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BBE,uEHI1E 

B nOCneAHMe rOA~ 8~RCHMnOCb. 4TO MHOrMe M30TOn~ 3neMeHTOB 

C Z ~ 10~. KOTOp~e MO*HO CMHTe3Mp08aTb B RAepH~X peaKUMRX C 
TR*enbIMM HOHaMH. HCnblTbl8alOT B QCH08HOM (l - pacnaA. nocne ce

PMH a -pacnaA08 OH,,! npe8pamal\lTCR 8 AOnrO*H8ymHe H30TOnbi 
TpaHcnnYTOHMe8~X 3neMeHT08 /Tn3/; ofiHapy*eHHe nocneAHMX 
8 npOAYKTax ofinY4eHHR AaeT B03MO*HOCTb CYAMTb 0 MexaHM3Me H 

3<jl<jleKTH8HL'X Ce'-leHHRX RAepHblX peaKUlII11 CHHTe3a TpaHCaKTihlHAHblX 
3neMeHT08'1 1 

• 

,unR 3T(~11 uenlll AoyerHHe rn3 AOn*Hbl 8blgenRTbcR 1113 06nY4eHHbiX 
MIliWeHeH - Bi • Pb III T. n. - paAI>1QXHMI>14eCKIIIMI>1 MeTOAaMI>1 • L 2 I • 

raK KaK Ce4eHille peaKUIliH CI>1HTe3a Mano. TO npaKTI>14eCKill npHXOAI>1T
CR H3MepRTb OAHH04H~e a -paCnaAbl 1>130T0n08 rn3. III npl>1 XIIIMIII4eC
KOM BbIAeneH.:1II Tpe6yeTcR 8blCOKaR 041>1CTKa MCKOM~X rn3 OT MeWalO

mHX H30TOnOB APyrHx 3neMeHTOB. I>1Cnbn blBalOml>1X (l - paCnaA. 
OAHHM 1>13 rnaBH~X MeWalOmHX 3neMeHTOB RBnRCTCR aCTaT, KOTOPblH 

ofipa3yeTcR KaK npOAYKT peaKijl>1H nepeAa4111 HYKnOHOB Ha RApax MH
WeHI>1. n03TOMY OTAeneHl>1e rn3 OT aCTaTa npeACTa8nReT COfiOH 0AHY 
H3 Ba*HblX 3aga4 npM 06pafioTKe TaKI>1X ofinY4eHH~X UHKnOTpO~H~X 

MI>1WeHeH. 
B nl>1TepaType BCTpe4alOTCR pa3Hue npeAnono*eHHR 0 XMMI>14eCKOM 

COCTORHI>1M aCTaTa 8 paCTBopax. COOfimaeTCR!8' • 4TO 8 KI>1CnOM 

paCTBope. B nplIICYTCTBl>11>1 OKMCnl>1TenR ~ 6MxpOMaTa. 06pa3yeTcR 
nonO*I>1T enb HblH OAH03apRAHi;,I~':\ 1>10H aCT aT a. 0603Ha4aeMblH Ka KAte +. 
no pe3ynbTaTaH APyrllix a8TopOB '4' 3TOT KaT~OH B KHcnOM paCT
80pe npeACTa8nReT C060H np04HblH aKBaKOMnneKC. B pafiOTe /5/ 

yTBep*AaeTCR. 4TO KaTHOH AtB 
C 

06pa3yeT B BOAHblX ranoreHMAHblx 
paCT80pax KOMnneKCbI AtX2(X ~ Cr.-, Br-, j-), npl>1 3TOM 6POMI>1AHble 

KOMnneKCbf fionee YCT0i14HBbl, 4eM xnopIllAH~e. OnpeAeneHMe XW1H
4eCKoro COCTo;n,HR aCTaTa 8 paCTBope ocnO*HReTCR 803MO)KHOCTblO 

cocymecTBoBaHHR pa3HblX CTeneHeH OKllicneHHR H XI>1MH4eCKI>1X coeAM

HeHHH 3neMeHT2. YKa3aHH~e 06CTORTenbCT8a npM80ART K TOMY, 4TO 
TPYAHO HaHTH ceneKTH8H~H copfieHT AnR BbicoK03<jl<jleKTI>1BHOrO 8b1Ae

neHHR At . 
B HacTORmeH pafioTe npeAcTa8neH~ pe3ynbTaTbi no oTAeneHl>11O 

peAK03eMenbHblx 3neMeHTOB /P33/. KOTopble MOAenMp08anM rn3, OT 
aCTaTa C nOMOmblO xpoMaTorpa<jlH4ecKoro pa3AeneHMR B 80AHblX ra
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PHC. I. K03q,q,H1.\HeHTbl pacnpeAeITeHHH ac'raT a H TepoHH MeJl\AY 

