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AKTYAJlbHOCTb TEMll. . . 

C nOSI.BJleHHeM HHTeHCHBHYX nyqKoB peJISITHBHCTCKHX Sl,Aep Ha "ye:... . . 
KOPHTeJISIX pe3KO B03poc HHTepec K HCCJle,AOBaHHD Heynpyrux B3aHMO-

,AeRCTBHR Sl,Aep C $1,ApaMH. HHTe.HCHBHYe MOH03Hepren1qecKHe nyqKH pe:. 
• ' • < • ~ .> • -, , •• 

JISITHBHCTCKHX Sl,Aep, nonyqeHHHe Ha YCKOPHTeJISIX, ,AaJIH B03MOZHOCTh 

HCDOJlh30BaTb B 3KCnepHMeHTaX CJIOl:HYe· ycTaHOBKH, . cnocoOHwe ia'Tb . .. 
pa3HOOOpa3HyD HH,opMaQHD O HexaHH3Me B3aHMO,A89CTBHSI Sl,ll;ep C 

Sl,ApaMH. CTa.110 B03MOZHYM ,AeTaJibHO asyqHTh R,AepHoe ee•ecTso ~ npo

xo:a,AeHue TSl&eJIHX HOHOB qepe3 Sl,AepHyD MaTepHD'. 

C no.11yqeHHeM nyqKOB peJISITHBHCTCKHX Sl,Aep .DOSIBHJIHCh $YH~a~eH

TaJlbHYe TeopentqeCKHe npe,itnonozeHHSI O MexaHH3M8 B3aHMO,Ae9CT'3HR 

peJISITHBHCTCKHX Sl,Aep C Sl,ApaMH. B qacTHOCTH, npH CTOnKHOBeHHH SIJ,tep 

BYCOKHX 3HeprHR B03MOltHO nOSIBJieHHe KOJIJieKTHBHWX npoueccos 3a 

cqeT y,AapHoro czaTHSI,, npHBO,ASIDlHX K yse.110qeHHD OJIOTHOCTH Sl,!tepHOR 

MaTepHH. npu 3TOM,B03HHKaDT $YH.itaMeHTaJibHWe. sonpocw. KaKHe CTe

neHH CBOOO,ltl:,I noSIBJISIDTCSI B Sl,!tpe B 3aBHCHMOCTH OT KOJIHqecTea nepe

,AasaeMOR 9Hep_rHH, . H3 qero Oy ,Ae"r , COCTOSITb Sl,!tepHOe ee111ecTBO ~ H3 

HYKJIO~oe, Me3oHoe, KBapKoB , so3MozeH JIH (lla30BYR nepexo,A HT.A. 

CTOJIKHOBeHHe Sl,Aep' ,ABHZYDIHXCSI C peJISITHBHCTCKHMH,_CKOpOCTSIMH' 

a. CJI8)tOBaTeJlbHO co CKOPOCTSIMH, OOJibmHMH CKOpOCTH 3BYKa B Sl,ll;epHOM 

ee111ecTB!3, MOZeT cpnposoz,AaTbCSI KOJIJie~;rusHYMH ,ltBUeHHSIMH Sl,AepHoro 

BeJqeCTBa. B03HHKaDll{aSI.. DPH 3TOM . Y ,AapHaSI BOJIHa MOlteT DPHB8CTH K 
, .. - ' . ' ' ( . ·, ;_,,, . . ·.· ' . 

3HaquTeJibHOMY ynJIOTHeHHD Sl,AepHoR .,MaTepHH H DOBJIHSITb Ha ,AHHaMHKY 
' • ' ' ' .. • • • <I • • ' ~ 

CTOJIKHOBeHHSI, qTo npoSIBHTCSI B yrJIOBHX H HMDYJihCHHX pacnpeAene-
·~ ' • ' • •• • • • ' ' ,, ' • • • ~-. - • -1 • • 

HHSIX npO,AYKTOB.peaKQHH. C 9TOR ~oqKH speHHSI, npezne ecero, uene-
'. . ,_' - - . '. ; . . ; . .·,. 

cooopa3HO, nposeCTH . cpaBHHTeJlbHl:,IR aHaJIH3 HMDYJlhCHHX H yrJIOBHX 

xapaKT8PHCT~K BTOpHqffl:,IX qacTHU, oopasosaHHNX B CTOJIKHOBeHHSIX 

Sl,Aep C Sl,ApaMH' C COOTBeTCTBYDDIHMH xapaKTepHCTHKaMH BTOpHqHHX 

qacTHQ, oOpa30BaHHHXB HYKJIOH-:-HYKJIOHHHX H HYKJIOH-Sl,ll;epHHX B3aHMO-
• J • ", 

neRCTBHSIX, HJIH C npe,ACKa3aHHSIMH TeopeTeqecKHX MO,AeJieA, B KOTOPHX 

OTCYTCTBYDT KOJIJleKTHBHHe SIBJleHHSI. 

. HsyqeHHe np~ueccoe MHOJteCTBeHHoro, poz,AeHHSI qacTHU B ~TOJIK

.. HOBeHHSIX 3Jl8M8HTapHHX qaCTHU C , Sl,ApaMH H Sl,Aep C Sl,ll;paMH DPH ewco-
. .. 

KHX 9HeprHSIX H OOJlbmHX nepe,Aaqax HMDYJlbCa HMe,eT BaltHOe saaqeHHe 

,AJISI DOHHMaHHSI. MexaHH3Ma CHJlbHHX B3aHMO,AeACTBHA H BHYTP8HHeA 

CTPYKTYPH Sl,Apa • qHCJIO BTOpHqHHX qacTHU, oopasyD.HXCJI B 11,AepHHX , 

CTOJIKHOB8HHSIX, cy111ecTB8HHO paCT8T KaK C POCTOM SHeprHA HaieTaD

lqHX·Sl,l\ep,,TaK H C poCTOM &TOMIIHX,eecoe esaHMO,AeACTBYD.HX qep. 

~r=----~ ~ ~--··· 
l lJ(J'tCEho(lfoi,ifi Hntie'(f ,!; ! 
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Il03TOMY npu usyqeHHH npoQeCCOB MHOJEeCTBeHHOro POJE,lteHHSI qacTHQ B 

S1,1tepHHX BaaHM0,1teRcTBHS1X npu BHCOKHX aHeprHSIX YA00Ho npuMeHSITb 
. . " ~ 

HHKJID3HBHHA no,ltXO,lt, npH KOTOPOM uayqaDTCSI xapaxTepHCTHKH BH,lte-

JleHHOro BH,lta qacTHQ C ycpe,1tHeHHeM no BCeM ,itpyrHM qacTHQaM, o0pa-

30BaHHHM B ,AaHHOM np~Qecce. 

)tJISI onpe,AeJleHHSI MexaHH3Ma Sl,ApO-Sl,AepHHX B3aHMO,AeACTBHA BaJE

HO 3HaHHe TaKHX Be .. uquH, KaKHMH SIBJISIDTCSI: qucna HyK.nOHOB CTaJIKH

BaDm;HXCSI S1,1tep, npHHHMaDIIIHX yqaCTHe BO.B3aHMO,AeACTBHSIX, K8KHl4 00-

paSOM npOSIBJISIDTCSI ti>JIYKTYaQHH_B qucne B3aHMO,AeACTBYDDIHX HYKJIOHOB, 

B npoQeccax, xapaKTepH3YllID;HX Sl,APO-Sl,AepHHe B3aHMO,leACTBHSI B aaBH

CHMOCTH OT_ H_a.neTaDm;Hx 9HeprHA u aTOMHllX, secos HaneTa~D(ero S1,1tpa H 

Sl,Apa-MHWeHH. . 

cpe.ztH BonpocoB xapaxTepuayDm;Hx S1.ztpo-S1AePHHe B3aHHO.zteAcTBHSI; 

O,AHHM H3 cym;ecTBeHHJ,IX SIB.nSleTCSI 3HaHHe ceqeHHA HX . sa_aHMO,lteAcTBHSI. 

C _noMOlllbD Be.11uquH cetfeHHA 83clHMO,l{eACTBHA M_OlEHO OQeHHTb BK.na,1t 

pa3JIHqHHX npoQeCCOB SIAPO - Sl,AepHHX CTOJIKHOBeHHA. 3HaHHe ceqeHHA 
. . ' ' ·' 

B3aHM0,1teACTBHA BaJEHO ,ltJISI pa3BHTHSI KaK Sl,AepHOA fHSHKH; TaK H npu-

KJla,AHHX oonacTeA HCCJle,AOBaHHA. 

HHTepeCHHM npe,ACTaB.nsreTCSI Bonpoc O ucc.ne,AOB&HHH'XapaKTepHc

THK BTOpHqHHX MHoroaapS1,1tHHX'fparMeHTOB Ha.neTaDm;ero Sl,Apa, oopaao

BaHHHX s sr.ztpo-sr.ztepHHx_ssaHMO.zteRcTBHSIX. ~parMeHTH, oopaaoBaHHHe e 

CTOJIKHOBeHHSIX R.ztep, MoryT OHTb soaoyz,1teHHHMHi•qTo·,1toJ1JtHO npHeo:.. 

.AHTb K YBenuqe11_Hll ceqeunA ux saaHMO,AeAcTBHA '( K yMeHbmeuHD cpe.zt-

Hero_ csoOo.ztHoronpooera e eem;ecTee ). ·cym;ecTsyeT HeMa.no axcnepH

MeHTaJibHHX ,AaHHHX'H TeopeTHqecKHx-paOOT, OO'bSICHS!llDtHX 8O3MOJEHOCTb 

cym;ec~sosaHHSI yKasaiiHHX fparMeHTOB, T. H. "aHoMaJIOHOB" , 0,1tHaKo 

O,AH03Haquoro pemeHHSI 3TOA npoOJieMH noKa HeT. SKcnepHMeHTaJlbHOe 

usyqeHHe CBOACTB peJIRTHBHCTCKHX MHOroaapSl,AHHX fparMeHTOB uaJieTa-• 

lllll~X Sl,Aep Henocpe,ACT88HHO llOCJie HX 00paaoeaHHSI SIBJIS!eTCSI HOBIIM H 

HHTepeCHHM aanpaeneHHeM HCCJie,AOBaHHA. 

UEJib PA60TY 

- paapaOOTKa MeTO,lta H,AeHTHfHKaQHH sapSl)ta peJISITHBHCTCKHX 

Sl,Aep B npo~a~OBOA· nysHpbKOBOA KaMepe· no HOHHSaQHH H OJIOTHOCTH 8-

3JleKTPOHOB Ha CJle,Ae. 

- onpe,AeJieHHe ceqeHHA ueynpyrux B3aHMO,lteACTBHA peJISITHBHCTC

KHX Sl,Aep c S1,1tpaMH B HHTepeane HaJleTaDlllHX HMnyJibCOB ( 2-5) raB/C_ 

Ha HYKJIOH. 

- . onpe,1teJ1eHHe queen B3aHM0,1teACTBYDIIIHX HYKJIOHOB Sl)tep-cHapsr

,l{OB H H3MepeHHe ceqeHHA BHXO,Aa qiparMeHTOB HaJleTaD•ero Sl,Apa yrne

PO)ta c aapsr,1taMH ·ls z s6. 
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- no.nyqeHHe HOBYX 3KcnepHM8HTaJlbHllX pesyJlbTaTOB no ;:!(l;l(?

JteCTBeHHOCTSIM BTOpffqHl,IX. aapueHHHX qacTHQ, POJE)t8HHYX_ BO B~~~~

,AeACTBHSIX S1,1tep C Sl,ApaMH npH pa3JIHtfHllX HMnynbcaX B HHT~P!Ja,Jle 

(2-5) raB/C Ha HYKJIOH, uayqeaae HX HMnyJlbCHHX H yrJIOBHX xa~~~J~
PHCTHK H cpasHeHHe C npe,1tc1tasaHHSIMH TeopeTHtfCCKHX MO,Ae.neA_pT/:;')l,'; 

- noHCK aHoMaJlbHHX ,AeATPOHOB C noMOlllbD MarHHTHOro cneKTJ)O

MeTpa "AJ!bfa" H aHOMaJlbHHX fparMeHTOB HaJ1eTaD111ero SIAPa;YfJ,l~PO,!ta 

BO 83aHMO,A8ACTBHSIX C npcinaHOM •• HayqeHue 803MOJEHOCTH CHSITHSlq~O~-. 

Oyz,neHHSI MHOroaapSl,l{Hl:IMH fparMeHTaMH C nOMOD(bD H3J1Ytf8HH!) :• J;:-K~_H-

TOB. 

HOBH3HA PA60TY H HAYqHAB 3HAqffMOCTb: 

ti::'.;:,~t; G2J½ 

~.,J,:1cs~1 t;a.zg 
npose.zteHa xa.nuopoexa MeTo,1ta H.l{eHTHfHKaQHH aapsr,1ta peJ1S1TH-

BHCTCKHX Sl,Aep no nJIOTHOCTH·8-9Jl8KTPOHOB B nponaHOBOA nyaHpbKO~OA 

xaMepe. 
i➔ i!N'r'.)Hq 

- nonytfeHY sxcnepuMeHTaJlbHHe .itaHHHe no cetfeHHSIM, 0 Heynpyr~x 

B3aHMO,A8ACTBHA npOTOHOB H Sl,Aep d, He, C, F H Mg C Sl,Apa_MH_!: Y.r:-..nepo,Aa ! H 

TaHTana 8 HHTepsa.ne HMnynbCOB (2-5) rsB/C Ha HYKJIOH. 60JlbWHHCTBO 

3THX ,AaHHYX 0HJIO nonyqeao. enepsiie. )taH 0030P HM8DJIIH~~SIT 9,Kcnepn

H8HTaJlbHO nonyqeHHHX ceqeHHA Heynpyrux B3aHMO,Ae~c:reaA:H pe .. SlTH

BHCTCKHX Sl,Aep C Sl,l{paMH H npoBe,AeH aHaJIH3 B paMKaX1,r.e,opeTH.98CKHX 

Mo,neneA. :}q~.!i"i,G}i tt.:;H()~id(1~1~';'. 

