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ll, B,TAPAH 

0ElllAfl XAPAKTEPl1CT.llliA PAEOTH 

AK!.Y8Jl!!..!!Q!l.!e.L PeaKUHJI ( n ,p) Ha M8,JtJl8HHWX HelhpoHaX WOll8T 

CJIYllHTb HCTOQHHKOM QeHHOA HH~PMll.UHH, KOTopall HYllHa He TOJlbKO ,ltJIJI 
K3YQ8HHJI caworo atOMHoro 11.Jtpa, HOH ,ltJIJI pemeHKJI npaKTHQeCKHX 38,Jtaq, 
a TaKll8 ,ltJIJI H3YQ8HHJI Jl,lt8pHYX nponeccoB B actpo¢H3HQ8CKHX oOo8KTax. 
3TOT HCTOQHHK HH¢opitaUHH CTaHOBHTCJI e~e Oonee BallHYM npH nepexo,Jte K 
HCilOJlb30BaHHD pa,1tHOaKTHBHwx, H8ATpOHHO-.lt8PHUHTHWX H30TOil0B B xaqectse 
Jl~ep-MHW8HeA, IlOCKOnbKY Il03BOJIJl8T 3HaQHT8JlbHO pacmHpHTb OOoeM HH¢op
MaQHH oel atOMHWX 11,D;pe.X. 

AKtyaJibHOCTb H CCJ18,ltOBaHHA ( n I p )-peaKUHH Ha W8,ltJl8HHYX HeAtpoHaX 
BH,JtHa H3 npoctoro H H8IlOJIHOro nep8QHCJl8HHJI aKtyaJibHYX npoOnew, KOTO
pwe npe,ltOTOHT BYJICHHTb : 

l • OcoOeHH OCT H npOTOHHoro pacna,n;a KOMnaYff,Jt-COCT OJIHHA npH 
3H8prHH B030yll;ll.8HHJI B oOJiaCTH 3HeprHH CBJ13H HehpoHa, QTO BallHO ,JtJIJI 

K3YQ8HHJI CTPYKTypw BYCOKOB030Yll.lt8HHYX COCTOJIHKA. 

2 . IlpOTOHHY8 CHJIOBW8 ¢YHKUHH ,ltJIII pa3HWX op0HT8JlbHYX MOM8HTOB 1 

a T8Kll8 conocraBJl8HH8 pa3HYX MO,lt8J18A . 11,1tepHWX peaKQHA B npHM8H8HHH 

K CJ1yqa11 ( n 
I
P )-peaKQHH Ha M8,ltJl8HHYX H8ATponax. 

J. BwOop naJl!.M8TpOB onrm ecKoro IlOT 8HUHaJla ,ltJIII npOTOHOB HH3KHX 

3HeprHA. 
4 . POJII, peaKUHH ( n, p ) B pa,JtHaQHOHHWX nospell,Jt8HHJIX KOHCTPYKQHOH

HWX watepHaJIOB (BKJI DQall H HaKOilJl8HH8 B0,1tOpo,1ta) B Jl,1t8pHYX H tepMOll,lt8p

HWX peaKtopax. 
5. Pom, peaKUHH ( n, p) s nponeccax J1,1tepHwx npespaleHHA s 

actpo¢H3HQ8CKHX oOoeKtax. 

B OTB8T Ha BC8 B03pactaDUO'D notpeOHOCTb B II.Jt8PHYX ,lt8JIHWX 
no ( n, p )-peaKUHJIM, B IlOCJl8,JtH88 Bp8MII IlOBYCKJICII HHT8pec K HCCJ18,J!;OBa
HHIIM peaKUHA ( n,p ) Ha M8,ltJl8HHWX HehpoHax, OC008HHO .ltJIII pa,1tH0altTHB
HWX ll,lt8p. YcnemH08 npose,Jt8HK8 taKHX KCCJl8,Jt0.tl8.HKA rpeOyer KCilOJll,30Ba

HHII WO.HWX HCTOQHKltOB H81Tp0HOB X p83BHTHJI M8TO,lt0~ ■.Jl8HTK¢HKaUHH H 
cnexrpowetpHH 3apRll8HHW x iectHQ. 

UMi aacroJ1111eA Jijl cc eptaUHH c octollna s cn 8.ltYll~ew: 

l. Pa3paOOTaTb H peaJIH30Bati. IlO,ltXO.ltllUO'll M8TO,ltH~ ,ltJIJI H,lt8HTH¢HKa
nHH H cnexrpowetpHH HH3K03HepretH48CKHX 3apllll8HHWX qacrHn, coxpaHJIJI 

npH 3TOM BYCOKyD 31>¢eKTHBHOCTb HX perHCTP8UHH. 
2. IlpOB8CTH 3KcnepHM8HTaJIJ,HW8 HCCJ18,ltOBaHHJI ( n,p )-peaxnHA Ha 

M8.ltJle!IHWX H8ATpOHaX C IlOMOlhD pa3Jl!.00TaHHOA H peaJIH30BaHHOA M.8'.1'0.JtHKH 
,ltJIJI BWOpaHHWX 16WH pa,ltHOalCTHBRWX Jl.ll8p-MH!'l8Re~, ,ltJIJI KO Topwx OJ:H.Jtaet CJI 
HHTepeCRaJI J1,1tepHaJ1 HR~O pMaQHJI, 



li<l!i!!ru!...!!QJ.!:!fili~• B ,llaHHOll paC!ote BnepB!i8 Y.llaJIOCI> 31tcnepHM8HTaJ11>

