTOThl OT OpHEHTAllMH, TOTAA MAJs aKCHaJbHO CHMMETPUYHOIO
KpHCTaJJa, HalpuMep, MOXHO HaIlHCaTh

I'(v) ~ [ () (dv/d8),
rae f(8) =sin® ma1s nopomkoo6pa3Horo 06pasua ¢ XaOTHYECKH OPH-
€HTHPOBAHHBIMH yacTHuaMu. Tak Kak v u I(v) sBJAAIOTCS SIBHBIMH

GynKuuaMH 0, HX JIETKO MOXHO BBIYHCJHTb M TOCTPOHTb TIpadHk
3aBucuMocTd /(v) ot v. IToce 3Toro XesnaTeqbHO BBeCTH TIONpPaB-
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Ky, YUYMTHIBAIOIIYI0 CHMMETpPHYHOe (IHIOJbHOe) YIUMDEHHe IJis
TOTO, YTOGBl Pe3yJbTAaT MOXKHO OBLIO HENOCPEACTBEHHO CPaBHMBATH
c g(v) (skcnepuMenraibHo HaGuiogaemoit ¢opmoit sauHum). Has
TOro0 4To6Gbl M3 HaGJIOJaeMBIX KPHUBBIX NOJYYHTb, HalmpuMmep, npa-
BHJIbHYIO BEJHYMHY aHM30TpomHoro caBura Ha#ra niaum kBaapynoJs-
HOTO B3aWMOMAEACTBHS, HY2KHO 3HATh NapaMeTphl, ONpeaelsiolie
pequuuHy /(v). KoMOGHHHpPOBaHHOE BJIMSIHHE CHMMETPHYHOIO H
aCMMMETPHYHOTO YIIHPEHHS MOXKeT GBIThb NOJYy4YeHO (IIPHUMeEpP CM. B
pa6ore [97]) uHTerpupoBaHHeM, MOJOGHBIM TOMY, KOTOpPOE IIpHMe-
HSIOT AJis1 BHIBOJZA KOMOHHMDOBAHHOH (YyHKUHHU (OPMBI IBYX CHM-
MeTPHYHBIX KpHUBBIX [21].

[Ipn6auKeHHOe BBIpaXKeHHe [AJs1 OLeHKH MOJHOMN IIUPUHBI JIHHHHY,
00ycJIOBJIEHHOH ABYMs UJU GoJiee OTIeJbHBIMH HCTOYHHKAMH YIIH-
peHHsi, MOXKeT 'OBbITb IIOJIYUYEHO, €CIM y4yecTb, UTO TAayCCOBO paclpe-
JeJIeHHe TayCCOBBIX KOMIIOHEHT (KOTOpble HMEIOT OJHHAKOBYIO IH-
PHHY) TOXe SIBJISIETCS I'ayCCOBOH KPHUBOH, IIHPHHA KOTOPOH paBHA
KODHIO KBajpaTHOMY H3 CYMMbl KBajJpaTOB INIHPHH COCTAaBJISIOUIUX
KpuBblX. C JIpyroil CTOPOHBI, KOMOHMHAlUUsl OBYX JOPEHLOBBIX KDH-
BHIX JaeT KPHBYIO, MIHDHHA KOTODOH €CTb apH¢MeTHUYecKas CyMMa
IBYX ITE€PBOHAYaJbHbIX IIHPHUH. BTOpble MOMEHTH MAarHUTHBIX O4-
NOJIbHBIX B3aHMOJEHCTBHI CKJAJbIBAIOTCS M AT BTOPOH MOMEHT
pesyabrupytome sauuuu  [106). IlpakTuueckH BTOPOH MOMEHT
MOXKHO TOYHO H3MEPSATh TOJBKO TOr[a, KOTAa Pe30HAaHC He CJAHIIKOM
IIMPOK U «KPbLIbs» (ydaJeHHble OT LEeHTPa 4YacTH) JHHHH MOTJO-
LIeHHs] He HAIOT 3aMeTHOrO BKJajla BO BTOPO# MOMeHT. Bkiambl
KpBIJIbEB TPYIHO OLEHHTb, TaK KaK B 3THX 00JaCTAX JUHHH OTHO-
IIeHHe CHUTHaJa K IIYyMy MOXeT OBbITb OYeHb MAaJbIM.

I'. 3akJoueHune

SInepHblil pe3oHaHC fIBJsSiETCS] OJHHM M3 HOBBIX METOLOB H3yue-
HHs MeTaJuoB. [TosiBJIeHHe HOBOrO CPeACTBA HCCAENOBAHUS B JI0GOH
0o6J1acTH, BO-IIePBBIX, CTUMYJUPYET TY paboTy, KOTOPYIO HeOO6XOmAAMO
[IPOBECTH IJISI NOJHOTO NMOHHUMAaHHS HOBOH WH(MOPMAalUWH H, BO-BTO-
PBIX, YTO HE MeHee BaXXHO 'OHO 3aCTaBJISIET IIEPECMOTPETh Pe3ybTa-
Thl CTapblX METOJOB.

M3yuenne sgepHOr0 pe3OHaHCAa IO3BOJHJO YTOYHHTh HALIH
npeicTaB/eHHs1 00 3JIEKTPOHHOH CTPYKType IIeJOYHBIX METaJJIOB.
OHo mano TakXe sIpKOe 10Ka3aTeJbHO CYLIECTBOBAHUS JIOKAJbHBIX
BO3MYILEHUH 3J1eKTPOHHOH NJIOTHOCTH M INOJISIPU3aLUH BOKPYT HCKa-
JKeHHH pelleTKH. MeTtox sijepHOro pe3oHaHca Obla NPUMeHEH K HC-
CJeI0BAHHIO aTOMHOH AH((Y3HH, HCKaXKeHHH pelleTKH, CBepXIpo-
BOIMMOCTH M K H3ydeHHI0O (pa30BbIX muarpaMm. Bompoc o ToMm, Gy-
JeT au HabJaronaTtbes sIepHBIH De30HaHC B JAHHOM MeTaJlje, Olpe-
JessieTcsl ryaBHbBIM 006pa3oM CBOHCTBaMH filep (a He CBOHCTBaMHU
3JIEKTPOHOB MeTaJljia), MO3TOMY NpPHMEHEHHe MeTojna Bcerga Gynaer
OTPAHHYEHO CIIELMAJbHBIMH YCJIOBUSIMH, ONHAKO B paMKax 3TOro
OrpaHVUeHUsT OH JaeT YHHUKaJbHble W L€HHble CBeeHHS.
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INPHJO)MEHHHA

MNMpuaoxenne A

OTo npu/OXKeHHe NONOJHSET AUCKyccHio pasnena III-A u, kpoMe Toro, naert
CbelleHHs] O HEKOTOPHIX OGLIeH3BECTHBIX (OPMyJiax, KOTOpbIE JleXKaT B OCHOBE TeO-
pHH Pe30HaHCHOro morJolleHus. KpaTKocTe H3J0XKeHHsl BHI3BaHa TeM, U4TO SIBJIEHHE
s1epHOro pe3oHaHca MOAPOGHO PacCMOTpeHo Bo MHOrWx paGorax [14, 4, 12, 11,
157]. Crarbu [lsiika [14, 157] MOXHO crneuHalbHO DPEKOMEHIOBATh KaK oflilee BBe-
nenue; B cratbax Ilaynna [4] u Bnom6Geprena, IMepcenna u [Mayuna {11] uanaraercs
omHcaHMe sIBJIEHHS! SIIEPHOro Pe30oHaHca.

Kuura SHapio coaepXUT 0630p BceX NPUMEHSIEMBIX SKCMEPHMEHTAJbHBIX MeTO-
JI0B HCCJIelOBaHHS.

BeposiTHOCTb mepexoja AJs siApa C MarHATHBIM MOMEHTOM [ W cnuHoM I, mo-
MeILEHHOTO B CHJIbHOE MarHWTHoe moJje Ho u ciaaGoe ocuMJIMpYIOLlee MarHMTHOE
none 2H, cos 2nvi, nepneHAHKYJspHOe K HanpasJeHuio H, paBHa

Wi amos = - VHE )+ m) ([ —m 1), (A1)

rae M — MarHUTHOe KBAaHTOBOE YHUCJO HCXOAHOTO cocTosiHusi, y=2npu//h, h no-
ctosiHHas Ilnanka. Ilpeamonaraercsi, 4To paccMaTpuBaeMoe SAPO NPHHAMJIEKHT K
COBOKYNHOCTH N, MAEHTHUHBIX sinep, uUMelouluxcs B 1 cu® Meraana. Baaumoneit-
CTBHE MEX1Y fApaMH Bbi3biBaeT ymnpeHHe 2/4 1 sHepreTHuecKHX ypoBHeH, MPHBO-
g K KOHEYHOH ILIMPHHE JHHHM MNOIJIOLIeHHs, popMa KOTOpOfi BhIpaxKaercss (yHK-
uveit g(v).

