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B B e JJ. e H; 11 e 

HccnenoBaHHID peaKunil re~ng-3 c yrneponoM rrocBHmeHo HecKonhKo 

pa5oT/1-6/ 1 T9M He M9Hee rronytieHHbiX 9KCITepHMeHTanbHbiX llBHHb!X Heno

CT8TO'IHO nnH nx rron11oro TeopeTHtiecKoro aHannaa. YrnoBhle pacnpeneneHHH 

npoTOHOB na peaKUHH 
12 C ( 3 He , p) 

14 N y)l{e rrpn HH3KHX aHeprnHX 5oM

~ap,c:mpyromnx noHoB o5nanaroT npnaHaKaMn, xapaKTepHblMH KaK nnH o5paao

BaHHH COCT8BHOPO Hllpa, TaK H nng llpHMbiX npoueccOB
1 

, HM9HHO IT09TOMY 

B 118CTOHmee BpeMH 119nh3H cnenaTb Ollii03118'IHOPO 38KniD'l9HHH 0 M9X8HH3M9 

STOll peaKUHH, 

, B Tex cnyqagx, Korna aKcnepnMei!TanhHbre peaynhT8Tbi nnT"epnpeTn

PYJOTCH 118 OCIIOBe pe3011811CIIOll TeOpHH B npennonO)I{9!1HH M9X8HH3M8 COCTaB

IIOPO Rnpa, nMeromnxcH CBeilennil o5 yrnoBbiX pacnpeneneHHHX npoTonoB HBII<>

,He XBaTaeT nng npoBeneHHH TaKoro anannaa, TaK, yrnoBbie pacrrpenenenng 

p0 -npoToncm na peaKunn 
1
,
2 
C ( 

3 
He , p ) 14 N , cooTBeTCTByromnx' o5paaoBanniD 

KOII9'l!IOPO Hllp8 14 N B OCIIOBIIOM COCTOHIIHH 1 B o5naCTH aneprnil HOIIOB 3Jie 

, OT 2,0 no 3,5 MaB H3MepeHbi numb, npn necKonhKHX anatieHnH·x aiieprnull-3/, 

B uenSix nonytte-HHH nan5orieec nonnoil nH!jlopMaunu o MexanuaMe B3anMo

neilcTBHSI Hnep remtH-3 c yrneponoM HaMH natiaTbi neTanbHbre uccnenoBaHHH 
2 3 .. 

peaKUHII 1 C ( He , p ) 14 N . f1porpaMMa ainx ncclienoBaHitil BKniDtiaeT: 

1. f1onpo5Hble H3MepeHHH ljlyHKUIIll B035y)KJl911HH II yrnOBb!X pacnpenene

I!Hll llpOTOHOB ·B mupOKOM llHanaaOHe 9Heprnil YCKOpell!lb!X IIOIIOB, 

2. HaMepenne nonHpnaaunu npoTonoB, cooTBe,TCTBYIDmnx o6pa3oBaHniD 
. 14 

KOII9'l!IOPO SIIlpa N B OCIIOBIIOM H rrepBOM B036y)KJl9HIIOM COCTOSIHHHX, 

oTo noaBonnT nonytiHTh nononnnTenh!lbre cBenennSI o ljlaaax MaTpH'lllbiX ane-
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M8HTOB S -MaTpHUbi, T,e, }laCT B03MO:lKHOCTb llpH aHanu3e yrnOBbiX pac

III;l81l8neHHfi llpOTOHOB yMeHblliHTb H801lH03Ha'IHOCTb aneMeHTOB S -MaTpHUbi, 

B HallleM coo6meHuul.7 I COJlep:lKaTCSI npellBapn;enbHbie pesynbTaTbi, 

nony'l:eHHbie npn usy'l:eHHH ·llaHuoii: peaKUHH. B HaCTOSIIUefi pa6oTe npHBOilSIT

