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1. BBeAeHMe 

C03AaBaeMble LIICKYCCTB8HHO 3KCTpeManbHO noplllCTbl8 . MaTep1t1anbl 
. Si02 -asporen~ B n'ocneAHee BpeM5l Bee ~aw,e lllcnonb3YIOTCS'I KaK pa.rilllaTOPbl 
.. lll3nyYeHL/15l BaBlllnoBa-lJepeHKOBa . (VlB':l) B noporosblX CY8T'-IL11Kax, 

npeAHa.3HaYeHHblX . M51 ,per1t1cTpau.1t11t1 3apmK8HHblX "-laCTl'IU. .. BblCOKLIIX '1t1 
' ' - '. ' <' ~ • . • - ' ,, •-;, s - • / • ,,.- . ., •• ' • ; • 

. CBepXBblCOKLIIX_ 3Heprnlll ..[1]. npl/1, npoeKTlllpOBaHLIILII TaKLIIX. A8TeKTOPOB,-KaK 
_.. ~ J • ~ ' ' - • 

npaB1t1no, npeAnonanrnTC5l, ,YTO ·. LIIHTeHCLIIBHOCTb ._OnTLIIY8CKOro nepeXOAHOro, 
. l/13nyYeH~·15l ·._(OnVl). hpeHe6pe)KL11MO'· Mana .s·· o6nacTiii noporoBblX'c1<opocrn111 
· VlBlJ LIi H1t1)1(e.: 0AHaKo BHYTpeHH5ls:i CTPYKTYPa Si02~a::ipore11e111 orn1t1YaeTc5l OT 
''. cTPYKTYPbl p6b11<HoBeHHb1x KJ1acc1t1YecK1t1x·paA11tarnpoB .(TB8PAblx,· )KLIIAKLIIX '1t1n1,1 _ 
: ra3oo6pa3Hb1X),'. CxeMaTW-IHO ee- MO)KHO. ce6e ripeACTaBLIITb TaK;' KaK 3TO _ 

np1t1B8A8HO Ha' plllc.1, [2]: nplll TaKOIII crio)KHOIII BHYTP8HH8111 CTPYKTYPe> . 
a::iporen~ 3ap51)1(8HHa5l Yacrnu.a;. nponei-as:i Yepe~ paAlllclTOp I tion)l(Ha 6y,D.eT 
MHOroKpaTHO .· nepeceKaTb rpat-t~U.bl Si02-ra3 LIi M0)1{8T · LIICnycKaTb. Ha Ka)KAOM 
TaKOM nepexoAe _onvi. . I • ! ;:- . 

'. Vl3BeCTHO, YTO on~ (B OTnlllY~e OT VlBlJ) H~ LIIM~eT nopor:a;T.e. AOn)KHO 
B03Hl11Kfffb BHYTPLII. · B a::iporen51x np1t1 . 11106b1X: 'cKopocrnx · Yacrnl.\bl. KaK .. 
cneACTBllle TaKLIIX MHCfroKparnblX nepeXOAOB, ·~cyw,ecTBn5leMblX. Yacrnu.e111 

. BHYTP~ aspor~n5l, . MO)Kf-10 O)KLIIAaTb - nOBblW8Hllls:1 LIIHT9HCLIIBHOCTLII .· -onvi, 
aHanornYHO KaK .. 3°TO . LIIMeeT M8CTO B , cnyyae peHTreHOBCKOro . nvi, 
.' • • f ' • ' • ·- .... ' 

B03HL11KaIow,ero Ha cnOLIICTbiX paAlllaTOpax (Hanp1t1Mep B CTOnKe nnaCTLIIH l/13 
? Al). B nOBblW8Hllle LIIHTeHCLIIBHOCTLII ·o~vi 6YAYT BHOCLIITb CBOI/I BKnaA TaK)Ke LIi 8-

. '. ::ineKTpOHbl, B03HLIIKalOW,llle. BAOnb TpaeKTOpl/lL,1 YaCTIIIU.bl;B. a::iporene. 

- . . ctio'p~YJ1bl . M51. yrn~BO~O -· pacnp~~eneHL/151, LIIHT8HCLIIBHOCTLII .onvi, ·. 
B03HL11Ka10w,ero np1t1

1 
nepeceY8Hllllll Yacrnu.e111 CTOnKLII npo3paYHblX .• nnaCTLIIH' . 

. . 3HaY1-1TenbHO cno)l(Hee, YeM M51. cnyYa5l lll3nyYeHLll5l BOnH. peHTreHOBCKOfO 
Alllana30Ha. nplllYLIIHOI/I 3TOMY 51Bn51IOTC5l MHOroKpaTHble OTpa~eljl/151" LIi 
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• , P1,1c, 1. CrpyKfYpa . ~3pofeml COCTOll!T, KaK npeAnonaraeTCSl, "13 MOJJeKYJJSlpHblX 
· KJJacTpos.: Ha1,1MeHbw1,1e 1,13 Hl'1X "nepswiHi.ie yacTHUbl'' 1,1r.,,eroT <J>opMy wap1,1Ka~·· · 

"-- ., c A"1aMeTpOM MeHee, 'leM, 1 HM .. VIMelOT · Ty )Ke· CaMylO nJJOTHOCTb, '-ITO. 1?1: 

o6bl'-IHOe CTeKJlO 6ea "nap •. 3TIII wap"1KIII . coe.0,"1HHioTcSl BO . BTOP"1'lHble 
, ''laCTIIIUbl.-nJJoTHOCTb KOTOPblX,nP"1Mep_Ho· B ABa_ pa3a H"1)Ke, '-leM nJJOTHOCTb 
,, crnKJJa. Bmp1,1'-1Hb1e YacTIIIUl:il · coe.iivrHS110TCS1 B i..\enoYK"1, Kompi,re C03AalOT 
· xpymcyro 1,1 1,1cKJ110'l~TeJ1bHO · npo3paYHY10 CTPYKTYPY aaporenSl c n11ornoc:T~JO;, '/ 

cocrnsnSlrouteH a6b1'-1Ho aKono s% oT_ nnornocTI/I crnKJJa r21 · · .. . ·.· - -- ._, . - . 

npe110M11eHIIIH 1,1311yYeHrilH; B03HIIIKarol.llero Ha rpaH111Qax BHYTPL1 c116111crnro·· 
· •. paA111arnpa: 

'. ·,,·. 
· B AaHHoCi pa6orn' npLirsoAIIITCH n0Apo6Hb1Ci •_ aHa111113·. 1,1311yYeH111s:1, 

B03HIIIKaro'Lllei-o np111 nepnel-iAMKYllHpHoM npo11ern 3apmi<eHHoC1 YaCTIIILlbl Yepe3 
CT()riKY L-13 npo3paYHblX n11acrnH-:-· napaMeTpE>i paAlllaTOpa (TOflllllllHa n11aCT111H, ·., -
IIIX 'llllCJIO; paccrnHHt,fe Me)l(,D.Y HI/IMIII, B0Lll8CTBO n11aCT111H, Ill 'IIIX noKa3aTeJlb 
npe110MJ18HIIIH/raK)l(e Kai< Ill cpeAbl Me)l(Ay HIIIMIII) 661/1111 n6Ao6paHbl)aK,' YT06b{ 
OHIII. 51B/ls:!JllllCb '.6J1L13KIIIMIII I( ' CTPYKTYP8 Si02~a3poreirn. ' AHaJ11113 ·onv1,. '~ 

· B03HIIIKaicll.lleros TaKOM paAlllaTOpe, npoBOAIIITCH snepBble. . 
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2._ ·<>n" ,.·.eoaHHKato~ee npM. npy.neTe aapsuKeHH0H 
. . "13CTM~bl. "le pea. iiilaCTMHKy M3 SiO2-aapore.nsa, 

6e3 y"leTa.'ee BHyTpeHHei1 CTpyKTypbl .. 
.... ,· - . 

/ 

1 
• Lf111c110 · cpornHos · N- · onv1 , 111cnyllleHHblX snepeA np111 ~npo11ern 

'. 3aps:!)1(8HHOL1 YaCTl.11.lbl, AB111ral0Lll8L1CH co CKOPOCTblO p 4epe3 n11acrnHKIII 1113 . 
Si0ra3pore.ns:i, c, i noKa3aTeJ18M npellOMJleHLirH n2 ' .. ' TOfllltJ1HOH L;. MO)l(Hl 

' onpeA811111Tb C 'noMOLllblO 06LlllllX cpopMy/1, 'no11yYeHHblX nacpOMOBblM' [3] ., .D.irn 
c11yYas:1· npo3paYHoro· paA111arnpa, pacno11o)l(eHi-loro i3 npo3paYHoC1 cpeAe 111· ' . ". , , ' , . . ' ~, - \ . . - , . . '• . . . 

nplll nepneHAIIIKYllHpHOM' npo11eTe YaCTl.11.lbl, 3T1,1 <POPMYJlbl CYLll8CTB8HHO 
' ' ' ' ' . \\ . ' ,, . ·, 

ynpol.llalOTC~ Ill IIIM8IOT CJ18AYIOLlllllL1 BIIIA [4]: ·, \.~-

,, ": 
d2W ... ap2r{I (AisinK;)2 +(A.2 siriK2)2-2A1A2 si,nK1.si~-K~-cosC. 2· . , 

d!1dl:='.'~ 1t2A-· '· . ' .. · . (l:...2r2cos2C+r4
) - ; ·•· stn 3 • -}

1.L 

·rAe A;~;;·+a2r~a/:~ '• · ·,,_~ A2 ==ci; +a1r..:aJ :~, .· 
. I 

, ,', . ·. 1 ··,., , t · 
U 1 ::: . · ·, a, == , . . 

. ·1-pn1cos3!, • • .J+Pn1cos3'_ 

:· ~ 1 ... 1."' t. . "·· .. a == . . : I . . . ,< 
3

• \-pJri;'.:n:siri
2
3/;, _ 

4 
_ l+P✓ri;~n:sin2 3: • 

n; COS3·._:_ll1.Jn; -:-n: Sill2 3 • •:,._ f , , · ,'. 2ll1ll2 COS3, · _,, · 
r- . -

i - n; co~~+n1.Jn; '.".' nrsin2 3 '. ' . - n; cos3 + 111.Jn;-:-- n: sin2 3 • : 

c • 1tL(I,::: p.Jn; '..:.·n: sin2 3) · _ · • nL(I ~ P.Jn; - n~ sin2 3) · 

Ki==.•_ Pl.' · .. '· .-~2 == Pt.. ' 

dQ =' 21t sin3d3, -C ==K1 - Ki: n; ~ noKa3aTellb ~pe110MJ18HVIH cpe,nbl nep~A 111 3a 
·, .•. n11acrnHK0Ci, 1 s -· yron Ha611~AeH111s:1 cinv1 ( 0Tc~111Tb1saeMb;Ci oT Hanpao11eH111s:1 

:_.,. "",· ·.-·-- . . -.·"1 ,.,_ - . - -.... ___ t -·~ ..• e2 , -:- . , ·":- . ·-·:.~ .. ·_ ·. , ,·· ,>": . 

ABlll)Ke~111~ yacT1111.ib1), '"'· - WJIIIHa 
1

BOJ1Hbl, ''a== he ... ct>op~y/lbl Ami-i,,311yYeHIIIH, _· 
-~.:.-·· ... .. -"·· .. -····. · .. ·'•, .. · .·'° ... - . 

111cnycKaeMciro Ha3aA,nOl1YYIIIM, ec11111 883A8 B ,cpopMy11ax ( 1) tiOM8HH8M 3HaK . 
nepe,ti CKOpOCTblO YaCTlllllbr"p Ha o6paTHblL1. . ... _ ,' · - ( . . •. ', . . _ ..•. 

