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1 • BBEAEHHE 

PeaK~HH nepeAa4H HyKnOHOB HaneTa~~ero HOHa RAPY MHWeHH WHpO
KO H3y4a~TCR B HaCTOR~ee epeMR / 1-6/. f-eTanbHO HCCneAOBaHbl npo~ec
Cbl 3axeaTa KaK HeCKOnbKH~ HyKnoHoe I -6/, TaK H 6onbwHx KOMnneK
coe C 3aPRAOM B 9 eAHHH~ 4/ R'paMH pa3nH4HbiX MHWeHeA. 3TH AaH
Hble, 3a HefionbWHM HCKn~4eHHeM 3/, Kaca~TCR ofinaCTH HeAenR~HXCR 
RAeP. B o6nacTH AenR~HXCR RAeP aHanorH4HbiX pafioT AO nocneAHero 
epeMeHH He npOBOAHnH, ecnH He C4HTaTb OTAenbHbiX AaHHbiX 0 ce-
4eHHRX o6pa3oBaHHR pa3nH4HbiX aKTHHHAOB B peaK~HRX (HI, aXn)/3,7-1 1 ~ 

Oco6b1A HHTepec H3y4eHHe peaK4HA nepeAa4 e o6nacTH AenR~HXCR 
RAeP npHofipeTaeT B CBR3H C npo6neMoA nony4eHHR HOBbiX H30TOnOB 
aKTHHHAHbiX 3neMeHToe. TaK, MHoroHyKnOHHble nepeAa4H RBnR~TCR oc
HOBHbiM HCT04HHKOM Q>OHa B 3KCnepHMeHTaX no CHHTe3Y HOBbiX HyKnH
AOB B peaK~HRX nOnHoro CnHRHHR (HJ,xn) C HCnOnb30BaHHeM aKTHHHA
HbiX MHWeHeA H OTHOCHTenbHO nerKHX HaneTa~HX HOHOB. QcofieHHO 
OCTPO npofineMa Q>OHa CTOHT B 3KCnepHMeHTaX no CHHTe3y CnOHTaHHO 
AenR~HXCR HyKnHAOB, HAeHTHQ>HKa4HR KOTOpbiX npeACTaBnReT 3Ha4H
TenbHble TPYAHOCTH/12 •13/. BMeCTe C TeM 06Hapy>KeHHe HOBbiX CnOHTaH
HO AenR~HXCR aKTHBHOCTeA, He CBR3a~HbiX C peaK4HRM~ nonHOrO cnHR
n~H, ~M~~~, U4eBHAHO, H CaMOCTORTenbHbiA HHTepec, TaK KaK 3TH 
aKTHBHOCTH MOryT 6b1Tb HOBbiMH H30TOnaMH TR>KenbiX aKTHHHAOB nHfiO 
HeH3BeCTHbiMH H30MepHbiMH COCTORHHRMH H3BeCTHbiX HyKnHAOB, ofipa-
3Y~HXCR B peaK~HRX nepeAa4. 

noAp06HO peaK~HH MHOrOHyKnOHHbiX nepeAa4 B o6naCTH CHnbHOAenR
~HXCR RAep cTanH H3Y4aTbCR nHWb e nocneAHee epeMR. TaK, o6pa3o
eaHHe pa3nH4HbiX AOnrO>KHBY~Hx H30Tonoe /OT Bk AO 1 02 3neMeHTa/ 
e peaK~HRX 248 Cm+16 •18 0 H 248 Cm+20 •2 !Ne H3Y4anocb HeAaeHo c Hc
nonb3oeaHHeM paAHOXHMH4eCKOA MeTQAHKH/14 ~oOnbWOe BHHMaHHe o6pa-
30BaHH~ aKTHHHAOB YAenRnocb e 3KcnepHMeHTax no nony4eHH~ ceepx
TR)i(em.lx 3neMeHTOB e peaK~HRX rny6oKoHeynpyr!.1~ nepeAa4 npH o6ny-
4eHHH 248 Cm HOHaMH 238 U H 238 u HOHaMH 238 u 1151. 

HecMOTpR Ha 3TH ycHnHR MHOrHe CTOPOHbl MexaHH3Ma o6pa30BaHHR 
HyKnHAOB C MaccaMH B HHTepeane Me>KAY MaccoA KOMnayHA-RAPa H Mac
coA MHWeHH B o6naCTH RAep, rAe AeneHHe RBnReTCR AOMHHHpy~~HM Ka
HanoM, OCTa~TCR HeRCHbiMH. 3TO KacaeTCR, HanpHMep, 3HeprHA B036y>K
AeHHR H yrnOBbiX MOMeHTOB nepBH4HbiX Q>parMeHTOB H HX pacnpeAene
HHR Me>KAY pa3nH4HbiMH KaHanaMH peaK~HA. 0AHaKO H3y4eHHe npo4ecca 
o6pa3oeaHHR pa3nH4HbiX H30Tonoe aKTHHHAHbiX 3neMeHTOB e wHpoKoA 
ofinaCTH MaCe HaneTa~HX HOHOB H HX 3HeprHA n03BOnHT, no-BHAHMOMy, 
YCTaHOBHTb HeKOTOpble Ofi~He 4epTbl peaK4HA HX o6pa30BaHHR. 3To, 
B CBO~ 04epeAb, onpeAenHT B03MOlKHOCTH nony4eHHR HOBbiX H30TOnOB 
TpaHCQ>epMHeBbiX 
PeAa4. 

3neMeHTOB B pa3nH4HbiX peaK~HRX MHOrOHYKnOHHbiX ne-,..,------- . . --~. I 
!?',- ' 
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HacToR~qaR pa6oTa noceR~qeHa 11CC11eAoBaH11Kl peaK1.111i1 MHoroHyKnoH
H~x nepeAa4 e o611acT11 TRmen~x aKTI1H11AOB, paHee/16,17/no 3TOi1 TeMe 
6~1111 ony61111KOBaHbl KpaTKI1e C006~qeHI1fl. 3AeCb npi1BOAfiTCfl pe3Y11bTa
T~ 113MepeHI1H ~YHKL111H B036ymAeHI1fl peaKL111H o6pa30BaHI1fl HeKOTOP~X 
TRmen~x aKTI1HI1AOB, B~3~eaeMbiX 110HaMI1 15 N , 18 0 11 22 Ne c 3Hepr11R
MI1 OT 7 M3BIHYK110H AO rny60KO noA6apbepHoi1 Ha M11WeHJ'IX 113 249Bk 
11 249 cr. 

2. 3KCnEPHMEHTAnbHAR METOAHKA 

0611y4eHI1fl 249Bk 11 24~f npOBOA111111Cb Ha B~BeAeHHOM ny4Ke L111K110-
TpOHOB OH~H Y-300 11oHaM11 15 N+ 3 , 22 Ne+ 4 11 Y-200 11oHaM11 18 o+ 4 • 
BpeMR o6ny4eHI1fl cocTaB11fi110 0,5-6 4acoe. CxeMa ycTaHoBKI1 noKa3aHa 
Ha PI1C.1, 0611y4eH11fl npOBOAI11111Cb 110HaM11 C TOKOM 0,5-1,5 MKA. 
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PHc.I. CxeMa peaKu;HoHHoii KaMepbi: 

1,8- BXOAHOe H Bb~OAHOe OKHa; 
2 - AepJKaTenb MHmeHH; 3 - aJIJOMH
HHeBbie norJIOTHTenH; 4 - KacceTa 
MHmeHH; 5 - MHmeHb; 6 - c6opHHK 
RAeP OTAa•m - llPOAYKTOB RAepHb!X 
peaKu;Hif; 7 - KOpnyc peaKu;HOHHOH 
KaMepw; 9 - BaKYYMHbiH IJ;HJIHHAP 
.~ap~eR. 

M11weH11 113 249 Bk 11 249 cr 113roTaB1111Ba1111Cb nyTeM nocnoi1Horo HaHe
ceHI1fl ee~qecTea Ha a11tOMI1HI1eBble nOA110mK11 T011Lqi1Hoi1 2, 3 Mr I eM c no
cneAYIOlq11M npoKa1111BaHI1eM Ha B03AYXe AO npeepa~qeHI1fl ee~qeCTBa B OK
C11AHYIO ~opMy. CoAepmaHI1e A04epHero 249cr e ceemenpl1roToeneHHoi1 
MI1WeHI1 113 249 Bk He npeBbiWano 0, 5%. To111q11Ha M11WeHI1 - OT 0, 1 AO 
0,5 MrlcM 2 ,nno~qaAb- 0,5 CM 2.MI1WeHI1 3apRma1111Cb B MeAHYIO KacceTy 
141 11 ycTaHaB1111Ba1111Cb Ha oxnamAaeMoM BOAOi1 AepmaTene 12/. 

