


1 • BBE,QEHHE 

B HaCTOH~e~ ny6nHKa~HH H3nara~TCH pe3ynbTaT~ HccneAoBaHH~ 
no noHCKY cynepnnoTHbiX HAeP, npoeeAeHH~x e npoAon~eHHe pa6o
Tbi/I/. M~ HCXOAHnH H3 onTHMHCTH4eCKOH o~eHKH B~BOAOB MOAenH 
nHOHHO~ KOHAeHca~HH MHrAana H Ap./2~ cornacHO KOTOPO~ B HAep
HOH MaTepHH npH AOCTHmeHHH KPHTH4eCKOH nnOTHOCTH Pc MomeT npoH-
30~TH nepecTpO~Ka OCHOBHOrO COCTOHHHH CHCTeM~, ConpoBOmAa~~aHCH 
o6pa30BaHHeM rr-KOHAeHCaTa. npH 3TOM H30TpOnHoe HAepHoe ee~ecT-
80 npeepa~aeTCH B HeOAHOPOAHOe C nepHOAH4eCKOH cnHH-H30CnHHOBO~ 
CTPYKTYPOH H OTnH4H~M OT HynH cpeAHHM 3Ha4eHHeM nHOHHOrO nonA. 
B~HrpbiW 3HeprHH npH TaKOM c)>a30BOM nepeXOAe H KPHTH4eCKaA nnoT
HOCTb 3aBHCHT OT xapaKTepa HyKnoH-HyKnOHHOrO B3aHMOAeHCTBHH Ha 
Man~x paccTOAHHHX. B npocTo~ Ka4eCTBeHHO~ MOAenH rr-KOHAeHca
~HH/2/ nOKa3aHo, 4TO BHA 3aBHCHMOCTH nonHO~ 3HeprHH HAPa OT 
nnoTHOCTH E(0 onpeAenHeTcH noKanbH~M oTTanKHBaTenbH~M cnHH
H3ocnHHOB~M B3aHMOAe~cTBHeM c napaMeTpoM g '. OT eenH4HH~ 3Toro 
napaMeTpa KpHTH4eCKH 3aBHCHT nOHBneHHe CTa~HOHapHOrO HnH KBa3H

CTai..IHOHapHoro COCTOHHHA npH nnOTHOCTH P,. > pc • B nocneAHHe rOAbl 
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nomeHHH YPOBHe~ C aHOManbHO~ 4eTHOCTb~ B nerKHX HApax, H3 eenH-
4HH MaTpH4H~x 3neMeHToe raMoe-TennepoecKoro ~-nepexoAa AnA 
3epKanbH~X HAep, H3 CHnOBOH c)>yHK~HH raMoB-TennepoBCKoro rHraHT
CKOrO pe30HaHca, H3 c)>OpMc)>aKTOPOB AnA Heynpyroro pacCeHHHH 3neKT
pOHOB H npOTOHOB C 6onbWO~ nepeAa4e~ HMnynbCa H B03UY~AeHHeM 
COCTOHHH~ C aHOManbHOH 4eTHOCTb~. 063op H CPuBHHTenbH~H aHanH3 
COOTBeTCTBYI0~HX pa6oT AaH B /3,4/. nony4eHH~e no pa3H~M AaHH~M 
BenH4HH~ g' OKa3~Ba~TCH B AHana3oHe 0,55-0,]5. 3TO HeCKOnbKO 
Gonbwe AonycTHMbiX 3Ha4eHH~ g', npH KOTop~x, cornacHo o~eHKaM 
e ,' 2/, B03MO~Ho noHeneHHe cynepnnoTH~x HAeP. OcTaBHB e cTopoHe 
Bonpoc 0 CHnbHO~ MOAenbHOH 3aBHCHMOCTH npo~eAYP~ onpeAeneHHH g', 
OTMeTHM, 410 nonHaH 3HeprHH COCTOHHHH C rr -KOHAeHCaTOM 3aBHCHT 
He TOnbKO OT BenH4HH~ napaMeTpa g', HO H OT K03c)>c)>H~HeHTa CmHMae
MOCTHK. Pac4eT~E(p) e/2/ npoeeAeH~ AnHK = 360 ~13B. no nocneA
HHM AaHH~M, HAPO 6onee ; 1MHrKoe":K = 220 M3B /5,6/. 3TO OUCTOHTenb
CTBO CABHraeT o6naCTb "6naronpHHTH~X 11 3Ha4eHHH g' B CTOPOHY 6onb
WHX BenM4HH no cpaBHeHM~ C yKa3aHH~MH e/2~ 

npo6neMe 6nH30CTH peanbH~X HAep K T04Ke rr -KOHAeHCaTHOH He
YCTOH4MBOCTM noCBH~eH 063op/7/, B KOTOPOM HAePH~e HBneHMH, HMe~
~He OTHOWeHMe K nMOHH~M CTeneHHM CB060A~, npoaHanH3MPOBaH~ B MHOM 
noAXOAe, 4eM e 13•4/. AHanorM4HbiH aHanM3 npoeeAeH M e pa6oTe /8/. 
ABTOpbl OTMe4a~T, 4TO noKa HeT y6eAMTenbH~X CBMAeTenbCTB npOHB-
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neH~~ npeAKP~T~4eCK~X ~BneH~~ B ~Apax ~ ~AePH~X peaK~~~X. 6 TO 
~e speM~ 3Kcnep~MeHTanbH~e AaHH~e Hennoxo on~CbiBa~Tc~ np~ 3Ha-
4eH~~x g', Mane OTn~4aiOl!I~XC~ OT gk , np~ KOTOPOM HaCTynaeT 17-

" T P KOHAeHCaTHa~ HeycT0~4~BOCTb. 0 eCTb ~Me~TC~ OCHOBaH~~ rosop~Tb 
o 6n~30CT~ peanbH~x ~AeP K KP~T~4ecKo~ T04Ke $a3osoro nepexoAa. 

