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SUMMARY 

The behaviour has been studied of radio
active niobium, tantalum, hafnium and other 
recoil atoms (from nuclear reactions induced 
by heavy ions) , which were stopped in the 
mixture of the Br 2 and BBr 3 vapours and, 
together with this brominating gas-carrier, 
were continuously introduced into a nickel 
thermochromatographic column. Niobium and 
tantalum bromides were found to produce 
distinct adsorption zones occupying the same 
position on the column. They were separated 
from hafnium bromide. 

The time required for the niobium atoms 
to pass the distance from the target to the 
adsorption point on the column has turned 
out to be equal to 0.1 - 0.2 sec. Thus this 
technique might be suitable for studying 
the properties of nielsbohrium bromide with 
the known 2-sec spontaneous fission isotope 
of element 105. 

BBE,l!EHHE 

B 1970 ro,Ay B Jla6opaTopBB JI,AepHLIX peaKu;Bii OHJIH /J/ 
6Lina BLinOnHeHa XBMB'IeCKaJI B,AeHTBiiiBKaD;BJI CnOHTaHHO 

,l(enJIID;erocJI B30Tona 105 3neMeHTa, KOTOPblii nonyqanu 

nYTeM o6nyqeHBJI MBWeHB B3 
243 Am BOHaMB 

22Ne HaD;BKno· 

Tpoue. Hccne.l(oBaHBe npoao,l(BnocL MeTOAOM lilpouTanLuoii 

TepMoxpoMaTorpaliiBB neTy'IHx xnopB,AoB. ATOMLI OT.Aa'IB, 

BLineTaiOID;Be B3 TOHKOH MBWeHB, TOpM03BnBCb B nOTOKe 

a3oTa, 3aTeM no XO.AY ra3aBnOTOKBBO.ABnBcLnapLI SOCf 2 B 

Ti Cf
4 

B CMeCL, CO,AeplKaiD;aJI MOneKynbl xnopB,AOB, npo

nycKanacL qepe3 cTeKnJIHHYID TepMoxpoMaTorpaliiB'IecKyro 

KOnOHKy, BHYTPB KOTOpoii no OCB pacnonaranBCb nBCTO'IKB 

CnlO,l(LI ,AnJI ,AeTeKTBpOBaHBJI OCKOnKOB ,l(eneHBJI JI,Aep 105 
3neMeHTa. 3oua a,Acop6UBB xnopB.Aa HBnLc6opBJI 6blna o6ua

pylKeHa ua yqacTKe, pacnonolKeHHOM no TeMnepaType ue

cKonLKO BLIWe 30Hbl a,ACOp6UBB xnopB,Aa HB06BJI, HO HBlKe 

30Hbl XnOpB,Aa raliiHBJI. 3TO noBe,AeHBe COOTBeTCTByeT OlKB" 

,l(aeMLIM XBMB'IeCKBM CBOHCTBaM 105 3neMeHTa KaK 3Ka· 

TauT ana. 

He,Aaauo 3aapa B ,Ap./ 2 I npoaenB TepMoxpoMaTorpallla

qecKBe OnLITbl C aTOMaMB pa,ABOB30TOnOB HB06BJI, TaHTana, 

raliiHBJI B ,ApyrBX 3neMeHTOB B 6pOMBpYJOID;eii cpe,Ae; ra30M· 

uocBTeneM cnylKBn renuii, co,l(eplKaiD;Bii napLI Br 2 B BBr 3 • 

ABTOPLI npuwnu K BLIBO.AY, 'ITO 6poMB.ALI TaiOKe MoryT 6biTL 

BCnOnb30BaHLI ,AnJI 3KCnepBMeHTOB no XBMB'IeCKOH XapaKTe

pBCTBKe TpaHCaKTBHB.l(HLIX 3neMeHTOB. bLinD OTMe'leHLI He" 

KOTOpble 3KCnepBMeHTanLHLie npeBMytu;eCTBa, B 'laCTHOCTB, 

B03MOlKHOCTb BCnOnb30BaHBJI 6onee HB3KOH, 'leM B OnLITaX 

c xnopBAaMB, pa6o'leii TeMnepaTypLI. IlpB MeHLweii Koppo-
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3HOHHOH aKTHBHOCTH 6poMa 3TO ll03BORBeT HaannapaType, 
H3rOTOBReHHOH H3 HHKenB, BBO~HTL 6pOMHp~~YID CMeCL 
Henocpe~CTBeHHO B 06'beM 3a MHWeHLID, B KOTOpOM TOpM0-
3BTCB aTOMLI OT~aq}{. TaKaB cxeMa cnoco6cToyeT owcoKoMy 
XHMH'IeCKOMY BLIXO~y 3ReMeHTOB, o6pa3yiD~X neTy'IHe 
6pOMH~LI, TaK KaK HeT DOTepL aTOMOB OT~a'IH 3a C'leT He
o6paTHMOH a~cop6UHH Ha CTeHKaX MHWeHHOH KaMepw, 'ITO 
HMeeT MeCTO npH OTCYTCTBHH ranOH~Hp~~X areHTOB. 

