BefleHsl Ha pucynre. Hak Buamo m3 pucynka, cmektpsr <" (M)0(2) muas maenox
PasHOH TOJIUHLI, ONpENeNAeMoil JUAMeTPOM 06pasylomux ee 9aCTHUI] Me-
Tajjaa, BechbMa OJU3KE Me:KAy c06oif Kak IO IOM0KeHmIo MaKCHEMYMOB, Tak
U 10 MHTCHCHBHOCTH IONOC. AHAIN3 HOJNYYCHHHX DE3yIBTATOB LOKA3HBAET,
910 HeGONBIINE DPA3NuImA B IONOKEHNH MAKCHMYMOB IOJOC B CIIEKTPax
" (3)6(2) HocAT carygaitHE XapaKrTep 1 He KOPPEeIUPYIOT ¢ TOJIHHON IICHOK.
IT0 CBH/IETETLCTBYET O TOM, UTO B IIPEeax OmMHGOK pacuera, CBs3aHHBIX
C HE[I0CTATOYHOM TOYHOCTHIO HMCXOJHHIX OKCIEPHMEHTANBHEIX JaHEHX, COO-
CTBEHHBIE TACTOTEL PACCMATPUBAEMEIX OHEPTETHUECKUX IEPEXOf0B, 00YCIOB-
JHUBAIOMUX  I1a3MEHHO-De30HAHCHOE IIOTIOMEHNe ILIEHOK, He B3aBHCHT o&

UX TOJMUHEL. AL
AHQJIOTHYHEIE DeBYIBTATH IMOIYICHH TaKKe IJIsT  cepe0pAanEIX uggﬁ
(cm. Tabmmmy). VYcpemmeHHEe B3HAYEHEmS wacTOT MaKCHEMYMOB I
e” (3)6()) mpakTHYecKm coBmamaT CO 3HAYCHUAMU YacTOT IIOBE )
IJIa3MOHOB B KOJITIOMJHEIX PacTBopax Au m Ag, MOTyYeHHHX B ojax [ 2]
IIpA M3MEPeHNN 5HePreTHIeCKAX MOTeph GHCTPHX HIEKTPOHOB ICTPaTUuT
OpPAMOTO MB3IyYaTeJILHOT0 pacmajga IITa3MOHOB Ha doromsr \(cM. Tabammy).

Taxmm o6pasom, momyuemHEe pesyibTaTH TIOKa3HBAIOT, Y ITO Pa3IMIUS
B LOJIOKEHNN W WHTeHCHBHOCTH CIEKTPOB AHOMAJIPHOTO ‘IJIa8MEHHOTO ITOTI0-
IMEeHAsA TOHKHUX INIEHOK Au m Ag pasimaHbIX TONINUHE-B\3HAUNTEIHHON CTeeHN
ABJISTIOTCA CJIENCTBUEM IPOABICHHS Pe30OHAHCHHIX /INQAB-THIOIBHEX B3aMMO-
TeUCTBU IIa3MEeHHEIX Koue(anmit 9IEKTPOHOB B JTUX CHCTEMAX.

Brpaskato ray6okyio Gmarogapmocts H. T, ‘Baxmmesy u B. C. JIuGosy
8a o0CyIeHme pesyibTaTOB PaGOTH u PAX, MeHHEIX 3aMeYaHNi.
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TEMIIEPATYPHASI 3ABUCHMOCTDL
PEHTTEHO/IIOMUHECHEHIINN B LiF

