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AHHOT8UHSi 

B nponyKT a x, B03HHK8IOLUHX npH o6nyqeHHH Th H u HOH8MH a30T8 HnH H 9 0H8, 

6binH H8i!:Ll9H bi H30T0fibl 
A c 226 H Ac 226 • BbiCKa 3 b iBa eTCR npennono )!{eH He, q To 3TH 

H 3 0T 0 fihl o6pa30BanHCb 38 C'I9T peaKUHH CphlB8 6onbLU0!"'0 KOnH'I9CTB8 /6 - 13/ H y KnOHOB H3 

R n pa o 6nyqeHHOro aneMeHTa. 

Yl3 OU 9HKH C9'J E: HHll: o6pa30B8HHSi YK838HHb!X H30TOfiOB aKTHHHSi Bb!T 9 K 89T, 'I TO npH 

o6ny'I9HHH TOpHSi / cpb!B 6-7 "HyKnOHOB/ HX Bb!XOLlbl 3H8 '1HT9nbHO BbJLU9 , '19M npH o6nyq e HH H 

ypa Ha / cpb!B 12-13 HyKnOHOBI. 

noK838H8 
He 0 6XOLlHMOCTb yqeTa Ll0'!9 pHHX npO LlYKTOB 8KTHHHSi K 8K B 03MO)!{H0!"'0 HC" 

T O'IHHK8 ~OH8 npH HLl9HTH~HK8UHH TpaHcyp a HOBhlX 3n9M9HTOB. 

ABSTRACT 

226 226 
Isotopes of Ac and Ac were found in the products from the bombardment of Tq and U by nitrogen or 

neon ions. It is supposed that these isotopes were produced due to the stripping of a great number (6-13 ) of nucleons 

from the nucleus of the bombarded element. 

The estimations of the cross sections for the production of the Ac isotopes show that in the bombardment of 

thorium (stripping of 6-7 nucleons) their yields are much higher than in the uranium bombardment (stripping of 12- 13 

nucleons). 

A necessity is indicated of taking into account the daughter products of Ac as a possible source of the back-

ground in identifying the transuranium elements. 
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npi! 061!y<IeHIIII TS!>Kell b!X 91!eMeHT OB n erKI!M il <i8CTHU8Mi! cpeLlHIIX 111111 BbiCOKi!X SHep-

ri!H o6pa_ayeTCSI pS!Ll 1130TOllOB, Z KOTOpbiX H8 H eCKOllbKO eLli!HIIU MeHbWe 1 <!eM Z o6-

11y<IaeMOrO 911e M eHT8, <iTO 06'bSICHS!eTCSI KB.CK8LlH b! M Bb!6i!B8 HI! eM HyKliOHOB 113 S! Llp8 -MI!W eHI! 

6oM6apnilpyiOwelt qacTI! ue A. 

MHorl!e 113 9Ti!X 1130TonoB B03Hi!K8IOT c OLli!H8KOBbiM 111111 c 6o11bWIIM BbiXOLlOM 1 qeM 

llpOLlyKTbl Lle11eHI!SII K8K 6binO, H8llpi!Mep, YCT8HOB11eHO llpH 0611y'!eHI! il yp8H8 HOH8Mil reliHSI C 

I ll 121 
aHepri!elt 380 M<JB 11:1111 Bi!CMyTa npoTOH8Mil 1 ycKopeHHbiMH no 480 MsB • 

npH o6ny'!eHI!H TOpliS! II ypaH a npoTOH8Mil c 9Hepri!elt 100-340 MsB B lii!TepaType npi!-

BOLl liT CSI <J>yHKUIISI B03 6y }!{ neHI!SI Ll11SI o6p830B8 HilS! H30TOllOB Pa Th Ac Ra 
131 

, VIa cpaBHeHI!SI BbiXOLlOB 1!30TonoB Po A 
224-228 

c npH 9TH X 0611y<IeHHSIX Bi!LlHO, 'ITO 

232 
B cnyqae Th BbiXOLlbi yKa3aHHbiX 1!30TonoB 8KTIIHHSI 1 o6paayiOWIIXCSI nyTeM noTepi! 

OLlHOrO llp0TOH8 H 3-7 HeitTpOHOB 1 npi!6111!31!Te11bHO B 50 pa3 6011bWe 1 qeM llpH 0611y<IeHI!H 
231 

