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AHHO'laiJWiE 

OmtCHI!J:aeTca ycTpoficTBO ,IT,JDI IIpeoc5pa3oBaH:w:r cTpy:KTypu T4306paJite

mm B rrpOCTp8HCTB8HHO-l18CT'OTillie o6p83El C O,Il;HOBpeMeHHHM OT06paJEerureJJJ 

Kalt .nH!N>aR.!J',V!l'! ,n;aJieKoro noJIJl, TaK H era I'llJI:C6epT-o~pasa. ~ JWr sTore 

R<CfiO'JII,3ye'nCS .nmi!patt:rij!OHHSS pe~teT'Ka CO C60eM, KOTOprui B OTJIH~e OT 

Tpa,nmumanoro fba3oBoro. HOJita ae"KpHTH"tiHa K aanpaBJieHIDO o~emeuas:, 

K3MeHeHHID ~H BOJIHH ft3~eHHR, K BHemHHM KJIHM8TKl1eCKHM B03,n;ei

C~.l.UJ4, R OTJmqaeTCJf. IIpOCTOTO:&i HaCTpO:bm. 

O:rmomaaeT<aa TeHeBo:i rrpH6op ,n;.mr BH3yaJIH3a:nPIK <J!a30B:blX o6'I>BK'1'0B 

C HCn0~30BSHEeM rRXD6epT•OIITHKH. ~pa~OHHBK pemeTKa CO C60eM 

OT06paJitaeT O,Il;HOBpeMeHHO KSK ITOJie 38CBeTKH, TSK 111 ero rHJID6epT-06-

pa3. B rroCJie;I(HeM wa30BbTe neo,n;Hopo,n;nocTK BH3yaJIH3HpYJOTCff c IIpe,n;eJI:o

ao B0'3MOmiHM KOHTpaCTGM rrpH OOXpaaeHEH B HeHCKaj[eHHOM mt)J;ft rmqJOp

MSI(,HB o HH.3KHX npocTpancneHHHX tracToTax. TeaeBoi IIpH6op e ~mt

nmoRHo·l pemeTKol co c-6oeM aerq>mTmqea K nanpaBJieHHIO oClJemeruta:, H3-

MeHeHKrnM ~H BOJIHbT HCTOl1HHK8 OCB6IUEHRE H K BHelliHHM KJIHM8TT4l1eOK14M 

B03,n;eiC~Bllf.mVf. Oneparijtli[ IOCTT4pOBKR .n;:wl>paEIJJ[OHBOii pemeTKH CO C60eM 

B TeHeBOM npm6ope rrpe,n;eJibHO npocTa. 

H3JiararoTCll MeTO,n;bT H3Mepemm. rrapaMeTpoB .nM!PparoniOHHOit pemeT

:rm CO C:60eM. IlpimO,IVITCll pe3yJI.I,T8Thl ~u:cnepmMeHTOB, BhlllOJieHHbiX Ha 

8THX ycTpOHCTBaoc C .IU!WP810J;.HOHHOii pemEiTKOK CO C60eM. 
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BBE.UEHJJE 

MeTo,n:nr npacTpaHCTB8HHo:ti WJ:LJII,Tpa~~r Hso6paJKeHd rro.nytm;m mmpo- •· · 

KO:e p8C1IpOCTpaHemie B CRCT8M8X o6pa60'l'RJ& P!BjOpMaD;l1JJ. B l:I8CTHOC.TH, 

.. (f, b 
Ha T8XHHKe IIpOCTpaHCTBSHHOH ~WITpai:J;IUl OCHOB8Hhi T8H8BLI8 np:m.6op:&T, C 

/\ 

IIOMOI!U'IO KOTOphiX BH8Y8JILHO H86JnO.IJ:aiOT qJ880Bhi8 06$8R'!LI. C H8yl:IeimeM 

npospal:IHHX OIITH't'f8CRIC-H80.IJ:HOpO,n:HI:DC 06$€RTOB IIpHXO,IU1TC.ff. CT8.matB8T:DCH 

B MitKp00KOIIlUt, B 81\yCTHKe, B aapO,IU1Ha1Vl'IK8, IIpH HCCJI8,IJ;OBaHHH nO··TO

KOB T8IIJI006M8H8, .n;.rui ROHTpJZIJI.E: R8ti8CTEc OIITHti8Cim.X ,n:eTaJie:£1 H IIpK 

H8ytr8miH CTpyitTYP.E MEHepaJIOB H JKH,IJ;RHX KpHCf8JIJIOB. 

Me:TO,Il;bl BR8Y8Jm8al.WH W880BhiX H80,Il;F..OpO,n;HOCTeH MOJKHO pa86Wl':D Ha. 

.n;:aa KJiacca: I/ Kor;n;a miTepecyroTc.a: rJiai.HIDJI o6pasoM BHCOKHMH rrpo

cTpaHCTBeHHIDIM l:I8CTOT8MM, H8IIpmMep, B MmKpOCXOIIIUI; 2/ ROr,n:a cymec

TJ38HHyro HHWO'PMBnliiiO H8CJrl' HHSKJ.lle H BHI})paHHSKHe npocTpaHCTBeHHHe 

l:I8CTOTEI, HanpmJiep, B aapO,IU1H81VIm.Ke. B HepBOM KJI8CC8 sa,n;aq BCIIOJID8Y

IOT MeTo,n; UepHHKe, MeTo,n; ;n;S{boKye111poBKH. HJrn Cl1CT8MH c. norJiomeHReM 

OCHOBHOrO rryqKa. .IfJm BH8Y8Jm88~H Im8HIDC ITpOCTpaHCTB8HHI:lX tiaCTO'l' 

:acrrcr.n:::osyroT H0.1lt <-DYRO ~ l})asoBb!i H0.1lt, a Taue roJiorpa<JJa-crecrute H mtTep

tflepe~oHHHe M8TO.IJ:bl. 

B ,n;aHHOi pa60T8 OII111CHBaiOTM 9RCIIepHM8HTLI C HClBI:JM OITTHl:I8CKIDII 

8JI8M8HTOM T8H8BOrO rrpH6opa, a HM8HHO, C ,n;~pa:KlijltOHHOM pemeTKOi CO 

c6oemr, ROTOpM npH KOrepeHTHOM OCBeme::IHH OT06paiK88T R8K C8MO BC:

XO.IJ:H08 ITOJI8, T8K H ee IIpOCTp8HCTB6HHI:l::i rHJID68pT-06pas. 
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I. TEOPM.H 

06LI'1HO rrpocTpaHCTBeHHM WHJI&Tpanl&8! ,n;:syxMepHLIX czrHaJIOB acy

n:tecTBMelJ.'car B RorepeHTHO~ OIITH'leCROH JHCTeMe nyTeM npeo6pa30BBHrui 

nso:6pa:!KeimSI c. rroMOII(IDO ,n;:somoi ~paKD;~M/I/. CxeMa orrTmqecRoro Rae,_ 

Ra,n;a, IIOCTpoeHHOPO ITO IIp.HH~rry ,n;BOHHO ~ ,n.mlJpaJCUMR, IIpMme.n;eHa Ha 

pnc·. I. CnrHaJI -f (x. ~) B BB.n;e TpaHcaapaHTa rroMemaeTca: :m rrJioc

ROCTH p 1 • liyqo:a CBeTa, ciJoprvmpyeMbiH ROJIJIMMBPYJOI.Uei! JIHH30K 110 
a mmso:ti npeo6pasoBmum <12yp:be J1 1 , rrpocBe'ilmaeT TpaHcrrapaHT. 

B IDIOCKOCTR rrpocTpaHCTB'eHHLIX 'tffiCTOT P2 pacnpe.n;eJieH:ae aMIIJ:IHTy

;n;N CBeTa C TO'lHOCT:&IO .JJ;O qJ830BOPO MHO:!K3.Te.Jm paBHO qJyp:be-o6pasy 

F(w~. w~) cJiYHRilllH fC -x, ~) _ i ( x:wx.-+ <jCJ!t) 

f(x.~) :;- ,.. f (w., w~) = ~ fcx.':J) e d._x d~ 
/I/ 

B IIJIOCROCT:m P 2 pacrroJiaraeTe& wnnTp rrpocTpaHCTBeHHLIX qacToT, 

aMII.7DiiTy.n;Hoa nponycRaJme RoToporo sa.n;a 9TC2 WYHRUHeH G { w x, GJ~) . 
AMIIJmTy.n;a noJI.SI sa IDH.J.I:bTpo.M npocTpaHcTeeHHLIX 'laCTOT paBHa 

R(wx1Wy) ~ -F(wx,w~)· G (wxl Wy) /2/ 
B pesy.J.I:bTaTe o6paTHoro npeo6pasoBaHWI <I?yp:Oe, ocymecTBJ.Lf.[eMoro .mm
soii J12 , B IJJlOCROC'l!R H306paJKeHM P3 IIOJ.ryti88TCff ITOJie, 8MIIJIHTY

.n;a ROT'OpOrO paBHa C l ~~ ~J • llpm ~TOM 
;r-1 

{:"(wx,w~),G(eu)(,w~j ~ 'L(x,~) 
/3/ 

rc_ (X,lJ) = t(xl~) ® g (x·, yj 
/4/ 

r.n;e g (Xl~)- PIMny.J.I:bCHLIH OTKJIEK qJHJI:bTpa. ilOJIHruE 6JIOK-CXeMa pa60TH 

OTITJZttieCROrO KaCKa,JJ;a .n;BO~HOi .n;H@aKIWE H306pamaeTC2: B BT4).J;e: 
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/5/ 

~HJIETpoM npooTpaHCTB~eHHHX "tiacToT n MeTo.n;e UepH.m:Ref2/ .arnJJHeTm 

cpasOBM TIJI8CTHHI\8 T.'OJIIIUIHOH 

d:: ?. 
4Cn-i) /6/ 

r.ne tL - noKasaTeJ.I:D npeJioMJierutsi tpasono~ nJiacTmum, :::\. - .n;J!Ji!Ha 

BOJIH.bi CBeTa. ~asoBaa llJiacTRHRa .HMeeT Hnc5oJffiume pasMepu n noMemaeT

oa Ha HyJie:aoi npo·CTI'paHCTBeHHOH qacTOTe. B UJIOCKOCTR npOCTpaHOTBeH-
p if\. I '/ .. ..,. ,, (() JL HHX ttaCTO'f 2 . 'M830B8.EE TIJiaCTHHRB b C03,!(88T C,I(BHr g)83 LlT = 2. • 

~~ nponycKaHHH nJiaCTHHKH UepH.HKe paBHa 

G:(w) = 
/w( < ~~ 

l w) > ~: 
/7/ 

r.n;e rpaH:JiiqHaa npocTpaHCTBeHHaa: qacToTa E. onpe.n;eJIJieTc.a pasMepaMit 

tpa:soBoi! wracTRHim /pmc. 2/. 
IJycn npe,JJ,MeT cos.n;aeT MaJI.ble ~asoBHe C.n;BHrH H 

t (.x) = 1_ + i cp (_x) /8/ 

B ITJIOCKOCTR <l?yp:oe P 2 MMee~ 
T c w) == b ( w) + 1 1 [ 4' (_X J ] /9/ 

IIo:cJie npoxoiK,I(amta: qepes wasoByro IIJiaCTIDIIcy Uepmme COCTa:BJI.mDmaR Ha 

HyJieBOit IIpOCTpaHCTBeHHOH qaCTOTe 8 c W ') nepeXO,IU!T B 
- I • Jl 

b(CAJ) et 2 =- i ~~ (w). 
/IO/ 
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!MrumTy,n;a TIOJI.fi Ha BIDCO,n;e npOCTpaHC!lrn8HHOrO tlJi!JlJ:>Tpa MM88T BR,Il; 

Tcp (w)=- i S(w) + ~ f [cp(x)] 
a~ B TIJIOCKOC.IDR P1306paJiteHJiiH p 3 paBH8 

tq> (x) ~- i [ i- CD(xJ] 

/II/ 

/I2/ 
Ero HHTeHCHBHOCT:b 0Im01IB88T<:la BLipaJK8HHSM 

lr (x) = I t<p (x) \
2

::::: 1-- 2 cp(x) /I3/ 
0~MJIETpOB8HH08 M306paJK8Hit.f:e RM88T KOHTJ>8CT HHT8HCBBHOCTH, nponop-

D,lWHa.n::&HIDi waso;BOMY KOHTpacTy Cf ( x) . 
0THOCHT8Jll>HW KOHTpaCT MHTeHCimHO ~TH B03pacTaeT, ec;m OCJia6M.T:& 

B ol pas KOMTIOHeHTY CBeTa Ha HyJieBOI ripOCTpaHCTBSHHOii 't18C,TO'Jl'·e. 

