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I. BBEJW}UIE. OB!IlAfl XAPAIITEF'l1CI'HKA PABOfli. 

,11,nn pememm _MHormc 1pyH,1taMeHT8JlbHbllC H npaKTHqecKHJC aa,naq HC

noJibayeTC.11 B38J!MO,IlenCTBH6 ITOTOKOB HyKnOHOB C B61J16CTBOM. 

Ilpn 3TOM. npe,IlCTaBJineT HHTepec H0 TOJibKO nonyqeHHe npaKTH

qecKll aWKHoro onpe.neneHHoro pesyJibTaTa o6nyqemm, HO 11 usyqettHe 

~3l!Kll B38J!MO,Il0ncTBHfi qaCTllll C aemecTBOM. 

I3 JJ,It6pHon 3HepreTHK0, pa,iut~HOHHOM MaTepHMOB6,Il0HllH, pa,IUta

llHOHmtlC xHMnqecKHX TeJCHOJiorulllC, pa,IUfo6110Jioruit 11 T.,n. JJJ!ll Toro, 

qTo6u ITJiaHllpoaaTb u- noJiyqaTb Heo6xo,I1MM1,In pesyJibTaT 06Jiyqe1mn, 

H8,llO 3HaTb crieKTp qacTHll·, 06Jiytrnro111mc ucCJie.nyewe MaTepH8Jlll, ce

qeHue B38J!MO,Il0ncTBHfi HX C JJ,ItpOM, 3qxp8KT, -npouano,nm.run B B01!10CTB0 

npo.nyKT8Mll peaKll11n. 

Ha6Jiro,IlaeMM n sKcnepHMeHTe · neJiuqHHa <J. (X) nBJineTcJt HHTer

pMbHon, onpe.neJineTcn xapaKTep11cTUK8MH noToKa na,n8l{)IJ1UJC upoll(,Il.eH

HbllC qacTHll U lllC B3aHMO,ItencTBHSlMH B H6KOTOpOM ,ItHanasoHe 3Hepr11n . 
o<fD= jff/J/Ea}G;(Ea.,E6)G{E,·,x_)dfa._dEt, (I) 

3.nech IP(£.) - ;;eKTp na,nruo111mc qacTHI.l c sttepruen Ea.; G',c(Ea.,Ei) -

_ceqettue JJ,ItepHolt peaKlllfH, B KOTOP(!lt npu B3aHMO,IleltcTBHH qaCTlfllll C 

3Hepr11en Ea C JJ,ItpOM I< ' o6pa.ayeTCfi qaCTHlla C 3Hepr11en E1,; . 

G(~1xf- 4JYl{Klllfll OTKJIHKa CHC'l.'0Mll 1 KOTOpM npH nona,naHUH B Hee 

qacTHI.lll C 3Heppuen E 6. C aepOllTHOCTblO 6 npllBO,ItHT K pesyJibTaTy X. 

,11,nn TOI'O' qT00ll onpe,IleJIHTb Cl( (x) ' Heo6xO,IlHMO 3HaTb neJIHttHl-11,1, 
. ' ' . 

nxo,IUimue n npaayro qacTb ypaBHeHu.11 (I). oTo CJIOlKHM u He acer.na 

O,IlH03Haqtto pemaeMaa sa,naqa. 

B ,IJ.lfCCepT~H pa3DHT HHTel"pa.JibHUlt no.nxo.n K noJiyqeHlllO HCKOMlllC 

BeJIHqHH. 0H COCTOHT B TOM, qTO JJJlll HBXOll!,Il;eHll.11, HanpHMep, ceqem1.11 

peaKI.lllH G,; CEa.,Eh) usMepmoT HHTerpanbHue BeJIHqHHU o< (~) npH us

necTHOM cneKTpe q~CTIU( lf_j (Ea.)• IlpODO,IUI 3TH H3MepeHH.ll 11)1.11 MHO-
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llt8CTBa JIHHefuio He3aBHCl1M!,DC , ~ (Ea) noJiyqaeM CHCT8MY HHTerpaJibHblX 

ypaB!ieHH!t, KOTopa.st pemaeTcn oTHOCH'l'eJibHO 6; (E12,EE,). B qeTBepTolt 

I'JiaBe ll0Ka38.Hll B03MOlKHOCTH TaKOI'O nO,IOCO,Ila. IlOJiytl8Hlllie TaKIIM o6-

p8.30M cetieHHfl. MOryT H8 OTpSl!taTb H8ROTOpUX: ocoCSeHHOCTelt B saBHCH

MOCTH oetteHHlt OT 3H8pI'Hll HaJI8T8lO(nelt qacTHqll Ea., O,IlHaRO npH H·c

llOJib30BaHHll C8tl8HHlt ,IlJIH nJiaHllpOBaHHfi HHT8I'paJibHblX_ 3RcnepHM8HTOB 

B 3TOM.H8T H806XO,IlllMOCTH, a TO oCSCTOfiTeJlbCTBO, qTO C8tl8HHH noJiy

qem,i T8.!(l!t8 B HHT8I'paJibHblX 3KcnepHM8HT8X, YBeJIHtIHBae~ HX H8,It8llt

HOCTb. 

B CBH3H C pa3BHTll8M sr,nepHOlt 3HepreTIIRH ocodyio B8JKHOCTb . 

np11odpeJIII MeTO,llll KOHTpOJifi pa,ull~IIOHHOlt HarpysKH-Ha Kopnyc ll p;py

I'H8 3JI8M8HTU KOHCTpyK~H peaRTOpa II 113M~peHllfi cneKTpOB 6UCTp!,llC 

HeltTpOHOB B.aKTIIBHOlt.30He. Ha OCHOBe HHT8I'paJibHOI'O llO,IOCO,Ila paa

BHT MeTO,It MHOI'OKOM110H8HTHbllC aKTIIB~OHHblX ,tteTeKTOpOB ,IlJifl. 113Me

peHHH cneKTpOB 6UCTpbllC H8ltTpOHOB B 8.ltTHBHOll 30H8 peaKTOpOB.11 

OKOJIOKOpnyCHOM npocTpaHCTBe. 

PemeHHe o6paTHO!t sa,uatIH (I) .TpedyeT BUCOKO!t TO'tlHOCTII H3Me

peHHlt ll HCllOJib30B8HHfi MaRCmiyMa HHqJOpM~II ·06 HHT8I'paJibHLIX B8Jlll

tlIDl8X o( (x) • Ta.Kyio HHqJOpMa.qHIO H8C8T cneRTp I'BMMa-H3Jiytl8HHfi~ con., 

poBOlK,It8lOtllHlt B3aHMO,IleltcTBHe na,uruomero noToKa HyKJIOHOB c H,JWBMH. 

PaaaHTHe conpeMeuuux: MeTO,IlOB ,u.eTeKTHponai-lHn raMMa-HanyqeHllfi 11 

B03MOlKHOCTb 11cnOJib30B8HHfi BUttllCJIHTeJlbHOlt TexHIIKH C03,ItaJIH npe,IlllO-. 

CblJIKY ,IlJifi paapadoTKH npeqH3HOHHbllC, anTOMaTH3Hp0B8HHhlX M8TO,U.OB 

onpe,IleJl8HHfi adcOJIIOTHO!t aRTHBHOCTH odoeMHWC o6p8.340B no H3Mepne

MUM cneKTpaM ra.MMa-HaJiyqeHl!fl. 8Ta aa,uaqa, HM8lO(nM qeHHOCTb ,IlJifi 

sr,nepHO~H3~tl8CKl1X M8TO,IlOB aHaJill3a: neuiecTBa, sr,nepHO!t cneKTpOCKO

n1111, p8,It1103KOJIOI'llll, TaRllte pemeHa B HaCTOflmelt padoTe. 

~,IlaM8HTaJlb!fillt II npaKT11qeCKH!t HHTepec npe,IlCTaBJifi!OT IIHT8I'

paJibHbl8 3KCnepHMeHTI,I, CBfl38HHhl8 C B3aHMO,UencTBH8M ITOTOKOB aapn-
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llt8HHWC tlaCTllq C TB8p,IU,IM TeJIOM. 8TO CBfi3aHO C pemeHHeM TaKHX 

npaRTlltl8CKH B8lltH!,IX BOITpOCOB, KaR JI8I'llpOB8Hlle, MHKp03JI8MeHTHhllt 

8HaJIH3, IICCJI8,IlOB8Hll8 noaepXHOCTelt ij T.n., a TBlO!te ll3ytl8HH8 BJIH

fiHHfi xaprutTepllCTIIK TBep,ItOI'O TeJia Ha sr,nepHble peaR~H. IlpHMepoM 

TaROI'O BJIHfiHHfi MOllteT dUTb 3ip:p€KT TeHelt II KaHaJIHpOBaHHfi sapflllteH

HblX qaCTHq, KOI',Ita CTpyKTypa KpHCTBJIJia BJillfi8T Ha paccefiHH8 qac

T_Hq B Jtp;pax. B HacTonmelt pa60T8 npll llCCJI8,IlOBaHlm peaK~ll p8,Itlla

qHOHHOI'O 38.JCBaTa JieI'KHMH fifJJ)aMH Bnepaue ua6JIIO,[laJIOCb fiBJI8HH8 8HO

MaJibHOI'O p8,Itll~OHHOI'O saxnaTa. Otto COCTOIIT B TOM, tlTO cneKTp 

rru.wa-HsJiyqeu1111, CBfi3aHHUlt C P8,Itll~llOHHblM 38XBaTOM npoTOHOB sr.n~ 
pBMH yrnepo,1ta B TOJICTO!t yrnepo,ItHon Mllill8HH, He paneu cyi,iMe cneKT

pon raMMa-11snyqeu1111 HS TOHKIDC yrnepo,ItHUX MHmeHelt TO!t 11te CyMMapuolt 

TOJI(nl!HU ' • TaKOI'O po,1ta IIHTerpaJibHU8 3KCnepHM8HTU yKMUBBlOT Ha 

saB.HCIIMOCTb M8XaHll3Ma B3aHMO,IleltcTBllfi npoTOHa C H,JWOM OT ero B3a

HMO,Il8ltCTBllfi C aTOMHblMII 3JI8KTp0HaMll. 

YpaBueuHe (I) npe,Illlonaraer, tlTO qx:>pMHPOBaHHe .cneKTpa qacr11q 

II .me B3aHMO,Il8ltCTBHe C fl,IW8MH fiBJIH!OTCfi H83aBHCHMblMH npoqeccaMH. 

0,IlHaKO O,ItHIIM H3 OCHOBHUX: pesyJihTaTOB ,ItHcoepT~H fiBJIH8TCfi TO, tlTO 

TaKOe YTBep)K,lleHHe H8 BC8I',Ita cnpane,ItJIHBO. ECJIH cneKTp npOTOHOB 

qiopMHpy~TCfi B 11 TOJICTOlt" yrJiepoµ,1-rnlt Mllm8HH sa Ctl8T B3aHMO,IteltcTBl!fi 

C 3JieKTpOHaMH ll O,IlHOBp8M8HHO npoTOHU MOryT BCTynaTb B sr,nepHyIO pe

aKqHIO C fifJJ)aMH·MHIUeHH, TO ceqeHHe peaKqHH dy,neT OTJIH'tlHO OT H3Me., 

peHHOI'O Ha TOHKHX MHill~HflX, tlTO 3RCnepHM8HT8JibHO nOKa3aHO B padoTe. 

AHaJIOI'lltlHhle oco68Hl!OCTH IDITeI'paJibHhllC 3KcnepHM8HTOB npoflBJIJl

JOTCfi B sr,nepHOM TOpM03HOM H3JIYtl8HHll. Ero cneKTp 011pe,1teJUieTCfi He 

TOJibKO aMnJIIITY,ItO!t B3aHMO,IleltcTBHfi HyKJIOHa C fifJJ)OM npll HattaJibHOlt ll 

KOH8'tlHO!t ~HepI'HfiX HYKJIOHa, HOH B3aHMO,neltCTBHeM HyKJioHa C 3JI8KTpo

MaI'HHTHblM. nOJieM. B peayJihTaTe. a;nepHM 8MilJIHTy,1ta TaKllte OKa31:rnaeT

Cfi BHB MaCCOBO!t ·nonepxHOCTH H TOpM03HO!t cneKTP.,HeCeT ymtKMbHyJO 
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HHqx>pM8.QHJO o ,nattru.nme SJ,ItepHblX pea.Krµi8. 

B pa6oTe npHB8,Ii8Hbl peay~bTaTli!'3KCnepttMeHTOB, B KOTOpbllC 

Bnepaue o6HapyiiteHa ill!TepcpepeHIµtll B ~OpM03HOM cneKTp8.H3 peaKIµIH 
12c(p],p•)12c, 8HaJ.IH3HpyeTC11 CB113b TOpM03HOro H3J!Yll8Hl111 Cape

MeHeM npoTeKBUHII SJ,ItepHbllC pe~n. 

lleJib pa6om. PaaBHTne HHTerpBJibHoro no.nxoAa K Hayqeum:i 

B38.HMO,[ie8cTBH11 HyKJIOHOB C aemecTBOM; paapa60TKa_HHTerpMbllhIX Me

TO,[iOB H3MepeHH11 cneKTpOB HYKJIOHOB H ceqem1n R,!t8pHhllC pe~Hn; H3-

MepeHHe cneKTpOB 6ucTpbllC He8TpOHOB B 8KTHBH08 30He H OKOJIOKOp

nycHOM npocTpaucTae SJ,ItepHWC peaKTopoa, ll3Mepem1e cette1111n JJ,ne.PHbDC 

peaK4l!8 B HHTerpaJibHbllC 3Kcnepl!M8HTax; HCCJle,[iOBBUl!e 8HOM8JibHOro 

pa,rut~OHHOro 38XBaTa npOTOHOB B TOJlCTbllC Ml!llleHmc, H3MepeHl!e C 

noMombD SJ,Itep11on peaK4llll 3Heprllll npoTOHOB B aemecTBe, HCCJI8,IiOBBUHe 

SJ,Itep11oro TOpM03HOro_ l!3Jiytl0Hll11._ 

· ~8JlbD pa6om 6UJIO TaIOKe pa3Bl!Tl!e M0TO,IiOB nperµt3l!OHH08.cneKT

poMeTplll1 I'aMMa-l!3Jlyti8Hl!11 06'beMHbllC 06paa40B, C03,[iBHl!e cneKTpOMeT

pHt1eCKIOC·ycTauOBOK, CB1138HlibllC B T.l!Hl!ID C Ml!HH3BM, pa3Bl!Tl!e MeTO

,IiOB pemeHllll 06paT11on 38,Itatlli npllMeHl!TeJibHO K,npo6JieMBM SJ,Itep11on 

qlll3HKll. 

HOBll3Ha, 11aytrna11·ll npaKTl!qecKM ueHHOCTb pa60TU. B ,[il!CcepTa

Iµlll noKasaua B03MOlKHOCTb 3qq>eKTHBHoro l!CilOJlb30B8Hll11 ill!TerpaJibHOro 
• '• I 

no,nx:O,Iia K l!3Ytf8HHID B3akMO,Ii8ACTBll11 HyKJIOHOB C BemecTBOM, 0611apyitte~ 

1ru HOBUe oco6eHHOCTll 3TOro B3al!MO,Iie8CTBH11. 

B AffCCepT~l! npoBe,[ieH cpaBHl!TeJibHUii 8HaJlll3 M8TO,IiOB pellleHl!II 

ypamiemm ~pe,[irOJibMa I-ro !)O,[ia npl1M8111!1TeJibHO K 38,ItattaM BOCCT8HOB

JICHl111 -Cil8ltTpOB HeltTpOHOB H C8tl8Hl!l8 peaKrµtlt. Paapa60T8H HOBufi Me

TO,Ii, OCHOBBHHUR Ha npe,llCTaBJieHl!ll!I cetieHHII 11 cneKTpa HeiiTpOHOB B 

Bll,Ii8 cnnaRHOB. MeTO,IiaMH CTaTHCTH-iteCitol'O MO,[ieJIHpOBaHH.fl ilpOB8,Ii8H 

aHBJIH3 BJIHHHHst anpnop11on HHqx>pM8l.\HH l! MeTo,na pewemm Ha nonyqae-
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we pememm. JloKasauo HBJIHt1ne :rnepreTH-itecKo8 cTpyKTypu .norpem- . 

HOCTeR HaA,IieHHbllC peme11un ll ee aaBl!CHMOCTb OT anpHopuon l!Hqx>pMa-

4Hl!. Co3,ll8H naKeT nporpBMM, peaJIH3yDmHR noCJie,[iOBaTeJibHOe npl!Me-

118Hll8 HTep~OHH08 npo4e,nypu H MeTO,[ia JIHHeapl!3~ll ll yTOtlH811ll.fl 

peme11H11 MHHltMlls~en x'. 
Paspa60TaHU np8rµt3l!OHHU8 M8TO,llU cneKTpOMeTpl!H I'BMMa-Kaa.u

TOB, ll3JiyqaeMWC o6'beMHUMH 06pas4aMH. B paMKax paaauToro noJiysM-. 
nllpl!qecKOl'O no,nxo,{ia KoppeKTHO yqTeHbl 3qq>eKTU KOHeqnon reoMeTpl!H 

ll CBMOil01'JIOmeHl!8 l'BMMa-l!3Jiyqeul!11 B 06pas4e. YttTeHbl 3!ppeKTU Kac

KB,11.HOI'O CyMMllpOBaHHSl l'a.MMa-l!3JiyqeHl!11, paspa60T8Ha opl!l'l!HaJlbHM 

MeTOAffKa yqeTa 3~KTOB CJ'Iytia8Horo HaJIO*eHllll l!MnyJlbCOB. C03,llaH 

naKeT nporpBMM )J)J.11 o6pa6oTKl! l'BMMa-cneKTpOB MHOI'OKOMIIOH8HTHHJC' 

8KTl!B84l!OHHbllC ,Ii8T8KTOpOB. Paapa6oTaua M8TOAffKa MHOl'OKOMIIOHeHTHhllC 

aKTl!B~OHHbllC ,ll8T8KTOPOB )J)J.11 l!3MepeHH11 cneKTpOB 6UCTpwc H88Tpo

HOB B AffMa30He l!HTeHCl!BHOCT88 108+1011 H/c,/-. HaMepeHbl cneKTpU 
. . 

