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3xcnepHMeHTanbHOe HCCneAOBBHHe nponecca 38XBaTa JT+ -Me30HOB HA

paMH 'Li c ucnycxauueM ABYX 6blcTpbiX npoToHoB npeAcTaBnsreT '6onhwoA 

HHTepec AnR H3y'!eHHH MeXaHH3Ma nornoweHHH JT -Me30HOB HApaMH, TaK 
) 

KaK STO noxa ,npaKTH'IeCKH e,llHHCTBeHHblil npHMep pOaKUHH nornomeHHH nHOHOB, 

xor.aa y.aaeTcsr ua.aemuo paa.aenHTb xauanbl, cooTBeTCTByromue o6paaoBaHHro 

OCTaTO'IHOI'O H,llp8 B OCHOBHOM H B036ym.aeHHOM COCTOHHHHXo 

Pauee peaxnusr "+, 2p uayq:anacb ua cuuxponuxnoTpoue B .UEPHe 

rpynnoA Uiapnaxa H 3yna~'IH'Ia/1/. O.auaxo aToll rpynndA uaMepeuusr ce'!eHHA 

BbinOnHeHbl TOnbKO .ansr O.llHOI'O cny'laH CHMMeTpH'IHOil reoMeTpHH Onb!Ta, 

cooTBeTCTByromero pacnonomeuuro .aeTeKTopoa, perucTpupyromux 6blcTpble 

npoToH&I1 no.a yrnoM .. 90° K ny'IKY "+-Meaouoa. C nenbro 6onee .aeTanb

uoro uccne.aosauusr nponecca nornomeuusr H nony'leuusr HH~opManuu .ansr npo-

BepKH MO.IlenbHbiX npe.acTaBneHHil 0 CTPYKType sr.apa 

HHil ucnycKaHHH nap 6&ICTpblX npOTOHOB HaMH BblnonHeHbl .ansr WeCTH Ha6opOB 

nap yrnoB 8 1 H 83 , xapaKTepuayromux pacnonome_uue .aeTeKTopoB 6&ICT-

pblX npOTOHOB no OTHOWeHHID K ny'!Ky JT -Me30HOBo no.a O.llHHM H3 yrnoB. 

TaKme H3MepeHbl BbiXO.Il H SHepreTH'IeCKHil cneKTp O.llHHO'IHblX npOTOHOB, Bb1-

6paHHble ua6opbl nap yrnoa B coaoxynuocTH o6ecneq:uaaroT onpe.aeneuue yrno

Boll Koppensrnuu ucnycKaHHH 6&ICTpb!X npoToHoB. ./lBa ua6opa yrnoB npaKTH

'!eCKH coana.aaroT c ua6opaMH, npu KOTOpbiX pauee 6&mH npouaae.aeHbl naMepe

HHH Ce'!eHHil 38XBaTa JT+ -Me30HOB CB060llHbiMH lleilTpOHaMHo 

B HaCTOHmeA ny6nHKaUHH npHBOllHTCH H o6cym.aaroTCH .aaHHble TOnbKO no 

cneKTpBM CyMMapHOil SHeprHH 6biCTpb!X npOTOHOB H llH~epeHUHanbHbiM Ce'!eHHHMo 
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YcnosiiSI onhiTa 

CxeMa Oflb!Ta npencTaBneHa Ha puc. 1. nyqox 17;1- -Me30HOn c aaeprlleft 

85:!:..4 Man nanaeT Ha MeTannllqecxyro Mllrneab M Tonmuaoft 1,25r/cM2, co-

nepJKamyro 90% 1130Tona 6 Li 11 10% H30Tona 7Li • M11rneab npencTannSieT 

co6oft nnaCTIIHKY nnomanhro 100 cM2, nosepxuocTb KoTopoft o6pa3yeT c aa- · 

npasneHIIeM nyqxa rr + -Me3oaos yron 45°. HcnycxaeMbie MllmeHbiD 6b!CTpbie 

npoToHbi p perllcTpllpyroTcSI nsyMSI 11cxposbiMII KaMepaMH, HK 1 11 HK2, pac-

+ nonoJKeHHbiMII cnesa II cnpasa OTHOCIITeJibHO nyqxa TT -Me30HOS Ha paCCTOli-

HHII OKOJIO 50 CM OT UeHTpa MHllieHII, KaJKAall KaMepa co!TOHT 113 40 ra30Sb!X 

npoMeJKyTKos, pa3neneHHhiX nnaCTHHaMH H3 anroMHHHSI • CyMMapaaSI TonmiiHa 

nnacTIIHbi cocTasngeT d =25 rlcM2 u o6ecneq11saeT 113Mepealle aaepru11 npo

TOHos no npo6ery n~ 185 Mas. KaJKnaSI xaMepa IIMeeT pa3Mephi 318x380x500M~. 
.llnSI nponycxa npoToHos s nepena11x «PnaHuax KaMep cnenaHbi npSIMoyronbHhie 

OKHa, Sb!pe3a!Ornlle no OTHOllieHIIID K MllllieHII TeneCHbiH yron /).c.> =0, 173 CTe

panllaHa~. np11 yxa3aHHbiX . ycnosiiSIX s cnyqae cuMMeTpllqHoft reoMeTpiiH onhiTa 

0 
1

" = 0 :l = 79° 30' ) IIC~.nroqega S03MOlKHOCTb nonanaHHSI npOTOHOS Ha CTeHKII 

xaMephii as cnyqae HeCIIMMeTpllqHoft reoMeTpHH (01 =53°; 03 =109°)nonpasxa 

Ha OCT.aHOSKII npOTOHOS S CTeHKaX KaMepbl MeHbllie ,2%. 3anycK KaMep ocy

meCTSJISieTCSI cxeMoft cosnaneaun, cocToSimeft H3 qeTbipex cqaTqnxos 

c 1 c2c3c4. C'beM IIH«lJopMaUIIII «PIInbMOSb!H II ocymecTsnSieTCSI pa3nenbHO AIISI 

nesoft. u .. npas?ft KaMep. np11 o6pa6oTKe 113MepSIJIIICb cnenhi TOJibKO Tex npoTo

aos, KOTOpbie .. npoxon11n11 s xaMepe ae MeHee Tpex ra30SbiX npoMelKyTKos. 

