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BBEIEBHNE

CoBpemMeHHOE pasBUTHE (USMKA TBEPAOI'O TeJsa xapaKTepusyercs
Bce GoJee M OoJsee yruayOAeHHHM U3y4YeHHMeM CBOFCTB METAJIOB X CHIa-
BOB, M 74X DHEPreTUYeCKO! CTPYKTYPH. OTO BHABAEHO TeM, YTCO CIIABH
A 0CO0EeHHO (JeppoMarHATHHWE CIJABH, BCe IIydxe NPOHUKANT B CO3pe-
MEHHYD TeXHAKY 4 HaAXOAAT MAPOKOE HpaKTA4YeCKoe NpuUMeHeHHe,

Cpeasd (eppOMArHATHHX MATEDUANOR BECHMA HEPCNEKTABHHMA OKaza-
T XapONPOYHOCTHI, XapocToiikocTsw /mume 1300K /, BHcokmM conpo-
THABJGHMEM RODPOSHAM X T.J. lpAMeHEeHMe CHNABOR HUKEeAb-DPeHHE B Ka-
YecTBe PA3JMYHEX JeTajseill KaTOJHOI'O y3Ja MNOSBOJAET O02CNedYATE NO-
BHIGHAE HAJ@XHOCTY 4 AJAUTEJABHOCTH pPAGOTH B YCAOBAAX HOBHX NOBHIEH=
HHX TpesoBaHY! K 3JeKTPOBAKYyYMHHM npudopam [1-3] . Cnuasu ¢ yuac-
TideM DEHNA BechMaA NePCHeKTUBHH KaK TepMO3JEeKTPONHHE MATEeDUAaNH,
pasoTai4e MpW BHCOKMX Temmeparypax (3] .

Ciael HUKeJAb-peHA?” MUPOKO MUCHOJABBYOTCH B DAjAOTEeXHAKE, aB-—
TOMaTUKe, TeJieMexaHuKe, ATOMHO! TeXHAKe U T.J. Hanpumep.[4] , KaK
TOKODDOBOJAUML MaTepuan JJA MeTALIOIJEHOYHHX DESHCTONOR HA CCHOBE
HUAKeNA, OoTAAYanMATicA TeMm, 4TO C UeABD YMEHBIWSHUA KOO({ AUKEHTAa
JJIEKTPOCONPOTABRNGHAA 4 YBEAUYEHHAA TEPMOCTOMKOCTH pPEs3UCTOPOR, B

Hero peejieH penud jno 40 eec.%, CCTANBHOE =HAKEJAL, UHIEAIJOKEHHOE
yKasuBaeT HA OOJBNYHD NEPCHEeKTUBHOCTE 3TAX MATEDAAJOB LA ACHOJIb-
B0BAHUA B NPAKTUYECKAX IEJIIX,

YTCOHW HOHATE Te NPOLECCH, KOTOPHE NpPOUCXOAAT B FepPOMAPHAT-
HHX mMarep4ajiax, OYeHb BAXHO KAK MOKHO TOYHE® BHATH CTPYKTYDY #X
DHEPreTAYeCKUX 30H, & TAKKE 43YYATh HEKOTODHE ARJEGHNA, CRAZAHHHE

