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TI9HCK TeTpaHe~TpoHoB B peaKuHgx neo~Ho~ nepesapgnKI! 

IT- -M930HOB" Ha TmKe1IbiX gnpax 

C noMOIUbiO peaKUII~ llBO~HO~ nepe3apgnKI! IT,~ -Me30HOB Ha. (a ) 

K1IacTepaX gnep CBIIHUa II peaKUIIII 208Pb (4n;·y) 2 l2pb npOBOll111ICS! nOI!C 

HyK1IOCTa61!1IbHbiX TeTpaHe~TpOHOBo l1neHTI!cjliiKaUHS! 212Pb II ero llO'lep

HIIX ~pOJlYKTOB np01!3BOllii1Iacb nyTeM pei'I!CTpaUI!II a -'laCTIIU II 1!3MepeHIIg . 

. IIX SH9pi'IIIIo Tiony'leHo, 'ITO eepXHS!Sl I'paHI!Ua npOI!3B9ll9HI!Sl Ce'leHII~ llBYX 
I'HnOT9TI!'l9CK~X peaKUII~ u

1 
(IT- -t208Pb-+ IT++ 4n+ ... )u ( 4n+208Pb-+ 2l~b+ y) 

He npeebiWaeT to-54 cM4. 
2 

Coo6~eHMe Ofu.e.QMHeHHOrO HHCTHTyTa H.r:tepHbiX HCCJie.QOBRIDdi 

,lly6ua, , 1973 

Batusov Yu.A., Ganzorig Zh., Gumnerova L., 
Dudova· I.V., Sidorov V.M., Khalkin V.~.~ 
Chultem D. 

Search for Tetraneutrons in Reactions 
of "--Meson Double'Charge Exchange on 

Heavy Nuclei 

PI - 7475 

Using the reactions of the double charge exchange of 
" -mesons on.(a) c).usters of Ph nuclei and the208 Pb('b,y) 212pb 
reaction a search was made for the nucleon stable tetra
neutrons. The identification of 212 Pb and its daughter 
products was performed by detecting a particles 'and measu
ring their energies. It is found that the upper limit of 
the cross section product for two hypothetical reactions 
does not' exceed lo-54 cm4. 

· Communications of t~e Joint Institute for Nuclear Re~arch. 
Dubna, 19,'13 
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.BBEJ{EHHE 

IIpo6neMa cymecTBOBaHHJI ueiiTpoHHLIX H.nep o6~e
H3BeCTHa. B qacTHOCTH, 6oni.moii TeopeTH'IeCKHii ·uuTepec 
npe,ncTaBnJleT BOnpoc, cy~eCTByeT ·nu TeTpaHeHTpOH ( 4n) -
- JI.I:(pO, COCTOJI~ee H3 <JeTLipex, HeHTpOHOB H CTa6BnLHOe no 
OTHOUieHHIO K BCnycKaHBIO HyKnOHOB. 

3a·riocne.I:(HBe 10 neT 6LUiH BLIDOnHeHLI MHOrO'IHCneHHLie 
3KcnepBMeHTLi, nocBJIII(CHHLie 3TOH npo6neMe·. Pe3ynLTaTLI 
onLITOB ·.npe.ncTaaneHLI B Ta6nuue 1, H3 KoTopoii au.nuo, 'ITO 
B Ka'leCTBe B03MO:>KHLIX HCTO'IHHKOB 4n HCCne.noaanHCL 
:peaKUHH pa3Bana TJI:>i<eni.tx /1-3< ~pe.nuHx/4/ H nerKux/5..:7; 
H.nep;· a TaiOKe :naoiiuaJI nepe3apH.nKa rr -.-Me30HOB ua 

. 4 lJe /B-10/. 3Kcne:pHMeHTaTopaMH npHMeHJinHCL .I:(Ba OCHOB
HLIX MeTo.na · .nnH ua6nro.neHHJI TeTpaueiiTpoua: aKTBBa
UHOHHLiii / 1- 3/ 8· KHHeMaTH'IeCKHH auanH3hl' .. ·1--lO/ JI.I:(epHLIX 

. peaKUBB. KaK BH.I:(HO H3 TpeTLero CTOn6ua Ta6nHULi, BO BCeX 
3iccnepHMeliTax. nony<JeHLI nHUIL BepXHHe rpaHBULI ce<JeHBJI 
BnB BepOJITHOCTB· o6pa30BaHHJI TeTpaueiiTpOHa B HCCne.nye
MLIX peaKUHJIX •. 3TH ,naHHLie Tpy.nuo cpa:BuuaaTL Me>K.ny co6oii, 
Ka<JeCTBeHHO,, O.I:(HaKO MO>KHO OTMeTHTL, 'ITO Bee; OHB onpe-