KaTHOHHTOM Boq,aTHT KTIC H paCTBopaMH HBr H HCI B 3aBHCH

MOCTH OT KOHueHTpaUHH KHCITOT. 

CB~H~a ( 10-5 Monb/n). nnfl nOAaBneHHfI COp6~HH Pb Ha KaTHOHVI-
Te, o6pa3e~ HaHOCVlnH HS pacT80pa HBr C KOH~eHTpa~He~ 
1,0 Monb/n, npVl KOTOpO~ Kd(Pb) < 1. HSY4eHHe nOBeAeHVlR P33 
H At Ha KaTHOHHTe npoBoAHnH no cxeMe VlX paAHoxHMH4ecKoro 8bl
AeneHHR B on~Tax no cHHTe3Y 3neMeHTOB 108 H 109 '1.2' , B KO
TOp~X Es H Fm /Tn3/ 04HI1Ianlt1Cb OT TaKHX 3neMeHTOB, KaK Sc , 
Mn, Fe, Pa ,U H T.n. /pHC. 4/. 04HCTKa $paK~VlH P33 OT At npH 
BblMblBaHHH C KonOHKH paCT80pOM 6, °Monb/n Hce COCTa8nfleT 
?.. 1 0 s. 

6/ PacflpeAeneHHe aCTaTa H Tep6HfI Ha aHHOHlne 
npHMeHeHHe aHHOHHTa nocne KaTHOHHTa ~enecoo6pa3Ho no TOH npVl
4HHe, 4TO nonY4eHH~H nocne KaTHOHHTa paCTBOp P33 B 6 Monb/n 
Hcr MO~HO AononHHTenbHO 04HCTHTb Ha aHHOHHTe OT Mewa~I1IHX 3ne
MeHTOB, o6pa3Y~l1Ilt1x OTpH~aTenbHO 3apfl~eHHble KOMnneKC'..I 6es KOP
peK~HIt1 3n~eHTa. On~T~ npOBOAHnH B AIt1HaMIt14eCKHX ycnOBIt1RX, B 
paCTBope 6 ;.;onb/n HCf Tb nonHOCTb~ npOXOAIt1T 4epes KonOHKY 
C aHVlOHHTOM, a $aKTop 04HCTKH OT aCTaTa COCTa8nRn ~ 0,5 '10 2• 
TaKHM o6pasoM, llo:'H Heo6xOAIt1MOCTH peKoMeHAyeTcfI npoBOAIt1Tb OT
AeneHHe P33 /Tn3/ OT At nocneAoBaTenbHo Ha KaTHOHHTe VI aHHO
HIt1Te, npH 3TOM $aKTop~ 04HCTKH YMHo~a~Tcfl It1 COCTaBnR~T 10 
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, 
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noreHHAH~X paCTBOpaX. nnR paSAeneHHR HcnonbS08anHCb KaTHOHH~~ 
~ aH~OHH~~ 06MeH~, 0 TaK~e KonOHKa C nannaAHp08aHHbiM CHnHKare
neM. 

