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VI3Y4EHVIE PEAKUVIVI nEPELIA4VI 
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AaaoTaUHSI 

B aacToHweft pa6oTe npeLIJIO»<eH HOBbift MeTOLl aay'leHHSI peaxuaft nepella'IH npH saaH

MOLleftcTBHH TSI»<eJibiX HOHOB C S!Llp8MH, COCTOSIWHft B H86JIIOLleHHH 381I83LlbiB8IOWeft HeftTpOH-

aoft aKTHBHOCTH HLlep N 11
. Ha BHyTpeHHeM IIY'IXe UHitJIOTpOHa TH»<eJibiX HOHOB 06'beLlH-

HeHHOrO HHCTKTyTa SILlepHbiX HCCJieLlOBSHHft 06Jiy'I8JIHCb MHIUeHH H3 C, At, Cu H Ta 

HOH8MH 
14 1 5 l6 :.10 :.1 :.1 

N , N , 0 , Ne , Ne • Ha6niOLlaJIHCb cneLlyiOwae . peaxuHH nepella'IH: noLI-
17 15 17 

N I I N , N I, cpbiB 3-x npoToaos, 3-x npo-
N t4 . xsaTa 2-x H 3-x HeftTpoaos I 

. 20 
TO.HOB H 2-x aeftTpoaos I ,•re • l'l 1 7 I; 1Ne

22
, N

17 
I, o6MeH npoToaa H 2-x aeftTpoaoB 

l6 17 
I 0 • N I. nonepe'IHbl~ C9'19HHll 9THX peaxuHA 5b!JIH H3MepeHbl BIIJIOTb LlO 9HeprHH 

IIOHOB 8-9 ~9B 118 HYXJIOK. 



npH KaeaTenbHOM eTOnKHOBeHHH TSDKenOI"'O HOHa e H.llpOM /pHe, 1 / MOI"'YT npoHeXO.llHTb 

peaKUHH, B KOTOpb!X OT O.llHO!"'O H.llpa K .llpyi"'OMy nepe.oaeTeSI O.llHH HnH HeeKOnbKO HyKnOHOB 

6e3 o6pa30B8HHSI eOeTaBHO!"'O H.llpa, Pea~UHH T8KO!"'O THna nonyqanH H83B8HHe peaKUHH nepe.oa

ql{, 06hJqHhiH MeTO.ll 9KenepHMeHT8nbHO!"'O H3yqeHHSI T8KHX peaKUHl\ eoeTOHT B .oeTeKTHpOB8HHH 

f3 -aKTHBHhiX npo.oyKTOB peaKuHlt ( C 
11

, N 
13 

, 0
15 

, F 
18 

) • 

B HaeTOHtUeli pa6oTe KpaTKO H3naraJOTeH pe3ynbT8Thi H3yqeHHH peaKUHH nepe.oaqa e no

MOWbJO HOBO!"'O MeTO.ll8 - nyTeM Ha6nJO.[leHHSI 381183.llb!B8ICWeH HeHTpOHHOH 8KTHBHOeTH SI.llep 

N 11 • 

KaK H3BeeTHO, H.llpO N
17 

B npoueeee f3 -paena.oa I T y, = 4,15 eeK/ nepexo.oHT 

0
17 

H8 B036y>K.lleHHb!e ypOBHH S!.llpa , KOTOpb!e ne)!(aT Bb!We 9Hep!"'HH eBSI3H Hel\TpOHa; nos-

TOMY Bene.o 38 f3 - paena.llOM npoHeXO.llHT MI"'HOBeHHOe HCITYCK8HHe HeHTpOHa. 06nyqag MH-

17 
weHb pa3nHqHbiMH qacTHU8MH H Ha6mOJl8SI 381183.llh!B810WYIO Hel\TpOHHYIO 8KTHBHOCTb SI.llep fl 

MO>KHO nonyqHTb CBe.lleHHSI 0 peaKUHSIX nepe.oaqH pa3nHqHO!"'O THna. 

npe.ono)!(eHHhlH MeTO.ll H3yqeH!{SI peaKUHH nepe.oaqa 1103BOnSieT ne!"'KO H36aBHTbCSI OT <j:>o

