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oua4uu c noMOUfblO n - ooHopHbtX u n - aK4enmopHbtX op2aHu1.JecKu.x ee

u1ecme, npumR2uea10Ufux K ce6e a - u fJ - 1JacmUlfbt u pea2upy10Ufux c 
HUMU. 

llpueoiJu.M meopemul/eCKllli aHa.llU3 ynoMRHymbzX coeoimemnl. 
flpu HU3KUX meMnepamypax 6 Ka:JICOOM pRoy WlU UX omoellbHOU ll,Pfl 

co6mooaemcJl npaeu.;w: J{q oottepHe20 acac He MOJiCem npeebzuwmb eeJ1u-
1mHy MamepuHcK020 acac. llpu npeocKa3aHuu ezo Klf npuHwwaemcR eo 
6HUMaHue npUHlfUn coxpaHeHUR UM MaKCUMa.JlbHO 603MO.JICH020 IJUCJla JIU2aH
ooe noc;1e0He20. Hx nomepu wwe10m Mecmo e mex c11y1JaRX, Ko2oa no110J1Ce
Hue 311eMeHma e llepuoou'lecKou cucmeMe /f.. H. MeHoe11eeea He no3eo11Rem 
yoep.J1Ca;nb ux (IJ,PTI ]'{g 1, 3. 4, 5, 6). llpeepauJeHue oiJH020 acac (mo6020 
KOOpOUHGlfUOHH020 COeOUHeHUR) 6 opy2ou Ha3bleaemCR U30mOnHOU nepe2pyn
nupoeKOU. 0Ha OfflHOCUfflCJl K paoUOXUMU'leCKUM peaKlfURM, cemaHHblM c 
npeepaUJeHueM amoMHblX Roep u He 3aeucum om xwwu1JecKou npupoob1 
llU2aHooe u Kq y1Jacmey10Ufux e Heu eeu1ecme, 3a ucKJ1101JeHueM 02paHu1Je
HUR npaewWM 0J1R pxoa u11u ezo ll,P fl. B npol{ecce U3omonHblX nepe2pyn
nupoeoK He wweem 3Ha'leHUR, Re11R10mcR 11u KOMYllleKco6pa3oeame11u MemGJ1-
11GM.u WlU HeMema.JlllaM.U. Ha 3mou OCHOee ee paccMampuea10m KaK peag
lfUIO no11y1JeHuR in situ coeouHeHuu He munu'IHbZX KOMYllleKco6pa10eame11eu -
Rn. At. 06 o6pa3oeaHuu noc11e0Hux cyoHm no uoeHmu¢ulfupoeaHHblM acac 
wpb (I), (II); :wpb (II); 207pb (!), (II); 2ospb (fl) c npur:melJemteM 215Bi (I). 

C Zfe11b10 u3y1JeHuR pRooe acac ypaHa u mopUR oHu pa3oe11eHb1 Ha 
(IJ.Pll) M I - 7, u3 KomopblX M 2, 7 06cy:J1Coa10mcR Hu:JJCe (meopemu1JecKu 
npeocKa3bteaeMbze Kt/): 
(K) = 235U (8) --} 231 Th (8), 231Pa (8) --} 227Ac (6) --} Ml; 227Th (8) --} 223Ra (4), 
219Rn, 215Po, 215Ai, 2l!Pb,. 2uBi, w'po, 207Ti--} 207Pb (4) --} }f<! 3; 238U (8)--} 
--} 

234Th (8) --} 234Pa (8) --} 234U (8) --} 230Th (8) --} 226Ra (4) --} M 4; f 30Th (8))--} 
f 26Ra (4)), 222Rn, 218Po. 218At, 218Rn, mph, 214Bi, mpo, 110T/, 210Pb, 210Bi, 
210Po, 206Tl--} 206Pb (4) -}}fg 5; 232Th (8) --} 228Ra (4) --} 228.Ac (4) --} 228Th (4) --} 
-}NQ6. 

Il,Pfl ]'.fg 1, 4, 6 cocmaeJleHbl U3 iJOJ720- u KOp01il1W.JiCU8YUJUX, HO pac
no110.J1CeHHblX Me:J1Coy HUMU acac. Hx paouoaKmueHbzii pacnao e nepebze 
coeouHemm MOJJCem 6bzmb ucno11b3oeaH 011R 00Kmame11bcmea cyuwcmeoea
HUR u10mon11ou nepe:>pynnup061<U (K = mrh ~ mpa ~ 234U; 231 Th ~ 231 Pa). 
C 3mou Zfe11b10 no Memooy no11y1JeHUR mempaKuc - acac 232Th [I], cuHme-
3upy10m QHW/02U4Hble coeOuHeHt1R mTh U 231Th U 6btOep:J1Cuea10m UX do 

no11Ho20 npeepaUfeHUR e acac KOHe'IHbZX coeouHeHuii. 
B ll,P n M 2, 3, 5, 7 exooum OCH06HaR Macca KOpomKOJICUBYUJUX acac. 

