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YK 620.181
AHHOTALMS

B kHHre paccMaTpHUBAIOTCS TeOPETHYECKHE OC-
HOBbI CTPOEHHS] H CBOHCTB TBEPABIX PacTBOpOB,
a Takxe npHBelJeH 00630p COBPeMEHHBIX TNpen-
CTaBJIeHUH O HHX.

Bosblioe BHHMaHHe Y/elleHO YCTaHOBJIEHUIO
TIPHYMH, BBISBIBAIOLUUX  OTKJOHEHHE CBOHCTB
peasbHBIX TBEPAbIX PACTBOPOB OT CBOHCTB HJe-
aJIbHOH MOJeJIH.

Kuura npenHa3HayeHa AJsi HayYHBIX PaGOTHH-
KOB, 3aHMMAaIOLIUXCA HCCNeJOBaHHEM MW paspa-
60TKOIl HOBBIX CIJIaBOB, HHXXeHEPOB MeTaJl1yprH-
YeCKOH M MAaIUHHOCTPOHUTENbHOH oTpaciaedl mpo-
MBILLIEHHOCTH. MoeT GbIThb MoJie3Ha CTyAeHTaM
BY30B.



IMpepucaosue

Pa3BuTHe Takux OoTpacieil TeXHUKH, KaK JHepreTHKa, aBHallud,
pPaKeTOCTpOeHHe, XUMHSI U Ip., TPeOyeT CO3NaHHsS HOBBIX MaTepHa-
JIOB, B YaCTHOCTH MeTaJ/JIHYEeCKHX CIJIaBOB, 00/1afalOLIUX MOBHILIEH-
HbIMH MeXaHHYECKHMH, a B psifie CJIyyaeB CIelHaJbHBIMH (u3mye-
CKMMH CBOMCTBAMM B YCJOBHSIX KaK OOBIYHBIX, TAK M BBICOKHX HJIH
0cob0 HHU3KUX TeMIepaTyp.

B ucropuueckux pemenusx XXII cwesga KIICC nepex Meras-
ayprueit Coerckoro Coio3a noctaBJsieHbl IPaHAMO3HBIE 3aJauH, KO-
TOpble MOTYT OBITH pellleHbl TOJBKO Ha OCHOBE BBICOKOPA3BUTOH Hay-
KM, TaK Kak NMyTH SMIOUPHUYECKHX HCKAHUH U CAydalHBIX HaXOIOK
B OCHOBHOM YK€ HCYEpIaHBI.

OnHakKo HallM 3HAHHUS CBOHCTB MeTAJJIOB U CIJIABOB elle HeIo-
CTaTOYHHI [JI51 MOJNYyYeHHs] OT MeTaJjjia MaKCUMyMa TOTro, YTO OH MO-
’KeT JlaThb — OCTAIOTCsl ellle OOJIblLINE pe3epBHI.

JJ1s1 ucnoJb30BaHUS WX HEOGXOLUMBI Iy6OKHe M Pa3HOCTOPOH-
HHEe 3HAaHMS CBOICTB MeTaJJOB U cmiaaBoB. Pa6orsl B 3TOi ob6sacti
BeIYTCS KaK Yy Hac, Tak u 3a rpanuneil. [Tostomy Gosbuioil HHTepec
1J151 COBETCKOTO YHTATENs] NMpeiCTaBJseT H3JaHHe PYCCKUX IepeBo-
JOB KHHT M3 cepuH COOPHHKOB «¥Ycrmexu (U3HKH METaJJOB».

OpnHoit U3 mocseHUX paboT 3TOH cepuu sIBJIsIETCS NpejJaraeMblii
0630p CuBepTceHa u HuKonbcOHa, B KOTOPOM H3JIOXKEHbI BaKHble
BOTIPOCHl MeTaJJIOPU3UKH, CBS3bIBAIOLHE CTPYKTYPYy M CBOHCTBA
CIJIABOB C HX 3JEKTPOHHBIM CTPOEHHEM.

B mactosiiiee BpeMs HccleJOBaHHe MeXaHHYECKHX U (DU3HUECKHX
CBOMCTB METAJIOB W CIJIABOB M Ja)e NpOCTOe TOHHMaHHe COOT-
BETCTBYIOLLEH JHTEPATYPbl HEBO3MOXHO 6€3 3HAHUS U HCIONb30Ba-
HUsI uIell TeOpuH HecoBeplIeHCTB (OOBIYHO HA3bIBAeMOIi, HECKOJBKO
CYXXeHHO, TeopHeli AucjoKauuil). Bompoc o ponu HecoBepIIEHCTB
KPHCTAJJIHYECKOH pelleTKH yXKe NaBIIO mepecTas OBITh JUCKYCCHOH-
HBIM.

B nocaenuune rogsl B CoBerckom Coro3e M3IaHbl MepeBOAbI Ile-
J0ro psiga MoHorpaduil 1 cOOpPHUKOB IO OTAEJNbHBIM acleKTaM Teo-
pHH HecoBeplIeHCTB. JlaHHas KHHra SBUTCS JONOJIHEHHEM K yKa3aH-
HBIM M3IaHHSIM U [OJ’)KHA BbI3BaTb 3HAUMTENbHBIH HHTEpec y uHTa-
TeJell, 3aHUMAIOLIUXCS BONPOCAMU TEOPHH JIETHPOBAHUS M MCCJENO-
BaHHeM (U3HYECKHX CBOHCTB CIIJIaBOB.
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Kuura He siBi1sieTCsl caMOCTOSITE/NbHBIM HCCJeJOBaHHEM, a Mpel-
'TTaBJSET NOCTATOYHO NOJIHBIH 0630p pe3yJbTaTOB 3KCHEPHMEHTAaNb-
HbIX HCCJeJOBAHHH M TeOpeTHYECKUX moJsoxeHu#l (mo 1959 u
gactuuHo 1960 r.).

K coxanenuio, B 0630p He BKJIOYEHBl pe3y/bTaThl paboT coOBeT-
CKHX YYeHBIX.

Haununas u3noxeHue ¢ KpaTKOro HCTOPHYECKOro 0630pa OCHOB
obuieil TeOpHH 3JE€KTPOHHOTO CTPOEHHS TBEPABIX TeJ W aHaJu3a H3-
BECTHBIX MoOjJeJsiell TBepAbIX PacTBOPOB, aBTOPbl OCHOBHOE BHHMAaHHe
YAeJasII0T BONPOCaM CTPOEHHSI U CBOHCTB peasibHbIX TBEPABIX PacCTBO-
POB KaK KpHCTAJJHYECKOH CHCTeMBl, COlepxKallledl CTPYKTYpHHE H
XHMHYecKHe Je(eKTHl.

3HauuTeJbHOEe BHHMAaHHe YJeJeHO BJHSIHHIO OJHXKHEro u najb-
HEero mopsiika Ha CBOHCTBA TBEPABIX PAacCTBOPOB M 3HEPTEeTHUECKHM
¢akropawm. A

[TokaszaHa posnb 3J€eKTPOHHOH CTPYKTYpbl HHIHWBHAYaJbHBIX aTo-
MOB M KDHCTaJJIH4YecKHX Tel B (POPMHPOBAHUHU TBEPABIX PaCTBOPOB
KaK HeHJeaJbHBIX CHCTEM H B HX noBefeHuH npu gedopmauuu. Ot-
MeuyeHa HeJOCTaTOYHOCTb yyeTa OJHHX JIHIIb YNPYTHX CBOHCTB pe-
IIEeTKH /51 IOHUMaHHs BceX OCOGEHHOCTell MNOBeIeHHS TBEPABIX
pacrBopoB. Tlono6uHiit moaxoa npubJaHXKaeT Hac, KakK 3TO CIpaBel-
JIMBO YKa3bIBAalOT aBTOPHI, K pelleHHI0 3aaud TEOPETHYECKOTO Mpe-
CKa3aHHs CBOMCTB TBEPLbIX PACTBOPOB HCXOAS U3 MX COCTaBa, YCJO-
BHIl 00pa30BaHUs W H3BECTHHIX CBOICTB COCTaBJSIIOIIUX 3JE€MEHTOB.

JloMKHBEI BBI3BaTb Y UYWTATeNs] UHTepeC pa3jiesbl, NMOCBSILIEHHbIE
M3YYEHUIO CBSI3H CTPYKTYpPHl C MeEXaHHYECKUMH H (DU3HUYECKHMHU
CBOHCTBaMH TBEPABIX PACTBOPOB U BOIPOCAM METOAMKH TOHKOTO HC-
CJIeIOBaHUsl 3THX CPELCTB.

MHoxecTBO Tab/auL U (PaKTHYECKUX NAHHBIX MO3BOJISIET B psle
cJyyaeB pacCMaTpHBaThb NAHHYIO KHUT'Y KaK CIpaBOYHHK MO (H3U-
YeCKHM CBOHCTBAM H TEPMOXHMHH TBEPABIX PacCTBOpOB.

B. H. TEMHHOB



BBepneHue

XOTs INOHSTHE O TBEPAOM pacTBOope ObLIO mpenjoxeHo Martuc-
ceHoM elle B :1860 r., Ho Bceoblilee NpH3HAHHe OHO NpPHOOPEJO JHIID

okos10 1900 r., xorga I'u66¢c o6ocHoBas cBoe nmpasuao ¢as. ITocae
TOro Kaxk Oblid chOPMYJHPOBAHBEI OCHOBHBIE TOJIOXKEHHUS TEOpHH
TBEPABIX PacTBOPOB, Pa3BHTHe ee IJO OYeHb MeJJEHHO, NOKa IJs
H3YYeHUs] CTPOEHHS] MeTaJJIOB He OblIM NMPHMeHeHbl PeHTTeHOBBI JYy-
yp. C 3TOro BpeMeHH TeOpHsl TBEpPABIX PacTBOPOB CTaja ObICTPO
pa3BUBAaThHCS.

JecsiTunetde, TmpelllleCTBOBaBllee BTOPOH MHPOBOH BOIiHE,
VBEHYAJIOCh PSJOM KPYNHBIX HOCTHXKeHHH. 31ech npexne BCEro
HYKHO OTMeTHTb pa6othl IOM-Po3sepu, KOTOpHIil U3/10XKua HAKTOPHI,
onpejensiolllie CTPOEHHE U CBOHCTBA TBEPAbIX PacTBODOB.

JpyruM KpymHBIM JOCTHXKEHHEM MOXHO CUMTaTb BBeLeHHe Npel-
cTaBJeHHs 06 YnopsiiOueHHH TBepIbIX PACTBOPOB U pa3paboTKy co-
OTBETCTBYIOLIEH TeopuH, npenaoxeHHyo bete u npyrumu aBTopamu.
DMnupUYeCKH YCTaHOBJeHHble npaBusia Om-Posepu npexnonarator,
yTo (haKTOpamu, ONpele]sIOLIMMH CTPOEHHE MeTaJlJIOB, SIBJASIOTCS
UX 3JIeKTPOHHAs CTPYKTypa ¥ 3P (deKTHBHble pa3Mepbl aTOMOB pacT-
BOpHTE/SI U PAacTBOPEHHOro BelllecTBa (npuMecH). B 310 Xe necs-
THJIeTHe HA ocHOBaHuu pa6or Motra u JI:koHca, Burnepa u 3efiTua,
CuoefiTepa u IpPYTUX aBTOPOB OBICTPO pa3BHBAJaCh 3JEKTPOHHAS TeO-
pusi MerasnoB. TIpuioxeHHe 371eKTPOHHOH TEODHH MeTaJIOB K 06-
pPa30BaHHUIO CIJIABOB 3HAYMTEJbHO NMPOABHHYJO BIepell 3a paccMar-
pHBaeMoe JecsiTHIeTHe U TEeOPHIO TBepAblX PacTBOPOB.

3a mocsnenHee BpeMsi B TeODHH TBEPABIX PACTBOPOB IOSIBHJIOCH
MHOTO HOBOTO. DTO SBHJIOCh CJI€ACTBHEM Da3BHTHSI MeTaJM0(H3UKH
B [BYX HanpaB/eHHusX. Bosbluoii mar Bmepex chenana 3/eKTPOH-
Hasi TEOpUsI METAJ/IJIOB C BBeJeHHEM HOBBIX NpeACTaBJeHHH O cTpoe-
HHM peajbHbIX KPHCTA/NJIOB KaK MHAeaNbHOH KpHCTAJNIHYECKOH
pelLIeTKH, TaK U COfepKallell CHHTYJSPHOCTH, HJIH HECOBEpLIEHCTBA.
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Tak Kak 3TH HOBBIE Npe[CTaBJIeHUS HMeloT oco6eHHO 6oJbilioe 3Ha-
YeHHe [Jis IPAaBHJIbHOTO NOHMMAaHHS CBOHCTB TBepABIX PacTBOPOB,
MBI COYJIH 1[€J1ecO00pa3HbIM JAaTh 0630p COBPEMEHHOI'0 COCTOSIHHUS
TEOpPUH MeETaJIHYeCKHX TBEPAbIX PacTBOPOB.

3anaueii Hacrosilero 0630pa SIBJASIETCS ONHCAHHE OCHOBHBIX MO-
JIOXKEeHUH W COBPEMEHHBIX HalpaBJeHHH B pPa3BUTHH 3JEKTPOHHOM
TEOpUH TBEPHAOro Tesna, KOTOpoe npuBeso Obl K 0Oojee MNOJHOMY
NOHUMAHHIO CBOHMCTB MEPBHYHBIX TBepIAbIX pacTBopoB. Hauar usio-
XeHHe C KpaTKoro o630opa BaKHeHIINX (U3HYECKHX OCHOB TEOPHH
TBepAbIX PAaCTBOPOB, MBI INepeiiieM K OOCYXIEHHIO MOCJIENHHX IO-
CTHXKEeHHH B 00J1aCTH 3TOH TEODHH U ee NMPUIOKeHHH. 3aKJ/IOUHTe ] b-
Has yacTtb 0630pa OyldeT NOCBsIleHA MH3JO0XKEHHIO COBPEMEHHBIX
B3IVISIZIOB Ha CTPOEHHE M CBOMCTBA peasibHBIX TBEpJbIX PacTBOPOB,
T. €. TBepJbX PacCTBOPOB C HapyIUIEHUSMH H/€aJbHOTO CTPOEHHS.
OnHuM 13 NPUHLUHUNHAJbHBIX MOMEHTOB SIBJSIETCS CpaBHUTENbHAs
pasHulla B CBOHCTBAX peaNbHbIX U HJeaJbHbIX TBEPAbIX PacTBOpPOB.



1. 3JIEKTPOHHASI CTPYKTYPA TBEPJIbIX PACTBOPOB

DJIeKTPOHHYIO CTPYKTYPY NEPBHYHBIX TBEPLBIX PACTBOPOB MOXK-
HO BBIBECTH U3 3JeKTPOHHOH CTDYKTYpbl MeTaJ/lJI0B-pacTBOpHUTeENEN.
Orciona oueBHAHA NepBOCTeNeHHAsT HEOOXOAMMOCTb HMETb YETKOe
npeicraBJeHde 06 3JeKTPOHHOH CTPYKType YHCTHIX MeTanuoB. B Ha-
CTOsIIlell Cepu¥ H3JAHHI MOMEILeHbl ABA INpEeKpacHblXx o630pa IO
3JeKTPOHHOH TEOpDHH MeTaJlJIOoB.

B 1. 1 6. «Ycnexu ¢u3uku MerasnoB» PeiiHOp oxapakrepuso-
BaJ COCTOSIHHE TEOPHU CIIABOB K KOHIY BTOPOH MHPOBOH BOMHBI
Oco6blit MHTepec IJs1 Hallero 0630pa NpPEACTABJISIOT Te pasmesibl
KHUrH PeliHOpa, KOTOpbIe NMOCBSALIEHbl 3JeKTPOHHOH TEOPHH CIJIaBOB
I MEXAaTOMHBIM DPaCCTOSIHUSIM B NMOCJEIHHUX.

B 1. 3 6. «Ycnexu ¢usnku MerananoB» MOTT paccmatpuBaer
Te pasjesbl 3JEeKTPOHHOH TEOPUH CIJIaBOB, KOTOpPbie HENOCPEACTBEH-
HO cBsi3aHBl ¢ AedeKTam#u Kpucraaios. Hapsiny ¢ 3TuM oTnpaBHBe
TOJIOKEHHS 3JeKTPOHHON TEOpHH METAJIIOB H3J10XKeHbl B paborax
IOM-Po3sepu [1] u Pefinopa {2]. B HameM 0603peHuH npeacraBisieTcss
HeO6XONMMBIM 06O0GIIUTL HEKOTOpPble OCHOBHBIE IIOJIOXKEHHS 3JeK-
TPOHHOH TEOpPHH MEeTaJlJIOB.

B camom ofuieM BHae 3JeKTPOHHYIO TEOPHIO CIJIABOB MOXKHO
0XapaKTepu3oBaTh, CKa3aB, YTO CIJIaB JOJXKEH KPHUCTAJIH30BaAThCS
B TaKOH pelleTKe, YHUCJIO HU3KOIHEp2eTU4ecKux cOCTOSIHUHA KOTOpOI
J0CTATOYHO [Jisi BMeIleHHsI BCeX 3JEeKTPOHOB Kpucranana. s xa-
PAKTEPHCTHKH MONOOHOH 3JIeKTPOHHOH CTPYKTYphl B NpPHHLHIIE He-
06X0AHMO 3HATh CJenyloliee:

1. MuTepBasn paspellleHHbIX 3HAaYeHHH 3HePTHH (LIHPHHY <IO-
710C»), B KOTOPOM pachpele/siioTcs HapyXHble, U Xumudeckue 6a-
AEeHTHble 3AeKTPOHbL. «I10JI0CE» pa3pellleHHBIX 3HEPTHil BO3HUKAIOT
6narogapsi B3aUMOJEHCTBHIO MEXAY aTOMaMH NPH HX pa3MelLleHHH
B KpHcTajauueckoil pemetke. [Tono6Hoe B3auMoJelcTBHE NMPHUBOAUT
K TOMY, UTO BaJIeHTHble 3JIEKTPOHBI CBOOOJHBIX aTOMOB 00pasyioT
B KPHCTAJ/lJIe Nn0A0CY 3HePreTHYeCKHX COCTOSIHHMH, pa3[e/leHHbIX pas-
pbIBAMH HJIM 3anpelleHHbIMH YDOBHSIMHM 3HEPIHH.

2. 3aKOH pacnpefieNeHHs] JeKTPOHOB B MOJOCaX MO SHEpreTH-
yecKMM YPOBHSIM [mJOTHOCTB cocTosiHuii, uau kpuBasi N(E)]. dro
pacnpejieseHue XapaKTepu3yeTcsl YHCJIOM pa3pelleHHbIX 3HepreTHue-
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CKHMX COCTOSIHHi, OTHECEHHBIM K eluHHIe oObeMa Merana. Dddexr
HaJOXeHHsd Mojioc Beipaxaercs no PeiiHopy {2] anauTHBHOCTBIO
kpuBbix N(E) B obmactu nepekpbiTusi (puc. 1).

3. Tun BosHOBOH (DYHKIHH, NPUIUCHIBAEMOH 3J€KTPOHAM, 0CO-
6eHHO B CJyyae CIJaBOB, B KOTODHIX 3JIEKTPOHBI B MOJIOCE NPOBOJH-
MOCTH MOTYT HaXOAHTbcsi JMHGO B C8A3aHHOM, JHO6O B CBOGOIHOM,
WM HEeJOKaJH30BAHHOM, COCTOSIHHAX.

4. OTHOCHTENbHOE UYHCJIO 3JEKTPOHOB C IIOJOXHTEJIbHBIMU HJIH
OTpHIATEJIbHBIMH CIHHAMH, 4TO BecbMa BaXHO B obsactu deppo-

MAarHeTu3ma.

’3 . 5. 3HakK, yHcaa ¥ MOABHXK-
) a HOCTH HOCHTeJeHl 3JeKTpHye-
8 CKOro 3apsija, 4TO OYeHb BaXK-
<3 HO [/l MPOLECCOB neépeHoca l.
§§¥ Jlath HcyepneIBalOllEe OI-
g3 S peneseHne 3JIEKTPOHHOH
§g§ CTPYKTYpPhl YHCTOTO MeTaJljia
S$3 npocto HeBo3MOxkHO. OIHaKo
§,§f§ o MCII0JIb30BaHHE HEKOTOPBIX
%gg yINPOLIAIOIIMX  MPELNOChIIOK
R [03BOJISIET JOCTAaTOYHO TOYHO
S8 9 0XapaKTepu3oBaTp  CTPYKTY-
'*Sé‘ py 4HCTHIX MetaJsoB. Pac-
g cMaTpuBasi BJMSIHHE TpHMeC-
N Horo (solute) atoma Ha 3;ek-
N

- TPOHHYIO CTPYKTYPy UHCTOrO
» .

J epeur M€TaJJ/la, MOXHO COCTaBHUTb
Puc. 1. KpuBble NJIOTHOCTH COCTOSIHHI onpeneaeHHoe npeacraBJie-

N(E) nns CpemHHX  3SHepreTHYecKHX HHEe U 06 3JIEKTPOHHOHN CTPYK-
unotoc. Ilo mauubimM Raynor. Progress

in Metal Physids, v. 1: Typeé nepBUYHOIO TBEPAOTrO
a — 6e3 mepekpHTHs mosoc; 6 — ¢ mepe- pacrtBopa.
KpHTHEM n0J0C Ecau Teopust TBepabIX pac-

TBOPDOB aJ3KBaTHa, TO OHA
JOJKHa OOBACHATb OCOOEHHOCTH MX CTPYKTYpbl M CBOHCTBa Ha OC-
HOBe cBeleHHH 00 3JEeKTPOHHO# CTpYyKType. Hekorophie cBoiicTBa
OLIEHHUTb N0 OCOOEHHOCTSIM 3JIEKTPOHHON CTPYKTYpHl JIerue, uem
JIpyrue, Tak KaK HX MOXHO YBS3aTb C TOH HJIH WHOH CTPYKTYypHOH
0oco6GeHHOCThIO TBepuoro pacrBopa. CBo#icTBa TBEpABIX pacTBOPOB
Lesecoob6pa3Ho CBSI3BIBATb C OJHUM H3 CJenyoLuX ¢akTopos: 1) ¢
Kosie6aHHEeM aTOMOB OKOJIO HX CPeJlHero pPaBHOBECHOTO IMOJIOXKEHHS;
2) C 4KMCJOM BaJIEHTHBIX 3JIEKTPOHOB; 3) C YHCJIOM 3JIeKTpOHOB A-
pa; 4) c HecoBepIIEHCTBAMH peLIEeTKH.

Ecau Ty WaM MHYIO XapaKTepHCTHKY CBA3LIBATD 6onee ueM c

! BaxdOH XapaKTepUCTHKOH, OMNpelenseMOi OJEeKTPOHHOM CTPYKTYpOH, sIBJS-
eTCsl caMblil ‘BEPXHHH, 3anosnHeHHbl npu 0°K sHepreTHueckuit ypoBeHb I(Tak Ha3bl-
-paemblil ypoBeHp Pepmu). BaxkHOCTb 3TOfi BelHUHHBI OmMPelreNsieTCss TeM, 4TO OHa
-paBHa cBOGOmHON aHepruu TnGGca, OTHECEHHOH K UMCTY 3J1€KTPOHOB.
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OJHO#l M3 NepeuHCleHHBIX OcOOeHHOCTeil TBepABIX pacTBOpPOB, TO
'BO3HHKAIOT 3HauHTeJbHBle TPYAHOCTH. B HacrosimeMm o630pe ymop
JejaeTcs IJaBHBIM 06pa3oM Ha CBOHCTBa, KOTOpble CBSI3aHBI C Ba-
JIGHTHBIMH 3JIEKTPOHAMH H C Ae(eKTaMH pelLIeTKH.

OGpa3oBaHHe TBEPALIX PacTBOPOB

Jns Teopuu TBepPABIX pacTBOPOB MePBOCTENEHHYI0 BaXXKHOCTh
HMeeT BONpPOC O TOM, YTO NPOUCXOAUT NpPH A0OaBJIEHHH NPHUMECHOTO
atoma K atoMaM pacrBopuTensi. C sHepreTHyeckoli TOUKH 3pEHHS
Jo6aBKa NPHMECHOTO aToOMa CONPOBOXKAAeTCss H3MeHeHHeM 3JieK-
TPOHHOH 3Hepruu TBepAOro Tejsa Ha BeauuuHy AE. Ecau sueprus
HOHH3allMK PUMECHOro atoma 6oJblle, 4eM y aToMa pacTBOpUTENs,
TO HOHHOE SIAPO MPHUMECHOTO aTOMa MOJXKHO NPHUTATHBATH BaJeHT-
HbIl 3JIEKTPOH CHJIbHee, YeM aTOM pacTBOpHUTEJsl. DTO NPUBOAUT K
HaKOIJIEHHIO 3apsi/a Ha NPHMECHOM HOHe 3a CYeT 3apsiia, pacnpe-
IeJIeHHOT'O B OCTaJIbHON 4acTH pellleTKH. Takue «CMelleHHS» 3apsi-
a MOTYT NpUBECTH JHOO K «IOJsSIpH3al{U» MOJOCH MPOBOAMMOCTH
BOKDYI NpPHMECHOro atoma, Jubo K JOKaJH3allidi HEKOTOpPHIX Ba-
JIEHTHBIX 3JIEKTPOHOB B «CBSI3aHHBIX COCTOsiHUsAX». MWHas kaprtuua
BO3HHMKaeT TOTAa, KOTla 3Heprus HOHU3alHu aTOMOB PaCTBOPUTEJS
GoJibllle 3HEPTHH HOHHM3aLUK NPHMECHBIX aTOMOB. B o6oux ciyuasx
HENMOCPEACTBEHHbIM CJIEACTBHEM BHEIpEHHS] YYXKEpPOXHOro aToMa B
pElIeTKY PacCTBOPHUTENS SIBUTCS «CIJIaXHBaHHE» NOTEHIIHOHAJIbHOrO
nosisi BCJIENCTBHE CMeLeHHsl 3apsiia BaJIeHTHBIX 3JEKTPOHOB.

C yueToM TakOro HaKOIJIEHHs 3apsiia MOXKHO NPUHATb, YTO Ha
u3MeHeHue 3Hepruun AE, o6yc/oB/IeHHOe HaJUYHEM - MPHUMECHOro
aToMa, BJIHSIOT ClefyoolluHe (akTOpHI.

1. Hounoe npursscenue. IIpuMecHbIi aToM W OGauxKaliliHe co-
CelHME AaTOMbl DPACTBOPHTENSI ' MOTYT NpPHOGPECTH 3apsijbl MPOTH-
BOIOJIOXKHOIO 3HaKa U CO34aThb YJeH HOHHOTO B3aUMOLEHCTBUS B
koreaud. IlogoOHble YJleHBl MOHHOTO B3aUMOJEHCTBHsI GJarONpUSAT-
CTBYIOT YIOPSIJOYEHHIO, HATIPUMED B C/Iyyae CIJIABOB 30J10TO—Me/b,
HO HTpamT MeHbUIYI0 POJb B ciayuae OO/bLIMX MeXATOMHBIX pac-
CTOsIHH i1, HanpuMep B cucTeMe cepe6po—30s0T0. UeM Goublue cuaa
3JIeKTPOXUMHYECKOr0 B3aHUMOLENCTBUS MeXIY NPHMECHBIMH aToMma-
MM M aTOMaMH{ pacTBOpHTeNs, TeM OOJbllle BKJIAL 3a CYET HOHHOTO
B3aUMOMEHCTBHUS.

2. Honnoe orTaskusarue. B3anMHOe 3/71eKTPOCTATHYECKOE OTTAJI-
KHBaHME COCEIHUX aTOMOB PACTBODHTENS OKOJO NMPHMECHOrO aToMa
IPUBOJIHUT K IOJIOXKUTETbHOMY H3MEHEHHIO 3HePTHH Ha BeduunHy AE.
Hapsiny ¢ 3THM BaHAepBaalbCOBbl CHJIbI NPHTATHBAIOT 3TH aTOMHI
ApYT K APYry, HO HX AEHCTBHEM 31eChb MOXHO NpeHe6peys.

3. OHepeus 3a c4er COOGCTBEHHO KYAOHOBCKUX CUA. DHeprus 3a
cyeT COGCTBEHHO KYJOHOBCKOI'O B3aWMONEHCTBUSI BaJIEHTHHIX 3JI€KT-
POHOB H3MeHsIeTCsl H3-3a nepepacnpefiesieHHs 3apsina, o0yC/aOBJIeH-
HOro HaJ{yHeM IoJell HOHOB NPHMECHBIX aTOMOB.
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4. Hamenenue cpedHeil 3Hepeuu 3AeKTPOHO8 NpPOBOOUMOCTU:
Ey+E4*. Tlono6Hoe yBeJquueHHe HJIH yMeHbIIeHHe SHEPrHH BO3MOXK-
HO B 3aBUCHMOCTH OT MOHHBIX IIOJIeHl NpUMECH U CPelHEeH NJOTHOCTH
BAaJIEeHTHBIX 3J€KTPOHOB B TBEDIOM Tele.

5. Kaaccuueckas ynpyeas anepeus Oeppopmayuu. Yupyras suep-
THsl BO3HHMKaeT TOTJa, KOrja BeJHYHHA BBOAMMOrO B DeLIETKYy MpH-
MeCHOro aToMa OTJHYHa OT BeJHUYHHbl aTOMOB pacTBOpHTeJs (paiaw
yro6cTBa ynpyrasi SHePrusi pacCMaTpHUBaeTcsl HECKOJbKO HHXKeE).

Bo Bcex nepeunc/IeHHBIX Bblllle 3J6KTPOHHBIX SIBJEHHUAX 3dder-
THl BO BTOPOM M TPeTbeM CJydasix NPOTHBOAEHCTBYIOT mepBOMY 3¢-
(ekTy Tak, uto 6oJbllias 4acTb U3MeHeHHs BelHuuHbl AE 06ycioB-
neHa uamenenueM Eo + E,. Hamo mosnarats, uto BeanunHa AE
NOJKHA HUMeTh NPOTUBOMOJIOXKHble 3HAKH Ha Pa3HBIX KOHIIAX IHa-
IPaMMBl COCTOSIHUSI COOTBETCTBEHHO OTHOCHUTEJNBbHBIM 3HAYEHHSM
SHEprHMH HOHH3aLWM IPHUMECHBIX aTOMOB M aTOMOB PacTBOPUTEJS.
OnHako 3TO He CJeAyeT pacCMaTpUBATh KaK COBepLIEHHO OOIIHUI
cayua#t, 160, Kak HefAaBHO ObLIO NOKa3aHO, SHEPTHUs PACTBOPEHHS
MoOJCeT NaBaTb OTPULATE/bHBIH 3JEKTPOHHHH BKJIaJ Ha 00OHX Kpa-
X JHarpaMMbl COCTOSIHHS.

Uamenenue sneprun AE omnpenensieTcss M3MeHEHHEM COCTOSIHHM
3JIEKTPOHHOH SHEpTUH, BBHI3bIBAEMBIM NPHUMECHBIMH aToMaMu. Kak
yKe OTMeuaJoch B NpelbiayllieM ab3ale, pacrnpelejeHue 3apsiia
B pelleTKe HU3MeHseTcsl B OKPECTHOCTH MeCTa, 3aHHMAaeMoro mnpu-
MeCcHBIM aroMoM B He#l. IlnoTHocTh 3apsiza H, cieroOBaTesbHO,
3JIeKTPOCTAaTHYECKOe I10Jie B KDUCTa/ljle YTPAUHUBAIOT B JaHHOM
c/yyae CTPOTYIO NepuUOAUYHOCTb. [IpUMecHBIH HOH CO3LaeT BO3MY-
watomiee nojse Vyoawm, KOTOPOE CTPEMHUTCS H3MEHHTb XapaKTep 1BH-
JKEHHs U 3HEeprui0 BaJleHTHHX 3JekTpoHoB. Cuaeiitep u Koctep [3],
pa3BuBas MeTol BaHHbe [4], mogxonuau K 31Ol 3ajgaye, CUuTast, YTO
3JIeKTPOCTATHYECKH NMOTEHLHAJN B KDUCTAJle NMEePHOLUUYEH, ecau He.
C4UTAT6 HapYyLIEHWH, BHI3bIBAEMBIX JOKAJbHBIMH HEINepHOIHYECKH-
My cunamu. MM ynanoch nokasath, YTO pellleHHe 3TOi 3aJlaud MOXK-
HO BBIPa3uThb Yepe3 HCXOLHble (PYHKLUHMH HEHUCKaXKEeHHOH mNeproanye-
ckoit pemietku. IlonyueHHBII HMH HauboJiee HHTEPECHBIH OOIIHI
pe3yJbTaT CBOLUTCS K ONpelesNeHHI0 BJIHSHUA BO3MYLLAIOLIEro I0-
TeHIHama Vposy, JOKATU30BAHHOTO B LIEHTPE aToOMa, Ha CTPOEHHE
paspelleHHbIX SHepreTHyeckux nosoc. Kak OHHM YCTaHOBMJIH, eciu
BEJIMYHHA Vgoaw MEHDBIE ONpENENEeHHOTO 3HAaYeHHsI, TO 3HAUEHUs
SHEPTUM pacnpefeneHbl NPUOJU3UTENbHO TakK Ke, KaK U B COBep-
IIEHHON pellleTKe pacTBopHuTens. Ecin e Vigoay 6OJIBLIE 3TOi KpH-
THYeCKON BEJMYMHBI, TO OJHH M3 SHepreTHYeCKUX YpPOBHell obGpasyer
IJUCKpeTHOe COCTOsIHWe (Ha3blBaeMOe CBSI3aHHBIM COCTOSIHHEM) IIO-
CpPeNCTBOM BhIleJIEHUS] U3 SHEPreTHYecKOH NOJOCH. DTO TUCKPETHOE
COCTOSIHHE OTHeJseTCs CHH3Y HJM CBepXy INOJOCH B 3aBHCHMOCTH

* Eo— 3Heprusi COCTOSIHUSI BHU3Y MOJIOCH NPOBOAMMOCTH, T. €. B COCTOSIHHH
K = 0; E g— «cpennaa sHeprus PepMu», HJIH cpelHASs KHHeTHYeCKas SHeprus
3JIEKTPOHOB POBOXHMOCTH.
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OT 3HaKa Vgoay, T. €. B 3aBUCHMOCTH OT HaJiH4YHsl CHJ OTTAJKHBAHHUS

waM TpuTsXKeHHs. Kak CaeNCTBHe OTCIOAa, AMCKPETHBIE COCTOSIHHSA

JIOKaJH3YIOTC y NMpHMecHbIX atoMoB. O Ha/JMYAH TAaKHX NHUCKpeT-

HbIX COCTOSIHHII MOXKHO CYIUTb IO HX BJIMSIHHIO Ha (pU3HYECKHe

cBoficTBa TBepaoro pactsopa. Ha puc. 2 uitocTpupylOTCs pasiny-

Hble BO3MOXKHOCTH BJIMSIHHSI BO3MYLIAIOLIErO MOJISi MPUMECHBIX aTo-
MoB Ha kpuByio N(E).

n Brilien3sioxeHHOe NO3BOJIAET CHE-
g JaTb psill BaxKHbIX BEIBOLOB. becmops-
’,//’ IOYHOE  pacmpefesieHHe MPHMECHBIX
1 aTOMOB B TOM cJydae, €CJd 3apsifl HX
d a sapa OTJAMYaeTcs OT 3apsijga aToMa
-4€, 0 £ pPacTBOpHUTEJA JHUIIb Ha OJHY-IABE €IH-
7 HHUILIBI, CPAaBHUTENbHO MaJio CKa3biBa-
_z eTes Ha IMOJOXEeHHH 3HepreTHYecKHX
ypOBHe#, BHI3bIBasi B KpaWHeM cjayuyae
z
14 4 '
o £ N
)
n
e / \
/_..___// / N\
rd
7
d
0 £ /-
Puc. 2. CTpyKTypa mnoJoc YH-
CTOrO IpacTBOPUTENA (CIIJIOI.II-

Has JUHHA) U ciaaBa (WITDH-

XoBasi JIHHHA): £

@ — XecTkas mojoca; 6 H 8 — .

BOSMOXKHHe  peaibHHe  CTPYK- Puc. 3. CxemaTHyeckue KpHBHIE
TYpel 1445 pa36aBJeHHHX TBep- szaBucumoctu N(E)—E. Ilo pan-
AbIX DacTBOPOB INpH HaJHUHH o" ~meiMm  J. Nicholas. Proc. Phys.
OTCYTCTBHH 9HEPreTHYEeCKHX  CO- .
CTOAHMA MeXAY  paspelleHHHMH Soc. 1953, A66, p. 201:
3HePreTHYECKHMH TMO0JOCaMH  YH- a4 — HeynopsoyeHHasi  CTPYKTYpa;

croro pacrBopuTens [53] 6 — ynopsiiouyeHHasi CTPYKTypa

Julib HX HeboJsbllioe cMelleHue. Bo/sHOBBIE (YHKLUUM -U3MEHSIOTCS
TakuM 06pa3oM, 4TOObI HeHTpaJu30BaTh 3apsf NPUMECHBIX aTOMOB.
B caydae e Gosbliell pasHHLbI 3apSA0OB 3THX Siiep M3 SHepPreTH-
YeCKOH IOJIOCHI CBEDXY HJIH CHU3Y BBIIENSIOTCS NHUCKPETHBIE COCTOS-
uus. Ecau npumecHble aTOMBI pacnpefensioTcsi NMEpPHOLHYHO (T. e.
CyLLeCTBYET CBEPXCTPYKTypa), TO BCSIKas 3SHepreTHYeckasi I1oJjoca
pacluenyisieTcss Ha 30Hbl BpuiaiysHa, npenesbHble NOJOXKEHHST KOTO-
pbiX HabaiofaTcs ! Mo 6PITrOBCKUM OTpPaXKE€HHSIM OT CBEPXCTPYK-
Typbl (puc. 3). Ilpusnaku omucaHHOTO KauyecTBeHHOro 3¢ derTa
MOXKHO OOHapYXHTb IO €ro BJMSHHMIO Ha CBOHCTBAa TBEPHOro pac-
TEOpA.

! Nicholas J., Proc. Phys. Soc., A66, 201 (1953).
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2. TEOPETHYECKHE MOJEJH TBEPAbIX PACTBOPOB

Ycnex mo60it Gu3nyecKoil MOLeaH TBepAOro pacTBOpPa 3aBHCHT
OT TOTO, CKOJIb XOpOLIO ee NMpEeACKa3aHHsi OTHOCHTEJNbHO CBOHCTB H
CTPYKTYPH COTJIaCyIOTCSl C 3KCHEPUMEHTAJbHBIMU HaOJIONEeHUIMH.
Pe3ysbpraThl 3KCIepHUMeHTaJbHBIX HAaOJIONEHHH CBHIETEIbCTBYIOT
O CYLLEeCTBOBAaHMH TAaKUX ONpefleseHHbIX (HU3HUecKux (aKkTopoB,
CHJIbHO CKa3bIBaIOILMXCS HAa CTPOEHHUH TBEpPIOTO0 pacTBopa M €ro
CBOHMCTBAX, KOTOpble BaXKHBI B JII060# Teopuu. DTH (PaKTOpHl, IMIHU-
puuecku onpeneneHHsle JOM-Po3epn, TakoBh:

1) KoHIeHTpalusi BaJIEHTHBIX 3JEKTPOHOB W OTHOCHTe/JbHAs Ba-
JIEGHTHOCTb DAacCTBOPUTEJS H NMPHUMECH;

2) oTHOCHTe/NbHasi BeJIHYHHA AaTOMOB DAaCTBODPHTEJSI M NPHUMECH:;

3) pasnuyMe 3JeKTPOXMMHYECKHX CBOHCTB PaCTBOPUTENS U NpH-
MecCH.

[lepBblil (pakTOp mposiBAsieTcss B BHUAE TaKUX 3((PeKTOB BaJeHT-
HOCTH, KaK 3aBUCHMOCTb HEKOTOPBIX ()a30BBIX T'PaHHIl OT CPeIHero
Yyucsaa 3JeKTPOHOB, MPUXOAALIErocs Ha ONMH y3eJs pelIeTKH, U 3aBU-
CHMOCTbh 3HaKa KPHBH3HBI KpuBoH AHM B ¢GYHKLUHH cOCTaBa OT OT-
HOCHTeNbHOI BaJieHTHOCTH. BTopoli ¢akrop (pa3mepHbiil) nposiB-
JIIeTC U3-3a Pa3HHUIbl BEJIHYHMHBI aTOMOB DPACTBOPUTEJS MO OTHO-
IIEHHUIO K BEJIMUHHE aTOMOB NIPUMECH B YNIPYTOM HCKAXKEHUH peIIeTKH
pacTBOpUTENS NPUMeCHBIMH aTomMaMH. TpeTu#i ¢dakrop orpaxkaer
HOHHOE B3aUMOJEHCTBHE MeXKIYy aTOMaMU PACTBODUTE/]S U NMPHUMECH
C yueTOM BO3MOXHOH B3aMMHOH NOJsipU3alii BHYTPEHHUX 3JeK-
'TPOHHBIX 060JIOUEK BAaHAEPBAaJbCOBOTO THUNA; INOAOOHOE B3auMO-
nelicTBHe 6J1aronpUATCTBYeT 00pPa3oBaHUIO TBEPABIX pPacTBOPOB.
O6biyHO 3TH (aKTOphl paccMaTpPUBAIOT pa3fe/bHO, UTO JaeT XOpo-
mwee npubJuXKeHHe B TOM Cjaydae, KOrJa OTHOCHTE/JbHOe BJHSHHE
Apyrux (HakTopoB JOCTAaTOYHO MaJo. Huxke Mbl nbiTaeMcs BBISIBUTb
CYILHOCTb M OLIEHUTb NPHIOAHOCTb IOCJAEJHHX PacCyeTOB BeJHYHHbI
SHEepPTHH PACTBOPEHUS NPHMEHHUTENBHO K HEKOTOPBIM cHcTeMaM. Buu-
siHMe pasnuyHbix ¢akropoB no lOMm-Posepu paccmarpuBaercs pas-
JeJIbHO.

Kak npaBuio, mpu pacTBOPeHHH MaJbiX 106aBOK Merauana b B
merasie A o6pa3yroLIHiCs TBEPAbIH PacTBOpP HMeeT TaKoe Xe KpH-
CTaJINYeCKoe CTPOeHHe, Kak U Meraaa A. B 3ToM cayyae TBepIblit
pacTtBop o6pasyeTcst MOCPeJCTBOM 3aMellleHHsI B HCXOJHOH pelleTKe
14



atomoB A atomamu 5. Dueprus pactsopenus Qg  atoma 5 B pacT-

BopuTese A cBA3aHa ¢ U3MEHEHHEM 3JeKTPOHHOHN 3Hepruu AE 3aBu-
CHMOCTbIO CJIEAYIOLIEero BUAa:

Qs=AE+ (Es—Ea), (1)

rie E4 u Ep — cpenHHe 3HAueHHUs SHEPTHH, OTHECEHHBIE COOTBETCT-
BeHHO K aToMy A u atomy b. IIpn nomo6Hofi TpakTOBKe MBI COXpa-
HsieM JJIg TBEPAOr0 pacTBOpa TaKOe Ke ONMHCaHHe 30H, KaKUM Mbl
MOJIb30BAJMUCh AJis yucToro merasiaa A. CTpoeHHe 30H HOMMKHO H3-
MEHAITbCS JIMHIb B T€X CJy4asX, KOrJa 3JEeKTPOHHAsi KOHLEHTpauus
e/A, 3aBucsALlas OT COMAEPXKaHHUS NMPUMECHBIX aTOMOB 5, HACTOJNbKO
MOBBILIAET 3JEKTPOHHYIO 3HEPTHIO, UTO 3anac 3HePTHH YMeHbUIaeTCs
3a CcueT WU3MEHEHUS] KPUCTAJJIHYECKOH CTPYKTYpPHI.

Moderv Ppuders. UcXONHBIM NMOJOXKEHHEM B TEOPHH TBEPHAbIX
pacTBOpOB sIBJsieTCS OnpefesNeHHe BHAA (YHKIHOHAJbHON 3aBHCH-
MOCTH Vgoam. HenaBuo ®puzmenn [5] npensioxunm Monenab TBEPLOro
pacTBOpa, JOBOJbHO YCHEIHO OOBSCHSAMOIIYIO PN ero CBOHCTB Ha
OCHOBE yueTa €ro BaJIeHTHHIX (akTopoB. OH NpeAnoJoXKui, 4To BO3-
myluaiolee nose Vyosy, CO31aBaeMoe B ra3e BaJeHTHBIX 3JEKTPOHOB:
MOJIOKUTEJNbHBIM 3aPSAOM Z, MOXHO PAacCYHTaTb NYTeM pelleHHst
ypaBHenus [lyaccona c yyeroM npeanosnoxenuii ®epmu—Tomaca !,
B sTom cayuae 3apsan Z npeicraBisieT co60il pa3HOCTb XHMHYECKHUX.
BaJIEHTHOCTE! aTOMOB pPacCTBOpPHTeJs W npuMecu. Bompoc o TomM, Kak
®punenp yyutbiBaeT 3gdekT, co3faBaeMblil pa3HOH BeJUYHHOH aTo-
MOB paCTBOPHUTENS H NPHUMECH, PACCMOTPEH OTIEJIbHO HECKOJBKO
uuxe. Opugens paccMaTpuBaeT XUMHUeCKHe HaKTOPHI JHLIb B CBETE
LIMKJHYECKOTO Ipollecca, NOHATHE O KOTOPOM [aeTcsi B KOHIlE Ha-
CTOSILLEr0 Nojpasjesa.