He8Tp0HOB B 8KTl!BH08 30He ll ua BUB8,Ii8HHUX nytiKBX peaKTopoa. 

B ,Iil!CCepT~ll npe)J)J.OlKeH, pa3BHT ll.l!CI10Jlb3013aH M8TO,ll ll3Mepe

Hl!11 C8tl8Hlllt peaKrµtR, OCHOBaHHUlt Ha pemeHmt Cl!CTeMU l!HTel'paJibHbllC 

ypaBHeHl!lt. MeTO,llaMll CTaTl!CTl!qeCKOl'O MO,ll8JIHPOB8HH.fl Ilp0B8,Ii8H aua

Jll!3 B03MOlKHOCTelt npe)J)I0*8HHOrO M8TO,na npHMeHl!TeJibHO K 1!13Mepelil00 

ceqeH1!18 SJ,ItepHbllC peaKIµt8 C ue8TpOHBMll, no peayJibTaTBM ll3M8p8Hl!R B 

cqiopMllpOBaHHbtX cneKTpax 6ucTpUX H8'1TpOHOB, HcnOJib3Y11 paspa6oTau~ 

HUA no,nxo,n ll peayJibTa~u l!HT8l'PaJ.lbHbllC l!3Mepe1rnn B H3B8CTm.bc cneK

Tpax He8Tpo110B Bnepaue noeyqe11u, B peayJibTaTe pemeHl!II o6paTuon, 

3a,rtaqH, cetteirna peaK4Hlt 58,;t'(n,p)58eo, 27Al(n,p) 27Mg, KOTopue 

HaHJIYtlilll!M (no Kpl!T8pl!IO :x '> o6paaoM COI'JiacyJOTCII C l!HTeI'paJibHUMI{ 

ll3MepeHU11Mll B CT8H,[iapTHWC noJIRX, 

B AffCCepT841!1ll paapa6oTaua RHTerpaJibHM MeTOAffKa ucnoJib30Ba

Hll11 11 TOJICTbllC 11 MllllleHel\ l! l!3ytteHbl qiyHK41il!I B036YJK,n0Hlfll (p,1) peaK

QUH Ha 11,IJJlSX 12c, 160' 24tA9, 28S i. BnepBble Ha6JIIo~e!iO SJBJI01!H8 
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8.HOMaJlbHOrO pa,IUi~OHHOr0·3axBaTa npoTOHOB JJerKHMH .ff,Iql8Mlf B 

TOJICTblX Mlflll8HRX. 3To siBJieHHe lfCCJie,llOBaHO ,nHSI Pa,I1.l!!ll.\HOHHOrO 38.lC

BaTa IlpOTOHOB B pe30H8HCe 3512 K3B .lt,Iqla I3A/ C nepexO,llOM Ha oc:.. 

HOBH08 If B036Yl!(,!l.e.HH08 COCTOSIHlfe 2366 K3B, a TaIOKe ,nHfi pe30HaHCa 

3107 K3B .ff,Iqla 17r C nepexo,noM Ha B036yJ!(,!l.eHHOe COCTOSIHl!e 495, K3B. 

HsyqeHa 3aBlfCUMOCTb aHOMaJlbHOro 3WCBaTa OT TOJ!tlllfHbl MmlleHlf. 

IloKaaatto, ~o Ha6mo,nae1Aoe SIBJieHue CBSI3atto c HeuasecTHblMH 

pattee oco6eHHoCTSIMif noTepb attepruu qacTl1ll B BemecTBe. B 3Tmc 

3KCnepuMeHT8X SI,ItepHaSI peaK4USI BnepBhle UCilOJ!b30Batta·,nHSI U3MepeHun 

3Heprun IlpOTOHa, ,I\BIDKytllerocSI B Ml:filleHU. 

B ,nuccepT!ll.\lfll lf3yqaJIUCb 3ipp8KThl BHe MaCCOBOl1 noBepxHOCTU 

npOSIBJISIIOllllf8CSI B SI,It8pHOM TOpM03HOM ll3JJyqeHUlf. BnepBhle Ha6JJID,ll8JlaCb 

UHTepcpepeH4HSt ll CM8tll8Hlf8 MaKCI!MYMa B TOpM03HOM cneKTpe raMMa-113-

JJyqeHUSI 113 peaKquu 12c(pJ,p•)12c B6JJU3ll pe30HaHCa 2366 K3B .ff,Iqla 

13,.;. B1moHHeH 8.H8Jlll3 noJJyqeHHhlX TeopeTuqecimx If 3KCnepUM8HT8JlbHblX 

peayJJbTaTOB UCCJie,nOBaHUtt TOPM03HOro U3JJyqeHUSI. !IOKMaHO, ~o 113 

3TUX ,llaHHb!X MOlKeT 6hlTb lf3BJieqeHa 'uHcpopM!ll.\USI O BpeMeHax SI,ItepHmc 

peaKqutt. IloKMaHbl orpattutteHHble B03MOlKHOCTU,UCnOJJb30B8.Hll.f.l ,nHSI 

3Tux qMen npu6JJlflK8HlfSI ~em6axa-EHHu. 

Anpo6auuSI pa60Tbl ll ny6JJUK8Ulfll. PesyJJbT8Thl pa60Thl ,ItOKJ!a,nHBa

JIUCb Ha 26, 27, 30, 31, 32, 33, 34, 36 CoBemattumc no SI,ItepHOfi 

Cil8KTpOCKOnllll 'u CTpyKType 8TOMHOrO H,Iql8, H8. 5-fi (KlfeB, 1980) H ' 

6-n, (KueB, 1983) BceCOID3HblX IWHcpepeHqttstX no Hel1Tpo1mon qJU3UKe, 

Ha KoMuTeTe no HU3KUM 011epruSIM 061,e,mme1moro IDICTUTyTa SI,J:tepHb!X 

lfCCJI8,llOBaHllfi (1978). ceM1mapax B HA3 UM.H.B.KypqaTosa, Olliill, Kf'Y' 

~HAH CCCP. MI'Y' wm AH YCCP. 

Ilpe,ncTaBJieHHhle B ,nuccepT!ll.\lfll pesyJJbTaThl ony6JJUKOB8.Hhl B 40 

neqaTHblX pa6oTax B COID3HblX ll 3apy6eJKHblX lf3,It8.HlfRX. 

06MM If CTpVKTypa ,nnccepT8Ulllf. Co,neplKaHlfe ,nuccepT!ll.\lllf lf3JIO-
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~etto B 7 rJJaBax, rJJaBa I - BBe,nenue, rJJaBa 7:.. saKJJrottenue, B 

2 ~ 6 rJJaBax npe,ncTaBJieH ocnostton MaTepuaJJ. 06tlllll1 061>eM ,nuccep

Taquu 257 CTpanuq, ·ua nmc 52c pucyttKBMll. 

2. KPATKOE CQII.EPJKAIDiE ,IJ,lICCEPI'AUIDi 

B nepson rJJase (Bse,nettuu) onpe,nMeHa npo6JJeMa, pemeHuro Ko

Topon IlOCBSitlleHa ,lllfCC8pTaquSI. IloKaaatta ee aKTYaJlbHOCTb, CBSI3b C 

A!)yrUMH paa,nMru.m HayKu. )\BHa o6maSI xapa.KTepUCTUKa MeTO,llOB uc

CJI8,ItOBBHlffi, npuse,neHU oCHOBHhle peayJJbTaTu, noKaaaua HayqttaSI u 

npa.KTUtt8CKM 48HHOCTb, HOBU3Ha pa60Thl. CcpopMyJJlfpOBaHll OCHOBHbl8 

noJJOlK8HUSI, KOTOpue Bl1HOCSITCSI Ha 381DJ,!TY, onucaHa CTpyKTypa ,nuc

cepTaquu. 

Bo BTOpon rJJaae lfCCJie,noaaHU ll pMBUThl M8TO,nhl peweHUSI o6paT

HOA 38,Ilattlf ,nHSI 8HaJJU3apeayJJbTaTOB UHTerpMbHblX 3KCnepl!M8HTOB. 

!IO,!\ lfHTerpMbHhlMlf IlOHUM810TCSt 3KCnepUMeHThl, pesyJJbTaT KOTopux on

pe,nMSI8TCSI xapaKT8plfCTUK8Mlf noTOKa Il8,Il8lOtlllfX qaCTU4 If ceqeHlffi HlC 

B3aHMO,I\8ACTBlfSI C SI,I\paMlf B mupoKOM ,lllfanMOHe 3Heprun. 3TOT pe

ayJJbTaT MOlK8T 6UTb Bb!p8ll(8H B8JlllttlfHOfi c(~(x), KOTOpM MO~eT 6UTb 

KaK CKaJJSipHOit, TaK If B8KTOpHOit /PyHKquen., 
00 -

cx"(x)= /dEa/dE4 'l(Ea.}fi,,J£,.__,E1,}G(E4,x)E4 d£1, , K=l,n (2) 
", 0 ' 

(DyHK41fSI"¥'(Ea,) onpe,nMSI8T H81f3B8CTHYJO cneKTpMbHYJO nJJOTHOCTb no-

TOKa B3aHMo,ne8cTBYJOlllllX ttaCTlf4 c 3HeprHSIMU Ea; (i',, (Ec.,Ei) - lf3-

B8CTHOe cetteHue B3ruIMO,nettcTBlfSI ttaCTlf4U C 3Hepruen Ea, B peayJJb

TaTe KOToporo o6paayeTcSI ttacTuqa o c 3Hepruen E6; G.(E1,,x) -

ipyHKqlfSI OTKJ!lfKa ,neTeKTupyromen CllCTew, KQTOpaSI nplf Il0Il8,Il8.Hlflf B 

Hee tlaCTH~ C :mepruen E /, C BepOSITIIOCTbID {j IlplfB8,I\8T R peayJibTa

TYX. 3To ypaBHeHIIe M01!(8T 6UTb pellleHo OTHOCUTMbllO If (E~). MolltHO 

o6paTHTb 3TY aa,n~qy H nonyttl!Tb UHTerpMbHy10 BMl-lttHHY °'i (x) 

ol,;(x) =fa.Ea.jct£,, 'f/Eci)u/Eo,Es)6(E&,X) , i=l,m (3) 
o ·o 
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3,IteCb lf3BeCTHbl ~(Ea_), HO HeHaneCTHO ce1teHH8 V (Ea,Et,), KOTO

poe MOlKeT Ob!Tb Hrul,neHO 113 ypanHeHHH. 

B MaTeMaTH1teCKOM OTHomeHHH 3TO,HeKoppeKTHM aa,naqa, noc

KOJibKY oHa HMeeT MHOlK0CTBO pemeHHtt npH O,llHlOC uaqaJibHWC yCJIOBHRX. 

E,lmHCTBeHHoe peme1-me MOlK0T, Ob!Tb Hrul,neHo, eCJIH l:!CilOJib30BaT/anp1:1-

opHyIO HHtpOpM8.4J:!IO. 8Ta HHtpOpMBlµ!H OCHOBblBaeTCH Ha xapaKT0pHCTl:!K8X 

peme_Hl:!it, H3B0CTHHX H3 He3aBl:!CID.!bDC :mcnepliMeHTOB HJIH onpe,IteJIHeMbtlC 

ip1:13HKOR npoQeccon tpapMHponamm cneKTpa qacT~, ce1teHHR peax~n. 

Ilpo6JieMa HeO,llH03Ha1IHOCTH pemeHHH ycyry6JIH0TCH TeM, 1ITO o<~(x) H 

G'-'< (Ea,E6) B (2) (HJIH ~ (Ea) B (3)) onpe,1.teJIHIOTCH sKcnepHMeH

TaJibHO H H3B0CTHbl C HeKOTOpblMH_norpeWHOCT.IIMH. 8To_npHBO,llHT K ,llO

noJIHHTeJibHOMy Bh!pOlK,ll0HHIO ypanHeHHH, 1IT~ e111e OoJiee nonumaeT poJib 

anpHOpHOR HH(pOpMBlµ!H 11 TeM CllMblM ,1.teJiaeT pemeHHe ypaBHeHHR (2) H 

(3) _B OCHOBHOM ~H3H1I0CKOR 3a,naqett. 

. · Cy111ecTnyeT el!le O,ItHa, qiyH,U.aM0HTaJibHM npoOJieMa, KOTOpast on

pe,1.teJIHeT B0,ItymyIO poJib !pl!3H1I0CKOtt nocTaHOBKH 3a,na1IH. YpanHeHHH 

(2) u (3) npe,llllOJiaI'aIOT, 1ITO tp0pMapoBaHHe _cneKTpa qaCT~ 1:1 HX 

B3aHMO,ItettCTBH0 C .ff,lq)aMH HBJIHIOTCH He3aBHCmiw.m npo~8CC8MH. 0,ItHaKO 

O,llHMM H3 OCHOBHblX pesyJibTaTOB ,llHCC0PT8l.11iM HBJI!J0TCH TO, qT(j TaK08 

yTneplK,lleHH8 cnpaBe,ItJil:!BO He ncer,1.ta. ECJIH cneKTP npoTOHOB tpapMl:!PY~ 

0TCH B TOJICTOtt yrJiepo,ItHOR MHW0HH 3a cqeT B38.llMO~encTBHH C 3JI0KT-
'• 

pOHaMH H O,llHOBpeMeHHO npoTOHh! MOI'YT BCTynaTb B H,ItepHyIO pe~IO C 

H,llpaMH MHW8HH, TO ceqeHHe pea.KQl:!H 6y,1.teT OTJIH1IHO OT H3MepeHHOI'O 

Ha TOHKHX MHWeHmc, 1ITO H nOKa.3aJIH peayJibTaTbl HHT~rpaJibHWC 3KCne

pHM8HTOB. Ta.KHM o6pa.30M, tpa,PMYJIHPOBKa sa,na1IH (2) H (3) onpe,IteJIH

eTCSI anpHOpHOtl MHtpOpM81.1H8il O ~3HK0 npOQ0CCa. 

l1HtpapM81.1HH 06 HCl{OMOM cneKTpe HeitTpOHOB B ypaBH8HHH (2) MO

~eT 3aKJI8,IIJ,lBaTbCH B MeTO,ll pemeHHH. B HaCTomnee npeMH HaHOOJiee 

WHpOKO HCilO~b3yIOTCH M8TO,llU, B KOTOpb!X pemeHH8 ypanHeHHH (2) HlllYT 

- 8 -

uTepai.µ!OHHblM MeTo,nou. 8To nporpaMMU THna CRYSTAL-BAIL, ITER, 

SANJ-Il H .llP• 06!ll}IM HlC H8,llOCTaTKOM HBJIHeTCH OTCYTCTBHe 38.BHCHMOC-
3 

TH pemeHHH OT norpemHOCTeli H3MepeHliSl at.. • 8TOT H8,llOCTaTOK OT-

cyTCTByeT B aJiropnTMe IM, KoTopuli OUJI B3HT 3a ocHony ,llJISI paa

pa6oTaHHOro naKeTa nporpBMM ITR-64. 

Mo,1.teJibHble pacqeru noKa38JIH BblCOKyIO 3qq>8KTHBHOCTb 3TOI'O aJII'O

PllTMa fJJ!H BOCCTaHOBJ10HHH cneKTpa peaKT~pHl,IX HettTpOHOB, KOr,Ita 113-

DeCTHa anpuopHSJt MHtpapMai.µ!H O tpapMe cneKTpa. 

B H8KOTOpblX CJIY1IaRX TaKOtt HHtpap~Hll H8T, HO MOlltHO noTpe6o

BaTb, 1IT06bl pemeHHe OWIO ,llOCTaT01IHO I'Jia,nKHM. rJia,nKOCTb MOlllHO 

CtpapMyJIHPOBaTb KaK npMH8,Il)l8lKHOCTb pemeHHH K npOCTpaHCTBY cnJia.Ruon, 

nocTpOeHHOM Ha npOH3BOJibHO Bh!OpaHHOlt CHCTeMe n yaJIOB E;,, npm1a,n

JI82t8.II\ffiC 0Tp83RY [ a '8 J ' KOTOpblit ·onpe,IteJIHeT o6Jia.CTb 38,ItaHH.ll tf12.(E). 

Ha puc.I noKaaaH pesyJihTaT MO,IteJibHoro sKcnepHMeHTa, Kor.na a Ka

qecTae o; (Ea,) OUJIH Bb16pattbl. ,nec.aTb IPYHK~n r~aycca c WllpMHOit I MaB 

H C,llBHHyTue Ha I MsB OTHOCHTeJibHO .llPYI' ,ItPyra. KaK .· Bll,llHO 113 pu

cynKa, noJiyqeuo xopomee corJiac11e Hrul,neHoro H ucTMHHoro ( lf (EQ,) .. 

• Ji:. exp(-E,J2)) cneKTPOB. . 

B TaKOM MeTo,1.te pemeHH.ll, KpOMe YCJIOBHH I'Jla,nKOCTH, anpm;>pHM 

HHtpOPM8l.1_HH aaJiolKeHa a nu6ope y3JIOB 38,ItaHHH 'f (Ea). ITponepHJiacb 

ycTottqHBOCTb peayJibTaTa OTHOCHTeJibHO lf3MeHeHHH pacnoJIOlKeHHH ya

JIOB. 8To H3MeHeHH8 nepeBO,llHT pemeHH8 B ,ItPYryIO JIHHenttyio oOOJI01IKy. 