· · Ha p111c;2a np111sei:leH pe3y11bTaT BblY111c11eHLirs:1 no11Horo Y111c11a cpornl-io's 
N- Ontil; 111cnyl.lleHHblX asnepeA,. nposeAeHHom no cpopMy11e (1), s 

1 3as111c111r.ilocTi-1 OT cKopocrn YacTllll.lbr' p AJlH n11acT111HKIII 1113 Sio2:a3pore11s:1 c 
noKa3aTeJleM npe110MJ18HIIIH rh ~-1 ;os nplll pa3JllllYHblX TOJlllllllHai< pam,faropa -

' L Mbl -BIIIAIIIM, '-iTo~ cpopMyJla. (1) n03B0Jl!=l8T 'npoBOAIIITb paCY8Tbl. 
111HTeHc111sH'ocrn ·1,13JiyYeH111s:1 KaK Hlll)l(e ndpora, v1BY, -iaK 111 Bbrwe _·Hero, .. 

'. ' ;': ' ,,• ' ," ' .. ' }, ' .. ','. " ',, ' .. ', ' ' ,. ' ' -.~ 
(nc:iporosas:i cKopo'ci-b Pih,~~ i:~ Ha prilc. 2 o6oiHaYeHa · nepneHAIIIKYllHpHoCi ' 

'- · · · ,° . · , ~ · . . , . ·, llz · <. i,· . ' . " . . .. 

npepblBIIICTOCi JllllH1118L1). /.D,ns:i cpaBH8HIIIH;' Ha ' p11c.26, 'nptiJBeAeH. pe3yJlbTaT 
, .. . ' - . ', ; ',' . . . 

3 ". 
n· ( {' 
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P1-1c.2. -non11oe LJIIICRO cjJoTOHOB N" Onv1 · B 3aB~CIIIMOCTl-1 OT_ CKOpOCTl-1 LJaCTIIIU,bj · l3, 
1-1cnY1J.16HHO~ B rionynpocTpaHGJBO aa pa,n1-1arnp, wrn' pa3nl-1LJHblX TO[IIJ.IIIIH L 
npo3paLJHOitl nnacrnHKl-1: v1HTerp1-1poBaHl-18 no A npoBeAeHO B Alllclna30He OT 
A= 350- HM AO · '),,= 700 HM , 111 no yrny H OT. 0° AO 90°; /3=0.02";0,999; a) 

. nnaCT11HKa 1113 Si0ra3porensi; n2=1.05; 6) nnacrnHKa 1113 'i<Bapua, n2=1.48: 
-noKa3aTenb npenoMneHIIISl ~PeAbl nepeA Ill· 3a .nnacrnHKO~ _n·1=1.000282 
(Bo3Ayx). nepneH,ni-ii<ynsipHaH npepbIB1-1crnsi_ n1-1tt1-1si ' o6oaHaLJaeT nopor 
. ·- -. - - I - . -

-- B03HIIIKHOBeH_l-1Sl MBLf 03thresh = ~)' 
t - . _ _ -- _-- - - - n2 

pacLJeTa nOJJHOro '-lv1CJla cpOTOHOB On~ JJ.J]Sl pa.o,i.,iaropa v13 K~apua _ C 
noKa3aTeneM npeJJOMJ18Hlt15l n2· =' 1,48.' KaK B~,[l,HO 1-13' pv1c.2, He3aBv1Clt1MOCTb .. -
N:_ -. OT TOJ1ll(lt1Hbi pa,[J,1t1aTOpa L Ha6JllO,[l,aeMa5l Hv1)f(e i,opora lilBLf (xapaKTepHafl' · -

JJ.JJ5l · Ofl~) n11asH6 ·- neP,eXOAv1T 's 111t1Hei1Hyio 3asv.cJ11Mo~Tb • npv1_ . f3 > f3thresh _ 
. (xapaKTepHyio JV15l' 1,-1131.f). C1t1J1bHOe na,[l,8Hlt18 lt1HTeHClt1BHOCTv1 np111 BblCOKv1X f3 

(pHc.26) _ ~ - B03Bpar, on~Tb _. K He3asv1c'JIIMO_CT1t1 · or l. 5lBJ15llOTC5l CJ18,[l,C_TBv1eM 
· :-: no11Horo s1-1yrpeHHero, orpa)l(eHv1si· VIBLI, v1Me10ll(ero Me·crn npv1 BblXOAe -,,--
, ,' .'-- . ,, . - . '\ - ··" . , ' ,. " 

1,1311yLJeH1t1si HapY)KY 1,13 n11acrnl-!bl:-

Ha pllic.3 npe,[J,CTaBJ18H ' pacLJeT cneKTpaJ16HOL1 '3aBI/ICl,1MOCTI/I 
dN' -

d11.,>_ 
---.:__:_.:: -, '. · .. ·_ dN_, - - - - . _ . , ·• -· - , 

._ cp1-1rnposaHHOL1, KP~BO~ · d11., = AA°m JI.Jl_Sl rpex pa3Jllt1'-l~blX CKOpO~Tei::i LJac;Tlt1L\bl . 

/3 < f3thresh { f3 = f3~csh, :· f3 > f3~~ :_ B ~JlyLJae 'f3 < f3thres~ (1<pv1Bcl5l - '1) . :3KcnoH~HT 

cp~1rnpy10ll(evi · Kp1t1soi::i m"" 1-, T.e. _ cn~irpa116Hasi_ 3as1-1cv1MocTb,' 1-1M~er' s~i 
. ' dN- I - -. -. - .- __ -- - .- _ dN' · I ; ___ • --- -. 

' d;l. ""i·:tirm 13=:=_f3thresh lt1MeeM m=;1,1031, 1,1 d11., ""11.,1,1031 (Kpv1sa_si- 2) 1/1 npv1 
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, ).2 L • 

,LO 

·o.8~(6)- -...... _ 

. -10 -5 0 5 10 - 15 

13 ~-13thre;h (, I o-s ] -. 

-, 

. _ dN- - ·· - ; 
PIiie. 3. arCneKT~anbHa_Sl :3aBIIIC~~O:CTb' d,t-(~)_ AflSl Tpelcpa3n~LJHbl~ CKO~~c:rei,i 

YacTi;,U,bl, 13 / 13 > 13threshl -,~PIIIEl.aSI 3; f3 = f3thr~h' ~ Kpdiiasi 2; f3 < f3thr~~ - Kpl-1Basi· 1; 
6) .3as1-1c11MOCTb riapaMeTpa cjJ1-1rnposaH'1-1si m; OT cimpocTIA LJaCTIIIU,bl f BIIIAHO 

- : , •• -- --- - '. ·- --- • _·· 
0 dW 'I· _ - , - - - -- -- - -· 

'nn~BH_~I~ ' nepexoA OT•· 3aBIIICIIIMOCTl-1 • d11., ""i ·;(~111)1(6 ,?opora ~ MBLf) K/. 

' I' ,,, • ' dN- >I ' . ' ' ' ' ' ' ' -- { ' - • - ' ,, ' ' 
- 3aBlll?l,1MOCTW d11., -~ ');, )Bbll!le . nopora _MB:l- no_K8:_3aTenb' npem:>Mn:eHIIISl · 

, - ~ ,- • • ' - - • '✓--.. ' \ - - r 

nnaci'1-1HKIII - n2=1 .48, - noKa3aTenb npenoMneH1-1H cpe.a,bl ·- nepeA 111 3a 
'nrlaCTIIIHKO~ n1=1.0, TOJIW,IIIHa nnaCTIIIHKl-1 L=1MM - , . ,· . . . 

,.,.' 
.• dN:·1 _ -• _· · 

~> f3thresh · 11;=:=2 · dX '.'" 11.,2 (Kp1t1sasi : 3). ,[J.Jisi 6011ee •YA~6Ho!o cpasHeH~ . 
. ; . , . .. .I . - -

KPv1Bbl8 1 Ill 3 AOYMH0)1(8Hbl Ha nc>CTOHHHble _MHO)l(lt1T8Jllt1 Kl =:= 3. 23 X 1 a2, 1,1 K2 = 
5.06x1(f4• · - · ·' · ' .. 

\ 

Vl3 'np1t1B8,[l,8HHOrO BblllJB. Bv1,[l,HO,, '-ITO 4lopMyJ1bl · ( 1) OCyll(eCTBJ15llOT 
-- .-- -· , - - ~- ,. -- • . ,_ . dN- I, · ---.• .- ,. · _.· ---. · . ·/ 
· -ralOKe n11aBHblL1 _ nepeXO,[l, OT 'aaBlt1Cv1MOC'!lt1 _ d11., ""i ,(xapairepH?~ JJ.J]st on~), 1,1 · · 

. . . _ .:. . - - . '.·, ... - 'dN"·--,'f -
Ha6J110,[l,aeMOVI Hl-1)1(8 n.~pora B03Hv1KH0~8Hlt1_5l ~Bl.f, K 3aBv1Cl-1_MOCT~ d11., '"".11.,2 '.. ' 

xapaKTepHovi· AJ15l ~81.f '(np1,1 f3 >- f3u;,,esh), CM: - p1-1c.36. •AHaJ10flt1'-IHYIO C~•nyal(~IO -

'. Mbi lt1M88M 1,1 C ~pyrnM~ xapaKTep1t1cTi-t1<aM1t1 lt13JJY'-IElHl,15l: \ ',' • '' ... 

_ _ Pe3y11brnpyioti.(ee · 1,1311yLJeH1-1e' 8 c11yLJae o,[l,Hovi nnacrnHKl-1: KOHeLJHovi 
T0Jlll(lt1Hbl L '.KaK 3TO noKa3aHO B (5]. stBJ15leTC5l IIIHTepcpepeHL\lt1ElVI ,[l,Byx orii-1: 

' B03Hl-1KalOLJ.U,1X. i,p1,1 'nepexo,[l,aX LJaCTlt1L(bl ,- np1,1 BJ18Te'•1,1 Bbl.Tl ere '1,13 n11acrnHKI/I.' ' - ,\ . ' ' -~ 5' ,, ' ,, ' 
·\ ' 

• l 



f, 

noaTOMY MO)KHO -~)KL1AaTb,. YTO B :cnyyae nopL1CTOL1 BHYTPSHHei:1 CTPYKTYPbl 
. Si02 - -asporeirn, . cnoco!5cTBylOIJ.l8L1 B03HL1KHOBSHL1IO .. om-L np1,1 , Ka)KAOM 
BHYTPSf-lHeM-nepexoAe, cj:>opMyllbl ( 1) Y)Ke MOryT 661Tb HecnpaBSAJ1L1Bbl .. · C, ~-

) 

3. onM. B03HMKatO~ee npM nepneHAMKynHpHOM 
. . 

nponeTe 33pH>KeHHOM "'13CTML\bl ·"'lepea CTOnKy,· 
npo3p3"'1HblX· nna_CT1,1HOK '. 

3.1. Cl>opMynb1 Am• yrnoaoro paCi:!_PeAeneHMH _ 
- . . . ~ . ~ -

MHTeHCMBHOCT_M M3ny'le~MSI 

YrnOBble pacnpeAeJ1eHL1H om-1. 0

803HL1Ka10uiero np1,1 nepnet1AL1KY[IS1P,~ . 
HOM nponern~ 3aps:i)KeHHOL1 Yacrnu,61 Yepe3 m , npo3paYHblX nnacrnHoK ·c 
noKa3arnrieM npe110MneHL1S1 _ n:i • O.D.L1HaK0B0L1· -TOJllllL1Hbl a · , B3aL1M!'fO 
OTAeJleHHblX ! BaKYYMHblML1. npoMe~KaML1 : OAL1HaKOBOL1 . wi-1pL1Hbl b, MO)KHO 
onpeAeJ1L1Tb c·noMOIJ.lbto 061J.l1,1x· ci,opMyn, -nonyYeHHblX nacpoM<JBblM B pa6orn 
[3].: B cnyYae, i<orAa nJJacrn.:ik:111 -HaxoAs:iTC5l \ s npo3paYHOvt cpeAe ~ c 

. -noKa3aTeJleM . npeJJOMJieHL15l fi1 (pL1C.4),, 06L1J,l-1e cpopriliy.nbl; np1,166peTa10T 
CJlBAYIOll.lL1L1 ynpoll.leHHblL'I Bl/IA (AJ15l L1311YYElHL•15l,L1Cnyci<aeMOro "snep,eA''.):' -

--: 

:~; ~-~ !G ;sin2 sJ~;kd2JJ(J,.9)f2.n{.e .:.iR";,· : r~e 
' . ·-·- . ... . 