B HUX Hau60.r1ee CJ/O.JICHbTe cI1yttau u3omonH01J nepe<pynnupoeKu u, c.r1eiJoea
me11bHO, eo3MO.')ICHbte 00Kmame11bcmea a - u p -pacnaooe 1w:J1Coou napbt 
coeouHeHuu. Ila ocHoee npaeUJla, onpede11Jli0UJe20 npeiJe!lbl eeJJU!.jUH [{Lf 

001JepHux acac u npUHlfuna coxpaHeHUR wwu MaKCUMa.JlbHO eo3MOJJCH020 
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ttucRa 11u2a11ooe Mamepu11cKux acac, c11eoyem, ttmo Ka.ncooe coeouHeHue e 

11,PII M 2 UMeem Klf 2, a e M 3, 5, 7 om 223Ra. 224Ra, 226Ra oo 207Pb, 208Pb, 
JU

6Pb - Klf 4. 

KaK otnMetJGJIOCb, OllR npoeeoeHUR U3omonHblX nepe2pynnupoeoK cuH

me3upy10m OOHO WIU HecKOllbKO eeUJecme e KaJ1Coozi 11,Pll, ycmaHae11uea10m 

ux f{lf, CHU.Ma10m cneKmpw1bHbie OaHHbze. EcmecmeeHHO, 'timo e ll,Pll JV!! 3, 
7 UMU 0011;J1CHb1 6b111u 6b1mb acac 224Ra, 223 Ra. OoHaKo, U3 - 3a c11a6ou KOM

n;zeKco6pmy10u1eii cnoco6Hocmu 3mo20 3JleMeHma OHU He oocmynHbl. BMeC

mo HUX 6epym mempaKuc - acac 228Th, 227Th. llpu paouoaKmueHoM pacnaoe 

noc11e0Hux eo3HUKa10m ynoMRHymbze coeouHeHUR paoUR, npooo11.J1Ca10UJUe ce

pu10 U3omonHblX nepe2pynnupoeoK e;womb oo 6uc - acac wsPb, 207Pb. Coe

OuHeHUR 230Th u 226 Ra omHocRmcR K 00J120J1CU6YUJUM, HO cUMBOflUtJecKu ne

peHeceHbl e 11,Pfl Ng 5, noOllepKU6aR ee cxoocmeo c 11,Pll Ng 3, 7. 
lf mo6b1 ycmaHoeumb MUHUMYM cuHmemutJecKu Heo6xoOUMblX acac OllR 

00Ka1ame11bcmea u1omonHblX nepe2pynnupoeoK e 11,P II M 3, 5, 7, ux 06be

OUHx10m e 06Ufy10 cxeMy KOMfi.JteKco6pasoeame11eii l./2 8 6e3 yKa3aHun omHo

cume11bHblX amoMHblX Mace: 

M2 Fr ---> At 
/ '· .. if .., M! 3,5 

Bt Rn Rn 
11 ~ 

\!~At( /o~ 
N2 8: (K) =Th ~Ra~ Rn ~ pQ' Bi Pb 

~/~/ 
t t t Pb Tl t 

-- J'v!! 3, 5, / _____ _ ------------- jvp 2, 3, 5, 7 ----------------

Bbzme omMetJeHo, tJmo U3omonHaR nepe2pynnupoeKa He 3aeucum om Klf 

MamepUHCK020 u OOllepHe20 acac. B KGJICOOM coeouHeHUU 11,P n Ng 3, 5, 7 
no oea 6uoeHoamHbZX 11u2aHoa, a u1omonHaR nepe2pynnupoeKa eUJe eo3-

MO:JiCHa u npu Hw1U'lUU 00Ho20 U3 HUX. II 03m0My e 06u;y10 cxeMy J./2 8 
eKJ110tJeHa u 11,P II M 2, 60J1bWUHcmeo KOMn.JzeKco6pa3oeameJ1eii Komopou 

npemepneea10m a. - u fJ -pacnaObl no GHGJI02UlJHbIM Mapmpyma.M. 

3KcnepUMeHmaJlbHbze oaHHbze, no11ytJeHHbze Ha Ka.J1Coo1J. nape eeUfecme 

6 11,P n Ng 7, 6 00UHGK060U Mepe npucyUJU u KGJICOOU nape 6 11,P II Ng 2, 3, 
5, a ycma1108J1eHHb1e Ha l@ 2, cnpaee017UBb1 u 011n mpex ocmw1bHblX 6e3 

OGJlbHeiimux 00Ka1ameJ1bcme. 3mo no1eoJ1Rem ceecmu K MUHUMYMY tJuc110 

MGHunyllRlJUU c KOpomKOJICUBYUJUMU acac npu npocfle:JICU6GHUU ux U30mon

HblX nepe2pynnupoeoK (ma611ulJa) u UMeem oco6oe 3HatJeHue, maK KaK ecR

KUe 00Ka1ame11bcmea Ha eeUJecmeax c Kl/ 2 otJeHb mpyOHbl. 
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11,PII NE 7: 

IJ,PII NE 2: 

Bb16op 11,PII NE 7 o6oRCHRemcR IIII 212Pb, paeH020 10,66 h, 11mo ooc
mamo4HO KUK u;m eco ctmme3a.. maK u uiJeHmufjJuKat{uu. Ha :Jmou ocHuee 
oHa pG30eJieHa Ha ¢pa2MeHmb1 A u E, Komopb1e u3y11a10m omoe11bHO. IJ,P II 
M 2 npu6!lelJeHa npe:JKoe ece20 011R BblilCHemm o6pG3oBaHUR u npeepaU/e
Hm1 acac At u moK.JK'e po10eHeHa Ha ppa?MeHmbf R, r u D. 

