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XMeNbHUIBKHN HALIOHAIBHUH YHIBEPCUTET

MOJAEJIb KBAPLHHEBOI'O OIIOPHOI'O TEHEPATOPA
CUCTEM CUHXPOHI3AILII HU®POBOI'O TEJEBAYEHHS

Ilo6ydosara imimayiiiHa Modesb deoHacmomHo20 Keapyoso2o0 ONOPHO20 2eHepamopa cucmem CUHXPOHI3ayif
yugpoeozo menebavenHss cmardapmie DVD-S2, DVD-T2. B cucmemi MATLAB/Simulink npogedere modentoganHs po6omu
ONOpHO20 K8apyoso2o 2eHepamopa 8 0804aCMOMHOMY pexcuMi 30y0XHCeHHSI 3 BUKOPUCMAHHAM K8ApY0o8020 pe3oHamopa
Am-3pisy. [IpedcmasseHi peyabmamu aHanizy enausy memnepamypHux decmabinizyrouux gakmopie Ha cmabirbHicmb
2eHepyeMUX cuzHaie.

Kawuosi caosa: yugppose mesebaveHHs, cucmemu CUHXpoHizayii, keapyosuli pe3oHamop, AT-3pi3, onopHuil
2eHepamop, dgoyacmomHulti pexcum 36ydxceHHs, imimayiiina mModeb.
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REFERENCE QUARTZ OSCILLATOR MODEL OF DIGITAL TELEVISION SYNCHRONIZATION SYSTEMS

The simulation model of the dual-frequency quartz reference oscillator for digital TV synchronization systems of standards DVD-
52, DVD-T2 was constructed. In the MATLAB / Simulink system, the simulation of the reference quartz crystal oscillator in a two-frequency
excitation mode using a quartz crystal resonator AT- cut was performed.

The simulation of the reference oscillator for a AT-cut quartz resonator its excitation at two frequencies (81,9 MHz and 76,69
MHz) was carried out. It was found that the frequency difference component is practically linear dependence on the temperature with the
steepness -30 Hz / 9C of the temperature-frequency transformation, which makes it possible to identify with high accuracy the thermal state
of the QR. In turn, the application of the multi-frequency algorithmic method of compensating for temperature instability reduces the
relative instability of a quartz crystal oscillator from 2.5-106 to 6.25-1077 in a wide temperature range. This makes it possible to increase the
accuracy of the synchronization of the receiving and transmitting equipment of digital television systems.

The results of the analysis of the influence of temperature destabilizing factors on the stability of the oscillated signals are
presented.

Keywords: digital television, synchronization systems, quartz crystal resonator, AT-cut, reference oscillator, dual-frequency
excitation mode, simulation model.

Beryn

[MigBuiieHHs CcTabIBHOCTI CHCTEM CHHXPOHi3alii HU(PPOBOTO TejeOayeHHs, sIKe BIPOBAIKYIOThCS B
VYkpaiHi y BIANOBIHOCTI 10 €BPOMEWCHKUX CTaHAApTiB japyroro mokoiinHs DVD-S2, DVD-T2 € onmnum 3
BOXJIMBUX 3aBJaHb TEJEKOMYHiKalid. BumMorn 1o TOYHOCTI CHMHXpOHIi3aulii npuiioMo-TniepenaBaibHOl amapaTypu
CUCTEM ITU(PPOBOTO TeJecOAYCHHS TOCTIHHO 3pOCTAIOTh MapaiebHO 3 PO3BUTKOM CHUCTEM 1 MEPEX TEICKOMYHIKAITiH.
TouHiCTh CHHXpOHI3Alil BIUIMBA€ NPAKTHYHO Ha BCi OCHOBHI MapaMeTpH CUCTEMH, TakKi SIK YyTJIHBICTb,
BHOIPKOBICTh, 3aBaJI03aXMIIEHICTh, HASBHICTh LIyMiB, BUHHKHEHHS MDKCHUMBONBbHOI iHTepdepenuii (MCI) Tta
CTIIOTBOPEHMX KaHaJIiB. ToMy, CTaOUIBHOCTI JKEpel CUTHAJIB CHHXPOHI3aIil HUPPOBUX CHCTEM 32 Pi3HUX YMOB iX
eKCIITyaTallil MpuaiIsieThCs BesnKa yBara [ 1, 2].

