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Bae,lleHHe 

PeaKUHH JlBYXHyKnoHHotl: rrepeaaqH THIIa ( 
3 He, p ) cpaBHHTellbHO Mano 

HCCll9JlOB8Hbl IIpH HH3KHX 9H9pi'HHX yCKOp9HHbiX HOHOB, TaK 1 H8IIpHMep1 B pa-

6oTe/ 11 rroapo6Ho H3yqanacb peaKUHH 12 C ( 3 He, p) 14 N , HO H3-3a Tpya

HocTetl: B HHT9piip9T8UHH IIOnyqeHHhlX 9KCIIepHM9HT8llbHbiX pe3yllbT8TOB ee 8B

TOp8M He Yll8110Cb CJl9118Tb 0JlH03H8qHbiX 38KllloqeHHtl: 0 M9X8HH3Me peaKUHH 

H KB8HTOBbiX xap8KT9pHCTHK8X B036y::>KJl9HHb!X COCTOSIHHtl: IIpOMe::>KyToqHQI'O 

S!Jlp8 l5 0 , fnaBHb!tl: Bb!BOJl 9Tptl: p860Tbl COCTOHT B TOM 1 qTo B XOJle peaK

UHH rrpeo6naaaeT M9X8HH3M o6p830B8HHSI COCTaBHOI'O HJlpa, <PyHKUHH B036y)K

Il9HHH IIpOTOHHbiX K8HallOB HM910T SIBHO -· Bb!p8)!{9HHYIO pe30H8HCHYIO CTpyKTypy1 

a X8p8KT9p yrnOBbiX pacrrpeaeneHHtl: IIpOTOHOB 6b!CTpO 11:19HH9TCSI C H3M9H9HH9M 

aHeprHH 6oM6apaupyJOIUHX qacTHU. Cno)KHOCTb H rrpoTHBopeqHBOCTb caeaeHHtl: 

0 JlHHaMHKe T8KHX peaKUHtl: CTHMynHpOB8llH IIOHCKH JlOIIOllHHT9llbHOtl: HH~OpM8UHH1 
KOTOp8Si Morna 6b! 6b!Tb HCIIOllb30B8H8 B JlallbHeti:IIleM aH8llH39 9KCIIepHM9HT8llb

HhiX Jl8HHbiX, 

0nHHM H3 U9HHbiX HCTOqHHKOB T8KOtl: HH~OpM8UHH SIBllHIOTCSI 9KCIIepHM9HTbi 

no H3MepeHHJO rronHpH3aUHH HyxnoHoB - rrponyKTOB peaxuHtl:, B cnyqae peaKUHH 

renHSI-3 C yrnepOJlOM 1 HM9JOIUetl: p930H8HCHbitl: X8p8KTep H IIpOT9K8JOIUetl: C Ma

llhiMH ceqeHHSIMH ( IIOpSIJlK8 H9CKOllbKHX M6apH/ CTepan) 1 Jl8HHbl9 H3 IIOllSipH38-

UHOHHbiX 9KCIIepHM9HTOB 6yJlyT II01193 HbiMH llHIIJb IIpH JlOCT8TOqHo Bb!COKOtl: 

CT8THCTHq9CKOtl: ToqHOCTH H XOpOIII9M 9HepreTHqeCKOM p83p9IIl9HHH, 3To H8-

Kll8JlbiB89T CTpOrHe orpaHHqeHHSI H8 Bbi6op MeTOJlHKH 9KCIIepHM9HT8, 
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illHpOKO pacrrpOCTp8H9HHblfi M9TOJl H3y'leHHSI fiOliSipH38UHH flO 113M9peHHIO 

neso-npasofi aCHMMeTpHH s ynpyroM pacceRHHH B naHHOM cny'lae oKa3biBaeTCR 

HeflpHM9HHMbiM0 T.K. fiOliY'19HHe JlOCT8TO'IHOfi CTa THCTH'I9CKOfi TO'IHOCTH ( B IIpH-

9MlleMOe BpeMSI OJlHOI'O H3MepeHI1R) rrpenrronaraeT HCfiOllb30B8HHe TOliCTbiX rrep

BOi!: 11 BTOpOi!: ( 8H8liH3HpyiOlll9i!:) MHllleHeiJ:/ ~,3/ • Pa3pellleHHe I'll8BHOH TpyA

HOCTH fiOliRpH38UHOHHbiX 9KCrrepHMeHTOB0 CBSI38HHOfi C yBelll1'1eHHeM 11HTeHCI1B

HOCTH0 5blll0 JlOCTHI'HyTO p83p850TKOfi 11 11CfiOllb30B8HHeM .llliSI H3MepeHHH MeTO

JlHKH KOllbUeBoro nomrpHMeTpa, reoMeTpHR KOToporo 6bina rrpennoJKeaa EpHHK

MaHoM/4/ B 1960 r. B H811IHX pa5oTax15,6/ orrHcaHbi pe3yllbT8Tbi paapa5oTKH 

IIOliSipHMeTpa C KOllbUeBoi!: reOMeTp11efi, MeTOA H rrporpaMMbl paC'IeTa ITOliSipH-

38UHH B T8KOM 9KCflepHMeHTe, a T8KJKe )leT8llbHbiH 8H8liH3 BCeil: MeTOJlHKI1. 

MeTOilHKa aKcrrepHMeHTa H peaynhTaTbi H3Mepemdi: 

CxeMa aKcrrepHMeHTallbHoro ycTpoil:cTBa nns:~ H3MepeHHR fiOJISipH38UHH 

fi0K838H8 H8 pHC. 1. fly'IOK YCKOpeHH.biX 110HOB 3 lie rrocne ITpOXO)!<JleHI1SI CHCTe

Mbl KOllliHMHpyiOUIHX .QHa<f>parM fiOfi8.QaeT Ha C8MOI10LU18plKI1B8IOlliYIOCSI yrne

pOAHYIO Ml1llleHb ( 1), rrpHI'OTOBlleHHyiO 113 CfleU118llbHOH yrnepOJlHDH aMynbCI111. 

TonUIHHa Ml1llleHei!: B p83JII1'1Hb!X Oflb!T8X COCT8BJISII18 OT 120 JlO 180 K9B AliSI 

110HOB 3 He c aaepr11ei!: 3 Mas. MexaHI1qecKaR npo'IHOCTb Ml1llleHei1: rro3Bo

JII1Jia 5oM5ap)ll1pOB8Tb 11X B Teqeal1e HeCKOl1bKI1X qaCOB fiY'IKOM 110HOB C 11H

T9HCI1BHOCTbiO 3-5 MKa. 

flpOTOHbi, BbiJI9T810llll19 113 rrepBOH Ml1lll9H11 0 yrrpyro paCCel!B811l!Cb Ha 

yrnepOJlHOM ( 5e3 fiOJll10lKKII) 8H811li38TOpe ( 4), BbiiiOJIHeHHOM B Bll)le KOJibU8. 
I 

TonUIIIHa aaanii311pyiOmeH: M11mea11 B 38BI1CI1MDCTII oT 8Heprl111 rrpoTOHDB Bbi511-

2 
panacb oT 6 no 20 MrlcM • B HeKoTopbiX H3MepeHI1RX B KaqecTBe aHanrr3aTopa 

11CIIOJ1b30B8l111Ch fiJieHKII 113 ( CH 2 ) n 11JII1 ( C H ) n 

flocne yrrpyroro pacces:~HI1R Ha aHaJII1311pyiOurefi .MI1UieHII rrpoTQHbi perl1cT

p11posanrrcb llBYMSI fiOBepxHOCTH0-5apbepHhlMII neTeKTOp8MI1 (5) H (6) (Jli18-

MeTpOM 16 MM), paCf!OJIOJKeHHbiMH Ha OllHOfi OCI1 C fiY'IKOM fi8Jl810lli11X HOHOB. 

MMeHHD aTo o6cToRTenbCTBO HCKJIIO'IaeT B03MOJKHOCTb BD3HI1KHOBeHHR 3aMeT

Hoil: rrp1160pHOH ( JIOlKHOi!:) 8Cl!MM eTpl111 rrpH Bblfi011HeHHI1 113MepeHI1fi C KOJlbUe

BbiM nonRp11MeTpoM. TonmrrHa qyscTBI1TeJibHoro enos:~ neTeKTopoB rron6rrpanacb 

4 
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PHc. 1. CxeMa KOllbUeBoro nonRpHMeTpa, 1 - MHWeHb, 2 - amot.~ 
ra, sanepJKHBSJOWSR pacceRHHbie HOHbi 

3 He H npyrHe TSIJKenble • 

liOByWKS, OCT8H8BliiiB810W8S! ITY'IOK 'ISCTHU, 4 - KOllbUeBaSI 8H8liH3 

MHWeHb, 5 H 6 - nonynpoBOLlHHKOBbie LleTeKTOpb! • 
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CllpOCTpaHeHHblti MeTO.[I H3y'leHHSI 110JIS1pH38[{HH 110 H3MepeHH!O 

MMeTpHH B yrrpyroM paCCeSIHHH B .[18HHOM cnyqae OK83biB8eTCSI 

,K, IIOJiy'leHHe .[10CT8TO'IHOti CT8 THCTH'IeCKOH TO'IHOCTH ( B IIpH

.[IHOI'O H3MepeHHSI) IIpeJJllOJiaraeT HCI10Jlb30B8HHe TOJICTbiX rrep

H8JIH3HpyJOIIIei!:) MHIIIeHeti/ ~,3/ o PaspellleHHe rnaBHOH TpyJJ-

9KCI1epHMeHTOB1 CBSI38HHOH C yBeJIH'IeHHeM HHTeHCHB

HI'HYTO paspa60TKOH H HCITOJ1b30B8HHeM .[IJISI H3MepeHHti MeT0-

110JISipHMeTp81 reoMeTpHSI KoToporo 6biJia rrpeano)!{eHa EpHHK-

r. B HBIIIHX pa6oTax/5,6/ orrncaHbi peaynbTBTbi paapa6oTKH 

OJlb[{eBOH reoMeTpHeH, MeTO/J H ITporpaMMbl p8C'IeTa ITOJIS1pH

,KCI1epHMeHTe1 a T8K)!{e JJeTaJibHbiH 8H8JIH3 BCei1: MeTOJJHKH, 

oaHKa 8KCITepnMeHT8 H peaynbT8Tbl H3MepeHHM 

epHMeHT8JlbHOI'O yCTpOHCTB8 .[IJIS! H3MepeHH5! 110JI5IpH38[{HH 

I, fly'loK ycKopeHHbiX HOHOB 
3 He rrocne rrpoXO)KJJeHHSI cncTe

HX .QHacpparM IT0!18.[18eT H8 C8MOI10.[1Jlep)!{HB8JOIIIYJOCSI yrne-

1( I), rrp!IrOTOBne HHYIO H3 crreulfaJibHOii yrneponaoi1: sMyJibCHH, 

H B p83JIH'IHbiX OllbiT8X COCT8BJ15IJ18 OT 120 JlO 180 K9B .[IJIS'I 

epr!Iei1: 3 MsB, MexEiH!f'lecKaSI rrpo'IHOCTb MHIIIeaei1: rrosBo

BaTb !IX B Te'leHHe HeCKOJibKIIX '18COB llY'IKOM IIOHOB C IIH-

5 MKa, 

hlJieTaJOIIIIfe lf3 rrepBoA MlfllleH!f, ynpyro pacceHBBJIIICb aa 

llOJlJIO)KKH) 8H8JI.II38TOpe ( 4) 1 Bbll10JIHeHHOM B BHt:te KOJ1b[{8, 

PYIOIIIeii MlfllleH!f B saB!fCIIMocTH oT 8HeprH!f rrpoToHoB 1=lbi61f-

2 
MrlcM , B HeKoTopbiX lf3MepeH!fSIX B KaqecTBe aHanusaTopa 

( CII 2 ) n nnlf ( C H ) n 

OI'O pacceSIHIISI H8 8H8Jllf31IpyiOIIIeH.MifllleH!f rrpOTQHW perlfCT-

l10BepxHOCTH0-6apbepHbiMH t:teTeKTOp8Mif (5) H {6) (nHa-

paC!lOJIO)KeHHb!Mif Ha OJ{HOH OCII C ITY'IKOM l18Jl8JOIIIHX 1-IOHOB, 

HTeJibCTBO HCKJIJO'I8eT B03MO)!{HOCTb B03HifKHOBeHHSI 38MeT-

0)!{HOi1:) 8CIIMM eTpHII llpH Bbll10JIHeHHH lf3MepeH!fH C KOJib[{e

M, TonwHHa 'IYBCTBIITeJibHoro enos:~ aeTeKTopoB noa6Hpanacb 
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PHc, 1, CxeMa KOJib!leBoro nonHpHMeTpa, 1 - MHWeHb, 2 - amoMHHHeBaH !jJonb

ra, aanepJKHB8IOW8SI pacCeHHHble HOHbl 
3 He H npyrHe THJKeJible '18CTH!lbi1 3 -

JIOByWK81 OCT8H8BJII'lBaiOW8H ny'IOK '18CTH!l 1 4 - KOJlb!leBaH 8H8JIH3HpyiOW8H 

MHWeHb1 5 H 6 - nonynpoBOJlHHKOBble JleTeKTOpbi o 
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TaK, 'IT06bi o6ecne'IHTb perHCTpaUHJO paCCBSIHHbiX npOTOHOB. C MHHHManbHbiM 

tPOHOMo T.e. nony'IHTb 6naronpHSITHOB COOTHOIIIBHHB MB)KllY 3tPtPBKTOM H tPOHOMo 

Bonpocht coanaHHSI Heo6xonHMol!: reoMeTpHH onbtTa, TexHonorHH npHroToBneHHSI 

MHIIIBHBl!: H onpeaeneHHSI HX TOniUHH 0 aeTeKTHpOB8HHSI H tP0H8 1 a T8KlKB CXBMbl KOH

