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§ 1. 

TpeKoBaH KaMepa rnnpoKo ncrronbsyeTcH $nsnKaMn npn nsyqeann 

CBOil:CTB aneMeHTapHbiX qaCTHUo nng onpo5oBaiiHH HOBbiX THITOB TpeKOBbiX 

·KaMep naoraa ncnonbsyroT cncTeMy $oTorpa$npoBaHnH c TeMHbiM noneM 

4JyKo-Tennepa 1 KOTOpaH o5naJlaeT Bb!COKOil: qyBCTBHTenbHOCTbiD H HH3KHM 

ypoBIIeM ocTaTo.;moli sacBeTKH .rronH speHnH 111 • Ilocneaanil: $aKT_DP HBmr- . 

eTCH pernarorunM, 11anpnMep, B KaMepe paccnanBaHnH 121, rae cna5bie onTn

qecKne ueoaaopollHOCTH Baonb TpaeKTopnn qacTnu B03HHKaroT npn paccnan

Baann )KHJlKoro 6n11apaoro pacTBopa, nnn B TpeKoBoil: KaMepe c BbmaaeaneM 

KpiiCTannoB 11a HOHIIbiX sapOJlbilliaX B KpaTKOBpeMeiiiiO nepeoxna)KaaeMbiX 

)KHJlKOCTHX 131, a. TaK)Ke B .pa3IIOBnauocTn KaMepbi Bnnbcolla 11a qHcToM 

rase C BbiCOKOll: nnoTHOCTbiD l 41 • 

OcBemeune • TpeKoBoli KaMe phi no Me Tony <llyKo-Tennepa BnepBbie 

peannsoBan IO.n. CoKonoB B 1956 r. 151• EnaroJlapH BbiCoKoil: qyBcTBHTenb

HOCTH MeToJla ·yaanocb saperncTpnpoBaTb cneJlhl anb$a-qacTHU oT paJlnoaK

THBIIoro ncToqanKa, npn aToM pa5oqag cMecb ns napoB cnnpTa n Boabi ue 

ITOJlBepranaCb HH TepMOJlHHaMnqeCKHM, HH aneKTpnqeCKHM B3aHMoaeil:CTBHHMo 

0cHOBHbiM aneMeHTOM OITTHKH <lJyKo-Tennepa HB~HeTCH 110)1( 4JyK0 0 KO

TOpbiil: npeo5pasyeT $a30Bb!il: KOHpaCT B KOHTpaCT IIHTeiiCIIBIIOCTH I 11. lJyB-

3 
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cTBHTenhHOCTh MeToaa yaennqnaaeTcR, ecnn HO* ~yKo aaMeHHTh ua ~aao

Bhlfi HO* 16l. DnR aanbuefirnero ocna6neung ocTaToquor.o ~oua paBuoMep-

uoil: aacneTKH 6bmo' npeano*euo ncnonhaoaaTb MeToa uano*eung B cKpbiTOM 

H306pa*9HHH aByX ronorpaMM C~OKyCnpoBaHHbiX H306pa*9HHii, ITpOCTpaHCT
/71 ... 

B9HHbl9 CTpyKTypb! KOTOpb!X HaxoaRTCR B npoTHBO~aae apyr apyry • ~yH-

.KUHIO ~aaoaoro Ho*a Mo*eT BhmonHRTh perneTKa c~ c6oeM 181. KaK ~a

soBhiii HO*o TaK H an~paKUHOHHag perneTKa CO c6oeM Tpe6yiOT MOHOXpOMa

TnqecKoro ocaerneung 191. Me~y TeM anayannaaunro ~aaoBhiX ueoauopoa

uocTeil: yaaeTcR ocymecTBHTh TaK*e B nyqax 6enoro · cBeTa, ecnn ncnonh"'- ·- ·· 

30BaTb a!'lynpenoMnRIOIUllil: ~a30Bhlil: HO* C axpoMaTnqeCKHMH xapaKT9pHCTH-. 

KaMH 1101. § 2. 

Teopng Teueaoro npn6opa ~yKo-Tennepa n Bcex ero nocneayromnx 

ycoaeprneucTBoBaunfi, ynoMRHYThiX Bhtrne, ocnoaaua ua caoficTaax nnTerpanh

uoro· npeo6paaoaaung rnnh6epTa Ill!. no onpeaenennro, npeoeipaaoaauneM 
. - -

rnnh6epTa uaabtBaeTcR nepexoa oT ncxoauofi aeficTBHTenbuocTn ~yuKunn 

{(t) K ~yUKUHH ~(t) t KOTOpag paBUa 

~ (t) 
_!_ p 7 f (t ') d t' 

1T ' 
-oo t - t 

( 2.1) 

rae nuTerpnpoaanne BeaeTcR B CMbtcne rnaauoro anaqeung: · 

1 t-( [(t')dt' 00 [(t')dt' 
~ ( t) = - lim. [ ( + J · ] . 

1T t'-t t'-t 
( 2.2) 

( ... 0 -oo · t+£ 

~yJiKUHIO ~ ( t) Ua3b!BaiOT [nnb6epT-o6pa30M ~yHKUHH f (t) 

Dpeo6paaoaanne rnnb6epTa rnnpoKo·ncnonhsyeTCR B ~H3HKe ll T9XHHKe. 
. ll I . 

8To - aucnepcnoHHhie cooTuorneung B ~nanKe 2 , auannTnqecKnii cnruan 

B T9Xlll!Ke CBR3H 11 31 , ·Orl!6aromag H MrHOB9H·H~R qacTOTa peqeBb!X CHUa

noB 1141, ~aaoaag KoppeKUHR B onTnqecKofi cneKTpocKonnu ~ypbe /15/,B 

4 

SIMP cneKTpocKonun I 

caanraMH ~as 1111 H 

noB 1181. 