E. A. Padswaos w A. H. Henomnawuz

WUssectno, uro HUSKOTEeMIEpaTyPHAsA PEKOMOMHAIMOHHAS JTIOMUHECICH-
A B mmenouno-ranoufnsix kpucranmniax (II'K) asaserca cobersenmoit, ocy-
IMEeCTBIACTCS Uepe3 BO3Oy:keHHOe COCTOARNE V,-IIeHTPOB ¢ craGo CBA3AHHEIM
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saexrponom (V,+e) [© 2] m xapawrepmsyercst B Goapmuncrse IITI'K neyms
nomocamu. Penrremomovmuecnennus (PJI) umerTeix KpmcTadioB $ropucToro
JTUTEA IPH TeMIepaType ;RUAKOTO Tejus XapaKTepu3yercs KOPOTKOBOIHOBOM
5.6 8B u grurHOBOTHOBOI 3.4 »B momocamu cewenusa[®]. OGe momocs ymenb-
ITAJOTCA 110 WHTEHCHBHOCTI IIPU HATPeBe 70 TemIepaTypsl sKuakoro asora [*].
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Puc. 1. TemnepaTypHas 3aBUCHMOCTH BeTUUHHLL (1) 1 HOJIO/KeHNA MaKcHMyMa (3) KOpoTKO-
BOJTHOBOHl M BEJMYMHEL [IMHHOBOJIHOBOII (&) IOJNIOC YKCUTOHHOTO cBederus B LiF-Mg.

¢4 — Bryag B PJI, 00yCIIOBJIEHHBI MATpalueif THpPoK, § — PJI mocJie BhiauTaHdg BKIafaa MATDHD YIOIIHX
ABIPOK M3 O0INero CBeYeHusd.

B cuerrpax PJI nmpu 60 K B LiF-Mg u LiF «umcrsix» mabmoganores nse
nmosiochl cBeuenus 9.2 u 3.2 »B. Ilpu mossimesmmremuneparyps go 100 K ux
UHTeHCUBHOCTH majaer. llpu mampmeiinieM 4OBHIEHWE TeMIepaTypsl HabII0-
marorca mmkm PJI 140—150, 260—270, 360—880 K (puc. 1, 2). ABromoramnn-
soBauHble AHPKE B LiF maummator murpmposars Buime 113 K [°], mostomy
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Pgc. 2. TemmeparypHas 3aBHCHMOCTb BeJINYHHE (/) m HOJ0KeHHA MakcuMyMa (3) KOPOTKO-
BOJHOBOW 1 BeJWYMHBl JIMHHOBOJHOBOI (2) moJoc sKcHTOHHOTO cBedenus LiF «ameThIx».

4 — BRJax B PJI, o0ycJioBJeHHBIT Murpanmeid IEIPOK.

puoiane BepoaTHO, 9ro mmk PJI 140—150 K o6ycaoBiaen murpamueit TBIPOK
K piieKTpoHaM B JoBymKax. [Ipu srom muurensuocTs cBegens, 06ycI0BICHHAS
MEUTpaIueil AHPOK, OyHeT HA HECKOJIBKO IOPSIKOB IIPEBHIIIATH AIHTEILHOCTD
cooerBennoro (V,-e) cBedenms. Briajn, oOycioBieHHBI MUIpanuei NbIPOK,
B ob6myio PJI MoxHO ompenesuTs IO KPHUBBIM 3aTyXaHWs WIM PasTOpaHuA.
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Hawanbumit peskwmit crawor PJI Oyner oGycioBien pexoMGumammedl B0RHEX
9NIEKTPOHOB C JBIDKaMM, a JaxbHeHmee MEIJIeHHOe M3MEHeHWe — MuTpanuei
ABIPOR K 9IEKTPOHHEIM JOBymEaMm. Briap, 00yCI0BIeHHEIl MuTpamueit IBIPOK,
OLIpenesen 10 KpUBHIM 3aTyxamus (pue. 1:-2).

