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A H H o T a u If H 

8 pa6oTe H3y'lanHCb peaKUHH no.uxsaTa 2-x. If 3 -x HeATpOHOB npH o6ny'leHHH AI, Cu H 

Ta HOHaMH Nl5 H Nl4 • 8 Ka'leCTBe .ueTeKTHpyeMoA qacTHUbi Hcnonb3osanHCb HJJ.pa Nl7 

HCnyc,KaiOIUHe 3alla3JJ.biBaiOIUHe Hel\TpOHblo nonyqeHbl KpHBbie Bb!XOJJ.a JJ.nH TOnCTbiX MHWeHeA H 

scpcpeKTHBHbie Ce'leHI!H B HHTepsane :3HeprHH l!OHOB 50-140 Mss. npoBeJJ.eHO cpaBHeHI!e scpcpeK-

Tl!BHhlX Ce'leHHA peaKUHA nepe.ua'IH OJJ.HOro, JJ.BYX H Tpex Hel\TpOHOB. 

Abstract 

The transfer reactions of two and three neutrons were investigated by bombardment of Al, Cu and Ta with 
. . u 14 . 11 

ions of N and N . Nucleus of N as particle detection was taken. The thiCk targets yields and cross sec-

tions in the interval energy of the ions SO- 140 MeV have been obtained. 

Comparison cross sections for the transfer reactivns of one two and three neutrons have been made. 
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Bae,lleHHe 

B lPH3HKe TSDKenbiX HOHOB 6onblll OA HHTepec npe,llCT8BnS!eT HCCne,llOB8HHe peaKUHA, B03HH

K810lltHX llpH KpaeB b!X CTOnKHOBeHHS!X S!.llep MHllleHH C S!,llp8MH H8neT810lllHX 'l8C THU 0 npH. CTOnKHO

BeHHRX T8KOrO pO,ll8 MO)!{eT npOH30HTH nepe,ll8'l8 O,llHOrO HnH ,ll8)!{e uenoA rpynnbi HyKnOHOB OT 

O,llHOrQ S!,llpa K .llpyrOMy 6e3 o6p830B 8HHSI COCT8BHOrO S!,llpa . PeaKUHH T 8KOrO THll8 nony'lHnH Ha3-

B8HHe • peaKUHH nepe,lla'lH • ( transfer reactions). 

Bee pe8KUHH nepe,ll8'lH B uenS!X CHCTeM8TH38UHH MO)!{H O p83,llenHTb H8 TpH Knacc a : 

1. PeaKUHH nepe.llB'lH O.llHoro HyKnOHa ; 

2. PeaKUHH nepe.llB'lH HecKonbKHX HyKnoHoa ( HanpnMep
1 2 n ,3 n , 2p, 3p) HnH CB S!38HH biX 

KOMnneKcoa HyKnoHoa: a , T, ii 

3. PeaKUHH o6MeHa HyKno HaMH. 

HaR6onee no.llpo6Ho H3y'lanacb peaKUHS! nepe.lla'lH O.llHoro HeATpoHa. Bnepabie OHa Ha-

ll 21 
6niO,ll8n8Cb B pa60T8X ' i K H8CTOSill.leMy BpeMeHH H3y'leHHIO 3TOA peaKUHH llOCBS!ll.leH uenbiH 

pS!.ll pa6oT. nonyqe HHbiA 3KCnepHMeHT81lbHbiA M8TepRan BK1liO'l8eT B ce6S! B OCHOBHOM lPYHKUHH 

6 
13-7 I 17-141 

B03 y)!{,lleHHS! H yrnOBbie pacnpe.lleneHHS! npO.llyKTOB pe8KUHH 

/14-16/ 
nepe.ll8'l8 HeCKOnbKHX HYK1lOHOB Ha6niO.ll8n8Cb B pa60T8X , pe8KUHH 06MeHa - B pa6o-

/15,17 I 
T8X • 

06b!'lHO npH HCC1le.llOB8HHH p e8KUHH nepe,ll8'lH 3KCnepHMeH T 8 1lbHbiH MeTO.ll OCHOBFIH H8 ,lleTeK-

c ll' N13 , o15, F 18 , o5na.llBIOlllHX THpiDB8HHH TaKHX p8,llH08KTHBHb!X npO.llYKTOB pe8KUHH K8K 

y .ll06HbiMH .llnS! perHCTpauHH nepHO.llBMH nonypacna.lla. 

