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IlpegMeTOM HccnegoBaHHH npH cneKTpOMeTpHH x~nogHf>IX 

HeHTpOHOB no BpeMeHH nponeTa, KaK npaBHno, HBnHeTCH 

noriepeqHoe ceqeHHe B3aHMogeRCTBHH HeHTpOHOB nyqKa C 

o6pa3QOM B 3aBHCHMOCTH OT 3HeprHH HeHTpOHOB. Ha 
I 

ripaKTHKe, ogHaKo, ygo6Hee H3MepHTo 3aBHCHMOCTo 

ceqeHHH pacceHHHH HeHTpOHOB OT BpeMeHH nponeTa 

~HKCHpOBaHHOro paCCTOHHHH nponeTHOH 6a3f>I /2~3/. 
THnHqHaH cxeMa· 3KCnepHMeHTa npHBegeHa Ha pHC. 1. 

npepblBBTem, 

a=·-----

x(t] JlJl 

f 
Mcro'IHHK 

LL,--+ y(t) 

,IJ.CTCKTOp 

PHc. 1.CxeMa 3KCnepHMCHTa 

~nHHa nponeTHOH 6a3f>I 

npepf>IBaTenH HeRTpOHOB go 

OT o6pa3Qa go geTeKTopa 

eCTo cyMMa paCCTOHHHH OT 

HccnegyeMoro o6pa3Qa (Ll) H 
" " 

(L2). YcTpoRcTBO, Ha3f>IBaeMoe 

npepf>IBaTeneM, HBnHeTCH BXOg!Jf>IM sneMeHTOM CHCTeMf>I H 

cny~HT gng MogynHQHH HeHTpOHHOro nyqKa no 

HHTeHCHBHOCTH. '.!!TO ycTpOHCTBO COCTOHT H3 gByx HMeIO~HX 

o6~yro OCo. gHCKOB, pa3geneHHf>IX Ha ceKTOpa C 

nep0og0qeCKH H3MeHHIO~eficg CTeneHolO npo3paqHOCTH gnH 

HeHTpOHOB. OgHH H3 gHCKO& - CTaTop, 3a~HKCHpOBaH Ha 

o6~eH O.CH, a BTOpOH - poTOp, MO~eT Bpa~aToCH BOKpyr 

STOH OCH C perynHpyeMOH qacTOTOH. qaCTo HefiTpOHOB H3 

MogynHpOBaHHoro nyqKa, 3aBHCH~aH OT ~H3HqeCKHX 

CBOHCTB o6pa3Qa H reoMeTpHqecKHX xapaKTepHCTHK 

CHCTeMf>I' nocne pacceHHHH perHCTpHpyeTCH geTeKTOpOM. 



CHrHan& geTeKT~pa nocTynaroT Ha sneKTpoHHyro annapaTypy 
H HCnOnb3YIDTCR gnR ~OpMHpOBaHHR ~YHKQHH HHTeHCHBHOCTH 
pacceRHHoro nyqKa oT.BpeMeHH Z(t)~ 

IlpegnqnaraeM, qTQ 
npepo1BaTenR He 3aBHCHT 
OTCYTCTBYIDT . • reoMeTpHqecKHe 

CTeneHb 
OT CKOpOCTH 
HCKalKeHHR B 

npo3paqHOCTH 
HeHTpOHOB, 
CHCTeMe H 

nnOTHOCTb pacnpegene~HR HeHTpOHOB no BpeMeHH nponeTa 
S(t) paBHa Hynro BHe HHTepBana (0,T). Ha npaKTHKe S~H 
npegnonoJKeHHR Be erg a BbmonHRIDTCR. Targa nonyqHM 
cnegyro~ee ypaBHeHHe, CBR3&Baro~ee HccnegyeMyro ~YHKQHID 
S (t) H H3MepReMyici Z ( t) : 

Z(t) = fosc-c)X(t-'t)d't. ( 1) 