. ,neneHHO yKa3LIBaJOT Ha Manyro BepOJITHOCTL. cymeCTBOBaHHJI 
TeTpaueiiTpoua. · TeM ue Menee, · HMero~uecH 3KcnepBMen
TanLHLie ·.nanuLxe. coa.epUienuo ue.nocTaTO'IHLI .nnH Toro, 'IT06LI 
c.nenaTL O.I:(H03Ha'IHOe yTBep>K,neHBe 0 cymeCTBOBaHBB 4n·. 
Ilpu TaKoii CHTyauHH n106oii HOBLiii no.nxo.nK 3KcnepBMeHTanL
HOMY paJpeUieHBio npo6neMLI npe.ncTaBnHeT HHTepec. · 

B .nauuoii pa6oTe HJnaraeTCJI peJynLTaT · e~e o.nuoro 
3KCnepBMeHTa no nOHCKY CTa6BnLHOrO TeTpaueiiTpOHa. 
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IIOCTAHOBKA 3KCIIEPHMEHTA 

0CHOBHa.JI H,Il;e:H 3TOro 3KCnepHMeHTa TaKa.K ::>Ke·, KaK H B 
pa6oTax/B-10~, H 3aKmoqaeTC_H B HCnOllh3,0BaHiiH peaKD;HH 

· .IJ:BOHHO:ii nepe3ap.K.IJ:KH , 1T- -Me30HOB H<l anh4Ja-qacTHllaX . .D:ll.K 

nOHCKa H,Il;pa 4n. 0,Il;HaKO, B OTllH'IHe OT npe.IJ:hl.IJ:Y~HX 3KCne
pHMeHTOB, B Ka'leCTBe MHWeHH B HaWeM OnhiTe 6epyTc.JI·He 

H,Il;pa renH.il, a, TH::>KellhJe .JI.D:ya, noaepXHOCTh KOTOphlX, KaK 
no:Ka3aHo B pa6o'iax ',~ 1 ·_12, o6ora~eHa anh4Ja-qacTH'IHhlMH 
KnacTepaMH. 

.·ITo cpaaHe.HHIO c renHeaoii, TaKaH MHmeHh .D:aeT :So3M.O::>K
HocTh npHMeHeHH.JI MeTO,Il;a aKTHBaUHOHHOrO aHanH3a ,Il;ll.JI 
H.D:eHTHifiHKaUHH· TeTpaHeHTP9HOB. llHcno "anh4Ja-qaCTHU" B 
renHeBOH'H, HanpHMep, CBHHUOBO:ii MHWeHHX O.IJ:HOrO H TOrO 
::>Ke aeca lfiaKTH'IeCKH MO::>KHO C'IHTaTb O.IJ:HHaKOBhlM, T.K. 34J
t)eKTHBHOe 'IHCno anlita-KnacTepoB Ha OAHO TH::>Kenoe H.IJ:PO 
paaHo npHMepHo 30 1 · . 

PeaKUHH .IJ:Bo:iiaoii !lepe3a~H.IJ:KH rr- -Me3oHa Ha 
(a) -KnacTepe c o6pa3oBaHHeM n HBnHeTc.K o6paTHoii no 
OTHOWeHHIO K peaKUHH ,Il;BOHHO:ii nepe3apH.IJ:KH TT+ -Me30Ha 

Ha ( 
4

n) -KnacTepe c o6pa3oBaHHeM ·6biCJp,oii a -qacTHUhl, 

KOTOpa?,l 06Cy::>K,Il;a~acb HaMH B pa6oTe 4~ Ce:eHHe n:Po- . 
uecca rr++(4n)->rr +a MO::>KeT cocTaBnHTL- 6 ·10 27 CM , • · 

'ITO u CO~TBeTCTByeT no nop.K.IJ:KY BenH'IHHhl nonHOMY ceqJlf!l!O 
.IJ:BOHHOH nepe 3ap.K.IJ:KH 1T + -Me 30Ha Ha T H::>KenhlX .K,Il;pax . • 
H3~ 3a.npHcyTCTBHH TH::>Keimro H.IJ:pa- OT.IJ:a'IH B 3THX peaKUHHX 
npHMeHeHHe npHHn;Hna -~eTanbHoro paBHo:Beciu· xBn.KeTc.K He 
COBCeM CTpOrHM. TeM He MeHee,. ecnH CYIUeCTByeT -~'eTa-' 
6HnhHhlH" TeTpaHe:iiTpOH, MO::>KHO O::>KH,Il;aTb 3aMeTHYIOBepO.KT~:'" . . - .. ' + ' ' 
HOCTh .p;nH peaKUHH 1T +(a) _;_TT +(4n)• . . . ... 