®pupenbp paccMaTpHBaJ CIJIaBbl MeIH, cepebpa U 30J10Ta C MHO*
roBaJjIEHTHBIMH 3JieMeHTaMH, 6epsi HOpMaJibHble XMMHUYECKHE BaJIEHT-
HOCTH BO BCeX CJyuasX, KpOMe MEepeXOAHBIX 3JeMeHTOB. B mocaen-
HeM cayuae Ppupenb, cuuTasi HHKeNdb, NajJIaiuil ¥ NMJIaTHHY 06Jja-
NalOLMMK HYJNEBO# BaJIeHTHOCTbIO, 6pan AJs Kobajbra, pONUST W
MpHIHS BaJeHTHOCTb —Il, I/ 2Kele3a, PYTeHHS M OCMHS — Ba-
nAeHTHOoCcTh —2 u T. A. Tlo 3TOf cxeM€é A/l HHKessl, paCTBOPEHHOIG:
B MenH, Z = —1, JJ19 UMHKa, PaCTBOPEHHOro B MeaH, Z = +1, a aas
MeIH, pacTBOPEHHON B LUHKe, Z = —1. AHaJOTHYHO 1Js1 pacTBopa
MHIUA B Meau Z = +2, a 115 pacTBOpa MeId B HHIHU Z = —2;
3HayeHus Z 1Ji JPYTHX 3JeMeHTOB HaXOAAT NOLOOHBIM e 06pa3om.

®dpumenbp paccMaTpuBaJs CHJaBbl B 00/1aCTH KaK pa36aBJeHHBIX,
TaK U HacCblleHHBIX pacTBOPOB. B ciyuae pa36aBieHHBIX pacTBOPOB
npeAnosiaraeTcsi OTCYTCTBHE B3aMMOLEHCTBUSI MeXAYy CAMHMH HpHU-
MECHBIMH aTOMaMH, TaK YTO CIJIaB CUMTAETCS COCTOSILIUM U3 MaTpH-

1 OsxsakoMuTbes < mpubanKennem ‘Pepmu — Tomaca noXuO TIo KHHMre Mott
N. F., Sneddon I., Wave Mechanics and Application. Oxford Univ. Press., 1950.
[TpuMeHHTENbHO K MPUMECSM B MeTa/lsax .3Ta MOJeJb TIPEKpacHO H3JOXKeHa B
cratee Lee P., March N., Phil Mag., 2, Ser. 8, p. 1226. (1957)..
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Ubl PACTBOPUTEJ]sSI C XaOTHYHO pacnpeleseHHBIMH B Hell He3aBHCH-
MBIMH IeHTpaMHu Bo3MylleHusi. Ha 3Tofi OocHOBe OH BBIBOIHT CJle-
Aylolllee YpaBHEHHeE:

Z
Visosm = _r e u gt = 41Ny (Enaxe) (2)

rae No(Ewaxc) — NJIOTHOCTb COCTOSHHI Ha noBepXHocTH Depmuy;
r — paccTosiHhe OT NPUMECHOrO aToMa N0 pajuycy;

o
g — Mepa panuyca 3kpaHupoBaHus (¢! =~ 1 A).
Hcnonb3ys 3to BbipaxeHue Mias Vposw, PpHulesp mokasan, yTo
BCSl 110J10Ca NPOBOAMMOCTH CMeLIaeTcss JKecTKo, 6Jarojaps uyemy
cMmelnenus ypoBHa Pepmu B Maciitabe abCOIOTHO!N SHEPTHH HE Ha-
G6atonaercs, T. €. 8Eyaxec =0. Benuunna cMellleHHss BCeH MOJIOCH
onpenensieTcs BhIpaXKeHUeM '

1
8Eo = —— [ Vacwud (06mem), 3

KOTOpOe JaeT yCpelHEHHYIO MO 00beMy BeJMHUYUHY Vgoay. Bennuuna
8E, y HUXHEro Kpasi MOJIOCH JaeT NMOJIOXHTEJNbHYI0 HJH OTpHLA-
TeJbHYI0 N106aBKy K BeauuunHe Qr (cM. puc. 2).

IlpuBelieHHBI pPE3YJbTAT H €CTb MOJENb «XKECTKOH IO0JIOCHI»
Hxouca [6]. IxoHc pa3paboran 3Ty MOAeNb IJs TEOPETHYECKOTrO
o6ocuoBanusi npaBua IOm-Posepu. Ilpu paccMmoTpenuu npemesos
PacTBOPUMOCTH a/f B CIJIaBaX Ha OCHOBe MelH, cepeGpa M 30/10Ta
JIKOHC TpeAanoJIoXHJ, YTO BCE BaJIEHTHBIE 3JIEKTPOHBI IEPEXOAST
B I10JI0CY NMPOBOAMMOCTH M 4TO B oGenx (ha3ax COXpaHSIOTCA Heu3-
MEHHBIMH BCE 3HEPTHH, KpoMe Eyaxec. DTO 3HAUYHUT, UTO YpOBEHb, 10
KOTOPOTO 3HEepreTHYeCKHe MOJIOCH 3aNOoJHEHBl B 06€HX CTPYKTypax,
10 CYTH fAeJia U ONpefessieT OTHOCHTENbHYI0O BEJUYHHY CBOGOLHOM
sHepruu 3tux (pa3. Ha puc. 4 naa sTux IBYX CTPYKTYp BOCIpPOH3-
sonsitca Kpusble N.(E) no Pelinopy, a va puc. 5 — pa3Hoctb 3Hep-
ruil a-¢asnl (r.U.K.) ¥ B-da3sl (0.1.K.) J[naHa B QYHKUHH 3SJ€KT-
POHHOH KOHLEHTpaUHuH e/A, T.e. BeJMYHHBl OTHOLIEHHS YHcJa
BaJIeHTHBIX 3JIEKTPOHOB K uucay aTomMoB!. Orcioma caenyer, 4To
¢asa, B Koropoit N (E) 3anonneHa no 6o0jeé HHM3KOIO YypPOBHS
Eaxe, 1 H0oMxKHA ObITh GoJsee ctabuabHoi. Ecan e/4 = 1,4, To Kpu-
Basi cBOGOMHON 3Hepruu ¢-paspl UMeeT TaKOH Ke HAKJOH, 4TO U
KpuBasi Aas B-¢asbl; TaKUM 06pa3oM, 3TOT HAKJOH XapaKTepHusyer
fipefie] pacTBOPUMOCTH a-(a3nl. B cratbe PeitHopa B T. 1 HacTosime#
CepHH yKa3aHbl Mpejesbl 0-PaCTBOPUMOCTH B 3aBHCHMOCTH OT 3JIEK-
TPOHHOH KOHLEHTpaUuHu e/A NJs CIJIaBOB Ha OCHOBe MelH, cepebpa
u 30J0Ta. XOTSl LaHHAsg MOJEJb XOPOLIO COIJIacyeTcsi ¢ KCIepH-
MeHTaJbHBIMH JaHHBIMH, OHa Bce Ke He YUHThIBaeT (pakTHYECKOTO
HCKaXXeHHs] MEePUOJHYHOCTH PELIeTKH, CO31aBaeMoro MoJsMH HOHOB
NpUMECH, U B3aHMOAENCTBUSI 3JEKTPOHOB MeXAy cOGOM.

1 Jones H., Proc. Phys. Soc, 49, 250 (1937).
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Monenp ®punens, no-BUIUMOMY, COTIaCyeTCsl ¢ MOJEJBIO «XKeCT-
KO# moJochl» JI2KOHca AJsl TaKHUX CIVIaBOB, Kak cepe6po — KaaiMui
H Melb — IMHK, IPH MaJblX KOHIEHTpalHusxX (BCJAeICTBHe IOCTATOY-
HOM MaJIOCTH BEJUYHHBI Vyogy). DTO NPUBOAUT K TOMY, UTO IKPAHU-
pyrowuil 3apsil NOCTynaeT U3 MOJOCH MPOBOAMMOCTH PaBHOMEDHO H,
cJ/leloBaTeJbHO, CBSI3aHHBIE COCTOSIHHSI OTCYTCTBYIOT. DKCIepUMeH-
TaJbHble JaHHbIE, NO-BUAMMOMY, MOJATBEPKAAIOT MNOAOGHYIO TpaK-
TOBKY. B clyuae Meau no6aBka npumecu ¢ HEUETHHIM 3apsioM
Z (UMHK) JOJXKHa NPHBOJUTb IPH BO3HUKHOBEHHUH C8A3AHHLLX CO-
crosnul aub0 K yCUJIEHHI0O NapaMarHetuama, Jau6o K 0cjaabJeHHo

P ouaMarHeTHaMa cmjiaBa. DTo cJefyeT

’ H3 aHTHCHMMETDHH 3JIEKTPOHHEIX CO-
035 5 cTositHUH. B neficTBUTENBHOCTH Ke Ha-

./\( 6ai00aeTcsi o6paTHBIH pe3yJbTaT: J0-
6aBka IIMHKA K MeIHu YCHUJIUBaeT [HUa-

| 625y / a MarHeTusM cmiaaBa {7]. DTo cBHAETENb-
020 /
X g5t
4 / g 65[’
610 S o}
005 i’l‘i Qs+ Teexmponras
L . o §'\Q~ p HOHUBHIIDA YU
I L n 4 L L N . 2
01 234 $67 889 @.T\ a9 142 43 44] 45 46
Twepeun € 36 S R-a5f
P
Puc. 4. Kpusble 3aBHCHMOCTH §§-/,0—
ypcaa COCTOSHHH, NPUXOAAWHX- — § 15l
oSl Ha eIMHHLY LIMDHHBI 3Hepre- & ’

THUYECKO# TMOJIOCHl, OT BEJIHYHHbI
3H6D‘PHPII:{ ﬂl‘i? Héaﬂg;ms Rgg’gor‘l; Puc. 5. Pasnocts sneprun ®Pepmu  aas
ones Ii. 15?37. 250\{~ - *  TIPaHeleHTPUPOBAHHOM H OGBEMHOUEHTDH-

, : POBaHHOM KYOHUYECKHMX PELIeTOK B 3aBHCH-
@ — 1N TPaHEUeHTPHPOBAHHOR KY-  MOCTH OT 3JIEKTPOHHOH KOHIeHTpauuu. I1o

6GHyecKO# pelieTKH; 6 — OJas 06b-
eMHOLEHTPHPOBARHOH Ky GHaecKo uawnbiM Jones H. Proc. Phys. Soc. 49,
peLIeTKH 1937, 250

CTBYET O TOM, UTO B JAHHOM CIIaBe CEA3AHHbIX COCTOAHUL HE BO3-
Hukaer. C Apyroil CTOpOHBI, 106aBKH MarHHsl K MeIM M CBHHIA K
cepe6py {8] MOMKHBI BecbMa 3HAUMTEJNbHO HCKaXXaTh PEIETKH MeIH
U cepebpa ¢ BeposiTHBIM 00pa3oBaHHEM CBsI3aHHBIX cocrosiHui. To,
YTO 3TO AEHCTBHUTEJNbHO TaK H €CTb, MOXHO 3aKJIOUHTb U3 H3BECTHO-
ro ¢akTa ycHJEHHs napaMarHeTH3Ma YKa3aHHbBIX CIUIaBOB C POCTOM
COJlepKaHUsI TPHMECH.

dpunens Tak HCTONKOBbIBaeT 3(P(EKT «CBS3aHHBIX COCTOSIHHI»
npuMeHHTeNbHO K npaBunam IOm-Posepu: korma obpasyworcs cea-
3aHHble COCTOAHUS, SHEPTETHUECKHE YPOBHHU BBIAEJNSIOTCS U3 HHXKHeH
4acTH MOJIOCH NMPOBOLHMOCTH, a BEPXHHMH Kpail IOJIOCH CMeIlaercs
BHHM3 K ypoBHIO PepMH, T.e. COCTOSHUA YXOAAT U3 nomsocel. OnHako
CBsI3aHHble COCTOSIHMSI MOTYT MOCTYNaTh B NOJIOCY NPOBOAMMOCTH U3
f10J10Chl, PACNONOKEHHO Bhlllle Hee. Takum 006pasoM, yxonsike U3
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MOJIOCHl COCTOSIHMSI MOTYT Cpasy e KoMmeHcHpoBartbcs. Ppuuenb
MPENoJiaraeT, YTO HOBblE COCTOSIHUSI MOCTYMAIOT CTOJb CKOPO, U4TO
npasuia IOmM-Posepu ocraorcs B CHIE,

B comryuae koHeUHO# KOHLEHTpPAIMH NMPHMECHBIX aTOMOB HX B3a-
MMOJEHCTBHE YUHTHIBAJIOCh NPH ONpefleleHHH paauyca R, chepni
BJIHSIHUSI TIDUMECHBIX aTOMOB MO croco0y camocoriacoBanus. Okasa-
JIOCh, UTO BeJIMYHHA Ry A/l METa/NJIOB B GOMBLINHCTBE CAYyYaeB MeHb-
e 5 MeXaTOMHBIX PaCCTOSIHHH.

Tabauya 1
THNHYHLIE 3HAYeHHA Ry M ¢, [5]
Cu Al Tl Fe Ni
q 1,13 1,4 1,0 3,2 4,75
Ry/rs 3,3 2,4 2,8 1,2 0,8
co % 3,0 7,5 4, 60 100

TlIpuMeuaHHe R,— paguyc cdepsl NOJHOTO 3KPaHHPOBAHHS INPH MOJHOM OTCYTCTBHH
B3aHMOMeACTBHA TDHMECHBIX aTOMOB MeXAy COGoM; ro — pafuyc cdepsl aTOMa; Co — KOHLUEH-
TpauHsi, NpPH KOTOPOH HAYWHAETCS 3aMeTHOe B3aHMofeHCTBHe NPHMECHBIX aTOMOB MeXAy CoGOH.

B ta6a. | npuBenensl naHHble Ppunens njs Menu, aJlOMHHHS,
TaJJUS H HUKeJs.

Hano orMeTuth, 9TO A/ TaKHX NePeXodHbIX METaJJIOB, KaK XKe-
JIe30 U HHUKeJb, BeJIMUHHA Ry MeHbllle 0JJHOTO MeXaTOMHOTO Paccros-
HUS, DTO 3HAUUT, YTO CHUJIA B3aUMOJEHCTBHS NPUMECHBIX aTOMOB
JKesle3a WM HUKeJsa BecbMa cinaba Aaxke mpH OOJBIIMX KOHIEHTpa-
oMax, Aesasi TEIJOTY pacTBOPeHHsT MaJjioll BeJuuuHOH. B obuem
claydyae TIpEMeCHble aTOMbl HayHHAIOT B3aUMOJEHCTBOBATb MeX1Y
co60f MpH KOHLEHTPaUUsX B HECKOJbKO NpPOIEHTOB. Torga B3auMo-
IeficTBHE NPUMECHBIX aTOMOB yKe JOJIXKHO CKa3aTbCsl Ha BEJHUYHMHE
TENNOTHl PacTBOpeHust Qp , 3aBHCAIleHl OT KOHUEHTDALMH IPHMEC-
HbIX aToMmoB, C ee pocToM M ypoBeHb PepMH H0JKEH CMelLaTbCs
BBEpX 10 3HEepPreTHUecKOol LiKaJe,

ITpu KOHeuHBIX 3HaUEHHSIX KOHLEHTPALHH CTAHOBHTCS 3aMETHOH
M BeqHYHHa OEyake, CO3/1al01as Tenepb BKJAJ B SHEPrHIO PacTBOpe-
HusA. Biusande pocTta BeNHUHHBI Eyaxe C MOBBILIEHHEM KOHLEHTPaLUB
Ha Qp npHOMMXEHHO XapaKTepH3yercs CJAeIYIOIUUM BbIpaxKeHHeM:

_ 2(p+Zc) Zq"R?
%95 = 3 (@R —DYexn(@R) @

, 1
7 = 1—3p] Cotmare) T

Tle p — YHMCJIO 3JIEKTPOHOB NPOBONAMMOCTH, MPHXOALLEECH HA KaX-
OBl aTOM B KDHCTaJlJe;
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u — 3hdekTUBHAA Macca 3JEKTPOHOB;
¢’ — nocTosiHHasi 3KpaHUPOBaHUs ¢ C NONPaBKOH Ha OOMeH.
[Tockonbxy

Qs = (1/N) {d (AH de)},

8Qg npeicrtaBaser co0OH [/ TBEPAOrG PAacTBOpa KPUBH3HY KpH-
Boi 3aBucuMocTH AH ot koHlUeHTpauuu ¢, Ecau npene6peus sddex-
TOM IOJISIpU3aLlHU ¥ pacCMaTPHBaTb TOJNbKO pa3HOCTb BaJeHT-
Hocret Z, To nasi Z < 0 mpuMecHble aTOMBI JOJKHBI TPOSIBJASITH
TEeHIEeHIHI0 K 00pa30BAHUI0 KOMIJIEKCOB, a ycjaoBHe Z >0 6maro-
NpUATCTBYET COCENCTBY pas- ‘
HOPOJHHX aTOMOB, CO3[1aBas 85¢
TEHJEHIIHIO' K BO3HHKHOBEHHIO

JKCMepHMEHTAJIbHEIE JaHHbIE . e s
IJs CIJIaBOB  aJIOMHHUA — )
Mmenb {9], aqoMuUHUE — cepeb- | -
po [10], amoMHHHE — LHHK ] \

[11] 1 amoMuHHE — MarHui ~Q5

(Z < 0) [12] coraacyworcs ¢ |
3THM TEOPETHUECKHM BBIBO-

noM. Ons cayuas Z > 0, T. e.- Puc. 6. 3aBucHMOCTb BeJMMHHBI .aTOMHOI
18§ TaKUuXx CHJIaBOB, Kak 3HEpPruu pacTBOPEHHSA OT KOHUIEHTpPAaUNlHn
CIAABBl  ANIOMHHHA — OJIOBO ans cnaasos -cucteM Cu—Zn u Al—Zn:

o _— TeOpeTHYeCKHe pe3yabTaThl;
[13] m MarHuit — cBuHen {12], TiID TxomeluTen  pasmepfi - baxtop:
3KClIepHMEHTaJIbHble TOYKH:
TEHJEHUHH K OOpPa30BAHHI)  rwmemenne Kpaap MONOCH  ONTHYECKOFO  INOTJO-
KOMILIEKCOB aTOMOB HE Ha- wenna B cucreme Cu—Zn [§]
6monaercs. CnaBbl 3010TO— ,
HHKeJb U Melb — MnaaTvHa {13, 14] ABAAIOTCA HCKAIOUEHHEM M3 3TO-
ro npaBHjia, 4YTO MOXKHO OO'BICHHUTb BJHSIHHEM pa3MepHOro (akTo-

pa. Pacuernl Benmuunnbl 6Q; A/ CHCTEM MeAb — HHHK H aJIOMH-
HUI — UMHK . [5] 1al0T npaBU/bHBIA 3HAK, HO -XOpOILEEe COOTBETCTBHE
TEOpHH JKCIIEPUMEHTY, Jaxe ecJd BBeCTU NMONPaBKy Ha pasMepHbLH
(daKrop, mosyyaercsi TOJNbKO I/ CHCTEMBl Melb — LHHK (pHc. 6).

®punenio He ynanoch onpefeauTb abCOMIOTHEIE 3HAYEHUS TEIJIO-
Thl pacTBOpPEHHs [Js pa3baBJjeHHbIX TBepPIHIX ‘PacTBOPOB MO pac-
cMmoTpeHHoN Mertoguke. Ho, Bocnosb3oBaBIEMChH NpeNCTaBJIEHHEM
0 LHKJ/IHYECKOM Npollecce,  paHee npeasoxeHHHM MoTrrom (cM. T. 3
HacTosillell CepHH), OH JOCTUT MPHOJIUKEHHOTO COOTBETCTBHSI dKCHe-
PHUMEHTY. . '

Ilasi TBepAbIX pacTBOpoB 3aMellenus Tuna. A — b, o6Jamamouux
10 p 3JEKTPOHOB -NPOBOJHMOCTH Ha aTOM pacTBOpHUTesss A, SHEpPTHIO
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6JHXHEro mopsaka. Jto cie- Cu~zn

JYyeT H3 TOro (pakra, YTo KpH-

BH3Ha KPHBOH 3aBHCHMOCTH
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pacTBOpeHHsi aTOMOB b onpeessioT ¢ NOMOIIBIO CAefyloLlel mocie-
JOBATeJbHOCTH:

1) ucnapenue atoMa 5 u ero p-KkparHas HOHHM3allus;

2) sameienne uona b5”+ uoHom AP+,

3) pekomGuHauuss HoHa APt ¢ p cBOGOIHBIMH 3JEKTPOHAMu H
BO3BpalileHHe aToma A o6paTHO B pellleTKy MeTasauaa A.

Torna »>Heprusi pacTBOPEHHS NMPH TAKOM LIHMKJe ONpejesseTcs
pPaBeHCTBOM

Qs=Es—Eas+Is—1Ia+e, (5)

rae ¢ — cpefiHee yieJbHOe H3MEHEHHEe SHEPTHH 3JEeKTPOHA NMPOBOIH-
MOCTH IIpH JIETHPOBAaHHH.

®punespr npeHebper 4YJeHOM &, HO BHeC HeGOJbIIYIO MONPaBKY,
yTO6bl CKOMNIEHCHPOBATh pasMepHblll pakrop. E, u Eg . CyTb 3Hep-
TMH Kore3uu, a [, M Iy COOTBETCTBEHHO NOTeHIHAJbl HOHH3ALMH
atomoB A u 5. Peaynbratel pacueroB, nposefeHHbix Ppuuenem Ha

OCHOBE 3TONO METO0/a, XOPOILO COrJIACYIOTCS C SKCIEPUMEHTaIbHBIMU
INaHHBIMH (CM. Taba. 2).

Tabauya 2
ATOMHasi 9HEPrHsl PacCTBOPEHHA AAA ABOAHBIX cnJaBoB (cucreM A — B) [5]
OKcnepHMeH- SDKcnepHMeH-
CucreMa Qp. % A::::l:?‘gd CucreMa Qp. 98 n:::;?‘:a
Cu—Zn —0,4 —0,35 Ag —Sn 40,5 —0,25
Ag—Cd —0,3 —0,33 Ag—Sb 40,6 —0,02
Ag—1In —1,9 —0,45 Au—Hg —1,5 —0,56

Modeav I'enpu. Bonee nosanue pacueTsl BeMMuMH Qy u AH,

nponenanusie ['enpu [15], HCXOAAT U3 MOAeNH «CBOGOIHOTO 3JE€KTPO-
Ha B suKe» no 3oMmepdenbny. 1o mpuOAHKEHHEe ABASETCS BHIO-
H3MeHeHHEM TOYHOr0 CaMOCOTJIACYIOIIEerocss pacuera, CIeJaHHOTO
Xyan Kynem B 1948 r. Vg, 3alaerca B Buie NOTeHLHaJa TPsSMO-
yroJbHOH (GOpPMBI C TIyGHHOH, paBHOM Pa3HOCTH NMOTEHLHAJOB 30M-
mepdeabna V§ — V2 nas aByx Meramaos A u B. dta Mozennb
NpUMeHHMa, CTPOro TOBOPSH, JHIIb K CJAy4Yai B3aHMHOTQ pacTBOpe-
HHS OJHOBAJIEHTHBIX MeTaJ/sioB, IlompaBKu BTOpOro mopsiaka s
BO3MYILEHHBIX YPOBHEH 3HePruy ObIIM PACCYUTAHBI C YYETOM CMelle-
HHS 3apsfia BOKPYT NPHMECHBIX aTOMOB IJIs1 JOCTHXKEHHS CaMOCOTJIa-
coBanusi. Hakonsenue 3apsja 6blJ10 pacCyuTano no Metony Jlenuap-
na— JIxxoHca, 3HayeHHsT SHEPTHM pPacTBOPEHHs BTOPOTO IOPsiAKa
JJIsl pacTBOpa 30J10Ta B cepe6pe ¢ MONPaBKOR Ha CaMOCOIJaCOBaHUE
M B NPEINOJIOXKEHNH OTCYTCTBUSI U3MEeHEHHUH 06beMa CIjiaBa COCTaB-
asor okono —O0,1 s6/arom, yTo Jaer BeJHYMHY TIPABUJBLHOIO MO-
panka. O6iee ypaBHeHHe A5 pa36aBieHHbIX PACTBOPOB HMeeT BHI:

1 d@H) _ o _ (Vaou+qe)?
Noa T w ®)



rle ¢ — HaKONJIEHHbH y NPUMECHOTO aToMa 3apsf;
¢ — CpelHssl BeJIHYHHA MOTEHLHA/Ja Ha eIWHHMIly 3apsja Ha Io-
BEPXHOCTH PacCTBOPEHHOTO HOHA;
W — cpenHee 3HaueHHe 3JEKTPOHHOH SHEPTHH PacTBOPUTEJS.

DKpaHUpYIOIUMH 3apsi MOCTYynaeT paBHOMEDHO H3 pEIIeTKH
¥ CTPEMHTCS CTJIaJUTh MOTEHUMAJ BOKDYT npuMecHoro aroma. Cay-
yail KOHeYHOH KoHLeHTpauuu ['eHpu He paccMaTpuBaJ.

s npuioxeHus 3TOH MOJe/JH K cHcTeMaM, 06pasyeMbiM CMe-
IIeHHeM OJHOBAJIEHTHOIO W MHOTOBaJIEHTHOrO MeTaJJja, T.e. LJsd
caydasi Z = =1 unu =2, l'eHpu BBes NpennoJioKeHHe 0 TOM, UTo Z
«H36BITOYHBIX» 3JAEKTPOHOB MHOTOBaJIEHTHCTO MPHMECHOTO aTOMa Ha-
XOJATCS 8 C8A3AHHLIX COCTOAHUSAX W UTO CYIIECTBEHHBIM 06GpasoM
H3MeHsIeTCsl 3Heprus JHUIIb OLHOrO 3JeEeKTPOHA, KOTOPbI 3aMellaeT
3JIeKTPOH aTOMa pacTBOPHTeNs, B ciyyae MHOroBaJIeHTHOrO pPacTBO-
purens I'eHpu uaeT TeM XKe NMyTeM, YTO U B Cjiyyae OJHOBAJEHTHOTO
pacrBoputens. Torna, mpexmnosnaras, 4YTo aTOMbl HMEIOT OJIMHAKOBBIE
pasMephl, OH MoJiy4yaeT BhipaxkeHHe 1js Q, uaM Qg B TaKoM Xe
BHJE, UYTO U B NMPHUBEJEHHCM Bhille ypaBHeHHH (6). B koHeuHom
MTOTe QH NMPOBOJMT pacyeThl TENJIOTH PAaCTBOPEHHs JIsi CHCTeM,
B KOTODHIX OJHOBaJIEHTHBIE METAaJJIbl PacTBOPEHH COOTBETCTBEHHO B
OIHOBAJIEHTHBIX H MHOTOBAaJIEHTHBIX MeTaJjliax. DTa TemjJoTa HMeeT
OTpHIATeNbHYI0 BeJHYUHY Ha OGOMX KOHLAX JHamna3oHa COCTaBa.
[TpuBomumele Kienma naHHBE MO TENJIOTEe CMeLIEHHss MHOTOBAJIEHT-
HBIX METaJIJIOB C MeJblo, CepPe6pPOM M 30/10TOM, BUAHMO, C 3THM pac-
YEeTOM He COTJIacyloTCH.

Modeso Bapau. HeckoNbKo MHON MyTb NMPU PaCCMOTPEHHH SJIEK-
TPOHHOH CTPYKTYpBl TBepAblX pacTBopoB usbpan Bapau [16]; on
NpeNmosaraeT, Yro 3JEKTPOHB MeTamaoB A u 5 pacrno/ioKeHb Ha
SHepPreTHYECKHX YPOBHSAX JBYX Das3/IMYHBIX CepUH, KOTOpble NpH 06-
pasoBaHMH CmJaBa HaJjaralTcs ADPYrT Ha Apyra. DTo LaeT OIHO-
IIOJIOCHYIO CTPYKTYDPY C HEONHOPOAHOH MJIOTHOCTbIO. ODJIEKTPOHHI B
TBEPAOM PacTBOpe NMepeXolsAT U3 MOJIOCH ¢ Gosiee BHICOKHM YPOBHEM
®epmu B nosocy ¢ Gosnee HU3kUM ypoBHeM Pepmu, ITo Mepe 3anoa-
HeHHUS] CBOOOIHBIX YPOBHE!N HHKHEH MOJIOCHl POHUCXOMUT MOHHKEHHE
SHEpTHH CIJIaBa 10 CPABHEHHIO C COBOKYIHO! 3HEprHell IBYX KOMIIO-
HEHTOB H, CJENOBaTeJbHO, B 3TOM CJyyae CO3[aeTcs BKJaj TOJbKO
B OTPHUIATeJbHYIO COCTaBJSAIOLLYIO TENJOTH CMelleHHs, DTo, ecTecT-
BEHHO, He COrJlacyeTcsl ¢ 3KCIepUMMeHTaJbHBIMH HaHHbIMH, Kpome
TOrO, HaKOIJIEHHE 3apsfioB, NPOUCXOAsIee B PacCMaTpHUBaeMOM
npoilecce, LOMXKHO JaBaTh TaKHe 3HAY€HHUs SHEPrHH YNOPSLOYEHHS,
KOTOpble HaMHOTO IMPEeBHINAIOT HX [AEHCTBUTENbHYIO BEJIHYHHY.
C npyro#i croponsl, MorT [17] nokasaJs, 4to y4yer AefCTBHSI 3KpaHH-
pYIOILUX 3apsaaoB no Metony Tomaca — Pepmu naer zum 6eta-snaty-
HY BeJHYHHBI [IPABHJBHOIO MOPSAKA.

Tepmoxumuueckue pacuers. 0aa T8epOslx pacreopos. PaccMort-
peB TEODHIO TBEPABIX PACTBOPOB INPEHMYILECTBEHHO C TOUKH 3peHHs
3JIEKTPOHHOTO CTPOEHHs], Mbl AOJXKHBI Tellepb OCTAHOBHUTbCSI Ha BO-
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YIpoce O COOTBETCTBHH PacCUeTHbIX HLAHHBIX PE3yJbTaTaM TepMOXHMH-
YeCKOTO H3MEpeHHUs. DTO COMOCTaBJIeHHe MBI 'ODPaHHYHM paGoTaMu
Opuanu ¥ Kienna, KOTOPEIM HPHHA/AJIEXKAT caMble CHCTeMaTHYECKHe
TEPMOXHMHUYECKHE HCC/eIOBaHUST CNAABOB.

Bouabimnacrso nocaensux pabor Kuenna [18] mocBsiueso onpe-
IeJIeHHIO TEMJIOTHl CMeLueHHsi mpH JerupoBaHuu menu {19], cepeb-
pa[20] u 3os0ta [21] KagMueM, HHAKEM, OJIOBOM H CYpPbMOH, a TaKxe
TaJ/lIieM, CBHHIOM U BHCMyToM [22]. UTOGbl BLISIBHTL Pa3zielibHO
BJIMSIHHE pa3MepHOro (akTopa, XHMHYECKOTO CPOACTBA H BaJIeHT-
HOCTH, HHTerpajbHble TEpMOAMHaMHUeCKHe (PYHKUUH H30bITKA 3Hep-
rHH ynobHee pasjaraTtbh B PSifl MO CTeNeHAIM MOJSIDHOH IOJH HpH-
MecH Xxp. Cenys maunbiM Kienna [18], MoxHo 3amucars, 4TO

AF= = AFM — FM = Axy + B +.., ()

rle 3aBUCSILKE OT TeMnepaTyphl Beauuudsl A H B MOXHO 3anucaTh
cJenyomuM o6pasoM:

A=a—al

B =b—pT.

3nech a, b — u3bblTOYHbIE 3HAYEHUs TEMJIOTHI, a @ U B — 3HTPO-
OUiiHBle <«MOCTOSIHHBIe» Ay Temneparyphl T. [las pa3baBieHHBIX
pacTBOpPOB @ pPaBHO NapLHaJbHOH MOJISIDHO#l TeNJIOTE PacTBOPEHHS
npuMecd, a 2b npencraBiasieT co6oil NpeneNbHYI0 KPUBH3HY KPHBOH

AH™ . Benuuuna a 3aBHCHT, a BeJHUYMHaA b He 3aBHCHT OT BHIGOpaA
HCXOJMHOTO COCTOSIHHS,, M0 OTHOLIEHHUIO K KOTOPOMY IPOBOLHUTCS CO-
nocraBJjenue, CornacHO KBa3sHXHMHYECKOH TeopuH, mpu a < 0 mpu-
MecHble aTOMbl OTTAJKHBAlOT IPYT Apyra, cnocobCcTBys ymopsgouye-
HHio pactBopa. Ilpu a > 0 oHM B3aHMHO NMPUTATHBAIOTCS, CIOCOOCT-
Byss 06pa3oBaHHIO CKOMJeHH#I artomoB. KpoMe Toro, KBasuxuMu-
yeckoe npubanxenue Tpebyer, uTo6bl —b = a.

Uro06bl 'CONOCTaBUTbL AaHHbIE TEOPETHYECKHX BBIKJIANO0K C JKCIe-
pPHMEHTaJbHBIMH pe3yJbTaTaMH, HeoOXOJHMO OTAENUTb BJIHSHHE
BaJIeHTHOCTH OT 3(P(deKToB pa3MepHOro (akTopa U XUMHYECKOro
cpoactBa. PasHOCTh aTOMHBIX pa3MepOB HAeT MOJIOXKHTeNbHblE 3Ha-
YeHHs] @ M OTpULlaTeJbHble 3Hauenus b, IIpu cuJbHOM XMMHYECKOM
B3aUMOJEHCTBHH 3HAUEHHUS] @ JOJKHBI GbITb OTPHIATEJbHBIMH, a Be-
JUYHHA b (moJoXKHTeNbHasl, QTPHLATeJNbHAss HJH HyJeBasi) Oyaer
3aBHCeTb OT CHJbl B3auMofedcrBusi, CiefoBaTeNbHO, [JIs1 YMeHblle-
HHS BJHMSIHHS pa3MepHOro (pakTopa KCHepHMeHTaJbHble ONpejeJe-
HUS HYXHO NPOBOJAHTb TIPH MOBBIUEHHBIX TeMIepaTypax OKOJIO
HJIH HeCKOJIbKO Bhbillle TeMNepaTyphl NJaBjeHHs cniasa, [las Takux
CHCTeM, KaK CIJaBbl 30J10Ta HJH cepebpa c KaaMueM, HHIHEM, OJIO0-
BOM HJIM CypDbMOH, pa3MepHbIl (HaKTOp KOJIXKeH NMPH BCEX YCJIOBHAX
NpOABJATLCA CPaBHHUTEJbHO cjabo. C Apyroit CTOPOHE!, YTOOH MOJY-
YHTb NMPEJACTaBJEHHe O CHJIe XHMHUECKOTO B3auMoJelcTBHs, HALO
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pacCMOTpeTh MakCHMaJjbHble 3Hauenus —AH™ mus Bcero muTep-
BaJla COCTaBOB, Kak 3To. Aenan Kiaenma (puc, 7).

OnHO U3 BaXKHEHIIMX NPOSIBIEHHH BaJeHTHOCTH IpeicKasal
@punenb. Kak oH yCTaHOBHJ, €C/IH Pa3HOCTBIO aTOMHBIX pa3MepoB
A pasiuHyHeM 3JIeKTPOXHMMHYECKHX XapaKTepHCTHK MOXHO Ipe-
He6peub, TO Npeje/pHas KPHBH3HA KpuBOi 3aBucumoctd AHY ot ¢
onpe/ensiercss pasHOCTbIO BaJIeHTHOCTEHl NpPUMECH H PacTBOPHTEs.
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Puc. 7. IlpemenbHble 3HaueHHsl TeMIOT O6pa3oBaHMs TBEPABIX
«coequnenudi» Au, Cu u Ag ¢ Cd, In, Sn, Sb, Te, I B TBepaom
cocrosiuun {18]

CnezoBaresibHO, KaK yXXe OTMeyaJoch [cM. ypaBHeHue (4)], aToMbI
npumect ¢ Z <0 paioT OTpHLATEJNbHYI0O KPHBH3HY, a aTOMBI
¢ Z > 0 — moJIoXKHUTeJbHYIO.

Haunsle Kienna (puc. 8—10) aasa cniasos 3os0Ta u cepebpa
C UHAKMEM, KaJMHeM, OJIOBOM H CYpPbMOH (3a HCK/IOYEeHHeM CIJ1aBOB
30JI0TO — OJIOBO) MOXKHO paccMaTpHBaTb Kak MNOATBepKIalolHe
npenckasanue Ppuuenss OTHOCHTENbHO KPHBH3HBI rpaduka 3aBHCH-
moctt AHM ot ¢. PacueTsl KpUBH3HBEI Ha OCHOBe Teopun Dpuies
corsiacyiorcsi B Npejesax TOrpPelIHOCTH OMbiTa ¢ HENOCPENCTBEHHO
HalileHHBIMH 3HAUYeHHSAMH b. YMecTHO OTMETHTb M TO, YTO 3Haye-
uus b nas cucreMbl cepe6po — MHAHH NPUONH3UTENbHO BIBOE Mpe-
BBIUIAIOT COOTBETCTBYIOIUIHE 3HAYeHHS MJs CHCTeMbl KaAMHH — ce-
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pe6po. DTOT pe3yJbTaT ONATb-TAKH COIJIacyeTcs C NpeicKa3aHusMH
®Dpunens. [MocaenHuit caM BBIYHCIHI 3HAYEHUST NOCTOSTHHON KpaHH-
poBaHHs ¢’, MOJb3YsCh COOTBETCTBYIOIUUMH 3HAYEHHAMH Vgoay, H
CPaBHHUJ pe3yJbTaThl CBOMX BBIKJAJOK €O 3HAYeHHSIMU ¢’, ompefe-
JIEHHBIMH MOCDeACTBOM MOACTaHOBKH 3KCHEDHMEHTAJIbHBIX JaHHBIX

Knenma nas xpusoit 3asucumoctd AHY 0T ¢ B BHBemeHHyl0 HM
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Puc. 8. Csoaublit rpaduk Tenmjor o6pa3oBaHHA
cnnasos Au ¢ Cd, In, Sn, Sb npu B3aumopeiict-
BHHM TBEPJIOro 30/0Ta C JErHPYIOIHMH J0o6aBKa-
MH B XHIAKOM coctostHuM {21]. Ycnosuble 0603-

HayeHus:
—O—@— Au—-Cd; — — A—4 — <~ Au—1In;
— —D——Au—Sn; ---X--- Au—Sb -

dopmysy KpHBH3HBI. PesyibTaThl, mpuBeneHHble B Tabua. 3, cBHIe-
TeJbCTBYIOT O BIIOJIHE YNOBJIETBOPUTEJIbHOM COOTBETCTBHHM pacuer-
HBIX JaHHBIX 3KCNIEPHMEHTaJbHBIM pesyabTartam. [lanHble, cooblae-
Mble ISl CIIJIaBOB MeJAH C KaJMHeM, HHIHEM, OJIOBOM H CYPbMOH,
CBH/IETeJIbCTBYIOT 06 OTCYTCTBHHM BJIMSIHHSI BaJIeHTHOCTH (BCJeEICT-
BHe csaGoll pacTBOPHMOCTH 3THX 3JIEMEHTOB B MeJH H 60JibLIOH pas-
HHIBI aTOMHBIX PaJHyCOB, NPHBOASALLEH K 3aMETHOMY MOJOXKHTe/b-
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Tabauys 3

‘CpaBHeHHEe SKCIEPHMEHTAJbHBIX H TeOPETHYECKMX MOCTOSHHBIX 9KPAHHPOBaHHA [6]

CucTema q q’ 9oken Cucrema q q’ 95kcn
Cu—Zn 0,96 | 1,64 | 1,65 In— Ag 1,02 ] 1,59 | 1,75
Ag—Cd 0,90 | 1,78 | 1,80 Sn— Ag 1,05 | 1,57 | 1,70
Al—Zn 1,091,565 | 1,75

HoMy BK71aay B a). Hakonen, Kuenma orTmeuaer, uto mpaBHJIO
«OTHOCHTEJbHOH BaseHTHOCTH» IOM-Po3epu cnpaBennuBo njs cnia-
BOB cepeGpa c KaZiMHeM, HHIHeM, OJIOBOM, HO He cobJilofaercs AJIs
CIIJIABOB. 30J10Ta C KafiMHeM, HHAMeM U oJjoBoM, CHcTeMa cepebpo —
cypbMa TaKxe BblmajgaeT u3 cxembl IOM-Po3sepH, Tak Kak y Hee IBe
qapelesbHble TEMJOTHl PacTBOPEHHs] M ABe NpejesbHble pPacTBOPH-
MOCTH HUMeIOT cpaBHUMble 3HaueHus. [lasnee Kienna mpuBoAHT Tep-
MOXMMHUECKHE IaHHble, MOJYyYeHHBle [Js cucreM, o6pasyeMblxX
‘MeJlblo, cepe6poM U 30JIOTOM B TBEPJOM COCTOSIHHH C TaJlJIHeM, BHC-
MYTOM H CBHUHIOM B XXHJIKOM BHJe. XOTA MNPHJIOXKUMOCTb TEOPHH
Dpunesss K 5TUM CUCTEMaM MeHee OUEBHAHA, KPUBbIE TEIJIOT CMelle-
HHSl HMEIOT OTPHLATEJbHYI0O KPHBH3HY, €CJH He CUMTaThb PacTBOPOB
3ojiotTa B cBHHLE (TabJ. 4).

Tabauya 4

TenaoTnl cmelleHus (k0xc) npu 450° C aas HKHIAKHX PaCTBOPOB MeAH, Cepelpa
H 30J10Ta B JIErKOMJaBKuX MeTajuax [18]

Cucrema «Cd In Sn Tl Pb Bi
Cu a —12 0 —1 34 28 19
6 |—5 mo —10 [—10 mo —20| —13,7
_g/a —14
Ag a —24 —4 4 15 13 13
6 0 —11,7 —13,3 | —30 —26 —95
—e8/a 0 —3 3,5 2 2 2
Au a —61 —46 —33 —2 —8 2
8 0 0 8,4 —0,7 8,6 —5,3
—a8/a 0 0 0,25 —0,3 1 2,7

P IIpuMedaHHe. Bce faHHBIE CTHOCATCH K NMePEOXJaK/AEHHHIM XKHAKHM JIETHD YIOIHM JO-
aBKaM.

PaccmaTpuBasi NpHIOXKHMOCTb MOJEJNH «2KECTKOH MOJIOCHI» IO
JIxKoHCy K TBepabIM pacTBopaM, Kijenma mnbiTaercs mnpoaHasH3u-
poBaTh KpHBbIe TemJOTbl 00pa3oBaHHs Ha MpHUMEpe CHCTEMBI
anboa-cepe6po — KaAMUH [Jis1 ONpeNesieHHs TOro, CYLIECTBYeT JIH
26



‘B Hell «IOMOJIHHTebHAsE KpHBH3Ha» B. obgactu e/A = 1,36—1,40.
‘9T0ro MOXKHO QXHAATh IIOCTOJbKY, MOCKOJBKY KPHBAsl IJIOTHOCTH
'COCTOSIHME [IOJIDKHA pe3Ko CHHXKaTbhCf, KaK TOJbKO MOBEPXHOCTb
®epmu kacaercs rpaseit (111) nepsoii 3oHel bpuanysna. Takoi
KPHBH3HBI Ha CaMOM JeJie He Habuoaanock, B cBsisy ¢ STHM ©H BHI-
.CKa3blBaeT NpPeNoJoXKeHHe, YTO H3MePEeHHs 3JEeKTPOHHOH Y/IeJIbHOH
TenJoeMKoCTH npu Temmepatype 1°K Morau Obl yTOYHHTH 3TO 00-
-ctoAaTeabeTBo. OIHAKO MOCAefHHEe 3KCHePHMEHTHl, O KOTOPHIX I'OBO-
purcs B paGore Kosna [24], cBHAETEJLCTBYIOT O TOM, YTO B YHCTOH
MeJH nosepxHocTs Pepmu KacaeTcs epanuy 30HuL H, Cle0BaTeJbHO,
“«JLOMOJIHUTEJIbHASA» KPHBHU3HA JOJKHa HabJionaTbesi npy GoJiee HU3-
KHX 3HAUeHHsAX OTHoLIeHHs e/A.