3gecb HCnonb30BaH& cnegyro~He o6o3HaqeHHR: 
S('t) - ~YHKQHR nnOTHOCTH pacnpegeneHHR HeHTpOHOB 

no BpeMeHH nponeTa Ha nponeTHOH 6a3e gnHHOH L = L1+ 

L2, T. e. S ( 't) d't paBHO qHcny HeHTpoHoB, HMero~Hx BpeMR 
nponeTa gaHHOH 6a3& 't egHHHQ; 

X ( t) - MogynHpyro~aR· ~YHKQHR' T. e. X ( t-:--'t) -

3HaqeHHe KOS~~HQHeHTa npo3paqHQCTH npep&BaTenR gnR 
HeHTpOHOB, · nepeceKaro~Hx npepo1BaTenb B HHTepBane 
BpeMeHH OKono.' t-'t; 

z ( t') - CKOpOCTb cqeTa HeHTpOHOB geTeKTOpOM B 
HHTepBane BpeMeHH (t, t+dt); 

t ,'t COOTBeTCTBeHHO TeKy~ee BpeMR H BpeMR 
nponeTa. 

51gpo ypaBHeHHR ( 1 ) - ~YHKQHR X ( _t-'t) 3aBHCHT OT cnoco6a 
MogynRQHH HeHTpOHHOro nyqKa 
Hcnonb3yeMoro B sKcnepHMeHTe. 

HnH THna npep&BaTenR, 
KnaccHqe~KHH cnoco6 

MogynRQHH HHTeHCHBHc°CTH HeHTpOHHoro nyqKa, 
Hcnonb3yeM&H B SKCnepHMeHTax, peanH3yeTCR TaK 
Ha3oIBaeM&M npep&BaTeneM q,epMH. B pe3ynbTaTe H3 
CTaQHOHapHoro HeHTpOHHoro nyqKa ~OpMHpyroTCR 
nepHOgHi:.i:ecKH noBTOpRID~HeCR Y3KHe HMnynbC& C Bh!COKOH 
CKBaJKHOCTbID. H3M9pReMaR ~YHKQHR npH STOM npaKTHqecKH 
COBnagaeT C HCKOMOH ~YHKQH~H B CHny 6nH30CTH Rgpa 
ypaBHeHH.sl K genbTa-~yHKQHH gHpaKa. AnnapaTypHaR 
peanH3aQHR cneKTpoMeTpa B STOM cnyqae TpagHQHOHHa H 
He HMeeT KaKHX-nH6o oco6eHHOCTeft no cpaBHeHHID c 
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MHOrOKaHanbH&MH aHanH3aTopaMH, o6&qHo 
B RgepHO-~H3HqecKHX SKCnepHMeHTax. 

HCIIOJihJyeMbIMH 
Cy~eCTBeHH&M 

HegocTaTKOM SToro MeToga, OgHa~o, RBnReTCR KpaHHe 
HH3KaR s~~eKTHBHOCTb Hcnonb30BaHHR HeHTpOHOB 
HCTQqHHKa. BcnegcTBHe SToro Ha ripaKTHKe npegnoqTeHHe 
OTgaeTCR 3HaqHTenbHO 6onee SKOHOMHqHOMY C ToqKH 
3peHHR HCnonb30BaHHR HeHTpOHOB HCTQqHHKa 

KOppenRQHOHHOMY MeTogy C MogynRQHeH 
Ha3oIBaeM&M npep&BaTeneM q,ypbe /1/. 

nyqKa TaK 

B KOppenRQHOHHOM MeToge gnR onpegeneHHR ~YHKQHH 
nnoTHOCTH pacnpegeneHHR HeHTpOHOB no BpeMeHH nponeTa 
S(t) B&qHcnReTCR B3aHMHaR KoppenRQHOHHaR ~YHKQHR 

W('t)=JZ(t)Y(t-'t)dt, (2) 
~ 

rge Ii - HHTepBan H3MepeHHR, ~ Y(t-'t) - 6HHapHaR 
~YHKQHR, JKeCTKO npHBR3aHHaR no ~a3e H qaCTOTe K 
peanbHOH ~YHKQHH npep&BaTenR. OgHOBpeMeHHO npoBOgHTCR 
HHTerpHpo~a~He no BCeM HHT~pBanaM [O,T]: 

