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Ilpn o6cy)I(,I\eJIHH Aa.HHhiX o ceqeaWix o6pa30BaHWI aeihpoaonecpunHT-
HhiX H30TOnOB At B peaKIUUIX nOJIHOrO C!IWIHHJI C TJIJK~JihiMH HOHaMH/I/ 

· 6hmo OTMeqeao, qTo creneHh cornacnR :nccnepnMeHTaJILHhiX proynh'rilTOB c 
pacqeToM no craTncTuqecKoii Monenn nocreneHHO yxynrnaeTcR no Mepe yae
nuqeaWI HeHTpOHHOrO necpHQHTa Rll;ep-npOl];yKTOB H COCTaBJIReT cpaKTOp 10+ l5 
ll;!IR Han6onee HeifTpOHOll;ecpHQHTHhiX H30TOnOB At, o6pa3YIOIUHXCR B peaK
UHH 1 59 Tb +4 °Ca . .[LrrR HHTepiipeTaQHH Ha6JIIOll;aeMoro paCXO)I(,I\eHWI 6biJIO 
none3HO npoaecTn a.HanornqHhie H3MepeHnR MR H30Tonoa Bi, qTo n Ran
noeL npenMeTOM aacroJimeii pa6oThi. KpoMe Toro, Toqahle Konuqecraea
Hhie Aa.HHhie 0 xapaKTepHCTHKaX a-paCnall;OB OCHOBHhiX H H30MepHbiX CO
CTOfiHHH aeiiTpoaonecpHI.(HTHhiX H30Tonoa Bi c A< 195 npencraaJIRIOT 
6oJILliiOH CaMOCTORTeJihHhiH HHTepec KaK C TOqKH 3peHWI TeOpHH a-pacna
na, TaK H C TOqKH 3peHHR H3yqeHWI crpyKTyphl OKOJIOMarnqeCKHX .H.iJ;ep 
B paiioae Z ~ 82 121 • 

3KCIIEPMMEHT AllhHAH METOJJ;MKA 

3KcnepnMeHThl BhlllOJIHRJIHCL Ha UHKJIOTpoHe Y-400 nHP OMHM. 
EnoK-cxeMa 3KcnepnMeHTa npnaeneaa na pnc.l. B pa6oTe ncnonh30Bannch 
BhiBeACHHhle nyqKH HOHOB aproHa C ::meprneif 217, 250 H 293 M3B H HOHOB 
KaJihUHli C 3Heprneif 215 H 270 M3B. l13MeHeHne 3Hepr~H HOHOB C rnaroM 
3 -;. 6 M3B ocymecraJIRnoch c noMOIUbiO THTa.HOBhiX n aJIIOMHHHeBhiX no
rnoTHTeneii. 3aeprWI nyqKa nocne npoxo)I(,I\eHHR nornoTHTeneii KOHTponn
poaanacL no .3Heprnn HOHOB, pacceRHHhiX Ha TOHKOH (200 MKr/CM2 ) 30-
JIOTOH cpOJILre Ha. yron 30° • 3aeprHR pacCeRHHbiX HOHOB H3MepR!IaCh no
BepXHOCTHo-6aphepHbiM jnonynpoaonanKOBhiM neTeKTopoM (IIIIJJ;). Pa3-
6poc 3HeprHH HOHOB nyqKa, nanaiOIUHX Ha MHliiCHh, COCTaBJIRJI OT 1 AO 
3%. l1HTeHCHBHOCTh nyqKa Ha MHliieHH ll;HaMeTpOM 10 MM COOTBeTCTBO
BaJia (273) '1011 qacT.fc H·H3MepRnach UHJIHHAPOM <I>apaneR. Morneau 6hiJIH ·. 
H3rOTOB!IeHhl H3 OKHC!Ia Tep6WI. TOJIIUHHOH 600 MKr/CM2 H OKHCJia eapo- . 
nuR-153 TOJIIUHHOH 500 MKr/cM2