[Ipu BmOOpi TeHepaTOpiB CHTHAIIB CHHXPOHI3aIlil BENIbMH BAXIMBIAMH € 1 IHIN X XapaKTepPHCTHKH,
30KpeMa Maco-TabapuTHi, IOTYXHICTh CIIO)KUBAaHHS, HAMIHHICTH Ta BapTiCTh. OTHNAM 13 IEPCIEKTUBHUX TiAXOIB 10
moOyIOBH BHCOKOCTaOIIBPHUX JDKEpPEN OIIOPHOTO CHUTHAIY CHCTEM CHHXPOHI3amii HU(PPOBOTO TereOadyeHHS €
3aCTOCYBaHHs 0araTo4acTOTHUX KBApIIOBUX FeHEPATOPIB 3 IM(POBUM KepyBaHHIM [3, 4].

IlocTanoBKa 3aBIaHHSA

EdextuBHicTs mepenayi Ta npuidioMy CHTHaJIy B cuUcTeMax LU(PPOBOTO TelleOaueHHS 3aleXHUTh BiJ
TOYHOCTI CHHXpOHI3aIlil mpuiiMava i mepegaBada y daci, 3a 4acToToro i (a3oro (y pasi KOTepEeHTHOTO MpHUIoMY).
BukopucTaHHs MyJBTUIUICKCYBaHHS 3 4YaCTOTHMM mojniioM KauamiB [5] (ammi. Orthogonal frequency-division
multiplexing — OFDM) B cuctemax nudpoBoro tenedadeHHs 1 MiABUIIEHa YyTINBICTh cHOPMOBAHUX ITiJHOCIHHIX
OFDM-curHaiiB 10 4aCTOTHOI HEY3ro/pKEHOCTI 1 GirykTyaliif ¢a3n omopHUX TeHepaTopiB mepenaBada i npuiimada
BHMara€ BHCOKOi TOYHOCTI iX cuHXpoHi3amii. HaiOinpil MOMITHUM 30BHIIIHIM (AaKTOPOM, IIO BIUIMBAaE Ha
CTaOUTBHICTh YaCTOTH T€HEpaTopa i, K HACHIJOK BUKJIMKAE 3pHB CHHXPOHI3aIlil B CHCTeMax TeleOadeHHs, € 3MiHa
TeMIIepaTypH HaBKOJHIITHBOTO cepenoBuiia [2]. ToMy migBUIIEHHIO TEMIIEPaTypPHOI CTaOIBHOCTI IPKEepeT CUTHAIIIB
CHHXPOHI3aIlii MPUIUTIE€ThCS HAallbiIbIIa yBara.

VY meit yac, HaWOUIbII CTAOIIBHUMHM JDKEpeslaMHd YacTOTH B JIEKAMETPOBOMY Jialla3oHi XBHJIb € KBaHTOBI
CTaHAapTH 4acToTH (BOIHEBi, pyOimieBi, nesieBi). OmHak, BOHM MalOTh BEJHKI rabapuTu Ta Bary, BEIHKY
MOTYXHICTh CIIOXKHMBaHHS, a TaKOX 3HAYHMW Yac BUXOJY Ha peXUM cTaOumizamii (mecsTku, coTHiI xBuiauH). Le
oOMexye 00JacTh IX BUKOPHCTAaHHS CTalliOHAPHOIO anaparypol0 B SKOCTI BHUCOKOCTaOUIbHMX TIEPBHHHHX 1
BTOPHHHUX JDKEpeN 4acToTH [6].