Ha, C03.ll8B8eMO!"'O npO.llYKT8MH .llPYI"'HX peaKUHH, llOCKOnbKY 381183.ll bi B810W8S! HeHTpOHH8SI 8KTHB-

HOCTb HBnHeTCSI yHHKBnbHhlM SIBneHHeM cpe.llH He.[lenSIWHXCSI SI,llep, 

3KCI1SpHMeHThl npOBO.llHnHeb Ha BHyTpeHHeM nyqKe UHKnOTpOHa TSI>KenhlX HOHOB 06~e.oH

HeHHO!"'O HHCTHTyTa SI.llepHb!X HCCne.llOB8HHH /pHe. 2/ • .LleTeKTOp HeHTpOHOB COeTOHn H3 nponop-

UHOHanbHhiX cqeTqHKOB, HanonHeHHhiX BF 
3 

H noMeweHHhiX B 3aMe.onMTenb H3 nneKcMrnaea 

/pae. 3 I. EnoK-exeM a annapaTyphi noKa3aHa Ha pHc, 4. YfMnynhehi OT eqeTqHKOB noeTynam{ 

OUHOBpeMeHHO H8 BpeMeHHOl\ aHanH38TOp H nepeC'IeT HhiH 11pH6op, MMw eHb o6nyqanacb nyqKOM 

HOHOB B TeqeHHe 30 eeK, n o cne qero eHHManOeb Bb!eOKOqacTOTHOe HanpSI >KeHHe Ha LlY8HT8X H 

B TeqeHHe 50 ceK pe!"'HCTpHpOBanacb p8CI18 Ll8101U8SIC SI HeltTpOHHitH 8KTHBHOeTb, npH H3yqeHHH 

9HepreTHqeeKOH 38BHCHMOCTH peaKU HH .lleTeKTOp e MHWeHbiO ycTaHaBnHBancH Ha pa3nHqHble 

paeeTOSIHHSI OT UeHTpa UHKnOTpOH8, 

T 6 ,•r 14 
OnCTb!e MHWeHH H3 yrnepoua, anJOMHHHSI, MeUM H T8HTana 0 nyqanHeb HOH8MH ·' 

N 
15 

0
16 

, Ne
20 

, Ne
22 

, Bo acex cnyqaHx ua6nJO.oanocb o6pa30BaHHe 3ana3UhiBaJOwea Heli-

TpOHHOl\ 8KTHBHOCTH, nepHO.ll nonypacnaua KOTOpOH B npe.oenax llO!"'peWHOCTH H3MepeHHH COB

nauan e Ta6naqHhiMH .oaHHhiMH .onH nepMo.oa nonypacnaua Sl.llep !I 
17 

• THnHqHhie KpHBhie pae

naua HeftTpOHHOH 8KTHBHOeTH npe.llCTaBneHbl Ha pile. 5. nonyqeHHbie .ll8HHbie CBH,ll eTenbCTByJOT 

0 TOM , qTO B H8WHX 9KcnepHMeHT8X y.oanOCb Ha6nJOU8Tb cne.llyJOWHe Tllllhl peaKUIIH /pRe. 6/; 

1- ITOUXB8T 2-x H 3-x HeHTpOHOB B cnyqae o6nyqeHHSI MHWeHelt HOH8MH 1'/
15 

H l'/ 14 

2 - Cpb!B 3-x llpOTOHOB, 3-x npOTOHOB II 2-x Hel\TpOHOB B Cnyqae o6nyqeHHSI HOH8MH f/ l : 

H N 22 ; 

3- o6MeH npoToHa Ha 2 Hel\TpoHa B cnyqae o6nyqeHHSI 0 16 

BbiXOLl peaKUHH H3 TOnCTbiX MHWeHel\ 6hln H3MepeH B HHTepaane 9HeprHH HOHOB 4-8,5 M9B 

H8 HyKnOH. 