Tak Kak HaceJeHHOCTb pa3nuuHbix 2/+1 ypoBHedi onpenensieTcsi 60JbLMaHOB-
CKHM (aKTOPOM, PaBHOBECHAsi HACeNeHHOCTb Nm YPOBHSI m mNpeBHINIaeT HaceJeH-
HOCTb cocefHero GoJiee BBICOKOTO YPOBHsl 3Hepruu (m—I1) Ha BeJHUHHY

WHo, . No  wH, __ No v 49
IRT — (21 + 1) IkT (21 +1) AT

Nm ‘-Nm—l = Nm

ITpu BHIBOme mpeamoJsiaraercs, YTo siApa HAaXOAATCS B TEMJOBOM DaBHOBECHH
¢ MeranaoM npu Temmepartype T° K; v=(y/2n)Hy u kK — nocrosinnas Bosbumana.
OTa. pa3HHLa HaceJleHHOCTEl CYIIeCTBEHHA NJIl HAJMYMsl PE30HAHCHOTO MOIJIOLLe-
HHSl, MOCKOJIbKY BEPOSITHOCTH MePexoJOB AJisi BbIHYXKAEHHOrO HM3Jy4YeHHsl H TMOIJIO-
LleHUs] OIMHAKOBBl M CYMMapHOe MOIJIOlLleHHe 3HePTHH BO3MOXKHO JHIIbL Gjaronaps
H3CHITKY sinep Ha Gojiee HH3KOM YPOBHE.

[Tpu nepexomax m—m — 1 noJiHasi CKOPOCTb MOTJIOLIEHHS] SHEPTHH B eJHHHLE
ofbeMa o6pasla paBHa

Po, mym—r = T2H2N, (hv)* g (v) ( +m)(I —m+ 1)/4 (21 + 1)kT.

MoxHo onpefenutb 3¢¢eKTHBHYIO H06POTHOCT o6pasua Q MmO aHAJIOTHH C
NOGPOTHOCTbIO PE30HAHCHOTO KOHTYpa Kak OTHOLIEHHe YMHOXEHHO# H3 45 cpen-
Heii SHePTHH, 3anaceHHoi B o6paslle, K 3HEPrHH, MOIJVIOIEHHOH 06pPasloOM 3a ONMH
nepuon. CpenHsis NJIOTHOCTb MAarHUTHOM SHEPTHH, 3amaceHHoii B o6pasue, paBHa
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H,*/4n; cnenoBatesbHO, 06paTHasi BeJIHYHHA NOGPOTHOCTH AJA mepexoia m—m—1
paBHa

(1/Qmoym—1 = Y?hENgvg (V) ([ +m)(] —m + 1)/4 (2] + 1) kT,

IIpn OTCYTCTBMM - 3/IEKTPHYECKMX H MAaTHHTHBIX MYJIbTHIOJbHBIX B3aHMOJEN-
CTBHii 4aCTOTa v ONAMHAKOBa A/ BCeX NepPexoloB m—m—| W NoJHas BeJHYHHA
o6paTHO# AOGPOTHOCTH paBHa

—I+1

(1/Quons) =2 (1/Qmom—r = 1*h2N Vg (v) I (I + 1)/6kT.

m=/

(A3)

drta BeJHYHHA CBSI3aHAa C MHHMOM YacCTblO SIAEPHOH MAarHMUTHOH BOCTPHUMYH-
BOCTH '’ NPOCTEIM COOTHOIIEHHEM

X = (1/47Q)nom = (71/2) Xgvg (V), (A4)

rae Yo=Noy2h2I(/+1)/3kT ecTp cTaTHueckass BOCIPHHMYHBOCTb CNHHOBOA CHCTe-
Mbl. Takum 06pa3oM, aMMJIMTyNa PE30HAHCHOTO MOTJIOIEHHs1 06paTHO MPOMOPIHO-
HaJibHa a6COJIIOTHOH TeMmmeparype. )

B cBoeii Teopuu spmepHoi HHAYKuMH Buaox [17] moayuns TouHO TaKoe e BHI-
paxKeHHe, NMPHMeHsII MeTOJ, OCHOBAHHBI Ha aHaju3e CHJ, NEHCTBYIOLIMX Ha CYyM-
MapHyI0 HaMarHH4eHHOCTb BCEX SIAEPHBIX CMHHOB, HAXOASILUHXCA B MOJSAPH3YIOLLEM
none Hy ¥ nojBep)KeHHbIX AeHCTBHIO PafMOYacTOTHOrO MarHutHoro noas. OH no-
JYYHJT BBIDaXKeHHe MJIsl MOJIHOH $I/IeDHO MarHHTHOH BOCHPHUMYMBOCTH: ¥ =%+
+ix”, mo6ass ee KOMIOHEHTa MOXeT ObITb BbileJeHa COOTBETCTBYIOIIEHl HaCTPOIl-
KO¥ ammnapaTypsl Mo siAEpHOM HHAYKLMHM HJH MOCTOBOi cxeMHl. Besnumna y” onpe-
neJisieT HaMarHHYeHHOCTb, CABHHYTYIO no ¢ade Ha 90° OT PafHOYaCTOTHOrO MOJS,
BHI3BIBAIOLIEro Mepexond], W, TaKUM 0o6pPa3oM, MOXXHO MOKa3aTh, YTO MMEHHO OHa
MOJIHOCTBIO OMNpeJeNsieT MOIVIOLIEHHe 3HEPrMH CHCTEMO# siepHBIX cnuHOB. Jleft-
CTBHTe/IbHAst YaCTb BOCIPHUMYHBOCTH Y’ OMpejesisieT KOMIOHEHTY SIIePHOH Hamar-
HHYEHHOCTH, Haxojsllylocs B ¢a3e C PalMO4acTOTHHIM MOJIEM, H OMHCHIBAET IHC-
MepCcHIO, COMPOBOXKAAIOLIYI0 NOTJollleHHe. B MeTone simepHOH MHAYKUMH 3TH KOM-
MOHEHThl HaMarHHYEHHOCTH HEMOCPeNCTBEHHO HaGMIONAlOTCS MO HampsKEHHIO, KO-
TOpPOe OHHM HMHAYLUMPYIOT B NMpPHEMHOi KaTyLIKe, OCb KOTOPOH pacmojioXXeHa mnep-
MEHIHKYJSPHO TJIOCKOCTH, COAepXKalleli MarHuTHble noas Ho w 2H, cos 2nvi. Be-
quuuHbl X’ W y” cBs3aHBl MeXAy co6oii cooTHomeHusMu Kponura — Kpamepca,
MO3BOJIAIOLMMH BHIYMCINTL ¥/, 3Has ¥” uau Hao6opoT [158]; HyXHO TOJIBKO, YTO-
6bi paJHOYaCTOTHOe mnoJe OblIO AOCTAaTOYHO cJaGoe W He CO3[4aBajio HAChILIEHHS
cucTeMbl siiepHbiXx cnuHOB. Ciyuail HachllleHHsi paccMoTpeH Paaduamom [107].

OTu nBa pasjMUHBIX MeTOJa OMMCAHHs Pe30HaHCa B CTALMOHAPHBIX YCJIOBHSX
0 HEKOTOpOii CTeneHH OOBACHAIOT mpouecch, o6GycJoBJHBaiOMe Ha6iaogaeMoe
MaKpOCKOIHYECKOE MOBefeHHe, KOTOPOe CBOAMTCS K H3MEHEHHI0 BOCMPHHMYHBO-
cTu o6pasua. AHanu3 M pa3paGoTKa 3JEKTPOHHBIX CXeM, MPHMEHSeMbIX [Js pe-
FUCTPalMH SIAEPHOTO Pe30HaHCa, MOJKHH GBITh CBs3aHBl TOJBKO C OGHapyXKeHHEM
3T0r0 M3MeHeHHsi BOCIPHHMYHBOCTH NPH H3MEHEHHH 4YaCTOTHI.

Biox oTMeTHJ, yTo €cad Ha CIHHOBYIO CHCTEMY, HaXOASILyIOCS B paBHOBe-
cud B nojie Ho, BO3meficTBOBaTh HHTEHCHBHBIM B. Y. UMNYAbCOM, IJIATENBHOCTb
KoToporo MeHblie Ty, TO MaKPOCKONHYECKHii MarHMTHBI#I MOMEHT npuoGperaeT He
paBHOBECHYI0O opHeHTalHio. HenocpeacTBeHHO nocje OKOHYaHHS HMMIyJbca Mak-
POCKONHYECKH#I MarHUTHHIi MOMEHT CBOGOJHO MpelecCHPyeT BOKPYr BHeIIHEro
nonss Hy, ¥ MoXHO Ha6/0faTh HeyCTaHOBHBIIMfiCA CHMHAJ SIAEPHON MHAYKUHH MO
HanpsixKeHU10, HaBeJleHHOMY B NPHEMHOil KaTyllKe, OKpy»Xaioleii o6pasen. B pa-
6ote Xana [13] naHo onucaHHe M aHA/JW3 TaK Ha3biBaeMoro 3¢¢exra «CHHHOBOrO
9X0», KOTOPBIi 3akJjiouaeTcs B TOM, YTo B o6pasie NOSBASIOTCS CMOHTAHHBIE
CUTHAJIBl SINEPHOH HHAYKLUHMH, BBI3BaHHble NeHCTBHEM HeCKOAbKUX B. Y. HMIYJb-
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COB. 3TU CHIHa/lbl BO3HMKAIOT BCJIENCTBHE MHTepP(epPeHIHH MPeLecCHPYIOUHX BeK-
TOPOB MaKPOCKOMHYECKO# HaMarHHYeHHOCTH, H HX MOXHO HCIOJb30BaTh AJIS H3-
MepCHUsi BPEMEHH, B TeueHHe KOTOPOro siAepHble CNHHB MpPELECCHPYT B ¢ase
Apyr ¢ ApyroM. dtor MeTox Gul1 mpuMeHen XoskomGoM u HopGeprom [120] ans
H3MepeHHsl BpeMeH peslakCallid B LeJOoYHbIXx MeTasanax (paspea II1I-B2).

