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AHHOmMauusi — B paHHol paboTe paccmatpuBaeTcs asnro-
pUTM uccnegoBaHns MUNbTPYIOLLMX CBONCTB cucTembl ATMY.

1. BBeoeHue

[Ins NnoCcTpoeHus KOorepeHTHOro retepofamHa naccue-
HOWN CUCTEMbI BbICOKOTOYHOW CUHXPOHM3ALMMN BPEMEHUN U
4acToThbl UCMONb3yeM cucteMmy hasoBoW aBTOMOACTPON-
kn yactoTbl (PAlMY). MNpegnaraetca anroputMm nccnego-
BaHWs UNbTPYOLWMX CBOMCTB cuctembl PAMY npu
aHanMTU4YecKkoM 3afaHun ee nepeaaToyHON XapakTepu-
CTUKM, @ TaKkxe aHanmnTUYeCKoM UM aHanoro-umdposom
npeacTaBfeHnn BXOOHbIX BO3OENCTBUN.

2. OcHOBHas yacTb

Mpeactasum cuctemy GAMNY matematnyeckon Mo-
nenbto Puc. 1.
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Puc. 1. Mamemamuyeckas modernb QAlY.

Fig. 1. Mathematical model of the phase-locked loop
(PLL) system

roe Oor Oy - 4YacToTa curHasna ornopHoro un nepe-
CTpanBaemMoro reHepaTtopoB; V(t) - onitoKTYyaLmm yacTto-
Tbl ONOPHOIro curHana; AwFHLI (t) - doritoKTYyaLmm vacTto-

Tbl kKONebaHu nepecTpanBaeMoro reHepaTopa;

Sqy. Sy - KPYyTM3HA OVICKPMMMHaTOPHON XapakTepucTu-

Kn pas3oBOro geTtekTtopa U 4acTOTHO-HACTPOEYHOW Xa-
PaKTEPUCTUKN reHepaTopa; Ky (p) - NepeAaToyHas
XapakTepuctTuka GunbTpa HWKHUX 4YacToT. BxogHble
BOSAGACTBUS wp (1), V() ©pyzy (1) Awpyy () MOTYT
ObITb 3afaHbl B BMAE UX MaTeMaTU4eckux mogenen nu-
60 MaccMBOB [aHHbIX B pe3ynbTaTe aHarnoro-
undpoBoro npeobpasoBaHNs pearbHbIX CUTHAMNOB.
CnekTpanbHas NAoTHOCTb MOLLHOCTU ha30BbIX dhnto-
KTyaumm Ha Bbixoge cuctembl DAY onpegenseTcs kak

Sepanx (©) = Sgar (@)W (JO)| + Sy (@) E(j0)f

rae W (jw) - KOMnnekcHast nepeaaTtovHas dyHKLMA MO
BXOAHOMY BO34ENCTBUIO; E(j(o) - KoMnriekcHasa nepe-

JaTouyHas oyHKUMs! Mo olnGke. B onepatopHom npepn-
CTaBNEHNM 3TN PYHKLIMU UMEIOT BUA:

W (p)= SonSrmyKeny (P)
P+SaqS iy Kery (P)
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E(p)=
P+SaS riry Keowy (P)
Anroputm  gna  onpegenexHus  OUNbTPYHOLLMX

cBonctB cuctembl PAMY no BxogHOMY BO3OEWCTBUIO
nsobpaxeH Ha Puc. 2.
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Puc. 2. bnok-cxema anzopumma ornpedeneHus peakyuu
o 8xo0HoMy 8o30elicmesulo.