TpOnbHbiX H3MepeHHl!: no o6HapylKeHH!O npH60pHbiX 8CHMMeTpHl!: aeTanbHO paao6-

paHbl B /B/. 
lJHcna npoTOHOB N 

1 
H N 2 , aapern:cTpHpoeaHHbte o6oHMH aeTeKTopaMH, 

nocne aopMHpOBKH c noMOIIIbiO reoMeTpH'IBCKHX ¢aKTopoB G 1 H G 2 , KOTO-

pbte aaBHCSIT OT ce'leHHSI a 1 peaKUHH 12C ( 3 He ,p 0 ) 14 N 1 OT pacnonOlKBHHSI 

aeTBKTOpOB OTHOCHTBnbHO 8HanH38TOpa H a 11 -CB'IBHHSI ynpyroro paCCBSIHHSI npo

TOHOB aa yrnepone, n03BOnSIIOT Bbi'IHCnHTb aCHMMBTpH!O 7J H Jianee - no-

nSipHaauHIO PI no ¢opMyne 

G1 N 1 (; 2 N 2 PI (Pu1-PII2) 

7J G1 N 1 + G 2 N 2 -~ Pu~~;-)--=-2 

3necb Pn 1 H PII 2 - cpeaHHB nonSipH3aUHOHHb!B cnoco6HOCTH aaa-

nH3aTopa B HanpaBnBHHH 060HX aeTeKTOpOB 1 CYIIIBCTBBHHO 3aBHCSIIIIHB OT ceqe

HHSI ynpyroro pacce~HHSI npoTOHOB a
11 

H BenH'IHHhl B03HHK8!0lliBl!: npH 3TOM 

nonSipHaauHH P . Heo6xoan:Mo aaMeTHTb, 'ITO ycneiiiaaSI peanHaauHSI npeH-
n • 

MYlliBCTB8 KOnbUBBOrO nonSipHMBTpa no yBenH'IBHH!O HHTBHCHBHOCTH perHCTpH-

pyeMhlX '18CTHU (B llBCSITKH pa3 no cpaBHBHH!O C neBo-npaBOI MBTOUHKOI) 

aocTHraeTCSI C HBH36BlKHhlM ycnOlKHBHHBM paC'IATOB nonSipH3aUHH no 3KCne

pHMBHT8nbHhlM aaHHhlM: B03HHK8BT Heo6xoaHMOCTb Bhl'IHCneHHSI MHOrOKp8THhlX 

HHTerpanoB anSI G H v;l-
B pa6oTe/6/ npn:eeaeHhl ~opMynw anSI onpeaeneHHSI G H Pn t OnH-

C8H8 nporpaMMa Bhl'IHCnBHHSI BTHX BBITH'IHH 1 OCYIIIBCTBnSieMOrO MeToaoM cny

qal!:HhlX '!Hcen (MeT&A Mea:Te-Kapno), aaroTCSI peaynbT8Thl aHanHaa aaBHCH-

MOCTBI G H P
11 

OT HCXOaHhlX reoMeTpH'IBCKHX H tPH3H'IBCKHX BenH'IHH 1 

Bb!TIOnHBHHOrO Ha 3BM 1 a TI1KlK8 oocyll<aaiOTCSI peaynbTaTbl KOHTpOnbHbiX H3_; 

MBpBHHl!:. 

B pac'IATax HcnonbaoeanHcb naHHhlB no nonSipHaauHoHaol!: cnoco6aocTH 

yrnepoaa, ony6nHKOBaHHhlB Moe coM H Xa6epnn:/7 I; cseaeHHSI o ceqenHH a 11 

6panHCb H3 Ta6nHU
1 

COCTaBnBHHbiX no H3B8CTHbiM 8KCnBpHMBHT8nbHblM peaynh-

6 

.,. 

'1 
\~' 

T8T8M nyTeM ycpeJlHBHH51 H HHTeprron51UHHX/ 0 a Jl8HHbiB 0 C 

npHBeaeHbi e/ 8/. OnpeaeneHHe 3HaKa nonSipH38UHH P 1 no H3Ml 

MeTpHH B 3KcnepHMBHTB C KOnbUBBOl!: reoMeTpHeiXX/ C HC_nonb. 

Bbl'IHCneHHI npHBBJlBHHOrO BblliiB COOTHOliiBHH51 H8XOJlHTC51 B < 

C EaaenbCKOI KOHBBHUHBI /4/ 0 nonO)KHTBnbHOM HanpaBneHHH 

S!JlBpHblX '18CTHU CO CTIHHOM 1/2. 

Ha pHc. 2 noKaaaHhl cneKTpbr npoTOHOB H3 peaKUHH 12 C ( 

nocne ynpyroro pacceSIHHSI Ha yrnepoaHoM aaanHaaTope, aaperH 

nepBbiM H BTOpb!M aeTeKTOp8MH npH cneayiOlliHX ycnOBHSIX 3KCnep 

rHSI ycKopeHHSI HOHOB 
3 He paBHa 2570 K3B1 yron BbtneTa npoT 

UHH (j = 34° ( na6. CHCT.) 1 TOnliiHH8 nepBOI MHliiBHH ~ 
H TOniiiHHa aHanH38TOpa p" = 16,5 Mr/cM2. 

YrnoeaSI aaBHCHMOCTh nonSipHaauHH npoTOHOB H3 peaKUHH
12

1 

(ocHOBHOB COCTOSIHHe) 6bina H3Mepeaa npH 6 3HeprH51X HOHOB 

aoae oT 2,4 ao 3, 6 M 3B npH cnenyromHx yrnax BbtneTa npoToHc 

(} = 22o, 34°, 460, 58°, a anSI neyx aHeprHl!:, 2800 H 2960 K 

naX (J • 28 H 70° ( 3HBprH51 H yrnht B na6. CHCT.) PeaynbT 

MepeHHA npencTaBneHbi Ha pHc. 3 H 4. Ha aK_cnepHMBHTanbHbiX 

BBllBHHb!X Ha 3THX pHCyHK8X1 pa3Mep BepTHKanbHOft CTpenKH < 

OTHOCHTenbHOft OIIIH6Ke onpeneneHHSI nonSipH38UHH 1 a paaMep r' 

CTpenKH BCTb TOnlliHHa nepeoi!: MHIIIBHH ~ E (pH C. 3) HnH yr, 

~ () ( pHC. 4) 
1 

C KOTOpbiMH Bb!TIOnHBHO naHHOB H3MBpBHHB. lliT 

npOBBllBHbl TOnbKO nHIIIb nnSI COBliHHBHH51 3KCTIBpHMBHTanbHblX 

Bbtpa)KBHHbiH pe30HaHCI;IbiH xapaKTBp 3HepreTH'IBCKOft 38BHCHMO• 

UHH, Ha6niOilaBMbiH nnSl BCBX yrnoB npH 3HeprHSIX HOHOB 8 H 

3 M aB, MOlKHO aaMeTHTh aa pH c. 3. 3ToT peaoa:aHCHbiA a¢¢eK~ 

no Mepe ynaneHHSI B o6e CTOpOHbi OT 3HeprHH 3 Mae. 

x/ /5/ PaooTa COJlBPlKHT 9TH TaonHUbl H nonHyiO oHonHorpf 

HCIIOnb30B8HHbiX Jln!il HX COCT8BnBHH51o 

xx/ 06 orrpeJleneHHH 3HaKa rrongpH38UHH eM. JlOKnaJl EpHHK 

IlpHHT/5/. . 
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e<rHTb perHCTpaUHIO paCC9HHHhiX npOTOHOB. C MlfHHMaJibHhiM 

HTb 5naronpHHTH09 COOTHOlli9HHe M9~AY 9~~9KTOM If ~OHOM, 

aeo5XO.QifMOH reoMeTplfH OnhiTal T8XHOJIOI'HH npHI'OTOBJI9HHH 

JI9HHH lfX l'OJilliHH, .Q81'8K1'llpOB8HifH H ~OHa, a TaKlKe CX8Mhl KOH

HHH no o5HapylK9HHIO np11:50pHh!X 8CifMMeTpll:il: A9T8JibHO pa3o5-

HOB N 
1 

u N 2 , 3aperucTpupoBaHHhie o5oHMH .oeTeKTopaMu 1 

c noMoruhJO reoMeTpu<reCKHX ~aKTopoB G 1 H G 2 1 KoTo-

e<reHHH a 
1 

peaKUHH 12C ( 3 He ,p 
0

) 14 N 1 oT pacnono~eHusr 

TenhHO aHanR3aTopa H a 11 -ce<reHHH ynpyroro paccesrHHR npo

e, n03BOJIHIOT Bhi'IHCJIHTb aCHMM9TpHIO T/ H J1anee - no

no <jJopMyne 

N I - G2 N 2 

1 N 1 +G 2 N 2 

P 1 <Pni-PII2) 

-1\( PI! ~~;-r--=-2 

H PII 2 - cpenHHe nonsrpu3aUHOHHwe cnoco5HoCTH aHa-

J19HHH o60HX .QeTeKTOpOB 0 cymeCTB9HHO 3aBHCHlliH9 OT ceqe

eRJIHH npOTOHOB a II H B8JIH'IHHhl B03HHKa!OIU9H npH 9TOM 

Heo5xo.onMo 3aMeTHTb1 <rTo ycnemHasr peanH3auusr npen

oro nonsrpnMeTpa no yBenn<reHHJO HHTeHcHBHOCTH perucTpu

B A8CHTKH p83 no Cp8BH8HHIO C neBo-npaBO:il: M8TOAHKOfi) 

u35eJKHhiM ycno~HeHueM pac<reTOB rronsrpR3aUHif no sKcrre

B03HMKaeT Heo5XOAHMOCTb Bhl'IHCJI8HHH MHOI'OKpaTHhlX 

H v;-;-
nprrBe.oeHbl rjJOpMyJibi .onsr onpe.oeneHusr G H Pn 1 .. Onll-

bl'IIICJIGHHH 9TI!X B8JIU'IHH 1 ocyrueCTBJIH9MOI'O M8TO.QOM cny

TO.!l MoHTe-Kapno), .oaJOTCH pe3yJibTaTbi aHaJ1H3a 3aBHCH-

P 11 oT Rcxo.OHhrx reoMeTpu<recKux H <jJu3H<recKux BenH<rl!H, 

38M, a T!\JO!W oocylK.Q810TCH pe3yJihT8Tbl KOHTpOJibHbiX !13..: 

HCnOJib30BElJIMCb .Q8HHhl9 no IIOJIHpl!38UHOHHOA cnoco5HOCTH 

OB&HHhre M occoM u Xa5epnn/7 I; CBeaeHHH o ce<rel!uu an 

, COCT8BJI8HHI,IX ITO ll3B8CTHbiM 3KCrrepuMeHT8JibHb!M pe3yJib-

6 

J •. 

T8T8M IIyTeM ycp9JlH9HHH H HHTepiiOJIHUHHX/ 1 a Jl8HHbl9 0 ceqeHHH ur 

npHBe.QeHbi BIB!, Orrpe.oeneHHe 3HaKa rronsrpH3auuH P 1 no H3MepeHHJO acHM

MeTpHH B SKCIIepHM9HT9 C KOJibUeBoil: reoMeTpHeifXX/ C HCIIOJ!b30B8HH9M AJIH 

Bbl'IHCJI9HHH llpHB9Jl9HHOI'O BbiUie COOTHOUI9HHH H8XOJlHTCH B COOTB9TCTBHH 

C Ea39JibCKbil: KOHB9HUHeil: /4/ 0 IIOJIOlKHT9JibHOM Haiip8BJ19HHH IIOJIHpH38UHH 

HJl9pHbiX '18CTHU CO CIIHHOM 1/2, 

Ha pHc, 2 rroKa3aHbi cneKTphi rrpoTOHOB H3 peaKUHH 12 C ( 3 He , p ) H N 

nocne ynpyroro paccesrHHH Ha yrnepoAHOM aHaJIH3aTope 1 3aperHCTpupoBaHHhie 

nepBb!M H BTOpb!M .Q9T8KTOpaMH npll CJI9AYIOIUHX YCJIOBHHX 9KCnepHM9HTa: 3Hep

I'HH ycKopeHHH HOHOB 
3 He paBH8 2570 K3B0 yron BbiJI9T8 npoTOHOB H3 peaK

UHH () = 34° ( na6, CHCT,), TOJIU!HHa rrepBOH MHUI9HH /l E = 160 KSB 

H TOJI!IlHH8 8H8JIH3aTopa p" = 16,5 Mr/cM2. 

Yrnosasr 3aBHCHMOCTh nonsrpH3aUHH npoTOHOB H3 peaKUHH
12C ( 3 He,p 0 )

14N 

( OCHOBHOe COCTOHHH9) 6hma H3MepeHa II pH 6 SHeprHHX HOHOB 
3 He B .Qllana-

30H9 OT 2 14 .QO 3, 6 M SB IIpll CJ19JlY!OlilHX yrnax Bb!J19Ta IIpOTOHOB H3 MHlli9HH: 

() = 22° 1 34° 0 46° 1 58° 1 a .QJIH ABYX SHeprHil:, 2800 H 2960 KSB 0 H npll yr

naX (} • 28 H 70° ( SHeprHsr H YI'Jlbl B na6, CHCT,) Pe3yJlbTaTh! STHX H3-

MepeHHH rrpe.QCTaBJ19Hhl Ha pllC, 3 ll 4, Ha SKCII9pHM9HTaJlbHbiX TO<rKaX1 IIpll

Be.QeHHbiX Ha 3THX pllCYHKaX1 pa3Mep BepTHKaJlbHOH CTpenKH COOTB9TCTByeT 

OTHOCHT9JlhHOH Ollill6Ke orrpeJl9J18HHH IIOJIHpll3aUHH 0 a pa3Mep I'OpH30HTaJlbHOH 

cTpenKH ecTh TonruHHa rrepsoil: MHmeHH Ll E (pH c. 3) HJIH yrnosoil: pacT Bop 

/l () ( pHC, 4) 0 C KOTOpb!MH Bb!IIOJ1H9HO .QaHHOe H3MepeHH9, illTpllXOBbl9 JlHHHH 

IIpOB9.Q9Hbl TOJlhKO JlH!Ilb JlJlH C09.QHH9HHH SKCII9pHM9HTaJlbHhiX TO'i9K, YeTKO 

