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C nespio pacHpeHus CyIEeCTBYIOIIX TEMIIepaTypHBIX JHAINA30HOB IIPOBEICHO HKCIEPUMEHTAJIBHOE HUCCIIC0Ba-
HHE HOPMJIPHON MHTETPAIbHONM HM3JTydaTesIbHOM CIOCOOHOCTU MEepeXOmHBIX MeTawioB V rpymmsl [lepruonmdeckoit
crucTeMbl (BaHamusi, HUOOWS M TaHTaJa) BIUIOTh 1O TEMIepaTyphl IpeliuiaBieHus. IIpencraBiieHsl rpadudeckue
WULOCTPALUKA PE3YJIbTATOB SKCIEPUMEHTA I KaXIOr0 U3 MCCIICNOBAHHBIX MeTaJUloB. IlosrydeHHBIE aBTOpamu
IaHHBIE TI0 W3JIydYaTeJIbHOH CIIOCOOHOCTH AEMOHCTPUPYIOT MOHOTOHHOE BO3pAacTaHHE B HCCIICIOBAaHHOM TEMIIe-
paTypHOM [uamna3oHe. Pe3ynbTaTel oOCYKIEHBI M CONOCTABJIEHBI C JIATEPAaTYPHBIMH AaHHBIMU APYTHX aBTOPOB.
[IpoBeneH pacdeT W BBHIIOJHEH CPAaBHUTEIBHBI aHAJIM3 M3JTydaTeIbHOH CIOCOOHOCTH HCCJICMOBAaHHBIX METAJIIOB

¢ ucrnoJib3oBaHueM npudmnkenns Pyra.
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BBepeHune

IIpoexTrpoBaHue, U3rOTOBJICHUE U SKCILUTyaTallds BBICO-
KOTEMIICPaTypHBIX MallWH M YCTAHOBOK HEBO3MOXKHHI 0Oe3
TOYHOI'O 3HAHMS U3JTy4YaTeJIbHBIX XapaKTEPUCTUK UCIIOJIb3Y-
eMbIx Matepuasios [1]. amydarenbHast CmOCOGHOCT METaI-
JIOB B IIMPOKOM JUara3oHe TEMIEPaTyp ONpPENefAeT Xapak-
Tep JIy4HCTOro TEII00OMeHa M MO3BOJISET MPOBOAUTH pac-
YeTHI, HAlPaBJICHHBIC HAa WHTCHCHU(HKAIWIO W TOBHIIICHUC
9Heproa(HEKTHBHOCTH TEXHOJIOTMYECKUX MPOIeccoB [2].
B cBsiz3m ¢ 3TUM coO3MaHME U TOIOJHEHHE 0a3bl JaHHBIX
M0 M3JTy4YaTeIbHOH CIOCOOHOCTH METAJUIOB B IIHPOKOM
[Mara3oHe TEMIIEPaTyp CTAHOBUTCS HE TOJIBKO aKTyaJlbHOW
3agadeii, HO M CTPATEIMYCCKH BAXXHON HEOOXOIUMOCTHIO.
HccnenoBanus Takoro popa SIBJISIOTCS KJIIOYEBBIM HHCTPY-
MEHTOM JUIi H3YyYEHHS MEXYaCTUYHOIO B3aWMONCHCTBUSA
M aTOMapHOI'o [BWXECHHA B METAJUIAX, YTO IIO3BOJIAET
YCTaHOBHTb B3aUMOCBSA3b MEXIY UX MHUKPOCKOMUYECKUMH
MpOLECCaMU ¥ MaKPOCKONMYECKUMH (PU3UKO-XUMUYECKUMU
CBOWICTBaMH.

B Hacrosmeit paboTe ¢ Iebl0 HCCIIENOBAHUS TeMIIepa-
TYPHBIX 3aBICUMOCTEH MHINBUAYAJIbHBIX CBOUCTB METAJLJIOB
C IUIOTHO YIIAKOBAHHOHM KPUCTAJUIMYECKON PEIIETKOM IIPOBE-
ICHBl U3MEPEHUs] HOPMaJIbHOM HMHTETPajIbHON H3JIydaTelib-
HOI1 CIIOCOOHOCTH (&) MOJMPOBAHHBIX OOPA3IOB HEPEXO-
HBIX METaJUIOB — BaHajus, HUOOMA U TaHTajma. B pabo-
T€ 3HAYMTEIBHO PACHIMPEH TEMIEpPaTyPHBIA IHAINa3oH IO
CPaBHEHUIO C HMMEIOMIUMHUCS JAHHBIMU B OTKPBITOH JMTe-
patype U1 TBep/IOi MOIMpPOBaHHOM (a3pl. VccienoBaHHBIH
TemneparypHslii uanasoH coctaBui oT 400 mo 2800K m
ObUT OrpaHUYEH TEXHUYECKUMH BO3MOXHOCTSMH DKCIIEPU-
MEHTAJIBHON YCTaHOBKH.
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Bananuii mmpoko nmpuMeHsieTcsi B aTOMHOM SHEpreTHKe
IUT M3TOTOBJICHHUSI O0O0JIOYEK TETJIOBBIACIISIONNX 3JIEMEH-
TOB, TPyOOIPOBOMNOB >KUAKUX TEIJIOHOCHTEIEH W OTBET-
CTBEHHBIX TEIUIOHATpYyXeHHbIX maetaseir [3—5]. ITpowusson-
CTBO W NPHMCHEHHE HUOOWS B HACTOSIIEE BPEMs aKTHBHO
pacmmpsieTcs: Oyrarogapsi yHUKaJIbHBIM (PU3UKO-XUMIIECKIAM
CBOIMCTBaM 3TOr0 MeTaJIjla: BBICOKOH TYTOIUIaBKOCTH, T'€T-
TEpHOI CIIOCOOHOCTH, XOpoIleil 00pabaTbIBAEMOCTU XOJIOM-
HBIM JIaBJICHUEM U CBapUBAEMOCTU. JTH CBOICTBa [EJAIOT
HHOOUI BOCTPEOOBaHHBIM B KOCMHYECKOH M aTOMHOH OT-
pacisix ManmHocTpoenust [3—5]. TaHTanm — 3J1eMEHT C BbI-
COKO aTOMHOH IJIOTHOCTBIO. bitarogaps ero coiictBam oH
HaXoOWUT LIMPOKOE IMPUMEHEHHE B COBPEMEHHOM MallHMHO-
CTPOCHHH, a TAKXK€ B KOCMHYECKOU U aTOMHON IPOMBIIIUIEH-
HoctH [3-5)]. TIoBBIIIEHHASsT XAMIIECKasi CTOMKOCTh TaHTaJIa
K KHCJIOTaM HCIIOJIb3yeTCS] B IPOM3BOACTBE OPAroleHHBIX
METaJIJIOB, TaKUX Kak 30JI0TO U cepedpo.

