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1. BseJleHHe 

PeaKUHH nepeJl8'1H Ha TSDKenbiX HOH8X OTnH'I810TCH 6onbWHM pa3H006-

pa3HeM. 0HH BKn10'1810T IIepeJla'ly K8K OTJlenb.llbiX .llyKnO.IIOB1 T8K H HyKnO.II

x/ 
.llbiX rpynn, HaC'IHTbiBaJOWHX H.IIOrJla 3.118'1HTenb.aoe 'IHCno '18CTHU • Oco6biil: 

~ 

H.IITepec npeJlCT8BnHIOT peaKUHH nepeJl8'1H .lleii:TpO.IIOB, Oepe)laqa OJl.IIOrO .lleii:T

po.lla - H8H6onee IlpOCT8H peaKUHH1 9KCIIepHMe.IITanbHOMy H3y'!e.IIHIO H Teope

TH'IeCKOMy 8H8nH3y KOTOpoft IIOCBHWe.IIO 3.118'1HTenbHOe 'IHCnO pa6oT, B pa6o-

/5/ 
TaX f, Epeii:Ta 6binO IIOK838.1101 'ITO C IIOMOWbiO 9TOft pe8KUHH MO)K.IIO 

H3BneKaTb Jl8.11Hbie o npHBeJle.ll.llbiX HeftrpoH.IIbiX wHpH.aax, PeaKUHH nepeJla'IH 

.lleCKOnbKHX HeftTpO.IIOB MOryT Jl8Tb Ue.II.IIYIO H.II~OpM8UHIO 0 B38HMO)leii:CTBHH 

HJlep IlpH KaCaTenb.llbiX CTOnK.IIOBe.IIHHX1 CTpyKType HJlep.aoft IIOBepX.IIOCTH, 

B03MO)K.IIOCTH nony'le.IIHH li30TOIIOB nerKHX 9neMe.IITOB C 60nbWHM H36biTKOM 

Heii:TpO.IIOB, 

B H8CTOHWeft pa6ore H3yqanCH IIOJlXB8T OJlHOro, JlBYX H Tpex Heii:T

poHOB B peaKUHHX ( 16 N , 16 N ), ( 14 N , 16 N ); ( HN , 17N ); (14N , 
17 

N ) • Ha JlByx TH)KenbiX HJlpax 6bmH H3MepeHbi JlH~~epeHuHanbHbie ceqe

.IIHH peaKUHft; JlnH rpyiiiibi HJlep, BKnJO'IaJOwea nerKHe, cpeJl.IIHe H TH)Kenbie 

HJlpa , H3Mepe.llbl ~YHKUHH B036y)I{JleHHH, 3KCIIepHMeHTbl IIpOBOJlHnHCb .118 Bbl• 

BeJleHHOM IIY'!Ke 1 ,5-MeTpOBOro UHKnOTpOHa TH)KenbiX HOHOB fla6opaTOpHH 

HJlepHbiX peaKuHA Ol1Hl1. 

x/ 
06aop pa60T IIO peaKUHHM rrepeJla'IH H8 TH)KenbiX HO.II8X CMOTpH 

s/1-8/, 
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2. MeTO.QHKa aKcnepaMeHTa 

8 H8WHX aKCnepHM9HT8X 6&In BCUOIJb30eaH M9TO.Q pei'HCTp8UHH pa.QBo-

aKTHeB&IX npo.QyKTOe peaKuaA. B peaKuHSIX ( u N , 16 N ) , ( u N , 
11 

N 

peracTpapoeanHCb SIJlpa 11 N • llpa pa.QaoaKTHeHOM pacna.Qe 
16 N acnycKa-

IOTCSI aaepi'H'iH&Ie {3 -'iaCTHU&I ( E {3 .. 10,4 Mae) a y -KeaHT&I 

( E .. 7 Mae), 'iTO noaeonHeT aa.Qe>KHO e&I.QenSITb pacna.Q SIJlep 16 N 

( T 
1
;

2 
.. 7,3 ceK) sa 4Joae aany'ieHHSI .!lpyrax pa.QaoaKTHeH&IX npo.QyKToe. 

B peaKUHHX ( u N , 17 N ) , ( u N , 11 N ) peracTpapoeanacb aa-

naa.Q&IeaiOwae aeATpOH&I OT pacna.Qa SIJlep 
uN • npyrae H3nyqaTenH 

aanaa.Q&IeaiOWHX HeATpOHOe e o6naCTH nei'KHX SI.Qep o6na.aaiOT CyiiieCTeeHHO 

MeHbWaMH nepao.aaMH nonypacna.aa H MeHbWHMH e&Ixo.aaMa. OcitonKa .aene

HHH Haa6onee TSI>Kenb!X SIJ19p-MallleHeA, HCnonb30eaHHbiX e HalllaX aKCnepa

M9HTaX, TaK>Ke He .aaeana 3aM9THOI'O ebiXOJla 3ana3JlbieaiOIIIaX Heil:TpOHOe. 