B pa6oTe 1191 o 

MOllibiO KOTOpOfi ocyme 

paHCTB9HHOfi CTpyKTypi 

. co c6oeM . o6naaaeT · cy 

.qecKHMH sneMeHTaMn, 

nccnenyeMoro Bonuoao 

pnaunRM TeMnepaTyp ~ 

l!lfqHbie s#eKThi n ue 

rneTKH n onTnqecKofi·o 

OauaKo jln~paKun 

HOfi AH~paKUHOHHOii·pe 

H3rOTOBneHHH H BO Bp 

s#eKTOB, cneuH~nqecl 

Dhmonueu nyTeM Moae 

riofi perneTKH co c6oe~ 

Dn~paKUHOHHaR f 

AH~paKUHOHHOfi pei:n~TE 

UHOHHOfi pe~e:Kll·pa3l 

a' 
2n -1 · 
--2- a, 

.rne "a" -mar perneT: 

nnn 2. · TaKyiO nn~paKr 

paHCTB9liUhlfi onTHqeCf 

CbiB89TCR ~yHKUH9fi · 



f>yKo saMellHTh aa !jlaso

O"'HOr.~ !jloaa paBHOM~p-

'Oil llaJIO>K8llliSI B CKpblTOM 

l05pa>Kellllll1 rrpoCTpallCT-
/71 .. 

1a:3e npyr npyry • <l>ya-

c~ c5oeM 181. KaK $a

eM Tpe5yroT MOHOXpOMa

lliiD !jlasoBbiX aeonHopon-

·ro. cBeTa,. ecnn ncnonh-

rH"'SCKHMll xapaKTepHCTll-. 

~cex ero nocnenyroumx 

~·Ha CBOllCTBaX HUTerpanh

ri8HIIID1 npeo5pa3oBaHneM 

TBHT8JlbHOCTll !jlyHKUIIll 

( 2.1) 

. ( 2.2) ' 

KUHII f ( t) 

yeTCSI B !jJ!ISIIKe ll_ .T8Xli!IK8o 

2l, aH8JlliTII"'8CKllll CIIrHaJI 

"!acToTa PE)"'SBbiX cnHa

TpocKonnn <l>ypbe 115/,B 

I 

1161 ~ . RMP cneKTpocKonnn , aaKoaeu, onTnKa BonHOBbiX 'i'POHTOB c ManbiMH 

cnBnraMH !jlas I 17 I H aHanns cneKTpoB 5nnonSipHbiX onTH"'eCKlix cnraa

noB 1181. 

B pa5oTe I 191 onncaaa nn!jlpaKunoaaag peweTita co c5oeM, c no-. 
MOWhiD KoTopoli ocymecTBnSieTCSI npeo5pasoBaHHe fnnh5epTa Hall npocT

paHCTBeHuoli cTpyKTypoli onTn"'ecKoro cnrHana. lln$paKUHOHllaSI peweTKa 

co c5oeM o5nanaeT cywecTBeHHbiMH npenMymecTBaMll nepen npyrl!MH onTu

"'8CKl!Mll aneMeUTaMH, ncnonhsyeMbiMH llJISI nony"'eHHSI fnnh5epT-o5pasa .. 
nccnenyeMoro BonHoBoro · nong 19,18,22,231. Oua He"'yBcTBHTenhua K Ba-

pHaUIISIM TeMnepaTyp II BJ1a>KHOCTH 1 B uefi npaKTli"'8CKll OTCYTCTBYIDT norpa

liii"'Hbie a!jJ!jleKTbi n He Tpe5yeTCH noncTpoliKII yrna Memny nnocKOCThiD pe-

weTKll ll onTH"'8CKOfi. OChiD CHCT8Mbl 191 • 

OnaaKo pn!jlpaKunouHaH peweTKa co c5oe~, oTnn"'aHCh OT TpannunoH-

HOfi )lH!jlpaKUHOHliOfi peweTKH 1 Tpe5~eT liOBbiX npe)lOCTOpO>KllOCTefi npll ee 

nsroToBneHHH n Bo BpeMH pa5oTbi c aen. B naHuofi cTaThe aau _aHanns 

a!jJ!jleKTOB, cneun$n"'eCKHX llJIH nu$paKUHOHliOfi peweTKH co c5oeM. Aaanns 

BbinOJIH8ll nyTeM MOll8JillpOBBllliH Ha 3BM llliCKpeTHOrO aHanora llH!J!paKUliOli

HOfi peweTKII co c5oeM. 

§ s.· 

nn!J!paK~liOHHaSJ peweTKa co c5oeM I 191 OTJ1li<I88TCSI OT TpallHUHOliHOll 

)lll!jlpaKUliOHliOll peiuElTKll TeM 1 "'TO )lBa CMeNCHbiX WTpl!Xa B ueJITpe )ll!!jlpaK

UliOHHOll pewe:rKll· pasHeCe!Ibl Ha paCCTOSIHll8 1 paBJIOe 

a' (3.1) 

.rne "a" -war peweTKH, n -uenoe "'llcno, KOTopoe Bbi5npaeTcs:i paBHbiM 

nnn 2. · TaKyro nn!jlpaKunouayro peweTKY Momao paccMaTpnBaTh KaK npocT

paHCTBeHHbifi onTH"'eCKllfi !jlnnhTp, aMnnnTyllHOe nponycKaHHe KoToporo on11-

CbiBaeTCSI !jlyUKUHefi 5 



I 
K(w) = 2 [I + G(w}], ( 3.2) 

rne I G ( w) I = I. 
· l7l ax 

CpaBHHM onTnqecKne caouc~aa Tpannun~HHOH nn~paKunoHHoil pemeTKll 

CO CBOHCTB8Mll Jlll~paKUllOHHOH pemeTKll CO c5oeM. 