B Tab1. 1 mpuBeneHs GU3NKO-XUMUYECKUE XapaKTePUCTH-
KU HCCJICOBaHHBIX 00pa3IoB METaJIJIOB.

[IpoBeneHHBII aBTOpaMy HACTOSIICH paOOTHl aHAJIN3 JIU-
TEpaTypHHIX [JaHHBIX IOKa3ajl OrPAaHWYCHHOE KOJIMIECTBO

Tabnuua 1. PuU3NKO-XUMUYECKHE XapaKTEPUCTHKN 00PasIoB

[llepoxoBaTocTh
Meramn | Xumudeckas 9ucToTa, % | Tmeit, K | mosepxnocTn
obpasua, um
Banamit 99.3 2220 [6]
Huo6uit 2745 [7] 0.01
99.8
Tanran 3280 [7]
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pa60T, TIOCBAMICHHBIX HCCJICHOBAHUIO &ty PaCCMOTPEHHBIX
asieMeHTOB. COIlOCTaBJIEHHE H O6Cy)K)16HI/IC ITOJTyYCHHBIX
PE3yJIbTaTOB C UMCIOMUMUCA JIMTCPATYPHBIMUA HTaHHBIMI
IMPEACTAaBJICHBI B IMOCJICAYIONINX pa3aeyiax.

1. 3KCI'IepI/IMEHTaJ1beIe ycnosus

MN3MmepeHnsi mpoBOAMJIMCh HAa YCTaHOBKE, KOHCTPYKLUS
KOTOpOil mofpobHO omnucaHa B myOsmkauun [8]. Mero-
IMKa 3KCHEPUMEHTa COOTBETCTBYET METOMUKE, W3JIOKCH-
HOIT aBTOopamu B pabore [9]. DxcrepuMeHTaIbHAs STYCiKa
¢ 00pasIoM MpelBapuTEeIbHO OTKaYMBajlach A0 TaBJICHHUS
1075 Pa, mociie 4ero 3amojiHsIaCh MHEPTHBIM Ta30M —
aproHoM A0 fasjeHus 1atm. B TedeHme skcnepuMeHTa
JaBJICHUE B siYeiike IOCTOSTHHO KOHTPOJIMPOBAJIOCH, a U3-
ObITOK rasa apoccemupoBayicsi. OOpas3mbl METAJVIOB MMENN
npsAMoyroibHylo (Gopmy ¢ pasmepamu 20 x 40 mm u ToJ-
muHOH ~ 2 mm. Ilepen 3KcriepIMEHTOM OHH MOZBEPraJluCh
3JIEKTPOMEXaHNYECKOH mosmpoBke. OOpasipl pasMemaTich
Ha CepelyHe PEe3NCTUBHOIO HArpeBaTesIsl C MPEABAPUTEIHHO
OTHOJIMPOBAHHOUM KOHTAaKTHOW muiomaakoi. [lepen kaxxabim
3aMEePOM TEIJIOBOI'O M3JIyYCHHMS MPOBOIMIIACH 00sI3aTeIIbHAS
U30TepMUYECKas BblIepkKa. TemmepaTypHoe mosie odpasia
KOHTPOJINPOBAJIOCh HA IPOTSXKEHUH BCErO 3KCIEPUMEHTA C
noMompio Habopa BoJIb(p)paM-peHNEBBIX TEPMOIAp, 3aKep-
HEHHBIX B 00Opasertl.

N3nyuenne o0pasLoB perucTpupoBajoch B TEMIEPATyp-
HoM muamnaszoHe or 400 no 2800K — mnpenesnbHON Tem-
HepaTyphl AJI UCTIONb3YEMOH MOJEJN aOCOIIOTHO YEPHOIO
TeJa, W3TOTOBJICHHONW M3 TaHTalta. Mopesb IpencTaBiisia
€000l TOJBI IWJIMHAP C BHYTPEHHAM HabOpoM aumadparm
(onrrudeckuit Hox) [10]. KoHcTpykimst Monenn obecrednBa-
Jla paBHOBECHOE H3JIyYeHHE, a MCIOJIb30BaHUE PHU(IICHOro
IHA — TIATHl HABEAICHUA — ITO3BOJIAJIO IOCTUYb PACUETHOTO
3Hauenust & = 0.962 [11].