Kpae&Ie cna.aa HeATpOHHOA aKTaeHOCTa co.aep>KanH nHWb OllHy aKCllOHeHTy, 

cooTeeTCTeyiOIIIYIO pacna.Qy 17 N (T 1; 2 = 4,15 ceK). 

{3 -'iaCTHUbl a y -KeaHTbl peracTpHpoeanHCb CUaHTannHUaOHHbl-

Ma cqeT'iaKaMa c opraHa'ieCKaM CUHHTHnnSITOpOM ana KpacTannoM Na I ( Tl ). 

neTbTOp aana3JlbieaiOIIIaX HeATpOHOe npeJlCTaenM C060A CaCTeMy aa 24 

nponopuaoHanbH&IX cqeT'iaKoe, HanonHeHHbiX BF 3 ( o6oraweaae no 
10 

B 

-87%) H llOMeiiieHHbiX e napaciJBHOebiA: 3aMe.anaTenb. neTeKTOp aMen aKCa

anbHYIO CaMM9TpaiO: C'ieT'iaKa pacnonaranaCb .lleyMSI KOHU9HTpH'i9CKHMH 

cnoHMa, ueHTpanbH&IA KaHan cnyJKHn .anSI eeo.aa c6opHHK8 H.aep 
17 N 

3~KTaeHOCTb aeATpoHaoro .QeTeKTopa cocTaenSina 7%. 0Ha 6&ma onpe.ae

neaa C llOMOWbiO Kana6poeO'iHOI'O ciJoTOHeATpOHHOI'O HCTO'iHHKa ( 
24

Na + 
9 Be ) , aaepreTH'iecKaA cneKTP KOToporo 6naaoK K cneKTpy aanaa.a&IeaiO

wax HeATpOHOe 
17 N 

Bo epeMSI H3M9p9HBA: UaKnOTpOH pa6oTan e aMnynbCHOM pe>KaMe: 

o6nyqeaae MHWeHH .ananocb 20-30 ceKyH.a, nocne qero e&IKniO'ianocb e&I

COKO'iaCTOTHOe HSllpSI>KeHae Ha llYSHTSX a e Te'leHae 30-60 CeKyHJl a3Me-

pSinCSI pa.aaoaKTHeHblA pacna.a SIJlep 17 N ana 16 N • nnSI KS>KllOA aKcnepaMeH

TanbHOA TO'iKa npoeo.aanOCb H9CKOnbKO UHKnOe o6nyqeHHSI. 
4 
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llpH H3MepeHaH yrnoe&IX pacnpe.aeneaail: peaKUHil: HCUOnbaoeanacb 

2 TOHKHe MeTannaqecKae MHIII9HH TOnWaHOIO OKOnO 6 MI'ICM • 4lyHKUHa eoa 

6y>KJleHaSI 6&InH nonyqeH&I C flOMOWbiO TOnCTbiX MHWeHeA - nyTeM JlHciJciJepeH 

UHpOBaHaSI KpaB&IX BbiXO.QS no aaepraa. 3Hepi'HSI HOHOB B aTOM cnyqae Ha 

MeHSinacb C llOMOIIIbiO aniOMHHHeB&IX llOI'nOTHTeneA, KOTOp&Ie YCTaHaBnHBa

nHCb nepe.a KOnnaMaTOpOM KaMepbi paCC9SIHaSI. C llOMOWbiO CBHHUOBOit aa 

Tbl y.aanocb CHa3HTb ciJOH OT llOI'nOTHTeneA llO YPOBHSI, npa KOTOpoM OH He 

CKa3&IBanCSI Ha H3MepeHHSIX. llpH p9I'HCTpaUHH aanaa.Qb!BaiOIIIHX HeftTpOHOB 17 

nornoTHTenH SHepi'HH YCTaHaBnHBanHCb nepe.Q KOMMyTHPYIOIUHM M8I'HHTOM. C 

HSISI: aHTeHCHBHOCTb nyqKa HOHOB B HaiiiHX H3MepeHHSIX COCTaBnSina OIS:OnO J MK 

Eo nee .QeTanbHOe onacaaae annapaTyp&I H nt>oueJlyp&I H3Met>eHHA: Mo>KHo aaAT 
/9-11/ 

B HaWHX pa6oTaX o 

3. PeaynbTaT&I aaMepeaaA a ax o6cy>K.Qeaae 

3.1 • Y r n o B &I e pacnpe.QeneHHSI 

Yrnoe&Ie pacnpe.QeneHHSI peaKuaA ( u N 16 N ) , ( 14 N , 1e N 

u N • 1T N ) a ( u N , 17 N ) 6&ma H3MepeH&I llpH .QByX 3HS'ieHaSIX 

aaepraa HOHOB. llony'leHH&Ie peaynbTaT&I npe.QCTaenea&I Ha pac. 1 ,2. Ba.QHo 
[ 

'iTo yrnoe&Ie pacnpe.QeneHaH ecex 'leT&Ipex peaKuHA o6na.QaiOT 6onbwaM 

CXO.QCTeOM: B .!lHciJciJepeHUHanbHOM CeqeHaH Ka>K.QOit peaKUHa Ha6niO.QaeTCSI 

'leTKO Bbipa>KeHH&IA MaKCHMyM, nono>KeHae KOTOpOI'O MeHSI9TCSI C H3M9H9HH 

eM Z SIJlpa -MHilleHa a SHepraa 6oM6apllHPYIOWeA qacTHUbi. llpa YJ19nH'ieHa 

Z ana yMeHblll9HHH SHepraH HOHa MaKCaMyM CMemaeTCSI B CTOpOHy 6onb 

wax yrnoe. 