Bh!pa~eHHbiH pe30HaHCHbiH xapaKTep SHepreTH'i9CKOil: 3aBHCHMOCTH nonsrpH3a

UHH, aa6JIJOJla9MhiH JlJlH BC9X yrnOB II pH ::meprH~X HOHOB 3 He , 6JIH3KHX K 

3 M ss, MO)!{HO 3aMeTHTh Ha pH c. 3, 3ToT pe3oHaHCHhiH s<jJ<jJeKT yMeHhmaeTCH 

no Mepe yJ:taneHHH B o6e CTOpOHbl OT 9H9pi'HH 3 MsB, 

x/ /5/ 
Pa6oTa COJl8pJKHT 9TH Ta6liHUbi H nonHyiO 6H61IHOrpa<jJHJO CT8Teit, 

HCIIOllb30B8HHbiX JlliSI HX COCT8Bll8HHSI, 

xx/06 orrpeneneHHH 3H8K8 IIOIISipH38UHH CM, JlOKII8Jl EpHHKMaHa/4/ H rrpe-

IIpHHT/5/, . 
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KOOpL!HHST , 
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(ocH, COCT,), <3aeprHll H yrnbl llB!OTCll B na6opaTopHOl! CHCTeMe , CHMBOnOM - !
o6o3H8'19Hbl 3H8'19HHll nonllpH38UHH 1 nonyqeHHbl9 M eTOilHKOil H3MepeHHll neBO• I 

npasol! acH~MeTpHH s pa6oTe/3/. 
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TionHpHaaUHH JlJIH yrnoB 0 < 75° so scelt HccneaosaHHolt 

U8TeJibH8 H IIpH ::mepTHH HOHOB 2960 K:3B H yrne () = 70° .:!:, 

HaH60Jiblllelt senH'IHHhi, paBHOlt ( -87 :t_5) %. Ha pHc. 4 aeaaliiTpH~ 

OTHOCHTCH K peayJibT8T8M 1 IIOJiy'leHHbiM MeTOJlHKOA H3MepeHH 

8CHMMeTpHH B pa6oTe/3/ o TipH 0JlHH8KOBb!X yCJIOBHHX ( :3Hepf'J 

HOHOB1 reoMeTpHH OIIb!T8 1 TOnTllHH8 8H8JIH3HpyiOlllelt MHllleHH) 61 

HaMepeHHSI c paaHhiMH TonmHHaMH nepsolt MHmeHH tJ. E = 

H 180 K:3B1 IIOJiy'leHHbie 3H8'1eHHSI IIOJIHpH38UHH XOpOliiO C0f'JI8C 

TOMY BO BCeX H8liiHX :3KCrrepHMeHT8X HCIIOJib30B8JIHCb rrepBbie I 

liiHHOlt 140 K:3Bo 

Bee aKcrrepHMeHTaJibHbie peaynbTaTbi no nonHpHaauHH npo 

UHH 12 C ( 8 He •lb )14 Nl H OTHOCHTeJibHbie omH6KH ee onpeaeneHH~ 

H3MepeHHSI IIJIIOC Y'I~T OliiH60K B HCXOJlHb!X Jl8HHbiX1 KOTOpb!e 

rrpH paC'I~Te reoMeTpH'IeCKOf'O ~aKTOpa H CpeaHelt IIOJIHpH38UH 

HOCTH 8H8JIH38TOpa) rrpHBeJleHbl B Ta6n. 1. Bo3MO)!{Hb!e HCTC 

H MeTOJlHK8 HX Bbl'IHCJieHHSI OIIHC8Hbl B pa6oTax/5,6/ • 

OcHOBbi TeopeTH'!ecKoro aaanHaa 

Tipe*ae qeM o6CY*Il8Tb peaynbTaTbi TeopeTH'IeCKoro aJ 

0 IIOJIS1pH38UHH Mbl OIIHllleM HCXOJlHbie IIOJI0)!{9HHSI rrposeaef 

H rrpHBeJleM HCIIOJib30B8HHbie COOTHOllleHHH 1 a T8K)!{e caenaeM 

Me'laHHlt o nporpaMMe pacqE)Ta aa 8BM. 

8KCIIepHMeHT8JibHbie peayJibT8Tbl IIO IIOJIS!pH38UHH npOTOf 

·u 
t2c ( sue, p) N 8H8JIH3HPOB8JIHCb H8 OCHOBe R -MaTpH'IHOtl: TeOpll 

HJlepHbiX peaKUHlt B rrpeJliiOJI0)!{9HHH o6p830B8HHSI H30JIHpOBE 

COCT8BH0f'O HllP8o TaKoe rrpeaiiOJIO)KeHHe OIIp8BJl8HO T9M 1 'IT 

soa6y)KJleHHlt rrpoMe)!{yTO'IHOf'O HJlpa 
15 

0 ( 14-15 Mas) pace 

ypoBHSIMH C 0JlHH8KOBbiMH 3H8'1eHHHMH CIIHH8 J H qE)THOC1 

qeM cpeJlHH9 3H8'19HHH IIOJIHbiX liiHpHH :3THX ypoBHeti:/9/ • • 

llH~~epeHUH8JibH8H IIOJIHpH38UHSI d p a a ,j d /{} BbiJieT 

( CIIHH j ' ) 1 KOT0pb!9 o6paayiOTCH B peaKUHH M9)KJlY IIOJ1 

HJlp8MH MHllleHH (CIIHH I = 0) IIpH rrepexoae B COCTOHHHe KOHE 
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rnosoe pacnpeneneaHe non>~pHaauHH npoTOHOB H3 peaKUHH12 C( 3 He,p) 1•N 
T,), ·3aeprH>I H yrnbi llBIOTC>! B na6opaTopHol! CHCTeMe , CHMBonoM - .'

hi .3H8'19HH>! llOn>!pH38UHH1 nony'!9HHbl9 M 9TOilHKOJ! H3MepeHHJ! neBO- I 
HMM9TpHH B pa6oTe/3/, 
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0omrpH38UHl'l llnl'! yrnoB () < 75° BO BCel!: HCCnellOB8HHOl!: o5naCTH OTpH

U8TenbH8 H npH aHePTHH HOHOB 2960 K9B H yrne () = 70° .:!:, 30 llOCTHraeT 

HaH5onbwel!: senH'IHHbi, pasaol!: ( -87 ::!;.5)%. Ha puc. 4 HeaawTpHxoaaHHbre TO'IKH 

OTHOC~TCl'l K peaynbT8T8M, nony'leHHbiM MeTOllHKOl!: H3MepeHHl'l neao-npaBol!: 

acHMMeTpHH B pa5oTe/3/. Dpu OllHHaKOBbiX y:cnoBHl'IX ( aaeprHl'! ycKopeHHbiX 

HOHOB, reoMeTpHl'l OITbiTa, TOnlliHHa aaanH3Hpyromel!: MHW9HH) ObinH BbinOnH9Hbl 

H3MepeHHl'l c paaHbiMH TonmHHBMH nepBol!:: MHIIIeHH 1'1 E = 110, 140, 160 

H 180 KaB, nony'leHHbie aHa'leHHl'l nonl'!pHaauHH xopowo cornacyroTcl'! - noa

ToMy BO BC9X H8WHX 9KCIT9pHM9HT8X HCITOnb30B8nHCb nepBbie MHWeHH C TOn

IUHHOJ!: 140 KaB. 

Bee aKcnepHMeHTanbHbre peaynbTBTbi no nomipHaauHH npoToHoB B peaK

UHH 
12

C ( 
8 

He •lb )14 N/ H OTHOCHTenbHbre OIIIHOKH ee onpeaeneHH5I ( CT8THCTHKa 

H3MepeHHl'l nnroc Y'I~T OWHoOK B HCXOllHbiX ll8HHbiX
0 

KOTOpbre HCI10nb3YIOTC5I 

npH pac'I~Te reoMeTpH'IecKoro ~aKTopa H cpeaael!:: nonl'!pHaauHOHHol!: crroco5-

HocTH aaanHaaTopa) npHseaeHbi a Ta5n. 1. BoaMo:>KHbre HCTO'IHHKH owu6oK 

H M9TO}:IHK8 HX Bbi'IHCneHHl'l 011HC8Hbl B paooTa.x/5,6/ • 

OcHOBbi TeopeTH'IecKoro aHanH3a 

Ope:>Klle qeM o5cy:>Kll8Tb peaynbTBTbi TeopeTH'IecKoro aaanuaa aaHHbiX 

o nonHpHaauHH Mbi onuweM HCXOllHbre nonb:>KeHHH rrposeaeHHoro aaanuaa 

H 11pHB9ll9M HC110nb30B8HHbie COOTHOW9HHH, a T8K:>Ke CllenaeM H9CKOnbKO 3a

M9'18HHli o rrporpaMMe pac'leTa Ha 3BM. 

3KcrrepHM9HT8nbHbi9 peaynbT8Tbl 110 110nl'lpH38UHH !tJIOTOHOB H3 peaKUHH 
u 

1
2
C ( sue, p) N aaanH3HpoBanHCb Ha OCHOBe R -MaTpH'IHOH TeopHH peaoHaHCHblX 

5Ill9pHbiX peaKUHl!: B npearrono:>KeHHH 00p830B8HH5I H30nHpOB8HHbiX ypOBHe"l!: 

cocTaBHoro Hllpa. TaKoe rrpearrono:>KeHHe orrpasaaao TeM, 'ITO rrpH a.HeprHH 

aoa5y:>KlleHHl!: rrpoMe:>KyTO'IHoro Hllpa 
15 0 ( 14-15 Mas) paccTOl'IHHe Me:>Kay 

ypOBHHMH C OllHH8KOBbiMH 3H8'19HHl'IMH CI1HH8 J H 'I~THOCTH 1T oom:,we, 

'19M cpellHHe 3H8'19HHH rronHb!X WHpHH 9THX ypOBHen/9/ o • 

JlHcpcpepeHUH8nbH85I 110nHpH38UHH d p a a ,j d /{} Bbin9T8IOliiHX '18CTHU 

( CI1HH j ' ) , KOTOpb!e 00p83YIOTCH B peaKUHH M9:>Klly 110nHpH30B8HHb!MH 

l'lllp8MH MHW9HH (CI1HH I = 0) npH nepexoae B COCTOHHHe KOH9'1HOro Hllpa CO 

~ 
11 
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CnHHOM 1' 1 onHCb!B88TCSI <fJopMyJIOti CHMOHa-8eJITOHa 1 KOTopaSI 

B BHAe, npHB8A8HHOM B MOHOrpa<iJHH EaJllJ.HHa H Ap./ 10/. 

-+ 

d P aa' 

dO 
-+ 

= n 

~ I '+ i '- ~ + J2 
~ 2 ~~i '+l)(2i'+l)J I (-l) 

4 (2 i+ 1 H 21 + l ) 

£2+L-fl 
( -y ) l (2 J + l)( 2£ '+ l) (2 s '+ l) ( 2J + l )( 2£ '+ l ) ( 2s '+ 

I I I 2 2 2 

" "2 
Relj[<£!,sl'·a'IR.

1
1Esa)* (£2's2'a'IRJ IE2sa))l u;or 

l I I 2 

Z(£ J £ J ; sL) W(is' i' s'; I 'l)x(J C's'; J C 's '; L 
1122 I 2 Ill 222 

( B 9TOM Bbip8)1(9HHII oyKBOH 0003HaqeHa MHIIM851 9)li!HIIU8) • 

DpH 9TOM nOJIS!pii38UIISI B03HIIK88T KBK CJ19)lCTBI!e IIHTep<fJef 

napUH8JlbHbiMH BOJ1H8MH c ; = {£; s ~ a ' ) H c
2
' = (£; s ; a 

" K8H8JIOB peaKUHH1 HAymefi qepe3 ypOBHII COCTBBHOrO S!Apa J 1 

!1aTep<jlepHpyiOlliH9 BbiXOASllliH8 BOJIHbl MO)I(HO OXapaKT8pH30B8Tb 

" 9JI8M9HT8MH (£' s 'a 'I J J r s a ) 
I I 1 · I 

" H (£ 's 'a 'I J I f s a ) • 
2 2 2 2 

CyMMHpoBaHHe B <PopMyne ( 1) npoH3BOAHTCSI no BCeM 

KOMOHH8UHSIM CnHHOB ( J I , J 2 ) H qE:JTHOCTeJ.I ( rr 1 , rr2 ) ypOBHe 

S!)lpa, JI9)1(8lliHX B HCCJieAyeMOJ.I 8HepreTI!qecKoJ.I OOJ18CTII H HHT8 

M8)1(Ay COO OJ.!, no BC8M OpOHT8JibHb!M MOM8HTaM £ 1 1 £2 

H CnHH8M S s I H s; BXOAHbiX H BbiXOAHbiX KaHanoB pe 

pbi8 onp8A8JISIIOTCSI H3B8CTHblMH npaBHJIBMH OToopa H3 CJI8AYIC 

meHHJ.I: 
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T ABJilli!A I 
II. ~ J" o noJI.HpHaaL\HH npoToHoB B peaKUHH C KV H(ocH.cocT.) 

YroJI Bh!JieTa IIom~pHaa- 0THOCHT6JI:&Haft 
npOTOHOB (} ijHH f'.r omHdKa 
( B Jia6 .Cl-ICT ., npOTOHOB ""o/~ (B%) 
:a rpaf(ycax) (B%) 

22 -22 
34 -32 8 
46 -49 4 
58 -57 5 

22 -24 I3 
34 -36 7 
46 -52 7 
58 -62 6 

22 -33 8 
28 -40 7 
34 -45 5 
46 -56 .5 
58 -68 4 
70 -8! 5 

22 -51 4 
28 -53 6 
34 -60 4 
46 -69 4 
58 "':'66 4 
70 -88 4 

.54 -22 II 
46 -51 6 
58 -47 10 

22 -27 
34 -35 8 
46 -47 6 
58 -58 5 

12 

J •• 

'I, 

.. ,-~; •. 
!i.~ ' . ''r·J\ 

lj;; 
1\f$\ 
;.;.~f: 

1
~. 

'f ..i;• 
.'l~· 

CnHHOM 1 ', onHCbiBaeTCSI cpopMynotl: CHMOHa-BenTOHa, KOTopaSI aaeTCSI HH)Ke 

B BHlle, npHB9):19HHOM B MOHOrpacpHH EanliHHa H ap./10/. 

