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K HaCT□HmeMy M□MeHTY ony6nHK□BaHD MH□ro pa6□T, pe3yRbTaTU KOT□pux 
CBHneTenbCTBYDT 06 aH□ManbHD 6□nbWOM BUX□ne TPHTDHOB H3 peaKUHH 

HH3K□TeMnepaTypH□ro anepH□ro dd-CHHTe3a (16): 

d + d C 3
He + n 

t + p ' 

(la). 

(16) 

np□TeKaDme8 B CHCTeMaX Ti-D, Pd-D H npyrHX /l-S/. OTH□WeHHe auxon□B 
4 8 · 

KaHan□ B (16) H (la) COCTaBnHeT 10 +10. cnenyeT OTMeTHTb, qTQ cornacHO 

3KCnepHMeHTanbHUM H Te □peTHqecKHM pe3ynbTaTaM, KaCaDWHMCH MexaHH3MDB 

npoTeKaHHH dd-peaKUHH npH CTDRKH□BeHHH "ronux" ne8Tp□HDB (npH 3HeprHHX. 

CTORKH□BeHHH nopanKa HeCKDRbKHX K3B) na6o B COCTOHHHH ddµ-M□neKynu, 

OTH□WeHHe KaHan□ B (la) H (16) 6nH3KO K enHHHUe. 

CTORb ynHBHTenbHU8 P.e3ynbTaT, He HMeDWH8 HHKaK□ro 

ynoaneTB □paTenbH□ro Te □peTaqecK□ro □6bHCHeHHH no HacToawero apeMeHH, 

3acnyxaaaeT oco6oro BHHMaHHH H Tpe6yeT He3aBHCHM□8 era npoaepKH. 

B CBH3H C 3THM HaMH B na6opaT□pHH rpaH caeca HauH□HanbH□ro 

HHCTHTyTa HnepHD8 ¢H3HKH HTanHH 6un npoaeneH 3KCnepHMeHT C uenbD 

onpeneneHHH Hapa6□TKH TpHTHH B pe3ynbTaTe np □TeKaHHH peaKUH8 

HH3K□TeMnepaTypH□ro anepH□ro CHHTe3a (HTC) (npH ycn□BHH era 

cywecTB□BaHHH) npH HacuweHHH THTaHa H uenoro pHna HHTepMeTannaqecKHX 

coenaHeHH8 ne8TepHeM non naaneHHeM. 
3KCnepHMeHT no H3MepeHHD auxona TPHTHH H3 peaKUHH ( 16) HBnHnCH 

qacTbD ~porpaMMU HccnenoaaHHH HTC, HaMeqeHH08 ceKu~ea HHR~ HTanHH 

(r.Eon□HbH). 

MeT□n. ITOCTaHDBKa 3KCnepHMeHTa 

Hneonoraa onpeneneHHH conepxaHHH Hapa6□TaHH□ro TpHTHH B pe3ynbTaTe 

np□TeKaHHH anepH□A peaKUHH (16) a cacTeMe MeTann- ne8TepH8 caonanacb K 

onpeneneHHD KDHUeHTpaUHH TpHTHH B ne8TepHH, K □naqecTB□ K □T□poro 

COOTBeTCTB□Bano nonH□MY K □naqecTBY ne8TepHH, HCn□nb3 □BaHHOro & uen□M 

UHKne 3KCnepHMeHTDB no Hccnen□BaHHD HTC B CHCTeMaX MeTann-ne8TepH8, 

HHTepMeTannaqecK□e coenHHeHHe-ne8TepH8. ITO OKDHqaHHH Kaxnoa 3KCn□3HUHH 

C KDHKpeTHUM aewecTBDM MHWeHH np□H3B □nHnCH HarpeB ee C uenbD ynaneHHH. 

ne8TepHH H3 MHWeHH c nocnenyDWHM era nornoweHHeM cneuaanbH□ 

npHr□T□BneHHUM THTaHDBUM a6c~p6ep□M, o6nanaDWHM n□cTaT□qHQ 6onbW08 

eMKDCTbD. 3aMeTHM, qTQ B TeqeHHe pa6oqax (C ne8TepHeM) H ¢DHOBUX (6e3 

neATepHH) 3KCn□3HUH8 C MHWeHbD np □H3B □nHn□ cb H3MepeHHe yp□BHH 

He8Tp□HH□ ro H3nyqeHHH c uenbD o6HapyxeHHH B03MDXH□ro npeauweHHH 

CK □ p □CTH cqeTa 3aperHcTpHp□BaHHUX He8Tp□HDB Han yp□BHeM ¢□Ha 3a cqeT 
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npoTeKaHHll peaKUHl! HTC (la). <l>yHKUHOHaJlbHO perHcTpHpyIOIUal! annapaTypa 

n03B0Jll!Jla TaKlKe o6HapylKHTb 3MHCCHIO Hel!TpOHOB, ecJJH 6u OHa HOCHJ!a 

xapaKTep OT,lleJlbHllX BcnuweK. B HaCTOHIUee BpeMll npOBO,llHTCll "off-line" 

aHaJIH3 3KcnepHMeHTaJlbHllX .uaHHllX, nonyqeHHllX C nOMOIUbIO Hel!TpOHHoro 

cneKTpoMeTpa 3a,UeplKaHHllX COBna.ueHHA H MHOroKaHaJlbHOl! CHCTeMll 

perHcTpaUHH Hel!TpOHOB Ha OCHOBe .neTeKTOpOB co CUHHTHJIJlllTOPOM NE-213. 

