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BBE.llEH~E 

8 nocneAH1-1e rOAbl 11HTeHCI1SHO 11CCI1eAOSai111Cb pa3fl!I14Hble CSO~C.T
sa c.sepxnposoARllli1X cnnasos pa3Horo cocTasa cHcTeMbt Nb-Zr H 
Nb-Ti. BbtnycKaeMbte s CCCP nposoAa • Ka6enH, W11Hbt w T. n. Ha oc
Hose csepxnposOARl!lero cnnasa liT-50 111 I .Nb -SO sec. % Ti I WHPOKO 
11Cnonb3YIOTCR s CIJH3HKe 11 TeXHI1Ke; B HeKoTopbtx cny4aRx · sa mHo ·· 
3HaTb TeMnepaTypHyiO 3aSI1CHMOCTb HX TennaeMKOCTH C(T),Hanpi1Mep, 
AI1R pac4eTos no Harpesy a pe3ynbT.an~ 3HeprosbtAeileHHR loT npo
xomAeHHR 113I1y4eHHR, OT CKa4KOS nOTOKa, OT AHCCHna~I1H 3anaceH
HO~ S 06MOTKaX MarHI1THO~ 3HeprHH H T.A.I· 

B 3TO~ pa6oTe npeACTasneHbl pe3YI1bTaTbl 113MepeHHR YAeilbHO~ 
TeniloeMKOCTH o6pa3r.toa H3Cnilasos Nb ;_79,6 sec.% Zr.H .Nb-
38 sec.% Ti,. a TaKiKe MeilKOAHCnepcHbtX nposoAOS Ha ocHose HT-50 
S MeAHO~ MaTpH~e;. JlnR 'OAHOrO 113 3THX npOSOAOS abt4HCneHbl 3Ha-
4eHI1R YAeilbHOrO 3HeproBWAeileHI1R, npH KOTOPOM TeKy~H~ no npo
SOAY TOK CTaHOSHTCR paSHbiM Kpi1TI14eCKOMY TOKy. npoaHail113Hposa
Hbl AaHHbte APYrl1x asTopos. HapRAY c 3THM nposeAeHo cpasHeHHe 
pe3ynbTaTos, nony4eHHbtx ASYMR npHH~I1nl1anbHO pa3HbiMI1·MeToAaMH 
onpeAeileHHR C(T) • 

06PA3Ubl ~ ~ETO.ll~KA ~3MEPEH~Il 

~ccileAosaHbl 4eTbtpe pa3IlH4HbtX o6pa3~a. 
a/ MacclisHbtH o6pa3e~ H3 Nb -79,6 sec.% Zr 6btn SbiT04eH 113 

Cili1TKa, nony4eHHOro S abiCOK04aCTOTHOH ne411 a pe3YilbTaTe MHOro-. 
KpaTHOI'"O nepennasa HCXOAHbiX KOMOOHeHTOS /3neKTpOHHO-ny4eso-
ro HHOOHR 11 · HOAHAHOro ltHPKOHI1R/. raTOSbl~ o6pa3e~ rlOASeprcR 
peKpHCTaili1H3a~HOHHOMY OTlKHry npH 750°C S Te4eHHe 4a6a S saKyyMe 6 . . .. 
-10-: Topp /Aanee o6oaHa4eH Kat< o6pa3er.t "HU 79,6"/. • . 

6/ MaccHSHbt~. o6pa3e~ H3 Nb-38 sec.%Ti nony4eH H3 cni1TKa 
nyTeM ropR4ero npeccosaHHR.,3KcnepHMeHranbHOe, onpeAeneHHe co
cTasa AaHHOro o6paa~a, SblnonHeHHOe ABYMR He3aBHCI1MbiMH MeTOAa-
MH, noKa3ano, 4TO coAepmaHHe THTaHa s cnnaee cocTaenReT 
/38+1/ sec.% /o6o3Ha4eHHe "HT 38"/. . e/ He1130Ili1POSaHHbiH npOBOA (j 1 • 5 MM, COAePlKal!lH~ 61 cseox
npOSOARlllYIO HHTb 'd140 MKMH3 cnnasa HT-50 s;MeAHOi1 MaTpHl(e 
C K03CIJCIJH~HeHTOM ·3anonHeHHR 47% /0003Ha4eHHe j 1HT50/61 / 11