¢ B3auMojieicTBAeM S - M d - SJAEKTPOHOB B BTUX MaTepnanax. as
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NOJYyYe HKA HANGKHHX CBeleHufl ¢ CTPYKType SHEpreTHYecKUX 20H ca-
MEM TJIOJIOTBODHHM 3KCHEPUMEHTANBHHM CPeJICTBOM ABNAVTCA USYYEHWE
TeMiIepaTYPHOH ¥ KOHUEHTDPALACHHOK 8amucAmocTe!l 3JeKTPOCONPOTUBR-
JIeHUA W YEeTHOrO NPOJNOABHOT'O TAAbBAHOMATHUTHOTC ad(exTa (eppo-
MaTHATHHX MaTepAayoB, UJHAM A3 METOMOB U3YyYEHUA 3SHEDPIeTUIeCKUX
8CH (epPOMArHATHEX CIIABOB NPA NOMOWM #CCAEAOBAHMI NPOBONAMOCTH
ABNASTCA TAK HASHBAEMAS MONEJEL XeCTKUX B30H, 1A feppoMar’HATHHX
ennaroR ee nnepsue npumenan Morr [ 5] . Corsacmo aroii momesu B
- PepPOMArHATHHX cluNaBax fopMa KpUBO# ZAS MACTHOCTH IJEKTDOHHHX -
yroshel#l B sHepreTuyeckoil nosoce He MEHAETCA B WADOKOM MHTEpBAJE
KOHUeHTpauuit, a aHeprus CepMu JOJXHA MEHATHCA C ABMEHeHUeM vucxa
3JeXTPOHOB, NPUAXOAAUMXCHA HE yS3€J KPUCTANINYSCKO! DEeWweTKH ¥ nos-
TOMy 3Ta MOJEJb NPACHUXEHHA, B OCOOGEHHOCTU, KOI'ZIA ATOMH KOMIOHSeH=-
TOB CHJI&BA CMJIBHO OTAMYANTCA HO BASKTPOHHOK CTPYKType. JTa MO-
JAeJb HCUOJB3YeTCA KaK K44YeCTBEHHO® ONUCAHMe DA He OYeHb COABMMX |
KOHUEHTDALUWAX, P MOJEJA XECTKAX B30H NpeJNOJAIraeTes, 49TO B HAKe-
ne d - 30HA passeseHa HA JBé NOJNBOHH CO ChHAHAMM Rpepx df u
BHuz di dt - 30HA NOAHOCTBL 3anoAHeHa, B dV - 30He He-
Jocraer (C,54 2/ieKTPOHOB Ha kaxfuii aToM, [llpm 0GpascBaHN? CNAAROEB
H& OCHOBE HUKEJNA C HEeMATHATHHMA KOMIDOHEHTAaMA, ATOM HEeMATHATHOTO
KOMIIOHEHTa 3ameilaeT aroM HAKeJAA B TBEpJOM pacTBope, T.e. TBepioe
TeJ0 NPUOBPeTaeT NpX TAKOM 3AavMeleHuM JUWHA? DAeKTDOH. JTOT HAEKT-
POE [2pexoiAT B YACTAYHO CBOCONHYD NOJOBAHY B0HH dV ¥ Tem
CamM:EM yBeJ 4Y4BaeT ee 3aCCJEHHOCTh X yMEHBWAeT CaMONpOA3BOJABHYD
Ha8MaTHAYSHHOCTD,

C npyro#l CTOPOHH, DA3BUATHE HCCJAEAOBAHMI BOHHO CTDPYKTYDH
J@ppOMATHATHHX MATepUaNoB [6—8] npuBeas eCTeCTBeHHHM 00pasoM B
pasoTe [8] K #4Jleé O BOBMOXHCCTY BOSHUKHOBEHHUA €lje OJNHOI'0 BAXHOTO
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MexaMn3Ma BIVAHUA NPUMECHHX ATOMOBR HA MOMEHTH COCeIHUX aTOMOB
MaTpUlH. VPUIedb [6—8] HPeNNCAOKMA, YTC YMEHBNEHWE CaMOIipOu3-—
BCJBHOI'O MOMEHTA B ClUIABAX HMKEJS CBABAHC C YMEHBUEHAEM MOMEHTORB
aTOMOB HUKeJA, OKpyxawgax NpuUMecHH# HeHTp, (COrJacHO wpuueJn [6,7]
DPACYTCTBME aToMa HEeMarHATHOI'O KOMIIOHEHTa B MaTpUle THna HUKeAb
IPUBONAT K BOSHAKHOBEHUK BUDTYANBHOTO CBASAHHOICO COCTOAHUA, OT-
HenJAAeMOTO OT KaXJOTO M8 JNByX dt — u i - HONBOH, °TH COCTOs-
HAR cuemanTes B OOJACTh G0Jee BHCOKMAX »Heprafi, Kpome aToro Hadmo-
JAnTCH ABJCHUA, CBABAHHWE C HKPAHUPOBKON 3ApANA BOKDPYT HPAMECHO- .
ro aroma, DHCOKAA LJACTHOCTE YpoBHel! B d - 20HE NOBROJSST 3a3K-
PAHMDOBATE pasJvyMe B 3apaje Aep AZ HA CAMOM NDUMECHOM y3Jje,
Bupeauytas (puiesem uies [8] ,musBasa oTHIMK 3KCHEDUMEHTATODOR-
nossuauck pAx pasor [9) , rne HEeKOTOpHEe (M3AYecKAe crolicTea fep-
PCHArHATHHX CIJIABOB OOBLACHANUCE C TOYUKM 3pPEHUA 20HHON MomesH
dpaneas,