Tor,n;a, 8CJm of...<< 1 , OTtPHJI:&TpOB8HHLIH cneKTp HM88T BM,II; 
A 

T<f> (w) -== - i o( 8 ( w) + i :J' [ cp (x)] 
a aMIIJII1T]Jl;a o'r(P:mJI:&TpOBannoro mso6paJitenm paBHa 

-f:f (x.) ==- i [ o<- cp(x)] =- i o( [ 1 -

/I4/ 

t:p(x)J 
o( /15/ 

He,n;ocTaTKOM MeTo,n;a UepnnKe .s:s.JI.HeT 3.81 To, 'CfTO BCJie,n;cTBRe ,n;mwpaR

nHli'Jl CB8T8 Ha JII1H3e JT :t orpaHH't!eHHbJX p93M8p0B B 06JiaC'lrn: HyJieBOK 

npOCTpaHCTBeHHOH 'Cf8CTOT:bl TIOJIY'CfaeTCfl rurrHO KOHS't!HIDC pasMepoB. ilpH 

nepeKp1ITMB 3TOrO WiETH8 Wa30BOR TIJI8CTMHKOi B03HHK88T napa3HTH8.f! 

.IUIPpa~DHHaJI KapTIDia. 1IT06LI ee OCJI86Jrlr:b, y:B8JII1tmBaiOT pasMe:p q?a-

30BOi TIJiaCTIDlrut, a :3TO npMBO.n;MT C H8K3 :5eJKHOCT:&1D K ,n;pyrOMY ,n;eQ!eKTY 

- HCK8Jit81DTCR HM3KHe npOCTpaHCTB8HHH8 qacTOT1I, KOTOpLie MOryT H8CT~ 

BSC:&Ma IIOJI83HY1D IDI(lJOpMartmO. 

1.3. Hox ~YEO 

HOJK ~yKo/3/, yaTaHaB.mmaeMIDi B TIJIOCEO<eTlii rrpocTpancTBeHHHX 

'tffiCTOT p 2 , cpesaeT TIOJIOBHHY CII8KTpa IIpOCTpaHCTBSHHbiX 'tiaCTO'J 

/p:ac. 3/ • .AMr.I.1mTy,n;noe nponycKaiDie HOJita ~yEo OIIHC&BaeTca WYHKI.U1e·i 
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XaBJICai,na - e,n;MH14tmBIM 0R8tiROM y c~ J , r.n;e 

YCwJ={ ~. /I4/ 

EcJm aMII.T.IETy,n;Hoe· nponycKamre wasoBoro 06':beKTa paBHO 

-l: ( x) == 1 + i cp ( x) 
/8/ 

/I5/ 

T":r_ (w) = <f (wj. Y ((u) 
/I6/ 

llocJie o6paTHoro rrpeo6pasoBaiil!H <:l?yp:oe B IIJIOCKOCTll nso6paJKeHIDI 

/I7/ 
HcnoJIDsy.a T·eoperey o CBepTKe, a Taue To, liTO o6paTHFii ~yp:oe-o6pas 

cllYJIImiDi XsBMcElli,na Y ( W) paBeH 

tt<_(x) = ;_ [8(w) +At P ~ ] /18/ 

r,n;e "P" - o6osHaqaeT IDITerpMpoBmme B CMhiCJie rJiaBHoro sHal!eHmr, 

~1 (x) = lp [x) ~9 1A_(x) 
/I9/ 

MJIM OKOHl!aTeJ.O)HO 

Cf'1 (><) = ~ cplxj - 2~ [cpcxJ ® P ~ J /20/ 
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llp&He6perrur KBa,II;p8THtUI1IMH tiJI8H8MH, IlOJiyqaeM 8MilJmTY.1JY IlOJlE B IIJIOC

KOCTH R306pazeHHH I?3 

-1:.1 (x) = ~ + 1.cp1Cx)= ~ + b cpCx)- 2~ !Jcx)@ p ~ J /21/ 

It pacrrpe.n;eJieHHe HHT8HC:m3HOC!l'M 

T1 (x) =~ -~ T epCx) ~~ £? ~] 
y 2.Jr L X /22/ 

lf3 /22/ BR.n;Ho, '!'!'CD wasoBrur. aeo.n;Hopo.n;HocT:o oTo6paJKaeTc:a Ha HHTeHc:HB

HOM WORe paBHOMepHOH 38<i:B8TK~. 3TO .n;aeT Hl13:E\ld: KOHTpaCT H306paJKerum. 

B 9TOM COC'FOHT OCHOBHOR He.n;OCT8TOK MeTo.n;a C HCITOJI:030B8HH8M HO.>Ka <J?yxof, 

I.4o ~830BHH HOJK. 

llpe.>K.ne '!eM onHcaT:o MeTo.n; wasoBoro HoJKa, pa3'ft.fiCimM cwcJI BHpa

xeHRH /20/. B KBa.n;paTHHX CK06Kax 38IlHCaHa orrepaUBH CBepTKH 

-1 _ 1 p(f(xt)dx' 
"{&)= :f(x)®P 70( = ~ L ) ~<-X', /23/ 

illymm,mi A. (x) H831IBae:TC.fi£ rHJI:Oc5epT-OCJ;:830M l~YHKI.lVIH 
o6pas WYHKmm .a:.n;pa cBepTKH. /23/ paneH 

r.n;e 

jt ~ J = i S~h (V 

~>o 

:.-u<O 

fc_ x) . ~yp:oe-

/25/ 

/26/ 
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23 /25/ BH~HO, qma npea6pa30BaHEe rBilli>6epTa OCYm6CTB~6TCE C IIOMOmbE 

npocTpaHcneHHoro Wlit7ffiTpa B Bm,IJ;e npospatflloti IIJiocRoi WiaCTIDIRB, aa 

o,nBO:I IIOJIYll7IOCKO·CT]t KO'.L'OpOi H8H6C6HO ,nE8JI6KTpHq6CI\06 IIOKpbiTRe, TaR 

~·o C~lU' (_pas MSJK,Jzy p83HOHMeHHmm. IIOJIYDJIOCKOCTJWMR npOCTp8HCTB6HHI:i!X 

ttacToT paBeH .!:llf-= + 1C • Taxoti rrpocrrpaHCTBeHHHi g)rii.mbTp Ha3I~aeT
rur tl)asOBEIM H02KOM HJm i_P~tJII>TpoM Th.n:o6epTc • 

PaCCMOTpMM IIpOI:(6CC BB3Y8Jm38UHM clJc30BI:JX 061>61\TOB C MaJIIDVill C~J4-

l'aMH i_Pa3 IIpH IIOMOII{m i_Pa30BOrO HOJKal4 r
5/. B03I>MeM B KaqecTBe llp:mJiepa 

o6':beKT c CRHycon,n;aJI])IlliMil Bapaa.IUDIMK i_Pau11 MaJioi aMIIJmTY,!Ul! 

ioc~.Q:x n 
fl")~e · (x) ]) / /27/ 

r.n;e: ~ << 1 ' nJ>- np.HMOyrOJII>Hh1K MMIIYJII>C. B npeHe6peJKeHxlH BhiCmm.m 

CTene:tmrvm CX. M Y"t!RThiB8.H KOHeqHYJO amrepTypy pasMepOM _D , IIOJIY-

liill! ofZ;) =- [1 +-to( ~n x]. IT]) cxJ 
rMJ!b6epT-06pa3 KOTOpOrO HM66T BJi:I,II; 

'\ (xj ~-l o!._ s\, _Q_ x + ~ e," 
j) 

X+2 
X- ::0 

2 

/28/ 

/29/ 

B6JIM3H uenTpa noJI.fl speHn.a, r~e MOJICHO npene6peqi> BTOphiM cJiaraeMb1M 

B /29/, pacrrpe~eJieHHe &~6BCRBHOCTH paBHO 

I ( xJ = o(
2 

sIN, 2. s~ X /30/ 

MeTO~ i_Pa30BOrO HOJKa B OTJ!Ml:IH6 OT HOJKa il?yEO He C03~aeT paBHOMepHOM 

sacBeTK3. CTporo B ueHTpe noM spemur, npxx X= 0 , KOHTpacT BRsy

aJmsnpoBaHHo·ro 061>6KTa 6eCROHeqHO B6JlliK, M Jmiiii> IIapa31i1TlJasi 38CB6T-

Ka ~6JI86T KOHTpaCT KOHeqHblM. KaK 06b1qHo, ITO~ KOHTp8CTOM IIOimM86TC.S 

BeJ.mqmia 

T 
ICf Io 
Ilf + Io /3I/ 
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l'.llll J 'f - ocBellliiHHOCTD B o6JiaCTI'! c ijli30BHM .1\eWeKTOM, Io - oCBe

nteHHOCTI> woHa. 

EcJm To - B8HM6H:bmee SH8ti6HH6 ltOHTpacTa, eme SaMetiaeMOrO Ha-

6~~aTe~eM, TO BaHM6H:bw.i C~Kr was, JtOTOpHm MO~eT 6HTD 06Hap~eH 

C IIOMOmDID W8SOBOrO HOXa, paBeH 
r I 

<p:'" = } 2 Io '[o ~ v 2 Io Qo 
'J 1-Oo 

HaiiOMirnM, tiTO ,IVIff HOXB @yEO 

cp oiYiih '== 0: 
2 

MOA<. K0A<. I~~ 1 

EcJIH 

) 

-4 
""' ·= _1 I = .Lo ~ o o s-o ' I) -----~ 

1 {_ - . I -~ 1 cr:'~ c <pa.;~.~-U·}Ifj = v 2.1o . s:o- = s;' 100 

·-· L 
cr}n'"' ( H.oH-J Py~e~J = -
TO 100 

/32/ 

/33/ 

/34/ 

Hs /34/ BM~HO, tiTO B ~aHHOM IIpHMepe tiJBCTBHT6~:0HOCTD M6TO.TI;a C RCr

IIO~:bSOBaHHeM W8SOBOrO HOXa B 5 pas BUJUe, ti6M M6TO.TI;a HOXB tyKO. 

I.5. l!i@paiO:ijiOHHM pemeTKa CO C606M 

06UtiHO W8SOBUK HO:at HSrOTaBJillB8IOT rryTeM o~caJK,D;eRIDI TIO.IJ: BaitYYMOM 

,n;H8~6KTpHti6CROrO C~O.fi, TOJIIl(HHa KOTOporo ,1VI.a pa6oqe}l .TI;JmHU BO~H 

CBeTa A cos.n;aeT pasHOCT:O was, paBH:YIO Jt- OTHOCHT6JIOHO HOCM:TeJIJI 

- CTe~HHOi ~aCTHHKH C rrapa~e~:OHUMa II~OCKOCTRMH. llOCKO~:OKY pa6p

qaJI .n;;mHa BOJIHH cBeTa A MOJKeT HSM3HHT:o<m B onpe.neJieHHb!X rrpe.n;e

~ax, TO TOJIIIUiHY .TI;H8~eKTpHti6CKOrO CJIO.fi .n;e~aiOT MeH:ome pactieTHOrO, 

R ~ H8CTpo~6/ ~aCTHHKY C wasOBHW HOJKOM pacrro~araroT TIO.TI; yr~OM 
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K 011TE'I8CitOH ocm /pHC. 51. ID880BhiM HO.IK Oc5Jia.n;aeT CJI8.IJYIOJJ.Ut!MH H8n,QCT8tT· 

Kao: I/ rpaHkil~a pas.n;eJia rroJIY1l7IOCKocr.~et1 g)asoBoro HoJKa Bcer.n;a HMeeT 

KOHetiHYID umpm:ny, :as-sa qe·ro BOSHBRae~~ norpaiDttiHhiH a!JXPeKT, ocJiac5JIR:

romd KOHTpacT B oc5JiaCTR H.RSIWX npocTpancr.rneHHhiX qacToT; 21 rrpH rre

pexo.n;e C O,IJ;HOM ,IJ;JlHHhi BOJIHhi Ha .n;pyryro Tpec5yeTC.ffi llOBTOpHaa H8CTpoiRa 

yrJia M8JK,IT,y TIJIOCKOCT:OIO g)asOBOPO HOJKa Ll 011TH'I€,CKOM OC:OIO, IIpH'IeM &m·a 

H8CTpo:tfi\a ,I(OJDKH8 TipO:BO,!UiT:OC.f! Ha M8CTH; 31 W880BhiM HO.IK IIO,TI;Bep.JK8H 

BJIHffHHID BH8IIIHHX KJIHM8TH'I8CKHX YCJIOBHl[, B 1!8CTHOCTK, BJ18.1KHOCTH B08-

.nyxa. Bee 8TH H8,IJ;OCT8TKH W880BOPO Rona ycTpaHJIIOTC.ff B HOBOM OIIT.Htiec:

KOM 8J18M8HT"e: T9H8BOPO IIp.Hc5opa - B ,TI;mglp8Iti:J;ROHHO:H pemeTKe CO c,()oeM. 