3 
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H a pH c. 7 a KaqecTae rrpHM epa rrpHaeLteHbi sKcrrepHMeHTanbHbie KpH13bie BbiXOLla N 17 

rrony'ieHH bJe rrpH o6nyqeaH H AI H Ta HOHaMH Ne 20 

3cpcpeKTHBHbJe Ce"!eHJi!SI peaKUHA 6biliH paCC'iHTaHbl 06bi'!Hb!M MeTOLlOM LlHcpcp epeHURpOBa

HHSI KpHBb!X sHepreTH'ieCKOA 3a)3HCHMOCTH Bb!XOLla C yqeTOM orry6nHKOBaHHbiX LlaHHbiX IIO IIp0 -

6eraM TSOKenbiX HOHOB H TopMoaaoA crroco6aocTH paanH'iHbiX sewecTB. Ha rpacpH Kax senH'iHH bi 

scpcpeKTHBHOI"'O Ce'IeHHSI peaKURH LlaHbl B 3aBHCHMOCTH OT sHeprHH HOHOB B CHCTeMe ueHTpa 

Mace, yMeHbWeHHOH Ha BeliH'iHHY KYITOHOBCKOI"'O 6apbepa. 3TOT rrapaMeTp xapaKTepH3yeT OTHO

CHTelibHyiO CKOpOCTb CTarrKHBaiOWHXCSI RLlep B MOMeHT rrepe!la'IH HYKliOHOB. TaKOe rrpe!lCTaB

neHHe o6nerqaeT cpasHeHHe LlaHHbiX peaKUHH, rronyqeaHbiX LlliSI paanH'IHbiX sneMeHTOB. 

H a pHc. 8 rrpeLtcTasneHbi ce'IeHHSI ITOLlXBaTa 2-x H 3-x aei\TpoaoB rrpH o6ny'IeHHH AI 
14 15 

Cu H Ta HOHaMH N H N ; · Ll1ISI corrocTaBneHHSI aa aTOM :>Ke pHCYHKe rrpHB eLl eHbi Ll8Ir 

• 
Hble OTHOCH,.Te1IbHO Cpb!Ba OLlHOI"'O HeATpOHa, li01Iy'IeHHbie Ll1ISI aniOMHHHSI H HHK~1ISI B Hawel!: 

pa6oTe H Ll1ISI aonoTa B pa6oTe MaKHHTal!:pa, .Ll:>Ko6ca H YoTca, Bbmonaeaaol!: B VJenbCKOM yaH

sepcHTeTe. 06pawaeT H8 ce6SI BHHM8HHe, 'ITO BCe KpHBbie p8Cli8Ll8IOTCSI H8 TpH CeMeH~TB8, 

COOTBeTCTBeHHO 'iHCliY rrepe!laBaeMbiX Hel!:TpOHOB. Ce'IeHHe peaKUHH rraLtaeT BMeCTe C pOCTOM 

'iHC1I8 rrepeLl8B8eMblX HYKliOHOB • .LlnSI LlaHHOI"'O THli8 pe8KUHH I+ 2 n H1IH + 3 n I ce'IeaHe 

yaenH'IHBaeTCSI lipH rrepeXOLle OT .41 K Cu H Ta • M O:>KHO yKaaaTb, rro Kpal!:ael!: Mepe, 

Ha LlBa cpaKTOpa, KOTOpb!e LlOli:>KHbl >!3MeHSITb Ce'IeHHe LlliSl pa3Hb!X sneMeHTOB HMeHHO B ::>TOM 

HarrpaaneKHH: paLlHYC S! Llpa H \; peaKUHH. CooTBeTcTBYIOWHe LtaHHbie rrpeLtcTaaneHbi B Ta6-

liHUe 1. Llanee cneLtyeT OTMeTHTb pa3HHUy B XapaKTepe SHepreTH'IeCKOH 3aBHCHMOCTH peaK

UHH nepeLta'IH He'IeTHOI"'O H 'IeTHOI"'O 'IHCna HYKITOHOB. 8 nepBOM cnyqae nocne pe3KOI"'O 

DOLl beMa ceqeHHSI B6ITH3H KY1IOHOBCKOI"'O 6apbepa H861IIOLlaeTCSI XapaKTepHOe ~H8Cbi!.lleHHew, TOI'

Ll8 KaK BO BTOpOM ce'IeHHe npOLl01I:>KaeT B03p8CTaTb H 38 KY1IOHOBCKHM 6apbepOM. 0oKa He 

