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Annomauyun — IIpoaHaIM3MPOBAHO BO3MOKHOCTH IOJIYYeHHs TpedyeMbIX
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HccaeA0BaHusA OMOJI0rHYecKuX 00beKTOoB. IIpuBeaeHbl U NMPOAHAIM3HPOBAHBI
HEKOTOpPBbIe CTPYKTYPHbIE CXeMbl CHHTE3aTOPOB.
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Ilocmanoexka npobaemboi.

Kak mnokazanm mnpoBeNEHHBIM aHalin3, OCHOBHOW IEIbI0 ONTUMAIBHOTO
MPOCKTUPOBAHUSI CUHTE3aTOPOB HYACTOTHI A pediekToMeTpun OHOOOBEKTOB
ABJISIETCA JOCTH)KEHUE MHUHUMAIBHOTO YPOBHS TIOMEX B BBIXOJAHOM CIIEKTpE
CHUHTE3aTOpa YacTOT B PEXUME CHHXPOHHU3MA. DTO HEOOXOAMMO OOECHEeHHUTh B
YCIOBUSIX KOTJ]a B KOJIbIIE OOpaTHOM CBSI3M OAHOBPEMEHHO JCHCTBYIOT BHYTPEHHHE
MOMEXH, BO3HUKAIONINE B CTAOMIM3UPYEMOM aBTOT€HEPATOpE, U BHEIIHUE TTOMEXH, B
OCHOBHOM, OOYCJIOBJICHHbIE ~KOMOMHAIIMOHHBIMU 4acTOTaMH OT TeHepaTopa
ATAJIOHHBIX 9acTOT. CTpeMIIeHUE K JOCTHKEHUIO JIydIIeH QUIbTpauu TeX U JPYTUX
MOMEX MPUBOAUT K MPOTUBOPEUMBLIM TPEOOBAHUSM K YACTOTHBIM XapaKTEPUCTHUKAM
nepemnarouHoir pynkmuum  DAIL. [logaBnenme mnomex o00OMX BHIAOB MOXKHO

o0ecneunTh OAHOBPEMEHHO, OJHAKO B abcomoTHO ycTonunBoil cucteme DAIl npu



3aJlaHHON TJIyOMHE TMOJABJICHUS OJIHUX IOMEX CYIIECTBYET Mpenesl BO3MOXKHOTO
nojaBieHus apyrumu [1].

Ananuz npedvioyuux ucciedo8aHull.

[IpoOnema  paspemieHuss NPOTHBOPECUUN  MEKAY JHUHAMHYCCKUMH U
CTHICKTPAIBHBIMA XapaKTEPUCTHUKAMU CHCTEM CHHTE3a 4YacTOT SBJSETCS CaMoi
clIokHOU 3amadedt mpoektupoBaHuss CY [1].JlocTikeHHs KOMIIPOMHCCA MEXIY
CHEKTPATbHBIMA ¥ TUHAMUYECKHUMH XapaKTECPUCTUKAMHU JTOCTHUTACTCS PAa3IUIHBIMU
MeTofaMu M crmocobamu [1]. PaccMOTpHMM CyIIECTBYIONIME B HACTOSIICE BPEMs
METO/Bl YIYUIICHHUS CIEKTPATbHBIX M JHHAMHUYECKUX XapaKTEPUCTHUK ITHU(DPOBBIX
cuHTe3aTopoB yactoT (L{CY).

Dopmuposanue yenei CMmamvu.

Jlnst obOecriedyeHusT TOYHOCTH TUCTAHIIMOHHOTO M3MEPEHUS TUAJICKTPUICCKOM
MIPOHUIIAEMOCTH OHOJIOTUYECKUX OOBEKTOB, PEPIICKTOMETPUUECKUMHU CHUCTEMaMHU B
CBOOOJTHOM  TPOCTPAHCTBE HEOOXOJAMMO TMPOBECTH aHAIU3  BO3MOXHOCTEH
JTOCTIDKCHHSI TPEOYEMBIX CIEKTPATbHBIX XapaKTEPUCTUK CHUHTE3aTOpa YacCTOTHI KaK

BO30YIUTENIS TAHHBIX CUCTEM.