3KCIIEPHMEHT 

Br.z6op MuweHu 

... Cpe.IJ:H TR::>KellbiX H,Il;ep B ·Ka'leCTBe MHWeHH He06XO.IJ:HMO 
6hlll0 - Bhl6paTh TaKoe, 1JT.06bi · B 'pe3yllbTaTe BTOpH'IHOrO : 
B3aHMO.IJ:eHCTBH.JI TeTpaHe:iiTpOHa C 3THM H,Il;pOM o6pa30BanOCh 
R,Il;po-ocTaTOK, K.OTOpoe ·.Morno 6biTh • H.D:eHTHifiHUHpoBaHo C 
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BbiCOKOH 'IYBCTBHTe1i.'JI~CTbiO. 3-i-(,:My ~'pe'6oiJa:iiJIIO .y~oBneT
BOp.HIOT MHllieHH H3 ecTeCTBeHHOrO CBHHI.J;a H BHCMyTa~ 

· ~~iicT:Biin~nLHo, pe'8.l<tiHH 208Pb( 4 n, y)· H 209Bi(4n,: P) 
npHB·o~.H·T ~·o6pa3.o'Baiimo .H.npa 212Pb; xoTopoe xopomo H~eH- · 
THclJJII.J;Hp}'eTCH 'no· ani.dJa·"' lc3n)hu!IIHio ero ,tioiiepHHX npo~yKTOB; 
212131 'H'·212p0 /puc.·Jj; · ' ,. 

~·-· .:r j .,; :. •• •. t· '~~ . :- ·•. ·, ~;: : 

. . . 212 .. . :: .. : Pb 
10,64 4. 

·!~- .. . : ', 

~ ~. ~~ ... 

:~7':('fJOY.J 

:.) 

.,. '.j • . : • • , ···' 

.·· 2128;' • ~- (647.} 

60,_6 MUH. 

.•• • :; ,.1, 

!'· ·· · Ea = 5,60. M38( 1 /.)' . EJ = {],! e· M~fl,(JOO/.): . ·: 
5,76 M~B( -2%) . · ·· ·' 

.... ·. 605 M38(70/.)·'L 
I . e 

.,._._._6,a9·M;a(27'%J· .. ·· 
~ .. 

,. 
. ; - !.! ; '·. t ... ·,: ~ 

. . ' -:•· ::: ." '. ' " ., . ' "' . . ) . .. .. '·. .. . : .. 212 ; • . l. 
PH c. 1. OcH:oaHLie. <•a ,-nepexo~bl ~oqepHHX npo~yKTOB · Pb • ·. 

·;,,, )V':,·' •· '• r:r .. ;.... ' i ·, . • ) ' ''- ~ £ ~; ' ; ' ; ; ;· J •. 

.:A B;; !f~,~~~-~m~~ {)aq?f~· C~~~~~a .n~~bl·T~:O~~-~,P~r'H'~~~~~P.-.: ~ 
aa.1'!>;·Te,Tp.~He,iirp,oH?I,! .~c~OJ1L:JY.f!::PeaKn;ino. :. , Pb( Q,y) .... : ,Pb .. 
Bep9.HTH<;lC,'fL.,$p~().JlhiX .P~~KUHii. :p~na~(Bije,a) ,,.( }q,~p) H;T .~ ... ~. 
B I<OTOPLIX .• ~o)KeT .. 6LI'I.'L, peapH30J;JaHa .. n,e.p,e,naqa_ 'le.Thlpex .• 
Heifrp~~~B;· 'no -~HnH~o:My'. ~an·a.: ~ITOCKOJxb~Y '.ll.n.H. oc~~c;:r:_· 
aneHH.H i'axHx peaKn;Hii Iieoi~o~HMo; no xpaiiHeii":M~pe; l'pex ~ 
xpaTHoe npoxmK~eHHe 3apJDKeHHLIX qacTHU qepe3 noTeH
n;HanLHLIH 6apLep T.H)Kenoro .H~pa. 