B uacTOBIUeii pa6oTe npuoo~BTCJI pe 3YRLTano~ uawax Tep
MoxpoMaTorpa!l>a'leCKHX ODLITOB C 6pOMH~aMH pa3nB'IHLlX 
3neMeHTOB, uenLro KOTOpLix 6Lino nonyqeuue ~auuwx o no
oe~eHHH 3ReMeHTOB Ha annapaType, HCDORL30BaBWeHCB HaMH 
B ~anLHeHWeM ~RJI ODLITOB CO CDOHTaHHO ~enB~MCJI H30-
TODOM HHnLc6opH11, H no~6op uau6onee no~xo~a~x 3Kcne
pHMeHTanLHLIX ycnoouii. BLina npooe~eua TaK*e 3Kcnepu
MeHTanLHaB OUeHKa 6LICTpO~eHCTBHH MeTO~a, T.e. H3Mep11-
ROCL BpeMJI C MOMeHTa B03HBKHOBeHHJI aTOMa B Jl~epHOH 
peaKUHH B MHWeHH ~0 MOMeHTa OCa>K~eHHJI MOneKynLl 6po
MH,D,a B npe~enax a~cop6UHOHHOH 30HLI. 

3KCIIEPHM~HTAJihHAH qACTh 

Ha puc. 1 npuae~eua npuuuunuanLHaB cxeMa oceii 
ycTaHOBKH. 0Ha COCTOHT H3 CHCTeMLI no~rOTOBKH H DO~a'IH 
ra3a-HOCHTenJI, o6orpeaaeMOH MHWeHHOH KaMepw, MHWeHH, 
TepMOXpOMaTorpa!I>H'IeCKOH KOROHKH C COOTBeTCTB~~MH 
uarpeoaTenBMH H nooyweK. 

ra3- HOCU11feAb. renaii MapKH "B. '1." nponycKanCB qepe3 
nooywKy, oxna)l(~aeMyiD)Kli~KHM a3oTOM. qacTL noToKa nocne 
ocywKH 6ap6oTupooanacL npu KOMHaTHoii TeMnepaType qepe3 
cMeCL )Kli~KHX Br 2 H BBr 3 , B cooTHoweHHH 94:6no o6'LeMy, 
'ITO o6ecne'IHBaRO OTHOWeHHe napuuanLHLIX ~aBneHHH B BLl
XO~B~eM ra3e npHMepuo 50:1. 06'LeM cMecu 6pana c lana
coM, 'IT06LI o6ecne"'IHTL DOCTOBHCTBO COCTaBa ra3a-HOCHTenB 
Ha npOTB)I(eHHH BCero ODLITa, HeCMOTpB Ha 6onee 6LlCTPYID 
OTrOHKY Br

2
, 3aTeM o6e 'laCTH DOTOKa CMeWHBanBCL H no

~aBanHCL B MHWeHHYID KaMepy. PaCXO~Ll B o6eHX BeTBBX 
H3MepBnHcL peoMeTpaMH; H3MepBncB TaK)I(e pacxo~ ra3a 
Ha BbiXO~e H3 yCTaHOBKH ~RJI KOHTpORH 6anauca. 
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Puc. 1. IlpUHijunuaAbHaJI cxeMa ycmaHOBKU u meMnepamypa 
800Ab I<OAOHI<U. 

MuweHHaJI KaMepa /puc. 2/ 6Lina H3roTooneua H3 Mac
cuouoro HHKenJI. Oua o6orpeaanacL uuxpoMoooii cnupanLro. 
O~Ha H3 peweTOK, Me>K~Y KOTOPLIMH 3a>KHManacL MHWeHL 
/eM. HH>Ke/, cocTaBnJlna o~Ho uenoe c TenoM KaMepLI ~n11 
nyqwero C'LeMa Tenna a pe3ynLTaTe TOpMO)I(eHHJI ny'IKa. 
l..lHnHH~pH'IeCKHH 06beM KaMepLI HMen pa3MepLI: cp 22 MM, 
L=20 MM H orpaHH'IHBanCJI MHWeHbiO H C'LeMHOH 3a~HeH 
KpwwKoii. Ha ueii c oueurneii cTopoHLI 3aKpennJlnacL TepMo
napa, KOTOpa11 OKa3anaCb 'IYBCTBHTeRbHbiM HH~HKaTOpOM 

H3MeHeHHJI HHTeHCBBHOCTH nornomaeMOrO llY'IKa TJI)I(eRLIX 
HOHOB. qT06bi llOMep)KliBaTb TeMnepaTypy 3a~HeH CTeHKH 
6nH3KOH K TeMnepaType Tena KaMepw, 3a~aoaeMOH uarpeoa
TeneM, ua KpbiWKe ~n11 nyqwero CHJITHB Tenna oKpy)l(aiD~M 
B03~YXOM 6LinH 3aKpenneHLI ~RHHHLie Me~HLie pe6pa. 
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>Knpgbameno 

1 
He 

Puc. 2. KaMepa MUIUeHu. 