HO noJI,YqHT• 3aBHCHMOCTI> ceqeHHR peaKitHH ( n,p) Ha pa,D;HOaltTHBHOM 

RAP8 7 Be OT 3HeprHH na.JUU)~HX HellTpOHOB Bn!OTI> AO 0,5 K8B. 31tcnepH

M8HTaJil>HO noJI,YqeHO paHee H8H3B8CTH08 ceqeHH8 peaKlU{H ( n Ip ) Ha Ten

JIOBliX H811TpoHax AJIR paAHOaKTHBHoro iu:pa-MH8HH 36ct • IIo HelTpOHHoA 

peaKitHH C BliJl8TOM npOTOHOB AJIR paHee HeBCCJl8AOBaHHOro paAH0alttHBHOrO 

11Apa-MHM8HH 88y Y.llaJIOCI> nonyqwa n epBYJl HHqiopuallHll oo ycpe.itH8HHOM. 

ceqeHHH B oOJJaCTH 3H8prHll H81TpOHOB Enz (30 - 800) 3B, a Taue apryM.eH

Tl,I o B03MOlDIOCTH .l!BYXCTyneHqaroll pealtllHH 
88 Y(n, tp) • 

ll~lt!Ut!US§ll..!!!!.!!.!!Q.Q!.e• Pa3pa0oTaHHlUI x pea.llH30BaHHall ueToAHKa 

HA8HTH~Hlta!lHH H cneKTpoueTpHH HH3lt03Hepretffq8CltHX 3apR:K8HH!iX QaCTHil 

Ha OCHOB8 HOHH3a!lHOHHOll 1tauep1,1 C ABYMII C8TKaMH M.OZ8T 3aM8HBTI> Tpa

AHilHOHH!ilt ueTOA renecxo11a (paOoTaJ>~ero Ha ocHoBe ~E- H E- A8T8KTo

pos) B plUle CJiyqaes, KOrAa TpeOy1>TCll Oo.111,maa CB8TOCHJia, BliCOKall 

3qlql8lt THBHO CTI> perHC TpalUtH, H B yCJIOBHIIX nnoxoro 3HepreTHQ8 cxoro pa3-

pem8HHR A8T8KTopa, B QaCTHOCTH,AJill HCCJl8,ltOBaHHll 11,1,;epHWX peaKIUfl 

C uaJIW Bl,IXOAOM 3apl!Z8HHliX QaCTHil, B TOM QHCJl8 H peaKIUtH (n,p) 
B oOJiaCTH Me,JtJl8HHl,IX H8llTpOHOB Ha pa~oaKTHBH!iX a.i,;pax. 110JIYQ8HHall npH 

noM.O~H npe.i,;cTaB.118HHOI! M8TO,J,;HKH ncnepi!M8HTaJ11>HaR Hiq>OpMalUfll O pea1t

IlHK ( n 1 p ) Ha pa.i,;HoaKTH BHliX IUlpax 7 Be, 36ct x88y B o OJiaCTH MUJl&H

HliX H&IITpOHOB cnoco0CTBY8T pacmxpeHHll HCCJl&,ltOBaHHR npoTOHHoro KaHaJia 

pacna.i,;a KOMnayH,J,;-COCTOllHHI! IUl&p, 3KCnepHM8HT8.Jll>Hli8 .r.aHHli& 0 KOTOPOM 

e11e KpalHe CKYAHli. 110JiyqeH Hoe . ce Q&HHe pealtllMH 
36cL ( n , p ) Ha renno

swx H81TpOH8X np&ACT8BJlll8T TaKze npaKTHQ8CltKll HHTepec - OHO OT!tpii-

118.8T npHHilHnHaJll>HO HOBYI> B03MOKHOCTI> onp8,lt8J18RHII COOTH0■8HHR ltOHil8HT

Pa!lHH K30TOfiOB 36ct/35ct , QTO MOHT OWTJ, HCilOJll>30111.HO B H8ltOTOpYX 

CJIYlf8.llX .IU!ll R\THPOBKH oOpa3IlOB H K30Tonaolt xpoao.11orHH. 

liL ~JL!!lli!IQ&.t 

I.Paspa(SOT8HH8Sl M8TOAHKa C HCfiOJll>SOBaHK8M HOHB3allHOBHOI xauepw 

C »YMS C8TK8M.K ,!,;JUI KA8HTKqJHKallKK K cneKTpOM8TpKH HH3K03H8preTHQ8CKHX 

38pR:18HHMX 118.CTHil C 0JIH3KOI 3Heprxel, BO pa3JIHQBWM 3RaQ8HH8M npoH3Be

A8HKR HX uaccw Ha 3apa.i,;. 

2. P88JDrlsoB8Blll,le .J.tB8. :aaplWlta paapa6o,mmol 11eT0,1t1D.BapUBT c 
DOJIBOI CX8¥0I K3¥8PHT8Jll>HOII annapaTypw II03BOJl88T npo1oi1r1> KHOro

uepawe K3Mepeaaa • raoxy11 oOpaOorxy aaxon1eHHol a1tcnepoeaTan1>aol 

-~OPMallHK C fiOMOlll>ll 3BM. Ynpo•eaawlt B8PIBHT D03BOJIR8T npoeH•T• ue

ro,uxy DP• KCIIOJll>30BaHKK caMYX pe.cnpocTpaHtBHMX OJIOKOB 3Jl8KTPOHKKH, 

88 rpeOy• HK CJIOKHYX xauepxreJIWIIIX ¥0,J,;yJlel BO BP8¥8 H8ltOilJl8HKR HB

topMallKK, B~ 3BM ,J,;JIR ee oOpadoTltK, QTO A8.ll!.8T M8!OAKKY 0O,J,;XOA~e• 
• AU re~. at·cr' r.i,;e paO oral>? B CltpOMIIIIX fCJIOBKRX. 
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J. Pe3YJll>TaT J/ICCJ18AOBaHIIIII peaKUJ/1111 ( n I P ) Ha pa,lllllOaKTIIIBHOM 

l!Ape 7 Be B oOJ1acr111 3Hepr1111! HehpoHoB En BnJIOTI> .D.O 0,5 xaB. 