-+ 

d P aa' 

dO 
= n 

li 
X 2 l 2 i '( i '+ l)(2i +I)J 

4 (2 i + I }( 21+ I ) 
I (-I) 

I '+ i '- ~ +J2 +~2 +f2 

f 2+L-f 1 
( -y ) l(2 J +I)( 2f '+I) (2 s '+I) ( 2J +I)( 2f '+I ) ( 2s '+ I ) J 11 

I I I 2 2 2 

(1) 

"t "2 
Relj[Ui,s/,a'IRi

1
1f

1
sa)* (r2's2'a'IRJ

2
If 2sa)]l (r;or2'0 ILO) 

z (r J r J ; s L) w (is ' i ' s ; I ' l) X (J r '5 ' ; J f 's ' ; LL 1) p , (cos 0) 
1122 I 2 Itt 222 L 

( B 9TOM Bb!p8lK9HIU! 6yKBOll 0603H8'!9Ha MHIIM851 91UIHIIU8) • 

TipH 9TOM nOll51pH38UHSI B03HHK89T KaK Cll9liCTBHe HHTep¢epeHUHH M9lKliY 

napUHSllbHbiMH BOliHSMH c; =U; s ~ a ) H c
2
' = (£; s ; a ' ) 

" KaHanoB peaKUHH 0 HUyWeft qepe3 ypOBHH COCT8BHOro HUpa J
1 

1 

BbiXOliHblX 

"2 
H J 2 • 

I1aTepcpepHpyiOWH9 BbiXOliSilliH9 BOJIHbl MO)KHQ OXapaKT9pH30B8Tb MaTpH'!HbiMH 

" 3119M9HT8MH (r 's 'a 'I J j r s a ) 
I I t' I 

'" H (f's'a'IJ If sa). 
2 2 2 2 

CyMMHpoBaHHe B cjlopMyne ( 1) rrpoH3BOliHTCH no BCeM B03MO)KHhiM 

KOM6HH8UH51M CIIHHOB ( J t , J 2 ) H 'l~THOCTeft ( "t , " 2 

Hnpa, ne)KalliHX B HccneuyeMoft aaepreTH'lecKoft o6nacTH 

Me)K):Iy co6oft, no BCeM op6HT8llbHbiM MOMeHTaM f 1 

ypOBHeH COCTaBHOro 

H HHTepc!JepHf'lY!OlliHX 

r 
2 

• r 
1
' 11 r 

2
' 

II CIIHH8M S s l II S 2 BXOliHblX H BbiXO):IHblX KaHaliOB peaKUIIH,, KOTO-

pbte onpeueliSIIOTCSI H3BeCTHbiMH npaBHli8MII OT6opa 113 CllellyJOWHX COOTHO

IIIeHIIH! 

, 
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IJ-sl<f<J+s IJ -s'l <f'<J +s 

I I - i < s < I + II'- i'l <s'<I'+i' 

( 2) 

J - J I 
I 2 

<L <JI+J2 --
TT = (-1) f TT: TT 

I I 

e , 
(-1) TT 

I 
TT 

H ITO 3HS'ieHHSIM L -rrapaMeTp81 o6paayeMoro H3 060HX CIIHHOB J I H J 2 ' " 

B ypasaeHHH ( 1) 

saUHH 1 senH'iHHa 'X2 
; eCTb eaHHH'iHbiA BeKTOp rrono*HTenbHOA IIOnSipH

pasHa ii 2 I 2 p. E 1 rae p. - rrpHseaeaaaSI Macea 

6oM6apaHpyiOmeA 'iSCTHUhi H Siapa-MHllieHH H E - aaeprHSI 6oM6apaHpyiOIIlHX 

'i8CTHU B CHCTeMe ueHTpa MSCC. Koacfli!JHUHeHTbl Z H X MO*HO rrony'iHTb 

c rroMOIIlbiO W - KoacpcpHuHeHTOB PaKa 1 KOTOpbte rrpHseaeHbi B Ta6nHuax CH

MoHa/ 11/ ( e 1 0 e 00 I L 0 ) I' eeTb KOa<lxl>HuHeHTbl Kne6ma-fop.ooHal 

a p ' (cos(} ) - HOpMHpOB8HH8SI IipHCOeaHHeHHSSI cpyHKUHSI fle*aHapa rrepsoro 
L 

poaa ( (} - yron BbtneTa 'iSeTHU H3 peaKUHH B C.U.M.), 

f1pH BhtBoae cpopMynht ( 1) rrpearronaranocb1 'iTO 6oM6apaHpyiOmaSI qac

THua H Slapo-MHllieHb B xoae peaKUHH o6pa3yiOT HeKyiO CHeTeMy B oaHOM 

H3 B03MO*HbiX COCTOSIHHA1 orrpeaenSieMbiX KBaHTOBbiMH 'iHCnSMH f , s , a 1 

H 'iTO 8Ta CHCTeMa pacrraaaeTCSI Ha KOH9'iHOe Slapo H BbtneTaiOIIlYIO 'iaCTHUY 

qepe3 oaHO H3 B03MO*HbiX eOCTOSIHHA C' = f 's 'a , • Eonee TOHKaSI BHyT

peHHSISI CTpyKTypa Siapa coaep*HTCSI B aneMeHTaX MaTpHUbi pacCeSIHHSI 1 KOTO

paSI B paMKaX pe30HaHCHOA TeopHH MO*eT 6b!Tb IIpeacTaBneHa B TaKOM BHae: 

"A 
(f~s~a' I JA I e sA) 

j g c A 
= exp lj ( 0 +0 ) j ---· cA cA, 

goA 
n-

fA -j --r-
. ( 3) 

3aeeb .i = y -1 • B o6osHa'leHHe ~., , BKniO'IeHo paeeeSIHHe Ha TBepaoA 

ccpepe H KynoHOBCKHe cpa3blo BenH'iHH8 g paBHa + v r I rae r -nap-
" A - o A cA 

UHSnbHaSI lliHpHHal a r,\ - rronHaSI lliHpHHa peaoaaaca A • 3aeprHSI fA =E A-E ' 

rae E A ecTb pesoaaaeHaSI aaeprHSI 1 a E - aaeprHSI 6oM6apaHpyiOmHx -qac

THU B CHCTeMe U9HTp8 Mace. 

14 

' ·.,(' ·;1, 
,J 

.j'!i. 
•J 

.. , 

f1pHMeHeHHe cpopMynhi CHMOHa-BenTOHa B eny-qae OI!He 

12C ( sHe, p 
0

) 14 N MD*Ho oxapaKTepHaosaTb c rroMOllibiO cneay101 

'!:He en: 

I TT o+ 1/2 + 
' 

s 1 /2 ' 

1' 17 =1+ ' 17=1/2+ s = 1/2 HnH 3/ ~ 
' 

llnSI crreuHanbHoli rrporpaMMhi rroaroHKH aa 3BM Bbtpa*E 

rrpeo6pasosaHo H yrrpomeao. Bee senH'IHHhi1 o6ycnosneHHbie 

SiaepaoA peaKuHH 1 

Kne6ma-fopaoaa, 1 

cpHUHeHThi B ( N ) 

T8KHe 1 KaK cpa3bl 1 CTaTHCTH'I9CKHe cpaKTOpbi 1 

PaKa1 Z- H X - KoacpcpHuHeHThi 1 o6paay10· 

x/ • C y'I~TOM 8TOrO Bbipa)!(eHHe ( 1) II] 

.... 
1 d paa' 

n-. -r;- -------
d 0 

(3) (3) 

~ ~~ ~ ls; s~ ~ ~ 
L ~ 1 ~:i':x1 v v•>v 

1 2 1 2 I 

sPsPB(N)<v \v ·>JI 
v v 1 2 

1 2 

rae s~ H s :; ' o6oHa'laiOT Sl.!lepHbte easHrH cpas BXOJlHOro 

H BbiXOJlHhiX KaHanOB ( p + 
14

N ) peaKUHH eOOTBeTeTBeHHO. 

HaepHbie easHrH cpas rrpHHHMaiOT saa'ieHHSI +1 HnH -1 H 1 

aoe pacrrpeaeneaHe. 06osHa'leHHe < v I v > cooTBeTcTsyeT 1 
. I 2 

M9*.!lY aByMSI ElbiXOaHhiMH KaHanaMH c H c 1 KOTOpyiO 
v1 v2 

qae MO*HO rrpeacTaBHTb KaK rrpoHaseaeaHe cneayiOlliHX -qneaos: 

< V1 v2 > c'v-v D v v a v a v 
12 12 l 2 

x/ N napaMeTp eCTb llOpSIJ::(KOBbll! HOMep 3H8'i9Hifl! K09 
38BHCSIIUHl!. OT KB8HTOBbiX 'iHCen, 
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e < J + s . IJ -s'l<f'<J + s 

s < I + j . II'- i'l :_s':_l'+i' 

(2) 

<:.. L < J J + J 2 
~ 

e, 
11' TT = (-1) TT ' TT , 

I I i I 

L -rrapaMeTpa, o6pasyeMoro H3 o6oHx CITHHOB JJ H J2 

(1) 
~2 

n 9CTb eaHHH'IHbl~ B9KTOp l10110~HT911bHO~ l1011RpH

paBH8 i; 2 I 2 fl E , rae fl - npHeeaennaR Mace a 

H Rapa-MHIIIeHH H E - aHeprHR 6oM6apaHpyJOmHx 

U9HTpa Mace. Koa£tl!lJHUH9HTbl Z H X MO~HO 110/lY'IHTb 

Koa!lJ!lJHUHeHTOB PaKa, KOTOpbie rrpHeeaeHbi B Ta6nHuax CH-

e 00 I L 0 ) '. eCTb KOacjxpHuHeHTbl Kne6wa-fopaona, 

OpMHpOB8HH8R 11pHC090HH9HH8R lPYHKUHR ne~aH]lpa rrepeoro 

BbineTa 'I8CTHU H3 peaKUHH B C.U.M.). 

£PopMynhi ( 1) rrpearronaranocb, 'ITO 6oM6apaHpyJOmaR qac

Hb B xoae p98KUHH o6pasy10T HeKy!O CHCTeMy B OllHOM 

TORHH~, OIIpeaellR9MblX KB8HTOBbiMH 'IHC118MH f , s , a 
1 

pacrraaaeTCR H8 KOH9'IHOe RJlpO H Bbin9T8101llYIO 'IBCTHUY 

~Hb!X COCTORHH~ c' = e 's 'a ' • Bonee TOHKaR BHyT

Hapa coaep~HTCSI B 9119M9HT8X MaTpHUbl p8CC9RHHSI
1 

KOTO

HBHCHO~ TeopHH MO~eT 6b!Tb 11p90CT8BI19H8 B T8KOM BHJle: 
i 

"A. 
e s ;.. ) 

jgcA g 0 A 
+0 )1---11--. 

cA o'A' l).. -j --,;--
= exp Lj ( 0 ( 3) 

• B o6osna'IeHHe ~,.,, BKIIJO'IeHo pacceSIHHe Ha TBepaoa 

e lP83blo BenH'IHHa g paBHa + v r ' rae rc,-rrap-
"A - OA " 

r ~ - II0/1H8SI IIIH PHHa pesoHaHca A • 3He prHH l A= E A -E • 

E - aHeprHH 6oM6apaHpyJOmHx qac-

Mace. 

14 

_,.; 

npHMeHeaHe lPOPMYilbl CHMoaa-BenTOHa B cnyqae Ol1HC8HHR peaKUHH 
12C ( 8 He, p 0 ) 

14 N MO~Ho oxapaKTepHsoeaTb c IIOMO!llbJO cneayJOmHX KBaRTOBhiX 

'IHcen: 

I TT o+ 112 +' s = 1 12 , (4) 

1' 11:1+ i' 11=112+ , s = 112 HIIH 3 I 2 

llnR cneuHallbHO~ rrporpaMMbi rroaroRKH aa 3BM Bbipa~eHHe ( 1) 6blllO 

npeo6pasoeaao H ynpoweHo. Bee eenH'IHHhl, o6ycnoeneHHhle KHReMaTHKoA 

ROepHoA peaKUIIH 1 

Kne6IIIa-fopaoHa, , 

¢HUH9HTbl B ( N ) 

T8KH9 1 K8K lP83bl, CT8THCTH'I9CKHe lP8KTOpbi, K09lPlPHUH9HTbi 

PaKa, Z- H X- KOalPlPHUHeHThi, o6pasy10T HOBbie Koa£P

x/ • C Y'I~TOM 9TOrO Bbipa~eHHe ( 1) rrpHHHMaeT BH.Q 

->. 

1 d p aa' 

n->17 -------
d 0 

( 5) 
(3) (3) 

I l I I· Ls~ s~ I I 
L *- 1 ~:C~1 

sPsPB(N)<v lv ·> l ! P 
1 

( cos e ) . 
1 2 v 1 v?vl v v I 2 

I 2 
L 

( 3 12 ) rae s~ H s:: I o60H8'1810T SIJlepHbie C.QBIITH <jla3 BXOJlHOrO .He + C 

H BbiXO.QHbiX K8H8110B ( p + 
14

N ) peaKUHH COOTB9TCTB9HH0o 

.HaepHbi9 CJlBI!rH lP83 IIpHHHM810T 3H8'19HHR + 1 HIIH -1 H HM910T XBOTH'I

HOe pacrrpeaenenHe. 06osHa'IeHHe < v I v > cooTBeTcTeyeT HHTep<jlepeHUHH . J 2 . 