Ilpii 8TOM BCe ,1J;OCTOI1HCTEa MeTO,IJ;a W880I;OPO HO.iK8 TIOJIHOCT:bK) COXpaHmOTCBJ 

,1J.:ritq?pamwonHaR pem~~nca co cc5oeM"t. '
7 I OTJIHtiaeTCJI oT Tpa,!UiiJ,H.OHHoil 

,u,miJpaRID;RoHHO:ti perneTKH TeM, 'ITO ,IJ;Be: CllteJKHhie c5opoa~m n;eHTpe pasne-

C8HEr H8 paCCTOJIHHe 
I 2n -1. 

a= 2 -a~ 
1351 

r.n;e C1. - mar .n;mcDpaRIJJ10I-IHOH pemeTKE, rL - ueJioe trucJio, ac5:EJtiHO 

Bh10HpaeM08· paBHhiM h = 1_ l!;ltllf h ~= 2 9 lpm:c. 6/. 
IlpRHiij1TI pac50T1I .n;M(1JpaRIJ;I10HHOH pemeTKH CO Cc50eM IIpOHJIJI[{)CTpMpyeM 

na rrpMMepe TeneBoro npm:c5opa lp.Hc. 7 I. ,1J,mi)pam.nwnnyro perneTey eo cc5o

eM IIOMeiU8IDT B IIJIOCROCT':& IIpOCTp8HCTB8I- HhiX qaCTOT Tai~, liTO OIITJilti8CKM 

OC:O CJi!QTeMFl TipOXO,IU?!T qepes E{8HTp ITOJIC·CKR Me.iK.n;y J];BJlMli CM9.1KHb1IVIM . 

c5opos.n;rma peme~Dl. B aTOM CJIYttae aML7.rn:Ty.n;Ho.e rrponycRaime Jnl(ppax

mroHnoi perne'l'Iill co cc5aeM o·IIJI.tc:1IBaeTc.f!t <PYHKn;ne:ti 

G_(w)= 
1 + ~ eux~) 
i + ~ ( W Xc + A) 

1 
Lu < 0 

w>o 

/36/ 
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GCw)= i + ~w)(o· s~~h w. /37/ 

IIocJie o6paTHoro Illpeo6pa3oBaHM.a <I>yp:oe, 

B TIJI00I\OCTM p 3 IIO.a:BHTCH CHrHaJI 

ocyruecTB.mieMoro JIMH30M JT 2 , 

't(x)= j-i{[F(w).G:(r.v)]} = 

~ j:--1 [FCw) + f" (w). ~ C..JX'u· S§Vt Cu]"' 

~ j-(x)+ ~ :f{x) ®QCx} [SCx- xo)+ b(x-tx.,)] /3B/ 

3AecD gel() =j--1 [~§h w] = i~ 
/39/ 

Y"<IM~Ii!Ba.a: orrpe;n;eJieHne npeo6pa3cmaHIDI r}:'IJI:oc5epTa /23/ rroJiy-g:aeM 

't()(J= j{)() + 9_\ ?((x) -t- ~ /((x) I /407 
X~X.:~ X=-Xo 

!IepBoe cJiaraeMoe B I 40/ - HyJieBo:H rropr.rn;oK ,IJ;I1gJparau;m, oTo6paiftaiOilU[ii 

MCXO,IJ;HHH Cm'HaJI :fCx) 6e·3 Ei3MeH8HM.H. BTopoe CJiaraeMOe, OT06paJKaeMOe 

B IIJIIOC rrepBOM IIOp.a:.n;Ke .n;M~paKQHK, paBHO rMJI:06epT-06pa3y HCXQ,IJ;HOrO 

CMrHaJia, KOTOpu0: paCIIOJiaraeTCR OTHOCP1T8JI:OHO D;eHTpa IIOJI.H nepBOrO 

rropa.n;Ka JJ;Hcppamnu!l X-=. )( o T aue , KaK M C8M ncxo.n;HIDi cMrHaJI fC x) 
pacrroJiaraeTc.a oTHOCHTeJI:oHO TO"<IIm )(= CJ • TpeT:oe cJiaraer.roe, TaiOKe 

paBHOe rHJI:06epT-o6pasy HCXO,Il;I-IOI'O C.I?II'HaJia, paCIIOJiaraeTCJil B MHHYC 

rrepBOM rrop.a:.n;Ke .n;HcJ]paRIJ,M:£1. C,IJ;BHI' D;el:iTpa IIOJI8: rrepB1IX IIOpJi,I.J;KOB ,n.mppaK

lJJ1.I?l OTHOCMTeJI:OHO OIITM"<IeCKOM OCH paBeH 

x., ~ d (,_ 
/41/ 

,6 
Jlz. - paCCTO.f!HI46 OT ~paKIU'IOI-IHOH perneTKM CO COOeM ,IJ;O .7lllli3:& 

I13 /4I/ BM,IJ;HO, "<ITO C R3MeH8HMeM pa6oqefi ,IJ;JIIlliH BOJIHH CBeTa :::\.. l:I3-
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M&Im8TCH TIOJIOJK8HM8 II8pBbi.X IIOp.F.r,I(ROB ;nM~paKIUUl. Ha pMC. 8 ,naHbl KapTMBbl 

~pam~m ;naJieKoro noM OT Il(e.JIM Iii ero riiiJII>c5epT-oc5pas. OT~tm:TeJinHoii 

CfC008HHOC'f':biO ,I(MQ)paRIJ;MOHHOH pemeTRM CO C:OOeM RaR HOBP:t'O OIITMli8CKOrO 

8JI8M8H'Fa B T8H8BUX aJI8M8HTax .a:BJI.F.£8TC.S: ~·o, liTO ,I(JlJI Hee He Tpec5yeTCJI 

Tpy,IJ;OGMRIDC IOCTiiipOBOK TIO !I;ase rryTeM BblOOpa OIITJiilVIaJibHOrO yrJia M8JK,I(y 

IIJIOCROCTbiO qm;rr,Tpa Jli OIITMli8CKOH OC:CIO CHCT81VW. CymeCTB8HH1IM ,I(OCTOJiiH

CTBOM ,D;mq)pam.ntOHHOH pemeTRR CO C60eM .ffBJlli8TC.H ee H8qyBCTBMT8JI:CHOCTI> 

K Bapzan;aHM Te.MIIepaTyp Jil.7.lli BJiaJKHOCTJif. li08TOMY .IU1WP8~0HHa.H pemeTKa 

co cc5oeM MoJKeT pac5oTaTn B arpeccnBHHX epe;nax. B ,D;RQJpaKI.J;RoHHoli pemeT

Ke co coo eM npaKTR'tfBCRJil oTcy'fcTByroT no::paHR"tffii:Je aqxpeKTH, HMeiOmBe 

M8CTO B CHCTeMax C ItCTIOJ.[£,30BaHH8M cpaso:3oro HOJKa. HaRoHeD;, ,IJ;lil~pamr,M

OHHaa: pemeTRa CO C008M II03BOJI.F.£8T O,I(HOB}8M8HHO HaOJTIO,I(aTn RaE CaM BC

XO,I(Hblll Ciiiri·IaJI, TaR Jil ero riiiJin6epT-o6pa 3. 

I.6. AHoMaJinHHfi )60fr 

ECJIM mar M8JK.II.Y CM8JKHHMJil 00p03,I(RaMrr B IJ;8HTpe ,I(HcppaRI\IWHHOH pe

meTRJii co cc5oeM OTJIMliaeTc.F.£ oT mara HopMaJinHoro c·6o.F.E /35/, Tc/7 I 
tf:lYHKI.UI.tr G._ (w) , xapaKTepM3YJO!l(aH mmJIMTy,nHoe· nporrycKanne pemeTRJil, 

neHTp KOTOpOH paCIIOJIOJK8H Ha OTITH1!8CKOH OCJil, JilM88T BH,Il; /p:0C. 9/ 

G:ot.(w)-== ~ (w'io- o0 Y(eu)-~ ((JXo+ o<_) 7(-wJ. /42/ 

3,nec:o wa2a o( orrpe,neJI.F.reT cTenen:o O'ICTyiiJieHJil.F.£ B8JIJilliiiiHH mara MeJK

lJY ,I(BY'Mff CM8)[HI:JMR 60p03,I(I\8'Mltl OT HOpMaJ nHOrO 3Ha118HLtH 

KOTOPOMY COO'TB8TCTBY8T c{=. Q • 

Ec~ yqecTn, liTO 

y ( w) - y (- (u) -==- ~ 2 h GJ 

YCw)·+YC-w)= 1 

/ 
Q /35/, 

/43/ 
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TO 

G:o<. (w) =eM eox~-~ r:1.. s{> h w + s ~ G.J x~. s;~ oZ /44/ 

B BhiXO,Il;HOH IIJIOCROCTK p 3 TIO.fiiH1TC.f:I CE:IHaJI 

'LcZ(x) = ~ { kx:J+i;-~ol ·)(ex:)-- s.;..,o<. f(x.D + 
x=.Xo 

1. - ~ +:if"~<><!· /((x:J + SIM o( · :}{xJ] (_ 
X=-Xo j /45/ 

B~HO, 'ITO B Hy~eBOM nap~Re ~~pa~~ OT06pa~aeTC.fi HCXO,Il;HHH CHrHaH 

d1[x) , a ~Ty,na no~ B ,nByx nepB1X rrop.HARax ~p~H paBHa ~
Hei1Hoi1 KOM6mraiJ;ni1 1iicxo.n;Horo cnHa~a f(x) I1 ero rnJr:o6epT-o6pasa 

{{x) , IIpi1 8TOM TiplilM8C:O f(xJ -KOIVTIOHeHTH RC'l8386T npk:l o/= 0. 
Pacnpe.n;e~em1e klHT8HCllBHOCTJII CB8TE B rrepBOM TIOp.fi,nKe ,Il;HtlJp8RIU1H 

co,nepJirnT IIpJlMOM MHTe:pl)epeHIJ;]!OHHhiM q~eF. A MM8HHO, 

T,Jx) = I ~o(. ?(lx.)- SV..o(· j-cx) 1
2= 

:::. ~2 ot /')((><) \<+ s~~ \ fl~ 12 
- ~ 

-.2 s~o{ · ~ot · k\~. [ f{x;J. I(_ (><)] 1461 
Eo~ illYHRIUlff Jlx) - .ne11cTBUTe~I>Haa, 'I o ee rm~I>6epT-o6pas ~ (x) 

TaiOKe .f:IBJI.fi8TC.f:I ,IJ;eiCTBHTemHOH rDymtiJ,Met:, H TOr,IJ;a 

1""(:><.) = ~z.oll 'X,(l<)\~ s\..,Q.o( IJC><) 1<-
·- s~ 5Lc( · fCxJ. J( (xJ. /47/ 

I. 7. IIonepeqHa.f:I .neiDCTI1pOBKa 

<MyHKIJ'.WI G ( w) , sa.naroma.H aMIIJII1~'Y.IJ;Hoe rrponycKaHHe MlDPa:Kini

OHHoil pellleTKM CO C:60eM, KOTOpa.H YCT8HOB~8Ha B IIJIOCKOCTH ITpOCTpaH

C.TB8HHhiX 'I8C'TOT p 2 C !3RCIJ;8HTpi1CHT8{'ClM LJ W OTHOCI1T8~l>HO O'EITR

'I8CKOM OCM/?/, I1M88T BJa.IJ; 
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/48/ 
ECJIM y-recT:o, 'ITO 