CaMu 3KcnepwweHmbl no OOKG3ame11bcmey U3omonHblX nepe2pynnupo
eoK He c110.J1CHbl. 06pa3et; cumnemut1ecK020 acac 228Th, 212Pb, 223Fr e am
Moc¢epe UHepmH020 2a3a BblOep:J1Cuea10m npu -78 - /00°C Will Oa:>ICe npu 
oX!la.JICOeHuu ;JICUOKUM a3omoM u e nepuo()uttecKu om6upaeMbIX npo6ax 
cneKmpa!lbHhlM OHORU"lOM onpeoe.nR10m noR6.TleHue H06blX uwmnnoe. Tlpu ux 
Ha.nu11uu cHwwa10m Mace - cneKmpb1 OJlR onpeoeJleHuR M+. Be30e, 2oe 'Jmo 
f503MO;)f(;HU, ucnOJlb3YJ()m peHmceHocmpyKmypHbllt UH<1JtU3 (PCA) (K = 734 u, 
231Pa. 208Pb, 201Pb, 206Pb, mPb. 2/('Po). 

AHa.nU3 06U1eii cxeMbl Ng 8 c npueJ1e11eHUeM IJ,PII NE 7 u NE 2 npuee
oe11b1 6 ma6m.111e. 

B pRoax acac ypaHa u mopu.R wiu ux omoellbHblX IJ,PII zuupoKo pac
npocmpaHeHa U3oMepuJl. 

KaJICOblU U3 HlDC tt3oMepeH coeotmeHUIO aHa.no2u11Ho20 cmpoeHUR, KOM
n'leKco6pG3oeameJ1eM Komopozo cJ1y;>1Cum :JlleMeHm II epuoOU'-leCKou cucmeMbl 
/J. Jf. MeHoeJ1eeea: 238U, 231Pa, 232Th 227Ac, mPo, 226Ra. 223Fr. Bi, Tl. Pb 
(MoOe!lbHbie coeOuHeHUR). B o6oux eeu1ecmeax oouH u mom :J/Ce KattecmeeH
Hblli u KOllUllecmeeHHblii 31teMeH1nHblll cocmae, 6JlU3KUe cjJu3ui1ecKue u oou
HaKoeb1e xuMu'-lecKue ceoiicmea, cneKmpa.nbHb1e OaHHbze, napGMempbl PCA. 
0HU OmJIU'-lGIOmCR omHocume.'lbHblMU MOJleK)J!lRpHblMU MGCCGMU, IIII KOMn
JleKco6pa3oeameJleii U ycmOUl/U60Cmb10 MOJleKyflbl K OecmpyKl{UU, 6bl3BGHHOU 
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ux a - u jJ - U3jjyiJeHueM. C!ledoeame!lbHO, OjjR mo6020 acac, He3aeucUMo orn 

eeJ1ul/UHb1 ezo Illl, xapaKmepHbl ceoiicmea MOOeJ1bH020 coeouHeHWl e mou 

:JICe cmeneHU, 6 KaKOU U3ylfeHO OHO COMO. B Kal/ecmee npUMepa 63Rmbl 

u10MepHhze acac Po: 210Po, 218Po, 216Po, 215Po, 214Po, 212Po, 211Po c TTTT u10-

monoe coomeemcmeeHHO 138,38 d, 3,05 m, 0.15 s, 1,8 · 10-3 s, 1,64 · 10--1 s, 
3 · J0-7 s, 0,516 s. Ceoiicmea nepeo20 u3 nux xapaKmepHbl u dJIH KaJ1Coo20 

U30Mepa. 

B pe3yJ1bmame pROa nepe2pynnupoeoK e 11,Pll M 2 - 5, 7 06pmy10m

CR U3omonHb1e u3oMeDbz 00Ho20 u mo20 :J1Ce oaouoaKmueH020 3lleMeHma. , , 
CpopMyJ1upoeaHHoe eb1zue npaeuno 02paHulfueaem ux lfUCllo e paoy unu ezo 

01}.1_._,,.. HblX rrnn. /K\ = 219 ,,., 21s "t· 21sn1· 211n,·· 21sn0 211n0 . 211pb 201pL 
Ut:Jib . LJ,Fll. () .11t., .1'1, , , .J, .J, , U 

(N!! 2); 215Po, 211Po; 211Pb. 201Pb (M 3); 238U, 234U; 234Th, 230Th (M 4); 222Rn, 
218Rn; 218Po, 214Po mPo; mBi, 210Bi; 210T/, 206Tl; mPb, 210Pb, w6Pb (M 5); 
216Po, 212Po; 212Pb, 208Pb (M 7). 

TaKUM o6pa3oM cyzl{ecmeyem npaeuno: o6ll(,eMy quc11y U30monoe m 
KaK020 - ;1u60 paduoaKmueHozo 3;7eMeH1na npupooi/020 pxda ypaHa u mopux 

coomeemcmeyem m + 1 acac c oouHaKOBbZMU Kl/, ecllu e ux cocmae -He" 
H~ 

exooum 3JleMeHm MOOeJ1bH020 coeouHeHWl, u paeHo m, ecJ1u OH RBJ/RemcR 

OOHUM U3 HUX. 