TaKaH ciJopMa yrnoe&IX pacnpe.QeneaaA 6&ma o6'bHCHeHa B cnyqae ne

pe.Qaqa OllBoro ayKnoaa Kpaeeblu xapaKTepoM npouecca. CanbHOe H.aepaoe 

nornoweHae, C OllHOit CTOpOHbl, a 6&ICTpoe yMeHbllleHae eepOSITHOCTH nepe

Jla'ia HyKnOHa C yeenaqeHaeM paCCTOSIHaSI Me>K.ay SlllpaMH, C llpyroA CTOpOH 
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DpH uaMepeHHH yrnoBhiX pacnpe.lleneHHii peaKuHA ucnonbaosanHCb 

2 
TOHKHe MeTannH'IeCKHe MHilleHH TOnillHHO~ OKOno 6 Mr/cM • $yHKUHH B03-

6yJKJleHHSI 6hinH nony'leHbl C llOMOIIIh~ TOnCTb!X MHilleHeA - nyTeM JlH¢J4JepeH

UHpOB8HHSI KpHBhiX Bh!X0Jl8 no 9HeprHH. 3HeprHSI HOHOB B 9TOM cnyqae H3-

MeHSin8Cb C llOMOIIIb~ an~MHHHeBbiX nornOTHTeneA, KOTOpb!e YCTaHaBnHBa

nHCb nepe.ll KOnnHMSTOpOM KSMepb! pacCeSIHHSI. C nOMOIIIb~ CBHHUOBOA 381IIH

Tbl y.llanocb CHH3HTb ¢JoH OT nornoTHTeneA JlO ypOBHSI, npH KOTOJX>M OH He 

cKa3biBancH Ha H3MepeHHHX. DpH perHcTpauHH aana3JlhiBa~mHx aeATpoaoe 17 N 

nornoTHTenH saeprHH ycTaHaBnHBanHCh nepe.ll KOMMYTHPY~IIIHM MarBHToM. Cpe.ll

HH.II: HHTeHCHBHOCTh Dy'IKB HOHOB B HBillHX H3MepeHHSIX COCTaBnHna OKOnO 1 MKBo 

Bonee JleTanbaoe onHcaHHe annapaTYPhi H npoueaypbi H3MepeHHA MOli<HO BaATH 
/9-11/ 

B aamHx pa6oTax • 

3. PeaynbTBThi H3MepeauA H ux o6cylKJleHue 

3.1. YrnOBhie pacnpe.lleneHHH 

Yrnoshie pacnpe.lleneBHH peaKUHA ( u N 18 N ) , ( 14 N , 18 N ) , 

u N • 17 N ) H ( 14 N • 17 N ) 6binH H3MepeHbl npH JlByX 3HB'IeHHSIX 

9HeprHH HOHOB. nony'leHHhie peaynbTSTb! npeJlCTasneHbl Ha puc. 1 ,2. BH.llHO, 

'ITo yrnoBhie pacnpeJleneHHH scex 'leTbipex peaKIIHA o6na.lla~T 6onbiDHM 

CXOJlCTBOM: B JlH4jl¢lepeHIIH8nbHOM Ce'leHHH KSlKJlOA peaKUHH Ha6n~Jl8eTCSI 

'leTKO BbipalKeHHhiA MSKCHMyM, nonoJKeHHe KOTOpOrO MeHHeTCSI C H3MeHeHH

eM Z Sl.llpa -Mumeau H saepruu 6oM6ap.llupy~meA 'IBCTHUhi. Dpu ~enH'IeHHH 
Z HnH yMeHbilleHHH 9HeprHH HOHa MSKCHMYM CMemaeTCSI B CTOpOHy 6onb-

illHX yrnos. 

