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BBF..IlEHHE 
Kax MSBeCTHO /II, H8.Be,neHHaH 8I{T;fBJ!OCTL MrpaeT BamlYJ) p o nh B 06

meA rrp06J1eMe pa,nMB.IUloHHoD (je sonaCHOCTPI. OTCIO.na B1iTeKaeT Heo 6xolU!MOCTb 

B "CCne,nOBSH~ MeXSHH3MOB n S8I{OHOMepHoc TeA 06PSSOBSHKR Ha~e,ncHRoA 

TKBHOCTH B npouecce pa60TH YCKopHTenR B ,neTallfiX o60pYnO~QHKR. SamMT

Hwe cooPYlI£HJ14IIX , BO 3.I\YXe H T . ,n. 

MHoroneTHEMII .Il.03HMeTpmeCKHMH 11 3MepeHll1u,u/21 n OIDill YCTllIlOllJICHO, 

~TO OCHOBHO« BRna~ B ,n03Y BHelliHero 06nyqeHKR odcJ1y~~~ero ncpcoH8na 

YCKopHTenR DliCOIGIX :.:meprH"ft BHOCHT n8BeJleIHIaII 8ItTHDHOCT1. ¥-1I311Y1feHKR. 

YtmTHBaq COBp8MeHHall TeH,neHUHIO y nelHl lleJm.1 nOTOKa H 911epr HH YCROplleMHX 

'Iac THU, R8r:PHMep/ 3, ,51, aKTyanhHocTb nOJlY"'lemlfl lIeo6xo.llHMliX ,naRHliX no 

f!8Be,nClIlIO:i axT1i~1I0CTH Bospac TaeT. 

B ,naHRoR pa60Te npe,ncT8.BneHH paCQCTHUa PI 9ltCnepRM611TantHHe npo

cTpaHcTBeHHo-BpeMeHHble pscnpe,ncneHim M0ll1110CTH nornolllcHlloD ,n03H P OT 

pa,n:lUuyrm H,noB. Hapa60T8HHllX B IIl'I1lI!H,JUlMtWCltCn Me,nlloR MmueHH paSMepaMB 

lOOxI30 Mrl- . Ha KOTOPYIl na,naJiil npoToHu C suepman J, 65 raB. 

I. PAClIET 
J1.1L'I uonY1feHBJi IIpOCTpaIlCTBeHHO-BpeMellTloro pacnpe.neJleHWI P s e06x o

.IDIMO c5H'lO onp e,ncnWfy, : I ) npocTpaItCTDeIlJlO-BUepreTHqeCKOe pacnpe,neJlelnte 

Tl IlOTSOCTI'l rrOTOKa a.zwOllOn, Heynpyro npoD3ru'Mo~C~CTDODBl1l1IHX B MHIlIeHH i 
2 ) 3Hepr eTiNeCIme pa cnpe,ne1l9l1Kfl c e'lemrfl o\5pa30aSHKR Jl8,JlHORYKJlH,nOB B 

a,Iij)oll -R.n.epHoM B3a.JIMo.ne,"cTT1IHI; 3 ) npoCTJ!QHCTD8HHo-3UepreTH1feCKOe Bpe

,lCHHoe pacnpe,neneHH8 nOM .r-113JlYl.ieIllUl 1)1' HC'l'O'lHlffiOB R 06ny'leHHoA MH

IUCHH. 

r eOMeTp}!H p aC'lCTa npe,nCTOBnClla 118 pllc.l,B. tIllCJlO HeynpYrHX 1I38HMO

,neftcTBUti. N/tV1.(Il.K) H8 O.n.;I1~ ynaIlumR l1POTOH 11 ( I, J )- R 06JlSCTH MHlIleHIJ 

,nnH K- 1'0 HOMepa 3RcpreTHlIecKoA rpyunu ~Ha pas,ne noRO onpe,neA&HOC~ 
.lVlil a,npOHOD BblCOKl'IX aHepr nl; (tit .. n, p, JT t. ) ..I HeftTpoHoB HHSlUIX sHeprHa 