OcHosHas wacmeo.

B [1] npenniokeH METOJ pacHIMpEHHs] MOJOCHl 3axBaTa MPH COXPaHEHUHU
bunpTpytomeld cnmocooHocth CY B yCTAaHOBHMBIIEMCS PEXHME 3a  CUeT
IpeBapUTEIbHON YCTAaHOBKM T'€HEpaTopa YIpaBiIseMOro HampsbKEHUEM BOJIM3H
TpeObyeMoii HomuHanbHOW yacToThl. B cxemy LICY BBOmuTCA LM@pOaHATIOTOBBIM
npeodpazoBarens (LIAI) u nemmudparop ([A1). lnanazon nepecTpoiiku reHepaTopa
YIPaBJISIEMOr0 HAIIPSHKEHUEM JICIUTCS Ha P AMaNa30HOB.

PazButne »osTOoro meroma B [2] TNPOU3BBOAMTCS 3a CYET BBEICHHS
aBTOMATUYECKOTO BHIOOpA YIPABISIOMINX HanpspkeHU. s onpeneneHus MOMEHTa
BxOoxaeHus1 cucteMbl M@PAIIY B yka3aHHBI pEKHM B CXEMY BBOJIMTCS JaTUMK
yactoTHOoro paccornacoBanus (JAUP). Jns ¢opmupoBanusi 3akoHa HW3MEHEHUS

HaIpPsDKEHUS TTOJACTPOUKHU BKITFOYAETCs YCTpocTBO (hopmupoBanue kozaa (Y PK).



B [2] noBeimenne ObictponeiictBus CY mocTuraercst ¢ MOMOIIBIO CUCTEM
aBTOMATU4EeCKOro mnoucka yactoTel (AIIY), wucnonp3yromuid uisi yMEHbLUEHUS
HA4aJIbHOI'O YaCTOTHOI'O PAacCOrIacOBaHUM YaCTOTHBIN IETEKTOP.

JInst 3TOrO MPUMEHSIETCS CXEMa JIBYXKOJIBLIEBOM NETIN CUHTE3aTOpa 4acTOTBHI.
B »3TOoM cimyuae pexum 3axBara OO0ECIEUMBAETCS YACTOTHBIM JETEKTOPOM,
HaIlpsDKEHUE Ha BbIXOJE KoToporo mazaer 1o 0 cpady ke IOCie YCTaHOBJICHUS
pexxrMa 3axBaTta 1o (ase. Jlanee B aeiicTBue BeTymaeT (a3oBblii IUCKPUMUHATOP U
IPOUCXOAMT 3axBat yacToThl ' YH [1].

O06e 3Tu (pyHKIMM MOTYT OBITh COBMEILEHBI B €IMHOM IpHOOpE, HaIpUMED,

UMITYJIbCHOM 4acTOTHO-(ha3oBoM nerekrope (MUD/I), kak nokazaHo Ha puc. 1.
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Pucynok 1 - CtpykrypHas cxema CU ¢ THD/]

Kpurepuem cMmenbl pexuma paborsl HNUD]|  saBusercs HapylieHue
OYEPETHOCTH MOCTYIIICHHUS BXOJHBIX UMITYJIbCOB JUCKpUMEHATOpA [3].

Pacmimpenue mosiockl 3axBaTa NMPH  COXPAHEHUH BBICOKOW (PHIBTPUPYIOIICH
cnocooHocT CY BO3MOXXHO TakKe 3a CYET HENOCPEJICTBEHHOIO W3MEHEHUs
XapakTepUCTUK KaHana yrpasiienus kosblia GAITY B pexxume 3axBarta. Hanpumep,
BKJIFOUCHHME B KaHAJ YIPaBICHUS HEJIMHEWMHOTO (PUIbTpa HIDKHMX YacTOT HA OCHOBE
RC — ¢unbrpa. B [3] npeiokeH BapuaHT HETMHEMHOTO KOMMYTUPYEeMOTro GuibTpa
(K®) na ocaoBe RC ¢unbTpa, B KOTOpOM MapajuieIbHO pe3uCTOpy R BKITIOUEH KITFOY.
OCHOBHBIM ~ HEAOCTAaTKOM TMpu ucnonb3oBaHun KO sBuserca Oopbba ¢
KOMMYTAITMOHHOM ITOMEX0M, 00pa3yromieiics Ha Beixoae ¢hunbTpa. B [1] pacmmpenne
MOJIOCHI 3aXBaTa OCYIIECTBJICHO 3a CUET U3MEHEHHs KOA(PPUIIMEHTa YCUTICHHS NeTIN
OAITY. B cTpykTypHyl0 cXeMmy CHHTe3aTropa B lenb ynpasieHus ['YH BBeneH

