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1. BBeAeHue 

J13y'l9HH9 ynpyroro paCC9SIHHSI BbiCOKO::lHepreTH'IHhiX rrpO'I'OHOB ·nerKHMH 

ru:tpaMH C nepe)latteii: SIJlpy 6onblllOro UMIIynhca HM99'I' IIpHHUHIIUanbHOe 3Hi:ltte

HH9 )lnSI IIOHHM8HHSI CTpyKTyphl SI)lpa, 'I'8K K8K 'I'8K09 paCC9SIHH9 )lOnlKHO cy

lll9C'I'B9HHO 38BUC9'I'b O'I' BHy'I'pHSIJl9pHOM .KOppenSIUHH HyKnOHOB H BbiCOKOHM

nynhCHOM KOMIIOHeH'I'hl SIJl9pHOM BOnHOBOM ~YHKUUU, l1ccne)lOB8Hll9 C'I'pOeHHSI 

Slllpa B 9'I'OM 8CII9K'I'e 3aTpyJlH9HO B H8C'I'OSIIII99 Bp9MSI O'I'Cy'I'C'I'BH9M Jl9Tanb

Horo oreopeornttecKoro IIOJlXOlla. H 6eJlHOCTbiO aKcnepnMeHTanbaoii: HH~opMaUHH • 

0Jlli8KO rnaBHhle K8'l9C'I'B9HHhl9 C'I'OpOHhl SIBneHUSI II9p9Jl8'lll 6onblllOrO HMIIynh-· 

ca ( ~ 10 ~M~1) 'I'8KOM cna60CBSI38HHOM CUC'I'9M9 1 KaKOM SIBnSI9'I'CSI,a'I'OMHOe 

Slllpo, nonyttaromee npn aTOM KnHernttecKyiO aHepraro B coTHH MaB, Moryor 6hiTb 

onpe)leneHhl HCXOJlSI H3 C006pameHHM, HMeiOII!HX B OCHOBHOM xapaKT9p 06IUHX 

KB8H'I'OBO-M9X8Hll'I9CKUX IIpHHUHIIOB, O'I'a B03MO)I(HOC.'I'b 6bin8 yKa3a·Ha B pa6o-

'I'8X n.l1. EnoxnaueBa 11 •2 I H OCHOBaHa Ha i::JpeJlCTaBneann 0 nep~Jla'le SlllPY 

6onbllloro uMnynhca- npu ynpyroM B3aHMOJleii:cTBHH aaneoraromero npooroaa c 

SIJlpoM, aaxoJlSI!UHMCSI B coc.orosrHnn ~niOKTyaunoaaoro cma Tnsr. 

ITepBbie aKcnepnMeHThi no n3ytteHHIO ynpyroro paccesrHnsr aaaa)l 6hiCTphiX 

rrpO'I'OHOB Ha IIpOC'I'9Mlll9M SIJlepHOM CHC'I'eMe - Jl9H'I'pOH9 6binH BhiiiOnHelibl B 

na6opaoropun SIJlepHbiX npo6neM Ol1.Hl1 B 1957 r. 13 •41 • l13ytteHHe ynpyroro 

paccesrausr npooroHoB aaaa)l npu aaeprun 665 MaB Ha 6onee cnmKlihiX · SIJlpax 

3 4 . ·/5 6/ 
( He H He ) 6bmo npoBeJleHo oronbKO B nocne)laee BpeMsr ' • Peaynb-

Ta'I'hi BC9X 9'I'UX 9KCII9pHM9H'I'OB He IIpO'I'UBOpetta'I' OU9liKaM, OCHOBaHHhiM Ha 

3 



!l>moKTyaUHOHHOM MexaHHSMe nepena"'H 5onbllloro HMnynhca nerKHM smpaJ1,2 1. 

TaK KaK nnR BhiRCHe.HHR ot?nacTH npHMeHHMOCTH yKaaaH~oro nonxona He.-

ooxoniiMO YB9nii"l9HII9 Kpyi'a :3KCnep1IM9HTanbHhiX !l>aKTOB, cpaBHIIMbi~ C Teo-

peTII"l9CKIIMII npencKaSaHIIRMII, npencTaBnRnOCb B9CbMa )K9flaTenbHhiM HSMepe

HH9 ce"leHnR ynpyroro pacceSIHIIR obrCTphrx npoToHoB Hasan Ha smp~;x: 5onee 

T5I:1K9flhiX, "19M I'9flii:ii:-4. TI onhiTKa HSM9piiTb C9"19HH9 ynpyi'OI'O paCC95IHll5I Ha

san npoTOHOB c Toil: :1Ke aHepriie:ii:, qfo II B_ 13- 61 RnpoM yrnepona, npennpii

HRTaSI B pao.OTe 17 I, npiiBena K ycTaHOBfl9HUIO .BepXHe:ii: I'paHIIUhi C9"19HIISI Ha 

-33 2 : 15 61 
ypoBHe 3•10 CM lcTepan. OnHaKo naHHhre, nony"leHHhre B ' , noKaSbr-

BaiOT, "'TO ce"leHIIe pacceSIHIIR Ha yrnepone cnenyeT 0:1KHAaTb sHa"'IITenbHo 

M9HbllliiM. 

B HaCTORllle:ii: paooTe oniiChiBaeTCR aKcnepiiMeHT, nocTaBneHHbr:ii: c uenhiO 

perucTpauiiii ynpyroro pacceRHIIR Hasan npoToHoB c aHeprue:ii: 665 ~aB Sin-

6 
poM Li 5es ero pasBana, H npoBeneHo cpaBHeHHe Bce:ii: coBoKynHoCTn 

HM9IOIUIIXC5I B HaCTOSIIU99 Bp9M5I :3KCnepiiM9HTanhHhiX AaHHbiX no pacceSIHHIO 

Hasan obrCTphrX npoTOHOB Ha _nei'KIIX Sinpax c oueHKaMH BepoSITHOCTH -TaKIIX 

coynapeHUll Ha OCHOBe tPfliOKTyaUIIOHHOI'O MeXaHIISMa C HCITOflbSOBaHII9M Haii00-
3 4 . 6 

nee o5ocHoBaHHhiX BOnHOBhiX tPYHKUII:ii: Sinep He • He II Li · 

2 • OKCITepHMeHT 

05ruaR cxeMa aKcnepiiMeHTa npiiBeneHa Ha pHc. 1. YcnoBUSI nsMep·eHIIR 

H OflOK-CXeMa :3fl9KTpOHHKII Ohlflii npliMepHO . TaKIIMII )1(9 0 KaK II B Halll!IX npe

!lhiAYIUIIX :3KCnepHM9HTaX no IISy"leHHIO. ynpyi'OI'O paCCSSIHHSI npOTOHOB Hasan 
. 3 4 .. 6 

Ha smpax He n He 15,6 I. l1neHTHtPIIKaUHR Rnep Li , pacceSIHHhiX; Ha 

yron 5,4° B naoopaTOpHOH CHCTeMe, OCyiUeCTBflSiflaCh CHCTSMOH HS "19T~!p.eX 

CUIIHTHflflSIUIIOHHh!X C"l9T"'UKOB ( C t• C 4 ),OTOIIpaBllliiX 

HhiX "laCTIIU CO cpenHIIM SHa"leHHeM :3tPtP9KTIIBHOI'O 

6 L . 
i HS nOTOKa sap5I:1K9H-

HMnynbCa (p/z) '=625 ~aBle 

no BpeMeHH nponeTa Ha oasax M9:1KAY C"l9T'IIIKaMH ( C-t , C 2 ) II ( C z• C 3), 

noTepSIM aHeprnH B C'leT'IIIKax C 1 , C 2 , C 3 · H npo5ery, ·onpenenSieMoMy 

TOpMOSSIIUIIM nonii:3TIIfl9HOBh!M tPIIflbTpOM M9:1KAY C'leT'IHKOM Ca II C'l9T"'II