SHepreTIIqecKII.ft nopor 100%-aoft perucTpauuu npoToaon n KaMepe 3an11cuT· 

oT yrna, non KOTophiM pacnonoJKeHa KaMepa, u n cpenaeM cocTannSieT 50 Man. 

CyMMapHaSI npHMecb anexTpoaon u IL-:-Me3oHos n nyqxe 18:!:_3%. nonHblft noToK 

qaCTIIU aa MllrneHb paneH 5·103qacT/cex np11 ceqeHIIII nyqxa 35x35 MM2. Ha-

6opb! nap yrnon 0 1 u 03 , .nnSI KoTopbiX npoll3neneHhi 113MepeHIISI1 npu-

seneHhi n Ta6n. 1, 113MepeHIISI nhiXona II cneKTpa OAIIHOqHbiX npoTOHOn nhi

nonaeHbl aa nenoft KaMepe np11 yrne 01 = 79 °30 '. Bee nonyqeHHbie n onbiTe 

naHHbie 11cnpanneHbi a a npiiMecb n Mllrneau SIAep 7 Li 

Pe3ynbTaTbi onbiTa 

Ha p11c. 2a, 6 H s npencTanneHbl cnexTpbi cyMMapHol!: aaepr1111 Ec nap-

HhiX npoToaon nnSI nepnoro, nSIToro 11 rnecToro aa6opon nap yrnon 0 1 11 0
3 

• 

4 

113 pHCo 2 n11AH01 qTo Ha ncex cneKTpax qeTKO nbiAeJISIID'I 

Ma. nepsb!ft MaKCIIMYM ( Ec =220 Mas) COOTBeTcTnyeT 38Xnl 

nnyMSI ayxnoHaMII p -o6onoqx11, xorna ocTaToqHoe SI npo 4 H. 

n OCHOnHOM COCTOBHIIII: 

~ + + 6Li -+ p + p + 4He. 

lllllpHHa nepnoro MaKCIIMyMa Ha nononHHe nbiCOTbl COCTa 

u ueniiKOM o6ycnonneaa aaepreTIIqecKIIM pa36pocoM qacTHU n 

xe 11 orn116xaM11 .113MepeHHSI aaepr1111 npoToaon. Co6biTHSI, · nona1 

M8KCIIMyM ( E 0 ~190-195 Man), SinnBIDTCSI pe3ynbTaTOM 3aXI 

napaMII HyKnOHOn C S -o6onoqKH 111111 napaMII1 COCTOSilliiiMH H: 

s -o6onoqxu u ayxnoaa c p -o6onoqxu. · HcKaJKeHHSI cnex1 

n11q11SI aaepreT11qecxoro nopora perucTpauuu npoToaon aaquaa: 

cyMMapaoft aaepruu E c=l70 Man. noaToMy R3MepeHHble pa 

npaSHJibHO nepenaroT KapTIIHY n3aHMOAeftCTniiSI TOilbKO npH 1 

B Ta6n. 1 npllneneHbi H3MepeHHbie nu«PclJepeauuanhHbie 

OTHeC eHHbie K nepnoMy H nTopoMy MaKCIIMyMaM pacnpeneneH 

cyMMapaoft aaeprn11. 
Ta61111ua 1 

G 
H.ttpo t,' . ~ 

u !!_~£_ .( 0::~~ C#"- ) 

D1I Ha6op ,..:ft';...rlrJz B f-9· IO c.ree,'- Yrc 
yrJIOB I .. lt JlaltC 2-it llaltC 

I. er-e2•79°30 . 21IO,:t012I 2139,:1P12I 781 

2. B, •53° 0 
e~. •I08 s,s.T,;t.O,so 4,00,:IP,35 51( 

s. e.-isOso· 1,56;10,2! I, 98,:1P 1 25 
e?..•79°so' 

4. e. •'JS0so' \ 

ez.ar.xJ030' I 142.:tP,22 2;44.;t0,32 

s. e .• s~so; 
8:.•79 30 0158.:10110 I 139,:1P114 

6 ~-79°~{ . .. . 
9tiOI_(t30 0160;10110 ! 156;101!8 



·MeaoaoB c aaepruea 

aaoa· 1,25r/cM2, co-

uweHb npencTaBnReT 

~a o6paayeT c aa-

' MHWeHbiO 6biCTpb!e 

rn, HK 1 H HK2, pac

·MeaoHoB Ha paCCTOll

~TOHT .H3 40 I'830Bb!X 

:;yMMapHall TOnWHHa 

tep~HHe aaeprHH npo

epbr 318x380x500 M~. 
aHhi ~paMoyronbHbre 

·on. !lw =0,173 cTe

on reoMeTpHH onbrTa 

ap~TOHOB Ha CTeHKH 

; £l2 .,.J09°}nonpaBKa 

lanycK KaMep OCY':" 

C'l!lT'IHKOB 

hl ;onbKO Tex npoTo

.rx npoMelKyTKOB. 

