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1. ICCIIEJOBAHUE CIHEKTPOB HEPUOANYECKUX
MNOCJEIOBATEJIBbHOCTEN UMITYJILCOB

Ilenv padomevr — n3yyeHue B3aMMOCBSA3U CTPYKTYpbI CUTHAJIA U €r0 CHeKTpa
Ha MpUMEpE aHajgu3a MePUOIUUYECKUX MOCIIEeNOBATEIHLHOCTEH BUICO- U PAJAUOUM-
yJIbCOB.

1.1. TeopeTudyeckue cBeeHHs

I'apmonuueckuit ananu3 nepuoouveckux cuznanos. 113 Kypca BbicuIell Ma-
TEMATUKU U3BECTHO, 4TO curHai s(¢) (puc. 1.1), umerommii nepuoa 7' u ya0BIETBO-
pSIOIIMI HA 3TOM nepuojie yciaousiM Jupuxie [1], kak npaBuiio, BBITOJIHSIOMIAM-
Cs B OTHOIICHUHU (PUBMYECKU PEAU3yEMbIX CUTHAIOB, MOXKET OBITh MPEICTABIICH B
BUzE pana Pypee

o0 o0
a .
s(f) ==L+ E a, cosm,t + E b,sinw,t, (1.1)
2 n=l n=l
rnue

a lT 2T 2T
0 _ . _ . _ : .
5T ’(‘;S(t)dt, a, = T E[s(t)coso)nta’t, b, = T E|)‘s(t)s1no)nta’t ;

-T 0 T t
Puc. 1.1

3neck ag, a, u b, — KO3POUIUEHTHI pa3IoKEeHHs, ®, — KPYroBasi 4acToTa rapMo-
HUYECKOT0 Koyie0aHusI ¢ HOMEPOM 7, f, — €ro JIMHelHas yactota. B pagmorexnu-
YECKOW MpakTuke Oosiee yI0OHOU siBisieTcs cheaytomas (GopMa 3amucu COOTHO-
menus (1.1):

s(t) :a70+ ZAn cos(w,t+¢,), (1.2)

n=l1

rae A, = \/a,% +b,f ; tg@,, =-b,/a, . 3 Belpaxkenus (1.2) cnenyer, 4ro paccmar-
pUBAEMBIN MEPUOJNICCKHUI CUTHAI S(f) MOXET OBITh MPEACTABICH B BUAC CYMMBI
OECKOHEYHO OOJBIIIOTO YUCIIa TAPMOHUUYECKUX COCTABIISIOIINX, YACTOTHI KOTOPBIX
KpaTHbl 3HaUeHUto0 ®; = 271t/7. [locTosiHHAs cOCTaBISAOWIAs dy/2 MPU 3TOM MOKET
paccMaTpuBaThCsl KaKk FapMOHHMKA C HYJIEBOW YacTOTOM, aMIUIUTYAOH |ao|/2 u Ha-
yabHOU (hazoit 0 win m (B 3aBUCUMOCTH OT 3HaKa a,). [IpencraBnenue (1.2) Ha3bI-
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BaeTcs sewjecmeennoi ¢opmou psna dypee. CoBOKYMHOCTH KOIDPUIIMEHTOB
lagl/2 m A, (n=1, 2, 3, ...) oOpa3yeT aMIUIUTYIHbIN, a ¢, — (Ha30BbII CIIEKTPHI TIe-
puoaunyeckoro curxana s(). Boamoxusiil ux Buj uzobpaxeH Ha puc. 1.2, a, 6 co-
OTBETCTBEHHO.

Qr A
e
0 (QIEO)) () Q)
-—Mn -~~~ —-—
a o
Puc. 1.2

Hcnonb3ys B BeipakeHuH (1.2) 3xcrioHEeHMaNbHOE peICcTaBlIeHne GyHKINUN
cos(m) no ¢popMmyiie Diiepa, JIETKO MOITYYUTh COOTHOILIEHUE

a © 4 . ot © 4 . ot
S(t):_0+ Z_n e.](pne./mn +Z 712 .](pne J O, . (13)
2 =2 ~
n=l n=l
BxirounB B 001acTh M3MEHEHUS 11 LIENYI0 OTPULATENBHYIO MOJYyOCh W MpPH-
HAB, 4yTO 1 n < 0 crpaBeuuBel paBeHcTBa A, =A4_,; ¢, =—0_, U ®, =—0_,,
dbopmyay (1.3) MOKHO 3amucaTh B KOMIAKTHOM BHUIE

S(t):“_OJr Z ﬁej@nejﬂ)nt . (14)
2 P 2
(niO)

Haxkomen, 0603HauuB B cootHomenuu (1.4) (4, /2)e’® uepes Cn U TIPUHSB
ay/2 = C{, OKOHYATEIBHO MOJIyYUM

o8]}
s@)= Y. Ce/™". (1.5)
n=-—ow

[Ipencrasnenue (1.5) Ha3zbIBaeTca komniexcHou ¢opmoii paga Oypbe U, 1Mo
CYUIECTBY, SIBISICTCS Pa3JI0KEHHEM BEIIECTBEHHOTO MEPHOIMYECKOTO CUTHaNa S(f)
B pSJ 1O AKCIIOHEHIMATIBHBIM (DPYHKIIUSAM ¢ MHUMBIM THoka3zareseM. Llenecoobpas-
HOCTh BBEJIEHUSI KOMIUIEKCHON Gopmbl psiga Pypbe o0ycioBieHa ya00CTBOM BbI-
MOJTHEHUSI MaTeMaTUYeCKUX MpeoOpa3oBaHUil mpu paboTe CO CIEKTpaMu CUTHA-

noB. ITpu aToM ammuTynHelid U ¢as3osslii ciektpsl (|C, | u argC,, COOTBETCTBEH-

HO) IEPUOAMYECKOT0 CUTHaJIa ONPEIENIEHbl Ha BCEH BEIIECTBEHHOH OCH 4acToT.
B03MOKHBII BUJ aMIUIUTYHOTO CIIEKTpa MPUBENIEH, B YaCTHOCTH, Ha puc. 1.3.



[h
G | 1G]
C,| |Gyl |Gy C,|
1Col I
—(Dn/\/ —(—M 0 W] M w()\)n (:)
Puc. 1.3

Cnenyer oTMeTHTb, 4TO 3HaueHUs kod3(pduuumentoB C, MOTYT ObITh JIETKO
BBIUMCIIEHBI HEMIOCPEICTBEHHO 110 (opMyJie

T
C, = 1 j s(t)e Il dt . (1.6)
T 0

Takum oOpazom, epuoaUUecKuii CUrHam S(f), YIOBICTBOPSIONMIANA YCIOBHUSIM
Jupuxie, UMeeT JuHeHYaTblid (AUCKPETHBIN) CIEKTP, PACIOJIOKEHHBIM B 00J1acTh
HEOTPULIATEIbHBIX YaCTOT MPHU HUCIOIb30BAHUH BEUIECTBEHHON (popMmbl psiga Dy-
pb€ U ONPEAEIEHHBIA HA BCEU IEMCTBUTEILHOW YACTOTHOW OCH B CIIy4ae €ro KOM-
IJIEKCHOTO NIPEACTABICHUS.

I'apmonuueckuii ananus HenepuoOUYecKuUx CUZHAN06. (7
W3BecTHOE M3 MaTeMaTUKH 00OOLIEHUE Pa3JIOkKEHUS MepUo-

JIAYECKOro curHaiia B pan @ypbe Ha Ciiydaul Henepuoauye-
ckoro curHana s(¢) (puc. 1.4) TpuBOAUT K CIEAYIOIIEMY pe-
SYARTELY: ’ Puc. 1.4 t

S(t):i j S(0)e’do, (1.7)

rae S(w) — crnekTpanbHas QyHKIUS cUrHaNa S(¢), BEIYUCIsAEMAs IyTEM NPAMO2O

npeobpaszosanusi Pypve, a UMEHHO:
o0

S(o) = j s(t)e 1 dy . (1.8)
—00
Cootnomenue (1.7) HazpiBaeTcst oopamuwvim npeobpazosaruem Pypve. Ycra-
HOBJICHO, YTO NpuBeaAeHHbIC BbipakeHus (1.7) u (1.8) cnpaBensuBbl, €Clid CUTHAI
s(#) Ha TFOOOM KOHEYHOM MHTEpPBAJIC BPEMEHH yIOBIECTBOPSIET yCIOBUSIM Jupuxiie
U SIBJISIETCSI @0COJTFOTHO MHTETPUPYEMBIM Ha BCE BpPEMEHHOU OCH, T. €.

o0
j |s(0)]dt < oo.
—Qo0
CrnekTpanbHas (pyHKUUS CUTHajna s(f) sBisieTcsl B OOIIEM cilydae KOMILJIEKC-
HOM U MOET OBITh 3allMCaHa B HKCIIOHEHITMAILHON (hopMme



$(0) =|S(w)|expl jargS(w)],
rae ‘S (co)‘ — aMIIMTYIHBIH, a argS(®) — (asoBblil crekTpsl curHama s(7). U3

dopmynsl (1.8) cnemyert, uTo

0 0
S(w)= I s(t)coswtdt — j J s(t)sinot dt = Re S(o) + jImS(m) .
S .
1S(o)| arg S(o) IToCKOIBKY IIEPBOE M BTOPOE CIIATAEMEIE

B JJAHHOM COOTHOILIECHUU SBIISIIOTCS COOTBET-
CTBEHHO YETHOW W HEYETHOW (PYHKIUIMU
4aCTOTbI, CTAHOBUTCS OYEBUIHBIM, YTO aM-
IUTUTYHBIM CHEKTp €CTh 4eTHas, a (dazo-
BbIll — HedeTHas (PYHKIIMM 4YacToThl. Bo3-
MOJKHBIE CTPYKTYpPbl 3THUX CIIEKTPOB IpEX-
Puc. 1.5 cTaBjieHbl Ha puc. 1.5, a, O COOTBETCTBEHHO.

C uCHOJIb30BaHUMEM YKa3aHHBIX CBOMCTB

4
(e
(=) 7
v

criekTpanbHOl GyHkmmn S(®) Boipaxerue (1.7) MOKET ObITh 3aIIHCAHO B BHIC
s(t)= 1 I ‘S(co)‘ejargs(m)ejmtdco = J‘(l‘S(w)Dcos[cot +argS(m)]do.
27 o o\ T

[Tocnennee COOTHOIICHHE HAMVISIAHO WLIIOCTPUPYET «(PUBMUECKHID CMBICI
criekTpasibHOM (PyHKIIMKU S(): U3 HETO CIEIyET, YTO CUTHAI S(f), YIOBICTBOPSIO-

H_[I/Iﬁ Ha3BaHHLIM YCJIOBHAM, MOKCT OBITH IMPEACTABJICH B BUAC CYMMBbI OCCKOHEYHO
OOIBIIIOTO YHCIa TapMOHHWYCCKUX COCTABJIAIOMINX, YaCTOTBI KOTOPBIX HECIIPECPBIBHO

3aMOJHSIOT HHTEepBaT 0T 0 10 0o, HauambHbIe a3kl 3a1atoTcst GpyHKIUeH arg S(o),
a aMIUTUTYbI SBJSIIOTCS OECKOHEYHO MaJIbIMHM U MX YaCTOTHAsl 3aBUCHMOCTH OIHU-
CBIBAE€TCS 3aKOHOM ‘S’((o)‘.

WTak, HEeNepruogU4YECKUE CUTHAJIbl XapaKTEPU3YIOTCSI HEPEPBIBHBIM (CILIOLI-
HBIM) CIIEKTPOM, MPHUYEM aMIUTUTYIHBIA CIIEKTP SBISETCS YETHOM, a (a3oBbIA —
HEYETHOW (PYHKIMIMU YaCTOTHI.

Céa3b meixncdy cnekmpamu O0OUHOUHO20 UMRYIAbCA U NEPUOOUYECKOU NO-
cinedosamenvHocmu umnynvcog. 1lyctb 3alaH OJJMHOYHBIA UMITYJILCHBIM CUTHAI

s(?) (em. puc. 1.4) co cnekrpanbHoi pynkmueit S(w). [Tycts umeercs Takxke me-
puoaMYecKas IOCIEA0BAaTEIbHOCTh UMITYJIBCOB S, (), COpMUpOBAaHHAs IyTEM

MOBTOPEHUS UCXOHOTO UMITYJILCHOTO curHaia s(¢) ¢ nepuogom 7 (cMm. puc. 1.1, He
oOpariasi BHUMaHUS Ha 00O3Haue€HUE OCH OpAWHAT). KOMIUIEKCHBIN CHEKTp Iie-
pPHOAUYECKOro curHana s,(¢), corylacHo cootHomenutro (1.5), xapakrepusyercs

HaOopoMm Kod(pduuueHtoB C,, n € (-0, 0). OTBET Ha BONPOC O CBA3H MEXIY
CHEKTPaTbHOW (YHKIHEH curHaia s(¢) 1 KOMIUIEKCHBIM CIIEKTPOM MEePUOTUICCKON
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MOCJIEIOBATENbHOCTH S, (f) KMMEeT Ba)KHbIM NPAKTHUUECKUHA CMBICH. YKa3aHHas

CBS3b JIETKO yCTaHaBiHMBaeTcs. [leficTBUTEIbHO, C yueToM Boipakeruit (1.1), (1.2),

(1.5) u (1.8) MOXHO 3amucaTh CleayoIee:

Y | e 1 :
Cp="yren = (4, co80, + jA, sine,) =—(a, = jb,) =

1t 1% |
o » ,
=— j s, (e /Ol d == j s(t)e /O dr =—S(w,).
2 T T
0 —0
I[aHHBIC COOTHOLICHHUA CBI/II[eTeJ'IBCTBYIOT O TOM, UYTO 3HAUYCHHUA KOMIIJIICKCHO-
IO CIEKTpa MEPUOAUYECKOr0 CUrHaya S;(f) ¢ TOYHOCTBIO 10 MOCTOSIHHOTO (pa3-

MepHOTo) ko3¢ dunuenta 1/7 coBmagaroT ¢ OTCUETaAMHU CIEKTPaIbHON (DYHKIIUU
MCXOJTHOTO OJJUHOYHOT'O UMIYJibca S(f), B3ITHIMU Ha COOTBETCTBYIOIIUX YACTOTAaX.
Hpyrumu ciaoBamu, oruOaroliyve amIuiuTyAHOro M (ha30BOro JAMCKPETHBIX CIIEK-
TPOB MEPUONIECKOTO CUTHAJIA COBIAAIOT 1O (POPME C aMIUTUTYIHBIM U (a30BbIM
HEMPEPHIBHBIMU CIEKTPaMU HCXOIHOTO OJMHOYHOTO MMITYJIbCHOTO CHUTHAJIa, YTO
WTIOCTpUpYeTcs Ha puc. 1.6, a, 0.

~|S()| e ~arg S(m)

~
~

7
7 N

A »
/,T \]\\ o) _(’[10 F\LOH L(Dzl ®
--f T5 R
-0 -01 0 o] ©
a o
Puc. 1.6

Cnexkmpot paduocuznanoe ¢ amnaumyonou mooyaayuei (AM). Ilycts 3a-
naH Hekuil curHan A(¢) > 0 (puc. 1.7) co cnextpanbHoi QpyHKumen S 4(®), MOIyIb
KOTOpOM n300pakeH Ha puc. 1.8.

s(?) |SA(03)|

ISR 4

0 t 0
Puc. 1.7 Puc. 1.8
Curnan s(¢) Buga A(f) cos(wot + @), TIe 09 U Q9 — KPyropas yacToTa U Ha-
yanpHas ¢aza HEKOTOPOro TapMOHUYECKOTO KOJeOaHus, Ha3bIBACTCS PaJUOCUTHA-
jgoMm ¢ AM, ocymiectBisiemoil o 3akoHy A(f). [Ipu aTOoM, Kak mpaBuiio, Hecyas

4acToTa My paJuocUrHaa s(f) CylmecTBeHHO NMPEeBOCXOAUT d3DPEKTUBHYIO IIHUPUHY
CIIEKTpa MOJYJIUPYIOIMIETOo CcUrHaia A(f), Ha3pIBAEMOr0 4YacTO BHICOCUTHAJIOM.



Bo3moxkHas cTpykTypa paguocurHana s(f) uzoOpaxena Ha puc. 1.9. Ero cnek-

TpaJibHasi PYHKIUS JETKO BHIYUCIISIETCS:
o0 o0

S(o) = j s(t)e /s = j A(t) cos(wgt + @ )e /®dt =

—00 —0o0

= [ AT g [ e e o) gy

:%ej%SA((D—030)+%e_j%SA(03+600)- (1.9)
s(H)*t ,ﬂ
/ . |S(w)|
AL, 1Sy + o) LS 0 )
0'\ VU y) ; 2 A I 0 2 A . 0
\x Y /\ /\
‘H“—U/' _(IDO 0 (OIO (T)
Puc. 1.9 Puc. 1.10

YuuteiBas CACJIaHHOC IIPCAIIONIOXKCHHUE O COOTHOHICHUH YaCTOThI ()

U IIAPHUHBI CIEKTpa BUACOCUTHANIA A(f), MOJyUYEeHHOE BBIPAKCHHE YJA00HO 3aIv-
caTh B CIIeIyIOIIeH Gopme:

0,5¢/% S (0—wy), ®>0,

0,5¢ 7% S (0+wg), ®<O0.

Takast 3anmMch MO3BOJISET YTBEPKIAATh, YTO MPH BBINOJHEHUH YKa3aHHBIX yC-
JOBUH crnekTpaibHas (QyHKIus paguocurHaiza ¢ AM mnponopuuoHanbHa CIEK-
TpaJIbHOM (PYHKIIMU UCXOJHOTO BUJEOCHUTHAJNIA, CMEIEHHON BOJIb YaCTOTHOM OCH
Ha 3HAYEHHME HECYIeH 4acTOThl. AMIUINTYAHBIN CHEKTp pajguocUrHaia s(f) npea-
crapJyieH Ha puc. 1.10.

B cnyuae AM nepuoanyecKkuM BUAEOCUTHAIIOM Sy, (7) [UIsl HAXOKISHUS CIIEK-

S(o) =

Tpa COOTBETCTBYIOILErO paguocurnana s(¢) = s (¢)cos(wgt + ¢y) yA00HO BOCHOIb-

30BaThCs BellecTBeHHOU (opmoit psima Dypwe. [lyctsh Momyaupyromnui curHan
sy () 20 nmeer Bux

sg(t) = a70 + Z A, cos(®,t+,).

n=l1
Torna paguocursain s(f) MokeT OBITh 3allMCaH B ClIeayIolIen Gpopme:



s(t) = a—zocos(mot +@q) +

o0
+> {%cos[(wo +®,)t+ Qg+, ]+ %cos[(mo — )t + @y — (pn]},
n=1

KOTOpas HarjsiJHO OTPaXaeT CIEKTpabHbIA cocTaB AM-paauocursana s(f), npeu-
CTaBJICHHBII B 00JaCTH MOJIOKUTEIBHBIX YacTOT. BO3MOXHBIE CTPYKTYphI aMILIH-
TYAHBIX CIEKTPOB BHJICO- W PATUOCUTHANIOB Sy(f) U s(f) HU300pa’keHbl Ha
puc. 1.11, @, 6 COOTBETCTBEHHO.

laol 14,1
> 1
A _= .2 4y
~& 2
|ao| . - ~ 4y
2 < Ap T T- 2
\Tss‘ » '—/f \T“;
0 0] ®, o, o 0 ) ‘0)0+032 ‘ Q)
wptop Oty
a o

Puc. 1.11

Kak nerxko Buaeth, xapakrep TpaHchopmainuu cnekrpa npu AM nepuoaunye-
CKHMM BHJICOCUTHAJIOM IO CYILECTBY HE OTIMYAETCSA OT MPEABIIYLIETO CIydast.

1.2. Onucanue J1ad0OPATOPHOM YCTAHOBKH

CrpykTypHas cxema J1abopaTOpHO YCTaHOBKH, HEOOXOIUMOM NJisi TpOBeie-
HUSI UBMEPEHUM, TpeACcTaBieHa Ha puc. 1.12.

A 4
o

I

S

5 >2j > 4

Puc. 1.12

B ee cocTtaB BXOAAT reHepaTop NpsIMOYTOJIbHBIX UMITYJIBCOB /, aMIUTUTYAHBIN
MoayJsaTop 2, ociuuiorpad 3, aHamU3aTop CIEKTpa 4 M TeHepaTop TapMOHHYE-
ckoro cursHana j. Ilepuomnueckas IOCIENOBATENBHOCTh MPSAMOYTOJIBHBIX BHUIIEO-
HMMITYJIbCOB CHUMAETCs C BBIXOJIa TeHeparopa /, a ¢ BhIXOJa aMIUIUTYAHOTO MOJTY-
JATOpa 2 CHUMAETCA IMOCIEN0BATEIbHOCTh PAJUOUMITYJIBCOB C MPSIMOYTOJBHOMN
oru0arolei mpu Mnojayve Ha ero BXOJbl EPUOIUUYECKON TOCIE0BATEIbHOCTH BU-
JEOUMITYJILCOB (0T TeHepaTopa /) U BRICOKOYACTOTHOT'O FapMOHUYECKOT0 Kojeha-
HUS C BBIXOJa T€HEPATOpa CTAHIAPTHBIX CUTHANOB J. [lepekntoyaTens S mo3BoseT
BBIOMPATH ISl HCCIICIOBAHUS BUJICO- WIIA PAJMOUMITYJIHCHI.



1.3. 3aganue U yKazaHHMs K BBINOJHEHUIO PadoThI

Hccneoosanue cnekmpoe nepuoouueckux nociedoeamesibHocmeil 6udeo-
UMNRYIbCOB.

1. [Togath Ha BXOABI ocuuMiuIorpada U aHalu3aTopa CIeKTpa NEPUOTUIECKYIO
MOCJIEI0BATENbHOCTh BUJICOMMITYJIbCOB. JIMTENBHOCTh UMITYJIBCA T CIEAYET BBI-
Opath paBHOI 10 MKC U peryIMpoBKOil YaCTOThHI MOBTOpPeHMsI curHana f, = 1/7 yc-
TaHOBUTH TEPHUOJ MOCIEAOBATEILHOCTH, COOTBETCTBYIOIIUI CKBa)XHOCTH ¢ =6
(g = T/t). 1ns KOHTpOJISI MapaMeTpOB MOCIEIOBATENBHOCTH U (POPMBI CUTHANIA He-
00X0IMMO HCIONIB30BaTh ociuiorpad. Jlamee myTteM HACTPOWKH aHAIM3aTOpa
CHEKTpa CcieayeT JOOUThCA Ha €ro IKpaHe YETKOTO M300paKeHUs TapMOHHUK aHa-
JU3UPYEMOT0 CUTHAJIa. 3aTeM HEOOXOIMMO H3MEPUTh 3aBUCUMOCTh AMILIATYbI
rapMOHUKUA A, OT ee Homepa n. IIpu 3TOM pacCMOTPEHUIO MOJUIEKAT 3HAYCHUS
n=1,2,3,..., 10 (mocTosiHHAs COCTaBJAIOIIAsl CUTHAIa, WK TAPMOHHUKA HYJIEBOU
4acTOTHI, B HacTosel paboTe He uccaeayetcs). s ynpoieHus u3MepeHuii 3Ha-
YEHUs aMIUTUTY] A, MOXXHO OLIEHMBATh HEMOCPEJACTBEHHO MO IIKaje, pacrojo-
KEHHOU Ha 3KkpaHe mpubdopa. UToOBI HECKOIBKO MOBBICHTH XapaKTEPHYIO ISl Ta-
KOr0 METOJa M3MEPEHUN HEBBICOKYI0 TOYHOCThb, PEKOMEHIYETCS MyTeM PperyJiH-
POBKHM UYYyBCTBUTEIBHOCTH aHAJIM3aTOpa CIEKTPa YCTAHOBUTh YPOBEHb HaUOOIb-
el aMIUIUTYAbl TApMOHMK (7 = 1) COOTBETCTBYIOIIMM IOJHON BBICOTE IIKAJbI
npubopa. Pe3ynbraTtsl u3MepeHuit mojie3HO CBECTH B TAOJUILY.

2. AHanoruyHele U3MEPEHUS CIEAYET BBIOJHUTH ISl CIy4aeB MEPUOINYE-
CKHUX IOCJIEOBATEIbHOCTEN BUACOUMITYJIBCOB C IPYTHMMU 3HAYEHUSMU CKBaKHO-
CTH, a uMeHHO: g =4,5; 3,5; 2. V3MeHATh CKBOXHOCTh IMPHU ITOM HEOOXOJHUMO,
BapbUpPYs MEPUOJ] TOCIEI0BATEIILHOCTH MPU 3HaueHnH T = 10 MKC.

Hccneoosanue cnekmpog nocnedosamenbHOCmell paououmMnyibCos.

1. [logats Ha BXxonbl ocuusuiorpada U aHaiau3aTopa CIeKTpa NocaeA0BaTelNb-
HOCTb PaJIMOMMITYJIbCOB, CHOPMUPOBAHHYIO Ha BBIXOJIE aMIUIUTYAHOTO MOJYJISITO-
pa. Ilpu »TomM Hecymias dyacToTa curHaiza fy Oepercs paHoil 2,5 MI,
a ITUTENBHOCTh UMITYJIbca T octaercs npexHeit (10 mxc). [lytem HacTpoiiku aHa-
JM3aToOpa CIEKTPa TOOUTHCS HA €r0 dKpPaHEe YETKOTO M300paKeHUsI TapMOHUK aHa-
JU3UPYEMOT0 CUTHAIA.

2. Pagnocursaiisl ¢ aMIUIMTY THOW MOIYJISILAEN UCCIEAYIOTCS JIUIIb IS IBYX
3HaueHUM ckBaxkHoctu (6 u 3,5 wnm 4,5 u 2). llenb usmepeHuid, BHIMOTHIAEMBIX C
MOMOIIBIO aHANIM3AaTOpa CIEKTpa, KaKk U B MPEIbIAYLIEM cllydae, 3aKI4yaeTcs B
OTIPEICIICHUH CTPYKTYPhl aMIUTUTYTHOTO CIIEKTpa aHATU3UPYyEMbIX curHaioB. [Ipu
TOM B pe3yjbTaTe HU3MEPEHHil yJOOHO COCTAaBUTh AHAJOTHYHYIO TaOJHUIly s
n=1,2,3,.., 10, cauTas HeHTpaJIbHYIO YaCTOTY CIIEKTPa PaJUOCUTHAJIA COOTBET-
ctBytomiedt n =0. TlockonbKy B HacTosIel paboTe HE UCCIeayeTcs M3MEHEHHe
abCOJIOTHOTO YPOBHSI aMIUIUTY]l TapMOHHUK TIPH TMEPEX0Jie OT OJTHOTO CUTHAajla K
JIPYroMy, MO-TIPEKHEMY BCSIKMU pa3 I1eJIecCO00pa3HO PeryjupoBaTh 4UyBCTBUTEb-
HOCTh MPUOOPA, UCTIOJIB3YsI BCIO BHICOTY IITKAJIBI CETKU Ha DKpaHe.

10



Hccneoosanue coomuouwienus mexncoy O1UmMenbHOCHbIO CUZHANA U WIUPU-
HOUl e20 cnekmpa.

1. [TonyunTh Ha 2KpaHE aHaIU3aTOpa CIIEKTpa CHEKTP IMOCJIEeI0BATEIHLHOCTH
PaIMOUMITYJILCOB CO CIEAYIOMMMHE mapamerpamu: T = 10 Mkc, fo = 2,5 MI'1, g = 6.

2. I3MepuTh MUPUHY CHEKTPA MO YPOBHIO HYJIEW €ro r1aBHOIO JIENECTKa, He
npuberas Ipu 3TOM HU K KaKUM pacdyeTaM W HE TMOJIb3YSICh COOTBETCTBYIONTUMU
METKaMU, UMEIOIIMMUCS B aHalu3aTope crekTpa. s peuienus 3Toi 3a1a4u J101-
YKEH OBITh UCITOJIb30BAaH TOJBKO BRICOKOYACTOTHBIA T€HEPATOP.

3. YMEHbIIUTH BJIBOE MJIUTEILHOCTh UMIYJIbCA T U TOBTOPHO MU3MEPUTH IIIH-
PHHY CIIEKTpa MOJYyYEHHOTO CUTHAJIA B COOTBETCTBUU C IIPEKHUM KPUTEPHUEM.

HcxonHyto JIUTETbHOCTh UMITYJIbCA M Pe3yJIbTaThl H3MEPEHUN HE0OX0AMMO
3anucatb. Kpome Toro, cieayer 3apucoBaTh CTPYKTYPY aMIUIUTYAHOTO CIEKTPA B
JTAHHOM cilydae, oOpaTuB BHMMaHHe Ha (popmy ero orubaromieir. UutepecHo mpo-
Ha0II0/IaTh 32 U3MEHEHUSIMU B CTPYKTYpE aHAIU3UPYEMOIO CIIEKTpa MPHU YBEJH-
YEHUH MEePUO0JIa TOBTOPEHUS PAIUMOUMITYIIHCOB.

Conep:xanme oTuera

e TabnuyHOE W rpadUyecKoe MPeICTABICHUS aMIUTUTYIHBIX CIIEKTPOB NEPHOIHU-
YECKHUX MOCIIEI0BATEIbHOCTEN BUIEOMMITYJIbCOB C TapaMeTpaMu T U g = 6; 4,5;
35;2(n=1,2,3,...,10);

e TaOuUIBl U TpadUKU aMIUIMTYJHBIX CIIEKTPOB MOCJEAO0BATEIBLHOCTEN pajno-
UMITYJILCOB C MapaMeTpamMu T, fou g = 6; 3,5 umm 4,5;2 (n=1, 2, 3, ..., 10).

[lepeuncnennbie rpaduKu aMILTUTYIHBIX CIIEKTPOB CTPOSATCS HA OCHOBE JKC-

NEePUMEHTAIBHBIX JaHHBIX. [Ipy UX mocTpoeHnn HEOOXOAMMO BHITIOJHUTH HOPMHU-

POBKY 3HAU€HUN aMIUTUTYJ CHEKTPAIbHBIX COCTABIISIIOIIMX MO OTHOIIEHUIO K rap-

MOHHKE C HOMEpPOM 7 = 1.

Jlnst conocTaBieHUs MOJYYEHHBIX AKCIEPUMEHTAIbHBIX PE3yJIbTaTOB C pac-

YETHBIMU 3HAYEHUSIMH HEOOXOAUMO BBITIOJIHUTH CJIEAYIOIICE:

® OMNpEJeNUTh 3HAYCHHS aMIUIUTY U (pa3 CIeKTpaibHBIX cocTaBisgromux (n =1,
2, 3,..., 10) mepuoanyuecKkux MOCIEAOBATEIHLHOCTEH MPSIMOYTOJbHBIX BHJIEO-
MMITYJIbCOB C MapaMeTpaMu T U ¢ = 6; 3,5 unu 4,5; 2, UcnoJib3ys C 3TOU ETbI0
cootHomrenus (1.2) u (1.4)—(1.6); npu >ToM sl YIPOIIEHUS PACUETOB PEKO-
MEHJYeTCSI PaCCMOTPETh MOCIEAOBATEILHOCTh, ONMKMCHIBAEMYIO YETHOW (hYyHK-
IHEH;

® HAHECTH Ha JKCIEpUMEHTaJbHbIE TpaUKN aMIUTUTYAHBIX CIEKTPOB IMOCIEIO0-
BaTEJIbHOCTEM BHJICOMMITYJIbCOB COOTBETCTBYIOIIME pPACUETHBIE 3HAUYCHUS,
OCYILIECTBUB UX aHAJIOTUYHYI0 HOPMHUPOBKY.

Kpowme Toro, cienyer nocTpouTh rpauKky pacCYMTaHHBIX (PA30BBIX CIIEKTPOB

(2 cyuast), a TakkKe HEOOXOAMMO MPHUBECTH PE3YyJIbTaThl U3MEPECHUN IIMPUHBI

CIIEKTpa CUTHala IPHU Pa3IuyHON JUIUTEIBbHOCTH UMITYJIbCOB C COOTBETCTBYIOIIH-

MU BBIBOJIAMH.
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KOHTpOJIbHLIe BOIIPOCHI

1.

2.

W

10.

11.

12.

12

Kak u3MeHsI0TCS aMIUIUTYIHbIN U (Da30BBIM CIIEKTPHl UMITYJILCHOI'O CUTHAJIA
IIPY €T0 3aAepiKKe?

Kak cBsg3anbl Mmex 1y coO0# criekTpaibHas GyHKIHMS OJJMHOYHOTO UMITYJIbCa U
CIEKTp TMEPUOJUYECKON MOCIEI0BATEIbHOCTH, MOPOXKICHHON ITaHHBIM HM-
MyJIbCOM?

VY nepuoanvyecKoro CurHaga N3MEeHUIIach MOJISAPHOCTh. UTO IPOU30UIIET C €0
CIIEKTpOM?

N3menutcs nu Beipaxkenue (1.9), ecnu HapymIuTh NPUHATOE MPU €TI0 BBIBOJIC
ycioBue A(f) = 0 u cuurats curHan A(t) OUnoasipHbIM?

Kak Oynet BhIMISAeTh CUTHAJ TUIIA «MEaHAp» 0e3 MepBOi rapMOHUKH?

Yem OTIMYAKOTCSA aMIUIUTYJHBIE CHOEKTPbI ABYX MOCIEI0BATEIbHOCTEN Mps-
MOYTOJIBHBIX UMITYJIbCOB C OJMHAKOBBIMU MEPUOJAMHU MOBTOPEHUS T U IIu-
TEJIbHOCTAMU UMITYJIbCOB, PaBHBIMHU T U 1 — 17

Haiitu nepuo curHana, CiekTp KOTOpOro u300pakeH Ha pUCYHKE:

ISCH) ISCH)
053 73 300 ; 053 150 103 ;
a o

VYKa3zaTp BapMaHT CKBaXXHOCTH IMEPHUOJIMYECKON MOCIENO0BATEIBHOCTHA BUJIE0-
VMMITYJIbCOB, JIJI KOTOPOW MPUCYTCTBYIOT BCE TAPMOHUKHU B CIIEKTPE.

Onucarb Bce U3MEHEHUS, MMPOUCXOISIINE CO CIEKTPOM MEPUOIUUYECKOM MO-
CJEN0BATEIIbHOCTU MPSIMOYTOJIbHBIX UMITYJIbCOB MPU CIEIYIOMIEM H3MEHEHUU
€€ mapaMeTpoB:

a) JJIMTCIIBHOCTDh UMITYJIbCOB YBCIMYMNIIACh B JIBa pd3d, BCC OCTAJILHBLIC ITaApaMCT-

pBI OCTaNIMCh 0€3 U3MEHEHUI;

6) nepuo g CiICa0BaHuA UMITYJIbCOB YBCIMYUIICA B JIBa pa3ad, BCC OCTAJILHLIC I1a-

pameTpbl OCTAIUCh 0€3 U3MEHEHUH;

B) JINTCIIBHOCTD U IICPUOA CIICOAOBAHUA MMITYJIBCOB OAHOBPEMCHHO YMCHBIIN-

JIUCBh B JIBA pa3ad, aMIININTyd OCTAJIACh 0e3 HSMGHGHHﬁ;

F) JJIIATCIIbHOCTE UMITYJIbCOB YMCHBIIMJIACH B IBA pa3d, UX aMIUIUTYyJda YBCIIH-

YMJIach B JIBa pa3a, a MepUo/l CIIEJOBAHUS OCTaJICs O€3 U3MEHEHUI.

YTo NOHMMAIOT O IIMPUHOU CIIEKTPa IMEPUOIUUECKON MOCIEA0BATEIIBHOCTH
BUJIO (paauo)uMiryibcoB? OT 4ero oHa 3aBUCHUT?

3aBUCHUT JM IIMPHUHA CHEKTPa OT CKBAXXHOCTH NEPUOJUYECKOM IOCIENI0Ba-
TEJIbHOCTH UMITYJICOB?

Jlana nepuoguyeckas MOcCieI0BaTEIbHOCTh MPSIMOYTOJIBHBIX BHIECOUMITYJIb-
COB C aMIUIMTynou U, NIWTENbHOCTBIO UMIIYJIBCOB T W nepuogom 1 = 2t.



13.

14.

N300pa3uth cpaBHUTENbHBIE IpadUKu MOAYJS CIEKTpa 3aJaHHOW MOCIEN0-
BAaTEJIbHOCTHU U IIOCJIENOBATEIBLHOCTH, B KOTOPOU Ka)KJIblii BTOPOM BUJICOUM-
MyJIbC 3aMEHEH PAJAUOUMITYJIBCOM C TEMHU K€ aMIUIUTYAON U NIUTEIIbHOCTHIO
Y 4aCTOTOM 3aIIOJIHEHUSA ().

Ecnu curnan sBisgeTcs nepuoauyeckuM, TO CIIEKTp ero auckpereH. Crpase-
JIMBO JI1 00paTHOE yYTBEpKIACHUE?

Besikuii 1 HemeproANYeCKUil CUTHAIT MOKET OBITh MPEACTABJICH B BUJC WH-
terpana Oypoe?
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2. TAPMOHUWYECKHW CUHTE3 CUTHAJIOB

Ilenv pabomer — n3yveHue NpoUeaypbl CUHTE3a MEPUOAMYECKUX CUTHAJIOB C
MOMOIIIBIO0 OIPAHUYEHHOTO YUCIIa TAPMOHUYECKUX KOJIeOaHuH.

2.1. TeopeTnueckue cBeaeHUs

B pamkax Hacrtosiei 1abopatopHOi paOOThI 11€71eCO00pa3HO B3TJISHYTh Ha
npeACTaBlIeHUe CUTHaNa §(f) TpUuroHoMeTpudeckum psiiom dypre B BEIIECCTBEH-
HOW Wi KOMITTIEKCHOU (hopme (cM. paboTy 1) ¢ 6onee oOmMX MO3UIIUA.

B Teopuu pampoTeXHWYECKHX IIEMEH M CUTHAJOB YacTO BO3HUKAET HEOOXO-
JMMOCTb TIPEJICTABJICHUS 3aJJaHHOTO CUTHANIA S(f), ONMPENCICHHOI0 Ha MHTEpBaJIe
BPEMEHHU ¢ € [{1, t] (B 4ACTHOM clly4ae 3TO MOKET ObITh U MEPUOJUYECKUN CUT-
HaJl, TOTJa {; — —0 U t, —> ©0), B BUJIC JUHCHHON KOMOWHAIIMK HEKOTOPOH CHCTE-
MbI byHKIud {@(f)}, rtnei=0, 1, 2, 3, ..., a UMEHHO:

e 0]
s(t) = Cioi (1), 2.1)
i=0
rae C; — noctosiHHbIe KO3 PUIUeHTsl. O4eBUIHO, C LENbI0 YCTPAaHEHUs U30bI-

TOYHOCTH B TIpecTaBiieHUH (2.1) eCTECTBEHHO MOTpeOOBaTh, YTOOBI BHIOpaHHAS
cucrema (yHKuui (0asuc pas3inoKeHHs) SBISIACH JTMHEHHO HE3aBUCHUMOM, T. €.
qT0OBI HU OfHA W3 (pyHKIMK Oa3uca He BhIpakaJlach B BUJC JTMHEHHONW KOMOWHA-
U JT00BIX Apyrux QyHkiui. OqHako coOMoAeHNe JaHHOTO TPeOOBaHUS eIlle He
obecrieunBaeT BO3MOKHOCTU 3(PHEKTUBHOTO MPUMEHEHUsT pasnoxkeHus (2.1), 4ro

00YCIJIOBJIEHO CIIOKHOCTBIO BbIUUCICHUs Ko3(duienToB C; mpu 3aaHHBIX CHUT-
Haje s(¢f) u 6azuce {Qf)}. DTy BO3MOXXHOCTh CO3/Ia€T U3BECTHAS U3 MAaTEMaTHKHU
TEOpeMa O TOM, UYTO BCAKas JTMHEHHO He3aBUCUMas CUCTeMa (YHKIIMI MOXKET OBITh
clellaHa OPTOTOHAJIBHOM, T. €. TaKOM, JIJIi KOTOPOM CIPaBEUIMBO CIIEIYIOIIEE CO-
OTHOIIIEHUE:

)
j%amﬂﬂm= .
” ol i= .

rae Hq),H Ha3bIBaeTcsa HOpMoM dyHKuuU @,(f). C 1pyroil CTOpOHBI, JOKA3aHO, YTO

BCSAKasi OPTOTOHAJIbHASI cucTeMa (YHKIUN SBISETCS JIMHEWHO He3aBUCUMOM [1],
YTO U CIY’KUT OCHOBAHHMEM paccMaTpHBaTh pasyiokeHHe (2.1) HCKIIOUYHMTENIBHO C
UCIIOJIb30BAaHUEM OPTOTOHAIBHBIX 0a3ucoB. 3HaueHue ko3¢ duuuenra C, B 3TOM

ClIy4ac BbIYUCIICTCA TAKUM 06pa30M'

H H2 j (), (0)dt . 2.2)
Py
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Psan (2.1), B xotropom ko3pduuuentsl C; ompeneneHsl B COOTBETCTBUU C

dbopmynoni (2.2), Ha3piBaeTcs 0000IIeHHBIM psigoM Dypbe Mo JaHHOH CHCTEME
bynxmit {@,(¢)}. Cnenyroumii ad3ail ABIsSETCS UTATON U3 [2].

Bo160op Hanbosiee paumoHanbHOW OPTOTOHAIBHOM CUCTEMBI (DYHKIIMI 3aBUCHUT
OT 1EJIH, IPECICAYEMON NIPU Pa3ioKeHUuu cloxHOM (GyHkiuu B psag. Cpenu pas-
HOOOpa3HBIX 3a7a4, TPEOYIOUIUX Pa3I0XKEHUsI CJI0KHOTO CUTHaIa, HanboJiee Bax-
HBIM SIBJIsIeTCA: 1) TOUHOE pa3iioKeHHe Ha MPOCTEUIlNe OPTOroHANIbHbBIE (DYHKITNY;
2) anmnpoKcuMallds CUTHAJIOB, MPOILIECCOB WIIM XapaKTEPUCTHK, Korjga Tpedyercs
CBECTM K MUHUMYMY YHKCJIO YJIEHOB Psijia MPHU 3aJlaHHON JOMYCTUMOM MOTPENTHO-
ctu. [Ipu mepBoil mocTaHoBKe 3a1ayd HauOOJIbIIEE PACHPOCTPAHEHHUE IMOTydHIIa
CHUCTEMa OCHOBHBIX TPUTOHOMETPHUYECKUX (PYHKIMH CHHYCOB U KOCHHYCOB. DTO
OOBsICHSIETCS PSIOM NPUYMH. Bo-mepBbiX, rapMOHMUYECKOE KojeOaHue sBIIETCS
eIMHCTBEHHOW (PYHKIIMEW BPEMEHHU, COXPAHAIOIIEH CBOIO (hopMy MpH MPOXOXKIe-
HUHM 4yepe3 o0y JMHEHHYIO LEMb C MOCTOSHHBIMH MapameTpaMu. Bo-BTOpBIX,
pa3okKeHHe CI0KHOTO CUTHAJIAa MO0 CHHYCaM M KOCHHYCaM IO3BOJISIET MCHOJIb30-
BaTh CHMBOJHUYECKHI METOJI, pa3pa0OTaHHBINA I aHAINM3a Mepeladll TapMOHUYE-
CKUX KojeOaHui uepe3 nuHeiHble nenu. [1o 9TuM, a Takke U HEKOTOPBIM APYTUM
IpUYUHAM TapMOHUYECKUI aHAIIM3 MONYYHI IIHPOKOE PACIpOCTpaHEHUE BO BCEX
OTpaciiiX COBPEMEHHON HAyKH U TeXHUKH. [Ipu BTOpOW MOCTaHOBKE 3aqadu —
IPUOITMKEHHOM PaA3NIOKEHUH (DYHKIIMN — MPUMEHSIOTCS pa3HOOOpa3HbIE OPTOTO-
HaJIbHbIE CUCTEMbI QYHKUUN: MoIuHOMBI YeOnimeBa, Dpmura, Jlareppa, Jlexann-
pa, pyHKIMK YOIlllla U MHOTHE JIp.

Conepxanue JaHHOU 1a00paTOpHO pabOThl WILTIOCTPUpPYET Mporecc (op-
MUpPOBaHUs (CUHTE3a) HEKOTOPHIX MEPUOAMYECKUX CUTHAJIOB Ha OCHOBE OTPAHMU-
YEHHOI'0 YMCJIa TAPMOHUYECKUX COCTABJISIOLIMX C YaCTOTAMU, KPATHBIMU YacTOTE
NOBTOPEHUSI. AMIUTUTY/IBI M (ha3bl TAPMOHUK MOTYT BapbHpPOBATHCS B HEOOXO/IM-
MBIX Ipeesax, ONpeaesieMblX CTPYKTypaMu CIIEKTPOB COOTBETCTBYIOIIUX CUTHA-
joB. Himke kpaTko oxapakTepH30BaHbI HCCIEAyEMbIE B pabOTe CUTHAIBI U MPHUBE-
JI€HBI UX pa3ioxeHus B psag Oypwe (B BeLIECTBEHHOH (hopme).

Ilepuoouueckoe konedbanue npamoy2onvHou gopmol (meandp) si(t) umeet
BU/I, M300paskeHHbIN Ha puc. 2.1, rae T = T/2. Jlerko BUAETh, UTO B CUJTy YETHOCTHU
GyHKIMM 51(f) 1 OTCYTCTBHUS IOCTOSIHHOM COCTaBIISIIOIIEH €€ paslioKEeHUE B Pl
®ypre B popme (1.1) Oymer comepkarh JHIIb KOCUHYCHbIE KOMIIOHEHTHI, 3 UMEH-
HO:

s1() = 4—E(cos o — %cos 3ot + %cos S5mit—.. j , (2.3)
T

rae £ — ammuTyna Meanapa, o) =2n/7T — Kpyrosasi 4acToTa OCHOBHOM rapMo-

HHKU.
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Ilepuoouueckoe rkonedanue nunooodpaznou hopmot s,(t) NPeCTaBICHO HA
puc. 2.2. OHO, MOJOOHO MPEBIAYIIEMY CUTHATY, HE UMEET MOCTOSIHHON COCTaB-
JSIOLIEHN U, B OTJIMYME OT HErO, SIBJISIETCA HEYETHOU PyHKIIMEN BpEMEHHU.

s()
E

S(t) A

> T T >
374 —T/A] 0 T/ 3T/4] % VT 2 0 2 /T Vf
_E -E
T T
Puc. 2.1 Puc. 2.2

MoXxHO noKa3atk, 4TO €ro pasioxeHue B psa Oypbe umMeeT BUA
2E( . l . 1.
$H(t) = —(sm oy — Esm 20t + gsm 3ot —.. j . (2.4)
T

Ilepuoouueckoe ronebanue mpeyzoavHoil Gopmol s;(tf) U300paxeHO Ha
puc. 2.3, 0coOeHHOCTH ero npeacTaBieHus psaoM Dypbe aHAIOTHYHBI CiTyvaro /,
a pa3J0KEeHUE TAaKOBO:

s3(¢) = 8—§(cos ot + chos 3ot + izcos Soit+.. J . (2.5)
T 3 5
Amnaumyono-mooyauposannoe xonevanue (AMK) ¢ oonomonanvnoii mo-

oynayueil s,(t) UMEET CIEAYIOIIEee aHATTUTUYECKOE BhIPaKEHUE:
§4(t) = Ag[1+ mcos(Qt + V)] cos(wgt + @g) , (2.6)

rne Ay, ®y, Po — AMILIUTYJA, KPyroBas 4acToTa U HayaylbHas (pa3a HECYIIETo KO-
neGanusi cooTBeTCTBEHHO; 0 < m < 1 — K03(pGUIUEHT aMIUTUTYJHOW MOIYJISALINY;
Q, ¥ — kpyroBas yactoTa U HadajbHas (aza MOAYJIHUPYIOIIETO0 FAPMOHUUYECKOTO
Kose0aHus. B yacTHOM ciiyyae Ipu HyJIEBBIX 3HaueHUAX napamerpoB W u ¢y dpop-
Myina (2.6) MoxeT ObITh TpeoOpa3oBaHa K BUTY

§4(t) = Ag cosmyt + %cos(mo + Q)¢ + %cos(coo - Q). 2.7)

Crpykrypa AMK ¢ ogHOTOHaIBHONM MOy IALMENR H300paxeHa Ha puc. 2.4.

A

____________ PH Ao(1—m)

\ (Wimininiaininie

l§

— 7
=
~
S
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Koneoanue ¢ oonomonanvnou y2noeou mooyaayueit (YM) ss(t) B oOiem
CITy4ae OIMCHIBACTCS TAKUM 00pa3oM:
§5(¢) = Ay cos[myt + Bsin(Qs + V) + @], (2.8)
rae — uaaexc YM, a octaibHbIe 0003HAUYCHUS UMEIOT TOT K€ CMBICH, YTO U B
dbopmyne (2.6). B canyqae YM (wacTtoTHO wmim (a3oBoil) ¢ Manoil TiryOuHOMU
(B << 1) BepaxkeHue (2.8) mpu HyJIEBbIX 3HaUYCHUSIX Ha4aJIbHBIX Pa3 ¥ u ¢y MoxeT
OBITH TIPE/ICTABIICHO B cienyomei hopme:

§5(¢) = Ay cos gt + iﬁcos [(og + )]+ AOB ———cos[(wy — Q)¢ + ). (2.9)

Ecam ke ycrmoBue MaiocTu ri1yOUHBI MOI[yJIHIJ;I/II/I HE BBINOJHIETCS, TO KOJe-
OaHue ¢ O THOTOHATBLHONM YM MOXKET OBITh Pa3I0oKeHO B OECKOHECUHBIN PS/I;

ss()=, AgJ i (B)cos((wg +kQ)r). (2.10)
k=—o0

Bo3mokHas cTpykTypa Kojiebanusi ¢ ogHOTOHanbHOU YM (2.8) mzobpakeHa
Ha puc. 2.5.

Ilepuoouueckaa nocneoosamenvHocms O-yHKYUU S¢(t), MMUPOKO HCTOIb-
3yEMBbIX B TEOPETHUECKOW PaAUOTEXHUKE, IPEACTABIEHA HA puUC. 2.6.

s(1)

[

2T -T 0| T 2Tt
Puc. 2.5 Puc. 2.6

Ecnu cnenoBath KpuTepHsM, KOTOPBIM JOJDKEH YAOBIETBOPATH MEPUOANYE-
CKHMI cHrHal, pa3naraemslid B psa @ypbe, TO MOCIEAOBATENBHOCTD Se(f) B MOJHON
MEepe UM HE COOTBETCTBYET, MOCKOJbKY O-(YHKIHS MpPEACTaBiseT co0oi, Mo cy-
HIECTBY, pa3pbiB BTOPOro poja [2]. AHAIUTHUYECKOE BBIPAKEHHUE JIJISI TOCIIEI0BA-
TEIBLHOCTH S¢(f) UMEET BUJT

o0
se()=Y 8(t+kT), (2.11)
k=—o0
rae T— nepuon nocneaoBarenbHOcTH. OHako (hopMallbHOE TPUMEHEHHUE Pa3iio-
xenus B psia Oypwe B Buge (1.1) k paccmarpuBaemoit mociaeaoBarenbHOCTH (2.11)
MPUBOJUT K MPUEMIIEMOMY PE3YJIbTATY, & UMEHHO:

1 2
H=—+— ) cosm,r. 2.12
s6(?) T TZ n (2.12)

n=1
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[TotoOHBII TOIX0/] K MIPEACTABICHUIO CUTHATIOB PSIOM U HHTETpasioM Dypbe
UCIIOJIB3YETCSI B TEOPUHU O00OOLIEHHBIX (DYHKIMM, K KOTOPHIM MPUHAMJICKUT, B Ya-
CTHOCTH, U O-pyHK1us [2].

N3 cooTtHomenus (2.12) cienyer, 4To MepeMEeHHAasi COCTABIAIONIAS Se-(f) TIe-
PUOIMYECKOMN TTOCIICIOBATEIHPHOCTH O-(PYHKITUHN S6(f) MOXKET OBITh 3aMrcaHa B BUC

Se-(1) ~ Zcos%“m. (2.13)
n=1

2.2. Onucanme JJaGOPATOPHOI YCTAHOBKH

JlabGopaTopHasi yCTaHOBKA peajn30BaHa B BUJE KOMITBIOTEPHON MPOTPAMMBI,
MO3BOJIAIONIEH CUHTE3UPOBATh IMPOU3BOJIbHBIC MEPUOANMYECKUE CHUTHAIBI U3 12
TapMOHUK IyTEM 3aJIaHUsl UX aMIUIUTY]] U HadalbHbIX (a3. Bua skpana nporpam-
MBI TTIOKa3aH Ha puc. 2.7.

AC 1= 30 9C 1= 0O°A( 5=
AC 2)= 13 @C 2)= 0°[AC )=
AC 2= 0 OC 3= 0D°A 7=
AC 4= 3 OC 4=180°A( B8)=

?°( 5= 0°*AC 9=
P 6= D°jAC10)=
Q¢ )= 0°ACl1>=
Q¢ 8= 0° AC12)=

Puc. 2.7

o 9)= O0O°
°{10>= 0O°
°{11>= 0O°
°12)= 0O°

[=R=12]=]
[=R=R=N=]

B BepxHeii wactu 3xpaHa oToOpakaercs rpaduk copMUPOBAHHOTO CUTHAIA,
B HIDKHEH BBIBOJISITCS aMIUTMTYIBI U (ha3bl TapMOHUK. B KaXkIbIii MOMEHT BO3MOXK-
Ha peryJjrpoBKa MapaMeTpOB TOJBKO OJHON rapMOHUKH — €€ aMIUTUTya U ¢asza
BBIJICJIEHBI paMKoi (Ha puc. 2.7 310 rapMmoHuka 6). Jljis BeIOOpa pegakTupyeMon
TaPMOHHUKH CIIyKaT CIEAYIONINE KIIABUILIN:
e Tab — BeIOOp cremyrOIIEH TAPMOHUKH,
e Shift + Tab — BbIOOp npeAbIAYIIICH TAPMOHUKHY;
e 1...9 — BBIOOp rapMOHUKH C COOTBETCTBYIOIIUM HOMEPOM.

Jlyia HaCTpOMKHU aMIUIUTYABI U (ha3bl peAaKTUPYyEeMON TapMOHUKH IIpeIHA3HA-
YEHBI CIIEAYIOIIUE KIIABUILIN:
e Crpenka BBepX — yBEIMUYCHHE AMIUIUTYAbl BHIOPAHHON TapMOHUKH Ha 1;
e Crpesika BHM3 — YMEHbIIIEHUE aMIUIUTYIbl BELIOpAaHHOM rapMOHUKH Ha 1;
e Page Up — yBenuyeHue aMIUIUTYbl BEIOpaHHOU rapMOHUKH Ha 10;
e Page Down — yMeHbIlIEHHE aMIUTUTY bl BHIOpaHHOM rapMOHuKH Ha 10;
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Crpenka BIpaBo — yBeauueHue (pa3bl BBIOpaHHON TrapMOHUKH Ha 1°;

CrtpeJika BJIeBO — yMeHbIIeHHE (Da3bl BBIOpaHHOW TapMOHHKH Ha 1°;

Ctrl + Ctpenka BnpaBo — yBenuueHue ¢as3bl BBIOpaHHON rapMoHUKH Ha 10°;

Ctrl + Ctpeaka BjeBo — ymeHblieHUE $a3bl BHIOpaHHON rapMOHUKH Ha 10°.

Kpome Toro, s ynpasiaeHus MPOrpaMMON UCIIONB3YIOTCS CIEAYIONIUE Kila-

BUIIIU:

o Escape — 3aBepiieHue padoThl C IPOrpaMMON;

e R — cOpoc B uCXoqHOE COCTOSIHUE, IPU KOTOPOM YCTAHABIIMBAIOTCS HYJIEBbIC
amMIuIUTy bl U (a3sl Bcex rapMoHuk. C mponeaypsl cOpoca cielyeT HauMHATh
CHUHTE3 KaXKJI0T0 OYEPEAHOr0 CUTHAala.

MaxkcumanbHas amIuiuTyna cHOpMHpPOBAHHOTO CHUTHalla, MPH KOTOPOW OH

NOMEIAETCS Ha DKpPaHE, 3aBUCUT OT BUACOPEKMMA KOMIBIOTEpPA U JUIsl pa3pelle-

Hus 640 x 350 Toyek cocTaBigeT npuMepHO 60 eTUHUII.

2.3. 3aanue ¥ yKa3aHUA K BBINOJHEHHIO pa0doThI

[lenp sKCEpUMEHTANBbHON YacTU MpOrpaMMbl paboThl COCTOUT B (POPMUPO-
BaHUU PACCMOTPEHHBIX B 2.1 curHanoB si()...S¢(f) ¢ TOMOIIBI0 TAPMOHUYECKHUX
KOJIeO0aHMI, YUCIIO KOTOPBIX OTPAHUYCHO (B JAHHOM ciiydae He Oosee 12) u KoTo-
pbI€ UMEIOT KPaTHBIC YaCTOTHI, @ TAKXKE JIOMYCKAIOT PETYJIUPOBKY aMIUIUTY]] U Ha-
YJaJIbHBIX (as3.

[Tocne cuHTE3a KaXKIOTO CHTHANA CIEAyeT 3apUCOBaTh MOJYUYEHHBIA Pe3ylib-
Tat (¢ coOJIIOICHUEM YHUCTIa U YPOBHS HAOIIOJaeMbIX MyJibCAllMii) U 3amucaTh yc-
TAQHOBJIEHHBIC MTPH CUHTE3€ 3HAYEHUS aMIUTUTY1 M HaualdbHBIX (a3 TapMOHUK.

Jlanee mpuBOIATCS TOTOJHUTENbHBIE KOMMEHTAPUH MO TIOBOJY CHHTE3a OT-
JIeNTbHBIX CUTHAJIOB.

IlocneoosamenvHocmos nPpAMOY20bHBIX UMRYIbCOE (CM. puc. 2.1). AmIuu-
TyAy TIEpBOM TapMOHUKHU (MHOXKHUTEIb Tepe]; CKkoOKol B (2.3)) ciemyeT BbIOpaTh
UCXOJIl U3 KelaeMol aMIUMTYIbl E pe3ynbtupytomniero curnana. Ciemyer oopa-
TUTh BHUMAaHUE HA TO, YTO B CIIEKTPE MPUCYTCTBYIOT TOJIBKO TAPMOHUKHU C HEYET-
HBIMH HOMEPaMH, & MHOKUTEJU MPU KOCUHYCAaX MOTYT OBITh KaK MOJIOKUTEIHHBI-
MU, TaK U OTPUIIATEIHHBIMH.

Buumanmue! [Ipu cuHTe3€ JaHHOTO CUTHANA, TOMUMO KOHEYHOTO Pe3yJbTara,
CIIETyeT 3apHCOBATh BCE NPOMEICYMOUHble ITANbl: KOCUHYCOUJANbHOE KoJiebaHue
IIEPBOM TAPMOHUKH, CYMMY IIEPBOU U TPETbEU TAPMOHHUK U T. 1.

Ilocneoosamenvnocms nu1000paznvlx umMnyabcog (cM. puc. 2.2). JlanHbIit
CHUTHaJ TIO CPAaBHEHHUIO C TMPEABIAYIIMM HUMEET CIEAYIoIne OCOOECHHOCTH:
BO-TIEPBBIX, HEHYJIEBYIO aMIUIUTYAy B €ro CIHEKTpe HMEIOT 6Ce TapMOHUKH,
BO-BTOpBIX, ciaraeMble psga @ypwe (2.4) npenactaBisitoTr coO0M HE KOCHHYCHI, a
CUHycbl. AMIUTUTYly TIepBOW FapMOHUKH, KaK U B MPEAbIAYIIEM Clydae, CleayeT
BBIOMPATH UCXO/IA U3 JKEAeMOM aMIUUTYIbl E pe3yJIbTUPYIOUIEro CUTHAIA.
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Ilocneoosamenvnocmos mpey2onbHblx umnyiabvcosé (cMm. puc. 2.3). Tak xe,
KaK ¥ IOCJEI0BAaTEIbHOCTh NPSIMOYTOJbHBIX UMIYJIbCOB, JAHHBIN CUTHAN COAEp-
KUT TOJBKO TAPMOHUKH C HEUETHBIMU HOMepamu. ClenyeT Takke oOpaTUuTh BHU-
MaHUE Ha 3aKOH 3aBUCMMOCTH aMIUIUTYJbl OT HOMEpa TapMOHHMKH. AMIUTUTYAY
NEePBOM TApMOHUKH, KaK U B MIPEABIAYIIUX CIy4asix, CIeayeT BIOUpaTh UCXO/s U3
KeJTaeMol aMIUTUTY bl E pe3yiabTUPYIOIIEro CUTHaja.

Cuznan c zapmonuueckois AM (cMm. puc. 2.4). CuHTE3 CUTHaNA CIAEAYyeT Mpo-
U3BECTH N7l JABYX 3HaueHud koddduimenta moxymsmuu: m=0,5 u m=1.
B kauectBe Hecyiero kojaedaHus y100HO MCNONb30BaTh 11-10 TapMOHMKY, a yac-
TOTY MOJYJMPYIOLIEro curHaiga () cienaTh paBHOW 4acTOTE MEPBOM TAPMOHUKH.
AMIITUTY 1y Hecyliero kojaebanust Ao HeoOX0AUMO BbIOpATh TakK, YTOObI CUHTE3U-
poBaHHOE KosieOaHKe MOMENaNoch Ha 3kpane. [Ipu aToM ciieyer uCXoauTh U3 TO-
ro, YTO MUKOBBIA YPOBEHb OAHOTOHAIBHOTO AM-curHana coctaBisiet 4y (1 + m).

Cucnan c zapmonuuecxkoin YM (cMm. puc. 2.5). CuHTE3 BBINOJIHSAETCS IS
JBYX 3HaueHui uuaekca moxynauuu f: B = 0,2 u 0qHOTO U3 3HAYEHU, TPUBEICH-
HBIX B TaOJHIIE, IO YKAa3aHUIO MPENOIaBaTEs.

Ji(B) B

1 2 2,4048 3 4
Jo(B) | 0,7652 | 0,2239 0 —0,2601 | —0,3971
Ji(B) | 0,4401 | 0,5767 | 0,5191 | 0,3391 | —0,0660
J>(B) | 0,1149 | 0,3528 | 0,4318 | 0,4861 | 0,3641
J3(B) | 0,0196 | 0,1289 | 0,1990 | 0,3091 | 0,4302
J4(B) | 0,0025 | 0,0340 | 0,0647 | 0,1320 | 0,2811
Js(B) | 0,0002 | 0,0070 | 0,0164 | 0,0430 | 0,1321
Js(B) | 0,0000 | 0,0012 | 0,0034 | 0,0114 | 0,0491

[Tpu B = 0,2 cunTe3 npousBoauTcs 1o Gopmye (2.9), mpu 3TOM, KaKk U B CIIy-
yae cuHTe3a AM-curHaia, B KaueCTBE HECYLIEro KoJeOaHHs YJOOHO HCIOJb30-
BaTh |1-10 rapMOHUKY, a 4aCTOTY MOAYJIMPYIOIIEro curHama (2 cruenaTh paBHOU
4acTOTe NepBoi rapMoHUKH. [Tone3Ho cHavana cuHTe3upoBaTh AM-curHain ¢ Ko-
3G UIUEHTOM MOAYJSIMUA M = [3, @ 3aTEM BHECTH B MapaMeTpbl TapMOHUK HE00-
XOJIMMbIE€ W3MEHEHUS, COOTBETCTBYIOIIUE pa3IuuusIM Mexay (opmynamu (2.9)
u (2.7). BenenctBue mManoro MHAEKCAa MOAYJISIUUMU B TAaHHOM CITydae yriioBas MoO-
OyJIALMS HE BUJHA BU3YaJbHO; HAOIIOJAETCS JIMIIb MPAKTHYECKH IMOJHOE HCUe3-
HOBEHUE aMIUTUTYTHON MOJTYJISIIMH.

[Ipu BeIOOpE 3HAUeHUS 3 U3 TAOJIUIBI CUHTE3 BBIMOIHIETCS MO TOYHOU (op-
myne (2.10), mpu 3TOM B KauecTBE HECYIIEro KojeOaHus MOXKET MCIOJIb30BaThCs
6-1 WK 7-1 TAapMOHUKA, a 4YaCTOTa MOJAYJHMPYIOLIEro CUrHana (), Kak U paHbllIe,
BBIOMpAETCs paBHOW 4YAaCTOTE MEPBOM TapMOHUKH. 3HAYEHUS HEOOXOIUMBIX s
dbopmupoBanus curHana QyHkuui beccens ¢ MoM0XUTETbHBIMU WHIEKCAMU TPH-
BEJIEHbI B Ta0nuIlE, a QYHKIMU C OTPUIIATETLHBIMU WHJEKCAMH CBS3aHBI C HUMU
ciemytomumM 06pasom: J(B) = (1) Ju(B).
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3HaueHHUE aMIUTUTYAbl KoieOaHul 4, ciienyeT BbIOMpaTh TaKUM, YTOOBI CHH-

TE3UPOBAHHOC KoieOanue IMOMCIIAJIOCh Ha 9KpPaHC, 3aHUMAsA €ro 6OJ'IBH_IYIO qacCTb
ITO BBICOTC.

Ilepuoouueckasa nocnedosamenvnocms d-pynkyuil (cM. puc. 2.6). B roukax

PacroIoKeHus! MMKOB CPOPMUPOBAHHOTO CUTHAja Bce 12 KOCMHYCOUJANbHBIX KO-
ne0aHui CKIAABIBAIOTCA CHH(A3HO, MOATOMY OJIMHAKOBBIE aMIUIUTYIbl BCEX rap-
MOHHUK (cM. hopmyity (2.13)) crnemayer BbIOpaTh UCXOAS U3 MAKCUMAIBHOTO YPOBHS
CUTHAJIa, IPU KOTOPOM OH YKJIa/IbIBAE€TCS HA SKPaHE [0 BEPTHKAIH.

Coaep:xxanme oTuera

U300paKEHUS BCEX CUHTE3UPOBAHHBIX CUTHAJIOB,;

U300pKEHUS BCEX MPOMEKYTOUHBIX ATAllOB CHHTE3a TMOCIEAOBATEILHOCTH
PSIMOYTOJIbHBIX UMITYJIBCOB;

rpa@uKy aMITUTYIHBIX U (DA30BBIX CIIEKTPOB MEPEUMUCICHHBIX paHEe CUTHA-
JIOB, IOCTPOCHHBIE B COOTBETCTBUU C BBIPAXKEHUSMHU, COTJIACHO KOTOPBIM OCY-
LIECTBISJICA CHUHTE3; CIEAYET OTPAHUYUTHCS 12 rapMOHUKAMU;

BBIBOJ oJtHOM u3 dopmyi (2.3), (2.4) unu (2.5), COOTBETCTBYIONICH CHUTHAIY,
U300paKEHUE CTPYKTYPhI KOTOPOTO (PUKCUPOBATIOCH HA KaXKJOM 3Tare CUHTE-
3a; BBIBOJI JIENIAETCsl corjacHo cooTHoueHuto (1.1) U3 onucanus npeablayien
n1abopaTopHOU pabOTHI;

BEIBO (popmyibl (2.9), BRIMOTHEHHBIN UCXOAS U3 BhIpakeHUs (2.8) mpu ycio-
BUHU, 9TO [} << |; yka3aHWEe KOHKPETHBIX 3HAUYCHHMH HadaIbHBIX pa3 V¥ m @) B
dbopmye (2.8), KoTopble MpPU yKa3aHHOM YCJIOBHHM TPaHC(HOPMUPYIOT €€ B CO-
oTHotieHue (2.9).

KoHTpoJibHbIE BONIPOCHI

l.

Ecnu cpaBHUTH CHEKTpalibHBIE MPEACTABICHUS MEPUOJIUUYECKUX KOJIeOaHUU
MPSIMOYTOJILHON U TpeyroibHoU ¢opm (cooTHomienus (2.3) u (2.5)), To am-
IUTUTYIbl COOTBETCTBYIOIMX TAPMOHUK B IIOCIIETHEM CIydae yOBIBAIOT C POC-
TOM 4YacTOTbl CYLIECTBEHHO ObIcTpeld. Kakyro KauyeCTBEHHYIO TPaKTOBKY
MOXHO J1aTh 3TOMY (pakTy?