KOM C 
4 

, BKfliO"l9HHb!M Ha aHTIICOBnaneHHSI •. BnoK-CXeMa IICITOnhSyeMOH aneK

TpOHHKH noKaSaHa Ha pHC. 2. PasMephi CUHHTIInnSITOpOB, ycTaHOBneHHb!X B 

4-· 

' ~ 

~ . ""' 

I 
I 

1 
j1 

I 

·1 
I 

I 

C'leT'IHKaX, ObinH cnenyiOIUHe: ct - 15x15x0,2 CM3, c2 
Ca- 12x14x0,6 CM3, c4- 15x15xl CM3. TaK KaK Bel 

ro ce'leHIISI 0:1KHnanacb npuMepHo Ha Tpn, 'leTbrpe nopSIA~ 
6 . . 

cny'lae pacceSIHIISI Has~n Ha H~, TO nnR-5onee Hane:1KHO:ii: 

'laeB HccnenyeMo:ii: peaKUHH B HacToSirue:ii: paooTe 5brnii Hcirc 

IUIIe nononHHTenbHhre !l>aKTOpbr · oToopa SIAep 
6 

Li • Bo-m 

' 6 
5onee saMeTHoro nonTopMa:1KHBaHIISI Li no Bxona Ha 5asy 

4 
He OCYlll9CTBnSinCSI OTOOp :3THX 'laCTHU r HSHIIIO C d II 

Ta Ha BTOpo:ii: oase M9:1KAY C'l9T'IHKaMH C 2 II C a , 'ITI 
4 

CHH:1Kano a!l>!l>eKTIIBHOCTh perncTpaunH Rnep d II He , IIlv 
6 

c Li BpeMSI_nponeTa Ha 6ase C 1 C 2 Bo-BTophrx, B : 

HSM9p5IflHCb KOppeniipOBaHHhie BO Bp9M9HII aMnn~TYAHhi9 C 

CO C'l9T'IIIKOB Ct , C 2 H Ca , , T.e. OAHOBpeMeHHO .tPIIKC 

aMnnHTYA HMnynhCOB, npHHanne:1KaiUIIX OAHO:ii: 'laCTHUe. 3TC 

!l>aKTop nosBonSin oT61IpaTh ciiy'laH periiCTpaUIIII TR:1Kenhrx a, 

aMnnHTyna HMnynhCOB KOTOpb!X cpasy B6 BC9X TpeX C'l9T"l 

'l9Ha B sanaHHOM IIHTepBane :3Hepi'9TII"l9CKIIX noTepb, H Te~ 
4 

perHCTpaUIIH aKTOB Heynpyroro B3aHMone:ii:cTBIISI d II He 

TiWnSITOpOB, ABIOIUHX OOflhlliyiO aMnniiTYAY BCnhilllKH B OAHC 

'IIIKax. B-TpeThHX, anSI HCKniO'leHHSI B03M0:1KHOCTH Hano:1Ke: 
4 

nynhCOB OT d H ·He , HMHTIIPYIOIUHX no BenH'IHHe 8MJ 

oT 
6 

Li B ycnoBHSIX cyruecTBYIOIUe:ii: MHKpocTpyKTyphr BJ 

npOTOHOB, B HaCTOSIIUe:ii: pa6oTe npOIISBOAHflOCb tPOTOI'patPIIP 

p5I:1K9HHh!X "laCTIIU B II30TponHo:ii: pa3pRnHo:ii: KaMepe IB,gl, Y• 

AY C'l9T'IIIKaMII C 
1 II c2 H sanycKaeMO:ii: MaCTepHbiMH 

6 

neTBOpSIIOIUHMH Bce:ii: noriiKe oT6opa co6l.rTH:ii: c Li. 

B Te'leRIIe ReCKOnhKHX ceaHCOB pa6oThl Ra ycKopiiTe 

MSI Raoopa cTaTitCTHKH (25 <JacoB} 6hrn HSMepeR y'lacioK 

TYAHOI'O cneKTpa, COOTBeTCTBYIOIUIIH cny'laSIM O!lHOBpeMe 

6onhmHX aMnniiTyn Bo .Bcex .Tpex C'leT'IHKax. Tioc'!'poeRRoe 

pacnpeneneRHe co6hiTH:ii:.no BenH"'HHe 

A 
:£ 

s At 
:£ ~=---

1=1 A 4 
I He 
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nyllbca nei'KH~ 5UlpaJ112 1• 

Kaaannoro nonxona ne

<jlaKTOB1 CpaBHHMbl~ C Teo

bM8 *enaTenbHbiM uaMepe

IOB Haaan na Hapax 6onee 

:e ynpyroro pacce.IIHH.II Ha

.~~npoM yrnepona1 npennpu

JXHeii rpaHUUbi ce"!eHH.II Ha 

. . /56/ 
)'"l0Hllb!6 B 

1 
. 1 nOK83bl-

f6T 0)KHU8Tb 3!18"lHTenbHO 

HT1 nocTaBneHHblll C uenb!O 

c aHeprueii 665 MaB .11n-

i6HHe BCeii COBOKynHOCTH 

lb!X UaHHb!X no pacce.IIHHIO 

!HK8MH BepOSITHOCTH ·T8KHX 

I C. HCnOnb30B8HH6M HaH60-
4 . 6 • 

He H . Lt. 

uc. l, YcnoBH.II H3Mep·eHHH 

ij )1{61 K8K II B H81IIHX npe

J8CC6HHH.II npOTOIIOB H838U 
6 .. 

lp < Li 1. pacce.IIHHbiX. Ha 

8Cb CHCTeMOll H3 "l6Tb!p.ex 

a L . 
. i H3 nOTOK8 38pH)K9H-

HMnynbca(p/z) =625 MaBle 

i ( C·t ' c 2 ) II ( c z.' c 3 ) ' 

: · npo6ery 1 ·onpenengeMoMy 

~eT"liiKOM C3 II C"leT"lii

:xeMa ucnonbayeMoii aneK

t.I!TopoB1 ycTaHOBneHHb!X B 

I 

1 
1 

I 
I 

I 
l 

C"leT"lHKaXI 6btnH cnenyiOUIHe: ct - 15x15x012 CM31 C2- 12x12x012CM31 

c3- 12x14x0,6 CM31 c4- 15x15xl CM3, TaK KaK Benii"lHHa H3MepHeMO

ro ce"!eHH.II O)KHnanacb npuMepno Ha TpH 1 "leTbipe nopSIJlKa MeHhllle1 "leM B 

' . 
cny"lae pacceHHHH naaan na H~ 1 To nn.11 6onee nane*Hoii periicTpauuu cny-

"laeB uccnenyeMoii peaKUHII B nacTogmeii pa6oTe 6bmH ucnonb30BaHbi cnenyiO-

~ 6 
Lt' B mue nononHuTenhHhie '±'aKTOpbi • oT6opa SI.llep • o-nepBbiX1 BcnencTBIIe 

) 