( ~= rtf ) B 5HepreTlflleCm fJC IHlTepIl9J1ax 10 MaE + 3,65 raB H 0,215 aB + 
10 MaE COOTBeTCTBeHHO . Mo,nen Hpo1l9Hl'le PS311HTIUl HYKnOH-Me30HHoro Ra~-
1l.8 OCYIlleCTBlUinoc L MeTo,nOM Mop. Te-Kapno C nCMOlllhlO nporpaMLlil SHIELD 6 • 
llpl'l 3TOM Y'lHTbiB8 JlOC[-' npoCTpSHCTBeHHoe pacnpe,neJleHHe ny'IRB nepDH1fHUX 

np OTOHOB. 
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11 BKOllepHMeHT8 1lbl:llnC ( .f ) 3I!a1Je


HID; P OT BpeMeHR C KOHua 061lY'l8HM 


t ,IVUl pa31l11'l HbIX reOMeTpm.t 1;3Mepe 
 ::~
Htrn (pllc.I , 6 ) : 13 - B TO'DtC I , 

6 - B TO'lRe 2 , B - B TOqne 3. Zl 30I ~ 50 60 

I 7~ tlc.".~
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CROPO CTb oc5pa30naHllil i - 1'0 pa,mlOIJYKIlI!,na B (IJ ) - u oMaeT.u , 06 

YCJlOBl1eHH8Ji Q8CTIIUBMI! ~ -ro nma, .I\ilJI e.llJ1HM"HOro DO'l'OlW nepBWfHnI'O 

rIy11Ka llbIpaH.aeTcR d.opr-IYJloa: . G' .( I<) 
(I )

II;'(I.J) =F~U/(I,J,K)6?~K) , 

~" 
r ,ne 6'z.j ( K) R C;at.(K) - cpeJUiHs ce'l.efWS o6paaoBaHH.H j -ro pa,IUlo
~ R nOJll!oa ce-qalfiIs Hsynpyroro B3&1MO.n~CTBWl .n;JUi tJaCTRUU -;e -ro 

TIm8 K-16. 3f1epr eTlftfeCKOii rpymru Ii fI.I\ep eCTecTDenH0R 1.le.l1.l'l . 

I1cTOtJmllt J' -113nytJemUI, 06YCJlODlIeHHW1 uepaduTalltlHMIl p8.llHoHyrolll 

.n.aMl1, c5Y.IleT: 
, -Ajr. -).. i.l )

S,lt(I,l,Kr,t)=rN;(I,J){I-e ,)e IJ(Kr , (2 ) 

r ,ne K, - 3HepI'e'l'1l'Iec~ rpynna .r-R~JlTJellJm ; Aj - iiOCTOllllTIWl pacna.na 

j -ro P~OHYRllH.na; r - DpeMIl, B Teqe HMe RO'l'oporo rrpoI1Cxo.rllll.O 06)1}

'<!eH"B.e r.ooneHH nepBH'JHl:lM nyt:IKOM; f - npel!lt , nporne,IJ;lllee 0'1' MOM6HT8 OKOH
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PI1c.3.BpeMeHHlle 3aBBCIDftOCTB C1 
O'fHOCl1'l'enhHUX BKIla.n.OB B MOlll 

o,~ 
HOCT1o ITOrnOllleHHo~ ;n03~ 0'1' 

pa3n~'fi1HX TWITOH a~OHOB: 

-- - n epBI1lJ:Hla. ITPOTOHOB,:f 
- - - - RTOPKtlHUX np OTOHOB C'-. o 

1 o,~ 
c..: EI'> 10 MsB,-._.- _. u eiaTpo
~ 

;::,::.;-~ 	 HOB c Eil> 10 MaE,- ••• - Hetf 

TPOHOB C 0,215 aB<E <1 0 MaE, 
o 

Il

- .. - - 31'±-Me 30 HOB C 

E;wt> 10 MaE; a - Il T01ffie I , 
oC- iilhh£sE 6 - B T0 1ffie 2, B - B T01ffie 3 

0,5 

I III 	
(pHc.1,6). 

