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PE®EPAT

PoGora cknanaerbesa 3 80 cTopiHOK, 4 po3AiIiB Ta MICTUTH 38 iMrOCcTpaiii,
50 tabmuue Ta 18 mKepen B nepeniKy HOCUIaHb.

AKTyanbHicTh TeMH. Ha pHHKY icHye MOCTIHHUI TOMUT HAa CHHTE3aTOPH
9YacTOT, BOHHM UIMPOKO BHKOPHUCTOBYIOThCS Yy ©Oarathox cdepax CydacHOi
enekTpoHiku. OTxe, podieMa BUMIPIOBaHHS 1X MEPEIIKo]] Y MiKPOXBHUIBOBOMY
Jiama3oHi € 3aBXAM aKTyaJbHOIO Ta TOTpeOye IOCTIHHOTO BIOCKOHAJICHHS
ICHYIOUHX Ta PO3POOKH HOBUX MPUCTPOIB JJIs 11 BUPIIICHHS.

Mertoro poOOTH € pO3MIA] Cy4acHHX pIllIeHb IO CHHTE3aTOpax YacToTH,
METOI¥ BHSBJICHHS Ta BUMIPIOBAaHHS MIKPOXBHJIBOBUX MEPEIIKON, MEXaHI3MH iX
oOuucnenss, gpinprpanii Ta 06poOku. Kpim TOro, BUCBITIEHO MUTAaHHS 3MEHILIEHHS
IIyMiB B CHHTE3aTOpax 4acToT.

Po3pobneno mpoToTHn MPUCTPOIO AJsl BUMIPIOBaHHS KOe(iLiEHTY HIyMy 3
3aJ]aHUMH  TEXHIYHUMH XapakTepucTUkamu. HaBeneHo pesyibTatd  poOOTH
(rpadixm, cxemu, obuncnenns). Bukonana poboTa € akTyajgbHOIO 1 MOXe OyTH
BUKOPHUCTaHA JIJIsl BUMIPIOBAaHHS KOe(illiEHTy IIyMY B Cy4acCHUX CHHTE3aTopax.

KarouoBi ciioBa: 4acToTa, CHHTE3aTOp 4acToT, QiIBTP, CMyTa MPOIYCKaHHS,
KOC(IIIEHT IIyMy

ABSTRACT

The work consists of 80 pages, 4 chapters and contains 38 illustrations, 50
tables and 18 sources in the list of references.

Actuality of theme. On the market there is a constant demand for frequency
synthesizers, they are widely used in many areas of modern electronics.
Consequently, the problem of measuring their interference in the microwave range
is always relevant and requires continuous improvement of the existing and
development of new devices for its solution.

The purpose of the work is to consider modern solutions for frequency
synthesizers, methods for detecting and measuring microwave interference, their
calculation, filtering and processing mechanisms. In addition, the issue of noise
reduction in frequency synthesizers is highlighted.

The prototype of the device for measuring the noise factor with the given
technical characteristics has been developed. The results of work (graphs, schemes,
calculations) are presented. The performed work is relevant and can be used to
measure the noise factor in modern synthesizers.

Keywords: frequency, frequency synthesizer, filter, bandwidth, noise factor

BCTYTI

Ha cporognimHiii AeHb NEPETBOPIOBAY YACTOTH SIBISETHCS BAXKIJIMBUM
€JIEMEHTOM TpHHMaIbHO-TIEPEaBAILHOI anapaTypu, 00 TreTepOANHHUN MPUHIINAT
npuiioMy € ocHOBHUM. J1J1s iepenayi indopmariii 3apa3 MIMPOKO BUKOPUCTOBYETHCSI
MIKpOXBWJILOBH 3B’S130K, IO 3YMOBIIEHO BEJHMKOIO IIPOITYCKHOIO 3JAaTHICTIO,
THYYKICTIO Ta MOOuTbHICTIO. [lepenaya naHMX B MIKPOXBHIIBLOBOMY Jiara3oHi
BUKOPHCTOBY€ BHCOKI YaCTOTH Ta BHKOPHUCTOBYETHCS SIK HAa KOPOTKUX BiJICTAHSX,
Tak 1 B TIOOATPHUX KOMYHIKAIIisIX. IX ronoBHE 0OMEKEHHS IONSTae B TOMY, L0
nepeiaBad Ta MpHiiMad TMOBHHHI OyTH B 30HI MPSMOi BUAMMOCTI. AJie€ 3 I[BOTO
BUTIKa€ ¥ ofHAa 3 HAWTOJNOBHINIMX TMpOOJIeM — BeJIUKa 3aBaHTAXKEHICTh
MIKpOXBHJILOBOTO JTialla30Hy, SIK HACJiJ0K, BUHUKHCHHS 3HAUHUX B3a€EMHHX 3aBajl,
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XapakTep SKUX BaXKKO BiACTexyBaTH. JJsi BUpIIEHHS JaHOT MpoOiIeMu MOXKIUBO
BUKOPHCTOBYBAaTH IIBUJKE TEPEMHUKAHHS TAa«YHCT» KaHAJM, 10, B CBOIO Yepry,
oTpedye CTBOPEHHS THYYKOI CITKH Y9aCTOT i3 HEOOX1THIUM KPOKOM.

[IpoGnema BUSBIACHHS NApa3UTHUX BHIIPOMIHIOBAHb, IO BHUKIMKAIOTh
JIOATKOBI 3aBajid 1 MPHU3BOAATH 1O 3arajbHOTO 3aBAaHTAKCHHS YacTOTHOIO
Jiarma3oHy MaroTh CYyTTEBE 3HA4CHHS NI pizHOMaHITHUX cucteM. {00 BupimmTh
JaHy TMpoOiieMy HEOOXiJIHO Mard YSBIEHHS MPO CIEKTP BHIIPOMIHIOBaHb V
IIMPOKOMY Jliana3oHi yactor [1].

CuHTe3aTOpu 4YacTOTH, SIK IPaBWIO, HE SBISIOTHCA (PYyHKIIOHAIHHO
CaMOCTIMHUMH TPUCTPOSMU. BOHHM BXOIATH B CKIIAJ MPUHAMAIOYOi, MEPENarodoi,
BHUMIPIOBAJIbHOI Ta 1HILIOI anaparypy Ta BUKOPUCTOBYIOTHCS B SIKOCTI T€TEPOJHHIB B
TEJIENEBI3IMHUX 1 pafionpuiiMadax, JKepen OMOPHUX KONHMBaHb B TE€HEPaTopax
CHTHATIB pi3HOI (OpMH, SK JDKEPENo eTAJOHHHX YacTOT, CIEKTPaIbHUX
aHaJi3aTopax, BUMIPIOBAIPHMX MpHIagaX, a TaKoXK B IHIIMX CHUCTEMax
CYIyTHUKOBOT'O, PpaJiOpelieMHOro a00 JPOTOBOTO 3B’SI3Ky, IO BHMAaraloTh
IIBUJIKOTO Ta TOYHOTO MIEPECTPOIOBAHHS B IIMPOKOMY Jliana30Hi 4acToT.

Takum 4YuMHOM, JaHa JUIUIOMHa po0OOTa TPHUCBAYEHA IiJABUIIEHHIO
e(EKTUBHOCTI BUMIPIOBAHHS IEPEIIKOJ] CHHTE3aTOPIB YacTOT MiKPOXBHJIBOBOTO
Jliara3oHy JTOBXHMHHU XBHJIb, a TAKOK IPOBEIEHO MOJICTIOBAHHS IEBHUX BY3IiB
cxemn.

HaifBanmuBiIIMMH ~ BUMOTaMH, SIKI  TpeJa SBISIOTBCA 10  CYYacCHHX
CHHTE3aTOpiB YacCTOTH €: MakcuMaibHa cTabinpHicTe HBY mapaMeTpiB BUXiZHOTO
CUTHaIy, BHcoka ctabinpHicTs HBY mapameTpiB 10 30BHIIIHBOTO BIUIUBY MPH HOTO
ekcrutyaranii. Opnieto i3 ocoOmuBocTeld MOOYIOBH CHHTE3aTOPIB  4acTOTH
SIBJIIETHCS X IIBUIKE YIOCKOHAICHHS, SIKe 00yMOBJICHE OC3IEPEPBHUM PO3BHTKOM
eJleMeHTHO1 0a3u, Teopii i MpaKkTUKH IX peanizarii.

CyuacHi CHHTE3aTOpH MaloTh 3a0e3leuyBaTH IMUPOKUH  Jiama3oH
TeHePYIOUYMX YacTOT 3 MaJMM KPOKOM, MOOIYHMMHU CHEKTPAJIbHUMH CKJIAJO0BHMH,
HU3BKHMU (ha30BUMH IITyMaMH. TeHJICHIII€10 PO3BUTKY YACTOTHHX CHHTE3aTOPIB HA
CHOTOJIHINIHIA JIeHb € 30UTbIICHHS IIBUAKOCTI TepecTpokn. Kputnanum
MapaMeTPOM SIBJISIETHCS 9ac, HEOOXiTHUM JUIS MEepPeCTPOWKH 3 OJHI€l YacTOTH Ha
iHmTy [2].

3amadi, o0 HeOOXiTHO BUPIMIUTH IS JOCATHEHHS I[i€] METH, HACTYITHI:

- JOCIIIUTH ICHYIOYY OO0JIaCTh pPO3POOKM CHHTE3aTOpiB 4YacTOTH Ta
MpOaHANI3yBaTH iX Ha TMPEIMET MOXKJIMBOCTI BJIOCKOHAJCHHS SK CUCTEM B
IIJIOMY, TaK 1 IX OKpEMHUX YaCTHH;

- 00TrpyHTyBaTH Ta BAOCKOHAJIUTH CTPYKTYPy CHHTE3aTOpa 4acToT;

- PO3pOOHUTH TPUCTPIH ISl BEMIpIOBaHHS Koe(illieHTy IIyMy Ta po3paxyBaHH
noro.

[MpemmeToM JOCHIIPKEHHS € METOAW BHUMIPIOBAHHS MIKPOXBHIBOBHX
MEPENIKO/I CHHTE3aTOpa XBUJIb 32 KPUTEPIEM MIHIMYyMY BIIACHUX IIYMIB 1 TOOYIOBH
iX Ha HOBIH eneMeHTHiH Oas3i.

PO3JILI 1. OIJIS1] HAYKOBO — TEXHIYHOI JIITEPATYPU
1O CUHTE3ATOPAM YACTOT
1.1. XapakTeprcTHKHM CHHTEe3aTOPiB 4aCTOT
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CuHTe3aTOpU 4aCTOTH — BUKJIIOYHO BaXJIMBI (D)YHKUIOHAIBHI BY3JIM 0araTtbox
CHCTEM, Bl KOMEpLIMHHMX MEpeX 3B’A3Ky IO BHIIPOOYBaJIbHO-BUMIiPIOBAIbHUX
creHaiB. HeoOXimHICT, TMOAANBIIOrO MiIBUIIEHHS e()EeKTHBHOCTI CYYacHHX
CJIEKTPOHHUX CHCTEM Y 3Ha4Hid Mipi 3B'S3YETHhCS 3 BIOCKOHAICHHSIM amaparypu
4acToToQOpMyBaHHs I BCixX Aiana3zoniB yactoT [3]. CtBopenns HBY curnanis i3
MEBHUM HAaOOpOM TEXHIYHMX BHUMOT € OJHIEI0 3 HAWKPUTHYHINIMX (QYHKIIN
paioeNeKTPOHHOI anapaTypu i Mae Oe3nocepe/iHiii BIUIMB Ha IPaHUYHI 3HAYCHHS
XapaKTEePUCTHK CHCTEM y 0araTbOX 3aCTOCYBaHHSX.

HatiBaxnmuBinn BUMOTH:

® BHUCOKACTaOITBHICTh YaCTOTH CHOPMOBAHOTO CUTHAITY;
® HU3bKI Pa30Bi i aMILTITY/AHI ITyMH;

® BHCOKA YUCTOTA CIEKTPIB;

® [IBHKA 3MiHAa CPOPMOBAHUX YACTOT;

® KOTEpEeHTHICTh yCixX c)OPMOBAHHUX CHTHAIIB.

Peanizamisi mepepaxoBaHUX XapaKTEPUCTHK 3AIHCHIOETHCS 3a JOMOMOTOIO
CHUHTE3aTOPIB YaCTOT PI3HOTO IPU3HAYCHHS.

CHHTE30M 4acTOT € MpoIiec, B Pe3yAbTaTi Jil SKOro ofHa abo 6e3mid 4acToT
(hopMyIOThCS 3 OJIHIET 200 NEKITBKOX OMOPHUX YaCTOT 32 JOIMIOMOTO KOMOIHAIIIH
€JIEMEHTIB, M0 BXOAATH B cxeMmy cuHTe3aTopa dactor (CY). Haiibinpim
MONMIUPEHUMH 3 HHUX € 3MIIlyBavi, TOMHOXYBadi 1 IIIbBHUKHA YaCTOTH, TEHEPATOPH,
(biNBTPH, KOMYTATOPH, YACTOTHI 1 (Ha30Bi IETEKTOPH, TiICHITFOBAYI.

Tak sik Oymp-saxuii CH MoKHA IPEICTABUTH €KBIBAIIGHTHUM T€HEPATOPOM, TO
1 mapameTpu, SKi MigPO3AUISIOTHCS Ha EJNeKTPUYHI M eKCIUTyaTauildHi, MO)KHa
3acTocyBaru A xapakrepuctuku CY.

Jlo ocHOBHHX eNeKTpUYHHX XapakrepucTuk CY BiTHOCATS:

® Jiara3oH poOOYMX BUXIJIHHX YacTOT;

KPOK CITKH POOOYHX YaCTOT;

CTablIBHICTh YACTOTH BUXIJHOTO CUTHAIY;
9ac MepeMUKaHHS YacToT;

piBEHb aMILTITYIHUX 1 (ha30BUX IIYMIB.

Jlo ocHOBHMX ekcITyaTauiiHux xapakrepucTuk CH BiTHOCATS:

® ra0apuTHO-MacOBI IOKa3HUKH;

® CIIOXMBaHHS CHEPTil [PKEpe KHUBJICHHS;

® yac rOTOBHOCTI MiCJIsi BBIMKHEHHS.

Hiama3oH poOounx BUXIIHUX 4YacTOT XapaKTepu3ye Ty OONacTh 4acToOT, B
SKii 3HAXOAUTBbCS CEpPEelHS YacToTa KOJMBAaHb, IO CHHTE3YIOThCSA. 3TiTHO
MIXHApOAHOT Kiacudikallii, paliodacTOTHHN CIIEKTP YMOBHO PO30UTHI Ha pi3Hi
Jiarma3oHu, nmpeacTapiexi B Tadmn. 1.1 [4].

Tabmuus 1.1. PagiogactoTHuii aiana3zox

[punanexuicte CU 10 TOro abo iHIIOTO Jianma3oHy 4acTOT Y 3HAYHIH Mipi
BHU3HA4Ya€ KOHCTPYKTHBHI 1 TEXHOJIOTiYHI MPOOJIEMH HOTO CTBOPEHH:, MOB'sI3aHl y
HepIry 4epry 3 MOXKJIMBOCTSMH CydacHOI KomroHeHTHOi Oasu. Lllupuna cmyru
poOoUMX BUXITHUX YACTOT OOUHCITIOETRCS 3a hopmysnoro (1.1):
xapakTtepu3ye aianazonsi BaactuBocTi CU. KoedimieHT nmepekpuTTs 1Mo 4acTori,
0 BU3Ha4YaeThes popmynoro (1.2):
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€ YMOBHOIO MIpOIO0 IIUX BIACTHUBOCTEH, M€ fpnex 1 fpmn - MaKCHMaJbHa 1
MiHIMaJTbHA CHMHTE30BaHI YacTOTH BiMMOBiAHO. B 3amexxHOCTI Bim koedimieHTa
MEPEKPUTTS PO3PI3HAIOTH mpokocMyroBi CY, y skux k,;>1,2 Ta 3Bu4aiini CY 3
k,<1,2.

Kpok citku poOoumx uacToT f. - iHTEepBal MiX CYCiIHIMH pPOOOUUMHU
94aCcTOTaMH; TaKi IHTEPBAJIN MK JAUCKPETHUMH YaCTOTAMH B 3arajlbHOMY BHIAJIKY
MOXYTh OyTH pIi3HMMH, aje Ha TMPaKTHIi BOHH BUOWUPAIOTBCS PIBHUMHU.
CrabinpHICTh YaCTOTH BUXIJTHOTO CUTHAIY XapakTepU3ye MOXHOKY BiATBOPEHHS
3aJ]aHOTO 3HAYEHHS YaCTOTH B YMOBAX EKCIUTyaTarlii.

Benmnumuoro, mo XapakTepusye CTaOUIBHICTh YacTOTH, Ha3MBAETHCS
BimHOCHa moxubka wactotn Of, (1.3), OOYMCHIOETBCS SIK BiTHOUIECHHS
a0COMIOTHOI NOXHOKU YacToTH Af J0 ii HOMIHAJILHOIO 3HAYCHHS [, :

AbGcomorHa moxuOka dYacToTH Af  TOKa3ye HACKUIBKH CHHTE30BaHA
4acToTa BiAPI3HAETHCS BiJ 3aJIaHOTO HOMIHAIBLHOTO 3HaueHHA. BoHa € cymoro
HETOYHOCTI YCTAaHOBKM YACTOTH OIOPHOTO TeHeparopa Ta HecTabilbHOCTI,
MOB’A3aHUX 13 BIUIMBOM JIECTaOUTI3yIOUMX UWHHHKIB, @ TaKOX BHUIAJIKOBHX
(duyKTyaniii K 4YacTOTH OIOPHOTO TeHeparopa, Tak 1 (azoBux duykTyarii
enemeHnTiB cxemu CU.