!Jill HCCJJe,noBaHHll HTC HaMH HCnOJlb30BaJIHCb cne.uyIOIUHe MaTepHaJlll, 

KOTOplle HaCllIUaJJHCb ,nel!TepHeM H3 ra30BOl! ~a3u; ry6qaTlll! THTaH .neyx 

MO,nH~HKaUHl! (Tr2 (Fe - 0,37.; Si - 0,157.; C - 0,057.; Mg - 0,077.; 0 -

0,27.; li - 0,037.; N -· 0,057.; Cl - 0,077.); npo.uyKUHll Jinatta Torino 

titanium. SpA (Ni ~ 10-4 7.; Cl - 7xl0-4 7.; 0 - 4xl0-4 7.; N - 10-4 7.; Fe -
. -4 ·-4 . . . -4 
3x10 7.; C .- 2xl_O 7.; SJ. - 10 7.)); THTaHOBall CTPYlKKa, H3rOTOBJleHHal! H3 

cnnaea 867. Ti + 67. Al + 6% V + 2% Sn; HHTepMeTaJJJIH.llll - ZrNbV, ·LaCos, 

LaNi
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, MM0_7Tio_3Mn2 . 

TexHonorHH npHroToeneHHll Hccne.nyeMoro o6pa3ua H nocne.uy10mero era 

HacmueHHll .uel!TepHeM 6una H,lleHTHqHol! .llJlll Bcex HCCJJe.uyeMllX BeIUeCTB '. Ha 

npHMepe THTaHoBol! CTPYlKKH H3JJOlKHM no.upo6Hee .uaHHYIO npoue.uypy. 

ITepe.u HaqaJJOM pa60Tll THTaHOBal! CTPYlKKa noMeIUaJJaCb B ra30BYIO 

MHWeHb, KOTOpai npe.ucTaBJJl!Jla co6ol! UHJIHH.llP H3 HeplKaBeIOIUel! CTaJIH . ' . . . 

¢26 MM, WJHHOH 360 MM, c TOJIIUHHOl! CTeHKH 2 MM .. 3aTeM ocyIUeCTBJll!JlaCb 

BaKyyM-TepMHqecKal! TpeHHpOBKa THTaHOBOl! CTPYlKKH no cne.ny10mel! CXeMe. 

ITpOH3B0,llHJICll Harpes o6pa3Ua .no TeMnepaTypll ~650 K npH nocTOl!HHO 

BKJIJOqeHHOl! BaKyyMHOl! OTKaqKe o6oeMa MHWeHH. no .llOCTHlKeHHH ,naBJJeHHll 

OCTaTOqHllX ra30B B o6oeMe MHWeHH ~10- 3 MM pT. CT. TeMne~aTypa MHWeHH 

noeuwanacb .llO 1050 K. YCJIOBHeM OKOHqaHHll OTKaqKH npH .uaHHOl! 

TeMnepaType SIBJllIJIOCh yMeHhmeHHe ra30Bll,lleJJeHHll B o6oeM MHWeHH .uo BeJJHqHHhl, 

He npeBh!marom;eft -10-2 MM pT. CT./ q npn OTKJlroqeHHoft OTKaqxe. IloCJie :noro 

HarpeB H OTKaqKa MHWeHH npeKpaIUaJJHCb, H B ,llaJJbHel!weM, B 

3aBHCHMOCTH OT ycnoBHl! npoee.ueHHll 3KCnepHMeHTa (pa3JJHqHall CTeneHb 

HaCllIUeHHll THTaHOBOl! CTpylKKH .nel!TepHeM), ,llJlll pa3JJHqHllX o6pa3UOB H3 

THTaHOBOl! CTPYlKKH O,llHOro H Toro lKe 3JleMeHTHOro COCTaBa no-pa3HOMy 

npOH3B0,llHJICll HanycK B MHWeHb npe.ueapHTeJlbHO oqHIUeHHoro .ue.l!TepHll no.a 

.uasJJeHHeM 20 aTM ( oqHCTKa ocyIUeCTBJll!JlaCb c nOMOIUbIO ueoJJHTOBoro 

a.ucop6epa, noMeIUeHHoro B lKH.ll.KHA a3oT; co.ueplKaHHe npHMecel! B ,nel!TepHH He 

npeBllWaJIO ~10-
4
%). B O,llHOM cnyqae HaCllIUeHHe o6pa3Ua .uel!TepHeM 

npOH3B0.llHJIOCb npH TeMnepaType 1050 K B TeqeHHe 20 MHH c nocne.uyIOIUHM 

ecTeCTBeHHllM era OXJJalK.neHHeM .no KOMHaTHOl! TeMnepaTypu. ITpH 3TOM CTeneHb 

HaqaJJbHOro HacumeHHll .nel!TepHeM THTaHOBOl! CTpylKKH COCTaBJJl!Jla 1,7+1,9 

( OTHOWeHHe qffcJJa aTOMOB .uel!TepHll, paCTBOpeHHoro B ,naHHOM KOJIHqecTBe 
CTpylKKH, K IIOJIHOMY qffCJiy: ·iaTOMOB THTaHa). B .npyroM cnyqae CHaqana 
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npOH3B0.llHJIOCb eCTeCTBeHHOe OXJJalK,lleHHe MHWeHH .llO KOMHaTHOl! TeMnepaTypu, 