Tor,1.ta norpemHOCTb, onp_e,1.teJIH8MM ,llaHHh!M IlO,llilpOCTpaHCTBOM, HaxO,nHT

CH npu ycpe,ItHeHHH no pemeHn.llM, noJiyqeHHblM ,IUIH pasJIH1IHb!X JIHttettHwc 

060J101teK. 0Ka3aJIOCb, 1ITO paBHOMepHble pacnpe,1.teJieHHH Y3JIOB no BCeMy 

HHTepnairy ,llaJOT pemeHHH, OTJil11I8lOlllHec.11 B npe,1.teJiax 5%. 
Bonpoc OQ8HKH norpemHOCTH Hail,neHHOI'O pemeHH.ll HBJIJl'.8TCH H8Jf6o

JI88 BruKHblM npll peweHllll o6paTHOR sa,naqn. Ilorpell!HOCTI:! onpe,1.t8JIHIOTCJl 
~ 

H8 TOJiblCO norpeillHOCTJ'IMH H3M8p8HHJI l:!HTerpaJibHh!X B8JIH1IHH o(.,.,, HO H 

3-tP'ltN - 9 -
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norpelllHOCTmuf Vi< (E), p;OCTOB8pHOCTbKl anpHOpHOU HHqKlpMaqHH. B 

' 
naxeTe nporpaw ITF-84 H MeTop;e cnJiafmoB norpeun1ocTH CB.f138HHI,18 

a· 
C norpelllHOCTbKl BeJlHtll!H ci,K ,. onpep;eJUUIHCb B pe3yJibTaTe CTaTHCTH-

8 • 

qecKoro pas6paChlB8.HH.fl ol.l( no HOpMaJI~HOMy 38.KOHY BOKpyr H3MepeH-

HhlX B8JIJilllili: ,ll,,m Ol.l8HKH norpelllHOCTH,·. CB.fl3aHHOU C 38,It8.HH8M anpH

optton HHq,opMaqtfH B BH,It8 Hal.laJibHOI'O cneKTpa, 8HaJIH3HpOBaJIHCb pe

meHH.fl, · noJiyll8Hlill8 C pa3HbIMH Hal.laJibHhlMH cneKTpaMH, KOTOphle 38,Ita

BaJIHCb qKlpMyJIOft 

lfJ(E}= I HJIH 1/(E) = /E exp(- xE) 
(4) 

x a 0,2; 0,6; 0,8; I; I,5 

Ha PHC.2 nOKa38Hbl OTMOH8HH.fl paCI.IHT8.HHOI'O cneKTpa OT HCTHf{~ 

l!OI'O AM pasllblX H81.1aJlbHUX npH6JIIDK8HHJ:l. KaK BHA!{O H3 pHCyHK!l. 1 npH 

X< I sTo OTKnotteHHe JI8lKHT ·B npe,nenax IO% wm HHTepBaJia I,5 -
- 6 MaB. C YBMHl.l8HH8M X OT.MOH8HH.fl B03p8CT8!0T, OTKyp;a MOlKHO 

cp;MaTb BblBOp;, I.ITC CJiep;yeT Ha,qaJibH08 np116Jil1):K8HH8 38,ItaBaTb 6oJiee 

11lK8CTKH:t.111
1 qeM OllUl,[l88M08 p8Ill8Hl18. B MO,neJI?HblX ~KcnepHM8HT8X 6hlJIO 

noKB.38.HO, I.IT_O OTMOH8Hlfa HM8KlT 3HepreTHl.l8CI<yro CTpyI<TYPY onpep;e-

JI.f18MYK! ceqeHHaMH Bb16pattllblX P8aI<llHU. IlplflleM, qeM M8Hblll8 p88.KllHU, 

TeM 60Jibme Bblp8lKeHa CTpyKTypa H TeM 60Jiblll8 a6cOJI!OTHbl8 . BMHqmru 

OTMOH8HHU. &ro o6CTO.flT8JibCTBO nosaomteT yqHTblB8Tb :mepreTHqeCKYJO 

CTpyKTypy norpelllHOCT8tl npH' nJlaHHPOBa.HHH HHTerpMbHblX aI<cnepHMeH-

TOB. 

HaH6oJiee noJIHblJ:t attaJIHa norpelllHOCTeU pemeu11n ocymecTBJI.fleTC.fl 

C nm.fOmbKl M8To,na _.riHHeaplf3aqtflf H YTOltH8HH.11 pemeHH.fl MHHl1MH3ru.µ!8l! 

x2
, B I<OTOpOM BC8 H3M8peHHb18 BeJIHlllfHbl paccMaTpHBaJOTC.fl KaK B8I<

TOP napaMeTpoa H norpelllHOCTb pemeHH.fl onpe,nemteTC.fl 5apmu,1HaMlf aTo

ro BeI<Topa. ,lvl.fl peaJIH38llHH aToro 110,nxo,na 6wr coa,nau rra:KeT npor

paMM ITRlSQ, B KOTopoM ua1.1anbHoe npn6JIHlKe1me AM MeTop;a ua.HMeHb-

3~ - II -
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P11c.2. 0THOCHTeJtbHOe OTKJIOHeHHe BOCCTaHOBJleHHOI'O cneKTpa 

OT_ IICTIIHHOI'O ,nJIR pa3JtllqHHX HaqaJtbHblX np116J1111KeHHA 

11 Ha6opa 113 6(a) 11 11(6) peaK1.111A; (I) -.be= I,5 
B <fiopMyJte (4), (2). -.x= I, (3) -X= 0,8, (4) -

- 'fo(E) = I, (5) -X= 0,6 
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rumc KB8,IUJaTOB nonyqaeTC.11 lfTep~l!OHHOA npo1.1e.oypon, a OKOHqaT61Ibflbl'1 

pe3yJtbTaT If ero norpeWHOCTb onpe.nemuoTc.11 MllHl!Ml!30.l\lfe'1 oTKJIOHem1n 

aeKTopa napBMeTpoa. 

B TpeTbeR rnaae l!3JIOlK8Hlil paapa60TaHHlil8 3KCnepl!M8HTMbHlil8 

M8TO)ll,I 113MepeHl!.11 cneKTpOB I'ru.!M0.-l!3JlyqeHH.II, nonyqeHHWC B l!HTer

pMbHbIX 3KCnepl!M8HT8X C IlOTOKBMl! HettTpOHOB If npOTOHOB. Coa,na.Ho 

MaTeMaT11qecKoe II nporpBMMHoe 06ecneqeH11e )lJl.11 o6pa6oTKH cneKTpo

MeTp11qecKoA l!Hq>OpM~llll. lfa ypaBH8Hl!R (2) H (3) .IICliO, 'll'l'O qEJM 

60JibW8 IIHq>OpMruµm W l!M88M O B30.llMO)leilCTBHII IlOTOKa qacTl!J:l C .11,llPS:

Mll II qeM 6mo1te ipyHKl.\lfll OTKJ!l!Ka ,ll8T8KTOpa G (EL,x) K ~-q,yHKl.\lflf, 

TeM Totruee 6y.neT naJlAeHHoe pewe1111e. C aTott TOql(lf apeHH.11 npemey

utecTBaMH o6na,naioT peaKI.\lll! c 06paaoaa11tteM rBMMa-u3nyqemm. PBMMa-

11anyqeH11e He MeH.11eT caoen suepr1m np11 npoxoll(,neHHH qepea aell(eCTBO 

Mlllll8Hl!, KaK npaBlfJIO Kall(,nM pea.Kl.\lf.11 conpOBO)l(,n0.8TC.II JllfHeAqaTl,IM HJIH 

KB0.3llJll!HellqaTlilM cneKTpOM, OTJllfqa.IOU(l!M O,llHy P.80.Kl.\lfID OT ruiyroll. llc

noJlb30Ba.Hl!8 coapeMeHHhOC noJtynpOBO,llfll!KOBbIX_)leTeKTOpOB II M8TO)l0B 

o6pa6oTKll cneKTpOB o6ecneql{aaeT Bl:lCOKyID sippeKTl!BHOCTb perHCTP0.l\lfl! 

ll3JiyqeHl!.11 lf npH6Jllf)lt0.8T.ipyHKJ:llfID OTKJll!Ka ,ll8T8KTOpa Kb-q,yHKl.\lfH. rro: 

3TOMY B )ll!CCepT0.l\lfH HCCJl8,llOB8.Hbl Ta.Kile HHTeI'pMbfllie 3KCnep11MeHTlil, 

KOI')l0. pesyJtbTaT CO,lleplKHTC.11 B cneKTpax I'8MM0.-ll3JlyqeHlf.ll. 3a,naqeA 

o6pa6oTKl! I'aMMa-cneKTpoa .IIBJl.fieTc.11 H3BJieqe1me H3 annapaTypmvc 

cneKTpOB 8MllJIHTY,ll IIMnyJtbCOB, nonyqeHHbIX C ,ll8T9KTOpa, 'l!Hq>0pM0.l\lfll 

06 llHT8HCl!BHOCTl! I'aMM0.-l!3Jtyqemm, 3Heprmt OT,lleJlbHbIX Jll!Hllll ll q>OpMe 

Henpepua1ru:x pacnpe)leJleHlfll. 

OcHoBHUe Tpe6oaa.H11.11, npe)l'b.llBJI.11eM1i1e K cneKTpoMeTp1111 - o6ecne

qeHHe 344)8KTlfBHOll perlfCTpruµtll raMMa-lf3Jlyq8Hll.ll C BlilCOKlfM 3HepreTH

qecKlfM p8.3peweHHeM, onpe.neJ1eHHe suepr1111 MaKCl!MyMOB a cneKTpe lf me 

IlJIOU(a,Itell. · 

,1.1,n.FI Haxoll(,neH1t.11 Heo6xo.nHMWC HHTerpMbHhIX BeJlmlfH c(. (X) CJte.ny-

1·.fPltJlt - I3 -



eT l1JI01ll8,lll1 MaKCl!MyMOB pas,neJil1Tb. Ha 34)peKTUBHOCTb cneKTpOMeTpa H 

CKoppeKTUponaTb Ha 34)peKTU C8MOrtOI'JIOlll0Hl1lt lrnJiyttemm B MUllleH11, 

H8JIOlltelil1lt IIMIIYJlbCOB II KaCKa,nHOI'O cymrnpOBaIIHlt. ,lvrit 06ecnet1eHHlt 

Ha,tte:>KHOCTH H. BUCOKOtt TOtlHOCTII, o6pa60TKa cneKTpOB 6UJia aBTO~aTII-

s11ponruta. Cos,nam1 ,nna Tuna B.BTOMaTus11ponruurux cneKTpoMeTpon. 

0,nHH o6ecne'!U!BaeT HaKOnJieHUe cneICTpa B MHOI'OKBHaJibHOM 8HaJil13aTo

pe AH-4096 H ~epe,naqy 8I'O B MUKpo8BM "3JieKTpOHURa )J.3-28", I',rte 

ocy111ecTBJISJJiacb npe,nnapuTeJibHa.st o6pa6oTKa, · 3BM ocymecTBJISJJia noucK 

MaKCHMyMOB B cneKTpe, pasMeTKy cneKTpa, BbJtlHTBHHe cp:>Ha, onpe,ne

JI8Hl1e MOl!la,nH nuKOB, _onpe,neJieHne eHeprmt ra.MMa-UsJiyqeHnn. B -

,rtaJibHelm!eM aTa HHcp:>pMaqult nepe,nanaJiacb B oBM CN-3, I',ne ocymecT

BJISJJiacb_ee ,ltaJ!bHelm!M o6pa60TKa. B Tex <?JlytIMX, KOI',rta Tpe60BaJIClt 

6oJiee CJiolKH!:nt BHMH3 cneKTpon, onpe,neJieuue cp:>pMU JIHHHtt 11 T,n., 

HCnOJib30BaJIClt BTOpon THn 8.B'l'OMaTH3HpOB8HHbllC cneKTpOMeTpOB, B KO

TOpOM cneKTp, noJiyt1eHHh!tt B aHaJIH3aTope HMeyJibcon (''DIDAK" 11J111 

AH-4096) nepe,naaaJicn Ha o6pa6oTKY a oBM CN-3, ,lvrn eI'o o6pa6oTKH 

6WIO 003,ltBHO yHHKaJibHOe MaTeMaTl1tl8CKOe-11 npOI'paMMHOe 06ecnet1eHue, 

o6ecne'!U!BaIOl!lee noJIHyIO o6pa6oTKy cneKTpa, IloucK nHKOB ocYllleCTBJilt

JIH M8TO,ltOM CI'JlruKeHHUX BTOpbllC npOl13BO,ltHbllC, oqxpeK'l'HBHOCTb MeTo,na 

6UJia onpo6onBHa ua MO,lteJibHUX cneKTpax, B pesyJibTaTe onpe,neJieHU 

B03MOlKHOC'l'H Me-ro,na U ,nonyCTl1Mhl8 I'paIIU~ np11Mem™OCTH. ,lvrn onpe,ne-

JI8HUlt llJIOllla,nH MaKCHMyMOB, yqaCTOK cneKTpa, co,nepmamun ,no 6 MaKCH~ 

MyMOB, ~UTHpOBaJIClt C noMO(llb!O HeJIHHettuon npo1.1e,uypu M11H11Ml13aqHl1 

aHaJil1'1'11tl8CKOJ1 4JYHK'-IH88, onucunruo111en cp:JH 11 MaKCUMyMU, B HeKOTOpbllC 

cnyqaroc eTa npo1.1e,nypa OKa38JiaCb He34)peKTl1BH08, TOI',rta 11CnOJib30BaJI

Clt naKeT npoI'pa.MM, cos,naHHutt ua 6ase naKeTa "SAMP0-80", o6ecne'!UI

B8lOlllHJ1 npe,naapHTeJibHUtt 8HaJIH3 cp:>pMU JIHHHH.B 3aBUCl1MOCTl1 OT auep

I'HH. H saTeM onpe,neJieu11e M01lla,lle8 MaKCHMYMOB C noMOUlb!O ·JiuHeltH08 

no,rtI'OHKH no MHK. 
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B Tex- CJiyqamc' KOI',rta ueo6xO,ltllMO 6wto 113BJietlb HHqx>pMaqHIO 0 

qx>pMe MaKCl!MyMa B cneKTpe, ucnOJib30DaJiaCb OpHI'UHaJibHM UTepaQH

OHHM npo1.1e,nypa. 

B 0Kcnep11MeHTax no usyt1eHUIO peaKQU!t (p,J) oco6eHHo aucoKUe 

Tpe6onanun npe,rt'hllBJIMHCb K onpe,neJieHUIO 0ueprutt-I'a.MMa-11sJiyqelil1n. 

C 3TOtt QeJib!O crieKTpOM8Tp11qecKnlt TpaKT ()blJI CTa6UJIU3l1p0B8H H ocy-

1ll8CTBJIMaCb npeQU3UOHH8JI KaJIH6pOBKa cn·eKTpOMeTpa. no 1'8MMa.-JIHl!UltM 

l1CT0t1Hl1KOB 226l?a., 66eo, H peaKQUH 27Ae(p,J)28 Sl, 0rHOCl1TeJibHU8 

HH'l'8HCHBHOCTU 3Tl1X.JIHHU!t l1Cnonb30BaJil1Cb lJ)llt Onpe,neJielil1lt 3qxpE3K

THBHOCTl1 cneKTpOM8Tpa B WllpOKOM ,nnanasoHe 0uepr111t. 

Jipu l13MepeHHll cneKTpOB B!,1Be,1teH1-lb!X pea.KTOpHbllC nOTOKOB Hel\T

pOHOB 11cnoJib
0

30B8J'.utCb MHOl'OKOMIIOH8HTHble noporonue ,neTeKTOPU 60Jib

Wl1X pasMepoB. CBMonOI'JIOll(em~e 1'8.MMa-U3JiytteHUlt a· Hl1X COCTaBJIMO 

,necnTKll npo1.1enT0B. ,Ivrn yt1eTa eToro sqxpeKTa 6Wia paspa6oTaua no

nyaMnup11t1eCKBJI Me'l'O,ltl1Ka. OHa-COCTOHT B 38MeHe peaJibHOl'O ,neTeKTO

pa MO,lteJibH08 norJIOl!laJOU!elt nonepxHOCTb!O,Oqxp0KTHBHOCTb perucTpaQ1111 

rBMMa-:-11sJiyqeu11n nonaamero Ha eTy noaepxuo·cTb us· 06pas1.1a paaHa 

aqxpeKTl1BHOCTl1 peaJibHOI'O ,neTeKTOpa. Hs 3Tmc:coo6pruKeHH8, MHHl1M11-_ 

311pyn x.~, 11 H8XO,ltllTClt MO,IteJibHM noaepxHOCTb. CBMonorJI01I1eH11e B 

06pas1.1e _HaxO,ItllTClt MO,IteJI11pOBBHUeM no MeTo,ny MoHTe-Kapno TpaeKTO

pntt ,ltBIIJK8Hllfi I'BMMa-KB!lHTOB- B 06pas1.1e l1 none,n.aHH.ft l1X Ha MO,lteJibHyIO 

nonepxHOC'l'b. Ilp11 ucnOJib30B8Hl111 60JlbW11X nopOI'OBbllC ,neTeKTOPOB 3Ta 

nonpaaKa·,nocTnraeT ,necmKOB npo1.1eHTOB, ITonyqeHHue c nonpanKoit Ha 

CBMonorno111eHue HHT8HCHBHOCTl1-1'8MMa-113JiyqeHHlt 'AOnOJIHHTeJibHO Kop-. 

p8KTl1pOBaJil1Cb. Ha 0qxpe1,Tu KaCKe,n.HOI'O CYIJMHPODBHUJl: HMeyJibCOB, CB.fl:-

38HHble C'l13MeHeHUeM 11HT8HCHBHOCTH aaperucTpttpOBamlb!X ,neTeKTOpOM 

B n11Ke llOJIHOI'O nOI'JIOl!l8HUlt HMnyJibCOB 3a CtleT 0,!Ul.OBpeMeHHoa per11c

TpaQHl1 ,nnyx KBBHTOB, ncnyll(eHHbllC .B KaCKe,n.HbllC ~~a-nepexo,nax. 

3TOT sqxpeKT nponopQUOHaJieH KD~a.Ty TeJieCHOI'O, YI'Jia, · B KOTOpOM 
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B~eH o6pMeq l13 ,neTeKTOpa l1 B CJ!Yllae "6Jil13KOR" reoMeTpl111 ,UOCTl1-

I'aeT I5%. Ilpl1 6oJibWl1lC sarpysKax cneKTpoMeTpl1'tl:ecKoro TpaKTa 11eo6-

xo,n11Mo TeJOKe y'tl:l1THBaTb CJiy'tl:anttoe HaJIOlK8Hl18 HMnyJibCOB B cneKTpO

MeTplfll8CKOM TpaKTe • 
··' 

Y'tl:eT sTmc ipaitTopoB o6ecne'tl:11BM MaJiyx> (N5%) norpeWHOCTb l13-

Mepett11H l1HT8HC11BHOCTl1 I'8MMa-113JIY'tl:8Hl1Sl B l1~TerpaJibHhllC 3KCnep11MeH

T8X l1 KoppeKTHyx> oqeHKY norpeWHOCTeR. 