Kakyro kapTuHy cienyer oXujaTh Ha 3KpaHe ocuusuiorpada, eciau Mpu CHUH-
te3ze AMK cornacHo BeipaxkeHuto (2.7) ObL10 B3ITO 3HAUeHUE m > 17
Ssnsgercs mu AMK ¢ 0JHOTOHaNBHON MOIYJISLUMEN MEPUOJUYECKHM CUTHA-
om?

CUHTE3UpOBaHHOE B COOTBETCTBUH C (hopmyioit (2.9) konebaHue ¢ 0THOTO-
HalbHOM YM HMeeT TakKe W HEKyI aMIUIUTYJIHYI Moayisuuio. [Touemy?
Kak MOXHO yMEHBIIIUTH €€ TITyOnHYy?

UeMy paBHO OTHOLICHHME MAaKCUMAJIIBHOM MU MUHMMAaJbHOWM MTHOBEHHBIX Yac-
TOT Y CUHTE€3UPOBAHHOT'O KOJIEOAHHSI C OAHOTOHAIBHOU YM?
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10.

11.

12.

13.

14.

15.

16.

22

Kakum 06pa30M MOKHO CHHTC3MPOBATh CUI'HAJI BUJIA:

Kak Hy>KHO U3MEHUTh 3HAUYCHUS aMIUIUTY]l U HAYAJIbHBIX (a3 rapMOHUK, YTO-
Obl CIBUHYTh CHHTE3HPOBAHHYIO MOCIEIOBATEIBHOCT MPSIMOYTOJbHBIX HWM-
mynbcoB Ha 7/4 BnpaBo? Ha 57/4 BnpaBo?

Kaxkoli Bug mpuMeT CUrHall ¢ OIHOTOHaNIbHOW AM, eciu U3 HEero yAajluTh He-
cyiiee Konebanue?

Kakoe (kakue) u3 CHHTE3MPOBAHHBIX KOJIEOAHUN CHHTE3UPOBAHO C HAUOOIIb-
et TouHocThio? OTBET 000CHOBATE.

[Tocne cuHTE3a MOCIENIOBATEIIBHOCTH MPSMOYTOJbHBIX BUACOUMITYJIBCOB C
OTHOIIIEHHEM 7/t =2 BBIKJIIOUEHA IepBasi rapMoHuka. M300pa3uTh MoayduB-
LIMKACS CUTHAIL

B naGoparopHoil paboTe mpeaycMOTpeH CHHTE3 MUJI000Pa3HOIOo HampsiKe-
Hug. Kakrne u3MEHEHHs HYyKHO BHECTM B COOTBETCTBYIOILIEE BBIPAXKECHUE,
YTOOBI U3MEHUTH HAIIPABJICHUE HAKIIOHA «ITUJIBD»?

[Tocne cunteza AM-koneOaHusi yMEHBIIIEHA IO YPOBHS OOKOBBIX TapMOHUK
aMIUTUTYJIa HeCyIel TapMOHUKH. M300pa3uTh MOTYyYMBIIUNACS CUTHA.
HetictrButensHo 11 AMK ¢ oqHOTOHAIBHOM MOIYNSAIMEH COACPKHUT B cede
TPU TAPMOHUYECKHUX KOJEOAHUSI Pa3IMUYHBIX YACTOT WJIM 3TU COCTABJISIIOIINE
€CTh MaTeMaTU4ecKas adCcTpakuus?

KakuMm noimkeH ObITh HAOOpP TApMOHUK Il CHHTE3a NEPUOJUYECKOM Mociie-

JIOBaTEIIbHOCTH «Iauek» U3 ABYX O-(DYHKITHA:
o0

NOERD (6(t—kT)+8(t—kT—T/4))?
k=—c0
HaiiT ananutudeckyto Gpopmyiy Juisi CUTHAJA, COAEpPKAIIET0 KOHEYHOE YHC-
7o rapmoHuk (n=1, 2, ..., N) ¢ OAMHAKOBBIMU AMIUIUTYJIaMH U HYJIEBbIMU
HavYaJIbHBIMU (ha3amu.
Kak u3meHuTCs mepuogudeckass MociaeoBaTeIbHOCTh MHIOOOPA3HBIX HM-
MyJIbCOB MPU MHBEPCUU 3HAKOB Y HAYAIBHBIX (ha3 BCEX TapMOHUK?



3. UCCJAEJOBAHUE ®YHKIUA PACIIPEJEJEHUS U INIOTHOCTEH
BEPOATHOCTU 3HAYEHUN CJIYYAHHBIX CUTHAJIOB

Ilens pabomer — n3yyeHve OgHOMEPHBIX (PYHKIMIA pacnpeeseHust BEPOsIT-
HOCTEH U TJIOTHOCTEN BEPOATHOCTEN 3HAUYCHUHN CIIyYalHbIX CUTHAJIOB.

3.1. TeopeTuueckue cBeeHHsI

CrnydaiiHble CUTHAJIBI MOTYT OBITh CTAIIMOHAPHBIMHU M HECTAIIMOHAPHBIMH.

Jns cralmoHapHOro CUTHAJIa YCPEAHEHHBbIE XapaKTEePUCTUKU HE 3aBUCST OT
BBIOOpA HAYAJIBHOTO OTCYEeTa BpeMeHU. B nmanHo# paboTe paccmaTpuBaroTCs CTa-
MOHAPHBIE CUTHAJIBI.

OCHOBHOW XapaKTEPUCTUKON CIIyYailHBIX CUTHAJIOB SIBISIOTCS (PYHKIIUU pac-
npenesaeHus BEpoATHOCTEN MX 3HadyeHuid. Ilo QyHKUMAM pacnpeneneHus: MOTyT
OBITh ONPEJIEIEHBI BCE IPYTUE XapAKTEPUCTUKU CUTHANIA, B TOM YHUCIIE €T0 CPEIHEE
3Ha4YE€HUE, JUCIEPCUs, KOPPEAIHMOHHAas (DYHKIMS, BEPOSITHOCTh MONAJaHUs B 3a-
JQHHBIM UHTEpPBaJI 3HAYCHUH.

OnnomepHast ¢GyHKIUS pacupenesnenus: BepostHocteil F(U) ciyyallHOTO cur-
Hana &(f) ecTb BEpOSATHOCTh TOTO, YTO 3HAUCHHE CUTHAJIa HE MPEBBICUT YPOBEHb U:

F(U)=P(E< V).
OcHoBHbIe cBoiicTBa pyHkuuu F(U):
1) 0<F(U) <1, npuuem F(—0) =0, F(o) = 1;
2) F(Uy)zF(Uy) npu U, >Uy, 1. e. F(U) — HeyObIBaromas QyHKIUS;
3) F(Uy)-F(U;)=PU; <E<U,) — BEpOATHOCTbH NONAJAHUS CIIy4ailHOTO CHI-
Hausa E(f) B moy3akpbsITelii uHTepBan (Uy,U,].
Hns pynkuuu pacnpenenenus F(U), uMmeroieid mpou3BOIHYI0, BBOIST MOHS-
THE IJIOTHOCTU BEPOSTHOCTEN
dFU)
pU)=——.
dU

OcHoBHble cBoiicTBa Ppynkiuu p(U):

1) pasmepHocTh p(U) paBHa 0OpaTHON BEIIMYMHE PA3MEPHOCTH CIYYalHOTO CHT-

wama [p(U)]=[E]";

(3.1)

2) p(U) 2 0;
3) dyHKIUSA pacTpeneneHus OnpeaeIsieTCs] BRIpaKEHUEM
U
FU)= [ pU)dyy; (3.2)
4) BEpOATHOCTH TMOTAAHUS cnyqaﬁH;Ii: BenuuuHbl B nHTepBan (U;,U; +dU) pas-
wa [ p(Uy) dU, = p(U)dU .
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JIst BicclieIyeMBbIX B pad0Te CUTHAIOB MPEIOIaracTCs BBITIOJHEHNUE YCIIOBHS
aproaudHoCcTH. Y3 HEro ciemyeT, 4To CpeaHue mapaMeTphl CIIyJaitHOTO TpoIiiecca,
OTIpeJIeIICHHBIC TT0 MHOXKECTBY pealu3aiuii, ¢ €AMHUIHOW BEPOSITHOCTHIO PaBHBI
CpPEeIHUM IapaMeTpam, ONpeAesICHHbIM IO OJHOM peanu3aluu.

Jlnst Takux curHanoB ogHoMepHas GyHkuus pacnpenenenust F(U) paBHa oT-
HOIIIEHUIO BPEMEHH, B T€UEHHUE KOTOPOI'0 3HAUYECHUSI CUTHAJIOB HE MPEBBINIAIOT 3a-
JTaHHBIN ypoBeHb U, KO Bcemy BpemeHu 1 uamepenus curnana (3.2) (puc. 3.1, a):

F(U)= lim =Y AtE@) <U} = lim =270 WG B) ...
T—ol T—o0 T

VYkazaHHOE CBOMCTBO HCIOJIB3YETCS B U3MEPUTEIBHOM IIPUOOpPE ISl U3Mepe-
Husl QyHKIMU pacnpesnencHus. CTpyKTypHas cxema HU3MEpHTENs NpUBEJCHA Ha
puc. 3.1, 6. OnopnHoe Hanpspkenue U u ciiydaiiHbiil curHan &(f) mogaroTcsl Ha JBa
BXOJla KOMITaparopa (cpaBHuBaromiero ycrpoiictsa). Eciou (¢) > U, nHanpsokeHue
Ha BBIXOJI€ KOMIIapaTopa paBHO HyIIIO, a npu &(¢) < U oo paBHO U, (puc. 3.1, 6).

Brixox kommaparopa COEIMHEH C HMHTErpaTOpOM, BBIIIOJHEHHBIM B BHUIE
RC-uenu. Ilpu Af RC >> 1, rae Af — mupuHa crieKkTpa CIy4yallHOTO CUTHala, Ha-
IpsbKEHUE Ha BbIXoJe KoMmapaTopa pasHo U, P(U).

Puc. 3.1

HanpspkeHnue ¢ BbIXOJa MHTErpaTopa MOJaeTcsl Ha BXoI «Y» ocuuiuiorpada,
a ONOpPHOE HaIpsDKeHUE Ha BXoa «X». IIpyn MeasIeHHOM U3MEHEHUN OIOPHOro Ha-
npsbkeHust U Ha skpaHe ocuuuiorpada nosisisercs nzoopaxenue F(U) — dyHk-
LIUU PACHPEACIICHUS] BEPOATHOCTEH 3HAYEHUM HUCCIEAYEMOro CIy4alHOI'O0 CHUIHa-
na &(1).
MeTto u3MepeHus INIOTHOCTU BEPOSITHOCTH OCHOBAH Ha (hOpMyJie YHCIEHHO-
ro nuddepenuupoBanus pyukuu F(U) (3.1):
) dF(U) FU+AU)-F(U)
pPW)= ~
dU AU

U1t Majeix AU.
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Ecim AU wmano u mnocrossHHO, TO p(U) HpONOpLUUOHATBHO Pa3HOCTH
F(U+ AU) - F(U), 1. e. pa3HOCTH HaIlpsKEHUI Ha BBIXOJAX JBYX H3MEpPUTENCH
(GyHKUMU pacTpeqesieHus] CUTHANOB &E(f) pu onOpHBIX HanpsbkeHusax U+ AU u U
COOTBETCTBEHHO Ha MEPBOM M BTOPOM U3MEpUTENAX (pHc. 3.2).

U+ AU
—* U3mepurensb - Brrunraroniee
» FU+A "| ycrpoiictBo [ *
(::,(l‘) ( 9 Yerp y p(U)
U >  H3mepurens
AN F(U)
Puc. 3.2

B pabote uccnenyroTcss GyHKIIMU pacrpeAesieHus U MIOTHOCTH BEPOSITHOCTH
JUTSI CIIETYFOIINX CITyYalHbBIX CUTHAJIOB.

Tpeyzonvnuulii cuznan co cayuainou HauanvHout ¢azon (puc. 3.3, a). On
MMEET PABHOMEPHOE pACHPENCICHUE BEPOSITHOCTEH 3HAYEHUW HANPSKEHUS
(puc. 3.3, 6, 8), ONIUCHIBAEMOE CIEAYIOIIUMU BHIPAXKECHUSIMU:

1 O, U<U1,
— . U SUZ<U,, _
p(U)=1U,-U,~ ! ¥ FU)= % U <U<U,, (33)
0, U ¢[Uy,Us], 27
1, U>U2.
Us Q(IT p(U)4 FU)
____________________________ |
/\ /\ . U,- U !

78 an vl

Uj Uy U u o0 U, U
a o 8
Puc. 3.3

Hlym ycunumena. OH HMEET TayCCOBCKYI (YHKIMIO pacnpeaeieHus
(puc. 3.4, a, 6). 11 Hero

J— 2 J—
pU)= 1 exp —w, F(U)—%Jrq)o(ﬂ} (3.4)
(0}

V216 26°

2
rae ¢ — JOUcIepcus, UCp — cpenHee 3HadeHue HampsokeHus, @,(x) — uHTe-

rpaji omuOoK, 3HaYeHHUsI KOTOPOTO TaOyJIUPOBAHBI.
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PO+ AU}

V2o

Cv

Puc.34

Hanpsowcenue &(f) na evixode amnaumyonozo oemexkmopa. Ha Bxon nerex-
TOpa  TIOJaeTcs  CyMMma  JIBYX  CHTHAQJIOB:  Y3KOIMOJOCHOTO  IIIyMa
Ew (1) :Ul(t)cos((oot+ (p(t)) C TayCCOBCKUM 3aKOHOM paclpe/iesieHUs] BEPOSTHO-

cTed 3HaueHMH &, W JETEPMHUHUPOBAHHOIO TapMOHUYECKOIO CHUTHala
Ep =U,cosmyt ¢ MOCTOSTHHON aMIuTynoil U, ; &(f) — orubaromas CyMMBbl 3THX
JIBYX CUTHAJIOB.

Hampsoxenue £(f) mMeer GyHKIHMIO pacmpenesieHus, COOTBETCTBYIOIIYIO
00001IeHHOMY 3ak0oHY Panes (puc. 3.5, a, 6):

0, U <0,
U)= 2 y? 3.5
P %exp vrle +2UC ]O(Ugcj, U >0, (3-5)
o 20

rie o2 — TMCIIEPCUsl y3KOMOJIOCHOTO myma &, (1), U, — aMIuryna rapMoHU-
gyeckoro curxana, /y(x) — moauduuupoBanHas GpyHkuus beccens HyneBoro no-

panka. Ona Tabynuposana; kpome toro, 1y(0)=1; Iy(x) —e*/+/2nx npu x — oo
ITIpu U, > 30 o6o6meHHoe pacnpeaeieHue Panes npubinxaercs K rayccos-
CKOMYy pactipezenenuro (puc. 3.5, a, 0).

op(U) Us=0 F(U)
0,6 ¢ 1
> 1 2 3
0,4
0,2

0 1 2 3 4 5 Ueob

Puc. 3.5

T'apmonuueckuil cuzHan ¢ NOCMOAHHOU AMRAUMYOOU U CIYHATHOU (a30il.
&(t)=U,, cos(ot + @), rae U,, 1 0 — MOCTOSHHBIE aMIIUTYJa U YIJIOBas 4acTo-

Ta, @ — ciy4aiiHas (aza, pacrpe/esieHHas paBHOMEPHO Ha WHTepBajie (—m,+7],
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T. €. INIOTHOCT pacnpesencHust §asbl p,(¢) U QyHKuus pacnpesnencHust $hasbl

Fy, (@) umeroT BUA:

: 0, ¢ < -,
—, —T<OPST, + 7
Po(®) =12 Fy(9)= ‘Pz , —m<@sm, (3.6)
0, ¢&(-m+7]. T
1, ¢ > .

Haiinem ¢dyHKIMIO pacrpeencHus HampspKeHUs! ciydaiiHoro curHaina &(1).
OTO CTallMOHAPHBIN CUTHAII, II09TOMY MOXKHO OJ0XHUTh ¢ = 0. Torma E=U,, cos@.

N3 rpaduka dyskiuu E() (puc. 3.6, @) BHAHO, YTO BEPOATHOCTH COOBITHS
E<SU (mns ‘U ‘SUm) paBHa BeposiTHOCTU coObITHS Y € {(—m,—D) wm (D,m)},

rae CD:arccosUi, T.€. PESU)=P(-n<@<-D)+ P(D<p<n).

m

£(0)4 pe(U)A Fe(U)A

A |
L\

1/n

sy &
k=
)

U, 0 U,U U, 0 U,U
a O 8
Puc. 3.6

Hcnonb3ys onpeneneHne QyHKIMHU pacnpenesneHuss U Boipaxenus (3.6), mo-
CJIEHEE PABEHCTBO MOXHO 3aIIACATh B BUIE

Fo(U) = Fp(~D) +1 - Fo(®) = B T L P P N L
271 T T m
I ‘U‘ <U,.
, U>U,,
U3 puc. 3.6, a BuaHo Takke, 4ro Fi (U) =
0, 0<-U,,.
[InoTHOCTB pacnpeneneHus: BEpOSITHOCTEN 3HAUCHUN &;
1 1
dF.U) |=———> lU|<Un,
pe(U)=—>"=17 |yl _y? (3.7)
dU
0, U|=U,,.

I'pauxn pynkuuit Fe(U) u pe(U) npusenenst Ha puc. 3.6, 6 u 3.6, 6.
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CornacHO LEHTPaJbHOU MpeAeNbHON TeopeMe TEOPUU BEPOSTHOCTEN (yHK-
IIUST paclpeIeICHUs] CyMMbl HE3aBUCUMBIX CIIYYalHBIX BETUYHMH C OMU3KMMH 3HA-
YEHHUSIMH TUCTIEPCHIA CTPEMUTCS K TayCCOBCKOMY 3aKOHY paclpe/eleHus Mpy yBe-
JMYEHUHU YHCIlIa CllaraéMbIX, HE3aBUCHMO OT BUJa (DYHKIIMH pacrpesesieHus cia-
raeMbIX.

AHaTUTHYECKOE BBIpaKeHHUE IS (YHKIIUU PACTIPEICIICHNs CYMMbI CUTHAJIOB
yA0OHO MOTy4YaTh Yepe3 XapaKTePUCTUUECKYIO (DYHKIIHIO.

Xapakrepuctudeckas ¢yHkuus O(x) curnama E(f) cBsizaHa € IJIOTHOCTBIO
pacrpeneneHus BepossTHocTel p(§) nmpeodpazoBanueM Dypre

0(x)= [ p&e’~"de; p(@:i [ 6(x)e " ax. (3.8)

JUia cyMMBl citydallHbBIX BenHuuH &=§&; +&, +...+ &, XapakTepucTuueckas

(GyHKIUSL CBS3aHAa C COBMECTHOW IJIOTHOCTBIO pacipeiesiCHUs] BEpOSTHOCTEN Be-
JTUIHH

0(x)= [ ... [ /G2t pe e, L 8,)dEdE, . d8, .
I[JI}I HC3aBUCHUMBIX CﬂyqaﬁHBIX BCJIIMYHNH
P18, 8,) = p(EDP(E)... p(Ey), (3.9)
a IIOTOMY
N
0=0,(x)0,(x)...0,(x)=]]6,(x), (3.10)
n=I

(e 0]
rae 0, (x) = I e/5n* p(&,)dE, — xapakrepuctudeckas QyHKIMs curdana &, (1).
—0

[TocnenoBarenbHOE Hcmoiab3oBanue 3aBucumocteit (3.10), (3.9) u (3.8) mo-
3BOJIICT TOJYYUTh TUIOTHOCTH PaCIpe/iesieHHs BEPOSITHOCTEH CYyMMbl HE3aBHCH-
MBIX CHUTHAJIOB IO W3BECTHHIM ILIOTHOCTSM DPACTIPEICICHUS OTACIBbHBIX ciarae-
MBIX.

Haiinem pacnpeneneHine CyMMbl IBYX HE3aBUCHUMBIX CIIYYaHBIX CUTHAJIOB C
OJIMHAKOBBIM paBHOMEPHBIM pacnpeneneHueM. Ilycts E(1) =&;(¢)+&,(¢), rae & u
&, — HE3aBUCUMBbIE CITy4alHble CUTHAJIBI C IUIOTHOCTSIMU paclpeieeHUs BeposT-
HOCTEU

L: ‘§1‘<Um: La ‘§2‘<Um9
pE) =1 2U,, p(&y)=12Un
0, 1|2 U, 0, E2] 2 U

XapakTepucTU4ecKre QyHKIUHU CUTHATIOB & U &, OJUHAKOBBI U PABHbI
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v, ' .
0, (x) =0;(x) = J' A Ldgl :M_

U 22U, U, x
Cornacuo Beipaxenuio (3.10) xapakrepuctiuueckast QyHKIHS CyMMbl CUTHAJIOB
) 2
sin(U,,,x)
U .

mx

0(x) = 0,(x)0>(x) = {

[InoTHOCTB pacnpenesieHns: BEpOSITHOCTEN CYMMBI CUTHAJIOB

o o0 2 2Um - ‘2’;‘
R S LT e sinUu | s 6 <20,
pe)=—— [ e/ 0(x)dx o [e {—Umx dx=1 (2U,,)
o o 0, &> 20,,.

3aBucumoctu p(&; ) u p(E) npuBeseHbI Ha puc. 3.7.

P& =pE)4 pE); =&+ &t
A A
1 1
20, 20,
A 4 > v >
7Um 0 Um ﬁl,z _2Um 0 2Um i
a o
Puc. 3.7
N
Jns curnana &(t) = ZU m €0s(®,f + ¢, ) B BUIE CyMMbl TaDMOHMYECKUX KO-
n=l

nebaHuil ¢ paBHBIMU aMIuTyamMu U,, =1 1 HE3aBUCUMBIMM CIIydallHbIMU (pa3a-
MU ¢, , paCIpPEICIICHHbBIMHA B UHTEpBaNE (—T,+7], INIOTHOCTh PaCIpeleICHHs Be-

positHocTel p(&) OblIa paccuMTaHa YHMCICHHBIM METOJOM JUIS YMCJia ClaraeMbIX
N=1,2,3,4.

) w pl p/(&il\ p(&)|

-101 -2 012 ¢ 3 0123 4 01234¢
a 0 8 2

Puc. 3.8

['paduku 3aBucumocteit p(§) mpuseneHsl Ha puc. 3.8. BumHo, 4To ¢ yBenuye-
HUEM YHCJIa CIIaraeMbIX IUIOTHOCTH PACIPENCTICHISI UX CYMMBI CTPEMHUTCS K Tayc-

COBCKOMY pacmpezeneHuto (cp. ¢ puc. 3.4 mpu Uy, =0).
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3.2. Onucanue JadOpPaTOPHOH YCTAHOBKHU

JlabopaTopHasi yCTaHOBKAa COCTOUT M3 OTIEIBHOTO MAKeTa U JBYX OCIHILIO-
rpados C1-83 (I) u C1-83 (II).

B oTnenbHOM MakeTe HaxXOISTCS TEHEpPaTOp UCCIENYEMBIX CIy4YalWHBIX CHT-
HAJIOB, a TaK)Ke U3MEPUTENIN (PYHKIIUU pacTIpeIeICHHs] BEPOSITHOCTEN U MJIOTHOCTH
pacnpeneneHus: BepositHocTe. CTpyKTypHasi cxema MakeTa ycTaHoBKU (puc. 3.9)
M300paKeHa Ha ero MepeaHel maHelu.

Wsmepurens
(byHKIMIA pacipeieneH s
1

> |
Bxon «U» (pa3Beprka) | . I [> . +

A\ 4

\ 4

YVvYy
M

' OyHKIUA
E z pacnpeaeacHus

®opma curHana

46—4—2<—<]<—GN

YVvy

TpeyronbHble CUTHAJIbI

%
N
A
HcTounuk ;;<] [ Gm
PAIICEBCKOTO ITyMa :

___________________________________________

C Beixoga «—L» ocumuorpada C1-83 (I) caumaercst B kauecTBe OMOPHOTO
NUI000pa3HOE HaANpsHDKEHHE TOPU3OHTAIBHOM pa3BepTKU U ToJaeTcs B Jiabopa-
TOpHbIM MakeT Ha «Bxom U» miig uCNoOnb30BaHUS B KadecTBE aprymeHrta «Uy
byHKIUU pactpeneneHusl.

Beixon «@yHKIHS pacupencsieHus» YCTaHOBKU COEIHHSIETCA C BXOAOM «Y»
ocimuiorpaga C1-83 (I). Ha skpane ocuminorpada mosBisieTcss u3o0paxeHue
byukiuu pacnpenenenuss F(U) win TJIOTHOCTH paclipeieiieHUusT BEpOsSITHOCTEN
p(U). Beibop 3aBucut ot nojoxeHus: nepexiovarens «F(U) — p(U)» Ha niepen-
HEel TaHeIn SKCIEPUMEHTAIBHON YCTaHOBKHU.

Brixon «®opMa curHasia)y yCTaHOBKU COEAUHSAETCS CO BXOAOM «Y» OCLMILIO-
rpada C1-83 (II), Ha 3KkpaHEe KOTOPOTO HAOIIOMAIOT U300pAKEHUE HUCCIETYEMOTO
CUTHAJIA.

B MakeTe ycTaHOBKHM UMEIOTCA CIAEAYIOIINE HCTOYHUKHA CUTHAJIOB:

1. YerbIpe renepaTopa rapMOHUYECKUX KOJIEOaHUN Pa3IUYHBIX YaCTOT.
2. YeTsIpe reHepaTopa CUTHAJIOB TPEYTOJIbHOU (DOPMBI Pa3IUYHBIX YACTOT.
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3. ®opmMupoBaTels IymMa ¢ pacupeaesieHHeM Mo 0000IIeHHOMY 3aKoHY Paest.
4. I'eneparop 1Iryma ¢ TayCCOBCKUM 3aKOHOM pacIpeciICHHS.
HmeeTcst Takke BXOJI JJIs BHEIITHETO CHTHAIA.

BpIXxoapl BCEX MCTOYHMKOB CUTHAJIOB MOJKIKOYEHBI 4EPE3 CyMMATOp >, KO
BX0Jly uaMeputens GyHKuuid pacnpeaenenus. Kaxaplii UCTOUHUK CUTHajla UMEET
TyMOJIep BKIIFOUEHHUS U PETYIUPOBKY YPOBHS (TOJBKO YaCTh PETYJISTOPOB YPOBHS
BBIBE/ICHA HA MEPEIHIOI0 NIAHEIb).

3.3. 3axanue u yKa3aHUs K BBINOJHEHHIO pa0OThI

1. [ToaroroBuTh ycTaHOBKY K m3MepeHusMm. Ha ocrmmtorpade C1-83 (1) ye-
TaHOBUTh KOd(pdunmeHt pazBeptku 0,1 c/men, kodPPUIMEHT OTKIOHEHUS
0,2 B/nen. Bxmtounts ocumiuiorpadsl U 3KCIIEPUMEHTAIBHYIO YCTaHOBKY. B ycra-
HOBKE BBIKJIIFOYHTH BCE T€HEPATOPHI (PYYKH TyMOJIEpPOB — BHHU3), UTO COOTBETCT-
BYET HYJIEBOMY CUTHAJy Ha BXOJE M3MEpPUTENs (PYHKUUHU paclpeaesieHus; TyMmO-
nep «DyHkuuu pacrnpeneneHus» — B nonoxenun F(U). Ha skpane C1-83 (I)
MOSIBUTCA N300paKeHHE CTYIIEHYaTol (PyHKIIUU

1, U=0,
0, U<O.

PerynupoBkoii cMmenieHns U Kodh@uimeHTa OTKIOHEHHs ociuiuiorpagda yc-
TAHOBHUTHh M300paKEHUE TaK, YTOOBI CKAYOK HAXOIWJICS B IIEHTPE DKpaHa U BEJH-
YyyHa CKayka Obuia paBHa 3—4 cM.

2. OtkanubpoBaTh nzooOpaxenue Ha skpane C1-83 (I). Bkirouuts reneparop
TpeyroiasHoro curnaia Ne 4 (pyudka tym6aepa — BBepx). Ha skpane C1-83 (I) me-
pexon or F(U)=0 x FU)=1 Oynmer wuMeTh BHUJ HAKJIOHHOW JIMHHUH
(cM. puc. 3.3, 6). Touku u3I0Ma COOTBETCTBYIOT MHUHMMalbHOMY U; M Makcu-

F(U)=

MaJIbBHOMY Uz SHAUYCHUAM TPCYTOJBbHOI'O CHUTHAJIA. I/ISMepI/ITB pPacCTOAHUC I10 I'O-

PU3OHTAIM MEXIy ToukamMu wu3nomMa — L, nen. Ha »kpane ociummiorpada
C1-83 (II) monmyunth M300pa’keHrue TPEYrobHOrO cUrHana (cM. puc. 3.3, @) u us-
MepuTsh ero pasmax (U, —Uj), B. Macmra0 o ropusoHTanu st u300pakeHus Ha
skpane ocumwwuiorpapa C1-83 (I) pasen (U, —U,)/L, B/mnen. Jlanusbii macirab
SIBIIIETCSI OJIMHAKOBBIM JIJISI BCEX IMOYy4YaeMbIX B JajbHEHIIEM rpa@uKoB GyHKIIUN
pacnpenenenus F(U) u mnotHoctet BepositHocTH p(U).

[lepexmtouatens «DYHKIIUU pacIpeiesieHrs» B YCTAaHOBKE MEPEBECTH B TO-
noxenue «p(U)». Ha sxkpane C1-83 (I) mosiBurcs [1-006pa3znoe nzobpaxkeHue, co-
OTBETCTBYIOIIEE PABHOMEPHOMY pACIpPEICICHUIO BEPOSITHOCTH, XapaKTEPHOMY
IS TPEYyroiabHOro curaana (cMm. puc. 3.3, 6).

Ecnu n3o0OpakeHne mo BepTUKAIU 3aHUMAaeT AL neneHuid, To mMacmTad u3o0-
opaxennst p(U) mo Beprukamu cocrasut 1/[(U, —U;)AL], (B-nen) . JlanHblit
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MacuTad SBJISETCS OJMHAKOBBIM JUIsl BCEX MOJYYaeMbIX B JalbHEHIIEM rpapuKoB
mioTHocTel BeposiTHOCTH p(U).

Onpenensate BEpTUKAIbHBIM MacmTad s rpa@ukoB GyHKUUN pacrpezere-
HUS HET HEOOXOAMMOCTH — OH OYEBMJIEH Oylarojaps NpeAeibHbIM CBOWCTBAM
byHKIUNA pactpenencHus (Ulim F(U)=0wu lim F(U) =1).

— —00 U— oo

B nanpuelimem koadduiuent otkiaoHeHus ocimsuiorpada C1-83 (I) ve us-
MEHSITb.

3. UccnenoBarh pyHKIIMM pacnpeneneHus U MIOTHOCTA BEPOSITHOCTEH MIHO-
BEHHBIX 3HAYCHUH JIJIs1 CIICAYIOIIUX CUTHAJIOB:

e rapMoHHYecKoro curaanga Ne 4 mpu IByX 3HAUCHUSX €T0 aMIUIUTYIbL;

e TpeyroiabHOro curtana Ne 4 mpu AByX 3HAUECHHUSAX €T0O aMIUTUTY/IBI,

® TayCCOBCKOIO IIyMa MpH ABYX 3HAUEHHUSIX €ro JUCIEPCHH;

® PAJIEEBCKOIO IIyMa MPH HYJICBOM U HEHYJEBOM 3HAYEHUSX aMIUIUTYAbI JAE€TEpP-
MUHHPOBAaHHOTO CUTHAJIA.

VYkazaHHBIE BapbUpyeMble TTapaMeTphbl BHIOpaTh CAMOCTOSITENIHBHO TaKUM 00-
pa3om, 4ToObI Ha Tpadukax ObUIO XOPOIIO 3aMETHO MX BIMAHHUE Ha HopMmy (PyHK-
IIUHM PACIPEEICHUS U TUIOTHOCTH BEPOSTHOCTH.

HccnenoBanre mpoM3BOIUTCS CIEAYIOUIMM 00pazoM. B mcxomHoMm momosxe-
HUH BCE T€HEPATOPHI BHIKIIOYCHBI. BKIIOYNTH TeHepaTop MCCIEAYyEeMOTO CHTHAIA.
[To n3oOpaxenuto curHana Ha skpaHe C1-83 (II) ybenutbes, 4TO BKIIIOUEH Tpe-
oyembliii curHain. Ilo mzobOpaxkenuto Ha skpane C1-83 (II) wnm mo BoJBTMETpY,
MOAKJIIOYEHHOMY K BbIXoay «®opMa cHurHajgay YCTaHOBKH (MapajuieIbHO BXOIY
ocumiorpada), onpeaesuTh AUaa3oH PEeryIUupOBKA YPOBHS UCCIEAYEMOIO CHUT-
Haja (aMIUTATYAa JIJIs TAPMOHUYECKOTO U TPEYToJIbHOTO, 3(h(PEeKTUBHOE 3HAUCHUE
JUIsl iyMOB). B »TOM nnamnasone BbIOpaTh JiBa 3HAYEHUS YPOBHS HCCIEIYEMOTO
CUTHala W JJI1 KaKJIOro M3 HUX 3apucoBarh ¢ 3kpaHa CI1-83 (I) uzobOpaxeHus
bynkuuii p(U) u F(U) ¢ yaeToMm paHee onpe/ieICHHBIX MacIITab0B M0 OCSIM.

4. UccnenoBaTh CXOAMMOCTh K TayCCOBCKOMY 3aKOHY PacHpeleIeHUs CyMMBI
HE3aBUCUMBIX CIIyYalHBIX CUTHAJIOB. BBISICHUTH, M1 KAKOTO U3 JBYX HCXOIHBIX

3aKOHOB PACHpPECNICHUS — PaBHOMEPHOrO (TPEYrojbHbIA CUTHAJNI) WU BUJA
1 .

Il ——arccosx (rapMOHMYECKHI CHIHajl) — XapakTepHa Oosee ObICTpas CXOMH-
T

MOCTb.

Jnst cymMMBl TapMOHHMYECKHX CHUTHAJIOB HMCCIEIOBAaHUE IMPOU3BOJUTCS Clle-
OyrommM o0pa3oM. B UCXOJHOM TMOJOXEHHH BCE TIE€HEPATOPbl BBIKIIOYEHHI.
Bxnrounts renepatop cuHycouganbHoro curHana Nel u 3apucoBaTh Tpadux
bynkuuu pacnpenenenust F(U). 3arem, He BBIKIIIOUas T€HEPATOpP ITOrO CUTHANIA,
BKJIIOUUTh TE€HEpPATOp CHUHYCOMAANbHOTro curHama Ne2 u 3apucoBaTh Tpaduk
bynkuuu pacnpeaenenus F(U) ajis CyMMbl IBYX CUHYCOMAAJIbHBIX CUTHANIOB. [la-
Jie€ MOOYEPEAHO JAOMOTHUTEIBHO BKIIIOUUTh F€HEPATOPbl CUHYCOUIAJIBHBIX CUTHA-

32



0B Ne3 u No4, xaxzablii pa3 3apucoBbIBas Ipa@uku (QYHKIUU pacnpeneiaeHus
CyMMapHOI'O CHTHaJA.

I[J'IH CYMMBLI TPCYT'OJIbHBIX CUTHAJIOB UCCIICAJOBAHUC ITPOU3BOAUTCS aHAJIOTNY-

HBIM 00pa3om.

Conep:xxanme oTuera

PEe3yIbTaThl ONPEICIICHUS MacIITab0B IPa)KOB COTJIACHO II. 2;

rpaduky (QyHKIUN pacrpeneeHrds M TUIOTHOCTEH BEPOSTHOCTEH 3HAYCHUU
CHUT'HAJIOB, UCCIICOBAHHBIX B II. 3.

aHaJIM3 COOTBETCTBUS T'Pa(UKOB, MOJYUYEHHBIX B II. 3, TEOPETUUECKUM PE3YJib-
tatam (Beipaxkenus (3.3)—(3.7)) [4];

rpaduku GyHKIUN pacnpenesieHusl IJis MOCIeA0BaTEIbHBIX CYMM CHHYCOU-
JATbHBIX U TPEYTOJIbHBIX CUTHAJIOB COTJIACHO II. 4;

BBIBOJ O CKOPOCTHU CXOAHUMOCTH PACIIPCACIICHUA BCPOATHOCTH CYMMBbI HC3aBU-
CHUMBIX CquafIHBIX CUTHAJIOB K TaYCCOBCKOMY 3aKOHY.

KoHTpoJsbHBIE BONIPOCHI

l.

2.

Kak u3mepsior QyHKIMIO pacnpenesneHus Mo OJHON peau3aluu 3proauye-
CKOT'0 ciy4aiHOro mpoiecca?

Onpenenuts GyHKIMIO pacnpenenenus F(x), MaTeMaTHYECKOE OXKUTAHUE M,
U qucriepcuro D, i cilydyalHOM BEJIMYMHBI, HMEIOLIEN 3aJaHHYIO MPEernoa-
BaTeJIeM IMIOTHOCTh BEPOATHOCTH p(X).

OnpenenuTs IIOTHOCTh BEPOATHOCTU p(X), MATEMATUUYECKOE OXKHJIAHUE i,
U qucriepcuro D, i cily4alHOM BEJIMYMHBI, HMEIOLIEN 3aJaHHYIO MPEernoia-
BaresieM QyHKIUIO pactipeneneHus F(x).

MoryT 51 3T QyHKUHUU OBITh PYHKIUSMU pacipeiesIeHUus] BEpOSITHOCTU?

F(x) F(x) F(x)
| 1 1
\ > \ > 1
0 x 0 x 0 1 2 x
a o 6
MoryT 1 3Tu QyHKUHUH OBITh PYHKIUSMHU IIJIOTHOCTU BEPOSITHOCTU?
p(x) p(x) p(x)
1
l > I »
0 x 0 (g x 0 1 2 x
a o 8

Kak 3aBUCHT MJIOTHOCTH BEPOSTHOCTH HOPMAJIBHOTO 3aKOHA OT BXOJSALIUX B
Hee napameTpoB? [losicHUTh rpaduyuecku.
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10.

11.

12.

13.

14.

15.

34

Kak 3aBUCHUT IJIOTHOCTH BEPOATHOCTU 000OIIEHHOTO 3akoHa Panes oT mapa-

meTpoB U, u 6?

[110THOCTH pactpeeneHus CIy4aifHOro CUTrHana u(t) mpeacTaBieHa CyMMOM
p(u)= %5(1/!) + %S(M -1+ %S(u -2).

3anucaTh U NOCTPOUTH (DYHKIMIO pactpeesieHus F(u) u onpeaennuTb MaTeMa-
TUYECKOE OKUJIaHue U aucnepcuio u(t). [lpuBectu npumep peanuzanuu u(t).

N3BecTHO, YTO IJIOTHOCTh PACHPEICCHUs] CYMMBI JIBYX HE3aBHUCHUMBIX CITy-
YallHBIX CUTHAJIOB #(f) U V(f) ¢ IUIOTHOCTSMM pacnpenenenus p, (u)u p,(v)

SBJIIETCS CBEPTKOMN

Pe() = pu+v)= |~ p,()p,(x=1)dh.
Paccunrats p,(x) Ui 3aJaHHOM IIpENoOAaBaTelleM CYMMBI JIBYX CHUIHAJIOB,

MCCJIEIOBAHHBIX B pa0OTe, U CPABHUTH C HKCIIEPUMEHTATILHBIMH JIAHHBIMU.
Peanuzanuu cinydaitHoro npouecca X(¢) umerot Bug x,(¢) = 2sin(wef + ¢;), T11e
(; — CTaTHCTUYECKH HE3aBHCHMBbIE CITydyallHbIe BEIMUWHBI, pPABHOMEPHO pac-

npeieNeHHbIe B AMana3oHe OT —7T 0 7. 3amucaTh NpUOIUKEHHYIO GOpMYITy

o 100
JUIS1 THNIOTHOCTH BEPOSITHOCTH CIIy4alHOro mporecca y(t) = Zizl x; ().

Mosket 1 GyHKIIMS pactpeneeHus BEpOSITHOCTH:
@) MPUHUMATh MTOCTOSIHHOE 3HAY€HUE HA HEKOTOPOM MHTEpBaJie?
0) IMEeTh CKauOK B HEKOTOPOU TOUKe?
Ecau MokeT, TO 4TO MOKHO CKa3aTh O JAHHOM MHTEpBaje (TOUKe)?
Kak u3mMmepsieTcsi MIOTHOCTh paclpeesieHus BEepOsITHOCTEN B 1a0OpaTOPHOM
MakeTe?
Kakyto ponp urparor RC-1IeOYKH B COCTaBE CTPYKTYpPHOM CXeMbl Jabopa-
TOPHOTO MakeTa?
Kak Oyner BBITTISANETH IJIOTHOCTH BEPOSITHOCTH PAJIEEBCKOTO 3aKOHa MpHU
c=07?
OyHKIUS pacTpe/ICICHHs] CTAllMOHAPHOTO CIYYailHOTO CUTHana u(t) mpen-
CTaBJieHa B BUJEe CMEUICHHON (QyHKIUN XeBHcaiia:

Fu)=o(u - 3).
3anucarh U MOCTPOUTHh COOTBETCTBYIOIIYIO ITUIOTHOCTH pacupenencHust p(u),
OTIPENICIUTh MaTEMATUUYECKOE OKMJIAaHWE U aucriepcuto curnana u(t). Ilpu-
BECTHU MIPUMEP peann3anuu curana u(f).



4. UCCJIEAOBAHUE XAPAKTEPUCTHUK
YACTOTHO-U3BUPATEJILHBIX LIENEN
HA OCHOBE KOJIEBATEJIBHBIX KOHTYPOB

Ilenv pabomel — n3yyeHue 4acTOTHO-U30MpATEIBHBIX IIENEH HA OCHOBE KO-
nebarenbHbIX KOHTYpoOB. IlocienoBaTenbHbIl M NapaylieibHbIA KoJieOaTeIbHbIC
KOHTYpPBI 4acCTO HCIOJb3YIOTCS B KaU€CTBE OCHOBHOI'O 3JIEMEHTA JIMHEWHBIX 4Yac-
TOTHO-M30UpaTeNbHBIX Lieneld ((PuIbTpoB, PE3OHAHCHBIX YCWIHMTENEH U T. I1.).
K OCHOBHBIM XapaKTEPUCTUKAM JIMHEUHBIX LENEH OTHOCATCS MMITYJIbCHAs Xapak-
TepUCTHKA /(f) U KOMIUIEKCHBIA KOd(PUIIMEHT Mepeaun (4acToTHasT XapaKTepH-

ctuka) K(w). B uccnemyempix 1ensx BUJ 3TUX XapaKTEPUCTUK MOJHOCTHIO OMpe-

JEJSIETCSl PE30HAHCHOM YacTOTOM ®, M JOOPOTHOCTHIO () KOHTYPOB, & CBSI3b MEX-

p
1y HUMH — npeoOpa3zoBaHusiMu Oypee.

HccnenyroTcsi BpeMEHHBIE M YaCTOTHBIE XapaKTEPUCTHKU KoJieOaTeabHbIX
KOHTYpOB, BJIMSHUE HAa HUX AaKTHUBHBIX MOTEpPb, B3aUMOCBS3b BPEMEHHBIX M Yac-
TOTHBIX ITAPAMETPOB KOHTYPOB.

4.1. TeopeTnueckue cBeaeHUs

Ilocneoosamenvhulit konedbamenvuvlit Konmyp (puc. 4.1, a) yno6Ho pac-

CMaTpUBaTh KaK YCTBIPEXMOMOCHUK. Ha pesoHaHCHON 4acToTe ), OH 00mazaet

HU3KUM BXOJHBIM COIIPOTUBJICHHEM M JUIs 0OeceueHus KoueOaTeabHOro pexknuma
JIOJKEH MOKIIOUAaThCs K MCTOYHMKY CHUTHAJIA € JOCTATOYHO MAJIBIM BBIXOIHBIM
CONPOTHBJICHUEM 7;., TAKUM, YTOOBI BBINIONHSIIOCH YCIOBUE 7y + 1. = 1 << P, TJ€
p=+L/C =0yl =1/(©yC) — BONHOBOE, MM XapAKTEPUCTUIECKOE COMPOTHUB-

JIEHUE KOHTYpa.

Tt L 0 h(n)4

u(t c==[ ]k A /\

DA

Puc. 4.1

[IpeneOperasi conmpoTUBICHUEM Harpy3ku (Iosiaras €ro JOCTaTOYHO OO0Jib-
muM, R, >>r), 3anumeM auddepeHaibHoe ypaBHEHHE JJI BBIXOJHOTO Ha-

NPSDKEHMS YETHIPEXIIONIOCHUKA U~ (1)

35



2
rctc o
dt2 dt

IJIc B Ka4eCTBE BXOJHOTO BO3JICHCTBUS B35Ta B3BEIICHHAS (DYHKIMS BKIIOYCHUS
o(t) (pynkuusa Xepucaiina). OqHopoanomy audhepeHIuaIbHOMY YPaBHEHUIO
duc d 2MC r dl/lc 1

2
d "y, = + +—us =0 (4.2)
dr? dt di? L dt LC

COOTBETCTBYET XapaKTEPUCTUUECKOE YPABHEHUE
p2 +20p + (06 =0

C KOpHAMH pj, =—-0t \/ocz - (o% =-atw,; saece a=r/(2L), o) = 1/\/LC

(«coOcTBEeHHas» pe30HAHCHAs 4acToTa KOHTypa). Pemienre HEoIHOPOIHOro AUd-
dbepeHnmnanbHOrO ypaBHeHus (4.1) UIlyT B BUJIe CYMMBI pellieHus: ypaBHeHUs (4.2)
Y TaK Ha3bIBAEMOT'0 YAaCTHOTO pellieHus ypaBHeHus (4.1), KoTopoe npu BHIOpaHHOM
BXOJJTHOM BO3/JICHICTBUH OKa3bIBAETCSl IPOCTO KOHCTAHTOU U:

uc(t) = 41eP" + A, + U .
Hcnone3ys oueBuanble HavanbHbele ycnoBus u-(0) =0, i(0) =0, maxomar

+ue =Us(t), (4.1)

LC

KOHCTAaHTHEI Al )41 Az " 3allUCBIBAIOT PCIICHUC

o . _
uc(t) =U —U(cos ,t +——sin o,t)e ot
P
KoTopoe Tmpu HopMupoBke k U =1 B craHoBuTCS Oes3pasmepnoll nepexoonoiu xa-
PAKmepucmuKor 4eTbIpexnoiatocHuka g(¢). Tak kak UMIyJIbCHas XapaKTepUCTUKa
h(t) = dg/dt, nony4arT
2
Oy —ar - _
h(t) =—2e ™ gin Wyt = ©pe
©p
I'paduk A(f) mpusenen Ha puc.4.l, 6. B Boipaxkenun (4.3) npubnmxeHue

p

“ sin opt ~ o)pe_t/TK sinwpt, 120, (4.3)

CACJIaHO B MNPEANOJIOKECHUN MAJIBIX IMOTEPh, O K M, ~ Oy, & TAKKE BBCIACHA I10-

p

CTOSHHAs BpeMeHu T, =2L/r =20, /o, mocnenoBaTensHOrO KoNe6aTeMHOTO

KOHTypa. 31ech O, — Harpy>KeHHasi JOOPOTHOCTh KOHTYpA, ONpeelsemMas CoOT-
HOIIIEHHEM

Ou =p/(1 + 1) =p/r=wyL/r ~,L[r. (4.4)

KOMILUTEKCHBIH KOA(D(HUIMEHT Mepeaun MOCIIEN0BATENLHOIO KOJIe0aTeIbHO-

IO KOHTYpa B TaK HA3bIBACMOM HpI/I6JII/I>K€HI/II/I MaJIBIX PACCTPOCK PACCUHUTBIBACTCA
IIPOCTO:

K(o) = %(DC _ 1 yLC _

r+jc0L+%®C_ 1—0)2LC+jcorC %C—m2+jco% B
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~ w5 ~ 1 1

~
— — ~ —

+ — A
oo%—m2+jc01 P TH. Do Cl)+j21 j—r +229
L ® o) (D% L 0)0L an!
1 ; 0 0
= = K(wy +Aw) = = ~ = . 4.5
T Ao (@0t A =- Ao Ao 45)
Jo+t2— J+20y —  J+20y —
On oy ) Oy
3aech IPUHATO ®) — O = A® << ©,, ®) +® ~ 20) — B NPUOIIKCHAN MajbIX

paccTpoexk.

KommnekcHblit K03 (ULIHUEHT nepenayu MOKET ObITh Take MOJy4YeH B pe-
3yJlbTaTe MPUMEHEHUS K UMIIYJIbCHOW XapakTepucTuke /(f) mpsmMoro npeobdpaszo-
BaHus Oypbe

K(w) = [h(t)edt. (4.6)
0

HwxuuMm npenenom unterpasia B Bbipakenuu (4.6) Oepyt 0, Tak Kak HUM-
MyJIbCHAsI XapaKTepUCTUKa (PU3MYECKU PEATM3yeMOTr0 YETHIPEXIIOIIOCHUKA CYIIIe-
cTtByeT TONbKO Ipu > (. C UCNOABb30BAaHMEM BBEACHHOW MOCTOSHHOM BPEMEHHU
T =2L[r =20, /®, pesynbTar (4.5) 3anMCHIBACTCS B BUJIE

t

o0 -
K (o)~ Joope " sin copte_f(”ldt = Q—H
0 J+ T Ao

AUX n @YX nenu onpeaesstoTCsl BRIPAKECHUSIMU

K(0)= Oy , ¢ (o) =arctg(t Ao I 4.7)
J1+ (1, Am)> 2
BX0JIHOE COMPOTHBIIEHHE MOCIEN0BATEIHHOI0 KOJIe6aTeNbHOr0 KOHTYpa Ha

PE30HAHCHOM YacTOTE MaJ0 W PaBHO 3KBHUBAJIEHTHOMY COINPOTHBIICHUIO MOTEPb,
Ry, =r. lloaToMy mocienoBaTelIbHbIE KOHTYPbI YacTO HCHOJIb3YIOT KaK pedtcek-

MOpHbLE q)HHLTpBI JJIS IIOJaBJICHUA CHUI'HAJIa Ha pGSOHaHCHOﬁ qaCTOTC.

HapannenvHnolii KonebamenvHblilt KOHMYp NPEACTABIsACT cOO0ON Mapaieib-
Hoe coenuuenue L u C aneMeHToB (puc. 4.2, a). Ucnonab3ytoT BBICOKOJO0OPOTHBIE
KaTyIIKA WHAYKTUBHOCTH W KOHACHCATOPHI C MAJIBIMU TMOTEPSMHU, MPUUEM TIOTE-
pPSMU B KOHJICHCATOPE B OOJBIITMHCTBE CIy4aeB MPEeHEOPETaoT U COOCTBEHHBIE TI0-
TepU KOHTYpa IMPEJCTABIAIOT CONPOTUBIEHUEM 7, OTHECEHHBIM K MHIYKTUBHO-

CTH. I[J'I?I YI[06CTBa dHaJIn3a CXEMbI ITOCIIEAOBATCIIBHOC COCAUHECHUEC 7)) U L nepe-
CUHHUTBIBAIOT B IMAPAJIICIIBHOC COCANHCHUC 9KEUBAIEHMHO20 CONPOMUBTIEHUA R30 141

2
L, HpeHe6pera;1 KBaJIpaToOM COIIPOTUBJICHUA IIOTEPL Fj 110 CPABHCHHIO C KBaJpa-
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2 o
TOM HHIYKTHBHOTO CONMPOTUBICHUS, (0, L)" >> roz. Ha pe3onancHol yacrore na-
paIeTbHBIN KOHTYP UMEET JOCTAaTOYHO BBHICOKOE SKBUBAJIECHTHOE COMPOTUBIICHUE

2
R,y =p" /1y =pQy, TAE p, KaK U IS NOCIET0BATEILHOIO KOHTYpa — BOJHOBOE
WM XapaKTePUCTUICCKOE COTPOTUBIICHUE, PABHOEC COMPOTUBJICHUIO OJHOW BETBU
KOHTYpa Ha PEe3OHaHCHOH wactoTe, p =/L/C ~ 0 L = 1/(0)pC); Qo =p/ 15—
cobcmeennas (HeHarpyXeHHas1) 00o6pomHocms KojiebaTebHOW cucTeMbl. s co-
XpaHEHHs B KOHTYpE K0JIe0aTeTbHOTO pexXuMa JI0OpPOTHOCTh JOJKHA OBITH TOCTa-

TOYHO BEJIMKA, CJIEIOBATENIbHO, MOJAKI0YAEMbIe K HEMY CONPOTUBIICHUS] UICTOYHH-
Ka curHaia (reHepatopa) R, W Harpy3ku R, JOJKHBI OBITH OOJBIIMMHU

(R.,R, = R,y).

[Ty

un(~)  L¢ =

e

. . in(~)  L§ =—||&
1 1
a 9]
Puc. 4.2

Jlnst uccnenoBaHus BPEMEHHBIX XapaKTEPUCTHK MapalljIeIbHOTO KOHTYpa HC-
TOYHMK  Hanpspkenust  u(f) (puc.4.2,a) 3aMEHSIOT HWCTOYHHUKOM  TOKa
i(t) = u(t)/R, , a mapajuIeNbHO MOAKIFOYEHHbIE K KOHTYPY CONPOTHBIICHHA R. U

R, TEPECUUTHIBAIOT C YyYETOM R,, B DKBHUBAJIECHTHOE CONPOTHUBIIEHHE R,

1 1 1 1
(puc. 4.2, 6) B COOTBETCTBUHU C PABEHCTBOM — = — + —+——, e R, = pQ,,,
Ra R. Ry 30
Qy — Hazpyscennas 00bpomHocmy NapaliebHOT0 KoHTypa. MHorna ucnosns3sy-
I0T INOHATHE GHewiHel 0obpomuocmu (g, , KOTOpas CBA3BIBAET COOCTBEHHYIO U
1 1 1

= + .
QH QO QBH

Hmnynvchoil peaxkyueti WIA UMRYIbCHOU XAPpAKMEPUCMUKOU TapaJlIIEIbHOTO
K0JI€0ATEILHOTO KOHTYPA NPHHATO HA3bIBaTh HANPSKEHHE U~ (f) TPU BO3JIEHCT-
BUM HA KOHTYD JeNbTa-uMIyibca Toka §;(¢) = 8,(1)/R, (npu sKcrepuMeHTab-

HOM OIPEAECIEHUHN UMIYJIbCHOU XapaKTEPUCTUKU UCIIOIb3YIOT JOCTaTOYHO KOPOT-
KU UMITYyJIbC). MIMmynbcHast peakius napajijIeIbHOTO KOHTypa MMeeT Koseba-
TEJIbHBIA XapaKTep U MOXKET ObITh 3aMrcaHa Kak

HarpyXeHHYI0 J00pPOTHOCTH
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—out —out

o . N

(coswpt + —sinwpt) =
©p

3neck o = 1/(2R,C) . Ilpubmmkerune (4.8) ¢ y4eToM TOrO, 4TO oL K ®

e

h(t) =

COS Oy . (4.8)

p & ) (Ha-

2 2
MOMHHM, 4TO (0, = JOy) —0° , TOe ®) — «COOCTBEHHAs)» PE30HAHCHAs 4acToTa
KOHTYypa), TPUHUMAIOT JUIsl BRICOKOJIOOPOTHOTO KOHTYpa. BBOISAT Takke MOHSATHE
nocmosaunou epemenu T, =2R,C =20,/ ®, HarpyKeHHOTO TapajIeTbHOTO

KOHTYpa U 3alMCHIBAIOT BeIpakeHHE (4.8) B hopme
t

h(t)z%e xeoswyt, 0. (4.9)

13 Beipakenuii (4.3) u (4.9) cnenyer, 4To T, SABIAETCS UHMEPBALOM 8PEMEHU
MedHCOy MOUKAMU, COOMBEMCMBYIOWUMU CNAdy o2ubarowell UMNYIbCHOU XApakK-
mepucmuky B e = 2,72... (OCHOBaHUE HATypaJbHBIX JIOrapu(pMOB) pa3.

h(t)4
1/C

A
K max

0,707 K

Puc. 4.3

U3 BeIpaskeHus (4.6) ciemyer, uTo npu 6e3pasmMepHoM K () pa3sMEPHOCTHIO

h(t) ssnsiercs 1/c. Ilpu onpeneneHnn UMITYJIbCHONW XapaKTePUCTUKU MapaliieIbHO-
ro KoiebaTenpHOTO KOHTypa OBUIO TMPUHATO BO3JCHCTBHME B BHUAC JeibTa-
MMITyJIbCa TOKA, 2 B KaUE€CTBE PEAKI[MU — HaIPSHKEHUE Ha KOHTYpE, MOATOMY pa3-
MepHOCTEIO  K(®)  31ech  Oymer OM—  pa3sMEepHOCTH  OTHOUICHHS

U(o)/ I(0) = 2(®) ,— a pasmepHocTbio A(f) Oymer Om/c = 1/®, uTo mosicHsET

npucytcTBue B BbipakeHusx (4.8) u (4.9) muoxurens 1/C. KommiekcHbIil kKodd-
buIMeHT nepenayn napajieIbHOro Kojie0aTeIbHOr0 KOHTYpa 3aluChIBA€TC KakK

K() = K(0, +Ao) = T - (4.10)
. — JT ()]
(1- 20,22 (-J%
®p
rac AO) = (Dp - — a6COHIOTHaH paCCTPOﬁKa, KaK U JJId MOoCJIICA0BATCIIBbHOI'O KO-

Ne0aTeNbHOr0 KOHTYypa. MOXKHO TOKa3aTh, 9TO €CIU AW (797 — TOJIOCA 3arpak-
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fieHust KOHTYpa Ha yposHe 0,707 ot makcumyma AUX, to Oy = o, / A® o707 —

TOOPOTHOCTh KOHTYpa, MPAKTHYECKH COBIIAJAONIAs C HArpy>KEHHOW ITOOpOTHO-
CTBIO KOHTYpA, OTPEICIICHHON Yepe3 BPEMEHHBIE XapaKTEePUCTUKU. V3 BhIpaKeHUS
(4.10) onpenensitor AYX u ®UX nenu (puc. 4.3, 6)

R3

, 0g (0) = arctg(t,Aw) . (4.11)
J1+ (1 Aw)?

CHHU3UTH BIMSHME CONPOTUBIECHUN R, U R, Ha

K(w) =

KoieOaTebHBIi  KOHTYP  MOXHO,  HCITOJIB3YS
TaK Ha3bIBACMOC YACMUYHOE 6KII0YeHUe KOHTYypa:
TCHEepaToOp M Harpy3Kka IMOJKIIYAIOTCS K OTBOJY Ka-
TYIIKH UHAYKTUBHOCTH M K YaCTH €MKOCTHOW BETBH
(puc. 4.4) xontypa. Hcmonb3yior kosghguyuernmoi
BKIHOUCHUS]

L, G
=—= n=—-,
Ll + L2 Cl + C2
[Tpy MOAKITIOYEHNH UCTOYHHMKA HAMPSKCHUS 1(f) K YaCTH MHIYKTUBHOM BETBH

2
“OR mico),

r

m

KOHTYpa OH MOXET OBITh 3aMEHEH T'€HepaTopoM Toka i'(t) =

NOJIKJIIOYEHHBIM K KOHTYpY Buja puc. 4.2, 6. B a3Tom ciiyyae KoMIUIEKCHasi yac-
TOTHAsI XapaKTepUCTUKA MPUOOpPETAET BUT

: mnR
K(w) = >,
., 2Am
1- J QH o
p
R!
/ 9
rae Oy =— — DKBUBAJICHTHAs Harpy>kKcHHas JNOOPOTHOCTb,
p
p2
R) = ————— — DKBHBAJIECHTHOE COIIPOTHUBIICHHE KOHTYpa C y4EeTOM COOCT-
p+ 1+ 1
02
BEHHBIX U BHEUIHUX IOTEPb, /y = —— — COOCTBEHHBIE IOTEPU KOHTYypa (OT KO-
30
2 2 22
m-p n-p
3¢ GUIUEHTOB BKIIOUEHUSI HE 3aBUCHT), 7p = R Ty = R IIepECYUTaH-
T H

HBIC C YYETOM YaCTUYHOT'O BKIIOUCHHSI COTPOTHBIICHUS T€HEPATOpa M HATPY3KH.
[Ton6opoM kK0A(pPUITMEHTOR BKIOUCHUS yAaeTCs 00€CTICUUTh TPeOyeMYIO MOJI0CY
NPOIyCKaHMs KOHTYpa U PacuyeTHOE SKBUBAJICHTHOE COMPOTUBIIEHUE. ITO OCOOCH-
HO B&)KHO TPU UCIOJIb30BAHUU TApaJICIIbHOTO KOHTYpa B KaueCTBE HArpy3Kd B
PE30HAHCHBIX YCHWJIMTEISX U TeHEepaTopax.
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4.2. Onucanme J1a00paATOPHOI YCTAHOBKH

Maker ycraHoBKkH (puc.4.5) BKIOuUaeT B ceOs HCCleyeMble YacTOTHO-
n30upaTeabHbIC MU C COTIACYIONIMMH KacKagaMu U KOMMYTHPYIOIINUE JJIEMEH-
TBI.

Corna- Cora-
>—cyromuii cyronmii —<
KacKaj Ry | xackan

[Tapaur.
Puc. 4.5

Ha Bxoja makeTa mojarT NPSIMOYTOJbHBIE BUICOUMITYIBLCHl — JJISI UCCIIEI0-
BaHHUS BPEMEHHBIX (YHKIMH M TapMOHUYECKHE CHUTHAJIBI — JUISI MCCIICIOBAHUS
AUYX. ITockoibKY BBIXOJHOE COMPOTHUBJICHHE MCIOJIb3YEMBIX TI'€HEPAaTOpPOB J0-
BOJILHO OOJIBIIIOE (JIECATKH WIJIM COTHH OM), OHHM TOAKIIOYAIOTCSA K HCCIICTyEeMbIM
LEMsIM Yepe3 COIJacyIoIMN KacKaJ C HU3KHM BBIXOJHBIM compoTuBieHHEM. Ha
napaJuleIbHbIA KOHTYP CUTHAJ IIOJAeTCsl yepe3 OOJbIIoe CONPOTUBIEHUE R, 4TO

peanu3yeT SKBUBAJIEHTHBIN UCTOYHUK TOKA.

BpIXoAHOM KackaJ MMEET BBICOKOE BXOJHOE U HU3KOE BBIXOJIHOE COMPOTHUB-
JeHus: Ipu Kod(pUILIMEeHTe Nepeaadn, paBHOM €IMHHIIE. DTOT KacKaJ UCKIIIOYaeT
BJIUSIHE U3MEPUTEIBLHBIX MPUOOPOB HA UCCIIETYEMBIE LIETIH.

B makere mpeaycMOTpEeH MNEpEeKIIoYaresb BHAA KOHTypa (MOCIEA0BATEINb-
HbI — MapauIeJIbHBIM) U JBa aKTUBHBIX CONPOTHBIIEHUS Harpy3ku. OpHO (7y)

npeaHa3HAuYCHO JJIsl BKIIOUEHHS B MOCJEA0BaTEIbHBIN KOHTYp. BTOpoe (nepeMen-
HBII pe3ucTop R, ) MOXET MOJKIIYAThCSA KaK K MOJHOMY KOHTYpY, TaKk U K €ro

yactu ¢ Koddduimentom Bkirodenust p; = 0,7 (0OTBOJ OT MHIYKTUBHOCTH) WJIH C
koddumnmenTom BiimrodeHUs pc= 0,5 (4acTuuyHOE BKIIOYEHHE B EMKOCTHYIO
BETBb). BBIX0/IHOE HANPSHKEHUE CHUMAETCSI C EMKOCTHOM BETBH KOHTYpA.

4.3. 3aaHue ¥ yKa3aHUA K BbINOJHEHHIO Pa00ThI

Bxi1rounTh NUTaHUE MAaKeTa M HMCIOJIb3YEMBIX MPUOOPOB. YCTAHOBUTH KOH-
JIEHCATOp NMEPEMEHHON €MKOCTH B CpPEJIHEE IOJIOKEHUE, Harpy304HbIA PE3UCTOP
OTKJIFOYHUTH OT KOHTYpa.

Jlnst vccnenoBaHusl UMITYJIBCHBIX XapaKTEPUCTUK K BXOJY MaKeTa MOJKIIIO-
YUTh BBIXOJ T€HEPATOPa UMITYJIbCOB, K BBIXOAY — BX0J «Y» ocumuorpada. s
U3MEPEHMsSI YACTOTHBIX XapaKTEPUCTUK HCIOIb30BaTh BHICOKOYACTOTHBIN IeHepa-
TOp CUHYCOMIaJIbHBIX CUTHAJIOB U BOJBTMETP EPEMEHHOIO TOKA.
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Hccneoosanue umnyinbCHbIX XAPAKMEPUCMUK KO1€0amMebHbIX KOHMYPOG.

1. YcraHoBUTH TeHepaTop MPSMOYTOJbHBIX UMITYJILCOB B TMOJOKEHUE BHYT-
PEHHEro 3aIycKa, Ha)KaB KIJIAaBHINY «3amyck». JJIMTenbHOCTh MMITyJIbca BO30YXK-
nenus nenu t=0,1...0,3 MKC, 4acTOTa MOBTOPEHUS UMITYJIbCOB 3.10° T'u, amruiu-
TyJa UMITYJIbCOB OkoJio 10 B (Bbixoz renepatopa 1:1, Muoxurens — 0,3).

2. Ilonath CHHXPOMMITYJIBC ITOJIOKUTEIBHON MOJSIPHOCTH OT BBIXOJIA CUHXPO-
HU3aIMU TeHepaTopa UMIYJbCOB HAa BXOJ BHEIIHEW CUHXPOHU3AIMU OCIUILIOrpa-
¢a. YcraHoBuTh Ha KpaHe ocuuiuiorpada, paboTaromero B KIyleM pexXuMe, He-
MOJABMYKHOE M300paKEHUE PEAKIIUU IIEMU Ha BXOJHON uUMITyJbC. s 3TOro oTpe-
TyJIUPOBAaTh YPOBEHb CUHXPOHU3AIIUH.

3. U3mepenust HayaThb C KCCIEAOBAHUS HMITYJIbCHOM pPEAKIUHU IOCIEI0Ba-
TEJIBHOTO KOHTYpa 0e3 100aBOYHOro pesucropa » (OH JOJKEH ObITh 3aMKHYT Tie-
pekitouaresnem). Pesuctop Harpy3ku R, MpU 3TOM JOJIKEH ObITh OoTKiIt0o4eH. [lo-
no6path ko3¢ dunmeHt otkiaoHeHus Ko, B/aen, B kanane «Y» u xosdduimeHt
pa3BepTku K, MKC/ziel, B KaHane «X» Tak, 4TOObl OCHMIIJIOIpAMMa UMITYJIbCHOM
peakimu 3aHuMaa Obl OOJBITYIO YacTh SKpaHa.

4. U3mepuTh mapaMeTpbl UMITYJIbCHON peakiuu (MOCTOSHHYIO BPEMEHU KOH-
Typa T4 U JJIUTEIBHOCTb K6azunepuooa konedanuii 7). IIoCTOSHHYIO BPEMEHH Ty
OTpENe/IUTh B BUJE HMHTEpPBAJA BPEMEHU, B TEUEHHUE KOTOPOro orudaromias UM-
MyJIbCHOM peakiuu ymenvwumes B e = 2,72... pa3. [{ns sroro:

@) HaWTH ceueHue ozcubaroue h(t) 1o ypoBHIO 1/e OT MaKcMMyMa U MOCYHU-

TaTh KOJIWYECTBO JIEJICHUN IKPaHa, YKJIAAbIBAIOLIEECS MEKIy MAKCUMYMOM U HaWi-
JCHHBIM CE€YEHHEM; YMHOXKUB €ro Ha K03(puIHeHT pa3BepTku K, MOIyYUTh 3HA-
YEHHE T, ;

0) OLIEHUTh JUTMTEIBHOCTh K8asunepuooa KojeOaHui: BbIOpaTh Ha HSKpaHe
JIOCTaTOYHO OOJIBIION BPEMEHHON MHTEpBaj M MOJCUYMTATh KOJUYECTBO KBa3uIle-
PHOJIOB, YKJIAAbIBAIOIIUXCS B HEro. Pa3nenuB MHTEpBal Ha IMOJYYEHHOE YHCIIO,
HaWTH KBasunepuox 7 U 3HaY€HHE PE30HAHCHOH 4acToThl f, = 1/T.

