
C3Y/,~r' 

b- 90iv 
fv"} ,i - ·7 '1-

13 - 10216 

A.n.ByropcKHH, B.A.KapHayxoa,A.~.HoaropoAOB, 

ID.B.Hopceea, C.M.lloAHKaHoB, B.M.PaHKo, B.M.CHAopoa 

OB 3KCDEPMMEHTAnhHOM llOllhlTKE 
nonYqEHMfl CBEPXDnOTHhiX fl)J;EP 



747/2-77 nn. 
EyroncKwtt,A.II. 

13 - 10216 

* A.ll.ByropcKHH, B .A .KapHayxos,A.~.HosropOAOB , 

ID .B.Hopcees, C.M.no~HKaHos , B.M.PaHKo, B.M.CHAopos 

OB 3KCllEPMMEHTAAbHOM llOllhlTKE 
llOAYqEHMH CBEPXllAOTHhlX H~EP 

... , .... :....: ~ .t'· ~· · .;~ t.ll! ... 

6HG/t~CHE A 

* 11<1>B3, CepnyxoB. 



6yropcKKI! A.n. 11 np. 13 - 10216 

06 3KcnepKMeHranbHoA nonwrKe nonyqeHKH ceepxnnoTHWX Hnep 

06cy*naercH B03MO*HOCTb np~IMeHe~H Macc-cenaparopa e BKcnepK
MeHTax no ROffCKY CBepxnnOTHblX Siaep, KOTOpbl9 MOryT o6pa30BbiB8TbCSI 
e pe3ynbrare B38ffMoneAcreffH penHTKBKCTCKKX qacT~IU c HnpaMK, Bonb¢pa
MoeaH MKWeHb o6nyqanacb npOTOHBMff C 3HeprKeA 60 f3B DOTOKOM 
- 4,10

15 
11 qepe3 - II qacoe noMemanacb e BbiCOKOTeMneparypHbill KOHHbiA 

ffCToqHffK c noeepxHOCTHoll ffOHK3aUKeA Macc-cenaparopa. B ¢oKanbHoll 
nnocKOCTK Macc-cenaparopa 6binK co6paHhi nponyKTbi ¢parMeHTBUffff eonb¢pa• 
MB B AffBRB30He MBCCOBbiX qffcen OT 6 no 47, C60pHKKff 38TeM 3KCROHff
poeanKCb Me*nY cnoHMK ¢oT03MynbCKK. CnenaHa nonwTKa o6Hapy*KTb 
npOTOHW, B03HKK8m!llHe Rpff pacnane H30M9pOB nnOTHOCTH, 

Pa6ora eLmonHeHa e fla6oparopHH HnepHbiX npo6neM OVI.RH. 

Co06IUeHMe 06be.llMHeHHOrO MHCTMTyTa .H.llepHbiX MCCJie.llOBaHM~ 

,ay6Ha 1976 

C) 1976 Othel)uHeHHWii uHc•u•y• Jtl)epHwxuccAel)oeaHuii)b6Ha 

"' 