Ce~4ac npeACTasn~eTc~ o4eB~AH~M, 4TO 3aAa4a o rr-KOHAeHcaT
HOM $a30BOM nepeXOAe CYl!leCTBeHHO MHOronapaMeTpOBa~, ~ CBeAeH~e 

scex CB~3aHH~X c He~ sonpocos K HaXO*AeH~IO eA~HCTBeHHoro 3$-
0eKT~BHoro napaMeTpa g' ~Bn~eTC~, no-B~A~MOMY, cn~WKOM rpy6~M 

np~6n~~eH~eM. TaK, s P~Ae pa6oT EiyHaT~Ha ~ M~wycT~Ha / 9,10/ no
Ka3aHo, 4To xapaKTep ~ ycnos~~ $a3osoro nepexoAa cyl!leCTBeHHo 
3aB~CRT OT n~oH-n~OHHOrO B3a~MOAe~CTB~~ B cpeAe, OT $nyKTya~~~ 
n~OHHOrO nonR /no-B~A~MOMY, OTBeTCTBeHH~X 3a OTCYTCTB~e npeA
Kp~T~4eCK~X RBneH~~ B o6~4H~X HApax/. 6 KOHe4HOM C4eTe 3TO np~
BOA~T K 3Ha4~TenbHOMY 4~cny HOB~X napaMeTpOB, He ~3BeCTHbiX AO
CTaT04HO xopowo. HecoMHeHHO, 4TO co speMeH~ noRsneH~R r~noTe3bl 
o B03MO~HOM cyl!lecTsosaH~~ cynepnnoTH~x RAeP Teop~R rr-KoHAeH
caTHoro $a3osoro nepexoAa AOCT~rna 6onbw~x ycnexos. 0AHaKo ee 
B~BOA~ AO C~X nop BeCbMa Ka4eCTBeHH~, OHa CKopee CTaB~T Bonpoc 
nepeA 3Kcnep~MeHTOM, 4eM AaeT 4eTK~e npeACKa3aH~R. 

Ao c~x nop He nony4eHo AOCTosepH~X 3Kcnep~MeHTanbH~x yKa3a
H~~ KaK Ha CYl!leCTBOBaH~e cynepnnoTH~X RAep B np~poAe, TaK ~ Ha 
~x o6pa3osaH~e B RAePH~x npo~eccax. 063op pa6oT, s~nonHeHH~x 

AO 1977 r., AaH s/11/.113 6onee no3AH~x pa6oT yKa~eM/12-17/,Mbl 
y~e OTMe4an~ e/1~ 4TO np~ nOCTaHOBKe HOBbiX 3KCnep~MeHTOB cneAyeT 
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3Hepr~RM~ CBR3~. np~4eM Ha~6onee 3$$eKT~BH~M cnoco6oM nony4eH~~ 
aHOManbH~X RAep npeACTaBn~IOTCR peaK~~~, Bb13biBaeMble TR~en~M~ 
~oHaM~ cy6pen~T~B~CTCK~x 3Hepr~H. BMecTe c TeM He ~cKn104eHo, 

4TO AOCTaT04Hoe An~ $a3osoro nepexoAa ynnoTHeH~e Mo~eT 6b1Tb 
AOCT~rHyTo ~ np~ 6oM6apA~POBKe TR~enblx M~WeHeH penRT~B~CTCK~M~ 

HyKnoHaM~ ~ nerK~M~ RAPaM~. 3To MO~eT npo~30~T~ B peAK~X KaHa
nax peaK~~~, KOrAa B RAPe B03H~KaeT KBa3~KorepeHTH~~ nOTOK BTO
P~4HbiX 4acn1~. 0TMeT~M, 4TO no~cK~ c~rHanos rr -KoHAeHca~~~ 
B KOHe4H~X npOAYKTaX RAepHoro B3a~MOAeHCTB~R ~Me~T onpeAeneHHble 
npe~Myl!leCTBa no cpasHeH~IO c non~TKaM~ Ha~T~ npoRsneH~e rr -$a-· 
30BOro nepeXOAa HenocpeACTBeHHO B aKTe B3a~MOAe~CTB~R /19,20/. 
Ecn~ $a3os~H nepexoA npo~cXOA~T np~ KaKoM-TO ~cKn~4~TenbHOM 
CTe4eH~~ OfiCTORTenbCTB, B ManoM 4~Cne aKTOB B3a~MOAe~CTB~R, 
ero npORBneH~e MO~eT OKa3aTbCR He3aMeTH~M Ha $OHe OCHOBH~X npo
~eCCOB RAepHoro B3a~MOAeHCTB~~. 

2. 0 Bbi50PE CHrHAJlA nHOHHO~ KOHAEHCAL(I111 

M~rAanoM ~ AP./2/ noKa3aHo, 4TO AOPO>KKa f3 -cTa6~nbHOCT~ AnR 
cynepnnOTHbiX RAep CMel!leHa B CTOPOHY n~H~~ Z= N no cpasHeH~IO 
C 06b14Hb1M~ RAPaM~. 3TO peaynbTaT B03pacTaH~R BKnaAa 3Hepr~~. 
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C~MMeTp~~ B 3Hepr~~ CBR3~ RAPa C ysen~4eH~eM nnoTHOCT~. nono
~eH~e AOn~H~ 6eTa-cTa6~nbHOCT~ MO~eT 6b1Tb O~eHeHO no cneAY~llleMy 
COOTHOWeH~IO, B~TeKa~l!leMy ~3 $OpMyn~ Be~~3eKKepa C napaMeTpaM~, 
3aB~CRl!I~M~ OT nnOTHOCT~: 

/1/ 

3Aecb aq(p
8

) - napaMeTp KynoHOBCKo~ 3Hepr~~. a 17 (p 8 ) - napaMeTp 
3Hepr~~ C~MMeTp~~, B3RT~e np~ nnOTHOCT~ KOHAeHC~poBaHHOro co
CTORH~R Ps• O~eHK~ no 3To~ $opMyne AaiOT AnR 6eTa-cTa6~nbH~x 
VI30TOnOB ~e3~R ~ QlpaH~~R np~ paBHOBeCHO~ nnOTHOCT~ p 