• Cnon o:Kncnoa Ha.HOCHJIHCh Ha THTa.Ho
Bhie nonnoJKKH (1,35 Mi'/cM2

). TonmHHa Morneau onpenenRJiach B3Bernn- . 
Ba.HHeM. ToqaocTb B onpeneneHHH TO!Il.UHHhl. pa6oqeif MHliieHH 6hma He. 
xyJKe 20%. l13oTonaoe o6orameane Morneau H3 eaponWI-153 cocTaB]IRJIO 
99,1%. 

hl.CXrH1t:'lailJi ~!HCTITJT \ 
U"!JI!iWl lii:C.,~JlOBi\UII . 

6&1SffHOTEK~ · 
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Pn:c.l. BnoK-cxeMa :~KcnepHMeHTaJihHoii yCTaHOBKH: 1 - norJIOTHTCJIH, 2 - pacceHsa· 

TCJih, 3 - AeTeKTOp Ailll H:IMepeHHH 3HepriiH llY'lKOB HOHOB, 4 - MHWeHh, 5 - UliJIHHAp 

'<t>apaneH, 6- CenapaTop, 7- BXOnHOe•OKHO HOHH3a~HOHHOH KaMepbi, 8- CeT,Ka <l>pHWa 

nepBOH HOHH3~HOHHOH KaMepbi, 9 -KaTon, 10 .,- CeTKa <l>pHWa BTOpoif KaMephi, 11-

aHOA BTOpOH HOHH:I~HOHHOH KaMepbi; 

0T.l{eJieHMe npo,nyKTOB peaK~MH nOJIHOrO CJIWIHMH OT nyqKa M npo,nyK

TOB peaK~Mil nepe,naq ocymecrBJIHJIOCb KMHeMaTnqecKMM cenapaTopoM 

BACI1JTHCA 
13 

•
41

, B KOTopoM nponcxo.nMJio pa3,neJieHne npo.nyKTOB peaK-
. . ., • i 

~MH no 3JieKTpnqeCKOH :>KeCTKOCTM, M npo,nyKTbl peaK~MH nOJIHOrO CJIMHHIUI i · 
cpoKyCHpOBaJIMCb B .l{eTeKTMpyromyro CMCTeMy, paCnOJIO:>KeHHYIO Ha paCCTOH· ' 
HMM 12 MeTpOB OT MMllleHM. . 

B KaqecrBe ,neTeKTopa B Halllnx 3KcnepnMeHTax ncnoJib30BaJiacb ,nBoil

HaH MOHM3a~MOHHaH KaMepa 15 
I, npe,nCTaBJIHIOI.UaH. co6ou CMCTeMy nJIOCKO· 

napaJIJieJibHbiX 3JieKTpOAOB. .[(Be He3aBMCMMbie MOHM3a~HOHHbie KaMepbl 
MMeJIM o6IUMH KaTO.l{. BXO.l{HOe OKHO KaMepbl .l{MaMeTpOM 90 MM 6biJIO 

M3rOTOBJieHO M3 MeTaJIJIM3MpOBaHHOrO JlaBCaHa TOJIIUMHOH 420 MKr/cM~. 
Bxo,nHoe · OKHO CJIY:>KMJIO aHO.l{OM nepBOH MOHM3a~MOHHOH KaMepbl M 6biJIO 
3JieKTpnqeCKM M30JIMp0BaHO OT KOpnyca. CeTKa <l>pMllla nepBOH MOHM3a~MOH· 
HOM KaMepbi pacnoJiaraJiac:b Ha paccroHHMM 5 MM oT axo.nHoro OKHa n -

95 MM oT KaTona B 3KcnepnMeHTax c MOHaMn aproHa n H·a paccTOHHMM 42 MM 

OT KaTo,na B 3KcnepHMeHTaX C·MOHaMM KaJib~MH. B ~eHTpe KaTO.l{a MMeJIOCb. 