.. BeeoeHue 

B nocne)J.uee BpeMH rnupoKo o6cy)I()J.aeTcH Bonpoc o 

B03MO)I(HOCTH Cyll.{eCTBOBaHHJI COCTOJIHHH JI)J.ep C llOBbi

llleHHOH nnoTHOCTbiO. BnepBLie H)J.eH o B03MO)I(HOCTH TaKHX 

cocTOHHHH 6wna BhlCKa3aHa E.~auu6eproM H X.llpHMaKo

BbiM TPH.D.U.aTL neT ua3a)J. I/. He)J.aBHO T.JIH H )1..BHK 

npe.D.nO)I(HnH cneu.u<iJul.JeCKYIO MO)J.enL )J.nH Hx onuca

HHH 2· . Pauee A.MHr)J.anoM pa3BHTa TeopHH nuouuou Kou

)J,eucau.uu, B KOTopou npu onpe)J.eneHHOM ua6ope napaMeT

poB npe)J.cKa3LIBaeTcH cymecTBOBauue CBepxnnoTHbiX co

CTOHHHH H.D.epuou MaTepHH /:l/. AuanH3 pa3nH'-IHLix Teope

TH'leCKHX llO)J.XO)J.OB, npHBO)J.JIIl.{HX K llOJIBlleHHIO COCTOJIHHH 
;6 I 

c auoManbHOH nnoTHOCTLIO, )J.aH B )J.OKna)J.e )1..1ipayua ' · . 

B HaCTOJIIJ..{ee BpeMJI COCTOJIHHe TeOpHH TaKOBO, '-ITO OHa 

ue npeTeH)J.yeT ua onpe.D.eneuuoe npe)J.cKa3auue CBOHCTB 

COCTOJIHHH C llOBblllleHHOH nnoTHOCThiO. TaK, npH H3Me

HeHHH napaMeTpoB pacl.JeTa B pa3yMHLIX npe)J.enax 3HeprHH 

CBJI3H Ha HyKnOH MeHJieTCJI 3Hal.JHTenLHO, CTaHOBJICh KaK 

60llbllle, TaK H MeHLIUe TaKOBOH )J.llJI HOpManLHOrO COCTOH

HHJI 3 -'. BecLMa Heonpe)J.eneHHbi peJynLTaTLI H )J.nH Kpu

THl.JecKoif nnoTHOCTH. 3To cne)J.yeT y'-IHTLIBaTL npu no

cTaHOBKe 3KCllepHMeHTOB. 

Konul.JeCTBO 3KcnepuMeHTanLHLIX pa6oT no noHcKy cBepx

nnoTHbiX JI)J.epHhiX COCTOJIHHH llOKa 3aMeTHO • ..O:J::CI:aeT OT 

'-IHcna TeopeTHl.JeCKHX. B pa6oTe P.XonLTa u )J.p./77 uc

KancH CTa6HnhHbiH pa)J.OH C 3HeprHeH CBJI3H Ha HYKllOH 

nopH.D.Ka coTHH M3B no peaKU.HH pa)J.uau.uouuoro JaxBaTa 

HeHTpOHOB, COllpOBO)I()J,aiOJUeHCJI aHOManLHO 6onLIUHM 3Hep

rOBbi)J.eneHHeM. B 3THX 3KcnepuMeHTax )J.nH npuroToBne

HHJI o6pa3u.a, co.D.ep)l(amero runoTeTHl.JeCKHH cBepxnnoT-
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HbiH pa)J,OH, 6hinO nepepa6oTaHO 150000 TOHH B03)J.yXa. 

B pa6oTe C.<l»peHKeJIJI .H )J.p./8 1 )J,JIJI auanu3a o6pa3u,oa 

ua npuMecb caepxnnoTHhiX JI)J.ep c uonhwoii 3Heprueil 

CBJI3H HCllOJib30BaJIOCb pacceJIHHe Ha3a)J, npOTOHOB C 3Hep

rueii: 600 u 800 M:JB. libiJIH uccne)J.OBaHbi ecTeCTBeHHbie 

o6pa3IJ,bl H MHWeHH H3 30JIOTa H llJiaTHHbi, 06Jiy'laBWHeCJI 

)J.JIHTeJihHoe apeMJI npoToHaMH c 3Heprueil 300 H 3 T3B 
cooTBeTCTBeHHO. B 3KcnepuMeHTax TI.Ilpailca H ;:(.CTu

aeucoua caepxnnoTHbie JI)J.pa HcKaJIHCb B npo)J.yKTax B3aHMo

)J.eilcTBHJI peJIRTHBHCTCKHX HOHOB aproHa CO CBHHIJ,OM / 9 .- . 

