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rpoMOB K.~. ~ AP· PI - I2527 

3Kcnep~MeHT~ no no~cKy cynepnnOTH~x RAep 

On~c~eaiOTCR 3KcnepHMeHT~ no noHcKy 6eTa-aKT~BH~x cynepnnOTH~x 
RAep cpeAH npOAYKTOB B3aHMOAe~CTB~R npOTOHOB ~ Ae~TpOHOB C 3HeprHe~ 
8 r36 C TaHTanOM H BOfib~paMOM. Hcnonb30BancR MeTOA Macc-cenapa~HH 
"orr-line" CO CKaHHPOBaHHeM pacnpeAefieH~R 6eTa-aKT~BHOCTH Ha KOnneK-
TOpe. AHOManbH~e RApa He 06Hapy*eH~. YcTaHOBneH~ cneAY~He eepXH~e 
rpaHH~~ HX B~XOAa: AfiR KanHR- 7·10-5 OT B~XOAa 4 2K; AfiR py6~AHR-
3·10-4 B cny4ae (3+ -pacnaAa H 4.10-5 B cny4ae {r-pacnafa OT B~XOA<I 
8 1Rb; AfiR ~e3HR- 4.1o-5 AfiR 6apHR- 8.10-5 OT e~xoAa 12 Ba . O~eHKH 
B~XOAa CAenaH~ e npeAnono)l(eH~H nepHOAa nonypacnaAa cynepnnOTHbiX RAep, 
paeHoro 5 4aCaM. 

Pa6oTa e~nonHeHa e fla6opaTopHH RAepH~x npo6neM OHRH. 

npeOpHHT ~ 06"b91lHHeHHOI'O HHCTHTYTB RAepHbiX HCCneAOBBHHII, ,Uy6Ha 1979 

Gromov K.Ya. et al. PI - I2527 

Experiments on the Search for Superdense Nuclei 

The seach for beta-active superdense nuclei among the products 
of the interaction of 8 GeV protons and deuterons with tantalum 
and tungsten targets are described. The mass-separation off-line 
with a scanning of the beta-activity distribution on the focal plane 
was used. According to the pion-condensation theory, the long-lived 
abnormal nuclei are expected to be more neutron ·- deficient than 
the usual one. Moreiver, their mass numbers may be significantly 
noninteger measuring in the normal mass scale, because of unusual 
binding energy. These predidions were used in the present search. 
Abnormal nuclei have not been detected. The upper limits for their 
yield are the following: 1) for potassium in the range of 34.:>A£:41-
7·10- 5 in respect to the yield of 42 K; 2) for rubidium in the range 
of 73£:Ad9- 3·10-4 in the case of (3+ -decay and 4·10-5 ({3- )in 
respect to the yield of 81 Rb; 3) for cesium in the range of 113~A£:123 
4·10-5 in respect to the yield of 128Ba; upper limit for barium is 
twice as large as for cesium. These estimations were made under as
sumption that the half-life for superdense nuclei is equal to 5 h. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 
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1. BBB,4BHHB 

Mur.n;aJIOM C COTpy.n;HHKaMH H 3aTeM pR.D;OM .n;pyrHX aBTOpOB 

pa3BHTa TeOpHJI TaK Ha3MBaeMOi "llHOHHOfi KOH.D;eHCaUHH" /eM. 

o63opeMe pa6oTbi Mur.n;ana
1 1

·
2 1 

r.n;e .n;aua no.n;po6eag 6u6nuorpa

ljluR/. .H.n;epuoe semecTso, Ha'iHHaR c uexoTopofi KpHTH'iecxofi 

llJIOTHOCTH nc, CTaHOBHTCJI HeyCTOi'iHBbiM OTHOCHTeJibHO pO)I(.IJ;eHHJI 

CBR3aHHbiX nuouos. Cne.n;cTsueM 3Toro RBJIReTCR ljla30BLifi nepexo.n; 

B COCTOJIHHe C "rrHOHHMM KOH.D;eHCaTOM". CorrpOBO)I(.IJ;aiOJUHfi rrepexo.n; 

BMHrpbllll 3HeprHH MO)I(eT IlpHBeCTH K CTaUHOHapHOMy HJIH KBa3H· 

CTaUHOHapHOMy COCTOJIHHIO IlpH llJIOTHOCTH n s, B 5-8 pa3 rrpeBbJJJJaiO· 

mefi HOpMaJibHYIO nO ~ TeopHJI He MO)I(eT Ha.IJ;e)I(HO paCC'iHTaTb 

IlOJIHYIO 3HeprHIO cyrrepilJIOTHOrO COCTOJIHHJI. 0.n;HaKO HeJib3JI HCKJIIO" 

'iHTb, 'iTO CyrrepllJIOTHOe COCTOJIHHe JIBJIJieTCJI 6oJiee CBJI3aHHMM, 

'ieM 06M'iHOe . 3TOMY CJiy'iaiO OTBe'iaeT CyJUeCTBOBaHHe He3aBHCH

MOrO MHpa cynepilJIOTHbiX JI.D;ep - CTa6HJibHbiX H pa.n;HOaKTHBHbJX. 