~4..'!si oWr/IJ.Oil ...,; fl - 103<.U:i'roBlLl 13JlXOJ~ p~OlryK.lIl!,l(U 

J -ro TIDIa 71. Pnc~eT ceqeuIDi 06pa3013aHIDI Pa,JI,llORKTHllHHX 1130TOilOll B 

a;npoH- ll,lJ,eOHOJ.l B3w'Mo~ei1cTBI1 H :lI.o/,! 'lacTml BUCOKHX 8HeJIMrll rrp Ol!31l0rJlc.,q 

no at,nmpll~ecKw· arrrrpOltcIlMal.\,l1Hl/8/ C rrOMo UlLIO nporpaMMli SPALL 79 . Xo
Til: Yl:a3amrue BUllIe annp oRcru.lalllllJ UUJll1 u onylJeHU B OCAOBHOM ,lI)lR npOTO

HOD, MIl I1crronf.30BaJll1 IJX 'l'8.KlKe ,lJ,l1R HeHTpOHOB If JT% -Me30HOR, TaJ( Rm{ 

rrorpenrHOOT'H paClJeTOB c n~rMI.J C ra31ltlQWIMH B CeqeHHRX pa ClIleIlJleHiUJ ;nJI 

pa3 Jl11"IBHX TIIDO!' a;npOIIQh 9 . Mn. n eio\'TpoHoB 1m3RJoUC 3HepraM J.lCilOnb

J£B,mIOju ralfUe , K('Iropble nOIlY1.fetru 11 3 6H6JlI10TeIGl DLC-'I(C (VI'l'AI'fIN-c) 
11 • 	 lL' 

l1POCTpalICTl'eHHO-!lpe l" eHffl.lC paCITpe;nellemUJ ~,lOllUlOCTJf ,lJ,031l Prt~ t) aT 

:'CTO'tfHI1.KOB y -11 3Jly qelHlJI (2), r.ll.e l - pa,ll.lolyc -BeKTOp TO'fltE npOCTPaB

cTBa, oupe.ll8J1JIJUlcb C 1I0MOll\blO tml!t.CHepHhIX MeTo,nOB /12/, a pe3YJlt.TllPY-

1OII\aR neJlwnflla t,IOtl(llOCTl! nOrJlO!l\ellHo1\ ;n03hl dYlleT 

P(i,tj=L P~(~ t). 	 (3) 

~ 

2. 3KCITEH1MEHT 
OCinytteHJlle Me;nHoit MHIDeHH ~OQxl30 r.'J.f rrpoBO;n11 nOC1 B Te'leHHe ;D,BYX 

'leCOE ITy1ffiOM rrpO'rOHOB 3HeprJ'Iett 3,65 raB rrO TOKOM 7- 101° p/wum ~l'IC.I, 
a) . YcnoBIDI o6nyqeHHf{, MOHl'ITOpBpOBaHl'Ie 6~n.I1 TaItHMH lie , ItaX 1'1 B 3.14! 
KoUTpOnI> 38 o6nyqeHlfeM IIPOBO~JlCR C DOMO!l\blO .I10H1l3aI.\ROHHOA KaMepH/I5/. 

a o6mee 'mcno npOTOBOB G , YUaBfiIl.fX Ha ',OOIleHb. Onpe;neMnOCb C rro

.IOIl\bIO pea.Krtl!1! aKTRB~I127Ae(p,r)''F l'I 2'At(p. x/'Mr . 3118'lemm G, onpe
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,IlellellIl1Ie rutTIUIDUIolOIIH1lM ;o.eTeKTopoM H lWMCpolt, c Or71acYlOTc ff l'oielK,nY c 0 60n B 

rrpe.Il,ell8X ow~6of{ 113Mepe1lHR. B ;naHffoM pa60Te nplolHffTo 

G:(5,O~6,f) · IOf.J [I') 
AnnapnTY pUl~e Cnel{Tphl r - fl 3!lY'lemm 0 6 IJY'l6ffROH M1JllIeIDJ n3MepIlJUIC L 

,II.IlT'Il1 ltOM EJl.'Jr-23 C :lieTeKTopoM NaJ(re) p8 3MepoM ¢,63x63 Mrt- 11 ar.mlUl'l'Y,lJ,

HllM MB O!'OKellUn b HIiM aJ-la ml3aTOpOM NrA - 1a24 . Jli1HeJ.1l1ocTL, anepr CTM'le C

Irne 3aBBCBMOCTB S\M'eItTlffiI:lOCTI1 penlC'l'pal..!,ID1 r-1038HTOll D miKe nOIlHoro 

rror norueHIDI, i o'rOqaC'rlf, ITOnO!leH1Je 	 a¢qleKTIIDHOro u eH'rpa OITpe;neM/UH,':n Be
CR0l1l>RI1M11 Ha60 paMH oem. 