4. Pe3yJil>TaTl,I HCCJl&AOBaHHll peaKUJ/1111 ( n,p) Ha renJIOBl,IX Hel!Tpo-

HaX ,llJIR pa,lllllOaKTIIIBHOfO R,llpa-MHID8HIII 
36

Cl • 
5. Pe 3yJ11>TaThl Ill CCJ18,llOBaBHll H8ATpOHHOI! peaKilJ/1111 C Bl,IJl8TOM npOTOHOB 

,llJIR pa,JU10aKTl1BHOfO IUlpa-M.HmeHH 88Y B oOJiaCTJ/1 3H8pr111H En< 1 K8B. 

A.llJ100W,!!_m&QTl,I. 0CHOBH!i8 pe3yJ11>TaTli ,JU{CCepTallHIII AOKJla,J,;hlBaJIIIICI> 

H oOcy:it,llaJIHCI> Ha Y Bc8COll3HOM ceMHHape "ITporpaMMa. a1tcnepHMeHTaJ11>HYX 

111ccJIUOBaH1111! Ha ue30HHOI! ~OplllKe mm AH CCCP" (3seH111ropo.ll, 1987), Ha 

yqeHOM COB8T8 no qJH3111K8 HJ/13KHX 3H8prHI! mum, (jl,IJIH npe,llCTaBJl8Hl,I Ha 

XXXYTI COB8lllaHHH no ll,ll8pHOI! C neKTpOCKOnlllH Ill crpyKType a TOMHOrO ll,llpa 

(DpMaJla, 1987)' OTnpaBJI8Hl,I B gaqeCTB8 AOKJla,ll.OB Ha 7-ll Bcecoll3-

H Yll KOHqJ8p8HilHll no H81TpOHHOI! (fl1113HK8 (K111eB' C eHT 110p1>' 1987). 

UY.!U!HJ!!!Wa. 110 Marep111anau ,JU1cceprau111111 onyOJ11111tosaHo 6 paOor. 

Q.Q.!~_Lg_tllilllm..A\1 CC,!1JIT8.qg£ n111ccepTaUHll COCTOIIIT 1113 BB8,ll.8Hlllll, 

rpex rJJaB H Bl,IBOAOB. PaOoTa J/13JIOX8Ha Ha 134 CTpaHllll{aX Mam111Hon111cHoro 

T8KCTa, BKJll)qaa 18 pHCYHKOB, 4 raOJIHUl,I 111.cn111coK JIIIIT8paTyp1,1 1113 170 

HalllM8HOBa HIIIII. 

KP AT KOE conEF.:u\Hl1E UCCEPT AI.Urn 

~..,!B8Jl8!!!!!!, OTM8Q8Ha aKTyaJil>HOCTI> J/ICCJ18AOBaHHII peaKitlllH ( n, P ) 
ea M8,llJl8ffHl,IX HeRtpoHax, c(flopMYJIHpoBaHl,I U8JIIII pae!OTl,I Ill nepeqHCJl8Hl,I 

OCHOBH!i8 pe3yJIJ,Tat1,1. 
~..!1.fil!u!.tm!!~ ,llaH KpaTKHI oOaop HCCJ18AOBaHIIIR npOTOHHoro pacna.i,;a 

pa,JU{oaKT IIIBHl,IX IUl ep Ill KoMIIayu-cocT OIIH HI!• l13narallTCll OCH OB Hl,18 MOM&H TY' 

B H3yQ8HIIIH npOTOHHOfO pacna.i,;a pa,ll.MOaKTIIIBHhlX IU{8p. AHaJIHalllpOBaHa pOJII> 

peaKUIIIH ( n, p ) nplll pemeHHJ/1 npaKTHQ&CKIIIX 3a,Jlaq B IU{8pHol! T8XHMK8 Ill 

np111 paccuotpeHHIII sonpoca o MO.ll8JIIIX 11.Jl&pHol pea1tU111111, a ra1txe notpea

HOCTI> B J/ICCJl8,llOBaHIIIH npOTOHHoro pacna.i,;a Hel!TpOHHl,IX p830HaHCOB ,!,;JIii 

H3YQ8HHII crpyKTYP"' aTOMHOro 11,llpa. PaCCWTP8Hl,I OCHOBH!,18 ocoOeHHOCTH 

npOTOHHOrO pacnaAa KOMilaYff,ll-COCTOIIHIIIA, oOpa3y&Ml,IX Dplll B3aHMO,J,;elCTBKH 

Hel!TpOHOB C 11,llpaMIII. IIpoaHaJllll3111poBaHa oOCTaHOBKa B 3Kcnep111M.8HTaJlhHOM. 

KC CJ18AO BaHHH peaKUHIII ( n 
I
p ) Ha M8,JI.Jl8HHl,IX H el!TpOHaX. Y,Jl.8Jl8H O OOJll>

moe BHHMaHK8 sonpocau 1113yqeeHll ycpeAH8HHOI! npHB8,Jl.8HHOI npoTOHHOR 

iuHPHHH K npoTOHHOI! CHJIOBOI qiyeKitKH, KOTOpi,18 noKa MaJIO J/ICCJl8,JI.OBaHY. 

~!Ql!all r~~ noCBlllll8Ha pa3pa0oTaHHOI! HaMH M8TO,l,;HK8 K,ll8HTH(f)H-

1tallHH H cneKTpOM8Tp111111 HH3K03H8preTIIIQ8Cltl/lX 3ap11Z8HHHX qacTHil Ha OCHOBe 

HOHK3allHOHHOR 1tauep1,1 C .llBYMll ceTKaMH OlKnC). 
IlpoaHaJl1113KPOBaHl,I OCHOBH!,18 TPY.llHOCTK npH HCfiQJIJ,30BaHHM pa,llH08K-

THBHhlX llA8P-MIIIIn8H8R H rpaAIIIIlHOBHl,IX M8TO,llOB H,J,;8HTJ/lqJHKallKH H cneKTpo-
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MeTpllll Hll3K03HepreTlflleCKIIX 3aplll:eHHYX 11aCTIIIl .It.Ill! IICCJ1e.1tOB8.IU'lll 

peaKIUIII ( n I p ) Ha pa,lll!OaKTII BHYX 11,ltpaX C IlOMODU,ll Me,ll./l8H HHX H elrpo-