, cf:lyHKUHH G 
0 

(w) TpannunoHHou cnHyconnanbHoH. nn~paKuMoHHoil pemeTKll 

paa11a 

G (w} 
0 

COS W X O (3.3) 

rne x 
0 

-KoHcTaHTa, onpenenHeMaH lliaroM perneTKll ,. a". E 7nn TpannunoH

HYJO nu¢paKUHOHHYJO pemeTKY noMeCTHTb a qacroTHYJO nnocKoCTb onTH'IeCKoro 

K8CK8Jla/20/, TO B BblXOJlHOH rinOCKOCTll B03HHK8eT CHrHan 

1 
'r (x) = -{(x}@ [o(x}+ g (x)]. 

0 2 0 

3necb { (X) -llCXOJll!biH CllrHan, 38Jl8HHbiH BO BXOJlHOH nnoCKOCTll, 

g (x) 
0 

" -1 
.!J [G

0
(w}] 

X 
0 

>.. 
- F' a 

1 . . 
- [ 0 (X + X ) + O( X -X ) ) 
2 0 0 

>.. -JlniiHa BOnHbl CBeTa, F -¢oKycnoe paCCTOSIHlle ni!H3bl n2 • 

yqeTOM (3.5) nonyqaeM OKOH'I8TenbHO 

I I I 
- [{(x) + - f (x) I + - f (x} I _ ] · 2 2 x=x0 2 x--"o r 

0 
(x) = 

(3.4) 

( 3.5) 

( 3.6) 

c 

(3.7) 

. Ha ( 3. 7) ann no, 'ITO· KaK B HyneBoM nop.llJlKe JlM~paKunn, TaK M B nepBbiX 

llOpHJlK8X Jlll~p8KUllll OT05pa)l{aeTC.Il llCXOJlHbiH CMrHan { (x) 

6 

' ,,-;;, 

HnM 

cf:lyHKUHH 'G(w) 

'G(w}= 
cos w xo 

COS ( W X 
.o 

'G(w), = cos wx
0 

3necb s gn w -aHaKoi 

I ' 
sgn w 

-I. 

B Bbtxonaol:t i:mocKOCTH 

1 . 1 • 
r(x) =·-[f(x}+ -f(x) 

2 2 

rne 

&(x) 
1 

--- = 
IT£ X 

MnH OKO H'laTenbHO 

. 1 f r(x) " 2" [ (x) +_i_ 
2 i 

H3 ( 3.13) BHJlHO, 

HCXOJlHbiJ:i CMr.Han { (x) 

X = x
0 

M X = -x O 1 

caraana f (x) 



( 3.2) 

nn$paKunoaaofi pemeTKH 

( 3.3) 

m "a". E~:nn Tpannunoa-

ronnoCKOCTb OOTHqeCKOPO 

( 3.4) 

lHOfi nnoCKOCTH, 

,J] , ( 3.5) 

( 3.6) 

c 

] . (3.7) 
) 

p~KUHH1 TBK H B nepBbiX 

1an. f (x) 

~YHKUHH 'G(~) AH$paKUHOHHOfi pemeTKH CO c6oeM 'HMOOT BHA 

~ > 0 cos~ xo 
( 3,8) 

CO'S ( ~ X + 71) ~ .< 0 
0 

nnn 

'G(~) 
(3.9) 

3necb s gn ~ -aaaKoBaH $yaKUHH1 paBaaH no onpeneneanro 

1 ,' ~ > 0 

sg n ~ (3.10) 

-1, ~ < 0 

B Bhixonaofi imocKocTn BoaanKaeT cnraan 

r(x) = ; [f(x}+ ~ f(x)@ g(x} I ~r=~< + ~ f(x) 0 g(x)l~<=-), 
0 . 0 

( 3.11) 

rne 

.. 
&(x) 

1 j=- 1 [sgn~] (3.12) 

nnn oxo aqaTenhHO 

(3, 13) 

113 ( 3.13) BHAHO, qTO B JIYBOBOM nopstAKO AH$paKUHH OT06pamaeTCSJ 

HCXOAHblfi cnraan f (x) , a B nepBbiX nopHAKSX nn$paKUHH1 BOKpyr ToqeK 
' . . '· 

x = x
0 

n x = -x 
0 

, oTo6pamaeTcst rnnb6epT-o6pa3 x (x) ncxonaoro 

cnraana f (x) 

7 . 



§ 4. 

EcnH mar Mem.oy .oByMst cMemHhiMH mTpHxaMH B ueHTpe .oui}lpaKuHoH

Hoil: pemeTKH co c6oeM oTnHtiaeTcst o'I' BenH'IHHhi "a", onpe.oensreMoil: (3.1), 

TO i}JyHKUHSI 'G (x) 1 OllHChiBaiOIUast aMnnHTY.OHoe nponycKaHHe pemeTKH 1 

HMeeT BH.O: 

G (w) = cos(wx - a)Y {w)- cos {wx + a)Y{-w), 
a . o , o ( 4.1) 

r.oe Y(w) -i}JyHKUHSI XaBHcaii:.oa, paBHasr no onpe.oeneHHIO 

1 w > 0 
y ( w) (4.2) ,. 

0 (I) < 0. 

Yron a xapaKTepusyeT.cTeneHb oTnH'IHSI BenH'IHHhi mara Mem.oy .oByMst 

CMemHhiMH 60p03.0KaMH OT paciJeTHOrO 3HatiOHHSI "a" ( 3.1) o 'EcnH a = 0 1 

TO pemeTKa usroToBneHa no pacHeTy. CooTHomenue ( 4.1) sanucaHo Jlnst 

.oul}lpaKu~oHHoil: pemeTKH, ueHTp KoTopoil: Bcer.oa pacnonomen Totino Ha onTH

qecKoil: OCH CHCT9Mhlo 

· Tenepb Haii:JlOM CHrnan, KOTOpbiil: .OHi}Jpa'KUHOUHaSI .. pemeTKa C aHoManb.;. 