a 3aTeM ocymeCTBJlllJICll HanycK .uel!TepHll B MHWeHb (npH 3TOM CTeneHb 

HaCllIUeHHll THTaHOBOl! CTpylKKH .uel!TepHeM COCTaBJll!Jla ~1, 4). cne.uyeT 

OTMeTHTb, qTo KaK .llJlll nepeoro eapHaHTa HanycKa .uel!TepHll B MHWeHb, TaK H 

.llJlll BTOporo Mll B OllllTaX C pa3JIHqHllMH o6pa3UaMH H3 0,llHOro H Toro Ee 

MaTepHana H3MeHl!JIH CTeneHb HaqaJlbHOro HacumeHHll HX .uel!TepHeM. nocne 

3Toro c Kal!(,llllM H3 HaCllIUeHHllX .nel!TepHeM o6pa3UOB npOH3B0.llHJIOCb 

TepMOUHKJJHpoBaHHe: MHWeHb OXJJaJK,nanacb • .uo TeMnepaTypu lKH,llKoro a30Ta B 

TeqeHHe 2-3 MHH , a 3aTeM npOHCXO.llHJIO ee ecTeCTBeHHOe yTenneHHe B 

TeqeHHe 10-12 q_ C KalK,llllM H3 HCCJJe.uyeMllX o6pa3UOB npoH3B0,llHJIOCb 

npHMepHo 11 TepMOUHKJIOB TaKoro THna. KpoMe 3Toro, npOH3B0,llHJIHCb 

TepMOUHKJlll H .npyroro THna (6onee KOpOTKHe): a) HarpeB MHWeHH .no 

TeMnepaTypll 1050 K 3a 30-40 MHH; 6) norpylKeHHe MHWeHH B lKH,llKHA a30T Ha 

1,5-2 qaca; ·ej HarpeB MHWeHH BHOBb .uo 1050 Kc nocne.uyIOIUHM 

ee norpylKeHHeM B lKH,nKHA a30T. TaKHX TepMOUHKJIOB c KalK,llllM H3 o6pa3UOB 

6uno BllnOJJHeHO nopll.nKa 8. B cpe,nHeM Macca o6pa3ua H3 THTaHOBOl! CTPYlKKH 

COCTaBJll!Jla 47 r. Hccne,noeaHHlle o6pa3Ull H3 pa3JJHqHllX BeIUeCTB H HX MaCCll, 

a TaKJKe KOJIHqecTBa TepMOUHKJIOB I{ nornomeHHOro .neATepHll npHBe,neHll B 

Ta6JJHUe 1. 

06pa3eU 

ry6qaTlll! THTaH Tr-2 

ry6qaTlll! THTaH 
(Jinatta Torino-
titanium SpA) 

THTaHOBal! CTpylKKa 

HHTepMeTaJIJJH,nll: 

LaCo 
5 

ZrNbV 

LaNi Al 
4.9 0. I 

MM0_7 Ti0_3Mn2 

KOJJ-BO Macca KOJI-BO 
o6pa3- o6pa3- TIOJIHllX 
UOB ua, r TepMO-

UHKJIOB 

3 36 11 

2 42 12 

3 47 .10 

2 32 10 

2 34 8 

2 30 8 

1 77 5 

Ta6nHua 1. 

KOJJ-BO 
KOpOT
KHX 
TepMO
UHKJIOB 

8 

9 

7 

7 

8 

6 

5 

ITOJIHOe 
KOJI-BO 
norno
IUeHHoro 
,nel!Te!l_i:lll, 

Jlx aTM 

76 

74 

73 

26 

29 

20 

12 

BpeMll, 
,llH. 

10 

8 

10 

7 

7 

7 

4 

nocne ocymecTeneHHH TepMOUHKJIOB ,naHHOro THna C HCCJJe,nyeMllM 

o6pa3UOM npOH3B0,llHJICll ttarpee era .uo TeMnepaTypu ~750°C C UeJlbIO 
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nHCCOUHaUHH ne8TepHna THTaHa H, ecTeCTBeHHO, ecnH npoTeKanH peaKUHH HTC 

no KaHany ( 16), TpHTHna THTaHa. !Ip!! 3TOM BunenHBIIIH8Cll ra3006pa3HU8 

ne8TepH8 (TpHTH8) nornomancll npyrHM cneuHanbHO npHrOTOBneHHUM THTaHOBUM 

a6cop6epoM Ha OCHOBe ry6qaToro qncToro THTaHa ( c o6pa30BaHHeM 

ne8TepHna THTaHaJ, noncoenHHeHHUM K MHllleHH. c6poc conepl!CHMoro MH111eHH 

npeKpamancl!, Karna BaKyyM B MHllleHH npn TeMnepaType 750+800°C H npH 

OTKnDqeHH08 BaKyyMH08 DTKaqKe COCTaBnl!n ~10-3 MM pT.CT. OnHCaHHall BUllle 

cxeMa TepMOUHKnHpOBaHHll nDBTDpl!nacb B T08 l!Ce nocnenoBaTenbHOCTH C 

Kal!CnUM H3 8 THTaHOBUX o6pa3UOB. nonHoe KOnHqecTBO ne8TepHll, 

HCnDnb30BaHHoro B onuTax C HacumeHHeM THTaHa pa3nHqHI,!X MOnH!pHKauna, 

6hIJID "' 223 nx
0

aTM. IIDnHoe BpeMll npoBeneHHll BCex OITUTOB c o6pa31.\aMH 
1!3 THTaHa COCTaBnllno 28 nHe8. 

CnenyeT OTMeTHTb, qTo B HeKOTOpux cnyqal!X C onHHM H TeM l!Ce 

o6pa?UDM ( HacumeHHUM ne8TepHeM) nocne npoBeneHHH nonHoro KOnHqecTBa 

TepMOUHKnoB no CXeMe, yKa3aHH08 BUllle, npOH3BOnHnOCb ynaneHHe ne8TepHll 

H3 MH111eHH ( nyTeM HarpeBa ee no TeMnepaTypu 1050-1100 KJ c nocnenyDlllHM 
HarryCKOM B Hee 11 CBe:>ICero 11 ne8TepHll. !Iocne qero 
TepMOUHKnHpOBaHHll ITOBTOpHnacb C 3THM l!Ce o6pa3UOM B nonHoM 

o6pa3UaMH 1!3 ZrNbV, LaCo
5

, LaNi4_9Al0_
1

, MMo.7T\J.3Mn2 
rrpoBeneHu orruTu B TaKo8 l!Ce nocnenoBaTenhHOCTH H, npHMepHo, 

npouenypa 

o6'beMe. c 

HaMH 6unn. 