CSI 3KC118pHM8HTanbHbl8 llaHHbl8 110 <jlyHKUHSIM B035YlKil8HHSI H yrnOBb!M pacnpe-. 

aeneunSIM npoTOHOB anSI Tpex KauanoB peaKUHH npn aHeprnn ycKopeHHhlX 
. 1 

noHoB rennSI-3 oT 2,2 ao 3,6 MaB, KpoMe nony'leHHSI cBelleHnfi o anHaMnKe 

B3C\HMOaeiiCTBHSI SIJlep rennSI-3 C yrnepoaOM 3TH aaHHbie H80PXOaHMbl anSI 

o6pa60TKH pesynbTaTOB nonSipH3aUHOHHbiX 3KC118pHM8HTOB, BbinOnHeHHb!X 

HaMH C IIOMOIUb!O nonSipHMeTpa C K~nbU8BOfi I'OOMeTpneii:/8/, 

2. SKcnepnMeHTanhHaSI MeTOilHKa 

I1ccnellOBaHne pe'aKUHH 12 C ( 3 He, p 14 N BbmonHeiro ua aneKTpocTa

Tn'lecKOM reuepaTope. Jla6opaTopnn ueiiTpouuoii ¢n3HKH. Ily'IOK HOHOB 
3 

He , 

ycKopeHHbiX ua ~cr. Bep~nKanbuoro Tuna, nociie noBopoTa Mai'HHTHbiM aHann

.saTopoM Ha 900 H llpOXO:lKaeHHSI CHt:T8Mbl <jloKyCupyiOIUHX nnH3 BbiBOaHTCSI 

B 3KC118pHM8HTanb!Iblll san, B KOTOpOM OH llpOXOiliiT 'l:epe3 OTKnOHSIIOIIIHll Mar

HilT, nOBYIIIKY AnSI' ynaBnnBaHIISI nap.OB. MaC!la H llPYI'HX IIPHM8Ceii, HanonHeH

HyiO :at'HaKHM aSOTOM, CIICT8MY KonnnMHpyiOIUHX ana¢pai'M H nonaaaeT Ha 

yrnepoauyro MHIII8Hb, CaMonoaaep:lKHBaiOIUII8CSI MHIII8HH llpHI'OTOBnSin,HCb H3 

peaKTopuoro rpa<jl:nTa nyTeM ero :ncrrapeH:nSI B BaKyyMe; :nx To'numua B ·pa3n:n'IHbiX 
. ' .· 2-

0IIb!TB;xi 6bma pasn:n'l:uoii - ?T 20 llO 50 MKr/ eM • YrnoBaSI arrepTypa :nouuoro rry'!Ka 

BbiBeaeHHOI'O B. 3KCnep'IIM8HTanbHblll san, M8Hblll8 0,5 O, a llllaMeTp BIIIliiMOI'O 

IISITHB, OCTaBnSieMOI'O ny'IKOM Ha yrnepoaHOll MHIII8HH, COCTaBnSin nj:m6n:n

~mTenb~O 2 MM. 

Pei'HCTpaUHSI llpOTOHOB qcyiUeCTBnSinaCb OllHOBpeMeHHO C IIOMOIIlb!O IISITII 

rronyrrpOBOaHHKOBblX Kp8MHIIll-nHTH8BblX ll8T8KTOpOB, YCTBHOBneHHbiX liB .IIOBO

pOTHOM llHCKe c yr{IOBbiM nHTepBanoM MelKay HHM:U pa.BHbiM 20°, Cneunanb

HOe ycTpOllCTBO OP8CII8'1HB8nO 118p8M81U8HHe li ycTaHOBKY BCeX aeTOKTOpOB 

IIOil niOPbiM:U yrnaMH B .llHBIIa30H8 OT"5 llO 165° OTIIOCUTenbHO MHIII8HII 5e3 

uapyllleHHSI BaKyyMa B KaMepe; lli8CTOfi uenoaBH:lKHblll aeTeKTOp, yc.TaHOB-
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0 
neHHbifi non yrnoM 90 K aanpaBneH!uo ny'!Ka ycKopeHHbiX qacTHU, Hcnonb3~ 