J1CllOJib30BaJICR MeTO)J, llpRMOH perHCTpali,HH CJie)J,OB CBepx

llJIOTHblX .pparMeHTOB C llOMOIIJ,blO T~eKOBbiX TBep)J.OTeJib

HbiX )J,eTeKTopoa. B.H.Anewuu H )J.p. 
10

;'ucxo)J,JI H3 npe)J.no

no*eHHJI, 'ITO HOpMaJibHOe COCTOJIHHe MO*eT 6b1Tb MeTa

CTa6HJibHblM OTHOCHTeJibHO nepeXO)J,a B CBepXllJIOTHOe, npo

BeJIH llOHCK COOTBeTCTBYIOIIJ,HX nepeXO)J,OB llO y - H3JIY'IeHHIO 

c 3Heprueil 6onee 3 M :JB. Hccne)J,oaanucb cne)J.yiOIIJ,He 

3JieMeHThi: C , F , Na , J , W. Pe3yJihTaTbi acex 3THX 3K

cnepuMeHTOB - OTpHU,aTeJibHbie. 0)J.HaKO HeT OCHOBaHHH 

C'IHTaTb, 'ITO 3TO JIBJIJieTCJI )J,OKa3aTeJibCTBOM HenpaBHJib

HOCTH npe)J,llOJIO*eHHH 0 B03MO*HOCTH cyiiJ,eCTBOBaHHH aHO

MaJibHOrO COCTOHHHH H)J,epHOH MaTepHH. 

Ilpe)J,CTaBJIJieTCH BeCbMa nepcneKTHBHblM HCllOJib30BaTb 

MeTO)J. Mace- cenapaTopa KaK O)J.HH H3 cnoco6oa Bbl)J.eneHHH 

CBepXllJIOTHbiX H)J,ep H3 CMeCH llpO)J.YKTOB COOTBeTCTByiO

IIJ,HX H)J.epuhlx peaKIJ,HH H ux H)J.eHTHcPHKaiJ,HH. EcnH 3HeprHH 

CBJI3H Ha HYKJIOH B aHOMaJibHOM COCTOHHHH OTJIH'IaeTCH Ha 

BeJIH'IHHY fl~ OT TaKOBOH )J,JIH HOpMaJibHOrO COCTO}I.HHH, TO 

3TO )J,JIH )J,auuoro qacna HYKJIOHOB A npuae)J,eT K OTJIH'IHIO 

B Maccax, paBHOMY flM =A·flf . ECJIH )J,JIJI OIJ,eHKH OTHOCH

TeJibHO nerKO )J,eTeKTHpyeMOrO pa3JIH'IHH B MaCCaX B3HTb 

aenH'IHHY llM~0,2 aTOMHOH e)J,HHHU.hi MaCChi, To )J.JIH A= 50 

3To cooTBeTCTByeTllE > 3,7 M:JB. Ha puc. 1 npuae)J,eHbi 

pac'leTHbie KPHBble )J.JIH-£ H3 pa6oTbi A.li.MHr)J.ana
15/ npu 

pa3JIH'IHbiX 3Ha'leuugx napaMeTpa y, KOTOphlil y'IHTbiBaeT 

BKJia)J, HYKJIOHHbiX KoppeJIHU.HH. IIITpuxoBKa Bbi)J,enHeT )J,Be 

06JiaCTH, OTBe'laiOIIJ,He, COrJiaCHO 3TOH OIJ,eHKe, )J,eTeKTH

pyeMOH pa3HHIJ,e B MaCCaX HOpMaJihHOrO H CBepXllJIOTHOrO 

cocTOHHHH. KpuaaH "a" )J,eMoHcTpupyeT cnyqail, Kor)J,a 

3HeprHH CBH3H CBepXllJIOTHblX H)J,ep npeBblWaeT 3HeprHIO 
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5 10 'Yn.. 
Puc. 1. 3HepzuJI C8JI3U Ha HYIUIOH /u3 pa6ombl A.Muzoa
/Za 5 I 8 3a8ucuMocmu om nllomHocmu O/ZJI pa3/ZU'IHbiX 
3Ha'leHuu napaMempa y; a! y = 0,45; 6/ y = 0,5; 8/Y = 0,55. 
ll/mpUX08KQ 8biOe/ZJiem 08e 06/Zacmu, Om8e'IQIOI#Ue oemeK
mupyeMOU pa3HU{le 8 Maccax O/ZJI c8epxnAomHo2o u Hop
MQ/ZbH020 cocmOJIHUU. 