8 
"'(5 - 7) p O 

3Ha4eH~R A s• paBHble 117-118 (Cs) ~ 190-195 (Fr). Aonro~~BYIII~e 
{3-aKT~BH~e ~3oTon~ cynepnnoTH~x ~AeP ~e3~R ~ $paH~~R pacnono~eH~ 

s6n~3~ 3T~X MaCCOB~X 4~Cen. "HopManbHble 11 ~30TOn~ np~ 3T~X 3Ha-
4eH~RX A ~MenT speMeHa m~3H~ He 6onee M~HYT~. TaK~M o6pa3oM, 
B03MO~H~M C~rHanOM aHOManbHOCT~ RBnReTCR nORBneH~e OTHOC~TenbHO 
AOnro~~BYl!le~ {3-aKT~BHOCT~ B o6nacT~ 3Ha4~TenbHOrO He~TPOHHOrO 
Ae$~~~Ta. 3TO ~ 6blnO np~HRTO BO BH~MaH~e np~ npoBeAeH~~ HaCTOR
~~~~X 3KCnep~MeHTOB, TaK ~e, KaK ~ B pa6oTe/1~ 

KaKaR o6nacTb nep~oA~4ecKo~ c~cTeM~ 3neMeHTOB RBnReTCR Ha~-

6onee noAXOARllle~ AnR no~cKa {3-aKT~BHbiX cynepnnoTHbiX RAep? M~
wycT~H ~ KapHIOX~H/18/nocTpo~n~ $opMyny Be~~aeKKepa AnR 3Hepr~~ 
CBR3~ RAPa C napaMeTpaM~, 3aB~CRl!I~M~ OT nnOTHOCT~. noKa3aHO, 
4TO Ha~6onbwe~ 3Hepr~e~ CBR3~ o6naAa~T cynepnnoTHble RAPa, ecn~ 
T;ollnR~oP ryoooPrTRyoaT. R nfin;orTIA A = ~00-400. flnR 3Ha4eH~~ A< A 
= 20+70 3Hepr~~ cB~3~ cTaHoBRTCR oTp~~aTenbH~M~ I Amin 3as~c~'T"cn 
pH ~ napaMeTpa o6beMHOH 3Hepr~~ Es /. TaK~M o6pa30M, nepcneK
T~BHO~ AnR no~CKa paA~OaKT~BH~X cynepnnoTHbiX RAep RBn~eTCR o6-
naCTb B03MO~Ho 6onee TR>Ken~x 3neMeHTOB. 3To cT~Myn~posano Haw 
~HTepec K npoBeAeH~~ 3KCnep~MeHTOB C $paH~~eM, o6pa3YIOIII~MCR 
B Ka4eCTBe KOHe4HOro nPOAYKTa B3a~MOAe~CTB~R penRT~B~CTCK~X 

RAeP c Top~eM. HaPRAY c $paH~~eM Mbl ~ccneAoBan~ ~ cneKTP ~3o
Tonos 4e3~R, o6pa3YIOlii~XCfl B TOp~eBOH M~WeH~. 3TO He npOCTO noBTOp 
on~ToB, on~caHHbiX s/1/. nepexoA oT Ta -M~WeH~ K 6onee TR>Keno~ 
Mor 6naronp~~THO CKa3aTbCR Ha sepoRTHOCT~ npo~ecca o6pa3oBaH~R 

cynepnnoTHO~ ~a3bl. 

An~ s~6opa MeTOAa per~cTpa4~~ paA~OaKT~BH~x cynepnnoTH~x 

RAep Heo6XOA~MO 3HaTb OCHOBHOH cnoco6 ~X pacnaAa. 113BeCTHO, 4TO 
see ~30TOnbl Fr c A < 222 ~cn~T~BaiOT a -pacnaA. KaKoea c~Tya4~~ 
c a -pacnaAOM cynepnnoTHOro ~paH4~R e6n~3~ AOn~Hbl {3-cTa6~nbHo
cT~? 

3. 05 a -PACnAAE CYnEPnJlOTHWX RAEP 

3Hepr~~ a -pacnaAa AnR cynepnnoTHoro $paH4~R pacc4~T~sanacb 
no cneAYIOl!leMy cooTHoweH~~. nony4eHHOMY ~3 ¢opMyn~ Be~43eKKepa: 
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3AeCb B a - 3HeprHA CBA3H 4He, f s - 06"beMHaA 3HeprHA CBA3VI Ha 
HyKnOH B cynepnnoTHOM COCTOAHHVI. napaMeTp~ CVIMMeTpH4eCKOH, Ky
noHOBCKOH H noBepXHOCTHOH 3HeprHVI COOTBeTCTBeHHO paBH~ /18/: 

a .. 18,4 -~.;!- M3B 
rr ' Po 

aq .. 0,711 (.£~) 1 /3 M3B, 
Po 

Ps 5/6 f 8 1/2 
a a ~ 18,43 (-) (-) tbB. 

Po fo 

131 

npH p
8

-+p
0

, £
8

-+fO H BenH4HH~ 3THX napaMeTpOB COBnaAaiOT CO 3Ha-
4eHHAMH, o6~4Ho HcnonbayeM~MVI B MOAenH ~HAKOA KannH. BHAHD, 4To 
AnA ynnOTHeHH~X AAep BKnaA CHMMeTpH4eCKOrO H nosepxHOCTHoro 4ne
HOB B 3HeprHIO CBA3H 6onee cy~ecTBeH, 4eM AnA o6~4H~x AAep. Ha 
PHC. 1 nOKa3aH~ peaynbTaTbl paC4eTOB cpeAHeH 3HeprHVI CBA3H Ha 
HyKnoH AnA cynepnnoTH~x H30Tonos Fr /no $opMyne Ha/18/ I H 3Hep
rHH a -pacnaAa no /2/. 3Ha4eHHA napaMeTpos /3/ B3AT~ AnA Ps 

= 6,63p 0 H fs = 41 M3B. BHAHO, 4TO a -pacnaA aHoManbHoro Fr 
B03MO*eH TonbKO npH A< 180, 3HeprHA era He npes~waeT 3 M3B, 