H3MepeHHS! yrnoBbiX pacnpe,lleneHHA H npo6eroa npO.llYKTOB p eaKUHli nepe.llB'lH CBH.lleTenb

CTBYIOT 0 TOM, 'ITO 3TH pe8KUUH ·npOUCXO ,llS!T npH K8C8Te1lbHOM COY.ll8peHHH B38UMO,lleACTByiOlllHX 

S!,llep. nocKOnbKY 3TH pe8KUHH p83blrpb!B8IOTCS! H 8 noaepXHOCTH CT81lKHB8IOlllHXCS! S!,llep, W '.,, ,·;uL'" 

HOe H CHCTeM8TH'leCKOe UCCne,llOB8HHe MO)!{eT ,ll8Tb TT O."IP3IL . . CBe,lleHnH 0 C .·,.· ., .;U HH nepu¢epH H 

S!.llp8 H COCTOSIHHSIX nepH<iJepHHHbi X HYK.'l 0 HOB. 

HaM K8)!{ eTCSI , 'ITO OC06biH HHTepec npe,llCT8BnS!eT CHCTeMBTH'leCKOe HCCne,llOB8HHe H cpaa -

HeHHe nepe,ll a'lH O.llHOrO, .llByX , Tpex H '!eTb!pex Hel\TpOHOB . npH COllOCTaaneHHH 3<lJ¢eKTHBHbiX 

ce'IeHHA H yrnOB biX pacnpe,lleneHHA 3THX peaKUHA MO)!{HO O)!{H,ll8T b npOS!BneHHSI KOppenRUHH no

aepxHOCTKbiX HyKnOHOB H 1 B '18CTHOCTH, 3¢¢eKT8 Cll8pHB8HHSI H e l\TpOH OB . 

YKa3aHHe Ha B03MO)!{HOCTb peaKuHH no.llxaaTa 2-x HeliTpOHOB anapBbi e 6bino nony'leHo B 

I 181 16 
pa6oTe • 8 3ToA pa5oTe Ha6niO,llanocb o6pa30B8HHe R.llep N npu o6ny'!eHHH MHllleHH H 3 

Li Cl HOHBMH N14 c 3HeprHel!: 15,6 M3a. 0.llH8KO H3 nony'!eHHbiX .llBHHbiX TPY.llHO C.llenaTb 

Onpe.lleneHHbll!: Bb!BO.ll OTHOCHTenbHO MeX8HH3M8 o6p830B8HHSI 3TOrO H30TOll8o PeaKUHSI llO.llXB8Ta 

14 I 191 2-x Hel!:TpOHOB R.llpOM N H3y'lanacb a pa6oTe • MHlll e HH H3 Li F , At H Cu o6ny'!anRCb 
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HOH8MH Nl4 c aHeprHel!: oKono 100 Mas. VI3MepsmcSI BhiXO.!l SI.Oep Nl6 B ycnOBHSIX, KOr.Oa 

9TH R.opa MornH o6pa3osaTbCSI JIHlll b 3a c"'eT rro.oxsaTa 2-x Hel!:TpoHoa. OhinH rroJiy"'eHhi ycpe.o

HeHHhie 3Ha"'eHHSI ce"'eHHl!: peaKUHH s HHTepsane aHeprHH 92-55 Mas. 

B Ha CTOSIWel!: ' pa6oTe Hccne.oosanHCb peaKuHH rro.oxsaTa 2-x H 3-x Hel!:TpoHOB rrpH o6ny"'e-

HHH MHW9HH H3 AI , Cu H Ta cooTBeTCTBeHHo, HOH8MH NlS H: Nl4 • B Ka"'eCTBe .oeTeKTH-

~ 17 
pyeMol!: "'aCTHUhi Hcrronb3osanHCb SI.Opa N , siBnsnowHeCSI aMHTTepoM 3arra3.!lhiB8JOWHX· Hel!:Tpo-

HOB, 

Pea KUIHI rro.o x s a Ta 3-x Hel!:TpOHOB Ha6mo.oanacb srrepBhie. 

Arrrrapa Typa H rrpose.oeHHe aKcrrepHM9HTa 

3 Kcrr e pHMe HThl IIpOBO.!lHJIHCb Ha BHyTpeHHeM IIy"'Ke UHKnOTpOHa TSDKenbiX HOHOB na6opaTo-

pH H SI.OepHhiX p e aKuH l!: OVIHVI • .LlnSI perHcTpauHH He~ITpoHHOlt aKTHBHOCTH R.oep N17 
Hcrronb3o-

s a nHcb rrporropuHoHanbHhi e c "'eT "'HKH c BF3 , rroMeweHHbie s 3aMe.onHTenb H3 rrneKcHrnaca. ronos

Ka M HweHH 6 hina p a c rrono)!{eHa s ueHTpe no6osolt "'aCTH H3MepHTenbHoro 6noKa. Ha pHc. 1 rrpe.o

cTa sneH 06WHlt BH.!l ,!leTeKTOpa H rOJIOBKH MHllleHHo ,L1eTeKTOp HeltTpOHOB 6hin CMOHTHpOB8H Ha 

