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Hccne~oeaHHe MO-KaTanH3a peaK~HH RAepHoro CHHTe3a AeHTePHA 
H TpHTHA l / npOBOAH110Cb C HCnOI1b30BaHHeM ra30BOH MHWeHH, KOTO
paA 3anonHAnacb CMeCbKl D2+ T 2 npH pa3nH4HbiX KOH~eHTpa~HAX 
KOMnOHeHT. 

Ao3HpoeaHHbiH HanycK TPHTHR e ra3oeyD MHWeHb MO*HO ocy~ecT
BI1ATb nyTeM pa3110*eHHA T8ePAWX XHMH4eCKHX COeAHHeHHH BOAOpQAa 
C MeTannaMH,H3 KOTOPbiX,nO-BHAHMOMy,HaH6ol1ee nOAXOAA~HMH H XO
powo H3y4eHHbiMH AB11AKlTCA rHAPHAbl H ABOHHble rHAPHAbl.npH4eM nnoT-, 
HOCTb BOAOPOAa 8 3THX COeAHHeHHRX MO*eT npeBOCXOAHTb nnOTHOCTb 
*HAKOrO BOAOPOAa 121. 60I1bWOe 4HCI10 MeTai1110B,CI111aBOB H HHTepMe• 
Tai111H4eCKHX COeAHHeHHH B3aHMOAeHCTBYKlT C BOAOPOAOM o6paTHMO, 
Cop6~HA BOAOPOAa/o6paso8aHHe rHAPHAOB/H ero Aecop6~HR /pa3no*e

HHe rHAPHA08/ npH AaHHOH TeMnepaType npOHCXOAAT npH611H3HTel1bHO 
npH OAHHaK080M Aa811eHHH. CoAeP*aHHe 80AOPOAa 8 HeKOTOpblx rHA
PHAax MO*HO CpaBHHTb no AaHHbiM Ta6n. 1/3/. 

npHBeAeHHble B Ta6nH~e AaHHble noKa3biBaKlT npeAe11bHOe COAep
*aHHe BOAOPOAa B MeTannax H He AaDT OT8eTa Ha BOnpoc, KaKaA 
4aCTb 3anaceHHOrO B MeTanne 80AOP0Aa MO*eT 6b1Tb peanbHO H3Bne-
4eHa 8 3KCnepHMeHTal1bHbiX YCI10BHRX. 

npH Bb160pe MeTanna A11A rHAPHA006pa3y~HX COeAHHeHHH HaMH 
paccMaTpH8anHCb ypaH, THTaH, ~HPKOHHH H HTTPHH. CHcTeMa U-H 
B OTHOWeHHH 8b1AeneHHA BOAOPOAa MeHee TepMOCToHKa, 4eM CHCTeMbl 
Ti- H , Zr- H , Y- H. HO, 8 OTI1H4He OT HHX, 6onee nHpcxflOp
Ha. 4TO KacaeTCA AHCnepc-
HOCTH MaTepHana, TO ypaH, 
~HpKOHHH H HTTPHH nocne 
HeCK011bKHX ~HK110B COp6UHH
AeCop6UHH pacct.~naDTCA 
B Mei1KHH nOpOWOK, B TO 
epeMA KaK Ti 3TH M ceoH
CT80M He 0611aAaeT H 
npaKTH4eCKH HCKI1Kl4aeTCA 
nonaAaHHe MeTai111H4eCKOH 
nbii1H 80 B3BeweHHOM CO
CTOAHHH B 06~eM ra30BOH 
MHWeHH. B HaCTOR~ee 8pe
MR B 311eKTPOHHOH TeXHHKe 
WHPOKO npHMeHAeTCR He
paCnb111ReMbiH ra3onorno
THTel1b Ha OCHOBe THTaHa , 
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nony4aeM~~ nyTeM cneKaHH~ 8 BaKyyMe npH 8007900°C HOAHAHOrO 
nopOWKa THTaHa, BcneACTBHe B~COKO~ nopHCTOCTH /30750%/ HCTHH
Ha~ noeepxHOCTb 3Toro raaonornOTHTen~ MO~eT npeewwaTb reoMeT
PH4eCKY~ B COTHH pa3, B C B~3H C 4eM pe3KO 803pacTaeT raao
nornOTHTenbHa~ CnOC06HOCTb He TOnbKO no BOAOPOAy 1 4 •51 , HO H no 
npHMeC~M 16 1 , 4TO MO~eT OKa3aTbC~ none3H~M npH A004HCTKe TpHTH~ 
OT cneAOB npHMece~. 