UnrepecHass ocoOeHHOCTb pe3yJbTaToOB H3Mepenuil Kienna 3a-
KJI04aeTcsi B GOJIBIIOM CXOLCTBE IPUPOABI XHMHYECKOH CBSI3U B
crniaBax Mefu U cepebpa c KajiMHeM, HHIHEM, OJIOBOM H CypbMOH
(puc. 11) [18]. OH oTMeuaeT Takxe, YTO MaKCHMaJibHble 3HAaUEHHS

AH™ naGmonatorcs OpPH 3KBHBAJIEHTHBIX KOMIO3HUHUSX (T.e. NPH
3Hauenusx orHowenus e/A or 1,5 no 1,8). C npyrofi cToponsbl, 30J0-
TO CBSI3aHO C KaJMHeM, HHIHEM H OJIOBOM ropas3io CHJbHee. DTOro
H CJIe0BAaJI0 OXHJIaTb C yYETOM TOTO, YTO IO CPABHEHHIO C Me[blO
H cepeGpoM 30J10TO siBJsieTcs1 6oJsiee 3/1EKTPOOTPHLIATENIbHBIM METAJ-
aoM. Mcxons u3 pacueroB u naunbix Ksenna ciaenyer mosiarare, 4TO
TOJIbKO Teopuss PpHAessi MO3BOJsIET YCIEUIHO NpencKasbiBaTh 3¢-
<¢eKThl BaJEHTHOCTH B TBEPABIX pacTBopax. [lJsa Bcex Tpex Mouesei
pe3yJbTaThl pacyeTOB TEMJIOT CMELIeHHS JHIb NPHOJIU3HTENbHO
COOTBETCTBYIOT 3KCIMEPHMEHTAJNbHLIM pe3yJbTaTaM.

Haub6osee ycnemHa teopuss Ppumens B NPUNOKEHHH K PacTBO-
paM MHOI'OBaJIEHTHBIX MeTaJ/lJIoB B MelH, cepeGpe U 30JI0Te.

Pesyabratel Ksenna nokaselBaioT, YTO MPH B3aHMHOM CIJaBJie-
HHHM MHOTOBAJIEHTHbIX METaJ/IJIOB MNPAaBHJO KPUBHU3HBI Hapyliaercs.
AT0, BEPOSATHO, OOBSACHIETCS CHOXKHBIM CTPOEHHEM MOJIOC U 6OJbLIOH
BeJIMUMHOH OTHOLIeHHs e/A B Takux cnjaBax. OcHoBHble ¢J1a60oCTH
Mojenn Ppunenss BHITEKAIOT M3 CJAELYIOLIMX €ro HCXOAHBIX Mpen-
NOCHIJIOK:

1) oaHO3MeKTpOHHAs MOIe/b TBEPIOro Tesja NMPHIOKHMA K Me-
‘TajjlaM U CIjlaBaMm;

2) 3oHHas TeopHs chnpaBelJMBa AJs CIJIABOB C HEYNMOPSLOYeH-
HbIM pacnpejesjieHHeM aTOMOB;

3) NOBEpPXHOCTH MOCTOSIHHOHM 3HEPrHH HMEIOT ‘B K-NPOCTPAHCTBE
¢opmy, 6aH3KYI0 K cepuueckoH, 3a HUCKJIOUEHHEM <CJyyasi COMpH-
KOCHOBEHHSI ¢ TrpaHullaMu 30HB Dpummysna (misi Menu, cepe6-
pa u 3oj0ra nosepxHocTb Pepmu cuuraercs OGaH3KOH K cdepuue-
CKOI1) ;

4) Ha MOIeJH XKeCTKOH IOJIOCH, T.€. Ha pachpejiejJeHUH MJOT-
#HoctH cocrostuuit N (E), JerupoBaHHe He OTpaxaertcs.

IlepBylo mnpenmoCHIJIKY MOXHO OCliapHBaTb Ha TOM OCHOBaHHUH,
4YTO OHA npeHeOperaer KyJOHOBCKHMM M OOMEHHBIM B3aHMOJEHCTBHUS-
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mu 3jekTpoHoB. IIpaBna, B pa6orax Boma u ITaiineca [122], Cuaeii-
Tepa u Kocrepa (3], MorTa (7] ¥ ApyrHux aBTOPOB NPHBOAATCS HEKO-
TOopble (yHIaMeHTaJbHble JOBOAbI B NOJb3y ONHO3JEKTPOHHOM
monaesau, He coBceM sicHa CIpaBelIMBOCTb BTOPOil NMPEANOCHIIKH, HO
€CJIH NPHUMECHble aTOMbl B HEYNOPSIJOYEHHOM CIJIaBe PacCroJIOXKEeHbI
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Puc. 11. Cpoaubiii rpadmk Temaor o6Gpa3oBaHHusA

cniasoB Cu ¢ Cd, In, Sn, Sb npu B3aumoneiicTBuH

TBEPHOH MeOH C JIETHPYIOIIUMH A0GaBKaMH B XKHJ-
KoM cocTosiHud {19] -

CTOJIb 6JIM3KO APYT K APYTY, YTO BOJHOBble (DYHKLUHH COCEJHHX aTo-
MOB MepeKpbIBAIOTCA, TO B CPelHEM OJHA YacTb MaTepHana HAOJKHa
6bITb OAMHAKOBOH C J06o# apyroii ero yacteio. OTciofna ciaenyer,
4TO BOJIHOBblE ()YHKILMH U BEJHYHHY SHEPIHH MOXHO JOCTaTOYHO
XOPOILIO OMHCATh C MOMOILbIO KBa3HHETPePhIBHOA 3aBHCHMOCTH BeJlH-
YHHbl 3HEPrHH OT MOMEHTa, YTO MpeAnoJaraer CHpaBeiJHBOCTb
npencraBieHuss 06 sHepreTHueckux 3oHax. C Apyro#l CTOpOHbI, NpH-
BoguMmble ITunmapaom (23] pesysnbTaThl mOcCNeIHUX U3MEpeHHUH aHO-
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MaJbHOTO CKHH-3(Q(deKTa CBHIETENbCTBYIOT O TOM, YTO B MeIH IIO-
BepxHocTb PepMH compHKacaercs ¢ FPaHHIAMH 30HBH H YTO OHa
BeCbMa aHH30TPOMHA, a 3T0 JaeT OCHOBAHHA CHJBHO COMHEBAaTbCs
B CHpaBeLJIMBOCTH TpeTbeH MNpeAnochlIKH. B HemaBHHX paborax
Ko3Ha H3/10KeHbl BO3paXKeHHst M NPOTHB UYETBEPTOTO NPEJNoJoxKe-
uus. JloBoabl KosHa ocHOBaHb Ha aHOMaJuH CKHH-3(p(dekTa u Be-
JIMYHHAX 3JIEKTPOHHOH TENJIOEMKOCTH J[Jsi HEKOTOPHIX CIJIaBOB Ha
ocHoBe Menu [24]. Kosn mosnaraer, YTo 3HepreTHYeckas MoJoca B
MeJIH NpH JierHpoBaHHH AeopMHpYeTcss M yYTo HabJiofaeMble OCO-
OeHHOCTH YIeJbHOH TENJOeMKOCTH CBSI3aHbl C OTTATMBAHHEM IIO-
BepxHocTH PepMH OT 30HaJbHBIX rpanul, HesaBucumoe nmoaTsepx-
IleHHe 3THX BBIBOJAOB MOXKHO YCMOTPETb B pe3yJbTaTax H3MepeHHi
BepOsITHOCTH Ae(eKTOB yNaKOBKH B CIJIaBax Ha ocHoBe Menu, Mimen-
HO C 3TOH TOYKH 3PeHHS U TPAKTYeTCsi MIUCKyCCHs B MOApaszese
0 JeekTax pelleTKH H HX B3aUMOMAEHCTBHH.



3. PABMEPbl ATOMOB, MAPAMETPBI PEHIETKH
H 3HEPTHSI JE®OPMAHHH

ITpu BBedeHHH NMPHMECHOTO aTOMa B PeIIeTKY PacTBOPHTeJs I0-
cnennsis nedopmupyercs. Jledbopmaluio pelleTKH MOXHO OXapak-
TEPH30BaTb COBOKYHNHOCTbIO €e DaBHOMEDHOro DacTAXKEHHs HIW
CKaTHS W Pa3HYHBIX MeCTHbIX HcKaxXeHu#, CxeMa momoGHOM pe-
IIETKH B ABYMepHOM H300pakeHHM mpelcTaBieHa Ha pHc. 12. fcho,
YTO aTOMBI BOOOIle B CPeflHeM He pacmoJjararTcs B y3jJax KpHCTaJ-
JIHUECKOHN pelIeTKH, a CMeLeHbl H3 HHX Ha TO HJIH HHOe DPacCTOsIHHE.
[Ipu TakoM pacmo/ioXXeHHH BEeKTODbl MeXAaTOMHBIX pPacCTOSIHUH He
6yayT KpaTHBl CPeJHHM BeKTOpaM coOBeplleHHOH pemeTku. Hamnpo-
THB, OHH SABJSAIOTCA (YHKLMEH psiia MeXaTOMHBIX PacCTOSIHHUI H
MPUPOALI aTOMOB, HaXOASILIUXCS MO KOHI[AM 3TOTO BEKTOopa M Ha
npoTsKeHHH ero AjauHbl, CpefHHe mapaMeTphl peLIeTKH, CUHTalo-
I(MeCs XapaKTePHUCTUYECKHMH, SABJSIOTCS pAaCCTOSHUSAMH MeXALy
MJOCKOCTSIMH  COBEPIUEHHOH pELIeTKH H ONpelensioTcs o 6par-
FOBCKHM OTpa*KeHHSM.

CpenHsisi BEeJHYHHA CXKATHA HJIH pacllHpPEHHs] pelleTKH 3aBHCHT
OT pa3HOCTH IHAMETPOB aTOMOB MpHMecH W pacTBopuTens. OQHako
ompenesuTh HCTHHHYIO BeJHYHHY [IHAMeTPOB aTOMOB IO JaHHBIM
H3MepEeHHA mapaMeTpoB pellleTKH HeBOo3MOxHo. M3 puc. 12 scHo,
4YTO eJUHCTBEHHBIM KDHTepHEeM HCTHHHOH BeJHYHHBl aTOMHOro AHa-
MeTpa CJYXHT pacCTOSIHHE MeX]y ONHHAKOBBIMH COCEIHUMH aToMa-
mu. MckaxeHusi pelleTKH, BbI3biBaeMble N0GABKOH MPHMECHBIX aTo-
MOB, YBEeJIMYHBAIOT BHYTPEHHIOIO 3HePrHI0 KPHUCTaJJa; 3Ta A006aBoy-
Hasi 3HeprHsi HasblBaeTcsl 3JHepruein pedopmauuu. s pacuera
3Hepruu AedopMalluy pelleTKH HeO6XOJHMO 3HAThb KOJHYECTBEHHbIE
naHHele 06 HcKaxeHuu pemetkd., CHayasa Mbl pacCMOTPHM BONpPOC
06 u3MepeHuu nofoOHOH OedopMalMH, a B MOCJAEAYIOLIEM pasiene
0o6CyauM BONPOC H O B3aUMOCBSI3H MeXJy 3Heprueit necdopmauvu
pelleTKH M CTemeHblo 3TOH AedopMalHH.

H3amepenne mapamerpoB peIIETKH ¥ aTOMHBIX nuamefpos
(puc. 12—15)

Eme okoso 1920 r. 6b1710 yCTAHOBJEHO, YTO NapaMeTpbl PEUIETKH
TBEPJOr0 pacTBOpPa H3MEHSIOTCS TPH Jo6aBKe NMPHMECHBIX aTOMOB
MHOH BeJIMUMHBI, UeM aTOMblI pacTBopuTenss (Marpuusi). Berap [26]

30



ipacCTOAAHUA

MexaTtoMHble

B TBepPAOM pacTBope (IIEHTPH aTo-

MOB CMeIlEHbl M3 CPEIHHX IOJIOoXKe-
Hu#t y3aoB pemerku) [96]
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I — pacuyeT 1O TEOPHH YNPYroCTH; 2 — 3K-
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Puc. 13. MexamToMHble DaCCTOSHHSL
B TBepaoM pacrBope Au—Ni ({96]

MewamoMHoe paccmosnue

250
1 1 1

& g 45 40

Omwocumensian Jors amorod Co

Puc. 15. MeXaToMHble DacCTOSHHA

B TBepAbx pacrBopax Co—Pt [96]:

1 — pacyeT NO TEOPHH YNPYroCTH; 2 — 3K-

CnepHMEeHTaJibHble IaHHble; 3 — 3KCIepH-

MeHTaJIbHble NaHHBle; 4 — cpelHee 3Haue-
HHe; 5§ — pacyeT IO TEOPHH YNPYTrOCTH
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'Ha OCHOBE H3y4YeHHs] HEOPraHWYECKHUX coJiel, 06afaioliux B TBep-
JIOM COCTOSIHHM MOJIHOM B3aHMHOH pacTBOPUMOCTbIO KOMIIOHEHTOB
‘OHHAKOBOM CTPYKTYpBl, NpPHILIEJ K 3aKJIOYEHHIO, YTO H3MEHeHHe
napaMeTpoOB pelIeTKH BCelleJO ONpelessieTcss Pa3HOCTbIO aTOMHBIX
IMaMeTpOB, €CJIH B KauecTBe OCHOBBI HCXONHTb M3 HX BEJHYHHBI
B 3JIEMEHTAPHOM COCTOSIHHH M HEM3MEHSI€MOCTH aTOMOB IIPH JIETHDO-
BaHuu. OTciofla OH clesas BBIBOJ, YTO MEPHON peLIeTKH B TBEPIOM
pacTBOpe M3MEHSIETCS COTVIACHO CJeyIOoLleMy COOTHOIIEHHIO:

d=dy—Ci(dz—dy), (8)

.rune d1 H dQ—Me)Ka‘TOMHbIe pacCTOAAHHA YHUCTbIX KOMIIOHEHTOB;
Cl— aTOMHAasi KOHIEHTpalHsg NEepBOro KOMIIOHEHTA.

B 1928 r. Berap BhicKa3as yTBepXKAEHHe, YTO 3Ta B3aHMOCBs3b
pacmnpocTpaHsieTcst He TOJIbKO Ha TBEpJble PacTBOPHl HEOPraHMYeCcKHX
coJiel, HO H Ha TBepAble pacTBOpPbl MerassnoB, OnHakKo, KOoraa OblIH
TOYHO ONpeJieJIeHbl MEeXAaTOMHble pacCTOSIHHSI, BBISICHHJIOCH, UYTO
TOYTH BCe TBEpAble PacTBOPbl MeTasoB copMmyanpoBaHHo#l Bera-
pOM 3aKOHOMEPHOCTH He NOAYHHSIOTCs, Takum o6pasom, mpocTeil-
Lide mpeanosioXeHuss Berapa okasaauch HemnpaBHJbHBIMH.

Korpa BrisscHHIach HeNPUMEHHMOCTb 3aKoHa Berapa nas TBep-
JIbIX PacTBOPOB MeTaJIJIOB, HauaJjcs AJHTENbHBIH NEepHOL HCCJeN0Ba-
HHH 3THX PacTBOPOB MeTOJAaMH pPEHTTeHOCTPYKTYpPHOTO aHaJu3a.
[TomoGHble H3MepeHUsT OCHOBBIBAJUCh Ha OpP3TTOBCKOM OTPaXKeHUH
oT pelieTkd. M3 mpuponsl nudpakuuu pPeHTTEHOBHIX Jyuel CJeLyerT,
YTO OCHOBHOH BKJaJ B MHTEHCHBHOCTb GP3ITOBCKHX OTPaXKeHHH OT
pEelleTKH [aloT YJeHbl, CO3JaBaeMble GOJIbIIHMH BEKTOPAMH peIleT-
Y, COeJUHAIIIUME mnapel atomoB. CJjenoBaTresbHO, H3MEpPEHHS,
OCHOBAHHBIE HAa 3THX OTPa)KeHHUsIX, NAIOT JIHIIb BEPOATHbIE CPELHHUE
mapaMeTphl peleTKH .

HsmepeHue cpelHHX mapaMeTpOB peIleTKH SBHO He JaeT H0CTa-
TOYHBIX CBEJEHHH [Js1 HEeNOCPeJCTBEHHOTO pacyeTa JIHaMETPOB
MHIHUBHAYaJbHbIX aTOMOB. BO3MOXHO /ML OMpeaeauTh obliee pac-
IIMpeHHe MJIH CXKaTHe pelleTKH B pe3ysbTaTe JerHpopanus. Ha
OCHOBE De3yJIbTaTOB H3MepEeHHs I[apaMeTpPOB peLIETKH MOXHO Cy-
IMTb JIHIIb 06 00LIeM BJIMSIHHH NPHMECHOTO 3JIEeMEHTa Ha pacliupe-
HHe pelleTKH, V3BecTHble HCC/eOBaHHUsS TAKOro pona OblIM MpOBe-
nenbl AxcoHoMm u IOm-Posepu [33], Peiitnopom [35] u Oysunom [34]. Ha
OCHOBE HX PaGOT MOXHO cJesaThb 3aKJOYeHHe, YTO AHAMeTp NpH-
MECHBIX aTOMOB H3MeHsieTCsl OGbIYHO JIMLIb B TeX cjayuyasiX, Korja oHH
OTJIMYAIOTCA OT aTOMOB MeTaJJla-pacTBOPHTEs MO CXKHMAaeMOCTH,
BAJIEHTHOCTH HJIH 3JIEKTPOOTPULATESbHOCTH.

BiusinMe pasiHYHON CXKHMaeMOCTH NpPHMECHBIX aTOMOB H aTo-
MOB pacTBOpHTeJs1 uccaenoBanu duienbu {28] u dpunens {32]. Hc-
XO0Js1 M3 TEOPHH ynpyroctd, Ppuienb moayuusa AJjs aTOMOB NPUGJIH-
3MTEJbHO 'OJHHAKOBBIX Da3MepOB <C PAasjHYHOH CKHMaeMOCTbIO

! JlerasbHO BTOT BOMpOC paccMarpuBaercs B paGore [100].
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caepyiolee BhIpaXKeHHe, XapaKTepuayiollee CPeIHUN aTOMHEIA AMa-
MeTp:

r—r_r—rifatylye) . _ (1+v)x
I i A= B

rje r; ¥ rp— paxuychl aTOMOB;
X1 H Y2 — COOTBETCTBEHHO CXKHMAaeMOCTH aTOMOB pacCTBODHTeEJS
M IPUMECHBIX aTOMOB;
C— aTOMHasi KOHLEHTPAaLHs NPHMECHBIX aTOMOB;
v — koo dunuent Ilyaccona.

M3 3Toro ypaBHeHHs cjelyeT, 4TO 3aKOH Berapa noJsixeH BbI-
[OJIHAATBCS [JIS1 aTOMOB Pas3J/IHYHBIX JHAMETDPOB JIHIIbL B Cjydae OfHU-
HAaKOBOH 'CXKHMaeMOCTH 4aTOMOB OOOHX KoMmoHeHTOB. Ha ocHoBe
aHanu3a CIJIaBOB C TIOJIHOM CMeIIHBaeMOCTbi0 KoMnoHeHToB Ppu-
JleNb YCTAHOBMJ, 4TO HabJofaoluecss OTKJIOHeHus 0T 3akoHa Bera-
pa BIOJHe COrJacyioTcs ¢ NpUBeleHHbIM YypaBHenueM. OnHako
KOJIMYeCTBEHHOE COOTBETCTBHE OKa3aJoChb HEeNOCTAaTOYHO XOPOIIHM.
Orciona Ppunenp npullles K 3aK/JIOUYEHHIO, YTO OTCYTCTBHE MOJHOTO
COOTBETCTBHSI MOXXHO OOBSICHHTb JHOO HENOCTAaTOYHOH TOYHOCTHIO
L aHHBIX, TH60 omIMOKAaMU 3a cUeT XPYrHX (U3HUECKHX SIBJEHHH, H3-
MeHSIoUHUX 3¢ heKTHBHbIE pa3Mepbl aTOMOB B TBEPJOM pacTBOpeE.

AxcoH u IOm-Po3zepu {33] B cBoUX HCCIefOBaHHAX TBEPABIX pac-
TBODOB pacCMOTpeJH BJHsSIHHE TaK HasbiBaeMoro V.-agdgekra u or-
HOCHTEeJIbHOH BeJIHYMHBI MOHHBIX paAMyCOB IPUMECHOrO 3JIeMeHTa
M pactBopuTeJs HAa 3O (eKTUBHBIA JHaMeTp'! MpUMECHBIX aTOMOSB.
OnHu oxapakrepusoBaju V.-3pdekr kak sddekr BanestHoctH. On-
Hako 06a 3TH 3¢deKTa MOKHO TakXe paccMaTPUBATh H Kak IpoO-
sIBJIEHHE PAa3JIMYHOH CXKHMaeMOCTH INpPUMecH M pacTBopuress. Ecau
«06beM» BaAJEHTHOTO 3JIEKTpOHAa MPHUMECHOrO aToMa GoJblle, YeM
y aromMa pacTBOpHTeNs, TO 3(pGdEeKTHBHbIH AHAMeTp INPHMECHOr0
aroma OyJleT MeHbllle, UeM ero JHaMeTp B 3JeMEHTAapPHOM COCTOSIHUH.
A¢ddeKT BaNeHTHOCTH HMeeT B CBOeH OCHOBe OTHOLIEHHE «0Gbe-
Ma» BaJICHTHOrO 3/IeKTPOHA NPHMECHOT0 atoMa K «00beMy» BaJsleHT-
HOTO 3JIeKTpoHa artoma pacrBopHTens, AkcoH u IOm-Posepu [33]
noJiaratooT, 4To 3(p¢heKT BaJEeHTHOCTH SIBJISIETCS] pe3yJbTAaTOM BhIpPaB-
HUBAHHUS «JaBJIEHUsI» 3JEeKTPOHHOro rasa. Tak, ecau autui (V.=
= 21,3 kX3) anerupyior amomuHuem (Ve="5,5 kX3), 10 3dpdexTus-
ublfl 1HaMeTp aTOMOB JIMTHS COKPAllAeTCsl 0 CPAaBHEHUIO C HX JHa-
METPOM B UHCTOM JIUTHH.

Axcon u IOm-Posepu {33] ucxomar.u3 toro, 4to 3¢peKTuBHbIHA
nuaMerp NPHUMECHBIX aTOMOB sIBJsieTC Takxke (yHKUHeH OTHOCH-
TeJbHOH BEeJIMYMHBl HOHHBIX paJHyCcOB aTOMOB NPHMECH U PacTBOPH-
teas. Ecau HOHHBIH paguyc atomMa pacTBopHUTenss 6oJiblie HOHHOIO
panuyca atromMa nmpuMecH, TO 3(QGEKTHBHBIA JHaMeTp NPHMECHBIX
aTOMOB JOJI2KeH ObITh 60JIbllle HX JHaMeTpa B 3JeMEeHTapHOM COCTOS-

T 3¢heKTUBHBIAI AMaMeTp TPAMECHBIX ATOMOB ONPENENSIOT TOCPEACTBOM BKC-
TPaNoONALUMH KPHBOI 3aBHCHMOCTH Napamerpa peLIeTKH OT COCTaBa.CljaBa H3 06-
JIaCTH MaJbIX XOHIUeHTpauui nmpumecH K 1009%-Hoji ee KOHIEHTPaLHH.

3 3axas 60 33



HHH. DTO MOXKHO OODBSCHHTH, NDEINOJIOKHB, UTO SAPaM HOHOB
ONpHCylla CpaBHHTeJbHAsi HecXXHMaeMocTb, TOrna, eciu siApO HOHa
npuMecH 6oJibllle, YeM Yy PAacTBOPHUTENsS, TO 3(EKTHBHbIH AHaAMETP:
aToMoB mocJefHero Oyler O0oJgblie, TaK Kak NpPHMECHble aTOMbl
CKaThl MeHbllle, YeM aTOMbl DacTBOPHTeJst, PasyMHO NpPeNnooKHUTh,
4Te ¢ NpUOJMHXKEeHHEeM HOHHOrO pajuyca K BeJMYHHe aTOMHOro pa-
IMyca. CXHMaeMOCTb JOJKHA YMeHbIIaTbesd. Ecayu HM3J/10XKeHHbIE
coo6GpaxKeHHsl IpaBHJbHBI, TO npeanonoxeHus Om-Posepu u AKcoHa
COOTBETCTBYIOT BbiBoJaM Ppuiens o BIAHSHHH CXKHMaeMOCTH Ha 3a-
KoH Berapa (B mnpeamosoXeHHH mnpHOJIH3HTEIbHOTO pAaBEHCTBa
IHaMeTPOB aTOMOB pacCTBOPUTEJS H NMPHUMECH).

EcnM cxkuMaeMOCTb MPHUMECHBIX aTOMOB MEHbIIE, YeM Yy aTOMOB
pPacTBODHUTEJS], TO NOJXKHO HAOMI0AaThCcsi OTKJOHEHHE OT 3aKoHa
Berapa B moJIOXKHUTENbHYIO CTOPOHY, T.€. 3((EKTHUBHBIH JIHaMETp
aTOMOB MPHUMECH NOJKeH GBbITh 00Jibilie, YeM y PacTBOPHTEJIS,

Pa6ora Axcona u lOM-Po3epu npou/iocTpupoBasa TakxKe BJHS-
HUE 3JIEKTPOOTPULATEJBHOCTH Ha 3(QeKTHBHBIH AHAMETp aTOMOB
npuMecd. UeM O6oJsibllle Pa3HOCTb 3JIEKTPOOTPHLATENbHOCTEH, TeM
MeHblle 3P deKTuBHbIN AHamerp. OnHAKO, AJsI TOrO YTOGH 3TCT 3¢-
(eKT cTaJ 3aMeTHbIM, Pa3HOCTb 3JIEKTPOOTPULATENLIOCTEH. JOIKHa:
NpUOOPECTH 3HAYUTEJbHYIO BEJHYHHY.

BinsiHMe BaJIeHTHOCTH Ha IapaMeTp peleTKH NPOsBJSeTCs
IBOSIKO, Bo-mepBhIX, B ciyyae ONHOBAJIEHTHHIX pacTBOpHTesell 10-
6aBKa MHOrOBAJIEeHTHBIX MpHMecel, yBeJIHYHBasl 3JeKTPOHHOEe OTHO-
LIeHHe TBEPJOro pacTBOpa, CO3LaeT TeM CaMbiM OTKJOHEHHe OT 3a-
KoHa Berapa B moJoXXuTesNbHYI0O CTOPOHY. BO-BTOpDBIX, B HEKOTOPBIX
JIETHPOBAHHBIX CHCTEMAaxX H3MeHeHHe 3JIeKTDOHHOrO. OTHOIIEHHsS J0-
GaBJieHHeM MPHMECH C BaJIEHTHOCTbIO, OTJHYHOH OT BaJeHTHOCTH
PacTBOPHUTES], BLI3bIBAET 3HAUNUTEbHOE H3MEHEHHE HAK/IOHA KPHBBIX
3aBHCHMOCTH NMapaMeTpa pelIeTKH OT KOHIEeHTpauuH. DTo OOBbACHA-
JIM MepeKphITHEM 3JIeKTPOHOB Ha rpaHulle 3oHbl bpuamyssa. O6a
3THX MpPOSIBJIEHHsI BaJIEHTHOCTH PACCMATPHUBAIOTCS HHXKe pa3esbHo.

BuonsiHHe BaJIeHTHOCTH Ha CpeNHIO0 BeJHYHHY napameTpa pe-
WIeTKH OJHOBaJeHTHOro pacrBopurtets usyuanu Oysu [34], Peit-
Hop [35], Akcon u IOM-Posepu {33]. Oyan [34], wuccienoBasluuir
cnjiaBel MeaH, cepeGpa M 30410Ta ¢ LHHKOM, rajljiieM, repMaHHeM,
MBIIbSIKOM, KaJMHEM, HHIHEM, OJOBOM H. CypbMOH, NpHUIeJ K BbHIBO-
1y, UTO MapaMeTp pellleTKH BO3pacTaeT NPUOJIH3HTENbHO NPONOPIHO-
HanbHO BajleHTHOCTH. OH He BHOCHJI NONpPaBKH HAa BeJHUYHHY JHa-
METDOB aTOMOB pAa3JIMYHBIX NpHMecell, Tak KaK B paMKaXx OLHOIC:
nepuona cucremnl sjeMmentoB JI. M. MenneneeBa OHH OCTaIOTCSE
npu6IH3UTENbHO ONHHAKOBBIMH, OH npulllel K BBHIBOAY, 4YTO:
Aala ~ AV, rae Aaja siBisiercss KPUTEPHEM HMCKaXKEHHs PELIETKH,.
a AV — pa3HocTb BajleHTHOCTEH mPUMECH M [acTBOPHTEJS.

Oy3H cuHTan 3Ty 3aKOHOMEPHOCTb TOJbKO TEHJIeHIHei, Mpo-
ABJISIOIEHCS TIPH Nepexosie OT OJHOM MpHMeCH K ApYroH, HO OH SIBHO
HCXOIMJ M3 TOTO, 4TO JHAMEeTp. aTOMOB IPHUMECH He 3aBHCHT OT KOH+
LeHTpalLHH.
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Kak nokasan Peiinop {35] B 1948 r., 3¢ pexTUBHBIN aTOMHBI
IHAMeTp sIBJseTC (YHKUHeH He TOJBKO Pa3sHOCTH BaJleHTHOCTeNl
NpHMeCH H PaCTBOPHUTEJs, HO M UHMCJA 3JEeKTPOHOB, NMPHXOASAILIMXCS
Ha aTOM. Y ONHOBAJEHTHBIX PACTBOPHTeJedl Hab/ionaeMblii napa-
MeTp pelleTKH OTJIHYaeTcs OT mapaMeTpa, PaCCUHTAHHOTO Ha OCHOBe
3axona Berapa, kak ecan 6bl 1HaMeTp aTOMOB NPHMECH B TBEPAOM
pacrtBope oTaHYaJCcsi Obl OT AHAMETPa 3THX aTOMOB B 3JIEMEHTapHOM
COCTOSIHHH Ha BEJHYHHY Ar, yIOBJIETBOPSIOULYIO COOTHOIIEHHIO

Ar
=K (Vi—Vy), (10)
e—1
rie e — 3JIEKTPOHHOE OTHOILIEHHe,;
Vi B V3 — COOTBETCTBEHHO BaJIEHTHOCTH NMPUMECH M PACTBOPH-

TeJs;
K — K03 HIHEHT NPONOPUHOHATBHOCTH.

B cBoux BBIK/NIAJKax OH MCXOIHJ M3 TOTO, YTO IHaMeTp aToMOB
DY JIETHPOBAHUH He H3MeHseTcs.

Henasuo Ilupcon [25] Bbickasan NpeNno/oKeHHe, YTO IpHBe-
ACHHOE YpDaBHEHHE 3aTyIlIeBbIBAaeT AEHCTBHTENbHVIO CBA3b MeX.y
U3MEHEHHEM NnapaMeTpa PeILIeTKH 3a CYeT BAaJEHTHOCTH H Pa3HOCTBIO
BaneHTHoctelt V) — V,. dto 06ycioBaeHo Tem, uto cama Pa3HOCTb
e—1 sBasieTcs YHKUMeH PasHOCTH BaJeHTHocTed. JLis ONHOBA-
JIEHTHOTO PacCTBOPHTEJS

Ng

e—1=—"la_
ng+ne

(Va—V)). (11)
Ecin 3TO0 COOTHOLIEHHE NMONCTAaBUTH B ypaBHeHHe (10), To mocnen-
Hee NMPUMET CJENYIOUIHH BHI;
Ar =TT oy vy, (12)
n
PeiiHop OTMeuaer, 4To 3T0 ypaBHeHHe paBHO3HAYHO YPaBHEHHIO
Jlunne {[36], cBsAsbIBalOeMY H3MeHeHHe 3JIEKTPOTIPOBOAHOCTH
TBEPABIX PacTBOPOB C BaJIEHTHOCTHIO,

Kak ycranosus Peiinop [35], napaMerpsi pElIeTKH MHOTOBaJIeHT-
HBIX DACTBOPHTEJIEH C KaYeCTBEHHOH CTOPOHBI H3MEHSIIOTCS B 3aBH-
CHMOCTH OT Ba/IeHTHOCTH KaK M JJIi ONHOBAJEHTHBIX PacCTBOPHTE-
JIed, XOTS MO CHX NQD METONA KOJHUYECTBEHHBIX pacuetoB majs
MHOTOBaJIEHTHBIX PacTBOPHTENEH elle He HaHIeHO.

Hnst onpenesnenuss NeACTBHTENbHON BeJMYHHBI ATOMHOTrO IHa-
METpa B TBEPIOM pacTBOpPe HEOOXOJAHMO H3MEDHTb MeXaTOMHOe
paccTossHhe MexXAy OJHXaHIIEMH COCEHHMMH aTOMAaMM . OJHOTO M
TOTO e 3JieMeHTa (KaK y»e OTMeyasoch, Ha OCHOBE GpPALTOBCKUX
OTPaXKeHHWH ClenaTb 3TO HeBO3MOXHO). B 1951 r. Takue HU3MepeHus
Oblu mpoBenenbl. ITpy 9TOM 3a OCHOBY 6Bl B3AT H3BeCTHDIN napa-
METp pelleTKH TBEPJOrO PacTBOPa M HHTEHCHBHOCTb AUDGY3HOTO
paccesiHusi, 00yCJIOBJIEHHOrO MECTHBIM CMELIEHHEM AaTOMOB. Yop-
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pet, ABepGax u PoGeptc [97] mpeamnosioxuan, YTo aTOMbl B TBep-
JIOM pacTBOpe pacmoJsaraloTcsi, Kak NpaBHJIO, BHE Y3JIOB DEeLIeTKH.
PaccrosstHne Mexny aToMaMu, OTCTOSILUMMH ADPYT OT Apyra Ha He-
CKOJIbKO aTOMHBIX JHaMeTPOB, 3aBHCHT OT TOPSIAKA DACMOJIOKEHHS
aTOMOB H HX BeJHYHHb. PaccesHue peHTTreHOBBIX JyyeHd Ha TakKux
rmapax aTOMOB 3aBHCHT OT DAa3J/IHYHsl pacCeHBaIoOLledl CMOCOOHOCTH
aTOMOB M MX MoJioskeHHsl. [TonoGHoe paccesiHue He JOJIXKHO BJIHATDH
Ha ©OparroBckue pedJaekchl. Ecan aTtoMbl pacnosioxeHbl Heymnops-
JIOYEHHO, TO BO3HHKaeT MOHOTOHHOe aud(dysHOe paccesHHe IO
Jlays. Ho ecau aTombl pacrmoJsioKeHbl YMOPSIIOYEHHO C HaJHYMeM
GJHKHEro Mopsiika, To AU y3HOe paccesiHHe NOJXKHO ObITH MOAY-
JupoBano. JlomoJHUTENbHAsT MONYJSILUSA sBJAseTcs (DYHKUHeHd Be-
JHYHHBl aTOMOB B TBepIOM pacTBope. MoayjaupoBaHHe HHTEHCHB-
HOCTH AM¢¢y3uH CBSI3aHO C BEJHYHHOH aTOMOB CJENAYIOUIUM
obpasom:

1 m . m ,
b=y | e ()

rae n = fg/f,; [, — KoapduuMEHT paccesHHss HA aToMax 3JeMeH-
ta A;
m, u mg — Monsipuele foJu atomos A u b;
r;, —cpelHee MeXaTOMHOE pacCTOsiHHe J0 i-TOTO
COCEeJHEro aToMa, pacCYUTaHHOe MO BeJHYHHE
napameTrpa pelleTKH CIJIaBa;
ri,— paccrosinue Mexjay atomamu A B i-TOM CJIO€;
ri — PAcCTOSIHHe MEX]y aTOMaMH b B i-TOM cJl0e;

a;= I —P,/m,; P,— BepOATHOCTb HaxXOXJeHHsi aroMa A B i-TOM
cnoe BOKpYr atoma b.

Pacuer aToMHBIX AHaMETPOB MO 3TOMY METOLY He 3aBHCHT OT
KOH(HIypaluu HapyXHOH OOOJIOYKH aTOMOB. ITOT pacyeTr AaeT
paccrosiHHe MeXny OJHXKaHIIHMH COCEIHMMH ONMHAKOBBIMH aToO-
MaMH 74, H Tgp.

ITocae paGorel YoppeHna, ABep6axa u PoGeprca 6blIo H3YyYeHO
HECKOJIbKO CHCTeM TBepabix pactBopos [37, 49, 100]. Dtu uccaeao-
BaHHUsA I[IOKa3aJ{, YTO JHAaMeTPhl aTOMOB B TBEpPLOM pacTBOpe 3a-
BUCAT OT CcOCTaBa. BejnunHa AMaMeTPOB napbl pasHbIX aTOMOB
B TBEPJOM pacTBOPE CTPEMHTCS K BeJHYHMHe JHaMeTpa aTOMOB, CO-
OTBETCTBYIOIIEH pacyeTaM Ha OCHOBE CPeILHEro TmapaMETpa peLIeTKH
(naHHble 1/ CHCTEMBbI 30JI0TO—HHKENb Y¥Ke HIIIOCTPHPOBAJHCD
na puc. 13). MckakeHuHe pelIeTKH, BbIYMCAEHHOE 110 JaHHBIM
PEeHTTeHOCTPYKTYPHONO aHaJsu3a, MoJyyaeTcss MeHblle, YeM IO pac-
yeraM Ha ocHoBe cxXuMaeMmoctd. CoBceM HenaBHo Bopu! paccuuran
PakTHyecKyio BeJHYMHY aTOMHBIX JMaMeTpPOB B TBEPLOM pacTBOpe

! PaGora Bopu mo cyTH nesla OXBaTeBaeT KaK CJ/yyal, pacCMaTpUBaeMblii
Yoppenom, AsepGaxom n PoGeprcom {97], max m ciyual, mpoaHaTH3HpOBAaHHEIH
Xiyan Kyuem [29]; ‘oM. Acta Cryst. 9, 446 (1956).
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Ha OCHOBE HHOTI'O METOJa PeHTreHOBCKHMX HaMepeHHH, [To ero cnocoby
cMellleHHe I[eHTPOB aTOMOB H3 Y3JI0B yCPeJHEHHOH DeIleTKH yYH-
ThIBAaeTCsl aHAJOTHYHO CJyYal AHHAMHYeCKOro CMeLIEeHHs .MoJe-
KyJ mpH TemJoBoM ABMKeHHH. CaMo coboifi pasymeercs, UTO
cTaTHYecKoe CMellleHHe NPH 3TOM He 3aBHCHT OT TeMIepaTyphl.
Bnepsele Takoi aHauaus mposea XyaH Kyup [29]. B cBoem anaause
OH MCXOIMJ M3 TOTO, YTO INpHMeCHble aTOMbl MOXHO YNOXOGHTb
ynpyruM 1LeHTpPaM, OecnopsilOYHO paclpeflieleHHBIM B  pelIeTKe
pacTBopuTeasi. Paccrosine MeXay [AByMsi aTOMaMH MpejroJara-
JIOCh 3aBHCSIIHUM OT PaclpejeseHusi NDHMECHBIX aTOMOB B OKDECT-
HOCTH BEeKTOpa 3TOH pelleTKH, COeJHHSIIOLIEro 1Ba paccMaTpHBae-
MbpiX aroMa. XyaH He NOpPHHHMaJ BO BHHMaHHe HIEHTHYHOCTH
aTOMOB Ha KOHILlaX BEKTOpa pellleTKH. B pesysbrate -ananusa Xyan
npencKasad yMeHblleHHe WHTEHCHBHOCTH GD3ITOBCKHX pedJeKCoB,
KOTOpOe MOXKHO yuecTb Ko3(guuuentom e >0 /¥ npH uJe-
He, XapaKTepH3ylolleM BJHsiHHe [Audy3Horo paccessnusi. Ilpu
yuere MAEHTHYHOCTH aTOMOB Ha KOHIlE BeKTOpa pelIeTKH
Bopu npenckaseiBaer <yMeHblleHHe HHTEHCHBHOCTH OP3rTOBCKHX
pedJekcoB, cylllecTBoBaHHe NH(PODY3HOro paccesiHus, aHAJOTHYHO-
ro TeMIepaTypHOMY IH(P¢Y3HOMY paccessHHIO, ¥ MOAYJSILHIO MO-
HOTOHHOTO paccesitHusi Jlays, aHAJOrHYHYIO MOAYMSLUMH, YYHUTHIBae-
Moi YoppenoM, ABepbaxom u PoGeprcom mocpercTBoM Ko3(dduiu-
eHTa B;. BoiBon Bopu He ToMBKO yuuTBIBaeT 3dbderTH nudPY3HO-
ro paccessHusi mo YoppeHy, ABep6axy u PoGepTcy, HO u cBsi3bIBa-
€T CMellleHHe ATOMOB C HHTEHCHBHOCTbIO OD3TTOBCKHX OTpaXKeHWi
mocpeicTBOM KosdduuueHra B’. Dra BeJHUYHHA CBS3LIBAETCH ¢
pPa3HOCTbI0 O0BEMOB MEXAY KaXXAbIM OTJHEJbHBIM aTOMOM H Cpel-
HHM aTOMHBIM OOBEMOM.

H3MepeHue CTaTHYECKOro CMeLIeHHSI NpeNNoJjaraer pacueTsl,
KOTOphle He 3aBHCAT OT yyeTa Pa3HOll pacceuBaolledl cnocOOHOCTH
aToMOB, KaK 3T0 JeJjaercs B ciayyae c f,. CienoBarenbHo, 3To OT-
KDbIBaeT BO3MOXXHOCTH H3MepeHHs NapaMeTpPOB [Jisi TaKHX Bax-
HBIX TBEpJAbIX PacTBOPOB, KaK :-JaTyHb.

Jo cux nop ocraloTcsi HeOObsCHEHHBIMH TaKHe BONpPOCH, Kak
6oJibLIIOe H3MEHEeHHe aTOMHBIX paauycoB. Ilo-BHAHMOMY, cXKHMae-
MOCTBIO 4TOMOB  MOXXHO  OOBSICHUTb JHIIb  MaJylo 4YacTh
M3MEHEeHHsT aTOMHBIX paJWycoB, 10 KpalHeli Mepe B CH-
cTeMe 30JI0TO — HHKeJb. ITOCKONIbKY C pOCTOM CONepIKaHHs 30JI0-
Ta JAHaMeTpPh aTOMOB OOOHX KOMIIOHEHTOB yBEeJHYHBAIOTCS, MOXKHO
6bls10 OBl AYyMaTb, YTO 3TO SABJSIETCH CJENCTBHEM BaJieHTHOCTH. Pa-
6ora Pynmana u ABep6axa mo CmjiaBaM CHCTeMbl cepeGpo — aJiio-
MHHU} 1OKa3aJja, 4TO B 3TOH CHCTEMe 3aMEeTHOro H3MeHeHHs [Ha-
METpOB aTOMOB NpPH H3MEHEHHH cocTaBa He Habuonaercs. Iloaro-
MYy MaJIOBEPOSITHO, YTOOBl BaJIEHTHOCTbIO MOXKHO OBLIO OOBSICHHUTH
OoJibllIoe M3MeHeHHe JHaMeTpa aTOMCB — CBepX TOTO H3MeHeHHf,
KOTOpOe OOYC/MOBJEHO CXHMaeMOCTbIC aTOMOB.

[TapameTpbl pelIeTKH HEKOTOPHIX MeTaJJIHYEeCKHX CHCTeM H3Me-
HSIIOTCS CTOJIb P€3KO, YTO 3TH H3MEeHEHHS] MOXKHO OOBbSICHHTb JIHIUb
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H3MEHEeHHeM YHMcJa 3JEeKTDOHOB Ha aTOM JJisl CIJIaBOB U NepeKphl-
THeM 30H Bpuanysna. Hanpumep, B MeTasjax ¢ rekcaroHaJbHoi
NJIOTHOYNAKOBAaHHOH pellleTKON HEOJHOKpPaTHO HaGJIONa/NHCh Cay-
4aH pPe3Koro M3MeHEHHs HaKJOHa KPHUBOH 3aBHCHMOCTH NMapaMeTpa
pelleTKH ¢ OT cocraBa. Hamo, olHako, OTMETHTb, YTO B 3TOM CJY-
gae COOTBETCTBYIOLIEr0 PEe3KOr0 H3MeHEeHHsSI Ha KDHBOH 3aBHCHMO-
€TH BEJIMUYMHBI TTapaMeTpa pellleTKH @ OT COCTaBa He Hal/I0RaJOCh.
Peiinop [38] u IOM-Posepu ¢ Peiinopom {39] o6bsicHuau 310 mepe-
kpbiTieM 30H Bpunnysua. MMu Oblio BbICKa3aHO NpeNNOJIOKEHHE,
YTO ONMHCAHHble fBJEHHS HabjwonaloTcs B 00JaCTH TakHX B8Haye-
HHH 3JIeKTPOHHOH KOHLEHTpalliH, NPH KOTOPbIX HauyHHAeTCs mepe-
KPBITHE 3JIEKTPOHOB uepe3 rpaHH BTOpPoH 30HbI BpuanysHa. dTo me-
pPEeKpBbITHE NMPOUCXOAUT Yepe3 MOBEPXHOCTb, NMEPHEHIUKYJSPHYIO OCH
C, UTO BBbI3bIBAaeT CXaTHe 30HH B HanpaBJjeHuu ¢. [TomoOHoe cxKa-
THe O0OpaTHOH pelIeTKH BbI3bIBA€T B CBOIO Ouepelb pacllHpeHue
0 OCH C peasbHOH KPHCTAJNIHYECKOH pellleTKH. DTOT 3PPeKT OT-
MedeH NPHMEHHTENbHO K m-(hase CHCTeMbl MeJb — LIMHK H B ILECTH
cnyyasix 6oraThix MarHueM TBepJblX PAacTBOPOB y Kpas JQHarpam-
Mbl COCTOSIHHS.