B Mace - cneKmpe MOOeJ/bH020 coeouHeHWl M + u MemWIJICOOep:JICall(,Ue 

xapaKmepucmut/.eCKUe UOHbl MaKCUMw1bHO UH1iieHCU6Hbl no cpafiHeHUJO c 

aHaJl02Ul/HblMU UOHGMU 6 MaCC - cneKmpaX Opy2ux U30monHblX U30Mepoe. 

Ilo3mOMY OHU He3aMeHUMbl npu UOeHmupuKalJUU U30Mepoe KOpomKO:JICU6Y

llf,UX acac. 

AHaJIU3 acac npupooH020 pRoa U u Th oono11HR10m En - a11emamb1 

o6updi. </JopMy11bt [K (EDTA)] ·(4
- n<->, d>e r( - 3apxo uoHa KoMru1eKco6pa3oea

meJ1R [2]. /l,.nR HUX xapaKmepHO 6HympUMOJ1eKy1mpHoe U3MeHeHUe KOOpOuHa

tJUU 6e3 Omll(,efUleHUR KaKUX JIU6o ppa2MeHmoe. 11,PTI Ng 7 npu o6bll/HblX 

yc.rweu.Rx u Ko.11mamHoz! me.11mepamype no1<maHa HUJICe: 

[
232 Th (EDTA)]° ~ [ 228Ra (EDTA)] 2

- ~ [
220Rn (EDTA)] 2

- ~ 

/ [
21 6At (EDTA)]2-

--> ['" Po (EDTA)]'' ">. ~ 
[

212 Pb (EDTA)]2-/ 

[
212Po (EDTA)]° 

~ [ 208Pb (EDTA)]2-

[208Tl (EDTA)]1/ 

[
212 Bi(EDTA)]1 -

/ 
~ 
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Ifx Hau60J1ee 6G.JICHG-H oco6eHHOCl1lb - o6pa308GHUe npo'IH020 KOM11.J7eKCG 

c 224 Ra, 223 Ra u 603MO:JICHocmb HenocpedcmeeHH020 npeepau1eHUR ux e cJ1e
dy10u1ue 3a HUMU coeduHeHUR. KoMnneKCbl zwRn, mAt, mFr c EDTA npo11-

Hee, 11eM c aZfemll!lalfemoHOM. 
Acac u En - az1emambl uc1<yccmeeHHblX U3omonoe nodpo6Ho He pac

cMampuea10mcx. ]Jo oa.J/Ce 6bl60p0llHble npUMepbl 1'10KG1bl6a10m, 'ii1l0 U 

3decb npeepau1eHue MamepuHcK020 coeduHemm e do11epHee npoucxodum KGK 

6e3 nomepu JlU2GHd06 WlU U3MeHeHUR KOOpOtlHGtfUU, maK u c ux lJGCmU"LJHbl

MU nomepHMU WlU 1nMe11e11ueM KOOpdUHalfUU [3]: 

[
52Fe (acac) 2 ] 

(3 t 
[

52Mn (acac) 2 ] 
33 [52Cr (acac) 2 ] ; J 

)o 

8,27 h 5,32 d st 

[
155Dy (EDTA)]1-

{3-
~ [

155 Tb (EDTA)] I- 6.- ... [
155Gd (EDTA)]'-; J j 1 '\ I\ 1. \J,V H 

[86Zr (EDTA)]
0

-
3- 3-

i6,5 h 

5,32 d st 

[
86Y (EDTA)] 1 

- ft-' 33 '> [86Sr (EDTA) y-
i4,74 h st 

B pRdax acac U u Th U3omonHy10 nepe2pynnupoe1<.y npoeodRm npu 

HU3KUX meMnepamypax 6 amMoc<ftepe UHepmH020 2a3a. no3m0My eepoRmHee 

ece20 Hem u oucnponoptfUOHupoeaHUR o6pa3J10Uf UXCR coeduHeHuii. C noebl

zueHUeM JJleMnepamypbl e o6bllJHblX JCJ706URX ll'laKOU npoi1ecc 603MO:JICeH: 

2[24Na (acac)] f- • 2[24Mg (acac)] [
24Mg (acac) 2] + 24 Mg; 

J.1,96 h st 

3[45Ca (acac)2 ] 
~-

3[45Sc (acac) 2] 2[-15Sc (acac)J + -15 Sc J 
163d ... 