1Io MeTO;nI1Ke, 113110Jltemw it B /16/. onpe;neMl1I1Cb 3He p r eTWlec lwe pac

rrpe,n.eneHlm rrnOTTlOOTB rrOTORa r-ltBaHTOB CP(fr), a 3a'J'eM MOtl(llOC'1'h ,n.03li 

r -il31lY'leHRff 

p == jK/(Ey) 'P(E,)clEy , (4) 
r ,l1,e /(,;(£,) - RO m~lUJo!eHT rrepexo.na OT n nOTHOCTI1 nOTorca K MOU!HOCTloI ;n03H 

J(-H3nyqeHHfl/1 7 • l1poBepKB rrpaBHnbHocTH nonyqeHIoIR 3Ha~eHnR P rrpoBO~
naCb C nOMO~ TO'tfe'lHHX ~CTO~JHKOB C K3neCTHW~ aKTIoIBUOCTiiM~ ~3 Had o 

p OB oem B pa3JU1lfliIDC CO"leTaHHflX. l1pll'lJeM, l1CTOlfHUK\I paCDOnarOJll1Cb Ha 

paS1llPIHWC paOCTORfIWIX 0 '1' rrOBepXllOCTK yrtaROBl<ll KpHCTaJlna NaJ(r!) B ~1H
TepBane OT 40 MM ;0.0 300 MM . 118 OCJlOBBlillH nonyqeFlTlUX peSYJlbTaTOn 31:1a

'lelll'lH P orrpe;neJIRJUlOb 0 norp eWHOCTl>lO He xyxe 15%. 
eOMeTpWl I1sMepeHttJ;! P OT oCiJlyqelillOfi r,mwetrn nOKaS8.l:ia Ha puc. I, Ci; 


113MepeHllfI npoBo.In1nI1Cl> ae p ac CTO.f!HlIllJ f ~1 30 I'M OT fiOEepXHOCTr rmIlieHll . 


3. PE3YJI1TATH 11 BbIBOJlJ'» 
1l0nY'leHHl:le paC"ieTHIoIe H 3KcneJUlMeJlTBnblflie npoCTpaHc'l'1\88HO-BpeMeB

lflie pac llpe,n.eneHM r~OlllIlOCTn I1o!'JlOllleHHol1 ;n031:J ope;n.cTaDl1eJlH HB pHC. 2. 
pa3JIK'IDJJ. MSliOlY KOTOPl1lMll He npeBl:IIlIB.IlT 30%. PaC'leT ;nae'l' HeCKonhlto 3aHH

lPi.eHlrue PC:1YllhTs'ru, tfTO, rrO-BJoI,nIIMOhlY , o(\wcnsreTCl1 HeY'fe'l'OM ;nn.cr ynpoU\e

nIDl paCtfeTOB DKTllDaIDl11 OT BTOPII'Ilill.X "( -ltBaHTOll, sneKTpoHoB , MIOOHOB. 

AHaml3 paO'leTHbi..'{ OTHOCBTeJlbH.bI.X B KJJa;D,OB D P({,f) OT Rane;n.eHHoU ax

TIffiBOCTil B HaweM cny-qae nnR nepBH'lROrO Dy1ffi8 n DTOP]J'tfHHX a.Il,poHoB pa3

Jll!"lI:lHX Tl!ITOB ITOKa3~eT (pBC. 3), 	'ITO ,ItnJ£ t ~ 50 'I n i ~ 100 'l Be

nwmny P(i,t) B OCHOBHOM 06YCJIOBJIKBalDT HeftTpOJIH c E.> 10 1.laH. ]I,JIR 

OCTanblillX t paCCMB'l'plffiaeMoro BpeMeHHoro HlITepnOJla o npe;ncll.f!IlII1e1! P(r,t) 
6Y.I\CT BCJUI'nma 0'1' n epDH'nIIiX npoToHoB PO(t:V C lIr1lRCW,lYMOM rrpE t-200 'I. 