- nonyqeHH BeJIHqHHH cetfeHHA BYXO,lta ipparMel_{TOB~·SIAP~: yr .. epo.zta 

C sapSl,naHH ls z s6 npu ero B3aHMO,AeACTBHH C .nponaHOM,; H Sl,ltpat.fH 

TaHTana. , t"":,s-~~ sq C'1:3~'.1{ir.;Hd~t.0,;~ 

, - no.nyqeHH pacnpe.zteneHHSI no quc.ny npoBaaHMOAEJACTBOBaBIIIHX 

HYKJIOHOB S1,Aep-CHapS1,1tOB npu Heynpyrax CTO_.nKHOB8HHSIXi Sl,ltep d;He H; C 

C Sl,ApaMH TaHTana. (1'.1)i,i, l!!itlT~AeI5,0Hl'58E 

snepeHe npH ,perHCTpaQHH B YCJIOBHSIX 4rr.-reOM8TPHH nonytfeHH 

,naHH!le no MHOJEeCTB8HHOCTSIM, yrnoBHM H HMnyJibCHHMecnexTpaM BTO

PHtfHUX sapSIJE8HHHX tfaCTHQ, POlE,l{eHHHX BO B3aHMO,lteACTBHSIX£,pe.nstTH

BHCTCKH~ Sl,Aep P,d,He H C C Sl,ApaMH yr.nepo.zta;,H(TaHT,;na·:s:tHHTepB&')Ie 

HMnyJibCOB ( 2-5) rsB/C Ha HYK.DOH. Hcc.ne,AOBaHa rnaBHCHM'OCTb :yxasaH

HllX 'xapaxTepHCTHK OT a TOMHOro eeca S1,1tpae;;.cHapS1,AarnHJHOTOIBeJ1HtfHH 

HMny.nbcos nytfKoeoro sr.ztpa. npoee.zteHo cpaeHeHHeLno.11y~eee1,1x pesyn&
TaTOB C ,AaHHYMH no HYKJIOH-HyK.nOHHYM B3aHMO,l{eltcTBHRM •H'(C npe,!lCKa-

3aHHSIMH KaCKa,AHOA MO,AeJIH H MO,ABJIH ,MHOroxpaTHoroNpaCC:eSIHHSI .l 3f.' .'.) 

-:- nonytfeHH ,AaHH!le , no:; noncicy1 aHOMaJlbHllX) :.eRTPOHOB'l:c<:L nOMOJ!lbll 

MarHHTHOro cneKTPOMeTpa "A.n&ta" B nyqxe pe.nSITHBHCTCKltX t>'SIJ(ep 

HHl::HO'J1~? ➔\f·" I-JH~?}"C(i:'i~).::H·!~ Id'l'H1'dI\\;C~Jq, ~HHfiOHOO 
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reJIHSl-3 npu HMnYJibCe 10,8 f3B/c. HCCJieAOBaH BllXOA A8RTpOHOB B 

peaKQHH ti)parMeHTaQHH reJIHSl-3 B A8ATPOH Ha yrJiePOAHOA MHmeHH B 

3aBHCHMOCTH OT ee·TOJIJllHHl:I B yrJIOBOM KOHyce C paCTBOpOM 20 MPaA. 

OnpeAeJieHU. C8'18HHSI B3aHMOA8RCTBHSI C yrnepOAOM SIA8P reJIHSl-3 H 

AeATepHSI', a Taue ·cetfeHHSI qiparMeHTaQHH. 

· - onpeAeJieHH C8'18HHSI "BTOPH'IHHX MHorosapSIAHllX ·ti)parMeHTOB 

yrnepOAa C nponaHOM. nony'leHHHe ceqeHHSI cpaBHHBaDTCSI C CetfeHHSIMH 

SIA8P COOTB8TCTBYDlllHX 3apS1AOB B HOpMaJlbHHX COCTOSIHHSIX. noKa3aHo, 

'ITO cpeAH ti)parMeHTOB C 3aPSIAOM ~6 npHCYTCTBYDT qiparMeHTH, KOTO

pue HMeDT YB8JIH'l8HHOe C8'18HHe B3aHMOA8ACTBHSI (YM8HbW8HHHA cpeA

HHA CBOOOAHHR npoOer). 

-~ HCCJ18AY8TCSI B03MO:&HOCTb CHSITHSI B030Y:&A8HHSI MHorosapSIAHllMH 

qiparMeHTaMH c ·noMOJllbD HcnycKaHHSI 1-KBaHTOB. onpeAeJieHH xapaKTe

PHCTHKH 1-KBaHTOB, conpoBO:&AaDJllHX oopa30BaHHe MHOroaapSIAHHX 

qiparMeHTOB H onpeAeJieHa AOJISI 1-KBaHTOB, Hcny~eHHllX B030Y:&A8HHHMH 

MHOr03apSIAHHMH qiparMeHTaMH. 

nPAKTHqEcKAH UEHHOCTb PABOTU 

MeTOAH'18CKaSI pa3paOOTKa no HA8HTHIPHKaQHH 38PS1Aa peJISITH

BHCTCKHX SIA8P no nJIOTHOCTH 6-3JleKTPOHOB HCnOJlb30BaJlaCb B Aa.lb

HeRmHX 3KCOepHM8HTaX, npOBOAHMHX Ha 2-X MeTpOBOA nponaHOBOA ny-

3HPbKOBOR KaMepe. 

Pe3yJlbTaTll paOOTll AaDT HOBHA MaTepHaJI AJISI anpoOaQHH H pa3-

BHTHSI IP8HOM8HOJIOrH'leCKHX MOAeJieA MHO:&eCTB8HHHX npoQeCCOB H AJISI 

AaJlbHeRmero pa3BHTHSI TeopHH CHJlbHHX B3aHMOA8ACTBHA. 

9KcnepHMeHTaJlbHHe AaHHHe AHCCepTaQHH MoryT OHTb HCnO.lb30Ba

HH KaK npH npoeKTHPOBaHHH HOBHX 3KcnepHM8HTOB no HCCJ18AOBaHHD 

B3aHMOAeRCTBHA SIA8P C S!ApaMH, TaK H CMe:&HHX OOJiaCTSIX HaYKH. 

AfiPOBAUHH PABOTU H nYBAHKAUHH 

OCHOBHHe pe3yJlbTaTH H BHBOAH AHCcepTaQHH AOKJiaAHBaJIHCb H 

oocy:&AaJIHCb Ha· Hay'IHHX ceMHHapax AaOopaTOPHH BHCOKHX 3HeprHA 

OHHH H HHCTHTyTa ti)H3HKH BHCOKHX 3HeprHA TrY, Ha ceCCHSIX 0TA8Jie_

HHSI AH CCCP C 1979 roAa, Ha COBeJllaHHSIX no HCCJI8AOBaHHSIM Ha ABYX 

MeTposoR nponaHosoR KaMepe AB9 OHHH, npeACTaBJISIJIHCb Ha Me:&AYHa

POAHHX KOHtiJepeHQHSIX no tilH3HKe BHCOKHX 3HeprHR H CTPYKType SIAPa B. 

TOKHO (1979 r.), BaHKysepe (1979 r.), ,npes,11eHe (1980.), Bepcane 

( 1981 r.), napH:ae (1982 r.), MH'IHraHe ( 1982 r.), HTaJIHH ( 1983 

-r. ) , JieRnQHre ( 1984 . r. ) , reRAeJibOepre ( 1984 r. ) , MDHXeHe 

(1987r.). 

OCHOBHHe pe3yJibTaTH AHCcepTaQHH onyOJIHKOBaHH B npenpHHTaX H; 
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COOOJlleHHSIX . OHHH, B :aypHaJiax. "HAepHaSI IPH3HKa", "Nuc 1 ear Physics" 

H "Zeitschrift ri'.ir Physik", B TPYAaX _TOHJIHCCKOro rocyAapCTB8HHO

ro YHHBepcHTeTa H B MaTepuanax BHmeynOMSIHYTHX ceMHHapoB H KOH«Pe
peHQHR. 

CnHCOK JIHTepaTypH npHBOAHTCSI B KOHQe asTopeqiepaTa. 

CO,!IEPIAHHE PABOTU 

,!IHccepTaQHSI COCTOHT H3 B~e,lleHHSI, meCTH rnae H 3aKJID'l8HHSI. 

Bo BB8A8HHH AaeTCSI OOOCHOBaHHe aKTya~bHOCTH_H3Ytf88MOA npoo

Jl8MH, CtilOPMYJIHPOBaHa OCHOBHaSI QeJlb paOOTll. KpaTKO oxapaKTCPH30-

BaHO 3KcnepHMeHTaJlbHOe COCTOSIHHe H3y'laeMHX Bonpocoe, npHBOAHTCSI 

KPaTKOe COAep:&aHHe pa3A8JIOB AHCCepTaQHH. 

B nepeoA rnase onHCHBaDTCSI M8TO,IIH'l8CKHe ocoOeHHOCTH npoQec

ca noJiytfeHHSI H oopaOOTKH 3KCnepHM8HTaJlbHllX AaHHux·. 

9KcnepHMeHTaJibHllA HaTepHaJI OHJI nonyqeu c noMO~bD.ABYXMeTpo

BOA nponaHOBOR nysHpbKOBOA KaMepH TnK-500 AB9 OHHH C BHYTP8HHeA 

MHW8HbD H3 Tpex TaHTaJIOBllX nJiaCTHH, noMe•eHHOR B MarHHTHOM none 
Hanpsi:&eHHOCTbD H ~ 15 Krc. 

KaMepa 3KCnOHHpoea.nacb B ny'IKaX npOTOHOB H peJISITHBHCTCKHX 

si,11ep d,He H c Ha CHHxpo~aaaTpoHe AB9 OHHH e HHTepsane HMnYJibCOB 

(2-5) r3B/C Ha HYKJIOH. B ,IIHCCepTaQHH npHBOASITCSI OCHOBHHe xapaK

TepHCTHKH KaMepu, MarHHTHoro noJISI, CHCT8MH IPC>TOrpacpHpOBaHHSI H 
nytfKOBHX S!Aep. 

. npocMoTp cTepeocHHMKOB npoH3BO,IIHJICSI Ha npocMoTpoeux cTonax . . 
snc-1, snc-2" cTonax Ync-80. 

OToOpaHHlle npHnpOCMOTpe COOHTHSI H3MepSIJIHCb Ha no.nyaBTOMa

Tax THna nYOC H CAHET, paOOTaD.HX Ha JIHHHH C 9BM. MaTeMaTH'l8CKaSI 

oOpaOOTKa COOllTHR npOBOAHJlaCb no nporpaMMe· 'TE04>HT" Ha 9BM CDC-

6500. ~3MepeHHHe COOHTHSI sanHCHBaJIHCb Ha Jl8HTY CYMMapHHX pe3yJib

TaTOB. (DST). TO'IHOCTb onpeAeJieHHSI napaMeTpoe BTOPH'IHYX tfaCTHQ' 
oKasanacb pasHoA: 

~p 
<p >=(11,5±0,3) %, 

<~tg«>=(0,103±0,002), 

<~/3>=(0,0063±0,0022) paA. 

rAe P--- HMnYJibC 'laCTHQY; tga .- TaHreHC rJIYOHHHOro yrna; J3 - a3H
MyTaJibHHR yroJI. 

CpeAH COOHTHR Ha TaHTane, OTOOpaHHYX npH npocMOTpe; HM8Jl8Cb 

_npHMeCb COOHTHA, oopa3o~aHHHX B CJ!Oe nponaHa TOJIJllHHOA - 1 MM, 

npHJieraDJlleM K TaHTaJIOBHM n.naCTHHaH. 9Ta npHHeCb COCTaBHJla 9±3 %, 
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9±3 % H 13±3 % COOTBeTCTBeHHO ,II.Jiff dTa, HeTa H CTa - B3aHMO,ll.8ACT

BHA. 
B 9TOA ze rnaee onpe,11.eneHH HMnYJlbCHWe H yrJIOBHe HHTepeaJIH 

,II.Jiff BH,11.eJleHHff CTPHnnHHrOBHX q,parMeHTOB (qacTHQ) HaJleTaD~ero ff,11.pa. 

npoee,11.eHa KaJIHOpoeKa MeT0,11.a H,11.eHTHIPHKaQHH 3apff,11.a z no nnoT

HOCTH ,5-3JleKTPOHOB Ha cne,11.e. llpOB0,11.HJICff no,11.cqeT ecex ,5-9.lleKTPO

H~B, BHX0,11.ff.HX 9a npe,11.eJIH, ,11.opozKH C mHPHHOA ±3 MM OT OCH TpeKa 

nyqKOBHX ff,11.ep. 3HaqeHHe nJIOTHOCTeA 8-9JleKTPOHOB ,II.Jiff cne,11.oe p,He 

H c R,11.ep nonyqHnHcb· paeHHMH: (0,021±0,001); (0,085±0,002) H 
. . 