Crenyer OTMETHUTD, YTO PETHCTPAIHS TEIUIOBOTO ITOTOKA
C MOBEPXHOCTH O0Opa3LOB M MOJEJN OCYHIECTBIISIACh pa-
IMOMETPOM MPAMOro BUIECHUS O3 UCIOJIb30BaHUSA (POKYCH-
pyiomeil onTHKA. B cBA3M C TOKCHYHOCTHIO BaHAmWsl BCE
MOZITOTOBUTEJIBHBIE OIEpanuy ¢ 00pas3lioM 3TOro MeTaula
MIPOBOIIUIMCH B JIA0OPATOPHOM aCTIMPAIIMOHHOM OOKCe.

CreneHb JOCTOBEPHOCTH IPEICTABJICHHBIX PE3YJIbTATOB
onpenensiack B coorBercTBul ¢ pekoMeHnarmsamu ['OCT P
8.736-2011, xoTOpBIif MpUMEHSIETCS [JIS OIEHKH TOYHOCTH
n3MepeHuit B (yHIaMEHTAIBHBIX M TPUKJIATHBIX HCCIICIOBA-
HUSAX.

OrneHKa U3JTy4aTesIbHOH CIIOCOOHOCTH MeTasula OIKCHIBA-
Jlach (pyHKLMEH CIICAYIOMUX BEJINYHH:

en = f (g0, ap1, ap), (1)

rae & — W3JTydaTesIbHAss CIIOCOOHOCTb MONENH; (fp] —
TOHC, pa3BuBacMasg TEPMO3JIIEMEHTOM paJuoOMeTpa Ipu
3amepe u3nydenus mogesmn V], apy — TOHC, pasBusae-
Mas TEPMORJIEMEHTOM paguoMeTpa IpH 3aMepe U3JIyueHUs:
obpasua [V].
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Puc. 1. 3aBucumoctp é&n BaHaguMs OT TEMICpaTypbl: e —
u3MepeHusi aBTopoB; o — [12]; crulommHasi JMHAS — pacder
o npudmxenmo Pdyra.

BBumy CJI0KHOCTH BBIYMCJICHHH NOI'PEIIHOCTH H3Mepe-
HUH, aBTOpHl IPUBOIAT MTOTOBHIC PE3YJIbTaThl PAacUETOB.
MakcuMaibHasi TOTpeIHOCTh M3MepeHnil coctaBmia 8 %
mpu Temmeparype 405K, a mmHmManpHas — 5% mpum
temneparype 2759 K.

2. Pe3synbtathl n obcyxpaeHune

UznydarespbHast cHOCOOHOCTB &t BaHAIUS ObLIa M3MEpeHa
B mHTepBasie Temmneparyp ot 405 mo 2200K. Ilomydena
roJiorasi MOHOTOHHO BO3pacTalolasi KpiBasi U3MCHEHUS MH-
TEHCHBHOCTH OT Temiieparypsl (puc. 1). CpaBHeHHe 9KCrie-
PUMEHTAJIbHBIX JaHHBIX, IOJIyYCHHBIX B HACTOSIIEM HCCJIe-
IOBaHWH, C pe3yJbTatamu paboTsl [12] BBISIBUIIO COBMajicHHE
TOJIBKO Ha KadeCTBEHHOM YpOBHE. OKCIIEpPUMEHTaJIbHBIC
3HAYCHUSI, IPEICTABIICHHbIC B [12], almpOKCHMIPOBAHbL BBI-
paKeHNEM CJICAYIOIETO BUAA:

em = 0.107 + 0.005(T /1000) 4 0.025(T/1000)%.  (2)

PacxoxneHre MexIy pesysIbTaTaMd HACTOSIIETO HCCIe-
JOBaHUS W JAHHBIMA paboTel [12] 00yciioBIeHO pa3iuym-
SMH B SKCIICPAMCHTAJIBHOM IIOXONE, BKJIIOYas METOIVKY,
YUCTOTY 00Pa3LOB U COCTOSHUE HX MOBEpXHOCTH. OCHOBHBIE
HapaMeTphl JKCICPUMCHTA, OIMCaHHOro B pabore [12],
MPeACTaBJICHH B TabJI. 2.

Ha puc. 1 Taxke HpencTaBiIeHB pe3y/bTaThl PacyeToB,
BBIITOJIHCHHBIX aBTOPAMH C HCIIOIb30BaHIEM IPHOIIIDKEHUS
®yra [13]. Ipubmmkenue npexcrasiser coboit (yHKImMO-
HAJIbHYI0 3aBHCHMOCTD &p OT YHEJIBHOTO 3JICKTPIIECKOrO

Ta6nuua 2. OcHOBHBIC ITapaMeTpHl SKCIepUMeHTa paGoTH [12]

Xumundeckas Meron TemnepatypHblii
[Torpemuoctsb
YHCTOTA o Harpesa JMana3oH
o, |3KcrepuMmeHra, %
obpasra, % obOpasua | uccienosanus, K
99.9 +5.5 PesuctuBHbiii | 1270—1986
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Pwuc. 2. 3aBucuMOCTb & BaHaUs OT TEMIIEPATYPBL ® — IepecyeT
M3MEPEeHnil aBTOPOB; CIUIOLIHbIC JIMHAM — [15]; WITPHXITyHKTHP-
Hast JmHUsT — [16]; wrprxosast smamst — [17]; O — [18].

compoTuBiieHus I, [Q - m|, u Temmeparypst T, [K], 1 nmeer
BUJ
e =5.78VrT — 17.9rT +44(rT)%/2, (3)

3HavyeHns] YACTBbHOIO 3JICKTPHYCCKOTO COIPOTHBIICHUIS
U1t pacdera ObUTH B3SITHL U3 paboTh [14], rae OHM oIy IeHBI
METO/IOM JIMHEHHO! AaNpOKCHMAIN SKCIICPIMEHTAIBHBIX
JaHHBIX, IPENCTABJICHHBIX B 3HAYUTEILHOM KOJIUYECTBE HC-
cllefoBaTeIbCKUX paboT. PacueTHoe 3HaYeHHME &, Mepeceka-
€T 3KCIIepUMEHTaJIbHble JaHHBIC NMpH TeMoepaType 1670 K
7 JEMOHCTPUPYET 3aBHIIICHHE BIUIOTH 10 TEMIICPATYpHL,
IPEAIICCTBYIONIEH TIaBJICHHUIO.