PeaKL1110HHaft KaMepa 171 OTAe11fl11aCb OT BaKyyMHOrO 06beMa L111K110-
TpOHa l11oHonpoeoAal BXOAHbiM 11 I 11 BbiXOAH~M 181 a11tOMI1HI1eBbiMI1 oK
HaMI1 IT011lqi1HOH 2,3 MrlcM21 11 B pa60411X YC110BI1fiX Han011Hfl11aCb re-
1111eM AO AaeneH11fl 100 Top Allfl npeAoTepa~qeHI1fl neperpeea OKOH, no
r110TI1Tenei1 11 MI1WeHI1. 

3Heprl1fl ny4KOB 110HOB 22 Ne 11 18 0 113MepR11aCb B XOAe 0611y4eHI1fl 
no ynpyrOMY pacCef!HI110 Ha TOHKOH 10,1 MrlcM

2
1 30110TOH MI1WeHI1, 

pacnonomeHHOH nepeA BXOAOM B peaKL1110HHYIO KaMepy. nony4eHHble Ta
K11M o6pa3oM 3Ha4eHI1fl 3Heprl111 Allfl 110HOB 22 Ne- 178+4 M3B 11 Allfl 
110HOB 180 - 128+3 MsB xopowo cornacytOTCR c eeni1411HaMI1, e~411C
neHH~M11 Ha OCHOBe 113BeCTH~X 3Ha4eHI1H napaMeTpOB L111K110TpOHa npl1 
YCKOpeHI111 AaHH~X 110HOB 11 113MepeHH~MI1 C nOMO!qbiO OTK110HfltO
~qero MarHI1Ta. BXOAHafl 3Hepri1R 110HOB 15 N npi1HI1Manacb paaHoi1 
145~2 M3B, cornaCHO MHOr0411C11eHH~M 113MepeHI1fiM C noMO!qbiO OTK110Hfii()
Lqero MarHI1Ta. 

2 

3Hepri1R 110HOB, naAaiOlq11X Ha MI1WeHb, eapbl1poeanacb c noMOLqbtO 
a11tOMI1HI1eB~X nor110T11Te11ei1 13/, Heo6XOA11Mafl T011Lqi1Ha KOTOpbiX onpe
Ae11R11aCb no Ta611111.1aM npo6er-3Hepri1R/IB/.nornoTI1Tenl1 3apRma1111Cb 
B OTAellbHYIO KaCCeTy 11 YCTaHaB1111Ba1111Cb nepeA MI1WeHbiO /5/ Ha 
TOM me AeomaTeSle 121. A11KlM11HI1eBble ~011brl1 T011lqi1HOH OT 1,2 AO 
2,3 MrlcM 2, pacnonomeHHble Ha paccTORHI111 2-3 MM OT MI1WeHI1, cny

ml11111 c6opH11KaMI1 f!Aep OTAa411 16/. 

npoBOA11110Cb ABa Tl1na 3Kcnepi1MeHToe. B nepsoM 113 H11X nocne o6-
11Y4eHI1fl 6epK1111eBoi1 MI1WeHI1 110HaMI1 

15
N , 

22
Ne 11 Ka1111~0PH11eBoi1 MI1-

18Q WeHI1 110HaM11 c6opHI1KI1 3KCnOH11POBa1111Cb B KOHTaKTe C A11311eKT-
PI14eCK11MI1 AeTeKTopaMI1 A11fl per11cTpa1.11111 aKTOB cnoHTaHHoro AeneHI1fl 
nPOAYKTOB f!AePHbiX peaKL111H, OC TaHOBSleHHbiX B c6opHI1KaX. B Ka4eC TBe 
AeTeKTOpOB 11Cn011b30Ba1111Cb C1110Aa 111111 llaBCaH, 3~~eKT11BHOCTb perl1cT
paLI1111 KOTOp~X COCTaB11fl11a 90%. 

Bo BTOpOM, C 11Cn011b30BaHI1eM paAI10X11MI14eCKOrO Bb1Ae11eH11fl, noc
Sle 0611y4eHI1fl Ka1111~0PH11eBoi1 MI1WeHI1 110HaMI1 

22
Ne 4aCTb c6opHI1Ka 

3KcnoHI1poeanacb e KOHTaKTe c TpeKOBbiM AeTeKTopoM, a 113 APYroi1 
4aCTI1 npl1rOTaB1111Ba1111Cb TOHKOC110i1Hble o6pa3LI~ A11fl a11b~a-cneKTpo

MeTpl111. AnR 3Toro Bb1Ae11R1111 nerKoneTy411e 311eMeHTbl I ~Hcy61li1Ma!J 1111.,;. 
$200 KAmiM011bl 113 pacnnaea antOM11HI1fl c naHTaHOM e aTMoc~epe He 
np11 T= 1300-1400 K. ~cnapi1BWI1eCR 113 c6opHI1Ka npDAYKTbl ocamAa1111Cb 
Ha TaHTa110BOi1 ~Oilbre, TeMnepaTypa KOTOpOi1 113MeHR11aCb OT yKa3aH
HOi1 BbiWe AO 300 K, Ha paCCTOJ'IHI111 30 MM OT Tl1r11fl IOAHa 113 MOA11-
~11KaL111i1 3TOi1 YCTaH08KI1 11Cn011b30Ba11aCb paHee np11 113Y4eHI111 11eTy-
4eCTI1 MeHAe11eBI1fl 11 ~ 1 1. np11 TaKoi1 npOLieAype 113 C60pHI1Ka Bb1Ae11fi1111Cb 
see ~qeno4Hble 11 ~qeno4H03eMe11bHble 311eMeHTbl, peAK03eMe11bHble I Eu 
11 Yb I 11 Tftmenble aKTI1H11Abl loT cr AO 102 311eMeHTal. Hcnonb30BaHI1e 
rpaA11eHTa TeMnepaTypbl e 30He aACOP6LII111 Ha TaHTane no3B01111110 no-
11Y411Tb 4aCTI14HOe pa3Ae11eHI1e Es ~ Fm , Md OT Cf. BbiXOA npOAYKTOB 
onpeAe11fi11Cfl no y-aKT11BHOCTI1 24 cr 11 cnoHTaHHO Ae11f!Lqei1cfl aKT11B
HOCTI1256Fm 113MepReMoi1 4aCTI1 c6opHI1Ka, He nOABepraewei1cR X11~114e
CKoi1 nepepa60TKe, 11 TaHTa110BOi1 ~011brl1 C npOAYKTaM11 X11M114eCKOro 
B~Ae11eHI1fl. H3MepfteMble TaK11M o6pa30M BbiXOAbl COCTaB11fl11a 80+5% A11fl 
Cf 11 90+5% A11R Es, Fm , Md .npoA011mi1Te11bHocTb Bb1AeneH11R-B cpeA
HeM COCTaB11fl11a 30 MI1HyT. 

B o6ny4eHI1fiX Cf 110HaMI1 Ne np11 3Hepri1RX H11me 6apbepa, KDrAa 
6onbwaR 4aCTb 3Heprl111 HaneTatOLqi1X 4aCTI14 "c6paCbleanacb" a11tOMI1HI1e
BbiMI1 nor110TI1Te11f!MI1, He06XOA11MO 6bl110 Y411TbiBaTb BK11aA B o6pa30BaHI1e 
1130Tonoe BTOPI14HbiX peaK411i1 Tl1na 249cr (a, x n) 2 53- x Fm, Bbl3biBaeMbiX 
6biCTPbiMI1 a-4a~T114aM11 1 o6oa3ytOLq11MI1Cfl Ha AE.Ha116onee onacHa B 3TOM 
nnaHe peaKL111fl 249 Cf(a,2n) 251 Fm, "1MetO~qaR MaKC11Ma11bHOe ce4eHI1el20 /. 
npi1HI1Mafl 11HTerpa11bHOe ce4eHI1e o6pa30BaH11fl 6biCTPbiX a-4aCTI14 pas-

/21 I HbiM 1 6 · 1 11 Y411TbiBaR, 4TO B o6pa3oBaH1111 Fm s peaK411fiX (a, xn) 
y4aCTByeT TOilbKO noeepXHOCTH~i1 C110i1 MI1WeHI1, Mbl n011Y4111111 eepXHIOIO 
rpaH114Y Kamy~qerocft ce4eHI1fl o6pa3oBaHI1R 251 Fm,pasHytO 1 MK6. 
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3. H3MEPEHH1! PA,QHOAKTHBHOCTH H AHA11H3 AAHHbiX 

A. H3MepeH~e cnoHTaHHoro AeneH~~ 

3Kcnos~~~~ c6opH~KoB Ha cn~Ae lnascaHel nosaon~n~ npocneA~Tb 
~3MeHeH~e aKT~BHOCT~ cnoHTaHHO Aen~~~xc~ npOAYKTOB so apeMeH~. 
C6opH~K~ nocne o6ny4eH~~ 249 Bk ~oHaM~ 22Ne 3KcnoH~~oaan~cb oKono 
nonyroAa c ~enb~ Ha6n~AeH~~ pacnaAa AOnrom~sy~ero 54 cr. Bo acex 
cny4a~x 6b&no nony4eHo HaKonneH~e cnoHTaHHO Aen~~e~c~ aKT~BHOCT~ 
~ ee pacnaA c nep~OAOM nonypacnaAa OKono 2,6 4aca. np~Mep~ He
KOTop~x KP~B~x ~3MeHeH~~ aKT~BHOCT~ noKa3aH~ Ha p~c.2. EA~HcT

