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· MeTOA 113MepeHl'1R yrna norpy>KeHl'1R npRMoro cneAa 'laCrnUbl 
. B R,itepHoi;;,cpoT03MYflbC"11'1 npt-1 nOMOIJ..\1'1 Me3oOnTl'1'1e<:Koro 
· ipypbe-Mt-1Kp6c:Kona · / · 

13-91-204 · 

On1-1caH \HOBbli;; I\IIITTOA 1'13MepeHl'1R• yrna norpy>1<eHl'1R.npRMor6 cneAii 'la• 
crnub1 , B RAepHoi;; cpo103Mynbc1-11-1 np1-1 n6Motuw MeJoonrn'lecKoro. cpypi.e
Mt-11<pocK~na (M<t>M)., AaH aHan1-13 KaprnH.bl A1'1q>paKUl'11'1 AaneKoro 'nonR oT 
npRMblX cneAOB 'lacrnu, 1'1AYLUl'1X noA yrnoM

1

1:( MeAHaHHOH nnoCKOCTl'1 RAepHOH 
cpOT03MynbCl'11'1, PaccMoTpeHa. CBR3b M.e>KAY nono>1<eHl'1RMl'1 ABYX Me3oOnT~; 
'IOCKl-!X "1306pa>KeHi-li1 'HaKnOHHoro cneAii 'laCTHUbl BI npeAenax cpoKanbHOro . 

. KOflbUa. M<t>M l'1 yrnoM norpy>KeHl'1R HaKno1:1Horo' cneAa 'laCrnUbl, jia~AeHo, 
3Ha'lettiile kpt-1rn'leci<oro y'rna norpy>1<eHt-1R npRMoro cneAa. '1ac'r1-1ub1; KOTOpb1i;; 

· xapaK1ep~3ye1 Ka>K.Ciyio AaHHYIO KoHc:TpyKui1io M<t>M. On1-1caHbl 3Kcnep1-1MeH· 
Tbl, BblnOnHeHHble· Ha IVIOAe111-1 M<l>M, AflR ABYX rnnos TeGT·o6beKTOB, BblBOAbi' 
Teopt-1"1 COnOCT~BneHbl C pe3'{1lbTaTa,Ml'13Kcnep1'1MeHTOB, . . . 
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·,, Pa6oni BblnOflHeHa s na6oparnp1-1i,, RAepHblX npo6neM Olt1Alr1. 
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Coo6m~H~ 061,"e,1:nmeHHoro HHCTHTyTa R,llepHbIX ~C~JH!,llOBaHHiL .Ily6t'r~ i991, 
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nepeBpA ilBTOpOB , I ( 

'~roko L.M.; Tereshchenko v.v/ ' 'I . ·' I ·• • 

.The.,Technique .. for Measuring of the Dip Angle of the Straight. 
· Particle Tracks in the Nu'clear Emulsion by Means . 
of ttie Mesa-Optical FourierTransform Microscope 

'. ' ; , , J .' • 

/"" 
The new technique"desighed to measure the dip angle ~f the straight p~rticle 

track in the nuclear research Jmulsion by means of the Mesa-optical Fourier 
I Transform Microscope (MFTM) is described. The analysis of the far field diffrac
'tion picture of the straight particle track ha~ing the finite angle to the mediani, 
. plane. of 'the, nuclear emulsion is given. The relation between tne dip angle of the , 

!. -. . \_ : .- • ' \ '. •·. ,,. ' • • •• ' ' ,, • ' ' \ 

.. particle· track and the pos1t1ons of. its meso-opt1cal images in. the tram\! of the , 
focal ring of;the MFTM is treated. The extreme dip angle of the.straight particle . 
track as a 'distinctive, feature'ot. the MFTM's construction is,found; The exped~' 
ments accorriplished:on the MFTM's model for two 

1

kinds of the test-object's 
are described. The predictions of the th'eory ar;~ompareci with the'tesults of 
the e~perimenis. • 1 • · ·· • ·' • 

! 
:The investigation has been', performed at. the Laboratory of Nuclear Prob· 

-lems;JINR. , 
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1. BBE,UEHl1E 

IlpHHuun .n;eHCTBHH MrooonTUtiecKoro cpyphe-Mu1<:poc1<:ona (M<l>M) ,n;Jrn 

.11,n;epHoH cpoT03MYJihcuu onucaH B/l-S, 13 - 171. Ka)K)];hIM np.11MoH cJie.n; qa

CTHULI npeo6pa3yeTCH B M<l>M B )];Ba Me3OOIlTUtlecKHX H306pIDKeHUH: JieBoe 

u npaBoe. IloJio:>KeHue .n;Byx Me3oonTul!ecKux H3o6pa:>KeHHH ropH3OHTaJih

Horo npHMoro CJie.n;a l!aCTHUbl B npe,u;enax lpOKaJihHOro KOJihUa M<l>M O,D;HO-

3Hal!HO onpe.n;eJIHeTCH paCCTOHHHeM Po ,n;o OnTHllecKOH OCH M<l>M H Z -Koop

,D;HHaTOH UeHTpa npHMOro CJie.n;a l!aCTHUbl B npe,u;enax IlOJIH 3peHHH M<l>M • 

.[{JIH H3MepeHHH yrJia norpy:>KeHHH 0 z np.11Moro cJie.n;a qacTHUbI pattee 

6blJI np~JIO:>KeH MeTo,n; 
1151 

• .[{JIH OUeHKH yrJia norpy:>KeHHH 0z npoH3Bo

,n;HT H3MepeHHH Z -Koop.n;HHaThl npHMOro CJie,u;a qacTHUbl B HecKOJihKHX co

ce.n;HHX noJIHX 3peHHH M<l>M, a no noJiylleHHH .n;aHHhix Bhil!HCJIHJOT _ 0 z. He.n;o