B TaKOM l!Ce 
KOnHqecTBe, KaK H C THTaHOM. !Iocne BUnonHeHHll Bcea cepHH 3KcnepnMeHTOB 

C nepeqHcneHHUMH Bell]eCTBaMH npOH3BonHnCll aHanH3 ne8TepHll, rrornomeHHOro 

cneuHanhHUM THTaHoauM a6cop6epoM, Ha npenMeT onpeneneHHH conepl!CaHHll 

B HeM TPHTIDI, ITOllBHBllleroc,1, B03MOJ!CHO, 3a cqeT rrpoTeKaHHll peaKUHH ( 16). 

B OCHOB y MeTona onpeneneHHll KOHUeHTpaunn TPHTHll B 'ne8TepH•H 6un 

nonoxeH MeTon l!CHnKOCTH08 CUHHTHnnl!UHH C Hcnonb30BaHHeM HH3KO!pOHOBUX 

ManolllyMllll]HX l!CHnKOCTHO-CUHHTHnnHUHOHHUX cneKTpOMeTpOB. nnll nOBUllleHHll 

nocTOBepHOCTH pe3ynhTaTOB aHanH3 Ha conepl!CaHHe TpHTHll B ne8TepHH 

npOBOnHnCll nByMH He3aBHCHMUMH rpynrraMH B nByx pa3nHqHI,!X na6opaTOpHHX: B 

HayqHo-nccnenoBaTenbCKOM HHCTHTyTe HeopraHHqecKHX MaTepHanoB (r.MoCKBa, 

crreKTpOMeTp SL-30/300, cpnpMa "Intertechnique" (~paHUHll)); B llHCTHTyTe 

!pH3HKH H llnepH08 TeXHHKH (r.KpaKOB, !IOnbllla, cneKTPOMeTp TRI-CARB, !pHpMa 
Packard Int., THn: 2500TR). 

nnll aHann3a HaMH 6uno OTo6paHo H3 cneunanbHoro nornoTHTenH 

onpeneneHHoe KonnqecTBO ne8Tepnna THTaHa (~50 r) n B3HTO TaKoe l!Ce 
KonnqecTBO qHcToro THTaHa H3 3To8 l!Ce rrapTHH 

npOH3BOnHnOCb HaCUll]eHHe !pOHOBoro o6pa3ua 
( !pOHOBI,!8 o6pa3eU). 3aTeM 

ne8TepHeM, nocTynaBIIIHM 
HenocpencTBeHHO H3 6annoHa qepe3 CHCTeMy ero oqHcTKH, ncnonb30BaHHYD B 
3KCITepHMeHTe. 

4 

)I 

,. 

cnenyeT OTMeTHTb, qTo 6annoH C ne8TepneM KaK B pa6oqHx 

3KCn03HUHllX, TaK H B naHHOM cnyqae ncnonb30Bancll TOT l!Ce. CTeneHb 

HacumeHHll THTaHa ne8TepneM B 3TOM cnyqae COOTBeTCTBOBana cTeneHH 

HacumeHHll THTaHa ne8TepneM, ycpenHeHH08 no BCeM pa6oqnM 3KCn03HUHl!M. 

rrocne 3Toro npon3Bonnnocb cHaqana pacTBopeHHe cpoHoaoro 06pa3ua, a 

3aTeM OT06paHHOro nnll aHanH3a ne8TepHna THTaHa B 307.- 8 nepeKHCH 

aonopona B aBTOKnaae npH TeMnepaType 250+300°c. XHMHH npouecca 
• /9/ 

paCTBopeHHll ne8Tepnna THTaHa B nepeKHCH aonopona H3nOJ!CeHa B pa6oTe . 

PeaKUHOHHU8 o6beM aBTOKnaBa n03BOnlln paCTBOpl!Tb enHHOBpeMeHHO 10 r 

ry6qaToro THTaHa. !IO CTeXHOMeTpHH nnll pacTBOpeHHll 10 r THTaHa 

Heo6xonHMO 50 Mn 307.- a nepeKHCH aonopona. OnHaKo nnH nonHoro 

pacTaopeHHll ne8Tepnna THTaHa H nepeBona aunenHDlllerocl! Bonopona (npoTHll, 

ne8TepHll H, B03MOJ!CHO, TpHTHll) B Bony KOnHqecTBO nepeKHCH Bonopona 

COCTaBnllnO 

paCTBOpeHHe 

100 

KaK 

ne8Tepnna THTaHa. 

Mn. TaKHM MeTonoM 

cpoHoaoro "o6pa3ua, 

nocnenoaaTenhHO ocymecTBnHnocb 

TaK H OT06paHHoro nnll aHanH3a 

rrocne pacTBopeHHH Kal!Cnoa nopunH ne8Tepnna THTaHa 06pa3oaaB111aHcH 

cMec·b nepeKncn Bonopona H Tlll!Cenoa aonu H3BneKanacb H3 aBTOKnaBa B 

cneuHanhHO nonroToBneHHue qncTue cTeKnHHHUe cocynu, HMeDmne repMeTnqHoe 

ynnOTHeHHe. 