BeHHO~ cnoHTaHHo Aen~~e~c~ aKT~BHOCTb~ c TaK~M speMeHeM m~3H~ 
~Bn~eTc~ 256 Fm IT y, = 157 M~H, SF = 92%1. 4To6b& onpeAen~Tb ee npeA
wecTBeHH~Ka IMaTep~HCK~~ HYKn~AI, Kp~B~e ~3MeHeH~~ aKT~BHOCT~ 
o6pa6aTb&Ban~cb MeTOAOM Ha~MeHbw~x KBaApaTOB. An~ 3Toro B <)l~T~po
BaH~~ Kp~s~x nep~OA nepB~4HO o6pasosaHHoro npOAYKTa ~cnonbsosan
CR KaK CB060AHbl~ napaMeTp, a np~MbiM o6pa30BaH~eM 256 Fm B peaK~~
RX npeHe6peranocb. Bo scex cny4aRx 6~no nony4eHo 3Ha4eH~e T~ , 
cornacy~~eecR B npeAenax ow~6K~ c ~ssecTHb&M An~ 256 Mdi221.TaK, 

2

An~ 
Kp~BbiX pacnaAa, npe.t1cTaBneHHbiX Ha p~c. 2, 3Ha4eH~~ T Y, COCTaBnR-
n~: 79,7+0,8 M~H ( 2 

Bk+ 22 Ne), 70+8 M~H ( 249 Cf+ 22 Ne).B AanbHe~-
weM aHan"'Hs' KP~Bb&X HaKonneH~~ ~ pacnaAa npoBOA~nc~ MeTOAOM Ha~
MeHbw~x KBaApaToB B npeAnonomeH~~ Hesas~c~Moro o6pasosaH~R 256 Md 
IT y, = 77 M~H, 3. 3. 90%1, ero A04epHero npOAYKTa 256 Fm ~ c y4eTOM 
nocTORHHoro AOnrom~sy~ero <)loHa·. AHan~3 noKasan, 4TO so acex cny-
4a~x per~cTp~pyeM~e coo~T~R cnoHTaHHoro Aene~~R npaKT~4ecK~ nuJ&
HOCTb~ o6ycnoBneHbl o6pa30BaH~eM 256 Md B peaK~~RX. np~ 3TOM Bepx
HR~ rpaH~~a ce4eH~R npRMoro o6pasoaaH~R 256 Fm cocTaBnRna np~Mep
Ho AeC~TY~ 4aCTb np~BOA~MOro Ce4eH~~ npRMOro o6pa30BaH~R 256 Md. 
4To6b& ~sMep~Tb aen~4~Hy ce4eH~R np~Moro o6pasosaH~R 256 Fm B pe
aK~~~ 22 Ne + 249 Bk, rAe 6~n nony4eH MaKc~ManbHbl~ Bb&XOA 256 Md, 6b&nO 
npoBeAeHo o6ny4eH~e c ~cnonbsosaH~eM MeAneHHO AB~my~e~c~ I V = 
= 0, 057 cMicl "6ecKoHe4H011 An~HHO~ If = 500 Ml neHTbl - c6opH~Ka 
~Aep OTAa4~112~B 3TOM cny4ae HaKonneHH~e B c6opH~Ke sa speMR o6-
ny4eH~R r -=. d M~WeH~ I V neHTb& aTOMbl OTAa4~ Henpepb&BHo nepeHoc~
n~Cb K TpeKOBb&M AeTeKTopaM ocKonKoB AeneH~~, pacnonomeHHbiM BAOnb 
neHTbl. 06ny4eH~e npoBOA~nocb np~ aHepr~~ ~OHOB 22 Ne 123 MaB, co
OTBeTCTBY~~e~ MaKC~MYMY <)lyHK~~~ B036ymAeH~R peaK~~~ o6pa30BaH~R 
256 Md. nony4eHHa~ TaK~M o6pasoM "Kp~sa~ pacnaAa" noKasaHa Ha 
p~c.3. B pesynbTaTe aHan~sa 6b&no onpeAeneHo c YAOBneTsop~TenbHO~ 
T04HOCTb~ ce4eH~e o6pasoaaH~R 256 Md,cornacy~~eecR c nony4eHH~M 
B Onb&TaX C HenOAB~mHbiM c6opH~KOM, ~ Ce4eH~e npRMOrO o6pa3oBaH~R 
256 Fm.Ce4eH~e o6pasoBaH~R 256Md( 256 Fm) Bbl4~cnRnocb no nony4ae
MO~ B pe3ynbTaTe aHan~3a CKOPOCT~ o6pa30BaH~R 256 Md( 256 Fm) nonHO~ 
3<)l<)leKT~BHOCT~ per~cTpa~~~ 10,81, 4~Cny aTOMOB B M~WeH~, ~HTer
panbHOMY noTOKY ~OHOB ~ BpeMeH~ o6ny4eH~~.C4~TanOCb,4TO ace o6-
pa30BaHHble RAPa 256 Md( 256 Fm) Bb&neTen~ ~3 M~WeH~ ~ OCTaHOB~n~Cb 
a c6opH~Kell7 I.e y4eToM Toro, 4To 256 Fm MomeT o6pasosaTbCR nyTeM 
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KBap;paToB B npep;noJioJKeHHH HesaBHCHMoro oopasoBaHHR 56 Md H 256 Fm 
B peaK~H.fiX H C yqeTOM llOCTO.fiHHOrO ~OHa, 

PHc,3. KpHBaR HaKonJieHH.fl cnoHTaHHO 
,IJ;eJI.fl~eHC.fl aKTHBHOCTH 0 oopasyro~ei{

C.fl B peaK~HH 249 Bk + 22Ne B sKcne
PHJ~.JeHTax C ,IJ;BIDKYm;HMC.fl COOpHHKOM 
Rp;ep OTp;aqH, fiYHKTHp - BKJiap;bi 

256 COCTaBJI.fi!Om;HX: Fm. oopasyro~ero-
256 F 

~6B peaKu;HRx·, H m H3 pacnap;a 
Md, noJiyqeHHbie B pesyJibTaTe 

¢HTHpOBaHH.fl MeTO,Il;OM HaHMeHbiiiHX 
KBap;paTOB B npep;nOJIOJKeHHH Hesa
BHCHMoro 06pa30BaHH.fl 256 Md H 
256 

Fm B peaKu;HRX I cnnoniHaR JIH
HHR/. 
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~- 256 
~ -paenaAa EB,KOTOP~H B peaK~HRX MOmeT nony4aTbeR KaK B Oe-

HOBHOM, TaK H B 73opepHOM eoeTORHHRX e nepMOAaMM nonypaenaAa 
25 MMH M 7,6 4ae 

22 ,6~nM onpeAeneH~ eepxHMe rpaHM~bl ee4eHHH o6-
pa3oBaHMR AaHHOrO HYKilHAa B 3TMX eoeTORHMRX. Ha oeHOBe noeTORH
HOrO 3Ha4eHHR AonromMey~ero ~oHa enoHTaHHO AenR~eHeR aKTHBHOeTM 
6~nH onpeAeileH~ TaKme eepxHHe rpaHH~~ ee4eHHA o6pa3oBaHHR 254 cr 

249 22 -e peaK~HH Bk+ Ne.CHeTeMaTH4eeKaR owH6Ka e 3Ha4eHHRX ee4e-
HHA o6pa3oeaHHR 259Md( 256 Fm) o6yenaenHBanaeb HeonpeAeneHHOeTRMH 
TOn~HHbl MHWeHeH, BeJlH4HHbl HHTerpailbHbiX nOTOKOB HOHOB, npoWeAWHX 
4epe3 MHWeHb, a TaKme eapHa~HeH TOKa HOHOB BO BpeMR 06Ily4eHHH, 
H o~eHHBanaeb BeilH4HHOH +20%. B ee4eHHRX o6pa3oeaHHR, nony4eHH~x 

24<lr. -
B peaK~HRX Ha ·nk, Y4TeH~ nonpaBKH Ha o6pa30BaHHe eOOTBeTeTBy~-

. 249 
~Hx nf,OAYKTOB e peaK~HRX Ha Cf H paenaA RAeP MHWeHH Bk 
/Ty, ( 49 Bk ) = 314 AHeH/. 