/. 

r/ HeH30nHposaHHbl~ nposoA' (j 0,5 MM, COAepmal!lHH' 1046 csepx
nposOARUIHX HHTeH rl 10 MKM i13 cnnaaa HT-50. a. MeAHOH MaTpH~e 
C KQ3()lliJHl(HeHTOM aanonHeHHR 50% /o603Ha4eHHe 11HT50/t045/11

/ • 
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TennoeMKOCTb o6paa~os H3Mep~nacb ABYM~ MeTOAaMH. B aAHa6a
TH4ecKoM KanopHMeTpe121 fiblnH HCCfieAOBaHbl o6pa3~bl Hl..l 79,6, 
HT38, HTSO /1045/ AOCTaT04HO 6onbwoA Mac~w I >10 r./~ B npH-
6ope An~ onpeAeneHH~ C(T) MeTOAOM H3MepeHH~ speMeHH penaKca
~HH~1 HccneAOBanHCb Manwe no Macce o6paa~w HT38 /100,3 Mr/, 
HTS0/61/ /155,5 Mr/ H HTS0/1045/ /51,8 Mr/. ~n~ 3THX H3Mepe
HHA MHKPOHarpesaTefib H3 KOHCTaHTaHa H cnaA AH~~epeH~HafibHOA 
KanHfipoBaHHOA TepMonapbl KpenHfiHCb K o6pa3~aM C nOMO~b~ Kne~ 
5~-2, TennoeMKOCTb KOTOporo 6wna H3MepeHa cne~HanbHO. XapaK
TepHoe speM~ H3MeHeHH~ TeMnepaTypw nocne sKn~4eHH~ /swKn~4e
HH~/ TOKa MHKpoHarpesaTen~ COCTasn~no 10+50 C. T04HOCTb 
onpeAeneHH~ TennoeMKOCTH He xyme +6% •. 

KpHTH4ecKa~ TeMnepaTypa Tc onpeAen~nacb pe3HCTHBHbtM _MeTo
AOM, npH4eM RCI'c) = 0,5 R 0 • 

PE3YJ1b TATbl H3MEPEHHR H HX 06CYlK~EH~E 

A/ Macci-lsHbte o6paa~bt 

Ha pHc. 1 H 2 · npeACTasneHbt 3Kcn'epHMeHTanbHbte KPHBbte C(T) 
o6paa~os Hl..l79,6"H HT38, npH4eM a noc.neAHeM cny4ae Hcnonbaosa
HW o6a M~TOAa HeaaBHCHM? APYr oT.APyra. X~powe~ cosnaAeHHe 
peaynbTaTOB yKa3btBaeT Ha BbiCOKY~ HaAemHOCTb nony4eHH~ AaHHbiX 
MeTOAOM H3MepeHH~ epeMeHH penaKca~HH.·no· 3THM pe3yfibTaTaM 
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Ta6nm~a 

Pe3yJihTaTbl H3Mepemm TennoeMKOCTH o6pa3QOB HU 79,6 
H HT 38 •. 

06pa3eQ HU 79,6 HT 38 

M~/MOJib•K2 16,94 10,16 
y*, 

~/MOJib•K4 0,305 0,137 

{3, 

0 0 ,K 185 224 

~/MOJib ~K4, a 0,66 0,39 

TmtK • K 6,9 8,5 
--
TMHH' K 7,8 9,4 
--
Tc • K - 9,4 

6bmH onpeAeneHbt K03~~~~~~HeHTbt B BbtpameHH.RX, onHCbtBa~~~~~x Tenno
eMKOCTb B HOpMafibHOM {C-0 (T)=y*T+{3T 3 ) H csepxnpOBOA~~eM 
{C 8 (T),.a.T 3 +{3T 3 npH'l'>0,5T0)cocTo~HIII~X, a TaKme TeMnepaTypa 
~efia~ 0

0 
/eM. TafinH~y/. . 