K OHUe .OJIHHHOlt Tpy6hi , KOTOpaSI BBO.!lHJIBCb "'epe3 BaKyyMHhllt lllnl03 M9)!(JlY .oyaHT8MH UHKJIOTpo

Ha , 06wHl!: BH.!l p acn o no)!{ eHHSI npo 6HHKa BHYTPH M8WHHbi rrpe.ocTaaneH Ha pHCYHKe 2. B orrTH

MaJi b HbiX ycnOBHSIX p a 60Thl (HaiipS1)!{9HH e Ha C"'eT"'HK8X 3000 V , KOa<}J<}JHUH9HT pa.OHOT9XHH"'9CKOro 

ycHneHHSI 4 00, rrop o r .!llfCKpHMHH8TOpa 35 V ) a<}J<}JeKTHBHOCTb .OeT9KTOpa COCT8BJISIJI8 OKOnO 0,1 % 

,!lJISI IIOJIOHHeBo -6epHnJIH9 BOro HCT O"'HHKa Hel!:TpOHOB, IIOMeWeHHOro B MeCTOpaCIIOJIO)!(eHHe MHwe-
60 . 

HH, <PoH .oe TeKTo p a a rrpHcyTcTBHH Co ( 2 m C ) He npeahiwan .oayx HMnynbCoB a MHHyTy. 

BnoK-cxeMa aKc rrepHMeHT8JibHOlt a rrrr a paTyphi rrpe.ocTaaneHa Ha pHC, 3. Bonee .oeTaJibHoe orrHca

/15/ 
HH9 H3M e pHTenbHO J!: a nrr a p a Typbl Jl 8 HO B pa6oTe • 

B o ape MSI H3Me p e HHlt UHKnoTpoH pa6oTan B HMrrynbCHOM pe)!{HMe. nocKonbKY rrepHO.!l rrony

p a cna.o a N17 p a aeH 4,15 ceK, MHWeHb o6ny"'anacb 30 ceK, 3aTeM CHHManocb BhiCOKO"'aCTOTHoe 

H a iipS!)!{eHHe H8 .OyaHT8X H B Te"'eHHe 3 0 C9K perHCTpHpOBanacb HeltTpOHHBSI BKTHBHOCTbo 3HeprHSI 

6oM 68p.!lHPYIO W HX HOHOB orrpe.oen!IJIBCb no p8.!lHYCY IIY"'K8, .Lln!! KB)!{,!lOrO 3H8"1eHHSI aHeprHH 

HOHOB npOBO.!l HJI OCb 4 -5 UHKnOB o6ny"'9HHSI, VfHT9HCHBHOCTb IIY"'K8, lf3M9pSIBlll8SICSI C IIOMOlllbiO 

HHTe rpa Topa TOK81 ne )!{ana B rrpe.oenax 0,1 -1 j.L A • nocKOnbKY 9KCIIepHM9HTbl IIpOBO.!lHnHCb 

B HyTpH UHKJI OT p OHa , 9C T e CTBeHH0
1 

B03HHK BOIIpOC 0 BeJIH"'HHe <}JoHa 38II83.!lbiB810I1lHX HeltTpOHOB, 

K OT Op bi lt .oaeT C8M 8 M8lllHH8, 3TOT <}J OH MO)!{eT B03HHK8Tb 38 C"'eT paCC9SIHHbiX HOHOB 1 IIOII8BWHX 

Ha .oyaHTbi • .[ln!l oue HKH aenH"'HHbl aToro <PoHa 6binH rrpose.oeHhi cne.oyJOWHe H3ME\peHHSI! 

a ) rrpH n y "'Ke M8KCHM8JibHOlt HHTeHCHBHOCTH rrpo6HHK Bbl.!lBHranCSI HB T8KOe paCCTOSIHHe OT 

ueHTpa, .0 0 KOTOporo yCKOpSieMhle 'i8CTHUhl He MOrJIH .!lOATH H3-38 <}Ja30BbiX IIOTepb. 8 9THX yc

JIOBH SIX B e Cb ny"'OK pacceHB8nCSI BHyTpH M8lllHHbl 1 TeM He MeHee KOnH'ieCTBO HMIIYJibCOB OT 3a

n83.!lb!B810WHX He ltTpOHOB ocTaaanocb a rrpe.oenax o6hi"'HOro <}loHa; 

