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· § I. BBe,lteHliO . 

B Hact.osn!lell paelote ·-npe,~tctas~eHH pe~y.ixuats·· H3ytteHHa·~_Ho
~ectseHHocu •. nopJittHHX qacTJIIt x napHHX xopp~iiiixtHR npotoa~i:i;· 

•. oelpa3osaaa~ s it-cf2 ~·::-s3amro.~teitctsJiax · npi! ~nyn:&ce 5 ··ra~/c.
QltHOKetpO~M uponaHOB~-nyaHpi.KQB~IJ- Jtal!epa Jimi oruniV 

,.:. ·- '· ' 

CIJ:VIa oelxyqeaa B nyqxe n~ -:u:e30HOB c ~nyx:&co:i/ P .: 5 ·raB/c(2/. 
...... )t!laz.n;H rqiocK.~tpeao oxoio ~000 c'-repeoxa,~tpos. 3!WJeKtH~HOCT:b ~Bot!-

I 
.? .... • .-

'aoro npoc~otpa·oxaaanac:& ClnH3xoH K e,ltHHHxte. ITpH npocwo-rpe orCIH-
::-.I . t} ~. panHCL'"n-p!,. "n-n"-K •n-C" -B36HKO.n;et!CTBHIJ .B COOTB8TCTBHK · C 

.. "-· ltpHtepHHKH 5-relopa ~R nporiaHOBHX ny3upL~OB1HX ·KaJi~l3/ • ilOJIHOe 

. ·. ~JICJIO Halt,lteH~ COCIHTHI. ·o~kocL pa~~ml 5437.: '·H3. HHX 

NC"n-p"J•257I B3aDoie~c~BKR oTHeceao -~ -"n:"p;, -· c·oCIHTHHK,;.:: 
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CpeiuHe KH~ec~BeaaocrH · ic~.; BropHttHUX. 3aplli~HHHX 'tt!l;CTHit 

Olt636JIHC1> paBHWIH: 

~ 

.. <n-± >':x -p 
.;- ~< n±> .Jt-n 

: <.n_±>Jt-C 

•2,87-.£ 0,06 . 

•2,46 .t o,·09 
~5, r~ . .t o, 04 
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. llpH onpe,JteJieHHH cpe~mtt· KHoXec.tBeHHOCTeR Cli:VIH BBe~eHH• .. 

. nonpaBXH .Ha. ,llanHTft.:.naps, O .'-KB6HT~~ . (l-~Jl8KTpO~H~ BTOPHl!Hli8 

·B3~HilO,Jtei!C~B~SI ~CI~H3H 3B83~llt a ta~e Ha xorepeHTHI:le 7C ::: C :- · 
B3a~o,n;et!CTBIUI/4;S/• 3TH nonpaBKH H83HatlHT81Il>H~ H ~SM8H~DT O~H-

·Be,n;eHHll8 Cpe~HH8 llHOX8CTB8HHOCTH Ha B811HtiHHHt M8H:bmHe:qeJ.l 
THCTHtteCKHe OulHCIJ(.Ho ~, :'. 
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B x-C- co6m:iinx rpexa BTOpKtlHilX sapaxeunux qacTHit 6wm 

pas~enenu na ~Be xareropHH - rpexH penaTHBHCTCRI~ qacTHit H 

- · · rperur Me,ItJie_n_nux npo:ronoB (150 ~ Pp.$ 750 MaB/c), KOTopue 6wm 

H~eHTHilJHJ:tHpOBaHH no HOHHSartH~ H npo6eraJl B KaJlepe. 

B ra611Hrte_I npe~cTaBJienu cpe~HHB llHoxecrBenuocu sapaxen-

HUX pe_JISTHBHCTCrutic qac_THit <: n:l:: > S B 11 Jt-C " - BSama:o~eltcTBH

llX B saBHCMMOCTH OT tlHC1Ia Ue,ItJieHHilX npOTOHOBe ~BCL %6 n~HBO; . 