6onee 3aMeTHOI'O nonTopM8)KHB8HHH Li no Bxona na 6aay C. 
2
C 

3 
no cpaB-

4 
li6HHIO C d H He OCyiiieCTBnHnC.II OT60p STHX "l8CTHU no Bp9M9HH npone-

Ta Ha BTOpoii: 6a3e M9)KUY C"l9T"lHK8MH C 2 H C 3 "'TO B HeCKOnbKO pa3 
4 

CHH*ano a<jl<jleKTHBHOCTb perucTpauuu ggep d H He 1 HM9BlliHX OAIIHaKoB·oe 

6 
c Li BpeM.II nponeTa Ha 6a3e C1 C 2 Bo-BTOpbix, B nacTO.IIIIIeii ·pa6oTe 

H3Mep.llnHCb KOppenHpOBaHHble BO BpeMeHH aMnnn:TYAHbie cneKTpb! HMnynbCOB 

C 2 H Ca . 1 T,e, onHoBpeMeHHO <jluKcupoBanucb TpoiiKH 

aMnnuTyn HMnynhCOB1 npunanne)Kamux onnoii "lacTuue. 3ToT nononHHTenbHbiii 

<jlaKTOp no3BOn.lln OT6Hp8Tb ciJy"laH peruc~paUHH TH)KenbiX 38pH)K6HHbiX "l8CTHU1 

aMnnHT:fU8 HMnynbCOB KOTOpb!X Cpa3y B6 BCeX TpeX C"l6T"lHK8X 6btn8 38Knl0":' 

"l9H8 B ~-a,naHHOM HHTepBane 8Hepi'eTH"l6CKHX noTepb:' H T9M C8Mb!M H366)K8Tb 

pei'HCTp8UHH aKTOB Heynpyroro B3aHMOU6llCTBHH d H 
4 

He B BeiiieCTBe CUHH-
~ ' 

TimnHTOpOB 1 na_IOIIIHX 6onblliYIO aMnnHTYUY BCnbilliKH B OUHOM Hn!i UBYX C"!eT-

"lHK8X, B-TpeTbHX1 anSI: ucKniO"leHH.II B03MO)KHOCTH nano*eff.Ji.ll aMnnuTyn HM

nynhCOB OT d H 
4
·He 1 HMHTHPYIOlllHX no BenH"lHHe aMnnHTYUY HMnynbca 

OT 
6 

Li B ycnOBH.IIX cymeCTBYIOllleif MHKpOCTpyKTypbi BbiBe_geHHOI'O ny"!Ka 

npOTOHOB 1 B H8CTOHlll6ll pa60Te npOH3BOUHnOCb <jJOTOrpa¢HpOB8HH6 TpeKOB 38-

pg)KeHHbiX "l8CTHU B H30TpOnHOll pa3pHAHOll KaMepe /S 1g/ 1 ycTaHOBneHHOll Me)K

ny C"l6T"lHK8MH. C 
1 

H C
2 

H 3anycKaeMOii MaCTepHb!MH CHI'HanaMHI YUOB-
6 

neTBOp.II!OlliHMH BC9ll noruKe OT60pa C06biTHH C Li. 
B Te"leHue necKonbKHX ceaRcoB pa6oThl Ha ycKopuTene aa nonHoe Bpe

MS'I Ra6opa CT8THCTHKH (25 "l8COB) 6btn H3MepeR y"laCTOK 3-MepHOI'O aMtlnH

TYUHOI'O cneKTpa, COOTBeTCTBYIOlliHH cny"las:IM OUHOBpeMeHHOll perHCTpaUHH 

6onblliHX aMnnHTYU BO BCeX TpeX C"l6T"lHKaX, TiocTp06HHOe no 8THM cny"laS'IM . . 
pacnpeneneRue co6biTuii .no BenH"lHRe 

3 

A = ~ 
At 
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I He 
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.. .,·~ 

r.ue A 1 - aMnnHTy.ua B C'l:eT'l:HKe C 1 , a A 1 4He- cpe.u~ee 3Ha'l:eHHe aMnnH-

TYll1 o6ycnoaneHHbiX perHcTpauHeii 
4 

He· B aToM cqeT'l:HKe1 noKasaHa Ha 

PHC, 3. OcHOBHaSI 'l:aCTb coobiTHH nona.uaeT B o6naCTb saa'l:eHHH A ! · 1 onHs-
4 • 

KHX K nHHHH He ~· <I>oTorpaclmH c HSOTponaoii paspSillHOH KaMepbr (pac. 4). 

OTHOCSIIIIHeCSI KO BCeM STHM cny'l:aSIM1 OOHapy)!(HBaiOT B, 80% Ka.UpOB iJ:anH'l:He 

TOnbKO OllHOI'O TpeKa; 3To noKa3biBaeT1 'ITO 3apei'HCTpHpOBaHHbi9 cny'l:aH Bbl3-

BaHbi npOX0)!(ll9HH9M CHnbHOHOHH3HpyiOIUHX 'laCTaU1 a He aano)!(eHH-

eM HMnynbCOB, Baa.uy TOI'01 'ITO nonyqeao TOnbKo,.uaa cnyqag (npH A! >5), 

KOTOpbre C 6onbiUOH BepOSITHOCTbiO MOI'YT ObiTb Bbi3BaHbi pei'HCTpaUHefi 
6 

Li . 

Mbi M0)!(9M OUeHHTb 1 OCHOBbiBaSICb a'a 9THX cny'laSIX1 TOnbKO BepX)UOIO I'paHH-
6 • 

uy ce'l:eHHSI ynpyi'oi'o pacceSIHHSI npoTOHOB aasa.u aa L. • A6conroTHaSI Ka-

nH6poBKa Ce'l:eHHSI ocyrueCTBnSinaCb no BbiXOllY .UefiTpOHOB OT peaKUHH p + p ~ 

~ d+1T + 191, ~pOHCXOllSIIUeH Ha SI.UpaX BOllOpo.ua B TOM )!(9 CaMOH MHIUeHH ( B 

SKCnepHMeHTe HCnOnb30BanaCb MHIUeHb LiH). 
6 

ITocne BHeceHHSI nonpaBoK :aa a!jl<jleKTHBHOCTb perHcTpaUHH Mep Li, 
6 - ' 

o6ycnoaneHHbiX pasMasaHHOCTbiO cneKTpa Li Hs-sa no.uTopMa)!(HBaHHSI B 

MHrll~~~H (0,6) 1 MHOI'OKpaTHbiM KynOHOBCKHM paCCeSIHHeM B C'leT'l:HKaX C t 

H C 2 (0164) 1 pacnpe.ueneHHeM no apeMeHH nponeTa Ha BTopoii 6ase (0184) 

H oT6opoM no KpHTepHro A!>5 (0173) 1 ·aepXHSISI I'paHHUa .UH!jJ!jlepef!UHan&Horo 

Ce'l:9HHSI ynpyi'OI'O pacceSIHHSI Ha3all npH 9Hepi'HH IIpOTOHOB 665 ~9B COCTa-

BHna 

B naoopaTOpHOH CHCTeMe 

da o · +4,4 .,.34 
~ ( ® = 5,4 )< (4,5 2 5)·10 

Ll n.c.- - , 

2 
CM I cTepa.u, 

a c.u.M. 

da o 
dU ( ® . = 169 ) < 

c.u.M. -
+ 1 .1·) -34 2 ' 

(1,1 ' •10 CM lcTepa.u. 
-0,6 

TipHBe.UeHHbie OIUHOKH BKnroqaroT ~ ce6SI CTaTHCTH'l:ecKyro oruHoKy ("'70%) 

H B03M0)!(Hb!9 CHCTeMaTH'IeCKHe OIUHOKH, B03HHKaiOIUHe npH onpeAeneHHH a!jl-
6 

!jleKTHBHOCTH pei'HCTpaUHH Mep Li • CooTBeTCTByroruaSI aepXHSISI rpaHHUa 
. . 34 9 

Ce'l:eHHSI Ha 90%-HOM ypOBHe llOCTOBepHOCTH COCTaBnSieT 2,5•10- C~11CTepall 

B c.u.M • 

,., _, 

I 

~ 
I 

! 