OKHO ,nuaMeTpOM 100 MM, 3aKpbiTOe. MeTaJIJIM3MpOBaHHOH JiaBCaHOBOH 
nJieHKOH TOJIIUMHOH 70 MKrjcM2

• PaCCTOHHHH OT KaTo,na· ,no ·ceTKH <!>pnllla 

M Jio aHO,na BO BTOpOH MOHM3~MOHHOH KaMepe COCTaBJIHJIM COOTBeTCTBeHHO , 
. . . I 

185 M 227· MM. BbiCOKoe HanpH:>KeHMe no.naBaJIOCb fia KaTon KaMepbi. Ka- · 
Mepa pa6oTaJia Ha cMecn ra3oB 90% aproHa u 10% MeTaHa. ,llaBJieHne fa3a 

cocTaBJIHJio B 3KcnepMMeHTax 400 Topp. Ilpo.nyKTbi peaK~Mii nocJie npo
XO:>K,nEmll.fl qepro cenapaTop BACI1JII1CA nona.naJin qepe3 axo.nHoe OKHO 

2 
:,• 

5oo ~ssPb 

400 

300 

200 

100 

0 
5DO 5.50' 6.00 

189 
Bi 

6.50 

188m 189tn 

Bires..., Bi 
I I Bl 

7.00. E (~3&) 
153 · 4o · PHc.2. Anhcpa-cneKTP nponyKTOs peaK~HH Eu + Ca, H3MepeHHhrii npH 

3HeprHH 6oM6apnHpyiOwHX HOHOB 200 M:~B. 

~ !. 

'. 
B ra30BbiH o6M!M nepBou· UOHM3a~MOHHOH KaMepbl. I1cCJie,nyeMbie npo.nyK-

Tbl peaK~MH noJIHOrO CJIIDIHIUI OCTaHaBJIMBaJIMCh B KaMepe Ha paCCTOHHMM 

6oJiee 15 MM oT. BXOAHoro OKHa: IloCJie TepMaJIM3a~n B ra3e nccne.nyeMbie 
H,npa o6pa30BbiBaJIM. npeMMyi.UeCTBeHHO O.l{H03apH,nHble nOJIO:>KliTeJlbHbie 

HOHbi, KOTOpbie no.n .neiiCTBMeM 3JieKTpnqecKoro noJIH .npeucpoBaJIM K KaTo

izy n. oce.naJin Ha noBepXHOCTM JiaBCaHOBOH nJieHKM. HanpH:>KeHHOCTL 3JieK
TpnqecKoro noJIH B npoCTpaHCTBe .npeucpa. 6LIJia 6onee 150 BjcM. BpeMI:I 

,npeucpa MOHOB BMCMyTa OT MeCTa MX OCTaHOBKM B Ta3e .1:{0 KaTo,na, no HalllMM 

O~eHKaM, He npeBbllllaJIO 20 MC B OnbiTaX C MOHaMHaproHa M 8 MC B OnLITax 

c noHaMn. KaiiL~IDI 15 1
• B pe3yJILTaTe c6opa .a.nep Ha KaTo.ne Mo:>I<Ho 6LIJio 

Jf3yqaTL MX. a-pacna,n C nOMOIIU>IO BTOpOH MOHM3a~MOHHOH KaMepbl. 3Hepre
TMqecKoe pa3pellleHMe KaMepbi cocuumHJio 40 7 50 K3B. Ha pnc.2 npe,nCTaB· 

JieH a-cneKTp npo.nyKTOB peaK~Mli 1 5 
.
3 E u + ·4 ° C a, M3MepeHHLIH npn 3HeprliM 

•6oM6ap.nnpyl011UfX MOHOB 200 M3B.· ·' 
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3neKTpOHHaJI arrrrapaTypa B HaCTOHll.U:IX. 3KCIIepU:MeHTaX perncrpnpo

Bana ,z:r;aHHbie o6 3Heprnn n apeMean a-pacrra,z:r;a- HyKnn,z:r;oa, co6paHHhiX Ha 
KaTo.rr;e, n o6 3Heprnn H apeMean rrpnxo,z:r;a nx a noHn3aunoHHYIO KaMepy. 

