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l-13y"leH11e B3BIIMO.O.ellcTB11ll aneMeHTBpHbIX "IBCTl!ll 11Bn11eTc11 B HaCTOSIU180 

Bp8M.R 0.0.HOI! 113 rnaB'lblX npo6neM cp11311KII BbICOKIIX 8Hepr111l. 8 "laCTHOCTH npe.o.

cTa11n110T IIHTepec 11ccne.o.011au11e nponecca MHO>KecTBOBHoro o6pa30BeH1111 "lac-

Tllll npll CTOnKHOB8HIIII HyKnOHOB II " -M830HOB C ayKnoaaMII II 11.o.paM11. 3To-

MY BOnpocy OOCB.RIU8B0 6on&woe KOnH"l8CTBO SKcnep11M8HTanbBblX pa6oT, BbI

nonH8BHbIX KaK Ba ycKop11Ten11x /o6naCTb 8Hepr111l 1-25 6aB/. TaK II B KOCMII-' 

"IOCKIIX nyqax IBnnOTb .o.o aHepr111l 1015 
8B/. nocne.o.oBaTen&aa.11 TeopeT11"!ec

Ka11 HHTepnpeTallllSI MHO>K8CTB8HBOT'O o6paaoBaHIISI "10CTHll noKa "!TO OTCyTCTBy

eT. CywecTBYIOIUl!e Teop1111, OCHOBaHHbl8 Ha 6onee 11n11 M8Hee npOll3BOnbHbIX .o.o~ 

nyIUOHIISIX, OOIICbIBaroT n11mb H8KOT0pble oco68HHOCTII B3allMO.o.ellcTBII.R, H8 ox

BaTblBall SIBn8Hll8 nonHOCTblO, 

B ,nail c11Tya111111 Ka)1(eTCSI B8CbMa Ba)KHblM nony"IIITb B03MO>KBO 6onee 

nonHYIO IIHcpopMaUIIIO O pa3nll"IHblX xapaKTepl!CTIIKaX BTOpll"IHblX "laCTIIU, B03HII

K8IOIUIIX B aneMeHTapHOM aKTe B3811M0.0.811CTBIISI, TaKall 1!HcpopMau1111 · He TOnbKO 

no3Bon11T npoBeCTII no.o.po6Hoe cpaBHeHHe aKcnep11M8HTan&HhIX .o.&HHbIX c cymec

TBy10ru11M11 T80p11SIMII, HO II 6y.o.eT, no-BH.O.HMOMY, CTl!MynapoBaTb HX pa3BHTire. 

M O>KHO TaK:>i(e Ha.o.ellTbCSI, "!TO no.o.po6aoe 113Y"l8Hll8 aneMeilTapHblX B3a11Mo.o.ell

CTBl!ll np11Be.o.eT K H8KOTOpblM 3aKnl0"10HH.RM O CTpyKType CTanKIIBBIOIUIIXCSI "lac-

HacT011rua11 .o.11ccepT8UIISI DOCBSIIUeHa Hccne.o.OBBHHIO aeynpyrux B3BIIMO

.o.ellcTBHll npOTOHOB co CB06o.o.HblMH II KBB311CB060.0.HbIMII HyKnOHBMII np11 aaep

T'IIII 9 BaB, Pa6oTa BbIDOnHeHa C DOMOlllblO cpoToaMynbCIIOHHOll M0TO.O.IIKII, 

)l11ccepTau1111 COCTOIIT H3 "18Tblpex rnaB. 

B rnaBe I K o po T-J< o 11an o *0Hhl ocHOBHble nono>Kea1111 cTaTIICTH"lecKoll 

Teop1111 MHO>K0CTB0HHOT'O o6pa30BBHIISI "IBCTHU, DOCKOnbKY OHa S1Bn11eTCSI 11a1160-

nee pa3pa60TaH1101l H noaBon11eT npoBecTH no.o.po6Hoe cpaBHeH11e c aKcnep11-

·MeHTOM. 

Cne.o.yeT 0.0.HBKO OTMeTHTb, "!TO CTBTIICTH"lecKall Teop1111 B npHHUl!Oe H0 

paccMaTpHBaeT Bonpoc O CTpyKType B3aHMO.O.ellcTBYIOIUIIX "laCTIIU, B TO apeMSI 

KaK .£l8)1{0 C8Mble rpy6ble Mo.o.enbHble npe.o.cTaBneHHSI MoryT npllB0CTH K )].OBOnb-
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HO HHTepeCHblM BhIBOJlaM • E cnn, HanpnMep, C'IHT8Tb, '!TO HyKnOH COCTOHT H3 

ueHTpanhnoro 'Kepna• n oKpy>KaIOmero ero 'MeaoHHoro o6naKa', TO cneJlyeT 

O>KH,'l8Tb HSnH'IHll JlBYX THllOB coy .napennll: - ueHTpanbHblX H nepncpepn'leCKHX 