cTaToK 3Toro MeTo,n;a COCTOHT B TOM, l!TO OH CBH3aH C MeXaHHllecKHM nepe

Mern;eHHeM M<l>M ornocHTenhHo H,D;epHOH cpoTo3MyJibcuu. Me)K)];y TeM .. B 3"'K

cnepuMeHTax 114• 161 6hIJIO noKasaHo, l!TO yroJI norpy:>KeHHH 0z np.11Moro 

CJie.n;a l!aCTHUbl MO:>KeT 6bITh H3MepeH B CTaTHCTHtiecKOM IlOJIO:>KeHUH M<l>M 

OTHOCHTeJihHO .11,n;epHOH lpOT03MYJihCHH, 3To CTaJIO BO3MO:>KHhIM IlOCJie _Toro, 

KaK B M<l>M 6bIJI BBe.n;eH OnTUtlecKHH HHTepcpeHC, npu IlOMOIUH KOToporo 

o6a Me3OOnTUtlecKHX H3o6pa:>KeHUH npHMoro CJie,u;a l!aCTHUbl cpopMupyIOTCH 

Ha o.n;HoH o6rn;eH MaTpe:ue npu6opa c 3apH.n;OBOH CBH3hJO (II3C). TeM ca

MhIM Bee l!eTbipe reoMeTpul!ecKHX napaMeTpa, KOTOphie xapaKTepH3yIOT 

IlOJIO:>KeHHe npHMOro CJie,n;a l!aCTHnhI B npOCTpaHCTBe ( 0 xy , ;Po , z O , _ 0 z ) 

B npe,u;enax noJIH 3peHHH M<l>M, H3Mep.1110Tc.11 npu noMomu M<l>M 6es Ka

KHX-Jiu6o MeXaHHtlecKHX nepeMeIUeHHH 061,eKTa Ha6JIJO,D;eHUH OTHOCHTeJil,HO 

M<l>M. KpoMe Toro, B151 6bIJI OilHCaH MeTO)]; OUeHKH KOOp,n;HHaThl KOHQ& 

npHMoro CJie.u;a llaCTHUhl, KOTOphlH 3aKaHlIHBaeTCH B npe,u;enax IlOJIH 3peHHR 

M<l>M, a B 
161 

6hm paccMoTpeH MeTo.n; H3MepeHHH pa,n;uyca KPHBH3HhI cna6o 

HCKpHBJiellHOrO CJie,u;a qacTHUhl. 

B ,n;aHHOH pa6oTe H3JIO:>KeH HOBhIM MeTo,n; H3MepeHHH yrJia norpy:>KeHHR 

npHMoro CJie,u;a l!aCTHUbl B a,n;epHOH lpOT03MYJihCHH npH IlOMOIUH Me3OOrrrH

llecKoro cpyphe-MHKpOCKOna (M<l>M) • .[{aH aHaJIH3 KapTHHhl ,D;HcppaKQHH 

,n;aneKoro IlOJIH )];JIH npHMhIX CJie,!J;OB llaCTHUhI, H,D;YIUHX no,n; yrJIOM K Me
)];HaHHOH_IlJIOCKOCTH H,D;epHOH lpOT03MYJihCHH. IloJiyl!eHa 3aBHCHMOCTh Me)K)];Y 

IlOJIO:>KeHUHMH ,D;BYX Me3OOnTHl!ecKHX H306pa:>KeHHH HaKJIOHHoro npHMOI'O 

CJie.u;a l!aCTHUbl B npe,u;enax lpOKaJihHOro KOJihUa M<l>M H yrJIOM norpy:>KeHIDI 

G/t31'tilli!W\lifflS HllCmyT j 
rul'!~~tiK !Ji':C.:!CJlOlllUSI f 

6'tiSffl10TEHA 



.nrurnoro cne.na tJacTHI.U>I. IloKa3aIIo, tJTo MH KIDK.noif KOHCTPYKUHH M<l>M 
cymecTByeT KpHTH"IecKHH yron rrorpy,iceHHH rrpHMoro cne.na qacTHI.U>I, TaKou, 
tJTo ecnu yron rrorpy)KeHHH rrpnMoro cne.na qacTHI.U>I rrpeBbilllaeT KpHTuqe
CKHH yron rrorpy)KeHHH, TO MmooIITutJecKHe H3o6pa)KeHHH TaKoro cne.na 
tJacTHUbI B M<l>M Boo6me B03HHKHYTb ue MoryT. IlpnBe,neua CBH3b M~y 
KpHTHtJec~nM yrnoM rrorpy)KeHHH H arrepTypou Me300IITHtJecKoro 3epKana 
C KOJlbUeBbIM OTKJIHKOM. 

Ha MO,nenu M<l>M ,BbIIIOJIHeHbl 3KcrrepnMeHTbl MH ,nByx THIIOB TeCT
o6'beKToB, HMHTHpylOI.UHX IIpHMOH cne.n qacTHI.U>I B n.nepHOH q>OT03MyJlb
CHH. IloKa3aHO, . tJTO ·pmyJibTaTbl 3KCIIepHMeHTOB xopoino cornacyroTCH 

c rrpe,ncKa3aHHHMH Teopuu B o6naCTn yrnoB rrorpy)KeHHH I 0 z I < 20° ,nnn 
rrpoHBJieHHOH <pOT03MyJlbcnH HJIH .nnn yrnoB rrorpy)KeHHH I 0 z O I < 60° 

B peaJlbHOH reoMeTpHH .no <pOTOXHMHtJecKoii o6pa6oTKH H.i:(epuoii. <poTo-
. 0 ' 

3MYJibCHH. EcnH I Oz I > 20 , TO .nnn oueHKH 0z ueo6xo,nHMO ytJHTbIBaTb 
,ne<popMaUHIO MmoomutJecKHX H3o6pa)Keunu no Mepe yBennqeuun yrna 
rrorpy)KeHUH 0z. ·YKa3aHHaH .D;eq:>OpMaWm 3aBHCHT OT CTpyKTypbI <pHJlbTpa 

rrpocTpaIICTBeHHblX tJaCTHU, KOTOpbIH IIpHCYTCTByeT HBHO HJIH BHPTYaJibHO 
B MeCTe paCIIOJIO)Ke~UH Me300IITHtJecKoro 3JieMeHTa C KOJlbUeBbIM 0TKJIHKOM; 

