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I1. 9JAERTPOHHOE CTPOEHHE 11 ®HU3HKO-XHMIYECKUE
CBONCTBA KAPBHJI0OB ITEPEXO/IHBIX METAJLIOB

Kymoaun C. A., Romaposa C. H., Aauesa 3.1I.,
Dpoave 10, A.

Metoom MOIeIBHO-CTATHCTHYECKOTO TPOTHO3A ¢ MCTOJAL30BAHMEM Koad-
(punnenrop Uebsimesa, oHHECHBRIOHITK noanmomos Yelbimresa sunepretirde-
CROE [OAOKCHTE YPOBHEH I NOIyPoBHEH MOJAPemeTHI 0epexoIHore MeTaslia
0 YyrIepoga B Rapomae, HailfieHsl peNdOmEe npaBmia jaa pacuera usn-
KOXHMHUTECKNX CBOICTE M PACCIATANO MX H3MOHEHHe Kak (DyHKnmm iext-
POHHOIO CTPOENNA KaphUAOB B YCJAOBMAX CHRATHSL.

Panee [1, 2] ocymeersieno woMTbioTepHOe MOASTHPOBAHAE JICKTPOHHOIO
CTpORHUH I{apﬁnnon NepPexoHblX MeTaJIIOB I UX TePMOINHAMITYCCHIAX C'BOﬁCTB,
opo moapmee [3] MOSBOMMIIO METOIOM MOJENIBLHO-CTATHCTHYECKOTO TPOTHOZA
OCYIIEeCTBHTEL pacueT (IJHEHRD—XHMH‘!ECNHX CBOUCTE TYTOITTARKHUX COO,CLFI'HEHJ‘I&
Kak (pymRIIm AeKTPOHHOTO CTPOCHUA ATOMOB TOJpPEMmeTHI MeTaiya Oes yae-
T4 CTPOCHHA HOJPCIIETEN HEeMeTawjra, HanpuMmep yriaepoja. Yder sIekTpoH-
HOTO CTPOEHMS NOJpPENIeTKH AHAOHA, KAk OKA3ajoch, B piaje caydaes [4]
BHOCHT ONpeJCJenieiil BRIay B onicanmne (UagRO-XHMHYECKUX CBOUCTB TYIo-
mrapknx coepnnenmii, B mpepspaymuy coobmenugx [6, 7] Guam mpemcrasie-
HBL MaTepuansl EOMIBIOTEPHOTO MOJICIHPOBa LA @I]HHIGU-KEMHQB(‘.HHK
CBOMCTE TYromIaBKUX COEMHEHNI (XaIbKOTeHUbl P.3.5,, HUTPHIBI TIEPEXO)(-
HLIX MeTA/IOB) B YCJIOBHAX CPaBHATENhHO Hepbicokmx cxmarmit (mo 300 wbap)
I TPEJICTABICHA METOIMKA TAKOTO MCCIeIoBAHN,

B namnoii pafore ocymecrsieno KOMIBIOTEpHOE MOJEAAPOBAHIE A3MEHE-
HIIA NIEKTPOIIOro CcTpOeHms Hapﬁl'[:iﬂﬂ Mepexojiiplx MeTallioB Ipn naMeHe-
g ertenenu catoa or 6=1 go 8=2. B ominuue or mpepmiymmx pabor
[6, 7], aprymenramu pacuera (MamKO-XHMHYECKHX CBOIiCTB KapOmioR nepe-
XOMHBIX MeTaljloB ABIAIOTCA HaligenHsie 1o merony [4] woaddunmentsr Ue-
obimena (¢ X, mo X, ai noppemersn meramaa, ¢ Xy, mo X» aas mompe-
mieTkn yraepoja KapGmaa). Hommmomsr koadipunuentos onuckisawr amepre-
THYECKUe HOTOCE YPOoRHE u mogyposneil (B Tom 9ucie W NpH WBMCHCHUH HX
ODONMOMREeANnd ¢ yBelnuenney cremnesn [‘)H'BTHH). 0!{&3&41005. YTO HE BCE, a TOJb-
KO Heroropsie amadenns xoaddunuenton Yebumesa onmesiBaoT Gusnro-xm-
MmYecKie cpoiictBa Kapduaos mepexonnkix Meramios (rada. 1). Moxenmpye-
miie Ha IBM ypapmenus perpeccnn yj0BJaeTBOPATEILHO OMACHIBAIOT CBOMCTBA
¢ MarcnMaabHON omuokoir go 30%. B Gompmmmerre ke cayuaes oTHOCHTENE-
wag ommbka me npessimraer 4—10%. Pacwernwie gopmynst g ommcamms
CBOMCTE MOHOKApPOW/IOB MePeXOIHBIX METaIOB NPH cTenenAx ciatng 6=1+2
rak Qyarnma «nadopManuonnbixy rod(dunuentop YeOpmena mMenor cie-
nytomuit gujt. [lnornoers, r-em—*