~area cpe.~tHHe J.mox_~CTBBHIJOCTH noJIOX!i1Te1ILHilX H orpmtaTeJILHilX .. 

peJIHTHBHCTCKHX TpeKOBo B Ta61!HitB 2 npe,1!CTaB1!6HH aHaHOrHt~HHB 

,1!aHHHe, HO C yqeTOM B3aHUO~BltCTBHlt Ha KBa3HCB060,1!HS% HyxJIOHax 

(NOc-C>=N(•Jr-C")+N("Jt-n") +ot N{'':;r.-p'') ·) 
. ,_ . . -

BeJIHtlHHa 0(. .. o,.SOJ;O, 03 6H1!a onpe.~teJiena, HCXO,ItJI H3 K011Ht~ecr-

" ,, " , c" Ba Halt,1!eHHilX JL -p- , .Jt-n - 11 "Jt- ; -. co6uult H HSBBCT• 
. . 

HliX DOJIHilX · cet~eHHl! B3aH:I.!O~el!CTBHII ::rr.- -Ye30.HOB B BO~Op0,1!e H 

nponane/61. 
KaK BH,1!HO H3 Ta6JIHI:tH 11 cpe,ltHllH MHOXeCTBBHHOC:rL_ Bcex· 3apa

lltei!HilX peJiaTHBHcrcxmc t~acrun B"n-c• - coduuax {6es ssama:o,~ter.tcrrill 

BHlt na KBasHcso6o~nux HyKJionax) ne ·saBHCHT or wnoxecrBenHocrH 

YB~BHHUX npOTOHOBo llo~06HUl! pesyJihTaT 6HJI·DOJIYQeH npH H3yqe-

. ·HHH n-c12 .:.. Bsama:o,Jtel!cTBHlt npH rumynce 40 'raB//31 • 

Ha pHc.I npHBo~rca pacnpe~eJieHHe n-c -co6uull (6es B3aHYo

.Jtel!crBHl! na KBa3HCB060.JtHUX nyKJionax) no wuoxecrBennocrH we,ItJieH-

•. HllX npOTOH~B np • 3,JteCL ze ,ItJIII cpaBHBHHII HaHBCBHU ~HHHe npH 

40 rsB/C. 

Cpe,JtHHB MIIOXeCTBeHHOCTH KB,ltJIBHHUX npOTOHOB 0Ka3aJIHCL 

p_aBHHKH. 
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PRc.I. - Pacnpa.JteneHze n-c -· coOil'lHI.no MHoze'cneaHocn: nj,oroHoB 
npx 5 • AO raB/c (Oea BaaRKo.JtelcrBwl Ha.KBaawcBoOO.ltHKx 
Hj'UOHax). Kpeilll - pacnpa_ienHwe DyaccoHa c 
<np> •I,79• · · · 

6 

I 
'' 

' I 
!, 

I_ 

? 

..::::. n p > • I, 79 .t o, m npR 5 faB/C 

R 

< n p > • I, 7I .t 0,04 npH _40 raB/c. 

KpHBaa aa pRc.I - pacnpe,JteJiemte IJ;yaccona c <.np> •I, 79. 

Ytter B3BHKO.JtelcrBBI ·Ha xsaaxcBo60.ltHHX nyxxoHax ,Jtaer 

< np> •I1 0! .t 01 02 npH 5 faB/c 

< n p > · •0195 .t o, 02 npx 40 raB/c. 

TaxiK 00pa30K1 cpe,JtHHe KHOZ8CTB8HHOCTH Ke~eHHHX npOTOHOB 

B n~CI2- B38BKO,JteiCTBHSX npH 5 H 4010 faB/C B npe,JteJiax OmHOOX 

COB D8,1t81l_t e 

3aBRCJIKOCrl> < np> OT KHOZ8CTB8HHOCrR peJISITHBHCTCXMX ttaCTi'lil 

DOJta38H8. lla pHCe2e lfa.K BH,ltHO H3 pHCe2t' <.np>. H8 38BKCHT OT 

KHozecrBeHHOCTH peJISITHBHCTCKHX ttaCTHile AHa.orHtttml peaynLrar 

oeer xecro x np• 40 faB/c. 

Ha pHC~3 DOB:a38HO pacnpe,lteJISHH8 DO KH0:9CTB8HHOCTH Ke~eH

HHX npOtOH~B npR 5 H 40 faB/C 1 npe,ltCTaBJI8HH08 B BH,lt9 ./7/ 

-< np> P(np) ='I' (<~>) . · (I) 

Pacnpe,Jt8JI8HR8 DOCTp08HO c· yqerOK B38HKO,Jt8ICTBHI Ha ltB83HCBOdO.lt-
. . .lr :__ ' . 