(0,737±0,005) Ha 0,11.HH CM COOTBeTCTBeHHO, qTo xopomo cornacyeTCff 

c OllffA&eHoR· z2 -sae~cHMOCTbD. · · 
Bo BTOpOA rnaee paccMaTpHBaDTCff MeT0,11.HqecKHe eonpocu, B03HH

KaD•He npH onpe,11.eneHHH ceqeHHA Heynpyrux esaHMo,11.eACTBHA penffTH

BHCTCKHX. ff,11.ep P, d, He, C, Ft H Hg C ff,11.paMH yrnepo,11.a H TaHTa

Jla B HHTepeane HMnYJlbCOB ( 2 - 5) rsB/C Ha HYKJIOH. onucueaeTCff 

npoue,11.ypa_nonyqeHHff 9KcnepHHeHTaJibHHX eenuquH ceqeHHA Heynpyrux 

esaHMO,AeACTBHA, H npoeo,AHTCSI HX aHaJIH3. B paMKax cynteCTBYDIIIHX 

TeopeTHqeCKHX MO,AeJleA. 
npoue,11ypa nonyqeHHff ·. eenHqHH ceqeHHA . H BBO,AHMHe . npH 9TOM 

nonpaBKH orpaHHqHeaJIH TOqHOCTb onpe,AeJleHHff HeynpyrHX ceqeHHA ,AO 

(3-5)%. B ,n~e,11.enax 9TOA TOqHOCTH He HaOJID).\aJIOCb 3aBHCHMOCTH ce

qeHHA OT nepeHqHOA 9HeprHA. ll09TOMY, B TaOJl.l npnee,11.eHH eeJIHqHHH 

ceqeHHA HeynpyrHX B3aHMO,!teACTBHA npoTOHOB, ,AeATpOHOB, Sl,11.ep re

JIHff, yrnepo,11a, ~Topa H MarHHSI c ff,11.paMH yrnepo,11.a H TaHTana, ycpe

,11.HeHHhle no HHTepeany nepeHqffhlX HMnyJlbCOB Ha HYKJIOH (2-5) r9B/c. 

A 
t 

C 

TaOJIHQa 1 

CeqeHHff HeynpyrHX esaHMO,AeACTBHA peJlffTHBHCTCKHX Sl,IJ.ep B MO. 

A 
p 

p 

265±15 

d 

400±20 

He C F Mg 

450±20 . 830±50 955±60 1040±60 

Ta 1695±70 1975±80 2390±95 3445± 140 

,· 
Ha pHC.l noKa9aHa 9aBHCHMOCTb H9MepeHHHX K HaCTOSIJlleMy epe-

MeHH eenHqHH ceqeHHA ueynpyrHX esaHM0,11.eACTBHA OT aTOMHHX eecoe 

ff,11.ep-cHapSl,llOB - A H Sl,IJ.ep-trnmeHH A • HHTepean Ha.lleTaDJIIHX ff,1tep 
p t 

MeHaeTCSI OT p AO pe, a $1,11.pa-MHmeHH OT ,11.eATepHSI ,11.0 
23 su. . 

cnnomHaa JIHHHSI, npoee,11.eHHaff Ha PHCYHKe, COOTBeTCTByeT pac-

6 

. , 
! 

. ~ 

l 
I 
I 

qeTaM no Mo,AeJIH "Teep,11.Hx cq,ep"_c nepeKpHTHeM, nonyqeuuoR e paoo-
Te /l/ . .. 

3KcnepHMeHTaJlbHHe ceqeHHSI cpaBHHBaJIHCb c pacqeTHHMH eeJIHqH

HaMH B paMKaX TeopeTHqecKHX M0,11.eJleA. cornacHe. TeopeTHqecKHX.H 

9KCnepHMeHTaJlbHHX BeJIHqHH ceqeHHA OQeHHBaJIOCb C noMO.bD ~2
- KPH

TepHSI. npoee,11eHHhlA aHanHs noKasai,qTo nonyqeuu1i1e sKcnepuMeHTaJib

HHe HeynpyrHe ceqeHHSI HaX0,11.SITCSI B YAOBJleTBOPHTeJlbHOM corJlaCHH C 

HMeDIIIHMHCSI. ,11.aHHHMH H pacqeTaMH no MO,lteJISIM. HaHOOJlee y,11.aqHHMH 

CJ1e,1tyeT cqHTaTb onHCaHHe 9KCnepHM8HTaJlbHHX ,AaHHHX ee.nHqHHaMH 

pacqeTHhlX ceqeHHA Mo,11e.neA, npe,11.naraeMHX e paOoTax12 •31 • 

till,---,-----,,----,----.---,--~-~-~-~-~ 

80 

~ 
~ fD 

i 
i 40 

20 

:~•ol
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PHC.1. ceqeHHSI HeynpyrHX esaHM0,11.8ACTBHA Sl,Aep C Sl,11.paM~ 

B TpeTbeA r.naee npe,1tcTaBJ1eHH 9KCnepHMeHTaJlbHHe ee.nHqHHH 

cpe,11.HHX SHaqeHHA H ,11.HcnepcuA pacnpe,11.e.neHHSI no qffcny npoesaHMO

.iteAcTeoeaemHX HYKJIOHOB HaJ1eTaD111ero Sl,!tpa npH ueynpyroM CTOJIKHOBe-

, HHH peJlffTHBHCT~KHX S1,1tep d, He HCC TaHTaJIOM npH nepeHqHOM HM

nyJlbCe 4, 2 r9B/C Ha HYKJIOH. llpHee,AeHH ceqeHHSI BHXO,Aa pasuux 

q,parMeHTOB npH esaHM0,11.eACTBHA HaJleTaDl!IHX Sl,!tep C nponaHOM H C 

Sl,ApaMH TaHTaJla. HccJ1e,1tyeTCSI npoffBJl8HHe IPJIYKTyaQHH B qffcJle npo

esaHM0,11.eACT~oeaBmHX HYKJIOHOB e npouecce .oopasoeaHHR qacTHQ. llpH

ee,1teHH,TeopeTHqecKHe pacqeTH H cpaeHeHHe 9KcnepHM8HTaJlbHHX ,11.aH

HHX C HHMH. 

Onpe,1teJ1S1SI 9KCnepHM8HTaJlbHO B Kall,!tOM aRTe BSaHMO,lteRCTBHSI 

qffCJIO cneKTaTOPHHX npOTOHOB' MOSHO nonyqHTb pacnpe,1teJ1eHHe no 

qffcJly npoe3aHMO,AeACTBOBaemnx npoTOHOB. llPH 9TOM He BallHO, BXO,llHT 

JIH npoTOH-cneKTaTOP B· COCTaB CTpHnnHHrOBHX qacTHQ ( d, t, 3 He, 
4He H T . A • ) HJIH OH HaX0,11.HTCSI B _ CBOOOAHOM COCTOSIHHH ••. TaK KaK ce

qeHHSI Heynpyroro esaHMO,!teACTBHSI npoTOHa H HeATPOHa C Sl,llPOM B 

npe,11e.nax 9KcnepHMeHTaJI&HhlX omnOoK coena,11.aDT, To, sHaa cpe,llHee 
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tfHCJIO npOB3c!HMO,l.\8ACTBOBaBWHX npOTOHOB, JierKO nOJIYtfHTb cpe,I.\Hee 

tfHCJIO npoesaHMO,l.\eACTBOBaBWHX HYKJIOHOB < V >. 
- p 

Hcnonbsysi 9KcnepnMeHTaJibHoe pacnpe,l.\eJieHKe no 'IHCJIY npoesan-

MO,l.\eAcTeoeaemnx HYKJIOHOB, MOZHO nOJIYtfHTb ,I.\HCnepCHD pacnpe,l.\eJieHHSI 

no·qucny npoesaHMO,l.\eRCTBOBaBWHX HYKJIOHOB DV. 

BeJIHtfHHH < V > H D HeOOXO,I.\HMH ,I.\JISI OoJiee ).\eTaJlbHOro 
P V 

cpaBH8HHSI 9KcnepHM8HTaJibHHX ,l.\clHHHX C TeopeTHtfeCKHMH pactfeTaMH. 

AHaJIOrHtfHHe tfHCJia MoryT 09Tb BB8).\8HH ,I.\JISI Sl).\pa-MHW8HH H ,I.\JISI COBO

KYnHOCTH. nap NN - CTOJIKHOBeHHR npH B3aHMO,l.\8ACTBHH ,11,eyx Sl,l.\ep·. 

0,1.\HaKO, 9KCnepHMeHTaJlbH08 noJiytfeHHe 9THX tfHCeJI saTpy,11,HHT8JlbHO. 

CetfeHHSI BHXO,l.\a q,parMeHTOB ecex sapSl,I.\HOCTH xopomo onHCHBa

DTCSI J.\BYMSI 9KCnOH8HTaMH C H3JIOMOM npH zq,;:: 3. 0,l{HaKO, npH B3aHM0-

,1{8ACTBHH yr Jl8POAa C nponaHOM HaOJID,l{aeTCSI H30HTO'IHHR BWXOA Sl,l.\8p 

reJIHSI. IlO-BHAHMOMY, npH CTOJIKHOB8HHH yr Jiepo,l{a C JierKHM SIAPOM 

nyqme npoSIBJISl8TCSI CTPYKTypa Sl,l.\pa yrnepo,l{a. 

Ha PHC.2 npHB8A8HO pacnpe.l{eJieHHe no CTpHnnHHrOBOMY sapSIAY B Hera 

H era CTOJIKHOB8HHSIX. CnJIOWHOA JIHHHeA npHB8A8HH COOTBeTCTBYDll{He 

pacnpe).\eJieHHSI' pacctfHTaHHHe no TeopHH MHOrOKpaTHOrO pacceSIHHSI. 

KaK BHAHO H3 PHCYHKa, cornacue 9KcnepHM8HTaJlbHHX pacnpe,l.\eJieHHA C 

pact1eTHHM xopomee. 

-Ht.'10.1 
0,6 L,--M•~ 0,4 

0,5 

~ 0,4 e 
> 0,3 

0,2 

0,1 

7 
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PHC.2. Pacnpe,l{eJieHHD no CTpHn

nHHrOBOMY sapSIJ.\Y BO B3aHMOAeRCT

BHSIX He H C ·c Sl,l.\paMH·c H Ta. AH
HHSIMH HaHeceHH pact1eTH paOoTu141 • 

B TaOJIHI~e 2 

BeJIHtfHHH KBa).\paTOB 

npe.l{cTaeJieHH 

,I.\HCnepcHA D2 
, 

V 

D~ H cpe.l{HHe tfHCJla 

,l.\eACTBOBaBWHX HYKJIOHOB 

npoesaHMO-

< V > npH 
p 

CTOJIKHOB8HHH d, He H C C Sl,llpaMH 

TaHTaJia. BeJIHtfHHa D~ - 9KcnepH

M8HTaJibHOe 3Hatf8HH8 KBa,l{paTa AHCnepCHH pacnpe.l{eJieHHSI no tfHC.IY 

npOB3aHMOA8RCTBOBaBWHX HYKJIOHOB. BHAHO pesKoe yeeJIHtfeHHe KBa,l{pa

Ta AHCnepcHH D2 npH pocTe A , B TO epeMSI, KaK < V > pacTeT 3Ha~. 
V P P 

tfHT8JlbHO M8,l{Jl8HHee. 
0TM8THM, tfTO 9KcnepHMeHTaJibHO onpe,11,eJieHHHe 3HatfeHHSI cpe,I.\He~ 

ro tfHCJia B3aHMO,l.\eACTBYDll{HX HYKJIOHOB HaJieTaDll{ero Sl,l{pa y,11,oBJieTBO

PHTeJlbHO corJiaCYDTCSI co 3HatfeHHSIMH, pacctfHTaHHHMH no MO,l.\eJIH He

saBHCHMO B3aHMOA8RCTBYDll{HX HYKJIOHOB SIAPa-cHapsi,l.\a - A • 
p 

8 

' 
~ 

., 
' 

TaOJIHQa 2 

BeJIH4HHH ,I.\HCnepcHA H cpe,I.\HHe tfHC.lla npoesaHMO,l.\eRCTBOBaBmHX 

HYKJIOHOB npH CtOJIKHOBeHHH d, He HCC SIJ.\POM TaHTaJia 

A d He C 
p 

-
D2 0,16 ± 0,02 0,55 ± 0,03 4,61 ± 0,30 

p 

< V > 1,60 ± 0,04 ·2,86 ± o, 10 6,60 ± 0,30 
p 

D2 
V 

0,24 ± 0,02 1,64 ± 0,09 16,80 ± 1,00 

B 48TBepTOR rnaee paCCMOTP8HH npoQeCCH MHOZ8CTB8HHoro poz
,l.\8HHSI BTOPH'IHHX sapsizeHHHX tfaCTHQ BO B3aHMO,l.\8RCTBHSIX npoTOHOB, 

A8ATpOHOB, a - 4aCTHQ H Sl,l.\ep yrnepo,l.\a C Sl).\paMH yrJiepo).\a H TaH

TaJia B HHTepBaJie HaJieTaDll{HX HMny.llbCOB ( 2 - 5 ) r9B/C Ha HYK

JIOH. Ilpe,l.\cTaBJ18HH.3aBHCHMOCTH cpe,I.\HHX MHOZ8CTB8HHOCTeA OT aTOM

HHX eecoe CTaJIKHBaDll{HXCSI Sl,l.\ep HOT BeJIHtfHH HMnyJibCOB HaJieTaDll{HX 

Sl,l{ep, Ilpoee,l.\eH cpaBHHT8JlbHHA aHaJIH3 nOJIY48HHHX peayJibTaTOB B 

paMKax paaJIHtfHHX TeopeTHtf8CKHX MO,l.\8JieR. 