/cM.'
11 

I. nocneJlHHil THn coy .aapeHHll: ecTecTBeHHO CBll3aH c npoueccoM, npn 

KOTOpoM B38HMO.neRCTBHe HyKnoH-HyKnOH npoHCXOJlHT B peaynbTSTe 06MeHa 

OJlHHM BHpTyanbHblM " -Me30HOM
12

•31• 

B .nuccepT8UHH paccMOTpeH pac'leT T8Koro copTa B38HMO,'lell:cTSHll:, SbJ-

/4/ 
nonHeHHblll: s nonIOCHOM npu6nn>KeHHH npH 9HeprnH na,'l8!01U.HX HYKnOHOS 9 Bas • 

n pHS8Jl8Hht peayn1,TaTbt pac'!eTa, Kaca10mnecll ce'!eHHll sToro npouecca, pacnpe· 

aeneHHll no MHO>KeCTSeHHOCTH STOpH'IHbIX aapll>KeHHbIX '18CTHU, yrnoSblX pac-

npeJleneHnll: ,r -Me30HOS H HyKnOHOS B CHCTeMe U8HTpa HH8pUHH /c,u,H,/, 

pacnpeJleneHHll no nonepe'IHblM HMnynbcaM BTOpH'IHblX '18CTHU ~ 9HepreTH'!eCKO· 

ro pacnpe,'leneHHll HyKnOHOB OT,'l8'1H s na6opaTOpHOil CHCTeMe In,· CHCTeMel. 

H H>K8 /s ·rn. ill / 9TH peaynhT8Tbl cpaBHHBSIOTCll C aKcnepHMeHTanbHblMH 

Jl8HHblMH. 

rnaaa II nocSll!UeHa MeTOJlll::':8 9KCllepnMeHTa. B pa6oTe 6blnH HC~Onb-

30B8Hbl 3 9MynbCHOHHbI8 CTOnKH, o6ny'leHHbte BHYTP8HHHM ny'IKOM npoTOHOS C 

auepraeR ~ 9 Bas HS CHHXpocpaaoTpoHe 1Ja6opaTopHH SbICOKHX SHepriiil 061,e,'ln

HeHHoro HHCTHTyTa llllepH!,!X nccneaosaHHlt • .Llnll nOHCK8 Heynpyrnx S38BMo.neil

CTBBlt npoTOH-HyKnOH /p - N -S38BMO,'leilcTSBll/ nposo.nBnCll npoCMOTp s.nonb 

· · ffll 
cne.noB nepSH'IHblX npoTOHOB 06bl'IHl,IM B •ycKopeHHbIM • cnoco6oM , noaaonBB-

WlfM .noaecT11 cKopoCTb npocMoTpa .no 3 + 4 M B .neHb Ha '!enoaeKa, T,e, yae

nB'IHTb ee B 4 + 5 paa no cpaBHeHH19 C 06bI'IHblM, 

Bb!.nen.eHHe p- N -aaaHMO.neRcTBHR npOB3BO.UBJl0Cb no KpHTepHllM, onH

caHHblM B pa6oTe
181, npoae.neHHbllt aHanna OT06paHHbIX cnyqaea S38BMO.neil

CTSHll YK83 blBaeT HS cpaSHBTenbHYIO 'IHCTOTy CT8TBCTH'l8CKOro M aTepBana BnH 

no KpaRHeil 

CTBHHMH. 

Mepe Ha cymecTaeuuoe o6orameHne ero p _-; N -aaaB'<o.neR-

Ha Bceil npocMC>Tp8HHOR .nnHHe cne.noa nepBB'IHblX npOTOHOB 

/ OKono 5 KM/ 6btnO Sbl,neneuo 980 p- N -aaaBMo.neltCTBBil B3 HHX 582 p-p 

B38HMO.U8ll:CTSBll H 378 p- n -S38HMo.nell:cTSBil/e-
91• 

I 
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.Llnll OTOl5paHHblX cny'laes p- N -B38HMO.U8ilCTSBlt nposo.nnnBCb H3M8-

p8HHll paanB'IHblX xapaKTepBCTBK STOpB'IHblX '18CTHu: yrnoB Sblll8Ta, MHOrOKp~T

HOrO pacCeHHBll, BOHB38UBB B MarHBTHOro OTKnOH8HBB, 

npH H3MepeHBH MHOrOKpSTHOro paCC8BHBll 6blcTpblX 'ISCTBU OTl5BpallBCb 

cne.nbl, nMeIOUlBe·yron norpy>KeHBB ¢ :s 5°, Ha Tex >Ke cne.a.ax npoao.nB-

nocb B3MepeHBe BOHH38UHB - onpe.nennnacb nnoTJIOCTb 'crycTKOB g • Bnna-

HB8 'nO>KHOrO paccellHBll' OU8HHBanocb nyT8M H3M8P8HHll MHOroKpaTHOro pac

cellHHll Ha cne.nax nepBB'IHblX npoTOHOS B KS>KJlOM cnoe • .Llna Toro, 'IT06bl n3-