J13 ;n811111U paC'lGTOB cne;nyeT TaRJKe, TIO 8RTlD3amm nTopWIIIUMH aJij)0

Drum D OCTlODHOM o6YCl1nnrll a;IijJOHBMll :,lBeprI10!\ f"" 300 MaB. 8lJaJlOrlol'l 

rru.fi BIl110,It C,lJ,enall Ii D 8, no ;nJIJI nepBlJllI1UX npOTOHO]3 ::lHCpI'Hen 

Ep =660 M:ill. 
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XU'I',I .fl fl11 1I1:.tJ.1 p8eQe'l' MMeeT n8KOTOpbl8 1I.0rrymeHIfR , nO Jly~eHHoe XO llomee 

CO'l'/]FICItC (ll tCJle J'MI,;OHTa Jl L f-Il:U ." pac~eTllllxre 3y}J b'J'aTOB rOBOp l1T 0 npam l JlL 

11001'11 nO;Il,Xo,n n I{ p e liJem l10 3a,D,a 'lrt. PaO'lST ,WlR Mlli.llSHSH d OJJl>lillU pa3-, 

r~eJlOB H dOllee CllO!rn1:U KOlllh:!rypaI.\Ii f' BO::;'''10lKCH DOC}J e ycoBepl!le HC ~'?OIlaHHR 

1~C110n r'3Ye~lOrO pO C'10 TROI'O amrapaT8. 

ABTOPI:i BUp GT.taJOT 6 narO.I\apOOCTI, f~. M. RoMO'1JWny 38 rrOCTQHOE~' 38,na'lI1 , 

DO.iLIJ,ep lil:KY n ITOJIe3nHE' 06CYlI\Il.6HIIH . a 'l'aKEe A. D.KophlTOBY , A. H. PC3YRIlliY 

38 rrol~OUlb R npOB e ;n,8HIHI 3:KCnepJ.tv,OHT<l. 
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ACTan o B A.A., TIR M6neucKN~ B.n. PI6-85-435 
HaBep;e HHafi aKT HBHOCTb TOJICT OH Mep;1-I0;"! MHllIe HH 

npH 5 0M5a pAHpoB K e ee npO T OHaNH C 3HeprHeA 3,65 r3B 

npeACTaDJICHbl paClJeTHble H :;)KCllepHM8I-ITaJlbHhle pe3YJIbTaTbi 

no npocTpaHcTBeHHo-BpeMeHHoMY p a c:upeAeJIeHHlO M Oll\HOCTH .r~03bl OT 

HaBe.o.cHHoi1 aK T HBHoCTH MeAHOrr MHFleHH pa3McpaMH i> 1OOx l30 M~12 
n p H O OJIY4e H11If ee nY'IKoM npOTOHoB C :;)HeprHcl1 3,65 r :>B. lto,n;e

JIHpOa a ffli e npOIJ,eCca Hapa60TKH pa,n;HoaKTI1BHblX 3 JleMeHTOB B MHweHH 

IlPOB OABJIOCb NeTo,n;OM H OHTe-KapJlo. n OJlYlJ e HbI ,n;aH H ble no OTHOCH

T errb H OMY BKJI3,L\Y B MOll~I I OCTb ,n;03bl OT H a Bep;eHHo ii aKTm3110CTH ,n;JUI 

ne p B W IlIoro nY'IKa H BTOPlf"l HbIX 'tfaCTHI1, - He f lTpOHOB C :;)!leprHei1 

En < 10 M3R Ii pa3JIlNHbIX THIl OB a.o.p o HoB C E a > 10 thB. 3KcnepH

MeH T a JTb Hble IleJIH'-IHHbl onpe.o.eJIe llbl C nOMOl!J,blO CI1,HHTHJIJIflI1,HOHHOro 

p,CTeKTopa C KpHCTaJIJIOM HaJ (Tl) pa3MepOM i>63x63 MM2. PS 3JIHlJHe 

Me)~y paClJ eTHblNH II 3KcnepHNe HT8JIbllblMI1 3I'1a '-!e H H flMH ~!OI!\HOCTeH 

.0.0 3 y -H3JJY4eHHR HE ilpeBblIllaeT 30%. 
PaGoT s llbmOJId ella B OnJ;eJIe pap;HalO!OHHOJ':! 6c30nacHocTH 


H pap;HaIJ,l1ollHblX HCCJIep;OBa IHlf! OH5iH. 
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