1_ 
----Yy --

f 

L6WX 
e 

/49/ 

/50/ 
Momno rroKa3aT:o, 'ITO 

e iL.lwX i LJW ,. \ {1~w)rt(-if h -~" 
Jc><) ® JL X ='X:_( X:) + Jl L L_ (n1-1)'"! (n-"')! ft., 751/ 

h ,h-,~., 

~"" = r .}ex) xn, cl.l( (tv.~ o, 1, 2) ''' ) 
r.n;e 

/52/ 

- "rY\ "-Dill MOM6HT lf>YJIEI.ijifH .j-(xj . [OCKOJI:OKY ~ W MaJIO, a KOH-

TpaCT B OTQJB.JI:oTpOBaHHOM Jii30dpaJKemm: MEKCIIMaJieH B TO'!K6 :>( ~ Q , 

TO: aMII.JmTy.n;a IIOJI.li B TO'!K6 .>( ~ 0 B II6J'BOM IIpi16.1IIDK6Hl'UI pmma 
I 

tDW ·)( 

-fCxJ® e -
JLX 

I 

1LJW 

/53/ 
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Hs /54/ Blii,n;Ho, crTo Hec5oJIE>ma.a: ,n;eueHTP.VII'OBRa ~pa:rmnoHHo:£1 pemeTRK 

CO C008M IIpliiBO,Il;MT R paBHOMepHOfi 38CB8'II\8 B IJ;6HTpe IIOJI.F.[ /p:ac.IQ/. 

oTOT aqrJ!8R'l' OCJia6.ruieT ROHTpaCT H30c5paJr:erum, R ere MOJKHO IdCIIOJib30B8T:L 

,Itlm RO'HTpO.m:I npaBH.1ILHOH :U8HTpOBRlii ;W4(PII8KI:J;HOHHOM pemeTRH CO cc5oeM Ha 

OllTliiti8CROH OC:K. 

II. 8KCIIEPMMEHT 

2.I. YcTpotfcTBo ,n;.rur noJIYtreHH.H .ILMcflpaKiij1H ,n;aJieKoro 

no.Jm H ero r!1JI:oc5ep~·-o6pa3a 

CxeMa ycTpot:tcTBa ,n;aHa IJa pRe. II. Bee aJieMeHTbi ero pacrroJioJKe

mr Ha OIITRtreCROH CRaM:oe OCK-2. I1CTOtiHliR CBeTa Jia - .1!83 ep OKr-II, 

06 - 06'b8RTHB MHEpOCKOIIa 8X , ,Ulii - ,Il;lia£l>parMa C 6yJiaBOtiHbiM OTBep

CTlii8M, CB - KpaCHb!ll CB8TOrpRJI:oTp, Jio - KOJI.Jrnl.ltrn:pymrua.ll JmH3a - (VOT0-

06'b8KTHB MH,n;ycTap 37, Q!oRycHoe paccToJume fa = 300 MM, JI1 - JmH3a 

np.HMoro npeo6pasoBaHM illyp:oe - (QoToo6~;eRTHB MH,n;ycTap II M, riJORy<er 

HOe paCCTO.ffHRe .j1 = 600 MM, PI_ - IIJIOCKOCT:O BXO,Il;HOro CID'HaJia, 

Cffi -- CII8KTp8JI:IJHa.ff ll(eJI:O Yill-2, ,I.CP - ,Il;H!I))aKUHOHHa.ff pemeTRa co· COO eM, 

P2 - IIJIOCKOCT:o npocTpaHCTBeHH:orx: cracTo'r, coBMemaeMaR c I1JIOCKocT:o:ro 

MaToBoro cTeKJia ~oToannapaTa 3eHMT 3M 6e3 o6'beKTHBa. PaccTO.ffHHe 

Me~y pa3JIHtiHbiMR 8JI8M8HTar~ ycTpOHCTB~ yRa3aHbi B MM. illOTOrpacnwpo

B81IHe IIpOM3BO,Il;HJIOC:O Ha IIJieHK8 Mru\paT- 300. 

Ha pHc. I2 npHBe,n;eHa cxeMa ,n;pyroro ycTpot:l:cTBa ,n;JI.ff IIOJ.IYtieHIDI 

,n;m£l>pa~H ,n;aJieKoro IIOJI.ff H ero rMJI:06epr-o6pa3a, B KOTOpOM liiCIIOJib3y-

8TC.fl Bcero o,n;Ha JIMH3a JI1 - QJOToo6'beRT0:B MH,n;ycTap II M, f 1. =600MM. 
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MOCROCT:& IIpOCTpaHCTB8HH1IX l:!8CTOT B 8TJM YCT8HOBR8 paCIIOJiaraJia<e!f:i 

Ha paCCTO.S:HHB e..:::::::, 1900 MM OT JIHH31I JII. lipH IIOJIHOCT:&IO OTKpbiTOll ,n;B-

8fPpaTht8 Ha6mo,n;aJiacJ; KapTMHa .nM<iJpa:ro{fm, rroRasaHHaH na p:ac. I3. J?as

Mep IIJITHa .u;B(flpa:KJ:WJi! paBeH 0, 8 MM. 

2.2. 3RcrrepllM8HT C ,I(B~paKgaOHHOM pemeTROM ~I • 

.Il:HWP8Kl$WHHbi8 pemeTI~M CO C008M B3 roT8BJIJilB8JIHC:& C IIOMOIU:&IO Jia6o-

paTOpROll ycTanoBIG.l B BM,IJ;e He6oJIE>moro craHRa c aJIMasHbllVI pesnoM. CTa-

6MJIDHOCT:& mara M8jK,IJJ ,I(Bywl COC6,I(HMMll 6Jp03,IUtaMit 3a,TI;aBaJiaC:& 8JI8.RTpB

'i8CRJi1M CBrHaJIOM, ROTOpbiM B1Ipa6aT.biBaJIC.S: sa,n;arome:M: .n;BcppaKn:Ji10HHOH pe

IIIGTROH, rrpocBel:!JllBaeMoli mMpoRMM rryl:!RoM :meTa. ~paKI:U10HHHe pemeTRR 

co cooeM, RCCJie.n;oBaHHHe B .n;aHHOli pa6oTe, MMeJIM mar napesRH a = IO 

MKM. ,IIJi:nilpaEI.J;HOHHa.H perueTRa co c6oeM l&I 6:biJia Hapesana Ha cTeKJie na 

II.Jioma.TI:M 20 x 20 ~JJM2 • Ha paccTO.HHI:IM IO \11M OT rrepBon 6opos,n;RM pacrroJia

rae.TCJI JIBHHJi COO.H C ,I(Byrvill CM8.1KHHNIH 60pJ3,I(RaMH, paCCTO.HHH8 M6jK,IJJ KO-

TOpHMM OHJIO Bh!OpaHO a' = /5 +I/ MRM. JcTaJinH08 IIOJI8 pemeTKlZ! Hape-

3aJIOCn peryJI.apHllM maroM. 

MCXO,I(HbiH OIIT:vll:!8CRHH CMrHaJI t( X) QJOpMlipOBaJICJI C IIOMOI.l\:&10 CIIeK

TpaJI:&HOll meJill Y<P--2 III1i1p:~mom 2 b = 0, 3 ~Jv1 • .fuirDpaKIJ.HOHHM pemeTRa co 

C008M ycTaHaBJillBaJiaCn H8IIOCp8,I(CTB8HHO 3a IU8JIHO. 

~oTorparf.JHpoBanMe nponsBOJJ;llJIOC:& Iwr~ B HyJieBOM, TaR n B rrepBOM 

rrop.a:,IJ;I~e· .TI::l2!liJpam:nm oT pemeTID!. ITepBuii nop.rr.rr.oR ,ru1cppam.url2! pacnoJiaraJI-

Cff OT OllTJi!l:!8CROM OCM 

Xo = ':\ f = a 

Ha paccTo.HHliUI 
3 

1o (9 G· lo-
3
· 19. 

__:.'------==-- --
1o2 

~ 110 ~A 
155

/ 

ICcTMpOBRa ,n;wllpaiiTUWIIHOM pemeTRll CO c6c 8M IIp0:33BO,I(HJI8Cn CJI8,I(y!Ol.I.lliiM 

oopasoM. CHa'iaJia mTpMX:vi pemeTR:lZ! ycTaHcBJIHBa.JIHc:E> rrapaJIJieJI:&Ho RpoM-
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RaM H(8.JIH. ,I.f,.7m 8TOI'O MaT OBOe CT81\Jl0 (90 roannapaTa BbiBO.U~JIOC:b :uiS IIJIOC

KOCTll rrpocTpaHCTBeHHhiX qacToT Wx :_ra paccTo.rnme 5 - IO cM. B aToM 

ITOJIOJK8Hlll1 H8IIflpa.JIJI8JI:bHOCT:b IIITpMXOB peiieTKU I1 RpOMOE Il{8JIM 6HJia Ot:I8H:b 

XOpOIIIO SaMeTHa. 1IOCJI8 8TOI'O llp0113BO,UH.1JEC:b BCTIOMOI'aTeJI:bHH8 ~SM8:p8HIDio 

B rroJioJKeHH:v.r, IWr,IJ;a JIMHID:I cc5o.£r pemeTRM Haxo,ILMJiac:s sa rrpe.neJiaMH meJIP.l, 

C. llOMOII\biO IvmEpOCKOl:r8 OTC'II!ITHBaJIP.!C:b RODp,Ul1HaTH I'JiaBHOI'O MaRC~ 

Xo ~ nepBhiX MMHHr.r;y;.mB X+ 1.. r1 :r -1. KapTMHLI ,I_;rtJ)pa:rru;mr nep

Boro IIOp.a:~a OT Il{eJIM /pHC. I3/. 3aTeM .JIHHIDD Cc50R perneTKM BBO,IJ;MJIM B 

annepTypy me.JIH. Ec.JIH JIMHJilfi cc5o.H coBm~,IJ;aJia co cpe.nneH: JIMHHeli meJIP.l, 

To B rrepBOM nop.rr,TI;Re Hac5mo,rr,aJiac:s RapTima rHJI:sc5epT-o6pasa .nMrJlpamnm 

,IJ;aJiei\OI'O IIOJifi OT U(8.JIH, H ROHTpaCT 8TOit RapTHHbi OhiJI MaKCHMaJI:bHhiM 

/p:v.rc. I4/. 
Ha p11c. I5 rrp~Be.nena ci?oTorpa(Hiiff n~rrJ;parcr:um ,IJ;aJiei{oro rroJm oT me

JIM IilllpMHOH Q fb = 0, 3 MlYI H BbiCOTOH /2 h = 12 MM • .llimM.H C60.H ~IipaK
UMOHHOH perneTKM naxo,IJ;MJiac:s sa rrpe.neJia~x meJIM. Ha pnc. I6 noKasana 

~OTOrpatiJIDI I'HJIT:>08pT-OOpasa .IJ:MclJpalill;I'm ;£ aJieKOI'O IIOJIR, Ha6JIIO,IJ;a8MOI'O 

OT BHCOKOH II~8.JIH B rrepBOM IIOp.H,IJ;Ee ,Il;MtDpEKIJ;HH Ha pemeTRe • .ful!-IH.8i c6o.rr 

perneTI{M HaXO,UMTC.fil Ha Cp8,IJ;H8H JIMIUm Il{8J;H. 

2.3. 3RcnepHMeHT1I c .nt1:c])paEIJ;IWHHLIMH perneTRaMu H 2,3,4,5,6 

KpoMe pac5oqe:H: ,TI;HclJpaKD;I1omwl1 perneTKM c HOpMaJI:sHLIM cc5oeM /lH/ 
6biJlH l13I'OTOBJI8Hbi peiiieTRP.l C aHOMaJI:bHLirvm C60.fiMI<I. 11CIIOJI:b30BaJICH: TOT iKe 

Jiac5opaTopn1I:K cTaHOR. BeJIMt:IMHa mara Me;Krr,y c5oposp,RaMH Ha JIIDIHH cc5o.H 

6HJia Bbi6paHa paBHO H: a' /JP-2/ = 2 Ml{M, 9 '/J&3/ = 4 MEM, a '/N!4/ =eMRM, 

a' /~5/ = 8 MRM, a' /lt€/ = 10 MKM. 