perynupyembiil yerintenb noctossHHoro toka (YIIT). Takoil ke ycunuTenb MOXKET



ObITh BBEIEH MEXKIy BBIXOJOM  JHMCKpuMUHaTOpa W BxogoM @OHY c nensto
u3MeHeHus1 Kod(pduireHTta mepemaud JIETEKTOpa B TEPEXOJHOM  PEXKHUME.
VYpasnenue kodpdunrentom ycuienuss YIIT ocymiecTBisercs npu nepexitodeHun
yactot CY.

[ToBbrmenne o6wicTponeiicTBus B LICY Takxke 1OCTUTaeTcs 3a CYET BKIIOYCHUS
JeNuATeNs ¢ ApoOHBIM Koadduimerntom aeacHus (JIJITK]T) smecto AITK/ [5, 6].

[Mpumenenne JIIIKJ] moBermmaer for mpu 3amannom mmare Fp. Omaako
YIYYIIEHUE NUHAMUYECKUX XapaKTEPUCTUK CHHTE3aTOpa BO3MOXKHO B Cllydae, €Cliv
IIPHHSATHI MEPBI IT0 CHIDKEHUIO TaK Ha3bIBAEMBIX «ITOMEX JApoOHOCTHY [5, 6].

JlpyruM crmocoOoM MOBBIIIEHUE OBICTPOACHCTBUSA [ 6] SIBISETCSA UCIIONIBb30BAHNE
aJTOPUTMOB aIllPOKCUMAallMd HOMHUHAIBHBIX 3HaueHur [ YH. B aTom ciiydae BmecTo

JIK BBomuthes AIIKA2 ¢ koaddunmentom nenenus R (puc. 2). Torma
g
CIpaBeIMBO paseHcTeo f = "or R
a

Hcnonb3oBaHue aaropuTMOB — aNMpPOKCUMAIUM  TO3BOJISIET  CYIIECTBEHHO
MOBBICUTh ObIcTpoeiicTBue CY, OJHAKO MPUBOAMT K HEMOCTOSHCTBY Fpy, dTo
HaKJIaJpIBaCT HW3BECTHBIC OrpaHWYEHHUS Ha 00JIACTh TPUMCHEHHS  TaKUX
cuHTe3atopoB. Kpome toro, peanusyromas anroput™, cucrema UOAITY paboTtaer ¢
U3MEHSIOIIEHCSA B MIMPOKHMX MpeieaX 4acToToi cpaBHeHus fp, uTo 3arpymmser
ONTUMHU3AIMIO TapaMeTpoB Iienu peryaupoBanusi. [loBeilieHre OBICTPOACHCTBUS
JIOCTUTACTCS TaK)Ke HCIOJb30BaHHEeM MHOTOKOJbIeBbIXx MDAIIY [1, 3]. Ha puc. 3

npuBe/IeHa IByXKoJiblieBas cxema CY.
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Pucynok 2 - CTpyKTypHasi cxema CUHTE3aTopa C anmnpoKCHUMalluel 3HauYeHun

BBIXOJHBIX 4aCTOT
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Pucynox 3 - CTpykTypHas cxeMa JIBYXKOJIBIIEBOTO CHHTE3aTOpa YaCTOTHI