M3MepeHne ~~eKTHBHOCTii c6opa rrpo,z:r;yKTOB peaKunn rronHoro cnHHHHH 
Ha KaTo,z:r; KaMepbi rrpoao,z:r;nnocb Herrocpe,z:r;CTBeHHO B Ka)K,lJ;oM 3KcrrepnMeH-

. Te. ,Zl)'m 3TOH uenn ncrronh3oaanacb peaKUHH ecTDy + 4 0 Ar. TonlUliHa Mmtie

Hli cocTaanHna 600 MKr/cM2
• 3a pa6o'leii MHilleHbiO yciaHaBnHBanCH anroMn

HlieBhiH c6opHiiK TOnlll,~OH 1,8 Mr/CM2
, KOTOpblH rrocne 15-MHHYTHOro 

o6ny'leHHH rrepeHocnncH 3a apeMH 30 c 6e3 HapyrneHHH aaKyyMa K rrony- .1 
' ~ . 

rrpoao,z:r;HnKoBoMy ,z:r;eTeKTopy. B nnTepaane apeMeHn 10 MHHYT rrpoao,z:r;n-

nach perncTpauHH a-pacrra,z:r;a HMIInaHTnpoaaHHhiX B c6opHHK n,z:r;ep. AHa
norn'IHoe Ii3MepeHne a-aKTHBHOCTii Iipoao,z:r;nnocb ,n;nH n,z:r;ep, co6pirnHbiX 
Ha KaTo,z:r;e HOHH3aQHOHHOH KaMepbi. CpaaHeHne ·,z:r;aHHbiX, rronytJeHHhiX ,z:r;nH 

c6opHnKa H KaTo,z:r;a, II03Bonnno orrpe,z:r;enmb aennt~nny 3~~eKTHBHOcTn 
c TO'IHOCTI>IO ± 25% ,z:r;nn HyKnn.rr;oa c rrepno,z:r;oM rronypacrra,z:r;a 6onee o,z:r;Hoii 
MliHYThi. 

PE3YJihTAThl 3KCllEPMMEHTOB 

Ha6nro,z:r;aeMbie B 3KcrrepnMeHTax a-aKTHBHOCTii rrpnna,z:r;ne)!qUJn, B ocHoB

HOM, Ii30TOIIaM BliCMyTa Ii CBliHQa, KOTOpbie. o6pa3yiOTCH Ii3 KOMrrayH,z:r;

H,z:r;pa B (xn)· H (p, xn)-KaHanax peaKunii. M,z:r;eaTn~nKamm Hy'Knn.rr;oa rrpo

ao,z:r;mmci> rro 3Heprnn a-rrepexo,z:r;oa, rrepH:o,z:r;y rronypacrra,z:r;a n rro ~YHKUHH 
Bo36y)K,!1;eHHH. B Ta6n.l rrpe,z:r;craaneHhi Ha6nro,z:r;aeMbie B 3KcrrepnMeHTax 
H30TOIIbi n HeKoTophie nx xapaKTepncTnKn: rrepno,z:r;hi rronypacrra,z:r;a, Han-

6onee BepoHTHaH 3HeprHH a-rrepexo,z:r;a (Ea) n 3Ha'leaHH a-aunoK (ea). ,[(aH
Hhie, rrpnae,z:r;eHHhie a Ta6nnue, B3HTbi H3 pa6oT 16 - 1 0 1 • BhiXOAhi HeKoTopblx 
a-aKTiiBHOCTeii, rrony'leHHhie a peaKUHHX 1 59 Tb + 4 0 Ar + 199-xBi + xn 

n 
153 Eu4- 4°Ca·+ · 193-xBi+xn, a 3amicnMocTn OT 3Heprlfn B036y5K,z:r;e

HHH KoMrrayH,z:r;-n,z:r;pa rrpe.rr;CTaBneHhi Ha pnc.3 n 4. CTaTncTn'lecKaH ornn6Ka 
,!1;nH 6onhillliHCTBa 3KCIIepHMeHTanbHblX proyni>TaTOB He ~peBbiillana 5%. 