6 ) o 6nyqeHHe M HllleHH H3 rpa<}JHT8 JIOK83ano, "'TO Bh!XO.!l H8 HeM B ,!leCSITKH H COTHH 

p a3 MeHbllle, 'ieM n p H o6ny"'eHHH AI , Cu H Ta , 9TO CBI'I:.OeTeJibCTByeT 0 TOM, "'TO <}JoH, .oa-

aaeMbllt M 8lllHHOlt, C OCT8 BJISieT HH"'TO)!{HYIO "18CTb a<}J<}JeKT8, 

Xop o wH e " <}lo HOBhi e" ca o ltc Taa rpa<}lHTa 6hinH HCrronb30B8Hbi .on!! H3rOToaneHHSI KonnHMaTo-
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, Kor.aa 

ycpe.a-

o6ny'le-

HeATpo-

a6opaTo-

ll0llb30-

ca. ronos-

:. I npe.a-

'BaH Ha 

IHKliOTpO-

:HH'IeCKOrO 

OliO 0,1 % 

[He MHLUe-

HHYTY· 

oa nony-

~CTOTHOe 

prHH 

Olilb!O 

liHCb 

TpOHOB, 

nonaBLUHx 

~= 

OSJHHe OT 

8THX yc-

'B OT aa-

COTHH 

<PoH, .aa-

DllliHMaTO-

pa (eM. pHC. 1 )
1 

npenSJTCTBOBaBLUef'D nona,D.aHHIO ny'!Ka Ha 60l1Tbl KpenneHI!Il f'OJIOBKH MHLUeHH 

H Kpag tJ.yaHTOB, npH HCnOllb30BaHHH MHLUeHH H3 aJIIOMHHHil H Me.UH BCe 'l8CTH f'OJIOBKH, H8 KOTo-

p b!e non a,D.aJI ny'IOK 1 H3f'OT8BJIHB8JIHCb H3 HCClletJ.yeMOf'O M8T8pHana, 

npH 06lly'leHHH TaHTana A liS! 3atJ.eplliKH OtJ.H038p ll,D.Hb!X HOHOB HCllOJib30B8118C b rpa<jlHTOB81l 

lPOllbf'a TOli i.UHHOH 20 MHKpOH, BK118,D.OM OT KOTOpOi!. MOlliHO 6blll0 npe He6pe'lb. 

.[lnA: Hccne.nosaHHSI peaKUHH nepe.cia'IH (+2 n) H(+3 n) ( 3 HaK + o6o3HaqaeT nepe.aaqy HyKno-

HOB OT SJ.apa MHLUeHH K lltlPY H8JieT810LUei!. 'i8CTHUblj 3H8 K - nepe,D.aqy B o6paTHOM HanpaBne-

HHH) TOliCTbie MHLUeHH H3 AI Cu H Ta 6blliH o6ny'le H bi ny'IK8MH HOHOB N15(3+) H 

N 
14

(
3

+) B HHTepBane aHeprHH .., 50- 140 Mas. Bo Be ex cnyqaSJx Ha6n10.nanoc b o6pa3oaaHHe 

' 
Hei!.TpOHHOi!. a KTHBHOCTH, nepHOLl nonypacna,D.a KOTOpOH B npetJ.8J18X norpewHOCTH H3Mep8HHi!. coa

U8,D.8JI c T a 6nH"iHbiMH tJ.BHHbiMH .UJISJ nepHOtJ.a nonypacna,D.a N
17 

T 14 17 N15 17 HnH'IHbie KpHB bie pacna,D.a HelhpOHHO.ii aKTHB HOCTH tlllll peaKUHH Ta+N ... N H Cu + ... N 

nOK83 8 Hbl H8 pHC. 4a ,6. 3aBHCI1MOCTb Bb!XO,D.8 OT 8H e pr1111 60M6ap.UHpy!OLUHX HOHOB 6biJ18 

H3M8peHa nyTeM nOCTeneHHOf'O H3M8H8HHil pa,D.Hyca, Ha KOTOpOM npOBO,D.HliOCb 06.1JyqeHHe MHLU8HH. 

nony'leHHbie KpHBbie BbiXO,D.a Llllll peaKUHH nepe,D.8'1H (+2 n) 11(+3 n) nOK83 8 Hbl Ha pHC.5 H 6. 

.[lnSI 9KCll8pHMeHT8JlbHbiX TO'leK YK838Hbl CT8THCTH'IeCKHe OLUH6KH. 

KpHBbi e a<PcreKTHBHbiX ce<teH!1li: peaKuHll:, nony'leHHbie o6hi'IHbiM MeTOtJ.OM AI1cPcPepeHu11poaa

HHSI KpHBbiX B b!XO,D.a , npHBe,D.eHbl Ha pHC. 7 H 8. Heo6XOtlHMbie tlllll 8THX p8C'l8TOB npo6erH HOHOB 

14 15 
6 6 

I 21; 22/ ,.~-. N H N blliH B3SITbi H3 pa OT Hll11 Bbi 'IHCliSIJIHCb no '+'opMynaM , npHBetJ.eHHbiM B pa----

/22/ 
60Te • ¢OH, C03tl8B8eMbiH pacceSIHHbiMH HOH8MH, n o n a,D.aBW HMH Ha tJ.Y8HTbl UHKliOTpOH8 0 co-

CT8Bl1Sill 38MeTHYIO BeliH'lHHY JIHWb ,D.Jlll C8Mb!X HH3KHX 3H8'l eHHH 9H8pf'I1H HOHOB ; BO BC8X OCT8llb-

Hl>IX CJIY'lllllX HM MOlli HO 6blll0 npaKTl!'leCKH npeHe6p8'lb• n o H8lili!M OU8HK8M OLUH6Ka B on pe,D.e

neH!111 a6COliiOTHOi!. BB 1111'll1H~ 9cPcPeKTIIBHOf'O C8'l8HIIIl COCT8Bllll8T OKOJIO 40%. 