Uenb~ HacTo~~e~ pa6oT~ ~an~eTc~ npeAaapHTenbHoe HccneAoaa
HHe B03MO~HOCTH HCnOnb30BaHH~ TPHTHAa THTaHa An~ A03HpoBaHHO
ro HanycKa TPHTH~ a raaoey~ MHWeHb. YcnoaH~ npoaeAeHH~ on~

Tod1~aH~ a Ta6n.2. 

Ta6nH~a 2 

06l>eM MHWeHH AaaneHHe KoH~eHTpa~H~ TPHTH~ /ofil>eMH~e AOnH/ 
H KOMMYHHKa - CMeCH 
~H~ In/ B MHWeHH On~T 1 On~T 2 On~T 3 

/aTM/ 

4 20 4 ·10-2 2 ·1 0-2 0' 7. 10-2 

Ha OCHOBaHHH AaHH~X Ta6n . 2 HaMH 6~no paCC4HTaHO nonHOe KOnH-
4eCTBO TPHTH~, Heo6xoAHMOro An~ 3KcnepHMeHTa. PeaynbTaT~ pac-
4eTa npeACTaeneH~ a !26n.3. 

Ta6nH~a 3 

On~T nap~HanbHOe KonH4eCTBO 
AaaneHHe TPHTH~ TpHTH~ 

B MHWeHH /Mn/ 
/MM PT.CT./ 

600 2600 

2 300 1300 

3 100 430 

~ - 4330 

C y4eTOM 06l>eMOB COe
AHHHTenbH~X KOMMYHHKa~H~ 

H aMnyn C THTaHOM, a Ta~e 
OCTaT04HOrO COAep~aHH~ 
TpHTH~ B THTaHe, 06~ee 

KOnH4eCTBO TpHTH~, Heo6-
X0AHMOe An~ npoaeAeHH~ 
ecex on~Toe, cocTaen~no 
-5850 Mn. B HMHTa~HOHH~x 
on~Tax no HccneAOBaHH~ A0-
3HpoaaHHOro HanycKa TpH
TH~ B raaoey~ MHWeHb 6~0 
HcnonbaoeaHO TaKoe ~e 
KOnH4eCTBO Ae~TepH~. 

npHH~HnHanbHa~ CXeMa yCTaHOBKH, Ha KOTOPO~ npOBOAHnHCb HC
cneAOBaHH~, npHBeAeHa Ha PHC. 1. YcTaHOBKa COCTO~na H3 Tpex oc 
HOBH~X CHCTeM:1/ CHCTeMa xpaHeHH~ Ae~TepH~ - 1; 2/ CHCTeMa 
H3MepeHH~ paBHOBeCH~X AaaneHHH; 3/ CHCTeMa OTKa4KH - 17,20, 
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PHc. 1. CxeMa ycTaHOBKH. 1 - 6annoH c AeHTepHeM 
/20 aTM./; 5 - KOHTpOnbH~H aaKyyMMeTp THna BKO; 
8 - aMnyna c THTaHoM; 9 - 3neKTPH4ecKa~ ne4b conpo
THBneHH~; 11 - KanH6pOBaHH~~ 4-nHTpOB~H o6l>eM; 14 -
TepMonapHa~ naMna flT-2; 17 - AH~Y3HOHH~H pTyTH~~ 

Hacoc APH - 10 c oxna~AaeMOH aaoTHDH noaywKDH; 20 -
¢opaaKyyMH~~ repMeTH4H~~ Hacoc HBr-2; 2,3,4 , 6,7,10 , 
12, 13, 15, 16, 18, 19,21,22,23- BaKyyMH~e BeHTHnH 
Ay-10. 