YactuHa moxuOKH, sika 00yMOBJICHA HECTAOUIBHICTIO OMOPHOI'O TeHEepaTopa
IiJ] BILTMBOM JIeCcTa0illi3yrouuX YHMHHUKIB, IO JIIOTh MPOTATOM TPHUBAJIOTO Yacy
HA3WBAaIOTh JIOBTOTPUBAIOK HECTAOUIBHICTIO 4YacTOoTH. YacTHHA MOXUOKW,
0o0yMOBIICHa BHIIQAKOBUMH (IYKTyalisIMH 4YacTOTH OINOPHOrO TreHepaTopa i
¢dazoBumu QurrokTyauisiMu enemeHnTiB cxeMu CU, Ha3uBalOTh KOPOTKOYACHOIO
HecTabiIbHICTIO YaCcTOTH.

Yac nepemukaHHS poOOYMX 4YACTOT T  XapaKTepU3ye BIJPI30K dacy,
HPOTITOM SIKOTO 4acToTa abo (paza CHHTE30BAaHOTO KOJIMBAHHS, MiCIIsI IPOXOIKESHHS
KOMaHIM Ha IICPEMHKAaHHS, BCTAHOBUTLCS 13 3aJaHol TouHicTIO ( T, 1 T,
BiINOBiIHO). J[7IT YACTOTHOTO KpPHTEPi0, IO BHKOPUCTOBYETHCSI YACTIIIE B
NPOCTHX CHHTE3aTOpax, 32 T, mHpuiiMaroTh ab0 4ac BCTaHOBJICHHS 4acTOTH [
3 aGCOJIOTHOIO TIOTPIIHICTIO Af , IO HE NMEPEBUIILYE KPOKy nepedyaosu  Af <f.

, 200 Yac JOCATHEHHS 3aIaHOTO PiBHS 3MiHU  [o(t) .

HansBuuaiino BaximBumMHu Xxapakrepuctukamu CY, mo B 3HauHIA Mipi
BHU3HAYAIOTh iX SIKICTh, € PIBHI aMIUTITYIHUX 1 (a30BHX IIyMiB. Y 3araJbHOMY
BUMNAAKY curHan Ha Buxoai CY moxe OyTH npenctasienuil y surisiai (1.4):
ne A(t) - ammuityma curHaimy; m(t)- uykTyanii aMIUliTyId CUTHaly; @ -
Kpyrosa yactota; ®(t) - gaykryauii gpasu curnany.

CrniekTp curHajy, 0 BU3HAYaeThes mapamerpamu A(t), m(t), ¢(t) , moxe
MaTH cKknaany crpykrypy. Jis CH ammniTya BUXiqHOTO CHUTHAITY MOCTiiHA, TOOTO
A(t)=A i Horo CHeKTp BH3HAYAETHCS AMILTITYAHUMH 1 (Ha3oBUMH (QIIYKTyaIlisiMH.
Jnist X omucy BBOAUTHCS MOHSITTS CIIEKTPATbHOT IIUIHHOCTI TIyMy Sy (F) (1.5),
0 XapakTepu3ye BiJHOIICHHS MOTYXXHOCTI MyMiB S, B OJHIN OOKOBiH cMy3i

. o . . . @
4acToT WHpUHOW AF=1lL 1pu BIACTpoHUi Bix Hecydol dactotu | =5, Ha

BenuunHy F, 10 notyxHOCTi curHany P, (Puc.1.1).
Ax BumuBae 3 Puc.l.]1 cnekTpanbHy LIUIBHICTH LIYMy MOXHA OLIHUTH
iealbHUM aHali3aTOpOM CIEKTpYy 13 cmyroio nponyckanHs 1 I'm CnexrtpanbHy
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LIJIBHICTh aMIUNITyIHUX ILIYMIB MOXXHAa BH3HAUUTH, JETEKTYIOUHM CHUTHAJ
iIealbHUM aMILTITYZAHUM JIETEKTOPOM 1 BUMIPIOIOUH CIIEKTP Ha HOTO BUXOII.

B GinbpmocTti mpakTHYHUX BUNAAKIB 1HTEpEC MPEACTABISIOTH CHEKTpajibHA
HIUTBHICTE ()a30BUX IIyMiB (00 aMmIUTITYqHI IIyMH 3Ha4YHO MeHIle (a3oBuX) min
KOO 3a3BUYall pPO3YMIIOTh BiJTHOUICHHS TOTYXXHOCTI MIyMY, BHKJIWKaHOTO
(ha30BOI0 MOIYJISIIEI0 MApa3UTHUMHU CKIQJIOBUMH Ha 4acToTi F B cmy3i 1T'n, mo
MOTY>KHOCTI cHUTHaNmy. PiBeHb JTUCKPETHHUX TMOOIYHHX CKIQJOBUX CIEKTPY
BHXI1THOTO CUTHATY
BU3HAYA€ HOTO SKICTh.

Pucynok 1.1 - Criextp Ge3nepepBHOTO cUTHAITY (aMILTITYIHI, (ha30Bi (IIyKTyarlii)

Ilin ¢a3osoro korepentHictio (PK) posymitoTs Te, mo (asza curHamy mae
MOCTiHE 3HAYEHHS B 4aci, KOJM [KEPENO0 CHUTHaly NEPEMHUKAETbCA Ha IHILY
gacToTy [5].

CaexTpanbpHa LIIBHICTD (azoBux dnykryartiit Se(F) , 10
XapaKTePU3y€EThCs SAK CEPeHii KBaaparT BiAXuiaeHHS (a3u cur”amy Big i
HOMIHAIBHOTO 3HAYCHHs Wi Ji€ro 1mymiB Ha wactoti F B cmysi 1 I'm (1.6).
Ockinbku  Sg(F) BUKIMKA€ThCS MI€I0 IIYMiB 000X GOKOBUX IIYMOBHMX CMYT:

CriekTpanbHa  WIJIBHICTH  YaCTOTHHX  (IIyKTYyarlii S,F| , mo
XapaKTepU3Y€EThCS SK CEpPelHId KBaJpar BIAXWIECHHS YacTOTH CHWTHAIy Bin il
HOMIHAJIBHOTO 3HAYEHHS 111 Ji€to mrymiB Ha yactoti F B cmy3i 1 ',

CrexTpanpHa MIUIBHICTH BIAHOCHOTO BIIXWJEHHS YacTOTH S,(F) -
MMOKa3HHUK CTa0UTBHOCTI YacTOTH B YaCTOTHIiM obmacti meperBoperp Dyp’e (1.7).
Bin no3BoOJsiE HAOYHO TOPIBHIOBAaTH CHHTE3aTOPH 3 PI3HUMH HOMiHAJIBHUMHU
YaCcTOTaMH, TIPH TI06YI0BI Ha OIHOMY Tpadiky 3anexnocreii S, (F)

1.2. 3arajbHi npUHIMIHA NO0YX0OBH CHHTE3aTOPIB 4acTOT

[MpakTHyHi CcXe€MH CHHTE3aTOpiB YACTOT [yXe pPI3HOMaHITHI, MOXHa
BiJI3HAYMTH 3arajibHi TPUHIUIH, IO JIe)KaTh B OCHOBI TOOYJOBH CyYacHHX
CHUHTE3aTOpIB :

* Bci CU 3acHOBaHI Ha BUKOPUCTaHHI OJIHOTO BHCOKOCTA0ITHLHOTO OMOPHOTO

KOJIMBAHHS, JPKEPEIIOM SIKOTo 3a3BU4ail € onopuuii KP;

® CHHTE3 YacTOT 3IMCHIOETHCS IMIMPOKUM BUKOPUCTAHHSIM MIITBHUKIB Ta
MePETBOPIOBAYIiB YAaCTOTH, IO 3a0e3Meuyl0Th BUKOPUCTAHHS OIOPHOTO
KOJIMBaHHSA 1151 HOpMyBaHHS 4acToOT;

e 3a0e3neueHHst CY nexajHOro BCTAaHOBJICHHS YaCTOTH 30y/IHUKA.

3a  mMeromoM  (QopMyBaHHS ~ BHXIJIHUX  KOJMBaHb  CHHTE3aTOPH
HiAPO3IUISIOTECS Ha JIBI TPYNH: 3a METOAOM MHpsAMOro (IIacUBHOTO) CHHTE3Y, 3a
METOJIOM HEIpPSIMOTO (aKTUBHOTO) CHHTe3y. B ocTaHHIX B JOBUIBHIN KOMOiHaIii
BHUKOPHUCTOBYIOThLCS JIBa 200 Tpu monepenHix Meronu. Kpim Toro, mpsimi 1 HenpsiMi
CHUHTE3aTOPH YaCTOT MOXYTh OyTH peani3oBaHi Ha aHaJoroBid, IHUQpOBIH
eJIeMEHTHIN 0a3i abo X cuHTE3i. Y CBOIO Yepry, B IU(PPOBHX CHHTE3aTOPAX YaCTOT
MOXYTh OyTH pealli3oBaHi Ti ) aJTOPUTMH, IO 1 B aHAIOTOBHX, aje peami3alis
0azyerbes Ha UPOBHUX Mikpocxemax. [Ipu MUPPOBOMY METOMI CHHTE3y YacTOT
3aCTOCOBYIOTh Crenu(idHi METONW, peami3allisi SKUX Ha eleMEHTaX aHaJIOroBOl
TeXHIKM a00 HEMOXJIMBa, a00 MPHU3BOAUTH 1O HENPHUHHITHOTO YCKJIAIHCHHS
CHHTe3aTopa (Hampukiaja, 6araTopiBHEBI METOJM CHHTE3Y).

1.3. Cunre3aropu, BAUKOHAHi 32 METOI0OM MPAMOIr0 CUHTE3Y
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VY mpsMHEX MeToIax CHHTE3y 4YacTOTa BUXIJHOTO CHUTHAITY (OPMYETHCS 3
4acTOTU OMOPHOTO TeHeparopa (abo AEKUTbKOX ONOPHHUX IEHEpaToOpPiB) LUIAXOM ii
nepeTBOpeHHs. (MHOXKEHHS, JiJieHHs, airedpaiunoro npomaBaHHs). [loTpibny
CKJIaJIOBY TMIEPETBOPEHOTO KOJIMBAHHS BiJJOKPEMITIOIOTH Bifl PEIITH By3bKOCMYTOBUM
nepeOyIoBYOUNM (IIBTPOM B CEJIEKTOPI TApMOHIK.

Metoau npsMOTO CHHTE3Y YacTOT Kpalli B TMX BHUIAJIKaX, KOJIM Ha BUXOII
CHHTE3aTOopa YacTOT MOTPIOHO OJTHOYACHO KiJIbKA KOTEPEHTHUX CUTHAJIB 3 PI3HHUMU
gactoTaMd. llpm BHUKOpHUCTAaHHI METOAYy HPSAMOrO CHHTE3Y YacTOT MOKHA
320€3MeUnTH Ay*Ke MAIMH KPOK YaCTOTH BUXITHOTO CUTHANY (JI0 TUCSYHUX [epir)
IIPY BUKOPHCTAHHI METO/IIB iIEHTUYHHX JEKa, Ayaau abo TEeTpal.

CTpyKTypHI CX€MH MNpSIMHX CHUHTE3aTOpiB, HABITH SKIIO 1 BKIIOYAIOTh
BEJHMKY KUIBKICTh BY3JiB, (YHKIIOHaNIbHO MpocTi. Yac mepeMUKaHHA BUXiTHOI
YaCTOTH B NPSIMHAX CUHTE3aTOPIB YAaCTOT MOXKE JIOCATATH ONUHUIL HAaHOCEKYH]I.
Haiimpoctimmii Takuii CUHTe3aTOp OyAyeThbCs 3 BHUKOPHCTaHHSAM TeHeparopa
rapmoHik (Puc.1.2). 3 komuBaHb ONOPHOTO (ETAJIOHHOTO) TeHeparopa 3a
JIOTIOMOTO0 T€HEeParopa rapMoHiK GOPMYIOTECS KOPOTKI iMITyIIbCH. 32 JOMIOMOTOI0
By3bKOoCcMyroBoro C® BHUIIISIETHCS CUTHAT HE0OXiqHOi pobouoi yactoTu. CTyIiHb
MOJIaBJICHHS He0aKaHMX KOMITOHEHTIB Ha BUXOJli CHTe3aTopa Bu3Ha4aeThest CD.

Pucynok 1.2 — CuHTE3aTOp Y4acTOT 3 BUKOPUCTAHHSIM T'€HEepaTopa rapMOHIK

IMpu Benmkiid KiABKOCTI poOounx yactor BKazanmd C® HeoOXiaHO
nepeOyIoByBaTH B IIMPOKHX MEXax, IO Ha TPAKTHII AOCHTh CKiIagHo. Jlis
CTIPOIICHHSI BUKOPHCTOBYETHCS CIIEIlialibHa CXEMa 3 MOJBIHHUM IEPETBOPEHHIM
abo cxema «3 BUpaxyBaHHAM nomuiku» (Puc.1.3).

Pucynok 1.3 — CunTe3arop 4acToT 3 TeHEpaTopa «3 BUPAXyBaHHIM MOMUIIKID

Y neperBoproaui (IIEP.1) wacrora BCiX TapMOHIK, IO HAAXOIATH 3
reHeparopa TapMOHIK, 3HIDKYETHCS Ha YacTOTy JIOTIOMIKHOTO TeHeparopa.
By3bkocMyroBuil QinkTp Mae MMEHTpajbHY YacTOTy, sKa 30ira€TbCsi 3 4acCTOTOIO
OfHieT 3 TapMOHIMHMX CKIIQJOBUX BXiJHOTO CHWTHaImy. Bci iHm ckiamosi
MOJIABJITIOTHCS M (DiTBTPOM.

HecTabinpHICTh YaCTOTH JIOMOMDKHOTO TEHEparopa BH3HAYAaE CMYTY
MpONyCKaHHs (iIBTpa Ta HE BIUIMBAE HA BUXIAHUN CUTHAN nepeTBoproBaya [TEP.2.
J1s 3MIiHHM BHIXiTHOI YacTOTH B CXEMi 3 «BIOHIMAHHSIM IIOMHJIKH» IOCTaTHBO
MIHATH 9acTOTY TeHepaTopa.

B ckmagnux cuHTe3aropax, moOymoBaHMX 32 METOIOM MPSIMOTO CHHTE3Y,
BUKOPUCTOBYETHCS TIPUHIIMI «iAeHTHYHUX nekam» (Puc.1.4). 3 curnamy gactotu

fo kBapueBoro rexeparopa B (hopMyBadi JOMOMDKHHX YacTOT (OPMYIOTHCS
JIECATh OMOPHHUX YAacTOT 1 curHan 4vactord. OIOpHI YacTOTH IOB'A3aHi
criBBiHONIEHHM, A¢ n=1..10; - KPOK CITKH JOMOMIXKHUX YaCTOT. 3a JIOTIOMOTOIO0
nexanaux nepemukadis I1;...I, curnan omguiei 3 yactor for---fo0 MOXKHA TIOAATH
Ha BXiJ Oymp-sikoro meperBopioBada [IEP. C® BUAINSAIOTH CUTHAIH CYMapHOIO
yactoTd. YacToTa BHIUIEHOT0 CUTHATY TUIHThCS B 10 pasiB B AinbHUKY. Buxigna
4acTOTa CHHTE3aTOPa BU3HAYAETHCS CITiBBiqHOMIEHHM (1.8):
e n, - OCTaHHS Aekama 0e3 mimpHUKa; k- 9ucno mekam; n, - HOMep MOJIOKEHHS
nepemukada [l (). Axmro uucio nekan k=1, To; sxmo k=2, 1o i T.1.

Pucynok 1.4 — CxeMa cuHTE3aTOpa YacTOT 3 IICHTUYHUMH JICKaIaMK
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Kpok orpumanoi citku yactor y  10%°Y pa3 apibuime inrepBany Mix
CYCIIHIMA OTIOPHUMH YacTOTaMH Jiama3oHy. 30iMbIIYIOYM YUCIIO JEeKal, MOXHA
3MEHIINTH KPOK CITKM BUXIJHHUX YaCTOT, IPU LOMY He TOTPiOHO mepelynoByBaru
C®. Henomnikom takux CH € HEOOXiTHICTh 3MIHM 3HAYHOI'O YHMCJIA IEPETBOPIOBAYIB
i (QiNBTPiB, M0 YCKIAJHIOE OTPHMAHHS TIOAABICHHS PIBHS MOOIYHMX YacTOT Ha
BHXOJl CHHTe3aTropa Ouibir Hix Ha 60 - 80 nb [6].

Takum 4nHOM, B CHHTE3aTOpax MPSMOTO THITy Ba)KKO OTPUMATH BHXITHHUN
CUTHAJI 3 BUCOKOIO YHCTOTOIO CIIEKTPA: NPU TPAHCIIOHYBaHHI, MHOKEHHI 1 JUICHHI
YacTOTH BUHUKAIOTH MOOIYHI CKJIAJIOBI TalTyMOBI KOMIOHEHTH. JIJIs MiqBUIIEHHS
YUCTOTH CHEKTPY HEOOXiAHO 30UTbIIyBaTH KiIbKicTh (inbTpiB. B pesymbrari
30LIBIIYIOTHCS Ta0apUTHI PO3MIPH, Maca CHHTE3aTopa.