Us pme. 1, 2 BU/IHO, 9TO OCHOBHAas [0Js1 cBeuenus B mmke 140—150 K
o0ycnoBena murpamueit ABIpoK. Briax murpupyromumx JABIDOK B 0o0mee cBe-
9eHNE HAYUMHAET PaCcTH IpH remnepartypax Bume 100 K B kpucrammax LiF-Mg
um Boime 120 K B LiF «aucrorxy. Pasmmma temmeparyp o0ycIoBieHa, MO-Bu-
AUMOMY, PasHOWl MIMHOIN myTm ABIPRA K DIERTPOHHOMY HeHTpy. OcHOBHBIME
QJCKTPOHHBIMU IEHTPAMY, HABECHHBIMI Opu BTUX TEMIOEPaTypax PeHTTeHQB-
CRUM W3Iy4eHWEeM SBISIOTCS F-nemrpn 8 LiF «umereix» u Mg+ l&x
B LiF-Mg [¢]. OnmoBpemenno ¢ POCTOM BRIa/ia METPUPYIOMIX AHPOK Wee
CBEUCHUE HAYMHAETCA TAKKe CMEIleHme MaKCHMyMa II0JO0CH cseqe& KO-
POTKOBOIHOBYIO CTODOHY.

Ilpm Temueparypax mmxe 100 K LiF-Mg mocxe Braouen €HTTEHOB-

CKOTO W3IyYeHWA HAGIIONAETCS IIuTelbHAs TYHHEJIbHAS Q« CIEHITHA.
Ilpn raxmx ke mosax PEHTTEHOBCKOTO 00;IyYeHnss TyHHE JTIOMUHECI[eH-
uua B LiF «amcreixy me SaperiucTpupoBaHa, U3 Tero Cjexyed, 9T0 TYHHETHHAS
JnoMueecnennus B LiF-Mg Bosnukaer B 6ruskux napax Vy-Mg*. Tymmensmas
JUIOMUHECIEHIUS TOIPOOHO M3ydeHa B KCl-Ag n T1 u camraercs, uro ona
o0ycioBieHa mepexomom DIIEKTYOHA C YPOBHS Meg; a (6 p smexTpon Ag win
9s — T1) ma ocmoBHOE cocTosmme Moxeryast Cl7*{7], muGo ¢ oGpasoBammenm
(CIZ") [®] oxomo Me * moma. IIpu arom HaGmona®ack [7] oxra momoca CBeYeHud,
MaKCHUMyM KOTODOii Memsics B 3aBUCUMOCTH, 0T mpmmecu. B KpHUCTajaax
~LiF-Mg cmextp rtymmembmoii HmMnHquéx;ﬁn OPaKTHYECKH COBHANAET CO
‘cuexrpamu PJI uw TCJI mpu 120—140 K@g COZlePIRUT 2 TWOIOCH cBeueHms 4.9
u 2.6 9B. Marcumymsr atux 110J10C, MOHKHO Ope/ICTAaBATh, KaK BO3BMYIEHHEI®
HOJIOCE! cBeuenusa V,+-e. Bepositre, '8  LiF-Mg Bo36ymennoe COCTOSHTE MO-
Jerynsl F2— mesxur mmswe, 4eM DUEKTPOHHbII ypoBess Mg* B sampemennoit
80HE, W IIpH TYHHEJIWPOBaHWY dIeKTpoHa ¢ Mg* ma F;- oGpasyercs (Fa)*
B OkpectHocTm Mg**, T

IMomocwr cregenus 4_6XK+F)‘“"— 4.7 m 2.6 3B — OTIDEJIeJIeHEl 110 CIEeKTPaM
PJI u TCJI LiF «4UCTEIX) ‘B WHTEPBAIIe remneparyp 140—150 K. ITpu marpe-
Bamuu Kpucrangos IiF-Mg B wmrepsame 110—150 K paspymaiorcs V-,
Mg*u F ~II0J10€ 1T QT 10T HYIs. CxenoBarensmo, momocs 4.85 1 2.6 B penTre-
HOMIOMEHecHen s mpu 140 K B stux Kpucraarax o0ycIoBIeHH pexoMOwHa-
mueit V- ¢ Mad-'w F-nenrpamvm. ~

Taxmm. 06pasém, pocr PJI B narepsane 100—140 K B LiF-Mg n 120—
YUCTEIX» 00YCIOBIeH Murpammeit ABIPOK K 3JIEeKTPOHHEIM Mg *-

u F- I peroMOuWHamumeir ¢ HuMIT.