CsoficTsa T aKHX ueo6M'iHMX R.n;ep cymecTseuuo OTJIH'iaiOTCR oT 

Toro, 'iTO H3y'iana .n;o cux nop ljlH3HKa. TI03TOMY 3KcrrepuMeHTaJibHOe 

.D;OKa3aTeJibCTBO CyJUeCTBOBaHHJI cyrrepilJIOTHbiX JI.D;ep 6y.n;eT Ha'iaJIOM 

cosepJJJeuuo uosoro pa3.n;ena R.n;epuofi ljluJHKH. 

HCKOJlbKO JieT HaJa.n; JIB H BHKOM
13 1 

paCCMOTpeHO B3aHMO.n;efi

CTBHe HYKJIOHOB C IlOJieM rHilOTeTH'ieCKOrO cxam!pHOrO a - Me30Ha. 

cl>aJOBblfi rrepexo.n; B 3TOM IlOJie, npOHCXO.IJ;JIJUHH npH yrrJIOTHeHHH 

JI.D;epuoro BeJUeCTBa, MO)I(eT npHBeCTH K aHOMaJibHOMY COCTOJIHHIO 

.n;pyroro THrra. O.n;uaKo nocne.n;yiOIUHe paccMOTpeuHR rroxaJanu, 'iTO 

3TO COCTOJIHHe .D;OJI)I(HO 6MTb KpaHHe ueyCTOH'iHBMM H3- 3a He,Il;OCTa

TO'iHoro sxna.n;a TpexqacTH'iHbiX cun ' 4 .~. KpoMe Toro, Mur,Il;aJioM 

ycTaHOBJieHO, 'iTO BCJie,Il;CTBHe rrepeHOpMHpOBKH KOHCTaHTbl BJaHMO-

.n;efiCTBHJI HYKJIOHOB C a -noneM ueyCTOB'iHBOCTb, npe.n;cxa3aHHaR 
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Jlu- BUXOM, MO:lKeT B03HBXHYTb TOnbXO npu nnOTHOCTB n - 100 nO , 

"'TO e,naa nB ,nOCTB:lKBMO. 

K HaCTO.IIll{eMy BpeMeHB "'BCnO TeopeTB"'eCXBX pa60T, noCB.IIll{eH

BbiX aHOManbHbiM .ll,npaM, HaC"'BTbiBaeT MHOrBe ,neC.IITXB. AXTBBHOCTb 

3xcnepuMeHTaTopoa Bhlrn.ll,nBT noxa 6onee cxpoMHO. llo.npo6HhiH 

o63op 6onbweii qacTB 3TBX pa6oT ,naH B 
1 5

: llpose,neHbl 3XcnepuMeH-
/ 6-8 / 

Tbl no nOBCXY cynepnnOTHbiX .11,nep B ecTeCTBeHHbiX o6pa3l.J,aX 

cpe,nu npo,nyXTOB B3aBMO,neHCTBB.II "'aCTBU. BbiCOXOH 3HeprBB C Be

mecTBOM 
1 9

- 111 , cpe,nu npo,nyxToB ,neneHu.ll1 121 . Pe3ynbTaTbl noxa 

OTpBI.I,a TenbHble. C BbiCOXOH "'YBCTBBTenhHOCTbiO OHB BCXniO"'aiOT 

cymec·TaoaaHue B npupo,ne cynepnnoTHbiX .11,nep c 3Heprueii CB.II3B 

-100 M3B Ha HYKAOH. Bonpoc o cymecTBOB.aHBB cynepnnoTHbiX 

.ll,nep C 6onee CXpOMHbiMB 3HeprB.IIMB CB.II3B ci>aXTB"'eCXB He BC

cne,noaaH. llOBCXB TaXBX aHOManbHbiX .11,nep Ha yCXOpBTen.IIX TOnbXO 

Ha"'BHaiOTC.II. 