(2) 

. •·. .._ . ' 

, . • . .. _;_ ·. ' - .2JI . ,21t .2 .. ~ ,· 
· f(')..,S) == {(ein"" - e·n:w)h;e-,Tb~1 +(lii-1Tbki + h

2
e

1
in ) x. 

' . 1·· . 

l:... e-i(m-l)(q»-w) _ .· 1-: e-i(m-lX~w) . _ _ . . .. 
'- _. 'X[ _ ei(m-l)ljl ' _ · e~i(m-l}ljl]e-.iq,}Q-1 

- - / - . ·'.·1-e·1Cq,1-w) . · • l-e·1(q,--w) · · - - • ' 
:: · _• .. ,' .21t~- . -· 2n: · _ , _ _,·' _·,--2n 

'_Q, -{[,.(-- :· + . )2 -:-tTak2 ( . ) 2 iTak2 ]( irnljl .:_unlj/) •-,iTbk1 

:-, . X1 _ '.X,2 : e_ ·: . - '.X,1-::- '.X,2 . e .· . e. -_ e e -::- . 
. . --:4'.X.1'.X.zC ei(m=J)w~ e·i(in-J)w) }(1- J32k;)(l- 132k;), . 
. . - ·. . ·. . £ _.: ·.. .. . . . . 

. -hl,2 =·(1+13k~)(X1 +x.2)W-13i2)t; +ik2)~0::.132k;)}/i¥~k'. +. 
. . . .• . , . . . . , - ll1 , . . . .. 

·-: ·: .. . : / ' . .-- ' -; ; 2 . . •. ,_- . . . .-z,. '. 
· • - · -· · n2 , 2 2 ±,-a1c, - . 

. +(I -:-13k2)(x,1-x,2){ (I+ ~k2)(l3k2-:- nr) ~ (I - J3 k1 )}e: ;, _ + 

--.··· . ~.21t . 

.. c.+2k2(I+ 13k;){(i-j3k1)(n; +n;l3k1),..::nfo-132k;)}tin•, 
, . , -- · - . . ·2 2 . · '·. , , 

-.: . : 21t _ ·-. 21t .· _ X1 +x,2 .- 21t .. · .· - ,-. 21t • : 
\)I== arccos[ cos( T alc2) cos(~ bk1)-:-:- -

2
--sm( ~ ak:2) sm( ~ bk1 )], · 

--· 11, ' • '.X.1'.X.2_· 11, 11, 

.. ', 21t'·. . -
'q>=13').. (a+~), 

6, 

'··-,.:.. 

,. 
1 .... " 

•) 

1 

-1 

i 

\ 

-
k, n _-k,·,J." "·'n" 

1 == n1 cosa, : 2 ==n:; _:_. nj sm· a, 
r . . . . . X, == n;k\, . X, == n2 k .,_ 1 2, 

r_ 

rAe m -~YL1Cll
0

0 nnacrnHOK, a< TOJllllfilHa OAHOL'I nnacrnHKL1, b - WL1pL1Ha 
. ripoMe)K\ITKOB ·Me)l(Ay. rmacT~HKaML1, S . ~ ocrpb1L1 · yron ·Me)t(,[ly HanpasneH~eM 
:Ha6JllOAS-HL15l Onlll'B cpeAe C ·noKa3aTeJleM npellOMJlSHL15l n1:L1 HanpaBJlSHL18M. 
ABL1)KSHL15l Yacrn_U.bl

0

, J3· ~ OTHOWet-i1,1e CKopocrn YaCTL11.f,bl '1,1 CKOpocrn csern: B 

,,.·,· 1 

·,nl . n , 
, 2 

n .· 
I 

2.:. 

. ·02, 

--:, 

'., _____ -+---+-------r----;-~----------------+---+----~--
~ 

a: -b a 
'-, 

L· . /' 

PL1c'4: PaAL1aTOP nomioiii TOJlll.\~Hbl L, _cocTOHll.ll-1£1 l-1_3 in npo3pa'iHblX nJ1acmHci1< C _· 
1 oiJ,111HaKosoiii -TOJlll.\l-1HOiii a c noKa:3arnJ1eM · npenoi,rneH11R; n2, pa3AeJ1eHHb1x· 

.· npciMe)l(yrKaMl,1 paBHOiii w1,1pi:,Hbl b, 3artoriHeHH11MW npo3pa'iHotC cpeAoiii C 

:>-- . noKa3aTeJlE!M npeJlOMJleHl-15l ' h1; s . : yroJl: Ha6J110AeHL-1S1 \1cnyc:KaeMoro 
, l-13Jly'ieHl-1!l, l3 • CKOPOCTb 'i·acml.lbl, npoJleT.;-IOll.leiii nepne

0

HAL-1KYJ1HPHO 'lepe3· 

l 
T 

-- - ,, - ... ' ... ' /, ,. ,' - ; - . 
PaAL1aTOp~crnnicy · 

\, 

BclKYYMe; ').. .• c_· AJ1L1Ha. BOJlHbl 1,1311yYei-l1,1s:i, · a a nocrns:iHHas:i ,TOH Ko iii CTPYKTYPbl, 
< C ''. ;,'. \ • ' • • '. • ••,.• • S ', 

n
1 

== n; +i.n;. - noKa3aTellb ·npeiloMileHL1s:i cpeAbl Me)l(Ay n11acrnHKaML1 1,1 TalOKe 

nepeA 1,1 3a crnnKoL'I n11acTL1HOK (paAL1arnpoM), ri2 '- no1<a3are11b np~110MneH1.1s:i 
n11acn-1Hol< (n1. ~ n2 ::-· B o61J.leM, c11/1ae KOMnneKCHble), R - paccT05lHL1ElOT . 
-io'~K~ Bb111ern yacTL1U.bl 1,13 paAL1arnpa AO · MecTa_Ha61110AeHL1s:i· 1,1311yYeHL1s:i. 
YrnoBble. pacnpeAelleHL15l L1311YYSHL15l "Ha3aA" Mbl no11yYL1M 1,13 cj:>opMYJl (2) . 
L13MeHeHL1eM 3HaKa nepeA cKopocTblO Yacrnu,61 Ha 06parnb1'1. . ' • 

:.1 
. . _ PacY~T nonHoro y1,1c11a ¢oT6Hos N .. c. noMOIJ.lblO cpopMyn (2) AJ1s:i 

-; _nna.CTL1HOK L1:3;Si02( llz = L48 ) ' OAL1HaKOBOL1 'rn.nll.lL1Hbl .a = 6_ HM,. 

pacnonO)KSHHblX B B03AYXS (lli =l.000282) Ha OAL1HaKOBblX paCCT05lHl-15lX APYr 
dT Apyra, b ;:;,- 6 ~,:_, · (3T.L1 napaMeipb1 611~~1<1,1 K CTPYICTYPe Si0ra3poreris:i c : _ 
n==1,05) np1,1seAeH Ha p1,1c.5a. KaK BL1AHO 1,13 3Toro p1,1cyHi<a (cM .. 1<p1,1sy10 - 2), 

. s· :. o6nacrn ·. , MaJlblX • cKopocrn~ Yacrnu,61 (13,,, O.l ~ 0.2) · Ha61110AaeTc~ 
'cyll.leCTBSHHOe ~noBblWElHvle L1HTeHCL1BHOCTL1 on111 no cpaBHSHL1IO c OAHOIII 
6e.ccTpyicrypHoiii - nnacrnHKOL'I._ OAL1HaKowi1 11011HoL1 . TOJ1Lll.L1Hb1'. '_ nosb1weHL1e ' 
l-1HTeHCL1BHOCTL1 onlll 1 5lBJ15l8TC5l. CJ1eACTBL1eivt; MHOroKpaTHOIII 'L1HTepcpepeHUL1L1' 

.- . ..7 . . :, . .. 

/ .. , .. 
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P~ 
"P~c.5. a) nomfoe 'll,1CJ10 cjJoTO~OB r,/on111 B 3ast-1·c~~-10crn OT ZKopocrn. ~a:crn~bl 1{ ;0 •. ·• 

'. Kpmiiui-1 - n11aCTl-1HKa l,13 Si02 - a3porem1 TOJ1W.i.1HOH L==1MM C noKa3ai-eneM • 
npe11m.111eHl-151 n=1,05. °Kp~1Ba51 2 - CTOnKa· nnacrnHOK (m=15151) l,13 Si02 

• (h2= 1,48). TriJlll\WiOH a=6 HM. c 
0

paccTOS1Hl-1er,n,,e)f(Ay Hl,1Ml,1. b=60. HM, npw!eM 
noKa3aTeJlb npe110M11eHt-151 cpeJJ,bl Me)l(JJ.y .nnacrnHKaMt-1 TalOKe KaK nepeJJ. t-1 3a 

. CTOnKOH paseH' 111=1,000282 (3T\,1 napaMeTpbl CTOn1<116J1t-13Kl,1 K CTPYKTYP8 
. . Si02 •. -a3pore1151 . C . n==1,05): . nonHa51 . TOJ1W.l-1Ha" CTOnKi-i L;,,,1 MM.: 
. · VIHTerpt-1posaHt-1e n~ ).. B JJ,l-1alla3otte )..=350~700 °HM vhi'o "yrny ~ OT 0° JJ.O 90°; 
• · 13=0,001-0,999.' 6) l/13ny4eHt-1e, llicnycKaeMoe .. Ha3<m, . B CJlY'fae OAHQH 

. nnacrnHKl,1 l-1°. CTOnKl-1, . COCT051UJ.8H l,13 15151 . n11acTI1HOK npw OJJ,l-1HaKOBOH' 
·no11Ho£i To11W.t-1He L =1MM. 

1113/lyYel-ii11Ci, B03Hlt1Kal011.\ltl)( npltl nep~xo,nax YaCTltlltbl Yepe3 OTA8JJbHbl8 
.nnacTi.1HKltl. 

0

AHaJ1orw1Hoe nOBblW8Hltle ltlHT8HCltlBHOCTltl on111 Ha6.n10,naerc51 ·1,1 B ~ 
C/ly'!ae· '111cnycKaH1t151< l.13/ly'leHltl5L"Ha3aA", CM. Pl-1C,56 Ill p111c.6 (nOBblW8Hltle 
ltlHTeHC~BHOCTltl ·. npltl BblCOKll1X l3 . B C/lyYae Onl/1 "Ha3a,n", B03HltlKaeT 

' \. ~ r 

. BCJleJJ,CTBl-18 orpa~eHltlei rnasHoro YepeHKOBCKOro MaKCIIIMYMa). 
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J. ,· I ·-
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· . radiation forward · forward radiation . 
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.;\. 
•/ I I I layer!, 

. (a). I m=l.5151 layers f 
-8 I 1 1 1 , 1 • 1 1 I 

I, 
\ 

-12 ~~~~__._..,__._~,__.__.,....., 
0.0• .0.2 0.4, 0.6, .0.8 1.0 0.0 0.2 ,0.4. ·o.6 0.8 • LO. 

; C J3 .:(r 
'i. ~. ;,'. ":: . ,\ •. ' ..,\ , , ,·. . ' \_, . -•:l .· .• ' . I - ' . 

.. · Pt-1c.6: CpasHeHt-1e nonHoro _'!t-1c11a cjJoTOHOB onV1,t-1cnyw.eHHblX snepeJJ. t-1 Ha3ap,: .a)·s 
• · · cny'!ae OJJ.HO~ nnacTl.1HKl.1 L=1 MM; 6) s cnY'fae cTOn1<1,1 nnacrnHoK c m,;,;15151 

np11 OJJ,l.1HaKOBOH noJlHOH TOJ1LUl.1He l.=1 MM: OcTaJlbHble napaMeTpbl pac'!eTa 
Te )Ke, '!TO i-1 Ha

0

p1,1c:5 ' · ' 
0 • •• • / /' • • ,,1 

~.2." 3oHa ct>opM11POB3HMH 11:in~'leHH~ ~B03H:MK~IO~e:ro. ~a· 
.: : OAHOH n.nac~H~ke·.: · · ·. ;-·. · , _: ' · ' ; ' • • · · 

1 ~,, \· '. .,. ·, ~,.' l. ::,., ,.~·.-. -<' j • ,/ - ·1~. i I'. _i ... , \ ',•,._\,:.'···,•,,,··., . ' 
To, '!TO. noBblW8Hltle IIIHTeHCltlBHOCTIII Onl,1 B 0611acT111 Ma/lblX CKopocreei 

~B/l51e+c51, . cne.[lCTB~eM s; MHOfOKpaTHoei 1 ltlHTepcpepeHLtltlltl lll3/lYY8Hltlei,, 
. B03HV1Ka10w.111x Ha or,ne/lbH~IX n11ac-r111HKax, • cne,nyer i ~3 :. seJ11t1YVIHbl 30Hbl 

\ ./cpopM~posaH1t151; ~oHy _cpopM111posaH1t151, · s . co0Tsercrs111111 ·c [6]~ ~O)l(HO . 
clnpe,neJ11t1Tb KaK . J . • . .· ' ~ : " • . 