B , KaMepe 3aBHCHT 

\i COCTaBnlleT 50 M SBo 

3 )8;±:,3%, nonHhrA noToK 

q~~ 35x35 MM2, Ha_: 

if>! H~~~peHHll 0 npH-

ib!X npOTOHOB Bbl-

a aaeprHH Ec nap-
.· 

p yrnoB 0 z. H .o 2 , 

Ha pHCo 2 BHltHO, 'ITO Ha BCeX cneKTpaX 'leTKO BbiltemnoTCll JtBa MaKCHMy-

Mao nepBb!A MaKCHMyM (Eo =220 MaB) COOTBeTCTByeT aaxBaTy 1T + -Me30HOB 

l!BYMSI HyKnoHaMH . P -o6ono'IKH, Korna ocTaTO'IHoe anpo 4 He o6paayeTCll 

B OCHOBHOM COCTOSIHHH: 

rr + + 
6Li -> p + p + "He. ( 1) 

lliHpima nepBOI'O MSKCHMyMa H8 nonoBHHe Bb!COTbl COCTaBnlleT 10-12 MaB 

H uenHKoM ~6ycnoBneaa aaepreTH'IeCKHM paa6pocoM qacTHU B nana10meM nyq

Ke H OWH6KaMH .H3MepeHHSI SHeprHH npOTOHOBo Co6b!THSI1 . nonanaiOWHe BO BTOpOfi 

MaKCHMYM ( E c"' 190-195 M aB), RBnRIOTCR peaynbTaToM aaxBaTa rr +-Meso HoB 

napaMH HyKnOHOB C S -o6onO'IKH HnH napaMH1 COCTOllliiHMH H3 HyKnoHa C 

s -o6ono'IKH H HyKnoHa c p -o6ono'IKH ." HcKaJKeHHll cneKTpoB us-sa aa-

nH'IHll SHepreTH'IeCKOI'O nopora perHCTpaUHH npOTOHOB Ha'IHHaiOTCll CO 3Ha'leHHll 

cyMMapaoA aaeprHH E c=170 MaB. noaToMy naMepeHHbie pacnpeneneHHll 

npaBHnbHO nepena10T KapTHHY BaaHMoneACTBHSI TonbKO npn E c ;:: 170 M aB. 

B Ta6n. l npHBeneHhi HaMepeHHhre nmpljlepeauuanbHhre ce'leHHll aaxBaTa, 

OTHeC eHHbie K nepBOMy 'H BTOpOMy MSKCHMyMaM pacnpeneneHHll C06b!THll no 

CyMMapHOll SHeprHHo 
Ta61U!ua 1 -

fl.ltpo 'L;, fl.Jtpo 9,H 
D -~ .0 ~~" C.J./4 J 

rlr {4 ~1 ctj IIII Hadop .!!.!':.."':'~ ~· IO c1ee.2. YroJI () yrJIOB !•it JlaltC 2-K )lBJCC 
f){w l lJ· 1 ci#f: 

r. sr-e2•79°30 78°55 
I 

21IO.t012I 2139.;t012I 0 ,630.;t0' !22 

2. B, •53° I 

8.& •108° 3,3J.i(),30 4,00.;t0,35 5!020 I,072.tO,I62 

s. e.-6rPso' I,56.t0,2I I, 98.;t0, 25 
ez..•79°so' 

4. (}, •79°30' . 
e,.9Q030' I,42.t0122 2;44.;t0,32 

5. e .• s~oo· 
4,•79 30' 0 '58.;t0' !0 I,39.;tO,I4 

6. ~~79°00" 
~IOiet30' o,6o.;tO,IO I,56;tO,I6 



llnn acex UJeCTll Ha6opoB yrnoB rpaHnua MelKllY nepBbi";f n BTopbiM MaK

cnMyMaMn npoaoannacb nocepeanHe aHepreTH'IecKoro HHTepBana ll!HpHHOil: 

f'l£ =5 MaB C Ml!HHManbHbiM 'IHCnOM COfibiTHHo fpaHHUa BTOpOI'O M8KCHMyMa 

CO CTOpOHbl Hli3Kl!X aHepi'l!H ycTaHaBnHBanaCb Ha paCCTOHHllll 371 5MaB OT rpaHH

llbl CO CTOpOHbl BbiCOKl!X aHepi'l!Ho 8 llpl!Be}:1eHHblX OlliH6KaX H3MepeHHH ceqe

Hllil: ann BToporo MaKCl!MyMa HeonpeaeneHHOCTb1 canaaHHaH c npoBeaeHHeM 

rpaHHllbl CO CTOpOHbl Hli3KHX 3HeprHil: 1 He Y'ITeHao Bee li3MepeHHbie Ce'IeHHll 

He HCUpaBneHbl Ha BnHHHHe Heynpyroro B38l!M0!1eil:CTBllll llpOTOHOB B MHllleHH 
J' 

n nn acTnHax KaMep. Benn'IHHa nonpaBKH anH ceqeHHil:1 oTHeceHHhiX K nepBo-

MY MaKCHMyMy 1 Bbl'IHCneHHall UO nonHhiM Ce'IeHHliM Heynpyroro B38l!M0}:1elfCT

Bllll UpOTOHOB C nHTHeM H amoMHHHeM1 COCTaBnlleT 20%. 

llnll cpaBH8Hllll B TOH lKe Ta6n • 1 npnaeaeHbi antfxl!epeHuHanbHhxe ce'Ie-

Hllll aaxaaTa 11 + -MeaoHOB c aHeprneil: E =91 M aa aelfTpoHaMn1 l!3MepeHHbie 

a pa6oTe/2/. 