imnenus, nadmopaBruecs B (uU3AYECKUX CROfFCTBAX (EDDOMATHAT-
HHX CIJABOB HA OCHOBE HUKeJd, XOPOWO COTJAACORANMCH C DesyABTATA-
M1 Teoperudeckux paccmoTperudl [10] ,ocHoBanHEX Ha 30HHOH Mozesn
Ypusiesa, AccaelOBAHMA DAEKTPUUSCKUAX 4 MATHATHHX CROJCTB CINAROB
HUKer-peHu#, odpasywmax mexJy codoil TBepjaye pacTEOpH TMna B - B,
NoKasanmt, 4YTO 5JEKTDONPOBOJHOCTE 5TUX CIJNABOR YJIORACTRODATENBHO
Cll4CHBACTCA MOJEJbD NBYXTOKROBO/ mpoBosumocTd MoTTra, & MATHATHHE
CBCicTBA OLMCHBANTCA TeOpueil BAPTYaNBHHX CRBASAHHHX COCTOAHU! (D=
neas, B pane pador [11.12] YKa3HBaJAOCh, 4YTO NOAB3YACEH Tecpuei
BADTY&NbHHX CBABAHHHX COCTOAHUA MOXHO ONpEleJuTh NOTeHusa) S -d
OO0MEeHHOTO B3aAMOZeCTRUA ¥ IJOTHOCTH COCTORsHuE B d - 30He,

K 0JHAM M3 MaNO ACCACJOBAHHHX NPOGAEM MATHUTHHEX SBJeHHl OT-
HOCUTCA BONPOC C NOBEJIGHMA MAIHATHHX TeJN B OOJACTH MAUHATHOTO
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$asoBoro mpempameHus, JeTasbHOe MSYYeHHE SBJACHEA B OKPECTHOCTH
TeNnepaTypH MATHUTHOI'O NpPEBpPameHUs CHOCOCCTBYeT BHABJCHUD YCJO-
Bai, OpU KOTODHX NPOMCXOAUT BOSHMKHOBEHNE MM XCYe3HOBeHUE Heppo-
MATHUTHOI'O COCTOAHHS BEWEeCTBA M TeM CAMHM JN&8eT BOSMOXHOCTH

Tay0xe NOHATH NPUPONY CAMONPOMBBOABHON HAMATHWYEHHOCTH, 9TOl
XapakTepHO# LAA HAHHOT'O COCTOAHHA BeUECTBA BeJHUYNHH. /syueHue
ABJeHUi B OKPECTHOCTH MATHATHHX HpeEpamenuil MMeeT SHaYeHWEe Tak-
Xe C TOYKM 3DEHHUA TEPMOAMHAMHUKN, TAK KK (epPOMATHETHHE [peB-
paumeHus ABAAOVTCHA KOHKPETHHMH npHMepaMu (asoBHX HEpPEeXOJ 0B BTO-
poro poza.

K momeHTy Havaza HacTrosmell padoTH CIIABH HHKeJIb-peHMil
OuJM OYeHB MAJO MSYYeHH, HampuMep, B padoTe [12] SJEeKTPHYECKOE
COUPOTHUBICGHNE CINABOB HUKENb-DEHHil MByYeHO TONBKO JJIA TemMmepa-
myp 4%, 77° u 297°K, a Bompoc 0 BOSMOXHOGTH HpUMEHEHHS NByX-
TOKOBOJ MOKEJM K 3TUM CIiaBaM Owx cropusm [I2,13]. B ceasu ¢
9THM MH NOCTABWIM Hepex codoli samady Gosiee rayGOKOIO M3YYeHHS
conapoB Ni - Re B mmpoxoil oGaacTi TemuepaTyps ¥ KOHLGHTpauuii,

B HacTosmedl paGoTe HAC HHTEDPECOBAAO I'JABHHM OGpA3OM
H3YYUTH BAGKTPHYECKHEe, MAU'HATHHE M TENAOBHE CBO#CTBA ¢ GOJNb-
WEM HAGOpOM KOHUEHTpaldii peHMA B HUKeNe, B MAPOKO# obGracTu
TEeMIEPATYD M YCTAHOBATH XADAKTEp MSMEHEHHA IUIOTHOCTH COCTOAHMI
Ha MOBEepXHOCTH PepMH CHJNABOB HUKEJAb-DEHHN C yBeJMYeHHEM KOH=-
LeHTpaIUN DeHusd.

Mu craBmau cBoeil meamo:

I. C nmomomsk BHOpaHHO# METONMKM Ha NPOBOJOYHEX OGpasmax
HCCIEeJOBATH SJEKTDUYECKNEe, MAUHATHHE, TEpMOSJEKTpHYeCKHe
CBO/cTBA M HA MUAMHIDUYECKUX O6pasuax TEIIOBHE CBONCTBa cmia-
BoB Ni - Re ,
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3. /HTEpUPeTMDOBATE W3MEHEHWR (USAYECKAX CBOACTR ClMlapop
Ni =Re € COCTAROM HA OCHORE TEODMM IDUIEAS BADTYANLHHX CBA3AN
HHX COCTOAHAE ¥ Moyeqp® MOTTA ABYXB0HHOH NDOBOJAMOCTA B Hiumejye
A ero clJiaBax.