-" 

PaccMompUM nepeb1u npUMep. /1,oKGJaHo cyU{ecmeoeaHue Mg ' , HO ec.o coe

ouHeHUR 00 CUX nop He 6bldeJ1eHbl (3]. J-faomonHGR nepezpynnupOBKG 1103-

60JlRem Ha6J110damb ux cyu1ecmeoeaHue npu HU3KUX meMnepamypax. Ta1<., 

BbldepJ1CueaHue acac 24Na npu - 78° C (Hau60J1ee l/.acmo npUMem1eMaR npu 
pa6ome c Jtita.nocma6uJ1bHbL~1U BeUfecmea;mt) e a6c01nomHOM :JrjJUpe oo ezo 

nOJ1Ho20 npeepaUfemm e coeduHeHue 2-1Mg (I) u nocJ1edy10Ufee eeeOeHue e 

peuKlfUVHHYJO CMeCb pacct.tumaHH020 KOJIUt.tecmea XJwpa WIU 7pUpHU20 
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pacmeopa mpur};enwiMemuJibiiOZO paouKwm npueooum K cMeUi.aiiiibi.JVl 

coeouHemLRM muna [Cl - 24Mg (acac)] u [(C6 H.J3C - Mg (acac)]. llpooyKmbl 

OUcnponOpl(UOHUp06QHUR C 3mUMU BeUfeCmBG.MU He peazupy10m. 

lI,Pfl UCKyccmBeH!-!b!X U30mOnOB oa10m 803MO:JICHOCmb nolly'-lamb K0.¥.-

11JleKCbl HeMemGJlll06 U3 KOM11JleKC06 Memaruwe, 6Kll10'-laR nOllWIUZQHOHble 

kpayn - a¢upb1 u KpunmaHObl. Haxoo.nu;ueCR (iiiympu ux "ob1p01<" uoHbz 
22 Na+, 83 Rb, 131 Cs, a maK:JICe 131 Ba e En - KOMnlleKce npeepaUfa10mcR 

npu HU3KUX meMnepamypax 6 HepaouoaKmUBHble 22 Ne+, 83 Kr+, 131Xe+: 

+ 
[

22 
Na+ - Tris (bpy)3]~[Ne+ - Tris (bpy)J; 

2,603 a st 

zoe bpy - fj;paaweHm a, a - ounupuOWta; 

86,2d st 

[
131Cs+ - (Brenzkatechin Hexaether)] 

~1-

"' 
~ 

9,69d 

[wXe+ - (Brenzkatechin Hexaether)]; 
st 

[
131Ba2+ (EDTA)] 2-':J3·f+> [131Cs+ (EDTA)] 3 -

(3-r 
> [w Xe+ (EDTA)] 3

-. J 
11,5 d 9,69d st 

/(llR nolly'-leHUR ycmoii'4UBblX KOMnJleKC06 UOH06 Ufell0'4HblX MemGJlllOB ux 
paouycoz u paouyc "obzpoK" <i Kpayn - 3r};upax u.liu kpunmanoax 0011:JiCHb1 

6blmb 6llU3KUMU. AHGJIOZU'4Hble KOMnJleKCbl c HepaouoaKmUBHblMU UOHG.MU 

onucaHbl e [ 2, 4]. 
u >-· I\..OMn.rzeKCbl HeMemarzJloe c EDTA 06po3y10ma1 u3 KOMn.i1eKC06 Memarz-

llOB u B eoOHblX pacmBopax 

(K = msn ~ msb fl:; 125 Te; 28 Mg fl:; 28 Al f~ 28 Si) 
9, 64 d 2,77 a st 20,9 h 2,26 m st 

fl3 ll3llO:JICeHHOZO CJ1eoy10m npeUMyUfeCf1'!6a nOllWlUZaHOHblX KOMnJleKco6-

pa3)iiOUjUX azemnoe no cpa6HeHu10 c 6uoemJamHblM at{emu..17aZfemoHoM. 

p -DuKemoHbl, 0011aKo, Mozym eb1cmynamb u 6 Ka'lecmee nomuzuzaHOHblX 

xeJ1amo6pG3y10UfUX a2e11mo6 npu 6Beoe11uu 6 ux MOlleK)lllbl zemepol{UKllOB, 



Fig. 1 _>Structure of the complex 

+ 129 + 129x + 
of Cs ( ~scs , 54 e ) with 

'pyrocatechol hexaether' (R = Bn) 

Fig. 2• Structure of the complex 

of Rb~ (~~Rb+' ~~ Kr+) with 

[2.2.2]-cryptand 



-8-
2emepoamOMbl KOmOpbZX KOOpOUHupyiOmCil c KOMil.JWKCof5pa3oeameJ7n.lViU. 

06u1uu Memoo cuHme3a maKux coeoimeHuu npueeoeH Ha cxeMe, 2pa
HUlfbl ezo npu.MeHeHZm onpeoeJ1R10mcR paOUKaJlaMU R 1 R 2 

: 

R 1 COCH3 + R 2 CHO --> R 1 COCH = CHR 2 + Br2 --> 
(1) (2) (3) (I) 

--> R 1 COCHBrCHBr R 2 + R;NH --> R 1 COCH = C (NR2) R 2 + 
(5) (6) (7) 

+ H 20 I H + --> R 1 COCH2 COR 2 + ( 6) 
(8) (9) 

2oe R 1 = R 2 = 2emapW1; R 1 = 2emapW1, R 2 
= mpem - aJlKWl, CF3 , CC/3 Ar; 

R 1 = mpem - a.rrKUil, CF3 , CC/5 Ar, R 2 = zemapu.rr, Rl'NH - emopul!.Hbl1~ 
aMUH: nunepuouH, Ou3mWla.MUH, UMUOa30Jl, 1, 2. 4 -.a!f Ua3oJl. 
3natteHun R 1 u R 2 He oaHbl - OHU U3yita10mcx e Ka~ooM K.Jmcce 2emepo4uK
J1oe. 