Ha p11c. I7 np:v.rBe·,IJ;eHH pact:IeTHue KpiiBh!e pacnpe,TI;eJieHH.H MHTeHCMB

HOCTH CB8Ta Tip~ pasJI~'IHhiX SHat:IeH~.fiX aH)MaJI:bHOI'O COO.ff: a' = 0 MKM, 

I 5" Ql 10 r 5i I 20 I 2$""" 
Q ~ 3Mt<!'vt' = 31'1 I< f11' Q = 1'1 K/'1, Q = 3 /1-t k.l't' Q( = 3 ,1;kJ.t. 
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2.4. MsMepeHme napaMeTpoB .IU1WI'aro:uwHHo11: perneTRI1 co c6oeM 

1IT06:bi Bbipa3H1':b KO.Jm1I8CTB8HHO HaC;.mo,n;aeMbi8 .l(~Qp!Vf8J:UUa1RapTI1H MC

KaJKeHHbiX nvr:o6epT-o6pasoB ITo Mepe YBE Jm'18HI1.ll mara Ha JIMHHR c6oSI, 

6uJio BbiiTOJIHeHo MPIKpocJ?oToMeTpMpoBaHHe IToJiy'ieHHbiX HeraTHBOB. MciTOJI:b-

30BaJicH MMKpotJ;oToMeTp ~2. Ha p11c. 18 ITpMBe.n;eHH pesyJI:r,TaTu I13Mepe

HHM B BI1,IJ;8 3aBHCHMOCT8:M g)OTOTOKa OT I OJIOJK8HM ITpOCB81IHBarome:M meJm 

MMKpO<!JOTOM9Tpa. 

ITo aaaJiorMM c BHpaJKeameM I 45/ MC)KHO ITORasaT:r,, 'iTO aMIIJIVITy,n;a 

ITO~ B nep~OM TIOp.F.I,n;Re ,IJ;mWpaK~UM Ha pei.IIeTK8 C aHOMaJI:bHW~ C608M paB

Ha JIMH8IDIOff KOM6:iaHar:um aMTI.JmTY,IJ;hi .n;mD:r:aEIU112! ,n;aJieKOrO TIOJI.fl R aMII.lrnTy-

~ ee rMJI:b68pT-06pi)3a. A MM8HHO, aMIDI1Ty,n;a HCK8JKeHHOJ10 J1I1JI:b6epT-

06pasa paBHa 

'G()<:)-=-~ ct. { (x) + ~)~ o(, fcx) 
/56/ 

Ha pMc. I9 npMBe)J;eHhi pacl!eTHue rroJI.fl. S.nec:r, f1 (x) - aMII.JmTy,n;a 

ruJJJEir .n;I1Wparm;;vm ,IJ;aJieKOJ10 TIOJIH OT Y3KOE ll\8JII1, -f.2. ( x) - aMITJII1Ty,n;a 

rm.Jlb6epT-o6pasa .IU1clJpa:s:n;vm ,n;aJieKoro rroJI.fl, a /3 ( x) - JII1Hei1Hrur KOM-

6:~u-Iar.m:H~ 8MIIJIVITY,IJ; { 1 (X) l1 J2 ( x) 11];:11 3H8'16HIU1 Ql83hi o(. , xapaK

T8pi13YIQll\6H B8Jilll!I1HY aHOM8JI:bHOrO C60JI, paBHOH o( = 0, I 52. 

HarroMHI1M, 'iTO aMrrJrn:Ty,n;a H.CI{aJKeHHoro ri1JI:b6epT-o6pasa oT ysKoti 

B8pTHKaJI:bHOM ll\8JIM paBHa 

s~2_1-
c(x) -==-~ o( + £, ~ o( , 

. (~) 
/57/ 

Qrrpe,n;eJrnM 3H81!8HI18 KOOp,IJ;I1H8Tbi ::::('0 , ITpH KOTOpOM 8MTIJIHTy,n;a IIOJI.a 

'{_(Xo) 06pamaeTGlff B HYJI:b. BH,D;HO, 'tlTO KaKOBO 6bi HH 6biJIO o{_ 
WYHitiijllll 't (x) Bcer,n;a o6pamaeTca B HYJI:b rrp:m:; X:==- - 2li1l1 

X"== Q )\ • KpoMe 8TOro <I>YH:KIU!R 'L ( xj o6pamaeTCJI B HYJI:b rrpH 3 f? 

3Ha'18HWIX ~o , 3aKJ1IOl!eHHhiX B :viHT8pBaJie [=- 27r, + 2 7r] , 12£ y,n;o-
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B.JI8TB0p.FIIOIUIDC CQO:TH0Ill8HHIO 

i:!S' ~ -t- t(,; eX = 0 
/58/ 

8To c.Jie,II;yeT 1'13 /57 I Henocpe,II;CTBeHHO, ecJrn era sa:rmcaTL B BIUJ;e 

llp¥7 118JII:D( 3Ha'1eHruiX 'Xa 11 o/._ /58/ MO.iKHO IIp8,II;CTaBMTL B BM,II;8 

l ~=- 2ol /60/ 
B n:n,eHTpe pHc. IS npMBe,II;eHLT .n;:se oKpyJKHOCTR. Ha BHyTpenne11 oKpy-JKHOCTH. 

O·TMe'18HbT pac'leTHLie 3H8'18HIDI C60B: a.__' ,II;JI.f! BCBX ,nRqJpai£IUIOHHHX pe-

meTOR /J.P~ I - 6/. Ha BH8IIIH6H OKpYJKHOm~H TIOM8'18HLT 3H8'18Hru:£ Q 
1 

, 

TIO.JIY'18:HHLTe R3 SKCTI8pMM8HT8.JI:&HO HaliJ;eHHhiX MRRpO(f)QTOrpaMM HCKa.iKeHHHX 

rH.JI:&6epT-06pa30B. llpR STOM 

a! =-C"L [-2
1 

+ 7to<] I 0:=: 10.fof<J<, 
/6I/ 

B 06IU8M C.JJ:Y'18B 3H8'18HU. Q 1 
MM810T Clll1ICJI B8Jll1'1MH ITO MO.IJY.JIIO C{_ • 

B Ta6JIMne I ,II;aHLT sna'leHR.s:: X , ol._ H ct 1,II;JI.f! Bcex mcc.Jie,II;oBannux: 

~paKUHOHHLTX pe!lleTOR. 
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Ta6;mn;a I. 

X o(_) f I 

' LJ't'= l\!lie 0) Q ~:C/1. Q-~r I . 
i 1 f 

pemeTKH Mk:M P~tUl.M. .J.-VK/'1 ,~M. I=Q~~-a.~ 
MkM 

2 
+o. s-2 :ll -o.2GJT 2J4 2,o 

i 
-t- a, 4 

3 +0,2G 7i -0 13 JL 3,i- 4,o -0 3 
I I 

I -+0. 1 g Ji: - 01 0 9 Jt 4,1 ~0 -0,3 
4 -0,26 Jl +O,f3Tt G,:s G,o -to,3 

5 -o. 4 G Jt: +o,23r, )(, 3 g, 0 -0,7 

6 ,-0,9'Jr -f-048Jr q g 10,0 -0 2 
' J I I 

__ , 
~ ---

2.5. TeHeBOH ITpH6op ~ BH~yaJm38nEH OITTHqec:KHX 

H€0,IJ;HOpO,IJ;l:OCTei 

--

' 

CxeMa TeHeBoro rrpa6opa ,n;aHa Ha pac. 20. Bee ero aJieMeHTR pac

rroJioJKeH1! Ha orrT:aqec:rw:H cKaw,e OCK-2. HcToqHHK cBeTa: Jia - Jiasep 

OKI'-II, OK - OKyJIR:p MRKpOCKOITB: 5x, CI - KpaCHiliH CBeTO~PHJI:oTp, Jio

KO.JI.llEMaTop OIITHqecKOH CR8MI>H C 06o:&eK'lHBOM ,IJ;H8M€TpOM 150 MM R {f)o

KYCHhiM pac.cToJIHE:eM f 0 = 1500 MM, JI1 - JIHHsa npHMoro npeo6pasoBa

HIDI cJ.?yp:oe, - KOJIJIRM8TOp OITT:viqecKOM CF:aM:OH, ycTaHOBJI€HH1IM 06o:&€KTM

BOM BIIepe,n;, t 1 = 1500 MM, +c:>() - 06o:&eKT. 0rpaHHqHT€JI:OHafl 

anrrepTypa HM€JI8 ,IUll8MBTp 40 MM, CJ X - TIJIOCROCT:O ITpOCTpaHCTB€HHbiX 

qacToT, .IOP - ~paxrmoHHM pemeTKa cc c6oeM, JI2 - JIRHsa o6paTHoro 

rrpeo6pa30B8HRfi <:Qyp:oe, clJOT006o:&€RTHB I1E,IJ;yCTap 37, -J 2_ = 300 MM, 

ill1 - ITJIOCROCT:O H306paJK€HHH, COBM€II\8€l\laJI C TIJIOCKOCT:biO M8TOBOrO 

cTeKJia woToarrnapaTa 3eHHT 3M 6es o6o:oE RTHBa. PaccTomrml YRasaHbT 

B MM. illOTOrpa~HpOBalll!le TipOBO,IJ;HJIOC:O Hci IIJieHK€ MHKpaT-300. 
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IDCTHpOBKa ~~p8RUHOHHOM perueTRM IIpOM3BO~~ac:c TIO MeTO~, OITH

C8HHOMY B §2.2. O,n;HaKO, B CJIY'I86 TeHHBOI'O rrp:v.tc5opa pemeTKy Heoc5xo

,IJ;MMO OH~O IOCTMpOB8T:C T8K, "CITOOH OH8 ~~O"CIHO TIOIIa,n;a~a B ill!IOCKOCT:&. 

rrpcrcTpaHCTBeHHHX tmCTOT P2 o He6o~:crna.H .n;e(9oKyCMpOBKa ~((JpaRLUWHHOH 

perneTKH, -../ IO MM, rrpMBO~T K rroHB~ElHHIO TeMHHX rroJioc, KoTopue 

y.MeH:Clli8IOT KOHTp8CT H30c5pa~eHRH. 

2.6. BHsya~38I.UHI KOHBeETHBHhiX IIOTOKOB 

B03,Il;YJC8 IIpM TIOMOIUM pemeTRH II. 

Ha pMC. 21 ITOK838H I'M~:Cc5epT-00p[ 3 Oc5'beKT8, OTOc5p81K8eMH:t:i B 

rrepBOM rrop.F.r.n;Ke .n;M!J1parunm Ha perueTRe co cc5oeM. .lliiHM cc5o.s: Haxo,IT,I1-

~ac:c IIp¥1 8TOM H8 OCH IlpOCTp8HCTBeHHOIO CTieKTpa Oc5'beKT8 0. BH,IJ;HOp 

"CITO paBHOMepHaJI 38CBeTHa oc5'beKTa rrepepacnpe;n;e~~ac:c, oc5pa3oBaB Ha 

HpaEX IIOM ;3peHWI CBOeoc5pa3H11e "cepmmM". 0;n;H8RO, 113-38 H9BOBep

rueHCTB B M3I'OTOB~eHMYI ,IJ;McppaKI:!;HOHHOH f9llieTKM CO Cc50eM ~I, mar MeiK.IJY 

c50p03,IJ;K8MM Ha ~HMM COOJI B I{OTOpOH paBeH 4,1 MRM BMeCTO 5,0 MKM 

.f!PKOCT:C cepiiMROB He O~H8KOB8, M Oc5JI8CTL TeMHOI'O ITOM paCITOJIOJK9H8 

H9CMMM9Tpli"CIHO OTHOCHT9JI:CHO OCH IIOM. 3p9HMJI o TaKoe H9COBeprueHCTBO 

OIITM"CieCKOI'O Oc5pa3U8 ~g~p8RUMOHilOM pemeTRll CO Cc50eM TeM He MeHee 

He YM9HEmaeT ROHTp8CT8 K30c5pa~eH:rui, a TO~RO rrepeMell~89'11' Oc5~aCT:C 

TeMHOI'O IIOJIJI B CTOpOHY OT OCR OO'beRTa. Ha pMC. 22 IIpMBe,neHa qJOTO

rpawRH, Ha KOTOpOH- ,n;aHH O,IJ;HOBpeMeHHO KaR rrepBRH IIOp.F.r,nOK ,IJ;MWP8KnMK, 

T8K M HYJI9BOH rrop.s:,rr;OR. BM,nHO, "CITO rrpo·pliJI:C c50p03,IJ;OR .nwiJpaKI.U10HHOH 

perueTKM TaK.OB, "CITO XIHTeHCMBHOCTL CB8T 9 B rrepBOM IIOpJI,Il;I~e 38M6THO 

rrpeBurnaeT IIOTOK CB8T8 B Hy~eBOM TIOp.F.r,n;~e. B M30c5paJKeHliH HYJI8BOI'O 

IIO~a BM,IJ;Hbi ,n;e<lJeKTH OIITMKM, MCTIOJI:C3}'8MOH B OIIbiT8, I'JI8BH1IM oc5pa-

30M 113-38 M1UtpOCKOIIM"CI9CRMX DY3bip:CROB :3 CTeR~e OKYJIJIP8 MHRpOCROII8, 

KOTOpbiM HCIIOJIL30B8JIC.H ,nJIJI. tiJop:rvrnpOB8HRI ny"CIKa CBeTa OT JI83epa. 
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B Ra'"C!6CTBe ~830BOrO 06'18RT8 6biJI l~DITOJI:b30B8H ROHB8RTJliBHIDI TIOTOK 

CJierRa HarpeTora B03,IzyX8. HarpeB C03A838JICJI OCB8TJliT8VlbHOM Jiar.ma'ti H3 

KoMnJieRTa onTJliqecKoiJ: cRaM:b:vi OCK-2. Jim.noqRa o6Bopa"C!HBaJiac:r, woJI:r,ra~ 

~~ norJiomeHiliH CBeTa. 