HaHLleHO HC'ieprrbiBaiOWero 06bHCHeHiiSI 9TOMY cpaKTy. Mo:>KHO yKa3aTb Ha TO 06CTORTe1IbCTB0 0 

'iTO B peaKUHSIX 1- n + 3 n I 6oM6apLlHpyrowel!: qacTHuel!: HBITHeTCH RLlPO c He'IeTHbiM 

14 
'IHC1IOM ael!:TpOHOB I N I H rrepeLtaeTCR TaK:>Ke He'!eTHOe 'iHC1IO HYKITOHOB, TOI"'Ll8 KaK B 

cnyqae peaKUHH 1+2 n 
15 

I qacTHUa c qeTHbiM 'IHcnoM aeATpOHOB I N I noLlXBaTbiBaeT LlBa 

aeATpoaa. BoaMo:>KHO T a K:>Ke, 'iTO B cnyqae peaKUHH 1- n 

TOHa B RLlpe N 
13 

, a B cny'Iae peaKUHH 1+3n I HLlPY 

I CKa3b!BaeTcR cna6aR CBR3b npo-

17 
1'1 rrepeLtaeTcR 6onbwaR aaeprHSI 

B036y:>KLleHHSI. 06a 9TH cpaKTOpa 6y!lyT npHBOLlHTb K yMeHbWeHHIO acpcpeKTHBHbiX Ce'-!eHHH peaK-

uHH: npH 6onbwHx 3HeprHRX. 

Ha pHc. 8, 10 rrpHBeLteHbi ceqeHHH cpbiBa 3-x rrpoTOHOB, 3-x rrpOTOHOB H 2-x ael!:TpoaoB. 

3HepreTH'-IeCKaR 38BHCHMOCTb HMeeT T8KOH :>Ke XapaKTep_, KaK H B cnyqae liOLlXBaTa HeATpOHOB, 

'ITO CBHLleTe1!bCTByeT o6 OLlHOTHDHOCTH peaKUHH. CpaaaeaHe a6coniOTHbiX aaaqeaHl!: ce'IeHHH 

1-3 p I H 1-3 p 2n I yKa3biBaeT Ha B03MO:>KHOCTb KOppenHposaaaol!: nepe!la'IH aecKOITbKHX 

HYKITOHOB H3 OLlHOI"'O S!Llpa B Llpyroe. LleACTBHTe1IbHO, ecnH 6bi HYK110Hbl rrepe!laBa1IHCb He3a
t 

BHCHMO, rrepe!la'ia 3-x rrpOTOHOB 6bi1Ia 6b! 6onee BepOS!THa, '!eM rr'epe!la'Ia 3-x IIpOTOHOB H 2-x 

HeATpOHOB. 3KC rrepHMeHT81IbHO HaHLleHHbie Ce'ieHHSI Ll1ISI BTOpOH peaKUHH OKa3a1IHCb 601Ibllle. 

Bo3MO:>KHO, 'iTO B cnyqae peaKUiiH 1-3 p -2 n I B Ltel!:CTBHTerrbHOCTH rre 'peXOLlHT HrrH a 

-qaCTHU8 H IIpOTOH HliH Li 
5 

Oony'IeHHbie peaynbT8Tbl yK83biB8IOT Ha B03MO:>KHOCTb HCliOlib30B8HHR peaKUHA rrepe!la'iH 

Ll1ISI H3y'IeHHSI liOBepXHOCTHOH KOpperrSIUHH HYKITOHOB. 

4 



HaKOHeu, Ha p11c. 11 noKaaaH bi acpcpeKTIIBHbi e ceq e HIIH p e aKUIIII o5MeHa npoToHa 11 2-x 

HeitTpOHOB, nonyqeHHbie !Ipll o5ny'ieHIIII T8HTana II aniOMIIHIISI IIOH8MII K II Cn opoaa . 