Jt1 UM Ht:: MUII'\t: I llf.Jt::J..!.L. I dt:IJ 1)1 I b L.CIJDI::.,jt1U;; r\.UMI'\..Y ...,CM4..-IVI iJ l-"0\.d ICJfJI.,Y 

npH OTXOAe OT ADPO>KKH f3 -cTa6HnbHOCTH. TaKHM o6paaoM, B oTnH4He 
OT o6~4H~X H30TOnOB $paHLIHA AnA aHoManbH~X AAep OCHOBH~M cno
C060M pacnaAa ABnAeTcA f3 -pacnaA. AHanorH4H~A peaynbTaT nony-
4aeTCA H AnA APYrHX 3Ha4eHHH napaMeTpOB p 

8 
H f 

8 
, KOTOPbiM OTBe-

4aeT cy~eCTBOBaHHe CBA3aHHOrO cynepnnOTHOrO AApa. 

E.M3B 

6 
5 
4 
3 
2 

PHc. I. PactieTHbJe 3HatieHHH cpe,o;Hei1 
3HeprHH CBH3H Ha HYKITOH Bs 
H 3HeprHH a -pacrra,o;a ,o;nH cyrrep
rrnoTHb~ H30TorroB Fr B 3aB~CHMo-· 
CTH OT A. IlapaMeTpbJ pac'leTa 

150 170 190 210 230 250 A ~ TeKcTe. 

4. METOAHKA 3KCnEPHMEHTA 

: 

TopHeBaA MHWeHb o6ny4anacb Ha BHyTpeHHeM npo6HHKe CHHXpo¢aao
TpOHa 011~H AeHTPOHaMH /4,3 r3B/ H 3He /11-15 r3B/. MHweHb /-1 r/ 
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6~na B~nOnHeHa H3 TOpHeBOH $DnbrH TOn~HHOH -4 MKM.~cnonb30BanHCb 
ABa sapHaHTa MHWeHH.Py6neHaA Ha nonocKH $Onbra npeccosanacb 
B LIHnHHAP AHaMeTpOM 3MM,AnHHOH- 20MM,KOTOPbiH $HKCHposancA TOH
KOH TaHTanosoA nposonoKoA. 8 APYroM sapHaHTe py6neHoA $onbroA 
aanonHAnacb aMnyna IAHaMeTpoM- 3 MM/, CAenaHHaA H3 TOPHesoA ¢onb
rH TOn~HHOH 50 MKM. TaKaA KOHCTPYKLIHA MHWeHH 6~na B~6paHa AnA 
TOrO, 1H06bl o6ecne4HTb npHeMneMYIO AH¢J$y3HIO $paHLIHA npH TeMne
paTypax HecKonbKO HH~e T04KH nnasneHHA Th. 

C nOMO~b~ nHeBMaTH4eCKOro np06HHKa MHWeHb nepHOAH4eCKH AO
CTaBnAnacb B 30HY ny4Ka. nonHbiH noTOK 4aCTHLI 4epe3 MHWeHb co
CTaBnAn AnA AeATpoHoB /1-3/· 10 14,a AnA 3He - /3-4/· 1012. MoHH
TopHposaHHe ny4Ka ocy~ecTBnAnocb no y-aKTHBHOCTH 24Na, HHAY
LIHPOBaHHoro ny4KOM B aniOMHHHesoA ¢onhre, noMe~asweAcA nepeA 
MHWeHbiO. nocne o6ny4eHHA, AnHBWerOCA /8-10/ 4, MHWeHb H3BneKa
naCb H3 BaKyyMHOH KaMep~ YCKOPHTenA, noMe~anacb B HOHH~H HCT04-
HHK Macc-cenapaTopa ~CHAnn H B Te4eHHe -15 MHH npOH3BOAHnOCb 
pa3AeneHHe H30TOnOB. Hcnonb30BancA HOHH~H HCT04HHK C nosepXHOcT
HOH HOHH3at.~HeA/21~ TennOBOH pe*HM HOHH3aTopa 6~n B~6paH TaKHM 
o6pa30M, 4TO o6ecne4HBanaCb B~COKaA CTeneHb ceneKTHBHOCTH B~

AeneHHA ~en04HbiX 3neMeHTOB H3 nonHero Ha6opa nPOAYKTOB B3aHMQ
AeHCTBHA ny4Ka C MHWeHbiO. TaK, OTHOWeHHe 3$$eKTHBHOCTeH HOHH3a
LIHH ~eno4Ho3eMenbH~x H ~eno4H~x 3neMeHTOB 6~no He 6onee 10-~ 
3THM AOCTHranCA HH3KHH ypOBeHb $OHa B paHOHe HeHTpOHOAe$HLIHTHbiX 
H30TOnOB ~eno4H~X 3neMeHTOB, T.e. B o6naCTH nOHCKa. 

CneKTP Mace H30Tonos ~eno4HbiX 3neMeHTOB HaXDAHncA nyTeM 
,,....,,,.-,.....,.....,,,,.,.. ...,...,.,...,..,....,.... ... ...,.,...,....,,, • .,.. (J_...,,,~'"'"''"',..""'"''" ,,...., ,..h,....nLJI4VO /,niAUr'\1~ 
~lo,JI"I ...... ,..._.,, •• ~O ......... .._.,,,.._.,..,_.. .. , .... ,,,,,, ,..... ....,,,., ••-"•-'- 0 0 ·-• ---r •·- 0 ,-,-

-1 00 eM/ nocne H3Bne4eHHA nocneAHero H3 KaMepbl Mace -cneKTpoMeTpa. 
KoHCTPYKLIHA c6opHHKa, oxsaT~saswero AHanaaoH ~M /M~O%, onHCaHa 
B pa6oTel22/. TaM *e AaHo AeTanbHoe onHcaHHe MHoroKaHanbHoro 
ycTpoAcTsa "3eHHT-100" AnA HaMepeHHA pacnpeAeneHHA {3-aKTHBHo