TepMoxpoMa•ozpa¢ut~ecKa.R KOAOHKa npe.u.cTaBJIJIJia co-

6oii TOHKOCTeHHyiO HHKeJieBYIO Tpy6Ky C BHyTpeHHHM )J.HaMeT

pOM 4 MM. Pacnpe.u.eneuae TeMnepaTyp.bl Ja.u.aaanoc.b cne

~aan.~>HWM HarpeBaTeneM, COCTOJI~M H3 TOJICTOCTeHHOB 

Me)J.HOB Tpy6KH C O'leH.b 3c)4leKTHBHOB TellJIOH30JIJI~HeB, O)J.HH 

KOBe~ KOTopoii uarpe.Ba.JICJI C llOMOIJ.l.biO KOpOTKOB Tpy6'1aTOB 

ne'IH, a .u.pyroii oxna~anc.11 npoTO'IHoii ao.u.oii. Ha 6on.~>woM 
oTpe3Ke &MencJI nocTOJIHHhlii rpa.u.aeuT TeMnepaTypw. Pac

npe.u.eneuae TeMnepaTypw B.U.OJI.b KOJIOHKH noKaJauo ua puc.l. 
Haqan.~>HaJI KopoTKaJI H30TepM&'IecKaJI 'laCT.b KOJIOHKH ac

non.~>Joaanac.b B Ka'leCTBe "30H.bl O'IHCTKH". BHyTp.b KOJIOHKH 

Ha 3TOM OTpe 3Ke BCTaBnJIJiaC.b HHKeJieBaJI cnapaJI.b HnH OTpe-

30K rocilpHpO.Ba.HHOB Tpy6KH MeH.bWero )J.HaMeTpa, 'IT06hl 

C03)J.aT.b 3aBHXpeHHJI ROTOKa H CROC06CTBOBaT.b 6:W:CTpeiiweMy 

OCa~eHHIO MOJieKyJI 6pOMH)J.OB, He 06Jia)J.aiO~X B YCJIOBHIX 
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onwTa 3aMeTuoii neTy'leCT.biO. Co6cTBeuuo rpa.u.ueHTHaJI 

qacT.b KOJIOHKH CJIY*HT )J.JIJI pa3)J.eJieHHJI 3JieMeHTOB H CO· 

nocTaBneHHJI caoiicTB 6poMH)J.OB, o6pa3yro~x a.u.cop6~uou
uwe 30Hhl B 3a)J.aHHhiX npe.u.enax TeMnepaTypw. llo BCeB 

)J.nHHe B KOJIOHKy BCTaBJIJinHC.b llOJIOCKH CniO)J.hl WHPHHOB 

4 MM, TaK KaK llJiaHHpOBaJIOC.b HCllOJI.b30BaHHe TaKHX KOJIOHOK 

)J.nJI Oll.biTOB C HHJI.bC60pHeM. 

Jl06YfJJKU. Ha B.biXo)J.e H3 KonoHKH ycTauaan:Haa.riac.b no
BywKa 06'.beMOM B HeCKOJI.bKO Ky6H'IeCKHX CaHTHMeTpOB, 

3anonueuua.11 aKTHBHpoBaHHwM yrneM. B TaKoii noaywKe 

/npH KOMHaTHOB TeMnepaType/ KOJIH'IeCTBeHHO a.u.cop6upo

BaJIHC.b ace aKTHBHOCTH /3a HCKniO'IeHHeM H30Tonoa Br I. 
npoxo)J.JIIJ.lHe 11epe3 KOJIOHKy, )J.aJKe nocne Toro, KaK yron.b 

nonuocT.biO uac.blutanc.ll Br 
2 

H 8Br
3
.3a TeM raJ npoxo.u.an 11epe 3 

JIOBYWKY 06'.beMOM B HeCKOJI.bKO nHTpOB, TaiOKe 3allOJIHeHHYIO 

aKTHBHpOBaHH.biM yrneM, r)J.e llOJIHOCT.biO nornoutaJIHC.b nap.bl 

6pOMHPYIOIJ.lHX areHTOB. 

YcAoeu.R o6Ayt~eHu.R MUIUeHu: .ROepHbre peaKJ~UU, 
U3MepeHUJi 

B Ka'leCTBe MHWeHeB HCROJI.b30BaJIHCb CJIOH OKHCJIOB 

pe)J.K03eMeJI.bH.biX 3JieMeHTOB TO~HOB )J.O 1 MZ/CM 2, Ha

HeCeHHhle Ha HHKeJieB.ble llO)J.nO)I(I(H TO~HOB 5 HnH 10 MKM. 
06Jiy'leHHe npOBO)J.HJIOC.b Ha B.biBe)J.eHHOM RY'IKe YCKOpHTeJIJI 

Y-300 06'.be)J.HHeHHOrO HHCTHTyTa JI)J.epH.biX HCCJie)J.OBaHHB 

HOHaMH 
12 C C Ha'laJibHOB 3Hepraeii 84 M3B HJIH HOHaMH 

22Ne c Ha'lanLHoii 3Hepraeii 176 M3B. TopM03H.ble aniOMH

BHeBwe cilon.brH H llO)J.JIO)I(I(a MHWeHB CHIDKaJIH 3HeprBIO llY'IKa 

)J.O BeJIB'IHHhl, Tpe6yeM()B )J.JIJI MaKCHMaJI.bHOrO BhiXO)J.a Hy)I(

BhiX H30TOllOB. ,lJ;JIJI llOJiy'leHHJI H30TOllOB racilHHJI H TaHTaJia 

HCllOJI.b30BaJIBCb CJie)J.yiOIJ.lHe KOM6HHa~HH MHWeHb·'laCTB~a: 

Dy(l2C; xn) Hf; Sm (2~e; xn) Hf; Ho (12 C; xn) Ta; Eu (22Ne;xn) Ta. 