6e>K8Tb BnBllHBII HepaBHOMepHOCTli npollBneHHll,,OllP8.U8nllnacb BenB'IBH8 g/go , 

r.ne Qo -nnoTHOCTb crycTKOB Ha cne.nax nepBH'IHblX npoTOHOBi H3M8p8HH811 

B o6nacTB /l8BHOrO BTOpB'IBOr·o cne.na • .Llnll n.neHTB(pBK8UBB 'laCTBU 6amH uc-

nonb30B8Hbl ltPBBbl8 38BBCBMOCTB g/go OT aenB'IBBbl P/3 , nony<l8HHOlt 

B3M8peBB8M MHOrOKp8THOrO paccellHBH, .nnH ,r -Me30HOB B npOTOHOB, nocTpo-

/10/ . 
eHHbl8 no .ll8HHblM pa60T1,I • XapaKTep 38SBCBMOCTB g/g 0 OT P/3 onpe-

Jlensm H806XOJ'..:BMYIO TO'IHOCTb B3M8peHBll senB'lllHbl g/go npn paanB'IHblX 3Ha• 

'lel!BllX P/3 • KOTopaa H3MeHHnacb OT 4% JlO 2%. 

K p0M8 Toro onpe.nensncs 3H8K aaps.na 6blcTpb1X BTOpB'IHblX 'ISCTBll no 

OTKnOH8HBIO B MarHBTHOM .none CBBxpocpa30Tp0B8,x / C nOMOlllblO npoue.nypbl,. 
Ill I . . 

onnCSBHOil B ,KOTOpall noasonlleT HCKnIO'IBTb BllBllHHe .UBCTOpCHil,onpe.nenHnacb 

senB'IBHa Yt-1" 093M. /(~Vt)_ , rJle 093M. -cpaKTB'lecKoe uaMeH8HBe yrna 

'18CTB(lbl HS .annRe t B 0k -cp8JlHHil KSSJlpaTB'IRblil yron MROrOKp8THO-

ro pacceHRBll .Ha Toil >Ke .nnu11e, n pH STOM .annHa cne.nos 6blna Re Meuee 

6 CM • .Llnst nposepKB MeTo.na B3Mepanacb aenu'IBRa y M Ha cne.nax nono>Kn

Ten1,·e1,1x '18CTHU /qacTBllbl B3 .nayx ny'l8BbIX co6blTHlt B '18CTBUbI, BJl8HTB

cpeuupoBaHHbl8 KSK npOTOHbl no H3Mep8HBIO BOHll38UBB. B pacce11HBHI. Ha 90 no-

JlO>KBT8llbHblX. '18CTHU B 14 cny'lallX 3H8'18HB8 YM 6blnO OTpBU8T8nbHblM, T,e. 

HenpaBBnbHOe onpe.neneHBe 3H8Ka, Bb13B8RH08 BlllBIHHeM MHOrOKp8THOro pac

CeSIHHll BMeno MecTo B /16 :!: 4/% cny'laea. AHannaHpoaanncb TaK>Ke Tpexny-

'18Bbl8 C06btTBll H3 p n -B38HMOlleACTBHlt, B 9TOM cny'lae OTHOW8Hll8 

'!Bena nono>KHTenbHblX '18CTHll K 'IHCny OTpHnaTenbHblX llOll>KHO 61,1Tb 2: 1. 

x/ Bo speM a o6ny'leHBll cTonKa aaxonunac& B MarsnTHOM none cnaxpocpa-

3oTpoHa C HSllpll>K811HOCTblO 12000 spcTen. 
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<t>aKTll'10CKII Ha6lll0Ll8Jl0Cb 57 'IBCTIIU, IIM8IOIUIIX U0JlO)KIIT0JlbH00 3Ha'le11ne, 

II 28 -0Tp11uaT8llbH08 3Ha'l8HH0 YM • T.e. OTHOW0Hll0 'IHClla UOJlO)KIIT0JlbHblX 

'18CTIIU K 'IHCllY OTpnuaTeJlbHblX paBHO 2,0· :!: 0,5. Ha OCHOBaHHH: npOLl0Jl8HHOll 

npoeepKH MO)KHO CLl8Jl8Tb BblBOLl, '!TO onp0Lt0Jl0Hll0 3HBKa 38pl1Lt8 'IBCTHUbl np1t 

LlllllH8 CJ10Ll8 6onee 8 ·cM llBJlll0TCSI npaBHllbHblM B /80 - 85/% cny'laee. 