5. BximtouuTs 106aBouHBINA pe3uctop 7. [Ipu 3ToM 106pOTHOCTH KOHTYpa CHH-
3UTCS U NIOCTOSTHHAsi BPEMEHU HMMITYJIbCHON peakuuu ymMeHbIIuTcs. M3Mepurs T,

JUIst 3TOTO citydast. YacTtoTy (WM KBa3HUIIEpUOa) U3MEPATh HE HAJI0 — B MpeJenax
MOTPENIHOCTH U3MEPEHHUM OHA U3MEHSThCS HE OyJIeT.

6. [lepexntounTh MAaKeT B PEKUM MAPAIIIETBHOTO KOHTYpa U U3MEPUTH IIO-
CTOSIHHYIO BPEMEHH aHAJIOTMYHBIM 00pa3oM. 3aTeM HCCIIEeI0BATh BIUSHHUE COMPO-
THUBJIEHUSI HArpy3Ku R Ha MOCTOSIHHYIO BPEMEHU KOHTypa. JlJIsi 3TOr0 yCTaHOBUTH
IIEPEMEHHBIA PE3UCTOP B CPEAHEE IOJ0KEHUE, MTOJKIOYNATh HATPY3KY K ITOJIHOMY
KOHTYPY W U3MEPUTH Ty. [IOBTOPUTH U3MEPEHUS [JI1 YACTUYHOIO BKJIIOUCHUS Ha-
IrPY3KU B UHAYKTUBHYIO U EMKOCTHYIO BETBH KOHTYpa.

7. Pe3ynbTaThl u3MepeHuil (6 3HaUCHHI MOCTOSHHOW BPEMEHH) CBECTH B Ta0-
JULLY .
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Hccnedosanue yacmommuvlx Xapakmepucmuk KoaedameabHolX KOHMYPOs.

1. [logkIr0YUTE K BXOAY MAakeTa BBICOKOYACTOTHBIM TreHepaTop, BbIOpaTh
nuara3oH yactoT B paito”e 200....600 kI . YCTaHOBUTH PEKUM HENPEPHIBHOU Te-
Hepaiuu (OTCYTCTBUE MOJTYJISIINHN).

2. K BbIXOZly MakeTa MOAKIIOUYHNTh BOJIBTMETP, YCTAHOBUTH LKAy BOJIBTMET-
palB.

3. I3MepuTh PE30HAHCHYH YacTOTy M IIOJIOCY IPOMYCKaHUsl KOHTypa IO
ypoBHto 0,707 ot makcumywma. st aToro:

a) onpenenuth MakcumyM AUX u 3adukcupoBaTh MO IIKaJI€ TEeHEpaTopa
3HaUYEHHE PE30HAHCHOM YaCTOTHI fp;

0) mogo0paTh aMILTUTY Ty TeHEpaTopa Tak, YTOOBI BBIXOJHOE HAIPSHKEHUE CO-
CTaBWJIO ObI Ha pe30HaHCHOM yacToTe 1 B;

) TUTABHO MIEpeCTpanBasi FTeHepaTop B 00€ CTOPOHBI OT PE30OHAHCHOM YaCTOTHI,
HaWTH TOYKH f 707, TI€ BbIXOJHOE HampsbkeHue pasHsercs 0,707 B, u 3aduxcupo-
BaTh 3TU YaCTOThl. MOAYJIb UX PA3HOCTHU U €CTh M0JI0CA MPONYCKAaHUs KOHTYpA.

4. I3MepuTh pPE30HAHCHBIE YAaCTOThl M TOJOCHl MPOIYCKAaHUS IOCIEI0Ba-
TEJIBHOT0 U MapaJJIEIbHOTO KOHTYPOB VISl CIIy4aeB, YKa3aHHBIX B 1. 3. Pe3ynbTaThl
CBECTH B TaOJIHILY.

Pacuem 0oopomunocmu KonedamenbHviX KOHMYPOB.

1. Ucnionb3ysl naHHBIE U3MEPEHUM MOCTOSHHBIX BPEMEHHU U PE30HAHCHBIX
4acTOT KOHTYPOB, 1o Qopmyne O = mf,T, paccuuTaTh COOCTBEHHYIO U HArpy-

KEHHYIO0 JOOPOTHOCTH TapajuIeIbHOTO U TOCIEeI0BATEIbHOTO KOHTYPOB. Mcmomib-
3ysl pe3yJIbTaThl U3MEPEHHUM TOJIOC TIPOMYCKAHMs U PE30HAHCHBIX YacTOT KOHTY-
pos, o popmyre O = f, / Afy.707 paccuuTaTh SKBUBAJIECHTHbIE TOOPOTHOCTH KOH-

TypoB. COIOCTaBUTH PE3YJIbTATHl PACUETOB.

2. I1o moiy4yeHHBIM JaHHBIM PACCUUTATh CONMPOTUBICHUS HArPYy3KH, MOIKITIO-
YeHHbIe K KOHTYpY. JJisl mocieioBaTeIbHOr0 KOHTYpa ONMPeAeIuTh AOMOJTHUTEINb-
HOE COIPOTHBIICHHUE 77y, TOJIarasi 4YTO B MEPBOM BapHaHTE (C 3aKOPOUYEHHBIM 77y)
HalijieHa coOcTBeHHas JOOPOTHOCTH (Jp, @ BO BTOPOM — Harpy>KeHHasi J0OpOT-
HOCTb KOHTYpa Q.

3. Ucnonb3ys BeITeKatolee u3 (4.4) COOTHOLIEHUE

" QH QO P QH QO
¥ yKa3aHHOE Ha MakKeTe 3HauYe€HHE HWHIYKTUBHOCTH, PACCUMTATh 3HAUYEHUE 00a-
BOYHOT'O COMTPOTUBIICHUS 7.

4. [IpoBecTu aHAIOTMYHBIE PACYEThl COMPOTHUBICHHUS HATPY3KU JIA Tapal-
JIENBHOTO KOHTYpa. PacueTHbie GopMyIibl 7151 3TOrO BHIBECTH, UCTIOIB3YS PE3YIib-
TaThI IEPBOT'O U3MEPEHHMS KaK JIaHHBIE O COOCTBEHHOM, 2 BTOPOTO — HArpy>KCHHOU
JIOOPOTHOCTH.
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Coaep:xxanue oTuera

CXEMBbI UCCIIEAYEMBIX LIETIEH;

TaOJMUIBl C JAaHHBIMU U3MEPEHMUH MMOCTOSHHBIX BPEMEHH, PE30HAHCHBIX YacTOT
1 TI0JIOC MIPOIYCKAaHWs KOHTYPOB;

pe3yJbTaThl pacyeToB U TpaduKd UMITYIbCHOW M aMIUIUTYIHO-4YACTOTHOM Xa-
PAKTEPUCTUK ISl OTHOTO U3 KOHTYPOB.

KOHTpOJIbHLIe BOIIPOCHI

l.

10.

11.

12.

13.

14.

15.
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KaknuMm 00pa3oM cBsi3aHbl APYT ¢ APYroM IOCTOSTHHAsI BPEMEHHM KOHTypa T, U

no06poTHOCTE Q7

YeM oTIMYAIOTCS HarpyKeHHast U COOCTBEHHAs! JOOPOTHOCTH KOHTYpa?

Kak n3MeHsTcs pe30HaHCHAs: U UMITYJIbCHAsl XapaKTEPUCTUKHU MMapalIeIbHOTO
KOJIE0ATEIbHOTO KOHTYpa MPHU YMEHBIICHUH UHIYKTUBHOCTHU B 4 pa3a? DKBu-
BaJICHTHOE COIPOTHUBIICHHUE MTOTEPHh CUUTATH HEU3MEHHBIM.

HobpotHocTs (ompeaenenue). CrnocoObl OLEHKA JTOOPOTHOCTH KOHTYpa
(2 ciocob6a).

Kak onpenenuTts 100pOTHOCTH KOHTYpPaA MO TpauKy €ro UMIyJIbCHON Xapak-
TEPUCTUKU ?

ConpoTHBiIeHNE HArpy3KH MapajIeIbHOIO KOHTYpa yBelnywin B 4 pasza. Kak
U3MEHMIach JOOPOTHOCTh KOHTYypa?

[Ipy CHATHMU WUMITYJILCHOW XapaKTepUCTHKU /i(f) B J1aDOpaTOPHOM MakKeTe B
KayecTBe TECTOBOTO cHUTHaNa (O-QyHKIUHU) HCHOIB3YIOT BUICOUMITYJIbCHI
JuTesbHOCTRIO 0,1...0,2 MKC; OLIEHUTh TOYHOCTh 3KCHEPUMEHTAIBHOTO OIl-
penenenus A(¢f) B mabopaTopHOi pabOTe CO CIEKTPAIbHOM U BPEMEHHOU TO-
YeK 3pEHUSI.

Kakum 00pazoM MOKHO U3MEPSTH KO3IP(PULUHUEHTHI BKIIIOUEHUS KOHTYpa?
Kakum 00pa3oM nojkitoyaeMble K KOHTYpY COIPOTUBIICHUS BIUAIOT HA UM-
MYJBCHYIO U YaCTOTHYIO XapaKTEPUCTUKU?

YTo 1o3BOJIAET YMEHBIINUTD BIIMSHUE MOAKIIOUYAEMbIX K KOHTYPY COIPOTHUB-
JIEHU?

Hcnonp3ysl naHHbIE SKCIIEPUMEHTA, OLIEHUTh Pa3HOCTh «COOCTBEHHO» pe3o-
HAHCHOM 4aCTOTHI () KOI€0ATEIbHOrO KOHTYPa U PE30HAHCHON YaCTOTBI (M.
CpaBHUTH UMITYJIbCHBIE XapakTepucTuku, AUX, ®UX u 3HaueHne 100pOTHO-
CTH JIJ1sl TapaJlIeIbHBIX KOHTYpPOB ¢ apametrpamu (R, L, C) u (R/2, C/2, 2L).
Hatp omnpeneneHne KO3(QQUIMEHTOB BKIIIOUEHUS KOHTYpoB. s dyero uc-
HOJIB3YIOT YACTUYHOE BKIIFOUEHUE KOHTYPOB?

VYka3zarh «uJeaybHbII» KO3(PPUIMEHT BKIIOYEHHS, NPU KOTOPOM H30Mpa-
TEJIbHBIE CBOMCTBA KOHTYpa HE yXYAIIAIOTCSA. BO3MOXKHO 1M €ro npruMeHeHHe
B peaJbHbIX YCTPOHCTBAX?

Kak onpenenuts n0OpOTHOCTH MO MapaMeTpaM aMIUIMTYAHO-4aCTOTHOM Xa-
PaKTEPUCTUKH KOJIEOATEIBHOIO KOHTYpa?



5. ACCJIEJOBAHUE NPOXOXIEHUSA
AMIUVINTYIHO-MOAYJIMPOBAHHBIX CUT'HAJIOB YEPE3
MN3BUPATEJIBHBIE LEITA

Ilenv pabomsr — n3yvyeHne 4YaCTOTHBIX XapaKTEPUCTUK OJUHOYHOIO KoJieOa-
TEJIBHOTO KOHTYpa M CHCTEMbl M3 JIBYX CBSI3aHHBIX KOJIEOATEIbHBIX KOHTYPOB;
U3y4deHue MnpeoOpa3oBaHUM aMILTUTYIHO-MOIYJIMPOBAHHBIX KOJIEOaHUM MPHU MPO-
XOXKICHUU Yepe3 TaHHbIE N30UpaTebHbIE TIETH.

5.1. TeopeTnueckmne CBeeHUA

YacToTHbIE XapaKTEPUCTUKH PAJTMOTEXHUYECKUX CHUCTEM SBIISIFOTCS Ba)KHEMU-
IMMH XapaKTePUCTUKAMH, KOTOPHIE BBIACPKUBAIOTCS B MPOIECCE MPOCKTHUPOBA-
HUS U NOJAEPKUBAIOTCS MPHU UX JIKCIUTyaTalMu. PanuoHalbHOE pacmpeneseHue
€AMHOr0 JJI1 BCEX PAAUOCHCTEM YACTOTHOIO JIMAIlla30Ha MPOBOJUTCS C YyYETOM
pean3yeMocT (PIIIBTPYIONTUX TIETICH B MPUEMHBIX YCTPOWCTBAX, YTO MO3BOJISIET
OJIHOBPEMEHHO paboTaTh MHOXECTBY PaMOTEXHUUECKUX cucTeM. Mcronbp3oBaHue
B INPHUEMHBIX ycTpohcTBax ¢uibTpoB ¢ AUX, Omuskoir k wupeanbHolt (I1-
00pa3Hoil), MO3BOJISIET MAKCUMAJIbHO TMOBBICUTH YHCIO OJTHOBPEMEHHO padoTaro-
MIUX paarocucTeM. Tak, Mpu MOCTPOSHUH Y3KOMOJIOCHBIX TPUEMHUKOB, Y KOTOPBIX
110JI0Ca MPOIMYCKAaHUsI MHOTO MEHBIIIE HECYIIEH YacTOThI, B KaYECTBE MPECENIEKTO-
pa (GUIBTPYIOMMX BXOJHBIX IIEMei) MHUPOKOE MPUMEHEHHUE HAalUM (PUIbTPHI Ha
OCHOBE JIBYX, TpeX U 00Jiee CBSI3aHHBIX KOHTYPOB HJIM Ha OCHOBE KOAKCHATBHBIX
PE30HATOPOB, SKBUBAJICHTHASI CXeMa KOTOPHIX B 00JaCTH pabOYMX 4acTOT COBIMa-
JIaeT CO CXEMOM CBSI3aHHBIX KOHTYpOB. [IpumeHeHne OoJbIIero KOJIM4ecTBa KOH-
TypOB, palOTalONIMX B CBSA3KE, MO3BOJISIET JOOUTHCS Jydlliero KodguineHTta
npsimoyrosibHocTH AUX uibtpa.

HepaBnomepnocts AUX u oTkIOHEHUE OT JIMHEWHOro 3akoHa ®UYX Gunbt-
PYIOIIMX LIENEN B MOJ0CE MPOMYCKAaHUs MPUBOJUT K UCKAKEHUIO CIIEKTpa CUTHAJIA
U, COOTBETCTBEHHO, (DOPMBI CAMOTr'0 CUTHAJIa TP €ro MPOXO0KIECHUU Yepe3 Lemnb. B
YacTHOCTH, B paboTe OyayT pacCMOTPEHbI MPUMEPHI PA3IMYHBIX HCKAXKEHUU aM-
IUTUTY AHO-MOTyIMpOoBaHHOTO KoJjiebanust (AMK) mpu mpoxoxJIeHHH ero yepes
U30UpaTeNbHYIO 1IETIb.

PaccMoTpumM cxeMy napajijieibHOro KojiebaTeIbHOro KOHTypa (puc. 5.1).

Kommnekcubli k03GdUIIMEHT Tepefaund UEenu 3aluChIBACTCS CIEIYIOIUM
obpazom:

K (o) = Zomx JoL . (5.1)

U joL+R(1-o>LC)

st ynobctBa paboThl ¢ (HOpPMYIION YNpoCTUM ee,
OTPAaHUYMBIINCH PACCMOTPEHUEM YaCTOTHON XapakKTepH-

% UBX UBBIX
CTHKM  KOHTypa  BOJIM3M  PE30HAHCHOW  YacCTOTBI
O O
[on =1/ VLC, T. €. OrpaHUYMMCs 4YaCTOTaMU ©, I KO-
Puc. 5.1
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TOPBIX OTHOCUTEILHOE OTKJIOHEHHE OT (09 MHOTO MEHBIIIC eUHUIIBL. Takxke ydrem,
4TO JOOPOTHOCTH MapauienbHoro koutypa Q= R/p=R\C/L, rne p=.L/C —
XapaKTePUCTUYECKOE COMPOTHBICHHE KOHTypa. HecnoxHble mpeoOpazoBaHus
dopmyiisl (5.1) MPUBOAAT K CIASAYIONIEMY BBIPAKEHUIO:
- 1

K(g)z2 ———
1+ j2Q0¢
rae € = (o — ®g)/mo. 3anumeMm BeipakeHus st AUX u OUX konebaTeabHOro
KOHTYpa:

K ()| = ——

—_—,  0(e)= arg(K (8)) = —arctg(20¢) = -20¢
J1+40%?

Y TIOCTPOMM COOTBETCTBYIOIKE Irpaduku (puc. 5.2, 5.3) nnsa O = 100.

K@) o(e)
1 /2 —

ah :

0
A A

0 e [ e
-0,03 0 0,03 -0,03 0 0,03

Puc. 5.2 Puc. 5.3

W3 mosy4eHHBIX BBIPAKEHUN M MOCTPOEHHBIX I'paUMKOB BHUJHO, YTO IPH
e < 1/(2Q) AUX npumepHo paBHa enuauIe, a PUX sgBnsercs IMHEHHO yOBIBarO-
et pynkuueit ot yactorsl. Ilpu € > 1/(20Q) 3HaunTENbHO yYMEHbIIAETCA KO-
LIUEHT NEepeIaym LETIH.

PaccmoTpum cxeMy cUCTEMBI KOHTYPOB C EMKOCTHOMH CBs3bI0 (puc. 5.4). Cuc-
TeMa MpeACTaBIIsAeT cO00M 2 MACHTUYHBIX MapaJICNbHBIX KOJeOaTeIbHbIX KOHTY-
pa, COETMHEHHBIX MEXTY COO0I KOHIEHCATOPOM € eMKOCThIO C¢y (B PAKTHUECKU
BaXHBIX CIIy4asX 3HAUEHUE EMKOCTH CBSI3U IPUMEPHO B TOOPOTHOCTH pa3 MEHbILIE
3HAYEHHS EMKOCTH KOHTypa). OG03HauMM uepe3 Z, CONPOTHBJIECHHE Mapasiielh-

HOTO Kosie0aTe,HOTO0 KOHTYypa (puc. 5.5).

ot} ’ o o
. R _|C C _|C R . . R_|C L
UBX I CB I UBI)IX Zy
o ‘o) o
Puc. 54 Puc. 5.5

C yderoMm paHee NPUHATHIX O0O3HAYECHWH U CICIAHHBIX YNPOUICHHUN BBIPA-
JKeHUe s Z,, MOJKHO 3ammcarh kak Z, = R/(1+ j2Q¢).
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KoMmmnekcHbli K03 (GUUKUEHT CBSA3M ISl CUCTEMbI CBSI3aHHBIX KOHTYpPOB
(CCK), oueBugHO, Oyaer
72 K%(¢)

,
1 2K(e)—j cn
JCes®o(1+€) Ok

[locnenHee paBEeHCTBO HAMKMCAHO C YYETOM TOTO K€ MpUONMKEeHHs: € << .
[TapameTp k HazbiBaeTCs KOA(PGHUIIMEHTOM CBSI3U CBSI3aHHBIX KOHTYPOB U MEHSIETCS
B IIpe/iesiax OT HYJIA 10 €IUHHULIBI.

Xapaktep AUX n ®UX cucTemMbl CBA3aHHBIX KOHTYPOB CHJIBHO 3aBUCHUT OT
KOA(pPUIIMEHTA CBSI3U U TOOPOTHOCTH KOHTYPOB. {151 MPAaKTUYECKU BaXKHBIX CITy-
4yaeB JOOPOTHOCTb KOHTYPOB MHOI'O OOJbILE €AMHULIBI U COCTaBISET NECATKH,
COTHH U Jjake ThicsiuM enuHull. [lpu cunbHOM cBsi3y, T. €. Korna k — 1 u, cooTBeT-
cTBeHHO, O k>> 1, Gopmyna ympoiiaerca U MEepexOoqUT B BBIPAKEHHUE IS OJH-

12

Keex(e) = e k :ci' (5.2)

+C

R| 27 +

HOYHOT'O KOJIeOaTeIbHOTO KOHTYpa ¢ Ko uimeHTom %2: KCCK (e) =K (g) / 2.9T10

IIPOUCXOANT H3-3a OOJBIION EMKOCTH CBSI3M, TaK YTO MOYKHO paccMaTpUBaTh KO-
JebaTenbHble KOHTYPHI KaK MapauiesIbHO COeTMHEHHbIE. TeM caMbIiM OHU 00pa3y-
10T HOBBIW KOHTYP CO 3HAYEHHEM WHIYKTUBHOCTH, B 2 pa3a MEHBIIIUM, U CO 3HAUE-
HUEM €MKOCTH, B 2 pa3a OOJIBIINUM, ITPU ITOM PE30HAHCHAS YACTOTA HE MEHSAETCS.
[Ipu cnaboit cBsi3y, T. €. koraa k — 0 u, coorBeTcTBeHHO, O k << 1, popmyna

npeodpaszyeTcs: KCCK (e)=jOkK 2 (¢). Takum oOpa3oM, KOMIUIEKCHBIA KO3(-

¢unment nepegaun CCK BbIpaxaeTcst yepe3 KBagpaT KOMIUIEKCHOTO Ko3(duuu-
€HTa Mepelaydl OJJMHOYHOI0 KOHTYypa C aMILUIUTYIHbIM MHOXHTeneM j O k. Tlonoca
nponyckanust CCK cyxaercs o OTHOILIEHUIO K KOJIeOaTeIbHOMY KOHTYpY, U 3Ha-
YUTEJIbHO YBEJIUYUBAETCS CTENEHb MOJABICHUS KOJI€OaHUM IIPU OTCTPONKE YacTo-
Thl OT Pe30HAHCHOW. MakcuMallbHbIN KOA(hDHUIIMEHT mepenadn, HaOIr0JaeMbIii Ha
PE30HAHCHOM 4aCTOTE, MHOT'O MEHBIIIE €ITMHULBI.

Ha npaktrke HanOonbIIMI WHTEPEC MPEACTABIAET CIy4dall Tak Ha3bIBAEMOU
KPUTHYECKOHN CBSI3U MEXIY KOHTypamu, T. €. koraa Q k= 1, unn Onu3kuil K Hemy
ciy4daii. Kommiekcusiit koagdurment nepenaun CCK npu kputrueckoit csizu

K(e) 1
oo L 20+ j2e0) - j(1+ j260)

K{(e)

B sTtom cnydae makcumMyM AYX HECKOJIBKO CMEIIAETCs] BHU3 MO 4acTOTe, B
nosjoce nponyckaHuss AUYX CTaHOBUTCS MaKCUMaJIbHO IUIOCKOH, a BHE IOJIOCHI
IPOMYyCKaHMs MPOUCXOAUT CYIIECTBEHHOE MOJaBJeHHE KojebaHui. Makcumalb-
HOe 3HayeHue coxpansercs paBHbIM 0,5. [Ipu ymenbmenuu koddduimenrta csizu
110JIOCAa MPOMYCKaHUSI CTAHOBUTCA YK€ M MAaKCUMaJIbHOE 3HAYEHUE YMEHBIIAETCS
MPOMOPLUHUOHANILHO 3HaueHuto koddduimenta. C pocroM koddduireHTa CBI3U
10JIOCA MPOITYCKaHUsl yBEJIMUMBAETCsA, MeHseTcsa xapaktep AUX: nmosBisarorcsa 2

Keck (e) =
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MaKCMMyMa U MUHUMYM. MakcuMaiibHble 3HaueHUsI AUX COXpaHSAIOTCS paBHBIMU
0,5, a MUHUMaJbHOE 3aBUCHUT OT 3HAYEHUS KOA(PUIIMEeHTa CBA3H, IPUUEM OHO TEM
MeHble, yeM Oonbuie ko3pduuuent. C yBelnMuYeHUEM 3HAUYEHUS] €MKOCTH CBSI3U
cpennsis yactota ¢unsTpa Ha ocHoBe CCK ymenninaercs. Ha puc. 5.6 u 5.7 npu-
BeneHbl rpadukn AUX m @UX cucTeMbl CBA3aHHBIX KOHTYPOB MNP Pa3TUYHBIX
3Ha4YeHUsAX Kodddunuenta cess3u (kpusas [ — 0,03, 2— 0,01, 3 — 0,003).

Kee ) arg (Kcck (¢)
,5 —100 =3 nﬁ\\\

N 3
NI &
NG A PRERNGN

AN
VEEVAVANN
0oLL—+— NEe €
—-0,05 0 0,03 —-0,05 0 0,03
Puc. 5.6 Puc. 5.7

®UX B mosoce NpoIyCKaHHUs COXpAHIETCs OJM3KOM K JIMHEHHON B CilydasX,
koraa Q k < 1. Ilpu HeBbIONIHEHUH 3TOTO ycaoBus Gpuiibtp Ha ocHoBe CCK Oyner
BHOCHTD CYILIECTBEHHBIE (Da30BbIE NCKAXKEHUS.

AMIUIMTYJHO-MO1yJINPOBAHHOE KOJIEOaHUE C TOHAIBHOM MOIYJIALMEN IMOKa-
3aHO Ha pHUC. 5.8 U UMEET CIIEeNYIONIYI0 MaTeEMaTHIECKYIO (popMy 3arucu:

Am
s(t) = A(1+ mcos(Qr))cos(wgt) = Acos(wyt) + 7005((0)0 +Q)t)+
(5.3)
Am
+7cos((w0 -Q)t),
rie A — aMIUIuTyJa Hecymero kojebaHus; m — Kod(Q(DHUIMEHT aMIUIUTy HOU
MOAYJAIUH; () — YacTOoTa MOIYJIMPYIOMIETO KOJIeOaHHUs; () — YaCTOTa HECYIIETO

kosnebanus. B Beipaxkenuu (5.3) Ajig KpaTKOCTH 3alMCH HadalbHbIE (ha3bl MOJTYJIN-
PYIOIIETO U HECYIIEro KoJieOaHU MPUHSITHI PaBHBIMH HYJIIO.

S(f) A

T

it A

U h J 0 00-O o 0+ O

~V

Puc. 5.8 Puc. 5.9

B cootBetrcTBUM ¢ Popmynoit (5.3) cnektp AMK IUCKpETHBIN U COCTOUT U3
TpeX rapMOHMYECKUX KOJIEOAaHMN Ha 4acToTax Mg, Mo+ Q U g — 2 ¢ COOTBETCT-
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BYIOLIMMU aMIUIUTyaMu A, Am/2 u Am/2 u HyneBbIMH HayanbHbIMH (pazamu. Ha
puc. 5.9 uzobpaxen aMmIUTyIHbIN ciekTp AMK.

Ha BBIXOje TMHEWHOMN 1IN MPHU MOCTYIUICHUH Ha €€ BXOJ TapMOHHYECKOTO
KojeOanust OyneT HaOJIoAaThCsl TapMOHHMYECKOE KoseOaHue, OTIMYaroueecs OT
BXOJIHOTO KOJieOaHUs aMIUIUTyA0u W ¢a3oil. B cuiy CBOWCTB JIMHEHHBIX Ienen
MO>XHO paccMaTpUBaTh MPOXOXKACHHUE JIFOOBIX TAPMOHUYECKUX KOJIeOaHHI He3aBH-
CUMO JIpyT OT Apyra. Takum oOpa3om, IpH mocTyIuieHn:n Ha Bxona ¢puinbtpa AMK
BBIXOJTHOW CUTHAJI OyJeT MpPENCTaBIsATh CO00M CyMMy TpeX TapMOHHUK, IIPH 3TOM
n3-3a IpeoOpa3oBaHuil aMIUTUTY U (a3 TapMOHHUK HE BCETJla BBIXOJIHOE Kojebha-
Hue Oyzer omuckiBaThes dopmyroit (5.3). [locnennee o3Havyaer, 4YTO Ha BBIXOJIE
nenu Oynet HabmogaThes uckaxkeHHoe AMK, ctporo roBopsi, 3To yxe Oyner He
AMK. ]I MUHMMU3AIUU CTEIIEHU UCKAKEHUN HE0OXO0JUMO, YTOOBI CIIEKTP CHUT-
HaJsia 0BT COCPEOTOUEH BHYTPHU MOJIOCH! POMYCKaHUsI (PUIBTpA.

BolpakeHue A BBIXOJHOTO CUTHaNa (UiIbTpa, MPEACTABISIIOUIETO COOOM
KoJie0aTeIbHbIN KOHTYD, IPH NocTyiuieHnu Ha ero Bxojgq AMK umeer Bua

SBBIX (t) = A‘K((O())‘COS((DOt + arg(K(@O))) +

+A7m‘K(o)O + Q)‘cos((mo + Q) + arg(K(ooO + Q))) +

+A7m‘1'{(000 — Q)‘cos((coo - Q)+ arg(K(oaO - Q))). (5.4)

[Tpu ucnonwszoBanuu B kauectBe ¢unbrpa CCK B Bhipaxkenuu (5.4) mocra-
TOYHO 3aMeHUTh K(®) Ha Kok (o).

B kauecTBe mpumepa paccMoTpuM ciydail npoxoxaeHuss AMK uepe3 onu-
HOYHBIN KOoJieOaTeNIbHBIA KOHTYP, KOTIa HeCyIlas YacToTa KoJieOaHusl COBIAJIAET C

PE30HAHCHOM YacTOTOW KOHTypa. B 3ToM cityyae k03 dUIIMEHTHI ‘K (g +Q)‘ u
‘K (g —Q)‘ paBHBI, a (a3l arg(f( (g + Q)) u arg(f( (g —Q)) PaBHBI 110 MOJTY-
JI0 ¥ TPOTUBOMOJOXKHKI 10 3HaKy. da3a Hecymiero KoieOaHus arg(f( (coo)) =0.

B aToM ciydae BbIXOJHOE KojiebaHuWe OyneT omuchiBaTbes ¢opmyinon (5.3) u
npeacTaBisTh coboit AMK ¢ apyrum xo3pQUIHeHTOM aMITTUTYTHOW MOTYJISAIAN

BBIX m‘K(COO + Q)‘/‘K((DO)
Taxkum oOpazom, KOIPOUIIMEHT aMILTUTYIHON MOAYJISAIMH BhIXogHOTO AMK

m , kak 910 caeayet u3 popmysr (5.4).

WU3MEHSETCS TPOMOPIIMOHATILHO BEJIMUHHE ‘K (g + Q)‘ :

5.2. Onucanue J1a0OPATOPHON YCTAHOBKHU

JlaGoparopusbiit MakeT (puc. 5.10) comepKuT 2 UASHTUYHBIX KOJIeOATEIbHBIX
KOHTYpa U TepeKItoyaTellb, C TOMOIIBI0 KOTOPOTO 2 KOHTYpa COCTUHSIOTCS MEX-
Iy co00# uepe3 nmepeMeHHbIN KoHAeHcaTop. CUrHaI OT BHEIIHETO HCTOYHHKA T10-
CTYyIaeT Ha BXOJI MEPBOr0 KOHTypa. BBIXOIHOI CUTHANI peructpupyercs jaudo Ha
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BBIXOJIC IICPBOTI'O KOHTYpA, 100 Ha BBIXOJIC BTOPOIro0 KOHTypa B 3aBUCHUMOCTH OT
IMOJIOKCHHA ICPCKIIOYATCIIA.

I

10
o— o—|
. R |C)L c
Upx — CB
O b o'

Puc. 5.10

CrpykTypHas cxema J1abopaTopHON ycTaHOBKHU (puc. 5.11) copepkuT reHepa-
TOp curHajaoB HuszkowyacTtoTHbIi ['CH, reHepaTop CHrHajioB BBICOKOYACTOTHBIN
I'CB, reneparop ummynbscoB 'Y, makeTr, 1ByxsryueBoi ocuusiorpad U CrekTpoa-
Hanuzatop CA.

I'CH I'CB >
Ocui-
> Maker sorpads CA
™ >

Puc. 5.11

I'CH sBnsieTcss MICTOYHUKOM TapMOHUYECKUX KOJCOAHUM, UCTIOIB3YEMbIX NIJIs
ocymectieHus: moayssituu ['CB. Jlns 3Toro HM3ko4acTOTHOE KojiebaHue mojia-
eTcsl Ha BXOJl « BHELIHSsI MOYJISIUS» BRICOKOYACTOTHOTO reHeparopa. Takum 00-
pa3oM Ha BBIXOJI€ BBICOKOYACTOTHOTO TeHeparopa (GopMHpyeTcs aMIUIUTYIHO-
MOJIYJIUPOBAHHOE KOJIeOaHHeE.

' dbopmupyeT KOpOTKHE (OTHOCUTENBHO JIIUTEIILHOCTH UMITYJILCHOM Xapak-
TEPUCTUKHU ) UMITYJIBCHI C OOJIBIIION aMIUIMTY/ION, KOTOPhIE UCIIOIB3YIOTCS ISl HC-
CJIeIOBaHUS UMITYJIbCHOU XapaKTePUCTUKU (PUIBTPOB.

JIByxmydeBoit ocruiuiorpad wcmoms3yercs uisi (OpPMHUPOBAHUS OCITUILIO-
TpaMM BXOJIHBIX M BBIXOAHBIX cUTHAIOB. CA TipeHa3HaYeH sl OTOOpaKEHUS aM-
IUTUTYAHOTO CIIEKTPA BXOJIHBIX U BBIXOJIHBIX CUTHAJIOB.

AUX B pabote ucciemyeTcsi ¢ MOMOIIBIO CTIEKTpoaHanu3aropa. s aToro Ha
BXOJl YaCTOTHO-U30MPATEIHLHON IEMH TOMATCS «KOPOTKUE» HMITYJIbChI «OO0Jb-
1I0I» aMIUIUTYAbL. JJTUTENbHOCTh UMITYJIBCOB JOJIKHA ObITh MHOTO MEHBIIE JJIH-
TEIBHOCTH WMITYJIbCHOM XapaKTEPUCTUKHU IICMH, a aMIUIUTyJa JOCTaTOYHO OO0Jb-
10, YTOOBI MOXKHO OBLJIO HAOJIIOAATh OTKJIMK LIETH 0€3 UCKaKEHUH ero IryMaMu
npuOOpoB. OTKIIMK LIETH HA TAKOW UMITYJIBC OJIM30K K UMITYJIbCHOM pEaKIuH IIETIH.
WIMITy IbCBI IOJIKHBI TTOCTYIIATh HA BXO/I HEMH MEPUOTNUSCKH, YTOOBI UMITYJILCHYIO
PEeaKIIMI0 MOYKHO ObIIO HAOJI01aTh Ha SKpaHe ocIuuiorpada, a mepuo/1 Cie10BaHus
HUMITYJIBCOB MOJOMPAETCS TaKUM, YTOOBI OTKJIMKH IIEMU HE MEePEeKPhIBATIUCH BO Bpe-
MEHHU, HO B TO K€ BpEeMs IILJIM JIOCTATOYHO YacTo IS yJ00CTBa MX HAOJIOJICHHUS.
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Kak u3BectHO, peoOpazoBanue Oypbe OT UMITYJILCHON PEAKIMU JAeT KOMILIEKC-
Hbld K03(pPuiienT nepeaaun. CrneKTpoaHAIM3aToOp, Ha KOTOPBIA MOCTYyHarOT OT-
KJIMKH LMK Ha UMITYJIbCHOE BO3JICHCTBUE, OTOOpAKaeT aMILTUTYAHBINA CIIEKTP ITHX
OTKJIUKOB, MO ()OpME COOTBETCTBYIOLIUN MOJYJIO KOMIUIEKCHOTO Kod(dduimeHnra
nepenauu nenu, T. €. ee AUX. Tak kak UMIYJIbChl MOCTYNAIOT MEPUOAUIYECKU, TO
CIIEKTp CUTHajJa JUCKPETHBIM. B Cuily TOro, 4To MMITyJIbChl MOCTYIAOT OTHOCH-
TEJBHO PENIKO, PACCTOSTHUE MEX]Ty TAPMOHUKAMH MaJIO U TIPU HaJJIeKaIleM BbIOOpe
MOJIOCHI TIPOIMYCKaHUS paguoPuiIbTpa CIEKTpOoaHAIM3aTOpa Ha €ro HKpaHe BHUJIHA
JIMIIb OTHOaroIIas, MOJHOCTHIO COOTBETCTBYIOMAs AUX uccnemyemMon 1emnm.
CriekTpoaHann3aTop MOKa3bIBaeT aMIUTUTYIHBINA CIEKTP CUTHaja B Jorapud-
MudgeckoM macmrade. OH oToOpakaeT MOITHOCTh TAPMOHUK B CIEITUATBHBIX €/IH-
HUIAX u3MepeHuss — nabm (meruben mo otHomeHuio K 1 MBT; B aHTmos3praHON
autepatype — dBm). D10 eaunHuIa U3MEpEeHUs MOUTHOCTH curHaina. OHa moka3bl-
BaeT, Ha CKOJBKO JEIMOEJI MOIIHOCTh curHana Ooipire 1 MBT. 3Has MOIIHOCTH
CHUTHAJIa B BaTTaX, €€ JIETKO NMPEJACTABUTh B €AUHUIAX ADbM COTJIACHO CIIEAYIOLIEH

dbopmyiie:
fBr]
Ripu) =101g| o =101g(Rypr)).

5.3. 3apanue u yKazaHus K BbIIIOJHEHHUIO padoThI

1. Hccneoosanue amniaumyoHo-4acmomHuoil XapaKmepucmuKkuy 0OUHOYHO-
20 KoJlebamenbHOo20 KOHmypa.

VYcranoBuTh nepekitouarenb Ha Makere (puc. 5.10) B momoxkenwue I, 94ToOBI
CHUMAaTh CUTHAJ C OJIMHOYHOTO MapaljIeIbHOTO KoyiebaTenpbHOro Koutypa. [logath
Ha BXOJ[ MaKeTa C MOMOIIbI0 UMIYJIbLCHOTO TeHepaTopa KOpoTkue (~ 1 MKC) UM-
IyJIbCBl 0OJBIION amMIuUTYAbl (~15 B), penko ciaemyromue Ipyr 3a Apyrom (dac-
tota 10 xk['11). Beixog Makera moakimounuTh K ocipuiorpady. Curaan ¢ KOHTPOIb-
HOTO BBIXOJla ocIiuuiorpada mojaaTh Ha CIEKTpoaHanu3aTop ais aHammsza AUX
nenu. [ns yno6noro Habmonenuss AUX mnenu peKoMeHyeTcs YCTaHOBHUTH Clie-
nytomye napamerpsl: nojoca o63opa 300 kI, uentpanbnas uvacrora 450 kI,
ypoBeHb —35 n1bM, mosoca npomyckanus paguodunsTpa 3 kI, mosoca mporrycka-
Hus BugeodpunsTpa 100 kI, Maciitad mo Beptukanu 5 nb/gen.

3apucoBatb ¢popmy AUX 0auHOYHOrO KOJeOaTeIbHOTO KOHTYpa, cOoOoaas
MacmTad 1mo ocsiM, ONpeeINTh PE30OHAHCHYIO YaCTOTY U MOJIOCY MPOITyCKaHus (110
ypoBHI0 —3 1b) KojaebaTeIpHOro KOHTYpA.

C nmomomipio ocuusuiorpada HabII0AaTh UMITYJIBCHYIO XapaKTEPUCTUKY KOJIe-
0aTeNbHOTO KOHTYPA.

2. Hccneoosanue amniaumyoHO-4acmOmMHON XapaKkmepucmuKkuy cucmembl
C6A3AHHBIX KOHMYPOE.

YcTaHOBUTH TEpeKiIoYaTeNlb Ha MakeTre B mosoxkeHue I, utoObr cHUMATh
CUTHAJI C CUCTEMBI CBSI3aHHBIX KOHTYPOB (T. €. CO BTOPOT0 KOJIEOATEIHPHOTO KOHTY-
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pa). Ucnionw3ys Ty e cxeMy BKJIOUYeHUs], uccienoBath AUX 1enu s CUCTEMBI
CBSI3aHHBIX KOHTYPOB.

3apucoBatb 3 popmbl AUX cucTeMbl CBSI3aHHBIX KOHTYPOB, COOIIOast Mac-
mTad Mo ocsiM, AJi CIly4aeB MUHUMAJIbHON CBS3M (3HAUEHHE €MKOCTH CBSI3U MU-
HUMAaJIbHOE), MAKCUMAJIbHOW CBSI3U (3HAYEHUE €MKOCTH CBSI3M MAKCHUMAJbHOE) U
KPUTUYECKOH CBSI3U (3HAUEHHUE €MKOCTH MOAOUPAETCS TaK, YTOOBI 1MOJI0Ca MPOIyC-
KaHMsl ObllIa MAaKCUMAJIBHOW TIPU OTCYTCTBHHM TMpoBayia (JIOKAIBHOTO MUHUMYMA) Y
AUX). CoxpaHuTh MOJOKEHUE PYUYKH MEPEMEHHOro KOoHJeHcaropa mo 1. 4. Jlns
BCEX TPEX CIIy4YaeB OMPEICTUTh IIEHTPAIbHYIO YACTOTY U TOJIOCY MPOIMyCKaHus (110
yposHio —3 1b) CCK.

C momompo ocmiiiorpada HabmoaaTh UMITYILCHYTO XapakTepuctuky CCK.

3. Hccneooeanue npoxosricoenus AMK ¢ momnanvnoii mooynauueit uepes
KoJ1ie0amenvbHblil KOHmYP.

[lepexmtounTts TyMONEep B monoxkeHue | st ucciaenoBanusi OAMHOYHOTO KO-
71e0aTebHOrO0 KOHTYpa. YCTaHOBUTh YAacCTOTY BBICOKOYACTOTHOTO T€HEpaTopa
pPaBHOW pe30HaHCHOM 4acToTe KOHTypa. Ha BXxon «BHEmHIs MOLYIALMA» NOAATH
FapMOHUYECKUA CUTHAJI OT HM3KOYACTOTHOI'O T€HEepaTopa, YTOOBl OCYIECTBUTH
aMIUTATYIHYIO MOJYJISIMIO. Y CTaHOBUTh YacTOTy ero kosiebanuit 1 xI'u. Habmro-
JaTh Ha nepBoM kaHane ocuwiorpaga AMK ¢ BbIxoja BRICOKOYAaCTOTHOTO T€He-
paTopa U JOOUTHCS PETYIUPOBKON aMILTUTY 1Bl MOYIUPYIOMIEro (HU3KOYaCTOTHO-
ro) Kojebanusi, 4To0bl KOIPPUIUEHT aMIUTUTYTHON MOAYJISIIUU M JIeKaJl B TIpe-
nenax ot 0,4 mo 0,6. 3HaueHue m ONPEAENIUTh MO ocuuiorpaMmme (cM. puc. 5.8),
UCIIOJIBb3YSI (POpMYITY

m= (Urnax —Unin )/(Umax +Unin ) )
e Upax ¥ Upin — MakCUMajabHOE M MHUHHMMAJIbHOE 3HAU€HMs Orudaromiei

AMK. Ha Btopom kanane ocumsuiorpada nadmoaare AMK c¢ Bbeixoma makera.
VYBenuueHue 4acToThl MOIYJHMPYIOLIEro KojiebaHusi OyneT MPUBOAUTH K YMEHb-
HICHUI0 KOd((PUIIMEeHTa aMIUIUTYIHON MOIYJSIUM Ha BBIXOZAE KOJeOaTeabHOIro
KOHTypa. CHATH 3aBUCUMOCTb KO3 PuimenTa aMmutyaHon moaysuun AMK Ha
BBIXOJIE MAakeTa OT 4YacTOThl MOJYJIMpYIOIIero kosneOanus. Pexomenayercs wuc-
MOJIb30BaTh CIEAYIOIIUE YACTOThI MOAYIUpYIolIero konedbanus: 1, 4, 8, 16, 24, 32,
40, 48 u 56 xI'u. B nmpornecce CHATHUSI 3aBUCHUMOCTH KOHTPOJIMPOBATH KO3 hUIm-
€HT aMIUTUTYJHOM MOJYJISIIIMM Ha BXOJI€ MAaKeTa U MPU HEOOXOIMMOCTH MOJICTpau-
BaTh €ro.

4. Hccneoosanue npoxoixcoenuas AMK ¢ monanvnoii moodynayuei uepe3
cucmemy C6A3AHHBIX KOHMYPOG.

[Tepexmrounts TyMOIIEp B monoxkeHue 11 11 ucciaeqoBaHus CUCTEMBI CBS3aH-
HBIX KOHTYpPOB. [I0OUTBCS KPpUTUYECKOM CBSA3M MEXKAYy KOHTypaMu (B I. 2 3TO yKe
JOJDKHO ObUIO OBITH CAENAHO). YCTAaHOBUTH YacTOTY BBICOKOYACTOTHOIO T'eHepa-
TOpa paBHOM CpelHEel YyacTOTe MPOIyCKaHUs (PUIbTpa Ha OCHOBE CBSA3aHHBIX KOH-
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TypoB. Cienysl yka3aHusiM 1. 3, CHATh 3aBUCUMOCTb KO3((PUIIMEHTa aMILUTUTYAHOM
Moy AMK Ha BbIXo/1€ MakeTa OT YaCTOThl MOTYJIMPYIOIIETO KOJeOaHus.

[ToBTOPUTH ATOT MYHKT /JIsI HAUOOJBIIETO 3HAYCHUS] EMKOCTH CBSI3U MEXIY
KOHTYpaMu (HE 3a0BbITh MOJCTPOUTH CPEIHIOI YACTOTY BBICOKOYACTOTHOI'O T'€HE-
paropa).

5. Hccneoosanue uckaxcenuit AMK ¢ mounanvhoit mooyaayueil npu npo-
XO0XHCOCHUU uepe3 CUCHmeM) C8A3AHHBIX KOHMYPOS.

[Tepexmrounts TyMOIIEp B MonoxxeHue 11 a1 ucciaeqoBaHus CUCTEMBbI CBS3aH-
HBIX KOHTYPOB. Y CTaHOBUTH HAaMOOJbIIIEE 3HAUCHUE EMKOCTH CBSA3U MEXKIY KOHTY-
paMu. YCTaHOBUTh YacCTOTY BBICOKOYACTOTHOI'O F€HEpATOpa PaBHOW CpeaHEN yac-
TOTE MPOITyCKaHusl (UILTPa HA OCHOBE CBSI3aHHBIX KOHTYpOB. Ha Bxoj «BHemHss
MOMYJIALMS» TOJaTh TAPMOHUYECKUN CUTHAJI OT HU3KOYACTOTHOTO Te€HEepaTopa,
YTOOBI OCYIIECTBUTH aMIUTUTYIHYIO MOIYJSANHIO (B T1. 4 BCE TIEPEUUCTIEHHOE YKE
JIOJKHO OBLIO OBITH CAENAHO). Y CTAHOBUTH YacTOTYy ero kosnebanuid ~ 28 kl'u. Ha-
Omomath Ha TepBOoM KaHaie ociuuiorpaga AMK ¢ BeIXxoma BBICOKOYaCTOTHOTO
reHepaTopa ¥ JOOUTHCS PErYJIUPOBKON aMIUTUTYbI MOAYJIUPYIOLIEro (HU3KOYAC-
TOTHOTO) KoJjiebaHus, 4ToObl KOA(PPUIIUEHT aMIUTUTYTHOU MOIYJISIITUN M JIeKall B
npeaenax ot 0,9 no 1. Ha Bropom kanane ociuuiorpada Haomogate AMK ¢ BbI-
X0J1a MakeTa. 3apucoBaTh ocuriuiorpaMMmy BeixogHoro AMK ¢ nepemonynsuuei,
coOmroasi MacmTad Mo OcsAM. YBEJIMYMBATH YaCTOTY BBICOKOYACTOTHOIO KoOJieOa-
HUS JI0 MOSIBJICHUSI HA 3KpaHe ociuiorpada OueHuit U 3apukcUpoBaTh HAMJICH-
HYIO YaCTOTY B MPOTOKOJIE. 3apUCOBAaTh OCHUIUIOIPAMMY BBIXOAHOTO CHUTHAJIA, CO-
Omosiasg MaciTad 1mo ocsiM. Teneps yMEHbIIATh YaCTOTY BHICOKOYACTOTHOTO KOJIe-
OaHus O MOBTOPHOTO TOSIBJICHUSI HA dKpaHe ociuuiorpada OueHud u 3aduxcu-
pOBaTh HAWJEHHYIO YaCTOTY B MPOTOKOJE. 3apUCOBATh OCIIUJIONPAMMY BBIXOIHO-
r'0 CUTHaJa, co0Ir0aass MacIuTad 1mo OCsM.

Coaep:xxanue oTuera

® KpaTKHE TEOPETHUYECKHE CBEACHMSI, BKIIIOUas LeJdb pabOThl, CXEMBI, XapaKTepu-
CTHKHU OJJMHOYHOT'O KOJIEOATEIbHOTO KOHTYPA U CUCTEMBI CBA3aHHBIX KOHTYPOB,
MaTEMaTUYECKYI0 MOJIEIIb CUTHAJIA HAa BXOJ€ U BBIXOJE JIMHEHHOU LIEIHU, CXEMY
7a00paTOPHOTO MakeTa M CTPYKTYPHYIO CXEMy JIaDOpaTOPHOW YCTaHOBKH C
KPaTKUM OITMCAHUEM;

e TabnuuHOEe U TpadUUecKoe MPEJCTaBICHUS aMIUTMTYAHO-4aCTOTHBIX XapakKTe-
PUCTHK OJMHOYHOTO KOJEOAaTEIbHOIO KOHTYPAa M CHUCTEMbI CBSI3aHHBIX KOHTY-
POB Ha OCHOBAHWM JKCIIEPUMEHTAIBHBIX JTAHHBIX. AMIUIMTYAHO-4YaCTOTHBIE Xa-
PAKTEPUCTUKHA HEOOXOJIUMO MOCTPOUTH B IMHEHHOM MacliTabe, OTHOPMUPOBAB
UX K MakCUMaJbHOMY 3HaueHHI0 AYUYX mpu MakcUMalbHOM KO3(h@uIMeHTe
CBSI3H;

® pacyeT JOOPOTHOCTU OJMHOYHOTO KOJEOATETBbHOTO KOHTYpa M CPaBHEHHE C
U3MEPEHHBIM 3HAYCHUEM;
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pacyer 3HAYeHUH MHUHUMAIbHOTO, KPUTHUECKOTO M MAKCUMAaJIbHOTO K03((hu-
ureHtoB cBsi3u CCK mo pesynpTaTaM COIMOCTaBICHHUS PACUETHOM M JKCIEpH-
MeHTanbHOU AUX;

amMmIUTyIHbIN criekTp AMK Ha Bxoje cxembl. ['paduk aMIiuTy IHOTO CIEKTpa
10 OCH a0CITCC U300pa3uTh B TOM K€ MaciiTade, uto u rpapuku AUX;
TabNIM4YHOE U TpaduyuecKoe MpeACTaBICHUS 3aBUCUMOCTEN KOA(pdULIMEeHTa MO-
nyisiund AMK Ha BpIX0/i€ MakeTa OT YaCTOThl MOAYJIMPYIOIIEro KoueOaHus Ha
OCHOBAHMH SKCIIEPUMEHTAJIbHBIX JaHHBIX (3 3aBUCHMOCTH: JJIs KOyueOaTeabHO-
ro koutypa, CCK ¢ kpurnueckoii cBs3pto 1 CCK ¢ MakcUMalIbHOM CBA3BIO);
pacuer 3aBucumocteit kodddurmenta moaynauuun AMK Ha BbIxoje MakeTa OT
4acTOThl MOJYJIMPYIOIIEro KosnebaHus ans kosebartenbHoro xkourypa, CCK c
kputnueckoil cBsa3bi0 1 CCK ¢ MakcuManbHOM CBSI3bIO;

pPUCYHKHM ociuutorpaMM curHaia Ha Beixoge CCK ¢ MakcuManbHOW CBSI3bEO
npu noctyrieHud Ha BXxog AMK ¢ koaddunmeHToM aMIUIUTYIHOW MOJYJIs-
MU, OJM3KUM K €IUHUIIC, U 4aCTOTOW Moayiupyroiiero kojgedanus ~10 kI,
PucyHku npencraButh Wi ciydaeB, korga Hecymas yactora AMK coBnagaer
co cpennert yactoror CCK, u koraa HecyIass 4acTora OTCTPOEHA BBEPX U BHU3
oT cpeaHen yactotsl npomnyckanusi CCK;

pacuer curHana Ha Beixoae CCK ¢ MakCHMallbHOM CBSI3bIO IIPU NOCTYIIEHUU
Ha BxoJ AMK c ko3¢ dunreHToM aMIuTy JHOW MOAYJISIIMM, OJIM3KUM K €11-
HUIIE, U YacTOTOH Monynupymomero konedanus ~28 kl'u. I'paduku npexacra-
BUTH U1l Clly4aeB, Korjaa Hecymas yacrota AMK coBmanaer co cpenHein yac-
toTtoil CCK, u Korja HecyIiasi 4acToTa OTCTPOE€HA BBEPX M BHU3 OT CPEAHEH
yactoTsl npomyckanusi CCK. ['paduyecku conoctaBuTh IKCIEPUMEHTATbHbBIE U
pacyeTHbIE JAHHBIE;

BBIBOJIBI O YAaCTOTHBIX XapakTepuctukax kosebarenbHoro kontypa u CCK,
BJIMSIHUY YaCTOTHO-U30MpaTeNbHbIX 1ienei Ha npoxoxaeHrne AMK depe3 HuX.

KoHTpoJsbHBIE BONIPOCHI

l.
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IIpuBectr BbIpakeHUE ISl paJMOCUTHANA C TOHAJIBHOM AMIUIMTYJIHOU MOJY-
JSIUEN, TOCTPOUTh €ro rpaduk s IByX 3HaYeHHH Koa(pduLMeHTa aMILIH-
TyAHOW MOAYJISILIUY, PABHBIX €UHULIE U JIBOWKE.

[IpuBecTn cxembl U 3amucaTh BBIPAXKEHUS I KOMIUIEKCHOTO Kod(dduinenrta
nepesayd Kosie0aTeIbHOTO KOHTYypa M CHUCTEMbI CBSI3aHHBIX KOHTYpoB. Kax
OyayTt mensatbes rpadpuku AUX u @YX npu u3MeHeHUn TO0OPOTHOCTH KOHTY-
POB M EMKOCTH CBSI3U MEX]ly KOHTypaMu?

BeiBectu popmyiy (5.2), T. €. BbIpa3uTh KOMIUIEKCHBIN KO3 ULIMEHT nepea-
YU CHUCTEMBI CBSI3aHHBIX KOHTYpPOB 4€pe3 KOMIUIEKCHBI KO3(pPUuuueHT nepe-
a4l OJMHOYHOTO KOHTYpA.



10.

1.

12.

13.

14.

15.

16.
17.

18.

B kakux ciy4asx CUTHaJl Ha BBIXOJAE KOJ€0AaTEeTbHOTO KOHTYpa U CHUCTEMBI
CBA3aHHBIX KOHTYpPOB IPH MOCTYIUIEHWU Ha uX BxoJbl AMK Oyzner npencras-
1sTh coboit AMK?

Kak 3aBucut koaduiment ammantyaHoit moayisiuuu AMK ¢ ToHanbHON MO-
nynsuuend Ha Beixoge CCK oT yactoThl Moayiupytoiiero kojaebanus (Hecy-
mas yactota AMK coBnagaet co cpeaneit yacroroit mpomnyckanus CCK)? Ilo-
yemy?

Kak Bnmsier paccornacoBanue Hecyueid yactotel AMK u cpenneld 4actoThl
nponyckanuss CCK Ha npoxoxaenue AMK c tonaneHol Moxyssanuei? C mo-
MOIIBI0 BEKTOPHON JHUarpaMMbl OOBSICHUTh BO3HUKAIOLIUE UCKAKEHUS U MPO-
MCXOKJEHUE YIII0BOW MOAYJISLIUH.

Yro craner ¢ AMK, ecnu ¢aza onHOl 13 OOKOBBIX TAPMOHUK U3MEHUTCA Ha T
paauan? MOXXHO JIM Ha3bIBaTh IMOJYYHUBIIEECS KoJieOAHUE AaAMIUIUTYIHO-
MOAYJIMPOBAHHBIM?

[Touemy xomruiekcHbI kKOd(hdumment nepenaun CCK mpu kosddummente
CBSI3U, CTpeMsLIeMCsl K €IuHUIE, paBeH Ko3(dduuMeHTy mnepenadn Kojebda-
TENBHOI0 KOHTYpa ¢ Ko uuueHToM ¥2?

Kakas BenuunHa umeeT equHuUIly uzMepenust 1bm? 3anucate Gopmyibl mepe-
c4eTa 3TOW BEIMYMHBI B aMIUIUTYAY U MOIIHOCTh FTAPMOHUYECKOIO CUTHAJIA.
Kak n3mepute AUX ¢ moMoIpio reHepatopa KOpOTKHX HUMITYJIbCOB U CIIEK-
TpoaHanu3aropa? Kakue orpaHMueHHs HAKJIabIBAIOTCA Ha MapaMeTpbl KOPOT-
KUX UMITYJIbCOB U CIIEKTPOAHAIN3ATOpA?

[IpuBecTH cxemy M BBIBOJ BBIPAKEHHM JJI1 YACTOTHOM M MMITYJIbCHOM Xapak-
TEPUCTHUK MapajLIEIbHOr0 OJJMHOYHOIO KOJIEOATEIbHOTO KOHTYpA.

[IpuBecTn cxemy M BBIBOJ BBIPAKEHUM [JI1 YACTOTHOM M MUMITYJILCHOM Xapak-
TEPUCTHUK MOCJIEI0BATEIHLHOTO OJJUHOYHOIO KOJIEOATEIbHOT'O KOHTYPA.

[lo 3apanHomy npenogaBateneM rpaduky AUX mocTpouTh 3aBUCUMOCTh BbI-
XOJHOr0 KOA(pPUIUEHTa MOAYJSILIMA OT YaCTOThl MOJYJUPYIOLIET0 CUTHAJIA.
CuuTaTh, 4TO Ha BXO/JI 1IETIU MOJIA€TCS OAHOTOHAIBbHBIN AM-CUTHAN C HEeCyIen
4acTOTOM, paBHOM PE30HAHCHOW 4acTOTe LEeNH, U KOAPPUIUEHTOM MOIYJIsA-
mun 0,5.

MoskeT nu B JuMHEHHOW 1enu Kod()(PUIMEHT MOIyJsALUMU Ha BBIXOAE OBITh
0oblIIe, UeM Ha BXoae?

B kakux ciydasx Bo3MOKHa nepemMonyisiust AM-konebaHusl Ha BBIXOJE W3-
OupaTeNbHOM 1eNH, €CIU Ha BXOJE €€ HeT?

K kakomy 3HAYEHUIO CTPEMUTCS Mgy (€2) ipu 2 — 07?

B uem nposBisitoTcst nckaxeHuss AM-kosie0aHui pU UX MPOXOKACHUH Yepe3
n30upareabHbIe Ien?

Ecnu curnan siBisieTcss NEpUOJUYECKUM, TO CIEKTp ero auckpereH. Crpasen-

JTUBO N1 oOpaTtHOe yTBepkaeHue (Ha npumepe AMK ¢ ToHanbHON MOAysLu-
ei)?
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6. MPEOBPA3OBAHUE CJOYYANHBIX MPOIIECCOB B JUHEWHBIX
HEISAX

Ienv padomer — n3ydyeHUE YACTOTHBIX U BPEMEHHBIX XApPAKTEPUCTHUK CITY-
YalHBIX TPOIIECCOB, UX B3aMMOCBS3U M MIPEOOpa30BaHUs MIPU MPOXOXKICHUH Yepe3
JIMHEWHYIO LIEIb.

6.1. TeopeTnueckue cCBeIeHUA

Bepoamnocmmnuoie xapakmepucmuku cayuainvix npoueccog. CiydyaiiHbIMU
HA3bIBAIOT CUTHAJIbl, MTHOBEHHBIE 3HAYEHUSI KOTOPBIX 3apaHEE HEU3BECTHBI U MO-
I'yT OBbITh MpeACKa3aHbl JUIIb ¢ HEKOTOPOW BEPOATHOCTHIO, MEHBIICH €IMHULIBL.
WX XapakTepUCTUKUA MOTYT OBITh TOJBKO CTATUCTUYECKUMHU, T. €. UMETh BEPOSATHO-
CTHBIN BUJ. B pagmosnexkTpoHUKe BCe CHTHANbI, HeCyllre HHPOPMAIUIO, a TaKKe
OOJBIIMHCTBO MOMEX U IIYM SIBJSIOTCS CIIy4alHBIMH.

[Io OTHOLICHUIO K CIIy4allHOM BEIIMYMHE, WU3MEHSIOUIEHUCS BO BPEMEHM, Ha-
IpUMep MTHOBEHHOMY 3HAYEHHUIO HAIPSKEHUs CIydyalHOro curHana u(f), mpume-
HSIOT TEPMUH CAYYAlHBIN npoyecc. DTOT TEPMUH OOBEIUHSET CIy4yalHble CUTHA-
JIbl, TOMEXH U IIyMbl. KOHKpETHBIN BUJ YacTU CIIy4allHOro mpouecca Ha OrpaHu-
YEeHHOM MHTEpBaJie BpeMEHH (HalpuMep, B BHUJIE 3aITUCH B 3aIIOMUHAIOIIEM OCIUII-
norpade) Ha3bIBAIOT €0 peanusayuell.

BoabImIMHCTBO ciydalHBIX MPOIECCOB, BCTPEUYAIOIIMXCS HA MPAKTUKE, C JOC-
TATOYHON TOYHOCTBIO MOKHO CUUTATh CTALMOHAPHBIMHU U 3PTOJINYECKUMH.

Ciy4aliHbIi POLIECC HA3BIBAETCS CIMAYUOHAPHBLIM B IIIMPOKOM CMBICIIE, €CIIU
€ro  JBYXMEpHas  IUIOTHOCTb  BEPOATHOCTU  YAOBIIETBOPSIET  YCIIOBHIO
Do (X1,X0,8,t)) = pr(x1,%y,7), THE T=1y —1;. IIpn >TOM OAHOMEpPHAS IUIOTHOCTH
BEPOSATHOCTH OT BPEMEHU HE 3aBUCHUT: py(Xy,7) = py(x7).

CayuaiiHblil TIpoliecC Ha3bIBACTCSA 3P200UtecKuM, €Ciu Jodas ero Xapaxre-
PUCTHKA, IOJyYeHHAs! CTATUCTUYECKUM YCPEIHEHUEM [0 MHOXKECTBY peau3alui,
COBITAJIAET C TAKOM K€ XapAKTEPUCTUKOMN, NIOJYYEHHON YCPEIHEHUEM IO BPEMEHU
OJTHOM peayn3aluy JOCTaTOYHO OOJBIION AJINHBI.

OTkIJIOHEHHMS cllydallHOro mpoiiecca u(f) OT ero cpeaHero 3HaueHusi u (Io-
CTOSTHHOM COCTaBJIsAIONIeH, puc. 6.1, a) Ha3wiBatoT gykmyayusimu (puc. 6.1, 6)

E(t)=u(t)—1ur . (6.1)
&) !

Ok

Puc. 6.1
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[Ipu ucciemoBaHUN CTAITMOHAPHBIX 3PTOJUICCKUAX TPOIECCOB OCHOBHOM HH-
Tepec MPECTABISAIOT CBOMCTBA WX (rmykTyanuit (f), anst onmucaHusl KOTOPBIX BBO-
AT Koppensauuonnyo GyHkiuoo (K®) dbaykryanuii U cekTpaabHyO IJIOTHOCTh
MOIITHOCTH.

Koppenayuonno-cnekmpanwvholii ananuz cay4aiHsvlx npoueccos. Koppens-
yuonHnas Gynxyus R(T) sSBAsSETCS MEPON CTATUCTUUECKON CBS3U MEXK]Y MITHOBEH-
HBIMUA 3HAYCHHSIMH CITy4alHOTO MpOIlecca, pasJeJICHHBIMH HHTEPBAJIOM BpEMeE-
HU T. IHBIMU cJI0BamMH, OHA TIO3BOJISIET OIICHUTh, HACKOJIBKO CYIIECTBEHHO 8 Cpeo-
Hem YCIIEeT M3MEHUTHCS 3HaueHUe (DIyKTyaruii 3a BpeMs T 10 CPaBHCHHIO C Ha-
OM0JTaeMBbIM MTHOBCHHBIM 3HAY€HHEM B MCXOJHBIH MOMEHT BpeMeHu f. Jlns cra-
IIMOHAPHOTO Aproaudeckoro mnpoiecca KO onpenensieTcss COOTHOIICHHEM

T
R(x)= lim % [ ewee+var, (6.2)
-T

rae &(f) u E(¢ + 1) — MrHoBeHHBIC 3HaYCHUS (IIYKTyalil COOTBETCTBEHHO B MO-
MEHTHI ¢ U ¢+ T; 2T — JyIMHa peau3aliy, Ha KOTOpPOil MPOU3BOAUTCS yCpEIHe-
HUE. 3HaK T MOXKET OBITh JIIOOBIM. UTOOBI JTyUIlle YAICHUTHh (PU3UUECKHUI CMBICIT 3TO-
IO BBIPQXKEHMSI, PACCMOTPHM CJIETYIOIIYIO OIEPALMIO MPEAEIIBHOIO MEPEX0Ia.
Bo3pMeM peanmzanuio ciaydaitHoro mpoiiecca (puc. 6.2) miuHoit 27 u BbiOe-
pEM Ha Hell OTCYETHBIE MOMEHTBI BPEMEHH f, 15, t3, ..., CIEAYIOLUIHE C PABHBIM

marom. 3aJaJiuMcsl HHTEPBAJIOM BPEMEHH T M OTIPE/ICTUM MTHOBEHHbBIC 3HAYCHUSI:
i(tl), &(tl + 7:); ?;(tz), i(tz + r); ?;(t:;), i(t3 + r) U T. 1. 3aTE€M BBIUYUCIUM CYMMY

E(1)E(f +1)+E(1)E(tr +1)+E(53)E(13+ 1) +... (6.3)
U pa3JeNnM e¢ Ha JJIMHY peanm3anuu 27 (B 3TOM M 3aKJIF0YaeTCs ONeparis yCpe-
HeHus). YToObl nepeitu Kk omnpenenenuto (6.2), Haxo OpaTb MOMEHTHI 1, f5, I3 C
OECKOHEUHO MaJIbIM IIaroM df, a JUInHy peanu3anuu 27 ycTpeMuTh K O€CKOHEUHO-
ctu. B pesynprare nomyanm ogHo 3HaueHue KO mis BeiOpanHoro 3naueHus 1. Ec-
JIM TIPOLIECC BO BPEMEHHM U3MEHSIETCS MEJUIEHHO, TO 32 MHTEPBAJl T €r0 MIHOBEH-
HbIC 3HAUCHHMS CYIIECTBEHHO HE M3MEHATCS (Kak, Hampumep, Ha puc. 6.2).

) L e e S B S
S

-T 4 tl‘l"[: 15) t2+T t3 f3+’C ly t4+T ts f5+T T
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[TosToMy ¢ GOIBIION BEPOSATHOCTBIO COMHOXKUTENH E(t;), &(f; +T) B cymMMme

(6.3) oKaXyTCS C OJHUM 3HAKOM; OOJIBIIMHCTBO CJaraeMbIX OyAYT IOJIOKUTEIb-
HbIMU, U B pe3yJIbTaT€ BBIYMCICHHOE 3HaueHue R(T) OKaXeTCs CYIIECTBEHHO
OO0JIbIIIE HYJIS.

[Ipu Gosiee OBICTPOM M3MEHEHHMM 3HAYEHUW MpOLEcca BO BPEMEHU WIIM MpHU
3HAUYUTETLHOM YBEJIUYEHUH MHTEpBaja T CTATUCTUYECKAs CBSI3b MEX]y 3HAUCHMSI-
Mu &(t;) m E(t; + 1) ocnabeBaeT, MX 3HAKM C PABHOW BEPOSTHOCTBIO MOTYT OKa-
3aThCsl KaK OJMHAKOBBIMH, TaK U pa3HbIMU. B pe3ynbTaTe cymma (6.3) u 3HaueHUe
R(T) cTpemsaTcs K HYJIO.