MNpuaoxenne b

Teopusi BpeMeHH CIHH-pelleTOYHON pesakcaunu T; B Mertajsax o6GcyxaaJach
Taiitnepom u Teanepom {159], Bnom6Geprenom [121], Koppuuroit [68], Pandunnom
[107, 125]), OBepxay3epom [160], ITaitncom [59] u ap. [161].

Tafitnep u Tessep BrnepBble NPENNOJIOXKHJH, YTO NPH HU3KHX TEMIEPaTypax
o6MeH 3HEpPrHH MeX1y CHCTEMOHl fAEepPHBbIX CIHHHOB M PEIIeTKOH OCYIIeCTBJSeTCS
C MOMOILBIO" 3JIEKTPOHOB NMPOBOJHMOCTH; HCXOIsl M3 CBOell MOZEJ]H, OHH OLEHH.TH
NOPSANOK BeJHYHHBI AJis1 BpeMeHH Ty.

JIOMHHUPYIOLIMM peJIaKCAallHOHHBIM MpPOLleCCOM B MeTa/ulax fBJSAETCH MNpo-
ecc, mpu KOTOPOM 3JIEKTPOHHI MeTajla NepeMeilaloTcs MO pellleTKe W BpeMs OT
BPEMEHH CTAJIKHBAlOTCA C SILEPHBIMH CNHHAMH; NMPH 3TOM H SApPO, H 3JEKTPOH me-
PEeXONAT C ONHOTO YPOBHS 3HEPrHM Ha APYroil TakuM o6pasoM, YTO HX CyMMap-
HBI CNHMH COXpaHsieTcsi HeM3MEeHHBIM; HHaye TOBOPS, CIHHBI OJHOBPEMEHHO H3Me-
FSIIOT CBOM OPHEHTAllMH, MPHYEeM sIIPO TepsieT SHEPTHIO, a 3JEKTPOH MOJy4YaeT ee.
(Takum o6pa3oM, cucTeMa SII€DHBIX CMHHOB INepefaeT CBOIO 3HEPTHIO 3JEeKTPO-
HaM; MoC/lelHHe e HaXOAATCH B XOPOIIeM TEMJIOBOM KOHTaKTe C KoJeGaHHSIMH
pewleTKH. B 3TOM mpouecce MOTYyT NMPUHMMATh y4yacTHe JHLIbL 3JIEKTPOHH, KOTO-
pble CMOCOGHHBI MDOrJOLIaTL pa3HHUY 3Hepruu (y sa—y)AH, COOTBETCTBYIOLLYIO
3THM [BYM CIHHOBBIM NMEpPEOPHEHTALMAM (ysn— FHPOMarHHTHOE OTHOIIEHHe 3JeK-
TpoHa). Ilpu 3TOM 3HEPrusi MOCTYNATEJEHOTO NBMMKEHHs 3JEKTPOHA H3MeHsieTCs
Ha COOTBETCTBYIOULYIO BeJHYMHY H MNpOLECC BO3MOXEH JHIIb /s 3JeKTPOHOB
B6M3n noBepxHocTH PepMH BcaencTBHe HeGOJBIIOH BEJHYHHBI NepenaBaeMoi
SHeprud. MOXKHO OXHIAaTb, YTO BEPOATHOCTb MpoLecca mponopuuoHadbHa KT.
Toprep [68], oueBHnHO, BHepBble OTMETHJ, YTO MeXAy caBurom Haiita u Bpeme-
HeM peJjakcauuu T, JOJKHA CYLIECTBOBAaTb MPOCTas CBsI3b, MOCKOJBbKY 06a mapa-
MeTpa ONpeNeNsioTCss OJHHM H TeM Xe B3aUMOAEHCTBHEM sIIEPHOTO CNHHA CO CIH-
HOM 3JIEKTPOHa, T. €. CBEDXTOHKHM B3auMojeiicTBHeM. Koppuura [68] ycraHOBHA
3Ty CBSI3b, BHIUMCJHB KaK BpeMsl PeslakCalliH, TaK W H3MeHeHHe SHepTHH, KoTopoe
onpenensier casur Hafita; s pacueToB OH HCNOJb30BaJ GJIOXOBCKHE 3JIEKTPOH-
Hble BOJIHOBble (yHKUHMH. OGe BeauuuHbl, moJyyeHHble KoppuHroi, 3aBHCAT OT
_TIIOTHOCTH COCTOSIHHH, 3JIEKTPOHHBIX BOJHOBBIX (YHKLHMH M KOHCTAHTH CBEDPXTOH-
Koro B3auMogpeiicTBusi. [TosiHOe BBIpaXkeHHe NJisi BPeMEHM PeJlaKCaUHH YYHTHIBAET
BAMSIHME 3JIEKTPOHOB, HaXOASIUHUXCH B COCTOSIHHSX, OTJIHYHBIX OT S-COCTOSIHHS,
O/IHAKO B HEM He YuUTeHbl HH 3¢ ¢deKThl KOPPeJSLHH 3JEKTPOHOB, HH 3(pdeKThl HX
oGmena (cM. crathio Koppuuru, a takxe cratbu Ilaitnca {59] u BJuomGeprena
[167]). HsorponHumii casur Haiita o06yc/oB/eH JHIIb S-3J€KTPOHAMH, NO3TOMY
HenocpeacTBeHHO co casurom Haiita MoxeT ObITb CBSi3aH JIMIIb TOT YJeH BO Bpe-
MeHM peJlakcalliM, KOTOPblii BO3HHKaeT BCJeJCTBHe s-3eKTpoHoB. Ciepnys Kop-
pHHI'e, MOXHO HamHCaTb

1 kT 167 2
- T{ T BYRVN (Er) <|%(0) * >r +

-+ [MarHUTHBIE BKJaJdbl He S-THMA]. (B1)

Tak Kak OTHOCHMTEJIbHBIH M30TPOmHbI caBur HaiiTa MoXHO 3anucaTb B BHIe

e a1V b VN (Es), (B2)

r
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To ypasHenue (5I) MoXHo mpeo6pasoBaTh TaK:

-.-f—=-f-’i [MT -+ [BKaIagsl oT cocTosiHuit He s-tunal (B3)
T, n | BH,

[MpucyTcTBHe BTOPOro ujeHa B NMPaBOH YacTH ypaBHeHHMs YKas3blBaeT Ha To,
uTo cooTHoueHue KoppuHru

_i_=nkT[ﬂAH]2:T[J_AH]2 (B4)
T P B H, 476520 H, |,

cesa3biBaollee caBur Haiita co BpeMeHeM peJsiakcallMu, Jaxe AJs siAep CO CIH-
HoM 1/2 BbINOJIHEHO Juub NpuGau3nTenbHo. Ecim paccmarpuBaercss pe3oHaHC OT
snep co CmMHOM [>=>1, HeOGXOAMMO YUHTHIBATH ellle M ApYyrHe NoGaBOYHbBE BKJa-
nbl B penakcauuio. [30]. DT Bk/I2AH 0GYCJIOBIEHBI B3AUMOJAEHCTBHEM MEXAY sep-
HBIM KBaApYMOJbHBIM MOMEHTOM M 3JIEKTPHYECKHM TPaAHEHTOM, BLHI3BAHHBIM 3JleK-
TPOHAaMH NMPOBOAMMOCTH; MO3TOMY AJsi [ >>1 MOXHO HanHcaTb :

1 T [ TRAH
BH,

2
T p ] +[BK1ax OT 3/JEKTPOHOB He S-COCTOSAHHMI] +-
1

-+ [KBaZpYMOJBHBIA BKJIax]. (B5)

Bce Tpu uneHa GbulM yuTeHBl B BBIUMCHeHHsXx Mutueana [162], koTophii Tak-
JKe HCMoJb30Baj GJOXOBCKME BOJIHOBble GYHKUMH. MOXHO O0XHAATh, YTO 3JIEK-
TPOHHble BOJIHOBBle (YHKIHM MHOTOBAJIEHTHBHIX METAaJUIOB COJepPXaT 3HAuHTeJb-
HYIO MPHMeCh P-KOMIIOHEHTHI, I03TOMY UYJIeHBl, YUHTHIBAIOIIHE BKJIaA OT He S-3JIeK-
TPOHOB W BKJIaJ OT KBaAPYMOJbHOTO B3aHMOAEHCTBHS, MOTYT 3aMeTHO YMEHbIIHTH
BpPeMsi peJlaKCallM{, BBIYMCJIEHHOE C YYeTOM TOJIBKO KOHTAaKTHOM S-4acTH CBEepX-
TOHKOro B3auMojeicTBHsA. [TOCKONIbLKY Be/HYHHA CBEPXTOHKOTO B3aUMOIEHCTBHS
ISl S-COCTOSIHMSI 3HAuyHTeJNbHO GOJibllle, YeM AJs1 APYTHX COCTOSIHMH, H Tak Kak
OGBLIYHO KBaAPYMOJBHBIH BKJaj MaJj, COOTHOLIeHHe KOPPHHIH CJYXKHT XOPOIIHM
NpHGMMIKEHHeM, ecJiM Aa)e B BOJIHOBOH (GYHKUMM Ha moBepxHocTH Pepmu uMmeer-
cs1 3HauuTesnbHas npuMech (6Gosee 509 ) OTAMUHBIX OT S-cocrosiHuil. Ecnu cuntaTts,
4yTO NepBblii usneH ypaBHeHHs (DBE) nuiub He3HauHTeJqbHO BO3pacTaeTr BCJENCTBHE
KoppeJssiiuy ¥ OOMeHa, TO SICHO YTO HCTHHHOE BpPEMsl peJlaKCalluH MOXKEeT OhiThb
TOJIbKO MeHbule BPEMEHH, ONpeaeNseMOro OAHHM JIMIIL KOHTAaKTHEIM CBEPXTOHKHM
B3aHMOJEHCTBHEM M MpPEICTAaBJEHHOrO MepBbHIM YJIEHOM; HaJjIMuue AOMOJHHTE/b-
HBIX PeNlaKCallMOHHBIX NPOLECCOB BCeraa yMeHbllaeT BpeMsi penakcauud. OmuGku
B cooTHowenun Koppuuru (B4), BHI3BaHHBIE 3TUMH NpPOLECCaMH, CBOASATCH K TO-
MY, YTO NPH MOJACTaHOBKE B 3TO COOTHOIIEHHe H3MepeHHOro 3HaueHusi T; GymyT
MoJMy4yaThCsl CHMIIKOM OGoJbliiie 3HAYeHHsl AJs1 OTHOCHTeJNbHOro caBura Haiita.
Blbi.:fllo HalileHo, YyTo 3TO He BCerga COOTBETCTBYeT nAeiicTBuTesbHOocTH [120, 59,
111].