Hau6onee o6ema10muii cnoco6 nony"'eHH.II cynepnnoTHbiX .11,nep -

peaXI.J,BH,Bbl3biBaeMble T.ll:lKenhiMH HOHaMB C 3HeprHeH B HeCXOnbXO 

COTeH M3B Ha HYKAOH.,lJ;BHaMHXa coy,napeHH.II.II,nep,B3MeHeHHe nnoT

HOCTH .11,nepHoro semecTBa B npou.ecce B3auMo,neiicTBB.II npoaHanu-

3BPOBaHbl B p.11,ne pa60T B pa3nB"'HbiX BapHaHTaX xacxa,nHOH MO,ne-
713 · llY / 16 17 /. 

nH ,B ru,npo,nHHaMH"'eCXOM npu6nB:lKeHBB ' · lloXa3aHO, "'TO B 

TaXBX .ll,nepHbiX COy,napeHB.IIX ,nOCTHraeTC.II nnOTHOCTb,npeBbiWaiOll{a.ll 

XpBTH"'eCXYIO fi e, XOTOpa.ll, no-BH,nHMOMy, paBHa/2-3/ n O· CHTyai.J,H.II, 

MeHee 6naronpB.IITHa.ll npu ucnonb30BaHBB pen.IITBBBCTcxux Hyxno

HOB B Xa"'eCTBe 6oM6ap,nBPYIOIUHX "'aCTHI.J,. 0,nHaXO B B 3TOM cnyqae 

Henb3.11 BCKniO"'BTb ,nOCTB:lKeHH.II TO"'KH ci>a30BOro nepex o,na 3a C"'eT 

HeOCHOBHbiX /ManoaepO.IITHbiX/ KaHaJlOB peaKI.J,BH H BTOpB'IHbiX 

npou.eccoa. 

B HaCTo.Hmeii pa6oTe ,nn.11 nony'leHB.II cynepnnoTHbiX .11,nep Mbl 

BCnOnb30BanB ny'IKB npOTOHOB H ,neifTpOHOB, ycxopeHHbiX ,no 3Hep

rHB 8 T3B Ha CHHxpocl>a3oTpoHe JIB3 OHJIH. ,D;n.11 u,neHTHcl>uxau.uu 

6eTa- aKTBBHbiX aHOManbHbiX .11,nep HCnOnb30BanC.II MeTO,n Mace

cenapau.uu "of! - line " . H,ne.11 ero 3aKniO'IaeTC.II B cne,ny10meM. 

3a C'leT B03MO:lKHOro pa3n B'IH.II 3Hepruu CB.II3H cynepnnoTHbiX 

B HOpManbHbiX .11,nep nepBble MOryT npO.IIBHTbC.II B MaCCOBOM 

cneKTpe KaK H30TOnbl C Hei.J,enhiMH 3Ha'leHB.IIMH A . 3TO O'leBH,nHO, 

ecnH Kanu6pOBKa MaCCOBOB WKanbl npOB3BO,nBTC.II no 06bi'IHbiM 

H30TonaM1 11 ~ Pa3HOCTb Mace auoManbHOro u o6bi'IHOro H3oTona 

C MaCCOBbiM 'IHCnOMA pasHa tl M -. (£ 0 - c
8

)A , r,ne£
8 

B c 0 -

4 

3HeprB.II CB.II3H Ha HyKnOH ,nn.11 3TBX B30TOnOB. Ecnu A =100, TO 

I c 0 -c 
8 
I =2 ,5 M 3B OTBe'laeT tl M =250 M 3B, 'ITO MO:lKeT 6h1Tb 

o6Hapy:lKeHo c noMOIUbiO o6bi'IHbiX Macc-cenapaTopoa, wupoxo 

npBMeH.IIeMbiX B .ll,nepHOM 3KCnepBMeHTe. HaW nOBCK 6bln Hai.J,eneH 

Ha OTHOCBTenbHO ,nonrO)KHBYIUHe {3 -aXTHBHble cynepnnoTHble .11,npa . 

B pa6oTe 151 noKa3aHo, 'ITO MO)KHO pacc"'HTbiBaTh ua cyiu.ecTaoaa

HHe TaXHX cynepnnOTHbiX H30TOnOB, HeCMOTp.ll Ha TO, 'ITO npu 

y,naneHHH OT nBHHH CTa6HnbHOCTH 3HeprH.II {3 -pacna,na aHOManb

HbiX .11,nep pacTeT, a apeMeHa :lKH3HH na,naiOT 3Ha'luTenhHO 6blcTpee, 

"'eM ,nn.11 06bi"'HbiX H30TOnOB. ,lJ;n.11 OI.J,eHKH nono:lKeHH.II nHHHH {3 -
cTa6unhHOCTH cynepnnoTHbiX .11,nep MO:lKeT 6h1Tb ucnonh30BaHo 

COOTHOWeHHe: 

( ~ ) 

8 

~ 1/ 2 (1- 3,2 .10 - 3 A 2 13 
) , /1/ 

nony'leHHoe Mur,nanoM u ,np. ,nn.11 n 8 = 5 n 0 . 