BrixonHas yacTota cuHTe3aTopa onpeaessiercs cootnomenuem (1) [5]:
fyrz = fs_ N, f01 +N, fozi (1)

r1e fo1, foo — yacToThI cpaBHEHMS TIepBOTO M BTOpOro Kosery MDATTY;
f3 — yacroTa moacTaBKH, BeIpabaThIBacMasi TaTYMKOM OMOPHBIX gacToT (JJOY).
WsmenuB N; m N, Ha eauHMIly, MOXXHO MOJY4YUTh mepecTpoiiky fyr Ha

Benmunny F, = f,— f,,. Yactotsl fo1 u foo MOryT OBITH Ha HECKONBKO TOPSIKOB

Bbilie F;;. Ilpu mpaBunbHOM BBIOOpE YacTOTHOrO pexkuma cmecuteneid (Cwm)
KOMOMHAIIMOHHBIE COCTABJISIONIME HA UX BbIXOJaX GuiIbTpyroTcs KosiblioM MDATTY.

IIpy wuCHoIB30BaHM CXEMBI TPEXKOJIBIIEBOTO CHUHTe3aTopa (puc. 4) -
TpaHchopMaIMs 11ara CETKM 4acTOT MPOUCXOIUT 3a CUET JIEJICHUSI YaCTOThl BTOPOIrO
cunre3zaropa fy/» U nMcnonb30BaHMS €€ B Ka4eCTBE OMOPHOW B BBIXOJHOM KOJbBIIC
NDAITY. Bcenmomorarenbnbiii cuaTte3atop CUl HeoOxomum mjis  paciidpeHus

JMana3oHa TEPeCTPOMKH  CUHTe3aTropa. BbIXOAHAas dYacToTa  ONpeAeseTCs

f

coorHomenuem f, =f, + 2 - OTCroza Ceslyer, 4ro Iar CeTKH 4acToT Ha

Beixoe CYU B M pa3 menbie mara (gactoTel cpaBHeHus) CU2. BwiOupas

ONAarONpUSTHBIN PEXUM CMECHUTENS, CIOXKHBINH MOJOCOBOM (PMIIBTP Ha €ro BBIXOJE



MO@HO 3aMEHHMTb JOCTAaTO4YHO MmmpokonosocHbiM PHY, He yxymmas AMHaAMUKY

BBIXOJ/IHOTO KOJIbIIa CHHTE3aTopa [5].
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Pucynok 4 - CTpykTypHas cxeMa TPEXKOJIbIIEBOTO CUHTE3aTOPA YaCTOTHI

Kak moxazan mpoBeneHHBbI HaMHu aHanu3 U paboThl [1], U3 paccMOTpeHUs
MpUHIUNA PadOThl ITU(POBOrO CUHTE3ATOPA BUAHO, UTO B YCTAHOBUBILIEMCS PEKUME
Ha Bbixoge W@/ npercTByer  HanpsHKEHUWE B BUIE  IIEPUOJUYECKOU
MOCJIEIOBATEILHOCTH  BHUJCOUMITYJIBCOB C YAaCTOTOM CIIEIOBAaHUS, PABHOW YacTOTE
CpaBHEHHS, MEHbIIeH WM paBHOM mary nepectpoiiku f, < F;; KommoneHTHI
CIIEKTpPa 3TOW TIOCIICJOBATEIBHOCTH C YacTOTaMH, KpaTHbIMU f., OyayT wurpatb
OCHOBHYIO POJIb B 00Opa30BaHMM TapMOHUYECKUX IMOMEX Ha BBbIXOJIe LHU(PPOBOro
CHUHTE3aTOpa, U0O0 OHU HETIOCPEICTBEHHO BO3ICUCTBYIOT HA OOBEKT PEryITUPOBAHUS —
YIOPABJISIIONINN 3JIEMEHT KOHTypa TeHeparopa [6]. HaumbOomee omacHoW U3 HUX
ABJSICTCS  TIepBast rapMOHHMKa 4YacTOTbl cpaBHeHus. [IpucyrcTtBue ee Ha
YIIPABJISIFOIIEM 3JIEMEHTE BBI30BET YIJIOBYIO MOAYJISIIUKO OCHOBHOTO CUTHAJIA.