Ha pUC. 23 ~8Hbl H306paJK8Hllil npocTpaHCTB8HHOrO Cll8RTpa CITOKOMBO·-
Jli Bos.n;yxa, 

ra BO·s.rr,yx~arpeToro CHili3Y JI8MITOqKOM HaRaJI:umaHIIH. BH.IJ;HO, "C!TO B nepBOM 

npH6JIJliJK8HJlii1 I\OHB8RT:viBHbiM TIOTOK B03,eyJC8 OITTI1"C!8CRH 8RBHB8JI8HT8H ~YM 

IIpH3M8M, a6pameHH1lM .n;pyr R ~pyry OCTpbiillkl yrJiar,m. Ha pMC • 24 IIOR838HO 

Hso6pmKeHne o6'beRTa B nepBOM nop.H,IJ;Ke ,IJ;Jt(ppa:KIU1II Ha perneTRe co c6oeM. 

3TO - rRJI:b68pT-06pa3 H8CT8liJ,ROH8pHOrO ROHB8KTHBHOrO ITOTORa BOS.rr,yxa. 

2. 7. ,lll!{;PpaKIU'Io:rma.FI perneTK<l, pacnoJimrteHHa.FI 

"BH8 Q)QK;[Ca" 

Ha pHC. 25 npMB8,Il;8HO Jd306paJKeHJli8 Jiyq:Ka CBeTa IIOCJI8 CB8TOr;D:a7IbTpa 

CB /eM. pHc. 20/. EcJIJli B nJiocKocTn o6'1GKTa He ycTaHaBJIMBaT:b orpaim;_ 

'IJliBaiOmeti: ,IJ;Jl!aflJparMH, TO H306paJKem~e IIOJDI riiJl:b68pTa JliM88T BE,Il;, llOK&-

38HHbiM Ha pHC. 26. B 8TIDC yCJIOB:ruLX 6:biJia llCllbiT8H8 CT8TI8H:b tzyBCTBR

T8JI:bHOCTII BI13Y8JII138IijU1 OIITJliq8CIDIX H80,IJ;HOpO,IJ;HOCTefi C ITOMom:r,ro peiiieTIW. 

ril1Jib6epTa ~JIH npe,rr,MeTOB c IIJIOXHMII onTw:recRBlVIH Ka"CieCTBa.J.vm. B IIJIOCKOCTI> 

06'.b8KTa M8JK,JJ;y JIHH38MR ~ II JII 6biJia IIOMt1meHa KpyrJiaJil CT8KJiffHHM llJ.tac

TIIHRa. Ha pMC. 27 IIOR838HO rk1Jl:b68pT-M306pai'K8HH8, KOTOpoe no.rryqaeTrut 

C ITOMOII.f.biO ,IJ;Wflpam.UWHHOM perneTKM CO C60t;M. Bm.n;Ha OCHOBHM TeMHM Jlllt

HIDI Ill 60'JI:biii08 "C!MCJIO M8JIRHX JmHHM, 06HJIH8 I\OTOpBX I1 IDC HeperyMpHOCT:b 

yR831IB8IOT Ha o.qeH:b HH3RI18 OllTI1"C!8CKH8 Rd'i8CTB8 llJI8CTHHKH. 

B .n;pyroM siwnepnMeHTe 6biJia ycTaHo:3JieHa IIJiacTHHKa m.s oprcTeRJia, 

38JK8Ta.FI B CTpy6I.J;IliHRY. EcJIH 38T.HHYT:b BJli:IT, TO OCHOBHM TeiVIHa.FI JIJliH:IDI 

HcKaJKaeTcH /pMc. 28 "a" Jli P:ac. 28 "6"/. 



- 24-

liisoc5paJIWHli!6 rli!Jibc56pT-06pa3a "XO p )Ill6M" CT6KJI.HHI-IOIT ILJIOCKOM IIJia

CTli!HRli! IIOKa3aHO Ha pli!C. 29. 

Ec.mm .n;nci1pa~onnym pemeTKy co cc5 JeM BblBeCTH :v.rs ILJIOCKOCTM rrpo-

CTpaHcTBeHIWX 'tlaCTOT G.) X /pRCo 20/, T. e. paCIIOJIOJiillT:b ee BHe 

moey-ca' TO B IIOJie 3penv.r.rr IIO.ffBli!TCR Illli!P'JI~af.£ TeMHa.fi J!li!HH.H M P.H.U Y3KviX 

T8MH11X JIMHIDiJ: ITO oC)e CTOpOH1I OT Hee /p:Ic • 30/. HaJIM"tiMe OIIT1i!'C16CKIDC 

H60,D;HOpO,D;HOCT6M B IIOCJI6,IJ;HCiv1 oc5pa3IJ;6 II)RBO,D;YIT K HCKa!K6HlfiO Ce~CTBa 

BTJiiX TeMHHX JIMHMill:. Ha p:ac. 31 M pRe. 32 ,n;aHu rrpMMepa Hac5JOO,n;earur orr

TMqecKmc H60,Il;tlOpO,JJ;tiOCT6H C IIOMOITt!>IO ,D;lii<Qpa:f{IWOHHOM pemeTKM CO Cc50eM, 

pacnO.TI01K6HHOH :SHe cpoeyca. Pa3Jm'tlll6 Me;my pli!C • 3I li! pH Co 32 COCTOliiT 

TO.JI:bKO B TOM, 'tiTO BO BTOpOM c;ryg:ae HC()JI8.IJY8M8JI CT6R.JI.ffHHa.fi ILJiaCTHI-IKa 

6biJI8 IIOBepHyTa B TIJIOCKOCTM Ha yrOJI 901). 

TiTOc5bi CIJaBHMT:O IIOrpaH:IT't1Hbi6 8()J:eK':'bi B ~830BOM HOJK6 H B ,D;HC]?paR

D:llOHHOM pemeTI\6 CO C60eM, c5IJJm IIpOB6:,1J;f3IILI CJie,ny:romne 8I\CII6pllM6HTH. 

C liOMO~IO MRKpOCROIIa C c5a30ll ,IL.JmHOM OJCOJIO 2, 5 M, 6biJilii CrpOTOrparplir 

pOB8Hbi KapTli!Hbi ,TI;~paKI:U1H ,n;aJieKOrO IIOJDI, IIO.JIY'IaiOJ.nH6CH C IIOMOrr.p;IO OID!

C:8HHOM ycTaHOBKR /pliiCo 20/ B TIJIOCKOCTU npocU'paHCTBe:-mux <racTOT Wx 

Ha pnc. 33 no:rtasana g)oTorpa(Qmr soJio'tieHHOM :somcppaMonoil mr.m ,IJ,I1aMeT

poM IO MRM. Ha p1iic. 34 rrpliiBe,rr,eHa ~oTo::pacprur rpamu~I:J pas,n;e.,rra rroJiy

ITJIOCROCTefl ~a30BOrO HOJKa CO CTyTI8HbRO:I, Ell3I:JBaiOmefi C,n;Bliir Wa3H Ha 

L1lf = 57: • B:3.TI;H1I :asr:vrc5H JmHHlii pas;~eJia, cos,n;amrn::ae norpanlii'tiimM 

scTifleRT B roa30BOM HO.m:e. 
A.A. A 

Ha pac. 35 noKasaHa. woTorpapiDI .I041l>PaiOJ'.KOHHoil pemeTKM co c6oeM. 

lliar pemeTKR a = IO MKM. IIIar Mrult.nY .n;:BYJiO! IUTpiDCaMB Ha JIPIHMH COOSI 

at = 5 MKM. BH:,n;HO, tiTO B e.zr;vqae ,nlilfPp8:1(!)jROHHO:&i pemeTim BeJmtnma 110-
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rpamttiHOrO a@>eKT'a BQ: MHOrO pas MSH:OII'e, tiSM ,n.ml W830BOrO R0.7K8 /eM. 

p:ac. 34/. 

m. 3AIOliO"t!Eill1E 

I. Faspa60TaH H HCliHTaH MS·TO,Il; R3 rOTOBJISHH.ff ~paBIJJ-IOHHfiX peme

TOK CO OOOeM. Ha: JmllMH C60JI paCCTOJIIDia MeJK,IJ;y ,Il;ByMfi CMSJKHlliMJI 6opos,n;

K&m paBHHeT<rui IIOJIOBIDie mara MeJK,IJ;y 6op03,Il;KaMll Ha OCTaJI:&HO:fi tiaCTH 

~p~OHHOH pemeTKH CO C60aM. 

2. PeaJmsoBaHo ycTpOHCTBO ,II;.1m np~~o6pasoBaHW:I CTPYKTYPH Hso6pa-

2ltemm B TipO'CTpaHC'l'BSHHO-qacTOTHBe o6p.l3Il, co,n;epx~e l!CTOtiHHK MOHO

xpoMaTHtiSCKOrO B3JIYtiSHml, JIHH3Y npe06)830B8HM ~yp:oe H SKpaH Ha6.mo

,Il;SHBH, OTJ.IHtiSIDmSSM TSM, tfTO C :USJI:&IO I),Il;HOBpSMSHHOrO OTOOpruKSHIDI ,IU!

WPlil:KD;HH ,n;aJieRoro no.mr /~yp:oe-o6pas o6~~eKTa/ H ero rwr:o6epT-o6pasa, 

nosa,nm JIHH3H npeo6paso:eaHHSI <f?yp:oe ycTaHOBJieHa ~paRI:(PIORHM pemeTRa 

CO C60eM, ]lSHTpaJI:&HHS 60p03,IUW KOTOpoH, CBMMeTpHtiHEie OTHOCBTSJI:OHO 

oea, paaHeceH!l MeJK.liY co6a:ll Ha paccTomme, paBHO'e Q.:_ 2~ 1. ct , 
II \..., 

r,n;e a - mar pemeT:rm, a 'L = I vm /1_ = 2 • 
•• 

3. Paspa6oTaB. It ltCIIOITaH MSTO,Il; H3Meperum nppaMeTpOB ~paKI.UIOH

HO~ peme'fKH co 6oeM. Haln:eHOI sHatreHIDI aHoMaJI:&Horo mara JI.Jm na:TR 

pemeTOK c anoMaJI:oHHM c6oeu. 