K SK 61,rno yKB38110 Bbl!JJ e,. 113M epel!Hll II IILl811TllqlHK8I;lll 61,1cTpblX 'ISCTIIU 

npoBOLtHJlllCb JlllWb B TOM cnyqae, K.OrLta yron norpy)KeHKll CJ18Ll8 "' 6b1Jl 

M8HbW8 Kl!K paBHblM 
0 

</>np.= 5 • nosTOMy Llllll UOJlY'l8HHll yrJJOBb!X II HMnYllb-

CHblX pacnpeLtellBHHll " Bbl'IKCJ18HKll Cp8LlHIIX 3118'18111111 pa3Jlll'lllb1X B0JlK'IIIII 6bl

Jl0 H806XOLlllMO BB8CTH reoMeTpll'l8CKH8 nonpaBKH, Y'IIITblBSIOIUH8 'ISCTl!Ubl, IIM8 ~ 

IOU!He np11 Ll8HHOM npocTp8HCTB8HHOM yrne 8 yron norpymeHHll ct,>¢· np. 

B 8TOll CBll311 noLtpo6no pa3611paeTCll Bonpoc O Bbl'IIICJlBHIIII CTSTIICTll'l_eeKHX 

· /12 / 
ow1160K npll H8llll'IIIII reoMeTpll'lBCKIIX nonpaBOK .• 

.Unll Toro, 'IT06b[ nony'IIITb H0KOTOpbl8 CBBLl8Hllll O rr0 -Me30Hax, 6bll!O 

npoB8Ll0HO 113Y'l8Hll9 Bll8KTPOl1HO-n03HTpOHHl,IX nap, Bbl3B8HHblX y -KBSHTSMII, 

B03HHKWIIMII OT pacnaLta rr
0 

-Me30HOB
1181 • np11 BTOM 6blnll nony'l8Hbl xa-

paKTepHCTHKII ,I' -Me30HOB, renep11poBaHHblX npn coy Ll8p8HIIII npOTOHOB C 

HLtpaM11 qioTOSMYllbCHH• Ha oc11osan11n npoaeLtennoro anan113a Momno cLtenaTb 

Bb!BOLl, '!TO yrnoeoe pacnp8Lt8ll8HH0 II Cp8LtHllll aneprHll ,f' -M830HOB npn-

Mepno coenaLtalOT C ananorll'IHblMH -LlSHHblMII, nony'leHHblMII LlllH 38Pll)K8HHbIX 

ff -M830HOB, XOT!I'_ 8TOT BblBOLl OTHOCIITCll K B3811MOLl8l!CTBllllM npoTOHOB C 

H.o;paMH, LlOBOJlbHO 8CT8CTB0IIHO npeLtUOJlO)Kl!Tb, '!TO nOLt06Hall CIITYSUHH coxpa

HH0TCII II Llllll B38IIM0LtBllCTBKll npoTon-nyKnOHo 

B rnaee m K3JIO)K8llbl 3KcnepllM8HT8JlbHbl0 pe3ynbT8Tbl, nony'leHHb18 B 

HaCTOllUl0ll pa6oTe: 

npemLte ecero 61,rno paccMoTpeHo pacnpeLtenen11e no 'lHcny 3apsimennhlx 

BTOpll'IHb!X 'lSCTHU B p- N -e3811M0Lt0l!CTBl!l1Xo np11BOLtHTCll T8K)K8 cp8JlH88 

'll!Cl!O 3apH:IK8HHblX BTOpH'IHb[X 'ISCTHU H cpeLtHll8 'IIICl!a npoTOHOB II 3apH)K8H

llbIX M030HOB na OLlHO B38IIMOLt8llCTBH8, CpBLtHB8 'IHCJIO "i
0 

-Me30HOB 6blll0 

nonyqeao 113 aHepreTll'<ecKoro 6anaHca npu npe.o;nono:IKeHHH paBeHCTBa cpeLtHBJI 

7 

3 neprHH 3apll)K<)HHblX II H8llTp8llbHblX " -Me30HOB. 3TH LlSHHblB LlJIII p-p II 

p- n -e3a11MOLt8llCTBHll np11B0Jl8Hbl B Taonuue 1x 1• 

n 

p - p 8,34 ~ 0,06 

P - n 3,70 :!: 0,08 

T a 6 n II u a 1. 

np 

1,18 t 0,10 

1,11 t 0,10 

n 
1ft 

2,24 t 0,14 

2,82 :!: 0,24 

n 
rrt o 

3,14 :!: 0,24 

4,43 :!: 0,44 

.nn11 BTOpH'lHblX npoTOHOB II 3apll)K0ffHbIX ff -M830HOB B p-p- B3811MO-

LtellcTe1111x 61,rna nocTpoeHbl KMnynbCHble pacnpeLteneHIIH e c.u.11. 0HH np111ie

Jl0Hbl Ha p11c, 1 BMecTe C p83)'llbT8T8MII pac'leTa no CT8THCTll'18CKOll TeopilJ
41• 

Momuo B11Jl8Tb, 'ITO npoTOHbl IIMBIOT B cpBJlH8M 6on&w11e,a ff -M030Hbl -

MBHbWH8 HMDYllbCbI, '18M np8JlCK83b1B80Mbl0 CT8TIICTll'l0CKOll Teop11ell. HMnynbC:. 