6. H3MepeHHe anb~a-aKTHBHoeTH 

249 22 v 

B peaK~HH Cf + Ne TOHKoenoHHble o6pa3~bl, nony4eHHble noene 
TepMOXPOMaTOrpa~H4eeKOrO B~AeJleHHR aKTHHHAOB H3 e6opHHKa RAep 
OTAa4H, H3MepRI1Heb Ha 8-KaHailbHOM anb~a-eneKTPOMeTpe e Si(Au) 
noeepxHoeTHo-6apbepH~MH AeTeKTopaMH. CneKTP~ 3anHe~eanHeb MHoro
KaHailbHbiM aHaJlH3aTOpOM /8x512 KaHailOB/ H BbiBOAHilHeb nepHOAH4e
eKH AilR noeTpOeHHR KPHB~X paenaAa Ha6Il~AaeM~X ailb~a-aKTHBHOeTeH. 
H3MepeHHR nPOAOilmanHeb 6onbwe ~eeR~a e TeM, 4T06bl Ha6Il~AaTb pae-
..., .... ,., """'"r- ...... \1'14,...\111114'-' ........ '*''""-'"'""'"'"'""""'r~ .... ,....~ ....... , ...... , ,, .... ,, ... 25a.;,("O 
',_,M M"-',." ""'"'''...,J .....,.,.,_ .....,,., ............ ,.,._,,.,., -, .... ' ..,..,.., ..... ,.,' I.._.,,,.,,,. '""""'" ..._....., e 

C ~eilb~ onpeAeileHHR 4Heila 3aperHeTpHpOBaHH~X ailb~a-4aeTH~ OT
AeilbHbiX H3IlY4aTeneH nony4e!"JH~e ailb~a-eneKTPbl o6pa6aTbiBai1Heb 
. (23 
e noMO~b~ nporpaMMbl UPEAK: , KOTopoH AilR annpoKeHMa~HH nHKOB 
HenOilb30Bailaeb 11annapaTypHaR ~OpMa IlHHHH 11 KaJlH6pOB04HOrO HeT04-
HHKa 

212 
Po IE a= 8, 785 M3B/. HeeKOilbKO npHMepoe eneKTpoe, nony4eH

HWX B HaW~X H3MepeHHRX, H HX o6pa60TKH npeAeTaBJleHW Ha pHe.4, 
rAe enilOWHWMH IlHHHRMH H306pameHW BKilaAW pa3JlH4H~X KOMnOHeHT 
eneKTpa. nony4aeMble KPHBble paenaAa o6pa6aT~eanHeb MeTOAOM HaH
MeHbWHX KBaApaTOB e TeM, 4T06~ HAeHTH~H~HpoeaTb Ha6Il~AaeMwe aK
THBHOeTH no nepHOAY nonypaenaAa H no 3HeprHH ailb~a-4aeTH~.B 4aeT
HOeTH, AilR IlHHHH 7,04 M3B, KOTOpaR, B npHH~Hne, MOrna 6~Tb eeR-
3aHa e ABYMR HYKnHAaMH 252 Fm H 255Fm,HMe~~HMH 6JlH3KHe epeMeHa 
mH3HH, 6biilO noily4eHo 3Ha4eHHe Ty, = 25,39+0,06 4ae, xopowo eorna
ey~~eeeR e Ta6IlH4HbiMH AaHHbiMH 1221 AilR 252Fm. 3ToT ~aKT, a TaKme 
noJly4eHHble BnOeileAeTBHH H30TOnHble paenpeAeJleHHR Fm /eM. HHme/ 
n03BOilHilH eAeilaTb BWBOA 0 TOM, 4TO 3Ta aKTHBHOeTb OTHOeHTeR B oe
HOBHOM K 

252
Fm. 6 pe3yJlbTaTe aHailH3a KPHBbiX paenaAa 253Es 6b1Il0 

06HapymeHO, 4TO npaKTH4eeKH BeR aKTHBHOeTb 3TOrO HYKilHAa B H3y-
4aeMOM AHana30He 3HeprHH HaileTa~HX HOHOB o6yeJlOBileHa paenaAOM 
ero MaTepHHeKoro nPOAYKTa 253 Fm /3neKTPOHHbiH 3axeaT /3.3. I - 88%/. 
npHMep KPHBOH HaKonneHHR H paenaAa 253Es,noJly4eHHOH B H3MepeHHRX 
npH 3HeprHH HOHOB 22Ne 123 M36, npHBeAeH Ha pHe.5. npH 3TOM npe-
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249Cf +22Ne 
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ENe=123MaB 

0 TO&I\=210MUII. 
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90 100 110 120 130 140 150 160 170 
HOMEP KAHAI\A 

PHc. 4. IlpHMepbi anb¢Ja-cneKTpOB, nony<reHHbiX B HSMepeHHHX 

llOCJie TepMOXpOMaTOrpa¢JHtreCKOro Bbl,II;eJieHHH npop;yKTOB 

c Z ~ 98, o6pasYKJ~XCH B peaK~HHX 249 Cf + 22 Ne. TotrKH 

'IHCJIO OTCtreTOB B KaHan ax, CilJIOWHble JIHHHH - BKJiap;bl pas

JIH'l:HblX aKTHBHOCTeH, yKasaHHbiX Ha pHCYHKe, 

Aeil~ ee4eHHH npRMOrO o6pa30BaHHR 
2 ~Es He npeB~WailH 10% OT ee-

4eHHH o6pa30BaHHR 253 Fm BO seeM H3y4aeMOM AHana30He 3HeprHH Ha
JleTa~HX HOHOB. 3KenepHMeHTaJlbHble 3Ha4eHHR nepHOAOB nonypaena
Aa, nony4eHHWe AilR aKTHBHOeTH, HAeHTH~H~HpoeaHHOH KaK 25°Fm,eoe
naAai1H e Ta6IlH4H~MH AaHHWMH/22 /AilR 3Toro HYKilHAa. B To me epeMR 
B H3MepeHHRX AOilrOmHBY~HX nPOAYKTOB npORBHilaeb aKTHBHOeTb e 6JlH3-
KHM 3Ha4eHHeM 3HeprHH ailb~a-4aeTH~ /7,39 M3B/ H nepHOAOM nonypae-

7 
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B peaK~HH Cf+ Ne(e).CnnomHaa KPHBaa- H3MeHeHHe aK-
THBHOCTH 

253Es, nonyqaeMoro B pesynbTaTe pacnap;a 253Fm. 

naAa oKono 10 AHeH. TaKOH me nep~OA ~Men~ o6HapymeHHbiH ~sny4a
Tenb c 3Hepr~eH 6,82 M3B. PaeH~e ~HTeHc~BHOCT~ 3T~x aKT~BHOCTeH 
~ nep~OA nonypacnaAa noseonRn~ OTHecT~ ~x K 215Po ~ 219Rn,Re
nRIOlii~MCR nPOAYKTaM~ pacnaAa 223Ra I Ty, = 11 ,4 AHR/ - llleno4Ho
seMenbHoro 3neMeHTa, KOTOPbiH MOr BbiAenRTbCR ~3 c6opH~Ka HaPRAY 
c aKT~H~AaM~. CneAyeT OTMeT~Tb, 4TO aKT~BHOCTb 3Toro HyKn~Aa 
e Haw~x ycnoe~RX He Mewana onpeAeneH~IO ce4eH~H o6pa3oeaH~R aKT~

H~AOB. CBOHCTBa Ha6n10AaeMbiX H~Kn~AOB, a TaKme HeKOTOpbiX COCeAH~X 
HyKn~AOB np~BeAeH~ B Ta6n~1..1e 22/. 

Ce4eH~R o6pa3oeaH~R ~AeHT~~~LI~poeaHH~x HyKn~AOB 6~n~ B~4~c

neH~ no ~3MepeHHOH aKT~BHOCT~, reoMeTp~~ ~3MepeH~H, X~M~4eCKOMY 

BbiXOAY, 4~Cny aTOMOB B M~WeH~, ~HTerpanbHOMY noTOKY ~OHOB, epe
MeHHOMy pem~MY o6ny4eH~R ~ ~3MepeH~R. C4~Tanocb, 4TO see o6pa3o
eaew~JCR npOAYKTbl BblneTen~ ~3 M~WeH~ ~ OCTaHOB~n~Cb B C60pH~
Kefl7 • Ben~4~Ha ow~6K~ e nony4aeMbiX 3Ha4eH~RX ce4eH~IIi onpeAenR
nacb KaK norpewHocTRM~,yKa3aHH~M~ paHee AnR ce4eH~H o6pa3oeaH~R 
256 Md( 256 Fm), TaK ~ AOnonH~TenbHbiM~ norpewHOCTRM~ e een~4~Hax 
X~M~4eCKOro B~XOAa ~ reoMeTp~~ ~3MepeH~H ~ Ol..leH~BanaCb een~4~HOH 

+40%. 
8 

• 

Ta6n~a 
XapaKTepHCTHKH pacnaga Ha6nrogaeMhlX HYKnHAOB 

BH,D. IlepHO~ Be'l'Bh Oliepru 8Jirr-
HyRJIH,D. pacn~a noJiypacn~a pacn~a t~&e'l'~ (MaB 