2 . 3KCIIEPHMEHTAJihHA.R METOAHKA 

Hcnonh3oaanc.ll BHyTpeHHHB nyqox npoToHOB u ,neiiTpOHOB 

cHHxpocl>a3oTpoHa JIB3 c 3Heprueii: oxono 8 T3B. MuweHbiO cny)KHn 
:lKry THX 8 3 TaHTanOBbiX HnH BOnbci>paMOBbiX npOBOnO'IeK /50 MKM/ 

,nnHHOH 20 MM, ,nHaMeTpOM 3 MM H BeCOM OKOnO 2 Z . llOTOK npOTO

HOB, np owe,nwHX qepe3 MHWeHb, 6hln -· 3 ·10 
14 

'IQC11fU!l, ,neii:TpOHOB 
14 -10 . l.lepe3 qac nocne xouu.a o6nyqeHH.II MHWeHh noMemanacb 

B HCTO'IHHK C noaepXHOCTHOB HOHH3ai.J,HeB Macc-cenapaTopa 

JICHAllll 1 18/ B ct>oxanhHOB nnocxocTH Haxo,nunc.ll c6opHHK cneu.uanb

Horo THDa . 3TO MeTannH'IeCXHB C~ep:lKeHb ,nnHHOB 90 CM, ,nHaMeT 

pOM 1,2 CM, Ha KOTOpbiB cnupanbiO HaMOTaHa MarHHTOci>OHHa.ll neHTa 

C warOM 3 MM junH 1,5 MM/. llocne c6opa aKTHBHOCTH CTep:lKeHb 

u 3anexanc.11 H3 xaMepbi cenapaTopa, neHTa pa3MaTbiBanach, TaXHM 

o6pa30M , HenpepbiBHoe pacnpe,neneHue aKTBBHOCTB oxa3b1Banocb 

pa36HTbiM Ha y'laCTKH no 3 MM fun& 1,5 MM/, pa3HeCeHHble ,npyr 

OTHOCHTenbHO ,npyra Ha 38 MM. 3TO no3BOn.lleT BeCTH o,nHOBpeMeH

HOe H npaKTH'IeCKH He3aBHCHMOe H3MepeHHe aKTHBHOCTH COCe,nHHX 

yqaCTXOB cl>oxanhHOB nnOCKOCTH B reoMeTpHH, 6nH3KOB X 2 rr , 

C npOCTpaHCTBeHHbiM pa3peWeHHeM B 3 /1,5/ MM. 
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Pacnpe,lJ;eneHHe 6eTa-axTHBHOCTH Ha c6opHuxe Haxo,li;Hnoc& c no

Mom&ro 120-xaHanbHOrO YCTpOBCTBa, B KOTOpOM HCDOnb30BanHCb 

cTaH,ll;apTHble reiirepoacxue {3-cqeT'IHKH CliT-11 c nonepe'IHbiM 

pa3MepoM 28 MM. Cneu.uan&HbiB HHTep<l>eiic coe,li;HH.lln c6opxy 

C'leT'IHKOB C 3BM "MHHCK-2", TaK 'ITO Ka)l(,li;OMY C'leT'IHKY COOTBeT

CTBOBan caoii a,ll;pec naM.liTH. Bc.11 neHTa o6c'IHTbiBanac& B TPH npue

Ma 3a 1 ,5 '1. )l;eTanbHO 3Ta CHCTeMa CKaHHpOBaHH.ll ODHCaHa B 

Haweii pa6oTe 1 1 ~1)l;n.ll Toro 'IT06bl oTxanu6poaaTb wxany Mace 

H H,ll;eHTH<!>HllHPOBaTb BCe DHKH B MaCCOBOM eneKTpe, H3Mep.llne.ll 

BpeMeHHOB XO,ll; 6eTa- aKTHBHOeTH H HaXO,li;HnHeb nepHO,ll;bl nonypae

na,ll;a ,ll;n.ll xa)l(,ll;oro nuxa. 

llepBbiB ODbiT HeDOnb30BaHH.ll Mace -eenapaiJ,HH ,ll;.(l.ll DOHCKa 

cynepnnOTHbiX .ll,ll;ep B npO,li;YKTaX B3aHMO,ll;eBCTBH.ll pen.liTHBHCTeKHX 

DpOTOHOB e TaHTaJIOM ODHCaH B HaWeD npe,ll;bl)l;ymeii pa6oTe1 11 ~ 

Tor,ll;a B cnexTpe Mace B ,li;Hana3oHe 30 ~A ~ 40 6blnH o6Hapy)l(eHbl 

DHKH npH ,ll;p06HbiX 3Ha'leHH.liX A . liblnO BbleKa3aHO npe,ll;nOnO)I(e-

HHe, 'ITO 

H30TODOB, 

OHB 06.ll3aHbl MHOr03ap.ll,li;HbiM HOHaM 6onee T.ll)l(enbiX 

,li;JI.ll xoTopblx .--!=._ oxa3biBaeTe.ll Heu.enbiM. lloene

ZJ;IOH 

,li;YffimHe KOHTpOnbHble ODbiTbl DO,li;TBep,li;HnB 3TO npe)l;DOnO)I(eHHe. 