VY niama3oHi CaHTHMETPOBUX XBWIIb HaWOLIbLIy CTaOUIBHICTh MalOTh TeHEpaTOpW Ha HAaJIIPOBIIHUX
cangipoBUX pe3oHaTopax. IX OCHOBHHUM HeNOJIKOM € HeOOXiIHICTh MiATPMMKH KPMOTEHHMX TeMIepaTyp, IO
00YMOBIIIOE€ BHCOKY BapTiCTh Ta BENMKiI TabapUTH 3a paxyHOK BHKOPHUCTAHHS CKIAJHUX KOMIUICKCIB MiATPUMKH
CTaOUTPHUX YMOB eKcIuTyaTamii [7].

Hactymae micne 3a cTaOUIBHICTIO YaCTOTH 3aliMarOTh TEHEPATOPH 13 KBapIOBUMHU pe3oHaTopaMu. OCKiTbKH
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Taki TeHepaToOpH 3a3BHYail BXOIATH CKJIAJOBOI YACTHHOI y KBAaHTOBI CTaHIAPTH YAaCTOTH, TO BOHH YCTYNAlOTh
OCTaHHIM TIBKU 32 JIOBFOYAaCHOIO CTAOIBHICTIO, 110 B PSJi BUMAIKIB 32 YMOBH MEPIOJUYHOI KOPEKIii 4YacTOTH €
HecyTTeBUM. ONHAK, 3a EKCIUTyaTalifHUMH TlapaMeTpaMu (rabapuTH, Bara, CIIOKHBaHAa TMOTY)KHICTb, BapTiCTb)
KBaplLOBI TeHepaTopy Habarato MepeBEepLIYIOTh KBAHTOBI CTaHAAPTH YacTOTH, L0 W BH3HAYWIIO iXHE IIMPOKE
MOIIMPEHHS B anapaTypi paJioTeXHIKH Ta TEJIEKOMYHIKaI[ii B SIKOCTI BTOPUHHUX €TaJOHIB 4acToTH [8§, 9].

TaxToBi reHepaTopy MarOTh HalMEHII rabapuTH, CIIOKUBAaHY MMOTY)KHICTh 1 4aC TOTOBHOCTI, OJTHAK Y HUX HE
BUKOPHCTOBYIOTHCSI CXeMH KOMIIEHCallii BIUINBY 3MiHU TEMIIEPATyPH 30BHIIIHHOTO CEPEIOBHIIA, TOMY BOHH MAlOTh
Halripiry TemrepaTypHy CTabiIbHICT YaCTOTH, III0 0OMEXy€ IXHIO 00J1aCTh 3aCTOCYBaHHS.

VY TepMOCTaTOBaHHMX TeHepaTopax YCYHEHHsI OCHOBHOTO JecTalui3yrouoro (akropa - BIUIUBY TEMIIEPATYpH
HaBKOJIMIIHBOTO CEPEIOBHINA Ha YAcTOTY TeHepaTropa IOCSTaeTbesl IUIIXOM TEPMOCTaTyBaHHS KBapIOBOTO
pe3oHaropa, abo OTHOTO I’ €30€JIEMEHTA, CIIO’KUBaHA IMOTYKHICTh TAKUX TEHEPaTOpiB ckianae mopsaaky 0,25 Bt mpu
yaci BcraHoBieHHA 4dacToTH Bim 30 mo 180 cexynn [3, 8]. BimpmmicTs cepifiHMX TepMOCTaTOBaHHX TE€HEPATOPIB
MarTh CHOXKHMBaHY TOTYXXHICTh y craliioHapHoMy pexumi 1-3 BT i1 yac ycraHosieHHs dactotu Big 15 mo 90
XBUJIHH [8].