Oynkuus R(t) nocturaer makcumyma npu T = 0. 3nauenue R(0) > R(t) coot-

BETCTBYET cpenHel MorHocTh (iykryaruit (mucmepeun): R(0) = o2,

YrtoOb! pacmonaraTh XapakKTepUCTUKONW BPEMEHHBIX CBOMCTB Ipoliecca, He 3a-
BHCSIIEH OT ero MomHocTH, KO HOpMupytoT:

r(t) = R(t)/R(0), (6.4)
rae r(t) — koagguyuenm xoppenayuu, niu HopmupoanHass K®. Ero ocHoBHbIe
CBOMCTBA:

r0)=1;r(—)=r(t); |r(7)|<r0); r(t—>x)—0. (6.5)
[Tomuepkuem detHocTh (GyHKIHH R(T) = R(—T) u (1) = r(—t). KoHKpeTHBIN
BUJl R(t) 1 r(T) OJHO3HAYHO OMpEJENsieTCs] CBOMCTBAMHU PaccMaTpUBaeMOro Ciy-
YaifHOTO Mpolecca, HO C YBEJTMUEHUEM |T| 00€ PyHKINN CTPEMATCS K HYJIO, XOTS U
HE BCEr/1a MOHOTOHHO (HapHMep, B BUJIE 3aTyXalOIUX KOJIeOaHU).
Cnexmpanvuas naomuocmo mowpocmu (CIIM) daykryanuit ciyvaitHoro
nporiecca ecTb QyHKIusS W(®), omuchIBaIIas pacupeiesieHue cpedHell MOITHO-
ctu Gaykryanuit mo yactore. Ouszndeckuit cmpicii CIIM cocTouT B cleayromiem:
W(w) npeacTaBiseT co00U cpedHIor0 MOUTHOCTh (IIyKTyaluid, IpUXOIAIIYIOCsS Ha
nosiocy yactotT 1 pan/c (wnm 1/(2w) ') mpu 3aganHoMi yacToTe @ = 27f.
dopmanbHo W(w) onpeaenstoT, yCpeaHss KBaapaTbl MOAYJIEH CIIEKTPATbHbBIX
MJIOTHOCTEH HampsiKeHUs OOJIBIIIOTO YUCa peayiu3aluil CIy4aitHOToO Mmpolecca:
. 2
W(w)= lim M, (6.6)
T—o T
rae S(®) — crnexTpanbHas GYHKIHSA PeaIn3aliy ¢ UINTeIbHOCTHI0 T

T
S() = j s(t)e 7t .
0
Orta onepalis BO3MOXHa 0J1aroaps TOMY, UTO J1100as «COCMOABUAACA» pea-
qu3ayusi ecmv 0emepMuHUposanHuili cueHal. B (6.6) uyepra cBepXy O3HaudaeT yc-
PEIHEHUE nO MHOJCeCmey peanuzayuil. 3aMeTUM, YTO HENOCPEICTBEHHOE yCpel-

HEHUE CIEKTPaJbHbIX (YHKIUNA S(®) MPUBOIUT K HYJEBOMY pe3yJbTaTy H3-3a
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CﬂyqaﬁHOCTH H HC3aBHUCHUMOCTHU (1)3,3 CIICKTPAJIbHBIX COCTABJIAIOMIWX B PA3JIMYHBIX

peanuzanusax. Oyukuus W(w), kak u ‘S (o)|, aBnsieTcst yetHoH, W(w) = W(—w).

B cootBercTBUU ¢ TeopeMoii BuHepa—XuHUMHA KOPPENSILIMOHHAS (PYHKIUS
u CIIM cBs3anbl ipeodpazoBanusiMu Oypre:

R(r):ﬁ j W(t)e!* do,  W(w)= j R(t)e /®dr. (6.7)

[Ipunumass BO BHMMaHue 4eTHOCTh (yHKuud R(t) u W(®), cOOTHOIIEHUs
(6.7) MOHO MPEJCTABUTH B BUJIC

W)
T

(e 0] o0 o0
R(1) = j cosmTtdm = IF(m)cosmrdw, F(o)= EJ‘R(r)cosmrdr, (6.8)
0 0 ™o
rie F(o)= W(®w)/m — «OTHOCTOPOHHSS» CIEKTpaibHas TUIOTHOCTb MOIIHOCTH,
CYLIECTBYIOIIAs! TOJIBKO MpU @ = 0.

[Tpumepnsbiii Bug CIIM 1 HopMmupoBaHHBIX K@ 1151 IIMPOKOIIOIOCHOTO U y3-
KOIMOJIOCHOTO CITyYalHBIX MPOILIECCOB MPUBEIECH HA pUC. 6.3 1 6.4 COOTBETCTBEHHO,
KOTOPBIE OJTHOBPEMEHHO WIITIOCTPUPYIOT COOTHOIIEHUs (6.4), (6.5).

Ippexmusnoii wupurnou pynxiuu CIIM Ha3bIBalOT 3HAUCHHE

A®,q = WL [ (w)do= % [Flo)do. (6.9)

max _g, max ()

Onpenenennss Aw,q MHOACHSCT puc. 6.3, a: MIoOmanb ITPUXOBOTO MpPSIMO-

yTOJIbHUKA JOJDKHA OBITh paBHA muiomiaau non rpadukoMm ¢ysakiuu CIIM, gto
cienyet u3 hopmysl (6.9).
Ha npaxtuke Aw,q, OOBIYHO M3MEPAIOT Ha ypoBHE 0,5 OT MakCHUMalbHOTO

3HaueHus: CIIM, urto yno6nee. [1pu aTom A(DB(I)OS IIOJIyYaeTCsl HECKOJIBKO MEHBIIIE,

4eM A®,g,, HO OIM3KOH K HEil.

Mupuny K® (unmepsan koppersyuu T, ) ONPEIENIOT KaK

o0

=20 g R(v)|d, (6.10)

a U3MEPSIOT 1Mo YpoBHIO 0,5 0T ee MakCUMaJIbHOIO 3Ha4YeHHs (puc. 6.3, 6). KD y3-
KOIIOJIOCHOTO TIpOIlecca MMEET KOJIeOaTeIbHBIN XapaKTep, MO3TOMY BpeMs Koppe-
JAUUM B TaKOM cliydae MPUOIMKEHHO OMNPEISIsSOT 10 €€ OruOaromeu

(puc. 6.4, 0).
B cuny cBoiictB npeodpazoBanuii @ypse (6.7), (6.8) BpeMs KoppessiLud U

mupuna CIIM HaxomsaTcss B 0OpaTHOW 3aBUCHUMOCTH: ‘EK~2TE/A(1)3¢), WIIA
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rK~1/Af3(p, T. €. [MIHUPOKOMOJIOCHOMY CIIyYalWHOMY IPOLECCY COOTBETCTBYET Ma-

JIbIA UHTEPBAJ KOPPEISIUU U HA000POT.

W(f) (1)
1

Wm ax

Wnax/2 0,5

()
Wnax

W imax/2

Puc. 6.4

XapakTepUCTUKU CIy4aiiHOTO TpoIlecca Ha BBIXOJE JTUHEHHOW e MOYKHO
OTIPECTUTh, UCTIONB3YS CIIEKTPaIbHBIA WM BpeMeHHOU moaxo. [Ipu criekrpab-
HOoM mogxoze ¢pyHkiuio CIIM BBIXOAHOTO Mporiecca Haxo AT, YMHOXasi BXOJIHYIO
CHEKTPATbHYIO TJIOTHOCTh MOITHOCTH Ha KO3 uyuenm nepedayvu no MOWHOCHU.
O10T KO3 PUITMEHT paBeH KBaApaTy MOAYJST KOMILUIEKCHOTO KO3 dUIMeHTa epe-
naun uenu. [Toatomy
W (@) =W (@) K ()] (6.11)

rae Wy (0), W(w) — CIIM Ha BBIXOJE M BXOAE LENU COOTBETCTBEHHO;

K (0) — KOMIUIEeKCHBIH Ko3(@urment nepenaun. Crpasensocts (6.11) BbiTe-
KaeT HermocpeacTBeHHo u3 onpeaencHus ¢yuaknuun CIIM. Jlanee, ucrnonab3ys cooT-
HomeHus (6.7) uiu (6.8), Haxomar Ry, (1) — K@ BeIxomHOro mnpouecca.

[Ipu BpemeHHOM monaxoje No u3BecTHbIM K® BXOJHOTO mporiecca U UM-

NyJIbCHOM XapakTepuctuke 1enu /(¢) onpenensitor KO npoiecca Ha BbIX0j1€
o0

Ry ()= [ ROVBy(x—N)d (6.12)

—00
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Kak cBepTKy R(t) u B, (1) — K@ umMIynbcHONM XapaKTepUCTUKU Lenu /(f), mpu-

4qCM
0

By (1) = j h()h(t —)dt .
—Q0
CnpaBeyiuBOCTh BbIpaxkeHus (6.12) cneayeT U3 cpaBeUIMBOCTH TPUHIIMIA
CYNEPIIO3ULIMH JJI JIMHEWHON LIETH: BBIXOJHBIE 3HAYEHUS CIyYallHOrO Mpouecca
Epuix () MOJKHO HAWTHU METOJOM HMHTErpajia HajO)KEHUs, 3Has BXOJHBIC 3HAYCHMS

&(f) m MMITYJIBCHYIO XapaKTepUCTUKY A(f). 3arem, moAacTaBuB & . (f) B 0O0IIyIO

bopmyiy (6.2), momyuum (6.12). Jlanee, ucnons3yst cootHouienus (6.7) uiu (6.8),
Haxooum W, . (o).

B pannosnexkTpoHuKe 4acTo MPUXOAUTCS UMETh JIEJI0 C MPOXOKICHUEM CIIy-
YallHBIX MPOLIECCOB Yepe3 JIMHEWHbIE 1enu (KoseOaTeabHble KOHTYPHI, (DUIBTPHI
U T. I1.), TIOJIOCHI MPOIMYCKaHUs KOTOPHIX 3HAYUTEILHO MEHbIIE ITUPUHBI QYHKIIUN
CIIM BxonHoro curHana. Jljisi ynpomieHusi pac4eToB B 3TUX CIy4dasiX peajbHbIN
BXOJHOM IIyM Oe€3 OOJIbIION MOrpelIHOCTH 3aMEHSI0T MaTeMaTH4YEeCKOW Mojie-
JBI0 — O€JIbIM 1IyMOM. benviti wiym — 3TO CIy4alHBIN TpoliecC, CeKTpaibHas
IJIOTHOCTh MOIIHOCTH KOTOporo W(w) mocTosiHHa Ha Bcex yactoTax: W(w) = W,
® € (—o,). 3Hauenne W, BbeIOMparOT paBHBIM 3HaueHUt0 CIIM peanbHOTO BXO/I-

HOTO TITyMa B 00JIACTH TOJIOCKHI MPOIYCKAHUS UCCIISAyEeMOH TIeTH.
Jlerko mokasats, 4ro mig Oenoro myma R(t)=W,5(t), rae &(t) — nenbra-

ynkuus J{upaka, OTKyaa CIeLyIOT COOTHOLIEHHS:
. 2
WBHX ((’)) = WO ‘K((’)) > RBI:IX ()= WOBh (v, (6- 13)

UMEIOIIIE HETIOCPEICTBEHHOE OTHOIIICHUE K HACTOSIIEH T1abopaTopHOi padoTe.
Haobniooenue u uzmepenue napamempos cCiayuaiiHblX HPOUECco8 ¢ HOMO-
wiblo ocyunnozpaga u ananuzamopa cnekmpa. JloMuHopop IKPaHOB OCLUILIO-
rpada u aHanuzaTopa CrekTpa 00JaJaeT ONpeaeIeHHON «IaMsAThIO», MOCIecBeYe-
HUEM: 3aUKCHPOBAaHHAS 3a TIEPUOJ Pa3BEPTKH MPHOOpa ocLUIIOrpaMMa OTpe3Ka
Ipolecca He cpa3y MCYE3aeT; Ha Hee HAKIa[AbIBACTCSA OCUUIIIIOTPAaMMa CIIEAYyIOLLIe-
ro OTpe3Ka M T. 1., TaK 4TO HaOII0JaeTcsl, B CYI[HOCTH, CYMMa OCLIMJIJIOTPamM, CO-
OTBETCTBYIOUIUX PA3JIMYHBIM OTpe3KaM HaOJ01aeMOro CUrHaina (Iuisi aHaluu3aTopa
criektpa — CIIM 3THX OTpEe3KOB); UHOTAA 3TO CBOMCTBO, aHAJIOTUYHOE CBOMCTBY
WHEPIIMOHHOCTH TOJIBU)KHOM YacTH 3JIEKTPOMEXaHUYECKOTO MpUOopa, UCIOIb3Y-
10T JUIsl IPUOJTMKEHHOTO yCpeaHEeHUsl (MHTErpUpOBaHUs) MOCTYIAOIIET0 Ha OC-
mwuiorpad curnana. Hanpumep, B peskuMe aBTO3aIycka pa3BepTKU U MPH Mojade
Ha ocnwuiorpad HENMPEpPHIBHOTO CIIyYailHOTO CHWTHAja PAaCIpeiesiCHHE SPKOCTU
«ITYMOBOM JOPOXKKK» 1O Y -0CH dKpaHa OyAeT MPUMEPHO COOTBETCTBOBATH (hyHK-
MU TJIOTHOCTHU paclpe/ieNICHUs CIIy4ailHOro Mpoiiecca (M3BECTHOE MPABUIIO «TPEX
CUTM» ISl OLIEHKU JIUCIIEPCUU HOPMAJIBHOTO CIy4ailHOTO mpolecca). AHAJIOIMYHO
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00BsICHsIETCSI HAOJIIOJCHUE HA DKPaHE CIEKTpOaHAIU3aTopa UMEHHO YCPEIHEHHON
CIIM.

OcoO0bIif MHTEpEeC MPENICTABISET UCMOJIb3yeMas B HACTOSIIECH JabopaTopHOi
paboTe BO3MOXXHOCTh HEMOCPECTBEHHOTO HAOIOJACHUS U OIICHKH Ha dKpaHe OcC-
nuorpadga K® cioydgaitHoro mporecca. Eciau BeIOpaTh JIMTEIBHOCTh Pa3BEPTKU
B IIpeJieslaX HECKOJIbKUX MHTEPBAJIOB KOPPESIIUU T, , NOJATh HAa Y-BXOJA OCLMII-
jorpada ucciueayeMbplii CUTHAJ, YCTAHOBHUTH KAYITUN PEKUM Pa3BePTKH OCIIHILIO-
rpada u OTperyIMpoBaTh YPOBEHb 3aITyCKa Pa3BEPTKH TaK, YTOOBI 3aITyCK MPOWC-
XOJIWJI TOJIBKO OT JIOCTaTOYHO OOJIBIIMX BBIOPOCOB Tpoiiecca (puc. 6.5, a), To u3o-
Opakenue Ha 3kpaHe &'(f) OyAeT ¢ TOUHOCTBIO JIO MOCTOSSHHOTO MHOXKHTENS II0-

BrOpsATh K® mpouecca, &'(r) ~ R(¢). Ilpu 3TOM HaYyalbHBI Y4acTOK OCIHILIO-

rpammbl coBnanaer ¢ popmoit K@ npakTUdecku TOYHO, a IO MEpe yBEIUYEHUS ¢
PACXOKIACHUC YBCIININBACTCA.
E(r) 4 YpoBeHb 3aIrycka

N A . T
ﬁ 7‘ A [\ ¢ H
AN Ju
7
/]

WA W [V

Puc. 6.5

T

Ha puc. 6.5, a npencrasieHa peanuzanus ciaydaitHoro mponecca &(f). Ha
puc. 6.5, 6 moka3ana HaOromaemas ocwuiorpamma &'(f), chopMupoBaHHas Ha-
JI0’KEHUEM HECKOJIbKUX OCHUIIJIOTPAMM, COOTBETCTBYIOIIUX BbIJICIEHHBIM KUPHOM
JuHUEW Ha puc. 6.5, a oTpe3kam ciydailHOro mpoiiecca &(f) U ABISIOMIAICT HX
CpeIHUM, WU MAaTEeMATUYECKUM OXKUJIAHUEM, TTOCKOJIBKY ISl OPrOAMYECKUX TPO-
neccoB K® (6.2), nonydyeHHasi yCpeITHEHUEM 110 BPEMEHHU, COBIIAJAET C KOppeJs-
UOHHOW (DYHKIIMEH, MOJYyYEHHON YCpeIHEHHEM MO pealu3alusM C MOMOIIbIO
olIepaTopa MaTeMaTHIeCKOro oxuaanus R(t) =M [E(1)E(F—1)].

ITpu 3amycke pasBepTku ocuuuiorpaga B MOMEHT BpEMEHHU f, ypoBHeM U
3HaueHue §(f))=U CTaHOBUTCS NETEPMHUHHPOBAHHBIM U JaJbHENUIIECE NOBEICHHUE
poLecca ONpeeseTcsl yCIOBHOM IUIOTHOCTBIO BEPOSITHOCTH
Pr(S=U,1;8,t + 1)

p=(£=U.1)

9

PGty +T ézU,tO) =

WIH, Cpa3y MOJIOKHUB ¢, = 0,
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P EO0)=U:51) _ prU.E 1) (6.14)
Pe(6(0)=U) pyU)
[Tonaras mporecc (¢) rayccoBckuM, 3anuiieM 1mpu £(0) = U ero 1ByXmMepHyIo
TUTOTHOCTH BEPOATHOCTH

V%) (aaU’T) =

Pe(6T|g0)=U) =

exp| - 2”;2 —2Ur(r)§+ U?
2n62\/1—r2(r) 202[1—’”2(1')]

rjae 7(t) — Kod(pPUIUEHT KOoppesiiuy, onpeeiIeHHbINH BbipaxkeHueM (6.2), o’ —
JUCIIepcUsl Tpollecca, a IUIOTHOCTh BEPOSTHOCTH B 3HAMEHATEJE BbIPAXKEHUS

(6.14)

1 U*
py(U)= exp| ——=
U( ) 2nc 262
Toraa ycinoBHasi JIOTHOCTh BEPOSATHOCTH (6.14) onpenenutcs Kak

[&-Ur(@’
. _ . 6.15
S \/2n62[1 —r*(7)] 26%[1-7*(1)] o

®opmyna (6.15) onuchiBaeT TayCCOBCKUM CIIydyalHBIA MpOLeCC C MaTeMaTH-

pé(&.’v't

exp

yeckuM oxuaanreM Ur(T) u qucriepcueit 02[1 -r(1)].
CnenoBarenbHO, HaOMOmaeMas Ha dKpaHe ocuuuiorpamma &'(f) ¢ TOYHO-

CTBIO JI0 TIOCTOSIHHOTO MHOXHTeNnss Oyaer mnoBTopaTh K® mpormecca &(1),
E'(t)~Ur(t) =UR(t)/R(0). HavanpHblii y4acTOK OCIHJUIOTPAMMBI COBIIAJACT C

dbopmoit KO npaktuuecku TOYHO, TaK KaK JUCIIEPCHUS 02[1 —r(0)]=0; nanee, oc-
UIJIOTPaMMa  TEPEXOANT B  OOBIYHYIO IIIYMOBYIO JIOPOXKKY, IOCKOJBKY

lim (52[1 —r(t)]= o2, [IpakTHuecku 3TOT Ipeaes JOCTUTAaeTCs IPU 3HAYEHUH £, CO-
t—o0

CTaBIISAIOLIEM OT OJHOTO [0 ABYX-TPEX MHTEPBAJIOB KOPpEILUY T, Npouecca &(1).

6.2. Onucanne 1a00paATOPHOI YCTAHOBKH

VYcranoBka (puc. 6.6) cocTouT U3 1abOPATOPHOTO MaKeTa U MOJKIIOYEHHBIX K
HeMy ocluiuiorpada U aHaJIM3aTopa CeKTpa.

JlabGopaTopHbIil MakeT BKJIIOYaeT B ce0si reHeparop nryma, Habop (uiIbTpoB
(RC, RLC u ®HY ¢ noutu npsmoyroiibHOM AUX) B KOpPpensaTop, MO3BOJISIONTUN
u3MepsaTh HopmupoBaHHble K® curnanoB. Koppenstop peanu3yer omneparuio,
ONUCBHIBAEMYIO BbIpaxkeHUEeM (6.2), U ero CTPYKTypHasi CXeMa COHEPKUT JIMHUIO
3aJIEP)KKU Ha BpPeMs T, MIEPEMHOKHUTENIb U CTPEIOYHBIA MPUOOP, BBHIMOTHSIIOMINAN
Takke QyHKIUI uHterparopa. Mamepenne KO npousBoautcs mno Toukam, JJis de-
ro BpeMsl T 33JIEP>KKU JIMHUU MOKHO U3MEHATH oT 0 110 9,9 mkc ¢ marom 0,1 Mxc.
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[Tepexmouatens S1 makeTa MO3BOJIIET BHIOpaTh BUJ HCCIEAYEMOM IIemH;
S2 — BBIOpaTh mapameTpsl BhiOpaHHOM 1ienu (kpome HY), S3 — moaxmrouath
ociuiorpad U aHaIM3aTOP CIEKTpa KO BXoay (mosiokeHue /) win BeIXoay (To-
JIO’KEeHUE 2) UCCIIeTyeMOM 1eTIH.

[epexmtouarens $4 onpenenser po padoTsl Koppenstopa. B nonoxenun R,

oH n3mepsieT KO BxonHoro, Ry — BBIXOJHOIO IPOLIECCOB.

6.3. 3ananue M yKa3aHus K BbIIIOJHEHHIO Pa0dOTHI

1. U3meputsh ¢ynkauto CIIM u HopmupoBanuyto KO mporiecca, coznaBaeMo-
ro reHepaTopoM IIyma Ha Bxoje GuiabTpoB; Habmonats popmy KD Ha skpane oc-
nusiorpada.

Jlnst usmepenust pynakuun CIIM:

a) BXOJHOM Kabeyb aHaIM3aToOpa CIEKTpa MOAKIIOYHTH K THE3Iy «AHamu3a-
TOpP CHEKTpPa» MakeTa. BKIIOUNTh MUTAHUE MAKETA U aHAJIU3aTOpPa;

0) mepexmroyaTe b S3 MakeTa MOCTaBUTh B MOJIOKEHUE /;

B) Ha aHAJIM3aTOPE CIEKTPa YCTAHOBUTH PEKUM U3MEPEHUS CIIEKTPa MOIIHO-
CTH;
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I') COBMECTUTh OTMETKY HYJIEBOM 4YacTOTbl C HA4ajJOM KOOPJAMHATHOM CETKU
9KpaHa, a PeryjsiTopaMH IMOJOCHl 0030pa M YCUJIEHUS YCTAHOBUTH YAOOHOE NSt
HaOmoAeHus: uzoOpakeHue crnekrpa. OHO OyAeT NPUMEPHO COOTBETCTBOBATH
puc. 6.3, a. I3006pakxeHue 3apucoBaTh.

N3meputs mmpuny ¢yakuuu CIIM no yposHto 0,5 oT Mmakcumyma B 00J1acTH
MOJIOKUTENIbHBIX YaCTOT C MOMOIIBIO YACTOTHBIX METOK.

s nsmepenuss HopmupoBanHout KO:

a) MPOM3BECTH YCTAHOBKY HyJsI u3Meputesst K®@; 11 3Toro nepekirovaressb
S4 mocTaBUTh B MojoxkeHue «YcT. 0» u pyukoit «Ycr. 0» HJ0OUThCS HYJIEBBIX MO-
Ka3aHUM CTPEIOYHOTO MPUoopa;

0) KO BxomHOro mryma u3MepuTh, IOCTABUB NMEPEKIOYATENb S4 B MOJIOXKE-
Hue R;. Ilepen m3mepenuem npousBecTd HOpMUPOBKY K@. 1 3TOrO mepexiro-

yaTenb «3aepiKKa T» MOCTaBUTh B moJioxkeHue «0» u pydykon «Ycunenue 1» yc-
TAHOBHUTH CTPEJKYy Mpubopa Ha aeneHue «+1» (mpaBblif KOHEIl MIKaJbl), 4TO OyAeT
COOTBETCTBOBAaTh 3HAYEHUIO r(O):l. 3aTeM, mepekiodas 3aJepKKy T C IIarom

0,1 Mkc, cHaTh npaByro yacTb K® (no ypoBHs 3Hauenuii ~ 0,1). Iloctpouts rpa-
¢ux. Onpenenuts BpeMs Koppensiuuu T, 1o ypoBHio 0,5. IlpoxoHTponupoBats

BBITIOJIHCHHE COOTHOWICHUS Ty ~1/Afg,.

s mabmroaenust ocmuuiorpamm Kd:

a) BXOJIHOM Kabenp ociuiorpada MOAKIIOYUTE K THe3ay «Ocuumtorpady
makeTa. Bximounts ocumtorpad. Perynaropom «Ycunenue Y» yCTaHOBUTH pas-
Mep U300paxKeHUs 10 BEPTUKAIN IPUMEPHO PaBHBIM ITOJIOBHHE JIMAMETPa IKpaHa;

0) yCTaHOBUTB >KIIYIIMI peXUM pa3BepTKHU ocuuiuiorpada;

B) JUIMTEIBHOCTb PAa3BEPTKU BBIOPATH B mpeaenax (2...5) 1 ;

') YPOBEHb 3aIlyCKa TeHepaTopa pa3BepPTKU ociuiuiorpada BeIOpaTh Tak, YTO-
OBl 3aIyCK MPOU3BOJUJIICS TOJBKO JIOCTATOYHO OOJBIIMMH TOJOKUTEIbHBIMU BbI-
Oopocamu myma (puc. 6.5, a). CpaBuuts Gopmy KD u Bpemsi koppensmuu, u3mMe-
PEHHBIE 110 OCLMJIIIOTPAMME U C IIOMOIIBIO KOPPEIATOpA.

Uzmepenne ¢ynkuun CIIM, K® u nabmioneHue ocumuiorpaMMm B IOCIIe-
IOYIOIIUX MyHKTaX 3a/1aHus yA00HO IPOU3BOIUTH OJHOBPEMEHHO.

2. Uameputs dpyukiuto CIIM, KO u nHabmonats ocimuiorpammbl KO Ha BbI-
xone RC-punbrpa RCI.

[lepeximounTh nepeknoyaTens S3 Makera B monoxenue 2; S1 — B mosoxke-
Hue «RC», S2 — B nonoxenue I.

Ha skpane ananmuzatopa crekTpa mnosiButrcs uzoOpaxenue (pynkiuu CIIM
BBIXOJIHOTO CHTHaja, MIMPUHA KOTOPON 3HAYMTEIHHO MEHBIIE, YeM Y BXOJIHOTO,
KOTOPBIN, CIEAOBATEIbHO, MOXXHO CYUTATh OEJBIM IIYMOM. 3apucOBaTh (GopMy
CIEKTpa U U3MEPUTh €ro MUpHHY Ha ypoBHe 0,5. 3T0 yJ00HO Nenarh, yBEIUYUB
macmtabd wu3oOpakeHuss mo yacrore. Koaddunment mnepemaun RC-puibtpa

K(®)=1/1+ joRC), nosromy Bun ¢yuxuun CIIM moguuHsercs 3aBHCUMOCTH
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w.

ShIX ((o) =W, / [1 + ((oRC )2} Tounoe 3HaueHHE F3PPEKTUBHON MIUPUHBI CHIEKTpa

Aoy = 1/(4RC), a 3HaueHue, M3MepeHHoe Ha yposHe 0,5: Afos =1/(2nRC). 3Ha-

yeHust R B omax u C B nuko- 1100 HaHodapanax (eciau psjgaoM ¢ Iudpoil CTout
«H») MpUBeeHbI Ha puc. 6.6. COnocTaBUTh U3MEPEHHBIE U PACUETHHIE 3HAUCHUSI.
N3mepenue 7(T) BBIXOAHBIX MPOLIECCOB MPOU3BOIAT B MOJOKEHUU « R, » Iie-

pexmtouarens S4. Ilepen usmepenuem nposectd HOpMUpPOBKY KD, kak B 1. 1, HO
pyukont «¥Ycunenue 2». CHATH 7(T), IOCTPOUTH IrpapuK, U3SMEPUTH T, .

OOpaTtuth BHIMaHKHE Ha 3MeHeHue mupuHbl KO, nate 3ToMy 00bsICHEHUE.
NmnynbcHas xapakrepuctuka RC-QuiibTpa, cyliecTByromas npu ¢ > 0, paBHa

h(t):(l/(RC))e_t/(RC), II0OSTOMY IIPU BO3JEHCTBUM Ha BXOJ O€IOro Imyma

Rupse (¥) = (W 2RC))e VRO 3y o — 1.4 RC,

ConocTaBuTh U3MEPEHHBIE U PACUETHBIC 3HAUCHMUS.
Hab6mogaembie ocumiorpammbl KO gomkHbl mpencTaBisaTh coOOM 3aTy-
XAy 3KCIIOHEHTY. 3apuCcOBaTh MX, U3MEPUTH T, U COINOCTABUTH C U3MEPEH-

HBIMU C IIOMOIIBIO KOPPEATOPA.

[Tepeuncnennbie U3MEPEHHS BBIMOIHUTD TSl GritbTpoB RCy, RCyy, IpU 3TOM
KXl pa3 HopmupoBath KO pyukoit «Ycunenue 2». 3t QUIBTPHI UMEIOT OT-
HOCUTENBHO OoJibliine noctossHHbie BpemeHu (RCy > RCy > R(Cy). OOBACHUTH U3-
MEHCHHUS Afyq U Ty.

3. 3meputs dpynknuio CIIM, K® u HabmrogaTs ocimumiorpamMmmbl KO Ha BbI-
xojie kosiebarenbHoro kKoutypa RLC.

[lepeBecTu nepexntoyatens S1 Makera B nosoxenue «RLCy», S2 — B moJso-
xenue I. Ha skpane ananuzaropa crniektpa nosButcst uzoopaxenue pynkuuu CIIM
Ha BbIXOJIe KOHTypa. Orubaromasi CriekTpa J0JKHA COOTBETCTBOBATh (hopmMe BO3-
BEJICHHOU B KBaapaT AUX KOHTypa ¢ MAKCHMYMOM Ha YacTOTE PE30HAHCA.

3apucoBaTh M300paKeHHE, U3MEPUTh YACTOTY MakcUMyMa U 3(p(HEKTUBHYIO
mupuny ¢ynknuu CIIM Ha ypoBae 0,5 oT Makcumyma.

KoMmmnekcHbli  kodppuuueHT  mnepeaaud  KoJiebaTeNbHOTO  KOHTYypa

K(o) = 1/[1 + j(oo—ooo )/a], rie o =1/\/LC — pE30HaHCHasg  4acToTa,

o = 1/(2RC) — koaddunment 3atyxanus. [losTomy mpu Bo31eHCTBUN HA €T0 BXOJ
oenoro myma Buj pynkuuu CIIM Ha BbIXO€ JOJIKEH MOAYUHATHCS 3aBUCUMOCTH

Wk (@) =W, / [1 + (o) — 0 )2 / ocz} . Tounoe 3HaueHune >G(HEKTUBHON MIUPUHBI
CcrieKTpa Afq, = o,/4, a mMpuHA, ©3MEpeHHas o ypoBHo 0,5: Afos = a/(27).

CornocTaBUTh U3BMEPEHHBIE U pacUETHbIE 3HaueHHs. HoMUHaIbHbBIE 3HAUYCHUS
R B xunoomax, L B mukporenpu u C B mukodapagax mpuBeneHbI Ha puc. 6.6.
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N3mepute HOpMupoBaHHYyr0 K@ BBIXOIHOro mnpouecca, NpPEABapUTEIbHO
POU3BEII HOPMUPOBKY PYUKOil « Y cuiieHue 2»; HocTpouTh rpaduk, U3BMEPUTH T, .

[Tonoca mpomyckaHusi KOHTypa CTOJb Maja, YTO Ha €ro BBIXOJ MPOXOIAT
KOMIIOHEHTBhI BXOJHOTO CIIEKTpa C 4YacTOTaMH, MaJ0 OTJIWYAIOIIMMUCSA OT pPe30-
HaHCHOUM. Ha BBIXoze oOpa3yeTcsi TUMUYHBIA Y3KOMOJOCHBIA MPOIIECC, KOTOPHIN
MOXKET OBITh MPEJCTABIICH B BUJIE€ CUHYCOUbI C MEJICHHO MEHSIIOLIIUMHUCS T10 CITY-
YailHOMY 3aKOHY aMIUIMTYJI0i u (a3oil. OOpa3zoBaHUE 3TOro MpolEecca MOXKHO
TaKXe O0BSICHUTh CYMMHUPOBAHUEM OTKJIMKOB KOHTYpa C UMITYJIbCHON XapaKTepu-
CTHKOH, UMEIOIIEN KoyeOdaTenbHblil Xapakrep /(f) = aexp(—at)coswyt, t =0, Ha

BBIOPOCHI BXOJHOTO IIymMa. B nanHoM citydae B),(¢) = h(t), 4TO, B COOTBETCTBHH C
(6.11), onpeaensieT U bopmy K® BBIXOJTHOTO nryma
Ry (1) =al exp(—oc‘r‘)cos (T B BUJE 3aTyXaIOLEH KOCUHYCOUIbI C IEPUOIOM

27/ ®y, MOI0OHO MOKa3aHHOU Ha puc. 6.4, 0.
Hopmuposannyro K® usmepsats 10 yposHsa 0,1; usmepeHue 1, NpOU3BECTH

no orubaromeii. ConocTaBUTh U3MEPEHHbIE U PACUETHbIC 3HAUYEHUS. 3apHCOBaTh
OCLIJIJIOTPaMMbl 1 CPAaBHUTh UX BUJI C U3MEPEHHOM 7(T).

ITepeuncnenHble U3MEpEeHU BBIMTOTHUTD 11 Henet RLCy u RLCyy.

Koutyp RLCp mmeeT MeHbllee 3HaueHHE KOIPPUIIMEHTa 3aTyXaHWs O TIO
cpaBHeHUt0 ¢ RLCy, a koHTYyp RLCy; HACTPOEH HA BIBOE MEHBIIYIO YAaCTOTY (M.
OOBSICHUTH MPOUCXOJAIINE B CBSI3U ¢ 3TUM m3MeHeHus pynkiuu CIIM u dopmbl
K®.

4. Mameputs Qynkiuio CIIM, HopmupoBannyto K@ u HaGIr01aTh OCIMAIIIO-
rpammbl KO mryma Ha Beixoge ®HY ¢ AUX, 6muskoit k npsimoyroasHO#. [lepe-
BECTH nepekiouaresib S1 makera B nosnoxxenne « DHY».

Haunbiii punsTp uMeeT K03PPUIIMEHT Nepeadn Mo MOIIHOCTH, OJU3KHi K 1
Y MOYTH OJIMHAKOBBIN ISl BCEX CIEKTPATIbHBIX COCTABISIONIMX BIUIOTH JO YaCTOTHI
cpesza Q

max °
[Tpu Bo3aeiicTBum Ha Bxoa Oenoro mryma ¢GyHkius CIIM BeIXOIHOTO cUTHAjA
HMEET BUJ:

Wy, ‘(D‘ < ‘Q ;
0, |o>]Q

3apucoBaTh OrHOAOLIYIO CIIEKTPA Ha KpaHe U ompenenuts Afys. OHa cos-

Wenix (0) = e

max ‘

MaJIaeT C YaCTOTOM cpe3a Fiax.
K® Beixomnoro mponecca Ry, . (T)=Wy(Q a5 / T)sinc(€2

BaHHast KO (1) = sin (27,4 1)/ (27F .4 T) » TAK Kak mpeoOpazoBanuemM Dypse OT

max max T) » HOpMHPO-

OpsIMOYTOJIbHOM (yHKUMHU siBAsieTcss (yHKUMS BHAa sincx =sinx/x. PacuerHas
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myprHa K® no orubaromeit coctaBiseT T, ~ 2,8/ Q . MomenTsl nepexoa KO

max
depe3 Hylb KpaTHbl 21t/Q . =1/F . .
Usmeputs HopMupoBanHyto K®, moctpouts rpaduk, onpeneiuts T, . Cpas-

HUTbH MMOTYYCHHBIE PE3yIbTAThl C PACUCTHBIMH.
3apucoBath ocumiuiorpammbl K@ BeixogHoro mryma. CommocTaBUTh UX C U3-
MEpPEHHOM € MTOMOIIBIO0 KOppensaTopa #(T).

Coaep:xxanue oTuera

® KpaTKHE TEOPETUYECKHE CBEICHHUS O XapaKTEPHUCTHKAX CIy4alHBIX IpOIEC-
COB;

® CTPYKTypHas cxema JabopaTopHON YCTaHOBKHU;

e TaONUIBI pe3yIbTAaTOB U3MEPEHUN, pacueTHbIC 3HAUCHUSI, TpadUKU IKCIIepH-
MEHTaJIbHBIX 3aBUCUMOCTEH M PUCYHKH OCLIHILIOTpaMM, HEOOXOAHUMBIE TO-
SCHEHUS K HUM;

® BBIBOJBI.

KoHTpoJsbHBIE BONIPOCHI

1. Jlatb ompeneneHne KOpPEISIIIMOHHON GyHKIUUA R(T) CTAIlMOHAPHOTO 3PrOJIU-
yeckoro mpoiiecca. Kakue cBolicTBa ciaydailHOro mporecca OHa ONKHCHIBACT?
Yto Takoe HOpMUpPOBAHHAsI KOppeasuuoHHas QyHKIHS (KOdPOUIIMEHT KOp-
pensinuu)? Ha3Bath ee OCHOBHBIE CBOMCTBA.

2. Kakue cBoiicTBa ciiydyalfHbIX MPOILIECCOB OMHUCHIBAET (PYHKIIUS CHIEKTPaTbHOU
TJIOTHOCTH MoiHOCTH W(w)? B yem 3akimodaercs ee GU3MYECKUN CMBICI?
Kaxkosa pazmepnocts W(w)?

3. Kak onpenenuts MOITHOCTh CIIy4YalHOI'O ITPOILIECCA HA BBIXOAE JIMHEWUHOW Lie-
nu?

4.  OObBsCHUTH NPUHLIUI U3MepeHUus HopMmupoBaHHON K@ B mabopartopHoil yc-
TaHOBKE.

5. B KakoM COOTHOIIEHMH MEXAY COO0OM HaxoIATCS WHTEPBaIbl KOPPEISIUU
[IyMa Ha BXOJ€E U BbIXOJI€ TUHEUHOW LIEeTH?

6. CpaBHUTb BpeMs Koppensauuu 1 3QGEeKTUBHYIO Moyocy i uaeanbupix OHY
¢ yactotamu cpesa Q; u Q,, ecimm Q) > Q,. Ha Bxon ¢punbTpa mocrymnaer Oe-
JIBIA IIYM CO CIIEKTPAJIIBHOM IJIOTHOCTHIO MOILIHOCTU W),

7.  CpaBHUTH BpeMs Koppessiiuu U 3QPEeKTUBHYIO TOJIOCY ISl UICAJIbHBIX T10-
JIOCOBBIX (PMIIBTPOB C TApaAMETPAMU:

a) CpelIHsIsl 4YacToTa IOJIOCHI MPOIYCKaHUs ;> ®p, MOJIOCAa NPOIYyCKaHUs
Aw; = Amy;

6) W] = My, A(Dl > A(Oz.
Ha Bxox ¢unbpTpa moctymaer Oenblif IIyM CO CHEKTPaTbHOM IMIOTHOCTBHIO
MOIITHOCTHU W,
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

BblunciuTh KOPPENSIIIMOHHYI0 (YHKIUIO CIy4YalHOrO CUTHaJla Ha BBIXOJIE
MOJIOCOBOrO (puiibTpa ¢ npsiMoyrojibHo AUX; nieHTpanpHasi yactota QUibT-
pa o, IoJjioca Mnpornyckanuss A®, Ha BXoAe WIyM ¢ (yHKIUEH KOppeasuuu
R(t) = Wyd(7). Kak Bausier Ha pe3ynstaT DUX dunpTpa?

BblYnCIUTh KOPPENSIIIMOHHYI0 (YHKIUIO CIy4alHOrO CUTHAaJlIa Ha BBIXOJIE
HU3KOYAaCTOTHOro (uibTpa ¢ npsmoyroibHo AYUX; mosioca mpomyckaHus
Aw, Ha BXone myMm ¢ dyHkaue koppemsimn R(t) = Wyd(t). Kak Bausier Ha
pesynbratr ®UX punspTpa?

Ha Bxoae momocoBoro ¢uibTpa ¢ npsmoyroiabHod AUX, neHTpanpHOM yac-
TOTOU ) U MOJIOCON MPOIMyCKaHUsI A® IEUCTBYET HOPMAJbHBIN IIyM € (PyHK-
et koppensiuuu R(t) = Wyd(t). Halitu pacnpenenenue nrymMa Ha BBIXOJIE.
Ha ocHOBaHMM JaHHBIX SKCIIEPUMEHTA MOKA3aTh BHIIOJHEHUE COOTHOLUEHUS
A, T, & 27 JUIs BXOTHOTO M BBIXOJIHBIX IITYMOBBIX CHIHAJIOB.

[IpuBecTr M MOSCHUTH COOTHOIIEHUS, 0OOCHOBBIBAIONINE BO3MOXKHOCTh Ha-
OJFOICHUST KOPPETSAIMOHHBIX (PYHKITUN CIydallHBIX CHUTHAJIOB Ha 3KpaHE OC-
uiutorpada nmpu HEMOCPEICTBEHHOH To/1aue ITyMa Ha BXOJI KaHama « Y.
CnydaiiHasi BeIMYMHA (0 MPUHUMAET 3Ha4YeHUs T/4 u —m/4 ¢ BEpOSTHOCTIMHU
0,5. Haiitu  koBapwanMoHHy!0  (GYHKIHUIO  CIy4yallHOTO  Mporiecca
x(t) = sin(®yt + @). SIBNAETCS M TaHHBIN NPOLIECC CTAITMOHAPHBIM?
Harb onpenenenue >QpQeKTHBHON mHUpUHBL A®,q, yHkuun CIIM. Kak u3me-

pstfoT A®,, Ha NpaKkTUKe?

Yro Takoe MHTEpBaa KOppesuuu ciaydaiiHoro npouecca? Kak ero m3mepstor
Ha MPaKTUKE?

Kak onpenensrorT XapakTEpUCTUKH CIy4ailHOTO MPOLECCa HAa BBIXOJE JIMHEH-
HOU 1ETHU MPU: a) CIEKTPATILHOM IMMOJIX0/I€; 0) BpeMEHHOM Toaxoe?

Kaxkoi#t Bung umeror ¢yskius CIIM u HopmupoBanHas KO mryma Ha BBIXOE
RC-punbtpa HUKHUX 4acTOT? UTO B HUX M3MEHHUTCSH, €CIIM MOCTOSTHHYIO Bpe-
Menu T = RC: a) yBeIU4YUTh; 6) YMEHBIIUTH?

OOBACHUTH 3aBUCHMOCTH BPEMEHH KOPPENSALMU OT MapaMeTpoB LENu: s
RC-punbTpa — OT NOCTOSTHHON BPEMEHHU, I KOJI€OAaTEIbHOT0 KOHTypa — OT
ITOJIOCHI ITPOITYCKaHUS M PE30HAHCHOW YaCTOTHI.

Kakne curnansl Ha3plBarOT ciiydaiHbiMu? [IpuBecTn mpumepsl CiydalHBIX
CUTHAJIOB. UTO O3HAYAET TEPMUH «CIy4dallHbIN nporece»? UTo Takoe peanusa-
1Y clly4alHOTrOo npouecca? SBisercs Jin OHA CIIy4ailHbIM CUTHAJIOM?
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7. ONTUMAJIbBHASA ®UJIBTPALIUA CUT'HAJIOB

7.1. TeopeTnueckue CBeACHUA

Coznacoseannasn unompauus 0emepmuHUPOBAHHBIX CUZHAN06. 3aiada 00
ONTUMAJIbHON (DUIBTpAIMU AETEPMUHUPOBAHHOTO CUTHAJIA MOXET ObITh ChopMy-
JUpoBaHa cieayromuM odpa3zoM. [lycTs Ha BXOJ QuiibTpa MocTynaeT aaIuTUBHAS

CMECH Spy(f) NIETEPMUHUPOBAHHOTO CUTHANA §1(f), KOTOPBIA HY>KHO OOHApYX UTh, U
CTaIMOHAPHOI'0 HOPMAJIBHOTO IEHTPUPOBAHHOTO Oenoro myma ni(t) ¢ AByCTOPOH-
HEH CIEKTPaIbHOMN IUIOTHOCTBEO MOITHOCTH W).
BBIXOIHOM CUTHAN JIMHEHHOTO QUIBTPA Sgyy(f) Takke OyaeT NPeaCcTaBIsATh
c000if aITUTUBHYIO CMECh CUTHAJA S5(f) U 11yma ny(f) ¢ nucnepcueit G% :
TpeOyeTcs HaliTH Tako# JiuHelinblli PUITBTP, KOTOPHIA OOECIICYUT B HEKOTO-
PBIi MOMEHT BPEMEHH #() MAKCUMaJIbHOE OTHOIICHHE CUTHAJI/IIIYM Ha BBIXOJIE:

[52(9) ] | 52(%) |
C/U-IBLIX _ 122 max _ [°21°0
G2 G2

— max . (7.1)

Bpemennvie u uacmommnvle xapakmepucmuku co2iaco8anHozo guivmpa.
JleTepMUHUPOBAaHHAs! COCTABJISIONIAs OTKJIMKA (PUIBTPA B MOMEHT f IPEJCTABIIAET
c000ii CBEpTKY OOHApYKMBAEMOI'0 CUTHaJIA §1(f) C UMITYJIbCHOM XapaKTepPUCTUKON
bunbTpa A(?):

(e 0]
55(ty) = j s (Dh(ty —1)dr. (7.2)
—0o0
Jia mpou3BonbHBIX GYyHKIMI f{x) 1 g(x) crpaBennuBo HepaBeHCTBO Komm—

byHsKOBCKOTO:
2

b b b
gy <|[ £ (x)dx|-|[ g% (x)ax|, (7.3)

IPUYEeM PAaBEHCTBO JIOCTUTAETCS TOJIBKO B TOM ciiydae, ecinu GyHKIuH flx) u g(x)

MPOMOPLUUOHATIBHBI APYT APYTY.
[IpumenuB HepaBeHCTBO (7.3) k npaBoii yactu Gopmysl (7.2), MOTYyUUM:

o0 o0
[s2(t)| <, | | st [ Wty —)dr.
—Qo0 —Qo0
PaBeHCTBO Oy/eT TOCTHTATHCS, €CIU
h(ty — 1) = 4s1(7), (7.4)
rae A — nocTosHHBIA KOA(DOUIMEHT, WUMEIOIMHA pPa3MEPHOCTh B¢ =TwB

(MMIyJbCHASL XapaKTePUCTHUKA UMEET Pa3MEPHOCTh YacTOTHI, T. €. 1/c). Boimonnus
3aMeHy MepeMEeHHOM ¢ = f — T, hopmyiy (7.4) MOKHO TepenucaTh B BUJIC
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h(t) = As(ty — ?). (7.5)

OuibTp, 00JIAMAONINI TaKONW UMITYJIBCHOW XapaKTEPUCTUKOM, HA3bIBACTCS

coznacosannbim GunbTpoM miis curHana s;(f). Kak sugno u3 (7.5), ummnynbcHas

XapaKTEPUCTUKA COTJIIACOBAHHOTO (PUIIbTpa MpeCTaBIsieT OO0 CABUHYTYIO Ha f

U 3epKAJIbHO TIEPEBEPHYTYIO BO BPEMEHHU KOIHMIO BXOJIHOTO CHTHAJIA, YTO Ha TPH-
Mepe TPEYroJIbHOTO UMITYJIbCa WILTIOCTPHUPYET puc. 7.1.

s1(2)4 h(t)s

Ut AUT

~V

0 T ; Olzp-T )
Puc. 7.1

Koaddunument mnepemauu coriacoBaHHOro (uiibTpa MNpEeACTaBISIET COOOMU
npeoOpazoBanne Dypre OT UMIYJIBCHONW XapakTepucTuku (7.5) m MOXKeT OBITh
JIETKO OMPEJIeNICH C MOMOIIBI0 CBOMCTB Mpeodpa3zoBanusi Oypbe:

K(w) = AS; (0)e /@0 |

OmHouwieHue CUZHAI/UWIYM HA 6X00€ U B8bIX00€ CO2IACOBAHHO20 (huibmpa.
[TockonbKy 1IyM Ha Bxojie #1(¢) sBisieTcsi OeNbIM U, CIeA0BaTeNIbHO, €ro AUCHep-
cusi OECKOHEUHO BEJIHMKA, OTHOIICHHE CHUTHAJ/IIYM Ha BXOJI€ COTJIAacOBaHHOTO
bunbpTpa, paccunteiBaemMoe anamorunyHo (7.1), paBHo Hymto. [[ns pacuera BBIXO/I-
HOTO OTHOIIIEHUSI CUTHAJI/TITYyM HEOOXOIUMO MPEABAPUTEIIHHO OMPEACITUTh BUJI TI0-
JIE3HOT'O BBIXOJIHOT'O CUTHAJIA.

[ToncTaBUB B UHTETpa CBEPTKU BbipakeHuUe (7.5) /Uisl UMIYJILCHOM XapaKTe-
PUCTHUKH COTJIACOBAaHHOTO (PUIIbTPA, MOTYUUM:

s2(0)= [ syt Asy(tg —t+)dt'= A [ 5(¢) Asy (6= (¢ ~tg))dt' = ABy (¢ ~1o),

rae le (1)= J._OOOO s1(¢)s1(t — t)dt — xoppensonHas QyHKIuUsSA curHana si(?).

[TockonbKy MakCHMMallbHOE 3HAUYCHHUE KOPPEISIIIMOHHONW (DYHKIIMU JETepMHU-
HUPOBAHHOTO CUTHana jaocturaercs npu T =0 u paBHO ero sHepruu E|, makcu-
MaJbHOE 3HAUEHHWE CUTHAJIa Ha BBIXOJE COTJIACOBAHHOTO (MIbTPAa AOCTUTACTCS
npu ¢ = ty U paBHO AE].

Jucniepcust BBIXOIHOTO IITyMa MOXKET OBITh pacCUMTaHa B YaCTOTHOM 00JacTH
C MCIOJIb30BaHueM paBeHcTBa [lapceBans:

o = i_{o Wod?[Sy (o) do= 21

W42 ojo $i(@)f do=1yA2E.
T —00
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OKOHUAaTeNbHOE BhIpaKEHUE JJISI BBIXOJHOTO OTHOIIEHUS CUTHAJ/IIyM UMEET
BUJI

AE, \/Fl
C/M g, = = .
Wod’E, o

WTak, OTHOIIEHHE CUTHAJ/IIYM Ha BBIXOJE COTJacOBaHHOrO (hUibTpa HE 3a-
BUCHUT OT (popMbI 00pabaThIBAEMOr0 CUTHaIA, a ONPEAEIAETCs JUIb €r0 IHep2uell
U CIIEKTPaJIbHON IUIOTHOCTHIO MOIIIHOCTH BXOAHOI'O OEJIOro mIyma.

Ilpumenenue coznacoeannvix Quiompos.

1. Iosviwenue paspeuwtenuss no 0arbHOCMuU 8 JTOKAYUOHHBIX cucmemax. B pa-
JMOJIOKALIMOHHBIX CUCTEMAX IMepefaTYuK HU3Iy4daeT 30HAMPYIOLIMN MMITYJIbC, KO-
TOPBIM JTOXOIUT /A0 LIENH, OTPAXKAeTCsl OT HEEe M, MHOTOKPAaTHO OCJIa0JICHHBIH, B
CMECH C IIIyMOM MOCTYIAeT Ha BXOJl IPUEMHHKA.

OOHapy>keHue eIl CBOAUTCS K 0OHAPYKEHUIO OTPaKEHHOTO CUTHAJA, a Oll-
peneneHue pacCTOSHAA 10 LEIM — K U3MEPEHUIO 3aIEPKKA MEXIY 30HIMPYIO-
UM U OTPa>KEHHBIM UMITYJIbCaAMHU.

Tak kak opma H3TyyaeMOro MMIYJbCa U3BECTHA, JIsl OOHAPYKEHUS OTpa-
KEHHOT'O CHUTHaja HY>XHO MCIOJIb30BaTh COTJIACOBAHHBIN (DUIBTpP, MO3BOJISIOLIMN
MaKCUMHU3HUPOBATh OTHOUIEHUE CUTHAJ/IIYM Ha BBIXOJIE.

Jlia paspenieHus: AByX ONM3KO PacIOIOKEHHBIX LIE€JIe HEOOXOAMMO, YTOObI
JBa OTPAKEHHBIX CHUIHaja BOCIHPHUHMMAINCH pas3ienbHO. l1loaTomy sxemaTenbHO
UMETh BBIXOJHOW CUTHAJI COIJIACOBAHHOIO (hUIIbTpa B BUJE KaK MOXHO Oojee y3-
KOI0 NUKAa. JTOr0 MOYKHO JOCTHYb YMEHBIICHHEM JUIMTEIBHOCTH H31y4aeMOT0
UMITYJIbCa, OJJHOBPEMEHHO YBEJIMYHUB €r0 aMIUIUTYy, YTOObl OOECHEeUnuTh HEu3-
MEHHOCTb 3Hepruu. OHaKO JeCTBOBATh TaK OECKOHEYHO HENb3sl — AIIEKTpUYE-
CKasl IPOYHOCTH AIEMEHTOB BBIXOJHOIO KacKaja NepelaTyuka UMeeT Mpeell.

Ho cymectByer u MHOW myTh penieHUs mpoOiembl. [10cKobKY BBIXOAHOU
CHUTHAJI COTJIACOBaHHOTO (hMiIbTpa CBsi3aH npeodpasoBanueM Dypbe ¢ sHEpreTHYC-
CKUM CHEKTPOM OOHapy>KMBAa€MOr0 CHUTHaNA, Y3KUWA MUK HAa BBIXOJE COTJacOBaH-
HOTO (hUIBTpPa MOKHO MOJYYUTh, PACIIMPUB CIEKTp curHana. Kak m3zBecTHo, 3¢-
(dekThBHAs IIMPHUHA CIIEKTPa CUTHaja U €ro JJIMTEIbHOCTh CBA3aHbl COOMHOUEHU-
em Heonpedenennocmu: B = Atyy, Afyg, 2 1, rae npoussenenue dQpQEKTUBHBIX 3Ha-
YeHUI IITUPUHBI CTIEKTPA U JUTUTEILHOCTU B Ha3bIBAIOT 6@301 CUTHAMA.

Curnansl, 111 KOTOPBIX COOTHOLIEHUE HEOINPEAEIEHHOCTH OJM3KO K PaBEH-
CTBY, Ha3bIBAKOTCA npocmuimu. OQHAKO, IOCKOJBKY IIUPUHA CIIEKTPA ONPEIEIACT-
Csl BHYTPUUMIIYJIbCHOM CTPYKTYPOU CUTHaja, CylEeCTBYIOT CUTHaJIbI ¢ 0a30ii, MHO-
ro 0oJbIIEH €AMHUIIBI, KOTOPbIE HA3bIBAIOTCS CIOMCHLIMU.

Takum o6pas3om, paspelieHHe Mo AAJTbHOCTH MOXXHO IOBBICUTH, MCIIOJIB3YSI
CJIOYKHBIE CUTHAJIBI.

2. Ckpvimuas nepeoaua cueHanos. ToT GakTt, 4TO OTHOIICHUE CUTHAJ/IITYM Ha
BBIXO/I€ COTJIACOBAHHOTO (PMIIBTpA OMPENEINISIETCS JMILIb YHEPIHUEH MOJIE3HOIO CUT-
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Haja U HE 3aBUCHUT OT €ro (hOpMbl, MO3BOJISIET «3aMaCKUpPOBATh» CUTHAN, «CIIps-
TaB» €ro B IIyMax.

JIeiCTBUTENBHO, €CIM CHWJIBHO YMEHBIIUTH AMIUIMTYY ITOJIE3HOIO CUTHAJIA,
COOTBETCTBEHHO YBEJIMYUB IPU ITOM €r0 JJIUTEIBHOCTb, YTOOBI COXPAHUTh YHEP-
T'MIO MIOCTOSIHHOM, CUTHAJI IEPECTAHET BU3YAJIbHO BBIJENATHCS Ha (DOHE LIyMOB.

OpnHako, ecay CUTHaJl UMeeT HeOOoJbllyto 0a3y, Takas «MacKMpOBKa» BO Bpe-
MEHHOW 00JacTu MPHUBEAET K CUIBHOMY CYXEHHIO CIEeKTpa curHaiga. Tak kak
DHEPIUsl OCTAETCS HEM3MEHHOM, Ha TEX 4acTOTaX, IZIE COCPENOTOYEH CIIEKTP CHI-
HaJla, €ro CIEeKTpajibHas IVIOTHOCTh Oy/AeT 3HAUUTENbHO MPEBBIIIAThH (110 MOIYJIIO)
CHEKTPaJbHYIO TUIOTHOCTD IIyMa. Takoi CUTHai1 MOKET OBbITh JIETKO OOHApY’KEH B
CIIEKTpaJIbHOM 00JIaCTH.

Ecnm ke 01HOBPEMEHHO C yJIMHEHUEM CUT'HAJIA BBECTU BHYTPUUMITYJIbCHYIO
MOAYJISILUIO, MOKHO M30€XKaTh CYKE€HHUS CIIEKTPA U «CKPBITH» CUTHAJ MOJ IIyMa-
MU KaK BO BPEMEHHOM, TaK U B CIIEKTpaibHOW 00siacTu. Takum 00pa3om, CKpbITHAs
nepegadya MOKET OCYLIECTBIIATHCS C MTOMOIIBIO CIIOKHBIX CUTHAJIOB.

3. Ilpumepol cnoorcnvix cucranog. K mpuMEHIEMBIM Ha MPAKTHKE CIIOKHBIM
pasvoCUrHajgaM OTHOCSTCS 4aCTOTHO-MOJYJMPOBAaHHbIE M (pa30MaHMITYIMpPOBaH-
HBIE PAJUOCHUTHAJIBI.

JIJ11 4acTOTHO-MOYJIMPOBAaHHBIX CUTHAJIOB OJHUM U3 HauboJiee pacnpocTpa-
HEHHBIX CUTHAJIOB SIBJIAETCS cUTHAI ¢ JuHeiHo UM (JIYM). MruoBeHHas 4yacTo-
Ta 1 (paza paguoumiryibca ¢ JIUM npu [f| < T/2 onpenenstorcst paBeHCTBaMU:

2
t
o(t) = 0y + V1, (0) = [o(t)dt = ot + (1) = wgt + %
Tak 4ro JIYM-curnan npeacTaBiusieTCs BEIPaXKEHUEM s
2
t
s(¢)=U cos { 0yt +y7 . < TR

[Tpumepnbiii rpadux JIUM-curnana, 3aKOHBI HU3MEHE-
HUS €ro YaCTOThI M Ha4alibHOM (ha3bl MOKa3aHbl HA pHC. 7.2. ()
Ocobennoctrio JIUM-curnana siBisieTcss BO3MOXKHOCTD °
ynpaensams €ro 06a3ot, MPU MOCTOSTHHON JUIMTENIbHOCTH UM- i
nyJibca PEerympys oeguayuio 4acToThl, paBHyto y71/2. Ilpu 2 0 T2
3HaueHuAx 0asbl T Afy, > 100 cnexrp JIYM-paguonmiyiisca o)
XOpOIIIO anmpoOKCUMHUPYETCss (GUHUTHON (YHKIIMEH YaCTOTHI o
C IPSIMOYTOJILHOM OruOaroIIei:

A\

\4

A Ao -2 0 T2 t
‘SﬂqM((’J)‘:U 2_7; » WE| 0 _Taq), o + 23(1) ) Puc. 7.2

a Am,¢ pasMoMMITyJIbCa NMPU ITHX 3HAYEHHAX 0a3bl COBIANAET C YIBOCHHOW Je-

BHAIMEH 9aCTOTBI: AW, ~ YT.
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Koppensuuonnast pyukius JIYM-curnana npu 60Jibiioi 6a3e npubInKeHHO
onpenenseTcs cieaymum oopasom [3]:

5, sin vt 1—m
U-T 2 T
2 VTt
2
OmHUM U3 pacrpoCTPaHEHHBIX MPUMEPOB (Ha30MaHUMYJIUPOBAHHBIX PaJHO-
CUTHAJIOB sBIsItOTCS Konabl bapkepa. I'paduk BuaeocurHama, mpeacTaBIIsIONIETO
3aKOH MaHUTyJsuu as 13-amemenTHoro koja bapkepa, mokasan Ha puc. 7.3, a, a
ero KoppeismuoHHas QyHKkmus — Ha puc. 7.3, 6. lllrpuxamu Ha puc. 7.3, 6 u3o-
OpaxeH rpaduK KOPPEISIHOHHON (DYHKIIMH IPSIMOYTOJIBHOTO UMITYJIbCa C TAKUMHU
KE JTUTETHLHOCTHIO U YHEPTHUEH.

By (t) = cos((oot), It < T. (7.6)

B(7)
13
// \
\
/
\
/
\
/
\
/
\
/
\
s(0) / \
1 / .
/ \
0 51 7 9ﬂ11l£|13t /oo
-1 -13 0 13 1
a 6

Puc. 7.3

W3 pucyHKa BUIHO, YTO KOPPEISUUOHHAsA (YyHKIUS MPEICTaBIsAET COO0M y3-
KU THK, OKPY>KEHHBIN OOKOBBIMHU JiemecTkamu masioro ypoBHs. Koxbr bapkepa
00eCcreunBal0T MUHUMAJIbHO BO3MOXKHBIN OTHOCUTENbHBIM YPOBEHb OOKOBBIX Jie-
NECTKOB, paBHBIN 1/N, Tie N — uncio 3nmeMeHToB koaa. K coxkaneHuro, Takue Ko-
Jbl CYIIECTBYIOT JIUIIb Ut nH 2, 3,4, 5,7, 9, 11 u 13 anemenTos.

Keazuonmumanwvnaa Quivmpayus OemepmMuHuUpoGaHHbIX CUZHAT06. Bo
MHOTHX CJIy4asX TOYHas peaju3alusi COIJIACOBAHHOTIO (UIbTPa OKa3bIBAETCA
CJIOKHOW, a MoA4Yac M HEpa3pelImMon 3azayer. B Takux CUTyalUsiX MOKHO BbI-
OpaTh OTHOCUTENBHO Y3KHH Klacc qhusuuecku u KOHCMPYKIMUBHO DPeanu3yembvlx
(GUIBTPOB M OTHICKATH B MpEeNiax 3TOro Kilacca 3HAYeHHs MapamMeTpoB, obecre-
YUBAIOIME MAaKCUMaJIbHOE OTHOIIIEHHE CUTHAJ/IIyM Ha Bbixoje. Pazymeercs, 3To
OTHOIIEHUE CUTHAJ/IIYM OKAKETCSA 3aBEJOMO XYK€, YeM IPHU UCIOJb30BaHUU CO-
riacoBaHHoro ¢unsrpa. OnHaKo npu 00pabOTKE CUTHAIOB MPOCTON (HOPMBI MTPO-
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UTPBIII MOKET ObITh HEBEJMK. BhIOpaHHBIN yKa3aHHBIM 00pa3oM (UIbTP Ha3bIBa-
ETCS K8A3UONMUMATILHBIM.

PaccMOTpUM KOHKPETHBIM MPUMEP — OTHIIIEM KBa3HONTUMAIbHBIA (UIBTP
U1 00pabOTKU MPSAMOYTOJIBHOTO UMITYJIbCA C aMIIUTYA0H U 1 JUINTENbHOCTHIO 7.
Knacc paccmarpuBaeMbix (UIBTPOB OIpaHUYMM HPOCTEHIIMMU HUHTETPUPYIOIIH-
MU RC-nensiMu. Y TakoW LENH UMEETCs €AMHCTBEHHBIN IMapaMeTp — MOCTOSHHAs
BpeMeHU T = RC, KOTOPYIO U HY>KHO ONTUMHU3HPOBATb.

[IpyHuMas BO BHHUMAaHHE, YTO MAaKCUMaJIbHOE 3HAYEHHE IOJIE3HOIO CUTHAJIA

JIOCTATAETCSI B MOMEHT BPEMEHHU [y = 1, MOXXHO MOJIYYUTh BBIPAXKECHUE IS OTHO-
IICHUS] CUTHAJI/IITYM Ha BBIXOJI€ KBA3HONITUMAILHOTO (DUIBTpa:

UT (21 T/
C/II, . = /— /— l—e . (7.7)
BBIX WO T ( )

[lepBbIii MHOKUTENH B TIpaBoi "actu (7.7) mpencraBisieT co00l OTHOIIEHUE
CUTHAJI/IIyM Ha BBIXOJIE cociacosanHozo (punbrpa. CrenoBareabHO, OCTaBIIAsCS
4acTh SBIAETCS O€3pa3MEepHBIM MHOKHUTEIIEM, XapaKTePU3YIOIIUM MPOUTPHITIT KBa-
3HONITUMAIILHOTO (QUIbTpa coracoBanHoMy. Kak BumHO U3 (7.7), 3TOT MPOUTPHIII
3aBUCUT OT COOTHOIICHUSI MEXKIY IMOCTOSHHOW BPEMEHU U JTUTEIBLHOCTHIO HM-
nyJibca.

YucneHHble METO/bI MO3BOJISIOT ONMPENETUTh, YTO MAKCUMAJIbHOE 3HAYEHUE
XapaKTEepU3YIOIIEro MPOUTPHIIT COTJIaCOBAHHOMY (UIBTPY MHOXKHTENSI PaBHO
0,9025, npu sTOoM AaHHOE 3HaUeHHe nocturaercs npu t/7 = 0,7959.

Kak ormeuanocs panee, popma UMITYICHOM s(f) 4 h(t) Sux(?)
XapaKTEPUCTUKU COTJIACOBAHHOTO (WIBTpaA TIO-
BTOpsieT GopMy 00pabaThIBAEMOTO CHUTHaIa, Tie-
peBepHyTOro BO BpemeHu. [losToMy pazymHO
OPEANOJIOKUTh, UYTO OT  HHTETrpUpyrouien
RC-nenmn MOHO MONMYYNUTHh MEHBIIUN MTPOUTPHIIT 0 T ¢
COrjjacOBaHHOMY (GUIBTPY Hpu 00pabOTKEe HE Prc. 7.4
IPSIMOYTOJIBHOTO, a Mpey20ibHO20 HECUMMET-
puUYHOrOo MMITysbca (Ha puc. 7.4 mpuBeleHbl T'padUKH TaKOro HUMITyJIbCa U HM-
MyJILCHOM XapakTepucTUKu RC-11emn).

PacueT oTHOIIEHUS! CUTHAJI/IITYM Ha BBIXOJI€ B IAHHOM CITy4ae JaeT:

B fUzT f67: T T/t
C/I‘LIBI)IX_ % T(I—E(l—e ) . (78)

[TepBoiii MHOXUTEIND B (7.8) mIpeacTaBiseT cOO0H OTHOIICHUE CUTHAJI/IITYM Ha
BBIXOJIE COTJIaCOBAaHHOTO (UIIBTPA, & OCTABIIASCS YaCTh XapaKTEPU3YEeT MPOUTPHIILI
COTJIaCOBaHHOMY, TakKXKe 3aBUCSIIMI OT oTHOmeHus t/7. s TpeyroibHOrO HUM-
MyJibCa MaKCUMAaJIbHOE 3HAYEHUE MHOXKHTEIS, XapaKTEePU3YIOIIEro MOTEPH, CO-
craBnset 0,9841. YkazanHoe 3HaueHue gocturaercs mpu t/7 = 0,4653.
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Cnegyer OTMETHUTh, YTO HE3HAYUTEIBHBIA IPOUTPHINI COTIACOBAHHOMY
GUIBTPY B PACCMOTPEHHBIX TMpUMeEpax ObLI MOJYUYCH JHUIIbL Ojarogaps mpoCTOi
dbopme oOpabaThiBaeMbIX CUTHAIOB. J[JI CIIOKHBIX CUTHAJIOB PEaM30BaTh KBa3u-
oNnTUMaibHbIE (PUIBTPHI B BUJE MPOCTHIX IENeld U 00CCIICUUTh MPH 3TOM Mablid
IIPOUTPHIII COTJIACOBAHHOMY (HIIBTPY HE TIPEICTABISIETCS BO3MOXKHBIM.

7.2. Onucanue KOMINBIOTEPHOU MPOTrPAMMBbI

Bun oxna xommbroTepHOM mporpammbl «OnTumanbHas (UIbTpAIMs CUTHA-
noB» (lab_filter.exe) noka3an Ha puc. 7.5.

Ilpumeuanue. BpinonHsiemMmoe B TpOrpamMme MOJICIUPOBAHUE IPOIECCOB
buIbTpal OCHOBAHO HA TUCKPETHOM 00pabOTKE CUTHAJIOB, TIOITOMY BCE MPUBO-
JTUMBbIC B TAaHHOM OMUCAaHWUW (PU3NYECKHUE CAMHHIIBI H3MEPEHUS SBIISIFOTCS YCJIOB-
HBIMH ¥ WCITOJB3YIOTCS MCKIIOYUTEIBHO ISl IPEACTABICHHS MTapaMeTPOB CUTHA-
JIOB ¥ (UIIBTPOB B HATJISITHOM BH/IC.