2. TEOPIDI 

L(JIH YCTaHOBJieHUH <pyHKUHOHaJlbHOH CBH3H Me)K.D;y yrnoM rrorpy)KeHHH 
IIpHMoro GJie,na tJaCTHUbl H HH<popMaUHeii Ha BblXO,ne M<l>M paCCMOTpHM 

cne,nyromyro rrpHHUHIIHaJibHyro cxeMy M<l>M (pHc.1). KonnnMHpOBaHHbIH 
rrytJoK CBeTa · 1 rrpoxo.nm qepro JIHH3Y rrpeo6pa30BaIIHH <l>yphe 2 u rrpocBe
tJHBaeT H,nepuyro <pOT03MYJibCHIO 3. CBeT, .D;H<pparHpOBaHHbIH Ha IIpHMOM 
cne.ne tJaCTHUbI, 3aXBaTbIBaeTCH pe<ppaKUHOHHbIM Me300IITHtJeCKHM 3JieMeu

TOM C KOJlbUeBblM OTKJIHKOM . 4, KOTOpbIH
H306pa)KeH B BH,ne IIJIOCKOBbirryKJIOH JIHH3bl, 
H3 KOTopou y,naneu Konye. KIDK.nbIH 3JieMeHT 
cne.na tJaCTHI.U>I B n.nepHOH <pOT03MYJibCHH 3 
rrpeBpamaeTCH Me300IITHtJeCKHM 3JieMeHTOM 
C KOJlbQeBbIM OTKJIHKOM 4 B <pOKaJibHYIO 
oKpy)KHOCTb 5. EcnH o6'beKT co,nep)Klfl' N 

PHc.1. IlpHH~aJILHaH CXeMa Me300IITINeCKOI"O 

q>ypi.e-MHKpocKona (M<l>M): 1-KOJIJIHMHpoBaHHbIH 

·ny110K CBera, 2 - JIHH3a npeo6pa30BaHHR <l>ypbe, 3 --: 

JI,D;epHrut' lpOT03MyJibCHR, 4 - peq>paKQHoHHLIH Mroo

OilTINecKHii 3JieMeHT C KOJILUeBLIM OTKJIHKOM, 

5 - lpOKaJILHoe KOJILUO, A H B - .D;Ba cne.o;a 11aCTHULI. 

2 
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PHc.2. CxeMa q>OpMHpOBaHHR Tpex q>oKaJibHbIX OKpym

HOCTeii OT KOHellHbIX H ueHTpaJILHOH TOlleK I"OpH3oH· 

TaJILHoro cne.o;a 11aCTHULI. B o6nacTH pacnono:>Kemm 

TOlleK nepecelleHim Tpex lpOKaJILHbIX OKpy:>KHOCTeii 

B03HH~aK>T .D;Ba Me300IITHllecKHX H3o6pa:>KeHim: JieBoe 

( L) H npaeoe ( R)' KOTOpLie Jie:>KaT Ha JIHHHH, npoxo

.o;mueii 11epe3 OIITINeCKyio OCb M<l>M. 

3JieMeHTOB cne.na, K0Topb1e Jie)KaT ua o6meu 

ropH30HTaJibHOH IIpHMOH JIHHHH, TO B rrpo~TpaH
CTBe, u306pa)KeHnii B03HHKHeT N . <poKaJlbHbIX 

oKpy)KHOCTeii 141 J nMeromnx ½N(N -.,1) TO· 
tJeK rrepecetJeHHH ' 61

• L(Ba ,Me300IITHtJeCKHX H30· 
6pa)KeHHH rrpnMoro cne.na • qacTnI.U>I <popMHpy

roTcH H3 MaccnBa TotJeK B3aHMHoro µepeceqe

HHH .D;BYX u 6onee <poKaJlbHblX OKpyiKHOCTeH 

(puc.2). B peanbHOH KOHCTPYKUHH M<l>M lllHpu-
ua Ka)K.D;oro MmoorrTHtJecKoro H3o6pa)KeHHH 

COCTaBJiHeT OKOJIO '0,2 MKM. Me300IITHtfecKne 

H306pa)Kefflm Jie)KaT B6JIH3H IlpHMOH, KOTOpaH 
. rrpoxo.nm tJepm omutJecKyro ocb M<l>M. · · 

TeM )Ke MeTO.D;OM MO)KHO IIOCTpOHTb Me30-

0IITHtJecKHe H306paiKeHHH HaKJIOHHOrO cne.na 

qaCTHUbl (puc. 3). TaK KaK PMHYF <pO.KaJib· 
HOM oKpy)KffoCTH, o6pa30BaIIHOH oT,neJlbHbIM 

3JieMeHTOM cne.na tJaCTHI.U>I, 3aBUCHT OT Z·KOOp

,nHHaTbl paccMaTpHBaeMoro 3JieMeHTa cne.na 
tJaCTHUbl, TO Terrepb ,nBa Me300IITHtJeCKHX H30-
6pa)KeHUH ue ne)KaT ua rrpHMOM, .u,nymeii qepm 

orrTHtJecKyro ocb M<l>M •. EcnH 3JieMeHT cne.na 
qacTHUbl Haxo.n;HTCH Ha pacCTOHHHH !!,. z OT 

Me.D;HaIIHOH IIJIOCKOCTH H,nepHO~ <pOT03MYJibCHH, 

H - h/2 6 !!,.z < h/2, r.ne h - TonmHHa n,nepuoii 
<pOT03MyJibCHH, TO pa,neyc <pOKaJlbHOH OKpy)K-

Puc.3. CxeMa q>opMHpoBaHim Tpex q>oKaJibHbIX OKpym

HOCTeii H .o;eyx Me300IITINecKHX H3o6pa:>KeHHii .D;JIH Ha· 

KJIOHHOI"O cn~a 11aCTHULI• IlpHMaH JIHHim, COe.D;HHJIIO• 

w;rut .o;ea MroooIITINecKHX H3o6pa:>KeHim, He npoxo.o;HT 

11epe3 OIITINecKyIO OCb M<l>M. 
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HOCTH R( d Z) paBeH 