Ecau T naer BKJaj B illHDHHY PE30HAHCHOH JIMHHH, 3TO O3HAuyaeT, YyToO Bpe-
Msi XH3HM siApa B NAHHOM COCTOSIHHH OTDaHHYEHO ero B3aHMOJEeHCTBHEM C pe-
meTkoil. Bknag B mupuuy JMHHM npu6GnusnTenbHo paseH 1/T) W nosnHas WMpHHA

,
JNHHMH BbIpaXkaeTcs CyMMo#H cmuH-cnuioBoro (T,) M chuH-pemeroyHoro (T)
BKJ1aJI0B:

1 1 1
Ts o T; F 2T, (56)

B 3T0 cOOTHOIIEHHE HYXHO MOACTABJSATH AeCTBHTEJbHbIE BPEMeHa peslaKCallHH.
[IpakTHYeCKH BpeMeHa peJIaKCALlM¥ YacTO AaCCOLMHMPYIOTCS C IUMPHHOM JIHHUH, MO3-

’
TOMY €CJIH CYHTaTb, YTO YUIHPEHHs, BhI3BaHHbI€ BeJIMYMHAMH Tl H T2’ CBAA3aHbl C
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KaKHMU-TO chelHasbHbMH QopMamu JuHHi U ecan To = (1/2) € (v,,,), TO mnepex
;o
unenamu 1/T, H 1/2T; nosBATCA YHCJEHHBE KOS(POUIHEHTH MNOPAAKA E[MHHIBL.

BajHO OTMETHTb, 4TO CYIIECTBYeT AaAJUTHBHOCTb OCDaTHBIX BPeMeH peJlaKcalluH,
T. e. aJIATHBHOCTh Da3/MUIIBIX BKJAJoB B WMPHHY JuHuH. (Bosee moapo6Hoe us-
JIOKeHHMe 3TOro BOMpOca MOXMHO HaiTH B paGorax [11] u [120].) Hepenko B ypashe-
nnu (B6) mpeoGnafiaeT OfMH M3 JBYX UJeHOB 1: TakMM 0GPa3oM, BO3MOXHEI ABa Ba-

PR
puanta: Tp~ Ty wm Ty =T, (T, HMeET BEDXHHM NPE]EJIOM BEJIHIHHY 2T, mostomy

T, HuKOTja He mpeBblmaer Ty).
Jlnst Tayccosoil KpuBo# Bpems T CBs3aHO C IHPUHOHA JuHUM OV COOTHOIIEHHEM

Ty = 1/(V Zn) 8v. Ecam OCHOBHEIM MCTOYHHKOM YIUMDEHHs SIBJETCA JHIOJbHOE
B3aUMOJIeHiCTBHE, TOTAa OOLIYHO T’;: V}UZT% rie T; [0 ONpelesieHHIO PaBHO
1/ [AH?]"/? (cM. ypaBrerme (16)). 3zech BMecTo T; HCNOJb3YeTCsl T’;—Bpeml, Xa-
paKTepHaylollee CIHH-CIHHOBOE B3aHMOJICACTBHE B MKECTKOH pemleTKe. Bpems T;

yuMTHBaeT ellle ABWXKEHHe aTOMOB B pelleTKe.

Hans JlopeHuoBo# kpuBoji Ty CBSI3aHO C IIMPUHOH JIMHHH v cooTHoweHHeM
To=1/V3n8v. Ecau riaBHHIM HCTOYHHKOM 5TOH IUMDHHBI SIBJIAETCS OTpaHHueHHOe
BpeMsl JKH3HH COCTOSHHMS SIEPHOrO CMHHA, TOrJia LIHPUHY JHHHH MOXHO HEMocpex-
CTBEHHO MCIIOJb30BaTh AJIsi M3MepeHHsi BpeMeHH T, Tak KaK OHO DaBHO HaGmojae-
moMmy sHaueHHo Ts.

| D10 yTBepxJeHWe HETOUHO; TaK Kak Ty'<X2Ty, TO MepBHI WieH ypaBHEHUs
(B6) B Jyumem caydae MOKeT ObITh PaBeH BTOPOMY, HO He MOXeT GhITH MHOTC
MeHbile ero. MaKTHYECKH aBTOD HMEHHO 3TO MMeeT B BHAY, KOrAa INHIIET, 4TO-
To~T,. IIpum. peo. \



JOIMMOJIHEHH A

ITocne Toro, kak 3Ta KHUra Obljla HamucaHa, MOSIBUJIOCh HECKONBKO BaM{HBIX
paGoT, KOTOpble HAcCTOJbKO CYLIECTBEHHBI AJIs H3yYeHHUs] METaJJIOB METOLOM siiep-
HOr0 MarHMUTHOrO pe€30HaHca, uTO Lejecoo6pasHo uXx 34ech paccMoTpeTh. Heko-
TOpble M3 3THX paboT GoJjee MOAPOGHO paccMOTpeHH B 0630pHOi cTaThe Pap-
¢unbaa, Kotopas 6yaer onyGJHKOBaHa B CJefyIOlleM TOMe, COAepXKallleM CTaThH,
npejcTaBJeHHBe Ha ceMuHape AMepHKaHCKoro oGllecTsa mo MerajaaM B 1959 r.
8 Yuxkaro, WanuHoiic, )

Ha6nonenue simepHOro MarHuTHOro pe3oHaHca B (eppPOMarHHTHHIX MeTan-
Jax, BrnepBHe ocyliecTBiaeHHoe ['occapaom u IToprucom [182], mo3Bosnno OTKPHITH
#HOByi0 06J1aCTb HCCJENOBAHUSI METa/JIOB, 3HAUHTEJbHO OTJHMYAIOULYIOCS] OT CCHOB-
HOTO HampaBJ/ieHHsl COBPeMEHHBIX pa6GoT Nno H3yueHHIO pe3oHaHca. Heo6bluafiHo
VMHTEHCHBHBIl CHrHaJ pe3oHaHca Obl1 oGHapyXXeH B o6pasie MeTaJuIMyeckoro Ko-
GasibTa. ¢ TPaHEL@HTPUPOBAHHON KYOWUYECKOH pelIeTKOH, MPHTOTOBJIEHHOrO B BHAE
TOHKOro Topoiuka. I[IpH KOMHATHOM TeMmnepaType M HYJEBOM BHeLIHEM I[oJe ua-
c1oTa pe3oHaHca Gbuta 213,1 mey, uto cooTBercTByeT moio 213,4 kec B MecTe
Haxoxjenuss spep Ko6ampra Co % HeoGblyHo GoJibllasi aMMmIHTY#a pe3oHaHca
(npu6ausutensHo B 5° 108 pa3 Gosblie, 4eM JO/MKHA Gblia GbiTh aMIUIMTYa OH-
[OJIbHBIX MEepexoJoB NMpPH 3afaHHOM B. 4. NoJe) OGBACHSETCS TeM, UTO MaKPOCKO-
fiMyecKkoe MOrJolleHue OGYCJIOBJNEHO sApPaMH, HAaXOASLUIUMUCH B [JOMEHHBIX CTeH-
Kax, Tle BHelllHee B. Y. NMOJie BCJEACTBHEe NBHXKEHHsI CTEHOK YBEJHYHBAeTCs MpH-
GausutenbHo B 10° pa3 B HyJeBoM BHemneM MarHuTHoM moJe [183]. dTo Bo3pa-
CTaHHe YMEHbIUAEeTCsi MPU HANOMEHHH BHEIIHEro MarHMUTHOTO MOJsl M, pasymeercs,
pHCYIle TOJbKO MHOTOZOMEHHBIM YacTHIAM.

Bckope mociie 3THX NEpBHIX PaGOT MOSIBHJIMCH paGoThl, B KOTOPHIX HCCJIENyeT-
cs TemnepatypHasi [184, 185] u o6bemHas [186] 3aBHCHMOCTb YacTOTHI pe30HaHCA.
IlepBas cepus paGoT MNOATBEPAHJA NPHMEHHMOCTb TEOPHH CNHHOBBIX BOJII AJIS
KoGasibta |; BTOpasi cepusi Gojlee TPyAHa JJsi HHTePNpETAaLHH. .