7 Ontumanshan dMALTPaUMA CHIHANOB @@@

rMpocThle cUrHanbl

@ [MpAMoyroneHbIE MMNYNBCH
© TpeyronbHble MMnynbesl 1
G TpeyronbHble MMOYNbehl 2
G TpeyronsHele MMAynbesl 3

Monestniit curian

rCnoxHble cUrHanel
C MHM-uMnynbebl

G 13-aneMeHTHbIN Ko, Bapkepa HIE N S (N
0 20 40 &0 B0 100 4120 140 160 180 200 220 240

0O Konua curHana (ana cnoXHbiX crHanos) . i e iy rBxop;

BpemeHHOW coBur

KoMK erHana (MKS): El
CKO wyma (B):

Tvn ¢punbTpaumu
& RC-uenodka e e
o] COFﬂaCOBaHHhI[ﬂl qJM]'Ith 0 ZIU 4IEI 6‘0 S‘U 1EIIU 12‘0 1:10 1(‘50 1é0 ZUIEI 22‘0 ZAQEI

MukoBoe ZHa4eHMe
curHana: 1

CKO wyma: 0,3001
Cll: 3333
—

Curnan + liym Ha BbiXoge gunsTpa _Bblxoﬂ.

MocToAHHAA BpeMeHK

RC-Lenoyku (MKe): EE MukoBoe 3HAYEHUE

curHana: 09817
CKO wyma; 0,09471

,J\ Cilll: ;10,3?

_ _ PN R A VA e T A Y R Bowmrpoiw e Cilll: 3,11
CTapT|”§CTon§| -

T T T T T T T T T T T T
0 20 40 S0 30 100 120 140 160 130 200 220 240

Puc. 7.5

B okHe nmeroTcs CIeaAyromue 3JICMCHTBI YIIPAaBJIICHUS:
L4 HepeKH}oanenH HpOCTbIe curuajbl ¥ Cl103KHbIe CHTHAJIBI TTO3BOJISIOT BbI-
6I/IpaTL THUII UCITOJIb3YCMOT'0 CUTHAJIA U3 YHCJIA CIICAYIOIMUX BAPHUAHTOB:
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IlpamoyzonvHble uMnyabcpl: TEHEPUPYIOTCA MEPUOJUYECKUE TPSAMOYTOJIb-
HbIE UMIYJIbCHI C aMIITUTY0i | B, nnurenbHOCTBIO 20 MKC ¥ IEPHOJIOM T10-
BTOpeHus 200 Mkc.

Tpeyzonvuvie umnynpcel 1: TeHEpUPYIOTCS NEPUOUUECKUE HeCUMMempuy-
Hble TPEYTOIbHBIE UMITYJIbCHI (BEPTUKAIBHBIA (PPOHT cnpasa) ¢ aMILUIATYAOU
1 B, mnmurenbHOCTHIO 20 MKC M ieproioM nmoBTopeHus 200 MKc.
Tpeyzonvuvie umnyaovcel 2: TEHEPUPYIOTCSA MEPUOIUYECKUE HECUMMEMPUU-
Hble TPEYroJbHbIE UMIMYJIbChl (BEPTUKAIBHBIA (DPOHT crea) C aMILIUTY0N
1 B, nmurenbHOCTHIO 20 MKC M iepuooM noBTopeHus 200 MKc.
Tpeyzonvusle umnynpcel 3: TEHEPUPYIOTCS EPUOIUYUECKUE CUMMEMPUYHbBIE
TPEYTOJIbHBIE UMIYJIbChI C aMIUIUTYI0M 1 B, mnmutensHOCThIO 20 MKC U Tie-
puoaom nosroperust 200 Mkc.

JYM-umnynovcel: resepupyrorcs nepuoandeckne JIYM-ummynscel ¢ am-
mutyaor 1 B, mmurensHocThio 100 mxc, nentpaneHoil wactoron 105 kI,
mmpuHoi cnekrpa 200 k' u nepuonom nosropenus 200 Mkc.
13-3nemenmmustii K00 bapkepa: TEHEPUPYIOTCS MEPUOIUYECKUE UMITYJIbCHI,
MpeACTaBISIONIME OO0 NBYHOJApHBIN 13-351eMeHTHBIN Ko bapkepa ¢ am-
mutyou 1 B, nnurenbHOCThIO 65 MKC U niepuoioM noBTopeHust 200 Mkc.

Onaxxoxk Komusi curiana mo3BossieT BKIIOYATH PEKUM (HOPMHUPOBAHUS JIBYX
CABUHYTBIX KONUM curHaia. JlaHusiid hraakok IeHCTBYET TOJIBKO IS CIIOKHBIX
CUTHAJIOB.

[Tone BBOga BpemMeHHO# CABHUI KONUM CUIHAJIA IIO3BOJISIET 3a7aBaTh CIBUT
0 BPEMEHH MEXIy KOMUSIMH CIO0KHOTO CUTHaIA (B MUKPOCEKYHaX; 3HAUCHUE
JOJIKHO OBITh 1eNIbIM 4uciioM). KHOMKM co cTpenkaMu, pacrojoKEeHHbIE B
IpaBOM YacCTH MOJIs, U3BMEHSIOT 3HaYEHUE € arom 1 Mxc.

ITone BBoga CKO myma 1o3BoJisIeT 3a7]aBaTh YPOBEHb IIyMa, TEHEPUPYEMOTO
Ha BXoJe QuibTpa (3a7acTcs CpeIHEKBAJAPATUYECKOE 3HAYCHHE B BOJIBTAX).
Knonkn co crpenkamu, pacmnoJIOKEHHBIE B IMPABOW YaCTH MOJISA, W3MEHSIOT
3HaueHue ¢ marom 0,1 B.

Ilpumeuanue. 1'enepupyeMblli IIyM UMEET HOPMAJIBHOE PACIPENEICHHE, E€T0

CreKTpalibHas TIOTHOCTh MomHocTH (CIIM) paBHOMEpHa B TI0JIOCE YacCTOT
0...500 xI'u, Beie yactoTel S00 kI' CIIM mryma paBHa HyJI1O.

[Tepexmrouatens Tun GpuiabTpanmuu Mo3BOJISET BHIOPATH TUI UCIIOIB3YEMOTO

bunpTpa:
e RC-yenouxa: uCTiONb3yeTCs MPOCTEUIUN (UIBTP HIDKHUX YacCTOT B BHUJC

uHTerpupyomei RC-11enoykH.
Cozcnacoeannwiii punvmp: WUCNONb3yeTCs (UIBTP, COIVIACOBAHHBIA C BBI-
OpaHHBIM B JaHHBIA MOMEHT CUTHAJIOM.

[Tone BBoga IlocTosinHas BpeMenn RC-11eN04YKH TTO3BOJISIET 3a/1aBaTh MOCTO-
SHHYIO0 BpeMeHU RC-QuibTpa HIDKHUX 4acTOT (B MUKpOCeKyHax). KHomku co
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CTpeJIKaMH, PACIIOJIO0KEHHBIE B MPABOM YaCTH MOJIsI, U3MEHSIOT 3HAYECHUE C I11a-
rom | MKc.

e Kuonku Ctrapt u Cron ciykat JJis 3alycka U OCTAaHOBKH Tpolecca MOJIEIu-
pOBaHUSI.

B neHTpasnibHOM YacTu OKHa pacmosioXeHbl TpU Ipaduka, KOTOpblEe B pealib-
HOM BPEMEHM MOKa3bIBAIOT CIEAYIOIINE CUTHAIIBL:

e Bepxuuii rpaguK — MOJIE3HBIN CUTHAN HA BXOJE QUIbTpA.
e (Cpennwuii rpadvk — CMECh CUTHAJIA U IIIyMa Ha BX0/€ (puibTpa.
e Hwxnuil rpaduk — cMech CUTHAJIA U IITyMa Ha BbIXOJIe (DUIbTpA.

B npaBoii yactu okHa pacnoiokeHbl HH(pOpMalMOHHbIe TaHean Bxox u Bul-
X0/, OTOOpa)KarolUe CTAaTUCTUYECKYI0 HMH(OpPMAIMIO O BXOJHOM M BBIXOJHOM
CUTHaJaX COOTBETCTBEHHO. OTOOpaXkaroTCs CielyIole JaHHbIE:

e [JlukoBoe 3HaYeHHMe CHIHAJIa: MAKCUMAaJIbHOE 3HAYEHHE IOJIE3HOTO CUTHAJa
Ha BXOJI¢ WM BeIX0/e PrbTpa (B BOJIBTAX).

e CKO myma: cpelHEKBaIpaTHUE€CKOE 3HAYEHHUE IIyMa Ha BXOJI€ WJIM BBIXOJE
dbunsTpa (B BOIBTAX).

e (C/II: oTHOIIIEHNE CUTHAII/IITYM Ha BXO/JIE€ WIH BbIX0/i€ (PriibTpa (M0 ypOBHIO).

e Bpmrpbim B C/I: ko3 uimeHT yBennueHus: OTHOIICHUS CUTHA/IIYyM (10
YPOBHIO) Ha BBIXOJIE (PHIIBTPA 110 CPABHEHUIO CO BXOJIOM.

7.3. 3aqaHue ¥ yKa3aHUs K BbIIIOJHEHHIO padoThI

1. Hccneoosanue 3a8ucumocmu OMHOUWIEHUA CUCHA/WYM HA 6blX00e Om
YPOGHA UIYyMaA HA 6X00€ CO2NACO6AHHO020 uabmpa. J{711 BCEX MIECTU TUIIOB CHUT-
HAJOB H3MEPUTh 3aBUCUMOCTb BBIXOJHOTO OTHOIIeHus curHai/mym ot CKO
BXxoAHOro myma. Pexum dunbrparuu — «CornacoBaHHblil QuiibTp». Diaxok
«Konus curnana» nomkeH ObITh cHsam. CKO BXOaHOTO 1IyMa yBEJIMYMBATH J10 TEX
nop, moka BeixogHoe otHomeHue C/III He cTaHeT MeHbIe eAUHUIIBI. Pe3ynbTarsl
3aHECTH B TaOJIUITY.

C/]-HBMX
CKO I1psmo- TpeyroabHble UMITYJIBCHI JTAM- Koxn
nryma, YTOJIbHBIE UMITyJIbChl | bapkepa
B HMMITYJIbCBI ! 2 3

2. Hccneooeanue keazuonmumanvhou guavmpayuu. J{ns curnanon «Ilps-
MOYTOJIBHBIE UMITYJIbCh», «TpeyroiabHble UMIYIbCH 1» U «TpeyroiibHbie HUM-
MYyJIbCHI 2» U3MEPUTh 3aBUCUMOCTH BBIXOJIHOTO MHUKOBOTO YPOBHS CUTHajla U BBbI-
XOJIHOT'O OTHOIIICHHUS CUTHAJI/IIyM OT IOCTOSHHOM BpEeMEHHM HHTerpupytomeid RC-
nenoykd. Kpome Ttoro, Heooxoaumo usaMeputh 3aBucumMoctb CKO BbIXOAHOTO
nryma (J1sl CUTHaJa Jr000ro TUIA) OT MOCTOSHHON BpeMeHH uHTerpupyomei RC-
nenouku. Pexum ¢unbTpanmmn — «RC-ienmoukay. Onaxok «Komus curHama»
nommxeH ObiTh cuam. CKO Bxomnoro myma 0,3 B. Iloctosinnyto Bpemenn RC-
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nenoyku u3mMeHath ot 1 g0 30 mxc. Pesynbrarsl 3anect B Tadnuiy. Kpome toro,

JUIS. K@XJI0T0 U3 YKa3aHHBIX CUTHAJIOB HEOOXOJUMO HU3MEPUTHh OTHOIIEHUE CHT-

HaH/I_HyM Ha BBIXOJE co21acoOB8AHHO20 (bHJ'IBTpa.

IIpssMoyTronbHBIE TpeyrosbHbie TpeyronbHbie
VIMITYJIbCBHI MMITYJIbCHI | MMITYJIbCHI 2

T, MKC CKOBLIX7 B SBBIX max» B | C/ HIBLIX SBLIX max» B | C/ HJBLIX SBLIX max» B | C/ I—HBLIX

3. Hccneoosanue ckpvimuoii nepedauu cuzhana. licrionb3yeMmble CHUTHA-
a6l — «JIYM-umnynbce» u «Koa bapkepay. Pexxum ¢unbTpanuu — «Cornaco-
BaHHbIN QuiIbTpy». Onaxxkok «Konus curxHanay nomkeH ObITh cuam. Cnenayer ycra-
HOBUTH 3HaueHMe CKO BXOJHOro 1IymMa paBHbIM HYJIIO U MOCTENEHHO YBEIUYH-
BaTh €ro J0 TeX IMOp, MOKA CUTHAJ HE NMepPEeCcTaHeT BU3yaJIbHO BBIJCIATHCS Ha (poHe
nryma. Y CTaHOBJIEHHBIN YpOBEHb ITyma, a Takxke oTHomenue C/II Ha BXo/ie U BbI-
X0/ COTIACOBAaHHOTO (UIIHTPA 3aHECTH B TAOIUILY.

Curnan CKOgy, B | C/lx | C/M g
JTYM-umnynbChl
Kog bapkepa

4. Hccneoosanue paspeuwiarouieii CnoCOOHOCMU NO 6pEMEHU NPU UCHOJIb30-
6anHuu CA0IHCHBIX cuzHanoe. Vicnonbiyemple cCUTHAIBI — «JIYM-umiynscey u
«Kon bapkepa». Pexum ¢unprpanuu — «CornacoBanubiii puiibtp». CKO BxO1-
HOTO IIyMa paBHO HYJIO (IIIyM OTKJItoueH). [Ipy BBIMOJHEHUN JAHHOTO MyHKTa He-
o0xonumo ycmanosums Quaxkok «Komus curnanay. Ciaeayer yCTaHOBUTH 3Haue-
HU€ BPEMEHHOT'O CJIBUI'a KOIMWU CUTHAJa PAaBHBIM HYJIO U MOCTENEHHO YBEJIHYH-
BaTh €ro J0 T€X IMOp, MOKa MPOBaJ MEXKIY IBYMsI NMHUKAMU B BBIXOJHOM CHTHAJIE
COTJIaCOBAaHHOTO (PMIIBTPA HE JOCTUTHET HYJEBOTO YPOBHS. 3alucaTh MOJTyYCHHOE
3Ha4YeHue otaesbHo st JIYM-umnynecoB u 115 koaa bapkepa.

Conep:xanme oTuera

e rpaduku paccMaTpuBaeMbIX B paboTe curnanoB u ux K®. J{nsa noctpoenus KO
JIYM-umnynbca UCIOIB30BATh MPUOIMKEHHOE BhIpakeHue (7.6), Uist ocTalb-
HBIX CUTHaNIOB paccuutath K@ camocrtostenbHO. [lapamerpsl curHanoB s
pacuera cM. B 7.2;

e mo 1. 1 u3 7.3 — rpaduku 3aBucumocteit C/I;,;x or CKO BX0omHOTO 1IIryma Jijist
Bcex curHaioB. COBMECTHO C JKCIMEPUMEHTAIBHBIMH TpaduKaMu MPUBECTH

TEOPETUYECKUE 3aBUCUMOCTH, paccuutaB oTHomieHue C/Uly,x mo dopmyre
C/W,,, =+ E/W, , rae E — 3Heprust Moje3HOro curHana (mapameTpbl CHrHa-
JIOB 11 pacueta cM. B 7.2); Wy — nByctoponusis CIIM Genoro nryma, paccuu-
ThIBaeMast kak W, = an/(meaX); 6, — CKO mym™ma; fi.x = 500 x['iy — BepxHss
rpaHUYHas YaCTOTA B CIIEKTPE LIyMa, MOJIETUPYEMOT0 B JaHHOH padoTe;

e 110 1. 2 u3 7.3 — Tabnuia SKCIepUMEHTAIBHBIX JAHHBIX U Tpa(UKu 3aBUCUMO-
ctu C/ll,,;x OT T JUIS TPEX CUTHAJIOB, WCIIOJIH30BABIIUXCS B JIAHHOM ITYHKTE.
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JIns KaKJI0T0 M3 TPeX CUTHAJIOB yKa3aTh ONTHUMAaJIbHOE 3HAYCHHE T, a TaKXKe
paccurTaTh MPOUTPHIIT KBA3HONTUMAIBLHOTO (DUIIBTPA COTJIACOBAHHOMY (DUJIBT-
py;

1o 1. 3 u3 7.3 — Tabnuia 3KCepUMEHTATBHBIX JaHHBIX; JUIS KaXKA0TO U3 JBYX
CUTHAJIOB, HCMOJIb30BABIIUXCS B JAHHOM IYHKTE, PACCUMTATh OTHOIIEHHUE
(C/Mlg)/(C/,y) m cpaBHUTH ero ¢ 0aszoil curHana, paBHou 20 mis JIYM-
uMmiyibsca u 13 nns kona bapkepa;

no n. 4 u3 7.3 — IS KaKJI0T0 U3 JBYX CUTHAJIOB, UCIOJIb30BABIIUXCS B JIaH-
HOM IYHKTE, HEOOXOAMMO PACCUUTATh OTHOIICHHUE JJIUTEIHbHOCTH UMITYJIbCa K
U3MEPEHHOMY BPEMEHHOMY CJIBUTY M CPABHUTH MOJyYEHHOE 3HAUEHUE C 0a3oii
curHaina, pasaou 20 pist JIMM-umnyneca u 13 nnsa koga bapkepa;

BBIBO/IBI.

KoHTpoJsbHBIE BONIPOCHI

l.

2.

*®

10.

11.
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KakoBa mocraHoBKa 3aJaud O COTJIACOBAaHHOW (PHIBTpaAIuu JETEPMUHUPO-
BaHHOI'O CUTHaja?

Kak cBsi3aHbl KOMIUTIEKCHBIA KOA(PGUIUEHT Tepeladyil U UMITYJIbCHAs Xapak-
TEPUCTHKA COTIACOBAHHOTO (QUIIBTPA C BUJIOM UCXOTHOTO CUTHAJA?
[TosicHUTH pEXUM KOMIICHCAIIMM HAYadbHBIX (a3 TaPMOHHYECKHX COCTaB-
JSIOMIUX B CHEKTpEe 00pabaThiBAEMOT0 CHUTHAIA TIPH COTJIIACOBAHHOU (HIIBT-
paruu.

UYTo MOHMMAIOT TOJI OTHOIICHWEM CHWTHAjJa K IIyMy Ha BXOJAE M BBIXOJE CO-
rJ1acoBaHHOTO (priibTpa?

YTo Ha3bIBAIOT KBa3UONTUMAJIHBIM (QUIBTPOM?

[TosichuTh (KauecTBeHHO), moueMy 3aBucuMocTH C/I1,;;« OT MOCTOSHHOM Bpe-
MeHH RC-1ienu, Moay4deHHsbIe B 1. 2 U3 7.3, UMEIOT MaKCUMYM.

[louemy s curHana «TpeyroyibHble HMITYJIbCHI 1» KBa3MONTUMAIbHBIN
(GUIBTp AAET 3aMETHO JIy4IlUE Pe3ybTaThl, 4YeM JJi CUTHalla « TpeyroyibHbIe
HMITYJIBCHI 2»?

[TosiCHUTB CYIIHOCTh NPUHIUIIA CKPBITHOM MEpEayu CUTHAJIOB.

[Toyemy CKpBITHOCTH TEpenauyd He OyAeT JOCTUTHYTa IMPU KCIOIb30BAHUU
CUTHAJIOB TPOCTOMN OopMbI?

Kakum o0Opa3oM uCHoJIb30BaHUWE CHUTHAJIOB C OONBIION 0a30il MO3BOJISET
YIIYUIIUTh pPa3pelIeHUue 0 BPEMEHU?

[[upuna rnaBHOrO nuka KoppessiuoHHoW (yHkiuu JIUM-umnynsca, co-
riacHo ¢opmyne (7.6), paBHa 2/Af, oIHAaKO pa3pelieHue Mo BPEeMEHHU, U3Me-
penHoe miua JIYM-umnynbcoB B 1. 4 U3 7.3, maeT 3aMETHO MEHBIIEE 3Ha4de-
Hue. Kak 370 MOKHO 00BSICHUTD?



8. CUHTE3 CUT'HAJIOB 10 IMCKPETHBIM OTCYHETAM

Ilenv pabomer — v3yuyeHue NPUHLMIIOB AUCKPETU3ALUNU U BOCCTAHOBJICHUS
CUTHAJIOB Ha OCHOBE Teopembl KoTenbHuKOBa.

8.1. TeopeTnueckue cBeIeHUA

B nuckpetHbIx ycTpoiicTBax 00pabOTKH U Mepeladyl CUTHAJIOB BO3HUKAET He-
00X0MMOCTh 3aMEHBl HENpepbIBHOTO curHama s(f) (puc. 8.1, a) COBOKYMHOCTHIO
ero AuckpeTHbix 3HaueHuil s(nl) (puc. 8.2, a). OTU 3HAYEHUS HA3BIBAIOT omcue-
mamu. OOBIYHO OTCUETHI OEPYT Yepe3 OJAMHAKOBBIE MHTEPBAJIbl BPEMEHH JTUTEIb-

. . o,
HocThlo 7. OHa BBIOMpaeTCs UCXOAS U3 BEPXHEM I'PaHUYHOM 4acTOThHI f,, =2—

CHeKTpa UCXoaHoro curnana (puc. 8.1, a).
S0t S(w)

0 T, 1 —0,, 0 Oy ®
a o
Puc. 8.1
h j))T\ﬂN
0 T 2T T, ¢ 0 0, an) nw ®
a o

Puc. 8.2

B cootBercTBUU ¢ Teopemoit B. A. KoTtenbHrkoBa currai s(¢), CIeKTp KOTO-
pOro OrpaHuU4YeH 4acTOTOW f,,, TMOJHOCTBIO ONpPEAEIAETCS CBOMMM OTCUETaMH,
B3ATBIMHU 4epe3 uHTepBai BpeMenu 7' <1/(2f,,). B aTom cinyuae curnan s(f) Moxer
ObITH TIpencTaBiieH psgom KorenbHukoBa:

S(1) = i (k) sin ,,(t — kT) |

(8.1)
P ®,,(t —kT)
Psn KotenbHukoBa npeactaBisieT coooit 0eckoHEUHYI0 CyMMY (DYHKIIUNA BUAQ
sinw,, (t —kT
fiey = SOl KD 82)

®,, (t — kT)
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Ot QyHkumu ciBuHyThl Ha T =1/(2f,,) ApPYr OTHOCUTEIBHO Ipyra, a HX
MaKCHUMaJbHbIEC 3HAUEHUs paBHbI oTcueTaM curHana s(k7). ®yHkuusa fj(¢) Ha3bl-

BaetTcsi omcuemnou @yuxkyuen. Psan KorenpHukoBa, kak u psg Oypwe, SBISIOTCS
IpUMEPAMH OPTOTOHAJBHBIX paznoxeHud. [ns psna KorenbHukoBa OazucHOU
CUCTEMOI OPTOrOHAJIBHBIX (DYHKIUN CIIy)KUT MHOXECTBO (PyHKuui Buga (8.2).
JInisl curHana JUIMTeNbHOCTBIO [, obuiee uucno orcueroB n=1,/T =2f, T, . Ota

BEJIMUYMHA Ha3bIBA€TCS YUCIIOM CTENEeHEeN CBOOOAbI CUTHANA, WM €r0 6a301l.

B npupone HeET CUTrHaIOB, KOTOPHIE MMEIOT OJHOBPEMEHHO OIPaHUYECHHBIE
JUIMTEJIBHOCTh U cnekTp. OAHaKo B MHKEHEPHBIX pacyeTax JIOCTATOYHO YYWTHI-
BaTh JIMIIb Ty YaCTh CIIEKTPa, B KOTOpoil cocpeaoroueHo 80...95 % suepruu cur-
Hana. [losToMy Ha mpakTHKe OONBIIMHCTBO CUTHAJIOB MOKHO CUMTATh CUTHAJIAMU
C OFPAHUYEHHBIM CIIEKTPOM.

JlocTonHCTBa OpTOrOHANBHOTO pasznoxeHuss KorenbHukoBa cienyroume. Bo-
nepBbIX, 0a3UCHas CUCTEMa OPTOTOHAJIBHBIX (YHKUUN BbIOpaHa TakK, YTO B JIFOOOU
OTCUYETHBI MOMEHT k7T BCE COCTaBIISIIOIIME Psiia 0OpaIlaoTCs B HYJb, KPOME OJI-
HOMU, paBHOH u, . Bo-BTOpBIX, K03(hPULIMEHTHI psiia HET HEOOXOIMMOCTH BbIUUC-

JSITh: OHM PaBHBI 3HAYEHUSIM CHUTHAJA B OTCUETHbIE MOMEHTHI k7. B-TpeTbux, oT-
HOCHUTEJIBHO MPOCTA alllapaTypHas peanu3anus Kak JUCKPETU3AUU HETPEPHIBHO-
r0 CATHAJIA B MUMITYJIbCHYIO MOCJIENOBATEIBHOCTD, TAK U MOCIEAYIOIIETO €r0 BOC-
CTAHOBJICHHUS (CUHTE3a).

Ecnau 6b1 uMmenoch yCTpONCTBO, BbhIpaOaThIBAIOIIEE CABUHYTHIE HAa 1 KOMUU
(GyHkuuit f;(¢), TO UI1 BOCCTAHOBJIEHUS MCXOJHOI'O CHIHaja JOCTaTOYHO OBLIO

Obl YMHOXKHUTh X Ha COOTBETCTBYIOIUE OTcUeThl s(k7), a pe3ysIbTaT MPOCYyMMHPO-
BaTh.

Takum ycTpoiCTBOM MOMKET CIYXHUTh WACATbHBIA (PUIBTP HIKHUX 4YacTOT
(M®PHY) ¢ yactoroii cpe3a ,,. HactoTHas xapakrepuctuka MOHY (puc. 8.3, 6)

19 |(D|S(Dm’

Kyony () =

0, |®o>w,,.

Puc. 8.3

NmnynbcHas xapaktepuctuka MOHY g(f) copnagaet no popme ¢ dpyHKIuen
At) (puc. 8.3, a). Ecnmu Ha Bxon MPHY nogate neproauydecKkyro Mociie10BaTelb-
HOCTh O-UMIYJIbCOB C MEpUOAOM 7, TO HA €r0 BBIXOJE BO3SHUKHET MEPUOIUIYECKAs
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TOCIIE/I0BATENLHOCTh OTKIMKOB BUAa sin(®,, (1 —kT))/(w, (t —kT)). Honxasas Ha

NOHY BMeECTO 0-UMIYJbCOB JUCKPETHU3UPOBAHHBIA CUTHAN S(k7), mOJy4nuM Ha
ero BbIxoje cymmy (8.1), T. €. BOCCTAaHOBJICHHBIN CUTHAI S().
CniekTp JMCKPETH3UPOBAHHOIO CUTHana Sy () MPEICTaBIsSeT COOON mepuo-

y 27 y
JUYECKU IIOBTOPEHHBIN C IIEPUOIOM () = - =2, (Pa3MHOKEHHBII) CIIEKTP UC-

xoaHoro curHana S(m) (puc. 8.2, 6). Uneansusiit ®HY ¢ yacToToii cpe3a ,, BbI-
JIEIUT TOJIBKO OJUH YYacCTOK CHEKTPaJIbHOW IJIOTHOCTH, B Mpeenax KOTOpOro
cekTp Sp;(®) CoBMAgaeT co CHEKTPOM MCXOAHOU (yHKImMU S(w). CrenoBarenb-

HO, (hopma BeixoaHoro curHaina MOHY Oyaer noBTopsaTh GOpMY UCXOJHOTO CHT-
Hasia. CUrHas BOCCTAHOBUTCS 10 €r0 AUCKPETHBIM OTCUETaM.
Ecim yacToTra AMCKpeTU3aluu o BbIOpaHa MEHbLIE, YeM 2®,,, TO IOJIyYUM

YAaCTUYHOE HAJIOKEHUE (MEPEKPBITHE) YUACTKOB PA3MHOKEHHOI'O UCXOJIHOTO CIEK-
Tpa. B pe3ynbrare Takoro HaJIOKEHUS CIIEKTP UCKA3UTCS U MOCJE BbIICICHUS UE-
anpHpiM @HY yyactka cnekrpa [-,,;®,,] BBIXOJHON CUTHAlI OyJeT HECKOJIBKO

OTJIMYAThCA OT MCXOAHOro. Ecnm ke yacToTa IuMCKpeTH3aluu BbIOpaHa OOJblle,
yeM 2w,,, HaJOXKEHUs CIEKTpa He Ipousoiaer, curian Ha Beixoae MOHY Boc-
CTAaHOBUTCS 0€3 MCKaxeHUsl. TeXHUYeCKH He BCerga BO3MOXKHO MPUMEHUTH OOJIb-
IIYI0 4acTOTy AUCKpeTUu3auuu. YToObl MpenoTBPaTUTh UCKAXKEHUS U3-3a IEPEKPhI-
THUS CIIEKTPOB, BO3MOXKHBIE B TAKOM CIIy4ae, IPeIBaAPUTEIbHO (10 TUCKPETU3ALIMH )
OrPaHUYUBAIOT CIEKTP UCXOIHOIrO cUrHaia. s 3Toro CUrHa mpoIryCKarT 4epes

@®HY ¢ Takoil 4acToToM cpe3a frp, YTOOBI YAOBJIETBOPSUIMCH YCJIOBHUSI TEOPEMBI
Kotensuukosa (og = 2-27f,, ). Benencrsue orpanndeHns Cekrpa ¢dbopma curnana,

KOHEUHO, U3MEHUTCSI, HO 3TU MUCKKECHUS OyAyT MEHBIIMMU, YEM U3-3a MEPEKPhI-
THSI CIIEKTPOB.

Ecnu, kak 3T0 yaiie Bcero ObIBaeT Ha CaMOM JieJie, CIIEKTP UCXOJAHOI0 Hempe-
PBIBHOTO CUTHAJIa CTPOTO B HYJIb HE oOpaliaercs, To Npu JitoOOM BbIOOPE YaCTOTHI
JUCKPETU3ALMHA COCTABJISIONINE CIEKTpa TUCKPETU3UPOBAHHOIO CUTHANA OyAyT
nepekpbIBaThCs. Eciu Takod CUTHAN MOJBEPTHYTHh BOCCTAHOBIICHHIO C MTOMOIIBIO
N®HY, To punbTp BOCCTAHOBUT €r0 ¢ UCKaKeHUsIMU. OHU 00YCITIOBJICHBI KaK TEM,
YTO «OTPE3aHa» 4acTh CHEKTPA MCXOJHOIO CUTHAjA BBIIIE (M, , TAK U TEM, YTO HA

OCHOBHOM CIIEKTpP, OKOJIO HYJI€BOU YaCTOTHI, HAKIAABIBAIOTCS «XBOCTBI» OT COCENI-
HUX CIEKTPAJIbHBIX COCTABIAIOIINX. Y MEHBIIUTD 3TU UCKAXKEHUSI MOYKHO, IIPOILYyC-
TUB CUTHAN nepexa auckperusanuen yepes @HY ¢ 4yacTOTHOM XapakTEpUCTUKOM,
OJM3KOM K MPSIMOYTOJIBHOM. DTa Mepa SIBJISIETCs BEChbMa I0JIE3HOHM U B cllydae, KO-
rja IPOU3BOAUTCS AUCKPETU3AlLMs CUTHAJIA B IIPUCYTCTBHUM IIMPOKOIIOJIOCHOIO
myMa. [Ipu npoxoxaenun yepes @HY mymoBas cocrasisonias, a CiaeqoBaTellb-
HO, ¥ OLIMOKA TUCKPETU3aLUU, YMEHBIIIAIOTCS.
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Co3zaTh MOCIEA0BATEILHOCTh O-UMITYJIBCOB TEXHHUYCCKH HEBO3MOXKHO. Pe-
abHBIC JTUCKPETU3UPYIOIINE HMITYJILCHI UMCIOT Majyl0, HO BCE K€ KOHCYHYIO
JUTUTENBHOCTD (puc. 8.4).

t A S A
520 4 S0(©
_'n Tm 1 _2n 0 2n o
2 2 Tu Tu
Puc. 8.4

CriekTp curHaja npH JUCKPETH3alUN STHMH UMITYJIbCAMH, Sy, (®), HE gBIs-

€TCSl MPOCTBIM MTOBTOPEHHEM KOIHMK HMCXOJHOTO CIEKTpa. MOXKHO JI0Ka3aTh, UTO
OTOT  CIEKTP  paBeH  MPOM3BEJICHHIO  JIBYX  CIEKTpoB  (puc. 8.5):

Sﬂp ()= Sﬂ (co)SQ (w), roe SH (w) — CHEeKTp CurHaja, IUCKPETU3UPOBAHHOTO

O-ummyibscamu (puc. 8.2, a); SQ (W) — CIEeKTp peasbHOro AMCKPETU3UPYIOLIETO
IPsIMOYTOJILHOTO UMITYJIbCA.

Puc. 8.5

Ecnn mmTenbHOCTh NMPSAMOYTIOJBHOTO HMITYJIbCA JUCKPETHU3ALMU Majla I10
CPaBHEHMIO C UHTEPBAJIOM JUCKPETH3alMU [, TO €ro CHEKTP OKa3bIBAETCS LIUPO-

KHMM U B IIpElenax —o,, << o, MOXHO CYUTATh, 4TO Su(w)~1. B sTOM cirydae

LeHTpabHask YacTh CHEKTpa S, () MOBTOPUT IO (OPME CIIEKTP HCXOLHOTO CHI-

Hajla ¥ 3aMeHa O-UMITyJIbCca PeaIbHbIM KOPOTKUM MMITYJILCOM HE BBI30OBET OLIMOOK
BOCCTaHOBJICHUS.

Enie omHUM HMCTOYHMKOM OIIMOKH SIBJISETCS HewjaealbHas (QUIbTpaIus mpu
BOCCTaHOBJICHHUH. M eanpHas mpsiMoyTroiibHas (popMa 9acTOTHOW XapaKTEPUCTUKU
®OHY npakTU4YecKr HE MOXKET ObITh peaan30oBaHa; ISl CTIIaKUBaHUS UCTIOJIb3YIOT
GUIBTPHl ¢ TPUOTUZUTENBHO MPSMOYTOJIBHBIMUA XapaKTEPUCTUKAMHU K, ¢, OvCHB

4acTO MPUMEHSIOT NpocTo RC-QUIbTPhl, UMEIOIIME MOHOTOHHO CIHAJAIOIIyIO Xa-
pakTepucTUKy. MMIylibcHasE XapakTEpUCTHKA MOCIEIHUX BEChbMa OTIUYAETCS OT
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TpeOyembix (yHKIMA Buaa sinx/x. Ha Beixozge Takoro (GuibTpa, IOMHMO IIEH-

TPaJIbHOM YaCTH CIIEKTPA, MTOSABITCS TOIOJIHUTEIBHBIE COCTABIIAIOIINE, BHI3BAHHbBIC
HEIIOJIHBIM IIOAABJIECHUEM COCEIHMX €r0 y4acTKOB. Bciencrsue 3Toro BOCCTaHOB-
JICHHBIA CUTHAN OyAeT OTIMYaThCA MO (GopMe OT UCXOAHOTO. ['JaBHBIA MeETO.n
O0pBOBI ¢ ATUMU MOTPELIHOCTSAMU COCTOMT B YBEJIIMYEHHM YacTOThI JAUCKpPETU3a-
LWH.

Hcnonp3yst monocoBoi QUIbTp € HACATbHON YaCTOTHOM XapaKTEPUCTHKOM
K

w.g (®), MOXKHO BBUICINTL OJMH U3 yYaCTKOB CIIEKTpa CO CPEJIHEH 4acTOTOM

nw, (puc. 8.2,0), rne n=1,2, ..., 1 chopMUPOBaTh PAAUOUMITYJIbC C YaCTOTOU
3aIl0JIHEHMS 1 U OTHOAoIIEeH, COBNANAIOIIEH ¢ UCXOIHBIM CUTHAJIOM. DTOT pa-

JAUOMMITYJIbC UMEET MOJIOCOBOM CHEKTP BOIM3M CpEAHEH 4acTOThl @, = N, LIH-

cp
puHOH 2®,,. OpTOrOHAIILHOE Pa3I0KEHUE ISl HETO UMEET BUJL

. 2n
" 5 sInw,, t—kﬁ 5
s(t) = z s| k=8 eS| £ =k T,
ho—eo \ 200 21 20,
O, t —k—
2m,,

T. €. 0a3MCHas cUCTeMa BKIIIOYAET B c€0sl COBOKYIMHOCTh (DYHKUUMN, Kaxaas U3 Ko-

TOPBIX €CTh MOIYJIMPOBAHHOE KOJICOAHHE C HECYIICH YACTOTON (¢, U Orudaromeil

Brza (8.2). IMIyIbCHas peakiysi IOJI0COBOr0 GUIbTpa gy ¢(f) MPUOITH3HTEIBHO
COOTBETCTBYET Takoh (yHkmmu (puc. 8.6). [lomygaercs, 9T0 OTCUETHI 7S PaUO-
UMIYJIBCOB OepyTCs C HHTEpBAJIOM 71, OIpenesieMbIM HIMPUHON CHEKTpa OrH-
Oaromiel ®,,, a HE MaKCUMaJIbHOM YacTOTOM B CIEKTPE paaHOMMITYJIbCa

nwg =y, .
gn.d)(t) KH'(I)(O))
1 ! (2
sl pafp o ) A
. Aataa il C
—noy 0 nwy o

Puc. 8.6

[Ipu mogoOHOM Tpe/ICTaBIeHNH PauOCUTHAIa HEOOXOAUMO BBIOPATh YacTO-
Ty JUCKPETU3ALMH TaK, 4TOObI HECylash YacTOTa OKazajach KpaTHOU eil. C 1enbio
YMEHBILIEHUSI OLIMOOK BOCCTAHOBJIEHHS TUCKPETHU3UPOBAHHOTO CHUTHANIa, BO3HU-
KaIOIIMX [0 MPUYMHAM, U3JI0)KEHHBIM paHee, B peaJbHbIX YCTPOMCTBAaxX 4acToTa
IMCKpeTU3alMy BeIOMpaeTcst paBHOM He 2 f,, , Kak ciaeayeT u3 reopeMsl KoTenbHu-

KOBa, a B 2...5 pa3 Oouiblie.
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8.2. Onucanue 1a00paTOPHOI YCTAHOBKH

JlaGopatopHas ycTaHOBKa BKJIIOUAET B ce€0s: TaOOpaTOPHBIN MaKeT ¢ TeHepa-
TOPOM HMIYJIbCOB, JUCKPETU3ATOPOM U HAOOpoM (UIBTPOB, ocHMLIOrpad, aHa-
JM3aTOP CIIEKTpa.

8.3. 3apanue u ykazaHus K BbIIIOJHEHHUIO padoThI

B nanHo#t paboTe uccieayercs BOCCTaHOBJIEHUE AUCKPETU3UPOBAHHBIX HC-
XOJIHBIX CHUTHAJIOB TMPSIMOYTOJIbHOW (POpPMBI, TaycCOBCKOM (popmbl U (HOpMBI BH-
na sinx/x.

1. ITonyunTh ¥ 3apucoOBaTh UMITYJIbCHYIO XapaKTEPUCTHUKY U MOJIYJb KOM-
MJIEKCHOTO KO3 PuIlMeHTa Nepeaayun:

a) s RC-¢punpTpa;

0) nns ®HY;

B) Ju1s ojiocoBoro ¢guibTpa (I11D).

Jlnst aTOro HEOOXOAUMO TO/IaTh HA BXOJ (DUIbTpa MOCIEA0BATEIBHOCTh M-
MyJIbCOB MaJIOW JUTUTEIBHOCTH. Toraa ocrumiorpaMma OyJeT MpUOIMKEHHO CO-
OTBETCTBOBAaTh HMMITYJIbCHOW XapaKTEpUCTHUKE, a CHEKTP CHUTHajlla Ha BBIXOJIE
buIbTpa — MOJYJI0 KOMIUIEKCHOTO KO3 (dUIIUEHTA TTepeaayu.

2. [onyuuTs U 3apucoOBaTh OCIUJUIOIPAMMBI U CHEKTPHI CUTHAJIOB, IOIE-
XKalMX IUcKperusauuu. Homepa uccienyeMbIX CUTHAIIOB 3a/1al0TCsl MIPEeno/iaBare-
JIEM.

3. [lonyunTh ¥ 3apuUcoOBaTh OCHUJUIOTPAMMBI U CIEKTPhl JTUCKPETU3UPOBAH-
HBIX CUTHAJIOB JUJISl IBYX YacCTOT AUCKpeTu3auuu — 22 u 44 xl'm.

4. TlomyunTs M 3apuUCOBaTh OCHWJUJIOTPAMMBI U CIHEKTP BOCCTAHOBJICHHBIX
curHasioB. BoccTaHoBiieHre MPOU3BOIUTH C MOMOIIbIO BCEX (PUIBTPOB NMOOYEPEI-
HO JUISl IBYX YaCTOT AUCKpeTu3anuu — 22 u 44 kIl 1.

5. Habmoaats Ha ocumiiorpade pe3ysbTaT BOCCTAHOBIICHUS FapMOHUYECKO-
ro KoJiebaHus MpH TUIABHOM U3MEHEHMH YaCTOThl UCXOJHOTO CUTHaja. 3apucoBaTh
PSAI KAYECTBEHHO Pa3UYAIONIUXCsl OCIMIUIONPAMM M YKa3aTh YacTOThI UCXOJIHOTO
CUTHAJIA, IPU KOTOPBIX ITH OCHUIUIOIPAMMBI TTOJTYYCHBI.

6. UccnenoBarh mpoliecCc BOCCTAHOBIIEHHS TapMOHHYECKOTO KOJEOaHUS C
4acTOTOM, PaBHOU [, /2, Mp¥ M3MEHEHUU HAYAIbHOM (asbl MOCIIEN0BATENBHOCTH

JUCKPETU3UPYIOIIUX UMITYJIbCOB. 3apUCOBATh OCHUJUIOrPAMMBI JUIsl TPEX pa3iny-
HBIX BAPUAHTOB YKA3aHHOW HAYaJIbHOU (Da3bl.

Conep:xxanme oTuera

Teopemuueckue mamepuainsl.
1. Mg «uneanpHoro» ®HY ¢ yacrorou cpesa f,,= 11 kI’ onpenenuts mMu-

HUMAJIBHYIO JINTCIBHOCTD IIPAMOYI'OJbHOI'O UMITYJIbCA — TAKYIO, YTOOBI IIpu €ro
AUCKPCTHU3AIMK MW ITOCICAYIOIEM BOCCTAHOBJICHHH IICPCIaBaAJIMCh BCE COCTAB-
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JSIOLIUE CIIEKTpA ¢ aMIUIUTy1aMu, OonbiiuMu 0,1 OT MakCUMalbHOU, T. €. 3 jemne-
cTka PpyHKIEH S(m).

2. OnpenenuTh 4acTOTy AWCKPETH3alud, MHUHMMAJIBHO HEOOXOAUMYIO MpPH
UCIIOJIb30BaHUU PUIIbTpa, ykazanHoro B 1. 1 ( f,, = 11 kI'n).

3. 300pa3uTh CUHTE3UpPYEMbI€ CUTHAJIBl M HUX JIUCKPETHBIE OTCYETHI, ClIie-
nytomue uepes 1/22 mc (45,45 mxe) u 1/44 mc (22,73 Mkc):

a) BUJICOUMITYJIbC MPSIMOYTOJIBHON (OPMBI C JJIUTEIbHOCTHIO, PACCUUTAHHON
BI.l;

0) paAMOUMITYJIbC ~ TIPSIMOYTOJIBHOM ~ (OpMBI  C  HECylIell  4acToTOM
fcp =44 kI’ ¥ AIUTETBHOCTHIO, PACCUYMTAHHOM B II. 1

B) TAPMOHUYECKUM CUTHAJI C YaCTOTOM fcp =11kl

4. ITocTpouTh CHIEKTp CUTHANA, YKa3aHHOTO B I1.3a.

IKcnepumMeHmanvhble Mamepuabl.

1. briok-cxema 1ab0paTopHOi YCTaHOBKHU.

2. UMmynbCHBIE M aMIUIATYAHO-YaCTOTHBIE XapaKTEPUCTUKH (PUITHTPOB.

3. OcuuiuiorpaMMbl M CEKTPOTPAMMBI TUCKPETU3UPOBAHHBIX U BOCCTAHOB-
JICHHBIX CUTHAJIOB.

4. BeIBOBI 11O MOTYYECHHBIM pE3yJIbTaTaM.

KonTpoJibHBIE BONIPOCHI

1. CdopmynupoBars Teopemy KoTeapbHIKOBA 1 MMOSICHUTH €€ CMBICT.

2. B yem coCTOMT OTIMYHME CUTHAJIOB C OTPAaHUYCHHBIM CIEKTPOM OT pEaTbHO
CYUIECTBYIOIINX CUTHAJIOB?

3. Kaxum 00pazoM CHHTE3UPYIOT PAJMOUMITYJIbC IO AUCKPETHBIM OTCUETAM BU-
aeoumitysibca? KakuM ycioBUsIM JOJIKHO YJIOBJIETBOPSITh 3HAUEHUE YACTOTHI
JOUCKPETU3ALNU () B ITOM Cirydae?

4. Kakumu cnocob6aMy MOKHO YMEHBIIUTH MOTPEUTHOCTH MPU BOCCTAHOBJICHUU
CUTHAJIOB?

5. B d4em mosnb3a mpeaBapuTeNnbHOM (10 IUCKpeTHU3aluu) (UiIbTPaLUU HETpe-
PBIBHOTO curHaia ¢ nomounisro ®HY?

6. Kak Oyner BBITNIAAETh CHEKTP TUCKPETH3UPOBAHHOTO CUTHAJNA MPH HCIOIb-
30BaHMM OTCYETHBIX UMITYJIbCOB Bua sinc(3nt/T), rne T— mepuoa IUcKpe-
TU3ALUU?

7. Omnpenenutb HeoOxoaumyo KpyTusHy cmaga AUX OHY (ab/kI'1), o6pada-
THIBAIOIETO CHIHAN CO CICYIOUIMMH XapakTepUCTHKAMH: [y, =20 kI'm,

f mckp = 48 xI'11, momaBieHre Melaromiero curaaja He Mmeuee 80 nb.

8.  YkaszaTb JOIIyCTUMBIE YAaCTOThl AUCKPETH3ALUU AJIS BbIAEIEHHUS CUTHANA IO-
JocoBeiM  (unbTpoM. Ilapamerpsl curHaza u QuiabTpa CIeAyIOUIHE:
Seepx =40 kI, fo =200 xI'u, Afy =90 kI’
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10.

11.

12.

13.

14.

15.

16.

17.

88

Cnektp curnaina cocpenoroyeH B mojoce 0...15 kI'u. HeoOxonumo mocne
JUCKPETU3alMU U BOCCTAHOBJICHMS NOJIYYUTh PAJUOCUTHAI CO CPEIHEU 4ac-
toroi 100 x['u. Ilepeuncnute Bce BO3MOXKHBIE BAPUAHTHI 3HAYECHUS 4aCTOTHI
JUCKPETU3allMY CUTHAJIA.

Juckperuzanust u HeMeuieHHOe (0e3 mepefauyud CUrHalia) BOCCTAaHOBIICHHE
KOHTHHYaJIbHOT'O CUTHAJa MPUHLIUIHUAIBHO HEBO3MOXKHBI 0€3 ONpeIeIeHHbIX
MH(OPMAITMOHHBIX TTOTEPH (ITyM AUCKpPETU3aluu, HarpuMep). Tem He MeHee,
JUCKPETHBIE CUTHAJIBI BCE IIMPE MCIOIB3YIOTCS B PaJAMO- U TEIEKOMMYHHUKA-
IMOHHOU TexHuKe. [louemy?

Haiitn cniexTp cursana, JUCKPETU3UPOBAHHOIO CHMMETPUYHBIMHM TPEYTOJIb-
HBIMH UMITYJIbCAMHU JUTUTEIBHOCTBIO 1, CIIEAYIOIMMHU C iepuoaom 47.
Curnan s(¢) = cos(2n-1000 ¢) moaBeprHyT AUCKPETU3ALMHU C TIEPUOIOM, PaAB-
HbIM |, U 3aTeM BOCCTaHOBJEH JIMHEMHON MHTEpHoJsAuen orcueros. Ompe-
JENUTh CIIEKTP Pe3yJIbTHPYIOIIETrO CUTHAIA.

Kakum crmoco6oM BOoCCTaHABIMBAIOT UCXOIHBIN HEMPEPHIBHBIN CUTHAI 110 €TI0
muckpeTHbiM orcueram? Kakyio AUX U UMIYJIbCHYIO XapaKTepUCTUKY UMe-
eT: a) uneanbHeiii ®HY? 6) nuneanpapiil [1D?

Kak Oyner BBIMISIETh CIEKTP AMUCKPETU3UPOBAHHOIO CUTHAjA, €CJIM 4acToTa
JTUCKpETHU3aIiK B 2 pa3a 00Jblle MUHUMAaJIbHO BO3ZMOKHOMN ?

JI1s1 BOCCTaHOBIEHUSI KOHTUHYAJIBHOIO CUTHAJIA MOYHO HCIIOJIB30BaTh MOJIO-
COBOM MJIM HU3KOYACTOTHBIA (uibTp ¢ npsimoyroiasHoit AUX. Kakue tpebo-
BaHUs MpHU 3ToM npeabsBistorca kK DUX BoccTanaBiauBaroiiero Guibrpa’?
N3BeCTHO, YTO KOHEYHOCTH JIUTEIBHOCTH UMITYJIbCAa AUCKPETU3ALUH HEU3-
OEKHO BBI3bIBAET OLIMOKH NMPU BOCCTAHOBJICHUH KOHTHMHYAJBHOI'O CUTHAJIA.
Kakas dopma umnynbca JUCKPETU3ALMH SIBISIETCSI C 3TOM TOYKH 3PEHHS OIl-
TUMAJIbHOU?

Kak monusier Ha TOYHOCTh BOCCTAHOBJIEHUSI CUTHaJIa BHIOOP YACTOTHI JIHC-
KpeTU3aluu: a) ®y < 2m,? 06) ®y > 2m,,?



9. IMCKPETHASA ®UJIBTPAIIUSA CUT'HAJIOB

9.1. TeopeTnueckue cBeeHUs

Cytb ndpoBoii 00pabOTKH CUTHAJIOB COCTOUT B TOM, YTO u3uUyeCcKuli CUr-
Haj (HampspDKEHUe, TOK W T. .) mpeoOpasyercs B IMOCIEAOBATEIbLHOCTh yucen (O
MPEICTaBIIEHUH HEMPEPHIBHOTO CHUTHANA €r0 JIMCKPETHBIMU OTCYETaMH CM. J1a0o-
paTopHyio paboty 8), KoTopas 3aTeM IMOABEPraercs mMamemamuieckum mnpeodpa-
30BaHMSM B BBIUUCIUTEIHHOM ycTpoiicTBe. OaHON U3 Hambosee pacmpoCTpaHEH-
HBIX OMepalyii, KOTOpble TPOU3BOAITCS HA U(PPOBOI AeMEHTHOM 0ase, sIBIsSETCS
JUHENHas JAUCKpeTHas (QuibTpaius, B MIpolecce KOTOPOM BXOJHAs MOCIEAOBa-
TEIBHOCTh 0TCUETOB {x(k)} mpeobpasyercs B BHIXOAHYIO MOCIEI0BATEILHOCTD OT-
cuetoB {)(k)}.

Anzopumm Ouckpemuoit unvmpayuu. B ciiyyae aHanIOroBbIX JUHEHHBIX
HEeMel ¢ MOCTOSTHHBIMU MapaMeTpaMu JIJIsl aHAJIN3a MPOXO0KICHUS JTI000Tr0 CUTHAJIA
JIOCTATOYHO 3HATh PE3yJIbTaT MPOXOXKIACHUS DJIEMEHTaApHOTO HMITYJIbca B BHJIE
nenbTa-QyHKIUu. (s TUHEHHBIX AUCKPETHBIX (UIBTPOB C MOCTOSIHHBIMH Tapa-
METpaMH TaKK€ MOXXHO BBECTH B PACCMOTPCHHE CIUHUYHYIO UMITYJIbCHYIO (DYHK-
UIO:

i I, k=0, 91
0O=10, k0. e
BreixoaHast peakius Ha €AMHUYHBIA UMIYJIBLC Xo(k) Ha3bIBACTCA UMNYAbCHOLL
Xapakmepucmuxou AUCKpeTHoro guibTpa U obo3Havaetcs h(k). Kak u B ciyuae
JIMHENHBIX LENEeN ¢ IOCTOSHHBIMY apaMeTpaMu, 3HaHUE UMITYJIbCHOU XapakTepu-
CTUKH TIO3BOJISIET MPOAHAIM3UPOBATH MPOXOXKIECHUE YEpe3 IUCKPETHBIM (PUIBTP
Ar000ro curHasia. BbIXOJHOW CUrHaJl JIMHEHHOrO, CTallMOHAPHOTO U (hU3NUecKu
peasinzyeMoro (uiabTpa MOXKET OBbITh pacCUMTaH 4yepe3 AUCKPETHYIO JUHEHHYIO
CBEPTKY:
k
y(k)y="Y. x(m)h(k—m). (9.2)
m=—u0
[Ipu peanuzanuu BHIYUCICHUN B AUCKPETHOM (PUIIBTPE MOTYT OBITH UCIOJIb-
30BaHbI JJAHHBIE JBYX TUIIOB:
® TOJIBKO YTO IOCTYNHBIIMA M HEKOTOPOE KOJWYECTBO IPEABIAYIIUX OTCYETOB
éxoonoeo curnana: x(k), x(k—1), ..., x(k— m);
® HEKOTOPOE€ KOJIMYECTBO BBIYMCIICHHBIX PAaHEE OTCUETOB 8bIXOOHO20 CHUTHAJA!
vk=1),v(k—=2), ..., y(k—n).
Taxum o6pazom, B o01IeM ciaydae ouepeHOl BBIXOJHOU OTcUeT )(k) BBIYHUC-
asieTcst o popmyiie

v(k)=agx(k) +a; x(k—1)+ ... + a,, x(k—m) +
+byyk—1)+byy(k—2)+ ... + b, y(k—n), (9.3)
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rae b; u a;j — nocrosHHbIe KodGduuuenTsl. PapencTBo (9.3) Ha3bIBAIOT areopum-
MOM OUCKpemHoUu Gurbmpayuu, eMy COOTBETCTBYET CTPYKTYypHAasl CXeMa HpsaMoll
@opmel peanuszalii JUCKPETHOTO (GUIbTpa, MOKa3aHHas Ha puc. 9.1.

1

x(k) y(k)
v |
—1 Zfl
x(k—1) > — y(k—1)
;1 S
x(k—2) f—» — yk-2)
| |
Xk —m+ 1) —» e yk—n+1)
1 _
z zZ

x(k—m)

A4

F 3

y(k—n)

Puc. 9.1

MaxkcuManbHOE U3 YHCET 71 U 1 ONIPENIEISIET nops0ok puimbTpa.

Pasznu4aroT HepexypcusHvle QUIBTPHI, HE UCTIONB3YIOIINE I pacyeToOB TIpe-
JBITYIINE BBIXOAHBIE OTCUETHI (Bce b; = 0), U pexypcusnvie PUIBTPBI, KOTOPBIE ITU
OTCUETHI HCTIOB3YIOT.

Ecau neperpynmupoBath ciaraeMbie B (9.3) TakuM o0pa3oM, 4TOOBI BXOTHBIC
OTCUeThl OBUTH C OJJHOM CTOPOHBI OT 3HAKa PABEHCTBA, a BBIXOJIHBIE — C JIPYTOH,
TOJTYYHM TPATUITMOHHYIO (POPMY 3alUCH PAZHOCIMHO20 YPABHEHUSL:

(k) = b1 y(k—=1)=by y(k=2) — ... = by y(k—n) =
=agx(k) +ay x(tk—1)+ ... + a,, x(k—m). (9.4)

Memoo z-npeoopazoseanusn. Y TOOHBIM CITIOCOOOM aHaIM3a JTUCKPETHBIX IIO-
CIIeZIOBATEIBLHOCTEH sIBIIETCS Z-TipeoOpa3zoBanHue. CMBICT €To 3aKIIF0YaeTCsl B TOM,
YTO TMOCJEA0BATEILHOCTH OTCUETOB {x(k)} CTaBUTCS B COOTBETCTBHE (DYHKIIUS

KOMILJICKCHOU HepeMeHHOﬁ z, onpeacirieMasd CJIICAYHIUM 06p330M:
0

X(z)= > x(k)z"F. (9.5)
k=—o0
Oyuknus X(z) onpenenena tam, rae pan (9.5) cxomurcsa. Huxe npuseneH
npuMep pacuera z-nmpeoOpa3oBaHMs Il HEKOTOPBIX YacTO BCTPEYAIOIIMXCS Ha
IPAKTUKE TUCKPETHBIX CUTHAJIOB.

1. Eounuunas umnynvcuasn ¢hpynkyus (9.1):
o0

Xo(2)= Y xpb)z* =1-270=1.

k=—o0
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OyHKIMS X(z) CXOAUTCS HA BCEM KOMITJIEKCHOM TIOCKOCTH.
2. Eounuunwiii ckavok

0, k<0, _ 1
x(k)={1’ £>0 X(Z)—k_z_:wx(k)z k Zl z "= - 9.6)

(1S pacdeTa UCIob30BaHa (GOpMyJia CyMMBI 6eCK0HeI{H0H reOMETPHUYECKOM Mpo-
rpeccun). DTOT Psija CXOAUTCS TIpH |z | < 1, T. e. mipwm |z| > 1.
3. Juckpemnas noxkazamenvbHas QyHKYUs.

0, k<0, - -
x(k)={ak k<0 X(2)= > xk)zF=>dakz7" = ! —. (9.7)

> 0. f=—c0 k=0 l—az

JlaHHBIN psAg CXOOUTCS TIPU |azfl| <1, T.e. opu |z| > |a|.

JluckpeTHoe z-mipeoOpa3oBaHre OYEHb IMPOCTHIM O0OPa30M CBSI3aHO C MPeEoO-
paszoBanusamu Jlamiaca u dypwe. PaccMoTpuM mocnenoBaTenbHOCTh {x(k)}, ompe-
JEJICHHYI0 TIpH k > 0, ¥ CONOCTaBUM €l BPEMEHHOM CUTHAJI B BUJ€ Habopa JenbTa-
GyHKLIMIA:

o0
s(t)= Y x(k)d(t—kT), (9.8)
k=0
rae 7' — uHTepBal AUCKpeTH3auud. Beruucnum npeoOpas3oBanue Jlammaca mms
CUTHaJa (9 8):

S(p)= j s(t)e Pldt = j Zx(k)é‘)(t—kT)e P’dz— > x(k) j (¢ —kT)e Pldt.
0 k=0 k=0
BOCHOJ’ILSOB&BIHI/ICB (GUIBTPYIOIIUM CBOMCTBOM 8-(1)yHKHI/IH, MOJIYYAM

S(p)= i x(k)e P
k=0

Ota popmyna nepexonut B Gpopmydy (9.5), onpenenstoiniyto z-mpeodbpa3oBa-
HII€, €CIIH BBIOIHHUTH TTOJCTAHOBKY Z = & T

Taxum 00pa3oM, B3aMMHOE COOTBETCTBHE MEXIY z-ipeoOpa3zoBaHueM X(z) u
npeoOpazoBanueM Jlammaca S(p) omuckIBaeTCs CIETYIONTUM 00pa3oM:

X(z)= S(%lnz), S(p)=X(ePT).

[Toxoxumu popMysaMu ONMKMCHIBAETCS U CBS3b z-ipeoOpa3zoBaHust X(z) ¢ mpe-
obpazoBanuem Oypoe S(o):

X(2)= S(_Llnz] . S(w)=X (T, 9.9)
jT

Cronb TecHas cBs3b z-lipeoOpazoBaHus ¢ npeodpazoBanusimMu Dypre u Jlamn-
Jaca 00yCJIOBIMBAET U MTO00ME CBOMCTB 3THUX MPeoOpa3oBaHUIA.
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Cesoiicmea z-npeoopazosanusi.

1. Jlunetinocms. Z-nipeoOpa3oBaHue, COMIACHO omnpeseneHuto (9.5), sBisercs
JUHEWHOU KOMOWHAIMEW OTCYETOB MOCIEA0BATEILHOCTH, TOATOMY OHO TOIYHHS-
eTCsl IPUHIIMITY CYTIEPIIO3HUIINU:

ecnn {x1(k)} <> X1(2) 1 {x2(k)} <> Xo(2),
To {ax|(k) + bxy(k)} <> aX (z) + bX,(2).

2. Z-npeobpazosaHue 3A0epAHCanHOl nocn1e008amenbHOCMU. Ecnu
z-TipeoOpazoBaHue mocieaoBaTebHOCTH {x(k)} paBHO X(z), TO z-peoOpa3oBaHUe
MOCJIeI0BaTEILHOCTH, 3a7epkaHHolN Ha ky TakToB (V(k) = x(k — ky)), Oyner umerhb

Bum: Y(z)=X (z)z_ko. MIMeHHO T03TOMY 3JIEMEHTHI 3aJIepKKu Ha puc. 9.1 060-

3HAYCHBI CUMBOJIAMH Z .

3. Z-npeobpa3zosanue ceepmru nocieoosamenvrocmeti. CBEpTKE JUCKPETHBIX
MOCJIeI0BaTEIbHOCTEN, KOTOpasi pacCUuThiBaeTcsi corjacHo (9.2), cOOTBETCTBYET
MPOU3BEICHUE UX Z-TIPEOOPa30BAHUM.

Oopammnoe z-npeoopaszosanue. COOTBETCTBUE MEK]Y ITUCKPETHOU MOCIEN0-
BaTEJILHOCTBIO YHCEN U €€ z-MPeoOpa30BaHUEM SIBIISIETCS B3AaMMHO-OHO3HAYHBIM.
dopmyiia nepexoja oT z-mpeodpa3oBaHUs K MOCIEI0BATEILHOCTH YUCE Ha3bIBa-
eTcsi oOpaTHBIM z-TIpeoOpa3oBaHUEM M (POPMAJIBLHO 3aMUCHIBACTCS CIEAYIOIINM
obpazom:

L 25z
x(k)—jznqm )z*dz,

r7ie MHTerpan Oepercs 1mo Mpou3BOJIBHOMY 3aMKHYTOMY KOHTYpPY B 00JIacTH CXO-
TUMOCTH PYHKIMU X(Z), OXBaThIBAIOLIEMY BCE €€ MOJIOCHI.

[IpakTryeckoe BBIYUCIECHUE OOPATHOTO z-IpeoOpa3zoBaHusl OOBIYHO MPOU3BO-
IUTCST HaJl OPOOHO-PALlMOHAIBHBIMU (YHKIUSAMH NEPEMEHHON z U MOXET OBITh
BBITNOJIHEHO pa3iiokeHrneM QyHKuu X(z) Ha mpoctele Apoou. IlpuBeneM Hecox-
HBI TPUMED:

1 1 2 1
X(2)= = = — . (9.10)
%z_z—%z_l+1 (1—2_1)(1—%2_1) 1—z71 1—%2_1

N3 cpaBHenus cnaraembix (9.10) ¢ mpumepamu z-npeoOpazoBanuii (9.6) u
(9.7) BUIHO, YTO MEPBOE CIIAra€MOE COOTBETCTBYET CKAuKy C aMIUIMTYJIOH, paB-
HOM 2, a BTOpO€ — JUCKPETHOM MOKa3aTeIbHON (PYHKIIUM —(I/Z)k, k> 0. Utak, uc-
KOMasi OCJIeI0BaTEIbHOCTh UMEET BU/T

-k
— >
x(k) = 2-2"", k=0,
0, k <O.
Cucmemnasn dynkyusn OUCKPEmHO020 Gunempa. [Tpumennm

Z-TipeoOpa3oBaHUEe K ypaBHEHHUIO NUCKpeTHOW ¢unbTparuu (9.2). Tak kak 3To
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ypaBHEHHUE MPEACTABISICT COOOH TUCKPETHYIO CBEPTKY, TO PE3YIbTATOM OYIET SIB-
JSTHCSI IPOU3BENICHHE Z-TTPE0OpPa30BaAHUIA:
Y(z) = X(2) H(z).
Oyukuus H(z), paBHas OTHOIICHHIO z-TPEOOpa30BaHUN BBIXOJHOTO M BXOJI-
HOT'O CUTHAJIOB M TIPEJICTABIISIFOIIAs COOOM z-TipeoOpazoBaHue UMITYJIBCHON Xapak-
TEPUCTUKH (PUITBTpPA, HA3BIBACTCS CUCMEMHOU YYHKYUel TUCKPETHOTO QUIIBTpa:

H(z)= ; ((ZZ)) = hk)z*.

Komnnekcuwtit koIgpgpuyuenm nepeoauu. YtoObl MONYUYUTh KOMILJIEKCHBIM
ko3 duireHT nepenayn (4aCTOTHYIO XapaKTEPUCTUKY) IUCKPETHOTO (QUIbTpA,
BOCIOIb3yeMcs hopmyioi (9.9):

o0
K(o)=H(T)="" n(k)e /. (9.11)
k=0
N3 (9.11) BUAHO, 4TO 4aCTOTHASI XapaKTEPUCTUKA JUCKPETHOTO (PHIIBTpA SIB-
JSIeTCsl IePUOIUYEecKOr (DYHKIIMEH YacTOThI C MEPHOJOM, PABHBIM YaCTOTE JHC-
kpetuzauuu 27/7.
QDu3uueckaa peanuzyemocms. llpuMmeHuB z-npeoOpa3zoBaHue K 00eUM yac-
TSIM Pa3HOCTHOTO ypaBHeHUs (9.4), morydum
Y1 —byz ' —byz?— . —byz")=
= X(2)(ag + a; 2 a I+ amz ).
OTcro/a Jerko NoJy4uTh BUA CUCTEMHOU (PyHKIUU:

ag + alz_1 + azz_2 +...+a,z "

1- blz_1 - bzz_2 —.=bz"

Taxkum oOpaszom, cucteMHas GYyHKIMS @usuiecKu peaiuzyemozo TUCKPETHO-
ro ¢GuabTpa MOXKET ObITh MpPE/ICTABIICHA B BUJIE OTHOIIECHUS TIOJIMHOMOB 10 OTpPHU-
[ATEIHHBIM CTETICHSIM MEPEMEHHOM Z MPU HATMYKUU HEHYJIEBOTO CBOOOHOTO YJieHa
B 3HAMEHATEJIE.

Yemontuusocme. Ilpu oTCyTCTBUU BXOJHOTO CUTHAJIA B JUCKPETHOM (DUIIBT-
pe MOTYT CYyIIECTBOBAaTh c80000Hble Koebanus. VIX BUA 3aBHCUT OT HAaYaJIbHBIX
YCJIOBHM, T. €. 3HAYCHUH, XPAHSIIINXCSA B 3JIEMEHTaX MaMsITH GuibTpa (TUHUSIX 3a-
JEPKKUA Ha puC. 9.1) B MOMEHT OTKJIFOUEHHSI BXOJHOTO cUrHasia. GuiabTp Ha3bIBa-
€TCSl yCmOoUuyUBbiM, €CIIU TIPU JIFOOBIX HAYaJIbHBIX YCIOBUSAX CBOOOJIHBIC KOJICOaHUs
SBJISIIOTCSI 3aTyXaIOMUMHU, T. €. ipu x(k) = 0

lim y(k)=0.
k—o0

H(z)=

(9.12)

JIro6o# curHas Ha BBIXOJI€ TMHEHHOTO CTallMOHAPHOTO (DUIBTpa MPEACTaBIS-
eT co00il TMHEHHYI0 KOMOMHAIMIO €r0 33Jep’KAHHBIX BO BPEMEHU UMITYJIbCHBIX
xapaktepuctuk. [loaTomMy miis 3aTyxaHusi CBOOOJHBIX KojeOaHM HEOOXOAMMO,
4yTOOBI OblIIa 3aTyXarouiel UMIyJIbCHAsI XapakTepucTuka punbrpa A(k):
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lim A(k)=0.

k—0

Mo>kHO MOKa3aTh, UTO 018 YCMOUYUB020 OUCKPEMHO20 PUIbmMpPa NoI0Chl CU-
cmemuou yukyuu (9.12) dondichbl HAxo0OUmMbCs BHYMpU Kpyea eOUHUYHO2O0 Pa-
ouyca Ha KOMNJIEKCHOU NAOCKOCHU.