' n T 

S('t)= f W('t,C00 )dco0 = f S(t)R(t-'t)dt. (3) 
0 0 

B HaCTOR~ee BpeMR TeXHHqecKaR peanH3aQHR npoQegyp& 
BI,iqHcneHHR no ~OpMynaM ( 1-3) B peanbHOM MaCmTa6e 
BpeMeHH CBR3aHa C npHMeHeHHeM gbporoCTOR~HX ycTpOHCTB 
Ha 3aKa3H&X HHTerpanbH&x cxeMax, Ha3oIBaeM&X 
KOppenoMeTpaMH nonRpHOCTH. B gaHHOH pa6oTe npHBOgHTCR 
anbTepHaTHBH&H anropHTM B&qHcneHHR, a TaKJKe MeTog 
peanH3aQHH annapaTyp& KoppenoMeTpOB Ha 6a3e cepHHHO 
npoH3BogHM&x npoM&mneHHOCTbro npoQeccopoB· gnR QB~poBoH 
o6pa6oTKH cHrHanoB. 

Dpo~eAypa ~ypbe-CHHTe3a-~yHK~HH pa3pemeHHg 

BygeM Ha3&BaTb QHKnOM H3MepeHHR npoMeJKyToK 
BpeMeHH [ o , G 1 , B TeqeHHe KOTOporo qacTOTa Bpa~eHHR 
poTopa npep&BaTenR n paBHOMepHo Bo":3pacTaeT OT 
HyneBoro 3HaqeHHR go MaKCHManbHOro n. Beeb QHKn 
H3MepeHHR genHTCR Ha J HHTepBanoB gnHHOH T, KaK 
noKa3aHO Ha pHC. 2 • 
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BpeMH B OTHOCHTenoH&X egHHHQax 

PHc. 2.MogynHpy~~aH H CHH~a3HaH c HeH ~-QHH 

Ha Ka:lK:p;OM HHTepBane (tj, tj+l) qaCTOTa Bpa!lleHH5I 

poTopa npep@BaTen5I V MeH5IeTC5I He3Ha':IHTennHO H 

cpep;Hee ee 3HatJeHHe paBHO HeKOTOpOMY 

. 1 l;+I 

vi = - J v(t)dt • 
T, 

J 

4>yHKQHH X(t), Y(t) Ha Ka:lK:J];OM HHTepBane pa36HeHH5I 

[ti, lj+l], 6JIH3~ll K nepHO.ll;I-NecKHM c nepHO)].OM vJ. 

BMecTo ~YHKQHH X(t), Y(t) 6yp;eM paccMaTpHBaTn 

~YHKQHH, COBnap;aI0111He . C X ( t) , Y ( t) Ha OTpe3Ke 

[tj,tj+l] H npop;on:lK:eHHfile Ha R no nepHOJ];H':IHOCTH: 

Xi(t)=X(t), tE[ti'ti+ll, 

yi(t) = Y(t), t E [ti'ti+tl. 

4>yHKQHH Xi(t)·, yi(t) pa3naraIOTC5I B p5IJ];fil 4>ypne: 

Xi(t) = i X:i(k)exp( ikt) , 
k=- T 

· -~. ikt 
Y1(t)= I, Y1(k)exp(-). 

k=- T 

4 

·, 

4>yHKQHH zi(t), Wi(t) MO:lK:HO npep;cTaBHTn B BHJ];e: 
T 

zi(t) = J S('t)Xi(t-'t)d't , 
0 

lJ•I 

Wi('t)= Jzi(t)Yi(t-'t)dt. 
,, 

zi(t), Wj('t) TaK:lK:e nepHOJJ:H':IHfil C nepHOJ];OM T. TaK KaK p;n51 

Ka:lK:p;oe rapMOHHKH ~YHKQHH Z\t), Wi('t) cnpaBep;nHBa ~opMyna 

CBepTKH, TO 

:Z:i(k) = S(k)Xj(k) , 

wj(k) = zi(k)Yi'<k) = s(k)Xi<k)Yi'<k) • ( 4) 