KpoMe TOro, B npo.u.yKTax o6nyqeHHJI 6wnH o6uapy)l(eHw npo

.U.YKThl B3aHMO)J.eBCTBHJI TJI)I(eJihiX HOHOB C HHKeneM H 6poMOM. 

6WnH H)J.eHTHcil~HpOBaHhl CJie)J.yro~e H30TOllhl /npHBe)J.eHhl 
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flHHHH B cneKTpe y -H3fly'leHHJI, KOTOpble HCnOflL30BaflHCL 

,1\flJI H3MepeHHJI pacnpe,l\eneHHJI H30TOna B,I\OflL ra30BOrO 

TpaKTa/: 

H30TOn 

44sc 
62zn 

67Ga 
69 Ge 
71 As 
73 Se 
90Nb 

93mMo 
95Tc 

169 Hf 
170 Hf 
173 Hf 
173 Ta 

T1/2 

2,4 OH. 
9,3 'lac. 

78 ~ac 

39 'lac. 
62 'lac. 

7,1 'lac. 
14,6 ~ac. 

6,9 'lac. 
20 'lac. 

3,2 MUH. 
12,2 'lac. 
23,6 'lac. 

3,7 'lac. 

E /K3B/ 

270 

590 

93; 184 

573 

175 

360 

142 

683 

766 

* 
165 

124 

172 

* H3MepJincJI no AO'IepHeMy 169 Lu /960 K3B/. 

Ilocne OKOH'IaHHJI OnLITa CTeHKH MHWeHHOB KaMepbl 06-

MbiBanHCL CnHpTOM ,1\flJI onpe,l\eneHHJI ,1\0flH OT,I\eflLHbiX pa,I\HO

H30TOnOB, 3a,l\ep')KaHHbiX B KaMepe. C novo~LIO Ge(Li) 
,1\eTeKTOpa 06'LeMOM 35 CM 3 H 4096-KaHanLHOrO aMnnH

TYAHOrO aHanH3aTopa H3MepJinHCL cneKTpbl y-H3ny'leHHJI 

no OTpe3KaM KOflOHKH ,1\flHHOB 8 CM, onpe,l\eflJiflHCL OTHOCH

TenLHble HHTeHCHBHOCTH OT,I\enLHbiX flHHHB no OTpe3KaM 

H CTPOHnHCL rHcTorpaMMLI pacnpe,l\eneHHJI. H3MepJincJI TaK

')Ke cneKTp aKTHBHOCTH Manoii flOBymKH. 

H3MepeHU.R 6~>~c111pooerlcmeu.R Memooa. BpeMJI npoXO')KAe

HHJI aTOMOB OT MHWeHH ,1\0 rpaAHeHTHOB 'laCTH KOflOHKH 

onpe,l\enJinOCL cne,l\yiO~M o6pa30M: KOflOHKa COCTOJina TOflL

KO H3 30Hbl O'IHCTKH, a Ha BbiXO,I\e ee CTpyro ra3a HanpaBflJiflH 

Ha o60A MaCCHBHOro ,1\HCKa, Bpa~aro~erOCJI C DOCTOJIHHOB 

CKOpOCTLIO. )J;nJI TOrO 'IT06bl neTy'IHe 6pOMHAbl BbiCa')KHBa

nHCL .H3 CTPYH Ha o6o,l\e, AHCK OXJia)K,I\aJICJI. HaXOAJI~eCJI 
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I 

Ha OAHOB OCH C AHCKOM npo4JHJIHpoBaHHble 3a,l\aT'IHKH 3aMbi

KaJIH H pa3MbiKanH KOHTaKTbl 3fleKTpOHHOrO KJIIO'Ia YCKOpH

TeflJI npH onpeAeneHHbiX yrnax noaopoTa AHCKa. OnLIT npo

BOAHJICJI TaKHM o6pa30M, 'ITO Ha 1/4 o6opoTa BKJIIO'IaJICJI 

nyqoK HOHOB, OCTaflLHOe BpeMJI yCKOpHTenL 6biJI OTKJIIO'IeH. 

TaKHM o6pa30M, npH Ka')KAOM o6opoTe AHCKa oc~ecTBJIJI

nocL KaK 6LI BBeAeHHe npo6bl B npo.u;ecce THna npoJIBHTenL

HOii xpoMaTorpa~HH. TaKOe MHOrOKpaTHOe nOBTOpeHHe He

o6XOAHMO AJIJI nony'ieBBJI AOCTaTO'IHOii aKTJIBHOCT:If. H3Me

pJIJI pacnpeAeJieHHe paAHOaKTBBHOCTH no o60AY Koneca, 

nonyqaeM xpoMa TOrpaMMY, KOTOpaJI ,1\aeT B03M0')K.HOCTL 

cy AHTL 0 CKOpOCTH npOXO')I{AeHHJI a TO MOB OT MHmeHH ,1\0 

,1\HCKa. 3TO, B006~e roBOpJI, He eCTL TOJILKO BpeMJI XpOMa

TOrpa~H'IeCKOrO y,l\ep')KHBaHHJI. 0HO BKJIIO'IaeT H BpeMJI, 3a

Tpa'IHBaevoe Ha 6pOMHpOBaHHe, ecnH aTOMLI HflH MOneKyJILI 

HH3Wero 6pOMH,I\a a,I\COp6HpOBanHCL Ha CTeHKe MHWeHHOB 

KaMepLI HflH KOJIOHKH H y')Ke nOTOM npopearHpOBaJIH C o6-

pa30BaHHeM BLicmero 6poMHAa. 