TaKaH ¢1opMa yrnOBhiX pacnpe.lleneauA 6hma o6'bHCHeHa B cny'lae ne

peJla'IH O.llHoro HyKnoaa KpaeBhiN xapaKTepoM npouecca. CunbHoe HJlepaoe 

nornomeHHe, C OJlHOA CTOpOHhl, H 6biCTpoe yMeHbilleHHe BepOSITHOCTH nepe

JlB'IH HyKnOHB C ysenH'IeHHeM paCCTOSIHHSI MelKJlY SIJlpSMH, C JlpyroA CTOpOHhl, 

5 
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npHBOAgT K TOMy, qTO OCHOBHOA BK.118Ll B peaKUHID A8eT .IIHWb rpynna nap

UH8.1IbHbiX B0.1IH1 COOTBeTCTByiDWHX K8C8'l'e.1IbHOMY CTO.IIKHOBeHHID. EonbWOe 

cxoacTBO yrnOBbiX pacnpeaeneHaA acex 'ieTbipex peaKUHA noaaongeT caenaTb 

Bb!BOA, 'iTO H npH fiOAXB8Te ABYX H Tpex HeftTpt'JHOB Mbl HMeeM aeno C 

npgMbiMH peaKUHgMH fiOBepXHOCTHOrO THfi8, 

B Ta6naue co6paHbi xapaKTepHCTHKH pacnpeaeneHaA: nono*eHHe MaK-

CHMyMa (J m a nonywapaHa naKa ll (J B 38BHCHMOCTH OT 'iHC.118 nepeaa-

aaeMbiX HeATpOHOB. Ecna caenaTb cpaBHeHae (J m ang pa3.1IH'iHbiX peaK

uaa npH OAHH8KOBbiX ycnOBHHX CTO.IIKHOBeHHSI (OAHH8KOBbie CKOpOCTH B 

c.u.M.) 1 TO OK83biBaeTCH 1 qTO M8KCHMYM CMemaeTCH B CTOpOHy MeHbWHX 

yrnOB C pOCTOM 'iacna nepeaaaaeMbiX HeATpOHOB. KpoMe Toro, Ha6niDaa-

eTcg 3aMeTH8H p83HHU8 B fiO.IIO)I(eHHH fiHKOB npH fiOAXB8Te ABYX HeftTpOHOB 

a peaKUHH ( 14 N , 18 N ) a B peaKUHH ( 15 
N , 

17 
N ): MaKCHMYM 

AH!j$epeHUH8.1IbHOrO Ce'ieHHH BTOpOft peaKUHH OK83biB8eTCH CMeUieHHbiM B 

0 
CTOpoHy MeHbWHX yrnOB npHMepHO H8 8 (npH OAHH8KOBbiX ycnOBHHX CTO.IIK-

HOBeHHH) • 

Caaar naKOB B cTopoHy MeHbWHX yrnoa npa ysenaqeRHH qacna nepeaa-

aaeMbiX HeftTpOHOB He MO:>KeT 6b!Tb 06"bHCHeH p83.1IH'iHeM B Q peaKUHft. 

/11/ 
B pa6oTe 6bmo noKa3aHo, qTo noaxsaT HeATpoHa B peaKUHH ( 15 N 

16 N ·) Ha TH*enbiX Hllpax He conpoBO*ll8eTCH 3aMeTHbiM ao36Y*AeHaeM 

HApa -MHWeHH. HanpoTHB, H3MepeHae npo6eroa 17 N , BbmonHeHHoe B 

RacTOHUieA pa6oTe, yKa3biBaeT Ra cymecTBeRHoe (ao 20 Mas) soa6y'>KlleHHe HAep, 

conpoBo)l(llaiDUiee nepenaqy 2-x, 8-x HeATpoHoB. MeHbUiaH aHeprHH nerKoro Ko

HeqHoro npoAyKT8 npB fi0llXB8Te 2-x H 3-x HeATpOHOB ll0.1I)I(H8 6bl.118 6bi 

Bb!3B8Tb CMeUieHHe nHK8 B CTOpOHy 60.1IbWHX yrnoB, OllH8KO B SKCnepaMeHTe 

Ha6niDA8eTCH CM9UieHae B npOTHBOnO.IIO)I(HyiD CTOpOHY• lloao6Hoe CMeUieHHe 

M8KCHMYMOB AB4KilepeHUH8.1IbHb!X ceqeHHft B CTOpOHy M9HbWHX yrnOB C yae-
/12/ 

naqeHaeM qacna nepeaaaaeMbiX ayKnoHOB Ha6niDAanoch T8K*e B pa6oTe 

6 

l 

t 
) 

\i 
i'' 

I 
I~! 

l i 

l 

• 
llanee, H3 Ta6nHUbi BHAHO, 'iTO nonywapaHa naKOB B yrnoBbiX pac-

npeaeneHHHX peaKuaa pacTeT c yaena'ieHaeM 'IHCna nepeaaaaeMbiX aeATpoHoa. 

llpoBeAeHHblft 8H8.1IH3 fi0K83an, 'ITO KOHe'IH8H TO.IIlllHHa MHWeHH H SHepreTaqec 