IMocae storo nabmonanu [187, 188] simepubiii pesonanc Fe¥ B xenese B Hy-
JIEBOM BHEILIHeM moJie Ha dactote 45,6 mey, 4TO COOTBETCTBYeT 3((EKTHBHOMY
BHYTpeHHeMy mnosio Ha sapax ~330,5 xec.? Bwiio mokasaio, yTo 3TO MoJe Ha-
fipaBJIeHO MpOTUS HaMarHHYeHHOCTH ¢eppoMarHuTHoro poMeHa [189]3 (r. e.
ero HamnpasJieHHe NPOTHBOINOJIOXKHO HanpaBJjleHHI0 GOJIbLIOrO BHEIIHEro NoJjs) H
fIOJKHO BO3HMKATb BCJENCTBHE KOHTAKTHOrO B3aHMOJLEHCTBUS siiep C S-3J1eKTpo-
HaMH HOHHOTO OCTOBA, Ha KOTOPble AeficTByeT OGMeHHasi MOJISIpH3alus, 06YCJOB-
aenHas 3d-saexTpoHaMu {190]. DTa nmosspH3aLKs HOHHOLO OCTOBA B U3BECTHOM Mepe
cywectByer Bo Bcex MeTanax [191] (3To o6cTosiTeNbCTBO He GbLIO W3BECTHO MPU
#anucanuu paspena III-B KHuru) u, BeposATHO, ABJASETCS NMPUUMHOH OTPUIlATEJIb-
Horo HaiitoBckoro casura B Pt[32] (cm. paspen I11-B2) u oTpumartenbHoro casura
Hafita B Mn[176]. O6menHass nosasipusauus [212] Bo3HHMKaeT BCJAeACTBHE TOTO,
YTO 3JEKTPOHBI C MapauleIbHBIMU CIIMHAMH CTPEMSITCSl YAAMHTLCS APYr OT APYra.
B [OpHCYTCTBHHM TMOJSPH30BAHHBIX 3d-3JIEKTPOHOB, HAmpHMep, BOJHOBas (QYHKLUS

! K 3TOMy YTBEpXIeHHIO HYXHO OTHOCHTBCS C OCTOPOXXHOCTHIO, TaK KaK CaMma

KOHCT@HTa CBEPXTOHKOTO B3aHMOJEHCTBHs MOXeT SIBHO 3aBHCETb OT TeMIepaTyphl
[18*]. ITpum. ped.

2 Cm._rtakxe pabory [19*]; pesonanc HaGmopancs TakXKe B Hukejae [20*].
Ipum. ped.

3 To xe HaGmonaetcs y KoGaubTa [21*], [22*] u y Hukens [23*]. ITpum. ped.
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S$-COCTOSIHHSI [Jisi 3JIEKTDOHOB CO CIMHHOM BBE€PX OTJIHYAETCSI OT BOJHOBOR q)YHK'

LMY [J151 3JIEKTPOHOB CO CIIMHOM BHH3, B pe3yJbTaTe Yero nojJy4yaeTcsi OTJIHYHOE OT
HYyJs1 3Hauye€HHe PasHOCTH

l WPnst (0) |2 - | Pnsy (O) |2,

KoTopasi onpezesnsier 3GdekTHBHOE MOJie B TOYKE HAXOXIeHHs sapa, o6yc/oB/eH-
HOe KOHTAaKTHHIM B3auMojeiicTBHeM. Eciu Hcnosb3oBaTh 3TH MNpEeACTaBJIEHHs MJist
o6bsicHeHusi oTpuLaTesbHOro ciasura B Pt!% (BMecto Tex, KoTopele GblIH pac-
CMOTPEHbl B TEKCTe) M MPEeINOoJIOXHTb, YTO OLEHeHHHil casur Haiita, paBHbIR
1,8%, o6yc/oBJIeH S-3/1EKTPOHAMH NPOBOAMMOCTH, TO B3aHMOAEHCTBHE S-3JIEKTPO-
HOB OCTOBa ¢ 5d-3/1eKTPOHAMH JOJIXKHO CO3[aBaTh MoJieé MPOTHBOMOJIOXHOTO Ha-
npasJieHusl, COCTABJsIOllee NPH KOMHATHOM TeMmepaType, mo KpafiHelt Mepe, 5,2%,
a mpu 78°K okoso 6,0%. Ilpu sToM npenmoJsaraercsi, 4TO He MPOMCXOAHMT YBEJH-
YeHUs] HaWTOBCKOrO CMelleHHsl, 0 KOTOPoM GyneT HATH pedb B cjelylomeM aGsale.

BBuay sHauyuTenAbHOro pa3HOOGPa3sHss BO3MOXKHEIX MEXaHM3MOB CJBHra, AJs
sicHocTn «casurov Haiita» Mbel 6yneM Ha3blBaThb TOJBKO TY 4acTh Ha6J1i01aeMOro
cnsura Av (umn AH), KoTopasi o6yc/loBleHa B3auUMOJEHACTBHEM siApa C S-3J€K-
TpPOHaMH, mpoBoguMocTH. Hamuuue He3amosHeHHOH d-06G0JIOUKM MJIH 30HBI TPHBO-
JIUT K OTKJIOHEHHIO (TOJIOXHTEIbHOMY HJIH OTPHLATENbHOMY) OT <«KJACCHYECKOTrOo»
caBura Hajita. OrpunartenbHblil BKJIag MOXHO MOHUMAThb KaK CBEPXTOHKOE CMe-
meHHe, 06yCI0OBJIEHHOE HOHHBIM OCTOBOM. JTO 10 HEKOTOPO# CTENeHHW COXPaHSeT
CMBICJI MepBOHayaabHOro Bepaxenus [39], cBs3biBalomero casur Haiita nemocpen-
CTBEHHO CO CIMHOBOM BOCMPHUMYHMBOCTBIO. C JDYroii CTOpPOHBHI, AJsi NEPBHYHOTO
onpeneneHus casura Haiita MoXHO G6blI0 GH BOCMOJIb30BaThCSl. COOTHOLIEHHEM
Koppurru. OTMeTHM, 4YTO 14Ji1 MHOTHX NePEeXOAHBIX MeTa/JIOB pa3jiiude MeXny
OTPHIATEJNbHBIMH H TIOJIOXXHUTENbHBIMH CABMIAMH €CTb pPasJjiMuHe KOJHYECTBEHHOE,
a He KauyeCTBEHHOE. )

HajiToBckue caBuru ckauausi U JaHTaHa [175] KaxyTcsi HeOGHYHO GOJIBLIIMMH
M0 CPaBHEHHIO CO CABMraMM BaHafusi M HHOGHS. DTO MOATBEPIKAAETCst TaKkKe pe-
3yJbTaTaMu M3MepeHHIi BpeMeH peJsakcaluu, npoBeneHHbIXx Barrtepyoprom [192]
Ha BaHaauu. OH o6HapyXus GOJbIIOE PACXOXKAEHHE MEXAY H3MEPEHHBIM CIABHIOM
Haiita u casurom, BbIUHCJIeHHBIM u3 cooTHomenuss Koppuuru [ypaBHenue (8),
pasnen I1I-B2] no usamepenHomy BpeMenu pesakcauuu T;. CoorHomenue Koppuh-
rH faeT CABHT MPHUMEPHO TaKOi BeJHYUHBI, KOTOpylo BaymGepr u ap. [175] cuura-
Mt BIOJIHE MPUEMJIEMOH, OANAKO OH OKa3blBaeTcsi MPUMepHO B 2,5 pa3a MeHblie
JKCNepUMeHTabHo Habuaionaemoro. ITo-BHAMMOMY, B TOYKE HaXOXJEeHHUs sapa mno-
NpH3alMs 3apsiia yBeJHuHBaeTcs npHGau3uTeJbHO B 2,5 pa3a. BeposiTHo, 3TO
npeanoJoxenne Barrepyopra o6bscHseT pacxoxJeHHe B BeJHUHHax cABura Haii-
Ta, TaKk Kak COOTHoIIeHHe KOPPHUHI'M JO/KHO BBINOJHSITBCS, €CJHM TOJbKO HET He-
NOCPENCTBEHHOTO B3aHMOJAEHCTBUSI MEXAYy 3JeKTpOHaMu nposodumoctu. Wsyue-
lide pe3oHaHca Al¥ B cepuu HHTEPMeTa/UIHYecKHX coefuHeHuit Tuna X Al, [193]
(rne X — pefiKo3eMesbHBIfI 3JIEMEHT) MOKa3aJso, YTO CYIlecTByeT oGMeHHOe B3aH-
MozelicTBHe MeXAy JIOKAJH30BAHHBIMH [ 3JEKTPOHAMH M 3JEKTPOHAMH MPOBO:
auMocTH !, .