H OB. OtCll,lla C.ll8.JlY8T norpe<lHOCTb B pa3pa<lOTK8 HOBOI M8TO,lll!KH ,llJIII ll,J,;8H

Tlli1l11Kau1111 II cneKTpOM8Tp11H npOTOHOB 113 HCC./l8,lly8Ml,IX peaKUHlrl ( n J p ) • 
ld3JIOZ8Ha OCHOBa M8TO,lll!KH C IICJIOJll,30BaHH8M HK.llC ,J!./111 ll,J,;8HTl!qlHKaUHH 

II cneKTpOM8TpllH H113K03HeprermeCKHX 3apll:18HHHX 11aCTHil, B TOM IIHC.118 11 

npOTOHOB. !IOJIY'f8HY qiopwyn1,1 ,J!nll pac_11era aMOJIHTY,IU!Oro cneKTpa CHrHanOB, 

CHHMa8MHX C ■11meu11, OOM81118HHOI Ha K8.TO,J,;8 :m<.nc. IlOK8.38J!a xapaxrepaa11 

qiopMa aroro cneKrpa c 11.11meH11. ,lln11 11u11crpa.IU1H · aa pxc.I npe,u;crasnea1,1 

3KCn8pHM8HTaJlbHH8 cneKrp1,1 C Mllm8HH HK.llC ,J,;./111 TPHTOHOB C 3Hepr11elrt 

2, 73 MaB (1tpHBa11 I) 11 CX-tiacr11u c 3Hepruel 2 ,05 MaB (KpHBall 2) 113 

pea~1111 
6
Li(n,t)4 He Ha renJIOBHX HelrpoHax. (Cnexrp1,1 <ll,IJIH DOJIYll8HH 

np11 3HepreTHll8CltOM paapemeHHII ,ll8T8KTOpa ~ 200 1t3B ,ll./111 TPHTOHHoro 

OHita). MaKCHMYM Y Jl8Boro Kpa11 KpHBOI I IIBJIJl8TCII xapaKrepHHM ,J!JIII c.11y-

11a11, KOr ,Ila npo<ler 3ap11:18HHHX llaCTHil R <lonome, 118M pacCTOIIHH8 d, 
M8:I.JlY MHm8Hbll H ,l;OOO./lHHT8JlpHOI C8TKOI, pacno.110:18HHOI M8:l,lly KaTO,J,;OM 
H a1tpaH11py11111el cerKol KaMep1,1. Ilp11 3TOM 11ew Oo.11.me orHomeHll8 R / d. , 
T8M <loume ,l;OJIJI tiaCTHil, aMDJIHTy,B;a CHrHaJia C JOllll8HH ,llJIII ltOTOpl,IX nona

.-.aer B o<lnacn :xapaitTepuoro U.aKCHMyYa. Ha ltpllBol 2 OTHOCHT8JlbHO f31t08 

pacnpe,1;e.11 EIIIHe 11B .1111erc11 xaIBKTepuwu. ,-JIJt c.11y11a1, Kor .Ila R ~ d, ; npJN 811 

118M M8HU8 OTHOHHH8 Rici, reii yxe OHO CTaHOmtTCJi., Ta.Kall xapurep

Ral lf)opu.a cne1trpa C JOllll8HH HCOO./lb3Y8TCII B M8TO»flt8: K3U.8pllB ,l;Ba 

aMnJIHTf,l;HHX cne1trpa B pe:mwe COBil8Jt8HHI - o,-11e CHIITHI C U.HS8HH, a 

PRC.I. 
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.1tpyrol c 1tonnactopa :mt.RC, 11 3areu.Jo<lpadaTYBa11 awnJ111TY.1tHYI cneKrp c 

ltO./l./l8KIOpa B no.1tXO,llHD1eM "oKHe" cneKTpa C MIIW8HII, COOTBerCTBYlllll8M 

onpe.1teneHHYM norepHM 3Hepr1111 11acr11u B o<l~eMe Me:s,n;y MHmeH&ll 11 ,u;onoJIHH

T8JihHol C8TKOI, MO:IHO ll,ll8HTllql11IlllPOBaTb Hll3K03HepreTH118CK11e aapaxeHHYe 

'UiCTIIIlH C <l./lll3KOI 3Hepr11el, HO pa3.lll!IIHHM 3Ha11eH11eM npOll3Be.1teH11H IIX 

MaCCli ua 3apa.1t, a TaK:18 cymecrBeHHO no.1taBHTb qioH, yny11ml!Th OIHOWeHHe 

3qxpeKTa K q!OHY II ocy111ecTBJIHTb OT<lop 11acr11u no IIX yrny BHJieTa 113 MHm8HH. 

OnHCaJll,I 113rOTOBJ18HHHI .ltBYXCeKIUIOHHWI ,ll8TeKTOP, COCIOHIIIIII 113 .ltBYX 

11.1teHTIIIIH1,1X nJIOCKIIX HK.RC C O<lllll!M KaTO,llOM, II sap11aHil,I peaJIH3alUIII Mero

~IIKH. Bap11aHT C nonHol CX8MOI 113Mep11re./lhHOI annaparypy 003B0./IH8I npo

BO,ltl!Th MHorowepHY8 113MepeHHH II r11<lKY1> o<lpa<loTKy HaKonneHHOI 3KCnep11-

MeHTa./lhHOI IIHq!OpMaUHII C nOMOlllbll 3BM ,ltJIH noJiylleHHH BpeM811HliX II aMnm11Ty,ll

HHX cneKTpOB npH pa3./lllllHYX yCJIOBIIHX OT<lopa llaCTHil. Ynpo111eHHYI aapl!EI.HT 