246 ol. 35,7 qac I,O 6,76 
Cf 254 SF 60,5 ,D,H I,O -

25! 0(, 33 qac 0,005 6,29 
Es 253 ol. 20,47 ,D,H I,O 6,63 

250 ~ 30 MHH I,O 7,42 
25! ~ 5,3 qac 0,0!7 6,83 
252 "' 25,39 qac I,O 7,04 

Fm 253 o<. 3,0 ,D,H 0,08! 6,94 
254 0(, 3,24 qac I,O 7,!9 
255 0(. 20,07 qac I,O 7,02 
256 SF 2,627 qac 0,92 -

Md 256 EC-SF 76 MHH 0,83 -
!02259 ol. 58 MHH 0,78 7,67-7,44 

I _ L I 

4. PE3YnbTATbl 

nony4eHHble ce4eH~R o6pa3oeaH~R TRmenbiX aKT~H~AOB np~ pa3n~4-

Hb1X 3Hepr~RX HaneTaiOlii~X ~OHOB n03BOnRIOT nOCTpO~Tb <)>yHKI..I~~ B03-
6ymAeH~R COOTBeTCTBYIOlii~X peaKLI~H. CneAyeT OTMeT~Tb, 4TO B np~eo
A~MbiX H~me Ce4eH~RX o6pa30BaH~R AnR 6onbW~HCTBa HyKn~AOB He y4-

TeHbl BKnaAbl OT pacnaAOB ~X B03MOmHbiX KOPOTKOm~BYlii~X npeAWeCTBeH
H~KOB /MaTep~HCK~X npOAYKTOB/, KaK~M~ RBnRIOTCR, Hanp~Mep, ~30TO
nbl Md AnR per~cTp~pyeMbiX ~3oTonoe Fm, To ecTb np~BOA~Mble een~4~

H~ ce4eH~H RBnRIOTCR KYMYnRT~BH~M~. KapTa ~3oTonoe, ~AeHT~<I>~LI~Po-

eaHHbiX B HaCTORllleH pa6oTe, ~ ~X B03MOmHbiX KOpOTKOm~BYlii~X npeA-
WeCTBeHH~KOB nOKa3aHa Ha p~c.6. 0AHaKO 3T~ X!e een~4~H~ Ce4eH~H 
MOmHO C4~TaTb He3aB~C~MbiM~ Ha OCHOBaH~~: COOTBeTCTBYIOlllero aHan~-
3a KP~BbiX pacnaA~ - o6pa3oBaH~e 256 Fm ~ 253 Es, npeHe6pem~Mo Mano

ro BKnaAa OT pacnaAa MaTep~HCK~X npOAYKTOB /~30TOnOB Md ~ 1 02 
3neMeHTa B cny4ae o6pa30BaH~R ~30TOnOB Fm /, KOTOp~e AOnmH~ ~MeTb 
Ha HeCKOnbKO nOPRAKOB een~4~H~ MeHbW~H BbiXOA, KaK 3TO cneAyeT 
~3 aHanor~4H~X ~3MepeH~H/I 4/ .y4eTa BKnaAa npeAWeCTBeHH~KOB 

(
25

°Fm.E.... 246
Cf ~ 251 Fm~ 251Es) . .[lnR ecex np~BOA~MbiX Ce4eH~H YKa-

3aHbl TOnbKO CTaT~CT~4eCK~e OW~6K~ /TaM, rAe OH~ npeBbiWaiOT pa3Me-
Pbl T04eK/. 
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97 llpHBO;::J;HIII;HX K 06pasoBaHHID Hp;eHTH-
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PHc.7. 3HepreTH~ecKaH saBHCHMOCTb 

ce~eHHH o6pasoBaHHH 
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2496 15 I ~Hx c ~ 'oHoB N: 0 - p;aH-
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Ha pl4c.8. Ha pl4c.9 npe,qcTa8neHbl 3HepreTI44eCKI4e 3a814CI4MOCTI4 ce4e-
• F 249cr 22 .. H1414 o6pa3o8aHI4fl pa3ni44Hb1X 1430Tono8 m 8 peaKL114fiX + Ne(aZ =2), 

aHa p14c.1Q 14 11- aHanor144Hble 3a814C14MOCT14 ,qnfi 251Es(.1.Z=1) 
14 246 Cf( L\Z = 0), CTpenKaM14 Ha P14CYHKaX noKa3aHbl 8en14414Hbl KynOH08-
CKoro 6apbepa 80 8XO,qHOM KaHane peaK1.11414, 8bi414CneHH~e 06bi4Hb1M 
o6pa3oM, c 14cnonb308aHI4eM pa,ql4yco8 fl,qep R = 1 ,41 A1 3 <I>M. 

5. 06CYmAEHHE PE3YnbTATOB 

HecKonbKO 3aMe4aHI4H o6~ero xapaKTepa MOmHo c,qenaTb 8 C8fl314 
C npe,qCTa8neHHbiMI4 Ha pl4c.]-11 <J>YHK1.114FIMI4 8036ym,qeHI4fl. 

1. <J>yHK1.11414 8036ym,qeH14fl peaKL114H o6pa308aH14fl npo,qyKT08 C MaCCOH, 
OTnl44aiO~eHCfl OT MaCCbl MI4WeHI4 He 6onee, 4eM Ha 3 e,qi4HI4l.lbl A, 14Me
IOT T14n144HYIO <J>OPMY, HafiniO,qaeMyiO Ofibi4HO ,qnfl peaK1.114H K8a314ynpyr14X 
nepe,qa4 8 o6naCTI4 He,qenfi~I4XCfl fl,qep - Ce4eHI4e 6b1CTPO paCTeT npl4 
HI43KI4X 3Hepr14FIX 86nl4314 KynOH08CKOro 6apbepa 14 CTaH0814TCfl npi4-
MepHO nOCTOFIHHbiM npl4 6onee 8biCOKI4X 3Heprl4fiX HaneTai0~14X 140H08/5/, 

2. Anfl nepe,qa414 6onbwero 414cna HyKnOH08, Kor,qa Macca npo,qyK-
Ta OTnl44aeTCfl OT MaCCbl MI4WeHI4 6onee, 4eM Ha 3 e,qi4HI4l.lbl A,<J>YHK1.11414 
8036ym,qeHI4fl npi4HI4MaiOT xapaKTepHyiO KOnOKOnoo6pa3HYIO <J>opMy, Ha6nl0- ' 
,qaeMyiO o6bi4HO ,qnfl peaKL114H T14na (Hl,axn/3•7- 11 /. 

3. Bo MHOr14X cny4afiX nony4eHHble <J>yHK1.11414 8036ymAeH14fl 14MeiOT oT
HOC14TenbHO 8biCOKYIO 8eni4414HY c.e4eHI4fl Hl4me KynOH08CKOrO 6apbepa 
Q("'\ DVf"'\MU("U,A V~U~MO r'IO~VIIIAIA - rh~V"T U~f\nll'\n~OIIIIA~r'a 0 "''U""''MrH-IAIIU,..,I~ -- -- ·-7i4/ ---· ·---- ~ -----.···· ~---.' -·------n---------- - -----·-· ..... _ .. 
pa6oTe • 

KaK yme HeOAHOKpaTHO OTMe4anOCb /CM., Hanpi4Mep(S/ 14 CCbln-
K14 8 HeH/, 14AeHT14<!>14Kal.l14fl AaHHOrO KOHe4HOrO npOAYKTa 8 o6~eM cny-
4ae HeAOCTaTo4Ha Anfl 8b1AeneHI4fl KaHana ·peaKL11414, npl48eAwero K ero 
o6pa308aHI4~. 6onee TOrO, HeCKOnbKO KaHan08 8 np14Hl.ll4ne MOryT npi4-
80A14Tb K o6pa308aH1410 Ha6n10AaeMOrO npOAYKTa. 0AHOH 143 803MOmHo
CTeH onpeAeneH14fl KaHano8, Aa~14X Ha1460nbW14e 8KnaAbl 8 o6pa308aH14e 
Ha6niOAaeMbiX KOHe4HbiX npOAYKT08, fl8nfleTCfl KI4HeMaTI44eCKI4H aHanl43 
pacnpeAeneH14H K14HeT144eCK14X 3Hepri4H, nony4aeMbiX 143 pacnpeAeneH14H 
npo6er08 TflmenbiX <J>parMeHT08/4•6/. npl4 3TOM npeAnonaraeTCfl, 4TO 
peaK1.114fl npoTeKaeT 8 A8a 3Tana. Ha nep80M 8 pa3ni44HbiX KaHanax 
o6pa3YIOTCfl nerKI4e 14 8036ymAeHHble Tflmenble <J>parMeHTbl C pa3Hb1M14 
MaCCaM14; Ha 8TOPOM 3Tane - Ha6n10AaeMble HyKn14Abl 8 npol.lecce Ae803-
6ymAeH14fl TflmenbiX <J>parMeHT08 nyTeM 3MI4CCI414 4aCT14l.l 14 Y-K8aHTQ8. 
6 paccMaTpl48aeMOH o6naCT14 fiAep OCH08Hb1M14 KaHanaM14 Ae8036YmAeH14fl 
fl8nfiiOTCfl AeneH14e, 3M14CCI4fl HeHTpOH08 14 y-K8aHT08, 8 TO 8peMfl KaK 
8epOFITHOCTb 3M14CC1414 3apflmeHHbiX 4aCTI4l.l He3Ha414TenbHaf24~KOHKypeH
l.ll4fl AeneH14fl 14 14CnapeH14fl HeHTpOHa npi480A14T K TOMy, 4TO peaK1.11414 
C 8blneTOM 6onbWOrO 414Cna HeHTPOH08 He AaiOT Cy~eCT8eHHOrO 8KnaAa 
8 o6?oa308aHI4e Ha6n10AaeMbiX npOAYKT08, KaK 3TO 6blnO noKa3aHO pa
Hee 31 Anfl peaK1.114H c 140HaMI4 12c. B 3TOM nnaHe 14HTepecHo cpa8HI4Tb 
Ce4eHI4fl o6pa308aH14fl KOHe4HbiX npOAYKT08 C pa3HOH Aeni4MOCTbiO, HO 
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PHc.12. CpaBHeHHe ceqeHHH o6pa-