B mocsenHee BpeMsi ObLIM NOBTODHO TPOBeNEHb H3MEDEHUS IJIA
Tpex MarHueBhix cucteM [40, 41], pesyabTaTh KOTOPHIX He MOATBEP-
OUIM JaHHBIX TIPEXHUX H3MepeHHH NMapameTpoB pelleTKH. B aByx
caydasix (MarHuii — CBHHeLl M MarHWi — ajllOMHHHA) Ha KPHUBBIX
3aBHCHMOCTH lapaMeTpa OT COCTaBa To4eK meperu6a oOGHapyKeHO
He OBLJIO, a B TpeTbeM ciayuae (ManHui — UHIOUE) 93¢ deKT Obl1 BHI-
paxkeH ropasno cnabee TakXe H IIPH COCTaBax, OTJIHYHBIX OT CO-
CTaBOB, COOTBETCTBYIOIIMX CJyyal0 NePeKPBITHS 30HB DpuanysHa.
C yyeToM 3THX -NOCJeIHHUX 3KCIEDHMEHTAJbHBIX NAaHHBIX YOKep H
Mapeuuno {40] BbicKasanu TpenNOJOKEHHE O TOM, UYTO HHKakKHe
IaHHble O NMapaMeTpPax peLIeTKH 3THX KOHKPETHBIX TBEDJbIX 'pac-
TBOPDOB Ha OCHOBE MarHHsl He MOTYT CJYXHTb JOCTATOYHBIM IOJ-
TBepXKIeHHEM BO3HUKHOBEHHA 3JIEKTPOHHOTO MePEKPHITHS 30HBHI
Bpuanysnal.

Bkaansl sHepruu nedopMauuu B TBepABIX PacTBopax

DHepruio ympyroro HCKaX<eHHsi DeIeTKH TBepAbIX DPacTBOPOB,
BBI3bIBAEMYIO NDHMECHBIMH aTOMaMH, BEJHYHHA KOTOPHIX OTJIHYa-
eTcsi OT BeJMYHHBl aTOMOB DPaCTBOPHTEJS, TOACYHTBIBAJH MHOTHE
aBTopHl {32, 42—45]. Bce oHM pemrann HaHHYIO 3afadyy C MOMOIIbLIO

! [lepBoHayanpHasi OAHO3JIEKTPOHHAS TEOPHs BJHSHHS BJIEKTPOHHOTO MepPeKpH-
THSI 'Ha MCKaxKeHHe pellleTKH Obvia mpensoxeda Hxoncom [H. Jones, Proc. Roy.
Soc. 144 A, 225 (1934); Proc. Roy. Soc. 147 A, 396 (1934)]. B Gosee mo3nHei pa-
6ore I'yrunad {Goodenough, Phys. Rev., 89, 282 (1953)] sta Teopust pac-
TpOCTpAHAeTCs HECKOJIbKO JiaJibliie, OXBAaTHIBAsI CJayyall € BeJHYMHON 9JEKTPOHHOTO
oTHowleHus 3/2. A eme nosaHee Mak-Kayp {Mc Clure, Phys. Rev., 98, 449
(1955)] cpenu oddexTos, BHIHIBAOIMX HCKaXKeHHe TeKCaroHaJbHO# IVIODHOYMAKO-
BAaHHOM peIUeTKH, YYHTHIBAeT ellle 3JeKTpocTaTHueokuii spdexT M  OOMEHHYIO
5HEPTUIO, NMOKa3blBas ‘BaXXHOCTb TaKoMO ydyera B paccMaTpHBaeMofi 3ajgauve.
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METO/J0B KJIaCCHYECKOH TEOPHH YNPYrocTH. B HeKOTOpBIX H3 BBIBO-.
OB MpejamoJsiaraeTcsi, 4YTO pacyeThl Ha OCHOBE TEODUH YIPYNOCTH
BBISIBJSIOT JIMIIb BKJAajJ YOPYTOCTH BO BHYTPEHHIOIO 3HEPTHIO
CIJ1aBa, TOrjJa KaK JpYyrde CYMTAJH{, 4YTO YHpyrass SHepTHs [aeT
BKJal B cBOGONHYI0 3Hepruio. Eciau chnpaBeljuBa BTOpasi TOUYKA
3peHHsi, 4TO MpejcTaBJjsieTrca OoJsiee TMPaBAONOLOOHLIM, TO AuDe-
PEeHLHpOBaHHe, BHYTPEHHEH OHEPTHH IO TeMIepaType MOJKHO Ja-
BaTb 3HTPONHAHBIA BKJAJ.

‘®punenp [32] ucciaenoBan 3anady Kak [ «pa30aBieHHBIX»
pacTBOpOB, TaK M JJis KOHEUHBIX KOHIeHTpaluii. Merojy pacuera
®punens npeanosaraer ompeneseHue paboThl, KaK Obl HeOOXOIH-
MO# JJisi 3aKpelJIeHHsI pacTBOPEHHOrO aToMa .B 3aJaHHOH MO3HLUH
peleTkd. [nsi mosyueHUsl BeJHYHHBI, Xapakrepuayiouleil obGpartu-
MBIj Tpollecc, AoOaBisieTcss 4JeH, BbIpakaloLlWil SHTPONHIO H Ol-
pelensieMblii KaK CBOOONHAs 3HePTHS PaCTBOPEHHUsi, OOYCJIOBJIEH-
Hasi BBeJleHHeM NPUMECHOr0 aToMa HHOrO pa3Mepa B MaTpHLY
pactBopuTens. Bxaax KOHQUIypallHOHHOH SHTPONHH, HCIOJb30-
BaHHBIH B 3TOM pacuere, NpPOH3BOJbHbIE. ONHAKO B CBS3H C TEM,
4TO M3MepeHusl NU(P(PY3HOTO pacCessHHs] PEHTreHOBBIX Jydel MOKa-
3bIBAIOT, YTO TBEPABIX PAacTBOPOB C TIPOU3BOJIbHBEIM pa3MellleHHEM
aToMoB Ju60 HeT BooOule, uGO OHM BCTPEYalOTCs PEeKO, MpPenrno-
JIOKeHHe O GecrnopsiioOYHOM paclpejeseHHH NMPUMECHBIX aTOMOB
HeJb3s CYHTAaTb OGOCHOBAHHBIM. [J1aBHOe NMpeHMYILecTBO ympyroi
MOJe/H BaKMI0YaeTCss B TOM, UTO OHa TEOpPETHYECKHU YIOBJIETBODHU-
TeJbHO OObsicHsieT GOJiblliMe TOJOXHTeJbHble 3HaueHus AHM, fmo-
JIy4eHHBble JUIsi ‘HEKOTOPbIX CHCTeM (30J10TO — HHKeNb, KaaMHH —
uuHK). Tak xak 3aBUCsllee OT TeMIepaTypbl H3MeHEHHe SHeprHu
JehopMaluid COOTBETCTBYeT OOJBIIONH TOJIOXUTENbHOH SHTPOMHH
pacrBopeHHs B cniaBe, Ppunenb nokasas, KaK 3Ty SHTPONHIO MOXK-
HO BBbISIBUTb TYTe€M H3Y4YeHHs TEMNepaTypHOil 3aBHCHMOCTH YIpY-
THX TNOCTOSIHHBIX chjiaBa mo Dpuuesnio:

I(AF)  AF [ oy o,
oT ~ 1+a (x’dT toesor ). (13)

rae o = (@ —rp)/(ra — a);

rp — pPajHyc atoMa pacCTBODHUTEJs;

rn— pajuyC NPHMECHOTO aToMa;

a — TapaMeTp pelIeTKH;

X» %’ — COOTBETCTBEHHO 3HAaYEHHs CXKHMAEMOCTH [Js aTOMOB
PacTBODUTENS] U TIPHMECH.

Or10 CcOOTHOLIEHHe COGJIONAeTCsl B cjayyae CIVIaBOB KaJMHH —
uuHK {50] u 3osm0TO0 — HuKesb [50], B KOTOpBIX AHaMeTPbl aTOMOB
PACTBOPHUTENsT M TPUMECH HAMHOTO pasHATCS APYT OT Apyra.

Hanesice moctiup GoJiee  yIOBJIETBOPHTENbHOLO 3SKCIEPHMEH-
TaAbHOrO OTpeNeJNeHHs BK/Iajga 3Hepruu Aedopmauuu, JlymcueH:
{46] u Baruep {47] mpennosoKuJH, YTO CpaBHEHHE COOTBETCTBYIO-
LIHX 3KCNEePHMEHTAJbHBIX TEPMOJMHAMHYECKHX XapaKTepPHCTHK
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JKUIKHX M TBePAbIX PacTBOPOB IIO3BOJIMT IIOJNYYHThb YIOBJIETBODH-
TeJbHbIH KPUTEPUH BEJHYHHBI 3HEPTHH AedOpMalluH.

Opuanu {52] u3bpan AJs MPOBEPKH 3TOH HAEH CIJIABBI CHCTEMBI
30J10TO — MeJb H 30JI0TO — cepebpo H3-3a NOCTOSHCTBA BEJHUHHBI
UX 3JIEKTPOHHOrO OTHolleHHsi e/A, uToOb MOCPeACTBOM TraJjibBaHO-
MeTPUYECKHX H3MEpEeHHil ONpele]uTb TepMOJLMHAMHYECKHe Xapak-
TEPUCTHKH CHCTEM B TBEPIOM H XKHJKOM COCTOsiHHsiXx. B Taba. 5

" Tabauya 5

SHeprus PacTBOPEHHS AJS TBePAbIX U KHUAKMX pacTBopoB [52]
(AHTB—- 3HTaNbLNUsT 06pa3oBaHUsi TBepAOr0 PAacTBOPa H3 TBEPABIX KOMIOHEHTOB, AH s — SHTANB-
nusi 06pa3oBaHHsl TBEPAOTO PACTBOPA H3 XHAKHX KOMIIOHEHTOB)

" Cnnas AH g AHy

0,4 Cu—0,6 Au —1100*1,—1450%*2,—1250*3 —1500%4

0,4 Ag—0,6 Au 910*4 —1000*4

0,5 Cd —0,5 Mg —1300*5 —2000%¢, —1670*®

0,4 Ni —0,6 Au +-2600*7 1650*8,  1800%3

0,5 Ag —0,5 Cu 2000*8,  2400%*3

0,98 Ag—0,02 Si i 300%*3

0,8 Cu—0,2 Zn —1400%*® —1200%*9

*10Oriani R., Acta Met., 2,608 (1954). *2 Orr R, HultgrenR., Mineral
Research Laboratory Report (Berkeley), June 15,1956. ** Oriani R.,, Murph ,

pe3yabTaThl HeNoCpeACTBEeHHOH KaJIOpHMeTpHH (1 IledaTH). ** Oriani R.
4,15 (1956). *® Trumbore F., J. Amer. Chem. Soc, 76,6417 (1954). *¢ Kawakam
Sci. Rep. Res. Inst, Tohoku Univ. 19,521 (1930). *? Seigle L., Cohe
Averbach B., J. Metals, 4,1320 (1952). *# Edwards R.,, Downing
Phys. Chem., 60,108 (1956). *® HeKoTOphie repMOJHHAMHUEeCKHe CBOMCTBA METa/IJIOB M CIJa
BOB. — McciaefioBaTeNibcKast JaGopatopusi MHHepaJsioB npu KanudopHHiCKOM yHHBepcHTeTe.
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COMOCTABJSAIOTCA 3HAUeHUS 3HTaJbNUM 00pa30BaHHsI TBEPABIX H
JXXKUJIKUX pacTtBopoB, HaiineHHble OpHaHH M IPYTHMH HcCJenoBaTe-
asMu. Tak Kak OObIYHO TIpeANoOJaraeTcs, 4ro Heprus Aedopma-
UMM TIpH NJaBJEHHH Hcye3aeT (MO0 aTOMBI CBSi3aHbHl B XKHIKOCTH
MeHee K€CTKO, YeM B TBepPLOM TeJe), SHTaJbNHu 06pa3oBaHus
TBEpPIOr0 M MHIKOrO PacTBOPOB NOJKHBI 3HAUHTENbHO Pa3jHYaTh-
ca mexny coboit. Onnako, kak ormeuaer OpuaHu, 3TO mpemmoJo-
XeHUue He MOATBepxkKaaercs, 6aaronaps yemy Obl1O Gbl HENpaBHJb-
HO OOJIbIIYI0O 3HEPTHIO «HECOOTBETCTBHSI» OODBSCHATb yMpPYroii ne-
¢popmaunein pewerkd. Pynman [49] He3aBHCHMMO MOATBEPAMJ 3TOT
BBLIBOJ Ha OCHOBe CpaBHEHHs KO3(hGulUHeHTa «aTOMHOro pasmepa»
f1, BBIYHC/IEHHOTO 1O TEODHH YNPYTOCTH, C €r0 JKCIEPHMeHTaJbHOI
BEJIMYHHOM, ONpEeNeJeHHOH Mo AH(P(Y3HOMY paCCESIHHIO DPEHTTeHO-
BhIX ayuedt [37] (cMm. puc. 14). Okasajioch, YTO TeOpeTHYeCKHe 3Ha-
YeHHsi ObUIM TOPa3fo MeHbille SKCIEPHMEHTAJbHO ONpejeNeHHbIX
pasmepoB aToMoB B TBepaoM pacrtBope. OTciofa caenyer, 4To aeii-
CTBHTEJIbHblE 3HAYEHHs] SHEPTHH «HECOOTBETCTBHSI» B  peasibHbIX
TBEPABIX pacTBOpax ropasfo HHXKe pacueTHbIX 3HAYeHUi, MOJY-
YEHHBIX Ha OCHOBe YNPYToil MOMeJH.
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OcHOBHble 3aTpyJHEHHs NpH BLIYHCJEHHSIX 3HEpPrHH Aedopma-
I{H, TI0-BHIHMOMY, BO3HHKAIOT NPH IONBITKAX TIOABECTH MOJ HO-
HATUe O BeJUYHHE aToOMa KOJHYEeCTBEHHYIO OCHOBY.

Bparr [51] u Opuanu [52] oTMeualoT Takke H TO, YTO ECJAW
MPUMECHBI aTOM IO CBO€H BeJHYHHe MeHblIe aTOMOB PaCTBOpHUTe-
Jisl, TO HEPrdsi OPTAJKHBAHHS HOHOB JOJXKHA YMEHbIIUTbCS, NPH-
YeM TaKoe YMeHblIeHHe, BEpPOSITHO, MpeBBILIAeT TOJOXKHTENbHbIi
BKJaJd 3Hepruu Jedopmauuu, OOYCIOBJEHHBIH peNakcalluell Ham-
psI)KeHH# B pellleTKe BOKPYT mpuMecHoro atoma. @pupens [53], uc-
X051 U3 mpeactaBjenuil ['pioHaii3ena, mokasaJs, YTO SHeprusi B Ta-
KOM cJjydae BCe ellle JOJI)KHA OCTaBaTbCsl TMOJIOXKHTedabHOH. Kpome
toro, HoBuk {54] oTmeuaer, 4To HEOGXOAMMO YUHTBHIBATH H NOBEPX-
HOCTHBIE BKJaJbl, KOTOPble ONATb-TAKH CIOCOOCTBYIOT TOMY, YTOOBI
SHEpPTUs OCTaBaJach MOJIOXKHTeNbHOH BeJquYuHOH. B  Hacrosulee
BpeMsi, MO-BUIHUMOMY, HET CKOJBbKO-HUOYIb YILOBJIETBOPUTENbHONR
yIpyroi MoJe/H, MO3BOJSIOUIell yUecTb pa3MepHblil GaKTop B TBep-
JIBIX pacTBopax H OOBSCHUTb CPAaBHHTEJbHO OOJIbIIHE IOJIOXKHTEJb-
Hble 8HaueHus AHM, HaGmaionaeMble B psiie CIJIaBOB C GOJbILOKE
pasHHulled aTOMHBIX AMaMeTPOB.



4. CTPYKTYPA TBEPAbIX PACTBOPOB

TIpu paccmorpenuu Bompoca 06 06pa3oBaHMHM TBEPABIX PaCTBO-
POB C TOYKH 3PEHHS HX 3JIEKTPOHHOTO CTPOEHHSI H BEJMYHHBLI aTo-
MOB OBblJIO MOKa3aHO, YTO HaJIHYHe TPHUMECHBIX aTOMOB B MaTpHIE
BeJleT K BO3HHKHOBEHHIO B KDHCTaJljle ONPELEJEHHBIX 3JEKTPOHHBIX
M CTPYKTYpPHBIX HeperyJaspHocrell. HeynopsimouenHoe pacmpenede-
HUe 3JIeKTPOHOB BO3HHKAaeT M3-3a HapylleHUs HCTHHHOH TepHoLHd-
HOCTH pachpelesieHHsl 3JeKTPOHHOrO 3apsjia IO KPHCTaJIy NpPH Ha-
JUYHH B HeM npHUMecHbIX aTtoMoB. CTpPyKTypHasi HeymopsigoyeH-
HOCTb BO3HHKAaeT H3-3a Pa3HO# BEJUUYUHBl aTOMOB IIPUMECH M pacT-
BOpHTeJs, deM nopoxnaiorcsi 3Pdekrnt XyaH-Kynsa. B mocaennem
ciyyae aTOMBI yXKe 'He OCTAIOTCSl B CPelHEM B y3jax pelleTkd (cM.
puc. 12). BBeneHHe 3THX «TOUYEUHBIX» Ne(EKTOB BBI3HIBAET YNPYTrHE
uckaxenuss. OgHako B TBepALIX PacTBOpax MOTYT CYLIeCTBOBAaTh
N06aBOUHble HEPEeryJsipHOCTH CTPYKTYpPHl pelleTKH, 00YCJOBJIeHHbIE
fIpPUCYTCTBHEM <«HECOBEPIUEHCTB» APYTHX THIIOB ¥ HMHBIMH CBOMCTBa-
MH. /st MOMIHOTO OmHCaHHSI CTPYKTYPbl M CBOHCTB TBEpHBIX pac-
TBOPOB HeOGXOQHMO H3YUYHThb 3TH HecoBeplueHcTBa {55].

Hannune B KpucTa/jje TaKHX HECOBEPLIEHCTB, KaK BaKaHCHH,
MeXy3eJbHble aTOMbl M [IUCJIOKALHH, NOJXKHO H3MEHATb BHYTPEH-
HUe MarHUTHBIE ¥ 3JIEKTPHYECKHE M0JIs, KOTOpDhle BO3IEeHCTBYIOT Ha
BaJIEHTHbIE 3JIEKTPOHBl. MHAUBUIYa/bHBIE Ne(eKThl CIOCOGHBI TaK-
JKe B3aHMMONEACTBOBaThH APYr C JPYrOM HJH C NPHMECHBIMH aTo-
MaMH, o6pasys Gosee cioxHble fedektsl. Hampumep, MO3aHuHyIO
CTPYKTYPY KpHCTasya! MOXKHO OXapaKTepH30BaTb KaK cHeuudu-
YeCKYyl0 KOH(UI'Ypalui0 B3aMMOLEHCTBYIOIIMX NHCJIOKALHUi; BaKaH-
CHH MOTYT B3aHMOJEHCTBOBaTb APYr ¢ ApPYroMm, o6pa3yst ABOHHBIE
BaKaHCHH WJH JaXke MOPbl; B pe3y/jbTaTe B3aHMMOAEHCTBHS BaKaH-
CHH C MPUMECHBIMH aTOMaMH BO3MOXHO YyCKopeHHe AP Y3uH NpHU-
MecH; BaKaHCHH M IPHMECHble aTOMbI TaKXke CIOCOGHBI B3aHMOJel-
CTBOBAaTh C JAMCJOKAUUSIMH, Gjarofaps yeMy H3MeHSIOTCS MeXaHH-
yeckHe CBOHcTBa cmuaBoB. Huxe paccmatpuBaercss oOpas3oBaHHe
HauboJiee TUMHYHBIX Ae(pEKTOB M HX BJIHSIHHE Ha CBOHCTBA TBEPIBIX
pPacTBOPOB C TOYKH 3DEHHS] HX 3JIEKTPOHHOH CTPYKTYpPHI.

! MosanyHas CTDYKTypa XapakTepH3yeTcsi Ha/JHuMeM B XOpOoLIeM MOHOKpH-
cTaJjJie MHOXKECTBA -CJIerka pa3opHeHTHPOBAHHEIX KPOIIEYHBIX 6/IOKOB H MOXMeT pac-
OMaTPHBATbCS SKBHUBAJIGHTHOH HAJ/MUMI0O B KPHUCTa/Je MHOXeCTBa DaBHOMEPHO
pacmpelesieHHbIX aucaokauui.— I[Tpum. ped.
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O6pa3oBanne aedexTOB B pellleTKe H HX B3aHMOAEHCTBHE

PaccMoTpeHHe TeopHH 00pa30BaHHMs TBEPABIX PacTBOPOB HeJb3f
CUHTaTh TIONHBIM 6e3 OOCyXKIeHHs TaKHX HECOBEpDLIEHCTB, KaK Ba-
KaHCHH, MeXYy3eJbHble aTOMbl H JHCJIOKaluH. JleTalbHOE paccMOT-
peHHe 3THX Je(eKTOB He BXOAHT B 3aJauu HacTosulero ob3opa.
OnHako Ha psiie OCOOEHHOCTEH 3THX 'HECOBePLIGHCTB He0OXOJHMO
ocTaHOBUTbcH. Peup uger o6 o6pa3oBaHHH NedeKTOB, O TOM, KakK
nedeKkThl BJHMSIOT Ha paclpelesneHde TPHMeCHBIX aTOMOB M Ha
CTPYKTYpPHO-UYBCTBUTENbHbIE CBOHCTBA, KpOMe MeXaHHYeCKHX.
IeranbHoe o6GCyXIeHHe MeXaHHMYeCKHX CBOHCTB TBepPIbIX pacTBO-
POB H MX CTPYKTYDPHOH UYYBCTBHTEJBHOCTH YHTaTe]b HalijJeT B pa-
6orax Korrpensna u Ilapkepa B o60pHUKe TPYAOB AMepHKaHCKOTO
obuiecTBa no H3yuyeHHo MeraanoB (ASM), mocBsiLleHHOM B3aUMO-
CBsi3M MexX1y cBoiictBaMH H MHKpocTpyKTypoit (The Relation of
Properties to Microstructure).

[To cyru nelia, mpoGiema 06pasoBaHusi AepEeKTOB B pelIeTKe
CBOJIUTCS K pacueTy SHePTMH PacTBOPEHHsI NPUMECHOrO aToMa B
pewerke pactBoputensi. [eilictBurenbHo, [lekcTep paccMaTpuBan
BaKaHCHH B pELIeTKe YHCTOIO MeTajjla KakK IpDHMeCHble aTOMBI HY-
neBOi BajieHTHOCTH. Pacuer snepruu oOpa3oBaHHs BaKaHCHH B
TBEepPIOM pPacTBOpPe KOHEUHOH KOHIEHTPALUH SIBJISIETCS BECbMa CJIOXK-
HOH 3ajauveli, pelwlaTb KOTOPYIO OO CHX INOD Jda)e He MbITaJHCh.
OmHako ¢ MOCTAaTOYHOM CTENEHbI0 TNPUONHKEHHS 3Ty IHEPTHIO
MOXHO paccuuTaTh [Js pa36aBJeHHBIX TBEpPIbIX PaCTBOPOB HCXO-
ISl U3 MOJIeJIH «XKECTKOi TOJIOCh», Kak 3To caenan dymu [56] npu-
MEeHHTeJbHO K 00pa30BaHMI0 BaKaHCHH B 6J1arOpPONHBIX MeTaJJax.
®dymu, kak 1 Opunenb, NPUNUCHIBAET 3TOH «IPHUMeCH» (BaKaHCHSIM)
3Hauenne Z = —1.

dueprus o6pas3oBaHus BakKaHCHH Qf B OCHOBHOM SIBJISIETCS 3JIEK-
TPOHHOH 3Hepruel W MoxeT OBITb TaKWUM O6pa3oM BHIUHC/JEHA.
I omHOBAJIEHTHHIX METAJIJIOB H3MEHEHHE 3JHEPTHH 3JIEKTPOHHOIO
raza B cpepudeckom oObeMe paBHO 3SHEPTHH, HEOOGXONMMOH mUIs
yIoaJleHds1 TIOJIOKUTENbHO 3apsXKEHHOTO HOHAa BMECTE C ero 3JieK-
TPOHOM H3 LeHTpa cdeprl Ha NOBepPXHOCTb MeraJgna. CBobGomHble
BaJIEHTHbIE 3JIEKTPOHBl JOJDKHBI HMeThb TOrla COGCTBEHHBIE BOJHO-
Bble ‘(DYHKLHH, BHAOHU3MEHSIOIIUECs B OKPECTHOCTH BaKaHCHH.
[Totenuuan Bo3myuleHHs1 Vposy PyMU BHIUHMCASAA TaKUM Ke CIO-
cob6oM, kakuM Ppuaenp monb3oBauCs IJs1 ONpeleseHHust HaKoIJe-
HHsl 3apsfia y BakaHcuu. Oxasasoch, YTO M3MEHEHHe SJIEKTPOHHOM
SHEeprHu

Ea = 2/3EMa}<c-

Onnako 3mech HeOOXOAMMO BBECTH IBe MONPaBKH: a) Ha 3IHEPTHIO,
CBSI3aHHYI0O C  HM3MEHeHHeM IJIOTHOCTH  3JIEKTPOHHOrO  rasa
(= 2Ewmaxc/5); 6) Ha 3HepPrui0, CBS3aHHYIO ¢ OTTAJKHBAIOLIUM
B3aHMOJeHCTBHeM HOHHBIX simep BOJau3M BakKaHcuu (= 0,3 38).
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BhluuTas 3TH NMONpaBKH M3 BhipaXeHus aas E, dymu nmoayuuir
clenyoliie AaHHBIE, 98:

Merainn */s Emaxc */s Emaxc Qf
Memp ... ... 2,84 4,73 1,60
Cepebpo . . . . . 2,20 3,67 1,17
3omoTo . . . . . ., 2,20 3,68 1,18

Tak kak nas pas6GaBiieHHBIX PacTBOPOB OEyaxc = 0, BennunHa Qy
Il HUX LOJDKHA OBITh TMPHOJIHU3UTENbHO TaKOH XKe, KaK M JJs UH-
CTBIX METaJlJIOB.

Jasi MeXy3enbHBIX aTOMOB 3Heprusi Qy HOJ/KHA CKJIANbIBaTh-
Csl W3 3HEPTHH YNPYTOro HCKaXKeHHsT U H3 3JEKTPOHHOH SHEpTHH.
IlonbiToK OmMpeneNuTh 3HEPrHi0 OOpPa30BAHUS MeXKY3eJbHBIX AaTo-
MOB B TBEPIOM pacTBOpe, HaCKOJbKO HaM H3BECTHO, O HacToslle-
ro BpeMeHH He INpeANnpHHHMaJsoch, XxoTsd Dpykc [57] u npyrue
HccaenoBareny [58] mosyunsu yaOBIETBOPUTENbHYIO OLEHOUHYIO Xa-
DPAKTePUCTUKY BEJMYHHBI Qf IJIsl YHCTHIX OJHOBAJEHTHBIX MeTaJlIoB.
Hns cnyuas pas6aBieHHBIX PacCTBOPOB ONSTb-TAKH CJENYeT OXH-
IaTb TNPHONH3UTENbHO TaKue Ke 3HaueHUs1 Qy, KaK U s YHCTHIX
pacrBopuTeneil. I'pybasi oueHka naer 1Js o6pa3oBaHUsT MeXY3elb-
Horo aromMa B 0/1arOpOJAHBIX MeTaJjJlax 3HEPrHI0 OKOJo 5 38, 4TO
MOXHO DacCMaTpHUBAaTh KaK yIOBJETBODUTENbHOE MPUOJHKEHHEe U
IJsi pa30aBJIeHHbIX PAaCTBOPOB Ha OCHOBE .3THX METaJIIOB.

Oueprust 06pa3oBaHusl OUCJIOKALMH TMOUTH LEJHKOM SIBJASIETCS
yrnpyro# sneprueil. OnHaKO 3JeKTPOHHAsl CTPYKTypa TBEPAOTO pac-
TBOpPa CYLLECTBEHHO BJIHSET HAa JHEPTHIO Uepe3 yIpyrue MOCTOSIHHbIE
U MEepPUOMbl pelleTKH, a TakKxke yepe3 GpopMy AucaoKauuit. Beiuncie-
HMe BeJUHYMHB ynpyro# sHepruu mnpoBenesHo Korrtpessom B T. 1
HaCTosILell cepHH, a pacyeT yNPYTHX TOCTOSIHHBIX Jaercs MoTToM B
T. 3. [TosaTomMy Ha 3THX ABYX mpobGjeMax Mbl 31eCh He OCTaHaBUIHBaA-
eMCsl, OrPaHHUYUBIINCH JHIIb BONPOCOM 00 H3MEHEHHH (OpMBI JHC-
JIOKaLlWi, KaK ero nepBOHAYaJbHO TPaKTOBas 3erep.

BecbMa HHTEpecHOH GCOOEHHOCTBIO NHUCJIOKAalMH B IJIOTHOYymA-
KOBaHHBIX pelleTKax sIBJSieTCS BO3MOXHOCTb HX pacllernyieHdsi Ha
JBe TIOJYIHCJIOKAIUH TPOTHBONONOKHBIX 3HaKOB, MEXKAY KOTOPBIMU
pacmoJsioxkeHa o6JacTb AedekTa ynakoBkH. JledekT ymakoBKH siB-
JISIeTCSl HapyLIeHHeM MOpPsiiKa YK/IaAKH aTOMHBIX IJIOCKOCTEH B HIe-
aJIbHOM IJIOTHOYNaKOBAHHOK pelleTKe, MPU KOTOPOM YHCJIO OJIHXK-
HHUX COCEIHHMX aTOMOB U PacCTOSIHHE IO HHUX COXPAHSIOTCA HEH3MeH-
HeIMH (puc. 16). PacueTsl Hepruu HeceKTOB YNaKOBKH Ha OCHOBe
3JIeKTPOHHO# Teopuu He mpoBoguauch. OnHako 3erep [59] man ka-
4eCTBEHHBIHl aHaJ/U3 BONpPOCa O BJHSHHH Ae(deKTOB yNaKOBKH Ha
3JIEKTPOHHYIO CTPYKTYPY TBepAOro pactsopa. Pe3y/abTaTbl 3THX BhI-
KJaJ0K XOpOLIO COIJacyloTcsl ¢ 3KCIePHMEHTAJbHbIMH AaHHBIMH.

3erep oTMeuaeT, UTO FNEKTPOHBI B 3alOJHEHHBIX 060J0YKaxX
JNOJIXKHBI IPUBOLUTh K YCHJIEHHIO B3aHMMOJEHCTBHS MEXLY COCeIHH-
MH HOHaMH (MepeKphITHE M B3aMMOJeHCTBHe BaHIepBaaJtbca). Tak
KaK M YHCJIO OJMKaHUIIMX COCEIHHX aTOMOB H DaCCTOSIHHSI MeXLY
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HHMH B 30He JedeKTa YNaKOBKH COXDaHSIOTCS TAKHMH Xe, KakK H B
COBEpLIEHHOM KpHCTaJJe, 3JeKTPDOHBl sApa JOJIXKHB H3MEHAThb
3HEpTHI0 B 06JacTi nedeKkTa ynakoBKH ouyeHb Majo. C Apyroi cro-
POHBI, pacrnpeneseHHe 3JEeKTPOHOB MPOBOAHMOCTH MOJDKHO HCKa-
XKAaThCsi HePery/spPHOCTbI0 pa3MeLleHHsl OTPaXKaloIlHX INIOCKOCTe
304 BpusaysHa u COOTBETCTBYIOIUHM H3MeHeHHeM (QOpMbI IOBEpX-
HoctH Pepmu no Mepe ee NPUOJHXEHHS K 30HAJbHBIM TPaHHIAM.
HanpaBieHne usMeHeHHs, IPUBHOCUMOro Ae(eKTOM YIaKOBKH, MpPH-
BOAMT K OOlLIeMy BO3pacCTaHUIO BeJMYHHB 3HEpPruH, HOO HHaue
KpPHCTaJ/IMYecKasi pellieTKa CTaHeT HeycToiuuBO#. B Takux onaHo-
BaJIeHTHBIX MeTaJsJjax, KaK Melb, cepebpo H 30J10TO, 3aNOJHEeHHbIe
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Puc. 16. IledexTsl ynakKoBKH 'B N'paHELleHTPHPOBAaHHON KyOuueckoil pemerke [85]:

a — naockocty (110) 6e3 medeKTa ymakKoBKH; 6 — miockoctd (110) mpuH HaJHYMH TaKoro
nederra, ABC — mnopAROK YKJIaAKH nJockocte#t (111)

3JIEKTPOHAMH NPOBOJMMOCTH COCTOSIHHS INPEANOJIOXKHTENbHO  He
KaCaloTcsl TpaHUl 30H BpuanysHa, Tak 4TO TPYILHO MPEANOJONKHTD,
9TOOBl MX SHEPTUsi MOIJa 3aBHCETb OT IOJIOXKEHHS! 30HAJbHBIX rpa-
Hull. BMecTe ¢ TeM pacnpenesneHue 3JeKTpoHOB no PepMu B TakHx
MHOTOBaJIEHTHbIX MeTaJjlaxX, KaK ajJiOMHHHIH, MarHuf, UUHK W KaJ-
‘MUil, DOJIXKHO NPHUBOAHUTHL K CONPHKOCHOBEHHIO U TIEPEKPHITHIO C
TPaHHULAMH TIepBOH 30HB Dpuianysna, Gaaromapst ueMy BO3HHKaeT
BO3MOXKHOCTh CHJIBHOIO BO3pacTaHHsI 3HEPTHM IPH HAJHUYUM JIe-
peKTOB YyNaKoBKH. B cBeTe H3JI0OXKEHHBIX COOOpa*KeHUli, HHU3KHE
3HaueHHs] Hepru HedeKTOB YNMAKOBKH MOJKHBI OBITb MPHUCYLIH
TaKMM MeTaJjjaM, Kak Melb, cepe6po M 30JI0TO, 4 TaKXKe IJIOTHO-
YIaKOBaHHBIM MOIH(UKALMAM ILIeNOYHBIX MeTannoB (HampuMep,
JHTHIO C TeKCaroHaJ/JIbHOM IJIOTHOYNMAaKOBAHHOH pelieTKoil). Boub-
LIOH 3Hepruei Ne(eKThl YNaKOBKH AOJKHB 00s1afaTh B aJIOMHHHH,
MarHuM, UMHKe W KaAMHH.

OueHouHoe oOmpefesieHHe BENUYHHbl IHEPTHH Oe(eKTOB yMaKOB-
KM [Jig TepexOfHbIX MeTasJoB — OoJsiee CJOXHas 3amaya. ITO
06YCJ0BIEHO TeM, UTO BaHAepBaalibCOBHI M TOMEONOJIsIpHbIE CHJIBI,
€O3/laBaeMble B3aMMOJEHCTBHEM MeXAy d-3JEeKTPOHaMU IMepBBIX H
BTOPbIX OJMXKaHMIMX COCEIHUX aTOMOB, CIOCOOHBI JOCTHTaTh 3a-
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MeTHol BeguuyuHbl. CHCTEMaTHUeCKHMH HCCIelOBaHHSIMU 3erepa:
MoKa3aHo, 4TO MJisi KeJje3a, KobGajbra, HHKeNs, PYTeHUs, DOILHS,
najjandsi, OCMHsl, HDHAUS W NJIATHHLI 3HepreTHuecku OJaronpHsT-
HbIMH CTPYKTYypaMu HYXKHO CUHTaTb TpaHEleHTPUPOBAHHYIO KyOu-
YeCKYI0 H IJIQTHOYNAKOBAaHHYI0 TeKcaroHanipHyio pelletkd. Ilon
«3HepreTHYecKoll 6/1aronpUsTHOCTbIO» MIOHHMAETCsl TO, YTO KOIe3HB-
Hast SHeprusi CTaOHJIBHOH CTPYKTYpPHl OTJIHYaeTCs OT KOTE3MBHOIL
SHEPTHM MeTacTaOuJIbHOH CTPYKTYypnl He O6ojee uyem Ha 0,3%.
Ecau yyecTb Hajnuuue Kak d-, TaK U S-3JeKTPOHOB, TO MOXHO MOKa-
3aTh, YTO 3Hepreruyeckasi 06JaroNpUSTHOCTb CTPYKTYpPbl OHpenessi-
eTcsl BeJIMUHHON OTHOIIeHHs Yudia d-3JeKTPOHOB K YMCJAY aTOMOB.
DHepreTuueckd OJarONPHSATHBIMH CTPYKTYpaMH IJs1 BaHalusi, HHO-
6usi, TaHTala, Xpoma, MOJHOAEHa U BOJb(dpama SBJSETCS TOJBKO
rexcaroHaJibHasi IJIOTHOYNAaKOBaHHAasl, HO OTHIOAb He TpaHeLeHTpH-
poBaHHasl Kybuueckasi pelleTka. 1'0 Xe caMoe paclpocTpaHsieTcsl H
Ha THTaH, UMPKOHUHA M ra¢Huii. Ecau 6b 06e NMJIOTHOYMaKOBaHHBIE
pelleTKH OblIM 3HepreTiyecku OJIATONPUSTHBIMH, TO MOXKHO GblJIO
Obl 0XHAATH, YTO SHeprusl AedeKTOB YNAKOBKH HOJKHA Oblia Gbl
OBITh MaJIOi; €CJH Ke dHepreTuyecku OJIATONPHUSATHA TOJbKO OXHA
U3 HUX, dHeprus AedeKTOB YNMAKOBKH JOJKHA OHThH GoJblioil. H3-
BECTHBIE MpPHMEpHl TOMUMOP(PU3Ma NePeXOIHBIX METaJJoB U [eHCT-
BUTeJbHAs] BeJIMYHMHA 3HEPrHH Ae(eKTOB YNAaKOBKH AJS HHX IOI-
TBEPKAAIOT 3TH BhIBoAbl. Kak mokazan DBappert, ko6anbT oGaamaer
HU3KOH 3Heprued Me(eKTOB ynakoBKH. JlerkocTb o0oOpasoBaHus
JIBOHHHKOB OTXHIa B HHKelle TOXKe CBHIETENbCTBYET O TOM, UTO
eMy CBOMCTBEHHa MaJjas BeJHYHHA 3SHEPTHH JIe(PeKTOB YMaKOBKH.

Jpyroii momxom K 3Hepruu Ne(eKTOB YMNaKOBKM OCHOBAaH Ha
yuyeTe CHJ B3aHMOAEHCTBHS BTOPHIX OJHXAHIIMX COCEXHHX aTOMOB
(MOCKOJIBKY. B NJIOTHOYNMAKOBAaHHBIX CTPYKTYpax HedeKThl ynmaKOBKR
Ha B3aMMOJAEHCTBUU NMepPBhIX OJMKAHIIMX COCELHUX ATOMOB He OT-
paxamworTcsa). Mcxons u3 3Toi Momenu, MoJie3HO NPEeLCTaBUTb cebe
BJAUsSHUE He(deKTa yNaKOBKH B TaKOH TMJOTHOYNAaKOBAHHOH CTPYKTY-
pe, KaK TOHKHH JBONHMK, OTDAHMYEHHBI JBYMSI KOTE€PEHTHBIMH
NBOMHMKOBBIMH rpanunamu [108]. Dueprus nedexkra ymakoBKH B
3TOM cJlyyae JOJXKHA ObITb paBHA YIBOEHHOH 3HEPTHH NBOMHHKO-
Boii rpaHuupl. CpaBHeHHe NaHHBIX AJS MeIM M aJIIOMHHHSI IOKa-
3bIBaeT, YTo Ha 06pas3oBaHue He(DEKTOB YNAKOBKM B alllOMHHHH
Tpebyercss B b pa3 GoJibllle 3HEPTHH, YeM B MedH; GJjarogaps 3TOMY
o6pa3oBaHHe neQeKTOB YMAKOBKU B Menu OoJiee BEpOSITHO, YeM B
anoMuHud, B mocnenHee BpeMsi GbIIM TIPOBEdEHBl HEMOCPELCTBEH-
Hble HaOJ/oJeHusl 3a HaJu4yueM U (HopMoN AHCJIOKAaUMH B Meraqnax
M TBepAbIX pacTBopax. YuJjeny, I'mpmy, Xopuy u Boaameny mero-
JIOM TPAHCMHCCHOHHOM 3JIEKTPOHHOH MHKDOCKONHH YAaJOCh Ha-
6J101aTh QMCJIOKAUMH B aJIOMHHHH H B HepXaBelollled XpPOMOHHKe-
JIeBO# cTaJy, npeaBapuTenbHo fedopmupoBaHHoi Ha 10%. B oGoux
caydasix MaTepuan objagan TpaHeLeHTPHPOBAHHON  KyOHUecKoi
pelweTkoi, Ho (opMa AMCIOKALUHE B HHX OKa3ajachb COBEpIIEHHO
pa3nnyHoil. B a/IOMMHMM IHOTOKAaUHM OBIIM HepacTSAHYTble, B TO
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BpeMsi KaK B HepXXaBelolleil CTaJH HeNOCPEeJCTBEHHO HaGJII0NaHCE
pacTAHYThle AHCAOKAalluM, BKJOYaBLIKHEe YYacTKH C AedeKTaMH yna-
KOBKH. MIMeHHO Takoil pe3ysnbTar M C/lef0Bajio OXHIAaTh Ha OCHO-
Be BBIYMCJIEHHS SHEPTHH JAe(eKToB YNAaKOBKH mo 3erepy.