U 1 Korna 1!30TOllbi Ac o6paayiOTCSI aa cqeT i!CIIyCK8Hi!SI 3 rrpoTOHOB 11 7-11 HeltTpo-

HOB 113 S!Llp8 MI!WeHH, 

Do · HacToSJwero BpeMeHI! B pe~KUHSIX MHoroaapS!LlHbiX TSJ )!{e11biX IIOHOB c SILlp a MI! aKTII

Hi!LlHbiX 911J:!MeHTOB 6blllil Onpene11eHbl Bb!XOLl bl Tp8HCyp8HOBb!X 911eMeHTOB II TOll bK O HeK OT0-

14151 
pb!X npOLlYKTOB neneHHSI 

He H3y<Ianocb o6p a aoBaHI!e sneMeHTOB c Z Ha HeCKOllbKO enH HIIU MeHbWIIM 1 <I eM Z 

MHWeHI! 1 XOTSI B C11y<Iae IICClleLlO B8Hi!SI a -aKTIIBHb!X Tp8HCypaHOBbiX 91!eMeHTOB llpH CyT-

CTBI!e LlpyrHX a - a KTIIBHb!X <IlleHOB p8311ii<!Hb!X pS! LlOB p8Cll8 L18 I!MeeT 6011bWOe 3H 8'!eHI!e . 

npi! Bbi Lle11eHI!il Tp8HCypaHOBb!X 911eMeHTOB 1 B03HHK810llli! X B pe3yllbT8Te B38i!MOLl efi -

C.TBIISI Th H
2 

111111 U 
238 

C TS! m enbiMII HOH8MII, H8MH 6bl110 yC T8HOB11eH0 1 'ITO H8p S! LlY C 

Ll pyrHMII i!30TOII8Mi! II IIpOLlYKT8Mil neneHI!SI o6pa3y.IOTCSI Ac 2 24 
H Ac 

226 
, T aK K8K HX 

npOLlYKTbl p8Cil8 Ll 8 npH 06 bi '!HOM MeTOLle Xi!MI!<IeCKOit o6pa60TKH 061!y'!eHHOH MI!W e HI! MoryT 

MeW8Tb i!LleHTi!<J>i!K8Ui!H HeKOTOpblX Tp8HCypaHOBb!X 911eMeHTOB, He06XOLliiMO 6bl110 OUeHHTb 

Ce<IeHI!SI o6p830B8HHSI 9THX 1!30TOIIOB 8KTIIHHSI, 

B 6o11ee n03LlHIIX onbiTax rro rro11y<I e HH IO Fm 
240 

B p e aKUIIII Th 2s2 I 
22 260 

Ne 4n l Fm 

. 191 I~ 2 E . .Q.DoHeu 11 coTpynHHKII aanbl11SI111! TOpH e By iO MHweHb '+'Ollbry p. I cnoeM Me-

Llil T011LUIIHOH 
2 

- Q 1 } MrlcM C ue11biO 38Llep m KI! B03Hi!K8IOll.l e r o 8 KTIIH H 51, 06p830B 8BW II HC51 

npi! 9TOM Fm co6i!p81111 Ha cepe6pS!Hbi H c6opHi!K, O n HaK o na me T8Ki!M o6pa3oM He yna11ocb 

llOlly'! i!Tb <J>epM i!H 6e3 rrpi!M ecefi 38MeTHOrO K011H<I e c TB8 8KTI!Hi151 II He06XOLli!M 0 6bi 110 npo Be e 

Til LlOll011HI!Te11bHOe OTLle11eHHe 8KTIIHIISI Xi!MI!<IeCKIIM Cll0C060M, 

3 



l 

3KCITe!:HM eHT8nbH8SI 'l8CTb 

OnpeaeneHHe Bhlxoaos aKTHHHSI rrposoaHnoch napannenbHO c orrpeaeneHKeM TpaweypaHo