Hbl0 pacnpB.ll0JIBHKll Jlllll p- n -aaaHMOLl0llCTBllll He OTllll'lSIOTCll B np8JlBJl8X 

ow u6oK OT COOTB8TCTBYIOIUKX pacnpeLteneHHll JlJlll p-p -a3aHMOLtelicTBKll. Cne

LlY8T OTM eTHTb, 'ITO cp0LlKll0 3H8'10HK0 HMUj'llbCa B c.u.n. II nepn0HLlHKY1111pHo-

ro HMUyllbCB npoTOHOB H " -Me30HOB cpaBHIIT8llbHO cna6o 38BIICIIT OT_'IIIClla 

38PH)K8HHblX 'l8CTIIU • .Unll p-p -B38IIMOJl8llCTBllll sTa 38BHCHMOCTb np11B0Jl8Ha 

B Ta6nnue Il • 

Ta6n11uan. 

n 2 4 8 + 8 

p C npo:rOHbl 1~80 + 60 1020 + 50 -860 + 53 
/Msa/c/ 1T -Me- 860 ! 43 384 ± 30 370 +_33 

30Hbl 

'i npoTOHbl 384 :!: 31 385 t 32 405 t 31 

/M se/c/ rr -Me- 437 t 60 246 t 22 270 t 35 
30Hbl 

xi B Ta6n11ue 1 113 LlSHHblX no p- n -B38IIMOLl0llCTBllllM IICKlll0'10HbI cny-
'1811 C 'IIICllOM BTOpH'IHblX 38pll)K0HHbIX 'ISCTIIU n -= 1. 
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BenHqlllla p.l He T0nbKO cna6o 381lHCHT OT MHO)KeCTll8HHOCTllo HO ll oc

T88TCSI npHM epHO DOCTOSIHHOll ll oqJ'Hb WllpOKOM RHT8pBane SHeprRll nepa11qHoro 
2 . 

npoTOHa. 3Ta aenHqHHa, ll8pH88 pl. .,s1BnS1eTCSl,ll8pORTH01 xapaKT8pHOllllnRuonepeq-

HblX pa3M8p01l o6naCTH ll38HMOll8llCTBHR. nosTOMY MO)KHO uonaraTb, qTo 06-

nacTb ll38llM0ll8llCTllRR, uo-BRllHM0MY, He M8HHeTcR C SHeprHell, 

O.!lHOll H3 BenllqHH, xapaKT8pH3flOWRX p-N -asaRMO,!lellcTllHH HllnReT-

CSI KOScpcj:,HulteHT HeynpyrocTlt K, K0T0pblll oupe.!lenR8TOSI K8K llOnR KRH8TR-

qec·goll 8H8prllR HyKn0HOll ll c,u.11., HllyWaH Ha o6pa3ollaHlle 1T -Me30HOB 0 3Kc~ 

nepRM8HTB/lbHOe 3HaqeHlle K llnH p-p -133a11MO,!l8IICTBIIII OKasanocb pall-

/16 18/ . 
HblM 0,56 :!: 0,02, 'ITO xopowo cornacyeTCSI C ll8HHblMII pa6oT • • llblD0/1-

HeHHblX npll Toll >K 8 SHeprRH, Cl18,!lf8T no.!lqepKHfTb, qTo KOScpcpRUH8HT Heynpy,