Hnen, BoiaBUHYTHIE 3erepoM, MO-BUAHMOMY, MOATBEPXKIAIOTCSE
NPHMEHHTEJbHO K TBEPABIM pAacTBOpaM H TaKMMH XOpOIIO H3BeCT-
HBIMH 3KCII€PHMEHTAJbHBIMH HaGJIIOLEHHSIMU, COIVIaCHO KOTOPBIM:
OBOMHHKHM OTXHra B 60OraThiXx LHHKOM aJnbda-naTyHsiXx Hab.aiona-
IOTCAl Yalle, 4yeM B yucTod Menu. [lasee, runore3a 3erepa HaxoouT
TaKXXe NOATBEpPXJAEHHEe H B HCCIEJOBAHHSX NPH3HAKOB [e(heKTOB
YMaKoOBKH B o06paslax Meiu U ee TBEPAHIX ajbfa-pacTBOPOB, MOJI-
BEePTHYTBHIX CHJbHOMY Hakaeny. Haubosnee obcrosiTenbHble Hcce-
IOoBaHUsA MORO6HOro poxa Oblix mpoBeneHst CMOJIMEHOM M Y3CT-
makoTrToM [60], Bapperom [61] 1 YoppeHoM c coTpynHukamu [62].
B nocsenneit pabore moka3aHo, YTO 4aCTOTa BO3HHKHOBEHHS HedeK-
TOB YNMaKOBKH CTAaHOBUTCS GoJibllle C MOBLILIEHHEM CONEpXKAaHUS B
anbda-n1aTyHd LHHKA. bapper Habmonan nono6HYO Xe KapTHHY B-
MeJIHOKPEMHHEBBIX CIJIaBaxX. TH Pe3yJ/bTaThl COIVIACyIOTCS H C JaH-
HbIMH pa6orel Bappera m Maccanbckoro, H3y4yaBIIMX MeIHOLHHKO-
Bble CIJIaBBl HEMOCPENCTBEHHO 3a rpaHulell anabda-cdasel. DT HaH-
Hble MpOIILE BCEro MOARAITCS OOBSICHEHHIO BO3paCTaHHEM IIHPUHBL
noJioc neeKTOB YNAKOBKH B PACTSHYTHIX OUCJIOKALMAX H, CJIeN0Ba-
TeJIbHO, YMeHbuleHuem 3Hepruu NedeKTOB YMaKOBKH C POCTOM CO-
JIEpXKaHUS PUMECHBIX aTOMOB. Takoil pe3yJbTaT SBJSIETCSI COBep-
IIeHHO HEOXHAAHHBIM, €CJIM MCXOAUTb M3 naHHON Ppunmenem mone-
JIH CTPYKTYpbl 3HepPreTHYecKHX MOJIOC AJS 3THX CIVIaBOB. Tak Kak
B Mozenu Opuiens Mbl mpeamosarajH, 4To noBepxHoctb Pepmu B
YHCTOH MeNH He Kacaercs 30HAJBHBIX TPaHHUL, CJeLyeT OXHIATh,.
YTO C POCTOM COJepXKaHHsI MPHUMECH B CIJIaBax noBepxHocTh Pepmu
IOJIXKHa MpHOGAMXKATbCA K TaKuM rpaHuuaM. Ho 310 o3Hauaer, uto:
C MOBBILIEHHEM KOHLUEHTPALUUH MPUMECHBIX aTOMOB CJIeLyeT 0XKHIaTh-
803pacranus 3Hepruu neeKToB YyNaKOBKH, B TO BpeMsl KaK Habio-
naeTcs ymexobulenue 3TOM 3Hepruu, Bompoc mopjnaeTcss 4acTHYHOMY
paspeLIeHHIo JJs1 ciydyasi pa3baB/eHHbBIX PACTBOPOB, €CJIH HCXOIHUTH-
u3 ocyuectaesHoro Kosnowm {63] passutus uneir I[Iunnmapma {65]
OTHOCHTENbHO moBepxHocTH Pepmu B Menu. ITo cymecTBy oH npen-
flosaraer, 4Yto (B cBeTe AaHHbIX [lunmapna) nmoBepxHocTh Pepmu B
YHCTOM MEIH KacaeTcsi 30HaJbHBIX TPAHHUIl M UTO CTPYKTypa MoJocC ¢
pPOCTOM COJEpKaHHS MPHMECHBIX aTOMOB Bce 6oJibllle HapylIaercs.
OH nmnpexmoJsiaraeT HaJHYHe ABYX CJeAYIOLMX INPOTHBOJEHCTBYIO-
KX 3Q¢PEKTOB NMPHU JEerHPOBAaHUH: @) H3MEHEHHS 3HepruH B LEHT-
pax rpaHeit 3oH bpuanysna; 6) 3anmo/iHeHHS IOJOC C POCTOM BeJH-
ynHbl oTHOWweHHUs1 e/A. [lepBoe 06CTOSATEALCTBO MNPHUBOAMT K OTTaJl-
kuBaHuio noBepxHoctw Pepmu ot rpaneit 3o DBpuaayssa, roraa
KaK BTOPO€ OGCTOSITENbCTBO OKa3biBaeT HPOTHBONOJOXHOE eHCT-
sue. Msmepenusi, npoBenenusle ITunnapaom [65], Ha KoTophle cChI-
naetcs Kosn [64], cBUIETeNbCTBYIOT, MO-BUAHUMOMY, O TOM, YTO B
4HCTOM MENH CJELYeT OXKHJaTb KacaHus noBepxHocTH Pepmu c 30-
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‘HaJIbHBIMH TPaHHLIAMH, TaK 4YTO JIerHpOBaHHe [OJ/KHO BBI3BIBATh
OTTaJIKUBaHHe noBepXHOCTH PepMH OT 3THX IPaHHll, BbISBJSASA Hpe-
obaanawpulee Bo3aelicTBHe mepBoro U3 ABYX (aktopoB. CienoBa-
TeJbHO, B CBETe JOBOJNOB 3erepa MOXHO YCMOTPeTb, UTO JHEPTHS
nedeKTOB YMaKOBKH B CIJIaBaX MeIH ! MOJKHA C MOBBILIEHHEM CO-
JIepXKaHHs NPHMECHBIX aTOMOB NepPBOHAYaJbHO YMeHbIIATbCcs. JTa
3aBHCHMOCTb JAJISl TBEPABIX PAaCTBOPOB HAa OCHOBE MeAH JOCTAaTOYHO
XOpOWIO TIOATBEPK/JeHA ONBITAMHU CmonmMeHa u ¥YactMakorra. OHH
U3MEPUJIH OTHOCHTEJNbHBIH CABHT Napbl GPErroBCKHX OTpaKeHHH
(111) u (200), BeI3bIBaeMblli Je(eKTaMH YNaKOBKH Ha IJOCKOCTSIX
(111), B cnyiaBax MeAH C HHKeJeM, LIHHKOM, aJlOMHHHEM, 0JIOBOM H
TepMmanueM 2. HsmepeHue, Bri3bIBaeMoe J1e(OpMHPOBAaHHEM CIjIa-
BOB CMeLIeHUs NMHKa, MO3BOJIHJIO HM ONpENeJHUTb MO MeTony Yoppe-
‘Ha [62] BeposiTHOCT 00pa3oBaHUs Ae(eKTOB YNaKoBKH. Pesynbra-
‘Thl X 3KCIIEPHMEHTOB Ha Ae(OpPMHPOBAHHBIX NPH EOMHAaTHOH TeM-
filepaType MeTaJjjax M clylaBax NpuBefeHH B TabJa. 6.
Tab5ruya 6

BepoATHOCTb 0fipa3oBaHUA XedSKTOB YNaKOBXM B 3aBHCHMOCTH OT COCTaBa
M 9NEKTPOHHON KOHUEHTPaUuuu RJA TBePABLIX pPACTBOPOB HA ocHOBe Megu [60]
(u3MepeHHsl MpoBeAeHbl NMPH KOMHATHON TeMmnepaType)

M Coaepxa- M Copepxa-
wan onas | mecn 0% | @ X 100 | e/A || uny cnnan | mecw o | @x 100 | /A
(at.) (at.)

Cu 3,3 1,0 Cu— Al 17,0 40,0 1,34

Ni 1,65 Cu—Sn 2,5 5—6,6 1,08
Cu — Ni 50 5,0 0,5 Cu—Sn 4,5 14,5 1,14
Cu—Zn 14 7,0 1,14 ||Cu—Sn 7,1 34,0 1,21
‘Cu—Zn 27 20,0 1,27 || Cu— Ge 2,5 5,0 1,08
Cu — Al 5,7 10—11,7| 1,12 ||Cu—Ge 5,0 14,5 1,15
Cn— Al 11,0 29,0 1,22 || Cu—Ge 7,2 |31,7—37,0| 1,22

M3 sTHX pe3ysbTaTOB MOXKHO CHeJaThb BBbIBOJA, YTO H3MEHEHHs
BEpOSITHOCTH 00pa30BaHHs Ne(eKTOB YNaKOBKH H, CJIEIOBATENbHO,
3Heprus nedeKxToB YNaKOBKH B MenH, cepe6pe, 30J0Te B cayyae
‘pa36aBJIeHHBIX PacTBOPOB SBJSIOTCS CKOpee (DYHKLUHEH BeJHYHHHI
3JIEKTPOHHOM KOHIeHTpauuu e/A, a He npupoabl npumecu. Oco6o
MHTepeceH TOT (aKT, YTO 3aBHCHMOCTb BEPOSITHOCTH AedeKTa yma-
KOBKH OT BEeJIHYMHBI OTHOIIEHUS e/A NMPOXOAHT uepe3 MHHHMYM IpH
e/A = 1. D10 COOTBETCTBYeT CJyYar UYHCTOH MeNH, €CIH NPHHSThH
npennoxennyio OpuueseM cxeMy BaJeHTHOCTH, KOTOPYIO MBI YXKe
paccMOTpesH, paHbile. DTO MOXKHO CYHTATb JOMOJHHUTENBHBIM MOJ-
TBEPXKJAEHHEM npeanosoxeHuss KosHa o TOM, 4TO B YHCTOH Meau

! Sivertsen J. roToBumcs K meyaru. .

2 [lepBoHauasIbHO pacyeThl N0 aHAJH3Y NeheKTOB YNAKOBKH GbUIH BBITOJIHEHDI
M. Tlarrepconom [J. Appl. Phys., 23, 805 (1952)]. On nokasaa, 4To KedeKTbl yna-
KOBKH Ha miockoctax ((Lilil) MerannoB ¢ rpaxﬂ-eueHTpMpoaaHHoﬂ Kybuuecko#t pe-
%eTxoﬁ ‘BbI3bIBAIOT pAcCLINDEeHHe M HeGOJbIIOH CHBUT NudpaKUMOHHBIX JIHHHIH.



noBepxHocTb PepMH TOYHO Kacaercsl 30HAJbHBIX rpaHul. OTCyTCT-
BHe JOCTaTOYHBIX CBeIeHHH B cayuae cepe6pa M 30JI0Ta MeIlIaeT
cienaTbh Kakue-iu6o o6oOLIeHHst AJs 3THX MeTanjoB. Hamo mosa-
rath, YTO HCCJEJOBaHUE BEPOSTHOCTH BO3HHKHOBEHHS JIe(eKTOB
YIaKOBKH B TBepIbIX pacTBOpPax Ha OCHOBe cepebpa u 30JI0Ta IO-
MOKeT YTOUHHTb BONPOC O BO3MOXKHOM KacaHHH moBepxHocTH Pep-
MH H 30HaJbHBIX TPaHHI B YHCTHIX MeTaJJax.

BsaumoneiictBie nedeKTOB ¢ MPHMECHBIMH aTOMaMH BbI3bIBaeT
psil HU3MEeHeHHH B CTPYKType TBepAblXx pactBopoB, Hapsny c
3THM nomo6HOe B3aMMOLEHCTBHe BJIMSET Ha TaKue CTPYKTYpHO-
YYBCTBUTEJbHbIE CBOHCTBA, KaK 3JEKTPONPOBOJHOCTb, TEINIONPO-
BOJHOCTb, MpeJes TeKYy4eCTH H HEKOTOpble MarHMTHBI® XapaKTepH-
CTHKH (BOCIPHMMYHBOCTb M OCTaTOYHBIH MarHeTH3Mm). Baaumogeii-
CTBHE NIDUMECHBIX aTOMOB C Je(eKTaMH MOXeT ObITb pa3JHYHBIM.
HauGonee BaxkxHOe 3HayeHHe MMeeT MX B3aUMOJEHCTBHE C JUCJOKa-
uusivu. [lepeuncauM BHABI NOJOOHOTO B3aHMOJEHCTBHS:

a) XHMHYecKOoe B3aMMOJEHCTBHE NPHMECHBIX aTOMOB C Aedek-
TaMH YIaKOBKH, CBSI3aHHBIMH C PACTAHYTHIMU ITUCIOKALHIMH;

6) ynpyroe B3auMOJelcTBHe NMPHMECHBIX aTOMOB C MOJIeM pac-
TSATHBAIOLWUX HANpPsSKEHUH BOKPYT MNUCIOKALHH, UMeEIoLlee BaXKHOE
3HayeHue [Jis MeXY3eJbHBIX 4TOMOB (pacCTBOPHl BHEApEHHSs);

B) 3JIEKTPHUECKOE B3aUMOJAEHCTBUE MeXIy [oJeM, CO3iaBae-
MBIM pACTSITMBAIOIIMMH HANpSKEHUSIMH BOKPYr [IHCJIOKAaUMH, H
NpUMECHBIMH aTOMaMH, C BaJIeHTHOCTbIO, OTJIHYHOH OT BaJIEHTHO-
CTH aTOMOB pacTBODHTeEJS.

O mpouux sddekrax, o6ycJOBJIEHHbBIX B NEPBYI0 oyepelb Ba-
JIEHTHOCTbIO M BEJHUYHHOH aTOMOB, Mbl y2Ke TOBODHJIH B pasjenax 3
H 4 ra. 1; B TOM uHc/Je peub IIJIa O CAEAYIOUIHX SIBJEHHSIX:

r) O paclIMpeHHH PACTSAHYTHIX AHCJOKALHUH C POCTOM 3JIEKTPOH-
HOM KOHUeHTpauuu ef/A (BaXXHO AJs CIJIaBOB Ha OCHOBe 6J1aropoj-
HBIX METaJlJIOB);

1) 06 M3MEHEHHH 3HepruH o06pa3oBaHHMS M JBHXKEHHS BaKaHCHH
NpH H3MEHEHHH 3JIEKTPOHHOH 3HEeprHH CIJIaBa;

e) 06 M3MEeHEHHH MapaMeTpPOB pelleTKH MaTPHLbl MPH BBEJEHHH
B ‘Hee MPUMECHBIX aTOMOB.

Xumuyeckoe B3aumojeiicTBHe {66], o6ycioBieHHOe cerperanuei
NpHUMECHBIX aTOMOB Ha HedeKTaX YNaKOBKH, BO3HHKaeT BCJEJCTBHE
pas/iMyhsi XMMHYECKHX CBSi3eHl IBYX MJIOTHOYNAKOBAaHHBIX MOJH(H-
Kaiuit kpucrtanna. O6macTe nedeKra ymakoBKH, T. €. reKcaroHasb-
HYIO NJIOTHOYNAaKOBAHHYIO 00J1aCTh B IPaHELEHTPUPOBAaHHOH KyOuue-
CKOH pelleTKe, MOXHO paccMaTpHBaTb KaK CaMOCTOSITENbHYIO ¢asy
c onpeleNeHHBIMH TpaHMIaMH.  Toria Ha OCHOBe Te€pMOAMHAMHUYe-
CKOH TEOpHH IeTePOreHHOr0 PAaBHOBECHS MOXKHO 1OKa3aTb, UTO KOH-
LIEHTpalUs MPHMECHBIX aTOMOB B MaTpHIle PacTBOPHTeNs C rpaHe-
LIEHTPUPOBAaHHONH KyOHYeCKOH peleTKOod MO/IKHA OHTb MHOH, YeM B
06JacTH Je(peKTa YNaKOBKH C FeKCaroHajJbHOH IVIOTHOYMAaKOBaHHOH
crpykrypoit. [Tono6ubie e pe3ysnbTaThl MoJyyaTcs U AJs 1edEKTOB
YINaKOBKH FeKCaroHaJbHbIX NJIOTHOYNAKOBaHHBIX cucTeM. M3BecTHo,
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YTO 3Heprus Ae(OpMaIUH CHCTEMBl, COCTOSIIEH H3 TUCIAOKALHH W
NpHMECHOTO0 aToMa, y6piBaeT Mo Mepe NMpHOJMKEHHST 3TOTO aToMa
K auciaokauuu [67]. Dtor 3 dekT BHI3BIBaeT ynpyroe B3auMOLEHCT-
BHE NPUTsXKeHHs (cayyaili 6) Mexny AHCIOKalHed H TIPUMEeCHBIM
aTOMOM, KOTOpOe 3aTsirMBaeT INOCJAeJHHH B AHecJIoKaluo. Tak Kak
H 3JIEKTPHYECKOE, H YNIPYroe B3aHMOAEHCTBHS 3aBHCAT OT NOJS pac-
TATHBAIOLIUX HaTIpsXKeHHH, CO3LaBaeMOro nucjokauuell, ob6a 3TH
B3aHMOJEHCTBUS HOCSIT CXOAHBIH XapaKTep, eclu He CUHTATh TOrO,
YTO 3JIeKTPHYeCKOoe B3aHMOJeHCTBHE 3aBHCHT ellle U OT BaJIEHTHO-
cti. Kotrpenn ¢ corpyanukamu {68], paccMoTpeBuIne 3aeKkTpuue-
CKOoe B3aHMoJeiHCcTBHe (cayyall B), MOKa3ajH, UTO JEKTPOHHBIA 3a-
psiN HOJIKeH NepepacnpefesNUTbcs BOKPYT NUCIOKAllMH M CO31aTh
nocTosiHHBIA ypoBeHb Pepmu no BceMy o6beMy cilaBa. B pesyib-
TaTe oOpa3yercs 3JEKTPHYECKHH MHUIOJb, B3aUMOLEHCTBYIOIIUH C
HpPUMECHBIMH aTOMaMH HHOH BaJIEeHTHOCTH, YeM Y aTOMOB PacCTBOPHU-
tensi. Jnsi cnnaBoB Ha ocHOBe Menu nokasaHo ({68], uto ympyroe
B3aHMOJEeHCTBHE B HECKOJbKO pa3 (0T 3 m0 7) cHJbHee 3JIeKTpUUe-
cKoro. DddeKT 3KpaHHPOBAHHUS NPH 3TOM He yuuThiBajcsi. Creno-
BaTeJbHO, 3a HCKJIOUEHHEM CJyyasi HOHHBIX KPHCTAJJIOB, 3JIEKTPH-
YeCKHM B3aHMOAeHCTBHEM MOXHO npeHebGperarb. ‘

XoTs U XMMHUYEecKoe, H YIPYyroe, U 3JeKTPHUECKOe B3aMMOJelCT-
BHSI CO3MAIOT CHJIbI IIPUTSKEHHS, KOTOpPble CTPEMATCH 3aTIHYTh
NpUMecHble aTOMbl B 00J1aCTb QUCJOKALlMH, (H3UYeCKHe MPHUHHBI
06pa3oBaHHUsl CKOMJVIEHHH aTOMOB B pPa3HBIX CJAydYasiX MOTYT OBbITh
COBeplIeHHO pa3nuuHbIMH. IIpH XHMHYeCcKOM B3aMMOJEHCTBHH Ha-
6s0aeTcsl HacbllleHHe CKOIJIEHHH aTOMOB B pe3yJibTaTe YCTaHOB-
JIEHHS] TETEPOreHHOr0 pPaBHOBECHS MeXNAY ne(eKTOM YMaKOBKH H
matpuuei [66]. Kortpean u Bunbu {67}, a rakxe Kouapn c corpyn-
Hukamu {69] 1 Y366 {70] mokasanu, uro noJe ynpyroii nedpopmauun
BOKPYI JAMCJOKAalIMHM HachILlaeTcsi, ec/M B MaJsbli 3JeMeHTapHBIR
o6beM dV 0oKOJMO NHCIOKAaLMH MOMajfaeT CAHIIKOM MHOTO NpHMec-
HBIX aTOMOB. DTOT 3((peKT, BEepOsSTHO, BaXKeH TOABKO TOrAa, KOria
3HEpTUsl HEeCOOTBETCTBHS Pa3MepOB aTOMOB HMeeT GOJIbILIYIO BeJH-
YHHY, T. €. TOJBbKO B CJAydae MeXY3eJbHbIX HPHUMECHBIX aTOMOB
(pactBophl BHexpenus). HenaBno Tomcor {71] moaBepr KpuTHKe
KOHIIENLHIO HAaChIaeMOCTH YNPYToro moJjisi THUCJIOKaLHH, PacCMOT-
peB ciaydaii TOYEYHBIX CHHTYJSPHOCTEH B H30TPOMHOH ympyroit cpe-
ne. Ilpene6perass HeJHHEHHBIMH YJeHaMH, OH MOKa3aJ, YTO MOJHAS
SHeprusi B3aUMOJEHCTBUS MeXAY NPHUMECHBIMH aTOMaMH H JHCJO-
KalUsIMH JHHEHHO 3aBHCHT OT PACCTOSIHHS B 00J1aCTH HOBBILMIEHHOMR
NJIOTHOCTH NMPHMECHBIX aToMOB (B o6beme dV) u, uTo, CienoBaTeNb-
HO, HACBHILEHUs He JOJIXKHO OBITb. DTOT pe3ysbTaT BhITEKAeT U3 JIH-
HeHHOCTH ypaBHEHHH TEOPHH YNPYrOCTH M HOCHT BMOJHE ©OLIMH Xa-
pakrep. TOMCOH mpHIlesa K BBIBOLY, YTO OCHOBHBIMH CHJIAMH, OIpe-
LeNsIIOUMMH sIBJIeHHE HACBIIEHHS, SBJASIOTCS CHJBI GJIHXHEro mo-
psiika (XMMHUYecKasl CBS3b M HeJMHeHHBIe CHJIBI), T. €. TE€ CaMble CH-
Jibl, KOTOpble MPUBOAAT K 06pa3oBaHHI0 (IHCIEPCHBIX) BBIAEJEHHII.
CaenoBaTesibHO, H3yueHHe HACHILEHHS PaBHO3HAYHO H3YyUEHHIO 3a-
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POMXKIeHHsT AHMCHepPCHOH (a3bpl B TBEPAOM Tese, T. €. 3ajaue TPYIHO
MoJJlalollelicsi pellleHHI0 Ha OCHOBE TeOpHH ympyroctd. M3 maHHOro
KorTpensoMm pellleHuss 3afayd 0 CUJIax 3JEKTPUUECKOTO B3aHMOJEH-
CTBHS TaKXe CJIelyeT; YTO MJIOTHOCTb 3JIEKTPOCTAaTHYECKOH SHEPTHH
JUHEHHO 3aBHCHT OT KOHIEHTPallHH PACTBOPEHHBIX YaCTUL M, 3HA-
4HT, TOXKE HCKJIYaeT BO3MOXXHOCTb HaCHILIEHHS. ’

DJIeKTPOTIPOBONHOCTh TaKXkKe NOJXKHa KaK CTPYKTYpPHO-4yBCTBH-
TeJbHOE CBOMCTBO CYLIECTBEHHO 3aBHCETb OT IOPSLKa PasMeLleHHs
aTOMOB B TBEpPAOM pacTBope. DbJjaromapss BOJIHOBBIM CBOACTBAM
3JIeKTPOHOB JI060e HapyllleHHe CTPOroH MepPHOAHYHOCTH B KPHCTAJI-
JIHUeCKOH pelleTKe NPHBOAHUT K PACCESHHIO CBOOOJHBIX 3JEKTPOHOB
NpPOBOAUMOCTH [72] 4, cliefoBaTeNbHO, JaeT BKJaj, B BEJHUHHY 3JI€K-
TpoconpoTuBeHus. CiesfoBaTenbHO, HUCJHOKaUuu [73], BakaHcuu
[74], GecnmopAaouHO pacHpefesNeHHble MPHMECHBIE aTOMbl H Je-
(bexTH YMaKoOBKHU {75] NLOXKHEl YBEJHUYHBATb KOCTATOYHOE» 3JIEKTPO-
COMpPOTHBJIEHHE CIIaBa, Ha KOTOpOe HaKJaAhBaloTCid 30(eKTH
G/IHXKHEro MOpsiiKa W BO3HHKHOBEHHs CKOMJeHHi. Pe3ucromerpuue-
CKHe HcC/IeJOBaHUSI KHHETHKH YNOPSINOYEHHsI CIJIABOB MeIb — 30JI0-
TO M JPYTHX CIJIAaBOB, XapaKTePU3YIOLIUXCH AaJbHUM MOPSAKOM
[76], oTueTIMBO BHISBJASIOT YYBCTBHUTENBHOCTb 3JIEKTPOCONMPOTHUBJE-
HHUsl K HAJMYUIO GJIMXXKHEro W JaJbHEro mopsiika B TBEPABIX PacTBO-
pax. BausiHHe pa3MepoB CKOIJIEHHH MPHMECHBIX aTOMOB HJIH He-
GOJIbLIMX YHOPSNOUEHHBIX CKOIJIEHHH NPHBOOUT K «PE30HAHCHOMY»
paccesiHHIO 3JIEKTPOHOB M, CJef0BaTeNbHO, K BO3HHKHOBEHHIO MakK-
CHMYMOB 3JIEKTDOCONPOTHBJIEHHS], MOSABJSAIOUINXCA NPH NOCTHXEHUH
CKOIJIEHHSIMH ONpeJeNeHHEIX pa3MepoB, NPHOGIH3HTENbHO pPaBHBIX
nunHe BosiHbl PepMu 3/1eKTPOHOB nMpoBoAMMOCTH {77]. IlaHHbIE OmbI-
TOB C COCTapeHHBIMH NypajioMHHOM {78], MenHomaJjanHeBBIMH H
30JIOTOHMKEJIEBBIMH CIIJIaBaMH COIVIACYIOTCS C 3THM BBIBOZOM.
BcesiencTeHe CTPYKTYPHOH UYYBCTBHTENbHOCTH 3JIEKTPOCONPOTHBIE-
HMS TBEPABIX PACTBOPOB €ro TPYIAHO OOGBSCHHTb Ha OCHOBE KaKOM-TO
onpeneneHHo#l momenu. ITofo6HOe Ke mMOJOXKEHHe CYIIECTBYeT H
IJIs ‘BCEX CBOMCTB, CBSI3aHHBIX C NEPEHOCOM 3JIEKTPOHOB (TEMJIONpO-
BONHOCTb, TEPMO3JEKTPOJBUKYILlAs CHJIA, TaJbBaHOMArHHTHHIE 3(-
(eKTH U T, 1.), TaK KaK Ae(DeKTHl, CKOMJIEHHS] H CTeNeHb JIOKaJbHO-
ro mopsifka BJHSIIOT Ha pacCessHHe 3JIeKTPOHOB, YTO B CBOIO OYEpelb
JlaeT OmpejeseHHbIH BKJAaJ B BeJHUYHHY xapamepucmx CBSI3aHHBIX
c nepeHOCOM 3JIEKTPOHOB.

Buausinne nedeKTOB peLIeTKH Ha npoqnocm MEeTaJlIJIOB U CIJIaBOB
06CTOATEBHO uaydasau ‘Korrpenn [82], Morr u HaGappo [81], ITap-
kep {83] u npyrue yuensie (84, 85]. ' Kak nokasamu 3Tu aBTOpHI, Gec-
NOPSNOUHO paclpesie/ieHHbie MPUMECHbE aTOMbI 0o6pasyoT y HIuC-
JOKalHil WY B MaTpHlle CKONJIEHHs, 3aMeTHO BJHSIOLIHE HA Mexa-
HHUeCKHe CBOMcTBa (HampHMep, MPHBOASILINE K BO3HHKHOBEHHIO 3Y-
6a TEKy4YyecTH B CILIaBaX, K YMOPSI0YEHHIO TBEPABIX ~ PACTBOPOB ' il
T. 1.). Oumep u Xapr [84] oTMeyaloT, UTO BaXXHYyI0 pPOJb B ympou-
HEHHH TBEPIBIX PacTBOPOB HMIPAIOT AHCIEPCHHIE YACTHIBI M- conpo-
THBJIEHHE CIIaBd HapylleHHI0 OJHXKHEro nopsijxa. ;
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Yacro Gosbllioe 3HaUeHHE HMEET M B3aMMOJEHCTBHE NHCAOKALHi
¢ IpyruMH fedekTaMH, HanpuMep B caydae nehOopMallMOHHOTO
yNpOoYHeHHs 3a cyeT oOpa3oBaHHS HAaTPOMOXKIEHHH NUCIOKAUHMH Y
Mexx3epeHHbIX rpanul. OXHAKO BONMPOCY O BJIMSHHH BaKaHCHE Ha
YIpOUHEHHE METAJJIOB H CIJIaBOB CTAJH YIEJNSTb BHHMaHHE TOJBKO
JUIIb HefaBHO. Boo6lle roBopsi, Hafo moJaraTh, YTO BaKaHCHH, IIO-
JOOGHO NMPHMECHBIM aTOMaM, HOJIKHBl NPUTATHBATBCH K IUCIOKALH-
SIM M CO31aBaTb aTMoc(ephl, MOpPoXKaas TeM CaMbIM 3((eKTHl, ana-
JIOTHYHbIE TeM, KOTOpble BBI3BIBAIOTCA CKOMNJIEHUSIMH TNPHMECHBIX
aTOMOB Y [HMCJOKAaUM{ M AHUCIEPCHBIMH CKOIUIEHHSIMH B MaTpHle.
[TosTtomy paGoTH MO H3yYeHHI0O BAKAHCHOHHOTO YIPOYHEHHS IPOBO-
OWIHCh Ha UYHCTBIX MeTasasaax, uroObl H30exXaTb MaCKHPYIOLIEro
INeHCTBHSL mpHMecHBIX aToMoB. KorTpenn B pabore {86] cooGuiaer o
HEKOTOPbIX HENABHUX 3KCIIEPUMEHTaX I10 U3YUEHHI0 YIPOUHSIOLIETO
BJIHSHUA BaKaHCHil, 06pa3ylollUXcs B MeTaJle MpH 3aKajKe HJIH
o6ayuenun {87, 88]. 3akanouHoe ynpouHeHHe BecbMa CXOJIHO C pa-
JNUalHOHHBIM; B 00OUX cjayyasiX OHO 00YycJOBJeHO OJOKHpPOBaHHEM
IDHCJOKALU#, KaK 3TO MOKA3bIBAIOT OMBITH 110 BHYTPEHHEMY TPEHHIO !
[89]. YmpouHenne 3aKajiOUHBHIMH BaKaHCHSMH MOXeT ObIThb BhI3Ba-
HO: a) au60 H3MeHeHHEM CTPYKTYphl sApa AHUcCAOKauui; 6) Jaubo
o6pa3oBaHHeM CHASYHX AHMCJIOKALHH NPH 3aXJONBIBAHHH CKOINJIEHHH
BakaHcuil. ITepBbiii MexaHusMm Obli1 mpeasioxen Korrpensom [86],
HCXOJAsl M3 MOJENH ABHXKEHHS CTYNeHeK, BO3HHUKIIMX Ha KpaeBOM
JHHUCJIOKALlWK MPH KOHJEHCAllMH BakaHcuil [87], © UX aHHUTHJISLHH B
anpax auciaokauuit. Kumypa, Mapaun u Kynbman-Buabcropdp
[87] mpenmosaraioT, yTo M3GBLITOYHEIE BaKaHCHH 00pa3yloT CKorme-
HHsl, KOTOpblE 3aTe€M MpPEBPALIAIOTCSA B METJAH CHASUYUX IHCAOKAIMH
NpH 3aXJOMNBIBAHHM TAKHX CKOMJEHHH. DTH NMETJH MOTYT BHI3BaTh
yIpOUHEHHe, €CIH OHH JeHCTBYIOT KaK AHCIOKALHOHHble HCTOYHHKH
c BBICOKOH sHepruell aktuBaluH. Dosee mpaBmomonoGHoe oGbsicHe-
wue nanan TopuroH u Xupu {90], KoTOpEle BUAAT MPHUHHY yIpPOUHe-
HUST BO B3aUMOJEHCTBHH CKOJb3SIUIMX HUCAOKATHH C METASMH CHIf-
YMX JUCJIOKAlMi, BHI3bIBAIOLIUMHU MEPenoJi3aHue JUEJOKalUi Ha He-
6/1arONpPHUATHEIE AJIS1 CKOJMbXKEHUS IJIOCKOCTH, HalpHMep Ha ILIoC-
koctd (100) B KpHcTadnax C rpaHelleHTPUPOBAHHOU . KyGHUECKO#
pelieTKol. B mociefHHX 3KCHepPHMEHTAJbHBIX HCCIeJOBaHUSX XHp-
mwa u Cusnkokca [91] He o6GHapyKeHH NpPU3HAKH 06pPa30BaHHsA JHUC-
JIOKALIHOHHBIX MeTeJNb B aJIOMHHHM U TeTpasJpHUYeCKHX JedeKToB
YIIAaKOBKH B 30JI0T€ B pe3yJibTaTe 3aXJOMbIBAHUS CKOIUIEHHH BaKaH-
cuil. Takue KoHpHUrypanuu HabJ0galOTC B MeTaanax Kak ¢ 6oJib-
10/, TaK U ¢ MaJoi 3Hepruel AedeKToB YNakKOBKH. DTO MOXKET pac-
CMaTpHUBaTbCsl KaK BEeCKHH N0OBOJ B MOJIb3Yy mpenmnoJoxeHuit Kumy-
pel ¢ corpyanukamu, TopaTona u Xupiia. JIOTHYHO MpeaNOONKHTD,
YTO BbI3bIBa€Mbleé BAKAHCHSMH H NPHMECHBIMH aToMaMH 3¢ (eKThi
YIPOYHEHHS TBEPAOrO DacTBOpPa HOJXKHBI OBITh aHAJOTHYHBIMH.

1 Barnes R, Hancock N., U. K. Atomic Energy Research Estab. Re-
port (rotoBuTca Kk newamH), 1957. .
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Tensiotra pacTBOpeHHs fIBJSIETCH BaXKHOH XMMHUYECKOH XapakTe-
PHUCTHKOH, KOTOPYIO CJELYeT OIpefesNeHHO OTHECTH K CTPYKTYPHO
yyBCTBUTENbHBIM cBolicTBaM. Kmenma {19] naGmioman 3aMeTHOe
BJHSIHHE COCTOSIHHS JIOKaJbHOTO mopsigka Ha Bemmunny AHM. Kak
cJeJCTBHE, CTPYKTYPHO UYBCTBHTEJbHOE B3aUMOAEHCTBHE [JHCJO-
KallMd ¢ MPHMEeCHBIMH aToMaMH MOJIXHO OKa3blBaTh 0co00e BJHS-
HHE HA BeJUYMHY SHEPrHH PacTBOPEHHsS [Js CHCTEM C MaJoi pac-
TBOpHUMOCTbi0. [TonbITKH HabaoneHust 3Toro sddekra mpeanpUHHU-
MaJIiCh JIHIIb JJISI TBEPAbIX PAacTBOPOB BHeIpeHHSs .

TpyaHocTH, cBsi3aHHBIE C M3MepPeHHEM 3HEPTHH pacTBOPEHHS,
06yCJOB/IEHbl BIHSHHEM NDHMECHBIX aTOMOB Ha 3Hepruilo o6paso-
BaHMsl U MUrpaluu BakaHcuii (92] 2.

Hogefiimue onblThl 0 3aKanke pa3GaBJeHHBIX PacTBOPOB Ha OC-
HOBe ILMIaTHHBI, nmpoBenenHble ITupconom u Bpenmoy {92], mokassl-
BAIOT, UTO MO BeJHYHHE SHEPrHH PACTBOPEHHS 3TH CIJIaBbl MaJo
OTJIMYAIOTCSL OT YucTOH maaTtuHbl. IIpoBenennbie Bekciaepom [93]
ONBITHI TIOKa3bIBAIOT, UTO 3HEPTUsS oOpa3oBaHHs BaKaHCHH B Ciia-
Bax BBICOKOH KOHLEHTPALlUd CHCTEMBI 30JI0TO — KaJAMHH ropasiuo
MeHbllie, 4eM B YHCTOM 30JI0T€. B JTaHHOM cjiyuae BO3HMKAaiOT HEKO-
TOpbIE TPYILHOCTH B CBSI3H C T€M, YTO 3TH CIJIaBbl MOJBEPXKEHBl HHU3-
KOoTeMIepaTypHOMY ymopsinoueHuio. HauGoJsiee BaXKHBIM CJIEeICTBH-
€M BJIHSIHHS PUMECHBIX aTOMOB Ha o06pa3oBaHHe BaKaHCHH JOJIXK-
HO 6bIThb MX BO3JeficTBHe Ha AuGp(dPY3HI0O aTOMOB® H Ha BHICOKOTEM-
nepaTypHyl MOJ3ydyecTb cmaaBoB [94].

3KcnepHMeHTaJdbHble (aKThl, OTHOCSILIHECSE K CTPYKTYype
TBePAbIX PacTBOPOB

3a moc/ieaHHe [eCATb JIeT 3HAYHTEJNbHBIN NMporpecc B MOHHMa-
HHH CTPYKTYpbl TBEPABIX PAcTBOPOB, ObI JOCTUTHYT G6saropaps
NPUMEHEHHI0O MEeTOJOB AH((Y3HOro paccesHHs] PEHTTEHOBBHIX Jy4ei,
B TOM YHCJI€ H PACCessHHS MOJ MaJbiMH yriaMu (cM. 0G30pHBIE pa-
6oThl Yoppena u ABep6axa [95, 96] B Tpynax cemunapa ASM).

Hau6o/see niof0TBOPHBIM OKa3aJ0Ch H3yueHHE HeOP3ITOBCKOTO
paccesiHHsi PEHTTeHOBBIX Jyyell TBEPABIMH pacTBOPaMH, XOTS B He-
KOTOPHIX BaXKHBIX CJy4yasiX BecbMa IlIeHHble CBeleHHs faeT NH(pak-
LHsi HEHTPOHOB.

!Darken L. S. (heony6aukoBaHHas pa6ora).

2 TlpemnoJio’keHHe © B3aUMOCBSA3H MEXKJIY BaKaHCHIMH M MPHUMECHBIMH aTo-
MaMH B CIJaBax yXe jJlaBHO.GbLIO BhickadaHo IlxkoHcoHoMm [Phys. Rev., 56, 814,
(1939)] Ha ocHOBe HaHHHIX MO H3yuyeHHo Huddyaun B pa3baBJeHHBIX CIJaBax.
ITosxe nme-Cop6o, Tpudtuc u Tépubann [Acta Met., 6, 401, (1958)], a rakxe
®epepuru [Acta Met., 6, 379, (1958)] mokasasH, yTo GHICTPOE MPOTEKaHHe Mpolecca
HHU3KOTEMIIepPaTyPHOrO CTapeHHs, BEPOATHO, ONPeleNsercs 3akpelnJieHHeM 3aKaJou-
HbIX BAaKaHCHH B KOMILIEKCHBIX CKOMJIEHHSIX BAKaHCHH M TIDHMECHBIX aTOMOB.

3 BaxHasi poJib B3aUMOLEHCTBUA BAKAHCHH ¢ MPHUMECHBIMH ATOMaMH JeTafb-
HO M3yueHa OKCIIepHMEHTaJIbHO M TeopeTHyeckH JlazapycoM, CaubKHHBIM ¥ HX CO-
Tpyauukamu u3 Hnauwofickoro yHuBepcutera (cM. ToM cemHHapa ASM 1955 r.
non HasBaHueM «[IpuMecH M HecoBepUIEHCTBa»).
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Ecan MOHOXpOMaTHUYECKHIl MyYOK PEHTreHOBHIX JIyued majaer Ha
KPHCTaJJ TBEPAOro pacTBOpa, TO BhI3bIBaeMasi KDUCTAJJIOM - JIH-
(Gpakuus ckjJajblBaeTcsl M3 ABYX YacTeill: pe3KUX OP3rrOBCKHX ped-
JieKcoB H nu¢pdy3Horo paccesnua. Otpaxenus non yraamu Bpsrra
JAIOT NMPeACTaBJeHHe O «CPefHel» KPHCTAJJIHYECKOH CTPYKType 06-
pasua, T. e. 0 pa3Mepax H (opMe 3JeMeHTapHOH siuefiKH U O Cpel-
HeM MOJIOXKEHHH aTOMOB B 3ToH siueiike. fIBjeHue nuddysHoro pac-
CefIHHS CBS3aHO C PA3JIMYHBIMH OTKJOHEHHSIMH OT HJEaJbHOH me-
PHOIHYHOCTH pelleTKH KpHCTaJjja, HampHMep C HecoBepLIeHCTBAMHM
CTpOeHHs (AHCAOKAlHH, BAKaHCHH, KONEGAHHUSI peLIeTKH) MJH HaJlH-
YHEM NPHMECHBIX aTOMOB HMHOH BEJHYHHBI C APDYTMM Ko3¢dduuueH-
TOM paccesiHus, 4eM JJIsI aTOMOB PaCTBOPHTEJS.

Yoppen, ABep6ax u Po6Geptc [97] mokasasu, YTO HHTEHCHBHOCTb
paccesiHHBIX PEHTIeHOBBIX Jyuell (6e3 HompaBKH Ha TemJOBOE pac-
cesiHHe), oOyc/OBJAeHHYI0 OJNMKHHM MOPSILKOM H pa3MepHBIM (ak-
TOPOM, MOXHO BBIPA3HTb (B 3JEKTPOHHBIX €IMHHULAX) CJAEAYIOUIHM
COOTHOUIEHHEM:

Tuo ]
. s = dlanexp (ik+rmn) +
[\]‘AXE()A_ICE)2 md,n p( )
+ 3 Bn - ikrexp (ik« rmn), (14)

T, n

rae o, — Ko3ppUUHEHT OJMKHEro MOpsSAKA AJS N-TO CJIOS aTOMOB
BOKDYr aTOMOB 3jeMeHTa b; 3, — napameTpbl pa3aMepHOro ¢pakropa.
OG6blyHO 3HaueHHs {3, H3-3a X MAJOCTH MOXKHO U3MEPHTH JIHIIb
oJsi GaMKalIIUX COCELHHMX aTOMOB; TakKUM o006pa3oM, OCHOBHOH
BKJajg naer uieH ¢ # = 1. OgHaKO B HEKOTOPBIX CHCTEMaX 3aMETHYIO
pOJIb HIPaeT TaKXe ujeH fo-X, H %5 — MOJsPHBIE N0JH aTOMOB A
u B, a rymn, — paccrosinve 1o atromMa A, HaxXOAsIerocsi B MO3HLUHH M
B 71-M CJIOE COCEJHHX aTOMOB, OKpyxKawowux atoMm b. Kosadpduuunen-
Thl GJMXKHEro nmopsiika o, ONpejieseHbl TakK, 4TO cjayda# a, = 0 co-
OTBETCTBYeT HeymopsimoyeHHoMy pactBopy [95]. Ecau o, umeer ot-
pulaTe/bHOE 3HAUEHHE, TO NOJIKHBI mpeobaanath bauscabwiue co-
ceHHE MHOPOJHbIE aTOMbI; €CJH XK€ o, I0MOKHTEJIbHO, TO LOJKHbI
npeobnafath Oauscaduiue coceJHHe ONHHAKOBble aTOMbl. Jas HJ-
JIOCTpPALMH 3TOH OCOOEHHOCTH M ee BJIHSIHHA Ha [mupe HA pHC. 17
BOCIPOH3BOAUTCS TPAGUK [nupp AJSA NMOJTHOCTbIO HEYNOpsALOUYEHHBIX
TBEPAbIX PacTBOPOB, IJ51 TBEPIbIX PAaCTBOPOB C HAaJHuYHeM OJHKHe-
ro nopsaaka (a; <0) H c TeHAeHUHeH K 006pa30BaHHIO CKOMJIEHUH
npuMecHbXx atoMoB (a; > 0). HecmoTpsi Ha momyJasipHOCTb cpenH
TEPMOXUMHKOB MpeLCTaBJeHH# 006 «ymopsfOYeHHBIX» TBEPIbIX pac-
TBOpaxX, pe3yJbTaThl H3MepeHHs AH(PGY3HOro paccesiHusl MOKa3blBa-
10T, UTO B peaJjIbHbIX TBEPJAbIX PAacTBOpPax COBeplIeHHO Gecrnopsmoy-
HOe pacrnpejeseHHe MOYTH HUKOTAA He BCTPeYaercs. )

Bcerna Habaiogaercs TeHAEHIHs K o6pa3oBaHH0 JUOO OJHXKHe-
ro Mopsiika, JUOO0 XKe CKOIJIEHHH B COOTBETCTBUH C mpaBuiom Ppu-
#ensi 0 KpUBH3HEe KPUBOH BaJIEHTHOCTH.
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Kosdpounuenr §, BeiBegeH YoppeHoM [97] Ha ocHOBe mpeamoJo-
WEeHHsA O TOM, YTO MEXKATOMHBble PacCTOSTHHA JJs1 OJHXKaHIINX Co-
CeflHHX aTOMOB MOTYT ObITb TPeX BHJOB, a HMEHHO: 7,,, Igp H

7,; B 3aBHCHMOCTH OT OCOGEHHOCTEH paccMaTpPHUBaeMOH maphl aTo-

1200 \ ]
1000 \

600 | \ ——— Heymopadovewwsri pacmbop T
: Pacmbop ¢ Snuwnum moprdkom

—-—— Odpazobarue cronperud amorob

Fue, 17, Tpaduk HETEHCHBHOCTH AHGGY3HOro paccesiHHsl OT NOpPOLI-

KOBbIX 106Pa31[0B, PAaCCYHTAHHOrO AJsi TBEPABLIX PACTBOPOB MpH I0J-

HOH pasynopsifOYEHHOCTH, HAJMYUH. OJIMXKHEro mopsiika 4 o6pa3oBa-
HHUS CKon.eHHi {95]

MoB. COOTBETCTBEHHO 3TH paccToaHuA ONpeneJIAITCA CaeaYIOLIH-
MH COOTHOLICHHUSIMH!

raa =ra(l + €44);
rap = a(l + efp); (15)

r s=rn(l + 2" .),

rae r, — CpeliHee PacCTOSIHHE MeXIy 8TOMaMH J0 1-TO COCEIHEero
4TOMa, pacCYUTaHHOE MO NMepHOAY peLIeTKH CIIIaBa;
—7rn)/fn 4 T. O

B pesysabrate HM3MepeHHH, CBSI3aHHBIX C yUeTOM BJIHSIHHS pas-
MepHOro (akTopa, yCTAaHOBJEHO, YTO AaTOMHBIH pajJHyC B pellleTKe
cniaBa 3aBHCHT OT ero cocraBa (puc. 18 u 19) u uto aToMH yxe He
pasMellaloTcss B CPeHHX (MIeaslbHbIX) IIOJIOXKEHHSX B peLleTKe.
StoT BBHIBOL GBI MOJYYEH C YYeTOM TOrO, UTO BeJMYMHA f§; HE paB-
Ha HyJdi0. 3HAUEHHUsl g, ONMpefesieHHble MO (3;, XapaKTepU3YIOT JIO-
KaJbHOE CMeLleHHE aTOMOB H3 CpeJHEero NOJIOXKEeHHS Y3J0B pelleT-

55

n n o ___
a4~ raa



ki. B Ta6a. 7 u Ha puc. 20—22 0606LIeHbl Pe3y/bTaThl H3MepeHHi
oy ¥ B; AJA psiga cucTeM. 3HaUeHHs o) HYXKHBI NPH MOACUETE UYHC/IA
cBsi3ell aTOMOB MaTpHUbl ¢ OJHXKAHIIMMH COCEJHUMH HHOPOIHBIMH

Tabauya 7
Kosddunuentsl GrukHero nopsiaka Aasi CnjiasoB aNIOMMHMH — UMHK ¥ aJIOMHHUA — t:epe6pol 2
Yycsio 4TOMOB LIMHKA B MepBoM cJoe mpi 400° C
xZn ay
» joynepsovei | SKEISPIMHIETS | paswocs
0,10 0,08 1,2 1,1 0,1
0,15 0,11 1,8 1,6 0,2
0,20 0,13 2,4 2,1 0,3
0,30 0,15 3,6 3,06 0,54
0,40 0,156 4,8 4,05 0,75
0,50 0,16 6,0 5,04 0,96
Bausnue memnepamypbl
YucJao aTOMOB IIHHKa B IIepBOM cJjloe Yy CnJiaBa
0,9 Al—0,1Zn
Temnepatypa, °C ay
® poyropsonen | skcienmuenTat | paswocrs
300 0,09 1,2 1,09 0,11
400 0,08 1,2 1,10 0,10
500 0,075 1,2 1,10 0,09
Yucao amomos cepebpa 8 nepeom caoe npu 540° C y cnaasa 0,9A1—0,1Ag
w |Pusymopmouen | tmepmersn | pasuocns
0,1Ag 0,15 1,2 1,02 0,18

1 PeHTreHOBCKHE J2HHhe CBHAETeNbCTBYIOT O TOM, YTO aTOMH aJIOMHHHS, cepe6pa M LHHKa
HMeIOT NOYTH OJHMHAKOBHIE Da3Mepel, GJarciapsi 4eMy BKJaj OoT SHeprun Aedopmanuu OTCyT-
CTBY €1; HaGJICHAIOLHecs MOJOXKHTEJIbHEE 3HaYeHHsl JOKasbiBalOT NpeoGJajjaHne CKOMJIEeHHA
OJIHO POAHBIX aTOMOB.