O6wHpHOe CHCTEMAaTHYeCKOe H3yyeHHe pe3oHaHca V5! B MHTepMeTaslJIHYeCKHUX
coelHHeHUsiX Tuma ViX, HMelomux CTPYKTYpy B-Boabdpama [195, 194], oGHapy-
XHJIO MODPA3UTENbHYIO KOPPEJSHIO MEeXIYy TemneparypHol 3a8ucUMOCTblO Haii-
TOBCKOTO CJBHra BaHaaus ¥ Temnepatypoit (T¢) mepexoma COefHHEHHS] B CBepX:
nposopsiiee cocrosine (CumBosoM X oGosnauenst As, Au, Co, Ga, Ge, Ir, Pt,
Sb uau Si). Hanpumep, Temneparypuble Koadounuents: capuroB B VsSi u ViGa
B 5 pa3s GoJjblie, yeM B APYTHX HCCJIeJOBAaHHBIX COENHMHEHHsX, H 06a 3TH BellleCTBA
uMelor Bbicokne Tc. PaccMoTpenne ocoGeHHOCTeil pasJMYHBIX THNOB B3aHMojel-
CTBHSl MPUBOAUT K BBIBOAY, YTO TeMIepaTypHO3aBHCHMHe 3(h(EeKThl B 3THX CBepX-
NpoBOJHMKAaX  CBsi3aHl ¢  S-sdexTponamu 2. Ha6mopaswasics  koppessnus

! Cm. Takxke paGory [24*]. ITpum. ped. '
2 D10 yTBepxaeHue aBTopa omuGouHo. CM. [25*]. ITpus. ped.
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cylecTBYeT -fipH TeMrepaTypax, JeXauluX 3HaYHTeNbHO BHIe 06GJacTH CBEPXIIPO-
BOJHMOCTH, M HHTEDECHA .TeM, YTO CBsA3BBaeT I¢ C JIOKaJbHbIMU ATOMHBIMM CBOH-
CTBaMU.

CyraBapa nozxpo6Ho HccaenoBas [196] 3aBHCHMOCTb 4acTOTHI, WHPHHBI U Bpe-

MeHu T; pe3onaHca Cu® or TemnepaTypsl (B HHTepBase 1,4—85° K) u manpsixkeH-
HOCTH BHEWIHEro NOJIA B CIJVIaBaX MeJH, COAEpXalUlHX OuYeHb Majsle J06aBKH
(<0,2% (at.) anemeHToB rpynnh Kene3a Ti, Cr, Mn, Fe, Co u Ni. [lna cpasue-
HUS UblIW HCCJIEIOBAHBI CIJaBbl, colepxauue 4,15% (at.) Zn u 0,35% (at.) Sn.
JIpuMecu Cr, Mn, Fe BHI3LIBAIOT 3HauHTe/NbHOE YBENMUEHHE WIHDHHBI JIHHMH MPH
YBeJIHUEHHH HampSIXKEHHOCTH MOJIST U NMPH YMEHbIIEHHH TeMNepaTypH. DTH BKJaabl
8 WIHPHHY OGycCJIOBJEHbl TeMu e 3¢ ¢deKTaMu, Kotopble Habmonanuy OysH u Ap.
[96] (cm. pasmen III-B5), a Takxe Ban pgep Jlrorr u np. [213]. Ho, kpoMe 3toro,
CyraBapa 3aMeTHJI ellle CMeleHHe HyJs NepBOli MPOM3BOAHOMN MOIJIOLIEHHS B CTO-
poHy yBenuuenuss casura Haiita, Ha6mopnaBilieecss AJiss 3THX TPeX CIJABOB MpH
HanGoJiee HM3KHX TeMnepatypax. Bnannen u @®pupens [197] paccmorpenn Teopuio
€NMHOBO# OGMEHHOH NOJIIPH3alMM MJIOTHOCTH 3apsila 3JEKTPOHOB MPOBOJMMOCTH
BOKDYI NPHMECHBIX aTOMOB MEPEXOJHOTO0 MeTajjla C HeCBSI3aHHBIMH d-3JIEKTPO-
HaMH, HaXONsIUUXCS B Meau (TOyHee roBOPs, B «OGBLIYHBIX» MeTaljax Tuna GJa-
FTOPOAHBIX METaNI0B Wau amoMuHHs). OHH OGHAPYXWJH, YTO <«BUPTYyaJjbHBIE»
3d-cocrostHusi (paccMOTpPeHHBle paHee B Apyrofi cBsiau [198], Moryr 6biTh mpuyH-
HOHl JIOKQJIbHOH HaMarHHYEeHHOCTH, KOTOPas NMPEBOCXOAHT BEJHUYHHY, MOJYYEHHYIO
Hocunoit {100] (or yuuTeiBanm JHIIb S—d-06MeH), NPHGIH3HTENLHO B NECATh pas.
OTo naer BO3MOXHOCTb MOJHOCTbIO COrJIaCOBaTh TEOPETHYECKHE M IKCIEPHUMEH-
TalbHble pe3yabrarThl Aas cniaaBoB Cu—Mn (cp. pasmen III-B5) u, Bepositko,
MOXeT TakxXKe OGDBSACHUTL pe3yJbTaThl, MNOJyYeHHble aJas cmiaBoB Cu—Cr u
Cu—Fe. 1o atoro Ha6mogaeMyio LWHPHHY JHHHH MOXHO GBUIO OGBLSCHHTBL TOJb-
KO B TOM CJyyae, eCjli NPHHATH AJNS KOHCTAHTH (s—d) OGMEHHOro B3aHMOMEfi-
CTBMSl 3HayeHWe, NpeBbIIAOllee ee BeJMYHHY aJs CBOGOJHOrO aToMa B ABa
[127] unu B wects pas [97].
. OG6cyxnenue Bompoca o rpagHeHTax 3JEeKTPHUECKOTO MOJs B MeTajliax, H3Jo-
xeHHoe B paspete III-I, k coxaneHuo, oTpaxkaeT HEJOCTATOYHO IMOJHOE MOHH-
MaHue MNpPHYHUH BO3HUKHOBEHHSI 3THX TPaaMEHTOB. DKCNEPHMEHTa/bHble [aHHbIE
NOKa3blBaIOT, 4TO TFPajHeHT eq mpomopuuoHaseH Z/rd, rie Z W3GHITOYHBIH 3apsil
PacTBOPEHHOro aToMa, r — PacCcTOssHHE OT Hero A0 NaHHO# TOYKH B MeraJe !,

[osiBUBLIMECS 3KCIEPUMEHTAJIbHble M TeOpeTHYeCKHe paGoThl MO3BOJSIOT TO-
JYUUTb SICHOE TpeACTaBJeHHe O BO3HHKHOBEHHH 3THX rpajgueHtoB. Apep6yx
u ap. [199] u3yyann 4McTyi0 MeAb, MOABEPrHYTYIO HeGOJBIIOH XOJOAHOH 06paboT-
Ke, MpH 3TOM Pe3yJabTaThl PEHTreHorpadHYeCKHX HCCIENOBAHHi CPenHEeKBaapaTHy-
HOH JedopManuM peIleTKH COMOCTABJSIOTCS C Pe3ysJbTaTaMH H3MepeHHi CpelHe-
ro KBajpaTa IDajHeHTa MeTOJOM siAepPHOro pe3oHaHca. TakuM cnoco60M MOXKHO
MCJYUHTh COOTHOLIEHHE MeXAy TIPajHeHTaMH H YCPeIHeHHBIMH KOMMOHEHTaMH
TeH3opa AedopMalUu:

.

- (02V/92%)2 = a2A (AL/L)%

rge A — KOHCTaHTa, KOTOPYIO MOXHO BBIYHCJHTb TEOPETHYECKH, a KO3(QHIHEHT
HYJKHO OTpeNeNsiTb 3SKCNepHMeHTaJbHO. Ilpeamosaranoch, 4TO KOMIOHEHTH TeH-
30pa aedopMauuM SIBJSIIOTCSI HE3aBUCHMBIMH CJyYailHBIMH BesJMuMHaMu. Jlas u3-
MepeHus eq= (02V/02?) wucmosb30BajM BKJIAA KBaAPYINOJbHOTO  YIIHDEHHS
nepgozo MopsiiKa BO BTOPOl MOMEHT suHMM morjouleHus Menu. CpaBHuBas mio-
Wany JHHHU{A MOIJIOIEHHs /s AebOPMHPOBAHHOTO H AJIsi OTOXKEHHOro MOPOILKa,
MOXHO 6bLIO 3aKJOUUTb, YTO MAKCHMaJbHOE YHCJIO siaep MeaH, AJf KOTOPHIX Mpo-
‘BOAMJIACh OlleHKa rpanueHra, coctaBaser okono 90%. OcrasbHble sinpa, mo-BHOM-
'MOMy, HaXxomsTcs B y3Jax pelleTKH ¢ GOJIbLIHM TPagHEHTOM, MOSTOMY 3HaueHue
KoaduunenTa o Moxer GbITh HECKOJbKO 3aHHXeHo. Bocmosb3oBasmnch mody-
YeHHHIM 3HaueHHeM KOHCTaHTBl a~15-10' 5. e. (3/€KTpOCTAaTHUECKHe €NHHHIbI)