3. /syuuTh xapakrep # nopejselse JEPPOMAIHUTHOTC Cliaps Ni =P
B 00/aCT# MAUHATHOIO (A30BCIC NDEBPAMEHUS ¥ TeM CAVMHM BHARupy
YCACBUsi IP4 KOTCPHX NPOUCXOMMT BOBHUKHOBEHUE WM NCYEBHOBSHye
feppoMaArHUTHOTC COCTOAKAA B cnaapax A~/ - Re . CoGpaTe zge (18 fem
‘TH, JlaKilde BOSMOXHOCTB. LAYOX® HOHATE LPUPOLY. CANONPOABBOMALEY )
HaMarHMYeHHOCTH, & Takke NpoleccH, OCyCJAaRAABAwIME (AB0BHS nepe-
XO0Jili BTOPOT'O poja,

Jduccepraluns CocTOAT u3 BBEJIGHAA, TpeX TJ&B, BNWBOJCE ¥ snue-
K& J1TepaTypH.

 nepeoli raase NPUBOLATCS 0G30p JATEPATYDH IO CILIABAN yuwe.
JA C NepexONHHMA BJeMEeHTaMM X KPATKOE DACCMOTDEHAE TEODeTuepuy
ndnpocoa. OTHOCHIAXCA K MaTepuany macceprants, 06Cyxiantcs yompo-
CH C B3aUMOGBASW:  VEeX/y BOCTOSHHEMYA XSDAKTEDUBYOIIMe (MBeeiye
BEJAWY4HE 4 JHEpreTAYeCKO# CTPYRTYPO# TBEDAOIC TeJa., 3/1eCh xe o
éjxﬁawrcﬂ BOLIPOCH © NPOBCJAMOCTMA CIVIABOB HA OCHOBE HAKEN ¢ poy.
KA BDEHAA MOJINA XeCTKAX BOH ¥ MOJIeJM JBYXTOKOROR LpPOBOIMMCTY
yoTTa,

/Ta I'1aBa HOCRAUECHE TEOPeTHYECKAM W IKCIIePUMEHTANBHIM pado.
Tau 00 UCCJA/IOBAHMN (U3AYECKUX CBOMCTE (PEepPPOMATHATHHX CII&0 jg

OCHCBe HUKEJd,

Bo BTOpO¥ Tame KpaTKO OOCYxjaeTCA NOJAYHYSHHe I TePMIMexag
ofpasoTka 06pasuoB. (NUCHBAETCH BKCHEDUMEHTANBHAA METOINIE

b rpereeil rieBe npABeNIeHH PeRYJABTATH UCCJAEIOBaHA? ey mec-

RAX, NATHATHHX, TEIJOBHX M TEPMODJEKTPAYSCKAX CBOACTR Cluaipy




Ni - Re B WAPOKOR OGnACTH TemMneparyp B BARACAMOCTA OT KOHIEHT-
panau ¥ LaHA WHTepnpeTaudd NOAYYEeHHHWM Dpesyapraram,

AHTEpnpeTaIMA SKCHePUMEHTAJBHHX Pe3yABTATOBR BOZBMOXHO IDOBEC-
T AJI4 HA OCHOBE TaAK HAsHBaeMo! cCxemMH XeCTKYX 30H NIU Teopun
SpANeas BADPTYANBHHX CBASAHHHX COCTOMHMI,