YnpoUfettue cuHme3a u CCblllKU Ha J1umepamypy - e coo6UfeHuu [5]. 
Hanpwvtep, npu R 1 = R 2 = uMuoa30.r1 06pa3yemo1 j3 - ouKemoH (9) c 4 KO
opo1111a4uoHHblMU Mecma.Mu, u oHu yoeauea10mcR npu yllacmuu e KOM11JleKC-
06pa3oeaHuu oeyx M01WKy11. OOHuKO, 8 011l17Ul/UU om KpayH - 3pupoe u 
KpunmaH006 nocJleOHUlt He o6pmyem KOMl1JleKC c 3aMKHymblM KOHmypoM: 
Me:»eoy o6eUMu ezo llacmRMU UMeemcR 3a3op, eeJ1u1JuHa Komopo20 eapbu
pyem e 3aeucUMocmu om paouyca uoHa KOMl1JleKco6pmeameJ1R. B 3moM ux 
npeUMyUfecmeo, no3eOJZRJOUfee HaOeRmbCR Ha o6pa3oeaHue npo'lHblX KOM
nneKcoe c uoHa.MU u1e11ottHblX Mem(lJ111oe u HeMem(lJ1J10B (Rn, At, Fr, Ra). 

Om6op fJ - ouKemoHoe OllR paouoxUMuu ZJeJ1ecoo6pmHo npoeooumb c 
yqemoM cmpyKmypbz uwpoKo U3eecmH020 mueHoW1mpu<}Jmopa4emoHa (TTA), 

e Mo.r1e1<y.T!e 1<omopo20 COl.{emmomcJ1. 1l - U36bzmo'lHbllt zemepOlfUKll muof/JeH c 
3J1eKmpoompu4ameJZbHOi1 2pynnou CF3 : ecm1 R 1 

- 3JleKmpoooHopHblU paou

KaJl (lvfe3C) WIU n - U30b1mo'lHblU 2emepOlfUKJt (<}JypaH, muorpeH, nuppoll, UH

OOJl u m. o.), mo R 2 = CF3' CC/3 WIU 1l - HeOocmamO'lHblU 2emepOtfUKJl 
(nupUOUH, XUHOJIUH, U30XUHOJIUH, nOJlUQ3aapOMQmU'leCKUe COeOuHeHUR). C 
yee11ul/emte,".1 11ucJ1a amo,\10e a3oma e 2emepot/UK.lle eo3pacmaem UHmeHcue
HOCmb nuKa uoHa M 1

", 'Imo O'leHb ea:»eHO OllR uOeHmucjJuKa4uu eH06b o6pa-

3YJOUfUXCR fJ - ouKemoHamoe. 
PROb1 mponOllOHamoe U3omonoe U u Th He paccMampuea10mcR. 
OmMemUM mOllbKO npocmou cuHme3 mponolloHa ( 13) KOHOeHca4ueu 

ou3mw10eo20 3c/Jupa KemunuHoeoz"l 1<uc.r10mb1 (10) c mpem - 6ymzm - .MaT!oH-
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0UaJlbOe2UOOM (11) [ 6] e KOHtfeHtnpupoeaHHOU H iSO 4 npu 3 - 5°C e mette
HUU 18 - 2 4 tt WlU e yKcycHoii KUCJlome e npucymcmeuu alfemama 
nunepw)uHa: 

OC - CH2 

I + J\tfe3C - CH (CH0) 2 ~ 

OC - CH2 

(JO) 

COOC,H5 I -
OC - C ==CH 

"-.. I CH-CMe3 

OC - C - CH/ 

I 
COOC/15 

(12) 

(l J) 

COOCj/5 

I 
OC-C=CH 

I ~c- CMe3 

HO-C = C CH 

I 
COOCfl 

- 5 
(13) 

jJ.nR 3aUf umb1 J1u2aHooe om pmpyiueHUR paouai1ueu U3omonHy10 nepe-

2pynnupoeh.y ocyUfeCm6J7n10m e o:x.11a:JKoaeMb1x pacmeopax u amMoccj;epe 

UHepmHozo 2a3a e npucymcmeuu 1l - ooHopoe u 1l - aKZfenmopoe [ 4, 7, 8] -

''MumeHeu" O!IR a - u /3- ttacmulf. K nepeblM omHOCRmCR mempamuapy!lbea

JieH ("TTF'') (14) u ezo aHaT102u - mempCtMemzm -, mempa<j;eHU.Tf -, mempaz1u
aHo - "TTF", mempamuaaHmpaz1eH ("TTT''), 6uc(3mW1eHoumuomempamua

cj;yJ1bew7eH ("BEDT - TTF"), mempac@eHcj;yJ7b6G.J7eH ("TSF''), mempaMemu.11-
mempace.neHapyRbBGJleH ("TMTSF''), 2eKcGMemW1eHmempacef1.eHapyRbeaJleH 