Cepell TEepMOKOMIICHCOBAaHMX KBApI[OBUX FEHEPATOPIB HAWKpaIly TeMIepaTypHy i IOBrOYacHY CTaOLIBHOCTI
MaroTh TEPMOKOMIICHCOBaHI KBapIIOBi reHEpaTopH i3 H(PPOBOIO TEPMOKOMIIEHCAIIIEI0, CXeMa CUTHAITY KOMITEHCaIil
SKHX TOOYy/J0BaHa Ha OCHOBI JIBOYAaCTOTHOTO I'eHepaTopa 3 LU(POBUM KEpyBaHHSIM 3a JONOMOTOI0 CHHTE3aTOpa
yacrotu [10, 12, 13].

HesBaxkaroun Ha BENHKY KUTBKICTh pOOIT, B SIKUX BUCBITIICHI IIPOBEJICHI TOCIIKCHHS B 00J1aCTi i ABUIIICHHS
TEMIIepaTypHOi cTaOLIbHOCTI YacToTW KonmBaHb [3-5, 11], muraHHA BIIMBY AecTadimizyrounx (akTopiB Ha
CTaOUIBHICTH ONOPHUX T'€HEepaTopiB NOTPEOYIOTH MOAANBIIOr0 BUBYEHHs. BupinieHHs InX MUTaHb TICHO OB’ sI3aHE
3 MPOEKTyBaHHSAM, a00 MOJEpPHI3aILi€I0 CHCTEM CHHXPOHI3amii mudpoBoro TemedaueHHs cTaHmaprtieB DVD-S2,
DVD-T2 Ta 3 yIOCKOHAJIEHHSIM MPUIMAaTbHO — IIepeIaBAIbHOL anapaTypH ii TPaKTiB.

Metoio podoTn € moOynoBa MOAENi ONOPHOI'O TEPMOKOMIICHCOBAHOI'O KBapIIOBOTO T'eHEpaTOpa CHUCTEM
cuHXpoHizauii mudpoBoro tenedadenHs cranaapris DVD-S2, DVD-T2 B cepenoBumii MATLAB/Simulink Ta
JIOCITIJPKEHHST HOTO XapaKTepHCTHK B YMOBAX 30BHILIHIX TEMIIEPATYPHHUX JecTalOlli3ylounX BILTHBIB.

OcHoBHHUIi po3ain

CTpyKTypHa cXeMa 3alpOIOHOBAHOI'O ONOPHOTO JBOYACTOTHOTO TEPMOKOMIIEHCOBAHOTO TeHeparopa
(ATKT) 3 uudpoBuMm KepyBaHHSIM HaBeaeHa Ha puc. 1. B nmaHomy renepatopi (puc. 1) peanizoBanuit
0araTo4acTOTHO-AITOPUTMIYHUE METO/1 3a0e3MeUeHHs TEXHIYHOI iHBapiaHTHOCTI I’ €30pEe30HAHCHUX MPHUCTPOIB, IO

JIO3BOJISIE CYTTEBO TIIBUIIHUTH (O OJHOTO — ABOX MOPSIKIB) CTaOUTBHICTh TEHEPYBAaHHS OMOPHOI YaCTOTH fon [10].
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JKP — nBouacToTHuii kBapuosuii pesonatop; KI'l, KI'2 — kBapuosuii resepatopl,2;
3M - 3mimyBay; COKC — cxema popmyBanHs curnajay kommnencanii; HCUIIC — uudposuii cHHTE3aTOP YaCTOTH NPSIMOT0 CHHTE3Y;
®J1 — dpazouii nerexrop; PHY — dinbTp Huknix yacror; 'KH — reneparop kepoanuii Hanpyroiwo; T4 — aiibHUK 4acToTH
Puc. 1. CtpykrypHa cxema JTKT