" ... \ ~ !. { .... -~}. "'\ !' ..... ~-·; ,:_ ~ 

06Ay'leHue '•.i, -~\~l ,:···• :~r: ··.'"r~·\ 

.. •,M'nmeHJ>;: H3L::·Pb'(NQ:' )'>;·-~BeCOM'• 300-::z ·Hi TOnuUlHOH . . 3 2 .. 
5• z/cM:2•_.o6nyqanacL:B nyqxe :oTpHn;aTenLHhiX. ··~r . ..,:..Me30HOB, 
c '3HeprHeii-';90•;M3B Ha •CHHxpon;H:KnoTpoHe· OH.HH~_-HHTeH-: 
cHBHOCTL• n~Ka':paaHsnact. "<' -· 106 ·'IT -fee ir, a ~nHTenhHOCTL 
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o6ny'leHH.H - 8 'lac. lJepe3 30 MUH. nocne xoHn;a 3Kcno-
3HUHH Ha'IHHanocL XHMH'Iecxoe BLI~eneHHe BHCMyTaH3 o6-
ny'leHHoii MHmeHH /eM. puc. 1/. · 

' ~" 
XuMu'lecKaJl npoijeoypa . .._.. . 

MHllieHL H3 HHTpaTa CBHHI.J;a paCTBOp.HnaCb B ·ao~e H, . .I\Ji.?J . 
KOHTpOn.H 3a noBe,D;eHHeM ynLTpaMHKpOKOnH'IeCTB BHCMyTa 
K paCTBOpy ~o6aBn.HnCH pa~HOaKTHBHhiH H30TOll 

207Bi , He 
HCfibiTbiBaiOII.J;HH. a -pacna~a. "BHCMYT OT~en.HnC.H OT MaTe
pHana cop6n;Heii Ha 3apaHee cclJopMHpOBaHHOM oca~KeTH~j><)-. 
OKHCH )Kene 3a. IJocne , $HnbTpan;HH H npOMbiBKH oca~OK 
pacTBOp.HnC.H B COn.HHOH KHCnOTe, H ~nH 6onee nonHoro OT
~eneHH.H oT CBHHn;a rH~pooKHCL *ene 3a eme pa3 oca*~anacL 
aMMHaKOM. Oca~OK OT~enHnC.H OT paCTBOpa H nocne ;TIUa
TenLHOH npOMbiBKH p~CTBOpHnC.H B He6onhlliOM o6beMe pa3-
6aaneHHOH COn.HHOH KHCnOTbl. )Kene30 H BHCMyTpa3~en.HnHCb 
·Ha cynL$aKaTHOHHTHoii KonoHKe.. . Co~ep:lKaBuiRe BHCMYT 
COn.IIHOKHCHbie' '3$$nroeHTbl nepeHOCHJlHCb B 3neKTpOnH3aTOp, 
BRCMYT OCa)K~anc.H Ha KaTO~e H3 rmaTHHOBOH clJoiJLrH.::rrpo
~on»<HTellhHOCTb 'aceii' np()n;e~yph( 6hma. OKOJIO 45~ M~HYT •· 
BbiXO~ COCTaBHn 6onee 95o/o. 

cf>OHOB t.'r~··,on bl111bl 

. . .nn.11 perHCTpai.J;HH' a· -aKTHBHOCTHH3
1

o6Jiy'leHHOH.MHWehH 
6Lm o:,·HcnonL30BaH anL$a- cneKTpoMeTp. c noaepxHocTup-" . 

~ . • . • ,v ·' • 

6apLepHLIM ~eTeKTopoM. CnexTpoMeTp He HMen $oHa B ~Ha- · ·· 
na3oHe BLillie ·2 M3B npH H3MepeiiH.HX 6e3 MHUieHH. 

cl>oHOBLie :::a -nHHHH 5,3 H 7,7 M3B jpuc·I 2a/ Ha6mo~a
nHcb npit H3~¢peHH.HX c MHmeHLro, npHroToam!H:Hoii nyTeM. 
BbJ~eneHH.H .lfM(:MyTa H3 HHTpaTa CBHHI.J;a, He o6iJyqeHHOrO 
·n:"f,.~~e~qJf~·iflt~ --~ · .. · .· ...... · "~~ ..&-"• .. - · ,.: 

·"'1 CpaBiui.T~enLHO 'Bbl~pi<:H:ii ·nHK:'5;3 M3B· COOTBeTCTByeT i 
li3oioh)?~210~Po '; :c·oAep;Kauie:MY.c'i J 8'-·'c:BiiHue. ''XHMH'Iecxax; 
i. -.~·; ~ •• _;-..-.... !"{' ··-~- ... •-. .-·-.···· .;;:._,,~~·· . ., ~'·:·•.- ..... ,. -~ ·" .. ~~;·-,., ..••• ,}~--. 

o~ncri<a 01: nonpH,H.H c.nen;HanLHo He npoH3ao~HnacL, nocxonL • · 
xy.-- 2wp~ · n:c:iio~i~o:sa:nc.H . .ii.n.H ~ay'rpe~:H~ii ·:)Hep.rel-.Ht~ecxoii .. 