B 'tl:eTBePTOR I'JiaBe npe,ncTaBJieHa MeTO,nHKa l1-pe3yJihTaTH BOC

CT8HOBJI8Hl1R cneKTpOB peaKTOpHhllC HeRTpOHOB 11 ce'tl:eHl1R nopOI'OBWC 

peaKllHR no pe3yJibTaT8.M l1HT8I'paJibHhlX 3KCnep11MeHTOB. 

Ha1160Jiee 3qq,8KTl1BH!lR M8TO,n 113MepeHl1R cneKTpOB 6hlCTPhlX 11eRT

pOHOB.COCTOl1T B 11CflOJib30B8Hl111 nopOI'OBhlX_,neTeKTOpOB. B _3TOM MeTO

,ne ip:>JibI'l1113 nemecTBa, co,nep11t~ero SJ,IU)a, Ha KOTOPhlJC ~ noporo

Bl,le peaKI.ll11f'.C ,o6paaOBaHl18M p8,IUfOHyKJil1,UOB 1 aKTl1Bl-!pyx>TCSl B 11CCJI8-

.Icy8MOM noJI_e HeRTpOHOB. B pe3yJibTaTe l13Mep8H11Sl noJiyllaeMoR 8.KTl1B

HOCTl1 K~OA 113 ip:>JibI' nOJiy'tl:aeTCSl Cl1CT8Ma ypaBH8Hl1'1 (2), pemeHl1eM 

KOTOpon S{BJISi8TCSl cneKTP HeRTpOHOB. K~oe l13Mepett11e_ no TaKOR Me

TO,nl1K8 npe,ncTaBJISi8T Tpy,noeMKyio 11 ,Il)Il1TeJlbHyio 11CCJie,noBaTeJibCKyIO 

pac5oTy, 11M8!0tey!O MHOllt8CTBO 11CTO'tl:H11KOB ,nonOJIHl1T~bHWC norpellliiOCTeA 

113MepeHHOI'O cneKTpa. 

/11IH fi0BhJIIl8Hl1R TO'tl:HOCTl111Ha,rt~OCTl1113MepeHl1R cneKTPOB Clhl-.. 
CTphlX HeRTpOHOB paspac5oTatta aBTOMaTl1311pOBaHHM M8TO,nHKa MHOI'OKOM-

llOH8HTHhllC a.KT11Bal.ll10HHhlX ,neTeKTOpOB. TaKoR ,neTeKTOP COCTOl1T 113 

CM8Cl1 MeJIKO,nHCnepcmJJC coe,nl1H8Hl1R, B COCTaB KOTOphllC_ BXO,llRT SJ,IU)a, 

o6ecne'tl:HB8l011\118 nOJiyll8Hl18 ypaBH8Hl1R (2). &!6op COCTaBa MHOI'OKOM

no11eHTHOI'O ,neTeKTopa npo,nHKTOBaH.psi:,noM Tpe6onatt11R, onpe,neJiaeMbllC 

l!teJI8Hl1eM nOJiylll1Tb l,111}!11M8JlbHYIO norpeWHOCTb BOCCT8HOBJI8HHOI'O cneK

Tpa, y,no6cTBOM npl1I'OTOBJI8HHR 1111cnOJib30BaHl1eM ,neTeKTopo~. 

Ilp11 onpe,neJieHl111 COCTaBa ,neTeKTopa np8lK,IJ.8 BC8I'O H806XO,U11MO 

Bu6paTh peaKq1111, 06ecneq11aruom11e miip:ipMaqHro o noToKe no nceM ,n11a-
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nasoHe sttepr11n. Ceqett11H peaKllHR ,noJilKHH 6HTh xopomo 113B8CTHH, 

npo,rzyKThl pea!Cl.ll111 ,UOJilKHH 11cnycKaTb I'aMMa-113J!Yll8Hl18 B ,nHana30H8 

sttepr11A I00~3000 KsB l1 11MeTb nep110,n noJiypacna,na OT 0,5 'tl:aca ,no 

HeCKOJibKl1X ,nuen. KpoMe nopOI'OBhlX perucq118, ,nruommc HHip:>pMaqHID 0 

cneKTpe Clb!CTPHX ·11eATpOHOB, Ha np11M8CRX MOryT peaJil130BaTbCR pe-

8.Kl.ll111, np11BO,nffml18 K TeM llt8 npo,nyKTBM. Tax, np11cyTCTBHe B MHOI'O

KOMnOl!SHTHOM ,neTeKTOpe 23 N'a B KOJIH'tl:8CTB8 5. ro-6 OT Macchi aJIIOMH

IIHR npHBO,UHT K IOO% norpemHOCTH B onpe,neJie1111.11 CKOPOCTH p8aKlll111 
27 At( n,~ )24N'a. Il03TOMy paspac5oTaHa M8TO,UH!Ca !lHMl13a 'tl:HCTOThl HC

noJih3Y8MbllC B ,neT8KTOpe MaTep11aJIOB. Hcxo,nn 113 aTHX TpeClOB8Hl1A B 

pe3yJihTaTe MO,UeJihllhllC pacqeTOB onpe,neJIR8TCR COCTaB MHOI'OKOMnOHeH

THOI'O ,neTeKTOpa. 

CJie,nyIOm11A GTan onpe,nene1111SI cneKTpa 6ucTphlX tteRTpo110B -.aK

T11nru.µm ,neT8KTopa 11 l13M8p8Hl1e CKOpOCTett perum;,m • HsMepeHHSl cneK

TpOB 11el1TpOHOB npono,nl1JIHCb B,MaTepl1aJIOBe,nqeCKHX 11 neTJISBhlX KaHa

JI!lX peaKTopa BBP-M llilli AH YCCP, Bb!Be,ne1lli9M ny'tl:Ke aToro peaKTopa 

H HMnyJibCIIOM peaKTope JIBP-2 Ollilli ( I' .)ly6iia). HsMepe1111e a.KT11BHOCTl1 

BblnOJIHRJIOCh Ha aBTOMaTH3HpOB8HHOM cneKTpOM8Tpe 11 noJiynpoBO,IU111KO

BOM Ge( Ll) cneKTpoMeTpe, nOJIY'tl:el!Hble cneKTphl o6pa6aTh!BaJil1Cb Ha 

aBM CM-~ no MeTo,nHKe, onucam10R B TpeTheR rJiaee. 

BoccTaHOBJieHHHe c no1.1omhIO naKeTa nporpaMM ITR-84 cneKTphl 

HeRTpOHOB, no3BOJIHJil1 onpe,neJil1Th <pl!IOeHC 11 cneKTphl 6h!CTPUX HeRTpo

HOB B yKa3aHHhllC TO'tl:Kax, 113M8pl1Th pacnpe,neJieHHe MOTHOCTl1 noTOKa 

6ucTpux: HeltTpOHOB no Bb!COTe a.KTHBHOR 30HH 11 ee 3aBl1C11MOCTb OT 

KapTH 3arpys1m .30HH. 

Ta lKe MeTo,n1ma HsMepe1111a Hane,neHHolt n HeltTpomlhllC noJUCC aK

Tl1BHOCTl1 MOlKeT Clb!Th 11CnOJib30BaHa ll)IR BOCCT!lHOBJI8Hl1ff ceqeHHR peaK

lil111, eCJI11 a.KTl1Bal.ll1ff npoae,neua B noJUCC c paam1qHott (mmeltH0He:ia

a11c11MoA) cneKTpaJibHOA nJIOTHOCThIO. Hait 11 npn H3M8peHl1RX cneKTPOB 
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Hef!TpOIIOB, ycnex 3aBlfClfT OT IIJiaHlfpOBaHlf.f[ 3KCneplfMeHTa, ni.6opa 

KOMW!eltTa cneKTpOB HenTpOHOB, An.a 01.leHKlf Truton B03M01KHOCTlf 6WI 

B!.IlOJIHeH qJICJiemrul! 3KCnepHMOHT, B KOTOpOM ceqeHlfe perutl.llfH 
51 48 V(n,o1) 'Sc BOCCT8HaBJilfB8JIOCb no pe3yJibT_!l.TaM lUITerpBJibHhllC ~Kc-

neplfMeHTOB B cneKTpax HellTpOHOB, cifiopi.mponamn,oc B pe3yJibTaTe 

npoXOlK,UeHim qepe3 KOMII031fTHble MaTepHaJI!.. 8Tn cneKTpi. lf3Mepeffil 

TaJOKe aKTHBal.lHOHHblM MeTO,ItOM C HCilOJib30B8HHOM H3B8CTHhllC ceqeuntt 

peaKqnlt 103Rh(n,n')103R'h, 47TL (n,p)48Sc, 9Be(n,2n)8Be, 

46.ri (n,p)46sc, 56re(n,p)56Mn, 48rt (n,p)49sc, 2'\19( n,p)24,va., 
58NiCn,p)56eo, 62,vi(n,o1)59Pe, 93t16(n,2n)92N'6, Tor,na Hen3necTHoe 

ceqeune MOmeT 6i.Tb Bb!paJ!teHO qepe3 H3BeCTHble.·8To MOlKHO c,neJiaTb, 

eCJIH ceqemrn: H cneKTpi. annpoKcHMHponaT~ Ky6nqecmn.m cnJiallHawt, 

Tor,na 3HaqeHH.fl HeH3BeCTHOro ceqeHH.f[ B Y3JIOBblX TOql(WC npm.10 Bb!pa

gaIOTCst.qepes H3MepeHHi.8 HHTerpMbHble BeJilftUIHU. PeayJibTaT BOCCTa

HOBJieHHSI ceqettlfst 51v(n,o1)48sc noKa3aH Ha pnc.3. fiyHKTHp ~ BOC

CTaHOBJieHHoe ceqeHlfe, CIIJIOll!HM JilfHlfst - ceqeHne H3 ~H6JIHOTeKH 

BOCIIOP. 

Oco6oe 3HaqeHHe B HHTerpMbHhllC sKcnepHMeHT8X HMe~T onopui.e 

nonn C H3MepeHHh!MH BC8Mlf B03MOlltHh!Mlf cnoco6aMH. xapaKTepHCTH!tllMl{' 

KOTopi.e He. H3MeH~Tcst Bo npeMeHH. 8To non.a EE , CF.RMI', BIGI'EN 

H ,rq,yrHe, coa,namme Ha OCHOBe cneKTpOB ,IteJieHHst, HO OTJI~qaIOlllHXM 
'• 

OT HHX. KpoMe Toro, onopHbIMH nonm.m stBJI~Tc.a nonn, cos,nanaewe 

ToqeqJil,[Mlf 252ct H 235UncTOqHlfKaMH. AKTlfBal.lll~ noporoB!llC ,neTeRTo

pon B TaKHlCilOJISIX SIBJISl8TCSI xopomen nponepKOlt npaBHJibHOCTH ceqe

Hlf.fl peaK~H I eCJilf cpaBHHTb H3Meper~ H pacmtTaH!tyIO rutTlfBHOCTH • 

Trutoe cpaBHeHH8 npone,neHHOe B pa.60T8 Il0Ra38JIO, qTO HeKOTopi.e 

pacqnT8HHhl8 H H3MepeHHble HHTerpBJibllble ceqeHlfst cy~eCTBeHHO (,no 

IO%) OTJilfqruoTCSI ,naze ,ItJISI Tex perutl.lHA:, ROTOpble cqHT8JOTC.flXOpomo 

H3MepeHHLIMH, HanplfMep, 27At(n,p)27Mg If 
58Ni(n,p)58Co. HcnOJib3Yst 
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HHTerpaJibHl,le ceqemm, ll3Mepemrue B pa3JIHtnruJC onopHblJC noJimc u 

M8TO'AHKY BOCCT8HOBJl8Hllfi ceqeHHA no HHTeI'paJibHblM ll3MepeHHnM, 6u

JIH BOCCT8HOBJl8Hll ceqeHHfi YK8.38l!HWC pea.m:~un (puc.4). Ilpu 3TOM 

:t \ xa.pa.KTep1rnyromee pa.sJIHtnI.ft B H3MepeHnwc u pa.ctntTBHmtt m1Ter

PM~HblJC ceqettumc, coKpa.THJIOCb c 3.35 'AO I.II • 

B 4eJIOM MOlKHO CK8.38.Tb, ~o HHTeI'pa.JibHUn MeTO'A BOCCT8HOBJie

HHfi ceqeH11n 06ecnetn1Ba.eT tta,nelKHHe 'AaHHue B Ton 06na.cT11 sHeprun 

He8Tp0HOB, I''A8 'Alfqxl>epeH4lla.JibH!,18 'A8l!HJ,[8 B OCHOBHOM OTCyTCTByJOT. 

B nnTon I'Jia.Be uayqa.eTCJt B38.HMO'AencTBHe nOTOKOB npoTOHOB C 

B81It8CTBOM MeTO'AOM HHT8I'pMbHblJC 3KcnepliM8HTOB. 3a.rmcb pesyJibTaTa. 

llHTeI'pa.JibHOI'O 3KcnepHM8HTa. B Bu,ne ypa.BH8Hlist (2) IIp8'AUOJI8.I'a.eT, 

qTo q,opMHp0BaHll8 cneKTpa. liyKJIOHOB Ii me _B38.HMO'AenCTBli8 C SJ,l!JlaMli -

'ABB. H83a.BHCHMI1X npo4ecca., T.e. KruK,lU,ln OTAMbHlln uyKJIOH B MOM8HT 

pea.K4HH HMeeT onpe'AMeHHoe sna.qenue sueprmt. 

· lfoCJI8AOB8l!HJt cneKTpOB ra.MMa.-H3JiyqeHHJt ll3 pea.ICIµfli 

I2c(p,J)I3,v B TOJICTon Mlllll8HH noKa.3aJIH, qTo Ta.Iton cneICTp ue onpe

'A8JIJt8TCH CYMM08 cneKTpOB. H3 TOHK11X MltllleHen Ton lite o6men TOJ!lltHH!,1. ! 

B pa.6oTe 3KCnepHMeHTMbHO usMepeua. 3Heprust TSllltMOn qa.cTH..:. 

~ - npoTOHa., KOTOp@n 'ABlllK8TCJt B CP8'A8 ll BepOf!THOCTHblM o6p8.30M 

B03C>yllt'A8.8T ORpyllt8100iH8 8.TOMhl • Ai!st 3TOI'O llCnOJib30B8H8. pea.K~Jt pa.

'Alf8.4l!OHHOI'O 38XBa.Ta, KOTOpa.st nepeBO'AllT npOTOH H3 COCTOsrHHJt Hen-.. 
pepllBHOI'O cneKTpa B CBJt38llll08 COCTOHHHe BHyTpll wa. 

Ilpll pe,IU{~OHHOM 38XB8.T8 npoTOHa C 3Heprllen ~ SJ,l!JlOM C 

aTOMHUM B8COM A ucnycKaeTCJt I'aMMa-KB8l!T, 3H8pI'l!Jt KOTOpOI'O E1 OA

H03H8.ql{0 CBJl:38118. 3a.KOHOM COXp8lleHHJt C 3H8pI'Hen 38XBa.qeHHOI'O npo

TOHa, 3Hepruen CBJt3H 81'0 B ocipasoB8l!HOM we ECB H 3H8pI'Hen B03-

C>yllt'A8Hllll KOH8tIHOI'O COCTOsrHllJt EB 

E1 =Er~+ Ec8 -Es 
A+f 

- 20 -

(5) 

6(1-11-.PH) 

NI 58<n,p>C056 

100 

450 

! 
' 

(Ml) . 
~I 

AL27(n,p)M?2 7 

,_fl 

, 75 

o ' " -. ~(1'1,B) 
15 

Pi,,c. 4 • OKCrrep1-1MeHT8.JlbHble 11 Ol.\8H8HHble ~a.mn.re O C8"Q8Hl1.R'JC 

pea.1<1111&1 58N, (11.,p) 58co 1-1 27_.fl (n,p) t!.?Mg. 

6-to'kJ(; - 21 -



Pa3HI,iM 3HBpl'l1.f!M npOTOHOB COOTBBTCTBYJOT pasJI111.nwe 3HeprHl1 

rBMMa-KBaHTOB, IIHT0HCl1BHOCTb noTOKa KDTOpblX 6y,lleT onpe,lleJIHTbC/I 

llHTBHCHBHOCTblO noTOKa npoTOHOB 11 ceqe1111eM peaKI.\1111 3WCBaTa. 

Ilp11 60JiblIIOn TOJIII\l1He Ml11IleHH B o6JiaCTl1 3Heprun, !',Ile KpaeBmfil 

acppeKTaMU MOlltHO npeue6pet1b, Bb!paJKen11e ,llJIII cneKTpa raMMa-uaJiyqe

mm 11MBeT Blf,ll: 

.(. dv A+J J 
FE;)= Np d.ll (E/J,8) fl T, fl , . (6) 

I',llB n - tJHCJIO R,I(Bp ,llaHHOI'O COpTa B cii3, ? - TOpM03Ha.ft CilOC06-

HOCTb aemecTBa Ml11Ilem,, M~B/CM, KOTOPM CJia6o MeH.fteTC/I C ::mepruen 

H ,llJI/I pe30HaHCOB C 1I1Hpm1on ~ IOO K::lB MOlKHO CtJ11TaTb ee noCTOJlH

HOR. Tor,lla ,llJI/I pe30H8HCOB, IIIHpUHa KOTOpblX 60Jiblll0 paspemeHU/I I'aM

Ma-:cneKTpOMeTpa, B cneKTpe raMMa-11aJiyt1eHll/I Ha "TOJICTOlt" Ml11IleHll 

'6y,tr,yT Ha6JIIO,llaTbC/I 1I111p0Kl!e Ma.KClfMYM!,l, IlOJIO)l(eH11e E1~ ll llllfP11Ha r~1 
KOT.OpblX O,llll03HatJHO CB/I3aHbl C IlOJIO)l(eHlleM ~'t H IIIHpl1HOn r pe30HaH

COB B tpyHKt.µm B036yJK,neHII/I (p,J) pea.Kr.µm. 