Janaqa cBonnnacb 

B pe3ynhTaTe 

K H3MepeHHD conepl!CaHHll TpHTHll B 

OKHCneHHll ne8TepHll (Bona A), 

B nanbHe8rneM 

Bone, nonyqeHHD8 

ncnonb30BaHHoro B pa6oqnx 3KCn03HUHl!X, H ne8TepnH, OT06paHHOro 

HenocpencTBeHHO H3 6annoHa (Bona BJ. 

Ha OCHOBaHHH cpaBHeHHll nonyqeHHUX pe3ynbTaTOB MOJ!CHO o6Hapyl!CHTb (B 

cnyqae cymecTBOBaHHll HTC) caM cpaKT Hapa6oTKH TpHTHll 3a cqeT npoTeKaHHll 

peaKUHH HH3KOTeMnepaTypHoro HnepHoro CHHTe3a ( 16). E.CTeCTBeHHO, qTo 

KonnqecTBeHHaH cTopoHa 3Toro aonpoca aceueno onpenenHeTcll B03MDJ!CHUMH 

OlllH6KaMH npouecca H3MepeHHll Manux aKTHBHOCTe8 TpHTHll c noMOlllbD 

l!CHnKOCTHO-CUHHTHnnHUHOHHoro cneKTpoMeTpa. 

rrpouenypa H3MepeHHll Manux aKTHBHOCTe8 TpHTHll C ncnonh30BaHHeM 
l!CHnKOCTHUX cneKTpOMeTpOB nonpo6HO H3nOJ!CeHa B pa6oTax /lO,l!/ 

TaK KaK onpeneneHHe conepl!CaHHH TpHTHH B ne8Tepnn npoeonnnocb B 

nayx pa3nHqHux na6opaTopnHx, To rronHoe KonnqecTBO nonyqeHHD8 aonu (An 

BJ 6uno pa3neneHo Ha nae qacTH. 

rrepen HaqanoM H3MepeHH8 c Bonoa Tnna A H B npoH3Bonnnacb 

KanH6pOBKa cneKTpoMeTpOB c HCnonb30BaHHeM 3TanOHHUX TpHTHeBUX o6pa3UOB 

H o6pa3UOB, npaKTnqecKH He conepl!CalllHX TPHTHSI /l 2/ 3aTeM cneunanbHUe 

H3MepHTenbHUe KDBeTU (npHnaraeMUe K ,crreKTpoMeTpaM) o6heMOM "' 25 Mn, 

H3rOTOBneHHUe 1!3 CTeKna C ITOHHJ!CeHHUM conepl!CaHHeM KanHll, 3anonHllnHCb 
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pacTBOpOM 10 Mn BOAU A HRH BB 10 Mn XHAKOro CUHHTHRRSITOpa (Ha OCHOBe 

Tonyona c 1106aeneHHeM X-100) H noMemanHch e cneKTpoMeTp. H3MepeHHSI 

npoBOAHRHCh B Te'!eHHe HeCKORhKHX CY TOK ( -7 AH ell) . B npene.Jiax OUJH60K 

H3MepeHHH B o6eHX na6opaTOpHSIX He o6HapyxeHO npeeurneHHe C'leTa co6UTHH, 

3aperHCTpHp0B8HHUX cneKTpoMeTpaMH B 3KCll03HUHSIX C aMnynaMH, 

3anonHeHHHMH BOAOH A HaA ypoeHeM ;oHa (3KCll03HUHH C aMnynaMH, 

3anonHeHHUMH BOAOH B). 

nepen Ha'!anoM pa60'!HX H3MepeHHl! H nocne HX OKOH'l8HHSI npOBOAHRHCh 

H3MepeHHSI C HCllORb30BaHHeM 3TanOHHUX TpHTHeBUX o6pa3UOB C uenbIO 

onpeneneHHSI AHana3oHa H xapaKTepa ;nyKTyauHll c'!eTa 3aperHcTpHpoeaHHHX 

co6UTHH. PacnpeneneHHSI 3aperHCTpHpOBaHHHX OTC'leTOB B OTAeRbHUX 

3KCil03HUHSIX ARSI o60HX cneKTpOMeTpoB onHCUBanHCb ;yHKUHell raycca. 

0lliH6KH B onpeneneHHH KOHUeHTpaUHH TpHTHSI B BOAe, COOTBeTCTBYIOlllHe 

AHCnepCHSIM A8HHHX pacnpeneneHHH, COCTaBnSinH 0,35 (cneKTpOMeTp TRI-CARB) 

H 0, 45 TpHTHeBOH enHHHUH ( cneKTpoMeTp SL;._30/300). HanOMHHM, 'ITO An!! 

BOAH KOHUeHTpaUHSI TpHTHSI, paBHall OAHOH TPHTHeBOH eAHHHUe (1 TE), 

COOTBeTCTByeT aKTHBHOCTH TpHTHll 3,2x10~2 KH/n,HnH 0,12 BK/n. YK838HHUe 

Burne OlliH6KH, co6CTBeHHO roBOpSI, H onpenenSIIOT TO'lHOCTb H3MepeHHll 

aKTHBHOCTH TPHTHSI B o6pa3ue. 

Ha 907.- M ypoBHe AOCTOBepHOCTH BepXHHe rpaHH'lHUe oueHKH 8KTHBHOCTH 

TpHTHSI (Hapa6oTaHHOro B cnyqae npoTeKaHHSI peaKUHH ( 16) B THTaHe Bcex 

THllOB H B HHTepMeTannH'leCKHX COeAHHeHHSIX ZrNbV' LaCo ' LaNi Al ' 
5 4.9 0.1 

MM0_7Tio_3Mn2) , conepxamerocSI B 500 Mn BOAH A ( o6pa3oBaBrnel!cH B 

pe3ynhTaTe paCTBOpeHHll 50 r nel!TepHAa THT8Ha), COCT8BRSIIOT O, 034 BK 

( cneKTpoMeTp TRI-CARB) H 0, 045 BK ( cneKTpoMe_Tp SL-30/300). 