IIpoBeneHHBIN aBTOPaMU aHAJIN3 JIUTEPATYPHBIX JaHHBIX
0 TEIUI0(GU3NYCCKUM CBOICTBAM BaHAJMs BbIABHUJI HAJIMYUE
HCCJICIOBAHNM, MTOCBAIICHHBIX HHTErpajIbHON Momychepuye-
CKOHl M3JTyYaTesbHON CIOCOOHOCTH (&n) B TBephoil (dase.
Ha puc. 2 mpencraBieHO rpadudeckoe COIMOCTaBJICHHUE
pesysbratoB [17-20] ¢ pesysabratamu Hepecyera SKCIepH-
MEHTAJIbHBIX 3HAYCHUI aBTOPOB &y B & O MeTOmHKe [2].
Qopmysna 11 HepecyeTa UMeeT BHL

&tn
T 0.755+ 0.533 - e’ )

Iepecuer mo Qopmyre (4) mpercrasisier coboi mpu-
OJIIDKCHHYIO OIIGHKY, KOTOpPasi IMO3BOJISIET MIPOBECTH TOJIBKO
Ka4eCTBEHHOE CpPaBHEHHE PE3yJIbTaTOB M HAKJIAIBIBACT CY-
IIECTBEHHBIC OMPAHMYCHUS HA CXOIMMOCTD JIAHHBIX.

B pab6ote [15] sKcrepiuMEHTaIBHO MOJTyYeHHbIE 3HAYCHUS
Eth BaHAIWS AIMIPOKCUMIPOBAHBL IBYMST IIPSMbBIMU JTHHUASIMA
¢ nepeceyenneM B Touke 1600 K. Ha ocHoBe 3Tmx maHHBIX
HpeUIOKeHbl BoipakeHust (5) U (6), mpudeM 3asiBJICHHOE
CpelHee OTKJIOHCHHE OSKCICPUMEHTAJIBHBIX TOYEK OT all-
MIPOKCHMUPYIONMX NpsiMbIX cocTasiisieT +0.14 %.

e = 0.052 + 1.05- 107*T, (1100—1600K),  (5)

en = 0.113 +0.67 - 107*T, (1600—1750K).  (6)

Apropamu paGothl [16] Ha OCHOBe aHaM3a MaccuBa
SKCIICPUMCHTAJIBHBIX JAHHBIX HPEIJIOKEHO alpPOKCUMHUPY-
oIlee  BEIPXXKCHHC CIICAYIONEro BHJA, PEKOMEHOBAHHOC

23" JKypHan TexHuyeckoln dusuku, 2025, Tom 95, Boin. 7
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Puc. 3. 3aBucumoctb &n HHOOWSI OT TEMIICpAaTyphl ® — H3Me-
PeHHsI aBTOPOB; IITpHXOBast JHUst —  [13]; clutomHas JMHUS —

pacyet no npubsmkeruto Pyra.

JJIA UCITOJIb30OBaHUA:
&h = 0.38 —2.52- 107*T +9.9-1078(T?/K?),
(1350—2180K), (7)

rie K — ko3dduimienT nmponoprroHaIbHOCTH MHTEpBaJia
TEMIIEpaTyp UCCIICIOBAHUSL.

ABtop paboTsl [17] pekoMeHIyeT HCIOIb30BaTh BhIPAKE-
HHE, TOJIy4eHHOE IyTeM JINHEHHOH alllpOKCUMALIHK:

eth = —5.413-1072 4+ 1.93 - 10T,
(1880—2050K). (8)

B paGore [18] npuBeneHoO eIMHMUYHOE 3HAYCHHE HH-
TEHCHBHOCTH W3JIyYCHHsI BaHAIWs B TOYKE IUIABJICHHUSI.
Ha puc. 2 npencrasieHo UMb Ka4eCTBEHHOE COBIAJCHHE
pocTa 3HAYCHHUII &, MOJTyYEHHBIX B paborax [15-18]. Dto
MOXET OBITh CBSI3aHO C pa3IMuMsAMH B TEXHHMYCCKHX U
METOINYECKAX IOAXOHax K IPOBEICHUIO SKCIICPUMEHTOB,
a TaKke C PasHOH XMMHYECKOH 4YHCTOTON 00pasloB, 4TO
OTpakeHO B TalJ. 3.

[lpu wccnenoBaHNM &, HUOOMS B WHTEPBAJIC TEMIIC-
paryp 410—2689K Obuta mosydyeHa mosiorass MOHOTOHHO
BO3pacTaolas 3aBUCUMOCTb WHTEHCHBHOCTH OT TeMIlepa-
Typsl (puc. 3). Pe3yabTaTsl 9KCIICPUMEHTa aBTOPOB XOPOIIIO
COTJIACYIOTCSl C PEKOMCHIOBAaHHBIMHU JaHHBIMH, IPENCTaB-
JeHHbIMU B pabote [13], Haumuas c¢ Temmneparypsr 2000 K
U BIUIOTh O TEMIIEPaTyphl, MPeNIecTBYIOmell MIaBIeHIIO
Metasuia. HabmogaeMslit pocT &y HUOOHS MOXKET ObITh 00b-
SICHEH 00pa30BaHMEM pPa3yNopsSIOYeHHBIX 001acTeil B Kpu-
CTaJUTMYECKOH pelleTKe MeTajula B TBepHoil ¢ase mpu Ha-
rpese.