3oBaHHH KOHeqHhlX npOAYKTOB, 
HMeiD~ pa3HYID AenHMOCTb, HO 

COOTBeTCTBYID~X OAHOMY THnY 
nepeAaqH /yBeJIHqeHHID Z MHIIIeHH 
Ha OAHO H TO ~e qHcnO nepeAaH

HbiX 3aPHAOB , &Z , H OAHO H TO 
~e MHHHMaJibHOe qHcnO nepeAaHHbiX 

HeHTpOHfB/ ;( e i •) - AaHHb!e H3 
pa60Tbl 14/,( Q& 0)- HaCTOH~aH 
pa6oTa. 

COOT8eTCT8Y~14X AaHHOMY T14ny ne
pe,qa414 /y8enl44eHI410 Z MI4WeHI4 Ha 
OAHO 14 TO me 414CnO nepeAaHHbiX 
3apfl,qo8, & Z I. 3To cpa8HeHI4e 
npo8e,qeHo Ha p14c.12, r,qe noKa3aHbl 
Ce4eHI4fl o6pa308aHI4fl pa3n144Hb1X 
1430Tono8 Bk , Cf , Es , Fm npl4 
o6ny4eHI414 248 Cm 140HaMI4 22Ne, 83fi
Tble 143 pa6oTb/14~ 14 8b1XO,qbl 1430TO

n08 Fm 14 256 Md, nony4eHHble 8 HacTofl~eH pa6oTe npl4 o6ny4eHI414 
249

Cf 
249 22 -14 Bk 140HaMI4 Ne npl4 TOI4 me npi4MepHo 3Hepr1414. Ha p14CYHKe no 

ocl4 a6Cl.II4CC oTnomeHa 8eni4414Ha I Anpo,qyKTa - AM 14weH 14/ c TeM, 
4T06bl ypa8Hf1Tb MI4H14ManbHble KOnl44eCT8a He~TpOH08, nepeAa8aeMbiX 
Ha MI4WeHb. B14AHO xopowee cornacl4e, 8 npeAenax 3Kcnepi4MeHTanbHbiX 
norpeWHOCTeH, 8 Ce4eH14fiX o6pa308aH14fl 1430TOn08 

249
- 25 lct 14 

250
-

25
2Fm, 

Anfl KOTOPbiX ,qen14MOCT14 OT n144aiOTCfl npi4MepHO Ha nOPFIAOK f K5!K 3TO 
cneAyeT, Hanp14Mep, 143 3Mn14p144eCK14X CI4CTeMaT14K <f'n /If> 2 ~11.nfl 6onee 
cnomHbiX nepeAa4, TaKI4X KaK o6pa3o8aHI4e 1430Tono8 "252- 25-lcr Ha 248cm 
14 253-254Fm Ha 249Cf(.1.Z = 2)' 256 Md Ha 249Cf 14 COOT8eTCT8y~ero 
255ES Ha 248gm /3KCTpanonl4p08aHHafl 8en14414Ha Ce4eH14fl o6pa308aH14fl/ 
(&Z = 3), Anfl 5~d Ha 249 Bk 14 COOT8eTCT8YIOUiero eMy 

255
Fm Ha 

248
Cm 

(&Z = (), Ce4eH14fl o6pa308aH14fl oTn144aiOTCfl npMepHO Ha nOPfiAOK. 
Aeni4MOCTI4 Md 14 Fm pa3nl44aiOTCfl 8 3 pa3a, a Fm 14 Cf - Ha nopfiAOK. 

HeKoTopyiO fiCHOCTb 8 Ha6niOAaeMyiO KaPT14HY o6pa3o8aHI4fl aKT14HI4-
A08 npl4 3Hepr14fiX 140H08 86nl4314 6apbepa MOmeT 8HeCTI4 3HepreTI44e
CKI4H aHanl43, 3aKnl04al0~14~~ 8 onpe,qeneH1414 83a14MHoro nonomeHI4fl 
KP148b1X Vi (R) 14 V f (R) - Q gg ; Vi (R)14 V f (R) o3Ha4aiOT noTeHL114anbl 
83ai4MOAeHCT814fl CI4CTeMbl 80 8XOAHOM 14 8biXOAHOM KaHanax peaK1.11414 
/cyMMa KynOH08CKOrO 14 fiAepHOrO noTeHL114an08 np14 Hyne80M yrn080M 
MOMeHTe/, 3a814Cfl~l4e OT paCCTOFIHI4fl MemAY l.leHTpaMI4 fiAep, a Qgg
MaCC08biH 6anaHC peaK1.11414. npl4 3TOM 3Heprl4fl, peanl43yeMafl 8 peaK-
1.11414, onpeAenfleTCfl 8blpameH14eM &B + Qgg, rAe &B - pa3HOCTb MemAY 
MaKC14MYMaMI4 noTeHL114an08 80 8XOAHOM 14 8biXOAHOM KaHanax peaK1.11414. 
6onbwafl nonomi4TenbHafl 8eni4414Ha 3Toro 8blpameH14fl Koppenl4pyeT c 8bi
COK14M noA6apbepHbiM Ce4eH14eM o6pa308aH14fl npOAYKTa, 8 TO 8peMfl KaK 
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PHc.l3. CorrocT~J9eHHe ce~eHHft o6pa3oBaHH~ T~~errb~ aKTHHH
p;oB B peaKJ:.ViHX Bk , Cf + 22 Ne rrpH 3HeprHH HOHOB 
II 7-123 M3B H BeJIH~HHbi Q eff peaK~HH p;.rr~ rrpop;yKTOB, o6-
pa3YJOIIJ;HXC~ 11 B OCHOBHOM COCTO~HHH 11 • 

6onbwa~ oTp~~aTenbHa~ ero een~4~Ha 03Ha4aeT, 4To peaK~~~ 3Hepre
T~4ecK~ 3anpe~eHa. B HacTo~~eH pa6oTe e Ka4ecTee ~B ~cnonb3o
eanacb pa3HOCTb 3Ha4eH~~ KynOHOBCK~X fiapbepOB BO BXOAHOM ~ Bbi
XOAHOM KaHanax peaK~~~, ~ E c • Y4~Tblean~cb nonpaeK~ Ha HecnapeH
HOCTb npOTOHOB o(p) ~ HeHTpOHOB o(n) np~ ~X nepeAa4e ~3 ~Apa-

14 

.. 

/26/ 
AOHOpa B ~APO aK~enTop •nony4eHH~e TaK~M o6pa30M 3Ha4eH~~ 
Qeff=Qgg-8(p)-o(n)+~Ec An~ o6pa30BaH~~ pa3n~4HbiX nPOAYKTOB 
11 8 OCHOBHOM COCTO~H~~~~ B C~CTeMaX 249 Bk, Cf + 22 Ne noKa3aHbl Ha 
p~c.13 e H~mHeH ero 4acT~, a ~3MepeHH~e np~ 3Hepr~~ ~oHoe 
117-123 M3B ce4eH~~ o6pa3oeaH~~ nPOAYKTOB- e eepxHeH. AHano-

248 20 22.. 
r~4Hble een~4~Hbl Q eff An~ c~cTeM Cm+ ' ~e 11 3Kcnep~MeHTanbHO 
~3MepeHH~e Ce4eH~~ o6pa30BaH~~ nPOAYKTOB/l 4/ np~BeAeHbl Ha p~c.14. 
B~AHO, 4TO OTHOC~TenbHO 6onbw~e een~4~Hbl ce4eHHH o6pa30BaH~~ 
OTAenbHbiX npOAYKTOB ~ Aame ~30TponHble pacnpeAeneH~~ KOppen~pyiOT 
c een~4~HOH Q eff, KOrAa 4~cno nepeAaeaeM~x HyKnoHoe Heeen~Ko. 
Koppen~~~~ Hapywa~Tc~ c yeen~4eH~eM 4~cna nepeAaeaeMbiX HyKnoHoe 
/npOTOHOB/ - MaKC~MYMbl ~30TOnHbiX pacnpeAeneH~H a(A) CMe~a~TC~ 