B Ta6n. 2 npeacTaaneHbi HalfaeHHbxe aHa'IeHllll cpeaanx aHeprnA napHbiX 

npoToHoB, perncTpnyeMbiX neaoil: H npaaoil: KaMepaMn. Bo BTopoil: nonoanHe 

Ta6nl!Ubi npnaeaeHbi pac'IeTHbxe aHa'IeHl!ll aHeprnil: npoToHoB, ncnycKaeMbiX 

npn aaxaaTe 11 -MeaoHa c aHeprneil: E =85 M aa cao6o!1HbiMH aeil:TpoHaMH. 

Ta6nnua 2 

'·-~po 'bi ~po 2H 

Yro11 Cpe.n;Hsui ::IHeprHR(Ms ) Yro11 3HeprHR (MsB) 
M~KBIIMw MaxM;-

e •53° ' 

53° (JieBaH Ka.Mepa) !29 IIO DO 
8 •79°30 

79°30 
I 

(JieBaH H l~paBaR . IIO 95 III,I 
Y..aMeuu 

e •I08o 
(.IIpa.BaH KaMepa) 92 80 !080 92,2 

6 

llnH Bcex HeCl!MMeTpli'IHhiX Ha6opoB nap yrnoB no Mepe 

MapHolf aHeprnn oT 3Ha'IeHnll 170 MaB paannqne-MelKllY Be, 

HHX aHeprHil: npoTOHOB1 perucTpHpyeMhlX neBoil: H npaaoA Ka~ 

HO fibiCTpO CTl!paeTCllo 

Ha puc. 3 npeacTaaneHa yrnoBaH Koppe~llllllll ucnycKaH 

TOHOB1 UOCTpOeHHall UO li3MepeHHblM Ce'IeHHliM }:1nll nepBOI'O 

oaHa Ha KaMep HaxoaHnacb Ha yrne 01 =79°30' • ITony'IeHHa 

Cl!MOCTb Ce'IeHHH B npeaenax OlllllfiOK Cl!MMeTpli'IHa OTHOCHT• 

HHH 01 = 79 ° 30' • Ha aToli ocHoBe Dbmo BbmonHeHo l!HTerpllp 

d2o _....::__;_ __ no yrny c.J
2 B npeaenax KOHyca c yrnoM npn 1 

d c.J1 dc.Jz 
aynbTaTbi l!HTerpnpoBaHl!H npnaeaeHbi B Ta6n. 3. 

Ta6nnua 3 

I-H MaKCHMYJ.L ~-lt 

8,IO . .± o,ao I6,~ 

TaK KaK KOHyC C yrnoM llpll Bepll!HHe 68° He OXBaTbiBaeT BC 

nacTl! 1 a KoTopyro ncnycxaroTCH npoToHhi1 nponHTerpnpoBaHH 

UJe COOTBeTCTByiOll!liX lllltfxl!epeHUHanbHblX Ce'IeHHlf ~: ( 0 = 7( 

'Il!e 6onbll!e }:1nll Ce'IeHHlf1 OTHeCeHHbiX KO BTOpOMy M8KCl!My: 

Ha pnc. 4 noKaaaH aHepreTH'IeCKHii cneKTp OllliHO'IHbiX 

I'l!CTpllpOB8HHblX neBoii KaMepoii Ha yrne 0 1= 79 °30' 1 KOI'll· 

c4 6bmH pacnonolKeHbi B nneqe neaoil: KaMepbx. ITyHKTHpHaSJ 

p!!CYHKe COOTBeTCTByeT pei'HCTpHpyeMOMy neBOfi KaMepoil: B 

cneKTpy napHbiX UpOTOHOB1 nony'IeHHOMy B peaynbTaTe HHTe: 

peHHhlX cneKTpOBo 06a Cll8KTpa UpHBelleHbl K 0}:1l!H8KOBOMy l 

HOBo ITopor perl!CTpaUHll Olll!HO'IHblX llpOTOHOB COCTaBnlleT 6! 

'ITO cneKTp OllliHO'IHhlX llpOTOHOB llpOCTl!paeTCll B CTOpOHY 6c 

aanbll!e1 'IeM cneKTp napHbl X UpOTOHOB1 MOlKHO nonHOCTb!O 0 

eM cpeau oanHO'IHbiX npoToHoB, nanaromux Ha KaMepy1 
11:1-

ro H Heynpyro pacceHHHbiX B Mllll!BHH. ITpn nocTpoeHHH cneE 
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l9pBb!M H BTOpblM M8K

IHT9pBana wnpnaoll 

l BTOpOl:'O M8KCHMyMa 

OHHHH 37,5MaB OT rpaan

OK8X naMepeang ceqe

HHaH c npoBeneaneM 

naMepeHHbie ceqeanlt 

I npOTOHOB B MHW9HH 

OTHeceHHbiX K nepBO

npyl:'Ol:'O B38HMO,IlellcT-

n¢<1>epeaunanbHbie ceqe

TpoaaMn, H3MepeHHbie 

~nanx aaeprnli napHbiX 

~o BTopoli nonoBnHe 

OHOB1 ncnyCK89MbiX 

O,llHbiMH ,ll9liTpOH8MH, 

Jl.ltpo 

3HeprHSI (M3B) 

IJO 

I 

30' III;I 

92,2 

D.nH Bcex aecnMMeTpnqHb!X aaoopoB nap yrnoB no Mepe yobiBaHHli cyM

Mapaoll aaeprnn OT aaaqeang 170 MaB paannqne MelKny BennqnaaMn cpe.a-

anx saeprnll npoToaoB, perncTpnpyeMbiX neBoll n npaBoll KaMepaMn, cpaBHHTenb

ao ObiCTpo cTnpaeTcli. 