Crpykrypa JATKI mictute HactymHi 010ku (puc. 1): aBouactoTHHi KkBapuoBuil pesonatop JIKP 3 nBoma
napamu enektpoxiB 1-1'12-2" mixkiaroueHnit 10 akTHBHUX 4YacTHH kBapuosux reHeparopiB KI'l i KI'2. Ha Buxoxi

nepiroro ksapuooro rereparopa KI'l dopMyroTsest konmBanHs omopHOi Momu KPP f,,., a npyruii KBapuoBuii
reneparop KI'2 nmpusHadeHuit amst popMyBaHHS KOJMBAHb TEPMOTYTIMBOI (TOTOMIDKHOI) Moau KonuBadb . [3].
3aeXHOCTI BIACHUX pe3oHaHCHUX yacToT KP npu mamux Binxunenusx AT =7 —7; Big HoMmiHansHOI
TemrepaTypu 1, MOJKHA IIPEICTABUTH K
fon(T)zfoon'i'alTAT;fT = fy +a, AT, (1)
Je f ISEF , fTO — HOMiHaJbHi 3HaueHHs JacToT Ha Buxoai KI' 11 KI" 2 npu Temneparypi T =T ; ar, a,; —

KOe(illiEHTH TEPMOYY TIIUBOCTI.
Ha Buxoni 3minryBada 3M ¢opMyeThesi KOJMBaHHS Pi3HUIIEBOT YaCTOTH
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Jrer =— f7 . Konusauus pisHnnesoi wacroru F (T ) BUKOPHCTOBYETLCA I imeHTU]IKaIii TEIoBOro crany

2
m'e3oeneMenTa qeogactoTHoro KP 1 i komneHcarii ioro temmnepaTypHoi HeCcTaOlTbHOCTI.
Cxema (opmysanns curnany kommencanii COKC ¢opmye xopurysansuuii kon N(T'), mo 3abe3neuye

. . ’ .
KOMIICHCAIiI0 3CYBiB 4acTOTH [, Ha BuXoAi uuppoBoro cuuresaropa mnpsmoro cunresy L[CUIIC uyepes

TEMIIEPATYPHI 3CYBU YaCTOTH OIIOPHOT'O KOJIMBAHHS [ REF (T ):
N(T)ZNO(fOUT’fISEF)—i_AN(AF(T))a (3)

.om
ne No(fOUT,fngF)zfo#
S rer

m — po3psaHicTs kepyrouoro ciosa N(T').

— HOMIiHAJIbHE 3HAaUYCHHs KOPUTYBAJIbHOTO Koxy mits Temmeparypu 1 =T ;

. ’

TepMOKOMIIEHCOBAHE KOJIMBAHHS i3 4aCTOTOI f,); 3 BUXOAy LM(POBOro CHHTE3aTOpa HAAXOJUTh HA CXEMY
cucremu OAITY, mo mictuts QazoBuii nerexktop D/, GineTp HHM3bKOT wyactoTn ®HY, minbHuk wactotu Y i
reHepatop kepoBanmii Hampyroro I'KH (puc. 1), me uacrora BHXIIHOTO CHUTHaJy KBapLOBOTO Te€HepaTropa

’ .. . .
Jour =0 four » BU3HAYAETBCS KOSDiLIiEHTOM JiTeHHst yacToTh 71 AitbHuka {4 [10].

Jns mociiKeHHST XapaKTePUCTUK CTaOLIBHOCTI OTIOPHOTO TeHepaTopa CHUCTEM CHHXpOHi3amii nuppoBoro
tenebaueHas B cepemoumli MATLAB/Simulink [12] moOymoBama w™omens (puc. 2,a), y BIANOBIZHOCTI 10
MIPUHIMIY TO0YIOBU IBOYACTOTHHUX KBapILIOBUX T'eHEpaTopiB 3 HUPPOBOIO TepMOKoMIteHcaieo [10].