J. 
T 
I 
I 

3, CpaBHemre aKcnepaMeHTanbHhiX aaHHh' 

OUeHKaMII, OCHOBaHHhiMli Ha $niDKTyaUIIOHHOH 

IJonyqeHHaSI BenH'l:HHa BepXHefi I'paHHUbi Ce'l:eHHSI_ ynr: 

a : 4 
ceSIHIISI Hasall BMeCTe ;c aaruHMH II3MepeHIISIMII P He , p H 

H3BeCTHbiMH .uaHHhiMH. no pacceSIHHIO obiCTpbiX npoToHOB aa~ 

;ax 119-251 npHBeAeaa aa pHc, 5, B HeKoTophrx cnyqagx np 

ITOnSIUIISI- llH!jl!jlepeHUHanbHbiX Ce'l:eHHH OT yrnoB, onH3KIIX K ] 

l3 c.u.M, 

OueHKH llH!jl!jlepeHuHan&HOI'o ceqeHHSI ynpyroro pacceSIJ 

TOHOB Ha3all B C,U,Mo Ha OCHOBe !jlniOKTyaUHOHHOI'O MeXaHH311 

ruoro -HMnyn&~a nei'KHM SI.UpaM 11121 Obinii paCC'IHTBHbi f 

(5) ns paooTbr 12 I 

daP~ 
dO 

0 
P * , 180 ) = y (A) 

A 

da pN P* 
A 0 

( A . 180 ) , W 1 R ·, 
dO 

da N P*A 
r.ue --;uf- ( T' 180 ) -llii!jJ!jlepeauHan&aoe ce'l:eHIIe· ynpyror 

pacCeSIHIISI B CHCTeMe KOOpllHHaT! 1 B KOTOpOfi IIMnyn&Cb! 

HyKnoaoB paBHbi PX, II PZ/A 1 A <y(A) < A 2 
, a WA(R

1 

aaiiTII HyKnOHbi SIApa B o6nacTII pa.unyca R ~ nopSIAKa h /q A 

. peAaHHbiH "SillPY HMnyn&c B C,U,M, 

. 2 
W1RA)=fl 'l'A(gt' ,;2, ... , ,;A-1 )j d,; r'd,;2 .... d,;A 

I'lle 'l' ·A - Bonaoaan !jlyHKUHSI SJ:.upa A 1 a HHTei'pHpoaamfe 

BHCHMbiM (A -1) BeKTopHbiM nepeMeHHbiM ,; 1 BHYTPH c!jlc 

Ma paAnyca R A • 

B HacTomrrefi paooTe npn pac'l:eTe W A(R A) no !jlopM; 
3 4 

He H He Hcnon&soaannc& BOnHOBbre !jlyHKUHH1 Bbi'l:HcneH 

BaHHbie B paooTax A.~. BaAanSIH H IO.A, CnMoHo~a 111,1:2 

B COOTBeTCTBHH C pa3BHTbiM HMH MeTOll~M paC'l:eTa I 

AnSI Mep C npOH3BOnb,HbiM 'IHCnOM HyKnOHOB. B nepBOM npHO 

aocTbro nyqrue 'leM 10%) MO)!(eT ObiT& npellCTaBneaa B BHlll 

7 



cpeAHee aHa'!eHue aMnnu-

1 c<JeT'IHKe, noKaaaHa Ha 

:Tb 3Ha'!eHuirA ~ · , 6nua

tSIAHOfi KaMepb! (puc, 4), 

OT B · 80% KaApOB Hanuque 

~TpHpOBaHHb!e cnyqau Bbl3-

:TaU, a He HanmKeHH

> ABa cnyqasr ( npu A~> 5 ), 

aaHbi perucTpauuefi 
6 

Li , 

., TOnbKO BepX)i!O!O rpaHH

l 
6 

Li A6coniOTHasr Ka

rpoHoB OT peaKUHH p + p -> 

roll: 1Ke CaMOll MHWeHII ( B 

6 
perucTpauuu SIAep Li, 

3-3a ITOATOpMa1KHBaHHSI B 

eSIHIIeM B C'leT'IHKaX C t 

ra Ha BTopofi 6aae (0,84) 

taHHUa AH~~epe~UHanbHOI'O 

rpoTOHOB 665 Msa cocTa-

2 ' 
CM /cTepaA, 

t. 2 . ' 
C,M / CTepaA, 

CTH'leCKYIO OIDH6Ky (~70%) 

mue npu onpeAeneHHH s~-

>YIOIUaSI BepXHSISI I'paHI~Ua 

34 -? ' 
ISleT 2,5•10- CM"" /cTepaA 

1 

t 
l 

1 
I 

3. CpaBHeHHe sKcrrepHMeHTanhHhiX naHHhiX c 

0Il8HK8MH 1 OCHOB8HHhiMH Ha cpniOKTyaUHOHHOH MO):{enn 

6 
nony<JeHHaSI BenH'IHHa BepXHeli: I'pamiUbl Ce'leHHSI ynpyi'OI'O p 'Li pac-

CeSIHHSI HaaaA BMecTe c HaWHMH H3MepeHIISIMH p
8 

He , . p 
4 

He 15 ,61 u APYI'HMH 

H3BeCTHbiMH _AaHHbiMH. nci pacceSIHHIO 6biCTpb!X npOTOHOB Ha3aA Ha nei'KHX HA

pax /19-25/ npHBeAeHa Ha puc, 5, B HeKOTOpbiX cny'!aSIX ITpOH3BeAeHa SKCTpa

nonSIUHSI AH~~epeHuuanbHbiX ce'!eHuli: OT yrnoa, 6nuaKux K 180°, K yrny 180° 

B c.u.M. 

OueHKH AH~~epeHuuanhHoro ce<JeHHSI ynpyroro pacceSIHHSI 6biCTpbiX npo

,TOHOB Ha38A B C,U,M, Ha OCHOBe ~n!OKTyaUHOHHOI'O MeXaHH3Ma nepeAa'IH 6onb

WOI'O .llMITynbCa nei'KilM SIApaM 11 •21 6binH paCC'IHTaHbl HaMil no ~OpMy~e 
(5) ll3 pa~OThl /2/ 

d a A . o da pN p~ o . d(t- ( p: ' 180 ) "' y (A) ~ ( A ' 180 ) ' w 1 R A), (1) 

da N P*A 
I'Ae -;uf- ( T' 180 ) -A~~~~epeHuuanbHOe ceti:eHue· ynpyi'OI'O p p - unu pn - . 

., 
pacceSIHHSI B CHCTeMe KOOpAHHaT ~ , B KOTOpOli: UMnynbCb! CTanKHBaiOIUHXCSI 

HyKnOHOB paBHbl p 1 H p z; A • A <y (A) < A 
2 

• a w A (R A) - BepOSITHO~Tb 
HafiTH HyKnOHbi SIApa B o6nac'i'u paAuyca R A nopSIAKa h /q A , I'Ae q A - ne-

. peAaHHbrli: · SIAPY HMnynhc B c,u,M, 

(2) 

I'Ae 'JI ·A - BOnHOBaSI ~YHKUHSI SIApa A , a HHTei'pHpOBaHHe BeAeTCSI no aeaa

BHCHMbiM (A -1) BeKTOpHblM nepeMeHHb!M e I BHYTPH c~epu'leCKOI'O 06'be

Ma paAuyca R A • 

B HacToSIWeli: pa6oTe npu pac<JeTe W A(R A) no ~opMyne (2) AnSI SIAep 
3 4 

He H He ucnonbaoaanucb aonaoabre ~YHKUHH, Bbi'IHcneHahre u Ta6ynupo-

aaHHbre B pa6oTax A.M. BaAanSIH u IO.A. CuMOHoBa /11,12,13/, 

B COOTBeTCTBHH C pa3BHTb!M HMH MeTOAOM paC'leTa ·_!'~PnHOBaSI ~YHKUHSI 

AnSI Mep C npOH3BOnbHblM 'IHCnOM HyKnOHOB B nepBOM npu6nU1KeHHH (c TO'!.• 

HOCTb!O ny'IWe '!eM 10%) M01KeT 6biTb npeACTaaneHa B BHAe 

' .... 