, n rt,. ' 
I = I 21-' . . ·(3) 
r 2(1-: l3n2 cos0) • . . · 

,' -. . . ' '" . ' ,,, 

. ' ,lln51.MltlHltlMaJlbHOro 111MaKCIIIMa/lbH·oro· 3HaYeHltlei yrna 0,. emk ;;,_ 0° 111' emax = 90°, 
' .. _, ' ,"\. ~ . ' . ,, . ' 

·· 3bHa · cpopM111poEiaH1t151 onpe,nen51erc51 cne,ny10w.111M111 cpopMyJ1aM111: 
. . min n213'- ' . . ', max . n213'- . . . . 

Ir ~T' , Ill, Ir =2(1'-13n2)' , (4) 
. ..., ' ·. ', 

- ,, ( 

. I. , .·, .... . . . . . ·. ..• 
''1 ·. paC':f~T KOTQpblX B 3aBIIIC_ll1MOCTIII OT_CKOPOCTIII Y~CTllll.t~I 13 np111se,neH Hap111c.7 . 

. ropll130HTa/lbHOCi npepb1B111CTOC1 JlltlHltleei Ha 3TOM p111cyHKe o603HaYeH nep1110.n 
f cronK~ . rn1a.CT111H d =: a+ 'b (a . - rn/111.\IIIHa OAHOCi nmi.crnHKlll,.

0 b- paccT051Hltle 
:Me)K,D,y nnaCTIIIHKaMltl). Mbl BltlAIIIM; YTO B b,111ana30He MaJlblX CKOpoc'reei 
.• P =:0.2 30Ha cpopMIIIPOBaHltl51 cpaBHltlMa c neplllOJJ,OM ·pa,n111aropa d ~ · 66° HM • 
,' • ,', ' a < ' • • , ' I -•) \ - -,' .~ 

9. 

\ 
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p 
P~c.7. M~H,~MaJ1bH~1e 11.~a~c1.1MaJ1bHb1e 3Ha'leHHfl 30Hbl cpopMvrposaHVlfl 1,113n;~eH111~ . 

:, , ·,, . : .' . I·, . ,, ·. ,,· '. , ', . i , " • 

, I It' B03H~~a1ow,ero 11a OA_HOti nfaCTJ.1HKe B _3aBi-tCVIMOCn1 __ OT,c~opocnf'lac,;111ub1 
13: TopV130HTaJlbHafl 'npepblBVICTafl , 'JlVIHVlfl , o603Ha'laeT, nepVIOA ', cTOnKVI-

- paJJ,vrarnpa 'd~66 HM, 'coc-ro5ill(ern ~3 m, npo3pa'lHblX nnaCTVIHOK, 1/13 Si02 
'<n2:=:1,48), ; c ;'. TOJlllJ,l-lHOti a=6 HM, pacnono)l(eHHblX Ha', OA~HaKOBblX; 

i pac!crn~Hi-tflx ,dpyr, oT APYi-ab =60HM'. J],nvrHa sonHbl 1.1i3ny~EiH"1fl ~ =400 HM, 
, . ~ . ·, , . .. ( .. . . ' . 

, l ' l ' " . . ~' . 

3m 03HaLJaeT,. LJTO np1,1 f3::;; 0_.2, i,,,311yLJeHi,,,e; . B03HL-1Katow.ee Ha OTJJ.eJJbHblX 

n.n~CTL-1HK8.X 1MO~eT 1t1Hrepcpep1,1posaTb. npt..1 f3 » 0.2 6yJJ,eT riept..10)], d'<<J/ i:., 

LJaCT1t1L!a / 6yAeT CTOrJKY n11aCT1t1HOK' 'Bocnp1t1H1t1MaTb" Kai< OAHY' n11acT1t1HKY C 
' , : TOJIIJ.Llt1H

1

0VI, pa~Ho0 noJJHOVI TOJ1Llllt1He paJJ,1t1~m::>pa · · L . . !-1 , co' cpeJJ,Ht..1~- , · 

, ', 

·: I 

. 2 2 , . . 1. ', 

. . an2 + bn1 . · " . '· , 
rioKa3areneM npe110MJ1eH1-1s:1. in= . . = 1.05 - cM. p1.1c.5a.· · · 

· · ·, · · · a+b-: · · · · · 

~aK Blt1AHO 1,13 \ p~c. Ba: ~PL-1 Hl.13Klt1X . /3 . {f3 < 0.2) . 1t1Meercw Jllt1HEl~Has:I 
, , .' , ' '-'' , , ·, ,,\ ,, , , , , , , ' , ,· ' , ' ' 

3aBlt1Clt1MOCTb noJJHOl,1 .lt1HTeHClt1BHOCTlt1 1,13Jly'-leHlt1fl OT TOJ1UJ,l,1Hbl paA1t1arnpa L, 
KO_'ropaH xapaKTepHa ,AJ15l '~Bt.J '(npt..1 , 13,i > I). 3TO c'so~CTBO' l,13Jly~eHlt1S'I; 

, B03HL-1Katow,ern s AaHHOM GJJY'-lae np1,1 f3n <<'. I; noKa3bJBaei,Ha.~ro ,TecHy10 
• ·''· ' \, :_ . , : ¥-;- ', , ,', : ' "\' ' .• '-··.. \J. 

. CB5!3b c ~Bt.J. Ha pvrc.86 np1t1BeAei-la 3as111c1t1MOCTb 1t1HreHc1t1BHocrn 1,1311yLJeH1.1s:1 . 
\ . ., '1 ; ,' , 5, ~ , • ,, • ·" ' ·, r ,· • , ; _.. ,.' • '. t°' , I • , ', • , • , ,, • 

OT,. napaMeTpOB a,. 1,1 b np1,1 OA1t1HaKOBblX, nep1t10Aax d=;a+b. YMeHbWeiit.1eM 
paccrof!H1t1vi . ~ \ , ! Me)KJiy n11acr1,1HaM111 ~ OAHOBpeMeHHblM : yseJ11t1'-leH1t18M 

',· " . • •. \' • ,.. ' . ,' ,., ~ ' ,, ' • ' ' . ' ', • ). \ \. J-, ' ' ' 

TOJlUJ,!,1Hbl a (nep1t10A . d OCTaeTCH nocT05!HHblM) 
. ' - . ' "'i'•i• ,•· ' I ·C 

,1. 

\ 
! 

! 
I' 
~ 

l 
1 
~I 

r 
I' 
I 
j 
j 
'] 

··j :; 
, 'I 

·>' 

:'\ ';. 

J 

'1 

'· 

,/ 

' 
·1 

,,. 

2 ,---.---,~.----.--r---r--r---r-.--r-.---. 

0 

. , 

1-L-~ lmm. / 

2-L.a-.Osmm 
J.-L.;_9_1,mm 

4-l-OOSmm-1 1 

Jc 
2 
3 
4 

(a) 

0,4 I 'o.6·' 0,8 LO 

~:: ~~::: ~:;J:~:-.~: .-, ', ·, , 
,J-.a 6nm, b~:~::. ' • _ 
4-a'2nm, b-~ ., ;_ · ... __ / 

, 

-- ". ' (ii) 

A' , p, 

· o:s-' LO ·, I 

," , -, , , , , , , ·. i ' 
P111c.8 .. a)-3asi-tCJ.1MOCTb VIHTeHCVIBl;lOCTJ/1 _.Vl3Jly'leHvrfl; vrcnycKaeMoro 'snepeA, 

, CKop'ocTJit lJacrnubL p 1

Al1SI paanw!Hblx TOn~1-1H paAl-18TOpa L(a=6 HM, b~60 HM; 
X= 400 HM·. '. S:;=0° :- 90°,. n2=1,4130 n1=1,000282, /3=0,001 1 - I 0,999). 6) 

: v1HrnHcvrsi-icicTb '1,13nyYeHi-tfl,111cnyw,eHHoro 'i;a3aA, B .3asvrc111MocT~ OT cKopocrn 
'-lc.lCTVll.lbl ,I f3 ,ll,Jlfl pa3Ji~'!HblX

1 

~apaM~Tbos ···a·~ 1 11 · "b" , np111 pasi-wtl BSJlVl'i~He, : 
' nepvroAa d=66 HM (L:==1 MM, S=0° - 90°: .A,;,,400 HM; n2='1 ;48; n1=1,000282, f3; 

= o,oof- o,999)'' , > · . \._ · · ., . , _:
1 

··. , ,_\'-:, ... · · 

·\ , , , •', ' ,, _., 
, ·, nJJOTHOCTb pa):lt.1aropa, t.1;; CJleAOBaTeJlbHO 6 1,1 ; ero, cpeAHJ.1111 noKa3aTeJlb 

npeJJOMJleHlt151. 3ro np'!,180Alt1T ''K CABHry ,nopora~ B03HVIKHOBeHVJH ~Bt.J, 
111cilycKaeMOro Yacrnuevi np1,1 6011ee,BblCOKV!X f3 (CM. Kpt.1Bbie 1, 2, 3 1,1 ~). ', 

;, a,• : '., ~ ,.'1 C • '• • • • >, ~ :'_ < •,'•• • • •· • •/ •-:-: >' '! :• :~ ;, ••• , • • ' ' :,•• 

, 3.3. CneKTpanbHaH aaeHCHMOCTb HthettCHBHOCTH 
, ' ' , '. \ ,, , ' 

H3ny~eHHH . 

C' 

dN-'' , , , , .· I, , , 

, d;\, (;\,), np1t1BeAeHa Ha p111c.9 'Ms:i" ':feTblpex, pa3Jllt1'-lHblX 
' ' " ·,. . ·' ' . . < ' ' '" \ . '\' ' ... ' -· - I< • ... 