Mopens Brimovae B cede I{CUIIC na 6a3i 32-X po3psaaHOi MIKPOCXEMHU CHHTE3aTOpa YacTOTH (HAPUKIIA,
AD9851) [13] i cucremy KOMITEHCAITIT BiIXWIICHHSI YaCTOTH OIIOPHOTO KOJMBAHHS. 32 JOTIOMOT'OF0 3MIHHHX y BIKHI

. . 0 0 .
Model Workspace (prc. 2,6) 3a1a10ThCsl HOMiHAIIGHI 3HAYEHHS YacTOT f, on =819 MI'uta f;=76,69 MI't nepmuioi
Ta TpeTboi Moy kosmBaHHS JITKI™ AT- 3pi3y, HIKHS Ta BepXHS TpaHMLI TeMIIepaTypHOro aianazony I7min =-35 °C
i Tmax =80 °C, 3aransHuii yac cumyssiuii 7s=1 ¢, BuxignHa gacrora reseparopa [, =10 MI'u. Temneparypso-

. 0 0 .
YaCTOTH1 XapaKTCPUCTUKHU AfOH Ta AfT JABOYACTOTHOI'O r€HEpaTopa ONMOPHUX KOJMBAHb 3aJlaHl 3@ JOIMMOMOI'0IO

omokie SIMULINK wmopeni (puc. 4, a) Polinominal ta Polinominal 1, BinmoBinHo, 1 mpeacTaBiieHi
ATPOKCHIMOBAaHUMH 3AJICKHOCTSIMH Y BUTIISIL TTOJITHOMIB TPETHI'O CTYIICHS

T3
Af (T T?
M:[clc2c3c4] e
Afoj T
TO
e cl —c4 - xoeditienTn, sxi 3amani 3a qomomoror Marpuik: PolyCf1=[0,0079 -0,6696 7,877 78,2626] Ta
PolyCf2=[0,0078 -0,6586 -23,1335 889,411].
Model Info | Scope Name Value
1 foop 8.19e+07
H for 7.669e+07
HH Fout 18407
! Hn 1024
>80 o, NS FH polycft  [0.0073 -0.6696 7,877 78.2626)
TC - o6 J ‘ olrep - o ] PalyCfz  [0.0078 -0.6585 -23.1335 889.411]
G »G ° -F —»@ [ Tmax 80
ft B+ Fop Mo ¥ Fon B Tmi
G ] FFon min -35
ﬂa::;rpm Tuiuyem 0DSt H = 1
a) 0)

Puc. 2. Imitaniitna mogesas onopuoro ITKI (a) Ta Biknuo Model Workspace (0)

Ha pwuc. 3-6 npencraBieHi OCHOBHI €IEMEHTH MOJENI ONOPHOTO TeHeparopa, sKa CKIAIaeTbes 3
JIBOYACTOTHOTO TepMOKOMIIEHCOBaHOTO KBaprioBoro reHeparopa (JTKID) (puc. 3,a), 3minryBaua (puc. 4,a); cxemu
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COKC (puc. 5,a); cuHTE3aTOpa 4YacTOTH NPSMOTO CHUHTE3y (pHc. 6). 3HAUCHHS OMOPHHX YacTOT fO]7 Ta fr
dopmyroteess B Mozenmi SIMULINK y 6mokax «To Workspace» Tta «To Workspace 1», BiamoBimao (puc. 3,a).
0 .

KOHTpOJT OTPUMAHUX TEMIEpaTypHO-4acToTHHX Xapaktepuctuk TUX Af,,; Ta AfTO 3IIHCHIOETECS Ha BUXOAax 1
Ta 2. Ha Buxozi 3miiryBaua (puc. 4,a) y Bignosigsocti 10 (2) hopMyeThes KonuBaHHs pisHunesoi yactotu AF . B
cxeMi (hopMyBaHHsI CHTHAIly KOMIeHcalii (puc. 5, a) hopmyerbest kopurysanbuuii kon ANy BiamosigHOCTI 10
(3), o 3abe3nedye komneHcawio 3cyBiB yacroru AF ( f,; ) Ha BUX0ai dPOBOro CHHTE3aTOPA MPSIMOTO CHHTE3Y
(puc. 6) gepes TemmepaTypHy HeCTaOLIBHICTE OIIOPHOTO KOJUBAHHS [, (T )

PesynbraTi MOJENIOBaHHS CKJIaJOBHUX OMOPHOTO JIBOYACTOTHOTO KBAapIIOBOTO I'€HEpATOpa KBaJIpaTypHOTO
JIeMOlyJIsITOpa HaBeJIeHi Ha puc. 3,a — puc. 5,a.