AzMepeHa 38BACUMOCTH BJEKTPUYECKOTO CONPOTYRACHUA OT Temie-
patypu cCoJaBOB AN/ - Re B WAPOKOM MHTEpBane TeMueparyp of 77K
z0 1200°K u BuumcaeH TevnepaTypHuil KO3(UIMUEHT 3JeKTPOCONPOTAB-
Jesns, Kpupda TewmnepaTypHo# 3&BUCUMOCTY YNEJBHOTC BASKTPCCONDO-
TABJIEHAA CIJABOB A/ = Re Kak ¥ BCeX (I@DPPOMATHATHHX METANJIOB
4 CNJAABOE ATOMHEM MATHITHHEM DODAJIKOM OTAAYANTCA NO CPABHEHHD C
HODMAJBHHMA MeTAJIaMA ¥ CLJAABAMU, HO JVMEHHHMA MATHATHOTO NOpAA-
Ka, cleudjudeckaM TemnepaTypHHEM XOJOoM P(T) B #HTEepRANe TeMmne-
paryp (%K <7<6 / rhme O - Temneparypa Kopu /. /e asanrssa Tem=
NepaTypHo! 3@RACUMOCTHA TEMNEeDPATYPHOrC KOILDALMEHTA SJ€KTPOCONPO-
TABJIEHAA CcniapoB N/ -Re onpejeneHa o6aacTh TeMneparyp co-
OTBETCTRYOUAA NOJHOMY 4CYE3HOBEHUD HeppoMarHeTA3Ma B CLJIABAX
Ni - Re , YCTQHOBNMEHO, YTC BHAYSHAE YIEABHOTO BAEKTPOCONPOTHUR-
JeRAA CIVIABOB AN/ = Re 1O CPABHERA® € YJNEJABHHM BJEKTDOCONPO-
TARAGHUEM YACTOT'O HAKEJs BO3DACTAET JUHEHHO C YReJNWUYSHWAEM CONep-
RAEAA DEHMA B HUKeJe #A JuHe#Hu#l XapakTep 4ABMEHEHHA YJeJNBHOTO
3NeKTPOCONPOTUBACHUA CIAIBROB A/ - Re ¢ KoHuIeHTpanue# cox-
pakserca jgo 6 ar,% peHus.

CoryiacHo Taxk HABHBAEMO! MOJeNd HEeCTKUX BOH BJEKTPOCONPOTHR=
JBK4e (eppOMArHATHHX CLJAABOB lPE/ICTABIACTCA CyMMOI Tpex BeJIUYUH:

s P .. B [14] « 3NECH f, = WOHOHH&A 4YacThk JJIEKTPOCON-
poTaBNEHAA, P - HACTh BJCKTPOCONPOTHBACHUA, CO3jlapaeMas Npu-
MECAMA WJA JETAPYOMAMA 3NAEMEHTaMd, £, - MaUHATHAA 4acTh 3JeKT-
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JOCONPOTURACHMAA, AN BCEX HCCJAe/YyeMHX CLJABOB OllpenesieHa MArHdAT~
1aA NPAMECHAA U (JOHOHHAA YacTA YISJBHOI'C 3JEKTDPOCONPOTABAGHUNA,
“eMpepaTypHas 3aRACUMOCTE (OHOHHOMR Y&CTU YJENBHOT'C 3JEKTPOCOIN-
JOTURJIGHUA CHpEJeseHa MO WHTePNOJAUMOHHO# (opMyse I'poHaliseHa
[147]. Yerasomneno, uro (oHOHHAs WACTH YNENBHOTO HNEKTPOCONPO=-
CABJCHNUA CNJIABOB HUKENE-DeHUEl M3MEeHAeTCA JnHe#HO C N3MeHeHuneMm
reMIepATYpPH BO Bcell ofsacTu Temnepartyp. HYACAEHA XaparTepucTh-
16cKasn Temneparypa /ledas naf CHAAROB pPASAMYHOIO COCTARAR MO
MarHATHAS YacTh YAGNBHOIO 3JEeKTPOCONPOTABAGHUA CIJIAROB
Ni - Re OlEHeHA R napaMar’4THO# odaacTu Temnepatyp, rle OHa
MCTATCA NIOCTOAHHONR, JCTAHCBIEHO, YTO MATHUTHAA 4aCTH YJNEJABHOTO
)IBKTPOCONPOTURICHAA CHUNABOB Ni - Re B napaMarsnTHolt odnactu
/ upa T>6 ‘/ yMeHBMaeTCA JuHefHO ¢ yBesMvYeHueM CoJiepraHud
JEHVA B HuUKeJNe, MATHATHAA YacTh YIAEJBHOTO 3JeKTDOCONPOTARIGHUA
3.JaBOB Ni = Re B of6jacTu Temnepatyp T< 6  Ousa Buwuncae

i8 BHMATaHMEM CyMMH (OHOHHO¥ # NPUMECHO? YACTY YAEJBHHX SJEKT-
JOCOMPOTARMEHUA W3 ASMEpeH A BeJUYMHH YJSJEHOTC 3JeKTPOoCcOoNpo-
rARJGHNWA O0paslla B paAsyNOpAACYSHHOM COCTOAHUYA, YCTEHORJIGHO,YTO
JarHUTHAA YACTH YJENBHOTO 3J@KTPOCONPOTURIEHHA CnaaBoB ANi - Re
JMEHBITAETCA ¢ YMEHBIIEHAEM TeMuepaTypH He No JuHe#HOMy 3AaKOHY,

1 eTpeMATCS K Hyaw mpa T— 0°K, 4, YTO MAarHUTHAs 4Y4CTh yielb-
ICTC AJEKTDOCONPOTABAGHUS C yBEAUYESHUEM CONEDXAHUS DEHUA B Hi=-
feje yMeHBraeTe JUHENHHO.