KpoMe Toro, Mbt npoaHanH3HposanH AaHHbte An~ CHCTeMbt Nb- Ti, 
HMe~~HeC~ 8 IlHTepaType4-9 1,H npeACTaBHfit-1 HX 8 ofiofi~eHHOM BHAe 
Ha PIIIC. 3. B. TeX CfiY4a~x, KOrAa 'aBTOpbl caMW He. npHBeilt-1 3Ha-
4eHHA senH4HH Tc. y* ,{3. e0 H a, MW o~eHHsant-1 HX t-ia ocHosaHHH 
ony6mtKosaHHbtX KpHBbtX C{T). HecMoTp~ Ha paanH4He· MeTOAOB npHro
TosneHt-1~ o6paa~os, see 3TH senH4HHbt /aa · HcKn~4eHHeM r* I M~
HOTOHHO MeHR~TC~ C YBefiH4eHHeM KOH~eHTpa~HI1 .TI1TaHa. CneAyeT 
OTMeTI1Tb OC06eHHOCTH! 

a/ Hafii14He MI1HI1MyMa 0 D /MaKC11MyMa {3/ npH KOH~eHTpa~HRX 
THTaHa 40 +.50 sec.%, a TaKme MaKCHMyMa e0 np11 --:10 sec.%; 

6/ MOHOTOHHbtA POCT a· C KOH~eHTpa~HeA ntT~Ha; · 
a/ npaKTI14eCKoe cosnaAeHHe Tc.onpeAeneHHOe~pe3HCTHBHWM 

11n11 MarHHTHbtM. MeTOAaMH c . TeMnepaTypoA, np11 ·Kol-opoA Ha Kpi-tsoA 
C(T)HMeeTC~ MHHHMYM. 

. * 3aBHCI1MOCTb Y . OT KOH~eHTpa~HI1 THTaHa TPYAHO o6cymAaTb 
BBHAY 60JlbWOrO pa36poca 3KCnepi1MeHTaJlbHbiX T04eK ~ nO-BHAI1MOMy, 
CB~3aHHOrO rilaBHbiM 06pa30M C OWHfiKaMH np11 3KCTpanoJl~~HOHHOA 
npo~eAYPe ero OTWCKaHH~. 
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PHC. 3. 3aBHCHMOCTb T TII1K (e)/ COOTBeT
CTBYeT .nHKY TennoeMKOCTH/, T 1111111 (o) 
/COOTB.MHHHMYMY Tennoe~KOCTH/,Tc(~) 
/onpeAeneHHOH pe3HCTHBHbW MeTOAOM/, y* 
$, 80 ~ a. OT KOHQeHTpa~HH THTaHa 

B cnnasax Nt>-;.Ti no AaHHbW pa6oT 14- 91• 

61 npoBOAa Ha OCHOBe HT-50 B MeA
HOH MaTpHqe 

Ha p1-1c. 4 npi-1BeAeHbJ AaHHble no Ten
noeMKOCTI-1 o6pa3qos HT 50 1611 H 

HT 50110451, nony4eHHble MeTOAOM I-13Me
peHI-1A speMeHH penaKcaqHH. 06paaeq 
HT 50110451 AI11-1Holii 600 eM 6~1I1 TaK>Ke 
I-13MepeH B aAHafiaTH4eCKOM KaiiOPHMeTpe, 
npH4eM' peaynbTaTbl Hennoxo cornacyiOTCA 
C npHBeAeHHbJMH Ha PHC. 4 locofieHHO 
a o6nacTH T c > T > 7 K I. BBHAY 6onbworo 

KOIIJ.14eCTBa KIIeA GE7041, Hcnonb30BaHHoro AIIA npl-lKIIeHBaHHA npo
BOII04Horo HarpesaTeiiA no BCeH AIIJ1He o6pai~a, T04HOCTb H3Me
peHHH 3THM MeTOAOM 6bJIIa HHlKe, 4eM B CIIY4ae MaCCHBHbiX o6pa3qOB. 
C T04HOCTb10 He Xy>:<e +6% TeMnep.clTYPHble 3aBI-1CHMOCTJ.1 TennoeM-. 
KOCTH 3TI-1X · ABYX o6paaqos onHCbJBaiOTCA cneAYIOutHMH 3MnHpl-14eCKHMH 
<!JopMynaMH: 