. . ll 
£r1. =Epi - + Eca -EB 

,q+i 

r21 =r ~ 
/1+1 

lfayqaJIC/I pa,nu~uomrnn 38XBaT npOTOHOB B pea.KI.ll1H 

l2c(p,J)13,¥~6JI11s11 peaoHaacoB 45? u 1699 KsB mupHHon 39 u 

(?) 

65 KGB; B pea.KI.lHH 2'\f9(p,J)25Ae B6JIH311 pe30H8HCOB !623 K3B C 

mupHHon 36 KGB u 1654 KGB c 1I1Hp11Hon O.I KGB; B pea.KI.11111 

28 Si.Cp,1)29P B6JIH311 peaouaacoB 1652 K~B c lfillpHHoR 52 KGB, 

2083 K3B c lIIl1pilllOn 15.5 KGB; B pea.Kr.µm 16o(p,J)
17r a'6Jil1311 pe-

30HaHCa 2663 KGB m11p11uon !9 KaB. 

B Kall:BCTBe HCTOtJHHKa npoTOHOB c GHepruen 1500-2500 KGB HC

noJib30BaJIC/I 3JieKTpocTaTl1tJeCKl18 ycKopUTeJib ar-5 Ha6opaTOpllll 

ttenTpOHHon ipl1311KH OIIBH. OHepreTntJeCKHn pas6poc IlOTOKa npOTOHOB 
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c G11epr11en I,8 MsB ue npeBLlll!aJI 3 KsB. raMMa-11sJiyqem1e perucTpH

poBaJIOCb Ge (ll) IlOJiynpOBO,llHlfKOBhlM ,llBTeKTOpOM C paapelllBHlfBM 

2. 5 K3B no Jlillllflf 1333 KGB ll~TOtJHlflta 60co. ~eTeKTOp yCTaHaBJiu

BaJIC/I IlO,ll yrJIOM o0 l!Jllf. 90° K na,llaJO(llBMy noTOKy npoTOIIOB Ha pac

CTOffillUI OT 35 ,llO !05 MM. 

Ha pHc.5 Il0Ka38.II cneKTp I'aMMa-H3JiytJeHHJI Ml1IIIBHl1 us; nJiaCTl1Hbl 

pea.KTOpHoro rpaipuTa TOJIII\l1H08 I MM, 06Jiyt1aeuon npoTOHaMlf c :mep

ruen 1890 I<GB. CneKTp 11aMepeu Ge(Li.) ,neTeKTOpoM, ycTaHoBJiemlhlM 

IlO,ll yrJIOM 90° K Hanpa.BJieHHIO na,nruo(llero IlOTOICa npOTOHOB. B cneKTpe 

np11cyTCTBYJOT mnpo1me Ma.KCHMyMl,I npu aHeprwrx: 2366'!2 KGB; 

2478:!:2 m,B; 2989:!:a KGB; 3500:!:3 KGB. IloJIOlKenue MaHClfMyMOB 11axO,llH

Jiocb annpolCCHM~uen no MBTO,lly HlliffJ!BHbllllOC ltBa,uJJaTOB TOtJelt cneKTpa 

!pyr!KI.llfen BpenTa-BnI'!lepa (,llJIII 0Ill!C8.lill/I Ma.KCuuyMa) H JIHHeltHoll qlJ'H

KI.lHBlt (,llJIII om1cBHll/I ipoua) • Yt1eT ll3MeHeHll/I G4Jll01tTl1BHOCTH perHCT

p~llll I'8MMa-H3JlyqBHlff{ If 3aBl1ClfMOCTb TOpM03ijht)C noTepb OT Gllep!'Hlf 

B npe,lleJiax m11pHH peao11anca MeH/leT noJIO)l(Bf!He Ma.KC11MyMa Me1rne, qeu 

na I 1tsB. IIepaull: H3 MaKCHIJ!YMOB ua p11c .5 cooTBeTCTByeT nmcy noJI

uoro llOI'JIO(ll0Hl1/I If saper11cTpHpOB8HHOI'O cneKTpOMeTpOM I'aMMa-HsJiy

tJeHH/I OT 38XBaTa npoTOHOB st,IWOM. 12c Ha OCHOBHOe COCTOmme 13N 

B pesoua11ce EP 'l. = 457 It3B. 01-1epr1rn: E12, pactJMTailHM no qiopMyJie 

(7) ,llJIR GToro nnKa (2366_KsB), corJiacyeTc1t c nsMepeu11ol1:. BTopo8, 

TPBTlllt H tJBTBepTb!lt IlllfpOKHe MaKCl™YMJ,I COOTBBTCTBYIOT saper11cTp11po

aamruM B lll!Ke ,UBOlb!OI'O. O,lll1HOtJHOI'O Bb!JieTa H noJIHOI'O llOI'JIOUIBHHSI 

raMMa-uaJiyqemm c :mepr11n 3500 KsB H3 perum;;m aaxnaTa npoToHoB 

st,IWOM 12c B peamiance npn Ep 'l. = 1699 KGB c raMMa-ncpexo,lloM 11a 

ocHOBHoe cocTOJlHHe wa. 13N. Pacs1nTru1Hasr no qiopMyJie (7) GHeprusr 

E1i = 3512 KaB, tJTO cyl!leCTBe1mo, no cpan11emno c norpelID:IOCTbIO ns

Mepeimn ll o6pa60TKH. OTJU!tJaeTCSI OT IlOJl01KBHll/I MaJCCill,ryMa saper11cT

pnponrumoro 11aJiy1.1eH11sr. 
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JJ;m ll3yttellllR BJmmrnit p8.3JilltllihllC ipaltTOPOB Ha IlOJIOlK0Hll6 MaKCll

MyMOB B raMMa-cneKTpax, npOBO,IJ.llJillCb ll3MepeHlllt Ha MlruieHRX ll3 yr

Jiepo,IJ.a ll KpeMHllR npll (} = .o0 ll B pa3Jilllllll1X xm,mtteCKllX coe,l].llHeHll

roc. B COOTBeTCTBllll C 3aKOHOM ,nonnJiepa a11epr11lt raMMa-llaJIYtleHHlt 

YBeJilltIHB8JlaCb, TaK, ,ll.JlR raMMa-H3JiytteHHR ll3 38XDaTa B pe30H8HC8 

1699 KaB ll3MepeHHOe noJIOlKeHue MaKCHMyMa !18XO,l].llJIOCb npn E1 = 

= 3517 KaB. 

PacttHTattHM no 4JOPMYJIBM 

E O = f JD ( i + ~ .. ) 
(8) 

v .. ==__i_-~ 
C fl+/ V rn7:·1: 

BeJilltlll!la E1 = 3516.3 KSB 118XO,ll.llTClt B xoporueM corJiaClllf C 3Kcnepll-
. . 

MeHTaJibHO ll3MepeHHOtt, E10 - HecMelJleHHoe 3Hattetrne, ll3MepeHH08 npll 

8 .. 90°; E10 .. 3500 KSB. 11oJIOllteHllR ,IJ.pyrux MIUCCHMyMOB B cneKTpax, 

COOTB8TCTBYJOlllllX aaxnaTy B pe30H8HC8 457 KaB Ha yrJiepo,ne, peao

HBHCax 1652 ll 2083 K3B Ha KpeMHllll npll ll3M8p8Hllll no,n yrJIOM 8 = o0 

Ta.Kllt8 B8,IJ.YT cedn B COOTBeTCTBllll C 38.KO!IOM ,nonnJiepa ll B npe,Ii.eJiax 

norpemHOCTll aKcnep11M8HTa He 38.BllCRT OT BelJleCTBa tmmeHll. HaMepeHll1t 

Ha "noJiydecKOHe'QHWC" Mnmemrx na Kap611,na HH061m, Kapdll,ll.a BOJibqipa

Ma, ttHCToro yrJiepo,na, npoae,neHHUe c ~eJibro uayqettnn BJillltHllR coc

Taaa tmrueHll ( 8 = oo0i, nOK8.3aJilf, tITO a npe,neJiax SKCllep11MeHT8Jib

HOR norpelllHOCTll E1 = 3500±2 KSB OCTaeTCR llOCTOltllllOR (HanOMHHM, 

tITO oHa ,IJ.OJilKHa dblTb 3512 KaB). Olia He H3M8HReTCJl npll YMeHbllleHl!H 

TeJieCHoro yrJia, B KOTOpOM Ha6Jiro,naeTCR raMMa-H3JlytteHll8o 

B ,IJ.aJibHeRmeM ll3yttaJICR p8,ll.ll~OHHbltl aaxnaT B MllllleHroc TOJ!llllf

HOR OT 100 ,no 600 MKr/cM2• Ha pHC,6 ~pe,ll.CTaBJleHU aqqieKTllBl!bl8 ce

qeHlllt drr/dJl(Ep,B> B 38.BlfCllMOCTll OT HUtI8JlbHO£l aueprllll npOTOHOB 
. ~ 2 

Epo, noJiyqemme ,ll.JlR MllilleHH TOJillllfHOtl 340 · IO r/ CM , B paaJIHtlliblX 
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sHepreTutJecImx: HHTepsaJiax Epo +~0 - ~ npu Epo OT I68~ .no 

!780 K3B. 0,nmta.KOB!,16 cm.!BOJ!ll Ha p1.1cyime COOTB6TCTBYJOT sqxpeKTl!BIIO

MY cetJemno, 1.1sMepe11110MY npu o.wI0M snat1e111111 Epo• c11JionnIas1 mnmit -

cettemie, usMepeHHoe Ha Tomton MInne1111. KaK sn,IU-10 us pucyima, npu 

SH?Pf'Hll npOTOHOB 1600+!650 u 1840+!'7?0 1tsB, sippeKTllD!ll,16 ceqeHHJI 

perun~m, H3Mepemme npu pasJIHtJirux: Epo e "ToJicTon" MHl!leHII, xopomo 

COI'JiaCYJOTC!I MelK,IJ,Y co6olt II cetJeHl!eM Ha T_OH!tOlt Ml!Ill61111. B TO llt6 

apeMJt 01111 CY1116CTB6HHO pa3JllftJIIU (,no 50%) llpll :mepr11itx: 1658 K3B, 

r,ne B CetiellllJtx: l!MeeTCJt MaKCIIMyM, fio,nqepKHeM, l.lTO cet1eH1.1e, 113Me

pe1111oe Ha TOHKOil Mlfl!l6HII, HMe6T MaKCHMy?,1 llpll 1699 KSB. 

Oco61,1lt HHTepec npe,nCTaBJIJt6T 3aBl!CHMOCTb OT_~o npomrTerpifpo

BaHIIOf'O no BC6MY cneKTPY C6tJ6HllJt BbOCO,na r8M!.!a-113Jiyl.l6Hll!I H3 pea.K

IJ;HII 12C(p,J) 13N Ha TOJICTOlt Mlflll6HII, 8TO C6tJ6Hll6 lI)ISl Mlfill6HII TOJilitll

HOlt 340 10-6 r/ ct!- nO!ta38ll~ Ha pl!C. 7. 

du: · - dO-_!.fl.i ( Epo,8)= j 'f(Epo-Ep) dA (Ep.B) clEp (9) 
dJl · o _ 

HMeHHO STO cetJeHl!e 06!,(t!!{O lf3Mep11eTCJt, Kor,na 11syqaeTCJt !pyHKn;HJt 

sos6yllt,n6HHfi peaHIJ;llH, Ha puc.7 TOtJKH - usMepeHHoe cet1eHue, cnnom-. 

HM JIHHHfi - pact1eT no cpopuyne (9) B npe,nnoJiollteHIIII, tITO dQ' Id.II. a 

• d.v/d.fl ~ KaK Blf.IUIO H3 p1.1cymta, KpHBM HaxO,nllTCJt B xopomeM cor

JiaCIIH C sKcnepl!MeHTaJlb!lhlMll TOtJKaMl!. 

8TOT B8l!(HJ,!lt peayJibTaT noKasueaeT, l.lTO MOllt6T cymecTBOBaTb 

MHomecTBO pem~Hllil da' /dll (~,B), l1,1lfi KOToph!X dli70/dft (~,8) 

o,nmmKOBO, nosTOMy Ha6JIIO,naeMUlt 0rI4>e1tT He npOHBJIJt6TCJt B qiyHKIJ;llll 

B036yllt,n6Hllfi, o6UtIHO H3MepiteM08 no HHTerpaJibHOMy BbllCO,nJ H3 TOJICTOll 

Mlfill6HH, 

Bee noJiyt1eH!lble K HaCTOfilll6My apeMeHII 3KCnepHMeHT8JlbHl,16 pe-· 

syJibTaTH no ucCJie,noBaHllIO p~nan;uoHHoro srucaaTa npOTOHOB Ha TOJI

CTUX Ml1Jll6HJtx: B pailoHe l!ll!pOKllX pesOHBHCOB llpllBe,neHl,I B Ta6JUtn;e • 
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B 'ra6Jllf'-l8 ~'I. - pe301!8HC!!rut 3Heprna rrpOTOHOB, Erz, orrpe,ne-

Jie11a qx,pMyJion (?), r - mnplllia peso11a11ca B Jia6opaTop1wn cncTeMe, 

Ey - 3Heprlf/l Ha6JIIO,naeMUX· rru.1Ma-KB8HTOB B M8.ltCJ1MYl,le, A Ey =- Ey'I. -
-Ey - Ha6JIIO,IJ.aeMlln C,ll.Bllr B no.rimKemm MaKCl!MyMa, 6 EJ - c,nanr, 

pacqlfTruurun B npe,ItJI011tern1on Mo,ne,m. 

Ta6im'-la 

~Ko flru>o Ep'Z Ep 
. 

r AEJ 8 E' 
; 

(K!i) n/n : 
Mlflll8Hll (KsB) (KaB) (KsB) (KsB) (K3 ) : 

l ?Zc 45? 2366 39 
: 

2366 o:!:2 : 0,3 

2 12c 1699 3512 65 3500 I2 "!: 2 : II,8 : 
3 12c 1699 II46 65 II23 23 ± 2 : > II,8 

4 mo 2663 2612 19 2607 5 "!: 2 4,2 

5 2~~9 , 1623 2884 36 2884 0 ± 2 1,5 

6 2'\19 1654 3859 0,I 3860 l ± 2 < 0,I 

7 28st 1652 4343 52 4342 l ± 2 t,3 

8 28st 2083 4759 : 15,5 4?63 4 ± 3 . 0,9 . 
J],nH. IlOHm.laHlf/1 Ha6JIIO,IJ.aeMoro 3tpp8KTa·paccMOTpHM B036yJK,neHHe 

oT,neJibHoro ~ToMa npoJieTruomen sapH.1KeHHon qacTl!'-len. JJ,na npoTOHa c 

&Heprnen .... I, 7 MsB MOlltHO cqHTaTh, trro Bos~eHHe dy,neT ,neltcTBo.

BaT& KOpOTKOe BpeMH. 

T=- a,;v :.::: _5 •10-18 c 

a._; pa,neyc aToMa (I0-8 CM), V - cKopocTh .. npoTotta 

(IO) 

("2•109 cM/c). 

IlpH sToM c pasJIHtn1on BepO.flTHOCTbJO MoryT aos6Y1K,11.aThCH. cocTOH.Hlffl c 

pasJilfqfjon aHeprnen. 

. C TOtntH 3p8Hlfff KBaHTOBOl1 M8X8l!lfKH aTOM IIOCJle B38ltMO,nencTBHH. 

6y,neT OillfCb!BaTbC.f( cynepn03ll'-ll!en COCTOH.Hlfl1 C onpe,neJieHHhlMl! 3Hep

l'HS!MH. BKJia,n K~Ol'O H3 3TltlC COCTOH.Hlfl1 onpe,11.eJI.fleTCH. BepOflTHOCTbIO 
' . 

ero B036YJ!!,!18Hllfl, H B '-leJIOM :meprHH. COOTOffill!.fl aTOMa IIOCJ18 B38ltMO-
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,nenoTBl!.fl B Teqem1e HeKOToporo apeMe1m 'iR dy,neT Heonpe~eJieHa. 

TaK KaK CYMMBpllrut :meprlf/1 npOTOHa H aTOMa onpe,neJieHa ,no B38.IIMO

,nenoTBl!.fl H He H3M8H.fl8TCH., .TO aneprH.fl OT,UeJibHO npOTOHa Ta.KlKe dy

,neT neonpe,neJieHa B Teqenlfe BpeMenil 'GR • ECJilf sa O'-le11ey 7:,e. B3f!Tb 

BpeMSI lKll3HH BaKaHCllll Ha K-odoJIOqKe, TO ,nJI.fl aTOMa yrJiepo,na T11, ~ 

= io-14 o. 

Ilpe,[1.IIOJIOlKHM, q,ro HaqaJibHB.Sl 3H_eprl!H. ~poTOHa Ea O MOMeHTa era 

B38JndO,neltOTBl!Il C aTOMOM lo dy,neT ll3MeH1lTb01l BO BpeM8HH no :mo-

noneHqllaJibHOMy 3aKOHY 
i-to - -~ 

E { t) = Eo - 11 £ ( I - e ) (II) 

r,ne A E - cpe,nnHe noTepH s11eprm1 npoT011a rrpH Baru1Mo,neltoTB1m c 
aTOMOMo 

Ilpoxo,nn qepe3 . B8ll(80TBO M~e1111 npoTOH O 11aqaJibHOn 3HeprHel\ 

Ea B3am.!O,nel\OTByeT O MHOrllMH aTOMaMll H IIOTepH ero s11epr111t 'xapaK

T8pif3YJOTOH. TOPM03HOlt onoco611ocTblO '1:§. • Tor,na ,nJI.fl npoTOHa, ,UBH-
d x . 

lKyll(8l'OCH. B B8ll(8CTB8·H npome,IIJllero nyT~ d.x • 
dE t-t 

E(i)=E0 - -;I; ( 1-e • ~) dx (12) 

MOMeHT B38JfMo,neltcTBH1l C K8lll,ltblM H3 aTOMOB 6y,neT onpe,neJI.flTbCH. Ha 

KaKOlt rJiy6HHe OT noeepxHOCTH OH H8XO,nl{TCH. 