loAB3yACH MOJENBY XeCTKMX 30H Hav¥ OoNpeJieNieHC H3MeHeHue

JHAYEHUS YACAA HECKOMIeHCHDOBAHHHX JJEKTPOHOB § B d - 3CHEe

1/KeJlsd C yReJduYeHdeM COJepXaHuda DeHUsT B HAKeJe, JCTaHOBJEHO,
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9T0 ¢ yBeAWYEHHEM COJePXAHMA DEeHNs B HUKEJe,T.€. C SaNONHEHHEM
;d4 -30HH HHUKeJA YHUCAC HECKOMIEeHCHDOBAHHHX SJE€KTDOHOB B HHUKe-
fe yweHsmaeTcd. Takmu 06pazoM,MOjielb HMECTKUX B0H OOBACHAET
BEpOBOXMMOCTH CILIABOB HMKeNb-DeHH# KavyecTBEHHO.

C noMoWBK MONEAN XEeCTKHX S0H ONpe)eJeHC M3MeHeHNe yHeJbHO-
IO 5IEKTPOCONPOTHBAEHHS CIAABOB Ni - Re npm moGasienun lar.%
peHus B HAKENb, KOTODOe OKasaJoCh DABHHM 4 MKOM.CM.
' C mpyrofi CTOPOHH, HPOBOAUMOCTH cmaaBoB Ni-Re MOXHO
OmHCATH ¢ HOMOMBD AByXTokoBOfi Mozesu [12] . Coraacio srolt MOJe-
au uposogumocts cnaasoe Ni - Re ocymecTmiserTcs saexTpoHaMH
AByX § - HOA30H,MMEVIMX CNUHH COOTBeTCTBEHHO BBepx St X
BHMS S+ . Kaxmas noisoHa xapakTepusyeTcs CBOMM BpeMeHEM pe-
JaKcamud ¥ KpOMe TOI0,CyllecTByeT BpeMs peJaxcaldn Jisd nepexo-
npnvuexny OOoi80HAaMHA. ['NIaBHHM MCTOYHMKOM 2JEKTDPOCONpPOTHBACHHA
JJs yKASaHHHX ABYX TPynn S - 3JAGKTPOHOB SBJAETCA pacCesaHue
B d cocrosEue., Pasimume BpemMeH peJAKCAIWE WX CBASAHO C pas-
aauHO#l creneHsw samoaHenus dt u d+ nonsoH. lipexmoxaraeres,
yTo MS Kaxnoii cHMHOBOH NMOASOHH BHIOJXHAETCA npaBuio lMarTucexa.
Hamu onpelieieHO OCTATOYHOE YHEeJABHOE 3JEKTPOCONPOTUBIAECHWE
¢, , CBABAHHOE C NOXSOHOR S1 M ¢, COOTBETCTBEHHO C S+
ana coaaroB Ni - Re , yHesBpHOE 3JEKTPOCONPOTHBASHNE MATDHLIH
Pf , CBA3AHHOE ¢ NOJsoHO# St , M ef - T0 Xe paa St
HOJNS0HH CIJABOB HEKeMb-peHmil B oxact: Temmeparyp 77°-400°K.
YeTAHOBAGHO,YTO OCTATOUHHE yAEJBHHE 3JEKTPOCONPOTHBICHHA ¢,
i ¢ , & Takxe yIeAbHHE 3JEKTPOCONPOTUBJACHHUA MATPHUIM ?f ’ ?f
CIIZBOB Ni - Re sasuesaT OT TEeMmeparTypH.

CymecTByomue padoTH NPHEOAAT NPOTHBOPEUMBHE NAHHHE O BEJW-



YMHAX OCTATOMHHX CONDOTHBAGHHA f, W ¢, JIA cnAaBoB Ni-Re ,
Tax manpumep, B padore [I12) npusomarcs CAenyviMe NAHHNE IR KOM
HaTHO! TemmepaTypu: u = pf /_Pf =1,6, g, =0, ?," = 29 MK+OM+CM
Ha 1 ar.% npumecu, 9“’ = 7 mxomecM Ha 1 ar.7 npumecu, A B pa-
dore [11] anA TeMnepaTyps XHIKOTO T'efus NDUBENEHH NAHHHE NJIf
f, = 82,9 mxomecM Ha 1 ar.% mpumecu, ¢° = 5,59 Mxom.om Ha