BbiX sneMeHTOB, 06pa30B8BWHXCSI npH o6ny'leHHH TOpHS! H y_p~i18 HOiiaMdl K~OH8 H~&l &SOT&! HA 

BHyTp9HH9M ITY'IK9 6onbwOro UHKnOTpOHa TSI)!{enhlX HOHOB Qf;~Ull-f B. ll)'6He. B Ka 'le'CTBe MH-

lll9HH rrpHMeHS!nacb ¢onbra MeTannH'lecKoro ypaHa 117 11 I HnH TOpH'SI 116 11 I. 3Haqe-

HHSI SHep'T'HH rraaa10wero ny'lKa rrpHseaeHbi B Ta6nHue N2 1. ToK He rrpeBt>Iwan 0,7 MKa. 

XHMH'I9CK8SI o6pa60TK8 o6ny'leHHbiX MHWQW9A l5hlll8 Jli)OBQJ:l.Qiol8 O.O<bt'tHbiM npH abi.II:ene

HHH TpaHcypaHOBbiX sneMeHTOB CII0€060M. 

06ny'leHHaH tponbra ypaHa pacTBOpS!nacb B xoaueHTpHposaxxoA HN0
3 

B rrpHcyTCTBHH 

La 3+ B Ka'leCTBe HOCHTenH H Am
241 

anH orrpeaeneHHH XHMH'IecKoro BhlXoaa H rrpH6aBne-

HH9M flll8BHKOBOli KHCnOTbl OCa )!{aaiiHCb cPTOpHabl naHTaHHaOB H 8KTHHHaOB. 

B SKCITe!:HM9HT8X C TOpHeM cPTOpHabi OCS )!{aanH Cb nocne OTaeneHHSI TOpHSI B ¢opMe He· 

paCTBOpHMOrO HOaaTa. 

nocne nepesoaa ¢Topeaoa B rHapoOKMCH laarpeaaHHeM c 50% pacTBopoM KOH I oca

aoK paCTBOpS!nCSI B COIISIHOlt KHCIIOTe H H8HOCHnCSI B 0,05 M- lfC] H8 KOIIOHKY C K8THOHH

TOM aaySKC 50 X 12. 

3II!OHpOB8HH 9 rrpOH3BOaHIIOCb naKT8TOM 8MMOHHSI orrpeaeneHHOl! KOHUeHTp8UHH rrpH 87°C. 

llnS! Toro, 'lT06bi Ac BbiMbinCSI 6biCTpee H 6onee yaKHM ITHKOM lero Gd - 'IHcno anSI naKTa-

o 161 . 
Ta 8MMOHHSI rrpH 87 C p8BHO 17 ! 0,8 I, nocne BblXOaa Am KOHU9HTpaum naKT8T8 06bi'l-

HO ITOBblW8n8Cb. 

.. 
B HeKoTopbiX OITbiTax 6bino rrpoaeaeHo xpoMaTorpa¢ H'lecKoe paaaeneHHe 2M H 6M conS!-

HOI! KHCIIOTOl!. 

0TaenbHbie ¢ paKUHH IKannHI snJOeHTa rrocne BbiCYWHBaHHH H rrpoKanHBaHHSI H3MepS!nHCb 

Ha a -aKTHBHOCTb CUH HTHniiSIUHOHHbiM C'leT'lHKOM C cPOTOYMHO)!{HTeneM If H8 {3 - aKTHB-

HOCTb c ITO M OlllbiO TOpuesoro C'leT'lHKa THna MCT-17. nanee cPP8KUHH, coaep*8WHe Ac. 

H3M9pSIIIHCb B HOHH38UHOHHOJt KaMepe, HMITYIIbCbl OT KOTOpOJt ITOaaB8IIHCb H8 100-K8H8IIbHbllt 

aHanH3aTop THna Al-1-100-l I"Paayra"'l. 