Pezonamop emopozo nopsaoka. Tak Ha3bIBAETCS PEKYPCUBHBIN (UIBTP BTO-
pOTO NOpPsIIKA, IO CBOUM YAaCTOTHBIM CBOMCTBAM SBJISIOLIMICS aHAJIOTOM OJWHOY-
HOTO KoJiebaTenbpHoro KoHTypa. Ero AUX oGnagaeT cieayrommumMu CBOMCTBAMU:
® Ha HYJICBOHM 4acTOTE M HA MaKCUMaJIbHOU paboyeil 4acToTe TUCKPETHOM CUCTe-

MBI, paBHOM MOJIOBUHE YaCTOTHI qucKpeTn3aunu, AUX paBHa HYIIIO;
® Ha HEKOTOpoU yactore my AUX nmeeT MakCUMyM, paBHBI 1.

MoxHO moKa3aTh, 4TO cUcCTeMHas (yHKUHS (DUIbTpa, yAOBIETBOPSIOLIETO

yKa3aHHbIM TPEOOBAHUAM, MOKET OBITh 3alMcaHa B BUJE

1+ b, 1-z72
2 1=(1=by)cos(wyT)z ' —byz 2’
rae 7 — nepuoj IUCKPETU3alNK, a OCTABIIMICS apaMeTp b, peryjJupyeT nojaocy

npomnyckanus (4, CIeI0BaTeNbHO, «I00POTHOCTHY pe3oHaTopa). Punbtp OyAeT yc-
TOWYUBBIM TIpH |by| < 1.

H(z)=

9.2. Onucanne KOMIbIOTEPHOH MPOrPpaMMBbI

Bun okHa KOMITBIOTEpHOU MporpaMMbl «JluckpeTHas GUIbTpalvs CUTHAIOB)
(lab_discrfilter.exe) mokasan Ha puc. 9.2.

Ilpumeuanue. BrimonHsemoe B MporpaMMe MOJEIUPOBAHHUE TPOIIECCOB
(GuIbTpaI OCHOBAHO HA IUCKPETHOW 00padOTKE CUTHAJIOB, TI03TOMY BCE IPUBO-
JUMBbIE B JIAaHHOM ONMCAaHUU (PU3MUECKHE €IMHUIBI U3MEPEHUS SIBISIFOTCS yCIIOB-
HbIMU U HCIIOJIB3YIOTCSI UCKIFOUUTEIBHO JUIsl TIPEJCTABICHUS MMapaMETPOB CUTHA-
J0B U (PUIBTPOB B HATJISAHOM BUJIE.

B okxHe uMeroTcs creyronue 31eMeHThl yIpaBICHUS:

e [lepexmouarenn Bxoanou curHaj v HenmpepbIBHBIN BXOAHOH CHUI'HAJ I10-
3BOJISIIOT BBIOMpATh TUI MCMOJIB3yEeMOI0 CUTHANA M3 YKCia CIASAYIOUINX BapH-
aHTOB:

e QOuHOYHBIIL UMRYABC: TEHEPUPYETCS ITUCKPETHBIN OJMHOYHBIM HMILYJIbC
xo(k) (cm. (9.1)), T. €. 0IUH OTCUET CO 3HAUYCHHEM, paBHBIM enunuile. [loce-
IYIOIME OTCUEThl BXOAHOIO CUTHAJIa paBHbI HYJIO0. JlaHHBIN CUTHA Te€HEepu-
pyercsi OJTHOKPATHO, Mepesl HavyajoM ero (OpMHUPOBAHUS yCTAHABIMBAETCS
HYJIEBO€ HaYaJIbHOE COCTOSIHUE (PUITBTpA.

o Cmynenpka: TCHEpUPYETCs MOCIEIOBATEILHOCTh OTCUETOB, PABHBIX €IUHU-
ue (cm. (9.6)). JlanHblil CUTHaJI T€HEPUPYETCS] OJHOKPATHO, MEPE] HayalioM
ero GopMHUpOBaHUS YCTAaHABIMBACTCA HYJIEBOE HAYAIBHOE COCTOSIHHE (DUIIh-
Tpa.
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7 [AMckpeTHas hMAbTPaLMA CHIHANMOE

rBxogHol curHan
@& OpUHOYHBIA MMMYNbG
O CryneHbka

rHenpepblBHLIA BXOOHOW CUMHaN:—]
O CuHycomga

& MeaHgp

© TpeyronbHble MMMYNbCh

G MunooBpa3Hbli cUrHan

O lym

HacTtoTa HenpepblBHOMG cUrHana:

BxogHoi curtan
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Bhixogroi curkan

KoadppuuneHTol pUnbTpa:
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Hynu u nonwcsl dunsTpa KoppenaunoHHan GyHKLNA BLIX0GHOTD CHTHANS
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Puc. 9.2

Cunycouoda: TeHEPUPYIOTCS AUCKPETHBIE OTCUETHI TAPMOHUYECKOTO CUTHAJIA.
JlaHHBIA CHUTHAJ SBJISICTCS NMEPUOAMYECKHM, €r0 4YacToTa 3aJacTcs B IOJIE
BBOJIa YacToTa HenmpepbIBHOIO CUTHAJIA. AMIUIMTY/la CUTHAJIA paBHA €1U-
HUIIC.

Meanodp: TeHEpUPYIOTCS TUCKPETHBIC OTCYEThI MeaH apa (IociIea0BaTeIbHO-
CTU TPSMOYTOJIbHBIX UMITYJILCOB CO CKBOXKHOCTBIO 2). JlaHHBIN cUTrHAN SBJIS-
€TCSl IEPUOJUYECKHUM, €r0 4acToTa 3aaeTcs B IoJie BBoJa Hacrora Hempe-
PBHIBHOI'0 CUTHAJIA. AMIUIUTY/1a CUTHAJIa paBHA €IUHUIIEC.

Tpeyzonvnvie umnyibcol: TEHEPUPYIOTCS JUCKPETHBIE OTCUYETHI NEPUOIUYE-
CKOM TIOCJIEIOBATEIILHOCTH CUMMETPUYHBIX TPEYTOJbHBIX UMIYJIbCOB. JlaH-
HbI CUTHAJI SIBJISIETCS MEPUOAUUYECKUM, €r0 Y4acTOTa 3aJacTCs B IOJIE BBOAA
YacrToTa HENMPEPHIBHOI0 CUTHAJIA. AMIUIUTY/1a CUTHAJIa PaBHA €UHHUIIE.
Iunooopa3nwlit cuznan: TeHEPUPYIOTCS TUCKPETHBIC OTCUETHI MEPUOIUYE-
CKOM TOCJEIOBATECIIbHOCTH HECHUMMETPUYHBIX TPEYTOJIbHBIX HWMITYJIbCOB
(BEpTUKAJIBHBIA (PPOHT CIpaBa, HAKIOHHBIA YYacCTOK SIBJISETCS BO3pacTaro-
muM). JlaHHBIM CUTHaN SIBISETCS NMEPUOJUYECKUM, €r0 4acToTa 3a/JacTcs B
nosie BBoJa YacTora HempepbIBHOIO0 CUTHAJIa. AMIUIMTYJAa CUTHAJIA PaBHA
SIUHMUIIC.
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o [Illym: reHepupyeTcsi NUCKPETHBIA O€INbI IIyM — TOCIEI0BaTEIbHOCTD
CIIy4YalHBIX YUCEJ, HE KOPPEIUPOBAHHBIX APYT C IPYrOM M UMEIOIINX HOp-
MaJIbHOE pAaCIpE/ICICHUE BEPOSTHOCTU C HYJIEBBIM CPEIHHM 3HAUEHUEM U
TACTIEPCUEN, PABHOM EIUHUIIE.

e [lone BBoma YacTOTa HEMPEPHIBHOIO CUTHAJIA MO3BOJISIET 3a7aBaTh YacTOTY
NEePUOJINYECKUX CUTHAIOB (3HAYEHUE JOJKHO OBITh LIEJIBIM YUCIOM; €AUHUIIBI
U3MEPEHUSI YaCTOThI SBJISIIOTCS YCIOBHBIMH, YACTOTE AUCKPETU3ALUU COOTBET-
cTByeT 3HaueHue 250, Mo3TOMYy MAKCHUMAJIbHO JOMYCTUMOE 3HAYEHUE YACTOTHI
curnaia paBHo 125). Knonku co cTpenkamu, pacrojioXKeHHbIE B MPABOM 4acTU
MOJIsI, U3MEHSIOT 3HAYEHHUE C 11aroM, paBHBIM €JIMHUIIE.

e ['pymnma noneit BBoga Koagpduumentnl ¢puabTpa mo3BosseT 3ajaaBaTh KOI(-
(UIMEHTHI TUCKPETHOTO PEKYPCUBHOTO (GMiIbTpa BTOporo mopsaka. O6o3Ha-
yeHus1 KO (OUIIMEHTOB COOTBETCTBYIOT MPEACTABICHUIO CUCTEMHON (PYHKITUN

ay + alz_1 + azz_2

1- blz_1 — bzz_2
co0Ol uMciia C OJHUM JECATUYHBIM pa3psAaoM mnocie 3andarod. KHomku co
CTpEJIKAMH, PACIIOJIOKEHHBIE B IMPABOM YaCTH MOJIEM, U3MEHSIOT 3HAUYEHUS C
mrarom 0,1.

e Knonku Crapt u Cron ciyKaT IJi 3allyCKa U OCTAaHOBKH Mpoliecca MOJIEIH-
poBanus. [Ipu BbIOOpE HENMEPHOIUYECKUX CUTHAIOB (QOUHOUHBLI UMAYILC U
Cmynenbka) nipu 1menuke Ha KHonke CTapT OCyIIECTBISAETCS OJWH LUK MO-
nenupoBanus (paccuutbiBaercsi 100 0TcueTOB BXOJHOIO M BBIXOJAHOTO CHUTHA-
JIOB), UCIOIb30BaTh KHOMKY CTOm mpu 3ToM He HykHO. [Ipu BbIOOpe mepuo-
JUYECKUX CUTHAJIOB IIETYOK Ha KHOMKe CTapT 3amyCcKaeT Mporecc MOAEInpo-
BaHUS, KOTOPBIN MPOAOIIKAETCS 0 Ienuka Ha kKHomnke CrTom, Mpu 3TOM Tpa-
(uKH CUTHAJIOB Ha dKpaHe OOHOBIAIOTCS Kaxsie 0,5 c.

B HmxkHEN YyacTu OKHa pacrosiokeH rpaduk pacnoyioKeHUs: HyJel (KpyKKu)

U TIOJIFOCOB (pUIIbTpa (3BE3/I0YKU) HA KOMIUIEKCHOMN TI0CKOCTH. CIUTONTHON JIMHU-

ell ToKazaHa eIMHUYHAs OKPYXKHOCTh. M300paskeHne OOHOBIISIETCS MPU KaXKIOM

W3MEHEHUM 3HaYeHUN K03 HUITMEHTOB DUIIBTPA.

B mpaBoil yacTu OKkHa pacmoyioKeHbl TpHU TIpaduka, KOTOPhIE B peallbHOM

BPEMEHM MOKA3bIBAIOT CIICIYIOIINE CUTHAJIBI:

e Bepxuuii rpaguk — curxHai Ha Bxone GuibTpa.

e (Cpennwuii rpaduk — CUTHAJ Ha BbIXOJE PUIBTPA.

e HwxHuil rpaguk — HOpMUpOBaHHas KOppENISIHOHHAs (YHKIUS BBIXOIHOTO
CUTHAaJa.

¢unbTpa B BUAe H(z)=

. 3HaUYeHUs AOJDKHBI ITPCACTABIIATH

9.3. 3aanue ¥ yKa3aHUA K BbINOJHEHHIO pa0d0ThI

1. Hccneoosanue nepekypcugnozo uavmpa émopozo nopaoka. J1jis peanu-
3aIlid HEPEKYPCUBHOTO (UIBTPA BTOPOTO IMOPSIKA YCTAHOBUTH CIICAYIOIIME 3HA-
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yeHus kKoddduieHToB: by = b, = 0. Ocrapimecs: 3HaUYeHUs d(, d| U a; ONPeaes-
IOT CBOMCTBA HCCIIeyeMoro GpuibTpa.

3apucoBaTh pacloIOKEHUE HYJIEH U MOIIOCOB U n3Meputh AUX Ha nepednc-
JICHHBIX HIDKE YacTOTaX Il OJHOTO W3 YKa3aHHBIX MperojaBareieM Habopa Ko-
s unmeHToB GuapTpa:

a) ap= 1 , A1 = 1,a2=1;
0)apg=-1,a,=2,a,=-1;
B)ap=1,a;=0,a,=-1;
rNay=1,a;=0,a,=1;
z[)a0=l,a1=2,a2=3;
e)ap=1,a,=2,a,=-3;
K)ap=1,a1=1,2,a,=1;
3)ag=1,a,=-1,6,a,=1;
nay=2,a1=1,a,=-1;
K)ap=1,a;=-14,a,=0,5;
n)a0—2 a) = 1a2 05
M)ag=1,a;=1,a,=0,5;
H) apg = 1, ay = 0,5, ap = 0,5.
3navyenus AUX 3aHecTu B TaOIUILy.

F 1 10 20 30 40 50 60 70 80 90 | 100 | 110 | 120

K

Memoouka usmepeHus amnaumyoOHO-4aACMOMHBIX XAPAKMEPUCTUK Dulbm-
pos. AUX (uiabTpoB u3MepseTCcs MO TOYKaMm, MYTeM BapbUPOBAHUSI YACTOTHI
BXOJTHOTO CHHYCOMJAJIBbHOIO CUTHAJIA YU U3MEPEHUS aMIUIUTYIbl CUTHAJIA HA BBIXO-
Je. AMIUIMTYJla BXOJHOW CHHYCOWZIbl paBHA €IMHUIIE, MO3TOMY aMIUIUTY/Ia BbI-
XOJIHOI'O CUTHAJIa paBHa 3HaueHn0 AUX Ha JaHHOW 4acToTe.

2. Hccneooeanue pekypcusnozo guiavmpa nepeozo nopsaoka. /Ins peanunsza-
IIUU PEKYPCUBHOTO (PUIIBTPA MEPBOTO MOPSIKAa YCTAHOBUTH CIEAYIONINE 3HAYCHUS
kodhunmenToB: ag =1, a; = ap = b, = 0. OcraBmieecst 3HaueHUE b|, KOTOPOE IO
yKa3aHUIo mpernojaBaTens BoiOupaercs u3 quanaszona 0,5...0,9, onpenenser cBoii-
CTBa UCCJEeAyeMOTo (QUIbTpa.

N3meputh «mOCTOSTHHYIO BpeMeHu» (uibTpa T (B orcuerax). MmmynbscHas
XapaKTEPUCTHKA PEKYPCUBHOTO (DHUIBTpa IEPBOTO MOPSIKA SBISETCS SKCIIOHCHITH-
ATBHOU, TIOJT «MIOCTOSTHHOW BPEMEHW» TOHMMAETCS YHCIIO OTCYETOB, 3a KOTOPOE
OHa 3aryxaeT 710 ypoBHs 1/e = 0,37. Jlng u3MepeHust 3Tol BEIMYUHBI CIEAYET BbI-
BeCTU rpadvK UMITYJICHOM XapaKTEPUCTUKHU (BBHIOpATh CUTHA QOUHOUHBLIL UM-
nyabc U MEIKHYTh Ha KHONkKe CTapT) M, YBEIWYUB MaciiTad HE0OXOIUMOTO
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dbparmenTta rpaduka, onpeneauTb, MEXAY KaKUMH OTCUETAMHU JOCTHTaeTCs yKa-
3aHHBIN ypoBeHb. {15 yBenudeHus: Maciitada CcieayeT pacTsHYyTh MBIIIbIO PaMKy
Ha rpaduke cresa Hanpaso, ceepxy 6Hu3. JIjisi BO3BpaTa K UCXOJHOMY MacIITady
ClielyeT pacTSHYTh MBIIIbIO paMKy Ha rpauke Mo AUAroHalIH 6 1060M U3 opyeux
Hanpasnenuti (HapuMep, cnpasa Haieso, céepxy eHus). Kpome TOro, MOxxHO Ie-
pemeniaTth rpaduk 06e3 M3MEHEHMs ero maciutada Mpu HaXKaToW npasoli KHOIIKE
MBIIIIH.

3apucoBaTh pacIoIOKEeHUE HyJel U nmontocoB U u3Meputb AUX Ha yka3aH-
HBIX HUXKE YyacToTax. 3HaueHust AUX 3anectu B TaOIUILy.

f 1 5 10 | 15 | 20 | 40 | 60 | 80 | 100 | 105 | 110 | 115 | 120 | 124

K

3. Hccneoosanue ycmouuusocmu peKypcugHozo (puibmpa emopoz20 nopao-
ka. KoapduumeHTsl HEpeKypCUBHOW YacTH (PUIIbTPA YCTAHABIIMBAIOTCS CIIEIYIO-

muMH: ag = 1, a; = ap = 0. 3HaueHue koddduimenTa b; OCTaBUTh TEM K€, YTO U
B 1. 2. 3Mensis ko pument by, HEOOXOAUMO OINpPEACTUTh AUANa30H ero 3Have-
HUU (D) min --- D2 max), COOTBETCTBYIOIINI yCTOHINBOMY (DUIBTPY, a TaKKE OTpe-

AEMATh TPAHULY (D) wparu. mon.)s PA3AENAIOUIYIO OOJIACTH BEIIECTBEHHBIX U KOM-

TJICKCHBIX TTOTIOCOB (DUIIBTPA.

W3mepenust Mpou3BOATCS TIPU CHHYCOUIATbHOM BXOJHOM CHUTHAJE, YacTOTa
CUTHaJa MOXET OBbITh MPOU3BOJILHOU. ¥YCTOWYMBOCTH (PUIIBTpa OMPENEseTCs MO
BUJTy BBIXOJHOTO CHUTHAJIa M PACTIONOKCHHIO ITOJFOCOB Ha KOMIUIEKCHOM TIIIOCKO-
CTH:
® ycmouuueslili uabmp: BHIXOJIHONW CHUTHAJI MPEJCTABISIET cOO0N TUCKPETHBIC

OTCYETHI CHHYCOU/IBI, TIOJIFOCHI JIKAT BHYTPHU CIMHUYHOU OKPYKHOCTH;

o Quromp Haxooumcsa Ha 2paHu yCmMoOUUUEOCHU: XOTS Obl OJUH W3 TOJIOCOB
JCKAT HA CNUHUYHON OKPYKHOCTH, B BBIXOJHOM CHTHAJE MOTYT TOSIBUTHCS
HapyIIEHUS CUHYCOUIATLHON CTPYKTYpPBI, HO OH COXpaHSAET MEPUOIUIHOCTD U
CTaOMIIbHYIO aMIUIUTYAY;

® Heycmouuuewlil punabmp: Xo1si Obl OJIUH U3 TOJIOCOB JICKUT CHAPYIHCU €ITU-
HUYHON OKPY>KHOCTH, BBIXOJTHOM CHUTHAJ MepecTaeT ObITh JaKe MOXO0X Ha CH-
HYCOMJY, €r0 YPOBEHb PE3KO BO3pacTacT (MJis MpeaoTBpAICHUs IMEepPEeroHe-
HUW B IIpOTpaMME PEalM30BaH OTPAHUUYMTENb YPOBHS BBIXOJIHOT'O CHUTHala Ha
ypoBHe £100).

[ToydeHHBIC TaHHBIC 3aHECTH B TAOJIHITY.

bl b2 min b2 KpaTH. I10J1. b2 max

4. Hccneoosanue pezonamopa emopoz2o nopaoka. J1jisi peanuzanuu pe3oHa-
TOpa BTOPOTO IMOPSAIKA YCTAaHOBUTH CIEAYIOIIME 3HA4YCHUS KOA(DDHUIIUESHTOB:
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ag=-1, a; =0, a, = 1 n ykazanHyo npenojaBarejieM KOMOMHAIIMIO 3HAYEHUI KO-
3¢ ¢unueHToB b; u by, BRIOUpaeMbIX U3 CIEAYIOUUX HAOOPOB 3HAUCHUH:
e b €{0,0;0,5; 1,0; 1,5};
e by, e {-0,7,-0,8;-0,9}.
OmnpenenuTts napamMeTpbl UMITYJIbCHOM XapaKTEPUCTUKH (UIBTPA: MOCTOSH-

HYI0 BPEMEHM 3aTyxaHusi oruoaromieil t v nepuon kosiebanuih 7 (B orcuerax).
JlaHHBIE 3aHECTH B TaOJIHILY.

T, T,

by | by
OTCUYETHI | OTCUECTHI

3apucoBaTh UMIYJbCHYIO XapaKTEPUCTUKY, PACTIONOKEHUE HYJIEH U TTOJIFOCOB
u m3meputb AUYX npumepHo Ha 15 yactorax, BEIOpaHHBIX CAMOCTOSATEIBHO B 1M~
nazone ot 1 g0 124. 3HayeHus 4acTOTHI IOHKHBI OBITh PACIIOJIOKEHBI OJIUKE JIPYT
K JIpYTy B OKPECTHOCTAX TOW 4acTOThl, rae AUX nmpuHUMaeT MakCUMMaJIbHOE 3Ha-
YeHUEe, U PekKe — B yAaJICHHBIX OT nmuka AYX 4acTOTHBIX AHana3oHax. 3HAYECHUS
AUYX 3aHecTu B TaOJIHILY.

ol ][04
K|

5. Hccneoosanue npeobpazosanus wiyma 6 Ouckpemuom guavmpe. J{ns
UcclieJoBaHHOTO B 1. 4 ¢unpTpa BbIOpaTh BXxoaHo curHan Lllym u 3apucoBath
HOPMHPOBAHHYIO KOPPEIALMOHHYIO (DYHKIIMIO BBIXOJHOTO CUTHAJIA.

Coaep:xxanue oTuera

Ilpumeuanue. Teopetnueckue rpadpuxu AYX n @YX Bo Bcex ciyyasix pac-
CUMTBIBAIOTCS KaK MOJYJb U (ha3a KOMIUIEKCHOTO Ko3(duimeHTa nepeaadu Iuc-
KpeTHoro ¢puiasTpa, onpenensemMoro corjacHo (9.11) u (9.12).

l.TITom. I:

® COBMECTHO IOCTPOEHHBIE IKCIEPUMEHTAIBHBIM U TEOPETUUECKUN TpauKH
AUX uccnenoBaHHOTO QUIBTPA;

e Tteopernueckuii rpapuk GUX uccrnenoBanHoro GuiabTpa;

® 1300pakeHHEe PACIIONIOKEHHUSI Ha KOMIIEKCHOM MJIOCKOCTH HYyJIEH U MOJII0COB
CUCTEMHOU (PYyHKIIMU UCCIETOBAHHOTO (PUIIBTpA.
2. Ilo m. 2:

® DSKCIEPUMEHTAIBHOE U TEOPETHUYECKOE 3HAYEHUSl «IIOCTOSIHHOW BPEMEHN)
UCCIIEIOBAaHHOTO (DUiIbTpa (TEOPETHUYECKOE 3HAUCHHE «IIOCTOSHHOW Bpeme-
HU» OTMPEAETATh UCXOA U3 (POPMYIIbI UMITYJIBCHON XapaKTEPUCTUKU JTaHHO-
ro punsTpa: A(k) = (bl)k =exp(k In(by)), k= 0, orkyna t = —1/In(b)));

® COBMECTHO IOCTPOEHHBIE IKCIEPUMEHTAIbHBIM U TEOPETUUECKUN TpauKH
AUX uccnenoBaHHOTO QUIBTPA;
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teopeTudecknii rpadguk ®UX uccnenoBaHHOro GUILTPA;

M300paKEHUE PACTIONIOKEHHS HAa KOMIUIEKCHOM TUIOCKOCTH HYJIEH U MOTIOCOB
CUCTEMHOU (YHKIIUN UCCIETOBAHHOTO (PUIIBTpA.

3. Ilo m. 3:

3HauYeHUE b| W Auana3oH 3HAYEHUU b), MPU KOTOPHIX (UIBTP SIBISAETCS YC-

ToitunBbIM. CJieayeT Takke yKazaTh 00JacTH 3HAUYCHUM Dy, B KOTOPHIX MOJIIO-
Chl CUCTEMHOUW (PYHKIIUM MPUHUMAIOT BEIIECTBEHHBIC U KOMILUICKCHBIE 3HAYE-
HUSL.
4. Ilo . 4:
DKCIEPUMEHTAIIBHO U3MEPEHHBIE U TEOPETUYECKU PACCUUTAHHBIE 3HAYCHHUS
MOCTOSIHHOW BpPEMEHU 3aTyXaHus Orufaromeid M mnepuoaa KoJeOaHwil hM-
MyJIbCHOW XapaKTepUCTUKH (PuibTpa. TeopeTndeckue 3HAYCHUS] PACCUUTHI-
BAIOTCsI 1O CIEAYIOMUM (popmyiam:

2 21

T=—- ) T =
1n(—b2 ) arccos bl

1-b,

COBMECTHO TIOCTPOCHHBIEC SKCIIEPUMEHTAIBHBINM U TEOPETUUYECKUI TpaduKu
AUX uccnenoBaHHOro GUIBTPA;

teopeTudeckuii rpadguk ®UX ucciaenoBaHHOro GUILTPA;

M300paKEHUE PACTIONIOKEHHS HAa KOMIUICKCHOM TUIOCKOCTH HYJIEH U MOTIOCOB
CUCTEMHOU (PYHKIIUU UCCIETOBAHHOTO (PUIIBTpA.

5.1lom. 5:

M300paKeHNEe HOPMUPOBAHHOW KOPPEIAIMOHHON (DYHKITUU BBIXOIHOTO CHT-
HaJja JiJIsl UCCIEI0OBAHHOIO (PHIIBTpA.

6. BbIBOJIBL.

KOHTpOJIbHLIe BOIIPOCHI

1.

2.

e

100

Yro Takoe cucteMHasi GyHKIUs AucKkpeTHoro ¢punbtpa? Kakoit Bua oHa uMe-
eT 1 PU3NYECKU peanuzyemoro ¢puibtpa’?

3anucarh BbIpaKEHUE IS aIrOpUTMa AUCKPETHON (PUIBTpAIMU U MOSICHUTH
€ro.

Kak paccuuTbiBaeTcsi KOMIUIEKCHBIH KO3 (GUIMEHT Teperayu TUCKPETHOTO
bunbTpa?

KaxoBo ycioBHe yCTOMYMBOCTH TUCKPETHOTO (huibTpa?

Kak 3aBucur Bug UX ¢unsTpa BTOpOro mopsjika OT THIA MOJTIOCOB (BEIIECT-
BEHHBIE/KOMILJIEKCHBIE) CUCTEMHON (PYHKITUHN?

Kakue BBIBOJBI MOXKHO C/i€NIaTh O BIUSHUM KOA(DPUIUEHTOB b| U by peKyp-
CUBHOTO (pMJIbTPA BTOPOTO MOPSAKA HA CKOPOCTh 3aTyXaHMs U YACTOTY KOJIe-
6annit X storo ¢unbrpa?



10.

11.

12.

13.

14.

Ha npumepe ykazaHHoro mpemnojaBareieM (UIbTpa U3 YMCIA UCCIIEIOBaH-
HBIX B JJAHHOU paboTe OOBICHUTH, KaK CBS3aHO PACIOJIOKEHUE HYJIEH U TO-
JIOCOB CUCTEMHOW (PYHKIIMM Ha KOMIUIEKCHOW MIIOCKOCTH ¢ (popmoit AUX
bunpTpa.

[Ipu KakuX COOTHOMIECHUSX MEXKIYy Koddduimentamu by u b, momrocsl HyHK-
MU TIepelayn JUCKPETHOro (uibTpa BTOPOro Hopsaka OyAyT BELIECTBEH-
HBIMHU?

[Ipu KakuX COOTHOMICHUSAX MEXay Koddduimenramu by u b, monrochl PyHK-
[IUU TIepeiaydl TUCKPETHOro (UIbTpa BTOPOTO MOPSAIKa OyIyT KOMIUIEKCHBI-
Mu?

[Ipn Kakux COOTHOLIEHUSX MEXAY KodpduuuentamMmu by u by pyHKUuUs nepe-
Ja4u AUCKPETHOrO (PUIIbTpa BTOPOIO MOpsKa OyJeT UMETh KpaTHBIN MOJ0C?
[Tpu kakux KOMOMHAIMSIX 3HaUYCHUN KOdPPUIMEHTOB b U by AUCKPETHBIHI
GbuIbTp BTOPOro nopsijka 0yner yCTOMYUBbIM?

[Ipn kakux 3HadeHUSX KO3 duirenTa by TUCKPEeTHbIN GUIBTP MEPBOTO MO-
psaka OyJieT yCTOMYUBBIM?

MoseT 11 HepeKYpCUBHBIA AUCKPETHBIA (UIbTp ObITh HEycTOMYMBBIM? [lo-
yemy?

MoskeT JIu UMITYJIbCHAsI XapaKTEPUCTUKA PEKYPCUBHOIO IUCKPETHOTO (PUIIBT-
pa UMETh KOHEUHYIO ITTUTEIBHOCTH?
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10. MIPEOBPABOBAHUE TAPMOHHUYECKOI'O KOJIEBAHUS
B HEJIMHEWHOU BE3BIHEPIIMOHHOM LIEITU

Ilenv pabomur — uzyuenue npeoOpa3oBaHUs TAPMOHUYECKOT0O KoieOaHus B
HEJMHEHOM Oe3bIHEPIIMOHHOM LIETH U aHaJIU3 TaKOTO MPeoOpa3oBaHMs ¢ UCIIOJb-
30BaHHEM KYCOYHO-JTMHEHHON M KBaJPAaTUYHOMN anmpOKCUMAIIMK BOJbT-aMIEPHON
XapaKTePUCTUKU HEJIMHEWMHOTO JIEMEHTA.

10.1. TeopeTnveckue cBeeHUs

Jlnst mpeoOpazoBaHus M 0OpabOTKH CUTHAJIOB HAPAY C JIMHEWHBIMU TEMSIMU
IIMPOKO TPUMEHSIOTCS HEJIMHEWHbIe 1enu. JUIs nuwuetinbix 1eneld CIpaBeIvuB
IPUHITUI CYTIEPIIO3UIIMHA, KOTOPBIA B OOIIEM BUJIE MAaTEMaTUYECKHU BBIPAKACTCS
CIEAYIOIIUM 00pa3oMm:

Llsi(#) +s2(0) + ... +5,(0] = L[s1()] + L[s2()] + ... + L s,(D)], (10.1)

rjae L — omepaTop, XapaKTepu3yIoluii mpeoOpa3oBanne curHania s(f) memnbo.

I 4 PannorexHuueckas IENb SBISCTCS HeEAUHEUHOU,
___________ €CJIM B €€ COCTaB BXOJAT OJWH WM HECKOJBKO AJIEMEH-
TOB, JUIsl KOTOpbIX cooTHouenue (10.1) HecnpaBemiu-
BO, T. €. MMApaMETPbl KOTOPBIX, a CIAEAOBATEILHO, U BU/
omneparopa L 3aBHUCSAT OT YpOBHS BXOJHOTO CHUTHAaja.
[IpocTenmmM npuMepomM HEJTUHEUHOTO AJIEMEHTA SIBJISI-
€TCS TOJYNMPOBOJAHUKOBBIM U0, THUIUYHAS BOJIBT-
l amriepHast xapaktepuctuka (BAX)i=f(u) koroporo
0 u, U, U3 u Toka3zaHa Ha puc. 10.1. Ecnu npeanosoxuTe, 4To ore-
parop L B dopmyne (10.1) BbipakaeT 3aBUCUMOCTH
i =f(u), TO OYEBUAHO, YTO ATO COOTHOIICHHUE HE OyIeT

BBIIIOJHATHCA: UMCHHO, HAIIPAXKCHUIO ©1 COOTBCTCTBYCT TOK ila HAIIPAKCHUIO Uy —

I3

A R

i F=>

Puc. 10.1

TOK I7, HO COOTBETCTBYIOIUI HANPSYKEHUIO U3 = U] + Uy TOK i3 # i1 + i).

Pasznuuaror pesucmuenvle (CONPOTUBICHUS) U peakmugnble (MHIYKTUBHOCTU
U €MKOCTH) HEJIMHENHbIE AJIeMeHThl. Harpumep, nolynpOBOJHUKOBBIA JUOJ NMPU
TEOPETUYECKOM aHAJIN3€ YaCTO CYUTAIOT PE3UCTUBHBIM HETUHEHHBIM 3JIEMEHTOM.

3/1ech CYILLIECTBEHHBIM SIBIISIETCS TO 00CTOSATENBCTBO, YTO BAX pe3sucTuBHOTO
HEJIMHEHNHOTro 31eMeHTa i = f(u) He COJAEPKUT B SIBHOM BHUje BpeMeHu. Dusnvecku
3TO O3HAYAET 0Oe3bIHePYUOHHOCMb PE3UCTUBHOIO HEJIMHEMHOro 3JIEMEHTA, T. €.
MT'HOBEHHO CJIEYIOIEE 3a U3MEHEHUEM BHEILIHEr0 BXOJHOTO BO3JCHCTBUS ycTa-
HOBJICHUE BBIXOAHOMN peakiuu. Kpome 11oi0B, K pe3UCTUBHBIM HEJIMHEMHBIM 3Jie-
MEHTaM IIPU aHAJIM3€ YAaCTO OTHOCST OUIOJISIPHBIE U TOJIEBBIE TPAH3UCTOPBI, HJIEK-
TPOBaKyyMHbBIC TPUOOPHI (JTAMIIBI) U T. II.

K unepyuonnvim HETMHENHBIM 3JIEMEHTAM OTHOCSTCSI HEJIMHEWHBIE PEaKTUB-
HbIE 3J€MEHTHI. [IpuMEpPOM Takoro sneMeHTa CIy>)KUT 8apukan — CIIELHAIbHBIN
HOJIyIIPOBOJHUKOBBIN JMOJI, HCIIONB3YEMBIM KaK KOHIEHCATOpP C 3JIEKTPUYECKU
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yIpaBiIsieMOd €MKOCThIO. CBSI3b MEXAY TOKOM W HAINPSKEHUEM HA HEJIMHEWHOU
E€MKOCTH BhIpaxkaeTcsi GopmyJion

dC(u) du

.:@:C
du dt’

i
dt

B KOTOPYIO BpEMSI BXOJIUT SIBHO.

DKBHUBaJICHTHAs CXeMa JII0O0r0 MOJYIMPOBOJHUKOBOTO HWIIM DJIEKTPOBAKYYM-
HOTO 2JIEMEHTA COJEPKUT TaK Ha3bIBaeMbIe coOCcmaeHHble (napa3umHvle) eMKOCTU
U UHIYKTUBHOCTHU. [103TOMY O€3BIHEPIIMOHHBIX HEIMHEHHBIX 3JIEMEHTOB, CTPOTO
TOBOPSI, HE CYIIECTBYET. DTO MPEJACTABICHUE YI00HO ISl TEOPETUUSCKOTO aHAIH-
3a TIpeoOpa30BaHU PATUOCUTHAIOB B HEIMHEHHBIX IensaX. COOTBETCTBUE TaKoM
MOJICJIM TI0 CBOUM CBOMCTBAM PEAIBHOMY 3JIEMEHTY OIPEACISACTCA YaCTOTHBIM
JIMaIra30HoM, B KOTOpPOM OyaeT paboTaTh cojepikaliee 3JIEMEHT aHaJu3HpyeMoe
ycTpoicTBO. [Ipu 3TUX YCIOBUSX TaKHe paJUOTEXHUUYECKHE MPEeoOpa3OBaHUs CUT-
HaJIOB, KaK HEKOTOPbIC BUAbl YCUJICHUS, MOAYJISALINIO, TETEKTUPOBaHUE, MPeodpa-
30BaHUE YaCTOThI, T€HEPAIMIO, Yallle BCEr0 CUUTAIOT OE3bIHEPIIMOHHBIMU HEJIH-
HEeHWHBIMHU.

HenpuMeHMMOCTh MPUHLMIA CYIEPIO3ULNU CYIIECTBEHHO YCIOXKHSACT aHa-
JIA3 BO3JEUCTBUSA CUTHAJIA HA HEJIMHEMHYIO LENb, TAK KaK BBIXOJHOM CHUTHAI HE
MOKET OBITh MPEACTABJICH B BUJE CYMMbl pEakIuii Ha 3JIEMEHTapHBIC BXOJIHBIC
CHUTHAJIbl, KaK 3TO JEJACTCS MPU aHAIU3E BO3JACKUCTBUS CUTHAJIA HA JIMHEHHYIO
1enb. B CBA3M ¢ 3TUM HENPABOMEPHO BBIYHUCIEHHUE CIEKTPA BBIXOJHOTO CHUTHAja

SBHX (®) o popmye SBHX () = S(®)K () HIH BEIYHUCICHHE BPEMEHHOTO OTKIIHU-

du
U)—+u
( )dt

Ka C MOMOLIBIO UHTErpayia /roamens.

Annpokcumauusa HeIUHEUHbIX Xapakmepucmuk. TeopeTUYeCKUl aHau3
MO3BOJIAECT ONPENENUTh Julllb o0k Bua BAX HenuHEeWHOro 3JieMeHTa, U Mpak-
TUYECKash LIEHHOCTh TAKMX XapaKTEPUCTHUK I MCCIEAOBAaHUS MOBEACHUS Peallb-
HbIX HEJIMHEMHBIX 3JIEMEHTOB B PAJMOTEXHUYECKHX CXEMaX HEBEIMKA; IMpaKTH4e-
cku nosie3Hble BAX, kak npaBuiio, MOJy4arOT IKCIEPUMEHTAIbHO. OIHAKO KCIIe-
PUMEHT J1aeT, MO CYIIECTBY, TaOJUYHOE MPEJCTABICHUE XaPAKTEPUCTUKH, B TO
BpeMsl Kak JUIsl aHAJIM3a U pacueToB HEOOXOIUMO aHanumuyeckoe, B BUse Gopmy-
ab1, mipeacraBienne BAX. Hcmomnb3yroTcs pa3iuyHble CHOCOOBI ammpoKCHMa-
UM — 3aMEeHbl TaOJUYHO (2 MHOT/Ia U aHAJIMTUYECKH) 3aJaHHON XapaKTepUCTUKU
GyHKIUSIME, TPHOIMKEHHO OTPaXXaloIMMH MOBeAeHNHEe peaiabHoii BAX Henuuei-
HOTO JIBYXITOJIOCHUKA B MPEICTABIIIIOIIEM UHTEPEC AUANA30HE U3MEHEHUS apry-
MeHTa. [Ipu BeIOOpE BH1a anMpOKCUMHUPYIOIIUX (PYHKIUN YUUTBHIBAIOT TPEOyeMyIO
TOYHOCTh pE3yJbTaTa, Mpeaesbl U3MEHEHUsI BXOAHOTO BO3JEHCTBUA U YI00CTBO
BBIOpaHHOW (PYHKIMM JJI aHAJTUTUYECKUX pacueToB. Hambonee pacmnpocTpaHeH-
HbIMU BHJIAMH aIMPOKCUMALIUU SIBISIOTCS NOJUHOMUANLHAS, KYCOUYHO-TUHEUHAs U
9KcnoneHyuanvras. Ilocne pemeHus 3aJa4u annpoKCUMalul OTKIMK HEJIMHEWHOU
CUCTEMBI Ha 3a/IaHHOE BO3/IEHCTBHUE OMUCHIBACTCS HENIMHEHHBIM quddepeHinas-

103



HBIM ypaBHEHUEM, KOTOPOE pElIaeTCs aHAJIUTUYECKHU WM 4YuciaeHHo. Jlanee pac-
CMaTpUBACTCS KyCOYHO-JIMHEHHAs allpOKCUMAaLMs, TEOPETUYECKUE CBEACHUS O
MOJIMHOMUAJILHONM anmnpoKCUMAaIlMM, TAaK)Ke UCIOJIb3yeMOW B JaHHOU paboTe, mpu-
BEJICHBI B ONHUCAaHUU J1abopaTopHOU padoTs! 11.

Kycouno-nuneitnasa annpoxcumayusa. B HEKOTOpBIX cilydasx (Hampumep,
eciu u(f) N3MEHseTCsl B JOCTATOYHO Oosbluux npenenax) BAX HenuneitHOTrO 3ile-
MEHTa alMpOKCUMHUPYIOT IBYMs WM O0Jiee OTpe3KaMu MPSIMbIX.

- A

l l

A

Puc. 10.2

[Ipumep wyarmie BcCero BCTPEUAIOIIETOCS BapHaHTa KYCOYHO-JTMHEHHOW ari-
npokcumaruu BAX mnoka3zan Ha puc. 10.2. AnnpokcuMupyrouiee BbIpakeHHE 3a-
MIACHIBACTCS CIICAYIOIIMM 00pa3oMm:

. Swu-Uy), uz2U,, (10.2)
0, u<Uy.
31ecy KOHCTaHTa S — Kpymu3Ha TUHEHHON YacTy anmpoKCUMUpPYIoIen QyHKIuH,
Uy — KoOpJIMHATa «Havajiay JIMHEHHO Bo3pacTtaroieid BeTBM BAX (HampsikeHue
OTCEYKH).
Bo3oeiicmeue zapmonuueckozo Konedanus Ha 0e3bIHEPUUOHHBLIL HeUHel-
Hblil 371emenm. PacCMOTPUM BO3IEHCTBUE HA HEJIMHEWMHBIA DJIEMEHT rapMOHHUYE-
CKOT'0 KOJIEOaHUS B CYMME CO «CMELIEHUEM», 3aJa0IIUM pabouyro TOUKY:

u(t)=Uy+ U, cos(oit + @y). (10.3)

O6patumcs k puc. 10.2, WITIOCTPUPYIOMIEMY THITUYHOE B3aWMHOE PACIOJIO-
xenue BAX u curnana (10.3), HaganbHyto a3y KOTOpOTo IpUMEM PaBHOW HYJIIO

(p; =0). Tok B 11eNM MOSABIAETCS TOJBKO OpH u > Uy U SABISIETCS NEPUOANUECKON
MOCJIEIOBATEIbHOCTHIO UMITYJILCOB:

U,-U
. S(Uq +U,, cosot —Uy)=SU,, | cosojt ——E— | | —2kn|<0,
i(t) = U, (10.4)

0, | ot —2km|>0.
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Beenennsiii B Boipakenue (10.4) mapamerp O Ha3bIBaeTCs yen1omM OMCEUKU.
@u3NYECKU CMBICT YTIila OTCEYKH HILTIOCTpUpyeT puc. 10.2 — oueBUAHO, YTO MO

KOOpAMHATE M/ (JMHEHHas Tekymas (a3a) KOCHMHYCOMAANBHBIM HMMITYyJIbC TOKa

uMeeT AutenbHocTh 20. Ilpu 7 = 2k + 0 Tok B 1enu paBeH HYJ0; U3 YpaBHE-
HUS

SU,, {cos@ —M] =0
Um
CJIEIYFOT YaCTO UCIOJIb3YEMbIC COOTHOIIICHUS:
cosezu, (10.5)
Um
i(¥)=SU,(cos 1t —cos 0), cos wt>cos 0. (10.6)

MakcumalbHOTO 3Ha4YeHUs 1, UMITyJIbC TOKA JOCTUTaeT MpHU Mf = 2kT, MO-
ATOMY

1

l,=SU,(1 —cos 0), SU, =—"—. (10.7)
1—cosH

Hcronb3ys OMy9YeHHBIC COOTHOIICHUS, HaiieM KO3 GUITUESHTHI Pa3I0KEHUS

nepuoandeckou (¢ nepuoaom 7 = 2m/®w;) pynkuuu (10.6) B psinx @ypse B CHHYCHO-

KOCHMHYCHOM IIPC/ICTAaBJICHUN

(e 0]
, a :
i(t)==2+ Z (ay coskwyt + by sinkw;t)-
2 k=1
Tak xak ¢pynkiusa yetHas, kodpbutments! by = 0. KoadurmeHTs! a; Bbauc-
JS0TCS 110 hopmyJie

D) T/2 ) 0
ap =— I i(t)coskmit dt =—— j i(t)coskot d(mt).
T—T/2 (,01T_

Hcnonp3ysi 9eTHOCTh TOJBIHTETPaIbHOTO BhIpakeHus, (opmymnst (10.6),
(10.7) u cooTHOmIEHUE 1] = 27, IEpEeNUIIEM TOCIEAHNN UHTETPaI:

0
a, = _ 2w J- (cosmt —cosO)coskot d(mit).
n(l—cos0) * 0

Koadpduumentsr a; mias k>0 sBIsitOTCS aMIUIUTYJaMU TapMOHHYECKUX CO-
CTaBIIIONIMX TOKa i(f); MOCTOsHHAs cocTaBistomas Iy = ay/2. NHterpupoBaHue
naeT GopMyITy JUIsl aMIUTUTYbI k-i TAPMOHUKH:
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2(sinkBcosO — kcoskBsin0)
I, =1, 5 :
kn(k™ —1)(1—cos0)

HpI/IBCI[eM SIBHBIC BBIPAKCHUA I aMINIUTYl HCKOTOPBIX I'APMOHUK:

sin® —0cos0O sin® —0cosO
[0 =4 = m >
7(1—cos0) T
L=1, 0 —sinOcosO _sU, 6—sm6c0s6,
7(1—cos0) T
-3
I, = szl—nezSUmisin3 0.
3n(l1—cos0) 3n

Yacto ucnonb3yroTcs HOPMUPOBAHHBIE K [, 3HaUeHUS [, WIn Koagduyuen-
mul bepea

o (0)= 11}_(9) I, = oy (0) L,

m

a Takxe gyuxkyuu bepea

I
0)=—k_  [,=v(0)SU,,
Y% (0) SU = Y(0)SU,,

m

I'paduxu o, (0) u y,(0) g k=0, 1, 2, 3 npusenens! Ha puc. 10.3 u 10.4.
Bun rpadukoB yka3piBaeT Ha BO3MOXKHOCTH ONTHMU3AIMH TPOIEAYPHl HEITHMHEH-
HOTO TIpeoOpazoBaHus, Tak Kak npu 3amaHHo BAX (dbuxcupoBanHoMm Uy) yron
otrceuku O B coorBeTcTBUU ¢ popmyioit (10.5) perynupyercst BBIOOPOM aMIUIUTY-
nbl U, u cmemenus Uj.

) s B T ¥a(9)
0,5~ 038
| | |
| | |
04 } 0.6
0,3 !
0.4
0,2
0.1 0,2
0 0
-0,1 -0,2
0 20 40 60 80 100 120140 160 6, ...°

Puc. 10.3 Puc. 104

Koadpdunuents! u pynkiun bepra cBsizanbl Ipyr ¢ JpyroM COOTHOLICHHEM
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1i(0) = (1 — cos 0)oy(0).
Taxkum 006pa3oM, TOK B LIENTM HEIMHEWHOTO JIBYXITOIIOCHUKA IIPU rapMOHHYE-

CKOM BO3JECHCTBHM MPEICTABIIETCS CYMMOM NMOCTOSHHOW /() M1 TapMOHHUYECKHUX C

amrumrynamu Iy, I, I3, ... 1 4actoTaM ®1, 201, 301, ..., KpaTHBIMA 4aCTOTE MPHU-
JI0’)KEHHOTO HAIPSDKEHUS, COCTABIISIONINX, T. €. psoom Pypve.

10.2. Onucanue J1a00paTOPHOI YCTAHOBKH

JlabopaTopHasi yCTaHOBKa BKJIIOYAET B ce0sl 1ab0OpaTOPHBIM MaKeT CO BCTPO-
€HHBIM BOJIBTMETPOM, BBICOKOYACTOTHBIM reHepaTop, OCUUIUIOrpad U aHaIu3aTop
cnekTpa. JIJabopaTopHbIil MaKeT COJIEPKUT AJIEKTPOHHBIE OJIOKH, BHITIOJHEHHBIE HA
0a3e omeparMoHHBIX YCHIIUTEIEH W peaau3ylolue onepaiul CyMMUPOBAHUS Ha-
NpsKeHUs E(; OT BCTPOEHHOI'O PETYJIUPYEMOIr0 UCTOUYHUKA U DJIEKTPUYECKUX KO-

Je0aHuil OT BHEUIHEr0 MCTOYHMKA (F€HepaTopa) U HETMHEHHOTO MpeoOpa3oBaHus
3a CYET BBEJCHHUS B CXEMY IMOJTYNPOBOJIHUKOBOIO AUO/IA, UMEIOIIETO HEIMHENHYIO
BAX. Takxe uMeercsi BCTPOCHHBIM B MakeT MOJIOCOBOM (PUIBTP C pe30HAHCHOM
yactoroit 200 k['1, yepe3 KOTOpbI MOKHO MPOMYCTUTh MPEOOPa30BaHHBIC HEJH-
HEWHBIM AJIEMEHTOM KoJIeOaHUs C TOMOIIbI0 niepekintodarens S1.1, u HenMHeHHbIN
AJEMEHT C KBaApaTUYHOW aMIUIUTYJHOM XapaKTepUCTHUKOM. BrIxoqHOE Hampshke-
HUE TOIAETCS OJTHOBPEMEHHO Ha OCIMILIOTpad M aHAIM3ATOP CIIEKTpPa, YTO MO3BO-
JISI€T TPOBOJIUTH U3MEPEHHS BO BPEMEHHON M 4acTOTHOW obnactsax. Jlns u3mepe-
HUSI aMIUTUTYJHOM XapaKTEPUCTUKH HEIMHEWHOro 3JIeMEeHTa (3aBUCMMOCTU Ha-
MPSKEHUSI HA BBIXOJIE OT HANPSsKEHUS HAa BXOJI€) B MAKETE MMEETCS] BCTPOCHHbIN
BOJIETMETP, KOTOPBIM B 3aBUCHMOCTH OT IIOJIOKEHUS Nepekintoyarens S1.2 mo3so-
JSE€T U3MEPUTH MOCTOSIHHOE HAIPSDHKEHHUE 10 HEJIMHEHHOTO AJIEMEHTA WJIM IOCIIE
HETO.

Jnst ynobcTBa MpoBEACHUST U3MEPEHHUI TOK, MIPOTEKAIOIINI uepe3 HeWHEH-
HBIM 3JIEMEHT, IpeoOpa3yeTcsl B HAMpPsHKEHUE MOCPEACTBOM MPOITYCKAaHUS €ro 4e-
pe3 PE3UCTUBHBIA AJIEMEHT, 3aT€M HaIpsHKEHUE YyCHIIMBaeTcs. Takum o0pa3om,
aMIUTUTYIHAsI XapaKTepUCTHKa OJI0Ka HEJIMHEHHOTO MpeoOpa3oBaHUs B TOUHOCTH
conagaet no Gopme ¢ BAX nenuneitHoro anementa. K MakeTy moakito4eH Crek-
TPOAHAIU3ATOP C BXOAHBIM conpotuBiaeHueM 50 OM, ¢ TOMOIIBIO KOTOPOro Ompe-
JESAI0TCS aAMIUIMTYIbl TAPMOHHUYECKUX COCTaBISIIOIIMX HampspkeHusd. M3mepus
ATU aMIUTUTYbI, JIETKO HAWTU (COTJIacCHO 3aKoHy OMa) aMIUIUTY]Ibl TAPMOHUK TO-
Ka, IPOTEKAIOIIEr0 Yepe3 YKa3aHHOE CONPOTHUBIICHUE.

10.3. 3aganue U yKazaHusl K NPOBeACHUIO Pa00ThI

1. CHATP aMIUTUTY/IHYIO XapaKTEPUCTUKY HEJIIMHEWHOro 3jeMeHTa. [[ns sToro
WU3MEHATHh HAIPSDHKEHHE CMEIICHHUs], NOJABAEMOE OT HMCTOYHHKA PEryJINPYyEMOIO
HanpsKeHus Ey, 1 U3MEPATH C OMOUIbI0 BCTPOCHHOI'O BOJBTMETPA IONAPHO Ha-

MNps’KCHUA HA BXOAC U BBIXOIC HEJIWMHEHHOro »JieMeHTa. Bo BpCM:A I/I3M€p€HHﬁ
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cleAyeT MPOKOHTPOIUPOBATh, YTOOBI KOJeOaHUsl OT BHEIIHETO MUCTOYHUKA HE TO-
JTABaJIUCh.

2. I3MepuTh aMIUIATYIbl TAPMOHUYECKUX COCTABJISIONIMX BBIXOJHOTO TOKa
yepe3 conpoTuieHue Harpy3ku (50 OM), BOBHUKAIOIIUX MPU BO3IECUCTBUM HA HE-
JIMHEHHBIN 3JIEMEHT TapMOHUYECKOTO KOJIeOaHUsl MpU Pa3IMYHBIX YIJIax OTCEY-
ku 0. [ sToro:

a) MoJIaTh HAa BXOJ] CyMMaTOpa MakeTa (BMeCTE€ C UCTOYHUKOM PEryJIupyeMo-
ro cMelleHus E()) HalpsbkeHHe rapMOHMYEcKoro konaebanusa ¢ yacroror 100 kI

OT BBICOKOYACTOTHOT'O T€HEPATOPA;

0) BBIXOJTHOE HANPSDKEHHE C HEJIMHEMHOTO 3JIEMEHTA MoAaTh Ha ocuuiorpad
Y aHAJIN3ATOp CIIEKTPA;

B) OJIYYHUTh YCTOMYHMBOE M300paK€HUE BBIXOJHOTO CHTHAJa HA HKpaHax OC-
uuiorpada u aHaauzaTopa CreKTpa;

I') MOJJEPKUBass MOCTOSIHHOM aMIUTUTYAy BXOJHOIO TApMOHHYECKOTO KOJie-
OaHus1, U3MEHATh HAPSHKCHUE CMEILEHUs £y U U3MEPATh C MOMOILIBI0 OCLUILIIO-

rpada MoJOBHHY JTMTEILHOCTH UMITYJIbCA TOKAa B HEIMHEWHOMW IETH T U MUKOBOE

SHAYCHUC HAIIPSKCHUA HA PE3UCTOPC UHI/IK; OJHOBPEMCHHO C IIOMOIIBIO aHAJIN3a-

TOpa CIIEKTpa U3MEPATh aMIUINTYIbl 4, TpPeX NEPBBIX FAPMOHMK BBIXOJHOIO Ha-
NpsDKEHUs; Bce NaHHble (3HadeHus T, Ay, Uy, ) 3al0UCBIBaTh B TaONUIy s
10...15 3uauennii t€[0,7/2], rme T — MEPUOI BXOJHOTO TAPMOHHYECKOTO KOJIe-

O0anug ¢ yactorou 100 xI'm.

3. HabmionaTh aeiicTBue 1MOJIOCOBOTO (puibTpa Ha (pOpMy M CHEKTPaNIbHBIHI
COCTaB BBIXOJHOTO HampsikeHus. (B HacTosIeM myHKTe IeMOHCTPUPYETCS peau-
3allisl YMHOXKHTENS 9acTOThl Ha 2.) [l aToro:

a) U3MEHEHHEM HAIPsDKEHHUA CMEIEeHus K B0OUTbCA Maxkcumyma 6mopot

2aApPpMOHUKU BBIXOJHOI'O HAIIPSDKCHHA W IIPU YCTAHOBJIICHHOM 3HAYCHUU EO HU3MC-

PUTH U 3aIKMCaTh 3HAYEHUA T, A;, U s

0) BIIOUNTH mepekitouareneM S1.1 monocoBoit QuiIbTp, HACTPOSHHBIM Ha
gactoTy 200 kI'1, u 3apucoBaTh GopMy HampsOKEHUS, HAOMIOIAEMYyI0 Ha JKpaHe
ocmruiorpada.

4. cnonb3ysl HEITMHEWHBIA 3JIEMEHT ¢ KBaJPATUYHOW AMIUIMTYIHOW Xapak-
TEPUCTUKOUN (KBaapaTop), MOCTPOUTH YMHOKUTEINIb YaCTOTHI Ha 2 0€3 MpUMEHEHUS
10JI0COBOro (huinbTpa. i1 3T0ro OTKIOUUTh MOJ0COBOM PUIBTP U MOJ00paTh Ta-
KO€ HallpsbKeHHE CMelIeHus Ey, 4TOOBl Ha BBIXOZAE KBaApaTopa OCTaaach TOJIBKO

BTOpasi TapMOHMKA ITPOTEKAIOLIEr0 YEpe3 HEJIMHEUHBIA 3JIEMEHT TOKa. 3aIncarh
3HAYEHUE ITOTO HAIIPSIKEHHUS.

5. Iloctpouts BAX HEIMHENHOTO JIEMEHTA MO U3MEPEHHBIM 3HAYCHUSIM aM-
IUIUTYATHOW XapaKTEPUCTHUKH, IPU ITOM 3HAYEHUS TOKA PACCUMUTHIBATH KaK OTHO-
IIEHUE BBIXOJHOTO HAIPSKEHUS K CONPOTUBIIEHUIO Harpy3ku 50 OM (BXOgHOE CO-
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IPOTUBIIEHUE CIEKTPOAHAIN3ATOPA). BBIMONIHUTH KyCOUHO-TMHENHYIO aNMpOKCH-
Manuio cHATOM BAX HENMHEHHOIO 3JIEMEHTA U ONPENEIIUTh HAIIPSYKEHUE OTCEUKU

Uy 1 KpyTU3HY S (B MIWIITMAMIIEpax Ha BOJIBT) HAKJIOHHOMN BETBHU.

6. PaccunTaTh M0 3KCIIEPUMEHTAIBHBIM JAHHBIM BEJIUYUHBI YTIIOB OTCEUKH 0,
UCIIOJIb3Ys (OpMYITy
T
0=—.
T
7. PaccunTarh aMILUIUTYyAbl TapMOHHMK TOKa [, 10 HM3MEPEHHBIM 3HAYCHHM-

M Ay .

8. [Ipon3BeCcTH HOPMHUPOBKY aMIUTATYZ [; TapMOHHMYECKHUX COCTaBJISIOIINX
TOKa B LIENH K MaKCUMaJIbHOMY 3HadeHuto toka [, =U_, /R (R = 50 Om). OyHk-

MUK
1)
1

m

o o (0) = NpeACTaBUTh B BUJie TpadukoB B maciTade, ya0OHOM s

cpaBHeHus ¢ rpadukamu puc. 10.3. OOBICHUTD UX pazIUvHe.

9. BpunciuTh yroa OTCEYKH IO AAHHBIM II. 32 U CPABHUTH €0 C YIJIOM OT-
CEUKH, 00€CTIeUNBAIOIINM MaKCUMaIbHOE 3HAaYEHUE aMIUTUTYAbl BTOPOM TapMOHU-
KM TOKa B HeNMHEeNHOoH 1ienu no rpaduky puc. 10.3. OObACHUTD UX pa3IHUUE.

Coaep:xxanue oTuera

CX€Ma MakeTa, B KOTOPOW IPOU3BOJWINCH U3MEPEHUS;

Ta0JIMLIBI UBMEPEHUN U PACUETHBIX PE3yJIbTaTOB;

PUCYHOK (pOpMBI HApspKEHUs 10 11. 30;

CpaBHMUTEJbHBIE I'PaUKH PACUETHBIX U HKCIEPUMEHTAIBHO CHATBHIX KOd(pu-
nueHtoB A. W. bepra o (0);

e 00bBSICHEHHE MOJYUYEHHBIX PE3yIbTAaTOB M BBIBOJIbI IO padoTe.
KoHTpoJbHbIE BONIPOCHI

1. B d4em cocTosiT 0cCOOEHHOCTH aHaIM3a HETMHENHBIX LeTen?

2. IlepedncnuTh OCHOBHBIE CIHOCOOBI AIMMPOKCUMAIUUA XaPAaKTEPUCTUK HEIH-
HEWHBIX LETIEN.

3. JlaTb ompeneneHue yriia OTCEYKH, B KAKUX CIydasX MCIOJb3YeTCS ITO MOHS-
tne?

4. B uyem paznuuue mMexay koddduimentamu u pynknusmu bepra? Kak Heo6-
XOJIMMO OPTaHU30BATh IKCIIEPUMEHT, YTOOBI HEMTOCPEICTBEHHO U3MEPHUTh KO-
s dunments bepra?

5. Ilpm kakux yrinax orceuku o3(0)<0? Kak uHTEpHpeTnpoBaTh 3T0 00CTOS-

TEJICTBO?
6. Omnucarh METOAMKY SKCIEPUMEHTAIBLHOTO OIpeesieHus rpadukoB xkoagdu-
yuenmos bepra.
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10.

11.

12.

13.

14.

15.

110

Onucath METOJIUKY SKCIEPUMEHTAILHOTO OIpeeieHus TpapuKoB pyHKyut
bepra.

MokeT 71U HEeIMHEWHBIN AeMeHT paboTaTh B JMHEHHOM pexxume? Ecium na,
TO YEMY PABEH B 3TOM CJIydae yroj OTCEUKH?

Henunelinsiii sneMeHT umeer BAX ¢ orpaHuyeHHEM, U Ha BBIXOJE TMOSIBJIS-
FOTCSI OTPAHUYEHHBIE COS-UMIYJIbChI TOKAa. PaccunuTarh aMIIuTy bl TAPMOHUK
BBIXOJTHOTO TOKa, UCTIOIB3Yys KodddummenTs! bepra.

N300pa3utk B3anMHOE TosiokeHrne BAX HEMHEHHOTO 3JIeMEHTa U BXOTHOTO
rapMOHMYECKOTO CUTHajia mpu yriax orceuku 0 = 0, 90, 180°.

BAX HenMHENWHOro 3jeMEHTa anmpOKCUMUPOBAHA KyCOUYHO-HEJIMHEWHO: Mps-

. . 2 N
Moit i = 0 npu u < 0 1 mapaboiiolt i = au” ipu u > 0. Ha HenMMHEWHBINA 27IeMEHT

MOJaHO rapMoHHMuYeckoe Hampspkenue u(t) = U, cos(wf). Halitu ammiutyasl
rapMOHUMK TOKa [, I}, I,. MOKHO JI1 IPA 3TOM BOCIOJIb30BATHCSA KOAPPULIM-

entamu bepra?

[Tonw3ysack rpaduyeckum mpeacraBieHueM koddgduiimeHToB bepra, HalTh
CIIEKTp CHUTHAJIa, 3aIaHHOTO TMPENnogaBaTeieM.

Kak ¢ moMoripio HETMHEHHOTO 3JIeMEHTa OCYIIECTBUTh YMHOKEHHUE YacTO-
TeI? HapucoBarh cxemy ymHOxuTelNsi yacToThl. Kak obecrnieunTs Hanboiee
s PeKTUBHBIN pexuM ee paboThI?

[Ipu HEKOTOPBIX yIJIax OTCEUKH 3HaueHus KodpduiuentoB u Gynkuuit bepra
JUISL TPEThell U 0oJiee BHICOKMX TApMOHUK MOTYT IPUHUMATh OTPUIATEIbHBIC
3Ha4YeHus. YTo 3To 03Ha4yaeT?

Kakum o6pazom B 1a00paTOpHOI YCTAaHOBKE MOXKHO PEryJIHpOBaTh YTrojd OT-
CEUKH?



11. HEJJUHEHHBIE PAJMOTEXHUYECKHUE YCTPOHUCTBA

Ilenv padombr — uccnen0BaHUE OCHOBHBIX HEIIMHEWHBIX PATHOTEXHUYECKUX
YCTPOMCTB U (DYHKIIMOHAJIBHBIX PE0OpPa30BaHU CUTHAIOB B 3TUX yCTPOICTBAX.

11.1. TeopeTuveckue cBeeHUs

B uenom psae paaiuoTeXHHMYECKHX YCTPOWCTB HEOOXOJMMO HCIOJIb30BaTh
HEJIMHEWHBIC SJIEMEHTBI.

Annpoxcumayua HeIUHENHbBIX XapaKkmepucmuk. [[1s1 aHanu3a U pacyeToB
CXEM, COJIepXKalllUX HEJTUHEHHbIE 3JIEeMEHThI, HEOOXOIUMO aHalumu4ecKoe, B Bu-
ne Gopmyiibl, ipeAcTaBieHne HenuHeiHo BAX. Mcnonb3yroTcst pa3IndHbIe CIo-
coObl annpoxkcumayuu — 3aMeHbl TaOJIMYHO (MHOTJA U aHAJIMTUYECKH) 3a/1aHHOM
XapaKTepUCTUKH (DYHKUIUAMHU, MPUOIMKEHHO OTPAXArOIMIMMH TOBEJICHUE peallb-
HOM BAX HEIMHENWHOro ABYXIOJIIOCHUKA B IIPEACTABIIIONIEM UHTEPEC UATIA30HE
U3MeHeHus aprymMenTa. [Ipu BeIOOpe BuAa anmpOKCUMUPYIOUINX (PYHKIMHA YIUTHI-
BalOT TpeOyeMyl0 TOYHOCTb PE3yJbTaTa, Mpe/eiabl U3MEHEHHsI BXOJHOIO BO3/EH-
CTBUS U Y10OCTBO BbIOpaHHOM (DyHKLIMM JJisl aHAIMTUYECKUX pacueTtoB. Hanbonee
pacrpoCTPaHEHHBIMU BHUAAMH AINIMPOKCUMALUN SBISIOTCS HOIUHOMUATbHAA, K)-
COYHO-TUHEUHAs U SKCNOHEeHYUAanbHas. JIs npocTelero KayeCTBEHHOr0 aHaln3a
paboThl OCHOBHBIX HEJIMHEWHBIX PAIUOTEXHUYECKUX YCTPOMCTB yIOOHA nonuHo-
muanvHas annpoxkcumayus. TeOpeTUUECKHE CBEICHUSI O KYCOYHO-TUHEUHOU aml-
IPOKCHMAllMH, TaKXKe HUCIIOJIb3YeMOIl B JaHHON paboTe, MpUBEIEHBI B ONMUCAHUU
nabopaTtopHoit padoTsl 10.

Honunomuansnasn annpoxcumayusa. Ilycts i = f{u) (cm. puc. 10.1) aBnsercs
rpaduueckn 3agaHHON (dKcriepuMeHTanbHO cHsTON) BAX. Bynem uckarh mpen-
CTaBJICHHE 3TOM XapaKTEPUCTHUKHU B BUJE psiia MakiopeHa

i=f(u)=a0+a1u+a2u2+a3u3+a4u4+.... (11.1)

. 2 n—1
OrpannumBasch n wieHaMu psga: i=fu)=ap+awut+ayu +...+a, u
3aIHIIeM, UCTIONIBb3Ysl TpadUK, CHCTEMY YPaBHCHUI:

. 2 1
i1 =flu)) = aop + ajuy + ayu” + ot apqu”

. 2 1
iy = flup) = ap + ajuy + auy” + ...t ayqu)

iy =fluz) = ap + ayus + auz” + ...+ ap s
i, =fu,)=ay+ ayu, + azun2 + ...+ an_lunnfl.