("HMTSeF''). Hx MOJleKyllbl MO.JICHO paccMampueamb KQK onepuH c oeou

HOU C6R3bl0 otteHb 6blCOKOU 3JleKmpOHHOU IVIOmHocmu c ttpe3BblttattHO 6bl

pa:J1CeHHblM cmpeMJleHueM omoaeamb 3f1.eKmpoH. cma6Wlu3upyRcb e euoe 

apOMGliiUl/eCK020 ceKcmema - k'GlilUOH - paOUKG.J1U (16). J7fiB8 1lj999jilfRJa npit
~UHeH-Wl--11(} Ofloiiu@ft €9R€JJt (lS). J.hJe.neoHRH peaK1JUR xapaKmflpHa u- 9.wR 
lf)'Al}'Jl81J€J8 6lp9lilQRl'Wl8€1C9i!€J fJ>l@Q; IC9m9pb19 Jl.HQIC@:@fJ €J1'HIJfJCJil'#'ICR ,'( 1l 981/8 

19r:i-,.t. Omt Hau60.11ee npuzoOHbl OJIR 3axeama a - u f3 + - tJacmuz1. B 3aeucu

Mocmu om uHmeHcueHocmu U3f1.yttemm npUMeHRJOm ux U36b1moK, e I 0 -
I 00 pa3 npe6bllUaiOUfUU i/UCJW ilOCJ7eOHux. 
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He 
(1+) 

CyUjecmeeHHYIO po!lb fJ 3moM npoz,ecce u2paem nocmoRHHO oxJ1a:J1CoaeMblll 

pacmeopumeRb c KpamHozi cefi3bJO - a14e;nomm1pu.11 w;u mpyoHo no11zuwepu3y-
10llfUltcR 1,2 - OU - mpem - 6ymw1 - 3mw1eH u opy2ue nooo6Hble coeouHeHUH, 

cnoco6Hble maK:JICe npucoeow1Rmb a - ttacmulfbl no KpamHoii CfJR3U. Bbz!le

ma.~ U3 ROpa KOMn.TfeKco6pa3oeame.rm c JHepzueft 2 - 8 l!f.3 V, a - 11.acmmw 
pmpyzuaem fJce ecmpe1ta10u1uecR Ha ee nymu MO!leKyllbl, HO nomepRe ceo10 

3Hep2U10, peazupyem 6 OCHOGHOM C iZ - OatiOpwWU, KuK Oi1UCGHO 6bl2Ue. 

/J + - l/GCntUl{a 3GX60ntbl6aemcR "TTF" c o6pa30BGHUeM (16) U oeyx KeaHmoe 

3Hepzuu: (14) - e- + /3 + --;. +-- (16) + 2 y. ( 1 'B) 
'" A''" ·e·1mo1nb' n,. ....... ,.'P~ .... ~ .. o~il"~A.,. t"""~a" 1"Tf,.~TO'') tn· .... .,.,,n~11"~"a"~,.,.,mo 11- - fl/\.'1 1 1 i .r i.. - 1 iG-111. ut1Hu.n. :.A- nvUt.f.JY r;;,,11i n { .l vJY _.. , ti'IVtt£rU t'iun nut.p i -

xuHoOuMemaH ("TNAP''), mempa11uaHonupeHOXUHOOUMentaH ("TCNP''), mem

pa2uoponupeHoxu1-100UMemaH ("TCNTP''), 2eKca11uaH06ymaoueH w1u ouHum

pw1 mempal{UGHOMYKOHOBOU KllCJlOntbl ("HCBD" Uflll "TCM"), zeKCGlfllGHO

mpzwemUJleHlfUKJIOnponaH ("NCP'') npeoHa3HOlle1-1b1 OflH 3axeama /3- - llac

U3 mrx (1 SJ c cma6imli3a-4u-

> 

"" NC(:lg)CN NC <§ CN (2t:J) 
PacmeopumeJlU - ouifJmopouxnopMemaH, 1H11npe;uemcut, HUmpo6eH30Jl, DMCO, 
Et otjdup mpuefjmwppreyenBil ictl6'7GHiel. 

n - AKtfenmopbz cooep.J1Cam conpR:J1CeHHb1e cucmeMbI oeoztHbZX ce113eu, 

cnoco6Hble y/la(Jflueamb u a - lJacmutfbl, xonm u MeHee 3ifJifJeKmueHo, lJeM 
'" - AoHoni..1 Ro?un,,,,1u·1 0H11 aona101nro 1111uz1oe•nrn'li..ui..1»111 '"1t1110Hou11 11 vnv 
""' \..JI' ,, './"" ....... ., • ..&.J '-'"''''\..Jl'V•'--'11-\..JI' "' .. ,,.,0..1,,,,, ,.,._,,-z, .!''JI." ... v Y'"""'",,."" .....,.;-. ......... ..,,. ......... .iP&·l.I ................. ,.,,...,,. • ..,,, ........... " 

OflH /3 -, maK u a - l/acmuif. n - Jf,oHOpb1 u n - aKl{enmopbl Mozym 6b1ntb 

npeoeapumeJ7bHO HaHeceHbl Ha zmepmHb1e Hocume11u - y2011b, KU3e11b2yp, cu
JlltKazeflb. Ecm1 uccHeoyeMoe eeil{ecmeo He pacmeopzwo, cmaHoeumcR eo3-