KHA pa36poc '18CTHU - npoAyKTOB peaKUHft, He MoryT Bbi3B8Tb TAKoro 3Ha-

• /13/ 
qaTenbHoro H3MeHeHHH nonywapaHbi fiHKOB. B pa6oTe 6bmo noKa3aHo, 

qTo HeCMOTpH Ha nonyK.118CCH'IeCKHft X8p8KTep TH)I(enoro HOH8
1 

WHpHHa flHK8 

B yrnoaoM pacnpeaeneHHH npoayKTOB peaKuaa nepena':la HBnHeTCH cymecTBeHao 

KB8HTOBbiM a!jxpeKTOM, o6ycnoaneHHbiM BO.IIHOBbiMH CBOftCTB8MH HOHa. 0Ka-

3biB8eTCH1 yrnoaag WHpHHa naKa fl (J CB.!I38H8 C WHpHHOA 30Hbi peaKUHH /lft 

CBoero poaa COOTHOWeHH9M HeonpeaeneHHOCTH: '19M Y*e 30Ha pe8KUHH
1 

TeM 

/13/ 6onbwe wapaHa naKa B yrnoaoM pacnpeaeneHHH. B pa6oTe 6bmH no-

CTpoeHbi Cfi9UH8.1IbHbie "yHHBepcanbHbie" KpHBbie, KOTOpbie n03B0.11SliDT onpe

Ll9.1IHTb wapaay 30Hbi peaKUHa, ecna aaaecTaa wapaHa yrnoaoro pacnpenene-

HHH. llony'leHHbie TaKHM cnoco6oM aaa'leHHH /l R a /lf npeac TaaneHbi 

B Ta6naue. Oaa onpeneneHHo yKa3biB8IDT Ha yMeHbweaae 30Hbi peaKUHH c 

pocToM 'IHcna nepenaaaeMbiX aeATpoHoa. Mo*HO npetmonaraTb, 'ITO coKpa-

UieHae 30Hbl Hll9T npe)l(ae BCero 38 C'leT 60.1IbWHX 31ia'leHHft f , noc-

KO.IIbKY nepeaa'la HeCKO.IIbKHX HeftTpOHOB Tpe6yeT 6onee HHTeHCHBHOro Hllep

HOro B38HMOlleACTBHH. 3TO H npHBOllHT K CM9Ul9HHID fiHKOB B yfrnOBbiX pac

npeaeneHHHX B CTopoay MeHbwax yrnoa c pocToM 'IHCna nepeaaaaeMbiX 

HeftTpOHOB. 

3.2. cf>yHKUHH B036y)l(lleHH.!I 

$yHKUHH B036Y.*ll9HHSI peaKUHA ( 1ftN , 16 N ) H ( HN • t6 N 

6bma H3MepeHbi aa .!lllpax 12 c 
' 

2T AI , 68,6ft Cu • 108 Rh , 181Ta , 

197 Au 
' 

282Th H 288 u • 0HH npellCT8B.119Hbl H8 pac. 3 H 4. llo OCH 

a6cuacc oTno*eHa aenH'IHHa E"""E -E + Q/2 , r:oe E 
0 

-aHeprH.!I 6oM6apaa-
o B 
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py10meii qaCTHUhi, E 5 • -ahtcoTa xynoaoacxoro 6apbepa ( o6e aenH'IHHhi s 

CHCTeMe UeHTpa M8CC), Q -aaeprOBbllleneHHe peaKUHH. DpH T8KOil: HOp

MHpOBKe Ce'leHHSI peaKUHH Ha pa3HblX S!llpaX Cp8BHHB810TCSI npH OllHH8KOBblX 

ycnOBHSIX CTonKHOBeHHSio llaHHbie, npHBelleHHble Ha pHC. 3,4, ll810T npellCTaB

neHHe 0 TOM, KaK H3MeHSieTCSI Ce'leHHe nOllXBaTa OllHOrO H llBYX Heil:TpOHOB 

B 38BHCHMOCTH OT Bbt6opa Slllpa-MHlUeHH, DpH o6nyqeHHH 1
2 C KOHe'IHblil: 

nponyKT peaKUHH, 16 N , MO)KeT o6pa3osaTbCSI ae TOnbKO s peaKUHSIX 

nOAXBaTa Heil:TpOHOB, HO H B pe3ynbT8Te pa3sana CHnbHO B036y)KlleHHOrO 

KOMnayHll-Sillpa. 3TO H npHBOAHT, nO-BHllHMOMy, K OTKnOHeHHIO tjlyHKUHH 

12 c B036Y*lleHH Sl Ha OT o6meil: llnSI OCTanbHblX Slllep-MHIUeHeil: 3aKOHO-

MepHOCTH, 

Ha pHC. 5 cAenaao cpasHeHHe tjlyHKUHii so36Y*lleHHSI peaKuHii nonxsaTa 

OAHoro, nsyx H Tpex aeil:Tpoaos Ha Tpex HApax: nerKOM - 27 AI , cpenHeM -

6 8 •65 Cu H TH*enoM - 181 Ta • <l>yHKUHH so36Y*lleHHSI peaKuHii ( 
15 

N , 
/14/ u 

17 N ) H ( 14 N , 17 N ) B3SITbi H3 aameil: pa6oThi , s KoTopoH 

HCnOnb30BanHCb TOnCThle MHlUeHH H o6ny'leHHe BHyTpH UHKnoTpoHa Y-310. 