Pemas mony4eHHYH0 CHUCTEMY JIMHEHMHBIX YPaBHEHUW OTHOCUTEIBHO HEU3-
BECTHBIX ag, d|, A2, ..., Ay_1, NOTydnM BAX 1nOJIyIpOBOJHUKOBOIO AHMOJA, all-
POKCUMUPOBAHHYIO MOJUHOMOM (1 — 1)-ii CTENeHN Ha yYacTKe u € [uy, U,].
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CnexkmpanvHulii cocmaé moka 6 uenu ¢ HeNUHEUHbIM CONPOMUGICHUEM.
[Iycte BAX HENMHEHHOTIO CONPOTUBICHUS AaNIPOKCUMHUPOBaHA ITOJIMHOMOM
TPEThEH CTEICHU:

i(u):alu+a2u2+a3u3, (11.2)
Tle ay, dy, a3 — Pa3sMEpPHBIE KOOPPHUIUECHTHI.
[loganuM Ha HETMHENWHOE COMPOTHUBJIEHUE MOCTOSHHOE HANpPSHKEHHE CMellle-
HUS U CyMMY JIByX TapMOHHMYECKHUX KOoJieOaHUI
u(t)=Ey+U;cosoyt +U, cosmyt. (11.3)
[TonctaBuB cymmy (11.3) B momunom (11.2) u mpousBoast 3jeMEHTapHBIE
TPUTOHOMETPHUUYECKHE MPE0Opa30OBaHUs, ONPEAECIUM AMIUIATYAbl TAPMOHUK TOKA:

i(0) ~ (alEO +ay(LUP + 103 + B} )+ a3 (3ULE + 3USEy + By )) ¥
+ alUl + 2612U1E0 + = a3U1 + = a3U1U2 + 3G3U1E0 )COS (Dlt +
+ alUZ + 2612U2E0 + = CZ3U2 + = Cl3U1 U2 + 3CZ3U2E0 )COS (th +

(
(
i
(
(
(

a2U1 + = a3U1 EO )COS(z(Dlt) + ( a2U2 + = a3U2 EO )COS 2(!)2t +

N |—

+
A=

azUj )cos(3oolt) + ( L a3U§’ )cos 3wyt +
+ a2U1U2 + = CZ3U1U2E0 )(COS((!)l + (Oz)l + COS((!)I — (!)2)t) +

+ 5 a3UUA ) cos() + 20, ) + cos(®) — 2, )t) +

3
4
+(Za3U1 U, )(cos(2col + @)t + cos(20; — @, )t). (11.4)

Croektp Toka B 1ienu OoraT rapmMoHMkamu. IIpu HelmHENHOCTH 3IEMEHTa,
TpeOyroIien A anpoKCUMAlUY MOJIMHOMA 0oJiee BBICOKOW CTENEHHU, YUCIIO rap-
MOHHMYECKUX COCTAaBJAIOIINX B CIEKTpe Bo3pacraeT. CIIEKTp TOKa CONEPXKHUT B
o0mieM ciayyae rapMOHUKN C KOMOMHAIIMOHHBIMY 4acTOTaMHU m®, t nw, , Ipu4em

m W n NPEACTABIIIOT LEIble YUCIa, MAKCUMAJIbHBIE 3HAUYEHUS KOTOPBIX B CyMMeE
HE MPEBOCXOAAT CTENEHU allpOKCUMUpPYIOLEero noauHoMma. Eme Oosee cioxHast
KapTUHA MOJy4YaeTcs MpH Mojadye Ha HEJIMHEWHYIO LeNb PaJuOCUTHAIIOB, UMEO-
HIMX OOraThlil CIEKTPaAIbHBIN COCTAB.

Ot 3 PeKTh UCHONB3YIOTCS AJI OCYIIECTBICHUS AMNAUNYOHOU MOOYIAYUU,
2emepoOUHUPOBAHUS NI 0EMEKMUPOBAHUS.

Amnaumyonas mooyaayua 3aKI0YACTCS B U3MEHEHUN aMIUIMTYbI HECYIIE-
ro TapMOHHYECKOr0 KOoJeOaHMsl ¢ YaCTOTOW M IO 3aKOHY MOJIYJIHMPYIOIIEro CHT-

Haja. OMHOTOHANILHOE aMIUTUTYAHO-MOoAyIupoBaHHoe (AM) kosiebaHME 3amuChI-
BaIOT KaK
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u(t) =U(+mcosQt)cosmyt, (11.5)
rae m = Ugq /U — kodpPuuueHT aMmunTy iHoi Moaynaunu, U — aMIumTyaa He-
MOJYJIMPOBAHHOTO Hecymiero konebanus, Un — aMIUIUTYAa OTKIOHEHHS MOJIY-

JMPOBAHHOTO KoJieOaHus oT 3HaueHus U.
[Tepernucar Beipakenue (11.5) B Buze

mU mU
u(t) =U cosmyt + Tcos((oo + )t + Tcos((oo -Q)t, (11.6)
IIOJTy4aeM IpeICTaBICHUE OJHOTOHAIBHOIO AM-Kosie0aHusl B BUJIE CYMMBI Tpex
TFapMOHUK: HECYyILel ¢ 4acTOTON ®( U JABYX OOKOBBIX (BEpXHEH U HMXKHEH) ¢ yac-

ToTaMu (M +€2) U (®y —L2) COOTBETCTBEHHO.

Cxema yctpoiictBa misi hopmupoBanus AM-kojaebaHuil ¢ TOMOIIBIO HEU-
HEWHOTO 3JIEMEHTA MpecTaBiieHa Ha puc. 11.1.

4
_ > ) 7
—— U 0 !
3 == Usl
= . u“u"M il

! 3 s =— L M 1

2 X HO1 AN —

o T v U+ U,

Puc. 11.1 Puc. 11.2

Ha puc. 11.2 npencraBiieHsl BpEMEHHBIE JUAarpaMMbl CUTHAJIOB, KOTOPBIE OT-
paXkaroT dTarbl MpeoOpa3zoBaHuil B aMITUTyIHOM MoxyJsatope. [lycte BAX Henu-
HEWHOI0 AJIEMEHTa MpencTaBieHa noauHoMoM Buaa (11.1), Ttorma, yuntsiBas pe-
3ynpTatel (11.3) m BBOAA 0003HAUYEHHA ) =) U ) =), BBIICIUM CIEKTpallb-
HBIE COCTABJIAIOIINE C YACTOTAMH ©(, My €2, CyMMa KOTOPBIX B COOTBETCTBUU C
(11.6) u mpencrasisier ToHATbHOe AM-Kkonebanue. Boigensst U3 crnekTpa CUrHa-
7a 4 3TH COCTaBJISAIOUINE C TOMOIIbIO IOJIOCOBOTO (hUIIbTpa — MapajIeIbHOIO KO-
1e0aTeIbHOr0 KOHTYPA, HACTPOCHHOI'O HA 4aCTOTY (¥ U MMEIOILEro MOJIOCY 3aIlH-

paHus He MEHbIIE, yeM 2Q), TIOJyYUM HaIPsHKEHUE C aMIUTUTYAHOW MOIYJISAIICH.
Koaddumment mogynsamum

Z(CleQ +§a3UQE0j
i o : : . (11.7)
a + 2612E0 +4a3U2 +2a3U§22 +3CZ3E3
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N3 Beipaxkenus (11.7) crnemgyer, yrto orubatomas MoiaydeHHoro AM-
KOJICOAHUSI He 80Cnpou3600um 3aKOH MOAYJIALNY, TaK Kak m 3aBUCUT OT Uqn He-

nunetino. Ho npu kBagpatuunoii (a3 =0) BAX koappuuuent moaynaunn

m=—10 (11.8)
Ey+ A
2(12
B aToM ciydae 3ak0H MOAYJISILIUKM 80CNPOU3BOOUMCSL €3 UCKANCEHULL.
I'emepoounupoeanue COCTOUT B nepeHoce CNeKmpa CUeHAId NO Yacmome
0e3 U3MEeHEeHUs CTPYKTYpPHI crieKTpa. [ eTepoAnHIpOBaHNE TaK¥Ke OCYIIECTBIISIETCS
C MCTOJIb30BAaHUEM HEIMHEHHOTO 3JIEMEHTAa U MOXKET ObITh PEAIM30BAHO C MOMO-
IIbI0 CXEMBI, ITOKa3aHHOU Ha puc. 11.1.
ITycTs u(f) — curhai, noanexamuil TeTepOAUHUPOBAHHIO, & O, — CPEIHSAA
qacToTa ero cmekrpa; u.(¢f)=U_.coswt — KojeOaHHe, CO3AaBaeMO€ BCIIOMOIa-

TEJIbHBIM T€HEPaTOpoM (reTrepomHoM). Toraa monocoBoit GuIbTp MOKEH OBITH
HACTPOEH HA YacCTOTy M.+ ®. ¥ UMETh II0JOCY IPOIYyCKAaHUSA, PABHYIO IIMPHHE

CIICKTpa CHUIHaJa Z/l(f) I[J'ISI IMMOJIY4YCHUSA MHHUMAJIBHOTO YHCJIda HCKCIIATCIbHBIX

MPOIYKTOB TPEoOpa3oBaHUs XapaKTEPUCTHKA HEIMHEHHOTO 3JIEMEHTa JOJKHA
ObITh ONM3Ka K KBaJPAaTUYHOM, TOT/A CIEKTP BBIXOJHOTO CUTHana OyAeT cojaep-

KaTb TOJIBKO COCTaBJIAOINIUE ., @ (ON T KOTOPBIC JICTKO OT(i)I/IJIBTpOBaTB.

(V) co

HenvHEeWHBIX MCKaXEHUH NEPEHECEHHOI0 Ha YacTOTy . * . CHIHAJIa IIPH 3TOM

HET.

Amnaumyonoe demeKkmupoganue 3aKI0OYAETCA B GblOeNeHUU U3 PAOUOCUS-
Hana e2o oeubaioujeli 1 BOCCTAHOBIIEHUH, TAKUM 00pa3oM, MOIYJIUPYIOLIETO CHT-
Hana. PaccmoTpum mpeoOpa3oBaHue OJHOTOHAIbHOTO AM-KojieOaHusT HEIUHEH-
HBIM JIBYXIIOJIFOCHUKOM C keaopamuunou BAX:

a0+a1u+a2u2. (11.9)
[TonctaBuB B (11.9) BeIpakeHHE BXOJHOTO BBICOKOYACTOTHOTO HAIPSKEHUS
u(t)=Uq cosmyt :

i=ay+aqUqgcosmyt + azUé cos? 0l =
a a
=ay +aUq cos oyt + %Ué + %Ué cos2my!,

BBIJICIIMM IIOCTOSIHHYIO COCTaBJIAIOLIYI0 TOKa [ = ay +a2Ug22 /2 U, BbIYUTAs W3
Hee TOK IOKOS a(, HalJIeM Xapakmepucmuky O0emeKmupo8anusi K8aopamuiHo2o
demeKkmopa:

I :%Ué. (11.10)
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Xapakrepuctuka naerektupoBanusi (11.10) oxaspiBaeTcsa mnapabOIMYECKOM.
[Ipy TakoM NE€TEKTMPOBAHWU BO3HUKAIOT 3aMETHBIE MCKAXXEHUS: MPU TOHAIBHOM
AM ToK B 11€TIH

1, :%Ué(l+mcos§2t)2 :%Ué +a2mUé coth+a72m2U§22 cos2Qx,

MIOMUMO MOCTOSIHHOM COCTaBIISIONIEH, OT KOTOPOM JIETKO U30aBUTHCS ¢ MOMOIIIBIO,
HaIlpuMep, pa3aeauTeIbHOIO KOHIEHCATOPa, COACPKUT TAPMOHUKY € 4acTOTOu (2
U CO3JIalollee uCKakeHus kosnebanue Ha yactote 2€). Ecnu ke Moaynsiuus ocyuie-
CTBJISIETCSI CI0JCHbIM (COMIEPKAITUM MHOTO TAPMOHMK) CUTHAJIOM, TO, KpOME rap-
MOHHUK Ha YacToTax k), BOSHHUKAIOT U KOMOWHAIIMOHHBIC KOJCOAHUS, MPUBOIS-
1IME K JTOMOJHUTEIBHBIM UCKaXEHUSAM MOJIE3HOTO CUTHaja. TakoW IEeTEeKTOp, BbI-
JENSIIONINI KBaJIpaT Orudaronieil aMIuMTy JHO-MOyJIMPOBAHHOTO KOJIeOaHus, Ha-
3BIBAIOT K8AOPAMUYHBIM.

CxeMa yCTpOKCTBA, C MOMOIIBK KOTOPOTI0 OCYIIECTBIISIIOT KBaAPATUYHOE Jie-
TEKTUPOBAHUE CUTHAJIOB, UMEET Ty K€ CTPYKTYpPY, UTO U OMHCAHHBIE PAHEE YCT-
poiictBa (cm. puc. 11.1). Tonbko y cymmaropa 3a/1eiiCTBOBaH OJJMH BXO/Jl U3 IBYX U
BMECTO TI0JIOCOBOTO (PMIIBTPA UCTIONIB3YIOT (QUIIBTP HIKHUX YaCTOT.

[IpumeHeHnEe HETMHEWMHOTO JJIEMEHTA C XAPAKTEPHUCTUKOM, armpOKCHUMUPO-
BAHHOM KyCOYHO-JIMHEWHOM 3aBUCUMOCTHIO (cM. 10.1), MO3BOJISIET TOCTPOUTH aM-
IUTUTYAHBIA JIE€TEKTOP, BBIACISIONIAN CUTHAI, IPSIMO HPONOPIUOHATBHBIN aMILIU-
TyAae orubarmomnield  aMIUIMTyJIHO-MOJYJMPOBAaHHOTO  Kojiebanus. KycouHo-
JIMHEWHAs anmpoKCUMAaIUsl XapaKTePUCTUKU HEJIMHEHHOIO JIEMEHTa aJieKBaTHa B
CJIyyae HUCMOJb30BaHUSI CXEMbI MPU JOCTATOYHO OOJIBIIUX YPOBHSX CHUTHaja, IPU
ATOM PEAIM3YETCA PEXKUM JETEKTUPOBAHUSA, HA3BIBAEMbIA JuHeUuHbiM. B 3TOM
CMBICJIE U TOBOPSAT O JINHEWHOCTH MPOLEAYPHI AETEKTUPOBAHUS, KOTOPAsl SBIISETCS
NPUHYUNUATIbHO HEeTUHEeUHOU OTIepalluei.

Ha puc. 11.3 mnpuBeneHsl BpeMEHHbIC ! i(?)
JMarpaMMbl, MOSICHAIONIKE paboTy aMILIUTY/I-
HOTO JI€TEKTOpA.

Co crexkTpaiabHON TOYKH 3pEHUSI BCE TPH

PACCMOTPEHHBIX TMPOIECca — MOOVAAYUS, Oe- éf%_ v

MeKmuposanue u 2emepoouHuposaHue — s6- %g’a’f’: Uy(?)

JISIIOMCS YACMHLIMU CYYAAMU Npeobpa3osa- éé

HUs CNeKmpa, c800We20Cs K €20 NepeHocy no == 0 >t
ocu yacmom. llpu aMIUIUTYTHOU MOZIYJISIAN v

CHEKTP MOJYJUPYIOUIETO CHurHaiga (0OBIYHO Puc. 11.3
HU3KOYACTOTHBIN) MEPEHOCUTCS B 001aCTh BbI-

COKMX 4acToT. IIpu neTekTupoBaHUM CHEKTP MOAYJIMPOBAHHOIO pagUOCHUTHaja
NEPEHOCUTCA B 00J1aCTh HYJIEBOM 4acTOTHL. I'eTepoiMHUpOBaHNE — IMPOMEKYTOU-
HBIW cilydail (CIIEKTp paJiMOCUTHala CABUIaeTCs B 3aJJaHHY0 00JacTh IO OCH Yac-
TOT).
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11.2. Onucanue J1a00paTOPHOI YCTAHOBKH

JlabopaTopHasi ycTaHOBKa COCTOMT M3 TpPEX TIe€HepaTopoB, ociuiuiorpada,
aHaM3aTopa CHEeKTpa U jaboparopHoro makera. OyHKIMOHAIbHAS CXEMa MaKeTa
npuBejieHa Ha puc. 11.4.

| Monynsitop : %Hpeo6pasoBaTenL LIaCTOTbli AMITTATYTHBINA HeTeKTOpi
L T a 1
AR ~C —~ |
(e Lty i1 ElpEm ALl
EA S 5 A

Puc. 11.4

Ha Bxonp! I u I maGoparoproro MakeTa Moal0TCsI MOIYJIUPYIOIIEe U HECY-
niee kosuiebanus ¢ reneparopa 1 u reneparopa 2 coorBercrBeHHo. Ha Bxox III mo-
naercst curiai rerepoanHa. C nomomnpro nepekirouarens S1 Ha Bxox 1 ocuuiio-
rpada MOXKHO MOJaTh OJJHO U3 Tpex BxoaHbix konedanuii (I, 11, III). Ilepeximroua-
TeneM S2 OCYIIECTBISETCS BEIOOP KOHTPOILHON TOUYKU (OJHOM M3 AEBATH), CUTHAI
C KOTOpOM MmojaeTcst Ha KaHail 2 ocuwuiorpada u crnekrpoananuzatop. llepexnto-
yaTesneM S3 BbIOMpaeTcs OJIUH U3 HelMHEHHbIX 3iemMenToB (HO3 unu HO4) B 6110-
ke nerekTupoBaHus. C MOMOIIBIO PYYKH A peryivpyercs YpoBeHb MOCTOSHHOMN
cocTaBlismoNIe Fy HAa BXOJE; €€ 3HaUYe€HHWE OTOOpa)kaeTcs Ha Mpuodope, pacmoio-
YKEHHOM Ha mepeiHel nanenau makera. JlabopaTopHbIi MakeT COAEPKUT TakKe JABa
CyMMaTopa, JBa MOJIOCOBBIX (PuiibTpa U (QUIBTP HIKHUX YacTOT, aMILIUTYJIHO-
YaCTOTHBIE XapPAKTEPUCTUKH KOTOPBIX MPHUBEIICHBI HA JIMIIEBOW CTOPOHE MAaKeETa.
Xapaxkrepuctuka HO1, H22 u H23 — kBaapatuunas ¢ kordduimerarom a, = 7,5,

H324 — xycouno-nuneitnas (10.2) ¢ napamerpamu Uy, =0u S = 1.
11.3. 3axanue 1 yka3aHus K BbINOJHEHHIO Pa0dOThI

1. Uccneoosanue  amnaumyoHou  MOOYAAUUU. Jns  momydeHus
AMIUIUTYTHOM ~ MOIYyJLIMM  HEOOXOIMMO TOJaTh CyYMMY HECYIIEro H
MOYJIUPYIOIIETo KoJieOaHUM U MOCTOSHHOM cocTaBisrorieit Ha HO1. Jlns aToro
BxonaM | u Il nabopaTopHOro Makera MOAKIOYUTH UCTOYHUKHA FaPMOHHYECKOTO
curHasia (reHeparop | u reHeparop 2) M YCTaHOBUTh Ha HUX YaCTOTHI
Jo=1L,TMI'm u f, ~15kl'u. YcranoButs ammiryasl konebanuit U, ~7B u

U, =7B. 3anate ypoBeHb IIOCTOSHHOM cocraBistome £, ~0,5B. Konrpois

3HAYEHUH aMIUTUTY] OCYIIECTBISEeTCs Mo KaHany | ocmmuiorpada, mOoCTOSTHHON
COCTAaBJISIONIEH — 10 MPUOOPY Ha MepeHEN MaHEeIH.

3apucoBarh curHai (KaHai 2 ociuuiorpada) U ero CeKTp mocjie Cymmaropa,
T. €. B KOHTPOJBHON TOYKE / (BHIOOP KOHTPOJIHHOW TOYKU OCYIIECTBISIETCS TIepe-
KaogareneM S2). 3amucaTh 3HAUCHUS aMIUTUTY]] HECYIIETO U MOAYJIHPYIOIIETO
KOJI€OaHMI U TTOCTOSTHHOW COCTaBIISIONICH (M3MEPHUTH M0 IIKajie ocimuiorpada), a
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TaK)K€ 3alKCcaTh 3HAYEHHUsS] MOUIHOCTEW TeX € rapMOHHUK, U3MEPEHHBIE C TIOMO-
HIbIO CTIeKTpoaHanu3aropa. g y1oOHOro HabM0IeHUs CIEKTPa YCTAaHOBUTH Clie-
QYIOIIYE MMapaMeTphl CIIEKTPOAHAIN3aTOpa: HeHTpaiapHad yacrora 1 MI'm, nmosoca
o030pa 2 MI'11, mosioca npomyckanusi paguodguibTpa 3 kl'11, mojgoca mpornycKaHus
BungeopunbTpa 300 ['n (mosockl mpomyckaHusi paauoduinbTpa ¥ BUACODUIBTpA
IIPU CIAETYIONINX U3MEPEHUSIX TOJKHBI OCTABATHCS TAKUMU KE).

3apucoBaTh CUTHAJ U €ro cnekrp nociae HI1, T. e. B KOHTpOJIBHON TOUKE 2.
3anucaTh 3HaYEHUS] MOIIHOCTEW rapMoHuK. Jljig yao6HOro HaOMIOA€HUs CIIEKTpa
YCTAHOBUTH CIEAYIOLIME MapaMeTphbl CIEKTpOaHAIU3aTopa: IEHTpalbHas 4acTo-
ta 2 MI'1, momoca 0630pa 4 MI'ti. UToObl moapoOHEH paccMOTPEeTh COCTABIISIO-
IIM€ CHEKTpa Ha HECYIIEH 4YacTOTe, YCTaHOBUTH CIIEIYIOUIUE IMapaMeTpbl CIIEK-
TpOaHanM3aTopa: HeHTpaibHasg yactora 1,7 MI'y, monoca 0630pa 200 kI 'm.

JIns KOHTPOJIBHOM TOYKM 3 NMPOU3BECTU M3MEPEHUs, aHAIIOTMYHBIE H3MEpe-
HUSIM B TOUKE 2.

2. Hccneoosanue 2emepoOunupoganus. Jns OCyIECTBIECHUS T€TEPOIUHU-
poBanus Ha BTopod HD2 HeoOxomumo mogaTh cymMMy copMHpOBaHHOTO B 1.1
AM-konebanus U curHaia rerepoauna. {ns srtoro k Bxoxy III maGoparopHoro
MakKeTa MOJKIIOYUTh MCTOYHUK FapMOHHUYECKOr0o CUTHasa (reHeparop 3) u ycra-
HOBHTB Ha HEM cleayromue napamerpsl: f. ~1,5MI'n, U. = 7,5B.

3apucoBaTh CHEKTP CUTHAJIA MOCIE CyMMaTopa, T. €. B KOHTPOJIbHOU TOYKE 4.
3anucarh 3HAYE€HUS MOIIHOCTEN rapMOHHUK. JlJisi y10OHOro HaOJIOEHHs CIEKTpa
YCTaHOBUTH CJEAYIOIIME MapaMeTpbl CIEKTpOaHAIM3aToOpa: LEHTpallbHAs 4acTo-
ta 1,5 MI'u, monoca o63opa 3 MI'1.

3apucoBaTh CEKTp curHaia nocie HO2, T. €. B KOHTPOJIIbHON TOYKE J. 3anu-
caTh 3HAUYE€HUsI MOIIIHOCTEN rapMoHUK. /{151 yaoOHOTO HAOMIOIeHUs CIEKTpa ycTa-
HOBUTH CIIEAYIOLIME IapaMeTpbl CHEKTpOAHaIu3aTopa: LEHTpPalbHAs 4acTo-
ta 2 MI'1, monoca o630pa 4 MI'1. UtoOsl moapoOHEH paccMOTPETh COCTABIISIO-
IIYIO CIIEKTPAa Ha Pa3HOCTHOW 4acTOTE CUTHAJIa W T€TE€POJIMHA, YCTAHOBHUTH Clle-
JYIOIKE MapaMeTpbl CIIEKTpoaHaIn3aTopa: neHtpaibHad yacrora 200 kl'1, momo-
ca 0630pa 400 kI 1.

JIns KOHTPOJIBHOM TOYKHM 6 NMPOU3BECTU M3MEPEHUs, aHAJIIOTMYHBIE M3MEpe-
HUSIM B TOUKE J.

3. Hccneoosanue keadpamuunozo oemexmupoganus. Jjisi OCyIIECTBICHUS
KBaJIpaTUYHOTO JIETEKTHPOBAHHUA HEOOXOJMMO MOJATh MOJYyYEHHOE MPHU TeTepo-
nuHupoBanun AM-kone6anue Ha HO3. [[ns aToro ycraHoBuTh TyMOaep S3 B mo-
JIO’KEHHUE a.

3apucoBaTh CUTHAJI M €ro crnekrtp nociae HI3, T. e. B KOHTPOIBHOW TOYKE 7.
3anucarh 3HaYEHUS MOILIHOCTEN rapMoOHUK. [ ynoOHOro HabtoAeHHs CIIEKTpa
YCTAHOBUTH CIEAYIOUIME MAPAMETPbl CIIEKTPOAHAIU3ATOpa: LIEHTPabHAs 4acToTa
250 xI', monoca o63opa 500 kI'm.
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3apucoBaTh CUTHAJI U €r0 CHEKTP IMOCIE MOJ0COBOr0 (GUIbTPa U KOHAEHCATO-
pa, T. €. B KOHTPOJBHBIX TOUKax § U 9. 3anucarbh 3HAYEHUSI MOIIIHOCTEN TAPMOHUK.
Jlnst ynoGHOro HaOMIOJEHUsI CIEKTpa YCTAaHOBUTH CIIEAYIOUIUE MMapaMeTphl CIEK-
TpoaHaiu3aropa: IeHTpaibHas gactoTa 250 kI, mosoca 0630pa 500 kI'1. UToOBI
noipoOHEN paccMOTPETh HU3KOYACTOTHYIO COCTABJISIIOIIYIO CIEKTPa, YCTAHOBUTH
CIEeAYIOUIME apaMeTpbl CIEKTPOaHAIN3aTOpa: LEeHTpalbHas yactoTa 25 kl'1, mo-
joca o63opa 50 xI'1.

4. Hccnedosanue nunenino2o 0emeKkmupoeanus. J1isi oCyleCTBICHUS JIU-
HEHWHOTO JETEKTUPOBAHUSI YCTAHOBUTH TyMOJIep B IMOJIOKEHUE O, YTOOBI CHUMATh
MPOJIETEKTUPOBAaHHbBIN cUrHai ¢ Beixoaa HO4. M3mepeHus npoBOOUTh aHAJIOTHY-
HO II. 3.

5. Hccneoosanue nuneninozo u K6aopamuunozo 0emeKmupoeanus npu mo-
OYIAYUN CUZHANA NUI000PA3HBIM HanpadiceHuem. He MeHss mapaMeTpoB CHUTHA-
Ja TeTepoAuHa U HECYILIero KosjeOaHWs, BKIIOUHUTh PEXKUM MUIO00pa3HOro Ha-
OpsDKEHUS U1 TeHepaTopa, (OPMHUPYIOIIEr0 MOAYIUPYIOLee HANpsHKEeHUE, U yc-
TaHOBUTH 4acToTy noBTopeHus 500 I'u. 3apucoBaTh HaIpsKEHHE B TOYKE 9 1A
JIBYX PEKUMOB JIETEKTUPOBAHMS: KBaIPATUYHOTO U TUHEHHOTO (TyMOep S3).

6. Obpadomka u ananusz peszyabmamos usmepenus. 110 n3MepeHHBIM 3Ha-
YEHUSIM MOIIHOCTEW FapMOHUK PACCUUTATh UX aMIUIUTYAbl, YIUTHIBAsL, YTO BXOJI-
HOE CONPOTUBIIEHUE CIIeKTpoaHanuzaTopa 50 Om.

3Hasi aMIUTUTYAbl TADMOHHUK Ha BXOJ€ HEJIMHEHHBIX 3JIEMEHTOB, XapaKTepH-
CTUKU HEIMHEHHBIX 371eMeHTOB U AUX (uimbTpoB, pacCUMTaTh aMIUTUTYAbI Tap-
MOHHK Ha BBIXOJI€ KOKJIOTO (PYHKIIMOHAIBHOTO y3ja: MOAayaTopa (Touka 3), mpe-
oOpasoBatensi 4acToThl (Touka 6) u gerektopa (touka 9). Ilpunsate, uro AUX
GbUIBTPOB BHE MOJOCH Mpomyckanus o ypoBHio 0,1 paBHa Hym0. CpaBHHUTH pac-
YETHBIE 3HAUYCHHS aMILTUTY] TAPMOHHK C HKCIEPUMEHTAIBLHO MOJTYYEHHBIMH.

CpaBHUTH CUTHAJIBI U MX CHEKTPbl HA BBIXOJIC JIMHEHHOTO U KBaJAPAaTUUYHOTO
NeTeKTOpOB. OOBSCHUTD Pa3TUUHSL.

Coaep:xxanue oTuera

® KpaTKHUE IIOJIOKEHUSI TEOPUU U CXEMBl YCTPOMCTB, HMCIOJIb30BAHHBIX IS
OCYILIECTBJICHUS] PAaCCMOTPEHHBIX HEJIMHEHHBIX MpeoOpa3oBaHUM pagHOCHUr-
HAaJIOB;

e rpaduku (pucyHku) GOpM U CIIEKTPOB UCCIICJOBAHHBIX CUTHAJIOB,;

e 00BACHEHHE MMOJTYUYEHHBIX PE3yIbTaTOB;

® BBIBOJIBI 10 padoTe.

KoHTpoJibHbIE BONIPOCHI

1. B dem cocTouT 0COOEHHOCTh BO3JIECUCTBHS JBYX KOJIEOAHWN HA HEIMHEUHYIO
nemns?
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W

10.
11.

12.

13.

14.

Kak ¢ momompr HETMHENHOTO CONMPOTUBIIEHUS OCYIIECTBUTH AMIUIMTYIHYIO
MOJTYJISILHIO?

Uro Takoe nerekrupoBanune? Kakue BUABI I€TEKTUPOBAHUS CYLIIECTBYIOT?

UTo Takoe reTepOJAMHUPOBAHUE U KAK OHO ocyllecTBisieTcsa? UTo Takoe «uH-
BepCHUs cieKTpa»?

Ha nenunelinbiii 31eMeHT, BAX KOTOpOro anmpokCMMHUpPOBaHA MOJMHOMOM
4-i1 cTeneny, NMOJAETCs HANPSIKEHNUE B BUAE CYMMBI JBYX FapMOHUYECKHUX KO-
nae0aHui ¢ 4acTOTaMHU, yKa3aHHBIMU IpenojaBaTesieM. Kakue yacToThl MOTYT
COJZIEP>KAThCS B CIIEKTPE TOKA, MPOTEKAOIIETO YE€PE3 HETUHENHBIN 2JIEMEHT?
Yro o3HaYyaeT ycaoBUE OTCYTCTBHUSI OTCEUKH MPHU aHAINU3E M3YYaeMbIX B J1abo-
paTopHO# paboTe MPOIECCOB HAa OCHOBE MOJTMHOMHAIBHON ammMpOKCHMAIIIH?
[IpuBectn npumepsl. Mcrnonp30Baics JIM peXUM C OTCEYKOW NPHU HACTPOMKE
anmnaparypsl B Xo/1€ padboThI?

Bo3MoxkHa 1M aMIUIUTyHAss MOIAYJSLHS B YCTPOWCTBE C HEJIIMHEUMHBIM JJie-
MenToM, BAX KOTOPOro annpoKCMMUpPOBaHa MOJMHOMOM i = a, + a,u + au’ ?

[ToscHuTh mpoUEaypY AMIUIUTYJIHOW MOMAYJIALMUA CO CIEKTPAIBHOM TOYKH
3peHusl.

IlosicauTh IpOLIERYPY TETEPOAUHUPOBAHHUS CO CIIEKTPATILHON TOUYKHU 3PECHMUS.
[Tosicuuts ipouienypy AM-aeTeKTUpOBaHus CO CIIEKTPAIIBHOM TOUKH 3PEHUS.
K demy mpuBener oTauyue BOJBT-aMIIEPHOW XAPAKTEPUCTUKH HEJIMHEUHOTO
AJIEMEHTA OT KBaJAPATUYHON NPU reTepOAMHUPOBAHUN?

[Ipu pa3paboTke paguonpUEeMHUKAa HEOOXOAUMO OOECIEeUUTh MEPEHOC YacTo-
Thl BXOJIHOTO CUTHaJIa, KOTOpas MOXKET JiexkaTh B Auamna3one 88...108 MI'1, Ha
IPOMEXKYTOUHYIO 4acToTy, paBHyr0 10 MI'. B kakoMm auamna3oHe HOKHA U3-
MEHATBCS JJIs1 ITOTO 4acTOTa rerepoanHa’?

Yro 0011ero MexIy aMIUTUTYTHOM MOIYJISIIIUEH, TeTepOIUHUPOBAHUEM U Jie-
TEKTUPOBAHUEM?

Kak ocymecTBiaseTcss aMIUIUTY THOE I€TEKTUPOBAHHE?
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12. UCCJIEJOBAHUE RC-ABTOI'EHEPATOPOB

Ilenv pabomer — vi3yuyeHue ycloBUld caMOBO30YKIE€HUs KOJieOaHUN B aBTO-
reHepaTopax ¢ YaCTOTHO-3aBUCUMOM 0OpaTHOMU CBSI3BIO.

12.1. TeopeTuveckue cBeeHUs

RC-aBTorenepaTopsl, MPeACTABISIONIIME COO0I0 KOMOMHAIIMIO aKTUBHBIX Ye-
THIPEXIOJIIOCHUKOB (ycuiurenei) u RC-uienei, Urparomux pojib 3JIEMEHTOB 00-
paTHOM CBSA3M, UCHOJIB3YIOTCS HA 4acTOTaX HUXKE eAUHULl Merarepil. OCHOBHOE UX
MPEUMYIIECTBO — MaJjibie Ta0apuTHI.

CrpykTypHas cxema aBTOreHeparopa npuBeieHa Ha puc. 12.1, a.

UBLIX
Ky
1 Ky Blo)
— B(w)
Up
a o
Puc. 12.1

B RC-aBToreHepaTtopax B Ka4eCTBE aKTHBHOTO UYETHIPEXITOIIOCHUKA OOBIYHO
HCIIONB3YeTCs MHPOKOIONIOCHBINH YCHIINTENb C XapakTepucTHKon K. (o) =const,

a B KayecTBE YETHIPEXIIOJIOCHUKA LIEMH OOpaTHOM CBSI3M — HAOOp YacTOTHO-
3aBucuUMbIX RC-ueneil. KomruiekcHass 4acTOTHasi XapaKTEPUCTHKA YETHIPEXIIO-

JIIOCHUKA 1IeTT 0OpaTHOM CBSI3M UMEET BUI: [3(0)) - P _ B(co)ej %p () :
BBIX

[IpuHIMOIMANTBHBIE CXEMBI HCCIETYyEMBIX aBTOT€HEPATOPOB MPHUBEICHBI Ha
puc. 12.2. Ha puc. 12.2, a, 6 n300paxkeHbl CXeMbl aBTOI'€HEPATOPOB, B LIENHU 00-
paTHBIX  CBsI3ed  KOTOPBIX BKIIOUYEHbl (azocnBuraromue RC-nienw, Ha
puc. 12.2, 6 — R(C-renepatop, 1ielb 00paTHON CBSA3W KOTOPOro 0Opa3zoBaHa MOC-
ToM Buna.

B cooTBEeTCTBMM C YacTOTHBIM KpHUTepueM ycTohuuBOCTH HaiikBucTa BO3-
MO>XHOCTh BO3HUKHOBEHHUS KoyieOaHUN B RC-TeHepaTopax OmpeserseTcss Mo Xa-
paKkTepy HM3MEHEHUSI KOMIUIEKCHOW YaCTOTHOW XapaKTEPUCTUKH PA30OMKHYTOTO

Tpakta  ycrpoiictBa  (pumc. 12.1,6):  H(w)= B((D)Ky =H (oa)ej (PH((”), rjae
H(o) =p(0)Ky, ¢4(0)=0g(®)+¢ K, — AMIUIATY/IHO-4aCTOTHas U ¢dazouactor-
Has XapakTepUCTHKH Pa3OMKHYTOTO TPAKTa aBTOTEHEPATopa, Py =0 nns HewH-
BEPTHPYIOIIETO YCWIMTENs M Qg =T Ui WMHBEPTHPYIOWIETO YCHIHTEINs

(puc. 12.3, 6; 12.4, 6; 12.5, 6).

120



B 6k

e

Ry Ri=Rp

8
Puc. 12.2

KomMrekcHast yacToTHasi XapakKTepUCTUKA Pa30MKHYTOT'O TPaKTa yCTPOMCTBA

H ()= Re[FI (0)]+ ] Im[H (®)] n3o0paxaercsa Ha KOMIUIEKCHOM MIOCKOCTH B BU-

JIe BEKTOpa, KOHEI] KOTOPOTO MPH M3MEHEHWU YacCTOTHl OMHIIET KPUBYIO, Ha3bl-

BaeMyto codoepaghom Hatikeucma (puc. 12.3,6; 12.4,6; 12.5, 6). Eciiu rogorpad

HaiikBucra oxBaThIBaeT Ha KOMIUIEKCHOM IJIOCKOCTH TOUKy (1,;0), TO B 3aMKHY-

TOM YCTPOWCTBE BO3HUKHYT KojeOanus. OTCiofa cieayer, 4yTo JUisi oOecredeHus

YCIIOBHS CaMOBO30Yy>KJICHHs aBTOI€HEPATOpa HA 4acTOTE NeHEepaluu o, Heo0Xo-
JTUMO BBITIOTHEHUE YCIIOBUH bananca ¢pasz n baranca amniumyo:.

Py (0g) =@g(wg) + @, =m2n, THen=0,1,2,.., (12.1)

H(w) =PB(wp)Ky >1  npu Im[H (wy)]=0. (12.2)

KomMrnekcHasi 9acToTHass XapaKTepUCTHKAa Pa30MKHYTOTO TpaKTa aBTOTCHE-
paTopa ¢ Tpex3BEeHHOU (ha30CABUTAIONIEH 1IETIbI0 B YETHIPEXIIOIIOCHIUKE 00paTHOM
cBsi3u (puc. 12.3, a) 3anumieTcs: B BUe

H(OJ)=—B((D)KY=—( ((DRC)3

(0RC)® - SwRC) + j(l - 6(wRC)2)

K,.  (123)

YacTtora Bo3HUKaromUx B RC-reHeparope KoneOaHWH ( OIpPEIEINUTCS U3

BhIpakeHus (12.3) ¢ yuerom yciosuii (12.1), (12.2) npu Im[H(O)O )]=0:

1
OgRC =—, o

1
9 = 9
J6 J6RrC
a 3HaueHue KodPUIIMEHTa Mepenavyd YCHIUTENs, MPU JOCTHXKEHUH KOTOPOTO
B F€HEpaTOpe HAYHYT BO3HUKATh KoJieOaHUsl, ONpeaenuTcs u3 HepaBeHcTBa (12.2)
¢ yuetoMm Beipaxkenus (12.3) B Buze

121



I
-l __(@RCY =500RC __(@RCY =5 _ 6>
Y7 B(wp) (0oRC)’ (0oRC)? 1 '
6
H((,O)A

001 01 | 1 10 @RC

( ) (DoRC
o(®
hnLhKcﬂ]j RelH(0)] 7u4j‘\\\\\\\\
\\\\\ 0
o 0,1 1 10 oRC
oo— 2 —T/47 RC
\ /I«l’ﬁ \m ®0
\\ 77'5/2'
\ 0]+l /
N N\ —3n/4p
— N
s 9]
Puc. 12.3

KomMmrnekcHast 4acToTHasi XapakTepUCTHKAa Pa30OMKHYTOrO TpaKTa aBTOTEHE-
paTopa ¢ YEThIPEX3BEHHOW (ha30CABUTAIONIEH IEMbI0 B YETHIPEXIOIIOCHUKE 00-
patHo# cBsi3u (puc. 12.2, 6; 12.4, a) 3anumieTcsi B BUAC BhIPOKCHUS

(0RC)*K,

(coRC)4—15(oaRC)2+1)+ '(7 RC -10 3\’ (12.4)
j|7o (coRC))

H(o)=-B@)K, =- (

YacToTa BO3HUKAIOUIMX B FeHEpAaTOpe KOJIeOaHUl () ONpPENEeNINTCS U3 BbIpa-

wenust (12.4) u ycnosus (12.2) an Re[H (09)]=0 B BUAE

1
onRC = =
0 \/ 0 =\10 rC’

a KOA(OPUIIUEHT YCUIICHUSI YCUIIUTEIISI — U3 YCIOBUS
49 7

ol (@ROP 15RO +1_ 100 10t 901
Y PBay) (0oRC)* 49 49
100
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H(w)

c C C C

oy |/

001l 01 |1 10 wRC

a ogRC

Puc. 124

HeoOxomumocTts ucnonb3oBanus B RC-reHepaTopax YCHWIHUTENEH C pa3iny-
HBIMU KO3(PHUIMEHTaMU Tepeaadn OOBICHACTCA Pa3NIuYHBIMU Kod(dduimeHTamMmu
nepeayu YeThIPEXIOIIOCHUKOB OOpAaTHBIX CBsSI3e€l HA YacToTax reHepamnuu. B ue-
TBIPEX3BEHHON 1I€MU YETBIPEXIIOIIOCHUKA 0OpaTHOH CBs3U (a3oBblil ciBUT AQ, B
Ka)KJIOM 3BEHE COCTAaBJII€T HA YacTOTE reHepauuu 45°, a B TPEX3BEHHOM LENU —
A, = 60°. OTH ycI0BHs ONPEIEIAIOT MEHbIIEE OCIA0JIEHUE CUTHANIA B YETHIPEX-
3BEHHOM LIETIH 110 CPABHEHUIO C TPEX3BEHHOMU.

KoaduumeHt nepenaun pazoMKHYTOro TpakTa aBTOT€HEpAaTopa C MOCTOM

Buna (puc. 12.5, @) onpenenuTcsi ¢ TOMOILIBIO BbIPAKEHUS

H(o)=—B(@)K, = ! K,.

1 y
3+ j(mRC — ]
oRC

YacTtoTa, Ha KOTOPO BO3HHKHET CaMOBO30YKICHUE, OMPEIEIUTCS U3 YCIIO-

1
BUs 0yRC — =0:
0)0RC
2 1
0pRC) =1, ©y=——.
(00RC) *" RC
1
Koadduunent nepenaun nenu oOpaTHOM cBA3M Ha 3TOH yactoTe P(m() :§.

Koadunment nepenayn yCuiauTenss JOJDKEH OBITh BBIOpAH JOCTAaTOYHBIM JIJIst
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KOMIICHCAIIUU OCJIa0JIEHUsI CUTHaja B I[eNU OOpaTHOM CBSI3M U B COOTBETCTBHUU C
ycnosueM (12.2) orBeuats HepaBeHCTBY Ky > 3.

HW| }—éﬂ H(o

] 0 OoRC 03R6

o(®

a — /2
A} 0 R RE
0)0N
i > — /2L 7777777777777777777777

0N +1)Re[H(w)] :
8 o

Puc. 12.5

AMIUTATY/1a YCTAaHOBUBILKXCSL B ABTOI'€HEPATOPE KOJIEOAHN OIrpaHUYMBAETCS
HEJIMHEHHOCTHIO camoro ycunutens. Ecian ko3 puiment ycunenus pa3oMKHYTOTO
TpakTa aBTOreHeparopa H(w,) 3aMeTHO OoJblIe TPeX, TO (hOopMa reHepUpPyEMbIX

KOJI€0aHUI MOXET CYIECTBEHHO OTINYATHCS OT CUHYCOUIAJIHOM.

JIist yMEHBIIICHUST 3TUX WCKAKEHUNM MPUMEHSIOT aBTOMATHUYECKYIO PeryJu-
poBKY kod(@uimenTa nepenadn ycuiaurens Ky, OCyLIeCTBISIEMYO, HAIpPHMED,
C MIOMOILBIO MHEPLIMOHHOTO HEJIMHEWHOIO TEPMOPE3UCTOpa R, ¢ OTpHULIATEIbHOU
3aBUCHUMOCTBIO COIMPOTHUBJICHHSI OT MPWJIOKEHHOTO K HEMY HAIPSOIKEHUS, BKITIO-
4aeMoro B LIENb OTPHULATEIbHON 0OpaTHOU cBA3M (puc. 12.2, 8). YMeHbIIEHHE CO-
IPOTUBJICHUs Pe3UcTOpa R, NPUBOAUT K yBEIUYEHUIO KO3(Q(UIMEHTa Neperadyn

. . Ry
LeNU OTPHULATENbHOW O00paTHOM CBs3M: Por, =—— ©, CIENOBATEIBHO, K
yYMEHbIIICHUIO K03 PUIMeHTa nepenaun yCUIUTeNs, ONpeesieMOro BhIpakKeHuEeM

___ Ky

y =
1+BOTpKO

CBSI3H.
YMmenbmienne kodpduimenTa nepeaaun yCHWINTEIS MPUBOAUT K YMEHbIIIC-
HUIO UCKAKEHUN KOJICOAHMIA.

, rie Ky — Ko3(pUIMEHT ycuiaeHus ycuwiuTens 6e3 oOpaTHOi

12.2. Onucanue J1a00paTOPHOI YCTAHOBKH

VYcranoBka (puc. 12.6) comep>XKUT TeHepaTop CUTHAJIIOB HHU3KOW YacCTOTHI
(HY), ngByxmydeBoii ocuwwiorpadg ¢ AByMS  pa3elbHBIMU  BXOJaMH,
«Ycunurens Y 1» u «Ycunurenb Y2» U SKCIIEPUMEHTAIIbHBIN MaKeT.
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I'eneparop Ocnumnorpad
curnaios HY JIByXJIy4€BOU
Brixon Kanan I Kangan I1
| — |
Puc. 12.6

Jia uccnenoBaHus aMIUTUTYIHO-YaCTOTHBIX U (Pa304acTOTHBIX XapakTepu-
CTHK IIeTield OOpaTHOW CBA3M B MaKeT BBEJCHBI: CIABOCHHBIA IEPEKII0YATENh
S2 (am 0); pazweMm 1 (P1) makeTa, K KOTOPOMY TOJKIIOYAETCS BBIXOJ T€HEpaTOpa
curHanoB HY; pazbsem 2 (P2) makera, K KOTOPOMY MOAKIIOYAETCS MEPBBIA BBIXO[
ociiuiorpada; pazseM 3 (P3) makera, K KOTOPOMY MOJKIIOYAETCS BTOPOU BXO/T
ocriuiorpada.

Koadpdunuent nepegaun ycuauTens yCTaHaBIMBACTCS JEIUTENEM HampsoKe-
HUS B LENU OTPUIIATEIbHOM OOpaTHOM CBsI3U, 00pa30BaHHBIM pe3ucTopaMu R4 u
R6, u perynupyercs npyu U3BMEHEHUU 3HAUYCHUs conpoTuBiicHUusa R4. B pexume aB-
TOPETYJIUPOBAHUS TTTyOUHBI OTPULIATENIbHONW OOpaTHOM CBSI3M MepekitoyaTenem S
K JIEJIUTEII0 NOAKI0YaeTCs TEpMOpe3ucTop RS. I3MeHeHne XxapakTepUCTHK MOCTa
Buna mpon3BonUTCS CABOEHHBIM PE3UCTOPOM R3.

MakeT COCTOMUT U3 ONEPALUOHHOTO YCHIUTENS ¢ KO UIIMEHTOM Tepeaadn
K(, OXBau€HHOIO LIENbI0 OOpaTHOHN CBsA3H, 00pa30BaHHON pe3ucropamu R4, RS,

R6, ¥ U3 BKIIOYCHHBIX B IIEMb MOJOKUTEIHLHOW OOpaTHOM CBSI3M TeHeparopa ¢a-
30CABUTAIONIUX LIEMOYEK, COCTOSIINUX U3 PE3UCTOPOB U KOHJeHcaTopoB R1, Cl u
R2, C2 v yacTOTHO-3aBUCUMOM 1ienu B Bujie Mocta Buna (R3, C3).

12.3. 3aganue ¥ yKa3aHHUs K BbINIOJHEHUIO padoThl

1. BKi1touuTh 35€eKTponuTaHuE TeHepaTopa, ocluiorpada u Makera u ycra-
HOBUTh Ha BBIXOJIE TeHepaTopa KojebaHWe C MaKCUMaJIbHOW aMIUIUTYAOU
(Uppx — 30 B).
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2. JIns uccnenoBaHusl YaCTOTHBIX M (PAa30BBIX XapaKTEPUCTHK Iiened oOpart-
HOU CBSI3U aBTOTE€HEPATOPOB OTKIIIOUUTH YCHIIUTEND (S3 — B mosioxkeHue 3) u 1mo-
JaTh Ha BXOJ Lieneil oOpaTHOM CBA3M CUTHAJI C T€HEepaTopa, MOAKIIOYUB €ro K
pazbemy Pl. JIns KOHTpOJIsE BXOJHOI'O CUTHAJIa MOAKJIIOUYUTH MEPBBIM KaHal OC-
muiorpada k pazsemy P2. Bropoii kanan ocuusuiorpada noakiItouuTh K BBIXOIY
1enu oopaTHo# cBs3u (pazveMm P3).

3. UccnenoBarh AUX u ®UX Tpex 1ernei 00paTHOM CBS3H:

a) Tpex3BeHHor RC-1eny,

0) yeTbIipex3BeHHOU RC-11e1H,

B) MocTa BuHa (npu cpeaHem 3HaYeHUU COMPOTUBICHUS R3).

N3mepenuss npou3BoAsTCA IS 7 3HAYEHUM 4YacTOT, YKAa3aHHBIX HA MAaKeTe.
Br10op uccnexyeMoit nenu nporu3BOAUTCS € MOMOIIBIO IEpeKIoYaress S2.

N3mepenne AUYX npous3BOAUTCS MyTEM OMpeAeaeHus (C MOMOIIBI0 OCIUIIIO-

rpada) ammauryn BxogHoro Uy, u BeixogHOro Uy, , HanpsikeHus. Moxyib Ko-

> unmenTa nepenadn paccuuTeiBaeTcs 3areM kak Uy, / U, .

Jnst casatua @UX neneid oOpaTHOW CBSI3M CIETYET U3MEPATh OTHOCUTEIbHBIN
CIBUT TApMOHUYECKUX KoJieOaHui Ha 3KkpaHe ociusuiorpada. C 3Toi 1eNbo ocy-
I Baixomoii  MECTBUTH CHHXPOHU3ALIMIO ocuuiiorpaga mno

curuan  KoneOaHuro, nonaBaeMomy B kaHain I. Jlins mo-

Ax
/ BBIILICHUSI TOYHOCTH HU3MEPEHHH KO3PPuim-
Bxonuoit A /\ eHThl ycuieHus B kaHanax I u Il ocumiutorpa-
(

CUTHAJ da cienyer BbIOpAaTh TAKUMH, YTOOBI aMILIH-
\M % TyJIbl BXOJIHOTO U BBIXOJHOTO KOJeOaHUU Ha
9KpaHe ObUIM MPUMEPHO OJMHAKOBHIMH. Ha-
4aj0 OTCYETa YCTAaHOBHUTH MO HM300PaKEHUIO
Kosie0aHusl, CHATOTO C BBIXOJa reHeparopa (kaHai [), 1 u3MEpUTh ClieyIomue Be-

mnuuHbl (puc. 12.7):

e [ — 3aBucAllee OT YaCTOThl PACCTOSHUE (B KJIETKax) MEXAY OMvmxallmmu
MUHUMYMaMH (MaKCUMyMaMHt) BXOJTHOTO WJIM BBIXOJHOTO KOJICOaHNS;

e Ax — paccrosHHe (TakKe B KJETKaxX) MEXIy MUHUMyMaMH (MakCUMyMaMu)
BXOJIHOTO U BBIXOJHOTO KojiebaHuii ucciemyemoit rienu. [Ipu sTom seBslii pac-
CMaTPUBAaEMbIil MaKCUMYM JIOJDKEH O053aTeIbHO MPUHAAIECKATH 6X0OHOMY
CUTHAITy, a PaBbIi — 8bIXx00HOMY (CM. puc. 12.7).

®da30BbIil cABUT (B rpaaycax), BHOCUMBIN UCCIENYEMOM LIETIbIO, PACCUUTHIBA-

eTcs 3aTeM 1o gopmyine A = 360%.

Puc. 12.7

4. Otxmounts reHeparop HY u, uzmensis koahUIMEHT yCUICHHUS YCUIIUTe-
Js1 ¢ TIOMOIIBI0 pe3ucTopa R4, ompenenutb KOOPHUIUEHT YCUTICHHUS yCHIUTEINS,
Py KOTOPOM BO3HUKAIOT KOJI€OAHUSI B TPEX3BEHHOM M UYETHIPEX3BEHHOM aBTOTE-
HepaTtopax U B reHeparope ¢ MoctoMm Buna. [lepexirodarens S3 npu 3TOM ITOJDKEH
ObITh YCTAHOBJIEH B MOJIOKEHHUE 2 JJIA TPEX- U YEThIPEX3BEHHOM Lieneil 0OpaTHOMI
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CBSI3U M B moJiokeHue I — na mocta Buna. Illkana nepemenHoro pesucropa R4
POrpayupoBaHa HEMOCPEACTBEHHO B 3HAYEHUSAX KOIPPUIIMEHTA YCUIICHHUS.

5. Jlna Bcex Tpex aBTOrE€HEpaTOpOB ONPEAENUTh YacTOTy KOJIeOaHUM, C Io-
MOIIIbIO ocuuiuiorpada usmepss ux nepuon. s aBroreneparopa ¢ mocrom Buna
U3MEPUTH YaCTOTY KOJICOAHUM I IBYX CiIydaeB — MPH R3min ¥ R3nax-

6. B aBTOoreneparope ¢ MoctoMm BrHa ycTaHOBUTH C MOMOIIIBIO pe3uctopa R4
KO3 (PUIMEHT YCHUJIEHHWS HEMHOTO BBIIIE€ MOPOTOBOTO 3HAYEHHUS, NMPU KOTOPOM
BO3HMKAIOT KOJIeOaHUs, JOOUBIIUCH MPU 3TOM 3aMETHOI'O OTKJIOHEHUSI (OPMBI KO-
nebanuil oT cuHycouaalbHOU. [1oAKIIOYNTE LIENb aBTOMATUYECKOW PEryJupOBKU
ycwiienust (nepexitoyarenb S1 — 3aMKHYTh). 3apucoBaTh GOpMy TeHEPUPYEMBIX
curnanoB ¢ APY u 6e3 Hee.

Conep:xxanme oTuera

e Tabmuubl 3HaueHUd U rpaduku m3MmepeHHbIx AUX m ®UX wnemneit oOpatHO#
CBSI3H;
® 3HAUYCHUSI MOPOTOBBIX KOAI(PIUIMEHTOB YCUIICHMS, NMPU KOTOPHIX BO3HUKAIOT
KoJieOaHUs B aBTOr€HEPaTOpax;
® YacTOTHI KOJICOAHHI aBTOre€HEPATOPOB;
® PUCYHKH, WUIIOCTPUPYIOIIUE BIUSHUE LEMU aBTOMATHYECKON pEryJIHpOBKHU
yCuJIeHUsI Ha POpMy TeHEpUPYEMBIX KOJIeOaHUI;
® TEOPETHUYECKUM pacueT 4acTOThl, Ha KOTOPOH BBINOIHSAETCS OataHc (a3, eciu B
KauecTBE IEMU 00paTHOM CBS3U UCIIOIb3YETCS:
1) tpex3ennas RC-uenb ¢ R1 = 1,5 kOm, C1 = 0,01 MxD;
2) uetbipex3BeHHass RC-nienb ¢ R2 = 1,5 kOMm, C2 = 0,01 mxD;
3a) moct Buna ¢ R3 =1 kOwm, C3 = 3 mxD;
36) moct Buna ¢ R3 = 1,2 kOm, C3 = 3 MxD;
® pe3yJIbTaThl CPABHEHUS TEOPETUUECKUX PE3YJIbTATOB C DKCIIEPUMEHTAIBLHBIMU;
® BBIBO/IbI 10 MOJYYEHHBIM PE3yJIbTaTaM.

KOHTpOJIbHLIe BOIIPOCHI

1. Yro Takoe romorpad? B "yem COCTOUT CYIIHOCTh YaCTOTHOT'O KPHUTEPUS YC-
torunBocty HalikBucra?

2. C kaxoil 11esbto B 1Ienb 00paTHOM CBSI3HM BKIIIOYAETCSI TEPMOPEIUCTOP?

3. UYem ompexensercsa yacToTa TreHepauuu aBTorenepatopoB? IlpuBecTu mnpu-
Mep.

4. OnpenenuTh 4acTOTY T€HEpALUU JJIsi aBTOT€HEpaTopa, Y KOTOPOro MepecTaB-
JIEHbl MECTaMHU PE3UCTOPhl U KOHJEHCATOPHI MO CpaBHEHUIO ¢ puc. 12.2,a
i 12.2, 6 (no yxazanuio mnpenogaBatens). Cuurtath, uro RC-3BEHbsI HE
BIIUAIOT APYT HA Apyra.
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10.

11.

12.

128

OnpenenuTh BO3MOXKHYIO 4YaCTOTY T€HEpAIMU U HEOOXOAUMBIN TUM yCUIUTE-
751 (MHBEPTUPYIOUINI Uiu HenHBepTHpytouii) no ®UX pazoMkHyTOH 1enH,
3aJJaHHOM MPETOJABATEIIEM.

O0Bsicauth MeToauKy n3mepenus ®UX nenu obpatHoit cBszu. Kak mpu sTom
JIOJI’KHA OCYUIECTBIISATHCS CUHXPOHU3AIMS ocliiiiiorpada?

Ponb maccuBHOM 1ienu (4ETHIPEXIIONIOCHUKA) 00paTHOM CBSI3U B aBTOT€HEpa-
TOpE COCTOMT B o0ecriedeHnu Oananca (a3 Ha 4acToTe reHepanuu. MoxxHo u
MCITIOJIB30BATh B KAYECTBE YETHIPEXIOIIOCHUKOB 00paTHOM CBs3M ['-00pa3Hbie
LC-u CL-uenn?

Kakoii (a3oBblii caBUT Ha HEKOTOPOH (PUKCHPOBAHHOW YACTOTE M) MOXKET
obecnieunth oAHO I'-00pa3zHoe RC-3BeHO? JBa MOCIEIOBATEIIBHO BKIIFOYECH-
HBIX TAKHUX 3B€Ha?

dazocaBuramonias 1enb sBIACTCA JUHUEH 3anepxkku. 3anucath OUX wupe-
aNbHOM (HeucKaxkarole popMy curHasna) JMHUU 3aJIEPKKU.

Kak mo AUX w/mnmu @YX 3-3BeHHoil (4-3BeHHOM, MocTa Buna) RC-tienu orm-
pEeIEeNIUTh BO3MOKHYIO 4YaCTOTY FeHepauuu?

Jlunus 3anepkku sBisieTcs (a3zocaBUraromei nemnsro. Onpenenuts Gpa3oBbIi
C/IBUT, BHOCUMBIN WJeaTbHON (HEHCKaKaromiew ¢opMy cuUTHaia) JUHUEH 3a-
nepxku Ha 1 mxc Ha yactore 0,5 MI .

[Touemy curnai, reHepupyemsblii RC-aBTOr€HEepaTopoM, OTJIMYaeTcs 1o ¢Gop-
Me OT rapMoHndeckoro? Kakve Mepbl MpUHUMAIOTCS JIJIS YIIydIIICHHs (hOPMBI
CUTHaJIa (Ha mMpUMepe MaKeTa U M0 JAHHBIM SKCIIEpUMEHTa)?



13. UCCJIEAOBAHUE LC-ABTOI'EHEPATOPA

Ilenv pabomer — vi3yyeHue yclOBU BOSHUKHOBEHHUS U CTaOMIBHOIO CyIle-
CTBOBaHUS AJIEKTPUUYECKUX KOJICOAHUI B aBTOIE€HEPATOPE C Y3KOIMOJOCHBIMU II€-
sIMA 00paTHOM CBSI3H.

13.1. TeopeTuveckue cBeeHUs

B paavoTexHHKe TreHepaTopoM Ha3bIBalOT YCTPOMCTBO, Ipeodpasyroliee
HHEPrUI0 UICTOYHUKA MUTAHUS (Yallle BCEr0 MCTOYHHUKA NOCTOSHHOIO TOKA) B JHEP-
T'MI0 KOJIEOAHMI KaK MEPUOJNYECKHX, TaK U Henepuoaudyeckux. ['eneparop cocro-
UT U3 aKTUBHOT'O AJIEMEHTA (YCUJIUTENA) U LIeNu OOpaTHOM CBS3H, C MOMOULIbIO KO-
TOPOM BBIXOJHOW CUTHAJ YCHJINTENS MOJAETCS HA €ro K€ BXOJ, TaK 4TO IIPU BbI-
NIOJIHEHUH OIPEJEICHHBIX YCJIOBHM B IeNH OyIyT CyIIECTBOBATh HE3aTyXaroLIUe
AIIEKTPUYECKHE KoyieOaHus. 3HaHUE aMIUIMTYAHON XapakTtepucTuku (AX) ycum-
tenst, AUX u @YX nenu oOpaTHOU CBSI3U JA€T BO3MOXHOCThH OINpPEICIUThH mapa-
METpPhI TeHEPUPYEMBIX Kojebanuii. B mabopaTopHoii paboTe paccMaTpuBaeTcst pe-
UM TAPMOHUYECKUX KOJIEOaHU.

Cxema aBroreHeparopa (puc. 13.1) cocrour u3 ycuiu-

Teas ¢ KOMIIEKCHBIM Kod(hduruentom mepemaun K(w) u K(®)

Ot
e 00paTHOM CBS3U ¢ KOMIUIEKCHBIM KO3((HUITUEHTOM I1e- ‘
L o0—

penaun B(w).

Jns cymecTBoBaHMsI KOJIeOaHUN B paccMaTpuBaeMoOit
CUCTEME, HaxXOJSALIEHCs B CTAllMOHAPHOM pEXHUME, HE0OXo-
JIMMO BBITIOJIHEHHE YHEPreTUUECKOro OanaHca: pacxomyemas Puc. 13.1
B PE3UCTUBHBIX 3JIEMEHTAX LENN SHEPIrus JOJDKHA PABHATHCA
SHEPIUH, NOCTABISIEMOW C MOMOLIBK YCWIMTENIS OT MCTOYHMKA NUTaHus. Eciu
JI0CTaBIIsieMasl B II€Th SHEPTHsl MEHbBIIIE PacxXoiyeMou, TO KojeOaHHsl B CUCTEME
3aryxatoT. [Ipu oOpaTHOM >ke HepaBeHCTBE KojebaHusi HapactaioT. OTcroga cie-
JyET, 4TO KOJIEOAHUS C YCTAHOBUBIIEHCS KOHEUHON aMIUIUTYI0M BO3MOXHBI TOJIb-
KO B HEJIMHEWHOM CHUCTEME, KOIJla €CTh MEXaHU3M aBTOPETYJIUPOBAHUS PACXOOYe-
MO Ha KojeOaHus sHepruu. VHBIMU cllOBaMHU, YCWICHHE KOJeOaHW B IEMU
JIOJDKHO 3aBUCETHh OT aMIUIUTYAbl ATUX KOJIEOaHHMH Tak, 4TOObI MpU YBEIUYECHUU
aMIUTMTYJbl KOJIEOAHUN YCUJIEHHE YMEHbIIAOCh, U Hao0opoT. Takum oOpazom,
aBTOTCHEPATOP SIBIACTCS MPUHIUNHNAIBHO HEIIMHEWHBIM YCTPOMCTBOM.

[Tycth aBTOKOJIEOATENbHAS CUCTEMa BO30YK/I€HA U HAXOJUTCS B CTalMOHApP-

B(w)

HOM pEXUME reHepalli rapMOHUYECKOro curaia U(t) Ha 4actoTre ®p; BXOJHBIM
CUTHAJIOM C KOMIUIEKCHOW aMIUIATYIO0U U'BX JUISL YCUJIATEINS CIYKUT BBIXOJHOU
CHUTHAall eI oOpaTHoOM CBS3U C KOMILJIEKCHOM AMIUTUTYIOU
K (o, )B(0p Uz =Ugy . ClleioBaTenbto, B CTAMOHAPHOM PEXHUME BBIIOIHICTCS

yCIIOBHE K'(O_Jr )B(w.)=1. U3 sT0ro ycuosus ¢ yuerom K(o)= K(m)ej(pK(“)) u
B(w®) =B(w)e Jop(®) MOJIYYHM:
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K(op)B(op) =1, (13.1)
oK (o) + (o) =2nk, k=0,%1,%2, ... (13.2)

Cootnomenus (13.1) u (13.2) onpeaensitoT COOTBETCTBEHHO TaK Ha3bIBAa€MbIE
OanmaHchl aMIUIATYA U (a3, XapaKTEePHU3yIOIIUE CTAIIMOHAPHBIM PEXUM pabOTHI aB-
TOT€HEepaTopa ¢ BHEIIHEH OOpaTHOM CBA3BIO: HEOOXOIUMO, YTOOBI HA T€HEpUpye-
MO 4acTOTE MOJHOE YCHJICHHE MpH 00X0/e KOJblla OOpaTHOM CBSI3U COCTABIISIIO
enuHuIly (GallaHC aMIUIUTY), a MOJHBIN (Pa30BbIi cABUT Tpu 00X0/€e KOJbLa 00-
paTHOU cBsi3u ObLT paBeH O unu kpateH 27 (Oananc ¢as).

Koadduiment mnepempaun macCUBHOTO YETHIPEXMOJIIOCHUKA HE 3aBUCHUT OT
aMILTUTYAbI KoieOanuii. HenmmHEeHHOCTh aBTOKOIe0aTEIFHON CUCTEMBI TTPOSIBIISCT-
csi 37ech cHKeHueM koddduimenta nepenaun K (koaddummenta ycuneHus),
MPOUCXOJSIIMM MMAPATIIETBHO C HapacTaHHeM amIUIMTYAbl kojebanuil Uy (t). Ko-
raa kodddumueHT ycuwienus qocturuet 3Hadenus K = 1/f(w;), nanpHeimmii poct
aMILIUTY bl KoJieOanui Uyq, mpexparurcs (puc. 13.2).

K u(t)
i UyCT ________
i Uor(t)__ oy |

o) N N N > T
B(or) . /\ VTl ]I \

UyCT Uor
Puc. 13.2

O603Ha4UM KOI(PPUIUMEHT YCUTICHUS, 3aBUCSIINUNA HE TOJIBKO OT YacTOTHI, HO
U OT aMIUIUTYIbl BXOJIHOTO curHana, kak K(Uyy, ®). [Ipu nogade nutanus Ha cxe-
My, T. €. B MOMEHT, korja Uy, =0, caMoB030y:k/1IeHne aBTOKOJIe0aTeIbHOM cucTe-

MbI BO3MOKHO, eciii K(0, op)B(w;) > 1. Tlpu K(0, o,)B(wy) < 1 camoBo30yxaeHus
He OyJIeT, TaK KaK HET HEOOXOUMOM KOMIIEHCAIIUU TTOTEPb.

AMIUIMTYTHOW XapaKTEPUCTUKON YCHUIIUTEINS HA3bIBAETCS 3aBUCUMOCTb aM-
IUTUTYAbl BBIXOJJHOTO HAIPSKEHUSI YCUIIUTENS OT aMIUIUTYAbl BXOJAHOTO HAIpsIKe-
Hus. HakiioH aMITTUTY THOM XapaKTepUCTUKH onpeersieT KodhOUIIMEHT YCUIeHus
ycwurens. [Ipyu noctaTouHo GOJbIION aMIUTUTY/Ie KoJieOaHUN Ha BXOJIE YCUIIUTE-
JIs1 BBIXOJTHBIE KOJIeOanusi Oy IyT UCKaKEHBI 10 (hopMe M3-3a HEMTMHEHHBIX HCKaXKe-
Hui. Torga A aHanuza 1enei 4acTo OKa3bIBaeTCsl Y0OHOM HECKOJIBKO MHAs Xa-
PAKTEPUCTUKA: aAMIUIATYIHAS XAPAKTEPUCTUKA MO MEPBOM TapMOHHUKE, MPEICTAB-
JS0IIasi co00M OTHOIIEHUE aMIUIUTYAbl TIEPBOM TApPMOHUKH BBIXOJHOTO KoOJieOa-
HUS K aMIUTATYJI€ TAPMOHUYECKOTO KoJieOaHUs Ha BXOJ1€ HEJIMHEHHOM 1eMu.

AHanu3 paboThl aBTOreHepaTopa CBOAUTCS K PEHICHUIO HEIMHEWMHOrOo OJHO-
ponHoro muddepeHunanTbHOT0 ypaBHEHHS 2-T0 MOPsiAKa, 00N METOJ pelieHus
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KOTOpPOro HeusBecTeH. B MaremaTnueckoil gusnke perieHue moJo0HBIX ypaBHE-
HUW UIIYT, ONMUPASCh Ha (U3UUECKUE TTPEATIOCHIIKY, CBSI3aHHBIE C OCOOCHHOCTIIMU
uccienyeMoro oobekra. C COOTBETCTBYIOUIMMU JOMYUICHUSIMU aHAU3 aBTOTEHE-
paTopa B CTal[MOHAPHOM pPEXHUME PabOThl MOKHO IMPOBECTH C HCIOJIb30BAHHUEM
yCJIOBU OajaHca aMIUIUTY[, OanaHca (a3 u aMIUIUTYJIHOM XapaKTepUCTUKH TI0
NepBOM rapMOHHUKE.