Ha pnc, 3 npe.acTaBneaa yrnoBaH KoppenHUHH ncnycKaHHli obiCTpbiX npo-

TOHOB1 noCTp09HH851 no H3MepeHHbiM ceqeHHHM .Qng nepBOI'O M8KCHMyMa1 KOJ:',Ila 

o.aaa na KaMep aaxo.annacb aa yrne () 1 = 79 ° 30' • nonyqeaaalt yrnoBalt aaBn

cnMocTb ceqeanll B npenenax ownooK cHMMeTpnqaa OTHOCHTenbHO aanpaBne-

HHli () 1 =·79 ° 30' • Ha aToli ocHoBe lhmo Bbmonaeao HHTerpnpoBaane ceqeanll 

d1a 
-...::..---no yrny cu1 

d cu 1 dcu 1 . 
B npe.aenax Konyca c yrnoM npn Bepwnae 680, Pe-

aynbTaTbi HHTerpnpoBaHnli npnBe.aeHbi B Taon. 3. 

Taonnua 3 

-
llpOHHTerpHpOBaH• I-ii MaECHl4yY ~-M MaECHMJM 
Hoe cetteHHe · gnR 

B,IO . .t 0,80 I6,90 .± I, IO Bt >-r9·3o' z 
(,_tt· -11' CM ) '(0 CTep 

TaK K8K KOHyc C yrnoM npn BepWHHe 68° He OXB8Tb!B89T BCeli yrnOBOli 06-

naCTH1 B KOTOPYIO ncnycKaiOTClt npoTOHbi1 npOHHTerpnpoBaHHbl9 ceqeHHli M9Hb

IU9 COOTB9TCTBYIOWHX .llH¢<I>ep9HUHanbHbiX ceqeHHli ~: ( (} = 79 °30 ') 1 npnqeM OTnH-

qne 6onbW9 ,llnH ceqeanlil OTH9C9HHbiX KO BTOpOMy M8KCHMyMy. 

Ha pnc, 4 noKaaaa saepreTnqecKnll cneKTp onnaoqHbiX npoToHoB, aape-

rncTpnpoBaHHbiX neBoli KaMe poll aa yrne () 1= 79 °30' 1 Korna cq~TqHKH c3 n 

C4 OblnH pacnonOlK9Hbl B nneqe neBoll K8M9pbl, nyHKTHpHalt nHHHli H8 aTOM 

pHCYHK9 COOTB9TCTByeT pel:'HCTpHpyeMoMy neBoli K8Mepofi B TOM lK9 nonOlK9HHH 

cneKTpy napHb!X npOTOHOB1 nonyqeHHOMy B peaynbT8T9 HHT9l:'pHpOB8HHH H3M9-

peHHbiX cneKTpoB, Ooa cnexTpa npnBeneHbi K onnnaKoBoMy norroKy IT+-Meao

HoB, nopor perncTpaunn OllHHOqHbiX npoTOHOB COCTaBnlteT 62 MaB, ToT cpaKT, 

qTo cneKTp onnaoqabiX npoTOHOB npocTnpaeTcli B cTopoay oonbwnx saeprnfi 

nanbme1 qeM cneKTp napHbi x npoToHoB1 MOlKHO nonHoCTbiO oo'hHCHHTb aannqn-

eM cpenn onnaoqHbiX npoToHoB, nana10mnx aa KaMepy1 IT :f' -M930HOB1 ynpy-

ro _n aeynpyro pacceHHHbiX B Mnwean. npn nocTpoeann cneKTpa IT+ -MeaoHhi 

7 



C'IHTanHCb npoTOHaMH H aBTOMaTH'IeCKH nonananH noaTOMy B o6naCTb 6onee 

Bb!COKHX aHeprHJI:e 

06cy~eHHe peaynbTaTOB 

PaccMOTpeHHe Ta6nHU 1 H 2 noKa3b!BaeT1 'ITO OTHoweHHe 113MepeHHblX 

nHijxjlepeaullanbHbiX ce'leHHl!: nnst nepsoro H BToporo aa6opos yrnos H aaa'leHast 

cpenHHX aHeprHl!: napHbiX npoToHoB, perHcTjmpyeMblX neaol!: 11 npasol!: KaMepa

MII, B npenenax OWH60K COBnallaJOT C COOTB6TCTBYIOWHMII xapaKTepHCTHKaMII 

Jlnst npouecca 3aXBaTa IT+ -Me30HOB CB060llHbiMH nel!:TpO~aMHe IlOaTOMy C 

TO'IKH apeHIIst nan~:>ael!:wel!: nposepKH Taro, KaK naneKo nponon*aeTcst cosna

neHHe Me~y xapaKTepacTHKaMH paccMaTpasaeMbiX npoueccos, 6on~:>wol!: HH

Tepec npencTaBnsteT conocTaaneaae a6conJOTHblx.senH'IHH ce'leHHl!:. anst nep

soro MaKCHMyMa pacnpeneneHHSI no cyMMapHOil: aHeprHH1 KOTOpbll!: COOTBeTCT-

syeT aaxBaTy IT + -Me30HOB ellHHCTBeHHOJ!: np -napoli HyKnOHOB1 HaXOllstWellcst 

aa p -o6ono'IKe stnpa 6 Li , TaKoe conocTaBneHIIe ynaeTcst nposecTH Kop-

peKTHo, 6ea nononHIITenbHblX npennono*eHHll o KOnH'IeCTBe nap HyKnoaoa, 

yqacTByJOmHx B npouecce aaxBaTa. 