Il03BOJIH8T npHM8HHTh MeTO.ltllltY np11 IICilOJlh30BaHIIII C~YX npoCTHX II pac

npocTpaHeHHYX <lJIOKOB 3JieKTPOHIIKII (a HMeHHO: <lYcrpu.l IIHTerpaJibHYI 

,llHCKpllU.IIHarop, <lYCTpHI qiopu.11poBaT8./lh npHMoyroJlhHOro CllrHana, Jll!HelHY8 

sopora II aMnJIHTY.ltHHI aHaJIH3aTop), He Tpe<lyH HI! CJIO:IHYX 113M8pHTeJlbHYX 

MO,lyJiel, HK 3BM np11 HaKOnJleHHII II o<lpa<loTKe IIHqlOIJ,tau1111. liMeHHO 3TO 

.lt8.llaer MeTO.JtHKY IlO,llX0.1tH1118111 ,llJIH Tex Meet, r.1te pa<loTallT B 

CltpOMHHX yCJIOBIIHXo 

IlOKa3aHH nepcneKTIIBHOCTb II 3<WleKTIIBHOCTb pa<loTY MeTO,llllKII C 

HCilO.llb30BaHHeM IDUJ.C ,llJIH 11.1teHTl!qll1Ka1lllll II CneKTpOMeTpHII Hll3K03HepreTll-

118CKIIX 38.pHlleHHYX 11acr11u. B K6118CTBe IIJl./lllCTpau1111 Ha p11c.2 (a,<l,B) 

npe,llCTaBJI8H Ii aMMIITY.JlHl,18 C neKrp1,1 C KOJIJieKTOpa mt.n.C I no JiylleHHHe npw 
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P11c. 2. AMnnHTy.ltHYe cne1trp1,1 C KOJIJieKTopa (aHO.Jt) HK.RC, nony11eHHHe 

B pa3HYX OKHax (a,<l,B) cneKrpa C Mllm8HH np11 IICCJie,ltOBaHIIII 

peaKilllll 
36c l ( n) p )36s . CtpeJIKH p II (){ noKa3YB81JT 

nOJIOll8HIIH IlHKOB npoTOHOB (P) II ex. -llacTHil ( 0( ). 
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HCCJle,llOBaHHH p eaKUHH ( n I p ) Ha pa,D;HOaKTHBH OM R,D;pe-MHllleHH 
36cL 

B oCIJlaCTH 3HeprHR HeRTpOHOB En ( 0 ,5 3B c IlOMOlll.bll noJIHoro BapHaHTa 

H3UepHT8JlbHOR annapatypH COOTB8TCTB8HHO: a) B "nOJIHOM OKHe" cneKTpa 

c MHm8HH (T.e. Cl83 OTOopa); 0) B "npoTOHHOM OKHe", KOTopoe OXBaTHBaeT 

xapaKTepHCTHqecKHR MaKCHyYM B cneKTpe C MHmeHH ,D;JIJI npOTOHOB C 3HeprH-

eR I,88 MaB H3 peaKUHH 
36

CL(n,p)
36s; Bf B OKHax CX-qacnu H3 

peaKUHH ( n ,O<) Ha MH&ponpHM8CH H30Tona OB B Betll8CTB8 MHlll8HH 
36cL : 

CBeTJIHe KpyXKH - ,D;OCTaToqao mHpOK08 OKHO, BKJ1llqa11m.ee OTcqeTH OT BC8X 

0( -qacTHU, H83aBHCHMO OT yrna BHJieTa H3 MHDl8HH; qepHH8 TOqKH -

y31toe oltHO 01tono xapaKTepHCTHqecKoR MS.KCHuaJihHoA aunJIHTY.D;H Yma,t Eoc = 

= I,47 M3B, KOTopoe BKJll)qaeT TOJll,KO OTcqeTH OT 0( -qacTHU, BHJl8T8.ll

~x H3 noBepXHOCTHoro CJIOR MHllleHH noqTH no,Jt CKOJlb3ROIHM yr.11ou (9::: 90°). 

BHAHo, qTo yr.110B0R oTClop c noMom.1,11 yaKoro OKHa aunJ1HTy,11;Horo cneKTpa 

C MHM8HH n03BOJIR8T ycTaHOBHTb IlOJIOX8HH8 IlHKa H nonyqHTJ, 3Hepr8THtl8-

CK08 pa3pemeHH8 Kalt H ,D;JIR c.11yqa11 TOHKOR MHm8HH, XOTR H HCilOJlb30Ba-

JlaCb TOJICTaR MHm8Hb. 

Ha ~Hc.3 noKa36HH 6MnJIHTYAHHe cneKTPH aapRxeHHHX qacTHU H3 

peaKUHH LL(n,t) 4He, nonyqeHHJ,18 C nOMOlll.bll ynpom.eHHOro BapH6HT6 B 
p8XHM8 paCloTH 083 OTClopa (a) H C OTClopou (B) COOTB8TCTB8HHO 36 on

H6KOB08 BpeuR H3M8p8HHR. QqeBHAHO, B peSHM8 C OTOopou (B) OTCqeTH 
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PHC .3 • AunJIHTYAHH8 cneKTpH 3apRXE!HHHX qacTHU H3 peaKQHH 
6u.( n , t )4

He, nonyqe11HH e npH Hen on&3oBaHHH ynpom.eHH oro 

BapHaatG B peuue paCloTH Clea oTOopa (a) H c oTOopou qaCTHU 

( B) C OOTB8T CTB8H HO• 

6 

,_] 