D=7597X,+0,05X,,+147,18X,,—12,68X,,—1,32. (1)
Temmeparypa ninasrenus, °C
T=29.48X,,+14957,35X,,—62634,55X ,,+9049,51. (2)
Xaparrepncrndeckan remneparypa [lebas, K
B,=>509,66X;+5579,41X ;+355,15. (3)
Duranpung o6pasopanua U3 dTEMEHTOB, KKAI/MOIb
AH 3=669,15X ,+365,95X,.+176,72. (4)
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Tabauya 1

3navenne «undopmanuonnsxy aprymentop Xi¢  (koaddimpenton Yednmesa)
Ads RApPOIIOB HepPexojiHbIX mega::lnon NPH PAIHYALIX CTENeHAX eRATHA

=1 m 6=2
¢ Tonpemersa Meramma, X;
Coctar
X, Xy Xs Xy X Xy X; Xa Xy Xig
=1 (o i@ 6=2
TiC 0,179 0,352 |-0,056| 0,006 3.81| 0140 | 0,462|-0,024| 0,002] 1.90
VCo,08 0,396 0,297 |-0,045] 0,004 3,67 | 0,082 | 0.106(-0,015]| 0,000| 218
NbC —0,168 0,003 | 0,007]-0,009| -1,33 | -0,430 0,095 1-0,006 |—0,019| 4.63
TaCy,00 —(),494 —0,352 | 0,068/-0,021|—-6,8 |-0,562 |-0531| 0,098 |-0,025|—133
Hoapemrersa yraepona, X
Cocran
Xy X5 Xy X X X Xis Xy X X
=1 o =42
TiC ~,383 0,075 10,055 | 0,005 |0,008 | —0,692 | 0,430 | 0,422 | 0,009 | 0,01
VCo,cs —0,398 0,075 0,071 | 0,006 0,008 | —0770 | 0,144 | 0,433 | 0,009 | 0.00
NbC —(),363 0,068 |0,060 | 0.005 | 0,000 | —0,601 | 0,413 | 0,072 | 0,006 | 0,00
TaCy,p0 —0,365 0,068 | 0,000 | 0,000 |0,000 | —0,679 | 0,428 | 0,000 | 0,000 | 0,00

Opumenanue, «HBPOPMATRORSLIMEY — FABHBATCA HoaddmouenTH Yebnmesa, onpeneaAeMLle
KOMTILIOTEPHBIM MOJETHPOBAHAEM, KaK HEOOXOIMMLIE M JOCTATOMHLIE A OONCAHMA HcKOMOMR ¢u-
suko-xumudeckolt fynrmmn, X—ds; Xy Xy—dy; Xy X5—8; Xy, Xy—Po; Xn—p — uHBADHAHTHOE
" J]}llleuﬂl{iﬂe IéBMeI{EKBE COOTBETCTBYIOLIHX lIDILYI!DBHBﬁ CO BHAYEHMAMH MATHHTHEIX KPAHTOBBIX
gueen 0, i n

FaGauya 2
PeayapTaThl pacyera ¢BoiicTB MOHOKapOHIOB HEPeXoiubIX METANIOB
npu erenennx cratna §=1-2 m comocrapienne ¢ ANTEPATYPHBIMH
manasvm [5] npr §=1
b ®p % AH;es
Cocran

8= d=2 =1 =2 =1 5=2
TiC 4,92/4,52 14,40 934/936 1156 43.9/40,6 -75
VCi,es 5,48/5,23 T23 934/924 1212 35,4/33.8 -105
NbC 7.82/8.38 14,48 — /736 1034 34,0/37,9 —56
TaCy,00 14,4/13.45 24,07 —/919 794 80,6/29,1 -39

Opumenarue, B umcanTene TPHBOMATCH HKCNEPHMEHTAmbHbIe sHawenna [6], B smamesarexe
pacdeTHee 1o opMyiaam (1)—(4). Peavabrarsl pacdera TeMuepaTyp nJaBmesud KapOiugoB XOoTs
B COBHANAIT ¢ JUTEPATYPHHMHE (Hanpamep, NoA Kapiuna Turada: 3257/3258), Ho cmalio mame-
HAIOTCA © BenMdaMooif cxarpa, J3288° C CcOOTBETCTREHHO AA Kapiwaa TRTAHA OpH 60=2 M
2048/3047 mata Ve mpm d=1, a npu b=2 Tpy =361 C.