Fig. 2. The flowchart of algorithm of determination of
response on input influence

B cooTBeTCTBMM C anropuTtMOM OMpeaenstoTcs am-
NATYAHblE BbIOOPKM OMOPHOrO rapMOHUYECKOro CUrHa-
na w»n B pesynbTaTe [AMCKPETHOro npeobpasoBaHus
®ypoe (AMNP) HaxoosaTca peanbHble U MHUMbIE YacTu
CneKkTpanbHbIX COCTaBnsAlwWwmx curHana. Cnektp auc-
KPETHOrO CurHana umeeT MepuoauYecKyld CTPYKTYpY U
HeobxoAnMas cnekTpanbHas COCTaBnsAlowWwas BblAens-
eTCa MonocoBbIM (MUNLTPOM C MepeaaToyHON XapakTe-
PUCTUKOA K (p)- PeanbHble ¥ MHUMble YacTh cnek-

TpalnbHbIX COCTaBNAKLWMNX BOCCTAHOBJIEHHOro CuUrHana

Ha BbIxoA4e MOylocoBOro unbTpa onpeaensitoTcs U3
COOTHOLUEHWUIA:

Yo (M) =Re{G(m)} xRe{Kqp (M)} —Im{G(m)} x Im{Kg (M)},
X (M) = Re{G(m)} x Im{Kg (M)} +Im{G(m)} x Re{Kg (M)}
Mpu nepexofe BO BPEMEHHY0 06nacTb MyTem Bbl-

NOMHeHWsi oBpaTHOro AMCKPETHOro npeobpasoBaHus
®ypee (OOMN®P) obpas3oBbIBAOTCA MaCCUBbI peanbHbIX

a(i) v manmbix b(i) sHavenuin amnnuTyabl onopHoro

CUrHana, COOTBETCTBYIOLUME TeKyliue 3HavyeHus asbl
KOTOPOro HaxoaAatca 3 n3BeCTHOro COOTHOLWEeHnA

o(i) =arctg @
a(i)

CpaBHMBas 3TU 3HAYEHUS CO 3HaAYeHUsIMU hasbl He-
NCKaXXEHHOTO KOneGaHWsl, BbIYUCIIEHHOTO B | -€ MOMEH-
Thl BpEMEHHU
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A€ At=7/N; i=0,12..,N, NONy4aem OTKNOHEHVs
MIHOBEHHbIX 3Ha4YeHWi dhasbl OMOPHOTO CUrHana oT Tpe-
Byembix 3HAUYEHNUA  §¢(i) = ¢(i) —g; (i) -

BbinonHas onepauuto AN, Haxoaum pearnbHble U
MHUMbIE 3HaYeHMs1 CMeKTparbHbIX COCTaBMsAOLWMX da-
30BbIX (PNIOKTYaL N
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YMHOXas COOTBETCTBYOUWME 3HAYEHUA chnekTpanb-
HbIX COCTaBIALWUNX Cba3OBbIX OTKINMOHEHU Ha 4YacToTy
aHanusa W npoussoas obpaTHoe npeoBpasoBaHve
dypbe, Nony4yaeM MrHOBEHHbIE 3HaYeHUs MIOKTyaLmnit
4aCTOTbl BbIXOOHOINo CUrHana, O6yCJ'|OBJ'|eHHbIe HecCTa-
OUNBHOCTLIO YacTOThI OMOpHOro curHana

Lo 1N i2ami/N -
Vi) == % Gy (mpel2mN
N m=o

YTtobbl onpedennTb UNLTPYOLLME CBOWCTBA CW-
cteMbl ®AMNY ons 4acTOTHBIX HecTabunbHOCTEW nepe-
CTpavMBaemoro reHepartopa, Heo6XoAMMO BOCMOMb30-
BaTbCS anropMTMoM, NpMBeAeHHbIM Ha Puc. 3

OnpepeneHve > OnpepeneHve yHKUMN
cnekTpa ¢aso- nepenayu no owmobke
3bIX OTKITOHEHUIA v

curHana My HaxoxaeHwve cnekTpanbHbIX

v COCTaBMSOLLNX YACTOTHbIX
OTKIMOHEHMI, 0BycnoBneH-
HbIX HecTabunbHocTbio MY

HaxoxgeHue cnek-
TpanbHbIX COCTaBNS-

IOLLMX YACTOTHbIX [
OTKMOHEHWUI cUrHana

rm @

Puc. 3. briok-cxema anzopumma ornpedesieHust peakyuu
10 cueHany owubKu.