06cy~KtJ.eHHe pe3 Y:_rlbT PC'" fl 

XapaKTep SJtJ.epHoi!. peaKU h li B ocY.OBH OM onpe.nenSJeTCil 9HepreTI"l8CKOi!. 38BHCHMOCTbiO c e qe

HHSJ H Yf'liOBbiM pacnpetJ. 8 118HH8M npOtJ.YKTOB p eaKUHH. B Ha LUHX 9KCnepHMeHT8X Mbl HMeliH B03-

MOlliHOCTb H3M e pS!Tb liHlil b 9HepreTH'IeCKYIO 38BHCHMOCTb Ce'leHHH peaKUHi!. , T eM He MeHee CaM a 

ciJopMa nony'leHHbi X KpHBbiX ( cM.pHc. 7 H. 8) onpetJ.eneHHO yK83hiBaeT H a To, 'I TO N 17 
o6pa3yeT-

Cll He 38 C'leT pacna,D. a KOMnayHtJ.-IltJ.pa . KaK XOpOLUO H3B8CTH0 0 C8'18HHSI p 88KU!ti1 , npOT8 K810lil11 X 

/ 23-25/ 
qepe3 COCT8BH08 SI,D.po, HMeiOT KOliOKOJI006 p a3 HYIO cPOPMY C nonyLUHpHHOi!. OKOliO 10 M9B • 

B HaweM cnyqae ce'leHHe 6~cTpo pacTeT a6nH3H KynoHOBCKoro 6apbepa, a 3aTeM cpaBHHTenbH O 

Mana MeHSieTCSI H a npoTSJllieHHH 25-30 Maa; oco6eHHO OT'IeTliHBO 9TO npoS!BlllleTCSI tlliSI p eaKUHH 

no.axaaTa 3-x H e iiTpoHoB. ConocTaBneHHe nonyqeHH~x HaMH KpHB~x 

/14 / 
nepe.a a q H3 p a6oThr noKa3biBaeT 6onbwee cxo.acTao. Bee 9TO 

C KpHB~MH MHOf'OHYKliOHH~X 

li03BOJISI8T c.nenaTb B~BO.Ll , 

'ITO o6pa30BI'!HHe N
17 

npH o6nyqeHHH AI , Cu H Ta HOH8MH N
15 , H.UeT 38 C'leT 

peaKUHH nO,D.XB8Ta 2-x H 3-x Hei!.TpOHOB lltJ.pOM HaneT810Wei!. '18C THUbl. 

E onbLUOi!. HHTepe c npetJ.cTaanSJeT cpaaHeHHe acilciJeKTHBH~x ce'leHHii peaKUHH nepetJ.a'IH 
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2-x H 3-x HellTpOHOB (+2 n) H (+S n) C Ce'leHHSIMH pe8KUH1l nepeLI8'1H OLIHOI'O HeltTpOH8 (-ln) 
171V I 

nony'leHHbiMH B pa6oTaX ' o XoTH M O)KeT B03HHKHYTb He KOTOpoe COMHeHHe B npaBOMepHOCTH 

CO!lOCTaaneHHH pe a KUHH CpbiB,t;i HelfTpOHa H peaKUHH !lOLlXBaTa 2.,..X H 3-x ilellTpOHOB, OLlHBKO, MO)K~ 

HO LlyMaTb1 'ITO Cpb!B H !l0L1XB8T HelfTpOHa - 6nH3KH e TH!lbl peaKUHH 1 !l09TOMY TaKOe cpa BHe HHe 

B03MO)KH0o 

llnH cpaaHeHHH YLI06HO npeLICT8BH Tb nony'leHHbie scpcpeKTHBHbie Ce'leHHH B 38BHCHMOCTH OT 

eenH'IHHbi ( E eM- EcB) - pa3HOCTH a HeprHH HOHa H B biCOThi KynoHoBcKoro 6apbepa B cacTeM.e 

ueHTpa Mace. Ha pac. 9 npe.acTaaneHbi KPHBbie ce'leHHH peaKUHH nepe.aa'IH ( - 1 n ), (+2 n) 

H(+Sn) B 3 8 BH C HM OCTH OT (EcM- Eca ). B Ta6naue I npaee.aeHbi aenH'IHHhi KynoHOBCKoro 6ap~o-.,. 

epa, a TaK)K9 3H a 'leHHH Q LinH HHTepecyiOWHX H8C peaKUHA nepeLI8'1Ho 3Ha'leHHe Q Bbl-

. /26 271 
'IHCnHnocb no MaccaM, npwae.aeHHbiM a pa6oTax • • BenH'IHHa KynoHOBCKoro 6apbepa Eca 

-13 
Bhi'IHCnHnacb .anH r • I ,5 • 10 CM npH !lpe.anono)KeHHH ccpepH'IHOCTH H.aep. 