, CKOpocre~ ,LJaCTt..11.lbl f3 .. KaK_, Blt1AHO 1113 pi,,c,9B,r ,Kpt.1sas:1 cneKTpaJlbH0!,1 

3ast.1ct.11v1ocrb 

., ,· ' .· ··" ·, 'dN-, , , , ,' ' ' • ,, , : ,' , ' I , ', ·, ,·, , ,', ', 

\ ' },as1119,wvio_cTJ.1. . d{_(A)' n~L-1 MaJlblX::f3 'COCTOll1T 1,13 ,MHO)f(ecrna '-rpo~HblX 

'MaKCl.1MYMOB; 'yacTb 1113 KOTOpblX HaXOAlt1TCH B Bt.1Alt1MO~ 0611acri,,, cneKTpa 
. :,(o603HaLJeHHO~ H,;l' :p1,1c.9 JJ.BYMS'I: nepneHA111KYJJHpHblMlt1 'npep1:>181t1Cl'blMl,1 , - - , , . . - l,f ,.· --·· , . - . , . . . ,, 

·,, .\,,',,' 

/, 
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P~c.9:' C~eKT~a1i~HaH ;~BL1Cl,IM6CTb

1 

f d:~ (2) 'i1~rn~c~1B~ocn1 '1,13.ny:eHvlH, BO~Hv1Kal0.~ ,, 

, i:uero npv1 , nponeTe ', 3apH)KSHHOH ! 'laCT~Ubl , yepe3 . CTOmcy' , ripo3pa'lHbJX
nnacT~HOK ;np~ , pa3m1'lHblX;; CKopocrnx ·.j3 (a=6 HM', b,;60 ~f,{'m=15151,' 
L=1 MM, .r}=Q0

\ 90~; n2= ,1,48, n1,,,;1,000282: a) j3:::Q;,J 5;; 6)' j3=0,1; B) j3:;=0,05; · 
. ' ' '\, ,·'' ' • ' . ' ' i' ', ". '_,. 
r) ' j3=0,01 ,\ nepneHA~KynHpHblMl,1: npepb113v1CTblMl,1 \ nv1Hl151Ml,1 Ha, 'PvlCYHKe 
o6o3Ha•ieHa o6naCTb Bv1Av1MOro c~ern ,'' ''' ' ' ' ' ' ' '' \ , 

' I ' " ' '.- ' i \ ' •. '•:, ' ' '-·:.; I ~ • • ''. '. ' ·-' -_ ' • ,: ' I ' _\ ' :• ,•' ' ·, ! , ' -, . , \. ' ,\' ''. • 

Jll,1Hl,1S'lMl-1). c yseJ1W-teHt.1eM cKopOCJl,1 Yacrnt.tbl 13 MaKCl-1MYMbl nepeABiiiramcs:i 
s 0611aCTb ·6onee' i<opOTKl/lX 'AJll,1H BOJlH A' l,1 nocfeneH'Ho nepeXOAfl+ ~3' 
St.1Ai.1MOLII 0611acrn cneKtpa s' era, y'rib rpacj)t.10J18TOSYIO YaCTb.' Ha i pi.1c.1 c:i 

',·'' '·,,· . ,,· '.· •. d·N~···,, ,·.,,' ' i: .·•,·,i.'-, '.,·, 
' 'npeACTaSJleHa 3aSL'1C~1MOt;Tb :. d;\, ,(A) L'13JlYY8Hl-1S'l; 11cnycKae~1oro, H'a3a~ ~no 

orno'weHL-1JO K Hanpas11eHt.110 c~opocrn'Yacrnt.tb1),,s cpaaHeHL'1L'1 c ~311yYeHt.1e~1. 
·'' :: ' . :,, · · ··. , . ,dN~ :. ., ·: \· .. : . . . · '•. · . . · . ' ·. • .i, . 

t.1cn~~ElHHblM BnereA .d;\, (~(: ~L'1c.19a. 8t.1AHO'. YTO ~3JlyYe~L'1S'l,. ~1cny~eHHble 
' 1 • • / dN~ • " , dN' • ,' ' ! ' ' . ' ' , • ; ' 

, snep~A d;\,jA); , l-1 ' Ha3aA dA ~A),npaKTL'1Ye~K~ pasHbl,_no csoe,LII t.1HTeH~_1,1s- > , 
_ . • , , ! : , /. , , " , , ,~ · ·. I ,· ,, , · 

• ·· fiocrn. · napa M"aKct.1MyMos · (Ha p1t1c.106 , cnesa .• or . 6011ee L1111p0Koro 
., ', '!'" ',. _· \ ' ,, . ·'- ,-,."·. ', '•. 1 ' ,_• 

MaKCL'1MyMa), CSS'l3aHa C ' orpa)f(8HL'18M , L'13JlYY8Hl,1S'l , . t.1cnyll.leHHOro 
nepsoHaYaJlbHO ·s. HanpasneHl-11'1 CK~PO_CTIII ,YaC!L'1Ltbi. :roT,)Ke ', dMbllll JlB,OLIIHOLII' 

'!, 

I 

I 
f;! { i, 

f, 

'',i 

I 

,: I. 

I, 

6 

.. ·r I; 

,·_;.~4 
bl) 
0 

- 2 

Ct 

.... ~4 ',, 

·. kd=+l_' 

~ 

i .,,._:'HM 

. Pz:alomov 
fotward radiation 

'/, 

\,, 

· · . i . · .. · . ·•· ,. : . 'dil 
P1t1?.10;: a) ?nel<'fpanb\:laH, 3a_sv1cv1MocTb . d

2 
(2)-• :

1 
ltlHTeHCv1

1
BHocrn 1,13nyYeHv1s:i,. ,, 

s'~3Hlt!Kaiomer6 ; ' 'npv1 riponeTe \ ,33pH)KeHH~~ ,' 'laCT1t1Ji1,1 'I ~ep~3 . CTOnKy ,,' 
',npo3pa<iHblX nnaCTl!IHOK; L'1CllYIUElHUOro snepeA, (a=6 HM, b=60 HM, m=15151, ·. 
'L=1 MM, .r}=Q";~ 90°'. n2=:1,48, n2=\000282, j3=0,15):6) Jo )f(e•caMoe, 'lTO i,, 
~Ha p~c~1oa, TOnbKO p.nH v13nY'l8Hr1H,l1CnymeHHOro Haaa,n , , ; • , , /' ', , . 

~ . , • , t ' 1 • ~I ·, 

. ' ··MaKCL'1MYM (Ha·•p11c.10a. cnpaBa) CSS'l3aH c orpajiceHt.1S'lML'1 l,13JlYY_SH!Ml,, 1 

, . I · .. ·. llicnyw,eHHoro nepsoHai.JanbHO Ha3aA. •. · · · · · · ·. · · · 
' .i'f/ '' . , l...._\ •l '; ••.; ' /'· <• • . '; ·. .'\ , . .' I ' ...-- • ', - -,_ '. 

I·:· . 0THOCL'1TeJlbHO Y3Kl/le MaKCl-1MYMbl s_ cneKTpaJlbHOl1 •3aSL'1Cl-1MOCTL'1 (KaK 
I : ::np;SL'1J!.HO 'L13 pt.1c'.9,10) CSl-1A8T8JlbCTBYIOT o·_rnM, YTO l,13JlYY8Hlllenpt.1 OA~opi l-1 
I ' TOI/I )Ke CKOpocrn yacrnt.tbl 13 6yAEJT S03HL'1KaTb ript.16JIL'13l-1TeJlbH'o OAL'1HaKOBOIII 

I :l . ; ,.'i,< . ·,, ,,',, -,- . '· ' .' •. .•·.. . . I.. . ' . ' ,. , , r OKpaCKl-1, Korop~H C ~3MeHeHt.1eM,CKOPOCTL'1.Yacrn~bl 6yAeT t.13MeHS'lTbCH; KaK 
f • 3TO ', CJ18AY8T _1'13. p1t1c.9a,6,B,r , 1 C ,YMeHbW8HltleM · CKopocrn . Yacrnt.tbl user 
( ' ' 11cnycKaeMoro ,' L'13JlyLJeHI/IS'l npoXOAr:,T 'nocreneHHO ' SCIO raMMY OKpaCKl,1 ' l~' l , Sl1A"1Moro csera' s OT cj)t.1011erc:isoro AO KpacHoro. . . . .. 

~ ' ' ' . 1 ... \ ~ 

; . ' , 3.4:i~r'nOa•ie .pJcnpeAeneH,.. ~••eHC.iBltoc,:''/any•e••i• 
• 

1 
• •••. •. J],a)Ke .... s . cny•me nepexoAa . 3aps:i)f(6HH0111 .. ·· Yacrnt.tbl :. yepe3 · OAHY . ' 

, npo3paYHYJO nnacrnHKY. yrnosoe.pacnpeAeneHL1e 11.1HreHc11s1:1ocr11· onv1 t.1Mier. . . . . . , . · . ,, '• ', 13 ·"'. · ' · ,., . . 

·,.'>-
,·.1 .. 

,-



. /. '.--· 

k 

AOBOJlbHD CJ10)l(Hb1C1 .· .. B1-1A ( coci-oHLUllli1 lil3 • MHO)l(eCTBa MaKc1-1MyM0B • 1,1 • 
Ml-1Hl-1MYMOB). '' ' ' 

',.. -

1 KaK BnepBble 6blJ10 noKa3aHO B pa6oTe [7]. yrnosoe pacnpeAeJ1eH1-1e , 
l-1HTeHCl-1BHOCTl-1 on111,1-1cnyc:KaeMoro Ha OAH,oC1 nnacrnHKe, 6Jll-13KO K yrnoBOMY 
pacnpe,i:teJ1eHl-1IO L1B'-l,B03H1'1KBIOIL\eMy, npl-1-ABl-1)1(8Hl,1l,1.Yacrnub1 C siocT05lHHOC1 : 

; '-cKopcicTblO 13 no 1<0HeYHobi TpaeKTop1,11,1 (T.H: 3aAaYa TaMMa). B. pa6orn, [5] 
. ;-6b1na HaC1AeHa npl-1Yl-1Ha 3TOrO CXOAC~Ba : cpop11,1y11a AJ15l Onl/1, l-1CnycKaeMoro 

Ha n11aci1-1HKe KOHeYHoC1 TOJ1Llll-1Hbl coAep)l(l-1T 's He5lsHoC1 cj)opMe cj)opMy11y 
TaMMa JJ,1l5l 111B4, np1-1YeM BJll,15lHl-19 no'c11eJJ,HeC1,KaK npasi1110,npeo611~a10lll88 .. , 

• • . .. '.~ , , .. .,, .. ~-· :: I : i ,-, ., • , • , "· , . 

ct>opMy11b1 AJ15l yrnosoro. pacnpeAeneHl-151 no11Horo' Y1-1c11a cj)oTOHOB · N 
111B'-l, B03Hl-1Ka101llero s:cpeAe C noKa3aTeJleM ripeJlOMJl,eHl-1~ n np1,1 ABlt1)1(8Hl,11,1. 
3ap51)1(eHHOC1 Yacrnl(bl no KOHeYj;oC1 i-paeKTop1,11,1 AJ11t1HoC1 L, co c:Kopocn,;IO 13 
MO)KH9 '3a11Lt1caTb B slliAe [8}: ' : ' ' ' ' " ' , 

' ' , ( . )-2(' · . , )2 · , · , ' d2NTarnm - an L sinX • ; ' ' 
---=~-.--:- .-- sin2 0 ·.• (5) 

·, .. - ';rl . : .·. dQ1p_ ~ · , \A . ·_ ~.: /: / · .~.- ·~·,. · .· , • ,' 
· . rAe X = fJ),. (I-;- /Jncos0). Yrnosoe pacnpeAeJJeH~e l-1HT7~c1-1_sHocrn 1,1311yYeH1-15l 

. ' , ; .·I .- . , . . . . , ' , , + 

npi.1 3TOM np1-1HlilMaeT BVIA,KaK,B CJlyYae - A1,11ppaKLil:111 ct>payrocpcpepa. B HeM 
COA8P)l(VITC5l, OAl-1H rJ1aBHb!C1, MaKCl-1MYM, ripi.1 X=O, (CepeAl-1Ha KOTOporo / 

HaXOAl-1TC5l. ~ H~weM cnyya-~ __ Ha ye'peHKOBCKOM yr~~ eCh ~ ~rcc~{l3~) ~ p51; 

60KOBblX ·.· MaKc1-1r-:\yMOB 'BblCWl-1X riop51AKOB (pacnom:ijj(eHHblX' Me~y' ABY_M5l 
M~Hl-1MyMaM1-1'c HYJISBblM 3HaY8Hl-18M.1!1HTeHCl-1BHOCT"1, npi.1,X= ±k.1t (k=(2,,,,). ... . . ' ,· , . \. ,_ .· . 

· ' ,lJ,aHHOe ' Cl6CT05lTeJ1~~\~o -n~3B0Jl~~T BB8CTl-1 , OL(l-1~1)0BKY OTA~Jlb~blX 
·' . ' . . ·' . ' , . - ., ' 

· MaKCl-1MYMOB (o6o3HaYaeMblX L(8JlblM 3HaYeHl-18M. ·Be11"1Yl-1Hbl, ,k ,\.' YTO 
3H8.Yl-1TeJlb~O . '0611~r't.iaeT ' AaJ11;,HeiC1WylO -.· op1-1eHrnpOBKY B yrnOBbl)( / ' 
pacnpeA8J18Hl-15lX l-13JlYY8Hl-15l. 