KaK BHllHO Ha Ta6nHu 2 H 3, na*e He HCnpasneHHoe Ha aeynpyroe Baa

IIMoneliCTBHe npOTOHOB B KaMepax npoHHTerpHpoBaHHOe ce'leHHe1 OTH6C6HHOe 

K nepBOMY MaKCHMyMy, no BCell BepostTHOCTH1 6onbWe llll~~epeHUHanbHOro 

ce'leHIISI ~: .('0=78°55')· 3aXBaTa nm)HoB CB060llHblMII )leil:TpOHaMIIe C 

y'leTOM Heynpyroro B3aHMO)leiiCTBIHI OTHOWeHHe npOIIHTerpHpoBaHHOrO Ce'leHHSI 

K Ce'leHHIO 
da 

dru 
nnst cao6onHhlX nel!Tpoaoa cocTaBnsteT 1,54±,0,34 • .Unst 

TOro, 'IT06bl cnenaTb OKOH'IaTenbHOe Cy*Jl6HH6 0 BenH'IHHe yKaaaHHoro OT-

HOWeHHSI1 B H3MepeHH06 Ce'leHIIe .Heo6XOllHMO BBeCTH nonpaBKH Ha BnHSIHIIe 

BHyTpHst)lepHoro llBH*eHHSI H Heynpyroe B3aHMO)leliCTBHe 6b!CTpbiX npOTOHOB1 

+ 
IT -Me30Ha, C OCTaTO'IHbiM stllpOM 

4He o6pa30BaBWHXCSI npH 3aXBaTe 

KaK noKaaan pacqeT, BbmonaeHHbill no MeTOllY MoaTe-Kapno, BHyTpHstnepHoe 

llBH*eHHe aa c'leT crna*HBaHHst yrnosoro pacnpeneneHHst npoToHoB npHBOlliiT 

K B03pacTaHHIO H3M6psteMoro Ha onbiTe Ce'leHHSI 3aXBaTa np .-napaMII stllep-

HblX HyKnOHOB npll 0 l = 79 °30' no cpaBHeHIIIO C COOTBeTCTByJOWIIM Ce'leHIIeM 

nnst CB060llHbiX nel!:TpOHOB Ha 5-10%, T.e. Ha cpaBHHTenbHO ae6onbWYIO BeriH

'IIIHY• BnllstHIIe Heynpyroro aaaHMonel!:cTBHst npoToHoB 6onee cymecTBeHHO 

II npHBOlliiT K yMeHbWeHHIO 113MepsteMoro Hll OnbiTe Ce'leHBSI 3aXBaTa. 

8 

I. 

' 

I 
~1 

~r 
! 

·1 

I 

\• 
I 

OueHKH senH'IHHbi aepostTHOCTIIX/ Bbixona 113 stnpa yrnepol 

pblx npoTOHOB OT aaxaaTa IT -Meaoaa 6ea nocnenyJOmHx coyna 

HbiMII HYKnOH8MII1 BbinOnHeHHbie B npennono*eHIIII paBHOMepHorc 

stnepHoii nnoTHOCTII, nan11 aHa'leHIIe OKono SO%. O'leBIIllHO, 'nnst 

'!eM yrnepon, stllpa 6 Li senii'IIIHa aToll sepostTHOCTII 6onbwe : 

aaMeTHo MeHbWe eniiHIIUbi. B nonb3y TaKoro aaKnJO'I6HIIst MO*I 

cneny10m11e naHHbie, nony'leHHbie B HaweM onb1Te. 

Ha uenoro UIIKna pa6oTx/ 113BeCTH01 'ITO OCHOBHbiM Mexa 

HOrO nornomeHIISI IT -Me30HOB stBnsteTCSI llByXHyKnOHHblll MexaHI 

peaynbTaTaX aTO o6CTOstTenbCTBO HaXOlliiT CBOe OTpa*eHIIe B T 

reTII'IeCKIIe cneKTpbl 6biCTpbiX OlliiHO'IHbiX II napHblX npOTOHOB 6 

co6o10. OnHaKo BbiXOll 6biCTpbiX OlliiHO'IHbiX npoToHoB 6onee. qe~ 

npeBblWaeT BbiXOll napHbiX npOTOHOBe 0'16BIIllH00 'ITO Ha6nJOlleHH 

BblXOllOB o6'bstCHsteTCSI T6M1 'ITO npll periiCTpaUIIII. napHblX npoTO 

ll6HIISI 'Tepst!OTCst' Te aKTbi 3aXBaTa, Korna OlliiH llnll o6a na: 

np11 HeynpyroM paccenHIIII npoToHoB Ha stnpe 4 He c6pacbiBSJO' 

113MeHstiOT HanpaBneHIIe BbineTa. Ha Hal!:neHHOrO COOTHOWeHIISI B 

II O)liiHO'IHbiX npOTOHOB cnenyeT, 'ITO llOnst 'TepsteMbiX' 8KTOB : 

HilMa c nonel!: perllcTpllpyeMbiX. TaKoll *e BbiBOll nonyqaeTcst r 

Hllll 113MepeHHb!X llllljxjlepeHIIHanbHbiX Ce'I6HIIl!: C nonHbiM ce'leHII• 

B3aiiMonel!:cTBIIst rr+ -Meaoaoa c stnpaMII 6 Li , KoTopoe np11 

=85 Mas cocTaBnlleT 240 Mllnnll6apH. IloaToMy nocne asenea11s 

BbiWe nonpaBOK Benii'IIIH8 OTHOWeHIISI Ce'leHIIll MO*eT TOnbKO c: 