roCTH ocTaeTcSI npHM epHo nocTOSIHHblM B oqea& wupoKoM HHTepBane saepr11II, 

ilUSI p-p -133a11MOll8IICTBHII 6blnO DOCTp08HO 3llepr11T11qecK08 pacnpe,!le

U811ll8 DpOTOHOll OTllaqll ll n. CIICT8M8, OHO npllll8ll8HO HB pac. 2 llM8CTe C 

pacup·8ll8U8HmMH, paccqHT8HHblMH DO OllHOM830HHOII CX8M8 H DO CT8TIICTHqec

KOII Teop1111
1171

• MO)KHO llll,!l8Tb, qTo pacqeT no OllROM830HHOA cxeMe Ka

qecTB8HHO cornacyeTcH C 8KCD8pll.M8HTBUbHblMII peayn&TaTaMII, TOrlla Kalt cTa

THCTHqecKaH T80pRR RM npOTIIBOpeq11T, 

ilanee 6blUII nonyq8Hbl yrUOllbl8 pacnpe,!leU8HIISI BTOpllqHblX DpOTOHOll H 

1T -M830H0B B c,u,R. ilnR npoTOHOll R3 p-p -saaHMOll8IICTBIIA yrnolloe 

pacnp8,!l8U8Hll8 p83KO aHH30Tpon110, a llUSI 1T -Me30HOB cTeneHb aa11a0Tpon1111 

3HaqHT8UbHO M811bW8 •. 3TH pacnp8,!l8U8HIIH 113o6pa>K8Hbl Ha p11c, s. TaM )K8 

Dpllll8ll8Hbl peayn&TaTbl pacqeTa, llbID0nHeHH0ro no OllHOM830HIIOII CX8M8, Mom• 

HO llllll8Tb, qTo T80p8TllqecKoe H 8KCD8p11M8HTaUbH08 pacnp8ll8U8HHSI fl -Meao

HOll llOllOUbHO xopowo corna9y10TCR, Bonee. peaKaH aHH30TponHR TeopeT11qecKo

ro pacnpe,!leneHHH npOT0HOll no cpasHeHHIO C SKcnepHM8HTaUbHblM CllR3aHa 

B03MO)KHO C TeM, qTo Upll pacqeTe npeue6peranoc& uonepeqHblM IIMUfUbCOM 

x/ 
•uao6ap•. ll03HHKalOIUHX npll o6Meue BHpTyan&HblM 1T -M830H0M. ~ YqeT 

STOt-o· o6CTOHTen&CTBa np11sen 6bl K 6onee Wllp0KOMy yrnoBOMy pacupe,!l8U8HHIO 

np0TOHOB, 

X/ noll 'H306apaMH' 3,!l8Cb DOHHMaIOTCH ll036ym ll811Hbl8 CHCT8Mblt 06pa30-

B BBWH8CH B peayn&TaTe o6MeHa 1T -M830HOM. M acca TaKOII "'aao6apbl" paBHa 
cyMMapHoll aHepru11 qacT11u, B0311HKWHX np11 ee pacnalle, a cacTeMe noKoH •11ao-
6ap1,1•, · 
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AuaUll3 3BllllCIIMOCTH yrnoaoro pacnpe,!leneHHH OT MH0)K8CTB8HH0CTII n . 
D0Ka3b1BaeT, qTo cTeD8Hb aHll30Tp0Dllll YM8HbWB8TCH Upll ysennqeHHH n 

B yrnoBOM pacnpeaeneHHH npoT0H0B H3 p- n -saaHMOllellcTBHII Ha6n10-

aaeTCH 3aM8THaH aCHMM8TpHH /cM, PRC, 4a/, B KaqecTB8 M8pbl acHMM8TpHH 

M0>KHO HCnOUb30BaTb senuqHHY ~= n130!1l- 0Ha3. t rae 

na qacTHu,neTHIUHX B nepeaHIOIO ll 38llHIOIO nonyccj:,epblt a 

n -qec-
eaa 

0130, H 

N -qecno ssanMo-

aellcTBHll, B Ta6neuem 

B8HHOCTllx/. BenHqllHbl 

UpHB8ll8Hbl 3Ha'i8HHH 1 llUH pa3H0ll MHO)K8CT-

\ , paccqllTBHHbl8 no OllHOM 830HH0ll CX8M e, IHH)i(HRR 

rpacj:,a Ta6nnubl m 

n 

.',. 3KC • 

.. Teop. 0,43 

/ xopowo cornacyIOTCR C SKCD8pHM8HTan&HbIMH aaHHbIMH, 

Ta6nHuaill 

3 

0,5 t 0,09 

0,61 

6 

0,0 :!: 0,21 

0,03 

7 + 9 

-O,ti4 .! 0,64 

. -0,88 

Yrnosoe pacnpeaeneHae 

ll8H0 Ha pHC, 46, 

1T -Me30HOB .unH p- n -BaaHMOll8IICTllHII npHBe-

B rnase IY np0ll0llHTCSI o6cy)Kll8HH8 aKcnepaMeHTaUbHbIX peayn&TaT0B 

H paccMaTpHBaIOTCR H8K0T0pbl8 B03M0:lKHb18 3KcnepHM8HTbl no HCCU8llOBaHHIO 

uepaipepaqecKHX B3BHMOll8IICTBHll, 

npoll8ll8HH08 CpaBH8HH8 CO CTBTHCTHqecK0II T80pHell D0Ka3b1BaeT, qTQ 

6on&WHHCTBO 3KcnepHM8HTan&Hbl,C peayn&TaT0ll H8 MO)KeT 6b1Tb o6'bRCHeH0 B 

paMKaX STOii T80PH.H. C apyroll CT0p0Hbl, T8KH8 SKCnepHM8HTan&Hbl8 cpaKTbl, KaK 

cpaBHH'ren&H0 ManaR aonR 3HeprHH npOTOHa, HllYIUaR Ha o6pa301lBHHe M830H0B, 

·peaKaR BHH30TpOnHR yrll0B0ro pacnpeaeneHHH HyKU0H0B, llBH)KeHH8 np0T0Ha H 

He8TpoHa B c.II.H. nocne B38HMO,aeiicTBHH B TOM >Ke HanpaaneHHH, KaK ,.H .llO 

B3aHM0ll8llCTBHR HBB0llRT Ha MblCnb 0 ~ywecTB8HHOII ponH nepHcj:,epHqecKHX 

B3BHM0ll ellcTBHll. K BK yKa3blBallOCb BbIW8, nepeq,epuqec:KH8 ll38HM0ll8fiCTllHR 