PE3YJibTATbl H OECY)J(,li,ElllUI 

TepvoxpoMaTorpa~H'IecKoe noaeAeHHe PJIAa 3JieMeHTOB 

H3y'lanOCL HaMH npH paCXO,I\e ra3a-HOCHTenJI 1,0 H.A./MUH 
H nap.u;. AaBneHHJIX Br 2 H BBr 3• paBHLIX 46 H 0,75 MM.pm.cm, 
COOTBeTCTBeHHO. TeMnepaTypa MHWeHHOB KaMepLI H 30Hbl 

O'IHCTKH 6LIJia paBHa 250 °C. 
Ha puc. 3 npHBeAeHLI TepvoxpoMaTorpaMMLI OTAenLHLIX 

3JieMeHTOB. KaK BHAHO H3 3THX AaHHLIX, 3neveHTLI pacno

nararoTCJI B CJie,l\yiO~eM nopJI,I\Ke B03pacTaHHJI MHKpOJieTy

'leCTH HX 6pOMHCTLIX ~OpM: 

Sc < Zn < Ga < Hf < Mo < Nb, Ta < Se. 

TaKoii nopJIAOK cornacyeTCJI c pe3yJILTaTaMH pa6oTLI 121 , 
B KOTOpOii TaK')Ke H3Y'IaJIHCL HeKOTOpble H3 3THX 3fleMeHTOB. 

Y cnoBHJI 3KcnepHMeHTa I cocTaB ra3a- HOCHTenJI, Tevne

paTypHblii pe')KHM, reoMeTpH'IeCKHe pa3Mepbl annapaTypbl/ 

B D;HTHPOBaHHOB H B HaCTOJI~eii pa6oTaX 6blnH 6nH3KH, H o6a 

HccneAOBaHHJI xopomo cornacyiOTCJI TaK')Ke no 3Ha'leHHJIM 

TeMnepaTypbl B MaKCHMyMaX xpoMaTorpa~H'IeCKHX 30H. 
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06pautaeT 8a ce6JI B88Ma88e TOT 4ia.KT, 'ITO 8a nono:>Ke88e 

308 8e OKa3LIBaeT 3aMeT80rO BJI8JIHHJI npucyTCTBHe CJIIO~LI, 

reoMeTpuqecKaJI nosepx80CTL KOTopoi 6Lina cpaB8HMa no 

BeJIH'IH8e C nosepX80CTLIO 8HKeJieBOB Tpy6KH. 3TO eme O~HO 
CBH~eTeJILCTBO B nOJIL3Y npe~CTaBJie8HJI 0 ~H8aMH'IeCKOB 
MO~H~~~HKaiUIH nosepX80CTH KOJI08KH 3a C'leT a~cop6D;HH 
MoJieKyn napoo6pa38LIX raJIJio~upyromux 80CHTenea/3/. 

H8Tepecuo cpaBHHTL ~aHHLie no TeMnepaTypaM MaKcu

MyMa 308 C napaMeTpaMH, xapaKTepB3yiOmHMH JieTy'leCTL 

sLicmux ycTOB'IHBLIX 6poMu~os H3y'laeMLIX 3JieMe8TOB s 

MaKpOKOJIH'IeCTBaX, KOTOpLie npHBe~e8LI B JI06/I. J. TaK :>Ke 

KaK H s pa6oTe /2< MLI 3~ecL 8e paccMaTpusaeM B03Mo:>K

uocT~ o6pa30Ba8HJI OKCH6pOMH,IJ;OB, TaK KaK, no HMeiOmHMCJI 

3KcnepuMeHTaJIL8LIM ~aHHLIM 141, s3aHMo~eicTBHe c BBr 3 
npHBO~HT, KaK npaBHJIO, K o6pa30BaHHIO 6H8ap8LIX 6pOMH~OB. 
KpoMe Toro, TepMoxHMH'Ie cKHe pacqeTLI noKa3LIBaroT, 'ITO 

napLI BBr 3 ~OJI)K8LI y ~aJIHTL H3 ra3a- uocuTeJIJI nocne~8He 
cne,D;LI KHcnopo,D;a H napos BOALI. B 6oJILWHHCTBe cnyqaes 

OTHOCHTeJIL8aJI "MHKpOJieTy'leCTL" XOpOWO COOTBeTCTByeT 

OT80CHTeJIL80B "MaKpoJieTy'leCTH", xapaKTepH3yeMOB TeM

nepaTypoi KHne8HJI HJIH :>Ke 38TaJILnHei B03r08KH HJIH HCna

pe8HJI. TaKoro po~ KoppeJIJIIUIH 8a6JIIOAaJIHCL B pJI~e npe

ALIAymux pa6oT, nposo~usmuxcJI s 8ame8 na6opaTopuu. Ouu 

HHTYHTHB80 XOpOWO n08JITHLI, TaK KaK JIBJieHHJI a,D;cop6D;HH 

8 KOH,D;eHCaD;HH o6yCJIOBJieHLI O~HMH H TeMH :>Ke CHJiaMH 

Me:lKMOJieKyJIJip8oro B3aHMO,D;eBCTBHJI. 