R(dz) = R0 - tga112 • dz, (1) 

r,n;e Ro - pa,n;nyc qJOKlUil,HOH OKpy:>KHOCTH ,J:(JIH 3neMeHTa cne,n;a 11acTHUbI, 
Haxo,n;ameroca B Me.n;HaHHoH nnocKOCTH H,n;epHoii q>oTo3MyJII,CHH ( d Z= 0), 
a a l/2 - yron Me)K,J:(y ornHtJecKoH ocbro M<l>M H. no6otJHoii onTHtJecKoH 

ocbro M<l>M, KoTopaa 3a,n;aeTcH npHMOH nHHHeii, iciymeii m paccMaTpHBae-
. Moro 3neMeHTa cne,n;a tJaCT~bl B TOIIKY Ha q>OKaJibHOH OKpy:>KHOCTH. 

qT06bI IlOCTpOHTb ,n;Ba Me300IlTHtJecKHX mo6pa)KeHHH HaKJIOHHoro 

cne.na tJaCT~bl, pacCMOTpHM MaCCHB q>OKaJibHhIX OKpy:>KHOCTeH ,n;na •Ka)K,J:(O
ro 3neMeHTa npaMoro cne,n;a c pa3nHtJHhIMH dz: H Haii,n;eM o6nacTh, r,n;e cry
maroTcH TOIJKH B3aHMHOro nepecetJeHHH nonylleHHhlX TaKHM o6pa30M q>o
KaJibHhlX OKpy:>KHocTeH. lfa puc.3 BH,J:(HO, lJTO nono)KeHHe ,n;ayx Me300IlTH

tJecKHX mo6pa)KeHHH HaKJIOHHoro npaMoro cne,n;a 11acTHUbI onpe,n;enaeTCH 
,J:(BYMH yrnaMH: yrnoM opHeHTauHH 0 xy npoeKIJ;HH HaKJIOHHOrO cne,n;a 
tJaCTHIJ;hl Ha Me,J:(HaHHYIO IlJIOCKOCTh H,n;epHOH q>OT03MynhCHH, a TaK)Ke'"yrnoM 
pa3BopoTa" ¢ ,n;Byx Mesoornn11ecKHX mo6pa)KeHHH. Haii,n;eM CBH3b · Me)K,J:(y 

yrnoM norpy)KeHHH 0z HaKJioHHoro cne,n;a 11acTHIJ;hI H yrnoM pasaopoTa ¢. 
B npeHe6pe)KeHHH BeJIHtJHHaMH .BTOporo IIOpH,n;Ka MaJIOCTH OTHOCH-

TeJibHO ( dz /H) , r,n;e H - paccToHHHe OT cne.na 11acT~hI ,n;o MesoonTH-
11ecKoro 3neMeHTa C KOnbIJ;eBbIM OTKJIHKOM, nony11aeM 

sin¢ = tg0z. tga 112 • 

Ilpu 3TOM ,n;na ManhIX yrnoa ¢ H 0 z HMeeM 

¢"" Oz • tga 1/2, 

r,n;e npe.nnonaraeTcH, tJTo tga 1; 2 < 1. 

(2) 

(3) 

Oco6eHHOCTb Me300IlTHtJecKoro 3neMeHTa C KOnbIJ;eBhIM OTKJIHKOM, 

He3aBHCHMO OT Toro, HBnHeTCH nH OH peq>paKIJ;HOHHhIM, ,J:(Hq>paKIJ;HOHHhlM 
HnH 3epKaJibHhIM 1141_, COCTOHT B TOM, lJTO, HatJHHaH C HeKoToporo yrna 

norpy)KeHHH 0 z HaKJIOHHoro npaMoro cne,n;a 11acT~h1, Mesoomn11ecKne 
H3o6pa)KeHHH KpyTo H.n;ymero HaKJioHHoro cne.na 11acTHQb1 aoo6me B03HHK
HYTh He MoryT. IlpHtJHHa B TOM, t,ITO H3MeHeHHe pa,n;nyca qJOKaJibHOH OKpy)K

HOCTH B,J:(Onb KpyTO H.n;ymero HaKJIOHHoro cne.na 11acT~bl npOHCXO,J:(HT Ha
CTOJibKO 6bICTpo, lJTO CHCTeMa q>OKaJibHhlX OKpy)KHOCTeH He HMeeT o6mux 
TotJeK nepecetJeHHH (pnc.4) • 

KpHTHllecKHM yrnoM 0:pHT.·Ha3bIBaIOT TaKOH yron ez, npn KOTOpOM 

q>OKaJibHbie OKpY:>JCHOCTH BCex 3neMeHTOB cne,n;a tJaCT~hl HMeIOT TOnbKO 
o,n;Hy o6myro To11Ky KacaHHH, B 3TOM cny11ae sin</>= 1, am (3) nony11aeM: 

KpH~ " 
Oz = arc [ tg ( ctg a ) ] = -

112 2 al/2 (4) 
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PHc.4. IlpHMOH cne.it 'laCTHQbI, HAymeH no.it KPHTH'le

CKHM yrnoM 0:pHT. K MeAHaHHOii nnocKoCTH H,tepitoii 

!pOT03MY nbCHH, Kor,ta o6a; Me3OOnTH'lecKHX H3o6pll?Ke

HHH npHMoro cne,ta 'laCTHQbl cnHBalOTCH B OAHY TO'IKY, 

IlpH 0 > ~pHT.Me3oornH11ecKHe H3o6pll)KeHHH B M<I>M 
z z . 

BO3HHKHYTb He MoryT, 

Ilpn Oz 2 0:PHT. MesoonTHtJecKne H3o6pa

)K'emrn He B03HHKaIOT Boo6me. EcnH Oz·= 
= 0KPHT. - (' r,n;e ( - Mano, TO ,J:(Ba Me300IlTH-z .. 
tJeCKHX H306pa)KeHHH B03HHKHYT, HO norpern-

HOCTb H3MepeHHH 0 z 6y,n;eT nocTaTOlJHO 6onb~ 
rnoii ( ~ 1 ° - 5 °) • Ilo Mepe yMeHbllleHHH yrna 

fi z norpelllHOCTb H3MepeHHH Oz 6yneT. yMeHb

lllaTbCH, no Ka He nocTHrHeT 3HatJeHHH d Oz= 5' 
nnHOz-~1°.-

B pa6ornx / 7 - 91 . 6hma uccne.zioaaHa ,n;uq>paKIJ;HH CBeTa Ha y3KOH 

menu, io:ropaa Ha6mo.ziaeTCH npu noMoIUH onTHKH c HaKJioHHOH anepTypoii. 