3KcnEPHMEHTAnbHAR 4ACTb 

1. PacT80peHHe H OTAeneHHe MaTepHana MHweHH 

MHweHH HS Si H Pb /B KonH4eCT8Ee AO HeCKOnI:>Kv.x COT MHnnH
rpaMM08/ paCTBopRfiH npH HarpeBaHHH B KOH~eHTpHpOBaHHO~ H8r(HCE) 
B npHCYTCTB~~ HNOs • PaCT BOP ynapH8,3nH AO YAaneHl1R HNOs H 
Bna~H~e conH pacTBopRnH B 0,6-1 ,OMo,nb/nH8r(HCf) npH Harpe
BaHHH. 3aTeM paCT BOP oxna~AanH, npH 3TOM oca~AanCR ManopaCTBO
PHM~~ 6pOMHA /~n~ xnopHA/ CB~H~a. B paCTBope OCTa~TCR P33 B 
BHAe KOMnneKCHblx KaTHOHOB, a TaK~e Bi ~ OCTa8wHi1cfI Pb, o6pa
SY~He np04H~e /6/ Hei1TpanbH~e H OTpH~aTenbHO aapRw,eHHble coe-
AHHeHHfI, OCTa~I1IHeCR B paCT80pe. n03TOMY 8i H Pb He cop6~PY~T-
CfI Ha KaT~OHHTe /7.8.9/ VI npaKTVl4eCK~ nonHocTb~ 3n~HpY~TCR B 
Ha4ane xpOMaTorpa$~4eCKoro npo~ecca. 

2. ~oHoo6MeHHoe paSAeneHHe 

On~Tbl npoBoAVInH C nOMOl1lb~ CVlnbHOKVlcnOTHoro KaTIt10HHTa BO$a
THT Knc /8% nB6, 40-80 MKM/ H c~nbHOOCHOBHoro aHVlOHIt1Ta BO$aTVIT 
C6B /8% nB6, 40-80 M~MI. B pa60Te ~cnonb30Banlt1Cb HYKnVlAbl 211 At 
H 160 Tb • 211 At 6~n nonY4eH no MeToAHKe, om1caHHo~ B /10 ! 

a/ COp6~HR At H Tb Ha KaTHOHVlTe 
f{o3$$VI~HeHT~ pacnpeAeneHvlfl (Kd , Mn/r) aCTaTa H Tep6HR Ha Ka
T~OHHTe onpeAenRnHcb B CTaTH4eCKHX ycnoBHflx B saBVlCVlMOCTH OT 
KOH~eHTpa~HH HBr H HCf B pacTBope /8peMR nepeMewHBaHHR $as: 
30 MHH/. np~MeHeH~e 3THX KHcnOT nOSBonReT npeA8apHTenbHO c6po
CVlTb 8i H Pb ~ saTeM B 3TOH ~e cpeAe 04~CTHTb P33 H Tn3 OT 
MHorHX 3neMeHTOB /CM. cxeMY, p~c.4/. PesynbTaTbl npeACTa8neH~ 
Ha pHC. 1. K03$$VI~HeHT~ pacnpeAeneHHR aCTaTa 8 VlHTepBane ~C
nonb3yeM~x KOH~eHTpa~H~ H 8r HMe~T SHa4~TenbHO 60nee HHSK~e 
SHa4eHHfI, 4eM AnR Tb. K03$$H~~eHT~ pacnpeAeneHHR aCTaTa npaK
TH4eCK~ He MeHR~TCfl B npHCYTCTBHH Bi ( ., 0,1 Monb/n) B paCT-
Bope 0,6 Monb / n H Br Hn~ Pb ( .. 10-5 Monb/n) 8 pacTBope 

1 , ° Monb / n H Br : 
6es Bi - Kd(At) 6,7:tO,6, a C Bi - Kd(At)= 7,1~1,2 
6es Pb - Kd(At) 7 ,3~0, 1, a C Pb - Kd(At):: 7,6.:t2,2 
On~T~ 8 A~HaM~4eCK~X ycno8HRX C paAHOHsOTonaM~ Tb H At npo

BOAHnH Ha KonOHKe C KaT~OHHTOM ( ~ = 2 MM, h = 60 MM, CKOPOCTb 
nponycKaHHfI pacTBopa 4epes KonOHKY '" 0,15 Mn/MHH) B npHCYTCTBVlVI 
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3. 	COp6~HR ?cTaTa H Tep6HR Ha MeTannH4eCKOM nannaAHH 