Fig. 3. The flowchart of algorithm of determination of
response on an error signal

CornacHo gaHHOMY anropuTMy HaxoOuM MrHOBEH-
Hble 3Ha4YeHnst proKTyauni YacToTbl NepecTpansaemMo-
ro reHeparopa

. 1 N-1 . N .
A0y () =0 3 iy (mped2m
m=0

Cyutaem BxoaHble Bo3aencTems cuctemsl PAMY ag-
OUTUBHBIMU U Pe3ynbTUPYHOLLYI0 HECTAabUNBHOCTL YacTo-
Tbl NEepecTpaMBaeMoro reHepartopa onpeaensiem kak

Aa)pe3 (t) = Aw}nq (t) +V/(t) .

3. 3akno4yeHue

Takum o6pa3om, onpefenue nepefaToyHyto yHK-
umto cuctembl PAMNY 1 3agaBWIMCL CNEKTPanbHbIM pac-
npeaeneHneM BXOOHbLIX BO3OENCTBUIA, MOXHO onpefe-
NUTb YPOBEHb LLIYMOBbLIX COCTaBMSIOLWMX B CMEKTPE Bbl-
XO[HOro curHana.
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FLUCTUATION PROPERTIES
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Abstract —Investigation of filtering properties of the PLL
with a fixed transfer function analytically and the use of digitiz-
ing an analog signal allow investigating the filter properties of
the system as the mathematical simulation of the reference and
output signal.

Introduction. Phase-locked loop systems are widely
used in radioelectronics. In addition, PLL has filtering proper-
ties. For this task an algorithm was developed for the study of
filtering properties of the PLL with the analytic setting its trans-
fer characteristic, as well as analytical or analog-digital repre-
sentation of input signals. In the case if the PLL modelis an
element of a coherent heterodyne system, we provide high-
precision time and frequency synchronization.

The main part. Analytical model of the PLL comprises: a
source of reference signal, a phase detector, a low pass filter, a
tunable oscillator of frequency. The spectral density of phase

fluctuations, the input Sgey(®)and, output Sy, (w), the power

spectral density of phase fluctuations at the output of the
PLL are presented as

. 2 L2

S(psblx ()= Sq)ex ((D)[\N(J(’))l + S(py ((O)lE(J(D)l
Filtering properties of the PLL are determined by the com-
plex transfer function of the input exposure W (jew) and re-

duce the phase fluctuations of the tunable oscillator, and may
be characterized by a complex function of transmission error

E(ja)) . According to the algorithm the amplitude samples of

a reference harmonic signal are determined and as a result of
Fourier discrete transformation there are real and imaginary
parts of spectral components of a signal. The spectrum of the
discrete signal has a periodic structure and the required spec-
tral component is allocated by a band-pass filter with the trans-
fer characteristics. Real andimaginary parts of the spec-
tral components of the recovered harmonic signal at the output
of the bandpass filter are determined by the relations:

Yo (M) = Re{G(m)} xRe{Kyp (M)} —IM{G(m)} x Im{Kg (M)},
Xp (M) = Re{G(m)} x Im{Kg (M)} + Im{G(m)} x Re{Kg (m)}.
Carrying out the operation of discrete Fourier transform, we

find that the real and imaginary values of the spectral compo-
nents of phase fluctuations are:
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Multiplying the corresponding values of the spectral com-

ponents of the phase deviation in the frequency analysis, and
performing inverse transformation we obtain Fourier instanta-
neous output frequency fluctuations due to the instability of the
frequency of the reference signal.

X 1 N1 . .
V()= % Gy (myel2m/N
N m=o

According to this algorithm we find the instantaneous val-
ues of fluctuations of frequency of the tunable oscillator
N-1 I
By ()=~ 3 Sirrg (m)edZem/N
N m=o
We consider input influences of PLL system as additive
ones and resultant frequency instability of the tunable oscillator
we define as:

AGpe, (1) = Ay () +V (1)

Conclusion. Thus, having defined transmitting function of
PLL system and having set by spectral distribution of input in-
fluences; it is possible to determine the level of noise compo-
nents in an output signal range.
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