BhIJIO noKa3aHO, lJTO aMnnHTy,n;a nonH nuq>paKIJ;HH naneKoro nonH onpene

naeTCH Bbipa)KeHHeM IS/: 

u(x, y) = C0 °.4ab,cos0 · • sine (kap) • sinc(kb cos0 ) x . z ._____ zc 

x[qcos0z -sin0z·(1-/1-(p2 +q2)L • 
(5) 

rne 2a -:- rnHpHHa y3Koii menH, 2 b - ,J:(JIHHa y3Koii menn, opneHTHpoBaHHoii 

B}];OJib OCH y ' k - BOnHOBOe tJJiCno, p H q - 6e3pa3MepHbie npoCTpaHCTBeH

Hbie tJaCTOThl 

p 
X 

ro 
q = 

y 

ro 
(6) 

r O - paccTOHHHe OT HatJana CHCTeMhl KOOp]];HHaT B npe,n;MeTHOH IlJIOCKOCTH 
no TOIJKH (x, y), a Co - KOHCTaHTa. 1-13 ypaBHeHHH (5) cnenyeT, lJTO ypaB

HeHHe KpHBOH MaKCHManbHOH HHTeHCHBHOCTH HMeeT BH,J:( 

qcos0z-sin0z ,(1- ✓1-(p2 +q2 )) =0. (7) 

/9/ 
CnpaaennHBOCTh q>opMynhI (7) 6hIJia ,J:(OKa3aHa a· OnHaKO B HalllHX 
3KcnepHMeHTax noacrony HCnOnb30BaJIHCh CXO}];HIUHHCH nytJOK CBeTa, H no-
3TOMY pe3yJihTaTbl paCtJeTOB B 191, rne ucnonb30BaJIOCb pa3nO)KeHHe no nnoc
KHM BOnHaM, He MOryT naTh a.n;eKBamoro OilHCaHHH HalllHX 3KCnepHMeHTOB. 
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3. 3KCilEPHMEHT 

Bcero . 6&IJIO BblilOJIHeHo .n;Ba He3aBHCHMblX 3KCnepHMeHTa. .CxeMa 

nepBoro H3 HHX, B KoTopoM Ha6monanac& KapTHHa ,nmppaKUHH naneKoro 
IlOJI.R OT HaKJioHHoro np.RMOJIHHeHHOrO ofr&eKTa, ,naHa Ha pHc.5. IlyllOK 

CBeTa OT renHH-HeoHoBoro na3epa 1 npoxo.nHJI 11epro JIHH3y npeo6pa3oBa
HH.R <l>yphe 2 c <pOKYCHbIM pacCTO.RHHeM . f = 300 MM H npoceel!HBaJI TeCT-
061,eKT 3, pacnoJIOiKeHHbIH Ha _pacCTO.RHHH 25 MM nepen MaTOBbIM CTeK

JIOM· 5. <l>opMHpyeM&IH ,Ha MaTOBOM CTeKJie 5 cpyp&e-o6pa3 TeCT·061>eKTa 3 

<pOTorpa<pHpoBaJIC.R npH IlOMOIUH 061,eKTHBa 6 (''reJIHOC 44") Ha <pOTO
nneHKe 7 ("MHKpaT 300") . TecT-061>eKT Bpamanc.R BOKpyr OCH Ha yroJI 

0 z npH IlOMOJUH CHCTeMbl 4. 
BbIJIH HCilOJih30BaHbl ,!J;Ba THna TeCT-061>eKTOB. IlepBblH H3 HHX HMeJI 

BH,!J; TOHKOH no11epHeHHOH KpecTOBHHbl C WHpHHOH WTpHXa 15 MKM Ha 

CTeKJie TOJIIUHHOH 2 MM. IlpH 3TOM WTpHXH HaXO,ll;HJIHCb Ha TOH CTOpOHe 

CTeKJia, KOTOpa.R 6&IJia o6pameHa e CTOpOHY MaTOBoro CTeKJia 5. BTopoH 
TeCT·061>eKT HMeJI BH,!J; "B03,ll;yWHOH KpecTOBHHbl . H3 BOJih<ppaMOBblX npo

BOJIOlleK ,!J;HaMeTP9M 20 MKM. KoHUbl npoBOJIOlleK KpenHJIHCh Ha CTeKJI.RH
HOH nnaCTHHe C Bblpe30M Ha OilTHllecKoH OCH, 

Ha pHc.6a IlOKa3aH cpyp&e-o6pa3 nepeKpeCTH.R Ha CTeKJI.RHHOH nnacTHHKe 

nirn yrna norpyiKeHHR 0 z = 0, a Ha pHc.66 - MH 0 z = -45°. BH.n;Ho, l!TO MR 

0z ,/,. 0 .n;HcppaKQHOHHa.R KapmHa co,nepiKHT He TOJibKO cppayHrocpepoBcey10, 

HO H cppeaeneBCKYIO KOMilOHeHTy. IlocJie,!J;H.R.R, KaK H3BeCTHO, co,nepiKHT 
HH<popMaUHIO O ,!J;aJibHOCTH no 061>eKTa. BH.n;HO TaK)Ke, l!TO HH<pOpMauH.R 

o BeJIHllHHe H 3HaKe yrna norpyiKeHH.R · 0 z conepiKHTC.R B KpHBl.13He H 3Haice 
KpHBH3HbI cpyp&e-o6pa3a np.RMOJIHHeHHoro 061>eKTa, npocBellHBaeMoro cxo
Jl.RJUHMC.R ny11KOM CBeTa. 3To .RBJieHHe Ha6JIIO,!J;aJIOCb paaee B /S/' HO ,!J;JI.R 

OTHOCHTeJibHO 6onee WHpOKOH IUeJIH H ,!J;JI.R cpaBHHTeJibHO MaJiblX yrJIOB 

0 ' 11eM B OilHC&maeMblX 3KcnepHMeHTax. TaK, HanpHMep, Ha pHC. 6B noKa-
z 

3aH8: '.kapTHHa ,!J;H<ppaKUHH CBeTa _Ha TecT-061>eKTe ,!J;JI.R 0 z = -80°. 3To - nyra 

Ha CTa,lJ;HH, npe,nweCTBYIDIUeH npeBpaIUeHHIO ee B 3aMKHYTYIO KpHBylO. 