. Kompon~, rrpo~e.z:r;eHHbiH IIO BOCIIpOii3B0,!1;liMOCTli BbiX0,!1;0Ba~aKTiiBHOCTeH 
B pa3nli'IHbiX OilbiTaX, noKa3an, . 'ITO OTHOCHTenbHaJI 3KCIIepnMeHTanbHaJI 

. TO'IHOCTh cocTaannna 20% ,n;nn .peaKunn c ncma~m aproHa n .30% ,n;nn peaK~ 
WIH c noHaMn Kani>uHH. Tipn pact~eTax · 3Heprnu ao36y)K,!1;eaHH KoMrrayH,z:r;
H.rr;pa· 3Heprim Dy'IKa liOHOB C'lliTanacb paBHOH ::nteprnn B cepe,z:r;nne MHWeHH. 
lloTepn 3HeprHn B rro,z:r;nmKKe li cnoe. Mnrneim. Y'lliTbiBanncb ~0 Ta6nn
uaM111 '· .[(nH pac'leTa Benli'lliHbl Q-peaKQiili ncrronb3C>BanHCb Ta6mfQbl ., 
Mace /1 

2 
I, llpe.z:r;CTaBneHHbie Ha pnc.3 ',z:r;aHHhie IIO Bhi:iw,z:r;~M a-aKTliBHOCTeH 

B peaKWJ:Ii 1 s 9 Tb(4 0 Ar' xn). 199-XBi Ka'l'ecT:seHH'o xoporno cornacy'IOTCH 

c proynl.TaTaMn, rronytieHHbiMH B pa6oTe11 3 1• 3Heprnn a-rrepexoAOB Ha6nro~ 

4 

Ta6nnua 1. lboTOIIhi, Ha6nro,z:r;aarnnecn B. 3KcrrepnMeaTax, n nx 

xapaKTepncTnKn ,n;nn ocHoBHoro (g) n H30MepHoro (m) cocToHHnH' 

. 

SneMeHT A Ea T1/2cc> .saC%> 

Bi 188 m 7.010 0.044 ' ' ,, .. 

g 6.820 0.210 

189 m 7.206 0.005 75+25 

g 6.675 0.680 75+25 

7.116 
> 

190 6.455 6.2 m .. 
g 6.429 6.3 . ·' 90 

191 m 6.876 '0.15 75+25 

g 6.310 13 60+20 

192 m- 6.052 40 

g 6.058 42 20 

193 m ·6.475 1.9 75+25 

g 5.899 67 3.5+1.5 

lg4 m 5.598 116 

g 5.645 94 ' 0.2 
.< . .. 

195 m 6.106 87 4 

g 5.420 -182 0.03+0.02 

Pb 188 5.98 24.5 22 

189 5.72 51 0.42 

-------
~!)Q _·_ L_§_.Ji_8 __ L_ 72 0.9 

s; 

, ,z:r;aBillliXCH Ii30TOIIOB · B rrpe,z:r;enax 3KCIIepHMeHTanbHOH 0Illli6KH XOpOillO 
' COBIIa,!1;aiOT C rrpHBe,z:r;eHHbiMii B nnTepaType 3HeprHHMii. 11cKniOqeHlie CO· 

CTaBiin nHillb a-pacrra,z:r; Ii30MepHoro COCTOHHliH 1 8 9 Bi. 