1.4. CuHTe3aTOpPH YACTOT, MOOYI0BaHi 32 METOIOM HENMPSIMOI0 CHHTE3Y

[Ipu HenpsAMuUX MeTOHAX CHHTE3y YacTOT BHXIAHUN CHTHalI OTPUMYIOTh
HE3aJICXKHO BiJ] HaJamToBaHOTO MO dacToTi reHeparopa (HI) 6e3 Oymb-sxux
HENiHIHHNX TepeTBopeHb. [l 3abe3nedeHHsT HEoOXiMHOI cTabiMbHOCTI YacTOTH
HI" BUKOPHCTOBYIOTH CUCTEMY aBTOMAaTHYHOTO TijfcTporoBaHHs yactotu (AlIY) 3a
CUTHAJIOM OIOPHOTO eTaJOHHOTO reHepatopa. CTpyKTypHa cXema TakKoro
cuHTe3aTopa 300paxena Ha Puc.1.5.

Curnan 3 BHXOJAY JIbHMKA 31 3MiHHMM KoedimienTom ninenns (J13K]I)
HagxomuTh Ha (a3oBuii nerexkrop (P/I), Ha KUt 0OJHOYACHO HAAXOIUTH CUTHAM Bij
kBapoBoro reaeparopa KI' 3 gacrororo fo. Buxinna manpyra @/, sk y 3puuaiHiit
cucremi AIIY, dgepe3 ¢inbTp HwkHIX yactor (PHY) BmnuBae Ha Kepyrouwid
enement (KE) (manpuknan, Bapikam), skuii 3miaioe yactoty HI. YV cuaxpoHHOMY

. . . . ﬁHF
CTaHl 4YacTOTH CUTHAJIB, NopiBHIOBaHUX D/], BUABIsI0THCS piBHUMH ( 0=y o Ae

N- xoediniennT ninenus [A3K/1), i, omxe, 1OBrocTpokoBa HECTAOIIbHICTh BUX1THOT
gactotd ' Ta %, mo i KI. 3miHtoroun xoedimieHT maineHHs N, 1Mo KomaHi
30BHINIHBOTO TPUCTPOIO, IO 33/Ja€ KOJ HEOOXiAHOI BUXIJHOI YacTOTH, MOXHA
3MIHIOBATH YaCTOTy KOJMBaHb Ha BHxOMi cuute3atopa ( for=Nf, ). Ilpu upomy
KPOK Y4aCTOT CHHTE3aTOpa JIOPIBHIOE 4acToTi |
Pucynok 1.5 - Cxema cuHTe3aTOpA, IO MPALIOE 32 METOJOM HENPSMOTO CHHTE3Y
Cucrtema AIIY B HenpsIMUX CHHTE3aTOpax, 3a3Budaid, € (azoBoro (DAIIY) 3
OISy Ha TOYHICTH ii poOoTh B mopiBHSAHHI 3 yactoTHOW AIIY. Ilpu upomy
napametpu Kinenb DAITY HeoOXimHO BMOMpaTH, BpaxOBYYM IIMPHHU CIIEKTpa
(dopmoBanoro curHaiy. Hampuknaa, mocriiiHa dacy kinmbisg OAITY oOmexye
MaKCHMaJbHy IIBUIKICTh KYTOBOI MOJYJISIII, a 3MEHIIEHHS IHEPIIITHOCTI KIIBIII
@OAIIY noripmrye pinpTpyrodi BIaCTUBOCTI KUIBLS MO BIAHOIIEHHIO O MOOIYHUX
CKJIaJOBHX 1 BUCOKOYACTOTHHX (UIyKTyaliil yacToTh omopHOro reneparopa. llpu
HeoOXiAHOCTI (OPMYBaHHS B CHHTE3aTOP1 PO3MIIHYTOTO TUIY NIEBHOTO BUAY POOIT
(Oynmp-sikoro THIy MOIYINALIi), L€ MOXXHa 3AIMCHUTH, BBOASYM 1HQOpPMAaLiHHUIA
curHan Oe3mocepeqHbO Ha BXig Kepyrouoro enemenrta. Illo crocyerbes
HaANalITOBYIOYOTO TeHeparopa, TO B  SKOCTI HBOTO  BHKOPHCTOBYETHCS
TPaH3UCTOPHUI aBTOTEHEPATOp, BUKOHAHHMI 32 CXEMOIO €MHICHOI TPHOXTOYKH, i
KepYIOUHii eIEMEHT 3 BapUKAIOM, BKIIOUEHUM B KOTUBAIBHUH KOHTYDP.
B sxocti JI3I1]] yacTo BUKOPHCTOBYIOTHCS IIUAIIBHUKH IMITYJIBCiB, BAKOHAHI
Ha UQPOBUX IHTETPATBHUX CXEMaX CEPEeIHBOTO Ta BEIUKOTO CTYICHS iHTETparii.
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Hudposi A3K/ mpauroroTs cTabinbHO HA 4acToTax BXigHOro curHany go 2 I'T.
SAxmo  fpr=2lTU, TO nmns 3HIWKEHHS dYacTtoTh BXimHoro curHamy JI3K]
BHKOPHCTOBYIOTh 3HI)KCHHS 4acTOTH abo BigHiMaHHSA (32  JOIOMOTOIO
neperBoproBaua yactoT [Ip (Puc.1.6) a6o ainennsm (Puc.1.7)).

Pucynok 1.6 — Cunresatop yacrot: a) JI3K/] 3 nonmkennsam gacroru; 0) 3K/ ta

OiNeHHAM
[Mpu 3HWxkeHHi dactoTy KkonuBaHb Ha Buxomi JI3KJ/l wacrora HI
obuncmoerbes:  for=(N—K)fyr (K - koeillicHT MHOXEHHS MHOKHHKA

YacTOTH); KPOK CITKH 4YacTOT cuHTe3aropa piBHud Af . [Ipu 3HWKEHHI Y4aCTOTH
konmBaHb Ha Bxoxi JI3K]] 3a momomororo ninbHUKa 3 (GiKCOBaHUM KoedilieHTOM
ninenns (APK/) m kpok 4acToT cHHTE3aTOpa JOPIBHIOE mf

Bapro Bim3HaunTH, mo cxema 3 gomatkoBuM pgineHHsM (Puc.1.6(0)) mae
MEBHI IepeBaru B IMOPIBHSAHHI 31 CXEMOIO, B KIi BHKOPUCTOBYETHCS 3HM)KEHHS
yactotd BigHiManHsaM (Puc.1.6(a)), OCKiIBKM He TOTPiOHO 3aCTOCYBaHHS
MOMHOXKYBad 1 3mimyBad. [li eneMeHTH NPU3BOAATH 1O IMiABUINCHHS PIiBHSA
MOOIYHHUX CKIIQJOBUX B CIIEKTPi BUXiTHOTO CHUTHAIY CHHTE3aTopa.

Y cucremax JI3K]/] mpu mamoMy YacTOTHOMY KpoIli TOTPiOHO HHU3bKa
gactota KI. B mpomy Bumanxy ais mopaBieHHS HeOaKaHWX MOOIYHMX YacTOT B
CIIEKTPi BUXIHOTO CHUTHAIy CHHTE3aTopa, 00YMOBJIEHHUX ITEPELIKO/I0I0 3 YaCTOTOIO,
mo gie Oe3nocepenubo Ha Buxoai DJ (30BHINIHA Mepemkoaa), HEOOXiJTHO
30LIBIIYBaTH 1HEPUIHHICTh cucTeMu. OOHAK MPHU LBOMY IMOTAaHO (iNBTPYIOTHCA
BHYTPIIIHI NEPEeIIKOAY, BUKJIMKaH] BlacHUMHU mrymamu HI.

Pucynok1.7 — JIByxKinblieBa cHCTEMa CUHTE3aTOPa

s ycyHEeHHST HEY3ro/KEHOCTI MK (iNBTpallielo 30BHIIIHIX 1 BHYTPIIHIX
NEepPEeNIKol B CHHTE3aTOPax BHUKOPHCTOBYIOTH JABYXKoJbleBi cuctemu DAITY
(Puc.1.7). Oane 3 kijenb BUOUPAETHCSA JOCHUTh IHEPIIHHUM, IO 3a0e3reuye
BHUCOKY (DiNIBTpaIlito 30BHINIHIX MEPENIKOJI 3 YaCTOTOI0. J{pyre Kijblle BUOUPAETHCS
MaJIOTHEePIIHHIM, IO JI03BOJISIE TOCITTH HAWKPAIIIOTO OIaBJICHHS BIACHUX IIyMiB
BuxijHoro rereparopa HI'. Bignosingaum Bubopom koedirmientis qinenns K1,
JATIK2, ATIKJI3 moxna 3abesmeuntd Many mepeOymoBy 11, mo mo3Boisie
BukopuctoByBaru KI sk T1I71.

OTxe, OCHOBHA IepeBara akKTUBHUX CHHTE3aTOPIB 4aCTOT - HU3bKUI PiBEHb
JTUCKPETHUX MOOIYHUX CIIEKTPAIBHIUX CKIAIOBHX, 110 pocsrae - 115ab. Kpim toro,
B aKTMBHUX CHHTE3aTOpax 4acTOT OCHOBHI BY3JIH JIETIIIE peati3yBaTu Ha IU()POBUX
MiKpocxeMax, HiK B TAcCHBHUX CcHHTe3aropax. HeoOximHo Habararo MeHIe
GinpTpiB, 3MIiNIyBa4iB YacTOT, IO CHPHUSE MIKpOMiHIaTIOpU3allii aKTHBHUX
CMHTe3aTopiB.

Henomiku cucteM akTUBHOTO CHHTE3Y B TIOPIBHSIHHI 3 TACHBHUMHU - JIOBIIUN
Yac nepeOy/0BU YacTOT, TPYJHOII 3MEHIICHHS KPOKY CITKH YaCTOT 1 MOXKITUBICTb
reHepailii BUXIJHOTO CHTHAIly, YacToTa SIKOTO HE BIAMOBIZa€ BCTAHOBICHUM
3HAYCHHSM OpraHiB ynpaBiiHHs (pu BuxoAl 3 namy Kinbig DAY, mpu
MTOMIJIKOBUX 3aXOIUIEHHAX Mo dacToTi cucremoro DAIIY). Opnrak 3a3HaueHi
HEJONIIKM HE € MPUHLUMIOBHMH, X0dYa JUIs iX IONOJAaHHS MNOTPiOHO 3HaYHE
yCKJIaJHEeHHS PYHKLIOHATIBHOIT cxemH [7].

1.4.1. CuHTe3aTOpPH 3 ABTOMATHYHHM HAJAIITYBAHHAM YaCTOTH
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[Ipuctpoi aBTOMaTtmuHoro mifcrporoBanHsa dactotu (AIIY) cmyxkare s
cralunizamii Ta ympasiiHHS 4acTOTOIO aBTOr€HEpaTopa MO €TaJOHHOMY CHUTHAIY.
Jani npucTopoi BUKOPUCTOBYIOTH B:

® B CHHTE3aTOpax 4YacTOTH, 32 JOMOMOTOI SIKHX CTBOPIOETHCS IHUCKPETHA
MHOXXHWHaA 4aCTOT IIpHU OAHOMY €TAJIOHHOMY CI/IFHaﬂi;

* g crabimizamii 4acTOTH TOTYXHHX aBTOT'CHEPATOPIB MIPH CIA0KOMY
CUTHAJI €TaJIOHHOTO aBTOreHeparopa, mo ckopouye uncio BU a6o HBY
KacKanfiB;

® I aBTOMAaTHYHOTO IiJICTPOIOBaHHS YaCTOTH Te€TepOAMHA pajionpuiimada
10 YaCTOTi CUTHAITY.

VY3aranpHeHa CTpyKTypHa cxema npuctporo AITY npusenena na Puc. 1.8. ¥V
MIPUCTPOT MOPIBHIOIOTHCS] CUTHAIM €TAJIOHHOTO 1 CTa01i1i3yI090r0 aBTOT€HEPaTOPiB,
B PE3yJBTaTi YOro reHepyeThcsi curHan noMuiku. Ilicns ¢imprpanii meit curnan
KEepy€e CTaOUII3ylOYMM aBTOTCHEPAaTOPOM, 4YacTOTa SKOIO 3a BCTAHOBJICHUM
ITOPUTMOM CTEXHUTh 32 YACTOTOIO €TaJIOHHOTO aBToreHeparopa. Y mpuctpii AITY
BXOJISITh TAaKOXK IEPEeTBOPIOBadi 4acToTh ()OPMOBAHOTO CHTHAILY 1 MPUCTPid
MOIITYKY(BBOJUTH MTPUCTPIl B PEKUM aBTOPETYTIOBAHHS).

Pucynoxk 1.8. - CtpykrypHas cxema npuctporo YAIl HenpepBHOTo THITY

Po3misiHeMO OCHOBHI JaHKH, MO BXOJATH Jjo mpuctporo AITY. B skocti
€TAJIOHHOTO TEeHepaTtopa B Hii 3a3BHYail BHKOPUCTOBYETHCS BUCOKOCTAOUILHUI
KBapIOBUH aBTOTEHEpAaTop, a B SAKOCTI CTaOULT3yKYoro reHeparopa -
aBTOIEHEpaToOp 3 NapaMEeTPU4HOI0 cTalini3amiero 4YacToTH. B skocTi naHKu
¢inpTpawii 3acTocOByeTbCS (DIIBTP HUKHIX YACTOT.

Jlankoro mopiBasHHS B YAII € uwacTOTHHMH IucKpuMiHATOp, Hampyra Ha

BUXOI sikoro UJT 3a/Ie)KUTh BiJl PI3HUIII YaCTOT BXiIHUX CUTHAIB - CTA01J1i3yI040r0
(fer) Ta etanoHnOro (fer): Up=lfe=ferl-
Jlankoro nopiBasiHES B DAIT € dhazoBuii TUCKpUMIHATOP, HATIPYTa HA BHXO/I1 SIKOTO
Uy, 3aIeXuTh Bif pi3HUII (a3 CHUTHANIB ETAJOHHOTO 1 CTabiIi3yr4oro
aBTOreHepaTopPiB; =¥¢—¢.;| . JlaHKOKW KepyBaHHS 3a3BUYAll € Kepyruuii
eJIeMeHT 3 BapukamnoMm abo ¢eputoM. [Ipu3HAYeHHS! HaHOTO €JIEMEHTa MOJSTae B
YOpaBIiHHI YacTOTOIO CTaOUIi3ylouoro aBTOTEHEpaTopa B 3aJEXKHOCTI Bif
BeJIMYMHHU Hampyru Ha Horo Bxoi. Cuctremu AlIIY € HenmiHIHHUMH TPUCTPOSIMH,
OCKUIBKH B 1X CKJIaJli IPUCYTHI HENHIIHI JTaHKH.

[Tapamerpu, sKi Ha3MBAIOTHCS MOKA3HUKAMHU SIKOCTI MPOLIECY PEryIIOBaHHS,
XapaKkTepusyTh poboTy mpuctpoiB AllY, cepen aHux:

® TOYHICTh - BH3HAYAETHCS  BUIXWICHHSIM  YacTOTH  CTablIi3yrH04yoro
aBTOTEHEPATOpa BiJl HOMIHAIBHOTO 3HAYEHHS B CTATIOMY PEXKHMI;

® Kkoe(]iliEHT aBTOPETYIIOBAHHS - BIITHOLICHHS NE€PBICHOI IOMMJIKU MO YaCTOTI
aBTOr€HEPaTOpPa B MOMEHT HOTO BKJIIOUEHHS 10 TIOMUJIKH B CTAIOMY PEXUMI
poboTu;

® cMyra 3axOIUIGHHS - MAaKCHUMajlbHO [OMyCTHMMa BEIMYMHA TEPBICHOI
MOMWJIKM IO YacTOTi aBTOr€HEpaTropa, MpH SKid MPUCTPId HOPMAIBHO
(YHKIIIOHYE MicTs HOTO BKJIFOYEHHST;

® CMyra yTpUMaHHS - MaKCUMaJbHO JOIyCTHMa BEJIMYMHA BIACHOI TTOMUIIKH
0 YacTOTi aBTOT€HEPATOPa B CTAIIOMY PEXKHUMI pPOOOTH;
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® Yac BCTAaHOBIIEHHS YacTOTH CTaOUTI3yl04Oro aBTOTeHepaTopa - dac

MIePEXiHOTO TPOLECY, 3a IKUH YacTOTa BXOIUTH B TIEBHY 30HY.