PaaHoxHMH'lecKoe orrpeaeneHHe aKTHHHSI 

XpoMaTorpacPH'lecKoe paaaeneHHe naHTaHHaoB H aKTHHHaos Ha KaTHOHHTe naKTaTOM aM

MOHHS! H306pa)!{eHO H8 pHC. l. TopHJt, KOTOpbll! COOCa )!{aaeTCSI C ¢TopHaOM I18HT8Ha, Bb!Mb!Ba-

16 1 ' 
eTCH II8KT8TOM B C8MOM H8'l8IIe laa CB060aHbiM 06'beMOM KOnOHKHI. B rrepBOM a -rrHKe 

226 
lpHc . 1 I Bceraa rrpHcyTCTBOBan TI1 co CBOHMH rrpouyKTaMH pacnaaa. Ero HaeHTHcPHK8UHS! 

OCyilleCTBnSin8Cb H3MepeHHeM a -sHe prHH H rrepHo aa rronypacrraaa I KpHBaSI 1 Ha pHc. 2 H 

pHc. 31. 
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ypaHo-

l'li HA 

Ka. 

BKK 

)pMe ae-

I oca-

lSI naKTa-

!epSinKCb 

- aKTKB-

Ac, 

anbH hi A 

•aTOM aM-

BbiMbiBa-

a -nKKe 

~KcpKKaUKSI 

pKC . 2 li 

KpoMe aToro nHKa, 
2:1 1 

Th , KSK H npoayKTbi ero pacnaaa, MO)KHO BHaeTb B cpopMe 

a -cpoaa' BO BCeX llOCJieayJOI..l{liX KallJISlX 3JIJOeHTa, T.K. TOpHi! Henpepb!BHO Bb!M biBaeTCSI 

H3 KOJIOHKH, o6pa3yS!Cb npH pacnaae aKTHHHSl, 'iTO COOTBeTCTByeT pRay pacnaaa: 

A c 22 II ____§____. Th2211 6, .38 Ra222-~ 218 
Rn __ 7,1.3__ Po 214 7,68 

0,019 CeK. lo-:.."4~. 
Pb I f3 , 19 neT I 

. 29 qac. 30,9 MHH. 38 ceK • 

Oocne Bh!XOaa BCero aKTHHHSl HC'ie3aeT H 

226 
cyTCTBHe npoayKTa ueno'iKH pacnaaa MaTepHHCKoro Ac 

B nHKe aKTHHHSI 6hiJI HaiiaeH 28-qacoBoii H30Ton Ac 
216 

aenocpellCTBeHHhiM H3MepeHH eM 

{3 -K3ny'ieHHSI, a TaK )Ke aa6moaeHHeM p a crraaa H H3Me peaHeM 3HeprHH a -qacTHU ao-

Th 
2211 R 222 R 21 1 214 n 22& 

'l9PHHX H30TonoB a , n H Po • epHoa rronypa cnaaa Ac H3MepSin-

CSI C llOMOI..l{biO a -aaaJIH3aTopa, rae oaaoBpeMeHHO HccneaoBanKCb ero moqepaHe npo -

ayKTbl Fr 221 
H At

211 
/pHC. 2, KpHBbie 2 H 3/, KOTOpb!e HaXO a SITCSI C HHM B paaHOaKTHBHOM 

paBHOB9CHH, KaK BHaHO H3 CXeMbi: 

Po 213 

. (3,98 '7c / ~ 8,35 
/ 46MHH. ~ 

A 22& 5,81 F 22t 6,3.3 A 211 7,05 B' 213 Pb 209 {3 B' c ____ _. r ---'---+ t -----'----+ 1 
5 86 

_____ _.. 1 

10 a. 5 MHH. 0,018 CeK. ~.J,ou u, MH H . 3,2 'iaC. 

~1(109 

209 

22& 213 
OpKcyTCTBHe Ac a oKa3biBaeT TaK )Ke HanH'iHe a -qacTHU Po / 8,35 M3B/ B 

e " .4, K 2 Ac
226 

nocn" aecKOJibK"X Cll9KTpe 8KTKHli! B On cp paKUHH. 8K BH a HO H3 pHC. 1 8KTHBHOCTb .., " 

Ac 226 
I 5 81 M I aHeii cHnbHO naaaeT, TaK 'ITO a -qacTHUhl , 3B H ero aoqepaKx npoayK-