BenuunHa wHaekca MOAyJNSIIMUA, a CIEI0BATEIbHO, KOJIMYECTBO M YPOBEHb
OOKOBBIX KOMIIOHEHT OYJyT 3aBUCETh OT aMIUIUTYJbl MEPBON rapMOHUKU YaCTOTHI
cpaBHEHHUs, BenuuuHbl mnoaaBiicHUs ee¢ OHY wu KpyTusHbl XapaKTEpPUCTHUKHU
YIPaBISIOLIETO AJIEMEHTA.

JIns nonaBneHusi 4acToTbl cpaBHeHUss B CU Ha mNpakTUKE NPUMEHSIOT
naccuBable puibTpel RC u LC, peanusyromue xapaktepuctukud baTtTeBopra u

UYeobnimena [7] u ap.



Buisoovul.

B pe3ynpraTe MpOBEAEHHOrO aHAIM3a BO3MOYKHOCTEH  JOCTHIKEHHUSA
TpeOyeMbIX CIEKTPAIbHBIX W JAMHAMUYECKUX XapakTepucTuk CY MOXHO crenarb
CJIEIYIOLIME BBIBOBL:

- CYUIECTBYIOLIME METOJBI M CIOCOOBI HE OOECHEUMBAIOT B IOJIHOM Mepe
HEOOXOOUMBIH ~ KOMIPOMHUCC  MEXKIY  CHEKTPAIbHBIMU U JUHAMHYECKUMHU
xapakrepuctukamu CY;

- JUIS BBICOKOTOUYHBIX U3MEPEHUN pedIieKTOMETpUN OUOJOrMYECKUX OOBEKTOB
CYLLECTBYIOIIME CHHTE3aTOpbl HE O00ECIeunBalOT HEOOXOAMMOrO  YpOBHS,
MO/IABJICHUSI TOOOYHBIX COCTABJISIONIMX B CIIEKTPE BBIXOAHOTO CUTHANA;

- HEOOXOJMMO HCKAaThb HOBBIE IMYTH M CHOCOOBI MOAABIECHHSA MOOOYHBIX
COCTABJISIIOUIMX B CIEKTPE BBIXOJAHOIO CHUTHAJA MPU COXPAHEHUH HEOOXOIMMOIO

6BICTpOI[GI>iCTBPISI, HaIlIpuMcp, € IOMOIIbIO MCTOJa aHaHTHBHOﬁ KOMIICHCALIN .
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CIHEKTPAJIBHUX XAPAKTEPUCTUK CUHTE3ATOPOM YACTOTHU
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Anomayiss — llpoaHani3oBaHO MOKJIMBOCTI OTPUMAHHA  HEOOXITHUX
CHEKTPATbHUX XapaKTEPUCTUK CHHTE3aTOPa YaCTOTH SKi OYTyTh BUKOPHUCTOBYBATHUCS
B SIKOCTI 30yJIHHKIB PEePIECKTOMETPUUHUX CUCTEM ISl JOCIIKEHHSI O10JIOMTYHUX
o0'exTiB. HaBeneHi Ta mpoaHatizoBaHi JIesKi CTPYKTYPHI CXeMH CUHTE3aTOPIB.

Knrouosi cnosa — cuHTE3aTOp 4YaCTOTH, METOJ aJalTHBHOI KOMIICHCAITlT,
pediekTomeTpiss 010J0TTUHMX OO'€KTIB, MIABUINCHHS IIBUAKOAIl, TPhOXKUIBIILOBUN
CUHTE3aTOoP.

ANALYSIS OF OPPORTUNITIES ACHIEVE THE DESIRED
SPECTRAL CHARACTERISTICS FREQUENCY SYNCHRONIZER
Y. Fediushko, I. Borochov

Summary
Analyzed the possibility of obtaining the desired spectral characteristics of the
frequency synthesizer to be used as agents of reflectometric systems for the study of
biological objects. Presented and analyzed some of the structural scheme of
synthesizers.
Keywords — frequency synthesizer, method of adaptive compensation,

reflectometry biological objects, performance improvement, the three-synthesizer.