,&
0 

=- ~ (13) 

IlpH 11e60JI&WHX noTepmc s11eprHH no cpaaneHHIO c nepeo11aqaJib1101t, 

3HeprHH. qaCTH'-lli, ,UBMlKytI(eAc.fl B cpe,ne, dy,neT onpe,neJIRTbCH. m,rpSlKe-

HHeM Vt -(t- f' J 
E/i}=Eo-Jd!i!(J-e 'l"R )dx 

D X (14) 

HHTerpapysi: (14) n yqlfTbIBM, q,ro np1t x > d - TOJil!llffill MHllleHH Jf • 
. X 

= 0 ( 4.f. = 0 H B TOM CJiyqae, Kor,na n~OTOH 38XBaTltJlOfi 1f.APOM) no-
dX · 

JlyqHM 
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r.ne 

t 
Efi}= Ea - :: Vt+:: v~ ( 1-e - Z-A ).fa 

1 npH t ~ d/v 
t-d 

V 
e -75i"' ·np11 t > d/v 

(I5) 

,.L 

(16) 

,II.Ba nepBl1X q,neua B (15) onpe.nenmoT 0611tIHL1e noTepu :mepr1m qac

THI-IU B Bel!leCTBe. TpeT11n tJJieH OTJ1Hqe11 OT nyJIH TOJlbKO no1m qacTnqa 

,llBl1ll(eTcH B BeinecTBe, eCJiu qacTM4a no1m,naeT MlmieHb n1111 3axBaTuaa

eTCSI Sl,IIJ)OM, TO B Te'QeHlle t-.::, 'l:~ TpeTHlt tJJieH CTaHOBllTCSI paBHhlM 

eymo. YllllThlBM TaKYJO oco6eHHOCTb 3TOI'O qJieJia, Ha30BeM 3Hepr1m, 

onpe,ne11ea11y10 BupaJKeHueM (15), "MrHoae1111on" 3Hepruen npoToua, a 

a11epr11JO, onpe,I(eJIJteMyIO nepBLIMH ,I(BYMil ttll8H8MH Dhlp8l!teHIISI (I5) -

" acuMnToTuqecKon" - E
8

c ( t) 

d'E Ea.c ft) -=Eo - - Vt 
dx 

(I?) 

Ka.K CJie.nyeT H3 BLiprutteHHJI (15), MI'llOBe1111oe auaqe1me a11epr1m 

MOllteT 61:lTb H3MepeHO TOJlbKO B T8'Q8HHU .BpeMeHn M8Hbme 't11.. 3a Ta

KOe M8110e npeMH qacTnqa He BLIIl,lleT CYl!l6CTBeHHO aa npe,neJ!bl MllllleHu 

ll 
11
H3MepllTeJib ,meprun" )I.OJOKeH H8XO,Ul1TbCJI B cauon MlIIIleiiu. 

B nacToRU1en pa6oTe .nn11 H3M.epe11m1 aneprm1 npoToua, ,nB111KYl!le

roc11 B Bell{eCTBe, HCil011b30B8H8 perutq1rn pa,IU-18.L\liOIIHOI'O 38.XDaTa • 

3naqe1111e 011epr1111 tI8CTll4hl cyll{eCTBeHHO ,II.JI.It ,II.Dyx· BeJillllllH, on

pe,uenneMbOC D pea.m:~m1. fho ::meprun npo.nyKTOB pew4H11 (D CJiyqae pa-:

.UH8.L\II01111oro 38.XBB.Ta - ::mepI'llfl I'8MM8.-KB3HTOB) ll B11XO,l! npo.nyK'I'OB 

peaKLlllll ( ceqe1111e). Ec;m ceqe1111e pea.K4m1 HMeeT, 11a.np11Mep, ~ru<eu-

1.!YM npu 11e1toTopon a11epruu, T. e. B11Xo,n npu a11epr11u na.,nruo111en t1ac-, . 
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T~ ~ 6oJibme, tleM BbDCO,l! npu .n.pyrmc 611113K1oc a11eprm1x, _To MOlltHO 

CK8.38.Tb, tITO ~ -pe30H8HCll8Jl :meprllfl. Ilpll 3TOM, 8CJIII pea.Kl\11.fI 

npOHCXO,l!HT 38. KOpOTKOe BpeMJI 'r /v , TO J:l11lt BblXO)l.8. pea.K4111r IIMeeT 

311at1emie MI'HOBemme atta.t1ett11e atteprnn qa.CTlfllll E(t), 11auepe1moe 

38. _BpeMfi 'l:N • 8ttepr1111 npo,nyKTOB pe8J{4HH onpe,nenfleTCSI 118. 8.CHMJITO

Tl!Ke qepea BpeMH, 60Jibmee, qeM x/v, 11, CJie,nyn (17), 6y,neT cooT-

BeTCTBOD8.Tb acnMnTOTllqecKOlt 3Hepruu. 

fupalKeHHe (15) MO)KHO nepenl1C8.Tb B Bll,Ue: 

d£ dE _ xfxR 
E/x)=--Eo· ;rx x -t Tx xi? ( 1-e ) j3 (18) 

rp.e )< ,. Vt; X = V'l'. • Ilpu H3Mepemm BbDCO)l.a peaJ{qllH 113 TOHKOlt MH-
~ R 

mettn MaKCIIMMbHM Ben11mma x·=d - TOJI~rHa Mrnne1111, eCJ111 d<< XR., 

TO TpeTllfl ttll8H B (18) paBeH OH 11MI'HOBeHHoe" 3Ha.qeuue 3Heprnn 

COBila,JJ;8.8T C "acl!MilTOTUqecKIIM'! • B pesyJibTaTe MaKCIIMaJ!bHblfi DbDCO,ll 

peaJ{L!HH ~ onpe,nenneTCSI acllMJITOT11qecKolt suepruen B pesonru-rce E. 

ECJIII npOHCXO,l!HT aaxBaT B TOJICTO!t MHmemr' KOI',rta X >> X Al • 

11MI'HOB8HH08 11 II "aCl!MnTOTlltl8CKOe" aua.qeHHfl 3Heprmr He p!lBllhl H MaK

CHMyM B BbDCO)l.e peru<wm 8i.i 6y,neT C,l!DHHYT OTHOCl!T811bHO ER. np11qeM ; 

npH X >>XJI. 3TOT_ C,llBllf' nOCTOmmult H He 6y,neT 3aDIIC8Tb OT X' tITO II 

Ha611JO,UaeTCSI B 3KCnepHM8!1Te. EC11H J:l11SI BCex 3Heprun npOTOHOB B pa

none MaKCHMyM8. D!,DCO,Ua perutLIUII X » XR. ' TO qiopMa MaitCHMyMa B "no-

11y6ecKOHett11on" MIIDI8HII 6y,neT TOil lite, qTO II ,ll11fl TOHKOlt MHm8HII. ,Il.rr.1t 

TOJICTbDC MllllleHen, Kor,na x .... x.(, saBHCHMOCTb DbIJCO,Ua perut41111 OT X 

3ll8PI'IIH I'8MMa-KB8HTOB (ipyr!K~Hfl B036yir.,ne1111JI) 6y,neT 3aBIIC8Tb OT 

Ta.KUM o6pa.soM' H OT E_po' qTO TOllte Ha6Jiro,naeTCfl 3KCnepl!MeHT8.11bHO 

(puc.6). 

C1ta.sa1111oe cnpane,ll11HBO, eCJIH BpeMJI HSMepem!fl 
11
MI'IIOBeHIIOI'0

11 

auaqemm aueprun, onpe,nenneMoe npeMeHeM peaKL!HH 11eBe11HKO no cpa.B

Henuro C 'l11. • B npOTIIBIIOM CJiyqae MI'HOBeHHOe' II 8.CHMilTOTuqecKoe 311a-

1'.l'.e111m aueprHH paB!IU. _If C,llBllI'8. !pylllt~HII B036yllt,!!811Hfl, l13M8peHHOlt B 
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TOJICTon Mlllll8HII He Ha.6JOO,naeTCSi. 

B ,l(HCCepT81.{HH C)leJiaHO npe,nnoJIOlK811H0 0 CBH311 BpeMeHH pe8KI-1fflf 

p8JU18l{llomrnro aaxaaTa c limp11Hon pe3ottaHca II npo1m11aeMo~ bJO KyJIO

HOBCKoro 6apbepa. B Ta6JI111.1e ripuae,neHU pactUiTaHHUe BeJIHtrul,fl,I C,1(B11-

ra PJISi 8 peao11ru1coa u nepexo,noa, K0Top1,1e xopomo corJiaCYJOTCH c 

H3MepeHHl:lMlf BeJIHtUiHaMII. 

Ilpep.nol!leHHM H11TepnpeT8l{IISi oID1c1rnaeT u ,n.pyrue rrncnep11MeH

TMbHO tta6JII0,1(88Mhl8 oco6e1111ocT11. RaK Blf,1(110 H3 qx:>pMyJI!,1 (18) I eCJIH 

ace npoTOHU B TOJICT08 MmneHH, UMeIOtI!He s11eprm1 B o6JiaCTII peao11ru-1-

ca <pyliKI.lllH B036yl!l,!(8HHH, npOlll}IJI B B811l8CTBe nyTb (JQJiblIIe, qeM XR , 

TO qopMa MaKCHMyMa He 6y,neT 38.BIIC8Tb OT 3T01'0 nyTH, a CJie,noaa

TeJibHO, OT sHepr1111 IlOTOKa npOTOHOB Epo• HOT TOpM03!108 cnococ5110-

CTH B811l8CTB:t MHUieHlf • !:ho no,nTBeplK,1(81-10 SRCnepHMeHTMbHO • C ,n.pyron 

CTOPOHU, eCJiu X -nyTb, npo8,neHHhl8 npoTOHOM B B8ll(8CTBe Talton, qTQ 

paa11u11a MelK,IJY 11Mrnoae1111h!M 11 a11a,qem1eM s11epr1111 u "acm.mToTuqecimM" 

c5y,neT MeHbme s E1, TO C,l(Blil' MelK,IJY 34llJ8KTHBHblM 31!81WHH8M a11epruu, 

onpe,neJIHIOlllHM _ceqeuue peaK1llfll, u acm.inToTuqecKuM 6y,neT onpe,neJIHTb-

, c-, npo8,l(eIDll,IM nyTeM x • 

B SKCnep11Me11Tax Ha MHUI8lllllC yrJiepo,na TOJIU\IUI_On ~ 60 RaB . npOTOHhl 

c O,l(l!on u Ton lKe aCHMnToTuttecKon aHepruen (cairnrumon c auepruen 

raMLta-l(BaIITOB qx:>pMyJion (5)) BCTYilaJIH a pea.KqJIIO, npo8,l(H .B Bemec;Be 

paa,mtnrun flYTb, onpe,neJIHeMbllt sHepruelt Ila,Il,810ll,{81'0 Ha MH!ll8Hb IlOTOKa 

~o• 

,Ivr11 3THX npoTOHOB aKcnepl1:"efiTaJibHO H3MepeHHLie ceqemm 

(p11c.6) 6wm paaJittt!Hbn.m p.nn pMl!hlJC Epo. Pactt11TaHHue s11mrnmm xo-

powo COl'Jiacyr:rTCff. C ll3Mepem!h1Mll. ,er._ ~ 
Ha p11c.8 npuBe,neH aKcnepHMellTaJibHO 11sMepem1un £f. (EP,e) 

awco.n raMMa-1mJiyqeH111t p a1-1epruen 3495 K:,B, a 1 • 90° us peruu,1111{ 
12

C(p,J)13N 1-1a TOJICTol\ yrne;o,l(l!ol:t Mmneim, noJiyqemrun p.nn pMllbllC 
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~ 2. .,, 

l!O .50 '10 ~ 60 70 

bf:f 

P11c.B. 3aBHCIIMOCTb sqJfieKTHBHOl'O ceqeHH.R 1f c~,8) ,IVI.R Ep = 
= 1680 K3B, er= 90° OT TTOTepb 3H8pl'HH IlpOTOHa B Mlllll8HH 

.no BCTYflJISHH.R B peaKI.IHD 

P11c.9. 

0,2 +-o 0,52t" 
11 ,, 

· 0,16 < II 
.;;- ,, 
"'- ,. l q12 11 I • : ... 

Jo,08 
I. ,, 

a ,, 
\ 0,0♦ ·__J, 

~ 
~ +g 0,♦ qa .. ' !; ,,." 

-~"-4,0 I 

~~2 I 
'- I 

2, .. I 
\ 

1,6 \ 
\ 

' qa '- '-... .J 
0 q♦ qa 1,2 t,6 £11 MJB 

CetteHH.R TOpM03HOl'O 11snytteHH.R npH Ei = 2,5 MsB. 
CnnomHa.R JIHHII.R - pactteT B np116Jil'IJ!t8HHH ~E. nyHKTHP -

TottHbln pacqeT 
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HaqaJlblllilC 3Hepr11n npOTOIIOB ~o • OTII rBMMa-KBaHTU COOTB8TCTBYJOT 

3WCBaTy npOTOHOB C a11epr11en ~ = 1680 KaB. ,lv!Jt pa3H!DC ~o 3Hep

I'H.li ~ a 1680 AOCTHraeTCJi Ha p8.3HhDC rny6HHWC TOJICTOlt_MllllleHH, T.e. 

npOTOH AO 3WCBaTa JtAPOM npoxo~HT p8.3llbllt nyTb, KOTOpbllt na.pHC,8 

BIJP8l!teH -qepes n0Tep11 a11eprHH A ~ a Epo - Ep. Toq1t11 Ha pHCyttKe 

3KCnepHMeHT8JlbHbl9 BMlfqUHbl, "CMOl!IHaJt KpHBaJt - paC'll8T, 

B meCTOlt rnaae H3yqaeTCJi JiA8p1109 TOpM03H08 113JiyqeHl18 B pe

aKQHJiX C npoTOHaMII. 3AeCb H3MepJteMOlt B8JIH'llHHOlt JiMJi8TCJi cneKTp 

TOpM03HOI'O 113JiyqeHHJi, KOTOpbllt npll OlIP8AM8HHOJ:1 3HeprllH Ha'llaJibHOI'O 

COCTO/lHHJi onpeA8JIS!eTCJi cneKTpOM KOHe'llHhDC COCTOJiHIIR. lf11Tepec110, 

trl'O H B 3TOM npoQecce B cuny KBaHTOB08 np11po,1t1,1 H8B03MOlKHO OT~e

JIIITb TOpM03H08 11anyqe11ue, CBJi3aH!I09 C yc1tope1111eM qacTHQl,I npu 

M8Te B JtAPq II npu BWI8Te. B peayJibTaTe TOpM03HOlt cneKTp H8C8T 

YHHKaJlbHYJO HHq>OpMaQHD O AHHSMUK8 JtA9PHOI'O B3aHMOA0J:1CTBHJi,II MOllt9T 

61,1Tb ncnoJib30B8H ll)I.Jt 11sBJieqeH11H apeMeH npoTeKBHHJt M8PH!lX peaKQHR. 

B KJiacc11qecKolt 3Jl8KTpO,ll.llHaMHK9 IIHT8HCHBHOCTb AIIIlOJlbl!OI'O 113-

nyqeHHJt, COilp()BO~ruotitero CTOJIKHOB8HH8 aapJDK9HHbllC qacTIIQ, onpeAe

JI~eTCJi BblpBJKeHueM: 
2. lz .:.;. .i 

J=2-;:;J/?,/ ..., C . (19) 

CneKTpaJibl!08 pacnpeAenemie 11HTeHC11BHOCTH AUilOJ!bHOI'O H3JlytI8HHJi 

onpeA8JIJl'.8TCJl'. d £w- 3Hepruel'l, H3JiyqeHHOn sa Bp9Mll'. CTOJIKHOB9HHJl'. B 

BHA8 BOJIH C 'tlaCTOTaMH B 11HTepBaJI8 dw/2.'ii 
J/e" .:.;. ;i daJ 

dew= Yi? l_'Zw/ 231 (20) 
.. 1 

~ - KOMilOHeHTa ~pbe i ( t) . 
,. 00 •· iwt 
fw=fz(tJe dt <21> 

iJ .• 

,D;1mOJibHOe np116JIHJKeH11e noJiyqe110 B npeAOOJ!Ollt8HHII, 'llTO BpeMeHeM 3a-

Ila3'Ab[BaHHJl'. B noTeHQH8Jl8 JI11eHapa-BHXepTa· MOlKHO npe11e6peqb. OTO 

yCJioa11e MOllteT 6b1Tb aan11caHo B BMAe 
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v «c, (22) 

T. e. CKOpOCTb ABHlK8HHJl'. aapJiAa V AOJllKHa 6b1Tb 3Ha'tlHT8JlbHO M8llbW9 

CKOpOCTH CB8Ta, t{TO npll TOpM03HOM 113Jlyttemm B CTOJIKHOB8HIIH HYK

JIOHOB npaKTlltl8CKII BC8I'Aa BblnOJIHJieTCSI. 

)J,nll'. KatteCTBeHHOI'O IlOHHMaHHSI CBJl'.311 BpeMelllf npOT9KaHHJl'. JiAep

HOlt peaKQHII 't 11 cneKTpaJibHblX xapaKTepllCTlflt T0pM03HOI'O lf3~qemll'I 

paCCMOTpHM MOAeJibHYJO aa,naqy, B KOTOpon ~aCTIIQa ABIDK8TCJl'. C noc

TOJiHHblM ycKopeHlleM B T8tl8Hlf8 BpeMBIUI T « T npu M9T8 B JtAPO H 

C Ta.Kin.I lite yc1tope1111eM, HO o6paTHOI'O 3HaKa, npu BblJl8Te·. 