I ar.7 npumecu. Iipx srom asropw padors [ 11] cumrawr ceou pe-
SYyJABTATH NS §>,° 4epecuyp sasumeHHuMM, C npyro#f c¢TOpoHH, cor-
PeHUA B HHKeJe, CJNJOBATENBHO, @ = 5,2 MKOM«cM Ha I ar,7 péum.
T.€, oTa nAfpa BnOJHE peasbHA, JUIA HCCNGLYeMHX CIIZBOE MH N0~
Jyqana ¢ = 4 mgomecMm Ha I ar.% peHus B HuKexe,

Cnpeneseno sHayenue norennmana s -d psasoneficTBAs B
cnaamax ~i/- Re , Kotopoe paBHO V4 = 0,23 3B, A Takxe ome-
HEHO 3HEYeHWe NJAOTHOCTY COCTOAHME CBOGONHHX SJEKTDOHOB HE NO-
BEePXHOCTH JepMuM B cnaasax ni- Re .,

smMeperHa TeMmmepaTypHas 2aBUCUMOCTE CamMONPOUSBOJBHON Ha-
MAaTHW4YEeHHOCTH CIIABOB A/~ Re yu BHYUCAEH cpemuuil MArHUTHHI
MOM@HT aTOMCB CHJABOB N/~ Re ¥ YCTA&HOBJIEHO, 4TO CpeaHult Mar-
HUTHNY MOMEHT HacHWeHUs caenyeT Fopmyte CaapoH& COTNACHO MOJIe~
Ji KECTKUAX SOH. /BMEHEHMEe CAMONDPOUSBOJBHON HAMATHAYEHHOCTH
CINABOB N/ - Re ¢ yBeqMuEHNEM CONEDKAHMA DEHUA B HUAKEJNe X0 pOmo
CIMCHBAETCA Teophell BMPTYANBHHX CBABAHHHX COCTOSHME Ipupeas.
Coraacko “punesn [8) , msmexerme camonpoASBOABHON HAMATHUYSH- |
HOCTH OyJIeT DABHO WBMEHEHHN YMCAA SAEKTPOHOR € NPOTHEONONOXHN~
M CIRE&MH,T,e. AM = (er-24)ug
rze AM - U3MEHEHU® CDEeNHeIrO MAUHATHOTO MOMEeHTA,NpUXCIAmAfCH ,
Ha 1 aToM mpumecu,/s radaniu NeHjeseesa s cnIaBOR Ni-Re z =3




- 12 -

1,6, 3 SAEKTPOHE He XBATAET y peHus Ha d - B0HE. TO O3HAuAeT,
YT0 3 3JEKTPOHA U3 d - BOHN HUKENS NEepPeXONAT HE UpAMEeCHH? ypOBeHs
lamy 1BMepeHNsl CAMONPOUBBOABHO! HAMATHMYSHHOCTY TOKAZHBAWT, YTO
Jnt cpaamoe ~/ - Re  zt-zy = -8, Torma 2+ = -4,5, Jurepa-
TYDHHE JIaHHHE JJIA CLAAROB A/ = Re  caejyviue: z¢ = -4 [12]
2 = - 4,5 [15] ,
llospsysace #sMEPEHUAMA CAMONPOUSBOJBHON HAMATHUYEHHOCTHA CHI8~

EOF AN/ = Re onpefesieHH TepvoiuHamduyeckue Kosd unventy / « u
B /, BXOJAWAE B PaBIONEHVR TEPMOXMAAMAYECKOTC NOTRRUMATA BOAWBHE
1ennepaTyps Kopu B Teopad (eppoMarHaTHHX NpespaueHadl mo Januay,
JCTQHOBJAGHO, YTO KOA(Q(4INMEHT o [Ja8 ClIasOB i - Re  mpx
T<6 mMeeT OTpULATEABHOE 3HAUCHAG, NP4 T=0 «=0 u mpa T>0
x>0 o AOGUAIMEHT p JUIA CHAABOB N/ = Re IIpu BCEX Temneparty-
F&X coxpaHseT NCJAOXATEeJBHHE BHaK. .l3MeHeHue 3HaKa K03l AlNMEHTA

o @ TMNOCTOAHCTRO BHAKA KOaf(uIIAGHTA p LA CIIAROB = Wi = Re
C 7eunepaTypo# HaXoAUTCA B CCOTBETCTBAU C BHEOJAMA TEpMOIAHAMUA-
YKo Teopud,

/3MepeH 4YeTHRH! NPOJOABHKI IaJhbBAHOMATHUHNI 30 KT CIJIABOR

Ni - Re 4 ero TeMnepaTypHasa BaBdCUMOCTB, JCTAHOBJEHC, YTO
YTHHY NPOAOJABHHA ranbBRaHOMATHATHHY D{(eKT JJfg CIJasoR N/ - Re