4. PeaJmsoBaRo ycTpo:f.icTBO - Tene:EIO:t1 np:a6op, ycJIOBH.fi pa6oTI:l m

T·oporo HSKpHTH'IHI:l K nanpaBJISHBD OCBemE!HWi, ,n.mme BOJIHH H3JIYtiSHRfi H 

BHSmHHM KJIHM8THtieCKHM B03,IJ;e~CTBHHM. B TeHeBOM IIpH6ope HOBDH KOH

CT~I B TIJIOCKOCTH npOCTpaHCTBSHHHX tr8CTOT ycTaH8BJIHB88TCH ~paK

I'(HOHHafl pemeTKa co c6oeM. B eyJieBOM ncp.a:;:rute .n:HWPaKI.:Oi1H Ha pemeTite 

OT06paJKaeTC.f.£ HCXO,n;HBi 06'beKT, a B nep:EIOM TIOpH,n;Ke ,n;mllpam:1;011 - era: 

rHJI:o6epT-o6pas. 
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5. IOcTMPOBRa no yr:rry HlUtJIOHa waso:3oro Ho.xta K onTMtrecxo~ 0011, 

MeHmOII{eMyCS C; l!3MeHeEHBM ,n.mmbi BOJIHbi C:3eTa, O:TCYTC.TByeT ,nJm ~patt

nHOHHO~ pemeTRH CO C60eM. 3TO C03,IJ;8eT '~YfneCTB6HHble y.n;o6CTBa B pa6o

'Jlle c ycTpot.icTBaMB, ROTopue co.n;epJKaT .n;M~ppaKIU10.HHyro pemeT:ey co c.6oeM. 

6. JlB<J?pamJ:liOHHM peme'rKa YJJ:06Ha TaWKe Te.M, tiTO ORa ll03BOMeT 

O,IJ;liOBpeMeHHO Ha6JIIO,IJ;8T:D RaR CaM itCCJie.n;yt~MI:lli 06'beKT, TaK H rHJI:b6epT

o6pas aT oro o6'beRTa. B c:rryqae Ho.xta fJYRtl am .n;Ba cmrHa.rra Hmura).Uil!Ja

IOTCS: .n;pyr Ha .n;pyra BMecTe, a B c~ae <pasoBoro HOJKa .Jv.tH noJU-qemm 

R306pa.xteHIDI 06'beRTa llp.HXO.n;HTC.fii li!CTIOJI:D30B8T':O eme O.n;HH ,IJ;OITOJIHRTeJI:DHd 

npOCBe'll!1IH3IOli(d IIyl!OK. 

7. K3 tiKCJia peKOMeH,Il;a:u;Ri, ROTOpble BHTeKaiOT R3 B.miOJllieEHIDC SK

cnep:vwreHTOB, cJie,nyeT OTMeTHT:& .7.J:J1IIIb O'.n;HH. A HMeHHO , KOHTpoJI:& BeJIH-rmHm 

mara MeJK,Izy .n;By:Mf.[ 60p03,IJ;R8MB Ha JIHIDHi CJ)OJI BO BpeMSI H3rO.TOBJI8HIDI .n;B

cppal\!(HOHHOi! pemeTim CO' C60eM CJie.IJ.YeT BHTIOJIH.mr:b C 'l'Oq}IQCT))J) ,IJ;O 0,03 

na", r.n;e "a"- OCHOBHOH mar pemeTKR. 

B sa:Et.mOtieHMe aBTOpbi BHpa.xtaroT 6Jiaro.n;apHOCT:o KapJibillleBo~ E.B., 

npMHRBmei yqacTRe B nepBo~ cep1111 on:oiTrn3, a TaRJKe tiJI. Kopp.AH COCP 
H. H. IYPeBHqy sa mnTepec K pa6oTe, rroc•ro.fiHHYJO no.n;.n;epuy m noJie3Hble 

o6cpr,n;eH:w:r Ha Bcex cTa.II;PI.ruc pa6oTbl. 

J[IT'_ 
~ ~, 

ffll!t~~ 



-27-

I. JI.M. CopoKo. OcnoBI:I roJiorpawzm H rwrepeHTRO~ onnum. 

~&UKa•, M. !971 r. 
2 .. F.Zernike. Phasenkontrastverfahl'en. Z.Tech.Phys. 1935, 

!!1 454; Physik. Z. 1935 1 36 1 8L.8. 

3. JI. A. BacmJI:DeB. TeneBHe MeTo,nH. "HayKa"", 1968 r. 

4. BoLowenthal, Y.Belvapux. Observation of Phase Objects by 

Optically Processed Hilbert Transform. App.Phys.Lett.l967,11, -
49-51. 

5. Y.Belvaux, J.C.Vareille. Visualisation d'objects de phase 

par Transformation de Hilbert. Nouv.Rev.Optiq.App.,l971,2 1 No.3. 

6. JI.M. Copmw, B.A. CyeTHH • .1J.mllpaEtUHOHHaJI pemeTKa co c6oeM KaK 

HOB~ onTPrtieCKPifi sJieMeHT. Coo6m :3HHe OVi'ffif, PI3-6565, 1972 r. 

7. JI.M. co~pOKO, T.A. C'I'piDK, Bo..A. C:yeTPIH. Mo.n:e.mpoBaHHe Ha 8BM 

,rozrcKpeTnoro anaJiora ~Paxrn10HH1lf1 pemeTKH co c6oeM, 

Coo6menP.J:e OWTI!, Pl3-6607, 1972 :::'. 



r 
-28-

hr.~) 
1(:r,<J) 

-- ......._ 
....... ......... ..._ 

........ ........ 
_... _... _... 

fla 
_... ...-..-_... 

flo !11 
pf 

17z p3 
~ 

PH:c o I. CxeMa onTMrqe CitOro WHJII,Tp;{IOme·ro Kacxa.n;a. 

Jia- JI83epHLIH RCTOtiHHK MOHOXpoMaTM'tieCKoro CBeTa, Jio - K0.7I.7mMMpyromaa: 

JmH38, JII - JIMH3a Tip.ffMOrO Rpeo6pa30B8HIDI <Pyp:r,e, PI - ITJIOC!tOCTL BXO,Il;

Horo CRrHaJia, P2 - IlJIOCKOCTL IlpOCTpaHc)TBeHI-ILIX ti8CTO'l'', G: - f,H.JIJ&Tp 

npocTpaHcneHHHX tiBCTOT·, ~ - JillU13a o~~paTnoro rrpeo6pasoBaHRfi <Pyp:r,e, 

P 
3 

- ITJIOCKOCT:O O'ft]?HJDi,TpOBaHHCrO CM'H8/£8. 

'Pn 

z 

® 
d- A 

4 ( n-1 > 

Plfc. 2. CxeMa. cPHJILTpa Ue:pH.Iute. 

II - IlJIOCKa.fi CTeKJDIHHM ITJiaCTI'IHKa' @II ·- wasoBa.a: ITJiaCTIDIKa co (i}i!I;BRI'OM 

cP83LI 6tp-= '1 ,IJ,Jia: pa6oqeif .n;miHDI BOJiiUl CBeTa A_ , f:. - pa,IU1yC 

cila30BOR IIJiaCTmiKH, W ,)( , W J - TipOCT paHCTBeHHLie ti8CTOTFl. 
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l?xlC. 3. Holt <.Pyxo, rrorJiomaromm.t HOJIOBHHY cnertTpa rrpocTpaH

CTBeHHLTX qacToT I eM. Tertcrr/. 

z 

d _ _a_ 
- 2n 

FMc. 4. CJ)a30BHK HOJK H cpiVI:OTp fi.7.[])6epg, 
17':

PasHOCT:O wa:s Ha pa3HOMMeHH1TX IIJlDCKOCT:EX paBHa ~ <f = UL • 
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PHc. 5. CxeMa H8CTpoiKK wastlBOro· HOilta Ha pac5oqyro .n.mnzy BOJIHil 

nyTeM R3M6H6HIDI yrJia H<UOIOHS e . 

PRe. 6. B:r,n .n:JlfiPpa.'.KIU!oHHOH pemeTKR co cc5oeM. 
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DP 

PRe. 7. CxeMa TeHeBoro rrpm6opa !' cl>yHitnHID rrpocTpaHc!meHHoro 
WPIJThTpa B KOTOpO'M BHIIOJIH.II8T .I(Hij)paEIUlOHHM pemeTKB COl C6o·eM. 
PI - BXO,IJ;HBJI IIJIOCKOCT':& C HCCJie,rtyeMmr 06'beKTOM 06, JII - JmH38 
Mora rrpeo6pasoBamm Cbyp:ce, JJ.P - .Pfu>axo;moHHaa: pemeTRa co CldoeM~ 

J12 - Jllffi38 06paTHOr0' rrpeo6pa30B8HJUI Cbyp:&e, p 3 - BBXO,IUlaJI IIJIQ:CKOC 

-r • 

' 
n n 

FMc. a. KapTBHa ~PaKIGlH .ItaJieltllrG rra.J.m ,n;Jm Y3Roi meJIH 
/HyJieBo:t! rrop.a,n;ox .lU@paKDJJx/, x ee rHJI:&6epT-o6pa3 I rrep:ssl rropa
,n;ox ~p~. Pacnpe,IteJieHRH KHT&HCHBHOCTH B~CJieHH rryTeM MO
,n;e;;mpoBaHU rrponecca ,n;Bl>pam:nta CBeTa Ha 3BM. 
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::B!c. 9. CxeMa pacnoJIOJitemrH 6opos.n;oK c:rmycoan;anHoii 
.ltl({lpa~oHHol pemeTim. co c6oeM npn pas.mrqHBX snaqeHJU!X <Pas:s o( : 
!/ <Pas a cJ.. HMeeT npOK3BOJibHOe 3Jiaqeoe; 2/ o( = 0 COOTBeT-

CTBye.T flopM8JlbHOJr!1"C6011 B .nHlPpaRIUlOHHOH pemeTKe CO C60eM; 
3/ci. "'= ~ , C60:I O'!CyTCT:syeT - pHry.ID1pH8m pemeTKa. 
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PRe. IO. Pacnpe,neJieBie HBTeHJJilBHCC TJ4 cBeTa B TeHeBOM 

npa6ope B nepBOM nopg,IJ;Ke ,IJ;B~~· ~~ ~yx cnyqaeB:Y~aKUBOHHaR 
pemeTRa CO C60eM ne!HTpHpOB8H8. /RpHBS:i A/ H 2} rteHTpa.m;Ha.a: JIBHBJI 

pemeTim CO C60eM ycTaHOBJieHa 3KC:U,eHT)H't!HO OTHOCITe.m;HO Om'J!'IBCKOi 

ocx /KpHBaa B/. Kexo,I(lld oCS'beRT - nl)Jmoyro.m;HM mem; c pa:B-aoMep
aol 38CBeTKO:I. 
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PUc. II. CxeMa ycTpoicTBa ~ no~yqeama xapTBHH ~P~K 
.n;aJiexo.ro noM lit ero I'JIJl:D6epT-o6pasa. _ 
Jia - Jiasep OKr-II' A = 6328 l 06 - o6LeKTl1B MHRPOCKona ax, 
JTlt ~ .n;mallparMa C 6yJIBBOtmHM OTBepCTHeM, CB - ltp8CHBI CBe'l'~Tp, 
Jla - KOJIJIHMHPYDnud 06~eRTD ifH,ey'cTap 37, f o = 300 MM, JII - .mmsa 
npsiMoro npeo6pascmaHU. ®yp:&e , llit.n;yc'l'ap II M J .1. = 600 MM. , 
Po - nJIOCROCT:b Bxo.n;aoro ClU'HaJia, CIU - cneRTpanHaJI nteJ[J, ~, 

nP - ~~OHHSH pemeTKa co c6oeM, PrnJiocxocTb npocTpaacTBeHHSX 
'IJSCTO'f, COBMell{aeMSB C IIJIOCKOCfiD MSTOBOro C'l'eKJia (f?OTOannapaTa 3e
~ 2M 6es o6~eKT.B:Ba. 
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Fmc. I2. CxeMa pacno~o~eHBH a~eMeHTOB ycTpoicTBa npH Ha6~ 
,nerum .ztVI~It .na.nezwro: noJI.fi, WOPfJli.:pyeMoi 'JOJffiKO o,IUiol J.IJlBsol 
JI1 .. CneztTpa~:&HaJI meJI:& mtt~papnoJiaraJ.rac:ra Henocpe,ncTBeHBO sa .mm
sol JI1• ITpaKTH~CKH B TIJIOCXOCTJl CUE!KTpaJffiHOi meJIJI: ycTaHaBJmBaJISC:D 
.nJDi>paJDlHOHHaJi pemeTXB CO C.60eM ,llP. i[so6pWiteHBe, KOTOpoe nOJlY'iaJIOC:& 
B MOCROCTJJ W X , ~TOrpaJJHpOBaJIOCl, C nOMOil{Hl cpOTOannapaTa 3eHmT 
3M, cHa6~eHHoro noca,notmiDJIH ;mnsaMK. 
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J?mc. 13. Cxe~ta paCITOJIOxteHPJJI CITHKTpaJIJ:,HOi ll{eJDI Clll, ,II;JI~BKI(IIOH

HO:I peme'I.'mt co c6oeM ,1.JP m Mmtpoci<ona BO Bprum EMepeHd Ko·op,zumaT 
rJiaBHoro MaRCMMYMa Xo nep:smc MBHm4YMOB :::r + '1 m X-i KapTKHH 
~paKQaH OT II{~, BOCITpOK3BO~MO~ )~pa~OHHOi pemeTKO~ B nep
BOM nop.amxe .n;a~pamJJUI • .1IHHU c6cm: pemeTKm aaxo.n;HTCH sa npe;neJiaw 
memt. 