‘;B%;{npgyg CCE MUTpanuu ALIPKA MOTYT 3aKPEIMIATBCA y KATHOHHHX BAaKaH-
i, o0pasys TepMmumuecku Gomee yeroitaussie Ve-nentps [°]. Ipm memomszo-
HIW UMITyTBCHOTO Harpesa (c ABYXMHUHYTHOI BBITED/KKON IIPH MOCTOSHHOIM
eparype) oGpasoBamme Vp-nenrpos mner B marepsame Temmeparyp 120—

{

K, a paspymenue B marepsaxe 240—270 K [1°]. Hekoropyio madopMa-
OUI0 0 BKIajme cBeueHus Vp

-neaTpoB B mumk PJI 260—270 K wmosker IaTh
sensinka PJI. Mexanuam sroro sBenns, rax U3BECTHO, 3aKII0YAETCS B Tepe-
Ca/lke [HIPOK Ha IEHTDPH CBEYEHHS BO BPOMs JaCTUIHOTO OT;KHUIA, YTO IIPOSB-
JACTCA B yBEINYCHWH HU3KOTEMIIEPATYDHOIL PeHTrenoToMuRecenmuy  [11].
Ycunenue DPEHTTEHOTIOMUHECTIEHIY B KpucTamiax LiF npz 90 K, o6ycios-
Jernoe obpasosanuem Vp-neHTpoB, Habmonamocs B pabore [12] mocire HarpeBa
1o 150 K u nmpomamano mocire marpesa 1o 260 K. Cregyer OTMETHUTH, 9TO HAJU-
IMe aKTUBATOPHOIO CBEUEHWS ITOMEIIAIOo aBTOPaM 3TOil pPabOTH BHIEIUTH
Toxocy ceevernns Vp-nentpos. B mammx kpuerammax momoca CBEYIEHUS OKOJI0
3.0 2B, obycroBaennas HOCTOPOHHMMY MPUMECAME, HAYMHAET NPOSBIATHCA
JIITE OPH TemIeparypax BHIIE KOMHATHON. Bemsmrka PJI B wrpumcrammax
LiF-Mg npu 80 K yBexmumsaercs mocie PEHTTEHOBCKOT0 00/IydeHns u HaTrpeBa
no 130—150 K u paspymaercs B maTepBane 240—266 K. Taxkoe ;xe yBeIuge-
nue PJI monygeno mocire PEHTTen0BCKOro obmyuenns mpu 140 K. B IIpomecce
TEPMITIECKOHl MUTPALMY JEHPKE MOTYT I€PECAKHBATLCH He TOIABKO Ha V7,
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HO ¥ Ha Apyrue Gojee yCTOfiUuBEe AHPOTHbIE NeHTPEL. Beaencrsue aToro mocae
omsxura Vp-nenrpos B cuexrpe PJI ocraercs no6asounas nosoca. Iomoca cse-
wenpna Ve Obula ompenenena kak moaoca PJI, paspymaoniascs npu Harpese
o6ayuennoro kpmeramia B matepsase 240—270 K. Ilomoca mveer Marcummym
4.2 3B u moxymmpury 1.2 2B.

Kar yske yKaseBaJIoCh Pamee, IOCIEe PEHTTEHOBCKOIO 00JyYeHUA LiF-Mg
mpu 80 K Bosmmkaer TyHHeIbHAs JIOMHHECHEHIS C [LIMTENLHBIM BPEMEHEM
saryxamusa (t=13 mun) un E,, =49 »B. llocie saryxanus cBeveHus Opu
80 K rtymmenbHas JoMunecueHnus Oyjger BOBHHKATh B TOM cJjyvae, KOTAA
ABIPKY TOJYdaT BOBMOMKHOCTBH IOAOHTH OMusKe K MOHAM Mg*. Tynneanbnas
JIOMUHECIEHIASA ¢ TAKIM ;K€ CBeUeHIeM BO3HIKAET BCAKUI Pas I0C/Ie MMITYIb-
croro mporpesa o Temueparyp mmke 130 K. Harpes Brime 5Toil TeMIepaTypst
IPUBOAUT K MBMEHEHUIO TYHHEIBHOMN JIOMUHECTCHINI: 8 UMEHHO YMEHDIICHIO
BPEMEHY 3aTyXaHUs U CMEIIEHuI0 MAKCUMyMa II0JIOCH! CBEUEHNs B JIIMHHOBO-
HOBYI0 CTOPOHY. OJIHOBPEMEHHO HAYHHAET mabropaThes Bembimka PJI, o6yc-
JIOBJICHHAS TOABIeHUEM Vp-MeHTpoB. MaKkCUMyM IIOJIOCH TYHHEJIBHOU JIOME-
gecuennuy npu a1oM (E,..=4.5 5B) sammMaer IpoMe;kyTOUHOe INOJOFKEHUE
mesxny cBeuerueM (Vi —+e)yg++ u Vp-t-e. Ilocie mpexkpamenus pocTa BCUBIIKE