.[(nH Bbi'IHCneHHH . a6coniOTHbiX 3Ha'leHHH ·cetieHHH peaKQliH Ha OCHOBe 

,!1;aHHbiX 06 a-aKTliBHOCTli Ha6nro,z:r;aeMbiX B 3KCIIepHMeHTe li30TOIIOB IiC· 
. IIOnb30BanHCb 3Ha'leHHH BepOHTHOCTli a-pacrra,z:r;a ,z:r;nH 3TliX Ii30TOIIOB 

_(a·BiinKli) ,· rrpe,z:r;cTaBneHHbie B Ta6n.l. 1130TOIIbi BliCMyTa C He'leTHbiMii 

MaCCaMli o6pa30BbiBanliCb B (xn)·KaHanax peaKQiili KaK B OCHOBHOM, TaK 
Ii B Ii30MepHOM COCTOHHHHX. Cpe,z:r;Hee 3Ha'leHne li30MepHOrO OTHOilleHHH 
AnH li30TOIIOB 1 9 1 Bi,' 1 9 3 Bi . n 19 5 Bi, KOTOpbie 6hmn rrony'leHbi B peaK
WIH c noHaMn aproHa, cocraanno aenmnny 15 ± 7. Ornn6Ka .B 3Ha'leann 

5 



PHc. 3. BhiXO.tlhi a·aKTHBHoCTeii, H3MepeHHbie ,~:~nn peaKIIHH IS 
9 Tb + 4 0 Ar, 

B 3aBHCHMOCTH OT 3HeprHH B036y)K,I:IeHHH. 

H3MepeHHOI'O OTHOllleHllil CB.R3aHat B OCHOBHOM, C OIIIH6KaMH B 3Halle· 

HH.RX a-BHJIOK. 

l13oTon 1 8 9 Bi 6hln nonytieH B I On-KaHane peaKQHH 1 s 9 Tb + 4 0 Ar H 

B 4n-KaHane peaKQHH IS 
3 Eu + 4 °Ca • .[{nR 3TOI'O H30Tona B :3KcnepHMeH

TaJihHhiX cneKTpax 'Ha6mo.n.anocL TPH a-JIHHHH c 3HeprHHMH · 6,67, 7,126 
H 7,34 M3B. Ha pHc.4 npe.n.cTaBJieHbi cpyHKQHH B036Y*.U.eHHR .ll.Jl.R .D.BYX · 

3Heprm":i: a-nepeXO.U.OB. Jlm~HH C "3HeprHeH 6,67 H 7,126 M3B COOTBeTCTBy

IOT a-pacna.u.y OCHOBHOI'O C,OCTORHHR, a JIHHHR C 3HeprHeH (7 ,34 ± 
± 0,03) M3B - a-pacna.u.y H3oMepHoro cocToRHIDI 1 8 9 Bi. B HaiiiHX 3Kcne-· 

pHMeHTax ·Ha6JIIO.n.anoch 6onee 600 a-tiaCTHU c 3HeprHeii 7,34 M3B. PaHee 

·s· pa6oTe 1101 Ha6nro.n.anocb 2 co6hiTHH a-pacna.u.a 189 mBi. 3HeprHH 3Toro 

a-nepexo.n.a, KOTOpaR naeTCR B pa6oTe, cocTaBJIRJia (7 ,20 ± 0,02) M3B. 

J130TOllbi' BHCMyTa C tieTHhiMH MaCCaMH TaK)!Ce HMeiOT B036y)IC.lJ.eHHbie 

COCTO.RHIDI, H3 KOTOpbiX npOHCXO)l;HT a-pacna.u. 18 1. .[lnR 1 9 0 Bi H 1 9·2 Bi 

3Hepi'HH a-nepeXO.lJ.OB H3 OCHOBHOI'O COCTOHHllil H H3 HaOMepHOI'O 6JIH3KH 

H ·He pa3pernanHch . HOHH3aQHOHHOH KaMepoii. CooTHOIIIeHHe Bhrxonos 
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PHc. 4. BhiXO.t\hi a-aKTHBHOCTeii, H3Mepeaable ,~:~nn peaKIIHH IS 3 Eu + 4 °Ca; 

B 3aBHCHMOCTH OT 3Heprlfli B036y)K.z:leHHH. 