HHX HYBJIORax. aro pacnpe,Jtenenxe xopomo annpoxcRMBpyercH 

('j[2 •!614 t ltOJIRqectBO TOttelt • !4). 3~BHCHKOCTLD 

<:np> P(np) = ex.p (A+ B np ) (2) . <np> . 

c A=-{0~30.:t0,02) u B=-(O:;,Lf7±0~06"). 
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Ha. pHc .4 (a m 6)' noxasauw pacnpe,lleJieHHS! CI) .llJlSI orpHna

reJILHUX H fiOJ10EHT8JlLHHX p81ISITHBHCTCXHX qaCTKq. BH)lBOt qTO H 

. s,llecr:. .llaHHBC npH 5 H 40 ras/c .nexar ua o,Jtuo! xpHBol., 

lloJiyqeunH3 pesynr:.rar yxasusaer ua B03Woxuocrr:. c~ecrsosa-· 

HHSI f<l\f() -cxeRxzura/7/ B n-c -.B3aHKO.lleRc~BHSIX yze npH 

·. 3HeprHRx E
11
a6 ~ 5 f3B. 

§·3• UapBHe KOppeJISiqHX npOTOHOB 
' 12 .. 

llpH H3yq8HHH peatmHH :TC- C _. (2~3) p+ ... npl'l 4 H 7,5 ·. 

ras/c u~8• 9/ dHBo oduapyzeuo c~ecrsoBanHe xoppexanHH welE,lly 

nporOR8JIH c xJmeuqecJtmm. n~pruJOI 23·~ Tp .:f 68 Mas - B pacn

pe,~teAeuzH a~JtTHBHHX uacc Mpp ~yx nporouos uadxn,~taerca 

· yaul nmt sd.n3x CJIOILt xacc noxoa nporouos. 3TH ,JtauHBe dHJIH 
.; . ' \ 

noAyqeuu c noxo~D 24 - nxrposol nponauosol nyaupr:.xosol Jt8Kepu 

JIB3 omm:, · xoropaa Della oruocxrenr:.uo KaXHe pa3wepu 

(28x55xi4 cx3). B CBS3H c arHK npe)lcrasxaer Hurepec-H3yqeuHe 

· napRHX JtOppexa~HI npOTOHOB B n-C - B3aHKO,lt8ICTBHSIX npH 5 faB/C 

Ha CHHKKSX C O,llHOWerposol nponaHOBOI xawepY HHll OIHH, HWem•eH 
' CYJICCTB8HHO d011LIIH8 pa3K8pY (5Qx:IOQx:40 CK3) 11 TeK CaKHK 

·yxeuLIIRTL BJIHSHHe reoxerpHH xawepu ua nonyqaeKHI pe3ynr:.rar. 
l.Jla arol-~enx dYJlH H3Kepeua·x odpadoraua no nporpaKKe reo-

Jierpzqecxol pexouctpyx~z 7r.~C.co6uru c ~yxa· ux. rpex~·· rpe"..:. 

Jta.Kx nporouo:B~ 3uepnx llporouos onpe,lleAsJiiic~o no npo6erax c 

roquocr~om ::::::- zc. 
Ba pzc. 5 noxa3auo pacnpe,lle.ae&•e no asRKyranRHK yrJlax 

BTOp•qRHX npOTOROBe K8x BK.llRO H3 p•c.5, pacnpe,ll8J18HK8 COr11acy-
8TCS c H3orponHHK, r.e. norepR nporouos, BYJleram.xr BrnydJ. xa

xepH,uese~•xa (<I~). 
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Pxc.4.- 3aBHCXKOCTJ. (I) ,Jt1lH·n0110lEHT8JlLHHX (a) H 0Tp~T81ILHHX' 
(6) pe.IRTHBHCTCUx qaCTH~ npH 5 H 40 faB/Ce 

II 



• 

N 

20 

IO 

00 90° IBO" 270" 360" 

tp 

Pac.s. - Pacnpe~eneuxe npotoBOB no asBKyran&HYK yrxaM. 