6onee CJIO:lKHaJI CHTyau;uJI 8a6JIIO~aeTCJI s cnyqae 3Jie

Me8TOB Nb, Hf H Ta. 3KcnepuMe8TaJIL8LIB 4ia.KT cocTOHT 

s TOM, 'ITO nose~euue 8H06HJI u TaHTana cosna~aeT s npe

,D;enax TO'I80CTH onLITa, npH'IeM 6poM~LI Nb u T a o6na~aroT 
3aMeT80 6onee BLICOKOB MHKpOJieTy'leCTLIO, 'leM 6pOMHA 

Hf .JiuTepaTyp8Lie ,D;aHHLie no MaKponeTy'leCTH BLicmux 6po

MH.D;OB 3THX 3JieMe8TOB COrJiaC)'I<?TCJI 8e O'le8L XOpOWO. 

TOJILKO B 0~80B Jia6opaTOpHH /5/ H3MepJIJIHCL CBOBCTBa 

6pOMH~OB BCeX 3THX 3JieMeHTOB C nOMOmLIO O,lJ;HOTHn80B 

MeTo~KH. Cornacuo 3THM ~aHHLIM, no 38a'le8HIO 38TaJILnHH 

B03r08KH ~H s 3JieMe8TLI pacnonararoTcJI s nopJI~Ke: Nb > 
>Ta>Hf. Mo:lKHo o6pa3oBaTL TaK:lKe PJIA no 3«l>4leKTHB80B 

TeMnepaType B03r08KH: B CJiyqae HfBr 4 - 3TO HCTHHHOe 

3Ha'leuue, AJIJI NbBr 5 H TaBr 5 - 3TO TeMnepaTypa, .npu 
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KOTopoii 3KCTpanonupoaaHHoe 3Ha'leHHe ynpyrocTH napa Ha,IJ; 

TBep,IJ;biM aemecTBOM ,IJ;OCTHraeT 760 MM pm.cm. /3Ta TeM

nepaTypa HecKonbKO HIDKe TK11rr. neHTa6poMH,IJ;a/. Tor,IJ;a 

nonyqaeTCJJ. nopJJ.,II;OK Nb"' Hf> Ta. TaKHM o6pa3oM, He no

nyqaeTcJJ. cornacHJJ. c 3KcnepHMeHTanbHO ycTaHoaneHHbiM 

pJJ.,II;OM MHKponeTy'leCTH Hf< Nb"' Ta. IIo-BH,IJ;HMOMy, npH 

MallbiX pa3nH'IHJIX B MHKponeTy'leCTH COe,IJ;HHeHHH pa3nH'IHOrO 

CTpOeHHJI KOppenJJ.IUIJI C MaKponeTy'leCTbiO MO)I(eT He BbiDOn

HJJ.TbCB B ,IJ,eTanBX, Tal< I<al< reOMeTpH'IeCKHe H ,D.pyrHe qmK

TOpbl MOryT BHeCTH 3aMeTHbiH BKna,IJ; B TepMO,IJ;HHaMH'IeCKHe 

xapaKTepHCTHKH a,IJ;COp6UHH. 

IloBe,IJ;eHHe TeXHeUHJI 06bBCHBeTCB, CKOpee BCero, o6-

pa30BaHHeM B ycnOBHBX onbiTa ,IJ;BYX ero COe,IJ;HHeHHH. 

11HTepecHblii cnyqaii npe,IJ;cTaBnJJ.eT TaK)I(e 6poMH,IJ; rannHJI. 

HacLimeHHblii nap 3Toro coe,IJ;HHeHHJJ. npu TeMnepaType KH

neHHJI COCTOHT 6onee 'leM Ha nonOBHHY H3 ,IJ;HMepHbiX MOneKyn 

Ga 
2 

Br 
6 

• B ycnoBHJJ.X Haumx TepMoxpoMaTorpa4JuqecKHX 

onbiTOB KOHUeHTpaUHJI aTOMOB rannHB HaCTOllbKO Mana, 'ITO 

o6pa30BaHHe ,IJ;HMepa HCKniO'IeHO, H noBe,IJ;eHHe rannHJI CKOpee 

acero o6ycnoaneHo caoiicTBaMH MoneKyn MOHoMepa Ga Br 3 • 

l13BeCTHO, 'ITO TennoTa HCDapeHHB Tpex6pOMHCTOrO rannHJJ. 

H3 ,IJ;aHHbiX o paaHoaecHOM ,IJ;aaneHHH napa pasHa f\. II v = 

= 13,4/6 / , a TO apeMJJ. KaK napuuanbHaJJ. 3HTanbDHJJ. ucnape

HHJI ,IJ;llJI MOlleKyn MOHOMepa Ha 2,2 KKaA/MOAb BbiWe. 3TO 

03Ha'laeT, 'ITO 34>4JeKTHBHaJJ. TO'IKa KHneHHJI MOHOMepa BbiWe 

T KHII. TpH6poMH,IJ;a rannHJJ. npHMepHo Ha 100 o /eM. npaau

no TpyToHa/. TaKHM o6pa30M, neTy'leCTb MOHOMepa MO)I(eT 

6b1Tb HH)I(e neTy'leCTH HfBr 4 , 'ITO H nonyqaeTCJJ.HaonLITe. 