1.4.2 Cunre3aropu 3 ¢a3oBuM aBTomiacTporoBaHHsaM yactotu (PAITY)

CTpykTypHa cxema MpHUCTpOI0 (ha30BOTO aBTOMIJACTPOIOBAHHS YaCTOTH
(DAITY) HenepepBHOTO TUIY BigNOBiAac y3araapHeHil cxemi AITU. V Hill nankoro
MOPIBHSHHS CIYXHUTh (a30oBHH JUCKPUMIHATOp, HAmpyra Ha BHXOHI SKOTO
3aJIe)KUTh BiJl MUTTEBOI Pi3HUIN (a3 BXiTHUX CHUTHATIB. TakuM YHHOM, €JMHA
BimminHicTe DPAITY Bixg YAIIl mnomsirac B 3aMiHi TIOPIBHIOIOYOTO €JIEMEHTA -
YacTOTHOTO JWCKpUMiHaTtopa Ha (a30BHM, 110, OJHAK, MPU3BOJUTH JO ICTOTHUX
3MiH B po0oTi mpuctpor. OngHa 3 cxeM (a3oBOr0 JTUCKPUMIHATOPA KiJILIIEBOTO
tuny 300paxena Ha Puc. 1.9. Bcei inmi jasku cxemun DAY  imeHTHuHI
po3mIsHyTUM BHILE JaHKaM YATL

Pucynok 1.9 - Cxema (a3oBoro AuckpumiHaTtopa KilbLEeBOTO THUILY

dazoBuil TUCKPUMIHATOP, IO BUPOOIISiE HANPYTY, 3AJIEKHO BiJl Pi3HUIII MUTTEBHX
(a3 BXiIHUX KOJTUBAaHb, MOKHA PO3TJISIATH SK IEPEMHOXKYBaY [TUX KOoJIUBaHb (1.9).
[Micnst dinbrpamii KOIMBaHHS 3 CyMapHOIO YACTOTOI OTPUMAEMO BUXITHHUIA CUTHAI,
10 3aJIeXKUTh BiJl pi3HHUI (a3 BXigaux curHaimis (1.10):
B cranomy pexumi poborn @AY Hanpyra Ha BUXOJi (PibTpa HUKHIX YaCTOT
JIOPIiBHIOE BXITHOMY Hampys3i (Ugppn = Uy, A€ upn - HApyra Ha BUXOAl (a3oBOro
JTMCKPUMIHATOPA, Uy - HAIIPyTa Ha BXOA1 KEPYIOYOTO CIEMEHTA).
Ipu podoti GATTY noBHHHA BCTAHOBIIOBATUCS TOCTIHHA Pi3HUIS (a3 CUTHANTIB

crabumizyrouoro Tta eranoHHoro Al ¢£I(t)_¢ﬂ(t):¢l&:cons 0 O3HAYaEe
PIBHICTB YacTOT IIUX KOJMBAHb.
Pucynok 1.10. — Ycranenwuii peskum podotu OAIL

[TepeBaramu ®AIIY nepen ITAII nonsiratoTh B ii OLIBLI BUCOKIH TOYHOCTI: B
OAIIY uactoT cTabini3yro4oro Ta e€TajJoHHOTO aBTOreHeparopiB piBHI, B YAII
BOHH BiJ]Pi3HSIOTBCS HA BEJIIMYHMHY 3AJIMIIKOBOI paccTpoiku. J[nst 3abesnedeHHs
BEJIMKOI CMYTH CXOIUTIOBaHHS 1 BUCOKOI TOYHOCTI 3aCTOCOBYIOTH KOMOIHOBaHi
cxemu YAII - OAITY.

1.5. lIn¢posi cuuTe3aTOPH YACTOT

Po3BUTOK MIKpOEIEKTPOHIKM, BHKOPHUCTaHHSA JIOTiYHMX enemeHtiB B CY
3yMOBWJIM TOSIBy LU(PPOBUX CHHTe3aTopiB. Ha BiaMiHy BiJl aHaJIOrOBHX BOHHU
MIPOCTilIi, HAMIWHIII B €KCITTyaTallil, MaFOTh MEHIII Maco-rabapuTHI po3MipH.

3actocyBaHHs JOriyHMX iHTerpasbHuX cxeM B [ICYU mo3Bomwio maibke
MOBHICTIO BUKIIOUUTH TepeTBopeHHs: yactotu KI, 3amMiHMBIIM mepeTBOproBayi
JTBHUKOM YaCTOTH 13 3MiHHUM KoedirienTom autenns J3K/I.

Y crpykryphiii cxemi L{CY (Puc. 1.11) mxepenoM BHXiTHHX KOJIMBaHb €
ABTOTCHEPATOpP TapMOHIMHMX KojauBaHb KI, aBrOMaTW4yHO MiJJIaIITOBYBaHUN
cuctemoro [DATI.

Pucynok 1.11 - CtpykTypHa cxema Hu¢ppoBOro CHHTE3aTopa 4acToT

@dopMyroui  NPUCTPOi  NMEPETBOPIOIOTH  TApMOHIMHI ~ KOJMBaHHA B
MOCIIOBHOCTI KOPOTKUX IMIYNBCIB 3 Ti€i sk yacToTH. IlocainoBHICTD 3 4aCTOTOIO
f nonaerscs Ha JIBKJT (N) (3MiHIO€TBCS B MEKaAX BiA Nimin 10 Nimax) 30BHIIIHIMU
opranamu ympasmiaas J[3KJ. Ha suxomi J3KJl dbopmyeThcs mOCIHigOBHICTH
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imoynbsciB (1.11), vacTtora norpuMaHHs SKUX fny B N pasiB MEHIIE YacTOTH
IMITyTTBCiB Ha BXOJI:

IMnynbcHa MOCHIAOBHICT 3 4YacTOTOO fny momaerbess Ha ID/, ne
MOPIBHIOETBCA 3 IMITYABCHOIO MOCTIAOBHICTIO, C(OPMOBAHOK 3 TapMOHIMHUX
KOJIMBAaHb €TajJOHHOI 4acToTH fo (1.12) V cranomy pexkuMi MOpiBHIOBaHI 4YacTOTH
PiBHi:

TakuM YWHOM, YacTOTa KOJHMBAaHb Ha BUXOMI cuHTe3aropa fc—=f=Nf,
MOBHICTIO BH3HAYA€THCS YaCTOTOI fo 1 BCTAHOBIICHHM 3HAYCHHSM KoeillieHTa
nitenHss N. [1lo6 mepeOymyBaTd CUHTE3aTOp Ha CYCITHIO YacTOTy, HEOOXiTHO
3MIHUTH Ha OJWHHUIIIO KOeQIII€HT MiJeHHS, BCTAHOBUBIIN HOTO, HANPHUKIIAJ, B
nostokeHHsT N+1, Toni yactoTta Ha Buxofi cuate3aropa (1.13):

OTxe, iHTEpBaNI MK CYCiIHIMH 4acTOTaMH JOPIBHIOE YaCTOTI MOPIBHSHHS
fo. 7151 3MeHIIEHHS 1BOTO iHTEpBaly HEOOX1IHO 3HMKYBATH YACTOTY €TAJIOHHUX
KOJIUBaHb fo, 10 TIPU3BOAUTH 10 30UIBIICHHS Yacy HecTalioHapHuX npoiiecis. Le
€ HemoJikoM IudpoBux cuHTe3aropiB 3 J3KJl. B Ttoii xe yac HasBHicTh JA3K]]
Ppi3Ko 30iMbIIy€e CMYTY cXoITroBaHHs U poBoi cuctemu [DATI.

Cyuacni JI3K]] 3ab6e3neuyroTh criiiky poboty Ha yactorax 20 — 30 Mrm.
[Tpu HeoOXimHOCTI (GOPMYBAaHHS CITKH YacTOT B OiIbIIEe BUCOKOYACTOTHIN JIJISTHILI
Jiarma3oHy HEOOXiJHO 3HIDKYBATH 4YacTOTy JOTPHUMAHHS IMIYIbCIB, IIO
nocrynatore Ha BXim JI3K/l, mo peami3yerbcs 3a JOMOMOTOI0 BKITIOYSHHS
JIOJIATKOBOTO JITBHUKA 3 (hikcoBaHMM KoedimienToM minenns "n" (Puc. 1.12) a6o
nonepenHiM nepersopeHHsaM yactoT KI' y 6ik monmxkenns (Puc. 1.13).

Pucynoxk 1.12 - Crpyxrypra cxema [I3K]] 3 mogatkoBuM AUTEHUKOM 3 (DiKCOBaHUM
koedirieHToM AiyieHHs "n"
Pucynok 1.13 - CrpykrypHa cxema JI3K/] 3 monepeaHiM mepeTBOPEHHSIM YaCTOTH
KT y 6ix moHmKeHHS

[epmmii cioci6 mMae iCTOTHUH HEJOMIK, IO TONSTaE B TOMY, IO iHTEpBal
MiX CYCiIHIMU YaCTOTaMHM Ha BUXOJ1 CHHTe3aTopa 30UIbIyeThes B "'n'" pasziB. Tomy
med MeTonm 30UThIIEHHS BEPXHBOI MeXi Jiana3oHy (OpMOBaHMX YacTOT
JOITyCTUMUI TPU TIOPIBHSHO BEIMKWAX, BHUMIPIOBAHUX JIECATKAMH KLUIOTEPII
IHTEpBaJIaX MK YaCTOTaMH Ha BUXOJ[I CHHTE3aTOpa.

[Ipu BuKOpucTaHHI Apyroro cnocoOy HeoOXiTHO MaTH Ha BUXO/I 3MilllyBada
¢binbTp, WO 3abe3medye MoJABICHHS MOOIYHHUX KOJMBAHb; a TAaKOXX HEOOXIiAHICTh
JIOATKOBOTO JpKepelia BHCOKOCTAOUTPHMX KOJNHMBaHb 3 4YacTOTOIO fo. B sikocTi
TaKOTO JDKepesia BUKOPHCTOBYIOTh JAaTYMK OINOPHHUX YacCTOT, MOOYIOBaHUM IO
METOMy TPSMOTO CHHTE3y. B yciX po3MISHYTHX BUIE IUPPOBUX CHHTE3aTOpaX
IHTEpBaJl M’k 4YaCTOTaMH Ha BHXOJi CHHTE3aTOPa BU3HAYAETLCSA 4acTOTOIO fo. Jlms
HOro 3MEHIIeHHs HEOOX1IHO 3HIKYBAaTH YacTOTY MOPIiBHAHHSA fo, & Il HEMHUHYYO
MOB'SI3aHO 13 301NIBIIICHHSIM Yacy BCTaHOBJIEHHs konuBaHb B KI, mo B Oinbmiocti
BHIAJIKIB € HEMPUTTYCTUMUM [8].

Cxemu 1mmdposux cunTezatopiB 3 JJI3K] B mpuHIuNi He BiAPI3HAIOTHCS
Bix ananmoriunux cxem 3 JI3K/l, ane 3abe3neuyroTs GOpMyBaHHS YacTOT 3 MEHIIIUM
iHTepBanoM. InTepBan Mixk GOPpMOBAaHUMHU B CHHTE3aTOpl yacroramu Oyze He fo, a
0,1 fo, 0,01 fo i T 1. OCHOBHUMH €JEMEHTaAMH CXE€M DPO3IISIHYTHX LUPPOBUX
CUHTE3aTOpIB € NUIbHUKH 13 3MiHHMM koedimientom minenns JA3KJI i 3K/ i
udpori [DJ1.
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1.6. Hudposi imnmynbcHo-¢a3oBi 1eTekTopu

VY mudposux 1DJ] nopiBHIOIOTECS N1BI iIMIYIbCHI MOCTIAOBHOCTI, 4aCTOTH
SIKMX B CTaJIOMY PEKUMI PiBHI 1 Bipi3HAIOTHCS Juie pizHuuero ¢as (1.14):

Je — dac BUIEpPEIKeHHs a0o 3ami3HioBaHHA, T=1/f; — mepiox AoTpUMaHHS
iMNynbCiB.

PosrstHeMo omHy 3 mpoctux cxem 1udposoro IDJ], mobynoBaHoro Ha
RS — tpurepi 3 ®HY (Puc. 1.14). [Mpuniun podotu [D]] mosicHIOEThCS YaCOBUMH
niarpamamu (Puc. 1.15).

Pucynok 1.14 - Cxema nudposoro [DJ] modynosanoro Ha RS -Tpurepi

Pucynox 1.15 - YHacogi giarpamu podotu [D]]

Ha mpsimomy BuXOAi Tpurepa npu Jii iMITyJbCiB Ha BXiZ] S BCTAHOBIIIOETHCS
Hanpyra Uigps=1, a mpu aii iMmmynascy Ha BXig R - Hampyry Uig,=0. TpusaicTsb
BHXIJTHUX IMITYJIbCIB T BH3HAUa€ThCcs yacoM 3amizHtoBanHs U, Bim U,. Ha Buxomi
OHY BuaingeThCs MOCTIHA Hanpyra MponopiiiiHa T, Tomy pizamii ¢a3 U, i Us.

1.7 AxtyajabHi BUMOTr# 10 BUCOKOsIKicHuX CY

Jns  oTpuMaHHS BHUCOKOSKICHHMX, BHCOKOTouHMX CY HakiIamaroThes
00OMeKeHHS JUTSL BiTOOPY apXiTeKTyp, M0 3a0€3MeUy0Th HaKpaIlli BIaCTUBOCTI:

* Maywuii Kpok nepedynosu (oauHuUI ['11);

® [IMPOKHI (OKTaBHUN) Jiama3oH BUXIJHUX YacTOT;

® HU3BKHIA piBeHb (pa30BOTO HIyMYy;

® BHJKWIA Yac mepeOyJ0BH YaCTOTH B IIMPOKOMY YaCTOTHOMY Jiara3oHi.

OCHOBHUM KOKa3HUKOM, 110 Bifokpemmtoe CY BUIIOTo Ki1acy B Jiana3oHi A0
10 I'T', € piBens ¢azosoro myma (PII) BuxigHoro curnany -125...-135 n6u/T'n
Ha Hecyuid yactoti 1 I'T1 mpu BinOymosi 10 k[, @I mupokocmyroBoro CH Ha
JOBUTPHMX YacTOTax Ma€ JIOPIBHIOBATH TMEpepaxyHKy 4epe3  ijeanbHHi
MOMHOXKYBad a00 ainbHUK. [t HaOmmkeHoi orinku PII B cmy3i ®AITY Ha
JIOBUTBHIHM 4acTOTi BUKOPUCTOBYEThCS HAcTymHa opmymna (1.15):

ne f - 4acrora, Ha SIKy TepepaxoBYyeTbes myM, fri- @I Ha Hecywii
gacrori 1 ITu. Tloxubka QopMynu BU3HAYAETHCS IMTYMOBUMH IapaMeTpaMu
enemenTiB CY.

OueBunHO, mo i cTBopeHHs Takux CY moTpiOHa MOTy)KHa eleMEeHTHA
0a3a, omHak Hu3bKi piBHI DI B miamazoni go 10-20 [T, BIacTUBI MPUCTPOSIM
BUIIOI KJIacy, MO)KHa OTpUMaTH 0e3 neiikocamngipoBuX 1 IHITUX MaJOMOMIUPEHUX
reHeparopiB, MO0 3MEHIIYIOTh eKCIUTyaTalliiHi 3arajlbHOTEXHIUHI HapamMeTpu
npuctporo. Kirouem 0 Takux pillleHb € CTBOPEHHs MpoayMaHux apxitektyp CY
Ha ryHax, 3 00'€THAaHHSIM YaCTOTHUX MOXKJIUBOCTEH NPiOHUX MiIbHUKIB YacCTOTH 1
Brcokoro sikocti o @I, Taka peasizaliis A03BOJISE JOCITTH BUCOKUX TEXHIYHMX
XapaKTePUCTHK 0€3 BUKOPUCTAHHS CrielnivHOT eleMeHTHOT 6a3u.

1.8 BucHoBkn

B nanomy po3mim BiMiu€HO XapaKTEPUCTHKH Ta MapaMeTpu CUHTE3aTOPiB
9acTOTH. AHATI3YI04d METOIH (OpPMyBaHHS ITUCKPETHOI CITKM YacTOT, MPHHHSATO
pIlLICHHSI TPO JIOLIJIbHE BHKOPUCTAHHS HEMPSIMOTO KOT€PEHTHOTO CHHTE3Y IS
BHCOKOT YUCTOTH CIEKTPY BUXIJJHOTO CHTHAIY Ta HU3BKOTO PIBHS IIYMIB, IPSMHIA
KOTCpCHTHHI CHUHTE3 BHKOPUCTOBYBAaTH ISl IIBHIKOTO NEPEMUKAHHS BHXIJIHUX

4acToT.
PO31JI II. TEOPETUYHA YACTHHA
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2.1 HectabijbHicTh i Iym

binpmocTi inxkeHepis, mio npamoioTs B odnacti HBU-TexHiku, 10BOoAUTHCS
CTUKATUCS 3 TaKMM HEMPOCTHM 3aBJaHHSM, SK BUAUICHHS CUTHAIIB 3 IIYMiB.
Po3poOHuKaM CydacHUX CHCTEM 3B'SI3KY 4acTO JOBOIUTHCS OOPOOIISATH BEJIHKI
MaCHBH JJAaHHX, 00 BUTATTH MakcUMyM iH(popMarlii 3 ciiadKkux abo mepeKkpydeHnx
curHamiB. B pesynprati gmocuth dYacto (azoBuit mym oOMexye poboui
XapaKTepUCTHKH CUCTeMH Tpuiiomy. Hampukman, ¢dazoBuii myMm 3HUKYE
MOXUIMBICTh 0OpPOOKH JoruiepiBehbkol iHpopMarii B immynbcHux PJIC 1 moriprrye
XapaKTEPUCTUKU IO MOJYIIO BEKTOpPAa MOMHIJIKU B CHCTEMax 3B'SI3Ky 3 HU(PPOBOIO
Monynsmiero. HaBiTh mpu BHKOPHCTaHHI Cy4YacHHMX amapaTHHX 3aco0iB 1
BIOCKOHAJIEHUX TEXHIYHHUX MPUHOMIB MPOLEC IPOBEACHHS BUMIPIOBaHb MOXE SIK 1
paHiie MicTUTH B cO01 HETOUHICTb.