B aaKniO'ieHHe cneayeT OTMeTIITb, 'iTO HapSI.UY c 
N 11 

Mo:m eT 5b!Tb IICIIOnb30B8H8 3 8ll83Ll b!B8IOW8SI HeitTpOHH8SI 8KTIIBH OCTb SI.Uep C 16 

IT 112 = 0,7 c e KI 11 Li
9 

I T y, = 0,15 ceKI. 

p e a K u H Sl 

PyKOIIIICb rrocTyrr11 n a B 113.UaTe nbcKHA oTaen 
5 cpeBpanSI 1963 roaa 

Ta6n11u a 1 

P e aKUIIH np11 rrepeaaq e H e ATpOHOB 

T 11 rr rr e P e a a q H Q 

AI + N 
14 

-+N 
13 

-2,83 
- I 

M a B 

I ln 
l'li + lV 14 -+ N 13 -1,55 ( !Vi sa) 

14 13 -2,73 ( Ni 6o) 
Au + N -+ N 

-4,96 

1 5 1 7 
AI + N -+ N - 16,18 

15 1 7 I + 2n I 63 

Cu + 1'1 -+N - 11,48 (Cu ) 

- 9,58 ( Cu 65) 
15 I 7 

Ta + N -+ N - 4,79 

AI + N 14 -+ N 1 1 - 22,42 
I + 3 n I 63 

14 N 1 1 - 11,48 (Cu ) 
Cu + N 

-9,58 ( Cu 65) 

Ta + N 14 
-+ 

N 1 1 

- 2,19 

5 



~&KI:{VV n•pe8Q'-'V 

05po3~oHve 
koNnoYJt8 

fl8pa 

K~.llOIIo!cr. 6'oJ~yx'a 
pocc:e ~Hue. 

PHc . 1. CxeMa B3aHMO Ael1c TBHll TsOKenhiX HOHOB c S! A paMH . 

3 

~ 

2 

PHc. 2. CxeMa pacno/lO)I{eHHSI npo6HHKa B UHKnoTpoae. 

1. MHweHb, 

2. JlyaHTb! UHK/lOTpOHS. 

3. K aM epa UHKnoTpoaa. 

4, ny'IOK TSI )!{ e/lb!X HOHOB, 

5. ll eTeKTOp Heli:TpOHOB, 

6. ill/1103 KSMepbl UHK/lOTpOHa. 

6 



PHc. 3. ,QeTeKTop HeATpoHoB. 

1. MHW 9Hb. 
2. LlHacpparMa H3 rpacpHTa. 
3. MeaHhi A KO)Kyx. 
4. nneKCHrnaCOBbiH 38MellnHT9nb. 
5. CqeT'I I!K H c JJF

3 
• 

6. WToK npo6HHKa . 

~ 
r.r-::~ ··- ·· r--14 I. 

~-~-LP 

PHc. 4. BnoK-cxeMa aneKTpoHHOH annapaTypbi. 
1. MHweHb. 
2. HeATpOHHbiA aeT eKTop. 
3, YJCTO'IHHK Bb!COK OrO H8!Ip51)i(eHHS1. 
4. YcHnHTenh. 
5. OcuHnnocKo ll. 
6. ,[lHCKpHMRHaTOp. 
7. BpeMeHHOlt aHanR3aTop. 
8. nepecqeTHbiA npu6op. 

7 
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PHc. 5. PacnaLI ael!:Tpoaaoil: aKTHBHOCTH, H3Mepeaaol!: aa BpeMeHHOM aaanHaaTope. 

~
-----r3n 

~~ (-i\ ~~-----+2n 
\::::J + ~ E}---p,+2n 

~---~==~;·2n 

P He. 6. THnbJ aa6nJOLiaBWHXCH peaKuHl!: nepeLia'IH. 
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PHc. 7. 
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HOH8MH 

PHc. 8. 3 cpcpeKTH BHbie c e qeHHH peaKuHii 1+2 n I H 1+3-n I . 
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PHc. 9. 3<P<PeKTHBHbie cetJeHHS! peaKuHl!: /-3 p I. 

Ec.o·Eca 
leD Mev 

PHc. 10. 3<P<PeKTHBHbie ce<reHHS! peaKuHJ!: /-3p 2n / 
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PHc. ll. 3cP<PeKTHBHhie ce'leHHSI peaxuHA /- 1 p , +2 n I. 
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