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AHHOTAIINA

B crarbe onucana uMuTaMOHHAs MOJENb HU(POBOro nmpeodpa3oBaTess YaCTOThI, IPeIHA3HAYCHHAS IS
HCCIICIOBAHMS BIMSIHMS JUKUTTEpa OIOPHOTO TIeHeparopa Ha mpolecc HU(POBOro mpeodpa3zoBaHUs
gactotsl (I{[T4). Mozens pa3paboTana B cpeie KOMIIBIOTEPHOTO MoaenupoBanus LabVIEW®. IIpuseneHs
pe3yabTaThl Bo3leicTBUs Ha kBaaparypHeli M-QAM curnan paziuyHBIX 4acTOT JE€TEPMHHUPOBAHHOTO
JOKHTTEPA U CITydailHOM coCTaBIsroIel pxkutTepa (pasosoro nyma). [lokaszaHa napasutHas aMIUTMTY IHAS
vonymsimuss  M-QAM  curHanma, BHOCHMMAsl DKUTTEPOM, €ro BIHSHHE Ha WCKOKEHHE CIEKTpa
npeoOpa3oBaHHOro curHana. IlpuBeneHa oneHka NOIy4YEHHBIX Pe3yIbTaToOB. Pa3paboTaHbl MpakTH4ecKue
PEKOMEHIAINH TI0 Pean3aliy HU(POBHIX TpeoOdpazoBaTeeii YaCTOTHI.

Abstract

The article describes a simulation model of a digital frequency converter, designed to study the influence
of the reference generator jitter on the process of digital frequency conversion. This model was developed
in the environment of computer simulation LabVIEW®. The model performs idealized up-and-down digital
frequency conversion, and frequency conversion with the introduction of deterministic and phase jitter into
the conversion process. Jitter parameters can be set and adjusted. Frequencies of deterministic jitter range
from 100 Hz to 500 kHz. The results of the effect on the quadrature M-QAM signal of different frequencies
of deterministic jitter and the random component of jitter (phase noise) are given. The parasitic amplitude
modulation of the M-QAM signal introduced by jitter, its effect on the distortion of the spectrum of the
converted signal is shown. Obtained the evaluation of the results. Developed practical recommendations
for the implementation of digital frequency converters.

KuaioueBnble cioBa: I_II/I(l)pOBoe HpeO6p330BaHI/Ie 4acCTOTbl, AUCKPETHU3alUsd, IHKUTTCP, MMUTALMOHHOC
MOZACIIMPOBAHUC, KOMIIBIOTCpHAsA MOACIIb, CIICKTP CUI'HAJIA.

Keywords: digital frequency conversion, sampling, jitter, simulation modeling, a computer model, signal
spectrum.

BBenenune

B coBpeMeHHBIX IU(PPOBBIX CHCTEMAaX PaJHOCBSA3H HIMPOKO HUCIOJIB3YIOT IIU(POBHIE Me-
TOJIbI IPe0Opa30BaHUs YACTOTHI KaK B PaUONEPEIAIOIINX, TAK U B PAJAUONPUEMHBIX YCTPONCTBAX.
OHM OCHOBaHBI Ha IPOIECCE TUCKPETU3AINN aHAJOTOBOTO CHTHAJIA C MOCIEIYIOIINM BhIIENe-
HUEM KOMHH HCXOJHOTO CIEKTpa Ha TapMOHUKAaX U CyOTrapMOHUKAX YaCTOTHI TUCKPETH3AIUU
[Cepruenko, 2003; Puuapa, 2006]. OcHOBHOE MPEUMYIIECTBO ITU(POBLIX METOIOB IIpeoOpa3o-
BaHUS YaCTOTHI MEPE/ aHATIOTOBBIMHU 3aKJIFOYAETCSl B OTCYTCTBUU HEIMHEWHBIX MPeo0pa30BaHMUIA,
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BBI3BIBAIOIINX BHEMOJOCHBIE U3JIYUYEHHUS B PaJUONEPEAAIONINX YCTPOICTBaX U MOOOYHBIE KaHAJIbI
npreMa B paHONPHEMHBIX ycTpoicTBax. OgHako 1udpoBbie MpeoOpa3oBaTean YacTOThl HE SB-
JISIIOTCS UICAIbHBIMU YCTPOWCTBAMU, U UX MTapaMeTPhl 3aBUCST OT pa3inyHbIX (pakTopoB. K Takum
(akTOpaM OTHOCSTCS: MapaMeTphl AIEKTPOHHBIX KOMIIOHEHTOB, CTAOMIBHOCTh YaCTOTHI TAKTO-
BOT'0 T€HEPaTopa, 3aJal0UIero YaCcTOTy IUCKPETH3alluU, HeUI€aTbHOCTH (PHIIBTPOB.