!, 

' 

3A-4 
-·(--) 

2 
'P A = P X (p) U (0 ), 

1,, 

I"Jle p -K0111leKTHBHaSI KOOpJlHHaTa, OIIpeJlellSieMaSI COOTHOllleHHeM 

,2 A 2 A-1 2 
p = "S.p =!. ~ . 

1=1 I 1=1 . I 

B 9TOM Bb!pa)KeHHH p I - paccTOSIHHe OT ueHTpa TSI)K~CTH SIJlpa JlO 

(3) 

HyK-

noHa, a ~I - KOOpJlHHaTbl .HK06H. U ( 0 ) - <\JyHKUHSI, 3aBHCSIIUan· OT yrno-

BblX, CIIHHOBb!X H. H30CIIHH0Bbl~ IIepeMeHHbiX BCeX HYK1IOHOB •SIJlpa, a <\JyHKUHSI 

· X ( p ) SIBnneTCSI pellleHHeM ypaBHeHHSI 

d 2 n (n + l) + 2m ( E- W ( p )) f X ( p ) = 0, 1--- 2 h2 d p2 p 
(4) 

3A- 6 
I"Jle n = -..,.2r--- ll1ISI HyneBOH .I"apMOHHKH, -E - IIOllHaSI 9Hepi"HSI CBSI3H SIJlpa, 

· 'a W( p ) - cyMMapHoe B3aHMOJleii:CTBHe Me)KJlY HyKnoHaMH SIJlpa, rrony'laeMoe 

rryTeM ycpeJlHeHHSI BCeX rrapHbiX IIOTeHUHallOB IIO <\JYHKUHSIM U ( 0) ·--• .Qng B3aH

MOJleilCTBHSI Me)KJlY HyKllOHaMH B BHJle IIpSIMOYI'OllbHOil IIOTeHUHallbHOil SIMbl C rrapa-

MeTpaMH, IIpHBeJleHHbiMH B /14/, B 
111 •121 

IIOlly'leHO HaHllY'Illlee COI'llaCHe Me)KJlY 

9KCIIepHMeHTallbHbiMH U TeOpeTH'IeCKH paCC'IHTaHHb!MH 3Ha'JeHH.IIMH Jlll.II IIOll

HOH 9Hepi"HH CBSI3H, KY1IOHOBCKOH 9Hepi"HH H 91IeKTpOMai"HHTHOI'O <jlopM<\laKTOpa 

3 3 4 
SIJlep H , He u He • TaKa.II )Ke !lJopMa rroTeHuuana Jl1l.II· TpurrneTHoro coc-

TO.IIHH.II -JlBYX HYKllOHOB 6b!1la HCII01lb30BaHa HaMH JlllSI Bbi'IHClleHHSI BOllHOBOH 

<\JyHKUHH Jleii:TpoHa. B 9TOM cnyqae 

'P ,. .. rA 2 . 

. B 

sin k p/ p 0 ~p ~ 2,04 f ' 

-yp 
e /p ' p ~ 2,04 f ·' 

(5) 

I"Jle P -paccTOSIHHe Me)KJlY Heii:TpOHOM If rrpOTOHOM, BonHoBaSI <jlyHKUHSI SIJlpa 

• 
6 

Li 6panacb HaMH H3 pa6oTbi ./15/ B BHJle 

8 

' 
~ 

·.~ 
·: 

\ 

I 
.J., 

1 
I 

'P ='I' ·'I' X (R). 
6 a d 

. 3JleCb 'P ~ - BOllHOBaSI <\JyHKUHSI a -'laCTHUbi, 'P d - BOllH 

·TpOHa, X(~ -BOllHOBaSI <\JYHKUHSI.OTHOCHTe1lbHOI"O JlBH)KeHH 
6 

.Koe rrpeJlCTaBneHHe BonHosoll: <jlyHKUHH Sillpa Li B BHJle : 

TepHOH a- d MOJlellH CIIpaBeJlllHBO IIpH OTCYTCTBHH HYKllOHf 

JlY aCCOUHaUHSIMH, p01lb KOTOporo, KaK sro IIOKa3aHO B pal 

nSieTCSI Manoll:. 

B JlHarra3oHe sHeprull: HaneTarowero rrpoToHa 100-100 

SIJlPY IIMIIY1lbC B C,U,M, IIpH pacceSIHHH Ha 180° C. TO'IHO< 

10%, orrpeJlenSieTCSI Bbipa)KeHneM 

-----
- __:_~- V 2T P m N ' q A- A+ l 

I"Jle T P - sHepi"HSI HaneTarowero rrpoToHa B n.c., m N -M. 

aTOMHblll Bee SIJlpa, 3Ha'Jefme q A B 9TOM JlHaiia30He 9H• 

f -1 f -1 
IIpll61IH3HTe1lbHO OT 3 JlO 12 JlllSI BCeX nei"KHX Sill 

B aToM cny.:iae Jl1ISI orrpeJleneHHSI . W A (R A)·. cornacHo (2) 

IIOBeJleHHe B01IHOBOH <jlyHKUHH TOllbKO B o6naCT!i OT 0 JlO 

3 . 4 
HynSI B01IHOBbie <\JyHKUHH Jleii:TpoHa, He H He Jl1ISI cny'la 

Me)KJly HyK1IOHaMH B BHJle IIpSIMOYI"OllbHOH IIOTeHUHanbHOH 

CTaBHTb KaK 

'P A "' 'P (0) I l - b (A) p 
2 

+ ... ! . 

TaKoe )l{e pasno)KeHHe )!:MeeT MecTo H Jl1ISI B01IHOBoii: liJyHKX: 

60Tb! 
1151 

. 2 
X ( R)., X (0)1 1:- b p + ••. l. 

.QnSI 3Ha'leHHH p OT 0 JlO 0,5 f BTOpb!M 'llleHOM B (8) H ( 

pe'lb, H .TOI'Jla JlllSI A "' 2,3,4 

9 



( 3 )' 

10THOlll8HII8M 

K8CTII SIJlpa JlO HyK-

IISI, 3aBIICSilllaSI· OT yrno

rKnOHOB 'SIJlpa, a tPYHKUIISI 

(4) 

HaSI SHepi'IISI CBSI311 SIJlpa, 

IOHaMII. SIJlpa, nonyqaeMoe 

KUIISIM U W)-, .llnst B3all

oTeHullanbHOfi SIMhi c napa-

aH/IY'illlee cornacae MS)KJlY 

Mli 3Ha'i8HHSIMII JlnSI non

)Ma~HIITHOI'O t!JopMcpaKTOpa 

na JlnSJ.TpllnneTHoro coc

nSI · Bbl'iiiCneHIISI BOnHOBOH 

< (5) 

:, Bonaoaag cpyHKUIISI SIJlpa 

r 
·~ 

I 
'i 

I 

+ 
l. 
l 
I 

'P ,1p ·'I' X (R). 
6 a d (6) 

' 3JleCb 1p a - BOnHOBaSI cpyHKUIISI a -'iaCTIIUbi0 1p d - BOnHOBaSI cpyHKUIISI Jle:ii:.:.. 