Ha sToM e puCyHKe NpenCTaBjIeHbl pe3y/bTaThl pac-
4yera &n HUOOMs mo mpuOmmkeHmio Pyrta. Jlna pacdera
UCIIOJIb30BaH YCPEIHEHHBI MacCHB 3HAYCHHI YIEIIBHOTO
9JICKTPHYECKOTO CONPOTUBIICHHUS, B3SITHIA n3 pabot [19-21].
Hab:monaemoe noBefieHue &q, XOPOILIO COTJIacyeTcs ¢ oduieit
TEeMIIePaTypHOIl 3aBUCUMOCTBIO.
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TaGﬂVllJ‘a 3. OcHoBHBIC ImapaMeTpbl SKCNIEPUMEHTAJIbHBIX WCCJIC[IOBAHUH Eth BaHavs, IIPOBEICHHBIX pa3/IMYHbIMU aBTOpaM1

XuMHYecKasi YicToTa
obpasra, %

Pabora

Ilorpeumocts
JKCIIepHMeHTa, %o

TemnepatypHblii
JMaa3oH
nccienoBanus, K

Meron Harpesa
oOpasua

[15] 99.82

[16] 99.7

17] 99.9 +5
18] 99.7 +3
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Puc. 4. 3aBucuMoCTb &n HEOOUSI OT TEMIICPATYpPHL: ® — IepecyeT
M3MepeHN aBTOpoB; mrTpuxoBas jmHus — [13]; A —  [20];
WITPUXMYHKTAPHAs ymaust — [22]; o — [23]; 0 — [24]; O —
[25].

Ha puc. 4 npencraBieH pe3ynbTaT aHaJOTHYHOTO IIEepe-
cduera &n B &n C HCIoib30oBanueM (Gopmyssl (4). Habuto-
JaeTcsl HaIJIAJHOE COBMAJCHUE XapakTepa U3MEHEHUs &t C
pe3ysIbTaTaMy, MOTy4YEHHBIMUA IPYTMMH aBTOPaMHL.

ABTOpBI paboThl [24] HpenCcTaBUIM PE3yNbTaThl B BHME
CIUTOLITHOW KPHUBOM, OTIMCHIBAEMON KBaAPaTHIHON (yHKIIMCI:

eh = —0.118 +2.305 - 107% —2.936 - 107372 (9)

ABTOpBI PaboTsl [25] aNMpPOKCHMUPOBAIN 3KCIEPUMEH-
TaJIbHbIC JaHHBIE BO BCEM HCCJICIOBAHHOM TeMIIEpaTypHOM
AMana3oHe ¢ MCHOIb30BaHNEM MOJIMHOMA CIICAYIONIErO BUAA:

eh=6.93-1072 +7.93-107°T. (10)

CBonHblil TpaduK 3aBUCHMOCTH WHTEHCUBHOCTH &h He-
MOHCTPHUPYET, YTO B Pa3JIMYHBIX TEMIICPaTypHBIX MHTEPBa-
Jlax TMPOCJICKMBACTCS OOIasi TCHICHIMS M3MEHEHHsST H3JTy-
YaTeJbHON CIIOCOOHOCTH HHMOOMSI OT TemmepaTypsl Mme-
IOIHECH PACXOXKACHUSA aBTOPH OOBSCHAIOT Pa3jIMYUsIMU B
YCJIOBUSAX MPOBENCHUS SKCIIEPUMEHTOB, TAKUMU KaK CTEIIeHb
IIEPOXOBATOCTH MOBEPXHOCTU 00pasloB B TBepHoil (dase,
BO3MOXXHOE HAQJIMYME OKHCHBIX IUICHOK Ha ITOBEPXHOCTH,
NPOLICHTHOE COMEpKaHWEe OCHOBHOTO 3JIEMEHTa, a TaKKe
pasnyMsa B METONMKAX HCCIICOBAaHMI, BK/IIOYas CHOCOOBI
Harpesa oOpa3LoB U MpubopHOE OhOpMIIEHHE PETUCTPALUIN
TEIIOBOT'O U3JIyYeHHs C IOBEpXHOCTH MeTajlioB. B Tabu. 4
0000meHs 00CYKTaeMble TapaMeTphl SKCIIEPHIMEHTOB, ITPO-
BEJICHHBIX Pa3JIMYHBIMH HCCJICIOBATEIIIME JIJIT HIOOUSI.

+4-6.5
He 3asBicHa

PesucruBHBIi 1100—1750
DJIeKTPOCTATHIECKUIt 1350—2180
MMmynbeHbIi 1880—2050

OJIeKTPOCTATHICCKHI 2220

ITpu uccnegoBaHuM &, TaHTaJla B HHTEPBaJIe TEMIIEpaTyp
ot 420 go 2759 K Oblia mosyyeHa HOJIOrO BO3pacTaromas
3aBUCUMOCTb MHTEHCUBHOCTU M3JIyYECHHS OT TEMIEPaTyphL
PesynbraThl IpencTaBieHbl Ha pUC. 5, U JE€MOHCTPUPYIOT
Xopollee Corjacue C HaAeKHBIMH CIIPABOYHBIMU J[aHHEI-
mu [13,22]. Ha 3TOM ke PHCYHKE MpPHBEICHBI Pe3yJIbTaThl
pacuera &p TaHTasua no npudmmkeHuio Pyta. [l pacyera
UCTIOJIb30BaH YCPEHEHHBI MAacCHB 3HA4YCHUH YHEIBHOTO
SIIEKTPUYECCKOTO COMPOTUBIICHHS, B3SITHIA U3 pabot [28-31].