' \ 

3.4.1;_ MHoro~paTHaR 3aP,a'la TaMMa i 
,\ 

B cnyyae on 111, 1-1cnycKaeMoro "np1,1 nponeTe 9aCTl,1L(bl yepe; paAl-1aTOp · < 
' , . ' , ·.. i ' • ... ' ..., . ; ! ~ I 

1,13 cTOnKi.1 npo3paYHblX nnacrnH, no11e3HO, AJlff nepBl-1YHOl-1 op1-1eHrnpOBKL1 B< 
yrnosoM' pacnpeAeJleHllil-1, ,1,1cnoJ1b30BaTb MHOf"OKpaTHylO: 3aAaYy• TatiMa; 
on1-1cblea10ll1Y10 1-1any4eH1-1e: - soaH1-1Ka101llee np1-1,ABl-1)1(eH1-11-1 Yacrnl(bL rm 3aKoHy 
c1<opocrn, np1-1seAeHHOMY Ha piiic.1 L . • · · · · · · ' .· ·· •"' ·· 

· Yrnos~e pacnpeAe[le~~e_ 1-1H;~i-ic1-1sHocTlil 1,1311yyeH1-15l MO)l(HO s 3TOM 
cnyYae Ori1-1caTb cpopMy110C1: ·.•. · . ••. . · · ·· · 

d2N:= . ~~~2 _: 
2 
sin{~O-l3;ts~~] sii{~A-13.nc~;S)] 

d' Qd' =-~sm e r: ' ' 72 'I d ' ' ' I , ,',(6) 
• IV I\, .' , ·an. '< • 1 - •. 2 • 1t ·, . ,'' · ·. · · 
- _ :L-(I-j3ncos8)J sm L Ap_ (I:- 13nco~8) j 

\ ' 13,., .,,, -, ''' . '' p 

"-

·.-.,,.· ··<-
.i '/ ·· 

···. \ 
··1 '. 

''· 

1,1111,1 

#, 

· d
2
N:•~ =.--' anL2· . ' 2 Jsi~X)

2
(., Y .••·)

2
(. sinZ.)>

2 
.. 

dQdA · , · · "i! sm l\ X · sin Y . . Z ' 
' ' I' · . ,· I ,· ' 

' ) 

··k .·.~ L(l-l3ncos8). 
L-:: '. 13A , 

.... do.::. 13n ~o~e) . · 
kd_:= ' A' .··.· ; \ ··'··:pl\,- , .. 

_1_rAe 
,:1 

:' ,: 

X=kL.1t, 

' ' y = kd,7t, 
' . ' 

Z= k.,1t, 
_, k =•:a(i '-- 13n cos8) 

( 
a. • ', /3A 

L ' _•;,:, '' ~,d '~ ' 3KBl-1BaJleHTHa5l' AJl~Ha: . m, ,- Yl-1CJ10 , nep1-10AOB, 

·d = a+b_'.= (t1t, +Mo),fJ: 3KBl-1Ba~e~THa5l MMHa,.. OAHO~ci n'epl-10A~. \a= 1111,9,.:' 
·' 1·:•- ' ' ; ' ' ,• : ., ... ,. ' /, .'· . ' . ' 

AJ11-1Ha TpaeKTOPl-1\11 '130 BP8M5l OAHOro nep1-10Aa,, b = ·1110,f) , ,n ,_. noKa3aTeJlb 

, -'npeJ1ciMJ1eHl-15l cpeAbl, e/yron Ha611~.b,eHl-1R ~B'-l (BHYTPl-1 paA1-1arnpa). ', , , ' /. 
, : . · · , ; I :~ · , l , ', ' ' -. / • • -~ \ • , , ,, , , l ' , , : ", , ' .,\ ' ·, '' <'i , , ; , ' 

, 1 , . . . ·, ;· , , I 
P1-1c.11, 3aKOH 1113MeHeH1'151 CKOpOCTl,1 \iacrnl(bl B MHOroKpaTHOi1 3c!Aa4e T?MMa 

''.!'/ 

Y~C!J~ 'ka; kd/ · 1-1 ~ no3BOJ1RIOT nposE3crn, 9u1-1cf>poBKY Bcex , ' 

MaKCl-1MYMOB, '•· COAepial1.(vixcfi B ' CJlO)KHOM : .yrnoBOM pacnpeAeJleHl-11,1 
1-13JlyLJeHl-15l, ' . _ . ; 

. . \ . '. .- ' ' '.. . ' . ' . ' . ; ' . ·:· \ . 
Ha: p1,1c, 12 ~ KaYecrne np1-1Mepa np1-1BeAeH pacYeT -pacnpeAeJ1eH1-15l 

1-1HTeHclllBHOCTVl lt13J1yYeH1-15l:npoBeAeHHb1C1 'no cpopMyne (6), s 3as1-1c1-1MocT-i1 or 
3HaYeHl-15l napaMeTpa kf . 1113 r1-1cyHKa, 12 Bl-1AHO, LJTO HyMepal(l-151 Ma~CL1,MYMOB 

HaY~HaeTC5l' 's 'OAHOC1, TOYKe·, yrno~orn pac~peAeJleHt-151 ka~. kd,: "L . ~ • o, 

CO,OTB8TCTB;Kllll~C1 YepeH~OBCK:t/ yr~y Sch:; ar~co{ ~r·, B • \rnoB~M 
'' J\ ••• .. : ( , ,•'•.••:•• /, • ,,- .' • i • I •• • '. ' ,J \\~••:/: : J3~; ••<,/' ~--' 'i•,•••' '. '", 

pacnpeAeJ18Hl,11,1 np1,1cyTCTBYIOT MaKCl-1MYMbl ·Tpex,. pa3Hb1X YaCTOT,, CaMyto, 
60!]b_WYIO Yac_TOTY Wy1e10T MaKc~MY_Mbl, ·· . o·6o3HaYeHH.b1e .• Ha··• b1,1cyHKe •· .. Kat< kt,, ; .· . -

,. ' • , ', , • : : • I ' 
1 

•• ,· ~ -, '• ,, ; " ' ·, ' _ , , • , 1 , 1 ' .' , i; ' : ." . J I\ '- ; , ~ C '_ • :'' _' ·> > 

, CBH3aHHble 'C nOJ1HOC1 AJ1l-1HOC1: TpaeKTop1,11,1 L,:'. CpeAHIOIO YaCTOTY l-1M8IOT 
MaKCt.1M.Y,t-1bl, .060:maYeHHbl_e_ KaKckc1 • CB5l3aHHblEl C :AJ11-1..,,0i7! ~AHorb: nepn?Aa.d:, 

' . ' - .. ' ' . 1·_;1 
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. ,· . , . , . . . . r , 
Pv1c:12. Yrnosoe pacnpeAeJJeHl/le 1/lHTeHCI/IBHocrn, ,v1311y'ieHv111 npv1 _ABl/l)l(eHI/II/I 

'itlCTl/ll,\bl no 3aKOHY CKOPOCTI/I, npv1se,neHHOMY Ha p~c.11 (MHOf0KparHa!1 
• 3aAa'ia. TaMMa) a=:1200 HM, b::3600 HM, m=10, A:';"400 HMi, n=2.0,' P=0,99. 

•· Lte11b1MI/I 'il/lcnaMI/I, pacno11mKeHHblMI/I csepxy, o6o3Ha'ieHbl MaKcH;:;yMbl "kd". 
.• Hav16011ee' BblCOKYIO 'iaCTOTY 1/lMelOT, MaKCI/IMYM~I, 060:iHa'ieHHble "kl" (Ha ' 

pv1cyHK~ I/IX npl/lCYTCTByei- ::s 240) · , ' · · 

''' ' . \;,-°/ _, ~·· ,- . ,, '. ;. ' ' ·,.... ,·.. ,,. '' . ' . 

Ha111MeHbWYIO '-!aCTOTY "!MelOT MaKCIIIMYMbl, .o603Ha'-!eHHble KaK'ka ' CBtl3aHHb)e 
. ,'' ' ' , ' .; ,.: . ',, ,, ,. ,· -. . '· ' 

C AJll/lH·o~ TpaeKTOpl/1111 a ,B T~'-leHl/le OAHoro nepl/lOAa, 
. . ' · ..... ,, 

Jlp1,1 1113BeCTHblX napaMeTpax 3aAa'-II/I_ (a, d, L; j3, "-, n ) pacnoJ1o)l(eHl/le 
Jll06oro 1113 MaKCIIIMYM~B 's yrllOBOM pacnpeAeJleHI/II/I. MOiHo onpeAeJll/lTb :c 
noMOLL\blO cpopMy1161: · · · · · · · · ·. ' 

' I ' - • 

,, , .. 

' j. ;.•: • ' ' : I.' • ' ' -~ . 

e , I - kx"- . .. ·a ... 
cos · =-.+--, rAe x=a, ;L:" 

k".. • B,n. · nx -

\ ,· 

' ·(7)' 

t ,. 1"• 

Heo6XOAI/IMO 3aMeTI/ITb, 'fTO. noci<c:im,KY yro11 e . MO:>Kei· np1t106penaTb , \ 
,TOJlb~O peanbHble 3Ha'-leHlll5l 'OT 0° ,o.o 180° , cpopMy11a (7) He .66t13aTe11~1-w · · 

, ' scerAa 6yAeT, 1/lMeTb peweH111e, B peanbHOM Alllana30He yr~OB HclXOAI/ITC5l 
TOJlb~O '-!aCTb MaKC_I/IMyMOB k~,'. ka, ~ ki , J;ooTBeTCTBYIOIJ.la5l ',KOH.KpernblM ·• 

. 3HaY,eH~tlM' napm~eTpOB a: d/L; J3, "-, L1 n '.' I ) · . . ' ' > ,_ \ . 
. , CooT~owet-i111e (7) · J703BO~tleT ' onp~AeJllllTb xapaJ<Tep 1/1 • 1/13M8HeHl/l5l 

yrnosoro ' pacnpeAeJleHltitl ' VIHTeHCIIIBHOCTi:i B, .. 3clBI/ICI/IMOCTI/I o,: · .. scex 
. ,h~paMeTpOB 3aAaLJI/I. (a,'d,· L, j3; X; ,n). Hanp111Mep, _c ysefo,i<ieHl/leM GKOPOCTIII 
, ·'-l~c'r111u61 p ; ueHTpanbHbi~ MaKcL1MYM · ( k~-=: ka= •kr, .• ;=. 0 ) nepeMeu,laeic5i.s-_' · 

' CT~po~y: '60JlbWIIIX'.· yrnoB B; COOTB~TCTBIII~ ~' '1/13BeCT~blM '-!epeH~~BCKIII~ , I 
,, ,· . ,.;i6 . . . . 

' , 1 
COOTHOWeH1leM cose·;, J3n, np111'-1eM Bee OCTaJlbHble MaKCIIIMYMbl CJleAylOT 3a 

HI/IM. 

C y~eHbWeHl/leM. OTHOWeH~ti·: ~ x;Ae ,x=:=a,d,L) yBe!]lll'-11/1BalOTCS1 

paCCTOt!Hl/ltl M~)l(Ay MaKCIIIMyMaMI/I COOTBeTCTByJOLl(I/IX '-!ac~o/··CM. p~c.13. 
t,,lHrnpecHO, ~TO np1,1 MaJlO~BeJll/l~I/IHe ·nepi'loAa (d«1) (CM'. PHC.13r) ,yrnosoe 

• -~-r -

Tmnm 

'6 
-,+9"+10 

I 

:q11_ 11, 1~,_w_ '· +I~'' -

i : ·~. ;__ 1
11 hf I~ 

~- , .. ll~a)_ ,·, I 
1
1\ 

l:4•0 - +I . 

---,=t1· 

,I 

0° - 30° - 60°. 90°' 120° 150~ 180° - . ' ~ -I o0 30° 60° 90° 120°. 150° 180°: 

~ ~- ·!za 7· _ ..• : .• · · .·. :/·' T~ .6~,~ .... ~ .. ~~ 
,"<';\:, ~ ·: +) ·.• s •··• ~· ·Tmnm 

<4>',.. , /il11 
o,'-':-..C..,:-''-:--'::".,....:-1...-u 

0° .,30°- 60°- 90°,~20°_150° 180°, .. 
·;:_,, 

/ 

"" Pl/lc.'13. Yrnosoe pac_npeAeJleHl/le, HHTeHCI/IBHOCTW 111311Y'-leHl/l!1, paCC'ilHaHHOe C. 
, noMOlllblO cj:>opMyfl (6) -(MHOfOKpaTHa!1 3aAa'-la TaMMa) · B ·3aB"1CI/IMOCT"1 OT. 