PMc. I4. CxeMa pacnoJIOlterum: cnexTpaJ.tl)HOi me.mt em, ~paKilJjHOH

HOii pemeTKH CO e:6oeg JJP H Diq>OCKOUEt BO Bpetm ~MepeHJJ:I KOOp,IUiH8T 
rJiaBHo·ro MHimMYM& OCo lt MpBHX 6axoBmc MHmmyMOB X+..-, 1t X'-1. 
xapTHHI:l .zumppamrun.m .rt83lexoro noJlll B nepBOM nopsiJU<e ~paRIUUI o~ .nra:
~paxmHoHBo~ pemeTKH co c6oeu. !JH•m c6o~ pemeTKH coBna.rtaeT cocpe.rt
He,f: Jmimel meJIH. 



P.Kco I5. KapTHHa ~pa~n ~a~eKoro no~ OT me~, rro~eH
Ham Ha y~aHOBKe C O~HO~ ~H30R /pmc. I2/, B rrepBOM ITO~Ke ~~
g):paxnnun aa ~paKrntOHHoif pemeT:s:e co c6oem ii. Jil.m.IDgr c6oJif , HaxozmT
c.a: sa rrpe;n:e~aMPI. meJm. 

:Btc. I6. Thn6epT-o6pas M wpamuni ~aJieKoro rroJI.m OT meJm. 
/pHC. I2/ B ne~BOM ITO~Ke M~P8KnHH Ha M~8:&nHOHHOH pemeTKe 
co c6oeM ~I. Jfiil!WL c6oJE coBrra~aeT co cpe:;n;Heii JIRHReii meJm. 
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Pl!c. I7. P8C'tleTmte pacnpe.!(eJieHM.E: HHTeHCHBHOCTH CBeTa B 
nepBOM TIOPJIIIU!te .nHIDp~lt Ha pemeTRe C 8HOM8Jil>H1IMI4 c6om.m: 

a = 0 MKM; !,6? MRM; 3.33 MRM; 
5 MRM; 6,6? MKM; 8,33 MKM. 

Be~qHHa mara M~ CMe~MH 6op08.!(RSMI Ha JIHHHH c6og pemeTRH 
OTCtmTI:maeTU no MO,IJYJIIO 8 = IQ MKM, r.ne ft. ..;;: .. ifar 6op03.!(0K Ha 

pery;rgpHoM y-qacTKe pemeTKH. 
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Pile:. 18. Pe:syJI:&TaTbi H3Mepeimii rmpaMeTpon ,IU1(J)pam:n.mnnmc pemeTox 

C pa3JmtiHbiMJtl C60JIMR. Ha BHyTpeRH6K OR])YlKHOCTR IIOR838HB: pactreTHLie 3H8-

qerur.m c6ruar ,:n;M Bcex o6pasn,OB ]J.HclJpaKlU'lnHHIDC pemeToK H 1~2,3,4,5 l!t 6. 
Ha BHemHeH ORpYJKHOCTH IIOMe:t~eHLI Te 3Hal£eHM a' , ROT OpEre 6LIJIH RaH}J.eHH 

SR'CIIepmMeHT8JI:&HO Iey'TeNI 06pa60TKK lllmRpO~OTOrpaMM HCR81lteHHRX rHJI:&6epT

o6p830B. 

Ha BHelllHEC llOJifiX pliCymta ,I1;8HE£ o6pameHH1Ie RpHBHe MmtpOMeTpHpOB8HJml:l 

ITa OCI!t a6CIJ;HC<n: ,I1;8H1I KOOp,nHH8Tl:l llOJIOlKeHMJl meJm MkUtpoqJOTOMeTpa. ITo OCR 

Op,TI,IDlaT - 3Haqetm.m cDOTOTORa. ITpm STOM OC:& rpOTOTORa HSI!paBJieHa B C'l'O

poHy o·Tpm:o;aTeJI:&HIDC snaqerurll op,IUiHaT. 
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f,(x)= StnX 
X 

f (X)= Sin2f 
2 (~) 

J(x) 

.f,(x) 

r/~(x) 
~ 
~ 

f, {X)= 0,~~9 f2fX) +0,152 !, (X) 

o(= 0,152 
~X= 30 =-- 0,304 

PHc. 19. PaUlieTHM aMru.mTy.na .f3 C><) MCitaJKeHHoro rzJI.1Jc5epT
oc5pa3a rrpM aHOMaJI:bHOM C60e pemeTKM. 3TO•JmHeiHruu KOM6HHaiJ;RH aM'
II.l.mTy,n;H .DiltiJpammui .naJieitoro noJIJi ..f1 {x) orr ysKoi me;m M aMIIJIHTy
JJ::or "'qHC!IQro"' rMJI.1J6epT-o6pasa ..f2. (X.) ,TI;Ml]?paRDJUi .naJieKoro noM. 
ilpMMe:p, TIOit838HHHi Ha pHCymte, COOTB(\lTCTByeT· 3Hatteruuo W83bl o( =0,152 
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Fmc. 20. CxeMa TeHeBoro IIpH60pH ,IVI.ff BH3Y8Jm38IU1:K OTITHqecKIDC 

H80.In!OpO,I(HOCTef. 

HcToqHEx en eTa Jia - Jia3ep OKr-II, Or: - ~Popvmpyrorna££ JmH3a - oeyMp 

MHKpOCKOna 5x, CB - Kp8CHI:lt1 CBeTGWHJC&Tp, ~ H JII - Oc5'neKTHBI:l KOJI

JmM8TOpOB' onTJiqecKOH cRaM:&H OCK-2 ,Il;i:aMeTpoM I50 MM PI qJOKYCHHM pac

C'l'MIDieM I500 MK., f(_x) - 06$eRT, .Dl' - ~pa:KIJlHOHHaJI pemeTRa co 

C60eM, ~ -~H38 Oc5paTHOrO npeo6pa~OB8HHS WYP:&e- ~OTOOc5'neRTHB 

I1H,Il;YCTap 3? f 2_ = 300 MM, IIV! - IIJIC CROCT:& H306pa}KeHIDI Ha M8TOBOM 

cTeRJie woToannapaTa 3eanT 3M 6e3 oc5'IeKTMBa. PaccTOHHIDI YR83aHE£B 

MM c5e3 coc5JIID~eaza MacwTac5a. 
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FEe. 2!. r~~6epT-o6pa3 paBHOMepHO OCBe~eHHOfi . annepTypH 

~aMeTpoM 40 MM. C~Torpaw~poBaH B epBoM no~Re ~wpa~n pe
meT~ CO C60eM ii. 

PRe. 22. <QoTorpafl>Jtt.L HyJieBoro H rre·pnBro rro~Ka .IUI!l>pa~n 

Ha pemeTKe ir /eM. pmc .2I- r~e ~aH TOJibRO rrepBRi rropamoK/. 
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PRe. 23. YBe.mrqeHHbre Piso6pruKeHJ4.ffi cneRTpa npocTpaHCTBeHHbiX qac
TO·T, TIO~eHHUX TipE TipOCBetrn:BaiUUU1 CIIOROmiOrO B03,rry.x_a /"a"/ Pil B03-

,QOCa, HarpeToro GJU13Y JI8MTIOliROM H8R8JmB8HU /"6"/ 
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FEe. 24. ~o6pameHRe H6CT8UHOHapHoro KOHBeKTHBHOrO ITOTOKa 
Bos,n;yxa B napBBM nop.a:,n;Ke ~wpaKDJU& pemeTKI1 co c6oeM /cpaBlli1 c 
p:ac. 2I/. 

PRe. 25. ABTorpaw nyqKa cBe·Ta .ocJie· cBeToi.QHJI:oTpa CB 
/eM. xmc 20/. 
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ERe. 26. BIIl.n; IIOJIJL FIIlJII,6E!pTa B WIO'CROC!l'IIl' K306paiKeHE:, KOI',n;a 

B IIJIOCEOCT:t1 06'be·K'1'"8 OT"C:y.TCTByeT OI'paH:v.ttmB8IDII(alli ,IJ;IIla<!>pai'Ma. 

I'Hc. 27. BH3Y8.7II138~JF OIITlfti8CEJ.IIX H80,II;HOpO,II;HOCTe11 Kpyr'JIOK 

CT8R~ROR IIJI8CTMHKR IIXOXOI'O Ka~eCTB .• 
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dad" 
:B!c • 28. J3Msya.mi3anMJI: BHyTpeHHHX H8IIpmK8Hl1K B OIITM't!eCKJ.ii' npa-

3pa~HO~~aCTMHKe C llnGXBMa OnTM't!eCRMMH CBOHDTBaMK 

a/ finaCTMHKa R3 OPTCTeKna B CB060~HOM COCTO~MR 
6/ Ta .tKe ~aCTRHKa B C.1K8TOM COCTOJIIDHlt. ,IUiaMeTp CE.ffrm38IOIU8I'O' 

BHHTa paBeH 4 MM. 



"MIDm.LOElil'II 

i10HHif!t}I9.LO u~amodOX11 e.tdep<r!l'MJ: "BTCOII tmg •6G •o-na: 
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Pac. 30. asoop~eane nepBoro rropH~a ~paKQHR oT ~~paRQH

oanoH TIAaCT~HK~ CO COOeM, BHB8~8HHOR B~ TinOCKOCT~ TipOCTpaHC~B8H
HHX qacTOT. 



r 
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P~c. 3I. BH3Y8~3a~R OTIT~qecKRX H80~0pO~HOCT8K C TIOMOmnro 
,IW!flpaKIUiOHHOH perneTRM CO C60eM, paCTIOJIOh\8HHOH BH8 TIJIOCKOCTH~ npo

CTpaHCTBe:HHbiX qacTOT. TeMHaf.E JllU!M.ffi R,IJ;eT napaJIJI8JinHO M8JIOti OCE 

oBaJia. 

Fnc. 32. BKsyaRH3a~ OTITHqeCKKX H80~HOpO~HOCT8H C TIOMOmniD 

~p~OHHOH pemeTRH CO C60eM, paCITOJI0~8HHOH BH8 TIJIOCKOC~R npo
C_TpaHCTBe.HHI:DC qacbT.TeMHa.m miHHm YJ.,IJ;eT napaJIJI8JIDHO 60JIDIIIO~ OCK 
oBaJia. 
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P.ac. 33. ~OTOrpa~ ll080~0~eH OK Bo~wpaMOBOK HHTH ~aMeTpog 
IO MKM, noMemeHHOH B n~ocKoCTb npocTpaHCTBeHHHX ~cToT TeHeBoro 
npH6opa 
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EKe. 3~ @oTorpawBK rpaHMnH pas~e~a W830BOrO HO~a CO CTyneHbKOR, 
COS~aromeK C~Hr W83H Ha I80°• 



-~-

Pnc. 35. ~oTorp~~ ~~aHnHOH OR pemeTKR co c6oeM. mar pe
meTKH paseH a = IO MKM. mar Me~ ~YMm mTpsxaMa Ha ~HBK c6o~, 
B UeHTpe· DHTHa ~paEQBR, paBeH a'= 5 MKM. ITorpaHHqHui ~eK~ 
rrpaKTBqecRM ITO~HOCTLID OTCYTCTB~eT. 

I 
I 

I 
I 
I 

I 