IlOJIY48HHOe pacnpe).\eJieHHe cpe,I.\HHX MHOZ8CTB8HHOCTeR B saBHCH

MOCTH OT 'nMnyJibCa HaJieTaDll{ero npOTOHa B pc H pTa B3aHMO,l.\8RCTBH

SIX, BO_BCeM HHTepeaJie 9HeprHR, yKaaueaeT Ha CHJlbHHA pocT tfHCJla 

noJIOZHT8JlbHHX a,l.\pOHOB n+ H n-- Me30HOB no cpaBH8HHD C PN-B3aHMO

,l.\8RCTBHSIMH, TOr,l.\a KaK pocT n - tfaCTHQ (npOTOHH C P < 700 H9B/C ) 
g p 

saMe,I.\JISIDTCSI npH P > 5 rsB/c. BeJIHtfHHH cpe,I.\HHX MHOZ8CTBeHHOCTeR 
p 

n-- Me30HOB pc H pTa - B3aHMOAeACTBHSIX B aaBHCHMOCTH OTP npH
p 

B8,l.\8HH B TaOJIHQe 3. 

TaOJIHQa 3 

BeJIHtfHHH cpe).\HHX MHOZ8CTB8HHOCT8R K - M830HOB B Heyn

pyrHX pc H pTa-eaaHMO,l.\eRCTBHSIX 

A \ P 
t p 

C 

Ta 

2,3 

0,15±0,01 

o, 14±0,01 

4,2· 

0,33±0,02 

0,45±0,02· 

5,4 

0,52±0,03 

0,65±0,04 

9,9 

0;93±0,04 

1,17±0,04 

Ha pacnpe).\eJieHHA cpe).\HHX MHOZeCTB8HHOCTeA <n >, <n >, < n > 
+ • p 
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H <n > B saBHCHMOCTH OT MaCCOBHX queen HaJleTaD~HX ffAep A BHAHO, 
- p 

qTo cpeAHHe MHOXeCTBeHHOCTH <n > H <n > paCTYT BO BCeM HHTepsane 
p -

A • POCT qHCJla <n > saMeA.llffeTCff B OOJlaCTH A r-4. 
p I P 

Ha PHC. 3 AaHH HOPMHPOBaHHHe eeJIHqHHH MHOXeCTBeHHOCTeR A.llff 

--- MeSOHOB R, g - CJleAOB R, H OHCTPHX npOTOHOB B saBHCHMOCTH 
ff g 

OT cpeAHero qacna npossaHMOAeRCTBOBaBmHX HYKJIOHOB ffAPa-cHaPSIAa. 

~opMHPOBaHHHe MHOXeCTBeHHOCTH R nonyqeHH nyTeM AeJleHHff cpeAHHX 

MHOXeCTBeHHOCTeR B d, He H C-esaHMOAeRCTBHSIX Ha cpeAHDD MHOXeCT

seHHOCTb B NTa-CTOJIKHOBeHHSIX. BHAHO, qTo MHOXeCTBeHHOCTb .• -- Me-

3080B H OHCTPHX npoTOHOB pacTeT npHOJIHSHTeJlbHO nponopUHOHaJlbHO 

qucny < V >. 
p 

HsMeHeHHe MHOXeCTBeHHOCTH 

XOAY 

g - CJleAOB HM6eT TeHAeHUHD K BH

> > 3. ~OJlff OHCTPHX npoTOHOB Ha nnaTo npH SHaqeHHffX < V 
p 

o'. 

a .---,---.--~~~~-~ 

6 

4 

2 

/ 

0 

,. p 
.. 'l' 
01[" 

-l-// 

/+ 
/ 

//. 

2, / ~~ 
/v-

2 <Vl>4 6 

/ 
/ 

8 

PHC.3. HopMHPOBaHHHe BeJIHqffHH 

MHOXeCTBeHHOCTeR R AJISI .--MeSOHOB 

g-qacTHU H . p C P ~ 700M38/C B 
p 

saBHCHMOCTH OT V. 
p 

no OTHOmeHHD KO eceM OapHOHaM 

sospacTaeT · c yee.11uqeHHeM quc11a 

<V >. OTCDAa CJleAyeT BHBOA,qTo 
p 

3HepreTnqecKHR cneKTp qacTHU, BH-

OHTHX HS TS!Xenoro S!Apa,cTaHOBHTCff 

xecTqe C. yeenuqeHHeM qncna npoesaHMOAeRCTBOBaBmHX HYKJIOHOB S!APa

CHapS!Aa. 

Ha puc. 4 npHBeAeHH pacnpe.zteJieHHSI If - MeSOHOB B Heynpyrux 

BSaHMOAeRCTBHSIX P,d,He HCC S!APaMH yrnepo,zta H TaHTaJia npH HM

nyJibCe P ;::::: 4, 2. rsB/C Ha HYKJIOH. KpHBHe COOTBeTCTBYDT pacnpe.zte-
0 . 

JieHHSIM nyaccoHa C napaMeTpaMH, paBHHMH 3KCnepuMeHTaJlbHHM Sffaqe-

HHffM. PacnpeAeJieHHSI OHJIH TaKxe cpasHeHH C pacqeTaMH no .ztKM H 

MMP. HaOJIDAaeTCSI xopomee cornacue MeXAY 3KCnepHMeHTaJlbHHX H pac

qeTHHX pacnpe.zteJieHHR. 

B TaOJIHUe 4 npueeAeHH eennqffHH cpe.ztHHX MHOX6CTBeHHOCT8R .-~ 

MeSOHOB B S!APO-Sl,!tepHHX esaHM0,1teRCTBHSIX npu P ;:; 4, 2 rsB/C. 
. 0 

3aBHCHMOCTb < n_ >OTA xopomo onucusaeTCSI CTeneHHOR $YHKUHeA 
P a 

<n >=kA (1) 
- p 

.ltJISI 838.HMO.zteRcTBHR C yrJiepo.ztOM nonyqaeM: 

k,::;, 0,42 ± 0,03 ; a;;:; 0,55 ± 0,04 npn :t;
2 /n ;,= 1,25 

IO 

-~ 

A 
t 

C 

Ta 

0.5 
• 1.0 • cc 

• pC • dC .t. r!eC • CTcs 
• pTo. • d'I> • W.Ta o.~ ! O.Bf-

t A 
-I 0.5 I I 

Qr 
I I 

:,:: Q~ \I 
:;,: !l 

0.2 Rv \ \ 
i It\ \ 

O.i / \i\ a.at- r1 I \ i.\t \ 
~ 

~ ·,~. 
0 2 5 8 10 

. a 5 ro 15 20 n_ 

PHC.4. PacnpeAe.lleHHff no MHOXeCTBeHHOCTH n_ BO BSaHMO

AeRCTBHSIX p,d,He HCC yrnepOAOM H TaHTaJIOM. KpHBHe 

pacnpeAeJieHHSI nyaccoHa. 

TaOJIHUa 4 

CpeAHHe MHOXeCTBeHHOCTH < n - > BO ssaHMOAeA,CTBHffX p 'd, He H 

c c · S1.ztpa1m yr nepo.zta u TaHTana npH P :;:: 4, 2 rsB/c. 
. 0 

\ A p d He C 
p 

0,33±0,05 0,62±0,03 1,07±0,03 .1,52±0,05 

0,45±0,02 0,86±0,03 1,42±0, 06 3,20±0,09 

a AJISI BSaHMO,lteRcTBHR C TaHTaJIOM: 
- 2 k.::: 0,54 ± 0,03; a= 0,10 ± 0,03 npu :t: /n,::;:. 0,70. 

Ha pHC.5' npe.ztcTaBJleHa SaBHCHMOCTb AHCnepcHH D_ OT cpeAHIIX 

MHO:eCTBeHHOCTeA < n_ >. npS!MaSI JIHHHSI COOTBeTCTByeT saeHCHMOCTH 

HaJIXOTpa-BpyOJieBCKOro ,ltJISI HeynpyrHX BSaHMO)\eRCTBHA: B HHTepeane 

HMny.nbco·e .· ( 4-400) rsB/C .' HS pHcyHKa oTqeTJIHBO BH,IIHO, qTo npH 

BSaHMOAeACTBHffX S!Apa yr.11epo,11a C·TSIZeJIHMH MHmeHSIMH pacnpe,11eJ1eHHSI 

no qffcny pox.zteHHHX n--MeSOHOB cy~eCTBeHHO pacmHpSIDTCSI. Ta&oe no

BeAeHHe 'CBSISaHo. C yseJiuqeHHeM BKJla.zta B AHCnepCHD D_ $JIYKTYaUHH 

qffcna ssaHMO.zteRcTBYD~HX HYKJIOHOB S1,1tpa-cHapS1,11a. 

.ltJISI uccne,11yeMHX S!APO-Sl,llepHHX BSaHMO,!teACTBHR , onpe,l\eJISIJIHCb 

cpeAHHe MHOJ:_eCTBeHHOCTH BTOpHqffHX npOTOHOB •· ( C npHM6Cbl) ,ll8ATPOHOB 

H _TPHTOHOB) c P nao. > o, 15 rsB/c - nP. KpoMe Toro, OHJIH BHAene.

HH OT,lteJlbHHe. rpynnH npOTOHOB : CTpnnnHHroeue npoTOHH HJIH npOTOHH 

cneKTaTopu RAPa-cHapa,11a, c 3 rsB/c < P .nao·. < 5, 5. rsB/c H "nao~ jo 
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AJISI de H pnao.< 3 rsB/c, 6nao.< 4° AJISI ac H cc -COYAapeHHA, HeA-

d 

3 ,-----,--,-----,--r----.--r----r-~ 
& (P,d,H,,C)C 
• lP,d.Ho,CJ'lb 
~ ;,(C,P!.) 

+ 

0 o~~~i-~-!:2-~--=-5-~-1" 
< n_) 

PHC.5. 3aBHCHMOCTb AHCnepCHH OT 

cpeAHeR HHOSeCTBeHHOCTH ll'-~He30HOB 

B SIAPO SIAepHHX B3aHHOAeACTBHSIX. 

neHHHe npoTOHH c Pnao.<.O,J rsB/c, 

KOTopue SIBJISIDTCSI B OCHOBHOM cneK

TaTopaMH SIApa-HHmeHH, OCTaJlbHHe 

npOTOHH HaaeaHH npoTOHaHH-yqacTHH-

KaMH. ,llJISI KaSAOR yKa3aHHOR eume rpynnH onpeAeJleHH cpeAHHe HHO

zecTBeHHOCTH npoTOHOB < nCT >, <nu>, < nyq > - COOTBeTCTBeHHO, 
p p p 

KOTOpl:,le AaHH B TaOJIHUe 5 • · 

Taonm~a 5 

CpeAHHe HHOZeCTBeHHOCTH npoTOHOB B HeynpyrHX 

SIAPO-SIAepHHX•B9aHHOAeACTBHSIX 

pc dC ac cc 

< n > 9Kcn. 2,44±0,11 -2,85±0,05 4,46±0,06 6,23±0,08 
p 

< nyq > 
sKcn. 1,83±0,10 1,95±0,08 3,06±0,10 4,30±0,10 

p 

,llKH 1,79±0,01 1,97±0,01 2,83±0,02 4, 12±0,03. 

9KCD. 0,25±0,05 0,60±0,05 1,18±0,0S 
< nCT.> 

p ,llKH 0,35±0,02 0,75±0,04 -1,96±0,0S 

< nu > 0,61±0,04 0,65±0,04 0,80±0,06 0,75±0,04 
p 

Ha PHC.6 OOKa3aHa 3aBHCHHOCTb cpeAHHX MHOZeCTBeHHOCTeR p OT 

AP. MHozecTBeHHOCTb npoTOHOB C 0,3 < pnao.< 1 rsB/C pacTeT KaK 

A o , 24 . CpeAHSISI HHOZeCTBeHHOCTb ·DPOTOHOB pnao> 1 rsB/C xopomo 

annpOKCHMHpyeTCSI tYHKUHeR ( 1). Ha PHC. 6 OOKa9aHa TaKZe aaBHCH

MOCTb OT A cpeAHero qffcJla HYKJIOHOB H3 SIAeP d, He H C, yqacTBYD

lllHX BO B9aHMOAeRCTBHSIX C SIAPOM yrnepoAa, <V >. noKaaaTeJlb CTene-. p 

HH a 0JIH90K K eenaqHHe 2/3, OZHAaeMoA AJISI COYAapCHHA nerKHX 

SIAep C oonee TSIZeJIHMH. Ha PHC.6 BHAHO, qTO saBHCHMOCTH cpeAHero 

qHcna npOTOHOB c pnao.>· 1 rae/c H <VP> OT A HMeDT OAHHaKOBHR xa

paKTep, B TO apeMSI Kalt cpeAHSISI MHOZeCTBeHHOCTb npOTOHOB C 0,3 < 

12 

)' 

1 

pnao.< 1 rsB/C, KOTOpHe SIBJISIDTCSI B _OOJlbWHHCTBe ceoeH tparHeHT~HH 

MHmeHH, 3aBHCHT OT A cnaoee. 