· UhiM. maroM oTo6pamaeT B BhiXO.OHOii nnocKOCTH. ITpeo6pasyeM ( 4.1) cne

.oyromHM o6pasoM: 

G (w} 
a 

cos(wx- a)Y(w}- cos(wx + a)Y (-w) 
0 0 

coswx • cosa[Y(w}- Y(-w}] + 
0 

+ sinwx
0 

• sina[Y(w) + Y(-w)]. 

Ecnu yqecTb1 'ITO 

Y(w) - Y(-w} 

Y(w} + Y (-w) 

s gn w 

1 ( w) 

8 

( 4.3) 

(4.4) 

TO 

G (w} 
a 

COS cu X •. COS 
0 

B BhlXO.OHoil: nnocKoCTH 

r (x} 
a 

1 ..!.. I f(x) + 2T 2 . 

+ -2~ [ cos a • ·x (x) + s 
. ' 

lis ( 4.6) BH.OH0 1 'ITO H: 

curRan. f(x) , a nepa: 

Heii:IJbie KoM6HHaUHH lie: 

}( (x) • ITpHMOCb .{ (' 

. CH'I'CSI npH a = 0. 

BnusKHil: aHanor 

o.ouoil: 6noKoBoil: nonoce 

. curnan B SSB -npHe 

nepe.oaHHoro cur~ana !B 

OCYIUOCTBnHIOIUHil: .OOMOt 

c necymHMH rapMoJmqe 

aaeTCSI nepe.oaHHbiil: CHI 

B fipHOMHHKO Bbi.OOnHeT' 

,11oro cur11ana. Pasnuqu 

SSB -cBH3biO COCTOl 

npe.oHaanatieHa .onsr Tor 

BXO.OHOrO CHrHana, B 'I'I 

caM ucxo.OHbili curnan. 



B ueHTpe AH~paKUHOH

t', onpeaenseMoii ( 3.1), 

[ponycxanne pemeTKH, 

(-w), ( 4.1) 

tenennro 

( 4.2) 

bl mara Memay AByMH 

1': (3.1). 'Ecnn a = 0 , 

! ( 4.1) aanncano ans 

~nonomeH TO'IHO Ha OllTH-

[8Sl pemeTKa C aHOM8llb-

peo6paayeM (4.1) cne-

( 4.3) 

. ( 4.4) 

TO 

G (w} cos x • ·cos a • :·s gn w. + ·sin w x • sin a 
(J) 0 0 

a 

B Bwxoanoii nnocxocTH B03HHKaeT cnrnan 

r (x} = 
2
1 I f(x) + -l. [cos a • :x (x) 

a 2' 
- ·sin a • 

+ 1 [ cos a • ·x (x}_ + 
2i 

sin a .:f(x) 1x--x I • 
- 0 

f (x}] 
x=s 

(4.5)' 

+ 
0 

(4.6) 

113 (4.6) BHAH0 1 'ITO HyneBOft nopSIAOK AH~paKIIHH OT06pamaeT HCXOAHbili 

cnrnan f(x) , a nepebre nop.smxn npeacTaBnHJOT co6oit aBe pa3Hbte nn-

HeliiJbte KOM6HH8UHH HCXOAHOrO CHrHana f (x) H ero fHnb6epT-o6pa3a 

x(x) • llpnMeCb .f (x) .-KOMilOHeHTbi1 nponOpiiliOHaltbH8SI sin a , ra-

CHTCSI npH a = 0. 

Ennaxnii ananor aToro a~eKTa na6nroaaeTCSI B cncTeMe casan Ha 

oanoii 6noxoBoii nonoce ( SSB ) I 201. OT~HllbTpoBaHIJbtit nnsxoqacTOTHbtit 

c}[rnan B SSB -npneMnnxe paBen, B o6meM cnyqae, mmeitnoil xoM6nnaunn 

nepeaannoro cnr!fana i~ ero fnn~6epT-o6paaa. Ecnn MeCTHhiit renepaTop, 

ocymecTBliHJOlllHil aeMoaynsunro B SSB. -npneMHHKe, naxoanTc.!J B ~ase 

c necymnMH rapMonnqecxnMH xone6annSIMH, To a npneMrmxe BoccTanaann-
. • 0 

BaeTCSI nepeaaHHbtit cnrnan. Eclll! caBur ~asbt Memay IIHMH paBeH 90 , TO 

B IJpHeMHHKe BbtAemreTCSI CHrHall, KOTOpbtH paBeH fHllb6epT-o6pasy HCXOA

~oro cnrnana. Pasnnqne Me~y an~paxunonnoit pemeTKofi co c6oeM n 

SSB -cBH3bJO cocTOHT B TOM, 'ITO an~paxnnonnaSI pemeTKa co c6oeM 

npeAnaanaqena anSI Tore, 'IT06bt oTo6pa3HTb 6es ncxamennit rnnb6epT-o6paa 

BXOAHOrO CHrHana, B TO BpSMSI K8K B SSB' -cBSJ3H CTpeMSITCSI llOlly'IHTb 

caM ncxoAHhrii cnrnan. 

g 



·'I 
i''l !I 

:ll, 
!lr 

iii'' 

ill 

flHH9HHaR KOM6HHaUHR. HCXOaHoro CHrHana H ero fHnb6epT-o6pasa 

oTo6pamaeTcn TaKme a KnaccnqecKow cncTeMe ~yKo-Tennep~ c ncnonb

soaaaneM noma ~yKo. 

~yHKUHR K (w} ann aoma ~yKo nMeeT ana 

1 ' 
K(w} = Y(w) = 2'lJ + sgn.w ]. 