CHcTeMa H3MepeHH~ paeHoeecH~x AaeneHH~ BKn~4ana e ce6~ aM
nyny c THTaHOM /8/ , eaKyyMMeTp THna BK0/5/ H KanH6poeaHH~~ 
4-nHTpOB~~ 06l>eM /11/, COOTBeTCTBY~~H~ 06l>eMy ra30BO~ MHWeHH, 
Harpee aMnyn~ ocy~ecTan~nc~ c nOMO~b~ Cl>eMHO~ BHeWHe~ ne4H 
conpOTHBneHH~ /9/, noaeon~~~e~ nony4aTb TeMnepaTypy AO 900°C. 
0TKa4Ka ycTaHOBKH npOH3BOAHnaCb C nOM~b~ ¢QpBaKyyMHOrO HaCOCa 
HBr-2 /20/ H AH~Y3HOHHoro napopTyTHoro Hacoca APH-10 /17/ . 
An~ npeAOTBpa~eHH~ nonaAaHH~ B CHCTeMy napOB Haena H PTYTH 6~
na YCTaHOBneHa a30THa~ B~COKOBaKyyMHa~ noeywKa . 

Heo6XOAHMOe An~ HCCneAOBaHH~ KOnH4eCTBO THTaHa /13,5 r/ 
noMe~anocb a aMnyny /8/, aaTeM npoao~Hnacb ero eaKyyM-TePMH-
4ecKa~ aKTHBauH~ IT - 850° C' p < 10- MM PT. CT./. HaMH 6~ 
HCnOnbaoeaH THTaH MapKH THT-4 e BHAe Ta6neTOK ~4x1, COAep~a~HH 
-99,8~ THTaHa. Hac~~eHHe THTaHa Ae~TepHeM /5850 Mn, CyMMapHOe 
COAep~aHHe npHMece~ c z > 1 Ha ypoBHe 5. 1 o-3 o6. AOne~/ npoeo
AHnOCb a e~coKOTeMnepaTYPHOM pe~HMe: HanycK Ae~TepH~ npH T = 
800°C H B~AeP*Ka npH 3TOH TeMnepaType B Te4eHHe 20 MHHYT, nocne 
4ero THTaH oxna*Aanc~ AO KOMHaTH~ TeMnepaTyp~. HccneAOBaHHe 
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PMM l PTCT. 

600 
/, 

400 t I '2 

200 ~ / / ~ J 

200 400 600 800 °C 

PHc.2. 3~eHCHMOCTb paeHoeec
Horo Aaen~HH~ AeHrepH~ /rpH
TH~/ or reMneparyp~ npH paa
nH4H~x YAenbH~X COAep~aHH ~X 

AeHTepH~ /TpHTH~/ B THTaHe. 
1 - 437 HCM 3/rj 2 -
235 HCM 3/rj 3- 110 HCM3/r. 

PMM 
PT.CT 

600 

40J /~ 

200 ~ // 

200 400 600 800 oc 
PHc.3. 3aeHCHMOCTb paeHoeec
HOro AaeneHH~ AeHrepH~ /r pH
TH~/ OT TeMnepaTyp~. 1 - npH 
HCnOnb30BaHHH 7 r THTaHa, 
YAenbHOe COAep~aHHe 450 HCM 3/r , 
2 - npH HCnOnb30BaHHH 13,5 r 
THTaHa, YAenbHOe COAep~aHHe 
235 HCM 3/r. 