HecrabinbHicTh XapakTepusye 3MiHH YacTOTH, SKI 3 KOPOTKHUM IHKJIOM
MaroTh Habarato OiNbIINI BIUIMB HA CUCTEMH, B 3aBAaHHS SKHX BXOAHMTH 00poOKa
BEJIMKOTO MAaCHBY JaHUX JJIsi BUJIYYCHHS MaKCUMyMy iH(opmalii 3 CHrHaiy.
KopoTkouacHy HecTaOibHICTP MOXKHA OIKMCATH pPI3HUMH criocobamu, aie
HaANOIIBII ONIMPEHUM € OTHOCMYTOBHM (azoBuii mryM. OJHOCMYTOBUH (a3oBuii
[IyM - BiJJHOIICHHS CIIEKTPaIbHOT NIUTLHOCTI IMOTY>KHOCTI, BUMIPSHUH TPU TIEBHIH
4acTOTHINA BifOy/MOBI BiJ HECy4oi, JIO TOBHOI MOTYKHOCTI CHUTHAJTy HECYYOi.
OnHomoNocHH (a3oBHiA IIyM HAHOUIBII YacTO BHMIPIOEThCS B cMy3i 1 [ mpu
gacToTHOI BinOynoBi "f"'. OnuaniamMu BuMmiptoBanus € nbu / I'n. PiBens ¢a3zoBoro
LIyMy J€TEPMIHOBAHO CHIiBBIAHOCUTHCA 3 HECYUOIO YaCTOTOIO, 301IbIIYIOUHCE Ha 6
nb npu moaBo€eHHI YacTOTH. [Ipr BU3HAYEHH] XapaKTEePHUCTUK KOMIIOHEHTIB CHCTEM
3B'SI3Ky, BUMIpIOBaHHsA (a3zoBoro mymy st Hecydoi wactotd 1 I'Tm moxna
nomuputH Bix -40 a0H/I'11 mpu Manux 4acTOTHHUX BiAOynoBax "moOmu3y Hecydoi"
1o -150 aow/I'ny npu Benmukux (10 MI' i Ginbine). PesynbTaTi IUX BHMIPIOBaHb
OynyTh npubnmmu3Ho Ha 18 nb Bume npu Hecyuiit yactoti 8 I'T1x [9].

MiHiMalbHUI BUMIPIOBAaHHI PiBEHb IIIyMY 3HAXOAMTHCS TIiJI BIUIMBOM JIBOX
e(eKTIB: TEIUIOBOIO IIYyMYy IMACHUBHHUX MPHCTPOIB, SKHHA € IMUPOKOCMYTOBHM 1
piBHOMIpHHM (OinHid 1IyM), 1 QIiKep-ITyMy aKTUBHUX HPUCTPOIB, Mae Bursia 1/f
(poxeBwii mIym), KW BHHHUKAE 3 TEIUIOBOTO MIyMy Ha Mammx BimOymomax. llle
OIIHUM JDKEPEJIOM LIyMY € MiJCHITIOBadY OyIb-IKOTO THUIY B TPAKTi CHTHATY. X0od4a
OCHOBHE NMPHU3HAYEHHSI M1ICHIIIOBAYA - 1€ 301IBIICHHS PIBHS MOTY>KHOCTI c1abKoro
CUTHAIIy HECYYOi, BiH OJIa€ CBii BIACHHUM IIYM i TAKOK MOCUIIOE OyAb-IKUN IIyM
Ha BXoJi. B pesyipraTi nrymu 3mimytoTbes, a rpadik 3auexHoCTi (a30BOTro MIyMy
mae Bunin (Puc.2.1).

Pucynok 2.1 -Tpu 0CHOBHi CKJIaJIOBi yTBOPIOIOTh TEOPETHYHHH HUKHIO
MeXy BUMIPIOBaHHS PiBHS ()a30BOTO MIyMY

2.2. MeToau BUMIPIOBaHHSA HIYMY

2.2.1. MeToa npsiMOro BUMipIOBaHHS CTIEKTPa

MeTon mNpsSMOTO BHMIPIOBaHHS CIIEKTpa - Haicrapimuil i, MOXIIHBO,
HAWMpoCTHH MeTon BHMIipIOBaHHA (azoBoro mymy. BumpoOysanuii curnan (BC)
abo BunpoOyBani npuctpiii (BII) mpocro miaxmodaeTscsi 10 BXOAY aHami3aropa
CUTHANIB, HampuWKiaja, aHaimizatopa curHamiB cepii PXA kommanii Agilent, i
aHaJli3aTop MOTIM HAaJAIITOBYETHCS HA Hecydy 4acToTy. [loTiM mpoBoasThCs nBa
BUMIpH: BUMIPIOETHCS TIOTYXKHICTh HECYYOl i CIIEKTPaNbHA MIIIBHICTh MOTY>KHOCTI
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IIyMy TeHepaTropa NpH 3aJaHiil 4acToTi BiaOyZOBH, BiIHECEHA IO MOTY>KHOCTI
Hecyyoi [10].

Sk e yacto OyBae MpH BUKOPUCTAHHI MPOCTUX METO/IB, IS 3a0€3MeYeHHS
TOYHOCTI pE3yNbTaTy BHUMIPIOBAaHHS TOTPIOHO 3acTOCYBaTH pi3HI KOPEKIIii.
Hanpuknan, Moke 3HAZOOMTHCS KOPEKIIis, IO CTOCYEThCS IIYMOBOiI CMYTH
¢binpTpiB, MO BH3HAYAIOTH CMYTHM MPOMYCKaHHS aHamizatopa. Kpim Toro, moxe
TaKOX BUHUKHYTH KOPEKIlis XapaKTepPHCTHUK IKOBOTO JETEKTOpa aHalizatopa,
SIKMM MOXKE 3aHMKyBard (aKTHYHHWHA PpiBEHb MOTY>KHOCTI mymy. Komwmch Taki
KOpeKIlii HeoOXiHO Oylo BHKOHYBard Bpy4uHy. JlertanpHy iHQOpMAIli MOXHA
3Haiitn B Opomrypi Agilent Application Note 150, Spectrum Analyzer Basics. B
JMaHW 4Yac Il JOJaTKOBI KPOKH BXKE HE OOOB'S3KOBi, SKIIO BUKOPHUCTOBYETHCS
aHamizaTop CHUrHaliB, 3a0e3nedeHuit ab0o (QyHKIi€EI0 Mapkepa MIUIBHOCTI
noTy>kHocTi B cMy3i / inTepBani (Band / Interval Density) (mns BuMiproBaHHS
CHEKTPANbHOD WIUTBHOCTI TOTYKHOCTi), a0o0 BOYIOBaHHMMU MOXKIUBOCTSIMH,
TaKUMHU SIK TIPUKJIaJIHA IporpaMa BUMiproBaHHS ¢azoBoro myMmy N9O68 A kommaHii
Agilent ns anamizaropis curnainis PXA, MXA i EXA.

Yac 1 JOCBi BHSBWIM TMOTEHIIHHI OOMEXEHHS METOLy MpPSIMOTO
BHUMIPIOBaHHSI CIIEKTpa. BiNbImicTh 3 HUX TIOB'SA3aHO3 HEIONIKaMH SKOCTi abo
po0OYMX XapaKTepUCTHUK JIESIKUX aHami3aropiB crhektpa. 3ammmkoBa YC
reTepoiivHa aHaiizaropa, OiuHi cmyrm Iymy abo (a3oBui OIyM reTepoauHa
aHamizaTopa i piBeHb BIACHUX IIYMIB aHANN3aTOpa CIEKTPa MOXKYTh B CYKyITHOCTI
BIUIMHYTH Ha pe3yasraTd BuUMipy. Kpim Toro, OinbInicTh aHali3aTopiB CHEKTpa
BHUMIPIOIOTh TUIBKM CKaJSIPHYIO BEIMYHHY OIYHHUX CMYT LIyMy BHUIPOOYBaHOTO
curHany (BC). B pe3ynbrati aHamizaTrop HE B 3MO31 PO3PI3HATH aMILUTITYIHUN 1
(a3oBHii IIyMH. HApEIITi, MPOLEC YCKIATHIOEThCA HEOOXIAHICTIO MPOBOIUTH
BHUMIPIOBaHHS IIyMYy Ha KOXKHIH IIIKABUTh YacTOTI BiAOYJIOBH, a I 3ajada MOXKE
MaTH 3HauHi THMYacOBi BUTPATH IIPH PYYHOMY BUKOHAHHI.

2.2.2 MeTtoa ¢a30BOro aeTekropa

dazoBuil JIETEKTOp MOXe OyTH BUKOPUCTAHWH Jisl BimgiuieHHS (ha3oBOTO
mIyMy BiJ aMIniniTygHoro. ®a3oBuii JETEKTOp MEPETBOPIOE pi3HMIO (a3 JBOX
BXIJTHMX CHUTHAIIIB B HANPyTy Ha Horo Buxomni. Komu pizannsg ¢a3 crae piaOIO 90°,
BuxigHa Hampyra Oyme mnopisHioBatd O B. byme-ski Bigxunenns ¢aszu Bixg
KBaJIpaTypy BUKJIWYYTh BiANOBiIHI BIOXWJICHHS HANpPyrd Ha BUXOII AETEKTOpa.
Le¥ mpUHIMIT JIEKUTh B OCHOBI KUTBKOX METOIB BUMIipIOBaHHs (a3oBOro MIyMy.
OcobnmuBuil iHTEpeC MPEACTABISIOTH TPU 3 HHUX: METOHI OMOPHOTO JuKepena /
@OAIIY  (da3oBoro  aBTOIIJACTPOIOBAHHS  YacTOTH), METOX  YacTOTHOTO
JIUCKPUMIHATOPA 1 METOJ] T€TEPOAMHHOIO IIM(POBOIo AUCKpruMiHaTopa [11].

2.2.3 MeToa 1BOKaHAJIbHOI B3a€MHOI KOpeJIsiil

Y BUMIpIOBaILHOMY MpHJali, TAKOMY SIK aHai3aTop JDKEpel CHUTHATIB
E5052B xommanii Agilent, naHwii METOJ BHKOPHUCTOBYE KOMOIHAIIIO JIBOX
OJIHAaKOBUX OJHOKAHAIBHUX CHCTEM Ha OCHOBI omopHoro mxepena/DPAITY i
BHKOHY€ OIleparii B3a€MHOI KOPEIAllii MK BUXIIHAMH CHTHAJTaMH KOXXHOTO
KaHaly, AK I10Ka3aHo Ha Puc.2.2.

Pucynok 2.2 — MeTon AByXKaHaIbHOT B3aEMHOT KOPEJIALii

Ockinbkn Oynp-siki mymu IC, mpucyTHi B 000X KaHamax, KOTE€PEeHTHI,
oriepallis B3a€MHOT KOpeJsiiii He BIJIMBA€E HA iX BKJIAl B Pe3ylbTaT BUMipIOBaHHS.
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Ha mportuBary mpomy, BiacHi IIyMH KOKHOTO KaHaJly HE KOTEPEHTHi, 1 TOMY
omepauis B3a€EMHOI KOpeJsilii 3MEHIIye iX CyMapHUH BHECOK B pe3yabraT
BUMIPIOBAaHHS NPONOPLIHHO KOPEHIO KBAJPATHOMY 3 YHCIA LUKIIB KOPEIIiil.
Yuciio onepallii KOpeAIlii - KIFOUOBUH (DAKTOp, BiA SKOTO 3aJIC)KUTh 3arajibHHI
yac BuUMipioBaHHsA. B anamizatopi mkepen curHaimie E5052B uwcno omnepartiii
Kopenslii BUOMpaeThCs KopucTyBadeM. [Ipu 30UIBIICHHI YWCIIa KOPEISIii
3MEHIIYEThCS BHECOK IIIyMiB 000X KaHANIB B pe3yasraT BuMiptoBanus (Tabm 2.1),
ayie 30UTbIITY€EThCs Yac, HeOOX1THUH ISl 3aBEpIICHHS] BUMIPIOBAHHSI.

Tabmuns 2.1 — 3MEHIIICHHS YKCITa orepailii B3aEMHOI KOpeIsIii

OCKUIbKM METOJ] JBOKAHAJIbHOI B3a€MHOI KOPEJISLii 3MEHIIY€E PiBEHb LIyMYy
BHUMIPIOBaHHS, BiH 3a0e3nedye 4yJOBy UyTJIUBICTH BUMIPIOBaHb. AJle B 3B'SA3KY 3
TUM, 10 Ied MeToJ 3acHOBaHMI Ha HM(pPOBii 00poOLi curHANIB, BiH HiABUIIYE
YyTIUBICTh, HE BHMAaralO4d BHKIIOYHO BHCOKHX XapaKTEpUCTUK amapaTHUX
KOMITOHEHTIB. Llei MeTo Takoxk 3a0e3rneuye OLTBINNK TUHAMIYHHUE Jiana3oH, HikK
METOJ] TETEPOIWHHOrO MU(PPOBOrO JUCKPUMHHATOPA, ONHCAHWK BHUIIE. 3
ypaxyBaHHSM IIUX I[epeBar METOJ JBYXKAaHAIBHON B3a€MHOI Kopensiii ao0pe
MiJIXOJUTh JJIsi BUMIPIOBAaHHSI CUTHAIIIB aBTOreHepaTopiB. Sk 3aci® JOCIiKeHHS
3arajJbHOTO TPH3HAYEHHS Ied MeTo] 3a0e3ledye dymoBi XapaKTEPUCTHKU
BHUMIprOBaHHs ()a30BOTO ITyMy 0araThbOX THIIIB JDKEPENI CUTHATIB 1 TeHEPaTopiB

2.3 IlonsTTa KoediunieHTa MIymy

Koedimient mymy nanmrora (F) - BiAHOIIEHHS MOKa3HWKA CUTHA/TIYM Ha
BXOJIi JTO MIOKa3HUKA CUTHA/TITyM Ha Buxoi (2.1) [12].

TakuMm unrHOM, KOe(iLi€HT HIyMy JaHLIOra BiZoOpa)ka€ CTYHiHb MOTIPIICHHS
BiJTHOIICHHS! CHTHAJI/IIyM TPH MPOXO/PKEHHI CUTHANy Yepe3 JIaHIOT. [neanbHuit
iICHITIOBAY IOCHJIIOBAB OM IIyM Ha BXOJIi Pa30M 3 CUTHAJIOM, MiITPUMYIOUH PiBHI
3HAYCHHS TOKA3HUKIB CHUTHAJI/IIIYM Ha BXOJI 1 Ha BUXOHI (IDKEpPEIOM IIyMy Ha
BXO/JIl YaCTO € TEIJIOBUH ITyM, OOYMOBJICHHI TEMIIEpaTypor0 3eMHOI MOBEpxHi abo
BTpatamu B cucteMi). OiHaK pealbHUI MiICHIIOBaY BHOCHTh MTEBHUH JTOAaTKOBUH
IIyM BiJI BJaCHUX KOMIIOHEHTIB i TIOTIpIIYy€ BiAHOIICHHS cHTHa/mryM. JlaHior 3
HU3BKHM KoeQillieHToOM ImyMy cebe BHUMpaBaoBye. [IoHATTS koedilieHTa IIymy
MOYKHA 3aCTOCOBYBaTH TUIBKH JIO JIAHITIOTIB, Ji¢ BiIOYBA€Thcs 00pOOKa CHUTHAIY.
KoedimienT nrymy He 3aexuTh Bif koedimienra nepemadi. Ha Puc. 2.3 mokazanuit
MIPUKJIa/l CUTHAIIIB Ha BXO/[l 1 HA BUXOJI miacuimtoBada. Bxiguuit curnan (Puc. 2.3a)
Ha 40 b mnepeBumye mymoBuii mopir. KoediumieHT mnepemaui migcuitoBava
migBUIUB piBeHb curHany Ha 20 nb (Puc. 2.30).

Pucynok 2.3 - Tunosi piBHI CUTHaJIa Ta IIIyMa B 3aJIEXKHOCTI BiJl YaCTOTH Ha BXOJI1

mijcuiroBaya (a) 1 Ha Buxoi (0).

PiBenp BXimHOro mIymMy Takox 30impmmBes Ha 20 nb, ane npu mpomy
JOAaBCs BIACHUH IyM MijicHiiOBada. BuxigHwii curHan craB Tutbku Ha 30 nb
BUIle ITyMOBOro mopora. [loripmieHHs BigHOmIEHHS curHa/myMm Ha 10 nb
O3Hayvae, 1o mijcuiaoBad Mae koedimient mymy 10 nb [13].

[MoripmieHHsT BiTHONICHHS CHUTHAJI/IIYM B JIAHIIO31  3aJIeKUTh  BiX
TeMIIEpaTypu JpKepena, 1o 30ymKye JaHifor. lle MokHa OBECTH ILIIXOM
obuucneHHs skoeddinienra mymy F, ge S; i Ni — piBHi curHany i uryMmy Ha BXOJi
TECTOBAHOTO TPUCTPOIO; S, i N, - piBHI curHany i mymy Ha Buxomi; N, LOLATKOBUN
uryM Bij npuctporo; G — koedinient nepenadi (2.2):
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VY 3zarasibHOMY BHMNAAKYy Koe(iieHT mymMy € (YHKII€I0 4YacTOTH, aje
3a3BMYall HE 3aJEeKHUTh BiJ MIMPUHU CMYTH (IIOKM CMyra BUMIpPIOBaHHS JTOCHTH
By3bKa, 100 BIIOBUTH Bapiallii, 0 BigOyBarOThCs pH 3MiHi yactoTtn). [loTyxkHOCTI
mrymy N, i Nj mponopiiiii mupuHi cMyrd. AJle IIUPUHA CMYTH B YUCEILHUKY
JOPIBHIOE 3HAMEHHUKY. TakMM YWHOM, KOe(illieHT IIyMy HE 3alle)KHTh BiJ
IIUPUHU CMYTH.