TaK KaK cnO~HO onpeAenHTb H npeACKa3aTb XHMH4eCKoe COCTOR
HHe 8cero At B paCT80pe, TO TPYAHO Ha~TH ceneKTH8H~~ cop6eHT 
AnR ero 8~AefleHHR 8 OAHY CTaAH~, He3a8HC~MO OT ~CXOAHoro COCTO
RHHR. M~ o~HAafl~, 4TO OTHOC~TenbHo 60flbwaR 3HTanbnHR aAcop6~HH 
3fleMeHTapHoro At Ha MeTaflflH4eCK~X nOBepxHocTRX naflflaA~R: 

tJ.H o AtlPd -= -158+10 K.a~/MOflb 1111 n0380nHT B~AeflHTb eroa 	 _ 

He3a8~CHMO OT HCXOAHOrO XHMH4eCKorO CQCTORHHR. n03TOMY HaM~ 
Ellflo HCCneA08aHO OCa~AeHHe At Ha Pd • npeA8aPHTeflbHO npoBOAHfl
CR cneAy~mH~ 3KCnep~MeHT: B CTaKaH C 5 Mfl paCT80pa HBr 
0,6 Monb / fl, COAep~amero At L'1 Tb , nOMeCT~flH MeTaflflH4eCKHH Pd 
/~oflbra 2 CM 2/, 4epe3 paCT80p nponYCKaflCR 80AOPOA ( paCXOA: 
20 Mfl/MHH) 8 Te4eHHe 1,5 4aca. B pe3YflbTaTe Tep6HH nOfl
HQCTb~ OCTaflCR 8 paCT80pe, a aCTaT ocen Ha $onbre Ha 92%, T.e. 
$aKTOp 04HCTKH Tb OT At y~e np~ TaKoH npocToH onepa~~H COCTa8
nReT ?::. 10. 

C ~eflb~ n08blweH~R 3$$eKH!8HOCTH pa3AefleHHR HaM~ 6~flH nOCTa8
fleH~ on~T~ no xpoMaTorpa$~4ecKoMY KonOH04HOMY pa3Ael1eHH~. Ma
TepHafl HacaAKH rOT08HflH cfleAy~mHM 06pa30M: 300 Mr MeTaflflH4ec
Koro Pd paCT80pRflH B ~apcKoH BOAKe. nOCfle BbinapH8aHHR A06a8
flRflH 1 Mfl AHCT~flfl~poBaHHoH 80AU ~ CMeWH8anH C 5-10 r cyxoro 
CHnHKareflR /¢ = 15 MKM/. MaTepHafl nepeHOCHfl~ B K8ap~e8Y~ TPy6
KY, ocywaflH H Aanee Pd 80CCTaHa8flH8aflH B TOKe 80AopoAa, np~ 
450

0 c 8 Tpy64aToH ne4H. nepeA HcnOflb30GaHHeM nOflY4eHH~~ 4epH~H 
I nopOWOK, nOCfle 8HeceHHR B 

tgKd KOflOHKY, npOMbl8aflH paCTBO" 
POM HBr 0,6 Mom/fl (5-10 
c8060AH~X 06beM08 KOflOHKH). 

Kd(At) Ha npHrOTOBneH
HOM MaTep~afle onpeAeflRfl~ 8 
CTaT~4eCKHX YCfl08HRX 8 3a
8HCHMOCTH OT KOH~eHTpa~~H 

HBr /8ec MaTepHana = 200 Mr, 
06beM paCT80pa = 10 Mfl, 8pe
MR nepeMewH8aHHR $a3 = 
= 30 MHH/. Ha pMC. 2 npeA
CTaBfleH~ pe3ynbTaT~. B~AHO, 

2.5 

PHC. 2. K03ePePHlI,HeHTbl pacrrpe IAeneHHH aCTaTa Me~AY nanna

AHpOBaHHblM CHnHKareneM If JpaCTBopOM HBr B saBHCHMOCTH 
3 5 7 

OT 	 KOHlI,eHTpalI,HH KHCflOThl.r~HBr '10nb/n 

4, 

4TO Kd aCTaTa YMeHbwaeTCR OT /4,4+0,8/'10 3 npH KOH~eHTpa~HH 
HBr 0,1 MOflb/nAo/3,1+0,2/·10 2 npHKoH~eHTpa~HH IIRr 
6,7 MOflb/n. 