TaK KaK nonHaSI Macca ry6'laToro THTaHa, nornoTHBrnero Beeb nel!TepHl!, 

HCllORh30B8HHHH B pa6o'lHX 3KCll03HUHSIX, COCTaBnSina 800 r, TO HeTPYAHO 

nony'lHTb npenenbHYIO oueHKY cyMM8PHOH 8KTHBHOCTH TpHTHSI, Hapa60T8HHOro B 

Te'!eHHe Bcero 3KCnepHMeHTa: 0, 54 BK H O, 72 BK COOTBeTCTBeHHO. KaK 

BHAHO, npenenhHHe oueHKH 8KTHBHOCTH TPHTHSI, nony'leHHHe ABYMSI 

He38BHCHMUMH rpynnaMH C HCllORh30B8HHeM ABYX pa3RH'lHUX cneKTpOMeTpOB, 

H8XOASITCSI B xoporneM cornaCHH. 

3TH oueHKH COOTBeTCTBYIOT TOMy, 'ITO B Te'leHHe Bcero 3KCnepHMeHT8 

(,=,53 AHSI) 38 C'leT B03MOXHoro npoTeKaHHSI SIAepHOH peaKUHH ( 16) B THTaHe H B 

HHTepMeTannH'leCKHX coeAHHeHHHX' HacumeHHHX nellTepHeM' o6pa3oBanocb He 

6onee 2,5x108 aTOMOB TpHTHSI. 

HCXOASI H3 nonyqeHHOl! oueHKH '!Hcna TPHTOHOB, o6pa30B8BlliHXCll B 

peaKUHH (16), MOXHO onpenenHTb Ha 907.- M ypoBHe AOCTOBepHOCTH rpaHH'lHYIO 

oueHKY 3!pq)eKTHBHOH CKOpOCTH A8HHOH peaKUHH (B npennonoxeHHH Toro, 'ITO 

peaKUHH HTC npoTeKanH BO Bcex HccneAOB8HHHX BemeCTB8X, HacumaeMUX 
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nellTepHeM) B pac'!eTe Ha OAHY napy nellTpOHOB: 

;,.•ff (Ti;HHTepM.) S 6x10-24 c-1 (dd)- 1
• 

f 

npennonOXHB, 'ITO peaKUHSI HH3KOTeMnepaTypHoro llAepHoro CHHTe3a (16) 

npoTeKana TORbKO RHllih B THTaHe, HacumeHHOM Ael!TepHeM, MOXHO. Taxxe 

nony'lHTb npoCTUM nepec'!eTOM (HCllORb3YSI KORH'leCTBO Ael!TepHll, 

nornomeHHOro THT8HOM BO Bcex pa60'!HX 3KCil03HUHSIX, nonHoe BpeMSI 3THX 

3KCll03HUHH, a Taxxe H8HAeHHYIO oueHxy 'lHCna o6pa30B8BlliHXCll TpHTOHOB) 

BepxHIOIO rpaHH'lHYIO oueHxy ee cxopocTH:. 

\(Ti) s 2x10-23 c-1 (dd)- 1
• 

H3 cpaBHeHHSI pe3ynhT8TOB H8CTOSIIJlell pa60TU C oueHK8MH CKOpOCTH peaKUHH 

HH3KOTeMnepaTypHoro SIAepHoro dd-CHHTe3a C o6pa30B8HHeM HellTpOHOB, 

nony'leHHHMH B 3KcnepHMeHTax 
113- 111 

no HccneAOB8HHIO HTC B CHCTeMax 

Ti-D, HHTepMeTannHqecxoe coeAHHeHHe - D, cnenyeT, 'ITO OHH H8XOASITCSI B 

xoporneM cornaCHH. 3TO 03H8'laeT: BO-nepBUX, HaMH Ha Ha6nI011aeMOM ypoBHe 

He o6HapyxeHa Hapa6oTKa TPHTHH B CHCTeMax Ti-D, HHTepMeTannH'lecxoe 

COeAHHeHHe - D 38 C'leT B03MOXHOro npoTeKaHHll B 3THX CHCTeMaX peaKUHH 

HTC (16); BO-BTopux, pe3yRhT8TU H8CTOSIIJlell pa60TU npoTHBOpe'!aT 

pe3ynbT8T8M PHA8 3KCnepHMeHTOB 
11 - 81 , CBHAeTenhCTBYIOlllHX O npoTeK8HHH 

SIAepHOH peaKUHH dd-CHHTe3a npeHMymecTBeHHO no 6e3Hel!TpOHHOMy KaHany 

( 16). 

cornacHO A8HHUM 3THX pa6oT, OTHOllieHHe BepOSITHOCTell xaHanoB peaKUHH 

dd-CHHTe3a ( 16) H ( la) COCTaBnHeT R(T/n) = 10
4 

+ 10
8

, C"J'ORb lliHpOKHH 

AH8Il830H H3MepeHHUX 3Ha'leHHH OTHOllieHHSI (B rrpeAJIORO>KeHHH cym;ecTBOBaHH.51 

SIBReHHll HTC) yxa3UBaeT Ha TO, 'ITO 8BTOpaMH pa60T 11 - 81 6unH nonymeHU 

6onblliHe CHCTeMaTH'leCKHe OlliH6KH B onpeneneHHH BHXOA8 xax HellTpOHOB, TaK 

H TPHTOHOB. TI03TOMY roeopHTb cepbe3HO O xoppeKTHOM 3Ha'!eHHH 3Toro 

OTHOllieHHSI MOXHO TORhKO RHllib B cnyqae Ha6nIOAeHHSI cymecTBeHHOrO 

npeeurneHHll BUXOA8 HellTpOHOB H TpHTOHOB B ycnOBHHX OAHOro H Toro xe 

3KCnepHMeHTa. 