Cxema aBtoreneparopa (puc. 13.3) cocTout u3 ycunutens, KoiaedareabHOTro
KOHTYpa U JIMHUU 3a1epxKku (JI13).

exp(—jwT;) K B(m)
-I-3 —o—0— |> —Cc—o— i

A —— ]

S ]

Puc. 13.3

Jlia ynporienus aHanuza, He Tepsisi OOIIHOCTH pacCyXJIeHuH, OyJieM CUuTaTh
YCWJIMTENb YacCTOTHO-HE3aBHUCHUMBIM (UTO HAOJIOAAETCS HA MPaKTUKE MOpU IO-
CTPOEHUU I'E€HEPATOPOB BILUIOTH J0 CBEPXBBICOKOYACTOTHBIX KOJEOAHUI 4acTOTOMN
coimie 1 I'Tx). [TapannenbHblil KonebaTenbHbIM KOHTYpP BOTU3U PE30HAHCHOM Yac-
TOTBHI UMEET KOMIUIEKCHBIN KOd(PhULIMEHT epeaadn

. 1 1 .
K(e)=——= g ae(2Qe) (13.3)
1+]J2Qe | /1+4Q%?
rane Q — M0OpOTHOCTH KOJIEOATENBHOIO KOHTYDA; e=(0-0p) /(op — OTHOCH-

TEJPHOE OTKJIOHEHHE YACTOTBHI OT PE30HAHCHOH ), :1/ VLC . ®opmyna (13.3)

CIpaBeJIuBa BOJHM3U PE30HAHCHON YacTOTHI, T. €. Korja € << 1, HO 3TOro mpHu-
OV KEHUST BIOJHE JOCTATOYHO JIJIS aHAJIM3a aBTOICHEpaTopa, TaK KakK MpU OOJIb-
X OTKJIOHCHHUSIX YaCTOTHI OT PE30HAHCHOW KOI(PPUIIMEHT Mepeaadyn CTPEMUTCS
K HYJIIO U KOJIeOaHUsI B CHUCTEME CTAHOBSATCS HEBO3MOXKHBIMHU. KOMIIIIEKCHBIN KO-
> UIHEHT Hepenady JIMHIN 3auepxkn K 13(@)exp(—joT,).

3anumiem yciosue Oananca das (13.2) nus npuBeeHHON CXEMBI:

O —o
_arctg 2Q¥ _(DFT3 :2Tfk9 k:O, 11,?2, cee o (13.4)

®
p
VYpaBuenue (13.4) B CUMBOJIBHOM BHUJIE HE PEIIAECTCS, HO OTBET JIETKO HANTH,

ucnoiib3ys rpapuyeckuii meros. I[lepenuinemM ypaBHeHHE

O -0
arctg| 2Q——= | =21k~ T,» k=0,F1, %2, ... (13.5)

(DP
U MOCTPOUM rpadvKH JEBOM U MpaBoi ero yactei B PyHKIMU OT 4acToThl M. [1e-
peceueHune ABYX IpauKOB JAaeT UCKOMYIO YaCTOTY My, IPU KOTOPOM BBIMOIHIETCS

paBeHcTBO (13.5). OueBugHo, npu T, = 0 yacToTa reHepalrii paBHA PE3OHAHCHOM
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4acToTe KOHTypa. Takum 00pa3om, UCXOs U3 ycioBHs OanaHnca (a3, onpeaenser-
csl yacToTa (MX MOXET ObITh HECKOJBKO), HA KOTOPOM BO3MOXKHA reHeparus. Jis
BO3HUKHOBEHUS KOJIEOaHUI Ha 4acTOTEe TeHepallid HEOOXOANMO BBHIMIOJTHEHUE yC-
J0BUA OajlaHCa aMIUIUTY .

3anuiueM NpUMEHUTENBHO K IaHHOM cXeMe ycIoBHe OanaHca aMIUIUTY L

! —KUc, o,)=1 (13.6)

®, —®
1+4Q*| ——*

o,

U HaijgeM TOT KOd((HUIMEHT yCHIIEHUS, MPU KOTOPOM CIPABEIIMBO PABEHCT-
BO (13.6):

O, —O
KU, 0,)=,[1+4Q*| ——=
p
3Has KOd(pPUIUEHT yCUIeHUS B 3aMKHYTOM TEeTie aBTOreHepaTopa U aMIliu-
TYJAHYIO XapaKTEPUCTHKY YCUJIUTEIS MO MEepBOM TapMOHUKE, JErKO HAWTU aMIUIH-
Tyay KojeOaHui B yCTAHOBUBILIEMCS PEKUME.

13.2. Onucanue J1a00paATOPHOI YCTAHOBKH

VYcranoBka (puc. 13.4) cocrout u3 maboparop-

| ey HOTO MakKeTa, ABYXJIY4eBOro ocuuwuiorpada, 3iek-
5 TPOHHO-cUeTHOro uvacrtoromepa JCY um reneparopa
ITK —» Z rapmonnueckux konebanuit [TK. Jlaboparopusrit
=Ly Ocrun- | Maket (puc. 13.5) npexacrasisier coOoi aBTOTreHepa-
—» jorpad | TOp, BKIKOYAKOLUMN B C€0sl YCHIIUTENb C pPEryJjupye-
MBIM KO3((ULIMEHTOM yCUJICHHMS], MapasuleIbHbIA KO-
Puc. 13.4 nebaTenbHbIi KOHTYP U JIMHUIO 3a7epkku JI3.
exp(—joTs,) K B(w) 2CY O
T, /& — O
—_— T
Ocumnnorpag y2

(sl

Pexcim paGOTH/ HenpepsiBHbli I ] I

6 G '],
|

O — Hmnynscusii [1 I

\ II Buemnumii reneparop
N3mepenne AX III o

Ocuumorpad y1 O

Puc. 13.5
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Maketr MoxxeT paboTaTh B TpeX peXHMax: HEMPEPbIBHOM, UMITYJILCHOM U B
pexume ndmeperus AX, AUX u @UX. B HenpepbIBHOM peKUME METIIsE 00paTHOM
CBA3M 3aMKHYTa U IPH BBINOJHEHUU HEOOXOJMMBIX YCIOBUW B LIETIH BO3HUKAIOT
Kosie0aHusl, AJi1 U3MEPEHUs 4acTOThl KOTOPbIX uctonb3yercs DCY. B pexume us-
mepenus AX, AUX u ®UX netist oOpaTHOM CBSI3M PBETCS U TOJIYy4aeTCs YEThI-
PEXIIONIIOCHUK, HAa BXOJ KOTOPOTO IMOJAETCS CUTHAJ OT T'€Heparopa rapMoHuYe-
ckux kosiebaHuil. C mOMOILBIO ABYXJIy4eBOro ocuusuiorpada oJHOBPEMEHHO Ha-
OJIFOJJAIOTCSL CUTHAJIBI Ha BXOJE U BBIXOJIE PA30OMKHYTOH NETIIH, IO KOTOPHIM JIETKO
onpenenaoTcs AX M 4YaCTOTHBIE XapaKTePUCTUKU Lenu. VIMIyabCHBIA pexuMm
npeaHa3HauyeH JJIsl HaOJII0IeHUs Mpoliecca CaMOBO30Y KICHHSI C MTOMOLIBIO OCIIUII-
norpada. Iloxg geiicTBHeM HMIYJIbCHOTO CHTHalIa CpabaThIBaeT KIIOY, KOTOPHIHA
3aMBIKAET U Pa3MbIKAET METII0 OOPAaTHOM CBS3H.

3azepKKa peryJmpyercs ¢ MmoMouipto nepeximodaress. OHa NOMOJHUTEIBHO
OCJIa0JIsIeT aMIUIUTYAYy CUTHANA, TaK KaK He SBIIAETCS UJ1€aJIbHOM.

13.3. 3apanue U yKa3aHHMs K BBINIOJHEHUIO padoThI

1. Hccneoosanue AYX u @YX pazomkuHymoii nemiu aemozeHepamopa.
[ToakIFOUUTh BBICOKOYACTOTHBIN T'€HEPATOp K MAKETy. Y CTAaHOBUTH NEPEKIIOYA-
Tenb B nosniokenne «M3mepenune AX» (III). [Mogkmrounth IByXKaHAIbHBIA OCITUII-
jorpad K MakeTy Tak, 4TOObI Ha €ro 3KpaHe OJIHOBPEMEHHO HaOII0JaTh rapMOHHU-
yeckoe Kojebanne Ha Bxoje U Bbixoje 1enu. DCY nmoacoeIMHUTh K BXOy MakeTa
JUTISE KOHTPOJIS YacTOTHI KoJieOaHUMN. Y CTAaHOBUTH HYJIEBOE BPEMS 3aJIEPKKU U JITO-
0oif K03 PUIMEHT yCHUIeHNs B JUalla30He 3HaUYeHHWM oT 8 ;0 12 m 3ammcarh €ro.
N3mepenus crneayer MpOBOAUTH B PEXKHME MaJIOTO YPOBHS CHUTHaNa, YTOOBI aM-
IUTUTYAHYIO0 XapaKTEPUCTUKY YCHIIUTENS MOXHO ObUIO CUMUTATh JUHEWHOW. J[iis
HACTOSIIIEr0 MAaKeTa aMIUIMTY/Ia BXOJIHOTO CUTHajla He JoJbKHA npesbimarts 0,5 B.
MeHsis 4acTOTy TeHepaTopa, HAaWTHU PE30HAHCHYIO YacTOTY KOJIeOATeIbHOTO KOH-
Typa (okomno 480 kI'11), Bxoasmiero B 1enb o0OpaTHOM CBsi3M aBTOreHeparopa. Us-
MEpUTh aMIUIUTY/bI KOJIEOAHUI Ha BXOJIE U BBIXOJIE PA30MKHYTOW METIU U BpeMs
3a/IEpKKU (OTIEPEXKEHUS) MEKIy HUMH Ha 4acToTax BOJIM3U pe3oHaHca. CoCTaBUTh
Ta0JIUIly aMIUTUTYJHBIX Kod(dduimeHnToB nepegaun M ¢$a3oBOro CABUra Iernu Ha
pa3IMuHbIX YacToTax. Mi3mMepeHus NoKHbI MpoBOAUTHCA Ha 11 yacTorax ¢ marom
okosio 20 k[': 5 3HaueHU YacTOTHl HUKE PE30HAHCA M 5 BbIIE. AMIUIMTYIHbIC
KO3 PHUIMEHTHI TIEpeIayy MK BBIYUCISIOTCS KaK OTHOIICHHWE aMIUTUTY/] BBIXO/I-
HOTO KOJIeOaHMsI K BXOJAHOMY, a ()a30BbI CIBUT — KaK BPEMs 3aJICPKKHU BBIXOJI-
HOTO KOJIEOAaHUsI OTHOCHUTEIHHO BXOJHOTO, OTHECEHHOE K MEPHOy KOJeOaHW U
YMHOXEHHOE Ha KO3(PPULHEHT 27t

2. Hccneoosanue AX no nepeoil capmoHuxe pA3oMKHYmMO20 MpPAKmMa Ha
yacmome @bINOJIHEHUA YC108Usa bananca ¢pasz. YCTaHOBUTH TOT KOd(huImeHT
ycuienus, npu kotopoM uzmepsuinch AUX u ®UX. B pexxume «M3mepenue AX»
YCTaHOBUTH TY YaCTOTY BBICOKOYACTOTHOI'O T'€HEpPATOpa, Ha KOTOPOH OTCYTCTBYET

133



($a30BBIN CIABUT MEXIY BBIXOJIHBIM W BXOJHBIM KoyieOanusiMu. Ha 3Toil wactore
U3MEPUTH aMIUIUTYJIBI BBIXOJHOTO W BXOAHOTO KosieOanuit st 10 3HaueHuit am-
IUTY Al BXOHOTO KoJjiebanus ot 0,5 no 3 B. CoctaButh Tabiuity kosdduiuen-
TOB TMepeavu JUisl Pa3IMYHbIX 3HAYECHUN aMIUIUTYAbl BXOJIHOTO KosieOanud. Ilo-
ctpouth rpaguk AX. YBennueHue aMIuiuTyAbl BXOAHOTO KoyiebaHus OyAeT mpu-
BOJUTH K HEOONIBIIOMY (Pa30BOMY CIABUTY MEXKIY BXOJHBIM U BBIXOJHBIM KOje0a-
HUSIMH, YTO OOYCIJIOBJIEHO BIIUSIHUEM IMAPA3UTHBIX PEAKTUBHOCTEH, MPUCYIIUX HE-
JUHEHHBIM d7eMeHTaM. [lomo0parh aMIUTUTYAy UM YacTOTy BXOJHOTO KOJI€OaHUS
TaK, YTOObI aMIUIUTYa BBIXOJHOTO KOJieOaHus ObUla paBHA aMILIUTYI€ BXOJIHOTO
Kose6anusi, a Ga30BbIN CABUT MEXKIY BBIXOJIHBIM U BXOJHBIM KOJICOAHUSIMU OTCYT-
CTBOBAJI. 3aNMCaTh 3HAYEHUS YaCTOTHI U aMILTUTY bl BXOJITHOT'O KOJIEOaHMUSI.

3. Hccneooeanue napamempos zenepupyemuvlx Kojebanuii. OCTaBUTh TOT
KO3 GUIMEHT ycuieHus, npu KotopoMm u3Mmepsnch AUX u ®UYX. YcraHoBUTH
«HenpepsIBHBINY) pexuM pabOThl MakeTa, MOBEPHYB MepeKItouaTesib. TeM caMbiM
3aMBIKAeTCsl METJss OOpaTHOW CBS3U U CO3JAIOTCS YCIOBHUS ISl BOSHUKHOBEHUS
kojebanuii B nenu. HabmronaTe kosieObaHusi aBTOT€HEpaTopa ¢ MOMOIIBIO OCITUII-
aorpada. U3meputs ¢ nomoipio ociuuiorpada u yacToromepa COOTBETCTBEHHO
3HAYEHUS aMIUTUTY/Ibl U YaCTOThl TeHEpUPYEeMbIX KosiebaHui. CHSATh 3aBUCUMOCTD
(B 10 TOoukax) aMIUTUTYJbl TEHEPUPYEMBIX KOJeOaHUU OT Kod(PUIIMEHTA YCHIIe-
HUSI, U3MEHSISI €r0 3HAaYEHUs OT MUHUMYyMa J0 MaKCUMyMa.

4. Hccneoosanue asemozenepamopa ¢ auHuell 3a0eprHcKu 6 nemsae oopam-
HOUl ceéa3u. YCTAaHOBUTH BpeMs 3ajiepkku, paBHoe 0,1 Mkc, u m000i1 korhduim-
€HT yCWJICHMS B Auarna3oHe 3HadeHuu oT 11m0 12 u 3anucars ero. [loBTopuTh M3-
MepeHus cornacHo nm. 1-3.

Conep:xanme oTuera

® KpaTKHe TEOPETHYECKHE CBEICHMsI, BKJIIOYas 11eJib pabOThl, CXEMY aBTOT€HEpa-
TOpa, MATEMATUYECKUE BBIPAKEHUS JJISI YACTOTHBIX XapaKTEPUCTUK PA30MKHY-
TOW NETJIM aBTOTE€HEepaTopa M yCclIOBUM OanaHca aMIUIUTYA U (a3, cxemy J1abo-
pPaTOPHOI'0 MAaKETa U CTPYKTYPHYIO CXEMY JIaDOpaTOPHOU YCTAHOBKH C KPATKUM
ONMCAaHUEM;

e pacuer u rpapuku AYX u @YX pa3oMKHYTOH METIN aBTOI'€HEPATOPa HA OCHO-
BAaHWM 3HAHMS €TI0 CXEMBI;

® pacyeTHbIC 3HAYEHHUs YaCTOThI T€HEPALIMU aBTOTCHEPATOPA C JIMHUEHN 3aJEPKKU
u Oe3 Hee;

e Ta0JIMYHOE U TpapUUecKoe MPEJCTABICHUS SKCHEPUMEHTAIbHO MOJIYYEHHbIX
AUYX n ®UX pa3oMKHYTOH METIM aBTOTEHEpaTopa C JIMHUEH 3a7ep>KKU U 0e3
Hee. OTMeTUTh Ha rpadukax TOYKH, COOTBETCTBYIOLIUE YAaCTOTE KOJECOAHMIA,
M3MEPEHHOM B M1l 3 U 4;

e TabnuuHOe U TpadUUYECKOE MPEICTABICHUS HKCIEPUMEHTAIbHO MOTYyYEHHBIX
AX 1o nepBoil rapMOHUKE U KO3 PUILIMEHTa MTepeaaun pa30MKHYTOM METIH aB-
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TOTE€HEpaTopa C JIMHUEH 3a/Iep>KKU U 0€3 Hee Ha YacTOTE BBIIIOJIHEHHUS YCIOBUS
Oanmanca ¢a3. OTMeTuTh Ha rpadukKax TOUYKH, COOTBETCTBYIOIIME AMIUIUTYHAE
KOJIeOaHM, U3MEPEHHOM B MIl. 3 U 4;

TabJIMYHOE M TIpaduyecKkoe IMPeACTaBICHUS SKCIEPUMEHTAIBHO IMOJIYYEHHBIX
3HAUEHUN aMIUTMTY/bI KOJIeOaHU B 3aBUCUMOCTH OT KOd(ppuImeHTa yCcuieHus
11 aBTOTE€HEpaTopa ¢ JIMHUEH 3aJIepKKU U Oe3 Hee,;

BBIBOJIbI, BKJIIOUAIONIUE B CEOs: pacdyeTHbIE U IKCIICPUMEHTAJIbHbIC 3HAYCHUS
aMIUTUTYAbl KOJIe0aHUI M TeHepHpyeMOM YacTOThl aBTOTE€HEpaTopa, BIUSHUE
Ha 9TU 3HAYCHUSI TUHUU 33/ICPKKH, BKIIOYAEMOH B TIETIIFO 0OpATHON CBS3H.

KOHTpOJIbHLIe BOIIPOCHI

1.

ITouemy aBTOreHeparop sBIACTCSA NPUHLMUIIMAIBLHO HEJIMHEHHBIM YCTPOUCT-
BOM? MOYHO J11 XOTsI Obl TEOPETUUYECKH TOCTPOUTH ABTOI'€HEPATOP € UCIIOJIb-
30BaHHMEM TOJIBKO JIMHEWHBIX YCTPOUCTB?

3a cY4eT Kakoro MexaHu3Ma B LIENIM aBTOT€HEpaTOpa yCTAaHABIMBAIOTCS KoOJe-
0aHus mocTossHHOM aMIuIuTyAbl? OTKyna BO3HUKAIOT KojeOaHus cpasy mocie
[10/1a4U NTMTAaHUS HA CXEMY aBTOreHeparopa?

UTo Ha3bIBAIOT aMIUIUTYIHOW XaPAKTEPUCTUKOW MO MEPBOM TapMOHUKE yCH-
mutens? Kak, 3Has aMIUIMTYHYIO XapaKTEPUCTUKY PAa30MKHYTOM IETIN aBTO-
reHepaTtopa Ha 4acTOTE BBINOJHEHUs OanaHca (a3, onmpeneauTh aMIUTUTYAy
KoseOanuii aproreneparopa? s yero npu 3ToM TpeOyeTcsl yCI0BUE BBINOJI-
HeHus Oamanca (a3z?

[To 3apannbiM npenogaBateneM rpagpukam AYX nu @YX pa3oMKHYTOW METIU
aBTOT€HEepaTopa U 3aJaHHOMY 3HAYEHHIO KOA(DPUIIMEHTa YCUIICHUS YCUITUTEIS
OTPEJENNTh, BOSHUKHYT WJIM HE BO3HUKHYT B LIENH KOJIEOAHUs, U €Clu Aa, TO
Ha Kakou yacrtore?

Bo3HUKHYT 11 KoJieOaHMsI B LI€NH, €CJIM HA BXOJl YCWJIUTENS C €AMHUYHBIM KO-
3¢ (UIMEHTOM YCWIEHHUS MOJaTh CUTHAJ C €r0 )K€ BBIXOJA Yepe3 HUICAIbHYIO
JUHUIO 3aJ1epKKU? KakoBbI 4aCTOTHI reHepaiuu?

3anucarh BIpKEHUS I yCIIoBUi OanaHca amrmutyn U $a3. Kakos dusnye-
CKHIl CMBICII 3TUX yCJIOBUI?

B03MO0XXHO 11 TOCTPOUTH aBTOI€HEPATOP, UCIIONb3YsI PEAKTUBHYIO OOpaTHYIO
CBA3b?

Kakum oGpa3zoM obecrnieunBaeTcsi yCIOBHUE POCTa aMIUIMTYJIbI B Hadayie Mpo-
ecca caMoBO30YKIeHUsA?

Kak BiusieT Ha 4acToTy aBTOreHepaTopa BKIIOUEHUE JTMHUU 33J€PKKU B MeET-
0 oOpaTHOM cBs13u? KauecTBEHHO MOCTPOUTh rpaduK 3aBUCUMOCTH YaCTOTHI
aBTOT€HEpaTOpa OT BPEMEHU 3aJepKKu. [Ipyu KakuxX 3HAUEHUSX BPEMEHU 3a-
JEpKKU TeHepauust OyJIeT OTCYyTCTBOBaTh, €CIM KOA((ULUEHT YCUIICHUS YCU-
JIMTENS paBeH ABYM (KojeOaTenbHbIA KOHTYP CUUTaTh UCAIbHBIM)?
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14. UCCJIIEAOBAHMUME ITPOLHECCA CAMOBO3BY XIEHUA
LC-ABTOT'EHEPATOPA

Ilenv pabomer — n3yueHue yCI0BUN U IIpoLIECCa CAaMOBO30YKIEHUS aBTOre-
HEepaTopa C LEeNnblo y3KOMOJIOCHOH 3a/Iep>KaHHONW 00paTHOM CBSI3H.

14.1. TeopeTuveckue cBeIeHUs

B pamuoTrexHuke TeHEpaTopoM Ha3bIBAIOT YCTPOMCTBO, Mpeolpasyrolee
SHEPIUI0 UCTOYHUKA MUTAHUS (Yalle BCErO0 UCTOYHUKA MTOCTOSIHHOTO TOKA) B HEP-
THI0 dJIeKTprudecKux kosiebanuil. KomeGanus MoryT OBITh Kak MEPUOIMYECCKUMH,
Tak U Herepuoandeckumu. [locneqaue npencTapisaoT co00M CiydailHbIN mpoiiece,
HAa3bIBAEMbIN IIIYMOBBIM CUTHAJIOM; B TAKOM CJIy4ae F'OBOPSAT, YTO pe€Yb UJET O Te-
HepaTope myMma. [lepuoandeckue xe KoaedaHus MOTYT ObITh KaK TapMOHHYECKU-
MU (B opMe CHHYCOHUBI), TAaK ¥ B BHUJE TMOCIEAOBATCIIBHOCTH CUTHAJIOB APYTrOn
(dopMbl (IPSIMOYTONBHOM, TPEYTOIBHOM, MUiIo00pa3Hoil u T. 1.). Popma koneda-
HUWA ONpeAessieTCsl YacTOTHBIMU XapaKTEPUCTUKAMU IeNu OOpaTHOM CBSI3U.
B nannoit pabote uccienyercs reHeparop, 1elb 0OpaTHON CBSI3M KOTOPOTO peaiu-
3yercs B Bujie LC-1ienu, BXOSIIEH B mapaJljieIbHbIN KoJe0aTeIbHbIN KOHTYD.

W3 Teopun 1ieneit ¢ oOpaTHOM CBSA3bIO U3BECTHO, YTO KOIPPUIIMEHT Niepenaun

K (o)
- K(0)B(®)’

npsivoit epenaun (KIIII, win 4eTblpexnonatocHruKa, KOTOPBIM T0JKEH OBITh OXBa-

Takoif nerm K'(o) = rae K(®) — ko3 HIHEHT nepenayy KaHajia

4eH oOpaTHOH CBs3bI0); () — KOIPQHIHEEHT Mepeadn KaHama (YeThIPEXIo-

mocHuka) oOpatHoil cBsizu, KOC. Ob6a »>tm xoaddunmenta mepenadn ymno0HO
NPEeNCTaBUTh B KOMIUIGKCHOW  Qopme, depe3 Moayiar U (asy:

K(0)= ‘K ((o)‘ PALCN I E ‘ B((O)‘ /() , Tie Qx(®) — (a3oBbIA CABUT B Ye-

TeipexnontocHuke KIIII, @p(w) — ¢asoBeni casur B yerbipexnomocHuke KOC.
Torpa, onmyckasi i IPOCTOTHI 3alUCU apryMEHT Yy ()a30BbIX CIABHUIOB, MOIYYUM

‘K((x))‘ LTS
o] T

TO PEANU3yeTCsl nojiodCcumenbHas OOpaTHasi CBs3b, €CIH Qg +@g =(2n+1)n

wist K'(0) =

Ecmn oy +p =2nt n=0,1,2,3,...),

(n=0,1,2,3,...), To peanusyercsa ompuyameybHas 0OpaTHas CBS3b.

B xauectBe uerbipexnomocHuka KIIII moxker ucnosnb30BaThCs yCHINTEIb-
HBI KackaJ Ha OMIOJIIPHOM WJIA TOJIEBOM TpaH3ucTope. IIpu BKIIOYEHUH €ro 1o
cXeMme ¢ 00LIMM SMUTTEPOM (WJIK OOIIMM UCTOKOM) MOJYy4aeTCs UHBEPTUPYIOLIUH,
T. €. BHOCAIIUHN (a30BbIA CABUT QO = T, ycuiIuTeNnb. ClieJoBaTeNbHO, IS MOJIyYe-
HUS TIOJIOKUTEIBHOM 00paTHOM CBSA3M (pa3a @p TakXkKe JOJDKHA ObITH paBHa 7. IIpu

MOJIOKUTENILHOU 00paTHOM CBSI3U ‘K ’((o)‘ Bcerja 0oJibllie, yeM ‘K ((o)‘. [Ipu npu-
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OJI>KEHUM TPOU3BEICHUS ‘K (oo)‘ ‘B((o)‘ K CIUHULIEC ‘K ’((o)‘ CTpeMUTCA K OecKo-

HeyHOoCTH. [Ipn 3TOM OECKOHEUHO MaJble HAINPSKEHUS Ha BXOJIC TPAH3UCTOPA BBI-
3bIBAIOT KOHEYHBIC HAMPSHKCHUS Ha BBIXOJE, T. €. CXeMa paboTaeT Kak ceHepamop.
Jlanmee Oyaer mokazaHO, YTO MPH BBITIOJHEHUH JTOTO YCJIOBUS TeHepaTop Oyaer
TeHEepUPOBATh KOJICOAHUS C MOCTOSTHHON aMIuuTynoi. [loaToMy maHHOe ycioBue
Ha3bIBACTCS Oanancom amniumyo. Y CIOBUE, 00CCIICUUBAIOIIEE TOJIOKUTECIBHYIO
00patHyIo CBsI3b (Qg + Pg = 2nT ), HA3BIBACTCS OAIAHCOM Das.

Jliia OoJiee neTalbHOTO aHaIM3a MpoleccoB B aBToreHeparope (Al') paccmor-
PUM €MKOCTHYIO TPEXTOUEUHYIO CXEMY (TaK Ha3bIBAEMYIO
cxemy Konmutia), koTopas ucnonb3yercs B J1abopaTop-
HoM Makete. Ha puc. 14.1 npuBenena sta cxema ¢ yuetom (Ll
TOJIBKO IIeTeil BBICOKOW YacTOTHI (LM MUTAHUS MCKITIO- - o D Rl
YEHBI). 4@

Onementsl L1, C1 u C2 o0pa3ytoT mapajuiebHbII
K0J1e0aTeNbHbIi KOHTYpP, R1 — Harpy304HbIi pe3ucTop, B
CONPOTUBJIEHUE KOTOPOrO BKIIFOUEHBI CONPOTUBIIEHUS MO-
TEpb ANEMEHTOB KOHTYpa U OTEPU, BHOCUMBIE 0a30BOH U
KOJUIEKTOPHOM LensAMU TpaH3ucTtopa. Ha pe3onaHcHOU
4acTOTE (( CIPABEMIUBO CIEAYIOLIEE YPaBHEHUE JUIs pe-

— Cl1

Puc. 14.1

AKTUBHBIX CONPOTHUBIIEHUH 3JIEMEHTOB KOHTYypa: j(X; + X1+ X(5) =0, uimn
1 1 1 1
](OoL + - + - = ] (DoL - - =0
JooCy - jweCy () @y(;

[TyCTh KOMIUIEKCHBIC aMIUTATY Al HAIPSDKCHUM Ha KOHTYpe (Ha KOHACHCATO-
pe C2)u MEXITY 0a3oi u sMuTTepoM (Ha KoHjieHcatope C1) ecTb COOTBETCTBEHHO

U

« 1 Ugy (Ug, ¥ sABISIETCA HANPSKEHHEM 0OpaTHO# CBsi3H). UeTHIPeXTOMIOCHHK

oOpaTHO cBsi3u 00pa3oBaH KaTymKou MHAYKTHBHOCTH L1 u koHmeHncaropom Cl.

U, X
05 Cl__ Ho u3 mpe-
UI(3 XL + XCl

ObIAYIMEro ypaBHeHUs X; + Xoj=-Xgop U K0dpPuuueHT 0oOpaTHOW CBA3M

Ero koMIutekcHblii koadduuuent mepenaun P(w) =

: C :
B=——2. 3HaK «MHHYC» O3HAYaeT, 4T0 (ha3a HAMPSIKCHHUS Ugs, TOBEpHyTa Ha
1

180° no otHomeHuto K (aze HanpsikeHusa U, . 3HaK «MUHYC» OYIET COXPaHIThCA

JI0 TEX Top, MOKa , T. €. moka nenouka L1, C1 umeer un-

JTYKTUBHYIO peakiuio. MeHss 3, MOXKHO MEHSTh YCIOBUS caMOBO30yxkaeHus Al
(M3MeHsIs 3HAUYEeHKEe 3HaMeHaTes B Beipaskenuu 1 K'(m) ).

Hamnpsbkenne Mexy KOJUIEKTOPOM M 3MHUTTEPOM OIPEAENAETCS KPyTU3HOM
BAX rtpausucropa S =di, /dug,, TA€ i, — KOICKTOPHBIH TOK TPaH3UCTOpA:
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U, =S Ryug,. (Kpytusna S He ABIS€TCA TOCTOSHHOW BEJIMYMHOW; OHA 3aBUCUT OT
IIOCTOSIHHOM COCTaBIIAIOIIEH HAIPSKEHUS U, ).

' JIns  nmanmpHEWIIEro  aHalin3a 3aMEHUM  CXEMY

Ly (puc. 14.1) na sxBuBaneHTHyto (puc. 14.2). Bmecro tpasn-
() L == CD R 3HUCTOpa BKJIIOYMM HCTOYHUK TOKA, COOTBETCTBYIOIIMIA
MEPEMEHHONW  COCTABJISAIOIIEN  KOJUIEKTOPHOTO  TOKA

i, =Sug,. BAX Tpan3uctopa (kak OUIOIAPHOIO, TaK M

—_ II0JIEBOT0) MAaJIO 3aBMCAT OT HAIPSIKEHUS HA KOJUIEKTOPE
Puc. 14.2 (cTOKE), MOATOMY TOK KOJUIEKTOpa OIpEIEisieTcs, B OC-
HOBHOM, HaIPsDKEHUEM ug,. Llenouky L1, Cl 3ameHum

SKBUBAJICHTHON WHAYKTUBHOCTBIO L, KoHAeHcatop C2 — koHueHcatopom C, pe-
3uctop R1 — pesucropom R.
Tok ncroynuka i, 0OyCIIOBIMBAET B BETBSIX CXEMBI TOKH iy, ic, ig. O4EBUIHO,

4ToO CIIpaBCAJINBO YPABHCHHUC
Su63 :iL +iC+iR‘

duy, )

) u
, ip =?, npoaud-

.1 :
YuuteiBasd, 4To Ug, =Puy,, i =zjuK3 dt, ic=C

dbepeHupyeM ypaBHEHHE I TOKOB IO BpEMEHHU U TOyuyuM auddepeHimaibHoe
YPaBHEHUE 6MOp020 NOPsIOKA OTHOCUTENBHO U, CIEOYIOLIEro BuJa (Aajnee WH-

JIEKC «K?» OIYIIEH):
du 1 du 1 SB du
>+ —+ u= —.
dt RC dt LC C dt
Vike 0TMeuanoch, 4To S HEIMHEHHO 3aBUCHUT OT IOCTOSHHOM COCTaBJISIONICH
HAIIPSDKEHUS Ug, , A, CTAJIO OBITh, U OT BPEMEHH, I03TOMY 3allICAHHOE ypaBHEHUE

SBIISICTCS] IPUOIMKEHHBIM.

OpnHako, nmoka OyJieM CUUTaTh ee MOCTOsAHHOM. [IpuHUMas BO BHUMaHuUeE, 4TO
1/(LC) = ®,> (0 — pe3oHaHCHas yacToTa koHTypa AT, IepenuiiemM ypaBHEHHE B
CJICYIOLIEM BU/IE:

2
Fu 0-SBR g
dt RC dt
Pemenue 5T0ro ypaBHeHus (C y4€TOM IPEIONOKEHUS O MAJbIX HOTEPIX B
KOHTYype, Tak uTo (1—-SPR)/(2CR) < ®):
1-SBR
2CR

O4eBUIHO, YTO POCT HAMPSIKEHUSI HA KOHTYPE BO3MOXEH TOJIBKO B TOM CITy-
yae, Korja npoussesienne S 3 R 0obIle eIMHUIIbI.

u(t)=Uexp| — t [cosmyt .
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B navane mporecca, Ioka aMIUIMTyJa HANpsDKEHUS HA KOHTYpE 3aMETHO
MEHBIIE HAIPSHKEHUS NMUTAHUS KOJUIEKTOPHOM LENH, KPYTU3HA OCTACTCS IIPAKTHU-
YECKU ITOCTOAHHOM. Ilpy nmanmpHenmeM pocTe aMIUIATYbI, BBUIY HEJIWHEHHOCTH
BAX tpaH3ucTopa, KpyTH3Ha HAYMHAET YMEHBIIATHCS U MPOLECC POCTA 3aKAHYHU-
BAETCsl YCTaHOBJIEHUEM «0ajlaHCa aMIUIUTY», KOIJa BBIIOJHAETCS PABEHCTBO
SB R =1, nocie 4ero aMIIMTyAa HANPSDKEHUSI HA KOHTYPE OCTAETCsl OCTOSIHHOM
(3TOT peXUM Ha3bIBACTCA CTALIMOHAPHBIM, KaK M 3HAYEHUE KPYTHU3HBI, TP KOTO-
pOM OH ycTaHaBIMBaeTcsa — S, ). OueBUIHO, YTO 3HAYEHUE S, 3aBHCUT OT B U R.

O6o3HaYNM ITIOCTOSIHHY IO BPEMEHHU mporecca qyepes o, Toraa
a=(SBR-1)/(2RC). Habmrozast Ha 3KkpaHe ocipyuiorpada mporecc ycTaHoBIe-
HUS KosieOaHUI HampsyKEHUs Ha BBIXOJE aBTOI€HepaTopa, MOXKHO U3MEpPUTh 3Ha-
yeHue o.. OHO OyZIeT pasnuuHbiM HA PA3HbIX YuacmKax Ipouecca HapacTaHusl.

Taxk xak 3HaueHus B, R u C MOCTOSHHBI, U3MEHEHUSI 0L 3aBUCST TOJIBKO OT
KPYTHU3HBI XapaKTEPUCTUKU TpaH3ucTtopa. 110 u3MepeHHbIM 3HAUEHHSIM O MOKHO
HAWTU 3HAYEHUs KPYTU3HBI Ha pa3HbIX ydacTkax mnpoiecca. Heo6xoaumo orme-
TUTb, YTO U3MEPEHHAs] TAaKUM O00pa3oM KpyTH3HA SBIISIETCS TaK HA3bIBAEMOU Kp)y-
MU3HOU No Nepeoll 2apmoHuke S, TaK KaK TPaH3UCTOP PabOTAET C OTCEUKON KOJI-
JIEKTOPHOTO TOKAa, @ PE30HAHCHBIM KOHTYpP aBTOr€HepaTopa UMEET BBICOKYIO J00-
POTHOCTb M Y3KYIO IOJIOCY MPOMYCKAHHUS U OT(PHIBTPOBBIBAET TOJIBKO MNEPBYIO
rapMOHHKY KOJUIeKTOpHOTO ToKa. Torma S; =(1-2aRC)/(BR). s cramuoHap-
Horo pexuma S;, =1/(BR).

PaccmoTpum Teneppb BIMSHUE Ha MPOLIECC CaMOBO30YXAECHUS TOMOIHUTENb-
HOro ()a30BOT0 CABHUIa, BHOCUMOTO KaKOH-IMOO IOMOJHUTENbHON (ha30CaABHUraro-
mei 1ensio ((azoBpamarens, JTUHUS 3aICPKKUA, OTPE30K Kabemst), BKIFOUCHHOU
MexXIy 0azoil TpaH3ucTopa U nenbto, coeaunsitomieit L1 u Cl. OueBugHO, 4TO B
3TOM ciydae (pa3a HampsKeHHS U63 Oyzaer 6onpire 180° Ha BenuuuHy (pa3zoBoro
HaOera, BHOcHMOro (hazoBpamarenem. CienoBaTenbHO, TENEph yclioBUe OanaHca
¢da3 OyAeT BBIMOJIHATHCSA HA JIPYroil 4acToTe, Ha KOTOPOH CABUT (a3 B TOUKE CO-
enunenus L1 u C1 6ynet menpie 180°. Tak kak ¢a3oBble XapaKTEPUCTHKU UMEIOT
OTpULIATEIbHBIM HAKIIOH, 3Ta YacToTa OyIeT MeHbuie, YEM YacTOTa B CIydae OT-
cytcTBUs (azoBpamiarens. Ha 3Toil (OTAMYHON OT pe30HaHCHOM) yacToTe KO-

duumenT nepenaun Tpanzucropa K(m)= ‘Z ‘ exp(jp,), Tae ‘Z ‘ = R/ 1+ tg2 (p7)
RXp+ X1+ Xep)
Xeo(Xp +Xey)

‘Z ‘ =R u ¢, =0. Onpenenum yciosue 6ananca (a3 npu Haauuuu (pazoBpaiiare-

n ¢y =arctg OueBumHO, YTO HAa PE3OHAHCHOM wYacToTe

7151, KOTOPBIN 1aeT cABUT (a3, paBHbIM —@7 . Koadduuuent nepenaun tpanzucropa

(c yaetoM moBopota dassl Ha 180°) K (m) =S ‘Z ‘ exp[j(¢, —m)], u npoussesenne
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BK =|Blexp[—j(or +m)]-[K|exp[ (07 —m)] = B K|exp[-j(or oz +2m)].
OueBHIHO, YTO HOBBIM YCIIOBHEM OanaHca (a3 Oyner ¢, = ¢y . Ouenum 3Ha-

YEeHHE YaCTOThl, KOTOPYIO OyJIeT reHepupOoBaTh aBTOI€HEPATOP MPHU JOTOIHUTEb-
HOM (azoBoM casure. IlycTs 3Ta yactora = mj+ Aw. Ilomaras, uyrto m1oOpoT-

HOCTh KOHTypa aBTOTE€HEpaTOopa BHICOKA, MPUOIMKEHHOE BBIPAKCHHUE JIJII HOBOM
9acTOTHI TCHEPALMH MOXKHO IHPEACTaBHUTh KaK ® = ®y — @7 /(2BRC2). 3HaueHue

‘Z ‘ IpU CABUIE YacCTOTHI U IIPU POCTE (7 OyAeT IO OTHOLICHUIO K R ymenviuuamo-

51, 9TO TOTPEOYET ygenuuenus KpyTH3HbBI S ISl COXpAaHCHUS 3HAYCHHS OL M TIPUBE-
JIeT K 3aMEJJICHUIO0 CKOPOCTH BO3PACTaHUs aMIUIMTY bl Kosiebanuii. Eciu e mnpo-
u3BejgeHue S P |Z| ctaHeT MeHbIlle €AMHUIIBI, TO CAMOBO30YXKIeHUE OyAeT BOoOIIe
HEBO3MOKHBIM.

14.2. Onucanue J1a00PaATOPHOI YCTAHOBKH

VYcTaHOBKa COCTOUT U3 J1a0OPATOPHOrO MAKETa U MOJKIFOUYEHHBIX K HEMY OC-
nuiuiorpada u 3IeKTpoHHO-cyeTHOro yactoromepa (DCH). JlabopaTopHblii MakeT
BKJIIOYAET B c€0sl T€HepaTop MPSIMOYTOJbHBIX MUMITYJbCOB, C MTOMOIIBIO KOTOPOTO
NEPUOJNYECKN BKIIIOYAETCS U BBIKJIIOUAETCS aBTOr€HepaTop (Ha KacKaja Mepuojiu-
YECKH MOJACTCS HANPSHKEHUE MUTAHKS); CaM aBTOTEHEPATOp BMECTE C aTTEHI0ATO-
poM (zenuTens HanpspkeHus R2, R3) u nuHUER 3a1epKKu (BBITIOIHSIOMIEH POJIb
¢dazoBparniaTesns), BKIIOYEHHBIMUA B 1I€TIb OOpaTHOM CBSI3M; II€Mb, BhIpaOaThIBAIO-
IIYIO0 CUTHAJI CUHXPOHHU3ALMU OCHMIIIOrpada; HCTOUHUK MUTaHUS.

X1 X2 X3
AT ; ’I>—
L1
R3
D R1==C1
_— 2 R2
Puc. 14.3

3aTyxaHue aTTeHIoaTopa U 3aJep>KKa PEeryJHpyIOTCS C MOMOIIBIO MEePEKITIo-
yaTelield, pacloJOKEHHbIX Ha JIMIIEBOM cTeHKe MakeTa. Heckonbko yrpoliineHHas
CXeMa MakeTa MokaszaHa Ha puc. 14.3.

14.3. 3axanue u yka3aHus K BbINOJHEHHIO pa0dOThI

1. Moaxmouuts ocorpad nu 9CY Kk MakeTy B COOTBETCTBUU C HAAMHUCIMU
Ha TIEpeIHEH MaHeNln MakeTa. BKIIOYMTh MakeT M M3MEpUTEIbHbIC MPUOOPHI, yC-
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TAHOBUTH MEPEKII0YaTeNId aTTeHaTopa u ¢a-
30BpallnaTes Ha HyJb, BKJIOYUTh UMIYJIbCHBIA  s(7)4
pexuM paboThl U C MOMOIIBID PETYIUPOBKU ‘ ‘
YPOBHSI CHUHXPOHU3UPYIOUIETO CHUTHANIa COOT- H ‘
BETCTBYIOIIIEH pydkod Ha ocuwuiorpade (B H “ ‘\‘ | ‘
pexuMe KAYIIEW pa3BEepPTKU, €CIH TaKoBas “‘U‘\‘ i M\ I ‘M/ I “M ‘ ‘
€CTh Y HCIIOJIB3yEMOro MpruOopa; B MPOTHBHOM AL
ClIy4yae — BOCIOJIb30BATHCSI PYUKON «CTaOUIIb-
HOCTb») MOJYYUTh OCIWJIOIpAaMMYy Ipolecca
HapacTaHus aMIUTUTy bl Koiebanmii Al. [IpuMepHBIi BU OCIIHIIIIOTpAaMMBI TIPH-
BEJICH Ha puc. 14.4.

[Tocne aToro TymMOaepoM Ha TIepeIHEN TTaHEIN MaKeTa MEPEeKITIOYUTh PEKUM
ero paboThI Ha HEMPEPHIBHBIN U U3MEPUTH YaCTOTY TEHEPUPYEMOT0 CUTHAJA.

N3 puc. 14.4 BugHO, 4TO B Havasie Mpolecca caMoBO30yKACHUSI HaOII01aeTCs
AKCIIOHEHIIMAJILHBIA POCT aMIUTUTYAbl KOJICOaHUM, 3aTeM OH 3aMeJIsIeTCsS U B YC-
TAHOBHBIIIEMCSI COCTOSTHUU TPEKpaliaeTcs. 3HaYeHUs] HaOMI0AaeMbIX aMILUIUTY B

‘/‘ il |
\ ‘H““H

Puc. 14.4

MOMEHTSI {1 U t, MOKHO onpenenuts Kak Uy =U,, exp(oyt)) u Uy =U,, exp(ayty).
3neck U, ecTh Hekas NOcTOsiHHAs. Eciu OpaTh OTCUETHI aMILIUTY X TaK, YTOOBI £

U /] OTIUYAIIUCH Ha BPEMs, paBHOE OJHOMY Tieproay (OepyTcsi 3HaUYSHHUS COCETHIX
aAMIUTUTY/ B BEPXHEH YacTH OCHMIJIOTPAaMMBbI, U3MEpsieMble OTHOCUTENIBHO HyJe-
Boro 3Hauenus) I' =1/ f,, rue f; — 4acroTa, U3MEpEHHAs IPU HEIPEPHIBHOM pe-

XKUMe pabOThl, MOKHO MIPEANOIO0KUTh, YTO O] U Ol MOYTH HE OTIUYAOTCS JPYT OT
npyra. Toraa 3HaueHue oL MOKHO ONPENENNTh Kak o = f, In(U, /Uy). Ilo u3Becr-

HOMY O HAXOOUTCA 3HAUCHNC KPYTHU3HEI I10 HepBOﬁ TapMOHHKC!
g I—ZRCfoln(Uz/Ul)
1= .

BR
B xone BbITIONHEHHS paOOThI U3MEPSIFOTCSL:
® 4acToTa KoJieOaHUM aBTOTEHEpaTOpa,
® 3HAYCHUs OL B HAYaJIe IPOLIECCA YCTAHOBJIEHHUS, B €I0 CEPEIMHE U B KOHIIE.
VYka3zaHHbIe M3MEPEHHS MPOU3BOIATCS ISl BCEX KOMOWHAIMNA TMOJOKEHUN
nepexiIroyaTeNed arTeHoaTopa u ¢aszoBpaniarend. [lepekitodarens arTeHiaTopa
porpajyupoBad B jaenubenax, nepekitodarens (asoBpaiareias — B MHKPOCE-

KyHJax. Ecau Bpems 3anepxxkn T, U3MEPEHO B MUKPOCEKYH/IaX, a 4acToTa fy — B

Mmerarepuax, To npoussenenue 2mnfy7, naer ¢gasy B paguaHax. 3HaueHHe [3, KOTO-

pO€ MOJCTABIISIETCA B BBIPAXKCHUE IUIA S, CKIAABIBAETCS U3 JIBYX COCTaBISIOLIUX:
Bo=C,/C; u B,,, onpenenieMoi MOJOKEHUEM IIEPEKIIOYATENs aTTEHI0ATopa.

Taxum oOpaszom, 3HadeHue P (B nermodenax): f=Pg + B, -
3nauenus Py, R, C mpuBeeHBI Ha JUIEBOH MTAHETN MaKeTa.
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Coaep:xxanue oTuera

® pacyeTHBIC 3HAYEHUA S| U1 BCEX U3MEPEHMM, IIPU KOTOPBIX HAOIIOJAETCs ca-

MOBO30YXKJeHue (110 TPU 3HAYCHHUS JJI1 KaXJAOTO U3MEPEHUSs), U 3HAUYCHUS OT-
KJIOHEHHSI YaCTOTHI (pacueTHbIC U U3MEPEHHBIC);

e OnoKk-cxeMa MakeTa (B COOTBETCTBUU ¢ puc. 14.3);

® BBIBOJIbI.

KoHTpoJsbHbIE BONIPOCHI

11.

12.
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[lepeuncnuTh BO3MOKHBIE MEXAaHU3MBbI T€HEPAIUU KOJICOAHHIA.
Kaxkoe ycnoBue q0HO OBITh BBITIOJIHEHO, YTOOBI B IIeNU 00ecreuynBanach mno-
JIO)KUTENbHAsE 00paTHas CBSI3b?
Hapucosarts cxemy Konmnuria («eMKOCTHast TpEXTOUYKa») U OOOCHOBATH TOIIO-
JIOTHIO TIOJIKJTFOUCHHSI PEAKTUBHBIX TETNel K aKTUBHOMY JJIEMEHTY (TPaH3UCTO-
py).
HapucoBats cxemy XapTiu («MHIYKTHBHAS TPEXTOUYKa») B 0OOCHOBATH TOIIO-
JIOTHIO TIOAKITIOYEHUS PEAKTUBHBIX IIETICH K TPaH3UCTOPY.
Kakum ob6pa3zom obecriednBaeTCsl yCIOBHE POCTa aMIUIUTYbl B Hadaje IMpo-
ecca caMoBO30YKJIeHUA?
[Touemy u3 nByX pemieHui nudPepeHnnanbHOr0 ypaBHEHUsI aBTOreHepaTopa
BBIOMpAETCS TOJIBKO OJTHO?
Kak 3aBUCUT CKOpOCTh HapacTaHUs aMIUIUTY bl KOoJieOaHUsl aBTOreHepaTopa OT
CJIEIYIONTUX TapaMeTPOB:

a) ko durmenTa nepenaydu 1enu oOpaTHOM CBS3H;

0) koadduIieHTa nepeaayn aKTUBHOTO dJIeMEHTa (TPaH3UCTOPA);

B) HArPY>XKCHHOU TOOPOTHOCTU PE30HAHCHOTO KOHTYPA;

T') XapaKTEPUCTHIECCKOTO COMMPOTHRIICHHSI PE30HAHCHOTO KOHTYPA.
Kak BeIrmsiaut ypaBHeHue «6anmaHca ¢as» g aBTOreHepaTropa C JIMHUEH 3a-
JIEP’KKH MEXTy pPE30HAHCHBIM KOHTYPOM M BXOJOM aKTHBHOTO JJIEMEHTA?
[Tonsarue 6ananca ¢a3 v aMIITUTY .

. Ilouemy npu yBeIMYEHHH BPEMEHH 3aJEP>KKH B J1A0OPATOPHOM MAaKeTe KoJe-

OaHus cHauaja MpoIaJaloT, a MPU MPUOIHKEHUN BPEMEHH 3aJEPKKU K 2 MKC
BO3HUKAIOT CHOBA?

Onpenenutes BTOPYHO U3 BO3MOYKHBIX YAacTOT Ie-
HEpaluu JJIsi CXeMbl TeHepaTopa, U300pakeHHON ,| K(o) T
Ha PUCYHKE. Y CWIINTENb HHBEPTUPYIOIINN. JInHUS — _‘
3aICPKKU uacanbHas, 153 =5 MKC.

A\ 4

KauecTBEHHO onMcaTh MPOLECC YCTAaHOBIIEHUS KOJI€OaHUI B aBTOIrE€HEPATOpE.



OIIMCAHUA UCIIOJIB3YEMOM ANIAPATYPbI

1. Onucanue M0JIB30BATEILCKOr0 HHTEPPeiica ocuuiiorpagos

GWIlnstek GOS-653G u GWlnstek GOS-620

Buemnuii unrepdeiic naHHbx ocumiiorpadoB MPEACTABICH CIEAYIOUUMU

OCHOBHBIMHU I'PyIIaMH 3JIEMEHTOB YIIPaBICHHUS:
e VERTICAL — ycranoBka ko3¢ duiinenTa OTKIOHSHUS U Tp.;

e HORIZONTAL — ycranoBka ko3¢ uiirneHTa pa3BepTKy U 1p.;
TRIGGER — ycraHoBKa napaMeTpOB CUHXPOHU3ALIUH.

1. I'pynna VERTICAL cofiep>KUT ClIeAYIOLIME 3JIEMEHTBI YIIPABJICHUS:

VOLTS/DIV — ko3 puiiueHT oOTKIOHEHUS 110 BEPTUKAIIH;

POSITION — BepTuKaIbHOE CMEMICHHE JTyda ocIuuiorpada;

VAR. — mnaBHasi peryjimpoBka macmrTada OTOOpaKeHUs IO BEPTHUKAIU.

B nporniecce BbIMOJHEHUST 1a00paTOPHBIX pabOT AAHHBIN PETYISATOpP NOKEH

OBITh 3aILEIKHYT B KpalfHEM MTPaBOM MOJIOKECHHH;

GND — kHomKa, BKIIIOYAIOMIAs PEKUM OTOOPAKEHUSI YPOBHS «3eMit» (Hy-

JIEBOTO YPOBHS);

AC/DC — KHOIKa NEPEKIIOYEHUsI PeXUMa OTOOpaKEHUsI MOCTOSHHOU CO-

CTaBJIAIOLIEH BXOAHOTO CUTHANA!

— kHomka Haxata (pexum DC, «OTKpBITBI BXO[»), MOCTOSHHASI COCTaB-
Jsto1as pu 00paboTKe CUTHala COXPAHSIETCS;

— kHomka oTxata (pexum AC, «3aKpbIThIiI BXOA»), MOCTOSIHHAsI COCTaB-
JISIFOIIAsT M3 BXOJHOTO CUTHAJIA yAAIISIETCS.

I'pynnma VERTICAL pa3nenena Ha JB€ OJIMHAKOBBIE YACTH, COOTBETCTBYIO-

e kananaM 1 u 2. [lepexntouatens MODE no3Bosnsier BoIOpaTh pexxum 0ToOpa-
YKEHUSI CUTHAJIOB:

CH1 — otoOpaxeHue BXOJJHOI'0 CUrHajia kaHania 1;

CH2 — oto0paxeHue BXOJJHOT'O CUTHaJIa KaHaja 2;

DUAL — oTto0pakeHre BXOJHBIX CUTHAJIOB 000WX KaHAJIOB OJTHOBPEMEHHO;
ADD — oTo0OpaxeHue CyMMbl CUTHAJIOB, ITOCTYMAOIIMX HAa 00a BXOAA.

['pynima HORIZONTAL conep:KuT CIeAyOIMME JIEMEHThI YIIPABICHUS:

A TIME/DIV — ycranoBka ko3 duireHTa pa3BepTKy;

SWP.VAR. — ycTaHOBKa TOpU30HTaJbHOTO MacmTaba (paboTaeT TOJIBKO
npu HaxkaToil kHoke SWP.UNCAL., ecnu ona umeercsi). Bo Bcex nadopa-
topHbIX paboTax kHomka SWP.UNCAL. nomkHa ObITh OTXKaTa, a peryJisitop
SWP.VAR. 10/KeH HaXOAUTHCA B KPAWHEM IIPABOM ITOJIOKEHNH;

X10 MAG — KHONKa AECATUKPATHOTO YBEJIWYEHUsI TOPU3OHTAIBHOIO Mac-
mrada:
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— KHOIKA OT)KaTa — HOPMAaJIbHBIA PEXXUM PabOTHI;

— KHOIIKa Ha)kaTa — JIECATUKpAaTHOE yBenuueHue. [Ipu nuamepennn BpemMeH-
HBbIX MMapaMeTpoB cuUrHaia MHOxuTenb Ha mkaie A TIME/DIV B stom
peXuMe JT0JKeH OBITh mojieeH Ha 10.

3. I'pynna TRIGGER conepxut ciietytomue 3JIEMEHThI YIIPaBICHUS:

e LEVEL — ycTraHOBKH ypOBHS CpaOaThIBaHUsI CUHXPOHU3AIINY;

e LOCK — kHomnka OJIOKMPOBKH W3MEPEHUS YPOBHS CUHXPOHHU3AIUY;

e HOLDOFF — rpy0Oslii BeIOOp MHTEpBajia CHHXpOHHU3AIWU. J[aHHBIN pery-
JISATOP TO3BOJISIET BRIOMPATh MEXKJy CHHXPOHM3AIMEH MO OrudaroIieil u 1o
BBICOKOYACTOTHBIM COCTABJISIONINM CUTHAJA;

e AUTO, NORM, SINGLE — xHONKH BKJIIOUEHHS COOTBETCTBEHHO aBTOMa-
THUYECKOr0, HOPMAJILHOTO U OJHOKPATHOTO PEKUMOB CHHXPOHU3AIIUY;

e COUPLING — pexxuM paOoThl BXOJIHBIX IIeTel 0J10Ka CHHXPOHU3AIUY:

— AC — cB43b 110 IEPEMEHHOMY HaIPSHKEHUIO;
— HF REJ — cBs13b ¢ TOJABJICHUEM BBICOKOYACTOTHBIX COCTABISIONINX
— TV — cuHXpoHU3alus B TEJIECBU3MOHHOM PEKUME;
— DC — cBs3b M0 HANPSHKEHUIO C YYETOM MTOCTOSHHOM COCTABJISIFOILIECH CUT-
Haja.
Bo Bcex mabopartopubix paboTtax ucnomnbiytorces pexumbl AC wim DC;
e SOURCE — BbIOOp UCTOYHUKA CUTHAJIA CHHXPOHU3AIUU:
— CH1 — curnan kanana 1;
— CH2 — curaan kasaina 2;
— LINE — cuHxpoHH3a1ys OT MUTAOIIEH CETH;
— EXT — cuHxpoHM3a1us OT OTAEIBHOIO BHEIIHETO CUTHANA, [101aBAEMOT0
Ha CIICIUAJIbHBIA BXO;

e TRIG.ALT.— kHomKa, MO3BOJSIONIAA NMPU CUHXPOHU3AIMUA OT KaHAJIOB |
¥ 2 (Mpu HAIMYUKM HA HUX CHUTHAJIOB) MEPEKII0YATh PEKUM CHHXPOHHU3AIMHU
mexkny CH1 u CH2;

e SLOPE — kHONKa NepeKI0YEHUs NOJIPHOCTH CUTHAIA CHHXPOHU3ALNH.

Jliia mepemMenieHus gyda ocuuiuiorpada mo ropu3oHTaNId UCHOIB3YETCs pyd-
ka 4POSITIONM, pacnionoxxennas Boiu3u rpynnsl HORIZONTAL.

Ha 3anneit manenu ocuusuiorpada pacnoyio)KeH KOHTPOJIbHBIN BBIXOJ], HAa KO-
TOPBIN BBIBOJAMTCS CUTHAJ, COOTBETCTBYIOIIMI N300pakeHHIO Ha 3KpaHe. CurHain ¢
3TOr0 BbIXOJA MOKET OBITh NMOJAaH Ha CIEKTPOAHAIN3ATOP, YTO yIOOHO MPHU aHAIH-
3€ CUI'HaJIa OJHOBPEMEHHO B CIIEKTPAJIbHOM M BPEMEHHOM 00J1acTsIX.
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2. MacTpykuus nmo padore ¢ reneparopom curianos GWlnstek GFG-8219A

1. Bxmrouuts nutanue reneparopa (knornka POWER).
2. BbpiOpaTh peXuM TeHepallud CHUHYCOMJAIbHBIX curHaioB (kHomka /\/ ). Ilo
YMOJTYaHUIO BHIOPAH PEKUM T'€Hepaluy MUI000pa3HOro CUrHaia.
3. YcraHOBUTH 4acTOTY T€HEpUpYEeMOoro curuaia. s atoro:
a) BeIOpaTh YaCTOTHBIM Auana3zoH: 1 — eguHunsl repiu, 10 — gecsaTku repi,
100 — cotHu repi, 1k — eIUHUIBI KWJIOTEPI, U T. 1. IO €AUHUI] Merarepii;
0) pyukoit FREQUENCY ycTaHOBUTH TOYHOE 3HAYEHHUE YACTOTHI, IMOJIb3YSICh
nokazanusiMu JKK-nucrines. OO6patuth BHUMaHWE Ha TO, YTO Ha JHCILIEE
oToOpaxkaeTcss MHOXKHTEIb 4acToThl: m — MI 1, K — k', M — MTI'1.
4. YCTaHOBUTH aMILIUTYAy T'€HEpUPYEMOTO CUrHaia. st 3Toro:
a) pyukoit AMPL ycTtaHoBUTH NpueMIIeMOE WM 3aJJaHHOE B paboTe 3HAUCHUE
aMIUTUTY/IBI, TIOJIB3YSICh TIOKa3aHUSAMH OCIIUIOrpada, CrieKTpoaHaIn3aTopa
WJTU BOJIBTMETPA;
0) nns ymenbleHus amrautyasl B 10 pa3 (na 20 nb) naxars kHonky ATT-
20dB. /Iy OTOJHUTENBHOTO YMEHbIIICHUST aMIuUTyibl B 10 pa3 (eme Ha
20 nb) notsayTh pyuky AMPL Ha ce6s.
5. B HekoTopbIX 51a00paTOpHBIX paboTax HMCIHOJb3YETCS PEKUM T€HEPUPOBAHMS
MOJIYJIMPOBAHHOTO CUTHaNA. [IJ1s1 HICTIOJIB30BAHMS ATOTO PEXKHUMA:
a) MOJKIIOYNATh UCTOYHUK MOIYyJUpyromero koinedanus xk sxonxy VCF/MOD
Input, pacnonoxxeHHOMY Ha 3a0Heli TITaHEIN TeHepaTopa;
0) maxxatp kHomku MOD ON (Bxmrounts Monyssiuio) 1 MOD EXT (Buem-
HSIST MOJTYJISILINSA );
B) pyukoiit MOD/DEPTH (SWEEP/RATE) BbiOpath BUA MOIYJISALIMN:
— pyuKa oT)Kara «Ha ceOsh» — aMIUTUTYIHas MOYJISALINS;
— pydKa B UCXOJIHOM (Ha)KaTOM) MOJIO)KEHUH — YaCTOTHAST MOIYJISIUS;
r) Bpamenuem pyuku MOD/DEPTH (SWEEP/RATE) ycranoButh TpeOye-
MBI KO3(QGUIIMEHT MOAYISAIUHU, TOIB3YACHh MOKa3aHUSIMHU OcIiorpada
WM crieKkTpoananusaropa. Ciaemayer mOMHUTh, 9TO Ha KOA(GOUIIMEHT MOTY-
JSIUUKM TEHEPUPYEMOIr0 CUTHaJIa TaKKe BJIMSET U3MEHEHHE aMIUTUTYIbl MO-
TyJTUPYIONIETO KOJIeOaHN .

3. UacTpykuus no padore ¢ anaausaropom cnekrpa GWlnstek GSP-827

1. BxIIFOUMTH NUTAHHUE aHATM3ATOPA CIIEKTPA.
2. YCcTaHOBUTH JAMaNa30H 4acTOT aHaiau3a. s aToro:
a) HaxaTb KHONKY YacToTra Ha maHenu npuodopa;
0) HaxaTh KHOMKY K2, 4TOOBI YCTaHOBUTH HAYaJbHYIO YacTOTy JWara3oHa.
BBecTu 3HaueHne HavaabHOM 4acTOThI, HAOPaB HA LU(PPOBON MaHEIH HYX-
HOe 4Kciio (HabupaeMbie UQPPHI 0TOOPAKAIOTCS MPU ITOM Ha dKpaHe). 3a-

TeM HaXkaThb KHONKY, COOTBETCTBYMIOINYI eauHuiiam usmepenus (I'Tu,
MTI'u, kI'n);
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B) HaXXaThb KHONKY K3, 4TOOBl yCTAaHOBUTH KOHEYHYIO YacTOTy JMala3oHa.
BBecTu 3HaueHHEe KOHEYHOW 4acTOThl, HAOpaB Ha UU(POBON MaHETN HYX-
HOE 4Kciio (HaOupaeMble UPPHI OTOOPAXKAIOTCS MPU ITOM Ha dKpaHe). 3a-
TEM HaXaThb KHOIMKY, COOTBETCTBYHOIIYIO enuHuuaMm usMmepenus (I'T'm,
MTI'n, kI').

3. YcTraHOBUTH Iuana3oH aMIutyx. s atoro:

a) HaXaTb KHONKY YPOBEHb.

0) Haxxath KHOMKY F1, 4TOOBI yCTAHOBUTH BEPXHIOK T'PAHMILY TUANA30HA aM-
wnTyl. BBecTn 3HaueHWe BepXHEH T'paHMIIBI IHUana3oHa, HaOpaB Ha mU-
POBOI IAHENM HY>XKHOE YHCIIO. 3aT€M Ha)XaThb KHOINKY, COOTBETCTBYIOIIYIO
eaunutam uaMepenus (ABm, dBmV, dBuV);

B) HaXaTh KHONKY F2, 4TOOBI yCTaHOBUTH LIEHY JEJIEHUS 10 LIKAJIE aMILIUTYI.
Kaxxnoe Ha)xaThe KHONKM MEHSET LEHY JEJEHUS B LUKINYECKOM MOPSIKE:
10dB—-5dB—>2dB—>1dB— 10dB;

r) Haxxkaruem kHomku K3 BeiOpaTh egumHuIel u3mepeHus. Kaxmgoe HaxaTue
KHOIIKM MEHSIET E€IUHULBI H3MEPEHUS B [UKIMYECKOM IOPSIKE:
dBm — dBuV — dBmV — dBm/Hz.

4. 3amath pazpenaroilyo ciocoOOHOCTh 1Mo yacToTe. J[Jis aToro:

a) Haxath kHonKy Ilosioca mpom., yToObl BBIOpaTh PEKUM 3aJaHUs MOJOCHI
MPOITYCKaHUsI pauo- U BUIEO(UIBTPOB, UCIIONIB3YEMBIX MTPU aHAIU3E;

0) Haxxatuem kHonku F1 noOuThea pexuMa pydyHOM yCTaHOBKH IMOJIOCHI IPO-
nyckanust paauoduiabTpa (RBW Manu). 3ateM yCcTaHOBHUTH MOJIOCY MPO-
nyckanus paguodmibTpa paBHOM 3 k[l (3TO 3HAYEHHE MNpPUEMIIEMO TPH
BBITMIOJIHEHUH BCEX JIaOOpAaTOPHBIX paboT), HaXKaB MOCIIEI0BATEIbHO KHOIIKY
3 u kHoniKy KI'i/dBuV;

B) HaxkatueM KHONKH F2 moOuthbcst pexxmma aBTOMATHYECKOW YCTAHOBKH TIO-
nocsl nponyckanus Bugeopunsrpa (VBW Auto). Ananuzatrop cnekrpa aB-
TOMATUYECKU MOAOEPET 3HAYEHHUE IOJIOCHI MPOIYCKaHUs BUACO(DUIbTPA C
Y4E€TOM YCTaHOBJIEHHOM IOJIOCHI 0030pa.

Bo3moowcnvie O0ononnumenvhvle Oelicmeus npu paoome ¢ AHATUZAMOPOM
cnekmpa.

5. Bo3sBpaiienue Kk HICXOIHBIM YCTAaHOBKAM:
a) Haxarb KHOMKY CHCT.;
0) Haxxatb kHOTIKY F6 (More/Emne);
B) HaxaTh KHONKY F2 (System Preset/BepHyThcsi K IpeayCTaHOBKAaM).
6. IlonyuyeHue yCpeHEHHOT O CIIEKTpa:
a) HaxaTh kHONIKY O0. cmekTpa.;
0) naxatuem kHonku F4 no6utscs pexxuma AVG On/Ycpeanenue Bri. [lpu
3TOM YHCII0, YKa3bIBaeMoe B 001acTi KHONKHU F4, cOOTBETCTBYET KOJTUYECT-
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By ycpeaHeHuid. KonnuecTBo ycpenHEeHUN MEHSETCS TUIABHBIM BpallleHHEM
KoJieca-MaHUMYJISITOpa IPU BEIOPAHHOM peXUME yCpeaHeHus (Tociie Haxxa-
tust kHonku F4).

3ameuanue. Pexum YCPpCAHCHUA PCKOMCHIAYCTCS BKIIFOUHNTD. KoauuectBo

yCpelHeHUu! 3anath paBHbIM 10. DTO yBEIMYHUT CTAOMIBHOCTh KAPTUHKH M TOY-
HOCTh u3MepeHul. OgHako cHumath nokazanus ciaeayetr TOJIBKO mocne ycra-
HOBJICHHS CTAOMIIbHOM CIIEKTPAIbHOM KapTHUHBI.

7. N3mepeHune ypoBHS C IOMOIIBIO MapKepa:

a) HaxaTh KHONKY Mapkep;

0) xnonko# F1 Bximrounts mapkep (Marker ON);

B) kHonkoi F2 BwiOpars pexxrim Normal (BbIOOp B TaHHOM Clly4ae OCYILIECTB-
JSAETCA MEXKIY HOPMATbHLIM MAPKEPOM U Oelbma-MapKepoMm);

I) KOJEeCOM-MaHHUIYJSATOPOM MepeMeniaTh Mapkep no yacrtoram. IIpu sTom B
IpaBOM BEPXHEM YIIIy 3KpaHa OTOOPaKaIOTCS 4acTOTa U YPOBEHb TOUKHU
MOJIOXKEHUsI Mapkepa (MacimTad Mo aMIUIMTYJIe BCETA Jlo2apup muyeckui 1
COOTBETCTBYET BHIOPAHHBIM €IMHUIIAM U3MEPEHUS — CM. . 3).

[Tocne 3aBepieHus 1adbopaTopHOM pabOThl 005S3aTETBLHO BBIKIIOYUTH MPUOO-
pBL.
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