CB}I.3H HOpMaJibHbiX, KOTOpbie HBJIHIOTCH MeTaCTa6HJibHbiMH 

OTHOCHTeJibHO nepeXO)J,a B COCTOHHHe C llOBbiWeHHOH llJIOT

HOCTbiO. IlepeXO)J, H3 CBepXllJIOTHOrO COCTOHHHH B 06bi'IHOe 

HeB03MO*eH, 1103TOMY B 3TOM CJiyqae- CJie)J,yeT O*H)J,aTb 

CyiiJ,eCTBOBaHHH CTa6HJibHbiX H )J,OJirO*HBYIIJ,HX H30TOllOB 
+ -I {3 -H {3 -aKTHBHbiX/ caepxnnoTHbiX H)J.ep. 3TOT aapuauT 

TeopuH onpaB)J,biBaeT npHMeueuue Mace- cenapau,uu "off-lin.:'. 

)J,JIH BapHaHTa "6" CBepXllJIOTHOe COCTOHHHe HBJIHeTCH Me

TaCTa6HJibHbiM OTHOCHTeJibHO nepeXO)J,a B HOpMaJibHOe. Be

poHTHOCTb nepexo)J,a onpe)J.enHeTcH .PopMoil 6apbepa Me*

)J.y )J.BYMH COCTOHHHHMH H COOTBeTCTBYIOIIJ,HM MaCCOBbiM 
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K03ti><l>HUHeHTOM. ,[{JIB 3TOrO BapHaHTa TaK)I{e B03MO)I{Hbl 

,!J.OJirO)I{HBYIUHe COCTOBHHB, XOTB 3TO H He 06JI3aTeJibHO 

B OTJIH'IHe OT BapHaHTa "a". EcnHA·i'1f npeBbiWaeT 3Hep

rHID CBJI3H HYKJIOHa B HOpMaJihHOM COCTOBHHH, TO nepeXO.IJ. 

ll3 CBepXOJIOTHOrO COCTOJIHIIJI B HOpMaJihHOe MO)f(eT npHBe

CTH K 3ana3,lJ.hiBaiOIUeH 3MHCCHH HYKJIOHOB. 

B HaCTORIUeii pa6oTe c noMOIULID Macc-cenapaUHH 

·"off- line " HCCJie,!J.OBaJIHCh pa,!J.HoaKTHBHble npO.IJ.YKThl 

B3aHMO.IJ.eHCTBHR npoTOHOB c 3HeprHeii 60 T3B c BonLclJpa

MOM Ha npe.IJ.MeT o6Hapy)l{eHHJI cBepxnnoTHhiX JI.IJ.ep. llpo

BO,!J.HJICJI OOHCK 3aOa3,!J.hiBaiDIUero H3Jiy'leHHJI TJl)KeJibiX Ja

pR)I{eHHbiX qaCTHU H 6eTa -aKTHBHhiX H30TOOOB C aHOManL

HhiMH MaCCaMH. 