CUT 50(~~= 

c C'fl= 
HT 50(1045) 

.{. /0,04 T + 0 00147 T
3

/ M,lllK·. · · · ' r~K 

. . 3 M,lllK 
0, 0032 T --r:i'{ np1-1 T<T TII1K 

{

/0,,04 T 

< 0,0037 

+ O,OOl47 Ta/ M,lllK 
r·K 

Ta M,ll>K npH T < TTII1K 
r.J< 

np~-1 T> T 1111111 

npH T>T 1111111 

rAe T~lllll J.1 Tm!K COOTBeTCTBYIOT TeMnepaTypaM MI-1HHMyMa J.1 MaKCI-1MyMa 
Ha KPI-1BbJX_ C(T). CneAyeT OTMeTHTb, '-ITO np~-1 T < T nttKHe YAanocb BbJ
AeiiHTb IIHHeHHbiH no TeMnepaType 411eH B C(T), OTBe4aiOiJii-1H BKIIaAY 
3IIeKTPOHHOH TennoeMKOCTI-1 MeAI-1 0. OO~BHAHMOMy, 1-13-3a MaiiOCTI-l.ee 
y*T no .cpaBHeHI-110 C 06IqJ.1M,Ky6!-14eCKHM 4IIeHOM. 

,llnR o6pa3qa HT 50/1 045/ no H3MepeHHOl1 TennoeMKOCTH 6bJ110 
HaliiAeHO rpa(jJ!-14eCKI1 1-13MeHeHHe 3HTaflbnHH ~E(~T) ": T~j ~TC(T)dT; 

. .. . " .. · B . . 
Ha PHC. '5 OHO npeACTaem~HO AflA Tpex· 3Ha4e.HHH TB 14,2, 4,5 H 
4, 8 K1 npH B =0. Y411Tb.saA, · 4To · HaiiH4He sHewHero MarHI-1THoro 
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Puc. 4. Terrnoe~tKOCTb npo
BOAOB HT 50/61/ H HT 50 
/1045/, H3MepeHHa~ ho Me-
TOAY onpep;eneumi apeMelll1 
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nonR B /MeHbwero; \.I eM . KpHTI14e
cKoelnosblwaeT ~ennoeMKOCTb c~epx
np~BOAAutHX COila BOB, Mbl CAeJlaiiH. 
oqeHKY era BIIHAHI1A.Ha~E AIIA 
HT ~0 110451, Hcnorib3YA AaHH~e 
pa6oTbJ :7 /. Kp11BaA · t\EI t\T, B =5 T I 
npH TB =4, 2 K · TaK>Ke npi1BeAeHa Ha 
PI1C~ 5. C qeiibiO cpaBHeHI1A Ha~ 
3TOM >Ke PHCYHKe'aocnpOI13BeAeHa 
H KP11BaA ~EI ~T.B=OI 
np11 TB =4,2 K, pacc411TaH-
HaA '10! AIIA aHa110rJ.14HOrO npoBOAa 
Ha OCHOBaHI11-1 11~~BW11XC~ III-1Tepa~ 
TypHbiX AaHHbiX no TennoeMKOCTH 

' MeAH' 11 crmasoa' Nb-Ti •. 0TMeT-~M; ' 
4TO pac4eTH~e~aH~ble.Macnosa 11 
Moxosa 11?1 ·na>KaTcA· HecKOIIbKO HI-1:
>Ke, 4eM no11y4eHHble HaMI1. 