Ycnexu B 37€KTPOHHOM IPUOOPOCTPOEHUM TO3BOJISAIOT MUHUMHM3UPOBAThH BIIMSHHUS I10-
IpeuIHoCTe, BHOCUMBIX KOHJEHCATOPOM U AJIEKTPOHHBIM KIIFOUOM, ITyTEM YCIOKHEHUS apXUTEK-
TYphI U IPUMEHEHHEM 00Jiee KaueCTBEHHBIX KOMIOHEHTOB [[ 'ymeHtok, bouapos 2006, ['ymeHtoK,
Bbouapos 2007]. OxHako 110001 TaKTOBBIM T€HEpaTOP BCET1a 00J1a/1aeT KOHEYHON CTa0UIbHOCTBIO
4acTOThl, U3MEHEHNE KOTOPO NPUBOJUT K HAPYLIECHUIO ME€pHOa AMCKPETU3AllUH, a, CIel0Ba-
TEJIbHO, U K IPOKAHUIO CIIEKTpa MpeoOpa3oBaHHOIO CUTHaa, BHOCS UCKaXEHUS, HE TIOJIe)KaIIe
KOMIICHCAIMH B TIOCJIEAYIOUIeH IUPPOBOH 00pabOTKE CUTHATIOB. DTOT MPOLECC XaPAKTEPUIYETCs
JOKUTTEpOM. Ero HEBO3MOKHO MOJHOCTHIO YCTPAHUTD BBUAY OOIIMPHOTO YUCIIA IPUYUH BO3HUK-
HOBeHUs. TakuMm 00pa3oM, KIIFOUEBBIM (PaKTOPOM, BIHSIOIIMM Ha Ka4eCTBO pabOTHI IH(PPOBOTro
peoOpazoBaTeisi YaCTOTHI, ABJISETCS JKUTTEP OMOPHOrO FreHepaTopa.

[loaTomy HayuHas 3ajaya, cOCTOSIIAsl B UCCIICOBAHUM BIUSHUS JUKUTTEPA HA KA4ECTBO
paboTsl UG POBOro MPeodpa3oBaTENsI YACTOTHI, SBISETCS aKTyaIbHOM.

O0BbeKTHI U METOABbI UCCJICAOBAHUSA

Lenbto cTaThu ABISETCS ONMUCAHUE UMUTAIIMOHHOMN Mojienu I poBoro npeodpazoBaTens
YacTOThI, MO3BOJIAIOIIEH IPOBOAMTH SKCIIEPUMEHTAJIBHBIE WCCIEIOBAHUS BIMSHUS JKUTTEpPA
OTOPHOI0 TeHepaTopa Ha Mpolecc HUPPOBOTo Mpeodpa3oBaHMUs YaCTOTHI.

[enbto cTaThy ABISETCS ONMCAHUE BO3IAEHCTBUS [PKUTTEPA OIIOPHOIO T€HEpaTOpa Ha Mpo-
recc nudpoBoro npeoOpa3zoBaHus YaCTOTHI HA OCHOBE UMUTAIIMOHHOTO MOJECIMPOBAHHUS.