B nanuit yac TepMmiH «KOeQIIliEHT IIyMy» 3a3BHUYall BHKOPUCTOBYETHCS JIJIS
BennuuHu NF, BuMiproBanoi B nenubenax, ae (2.3):

2.4 AnaJji3 cyyacHuX BUMiproBauiB koedinienta mryma BKIII

Bubip mporoturry 3milicHIOBaBcs 3a HacTynHuME Kpurepismu: BKII mae
BIJNIOBIIaTH Cy4aCHUM BHUMOTaM Ta BUCBITJIIOBATH TOJIOBHI IPUHIMIIN NOOYZOBU
cy4yacaux npunaais; BKII noBuHeH MaTu nepcrneKTUBHY KOHCTPYKIIiIO.

3a uuMu KpuTepisimMu Oynu BimiOpani BUMipioBaui koedilieHTa mymy Gipmu
Agilent Technologies N8973A-75A. Ilpunaam miei cepii mnpu3HAYeHI A
BUMIPIOBaHHS KOE(IlliEHTa 1 TeMIlepaTypH IMyMy paJionpHAMANIbHUX MPUCTPOIB,
koedimienta mymy i nepefadi HBY mimcwimtoBadiB, iHTErpaJlbHUX MIKPOCXEM.
BuMiproBaHHsI Ta iHIWKAIliS PEe3yNbTaTiB MOXKYTh 3/IHCHIOBATHCS SIK B Jiarma3oHi
yacToT, Tak 1 Ha (QikcoBaHux dyacrorax. CTpPyKTypHa cXemMa BUMIpIOBa4a
koedimienty myma N8973A mpencraBnena Ha Puc.3.1. B ta6n. 3.1 mpuseneni
OCHOBHI TEXHIUHI XapaKTEPUCTUKH IIUX BUMipioBauiB [14].

Pucynok 2.4 - CtpykrypHa cxema BKIL N8973A

Tabmuug 3.1 - OcHoBHi TexHi4HI XapakTepuctuku BKII cepii NFA
Tabmurs 2.2 - Texniuni ocobmusocti BKI cepii NFA

VY mepeTBoproBavi 4acTOT CHEKTP BXIJHOTO CHTHAIY CIIOYaTKy MEPEHOCUTHCS
Bropy Ha mepimy npomixkny dactoty (ITH) 3921,4 MI'n, a moTiM, BHU3 Ha JIpyry
MY 321,4 MI'u. Ilicna ¢inprparnii napa3uTHUX KaHATIB MEPETBOPEHHN CHUTHAI
MOTparuisie Ha 3MillyBad, Jie HOro CIeKTp nepeHocuthest Ha Tpetio 1Y - 21,4 MTI.
Bubip BximHOI wacTtoTH 37ilicHIOETBCS TepeOymoBoto cuHTe3oBaHoro 3II-
reHeparopa, IO BHKOHY€ pOJIb IEpHmioro rerepoauHa. Ilicis mporo curaai
MOCHITIOETHCS, (DITBTPYETHCS 1 MOTPAIUISIE B OJIOK IIUPpoBOi 00poOku curHairy 14,
ne  omudpoBYeEThCs, QIIBTPYEThCs 1 AeTekTyeThes. OnuQpoBaHUN CHUTHAI
npoxoauts depe3 mudposuit CII® 3 mmpuHolo cmyru mpomyckanHs 4 M.
[TorimM HagxoauTh Ha Tpouecop uudppoBoi 006podku curHaniB. biok 300py gaHuX i
VOpaBIiHHA MpHU3HAYEHUHA Ui YOpaBiiHHSA poboTtoro Omoky LI'3  IIY,
nepeOynoByodoro rerepoauna, Mmoaynstopa 'l i oominy gannx 3 EOM.

2.5 BUCHOBKH

KoedimieHT mymy € crpoleHo MOJeIUTI0 peajbHOro nryMy B cuctemi. Ha
pe3yNnbTaT BUMIPIOBaHHS KOeQillieHTa [IyMy BIUTUBAIOTH Y3TOIKCHHS JDKepela
IyMy 1 BHMIPIOBAJBHOTO TNPHJIALy 3 TECTOBAHUM IPHCTPOEM: JDKEPEIO LIyMy
CTBOPIOE IMITEJ]aHC HA BXOJi MPUCTPOIO, a MPHUCTPi - HA BXOJI BUMIiPIOBAILHOTO
npunany. GakTuvHe 3HAYCHHS KOSQIIIEHTa IMyMy 3aJIeKUTh BiJ Y3TO/PKEHOCTI 3
IHIMAMH  KOMITOHEHTaMH CHUCTeMHU. Po3poOka MajomIyMIWBUX TIiACHITIOBAYiB
BHMAarae KOMIIPOMICY MIX MOCHJICHHAM KacKagy 1 HOro koeQili€HTOM NIyMy.
ToOTo, HEOOXiTHO 3HATH, SK KOE(IIiEHT mepeaadi akTUBHOTO MPHUCTPOIO i MOTO
KOE(IIieHT IIyMy 3MIHIOIOTHCSI B 3aJIKHOCTI Bij iMIleZaHcy Jpkepena abo Horo
MPOBIAHOCTI.
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HesBakatoun Ha Te, MO IMUPUHA CMYTH YaCTOT € BaKIMBUM IApaMETPOM
0araTboX CHCTEM 1 BHKOPUCTOBYETHCS B OOYHMCICHHAX (PAKTUYHOTO BiAHOILEHHS
CUTHAJI/IIYM JUIsl IEMOJYJIOBAHUX CHTHAJIB, KOC(ILIE€HT MIyMy HE 3aJICKUTh Bif
HIMPUHA CMYTU TpucTpoto. [Ipu BUMIpIOBaHHI IIYyMiB MPHUCTPOIO MPUAMAETHCS
JIOMYIIICHHS PO PIBHOMIPHOCTI HOr0 aMILIITYyIHO-4aCTOTHOI XapaKTePUCTHKH B
MeKax CMyTU BUMIipIOBaHHs. AHaji3aTop criekrpa cepii PSA 3i crerianizoBaHO0O
MPOrpamMor0 BUMIipIOBaHHS Koe(illieHTa IIyMy Ma€ CMYTY TPOITYCKaHHS, SKa MOXKe
OyTtu ymensine Ha 70 1 I'm.

PO3LT III. KOHCTPYKTOPCBKO — TEXHOJIOTTYHA YACTHHA.

3.1 CtpykTypHa cxema, onuc podotu cxemu BKIII
Crpykrypaa cxema BKII (Puc.3.1) cknamaetbcss 3 Takux OJIOKIB:
MepeTBOPIOBaY 4acToTH, 070K cuHTe3aTopiB yactot, LIOC ITYH (Onok umdpposoi
00po6ku curnaiy I14), 6ok kepyBauus, moxymnarop 'L, GOm0k >KUBIEHHS.
[lepeTBOproBau YacTOT 3AIHCHIOE TIEPEHECEHHS CIIEKTPa IIYMOBOTO CHTHAIY 3
BxigHoro miarmazona 0,01...4 I'T'n Ha mpoMikKHY 4YacToTy, B OJIOLI BUPOOJISETHCS
HeoOXiJHe MifCUJICHHS Ta (iIbTpalis curHainy. B sKOCTi CHUTHaNiB reTepoJvHiB
BUKOPUCTOBYIOTHCSI CHTHAITH 13 OJI0Ka CHHTE3aTopiB yacToT [14].
Y o6nomi nugpposoi 06podku (L[I'3 ITH) curHan onudpoByeThest, GiabTPYETHCS
1 gerekTyeThcsl. BIIOK KepyBaHHS NMPU3HAYCHUH JUIsI YIIPaBIiHHSI poOOTOIO OJIOKIB
I3 IT4Y, cumHTe3atopiB uactoT, momynstopa [l i oOminy nmanumx 3 EOM.
Mopgynstop TIIl BUKOPHUCTOBYETHCS [UIsl yNPAaBIiHHS HAMIBIPOBIIHUKOBHUM
TeHepaTopoM IIIyMy, a TaKoX AJis 3a0e3nedenHs >xkuBieHHs 1 ctabimizoBaHOIO
Hanpyroto.
Pucynoxk 3.1 - CrpykrypHa cxema BKII
B mepmomy nepeTBopeHHI 4acTOTH BUKOPHCTOBYEThCs yactoTa (Fny = 9470
MI 1), 106 yCyHyTH 4YacToTH ja3epkKayibHOro kaHany (Fsepx = 18,95 I'T'm - 26,94
I'T) ®HY 3 dikcoBaHnM HalamITyBaHHSM, O€3 BIUIMBY Ha aHaJTi30BaHWUN BXiTHUH
curnan (Puc. 3.2).
Pucynoxk 3.2 - [lepme neperBopeHHs yacToTH 6moka PITT
[Ipn npyromy mepeTBOpEHHI YAacTOTH, CHUTHAN ITIEPEHOCHTHCS Ha HIDKIY
npomikHy 4acToty (Fny, = 1070 MI'm). Yacrora m3epkaibHOro KaHany (Faepw =
7,33 I'Tu) nomaBisieTbest cMyroBuM (ierpoM mepimoi npomixaoi yactotu (Puc.
3.3)
Pucynok 3.3 - JIpyre neperBopenns yactotu 010ka PIIT
B TperhoMy mepeTBOpPEHHI YacTOTH, CHTHall TIEPEHOCHUTHCS Ha TPETIO
npomixkHy vactory (Fny;=70 MI'm). Yactora 3epkanbHoro kaHany (Fpszepxs= 930
MI 1) moiaBisieThCsl CMyTOBUM (PUTETPOM Jipyroi mpoMixkHoi yactoTH (Puc. 3.4).
Pucynok 3.4 - Tpere nepetBopeHHs yacToTH 6ioka PIIT
OyHKIIIOHATTFHA CXeMa IePEeTBOPIoBaYa YacTOTH TpejicTaBieHa Ha Puc. 3.5.
PucyHnok 3.5 - @yHKIiOHANBHA CXeMa TIePETBOPIOBAYA YACTOTH
[IymoBuii curaan 3 nmianaszony BxigHux dactoT 10-4000 MI'i HagXoaWUThH HA
BXITHUH KEpOBaHWN aTeHroarop. BXimHWi aTeHroaTop MNPU3HAYCHUHA IS
pETyIOBaHHs PiBHS NOTYXHOCTI BXigHOro curHany [15]. OcnabienHs areHoaTopa
perymoerbess B mianmazoHi 0 gb - 60 nb 3 kpokom 20 nb. Ilocwnenuit
MaJOIIYMIIMBUM  IJICHJIIOBaYE€M CHUTHAI TEPEHOCUTBhCS Bropy Ha 4YacTOTy
f1y1=9470 MI'1. 3a monomororo Bxigaoro ®HY 341iCHIOETBCSA TOAABIEHHS YaCTOT
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Bumie 5 I'Tu, mo mepeBoxsaTh miACHIIIOBa4i NMEpEeTBOpIOBaua B HacuueHHS. Ha
9acTOTi fny; CHTHAT MOCHITIOETHCS 1 OTO CHEKTP MEPEeHOCUTHCS BHHU3 HAa YacTOTY
fny=1070 MI'u. CmyroBuil (inbsTp, po3TalIOBaHUN NEped APYTUM 3MillyBadeM,
NOJIaBIIsiE TIAPA3UTHI KaHAIW APYroro MmepeTBOpeHHs. TpeTiil 3MmilryBay 3AiicHIOE
YacTOTHE TIEPETBOPEHHS Ha TPETIO MpOMiXkHY yactory fnys=70 MI'm MI'm. Ha
yacTtoTi fpys CHUTHAN TOCWIIIOETHCS, TPOXOIUTH Yepe3 Hallp MepeMUKAIOunX
CMYTroBUX (imbTpiB, M0 BU3HAYAIOTh CMYTY BHMIPIOBAHHS, 1 HAJAXOAUTH B OJIOK
¢ poBoi 00poOKH, ae onUpPOBYETHCS, BITBTPYEThCS 1 NETEKTyeThCs. Ha Buxoi
AIIIT wmaemo fBiiiKOBE TIPEACTABICHHS AaHAJIOTOBOTO CHUTHANY, IO IOTIM
00po0OseThes apuMETHIHO TU(PPOBUM CHTHATBHUM TiporiecopoM (DSP).

3.2 Bubip enemenTHoi 0a3u Osoka PIIT-04, cunTe3aropa wuacror i
reTepogunHis

3a TeXHIYHUM 3aBJaHHAM MOTPiOHO 3a0e3MeunTH BIACHUI KOEQILIEHT LIyMy
BUMipIOBada - He Oinbine 8 a1b. Bubip enemenTtHoi 6a3u 61oky PIIT-04 mounemo 3
AKTHBHHMX €JIEMEHTIB. JI0 TEXHIYHUX XapaKTePUCTHK IEPIIOro 3MilllyBada
MPEa'BISIOTHCS 0COOIMBO XKOPCTKI BUMOTH [16]:
® HeoOXiZJHO mimiOpaTH 3MillyBad 3 MiHIMAJIbHO MOXIJIMBHMH BTpaTaMu Ta

MiHIMaJIbHO MOYUIMBUAM 3HAYEHHSM Koe(illieHTa IyMa;
® HeoOXiJHO BUOpaTH 3MillyBad 3 HEOOXITHHM IOJIABICHHSM KOMOIHAIIIHX
CKnaaoBux.

[Tpu BUOOpI APYroro Ta TPEThOTO 3MIlTyBadiB HEOOXITHO BpaxyBaTH BHOCHMI
BTPaTH, a TaKOX 3BEpHYTM yBary Ha ILiHy Ta JIOCTYyHHicTh. Jl0o TeXHIUHHX
XapaKTePUCTHK MiJCHIIIOBAYiB MIPE. IBISIOTHCS HACTYIIHI BUMOTH:
® MOXIIMBICTH POOOTH B JaHOMY Jlialla30Hi 4acToT;

* Manuii KoeilieHT mymy;
® JIOCTaTHI¥M KOe(DIli€HT MiACHICHHS;
® JIOCTYIHICTh Ta HU3bKA I[iHA.

TexHiuHi MapaMeTpu BUOpPaHUX 3MIIIyBadiB Ta MiJCHIIOBaYiB MMOJIaHI B TaOI.
3.3. Jlo TeXHIYHMX XapaKTEPUCTHK TACHBHHX CJIEMEHTIB CXEMH BIJHOCSITHCS
BHOCHMI 3aTyXaHHS, YAM BOHHM MEHII, THM MEHIIIEe 3Ha4eHHs KoedilieHTa myma
BCHOTO TpakTa. TeXHiYHI mapaMeTpu BUOpaHUX MACHBHUX €JICMEHTIB MPEICTaBICHI
B Tabm. 3.4.

Tabmuug 3.3 - TexHiuHI HapaMeTpy aKTUBHUX eJieMeHTiB O1o0ka PIIT-04

Tabmuug 3.4 - TexHiuHi TapaMeTpu MacuBHUX eeMeHTiB Oioka PIIT-04

B sxocti ®HY 5 [Tn BukopuctoByeTbes GinbTp, Qipmu «Mukpan», ne
BUKOPHCTOBYIOTBCS KepaMivHi (iBTpH, HaJaTOBaHI BiAMOBIAHO HAa YacToTh 9470
Ml i 1070 MI'u. ®BY 50 MI'tp i ®HY 100 MI'1q sBiisiroth coboro LC-dinsTpu.
Cxemu ®BY i ®HY npencrasneni va Puc. 3.7, 3.7.

Pucynoxk 3.6 - Cxema ®BY
Pucynoxk 3.7 - Cxema ®HY

AUX ra 3anexHicTh koedimienta crosaoi xBwm (KCX) Bix wacroru ans ®BY i
®HY npencrasneni Ha Puc. 3.8. Po3paxyHOK (igbTpiB MPOBOIMBCS B MpOTrpami
HBUY - moxemoBanns Microwave Office 2004.