KpecTHKH aa KPHBhiX 2,4 nnH 181 Ta o6o3Ha'laiOT pe3ynbTaTbi, nony'leHHbte 

B HaCTOSIIUeil: pa6oTe HHTerpHpOBaHHeM llH!j>tjlepeHUHanbHblX Ce'leHHil:, CH.IlTblX 

H8 TOHKOH MHIUeHH. 

H3 noJJy'leHHbiX llaHHbiX BHAHO, 'ITO tPYHKUHH B036y)KlleHHSI peaKUHii 

nOllXB8Ta OllHOrO, llBYX H TpeX Heil:TpOHOB HMeiOT B 06IUeM CXOllHblii xapaK

Tep: Ce'leHHSI MOHOTOHHO pacTyT C aaeprHeil:, npH'IeM 6onee 6biCTpO B pail:o

He xynoaoscxoro 6apbepa. 

CnenyeT o6paTHTb BHHM8HHe Ha TO, 'ITO ce'leHHe nOllXB8T8 llBYX Heil:T-

pOHOB s peaKUHH ( 14 N , 16 N ) 3H8'1HTenbHO MeHbme, qe~ s peaKUHH 

15N ,nN ) , XOTSI Qo 6onee 6naronpHHTHO s nepsoil: peaKUHH. 

B aacTOHIUee speMH ae cymecTsyeT TeopeTH'Iecxoil: MonenH, c no

MOIUbiO KOTOpOil: MO)KHO 6htn0 6hl p8CC'IHTaTb Ce'leHHe peaKUHH nepella'IH 

2-x Heil:TpOHOB HB TSI)KenbiX HOHaX, Mo)KHO nHIUb yKa38Tb H8 tjlaKTOpbl, 
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KOTOpbte ysenH'IaT ceqeaHe peaKUHH ( 
15 N 17 N ) no cpasHeHHIO c 

Ce'leHHeM peaKUHH UN . 16 N ) , DocKOnbKY aHeprHSI CBSI3H Heil:Tpog, 

s Hnpe 17 N pasHa 5,87 Mas, a s 16 N - 2,5 Mas, s .llllpe 17 N 6onb: 

me CBSI3aHHbiX COCTO.IlHHii, Ha KOTOP,Ie MoryT nepenaBaTbCSI Heil:TpOHbl, lla 

nee, s SlApe 16 N nocneAHHe nsa aeil:TpoHa 3anonHSIIOT pa3nH'IHbte o6onoq 

H cpeAH CBSI3aHHhlX yposaeA ReT HH OAHOro napHoro HeATpOHHoro ypOBHSI, 

HanpoTHB, s HApe 17 N nocneAHHe nsa HeATpoaa HaXOllHTCSI Ba OAHol o6o 

noqxe, 'ITO, ecTecTseaao, o6nerqaeT nepena'ly aeATpoHHhiX nap H3 HApa

-MHmeHH. B cnyqae n AI H3MepeHHH s6nH3H xynoaoscxoro 6apbepa 6hlnH 

3aTpyllHeHbi ManoCTbiO Ce'leHHSI, nOSTOMY nepece'leHHe KPHBbiX 2 H 3 cne

llyeT, nO-BHllHMOMy, OTHeCTH 3a C'leT norpeiUHOCTH H3MepeHBii, 

DpH TeopeTH'Iecxo~ paccMOTpeHHH nepeAa'IH 
/15/ 

OllHOrO aeATpOH8. 