B8iJCSI B Ka'!eCTBe MOHHTOpa, Ilepen Ka)KnbiM neTeKTOpOM Ha paCCTOSIHHH 

63 MM oT ueHTpa yrneponaofi MHIIIeHH 6bmH noMemeHbi nHa<jlparMbi nHaMeT

poM 6, MM1 OI'p8Hii'lliB8IOIIIHe yrnoByiO anepTypy ny'IK8 '18CTHU1 BbineTaiOillHX 
0 

H3 MHIIIeHH, B npenenax ±.. 3 • 

nnsr nonHOH OCTaHOBKH HOHOB 
3 

He I ynpyro pacceSIHHbiX Ha yrnepo.ne, 

1i _.npyi'HX TSI:»<enbiX '18CTHU1 o6pa3yiOIIIHXCSI B pe3ynbTaTe peaKUHH C SI.1lp8MH 

yrnepo.nnofi MHIIIeHH H B03MO)KHbiX npHMecefi, nepe.n AHa<jlparMaMH 6bmH yc-

. TaHOBneHbl aniOMHHHeBbie <jlonbi'Ii 1 TOniiiHHa KOTOpbiX COCTaBnSina B pa3nH'!HbiX 

onbiTax nnSI pa3HbiX neTeKTopoB 2 18 - 7,9 MrlcM2, KoacTpyKUHSI .nep)KaTenSI 

MHllleJIH o6ecne'IHBana nocTaTO'IJIO TO'IHYIO QliKCaUHIO nonO)KeJIHSI MlillleHH B Ka

Mepe H ee ycTaHC>BKY no.n nro6biM yrnoM K HanpaBneimro 6oM6ap.nHpyromHx 

'!iOHOB, 

I1MnynbCbl OT Ka)KnOI'O H3 llleCTii neTeKTOpOB nona.naroT B npenBapHTenb-

. Hbie yclin!iTenH, OCHOBHbie yclinliTenH H .nanee qepe3 cneuHanbHyro KO.llHpyro

myro cxeMy nocTynaroT B pa311bie 6nOKH naMSITH 4096 (512x8) - KananbHoro 

aMnnHTY.llHOI'O ananH38TOpa •. Enaro.napSI TOMy1 'ITO HMnynbCbl OT BCeX neTeK

TOpOB pei'!iCTp!ipyiOTCSI onHiiM aHanli38TOpOM 1 a UX 38I'py3Ka nO'!Tii 0.1lHH8KOB8 1 

nonpaBK8 Ha MepTBOe BpeMSI aHanH38TOpa npH npoBe.neHHH OTHOCHTenbHbiX 

li3MepeHHH He BBO.llHnacb, 

Ha puc. 1 noKa3aH TlinU'IHbiii cneKTP npoTonoB U3 peaKUHH 
12 C ( 3 11e, p )

14 N', 

M3MepeHHi>Ifi o.nHHM H3 .neTeKTopoB. LfHcno npoTOHOB B K~*.nofi H3 rpynn, 

3apei'HCTp!ipOB8HllblX .neTeK'J'Op8MH B .1l8HHOM !i3MepeHHii 1 HOpMll:pOBanoct:. Ha 