B JiA8pHblX pea.KQIIJiX BpeM.li aa,neplltKll ttaCTHQl,I B JtAP8 Jl'.Mll'.8TCJl'. 

cnyqal'lllolt B8Jlll'tlHHOlt, xapa.KTep11syeMolt MOTHOCTbD _BepOll'.THOCTH 

:f>('C'), Jl,nJt CJiyqa.sr nepe1tpb!Ba.JOl!(HXCfi pe3~HfUICOB P(_T) HM88T, 3KCilOIIBH

-Z'/'i. 
QHaJibHHlt xapaKTep P(-r)~ e · ". B MOAeJibHOlt aa,naqe cneKTP Top..; 

Mosuoro 1mnytteH11Jt, ycpe,nHeHHbllt no 'C, aanllll!eTCll'. B BHAe: 

d//(E ) = _!L e 2 z ..!.. Ej f 'l'"/ ~ f1" " 
I' 3:Ji c3 (V-V") E:j- 1-t E;tz/t;)~ (23) 

3A8Cb v., - CKOPOCTb ttaCTHQl,I C 3Heprueit Eo BH8 JtAPa, v, =f <Eo+u.)' 
. m 

CKOpOCTb tlaCTHQl,I BHYTPH lIOTeHQHaJia rny6mi0n u. 
Kroc B11,nHO 113 q>apMyJil,I, cneKTp TOpM03HOI'O H3JlyqeHIIJl'. HMeeT 

MaKCHMyM npH EJ = Ii /X-
0 

11, TaKHM o6paaoM, on MOllteT 6UTb HClIOJlb30-

B8H 1J)If[ onpeAeJieHHJl'. pacnpeAeJI8HHJl'. BpeMeH npoT9KaHHJi JiA8pH!lX pe~ 

rutQHlt. Bnepe1,1e aTo 6b1Jlo OTMe'tleno B pa.6oTe E111m, Attc6epra, YHJIRHH

coua, -K0Top1,1e noJiyqHJIH aHaJior11'tllloe aupWKeHue. Kaa11TOB0MexaH11tleC

Koe paccM0TpeH11e aTolt sa,naqu 6b1Jlo CAeJiaHO ~em6axoM H F.rum. Orm 

npell)I.O*HJIII M8TOA Oill!CaHHfi TOpM03HOI'O 113JIY'tl8HHJi, OCHOBaHHbltt Ha 

p8.3JIOllteHIIII aMnJIIITYAbl perutQHII BH8 MaCCOBOlt ll0B9pxHOCTH, ROTOpa.li 

onpeAeJifi8T cneKTP TOpM03HOrO H3JiyqeHIIH, no aHeprllll'.M raMMa-KB8H

TOB. B 3TOM MBTOA8 C8tl8HH8 TOpM03HOI'O 113JiyqeHIIJl'. Bllp8l!ta8TCJl'. qepe3 
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0KcnepHile11T8JibHO ff3Mepe1111oe ceqeHHe ynpyroro paccemm/J 

d f;,,p/ dJl (E;_) ff BpeMR npoTeKBHffR peaKI.1Hff rz: 

E. d
3
.f" = { 2 

dtl'""e(Ei.) + {z dC,,np ( Ei)-
"J' dErdJl,rd..lZ1 I d.JZ1 t a/..llf .,, 

.. 2/ i.i,) COST• E4 jl, .. , 

~i = fi:_, {l<~K,·,1 '! .,I. ,. _!!l ('.&)2Jf2. 
t,f K. 

(24) 

I l-(P.• ,, ) (.?71) ti"; II 

pi f • V.-,1 la, I<; , K. - 8)UlliHllHble B8KTOpbl B 11anp8.BJI8llffff HMnyJibCa , '/' •J 
npOTOHa BO BXO.rtHOM K8H8JI8 (l), BblXO.rtllOM (f) H TOpM03ll0I'O KB8HTa. 

V,,1 - cKopocTb npoT011a, o<. = e1/-/,c , A - aToMHult Bee, N - tIHCJio 

11ettTpOHOB B SJ,!Ule, }' - Macca npoTOHa B CHCTeMe Q811Tpa Mace, E i.,f
Hall8JibllM If K0118llH8Jt 3HepI'lflf npoTOIIOB, 

B Tex CJiyqrurx, Kor,na M8TO,n npHMeHHM, npe,ncTaBJI/J8TC~ B03MO~

IIOCTb, cpaBHffBM 8KCnepllMeHT8JibHbl8 peayJibTaTl,l ff pacqeT, ff8BJI8llb 

BpeMJt npoT8K8Hffst p8aKI.1Hff • flo~TOMy BBlKHOtt aa,uaqett B ffCCJI8,ItOB8HffH 

TOpM03HOI'O · ff3Jiyll8Hffst stBJisteTCst OQ8HKa npllM8HIIMOCTff npffeiJIHJK8Hffst 

• ~emeiaxa-~ff (~), B ,i:tffCCepTa1.µm ffCCJie,UOB8Ha B03MO~OCTb npHMeHe

Hffst npffeiJIHJK8Hffst npff_B38.HMO,i:tettcTBffH qa~TffQ C TstlKeJ!blMff st,IQ)aMH B 

3aBffCHMOCTH. OT OTHOlll8Hffst 3H8pI'fftt I'8Ml,!a- KB8HTOB H H8JI8TaJO!l(ett 

llacT~, a T8.IOIC8 yrJia ee BblJieTa, PaccMaTpffB8JIOCb ,IU!(ppep8HI.1H8JlbllOe 

C8ll8Hff8 TOPM03HOI'O ff3J!Yll8Hff/J B Mo,neJibHOtt aa,uaqe, CiJiff3KOtt K Top:.. 

M03HOMy ff3Jlyqemno C 3HeprHett HIIJK8 KyJIOHOBCKOI'O Ciapbepa Ha SJ,IUJ8 

yrJiepo,na. 

Bwx ucnoJib30BBH noTeHI.1HM IlI ff Il2 a BH,ne npm.myroJibHolt J'!Mbl 

co CTyil8HllaTblM CiapbepoM, IlapaMeTpbl Ill CiWiff no,noeip8Hbl TaKHM oeipa-

30M, trr06bl B S-BOJIHe.npff 011eprm1 0,216 MsB ('.)b[JI pe30ll8!1C C nmpff-

1108 r • 85 KaB, B llOT8HI.1H8JI8 fi2 p830118HCbl OTCyTCTBOBaJlff, 
' . 

Ha pffc,9 uaoeip8llteHbl ,i:tffi{qiepeHI.\HMhHh!e ceqeHHH G' ( 9,E1) .. 
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• d' f' I d4- dJZ r d.ll Rf , Bl,ltlffCJieHHble B pBMKax TOllHOI'O no.nxo,na 

(Ur(D,EJ)) ff C IlOMO!l(blO npffeiJilfllt8Hffst ~E(G;E(9,Ej)) llpff 3~8pI'HH na

,n~mc qacTffQ E i. - 2, 5 MaB ff yrJiax e BhlJ!eTa qacTucy.r no OTHOlll8HHIO 

K na,uaro!l(eMY nYtIKy; 86 •fli/2, ~ .. ~ = o. 
Pacqem nOK838Jlff, llTO cnpaBe,nllffBOCTb llpffeiJilfllt8Hffst ~emeiaxa

Elillff 38BffCffT H8 TOJ!bKO OT OTHOU18Hffst 3!18pI'ffff A• Ej/Ei, HO ff OT 

yrna BblJI8Ta qaCTHQ. 0rHOCffT8JlbH08 _OTKJI~H8Hffe a;. (e,E1> H 

Uq,E (8, E 1) ,nnst noTeHI.1H8Jla Ill ,nocTHra.eT 570%. ~st noTeHQffaJia Il2 

OTKJIOH8Hff/J TOllHOI'O ff npff6JIH1K8HHOI'O paclleTOB 3H8llffTeJ!bHO M8Hblll8, 

B QeJIOM, mmoJIH8HHbl8 lfCCJl8,ItOB8Hffst noK83h!BaJOT, llTO B OTCyT

CTBff8 pe30H8HCOB npff6Jiff~8Hff8°lemeiaxa.-EHHff xopOlll? onffcuaaeT 3KCne

pHMeHT ff era TOllHOCTb onpe,neJist8TCst A - OTHOlll8HffeM 3H8pl'ffff TOp

M08HOI'O ff3JiytieHHst K :mepI'ffff .H8JI8TaJOU(8lt qaCTffQbl, HaJifftl'.ff8 p838H8H

ca npff O.rtHIDC ff Tex ~e A npffBO)U{T K yxy,ttmeHfflO cnpane,nnffBOCTff J?PH-
6mo1.teHffst IE. 

IlepBUe paeiom no ff3M8p8Hffl0 TaKOI'O ,nmppepeHQH8JibHOI'O cellellffst 

TOpM03Horo ff3J!Yll8Hff/J npOTOHOB CihlJ!ff Bb!IlOJIHeHJ,I B Ra.CiopaTOPffff HeltT

poHHott ~H3ffKff OIDlli ff KHeBCKOM roCyHffB8PClfT8Te (!976 r.) ff B Bo

JIOHCKOM yHffB8pCffT8T8 (1976 r.), 3aT8M llO/JBHJ!ffCb pa.CiOTU BpyKJiffHC

KOtt rpynm,r (!979 r.), rpyl1IIhl ff3 TOKffO (!982 r.) ff rpynnu ff3 

ffirn HI MI'Y (!986 r. h lfayqaJiaCb peaKQHst-12c(p,Jp• >1
2c llpff 3Heprff

mc npoTOHOB 0,5-3 MaB. 

B RH~ 0Hfill H3yt18.Jl0Cb TOpM03H08 ff3JiyqeHH8 llpOTOHOB Ha yrnepo-

,ne, KOr~a npOTOHbl B BWCO.rtHOM K8H8JI8 HaxO,nHJiffCb BC>JIH3ff p830H8HCa 

E .. 2366 KaB wa 13N. ~st perffcTpaQffff rBMMa-uaJiyqenH/J ffCnoJibao

BMCst Ge ( l.i.) ,neTeKTOp 061,eMOM 40 cil3 ff ·paapemenffeM ~ 3 KaB no JIH

llffff I,I7 MaB HCTOllHHKa 
60

co. 

Ha pffc,IO npuae,neHo ceqeHffe TOpMoattoro ffSJiyqeHffst Ha peaKQHff 

I2c(p,Jp• )I2c npH 3H8pI'ffH na,naro!l(IDC npOTOHOB 1230 K3B ff Et BCiJiff3ff 
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peaomurna 2366 KaB ~a 13N. Cet.eh11e cocTOHT H3 p.Byx Ko_MTToHeHT -

IIJ18.BH08 11 pe30HatlCH08 C MaKCHMYMOM, KOTOpue H8XO,l).;1Jl11Cb B peayJib

TaTe annpOKC11M~l1 3KCnep11MeHT8JlbHWC TOtieK Kpi1B08 F(E1) 

~/,::) 6 c d ½ -rp;;I :a-'"-+-z + 
EJ' ~ { EJ'a-EJ' )"·+ rl'I 

(25) 

B Bl1,IJ.e cyw.ru IlOJll1HOMa, onl1Cl1B8l0mero nepByio KOMilOHeHTY 11 JIOpeH-

1..lBBCKOro ~araeMoro JJ)IH aTopon; Ei1. - aHepr11a a MaKCHM}'Me, r -
m11pm-1a MaKCJ1MYMa. IlapaMeTpU Kp11aon H8XO,IJ.HJIHCb MBTO,IJ;OM H8.1-!MeHbilll1JC 

KBa,rq>aTOB. Ha.Jil1til1e B BblpBlKeHlm JJ)IH F(Ey) CJiaraeMOI'O a., nO-B11,IJ.H

MOMy, MOlKl-10 paccMaTp~BaTb K~ OTKJIOH81-1110 npH EJIE "'0.5 qiopMU 

cneKTpa OT aap.aaaeMon np116mrnteH11eM li)eI116a.xa-Elum; 

Ilp11 aHepr11roc Ep ~ 1230 ~aB 11 Ey = 715 KaB BeJIHCb no11cKH 11H

TepqiepeHl..ll1H MeJK,cy 8MI1JIHTY,IJ;aM11 paaJIHtil-ll1X BKJ!a,IJ.OB B TOpM031-108 

cneKTp. ~CCJI8,IJ;OB8J10Cb 113M0HBHHe qiopMU cneKTpa np111-1e60JibIIIHX 113-

Mel-leHIUIJC 3HeprHH nap.ruomHX npoTOHOB, He 38.B!l.BMCb KaKHM-JIH(JO 

8H8Jl11THtI8CKHM B11,IJ.0M KpHBOn OilHCUB8JOmen cneKTp B6JIH311 MaKCHM}'M!l.• 

B KatieCTBe KpHT8p11H TaKOro 113M0H8HHH 6blJIO HCilOJlb30B8H0 BMeme1-111e 

IlOJ!OlKeHliH l..lBHTpa T.fll!l8CTH (E~c> 3KCnep11MeHT!l.JlbHOI'O cneKTpa OTHO- . 

c11TeJibHO pactieTttoro noJiolKeHHSJ MaKCHM}'Ma Ey, 0 • Ha pnc.II np11ae,ne

Ha paaHOCTb _a1-1epr1111 E1,o - E~c B 3aBHCHMOCTH OT 3HeprHH nap.ruouuoc 

npOTOHOB. 3aBHCHMOCTb E1,o - Ege OT 3HeprHH nap.ruouuoc npOTOHOB 

CBSJ38Ha C H3M0HBHHeM qiopw peaOHaHCHon KOMTTOHSHTU TOpM03HOI'O 

cneKTpa 11 MOlKeT paccMaTp11BaTbCSJ KaK yKaaaHH8 Ha npoSJBJieHHe HH

Teprpep8Hl..ll111 B pano1-1e MaKCJ1MYM!l. TOpM03HOI'O cmeKTpa', npH EJl~0.5, 

rp.e np116.1tHlK8HH8 illem6axa-EHHH BUnOJIHHeTCSJ, no-BM,IJ;llMOMy' rIJioxo. 

CeqeHHe SJ,IJ;epHoro TOpM03HOI'O 113Jzyt18HHSJ onpe,ne.11SJeTCSI aMrIJIH

Ty,non B3al1MO,IJ;BncTBHSI npOTOHOB C 12C BH8 M!l.CCOBOn noBeplCHOCTH, 

T. K. sttepr1111 npoToHa B HaqaJie 11 KOl-11..lB perutl..ll1H paamrn. B peayJibTB.

Te MaKCJ1MYM B cneKTpe raMMB.-113JlyqeHHSJ, COOTBeTCTBYIDlllHn peaOHaHC-
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HOR 3H8pI'1111 ,ltJI.fi Ef I c,nBlffiYT OT p~Ct;HTBHHOI'O ll0Jl0llt8HH.fi Ha BeJIH

'lHH'J Bwco.na 8J.lllJIHTy,nu aa 11pe,neJI11 MaCCOBOl! IIOB8pXHOCTH. Ana 

Cll81(Tp0B TOpM03HOI'O H3Jlyt18HH.fi, H3Mepemrux llpH ~ .. I300TI500 

K3B, IIOJIOJK8HH8 ll8HTpa T.fiJK8CTH. MaKCl!MyMa B ClleKTpe HM88T 3H8pl'HRl 

Ha IO±o,a K3B M8Hbtnyil pacqeTHon. 

B cenbt!Ol! I'JlaBe C4JOPMYJIHpOB!lH!l OCHOBHU8 peaynbTaTU, IIDJiy

qeHHll8 B ,nHCCepTatµ!H. HaH6oJiee IIOJIHO 11po,neMOHCTpllpDOOJIH B03MOJK

HOCTH HHT8I'p8JlbHOI'O nb,mco.na K H3YQ8HHRl B3aHMO,nellcTBH.fi HyKJIDHOB 

C B8lll8CTBOM peayJibTaTu HCCJie,nOBaHHR, H3JIOJK8HHbllC B 5-on I'JiaBe. 

0Ka38Jl0Cb, 'llTO B3fil!Mo,nellcTBll8 llpOTOHOB, Ha.xo.n.miuocca B B8IJt8CTBe, 

atteprHH'KoTOPhlX He w11Kc11p0Battu c R,lijlaMII, He cBo,nHTCH K aa.xBaTy 

IIOCJI8,nHIIMH OT,neJibHbllC llpOTOHOB C onpe,neJieHHOl! 3Hepr11en. 

lliiTeI'paJibHUll no,mco,nx 113YQ8HHRl B3fil!Mo,nencTBll.fi HyKJIOHOB 0 
• I , 

B81Jt8CTBOM npe,ncTaBJiae'.r° 60JibwyIO npaKTIIQ8CKYD Q8HHOCTb. ITP,elK,ll.e 

Bcero aTo CB.fi3aHO c Te~, trro ,nattHhle, tteo6xo,ni!Mble ,ltJIH nporttoaa 

peayJibTaTa B3aHMD,nettcTBll.fi 11D~OKa qacTl11.l O B81Jt8CTBOM, noJiyqaroT B 

6Jill3Kll'.lC yCJIOJ311.fiX. BoapacTaeT Ha_nelK!-IOCTb TaKHX peayJibTaTOB, T.K. 

K~M lffiT8I'paJibHM BBJll1QHHa 011pe,neJI.fi8TC.fi xapaKT8p11CTHK8MH IIOTOKa 

H B3aHMO,nellcTBll.fi B ruHpOKOM ,nuanaaotte 3HeprHn. ITp11 3TOM llliqx>pMa-

1.lH.fi, B HeKOTOpOM CMhlCJie, .ny6JIHpyeTC.fi 11 YM8HbruaeTC.fi BepORTHOCTb 

IIOJiyqeHH.fi oru1160tUiblX peayJibTaTOB. Oco6eHHO 3TO B8JKHO npH KOHTpoJie 

cneKTPDB H8llTpOHOB B alCTIIBHDR 3QH8 H OKOJIOKopnyCHOM llpOCTpaHCTBe 

peaKTDpOB. 3,necb .ny6m1pOBaHll8 Hllqx>pMaQIIH 06 lffiTerpaJibHOM IIOTOKe 

K8lK,ll;blM KOMIIOHBHTOM MHOI'OKDMIIOHBHTl!DI'O ,neTeKTOpa 06SCJl8tllfBaeT Bl:l

OOKYRl tta,nelKI-IOOTb IIOJiyQ8Hll.fi KOH8'1UiOI'O peayJibTaTa. OcHOBHDll.QeH

HOCTbR) paapa6oTaHHOl! MeTO,nllKII MHOI'OKOMIIOH8HTHblX aKTHBaQHDHHblX 

,neTeKTOpOB .fiBJl.fi8TC.fi T8XHOJIOI'HtnlOCTb HX IICIIOJlb30B8J-IH.fi Ha A3C 11 

.npyrHX 3HepreTHtJ8CKHX lCTaHOBKax. B KOMIIJleKce C paapa60T8.HHhlMH ·' 

MeTo,naM}f IIP81.lH31lDHHOll I'llMMa-cneKTpOM8TPllH H MaTeMaTHQ8CKl1M 06ec

neqe1111eM ,ltJISI BOCCTllHDMBJUl.fi cneKTpOB HBRTpOIIOB coa.natta B03MOJK-
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HOCTb ,nJI.fi BKJlRltJ8IIH.fi M8TO,nHKH B perJIBM8IIT KOIITpOJI.fi Ha aTOMl!UlC 

ettepreTHqecKHX ycTaHOBKa.x, trro o6ecneQHT me 6oJiee 6eaonac11yv pa-

6oTy. 