CTH. 0Ho COCTOHT H3 100 TOPLIOB~X reArepoBCKHX C4eT4HKOB CH-196~ 
HMeiO~Hx o6"beM- 0,2 cM 3. C4eT4HKH pacnonaranHcb B PAA B cnet.~Hanb
HoA KOHCTPYKLIHH Ha AnHHe 99 CM. C6opHHK paC4neHAnCA Ha TpH 4ac
TH, KOTOPble o6C4HTbiBanHCb OTAenbHO nocne T~aTenbHOH ~CTHPOBKH 
nepeA 11nHHeHKOH 11 C4eT4HKOB. nepeA Ka*A~M C4eT4HKOM OKa3biBancA 
OTpeaoK c6opHHKa AnHHOH 3 MM. Ton~HHa BXOAH~X cn~AAH~X OKOWeK 
c4eT4HKOB- 1 Mr/cM 2 , 3To o6ecne4Hsano 3HepreTH4eCKHA nopor ,o;nA 
C4eTa 3neKTpOHOB OKOno 20 K38. reoMeTPH4eCKaA 3$$eKTHBHOCTb o6-
C4eTa f3 -aKTHBHOCTH "csoero" oTpeaKa c6opHHKa 6~na -30%, a co
ceAHero -0,3%. TaKHM o6paaoM, nHHeAHoe paapeweHHe cKaHHPYIO~eA 
CHCTeMbl onpeAenAnOCb cnoco6oM pa36HeHHA C60pHV1Ka Ha y4aCTKH 
H 6~n0 paBHO 3 MM. 

CHCTeMa HMeeT aKTHBHYIO 3a~HTY OT KOCMV14eCKHX 4aCTHLI - Cl.IVIH
THnnALIHOHH~H C4eT4HK C nnaCTHKOM, KOTOp~H npocMaTpHBaeTCA ABYMA 
$3Y THna XP-2020 c YAaneHH~x TOPLIOB. Bee 3To norpy*eHo B CBHH
LIOBYIO 3a~HTY TOn~HHOH 100 MM. Man~A paaMep C4eT4HKOB H KOM6VI
HHPOBaHHaA aa~HTa o6ecne4VIBanH HV13KVIH ypoBeHb $OHa, KOTop~H co
CTaBnAn ] VIMnynbCOB B 4aC Ha C4eT4VIK. 
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HHc)lopMa~~R 3an~c~sanacb ABYMR cnoco6aM~. neps~~ on~caH HaM~ 
paHee. np~ 3TOM ~CnOJ1b30BaJ1CR W~¢paTop, KOA~POBaBW~H HOMep 
C4eT4~Ka ~ CBR3aHH~H C naMRTb~ MHOIOKaHaJ1bHOIO aHaJ1~3aTopa 
s cTaHAapre KAHAKI23iBo sropoM sap~aHTe ~cnonb3osan~cb nepe
C4eTH~e 6noK~ s cTaHAapre KM1AK r~na KC-020124/,sxoA~ Korop~x 
/100 WTYK/ COeA~HRJl~Cb C ¢opM~POBaTeJ1RM~ reHreposCK~X C4eT4~KOB. 
noKa3aH~R nepec4eTOK J1~60 B~BOA~Jl~Cb Ha ne4aTa~~ee ycTpOHCTBO, 
n~6o nepeAaBan~Cb Ha 3BM EC-1010 AJ1R o6pa6oTK~. BropoH sap~aHT 
3an~c~ o6ecne4~Ban nonHy~ He3aB~c~MoCTb KaHanos per~crpa~~~. 
B nepsoM me sap~aHTe peAK~e c6o~ w~¢paropa Morn~ np~secr~ K no
RsneH~~ CJ1a6~X JlOmH~X n~KOB np~ HaJ1~4~~ B~COKOH 3arpy3K~ B Ka
K~X-TO KaHaJlaX. 

5. PE3YnbTAT~ 3KCnEPHMEHTOB H 06CY~AEHHE 

<llpaH~~H. Ha p~c.2 noKa3aH np~Mep pacnpeAeneH~R {3-aKT~BHo
cr~ Ha c6opH~Ke np~ HacrpoHKe Macc-cneKrpoMeTpa Ha B~AeneH~e 
~3oronos c)lpaH~~R. BepxH~H cneKTp ~3MepeH 6e3 aHr~cosnaAeH~H co 
C~~HT~J1J1R~~OHH~M C4eT4~KOM aKT~BHOH 3a~~T~, H~~H~H - C aHT~COB
naAeH~RM~. BKn~4eH~e aKT~BHOH 3a~~T~ yMeHbwaer yposeHb ¢oHa 
s- 3 pa3a. AnR Kan~6posK~ wKan~ Mace 6bin~ ~cnonb30BaH~ ~HTeH
c~BH~e Jl~H~~ B npaBOH 4aCT~ cneKTpa. noRBJleH~e nRT~ ~HTeHC~BH~X 
..,lillll•t":. " ..... ,_,_,...,...,,......,, ,......, ..... ,,~r"' ..... ............ ,,,,,,,.. .,.. ..... ,,_... _ _....,,,.....,,,.,. 1 c II ...,,....,..._,,... 11 ...... 1111"" 

........ - ........... ._ .................. -··-·~·,.. .... ... ,... ...... """1 .. ''' .............................. , ..... ··---·- ··-··..,~ 

o6ny4eH~R HaM noKa3anocb crpaHH~M, no3TOMY 6~n~ nposeAeH~ noApo6-
H~e ~3MepeH~R speMeHHoro cnaAa aKT~BHocr~ /p~c.3/. Ha~6onee ~H

TeHC~BH~H n~K ~MeeT Kp~By~ pacnaAa, KOTopaR pa3naraeTCR Ha ABe 
3KcnoHeHT~ c T 1; 2 , pasH~M~ 21 M~H ~ -1,7 4. 3r~ 3Ha4eH~R, KaK 
~ om~Aanocb, 6n~3K~ K nep~oAaM nonypacnaAa 212Fr ~ era A04ep