0 

Vf 3 pac. 9 B HLlHO, 'ITO BCe KpHBbie pacnaLISIOTCH Ha TpH OTLienbHbie rpynnhi COOTBeTCTBeH-

HO 'IHCny n e pe.aaaaeMbiX HellTpOHOBo B rpynnax COOTBeTCTBYIOWHX peaKUHll ( +2 n) a(+Sn) ce-

'leHHe B03pacTaeT npH nepexo.ae OT I'IJJ:IOMHHHH K MeLIH H TaHTany. MO)KHO yKa3aTb1 no KpalfHell 

Mepe, H a LIBe npH'IHHbi 1 .aelfCTBHe KOTOpb!X LIOn)KHO Bhl:'! !o!~ 8Tb H3MeHeHHe Ce'leHHH HMeHHO B 9TOM. 

HanpaaneHHH: Q peaKUHH H pa3Mep HLipa. llnH· pe8K!IHH nepe.aa'IH o6naCTb0 B KOTOpOll: pa3b!I'pbl-

s .aeTcH npouecc, npe.acTaanHeT co6oll: wapoaoll: en oll:, npHMbiKaiOwall: K noaepxHOCTH H.apa H ao3-

pacTaiOWHll: npa nepe xo.ae K 6onbWHM A. Vf3 Ta6nHUhi I, r.ae npaae.aeHbi cooTaeTCTByibwae .aaH-

Hbie1 BHLIHO, 'ITO Q peaKUHH B03pacTaeT npa nepexo.ae OT AI K Cu H Ta • Bo3MO)KHO, 'ITO 

KpOMe yKa3aHHbiX cpaKTOpOB Ha aenH'IHHy Ce'leHHH BnHHIOT H LJ.pyrae npH'IHHbl 0 HanpHMep, · CTpyK

Typa HLiep MHWeHH, OC06eHHO COCTOHHHe nepHcpepHllHbiX Heli:TpOHOBo 

nanee o5pa waeT H a ce6H BHHMaHHe pa3nH'IHe B SHepreTH'IeCKOll: 3aBHCHMOCTH Ce'leHHH 

peaKUHH nepe.aa'IH H e 'leTHOI'O (-1 n) , ( t 3n) If 'leTHOI'O (+2 n) 'IHCna HeATpoHoa. B nepaoM 

cny'lae KpHB bie C e 'leHHH LIOCTHI'8IOT xapaKTepHOI'O "H8CbTWeHHH", TOI'L18 K8K BO BTOpOM - Ce'le

HH e npo.aon)KaeT 6biCTpo pacTa c yaena'leHHeM sHepraa. Bo3MO)KH01 'ITO sTa oco5eHHOCTb CBH3a

Ha C scpcpeKTOM cn a paBaHHH He lfTpOHOB B HLipe. Bo BCeX 9KCnepHMe HTax, LiaHHbie KOTOpblX npaae-

LieHbl Ha pH C. 9, o6ny'la nHCb HLipa C 'leTHbiM 'IHCnOM Heli:TpOHOB, OLIH a Ko, B peaKUHHX (- 1 n) H 

(+S n) o6ny'I8IOWelf 'laCTHUelf 5blnO HLipO N 14 , HMeiOwee OLIHH HecnapeHHhill: Heli:TpoH 
1 H 

15 
OT HLipa K HLIPY n e p e xo.aano Het{eTHoe 'IHCno ileli:TpoHoa: a peaKUHH (+2n) HLIPO N -

HOe 'IHCnO Heli:TpOHOB H ITOLIXBaTbiBaeT LIBa HeltTpOHao 

HMeeT 'leT-

Bo3MO)K HO TaK)K e 1 'ITO no.a:xaaT 3-x Heli:TpOHOB npHBOLIHT K 5onbrueMy B036y)KLieHHIO HLipa 

N17 , KOTOpoe a STOM cnyqae MO)KeT acnyCTHTb HellTpoH. Ecna aenH'IHHa B035y)KLieHHH yaena

'IHaaeTCH C 3Hepraell: HOHOB, aepOHTHOCTb TaKOI'O npouecca 6yLieT B03pacTaTb H Mbl nony'IHM 