·yaenii'IIITbcst. STo:r cjlaKT oaHa'laeT, 'ITO ce'leHIIe aaxaaTa IT+· 

napoli HyKnOHOB0 HaXOllllmeliCll Ha p -o6ono'IKe stnpa 6 Li , « 

aaxBaTa IT+ -Me30HOB CB060ilHblMII nel!:TpOHSMIIe 

3necb aeo6xon11MO OTMeTIITb, 'ITO nony'leHHbil!: peayn~:>TaT 
/5 6 11 12/ 

HeO*IIll8HHbiM0 :raK K'aK paaee MHOrlle aBTOpbl ' 1 1 npll 

aKcnepiiMeHTanbHbiX naHHbiX no nonHbiM ce'leHIIstM nornomeHIIll 

IT -Me30HOB llllpaMII Ha OCHOBe llBYXHYKnOHHOrO MeXaHII3Ma npl 

K TaKOMy *e 38KnJO'IeHHIO. 

x/ /3 4/ 
CM. pa6oTbi ' • 

xx/ /3-10/ 
CM., aanpiiMep, pa6oTbi • 
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'OMY B o6nacTb 6onee 

!O~eHHe H3MepeHHbiX 

)opoa yrnoa H 3Ha'leHHst 

~Boll:' H npaBof!: KaMepa

~H xapaKTepHCTHKSMH 

)!ISMH, noaTOMy C 

nponon~aeTcst conna

oueccoa,, 6on&wof!: HII":' 

III. ce'le!IHf!:. .Llnst nep-

1, .KOTOpblf!: COOTB9TCT

HyKnOIIOB0 II8XO!UIWeli:Cll 

.aeTCll npoBeCTH KOp

'TBe nap llyKnolloB; 

oe Ha lleynpyroe Baa

ce'le!IHe, OT!Iecelllloe 

lH~~epelluHan&lloro 

!H ileJtTpOli8MHo C 

~I'pHpOBSIIIIOI'O Ce'leliHll 

nsteT 1,54.±.0184, .Llnst 

!lie YK838HIIOI'O OT-

>npaBKH liS BnHstHHe 

6~ICTpb!X npoTOHOB1 

biM stnpoM 
4 He 

Capn~, BHyTpHst!leplloe 

ll ~pOTOHOB npHBOllHT 

a np -napaMH st!lep-

TCTBYIDWHM Ce'leHHeM 

bliO lle6on&wyro nenH

onee cywecTBe!IHo 

HHst aaxnara. 

1 \l 

OueliKH BenH'IHHbl BepostTHOCTHX/ Bb!XO!l8 H3 ll!lpa yrnepo}:la llBYX 6b!CT

pb!X npoTolloB OT aaxBaTa " -Meaoaa 6ea nocne!lyrowax coy!lapeHHll: c st!lep

HbiMH HYKnOH8MH1 BbinOnHeHHbie B npennono~eliHH paBHOMepHOI'O pacnpe}:leneHHP. 

st!lepHolt nnoTliOCTH1 }:lanH aHa'lel!He oKono SO%. 0'1eBH!lli01 !lnst 6onee nerKoro, 

'leM yrnepoll, stnpa 6 Li nenH'IHHa aToll: nepostTHOCTH 6on&we SO%, Ho ewe 

38M6THO M9llbWe enHHHUblo B non&3y TSKOI'O 3aKnro'leHHll MO~HO npHB9CTH 

cne!lyrowne llBHHbie, nony'leHHbie B aaweM onbiTe, 

113 uenOI'O UHKna pa6oTx/ H3B6CTH0 1 'ITO OCliOBllbiM MexaliH3MOM st}:lep-

lloro nornoweHHst " -MeaoHoB stBnsteTcst llBYXHyKnOHHbill: MexaliH3M, B HaWHX 

peaynbT8T8X aTO o6CTOstTenbCTBO HSXOllHT CBOe OTpa~eliHe B TOM 1 'ITO aHep

I'6TH'IeCKHe cneKTpbl 6b!CTpb!X OllHHO'IHbiX H napHbiX npOTOHOB 6nH3KH Me~y 

co6oro, 0!lli8KO Bb!XO!l 6biCTpb!X OliHHO'IHb!X npOTOHOB 6onee '16M B llBS paaa 

npeBbiWaeT BbiXOll napHbiX npoTolloB, O'leBHllHO, 'ITO Ha6nro}:leHHast paallnua 

Bb!XOllOB 06~stCHli9TCll T6M1 'ITO npH pei'HCTpSUHH napHbiX npOTOHOB Ha COBna

}:leHHll "TepstiDTCH' Te 8KTbl 38XB8Ta, KOI'liS OllHH HnH o6a napHbiX npOTOHa 

npH aeynpyroM paccestHHH npoTOHOB Ha stllpe 4 He c6pacbiBaroT aHeprHro H 

H3M6HliiDT llanpaBneHHe BbineTa, 113 HaltJieHHOI'O COOTHOW6HHll BbiXO!lOB napHblX 

H O}:lHHO'IHbiX npOTOHOB cnenyeT, 'ITO liOnst "TepsteMbiX' t;:<TOB 38XB8T8 CpaB

HHMS c }:lonelt perncTpnpyeMbiX. TaKolt ~e BbiBOll nonyqaeTcst npH conocTaBne

HHH H3Mepel1Hb!X llH~epeHuHanbHbiX Ce'leHHlt C nonHbiM Ce'leHHeM lleynpyi'OI'O 

MaHMO!lef!:cTBHst rr+ -MeaolloB c st!lpaMH 6 Li , KoTopoe npH aaeprHH E .. 