HHTeHCHBHOeTb TaKHX HOHOB OKa3anaCb Ha MHOrO DOp.ll,li;KOB BbiWe, 

'leM cne,li;OBano 0)1(H)l;aTb, eCJIH 6bl HOHH3aiJ,H.ll npOHCXO,li;Hna TOnbKO 

3a C'leT B3aHMO,ll;eBCTBH.ll e DOBepXHOCTbiD HeTO'IHHKa. MexaHB3M 

DO.liBneHH.ll MHOr03ap.ll,li;HbiX HOHOB ,!1;0 KOHIJ,a He .lleeH. B Ka'leeTBe 

pa6oqeji rHDOTe3bl 6blnO npHH.liTO, 'ITO B36biTO'IHa.ll HOHH3aiJ,H.ll 

DpOHCXO,li;HT DO,ll; ,ll;eBCTBHeM 3JieKTpOHHbiX DY'IKOB, Henon&3yeMbiX 

,li;JI.ll 6oM6ap,li;HpOBKH aMnynbl HeTO'IHHKa: HeKOTOpa.ll ,li;OnJI DOTOKa 

3JieKTpOHOB DODa,ll;aeT B paBOH BbiXO,li;HOro OTBepCTH.ll aMDYJibl 

H HOHH3HpyeT BbiXO,li;JimHe 83 Hee HeBTpanH. HCXO,ll;.ll 83 3TOrO reoMeT

pHll HCTO'IHHKa 6biJia HeCKOnbKO H3MeHeHa. 3TO yMeHbWHnO, HO He 

fiO,ll;aBHnO ,!1;0 KOHIJ,a DpHMeCb MHOr03ap.ll,li;HbiX HOHOB. 

3. PE3YJLbTATbl 3KCllEPHMEHTOB H OECY)J(,4EHHE 

a/ ,4uana3oH 32 .s:: A .5. 44 

TaHTanoBaJI MHWeH& o6nyqanae& npoToHaMH H )l;eiiTpoHaMH. 

llonyqeHbl aHanorH'IHble pe3yJI&TaTbl. PaccMOTpHM 3,ll;ec& Ton&xo 

pe3yn&TaTbl,ll;eBTPOHHoro o6Jiy'leHHJI.Pa3,ll;eneHH.ll Ha Mace- cenapaTo-

6 

pe ,ll;eJianHCb B ,li;BYX pe)I(HMaX: C eHnbHbiM DO,li;OrpeBOM HOHH3aTopa 

IT :::. 2500°C I u c nOHH)I(eHHbiM IT:::. 1800 ° C I. B nepBoM enyqae 

I puc. 11 noMHMO ocHOBHbiX nHHHB B MaceoBoM enexTpe 1
42K H 

43 K I 
BH,li;HO eme DOnTopa ,ll;eC.liTKa DHKOB. Cpe,li;H HHX eCTb TaKHe, MaKCH

MYM KOTOpbiX DpHXO,li;HTe.ll Ha ",ll;p06Hoe" 3Ha'leHHe A. 0)l;HaKO DOCJie 

aHanH3a KpHBbiX paena,ll;a DHKOB Bee OHH DpHDHCaHbl MHOr03ap.ll,li;HbiM 

HOHaM 6onee T.ll)l(enbiX 3neMeHTOB. 3TO - ,li;BYX3ap.ll,li;Hble HOHbl 

raJinH.ll H py6H)l;H.ll, TpeX3ap.ll,li;Hble HOHbl HH,li;H.ll H TeJIJiypa, 'leTblpex-

3ap.ll,li;Hble HOHbl HeKOTOpbiX pe,li;K03eMenbHbiX H30TODOB lwHpOKHe 

nHKH npu A =34,5 H A =35,51. KapTHHa ynpomaeTc.ll, eeJIH CHH3HTb 

TeMnepaTypy HOHH3aTopa H orpaHH'IHTbe.ll TOnbKO DOHCKOM aHO

ManHB )l;n.li xaJIH.ll, xopowo HOHH3yeMoro no MexaHH3MY noBepxHocT

HOB HOHH3aiJ,HH. CneKTpbl Ha puc. 2 H3MepeHbl npH DOHH)I(eHHOB 

TeMnepaType HOHH3aTopa. K CO)I(aneHHID, ,li;ODOJIHHTenbHOe DO,ll;aBne

HHe MHOr03ap.ll,li;HbiX HOHOB ,li;OeTHraeTC.ll 3,ll;eeb 3a C'leT eHH)I(eHH.ll 

BbiXO,ll;a OCHOBHOrO 3neMeHTa - KaJIH.ll: yMeH&WeHHe CKOpOCTH ,li;H<l><l>y-

3HH 83 MHWeHH npHBO,li;HT K na,ll;eHHID BbiXO,ll;a xanH.ll B 3 pa3a. 