,lliiA 0601-iX npOBOAOB fibiiiH 1-13-
MepeHbl KPHTJ.14eCKI-1e TeMne~ayypbl 
T 0 pe3J.1CTI-1ElHbiM _MeTOAOM •. Ann: 

HT 50 /61 I noJlyYeH .. o '1'c .~9, 4 K. 
l13Mepe'HI1A rlPOBOA11Jli-1Cb . Ha y4acy
·Ke '3Toro o6pa3'qa c, B~TpasneHHOH 
MeAbiO npi-1 TOKe 1, 0 MA • . .llilR ,· HT50 
110451 s'MeAH o6HapymeHO,. YTO, 

. ' \ ' ' - ' 
CHHlKeHHe 113MepHTe11bHOrO TOKa 
aT 50 Ao 20. MA' cAsl-lraeT T0,onpe.~ 
AeJleHHYIO no cepeAHHe nepeXOAa, 
c 9,05 A'o 9 ,18 K, a.· 3\{CTpanonA-
4HA t<' ~YJ:IeBOMY TOKY A~leT . T c = 
=9,25 K. . . 

' ,llnR;, npOBOAa ' HTSO I fo45J. 6b;nH 
CHRTW 3~BI1CI1MOCTH KP~TI14eCKoro . 
TaKa oi- MarHI-lTHOiii 'HHAYK411H _H 
i-eMnepaTypbl, . Ic cs:T), . np~4eM 'AIIA 

o.o2r 1 B =5 T a p<ii16He 4, 2 k . 

//_,, ... - . . • oO 

o.o1 [~Ic(T)Ilc(4,2) • ~TL=0,3K-! 
n1 Q2 OA 060111 2 rAe I 14;21=144 A. Ha ocHosaHi-1~ . . . .-.T.K . · c. ·. . . . · . , ... 

Puc. 5. · HsMeHeHHe ::iiiTanhnuu· 3THX AaHHbiX 1-1 no cooTseTcTBYIOutelii , 
~E iJ aaauCuMOCTH oT ~T A.iiH Kp11solii ~E(~T) Ha · PHC• 5 Mbl CMornl1 
HT 50/1045/npH Tif=4:,2;' 4,5 nocTpowrb ,AriA 3Tor:o o6pa3qa 
H 4,8K/'&:O/ H Ta ,;4,2K/ B = /Hecyutero TOK .I np11 T'=4,2 K. . . 
=5T/. ,[l.nH :cpaiiHeH'HH npime.O:e- : ~ B =5 T I 3aBI1CHMOC-Tb ·YAe11bHOI1.· 
Ha pactieTH,aH 'I<puaciH' tlE(~T) , . .3He~ri-1HW(I/I ~) . /aAI1a6aT.114eCKJ.1H, 
/npHTB=4,2K~B;.!)/Ha' .. pa6on/1~ 1 . .. 
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Pnc.6. 3aBHCHMOCTb AOITYCTHMO

ro :;meprOBbl,ll;eJieHH11 W OT no,q

KPHTH'lHOCTH I /I c I cnnomHaR 

KPHBaR/. An11 cpaBHeHHR noKa-

3aHbi 3KcnepnMeHTaJibHble pe-

3YJlhTaTw111~ ITOJlytleHHble npH 

HMITYJlhCHOM llpOXO~eHHH qepe3 

npoBOA HT 50/1045/ nytiKa Hac-

. THQ BbiCOKHX 3Hepruii /7,3 f3B 

,qeiiTpOHbi(L\)H 6,4 f3B npOTOH~ 
(. )) ITPH t =I MC. 

HMIT. 

c:ny4aH/,. He06XOAHMOH AilR TOrO, 4T06bl TOK I CTail paseH KPHTH-
4eCKOMY TOKy neperpeToro o6paa~a /eM. pHc. 6/. JlnR cpasHeHHR 
Ha PHC. 6 npHBeAeH~ TaKme 3KCnepHMeHTailbH~e AaHH~e no AOnyc
THMOMY 3HeprOB~AeileHH~ B npOBOAe npH npoxOmAeHHH 4epe3 Hero 

- ny4Ka 4acn1~ BbiCOKHX 3HeprHH * , nony4eHHbte s pa6oTe '11' c no
MOIJibiO cne~HailbHOrO KpHoreHHOro CTeHAa/12' 

3AKfl104EHHE 

Ha OCHOBaHHH npose,qeHH~X B HaCTOR~eH pafioTe HCCileAOBaHHH 
MomHo CAenaTb cneAY~IJIHe BbiBOAbl: . 