'' ', 

11.· 

i/ 
,w, ,,,, 

I 
•i 
'.{1 

), 

'I 

# I ~· 

t 

" ;j', '; 
j

"i 

' 

i 

ex -qacTHU c aHepneR Eoc.::::: (I - 2) MaB nonHocn11 no,11;aBJ1eHH H ipoH 

3HaqxT8JIJ,HO CHH3HJICR, a 3ipip8KTHBHOCTb perHCTpaUHH TpHTOHOB YM8Hb

lBHJl6Cb TOJlhKO B 3 paae... B cnyqae, KOU6 HYXHO no,D;aBHTh OTcqeTH 0( -

qaCTHU C 3H8prHel E0( ~ I ,5 M3B, 3$1)8KTHBHOCTh perHcTpaUHH TpHTOHOB 

(HJIH npOTOHOB) MOSHO noBHCHTb nyteu pacmHpeHHR OKHa cneKTpa C 

MHll811He 

Bonpocy OIIP8.lt8Jl8JOOi 3/1>/l>eKTHBHOCTH perHCTpaUHH C OTOopou 

qac THU YA8J18HO CIOJl&moe BHHMaHHe; npHBe,D;eHH npHOJIH:E HHHe il>oPMY JIH, 

KOTOpHe RBJIRllTCR naJI&3HHMH H YAOCIHHMH AJIR 3KCnepHMeHT6TOpOB npH 

IlJlaHMpo-aHHH 3KCnepHM8HTa H oOpaCIOTK8 3KcnepHM8HTaJlbHOR HHipOPMaltHH. 

I1pe,1tcTaBJ1eHHaR M8TOAHK6 n03BOJIR8T ocym.eCTBJl/lTb H3M8p8HHR noqTM 

B 2 n -reoueTpHH Ha MHIB8HH Clonuoa nnom.a,11;H ( z 500 cu2 a Hamd 

, UKJIC), qTo oooCleHHO BaXHO B HCCJl8,D;OB6HHH peaKUHH C HCilOJlb30B6HHeM 

H81TpOHHHx·ny'lltOB CIOJlblBOro ceqeHHR npH uanoM BHXO,D;e 3apRXe!DIHX 

qacTHU. OHa uoxeT 3aM8HHTb Tpa,ltHUHOHHHR M8TOA TeJleCKOrta (KOTOpHR 

paOotaeT Ha ocHoBe .AE- H E- .1t8T8KTopos) B pR,D;e cnyqaeB, 1tor,11;a 

Tp80fllTCR 00JlblB6R CB8TOCHJ1a, BHCOitaR 3ipip8KTHBHOCTb perHCTpaUHH, H ,B 

ycnoBHRX nnoxoro 3HepreTffq ecKoro pa3pemeHHR. 

~TbRJJ8B6 nOCBRIJleHa 3KcnepHM8HT6JlbHCMY HCCJl8,ll0B6HHll peaKUHH 

( n,p) ;;-Tp;;-pa»t06KTHBHHX iutpax 
7

Be, 36cL H 88 Y c nOMOOlbll 

f63pa00T6HHOR H6MH MeTO,D;HKH. ItpHBe,D;eHH npHHUHill,I BHOopa 11,ltep-MHme

Hel ,D;JIR HCCJl8,Jt0B6HHR p86KUHH ( n,p) Ha M8AJl8HHHX HehpOH6X 0 0nHC6HH 

3KCnepHM8HTH, np8,ll;CT6BJl8Hl,I HX pe3yJlbT6TH H 00cys,11;8HHR. 

HCCJl~OBaHH8 peaKUHH (n,p ) Ha R,D;paX 7Be H 88 y (ll,IJIO BHilOJIH8HO 

Ha Hunyn&CHOM peaKTope KEP-30 B IlH~ OH.HR ( .Ayo111.), a p~a1tnu 
36CL( n, p )36s - Ha CT6UHOH6PHOM p 86KTOP8 BBP-M B mm: AH YCCP 

( KH8B). 

Ana ceqeHHR pea1tUHH 
7
Be(n,p)7L~ npH nepexo,11;ax cocTaBHoro R,D;~a 

8
Be B OCHOBH08 H nepB08 B030yX,Jt8HHOe COCTORHHR OCT6TQqHOfO R)(r Li 

nonyqeHH 3HMeHH8 Op
0 
= (5!,I), 104 

ClapH H OU8HK6 Op
1 
/op

0 
~ IO- • 

Bneps1,1e nonyqeHa 36BHCHMOCTb cneHHR peaKQHH 7Be ( Y), p) OT 3H8prHH 

naJ1.61)111HX HelTpoHOB En snnon ,11;0 0,5 xaB. Ona npe.1tcTasJ1eHa Ha 

pHc,4. B oOJIACTH En ( 140 3B cn8HH8 no,11;qHHReTCR 36KOHY 1/1" , r,11;e 

,,. - cKopocn HeRTpoHoB. B paRoHe En:::: (140-200) 3B s ,11;syx He36BH

CHMl,IJC H3MepeHHRX H60Jlll,1!;6J10Cb OTltJIOHeHH8 ceqeHHR OT 36KOHa 1/,,. • 3TO 

OTKJIOH8HHe MOlEHO HHTepnpeTHpOB8.Tb Kalt yKa3aHH8 Ha B03MOXHOCTb H6JIHtlHR 

Y3Koro p830H6HC6 Ha H8ATpoHax, no-BH,D;HMOMY, C ogCIHTaJlbHHM MOMeHTOM 

L :f; 0 • .lfCCJl~C86HHe pacnB.l{a COCT6BHoro R,D;pa Be CBR36HO C npoCIJle-

uoR H8COXpaH8HHll npOCTpaHC TBeHH oa q eTHO CTH B 11,ltepHOA peaKUHH. IlpH 

3TO.M B6XHHM OCTaeTCR BH!ICH8HHe BOnpoca O TOM, q?O B0JIH3H 3H8prHH 

B03ClyJ;JteHHR COCT6BHoro R,D;pa 
8

Be, paBHOR 3HeprHH CB!l3H HeltpoHa, H8T 

COCTOIIIIHR co cnHHOM H qeTHOCTbll JJf = 2•, KOTOpLle MoryT o0pa30B6TbCR 
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10' En 
3aBHCHMOCTb C8Q8HHH pea~I/IH 7Be (n,p)7LL 6 (6apH) OT 

3HeprHH naJ(allutHX HeltrpoHOB En (3B). To4KH - axcnepHMeHT; 

Cl1JIOWH8.li Jlmi.wl - paC'i8TH8.li Iqll/lBaH cornaCHO 38.KOHY 1/1'" • 

npH 38XBa.Te HlPCM-Mlllfil8HblJ 7Be HelttpOHOB C H8Q8THhIM 3HaQ8HK8M op6KTaJib-

HOro MOM8HTa L • PeayJibl'a.Thl o6cyl(Jl;eHhl COBM8CTHO C KM81lut81CH celqac 

CKy~olt HH!pOJllaUHeR O BhICOKOB036yzl8HH!iX COCTOIDIHIIX COCiaBHOro upa 
8Be B o6JiaCTK 3HeprHH CBll3K HelttpoHa. 