HCXO,ll;.ll 83 <!>opMynbl 111, cne,ll;yeT O)I(H,ll;aTb, 'ITO {3 -cTa6HnbHbiH 

cynepnnoTHbiB xanuii HMeeT MaccoBoe qacno 38. TaKHM o6pa3oM, 

HaH6onee ,ll;onro)I(HBymue eynepnnoTHble H30TODbl xana.ll MoryT 

nonacTb B HH3Ko<l>oHoBoe "oxHo" 37~ A~ 41 cneKTpa puc. 2. Ha 

3TOM y'laCTKa cneKTpa Mbl He HaXO,li;HM CTaTHCTH'IeCKH ,li;OCTOBepHbiX 

nHKOB npa ,ll;po6HbiX 3Ha'leHH.liX MaceoBoro qaena. Eenu )l;n.li onpe,ll;e-
• 

neHHOCTH nonO)I(HTb nepHO,ll; nonypacna,ll;a ranoTeTH'Iecxoro cynep-

nnoTHoro xanH.ll paBHbiM 5 '1, TO ,ll;n.li aepxHeii rpaHHU.bl ero BbiXO,ll;a 

B3 puc. 2 cne,ll;yeT aenH'IHHa 7 ·10-
5 

OT 42 K . 

6/ ,4uana30H 65 .5. A .5, 91 

3TOT ,li;Hana30H MaCCOBbiX 'IHCen HeCne,li;OBaH MeHee TmaTenbHO. 

liblna npoH3Be,ll;eHa Mace- eenapau.HJI npo,ll;yKTOB TOJibKO ,ll;nll cnyqaJI 

o6ny'leHH.ll TaHTana npOTOHaMH. MHHHMan&Ha.ll 3a,ll;ep)I(Ka H3MepeHH.ll 

nocne KOHIJ,a 06Jiy'leHHJI eoeTaBn.llna 6,5 '1. Puc. 3 ,ll;eMOHeTpHpyeT 

MaCCOBble cneKTpbl, DOJiy'leHHble C MOillHbiM pe)I(HMOM HCTO'IHHKa 

IT ... 2500° C I. OcHOBHOB BKna,ll; B enexTp npaxo,li;HTC.ll Ha H30TODbl 

py6H)l;HJI H CTpOHIJ,H.ll, HMeromae 6onee HH3KHe fiOTeHIJ,Hanbl HOHH3a

IJ,HH. B 3TOM MaccoBoM ,li;Hana3oHe TaK)I(e 6blnH o6Hapy)l(eHbl ena6ble 

DHKH DpH ",ll;p06Hb1X" Mace ax. 0)l;HaKO H3MepeHHe nepHO,li;OB nonypac

na,ll;a D03BOnHJIO Ha,ll;e)I(HO npHDHeaTb HX pe,li;K03eMen&HbiM H30TODaM. 
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Puc.l. PacnpeoeAeHU.R 6ema- aKmueHocmu Ha c6opHuKe .wacc- cena
pallopa e ouana3oHe 32 s. A s. 44 noc11e o6Ay'leHu.R oeiimpoHaMu 
/8 F3B/ 11aHma11a. H3MepeHu.R coeAaHbl 'lepe3 epeM.R T noc11e 
KOHIJQ 06/ly'leHU.R. mKa/la cnpaea OIIHOCUIIC.R K 3a'lepHeHHOU 'IQC1/IU 
cneKIIpa. maz cKaHupoeaHU.R - 3 MM. llpoeaA npu A =39 - pe3YA~>

IIIall 3QIIeMHeHU.R C60pHUKQ UZ/IOU CKaHepa. 
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"' Puc.3. PacnpeoeAeHue 6ema-aKmueHocmu Ha c6opHuKe Macc-cena-
pa111opa OA.R npooyKmoe pac111enAeHU.R maHmaAa npomoHaMu c 3Hepzu
eii 8 F3B. H3MepeHu.R coeAaHI>I 'lepe3 epeM.R T nocAe KOHIIa 
o6Ay'leHu.R e ouana3oHe Maccoei>JX 'IUCeA 65 ::: A $;. 91 . Hlaz cKa
HupoeaHU.R - 3 MM. 