JUis DOCTH>KEHUsI IOCTABJICHHON 1€ HEOOXOAMMO BBIOpATh CpeAy MOJEIMPOBAHUS U
pa3paboTaTh MMHUTALMOHHYIO MOJENb HU(pOBOro mnpeodpazoBarens 4acToThl. VIMuTarmoHHas
MOJIeJTh IUPPOBOTO MpeoOpa3oBaTes YaCTOTHI JIOJKHA 00eCTIeYnBaTh CIACAYIONIIE (PYHKIINH:

— Peanu3oBbiBaTh 11 poBOE MpeoOpa3oBaHe YaCTOThHI CUTHANIA BBEPX U BHU3;

— Ocy1IecTBIATh MOBBIIIAIOIIEE U MOHWKAIOIIEE IPE0Opa30BaHUE KaK C MCII0JIb30BAaHHUEM
U/I€aJIbHOM, TaK U C UCIIOJIb30BAHUEM JAPOXKAIIEH 4aCTOThI MEPEAUCKPETU3ALNH (C JUKUTTEPOM).

— Otobpaxarb CHEKTPOrpaMMbl U OCIMJJIOTPaMMBbl CUTHAJIa Ha BCEX ATamnax mpeodpazo-
BaHUS.

— I'enepupoBaTh cUrHas, MOJEIUPOBAHHBIN OINpeneIeHHOW MH(OPMAlMOHHON TOCIe10-
BaTEJIbHOCTHIO OUTOB.

BaxkHoi1 0c00EHHOCTBIO MOJIEMPYEMOTO MPOIIECCa SIBISETCS HEBO3MOXKHOCTh HEITOCPE/-
CTBEHHOM AMCKpeTH3allii aHAJIOrOBOI'0 CUT'HAaJIa, TaK KaK B JIIOOOM cilydae B KOMIIBIOTEPE OH yKe
OyzeT npejcTaBiieH cBouMH oTcueTamu. Ciie10BaTeNbHO, B IPOLIECCE MOJIEIUPOBAHUS OyAeT ax-
TUYECKHU OCYILECTBIISITHCS MEPEAUCKPETU3ALINSA YK€ JUCKPETHOTO CUTHAA.

Jlnst pa3pabOTKK KOMITBIOTEPHOM MO HU(poBOro mpeodpa3zoBaressi 4acTOThl ObLIa
BBIOpaHa cpeja MojienupoBanus LabVIEW®, Tak kak jaHHas cpefia MMeeT OOMIHPHBIE BO3MOK-
HOCTH JUIs CO3/1aHUsl UHTEpdeiica mporpaMmbl, CIOCOOHA €TMHOBPEMEHHO IPOBOAUTH U3MEPEH U,
00paboTKy JaHHBIX U BU3yalu3aluio mpouecco. Tax xe B LabVIEW® npucyrctByror crerua-
JM3UPOBAHHBIE OJIOKU JJIl MOJEIUPOBAHMSI CUTHAJIA C JHKUTTEPOM C BOZMOXKHOCTBIO 337aBaTh Xa-
PaKTEPUCTUKH W MapaMeTphl IPOXKAHUS, CTPOUTDH TIIa3KOBBIE TUATPAMMBI, TUCTOIPAMMBI, CIIEK-
TporpamMmel JkuTTepa [Cory, 2005; denocos, Hecteperko, 2007].

J111st KOppeKTHOM pa3pabOTKU KIMUTAIIIOHHOW MOJIEIH, TIO3BOJISIONICH HCCIIeI0BaTh BO3 ICH-
CTBHE JDKUTTEpPA OMOPHOIO TeHepaTopa Ha mpoliecc HU(POBOro npeodpazoBaHUs YacTOThI, ObLIO
MIPOBEICHO U3yYCHHE Psila OTEUECTBEHHBIX U 3apyOeKHBIX KHUT U cTaTeit [Wegman, Vittoz, Rahali,
1987; Dai, Harjani, 2000; Vankka 2005; OBunrnukos, I'anxun, Bapykun, 2006; Derek, Eric, Alison,
2006; benpurkor 2009; Carlos 2011; INankun, 2012; José, Garcia, et. al 2012].
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Co3ganue MOAETH OCYIIECTBISIIOCH B CIIEAYIOIINE ATAIIBL:

1) Pa3paboTka 6510Ka reHepaly CUrHajia, MOIyJIMPOBAHHOTO KBAIpaTypHOH MOTYJISIIUEH
QAM-4, QAM-16, QAM-64;

2) CoznmaHue anropuTMa, OCYIIECTBISIFOIIETO HACATbHYIO MEePEIUCKPETHU3AINI0 KBaIpa-
TYpPHOTO CUTHAJIa;

3) l'eneparnust curHana ¢ JUKUTTEPOM C BO3MOYKHOCTBIO PETYJIHMPOBAHUS TAPaMETPOB JIPO-
KaAHUS,

4) Pa3paboTka anropuTma, OCYIIECTBISIONICTO BBIOOPKY B COOTBETCTBUU C YacCTOTOU
YIIPaBJISAIOLIETO CUTHAJA TAKTOBOI'O T€HEPATOPa C PEryJIMpyEeMbIM YPOBHEM JUKHTTEPA;

st ymoOGcTBa poBeIeHUS MCCIeIOBaHUs ObLIIO pa3pad0TaHO HECKOJIBKO BapUAHTOB MO-
JeTu:

1) Harmsimaoe nudpoBoe noseimaroiiee npeodbpazopanue QAM curnama 6e3 JKUATTEpa,
C MOCIEAYIOMUM IHU(POBBIM MOHMKAIOIIUM MTPE0Opa30BaHUEM U JIEMOIYJISINEH CHUTHala ¢ TO-
CTPOCHHUEM CUTHAJIBHOTO co3Be3nus (puc. 1).

2) IoBeimaromee nugpoBoe npeodpasoBanne QAM MOAYTUPOBAHHOTO CHUTHAla C HC-
MOJIb30BaHUEM HJICATLHOW MEPEIUCKPETU3AMN U TEPEIUCKPETU3AIMH C IPOKAaHUEM YaCTOTHI
muckperu3auid. OTodpakasi CIIeKTpOrpaMMBbl M OCIIHIIIOIPAMMBI BCEX OCHOBHBIX JTAroB Mpeoo-
paszoBanus (puc. 2).

3) [IpeobpazoBanue QAM curHaia ¢ HOBBIIIEHUEM YaCTOTHI KJIACCHYECKUM METOJIOM TP
MIOMOIIIY TETEPOIMHA C TIOCJICAYIONIMM MTOHMKAIOIIMM IPE0OPa30BaHUEM C UCIIOIb30BAHUEM CYO-
muckpeTu3anuu. [lapaniensHo oCcymecTBISIOTCS HIealIbHAs CYOIUCKPETH3AIUS B CyOAUCKPETH-
3alusl C IPOKaHUEM YacTOThI TUCKpeTU3auu (puc. 3).

M-QAM ITonocoBoH
Q o] L4 7 » o IIITY |
MOTYIATOP g "|  dumBIp i
DHIBTP IlocTpoeHHE
|  HHKHHX CHTHATEHOTO
YacToT CO3Be3THA
Puc. 1. ®yaknuoHanbHas cxeMa MepBOro BapraHTa MOACIN
Fig. 1. Functional diagram of the first version of the model
M-QAM .| Coextpoanammusarop,
MOAYIATOP [Tt g ocrmrorpad
LI 1 CnekTpoaHanu3aTop,
P C APOKaHHEM 9aCTOTEL »
ocrutorpad
IEPpEOHCKPETH3alHH

Puc. 2. (DYHKLII/IOHEIJ'IBHaH CXEMa BTOpPOT'0 BapruaHTa MOACIN
Fig. 2. Functional diagram of the second version of the model
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Puc. 3. (I)YHKHI/IOHaJ'II)Haﬂ cXeMa TPEThCTO BapuaHTa MOACIIN
Fig. 3. Functional diagram of the third version of the model

Pel}yJ'II)TaTI)I H UX oﬁcymenne

Jli1g uccreoBaHusl BIUSHUSA JDKUTTEPA Ha IIpolecc HU(poBoro npeodpa3oBaHus YacTOTHI
chopmupoBan curnait QAM-16. HacTora nuckpeTu3anuu KCXoAHOro curnaina 48 MI', npomon-
)utenabHocTh 0,08 c. (puc. 4).