aaeHCHMOCTH paeHoeecHoro AaeneHH~ AeHrepH~ e KanH6poeaHHOM 
o6DeMe OT TeMneparyp~ THTSHa An~ 3KCnepHMeHTanbH~X ycnOBHH
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npHBeAeHH~x e ra6n.3, ocy~ecren~nocb e cneAy~eH nocneAoea
renbHOCTH. npH AOCTH~eHHH AaBneHH~ AeHTepHH, COOTBeTCTBy~~ero 
ASBneHH~ TPHTH~ B nepBOM on~Te, BeHTHnb 10 nepeKp~eanc~, ra3 
H3 orceKa, orpaHH4eHHoro eeHTHn~MH 3, 12 , 10, norno~anc~ THTa
HOM npH oxna~AeHHH nocneAHero, a AeHrepHH H3 KanH6poeaHHoro 
06DeMa 0TKa4HBSnc~. AHanOrH4H~M o6pa30M HCCneAOBanacb BTOpa~ 
3SBHCHMOCTb p ,. f(T), HO y~e C OCTaBWHMC~ B THTaHe KOnH4eCT 
BOM AeHTepH~ H T.A. 

3aeHCHMOCTb paeHoeecHoro AaBneHH~ AeHrepH~ or TeMneparyp~ 
npeACTaeneHa Ha PHC.2 , H3 KOTOpOrO BHAHO, 4TO Tpe6yeM~e An~ 
3KCnepHMeHTa napu;an;H~e AaBneHH~ TPHTHH MOryT 6~Tb nony4eH~ 
8 HHTepeane TeMnepaTyp 770~800°C npH YAenbHOM COAep*aHHH TpH
TH~ B THTaHe 437, 235 H 110 IICM3/r, COOTBeTCTBeHHO . KaK BI1AHO 
H3 PHC.2, yBenH4eHHe YAenbHOrO COAep~aHH~ ra3a B THTSHe AaeT 
B03MO~HOCTb nony4HTb npH OAHOH H TOH *e reMneparype 6onbwHe 
AaBneHHR TPHTHR 11n11 OAHO 11 TO *e AaeneHHe, HO npH MeHbWHX 
TeMneparypax THTaHa. 

Ha PHC.3 npHBeAeH~ An~ cpaeHeHH~ ABe 3aBHCHMOCTH paeHoeec
Horo AaB'ii'e"HHR AeHTepH~ OT TeMnepaTypbl THTaHa: KPHBa~ 11 211 CO
OTBeTCTByeT B~AeneHH~ AeHTepHR H3 13,5 r THTaHa C YAeflbH~M 
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COAeP*aHI1eM 235 HCM 3/r, a KPHBa~ "1"- np11 BbiAeneHHH Taro ~e 
KOflH4eCTBa AeHTepHR 113 7 r THTaHa, YAenbHOe COAeP*SHHe 
- 450 HCM 3/r. H3 3THX KPHB~X B11AHO, 4TO nap~HanbHOe AaBneHHe 
AeHTepl1~ /TpHTHR/ B 06DeMe M11WeHH, paBHOe 300 MM pT.CT . , MO*HO 
nony4HTb npH 720° C nyreM B~AeneHHR ocraeweroc~ e THTaHe /13,5 r/ 
raaa H nocneAY~~eH cop6~1111 era MeHbWHM KOnH4ecreoM THTaHa /7 r/ . 

nony4eHHble 3aBHCHMOCTH paBHOBeCHOro AaBneHHR AeHTepHR /TpH
TH~/ 8 06DeMe ra30BOH MHWeHH OT TeMneparyp~ THTaHa n03BOn~~T 
Bb16paTb pe*HM A03HpOBaHHOrO HanycKa TPHTHR, COOTBeTCTBY~HH 
yCflOBHRM 3KCnepHMeHTa. 

B aaKn~4eHHe aeropbl eblpa*a~r 6naroAaPHOCTb n.r.rnyn~THKOBOH 
3a npOBeAeHHe XpOMaTorpa¢H4eCKHX aHanH30B 11 ill . f.illaMCYTAHHOBy 
3a nOMO~b B HCcneAOBaHHHX. 
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