.'IHCnO HMnynbCOB B p 0 - nuKe "MOH!iTOpHOI'O" .neTeKTOpa, nonyqeJIHOe B 8TOM 

*e onbiTe. BnocnencTBHH npoBO.llHn_acb eme o.naa HopMupoBKa - Ha <jlyHKUHIO 

B036y*neHuSI, H3MepenHyro MOHHTOpllbiM neTeKTopoM non yrnoM 90°. B anepre

TH'IeCKHX ·HHTepBanaX1 OXB8TbiB810lllliX pe30H8HCbl B <jlyHKUHSIX B036y)KJleH~SI 

npoTOHHbiX KaHanoB npH ~meprHH HOIIOB 
3 

He 1 paBHOH 2 15 H 3,0 MaB, H3Me-

. peiiHSI BbinOnHeHbl C TOHKUMH yinepOJlHblMH MHllleHSIMH-TOnmHHOH OKOnO 20 K8B, 

Il.pHMeHeli'ne B 'JlaHHOM 8KCnepHMeHTe JleTeKTOpOB (KOIICTpyKTHBHO onH

C8HH8SI K8Mepa paCC'IUT8Ha Ha pa3MeiileHHe Ha nOBOpOTHOM JlHCKe 16 .neTeK

TOpOB) ll03BOnSieT 6biCTpO npOBO.llHTb JleTa.nbllbie H3MepeHHSI <jlyHKUHH B03-

6y)KJleHHSI ( nnH yrnOBbiX pacnpe.neneHHH) - npH 8TOM cymeCTBeHliO B03paCTa..: 
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. 12 ( 3 ) 14 ( • Puc. 1. CneKTp ·npoTOHOB ua peaKUliR C He, p N n - HOMep KaHana aMnnuTyt:taoro 
aaanuaaTopa, N - qucno uMnynbCOB B KaHane). 



eT 9~~eKTRBHOCTh RCnOnh30B8HRH ROHHOI'O ny~Ka R pa6o~ero BpeMeHR YCKO

pHTe1IH, C Jlpyroil: CTOpOHbl 1 TaKaH MeTOJlRKa SKCnepuMeHTa 3Ha~HTe1IbHO yae-
' 

1IRqHBaeT K01IR~eCTBO ~R3H~eCKOll HH~OpM8URR 1 HaKonnHeMOil: 3a OJlHO R3Me-

peHne, nosToMy Ba~Hoe 3Ha~eHne np~ro6peTaeT aonpoc aBTOMaTuaauuu o6pa-

6oTKR pe3y1IbT8TOB H3MepeHnil:, l..JaCTh npOTOHHbiX cneKTpOB H3 aHa1IH38Topa 

nepeJlaBanacb B Bbi~HC1IHTenhHbiil: ueHTp, aannchmanacb TaM Ha MarmiTHYIO 

118HTy H 3aTeM o6pa6aTbi~8118Ch C nOMOIIlh!O BbiCOKOS~~eKTHBHOll 8BTOM8THqec

KOll _CifCTeMbl! OCUH1IiiOrpa~ CO CBeTOBbiM KapaHJl8WOM 1 ll0JlK1IIO~eHHblll K sneKT

pOHHOll · UH~poaott BbiqncnnTenhHOil: MalllRHe/9 I. 

Co~eTaHHe orrncaHHoil: Bbiille MeTOJlHKR SKcnepnMeHTa no uay~eHHIO yrno

BhiX pacnpeJle1IeHHll npOJlYKTOB H]lep,HbiX peaKUHll C yKa3aHHOll CHCTeMOll Ha-

KOn1IeHHH H 06pa60TKR HH~OpM8UHH n03B01IHeT CyllleCTBeHHO 

nonHeHue noJlpo6HbiX nccneJlcmaHnil:. 