'TPOHa, x(l{) -sonHosag cpyHKUIISI. OTHOCIITenbHOI'O JlSII)KSHHSI a II d • Ta-
6 

!We npeJlCTasneHIIe sonHorio:ii: cpyHKURH stll.pa Li s SHJle npocTe:ii:llleit Knac-

TepHo:ii: a- d M0Jl8nll cnpase)lniiSO npH OTCyTCTBIIII HyKnOHHOI'O 06MeHa M8)1{

JlY 8CCOU118UIISIMII 0 ponb KOTOporo, K8K STO llOKa3aHO S pa6oTaX /16,17/, SIB

nSieTCSI Manoit, 

B JlllanasoHe sHepr11it HaneTaiOlJlero npoToHa 100-1000 Mas nepeJlaHHbiit 

SIIlPY IIMllynbC S C,U,M, llpll paCCSSIHHII Ha 180° C TO'iHOCTbl0 0 nyqrue:ii: 'iSM 

10%, onpeJlensteTCH Bbtpa)l{eHIIeM 

2A ---
q = --- v' 2T m , 

A A+I p N 
(7) 

I'Jle T P - sHepi'IIH HaneTaromero npoToHa s n.c., m N -Macca HyKnoaa, A -

8TOMHblit SeC SIJlpa, 3H8'i8HHe q A S STOM Jlll8ll830H8 SH8pi'IIH 113M8HSI8TCSI 

f -t -t . 6 
npll6mi311TenhHO oT 3 JlO 12 f JlnSI scex ner'tmx SIJlep snnoTb JlO Li. 

B STOM cnyti:ae JlnH onpeJleneHIIH . W A (R A) cornacHo (2) Heo6xOJliiMO 3H.?Tb 

noseJleHne sonHoso:ii: tPYHKURR TonbKo s o6nacTn oT 0 ao 0,3 f . Bo~ns11 · 
3 ' 4 • 

Hyng sonuoshie tPYHKUIIH aefiTpoHa, He 11 He JlnH cny'iaH ssaiiM'oae:ii:c_TBIIH 

M8)KJly HyKnOH8MII S S11Jl8 npSIMOyronbHOit llOT8HU118nbHOit SIMhl MO)KHO npeJl-

CT8SIITb KaK 

'P A "''P (0) I I - b (A) p 
2 

+ ..• l. 

TaKoe )1{8 pasno)l{eHIIe )!MeeT MecTo 11 JlnSI sonHoao:ii: cpyHKUIIII X ( R) 

60Th! / 16/ 

X ( R) ., X (0)1 I:- b p ~ .•• l. 

(8) 

113 pa-

(9) 

Jlng 3H8'i8HIIit p OT 0 JlO 0,5 f BTOpbiM qneHOM B (8) II ( 9) MO)KHQ npeHe5-

pe'ib0 11 .TOI'Jla JlnSI A = 2,3,4 

9 



i! 
il 
1: 
'I 

;: 
i! 
,I 

2 p max 3A-4 3A-3 

w 1 RA > = liP A (o) 1 o A I p d P = w A R A 
0 (10) 

3AeCb W A -110CTOSIHHSSI, 38SHCIDilSSI T01lbKO OT THI1a Mpa, 0 -HHTerpan OT A , 
• .3 

yrnOShiX 11epeMeHHbiX1 paSHb!H 4 rr s cny'lae AeHTpona1 rr 3 s cnyqae He 

rr
4 

32 4 
He • P =·2R 

max A AnSI A8HTpOHa H H s cnyqae 
I05 

4 
H He 1 P 

4 
-. paAHYC c!flepbl !flmoKTyaUHOHHOI'O C}I{ST!fSI• 

2R 
2 A 2 

w6 (R6 ) .. wd (R d)Wa(Ra) I X (0) I JR dR 

Dpa aTOM x ( R) HOpMHpOSaHO cneAyiOIIIHM o6paaoM: 

Jl X ( R) 12 
R 

2 
d R =I 

0 

- 3 
Pmax"' y'A RA AnSI He 

6 
.UnSI SIApa Li 

( 11) 

DpeA11onaraSI, 'ITO RA= k h/ q A , rAe k -110CTOSIHHSSI1 ne aasHCSIIIIasr OT TH-

11a SIApa
1 

H Y'IHThiSSSI (7) 1 110ny'IHM 110Cne 110ACTSHOSKH S (10) AnSI scex ner-

KHX SIAep A ,== 2,3 14 16 

3A-3 
3A-3 

W (T ) = 8 k T-
2 

· A p A (12) 
p 

I'Ae 8 A - HOSSSI 110CTOSIHHSSI1 3SBHCSIIIISSI OT THI18 SIApa, 

3na'leHHSI H8KOT0pb!X 11apaMeTpOS1 He06XOAHMh!X AnSI Sbl'IHCneHHSI ·wA (R _J, 
a TSK*e anaqennsr caMHX senH'IHH W A ( R A) 11pa aHepran 11poTOHOS 665 MaP. 

11pHBeAeHhi s Ta6nnue. 

B !flopMyne (1) Aa!fl!flepeHuaanbHOe 

HHSI Ha 180° B CHCTeMe KOOpAHHST I, 

Ce'leHH8 HyKnOH-HyKnOHHOI'O paCCeSI-, 
csSiaaHo c AH!fl!flepenuaanbHhiM ceqe-

HH9M C,U,M, ASYX CTanKHSSIOIIIUXCSI HyKnOHOS COOTH01119HHeM 

d apN 

dO 

P! o P,t 2 dapN o 
(--,ISO ) =(--) ----(P*, ISO ), 

A p~ dO N 

P! . 2 2A 2 

I'Ae c; TO'IHOCTb!O OKOnO 10% (---) "' ( --p"N A+I 
s AHal1aaone anepi'HH 

HaneTaiOmero 11po'toHa oT 100 AO 1000 Mas. 

10 

• 

•: 
l 

, I 
.;·;t 

,., 

'f 

,. 

·1 
.~ 
''I 

I 
. I 

} 
~ ,,I 
I 

B Ka'lecTse ceqenHSI 
dapN 
;ro- (. P * , ·180°) s AHal1aac 

N 

6panocb ycpennenHoe no nannhiM pa6o~hl 1111 
nn¢¢epenu 

y11pyroro pacceSIHHSI na 180°, pasHoe 

d_a pN ·-1 O,.c\· I · d a PP. 

--'-- ( p * ISO ) = -(-- (0 
o . da pn o 
) +---(ISO ))= 8·10 

dO dO "' N ' ' 2 dO 

OcTaiOIIIHHCSI s !flopMyne ( 12) csooOAHhiH 11apaMeTp k naxoJ 

Hh!X 3HS'l8HHH AH!fl!flepeHUHanbHOI'O C9'l8HHSI pacceSIHHSI / 3141f 

aaA na SIApax d 
3 4 • 

He H He 11pH anepi'HH 665 Mas.· n 
naranocb 1 'ITO y(A ) paSHO CpeAHeMy I'eOM9TpH'l9CKOMY H3 