Ha puc. 6 npefcraBiieHbl pe3yJibTaThl IEPECUETa En B Eth
¢ ucnosbp3oBanueM (Gopmysbl (4). CpaBHEHHE 3HAYCHHH iy
C JIMTEPaTYPHbIMU JAHHBIMU BBIIBUIO YCPEJHEHHYIO 3aBH-
CHMOCTb MHTEHCHBHOCTH U3JTy4CHHSI TaHTaja OT TeMIepa-
TYpBL

Pesysnbratsl, npencTaBieHHbe B paboTe [26], 10 MHEHHIO
aBTOPOB, NIEMOHCTPUPYIOT 3aBBIIICHHBIC 3HAYCHAS B TEM-
neparypaoMm nuanaszoHe 1700—2300 K. Cnenyer oTMeTHUTb,
YTO [aHHBIC, MOJyYCHHbIC aBTOPAMM HacTosimeill paboTsl,
TaK)Ke IMPEBBINIAIOT PEKOMEHIOBaHHbIC 3HaYeHus [13,22],
YTO, BEPOSATHO, CBSI3aHO C PaHee YHOMAHYTHIMU IPUYUHAMU.

ABTOpBI paboThl [32] PEKOMEHIYIOT MCHOJIb30BATH IS
pacdeTa U3JTy9aTeIbHON CIIOCOOHOCTH (hyHKIMOHAIBHOE BHI-
paxkeHUe BUJA:

&h=—3.739- 107>+ 1.644 - 10T — 1.598 - 10~*T*.
(11)

ABTOp paboTsI [34] OMUCHIBAET CBOM IKCIICPUMEHTATIBHBIE
pe3ysbTaThl IO U3JTy4aTeSIbHOH CIIOCOOHOCTH TaHTaJsla MOJIH-
HOMOM IIIECTON CTEICHIL.

KosnmecTBeHHBIE pacXoXKIEHHS MO pe3ysbTaTaM & TaH-
Taj1a 00YCJIOBJICHBI CIICMYIOINMHI (paKTOpaMy: HencaTbHast
OITHYECKas IJIAJKOCTb MOBEPXHOCTEH 00pa3loB, OTKJIOHE-
HHUS XapaKTEPUCTHK HCIIOIb3yeMbIX MoOfeseil abCoII0THO
YepHOTO Tela, a TAaKKe HCIOJIb30BaHHE OOpasloB C pas-
JINYHBIM XUMHYECKAM COCTABOM U COIEPKaHUEM OCHOBHOTO
asiemeHTa [35-37]. VI3 BblIEHEPEYHCICHHOTO CJICAYET, YTO
TOJIBKO CTPOroe COOJIIONEHNE YKa3aHHBIX YCJIOBUI oOeclie-
YMBAET KOPPEKTHOE M [JOCTOBEPHOE IIOJydEHHE pPe3ysIbTa-
ToB. B Tabs. 5 aBTOpH YacTHYHO 0000MMIM 0OCYyKIaeMble
TapaMeTpsl SKCIEPIMEHTOB, TPOBEICHHBIX PAa3JINIHBIMH HC-
CJIEIOBATEIISIMH JIJIS1 TAaHTaJIA.

Crnegyer Takke OTMETUTb YIOBJIETBOPUTESIbHYIO pabo-
TOCIOCOOHOCTb TEOPETHYECKOrO INOIXOAA, OCHOBAHHOIO Ha
npubmkennd PyTa, 71 pacdeTa & TBEPAOH MOIMPOBaH-
HoH ¢a3pl MeTassIoB. [IpoBeneHHbBIE pacdyeTs BO BCEX CITyda-
AX JIEMOHCTPHPYIOT KaueCTBEHHOE COBIIAJICHUE TEOpETHYe-
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Ta6J'WIL|.a 4. OcHOBHBIC napaMeTpbl 3KCIIEPUMEHTAJIBHBIX HCCJICIOBAHUN Eth HI/IO6I/IH, NPOBEACHHBIX PA3JIMYHbIMH aBTOpaMH

PaGora XumMmudeckass YUCTOTa [Torpemuoctsb Meron Harpesa TeM;:f;:s};p:HH
0, 0,

obpasra, % IKCIIepHMeHTa, %o obpasia ncenenosanms, K
[20] 99.99 +2 VIMirysiscHBI 1500—2600
[21] 99.9 +3 VIMitysibCHBIIA 1100—2500
[23] 99.9 He 3asiBiieHo DIIeKTPOMAarHUTHBIIA 300—1000
[24] 99.999 +2 WmmynbcHslit 2000—2600
[25] 99.9 +3-6 VIMinysibCHBII 2000—2700

Ta6J'W|L|.a 5. OcHoBHBIC ImapaMeTpbl SKCIEPUMEHTAJIbHBIX WCCJICIOBAHUH Eth TaHTaJIa, IIPOBEACHHBIX Pa3/IMYHbIMUA aBTOPaMU

PaGora XuMuueckast YuCcToTa Ilorpeunocts Meron Harpesa TeM;;;);;};p:bm
0, 0,

obpasra, % JKCIIepHMeHTa, %o obpasia nccnenopanms, K
[26] 99.9 +5 WmmynbcHslit 1100—2300
[28] 99.99 +2 WmmynbcHsrit 1900—3000
[32] 99.9 +2 VIMinysibCHBIA 2000—2800
[33] 99.95 He 3asBieHO PesucTuBHEI 2400—2800
[34,35] 99.98 +2 VIMinysibCHBII 1500—3200
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Temperature, K

Puc. 5. 3aBucuMocTh &n TaHTala OT TEMIEPAaType: ® — M3Me-
pEHHsI aBTOPOB; INTpUXOBasi JmHUST —  [13]; WITpUXIyHKTHpHAsS
ymaEs —  [14]; cIUlONIHAs JIMHASL — pacyeT [0 HPUOJIMKCHHIO
DyTa.