Onenenpt Takne (hUanKo-XHMHYECKNE cBOiicTBa KapOmioB, Kak ILIOTHOCTE,
TeMIepaTypa IIaBICHHA, TEIoTa 00pasoBanns, XaparkTepHCIIUecKas Tenne-
patypa [leGag npu eremenn cigarms 6=1 (rabua. 2) m npm cremenn cirarns
0=2 (uro coorsercrayer ma ajuadare XoJdoAHOro CiRaTHA 0DIEMY JaBRJIEHII0
=300 wbap). Hax cmenyer us MOACHUPYEMBIX HUPAMETPOB BOHHOH CTPYHRTY-
eI, Hanpumep, mia Rapouga mmobma (radm. 3), upm cremenu =1 sxcmepn-
MEHTANLHBIE H pacdernble 3HAYEHNS MapaAMeTPoB 30HHOI CTPYRTYpPHI Ganski
MesR/LY co0oi,

Wecaenyn naMenenie SHEPreTUHECKUX CHERTPOB RapOnjos TuTana, Bapa-
aua m rantana (pme. 1) mo Mepe C:RaTHA, MOMREO JUIL Ha0AI0aTEL Tepepac-
npejleIenne aNeRTpoHos ua d-NMOAYPOBHAX W mepegadn JacTH HTeKTPOHOR OT
yraepopa kK merajry. Ha pmeymrax paccamrsisaemsie na 9BM  3d,,,-mosockt
YIJIePOA Ha CAMOM JIele COMePIRAT IMATUTOALHYID UPHMECH COOTBOTCTBYIO-
IUX Pi- W Py-COCTOAHMIT, UTO CACAYET U3 XapaRTepa M3MEHeHus HTUX TOI0C
¢ HBMCHEHHEM BeJMYNHEl KBAZHAMIYILCA B OTJIAYIE OT LONOC TOAPEHIeTHH
METALIA COOTBETCTREHHO THTAHA I HIOOM,
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Pre. 1. Hapter pacnpefelleHiia pHEPrHH BATEHTHHIX 3IEKTPOHOB OT BEJUTHHLI KBABHIM-
myIahea JUTA YPOBHEH W HOAYPOBHEH IONpemeTKH ATOMOB MeTalia H yrA€poja B MOHO-

0,04 0,08 0,38

rapbuae Turama npn HopMadbnoMm fgapmemumn (a) (Ti—4s°3dy, 3d, 3dy |

0,47 _ 0,88

H"?;cif'“) n npn crenenn cratug §=2 (6) (Ti—4s%3d"'%3d, 3d, ;

C—253dy

C—2523d, "'3a) ); I~ avows meramna; II — avomst yraepopa (0,1E=2.72 oB): IIf-

nono;Renne sEepraw Depum

s s e i Y

! ¥ 7K

Pue. 2. Raprel pacrnpeieqentia SHeprai BaJeHTHLIX AIEKTPOHOB OT BeTHNYNHLL KBA3WIM-
UyARCA JITA YPOBHCH W mojaypoBuefi moApemeTsm atoMoB muolma M yraepojga B MOHO-
1,57 0,65 312

rapOume unobns mTpH HOPMATLHOM naBmeHun (a) (Nb—5s"2%4dy" dy ds  4pe*piy

53 R ; Bt OFBiNe o o e

T —25%3dy ) M OOpPH CTENeHH cxEaTHa 6=2 (Nb—4p, 4py 4d.*4d*4d%
1,78

C—2s%3d, ); I —aromur meramna; I7 — aromur yraepoja; I77 — molokenue anep-

ran Depum, aB (01E=272 oB)