caydae BO3HWKAeT Ipu pexoMOmmamuu Vp-LIEHTPA ¢ DIACKTPOHOM, TYHHEJIMPO-
BaBIIUM C COCE[HET0 WMOHA MAarHHUA. . e

Kax Bugno ms puc. 1, sraag B PJI, oGycimoBiennnii Murpamnuei FEIPOT,
YMEHBIIACTCS MPY MOBBIIEHIY TeMIePaTyphl Bhile 140 K, xorpa naunpagrcs
cunmbEbii poct Bempimku PJI, oGycaosiennoii oOpasoBanuem VaIieHTpOB.
IIpu 5TOM, HO-BUAMMOMY, GOJBIIAS YACTh ABIPOK BAKPEILIACTCH y KAPHOHHBIX
BakamcHii m He yuacryer B Murpamuu. Ha pue. 1 mox kpusoii ngig PJI 140 K
IPUBEJICH MK, NOIyJalOMUiiCA T0CIe BEMUTAHUs BRIaAa MUPDUPYIONHX B~
pok s obmero csedenus. Hoxyuupmuiics mux PJI 160 K dGyefiosien pexom-
GuHAIMeil 30HHBIX DIEKTPOHOB ¢ Vp-menrpamu. I1lomosxegin€uonocs cBevyeHus,
O6nuskoil ® cBeuenmio V, e oxomo Mg™*, roBopur 04woM; uro Vp-nenTp Ha-
xoqurcsd, MO-BUAuUMOMY, B moixe Mg**. y

IIpu remneparypax Boime 200 K karmonnbigBaRauCHU BO TOPUCTOM JUTHH
CTAHOBATCH TOABWKEBIME (UK memonspusafuu Me**V- —215 K) [ ]
Ilpm arom omm moryr orxoxuth or Mg *Vz/u, 3axBaThiBad JBIPKH, mpeobpaszo-
BHBATHCA B Vp-meHTpsl. Ilpum oTuX ske TeMEeparypax HAUMHATCH POCT IWKa
PJI 260—270 K, cmekrp cBeueHus~ B EOTOPOM OIM30K K CHERTPY CBEYEHUS
Vy+e. llpu remneparype Boimre 220 KoV zenTpsl HAUNHAIOT MUTPHPOBATH L
Hexoropas gactb Vp-IEHTPOB MQ/KAE MUTPHPOBATH K DJIEKTPOHHBIM JOBYIIKAM
u pexomOummpoBath. oas cpeuegust; 0GyCIOBIEHHOTO HTHM HPOUECCOM IpU
260 K, mesennuxa, oxosno 8% 8 LiF*Mg. CnenoBarenbno, OCHOBHAS 1015 DKCH-
TOHHOTO CBEUEHWS IIPH (HTHX yremmeparypax o0ycioBieHa pexomOananumeis
B0HHBIX DIEKTPOHOB ¢ A p-IIeHTPaMU.