, • • . -, .- ""'-~ ·: . • .I.,_ • • • • .• • 
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Pac. -2. Pe3ym~TaTLI H3MepeHHJI cneKTpoa a -qacTJm ,D;JIJI 
ttpenapaTOB BHCMyTa, BLI)J;eJieHHLIX. a/.H3 HHTpaTa CBHHD;a,He. 
o6nyqeuuoro "- -Me3oHaMH; li/.Ilocne o6nyqe.HHJI MHmeuei 
11- -Me30HaMH; B/.KanH6poaoquLJ:e a '-cneKTPLI OT.HCToq-
HHKaaKTHBHO~O. oca,u;Ka 'pa.IJ;HOTOpHJI (~l2pb }. '· . . 

•• 
J 

."'7:-'"· 

··::: 

KaJIH6pOBKH H HenpepbiBHOrO KOHTpOJIH CTa6HJihHOCTH pa60TLI 
anL4!a-cneKTpoMeTpa; ·. · · . ·, 6 . '. . . 214 p " 

QqeHL •cna a.~~:•·nHHH.Hq,7 M3B-oTHOCHTc.!I:·K' ·- .o,. HB-
JIHrome:uycH ,noqepHHM npo,nyKTOM 21/~Bi · /19,7 MUH/ B ec-
TeCTBeHHOM pa,nHOaKTHBHOM pH.IJ;Y ypaHa~ ··. 

· cl>oH oT e cTe cTaeimLrx pa,nH:oaKTHBHLix :meMeHToBTopne,;. 
_BOrO pH,na; ' CO,IJ;ep:lKamHXCH -B 'CBHHI~e; KaK 'H O)KH,ZJ;aJIOCh'; · 
ucqe3arome Man. O,nHar<o 4!oli ThB( 212pb) oT·'3MaHao;uu 
T·opolia :u3 3eMHOH ·no:BepXHOCTH HJIH coneii TOpHJij<HaXO,IJ;H
mHXCH a ·3,naliHH xnM:U:qeckoii na6opaTopnn; npe,ncTaBnHn ua., 
H60JILW}'IO' "onaCHOCTh" .zlmi HaiiiEH'O 3KcnepHMeHTa;nocKOJIL
KY ero cneKTP B 'foqHOCTH COBIIa,naeT c· HCKOMLI~UI a' -JIB., 
'HHHMH. · 3TOT. 4!oH y~aJiOCh yM:elibiiiHTh ,no' MHHHMyMa /,no 
Hy.iJH'Ha puc~' 2a/ nyTeM ycTpaHeHH.II'B03MO:>KJiOCTH KOHBeKUHH 
B03,IJ;yxa B pa6olJ:eM IIOMemeHHH ,IJ;O H BO BpeMH' XHMHqecKOH 
npoue,nyphf;·· Kpo~e Toro, ;'MHIIIeHL rrepe.n HCIIOJIL30BaHHeM 
xpaHHnach a 3aKpi,rroM KOHTeiiuepe. 

•,· 

Kallu6poaKa' a/zi;tfta- cnei<mpoMempa 
t'., .f•! ... 

~. ~ ·~· ·r 
_; •• J 

KanH6poaKa cneKTpoMeTpa rrpori3:Bo.nimacl, c no:Mo·mLIO 
ncToqHHKa aKTHBHoro oca,nKa pa,nHoTopHH (212 Pb ), H3roToa- · 
JleHHOrO MeTO.IJ;OM 3JieKTpOCTaTHqe CKOrO OCa:lK,IJ;eHHH.B aTMOC-
4!epe 3MaHaD;HH TOpH.II /puc; 2a/. 3Ta KaJIH6pOBKa BO n36e
:lKaHHe B03MO:lKHOrO 3arpH3HeHHH CIIeKTpOMeTpa 6biJia npo
H3Be,IJ;eHa B KOHUe 3KCnepHMeHTa H cpaBHHBEI.JiaCb C BHyTpeH- . 