CKHX PE3yJIbTaTOB C IKCIEPUMEHTAIBHBIMU HaHHBIME. [lo-
CKOJIbBKY HA[CKHOCTh TEOPETHYECKUX PACUCTOB HAIPAMYIO
3aBUCHT OT TOYHOCTH HCIIOJIb3yEMBIX 3HAYCHHI YHEJIBHOTO
AIIEKTPUYECKOTO COMPOTHUBJICHHS (I) METaJIOB, aBTOPaMU
OBUT TPOBEMCH TINATEJIBHBII OTOOpP MaccuBa MAaHHBIX, HC-
MOJIb30BaHHBIX B PacyeTax.

3akniovyeHue

Lenbio HacTOSAIMIEro MCCICAOBAHUSA CTAI0 U3YYEHHE HOP-
MaJIbHO! MHTETPasIbHOM U3JTydaTebHOIN COCOOHOCTH (E&in)
HOJIIPOBAHHBIX O0Pa3lOB BaHAWA, HHOOWA M TaHTAIa C
CYIIECTBCHHBIM pPacIIMPEHAEM TEeMIEPaTYPHBIX ANAIla30HOB
10 CPaBHEHHIO ¢ paboTamm Apyrux aBTOpoB. beumH mMOJTyde-
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Temperature, K

Puc. 6. 3aBUcHMOCTD & TaHTaJIa OT TEMIICPATYPbL: ® — IIEPecYeT
M3MEPEHN aBTOPOB; MTPUXoBast JmHus —  [13]; mTpuxmyHKTHP-
Hast ymHEEs — [22]; O — [26]; 0 — [28]; O — [32]; A — [33];
m— [34].

HBI HOBBIE TEMIIEPaTyPHBIC 3aBUCUMOCTH €ty U1 YKa3aHHBIX
MetasuioB B uHTepBasie oT 400 mo 2800 K. Habmonaercs
MOHOTOHHOE YBEJIMYCHHE 3HAYCHHUI & C POCTOM TeMIlepa-
Typsl. IlpenesbHas TeMneparypa HcciefoBaHus ObUla orpa-
HUYCHA TEXHMYCCKMMH BO3MOXHOCTSIMU SKCIICPHUMEHTAb-
HOI ycTaHOBKH. IlosmydyeHHble naHHBIE TPeOYIOT HajIbHEH-
[ICr0 YTOYHCHHs, a TAKKe PACIINPEHUS TEMIepPaTypHOTrO
JMana3oHa B 00J1aCTh JKUIKOTO COCTOSHHMS.

OmnbIT MIPEAbITYIINX HUCCJICIOBAaHUI IIOKa3ajl, 4TO IIpu
N3yuCHUU HBHY‘{aTCHbHOfI CIIOCOOHOCTH METaJlJIOB HEOOXO-
AUMO CTPOTO YYUTBIBATH TaKHUE (1)EII(T011)I:I7 KaK XUMHYCCKHMA
coCTaB o6pa3ua, YUCTOTa €ro IMOBEPXHOCTU U TEPMUYECCKUEC
YCJIOBUSA MMPOBEACHUSA DKCIICPUMEHTOB.



12 centsabps 2025 . 23:53 1st draft
1318

A.B. Kocenkos, B.B. Caragees

KoHdpnukt uHtepecos

ABTOpr 3asBJISIOT, YTO Y HUX HET KOH(b.J'II/IKTa HUHTEPECOB.

Cnucok nuteparypbl

(1

AE. Weitapmn. [Ipo6aemst nosoti snepeemuxu (Hayka, M.,
2006)

R. Siegel, JR. Howell. Thermal Radiation Heat Transfer
(Taylor & Francis, NY., 2002)

E.O. Apamos, IO.IL [parynos, B.B. Opnos, JLII. Abarsin.
Mawurnocmpoenue. Mawunocmpoernue s0epHOl MexHUKU
(Mammzoctpoenue, M., 2005), T. 4, ku. 1.

AH. 3emkman, B.I. KopmynoB. Memanaypeus peoxux
Memannog (Metasutyprusi, M., 1991)

V.P. Bobkov, LR. Fokin, E.E. Petrov, V.V. Popov,
VN. Rumiantsev, Al Savvatimsky. Thermophysical
properties  of materials for nuclear  engineering
(International Atomic Energy Agency, Vienna, 2008)

JILB. I'ypsua, N.B. Beiin, B.A. Mengenes, I'A. Xaukypy3oB,
B.C. IOnrman, I'A. bBeprman, B.®. baiibys, B.C. WMopum,
T'H. IOpkoB, C.M. T'opbos, JL.O. KypartoBa, H.II. Prume-
Ba, .H. IlpxeBasbckmii, B.JO. 3unepman, B.fl. Jleonnnos,
10.C. ExoB, C.O. Tomb6epr, L. Hasapenko, A.JL. Poram-
kuit, O.B. [Topodpeesa, M.C. lemunosa. Tepmoournamuueckue
cgoticmea UHOUBUOYANbHBIX 6eujecms, CIIPaBOYHOE M3NaHHe
B 4-x T. (Hayka, M., 1982), 3-e u3n., mepepab. ¥ pacuimpex.,
T. IV, ku. 1.