TOB nerKO 06Hapy )K HB810TCSI. HeaOCT8TO'!HOe pa3peweHHe HCUOJib30BaHH0$1 HOHH3a UHOHHOii K a 

Mepbl npoSIBJISieTcR oco6eaao npH nepBoHa'ianbHhiX a3MepeHHRX /pHc. 2, KpHBaSI 1 I . Ha cpopMy 

a -rrHKOB /eM. pHC. 2/, OC06eHHO ITOCJie a aero H3 HHX, BepOIITHO , BJIHSIIOT O'ieHb KOpOTKHe, 

llO cpaBHeHH IO C MepTBbiM BpeMeHeM Ka Mepbl, nepHOabi nonypacnaaa aByX coceaHHX K30T OilOB 

I HanpHMep, Rn 
218 

- Po 
214 

I . 

TaK KaK 3HeprHH a -qacTHU HeKOTOphlX aoq e pHHX npoayKTOB 060HX K3 0TOllOB Ac 

oqeHb 6nH3KH, To aeo6xoa HMO 6bmo npoaaanK3HpoBaTb nony'leHayiO KpHBYJO pacnaa!!- anSI o6-

n a cTH aHeprHA 6,20 - 6,60 M<~B H a nSI 6,8 - 7,25 M3B /npHMep aa pHc. 4 1. LlnSI o6eHx o6 -

nacTeii 3HeprHl\ 6hlnH HaiiaeHhl 3Ha'i8HHSI nepHOaOB nonypacnaaa 28 'iaCOB K }Q Q HeA B COOT-

BeTCTBHH c Ta6JIH'iHhiMH aaHHhiMH a nR MaTepHHCKHX Ac 
226 

, A 
2 25 

c • 

OpH BhiaeneHHH HeKoTopbiX H30TonoB TpaHcypaHOBhiX <~ neM eHTOB, aa upHMep Fn: 
250 

, o6-

pa3yiOmerocSI no peaKUHH Th 
232 

I Ne 
22 

4n I Fm 
250 

, a eo6xoaHMO BHa'iane yaanKTb 

aKTHHHl\, 'iT06hi HCKniO'iiiTb 60JibWOA ~ a -cpoa' nony'iaCOBOrO Th 
22 ~ TaK KaK e ro a KTHB-

HOCTb 3Ha'iHTeJibHO npeBbiWaeT aKTHBHOCTb npHCYTCTByiO I..l{HX Tpa Hcyp a HOBb!X 3JieMeHTOB. [lJISI 

3TOA UeJIK ycneWHO MO)KHO IICUOnb30BaTb npeaBapHTenbHOe pa3aeneHRe Ha KaTHOHHTe aay3KC-

50 / 7 I A Bt' - COnHHOA KHCJIOTOH • KTIIHKH Bb!M blB8eTCSl llOCne a HHM Bene a 3a Pb 6onee 

TH )I< enb!MH aKTH HIHtaMH, naaT aHHaaMH H pa a HeM /pHc . 5 /. B cooTBeTcTByiO m H x ¢ p aKUHHX 6bJ-

nH o6Ha py fl<e Hbl nyTeM H3MepeHKII aa a - a a aJIJ13aTope R30TOIThi Bi 212 Am 241 I ao6aene H-

5 



HbJll l , Ra ~~4 A 
~26 

c + 
~~6 

Ac • 3moHpOBaHHeM IICI OL!HOBpeMeHHO OT L!emlnCH H Th 

Ia TaK >K e Pb H Bi I , TaK qTo rrpH rrocne LIYJOllleM LieneHHH cppaKUHll naHTaHHL!OB H aKTH-

HHL!OB naKTaTOM aMMOHHH IIHKH Th H Ac He Ha6n JOLianHcb H " a - cj:JoH " OTCYTCTBOBan, 

EcnH aKTHHHll OTL!enseTCH OT OCTanbHhlX IIpO L!YKTOB peaKUHll cpa3y >Ke rrocne OKOHqa-

HH H o6nyqeHHH, TO HY>KHO ell{e yqeCTb B03MO >KH OCTb o6pa30BaHHH 
~2 4 

Ac ·a -aKTHBH bJe 

L!Oq e pHHe IIpOL!YKTbl KOTOpOrO HMelOT 8HeprHH B H3yqaeM o ll o6naCTH 5,6-7,8 M a B, qTo BH L! -

HU H 3 cxeMbl paCJiaLia : 

A 224 6 11 ~~0 
c ~-Fr 6,69 • At 

27 ceK. 