Hero RAPa 208At. H3B€CTH~ e~e ABa OTHOC~T€J1bHO AOJ110~~BY~~X 
~3oTona <!JpaHU~R: 222 Fr ~ 223Fr. HM oTBe4a~T caMble KpaHH~e n~K~ 
s npasoH 4acr~ cneKrpa. AnR Ha~6onee ~HTeHc~BHoro ~3 H~x nep~oA 
nonypacnaAa 14 M~H B COOTBeTCTB~~ C Ta6J1~4H~M 3H84€H~€M AnR 
222Fr. AnR APYroro KP~BaR pacnaAa pa3naraercR Ha ABe 3KcnoHeHr~: 
C TI/2 - JO M~H ~ 11 AH. nepsaR OTBe4aeT 223Fr, u BTopaR A04€PH€MY 
RAPY 223Ra. 3ra ~A€HT~$~Ka~~R 6~na noATBeP~AeHa ~aMepeH~eM cneKr
pa a -4aCT~l.l B n~Ke, KOTOP~H COBnan C o~~A8€Mb1M AnR 223Ra. HAeH
T~<!J~Ka~~R ~30TOnOB <!JpaHU~R C MBCCOBblM~ 4~cnaM~ 212, 222 ~ 223 
no3Bon~na npoKan~6posaTb wKany Mace. 

KaKoso npo~cxomAeH~e n~KOB np~ A 220 ~ 721? H3o1onbl 220Fr 
~ 221 Fr HMC~T nep~OAbl nonypacnaAa 28 c ~ ~,8 MHH H, 6YAY4~ o6-
P830BaHbl Henocp€ACTB€HHO B RA€PHOM B3RHMogeHClB~~. K MOMeHTY 
H3M€p€HH[1 11P81<1 ~14€CK~ flOJ1HOCTbiO paCf18/1aiOTCH. noHBneH~1e 3H1X 
nHKOB CBH3aHo c o6pa3o!laHHeM c)>paHUHR 4epe?., pa( nat~ .224Ac IT 1; 2 
= 2,9 4/ H225Ac/T1; 2 = 10 AH./. 1130TOflbl ?• 0 r1 ~1221J'r HaXOARTCH 
B paBHOBCCHH C 3THMH /1,'JTe[mHCKHMI-1 R/WBI~~, 1-10HI13.)'KJ1 C.A B ~10HHOI~ 

6 

N 

60 
50 

Th+d(4,3 f3B) 

PHc.2. Pacrrpe~eneHHe aKTHBHOCTH - --J1.U \...UU}-ICl.¥1.1'-\.... l~!U.\....\.... '-1.1.\...J.\o. ... ,PVP.t.'- J.l-"._. 

rrpH C€n€KTHBHOM Bb~eneHHH ~paH

~HH. BpeMH H3MepeHHH B Ka~oM 

KaHane 30 MHH, T - epeMeHHaH aa

~ep)xKa Me)!():ly KOHIJ,OM o6nyt:{€HHH 

ll H3MepeHHeM. lliKana crrpaea oT

HOCHTCH K 3at:{€p11€Hil0f! t:{aCTH 

crreKTpa. 

l'uc.3. Bpi'HCHHaH aaBHCHMOCTb 

I !II'! ei!CliHHOC Til lllli(OB B MaC COB OM 

cneJ', Tpe <;llp.JBIJ,IlH. HacJ:ITa6 

llO OC!l OpTI,HilaT - llPOH3BOnb

IIJ,Jif. 

N A=212 
Th •21.uuH 
T,= 17" 

~\ •220 

~\ ~~·1-
\ 

\ A•223 

25 

20 

0 

Th•05" \'f-- ' ;~;;l J-A•222 ~~ 
T10,•11.wH 

0 2 4 6 8 10 121/: Tl9l 
101 

+-.-,--r-,-,r-,-,-,--.--,--To-
0 2 4 6 a 10 17 1t. n~1 

7 



~CT04H~Ke ~ np~XOA~T Ha c6opH~K. A nocKonbKY ~HTepsan speMeH~ 
Me~AY KOH~OM cenapa~~~ ~ Ha4anoM ~3MepeH~~ COCTaBn~n /30-40/ M~H, 
Ha cKaH~PYK>Illee ycTpm1cTso "3eH~T-1 00" nonaAaiOT yli<e ~3oTonbl, o6-
pa3osasw~ec~ OT ~X pacnaAa. 3T~M ~ 06b~CH~eTCH TO, 4TO Kp~B~e 
pacnaAa AnH 3T~x Maccos~x 4~cen oTBe4aiOT ~3oTonaM 2l 2Bi IAnH 
A= 220/ ~ 2l3Bi, 209pb/AnHA= 221/. 3Ta ~AeHT~QJ~Ka~~H TaK~e 
noATBeP~AeHa ~3MepeH~eM a -cneKTpa. TaK~M o6pa3oM, see n~K~ 
B cneKTpe Hu p~c.2 06~3aH~ CBO~M nOHBneH~eM QJpaH~~IO. ~30TOnbl 

COCeAH~X 3neMeHTOB He B~AH~. 3TO pe3ynbTaT ~cnonb30BaH~H pe•~Ma 
~OHHoro ~CT04H~Ka, o6ecne4~Ba~l!lero s~coKM~ yposeHb ceneKT~BHo
CT~ AnH cenapa~~~ 111eno4H~x 3neMeHTOB. no Hawe~ o~eHKe, sepoRT
HOCTb ~OH~3a~~~ COCeAH~X 3neMeHTOB nOAaBneHa no Kpa~He~ Mepe 
s 103 pa3. 

B A~ana30He 163 ~A~- 206, B KOTOPOM MOrnM npOHB~TbCH cynep
nnoTH~e ~30TOn~ Fr, H~KuK~X CTaT~CT~4eCK~ AOCTOBepH~X n~KOB He 
o6Hapy~eHo. An~ o~eHK~ sepxHe~ rpaH~~~ B~XOAa aHoManbHblx ~30To
nos Y8 npeAnonaraeM, 4TO OH~ pacnaAaiOTCH nyTeM 3neKTPOHHO~ /+/-
3M~cc~~. a sepoHTHOCTb K -3axsaTa HeCyl!leCTBeHHa. B 3TOM cny4ae 