p8llHanbHaSI 'laCTb BOnHOBOA !j>yHKUHH B Slllpe-llOHOpe 6epeTCSI B BRAe SKCD( 

HeHTht, noxa3aTenb KO'X'opoA nponopuBoHanea KsanpaTHOMY xopHIO H3 aaepr 
/15/ 

CBSI3H HeATpOHa, AHanH3 B paMK8X MOAenH DOKa38n, 'ITO OCHOBHOA 

sxnan s ce'leHHe peaKUHH npB nepeAa'le HeATpoaa naiOT napuHanbHbte sona 

ne)KalUBe Ha rpaHHue Slllepuoro noTeHuBana HnH 3a ero npeAenaMH, Ka*eT

c.H ecTeCTBeHHblM B aTOA CBSI3H DOCMOTpeTb 3aBHCHMOCTb Me)KllY nonHb!M 

ce'leHBeM peaKilHH H aaeprHeA CBH3H . nepenasaeMoro aeATpoaa s Slllpe-AoH< 

pe, TaKaS! 3aBHCHMOCTb npeACTasneaa aa pHc. 6, rne no ocH a6cuacc oTn· 

)KeH KBaApaTHbiA KOpeHb H3 aaeprHH CB.Il3H HeATpOHa B HApe-AOHope, a DO 

ocH opnHHaT - norapH!j>M ce'leHHH peaKUHH. Ce'leHHSI B3HThi npH aaeprHH 

HOHOB Ha 20 Mas BbiiUe KynOHOBCKOrO 6apbepa An.H Ka)KllOrO SIApa C TeM, 

'IT06bl HCKniO'IHTb BnHHHHe KynoHOBCKOrO 6apbepa. KaK BHllHO H3 pHcyHKa, 

npH nepeAa'le HeATpOHa TO'IKH nO)KaTCSI Ha OAHy npSIMYIO B llOBOnbHO WHpO• 

KOM llHana30He H3MeHeHHSI ceqeHHA, 

AuanorH'IHasr aaaHCHMOCTb 6hlna nony'leHa TaK*e H nnH peaKuHA nep 

lla'IH 2-X H 3-x HeATpOHOB, pHC. 6,7. XOTSI pa36poc TO'IeK OTHOCHTenbHO 

npHMOA B STHX peaKUHSIX 6onbme, o6IUHA XapaKTep 3aBHCHMOCTH COXp8HSieT· 

3To MO)KHO, no-BBllHMoMy, paccMaTpHBaTb KaK yxaaauae aa nono6He acex qe 

pex peaxuHA. 
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Ha OCHOB8HHH rronyqeHHbiX ll8HHbiX MOlKHO cnenaTb CnellyiOWH~ Bbi

BOll. EcnH Bb:6paTb orrpeneneHHYIO 6oM6apnHpyiOWYIO 'iaCTHilY H paccMaTpH

aaTh o6naCTb 8H9prH~ BbiWe KynoHOBCKOrO 6apbepa, TO rnaBHbiM ~aKTOpOM, 

orrpenenHIOWHM BenH'iHHy Ce'ieHHH peaKUH~ IIepell8'"1H He~TpOHOB, 6yneT 

8HeprHH CBH3H He~TpOHOB B Hape-llOHOpe. 

l-13 rronyqeHHbiX ll8HHbiX BHllHO, '"ITO Ce'ieHHe llOllXB8T8 HeCKOnhKHX He~T-

pOHOB XOTH H ll8ll8eT C yaenH'ieHHeM '"IHCna IIepenaaaeMbiX HeRTpOHOB, OllH8-

KO 8TO rraneHHe He KaTacTpo~H'"!eCKH pe3Koe. TeM caMbiM oTKpbiBaeTCH B03-

MOlKHOCTb HCIIOnb30B8Tb peaKUHH IIOllXB8T8 HeCKOnhKHX He~TpOHOB nnH IIO

ny'ieHHH Hllep nerKHX 8neMeHTOB C 6onbWHM H36biTKOM He~TpOHOB, 

B 3aKniO'"!eHHe aaTopbi C'"!HTaiOT CBOHM npHHTHbiM nonroM Bbipa3HTh rny-

6oKyiO 6naronapHOCTb 8K8lleMHKY f .H. <llnepoay 38 llOCTOf!HHblli .HHTepec K 

pa6oTe H IIOlllleplKKy. ABTOpbl 6naronapHT rpynny 8KCnnyaT8UHH UHKnOTpOHa 

y -150. PYKOBOllHMYIO B.C. An¢eeBbiM, 3a o6ecneqeHHe HallelKHOft pa6o-

Tbl yCKOPHTenH. 

nHTepaTypa 

1. A. Zucker. Ann. Rev. Nucl. Sci., ~ 183 (1960) • .. 
2. G.N. Flerov and V. Karnaukhov. Compt. Rend. Intern. Phys. Nucl., 

vol. 1, p. 373, Paris, 1964, Editions du Centre National de la Recher

che Scientifique, Paris (1964). 

3. R.R. Greider. Ann. Rev. Nucl. Sci., :!2_., 291 (1965). 

4. D.A. Bromley. Proc. of the Sum'Tler Study Group on the Physics of 

the Emperor Van de GraaffRegion (Brookhaven Nat. Lab. l:;!ep. 

BNL 948 (C-46), vol. 111, p. 1045 (1965). 

5. G. Breit. Encyclopedia of Physics, vol. 41/1 sect. 48, p. 367, 

Springer-Verlag, Berlin, 1959. 

6. A. Dar. Recent Progress in Nuclear Physics with Tandem Heidel

berg, Germany, July 18-21, Invited papers (ed. by w. Hering), 

Session IV. 
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897 ( 1963). 

15. B.N. Kalinkin, J. Grabowski. Acta Phys. Polonica, 2_!, 435 (1963). 

16. L.Pomorski, J.'l'ys, V.V. Volkov.JINR PreprintE7-4877, 

Dubna, 1969. 

PyKOIIHCh nocTynHna s H3llaTenhCKHft oTnen 

4 neKa6pSI 1970 rona. 

11 



dO" 
d9 

M6 
pog 

I I I I I I I 
181Ta(,sN,,6N). 