Cnraan a abtxoauofi nnocKoCTH paaea 

r(x) = .L [ [(x} - i x(x)], 
2 

a pacnpeaeneane nuTeacnauocTH 

1 
I (x) = lr(x}l 2 = 4 [lf(x} 12 + I x(xJI ~ 
~ 

(4.7) 

.( 4.8) 

(4,9) 

ne coaepmHT HHTep~epeHUHOIIHblX qneuoa a CHny opTOrOHanbHOCTH KOM

llOH9HT a (4.8). B npoTnaononomuocTb aToMy pacnpeaeneune nuTencnaaoc-
• 

TH, .C03)laaaeM09 JlH~paKUHOHHOH pellieTKOH C aHoManbHblM c6oeM a nepaoM 
.) 

nopRJlK9 1 COJlep>IGIT HHTep~epeHUHOHHbiH qneH. 

±J 
I cos a • :)( (x} + sin a • f(x) 1

2 
· I (x) 

llP 

2 2 . - 2 2 
cos a I )( (x) l - 2 sin a· cos a I f (x} II x (x} 1 + sin a I f (x) I 

+ 

(4.10) 

Ecnn 
1T 

a= 4 .t TO 
2TT ,2TT 1 

cos - = s'n - = -, a 
4 4 '2 

2 sin a cos a ·sin 2a 
• 1T 

sm 2 1 1 H TOr)la 

10 

·,l-"' 
11' 
II 
j,r . 

{i".-

~· 
r~ 

.. 

a=rr/ 4 ± 1 1 
I (x). =- [ 
ap 2 

B cnny asanMHow o~ 

CHBHOCTb HHTep~epei 

PaccMoTpHM' T' 

CO. c6oeM, ~yHKUHR 

paKUHOHHOH pemeTKH 

TH C 9KCU9HTpHCHT9' 

a anae 

G (w} 
-flw 

L [ iw "o iL 
2 e • e 

Ecnn yqecTb, qTo 

sgn (w + ., 

TO cnraan · r (x) :a 

. 1 . 
r(x) =-1 

2 . 

1 -:i6uJx 
+--e o 

2i 



1 ero fnnb6epT-o6paaa 

yKo-Tennep~ c ncnonb-

( 4. 7) 

.( 4.8) 

( 4.9) 

r opToroaanbnocTH KoM

,acnpeJleneane naTeacnBaoc

wManbHbiM c6oeM B nepBoM 

' 2 
+ sin 

2 
a I f (x} I · · 

·, n TorJla 

q .. ·.· ' -; 
i . ' 

ll' :· ~:..:-

.· 

a=rr/4 ±t I 2 2 
I (x) . = 2 [ I X (x} I + 2 If (x) 11 X (x) I + I f (xJI ] • 
llP 

( 4; 11} 

B cnny BaanMHoii: opTol'oHanhHocTH f(x) n x(x) 120/ cyMMapna's HHTen-

cneaocTb HHTepcllepeaunoHHoro •meHa x f paBHa Hymo. 

§ 5. 

PaccMoTpHM Tenepb a<fl<f!eKT nnoxoii: IOcTnpoBKII JlHcPpaKunoHHoti: peweTKH 

co c6oeM. lf>yHKUlHI G ( CJJ) , onpeJlemiiOIIIaH aMnnnTyJlHOe nponycKaHne llHIP

paKUHOHHofi peweTKH CO c6oeM, KOTOp8H ycTaHOBnena B '18CTOTHOfi nnOCKOC-

Tll C 3KCU9HTpHCHT9TOM 6 CJJ OTHOCHTenbiiO . OllTH'!eCKOfi OCH 1 38llHW9TCH 

B BHJl9 

l.[ 
2 

G (CJJ} =cos [(CJJ + 6CJJ)x
0 

]• sgn(CJJ + 6CJJ) 
·6(J) 

i(J) "o 
e 

;6 " -iCJJ"o -i6CJJ"o.. · 
e CJJ o + e • : e J s gn ( CJJ + ·6CJJ). 

Ecnn y'!eCTb, 'ITO 
A 

~-;-' 
sgn (CJJ + ·6w) __ _. 

TO cnraan ' r (x) B BbiXOJlHOH nnocKOCTH paBeH 

16(J) " 

r(x) =_I_ I f(x)+ _I_ e ;flru "o [lf(x) 0 _e;_ ___ f + 
2. 2 i 1T X """ "0 

1\ '; 6(J) " 
I -iL>(J)x e 

+-2: e 0 [f(x)@ ----- ]x=-x .. J. 
• 1T X 0 
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( 5.1} 

( 5.2) 

(5.:3) 



Mo>KHo noxaaaTb 120/, 'ITO 

idrux 
f(x)@' e 

U!i ('A 
11 

m )t(x)+ __ ru_ .I I £•tJ.ru) (-1) 
17 nm~n (n+1)m!(n-m)!-

m x 
m 

n-m 
( 5.4) 

rlle mm - 11m •• -blti MOMCHT iflyHKUHH f(x) 1 paBHblti no onpeJleneHHIO 

m 

mm"' .f{(x) x dx ( m=O, 1, 2, .. , ) . . · (5.5) 

nocxonbKY 6. ru· 

. aan6onbru nti B TO'l!Ke 

M ano, a KOHTpacT npeo6paaoaaaa~ro H:ao6pa>KeHnH -- ·· 

x .;. 0, To a nepaoM npn6nn>KeHHH aMn.imTylla nonH 

·paaaa a6nnan TO'l!Kn x = 0 

f (x) (!) 
tb.ru x e 

rrx 

a HHTCHCHBHOCTb nonH 

I 
x~p. 

ib.ru 
---m 

0 
)( (x) + 

'fT 

'I i /),. (I) 2 2 /),. (I) 
1 (x} = : )( (x) + -- m I = )( + (-) 

x::: 0 17 0 - TT 

(5.6) 

2 m ( 5. 7) 0 

Ha ( 5. 7) DHllHO, 'ITO ue6onbwoti axcueHTpncnTeT a ycTaaoaxe llH!flpaxulioa

noa peweTxn co c6oeM aa onTn-qecxoti ocn npnDollnT .x ToMy, 'ITo aoannxa

eT napaanTHaSI pannoMepnaSI aacneTica, KoTopaSI yMeHbruaeT KOHTpaC:T anay

annaaunn iflaaOBhlX HCOllHOpOJlHOCTeit. 