PJI mpomajiaer W TyHHeJIbHAs JTOMEHECTIEHIWA. JlloMuHECIeHIUA B nannsé::»';
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PACDOKYCIPOBKA ITYYKA Y
B CJIOI/ICTO-HEOI[HOPOI[HOH CPEJIE @
Q>
B. . Opaos
B mnocmegmee Bpems [MIPOKOe IPUMEHEHNE HAaXOMAT rp Qmﬁe BOJIO-
KOHHBIE CBeTOBOAE. Takme CBETOBOJEL  06IamaioT MHTEDECHBIX

coiict [+ 2], Grarogaps KOTODHIM OHE OKa3HBAIOTCSH \BechMa MIePCIeRT B~
HEIME B ONTHYIECKUX CHCTEMAX 7T 06paGoTRH nEGOPMALNI,"E BOIOKOHHOONTH-
9eCKUX ITWHUAX CBA3W. JTO B IIePBYIO OYepesb mx ﬁoﬁoxoﬁnme CBOJiCcTBa,
olecTeanBaromue BO3MOKHOCTE nepefavTy ONTHIECK 300pakenus, Koropoe
OKa3BIBACTCA CHOKYCHPOBAHHEIM B IIOCKOCTAX, SHePHOMIECKN PACIION0KEH-
HBIX BIOJIb OCH BOIoKHA. OmHAKO 5TO CBOICTBQ OQeCeanBaercs Jums B cpepe,
B KOTODOIl IOKazarens mpesoMIens MEHFACTCANIO BaKOHY 06paTHOrO rumep-
Gommaeckoro kocmmyca [3]. IMockoabry Ha(HDAKTHKE PeaTH3yTCs Jump pas-
THIHEIE MPUGIMREHAA K 5TOMY 3aKomy, 10, IperncraBiIser uaTepec HCCIIe[0BATH
doxycupyomme cBoiicTBa Taxmx T DHOTRe I,

Hycrs ma Topen AUIDNIEKTPHTeCKORQ BONHOBOA ¢ IepeMeHHEN IIOKa3aTenem

IIPe/IOMIIeHTIS \
Mol = g (1 — Az?) (1)

HODMAaIbHO IIajaer nyuon\iﬁgannenbnmx nydeii. Tounoe pememnme YDPaBHeHUS
Tpaexkropun mnydeit pua4uiocKeTo clydad, KOIJa IOKasaTelb MpeJOMTeHHS W3-
MeHAeTCs 10 HapaGoandeckomy saxomy (1), Gymer mwers BU][

¢ |\

5 S k) — P s, k
rie ,
R, (i AC : C—14 As3
?=F¥? g»@ F:T¥A%)+mmkh=c+1-Aﬁ’m:m’hg“” )
/ '1:?&““”;
F ,’Aﬁg{— SMIUNTHIECKUH MHTerpal IepBOro poja, C=y1+pz Py =dzx/dz
‘TogKe )z — 2. :

A \Cltcreny ypasmenmii B JleKapTOBBIX KOOPAMHATAX, Paspelien Y0 OTHOCH-
) %ﬁo CTapIINX NPOM3BOLHKIX, HONYIUM, OCHOBHBASACH Ha YpaBHEHUAX Diinepa,
\, BBITEKAIOIMUX U3 BapHALNIIOHHOIrO npuanuna Depua

;o Apil g% s Sigs
P=——7——GE~FE’ (4)

. 1+p* g2 ron on
9 L oy

‘3necs p=2, 9 =1, ToYRoil 0003HAUEHO nuddepennuposanme 1O He3aBUCUMOiH
IEPeMEHHON z, OTCYMTHIBaeMOil BROML ONTHYECKO ocm. B miockom cnyuae
C SaBUCHMOCTBIO IIOKa3aTellsl PeIOMIeHNS, onpenexnsemoii 1o (1), mveem mepsrrit

MHTerpajn ypaBHeHua (4)
pP=+ VO (I — 47 —1. : (6)

HOCTOHHHHH uarerpupoBanug C onpenensaercsa 3HaYeHUeM P B HadalbHOIT
TOUYKe Z. JHak IIepen pajaukaiom ompenelrsaer HampaBiIenme TpaeKTopmum, MCXo-
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