B AHHaMH4eCKHX YCfl08HRX on~T np080AHnCR Ha KOflOHKe /¢=5 MM, 
h = 15 MM/ C pacT80poM At H Tb npH KOH~eHTpa~HH HBr 0,1 Monb/fl 
/v= 0,15 Mfl/. nOCfle npOMbl8KH KOflOHKH paCTBopaMH HBr 0,6 MOflb/fl, 
1,0 MOflb/fl, 6 MOflb/fl H KOH~eHTpHp08aHHo~ Hee Ha Pd oe-
TaeTeR 8eCb At • 143 paCTEwpa H Br Tb He eop6HpyeTeR. $aKTOp 
04HCTKH Tb OT At B 3TOH $paK~HH COCTaBflReT ?::. 10 3 . P33 H Tn3 
nOflY4a~TcR nOCfle 8b1AefleHHR 4aCTO B 6 MOflb/fl COflRHOK~CflOM paCT
80pe. On~Tbl nOKa3aflH, 4TO H H3 3THX paeTBopoB At nOflHOCTb~ 

cop6HpyeTcR Ha naflnaAHpoBaHHoM CH~HKarefle. 

4. 	 npHMeHeHHe H3y4eHH~X B03MO~HOCTeH pa3AeneHHR AflR 

8~AefleHHR H O\~HCTKH Tn3 H3 ~HKnOTpOHHblX MHweHeH 

npH CHHTe3e TR~efl~X 3fleMeHTOB C Z ?::. 104 XOflOAHblM 

cnHRHHeM 


B Ka4eCTBe npHMepa MO~HO npHBeCTH BblAefleHHe OTAeflbHblX aTO
MOB 2,,3 Fm H 253 Es H3 06flY4eHHblX ~HKflOTpOHHbIX MHweHeH 8 onbl
Tax no CHHTe3Y 108-ro 3fleMeHTa. B pe3YflbT2Te nOCfleA08aTenbH~X 

pacnaAOB 06pa3yeTcR AOflro~HBymHH a-H3nY4aTeflb253Es(T~=20,4 eYT, 
Ea = 6,63 M3B/ /CM. pHC. 3/. OTAefleHHe 3TOro HYKflHAa OT Me-

Z 

't)l 

105 

103 

101 

99 

91 
/ 

149 2'::3 251 261 265 A 

PHC. 3. PeaKlI,HH CHHTesa H pacnaAa HYKJIHAOB 267 104, ~ 1 106, 
265 108. 

t08Pb.58Fe n 

208 Pb. 54 Cr n 

, 
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PHC. 4. CxeMa pa,n;HOXHMHtI€CKOro Bbl,lJ,eJI€IIHJ'I Fm H Es H3 o6JIY

'1eHHon CBHHl.\OBOH MHIII €HH. 

wa!0U4l1x :meMeHTOB 6bl110 npOBeAeHO HaMI1 C nOMOll.\blO paAI10Xl1MI14eCKol:1 
MeTOAI1KI1, OCHOeaHHOA Ha paHee OnMCaHH~X pe3Y11bTaTaX, CXeMa KO
TopoA npeACTae11eHa Ha PI1C. A. 

$113114eCKl1e YC110BI1R 3KCnepl1MeHTOe /0611Y4eHI1A 11 a-113MepeHI1I:1/ 
M n811Y4eHHble pe3Y11bTaTiol npl1eeAeHiol B pa60TaX! 12.13,141. B pe3Y11b

TaTe A11I1Te11bHOrO /- 25 CYTOK/ 113MepeHI1R a-aKTMgHOCTI1 $paK~MI:1 

Fm 	 11 Es 61011111 3aperl1CTpl1pOBaHbI 3 C06~TI1f1 C Ea = 6,63 M3B. 
Pe3Y11bTaTiol 0411CTKI1 Tn3 OT MeWalOll.\l1X a -11311Y4aTe11eA OTee4alOT 

Tpe6oeaHI1f1M perl1CTpa~1111 eAI1HI14HblX C06~TI1~ a-pacnaAa Tn3 3a Ae
CflTKM 11 COTHM 4acoe 113MepeHI1A e on~Tax no cI1HTe3y TfI*e11b1X rn3. 