§ 8. 

B Ka'lecTae llHCKpeTaoro aaanora nn!flpaxunoHJihiX pewe.ToK 6bma 

B3SITa nepnonnqecxaH nocnenon_aTenbHoc:ri:. m,I6opox na ennmiu n uyneti. 

Illar peweTxn aananancSI · qncnoM Bbi6t>pox co aHa 'lean eM Hynb MC>KJlY JlBYMH 

cocenanMn Bhi6opKaMH co aHa'leaneM ennanua. Tax, aanpnMep, nocnenona-

TenbliOCTb 

' 
12 

\ 
}'-· 

l 
l 

---\: 

I 
i 

r 
l 

;) 

I 
I 

I 

... 010001000 

OllHCb!DSCT TpaJlHUHOHHy 

no~neJlODaTenbHOC~ 

010001010 

COOTDCTCTByeT JlH!flp~KUl 

ware "a" = 4. 

nn~paKUHOHHOti pe 

.TenbHOCTb 

.... 0 1 0 0.1 0 OJ £ 

!f>ypbe- o6paa, oTc 

uo c ncnonbaonaaneM n 

Pa6o'laSI anepTypa cocT 

Ha pnc. 2 noxa3a': 

. 6epT-o6paa, ~ony'l!aiOIUil 

JlllifJpaKUHOllliOti perueTKil 

KaX X ·= X H X = - X 
. 0 0 

9KCUCliTpHCHTCTOM1 TO .. 

pHJlKa oTnH'IHa oT uynSI 

Ha pnc. 3 npnaen 

npannnbHOM ueHTpnpoas 

xoJlHT 'lepea aynb. 

Ecnn c6oti peweTI 

paaa nniflpaxunn nc'xa>Ks 

o6paaa npn paann'l!HhiX 

Ha pnc. 5 naHhi ·P 

pnTMy JlBOtiHOti JlH!flpaKIJ 

· uoti na pnc. 6. Ecnn Jll 



m 

(5.4) 

lHhifi no onpe.ueneHHIO 

(5.5) 

a30BaHH~ro H306pameHHH 

nnmeHHH aMnnnTy.ua nonH 

0 , 

~(j)) m 2 

TT 0 

(5.6) 

( 5. 7) 

B ycTaHOBKe .UH~paKUHOH-

.U~T K. TOMy, 'ITO B03liHKa

rMeHbWaeT KOHTpa~T BH3y-

'.,.: 

OHHhiX pewe.':l'OK 6bxna 

OK H3. e.UHJIHU H Hyneit. 

:'leHHeM Hynb Mem.uy .UBYMH 

aK, HanpnMep, nocne.uona-

... o 1000100010001 o ... ( 6.1) 

OUUCbiBaeT Tpa.UHUUOHHYIO peweTKY · C war oM 
11 

a 'b 4 •. 

ITo9ne.uonaTenbHOCTb 

0100010100010001.0 ( 6.2) 

COOTBeTCTByeT .UU~paKUUOHHOfi peweTKe C npaBUnbHhiM c6oeM "a 
11 2 npu 

ware "a" = 4. 

llu~paKUUOHHOH peweTKe C waroM "a" 

.TenbHOCTb 

3 COOTDeTCTByeT nocne.UOBa-

... 01001001001001 o ... ( 6.3) 

<Jlypbe- o6pa3 1 OT06pamaeMhiH nUH30H fl Ha puc. 1, HaXO.UUnCH 'l!ICnOH-

110 c ucnonbsonaHueM nporpaMMhi 6biCTporo npeo6pasonaHUH <J>ypbe /FFT/
2

11 •. 

Pa6oqag anepTypa cocToHna us 512 queen. 

Ha puc. 2 noKasaHa KapTuHa .uu~paKunu .uaneKoro nomr u ere fnnb-

. 6epT-o6pas, l!ony'laiOIUIIeCH COOTDe~CTBeHHO B HyneBOM U nepBblX nopH.UKaX 

.uu~paKuuouHofi peweTKII co c6oeM. BullHO, 'ITO UliTI;lHCUBHOCTb nonH B TO'l-

Kax x ·= x u x = - x panHa uymo. Ecnu me peweTKY pacnonomuTb c 
0 0 

8KCUeHTpUCUTeTOM1 TO UHTeHCIIBHOCTb B ueHTpe nonH 3pOHUH nepDOrO no-

pH.UKa OTnH'IHa OT HynH (eM~ 5.7). 
Ha puc. 3 npunellell ro.uorpa¢ nong n6nusu ueHTpa nong s·peHHH. ITpH 

npanunbHOM ueaTpuponaHuu peweTKU neTBU ro.uorpa~a cuMMeTpH'IHhi u npo-

xo.UHT 'lepes aynb. 

EcnH c6ofi peweTKU ae paneH pacqeTliOMy, To KapTuua funb6epT-o6-

pasa llU~paKUUH UCKamaeTCH. Ha puc. 4 npuBe.Ueli BUll KapTIIHhl fHnb6epT

o6pa3a npu pasnu'IllhiX aHoManbHhiX c6oHx. 