3a TexHIYHMM 3aBAaHHSIM MOTPIOHO 3a0€3MEUNTH HACTYMHI 3HAYEHHS CMYTHU
nponyckanHs ¢insrpiB [14 3a piBHem -3 nb: 3 MI'n (0,3 MI'n gogarkoo). s
3a0e3MneueHHs ABOX CMYT BHMiptoBaHHs moTpiOHI aBa CII® HanmamToBaHUX Ha
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OoHy 4acToTy. B sxocti Takux ¢inbrpiB Oynu obpani CIID Ha moBepxHEBHX
akyctnyaux xBUIx (ITIAX) ¢gipmu SAWTEK [17].
Hna 3abe3meyeHHs TEXHIYHMX BHMMOI, NpH BHUOpaHii eneMeHTHIH 0asi,
yKpynHeHa ¢yHKIioHanpHa cxema Omoka PIIT-04 mae Burisag (Puc.3.9).
Puc. 3.8 - AUX Ta 3anexuicte KCX Bix yactoru qi1 @BY ta DHY
Puc. 3.9 - Ykpynuena ¢yHkmioHansHa cxema 6moka PI1T-04
KepoBanwmii arenroarop (Bim 1 mo 14 nb 3 kpokom 2 ab) 3 perynpoBanuM
koedimienToM nocwienns (Bix 0,5 o 22,5 nb 3 kpokom 2 nb) 103BOINSIOTH
pETyIIoBaTH KOEQII[IEHT MOCHICHHS TPakKTy 3 OUThIN JpiOHUM KpokoMm. Tak sk
CII® na 70 MI'u BHOCUTH ynMalti BTpatH (20 nb), ¢ BKIFOYHTH HA HOTO BUXOI
e OAMH MiAcHiIroBady. Pe3ynprat po3paxyHKiB BJIACHOTO KoediuieHTa Imymy i
KoedilieHTa MiACUICHHS BCHOIO PaTiONPUHOMHOIO TpakTy B mporpami HBY-
monemtoBanHs Microwave Office 2004 nmpencrasneni Ha Puc. 3.10.
Pucynok 3.10 — Po3zpaxoBaHi ammtiTyHi xapakrepuctiuku 01o0ka PIIT-04
Ha rpadiky BumHo, mo koedimieHT mymy gopiBHioe 8 ab. O6unciumo
aHamiTHYHO KoedirieHT mymy (3.1):
ne  Pourpsw - 3araibHa MOTYXXHICTh Ha BHUXOJII TECTYIOUOTO MPHCTPOIOB b
BigHOcHO 1MBT; B/1I'I1 - BigHOMmIEHHS cMyru BUMiproBaHHS 10 cMyTu 11y G -
KOE(QIIIEHT MiICUICHHS TECTYKUYO0Tr0 IPUCTPOIO B 1b.
3.3 lerextyBanHns curnaja B BKIII
Y BKII curnan ITY 3a3Buuail KOHBEPTYETHCS B BIACOCHTHAI 33 JOIIOMOIOIO
nerekropa orubatouoi. Haiinpocrimmii nerekrop ormHarouoi - miog 3 RC -
nanmorom (Puc. 3.11). Buxignuii curnan nanmora [14 (cunycoiga) monaerbes Ha
nerektop. [locriiiHa wacy aeTekTopa Taka, IO HAlpyra Ha €MHOCTI JOPiBHIOE
orubarouiii curHany ITY, TOOTO AETEKTOp BCTHUrae CIiAyBaTH 33 HAWIIBUAIIAMU
3MiHamMu 00BifHOT curHamy T4 [18].
Pucynoxk 3.11 - [lerextop orunarodoi curaanxy [14
Jami #ine BigeodinbTp, sKWH BU3HAYAE CMYTy BilleocurHany. Bineodinstp
SBISIETHCS (DLTBTPOM HU3BKO1 YaCTOTH MEPIIOTO HOPSIKY Ta BUKOPUCTOBYETHCS IS
OYHCTKH BifieOCHTHAIY BiJ mryMmiB. DyHKITIOHATBHA CXEMa, 1[0 TIOSCHIOE TIPOIIEC
TOTHOTO METeKTyBaHHS rmonaHa Ha Puc. 3.13.
Puc. 3.12 - Jlionne netextyBanHsa curHana [1T4
Barato 3 BKIIl MamTe MiHIMAIBHO MIKOBHH, MaKCHMAILHO ITIKOBHIA,
AaBTOMAaTUYHUN TIKOBI JAeTeKTopu 1 JeTekrop BuOipky. Ilpm uudpoBomy
JETeKTyBaHHI CHTHAJ TPOMDKHOI YacTOTH, TWPOWIIOBIIM 4Yepe3 JIAHIIOT
HOpMaJi3allii, Biapa3dy MiAMAETbCA  AHAIOTO-IU(GPOBOMY  IEPETBOPEHHIO.
[lepeBaroto 1UGPOBOrO JIETEKTYBaHHS € BHUCOKA JIHIWHICTD Y BEIUKOMY
JUHAMIYHOMY fiarna3oHi. @yHKIoHaIbHA CXeMa, sKa MOSICHIOE TPoIiec IUPPOBOTo
JeTeKTyBaHHs, penctasieHa Ha Puc. 3.13 [19].
Puc. 3.13 - lludpose nerekryBanns curnary 114
3.4. Peanizanis 6;10xa nu¢)poBoi 06podKM CUTHATY
3.4.1 CTpykTypHa cxeMa 3 BHOOPOM eJleMEeHTHOI 6a3u
CrpykrypHa cxema tunoBoi cucremu LIOC npexacrasiena Ha Puc. 3.14. Ilepen
aHaAJOTO-IU(PPOBIUM TEPETBOPEHHSAM, aHAJIOTOBHM CHUTHAl MPOXOIUTH 4epe3
JIAHIIOTH HOpMallizallii, SKi MiJCHIIOITh (ITOCIa0IIoITh) Ta QiIbTpyoTh. s
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MOJABJICHHS] LIYMOBHX CHUTHAJIB 11032 CMYTOI0 NPOIyCKaHHS Ta 3amoOiraHHIo
HakJaneHHs crekTpiB HeoOxigauid ®HY a6o CO.
Pucynok 3.14 - CtpykrypHnas cxema 6moka [OC T4

Amnanoro-iu¢posuii npeperBoptoBad (ALIII) - mpucTpiii, o0 TEepeTBOPIOE
aHanmoroBuid curHan B nudpoBuid. Ilpm mepeTBopeHHI (AMCKpeTH3allii)
BiZIOYBA€ThCSl BUMIPIOBAaHHS aMIUIMTYIM CUTHANy, I BEJIMYMHA 3alUCYETHCS B
YHCIIOBiH JBiHKOBi# dopmi. TouHicTh BU3HaUaeThest uyncioM paspsais AL AL
MPOBOJWTE BUOIPKY 3 YAaCTOTOI JIMCKPETH3allii, sSKa 3aJa€ThCsi OMOPHHM
rereparopom [20].

3.4.2 Bubip AL i IHAIT

VY peanpHHX Tpolecax aHAJIOTO-IU(PPOBOTO MEPETBOPEHHS [Ba KIIFOYOBHX
eTanu: JUCKPEeTH3allisl 32 4acOM 1 KBAaHTYBaHHS IO aMIUIITYZIl, 110 BH3HAYaIOTh
po3ainbHY 3aaTHICTH onepamiii (Puc.3.15).

Pucynok 3.15 - JluckpeTu3ariii 3a 4acoM Ta KBaHTYBaHHSI 110 PiBHIO
aHaJIOrOBOT'O CUTHAITY

Bubipka Oe3nepepBHUX aHAJIOrOBUX HaHMX 3IHCHIOETHCSA 4epe3 IHTepBall

JMCKpeTU3aii T":f_ . UuM OinpIml BHCOKI YacTOTH IHMCKpETH3amlii, THM
9

TOYHIIIMM OyJe OJaHHS CUTHAJYy B IU(QPOBOMY BUINIAII, TOAL K y pa3i HU3BKHUX
4acTOT JUCKpeTH3alii Moxke OyTH [OCSTHYTO KPUTUYHE 3HAYCHHS YacTOTH
TUCKpETH3allil, MpH sIKOMY BTpadaeThes iHpopMalis npo currai. Lle BumiuBae 3
BimoMoro kpurepiro HaiikBicTa, sikuil BUMarae, mo0 yacToTa AUCKpeTH3amii Oyna,
MpUHAUMHI, yABivi OlnblIe cMyTH cHrHay. SIKIIO YacToTa JUCKpEeTH3allil MEeHIIe

MIOJIBOEHOI CMYTH aHAJIOrOBOTO CHTHAITy, BUHHKA€E €EKT, BiJOMUN K HAKJIaJICHHS
: . . f
cnekTpiB. HacToTHa 30Ha HailkBicTa BU3HAYa€eThCA K CMyTa CIIEKTpa Bif Oﬂ.g- .

YacToTHUI CHEKTp po3AlICHHH Ha HECKIHYEHHE 4ncio 30H HaikBicTa, KOXKHa 1O
0,5*f,[21].

3.4.3 Hlymu B peanasuux AL

Huckperuszaniss curnany B ALl (3 iHTerpoBaHUM TPUCTPOEM BHOIPKH-
30epirannas (I1B3)), He3aleXHO BiJ apXiTEKTypH, MPOXOAHWTH MPH HASBHOCTI
IIyMiB 1 CIOTBOpeHb curHay. [llmpokocmyroBoMy aHainoroBomy BxigHomy Oydepy
MpUTaMaHHI NIMPOKOCMYTOBUH ITyM, HEJIHIHHICTh, KiHIIeBa mMpHHa cMyTH. [1B3
BHOCHUTH TOJAIBITY HENiHIHHICTh, OOMEXEHHS CMYTH 1 TPEMTIHHS anepTypH.
Kanr 4yactmna AIIll BHOCHT, IIYM KBAaHTYBaHHS, IHTErpalbHy Ta
IuQepeHIianbHy HeliHiHHOCTI.

OgHuM 3 HaWBaXKIUBIIIMX JUISI PO3YMIHHS TIOJIOKEHb MPH BU3HAYEHHI
neminidHocti ALIT i HAIT € Te, mo nepenaBanpHa QyHKIIiS IEpETBOPIOBaYa TaHUX
Mae OcCOONHMBOCTI, SKi BiJICYyTHI B 3BHYaWHUX JHIHHUX MPHCTPOSX THITY
omepaniinux migcwmoBadiBe  (OIT). IloBua iHTerpanbHa HeminiHicTs ALII
o0yMOBIIeHa IHTETpalbHOI HeNiHiiHICcTIO BXigHOTOo Oydepa, [IB3 1 moBHOI
IHTETpaIbHOIO HelliHiHHICTIO epeaBanbHoi (hyHkiii ALIIT.

3.4.4 Texuiuni ocodomusocti AT

BiHOIIEHHS CUTHAN/IIYM - BiJTHOIICHHS CEPEIHbOKBAJIPATHYHOIO 3HAYCHHS
aMILTITYIU CUTHAJY JI0 CEPEAHBOTO 3HAYECHHs KOPEHS 3 CYMH KBA/IpATiB BCIX IHIINX
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CHEKTPAIbHUX KOMIIOHEHT, BUKJIIOYAIOUM MEpIli I'ATh TapMOHIK 1 MOCTIMHY
CKJ1a[10BY.

[Tokasauk curnan/mym/criorBoperHs (SINAD a6o S / N + D) - BigHOIICHHS
CEPCAHBLOKBAAPATUIHOI'O0 3HAYCHHA aMHHiTy)II/I CUTHally 40 CCpCAHLOI0 3HAYCHHIA
KOpEHsI 3 CyMH KBaJpaTiB BCIiX IHINUX CHEKTPAIbHUX KOMIIOHEHTIB, BKIIOUAIOUH
TapMOHIKH, aJie BUKJIFOYA0UH MMOCTIiHY CKIIafoBy [22].

Junamiuamii  pmianazon  6e3  rapmonik  (SFDR) —  BigHOmeHHS
CepeTHbOKBAAPATHYHOTO 3HAYCHHS aMILTTYyIn CUTHAITY bi (6]
CepeTHbOKBAAPATHYHOTO 3HAUYEHHS ITIKOBOTO MOOIYHOTO CIIEKTPAILHOTO CKIIATY.

IleperBoproBaui 3 BucokuM SFDR MoxyTh 00poOnATH cnaOKuii cUrHAJ, 110
3HAaXOIUTHCS B poOOYOMY Jiana3oHi, B MPUCYTHOCTI CHJIIBHUX CHUTHAIIIB B CYCITHIX
kaHanax. Ha rpagiky SFDR Oynyerbcs, sk (DyHKUisSI aMIUIITYJH CHUTHAILY 1 MOXeE
Oytu BHpaxeHa mmono ammunityau curHany (JIBC) ab6o moBHOi mkamu ALIIT
(Puc.3.16).

Puc. 3.16 - Buznauenns SFDR

3.4.5 EdexTuBna pospsaanicts (ENOB)

Ha mnpakruni po3psanicte AIIIl oOMmexxeHa BiJHOIICHHSM CHTHAJ/IIYM
BXijiHOTO curHamy. [Ipm Benukii iHTeHCHMBHOCTI ImymiB Ha Bxomi ALII
PO3pI3HEHHSI CYCiIHIX pIBHIB BXiJHOTO CHTHAlly CTa€ HEMOXIIMBUM, TOOTO
MOTIPITY€EThCSl PO3IUIbHA 3/aTHICTh. [Ipy 1IbOMY peaibHa PO3JiIbHA 31aTHICThH
AIII Bu3Hava€eThCS HACTYTHUM YUHOM (3.2):

Hesxi xapakrepuctuku ALl (SINAD, SNR, SFDR) MoxxHa MOMINIIATH
LUIIXOM BHUKOPUCTaHHS MigMilnyBaHHA wrymoBoro curHainy (Dither). Merono
MoJisira€ B JIOAaBaHHI IO BXiJHOTO aHAJIOTOBOTO CHUTHAIY BHITAJKOBOTO IIyMY
HEBEJIMKOI aMIUTITyId. AMILUTITY/]a IIyMy BHOUpa€eThbcs Ha piBHI monoBuHu LSB
(M3P - monommmii 3Hauymmii po3psia). EpexT momsrae B Tomy, mo cran M3P
BHIAJIKOBUM YMHOM TEPEXOJUTh MK cTaHamMu 1 1 mpu ayxe manmomy( BXigHOMY
curHam. JIyisg curHamy 3 MigMIMIAHUM ITyMOM 3aMiCTh TPOCTOTO OKPYIJICHHS
CUTHAIY JIO HAWOJIMKIOTO PO3PSIy BiIOYBAETHCS BUIAJKOBE OKPYIVICHHS Bropy
a00 BHH3, MPUYOMY CEpPEIHIN Yac 3aJICXKHUTh BiJl TOTO, HACKITBKH CUTHAN OJIM3bKHMA
70 1BOTO piBHA. TakuM YMHOM, OIM(POBAHUN CHTHAT MICTHUThH 1HPOPMAILIIO PO
aMIUTITYly CWUTHally 3 pO3AUIBHOI0 3[aTHICTIO Kpame, HiX M3P, To0TO
BinOyBaeThcsl 30inblIeHHS edexTuBHO1 po3psaHocTi AL (effective number of
bits), axa MeHIe, HiXK peanbHa po3paaHicTs AL

HeraTtuBHOI0O CTOPOHOIO METOAMKH € 301IBIICHHS yMY Y BUXiTHOMY CHUTHAJII.
Takuii miaxig € OuUTbIn Oa)kaHUM, HDK IPOCTE OKPYIIEHHS JI0 HAMOIMKIOro
JTUCKPETHOTO piBHA. B pe3ynbraTi BUKOPUCTaHHS METONWKU IMiMIITyBaHHS
MICEBOBUTIAIKOBOTO CUTHAY MM MA€EMO OiJIbIII TOYHE BiATBOPEHHS CHTHAITY B Yaci.
Mauti 3MiHH CHTHAlly MOXYTh OyTH BiJHOBIICHI 3 ICEBJIOBUIAJIKOBHX CTPHUOKIB
M3P mnisixom ¢insrpamii. KpiM Toro, sKmo myMm JeTepMiHOBaHUH (aMILTiTyaa
JOTA€THCSl IIYMY TOYHO BifoMa B OyIb-SIKMH MOMEHT dYacy), TO HOro MOXHa
BITHATH 3 OIU(POBAHOTO CHUTHAIY, OMEPETHHO 30UIBINUBIIA HOTO PO3PSIHICTD,
THM CaMHUM Maiike TOBHICTIO TT030yTHCS Bl JOJAHOTO IITyMY.

AD9461 Ta LTC2208 - nepuri IC HoBoro cimeiictBa Analog Devices Ta Linear
Technology mBuakoxitounx 16-0itHeix AIIIl, mo 3a0e3medyyroTh MaKCUMAbHY
yacrory auckperusamii 130 MILl, 3py4Hi y BHUKOpHCTaHHi, MalOTh BHCOKIi
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JUHAMIYHI XapaKTepUCTHKH. TexHiuHi mapamerpu BuOpanux 16-6itHux ALIIL
HaBeaeHo B Tabm.3.5. 3 Haiikpamummun XapakTepUCTHKaMU BOJIOAIE aHAJIOTO-
uudposuii nepersoproBauy LTC 2208 ¢ipmu Linear Technology.

VY curnani, nepeTBopeHoMy 3 IH(PPOBOi GOPMH B aHATIOTOBY, TAKOXK MPUCYTHiH
ryM. CIIOTBOpEHHSI MOXKYTh OyTH BH3HAa4YeHi B TepMiHaX HEJTIHIHHUX CIIOTBOPEHD,
MUHAMIYHHAN Jiana3oH, BiUnbHWMH Bin mepemkos (SFDR), iHTepMomymsmidHUX
cnotBoperb (IMD). JIBoTOHaNBHI IHTEPMOMYJISIIIHI CIIOTBOPEHHS BUMIPIOIOTH,
MOJIAIOYH JIBA CIIEKTPAILHO YHCTHUX CHHYCOINALHUX CHTHaITY 3 yactotamu fi i b,
ONMM3BKUMU 32 3HAUYEHHIM. AMILTITY/Ia KOKHOI KOMIIOHEHTH BCTAHOBIIIOETHCS HA 6
nb HIDKYe TOBHOI mKanu Juist Toro, mo6 ALl He BxonuB B 0OMexeHHs TIpH 30iry
CUTHAIIB 110 a3i.