3QJQJeKT~BHOCTb per~cTpa~~~ ~en~KOM onpeAen~eTCH reoMeTp~e~ c4eT-
4~KOB CKaH~PYIOI!Ie~ C~CTeM~. 0TMeT~M, 4TO ecn~ 6~ ~Men MeCTO a -
pacnaA, oH 6~ per~cTp~posancH cTonb ~e ycnewHo np~ Ea > 1 H3B. 
O~eHKa sepxHe~ rpaH~~~ nno111aA~ n~Ka An~ 3Ha4eH~~ A B yKa3aHHoM 
AMana3oHe Aenanacb no npo~eAype, npeAno~eHHO~ s /25/, B Ka4eCTBe 
penepHoro M30Tona s~6paH 2l2Fr c B~XOAOM y 0 , 3$QJeKT~BHOCTb pe
rMcTpa~~~ KOToporo onpeAenHeTCH TOnbKO TenecH~M yrnoM c4eT4~-
KOB r,,, nonv4eHO, 4TO y_ /Vn= 6.5·10-6 C VDOBHeM LlOCTOBeDHOCTI--1 
90% /B npeAnono~eH~~. 4To nep~OA nonypacnaAa aHOManbHOro ~30Tona 
paseH 54/. HaM He ~3BeCTH~ AaHH~e o6 a6con10THOM ce4eH~~ o6pa-
30BaH~H 2l2Fr B peaK~~HX paCI!IenneH~~ Th np~ 3Hepr~~x 6onee 1 r3B. 
0AHaKO ero MO~HO o~eH~Tb, ~cnonb3YH pe3ynbTaT~ pa60Tbl /26/, B Ko
TOpO~ ~3MepeHbl BbiXOA~ 224-228Ac B peaK~~~ Th + p I 1 '8 r3B/. Hop
M~py~ pac4eT~ no <!JopMyne PyACTaMa/27/ Ha ce4eH~e o6pa3oBaH~H 
224Ac, nony4~M AnH 212 Fr ao = 2 M6. HaM npeACTasn~eTc~, 4TO np~ 
TaKo~ o~eHKe Mbl 3QJQJeKT~BHO y4~TbiBaeM sn~~H~e npo~ecca AeneH~H, 

T.K. napaMeTp~ Z /A AnH 224Ac ~ 2l2Fr 6n~3K~, OAHaKo An~ Ha
Ae~HOCT~ B AanbHe~weM nonaraeM a 0 = 5 M6. nonb3YHCb 3TO~ sen~-
4~Ho~ ~ np~BeAeHH~M 3Ha4eH~eM Y8 jY 0 , nony4aeM sepxHIOIO rpaH~~Y 
Ce4eH~H o6pa30BaH~H aHOManbHOrO <!JpaH~~~ U 8 = 3,3· 10-32cM2, 4TO 
cooTseTcTsyeT 1,6·10-8 oT nonHero Heynpyroro ce4eH~H B3a~Mo
Ae~cTs~~ d + Th. 

~e3~~. Ha p~c.4 npeACTasneH~ pacnpeAeneH~H aKT~BHOCT~ Ha 
c6opH~Ke, nony4eHH~e np~ HacTpo~Ke Macc-cneKTPOMeTpa Ha ceneK
T~BHoe B~AeneH~e ~e3~H. noAaBnHIOillaH ~HTeHC~BHOCTb· B cneKTpe np~
XOA~TC~ Ha n~K~ ~3oTonos ~e3~~ c A= 125, 127, 129, 130, 132, 
134, 135, 136, o6pa3YIOI!I~ecR B peaK~~RX rny6oKoro pac111enneH~H 
~ AeneH~R. H~ 6ap~~. H~ peAK03eMenbH~x ~3oTonos He B~AHO. B~xoA 
~HA~~ B QJOKanbHYIO nnoCKOCTb 3Ha4~TenbHO nOAaBneH no cpaBHeH~IO 
C TeM, 4TO 6~no AOCT~rHyTO 8 HaWe~ npeA~AYI!Ie~ pa6oTe/l~ 
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PHc.4. PacnpegeneHHe aKTHBHOCTli Ha cGopHHKe npli ceneK
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PHc.S. 3aBHCHMOCTh BepxHeH rpa
Hlil\bi Bb!XOAa li CetieHHH o6pago
BaHliH cynepnnoTHoro u;e3HH oT 
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B A~ana3oHe 115 <A< 125 B neps~x ABYX /no speMeH~/ cneKT
pax QOH nOB~WeH 3a c4eT- 11XBOCTa 11 ~HTeHC~BH~X n~H~~ 125•127Cs, 
B nepsoM cneKTpe Ha 3TOT QJOH Hano~eH~ cna6~e n~K~, no-a~A~MoMy, 
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CBR3aHHble c'o CileAaMH I-130TOnOB HHAHR, Tennypa, cypbMbl. npl-1 A = 
= 110 Ill 101 LleTKO BHAHbl ABa nHKa, pacnaAa~~HeCR C nepHOAOM 
nonypacnaAa OKOilO 29 Ll. npoHCXOmAeHHe nHKOB noKa He RCHO. HaM 
He YAanocb HaATH Ta6nHLIHble sapHaHTbl HAeHTH~HKa~~~~~~~ 3THx nHKOB 
Ailfl OAHO- Ill ABYKpaTHO 3apRmeHHbiX HOHOB KaKHX-nl-160 I-130TOnOB 1-1!11-1 
OKHCilOB. 

Pe3y!lbTaTbl o~eHKH sepxHeA rpaHH~bl BbiXOAa aHoMailbHoro ~e3HR 
npl-1 90% YPOBHe AOCTOBepHOCTI-1 npeACTaBileHbl Ha pHC. 5. !-icnOilb30Ba
Hbl cneKTpbl, H3MepeHHble L1epe3 4-5 Ll nocne KOH~a o6nyLieHHR, "' npo