3aMeTHM, ':ITO ~opMyna (4) He nO3BOn5IeT Henocpep;cTBeHHO 

BI>ItJHcnHTn Bee KQS~~HQHeHTI>I S(k) • )leHCTBBTennHO, 

KOS~~HQHeHTfil p5IJ];OB 4>ypne nepHOJ];HtJeCKHX TpeyronnHOH H 

np5IMoyronnHoR ~YHKQHR - oTnH':IH@ OT Hyn51 nHmn npH 

HeKOTOp@x 3HatJeHH5IX k: ~ko, r=O,l, .... TaK KaK 

~YHKQHH Xi(t), yi(t) 6nH3KH K nepHOJ];HtJeCKHM TpeyronnHOR H 

np5IMOyronnHOR, TO HX KOS~~HQHeHTfil OTTTH':IHfil OT HYTT5I 

TTHWn npH k, 6nB3KHX rko, H TTHWn J];TT5I STHX k MM MO:lK:eM C 

noMOIIlnIO ~opMym,1 ( 4) B@':IHCTTHTn KOS~~HQHeHT@ S(k) • BMe5I 

Ha6op ~YHKQHR W\k) p;n5I pa3H@x BHTepBanoB [ tj, tj+1], 

nocne cyMMHpOBaHH5I no BCeM BHTepBanaM [tj,tj+l] B 

npep;enax QHKna · [O, r] nonytJHM 
J-1 J-1 

L Wi(k) = S(k) I,xi(k)Yi'(k) = GS(k) • 
j=O j=O 

MO:lK:HO noKa3aTn, ':ITO BenH':IHHa 
J-1 

. G = I,Xi(k)Yi'(k) 
j=O 

( 5) 

Be111ecTBeHHa H HMeeT . CM@Cn ~YHKQHH nnoTHOCTH 

pacnpep;eneHH5I '3HatJeHHH tJaCTOTfil B QHKne H3MepeHH5I. 

Ilepeftp:51 B (5) OT ~ypne-o6pa30B K opHrBHanaM, nonytJHM 

S(t) = f S('t)Q(t-'t)d't • ( 6) 
0 ' 

TaKHM o6pa30M, BI>Ipa:lK:eHH5I 

Ha3@BaeMyIO ~ypne-CHHTe30M 

caeKTpoMeTpa. 

(2-6) onpep;en5IIOT npoQep;ypy, 

~YHKQHB pa3pemeHH5I Q(t-'t) 
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IlpH npaKTuqecKoA peanu3aQHH npoqegyphl ~ypbe
CHHTe3a no ~OpMynaM (2-6) OCHOBHaH TpygHOCTb CBH3aHa 

c 6onbillHM o6~eMOM BhlqucneHHA, KOTOphle gon:iKHhl 
npOBOgHTbCH B peanbHOM MacmTa6e BpeMeHH. B 
3KCn~pHMeHTaX Tpe6yIDTCH BhlqucneHHH C MaCCHBaMH 
6onbmoA pa3MepHOCTH (>4000) npH 3HaqeHHH qacTOThl 
gHCKpeTH3aQHH OKono 500 Kf~ 

AHanH3 npo~e~yp& ~HCKpeTH3a~HH 

Oco6eHHOCTH npHMeHHeMOH annapaTyphl TaKOBhl, qTo BMeCTO 
3HaqeHHH ~YHKQHH Z ( t) B TQqKax tj+kLi, Li=T /N, 
k=0, l; ... N - I, MhI IBMep51eM cpyHKUHIO 

. t
1
"+-(k+1).1 

Z1(ti+kLi)=, Jzi(t)dt. ( 7 ) 
t,-t;k..6. 

BygeM paccMaTpHBaTb HenpephlBHYID ~YHKQHID Z1(t), 

COBnagaIDmyID C gHCKpeTHhlMH 3HaqeHHHMH ~YHKQHH Z B 
ToqKax tj+kLi, k=0,l, ••• ~ - 1: 

to+.1 

Z 1('t0 )= f Z(t)dt. 
,,. 

BBegeM npHMoyronbHYID ~YHKQHID TI,i.(t), KOTOpaH paBHa 1 

BHYTPH HHTepBana [- ~, ~] H 0 B OCTanbHbIX TQqKax. 