a) 6)
Puc. 3. Moaeas JATKT (a) Ta iioro TUX MOOH , AfTO (Buxoau 1 Ta 2) i curHas TeMnepaTypHoi Moau fT (610x Constantl) (6)

Fop

To Workspace

a) | 0)

Puc. 4. Moaeunb 3minryBaya (a) Ta CHTHAJIM OIIOPHOT YaCTOTH f O[1 T2 Pi3HHIEBOr0 KOJMBAHHS F » (Buxoau 1 Ta 2) (0)

Fop

o}

Puc. 5. Mopear COKC (a) Ta curaaja Ha BUXOJi JiYHJIbHUKA | KOPHTYBAJILHUN KO/ AN (Buxin 1 Ta 2) (0)
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Produet1 v 5o mpwrym-sm
Fon Add
Interpreted ' iF
MATLAE Fen i " = pls
interprated MATLAD i -
F- i Product * 3 EopEryEa-HAY
unction T
AN CDSdFo
[: M ‘J £ |Const 10&8 [Consti To Wonks pace

Puc. 6. MoaeJsib CHHTE3aTOPa YaCTOTH NPAMOIr0 CHHTE3Y

. . 0 _ 0 _ o
Tunmosi TUX kBaproBoro peszoHaTopa AT-3pi3y (fon =8L9MI'u, f; =76,69 MI'm) mpu #oro
. . 0 0 . .
30y/PKeHHI Ha JIBOX YacTOTax IpEACTaBleHI Ha pHC. 5, 11e AMon / Jon , My / Jr - BigHocni 3cyBu yactoT KP Ar-
3pi3y y JBOYACTOTHOMY pEXHMi 30yIKCHHS, a Ha PUCYHKY 6 — aOCONIOTHI 3MiHHA OTMOPHOI ¥ Pi3HHUIIEBOI 4acTOT
Afon(T ), AF (T ), KOMITEHCYIOUOi 3aJIeKHOCTI AfCOMP(T ), 1 BHXIZHOI YacTOTH AfOUT(T ) (xpuBi 1,2,3.4,
BimmoBigHO). BumHo (puc.5), mo pisHHIEeBa ckimagoBa AF HOCHTH TNPAKTHYHO JTiHIHHY 3aJ€XKHICTH Bif

TEMIIEpPATyPH i3 KPYTICTIO IEPETBOPEHHS TeMmepaTypa-dactora Sy = 30 I'rg / °C.

ﬂxlo's A/: Fu
600 bt D

1.0
400 |-

0,5 5 T

0 S : = 0

0.5 i N 200

21,0 Foeed 400 K

1.5 -600

! 20 -10 0 10 20 30 40 50 60 T,°C

20 -10 0 10 20 30 40 50 60 T,°C

Pucynok 7 — Tunosi TUX kBapuosoro pesonaropa AT-3pisy: PucyHok 8 — AGcoJ10THI 3MiHM ONIOPHOI i pi3HHLIEBOT YacTOT
BitHOCHi 3cyBH yacToT KP AfOH /f(())n (xpuBa 1) Ta AfT /fTO AfOH (T) s AF(T), KOMIIEHCYI0Y 01 32JIeKHOCTI AfCOMP (T) ,1
(xpuga 2) BHXIiIHOT 4aCTOTH AfOUT (T) (xpusi 1,2,3,4, BignosigHo)
Af, T

600
400
200
0
-200
-400
-600

20 -10 0 10 20 30 40 50 60 T,C

Puc. 8. A6comoTHi 3MiHM 0NOPHO] i Pi3HHIEBOT YaCTOT Afﬁ- (T ) , AF (T ), KOMIEHCYI04 01 32J1eKHOCTI Af COMP (T ) , 1