. /\ 

5,0 
4,0 

2,0 

c 1,0 
V 

0,7 

0,5 

~ r. •-----.-
,.... -+ 

1111111111 
o,~' 2 ~ 4 6 s1012 

A 

PHC. 6. 3aBHCHHOCTb cpeAHHX HHO

XeCTBeHHOCTeR npOTOHOB OT A Hane

TaD111ero SIAPa: ( e )-npoTOHOB c P > 

1 f9B/c, (4)- 0,3<P<1 rsB/C, (A) 

C P<0,3 rsB/C, (O) - cpeAHSISI HHO

zecTBeHHOCTb npoeaaHHOAeACTBOBaB

mnx HYKJIOHOB SIAPa-cHapSIAa. 

Ha PHC.7 npHBeAeHa ·A -33BHCHHOCTb ceqeHHSI BHXOAa npOTOHOB C 

KBaApaToH nonepeqHoro HHnynbca e HHTepeanax 

(0,5-1,0) (r9B/C) 2 H p: ~ 1,0 (r9B/C) 2 
• 

JIHHHSI COO.TBeTCTBYeT annpoKCHHaUHH s~cnepHHeHTaJlbHHX TOtfeK CTe-. 

neHHOR aaBHCHMOCTbD da/dP2
;:: CA a: BeJIHtfHHH napaHeTpOB a paBHU 

.1 p 

1,07±0,02 H 1,17±0,03 COOTBeTCTBeHHO. AnnpOKCHHaUHSI npoBOAHJlaCb 

,..._ 
.t 
4l ......, 
\o 

~< 
/ / 

/J 
~/ / 

/ / 

./ +// 

·" / / / 

ft/ ✓+/ 
/ 

{ 
10'1 r d He . ' .. "' I 

C 

5 10 50 
Ap 

PHC. 7. A-3aBHCHMOCTb CetfeHHSI BH

X_OAa npoTOHOB c fl,2 (0,5-1,0)rsB/c 

4 H P£>1,0 rsB/c - •. npSIMHe JIH

HHH - annpoKCHMaUHif CTeneHHOR aa

BHCHMOCTbD. 

c tHKcauHeA nepaoA ToqKH. 3HaqeHHSI 

napaHeTpa a npeeumaDT eAHHHUY 

H c yaennqeHHeM KBaApaTa nonepeq

Horo HMnynbca A - 3aBHCHMOCTb CTaHOBHTCSI HeCKOJlbKO KPYtfe. 

B DSITOR rnaae npHBOASITCSI HHDYJlbCHHe H yrnoeue xapaKTepHc

THKH ~TopnqHux aaps1:r.eHHHX tfacTHU. HccneAyeTcSI . HX aaaHCHMOCTb OT 

npnpo~u SIApa CHaPSIAa. npoBOAHTCSI aHaJIH3 noJlyqeHHHX AaHHHX B paH

Kax paaJIHtfHHX TeopeTHqecKHX MOAeneR. 

CneKTPH II' - - He90HOB B naoopaTOPHOA . CHCTeMe AJISI H3yqaeHWX 

B9aHMOAeRcTBHA,, HOPMHposaHHHe Ha cetfeHHSI HeynpyrHX B3aHMOAeACT-
II'- . ' 

BHR Ldn_/dPnao.= 1/ain da /dPnao.), noKa9aHH Ha PHC.8. Bee 
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qen1pe cne_KTpa B HHTepBaJ1e P nao. > o, 1 rsB/c 9KcnoHeHUHaJlbHo cna

.ztaDT no Mepe. YB8JIH'l8HHSI HMnYJlbCa ft- - He30HOB, npHtfeM -napaMeTpH 

HaKJIOHa AJISI dC, Hee H.CC - B3aHHOAeRCTBHA COBnaAaDT H8XAY coOoR 

B npeAeJlaX omHOOK. AHHHSIMH HaHeceHa annpOKCHMaUHSI pacnpe,neneHHR 
~YHKUHeR ae-bPnao .. 

,__ 
"' "' 

tf 
1,0 t,5 

PC-• 
dC- o 
.,cC-• 
cc-• 

.,Jt 
2.0 2,5 

~er.&/•> 

PHC.8. cneKTPU ft - Me30HOB B nao. 

CHCTeMe. npSIMUe - annpOKCHMaUHSI 

9KCnoHeHTOR. 

cneKTpU ft--M830HOB AJISI pC-B3aHMO

A8RCTBHR cnaAaDT HaMHoro 01:lCTpee 

C pOCTOM PJlaO. ,lfeM BO B3aHMOAeRc
TBHSIX CHMM8TPH'IHUX Sl,Aep C SIApaHH 
yrnepo,Aa (bpc > bAc ) . HMriyni,c-

HHe cneKTPU ft - M830HOB AJISI ATa ~-saaHMO,AeRCTBHR xapaKTepnay-

DTCSI OOJlbWHMH 3HatfeHHSIHH napaHeTpOB b, KOTOpue To:e B npe,Aenax 

OWHOOK He 3aBHCSIT OT A. 3HatfeHHSI cpeAHHX HMnYJlbCHUX H yrJIOBHX 

xapaKTepHCTHK ft-'- Me30HOB·npHBeAeHu B TaO.nnue 6. 

Taonnua 6 

Cpe.ztHHe 3HatfeHHSI xapaKTepHCTHK ft - Me30HOB' 

It 
<P.1ao.> sKcn. 

(r9B/C) ,llKM 

<1tJlaO.> 9KCn. 

(rpa.zt) ,llKM 

pc 
---
0,53±0,03 

0,49 

49,4±1,7 

49,1 

<P~ > 9KCn. 0,255±0,008 

<r9B/C> ,llKM 0,214 

It . . 
<Y.11ao.> sKcn. o,85±0,04 

,ltKM 0,95 

dC 

0,58±0,03 

0,55 

44,2±1,0 

45,5 

0,256±0,007 

0,228 

1,00±0,03 

0,98 

Hee 

0,63±0,03 

0,62 

43, 2±1, 0 

43,1 

0,255±0,006 

0,245 

1,04±0,03 

1,trs 

cc 

0,62±0,03 

0,60 

40,0±0,7 

43,l 

0,250+0,005 

0,241 

1,09±0;~3' 

1,_05 

8HAHO, 'ITO <P:.o~ He 3aB~T OT aTOMHOro Beca·A AJISI .11erKHX SIAep. 
B. AC-B3aHMOAeRCTBHSIX B cpeAHeM oO.paayDTCSI OOJlee OYCTPYe tt - - Me-
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30HH, lf8M BO B3aHMO,lleRCTBHSIX TeX :ite Sl,llep (d, He, C) C TaHTaJIOM 

{<P;~o.>ATa~ (0,48 ± 0,02) rsB/C f. CpaBH8HHe yrJIOBHX pacnpeAe

Jl8HHR It - - H830HOB B JlaOopaTOPHOR CHCTeHe noKa3HBaeT HeOOJlbWOe 

cyxeHHe pacnpe.zteneHHR npH nepexo.zte OT nytfKa .zteRTPOHOB K yrnepo.zt

HOMY, lfTO npHBOAHT K YMeHbWeHHD Ha 10 % cpeAHero yrna BH.DeTa ,r:
M830HOB no Mepe yeenH'leHHSI aTOMHoro HOMepa a.ztpa-cHapa,Aa. Pacnpe

AeneHHSI no nonepe'IHHM HMnYJlbCaM ,llJISI pc, dC, Hee H cc - COOHTHR 

OJIH3KH M_ez.zty coOoR. B npe,Aenax omHOOK coena.ztaDT H cpe,AHHe aHa_tfe

HHSI nonepe'IHHX HMnyJlbCOB It-- Me30HOB ,llJISI 9THX THnOB B3aHMO,lleRCT

BHR. 

Pacnpe,AeneHHe ,r-- M830HOB no npOAOJlbHOR OHCTpoTe ,ll8MOHCTpH

pyeT HeOOJlbWOe_cHe~eHHe pacnpe.zteJleHHSI B CTOPOHY OOJlbWHX y npH 

neeexoAe oT nepBHlfHoro AeRTPOHa K yr nepo.zty. Pacnpe.zteneHHe no 

Y~ao ,llJISI cc - B3aHHO,lleRCTBHR, KaK H CJle,lloBaJlo OltH,llaTb, CHMMeT-
. ft * 

pHlfHO OTHOCHTeJlbHO YJlaO.;;; 1,1, COOTB8TCTBYD~ero 3Half8HHD yNN~ 0 

AJI_SI CHCTeHH ueHTpa Mace HYKJIOH-HYKJIOH. 

Pacnpe,AeneHHSI It-- M830HOB H3 pc - B3aHMO~eRCTBHR no ,,tnao." 

Ynao.aaMeTHO OTJIH'laDTCSI OT COOTBeTCTBYD.HX pacnpeAeJleHHR fC-- Me-

30HOB B cnyqae CTOJIKHOBeHHSI CHMM8TPH'IHHX Sl,llep. 

CpaBHeHHe 9KCnepnHeHTaJlbHHX pacnpe.zteneHHR ,r-- He30HOB C 

COOTBeTCTBYD~HMH·pacnpeAeJleHHSIMH, noJlylfeHHHMH C noMO.bD· 'AKM ,AJISI 

ecex_qeTupex THnOB B3aHMO,AeRCTBHR HO,AeJlb npaBHJlbHO npeACKaauBaeT 

oO~HR xapaKTep pacnpe.zteJleHHR. npH no.ztpOOHOM cpaBHeHHH OOHapyzH

BaDTCSI HeOOJlbmHe pacxoz,AeHHSI MeZAY 9KCnepHM8HTaJlbHHMH ,AaHHHMH H 

MOAeJlbD. 

_ npH ~JIH3KHX _ K 9KcnepHMeHTaJlbHHM 3HatfeHHSIM cpe,ztHHX BeJIH'IHH 

P~aO. , 1'~aO. , Y:ao. B ,llKM HaOJID,AaeTCSI HeKOTOpoe nepepacnpeAeJle
HHe ,r-- Me30HOB no oonaCTH H3HeHeHHSI KHHeHaTHtfeCKHX nepeHeHHHX. 

.llYOHeHCKaSI KaCKa,llHaSI HO,lleJlb .ztaeT MeHbmee 3HatfeHHe < P >", paa-' ,' ' .I. 

JIHl.fHe yOuBaeT no Mepe pocTa_aTOMHoro HOMepa S1.ztpa-cHapS1,zta. 

B TaOnHue 7 npaee,zteHH cpe,nHHe xapaKTepHCTHKH tt-- Me30HOB, 

00pa30BciHHHX BO B3aHMO,!t8RCTBHSIX pa3HHX nepBHtfHHX. Sl,llep C a,-paMH 

TaHTana. Cpe,AHHe xapaKTepHCTHKH 'IC-- Me30HOB DOtfTH He saBHCSIT OT 

THna_a.ztpa-cHapa,na. HaOJID,!taeTCSI TOJlbKO HeOOJlbmoe ( DOPSl.ztKa 10 % ) 

yMeHbmeHHe cpe.ztHero <1t> H YB8JIHtfeHHe cpe,nHeR OHCTPOTH <Y> npH 

nepeXOA8 OT ,neRTPOHa K yrnepo,ny. 

HMnyJlbCHHe cneKTpH fC--M830HOB, oopasosaHHHX npH CTOJIKHOBe

HHH pa3JIHtfHHX nepBH'IHYX Sl,ztep C Sl,ztpaMH TaHTaJla, npe.ztCTaBJl8HH Ha 

PHC. 9. cneKTPH HOPMHPOBaHH Ha O,llHO B3aHMO,!teRCTBHe. OHH xopomo 
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annpoKCHMHPYDTCSI 9KCnOHeHQHaJlbHOA 3aBHCHHOCTbD C O,!IHHaKOBHH no
Ka3aTeJleM ,11.11st ecex nepeuqHsx st,11ep. 

TaOJIHQa 7. 

Cpe,11HHe xapaKTepHCTHKH OTPHQaTeJlbHHX nHOHOB 

.AP 

<P> f9B/C 

<~> pa,11 

<P.L> f9B/C 

<y> 

t i•' 
0,i 

O,Oi 

d 

0,46±0,01 

0,"99±0,02 

0,24±0,01 

0,70±0,01 

• CTa 
... ~Ta 
x dTa 

D,OOl i il :3 
0 fk(i>B/c) 

){KM 
·He C ,!IJISI CTa 

0,50±0,02 0,48±0,01 4,0±0,2 

0,91±0,02 0,90±0,01 0,47±0·,01 

0,26±0,01 0,240±0,003 0,225±0;004 

0,76±0,02 0,79±0,01 0,77±0,01 · 

PHC.9. HMnyJlbCHHe cne~T~l,I ~--Me-

30HOB B Sl,llpO TaHTaJI B3aHMO,lleACT~ 

BHSIX HOPMHpoea1rnoe Ha O,!IHO COOH

THe. 

Pacnpe,11e.11eHHe ff - Me30Hoe H3 

CTa - B3aHMO,lleAcTBHA no KBa,11paTy 

nonepeqHoro HMny.11hca · P2 x~pomo 
.L . . 

annpOKCHMHpyeTCSI ,!IBYMSI 9KCno.HeH-

TaMH, qTo yKa3HBaeT Ha cyll{&CTBO~ 

BaHHe ,!IBYX MeXaHH3MOB oopaaoeaHHSI 
ff - Me30HOB .· B 9THX B3aHMO,lleACTBHSIX. OTHOmeHHe pacnpe,11;e.11eHHA, no 

. ( 

OHCTPOTaM YKa3HBaeT, qTo YBeJIHqeHHe MHOZeCTBeHHOCTH ff--M830HOB C 

yeeJIHqeHHeM aTOHHOrO eeca HaJleTaDll{ero Sl,D;pa npOHCXO,ll;HT noqTH O,!IH~ 

HaKoeo eo ecex HHTepea.11ax OHCTPOT. 