! BBUAY OTCYTCTBHS TEOPETHYECKOTO OGBACHEHHS 3TOM 3aKOHOMEepPHOCTH Gbija
BBeJleHa He OYeHb YeTKO OnpejeneHHas BeinuuHa €(Z), (B pasmene III-T,
[135, 76]). ‘
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¢ OOLIENPHHATHIML BeJHYHHAMH JAedopMalHii B OKPECTHOCTH PAaCTBOPEHHOrO aTo-
Ma, MOXHO OBHJIO OLEHHTb I'DaJHeHThl, OGYCNOBJEHHbIE TaKUM MeXaHH3MOM; Haifi-
JeliHBle MPH 3TOM 3HAYeHHs OKa3a/JIMCh He3HAYHUTENbHBIMH, YTOGH UMM MOXKHO GObi-
N0 OGBSCHHUTL TPAAMEHTH, BO3HHMKAaIlHe BOKPYr aToMa IuHKa {30] uaum Kakoro-
60 APYroro pacTBOPEHHOrO B MeJH aToMa. ODTH IKCNEPHUMEHTH YGENUTENbHO
I0Ka3a/i, 4TO Te AedOPMaluM peLIeTKH, KOTOpble MOTYT CYIIECTBOBATb OKOJO
PacTBOPEHHBIX aTOMOB, He B COCTOSIHHM CO31aTh HabJsionaeMble rpaguedTh. B To
JKe BpeMsi moApoGHoe HccaenoBaHue [177] pe3oHaHca Menu B TBePABIX pacTBopax
Ha OCHOBe MelH, CONepXallUX 3JEeMEHTH MOArPynmsl B, NeMOHCTPUPYET MOJHYIO
NPONOPUHOHANLHOCTL MeXAYy ¢ ¥ Z/r® u He oGHapyXHBaeT Kakoii-mu6o Koppe-
JALIHKE MeXAy ¢ ¥ pa3MepoM pacTBopeHHoro aroMa. IlocienHuit pesysbTar co-
raacyetcst ¢ BoiBonaMu ABepGyxa. Takum 06pasoM, MOXKHO 3akJIOUMTb, YTO Tpa-
JIMEeHTHl 3JIeKTPHYECKOTO MOJsi B OKPECTHOCTH PacTBOPEHHBIX aToMOB 0G6ycJoBJe-
Hbl TJIaBHBIM .06pa3oM «3¢deKTaMu BaNeHTHOCTH», T. €. NMepepacnpeneseHHeM 3a-
pfAna, KOTopoe, ONHAKO, He OMNHCHIBAETCS SKCIOHEHIHANbHO 3KPaHHPOBaHHBIM Ky-
JIOHOBCKUM moTeHnuanoM. Kon u Bocko [201] mokasanu, 4To rpafHeHTH HYXHOM
BeJHYHHbLI BO3HHKAIOT B Pe3yJbTaTe NepepacrnpefesneHdss NMJIOTHOCTH 3apsiia 3JeK-
TPOHOB MPOBOJMMOCTH BGJHM3M DacTBOPEHHBIX aTOMOB. B 3ToM ciyuae mnepewme-
IIeHHDLI 3apsifl MepeKpbiBaeT CoCeflline siApa M JJIs BEIYHCIEHHS ¢ HCNOJb3yeTcs
noJiHoe onpenesneHue eq=(02V/0Z2) — (1/;)A?V. CyuiecTBeHHOH uYepTOi 3TOM
TEOPHH SBJASETCS TO, YTO Ha OGOJILIIMX DAacCCTOSIHHSIX r OT PacTBOPEHHOrO aToMa
3JIeKTPOHHAsi IJIOTHOCTb MeHsieTcst NPHOGJM3HTENbHO Kak cos (2kgr+®)/r3, rpe

&g — BOJIHOBOe 4HCJ0 Ha nosepxHocTH Pepmu, @ — dasosuit yron. I'paauents,

BO3HHKAMWIllHe B MeCTe HaxoXIeHHs sijep, 3aMeTHO yBejauuuBaioTcsa [201] BBuay
GoNbIIOK MJIOTHOCTH 3apsna BOJM3HM lLeHTpa atomMa. ITOT 3¢deKT CTaHOBUTCS
GoJlee 3aMeTHBIM [JIs1 TSXKeJNBIX METAJIOB, HO Aa)e AJs MeAU IpaJHeHTHl, MOJy-
YeHHble 110 MOJEeJM CBOGOIHBIX 3JIEKTPOHOB (MJIOCKHMe BOJIHBEI), BO3pPacTaloOT IMpPH-
6/au3uTeNbHO B 25 pa3, ecau yyecTb NOTEHUHa ] pelleTkH. ITosTomMy  BeJHuHHY
€(Z) B ypasuenuu (21) paspen I1I-I' B mepBoM NPUGIHMKEHHH MOXHO 3aMeHHTb
shipaxkenuem 0,0236 Zagcos(2kprn+(D)/r,f.

3nech r, — paccTOsIHHe OT DPacTBOPEHHOro aToMa [0 sipa, HaXoAsLIerocs
B N-HOM y3Jie pelleTKH, H KodddHUHEHT A clenyeT pacCMaTPHBATb KaK YHCJIOBOMH
MHOXHTEJ/Ib, YUHTHIBAIOLIHH (GaKTOD YCHJIEHHS, YNOMsHYTHIi Bbime. Ilocaennuit
33BHCHT [JIaBHBIM 06Da3oM OT BOJHOBBIX (YHKIHMH pacTBOPUTENsS. DTH OCLUHJ-
JISUMK NMOAKOU TJOTHOCTH 3JIEKTPOHOB IPOBOAMMOCTH aHAJOTHYHBI OCHHJUISIUSM,
YNOMHHABIIMMCS NDH PAacCMOTPEHHH CIJaBoB cepe6pa B pasgene III-B6,
OiaKo B MOCJEAHEM CJyyae OCUMJIMPYET JHIUb IJIOTHOCTb 3apsifia Pg 3JEKTPO-
HOB, Haxoisluxcs Ha noBepxHocTH Pepmu. IToxcuer H3MeHeHHS OTHOCHTEJbHO-
ro cnsura Haiita AK=A(AH/H)=App He TpebyeT HCHONb30OBaHHS GJOXOBCKHX

¢yHKUMH, Torna Kak BBIYMC/IEHHe I'DajMeHTOB TpeGyeT TOYHBIX NaHHHIX O pacrpe-
ZAeJieHUH TOoJIHOro 3apsana, oco6eHHo BOaM3H siipa. DT cjabo 3aTyxalllie OCIHJI-
JSUHM HAIISSAHO OTPaXalT KHHETHKY NOBENEHHs 3JIEKTPOHOB MPOBOAMMOCTH, HX
IBUXKEHHe, CTOJKHOBEHHUS|, paccesiHHe. BejnunHa Ha6MogaeMblX OCUMJISLMEA He-
NCCPe/ICTBEHHO OTpaikaeT CTeneHb Pa3MbITOCTH moBepxHocTH Pepmu.

Cyxenve JHHHH B cnaasax, o6bycjoBieHHoe aubdysmeir (pasgen III-B2),
6WJI0 HUCNOJIB30BAHO [Jsi OGHApYKEHHSI OYeHb HEe3HAUHTEJbHOTO CMeILleHHs NMUKOB
NCIJIOUEHHss KOMNOHeHT. BcJleqcTBHe YCpefHEHHS IHMOJBHOTO YIUHDEHHs, He
OMHOPOJHQCTE}i HAHTOBCKOTO CABHra W APYTHX HCTOYHHKOB WIHPHHHEI JHHHH MOJO-
JKeHHe IeHTpa JHHUM MOXHO HM3MepsiTb C BHICOKOH TOYHOCThbiO. Pasymeercs, 3TH
M3MEpeHHs] XapaKTepH3VIOT COCTOSIHHE MeTaJla NMPH MOBBHILEHHBIX TeMNepaTypax.
Ty METOAMKY HCIOJIL30BaNM [Js1 M3Y'U€HHS HAaHTOBCKOrO CABMra M CYXKEeHHs JIH-
ruH Li7, BEI3BaHHBIX JBHXKEHHeM B ClJjiaBaX JuTHs ¢ MarHueM (mo 10% (ar.) mar-
uus [202]) ¥ s McciefoBaHHs NMEPBHUYHLIX TBEPAbIX PAaCTBOPOB Ha OCHOBE a.Tio-
MHHHUSI, COAEpXKAIUMX UMHK M MarHuii [203]. Hnst mocnennero ciayuasi M3yyaiu 3a-
BHCHMOCTb HMHTEHCHBHOCTH H DE30OHAHCHOM YacTOThl JIMHMHM morjolieHus Al¥ ot
KOHIEHTPALMH DPaCTBOPEHHOrO 3JIEMEHTa, TEeMNepaTypbl M BHEUIHEr0 MAarHMTHOTO
a0Jis1, 4TO6GH MOJYYHTb NaHHble O ciABHre HaiiTa M KBaapynoJbHOM B3aMMoOAeHCT-
Buu. Msvuenue pesonanca Na2® u Rb¥ B cnmasax Na—K u Na—Rb [95] (ymoms-
HyToe B pasgene 111-56) mpoBomunock ajs HccienoBaHus AuddY3IHOHHOrO cyxe-
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HHSl JIHHMM KaK B TBepJo#, Tak U B XKHUAKOH ¢asax. [Ipu paccMOTpeHHM BOJH pac-
cestusi [93] Oblaia caesaHa NombITKa OGbSICHUTL 3aBUCHMOCTD cABHra Hailita ot co-
cTaBa XKUIKHUX CIJIaBOB. [loJlyueHHble NpPH 3TOM Pe3y/abTaThl KOJHUYECTBEHHO He CO-
J1aCylOTCsl C pe3yJbTaTaMH 3KCIIEpDHMEHTa, XOTs HaKOTIeHHe 3apsila, KOTopoe, Kak
NpeanoJiarajocb, NPOUCXOAUT B PAacTBOPEHHON «sueilke», MPOU3BOJBLHO MEHSJIOCh.
Pesyabratol JlaHuana [204] crenyer paccMOTpeTh KPHTHYECKH COBMECTHO CO BCEMH
apyruMu naHHbIME [95]. IIpuMeHsieMBIli NpH BBIYKC/JEHHAX TEOPETHYECKHH MOAXOR
MOXeT OKa3aTbCsl HENPHIOAHHIM B CJydyae TBeDJBIX PacTBOPOB NpPH KOHIEHTpa-
IIUSIX PacTBOPEHHOTo 3JieMeHTa GoJjiee~59% H 0COGEHHO B Cjyyae KOHUEHTPHPO-
BaHHBIX XHIKHX cn.aeo8. IIpn pacCMOTPEHUH XHAKHX CIJIaBOB MOXHO OGpaTHTH
apryMeHTalHI0 ¥ DacCMaTPHBaTb HEKOTOpoe corjacue c¢ Teopuein Ppumens [93]
Kak CBHIETEJbCTBO CYLIECTBOBAHHSI NOBOJILHO XOPOLIO ONMpEfeseHHOH MOBEPXHO-
ctu PepMH B XKHAKMX CliaBax. AMIVIMTYAa paccMaTPHBABIUMXCS OCHUMJLISLMA B