CnpaBegnHBO paBeHCTBO 

Z, 1 ('t) = f Z(t)fl(t-'t-f )dt -Lil 2) dt. ( 8) 

IlpHMeHHB npeo6pa30BaHHe ~ypbe K o6eHM qaCTHM (8), 
nonyquM 

A A sin(1tVLl) 
Z1(v) = Z(v)Li. Exp(-i1tVLi) • 

7tVLi 
( 9) 

IlO3TOMY, nepeMHO:!KaH nonyqeHHhle B pe3ynbTaTe H3MepeHHA 
3HaqeHHH Y(tj+kli') H Z1(ti+kLi), Mhl Br,JqHcnHeM cpypbe-o6pa3 

HeKoTopoA ~YHKQHH 
1,+1 

W1(t) = f z 1 ('.t)Y(t-'t)d't , 
,, 
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OTnHqHQH OT HCKOMOA HaMH w ( t) • B c1my ~OpMyn ( 7-9) 
~YHKQHH W( t) H Wl(t) CBH3aHhl COOTHomeHHeM 

W
1 
(k) = W(k) sin(1tVLi) LiExp(-i1tVLi) • 

1tVLi . 
. ( 10) 

CnegOBaTeTibHO 1 3HaH ~ypbe-o6pa3 ~YHKQHH \V1(k), Mhl MO:!KeM 

BoccTaHOBHTb ~ypbe-o6pa3 • ~YHKQHH W(k) • ;I.lnH 

nepuoguqecKoI1 ~YHKQHH · X ( t) c nepuogoM T, 3agaHHOH B 
ToqKax gucKpeTH3aQHH tj+kLi, k=0,1, ••• N - 1, Li=T/N, 

X(kLi) = I,X(n)Expc27tink) ,. 
n=O T . 

X(n) = _!_ I,X(kLi)Exp(- 21tink) • 
. N k=O T 

DepeAgeM OT ~YHKQHH Xj(t), Y\t),Z\t) K HX nepuoguqeCKHM 

npogon:iKeHBHM 3a [tj,tj+ll• ~YHKQHH Z1(t) HMeeT TOT :!Ke 

nepuog. Targa 
N-I A 21tikn 

W1(kLi)= L W1(n)Exp(--). 
n=O T 

TaK KaK 

WA -zAiyi• 
I - I f 

TO 

w.(kLi) = Izl(n)Yi'(n)Expc27tink). 
n=O T 

~YHKQHH Xi(t) HBnHeTCH TpeyronbHOH nepuoguqecKoA 

~yHKQHeH c aMnnHTygaMH rapMOHHK, y6hlBaIDm~MH, KaK 1/n~ 
rge n - HOMep rapMOHHKH. y npHMOyronbHOH 

nepuoguqecKOH ~YHKQHH Y(t) aMTITIHTyga rapMOHHK y6~BaeT 
nponopQHOHaTibHO 1/n. YqHThlBaH COOTHOilleHHH (9-10) H 
orpaHuqeHHhlA xapaKTep ~YHKQHH S(t), nonyqaeM, qTo gnH 
~YHKQHH Z1(t) CKOpOCTb y6hlBaHHH aMnnHTyg rapMOHHK K 0 

He MegneHHee 1/n2 • Targa· gnH ~YHKQHH W1{t) ~iopocTb 

y6filBaHHH aMnnHTyg rapMOHHK KO He MegneHHee:1/n4. TaK 
KaK ~YHKQHH Xi(t), yi(t) He cogep:!KaT qeTHfilX rapMOHHK, TO 

W1(t) TaK:!Ke cogep:!KHT TOTibKO HeqeTHfile rapMOHHKH. 