~eAYPa o~eHKH 1-13/25/. CHosa npeAnomeHo, LITO T1; 2 = 5 Ll, 1-1 pacnaA 
npoHCXOAHT TOilbKO nyTeM 3MHCCHH 3JleKTpOHOB 1-1!11-1 n03HTpOHOB. 
B KaLieCTBe penepHoro H3oTona Bbl6paH 127Cs, 3~~eKTHBHOCTb perHcT
pa~~~~~~~ KoToporo pasHa 0,03,,). CeLieHHe ero o6pa3oBaHHR nonaraeM 
paBHbiM 7 M6/2SA 3Ta BeilHLIHHa HCnOilb30Banacb Ailfl nOCTpOeHHR WKa
Ilbl a6con~THbiX ceLieHH~3~a p1-1c. 5. B AHana3oHe 112 :;;;. A -s, 119 sepx-
HRR rpaHH~a a,. = 10 CM, LITO COCTaBilfleT-5•10-9 OT nOilHOrO 
Heynpyroro Cel.leHHR B3aHMOAeACTBHR. 

Ha PHc.6 noKa3aHa 3aBHCHMOCTb sepxHeA rpaHH~bl ceLieHHA o6pa-
3oBaHHR aHOMailbHbiX H30TOnOB ~e3Hfl Ill ~paH~Hfl OT npeAnOilomeHHOro 
nepHOAa nonypacnaAa. 

~:j\ ? _li! 
~:1~f: 

10 20 :JO 40 s'o 6'o 10 Ty, ~ 

PHC.b. ~aBHCHMOCTb BepxHeo rpaHH-
1..\bl CB'IBHHH o6pa30BaHHH aHOMailbHbiX 
H30TonoB Cs H Fr OT npeAnono~eH
Horo nepHoga nonypacnaga. lliKwia 

cneBa - A!lH Cs, cnpaBa - gnH Fr. 

Eibl!lH H3MepeHbl cneKTPbl Mace npH HacTpoAKe Macc-cneKTpoMeTpa 
Ha ceneKT~BHoe BbiAeneH~e ~paH4~R ~ 4e3~R. B nepBoM cny4ae 3Hep
r~R nyLIKa 6bl!la -15 r3B, BO BTOPOM- -11 r3B. nonyLieHbl cneKTPbl, 
aHa!lOrH4Hble np~BeAeHHbiM Ha p~c.3 ~ 4, TOilbKO aMnilHTYAbl OCHOB
HbiX IlHHHA npHMePHO B 100 pa3 MeHbWe B COOTBeTCTB~~ C 6onee H~3-
KHM nOTOKOM 3He. PacnpeAe!leH~e ~HTeHC~BHOCTI-1 no OCHOBHbiM Il~H~RM 

*B pa6oTel281np~BeAeHo KYMYilRT~BHoe ce4eH~e o6pa3oBaH~R 127c8 

B peaK~~~ 238U + p I 11 '5 r3B/. ~13 Il~TepaTypHbiX AaHHbiX CileAyeT' 
4TO BbiXOAbl HeATpoHoAe~~~~THbiX ~3oTonos Xe "' Ba B peaK4~Rx pac
~enneH~R ypaHa 1-1 TOP~R B npeAenax ow1-160K cosnaAa~T, To me caMoe 
nonaraeM 1-1 AilR 127Cs. 
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COBnaAaeT C TeM, LITO nonyLieHO B OnbiTaX C AeATpOHaMH. 3TO npORB
JleHHe CBOeo6pa3HOrO CKeAil~Hra B I-130TOn~LieCKOM pacnpeAe!leHH~ 
nPOAYKTOB B3a~MoAeAcTB~R LlacT~~ BbiCOKoA 3HeprHH c RAPaMH - He-
3aB~CHMOCTb pacnpeAeJleHHR OT T~na Ill 3HeprH~ LlaCTI-1~, LITO yme OT
MeLiailOCb B HaweA pa6oTe /29/, 

H~KaKHX CTaT~CTHLieCK~ AOCTOBepHbiX n~KOB He 06Hapy*eHO npl-1 
BbiAeneHHH ~paH~HR B AHana3oHe 1725 As 210 1-1 ~e3HR s HHTepsane 
100 ~A~. 122 L1epe3 2 Ll nocne KOH~a o6ny4eHHR. BepxHHe rpaH~~bl 

ce4eH~R o6paaosaH~R cynepnnoTHbiX RAeP Fr 1-1 Cs o~eHHBanHCb 

aHanor~4HO TOMY, KaK 3TO AeilailOCb B npeAbiAY~eM pa3Ae!le. B npeA
nonomeH~~ nep~oAa nonypacnaAa, paBHOM 5 Ll, AilR ¢paH~HR nonyLieHo 
as= 4,8-1o-30 cM 2 Hn~ -2·10-6 oT nonHoro Hernpyroro ceLieHHR ain' 
,[\nR aHOMailbHOrO ~e3~fl HaAAeHO as = 4, 5 ·1 o-3 CM 2 1-1!11-1 2 •.1 o-< a. • 

AnR APYrHx 3HaLieHHA T1;2 o~eHKa 6yAeT MeHRTbCR TaK, KaK ~To 
noKa3aHo AilR Cs Ha p~c.6. 

AsTopbl 6naroAapHbl npo~. B.n.Amenenosy, K.R.rpoMosy 1-1 1-i.H.Ce
MeH~WK~HY 3a HHTepec K pa6oTe Ill nOAAepmKy, 1-i.H.MHWYCTHHY,r.r.ny
HaTRHY 3a none3Hble o6cy>!<AeHHR, A. H. CHHaesy 3a noM~b B ocHa~e
HH~ 3IleKTPOHHoA annapaTypoA, A.~.HosropoAOBY, C.A.HoBHKosy, 
r.B. Mb1WHHCKOMY 3a noMO~b B npoBeAeHHI-1 3KCnepHMeHTOB. 
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