Me~JlY llBYMR BbiXO.QHbiMH K8H8118MH c H c 1 KDTDpyJO B .QBHHOM cny-
vl v2 

qae MO~HO rrpe.QCTBBHTb KBK IIpDH3B90eHHe ClleOyJO!llHX 'IIleHOB: 

< VI v2 > c·v· v D v v a v a v 
l 2 1 2 l 2 

x/ N 
napaMeTp eCTb IlOpS!JlKOBbiJI: HOMep 3Haqeal!ll: KOSqHpi!UHeHTOB 8, 

38BHCHI.UIIJI:. OT KB8HTOBb!X qHcen, 
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B !flaK Tope c -161 ( P ,r P / P P P P )~ 1 Koa!fl!fJHuHeHTbi rrpoHHuaeMoCTH 
v1v2 "1~"2 v1 v2 

SILl9pHOl!: IIOB9pXHOCTH LlJISI BXOLlHbiX KaHanOB p J. H BbiXOLlHbiX KaHaJIOB p P v 

o6'heLlHH9Hhi c y'I~TOM aHepT'eTH'IecKol!: 

2 
ro,\=2PO,\ Yo,\ • ro ',\ • 2PaA 

aaBHCHMOCTH rrapuHaJibHbiX 

2 
y 0 A • IIpH'19M 

2 
Yo,\ H 

IUHpHH: 

2, 
Yo,\ eCTb 

IIpHB9Ll9HHbl9 IUHpHHbl ypOBHel!: A LlJlSI COCTOSIHHl!: c ,\ H c A COOTB9TCTB9H-

HO. BenH'IHHa c 9CTb IIJiaBHaSI !flyHKUHSI 9HeprHH ycKOpeHHbiX HOHDB. 
Vf V ~ 

3aBHCHMOCTb OT f ,\ H f,\ BKni0'19Ha B !flaK TOp D v v =sin {3 ,\ sin{3 ,\ sin (w v -w 1J ), 
1 2 1 2 I 2 

B KOTOpOM COLl9p*aTCSI CJI9LlYIDIUH9 COKpameHHSI: 

~~ w =o: +0 p 
v 1\ v 

+ B • ,\ 

tg f3 ~ r..\ 12£..\ 

DapaMeTp Dv 1 v2 O'I9Hb cHnbHo aaBHCHT OT aHeprHH 6oM6apnHpyiDIUHX 

qacTHU, oco6eHHO B6JIH3H pe3oHaHcHol!: aHeprHH E,\ • A MnnHTYLlbi npHBe-

Ll9HHbiX IUHpHH BXOLlHbiX y { H BbiXOLlHbiX y ~ KaHaJIOB BM9CT9 C nOJIHOl!: 

IUHpHHOl!: pe3oHaHCa o6pa3yiDT 6e3pa3M9pHblH rrapaMeTp a v = I y ~ y: I r,\ I· 
Ka*LlblH ypOB9Hb COCTaBHOrO SILlpa xapaKTepH3y9TCH 5 CB060LlHbiMH rrapa

MeTpaMH, KOTOpbi9 onp9Ll9JISIIDTCSI H3 CpaBH9HHH TeopeTH'I9CKHX pe3yJibTaTOB 

C 9KCnepHM9HTaJibHbiMH LlaHHbiMH: 3 napaMeTpa av B BhlXOLlHOM KaHane 

LlJISI B03MO*HbiX 3Ha'I9HHl!: s H e , I pe30HaHCHaSI 9HeprHSI E ,\ H nonHaSI 

IUHpHHa fA 
DoLlrOHKa 9KCnepHM9HTaJibHbiX pe3yJibTaTOB no ypaBH9HHID ( 5) H3-3a 

cneLlyiDIUHX LlBYX o6CTOSIT9JlbCTB CT8HOBHTCSI 38TpyLlHHT9JlbHOH, 

a) TaK KaK S1Ll9pHbi9 !fla3bi BXOLlHbiX H BbiXOLlHbiX KaHaJIOB pacnpeLl9Jl9Hbi 

COB9piU9HHO X80TH'I9CKH 1 TO H3 9TOrO !flaKTa !CJI9Lly9T 6onbiU09 'IHCJIO B03-

MO*HOCTel!: HX KOM6HHaUHl!:. llnH n ypOBHel!: COCTaBHOrO SILlp8 1, Y'IHTbiBaSI 

( 5 ) (3n-1) 
CTpyKTypy ypaBH9HHSI , nony'IHTCSI 2 pa3HbiX KOM6HHaUHl!: HHTep-

!flepeHUHOHHbiX 'IJI9HOB. C pOCTOM 'IHCJia ypOBH9l!: p93KO yB9JlH'IHBa9TCSI 

H906XOLlHM09 Bp9MSI Ha 3BM ( HanpHM9p1 npH IIOLlrOHK9 C 4 ypoBHSIMH 6yLleT 

2048 KOM6HHauHl!:). DoaTOMY B HCnOJib30BaHHOl!: IIpOrpaMM9 38LlaBaJIOCb Bap~-
( n-1) 

HpOBaHH9 S1Ll9pHblX !fla3 TOJibKO BO BXOLlHbiX KaHanaX - 'ITO naeT 2 KOM-

6HHauHl!:. BapHauHH SJLlepHbiX !fla3 BbiXOLlHhiX KaaanoB nocTHraiDTCSI BapbHpoBa-

HHeM a -napaMeTpOB B HX o6naCTSIX H3M9H9HH'SI• 

16 

.,. 

6) Ka*Llbil!: ypOB9Hb COCTaBHOro SILlpa naeT 5 CB060LlHb 

B cnyqae n ypoBHel!: nonroHKH c Hcnonb30BaHHeM KpHTepHSI 

npencTaBHTb B 5n - MepHOM npocTpaHCTBe. B o6mel!: cno~ 

HH9 ( 5) HM99T H9CKOJibKO 9KCTpeMaJibHbiX o6nacTel!: C MHHHMy 

)( 2 
1 H3 KOTOpbiX RaLlO Bbi6paTb HaHM9HbiUee 3Ha'I9HH9o 

H3B9CTHaSJ MeTOLlHKa rpanHeHTOB Tpe6yeT LlJISI peiUeHHSI 

MHOrO Bp9M9HH H CHJibHO 3aBHCHT OT Bbi6opa Ha'laJibHbiX II 

rapaHTHpyS1 1 OLlHaK01 CHCT9M9TH'I9CKOrO H HaLl9*HOrO HCCJI9LlOB 

HOro rrpOCTpaHCTBa. DoaTOMy Mbl npHM9HSIJIH nporpaMMy IIOLl 

JI9HHYID Ha OCHOB9 M9TOLla MoHTe-Kapno, KOTOpaSI no3BOJISI9T H< 

H09 3Ha'I9HH9 KpHT9pHSI )( 
2 

B 9KCTpeMaJibHbiX o6naCTSIX H H: 

Ha6op napaMeTpoB, HMeiDmHl!: !fJH3H'I9CKHl!: CMbicn. TaKaH Me1 

pa60Ta9T 6b!CTp0 1 H B CJiy'lae HCnOJib30BaHHSI ypaBH9HHSI ( 5) 

BIIOJIH9 onpaBLlaHOo 

PesynbTSThl TeopeTH'IeCKoro aaanHsa 

llH!fl!flepeHUHanbHYID nonHpH3aUHID d; I d 0 B ypaBHeJ 

Bbipa3HTb qepe3 OTHOCHT9JlbHYID IIOJIS1pH3aUHID p H JlH!fl' 

ce'leHHe d u 1 d o . 
... 

dP ,(e) d u ,( e ) 
a a i' p (0) 

U!,Zt, dO 
aa 
dO 

( B 9TOl!: !flopMyne i ' 9CTb CIIHH Bbin9TaiDUIHX 'laCTHU) • 

Ha pHc. 5 H 6 LlH¢¢epeHuHanbHaH rronSipH3aUHS1 1 npencTa 

HHuax ~-2 d pI d 0 Bbi'IHCneHa no pe3yJibTaTaM Ta6n. 1 H Ll 

HHl!: LlH!fl!flepeHuHanbHhlX ce'leHHl!: o6pa3oBaHHSI npoTOHOB p 0 -

cMaTpHBaeMol!: peaKUHH/8/. YrnoBbie pacnpeneneHHSI d P I dJ~ 
yrJIOB, HJIJIIDCTpHpyeMbl9 pHc. 5, noKa3biBaiDT SIBHQ Bbipa*eHH: 

a!fl!fleKT npH SH9prHH HOHOB 2370 K9B (B na6. CHCT. 2960KaB) 

OT 9TOrO pe30HaHCa Ha 160 K9B B 06JiaCTb 60JI99 Bb!COKHX 9H9J 

CSI 3Ha'IHT9JibH09 H3M9H9HH9 LlH!fl¢epeHUHaJibHOl!: IIOJIS!pH3aUHH Ll 

3Ha'!eHHH1 a rrpH aHeprHH HOHOB E c.u.M. = 2, 82 M aB ( B na6. c 
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~ 
c -l6!(P 7 p T pP pP) !Koa!fJ!fJHUHeHThl npoHHUaeMOCTH 

v 1v 2 .\ 1 ~.\ 2 vi v2 

OCTH anSI BXOaHhiX KaHanoB p A H BhiXOaHhiX KaH:anoB p P 
v 

~TOM 9HepreTH'I8CKOH saBHCHMOCTH rrapuHanbHhiX IIIHpHH: 

2 

I loA = 2 Po A Yo A 1 npH'IeM 
2 

Yo,\ H 
2 

Yo A eCTb 

HHhi ypoBaeM: .\ anSI cocToSIHHfi c .\ H c ,\ cooTBeTcTBeH-

8CTh rrnaBHaSI !flyHKUHSI 9HeprHH YCKOpeHHhiX HOHOB, 
v 1 v?. 

, 11 f', BKn!O'IeHa B ljlaKTOP D v v =sin/3,\ sin/3,\ sin(wv -w 11 ), 
" " I 2 I 2 I 2 

p)l{aTCSI cneayiOWHe COKpaiii8HHSI: 

p 

v 
+ B • 

.\ 

tg {3 ~ 1.\ 12€>.. 

Dv 1 v 2 oqeHb cHnbHO saBHCHT OT aHeprHH 5oM5apaHpyJOWHX 

o B5nHsH pesoaaHCHOH aaeprHH E.\ • AMnnHTyahi npHBe-

oaHh!X y A H Bb!XOaHh!X y : KaHanoB BM8CTe C rronHOH 

a o5pasyroT 5espasMepHhiH rrapaMeTp a v = I y ~ y J' If',\ I· 
B8Hh COCTaBHOrO S!apa XapaKTepHsyeTCSI 5 CB050aHh!MH rrapa

!8 onpeaenSIJOTCSI H3 CpaBH8HHSI TeopeTH'IeCKHX pesynbTaTOB 

bHbiMH aaHHh!MH: 3 napaMeTpa av B BbiXOaHOM KaHane 

Ha'I8HHH s H £ ' , pesoHaHcHaSI SHeprHSI E.\ H rronHaSI 

KCne pHMeHTanbHhiX pesynbTaTOB no ypaBHeHHIO ( 5) H3-3a 

05CTOSITenbCTB CT8HOBHTCSI 38TpyaHHTenbHOH, 

SlaepHbl8 ljla3bl BXOaHhiX H BhiXOaHhiX KaHanOB pacrrpeaeneHbl 

H'leCKH 1 TO H3 9TOro !flaKTa cneayeT 5onbiiiOe 'IHCnO B03-

0M5HH8UHH, llnSI n ypOBHeil: COCTaBHOro Slapa 1 Y'IHTbiBaSI 

( 5 ) (3n-1) 
HHSI 1 rrony'IHTCSI 2 p83HhiX KOM5HHaUHH HHTep-

qneHOB, C pocToM 'IRena ypoBHeil: pesKo yBenH'IHBaeTCH 

MSI Ha 8BM ( HanpHMep1 npH noarOHKe C 4 ypOBHSIMH 5yaeT 

), 0o9TOMy B HCITOnh30BaHHOH rrporpaMMe sanaBanOCb Bap~
( n-1) 

ljlas TOnbKO BO BXOaHhiX KaHanax - 'ITO aaeT 2 KOM-

H SlaepHbiX ljlas BbiXOaHhiX K8H8nOB aOCTHraiOTCSI B8pbHpOB8-

eTpOB B HX o5naCTSIX H3M8H8HH'Sio 
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6) Ka)l{ahiH ypoBeHb cocTaBHoro Hapa aaeT 5 CBo6onHhiX napaMeTpoB. 

B cnyqae n ypoBHefi noaroHKH c Hcnonb30B8HHeM KpHTepHSI X 2 MO)I{HO 

npeacTaBHTh B 5n - MepHOM npocTpaHCTBe, B o6weM: cnO)I{HOCTH ypaBHe

HHe ( 5) HMeeT H8CKOnbKO 9KCTpeManbHhiX o5nacTeil: C MHHHMYM8MII BenH'IHHhi 

X 
2 

1 H3 KOTOpbiX Haao Bhi5paTb H8HM8Hbiiiee 3H8'1eHHe, 

MsBecTHaSI MeToaHKa rpaaHeHTOB Tpe5yeT anSI peiiieHHSI aToM: npo5neMhl 

MHOI"O BpeMeHH H CHnbHO 38BHCHT OT Bbi6opa JiaqanbHhiX napaMeTpOB
1 

He 

rapaHTHpyS1 1 0JlH8K01 CHCT8M8TH'IeCKoro H Haae)I{HOro HCCneaOB8HHSI 5 n -Mep

HOI"O npOCTpaHCTBa, OoaTOMy Mhl npHMeHS!nH rrporpaMMy noai"OHKH
1 

COCTaB

neHHYJO Ha OCHOBe MeToaa MoHTe-Kapn01 KOTOpaS! Il03BOnS!eT H8HTH MHHHManb

HOe 3H8'18HH8 KpHTepHSI X 
2 

B 9KCTpeManbHbiX o5naCTSIX H H3 HHX Bbi6paTb 

aa5op napaMeTpoB1 HMeiOWHil: ljJHSH'IecKHH CMbtcn. TaKaS! MeToaHKa pacq~Ta 

pa5oTaeT 5biCTp0 1 H B cnyqae HCTIOnb30BaHHSI ypaBHeHHSI ( 5) ee npHMeHeHHe 

Bnonae onpaBaaHo. 