.. 55 MaB COCTaBnsteT 240 MHnnH6apll, noaToMy nocne BB6ll6HHll paCCMOTpeHHbiX 

Bb!W6 nonpaBOK BenH'IHHa OTHOW6HHll Ce'leHHl!: MO~eT TOnbKO CYW6CTB6Hll0 

yBenH'IHTbCllo 3To:r ~SKT 03H8'1aeT, 'ITO C6'16HHe 38XB8T8 1T + -M630H8 :' n p 

napoli llyKnOliOB0 li8XO!ll1Wel!:cst liS p -o6ono'IKe st!lpa 6 Li , 6on&we ce'le!IHst 

38XB8T8 1T+ -M630HOB CB060llHbiMH ll6l!:TpOII8MHo 

3!leCb !Ie06XOllHMO OTM6THTb0 'ITO nony'le!IHbllt peaynbTST He stBnsteTCll 

/5 6 11 12/ 
HeO~Hll8HIIbiM, :raK K'aK paHee MHOI'He 8BTOpb! ' ' 

1 
npH HHTepnpeTaUHH 

aKcnepHMeHTanb!IbiX !la!IHbiX no nonllbiM ce'leliHstM nornowel!Hst aapst~ellllbiX 

1T -Me30HOB llllp8MH liS OCliOBe liBYXHyKnOIIIIOI'O M6X8liH3Ma npHXOnHnH BC6I'l18 

K TSKOMy ~e 38KniD'I6HHID, 

xl 13 41 
CM. pa60Tbi ' • 

xxl /3-10/ 
CM,, !IanpHMep, pa6oTbi • 
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/ 

/13/ 
8 3TOfi CBI!3H npeACTaBniiiOT 60llbWOli HHTepec ASHHbie pa60Tbl 1 B KOTOpOfi 

6bmH H3MepeHbi ceqeHHSI npRMoro Bbi6HaaHHSI AeiiTpoaoa H3 RApa 
6 
Li 

npoToHaMH c aaeprHefi E = 155 ~aa npH ycnoBHH o6paaoaaHHSI ocTaToq-

aoro I!Apa 4 He B OCHOBHOM COCTOI!HHH 

p + 6Li ... p+d+ 4He. (2) 

ABTOpb! yKa3aHHOli pa60Tbl AnSI BenHqHHbl BepOS!THOC.TH cyweCTBOBSHHI! KBa-

3HA6HTpOHa. na p -o6onoqKe RAp~ 6Li C _yqeTOM nonpaBKH K) 

a a B3SHMOA6HCTBH6 6biCTpb!X npOTOHOB H A6HTpOHOB C OCTSTQqHb!M 

RAp OM 
4 He nonyqHnn aaaqeane .. 0,50, 

B aaweM cnyqae An II aenH"'HHbl 3TOli lKe aepOS!THOCTH 

nonyqaeTcR aaaqeane, npeBbiWaromee emmHuy. 

no-BHAHMOMy, paannqne M6lKAY ABYMSI OU6HKSMH B6pOS!THOCTH CnHWKOM 

aennxo, qTo6bi ObiTaTbCSI OTHeCTH ero aa cq~T axcnepHMeHTanbHbiX own6oK 

n own6KH aaeAeHHSI nonpaaxn aa RAepaoe nornomeaHe, noaTOMY oqeHb 

aepOIITHO, 'ITO npOU6CC 3SXBaTa 1T - M630HOB MepHbiMH KBS3HA6ll:TpOHSMH 

xapaKTepeH TeM, qTQ ero Ce"'eHne 3SM6THO npeBOCXOAHT COOTB6TCTBYIOW66 

ceqeane Ani! cao6oAHbiX AeliTpoaoa, 

B aaxnroqeane aaTopbi BbipalKaiOT 6naroAapHoCTb MexaanKy r.<t>. Hcaeay 

38 o6cnylKHBSHH6 3KCnepHM6HTSnbHOli ycTaHOBKH H na6opaHTKSM fl.~. llopo

W6HKO H E,E, <l>aA66BOH 38 o6pa60TKY KaMepHb!X CHHMKOB, 

x/ Benn"'nna nonpaaxn a pa6oTe ae npnaeAena. 
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HOHHTOP 

C1 Cz CJ C+ 

t,..!rLJ., 
3AnlJCK KAHEP 

Puc. L CxEHA onbtTA . 

N 
140~ 8,•19'30' 

Bz•19'30' 
120 

100 

80 

50 

40 

20 

fJO 120 140 160 180 200 220 240 260 Ec(M36) 
Puc.2.a.PacnpetJeneHue COObtmutl no cyl'mapHotl 

3Hepeuu npomoHo6. 
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N 

60 

50 

40 

30 

10 

9,•51.30' 
9z=19.30' 

100 120 140 160 180 200 220 240 Ec {M; 

Puc.ZS:PacnpetleAeHue cotft11mut1 no C!JI'II'IOpHotl sHepzu, 
npomoH08. . 

N 
50~ 6,=19.30' 

62=f01°30' 
40 

30 

20 

10 

120 120 140 160 180 200 · 220 240 Ec (1 

· Puc.2 i.PacnpetJe.neHue cotfbtmutl no cy/'INapHoll 
3Hepeuu npomoHo!J . 
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I 
~· 

I 
l 
I 

;4. 

"'b = ' ' 
l.4o 260 Ec{/'13&) 
rpHOU 

100 120 11,0 160 180 

Puc.ZS:PacnpetJeneHue cotfblmU/1 no cy,.,,.,apHoii SHepzuu 
npomoHo6. . 

.. 

N 
so 8,=19°301 

8z=f0fo30' 
40 

30 

20 

10 

140 160 180 200 

Puc.U.PacnpetJeneHue COObtmuii no C!JI'fNapHoll 
· 3Hepeuu npomoHo!J . 
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