CnegoBaTenbHO, BKnag nID6oA 

npeBhlmaeT O(l/n4), H 

7 

rapMOHHKH 

Mhl 6ygeM 

C n > 1 He 

npette6peraTb 



rapMOHHKaMH c HOMepaMH,60nbmHMH 1. HMeeT MecTo 

w1<M) = zl co)Y"co)+ zl o)Y"(l)+ oc¼J) • 

TaK KaK H3MeHeHHe CKOpOCTH Bpa~eHHH poTopa Ha 

HHTepBane [ tj, tj+l] Mano, T9 q>yHKQHH Xi(t) 6nH3Ka K 

nepHO;QHqecKoii Tpeyron:&HOH ipyHKQHH, ee cneKTp oTnHqeH 

OT HYTTH nHm:& B Mam,Ix OKpeCTHOCTHX ToqeK k vi , 

k=0,l, .... ,L{ruI 6nH3KOH K npHMoyron:&HOH q>yHKQHH yi(t) cneKTp 

paBeH 0 Be3;Qe, KpoMe Mam,1x OKpeCTHOCTeH ToqeK kV& , 

k=0, 1, • • • • Cne;QoBaTen:&HO, · ipyHKQHH W/(t) TaKJKe HMeeT 

cneKTp, OTTTH'!HbIH 

ToqeK kvl, 

KOTOpbIX k 

pHC. 3. 

k=0,l, 

OT HYTTH nHm:& B ManbIX OKpecTHOCTHX 

IlpeHe6peraH rapMOHHKaMH, gnH 

> 1, cqHTaeM, qTo cneKTp HMeeT BH;Q' KaK Ha 

CornacHo TeopeMe ·meHHOHa ;QnH O;QHO3HaqHoro 
BOCCTaHOBneHHH ipyHKQHH - X(t) C nepHo;QOM T no ee 
;QHCKpeTHbIM 3HaqeHHHM X ( kll) , A=T/N, ;QOCTaToqHo 
BblnOnHeHHH ycnOBHH 

F1o > 2vmax, 

r;Qe F1o=N/T - qaCTOTa TOqeK pa36HeHHH HHTepBana [0,T], 

~ 
11' 
::r 
~ 1.0 
:s: 
~ 
Q) 

~ 0.8 
:a 
:i: 
ill 
I:: 
Q) 0.6 
E< 
:s: 
u 
0 

~ 0.4 
0 

Ill 

~ 0.2 
>, 
E< 
:s: 
I:: 
t= 0.0 

~ 
0 10 20 30 40 

qaCTOTa B OTHOCHTenbH~X eAHHHQaX 

Pnc. 3.PacnpeAeneHne aunnHTYA rapMOHHK 

8 

Vmax MaKCHMan:&Hoe 3HaqeHHe qacTOTbl xcv) . 
Cne;QOBaTen:&HO~ ;QTTH O;QHO3HaqHoro BOCCTaHoBneHHH 

'PYHKQHH W1(~) no ee ;QHCKpeTHbIM 3HaqeHHHM HYJKHO, qTo6bl 

qHcno ToqeK pa36HeHHH HHTepBana N OTBeqano ycnOBHID 

N > 2v2 T. 

IlpH Manblx 3HaqeHHHX Vo ;QaHHOe ycnoBHe BbITIOTTHHeTCH npH 

OTHOCHTen:&HO He6on:&WHX 3HaqeHHHX N. O;QHaKO npH 

6on:&mHx 3HaqeHHHX Vo (qa~TOTI,I Bpa~eHHH) Tpe6yIDTCH 

6on:&mHe BI,JqHCTTHTen:&Hble MO~HOCTH H BpeMH ;QTTH. 

BfilqHcneHHH W1 B ;QOCTaToqHo 6on:&moM qHcne ToqeK N, 

Heo6xO;QHMOM ;QTTH O;QHO3HaqHoro ee BOCCTaHOBneHHH. B 

STOM cnyqae ;QTTH 'yMeH:&meHHH qacTOTbl pa36HeHHH 

HHTepBana [tj,tj+l] ·npHMeHHM cne;QyID~HH npoQecc"/4,5/. 

PaCCMOTpHM q>yHKQHH 

Z 1(ti + kll) = Z 1(ti + kll)cos(v
1
kll), 

Y,(ti + M) = Y1(ti +kll)cos(v1kll). 