Paapa6DTaHHU8 M8TO,ItHKH yqeTa a~eKTOB 08MOIIOI'JI011t8Hl1.fi I'aMMa

Ha~yqeHH.fi B B811t8CTB8, KacKa,nnoro CyMt,IHPOBaHH.fi, HaJIOJK8Hll.fi HMnyJib

COB HM8RlT C8MOCTORT8Jlb!lYRl l.l81lHOCTb. OiiH ruHpOKO HCIIOJlb3YRlTC.fi B lfu-

8BCKOM rocynHBepc»TeTe, illlli AH YCCP, YlKI'opo,ncKoM ynn»epc11TeTe, 

PoBettcKoll A8C ,nna 011pe,neJieHH.fi co,neplKattHH pa,n110HyKJIH,nOB B paaJIHq

HhlX oCSpaaQax, 11)1.fi l.l8Jl8lt tteltTpOHaKTHBatµ!OllliOI'O aH8JlH3a H B .npyrHX 

npmuxa,nHUX pa6oTax. 

3. OCHOB!filE PE3YJibTATll H.ITOJIOJKEHllil PABCJI'H, BHH09J1M!IE HA 3AflllITY: 
I. Paapa6oT8Hhl H paaBHTl:l MeTo,nu perue1111a oCSpaTttoll aa,naqH 

npHMeHHTeJibHO K H3Mepell11D_ cneKTpOB HellTpOHOB H ceqeHHR a,nepnux 

peaKl.lHlt B HHTerpMbHUX eKcnepHMeHTax. 

Coa,n8Hhl n~em nporpBMM, peaJIH3YDU!H8 BOCCTattOBJI1iH~e perueH!rH 
1 

Il~ peayJibTaTaM HHTerpaJiblfillC 3KCil8pHM8HTOB, IlJlaHllpOBaHHe HHT8I'-

paJibHOI'O 3KCilepHM8HTa, IIOJiytJ8HHe OQ8HKH norpeuIHOCTelt peayJibTaTOB. 

·2. PaapaCSoTatta aBTOMaTH3HpOBaHHM M8TO,nHKa llp81.lH3HOHHOI'O H3-

MepeHH.fi HHT8HCHBHOOTel!'HcTO'IUiHKOB raMMa-HSJiytreHHSI B 06'I>eMHhlX oCS

paaQax • MeTO,ItHKa yQHT!,IBaeT 3~KTl:l C8MOilDI'Jl01Jt8HH.fi ra.MMa-H3Jiytremrn: 

B oCSpaaQe, KOH8'1UiYRl reoMeTpl!Rl H3MepettHtt, HaJIOllt8HH.fi HMnyJlbCOB B 

cneKTpDMeTpHQ8CKOM TpaKTe, 3qJIP8KT KacKa,nHDI'O OYMMlfpOBaHH.fi raMMa

KBaHTOB. ITOJiyqemrue B HHTerpaJiblfillC 3Kcnepm.ieHT8X oneKTpbl oCSpaCSa

ThlBaRlTC.fi cnel.l.11aJIH3HpOBllHHUM llaK8TOM 11porpaMM, oCSeoneQHB8lOutHM Bl:l

COKYRl TOtJHOOTb II Ha,neiKHOCTb KOHetJHh!X peayJibTaTOB. 

3. Paapa6oTatta 11HTerpaJibHM MeTo,n11Ka HOIIOJlb30B81-lH.fi MHOI'OKOM

IIOHeHTHhlX a.KTHBaQHOHHhlX ,neTeKTOpOB ;:i)IH 113MepeHl1.fi cneKTpOB 61:lCT

phlX tteltTpOHOB B aKTHBHOlt 30H8 ·a,nepHUX 3HepreTl1Q8CKl1X yoTaHOBOK 11 

B!,IB8,nettnux IlOTOKax ttel!TpDHOB. lfaMepeiru cneKTpbl B aKTHBl!Olt 30H8 pe

a.KTOpa BBP-M llilH AH YCCP, qyBCTB11T8JlbHOCTb MeTO,JUiKH noaBoJisreT 110-
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CJie,noBaTb cneKTPl1 611cTpux HeRTpOHOB B aaBHCHMOCTlf OT sarpysKH 

8.KTHBHOR 30Hhl. MeTO~Ka BKJiroqaeT OTITHMH31lllHID Ha60pa HCTIOJ!b3Y8MhlX 

B ,neTeKTope noporom.oc pea.Kr.µdt, 04eHKY KOMnosH!.!HH Hcxo,mrux: MaTe

pHaJioa, onpe,ne.rreHH8 CKOpocTeR pea.K4HR, BOCCTBHOBJ!eHHe·cneKTpOB 
,,. 

tteRTpottoB. 

4. MeTO,llOM HHTerpaJibHbllC 3KCnepHM8HTOB B 113B6CTHbllC HSRTpOH

HUX nonmc nonyqeHbl ceqeHH.fl peaK!.!HA 58tl,(n,p)58Co, 27Af(n,p)27M9. 
Ilonyqemn.re ceqeHH.fl HaHJlytmlHM o6pasoM, c TOqKH speHH.fl KpHTS

pHSI % z , cornacynTC.f[ C pesyJibTaTOM HHTerpMbHbllC 3KCnepHM8HTOB B' 

CTatt,napTHb!X nonmc HeRTpOHOB, 

5. PasBHTa HHTerpanbHa.fl M8TO~Ka H3M8p8Hlf.f[ xapaKTSpHCTHK 

p830H8HCOB B .p88.K!.!HH (p,J) Ha TOJlCTb!lC MHlll8Hmc, lfaMepeHbl xapaKT8-

pHCTHKH 8 l1830H8J-ICOB B p88.Kl!HfilC 12ccp ,J)13,v, 16o(p,J) 17r, 
24t.f9(p,J)25Af, 28S,(p,J)29P. 

6. BnepBlle 1-1a6nro,naJIOCb. SIBJl8HH8 aHOMMbHOro PB,IUfllllHOHHOro 

38XBaTa npoTOHOB JISI'RHMH Sl,IqlBMH, 

7. 06Hapy;,t8HO' qTO B~O,n raMMa-lf3Jiyq8ffl,f.f[ onpe,n8JISHHOA 3Hep

r»H, CBfi38HHOro C 38XB8TOM npOTOHOB B pe30H8HC8 3512 K3B S1,IW8 

i3,v,. 38BHCHT OT TiyTH, npofi,neHHoro npOTOHOM B Mlflll8HH ,no saxBaTa. 

a. Bnepooe JJ,IJ.SPHM p8M1.!ffSI HCTIOJ!b30B8Ha ,!VI.fl lf3M8p8HH.fl 3H8p

r11H qacTHl! B aemecTBS, TIOKMBHO, ~o peayJibTaT lf3M8p8HH.fl 38BHCHT 

OT MSX8HH3~a peaK!.!HH, 

9. BnepBhl8 Ha6JIID,naJiacb HHTepipep81i1.!fffi H c,na»r MaKCMeyMa B 

cneKTpe TOpM03Horo H3JiyqeHH.f[ B p88.K!.!HH 12c(p}p)12c npH aaxBaTe 

Ha pe30Hru1c 2366 KsB S1,IWa 13,j. H3Mepetto ceqehHe· TOpM03Horo HaJiy

q91m.fI B 3TOR p88.K1.!ffH, Onpe,n8JISHl1 yCJIOBH.f[ npHMSHHMO,C'l'lf npH6Jll-!lK8-

HHfi (l)em6axa-Emm ,IVJR onHcBHHR Top1,103uoro H3nyqemm H noKaaaua 

B03MOll'J{OCTb H3Mepemlfl; apeMSH npoTe,ItaHlifi JJ,IJ.Spllh!X peaK!.!Hfi _113 _cneK

TpOB TOpM03HOro lf3JiyqeHH.f[, 
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0CHOBH08 CO,ll8plK811H8 ~ccepT!lllHH ony6nHKOBllHO B ~8.nyKltIIIPC 

pa6oTax:: 

I. C.C.IlaplKHl.!RHfi, D.Il.ITonoB, B.A.IlonpRoa, 3.A.Canex, H.B.Cuaoa, 

B.H.CTpID!tax "HcCJie,noBBHHe raMMa-HaJiyqemm ua peaK!.!HH 
12c(p,Jp• )12c11

• TeaHc11 XXYl BCfICCAff, c.303, BaKy; 1976 r.; 

Coo6meH».fl OIDIB, P-15-9649, fu'6tta; 1976 r. 

2. A.H.BoAToa, C.C.Ilal)JKttl!RHA, D.Il.Ilonoa, B.A.IlonpKoa, H.B.CH30B, 

B.H.CTpHlltaK "lfuTepipepeHqHOHHl,18 HBJISHH.R: B TOpM03HOM cneKTpe 

raMMa-KBBHTOB p8aK1.!ffH 12c(p,Jp• )12011
• Cool5meHHfi Oillil1 Pl5-

llIOl, fu'6Ha; !977 r. 

3. A.H.BonToa, C.C.IlaplKHl.!RHR, iJ.Il.IlonoB, B.A.IlOHpKoB, H.B.CH30B, 

B.11.CTpHJKaK "ITpHMon P8,IU-lllllHOHHblA 38XB8T npo,:OHOB S1,IWOM 12011
• 

Te3HCl1 11 ,noKna,tt XXYII BCHCCAff, c.158, TamKeHT; 1977 r.; 

Coo6mett»n owm PI5-Il087, AY6tta; 1977 r. 

4. B.A.ITnroRKo, B.A.ITonpKoB "~epttoe TopMoatto~ nanyqett»e B npK: 

cyTCTBHH H30JIHpoBaHHoro pe30Hattca". TeaH~u XXX BCfICCAff, 

c.128, MocKBa, 1980 r. 

5. B.A.ITnroAKo, B.A.ITonpKoB "O B03M01KHOCTH ncnoJib30BBHlfli Teopew 

apempecTa B 38,ltalte O TOpM03HOM lf3Jlyq8Hltlt HyKnOHOB". T831iCbl 

XXXI BCHCCAff, c.158, CaMap1tatt,n; 1981 r. 

6. A.H.BofiTOB, H.H.KacTp!OJIMH, B.A.IlonpKOB "Onpe,neJieHMe OTHOCH

TeJibHOtt sqxpeKTlfBHOCTH Ge(LiJ ,ll8TSKTOp0B B ~anasotte 3Hepr11tt 

0,8¾6,I MsB". Ilp1t6opbl lf TSXHHKa sitcnepHMeHTa, 3, c.51, I98I. 

7. B.A.ITnroAKo ,· B.A.IlOlipKOB "O B03MOlKHOCTH ncnoJibaOBBHHH TeopeM1,1 

opettipeCTa B 38,[{8118 0 TOpM03HOM H3J!YtJ:8HHlt HyKnOHOB 11
o H3B8CTlfli 

AH Kaa:CCP, cepH.fl qlt!3,-MaT., ~5, c.24, !982 r. 

8. B.A.IlJirofiRo, B.A.ITonpKOB "0 npHMeHHMOCTM npH6JilllKeHHH ~em6axa

EHHH B aa,ttaqe o TOpM03HOM JJ,IJ.epHOM H3JiyqeH1t1t". Te3HCU XXXII 

BCHCCAff, c.416, Kues; !982 r. 
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9. B.A.I1mon1co, B.A.IlonpKoB "Oco6euuocTH n,nep1{0ro TOpMoauoro H3-

Jiyqemut B npHCYTCTBHH o,w1oqaCTl!qf{Oro H30JIHpOBaHHOrO peaomu1ca" • 

.H,rtepuan qiH3HKa, T.37, W-2, c.298, 1983 r. 
IO. B.A.IlmonKo, B.A.IlonpKoB "TeopeMa 8pempecTa B Teopun np~ 

nepexo,nou M6lllJJY uecunaaHHl:lMH cocTO.mtHHMH". Ph!JS, Leltel"S. B, 

T.123, !ffi, c.373-3?5, 1983 r. (rutrJI.). 

II. C.H.E.'!Cou, B.A.IlonpKoB "lfoyqeune n,nepHUJC peruu~,n B CJiyqae He

MouoxpoMaTnqecKHX nymrnu". fl,rtepuan qiH3l!Ka, T.37, 1"3, c.616, 

!983 r. 
!2. B.A.IlonpKoa, M.B.Cnaoa "oqqieKT KorepettTHon :,mepreTnqecKon 

mnpmru npn aaxBaTe npoTOIIOB n,npoM 12c11
• IlpenpHHT Ollffif 

PI5-83-442, ,ll,y6ua; !983 r. 

!3. C.H,E.'!Coa.,-B.A.IlonpKoB "MeTo,n aoccTru10B1Ie11H11 ceqeunn a aKcne

p1rueHTax ua CIIJIOIJIHbllC nyirKax". Teancu XXXlil BCflCCAfI, c.i38, M; 

1983 r. 

14. A.M.BonToB, E.M.MarienyJIHHa, A.R.IloJI.RHcKnn, B.A.IlonpKoB, 

B.M.CTplf!I(~ "O ,nonoJIHnTeJibH08 norpemHOCTH, B03Hl!KSIO!llen npn 

, l!3Mepel!Hl! aKTHBIIOCTl! uyKJIH,ItOB 3a cqeT 'CYMMllPOBIU!l!H KacKa,I!.HWC 

raMMa-KBaJ'IToB". Tes.11cu XXXlil BCflCCA!I, c.586, M; !983 r • 

15. A.li.BonTol!, "E.M.MarienyJIHHa, A.R.IloJimtCKHtt, B.A.IlonpKOB, 

B.11.CTpHll(aK "YtteT sqqieKTOB CyMMHpoarutnn KaCK8,!J.Hl,IX raMMa

KBaHTOB npn onpe,neJieHHH !UtTH~HOCTH o6pa3[l0B 60Jibmoro 061,eMa"•· 

Teattcbl XXXlJJ BCflCCA!I, c.587, M; !983 r. 

!6. :3.l1,MopI>yHoa, A,H.Haaapou, B.A.IlonpKoa "lfoMepemie norJI0111eHn11 

I'aMMa-KBSHTOB ,ItJIH onpe,neJiel!HH xap!UtTepHCTHK paCTBOpOB" CMe

cen". Teaucu XXXlll BCfl.CCA!I, c,588, M; 1983 r. 

!7. B.A.IlonpKoa, l1.B.C11aou "oqqie1tT KorepeHTHon aHepreTnqecKott 

WHPlll-lbl npH 38XBaTe _npoTOHOB. SJ,npOM 1~C". H,nepHM ipl!3HKa, T .40; 
11>7, c.21, !984 r. 
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IS. B.A.IlonpKoB, 11.B.C»aon "O aaBl!CHMOCTl! ceqemm pe!Utl.lllH 
12- 13 . 
_v(p,J) NoT suepreTHqecKon mnpHl!hl BOJIHoaoro na.ReTa na,na10-

ut11X npoTouou". Te::mc1,1 H ,noKJia,n XXXIY BCflCCAfI, c.291, Jiemrn

rpa,n: !984 r. 

19._ 8.11.MopryuoB, B.A.IlonpKOB "YqeT Sipip6KTOB KOHetI110n reoMeTpHH 

H CaMOilOI'JlOl!l6HH!I npH cneKTpoMeTpHI! rru.1Ma-HSJiyqem111" • Te3HCll 

XXXlY BCflCCAfI, c.553, HayKa, )temrnrpa,n; !984 r. 

20. M.~.BJiacoa, A.M.BonToB, A.JI.IloJimtCKttn, B.A.IlonpKOB, 

B.11.CTpIDKaK "06 11cnoJihsoaaH1111 A(, Mn, Fe B KattecTae noporoal:llC 

,It6T6l{T0p0B ,ItJIH H3Mepemrn cneKTpOB ue8Tp0HOB11 • HenTpOIIHM qiH

SHKa, T.4, c,25!, l.\Hl1l1ATOl.ll1H~OPM, M., !984 x:'• 

2!. a.M.MopryuoB, B.A.IlonpKoa, B.11.CTpl-!lltaK "IloJiysMnHp11ttecKan Me

TO,ItHKa yqEl'.l'a CBMOOOI'J!Ol!l6~11 uettTp0HOB " rBMMa-ipoTOIIOB B 06-

paariax". HenTpOHHM rpH3HKa, T.4, c.364, l.\Hl1l1ATOMllli~OPM, M,; 

!984 r. 

22. B.A.IlonpKOB, M.~.BJiacoa, C~H.EiKou "BoccTrutoBJie11Heceqe11Hn 

peaKfll!R 27At(n,~)24Na.. 58tti(n,p)58Co no i!HTerpMbHblM ceqeHH

HM B CTau,rtapTHhlX noJimc uertTpO!IOB11 • HenTpOIIHM qITT3HKa, T .4, 

c.369, l.\Hl1l1ATOMllli~OPM, M., 1984 r. 

23. B.A.IlonpKOB, C.H.E'JKoB "O'B03MOlKl!OCTH noJiyqeHHH CaMOCOrJiaco

BIU!llllX ceqeuHn noporoB!,IJC peaK~n B HHTerpMbHblX sKcnepHMeu

Tax". HenTpouuM rpH3HKa, T.4, c.376, l.\Hl1l1ATOMllli~OPM, M., 

1984 r. 

24. 8.l1.Mopryuoa, B.A.IlonpKoB, C.A.CaMapnu "Cnoco6 cTa6HJIH3afll!l! 

suepreTHtl6CKOR mKa.Jibl cneKTpOMeTpa H ycTpORCTBO ,ItJI!I6I'O pea

Jll!3~fl!11. ABTOpCKOe CBl!,It6TeJibCTBO "' II37902, npuopllT6T 

OI.I0.1984. 

25. a.H.Mopryuoa, B.A.flo!IpKOB, B.H.CTpH!(aK "IloJiy3MrlHpHtlBCKM Me
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