0,002
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0,0016-

1
200000 400000 600000 800000
F, Hz

Puc. 4. Cniextp ucxoanoro curnana QAM-16
Fig. 4. Spectrum of the original QAM-16 signal

JHanee curnan Obut mpeoOpazoBad HUGPPOBBIM MTPeOOpPa30BATEIEM YACTOTHI C UCATBHOMN
4acTOTOU mepenuckpeTusanuu 2 MI'1, 94To mpuBeno K MOSBIECHUIO KOMUN CIEKTpa CUTHAlla Ha
TapMOHMKAX YaCTOTHI MEPEAUCKPETU3ANH (pHUC. 5).
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Puc. 5. UneanbHas nepeucKpeTu3anms
Fig. 5. Idealized subsampling
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Hcnonb3yst BTOpOil BapuaHT MOJIEIH, MPOU3BEACHO ITU(POBOE MOBBIIIAIOIIEE TPeodpas3o-
BaHHME YaCTOTHl MCXOIHOTO CHUTHala C JAPOKAaHHUEM YacTOThI AUCKpeTu3aruu. Vcmoap3oBannch
pa3IMYHbBIE YaCTOTHI JCTEPMUHUPOBAHHOTO [KUTTEpPA NMPU HEH3MEHHOW BenuuuHe (ha3oBoro
nryma, T. K. YPOBHH (Da30BBIX IIIYMOB COBPEMEHHBIX CHHTE3aTOPOB YAaCTOT HE OKA3bIBAIOT CYIIIE-
CTBEHHOT'O BIIUSIHHS Ha MpeoOpa3yemblil curHai. Jlanee mpencTaBieHbl pe3ynbTaTbl BO3ICUCTBUS
nerepmuHupoBaHHoro mkurrepa, 100 I'n, 1 k', 100 k', 500 xI'ix coorBeTcTBEHHO (pHC. 6).

35E-6-,

3E-6-

2,5E-6-|

2E-6-

1,5E-6

1E-6-

!
1 0 1
F. Hz F, Hz

4000000 6000000
F.Hz
B)
Puc. 6. Bo3geiictBue nerepmunaupoBanHoro mxutTepa: a) 100 I'm; 6) 1k m;
B) 100 xI'm; r) 500 k't
Fig. 6. The impact of deterministic jitter: a) 100 Hz; b) 1kHz;
¢) 100 kHz; d) 500 kHz

[Tpu momo1u TpeThero BapuaHTa MOJEIN OCYIIECTBICHO MTOHMKAIOIIEee MPeoOdpa3oBaHue
curHasia QAM-16 ¢ nentpanpHOM yactoToi cnekrpa 8§ MI'm. HacTora cyOauckpeTusaiuu paBHa
2MTI'1 cornaco popmyne (1):

(2F,-B) SF > (2F, +B)
m m+1
rae Fc — cpeansis yacToTa CekTpa MmoJocoBOro curuana, [,
B — mmpuna cnexkTpa nosocoBoro curuaia, [,
M — MPOU3BOJIBLHOE MOJOKUTENBHOE IIETI0€ YHCII0, BEIOUpaeMoe TaK, YTOOBI BBITTOIHSIIOCH CO-
otHotrenue Fs>2B. [2]

Jlanee mpeacTaBieHO UAEaTbHOE MOHKXKAIOIIEe MPeoOpa3oBaHUE YACTOThI U UCXOTHBIN
CHeKTp curHaia (puc. 7).