3KcnepuMeHmaA&Ha~ MemoouKa 

06nyqeHHe npoBo.IJ.HnocL Ha ycKopHTene H<I>B3 /Cep

nyxoB/. MHilleHH fihinH H3rOTOBJieHbl B BH,!J.e ny'IKOB BOJILclJ

paMOBbiX OpOBOJIO'IeK 6 50 MKM. ,[{HaMeTp llY'IKa llpOBOJIO

'IeK - 4 MM, ,lJ.JIHHa - 25 MM, Bee - OKOJIO 2 Z. qepe3 

10-11 qacoB o6ny'leHHJI MHilleHL noMemanacL BO BHyT

peHHIDIO OOJIOCTh BhiCOKOTeMnepaTypHOrO HOHHOrO HCTO'I

HHKa C noBepXHOCTHOH HOHH3aUHeH Macc-cenapaTopa 
/117, 

.HCHAllii Jla6opaTopHH JI.IJ.epHhiX npo6neM OH.HH . HoHH-

3aTop npe,!J.CTaBJIJIJI co60H BOJihclJpaMOBbiH CTaKaH ,!J.HaMeT

poM 7 MM H ,!J.JIHHOH 30 MM, CO CTeHKaMH TOJIJUHHOH-0,5 MM. 
0TKpb1TbiH KOHeU CTaKaHa 6b1JI repMeTH3HpoBaH KOHH'IeC

KOH TaHTaJIOBOH npo6KOH, B ,lJ.OHbiillKe CTaKaHa HMeJIOCh 

BhiXO,!J.HOe OTBepCTHe ,lJ.HaMeTpOM - 0,4 MM. HOHH3aTOp 

HarpeBaJICJI 3JieKTpOHHOH 6oM6ap,!J.HpOBKOH .IJ.O - 2200 ° C. 
Pa.IJ.HOaKTHBHble H30TODbl .IJ.H4lcllYH.IJ.HpoBanH H3 TOHKOH npo

BonoKH MHilleHH H DOCile TepMOHOHH3aUHH Ha pacKaJieH

HbiX BHyTpeHHHX CTeHKaX CTaKaHa-HCTO'IHHKa H3BJieKa

JIHCh '1epe3 BbiXO,!J.HOe OTBepCTHe 3JieKTpH'IeCKHM noneM 

BbiT JlrHBaiOIUero 3JieKTpO.IJ.a /20 KB/, ycKOpJIJIHCh H pa3-

.IJ.enJIJIHCh no MaccaM B MarHHTHOM aHanHJaTope cenapa

Topa. PaJ.IJ.eneHHble HJo6apLI npHHHManHch Ha MarHHTo

clJoHHYIO clJeppoMarHHTHYIO neHTY, OOMeiUeHHYIO B clJoKaJihHOH 

nnocKOCTH Macc-cenapaTopa. 
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.6Lmo npoBe.IJ.eHo .IJ.Ba o6ny'leHHB. B nepBoM nonHbiH 

OOTOI) npOTOHOB, nporne,lJ.IllHX '1epe3 MHilleHh, 6b1JI paBeH 

3.10 
5

, BO BTOpOM - 4 1015. fipH npoBe,!J.eHHH Macc-ce-

napaUHH npR6op HacTpaHBancB Ha Bbi.IJ.eneHHe H3o6ap B 

cne.IJ.YIDIUHX .IJ.HanaJoHax MaccoBLIX 'IHcen: 6~ A :::; 8 /pac

CTOBHHe Me)I{,!J.y COCe,lJ.HHMH MaCCaMH [1 "'46 CM/, 20:s;A::;:27 

/i'1""12 CM/, 31_:; A:s;43 H 35:s;A:s;47 /!1""7 CM/. 

C6opHHKH c aKTHBHOCThiD B Te'leHHe HeCKOJILKHx .IJ.e

CBTKOB 'laCOB 3KCllOHHpOBaJIHCh Ha Jl,!J.epHOH 4JoT03MYJIL

CHH C ueJihlO perHCTpaUHH BbiJieTa TJl)KeJihlX 3apJI)I{eHHhiX 

'laCTHU H ,lJ.JIJl nony'leHHJI pa,!J.HOrpaclJH'IeCKOH KapTHHbl pac

npe,!J.eneHHJI aKTHBHOCTH Ha C60pHHKe. 