Ilpe,!ICKa3aHHSI ){KM ,!IJISI Cpe,!IHHX xapaKTepHCTHK ff-- Me30HOB, XO

pomo cor.11acyDTCSI C 9KCnepHMeHTaJlbHHMH 3HaqeHHSIHH. 

CneKTPH npoTOHOB-yqaCTHHKOB e JlaOopaTopHoA CHCTeHe ,ll;JISI pc, 

de, Hee H cc - B3aHMO,lleACTBHA noKa3aHH Ha PHC. 10: , BH,D;HO, qTo 

aHaquTeJlbHYD · ,Z\OJID cocTaBJISIDT OTHOCHTeJlbHO Me,11.11eHHHe npoTOHH c 

HMny.11bcoM P ~ao. <t f9B/c. 3Ta ,11;onst t-ieHsteTcst oT rv 50 % e dC H 

-35 % B cc - B3aHMO,lleAcTBHSIX. Bl:lllle 1 f9B/C pacnpe,11eJ1eHHSI CTa

HOBSITCSI Oo.11ee fiOJIOrHHH H TeH CHnbHee~ qeM TS1Ze.11ee Sl,llpO-CHapst,11. B 

cneKTpe npoTOHOB H3 pc - B3aHM0,!18ACTBHA BH,!18H nHK npH ""4 'f9B/C 
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OT Keaauynpyroro paccestHHSI npoTOHOB Ha HYKJIOHax st,D;pa yr.11epo,11a. B 

cneKTpax npoTOHOB HaOJID,llaeTCSI BHCOKOHHnYJlbCHaSI qacTb P >4 f9B/C, 

KOTOpag COCTaBJISleT (3 ± 1) % OT quc.11a npOTOHOB B pc - H (10 ± 1) 

B cc -B3aHMO,lleACTBHSIX. IlOSIBJleHHe B npOTOH-Sl,llepHHX H Sl,!IPO-Sl,llepHHX 

B3aHHO,lleACTBHSIX npoTOHOB C HHnYJlbCOH, npee1,1maDll{HM HHnYJlbC HYK.110-

Ha B HaJleTaDll{eM S1,11pe , MOJCeT OHTb ooyc.11oe.11eHo KaK • 4)H3HqecKHMH 

npHqHHaMH, TaK H MeTO,llffqecKHMH norpemHOCTSIHH • 

··r· -t'. 

•-'·" --~~ 
! ~"t-'~ 

: .'! 
·" .,, 

$m ·~.._..lt..,_ 

~1 "~ .. i·ti.t , • ♦ 1 
, I .. ~~•'-i 

., . 1-i+11t#:f.' i.t 
' t //111'\\ ... L~- -~ __ _,_,_ __ JllJ-'--t 

u ~ u ~ u ~ ~ 
r ... (r~sfe ! 

Puc.to. HMDYJlbCHl,le cneKTpl,I npoTo

Hoe-yqacTHHKOB, HOPMHPOBaHHHe Ha 

quc.110 COOHTHA, ,!IJISI pC,dC,HeC H cc 

B3aHMO,lleACTBHA. AHHHH -pacqeTH no 

){KM. 

• H3 aHaJIH3a ,Z\aHHHX BH,!IHO, qTo C yee.11uqeHHeM MaCCl,I Sl,llpa-cHa

pSl,lla pacTeT ,Z\OJISI npoTOHOB-yqacTHHKOB, BHJleTaDll{HX no,Z\ MaJIHMH yr

JlaMH (10-40) 0 
, T.e. YCHJIHBaeTCSI HanpaeJleHHOCTb nOTOKa BTOpuqHl,IX 

npOTOHOB. 

· B pacnpe,11e.11eHHe npOTOHOe-yqacTHHKOB no OHCTPOTe B pC-:.B3a

HHO,Z\eRCTBHSIX HaOJID,llaeTCSI H30HTOK npOTOHOB B OOJ13CTH 4JparHeHTaQHH 

Sl,llpa-MHmeHH, no KOTOPOMY MOZHO CY,!IHTb O POJIH BTOpffqHl,IX npoueccoe 

e st,llpe yr.11epo,11a. no Mepe yee.11uqeHHS1 aToMHoro eeca st,Z\pa-cHapst,11a 

pacTeT. BKJla,11 npOTOHOB B QeHTpaJlbHYD OOJlaCTb H OOJlaCTb 4'parHeHTa-: 

QHH Ha.11eTaDll{ero st,llpa, noKa pacnpe,11e.11eHHe no Y.11ao: He- cTaHOBHTCst 

CHMMeTpffqHl,IM OTHOCHTeJlbHO y.11ao.= 1,1 ,!IJISI CC- B3aHMO,Z\eAcTBHA. DPH 

9TOM He3HaqHTeJlbHO MeHSleTCSI cpe,!IHSISI HHOZeCTBeHHOCTb npoTOHOB B 

OOJlacTH_ 4'parHeHTaQHH Sl,Z\pa-HHmeHH. Pacnpe,11e.11eHHSI npoTOHOB-yqacT

HHKOB no Y.11ao·B OCHOBHOM y,11oe.11eTeopHTeJ1bHO eocnpOH3B0,!IHTCSI B ~KM 

H3 pacnpe,11e.11eHHS1 npoTOHOB no Kea,11paTy nonepeqHoro HMny.11bca 

BH,!IHO, qTo c yee.11uqeHHeM Maces st,11pa-:cHapS1,Z\a yee.11uqueaeTCS1 ,110.11si 

npoTOHOB'C OOJlbWHMH P.L. Pacnpe,11e.11eHHe npOTOHOB no p: ,!IJISI dC -

B3aHMO,Z\eAcTBHA coena,11aeT B npe,11e.11ax OWHOOK C COOTBeTCTByD.HM 

pacnpe,Z\eJleHHeM ,!IJISI pC-coy,11apeHHA, qTo OTpazaeT CJlaOyD CBSIBb HYK

JIOHOB B ,lleATPOHe. Cpe,!IHHe nonepeqHl,le HMilYJlbCl,I npOTOHOB eoapacTa

DT npHMepHO Ha 10 % c yee.11uqeHHeM aTOHHOrO HOMepa HaJ1eTao111ero 

Sl,llpa. 

DpH eaaHMO,lleAcTBHA Sl,Z\ep C TaHTaJIOM, CP8,Z\HHe xapaKTepHCTHKH 

ecex aaperHCTpHpOBaHHHX npoTOHOB H npOTOHOB-yqaCTHHKOB, a Taue 
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xapaKTepHCTHKH npoTOHOB-yqacTHHKOB HS aHanorHqHHX B3aHMO,lleAcTBHA 

C S1,11paMH yrnepo,11a noKa3HBaDT, qTo C POCTOM aTOMHOro Beca HaneTa

Dll!ero S1,11pa cy111eCTBeHHO yBenHqHBaeTCSI cpe,IIHHA · HMnynbc BTOpHqHHX 

npOTOHOB H yMeHbmaeTCSI cpe,IIHHA yron HX BHneTa, npH 3TOM yBenHqH

eaeTCSI H cpe,IIHHA nonepeqHl:IA HMnynbc. cpaBHeHHe B3aHMO,lleACTBHA Ha 

TaHTaJie C B3aHMO,lleACTBHSIMH Ha yrnepo,11e yKa3HBaeT Ha 3HaqHTeJlbHOe 

'.'CHsirqeHHe II cneKTpa BTOpHqHHX npOTOHOB B TSlzenoM Sl,llpe H Ha Oonee 

WHPOKOe HX yrnoBoe pacnpe,11eneHHe. B CHCTeMe QeHTpa Mace HYltnOH

HYKJIOH npoTOHH H3 TSl:Senoro Sl,llpa neTSIT npeHMYBteCTBeHHO B 3a,IIHDD 

nonyclf)epy. KacKa,11HaS1 MO,llenb ~KM Y.IIOBneTBOPHTeJlbHO onHCHBaeT 

cpe,IIHHe xapaKTepHCTHKH npoTOHOB, 3aHHZaSI TOnhKO npHOnH3HTenbHO 

Ha 10 % cpe,11HHA nonepeqHuA HMnynbc. 

:pacnpe,11eneHHSI npOTOHOB-yqacTHHKOB H3 dTa H CTa - B3aHM0-

,119ACTBHR no OHCTPOTe noKa3UBaeT, qTo yBenHqeHHe MHOZeCTB9HHOCTH 

npoTOHOB C POCTOM aTOMHOro Beca Sl,llpa-cHapsi,11a npOHCXO,IIHT npeHMY-

11!9CTB9HHO B OOJlaCTH OonbWHX OHCTPOT, B TO BP9HSI KaK yBenHqeHHe 

MHOJteCTBeHHOCTH ,c~·- He30HOB B 3THX :i:e B3aHMO,lleACTBHSIX npOHCXO,IIHT 

O,IIHHaKOBO BO BCeM HHTepBaJie OH_CTPOT. 

Pacnpe,11eneHHS1 npoToHOB-yqacTHHKOB no . KBa,11paTy nonepeqHoro 

HMnynbcanoKaausaeT,qTo c yBenHqeHHeM aToMHoro Beca si,11pa-cHapsi,11a 

B03pacTaeT )IOJISI npoTOHOB C OOJibWHMH nonepeqHHMH HMnyJlhCaMH; 

Pacnpe,11eneHHe no KOCHHycy yr na cy111ecTBeHHO . acHHMeTpHqHH · _OTHOCH

TeJibHO HYJISI' npHqeH' qeM nerqe HaJ1eTaDD1ee Sl,&po' TeM OOJibme . ,IIOJ!SI 

npoTOHOB Jl9THT Hasa,11. 

B mecTOR rnaBe np1rne,11eHH sKcneputteHTaJibHble · peayilhTa:T,i:l no 

noHCKY aHOMaJibHHX 6-:,lleRTpOHOB C nOMOlllbD MarHHTHoro cneKTPOM9Tpa 
11aJ1blf)a 11

; B nyqKe peilSITHBHCTCKHX Sl,llep reJIHSl-3 'npH irnnyJibce. P 
3 

= 
. He 

= 10,8 f3B/C H no noHCKY aHOHanbHHX MHoroaapSl,IIHHX ~parMeHTOB Ha-

JieTaDBtero yrnepo,11a npH HMnynbce P0 = 4,2 rsB/c Ha HYKJIOH c no

MOlllhD 2~X MeTpOBOR nponaHOBOA nyaHpbKOBOA KaMepu. 

H,11eS1 nOHCKOBoro 'sKcnepHM9HTa 3aKnDqanacb B cne,11yn111eM. ECJIH 

B peaKQHH lf)parHeHTaQHH 

He + C -- d + X (2) 

C BHneTOH ,11eATPOHOB B lf)HKCHPOBaHHHe. HHTepBaJil:I yr JIOB e • j n :l: e d :l: 

s e H HMnyJibCOBIP - Pl~ ~p C sepOSITHOCTbD a poll,llaeTCSI IS max . 
,lleATPOH, TO aaBHCHMOCTb BHXO,lla perHCTpHpyeMUX ,11eATPOHOB OT TOJl-

lllHHU X MHW9HH Oy,lleT pa3JIHqH,oA ,IIJUI HOpHaJibHOro H 6 ~ ,11eATPOHa, 

H3-3a paanuqHSI B BeJ1Hq11He ceqeHHSI B3aHMO,lleRCTBHSI C Bel!{eCTBOM. 
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~aHHl:IA MeT0,11 IlOHCKa npHM9HHM npH YCJIOBHH, qTo BpeMSI ZH3HH 

~IS~ Xm/CJ • BeJIHqHHY ~IS B HHTepBaJie 10- 11 - 10-9 C MOZHO OQe~HTb, 

cpaBHHB Bl:IX0,11 ,11eATPOHOB B peaKQHH (2) Ha cnnomHOA MHWeHH Ton111H

HOA XO;;: xm H Ha MHW9HH, COCTOSl~eA H3 ABYX qacTeA TOJllllHHOA. X/2, 

pas,IIBHHYTl:IX Ha P~CCTOSIHHe 1 > lpacn· qHCJIO ,11eATPOHOB, oopaao

BaBmHXCSI Ha cnJIOWHOR MHWeHH, )IOJIZHO 01:lTb MeHbme, qeM Ha COCTaB

HOA, noCKOnhKY IS - ,11eATPOHH, PO,IIHBWHeCSI B nepsoA nOJIOBHHe 3TOA 

MHmeHH' MoryT' nponeTaSI Mez,11y _qacTSIMH MHmeHH' npeBpaTHTbCSI B 

o01:1qH1:1e ,11eATPOHl:I, KOTOpHe oonee cnaoo norno111aDTCSI BO BTOPOA no

JIOBHHe MHmeHH. 

TOJllllHHa yrnepO)IHOA MHW9HH YB9JIHqHeanacb OT 0,6 ,110 70'CM 

(HcnoJib30BaJICSI rpalf)HT C nJIOTHOCTbD p ;:1,67 r/CM3
). ~JISI n~nyqe

HHSI ,11aHHl:IX O speMeHH ZH3HH IS - ,11eRTPOHa HCnOJib30_BaJlaCb MHW6Hb 

TOJllllHHOA 20 CM H ,IIBe nocne,11osaTeJ1bHO pacnonozeHHHe MHW6HH TOJlll!H

HOR no 10 cM Kaz,11asi, pas,11eneHHl:le npocnoAKoA Bos,11yxa 65 CM. 