PHc.5. CxeMa 3KcnepHMeHTa 11,na Ha6mo-

11,eHHff 11,Hq>paK~HH 11,aneKOl"O nona OT Ha· 

KnOHHOl"O TeCT-061,eKTa, HMHTHpyio~ero 

npHMOH cne11, qaCTHUl,l B H11,epHOH q>OTO· 

3Myn&CHH: 1 - renHH·HeOHOBhlH ?a:3ep, 

2 - nHH3a npeo6pa:30BaHHH cI>yp&e, 3 -

TeCT-061,eKT, 4 - CHCTeMa noBopoTa TeCT· 

061,eKTa BOKpyr OCH, KOTOpaH H11,e'l' nep

neH11,HKynapHo ommecKoii ocH CHCTeM&I H nepeceKaer nocne11,H1010 B ToqKe, r11,e Ha· 

X011,HTCH ~eHTp Tec-r-061,eKTa,. 5 - MaTOBOe cTeKno, 6 - 061,eKTHB, 7,-- <l>oTonneHKa. 
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, PHc.6. BH,It KapTHHhl 11.ml>paK~H ,lla1IeKoro 

:nona oT TecT""o6loeKTa (cM. Te~CTt,_ 

O,nHaKo npO,ll;BHHYTbC.R B o6nacTb. yrnoB () ""90° HaM He y,nanOCb H3-3a .· . . . . . . . z . . 
Toro, l!TO B_ CTeKJI.RHHOH nnacTHHKe nepBoro TecT-061>eKTa.B03HHKaeT-HeiKe-

naTeJibHOe. OTpaiKeHHe CBeTa, a BO. BTOpOM TecT~o61>eKTe · npH. 6QJiblllHX yrnax 
0z Kpa.R B&iproa B CTe1oimmoiirui:acnmKe nona,naIOT B np.RMOH ny110K ceeTa, 

. CxeMa BToporo 3KcnepHMeHTa Il0Ka3aHa Ha·pHc.7.Cxom111urnc.R ny110K 
.cBeTa, cpopMHpyeMblH JIHH30H npeo6pa30BaHH.R <l>ypbe 2, npocee11HBan 
TecT-061,eKT 3, 3a KOTOpbIM Ha paCCTO.RHHH 25 MM pacnonaranc.R KHHO<p0pM 
c KOJlbUeB&IM OTKJIHKOM 5 112• 131 • MrooonTHl!eCKHe H3o6paiKeHH.R TecT-
061>eKTa cpopMHpOBanHCb Ha MaTOBOM CTeKJie 5 Ha paCCTO.RHHH 75 MM 3a 
KHHO<pOpMOM 4. IlpH IlOMOIUH 061>eKTHBa 6 Me300IlTH'lecKHe H306paiKeHH.R 
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Pnc. 7. CxeMa_ 3_KcnepllMeHTa .rum nony'le

H~ ABYX Me3oonTwi~KHX H3o6pIDKeHHH 

TeCT-061,eKTa:· 1 - HCT0'IHHK KOJJJJHMHpo

BaHHoro nyqica ceeTa, 2 - JJHH3a npeo6pa-

30BaHIDI <l>yp1,e, 3 - TeCT-061,eKT, 4 - KH

HO<popM c KOJlb~eBbIM 0TKJJHK0M, 5-Ma

T0B0e CTeKJJ0, 6 - o6l>eKTHB, 7 - qJOTO

nJJeHKa, 8 - cncTeMa noeopoTa Tec-r-

061,eKTa. 

qioTorpaqm:poaanHcL Ha . q>oTonnem<e 7. TecTso61,eicr 3 noaopatIHBancH 
Ha yron Oz npH noMOI.UH.CHCTeMhI noaoporn TecT-061,eKTa 8. IlpR;Moil nytJoK 

cBeTa' nornomancH tiepHOH 6yMaroil, ,D;HCK H3 KOTOpoil KpenHnCH K CTeKny 

KHHOq>OpMa 4. 
Ha. pHc.8a noKa3aHhI Me3oonTHtJecKHe H3o6pa'.lKeHHH "ao3,nyurnoro" 

Tec-r-061,eKTa MH Oz = 0 Ha q>oHe pa3MhiToH ~apTHHhI ,o;Hq>paKUHH ,nane-
1<:oro ri:onH OT Toro. )Ke TeCT-061,eKTa, Ha KOTOpyro He B03,D;eHCTBOBan KHHO

q>OpM C KOnLl.\eBbIM OTKnHKOM 4. JJ:Hq>paKUHOHilaH 3q>q>eKTHBHOCTJ, KHHO

q>Opl\fa 4 6bma Mellhllle 100%., Ha pHc.86,B noKa3aHI:.I B3aHMHOe pacnono
)KeHHe p;ayx Me3oonTHtJecKHX H3o6pa'.lKeHHil . TecT-061>e1<:Ta .nn~ yrna ·+ _0 z 

H -:-8 z _ cooTBeTCTBeHHo. BH.D;Ho, tJTO yron pa3BopoTa ¢ H ero 3HaK nonHoCTLIO 

onpe..o;enHIDT'yron norpy'.lKeHHH 0z Hero 3HaK. 

a 

f, 

Pnc.8. lfao6pIDKeHHe ABYX Me300nTH'leCKHX H3o6pIDKeHHH Tec-r-061,ei<:Ta: a) 0 z = 0, 

6) f)z > 0, e) Oz<O. 
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0.4 l sin rp 

0.3 

Pnc.9. 3aeHCHMOCTb Me,tCAY _ sin¢ H 

tg0z . AIDI "B03Ayumorc;>" TeCT-061,eKTa. 