3. PesynhTaThi H3Mepemlit 

yCKOpRTh Bbl-

____ 
12~C~(_3 ~H~e~·~%f)_14_N~~(wo~c~H~o~B~H~o~e~c~o~c~T~o~~~~~·n~e~;--~0~~=~4~7~7~9~). Ma naMepeHnil: ~YHK-

unil: aoa6y~JleHRH p 0 -rpynnhi, BhmonHeHHhiX npn 26 'pa3HbiX yrnax ( ~aCTb 

pe3y1IhT8TOB STHX H3MepeHHll noKa3aHa Ha pnc. 2), MO~HO Ha)le~HO ycTa

HOBRTh cyrueCTBOBaHne pe30H8HCHOH CTPYKTypbl, .0TA91IhHbie. pe30HaHCbi
1 

He HB1IHHCh CTpOI'O H301IIipOB8HHbiMR 1 OKa3blB8IOT CH1IhHOe B1IHHHRe tipyr Ha 

Apyra, TaK ~TO BRA ~YHKUHil: B036y~JleHHH B pe30H8HCHOll o6naCTH HBHO 

H8CHMMeTpuqeH OTHOCHTe1IhHO SHepruil: M8KCaMyMOB B XOJle KpHBOll, ~YHKURH 

B036y~JleHHH Jl1IH 601IhlllHX yrnoB npn SHeprnn HOHOB Bblllle 2,6 MsB COAep

~aT IllHpOKHll nnK, K,OTOpblll npn 0 > 130° 06Hapy~HBaeT CTpyKTypy: OT~eT-

1IHBO BHJlHbl JlBa nHKa, 3TO YK83biBaeT 1IH60 Ha 3Ha~HTe1IhHYIO l!HTep~epeHURIO 

Me~Jly peaoHaHcaMn, B peaynhTaTe ~ero nono~eHne nnKa CMemaeTCH c na

MeHeHneM yrna, nu6o Ha Hann~ue ~eTaepToro ypoB~H B JlaHHOM .nnanaaoHe 

9Hepi'Hll 1 KOTOp~Ill B H8CTOHIIlHX H3MepeHnHX ~eTKO He o6Hapy~HBaeTCH, 

Ha pnc. 3 noKa3aHbi yrnoBbie pacnpe.neneHnH npoToHoB, xapaKTep Ko

TOpbiX MOHOTOHHO R3MeHHeTCH C pOCTOM SHeprnu 6oM6apJlnpyiOIUHX ROHOB, 

· ACHMMeTpHH YI'110Bb!X pacnpe)le1Iel!Hll OTHOCHTe1IbHO 90° B CHCTeMe UeHTpa 
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Yr noBhie pacnpeaeneHHSI npoTOHOB 

Mace) Ha peaKuHH· 12C( 3 He,p ) 14 N 
Uh!X eAHHHU8X ). • .

0 

g 

( B CHCTeMe UeUTpa 

( a - B OTHOCHT9J1h-



Mace yKa3biBaeT Ha 3Ha'iHTenbHYIO HHTeptiJepeHUHIO M9lKAY pe30HaHCaMH C pa3-

nnquofi qeTHOCTbiO, 

12 C( 3 He,p
1
)
14N1cocTOSIHHe 2.31 MaB; Q = 2468 . K9B), <PyHKUHii B03-

6ylKA9HHSI npOTOHHOI'O KaHana p I 6hinH H3MepeHbl npli 26 yrnaXj 'iaCTb 

pesynbTaTOB 9THX H3MepeHHfi npHBOAHTCSI · Ha puc, 4, npn 9Hepi'HH HOHOB 
3
11e 

"' 2,5 M9B OT'ieTnHBO np_OSIBnSieTCSI pe30HaHCHb!H atiJtiJeKT. nnK, OTBe'ia!OIUHH 

9TOMY pe30HaHCy, CMeiUaeTCSI Ha 50-1 00 K9B ,B o6naCTb M9HblllliX IIO 

cpaBHeHHIO c nonolKeHneM P 0 -nnKa aHeprHfi, PesoHaHc npH 3 MaB saMe

TeH TOnbKO AnSI ManbiX yrnOBj B o6naCTH 6onbiiiHX yrnoB nonHOCTb!O OTCyT

CTByeT BnHSIHH9 9TOI'O pe30HaHCa Ha XOll tPYHKUHH B036ylKA9HHSI naHHOI'O 

KaHana. 