Pe3yA&mam&J 

IlpH OpOCMOTpe 3MYJihCHH 6b1JIO HaH,lJ.eHO HeCKOJihKO 

3Be3,!J. C BepillHHOH BHe CJIOB, B03MO)I{H0, Ha c6opHHKe, 

H OKOJIO TpeXCOT CJie,!J.OB O,lJ.HHO'IHbiX OpOTOHOB, Ha'IHHaiO

JUHXCJI Ha noBepxHocTH. HJMepeHHe clJoHa Ha yqacTKax, 

He HaXO,lJ.HBillHXCJl B KOHTaKTe CO C60pHHKOM, llOKa3ano, 

'ITO BeJIH'IHHa ero B npe,!J.enax CTaTHCTH'IeCKOH TO'IHOCTH 

COBOa,lJ.aeT C "34l4JeKTOM". 3TO COOTBeTCTByeT BepxHeH 

rpaHHUe Ce'leHHJl o6pa30BaHHJl ITpOTOHHO-aKTHBHbiX MeTa-
·34 2 

CTa6HJihHhiX COCTOJlHHH 3•10 CM . llpH OUeHKe npHHJlTO, 

'ITO 3clJ4JeKTHBHOCTh cenapaUHH paBHa 1 0/o, nepHO.IJ. OOJiypac

na.IJ.a - 30 .IJ.HJlM, a BepoJlTHOCTh pacna.IJ.a MeTacTa-

6HnLHoro COCTOJlHHJl C HCDYCKaHHeM llpOTOHOB - 1000/o. 

3TOT 3KCOepHMeHT npoBepJleT BapHaHT TeopHH, KOTOpOMY 

COOTBeTCTByeT KpHBaJl "6" Ha pUC. J npH YCJIOBHH, 'ITO 

pa3HOCTh OOJIHbiX 3HeprHH MeTaCTa6HJihHOrO H HOpMaJihHO

ro COCTOJlHHH npeBbiillaeT Ha HeCKOJihKO M3B 3HeprHID CBJl-

3H OpOTOHa B HOpMaJihHOM COCTOJlHHH. 

B Ka'leCTBe no6oqHoro peJynLTaTa HJMepeHHe c 4JoTo-

3MYJILCHeu .IJ.ano pa.IJ.HorpaclJHIO pacnpe.IJ.eneHHJl 6eTa- H 

raMMa-aKTHBHOCTH Ha c6opHHKax. Ha 4JoT03MYJILCHJlX Ha-

6niO.IJ.aiDTCJl qeTKHe ITJlTHa, OTBe'lalOIUHe H3BeCTHbiM HJO

TOOaMNa H IC.KpoMe TOro, HMelOTCJl llJlTHa, COOTBeTCTBYIOIUHe 

MaccaM, .IJ.IIJl KOTOpbiX HeT .IJ.onro)I{HBYIUHX H30TonoB y Na, 

K H coce.IJ.HHX 3JieMeHTOB, H DJlTHa, cooTBeTCTBYIOIUHe 
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MACCOBOE L.fYICM 

Puc. 2. YllacmoK cneKmpa Macc, noAy'leHHbiU noc/le cena· 
pupo6aHuJt paouoaKmU6HbiX npooyKmo6 63auMooeiicm6uJt npo
moHo6 c :JHepzueii 60 F:JB c 60Ab(/ipaMoM. 