OTMeTHM cnenyIOmee. Tax xax B HacToSimeM 3KcnepHMeHTe B xaqecTBe 

HeKOTOpHX HccnenyeMUX BemecTB ( ry6'laTUH THT8H pa3RH'lHUX MOAH;HxauHll, 

THT8HOB8ll CTpyxxa) HCnonh30B8RHCb Te xe BemecTBa, 'ITO H B onu·

;~;1i3,is,l9/ · no HccnenoBaHHIO HTC c npHMeHeHHeM MeTOAHKH perHCTpaUHH 

HellTpOHOB, MOXHO onpenenHTb, HCllORh3Yll pe3ynbT8TU 3THX pa60T, KaKHM 

AORXHO 6uno 6u 6UTb KORH'leCTBO Hapa60T8HHOro TPHTHSI, ecnH cnpaBeARHB 

npHBeAeHHHl! BUllie AH8Il830H 3H8'leHHll OTHOllieHHll 

dd-peaKUHH (16) H (la). ~axe ARSI OTHOllieHHll 

BepOHTHOCTel! KaHanoB 

R(T/n), paBHoro 10
4

, 

aKTHBHOCTb Hapa6oTaHHoro TpHTHll B H8lliHX 3KCnepHMeHT8RbHUX ycnoBHSIX 
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,nonirna 6una 6u no Kpal!Hell Mepe Ha tJeTupe nopirnKa npeBbnnaTb Bepxmo10 

rpaHH'lHYIO oueHKY aKTHBHOCTH TpHTHll, Hall,neHHYIO HaMH (-0,54 EK). 3aMeTHM, 

'ITO HCil0Jlb30BaHHall HaMH MeTO,nHKa 6una BeCbMa tJYBCTBHTeJibHa K 

onpe,neJieHHIO co,nepxaHHll TpHTHll B ,nellTepHH H Il03BOJ!llJia, B npHHUHne, 

H3MepHTb aKTHBHOCTb TpHTHll (Hapa6oTaHHOro B TetJeHHe Bcero 3KCnepHMeHTa 

npH ycJIOBHH cymecTBOBaHHll HTC) .naxe Ha ypoBHe -1 EK c 0°THOCHTeJibHOll 

TO'lJHOCTbIO 207.. 

Ha Haw B3rJill,n, npHBe,neHHUe oueHKH eme pa3 CBH.neTeJibCTBYIOT O TOM, 

'ITO pe3yJibTaTU pa6oT 118 • 191 no HCCJie,noBaHHIO peaKUHH 

HH3KOTeMnepaTypHoro dd-CHHTe3a B Ti yKa3aHHUX MO.nH~HKaUHll C 

HCnOJib30BaHHeM MeTO,nHKH perHCTpaUHH HellTpOHOB TaK xe, KaK H pe3yJibTaTU 

pa6oT 12 • 7 • 81 , B KOTopux npOH3BO,nHJIOCb H3MepeHHe OTHOWeHHll BepOllTHOCTell 

KaHaJIOB peaKUHll ( 16) H ( 1 a) B Ti, HacumeHHOM ,nellTepHeM, HeCOMHeHHO, 

Hyx,naIOTCll B 6onee Til\aTeJibHOll npoBepKe, H60 B COBOKynHOCTH OHH yKa3UBaIOT 

Ha CHJ!bHOe HapyweHHe o.nHoro H3 OCHOBHUX 3aKOHOB, OTpaxa10mHx CBOllCTBO 

ll.nepHUX CHJI, - 3aKOHa coxpaHeHHll H30TOnHtJeCKoro cnHHa B CHJ!bHUX 

B3aHMO,nellCTBHllX. 

Ha OCHOBaHHH nonytJeHHUX HaMH pe3yJibTaTOB MOXHO c,neJiaTb cne.ny10mHe 

BUBO,nU. 

1. B ry6tJaTOM THTaHe pa3JIH'IHUX MO,nH~HKaUHll H B HHTepMeTaJIJIH'leCKHX 

coe.nHHeHHllX THna ZrNbV' LaCo ' LaNi Al ' MM Ti Mn npH 
5 4.9 0.1 0.7 0.3 2 

HacumeHHH HX ,nellTepHeM He o6HapyxeHO B npe.nenax CTaTHCTH'leCKHX OWH60K 

H3MepeHHll KaKOrO-JIH6o npeBUWeHHll aKTHBHOCTH TpHTHll Ha,n ypoBHeM ~OHa. 

9TO CBH.neTeJibCTByeT o TOM, 'ITO HaMH Ha Ha6JI10,naeMOM ypoBHe He o6HapyxeHO 

llBJieHHe HH3KOTeMnepaTypHoro H,nepHoro dd-cHHTe3a c o6pa3oBaHHeM TpHTHll. 

2. ITpH npoBe.neHHH TepMOUHKJIHpOBaHHll ( C03,naHHH HepaBHO_BeCHUX 

YCJIOBHll B CHCTeMe MeTaJIJI-.nellTepHll) c o6pa3UaMH H3 yKa3aHHUX BUwe 

BemecTB, HacumeHHUX ,nellTepHeM (TeMnepaTypa o6pa3UOB H3MeHllJiaCb OT 78 K 

.no 1050 Kl, TaKxe He o6HapyxeHa Hapa60TKa TpHTHll, nOllBJieHHe KOTOporo 

Morno 6u 6UTb o6ycJIOBJieHO npoTeKaHHeM peaKUHH HH3KOTeMnepaTypHoro 

dd-CHHTe3a B CJiytJae ero cymecTBOBaHHll. 