3/2 
== A • Y cpeAneHHoe 110 aTHM iiaHHhiM ana'lenne k == 1,6 

dapA (P~ 
an·· Bhi'lncneHHhie 110 ¢opMyne ( 1) anaqeHHSI 

Ha puc. 5 S 3SSHCHMOCTH OT aHepi'HH naneTSIOIII8I'O 11pOTOH 

' 2 . 
npSIMaSI AnSI Ka*AOI'O SIApa cooTseTcTayeT y =A -, fiH}I{HSISI 

Sbi'laHl!O CHnbHSSI 3SSHCHMOCTb AH!fl!flepeHUH81lbHOI'O · C8'l8HH5l 

neTa~IUH~ npOTOHOS onpeAenSieTCSI MHO}I{HTeneM W A (T ;), 'J 

Myne l12) 1 TaK KSK BCe OCTSnbHb!e COMHO}I{HTenH S Sb!pS}I{E 

30He anepi'HH 100-1000 Mas MO}I{HO C'IHT8Tb 110CTOSil!HhiMH, 

S TOM cnyqae 1 ecnn sonHOSSSI ¢YHKUHSI SIApa HS paCCTOSIHHl 

HynSI aaMenSieTcSI MeAneHHO n MO}I{eT. OhiTb aaMeneHa 'KOHl 

ynpyroro pacceSIHHSI naaaA ohiCTphiX npoToHos TaKHM SIAP 

senH'IHHOH o6'beMa 3( A -I) -Mepnoro mapa c paAnycoM 

- h 
P ,.yA --· 

q 

4. 3aKmoqeane 

1. 8KcnepaMenTanbHO ycTanosneHnasr sepXHSISI rpann 

6 
Li sMeCTe c Aa I'OI'O paCCeSIHHSI llpOTOHOS H83SA SIApOM 

3 4 
He H . He noATse·P*AaeT cnnbHYIO aasnCHMOCTb HHIO HS 

ro ce'leHHSI pacceSIHHSI naaan· oT aneprun naneTaiOmero: np' 

,I'O 'IHCna SIApa-MHIII8HH, 

11-



, . ., 
-,·:-;t~;) ·' 

(10) 

SI,r:tpa; . !l -HHTerpan oT 
• . A . . .3 

oHa, ·rr 3 · B cnytJae He 

( 11) 

sr, He. 38BHCSI!ll8SI OT TH

m Ii ( 10) AnSI Be ex ner-

( 12) 

Ja. 

AliSI Bbl'iHCli9HHSI.WA (R _J, 
lprHn npoToHoB 665 MaB 

:liOH-HyKliOHHOI"O paccesr

aH¢~epeHUH8llbHbiM Ce'IJe-

UI9HH9M' 

~0 0),. 

B AHanaaoae aHeprHfi 

.\ 

1 
}11 
:J• ....:;;. 

dapN 
B Ka'IJeCTBe cetJeHHSI d !l (. P*N , ·180°) B AHanaaoHe 100-1000 MaB 

6panocb ycpeAH9HH09 no A8HHhlM pa60Thl 
117/ AH¢¢epeHUH8llbHOe Ce'IJeHHe 

ynpyroro pacceSIHHSI Ha 180°, paBHOe 

daN "' 0. 1 dapp 0 dapn 0 -27 CM2 
--P- ( p * N 180 } = -(·-- (0 ) + --- (180 )) = 8•10 · --

d!l ..., . · 2 d!l d!l CTepaA 
(13) 

OcTaiO!llHHCSI B ¢opMyne ( 12) cBo6oAHhiH napaMeTp k HaXOAHliCSI H3 H3BeCT

HbiX 3H8'1J9HHH AH¢¢epeHUH8llbHOI"O C9'1J9HHSI pacceSIHHSI 
13•4 •5 •6 / npOTOHOB H~-

aaA Ha SI,r:tpax d 
3 4 , He H He npH aHeprHH 665 MaB;· DpH aTOM npeAno-

paBHO cpeAHeMy .reoM.eTpH'IJ9CKOMY H3 A naranoch, 'IJTO y.(A ) 
3/2 

= A • Y cpeAHeHHOe no aTHM iiaHHhiM 3Ha'ieHHe k = 1,61. 

Bbi'IJHCneHHbie no -hopMyne (1) aHa'IJeHHSI dapA (P* 180°) 
't' d!l .. A' 

npHB9A9Hbl 

Ha puc. 5 B aaBHCUMOCTH · oT aHeprHH HaneTaiOmero npoToHa TP • BepxHSISI 

. 2 . 
npSIMaSI AliSI. KB*Aoro SIApa cooTBeTCTByeT y =A ·, HH)I{HSISI - y= A • 'l{pea-

Bbi'IJaiiHo CHllhH8SI 38BHCHMOCTb AH¢¢epeHUH8nhHOI"O C9'1J9HHSI OT 9H9pi"Hii Ha- . 
, ,, 3A-3 

neTaiO!llH~ npoTOHOB onpeAenSieTCSI MHO*HTeneM W A(T )., T - -r B ¢op-. p p 

Myne l12}, TaK KaK BC9 OCT8llbHbl9 COMHO)I{HT91IH B Bb!p8)1{9HHH ll} B AHa~a-

30H9 aHeprHii 100-1000 MaB MO)I{HO C'IJHTBTh nocTOSIHHbiMH. TaKHM .o6paaoM, 

B TOM Clly'IJae, 9CliH B01IHOB8SI ¢yHKUHSI SIApa Ha paCCTOSIHHSIX p "'0,1 f B61IH3H 

HyliSI H3M9HSI9TCSI M9All9HHO H M0)1{9T 6biTb 38M9H9H8 KOHCT8HTOfi, C9'1J9HH9 

ynpyroro paCC9SIHHSI H838A 6b!CTpb!X npOTOHOB T8KHM SIApOM ~mpeAeliSI9TCSI 

BeliH'IJHHOfi o6'beMa 3( A -1) -MepHoro mapa c PMlHYCOM 

- h 
p .. yA --· 

q 

4. 3aKmoqeHM:e 

1. 8KCnepHM9HT8llbHO ycTaHOBli9HH8SI BepXHSISI I"p8HHU8 C9'1J9HHSI ynpy-

6 Li 
I"OI"O pacceSIHHSI npoTOHOB H838A SlAp OM BM9CT9 C A8HHblMH no paCCeSI- · ·, 

3 4 
HHIO Ha He H He noATB9P*AaeT CHllhHYIO aaBHCHMOCTh AH¢¢epeHUHallbHO-

ro ce'IJeHHSI pacceSIHHSI H838A oT·aHepi"HH HalleTaiO!llei"O npoTOHa H M8CCOBO-

,ro 'IJHCna SIApa-MH!lleHH. 
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2, ConocTaBneane HMeronmxcg aKcnepHMeHTanbHhiX naHHhiX c npHB'e-
. . l 

AeHHbiMH TeopeTH'IeCKHMH OUeHKaMH IIOKa3biBaeT, 'ITO <jln~KTyaUUOHHbiH MeXa-

HH3M nepena'IH 6onhmoro nMrrynbca. nerKHM 5tApaM, rrpenno:a<eHHhrii: .n.H.Eno

XHHUeBbrM, npaBHnbHO OIIHChiBaeT BenH'IHHy H SHepreTH'leCKYID 38BH~HMOCTb 

nn¢¢epeaunanbHoro ce'leHH5t B nnanasoae aaepruii: HaneTaromnx npoToHoB 
6 

100-1000 MsB nng Bcex CTa6nnbHhrX nerKnx 5tAep oT neii:Tpoaa no Li. 
3. nnH 6onee neTanbHofi rrpoBepKH ~niOKTyaunoHHofi Monenn n nccneno