P2EKO yMEHBMaeTCA C yBeJAYeHUueM COJieDEaHusl peHda B HIKeJNe, a Tak-
° d e —L AT

e e

X2 4 C yBeJAYeHUuew cc(mepxau-.m DeHNUA B HUKeJe, RJI/Alide naponpolec-
ca nadmoyuaeTesa npum“mleparypax. JeTaHoRAGHA
C3A8h MEAZYy YeTHHM NDOACJBHNM TalbRAHOMATHUTHHEM 5% eXTOM CONAROR
Vi « Re B cAa0HX DCJAAX ¥ BHNE TEXHAYECKOT'O HECHIeHUA, U KRAl-
paTci CaMONPOUBBONBHOY HAMATHUYEHHOCTA BC BCEM MHTEDRAJNe Tewrepa-
T7p. CnpesesieHa remnepaTypHas 38BACAMOCTE YETHOIO NHDOIOJBHOTO

T BAHOMATHATHOTO 3(U@KTA HACKUEHAS ¥ YCTAHORNEHO, YTO YeTHu
M)OACAbHEY TrajbBaHOMATHATHHY 90 @KT HACHNEHAS B BABYCIMOCTH OT

TeMiepaTypH YMeHBMASTCA JAHEIHO,



-

TosxoBaHWe OCOCEHHOCTE! raJbRAHOMATHUTHOTC ABJACHUA B @ep-
POMATHATHHX METAAIAX ¥ CNJAABAX CTAN0 BOSMORHHM IOCJE TOIO,Kak
OuJi@8 COSJaHa Teopusa 4YeTHHX »(HIexToB [5] . CnpasemnseoeTh Teo-
pun veTHHX 3((EXTOBR B HMKeJe ¥ B CIJABAX HA HUKEJeBCH OCHOBe
SKCHEePUMEHTANEHO NOATBEpRNEHA DacoTaMn [ 16} «

Yeruu# npomonbHHE rasbBaHOMArHNTHEE sdiexT cniaBoB N/~ KRe
XOpOWo ONUCHBAGTCA MONEJABH RECTKUX BOH [5] u monenrn ABYXTOKO-
so#t nposojumocTu [8] .

- Hecresosana TewmmepaTypHad ‘38BACUMOCTH TEHAOGMKCCTH CHAa- .
BOB Nf -Re UpH DASAMYHHX KOHNEHTpAUMAX, /3 KDWUBHX TeMueparyp-
HOYl 3EBMCUMOCTM TENJOEMKCCTH CNAABOB Ni - Re BHJISBJEHH pemeToy-
HAA W MATHUTHAA COCTABRJAADIAE TEINOeMKCOeTH, [ONB3YACE pACCUHTAH-
HEMH BHAYEHUAMH TEpPMOJIAHAMHYECKMX KOI(DUIMEHTOB, & TAKKe H3Me-
peHAAMA TEMN@DATYPHOU SABMCHMOCTH TENJOGMKOCTH BHYMCIGHN &HO-
MAJIA TENJOEMKOCTA CIJIABOB Wi - Re .

YeTaHOBAGHO, UTC H& KPUBHX TemneparypHo# saBucuMOCTH
yIeabHO# TEIUVIOBMKOCTM CIIAROB A/ - Re HaOMOIAGTCA AHOMANUSA

A - THDA, CBASAHHAA C (eppOMATHATHHM NpeBpameH#eM BTOPOTO
ponia, JTa aHOMAAUA OCBACHAGTCA HAMM HA OCHOBE MOIEJH XeCTKHX
30H 4 MOJeJbl IBYXTOKCBOM NpDOBONMMOCTH.

3payenns anomasufl yienbHO# TEIJIOEMKOCTH CIVI&BOB N/ - Re
onpejeJeHH M8 M3MEDeHMH TemnepaTypHO# BABRMCAMOCTH TENJOSMKOCTH
CHAaBOB N/- Re . llosyueHHHe SHAUYEHMs I aHOMANUY Temjoesm-
KOCTH CILIABOB Ni=Re nyTeM BHYMCHAEHH! COIIACHO TeOPUK deppo-
MarHATHHEX npespamenufl no Januay ¥ #3 usmepeHuil TemneparypHoil
SABACAMOCTA TENJOEMKOCTH COTJACYDTCH YIOBJETBOPHTENBHO,.

HaM# BHUMCJNEHH NOJHHE MATHWTHHE SHEpruu M OOMEeHHAA 3Hep-

riA CIMABOB N/ - Re ,Hax nokasass BHYACAEHAM,MATHATHAS SHEPTHA
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