-11-
MO:JiCHblM y1vteHblUU11lb KOJ1Ul/ecmeo 1120p51HUX 11 no60l/HblX npooyKmOB nymi!M 
yoGJ1eHtm ux eMecme c pacmeopume!le.M cJ1ueoM ezo u 3a.MeHou cee:J1Cei1 
noptfueu. III! uccJ1eoye.MblX coeouHeHuu onpeoeJ1R10m .Mace - cneKmpo.Mempu
lJecKu. Ilpu omcymcmeuu oecmpyKlfUU JlU2aHooe omHocumellbHaR uHmeHcue
Hocmb nuKa UOHa M" paeHO.MepHO CHU:JICaemcR c y.MeHblUeHUeM epeMeHU 
IIII. Pe3Koe o;mowHeHue om 3nwu 3aeucUMocmu CU2Hw1U3upyem 06 ux pac
naoe, UClJe3HOBeHUe'M_ M° - 0 nOJIHOM pQ3pyzueHUU MOJleKyllbl. 
Ilpu fla3JlUlJHblX 3HalJeHttRX omHocumellbHblX MOlleKyllRpHbZX Mace uccJ1eoye

Mo20 KOM11.!leKca u 1l - 0011opa UJlU n - aK11enmopa eo'3MO:JICeH npRMoii a11a.rm3 
M" npooyKmoe peaKtfUOHHOU cMecu .MemoooM xpoMamo - .Mace - cneKmpo
Mempuu. 

Ilpu a - pacnaoax R6.!le11ue U3ylla10m Ha En - alfemamax 224Ra, 223 Ra, 
228Th, 2L0po (IJII 3,66 d, 11, 7 d, 1,93 a, 138,38 d) u acac noclleoHux oeyx, 

npu p- - u3,r1yttenuu - Ha 3mux :J1Ce Ko11m,,rzeKcax 212 Pb, 231Th, 234 Th, 212Bi 
(IIII 10,66h, 25,7h, 24,1 d, 5,01 d). 
IlpUMepbz fJ + - U311y11eHuu npueeoeHbl eb1zue. 

f. CmambR M A. Pexmepa u 
E. A. Pexmepa ,, J13omonHaR ne
pe2pynnupoeKa aZfemUJtaZfemo
Hamoe u En - atfemamoe U3omo
noe npupoOHozo pROa ypaHa u 
mopUR" cooep:J1Cum onucaHue HO
eo20 Memooa a11GJ1U3a coeouHe
HUU KOpomKO:JICUB)'UfUX U30monoe 
nymeM eKJ1101JeHUR ux e tfenolJKY 
paouoaKmueHblX npeepameHuu 

-----------

Me:J1Coy cuHme3upyeMbTM u uoeH
mUfpUZfupyeMbZM KOHZfeBblMU 1llle
Ha.MU p.Roa u 3aUfumy JlU2aHOOB 
KOM11.!leKcoe c noMOUfbJO n: - 00110-
PO,f/ (mempamuarjJyllbBGJleHbl) u 
n: ~ aKZfenmopoe (mempatfua11oxu
HOOUMemaHoe} - MuzueHei1 OllR 
a, tr, ff - lJacmuZf, npumR.2uea10-
UfUX ux u e3aUMooeucmey10Ufux 
C HUMU 
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А н н о т а ц и я  

к статье 

Изотопная перегруппировка ацетилацетонатонов и  
En-ацетанов изотопов природного ряда урана и тория 

 

1. Только на основе анализа цепочки радиоактивных превращений (ЦРП) из 
нескольких соединений короткоживущих изотопов возможно доказать 
образование in situ части из них и даже предсказать их свойства. 

Изотопная перегруппировка является ещё одним методом изучения 
быстрых реакций. 

2. Координационное число (КЧ) первого (синтезируемого) соединения ЦРП 
определяет КЧ остальных членов ряда. Отсюда следует возможность изучения 
множества соединений радиоактивных элементов с нехарактерными для них 
КЧ. 

3. Анализ ЦРП природных и искусственных изотопов приводит к 
неизбежному выводу о существовании β - дикетонатов и Еп - ацетатов 
неметаллов. 

4. Только изотопная перегруппировка позволяет ввести в полость 
краун - эфира или криптанда катион благородного газа (Кг+, Хе+ и др.), используя 
для этого их комплексы с радиоактивными катионами щелочных и 
щелочноземельных металлов. 

5. Сложность доказательства существования асас - 219Аt обусловлена не 
столько тремя α - распадами в фрагментах В и Г ЦРП № 2 и тем, что 219Аt 
образуется лишь в 10-3% случаев α - распада 223Fr, а общеизвестной трудной 
доступностью последнего. 

Его ацетилацетонат может быть легко приготовлен, несмотря на небольшую 
величину ПП (Т1/2 = 21,8 мин.). Об этом свидетельствует опыт с получением 
такого же препарата Cs. При добавлении металлического Cs1 к ацетилацетону 
в эфире прекращение выделения водорода происходит через 3-4 мин. Эфир 
быстро удаляют в вакууме роторного испарителя. Вещество не нуждается в 
доказательстве строения. 

6. Впервые описаны реакции π-доноров (TTV и его аналогов) и π-акцепторов 
(TCNQ) в химических реакциях с λ, β–частицами после потери энергии и 
скорости. 