3 Jlo manHbiM Pyamana u ABepGaxa, Acta Met., 2, 576 (1954).

aTOMaMH B TBEPJOM pacTBope. 3Hasi BEeIUUYHHY g H YHCJO CBSA3EH C
MHOPOAHBIMH aTOMaMH, MOXKHO PacCUHTaTh BKJAajAbl SHEPTHH YIpY-
roi gedopMalMH MU XMMHYECKOH SHEPrHH B TEMJOTY CMeLIeHHs
AH ¢yerr Ha OCHOBE KBa3HXHMHYECKO! TEODHH M CPaBHHTb NOJYYEH-
Hble 3HAUYEHHS C 3KCIEePHMEHTaJbHRIMH JaHHbIMH. Ofliee cOOTBeET-
CTBHME OKa3blBaeTcsi He 0COGEHHO XOpPOLIMM, NIpHYeM B psle Cayuaen

56



SKCNepHMEHTabHble 3HAUeHHs q; M (3; MPOTHBOpEYaT JAaHHBIM Mpex-
CKa3aHH# TEOPHH, YTO OCOGEHHO 3aMETHO JJs CIJIAaBOB 30JI0TO —
HHKeJb M Meib — IJaTHHA. 3aTPyLHEHHS B 3THX [BYX cJayyasx,
BHIKMO, 0OYCJIOBJIEHBI T€M, YTO BeJHYHHA aTOMOB 30JI0TA HHasl, YeM
aTOMOB HHKeJs, a B CJydyae CHCTeMbl Melb — IIJIaTHHA BO3MOXHa
noJiApU3alusi 3JeKTPOHHBIX d-o6oJgouek. HMuTtepecHbllt 3ddekr Ha-
6aronajcsa B cliiaBaX JHTHH — MarHuii. Ha KpHBOH 3aBHCHMOCTH
MepHoja pelleTKH OT COCTaBa CYLUECTBYeT MHHHMYM, CBHJETEJbCT-
BYIOILIHA O TOM, YTO PACCTOSTHHE MeXJIY aTOMaMH JIMTHS H MarHus
MeHbllle, YeM PacCTOSIHHS MeXAYy aTOMaMH OJHOrO JIMTHS HJH Of-

. W4 T T T T T T T T
Qo6+ + \ - B y
é\ + qo3t ;
Q04+ h) e V< ° b
o\
P \ 2 a0z} _ .
goz} AN : -° ~ y
\\ Q01 | o o
0 1 i 2 A A 1 1\>V‘ o ° >
. 0 ai N0 0 SR SO SR G | 1 L1 1
omwocumenswa s dons amomdd L 9 95 17

Omwocumensran dons amomol Co
Puc. 18. Kosbduunenr yuera BAHSHHSA
BeJIHYHHBI aTOMOB P 4 cucTeMbl Li—
Mg [98]:
O no npec6pasoBannio ®Pypbe ¢ NONPaBKOIl;
+ no MeTOoAY HAHMEHbUIHX KBaJApaTOB

Puc. 19. Kosdpduuruesr yuera BIAHAHUA
BEJIMYHHE aTOMOB f; I/si CHOTEMBI
Co—Pt [49]:
3aTyXaHHS,;
3aTyXaHus

@ c yueroMm

O 6e3 yuera

HOro MarHus (pHuc. 23). OGBIYHO CUHMTAIOT, YTO AHAMETP AaTOMOB
(mpu DaHHOA KOHLEHTpPAlMH MPHMECH) He 3aBHCHT OT MPHPOLBI
6/MHXKXHUX COCEIHHX aTOMOB, HO TOTJla PAaCCTOSIHHE MeXIYy aTOMaMH
JIMTHSl U MarHus JOJIXKHO PaBHAITbCS CpeJHEMY apH(dMeTHYecKoMy
pPacCTOSIHHI0O MEXJAY aToMaMHu JUTHS Hau MarHus. CJiexoBaTenbHO,
nonyueHHble XepOurtefinom H ABep6axoMm {98] maHHBIE O BJIHSHUH
BEJHYHHBl aTOMOB JOMYCKAIOT TaKyl0 TPAKTOBKY, YTO aTOMBI JIHTHSA
M MarHus B TBEPAOM pacTBOpPE€ COXPaHSIOT pa3Mephl, XapaKTepHble
IJ5 4HCTBIX MeTaJlJoB, TOrJZa KaK pDacCTOsHHE MeXJAYy aToMaMu
JIMTHSI ¥ MarHus H3-3a HOHHOTO B3aHMOJEHCTBHS, 06YCJIOBJIEHHOTO
CMellleHHeM 3apsfa, CTAaHOBHUTCS MeHblle cpeiHero 3HauyeHus. Mas-
MepeHHs1 «;, NpoBeleHHble XepOIITEeHHOM, COIVIAacyIOTCS C “3THM
npeanonoxeHueM (cM. puc. 20).

Kax u3BecTHO, cMellleHHe aTOMOB BCJEJCTBHE TEMJIOBBIX KOJe-
6aHHil pelleTKH TaKxke Haer BKJalx B nuddys3Hoe paccesiHue. Tuia-
TeJbHOE H3MEpEeHHEe TeMIepaTypHOH KOMIIOHeHThl JH(¢y3HOro pac-
CesIHHSA JOJIXKHO TMO3BOJIHTb OGHADYXKUTb H ONpENeJHUTb H3MEHEHHEe
cnekTpa KoJsie6aHuN mpu oO6pa3oBaHHH TBEPAOrO pacTBOpa. DTH HU3-
MeHeHHUs1 KoJeOaHHi H, Clel0BaTeNbHO, H3MeHeHUsT ne6aeBCcKO# TeM-
nepatypsl O oTpa)kaloTcd Ha SHTPONUAHBIX BKJAaJaX CMeLIEHHS
cnyaBoB. M3BecTHble B HacToslllee BPeMs HaHHbIE /151 HEMHOTOYHC-
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Jiennbix cucrem {99], [95] GoJsee MM MeHee corsacylTcs C JaHHBI-

MH 1O YIPYTHM IIOCTOAHHBIM.

U3 ypaBuenusi (14) BugHO, 4TO [jupe NMpoOmopuuoHanbHO (fi —
—f )% IT10 03Hauaer, 4TO MJIS CUJIABOB MeJb — LHHK, XKeJIe30 —

Q10 F |
Q08 1

ﬁ'\
O
- 01,005 i /o + 1

004 - 7

Qo2 ]

ol b
a5 10
Omiocumensnaa dons amomol L:

Puc. 20. Kosdbunuesr yuera BJHAHHA
GnMKHEero mNOopAfKa Qi IJS CHCTEMB

Li—Mg [98]:

O auanus Pypbe c nompaBkoH; + 10
MeTOAYy HaWMeHbIIMX Ksajpatas, @ TmoO
OLIEHOYHBIM BBIKJIaLKaM
G20 ¢ -

- ° ]
L o ]
oy 3 . o . g
a10 + o, o e
L o
0 I 1 [ O W

1 1 1
o Q5 120
Omwocumenstar dons amomol Co

Puc. 21. Kosdduuuent GauxHero
nopsigka o, aas cucremsl Co—Pt
[49]:

‘O ¢ yyeToM 3aTyXaHHs;
3aTyXaHHR

@ Ge3 yuera

[‘ ) o
X
o
i 1 1 1 1 1 1 4;,0

o a5
Omuarumensnas dons amorol Ve

Puc. 22. Kosdduunent GaHXKHero Ino-
panaka a; ans cucremnl Au—Ni [37]
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OmwocumensHas dons amomdl ¢

Puc. 23. MexXaToMHbBle DAaCCTOAHKS
B cucreme Li—Mg [98]:
1 - cpelHee MeXaTOMHoe paccTosiHUue
r; (no nmapaMerpaM peweTKH); 2 — pac-
cTosiHMe r'[j Mg

‘Mellb, 4 TaKxkKe XPOM — HHMKeJb! HHTEHCHBHOCTb Au(dPy3HOro pac-
‘CesIHUS DEHTTEHOBBIX Jyyed, 06yc/0OBAeHHAs] GJAHKHUM MOPSIAKOM, a

! HanpuMep, HegaBuue paboTel mo aubpaxuxu HeiimpoHos (101] mossoaumm
YTOUHHTb BOIPOC O TOM, SIBJISETCSH JH YINOPSAOYEHHOH CTPYKTypa CrJiaBa, 00O0T-
:BeTCTByIoLero cocraBy coenuHenuss NigCr. Brwio ycraHoBsieHo OTCYTCTBHE ynops-

JIOYSHHS.
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TakKXe pa3MepHHH 3(PGdeKT TPYAHO NOANAIOTCH 3KCIHEPHMEHTAJbHO-
My HabmwoneHuo. M3yuenne fanbHero mopsiika B 3THX MaTepHaJjax
‘Takxke 3aTpyaHHTeNbHO. C APYroil CTOPOHBI, KO3(pPHUHEHTH pac-
cesiHHs HEHTPOHOB JOJIKHEBI CYILIECTBEHHO pas3jIMuaThCsl AJs Iepe-
YHCJAEHHBIX MaTepHasoB H, CJA€NO0BaTeJbHO, MOXKHO I0Jarartb, uTO
IHbpakuus HEHTPOHOE OKaXeTCS IOJIE3HOH NMPHU MOLOGHBIX HCCIe-
JOBaHHUAX.

Mexny paccesiHHEM PEHTTeHOBBIX Jyuell U HEATPOHOB aTOMaMH
CYILLEeCTBYeT HEKOTOpOe Da3jHyHe, MPHYHHBL KOTOPOTO0 HEOGXOMHMMO
paccMOTpeTbh HECKOJbKO MOApoOHee, YTOOBl ‘HOGHTHCS MPaBHJIBHOM
HMHTEPNpETAalHH 3KCINePHMEHTaJbHbIX NaHHbIX. BJausHHe peHTreHo-
‘BbIX JIyyéll B nepBYyl0 oyepenb OGYCJIOBJIEHO SIIEPHBIMH CHJaMH
OnuxHero mopsigka. MHTepecHoe HcK/IroueHHe HalJiomaercs, Korga
3JIEKTPOHBI silep aTOMOB KeJje3a CcoOOLIaloT aTOMaM cmJjaBa [o-
CTOSHHBI MarHUTHBIH MOMeHT. Tak Kak HeHTPOHBI caMu 06/1afaioT
MarHUTHBIM MOMEHTOM, OHH B3aUMOJEHCTBYIOT C ATOMHBIM MarHMT-
HbIM MOMEHTOM, 6Jaroxapsi yeMy IPOHCXOAUT B3aHMHOE HaJloXKe-
Hue 1BYX 3G (eKTOB paccesiHHs, BHI3LIBAEMBbIX MArdHUTHBIMH H sifiep-
HBIMH CHJIaMH. B HEKOTODBIX C/y4asX MarHHTHOe B3aHMOJEHCTBHE
MOKeT OBbITb CPaBHHMBIM IO BeJHYHHE C sAePHBIM B3aHMOJEHCTBH-
€M WJH Jaxe NPEeBOCXOAUT ero. DTO JaeT BO3MOXKHOCTb IOJYUYHTh
CBelleHHs] OTHOCHTEJbHO MATHHTHOH CHCTEMbl KpPHCTaJlJia, a TaKxkKe
OTHOCHUTEJbHO GJIMKHEro W NajJbHEro NMopsiakoB B KpHcraJjne. Pa-
6ora llyana u Bunkuncona {100] no TakuM cniaBaM mepexoqHBIX
MeTaJJIoB, KaK KeJje30 — K00asbT, Ko6aJbT — XpOM, HHKeJb — XKe-
Je30 U YNOpsiOYeHHOMY cmaaBy cocraBa NizMn, nospoauaa usy-
YUTb MarHUTHOE pa3ynopsaoyeHHe H oOpa3oBaHHE CBEPXCTPYKTYP.
[IpoBenenHoe yKa3aHHBIMH aBTOPAaMH TLIaTeJbHOe H3YyueHHe pac-
CeSIHHS, BbI3bIBAEMOI'O MArHHTHBIM pa3ylnopsiioueHHeM, CBHUIETElNb-
CTBYEeT O TOM, YTO MarHHUTHble MOMEHTHl aTOMOB Pa3HbIX 3JIEMEHTOB
pasauyaloTcsi MeXAY co6o#, nmpHYeM KapTHHA, CBOHCTBEHHAs aTo-
MaM B YHMCTHIX 3JIeMEHTaX, U3MeHsIeTCsl B cjyyae CIJIaBOB. YcCTa-
HOBJIEHO, YTO C H3MEHEHHEM COCTaBa H3MEHSIIOTCSI MOMEHThl aTOMOB
BCeX 3JIEMEHTOB, XOTSl YBsi3aTh MOJOOHOe H3MeHEeHHe C 3JeKTPOHHOH
KOHIleHTpaluell He ypanocb. Hanmpumep, ycTraHOBNE€HO, YTO MarHuT-
HbIF MOMEHT JKeJjle3a CHHMXKaeTc NpH pno6aBiaeHun xpoma. J[lasd
cnaaBa coctaBa NizFe crenmeHb MarHHTHOrO paccesiHHsl MOKa3bIBaerT,
YTO HHAMBHAYyaJibHble MarHUTHbIE MOMEHTBI 3aBHUCSAT OT COCTaBa, HO
He CBsI3aHbl C COCTOSIHHEM XHMHUYecKoro mopsinka cnjasa. Caeno-
‘BaTeJbHO, HAJ0 NoJjaraTh, YTO JOKaJjbHas KOHIEHTPAIHs 3JIeKTPO-
‘HOB, OKPY2KaIOILUX aTOM, faeT MPH OnpejeseHUH BeJIHYHHBI HX Mar-
'HUTHBIX MOMEHTOB MEHbllle CBeleHH!, ueM o6uias 3JeKTPOHHAas
KOHLIEHTpallusl cnJaBa.

3a mocsenHee BpeMsl HCCJAeNOBAaTeNH CTalu YIeasiTb OoJblle
‘BHUM2HHSI BO3MOXKHOCTSIM MOJYYEHHS] CBeIeHHH O mpupoae (pH3H-
‘4eCKOM CTPYKTYpbl METAaJJIOB M CIIJIAaBOB METOJAAaMH TPAHCMHCCHOH-
HOHM 3JIEKTPOHHOH MHKDOCKOMHH H AH((Y3HOro paccessHHs HeHTpo-
HoB. 006 HccaenoBaHUAX XHpLIa ¢ COTPYLHHKAMH, TOJb30BaBLINXCS
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MHKpOrpacduyeckoi MeTOLHKOH, yKe FOBODHJIOCH B JHUCKYCCHH IO
nedexkTaM ynakoBKH. ABrtopsl pa6otr [102] u mpyrde HexaBHO 3THM
MeTOJOM HCCJIENOBAaJH CKOMJIEHHsS] BaKAHCHH B 6J1arOPOAHBIX MeTaJ-
JlaX U CKONJIEHHS] IPUMECHBIX aTOMOB B CIIaBax MeJb — aJIOMHHHH.
B paGorax Beficca ¢ corpyannukamu [103], a Takke ATKHHCOHA C
corpynHukaMu {104] mokasaHo, 4TO JIErKOCTb MPOXOXKIEHHS HEHTpo-
HOB CKBO3b METAJ/IJ1 H JIETKOCTb MOJyYeHHS IJMHHOBOJIHOBBIX MY4-
KOB HMeIOT 0co60 GoJjiblliMe mpeHMylllecTBa JIJs HCCJAeNOBAaHHH JHC-
JIOKaluil B METalslax MEeTOJOM DPAaCCEesiHHs MOJ MaJbIMH YIJIaMH.



5. PUBUYECKHE CBOVMCTBA H 3JIEKTPOHHAS CTPYKTYPA
TBEPJbIX PACTBOPOB

PesynbTaTel H3MepeHHs1 onpejeseHHbIX (H3HYeCKHX XapaKTepH-
CTHK METaJJIOB H HX TBEPAbIX PacTBOPOB JOJIXKHBI JOMOJHHUTb NaH-
HBblEe TEOPeTHYeCKHX HCCIeJOBdHHH TBEPALIX PAacTBOPOB, AaBas Bax-
Hble CBeleHHs1 06 HX 3JeKTPOHHOM CTPOEHHH H, CJeIO0BaTeJbHO,
703BOJISIA CYIHTb O NPHTOJHOCTH TOH HJH HHOH MOJEJH TBEPAOTO
pactBopa. Hekoropbie 0c060 BaxKHble 3KCIIEDHMEHTHI MEPeYHCJISIOT-
¢ HUXKe H OyAyT oOCyXJAeHbl B MOCJAeAYIOUIMX pasjenax:

a) OmbITHl MO HCCJAEJOBAHHIO HHTEHCHBHOCTH DPEHTIEHOBBIX JIH-
HUH ¥ Ju¢paKUMH HEATPOHOB; H3MepeHHs abCOJIIOTHOH HHTEHCHB-
HOCTH GpP3ITOBCKHX JIMHHHA JOJKHBI [JaTbh CBEJEHHS O MPOCTPaHCT-
BEHHOM paclpe/eJeHHH 3JeKTPOHOB OKOJIO Y3JIOB KPHCTAaJJIH4YeCKOH
pelleTKH; HCCAefOBaHHA AHGPAKUHH HEHTPOHOB [OJIXKHBI B IPHH-
L{MII€ TO03BOJIUTb ONpPENeJHTb BEJHYHHY H ODHEHTALHUI0 aTOMHBIX
MarHuTHBIX MOMEHTOB B KDHCTaJlIe;

©) H3MepeHHs1 YIeJbHOH SJEKTPDOHHOH TeNJOeMKOCTH; Ompeje-
JleHHe JIHHEHHO 3aBHCSILEro OT TeMIepaTyphl YJeHa YyJeJbHOH Ten-
J0eMKOCTH yT [TOJI2KHO NMO3BOJIHTb ONpeeauTh (OPMY KPHBOH MJIOT-
HOCTH COCTOSIHMH BOJIM3H OT moBepxHocTH Pepwmy;

B) H3MepeHHsl 3JEeKTPOCONPOTHUBJIEHHS; B NMPHHLUHIE H3MEpPeHHe
3JIeKTPOCONPOTHBJIEHHA [IOJXKHO [JaTb CBeNEeHHS O (opMe KPHBOH
N (E) B TBepIbIX pacTBOPax, TaK Kak BePOATHOCTb Nepexona AJs
3aJaHHOI CTemeHH BO3MYILEHHS MPOMOPLUHOHANbHA MJIOTHOCTH CO-
CTOSTHHE Ha nmoBepxHOCTH Pepmu.

H3yuenHe MHTEHCHBHOCTH PEHTIEHOBBIX Jay4eit
H JHdpaKUUH HEHTPOHOB

B 6o@e no3xHeit pabote Beficca u IeMapko [105]! Tpakryercs
Bonmpoc 06 onpeneneHHH KOG HUIMEHTa aTOMHOTO pacCesiHus AJIs

! B Goasee moanHepn ny6aukaunn Barrepmana [Phys. Rev. Letters, 2, 47 (1959)]
coofuaercsi, uno B AaHHble Beficca u JeMapko s Kese3a BKpaviach OIIHOKa.
TpynHOCTb, BHANMO, OGYCJOBJEHA TeM, YTO B IKCIEDHMEHTAJbHblEe PE3YJNbTaThl
IPUXOQUTCS BHOCHTb IOMNPaBKH HAa SKCTHHKIMIO, HALEXHOTO TEOPETHYECKOTO Me-
TOXa OLEHKH BEeJMYMHB KOTODHIX TIOKa He oylecTByer. BartepmaH mosan3oBascs
HaKJIeNnaHHbIMH 06pa3namH, 4ToGbl CHAeJaTh BJHAHHE 3KCTHHKIUHH [peHeOpexuMo
MaaeiM. [To ero naHHBIM, Ha KaXAbli aToM Xeje3a npuxonurcs 6,2+043 d-anex-
TPOHA, '4TO XOPOIIO COTVIACYETCS C JIAHHBIMH PacyeToB Ha OCHOBE BOJHOBHX (DYHK-
UM ©BOGOIHOrO aToOMa. i
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pAla YHCTBHIX MEPEXOJHBIX 3JIEMEHTOB (XpOM, XKese30, KoGaJabT, HH-
KeJb U MelAb). M3 3THX JaHHBIX UM YNaJIOCh ONpENEJUTh KOHOHIY-
palHIO BHEUIHMX 3JIEKTPOHHBIX 000J0YeK aTOMOB B YHCTHIX TBEPJBIX
TeJax. DTH HCCJeJ0BaHHs MOJE3Hbl C TOUKH 3pEHHsI epecMoTpa Ha-
IUMX TIpeCcTaBJeHHH 00 3JIEKTDOHHOH CTPYKType MepeuyuceHHbIX
MeTaJJoB.

Hx skcnepuMeHTasbHasi METOAMKA CBOJWJIACH K CJAELYIOIEMY:

1) K U3MepeHHI0O BeJHYHHB «aGCoOJIOTHOrNO Kosdduuuenra pac-
CesHHA», U3 KOTOPOH BBIYUTAJH «aprOHHOE $SIAPO», PaCCUUTAHHOE
M0 MeTOLY CaMOCOIJIaCyIOLLerocs moJisi; MOJyUYEeHHBIH pe3ysbTaT Xa-
pakTepusyer BKJaj] B BeJHUYUHY Kod(d@HUHEHTa paccesHHs, co3la-
BaeMblil 3d-, 4s- u 4p-3aeKTpoHaMH. PanuajibHasi NPOTAXKEHHOCTb
3apsana 4s- U 4p-3JeKTPOHOB TAaKOBa, YTO UX BKJAJOM B BEJHUMHY
Ko3(¢uurveHTa paccesHHsl JONMYCTHMO npeHeOpeub;

2) K M3bICKaHHIO a0COJIOTHBIX 3HAYeHMH BeJUYHHH K03 du-
IIMEeHTa paccessHUS C BHeCEHHEM NONpPaBOK Ha NMePBUYHYIO H BTOPHY-
HYI0 3KCTHHKLHMIO, CTENEeHb LIEPOXOBATOCTH IOBEPXHOCTH o6pasua,
JNUCIEepCHIo, TemnsoBoe AHpQy3Hoe paccesiHHe, NaHHbIe aBCOJIOT-
HbIX MOKa3aHHH U KO3(h(dULHEHT norsaouleHus. Eciau mpennosoxurs,
UTO OCTATOYHbIH KOo3(dULHeHT paccesiHHs (mocje BHECEHHSI COOT-

BETCTBYIOLIHX IIONPABOK K Tabauya 8

BblyeTa BJIMSAHUS apProOHHO- -

ro saapa) o6ycJioBJIEH OTHoleHHe 4ucaa

TOJILKO J.'LeﬂCTBI/IeM 3d-3JIeK- Yucao 3d-3nek- 45-3J16KTPOHOB
' TpoHOB K uHCTy

TPOHOB IJs cJydass Hau-
MEHBIIHX YrJjoB O6p3rros-
B TBEpAOM B B TBEepPJAOM | B aTo-
cKoro OTpa}KeHHH’ TO AJA pacTBope | atoMe | pacTBope | Me (4s)
onpenesieHusi uuciaa 3d- :
3JIEKTPOHOB  JOCTaTOYHO

4 p-3/1eKTPOHOB
Metann ? P

3HaTb TOJBLKO BBHICOTY IIH- x:ﬁ:ﬂb 3’%8"3 12'8 (l)g é»g
Ka. Huxe npuBomarcsa 3TH Ko6amt |8.4%0.3| 7.0 06 2°0
pesyJabTaThl A XpOMa, Kemeso |2,3+0,3| 6,0 5,7 2,0
HHKesd, KoGajabra, Kejgesa  Xpom 0,2+0,4| 5,0 5,8 1,0

H Menu.

Henb3si He OTMETHTb 3HAUUTENHHOTO HECOOTBETCTBHS 3THX pe-
3yJIbTATOB M3BECTHHIM NpEICTABJIEHHSM O KOH(urypauusx 3d-snek-
TPOHOB AJIST CBOOOAHBIX aTOMOB.

[MTocnenHue ONBITHI MO HCCJAEJOBAHHIO AMGPAKUHH HEATPOHOB,
nposenennsie Illynnom n Yunkusconom [100] njst HEKOTOPHIX me-
PEXONHBIX META/JIOB W HX CIJABOB, MaJjii BaXHble CBEIEHHA O
MAarHHTHBIX NMOJSX B KPHCTalJaX 3THX MaTepuajoB. PesysabraThbl
usMepeHusi AHP(DY3HOrO0 paccessHHs HEHTPOHOB MO3BOJSIOT ONpeje-
JIUTb BEPXHHH Npejes BeJTHYHHBl aTOMHOrO MOMEHTa NPH OTCYTCTBHH
OpHEHTaLMOHHOH Koppensuud. [Jisi 37€MEHTOB NMEPBBIX MOATPymI
NSATOH M IIECTOH TPYNNBl BEPXHHH mpejes MOJYYHJICS PaBHBIM OKO-
10 0,2 pjg. PesyabraTel U3MepEeHHsi PaccesHHs, BBI3bIBAEMOIO Mar-

HHTHBIM pasymopsaoyeHueM, NoKasblBaioT, 4TO MarHuTHbl€é MOMEH-
Thl KOMIIOHEHTOB CIlJIaBa pasJ/jiMyHbl H YTO H3MEHEHHE XHUMHUYECKOTO
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COCTaBa CIJIAaBOB CONPOBOXKJAAeTCs H3MEHEHWeM BeJHYHHBl HX Mar-
auTHOro MomeHTa (puc. 24—26). C yueToM 3THX H3MEHEHHIH MOKHO:
MpeNnoJIOXKHUTb, YTO BEeJHYHHA MArHHTHOIO MOMEHTA TOTO HJIH HHO-
ro aTomMa ompejessieTcsl BeJHUYHHOM
oTHOlIeHHs e/A, a He ocOGEHHOCTS-

< |
MH DaclOJIOXKEHHS 3JEKTPOHOB BO- 4

Kpyr KoHKpeTHoro aroma. Ilockoub- § o

Ky 0Ka3aJloch, UTO /IS BCEX HCCNIe- X 4f ~

JIOBaHHHIX CHJaBOB (opMa KpuUBOH ¥ e on
3aBHCUMOCTH H3MEHEHHs BeJHYHHbI 'y JI R
MAarHMTHOro Ko3(¢(duuuesra oT yr- § P 2 N

Jla paccesiHHs YNOBJETBOPHTENbHO  §¥ “[ ™

corjacyercs ¢ JaHHBIMH IJsd 4d-  § 4| \°\\/‘e

CTOr0 Kejes3a, MOXKHO Npeamoso- > S~
XKHUTb, UYTO MAarHuTHbIe 00OJIOUKH, 30 W |
CO3faolllHe MarHUTHbIE MOMEHTHI B §

cnjaBax, Majo pasHyamTcs IJs ,g'/'

pPasHHIX TNepeXONHBIX 3JEMEHTOB,
H3YYEHHBIX B AaHHBIX ombiTax. Oco-
60 MHTepecHbIHl peayabTaT HabJio-
JaeTrcs JAJsl CHCTEMBI KOOaJbT —
XDOM, KOTOpasi laeT 3aMeTHOe OfT-
KiaoHenne or kpuBoi Cuefitepa —
[Tonunra a7 cpenHero MarHMTHOTO
MomenTa. [Tono6Hoe aHOMa/IbHOE OTKJIOHEHHE MBITAJHCh OGBSICHHTD.
BBeJIEHHEM B pelleTKy KoGa/ibTa aHTH()EPPOMarHHTHBIX aTOMOB XPO-

W 0 W W
£r7 %fam)
Puc. 24. AToMHBle MarHuTHbIE

MOMEHTBl HeYNODPSA0YeHHbIX
cnnasos Fe—Cr [100]

g’ 8§
g 3 " 7 B\ ~
$ re Lo ey
g 2k /d // § :
N W ped § 7/
3 e e 3
L X . aQ
Y, o 5 o~
R
S oo = —_
fo— A : o
3 o re 3
g . /’ § —/ -
7T g
N N)
§ § ) 1 1 1 1 h
0 20 40 60 &0 W0 g0 15 &
re, Y%fam) Cr; Y%fam)

Puc. 26. AtroMHBle MarHHTHBEIE MOMEH-

Puc. 25. AtoMHble MarHHTHbIE
Thl HeynopsimouenHnix cniaaBos Cu—Cr
[100]

MOMEHTHl HeylopsaooYeHHbIX
cisaoB Fe—Ni [100]

Ma, 4TO JOJKHO OblI0 6Bl MPHBOAHTBL K 60sbLIOMY OcabieHHIO Ha-
MarHuyeHusi. OJHaKO 3TO TpenoJiokKeHHe OBIJIO ONPOBEPIHYTO 3KC-
NepHMEHTaJIbHbIMH JaHHBIMH O DPacCCesHHIO, BHI3LIBAEMOMY Mar-

63



‘HUTHBIM Pa3ynopsifoyeHHeM, TaK KakK (paKTHUeCKoe paccesHHe OKa-
3anoch npubausurenbHo B 40 pas cnabee TOro, YTo IpencKasblBa-
JIOCh TeopHeH.

B nocsenHee BpeMsi HEKOTOPBIE aBTOPHI BEIABHHYJIH CXEMBI 3JIEK-
TPOHHOI'O CTPOEHHsS NePeXOJNHHBIX 3JeMEeHTOB, OCHOBaHHbBIe Ha JaH-
ubix lynna u BunkuncoHna, a takxke Beficca u JleMapko. OnHa us

- TaKuX Mojenell, npeajoxenHas Morrom u CrueHcom [114], Gyzmer

paccMOTpeHa B CBSI3H C BKJIaJlOM, BHOCHMBIM Da3ynopsilOYeHHEM
CIOIHHOB B BEJHUYHHY YHEJBHOI'O 3JEKTPOCONpOTHBJAeHHA. [lpyras Mo-
Jenb Oblia mpendiokeHa nmo3gHee JlomepoM u MapmannoMm 1
.06bsiCHEHUS] MATHUTHBIX CBOMCTB ABOHHBIX (hePPOMATHUTHBIX CIlJa-
BoB. JloMep 1 Mapmaaa {106] npennoxXuiu ciaenymoulyo Kiaccudu-
KalHio MepeXoJHBLIX METa/JOB W CIIaBOB B OTHOIIEHHH HX 34eK-
‘TPOHHO20 CTpOeHUs. 1

1. BajieHTHBIe 3JIEKTPOHBI MOApPA3AeNAOTCS Ha JBa KJjacca: 4c¢-
H 3d-3/1eKTPOHBl B COCTOSIHUAX 4s WU 4p, KOTOpHIE SBJSIOTCS 3J€K-
‘TPOHAMH NPOBOJAUMOCTH M pacmpeleseHbl [0 MeTany, H d-3JeK-
“TPOHBI, KOHIIEHTPHUPYIOLIHECS OKOJO KaxKJoro aroma.

2. Jlnsi HEKOTOPBIX METAJIJIOB BCE 3JEKTPOHBI SABJISAIOTCA d-3J1eK-
‘TPOHAMH, TOTJA KaK AJsi APYTHX METAaJJIOB BO3MOXKHB JBa pasJHy-
HBIX COCTOSIHHSI, HaXOISIIUXCA B JHHAMHYECKOM PaBHOBECHH C IO-
JIOCO#t MPOBOAHUMOCTH.

3. B cmiaBax, y KOTOPBIX KOMIIOHEHTH HMEIOT OAHHaKOBYIO
[IOTHOCTb CBOGOAHBIX 3JIEKTPOHOB, Y BCEX aTOMOB COXpaHseTCsA
‘KOH(purypauus d-3JeKTPOHOB, O6/H3Kas K HX KOHQUIypallUH B UH-
CTOM MeTaJlie.

4. B cmnaBax, Yy KOTOPBIX NMJIOTHOCTb CBOOGOJHBIX 3JIEKTPOHOB
"KOMIIOHEHTOB 3aMETHO pa3JIHYyaercsl, YHCJIO0 d-3JeKTPOHOB MOXKET
H3MEHSThbCS, CIJIaXKUBasl 3Ty pasHHUIy; TakK, NPH PACTBOPEHHH B Me-
Tasaax ¢ GOJNbLUIMM YHCJOM d-3J1€KTPOHOB aTOMBl MapraHla H XKe-
Jie3a npuoGperaioT GoJbIIOe YHCAO d-3JEKTPOHOB, a HUKENb H KO-
6aJIbT MPU PACTBOPEHHH B MeTasjlaX C MaJblM YHCJIOM d-3J1€KTPO-
HOB MPOSIBJSIIOT TEHAEHUHIO K YyTpaTe OJHOro-ABYX 3JIEKTPOHOB.

5. B cniaBax ¢ paBHOBECHEM MEXJIY COCTOSTHHEM MPOBOJHUMO-
.CTH ¥ d-COCTOSIHHEM B MaTpHIE CYLIECTBYeT JHIIb OJHO d-COCTOS-
HHe, TIOTMOJIHSIEMOE BCSKHM JOMOJHHUTEIbHBIM 3J€KTPOHOM NMPOBOMIHU-
MOCTH, BBOAMMBIM INpH JeripoBaHuu. Jlomep u Mapumann npenmno-
JIOXKHJIM, YTO C BO3pacTaHHeM 3apflla siipa U JoOaBleHHEM 3JeK-
TPOHOB K aproHHOMY $IIpPY Y BCeX 3JEeMEeHTOB OT KaJhsl IO XpoMa
3JIEKTPOHBI B 3d-COCTOSIHUAX NMPAKTHUECKH OTCYTCTBYIOT, IO CYTH Je-
Jla BCE 3JEKTPOHBl y HHUX SIBJSIOTCH 3JeKTPOHAMH MHpPOBOLMMOCTH.
C xpoMa HauMHAIOT 3aMOJHATbCA YPOBHH 3d-3JIEKTPOHOB, a y KO-
GasabTa HaOJi0qaeTcsl mepecTpoiika CTPYKTYpPHl C BHE3amHBIM YBe-

1 B 3Toli cxeMe MarHuTHble CBOWCTBA CBfI3bIBAIOTCS B OCHOBHOM TOJIBKO CO
CMHHOBBLIM MOMeHTOM d-3JIeKTPOHOB. Ba3aumopgeficTBHe MeXIy MaTHHTHHIMH MO-
MeHTaMM GJHXaHUIMX COCeJHHX aTOMOB B KPHCTaJlJle OCTAaeTCsl HeM3MeHHBIM 1axe
10 3HaKy. ManHUTHEIE MOMEHTHl TIDHMECHHIX @TOMOB MOTYT G6bITh MapaJliesbHbI
HMJIM aHTHIApajJjieJbHbl MOMEHTaM aTOMOB (eppOMarHHTHOTO PacTBOPHUTES.
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JAAYEHHEM YHCIa IEKTPOHOB THnA 3d M MaJblM UYHCJIOM 3AEKTPO-
HOB MpPOBOAMMOCTH. MOXKHO NpeanoJIOXKHUTh, YTO TAKOE CTPOEHHE C
MOJIHOCTBIO 3aNmOJIHEHHBIMH 3d-060JI0YKaMH COXDAHSIIOT BCE 3JIEMEH-
Thl 0T Meny no ramausi [10]. DnemMeHTbl, pacnosoXKeHHbIE B IEPHO-
IHYeCKOH CHCTeMe JieBee JKese3a, HMEIOT MaJjioe 4YHCJIO d-3JIeKTPO-
HOB; IIpaBee KeJje3a HaXOASITCS 3JIEMEHTHl ¢ GOJbIIHM 4YHCJIOM d-
3JIEKTPOHOB.

«Pa3faB/ieHHble» [BOIHBIE CIJIaBbl NEPEXOLHEIX 3JE€MEHTOB (B
KOTOPBIX B3aHMOJEHCTBHEM NPHMECHHIX aTOMOB ADPYT C IPyroMm Jo-
NyCTHMO mpeHeGpeyb) MOXKHO IOJpPa3[eNHTh B 3aBUCHMOCTH OT CO-
yeTaHUs YHCeJa d-3JIeKTPOHOB y PACTBODHUTENS M NMPHMECH Ha UYETHI-
pe kareropuu. Eciu y 060HX 3/1eMEHTOB YHCJ0 d-3J€KTPOHOB 60Jb-
uioe (MJK MaJjioe), TO 'y aTOMOB TaKHX CIIJIABOB COXPaHSIETCS HCXOJ-
Hasl 3JIeKTPOHHasi KOH(HUrypallus, XapaKTepHasi IJIs YHUCTOrO 3Jie-
MEHTa; NPH PACTBOPEHUHU SJIEMEHTA C MAJBIM YHCJIOM d-3JIEKTPOHOB
B 3jleMeHTe ¢ GOJIbLINM HMX YHCJIOM aTOMBI HEKOTOPBIX 3JIEMEHTOB C
MaJIbiM YHCJI0M d-3JIEKTPOHOB COXPAHSIIOT CTPOEHHE cBoell d-060J104-
KH, HO Yy JKeJje3a M MapraHua HabJgaiofaercs mepexoj], K CTPYKType
¢ GoabliuM uHcJoM d-3AeKTPoHOB. Takue ajeMeHTHl ¢ GOJIBIIMM
4yyucaoM d-37eKTPOHOB, KaK HHUKeJb U KOOaJbT, NPH PacTBOPEHHH B
3JIEMEHTAX C MaJIbiM YUCJIOM d-3JeKTPOHOB, YTPAauHBAIOT A0 IBYX
d-3JIeKTPOHOB, a Melb U LHHK, HampuMep, COXPaHSIOT OObIYHOE
crpoenue d-060/104Kd, MarHHTHH: MOMEHT B TAaKHX CIJIaBax MOYTH
MOJIHOCTBIO co3naercsi 3d-anekTponamu. Hamo oTrMeruts, uTo H3Me-
HeHHe IJIOTHOCTH 3JIEKTPOHOB NMPOBOLHMOCTH Y KeJjie3da He BJIHSIET
Ha BEJHYMHY MarHUTHOTO MOMeHTa. DTo oObscHsieTcd TeM, uTo 3d-
3JIEKTPOHBl B Keje3e He HaXOLATCS B PaBHOBECHH 'C IOJIOCOH MpO-
BogumocTu. C Ipyroii cTOpOHH, Y KoGanbTa H HHUKEJSI TaKOe PaBHO-
BECHEe CYIIEeCTBYeT, TaK KaK CNHHOBBIE MOMEHTH d-3JIEKTPOHOB B
3THX MeTajiaX OpU J0OaBJeHUH B CHCTEMY 3JEKTPOHOB IIPOBOMIM-
MOCTH MOAAaBASIIOTCA. B cayuae xenesa, Ko6asibTa M HUKEJSI CIHHBI
JNI06BIX d-3/IEKTPOHOB, NPHBHOCUMblE NPHMECHBIMH aTOMaMH, MpH-
6aBasOoTCs K 00LIEMY MOMEHTY JH60 (heppoMarHuTHO, JTHOO aHTH-
¢eppomarnuTHo. JloMep ¥ MapmaJjsa npHXoAAT Jajee K 3aKJ/woue-
HHIO O TOM, UTO KPHCTaJIIHUecKasi CTPYKTypa NouTu He 8AuseT Ha
3JeKTpoHHOe crpoeHue. OHH CUMTAIOT, 4YTO TJaBHBIM (aKTOpOM,
ONpeNesoLMM PacTipefieJieHHe 3JIEKTPOHOB BOKDYT aToMa, SIBJIsier-
cs 3apsf siApa (COBMECTHO C 'DAaHUYHBIMH YCJOBUSMH [IJIsi MeTas-
aa). [lo ux B3rnsimam, XMMHYecKas MPUPOAa OJNMKAHUIMX COCEIHUX
aTOMOB U HX pacloJjioXKeHHe HI'PAIOT BTOPOCTENEHHYIO poJb. B cay-
yae KeJje3a, HUKeJss H KoOasbTa CTPOEHHE pelleTKH N0020HAeTCA
70/, 3J€KTPOHHYIO CTPYKTYPY, a He Haobopor. CnabGoe BIMSIHHE CHJI
XHMHYECKOH CBSI3H OOYCJIOBJIEHO, BEDOSITHO, Y30CTbIO 06JIaCTH 3JeK-
TPOOTPHLATENBHOCTH Y 2Kese3a, Kobasabra H HuKeas. OnHaKo npep-
fojaraTh HajMude caaboro BJMSIHHS 3THX CHJ B cJyyae JpYrHX
pacrBopuTenell Gbl10 Gbl HempaBHJAbHO. Ha ocHoBe aToift Moaenn
Jlomepy u Mapmannay yaanoch JOCTHTHYTb KOJHMYECTBEHHOTO COOT-
BETCTBHSI CBOMX BBIUHCJEHHH 3KCHEDHMEHTAJbHBIM pe3y/jbTaTaM MO
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AM¢paKLUH HEHATPOHOB 1Js (eppOMArHUTHBIX cniaBoB.. [Tomo6GHBIM
e o6pa3oM JaHHbHIE HX DPAacCyeTOB COIJIACYIOTCS C ONBITHBIMH pe-
3yJbTaTaMH AJs HaCbIAIOUIero HaMariuueHus. JIMmb Agas cucrem
XKeJjje30 — MapraHen, 1 KobaJbT — aJIOMHHHI HabJaiogaeTcss Heco-
OTBETCTBHE, HO B 00€HMX 3THX CHCTeMaX NepBHYHAs PacTBOPHMOCTh
HuxKe 5%. MeHee yCrmemHBIMH OKa3aJHCb HX NONBITKH MO pacyery
JaHHBIX [JIs CIJIaBOB METAJJIOB IOCJAENHHX NEPHONOB CHCTEMH 3Je-
mentoB [l. M. MenneneeBa. Hekoropble TpPYAHOCTH BCTPETHJIHCH
NpH MNOMBITKE MOABECTH MOJ 3Ty OOILYI0 CXeMy MeTaJlibl MJIaTHHO-
Bol rpynnbl. COOTBETCTBHE pacUYeTHHIX JAHHBIX IJIs APYTHX CBOMUCTB,
HampUMep 3JEKTPONPOBOAHOCTH H yAENbHOH 3JIEeKTPOHHOH TemjaoeM-
KOCTH, 0Ka3aJoCh BIIOJIHE YNOBJETBODHUTENbHOE, a AJS KobGajbra W
HHKeJIsl fla’ke COBCEM XODOILUHUM.