Ha pnc. 5 npencTaBnena qacTb nsMepeHHhiX y,rnoBbiX pacnpeneneHHfi. 

p 1 -npoTOHOB, YrnoBhie pacnpeneneuuSI nnSI aTofi rpynnhi npoToHoB cl!nbHee 

npyrnx npOTOHHhiX rpynn H3MeHSIIOTCSI c pocTOM aneprnH. B o6naCTH peao

nauca npH 3,0 MaB yrnOBbl9 pacnpeneneHHSI no'iTH CHMMeTpH'iHbi, 

12 C( 3 1Jc I! )14N* (coCTOSIHHe 3,95 fv'.aBj Q = 834 K9B), 4aCTb H3-
!l 

MepeHHhiX tPYHKUHfi B036y}Kll9HHSI IIpOTOHHOI'O KaHana noKa3aHa Ha pHC, 6, 

nnSI 9TOH rpynnhl npOTOHOB Ha6nronaeTCSI Ka'i9CTB9~H09 CXOACTBO,C tPYHKUII9H 

B036ylKA9HIISI p0 - KaHana, Paannqne COCTOIIT miiiib B TOM, qTO nnSI P2 - Ka

Hana npH 9Hepi'HH HOHOB 2,5 MaB pesonaHC npOSIBnSieTcSI' 6onee oTqeTnHBO, 

npH 6onbiiiHX yrnax H npH 9Hepi'HH 6oM6apnnpy!OIUHX HOHOB Bh!III9 2,6 MaB 

, pe30HaHCHhle nUKH npOSIBnSIIOTCSI cna60j Ha ·Manhifi BKnan p930Hal!CHhlX a¢tiJeK

TOB yKa3hiBaeT H BHA yrnOBhiX pacnpenenenl!ii, KOTOpb19 npHB91l9Hhl Ha puc, 7, 

Bo BCeM auepreTII'ieCKOM I!HTepBane na6nronaeTcSI ycTofiqHBOCTb tiJopMbi yrno

BhiX pacnpeneneHHfi C 'ieTKO BbipalK9HHOfi T9HA9HUH9fi yBenH'i9HHSI BhiXOAa 

peaKUHH non ManhiMH yrnaMH C pOCTOM 91!9pi'HH ycKopeHl!biX 'iaCTHU. 

4. P a3nmKeHIIe yrnoBbiX pacrrpeneneHIIil no rromiHoMaM Jlemannpa 

YrnOBhie pacnpeneneHHSI npoTOHOB, npeo6pasoBaHHhie H3 na6opaTopnofi 

CHCT9Mbl_ KOOpllHHaT B CHCTeMy U9HTpa HH9PUHH, npencTaBnSinHCb B BHAe 

pasnolKeHUSI no nonnnoMaM flelKannpa 

da l 
--- = --:r ~ a L p L ( COS 0 ) 

dQ k L 

(1) 
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12 (3 )14 Puc: 4. cl>yHKUHll soa6y*AeHHH p
1 

- KaHana peaKUllll C He,p N 
ang pa3HbiX yrnos ( E a He - B M::m, a - B OTHocu
TenhHbiX eAHHHuax, yron - B na6opaTopHoii: ·ciiCTeMe). 
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PHc. 5. Yr 110Bble pacnpeneneHHSI rrpoTOHOB ( B CHCTeMe ueHTpa 

Mace) H3 peat{JlHH
12

C ( 3 He,p 1) 
14N* ( a - B OTHO-

CHTenhHhiX eAliHliUaX). 
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Kos!jJ!jlau11eHThi paanmKeHI1st a L onpeaenstmiCh MeTOllOM HaHMSHhlllHX 

< KBaapa TOB, C uenbiO HaXO)KJl9HI1SI MI1HiiMyMa xapaKT9pliCTii'I9CKOll aenH'IIiHhi 

2 ( a SKCn - a pac'! ) 2 ' < · 
KPHTepH5i X = }; ; _______ ..::____ 11 npHeMneMoro cooTHO!lleHHst 