90"rcl2,9 qac. 

Po 212 __ _b78 _____ 

J0- 1 ceK. • 

M·l 
~ 16 7 79 . ~ 1 ~ 

__!.1. ____ ..,. Dt _ §.LQ_8 _ _ ._ 

60,5 MHH. 10- 4 ceK . 

10,6qac. 

Ra 2U~ Rn ~~o -- 6,28 Po ~16 6,67 - Pb ~1~ 

.3,64 LIH . 54 ceK . 0,15 ceK. 

208 
Pb cTa6. 
4 

J, J M H H. 

T1 208 

B HawHx OIIbiTax Mbi OTLiensnH Ac rro HcTeqeHH H rrpOLIOn>KHTen bHor o BpeMeHH I 15 qa-

~~4 ~~4 

coal, c TeM, qTo6bi 6onbwaH qacTb Ac pacrranacb • .UoqepHHll Ra BbiMbiBaeTcSI naK-
~H 

TaTOM oqeHb LianeKO IIOCne aKTHHHH, TaK qTO Ac Mbl He MOJ'nH orrpeLienHTb, 

BbiXOL!bi H30TOIIOB aKTHHHH, o6pa3oBaBwerocs rrpH peaKUHR 

cpbrBa 

npH o6pa60TKe pe3ynbTaTOB yKa3aHHb!X OIIb!TOB MO>KHO 6binO IIpH6nR3HTenbHO oueHHTb 

~H ~~6 
BbiXOL!bi H30TOIIOB Ac H Ac • PeaynbTaTbi TaKoll oueHKH rrpHBeLieHbi B T a6nHue I. 

3LieCb IIOKa3aHbi HapHL!Y C MHWeHb!O R 6oM6apL!Hpy!OWell qacTHuell 8HeprHH IIaL!alOWero rryq-

Ka Eo H 8H e prRH KynOHOBCKOJ'O 6apbepa L!aHHOl!: peaKUHH E6 B Maa. npeLIIIOnaranOCb, 

qTo B HHTepBane aHeprHll OT £ o L!O £5 IIpOHCXOL!HT HL!epHaH peaKURH, Be Ll Ylll a H K o6p a -

30 BaHH !O H30TOJIOB C BhlXOL!OM N HL!ep COOTBeTCTBY!OWero H30TOIIB Ac Ha Ka>KL!blll 6oM-

6a p L! IiPY!O lllHll HOH, BenHqHHbi N TaK>Ke IIpHBeL!eHhl B Ta6nHue pS!L!OM C OUeHKOll cpeLIHHX 

Beni1qJiH ceqeHHl!: o6pa30BaHHH COOTBeTCTBY!OWero H30TOJia a KTHH HH I a I B rrpe Li enax 

8HeprHll, yKa3aHHhlX B Ta6nHue. npH pacqeTe 8TOJ'O 1IpH6nH3HTenbHOJ'O 3H a q e HHH 0 Mhl 

1101 
HCXOL!HnH H3 pa60Thl B.B. BonKOBa H Lip; , B KOTOpOll cpH3JiqecKHM MeTOL! OM H3yqeHa cpyHr 

UHH B036y>KLieHHH I 

N 14 N
16 

a(E) 

16 
0 

I Cpb!Ba l ,2 H 3 HYKIIOHOB H3 HL!pa Ta IIpH o 6nyqeHHH HOHaMH 

ABTOpbl yCTSHOBHnH, qTo BO BCeX cnyqaHX 3aBRCHMOCTb a(E) 

HMeeT cpOpMy 6hlCTpO pacTywell KpHBOli OT HyiiH B o6naCTH KYIIOHOBCKO!'O 6apbepa L!O BenHqH-

Hbl HaCbiWeHHH a IMaKc.l, 

22 6 
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