YaenbHasi 3/IeKTPOHHAs TEMJOEMKOCTh

OpnHo#t U3 BeJMYHH, KOTOPble ONpPENEesIOT PsSA CBOHCTB TBEPABIX
pPacTBOPOB, SIBJSIETCS MJAOTHOCTb COCTOSHUH N (Eyaxc) Ha YpOBHeE:
®epmu. JlaHHBIe HU3KOTEMMEPATYPHBIX H3MEpEHHH JIMHEHHOTO uJje-
Ha B yIeJbHOH TeMJOEMKOCTH TBepHoro tuma yI MOXKHO CBSI3aTh C
N (Eyake) CTENYIOLIUM BbipaKeHHeM, BbIBELE€HHBIM Ha OCHOBE 3JIeK-
TPOHHOH TEOPHH METaJJIOB:

n2k?

Con = 'YT = N (Evaxe) T,

rae k — nocrossHHasa Boabumana. CienoBaTenbHO, H3MepeHHE KO3bh-
¢uLKeHTa YAENbHOH 3JeKTPOHHON TEMIOEeMKOCTH CIIJIABOB vy JOJXKHO
OBITb II0JIE3HBIM MPH HCTOJKOBAaHHH OCOOEHHOCTEHl 3JIEKTPOHHOTO:
CTPOEHHS] TBepPIbIX PacTBOPOB, 0COOEHHO B cayuae pa3baBjieHHBIX
pacTtBopoB. M3aMepeHHe yneJbHOH TEMJIOEMKOCTH OGBIYHO NMPOBOIASAT
IpH TeMIepaTypax, AOCTATOYHO HHU3KHX AJSI TOTO, YTOOBI MOMpaBKa
Ha TemnJioBble KosieGaHus pelieTKH Oblia MaJa, T. €. B 06J1aCTH TeM-
nepatyp ot 1 no 4,2° K.

Kak npenmonaranoch, H3MepeHHe Ha pa30aBJeHHBIX CIJIaBax
MeTaJlJIOB ¢ UX OJMKaHUIIUMH COCENSIMH IO MEPHONHYECKOH CHCTe-
Me 3JIEMEHTOB JOJIXKHO MO3BOJIUTh ONPEJEJUTb KPHUBYX IJOTHOCTH
COCTOSIHU 1JIS1 MeTalJIOB B Y3KOH 3HepreTHYeCKOH moJsoce, HECKOJb-
KO BBIXOJsllell BBepX H BHH3 3a HOpMaJbHYIO moBepxHocTb Pepmu,
€CJIM MpPeIIOJOXKHUTb, YTO Ha CTPOEHHH MOJIOCH TaKoe JIeTHPOBaHHE
He orpaxaercsi. Xop, MsTrbioc H Yoauausr [107], a Takxe Xop,
Kyseaurc u Mattbioc [108] uccnenoBanu ¢ yKa3aHHBIX TIO3HLHMIT
CnJaBbl MaJjyajguii — cepe6po M maJJafiuii — poAMH CO CTOPOHBY
nannanus. Pe3ysbTaTel MpPOBENEHHbIX HMH H3MEpEHHH yIeJbHOI
TEMJIOEMKOCTH H MAaTHHTHOH BOCMPHUMMYHBOCTH ! IJIS CHUCTEMBHl maJji-
aaguii — cepe6po CBHAETENbCTBYIOT 00 YMEHbIUIEHHH BeJHYHHBE

! [MapaMaruuTHasi BOCHPHAMUMBOCTb, OGYCNOBJEHHAs CBOOGONHLIMH 3JIEKTPO-
HaMy, pH Euaxc TOe NPOMOPUHOHAJbHA MIOTHOCTH COCTOSIHHE N (Emaxc).
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N(E) c pocToM KOHLEHTpaluu cepeGpa, Kax 3TO BUAHO H3 pHC. 27—
29. DnbKoK ¢ coTpynHukamu {109], o6cyxknas nanHele Xopa H cO-
TPYILHUKOB [JIsI CHCTEMBI NaJJjajuii — cepebpo, MOKas3aJH, UTO
npeanosioxenue o nmapaGosuyeckoit ¢opme d-mosochl He OTBEYaeT
JNeHCTBUTENbHOCTH. JlaHHBIE, MPUBOAMMBEIE [AJIsT CHCTEMBI TmaJa-
Iui — pONHU#, CBHIETENbCTBYIOT O BO3PAaCTaHHH YHEJbHOH 3J€K-
TPOHHOM. TEMJIOEMKOCTH NPH BBEeJEHHH HeOOJbIIHX J06aBOK pOIHMs.
310, N0-BUAUMOMY, NMO3BOJISIET NPEAINOJOKHUTDb, YTO Eyaxc A5 UHCTO-
T0 maJiiafusi JEXHUT cpasy Haj nmukom kpusoit N (E).

CoBceM HeJIaBHO Topa3jio CHCTEMaTHYHee MOJOLLIH K PelIeHHI0
ykasaHHoi 3amaud Bei, YUan u Bek! nas cnaaBoB ¢ 00BEMHO-
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Puc. 27. 3aBucumocts Y ¥ Op ot KoHueHTpa- epeant, 3
uny mas cniasos Pd—Ag{107]: Puc. 28. ®opma moJochl AJs
a — KpHBasi XapaKTepHCTHYeCKOH TeMnepaTtyph nannagusi, TMOCTPOEHHas Mo pe-
6. 6 — CKOppeKTHPOBaHHble 3HaueHHs T ; 6 —  gyniraTamM H3MEDeHHH VIesbHOM

SKClIeDHMEHTa/IbHble 3HAaYeHHS TemaoeMkoctd [107]

HEHTPUPOBaHHOH KyOHUeCKOH pelIeTKOH CHCTEM XpOM — JKeJje3o H
xpoMm — Maprasell. OHU NPUBOJAT KPHUBbIE YAEJNBHOH TEMJIOEMKOCTH
B TemmeparypHoit o6sactu 1,6—4,2° K. Puc. 30 wunmocrtpupyer
3aBHCUMOCTh M3MEHEHHSl JHHEHHOro TeMIepaTypHOro KoadduuueH-
Ta vy OT BeJHYMHBI 3JeKTPOHHOH KOHLEHTpauuu. s cmiaaBa ¢ co-
nepxaHueM 819% xpoma u 199% »kenesa cyiiectByer GoOJBLIONH MHK
CO 3HayeHHeM vy, 6osiee yeM Ha MOPSNOK INPEBHLIIAIOUIUM COOTBET-
CTBYIOUIYIO BEJIMUHHY AJIS1 YHCTOrO XxpoMma. MamepeHHble 3HaueHus
y LJIS YUCTOrO KeJje3a NPEKPAaCHO COTJIacyloTcsl ¢ paHee COOGIIAB-
myMucs gaHHbiMU [114]. AHanoruuyHo, ‘GoJibline 3HayeHHs vy ObLIH
oOHapyXeHBl U B CHCTEME XPOM — MapraHell IPH COOTBETCTBYIOLIHX
3HAYEHHSIX BEJUYHHBI OTHOIIEHHS1 e/A. 3aMaHYMBO MOMBITATHCS HH-
TEPNPETHPOBATh 3TH JaHHbIE KaK OmpejejsieMbleé TOJbKO MJIOTHO-
CTHIO COCTOSIHMH M 3JIEKTPOHHOH KoHLeHTpauueii. OnHaKo GblIo Gbl
Hesecoo6pa3Ho yBA3aTh ‘3TH pe3yJabTaThl C NAHHBIMH H3MepeHHUM

! Wei C,, Cheng C.,, Beck P. (rorosurca k meuanu).
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LpYrHX THNOB. JTa BaxkHas pabora cefiuac mpoposkaercsi. Pesynb-
TaThl, NOJYYeHHble He3aBHCHMO XopoM H Mostthiocom [112] nas
cnyiaBa ¢ copepkanuem 449 xpoma u 569 xesesa, xopouwo corsa-
CYIOTCSl C KPHBOH yIeJIbHOH TENJIOEMKOCTH, NpPHUBOAMMOH Beiiem,
Uanom ¥ BekoMm 17151 XpoMOXKeJIe3HHX CIIABOB.

OKONepUMeHTH, aHaJOMMYHble MPOBEIEHHEIM BejieM ¢ coTpya-
HUKaMH, Oblay BemogHeHb Pefinom [110] B wesnsx ompenenenus
3JIGKTPOHHOIO BKJIafla B YAEJbHYIO TEOMJIOEMKOCTb CHCTEM Melb—
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Puc. 29. Kpupble H3MeHeHus Mar-
HHTHOH BOCIIDHHMUYHBOCTH C TMOMNpas-
KOM Ha JHaMarHeTH3M sipa B 3aBH-

Puc. 30. 3aBHCHMOCTb HM3KOTeMIle-
paTypHO# YAENbHOH TENJ0EMKOCTH
OT 3JIEKTPOHHOH KOHUEHTpPaUHH MAJIs

CHMOCTH OT KOHUEHTpaluuH A[Js

06 bEMHOLEHTPHPOBAHHEIX KyGHuec-
cnrasoB Pd — Ag {107]

kux cmiasoB Cr—Fe u Cr—Mn

IUHK ¥ MeIb — repMaHuii. Pe3yabraThl 3THX H3MEDEHHH IMOKa3aHbE
Ha puc. 31. [To-BuguMOMYy, HX MOXKHO paccMaTpHUBaTh Kak Ji0Ka3a-
TEJbCTBO OTCYTCTBUS COMPHKOCHOBEHHS MoBepxHOCTH PepMu B -uu-
CTOA MeIW ¢ IMPaHHLIAMH 30HLI, 4 3TO TPOTHBOPEYUT JAHHBIM IO
ManHUTHOM BOCIDPHUMUYHUBOCTH, coobumiaemMblM I'enpu u Pomxepcom
[113], ¥ maHHBIM IO aHOMAaJbHOMY CKHH-3({EeKTy B UYHCTOH MenH,
coobmaembiM Ilumnmapmnom, a Takxke HoBefimum nanupiM  Kosuna
[64] mo 3/eKTPOHHOM YAEJbHOH TENJOEMKOCTH M ONTHYECKHM TOCTO-
SIHHBIM J1J151 yHcTOoH Mend. MHTepecHo oTMeTHTD, 4TO Mo gaHHBIM Peii-
Ha KpUBBIE Y/JEJbHON TEIIOEMKOCTH CHCTEM Melb — IHHK H Melb —
repMaHuil mpoxoAasit 6JU3KO APYr K APYTy BO BCeM HHTepBaJje 3Ha-
yenuit 1o e/4 = 1,1. Ogunako nas e/A > 1,1 nBe KpuUBbBIE PaACXOMAT-
csl, IPUYEM JJIsi CHCTEMBI ‘Melb — repManuil penuuuna N (E) Bospa-
CTaer, a JJsl CUCTEMBI Melb — LIUHK OHa yOblBaeT. DT1oT 3dhexT mo-
Ka He HamieJ oObsCHEHHS. : ’
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Jlaxe u3 HaHHBIX PefiHa co BCeH OYEBHIHOCTbIO BBITEKAET, YTO
noBepxHocTb PepMu B cucTeMe Menb — UHHK mpu e/A < 1,1 mepe-
KpBbIBAaeT T'PaHHUIbl 30HBL. DTO B HEKOTOPOH CTEIEHH COrJIacyeTcss ¢
npeasoxeHnblM Kosnom 3nauvenneM efA = 1,04 u 3HAYUTEJBHO
MeHbllle 3HaUeHUH, MPEICKa3aHHbIX Ha OCHOBE MCXOJMHOH MOIEJH
«XKeeTkoi mosiockl» JIpKOHCa, jaroled Ijsi caydass  ohepruuyecKHX
JHEpreTHyeckux nosepxuocrel e/A ~ 1,36. ITpuunHa cTO/Ib GOJMBLIO-
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Puc. 31. Usmenenue' N (Enaxc) B 3aBUCHMOCTH OT

3/MEKTPOHHON KOHIeHTpauun AJas cmiaasoB Cu—Zn

u Cu—Ge, ompenesneHHOE BKCIEPUMEHTaJbHO IO .

JaHHbIM M3MEpEeHHil YAeJbHOH 3JIEKTPOHHOH TelJo- o
emkoctu {110] -

o pacXoXAeHHUS 3aKJI0Yaencs B TOM, 4YTO B MEIM 3JeKTPOHbI He SIB-
JISIIOTCSI BIIOJIHE CBOGOIHBIMH U UTO, CJI€I0OBATENbHO, NPEION0KEHHE
0 chepuyeckoil GopMe 3HepreTHYecKUX MOBEPXHOCTEH He OnpaBIbl-
Baercs. '

Jsis mepexoqHblX MeTaJlJIoOB M WX CIJaBOB HAaJIOXKEHHEe MmoJIoC
IPYr Ha ApYyra YCJOXHSeT HCTOJKOBaHHe 'Pe3yJbTATOB H3MepeHHH
yaeabpnoil temnyoeMxocTd npd 1° K, u6o 1mosockl MOryT HaXOZHThCS
M He HaXOJUTbCS B COCTOSIHMM JIMHAMHUYeCKOro paBHoBecusi. Bompoc
0 paBHOBecHH OCOOEHHO BaXeH B CBSI3H C TEM, UTO OT HAJIMUUs PaB-
HOBECHSI 3aBUCHT BO3MOXKHOCTh ONMHCaHHUsS 3d-COCTOSHMA B MeTasl-
JlaX mepBoro GOJILLIOTO MepHofa (OT THTaHA IO HHKeJs) Ha OCHOBE
moaenn crpoenus mosoc. INocaenmue wocaenoBanuss Morra u Cru-
BeHca [114], ocHoBaHHBIE Ha moAcyeTe wHciaa 3d-3JeKTPOHOB MO Me-
Tony Beiicca, mokaselBaloT, YTO B ONpPeeJeHHBIX CIyYyasX MOJOCHAas
MOgesb 3d-COCTOSIHUH ICOOTBETCTBYET N€ACTBUTENbHOCTH.

TTonbITOK paccYHTaTh CTPYKTYPY [OJOC PELKO3EMENBHBIX —3Je-
MEHTOB ‘Y MX CIJIaBOB MOYTH HE IIPEeINPUHHUMAJIOCH H3-3a CJIOXKHOCTH
crpoenust ux aroMoB. OlHaKO HOBefLIHe SKONepHMeHTaNbHbIe Hecle-
JNOBaHHUs TEIJOBBIX, MArHUTHBIX H 3JISGKTPHUECKHX CBOHCTB yBeHYa-
JHCh CO3JaHHEM HEKOTOPBIX HHTEPECHBIX 3BPUCTHUECKHX MoieJed
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oA 3Tux Merasios. PoGepre u Jlokk {115] B mocsensue rogsl npo-
BE&JId H3MEDEHHS HH3KOTEMINEepPaTyPHOH VIEJbHOH TeIJOEMKOCTH H
MAarHUTHOH BOCIDUUMYMBOCTH CIJIABOB LEePHS C JaHTaHOM (pHc. 32
u 33). 3HaueHUs YIeJbHOH TENMJOEMKOCTH OBIJIH OMpeNeseHbl AJs
tremmepaTtypuoit obsactu ot 1,5 mo 20°K. HMamepenuss maruutHO#
BOCIPUUMUYHBOCTH GBIJIM IIPOBENEHBl B HHTEpBaJjie TEMMEPaTyp OT I
o 300° K.

JlJs1 yHCTOro IepHs CYLLECTBYET eIUHCTBEHHAs] aHOMAaJHs TIPH
12,3° K, xoropasi pacliemsiercss Ha [Be aHOMAaJUH B CJaydyae crJja-
BoB. C MOBHILIEHHEM COJNEPKAHHS IIPUMECH 3TH [Be aHOMAJUH CMe-
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Puc. 32. KpuBble H3MeHEHHs YHAENbHOH

H30ObITOUHOH TETJIOEMKOCTH  CIIJIaBOB Puc. 33. KpuBble H3MEHEHHS BeJHYHHBI

Ce—La B 3aBHCHMOCTH OT TeMmeparty- 1/ B 3aBMUCHMOCTH OT TeMIepaTyphl
pu [115] ana cnaaBos Ce— La [115]

nlamoTcst B obgactb OoJsiee HU3KUX Temmnepatyp (puc. 32). Bosuuk-
HOBEHHE HH3KOTEeMIEepaTypPHOH aHOMAJIMU ICONPOBOXKAAETCS H3MeHe-
HHeM MarHUTHBIX ICBOHCTB CMJaBOB (HauGOJIbIIas BeJHYHHA MATHUT-
HOM BOCOPUMMYMBOCTH HaGJIOfajJach B CIIaBe ¢ MaKCHMaJbHBIM
colep:KaHHeM IpHUMecH, a JJf IBYX IPYTHX COCELHHX MO COCTaBY
CnJ1aBOB OBIJ XapaKTepeH He 3aBUCALIMH OT TeMImepaTyphl Tapamar-
HeTH3M). DTO 0OBSICHSETCS TeM, UYTO B pe3yJbTaTe B3aUMOAEHCTBHS
4f-3neKTpoHOB BO3HHKaeT aHTHdeppomarHetusm [115]. Ha6mwonas-
masicd aHOMaJjbHas IBOHCTBEHHOCTb YAEJbHOH TEMJIOEMKOCTH €CThb
C/I€ICTBHE ABYXCTYINEHYATOTO YIOPSAOYEHHS] OPOUT 4f-3/1€KTPOHOB.

MarnutHast BOCIPHUMYHBOCTb BCEX LE€PHEBOJIAHTAHOBBLIX CIlJa-
BOB nomuuHsiercsi 3akony Kiopu — Beficca x = ¢/(T — 0 ). ITocro-
snHas Kiopu C AJst 3THX CUCTEM YBEJNHYMBAETCS ¢ POCTOM COMIEp-
’)KaHUs JlaHTaHa MOHOTOHHO, CBUIETEJNbCTBYS O TOM, 4YTO uHcao 4f-
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3JeKTPOHOB Ha KaXKAbli aTOM liepusi! C MOBBILIEHHEM COAEPXKaHHA
JlaHTaHa B pacTBape Bo3pacraer g0 2—3. VHTepecHo OTMeTHTD, uTO
3amoJiHeHHe 4f-COCTOSTHMH B LEDHH MPOMCXOJHUT aHaJOTHYHO 3amod-
HeHHIO 3d-COCTOSIHUE Y SME€MEHTOB C MaJibiM YHCJIOM d-3JEKTPOHOB
3IeMEHTaMHU [IEPBOTO MepHoaa ¢ GOMBIINM YHCIOM d-3JIeKTPOHOB.

eXTPONPOBOAHOCTL TBEPALIX PACTBOPOB

Kaaccuyeckasi Teopust CBOGOJHBIX 3JIEKTPOHOB2 1aeT cjeayio-
Tuee BHIDaXKeHHe JJs1 3JeKTPONPOBOMHOCTH METasla WJM CIVIABOB:

extN
= e (16)
m
rne Nopp — 3dpdexTHBHOe YHCIO CBOGOIHBIX 3JE€KTPOHOB B €JHHMIE

o06beMa;
e — 3apsj 3JeKTpoHa;
m — Macca 3JeKTPOHa;
T —CpelHee BpPeMsI KHU3HHU 3JEKTPOHA MEXAY ABYMS IIPO-
1leccaMH ;paccessHus.
Hcxomss U3 U3J0KEHHOro, He0OXOLHMO TOUHO BBIYHCJUTH BeJIH-
YHHBI T U Nopp TIO KBAHTOBOH TEOPHH, UTOOHI MOJYUHTb TOYHOE 3HA-
yeHHe T.. Boomosib30BaBIIMNCL BOJHOBOH MeXaHHKOH, HaXOIHM, UTO

Nogyp = h2 4n3f( 0K ) |gradE|’ 1"

rie uHrerpaj Oeperncs no mosepxHocty Pepmu. Y3 ypasuennit (16)
u (17) BbITeKaeT, 4TO MPOBOLMMOCTbL MeTaJjlla MJH CIJIaBa 3aBUCHT
OT CJeAyoLlHX (PaKTOpoB:

1) or BesiMYUHBI T, OOPATHON BEPOSITHOCTH TOTO, UTO 3JIEKTPOH CO-
BEDIUUT 332 €IUHHUIY BPEMEHH MEepPeXo] HJH H3MEHHUT 3HEPTETHUECKOoe
COCTOSTHHE B peyJbTaTe IIpollecca ‘PacCesHus;

2) oT BesuHuUHBl MJOLIAAH TOBEPXHOCTH DepMu «CBOOGOIHBIX»
3JIEKTPOHOB P OBOHMOCTH. ‘

CaenoBaTeNbHO, eCJd 3JEKTPONPOBOLHOCTh TOTO HJIM HHOTO Ma-
TepHaJia 3aBHCHT OT IBYX BhHIIEyKa3aHHBIX (AaKTOPOB, TO HEOOXO-
JUMO 3HATh €r0 3JIEKTPOHHYIO CTPYKTYpY. HuxKe MBI mocienoBaTeb-
HO (pa3BUBaeM 3Ty MBIC/b, paCCMaTPUBAsT HCTOUHHUKU PaACCESTHUS, KO-
TOPBIe U OMPEeNeJSIOT B KOHEYHOM HTOre BeJHUYHHY 3SJIEKTPOCOTIPO-
THBJIEHUS TBEPAOTO pacTtBopa. ~

B TBepablx pacTBOpax KOHeYHasl BEJHUYHHA 3JIE€KTPOCOMNPOTHBJIE-
HHUS BO3HUKAeT H3-3a HEKOTOPOH HEWIOPSAOYeHHOCTH PacoOXKeHHs

! Poct BeauunHbl 9¢¢beKTHBHOIO MOMEHTa aTOMOB 1epHs B (pa3baBieHHBIX
CTJIaBaX MPEANOJIOKHUTENIbHO 0GYCIOBNEH TEHIEHIHel K Nepexony SJeKTPOHOB H3
COCTOSIHM} BHEIUHel ‘BajeHTHOCTH (5d- HaM ©6S-3/MeKTPOHB) B  He3anoJIHEHHbIe
4f-cocTOsHHUS. )

2 [lpexpacHoe BBeieHHe B TEOPHIO 3JIEKTPOMPOBOAHOCTH maercs B ra. VII
monorpaguu Morra m [xkonca, «The Theory of the Properties of Metals and
Alloys». B ra. I, 1. VI «¥Ycmexu ¢u3nku Merasnos» JIoycon maeT KpaTkuii 0630p
OCTHXKEHHHA TEOPHH 3JEKTPOTPOBOJHOCTH METaJJIOB.
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4TOMOB B KDHCTAJIHYECKOH DEIIETKe, T. €. H3-32 HCKAaXKeHUsl CoBep-
I@HHON KPHCTAIIMYECKOH CTPYKTYPBL, DTO PasynopsloueHHe MOXKeT
OBITh BHI3BAHO TEIMJIOBHIMH KOJEOAHHSMH aTOMOB, a TaKXKe VIIOPS-
JLOUEHHBIM H HEYyNOpsIOYE€HHBIM Paclpele/eHHeM NPHUMECHBIX : aTo-
MOB, BaKaHOMH.MJH AUCAOKAUMi. B uucTBIX Merajsnax mpu oG6bIY-
HHIX TemiepaTypax HauOGoJbllee paccesHHe 3JEKTPOHOB, Bepyllee K
JIMHEHHO!N TeMIepaTypHOH 3aBHCHMOCTH CONPOTHUBJIEHHS, BHI3bIBAET-
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Puc. 34. DuexnpoconpoTHB/EHHe CIJIaBOB, 06pa3yiOlIHX HempepbiB-
HbI pSII TBEPAbIX 'PAacTBOPOB:
— X—X— Ag—Au npu 0°C (Beckman, naucceprauus
Upsala. 1911); ——0—0— Pd —Pt npu 0°C (Geibel, Zeits. f. an.
chem. 1911, 70, 240); 6 —In — Pb npu 25 u 100° C (KypHakoB, XXeM-
qy}xﬂblﬂ Zexts f. an. Chem. 1909, 64, S. 149); 8 — cnunaBet Cu, Ag H
Au ¢ Pd npu 0°C, (Cu— Pd n Ag —Pd no nauuniM CBeHCCOHa. Ann.
d. Physik 1932, 14, p. 699); Au— Pd —no nauHeiM Geibel. Zeits. f. an.
Chem. 1911, 70, p. 240)

Csl TEMJIOBHIMH KoJlieGaHusMu pelleTkH. Jlas ciayyass WBOMHBIX CIJja-
BOB C HEOTDaHHYEHHON B3aUMHOH PacTBOPHMOCTbIO KOMIIOHEHTO3
KpuBasi 3aBHCHMOCTH 3JIEKTPONPOBOAHOCTH OT cocTaBa umeer U-06-
pasHylo $opMy, KaK 310 BuAHO Ha puc. 34 [72]. Bosee Toro, Temmne-
paTypHBIN KO3(DPHUHEHT 3JEKTPOCONPOTUBJIEHHS AJs TBEpPAbIX pac-
TBOPOB Bcerja ObIBaeT HHXKe, yeM JJs MeTasna-pacrBoputens. Ho
KpHBAs 3aBHCHMOCTH Y/JEJbHONO 3JIEKTPOCONPOTHBJIEHHS OT TEeMIIe-
pATypBl MOXKeET. npno«6perarb y TBEpAbIX PacTBOPOB XapaKTep, cO-
BEPIIEHHO OTIMYHBIH OT € HOPMAJbHONO JHHEHHOro XoJ4a NJs YHC-
71’21>1X‘MeTaJ1Jxo'B. 310 0COGEHHO CIIpaBeMJIHBO MJsi TBEPABIX PacTBO-



pOB, COAepXKallUX NepexofHBle MeTaJjlJibl, M CHJIaBOB, JJIt 'KOTO-
pbIX XapaKTepHO HaJWYyHe MarHUTHBIX HJIM KpHCTajtorpaduye-
CKHUX MrpeBpalleHuil. EcTecTBeHHBIM CJEMCTBHEM 3TOTO HOJKHO ObITh
3aMeTHOE yMeHbIIeHHE - 3JeKTPOCOTIPOTHBJ/IEHHUS, Haémonalomeecn
JUISL QMJIABOB C GOJIBILIOMH CTeNEeHbIO YIOPSI0USHHOCTH.

Hexotopbie naunbosee MHTEPECHbIe Pe3yIbTaThl ObIH TIOJIYYEHB]
IJIs1 TBEpIbIX PAacTBOPOB HU3KOH [KOHLIEHTPAIHH, TaK Ha3bIBaeMBIX
«pa30aBJeHHbIX» PaCTBOPOB, B KOTOPBIX KOHIIEHTPALHUS MPHMECHBIX
aTOMOB HACTOJBKO MaJia, YTO GHH He B3aUMOAEHCTBYIOT APYT C APY-
roM. TakuM 06pasoM, /s pa3baBeHHBIX PACTBOPOB yNENbHOE JJIEK-
TPOCOIPOTHBJIEHHE MOXKHO BBIPA3UTh TaK:

P=Pr+ 0, (18)
rae p — Haby0aeMoe 3J1eKTPOCONPOTHBIIEHHE; ,
P — 3JI@KTPOCONPOTUBJIEHHE, OOYCIOBJIEHHOE  TENJOBBLIM

JBH2KSHHEM; ‘
Pa, — 3JEKTPOCONPOTHBJEHHE, CBSI3aHHOE € PACCESTHHEM
3JIeKTPOHOB NPHMECHBIMH aTOMaMH.

Uto6bl yuecTb BIMSIHHE TAKUX CTPYKTYPHBHIX (MedEKTOB, KaK Ba-
KaHCHH, JUCJOKAIIMH U T. 1., MOXHO BBECTH N00GaBOYHBIH 4JI€H, O0TO-
6pakalwoluil BIUsIHHE YKa3aHHBIX Je(PEeKTOB.

CyMmapHbIi BKIaJ OT TPHMECHBIX aTOMOB M CTPYKTYPHBIX me-
(eKToB OOGLIYHO M HA3bIBA€TCA <«OCTATOUHBIM 3JIEKTPOCOIPOTHBJIE-
HHEeMy, IPUYEM ero MPHUHATO CUUTATh HE3ABUCSIIHNM OT TEMIEPaTyphi.
YpasHenue (18), oObIYHO HaskHIBaeMoe MPaBHJIOM -MarTucceHa [72],
OQCHOBAHO Ha CJEIYIOIIUX IPeNIOCHIIKAX:

a) TeMmepaTypa JIOCTAaTOYHO BBICOKA IJISI TOTO, UTOOHI BCE TeM-
JI0OBOE paccesiHie MOXKHO OBbLIO CYHUTATH YIPYTHM;

6) TemnJoBOe paccesHHe U paccesHue, oOyCJAOBJIEHHOE fIpUMec-
HBIMM aTOMaMH, MOXXHO HCCJIELOBATh HE3aBHCHUMO IPYT OT npytra
TaK Kak nmep«bepeﬂuuu He BO3HHKAET;

B) 3aBHCslIas OT TEMIEPATypbl JNOJIST BEJUUHHBLI 3JIEKTPOCOTPO-
THBJIEHHSI He CBSI3aHa C KOHIEHTPAIIMel NMPUMECHBIX AaTOMOB MJIU
Ie(heKTOB;

r) no6GaBKa NPHUMECHBIX aTOMOB C TOH K€ BaJIEHTHOCTbIO, YTO H
Yy aTOMOB PacCTBOPHTEJS, He U3MEHSAET BEJHUUHB Noga.

B nmeiicTBHTENBHOOTH HH OJHO U3 YKA3aHHBIX IPEMIIONOXKEHHH He
co06Jilo1aeTcsl BIOJIHE CTPOro, KaK 3TO MOKA3aHO NPH MOCaeAyIolleM
aHaause. OGIKA pacyeT BEJIUYHHBI p TpeGyeT, YTOObl T U Nogy OblIH
onpeaeseHbl, UCXOAs M3 OCHOB 3JeKTpoHHO# Teopuu {72]. I1pu pac-
yeTe 0Ka3aJoCh, YTO BeJHYHHA T O6pPATHO NpONOpUHOHAIbHA Visoan»
T. €. Pa3HOCTH [IOTEHLUAJOB PeasbHON U HAeaNbHOH pelleTok. Ia-
Jiee, Mbl CBSI3aHbl 3[€Chb ¢ 3ajaueil OmnpeneseHHs BO3MYILAIOLLEro
noreHuuana Vposy W B3aHMONEHCTBYIOLIENO' C HHUM pacIrpeaesens
3JIBKTPOHOB. ' .

Morr [116] BnepBhle TOMBITANCA TIOLCYHTATD BEJIHIHHY Vsoars
00yCJ/I0BNIEHHYI0 HaJH4YHeM MPHUMeCHBIX aTOMOB, M BHIBEJN COOTBET-
CTBYIOILME BbIpAXKeHHUs JJIs clydast pa36aBiedHbIX PacTBOPOB Cepes-
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pa, 30J10Ta, IMHKA, TaJJIks, 0J0Ba U MbIIbAKa B Meau. OH ucxomun
U3 TODPO, YTO BCe BaJIEHTHbIE 3JIEKTPOHBI IEPEXOMSIT B MOJOCY MPOBO-
OUMOCTH. V36BITOUHBIH BKJIAA B BEJIHUHHY YAEJBHOIO 3JEKTPOCOI-
POTUBJIEHHS] BO3HHKAeT U3-3a PACCEsHHSI 3JEKTPOHOB, BHI3LIBAEMOTO
3a3KPAHUPOBAHHBIM IIPOCTPAHCTBEHHBIM KYJIOHOBCKHM TIOJIEM 3apsi-
OB siiep MpUMecCHbIX HOHOB. Boomosb3oBaBmuch ycaoBHAMH Pep-
mu — Tomaca, OH BEIpA3uJ MOTEHLHAJ ‘paccesiHHs (BO3MYILLEHHS)
CJeNYIOIIMM 0GpasoM:

Vaoam = — e,

rie Z — U30BITOK BaJeHTHBIX 3apsifnoB mpumecH (£ = +1 s uuH-
kKa ¥ Z = +2 paa rannus). UM 6blia mosaydena caenyiomas Gopmy-
Ja JUIsi OnpenesieHds] MpHpPAIleHHsT 3JEKTPHUECKOro COTPOTHBJEHHS
Ha 1Y% (ar.) mo6aBKM NPHUMECHOTO 3JEMEHTA:
2n Z2e?m?
=—————V ; 19
o Vel () (19)

__¢r
y= 4m2p?’

1
f(y) =1In(l + y) T4y
31ech e — 3apsn 3JEKTPOHa,
‘m — macca 3JIeKTPOHa;
Vo — aToMHubIl 06beM.

TIpMHATO CYHTATh, YTO AJIS CJAydYasi pacTBOPa OJHOBAJIEHTHOTO
3JIeMeHTa B OJHOBAJEHTHOM, HamTpuMep AJs1 pacTBopa cepebpa B Me-
IH, ToJie HOHHOIO OCTOBA ONPEAeJSAeTcsl PA3HOCTbI0O SHEPTHH y OC-
HOBAaHHS MOJIOC IIPOBOLMMOCTH UHCTHIX METaJlJIOB.

BiusiHHe aTOMHBIX pasMepoB IpeHeGPeXK HMO MaJio, XOTS MOXKHO
0XKHJaTh, YTO HCKaXeHHe pelleTKH OyIeT BO3pacTaTh ¢ YBeJHUEHH-
eM pa3MepoB N06aBJseMOr0 HOHA, a 3TO JOJKHO MPUBOAUTb K MPO-
MOpLUHMOHAJIBHOMY H3MEHEHHI0 BeJHYuHBl npupaulenus Ap. Ilpuse-
JEeHHble Bhille (OpPMYJabl BOOGIIe NAlOT XOPOIIee KOJHYECTBEHHOE
COOTBETCTBHE IJIS PACTBOPOB BCeX 6JAarOPOAHMBIX METaJJIoB, Kak
5To BHJAHO, HanpuMep, mo pesyabraram Jlunge {117], xoTopriii Ha-
6stoan Bo3pacTaHHe yIeJbHOrO 3JeKTPOCONPOTHBJIEHHS € BBENEHH-
€M MaJbiX 106aBOK (B KOJHYECTBE, HCKJIKOUAIOIUM B3aHMOIEHCTBUE
IPUMECHbIX aTOMOB MeX1y co00H) M YCTAaHOBHJ CJEAYIOLIHe 3aKo-
HOMEpPHOCTH:

1) BesyuuHa O JIHHEHHO 3aBHCHT OT-'COCTaBa PacTBOPA;

2) Ap = a + BZ?,

rae AP — mpHpalleHHe YIeJbHONO 3JEKTPOCONpPOTHBJEHHs Ha 1%
(ar.) mpumecH; ‘
Z — pa3HOCTb XUMHYECKHX BaJIeHTHOCTEH aTOMOB PacTBOPH-
TeJs. U MPUMeECH;
o U P —ToCTOsIHHBIE.
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B'popaﬂ U3 IIPUBEAEHHBIX 3aBHCHMOCTEH SKBHBaJIeHTa 3aKOHOMED-

o
goctd Mortra. K coxanenunio, Moty npuijioch cuutath ¢ = 0,3 A,
YT06Bl LOCTUTHYTDH Y/JOBJETBOPUTEIbHOIO COMVIACHS C ‘Pe3yJbTaTaMu
3KCIIepUMEHTa. JTO, OUEeBUJHO, HEMNPABUJIBHO C TOYKH 3PEHHUs ycTa-
HoBjenHoro ®punenem sdpdexra sxkpanupoBanus. Teopus Morra
TaKxKe CTAHOBHTCS HEMPUMEHUMON 1Js caydas Z < 0, Tak Kak OHa
JlaeT Te XKe pe3yabTatel, uto U 1jsi Z > 0 [5]. M3mepeHHble 3HAUEHHUST
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Puc. 35. Uamenerne aneknpoconpdtuB/eHHss Meau TDPU JErHpPOBa-
aun 1% (aT.) nmpuMecn B TBEpAOM PACTBOPE:

N — yHCcJIO 3JIEKTPOHOB BHE HapYXHOH 06GOJIOYKH HHEPTHOro  rasa;
Z paBHo (N —11) [117]

yIENbHOrO 3JIEKTPOCOMPOTHBJIEHHS, KOIla I[IePEeXOAHble MEeTaJlJbl
BLICTYMAIOT B PONH JIETHPYIOUINX N00ABOK, XapaKTEPU3YIOTCH HaJH-
ypeM HeOObSICHUMBIX HEpEeryJsipHOCTEH H3MEeHeHUs] NMPHUPOCTa 3STOH
XapaKTepUCTHKU TIPM TIePeX0oJe OT OJHOTO 3JeMeHTa K ApyroMmy (Ha-
mpuMep, MPH mepexoje OT THTaHA K Hukesw). Habmonaembrit mpu-
POCT YIEJbHOTO 3JIEKTPOCONPOTUBJIEHHUST MOJydyaeTcss ropasno 6oJb-
Iie 1Jis PacTBOPOB IEPEXOJHBIX 3JEMEHTOB B 6JIarOPOILHBIX METaJl-
Jax, 4eM IJIs cJayyasi pPacTBOPEHHs LUHKA, Trajjiis, IepMaHHsa ¥
Mbiibsika (puc. 35). Motr [114] 06bscHAN 3TY 0COGEHHOCTH MaJIoH
IHPHHOA NOJOCH] 3d-371€KDPOHOB, o6Jajalolieii GOJBIIOH [JOTHO-
CTbIO HE3aHSITBIX COCTOSHHM.
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B cBoeit mpakToBKe MoOTT McXOomua u3 TOro (hakra, YTO BepPOST-
HOCTb TEpexo/a 3JeKTPOHA TIPOBOLUMOCTH M3 HAYaJbHOTO ICOCTOS-
HUsl Ha noBepxHocTH PepMH B Kakoe-THOO KOHEUHOE (IOJIOXKEHHE
IPONOPIHOHAJNbHA KOHEYHOH MJOTHOCTH COCTOSIHHE Ha 3TOH TIOBEpX-
nocTH. Tak Kak MJIOTHOCTb COCTOSIHMH B d-I0JIOCE HA IIOBEPXHOCTH
Depmu 60Jbllle, YeM MJIOTHOCTb S-COCTOSIHUH TMPH Ewyaxe, BEPOST-
HOCTb CKayKa M3 S-COCTOSIHHA B d-cocTosiHue GoJiblie, yeM AJs CJay-
Yast 0GLIYHOTO pacCesHHUs, IPSAIONaTalOUlero JiIIb MePexoabl § — S.
Hano oTmeruTb, 4TO S-3JIEKTPOHBI, T1€PECKOUHBIINE B d-IOJOCY TIPH
paccesiHdd, B Hell He ocralorces. Hucso nmepexofoB S — d paBHO YHC-
Jay mepexonoB d — S, TaK YTO Pe3YAbTUPYIOMIMM 3h(HEKTOM SBJIAIOT-
sl IepeXoabl S — S, MpHUeM d-COCTOSIHME OKAa3bIBAETCS NPOMENCYTOU-
HoLM.

B mocnennee BpeMs ynajsoch Ha6J0aaTh 3HAYMTEJbHBIE OTKJIO-
HeHusl oT npaBuja MarTucceHa nis pa3GaBJeHHBIX PacTBOPOB Ta-
KHUX NepexoJHBIX MeTaJlJIoB, KaK Melxb, cepe6po W 3oJg0T0. Hekoto-
pble CNJIaBbl MPH KOHEYHOH KOHIEHTPaUHH NpHMecH (mpemmoJiara-
10lllelf ‘B3auMOAelcTBUE MPUMECHEIX aTOMOB), PaBHO KaK H UHCTHIE
TNepexoHble MEeTaJIbl HJIM PEeIKO3EMEJIbHBIE 3JIeMEHThl, BEAYT ceOs
nono6HbIM ke o6pasoM. Koyac [118], Mort [114] u npoune aBTOpHI
IMIPUMHUCHIBAIOT 3TO JOTOJHUTEJbHOMY INPOLECCY paccesHusi, KOTOPoe
NOPOXK,AAeTCsd HaJUYHEM CIIHHOB Y HeMapHBIX 3JIEKTPOHOB, JIOKAJH-
30BaHHBIX ‘B HEKOTOPBIX aToMax. IlomoOHBIH TpollecC 'MPHBOLHUT
K BO3MOXXHOCTH H3MEHEHHMS COHHOBBIX COCTOSTHHH Y 3JIEKTPOHOB
NPOBOAUMOCTH B mpolrecce paccesHrs. CiemoBaTesIbHO, paccesiHHe,
O0YIC/IOBJIEHHOE HeynopAO0O4eHHOCTbIO CNUHOB8, IMOXKET BO3HUKATh
13-3a 0OMEHHOrO B3aHMOJEHCTBUS MEX/Y 3JEKTPOHAMH TIPOBOLHMO-
CTH M HeMapHbBIMH 3JIEKTPOHAMH, JIOKAJU30BAHHBIMH B OTAEJbHBIX
aromax, ecsid HelapHble CIIHHBI OPHEHTHPOBaHbl Gecnopsimouno [118].
VHTYHTUBHO MOXKHO MOJIaraTh -UTO NMOROOHBIA MeXaHH3M BEPOSITEH
B psiJe ONpeJeseHHbIX CJIyyaeB, TaK KaK XOPOILIO H3BECTHO, YTO Iie-
pexonHble 37eMeHThl 06J1a1aloT MOCTOSIHHBIMH CIUHOBBIMH MOMEHTA-
MH ¥ 4TO OOMeHHOe B3aMMOJEHCTBHE JJISI 3THX METaJJIOB HTpaer
caMyi0 BaXHYI0 poJb. Eciu B MeTajse WM COjlaBe II'POHCXOLUT
¢deppo- uau aHTH(HEePPOMATHUTHOE YIOPSTOUEHHE HEeTaPHbIX CIIMHOB,
HabJII0aeTCs 3aMEeTHOe YyMeHbIIeHHe 3JEKTPOMPOBOAHOCTH. AHoMa-
JIHH 3JIEKTPONPOBOAHOCTH Hab/IomaloTcss NP TemMmepaTypax Mar-
HUTHOTO YNOPSAOYEHUs, eCJH CVILEeCTBYIOT JOKaJjbHblE CIHHBI, Ha-
TIPUMEp ‘B CJy4Yae TaKUX PONKO3eMeJbHBIX 3JIEMEHTOB, KaK JHUCIPO-
3uil, rosibMuil v 3p6ui [119], uiK TakUX TePEXOIHLIX 3JE€MEHTOB, KaK
JKeJie30, HUKeNb, KoOaJabT, Mapranel M Tutan (puc. 36—38). Pakru-
YyecKH HH mpoliecc nepexoma S — d, HM paccesiHHe 3a CUET pasymo-
PSAIOYEHHOCTH COMHHOB CaMH Mo cebe He SIBJSIOTCS MPHUHMHOM aHO-
MaJIbHOIO H3MEeHeHHs 3JeKTponpoBogHocTH. OXHAKO B OmpeaeseH-
HBIX (CJIyUasiX TOT MJIM MHOH H3 3THX (aKTOPOB OKa3hiBaeT mpeobJa-
naroliee BO3JEHCTBHE M MOXKeT ObITb BBIIBJIEH MO HAaHHBIM TEM-
nepaTypHO#l 3aBHCHMOCTH (BEJIMUHHBI YJIEJBHOTO 3JIEKTPOCOINPOTUB-
JIeHUsl, TaK Kak, HampHMep, paccesHHe NOMUHUPYET NPH Tiepexenax
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s —d, xorja HemapHble CINMHBR YaCTHYHO 3aMOJIHSAIOT IOJIocY (KO-
6anbT ¥ HUKeJab). OQHaKO STOro He HaAGJIIOLAeTCs B cJaydae xKeJe-
3a WIH PEIKO3eMEJbHBIX NIEMEHTOB.

YaenbHoe 3J€KTPOCONPOTHBJIEHHE, OOGYCIOBJIEHHOE Pas3ymopano-
YeHHEM CIHHOB, OTJHYAETCS OT YULEJBHONO 3JIEKTDPOCOMPOTHBJEHHS,
CBSI3AHHOrO ¢ paccessHHeM S — d, T€M, YTO OHO TIPH TEMIepaTypax
Boille ToukH Heenss (unm Kiopu) He 3aBHCHT OT CTENeHH Harpesa.
Ha ocHoOBe 3TOro Mbl MOXKEM paclpoCTPaHHTh MpaBuao MarrucceHa
H Ha cjayyall pasynopsiiouyeHHBIX CIIHHOB, N00aBHB 'COOTBETCTBYIO-
I YJIEeH B BhIpaXkKeHHe AJIsi «OCTATOUHOTO 3JIEKTPOCOMPOTHBIIEHHIY.
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Puc. 36. YnenbHoe 3/eKTDPOCONPOTHBIEHHE Puc. 37. YmeapbHOe 3JIEKTPOCON-
nucnposus {119] porHBJeHHe 3p6us [119]

Ons ynpouwenus ananusa, cnenys Koyicy [118)], sanuumem mpasuio
MartucceHa B cleLyIoOLleM BHIE:

p=p,+p,=(P.+P)F, ~ (20)

cie P, u Pr— Bosmyllenusi, co3gaBaeMble aTOMHBIM M TEMJOBBIM
pasynopsiioueHHeM;
F — xospduurent, 3aBucamuil oT KOHGUTYpPALHH 3J€K-
TPOHOB MPOBOJUMOCTH, YHCIAA HOcuTesdel, 3ddexk-
THBHOM MacChl YaCTHI H TIJIOTHOCTEH COCTOSTHUH, B
KOTOpPBIE NepexoaiT 3JeKTPOHHI.