Ta6nmxa 2. <l>yHKQHH B036y)IC.lJ.eHIDI B peaKllHH 1 s 9 Tb + 4 0 Ar . 

E* CetieHHsr peaKUHft C ,MKdH ) 
M3B 4n 5n 15n 7n en . 9n iOn pen p9n piOn 

152 115000 )4250 300 

155 13eoo )5950 400 . 
I 

72 2000 )4e90 2190 

74 520 )2340 21590 

7e )10150 4250 2 

e4 .3520 340 2.5 

90 1275 575 42 

92 1030 1580 7e 

915 3150 15eo 1515 

9e 330 510 230 

102 14 300 320 15 

10e 120 "250 215 240 40 

111 '57 200 40 700 310 4 

120 
... 7. 150 40 ~.5 9150 ·el5o . 115 

1215 115 33 15.5 970 11580 20 

133 5 : 1e 9.5 550 2480 55 

139 1.3. 7.5 15.0 4eo 21eO 90 
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Ta6mru;a 3. <DyHKUHHB036y:lK.n;emm a peaKUHH 1 53 Eu_ + 4 ° Ca 

. -
E*,M3B CeqeHHH peaKuHR CMKd 1 

' ' 
3n 4n' 5n p3n p4n p5n . ' 

41.5 3 0.15 0.15 65 
47 8 2.5 ...J 5.5 
53 22 14 0.5 620 5 
55 23 31 
56.5' 21 29 2 990 17 3 
62 6 25 7 165 
65 5 17 8 1830 310 
66 4 19 ' 6' 2000 280 44 
67 2.5 9 9 1040 355 180 
68.5 2 6 6 850 320 ' 230 

a-aKTHBHOCTeii .O:nH H30Tonoa 1 9 4 B i H 1 8 8 B i H3 ocHOBHoro cocToHHHH K 
a-BbiXO].l;y H3 H30MepHoro COCTOflHHfl COCTaBHJIO 1,4 ± 0,3 H 0,90 ± 0,09 
COOTBeTCTBeHHO .. 

PacctiHTaHHbie cetieHHH peaKUHM 1 5 9 T b + 4 ° C a H 1 5 3 E u + 4 ° C a npe.n
CTaBJieHbl a Ta6n.2 H 3. A6comoTHafl TOtiHOCTb nonytieHHbiX cetieHHM COCTaB
J1flJ1a 70% H Onpe,n;emmacb TO'IHOCTbiO H3MepeHHM 3¢¢eKTHBHOCTH cenapa
l.(HH H c6opa Ha KaTO].l;e, TOJliUHHbl H O].l;HOpO.n;HOCTH MHIIIeHH, TOKa nytiKa, 
a TaK:lKe TOtiHOCTbiO a-BHJIOK. 

OBCY~~EHHEPE3YllbTATOB 

AHanH3 nonytieHHbiX 3KcnepHMeHTaJibHbiX ].l;aHHbiX 6biJ1 BbinOJIHeH Ha 
OCHOBe CTaTHCTHtiecKoro paCCMOTpeHHfl npouecca ,n;eB036y:lK].l;eHHfl o6pa-
3YIOIUerOCfl KOMnayH.n-Mpa. PactieTbi npoao.n;HJIHCb c noMOIUbiO Mo.n;H¢H
UHPOBaHHOM nporpaMMbi ALICA. ~H OnHCaHHH nnoTHOCTeii ypoBHeii He- ~ 