MO>K HO,_ no-BH.ll.HMO\.iy, CBSl38Tb C TBKHM npo11eccoM, B peaynhTaTe KOTopo ro 

HyKU0Hbl 06M8HHBaIOTCSI 0llHllM rr -MeaoHoM, noson&Ho xopowee cornacee 

xi 
3KcnepHM8HTallbH0e 3HaqeHH8 ~ llllR cnyqaes n = 1 H8 npHB0llllTCHJ 

TBK KBK npH n = 1 He paccMaT~HBanHCb c11yqae C yrnoM Bb!U8Ta (J A< 5°. 
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3KCnep11~1eHTanbHbIX .naHHblX C pe3y1JbTaTaMII pac'ieTa, BbmonHeHHOI'O no 0.llHO

M 930HHOll cxeM e, yKa3 b!BaeT Ha cnpaae.nnllBOCTb TaKoro no.nxo.na, 

npe.ncTaBnlleT 601JbWOll IIHTepec Bbl!ICHHTb Bonpoc O ponH ll9HTpa11bHblX. 

B3BHMo.nellcTBHll, TaKoe 'paa.neneHue aaa11Mo.nellcTBHll Ha .naa Knacca HOCHT 

KOHe'iHO. YCJlOBHb!ll xapaKTep, EcTeCTB9HHO npe.nnono>KHTb, 'ITO npH nepexo.ne 

OT M anoll MHOlK9CTB8HHOCTH K 60JlbWOll OTHOCHT9Jlbl!all pOllb ll91!TpallbHblX 

CTOJlKHOB8HHll YB91111'iHBaeTCll, 3To cornacyeTcll C 3Kcnep11MeHTaJ1bl!blMII .naHHbI-. 

MH, CBll.ll8T8JlbCTBYIOIUHMII 06 113M8H9Hllll llMnynbCHb!X ll yrnOBblX xapaKTep11c

THK BTOpH'il!blX HYKJlOHOB, Bonee 00.llXO.lllllllllM KpllT9plleM Bbl.ll8Jl81!11ll ueHTpanb

HblX CTOJlKH0B8HHll l1B11ll8TCll B8Jlll'illHa noTepb 3HeprHH, Ecnll ycnoBHO C'illTaTb, 

'iTO ''IHCTO U8HTpallbHbl8' coy .napeHHll xapaKTepH3YlOTCll O'i8Hb 60JlbW IIMII noTe

pllMH 3Hepr1111, TO cne.nyeT 3aK11lO'iHTb, 'ITO 'iHCJlO TaKHX coy.nape1111ll. H8B811HKO, 

YKalKeM, 11anp11Mep, 'ITO cpe.n11 acex 

.llB8 BTOpH'iHbIX' npoTOHa, 1111Wb B 

p- ~ -aaa11Mo.nellcTBHll, HMeIOIU llX 

~ l 0% cnr1aea o6a npoToHa a c,u,11, 6 bmll 

11cnyme11b1 a o.n11y cTopo11y, Bonee onpe.nene1111b1e BbJBO.llbl o xapaKTepe ue11T

panbHbIX coy.napeHHli c.nenaTb B H8CTOlllll88 BpeMll TPY.llHO, BalKH8ll llHq:>OpMa-

UHll MO>K8T 6b!Tb, no-Bll.llHMOMY, nony'ieHa npH H3Y'i8HHH 

CTBHll C O'i8Hb 601JbWHMH IIOT8pl!MH 3H8pI'HH, 

p- N -B3aHMO.llell-

C .npyroll CTOpOHhl, aa.na'IH no H3Y'i8HHIO nep11cpepH'i8CKllX /o.nHOM830H-. 