PeaynhTaThi TeopeTH'IecKoro aaanHaa 

llH!fl!flepeHuHanhHYIO nonHpHsauHIO d; I dO B ypaBHeHHH ( 5) MO)I{HO 

Bbipa3HTh 'lepe3 OTHOCHTenbHYIO nonHpH3aUHIO p H llH!fl!flepeHuHanbHOe 

ceqeJIHe d a I d 0 
-+ 

dP ,(0) d a ,( 0 ) 
a a aa i'P (0) 

a~._ dO dO 

( B STOll !flopMyne i ' 8CTh CTIHH BbineTaiOIIIHX 'laCTHU) • 

Ha pHc, 5 H 6 aH!fJ¢epeauHanbHaH rronS!pHsauHH 1 npeacTaBneHHaH B eaH

HHuax X-2 d pI d 0 Bbl'IHCneHa rro pesynbTaTaM Ta5n. 1 H aaHHhiM H3Mepe

HHfi aH!jl!flepeHUHanbHhiX C8'18HHH o6pa30BaHHSI IlpOTOHOB p o - rpynnbi B pac

CM8TpHB8eMOH peaKuHH/8/. YrnoBhre pacnpeJJeneHHSI d P I dJl anSI Manhrx 

yrnoB, HnnJOCTpHpyeMbJe pHc, 51 IlOKa3biBaJOT SIBHQ Bbipa)l{eHHhilt p830HaHCHbiH 

a!fJ!fleKT rrpH 9HeprHH HOHOB 2370 KSB (B na5, CHCT, 2960KSB), 0pH yaaneHHH 

oT aToro pesoaaaca Ha 160 KSB B o5nacTb 5onee BhiCOKHX aaeprHM: aa5nroaaeT

CSI 3H8'1HTenbHOe H3M8H8HHe aH!fJcjJepeHUHanbHOH nonHpH3aUHH ao 0'18Hb Manoro 

sHa'leHHSI1 a rrpH aHeprHH HOHOB E c.u.M. = 2,82 MaB (B na5. cHcTeMe3,50MaB) 
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PHc. 5. Yrnoeoe pacnpeneneHHe AH~¢epeHuHanbHOA nonHpH38UHH npoToHOB 
e peaKUHH 12 C ( 3 He , p) 14 N ( ocH, cocT.). 8Hepi'HSI H yrnbi naHbi B CHCTeMe 

U9HTpa M8CC • 

18 

.-
!\. 

Gc, 

HMeeT MecTo ee soapacTaHHe, BHn yrnosoro pacnpeneneHHH 

= 2,37 Mas yKa3hiSaeT Ha cymecTseHHhiA sKnan 6onhmHx aHa• 

L -napaM.eTpa nonHoro MoMeHTa ( L ·~ 3): aTo naeT ocHosaJ 

'ITO no Kpat!:Heti Mepe OAHH H3 yposHeti non~eH.HM9Tb CITHH , 

8HepreTH'I9CKH9 38SHCHMOCTH AH~~epeHUHanbHOti nonHpH3. 

Hb!9 OpH _H9CKOnhKHX ManhiX yrnax , HnJllOCTpHpyiOT 

3Ha'IHTenhHbiA peaoHaHCHhiA a¢~eKT npH aHeprHH E C.U.Mt 

oco6eHHO q~TKO npoHsnHeTcH npH ManhiX yrnax, 8ToT peao 

napuHanbHOfi nonHpH3aUHH HM99T OTHOCHTenhHO Many~ lliHpHHy: 

OoaTOMy npencTasnHeTCH AOCTSTO'IHO 060CHOS8HHOfi nonhl 

XOA AH~~epeHUHanhHOH nonHpH38UHH s6nH3H pe30HaHCa HHTepq 

nH'IHb!X SOnH, OTS9'18~111HX 6nH3KO ne~alllHM ypOSHHM COCTaSI 

KyaH H np,/1/ Hane~Ho ycTaHosHnH nnH yposHH npH s 

2,99 Mas CnHH H 'I~THOCTb 5/2+, 8TOT peaynbTaT HCnOnb31 

cnenosaHHH SKnana paanH'IHbiX KOM6HHaUHfi HeCKOnbKHX ypo 
+ 

yK838HHOrO ypOSHH 3Ha'leHHH j 17 = 5/2 He H3MeHHnHCb, 

C uenb~ rpy6oro o6aopa ( nepsoe npH6nH~eHHe pac'I~Ta) 

nonroHKH AnH Ka~noli: KOM6HH8UHH 3HS'IeH~fi j 17 ypOSHei\:1 

nnH nonroHKH, no onpeneneHHOMY aaKoHy 8BM coanasanocb 

aa6opos ( oT 500 no 2000) cnyqafiHhiX napaMeTpos H Sbi'IHcm 

CTSY~111H9 3H8'19HHH KpHT9pHH X 2 
, PeaynhTSTbl nOHCKa H8 

nnH SC9X S03MO~Hb!X KOM6HHaUHl!: H3 KSSHTOSb!X xapaKT9pHCTII 

npHsonHTCH aa pHc. 7. OcTpHe Ka~noro H3 TpeyronhHHKOB o 

ManhHOMY ( H3 HafineHHbiX) aHa'leHH~ KpRTepHH x 2 
, a rnHpHH· 

HhiX o6nacTeli: nponopuHoaanbHa 'IHcny aa6opoa napaMeTpoa, K' 

'IHSa~T aHa'leHHe x 2 MeHbll!ee, '19M aenH'IHHa opllHHaT 

paCCMOTpeHHH. 
2 

CaMbiA nyquml!: peaynhTaT nonroHKH ( X = 2) nonyqeJ 

UHH 5/2+ - 7/2-. Ha pHC, 8 lliTpHXOSOl!: nHHHel!: ITOKaaaHa AH 

nongpR3aUHH npH nsyxyposHesoA nonroHKe. B6nR3H pe 

n~naeTCSI xopoll!ee coananeHHe aKcnepHMeHTanhHbiX naH 

TaTaMH pacqeTa no ¢opMyne ( 5). nepaoe coo6meHHe o6 aTI 

ony6nHKOS8HO ~ pa6oTe/12/, 
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Boe pacnpeAeneHHe AH~~epeHUH8nbHOA nonHpH38UHH npOTOHOB 
C ( 

8 
He, p) 14 

N ( oca, cocT.). 3aepl"HSI H yrnht AaHht e cncTeMe 

18 

_.., 

HMeeT MecTo ee soapacTaJIHe. 15Ha yrnosoro pacnpeaeneHHH npH E c.u.M, = 

= 2,37 Mas yKa3bisaeT ua cymecTseHHhiA sKnan 6onblllHX aHa'feHHA npoeKuHA 

L -napaM_eTpa nonHoro MoMeHTa ( L '2: 3): aTo naeT ocHosauHe aaKmo'fHTb, 

'ITO no Kpaii:Heil: Mepe OJ:IHJI H3 yposJieil: nomKeJI . HM9Tb CnHJI J '~ 5/2, 

8HepreTH'f9CKHe 38SHCHMOCTH J:IH$$epeHUH8nbHOil: nonHpH38UHH
1 

H3MepeH

Jibi9 npH ,n:ecKo.IIbKHX ManhiX yrnax, HnmocTpHpyiOTC.H pHc. 6 • 

3Ha'IHTenbHbiA peaouaHCJihiii a¢¢eKT npH aaeprHH E c.u.M. = 2,37 Mas 

OC009JIJIO 'f~TKO npOHSnHeTCSI npH ManbiX yrnax. 8TOT p930H8HC S KpHSOti 

napuHanbHOil: nonS!pH38UHH HMeeT OTHOCHTenbHO ManyJO lllHpHHy: OK.ono 200 K8B, 

noaToMy npencTasnHeTCSI J:IOCT8TO'IHO OOOCJIOS8HJIOA nonbiTKa OO~SICHHTb 

xon nH$$epeHuHanbHoA nonHpHaauHH sonHaH peaouaRca HHTep$epeuuHeA paa

nH'fHbiX SOnH, OTS9'1810IIlHX 6nH3KO neM8l!lHM ypOSHSIM COCT8SHOI'O SIJ:Ipa. 

KyaH H np./11 RaneMHo ycTaHosHnH nnH yposHH npH aReprHH En.c.= 

2,99 Mas cnHH H 'feTHOCTb 5/2+. 8TOT peaynbT8T HCnOnbaosanCH npH HC

cnenoS8HHH SKnana paanH'fHbiX KOMOHH8UHA H9CKOnbKHX yposuei!:, T.e, nrm 
+ YK838HHOI'O ypOSHSI 3H8'feHHSI j 17 = 5/2 He H3M9HHnHa:._. 

C uenbJO rpy6oro o6aopa ( nepsoe npH6nHMeHHe pac'f~Ta) rro nporpaMMe 

nOJ:II'OHKH nnH K8MJ:IOA KOMOHH8UHH 3H8'feHHA j 17 yposaeA, npHsneKaeMblX 

nnH nonroHKH, no onpeneneHHoMy aaKoHy 8BM coanasanocb 6onbllloe 'fHcno 

Haoopos ( OT 500 no 2000) cnyqaii:HbiX napaMeTpOS H Sbi'fHCnRIIHCb COOTSeT

CTByJO!IlHe 3Ha'feHHSI KpHTepHH x 2 
• PeaynbTaTbi noHcKa H8HM9Hblllero X 2 

J:lnSI SCeX S03MOMHbiX KOMOHH8UHA H3 KS8HTOSbiX xapaKTepHCTHK nsyx yposueR 

npHSOJ:ISITCSI H8 pHC, 7. 0CTpHe K8MJ:IOI'O H3 TpeyronbHHKOS OTSeqaeT MHHH

M8nbHOMY ( H3 uaAneHHhiX) 3H8'19HHJO KpHTepHs x 2 , a IliHpHHa aalliTpHxosau

HhiX o6nacTeR rrponopuHouanbHa 'fHcny Ha6opos ·rrapaMeipos, KDTOpbie o6ecne

'IHSaJOT aHa'leHHe x 2 
MeHblllee, 'leM senH'IHHa opnHH8Tbi, saHTa.H .onH 

paCCMOTpeHHSI, 
2 

CaMbiA ny'llliHil: peaynbTaT nonroHKH ( X = 2) nony'leH nnH KDMOHHa-

UHH 5/2+ - 7/2-. Ha pHc. 8 lllTpHxosoA nHHHeA rroKaaaua nH¢$epeHUH8nbHaH 

nOIISipH38UH.51 npH .OByxyposHesoil: nonroHKe. BonH3H pe30H8HC8 Hao

nJO.oaeTCSI XOpOillee COBnaneHHe aKcnepHM9HTanbHbiX J:I8HHbiX C peayn~

T8T8MH pac'f~Ta no ¢opMyne (5). nepsoe coo6meHHe DO 8THX peaynbTa~ax 
onyonHKOS8HD ~ pa6oTe/12/, 

• 19 
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PHc. ·a. 3aepreTHqecKHe aaBHCHMOCTH AH~~epeauHanbHoA rronHpHaauHH rrpoToaoB 

B peaKUHH 12C(3He,p) 14 N (oCHo COCT.), H3MepeHHbie AnH HeCKOnbKHX ·Ma-

nbiX yrnos (aaeprHH e yrnhi aaHbi B cecTeMe ueaTpa Iviacc). 

PHCo 7. noHCK MH!IHManbHOrO 3HaqeHHH KpHTepHH X 
2 

AnH B03MOJKHblX KOM-

6HH8UHA H3 aaaqeHHA )" ABYX yposaeA (no OCH OpAHHaT OTnoJKeHbl 3HaqeHHH I) 
KpHTepHH X 2 ; OITHCSHHe aToro pHCYHKS aaeTCH B TeKCTe) • 
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38BHCHMOCTH AH~~epeHUHBnbHOfi rronHpH38UHH rrpoTOHOB 

( OCH. COCT.) 1 H3M9p9HHbl9 AnH HSCKOnbKHX Ma-

R H yrnbi aaHbi a cacreMe uearpa M:acc). 

HHManbHOI"'O 3H8'19HHH KpHTepHH X 2 
AnH B03MOlKHbiX KOM- I) 

J 11 
ABYX ypoaaett (ITO OCH OpAHHaT OTnOlKSHbl 3H8'19HHH 

OITHC8HH9 3TOI"'O pHCyHKa A89TCH B TSKCTe). 

20 

~· 

r J- ~+ 
" :t 

.fOO I 1:1 w H l:j ~'-':i ' I 400 

40 I ·~ 140 
?(~ 

Ll. 
& 

"+ .,- ~+ 3- s- ;+ ;-
i i 1 I 1 i 1 

" I '1 

21 



~ 

~1~(GbHi~H)•403 

01\ 

\, ·--'·-·-" . ~ ........ .,'lto.cr '.; ... -
_,, 

~. 
\~ 
I, 

\\ 1'\ ,.,... 

-20 

-30 

-"1 
o• 

2230 JwV 

I //-~ 
\\ ~¥- \ ., 

I • I \ • 1\/' ~ '\ ._, ' 
' ... ' \ + ,_ 

f.310 ktJV 

I. I I I I I I I. ec,., 
,,. 90' o• Jo' 1o• •o• 30" 

'A2.1/1( £CHI~H)• 1o' 

0 ~ "'-.- . ,.....s..... ---- --- ,..... -+- ........ ~ ... +. r-·--- ........ ·~ f'' ...... I y 1 I I I, 

~ I ~ I 
~ ,1 +, 
\ f/ II J 
\ c ~\-1-
. d \~~~ Lt I v 
w.---·01 23,0 • I I EcH 

I i I I I I • 

--to 

-10 

-30 

36,3° 

tooo 2900 uoo 2000 uoo /(.., 21JOO 1 

Pac. 8. Cpaeaeaae saaqeaHll na<P<PepeauaanbHOll nonllpHsauaa, pacC'IKTaHHbiX 
no t:(ByX ( IUTpHXOBbl9 JlHHHH) - H Tpex ( IUTpKX- rryHKTHpHbl9 JlHHHH) - ypoBH9BOll 
ITOlll'OHKe, C 9KCrrepHM9HT8JlbHblMH pesynbTBTSMH ( eeepxy - llBS Yl'JlOBbiX pac
npeneneHHll na<P<!lepeauaanbaol! rronllpHsauHH c pac. 4, BHH3Y-- nee saep!'e

TH'IeCKHe 38BHCHMOCTH C pHC. 5). 
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8 Ta6n. 2 ITpHBOllliTCH CBBDBHHH 0 HaAneHHhlX napaMB1 

pB30H8HCOB1 ITOJ1HbiB H napUH8JlbHbiB WHpHHbl ll8Hbl B K3B) • 

Ta6nHua 2 

DapaMeTphl pesoHaHcoB nprr nByxypoBHeBoA nonrc 

" [' e s · e • 
['3 l 

J E [' E a ~ 
c.u.M. c.u.M, n.c. n.c, vv 

r: 

5/2+ 2332 70 2915 90 ·2 I/2 2 O,IIS o, ( 
2 3/2 2 0,06I o, ( 
2 3f2 4 0,774 c ,( 

7/2- 2300 195 2875 245 3 I/2 3 0,420 0,( 
3 3/2 3 0,072 0,( 
3 3/2 5 4,970 0,( 

CyMMa Bcex napuHaJlbHbiX wHpHH nnH BbiXODHOI'O p -K 
a 

paBHa 14 K3B nnH ypoBHH 5/2+ H 90 K3B nnH ypoBHll 7/2-. B 

HeT rrpoTHBope'IHH H3BecTHoMy npaBHny cyMM." DapuHanhHbie wH: 

Bbl'lliCJ1HJ1HCb C HCIIOJ1b30B8HHeM 3H8'le!IHH WHpHHbl f' 
314

, , paBH 

'l-13 3TOA Ta6nHUbl BlillH0 1 'ITO napUH8J1bHbie BOJ1Hbl C 60J1bWHMH 

MoMeHTaMH ( £,. = 4 H 5) naroT sHa'IHTenhHbiA BKnan. DpH 

y'leTa T8KHX op6HT8J1bHbiX MOMeHTOB He ynaeTCSI IIOJ1Y'IHTb Be 

pHS! X 2 MeHbWB 100. C npyroA CTOpOHbi 1 IIpOHHUaeMOCTH SIJJ. 