BaHnH HAep B COCTOHHHHX C ManbiM OTHOCHTenhHbiM paCCTOHHlle,M Me)Kny HyK

noHaMH HeCOMHeHHbiH UHTepec npeACTaBnHeT li3MepeHne SHepreTH'leCKOH ll 

yrnoBoii: saBnCHMOCTii ce'leHnH yrrpyrorb pacceHHHH rrpoToHoB B o6nacTn 6onh

moii: nepena'IH HMrrynhca HnpaM c MaccoBhrM 'IHcnoM A = 2-6. TaKHe naH

Hhre He06XOAiiMbi If AnH U3y'leHHH KnaCTepHOH CTpyKTyp-b! 6onee TH)KenbiX. HAep, 

B saKnro:qeane aBTOpbr Bhrpa)KaroT 6naronapaoCTb B.IT • .U)KenerroBy sa 

BHHMaHne n coneii:cTBiie B rrpoBeneaun pa6oTbr n .U.l1. EnoxuaueBy sa o5cy)K

neHHe rrony'leHHhrX pesynhTaToB. 
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PHc.l. 06maSI cxeMa sKcnepHMeHTa H paaMemeHH.Si ycTaHoBOK, BKY - BaKyyM
HaSI.KaMepa CIIHXpOUHKnoTpC>Ha; OH - OTKnC>HlllOmHe HaCaltKHi P - npo
TOHHb!l!: ny'loK; MKn - Mai'HHTHaSI KBaJ:tpynonhHaSI nHHaa; M - MHmeHb; 
MK - MOHHTopHaSI KaMepa; C3 - CBHHUOBaSI aamHTa; BT - BaKyyMHbil!: 
TpaKTi c· I-c ·4 - CUHHTHnnSIUHOHHbie' C'l~T'lHKH; HPK - H30TponHaSI 
paapSIJ:tHaSI KaMepa; :K - KOnnHMaTOpbli M<!>nilK - MSI'HHTHbie KBSlt
pynonbHb!El nHH3bi ljJOKYCHpyromero KaHana, 

14 

c, Ca c, 

. //.8.1 

Pnc.2, Enox-cxeMa snexTpOHHKH, na - nnHel!Hwe BOpOTa, cc - cxeMl 
' naneHHll, p - pa3BeTBHTeJlh, rHH - reHepaTOP. HMnynbCHLIX Han 

Hnii: nsoTponHol! paspSJAHoii: KaMepbi, P<I>K ·- perncTpnpyiOmast cjlo 
Mepa H cncTeMa HMnynhcaor~ nnTaHHH ycHnaTena RpKOCTH uao6 
HHH. t -+A - BpeMSI-aMnnnTyAHhiA KOHB9pTOp1 HCOOllh30B8HHhdt l 

HBCTDOAxe B KOKTPOnbHhlX B3MepeHHHX. 
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""- ; 

' 

HOBOK, BKY - aaKyyM
me'aacattKH; P - npo-

11 nHaaa; M - MHweHbj 

HTa; BT - BaKyyMHbili 

HPK - 1!30TponHasr 

: - Mai'HIITHbie KBaA-

t 
l 

¢ 
c, Ce c., 

~ ~ 
~ 

~ 

~ 
~ 

.fl.B.I 

PHc,2, EnoK-CXeMa sneKTpOHHKifo nB - nlfH9liHb19 BOpora, cc - cxeMa COB-
' nalteHifll, P - paaBeTBHTellb, fi1H - reaeparop_ HMnynbCHbiX aanpH>Ke

HHll H30TponHoll paap!!lli!Oll KaMepbl, Pc:>K ·- perHcTpHpyiOma!l ¢oroKa
Mepa H CHCTeMa HMnynbcaoro nHTaHH!I ycHnHTen!l !!pKOCTH Hao6pa>Ke-
HH!I, I ->A - BpeM!I-aMnnJ~TYIIHbill KOHBeprop, HCnonb30BaHHbill npH 
HaCTDOl!Ke H KOHTPOIIbHbiX H3MepeHH!!X, 

15 
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PHc.5. Ynpyroe paccesrHHe 6biCTphiX npoTOHOB Ha3aA Ha 

• 
4 

He ·. H · 
6 Li • 

· 0; .. :.:pd ·paccesrHHe: <1) •• @ - pa6oTa 1191, T P 

~ 95 H 1~5 MaB. @ - pa6oTa 1201, . T P = 1 faB, 
· T = 675 MaB . . 

'~-" 3 He:...pa~cesrHHe: & - pa6oTa /21/, TJ, = 
6oTa 61, T.P = 665 MaB • 

\ 3 -CV p He ·pacce.Sl'HHe: [1]. ':"' pa6oTa 1221/: T P = 5 
6oTa /231, TP = 98 MaB; 3 - pa6oia 241, TP 

~ 
;p~6oTa /5/, Tp = 665 MaB. . 

251 · /!) -p Li paccesrHHe: Q) - pa6oTa I . , T P · = 1( 

HSISI I'paHHUa Ce'ieHHSI, nonyq~~afb .'22H~§JOSIIUeil: paf 
. B HeKoTOphiX AaHHhiX 1 • ' ' ' . npOH3BeA 

AHqxpepeHUH-~nbHhiX ceqeHHM OT· yrnoB, 6nH3KHX K. 1E 
B c.u.M. . ·· 

3alliTpHXOBaHHbie o6naCTH Ha pHC. 5 - pacqeTJ 
. peHi:manhHhiX ceqeHHil: ynpyroro paccesrHHSI 6:bicTphD 

Ha OCHOBe ¢niDKTyaUHOHHOI'O.MeXaHH3Ma, npeano*el 
ueBhiM 11 •21•• · · '· ·· · 

llyHKTHpHasr nHHHSI anSI 
6 Li cooTBeTCTByeT 1 

rpaHHUe ... Ce'ieHHSI C. •k · = J,82, Hail:AeHHOH TOnhKO .J 

.. Ha3aA npH aHepr~H 665 MaB. 
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aoroHA b if. c-. 7P MiG 

· .. 

. . 

3 

PHc.5. Ynpyr-oe pacceSIHHe 6brCTpbiX npoTOHOB Ha3a/l Ha 5!/lpa:X: d He; 
• 

4 He ·. H · . 6 Li • 
· O: .. :.:pd pacceSIHHe: (!) •. @ - paooTa 11911 T P = 25,7; 3919;Jl~i 

95 H 155 MaB. @ - pa6oTa 1201, T P = 1 faB, 0 - pa6oThl ' , 
· T = 675 MaB . . . 

i ~- p 
3 He -pa~ce.SIHHe: ! - pa6oTa 12 1/ T P = 31 MaB, · 4. - pa-

6oTa 161 1 T~ = 665 MaB. , 
[3·'. p 3 He pacceSIHHe: [1]_ -:- pa6oTa 1221/: T P = 55 MaB; {]:J - pa-

6oTa /231 1 TP = 98 MaB; 3 - pa6oTa 241, TP = 147 MaBj · 
·pa6oTa 151 · T = 665 MaB · · · 
• . 6 . I p A\. • 125 I 
· /) -p ·Li pacceSIHHe: ~ - pa6oTa . 1 T P = 100 MaB, + -Bepx-
HSISI r-paHHUa ce'leHHSI1 nony'I%H~afh ~2H~§}'omuell: pa6oTe, T P = 665 MaB. 

B HeKoTophrx /laHHbrX 1 ' ' ' ' . nponaBe/leHa aKcTpanonSIUHSI 
/lH!jl!jlepeHUH·anbHbiX C9'19HHii OT yi'nOB1 ~nH3K~X K', 180~ K yr-ny 180° 
B c.u.M. , 

3aiiiTpHXOBaHHhre o6nacTH Ha pnc; 5 - pac-qeTHbH3 ·oueHKH /lHcp!jle
peHunanhHhiX C9'19HHii ynpyi'OI'O pacce5IHH5I 6b!CTpbiX npOTOHOB H838/l 
Ha .OCHOBe !jlnroKTyaUHOHHOI'O.MeXaHH3Mal npe/lnO~eHHOI'O n.H. BnOXHH-
UeBbiM ll 12 '/ •' . . , . . . , . 

6 • 
Tii.HKTHpHaSI nHHHSI JlnSI Li cooTBeTCTByeT BepxHeii pacqeTHoii 

r-paHnue'· ce'leHHSI c · k. · = 1182 1 HaiilleHHoii TOnbKO H3 p4 He pacceSIHHSI 
~aaa/l npH aHepr-~H 665 MaB. 
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