Tabmuug 3.5 - OcHoBHI TexHI4HI napameTpu BuOpanux AL

3HavueHHsl 1HTEPMOAYJALIMHMX crnoTBopeHb Bupaxaetscs B JIBC. Ilix
HENIIHIHHIMH CIIOTBOPEHHSIMH PO3YMIETHCS BiTHOUICHHS BHUIIMX TapMOHIK 10
rapMOHIKM OCHOBHOI 4YacTOTH, Ha SKif BiJIHOBJICHWNW YUCTHH CHHYCOITaJIbHUH
curHan. Takum umHoM, mpu BuOopi [IAIl BaxknuBO BpaxyBaTh Taki
xapakrepuctuku sk: SFDR, IMD (intepMmopnymsiiiini cnorBopenHs), NPSD
(criekTpanbHa MIIBHICTH MOTY>KHOCTI IIyMY), PO3CiIOIOYa IMOTYKHICTh, HAIpyra
xuBJieHHs. TexHiuHi mapamerpu BuOpanux 16-6itHux [[AITl naBeneno B Ta6:m.3.6.
Halikpamumu xapakTepuCcTHKaMU BOJIOJIE TU(PPO-aHAIOTOBHIA repeTBoproBad AD
9726 dipmu Analog Devices [23].

Tabmuug 3.6 — Texuiuni napamerpu BuOpanux LAII

3.5 Bubip IIJIIC

[IporpamoBana soriuyna iHTerpampHa cxema (IIJIIC) - emexkTpoHHMIA
KOMIIOHEHT, SIKAil BHUKOPUCTOBYETHCS Ui CTBOPEHHsS U(PPOBUX IHTETrpaibHUX
cxeMm. Ha BigmiHy Bin 3Bu4aiiHuX mudpoBux Mikpocxem, sorika podoru [TJIIC He
BU3HAYA€THCS IIPU BUTOTOBJICHHI, @ 331a€ThCS 3@ JOIIOMOTOIO IPOrpaMyBaHHSI.

[IJTIC siByiste co0600 MATPHII0 MATOBXOJIOBUX JIOTIYHHX E€JIEMEHTIB, TPUTEPIB,
BiJ[Pi3KiB JIiHIH 3B'SI3KY, 10 3'€IHYIOTHCS MEPEMHYKAMH 3 MOJLOBUX TPAH3HUCTOPIB.
[UUIIC mporpamyroThess 3MIHOK DIiBHS — €IEKTPUYHOTO TIOJSl B 3aTBOpax
TPAH3UCTOPIB. 3aTBOPH BCIX WX MOIBOBUX TPAH3IUCTOPIB MiIKIIOYCHI O BUXOIB
TPUTEPiB OFHOTO JOBrOTO 3CYBHOTO DETiCTpY, SKHH 3allOBHIOETHCS IIPH
nporpamyBaHHi [IJIIC. Jleski 3 MIASHOK IHOTO PETICTpa MOXYTh TaKOXK
BUKOHYBatu poib ocepenkiB [13Y. [IpommBka 3a3Buyaii 36epiractbcs B 113V, mo
croithk nopy4 3 [IJIIC i micns BKIIOUCHHS KHUBJICHHS a00 32 CUTHAJIOM CKHJIIQHHS
BOHA aBTOMaTUYHO MEPENUCYEThCS B Iporpamye 3cyBHui perictp [JIIC.

Sx mpasuio, [UIIC maroTh Ha J1Ba - TpU MOPSAKH OUIBIIY €MHICTH B YHCIHI
€KBIBaJEHTHHUX JOTiYHuX BeHTHIIB, HibXK CPLD 1 Takox sik ctatuune O3Y, Maibke
HE CIOXXHUBalOTh SHEPrii MpH BiJicyTHOCTI nepemukanb. Kpim Toro, y TIJIIC Ha
MOPSAZIOK BUIIIE HAMIWHICTD (HIKYE IHTEHCUBHICTH BiMOB), Hixk y CPLD.

ITpu Bubopi ITJIIC BaxkmuBO BpaxyBaTh TaKi XapaKTEPUCTUKH SIK: IMaM'sTh
BumnaakoBoro jgoctyny (RAM), MakcumanbHa KIUTBKICTh BXUITHUX/BUXITHHX
koHTakTiB. B Tabn. 3.7 npencraBiaeHo ONMMC OCHOBHUX TEXHIYHUX OCOOIMBOCTEH
TJIIC cepii EP2. s peamizanii 6moka LIOC ITY nHaiikparie migxoauts EP2CS.

Tabmuug 3.7 - Ocnosui TexHiyHi napameTpu [IJIIC dipmer Altera

3.6 Po3paxynoxk Jiniit nepenaui Bxig AL, Buxin HAIL
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Po3spaxynok diniii mepenadi mpoBoauBces B mporpami HBY-mozpentoBanHs
Microwave Office 2004. Cxema gocnimkyBanoi nanmrora ALIT npencrasinena Ha
Puc.3.17.

Pucynok 3.17- Cxema BxinHoi minii nepenaqi AL

B sikocti BuxigHOTO (inmerpyrodoro naxitora LIAIT BukopuctoByerbest GHY

100 MI'n. AUX BxigHOTO Qinbrpyroyoro naniora ALl HaBenena Ha Puc.3.19.
Pucynok 3.19 - AUX BximHoro ¢insrpyrodoro ganiora AL

3.7 BucHoBKH

Y 1ipoMy po3J1iJii peicTaBiIeHi pe3ylbTaTH po3poOKH BUMiproBaua KoediieHra
IIymMa MIKPOXBHIBOBOTO [ialma30Hy [OBKHH XBWJIb 3 BHCOKOIO (Da3oBOrO
cTaOUIBbHICTIO, IPU3HAYEHOTO Ul BUMIPIOBaHb B HOBOMY IIOKOJIIHHI CUHTE3aTOPIB.
BukopucTanHs MiKpOXBHJIBOBOTO Jialla30Hy TOBXKHH XBWJIb € TPHHIIUIIOBHM JUIS
JOCSITHEHHST BHCOKOI TOYHOCTI. KIiHIIEBOIO METOI0 € CTBOPEHHS pPEabHOTO
npuctporo BKIII, 1o ckiagaeThest 3 HACTYITHUX KOMIIOHCHTIB:

® [IepeTBOPIOBAY YACTOTH;
0JIOK CHHTE3aTOPIB YacTOT;

HOC I1Y;
OJIOK KepyBaHHSI,
moxaymsitop I'HT;
OOK >KMBIICHHSI.
BrnacHuii koediIlieHT myMy po3paxoBaHO 3a JIOTIOMOTO0 TiporpamMu Microwave
Office 2004 Ta nopisHioe 8ab.
PO3ALT IV. PO3POBKA CTAPTAII-ITPOEKTY.

B Hamr yac € crabinbpHa oTpeba y BUMIpIOBaHHI MiKPOXBHIILOBHUX MEPEITKO
CUHTE3aTOpa, 0COOJUBO I MpodjieMa IIKaBUTh BEIMKI IMPOMHUCIIOBI KOPIOpAIlii.
Ha pa3i icHye BelMKa KIJIbKICTh DPI3HHUX BHMIPIOBA4iB JJIs 3aJOBOJICHHS IIUX
notped, MPOTe BOHM MAIOTh MEBHI HEJOJNIKH Y IDIONIMHAX HAIHHOCTI Ta BapTOCTI.
MerToto 1aH01 poOOTH € JOCIHIKEHHSI MOYIIMBOCTI CTBOPEHHS O1JIBII JOCKOHAJIOTO
BHMIpIOBaJa MEPeIkoj CHHTE3aTopa B MiKpOXBHUIILOBOMY Jliarma3oHi.

Cdepu 3actocyBaHHs: B Ja0OPITOpisIX, HAa BHUPOOHHMIITBI, B HAYKOBO-
JOCHITHUX [eHTpax Ta iHii. [lomynspHiCTh Ha TIOAI0HI BUMIpIOBadi € CTabiIbHOIO,
TOMY HOBi, OOJBII JOCKOHANI PIilIEHHS MAaTUMYTh HeaOWSKHUN HOMUT HAa PHUHKY.
[locTiiHO € HEOOXiAHICTP KOHTPONIO KOXHOI CKJIaJ0BOi Ha CKIIQZHOMY,
OararoctaliiHOMy BUPOOHHIITBI.

4.1 Onuc igei npoekTy
Ta6mun 4.1. - Onwc igei ctapran-npoexTy
4.2 TexHoJIOTIYHUH ayIMT ifei MpoeKTy
Tabmurs 4.2. - TexHoNOriYHA 3MIHCHEHHICTS 1]1e1 POEKTY

MOXIUBICT TEXHOJOTIYHOI peami3amii MpOeKTy 3aBIsSKH HasSBHOCTI
JIOCTaThOT KOMIIOHEHTHOT 0231 Ta MOTYKHOCTEH BUPOOHUIITBA.

4.3 AHaJ1i3 pUHKOBHX MOKJIMBOCTEl 3aNYCKYy CTAPTAN-NIPOEKTY
Tabmums 4.3. - llomepemHs xapaKTepUCTHKA MOTEHIIHHOTO PHHKY CTapTar-
NMPoeKTy
PuHOK npuBaOIMBUE 17151 BXOIKCHHS
Tabnuns 4.4. - XapakTeprucTHKa MOTSHIIHHUX KITI€HTIB CTapTaIl-IIPOEKTY
Tabnuus 4.5. - dakropu 3arpo3
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Tabnus 4.6. - PakTopy MOKIUBOCTEN
Tabnun 4.7. - CtyneHeBHi aHali3 KOHKYPEHLIT PHHKY

HeoOxiguum € 3amyyeHHs KBadi(iKOBaHMX KaApiB Ui BAOCKOHAJICHHS 1
ONTUMI3allil CTPYKTYpH MPUIIAAY Ta HANATOKEHHS MTPOrPaMHOTO 3a0e3redeHHsI.
Tabmuns 4.8. - O0rpyHTYBaHHS (PaKTOPiB KOHKYPEHTOCITPOMOKHOCTI
Tabmurs 4.9. - [lopiBHsUIBHUHN aHANI3 CHIIBHUX Ta CIa0KUX CTOPIH MPOEKTY
Ta6muns 4.10. - SWOT- anani3 crapran-mpoexkTy
Tabmuns 4.11. - ATbTepHATHBY PUHKOBOTO BIPOBAKCHHS CTAPTAI-TTPOEKTY
OnTuManpHOIO € anbTepHaTuBa No2.

4.4 Po3po0sieHHsI pUHKOBOI cTpaTerii NpoekTy
Tabnunst 4.12. - BuOip Uiap0BUX TPy MOTEHIIHHNUX CIIOKUBAYiB
Tabnunst 4.13. - Busnauenns 6a30Boi cTparerii po3BUTKY
Tabnus 4.14. - Busnauenns 6a30Boi cTparerii KOHKYpEHTHOI OBEIIHKN
Tabnmuns 4.15 - BuzHaueHHs cTparterii mo3uIlioHyBaHHS

4.5 Po3po0sieHHSI MAPKETHHIOBOI POrPaMy CTAPTAN-TIPOEKTY
Tabmuns 4.16. - BuzHadeHHsT KITIOYOBUX TIepeBar KOHIIEMIIi1 MOTEHIIHHOTO TOBapy
Ta6muns 4.17. - Onuc TphOX PiBHIB MOJIEITi TOBAPY
Tabimus 4.18. - BusHaueHHs MeX BCTAaHOBJIEHHS L[IHU
Ta6muns 4.19. - @opmyBaHHsS cucTeMu 30yTy
Ta6muns 4.20. - Konreniiiss MapKeTHHTOBHX KOMYHIKaI(ii

BucHoBKHM 10 po3ainy

3aBIsSIKM 3HAYHOMY IIOTIMTY HAa CHUCTEMH ISl BUMIPIOBAHHS MEPEIIKO
CHUHTE3aTOpiB, ICHy€ MOKJIMBICTh M KOHCTPYIOBaHHS BJIAcHOI  Mofelni
BUMIpIOBa4a MiKpOXBHJILOBHX IEPEIIKOJ] CHHTE3aTopa.

PuHOK mpomo3uilii Mae CBOIX KIIOUOBMX TpaBIliB, KpIM I[LOTO ICHYE
JOCTaTHS KUTBKICTh MallMX Ta cepeaHiX ¢ipM, mo 3/IaTHI KOHKYPYBaTH 3aBISKH
BHCOKOKBaNMi(PIKOBAaHMM  HAyKOBHM  Kajapam, SKi  3a0e3ledyloTh  BHCOKI
XapaKTEePUCTUKN CTBOPEHUX MPOIYKTIB.

Peanmizamist crapram-npoekTy MOXJIMBa 3aBISKA HOBIH TEXHOJOTIYHIN
MOXKJIMBOCTI ~ BJOCKOHAJICHHS ~ KOHCTPYKTMBHUX Ta  CIIOKHBYMX  SIKOCTEH
BHMIpIOBava MEPEIIKO,.

B skocTti crparerii po3BUTKYy oOpaHa cTparerii AudepeHwmiaii, 3aBAsKH
TOMY, IIO JaHUH NPOAYKT Ma€ BaXJIWBI 3 TOYKH 30py CIIOKHMBada BiIMITHI
BIIACTUBOCTI, SIKi 1 pOOJSATH CEHCOP BiAMIHHHMM BiJ] TOBapiB KOHKYPEHTIB.

Crparerisi KOHKypSHTHOI TIOBEIIHKM — HACJHIiIyBaHHS JiJiepa, NepeiiMaHHs
BCIX TMO3UTHBHHUX HOr0 CTOPIH Ta PO3BUTOK HOBHX MOKJIMBOCTEH s
BCTAHOBJICHHS HA CBITOBOMY PHHKY.

3 ommsay Ha TOTSHIHHI TPYNW KITIEHTIB, CTaH KOHKYpPEHIl Ta
KOHKYPEHTOCIIPOMOXKHICTh ITPOEKTY, € BC1 IEPCTIEKTUBHU /ISl HOT'O BIPOBA/KECHHS.

BUCHOBKW

JocninuBiiy HasBHI Ha CHOTOJAHINIHIA JIGHb TEPENiKd Ta MPUHIUATT
moOyZIOBH CHHTE3aTOPIiB YACTOTH MIKPOXBHJIHOBOTO [ialla30HY XBWJb, & TaKOX
METOZIB BHUMIPIOBaHHA WIyMiB (IIEpEIIKOX), 30KpeMa KOe(iieHTy IIyMmMy MU
peanizyBaiM BUMIpIOBaY KOCQIIiEHTY IIyMy 3 Aianma3oHoM poOouyux yactoT 10-
4000 MTI'n, 3 mmpuHOIO cMyTH npomnyckanHs (Ha piBHi 3 1b) 3 Ml 3 BnacHuM
koedilieHToM myMy BumiproBada 8 a1b. OcoOauBy yBary mpu po3po0Ili NpHUaijIcHO
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MiABUILEHHIO €(EKTUBHOCTI TAaKOro Kjacy CHHTE3aropiB. Y amaHiii poOOTI BOHa
JOCSITHYTA 32 PaXyHOK 3aCTOCYBAaHHS BUCOKOYACTOTHOTO OTIOPHOTO T'eHEpaTopa.

Jns  mepeTBOproBaya 4acTOTH oOOpaHa CyINepreTepoJMHHA CcXema 3
NOTPIMHUM TEPeTBOPEHHsIM 4acTOoTh. [lepie mepeTBOpPEHHST BUKOHYETHCS TPH
KOJIMBaHHI YacTOTH MEpPUIOro reTepoArHa i (ikcoBaHOiI MPOMIXKHOI YacTOTH, B
JIPYyTroMy 1 TPEThOMY IEPETBOPEHHI - YaCTOTH TETEPOJAMHIB i MPOMIKHI YaCTOTH
dikcoBaHi.

TakuM 4YMHOM, BHKOHAaHHS TIOCTAaBJICHMX paHille 3axad J03BOJISIE
CTBEp/UKYBATH  MOXJIHMBICTh  CTBOPEHHS HAa  OCHOBI  IIHMPOKOJOCTYIHHX
IHTErpabHUX MIKPOCXeM BHCOKOTOYHOTO Ta BHCOKOMPOJYKTHBHOTO BHMipIOBada
Koe(]ilieHTa IIyMy CHHTE3aTOpa 32 YMOBH peatizallii BIOCKOHAJICHOI CTPYKTYpH Ta
TOYHOTO PO3PaxyHKy Ta HACTPOIOBAHHA HOTo mapameTpiB. MOXIHMBI HalpsSMKH
MOAATBIINX JOCHIIKEHh MOXYTh BKJIIOYATH EKCIEPUMEHTaJIbHI BHIIPOOYBAaHHS
BXKE CITPOCKTOBAHOTO MAKETY.

HayxoBa HOBH3HA pOOOTH MOJIATAE B HACTYITHOMY:

® O0OrpyHTOBaHa MOXJIMBICTh CTBOPEHHS BHCOKOTOYHOTO BHMipIOBada
KOe(iIiEHTy IIyMy CHHTE3aTOpa YacTOTH MIKPOXBUJIBOBOTO Jliala3oHy
XBUNb;

® BJOCKOHAJICHHS CTPYKTYpH BUMIpIOBaYa KOE(QIIIEHTy IIyMy CHHTE3aTOpa
YaCcTOTH MIKPOXBHJIHOBOTO Jialla30Hy XBHIIb.
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