9KcnepHM9HTaJlbHl:le 3HaqeHHSI Bl:IXO,IIOB ,11eATPOHOB B peaKQHH 

lf)parMeHTaQHH ( 2) B 3aBHCHMOCTH OT TOJllllHHH MHW8HH noKaaaHW Ha 

pHC.11. cnnomHaSI JIHHHSI COOTB9TCTBY9T 3aBHCHMOCTH, OZH,llaeMOA npH 

HOpMaJlbHOM ceqeHHH B3aHM0,119ACTBHSI ,11eATpOHOB ad:;:: 470 MO. WTPHXO

BaSI JIHHHSI COOTB9TCTByeT oOpa30BaHHD B 10 % COOHTHA IS - ,11eATp0HOB 

C ceqeHJ.IeM B3aHMO,lleAcTBHSI a IS :;: 940, _MO, a mTpHx-nyHKTHPHaSI - CJIY

qaD, Kor,11a Bee o0pa3YDll!H9CSI ,lleATPOHl:I SIBJISIDTCSI ",lleMoHaMH" (6-
. . . 

,11eATpoHaMH). HaHMeHbmee sttaqeHHe :t2 /cTen.cBoO. s::s 0,4 nonyqaeTcSI 

npH HOpMaJlbHOM ceqeHHH ad:;: 470 MO. 

nonyqeHHHe 3KcnepHMeHTaJlbHl:le ,11aHHHe 3aKpHBaDT B03MOZHOCTb 

cy111ecTBOBaHHSI aHOMaJlbHHX ,11eATPOHOB C BpeMeHeM ZH3HH 10- 11 s ~as 

s 4 10-8 CB OOJlbWOA OOJiaCTH 3HaqeHHA OZH,llaeMHX ceqeHHA HX reHe

paQHH H B3aHMO,lleACTBHSI C B91ll6CTBOM. 
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PHC.11. BHXO,IIH_,lleATPOHOB B npoQe

cce lf)parMeHTaQHH ,3 He+C -- d+X B 

3aBHCHMOCTH OT. TOJIBIHHH MHW9HH. · 

npu noHCKe aHOMaJlbHHX lf)par

MeHTOB Sl)lpa yrnepo,11a B _C( C3H8 ) 

CTOJIKHOB9HHSIX 01:lJla.noJiyqeHa 3aBH

CHMOCTb ceqeHHSI B3aHMO,lleACTBHSI 

fparMeHTOB OT ux MaccoBoro quc

na. CeqeHHSI B3aHMO,lleACTBHSI HSOTO-
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nos re.llHR, JIHTHR, OepHJIJIHR H Oopa HaXO,D,RTCR B cornaCHH C 3KCne

PHMeHTaJlbHUMH ceqeHHRMH ,D,JIR COOTBeTCTBYDIIIHX nyqKOBUX R.a,ep. 0,D,Ha

KO, ,D,JIR CMeCH BTOpHqHUX R.a,ep C 3apR,D,OM z~ HaOAD,D,aeTCR 3aMeTHOe 

pacxoz.a,eHHe Mez.a,y 3KcnepHMeHTaJlbHUM H pacqeTHUM 3HaqeHHRMH. 

Ha pec.12 noKaaaHa aaeecHMocTb cpeAHero ceooo.a,Horo npooera 

cpparMeHTOB A OT paCCTORHHR X ,D,JIR fparMeHTOB, r.a.e B KaqecTee BTO

peqHoro ~parMeHTa oopaayeTcR R.a,po yrnepo.a,a 12 c (KPYZKH) H acex 

OCTaJlbHUX fparMeHTOB C z;:5 H 6 ~aMeCTe, r .a,e R,D,pa 12 C npaKTHqecKH 

OTCYTCTBYDT. WTPHXOBaR JIHHHR COOTBeTCTayeT cpe.a,HeMY CBOOO,D,HOMY 

npooery ,D,JIR nyqKOBUX R.a,ep. yr nepo.a,a. BH,D,HO' qTo ,D,JIR cpparMeHTOB 
12 C Ha0.11D.a,aeTcR yMeHbmeHee cpe.a,Hero ceooo.a,Horo npooera. 

>,(c11) 

40, 

20 

0 

·-~-_4..:.--i:i----+--
+ '( . 

• 

to 20 30 
X(cM) 

PHC.12. 3aBHCHMOCTb cpe.a,Hero CBO-

·oo~Horo npooera fparMeHTOB A oT 

paCCTORHHR X ,D,JIR fparMeHTOB c z;6 

( KPYZKH ) H z:5 ( Kea.a.pa THKH ) . JIH

HHR COOTBeTCTByeT ccn ,D,JIR nyqKo~ 

aux R.a,ep yrnepo.a,a. 

AnnpoKCHMaQHR 3KCnepHMeHTaJlbHUX ,D,aHHUX·.a,,11g fparMeHTOB 12 C B 

BH,D,e cyMMU .D.BYX 3KCnoHeHQHa.llbHUX aaBHCHMOCTeA .a.aeT (15±2}% BK.Ila.a, 

aHOMaJlbHUX g.a,ep yrnepo.a,a C Aa~(6,46±1,81) CM. 

Ec.110 npe.a,no.11ozHTb, qTo eoaoyz.a,eHHe aH0MaJ1bHoro 8.a,epHoro cpparMe

HTa CHHMaeTCR J ._ KBaHTaMH C 3HepreeA B HeCKOJlbKO M3B, KOTopue B 

CHCTeMe nOKOR cpparMeHTa HcnycKaDTCR H30TponHo, TO B.JlaOopaiopHOA' 

CHCTeMe ,D,OJIZHU HaO.IID,D,aTbCR J -KBaHTU C 3HepreeA B HeCKOJlbKO .a.e

CRTKOB M3B, JleTRll!He B Y3KOM nepe.a,HeM KOHyce no Hanpaa.11eHHD BUJ!e

Ta fparMeHTa no.a. yr.11aMH - th B JlaOopaTOPHOA CHCTeMe. 

BU.II nocTpoeH 3HepreTeqecKHA cneKTP ecex OTOOpaHHUX J-KBaH

TOB C yqeTOM 3(p(peKTHBHOCTH HX perHCTpaQHH B .11aOopaTOPHOR H aHTH

naoopaTOPHOR CHCTeMax. Ha pacnpe.a,eneHHR BH,D,HO, qTo B aHTHJlaOopa

TOPHOA CHCTeMe HMeeTCR H30UTOK J-KBaHTOB C Pr< 70 M38/C. 

qTOOU BU,D,e.llHTb 1 - KBaHTU, KOTopue MOryT OUTb ecny111eHY aHO

Ma.llbHUM cpparMeHTOM, H3 ecex OTOOpaHHUX J - KBaHTOB OUJIH HCKJIDqe

HU J - KBaHTU, ecny111eHHHe no.a. 00.llbWHMH yrnaMH eJI.C.> 20~, r
KBaHTH, CMOTPRll!He B TOqKy B3aHMO,D,eACTBHR H J-KBaHTH OT H3BeCTHHX 

HCToqHHKOB MaJI03HepreqHHX J-KBaHTOB. 

· Ha pee. t 3a npaee.a,eH 3HepreTeqecKHA cneKTP acex oToOpaHHHX 
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r-KBaHTOB (•) B aHTHnaoopaTOPHOR CHCTeMe c I >2 CM, T.e. J-KBaH

TOB, "CMOTPRIIIHX" B C.118,D, fparMeHTa. Ha pee. 130 npe.a,cTaBJleH COOT-

88TCTBYDIIIHA cneKTP, no,11yqeHHUR noc.11e·ecKJ1DqeHHR J-KBaHTOB, HaO

JID,D,eHHHX B COOUTHRX r.a.e oOpaayeTCR cpparMeHT C aapR,D,OM z~ (OTK

pUTUe KpyZKH Ha PHC.- a), BKJ1DqaD111eR aHOMaJlbHU8 BTOpffqHHe cppar

M8HTU 12 C • npeeumeHHe Ha.a. $OHOM npH E < 40 M3B .a,aDT J -KBaHTH, 
1 

HCny111eHHUe B. COOUTHRX nepefepeqecKHX coy.a,apeHHA R.a,pa yr.11ep0Aa B 

nponaHe c oopaaoeaHeeM BTopeqHux.fparMeHTOB 12 c • 

1so.----.-----,--, 

0) 

b) I 

0 200 400 

PHC.13. 3HepreTeqecKoe pacnpe.a,e

neHHe J-KBaHTOB c 1>2 CM B aHTH

.11aOopaTOPHOR CHCT8Me. 

YrJIOBUe pacnpe.a,eneHHR 1 

KBaHTOB, Hcny111eHHHX H3 00.llaCTH 

I > 2 CH B naoopaTOPHOR H aHT.HJla-

oopaTOPHOA CHCTeMaX npe.a,cTae.11eHo 

Ha PHC.14 a Ho. BH,D,HO, qTo B aH

T~JlaOopaTopHOA cecTeMe pacnpe.a.e

neHue 0JIH3KO K H30TponHOMY. 

TaKHM oopaaoM' COBOKynHOCTb 

3KCnepHM8HTa.llbHUX .a,aHHUX He npo-
E.;MeV) 

THBOpequT runoTeae O B03MOZHOCTH 

CHRTHR eoaoyz.a,eHHR aHOMa.llbHUM cpparMeHTOM C noMOJl!bD ecnycKaHHR,J

KBaHTOB. 

3001r----,---~--~--

~ 

200 
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100 
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•• + 11+.++++++J 

O 1 -1 0 
COS.'.}· 

PHC.14. Yr.11oeoe pacnpe.a,e.11eHue 1.., 

KBaHTOB c I> 2 CM B naoopaTOPHOA 

(a) H aHTHJlaOopaTOPHOA (0) CHCTe

Max. 

3HaR KOJIHqecTBO fparMeHTOB 12 C B OTOOpaHHUX COOUTHRX (CJ -

KBaHTaMH), qffC.110 cpparMeHTOB, oo.11a.a,aDll!HX aHoMa.llbHHM ceqeHH8M B3a

HMO,D,8ACTBHR H CBR3aHHHA C HHM H30UTOK J - KBaHTOB Ha.a. fOHOH, 
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MOZHO oueHHTb AOJID aHOManbHl:lX fparMeHTOB, ucnycKaDmux 7 - KBaHTl:l 
B oonaCTH e,< 40 H9B. C yqeTOM CTaTHCTuqecKHX norpemHOCTeR 9Ta 
AOJISI COCTaenSleT ( 19 ± 5 ) % • raKyD oueHKY cneJJ,yeT cqaTaTb 
HHZHHM npeJJ.enoM, T.K. cymecTeeHHaa qacTb Manosnepruquyx 7 -KeaH
TOB B nponaHOBOR KaMepe He perHCTpupyeTCSI. 

B saKnDqeHHH CQOpMynupoeaHl:l OCHOBHl:le pesynbTaTl:l JJ.HccepTauu-
9HHOR pa00Tl:l: 

1. nonyqeal:l eenuqaHl:l ceqenuR Heynpyrux esaHMOJJ.eAcTBHA SIJJ.ep 
P, d, He, C, Ft H Hg C SIJJ.paMH yrnepo]J.a_H TaHTana B HHTepeane HM
nynbCOB (2-5) f98/C Ha HYKnOH (Ft H Mg c SIJJ.paMH yrnepo]J.a). 
CeqeHHSI JJ.nSI B3aHMO]J.eRCTBHA SIJJ.ep dTa, Hera, era, FtC H MgC nony
qeHl:l enepel:le. 

npoeeJJ,eH aHanus eenuqaH ceqeHHR esaHMOJJ.eRCTBHR e paMKax pas
nuqHl:lX TeopeTHqecKHX MOAeJleR. noKa3aHO, qTo COBOKynHOCTb eenHqHH 
9KcnepHMeHTanbHl:lX ceqeHHA xopomo onHCl:lBaeTCSI B paMKax· MOJJ.enH 
"TeepJJ.l:lX cQep" c nepeKpl:lTHeM H TeopneR MnoroKpaTHoro pacceS1HHS1 
HyKnOHOB. 

2. HsMepeHl:l eennqffHhl Bl:lXOJJ.a cneKTaTop~l:lX H30Tonoe BOJJ.OPOJJ.a, 
renua, nHTHSI, oepunnua, oopa u yr nepoJJ.a , oopasoeaHHl:lX npu cTonK·
HoeeHHH SIAPa yrnepo]J.a C nponaHOM H C SIJJ.PaMH TaHTana npH HMnynbce 
4,2 rsB/C Ha HYKnoH. 