Ecau B cnnase maGiiomaencst ynopsitoueHHe, a 30Ha pasymopsi-
JOuYeHHOH (ha3bl 3aloJHeHa HamoJoBHHY, TO F yBeJHunBaeTcs, Tak
Kak sJexkTpoHbl PepMH B 3TOM cJiyyae TMPUOGIMAKAIOTCS K Kpaw mMo-
JIOCHl M, CJeNOBAaTeNbHO, 00/1a1al0T MEHbIIEH MOJBHKHOCTBIO; Ha-
npumep, kosbdunuent Xomna aas CusAu npu ymnopsLoueHHH H3Me-
HsIeT CBOH OTPUUATEJNbHBII 3HAK Ha moJokureabHbii [120]. Beauuu-.
Ha P, yGbiBaer, Mackupys Bospacranue F (mockosbky P, >> Pr) .
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Toruxa, €CJIM B CllviaBe JIOKAJIH3YIOTCA HECKOMIIGHCHPOBAHHbBIE CIIHHBE,
BeJHYUHY 0 MOXKHO 3aIucCaTh B BHAE COOTHOLIEHHUSA

p= (P, +P_ +P)F. (20)

D70 BHIpaXKeHHe HENMPUTONHO JJsi OOJbIIKX 3HaueHuH P, (moaHoe
pasynopsinouenne). Torna Pnp xapaKTepH3yeT KaK MpOCTPaHCTBEH-
HOe, TaK U OpHEHTallMOHHOe pasgynopsnodyeHue. Ypasuenue (20) npu-
TOJHO TOJIBKO ,J1JIS MPOCTPAHCTBEHHOTO YNOPSLOYEHHs CHHOB. Ecin
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. Puc. 38. OTHOcHTeNbHAs BeJHYHHA 3JEKTPO-
COTPOTUB/IEHHS] HEKOTOPHIX (DepPOMAarHHUTHBIX

M TNapaMardHUTHBIX MeTaJljIoB:
6 — Ttemneparypa Kiopu; RO — 3JIEKTPOCONPOTHB-

nenne npu O . Naunnle pas Ni u Pd saumcrBopa-

Hbl M3 [143); Fe — no naHHbiM Powell Proc.

Phys. Soc. London, 1939, 51, 416; nauuble aJs
Gd u Dy 3aumcTBOBaHBl H3 [119]

CIJ1aB pPa3ynopsiaoueH, TO U Pa3ynopsLoueHHe CIHHOB HalJ01aercs
TOJILKO IPH TeMIepaTypax 3HauHTeNbHO HHXKe ToukH Heenst (Toukn
KiopH), mockosbKy mapaJiiesbHble CIEHBL JOJXKHBI ObITb Pa3ynops-
JOYEHBl B MPOCTPAHCTBE.

[Tpouecchl paccesnuss mpu mepexogax S — d MOMKHO 0O6bSCHUTH
Ha OCHOBE MOJENH IMOJOCH KOJIJIEKTUBH3UPOBAHHBIX 3JIEKTPOHOB,
npencKasbiBalollleii CIIOHTAHHOE ‘HaMaTHHYHBAHHE, KOTOPoe HabJI0-
naeTcss B cJAyyae MarHMTHOTO ynopsizoueHusi. Mopesp MmoJoCH KoJ-
JIeKTHBH3UDOBAHHBIX 3JIGKTPOHOB He IOTYCKaeT INOApasjeeHns
3JIEKTPOCONPOTUBJIEHAS Ha aTOMHYIO, CIIHHOBYIO M TeMJIOBYIO COCTaB-
JsIolIMe, HO0 COCTOSIHHMS, B KOTOpble COBEepLIAIOTCs Nepexolsl s — d,
HMEeIOT pa3Hblil XapaKTep MpPHU TeMIepaTypax BbIIe U HHXKEe TeMIe-
parypsl Heenst (touku Kiopu). Baaronaps stomy usmepenue Besu-
YHHBI 3JIEKTPOCOPOTHBJIEHHS JOMKHO 1aBaTh CBENEHHUS OTHOCHTEJb-
HO HajJiexalllero BHAA BOJHOBOH  (YHKIHH, XapaKTepHU3YIOLLEMH
78



MarsuTHele 3JeKTpoHbl. O6GMeHHOe B3aWMOAEHCTBHE MOJIKHO MPUBO-
IMTh K MOJISIPH3aLUH IOJIOCHl MPOBOAUMOCTH 10 COCTOSIHHH, Jiexar
KX Hayl TIOBepXHOCThI0 PepMu st HEMOJIPHU30BAHHON KOHMDHTYPA«
muu {115]. Takum oGpasoM, mHaxKe MOIeJb JIOKAJH30BaHHBIX CIHHOB
NONyCKaeT BJIMSAHHE CTENEHH MaTHHUTHOTO ymopstmouenusi. Omnmaxo,
KaK [IpaBHu/o, NOXOOHBIE SIBJIEHUS HIPAIOT JHIIL BTOPOCTENEHHYIO
pOJIb.

CpaBHeHHe NAHHbIX, XaPaKTEPU3YIOMINX 3aBHCHMOCTb 3JIEKTPH-
YEeQKOTO COMPOTHBJEHHS OT TeMIepaTyphbl AJs psja MaTepHalos,
HarJsjHee WIJIOCTPUDYET INPHPOAY COOTBETCTBYIOLIMX MPOLECCOB
U UX CBS3b C AJEKTPOHHOH CTPYKTYpOH MeTaJjioB u cmiaaBos. [Ipo-
CTeillllie IMPUMEePbl pacCesHHsl, CBSA3aHHOIO C ‘'PA3yNOpsALOYeHHeM
CNIMHOB M C NepexojaMu Tvma s—d, JaloT pelKo3eMeJbHbIe 3JIeMeH-
Tbl. Tak, ragoJMHUN mapaMarHuTeH NpH TeMneparypax Beie 290° K,
CTaHOBSICh HHXKe 3TOH TeMiepaTypbl (GeppoMaTHHTHBIM. Temnepa-
TYpHasi 3aBUCHMOCTb BEJHUYHHBI YJEJbHONO 3JIEKTPOCONPOTUBJIEHHUS
OTpaKaeTr MOYTH JHUHEHHOe CHHXKEHHEe B TEMIepaTypHOM HHTepBaJje
35—290° K [119]. Boimie Toukn Kropu mosiBasieTcsi He 3aBHCSILAs OT
TeMnepaTypbl cocTaBasiollas, paBHas 120 mxom/epad. Kacys [123] u
Apyrue aBTOPH [124] 06bACHAIOT 3T0 BAHSHHE 3P HEKTOB, CBI3AHHBIX
¢ pasynopsitoueHueM chnuHOB. JIoOKaJH30BaHHBEIE 3JIEKTPOHBI TPHOG-
peTalT ICBOH CITMHOBBLIH MOMEHT GJjiarofapsi He3amoJHEeHHOCTH 4f-
060JIOYKH; aHaJIOTHYHAs CHTYallusi HaGMIOJaeTcss U B cjayyae APYTUX
penKo3eMeJIbHbIX 3J1eMeHTOB. [yl nuenpo3us, TOJIbMHUS U 3POUS TH-
HUHBI HECKOJBKO OTJHUHbIE 3G PeKThl. DTHUM 3JEMEHTaM CBOHCTBEH-
HO aHTH(EpPPOMATHHTHOE YNMODPSA0UEHHEe COOTBETCTBEHHO C TeMiIepa-
typamu Heens 175, 132 u 84° K [119]. IIpu remnepatypax 85, 19,9
1 19,4°K naGaionalorcss HH3KOTEMIEpaTypHbie (eppoMarduTHbIE
npespaledus. IIpuBenenHbie Ha puc. 36 NaHHBIe [Js JHCIPO3HSA
CBHIETENbCTBYIOT O HE3aBUCHUMOCTH Ipoliecca, 06yCI0BIEHHOTO pas-
VIOpSACUEHHEM CHOHHOB, OT XAPAKTepa MAarHUTHOTO YHOpsiaoue-
Hus. BeanuuHa ajextpoconpoTuB/eHUs IpOUs U a-MapraHua YObI-
BaeT ropas3io MejJeHHee, YeM 3TOTO MOXKHO ObLio OBl 0XHIAATh C
YUETOM CTeNeHH MarnuTHoro ymopsinouenus. ®punenn {125] mpumnu-
CbIBAE€T NAaHHYI OCOOSHHOCTb VNOPSAOYEHHIO OJHKHEro mopsiaKa,
YTO aHAJIOTHYHO KPUTHUYECKOMY DaCCesiHUIO HEHTPOHOB B KeJje3e TIpH
tTeMmnepaTtypax okosao Toukd Kiopu. Heussecrno, mouemy 3T10T 30
(exT He HabjwonaeTcs B cJayyae ragonuHus. Y 3nech Tpynuee, ueMm
IJIs TaldoJHHUS, Pa3NeJUThb 3aBUCALIHE OT TEMNepaTyphl BKJaAbl OT
He 3aBUCHAILUX OT Hee BKJAIOB.

Ilpu oanHakoBbLIX ne6aeBCKUX TeMIepaTypax M aHaJOTHUYHOM
pacnpenesieHdd 3JI€KTPOHOB MPOBOLMMOCTH IOJXKHO HaOMIOLATHCS
H HeKOTOpPOe CXOICTBO TeMIEePaTyPHBIX Ko3(hhHUIUEHTOB 3JIEKTpPO-
IPOBOJUMOCTH PeIKO3eMEeJbHBIX 3jeMeHTOB. ONHAaKO B MOBETEHHH
peNKO3eMeJbHBIX 3JEMEHTOB, KaK M B IIOBEJEHHH NEPEeXONHbIX Me-
TaJJ10B, HaGJIIOQAIOTCS HeperyaspHOCTH H, CJenoBaTelbHO, 06bsc-
HATb BCE pasjiMyHe MexXJy 3JeMeHTaMH 3TOH CepHH TOJbKO Pa3HOH
Kou¢urypauneii ux 4f-o6ojouexk 6blio Gbl HempasHabHo [118].
6* 79

>



Kak yxe oTmeuasioch, CBI3aHHOE € Da3yHNOPSIOUEHHEM CIIHHOB
‘paccednBaHHe B CIJaBaX ‘MOXeT ObITh UYBCTBUTEJbHBIM M K CTENEHH
VIOPSAOMEHHSI aTOMOB, H K OpHeHTalu# cmuHOB. [To 3To# mpuuuHe,
B0oOOllle TOBOPSI, HEBO3MOXHO OMNpPENeJHTh, UTO 6oJiee TOMXOMUT IJS
omucaHusi 3d-3JI6KTPOHOB B IePEXOTHBIX MeTaJlJaX — JIOKaJIH30BaH-
Hble BOJIHOBBHIE (YHKIHH MJIH MOLEJb I0JIOCHI KOJIJIEKTHBH3HUPOBaH-
HBIX 3JIEKTPOHOB. B HEKOTODHIX C/lyuasix MarHUTHBIE U 3JEKTPHYec-
KHe CBOHCTBA CBUAETEJLCTBYIOT O COOTBETCTBHH HEHCTBUTEJNBbHOCTH
JIOKaJM30BAHHBIX BOJIHOBBIX (pyHKuHi. Hampumep, ecau Temmnepary-
pa aTOMHOTO VIIOPSILOYEHHS MPEBBILAET TEMNEPAaTypy MarHUTHOTO
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Puc. 39. YaenbHoe 3/1eKTPOCONPOTHBIEHHE
a-Mapranna {[129]

YIIOPSIIOUEHHS, TO B ONpeIeJeHHOH TeMIepaTypHo# 06/acTH 3HAYH-
TeJIbHbIH BKJaj B BEeJUYHHY 3JEKTPOCOTIPOTHBJIEHHS CIJIaBa co3ja-
etca uneHoM PrpF. Ecam cnsas mperepneBaer MarHHTHOe YIOpSIO-
yeHue B aHTH(EPPOMArHUTHOM CMBICJIE, TO 30Hbl BpuirysHa B cnoa-
Be C YNOPSMOYEHHBIM PaCMOJIOXKEeHHeM aTOMOB MIPETEPIEBAIOT 1aJib-
Helilee pacuenenue. Murepmeranaug AusMn ssiasier coGoit mpi-
Mep ymopsiioueHHoro antudeppomaruutHoro cmsiasa [126], y koro-
poro Ha 1oJio 4ieHa PmpF npuxoguncs camasi 6GoJiblliasi COCTABISIO-
11asi BLICOKOTEMIIEPaTyPHOro 3JeKtpoconporuBaenus. C Apyroi cro-
pousl, nmockonbky uHTepMerasnrun NisCr me obsamaer gaJbHUM IO-
PANKOM, AJS HEro BKJaJ, OGYCJIOBJeHHBIH uaeHoM PmF, '6bBaer
maa [127]. ‘
LOpyruM HHTEDECHBIM MPHMEPOM <CJAYXKHT coequHenne NizMn
[128]. Ero, Buaumo, JIyyllle BCEro MOXKHO OMMCATh HAa OCHOBE JIOKAJIH-
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30BaHHBIX CIMHOBBIX MOMEHTOB aTOMOB MapraHiia, TOia KakK JIOKa-
JIM30BAHHbIE HJIH KOJIJIEKTHBU3HPOBAHHEIE MOMEHTHl aTOMOB HHKEJS!
JOJIKHBI MMETh rOpas/io MeHbllylo Benuuury. Mccaenosanus mo Me-
TOLY HEATPOHHOH IH(PaKUMH CBHIETENBCTBYIOT O CYILIECTBOBAHHH!
aTOMHOrO YIOPSIZOUYEeHUS] OTOrO CIJIaBa C MATHUTHBIM YIODSIOUYEHH-
em npu temneparype 580° C (puc. 40). MHTepecHee Bcero B 3TOM'
cnydae cyaboe BO3pacTaHHe 3JEKTPHUYECKONO CONMPOTHUBJIEHHUS IPH
ynopsiioueHud (JajpHU# mopsnok). M36paB ynoMHHAaBIIYIOCS BbI-
e NPOCTYI0 MOJeJb, OTMETHM, 4To GOJbWIOH POCT uieHa Pyp mpu
TeMneparypax HHXKe KpHUTHUe-
CKOl TeMmMmepaTypbl  JaJbHEro
‘YHOpPsILOYEHHsA C H3OBITKOM KOM-
IeHcUupyer HabJo1amoLeecs
yMeHbluenne ujneHa P,F, xorma
00yCJOBJIEHHBIN pa3ynopsiioye-
HHEM aTOMOB MoMeHT P, cHH-
3UTCS [0 HEKOTOPOro Majioro
ypoBHsi. Eciu Ppp uMeeT Takylo
60JbIIYI0 BEJHYHHY, KaK B CJY-
yae coenuHenuss AusMn, To mas
noJoGHOK 'KOMNEHCalluH Tpe-
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Ydensnoe snexmpoconpomuling

6yercsi, uToOBl BeJHUHHA F BO3-
pocJia Py yNopsiIOYEeHHH pacro-
JIOXKEHHSI aTOMOB BCero TpHOJIH-
3uTeabHo Ha 159%. B touke Kio-
pu BenuunHa Pyp 4, ciaenosa-
TeJIbHO, YAeJNbHOE 3JEeKTPUUecKoe
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Puc. 40. Ymeabnoe ahex'rnocompoma-
nenve NisMn mo nanabimM Kaya u Na-
kayama. Proc. Phys.-Math. Soc. Ja-

pan, 1940, 22, 126
CONIDOTHBJIEHHE C TOHHXXEeHHEM

TEMIEepaTypbl Pe3KO yMeHbIIAeT-

cA. Ho 3HaueHuss TemmepaTypbl YMNOpPSIIOYEHHS JieXaT CJIMLIKOM
TECHO, YTO6Bl MOXKHO OBLIO COMNOCTABHTb 3HaueHus ujaeHa PrF npu
TeMIepaTypax BhIIIEe H HHXE KPHTHUYECKOH TOUKH JaJbHEero ymops-
nodeHdsi. OLHAKO HAaKJIOH KPHBOH 3aBHCHMOCTHU BEJHUYHHBI 3JIEKTPO-
COTIPOTHBJIEHHSI OT TeMIepaTypbl B 3TOM CJydyae MeHblle, YeM 3TO
HabJlonaercss IJsi YHUCTOTO HHKeJs TIPH TEMIepaType BHIIIE TOUKU
Kiopu, uto, BEpOSITHO, CBH/ETENbCTBYET O MeHblIe#H poau s — d-pac-
cestnusl B NisMn, yueM B UHCTOM HHKeJe.

B03MOXHOCTb 1€TaJbHOrO OMUcaHus (pHU3UYECKUX CBOUCTB mepe-
XOIHBIX METAaJIJIOB M MX BJHMSAHHS B KauecTBE JIETHPYIOLIUX JN06aBOK
3aBHUCHT OT JOCTATOYHO YAOBJETBODUTENHHOIO OMHCAHHS HX 3JEKT-
POHHOI CTPYKTYPbl. DTOTO B HACTOslllee BPeMsS ITIOKAa COHeJaThb He
ynaercsi, Ho mocJennde padHble Beitcca [105] o paccesnuu penrtre-
HOBBIX JIyueld CBHAETEJbCTBYIOT O TOM, YTO CKOPO TaKOe OmUcCaHHe
MOKHO 6yaer coctaBuTh. MorT u Crusenc {114] npemyoxuay ciaeny-
IOIYI0 KJacCH(pHUKALHIO THIOB BOJHOBHIX (YHKUHH IJS Iepexon-
HBIX MeTaJlJIOB Ha OCHOBe JaHHBIX Beiicca:

a) mpocrble 3d-QyHKUNKM GIIOXOBCKOTO THIA;

6) ru6puaHsHPOBaHHbIE d-, S- U P-COCTOSIHHSI GJIOXOBCKOIO THNA;
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B) (QYHKUHH HeGJOXOBCKOTO THIA, JIOKAJH30BaHHBIE Y OTHEJb-
HBIX aTOMOB.

®yHKUHE NepBOro THMAa MPHUHAAJENKAT y3KOH MOJOCe, CoaepxKa-
e yactb Eyvaxc,  MOITOMY JAIOT BKJal B TPOBORUMOCTh. DYHK-
UHH BTOPOTO THNA MIPHHAJJEKAT LUIMPOKON TOJoce, coaepxKalied
4acTb Ewmaxe, H SBJSIOTCS TIPOBOMSIILUMH COCTOSTHHSIMH 3JIGKTPOHOB.
QyHKUMH TPETHEro THIA BKJada B BeTHMYUHY Eyaxe He AAKOT H, cle-
J0BaTeJbHO, IPOBOAUMOCTH He yBeauynBaioT. Morr u CTuBeHC oTMe-
YaloT, YTO B cJydyae HUKeJS U Najafus MmoJjoca COCTOSHUS IEPBOTO
THNA NEPEKPBIBAETCS TOJOCOH NMPOBOAUMOCTH CBOGOMHBIX 3JIEKTPO-
HOB. MoXHO moJsaraTh, 4TO B KeJe3e H MapraHie CONCPXKHTCS He-
KOTOPOe KOJHUYECTBO 'HeNPOBOASIINX COCTOSTHUH TPEThero TUma, Tor-
Ja KaK BHeIIHHEe 3JeKTPOHbl HAXOISTCS B COCTOSIHUSIX BTOPOT'O THIA.
B xpome, Kak coo611an0Ch, CONEPKUTCT HEKOTOPOE KOJHYECTBO CO-
CTOSTHUH MepBOTO THMA, KOTOPble NOBBIIIAIT IPOBOIUMOCTD, CO31a-
Bas nepexpbiTHe 3d-COCTOSIHHH. Y 3/IeMEHTOB ¢ MEHBIIHMH aTOMHBI-
MH HOME€paMH BO BTOPOIl H TpeTbell NepexOoJHOH rpymnmax, Tak ke
KaK U y 3JeMEeHTOB TepBO#l Tpymlbl, MATHUTHOrO YIOPSAOYEHHUS HE
Habmonaerncs. Hukens ¥ manananuii — moc/egHue 3JeMeHThbl IepBOi
U BTOPO# Ipymm, oGJajgalollie MOJOCONH KOJJIEKTHBHBIX COCTOSTHHHI
NepBOTO THMA, HAa KOTOPYIO Hajiaraercs TOJOCA TOYTH -CBOGOIHBIX
3JIEKTPOHOB. DTHM OOBSCHSETCsT POACTBO CBOHCTB 3THX OBYX 3Je-
MEHTOB,

CnoxHas xyOudeckasi pelleTkKa a-MapraHlla XapaKTepH3yercs
TEMIIEPATYPHOH 3aBHCHMOCTBIO YIEJbHOTO 3JIEKTPOCOMPOTUBIEHUS C
OlHOH uHTepecHOH ocoGemHocThbio [129]. Ona HayuHaer BIepBble
803pACTATL C HACTYIJIEHHEM MATHUTHOTO (YIOPSIOYEHUS U TOCTHTAeT
MaKCHMyMa NpU TeMIeparype mpubausurtesbHo Ha 20° HUXKe TOYKH
Heens (puc. 39). B 3T0M OTHOILISHHH o-MapraHell aHaJIOTHYEH IHC-
npo3uto. TeopHI0 KPHUTHUECKOTO pacCesTHUsT B CBSA3H ¢ 3hdeKTaMu
GJIHKHErO MOPsiAKa BBUIBHHYJ DJJAHOT (paboTa rOTOBHTCS K Meya-
TH), HO OHa MPENCKa3BIBAET MaKCHUMYM BeJTHUHHBI 3JEKTPOCOMPO-
tuBJenuss B touke Heenss. K tomy xe Koyac {118] ormeuaer, uto
ec/Ii MarHHUTHOE YNOPSIAOYeHHe cHayaJja yMeHblIaeT TOIBHXKHOCTb
3JIEKTPOHOB MPOBOJMMOCTH B GOJIbIIEH CTEIEHH, YeM BeJHUHHy Prp
(BO3MYylleHHe pas3ymopsiJoyeHHs CIHHOB), TO MOAO6HOE BO3pacTaHHe
3JIEKTPOCOIIPOTHBJIEHUS TOJ/EKHO HaOJIORAThCS.

IToCKOIbKY BEJHUYHHA YAEJNbHOTO 3JEKTPOCONPOTHBJIEHHUS HHUKe-
Jisl W majJjanus onpenensieTcs Tpexle Bcero S — d-paccestHUEM o
MOCKOJIBKY 3JIEKTPOHHAS CTPYKTYpa 3THX JIBYX 3JEMEHTOB aHalo-
ruyHa, ¥X CIJIaBhl MOJIKHBI BBISIBJASATh 3G (eKThbl, ompenensieMbie B
OCHOBHOM H3MEHEHHEM CTeNeHH CIOHTAHHOrO HAaMAarHHYHBAHHUS Jbl-
pox d-monocel. Hlunnnep ¢ conpyauukamu [130] u3mepunu ynenbHoe
3JIEKTPOCONPOTHBJIEHHE CIJIZBOB 3TOH CHCTEMBI, IIpUYeM yyeT OT-
KJIOHEHHsS] HX JaHHBIX OT NPOCTOA mapaboJuyecKOH 3aBUCHMOCTH
no3Bonua Osepxaysepy u unanepy [131] BbicKazatb MbICAb O
CBSI3H 3TOTO OTKJIOHEHHS] C H3MEHeHHeM orx—xcxcurenbuon CTEleHH Ha-
MAaTHUYHUBAHHS M CTPOEHHS MOJOCHL.



Mortt u CruBeHc Ha ocHOBe JaHHBIX Beiicca no peHTrenosckoMy
#ICCIIeIOBAHMIO 2KeJie3a MPHIIAH K BBIBOAY, YTO B 3TOM MeTaJlie
umeercsi fgBa 3d-3JeKTPOHA U 6 3JIGKTPOHOB B COCTOSIHHSIX BTOPOTO
tuna. Tak Kak fo UX MOLeJNH HUKeb JoJKeH uMeTb 0,5 sjJeKTpoHa
B 4s-nosioce u 9,5 anektpoHa B 3d-COCTOSIHUSIX TIEPBOTO THIA, XKeJe-
30 JOJIXKHO 110 CBOMUM CBOHCTBAaM CYLIECTBEHHO OTJHYATbLCS OT HHU-
Kessi. Benencrsue Toro, uTo B XeJie3e npeBpalleHde o/% NPOUCXOIUT
TIpH TeMIepaTypax HEMoOCPeNCTBEHHO
Bblie TOoukH KiopH, 06cCTOsITENBHOE
CpaBHEeHHE ‘BeJIMYUHB! YIEJbHOIO 3JeK-
TPOCOTIPOTHBJIEHHS Keje3a H HUKess
NMPH BBICOKHX TeMNepaTypax HeBo3- g
MoxHo. OgHako Motr u CruBeHC
NMpeNJIOXKHUIN IKCIepHMEHTANbHYIO Me-
TOAMKY, HOMYyCKawIlylo 6oJee AeTaJb- a
HOe CpaBHEHHe CBOHCTB OOOUX MeTa-
J0B. OnucbiBaeMbll 3KCIEePUMEHT Ol
HenaBHO ocyuiectBieH Koyscom (pa-
60Ta roToBUTCS K meyaTtH). MoxkHO
1oJiarathb, YTO 3JIEKTPOCOMPOTHBJIEHHE
JKejgesa CONEpPXKHT 4JjeH, 00YCAOBJIEH-
HBIl pasynopsifoOueHHeM CIHHOB, TO-
ria Kak y HHKeJdsl OH OTCYTCTBYeT.
CrnenoBaTedbHO, MpU noOaBKe K 3THM J
MeTaJjJlaM [pPHMECHBIX 3JIEMEHTOB,
BJIUSTHUEM KOTOPBIX Ha CTPYKTYpy IIO-
Joc MOXHO npeHebGpeub, 3pdeKT A0J- ’
JeH ObITb TaKUM 2Ke, KaK U NPH [0- .
6aBke uneHa P,F K BeJuuuHe, ompe-

JeJsollell BeJTHYHHY 3JIEKTPOCOTPO- 4
THBJIEHHUS YUCTHIX MeTaJsoB {114]. das Puc. 41. Teoperuueckoe us-

9

T,(2bconromnas)

JOCTHXKEHUS YKaszaHHOro 3¢ddekra B MEHEHHE ~ S/EKTPOCONPOTHB-

) JIEHHs1 CIJIaBOB Xejges3a H

ONHCHIBAEMbIX ONBITAX K 2KeJesy J0- HHKeNst B 32BHOUMOCTH  OT

0aBJsINIM PYTEeHUH, a K HUKENI0 — maJ- temneparypsl {114]:

aapuil. HoBeilt unen P,F posxeH 06- @ —Fe u Fe — Ru 6 — Ni
i —

JanaTtb B cJyyae HHUKeJNs OOJIBbIINM
3HayeHUeM MpPH TeMIeparypax Bblile
toukH Kiopu, uem mpu 0° K, a y Keje3a 3Ta pa3HuLla HabM0AAThCs
He posmxkHa. IlpenckasniBaembii Morrom u CTHBEHCOM XapakTep
H3MeHeHHUs] BeJHYHHBbl YIeJbHOr0 3JIeKTPOCONPOTUBJEHHS HJJIIOCTPH-
pyercs Ha pHc. 41. Pe3yabraThl 3KcIepHMEHTOB, TIPOBEAGHHBIX HA
JKeae3e U HHKese, IOATBEPIUIU 3TH NpPeLCKa3aHHus.

B 3akmiouenue aHanuM3a XapakTepa M3MEHEHHS] BEJUYMHBI 3JI€K-
TPOCONPOTHBJEHHUS, OGYCTOBJIEHHOTO Ppa3yMopsNOYeHHEeM CIHHOB,
TIOJIE3HO PACCMOTPETh H HHTEPECHbIe SIBJEHHs, BOSHUKAIOILHE B pas-
0GaBJIEHHBIX PAaCTBOPAX TIEPEXOIHbIX METaJIoB B MenH, cepebpe H
3oJiote [132]. Haun6osbillee BHMMaHKUE 10 CHX IOpP MPHBJEKAJH TBep-
Ible pacTBOpPHl Mapranua B mend [133], onnako aHasoruuusie 3ddex-
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Thl XapaKTepHBl M [JIs1 PacTBOPOB XpPOMa U Keje3a B 30J10T€ HJH
MapraHlla B cepebpe. Haun6Gosiee HHTEPECHBIM Y4acTKOM KDHBBIX 3a-
BHCHMOCTH BEJUYHHBI YAEJBHOTO 3JIEKTDOCOIIDOTHBJIEHUS OT TeMIle-
paTypbl siBasercs ob6jacTb BechMa HHM3KMX Temmeparyp (pHc. 42).
CnsaBel MapaMarHUTHBI NMPH BBICOKHX TeMIepaTypaXx H HX MarHHT-
Hasi BOCIPUHMUYHUBOCTh XapakTepusyercs 3akowoMm Ttuna Kopu —
Beficca. Ha ocHOBe TeopeTHueckux cooOpaxKeHuii MapraHel TOJXKeR
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Puc. 42. HuskoTeMnepatypHoe ynejbHOe 3J€K-
TPOCONPOTUBJIEHHe pa36aBJEHHbIX CIJIaBOB
cucteMnl Cu—Mn [133]

HMETb 3JIeKTPOHHYIO KoH¢urypauuio 3d5 V3mepenuss maraurtHoi
BOCHPHHMUYHBOCTH JAIOT 3HayeHHs:, 60jee 6H3KHe K KOHGDUrypauun
3dS. Tlpu BechbMa HHM3KHX TeMIeparypax CIJIaBbl, cOmepXKallue Ma-
J0e KosuyectsBo Mapranua (okoso 0,1%), mpHoGperaior aHTH(beEp-
poMarHuTHble xapakTepuctukd. CnjaBbl, comepKalide cBbie 19
Mapranua [134], oTMYalOTCAd YCTOMYMBLIM CHHXKE€HHEM BEJIHUYHHB)
YIEJIbHOTO 3JIEKTPOCOIIPOTHBJIEHHUS IIPH OXJaXKIEHHH [0 TEMIEpPaTyp
HuKe Touku Heensi, x0T aToMHOe pasymopsiiouyeHHe NOJKHO OTpa-
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HHYHMBATh HU3KOTEMIEPATYPHbIA Npeaes BeJHUHHBl YVAEIbHOTO 3JeK-
TPOCOMPOTHBJEeHHUsI. PacTBopel ¢ comepkanueM Menbilie 1% mapraH-
Ia oTaHYaloTcs GoJiee CJOXKHBIM XapaKTepOM H3MEHEHHS BeJHYHHb
YAeJBbHOI'0 3JIeKTPOCOMNPOTHBIEHUSI. DTO OOYC/IOBJEHO TEM, UTO TEM-
nepatypa MarHUTHOTO YIOPSMLOYEHHs MOYTH COBHALAET € TeMmepa-
TYypo#l HaGJMIONa0erocss MUHUMYMa BeJIHYHHBI yIEJbHOTrO0 3JEKTDPO-
COTIPOTHBJIeHHSI. Bice 3T sBJeHHS ellle He MOJYYHJIH JOJKHOTO
OOBSICHEHHS, XOTS 3JeChb BO3MOXHO HENOCPencTBEeHHOE OOMeHHOe
B3aNMOJeHCTBUE MEXJYy HOHAMH MapraHia ¥ 3JIeKTPOHAMH NPOBO-
JHUMOCTH, TIpPHYEM 3TO He MPOTHBOPEUYUT MPHBOLHUMBIM B JIHTEPATYp-
HBIX HCTOYHHKAX NAHHBIM 10 SIePHOMY PE30HAHCHOMY I[OTJIOLLEHHIO
B 3THX onnaBax. [logoOHbBI BHA B3aHMONEHCTBHSI HOJIKEH NPUBO-
IUThb K «PEe30HAHCHOMY paccesiHuio» 3jekTpoHoB Pepmu [135] u,
KakK CJelCTBHe, K BO3HUKHOBEHHIO MaKCHMYMOB BENHYHHBl YIEJbHO-
r0 3JIEKTPOCOTIPOTHBJIEHHS B 00JIaCTH HU3KHX Temmeparyp. Iro
MpEAI0J0KeHHe COrIacyercsl ¢ 3KONepHMEHTaNbHO yCTaAHOBIEHHBIMI
KCTPEMAaJbHBIMH 3HAYEHUSIMH VYAENbHOTO 3JEeKTPOCONPOTHBJIEHHS
IJIST CIIaBOB C MaJsoii KOHIEHTPalheil HmpHMecH, NPH KOTOPO# Ha-
6/101aI0TCI MUHHMYMBl U1 Hau6oJjee pa3baBJeHHBIX PacTBOPOB.
Belo BeIcKa3aHO TakxKe KaXylleecs BecbMa MHOT000ellaloNIMM
npexnosoxenue {136] o B3aWMOCBSI3H HH3KOTEMNESPATYPHEIX MaKCH-
MyMOB U MHHHMYMOB BeJHYHHBI YIEJbHOTO 3JEKTPOCOMPOTHBJISHHUS
C IOJIO’KEHHEM MerK3epeHHBIX I'PaHHll, BLOJb KOTOPBIX HabJiomaer-
Csl KOHUEHTpalluss mpuMeced. STH 06JaCTH BBICOKOH KOHLEHTPaLliHH
npuMeceil HOJKHBI SIBJATbCS GOJBLUIMMH [IOTEHIHAJBHBIMU 6apbepa-
MH, 3aTPYJHSIOIIMMU NMePexXo] 3JeKTPOHOB NMPOBOAUMOCTH MPH HHU3-
KHX TeMIepaTypax.

3akJlo4uTeNbHbIE 3aMeYaHus

Brifop paccMOTpeHHBIX B HAcCTOsIEM 0630p€ CBOMCTB METAaJJIOB
MOXKHO CYMTaTh B U3BECTHOH Mepe TIPOM3BOJbHBIM. CylecTsyer
Uenbli P NPOYUX [IOMIAIOLIUXCS H3MEDPEHHUIO MapaMemnpoB, KOTO-
pble MOXKHO CBSI3aTh:

a) ¢ dhopmoii mosepxHoctu Pepmu;

6) ¢ IIHPHHOM MOJIOCH MPOBOIMMOCTH;

B) C BOJHOBBIMH (PYHKUHSIMH 3JEKTPOHOB MPOBOLHMOCTH.

B kayecTBe mpHUMepa OMBITOB MEPBOrO THIA MOXHO COCJAATHCS HA'
aHOMAaJbHBIH CKUH-3(h¢eKT, MoALaIoHUicT 00bICHEHHIO TOJBKO Ha
OCHOBE IPEINOJNIOKEHHA O reoMeTpHyYeckoil (opMe MNOBEPXHOCTH
®epmu [138]. dkcnepuMeHTb BTOPOrO THIA, HANPHMEDP OINBITH 110
9MHCCHOHHOH PEHTreHOBCKOH CIEKTPOCKOMHH, [IO3BOJISIOT H3MEPHTb
LUIMPHHY 3HEPreTHYECKOH MOJIOChl COCTOsIHHMil mpoBogumoctd [139];
3TO JaXe He UCKJIIYaeT BO3MOXKHOCTH TOrO, YTO TIO AAHHBLIM, IIO-
JIYYEHHBIM IJIS1 MPOCTEHIIUX CHCTEM, MOXHO OYJEeT COCTaBUTb Mpel-
crapienne o ¢opme kpuBbix N(E). K TperbeMy TuNy OTHOCSTCSH
3KCQMEPUMEHTHI [0 HCCJENOBAHHIO PE30HAHCOB CHAENYIOUHX Das3JiHy-
HBIX BHHOB: 1) pe3oHaHC SIAEPHBIX CIHHOB, 2) Pe30HAHC 3JEKTPOH-
HBIX CMHHOB (II0 3THUM JAHHBIM MOXHO CHeJIaTh 3aKJIIOUEHHE O CHM-
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METPHH BOJIHOBBIX (GYHKUMH 3JeKTPOHOB mpoBogumoctu) [140]. Bee
3TU SIBJIEHUS] He IIOJYYUJH OTPaKeHHs B HallleM 0030pe, XOTS NaJb-
Hellllee uX U3yuyeHue obellaeTr ObITh BecbMa MEPCIEKTUBHBIM B pas-
paGoTKe COBDEeMEHHBIX IpPEeJCTaBJEHHH O CTPYKType U CBOHCTBAX
TBEPJABIX PacTBOPOB. :

M3 mpuseneHHBIX B 0030pe HOBEHIIMX NAHHBIX TI0 3KCIIEPHMEH-
‘TAJBHOMY U TEOPETHYECKOMY HCCJHEJOBAHHIO BJIHSHHUS MPHMECHBIX
aTOMOB Ha CTPYKTYpY TOJIOC MeTaJja-pacTBOPUTENS] OYEBUIHO, YTO
3TO BJIUSHHE BecbMa CJIOXKHO Jaxe OJs IPOCTEHINHX caydyaeB OJia-
FOPOJHBIX METaJJIoB — MeaH, cepebpa u 3osora. Kosu u leftne [24]
B (CBOE#l MUCKYyCcHH 06 o-TBEpPJBbIX pacTBoOpax MenH, cepebpa U 30J0-
Ta BBICKA3aJI4 NPaBIONOL0GHOE IIPEeIION0XKEHHE, KOTOPOe MOIJIO Obl
'BIIOJIHE YNOPSJOYUTb COBpPEMeHHble NpelcTaBJjeHust 06 06pa3oBaHUU
-cnsaBoB. OHU NPEIJIOKHIH OPHTHHAJIBHYIO MOJENb IoJoc AJs GJa-
rOPOJHBbIX METaJJIOB, OCHOBBLIBAIOIIYIOCS Ha TOM, YTO AoOaBKa TpH-
MECHBIX aTOMOB TOBBIIIAET BEJHYHHY 3JEKTPOHHON KOHIEHTpAalHUH,
ONHOBPEMEHHO H3MeHsAsl CTpyKTypy mnosoc. OcHOBHAsi 0COOEHHOCTb
HMX MOJeJH 3aKJI0YaeTcsl B IPEQNOJOXKEHHH O HaJlHuyie 3aBHCHMOCTH
IIUPUHBl SHEPreTHYeCKOro pa3pblBa MeXKY IMO0JO0COH TPOBOLHMOCTH
U cocexHel moJocoll ¢ Gosiee BhicoKO# aHeprueil. Ilupuny snepreru-
'YEeCKOT'O pa3pbiBa OLEHHBAIOT NyTeM CPABHEHHS IHEPTHH BO30OYXK-
JIeHUsl NepexXoNoB S — p IJIST PAacTBOPUTENss U HpuMecH. Posp mu-
‘DUHBl 3HEPreTHYeCKOro pas3pbiBa BBHISICHSETCS U3 3aBHCHMOCTH KPH-
BU3HBI ToBepXHOCTH PepMH oT WIHpUHBI pa3peiBa. Tonma obiiue TeH-
JIEHIIMH B M3MEHEeHHH CTPYKTYpPBlI MOJIOC B 3aBHCHMOCTH OT ITOJIOXKe-
HUSI 3JIeMEHTa B TepHOIMYECKOH CHCTeMe yaaeTcsl yBs3aThb C BeJH-
YHHON 3HEPTHH BO3OYXKIEHHS S — p-NepexoqoB, BeJHYHHOH aTOM-
‘HOro 006’beMa, KOTOpasi BO3pacTaeT N0 Mepe NPOABHXKEHHS BHU3 HJIH
BIIPABO MO MepHoaHYecKod cucreMe. IlJis cniaBoB Ha OCHOBe Mead
‘6ONIBIIOK aTOMHBIM 06beM MpELnoJiaraeT Majaylo BeJUYHHY SHEPTHU
®epMH, B TO BpeMsi KaK C POCTOM aTOMHOIO HOME€pa 3HEPTUs BO3-
OyXIeHHusT S — p-NepexomoB CTaHOBHUTCcs Gosbite. 1 TO, W mpyroe
‘GJIArONPHUSITCTBYIOT MaJjiOd IIMDPHHE TOJOCHl 3HEPTeTHYECKOno 3a30-
Pa, yTO B CBOIO OuYepeNb CO37aeT TEHIEHIHI0 K 0Opa3oBaHUIO 3HEp-
reTHYeCKOH MOBEPXHOCTH c(hepHuecKoi ¢GopMbl. DTO M €CTh TOT ca-
Mblil 3¢ dekT, Koropsiil, mo mpemcrasienusiMm Kosna u Iefine, ompo-
Bepraer IPHTOLHOCTb MOJENH <«XKECTKOH IOJIOCHI» IJsS  TBepAbIX
pactsopos {6].

OpuruHajbpHyo TpaknoBKy npasus IOm-Posepu maau B 1936 r.
Morr u Hxonc. Hcxons uz chepuyeckoirt GopMbl 3HEPreTHUECKOMH
MOBeDXHOCTH JJS1 Emake, OHH NOKAa3aju NPHMEHHMOCTb MOZENH
JKECTKOH IIOJIOCHI K CIllaBaM Ha OCHOBe MenH, cepe6bpa u 30J0Ta.
‘OHn noxkasaJny, yto ¢aszoBble MNpeBpalleHHs HAOJIONAIOTCS B TeX
cJyyasiX, Konia MJIOTHOCTb COCTOSIHHH pe3ko yObiBaer. as chepu-
YeCKMX SHEPTeTHYECKHX IIOBEDPXHOCTEH 3TO HACTylaer TONAa, KOraa
BesMuyHa oTHowieHuss efA mpuoGperaer 3Hauenue 1,36. B cayuae
MHOTOBAJIEHTHBIX TIPUMECHBIX METaJIJIOB, JSrHPOBAHHBIX MEAbIO, BHI-
COKasl 3HepTHsI BO3OYXKIEHHS S — p-TIePEXOJ0OB Y TMPHUMECH BeleT K
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YMEHBLIEHHIO IIUPUHBl SHEPreTHUECKOro Pa3pblBa U OKPYTJIGHHIO ITO-
-Bepxaoctd Pepmu. Onciona MOXKHO 3aK/IIOUHTDb, UTO HCXOLHOE 06GbsiC-
HeHHe npaBuJa BageHtHocTH IOM-PosepH, BuauMo, sBjsiercss npa-
BUJIbHBIM, HECOMOTPSI Ha CONPHKOCHOBEHHe doBepxHocTH Pepmu c
‘3oHoil Dpuanyana B cayuae uucroil Mend. Ilono6uas xe curyauus,
BEpOSITHO, BO3HHUKAeT U B cjyuyae cepebpa, uGo pes3yJabTaThl ONTH-
YeCKHX M TEePMHYECKHX H3MepeHHi, nmpuBonumbie KosHnowm, cBHIe-
‘“TeJIBCTBYIOT 0 oheprueckoit popme moBepxHOocTH PepMH AJIsT 3TOrO
MeraJa.

C npyro#i CTOPOHBI, POCT cpelHeidl BEeJHYHHBl 3HEPTHH BO30OYXK-
IeHHus] S — p-4IepexonoB B cJayyade CIJABOB HAa OCHOBE 30JI0TA JOJ-
JKEH BBbI3bIBATb yBeJHYEHHE pa3pblBa MEXKIY I0JOCAMU BCJIENCTBHE
pasJMYHOro XapakTepa CHUMMETDHH 3JEKTPOHHBIX BOJIHOBBIX (DYHK-
LU N0 KpasM [OJIOCH. DTO 03HAYaeT, YTO YXKe HCKaKeHHas To-
BepxHocTh ®epmu B Menu (Kosu [24]) HckaxkaeTcst MOMOMHUTENBHO.
[Tono6ubiii 3DdeKT XOMKeH 'co3JaBaTb  OTKJOHEHHS OT MpaBHJA
IOM-Posepu nns daszoBbix mepexomnoB o — B. Besuuwna e/A, npwu
KOTOPOH IPOMCXOJIHUT MpeBpalleHe, TOMXKHA NPH 3TOM MOHHUKATHCS
#3-3a 3aMETHOINO COTPHKOCHOBEHHUsI ToBepXHOCTH PepmH ¢ rpaHu-
aMy 30HbBI, TaK KaK IWVIOLlagb 3TOrO0 CONPUKOCHOBEHHUS TIPH JIEru-
poBaHMH 30J0Ta yBeauuuBaercsi. Kosn u I'efiHe oTmeualor, Yto Ta-
Kasl TPAaKTOBKa Jyyllle COOTBETCTBYeT 3KCIEPHMEHTAJbHBIM JaHHBIM
TIO NpejesaM pPacTBOPHMOCTH, YeM OCHOBAHHAs Ha JNeHCTBHHU 3JIeK-
TpoxXuMHyeckoro ¢axropa.
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