ECTb H ,II;pyrHe 4JaKTOpb1, KOTOpble, B03MO)I(H0, DpHBO,IJ;JIT 

K oT,IJ;eneHHIO Nb H Ta oT Hf H MeHbweii "MHKponeTy'leCTH" 

rannHJJ.. Bblcwue ranoreHH,IJ;bl 3THX 3neMeHTOB cKnOHHbl K 

o6pa3oBaHHIO ycToii'IHBbiX KOMnneKCHbiX coe,IJ;HHeHHii c rano

reHH,IJ;aMH IUellO'IHbiX MeTannOB, HeKOTOpbiX menO'IH03eMenb

HbiX H ,IJ;ByxaaneHTHbiX nepexo,IJ;HbiX MeTannoa. Oco6eHHO 

MHOrO npHMepOB H3yqeHO ,IJ;llJI XnOpH,II;HbiX CHCTeM. Ilo BCeH 

BH,IJ;HMOCTH, 6pOMH,II;bl TaK)I(e CKllOHHbl K o6pa30BaHHIO TaKHX 

KOMnneKCOB. B TaKOM cnyqae, TennoTa a,IJ;cop6UHH, a, COOT

BeTCTBeHHO, H TeMnepaTypa MaKCHMyMa 30Hbl MOryT 6b1Tb 

BbiWe, 'leM 3TO cne,IJ;yeT H3 MaKponeTy'leCTH 3THX 6pOMH

,IJ;OB, TaK KaK Ha noaepxHoCTH Tpy6KH HMeeTCJJ. Ni Br 2 • 

12 

Ilpe)I(,IJ;e 'leM DpHCTynHTb K ODbiTaM C KOpOTKO)I(HBYmHMH 

H30TOnaMH, He06XO,IUIMO HMeTb yaepeHHOCTb B ,IJ;OCTaTO'IHOM 

6biCTpO,IJ;eHCTBHH MeTO,IJ;a, T.e. B TOM, 'ITO BpeMJJ. C MOMeHTa 

B03HHKHOBeHHJI a TOMa B JJ.,IJ;epHOH peaKUHH ,!1;0 noDa,IJ;aHHJI 

MoneKynbl 6poMH,IJ;a a 30HY a,IJ;cop6uuu cymecTBeHHo He Dpe

BblwaeT apeMeHH )I(H3HH H30Tona. XapaKTep pacnpe,IJ;eneHHJJ. 

neTy'IHX 6poMH,IJ;OB I puc. 3/, a HMeHHO, o6pa3oBaHHe 'leTKHX 

30H DpH ManOM DPOUeHTe aKTHBHOCTH, OCTaiOmeHCJI Me)I(,II;y 

MHWeKhiO II ~OIIOH Ha KOllOHKe, DpSMO CBH,IJ;eTem,.CTByeT 

0 TOM, 'ITO BpeMS npOXO)I(,II;eHHJI MHOrO MeHbWe DpO,IJ;Oll)I(H

TenbHOCTH onbiTa. Ho 3Toii oueHKH He,IJ;ocTaTO'IHO, ecnu Dna

HHpoaaTb ODbiTbl C 2-ceKyH,!UibiM HHllbC60pHeM, H n03TOMY 

MW: npOBenH CDeUHanbHble OnbiTbl DO H3MepeHIIIO 6biCTpO,IJ;eii

CTBHJI MeTO,IJ;a, nocTaHOBKa KOTOpbiX OnHCaHa B 3Kcnepu
MeHmaAbHOU ~acmu~ Pe3ynLTaTbl npuae,IJ;eHbl Ha puc. 4. 
oblcTpo,IJ;eiicTBHe MO)I(HO oueHHTb DO pa3HOCTH Me)I(,II;y ape

MeHeM Ha6opa onpe,IJ;eneHHOH ,IJ;OnH /CKa)l(eM, 50 HllH 9011/o/ 

HHTerpanbHOrO nOTOKa yCKOpeHHbiX 'laCTIIU H BpeMeHeM, 3a 

KOTOpoe TaKOH )l(e DpoueHT o6~eii aKTHBHOCTH 
90Nb ,IJ;OCTH

raeT 30Hbl a,IJ;COp6UHH. 113 pHCYHKa BH,IJ;HO, 'ITO 3Ta BenH'IHHa 

pasHa 0,1 ceKB cnyqae 50-npoueHTHorOBbiXO,IJ;a,u0,22 ceK 
- ,IJ;ns 90-npoueHTHoii aKTHBHOCTH. Ecnu yqecTb ra30Bblii 

o6beM MHWeHHOH KaMepbl H KOllOHKH H 06beMHYJO CKOpOCTb 

ra3a-HOCHTens, TO 3TH ,IJ;aHHble 03Ha'laiOT, 'ITO DpHBe,IJ;eHHOe 

apeMJJ. y,IJ;ep)I(HBaHHJJ. He npeablwaeT 0,05 ceK. 
IIony'leHHble pe3ynLTaTbl no3BOnJJ.IOT DpHcTynHTb K onbi

TaM DO Bbi,IJ;eneHHIO, H,l:\eHTH4JHKauHH H cpaBHHTenbHOMY H3y

qeHHIO CBOHCTB 6pOMH,IJ;a HHnLC60pHS C HCnOnb30BaHHeM 

2-ceKyH,!Uioro cnoHTaHHO ,IJ;en~erocJI H30Tona 3Toro 'lne

MeHTa. )l;aHHble 3THX OnbiTOB npHBO,II;JITCJI BO BTOpOH qacTH 

HaCTOJJ.meii pa60Tbl. 