B ofinaCTb HeHTpOHHOrO Ae$~~~Ta OTHOC~TenbHO MaKC~MYMOB KP~BbiX 
Qeff(A) 

CneAyeT oTMeT~Tb, 4TO nony4eHHble een~4~Hbl Qeff AOnmHbl cooT
eeTcTeoeaTb 3Hepr~~M eo36YmAeH~~ E * npoMe>KyT04HOH c~cTeMbl /T~
menoro $parMeHTa/. 0AHaKo KBaHToeoMexaH~4ecKa~ np~pOAa 6apbepoe 
~ Man~e ce4eH~~ o6pa30BaH~~ KOHe4HbiX npOAYKTOB He n03BOn~~T yc
TaHOB~Tb T04Horo paeeHcTea Me>KAY fl eff ~ E* e TaKoM npocTOM pac
CMOTpeH~~. Hanp~Mep, o6pa3oeaH~e 25 

Fm e peaK~~~ 248cm + 22 Ne 
ce~3bleaeTc~ c Qeff ~n~ E * =-13 M3B, TO ecTb 3HepreT~4eCK~ 3anpe
~eHo. 3Heprl1~ B036Y>KAeH~~ COCeAH~X ~30TonoB Fm 6onbWeH MaCCbl 
HeAOCTaT04Ha An~ o6pa3oBaH~~ 3Toro HyKnHAa nocne ~cnapeH~~ HeHT
poHoe, B TO >Ke epeM~ 251 Fm Ha6n~AaeTC~ cpeA~ npOAYKTOB peaK~~~ 
~ ~MeeT ce4eHHe 22 H6. npo6neMy He pewa~T ~ APYr~e nOAXOAbl B Bbl-
.... .-............... e::--· .-.-.-.... ··----····,....... ... 04,_ .... ,.. ..... - ............... ,... ...... _ ............... ............ 4 •• ,.._ ._.,..:,1'1-IIP'IP'I V'-lt'""'- ..... '-·•'~J'l/t

3
UIIr;a•.,..,.t', .... ,., .... ,,.....,~,..,W.....,...,U•IO'I'-PI t"""M'"!'}'""'U ._......, .... ,.., .• ....,. 

Ae~cTe~~ R = 1 , 22 (A 1 +A 2 ) + d, rAe d = 2 $M. 0AHaKo np~ ~ccneAo
eaH~~ peaK~~H MHOrOHyKnOHHbiX nepeAa4 C ~OHaM~ Ar ~ T~>Kenee np~ 

3Hepr~~x e6n~3~ 6apbepa 6bln~ o6HapymeHbl 6onbw~e Ae$opMa~~~ e e~

XOAHOM KaHane peaK~~~ /KHHeT~4eCK~e 3Hepr~~ T~>KenbiX $parMeHTOB 
COOTBeTCTBOBan~ 3Hepr~~ KynOHOBCKOrO OTTanK7BaH~~ ABYX 3ap~>KeH

HbiX C$ep, pa3AeneHHbiX paCCTO~H~eM d =5-6 $M 29 •30 -'l. 6onbW~e Ae$op
Ma~~~ B BbiXOAHOM KaHane fibln~ nony4eH~3 !tK>Ke np~ aHan~3e AaHHbiX 
06 3M~CC~~ 4He B pa3n~4Hb1X peaK~~~X . np~H~Ma~ 3TO BO BH~MaH~e, 
MO>KHO nony4~Tb E*=15-20 M3B, Heo6XOA~MY~ An~ ~cnapeH~~ 2-3 HeHT
poHoe, ~ TaK~M o6pa3oM o6b~CH~Tb cMe~eH~e ~30TOnH~x pacnpeAene
H~H Fm B CTOPOHy HeHTpOHHOrO Ae$~~~Ta OTHOC~TenbHO pacnpeAeneH~~ 
Qeff(A)e peaK~~~x 248 Cm+ 22 • 20 Ne.B TO me epeM~ An~ o6b~CHeH~~ o6-
pa3oBaH~~ ~30Tonoe Bk ~ Cf e yKa3aHHbiX Bblwe peaK~~~x ~ ~3oTonoe 
Fm e peaK~~~ 249Cf + 22 Ne HeT Heo6xoA~MocT~ np~eneKaTb 6onbw~e 
3Ha4eH~~ d. 3TO, no-B~A~MOMy, roeop~T 0 TOM, 4TO o6pa30BaH~e 
npOAYKTOB, CB~3aHHOe C nepeAa4eH HefionbWOrO 4~Cna HyKnOHOB, npo
~CXOA~T Ha Ha4anbHOH CTaA~~ peaK~~~, KOrAa ~APa TOnbKO np~wn~ 
B conp~KOCHOBeH~e. 06pa30BaH~e npOAYKTOB, CB~3aHHOe C nepeAa4eH 
6onbwero 4~cna HyKnoHoe, npo~cxoA~T Ha 6onee no3AH~x cTaA~~x 
peaK~~~. KOrAa c~cTeMa cn~nw~xc~ ~Aep 3Bon~~~oH~pyeT K 6onbw~M 
Ae$opMa~~~M nepeA pa3AeneH~eM. 4To KacaeTc~ yeen~4eH~~ 3Hepr~~ 
B036y>KAeH~~ C pOCTOM 4~Cna nepeAaBaeMbiX HyKnOHOB, TO 3TOT $aKT 
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PHc.l4. CorrocTaBneHHe ce~eHdH o6paaoBaHHH T~enhlx aKTHHH

p;oB B peaKI.ViHX 
2 48 cf + 20 • 2~e rrpH 3HeprHHX HOHOB I 15' I 16 M3B' 

B3HTbiX H3 pa60Tb/l
4 

,H BenH~HHbi Q eff peaKI.J;HH ,ll;JIH rrpop;yKTOB, 

06pa3YIOIJIHXCH 11B OCHOBHOM COCTOHHHH 11
, 

.. 

cneAyeT, Hanp~Mep, ~3 peaynbTaToB HeAaBH~x ~aMepeH~~ ~ aHan~aa 
3HepreT~4ecK~x pacnpeAene7~r1 nerK~x $parMeHToe, o6paay~~~xcfl 
B nOA06Horo POAa peaK~~flX • 

CpaeHeH~e B~XOAOB Tflmen~x aKT~H~AOB e peaK~~flX c ~oHaM~ 
238u 238 

C aHanor~4H~M~ B~XOAaM~, nony4eHHbiM~ B peaK~~flX + U , 
238 U + 248 Cm ~ 2380 + 249 Cf, nOKa3~BaeT, 4TO B peaK~~flX C ~OHaM~ 
22N ~ e OH~ no MeHbWe~ Mepe Ha OA~H-ABa nopfl~~~ ~~OCXOAflT 3T~ 
een~4~H~, ~3MepeHH~e B peaK~~flX C ~OHaM~ U .3To, 04eB~AHO, 
CBfl3aHO C pa3n~4~eM B MeXaH~3MaX o6pa30BaH~fl aKT~H~AOB B 3T~X 
peaK~~flx. TaK, 3Hepr~:!'h eoa6ymAeH~fl nepe~4H~X TflmenbiX $parMeHTOB 
Anfl peaK~~~ c ~oHaM~ Ne M~H~ManbH~ e cny4ae nepeAa4, cooTeeT
CTBY~~x !!!. Z =2, ~, no-e~A~MOMY, pacTyT c yeen~4eH~eM 4~cna nepe
~~eaeM~x Ha M~WeHb HyKnOHOB /npOTOHOB/. Aflfl peaK~~~ C ~OHaM~ 

8 u o6paaoeaH~e ecex npOAYKTOB CBfl3aHo c 3Hepr~e~ eoa6ymAeH~fl 
30-40 M3B He3aB~C~MO OT 4~C!l~/nepeAaBaeMbiX Ha M~WeHb HyKnOHOB 
~ 3Hepr~~ HaneTa~ero ~oHa . 

lkcneAoeaH~fl o6paaoeaH~fl aKT~H~AOB e peaK~~~ 23Bu + 
238

u 
noKaaan~ TaKme, 4TO e npeAenax 3Kcnep~MeHTanbH~x norpewHOCTe~ 
nonomeH~e MaKC~MYMOB /~eHTpOB TflmeCT~/ ~ W~p~H~ ~30TOnH~X pac
npeAeneH~~ He aae~CflT oT 3Hepr~~ HaneTa~~x 4aCT~~. HaoTonH~e 
pacnpeAeneH~fl Fm, nony4eHHble HaM~ B pea K~~flX 2 2 

Ne + 
2 49 

cr. ~3Me
Hfl~T ceo~ w~p~HY c ~aMeHeH~eM 3Hepr~~ HaneTa~ero ~oHa, KaK 3TO 
noKa3aHo Ha p~c.15. B~AHO, 4TO np~ MaKc~ManbHO~ 3Hepr~~ nonyw~
p~Ha pacnpeAeneH~fl cocTaBnfleT - 1 , 5 Mac coBble eA~H~~bl, e TO epeMfl 
KaK rny6oKo noA 6apbepoM oHa AOCT~raeT ~3 Maccoe~x eA~H~~. 