Ha puc. 5 llallbi pesynbTaThi Mo.uenuponaHHH, BbmonneHHhie no anro

pnTMy llBOHHOH )lU<jJpaKUUU B .COOTBeTCTBUU C OUTUqeCKOH CXeMoit, npune.neH

liOH aa pHc. 6. Ecnu llU¢paKUUOHHYID peweTKY co c6oeM noMeCTUTb B qac-

13 
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'-~ 

·II 

f A 

Puc. 1. OnTuqecxas cxeMa nonyqenus runb6epT-o6paaa au~paxuuu aanexoro 
nons. 

•• . , 
.·l, .I, 

' ' 
n ~ A ~ 

J\ .JU 1' - .. 
Puc. 2. PeaynbTaT Moaenuposaaus npouecca au~paxuuu cBeTa oT npsMo
yronbHolt anepTyp.bi lxO onTuqeCKOlt CX:eMe, npuseiteHHOA Ha puc~ 1. Ha au~
paKUHOHHOA ·pemeTKe · C JIOpManbHbiM c6oeM. npnseaeHO pacnpeaenenHe HH
TeHOfiBliOCTH B ~oxanbHoA nnocxocTu nunahi n. B aynesoM u nepswx no~ 
psaxax nonyqaiOTcs cooTBeTcTseano xap.THJia ali:I)JpaxuuH aanexoro nons u 
ee. fHnb6epT-o6paa. t 

14 

TOTHyro DnOCKOCTb p· 
2 

P
3 

oTo6pa~aeTCSI KaJ 

o6paa anepTyphi (puc. 

ponaH KSK s~eKT HeTC 

CO C60eM 1 TaK H BnHSil 

HOpMSnbHbiM c6oeMo 

Ha pnc. 7 BHll,HD 1 

JleneHHSI HHTeHCHBHOCTl 

noMOWH H0)!{8 ¢yKDo . 3 

KH c uopManhHhiM c6oE 

aacseTxa, xoTopaSI ocn 

roJlorpa~a JlnSI sToro < 

6epT-o6pasa JlH~paKUHI 

CHCTeMbl 1 DOK838HHOJ'i 

Ecnn )1{9 c6oli: p~ 

paannqnwe MrHoQeiiHhl~ 

npoBeJleHH09 MD! 

UHOHHOli: peweTKH CO C 

1. ilncxpeTHbili: a 

Toquo onnchmaeT csoil 

c6oeM 1 KOTOpaSI DOJlJl81 

2; ilncxpeTHbili: a 

K OCliOBlihlM 0)KHJl8eMJ 

6pa)KaeTCSI fHnb6epT-O 

nonSI 3p9HHSI HHTeHCHB 



o6pasa au~paKUHH aaneKoro 

U .. ·· .. · .. ·.· 
. . 

. ' 

... 
ip_aKUHH CB9T8 OT IlpHMO
!aeHliOA na pnc. 1. ua nn~
~eaeHo pacnpeneneune HH
i HynElBOM H. nepBbiX IIO~ 
1paKUHH naneKoro nonH H 

TOTliYID IlnOCKOCTh p 
2 1 TO B l!yneBOM IIOpHnKe B Db!XOnlloit IlnOCKOCTII 

P
3 

oTo6paJKaeTcH KapTHHa anepTypbi, a B nepBbiX nopHAKax-fnnh6epT-

o6pas anepTypbi ( pnc. 5). llnH TaKoit onTn'!ecKoit cHcTeMbi 6bm npoMoaenn

ponau K8K :a~eKT li9TO'll!OCTH OpH HSrOTOBneHIIII JlH~paKUHOlll!Oit perneTKll 

CO c6oeM, TaK H BnHHl!He 9KCU9liTp¥CHTeTa JlJlH Jlll~paKUHOHHOit perneTKll C 

uopManhllbiM c6oeM. 

Hs puc. 7 nnaiw, 'ITO aHoManhllbiit_ c6of1: npnBOJlllT K KapTHHe pacnpe

aeneanH nHTeHCHBHocTn, npn6nnJKaromeitcH K Tof1:, IwTopaH nonyqaeTcH npn 

noMomn aoJKa ¢yKo. 3KcueaTpncnTeT n pacnonomeunn an~paKunoHHof1: perneT

Kn C liOpManhHb!M c6oeM npHBOJlHT K TOMY1 'ITO OOHBnHeTCH JlODOnliHT9nhH8H 

sacneTKa, KOTopaH ocna6nHeT Koa'I'pacT nnsyannsaunn ~aaonoro nong, Dna 

roaorpa~a JlnH aT oro cnyqag ( pnc, 8) ananorn'leH BHJlY roaorpa~a fnnb-

6epT-o6pa3a JlH~paKUHH aaneKOI'O I!OnH, IIony'leHHOI'O C IIOMOII!hiD OIITH'l9CKOi1 

cncTeMbi, m:iKaaannof1: Ha pnc •. l. 

Ecnn JKe c6oit perneTKH caenaH nenepno, To neTBH roaorpa~a nMeroT 

pa3nH'lllbl9 MI'HOB911Hb!9 CKOpOCTH, 

. '_§ .7. 

nponeaeHnoe Moaennponaune na 3BM ancKpeTaoro aHanora ancjlpaK-. 
unoHHof1: perneTKH co c6oeM nosno_nHeT caenaTh cneayromne BbiBOJlbi • 

1, llncKpeTHb!f1: a Han or 'a'ncjJpaKUHOHHOf1: 'perneTKH CO c6oeM Jl0CT8TO'lll0 

TO'IHO OIIHChlB89T CBOitCTBa CHllyCbHJlan~HOit JlHclJpaKUHOliHOit perneTKII CO 

c6oeM, KOTOpaH IIOJlJl89TCH' I!pHMOMy aaanHTH'l9CKOMY pacCMOTpeHHIDo 

2. nncKpeTHbif1: a Han or perneTKH npn _ oaHopoauoM ocnemeunn npnnoanT 

K OCliOBHb!M OJKHJlEl9Mb!M xapaKTepHCTHKaM: B nepBOM IIOpHJlKe ancjJpaKUHH OT0-

6paJKaeTCH fnnh6epT-o6paa ancjJpaKunn a~neKoro nonH, npnqeM B ueaTpe 

nonH 3peHHH HliT9liCHBliOCTh CBeTa paBlla Hynro, 
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Puc. 3. ronorpacjl runb6epT-o6paaa nucjlpaKuuu n6nuau ueHTpa non.II apelm.11: 
a) ripn npanunbHOM ueHTpuponaHuu nucjlpaKUUOHHO~ perneTKU Ha onTuqecKofi--
ocu u 6) npu Hanuquu aKcueHTpucuTeTa~ . 