·; 

12 

Pacnp~~BBBHHH 00 RHHBtHqBCKHK aueprHBM H yrxaM npOTOHOB 

c 23$ Tp~-681'17& B atmc coi1JnHHX noxasauu na pxc.6 H 7. 

3~ec& ze-~s cpaBuena8 npxBe~ens pacnpe~eneuHH_np:~~ 4 fan/c 

(mTpHXOBas: JIHHHH) H- 71 5 raB/C (nyUKTHpnas .nii!OOI) ,.- HOp1mpOD6HHHB 

na qHcno·co6uTHI npH 5 raB/c. 3tHpacnpe~ene~s npH rpex auep

rHHx H61JBTaJlii!BrO :Jl- -KB30Ha COBfi6JI;allTo 

Ha pHCe8 npHBB~BHH pacnpe~BJlBHHH fiO_BBJlHqHHB 

Q • ¥PP- 2 Mp ·(3) 

npH 5 faB/c. 3~ec& Kpp-aqqeKTHBHaSI xacca ~yx np~ronon, 

Kp- xacca noxos nporona.:Pacnpe~enenzs nocrpoen~ ,nJIH Tpex 

HHTepnanon: KKHBtxqecxn aneprHft nporonoB: I5< Tp< IOO Man 

(cnnomnaa JIHHU), . 23 -~ TP ~ 68 MaB (n~nxnpHaSI JIKHM), 

Tp < 23 iaB H Tp > 68 Y3B (mtpBXOBaSI JlHHHH)o KaK BH~HO H3 

pHCo81 B C06HtBSIX 1 r~e KHHBTHqBCKHB 3HBprHH npOTOHOB orpaHH

qenu, xax H B 18, 91; Hntepnanox 23~ T~ ~ '68 ~an, npx 

Q < I.O Man na6JIDMBTCSI yautt llHKo 

. 3TOT pesyutaT COBna~aet C MHHiiiKH 1 noJiyqBHHiiiKK Halm npH 

410 H 7,5 raB/Co ,llnSI cpaBHBHHS na pHCo9:nOKa3aHH pacnpe~el!B- ·· 

nBS co<hrrxlt c 23~TP~ 68 Man no Q npz; 41 5 _x 7,5- raB/c, 

nopxHpoBaHHHB ua q:~~cJio co6HtHit npH 5 faB/c •. touosa.JI JtpKBaSI no

.ayqeua_nyrex cxyqa~uoro xox6HHKpo:Barill!s .JtBYx:nporolloB xs. ~a;nHX 
3BB3.lt K uopoponaua x qHcJiy co6ault c Q > IO ll3B. !fax. noxasano 

B pa6ote/9/ 1 H66JIJl~6BKHit aqiflelt; (CYD!BCTBBHHHtl H36HtOK C06H;H~ '· 

c Q < IO llaB H6.1t ~Ponox) yxasaBaer na nanHqHe CMLHOI xoppeJISIItD 

,ltByx npOTOHOB H KOZBt 6HtL ~SICHBH B paKxSX TBOpHH B36KKO,ItB!Ct- . 

BHSI qactHI{ B XOHBqHOK COCTOSIHXHo 
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63 

,PHc.6. - Pacnpe)teJieHBe no uaerJiqecitJW auepno npotOHOB 
(23~ TP t5- 68 Jln) npn 4, 5 H 7, 5 ru/c. 

14 

N 

40 

20 

+I,o 

----- 5 rsa/c- N = 2!7 

---4 r:n:/c N = 2404 _ 

······•·· 7 ,srsB/~ N = 566 

0 

cos end 
-r,o 

P!!c.7.- YrJ!OBYe pacnpe,~;eJ!eHM nporoHOB B .~~.c. npx 4, 5 11 7,51'3:s/c 
(23 ~ r, ~ 68 Jlas). ' ~ ~ . -

-· 
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B 3a&nnqesxe HaM npRarso no6xaro~pxrL B.~~e!enoaa 3a 

CO,J;e~CT~Be B ~ OCJI'8CTU8HXX ,I;&HHOI pa60TH' B.r.I'puua, 

r.A.Jlexcxua B .. I.I~IIo,Jtropeuoro 3& nOJI83HH8 o6cyx,lteuu, a 

taa:e B.I.Haaonoro sa nesnue 3BKnauxa. 
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