R.E. Bedford, G. Bonnier, H. Maas. Metrologia, 33 (2), 133
(1996). DOL: 10.1088/0026-1394/33/2/3

J.B. Kocenkos, B.B. CaraneeB, B.A. Amnses. Tertodusuka
1 a’spomexaHuka, 28 (6), 951 (2021).

DOI: 10.1134/S0869864321060147

I.B. Kocenkos, B.B. Caranees, B.A. Amses. XXT®, 91 (7),
1090 (2021). DOI: 10.21883/JTF.2021.07.50949.9-21

I.B. Kocenkos, B.B. Caramees. 2023. XKT®, 93 (10), 1434
(2023). DOL: 10.61011/JTF.2023.10.56281.42-23

T. Bypakosckuii, E. I'm3unbckuit, A. Cansa. Ungpaxpachuie
uzayuamenu, uep. ¢ nosisckoro (Jueprus, J10, JI., 1978)
2.9. Mlmunbpaita, B.D. [leneukuii, A.B. Kocranosckuit. TBT,
14 (1), 223 (1976).

AE. Meinmumu (obwm. pen.). HMzayuamenvhvle ceoticmea
meepovix Memannog. CripaBounuk (Dueprusi, M., 1974)
PD. Desai, HM. James, C.Y. Ho. J. Phys. Chem. Ref. Data,
13 (4), 1097 (1984). DOL: 10.1063/1.555724

JLK. Boponun, A.H. Mepkynbes, B.E. Heitmapk. TBT, 8 (4),
780 (1970).

P-F. Paradis, T. Ishikawa, T. Aoyama, Sh. Yoda. J. Chem.
Thermodynamics, 34 (12), 1929 (2002).

DOI: 10.1016/S0021-9614(02)00126-X

A. Cezairliyan, F. Righini, J.L. McClure. J. Research Notional
Bureau Standards — A. Phys. Chem., 78A (2), 143 (1973).
DOLI: 10.6028/jres.078A.010

T. Ishikawa, C. Koyama, Y. Nakata, Y. Watanabe, P.F. Paradis.
J. Chem. Thermodynam., 163, 106598 (2021).

DOI: 10.1016/}.jct.2021.106598

B.2. Menenxwuit. TBT, 13 (2), 309 (1977).

A. Cezairliyan, JL. McClure, CW. Beckett. J. Research
National Bureau Standards — A. Phys. Chem., 75A (6), 565
(1971). DOL: 10.6028/jres.075A.045

21]

22]

23]

[24]

[25]

[26]

[27]
[28]

[29]
[30]
[31]
32]
33]
[34]

[35]

[36]

37]

K.D. Maglic, N.L. Perovic, G.S. Vukovic, L.P. Zekovic. In. J.
Thermophysics, 15 (3), 963 (1994).

DOI: 10.1007/BF01447106

Y.S. Touloukian, D.P. DeWitt. Thermal Radiative Poperties:
Metallic Elements and Alloys. Vol. 7. Thermophysical
Properties of Matter, ed. by Y.S. Touloukian, CY. Ho
(IFI/Plenum, NY,, 1970)

S.X. Cheng, P. Cebe, LM. Hanssen, D.M. Riffen. J. Opt.
Society America, 4 (3), 351 (1987).

DOI: 10.1364/JOSAB.4.000351

T. Matsumoto, A. Cezairliyan, D. Basak. In. J. Thermophys.,
20 (3), 943 (1999). DOL: 10.1023/A:1022699622719

F. Righini, J. Spisiak, G.C. Bussolino, M. Gualano. Intern. J.
Thermophys., 20 (4), 1107 (1999).

DOI: 10.1023/A:1022654804141

N.D. Milosevic, G.S. Vukovic, D.Z. Pavicic, K.D. In. J.
Thermophys., 20 (4), 1129 (1999).

DOI: 10.1023/A:1022659005050

B.E. Heiimapk, JLK. Boponun. TBT, 6 (6), 1044 (1968).

A. Cezairliyan, J.L. McClure, C.W. Beckett. J. Res. National
Bureau Standards — A. Phys. Chem., 75A (1), 1 (1971).
DOI: 10.6028/jres.075A.001

B.A. Beprorpanckuit. TBT, 10 (1), 77 (1972).
AWM. CapBarmmckmit. TBT, 59 (5),
DOI: 10.31857/S0040364421050173

R.E. Taylor, R.A. Finch. J. Less Common Metals, 6 (4), 283
(1964). DOLI: 10.1016/0022-5088(64)90124-9

T. Matsumoto, A. Cezairliyan. Intern. J. Thermophys., 18 (6),
1539 (1997). DOIL: 10.1007/BF02575350

R.A. Allen, LF. Glasier, PL. Jordan. J. Appl. Phys., 31 (8),
1382 (1960). DOIL: 10.1063/1.1735847

H. Watanabe. Thermochim. Acta, 728, 179594 (2023).
DOI: 10.2139/ssrn.4505893

H. Watanabe, K. Morimoto, M. Watanabe, M. Kato,
Y. Arita, K. Konashi. Thermochim. Acta, 639, 178763 (2020).
DOI: 10.1016/j.tca.2020.178763

H. Fukuyama. High-Temperature Measurements of Materials
(Springer Ling, Berlin, 2009).

V. Sapritsky, A. Prokhorov. Blackbody Radiometry(Springer
Ling, Cham, 2020).

686  (2021).

XypHan TexHuueckol cdusukn, 2025, Tom 95, Bbin. 7