1 . HeTOA H3MepeHHR TennoeMKOCTH o6pa3~0B MailOH MaCCbl 
/BnilOTb AO 10 Mr/, B KOTOpOM onpeAeilReTCR BpeMR H3MeHeHHR 
TeM~(;!PaTypbl ofipaa~a nocn~' BKI1~4eHHR /BbiKI1~4eHHR/ TOKa Harpe
BaTeilR n03BOI1ReT. IlOily4aTb HaAemH~e pe3yilbTaT~, eCilH T04HO 
H3MepRTb Macey H~H~ce~Horo ~a o6paae~ KileR c H3BecTHOH Tenno
eMKOCTb~. 

2. nony4eHbl KpHBble C(T) AilR o6pa3~0B ABYX COCTaBOB CHCTeMbl 
Nb-Zr wNb-Ti; s.~4HCileH~ .senH4HHbt, xapaKTepH3Y~IJIHe· 3IleKTPOHHYIO 
H ¢OHOHHy~ 4aCTH TennoeMKOCTH. 

3. npoBeAeHO cpaBHeH~e p~jyilbTaTOB H3MepeHHR C(T)pa3H~MH 
asTopaM.H AilR 8amHOH 8 npaKTH4eCKOM OTHOWeHHH C(,jCTeM~ Nb-Ti. 

4. npo8eAeHbl H3MepeHHR'· TennoeMKOCTH A8YX pa3HbiX MeilKOAHC
nepCHbiX npoBOA08 Ha OCH08e cnna8a HT-50 8 MeAHOH MaTPHI.Ie. 
JlnR OAHoro 1.13· HH~, COAepma~ero 1045 c8epxnpo80ARIJIHX HHTeH 

~ CneAYeT aaMeTHTb, 4TO npH o6ny4eHHH AeHTPOHaMH npo80A 
HT 50·/1045/ 6~n cnerKa noAorpeT c noMOIJib~ HaMoTaHHoro Ha Hero 
Harpe8aTei1R AilR IlOKai1H3a~HH·MeCTa·nepeXOAa 8 HOpMailbHOe COCTO.R
HHe. no-8HAHMOMy, IlPH 3TOM npOHHKWHH K o6pa3LIY no MHKPOTpeiJIH
HaM 8 'aaMa3Ke "Am-te30H11 mHAKHH reilHH npe8paiJiai1CR 8 nap, 8cneA
CTBHe 4ero 3TOT cny4al1 6~11 6nH*e K a,qHa6aTH4eCKOMy, 4eM npH 
o6ny4eHHH npoToHaM.!-1, KOrj:la Harpe8aTeilb He 8KJ1104anc.R •· 

6 

P 1 0 MKM, nOCTpOeHbl Kpl48~e 3a8HCHMOCTH H3MeHeHHR 3HTailbnHf1 OT . 
aa,qaHiioro H3MeHeHHR TeMnepaTypbl I ,qnR B =0 1.1 B =5 T I. C 'noMOIJibiO 
3THX KPHBbiX 1.1 peaynbTaTos H3MepeHHR Ic'(B;T) nony4eHbl 3Ha4eHHR · 
YAeilbHOro 3Hepr08b1AeileHHR 8 np080,qe, no KOTOPDI--IY , Te4eT. TOK l, 
Heo6xo,qHMble AJ1R'·'riepe8o,qa era B HOpMailbHOe COCTORHHe '/a,qHa6aiH-
4eCKHH .cny4al1/: 

! ~. 
B aaKnl04eHHe a8Topbt s~pama~T 6naro,qapHOCTb P .Xep~ory aa ) . . . 

IlOMOIJib 8 Hana,qKe YCTaH08KH AilR H3MepeHHR TennoeMKOCTH MeTOAOM 
onpe,qeneHHR speMeHH penaKca~H~H ij.BnaAHMHP080H. 3a nOMOIJib· 8 
H3Mepetilifix KPHTH4ecKoro TaKa o6paa1.1os. 
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