3. Bnepel:le nonyqeHl:l sKcnepHMeHTanbHhle eenuquHu cpeJJ.HHX sna
qenHR ·u JJ.HCnepcHA no qacny npoesaHMOJJ.eACTBOBaBWHX HyKnOHOB SIJJ.pa
CHapSIJJ.a npH HeynpyroM CTOnKHOBeHHH penSITHBHCTCKHX SIJJ.ep d; He H C 
C Sl]J.paMH TaHTana npu Po.-:;4,2 f98/C Ha HYKnOH. noKa3aHO, qTo QnYK
Tyauun B qacne npoesaHMOJJ.eRCTBOBaBmHX HYKnOHOB uenocpe]J.CTB8HHO . ' 

npoaenS1DTCS1 e npouecce MHozecTeeHHoro oopasoeauua qacTHU. Cpae-
HHTenbHYR auanH3 9KcnepHMeHTanbHl:lX ]J.aHHl:lX B paMKax MO]J.enH MHO
roKpaTHOro pacceRHHSI uyKnouoe yKasl:leaeT Ha xopomee cornacue Mez

JJ.Y HHMH. 
4_.·nony~eHY HOBl:le ,ztaHHl:le no MHo:a:eCTBeHHOCTH BTOpffqffl,IX sapa

JteHHHX qacTHU so.· B3aHHO,zteRCTBHSIX. p ·, d, He H C C . Sl]J.paMH yr nepo,zta H 

TaHTana B HHTepeane HMnynbCOB ( 2-5) rsB/c Ha HyKnOH •· 
. . 

noKasauo, qTo npH B3aHMOJJ.eACTBHA npoTOHOB C SIJJ.paMH yrnepo]J.a 
H TaHTana HMeeTCSI CYll!8CTB8HHl:lR pocT cpe.i{HeR MHOZeCTBeHHOCTH C 
yeenuqeuueM· nepsaqHoA snepruu. Haq0HaS1 c HMnynbca 4,2 rsB/c, e 
Heynpyrux B3aHMO,zt_eRCTBHSIX npoTOHOB Ha · sr,ztpax 3aMeTHO pa3MHOZeHHe 
0-- M830HOB .. 
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5. HaOJID]J.aeTCSI cymecTeenHaSI saBHCHMOCTb cpeJJ.HHX MHOZeCTBeH
HOCTeA lt--Me30HOB, 01:lCTPl:lX npOTOHOB H-npoTOHOB ~cnymeHHl:lX e.sa,zt

HDD nonycQepy OT aTOMHOro eeca S1,ztpa-cHapS1,1ta. HHOZ8CTB8HHOCTb --
M830HOB_ H 01:lCTPHX npOTOHOB yeenuqueaeTCSI nponopuuoHaJlbHO C poc
TOM cpe]J.Hero qucna npoesaHMOJJ.8ACTBOBaBmHX HYKJIOHOB v , KOr]J.a KaK 

- p 

pOCT MHO:&eCTBeHHOCTH g-qacTHU BhIXOJJ.HT Ha nnaTO. JIHHeAHl:lA pocT 
cpe]J.HeR MHOlS8CTB8HHOCTH It - -Me30HOQ B saBHCHMOCTH OT qucna <v > 

p 

cornacyeTCSI C MOJJ,enbD nesaBHCHMoro B3aHMO,zteACTBHSI HyKnOHOB SIJJ.pa-
CHapSIJJ.a. YeenuqeHHe cpeJJ.nero qucna npoTOHOB, ucnymeHHHX e saJJ.HDD 
nonycQepy, no eceA eepoSITHOCTH csasaHo c eospacTaHHeM qucna npo

esaHMOJJ.eAcTeoeaemux HYKnoHOB SIJJ.pa MHmeHH. 
6. noKasaHo, qTo yeenuqeuue JJ.HcnepcHH pacnpe,zteneHHSI n - -

M830HOB no MHOZeCTBeHHOCTH npoHCXOJJ.HT nponOPUHOHaJlbHO HX cpe]J.He
MY qucny. HaOnDJJ,aeTCSI_ cymecTBeHHoe ymupeHHe pacnpeJJ.eneHHH no 
qucny pOZJJ.8HHUX «-- M830HOB ,ltJISI yrnepOJJ.HOro oonyqeHHSI B TaHTano
BOA MHmeHH. TaKOe noee,zteHHe CBSl3aHO C ysenuqeHHeM BKna,zta B ,ltHC
nepCHD D_ QnyKTYaUHH qucna B3aHMO,zteACTBYDmHx HYKJIOHOB Sl,ztpa CHa

PSIJJ.a Dv. 

7. nonyqeHl:l A - saBHCHMOCTH MHOZeCTB8HHOCTH OTPHUaTeJlbHl:lX 
qacTHU H npoTOHOB BO B3aHMOJJ.eRCTBHSIX P,d,He HCC Sl,ztpaMH yrnepo
]J.a H TaHTaJia. Cpe,ztHee qucno npoTOHOB, yqacTBYDBtHX BO B3aHMO

]J.eRCTBHSIX, pacTeT, npuqeM cpe,ztHee qacno npoTOHOB c Pnao~ 1 rsB/c 

pacTeT KaK A0 • 56 ± O,l, a 0;3 < p < 1 f98/C pacTeT KaK ·A0
•

14
±0,l 

(,ltJISI yrnepOJJ.HOR MHW8HH). 
s. noKasano,qTo yeenuqeHue aTOMHoro eeca (2-12) HaneTaDntero 

Sl]J.pa npaKTffqecKH He BJIHSleT Ha HMnyJlbCHl:lX H yrnoBl:lX xapaKTepHCTH
Kax It-- Me30HOB. 3KcnepHM8HTaJlbHUe ]J.aHHUe YJJ.OBJl8TBOPHTeJlbHO onu~ 
Cl:lBaD'fCSI KaCKa,ztHOR MO,ztenbD (.nKH) H MO)t8JlbD MHOrOKpaTHoro paccea
HHSI. HaOnD,ztaeTCSI cymecTBeHHOe OTJIHqHe OT COOTBeTCTBYDmHx xapaK
TepHCTHK ff--Me30HOB, poz,zteHHl:lX B HYKJIOH-HYKnOHHl:lX B3aHMOJJ.eRCTBH
SIX, qTo . 'YKa3YBaeT Ha npHCYTCTBHe BHYTPHSl,ztepHHX 9tQeKTOB 13 npo

ueccaX POZ]J.eHHSI nHOHOB. 
9. nonyqeno, qTo ysenuqenue qucna npoTonoe (P >300 MsB/c) c 

. . p 
ysenuqenueM aTOMHoro eeca Sl,ztpa-cHapaJJ.a npoucxo,ztHT npeuMymecTeen-
no B OOJlaCTH OOJlbWHX 01:lCTPOT npoTOHOB. HMnyJlbCHl:le H yrnoeue pac
npe]J.eJleHHSI npOTOHOB H3 Sl)tpO-Sl,ztepHHX BSaHMO,zteRCTBHA H HX cpe,ztHHe 
xapaKTepHCTHKH cymecTB8HHO 3aBHCSIT OT aTOMHOro eeca HaneTaDmero 
SIJJ.pa. HMnyJlbCHl:l8 cneKTPl:l npOTOHOB CTaHOBSITCSI oonee zecTKHMH, 

< Pnao.> yeenuqueaeTCSI. 
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HaOJID,11aeTcS1 npHMepim · 10 - npoQeHTHoe yeeJIH'leHHe cpe,11Hero 

nonepeqHoro HHnynbca· npoToHoe e cnyqae esaHHo,11eAcTBHS1 HaneTaDIIIHX 

Sl,llep ·c Sl,llpaHH TaHTaJia. 

10. HaOJID,llaeTCSI noJIOltHTeJibHaSI KOppeJISIQHH B npoQeccax HHO

JteCTBeHHoro poz,11eHHSI qacTHQ Hez,11y n--HeSOHaHH H npOTOHaHH B pTa

eaaHHO,lleAcTBHSIX npH HHnyJI6cax P > 5 f9B/C H B CTOJIKHOBeHHSIX SI,llep 
p 

He H C C TaHTaJIOH npH HHnyJibCe Ha HYKJIOH 4,2 f9B/c. 

nonyqeHHHe 3KCnepHHeHTaJibHHe ,llaHHHe ,IIJISI xapaKTepHCTHK BTO

PH'IHHX qacTHQ' oOpaaoeaHHHX B S1,11po...:S1,11epHHX B3aHHO,lleAcTBHSIX' 13 
QeJIOH . y ,IIOBJieTBOPHTeJibHO onHCHBaDTCSI pac'leTaHH no HO,lleJIH ,!IKM H 

MMP aa HCKJID'leHHeH HeKOTOPHX HOHeHTOB: pacxoz,11eHHe Ha "XBOCTax" 

pacnpe,11eneHHA no P nao H P2 B Hee H cc B3aHHO,lleACTBHSIX H no BH..;. 
• , .L 

,IIHHOHY , yKa3HBaDT Ha HeOOXO,IIHHOCTb yqeTa B ,!IKM B3aHHO,lleRcTBHSI 

qacTHQ C BHYTPHSl,llepHHHH KJiacTepaHH. 

11 • C noHOlllbD HarHHTHoro cneKTPOHeTpa "AJibl!Ja" npoBO,IIHJICSI 

noHCK aHOMaJibHHX ,11eATPOHOB B ny'IKax peJISITHBHCTCKHX Sl,llep reJIHSl-3 

C HHnYJibCOM 10,8 f3B/c. Hccne,11oeaJICSI BHX0,11 ,11eRTPOHOB B pea·KQHSIX 

cpparHeHTaQHH 3 He 8 ,11eRTPOH Ha yrnepO,IIHOA HHmeHH B aaBHCHMOCTH OT 

ee TOJIIIIHHH B yrJIOBOM KOHyce C paCTBOPOH 8::;; 20 Hpa,11. Onpe,11eJieHH 

Ce'leHHSI B3aHMO,lleACTBHR C yr nepo,110M Sl,llep reJIHSl-3 H ,l(eRTepHSI, a 

TaKJte Ce'leHHSI cpparMeHTaQHH. nonyqeHHHe 9KCnepHMeHTaJibHHe ,naHHHe 

C 95 % YPOBHeM ,l(OCTOBepHOCTH 3aKpHeaDT B03MOZHOCTb cy111ecTBOBaHHe 

aHOMaJibHHX ,neATPOHOB C epeHeHeM JtH3HH 10-11 ~ ,:8 ~ 4· 10-•c B 

OOJibWOR OOJiaCTH 3Ha'leHHR OJtH,naeHHX Ce'leHHR HX reHepaQHH H B3aH

MO,lleACTBHSI c ee111eCTBOH. 

12.npoee,neHo Hccne,noeaHHe cpe,nHero ceooo,nHoro npooera e mH~ 

POKOM HHTepeane paccTOSIHHR OT HCTO'IHHKa HX oopaaoeaHHSI, 1-30 CMc 

Ha noJiy'leHHHX .naHHHX CJ1e,11yeT, 'ITO aHOMaJlbHOe yMeHbWeHHe cpe,11Hero 

CBOOO,IIHOro npooera HaOJID,llaeTCSI T.OJlbKO ,IIJISI TaKHX nepBH'IHHX B3aH.c 

MO,lleACTBHA ny'IKOBoro SI,npa yr Jiepo,na' r ,11e B Ka qecTee BTOPH'IHOro 

cpparHeHTa oopaayeTcSI S1,11po yrJiepo,na 12 c . (15 ± 2) % Hccne,11yeM~x 

Sl,llep I 
2 C npOSIBJISleT aHOMaJlbHOe YMeHbm'eHHe cpe,11Hero CBOOO,IIHOro 

npooera, A.a:;: (6,46 ± 1,81) c~. 

13. HccJie,noeaJIHCb xapaKTepHCTHKH J - KBaHTOB, conpoeoz,11aD.HX 

oopaaoeaHHe MHoroaapSI,IIHHX cpparHeHTOB c aapSI,IIOM z = 5 H 6. YCTa-
. f 

HOBJieHO, 'ITO KPOMe J - KBaHTOB _ OT pacna,na n° - Me30HOB HMeeTCSI 

BKJla,11 MaJIO~HeprH'IHHX J - KBaHTOB C H30TponHHM yrJIOBHM pacnpe,ne

JieHHeM B CHCTeMe noKOSI cpparMeHTa. HaOJID,lleH BKJla,11 J - KBaHTOB. OT 

a,11pOHHoro TOpM03Horo H3Jly'leHHSI. 
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noKaaaHo, 'ITO H30HTOK J-KBaHTOB C 3HeprHeR MeHbme 40 H9B. 

Ha,11 IIJOHOM OT H3BeCTHHX HCTO'IHHKOB, ocoOeHHO 3aMeTeH B COOHTHSIX 

co BTOPH'IHHHH Sl,llpaMH 11 C • C yqeTOH CTaTHCTH'leCKHX norpemHOCTeR 

oQeHeHa ,IIOJISI aHOMaJibHHX mecTH3apSI,IIHHX cpparMeHTOB, HcnyCKaD.HX r

KBaHTOB, KOTopaSI COCTaBJISleT (19 ± 5) % • 

TaKHM oOpaaoH, B paOoTe npoee,11eHO CHCTeHaTH'leCKOe HCCJie,11oea

HHe B3aHHO,lleRCTBHR nerKHX si,nep ~ SI,llpaHH, noJiy'leHH ceqeHHSI Heyn

pyrHX B3aHMO,lleRCTBHA, OOHapyzeH PSI.It xapaKTepHCTHK npoQeCCOB HHO

:zeCTBeHHoro po:i,neHHSI BTOPH'IHHX qacTHQ. npoee,11eHO HCCJie,IIOBaHHe no 

ocrnapyzeHHD "aHOHaJIOHOB". 3TH ,11aHHHe no3BOJIHJIH npoeeCTH cpaeHe

HHe 3KCnepHMeHTaJibHHX peayJibTaTOB C TeopeTH'leCKHMH pac'leTaMH H 

HaATH OOJiaCTb HX npHMeHHMOCTH' 'ITO HeOOXO,IIHMO ,IIJISI ,11aJibHeRmero 

pa3BHTHSI TeopHR CHJlbHHX B3aHMO,lleRCTBHR. 
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