IlpOH3Be;QeM !pHTT:&TpaQHID 

q>Hn:&Tpa n ( o ): 
(1+1)6 

Z2(I0)= LZ1(kll) t 

k/,=16 

(1+1)6 

Y2(lo) = r Y1(M) • 
k/,=lo 

STHX 'PYHKQHH nocpe;QCTBOM 

Targa ;QTTH cpyp:&e-06pa30B HMeIDT MeCTO COOTHomeHHH 

Z- ( )- 2- ( ) sin(7tVo) -;,6 , V - 1 V ---e 
1 - . rrvo 

Y,(v) = Yi(V) sin(nvo) c-;,6 

- 7tVO 

TaK KaK 

Z1(v)=Z1(v-v1)+Z1(v+v1), - . . 
Y1(V) = Y1(V-V1)+ Y1(V+V1), 

TO 

Z• ( )- z' ( . ) sin(nvo) -i•6 2- ( ) sin(nvo) -;,s 
2 v - 1 v-v1 e + 1 v+v, c 

7tVO 7tVO 

Y• ( )- y· ( ) sin(nvo) -;,6 y· ( ) sin(nvo)· -i•o 
2 V - I v-v, e + I v+v, C • 

7tVO 7tVO 
B cpopMynax ( 11-12) nepBble cnaraeMble OTnHqHbl OT 

9 
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( 12) 

HYTTH 



B6nH3H Hymi:, a BTOpble - B OKpecTHOCTH TO'!KH 2vo H, 

cnegoBaTenoHO, nogaBnHIDTCH MHO~HTeneM 
sin(7tV~) 

7tV~ 

H HMH MO~Ho npette6petio. TaKHM o6pa3oM, gnH ~YHKQHH W1 

nonyqaeM cneKTp, pacnono~eHHolH B6nH3H ttynH, .H, 

cnegoBaTenoHO, gnH O:O:H03Ha'!HOro BOCCTaHOBneHHH 
~YHKQHH Tpe6yeTCH MeHomaH 'iaCTOTa pa36HeHHH. 

AaanH3 CTaTHCTuqecKHX ~nyKTyaQHH 

~YHKQHH S(t) no onpe:a;eneHHID HBnHeTCH CTaQHOHapHOH 
CTaTHCTH'ieCKOH ~YHKQHeH, nop;'!HHeHHOH CTaTHCTHKe 
nyaccotta. Cne:a;oBaTenotto, H ~YHKQHH 

T 

S(t)= f S('t)R(t-'t)d't 
0 

HBnHeTCH nyaccoHOBCKOH cny'!aHHOH ~YHKQHeH. gnH 
-CTaQHOHapttoa cnytiaHHOH ~YHKQHH ycpe:a;tteHHe no aHcaM6nID 
SKBHBaneHTHO ycpegHeHHID no BpeMeHH. Tor:a:a 

(S(-c))k = f S('t)d't=M, ( 13) 
ci 

r:a;e M - nonttoe '!Hcno HeHTpoHOB npome:a;m0x qepe3 
CHCTeMy 3a BpeMH H3MepeHHH. CpegHeKBa:a;paTH'!HOe 
OTKTTOHeHHe p;nH ~YHKQHH S(t) eCTb 

cr2 =(S(t)-S(t)):. (14) 

PacKpbIB ~OpMyny (13) H nop;cTaBHB B Hee 3Ha'ieHHe (12), 
nony'!HM 

cr2 =(S(t)-S(t)): =(S2 (t))
1 
-{S(t)}: =(S2 (t))

1 
- M2

• 

gnH Bo1pa~eHHH (s\t))
1 

cornactto TeopeMe.napceBanH HMeeM 

Js(m)S*(m)dm, 
0 

'!TO cornaCHO TeopeMe BHHepa-XHH'!HHa paBHO C ( 0) , r:a:e 
C(t) KoppenHQHOH~aH ~YHKQHH cny'iaHHOro nyaccoHOBCKOro 
npoQecca 

C(-c) = f P(s)S(t)S(t+'t)~f. 
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Targa 

C(O) = f P(S)S2(-c)df • 

gnH pacnpegeneHHH Ilyaccotta 

C(O)=I,n2 (M)" e-M=M 2 +M, 
n:0 fi ! 

nonyqaeM 
•, 

OTKy:a;a :a;nH cpe:a;HeKBap;paTH'!HOro OTKTTOHeHHH HMeeM 
cr 2 =M 2 +M-M 2 =M. 
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