HOCTH JJ.J1ll IIpOTOHOB HCCneJJ.yBMOI'O 3HepreTH'IeCKOI'O JJ.H8IT830. 

JJ.J1ll f ' = 4 TOJlhKO 0,5% H )J.J1H f ' = 5 Bcero JlHWb 0,05% OT 

)J,J1H £' = 1. VfMeHHO IT03TOMy npeJJ.CT8BJ1HeTCH M8J10BBpOHTH 

CMaTpHBaeMBH peaKUHS! npOT8K88T IIpH 38MeTHOM BKnane T 

op6HT8J1bHbiX MOMBHTOBo 

TaKHM o5pa3oM, 3Ha'IHTenhHbiA rronHpH3auHoHHbiA s¢<\leKT 

HHTb HHTBptjlepeHUHel Me)KJJ.Y II8pUH8J1bHbiMH BOJIH8MH JJ.ByX ypOBI 

llnpa. Heo6xonHMO rrpoHsBecTH noJJ.l'OHKY c BKJ1IO'IBHHBM no 

HHTep<!>epBHUHOHHhlX 'IJIBHOBo 

23 
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3H8"'9HHfi AH~~epeHUH8nbHOfi nonHpH38UHH, p8CC"'HT8HHhlX 

bl9 nHHHH) - H Tpex ( IIITpHX- nyHKTHpHbl9 nHHHH) - ypOBH9BOi!: 

9HTanbHbiMH pe3ynbTST8MH ( BBepxy - LtBa yrnoBbiX pac-

e puc, 4, aauay -- ABe saepre-

22 

~ 

B Ta6n. 2 npHBOJll'ITCH CBe.aeaHH o Har1JleHHbiX napaMeTpax ( 9Heprnn 

pe30HaHCOB1 ITOnHbie H napuHanbHbie WHpHHbl JlaHbl B K9B), 

Ta6nmw 2 

DapaMeTphl pe3oHaacoB rrpn .aByxypoBHeBoA rro.aroHKe 

17 

J E 1 E r e 
c.u.M, c.u.M, n.c. n.c. 

5/2+ 2332 

7/2- 2300 

70 

I95 

2915 90 . 2 

2 
2 

2875 245 3 
3 
3 

s 

I/2 
3/2 
3f2 
I/2 
3/2 
3/2 

f ' 

2 
2 

4 
3 

3 
5 

a 
JJV 

O,II5 
0,06I 
0,774 
0,420 
0,072 
4,970 

['3 [' p 

~-Q. 
['2 

[' 
Po 

O,OC92 2,8 

O,OC26 0,8 
C ,0342 I0,5 
0,0093 22,1 
0,0003 o, 7 

0,0282 67 ,o 

CyMMa Bcex rrapuuanbHhlX wupnH JlnH BhlXOJlHoro p -KaHana peaKUHH 
0 

paBHa 14 K9B nnH ypoBHl'l 5/2+ n 90 K9B anH ypoBHl'l 7/2-. B o6oux cnyqaHx 

HeT rrpoTHBopeqH£ H3BeCTHoMy rrpaBnny cyMM, DapuuanbHbie wnpHHbi [' 
Po 

Bbi"'HCnl'lnHCb C HCITOnb30BaHHeM 3Ha"'e!!Hl'l WHpHHbl f' 
3 1 

paBHOI"O 16 K9B/ 1/, 
H" 

'J.-13 9TOI Ta6nHUbl BHJlH0 1 "'TO rrapUHanbHbie BOnHbl C 6onbWHMH op6HTanbHbiMH 

MOMeHTaMH ( f ,· = 4 H 5) JlaJOT 3Ha"'HTenbHbii BKnan. DpH ITDJlroHKe 6e3 

yqeTa TaKHX op6HTanbHbiX MOMeHTOB He y,aaeTCH rrony"'HTb BenH"'HHy KpHTe

pHl'l )( 
2 

MeHbWe 100, C Jlpyrol CTOpOHbi 0 ITpOHHUaeMOCTH l'IJlepHol ITOBepx

HOCTH .an£ ITPOTOHOB HCCne,ayeMOI"O 9HepreTH"'eCKOI"O .l:llf8ITa30Ha COCTaBnHJOT 

Jlmi f, = 4 TOnbKO 0,5% If .anH f , = 5 BCero nHWb 0,05% OT rrpOHHUaeMOCTH 

Jlnl'l f' = I. J.1MeHHo rro9ToMy rrpencTaBnHeTcH ManoBepoHTHbiM, "'TO pac

CMaTpHBaeMal'l peaKUHl'l rrpoTeKaeT ITpH 3aMeTHOM BKnaJle TaKHX 6onbWHX 

op6HT8nbHbiX MOMeHTOB, 

TaKHM o6pa3oM, 3H8"'HTenbHbiA rronl'lpH3aUHOHHhiA 3~lcpeKT aenb3H o6bHC

HHTb HHTep~epeHuHel Me~ny rrapUHanbHbiMH BOnHaMH JlByX ypOBHel COCT8BHOI"O 

Hllpa. H eo6XOilHMO npoH3BeCTH ITOJli'OHKy c BKnJO"'eHHeM nononHHTenbHbiX 

UHTep<flepeHUHOHHbiX "'neHOB, 

23 



nng peaJIH38UHH 8TOrO HM99TCH aae B03MO~HOCTH1 COCTOHmHe'a cneayro-

meM. 

], 0pearrono~eHH9 o6p830B8HHH qHCTOrO COCT8BHOrO Rapa anR HCCne

ayeMOH peaKUHH 12 C( 3 He,p)HN B o6nacTH aHeprHH OT 2 ao 4 Maa Hecrrpa

aeanHBO, H H9KOTOp851 qaCTb peaKUHH ITpOXOaHT qepea KOHKypHpyromHe rrpHMbJe 

rrpoueCChl - rrpH TaKOH CHTYBUHH ITOHBJIHIDTCH aoiTOJIHHT9JibHble qneHbi1 OITHCbi

B8IDmHe HHTep~epeHUHID Me*aY MexaHH3MOM o6p830BaHHR COCT8~HOrO Rapa 

H rrpHMhiMH rrpoueccaMH, 

l1ccneaoBBHHe ITOJIRpH38UHOHHhlX 9~~eKTOB 0 B03HHKaJOmHX B peaKUHRX 

aayxHyKJIOHHoi!: rrepenaqH THrra ( 3 He,p) 1 ( t, p ) H np, B OOJI8CTH M8JibiX 

9HeprHH1 rrpH KOTOpb!X rrpOHCXOnHT KBK rrpRMbJe rrpoueCCbi 1 T8K H B030Y*

neHHe peaoHaHCOB cocTaBHoro Rnpa, HaqaTo BbiCOUKHM H np.l13/, B aToi!: 

paooTe rrpearronaraeTCH 1 qTo B03HHKHOBeHHe 3HaqHTenbHOH rronHpH38UHH (no 

80%) o6ycnoaneHo a~~eKTHBHO rrpoHBnHromei!:cH HHTep¢epeHuHei!: Me*llY rrpH

MhiMH rrpouecCBMH H oopaaoBaHHeM COCTaBHOrO Hnpa, C ITOMOmbro pa3BHToro 

MeTana aaTopaM paooThl/13/ ynanocb a ocHOBHhlX qepTax aocrrpoHaaecTH 

H3MepeHHYID H8MH rrpH e = 34 O 9HepreTHqecxyro 3aBHCHMOCTb ITOJIHpH3aUHH 

12 3 14 N · /5/ 
rrpoToHOB B peaKUHH C ( He, Po ) B o6nacTH peaoHaHCa 3 Msa • 

2, Dpearrono~eHHe o rrpeHMymecTBeHHOM BKnaae MexaHH3Ma o6paaoaaHHR 

COCT8BHOrO Hllp8 B OCHOBHOM rrpaBHJibHO, Toraa anH OObRCHeHHH 3H8qHTenb

HOrO pe30H8HCHOrO a¢¢eKT8 Heo6xonHMO BKJiroqaTb OOJibllie nayx ypOBHei!: 

COCTaBHOrO Rnpa, KOT0pbi8 non*Hhl H8XOaHTbCH BOJIH3H pe30H8HCa, TaK KaK 

·nanexo ne*amHe H aaaHMHO HHTep¢epHpyro.mHe ypoBHH He MoryT o6ecrreqHTb 

CTOJib CHJibHOe H3MeHeHHe ITOJIHpH38UHH B MBJIOM nHanaaoHe 9HeprHH, 

HaMH Hccnenoaanacb BTopaH H3 yxaaaHHhiX B03MO*HocTei!:, HH~e orrH-
1 

C8Hbl peaynbTaThl ITOJlrOHKH ITOJIHpH3aUHH C Tp9MH ypOBHHMH H3 aHepreTHqec-

KOH o6nacTH 2,7 - 3,0 M sa ( B na6. cHcTeMe). Ha pHc. 8 rnTpHx-rryHKTHpHoi!: 

JIHHHei!: ITOK838H HBHnyqrnHH peaynbTBT H3 TpexypOBH8BOH ITOJlrOHKH (X 2 =7), 

KOTOpb!H rronyqeH CO cnenyromei!: KOMOHH8UHei!: 3HaqeHHH CITHHOB H q~THOCTei!: 

+ - + 
ypOBHelt COCTBBHOrO Rnpa: 1/2 - 7/2 - 5/2 o naHHbie 0 rrapaMeTp8X1 C KO-

TOpbiMH aoCTHraeTCH HaHnyqrnaH rroarOHK81 ITpHBOaHTCH B Ta6n, 3, 

CVMMhl npOTOHHhiX rrapUH8JibHhlX IUHPHH1 paBHbie 13,4 K9B aJIH YPOBHR 

+ ·- + 
1/2 ; 48,2 K9B anH ypOBHH 7/2 H 49,7 K9B anH ypOBHH 5/2 1 He ITpOTHBO-

peqaT H3BeCTHOMy rrpaBHny CyMM, C rronyqeHHhiMH rrapaMeTpaMH Tpex ypOBHei!: 
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nocTHraeTcH xopornee coarraaeHHe BhJqHcneHHhiX aHaqeHHi!: rronJ 

crrepHMeHTanbHhiMH a6nH3H peaoHaHca 3 M aa 6ea cyrnecTB, 

6onbiUHX opoHTanhHhlX MOMeHTOB. 

Ta6nHua 3 

DapaMeTphl COCTOHHHH H3 3-ypoBHeBOH rronrOHK~ 

(aHeprHH H lliHpHHhl B KSB) 

J" E I' E I' r 
c.u.M. c.u.M. n,c, n.c. 

I/2+ 2180 90 2725 IIG 0 
0 

7/2- 2296 240 2870 300 3 
3 
3 

5/2+ 2330 reo 2913 I25 2 
2 
2 

s 

I/2 
3-2 

I/2 
3/2 
3/2 

I/2 
3/2 
3/2 

I' f' 
3He r , u 

lJfJ r z 

0 0,066 o, ~ 
2 C,035 o, c 
3 0,488 0, c 
3 0,056 o, c 
5 0,640 o,c 
2 0,340 o,c 
2 0,018 O,C 
4 0,132 o,c 

PeaynbTBThi rroaroHKH rro TpeM ypoBHHM rronTaep*aaroT 

ypoBHH 112+ rrpH a He prHH E = 2, 20 M sa ( c.u.M.), Hal 

HOM H Jlp,/1/ H3 8H8JIH3a yrnOBhlX pacrrpeneneHHH rrpOTOHOE 

rronyqeHhi npyrHe aHaqeHHH ocTanhHhiX rrapaMeTpoB nnH aToro 

XOilHMO aaMeTHTb 0 qTO B HaWHX pe3yJibT8T8X He B03HHKaeT 

HMeroruerOCH B pa6oTe/ 1/ H COCTOHmero B TOM 1 qTo cyMMI 

wHpHH rrpoTOHHhiX H aeiiTpOHHhiX xaaanoB I~ + I'n nocTHraeT 

ITOJIHOH WHpHHhl l , B TO *e BpeMR HB OCHOBBHHH Haruero 

XOilHMO BKnroqHTh llOITOJIHHTenhHhlH ypoBeHh 7/2- rrpH aHeprHH 

cywecTBOBBHHe KOToporo ao cHx rrop He OhinO ycTaHoaneao, 
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B03MO)KHOCTH1 COCTOSIIUHe ~B CJJe)lyiO-

Q)KeHHe 00p830B8HHSI 'IHCTO~O COCTBBHO~O S!)lpa )JJJSI HCCJJe

l2C( 3 He,p)
14 N B o6nacTH aaep~HH oT 2 .oo 4 Mas Hecrrpa

paH qaCTb peaKUHH rrpoxo.OHT 'Iepes KOHKYPHPYIOIUHe IIpS!Mbie 

llOSIBJJSIIOTCSI JlOIIOJJHHTeJJbHbie 'IJJeHbi1 OIIHCbi-

10 Me)KJlY MeXBHH3MOM 00p830B8HHS! COCT8J:!HO~O smpa 

He IIOJJS!pH38UHOHHblX 8QJQJeKTOB 1 B03HHK8JOII!HX B peaKUHSIX 

rrepe.oa'IH THrra ( 3 He,p) • ( t' p ) H .op. B OOJ18CTH M8Jlh1X 

OTOpb!X IIpOHCXOJlSIT KBK IIpS!Mbie IIpOueCCbl1 TaK H BOSOy)K

OB cocTaBHo~o H.Opa, Ha'laTo BbiCOUKHM H .op./13/. B aTotl: 

~aeTCSI 1 'ITO B03HHKHOBeHHe 3H8'IHTeJJbHOti: IIOJJS!pH38UHH (.oo 

8QJQJeKTHBHO r!pOS!BJJSIIO!Ueti:CSI HHTepQ;JepeHUHefi M8)KllY IIpS!