[lo mony4eHHBIM JTaHHBIM BUIHO, YTO JIETEPMUHUPOBAHHBIN JKUTTEP OKa3bIBACT HJICH-
TUYHOE BJIMSHHE Ha [IU(PPOBOE MPeoOpa3oBaHKE C TOBBIIIEHUEM U MOHMKeHHeM 4acToThl. C yBe-
JUYEHUEM 4YacTOThl JETEPMHUHHPOBAHHBIX COCTABISAIOLIUX IOBBIIIAETCS CTENEHb HCKAKEHUS
criektpa. [Ipu vacrore nepeguckperusanuu 2 MI'11 kak B TOBBIIIAIONIEM, TaK U B TOHWKAKOIIEM
peoOpa3oBaHUU YaCTOTHI JDKUTTEPA CBBIIIE JECATKOB KI Il OKa3bIBalOT CHMIIBHOE MCKaXKarolee
BO3JICHCTBUE HA CIIEKTP CUTHAJA.

: 1)
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2000000 4000000 520?—'0200 8000000 10000000 1200001]]
a)
Puc. 7. a) Criektp QAM-16 Ha yactote 8 MI'1; 6) aeanpHOE OHIDKAIoIIEe Ipeodpa3oBaHme
Fig. 7. a) QAM-16 spectrum at a frequency of 8 MHz; b) Idealized downconversion

[IpencraBiensl pe3ynbTaThl BO3AEUCTBUS JETEPMUHUPOBAHHOTO JukuTTepa, 100 ', 200
I'a, 1 k', 100 x['1 Ha moHMXkaromee 1udpoBoe Mpeodpa3zoBaHre YaCTOTHI (puc. 8).

2000000 4000000 GODODOD  80DOOOD  10000ODD
F, Hz
r)
Puc. 8. Bo3aeiictBue nerepMuuaupoBanHoro mxutTepa: a) 100 I'a; 6) 200 Ty;
B) 1 kI'm; 1) 100 kI'x
Fig. 8. The impact of deterministic jitter: a) 100 Hz; b) 200 Hz;
c) 1 kHz; d) 100 kHz

!
10000000

Jlyis aHanmm3a BO3JICUCTBUS JDKUTTEpA HA aMIUTUTYAy CHTHAJIA MPOBEACHO udpoBoe mpe-
00pa3oBaHUe YaCTOTHI CHTHAJIA C WUCATbHON YaCTOTOW JAMCKPETH3AIUU M JPOKAHUEM YaCTOTHI
nuckperusaruu (puc. 9).

Ha MIeHTHYHBIX yJdacTKax CHUTHaja PAacCUUTaHbl MPOLECHTHBIE PAa3HOCTH OTCYETOB IPH
UJICATEHOM JIMCKPETU3AINHN U JTOOABICHUN PA3TMIHBIX YaCTOTHBIX COCTABJISFOIINX JIETSPMUHUAPO-
BaHHOTO JDKUTTepa. [ paduk 3aBUCMMOCTH MPOIEHTHOM Pa3HOCTH OT HOMEpa OTCYeTa MPeCTaB-
nen ganee (puc. 10).
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Puc. 9. Ilepemuckperuzanus 2 MI'11 ¢ nerepMuHApPOBaHHBIM JHKUTTEpoM 100 K111
Fig. 9. Resampling 2 MHz with 100 kHz deterministic jitter
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Puc. 10. IIpotieHTHAs pa3HOCTH AMILUIUTYIBI OTCUETOB CUTHAJA C UICATU3UPOBAHHON JUCKPETH3AIUEH
" CUTrHajia ¢ pa3JIMYHbBIMU 4YaCTOTaMU ACTCPMUHUPOBAHHOI'O JOKUTTEPA
Fig. 10. The percentage difference between the amplitude of signal samples from idealized
sampling and signals with different frequencies deterministic jitter

IIo momy4eHHBIM AAaHHBIM BUIHO, YTO 4acTOTa AETEPMUHUPOBAHHOIO JDKUTTEPA HE OKa-
3bIBA€T CUJIBHOTO BJIMSHMSI Ha aMIUIMTYAYy CHUTHaia, OoJiblliee BIUSHUE OKa3bIBaeT KpPyTHU3HA
ydacTKa CUTHAJIA U, KaK CJIEJICTBUE, YACTOTA CAMOI'0 CUTHaJa.