. - (Ak)F
JNeHCTBUTENLHOCTH NPOMOPUHOHANbHA HOGAaBOYHOMY MHOXHTENIO € , Tae
Ak — mupuna noBepxHocTH Pepmu!. B uyHCTHIX TBepABIX MeTasax NPH TeMmIepa-
Typax, 3HauHTeJbHO MeHbIIMX ux Temnepatyphl ®Pepmun TF= EF/k~5.10*K
(kR — koHcTrauta Boabumana, E F— ¢depMueBcKasi 3HePrHsi CHCTEMEI), 3THM MHO-
JKHTeJleM MOXHO npeHe6peyb. JIo cuX mop BO BCeX BLIYHCJIEHHSIX M3MEHEHHi Hal-
TOECKOI'O CIBUTa NI TErMPOBAHUH, BbI3BaHHLIX C1a603aTyXaIOUWHMH OCIHJIIALHMSA-
Mu, mpeHeGperaiau 3¢¢eKkTaMu MHOTOKPAaTOro paccestHust, H3MeHeHHAMH Pepmu —
YPOBHSI M BO3MOXHBIMH H3MeHeHHAMH ¢opMmbl N(EF). DTu sbdekTn MoryT GHITH
3HAaUYUTEJbHBIMU B Clyyae KOHLEHTPHPOBAHHHX claBoB (cM. pasmen III-b6).

PaiiMaii 1 BaomGepren {95] najsu TeOpETHYECKYIO OLEHKY OTHOCHTEJBLHOTO
u3MeHeHus ciasura Haiita nJs pacTBopeHHOro sigpa b HaxoAsLIErocss B MaJIOKOH-
IeHTPHPOBAHHOM pacTBope MeTasya d¢. Eciu pacKpHTb CKOGKH B HX YypaBHEHHH
(6), To nepsuiii unen Oyner paseH oTHoweHHo Kob-sa/Kb.OHH HcnoJb3oBain
9KCIIePUMEHTAJIbHYIO TePEeHOPMHPOBKY 3JIEKTPOHHOM IJIOTHOCTH MJIsi aNMmpOKCHMa-
LMK BOJIHOBOH (GYHKUMHM b B @ B OTCYTCTBHM MOJSIPU3ALMH; HHBIMH CJIOBaMH, B HX
PACCYyXKIEHHSIX HCMOJB30BaHO TO e caMoe MpUOJIHXKeHHe, KOTopoe nmpuMmeHsa [3-
Huaa [200] mns oGocHoBaHus npasuia Haitta (ypasuenue (13) pasgen III-B6)
npu ouenke K esa. 3nech Ke u K a— oTHocHTesbHble ciBUrH HaiiTa cooTBeTcTBEH-
HO Uil YUCTHIX MeTa/uloB a U b. BiomGepreH OTMETHJ TaKXXe, YTO NMPHUMEHEHHe
cootHomennss Koppunru (pasgen III-B2) k cniaBaM nokashiBaeT, 4TO BKJad B
CIHH-PelIeTOYHOe BpeMsi penakcauuu T; KOMIOHEHTa X, OGYCJ/IOBJIEHHBIH KOHTaKT-
HbHIM B3aHMOJEACTBHEM fiJpa C 3JEeKTPOHaMH NMPOBOJMMOCTH, HOJIKEH H3MEHSThCS
B COOTBETCTBHH C (OPMYJIOH

Tt = o'+ (KyKk) =
= (T [(1 + K'AK)? 0K2K 2.

UHZeKcH X, XapakTepH3yloT uMCcThii MeTaan x; AKy=Kx—Kyo BbHpaxaer

iiMCHeHHe OTHOCHTEJNbLHOrO CIBHMra MeTajjla X NpH JerHpoBaHuu H OK?—KOHTaKT-
WL BKJaj BO BTOPOH MOMEHT JIHHHH CIUIaBa, BEIYMCJIEHHBIi OTHOCHTENBHO ee
cpenHero mnonoxenuss Ky. Benmunna OK? onpenmensercs u3MeHeHMeM cpBura

Hafita npu mepexome ot onHoro sapa kK Apyromy. Jlis y/10B/IETBOPHUTENBLHOI'O
oCbsicHeHHst Ha6uonaBliefics IUMPHHB JIMHUM B GoraThlx py6HAHeM clJjaBax
Na—Rb 6blJI0 NpennosoxeHo Haauyue B3aUMOJEHCTBHS Ha OyeHb GOJBIUHMX
paccTostHHAX. DTH B3aUMOIEHCTBHS YYBCTBHTeNbHBI K ¢opMe noBepxHocTH Pepmy,
H MOXHO OXHJaTb, YTO OHH OYAYT NpPOSIBAATHCS BCSKHI pa3, KOrfa Ha 3TO¥ ilo-
BEPXHOCTH BO3HHKAIOT [JOBOJbHO pe3KHe HeperyJspHOCTH.

3To HccefoBaHMe NMPeCTaBJseT XOPOWIH MpHMep o6luero MoAXoAa, HCHOJb-
3yeMoro JJs onpeneneHHs ¢a3oBbIX AHarpaMM MeTOAOM SIIePHOrO MAarHHTHOTrO pe-
30HaHca. TOYHOCTh MeTOAa 3aBHCHT OT CTeNeHH H3MeHEeHHsl HaafTOBCKOTO CIBHTra
npy M3MEHEeHHH COCTaBa CIVIaBa, TaK KaK Heo6XOAMMO OGHApPYXHTb JHGO «H3JIOM»
B HaKJIOHe KPHBOHl NpH mnepeceyeHHH ¢a3oBoil rpaHHub (aHAJOTHYHO TOMY, YTO

1T, e. BeJMYMHA, XapaKTepU3yIOlllasi CTeNeHb ee Pa3MHTOCTH. [Ipum. ped.
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HMeeT MeCTO NpH DPEHTIeHOBCKOM HCCJIeNOoBaHHM), Ju6o (B cayuae AByx¢asHoRk
o6nacTi) Heo6XOAMMO TOYHO ONMpPEAEJHTb COCTaBhHl (a3, HAXOAALIMXCS B PaBHOBe-
CHH, HCIOJIb3Ysl PaHee MOJydYeHHble JaHHble 06 u3MeHenun Kx B 3aBucuMocTH oT C.
Bes nociegHuX AaHHBIX Hesb3s HCIOJb30BaTh HHTETPaJbHEIE HHTEHCHBHOCTH AJsh
ompejesleHHs1 KOJHYeCcTBa Kaxaof ¢asml.

Jlpyrue uHTepecHmle PaGOTH KacaloTCs CJEAYIOIHX BOIPOCOB:

a) uccnenoBaHHe 3aBHCHMOCTH De30HaHca MeiH B f-1aTYHH OT COCTaBa U BH-
Na TepMooGpa6oTku [205] nyisi o6HapyXeHHs] CTENeHH NOCTHTHYTOrO COBEpLIEHCTBA
pemleTkH !; '

6) uaGmioneHue 3aBUCHMOCTH ciBura HaiiTa oT moJoxeHust simep B oGiaacTh
GLICTPOrO HM3MEHEHHs] 3JIEKTPOHHOH CTPYKTYPH BGJIH3H NOBEPXHOCTH OYEHb Ma-
JBIX YacTHI[ MeTaJjiuueckoro oJjioBa {206];

6) cpaBHeHHe 3JIEKTPOHHHIX CTPYKTYP XKHAKOR H TBepaoft ¢a3 psna Mmertas-
JIOB Ha OCHOBe H3yueHHsl pe3oHaHCa B 060OMX cocrosiHusAx {172];

2) MeToX oOmnpejesieHHs aKTHBALHOHHOro o6beMa aas Auddysuu mo usMepe-
HHIO 3aBMCHMOCTH LIMPHHBI JIHHHH OT JaBJIeHHss B O6GJIacTH TeMmepaTyp, rae mpo-
HCXOJUT CYyXXEeHHe JIHHUH, BbI3BaHHoe IBHXXeHHeM [216];

0) pa6oTbl MO M3YYeHHIO CNUH-DELIETOUHON pesakcauuu B Merajsax [208] u
Fpumeﬂeulne pe3oHaHca JJisi HM3YyYeHHsi cBepxnposoaumoctH (o63op Paadunga
209, 210]).*

* HaliTOBCKHe CABHTH, ONMyGIMKOBAaHHblE K MOMEHTY OKOHYAHHSI JAaHHOH KHH~
r'd, yaanochb BHecTH B Ta6j. 1
1 CM. takxe paGory {27*]. ITpum. nepes.
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