~a SKCn 

M9)KJlY BenH'IIiHOll KOS!jJ!jJHU119HTOB aL 11 HX OlllH6KaMii ·~ a L 

aoro yrnoaoro pacnpeaeneHI1st Bhmonnstnoch necKonbKO noaronoK c ,pa3HhiM 

'IHCnOM KOS!jJ!jJHUI19HTOB ( T,e, C pa3HbiM MaKCiiManhHbiM 3H8'19HH9M L 
- ) ~ 

B pa3n0)1{9H1111 no non11HOMaM ne)l{aHJlpa • B ypaBH9H1111 anst X KpHTepH9 

a :9Kcn n: a pacq - lll1!jJ!jlepeHuHanhHhie ceqenHst, nony'leHHhie B SKcnepH-

MeHTe li paCC'IHTaHHhie no ¢opMyne ( 1), a~ a
3

Kcn - sKcnepn:~eHTanbHast 

0Ill!i6Ka li3MepeHiiSI llH!jJ!jlepeHUii8nhHOI'O C9'19HiiSI, 

Ha . pH c. 8,9,1 0 npeacTaaneHhi snepreTH'IeCKHe aaaHCHMOCTn: Kos!jJ!jJH

u HeHTOB pasno)l{ef!H st no noni!HOMaM ne)l{aHapa yrnoahiX pacnpeaeneHHii nepBhiX 

~pex rpynn npoTOHOB H3 peaKUiili 
12 C ( 3 He, p ) 

14N 

0oapo6Hhl9 SKCnepi1M9HTanbHhi9 ll8HHhi9 no yrnOBbiM pacnpeaeneHiiSIM 

npOTOHOB ll03BOn11nli BhiSIBiiTh xapaKT9pHhi9 '19pThi B CnO)I{HOll SHepreTii'I9CKOll 

38BI1CiiMOCTii KOS!jJ!jJ11Uii9HTOB pa3n0)1{9HiiSI no nonHHOM8M ne)l{aHJlpa, 

Llnn rpynn npOTOHOB P0 11 p 2 113 SKCnepi1M9HTa Hall9)1{H0 1i3BneKalOTCfl 

Kos!jJ!jJHuHeHThi paano)l{eHHst ao wecToro nopstaKa no L ; anst rpynnhr P t 

KOS!jJ!jJ11U119HT a 6 BO BC9M liCCnenoBaHHOM 11HTepaane SHepi'Iill npaKTii'I9CKii 

paaen uyn10. 

3aKJIIO'leHIJe 

DpoaeneHHhie accnenoaaHHst noKa3hiBaiOT, 'ITO B ¢YHKUiistX aos6y)l{a.eHHSI 

< 12 (3 )14 
11 B Kpi1BhiX ·nonHhiX .ce'leHHii nnst nepBhiX Tpex KaHanoa peaKUHH C He,p N 

npostBnfleTCSI .3aMeTHaSI pe30HaHCHaSI CTpyKTypa, KOTOpast CBiill9TenhCTBY9T 

0 npeo6naaaiOill9M M9X8Hii3M9 06pa30BaHHSI COCTaBHOI'O Slllpa, a Ha6niOJlae

Mbl9 pe30H8HChl/ MO)I{HO OTO)KJl9CTBiiTh C ypOBHSIMii COCTaBHOI'O Slllpa 15 0 

B uacTostmee · apeMsr npoBOll11TCsr auanHs nony'leHHhiX sKcnepHMeHTanh

HhiX JlaHHhiX Ha· OCHOB9 pe30H8HCHOii: TeOpHii SIJlepHbiX <peaKUiill C uenhiO 

nony'leHI1SI .liH!jJOpM8Uiili 0 napaMeTpax COCTOSIHiill npOMe)l{yTO'IHOI'O Slllpa liC

XOllSI 1i3 CBOllCTB COCTOSIHiill HCXOllHOI'O st.llpa H KOH9'1HOI'O SIJlpa-npOJlyKTa 

peaH:UHH. 
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Puc. 8. 3aepreTuqecKaH aaaHCHMOCTb Koa¢¢uuueHTOB paano*e
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npoTOHOB H3 peaKUHH 12 C (3 He, p 0 ) 1 4 N . 