•- Ewn• 94.2M3S 
o- EU/11• 85.9 M3& 

251 I I I I I~ I I I I I I I 
201 I I I I 1-

51 I I I I I.-

S2: 
d& 

M5 
~ 

25 I 

20 

15 

10 

5 

.L I I I I I I 
197 Au( 15N,16 N) 

•-Ewn• 94.8M3~ 
o-Ewn•86.4M'3& 

I 

~~ 
~~~~ 

0° -20° 4()0 6()0 8()0 100° 120°$l.lm 0° 20° /.;()o 6QO 8QO 100° 120° 91..111 

dO" 
(j'"9 

HO 
pog 

r 0.7 

i 0.6 

\ 0.5 

0.4 I 

I 0.3 

0. ! 

0. I 

I I I I I I I 
197Au{ ,"N, 16N) 

•-Eijm-102.6MS& 

o-E 4m·954M~S 

}~ 

~ --

~ Vr- r-

0° 2QO 4()0 6()0 8QO 100° 12009uM 

P11e. 1. .ll11¢1¢1epeHu11anbHhie ee'IeHIIll peaxu11ll nOJlXBaTa OJlHOro 11 JlByx ael!-
Tpoaoa ( 1 ~ N , 16 N ) ; ( 14 N , 16 N ) • 

12 

d" 
d~ 

1 1 1 1 1 1 T 
184 Ta('~N. '7N) ... s 

pag •-E'-!H-·900 M3~ 
o- E1.1H;. 81.2 M3& 

I 
t 

5 

: ~· --+-

! -r- ___ I) t-

'1&j 1 
rl I \\ 

4 

3 

2 

0° 20° 4()0 60° 80° 10()0 El~o~m 

de>-

de I I I I I I 

1.50 1er Ta(14N,,'N) 
MO t 
pog •-ELl.,- 97.5 M'Jo 
1.25 c- Ewn'"' 87.2 M'J~ 

00 

~0' 
d9 

110 
pog 

6 I 

i 5 

4 • 

3 I 

2 ! 

1 r r 1 ·r 1 I 
197 Au( '5N. ''N) 

•-Ewn- 90.6 M'3~ 

li\TE..,- 81.7 M3& 

,_ 
r-

~] 
I 

J r~-
~ ~ 

0° 20° 40° 60° 800 100° 9u,m 

dO' 

d6 I I I I 1 

1.50 197 Au(14N.11N) 
MO ~ 
pog •-E'-'"'•,98.0 M3o 
1.25 A- c.-EI.jm•87.8 M'3; 

1.001 I I I 

0.751 I I I 

0. 50 1---+---1-"' 

aljm 

P11e. 2 • .ll11¢i<llepeau11anbHbie eeqealll! peaxu11A noJlXBaTa JlBYX 11 Tpex ael!Tpo-
1105 ( I~ N • 17 N ) • ( 14 N • 17 N ) • 

}3 



(j 

CM 2 

10·26 

10-27 

10-28 

10·29 
0 

E* 
10 20 30 40 M30 

PHc. 3. !flyHKUHH aoa6yJKJleHHSI peaKIXHH nepella'IH OllHOI'O aeATpoaa ·( u N , 
16 N ) • B CK06Kax llBHa aenH'IHHa Q o , cooTBeTCTByJOIUaSI o6paaoaa-

HHIO KOHe'IHbiX Slllep B OCHOBHOM COCTOSIHHH. 
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Pac. 4. ClaysJWIIB eoat5y:MUl&RBI1 peaKIIBB nepeD.a'IB asyx seJI:TpOHOB ( 

14 

N . 
UN ) • B cxofiJtax nasa eenB'IBHa Q0 • cooTeeTcTByJODlaR ot5paaoeaHBJJ 

KOH8'11BbiX A,ll8p B OCSOBHOM COCTOSIHHBe IS 
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Puc. 6, 3aBHCHMOCTb ceqeHHH peaKUHH nepeAaqH OAHOrO H ABYX HeATpOHOB 
( teN , 18 N ) , ( 14 N , 16 N ) oT aaeprHH CBH3H nepeAaBaeMbiX 
aeATpoHOB B HApe-AoHope. CeqeHHH B3HTbl npH aaeprHH Ha 20 Maa BbiWe 

KynOHOBCKOrO 6apbepa AflH K8mAOrO HApa-MHWeHH, 
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Pac. 7. 3aaacaMOCTb ceqeaHR peaKUHH nepeaaqa aayx H rpex aeArpoaoa 
( 15 N , 17 N ) , ( u N , 17 N ) or aaeprHH caR3H nepeaaaaeMhiX 
aeArpoaoa a Rape-aoaope. CeqeaHR B3RThi npH aaepi'HH aa 30 Mas BhiWe 
KynoaoacKoro 6apbepa anR Ka>Kaoro Rapa-Muweau. Llns peaKUHH ( 

15 
N , 

17 N ) HCUOnb30B8Hhl T8K>K9 aaHHhie, nonyqeHHhl9 H8 H30TOU8X UHpKOHHR 
a aaweA pa6ore /16/, 
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