Takxe CHIIbBHOMY BO3/I€HCTBHIO ITOJIBEPTHYTHI OTCUETHI BOJIM3H I'PAHUIIBI [IEPEX0/1a MEKIY
OTPUILIATEIILHON U MOJIOKUTENBHBIMU 001aCTAMU, 4TO BUJIHO 110 otcuetam 30-32. B 31oif obnactu
HauOoJIbIlIee BIUSHUE OKa3all IeTEPMUHUPOBAHHBIN JKUTTEP ¢ yacToTol 400 kI'm.

3aKjIoueHue

Pe?)y.HBTaTI)I, MOJYUYCHHBIC B X04€ MOACIUPOBAHUA BOS)ICfICTBI/IfI JOKUTTEPA OIMMOPHOTO I'e-
HEpaTopa Ha IIpouece I_II/I(I)I)OBOTO HpeO6pa3OBaHI/IH YaCTOThI, O3BOJIAIOT CACIIATh P BHIBOJOB.
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Hu3Kko4acTOTHBIE COCTaBISIONIME JIETEPMHHUPOBAHHOTO JDKUTTEpA OKAa3bIBAIOT MHHH-
MaJIbHOE BO3/IeiicTBUE Ha MpeoOpa3zoBaHue 4acTOThl. OHAKO C YBEJIMYCHHUEM YaCTOTHI JETEPMHU-
HHPOBAHHOT'O JUKUTTEPA U MPUOIMIKEHHEM €€ K 4acTOTe AMCKPETH3alMd BHOCHMBIC MCKAKCHHS
yBenuurBatoTcs. O0Opa3yroTCs J0KHBIE TAPMOHUKH, CMELIAIOTCS] KOITMK UCXOJHOTO CIIEKTpa CHUT-
Hasa. BimsiHue, oka3piBaeMoe Ha CIIEKTp CUrHajIa PH [(POBOM IOBBILIAIOIIEM H IIOHMKAIOLIEM
Hp€O6paSOBaHI/II/I HaCTOThbI, MACHTUYHO U HC 3aBUCUT OT THUIIA Hpeo6pa30BaHI/1$1.

VpoBeHb (ha30BOro Iryma, CONOCTaBUMBIN C YPOBHEM B peallbHBIX CHHTE3aTOpaxX 4acToT,
HC OKa3bIBACT CYHICCTBCHHOI'O BIIMAHUSA KaK Ha aMIINIMTYly, TaK 1 Ha CIICKTP CUT'HAJIA.

M3MeHeHue 4acTOThl IETEPMUHUPOBAHHOTO [DKUTTEPA MPAKTHYCCKU HE OKa3bIBACT BIIUS-
HUS Ha aMIUIMTYAy CUTHaJIa Ha IMOJIOTHMX Y4aCTKaX W NOBBIMIACT OTKJIOHCHUC OT UCTUHHOI'O 3HA-
YEHHS C yBEINYCHUEM KPYTH3HBI yUacTKa CUTHAJIA M IPUOIIMIKEHUE K OCH KOOpAHHAT. TeM cambIM
C YBEJIIMYCHUEM YaCTOTHI MPE0OPa3yeMOro CUrHajia yBEJIMYMBACTCS MOTPEITHOCTh AMIUIUTY/IBL,
BHOCHMasI JUKUTTEPOM.

ITpu pa3paboTke muQPPOBHIX MpeodpazoBarenel 4acToThl 0c000€ BHUMAHUE CIIEAYET Yae-
JUTh OOpHOE ¢ BHICOKOYACTOTHBIMH COCTABIISIFOIMMH JICTEPMUHHPOBAHHOIO JDKHTTEpPA U OJIH3-
KHAMH 10 3HAYEHHUIO C YACTOTOM AUCKPECTU3allH, TAK KaAK MMCHHO OHU BHOCAT HauOOJIbIIIHE UCKa-
HKEHHSL.
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