'B~!lH~HHbl n~pHoAi d; m~rn. i==400 HM, ·ri,;,,io, P=0,99: a) d=:=1400 HM, 6)''. 
✓-c:f=BOO HM, s) d=400 HM, r) d=:=100 HM (d<A) 

_,.,. 1.,-. 

pacnpeAeJ1eH1,1e I/IHTeHCI/IBHOCTI/I_ i,i311y'-leH1,1si 6yAeT cosriaAaTb c: yrnosi:,1M 
pacnpe.neneHl/leM ~HTeHCIIIBHOCTI/I t,,1BL!,c11eAYIOIJ.ll/lM 1113 COOTHOLUeHl/l5l TaMMa· · 

· • ( 5) .. 3To o6cT05lTeJlbCTBO · MO)l(HO. 11erKo. nc>Ka3aTb III aHanl/lTl/1'-lecKI/I, noc1<0J1bJ<Y · 
:i,pi,, d<</1, cpopMyJla (6) nepexoi~i B cpopMyJly (5): ' . ·. . , . . . , 

• •• 
1 

•• • KaK Blll~Ao· 1,1j p111c.13 1-'lHTepcpepeHt.t~OH~ble fylaKCIIIMYMbl_ BC>3~~KaJ~)T BO 
sceM.Al/lana30He yrnos OT, 0c::Q0 AO 9,;,,189°, T:e.'KaK BnepeA (B i-ianpaBJleHl/ll/1· 

·ABi.'l)l(eHl/ltl YaCTI/IUbi), rnK Ill Ha3~; . . . --

· · 1.7 '~ 

-~ ~-
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3. 4. 2.; YrnoBble pacnpep,eneHHR HHTeHCHBHOCTH onn -np111: 
• , • • , ' ; < ~ - • • ! 

nponere 1/SCTHL(bl 'lepe3 CTOnKy npo3p8'1HblX nnacTHH 
/ . \ -

Ha p111c.14 np111BeAeHbl yrnos1,1e pacnpeAeneHll1H ~HTeHCll1.BHOCTll1 on111, 
- . • I . -• • -

paCClfll1TaHHble C noMOUJ,blO cpopMyn nacpOMOBa (2) -- (AnH napaMeTpOB a = 
J . . - . -- . . • -·. • ' . -. 

6 HM, b =' 60 HM, n2 = 1.48, n1 = 1.000282, m = 1000, 6nll13K111X K CTPYKTYPe 

a;porenH - -~ n = Uis) 'B ·cpaBH8Hll1111 G yrnOBblMll1 pacnpeAeirnHll1HMll1' 

.}, 
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P11c'.14. _. Yrnosoe - p~cnpeAeiieH~e -. ~Hrni-ic~BHOCT~ - 113JlY'iSHl-1Sl, . BblY~CJleHHOe AJ]Sl - ' .. 

i,apaMEHJ)OB ·_ CTOnK~. 6Jl~3K~X -K CTPYKTYPS Si02caaporeriH 'tin ii -. pa3Jll-1~Hblx\: 
•. . .. - . . " .. ,· ' ,c . •:--,...... ' 

CKOpOCTei.1 •-iacrnU,bl J3 (a=ol-lM, b=60 HM, m=1000, L=66 HM, A.=400 HM): a) 
Bbl'-IHCJleHl-18 npoBeAeHo c. noMOLI..lblO Q>OPMYJl (6) (MHoroKparnaH ·•3aJJ.a'-la 
TaMMa),. n=:.1,05; 6) Bbl'-IHC.neH~e npoBeAeHO c noMOW,blO,Q>OPMYJl naq>OMOBa 

--. ·. ·(2)· n2==1 48 n1=1 0 - ·,. · · · · 
_'\,. ' , .-'.- J ' 

- . - ·\ -- . 
i-1HTeHCll1BHOCTl,1 1113nyYeHll1H, Bbllfi::icneHHblM111 . C ' noMOUJ,blO-- cpopMyJl (6) 
(MHOroKparnovi ,3aAa'-I~ · TaMMa) __ -- 8111,nHO, lfTO B np111seAeHHblX yrnoBblX . 
pacnpeAeneH~~x OCHOBHblM HBnHe~CH 0 M8.KC~MYM C lid =+1.· OnpeAe.rieH111e era·•. 
pacnono)l(eHll1Sl B cnyYae BblYll1~neHll1i.1 ,·nposeAeHHblX C noMOUJ,blO . ¢'opMyJ1 
nacpOMOBa . (p1-1c.146), 3Half~re.ribHQ· cJ"iO)KHee;· YeM B. cnyYae MHOrOKpaTH.Ovt 

• 3aAaYll1 TaMMa (p111c.14a). COOTHOWet--i111e (2) 111MeeT MaKC"1MYMbl TOrAa, Korona --
Bblpa)l(eHll1E; s 31-iaMeHaTene s KBaApaTHbl)<cKo6Kax·pasHo 1:1ynro, i-.e. ecn111 .. -.. ' . . ' , . •- -- ·. .. " . ', . ~-

18' 
.. t.._': .. ;~' .... 

( 

., 
l· 

'.,;_ 

--:--

, ~ + ~J = 21tkd; (8) _ _ 
271:· ·_ ~- ---·: ·21t _-,Zn._· x;+x;·. 2.'n ·_ .. 2n·• · · -

_ J3A. (a+ b) + ~rccos[cos(TakJ co~(;:-bk1) .,..-
2
--sm(Taki) sm(Tbk1)] == 21tkd, 

. _ - _ _ · . -- _. X1X2 • . -
__ :., 

rAe kd - L(enoe _ Y111cno. BepxH111vt 3HaK coornercrnyeT 1113nyYeH111ro "snepeA", · 

Hll1)1(Hl-1vt - ero. ofpa)l(8Hll1IO. ,-

Bropovt .MeHbWll1vt MaKcl-1MYM, Ha, p11c.146, B03Hl,1Kaer scneACTs111e 
MHOrpKpaTH.blX OTpa)l(eHvivt ~-l.'13nyi-t8HL-1H Ha_ rpaHll1L(aX BHYTPll1 crnnKll1 nnacrnH. 
Kar< EH1AHO 1113 ·p11c.146' ·c HapaCTaHll1eM.CKOpocrn YaCTll1L(bl MaKCll1MYM kd =+1 

-nepeAB111raeTCH K 6o.ribW111M yr11aM: np111 /3>0;172 MaKC~MYM y)l(eHaXOA111TC51 H~ 
yrnax S>90° (T.e. HanpasneH Ha3aA), np111YeM snepeA BblXOA111T- nll1Wb em 
"He6onbWaH OTpa)l(eHHaH lfaCTb. np111 /3>0,2 'MaKC~MYM kd =+fyxOA111T 1113 
o6nacrn peanbHblX yrnos -( 3~0°7180°): J].nH 6onbw'evt.-HarnHAHOCTl,1 Ha p111c.15 
re )l(e-yrnoBble pacnpeAeJleHll1H. 111HTeHCll1BHOCTll1 011111: (B03Ht..1Karow,ero _Ha 
crnnKe_ mfacrnHOK) _np111B!=)tJ,eHbl B~nonHpHb_li KOOPA111Harax. ~3 np1111;1_eA8HHOro 

. BblWe'cneAyeT; 4TO nOBblWeH111e;111HTeHCll1BHOCTll1 on111 B o6nacrn ManblX J3 
. (13<0.2) i B03Hl-1KaeT '· scneACTBvie 111HTepcpepeHL(1,10HHblX MaKCll1MYMOB BblCWll1X 
nopHAKOB c · kd i.+ I. 'nopor -B03~111KHOBeHll1H 3Toro 1113ny<-ieHll1H onpeAenHeTCH 

n0Hsne.H111e~ nepsoro n'fias_~rq MaKc111My'Ma c kd=+\ :KaK 3-fo Bll1AHi. 1113 
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p1,1c.16, senw-1111Ha :noro nopora 3as1,1c1,1T rnaBHblM o6pa30M OT nep1,10Aa_d 
(np1,1 3aAaHHbl~ 3HaYeH"1HX n1, n2 1,1 A), T.e. _B 1<0He'-IHOM "1Tcire OT CTPYKTYPbl 
paA1,1a~opa. 
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\1 o·· 
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/·· '•.·., '· 

. -~l bl!~hvard radiation~ I '. 
0.8 1,0 

J3 
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P11 c. l 6; 3 aBl,1 CHMOC:Tb 1,1~TeHc111sHocrn. 1,13,iy~ei-i1.1H: 1.1cny1.J..1eHHoro Ha3aA·: oT cKopocrn 
: '-laCTHUbl j3 AJJH pa3J11.1'-IHblX napaMeTpos d,(1'.=350+700 'HM, m=15151, L=1 MM, 
3=0°+90°,' n2=1,48, n1 =1,000282): Kp1,1saH .1 - d=33HM, a=3HM, b=30 HM; 
KPl.1B aH 2 - d:;=66 HM: a=6. HM, b~60 HM; KPl.1BaH 3 ~ d=132 ~M. a,;,;12. HM,· · 
b=12 HM, J3=0:001_:c:0,999 . . : . . 

... ,\' 'j 

'. I 

·, 

,;:,. ... :: 4. Onntl.fecKoe napaMeTpw-1ec1<oe 111any11eH111e 
s'ae1tnoea;_"lepeHKOBa . . . 

' . - -.- { ',.-.: " ' - ,_ 
~ I - , ., - : , . . . , . . , ,. - •. . - - ._, ,-

B CJly'-lae CTOnKll1 npo3pa'-1HblX.n11acrnH C m>>1 (T.e. np111 AOCTaTO'-IHO 
;60JlbWOi:i noJlHOi:i Tonut111He· paAL1aTopa L=m--d), KaK 3TO 6blJ10 noKa38HO B 
pa6orn ' [9L B yrno·soM pacnpeAeJ1eH111~ '111HTeHcll1BHOCTW · 1,1311yYeH111H 
Ha61110Aa10TCH xapaKTepHble MaKC"1MYMbl,, · K0Top1,1e no.iJyy1,111111 Ha3BaH111e 

.... , ' ' • - - ' ,, • - \ j. .- ·- ' ,.' -~ • - ' : , "' 

· · "napaMeTp111'-1ecK111e 'lepeHKOBCK"1e MaKCll1MYMbl", [10]. Ha3BaHbl · 6b1J1111 TaK 
. noTOMY,. YTO. B' onpeAeJleHHOM CMblCJle OH!,1 _HBJlHIOTCH aH_anoroM rnaBHoro 

yepeHKOBCKOro MaKCll1MyMa, : s·o3Hll1Ka10LI..1ero : np111 ' npoJleTe ', '-1aCT1,1Ubl co . 
''CKopocTblO ;.:_ l3·n>1'' yepe3 ' O.UHY npo3pa'-IHYIO_ :nnacrnHKY, 'PacnoflO)l(eH1,1e··, 

napaMeTp"1'-leCKl-1X yepeHKOBCK1,1X MaKCll1MYMOB B. COOTBeTCTBll1vi c [9]. MO)l(HO 
. cmpeAeJJ;;,Tb C noMOLl.lblO : np111setieHHblX BblUJ'e COOTHOWeH1,1C1 (7) (B 3TOi:i ·: 

pa6orn OHll1 COOTBeTCTBYIOT MaKCIIIMyMaM, o6~~HaYeHHblMll1 KaK." kd ")· 
·, 

20 ' 
, (,' 

' ·. \ ... 

/ 

' 

·. JlBJlHeTCH 111HT8peCHblM;. YTO I napaMeTpW!eCK!,1~ .... YepeHKOBCKll1~ 
Ma.KC111MYM HyJlesoro nopsiAKa (np111 kd =O)cosna:naeT C rnaBHblM MaKC"1MYMOM 
111BL!. 3To B111AHO Ha p1,1c.13r. npi,i d<<A. 111 ffo~>1 yrnosoe paccrnHH111e Me:>KAy .. 