Cornacuo 4JopMyne I 1/, {3 - cTa6HJibHbiB cynepnnoTHbiB py6H.li.HB 

HMeeT MaCCOBOe 'IHCJIO 78. HCXO,ll..ll H3 3TOrO, ,li.JI.Il llOHCKa aHOMaJib

HbiX ,li.OJirO)KHBYII(HX H30TOllOB Rb H Sr 6b1JIO Bb16p·auo OKHO B MaC

coBOM cneKTpe 73 ~ A ~ 79. H3 auanu3a cneKTpa npHXO.li.HM 

K BbiBO.li.Y, 'ITO aHOMaJibHble H30TOllbl B 3TOM ,li.Hana30He MaCCOBbiX 

'IHCeJI OTCYTCTBYIOT Ha ypOBHe, npeBbiWaJOII(eM 3· 10 -
4 

OT BbiXO,ll.a 

81 Rb /B 3TOB oneHKe Mbl cHoBa npe,ll.llonaraeM nepHO.ll. nonypac

na,ll.a cynepnnoTHbiX .ll,ll.ep paBHbiM 5 '1. H3MepeHH.Il c HCTO'IHHKOM 

B llOHH)KeHHOM pe)KHMe He ll03BOJIHJIH YJIY'IWHTb 3TY OUeHKY H3- 3a 

na,ll.eHH.Il 3414leKTHBHOCTH. OTMeTHM, 'ITO npH nony'leHHH 3TOB nH4Jpb1 

npe,ll.llOJiaraJIOCb, 'ITO OTHOCHTeJibHa.ll BepO.IlTHOCTb ll03HTpOHHOrO 

pacna,ll.a cynepnnoTHoro .ll,ll.pa TaKa.ll )f(e, KaKHY 
81

Rb /T.e. 13~/. 

10 

3To 03Ha'laeT, 'ITO ,li.JI.Il {3-- aKTHBHoro cynepnnoTHoro Rb BBepxH.Il.ll 
- 5 81 

rpaHHUa BbiXO,ll.a HH)f(e - 4 ·10 OT Rb . 

e/ ,4uana30H 101 .5, A .5, 138. 

MaccoBbiB cneKTp B 3TOM ,li.Hana3oHe H3Mep.IIJIC.Il nocne o6ny

'leHH.Il npoToHaMH BOJib4JpaMa H ,ll.esTpoHaMH TaHTana. Puc. 4 
noKa3 biBa eT npHMep cneKTpa, nony'leHHoro nocne o6ny'leHH.Il npoTo

HaMH. Pa3,ll.eneHHe 6hlno npoBe,ll.eHo npH BbiCOKOA TeMnepa:ype 

HCTO'IHHKa /- 2500 oc I . OcHOBHa.ll HHTeHCHBHOCTb B cneKTpe npH

XO.lJ.HTC.Il Ha H30TOITbl ne3H.Il, 6apH.Il, pe,li.KHX 3eMeJib. KpoMe Toro, 

XOpOWO Bbl,ll.eJI.IleTC.Il rpynna H30TOITOB HH,li.H.Il. /Bee 3TH 3JieMeHTbl 

HMeJOT ITOTeHUHaJI HOHH3aUHH MeHee 6,5 3B H HOHH3HpYJOTC.Il Ha 

rop.ll'leB ITOBepXHOCTH BOJib4JpaMa C ,li.OCTaTO'IHO BhlCOKOB BepO.IlT

HOCTbJO/. 

)J.n.11 6eTa- CTa6HJibHOro cynepnnoTHoro ne3H.Il O)KH,ll.aeTC.Il Mac

coBoe 'IHCJIO A =d 18 . Ha yqacTKe cneKTpa BOKpyr 3Toro MaccoBoro 

'IHCJia /113~ A S 123/ BhlXO,ll. 06hl'IHbiX H30TOITOB OTHOCHTeJibHO 

HeBeJIHK. CJO,ll.a ,ll.aJOT BKJia,ll. npaBoe KpbiJIO H30TOITH'IeCKoro pacnpe

,ll.eJieHH.Il HH,li.B.Il H B30TOITbl 3JieMeHTOB OT cypbMbl ,li.O KCeHOHa, 

KOTOpble BMeJOT BbiCOKBe ITOTeHUBaJihl HOHB3aUHH. Ha 3TOM y'laCTKe 

cneKTpa o6pamaeT Ha ce6.11 BHBMaHBe cna6a.11 rpynna c neHTPOM 

T.ll)KeCTB npu A = 118,8. H3MepeHHe cna,ll.a aKTHBHOCTB co BpeMeHeM 

H e npOTHBOpe'IBT TO My, 'ITO OC HOBHOB BKJia,ll. B 3TOT ITHK npBXO,li.BTC.Il 

ua cMecb J H Te. CMemeuue neHTpa T.ll)f(eCTH nuKa - no-BB.lJ.HMoMy, 

pe3yJibTaT Brpbl CTaTHCTHKH. 

llpuBe,ll.eM Tenepb oneHKY BepxHeA rpaHHUbl BbiXO,ll.a cynepnnoT

HhlX .ll.lJ.ep H3 peaKUHH p + W B .li.Hana3oHe 113 .5, A .5, 123 
I 3a HCKJIJO'IeHBeM o6nacTH, 3aHHMaeMoB ITHKOM 

116
Sb H 

116
Te I. 

- 5 10-4 ,l].JI.Il Ue3H.Il OHa paBHa 5·10 , a ,li.JI.Il 6apH.Il - 1,2 • OT BbiXO,II;a 

128Ba /cHoBa B npe,ll.noJio)f(eHHH T 112=5 ",li.JI.Il cynepnJIOTHbiX 

.ll,ll.ep/ . 