B XOLi e Ce'IOHHH "HaCbiWeHHe" • llnH peaKUHH Cpb!Ba OLIHOI'O HelfTpOHa HeOI5XOL1HMO HMeTb B BHLiy, 

'ITO HLipo N 13. HMeeT cna5o CBH3aHHbill: npoToH (E08 = 1,94 Mse),. nosToMy oHo 5y.aeT nerKo 

p a cnaLI8TbCSI npH 9 Hepi'H'IHbiX · CTOnKHO BeHHHXo 

Vl3 3TOI'O )Ke pHCyHKa BHLIHO, 'ITO aenH'IHKa a6coniOTHbiX Ce'leHHll: peaKUHl!' nepe.aa'IH 2-x 

HeftTpOHOB npHMepHO H8 ITOpS!LlOK 5 0nbllie Ce'leHHSI peaKUHll: nepeLIS'IH 3-x Heli:TpOHOB. 3Ta pa3HH

ua 3aBHCHT He TOnbKO .oT 3Ha<~eHHH Q peaKUHH, TaK HanpaMep, .anH peaKUHH Cu + N 14 ... N 
17 

a 

14 17 
Cu+ N • N 

3 H a 'leHHH Q ITO'ITH OL1HHaKOBbi 1 B TO BpeMSI K8K Ce'leHHSI pa3mi'I8IOTCSI H8 

6 

nopH.ao~ 

'!eHHeM 

Bo 

a B Blf.ll 

c a e.aeHa 

Cm 

Ho o5pa.:: 

Hei!:Tp0H8 

HeiiTp oHa 

no 
HHTepecH 

lliHX B PE 

MeHTbl 1 B 

HOCTHX 3< 

H.aep Nl7 

B 3 

HHK8M UHI 

IO. U.Orar 

Xs Y: eH C 

PeaK. 

Al tN14 . 

Nit Nl4 

14 
Au t N 

1 ~ 
At + N 

l ~ 
Cu t N 

H 
Ta t N 

At+ Nl4 

l < 
Cu t N 

l~ Tat N . 



>Ha (-ln), 

•PHOCTH 

l8K01 MO)I(~ 

aaHeHHe 

...tOCTH OT 

HCTeM.e 

(+2 n) 

Q 

,epa Eca 

(+S n) ce

> KpaitHeA 

•HHO B 3TOM 

a pa3birpbi-

:O)I(H01 'ITO 

~ qeHHSI 

B nepaoM 

:OCTb CBSI38-

opbiX npHae-

(- 1 n) H 

ATpoH 1 H 

leHHIO SI.Op8 

eHHSI yaenH-

nony'lHM 

MeTb B BH.OY t 

'f.OeT nerKo 

>e.OS'lH 2-x 

, 3Ta p83HH-

14 17 
I _.N H 

:'l810TCSI H8 

rrOpSI.OOK. 3TOT !}:laKT MO:>KHO 0 6'bSICHHT b yMeH bWeHHeM BepOHTHOCTH npou ec ca nepe,aa'IH C yaenH -

'!eHHeM 'lH C118 nepe,a aaaeMbiX HeJ.!Tp OHOB . 

8 03MO:>K H0 1 'ITO nepeXO.O HeCKOJlbKHX HeHTpOHOB OT H,apa K H.Opy npOH CXO.OH T He He3aBHC HMO, 

a B BH.O€ CBSI3aHOA rpy nrrbl; B 3TOM cnyqae H3y'leHHe peaKUHH nepe.aa'IH MO)I<eT .08Tb ri OJle3 Hbl e 

cae.aeHHSI 0 xapaKTepe HYKllOHHbiX K Opp ellSIUHH B H.apax. 

Cne.ayeT 3aMeTHTb1 'ITO npa B3aHMO.O eHC TBHH TH)Kenor o HOHa c H.apoM- MHWeHb!O B03Mo:>K 

HO o6pa30BaHae N17 B B 0 36y:>K.QeHHOM COC T OH HHH C 3 He prHeH B036y:>K.OeHI151 Bb!We 3 HepraH CBSI3H 

Heli:Tp oHa ( 5, 7 Msa). TaKoe B 036y:>K.aeHHe N 17 
6y .aeT npHBO.OHTb K MrHoBeHHOMY HcnycKaHHIO 

HeliTpoHa H o6p a3oBaHHIO SI.aep N
16 

• 

nony'leHHbie pe3y11bTaTb! noKa3 bJBa!O T, 'ITO p eaKUHH rrepe.aa 'IH HeHTpOHOB o6na.aa!OT PH.OOM 

HHTepeCHhlX OC06eHHOCTeJI, KOTOpwe CBSI3aHhl C MeX8HH3MOM peaKUHH H CO CT pyKTypoJ.i y'laCTBy~-