. napaMeTp"1'-leCKt,1Ml,1 • MaKCll1MyMaM111 HyJleBoro kd =0 111 6n1,1,i<at1wero MaKC"1My
Ma ;·riep.soro nopHAKa (kd =+I) Y)Ke HaCTOJlbKO 60J1b~oe, ,'-ITO na-pa~eTp111° ... · 

'-leCK!,1~- ~aKC"1MYM ,c kd =+ 1 Y)Ke He MO)l(eT HaxOA"1TbCH B yrnOBOM pacnpeAe- . 
J1eH1111,1 cosMeCTHo· c Ma1<c1,1MyMdM c kd..=O (cM. p1,1c.13r). · · · - . . . . . ' .. - -~· - . ··-. 

· Ornw,1a10Lil111e oco6eHHocrn ~BL! (er~ HanpasneHHocn,, ·cyutecrnosa- ·. 
Hll1e nopora,. Jlll1Hei:1Has:i 3as1,1c111MOCTb 111HieHct-1BHOCT1t1 oT· AJl~Hbl nyrn 111 AP-) 
HBJlHIO~CH cnpa)l(eHll1eM Toro . cpaKTa, YTO B yrnoBOM · pacnpeAeJleH.111111 
np111cyTcrnyeT BC~ro f11,1W~ OA111H ·_ rnaBHbli:i napaM~TP~'-leCK1,1i:l,MaKCl,1MyM. 

AHanorn'-IHaH. c111TYau111H, . OAHai<o, , MO)l(el B03H"1KHYTb 1,1 i _ AJlH 
napaMeTpll1'-lecrnx MaKC111MYMOB Bb1cw1,1~ no'pHAKOB (cM.' p111c:14), ·KorAa B 
yrJlOBOM pacnpeJieneHll1111 ·np111cyrcT~yer Jllt!Wb 0)).111H.-111:3 MaKC~MYMOB k~ >O 

.·(Hanp;' MaKCll1MYM c· kd ;;;+I).· Bce·xapaKTepHble·cso~crna1113J1y'-leHl,1H,111cny:_ 
uteHHOmB ~~KOM cftyyae,6yJJ,yT CXOAHbl co CBO~crnaM111111BLf .. • - . 
, . . ' . . _, . ~ ' 

0AHaKO cpyHKUt,151 'AJlH yrnosoro pacnpeAeJJeHll1H 111HTeHC"1BHOCrn (2), 
l,1J11,1 (6) ~BJ15leTCH nnaBHOi:i ¢>YHKLJ,~ei:i ~;OHa on111cb1BaeT sce:napaMeTp1,1ciecK111e;· 

. MaKC"1MYMbl KaK Hynesoro (np1,1 kd =O), Tai< ·1,1 BblCWll1XnopHAKOB (rip111 kc1 ;;+1, 
. 2, , .. ) Bc~;_3Tltl M~:c111M~Mbl B03H~KalOT BCJleA~TBll1e Toro, _YTO COOTBeTCTB;IO
LU~e ,pa3HOCTii1. cpa.3 X,Y,Z 'KpaTHble '-1111CJ1Y 1t (CM.: (7)); no:noMy, .B 3TOM; 
CM~1611e; ~nasH~IH yepeHKOBCK~i:i MaKCll1MYM (c kd =O) He ~BJlSl.eTCH Hll1'-!eM . 

~~o6eHHblM ---OH n~Jl~OCTblO- a~aJJOrlt1'-18H OCTaJlbHbl~ MaKCll1My~aM B61bw1,1x 
'nopHAKOB~ HBJl~eTCH 11i,,w1, OAH"1M 1113 Hl-'.IX,, - . . ' . ' 

5~ 3a1<nt0iteHr..1e ·. -.,. 
< .... 

-
B pa6~Te-npVIBDAll1TC51~,. noAp06~bli:i aHaJll,13, Onl/1;, B03H~K~l0ll..lero B 

paii,111aTOpe ' KOHe'jHOi:i . TO.nui111Hbl > L; 1113 Si02~a3poreJ1H C noKa3aTeJleM 
" npeJlOMJ18Hll1H . n, np1,1 nepneHA111 .. KY11HPHOM nponeTe- iiepe3 · Hero . '-lacrnltbl C 

nocTOHHHOi:i CKOpOCTblO 13,, • ,c . . · ,, · '.. · 

. - "' Bn~pBble . npo'~eAeHbl '. Bbl'-llt1CJ18H111H .. ~HTEJHC~BHOCTl,f 1,13Jly'-leHl,15l C 
.·. rip1,1MeHeH111eM cpopMyJl nacpoMOBa ( 1 ); 'onl(lCblBalOLJ.tl,1e KaK on 111, .111cnyc1<aeMoe 
Ya'c-ii1ue~ npi-1 ee BJleTe 1,1 BblJ18Te 1113' PaAll1aTOpa, TaK ,iri-111BLf. B pa6oTe 
yKa3aHo, ·YTO Q)OPMYJlbi'h) nnaBHO nepeBOAHT xapaKTep1,1crn1<1,1 onW(rni<111e. 
KaK. He3aBll1Cll1MOC:Tb. 111HTeHCll1BHOCTlt1,_ OT TOJ1LL\l,1Hbl . pa.,i1,1arnpa, cneKTl)aJlbHbie 
C:Boi:icrna · 1,1 AP,) B x~paKTept,1CT1,1Kl,1 'cyti.tecTBeHHO OTJlll1Ya10utei"ocH. L,13Jly'-leHll1H 

lt!BLf. , . .,- . ·. , ' . .. . . . . 

' . ' . "": . .. . . . . ·. '. . \ 
Bn111HH"1e BHYTpeHHei:i ··· CTPYKTYPbl .-Si02-a3poreJ1H.: Ha · "1GnycKaerv,oe 

i,,311yLJeHL'1e 1,1ccneAyeTCH-C noMOIJ.tblO' cpopMyJl nacpOMOBa, (2), on1t1CblBalOll.J.l,1X 
.· ·.· 011111, B03H"1Kal0ute'e · np111 .. nponern 'iiacrnubi ,'-lepe3 CTOnKY npo3pa'-IHblX 

' -, -.. . . . ·:·· ,,-, '- . . . . . 



,,-

n11acT111HOK T011U..U,1H61. a , pacno11mKeHH6IX Ha OA1t1HaKOB61>c paccTOSlHltlSlX APYr 
OT Apyra b .. napaMElTp61 a 1,1 b, Ta.lOKe KaK cpeAa,n11aCT111HOK 1,1 cpe.,ia ·Me)l(Ay , 
H1.1Mlll 66111111 B616paH61 TaK,, '-IT0661 66111111 6111t13KIII K CTPYKTYP8 SiOd-aspore11s:i C .. 
noKa3,UelleM npe110MneHV1Sl n=1.,05, r· • . . 

CpaBH8HltleM · ··, KPIIIB61X nOllHOH ltlHTeHCIIIBHOCTIII 111311Y'-18HIIISl, 
paCC'-IIIITclHH61X no cj:,opMyllaM (l) Ill (2); AJlSl pa311~YH61X CKQPOCTeH '-laCTllll.(61 f3 . 

661110-HaHAeHO, . 4TO np111 MaJ161X f3. (f3~0.1+0,2) npol/lCXOAIIIT 3Ha41/1T8116HOe 
yse11111YeH111e IIIHT8HCIIIBHOCTW. '-11/lClla . 111cnycKaeM6IX cj:,OTOHo~: Cpas·H~Hl,1811,1 
30H61 cj:,opri..1111poBaH1t1Sl 1/1311YY8HIIISl. C nep1110.iioM crnnKIII 'd=a+b. noKa3aHo; YTO · 
nos61WeH111e, IIIHTeHCIIIBHOCTIII np1,1 Mail.61X cKopocr's:ix · YaCTIIILl61 s:is11s:ieTcs:i 
c.118ACTBll18M MHOroKparnciH. IIIHTep4J~peH'u111111 111311YY8HIIIH, B03HltlKatol.lllllX '•Ha 
<::TA8116H61X n11aCT111HKaX. / 

. B pa6oie , t-1CC118AYIOTCSl . OCHOBH618 xapaKTepl/lCTIIIKt-1 111311YY8HIIISl, 
~ - • - ' ' > • • \ _ ...... - , •• - - • • • • ., • • •• • -

B03HIIIKcllOl.ll8fO np1,1 MaJ161X . f3. . CneKTp . l,13llY'-18HltlSl xapaKTepeH Y3KIIIMIII 
MaKc111MyMaM111, Yvic110 ·KoTOp61X B03pacnieT c yMeH6WeH1t1eM AJ1111H61 B011H61 .. 
,[),Jlsi "oAHOH 111 TOH )Ke AJJIIIH.61'BOJJH61 "' 1,1311y'-1eH111e HOC~TnoporoB61H xapairep, ,· 
no11Ha.Sl l-1H~eHCltlBHOCT6 ltl3hY'-leHi-1Sl JlltlHeHHO aa.s111cifr. OT TOJll.llltlH61 pa.ii111arnpa 

. l. · non Hast .· IIIHTeHCltlBHOCT6 ···.1,1311yYel·tltlH fll:WI . Hltl3K!1X -f3. · COOTBeTcrnyeT 
• np111MepHo 1,5,% oT111BY np1t1TOH )K8TOJ11lllllHE;.PaA1t1arnpa L. • 

··. Yrn~~oe , pacnpeAeJ1eH111e ltlHTeHCIIIBHOCTIII ', 1113JlYY8HIIISl B cny9a.e 
: paAl/lffTOpa 1113 cTOnKVI npo3pa'-IH61X 

O
' nnaCTIIIHOK GJlO)KHOe - COAep)K~T 

MHO)K8CTBO Ma1<c111MyMos·:111 MltlHIIIMYMOB. B pa6ore npose.tieHa ou111cj:,posKa · 
OTA8Jl6H6iX > MaKCIIIMYMOB · B ~yrnosoM .• pacnpeAelleHl/1111 C noMOl.ll6IO 

' COOTHOUJ8HIIISl (6) MHOroKpaTHO~ 3c3AaY111 TaMMa. noKa3aHO,·YTO B yrnoBOM . 
pacnpeAeJleHl/1111 CYl.ll8CTBYIOT MaKCIIIMYM61 Tpex pa3JlltlYH61X I Blt1AOB. 

, (o603H8YaeM618 COOTB8TCTB8HHO , Ll8Jl61M~ . YIIICJlaMl/1 · (ka, , kd, kr,·. ). 
• •-- • I 

pacnoJlO)KeHltle KOTOp61X CBSl3aHO C T0111.llltlHOH n11aCT111HKl,1 a, AJlltlHOH nep1,10,,:fa 
. , d=a+b III c .. nOJlHOH . TOJll.llltlHOH ••. PaAlllaTOpa L. .. B. pa6oTe npltlBeAeH61. 

_'coOTHOW8Hlt1Sl, f103BOJ1Sltol.lllt1E!, ,nposecTIII:·, _IIIA8HT111cj:,1t1K8L(IIIIO OTA8Jl6HblX 
. · MaKCIIIMYMOB KaK . 8 yrJlOBOM pacnpehe.neHl/1111, 1/13JlYY8HIIISl 1 on111caHHOro 
' QlOPMYJlOH (6) (MHoroi<pa.THOH 3aAaYltl TaMMa), :raK Ill cj)opMyJlOH nacj:,OMOBa 

(2) All~, cTOnKltl n~aCTIIIHOK. · • . ,•. . . . . . . 

noKa3aHo, ,YTO nplll MaJ161X • CKOpOCTSlX (13<0.2) B Si02~aspore11s:ix 
CYl.ll8CTBYIOT . ,,. YCJlOBltlSl ,· AJlSl B03HIIIKHOB8H111Sl. ' "napaMeTf)IIIY8CKOro 

• - • ,,. - • : ' "-I' • 

'-lepeHKOBCKOro. ,lt13JlyYeHIIISl, · SlBJlSltol.llerocs:i: nplllYltlHOIII CYl.ll8CTBeHHOro 
.. nos61weH111s:i 111Hrei:ic~si:iocT111 on111.. · · · · 

', 
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