'Heii KaJni6po'~Koifno' 210Po. TaKltH npHMaH ;~<ailu6i>~ii:Ka He~ 
nocpe,ncTaeaHo .orrpe,nenHeT KaHaJILI cneKTpoMeTpa, ·a xoTo
pLIX ,nomK~LI noimHTLCH on~~eT~I OT HCKOMOrO·· 34!4leKTa, 
11 .neMOHCTpHpyeT «t>opMbl a -nHHHH~ HanpHMep, BbiCOK03He·p
reTHqecKHH xaocT JIHHHH' 8,78· M3B :Mo:lKeT: 6i.iTL o61.JicHeH 
_{3- -a -coana.neliH.RMH o~ pacrra.na 212Bi H 2~2.P~ :n:'3a:BucHT 

O.T r;eoM:eTpl{H OIIhiTa~· 
·, :~ 

i ... ~ '-~ ~:' 

·- ,,· • ' ~ ~- '.," .,., ,. \ I 

~ • -, T ' ~. ' ~ 

'' '' 

pj§iyJi};TAThi·3KCIIEPHMEHTA' ... , 
.... - •• : ~. • • • < 

.-: •'1t' ....... _ .• ·.._ ' •. '·· >_: '. ~ ';'. 

Pe3yJILTaTLI H3MepeHHH cneKTpa a ·qacTHU ,nn.11 npena
pan)a BHCMyTa, Bbi,IJ;eJieHHhiX u3. _2 CBHHUOBbiXMHIIIeH~H nocne 
o6nyqeHH.H 11- -Me3oHaMH, no:Ka3aHLI. ·Jia' puc~•·26:· Bn.nHo, 

·ig 



. ,.:,J 
... ~-; 
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'ITO O:>KH,naeMOMY-31iJ!IJeKTY COOTBeTCTByeT l.feTblpe HMnym.ca 
/3TH cnyqaH: Ha puc. 26 noi<a3aHbi cTpenKaMH/. 

IToci<onLKY $ou oT e cTe cTaeuuo:H pa.nuoaKTHBHOCTH TOPHH 
Ol.feH~ 'IYBCTBHTeneH. I< ycnOBHJIM 3I<CnepHMeiiTa /B l.faCTHOC
TH, I< KOHBeKnHH B03,nyxa B llOMe~QeHHHX/, npu _HMeiOIQeHCJI 
cTaTHCTHI<e Mbi He MomeM c.nenaTb xaxux-JIB6o. onpe.neneu
HbiX 3ai<ni01.feHHH 06 H',IJ;eHTHiiJHI<aD;HH TeTpaHeHTpOHa, a MO)KeM 
OD;eHHTL llHIIIb BepXHIOIO rpaHHUY Cel.feHHJI o6pa30BaHHJI 4 0 . 

" 

Hoene yqeTa acex 3KcnepuMeHTanLHhiX lbai<Topoa, TaKHx, ., 
KaK BCllH'IHHa. llOTOI<a 1T -Me30HOB, Bpe.MJI o6ny1.feHHJI.H ox
nam,neHHJI MHIUeHH, llpO,IJ;Oll)KHTenLHOCTb H reoMeTpHJI H3Me
peHHJI, !:J!IJ!IJeKTHBHOCTb ,neTei<Topa H XHMHl.feCI<OrO BbiXO,IJ;a, 
Mbi nonyqaeM, 'ITO ecnu o6o3Ha\HTL a 1 u a cel.feHHJI 
runoTe TH'Ie CKHX pe ai<n;u:H 208 Pb ( TT-; TT -+ 4n+ •. ) u 208p~( 4n,yj1 2pb, 
COOTBeTCTBeHHO, a T - BpeMJI )KH3HH TeTpaHeHTpOHa 6e3 
yqeTa ero .nuccouuauuu B pe3ynbTaTe B3aHMo,neiicTBHH co 
cpe.noii, TO .nn.JI r B HHTepaane IQ-18; Io-.9 ceK, _o

1 
o

2 
r -~ 

< IQ-63cM 4 ceK:. u "nH r > 10-9 o o < IQ-54cM · ... ·~· 
- ' ....., . - ' I 2 - · 

/rpauun;a r > Io-18ceK onpe.nen.JieTcx .:BpeMeHeM np~neTa 
penJITHBHCTCKOH l.faCTHUhi MemaTOMHOrO paCCTOJIHHH, T"' 

Io-9 ceK - apeMx ee nponeTa 3a npe.nenLI MHIIIeuu/. 
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