Heu,enLIM JHa'ieHHJIM A B npe.IJ.nonmKeHHH HOHHoro JapJI.IJ.a, 

pauHoro 1. C noMOIULIO Ge( Li) - raMMa- cneKTpoMeTpa 

6LIJIO Haii.IJ.eHo, 'iTO nonHoe que no JI.IJ.ep 
24 

Na, co6paHHLIX 

B ¢oKaJILHOH nnocKOCTH Macc-cenapaTopa rrocne rrepuoro 

06Jiy'ieHHJI, paBHO -10 9 . 
Ha puc. 2 rroKaJaH yqacTOK crreKTpa Mace. PucyHoK 

ITOJiy'ieH B pe3yJibTaTe rpy6oii o6pa60TKH pa)J.HOrpaMMbl 

ITyTeM cpaBHeHHJI pa3MepOB ITHTeH C yqeTOM $opMbl JIHHHH 

cerrapupouaHHoro rryqKa. lloHBJieHHe HJOTOITOB c Maccoii, 

3Ha'iHTeJihHO OTJIH'iaiOIUeHCH OT MaCChi H3BeCTHhiX H306ap 

C TeM )l(e A, - 3$$eKT, KOTOphiH HCKaJICH B HaCTOHIUeH 

pa6oTe. 0)J.HaKO B03MO)I(H0 TpHBHaJihHOe 06'LHCHeHHe rro

Jiy'ieHHOrO pe3yJILTaTa. KOHCTpyKIJ,HH HOHHOrO HCTO'iHHKa 

He HCKJIIO'iaeT MHOrOKpaTHYIO HOHH3aiJ,HIO HeHTpaJieH, BLI

XO.IJ.HIUHX H3 HCTO'iHHKa, 3JieKTpOHHhiM ITY'iKOM, HCITOJihJye

MhiM )J.JIH pa3orpeBa HOHH3aTopa. DhlJIO rrpoBe)J.eHO H3Me

peHHe crreKTpa raMMa- nyqeii co c6opHHKa B .IJ.HarraJoHe 

A oT 30 .IJ.O 40. liLIJIH Haii.IJ.eHLI JIHHHH HJOTorroB 
67 Cu, 

8 
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I 

69Ge , 71 Gee 1As), 72 Ga , 14 As , 76 As , 77 Ge, KoTopLie npu 

HOHHOM JapJI)J.e +2 nona)J.aiOT B flOJIO)I(eHHJI, COOTBeTCTByiO-

A 
paBHLIM COOTBeTCTBeHHO 33,5; 34,5; 35,5; mue z--· 

MOH 95m 

36; 37; 38; 38,5. KpoMe Toro, Haii.IJ.eHLI HJOTODLI Tc 
I O!pd , 113Sn, KOTOpLie npu HOHHOM 3apJI)J.e +3 nona)J.aiOT 

A 
B flOJIO)I(eHHJI C -z --, paBHLIM COOTBeTCTBeHHO 31,66; 

MOH 

33,33; 37,66. 3TH aKTHBHOCTH, no-BH.IJ.HMOMy, H 06'LHCHJIIOT 

flOJIBJieHHe 60JILWHHCTBa aKTHBHOCTeH C ".IJ.p06HLIMH" Mac

COBLIMH 'iHCJiaMH. 
B .IJ.aJILHeiiweM npe.IJ.nonaraeTCJI nouTopeHHe 3THX 3K

cnepuMeHTOB flOCJie YCOBepWeHCTBOBaHHJI HOHHOrO HCTQq

HHKa. 

ABTOPLI 6naro.IJ.apHLI aKa.IJ.eMHKY A.A.noryHouy, rrpo

¢eccopaM B.ll.,[l,)l(eJierrouy' n.H.narrH.IJ.YCY, K._H.rpoMOBY, 

n.,[I,.COJIOBheBy H B.A.Rp6e Ja HHTepec K pa6oTe H ITO.!J.

.IJ.ep)I(KY, A.H.MyxHHY u A.C.BoueHKo Ja rroMOll\h rrpu op

raHHJau,uu o6nyqeHHH Ha ycKopuTene, IO.IOwKeBH'iY, 

Y.lllMH.IJ.T, lJ..BLmouy H B.<l>poMMY Ja rroMOll\h B HJMepe

HHHX. 
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