16 



' 
a, Os 

0,02 ' 0.02 
,I I t• ··I· . 

I, . ....... ··H·' . ... ·, I 
I 0 -·. . 

0-. I I .• . : . 
0,02 I 0.02 

I \ 

021 . 04 
0,08 : 

0.08 f . . 
I• . . 

0,04 
. . . . . . 0.0.( . . . . .. ,··.·.t . ' • i •I . . _.; .. I . . . 

0 . .... ... . f . . I . . .. 03 . ... · . 0,08 
0.0' I . 

I : . ,I 
" . . . 0,04 . 

'+. 0,08 I 
. . . . .... . • ..f .. . 

• . .. I 
I 0 

.. .. 
0,12 . 

I 

qo' 

Oo 
0,02 

a. . 
O,i2 . ··· . r-0 

.. . ... .... . ...... .. .. . . . . . 
0,08 . qo4 . . . . . . . . . . . ·. 0.0' • 0,08 ··•·· . . . . . . .•.. .., ..... . 

2.2 ~5 3.0 2,2 . 2,5 3,0 

P~c. 9. 3HepreT~qecKa9 aaBaC~MOCTb Koa¢¢~u~eHTOB paano*e
H~g no nonHHOMSM ne*aHapa yrnOBhlX pacnpeaeneH~A 
npoTOHOB lia peaKUUH. 12 C ( 3 He ,·p 1 ) 

14 N * 

17 



OJ 

" 

q4 

OJ 

0.2 

0 

0,3 

Q,2 

O,t 

t2 C (JH e ; P 2) '' N JC 

< 
I 

05 i. I 
I 
I 
I 
I 
I 

. 
• • •J' 

I ....... . 
····t 

a, 

I .. 
·n I . .. 

.·'·· 
I . . . . . . • 

I 
. • t .·· 

I I 
I 

I Oo I 

. 
·'' . 

t • 
,.I . I' .·-. . . . .. .. . . .. . . 

2,2 ··2,5 3,0 

o, l Qt)8 i 
I I 

I I' i-f. llO' J.l.• ·I ..... f •• .. . . 
04 

02 f 

I I ·I 

I I 0.1 . . 
I . . 

r· - [.~ I .. . .. . . . ., . 
0 

. .. , . . . . 
: ,. 

I I 

!. 
. i I 

0.~ o, 
I 

t !'t I 0.' 
i I I 

0,3 . I 

·~ , . 
0.2 . : i~~ ... 

t 
O,i .......... ' .,..,..# 

~ .. , i 
I I al 

I I . 
'! I 

I i Q,2 ; 

l' 

I. . . 
0,1 • • + I . 

I I' . . . I 

·' I 1-0 t···· .... 
I I !.••i 

·3,5. 2;l .. 2,5 3,0 3,5 

E:,H, 
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B S8KniO'leHHe 8BTOpbi Bbip8)K8JOT 6naro,llapHoCTh ct>.n.lllanHpo sa BHH

MaHHe K ,llaHHoil p8t?oTe, X.E. BH6HKe, ff.ToMimy, B.P.Tpy6HHKOBy, B.I1.ct>yp

MaHy, .H f.llJynhuy' S8 COCT8BJl9HHe nporpaMM H KOHCynhTBUUH no npoBe,lleHHIO 

p8C'leToB H8 aneKT.POHHO-Bbi'lHCnHTenhHbiX MaliiHHax. ABTOpbi 6naro.llapSIT · 

P~Kp8yse S8 H8n8.1lKY aneKTpOHHoil ann8paTyphi, I1.A.LfenyptieHKO H rpynny 

,aKcnny8TaUHrr S8 o6ecne'leHHe pa6oThi ycKopHTenSI, PoseM8pH Kpayse, I1H

rpn.ll Uaxep rr XpHCTY lllrrpMep sa noMOIUh B o6pa6oTKe cneKTpoB. 
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