3. Ha 907.- "M ypoBHe .nocTOBepHOCTH nonytJeHU BepXHHe. rpaHH'lJHUe 

oueHKH 3~~eKTHBHOll CKOpOCTH peaKUHH dd-CHHTe3a C o6pa30BaHHeM TpHTHll (B 

npe.nnonoxeHHH, 'ITO peaKUHH _HTC npoTeKaJIH BO Bcex HCCJie.noBaHHUX HaMH 

BemecTBaX, HacumeHHUX ra3oo6pa3HUM .nellTepHeM) H CKOpOCTH peaKUHH (16) B 

THTaHe B pactJeTe Ha o,nHy napy ,nellTpOHOB: 

i\;ff(Ti;HHTepM.) :s 6x10-24 c-1 (dd)- 1
; i\r(Ti) :s 2x10- 23 c-1 (dd)- 1

• 

4. CpaBHeHHe pe3 y Jib Ta TOB He,naBHO BUnOJIHeHHoro mom 3KCnepHMeHTa/13/ 

no noHCKY peaKUHH HH3KOTeMnepaTypHoro ll,nepHoro dd-, dt-CHHTe3a C 
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HCnOJib30BaHHeM Tex xe MO,nH~HKaUHll THTaHa C pe3yJibTaTaMH HaCTOllll\ell 

pa6oTU CBH,neTeJibCTByeT O TOM, 'ITO .naxe B npe.nnonoxeHHH cymecTBOBaHHll 

HTC HaMH Ha Ha6n10.naeMOM ypoBHe He o6HapyxeHO HHKaKoll aHOMaJIHH B 

OTHOWeHHH BepOllTHOCTell KaHaJIOB peaKUHll (16) H (la). 

ABTopu BUpaxaIOT HCKpeHHIOIO npH3HaTeJibHOCTb .nHpeKUHH HaytJHO-
HCCJie.noBaTeJibCKOro HHCTHTyTa Heopra~H'leCKHX MaTepHaJIOB (r.MOCKBa) H 

.nHpeKUHH HHCTHTyTa ~H3HKH H ll.nepHoll TeXHHKH (r.KpaKOB) 3a co.nellCTBHe H 

no.n.nepxKy npH npoee,neHHH .naHHOll pa6oTu. 
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. BhICTPHU:KHH B.M; HAP· LU5-94-500 
OTCYTCTBHe Hapa6oTKH TPHTml s CHCTeMaX MeTaJIJI-AeiiTepHH 

B nuaHe pa3JIH'IHhIX MOAHq>HKaa:Hii H B HHTepMeTaJIJIH'leCKHX coeAHHe
HHSIX ZrNbV, LaCo5,.LaNi4,gA10,1, MM0,7Ti0,3Mn2 npH Hachlm;eHHH Hx Aeii-
TepHeM iie o6HapyX<eHa B npeAeJiaX omH60K H3MepeHHH Hapa6oTKa TPHTHSI 3a 
C'leT npoTeKa.HHSI peaKU:HH HH3KOTeMnepaTypHoro SIAepHoro dd-CHH
Te3a.' Ha 90 %-M yposHe AOCTOBepHOCTH HaHAeHhI . BepxHHe rpaHH'IHhle 
oa:eHKH cKopocTH peaKU:HH dd:cHHTe3a c o6pa3oBaHHeM TPHTHSI s THTaHe 
H B. HHTepMeTaJI.lllfllecKHX COeAHffeHHSIX: A, f(Ti) :S 2 · 10-23 ~ - l (dd)-1; · 

,qffm; mrrepMeT.) :S 6-10-24 c-1(~d)":-1. Pe3y;;hTaThI micro51m;eii pa6oThI 

CBHAeTeJibCTBYIOT o TOM, 11-io Ha Ha6JIIOAaeMoM.yposHe SIBJieHHe HH3KOTeMne
paTypHoro SIAepHoro dd-CHHTe3a c o6pa3osaHHel':I TPHTHSI HaMH He o6HapyX<eim. 

Pa6oTa BhITIOJIHeHa s .ITa6opaTOpHH 51AepHhIX npo6JieM OllSill. 
/ ; ' ' ' ' 

Ilpenp11HT Qfu,~A11HeHHOro 11HCT11T)'Ta SIAepHbIX 11ccneAO~aH1111. Jzy6Ha, 1994 
' . ' \ -

Bystritsky V .M. et al. · D 15-94-500 
Absense of the Tritium Yield in tlie Metal-Deuterium Systems 

No tritium yield from the low-temperature nucleardd-fusion reaction is 
found within the measurement error in titanium of different modifications and 
intermetallic compounds ZrNbV, LaCo5, LaNi4_gA10_1, MM,0.7Ti0_3Mn2• The 
upper Hmit estimates for the · rate of the dd-fusion reaction. with tritium 
production in, titanium and intermetallic compounds are.found. at the 90% 
coqfidence . level: . i t(Ti) :S 2 · 10-23 s...., 1 · ( dd)- 1; A fff (Ti, intermet.) 

:S 6·10...:24 s-
11

··(dd)- 1• It meanithat we ctid not find observable,low-
.:temperature nuclear dd- fusion with production of tritium. . ,, 

The investigation has. b~en performed at the Laboratory of Nuclear 
Problems; JINR ·· 

Preprint of the Joint Institute f~r Nuclea.r Research. Dub~a, 1994 