BHUXIiJTHOT YaCTOTH Af ouT (T ) (kpuBi 1-4, BixnosinHo)
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Kowmmencyroua 3anexHicts Afqoyp (T), exsiBanenTHa 3MiHi KOpHTYBaTBHOTO N coup (T):= AN(AF)
KOJy, OTpMMaHa LUIAXOM 3allOBHEHHs Mepiofy pisHuuesBoi [ wacrorn 3 koediuientom n, =1024 posmoxiny
iMIynIbcaMu ONOPHOI  f,,; 4YacTOTH. AHali3 OTPUMAaHMX pe3yNbTaTiB (puc. 6) MOKa3ye, WO 3aCTOCYBaHHS
6araro4acTOTHO-aIrOPUTMIYHOTO METOIy KOMIICHCaIlii TeMIepaTypHol HecTablIIbHOCTI JO3BOJISIE 3HU3UTH BiJTHOCHY

. . s -7 . . .
HecTabinbHICTh KBapHoBoro reseparopa 3 2,5-107° ngo 6,25-107" B gmiamasoni temmepatyp Bin —10°C 10
50°C. MakcuManpHa e(eKTHBHICTh KOMIEHCAIii AN JaHOi (hOPMM aMIUTITy[ZHO- YaCTOTHOI XapaKTEPHCTHKU

JocsraeThes B Aianasoni remmeparyp 7' € [20,50F°C [3, 10].

BucHoBku
ITobynoBana imiTamifiHa MOIENb OIIOPHOTO TE€HEpaTopa CHUCTEM CHHXPOHi3amii MUQpPOBOTO TereOadeHHs
craagaptieB DVD-S2, DVD-T2, 3 BHKOpHUCTaHHSAM MPSIMOTO HU(PPOBOTO CHHTE3y s (OpMYyBaHHS CTaOLIBHUX
OINOPHUX CHTHAJIB 3 KOMIICHCAII€I0 TEMIIEPATypHHUX IMOXWOOK BCTAHOBJICHHS YacTOTH ILUISIXOM JABOYaCTOTHOTO
30y/DKEHHS 11’ €30KOJIMBANIBHOI CUCTEMH OIIOPHOTO I'eHeparopa Ta 3 MOTOYHOK ieHTH(IKAIIE MapaMeTPUIHOTO
cTaHy pe3oHatopa. [IpoBeneHO aHami3 BIUIMBY TEMIIEPAaTYpPHUX JecTaOuIi3yrounx (AKTOpiB Ha MOXHOKH
¢dopmyBanHs onopHux curHanmiB. [IpoBenene mozenroBanHs B cuctemi MATLAB/Simulink pobGotu omnopaoro

reHeparopa sl KBaploBoro pesonaropa AT-3pisy mpu iioro 30ymKkeHHI Ha JBOX yactoTax ( f, ]?EF =819 MI 1,
fTO =76,69MI'11). BusBieno, mio pisauneBa ckiagoBa AF HOCHTh NPAaKTUYHO JIHIMHY 3aJeXHICTH Bij

TEMIIEPaTypH i3 KPYTH3HOIO MEPETBOPEHHS TeMImeparypa-4actora Spp = —30 Fu/ °C, mo Hajae MOXIHBICTb 3

BUCOKOIO TOYHICTIO ieHTH(IKyBaTH TEIJIOBUH CTaH KBaplOBOIO pe3oHaropa. B CBOIO Yepry 3acToCyBaHHS
6araro4acTOTHO-aITOPUTMIYHOTO METOly KOMIIEHCalii TeMIIepaTypHOi HeCTaOLIBHOCTI JO3BOJISIE 3HU3UTH BiJTHOCHY

HecTaGibHICTh KBapIoBOro rereparopa 3 2,5-107° 1o 6,25-1077 B miamasoni temmneparyp Bix —10°C o 50°C,

10 B CBOIO Yepry MiABUIINTH TOYHICTH CHHXPOHI3AIMII MPUIMaIbHO-TIEpEIaBAIFHOI amapaTypu CUCTeM II(pOBOTro
TenebaveHHs.
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