0.2 

0.1 0.4, sin rp 

-0.0 0.3 

-0.2 0.2 

-0.3 0.1 ! + 
-o.4, • • • • ·'' '.:.o'''''' -1 j 

tg8 2 -o.o 

·-0.2 

-0.3 

+ 
PHc,10. 3aeHCHMOCTb MelKAY sin cf, H tg{J z 

AJJ.11 TeCT-061,eKTa Ha CTeKJJ.IIHHOH fi0AJJ0lK" 

Ke: a·- 061,eKT nepeA CTeKJJ0M; 6 - 061,eKT : ► 
3a CTeKJJ0M. 

-0.4 -+-,~...,..,...,......,~...,..,...,..,...,,........,..,...,......,~~T"T ...... ~ 
.-1 -0 

tge 
2 

Pe3ynLTaThl conocTaaneHHH TeopHH H 3KCnepHMeHTa npe.o;cTaaneHhl 

Ha pHc.9, r,ne noKa3aHhl pe3ynLTaTbl H3MepeHHll ,D;nH _TecT-061>eKTa H3 BOnL
qipaMOBOH npOBOITOKH. IJo OCH a6cQHCC_ OTnO'.lKeH . tg 0 z, 'a no OCH op,o;HHaT 

· sin cf, ; PactJeThI no qiopMyne (2) noKa3aHhI a aH.o;e npHMoil nHHHH. CooTBeT~ 
CTBHe Me'.lK.D:y TeopHeil H 3KcnepHMeHTOM npocne'.lKHBaeTcH _annoTL .no··_l 0z I -
- 20°. IlpH I 0z I > 20° nHHeHHaH 3aBHCHMOCTL Me'.lK,ny tg0z H sin¢ npo~ 
na,naeT H q>yHKUHH BhlXO,D;HT Ha caoeo6pa3HOe HaChll.UeHHe, IlpHtIHHa 3Toro 
3q>q>eKTa B TOM, lJTO nono'.lKeHHe neHTpa TH'.lKecTH Me300IlTHtJecKoro H306pa

'.lKeHHH He HBITHeT.CH O,D;H03HatJHhIM npH 6onLillHX yrnax norpy'.lKeHHH 0z H 3a
BHCHT OT CTpyKTyphI q>HnLTpa npoCTpaHCTBeHHhIX tJaCTOT, KOTOPLIH HBHO 

HnH BHPTYaJILHO B03,D;encTByeT Ha q>ypLe-o6pa3 TecT-061>eKTa B MecTe pac~ 
nonO'.lKeHHH Me300IlTHtJecKoro 3neMeHTa C KOnLUeBhIM OTKnHKOM- B tJaCT

HOCTH, Heo6xo.o;HMO a HBHOM BH.D:e ytJHTLIBaTL pa3MephI .o;HcKa H3 qepHoil 
6yMarH, KOTOphIH nepeKphIBaeT. npHMOH nytJOK CBeTa B MecTe pacnono'.lKe
HHH KHHOq>OpMa C KOnLUeBhIM OTKITHKOM. 

B o6naCTH ManhIX yrnoB norpy'.lKeHHH Oz H3MepeHHH yrna cf, 6hmH 
3aTpy.o;HeHbl TeM, tJTO anePTYPHhlll yron KHHOq>OpMa C KOnLQeBhIM OTKnH
KOM 6Lm Man ( a 112 = 13 °13') , H aenHtJHHa yrna cf, 6Lma · coH3MepHMa 
C norpelllHOCTLIO H3MepeaHH. 

Ha pHc.10 noKa3aHhl pe3ynLTaThl 3KCnepHMeHTa ,D;nH TecT-061,eicra 
Ha CTeKnHHHOH no,nnO'.lKKe. PactJeTHaH KpHBaH COOTBeTCTByeT COOTHOWeHHIO 

n -1 
sincf:,=tga 112 -tg(0z -n-)' 

cnpaae,nnHBoMy .rum Manh1x yrnoa norpy'.lKeHHH 0 • 
z 

9 

(8) 
... 
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PHc. 11. Me300ITTHtlecKHe H306pIDKeHlm 

cne.o:oB .ycKopeHHLIX HAep aeoaa, nony

'leHHLre B 3KCnepHMeHTe, cxeMa K0T0poro 

AaH8 Ha pHc.12. 

0 
PHc.12. CxeMa 3KcnepHMeHTa noHa6nJOAe

HHJO Me3oommecKHX ITT06pIDKe11mi cne

A0B ycKopeHHLIX HAeP HeoHa: 1 - nHH38 

npeo6p83oBaHHH <I>ypLe, 2 - HAepHan 

<l>oTO3MynLCHH, 3 - KHHO<l>opM C Kon&

ueBLIM 0TKnHK0M, 4 - <l>oTonneHKa. 

HaKOHen;, Ha puc.11 noKa3aHhl Me-
300IlTH'IecKHe H3o6pa,KeHHH cne,n;oa 
penHTHBHCTCKHX H.n;ep HeoHa, KOTOphie 
6hUIH uccne.n;oBaHhI paHee 116 , 17/; Cxe

Ma 3KcnepnMeHTa noKa3aHa Ha puc.12. 
Cxo.n;Hin;HHcH nytioK caern, cpopMttpy
eMhIH nHH30H npeo6pa3oBaHHH <I>yphe 
1, npocBel!HBan H.n;epHylO q>OT03Mynh
CHIO 2 co cne,n;aMH 6hICTphIX H,n;ep He

oHa, KOTOphie llinH napannenhHO ,n;pyr 

,n;pyry. Me300ITTHllecKHe H306pa,KeHHH 
3Tnx' cne,n;oa llaCTttn; cpoTorpacpnp_oaa

nHch nootiepe.n;Ho, cttallana neaoe, a 

noTOM npaaoe, Ha q>oTonneHKe 4. 
B pa6oTe 1161 nonpo6Ho onncaH 

-
anropHTM H3MepeHHH yrna norpy,Ke-

HHH 0z B M<l>M H MeTO)]; Kantt6pOBKH 
COOTHOllleHHH BH.n;a (2) HnH (8) . 
IlpeHMylll;ecTBO CHCTeMhl / 161 COCTOH

no B TOM; 'ITO npH nOMOlll;H onTHl!e

CKoro HHTepcpettca o6a MmoonTHtie
CKHx . H3o6pa,KeHHH cpopMHpOBanHCb 

· Ha o.n;HoH MaTpun;e Il3C. Ilpn ~OM 
Me300nTHl!ecKoe 3epKanO C KOnhn;e
BhIM OTKnHKOM B M<I>M C03)];aBano 