ABTOpbl C'IHTaiOT CBOHM npHJJ.THbiM ,IJ;OnrOM no6naro,IJ;a

pHTb aKa,IJ;eMHKa r .H.cl>nepoaa 3a DOCTOJIHHbiH HHTepec K pa-

6oTe, qneHa-KoppecnoH,IJ;eHTa AH lJCCP H..3aapy 3a pyKo

BO,IJ;CTBO H o6cy)I(,II;eHHJI, B.IJ.)l;oMaHOBa 3a nOMO~b B Dpo

Be,IJ;eHHH 3KCDepHMeHTOB. 
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Puc. 3. TepMoxpoMa•ozpaMMbl U3y'laeMbiX 3AeMeHR06. 
/PacnpeoeAeHUe 600Ab XPOMQROZpa~U'IeCKOU KOAOHKU/. Pac-
npeoeAeHUe no pa3AU'IHbiM 'IQCRJIM ycmaH06KU CAeOYIOJIIee: 

3AeMeHR Sc Zn Ga Ge As Se Nb !\lo Tc llf 

MuweHHaJI 
KaMepa,* 70 35 30 40 0 0 30 41 50 10 

XpoMaRozp. 
KOAOHKa,* 30 36 70 0 5 5 67 55 50 80 

MaAaJI 
A06YUlKa,* 0 29 0 60 95 95 3 4 0 10 
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% k 0,~5ce~ 
100 -.-----, 

50---

oo 0,5 -1,0 ceK. 

Puc. 4. OnpeoeAeHue 6r.zcmpooeiicmeuJI Memooa; nyHKmupHaJI 
AUHUJI - UHmezpaAbHbiU nomOK YCKOpeHHbiX UOH06, CnAOUlHQJI 
- HaKonAeHue aKmueHocmu Ha o6ooe oucKa /uHmezpaA xpoMa
Jiozpa~ut~ecKozo nuKa/; !'! s<f 0,1 ceK; /1"go= 0,22 ceK. 
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PyKOUHCL UOCTYU.HJia B H3AaTenLCKHH OTAen 
16 asrycTa 1974 roAa. 

-

Benes B.3., 3saposa T .C., lllanaeBcKHH M.P. Pl2 - 8216 

XHMH'I6CKOe BbiA91I9HHe HHIIbC60pRlil K8K 8K8T8HT81I8 B BH.tte 

6e3BOAHoro"6poMH.tta; 1. TepMoxpo~aTorpa~B'IeCKBH MeTOA .ttns 

H3y'leHHlil 6pOMB.QOB HB06Bli! B T8HT81Ia 

l13y'laiiOCb IIOBe.tteHBe pa.ttHOaKTHBHb!X a'TOMOB OTAa'IH (B3 lil.tl9pHblX peaK

llHfi C Tli!lK91IbiMII BOHaMH Ha UHKIIOTpOHe) liB06HS!0 TaHTana, ra~HHSI H .ttpyrBX 

~lle__MeJq9~KQU>PN@ T.~~~.~ Gll.f.eeH-.uapos Br 2 H BBr 
3 

B c a taM I 
6pOMHPYIDWHM ra30M-HOCHTe1IeM HenpepWBHO IIO.QSBSIIHCb B T6pMOXpOMaTo

rp44JB'IQCKyKi KOIIOHKY H3 HHK91Ilil, Bwno HaA.Qeuo, 'ITO 6pOMBCTbie HHP6BA H 

TaHTaii o6paayroT COBilaAaiDwBe 110 IIOIIOJK6HHID Ha KOIIOHKe '16TKHe az:tcop6UHOH· 

Bble 30Hhl H OT.Q91Ili!IDTCSI OT. 6pOMHCTOrO ra~HHSI. 

BpeMSI .tiBHlKeHHlil STOMOB HB06Hli! OT MHWeHB AO -MOM9HTa 8ACOp6UBH 

Ha KOIIOHKe OKa3aiiOCb paBHblM 0,1-0,2 CeK, 3TH IIOK838TeiiH M6TOAHKH 1103BQ

lUIIOT llpBM6HHTb ee iJ.IISI Ollb!TOB IIO H3y'I9HHID CBOHCTB 6pOMHCToro HHIIbC -

60pHSI C HCI101Ib30B8HH6M H3B9CTHOro 2-ceKyHIJ.HOro CIIOHTSHHO iJ.61IS!Wer~Clil 
uaoTona 105-aneMeHTa. ' 

QpenpHHT 06he~HeHHOrO HHCTHTyTa B~ep~X HCCie~OB&HHI. 

,lly6Ha, 1974 

I I \ Belov v.z., Zvarova T.S., Shalaevsky M.P. Pl2 - 8216 

Chemical Isolation of Nielsbohrium 
as Ekatantalum in the Form of Anhydrous Bromide • 

. I. A Thermochromatographic Method for Niobium' 
and Tant~um Bromides 

See the Summary on the reverse side of the title-page. 
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