B 3aKI1104eHl1e aBTopbl 611arOAapRT npo$. IO.Lt.OraHecRHa M npo$. 
1-1.3eapy 2'1 nOAAe PlKKY AaHHoA pa6oTbI. 
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TEMATHqECKHE KATErOPHH llYBRHKAQHA 

OBnE~HHEHHOrO HHCTHTYTA H~EPHYX 

HCCRE~OBAHHA 

HH,z:teKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa B~COKHX 3HeprH~ 

2. TeopeTH4ecKaR ~H3HKa B~COKHX 3HeprH~ 

3. 3KcnepHMeHTanbHaR He~TPOHHaR ~~3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHx 3HeprH~ 

5. MareMaTHKa 

6. RAepHaR cneKrpocKonHR H paAHOXHMHR 

7. ~H3HKa TR~en~X HOHOB 

8. KpHoreHHKa 

9. YcKopHrenH 

1 n .1\.~~~~~~~~~~,:::~~~~ ::;~;;~~c,-;-n;,, ~r'\\..llt;..,YIMCM I dJibHbiA 

AaHH~x 

11. B~4HCnHTenbHaR MaTeMaTHKa H rexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4eCKoro 3KcnepHMeHra 

14. HccneAOBaHHR raepA~X ren H ~HAKOCTeH 
RAePH~MH MeTOAaMH 

15. 3KcnepHMeHranbHaR ~H3HKa RAePH~x peaK~H~ 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HT~ 

17. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbraroa H MeTOAOB 

~YHAaMeHTanbH~X ~H3H4eCKHX HCCneAOBaHH~ 
8 CMe~H~X o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

AHxnep 6. H AP· 
Hay4eHHe cop6~HH acTaTa Ha HOHoo6MeHHWX cMonax 
H Ha nannaAHH H3 BOAHWX ranoreHHAHWX pacTBOPOB 
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npH 04HCTKe ynbTpaMHKPOKOnH4eCTB TpaHCnnyTOHHeBWX 3neMeHTOB OT aCTaTa 

npH HAeHTH~HKa~HH HOBWX aneMeHTOB no A04epHHM a-aKTHBHWM H30TOnaM 
TpaHcnnyTOHHeBWX 3neMeHTOB /Tn3/ Tpe6yeTCR HX BWCOKaR 04HCTKa OT a-aKTHB
HWX H3oTonoe APYrHx aneMeHToe, TaKHX, KaK acTaT. npHBOARTCR AaHHwe no cop6-
~HH aCTaTa H Tep6HR Ha CHnbHOKHCnOTHOM KaTHOHHTe H CHnbHOOCHOBHOM aHHOHHTe, 
a TaK*e Ha nannaAHPOBaHHON CHnHKarene. KOM6HHHPOBaHHoe npHNeHeHHe 3THX 
cop6eHTOB noaaonReT nony4HTb CTeneHb 04HCTKH A04epHHX llf>3FuJ H l!f>3 Es OT 
At annoTb AO 108 -101° paa. PeaynbTaTw oc:HcTKH Tn3 OT NewaiOIIIHX a -Hany4aTe-~· 
neH OTBe4aiOT Tpe6oaaHHRM perHCTpa~HH eAHHH4HWX COOwTioiH a -pacnaAa Tn3 aa 
AeCRTKH H COTHH 4aCOB H3MepeHHH B OnWTax no CHHTe3y TR*enwx Tn3. 

Pa6oTa awnonHeHa a fla6opaTOPHH RAepHwx peaK~HH OH~H. 
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OepeBOA O.C.BHHOrpaAOaoM 

Eichler B •. et al. 
Study of Sorption of Astatine on Jon Exchange Resins 
and Palladium from Aqueous Halogenic Solutions Under 
Purification of Ultrasmall Quantities of Transplutonium 
Elements from Astatine 
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Under the process of identification of new elements by daughter a

active isotopes of transplutonium elements (TPE) the high degree of their I 
purification from a-active isotopes of elements like astatine is required. 
The data on sorption of astatine and terbium on strong basic anion exchange 
resin as well as on palladium silica gel are given. The combined appl ica
tion of these sorbents allows one to obtain the deqree of purification of 
daughter isotopes 253 Fm aAd 253Es from At upto a factor of 10 8 -10 10 • 

The results of purification of TPE from a-emitter background satisfy the 
requirements of registration of single a-decays of TPE durinq tens and 
hundreds of hours of measurements in the experiments on the synthesis of 
heavy TPE. 

The investigation has been performed at the laboratory of Nuclear 
Reactions, JINR. 
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