3TOT y'laCTOK MaCCOBOrO CITeKTpa Tll(aTeJibHO HCCJie,li.OBaJIC.Il 

H ,li.JI.Il MHWeHB, 06Jiy'leHHOB ,ll.eBTpOHaMH. )J.JI.Il 3THX 3KCnepHMeHTOB 

6hlno yny'IWeHo pa3peweHHe Macc-cenapaTopa, H war cKaHHpoBa

HH.Il YMeHbWeH ,li.O 1 ,5 MM. llpHMep cneKTpa, ITOJiy'leHHOrO B TaKHX 

H3MepeHH.IlX, ,ll.aH Ha puc. 5. HHKaKHX CTaTHCTH'IeCKH ,li.OCTOBepHhlX 

aHoManuA He o6Hapy)f(eHo ,li.JI.Il ne3B.Il Ha ypoBHe, npeBbiWaJOmeM 
-5 128 

4·10 oT BbiXO,ll.a B a . )J.n.11 6apH.Il 3Ta rpauuna npHMepHo 
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Puc.5. PacnpebeAeHue 6ema-aKmueHocmu e c)uana3oHe Ma ce 
107 5:. A .:; 123, U3MepeHHoe c wazoM cKaHupoeaHU.R 1,5 MM. Mu
weHb - Ta, ny'IOK - c)eiimpoHbl c 3Hepzueii 8 F3B. H3MepeHU.R 
cbe/laHbl 'lepe3 6 .., noc/le KOHtla o6Ay'leHu.R. 

B)lBOe BbiWe. B cneKTpe Ha puc. 5 OTMeTHM pa3JJH'IHe B WHpHHe 

nHKOB JlJJ.II H30TOnOB HHJlH.II H cypLMbl - TeJJJJypa. 3TO, no- BH)lHMOMY, 

CB.II3aHO C TeM, 'ITO B OTJJH'IHe OT HH)lH.II HOHbl Sb H Te o6pa3yiOTC.II 

He no MeXaHH3MY nouepXHOCTHOB HOHH3aUHH. 

OueHKH uepxHeii: rpaHHUbl Bblxo.na a:HoMaJJLHbiX .11,11;ep MLI .nenaJJH 

B npe.nnoJJO)I(eHHH Tu:z=5 '1. B HawHx ycJJOBH.IIX H3MepeHH.II 3TOMY 

3Ha'ieHHIO nepHo.na nonypacna.na OTBe'iaeT MHHHMaJJLHa.ll uepxH.II.II 

rpaHHUa BLIXO)la. HeTpy)lHO ycTaHOBHTL, KaK OHa 6y.neT MO)lH~H

UHpOBaTLC.II c H3MeHeHHeM nepHo.na nonypacna.na. B .nHana3oHe 

T 11 2 oT 1,5 .no 15 'I oHa MeHJieTc.ll He 6onee 'I eM B 1,5 pa3a. 

C yMeHLWeHHeM nepHo.na nonypacna.na OT 1,5 .., ueJJH'IHHa uepxHeii: 

rpaHHULI BbiXO)la cynepnJJOTHLIX .ll)lep 3KCnOHeHUHaJJLHO B03pacTaeT. 
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C poe TOM nepHo,Aa nonypacna,Aa .AJIR T 112 ., 15 'I oHa yBeJIH"'HBaeT

CJI npHMepHO JIBHeHHO . 

B 3axmo"'eHHe OTMeTHM, "'TO "'YBCTBHTeJibHOCTb npBMeHRBweiic& 

MeTO.AHXH MO)I(eT 6biTb noBblWeHa . KpoMe Toro, npe,AcTaBnReT 

60JibWOH BHTepec HCCJie,AOBaTb MaCCOBblH cneJ<Tp npo,AyXTOB pac

menJieHHJI JI,Aep 6onee TJI)I(eJiblMH peJIJITHBHCTCJ<HMH BJIH cy6peJIJI

THBHCTCXHMH "'aCTHUaMH, r,Ae BepO.!ITHOCTb llOJIBJieHHJI cynepnnoT

HblX JI,Aep MO)I(eT OJ<a3aTbCJI BblWe. 

ABTOpbi 6naro,AapHbl B .ll.)J.)I(eJienoBy, JI.H.JianH,Aycy, H .H .Ce

MeHIOWJ<HHY 3a HHTepec X pa6oTe B llO,A,Aep)I(J<y, B.M . raJIHUXOMY 

H H .H.MHwycTHHY 3a none3Hble o6cy)I(,AeHHR , I..J..BblnoBy, B . r .Ka

JIBHHHKosy, B.B.llonoBy, B.A.IiblcTpoBy, C.ll .AB,Aeesy H 

r. B . MbiWHHCKOMY 3a llOMOmb . 
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