J'((loOiz 

• 

'" 

1\ 

I I 
-I I 
I I 
I I 

5 I I 
~~I 
. '\r I 

I 

~ 
~ 
~ 

I 
8 

Puc. 4. PacnpeneneHne UHTeHCIIBHOCTU B nepnoM nop.llllK~ nucjlpaKUllll na
neKoro non.11. Kpuna.11 A cooTBeTcTnyeT perneTKe A, Kpl!Ba.II E - perneTKe 
E c aHoManbHhiM c6oeM a• = 1 II Kpl!Ba.II B - perneTKe B c aHoManbHhiM 
c6oeM a• =3. 
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Puc. 5. PeaynbTaT MOlll 
:llBO~Hofi ·nncjlpaKuHn. · Pac 
COOTB9TCTByeT fl306paml 
B nepBblX nopHllKaX -fu; 

u 

O.l 

ltc:JOI1 

~~~ 

·~ 

·PHc. 7. PacnpeneneHHE 
ponaHHoro HopManhHor' 
HopManbHoro c6o.11 (pe: 



lnnsn ueHTpa nonH speimH: 
fi pellieTKH aa onTnqecKofi 

M nopHUK~ llH~paKUHH na
e A, KpnBaH E - pemeTKe 
'emeTKe B c aaoManhHbiM 

-i /-
0 

·~ 
i 

j - . 

"-.. 

. -.x 0 

_ Pnc. 5, PesynhTaT MonennpoBaHHH onTnqecKo~o· npouecca no anropnTMY 
· ·nBoilaoii nn~paKunn. Pacnpeneneane HHTeHCHBHOCTH · B ayneBoM nopHnKe. 

COOTBeTCTByeT H306pa)KeliHIO anepTypb! 1 a pacnpeneneane HIITeUCHBHOCTH 
B nepBb!X nopHUK8X -fHnb6epT-o6pasy anepTypbl, 

!I 
:fez> 

:~ 
~ 

.I Pnc. 6, 
paKUHH, 
iKOTOpyro 
jKy; p3 
)Ke·unH, 

Pa 
OnTnqecKaH cxeMa nBoiiaofi nn~-

P2 -qacToTnag .nnocKoCTh, B 
noMemaroT nncppaKunoanyro pemeT-. 

-IInOCKOCTh Bb!XOllliOI"O H306pa·- . 

.Pnc, 7, Pacnpeneneane HUTeHCHBHOCTH B nepBOM nopHUKe B cnyqae ueHTpll
pOB8HHOI"O aopManhaoro c6oH (pemeTKa A, KpnBaH A) n neueaTpnpoBaaaoro 
aopManhnoro c6oH (pemeTKa B, KpnBaH B). 
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3. HerrpaBnnbHhiit ruar Me)Klly llByMsr cMelliHhiMH 6opoa.nKaMII B. ueHTpe · 

'aii$paKuiionnoit perueTKII co c6oeM .rrpiiBOllHT K · ciirnany, KO·T~phiit paBeH ·nlf- ·, . . 

HeitHOH KOM6IIH8Ullll UCXO.QHOrO CII.rHana If ero fiinb6epT-06pasa. flpll 

3hiB8lOTCSI TaKHMII llie, K8K If .nnsr cnyqasr HOlli8 <f>yKo, HO B OTnlf'Ilfe· OT HOllia 

cf>~Ko - 6ea B3aHMHoro. c.naiira <Paa na ·9~0 • 
·4. O~cyTcTBIIe TO'!Horo ueaTpiipoBannsr -.nn<!JpaKunonaoit pemeTKII co .. 

c6oeM OTHOCIITenbHO OIITII'IeCKOH OCII CHCTeMbi IlpliBOlllfT K napa3IITHOH 

.aacBeTxe B ueHTpe rronsr apeHIIH, KoTopasr ocna6n.lreT' KoHTpacT ·_BIIayaniiaa
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npenpiiHThl II C006Uie 
IIMHoro o6Mei:Ia,yHIIBepcii 
Hay'IHbiM rpynnaM II OTAE 

nonyqaTeiiSIM Il3l{aHH 
HBHTh HHIIUH8THBY B 6ecr 
06MeHa ITPHHHM810TCH Ha 

·, ny6niiKaunn no TeMaTHKE 
· · EJlHHCTBeHHbtii: BHll 
STO penpliHTbl t OTTHCKH < 

. ~ pgne cnyqaeB Mh 
6onee Kpyni:IhtM iiony'laTE 
cnaTh .1:1aM KaKIIe-nii5o K 
mypi:Ianht, Ilaaaromnecg B 

,:!'" 

~3Jl8TellbCKliH OTUel 
COB H8 BhlChliiKY li3Jl8H~ 

yKa3btBaTh HI:IneKc 3anp1 

ITnchMa no BceM Bo 
oTJlenhHbte .nanai:IHS! cnea) 

·,," 

AJlpec JliiSI UOChinKli 
6ecnnaTI:Ioii:.norinncKn Ha 