llOJ1b30BaJIHCb COOTHOIIIeHHH MO].l;eJIH ¢epMH-ra3a. Bapbepbi ].l;eJieHHfl paCC'IH
TbiBaJIHCb IIO. MO].l;eJIH BpaiUaiOIUeMCfl 3apH:lKeHHOM Kaii.riH. flpH BbinOJ1HeHHH 
pactieTOB HCUOJ1b30BaJIHCb BbiBO].l;bl pa60Tbi /I I, B KOTOpOM 6biJ1' npOBe].l;eH 
no.npo6HbiM aHaJIH3 peaKUHM 16 s Ho + 4 0 Ar, 1 .~ ITa + 2 4 Mg HIs 9 Th + 4 °Ca. 
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Puc. 5. Ceqemm o6pa:msamm H3oronos BHCMyTa B xn·KaHanax peaKLmii 
IS9Tb + 4o Ar_ (•) "I s3Eu+ ~oca (•). 

KaK cne.n;yeT _ H3 .3Tou pa6oThi, xopoillee cornacHe 3KcnepHMeHTaTJibHbiX 
u pactieTHbiX 3HatieHHM cet~eHHM peaKUHM nonytiaeTcH 6e3 yt~eTa o6onoqeq
HhiX 3¢¢eKTOB a napaMeTpe nno'i'HocTeii ypoaHeii (.1 W = 0) H o6onoqeq
Iioii nonpaaKH K 6apbepy .neneHHH (.1Br = 0), a TaK:lKe npH oTHoiiieHHH 
napaMeTpOB- nJIOTHoCTeM ypoaHeM B AeJIHTeJibH~M H HCnapHTeJibHOM KaHa
nax, paaHoM e.nmmue (a r/ a v = 1) . B HacTomueH: pa6oTe pactieTbi . 6bmu 

BbinOJIJ!eHbi TaK:lKe npH .1 W = .1 Br = 0 H ar/ av = 1. HaHJIYtiiiiee cornacHe 
c 3KcnepHMeHTOM · 6hiJ10 nonyt~eHo, Krir,na aenHtiHHa :lKH,IJ;KoKanenhHoro 
6apbepa .n;eneHHH yMHo:lKanacb Ha Ko3¢¢HuHeHT 0,75 .n;nH· KoMnayH,n-Mpa 
I 9 9 Bi, 'ITO coomeTCTBYeT 'yMeHbllleHHIO 6apbepa ,nenemm Ha 2,5 M3B, H Ha 
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I<03¢¢m~neHT 0,68 .rmn 1 9 3 Bi. Ha pnc.5 TOtJI<aMn H3o6pa:lKeHhi 3I<cnepn
MeHTaJihHhie cetJeHHR: xn-I<aHanoa peai<unn c noHaMn aproHa a Mai<CHMyMe 
cpyHI<UHH B036YJKLJ.eHHR ll I<B~paTHI<aMll - aHanorn'IHbie aeJIH'IllHhi MR 

peai<QHH c noHaMn I<aJihQHH. Ha ocn a6cQncc OTJIO:lKeHbi MaccoBhie tJHcna 
ll30TOUOB BllCMyTa, nOiiy'leHHhie B pe3yJILTaTe ncnapeHHR: X·HeHTpOHOB. 
CnnouiHan JIHHHR npoae.neHa tiepe3 pactJeTHhie 3HatJeHHR cetJeHnl1 .nnn peai<
unn 

1 5 9 
T b + 4 0 

A r, nyHI<THpHan - .nnn peaKQnn 1 5 3 E u + 4 ° Ca. 113 pncyHI<a 
Bll.D;Ho, 'ITO nonytJeHo xopornee cornacne 3I<cnepnMeHTa c pactJeTOM. 

AaTophi 6naro,napHbi IO.A.My3hi'II<e, E.I1.IlycThiJihHHJ<Y 3a npoae,neH
Hhi~'pactJeThi, )J..)J..Eor,naHoay 3a noJie3Hhie o6cyJKLJ.eHHH n O.H.Manhirneay 
3a noMomL a pa60Te. 
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