Bosmomino, 910 ana pamumix kapdupos npm cxmatum ~300 kap mmeer
Mecto eTpyRrypHei dasossii nepexonx tana NaCl—CsCl, uro u compono;ia-
€TCH YBeJHUUYeHNEM INIOTHOCTH M Xapawkrepumermueckoit Tempeparypht [leGas
(1. e. ymenpmenmem wmoneryuspHoii surpommm). s mopokapomia mmobns,
Ka®k TOKa3BIBAIOT pPesyanTaThl Mopenmponamusa (pue, 2, radm. 2, 3), umeer,
HO-BHJIMOMY, MecTo He ToibKo (basomsti mepexon tmoa NaCl—CsCl, mo n
anexTponuslii (azoswii mepexon. Ilpm cpasmurensno ciaafoM H3MEHeHHH 10-
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TaGauya

3navenns, 5B, 0CHOBHBIX mapaMeTpoB BadenTHOIl 30HBI TA MOHOKapiuja
anodua npn §=1+2 (dDxenepuMeRTANLABIC ZHATCHUA NPHUBEICHBI

B padore [8])
i Ofoauadesnsd A==t
Tunsl Nepexouos B UBIAEKCAX | paap /okcil. b==2
Bprinoaéta
Tllupuea s-MOMOCH yTriaepoja I'y—L4 10,3/10,5 147
Ilens Memay s- U p-moJa0Ccoil yraepopa La—1Ly 6.8/— 112
IllnpmEa p-THOTOCH yIICPOja Iis—Ls 7.9/7.0 103
Mnpuea d nomockr mmodma Is—Ly 7.9/78 223
JaEATas YacTh BANEHTHON IOJOCE! Ep—-T'y 13,3/14,0 2586
Dmeprua Depmnm Er -1,33 41,63

goskenng sueprun DepMm mo Mepe CHATHA, YACTH MEKTPOHOB 4pP-TIOJOCHL
mojIpeIieT I MeTajiia mepefaerca Jp-mogoce moppemerku yraeposa (0,5e).
Y nwofiua Hs-nonoca mpu 6=2 ocBobomgaeTcs NOIHOCTEIO, & Ad-nonoca oRa-
SBIBAETCHA NONHOCTLIO samonmenuoil 10 smerTpomaMm B OCHOBHOM 3a CUer
4p-moniocsr HUOOMs, KOTOPAS OKABEIBACTCH HHEPrETHUECKH Bhie 4d-mosochr
HHOOMA 1 mepefaeT eif mparTHYecKH BCE CBOH SJIEKTPOHEL JT0 IOIBOIACT
yTRePIAATH, 9T0 KapOnmg Humobnd npm cremenn cgartHs 0=2 mepexogur n3
MDTBJIJ'IOIIOI[O&]IUI‘() COCTOAHNA B JINJIEKTPHE,

Mopenupyemoe WaMeHenHe 3HAKAa M BeJHIHHBL CTAHJAPTHON OHTAILINN
00pasoBaHmA U3 BIEMEHTOB CRUAETENLCTBYeT, uro npn =2 obpasylores Me-
rTacrabuinnnbie raponpase asst. Opm 00TaAI0T CYHECTBENHO HI0TEPMITe-
CHIM TEeINIOBBIM 3(13(1)951'0}1 0 BEJWYIWHE CONBMEPHMBIM CO 3HAYCHUAMHI DH]IO-
Tepmmaeckux apderros mIA asEpeB cBENNa u cepebpa, T. €. ¢ MeTACTAOMIL-
HBIME (hazaMu, CKJIOHHBIMH K HHHIUAPYEMOMY pasiodenuio co sapbisoM, Ilpmn
MOJeIMPOBAHAN NAMEHeHHA DICKTPOHHBIX YPOBHEH W IOAypOBHEi Hogpente-
TOK MeTajula B yriaepoja B KapOmuje mo Mepe cKaTHA HOCHeTHHe M3MeHHI0TeS
CHMOATHO CO CTENEHBIO CRATHA, T. €, B COOTBETCTBHH ¢ (DOPMYANpPYEMEIM pa-
mee [6, 7] anamorom npunimpma Riopu. 9to TO3BONAET CYHTATE PA3YMHABIM
HOPAMOK TipejcKaskiBaempix dusnko-xuMmueckux penuunmn. I[Toka meobmac-
HEMA caabad 8aBHCHMOCTH TeMIEpPaTyphl INTaBIeHNA RapOuI0B 0T H3MCHEeHWH
BIEKTPOHHOTO CTPOCHHSA ¢ YBEAHYCHHEM CTETEHT CHRATHA.
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