WHX B p eaKUH H SI.Oep. LJ.nSI fiOJlHOrO B blSICHe HHSI 3THX CBSI3eH He 06XO.OH M bl .0811bHeHWHe 3 KCnepH-

MeHTbl , B rr e p By!O O'!e p e,a b, H3Me peHH e Ce'leHHH H8 p aG.aeneHHb!X H30TOJ18X , OC06eHHO ~l OKpecT-

HOCTSIX 3aMKHYTblX 060110'IeK , H3MepeH He yrJIOBbiX pacrrpe.aeneHI1H H 3 HepreTH'I8C KOrO CJJ e KTpa 

8 3aK1110 '!eHHe C'IHT8eM CBOHM npHSITH hlM .OOllrOM Bhlp83H Tb 6naro.aapHOC Tb BCeM COTpy.a-

HHKaM UHK!lOTpOHHOil. rpyrrfibi, o6ecne'!HBWHM 6ecrrepe60HHYIO pa6oTy MaWI1 Hbl 0 B OC06eHHOCTH 

lO.U.OraHeCSIHy, IO.B. n o6aHOBy, A . C. n ac!OKy, E.H. M a pKOBy, Vl . A . Wenaeay, B. A . Weroneay , 

X s Y eH CyHh. 

T a 6 11 11 u a 

PeaKUHH T11n 
Q 

(M9a) Eca (Msa) nHTepaTypa 

nepe.aa'!H 

At+ N14 ... N 13 - 2 , 83 1 6 171 
(N'58 

-1,55 l ) 

(- 1 n ) - 2 ,73 (Ni60) 29 /7 ' 
14 13 

Ni + N _. N 

14 13 
Au+ N _. N 

- 4 J1 G 64 I II / 

15 17 
AI+ N _. N -1 6 ,1 8 16 

15 17 . 
Cu+ N .. N ( + 2 n) 

-11,48 (Cu63) 

- 9,58 (Cu65) 30 

15 17 
Ta+ N -+ N - 4 ,79 6 1 

At+ N 14 ... N 17 -22,42 1 6 

, ( + 3 n) 
-12,39 (Cu63) 

9 , 58 (Cu65) 3 0 

Cu + N1 4 ... N17 

14 17 
Ta + N ... N - 2,19 6 1 

7 



3 a M e q a H H e 

B pe3ynbTaTax H3MepeHHlt Hawelt pa6oThi, ony6nHKOBaHHOit B npenpRHTe 0~5H1 P-736 , 

no BHHe aBTOpOB D.OnylUeHa OWH6Ka B OUeHKe s cj:l cj:leKTHBH OrO ceqeHIHI ( Ta6nHUa I ) H Bb!XOD.a 

( Ta6nRua 2). HH)I{e npHBOD.SITCSI HCnpaeneHH bie aaHHbie. 

T a 6 JI H u a 
--

MRweHb 
2 

a (eM ) 

--
u

2 
co3 

4 · I0-27 

Cu 1-· 10-27 

AI I• to-28 

c I· I0-29 

T a 6 n H u a 2 

MRweHb 016 22 

c l · to- 10 2· I0-8 

AI 5 ·10- 10 

Cu 6· 10-9 
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( 
J 

~ 
c{ 

(A 

I 

c: 
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I. ronoBK8 MnweHH. 2. rpa¢HT OB8SI 38llli1T8 - KCnnHM 8TOp. 3. Me.aHbJit KO)!{yX. 

4. 3aMe.ani1 Ten~o 113 nneKcHrnaca. 5 . CqeTqHKH c IJF3 • 6. Tpy6a - .aep)!{aTenb npo6HnKa. 

7. P eweTKH ronoBKH Ml1weHH. 8. 3awi1TH8SI c!Jonbra . 9. MHweHb - KonneKTop TOKa. 
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6 . B aKyyMHbil% w n i03. 

0 
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Pnc. 3. Eno~<:-cxeMa R3MepnTenbHo.A · annapaTypbi, 

~ 

7 

1. ronoBK8 MRWeHR. 2 • .ileTeKTOp HellTpOHOB. 3. Bb!COKOBOnbTHb!ll Bb!npS!MRTenb. 4. i1HHeA
Hblll ycnnHTenb. 5. OcuHnnorpacp. 6. AMnnHTYllHbill nncKpRMHHBTop. 7. BpeMeHHOll aHanH-
38Top. 8. nepec'leTHblll npR60p. 
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.anH peaKUiiH: 
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anSI peaKuHH n e peaa'iH ( + 2 n ) Ha AI, Cu H Ta. 
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.. N B 38BH CHMOCT H OT 3 Hepr HI1 B CiiC T eMe ueHTpa M8CC . 
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M OCTH OT ( ECM- ECB) - p83HOCTH 3HeprH H HOHOB H Bb!COTbl KynOHOBCKOro 6apbepa B 

CHCTeMe ueHTpa M8CC. 
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