Me3oonTHllecKylO rny6HHy pe3KOCTH 

- 0,3 MM. Bnaro.n;apH 3TOMY B O)];HOM 
cTaTtttiecKoM nono,KeHHH y.n;aaanocb 

c.n:enaTh on;eHKY yrna norpy,KeHHH 0 z . 
c norpelllHOCTblO - 5' (yrnoBhIX MH

HYT). Ilo.n;o6HhIM caoficTaoM He o6na
,n;an KHHOq>OpM C KOnhn;eBhlM OTKnH

KOM, ucnonh3yeMhIH B )];aHHOH pa6oTe. 
YKa3aHHaH llyBCTBHTenhHOCTh KHHO
cpopMa C KOnhn;eBhIM OTKnHKOM K 
IOCTHpOBKe no rny6HHe C03)];aBana )];O• 

nonttHTenbHhlH HCTO'IHHK norpelllHO: 
cTefi H3MepeHHH, Cne.n;yeT TaK,Ke 3aMe
THTh, 'ITO .n;nH noBhillleHHH . TO'IHOCTH 

H3MepeHHH yrna norpy,KeHHH 0z He
o6xo.n;HMO yaenHllHTb anepzypHhIH 

yron a112 H COOTBeTCTBeHHO tga112 

B Bhipa,KeHHH (1). 0.n;HaKo 3TO npa-

10 

ae,n;eT K yMeHbllleHHIO ,n;nana30Ha H3MepHeMhlX yrnoa norpy,KeHHH-0 KpHT,= 
, . z . 

= rr/2_- a u 2 (4). · ' 
1-faMepeHHhIH yron norpy,KeHHH cne.n:a l!aCTHQbI B H.n;epHOH q>OT03Mynh-. 

CHH 0 z He HBnHeTCH HCTHHHhIM yrnoM HaKnOHa cne,n;a llaCTHQhl K Me)];HaH
HOH nnoCKOCTH H,n;epHOH q>OT03MynhCHH, TaK KaK TOnlll;HHa H,n;epiioii q>OT0-

3M_ynhCHH B npon;ecce q>OTOXHMHllecKOH o6pa6oTKH yMeHhlllaeTcH B TpH 
pa3a. Ilo3TOMy nHHeiiHoe COOTHOllleHHe BH.n;a (2) HnH (8) cpaKTHl!ecKH 
BhmonHHeTCH annoTh ,n;o HCTHHHhIX yrnoa norpy,KeHHH ! 0z I :;; 60 °. 

4. 3AKJIIOqEHHE 

1. Ilpe.n;no,KeH H 3KcnepttMeHTanhHO onpo6oaaH HOBhlH MeTO)]; H3Me
peHHH yrna norpy,KeHHH npHMoro cne,n;a l!aCTHQhl B H.n;epHOH q>OT03Mynh
CHH npH noMOlll;H Me300ilTH'IecKoro cpyphe-MHKpOCKOna (M<l>M). Ha OCHO_Be 
aHantt3a .n;ucppaKn;HH .n;aneicoro nonH HaKnOHHoro npHMoro cne,n;a tiaCTHQhI 

H CBOHCTB M<I>M o6pa30BhIBaTh ,n;aa Me300IlTHllecKHX H306pa,KeHHH .D:nH 

Ka)K)];oro npHMoro cne,n;a tiaCTHQhI .n;aua TeopHH npe.n;no,KeHHoro MeTo.n;a. 
IlonyqeHa CBH3b ,Me)K)];y B3aHMHhlM pacnono)KeHHeM .n;ayx Me300ITTHtieCKHX 

0306pa,KeHHH. HaKnoHHoro cne,n;a qacTHll;hI H yrnoM norpy,KeHHH 3Toro 

cne.n;a tiaCTHll;hI. 
2. IloKa3aHo, 'ITO .n;nH .n;auHoii KoHcTpyKn;HH M<I>M cyrn;ecTayeT KPHTH

tiecKHH yron · norpy,KeHHH npHMoro cne,n;a tiacTHll;hI .. EcnH cne,n; tiaCTHll;hI 

HMeeT HaKnOH, KOTOphIH npeBbJlllaeT KpHTHllecKHH yron norpy)KeHHH,. -TO 

Me300IlTHllecKHe H306pa)KeHHH TaKoro cne,n;a llaCTHll;hl He MOryT B03HHKHYTh 
B M<I>M; 

3. OnHCaHbl 3KcnepHMeHThl Ha MO,n;enH M<I>M .n;nH Tecr-061,eKTOB ,n;ayx 

Tttnoa. .Uauo conocraaneHtte npe.n;cKa3aHHH TeopHH c proynhTaTaMH 3Kcne

· pttMeHTa. 
4. C ylleTO_M 3cpcpeKTa C,KaTHH H,n;epHOH q>OT03MYnhCHH no TOnlll;HHe 

B .J>e3YnhTaTe q>OTOXHMHl!ecKOH o6pa6oTKH MO,KHO c.n;enaTh BhlBO)]; 0 TOM, 
'ITO a peanbHoii KOHCTpyKn;HH M<I>M c MrooomttllecKHM 3epKanoM MO)KHO 

H3MepHTh HCTHHHhIH yron norpy,KeHHH TpaeKTOpHH l!aCTHll;hl OTHOCHTenbHO 
Me)];HaHHOH nnocK~CTH H,n;epHOH q>OT03MynhCHH BITnOTh .n:o ±60°. 
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