IlpH I/ICCJl8lOBaHIIIIII peaKUHH 36CL (n,p)36$ 6hIJI npKM8H8H ynpoutBHHhllt 

BapHaHT M8TOlKKH C HCilOJib30BaHK8M HKnC. Ha fKC.5 npelCTaBJIBH aMilJIIII

TYlHhllt CilBKTp C KOJIJl8KTOpa HKnC C MHfil8HblJ J Cl Ha KaTOl8• BnepBhl8 

Il0Jlj'Q8HO C8Q8HH8 MHHOlt peaKUKH Ha T8IlJIOBhIX H8ltTpOHax. 3TOT peaynuar 

OTKphIBaer npHHUHnHaJibHO HOBYIJ BO3MOll:HOCTb onp8l8Jl8HHII C IlOMOll(bll 

pea~HK ( n, p) COOTHOmeHHII KOHU8HTpaUKK H30TOilOB 36cL ; 35ct , QTO 

MOl:8T ClHTb HCilOJlb30BaHO B HeKOTOp,i X cnyqa11x lJIII MTHpOBKK o6pa3UOB K 

H30TOnHolt XpOHOJIOrHH. !10JIYQ8HH1,18 peaynuarhl no pea~HH 36ct ( n, p ) 36s 
Ha M8)tJl8HHl,IX HeltrpoHax Moryr 6HTb Il0Jl83lll,I lJIII HCCJl8lOBaHKII npouec

COB /ll8pHhIX npeapaut8HHlt H o6~11CH8HKII K30TOilHoro cocraaa XHMHQ8CKKX 

3JI8M8HTOB B acrpoipH3HQ8CKKX o6~8Ktax, a TaKJ:8 npK paCCMOTp8HKH 

Bonpoca 06 KCTOQHKK8 HehpOHOB lJIII s- K r -npoueccoB HYKJI80CKH

T83a, QTO npeACTaBJill8T HHTepec B lll8PHOlt acrpo<l!H3HKe. 

HccJI~OBaHH8 peaKUHK ( n, p ) Ha pa,ltKOaKTHBHOM 11,1tp8-MKm8HK 88 y 
6HJIO npOB8A8HO anepa1,1e. IlOJij'Q8Ha IlP8lBapHT8JlbHall HH(pOJllaUKII 06 ycpe,1t

H8HHOM C8Q8HKK peaKUKlt C Bl,IJIBTOM npOTOHOB, KOTOpoe, no-BK,ltKMOMY, cna

Clo M8Hll8'ICII B OClJiaCTH. 3H8prKI HelrpOHOB En~ (30-800) sB, 

<6p) ~ J•IQ~ ClapH, a mue 06 ycpe.u;HBHBOM nap8.l.letpe A•p == 
: ~ f p/f ;, {0,2-:-4)-10

2 
38 B 3'IOlt OClJll!.C'IK En • OClcyl(Jl;all'ICII apryweH-

Thl O BO3MOl:HOM YCKJI8HKH KaHBJIOB pacn8,ll;a cocTaBHOro /llpa 89 Y c 
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AlmJIHTY,D;Hhll cneKtp, no.nyqesHWI npK KCCJl8,D;OB8BKK peaKUKH 
36cL <r1.th) p )36s C IlOMOll!bll ynpoutBHHoro BapK8HTa M8TO,JtHKK. 

C:rpeJIKH P H t IlOKa3HBallT IlOJIOl:BHKII IlKltOB npoTOHOB (P) 
HCCJI8.JtY8MOR pea~HH K TPKTOHOB ( t ) K3 peaKUHK (nth' t) 
Ba MHKponpHMeCK H30TOna 6L~ • 

I' 

HCll,YCKaRB8M DpOTOHOB K O B03MODOCTH ,J;BYXCTynenatol pealtllKI (n
1
rp ) 

ea 1,1;pe-MK■8RK 88y • Ilpe.uoaR axcnepHM8BT no OOHapyHBHll ,l;ByXCTy

nenatol peaJtUIIH (n I lf p ) , KOTopa1 npaKTJN8CKII 8118 He KCCJl8,l;OBaRa, 

RO B TO :18 Bp8MI 1101:n CJl)'J:HTJ, O,l;HKM 113 lrlCTOQUOB 31tcnep&8RT8JU,Hol 

KHcf)op111auK11 o ca.110101 WHltllHI MJlrJtKX '1-nepexo.1t0B we:gy 1townayn,1;-

coctoaex11M11 - KRcf>OllfaitlrlH1 ocoCleaao Ba&oA ,1;J111 nposepn HeKotopwx wo

.1te.11el o wexaexswe 1,1;epRwx peaxu1a, a taKKe .JtJ111 npo1e,1;ea111 Oo.11ee pea -

JIIICTJlq8CltllX pacqetoB K aBaJIH3a B03MO 1:H oro BJIIIIIRIII JIA38pHoro H3J\}'1'8RHR 

Ra npote1taBK8 ,u;epewx peaJtU11R. 

ll!!!Q.!!LJIPUCTaBll ll)T CO Ool OC HOBHH8 pesy Jll,TaT Ii BlinOJIH8RROI 

paClotw, KOTopwe BWBOCIITCR Ha 3AIIIHTY: 