H OOp830BBHHeM COCT8BHO~O S!Jlpa, C f!OMO!Ub!O paSBHTO~O 

paOOThl/13/ Y.llBJJOCb B OCHOBHhlX '!epTaX BOCIIpOH3B8CTH 

rrpH 8 = 34 O 8Hep~eTH'IeCKyiO 38BHCHMOCTb IIOJJS!pH38UHH 

12 3 14 N · /5/ 
H C ( He, Po ) B o6nacTH peaoHaHca 3 MaB • 

0)K8HHe 0 rrpeHMy!UeCTBeHHOM BKJJa,lle MexaHHSMa oopa30B8HHSI 

rrpaBHJJbHo. To~.oa JlJJSI o6~SicHeHHSI 3HB'IHTenb

Heo6xo.oHMo BKJJIO'IBTb 5onbrne .osyx ypoBHetl: 

1 KOTOpbi8 JlOJJ)KHbl HBXOJlHTbCSI BOJJH3H pe30H8Hca, TBK KBK 

HHTepQ;JepHpyJOIUH8 ypOBHH He MO~YT ooecrre'IHTb 

IIOJJS!pH38UHH B MBJJOM JlH8II830H8 8Hep~H:Ii, 

BTopaSI Ha yKasaHHhiX B03MO)KHOCTefi. HH)Ke orrH-

rroa~OHKH IIOJJS!pH38UHH C TpeMSI ypoBHSIMH H3 8H8p~e~H'I8C

- 3,0 M aB ( B na5, CHcTeMe), Ha pHc. 8 rnTpHx-rryHKTHpHotl: 

fi peaynbTaT H3 TpexypoBHeBo:li rro.oroHKH (x 2 =7), 

CO Cne.oyrome:li KOMOHH8UHe:li 3H8'18HHti: CIIHHOB H 'I~THOCTeti: 
+ - + 

o H.Opa: 112 - 7 I 2 - 5/2 • LlaHHbie o rrapaMeTpax, c Ko-

SI HBHJJY'IlliBSI IIO)l~OHK8 1 IIpHBOllS!TCSI B TBOJI, 3, 

HHhiX II8PUH8JlbHh!X lliHPHH, paBHble 13,4 K8B JlJJSI YPOBHS! 

- + 
YPDBHSI 7/2 H 49,7 K8B JlJJS! ypOBHS! 5/2 

1 
He IIpOTHBO-

rrpaBHny CyMM, C IIOJly'IeHHblMH rrapaMeTpaMH Tpex ypOBHeti: 
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JlOCTHraeTCSI XOpornee COBIIa)leHHe Bbl'IHCJJeHHb!X 3H8'!eHHfi IIO.T!SlpH38UHH C 8K

crrepHMeHT8JlbHblMH BOJJH3H peaoaaaca 3 MaB 5ea cymecTBeaao~o BKna.oa 

OOJlblliHX opoHTBJlbHblX MOMeHTOB, 

Ta5nHua 3 

ITapaMeTphl COCTOSIHHA H3 3-ypOBHeBOH IIO.ll~OHKH 

(aaeprHH H lliHpHHhl B K8B) 

J" E I' E I' f 
c,u,M. c.u.M. n.c. n.c. 

I/2+ 2180 90 2725 IIG 0 
0 

7/[ 2296 240 2870 300 3 
3 
3 

5/2+ 2330 roo 2913 I25 2 
2 
2 

s 

I/2 
3-2 

I/2 
3/2 
3/2 

I/2 
3/2 
3/2 

r r 
f ' " 

__ 2~ __ _!JL_ 
f!l' 

I' 

0 0,066 O,QI80 
2 (.,,035 O,OU86 

3 0,488 0,0127 
3 0,056 0,0002 
5 0,640 O,OCC5 

2 c: ,340 0,0816 
2 0,018 O,OCJ02 
4 O,I32 0,0010 

I' 
p 

[, 

9,1 
4,3 

45,7 
0,7 
I ,-s 
49,C 
O,I 
0,6 

Pe3ynbTBTbl IIO.Q~OHKH IIO TpeM ypOBHSlM IIO.[lTBep)K.Q810T Cy!UeCTBOBBHHe 

ypoBHH 112+ rrpH aaeprHH E = 2,20 MaB (c.u,M,), HafiaeHHo~o Kya

HoM H Jlp,/1/ H3 8HB.TIH3a Y~.TIOBhlX pacrrpe.Qe.TieHHH IIpOTOHOB
1 

O.[lHBKO HBMH 

rrony'!eHhl apy~ne sHa'IeHHSI ocTa.TibHhlX rrapaMeTpoB anSI aTo~o ypoBHH, Heo5-

xo.QHMo 38MeTHTb 1 'ITO B HBlliHX pesyJJbTaTaX He B03HHKaeT llpOTHBOp8'1H5!
1 

HM8101U8~0CSI B paooTe/ 1/ H COCTOH!Ue~o B TOM 1 'ITO CyMMa IIBpUHBJlbHhlX 

WHpHH llpOTOHHblX H HeATpOHHblX K8H8JJOB rp + f'n JlOCTH~aeT !IO'ITH .QBOHHOH 

llO.T!HOH lliHpHHbl r • B TO )Ke BpeMH Ha OCHOBBHHH Harne~o BHB.TIH38 Heo5-

XOJlHMO BKJTIO'IHTb )JO!IO.T!HHTe.TibHbiH ypoBeHb 7 I 2- rrpu a He p~Hii E nao.= 2870K9B, 

cymecTBOB8HHe KOTOpO~O )JO CHX llOp He Obi.TIO YCTBHOB.TieHo, 
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I 

DonHaH WHpHH8 ypOBHH CO CITHHOM 1/2 H nonomHT9I1bHOH qaTHOCTbiD 

no naHHbiM pa6oTbi/ 1/ pasHa 336 Kas, cyMMa me nonHbiX wHpHH onpeneneHHbiX 

H8MH llSYX yposHeA, 1/2+ H 7/2-, paSHa 330 Kas. C ITOMOIIlbiD H3MepeHHH 

nonHpH38UHHo KOTOpaH CHnbHO 38BHCHT OT napaMeTpOB ypOBHeH, ynaeTCH 

HanemHo ycTaHOBHTb cymecTsosaHHe nsyx yp~BHeA, a He onaoro - KaK aTo 

cnenosano H3 aHanHaa ceqeHHA. 

Bbmo npennpHHHTO HccnenosaaHe BnHHHHH naneKo nemawHx oT peaoHaaca 

yposaeA, KOTOpoe npHSOJlHI10 K H3M9H9HHID napaMeTpOS He 6on&we qeM aa 20%. 

l1MeHHO IT08TOMY 3Ha'I9HHH napaMeTpOS H3 Ta6n. 3 MOmHO C'IHTaTb Hanemao 

ycTaHOSI19HHbiMH, HM9SI S SHllY S03MOmHOCTb HX . H93HaqHT9I1bHOrO H3M9H9HHSI 

npH 6onee KoppeKTHOM y'I~Te sKnana yKaaaaHbiX SbiWe yposaeA. 

DpH nonroaKe c 'IHcnoM yposaeA 6on&we Tpex obiCTpo pacTeT KaK qHcno 

S03MOmHblX KOMOHHaUHft H3 3Ha'I9HHft }
17 

, TaK H 'IHCnO CSOOOJlHbiX napaMeT

pos. PeweaHe TaKoA aanaqH Tpe5yeT aaa'IHTen&HbiX aaTpaT speMeaH aa 38M, 

noaTOMY nonHblft aH8I1H3 aKcnepHM9HT8I1bHblX JlSHHbiX HMe~eT CMblCI1 nposeCTH 

TOI1bKO C SKniO'I9HH9M JlSHHblX 0 ITOI1SipH3aUHH JlnH yrnos oon&we 90° • 3aMeTHM, 

qTO C napaMeTp8MH H3 Taon. 3 C ITOMOIIlbiD nporpaMMbl ITOJli'OHKH MOmHO 

npencKaaaTb aaaqHTen&HYIO oTpHuaTen&ayro nonHpHaauHID npH 5on&WHX yrnax 

( 60-80% npH yrne (} ., 150°). 

Peayn&TaTbi rrepBbiX HaMepeHHA nonHpHaauHH nnH 6on&mHx yrnos, 

SbinOnHeHHbiX C ITOMOIIlbiO MeTOJlHKH KOnbU9SOI'O nonHpHM9Tpa, yKa3bi

S8IDT Ha S03MOmHOCTb nonyqeHHH TaKOH HH~OpMaUHH, DoB9Jl9HHe ITOI1HpH38-
0 . 

UHH nm1 yrnoB 0 > 80 HMeeT cymecTBeHHoe aHa'leHHe nnSI onpeneneHHSI 

COOTHOW9HHH Memny M9X8HH3MOM OOp830S8HHSI COCTaSHOI'O S!Jlpa H npHMbiMH 

rrpoueccaMH. 

3aKniO'I9HH9 

DpHseneaHhie s HaCTOHweA pa6oTe aKcnepHMeHTan&Hbie naHHbie o nonS!-

pH38UHH npOTOHOB Jll1Si M8l1b!X yrnoB npK H9CKOI1bKHX aHepi'HSIX 

H HX aHanH3 ITO pe30H8HCHOft TeopHH ITOMOI'nH paapeWHTb H9KOT0pbi9 npOTH

BOpeqHH, S03HHKaiDwHe npH 8H8I1H39 C9'19HHft0 H IT03SOI1HI1H ycTaHOBHTb cy

wecTSOBaHHe H9H3S9CTHOI'O JlO H8W9I'O HCCn9JlOS8HHSI ypOBHSI CO ~ITHHOM 7/2 

H oTpHUaTen&HOft 'I~THOCTbiO npH l:IH9pi'HH HOHOB renHH-3,pasHoft 2,87 Mas (na6. 

CHCT.) • 
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ABTopbi npHaHaTen&H&I l1.M. <PpaHKY H <P.n. lllanHpo ae 

K naHHOA pa6oTe. l1.A. 'YenypqeHKO H rpynne aKcnnyaTauHH ; 

r.H. 3HMHHy, B.A. BnanHMHposy H onepaTopaM HaMepHTen&HO-SI 

HOI'O U9HTpa naoopaTOpHH SSTOpbl Sbip8lK8IOT onai'OilSpHOCTb 38 

aoe o5ecneqeaHe H3MepeHHA H pacq~Tos aa 38M. 
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ypOBHR CO CITHHOM 1/2 H ITOIIO*HT91IbHOi!: ~~THOCTbiD 

paBH8 336 KSB, cyMMa *9 ITOnHbiX IIIHpHH OITpelleneHHbiX 

i!:, 1/2+ H 7/2-, paBHB 330 K9Bo C ITOMOIUbiD R3MepeHHil 

TOpaR CHIIbHO 38BHCHT OT ITapaMeTpOB ypOBHei!:, Yll89TCR 

cymecTBOB8HH9 llBYX ypOBHei!:, 8 He OllHOrO - K8K 9TO 

ceqeHHH. 

HccnelloBaHHe BnHHHHR llaneKo ne*aiiiHX oT pesoHaHca 

npHBOilHnO K H3M9H9HHIO napaMeTpOB He 6on&III9 '19M Ha 20%. 

3H8"19HHR napaMeTpOB H3 Ta6n. 3 MO*HO C"'HT8Tb H81l9*HO 

HM9H B BHilY B03MO*HOCTb HX H93H8"1HTenbHOrO H3M9HeHHH 

THOM y"'~Te BKn81l8 yK838HHbiX Bbiiiie ypOBHei!:. 

C "'HCnOM ypOBHeH 6on&IIIe Tpex 6hiCTpO pacTeT K8K "'HCnO 

]
11 

, T8K H "'HCnO CB060ilHblX napaMeT-

3H8"1HTen&HbiX 38TpaT BpeMeHH Ha 3BM, 

aHanH3 8KCIT9pHMeHTanbHbiX ll8HHbiX HMeeT CMblCII ITpOB9CTH 

ll8HHbiX 0 ITOnHpH38UHH llnR yrnOB 6on&IIIe 90°. 3aM9THM, 

3 C ITOMO.IIIbiO rrporpaMMbl ITOilrOHKH MO)!{HO 

bHYIO OTpHU8Ten&HyiO ITOnHpH38UHIO ITpH 6on&IIIHX yrnax 

nepBbiX H3MepeHHH ITOIIRpH38URR lliiR 60/IbiiiHX yrnoB, 

MeTOilHKH KOIIbU9BOro ITOnHpHM9Tpa, yK83bi-

OCTb nony"'9HHH T8KOi!: HH~OpM8UHH, flOB9/l9HH9 ITOnHpH38-
0 . 

90 HMeeT cymecTBeHHoe sHa"'eHHe lliiR orrpelleneHHR 

MeX8HH3MOM o6p830B8HHH COCT8BHOrO Hllpa H ITpHMbiMH 

3aKniO"'eHHe 

B HaCTORIIIeil: pa6oTe 9KCnepHM9HTan&Hbl9 ll8HHbl9 0 ITOnH

IliiR M81IbiX yrnoB ITpH HeCKOIIbKHX 9HeprHRX 

ITOMornH pa3peiiiHTb H9KOTOpb19 ITpOTH-

He ITpH aHanH3e C9"19HHH, H IT03BOIIHnH YCTBHOBHTb cy

THoro llO H8IIIero HCCn91lOB8HHR ypOBHR CO ~ITHHOM 7/2 

CTbiO ITpH 9HeprHH HOHOB renHH-3,paBHOi!: 2,87 M SB (na6, 
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LH. 3HMHHy, B.A. BnallHMHpoay H onepaTopaM H3MepHTenbHO-Bbi'fHCnHTenb

Horo ueHTpa na6oparopHH 8BTopbi Bbipa*aiOT 6narollapaocT& 3a 6ecnepe6oi!:

aoe o6ecneqeaHe H3MepeHHi!: H pacq~TOB aa 3BM. 
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