Hb!X/ B3allMO.nellcTBHll MoryT_ 6h1Tb nociasneHbl 6onee 'i8TKO, noaToMy oblnH 

paCCMOTpeHbl H8KOTOpb!8 3KCnepHM8HThl, OCHOBaHHbl8 118 pa311H'iHblX OC008HHoc

TllX 0,llHOM930HHblX B3aHMO.ll8llCTBHll, KaK Ha HYKllOHax T8K H Ha ll.llpax, KOTO

pble, no-BH.llHMOMY, ll03B01Jl!T 8 H9KOTOpb!X cny'i8llX onpe.nenHTb p011b 0.llHOMe-

/18/ 
30HHblX .llHarpaMM H yCT8HOBllTb KpHTepHH HX Bbl.ll9119HHll 

B 3aK1JIO'i8HH9 Ha OCHOBaHHH H3Y119HHll 83aHMO.ll8ilCTBHll npoT.OH-HYK110H 

npH aaeprHH 9 Baa MO>KHO c.nenaTb cne.nyJOIUH8 Bb!BO.llbl, 

1/ B p- N -aaa11Mo.nellcTBHllX Ha 06paa0Ba1111e rr -MeaoHoB B cpe.nHeM 

H.ll8T cpaBHHT81JbHO Mana!! .ll011ll 3H8pI'HH / ~40% B 11, CIICT8Me/, 

2/ Cpe,llHHe xapaKTepHCTHKH BTOJ'.lH'iHblX 'iaCTHU / i\ p.1 
cpaBHHT81JbHO CllaOO H3M9Hl!IOTC!I C H3M8H8HH8M MROlK8CTB8HHOCTH, 

n p n 
,r 

·, 

11 

S/ Yrnosoe pacnpe.nene1111e npOTOHOB B p-p -a3aHMO.ll8llCTBHllX pe3KO 

a l!H30TpOnHO B c.u.11., npH'i8M CT8ll8Hb aHH30TpOnHH YM 81!bW aeTCH C yaen11qe

HR8M MBO>K0CTB8HHOCTH• 

4 I· Yrnosoe pacnpe.neneu11e rt -M830HOB B c.u.u. TaK>Ke 8HH3OTpOJIHO, 

HO 3Ha'iHT81JbHO IUHpe, '18M .llllll npOTOl!OB, 

5/ B yrnosoM pacnpe.nene111111 npoTOHOB B c.n.11 • .nnll p- n -B38HMO-

.nellcTBllll aa6n10.naeTCll 38M8TH8ll aCHMM8TpHll,npll'i8M npOTOHbl BblneTaJOT . 

npeHMYIU8CTB8HHO B nepe.nHioJO nonycq,epy. 

6 I .lloaonbHO xopomee cornacHe 3Kcnep11MeHTa1JbHhlX .naHHbJX c pacqe

TOM/BblnonHeHHblM no 0,llHOM830HHOll cxeMe, yK83b1B88T Ha cymecTB8HHYJO .P011b 

0,llHOM830HHblX B38HMOll8llCTBHll, 

7 / UeHT.panbHbl8 B3allMOll8llCTBHll, T,e, 83aHMO,ll8llCTBHll C 601JblllllMH no

Tepl!Mll 3H8PI'HH, cocTaBlllllOT npHM8pHO 10% OT nonHOI'O 'illC1Ja B38HMOll8llCTBHll. 

0CHOBl!bl8 pe3y1lbT8Tbl llHCCepTallllH onyonHKOBaHbl a pa6oTax
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4n 
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12 
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l1MnynbCHbl8 pacnpeL1eneHHH npoTOHOB /a/ H ,r -Me3OHOB 

/6/ B p-p -B3BHMOLl8iiCTBHHX B C,U,H., nnaBHhl8 KpHBhle 

- pe3ynbTaT pac'leTa no CTBTHCTH'l8CKOii TeopHH, 

rr 

I i £ 
~OJ QI (},2 03 0.~ bJ 05 .°t{., 

p H C, 2: .3aepreT.H'!ecKoe pacnpeL1eneHHe npoTOHOB oT.i:ta'IH B n,cHc

T eMe Llfill p-p -B3aUMOLl8iiCTBHii. K PHBBH J - pe3yfibTBT 
pac'leTa no OLlHOM83OHHOH cxeMe, KPHBSH Q . -no CTSTHC
TU'l8CKOii TeopHU, 

·6,ik) 

l 
!, 

tit 
" 
le 

jO 

" 

p H C, 3, 

fR% 
'40 

•(0 

p H C, 4,-

a 

tc~sllJ 

13 

,--··1 
I 
I 
I 

w, 

.. ., 0 (f 

IC( SD.I 

Yrnosoe pacnpeL1eneHHe npoToaoa /a/ H tr.·· -Me3OHOB /6/ B 

C ,U,H, LlfiH p-p -B3aHMOLl8iiCTBHii, nyHKTHpHaH rHCTOrpaM

Ma aa PHC, /a/ H nnaBHaH KpHBSH Ha pHc. /6/ - pe3yfibTST 

pac'!eTa no 0LlHOM830HHOii CX8M8, 

a 

0. +(O 

CO!Oc 

~011 
Al\A7: 

20 

·1P 

{f 

0 
cose, •1,0 

Yrnosoe pacnpeL1eneHHe npoToaos /a/ H " -Me3OHOB /6/ B 

C .u.H • .ans p- n -B38HMOll8llCTBHA. 
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