I. PaspaClotaHa M8TO,l;lllt8. C HCllOJla30BaHJrl8M HOHH38UHOHROI Kawepw 

C .ltBYMII C8TJtaMH ,D;JIR ll,ll8HTil4'HKa1U1ll II cneK:rpoMetpllH Hll3X03Hepret1r1qecux 

aapRKeHRWX qacTKU C 0JIH3KOA 3Hepr11BR, HO pa3J111qHWM 3111,qeHKBM npOHSBe-

,1;8HU BX Maccw Ra sap1,1;, a Tax:a:e ,l;JIII CY1118CTB8HBOro ll0Nl,BJl8RU cf)oHa. 
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" 

no cpaBHeHHll c TPa.IlHUHOHHhlM Meto.llOM teJiecKona (Ha ocHoBe tiE- H E
.Jlet eKtopoB) npe,llc taBJieHHal! MeTo,IO!Ka 110 :EeT yctynaTI> no pa3pemall111eR 
cnocoOHOCTH, HO saTO BhlHrphlBaer no CB8TOCHJI8 B ,lleCllTKH (HJIH ,llaxe B 
COTHH) pa3 (OJiaro,llapll OOJihWOR nJIOll!a,llH HCnOJlh3Y8MOR MHWeHH), H Bue
CKOJlhKO pa3 BhlHrphlBaet no 3q>4leKTHBHOCTH pencrpaIUut (OJJaro,llapll 2n -
reoMeTpHH H3M8P8HHJI, qro KpaRue TPY.JlHO ,lleJiar& C noMOll!hll Tpa,llHUHOHHOro 
r eJieCKona). 

2. ITp8,llJIOX8111,1 H ocy111eCTBJl8Hhl ,llBa BapHaHta CX8Mhl HCnOJih3ye110R 
H3M8pHr8JihHOR annaparyp1,1 B C048TaHHH C .llBYXC8KUHOHHhlM ,llereKTOpoM, 
COCTOJIDIHM H3 .llBYX H,lleHrH4HhlX nJIOCKHX HOHH3aQHOHHhlX KaMep C .llBYMll 
C8TltaMH, HM8llll!HX o0111HR KaTO,ll. BapHaHT C nOJIHOR CX8MOR no3BOJlll8T npo
BO,llHrh MHOrOM8pHYe H3M8p8HHJI H rHOKYll oOpaOorKy HaKonJieHHOR 3KCnepH
M~HTaJihHOR H~Op,taUHH c nOMOll!hll 3BM ,llJlll noJiyqeHHl! pa3HhlX aMnJIHry,llHYX 
H Bpe11eHHwx cneKTpoB npH paJJIH4HYX ycJioBHllX orOopa qactHU. Ynpo111euuwR 
BapHauT n03BOJlll8T npHM8HJITh M8TO,llHKy ,llJlll OTOopa 36pll:rceHHYX qacrHU 

npH HCnOJih30BaHHH pacnpoctpaHll!HhlX OJIOKOB 3JieKrpoHHKH, He rpeOy11 
HH CJIOXHYX H3M8pHTeJihHYX MO.JlYll8R BO epe1111 HaKOnJI8HHll HH4)0pMaUHH, 

HH 3BM ,llJlll ee oOpaOoTKH. 

3. Bnepewe noJiy4eHa aHeprerH11ecKall 36BHCHMocn ce4eHHll peaKUHH 
7Be ( n, p ) 7u. B oOJJaCTH 3HeprHA ueRrpoHOB En BnJIOTh .JlO O ,5 K3B. 
IlpH En < 140 aB ceqeuHe no,ll4HHll8TCll 3aKOHY 1/1" (r.Jle v- - CKopoca 
HeRrpouoe). B oOJJaCTH En~ ( 140-200) aB noJiyqeuo yKa3aHH8 Ha OTKJIO
H8HH8 ceqeHHll or 3aKOHa ~/1'" 1 Koropoe, B8p0l!THO, lllXHO HHTepnpeTH
poeath KaK uaJIH4He y3Koro peaoHaHca ua HeRrpouax c OTJIH4HhlM or HYJlll 

opOHraJihHYM MOM8HTOM. 

4. Bnepe1i1e H3MepeHo renJioeoe ceqeuHe peaKUHH 36ct ( n, p )36s 
6'p = (0,4:,0,l) 6apH. 3ror peayJI&rar orKp1i1sa8T npHHUHnHaJI&Ho HOBYll 
B03MOXHOCTh onp8,ll8Jl8H Hl! C noMOll!hll peaKUHH ( n I P ) COOTHomeHHll 
KOHU8H'tpaUHH H30TOOOB 36ct ; 35cl , 4TO MOxer own HCnOJih30BaHO B 
H8Koropwx CJIY'lallX ,llJIII ,llan1poBKH o0pa3UOB H H30TOnHoR xpoHOJIOrHH •· 

5. IloJI848Hhl OU8HKH ycpe,llH8HHoro no p830116HC6M C848HHl! peaQHH 
88y ( n,p )8 Sr , cJiaOo 11eHllllD18rocJ1 B oOnacTH aneprHR HeRrponos 
Enz (30-800) 3B. 

6. OOcy:r,aetCl! B03MOXHOCT1> peaKUHH ( n ,t p ) Ha 11,llp8-MH1118HH 
8B Y • Ilp8,llJI0:&8H 3KCnepHM8HT no OOHapy:&eHHll 3roR .llBYXCTynen11aroR 
peaKUHH, xoropaR M0:&8T CJIYXHTh O,llHIIK H3 HCr04HHKOB HeOorarol noKa 
axcnepoentllflhHOR Hll4>op11aUHH o CHJIOBoR WHKUHH MHrKHX l -nepexoioe 
M8:Qy KOMnayu,ll-COCTOJIHHJIMH. 
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