1~r-~--.----.--~--~~ 

! .. 
.a 

~ 10
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"' ::> 
:I 

.! 
~ .. 
a. 
.a 
0 

~ 
'10

2 .. 
u 

123 MoB 

••ecfi 22Ne, lFm 

PHc. 15. l13oTorrHbie pacnpep;eneHHH Fm, 
rron~eHHble B peaKI.J;HH 

249 
cr + 22 Ne. 

1 
rrpH pa]~~HbiX 3HeprHHX HaneTaiDIJIHX 

10 250 252 254 HOHOB Ne I 3HeprHH yKaaaHbi Ha 
Macco6oe 'IUCAO, A pHCYHKe/ • 
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6. BbiBO,Qbl 

1 . npo8e~eHH~e ~ccneA08aH~.A peaK~~H nepeAa4 HYKflOH08 ~OH08 15
N , 

18
0 , Ne, RAPa ~ M~WeHeH 249 Bk, Ct noKasan~, 4TO ce4eH~.A 

o6paso8aH~.A ~soTono8 Fm ~ 256 Md ~MeiOT ~£nbWYIO 8en~4~HY, 8 oco-
6eHHOCT~ a cny4ae ~cnonbS08aH~.A ~OH08 Ne • 3T~ 8en~4~Hbl Ha OA~H
A8a nofERAKa npe8biWaiOT aHanor~4Hble, nony4aeM~e 8 peaK~~.Ax c ~a
HaM~ 2 8

U • Ben~4~H~ Ce4eH~H o6paso8aH~.A OTAeflbHbiX T.A>KeflbiX aKT~H~
A08 86n~s~ 6a~epa AOCT~raiOT AeC.ATK08 MK6apH ~ Aa>Ke HeCKOflbK~X 
M6apH. 6onbw~e 8en~4~H~ ce4eH~H Koppen~PYIOT c nono>K~TenbH~M~ 
8en~4~HaM~ Qeff peaK~~~, KOrAa 4~Cfl0 nepeAa8aeMbiX HYKflOH08 He-
8en~KO. HapyweH~e Koppen.A~~H c y8en~4eH~eM 4~cna nepeAaHH~x 
HYKflOH08 C8.ASbl8aeTC.A C y8en~4eH~eM 3Hepr~~ 80S6Y>KAeH~.A npoMe>Ky
T04HOH C~CTeM~ /T.A>Kenoro ~parMeHTa/ ~ COOT8eTCT8yiO~~M y8efl~4eH~
eM 4~cna ~cnap.A~~XC.A 8 npo~ecce Ae8oS6Y>KAeH~.A HeHTPOH08. KoH
KypeH~~.A npo~ecca ~cnapeH~.A HeHTPOH08 c npeo6naAaiO~~M AeneH~eM 
T.A>Kenoro ~parMeHTa AOfl>KHa np~80A~Tb K TOMY, 4TO 8~XOAbl npOAyK
T08, ~MeiO~~X pasn~4HYIO Aen~MOCTb , HO OTHOC.A~~XC.A K OAHOMY T~ny 
nepeAa4~,AOfllKH~ C~flbHO pasn~4aTbC.A,KaK 3TO cneAyeT ~S 3Mn~p~4e
CK~X c~cTeMaT~K <Tn In>. 0AHaKo cpa8HeH~e pesynbTaTo8 HacTo.A~eH 
pa6oTbl C aHanor~4H~M~ f 14

/ noKaSbl8aeT, 4TO 8biXOA~ npOAYKT08 He 
Sa8~C.AT OT ~X Aefl~MOCT~. 

2. B~A ~YHK~~H 80S6Y>KAeH~.A~eaK4~H o6paso8aH~.A pasn~4H~x 
aKT~H~A08, 8~S~8aeM~x ~oHaM~. Ne, sa8~C~T oT 4~cna HyKnoHo8, 
nP!"P.n.~...,._.~•v ...,~ t.AIAIIu::.uL 

... ·--· ·-' liT ..... ......... "'"' ,,.........,..,. o.-~, -. .... 
' ' ._ ..,.. o '"'''-......... I O'll'llo .... I -··----· <w••O"'I""'I ,.1"'11101A 

23su. 
D tJ~CI"\.4 ... 111A 

o6paso8aH~.A c 04eHb T.A>KenbiM~ ~oHaM~ T~na 

3. 6onbw~e 8biXOAbl aKT~H~A08 nOS80fl.AIOT paCCMaTp~8aTb peaK~~~ 
T~na 249 

Bk, Cf + 
22

Ne KaK nepcneKT~8Hble Afl.A nony4eH~.A ~soTono8 
aKT~H~AH~x 3neMeHT08, HeAOCTynH~x AnR nony4eH~.A 8 peaK~~.AX non
Horo cn~.AH~.A. 

B saKnl04eH~e a8Topbl C4~TaiOT C80~M np~.ATH~M AOnroM 8blpas~Tb 
rny60KYIO np~sHaTeflbHOCTb aKaAeM~Ky r.H.~nepo8y sa noCTO.AHH~H 
~HTepec ~ 8H~MaH~e K pa6oTe. M~ 6naroAaPHbl TaK>Ke npo~eccopaM 
~J.I..l.OraHeC.AHY ~ B.B.BonKo8y sa nnOAOT8opH~e A~CKycc~~ ~ nones
Hble saMe4aH~.A' c. n. TpeTb.AK080H - sa o6ecne4eH~e o6pa60TK~ TpeKo-
8~X AeTeKTOP08, r.B.6yKnaHo8y - sa np~rOT08neH~e M~WeHeH. 
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H3AaTenbCKKH OTAen 06~eAHHeHHOrO HHCTHTYT3 AAePH~X HCCneAOBaHKA 
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Carai:iAaK P .H. H AP· ' P7-82-890 
06paaosa1111e HeKoTopwx 1130Tonos Cf , Ea , Fm 11 Md 8 peaK~11AX 
MHOrOHYKJlOHHbiX nepeAa4, 8bl3bl8aeMbiX 110HaMI1 15 N, 18 0 H 22Ne Ha 249Bk, Cf 

H3MepeHbl $YHK~HH B036y*AeHHA peaK~HH MHOrOHYKnOHHbiX nepeAa4, 8bl3b1Bae
Mb1X HOHaMH 15N , 18 0 H 22 Ne Ha MHWeH.RX 249 Bk ·H 249ct H npHBOA.1111111X K o6pa-
308aHHI0256Md, a TaK*e peaK~HH, 8b13bl8aeMbiX HOHaMH 22 Ne Ha MHWeHH 249 Cf 
H npH80A.IIIIIHX K o6paao8aHHIO 25°- !54 Fm, 251,253Ea 11 246Cf, 8 o6nacTH 3HeprHi:i 
OT 7 H38/HYK110H AO rny60KO nOA6apbepHOH • . npo8eAeH Ka4eCT8eHHbiH aHaJ1H3 
nOJly4eHHbiX $YHK~HH 8036Y*AeHHA peaK~I1H, C8.R3aHHbiX C nepeAa4eH pa3JlH4HOrO 
4HCJ1a HYKJ10H08 .RAPY MHWeHH. 06CY*Aa10TC.R Ce4eHHA o6pa308aHHA HYK11HA08 8 o6-
JlaCTI1 3HeprHH HOH08 86J1H3H 6apbepa. npo80AHTC.R Cpa8HeHHe noJly4eHHbiX pe-
3YJlbTaT08 C aHaJ10rH4HbiMH, H3MepeHHbiMI1 8 peaK~HAX 238 0 H 248Cm C pa3JlH4HbiMI1 
HaJleTa~11MH 110HaMH. 

Pa6oTa 8blnOJ1HeHa 8 na6opaTOpHH .RAePHbiX peaK~HH OH~H. 

C~eHHe 06~eAHHeHHOro HHCTHTYTa RAePHWX KCC11eA08aHKH. AY6Ha 1982 

Sagaidak R.N. et al. P7-82-890 
Production of Some Cf , Ea , Fm,and Md I soto~es in Mu 1 t i nuc 1 eon 
Transfer Reactions Induced by 15 N , 18 0, and 2Ne Ions on 249Bk,Cf Target 

Excitation functions have been measured for multinucleon transfer 
reactions induced by 15N , 18 o, and 22Ne ions on 249 Bk and 249cr targets 
and leading to the formation of 256 Md( 256 Fm) and for 22Ne-induced reactions 
on a 246cr target nucleus, which result in the formation of 250-254 Fm, 
251 • 253 Ea. and 246cr in the energy range from 7 MeV/A to a deep subbarr I er 
value. The obtained excitation functions of the reactions involving the 
transfer of different numbers of nucleons to the target nucleus have been 
analysed qua~itatively.The significant subbarrier production cross sections 
obtained for some products are discussed. Comparison is made with the si
milar results obtained in reactions of 238u and 248 Cm target nuclei with 
various bombarding ions. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JiNR. 
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