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BATATOKAHAJIBHUM PAJIONPUMMAJIBHAN TPUCTPINA I3 PO3HINPEHUM
YACTOTHHUM JIAITA30OHOM NPUMMAHHSI

B ymosax kpuzoseoi cumyayii na mepumopii Yxpainu 6 cXiOHux pecionax Kio4o8e 3Ha4eHHs.
Mae mMouimopuue cumyayii ma ii 3miH. YV 36 A3Ky 3 yum cucmemu i 3acoou CnoCmeperiCceHHs
nompebyromes MoOepHi3ayii 011 e@heKmueHoc0 BUKOHAHHA 3a680aHb. Y Oanuii uac y eanysi
PO3pOOKU ma NPOEKMYBAHHA CYYACHUX PAOIONPUUMATILHUX NPUCPOI8 CHOCMepieacmvCsl
cmpimKe 3pOCMAHHA 6UMO2 00 IX WEUOKOOIl, 6apmocmi, NOMYHCHOCMI HCUGTEHHA mda
CNeKmpanvbHoi egheKmueHoCmi.

YV npaxmuyi eedenus paodioMOHIMOPUHSY BUHUKAE CYNEPedHiCmb MidC HeoOXiOHicmIo
3a0e3neueHHst HCOPCMKUX BUMO2 00 NOMYHCHOCHI CHONCUBAHHS PAOIONPUUMATLHO20 NPUCHPOIO
ma po3uwupeHHaM OianazoHy NPUUMAaHHs 4Yacmom. 3acmocy8aHHs  AHAN020-YUDPOBUX
nepemeoprogauie, wo nepebdy008yIomvCa 3 MAKCUMAIbHOI YACMOmMOI0  OucKpemusayii,
HeOOCmamue OJisl pO3MIWEHHs 8Cb020 OIana3oHy YEHMPAlTbHUX YACMOm OCHOBHO20 KAHATY
nputiomy 6 Hyavbosiu cmysi Haiikeicma. 3mina yacmomu ouckpemusayii i0nogioHo 0o yacmomu
OCHOBHO20 KAHANY NPUUMAHHA (DYHKYIOHALHO 00Medcye 6a2amoKaHaNbHICMb NPUUMATLHO2O
mpaxkmy.

Hauibinowe e6umocam 0o cucmem i 3acobié  padioMoOHImopuney  8iOnosioaomo
padionputimanbri mpakmu, nooyooeaui Ha 6a3zi mexnonozii SDR [3], 6 ocnosi axoi nesxcums
sioyughposyeants padiocucHany 8 macumaodi 4acy, HAOIUNCEHOMY 00 DPedaibHO20, i Nooalbuld
yugposa 006poOKA CUCHANIB NPOSPAMHUMU aOO anapamuumu Yupposumu 3acobamu:
YUPDPoOBUMU CUSHATLHUMU NPOYEcopamu abo cneyianizoeanumu cucmemamu Ha kpucmani. /lana
MEexXHON02is 00360JIS1E 3AMIHUMU 8elUYe3He PO3SMAIMM HASAGHUX | pO3POOIIO8AHUX KOHCMPYKYIl
padionpuiimayie i mpaHcugepis, K CepitiHux, max i nepeodycim amamopcoKux, noo6yo008aHux 3a
CKIAOHOIO CYynep2emepoOUHHOI0 CXeMol0, HA 00MedceHy KilbKiCmb OOCMYNHUX anapamuux
On0Ki6, wo npaywloms nio ynpasuinuam. Lle 3ymoeums cnpowenns ma 30euiesneHHs
KOHCMPYKYIlU, iCMOmMHe NOJNINWeHHs XapaKkmepucmux, niOompumky 0y0b-aKux euoie Mooyisayii,
nosA8y 6eluKoi KIIbKocmi cepgicHux QyHKYil, a makoxc npuckopums po3pooky. SDR
MEXHON02I10 MONCHA 3ACMOCO8Y8AMU 8 CUCmeMax padioyacmomHnozo pozniznaeanus (RFID), axi
npayioms HAa PIZHUX 4ACMOmax i BUKOPUCMOBYIOMb PIZHL NPOMOKOJIU.

Y cmammi pozenamymo cnocib npuiimanHs ma 00pobneHus  padiocueHanie O
3abe3neuenHs HauKpawjoi eapmocmi U egeKmueHoi NOMYNHCHOCMI eHepPSOCNONCUBAHHS
bazamokananvbHo2o padioss’sizky 6  pozuwupeHomy dacmomuomy oianazoui. Haseoeno
CMPYKMYPHY CXeMY, W0 peanizye 3anponoHo8aHull Cnocio.

Knrwouoei cnosa: npocpamosanutl padionputiMaibHuil RpUCmMpitl;, 4acmoma OUcKpemu3ayii,
cmyea Hatikéicma; yugposa obpobka cuenanis;, padioze'snzox;, ananoco-yugposuii mpaxm,
cMy2a NPUUMAHHSL.

IlocTranoBka mpoOJjemMu B 3arajbHoMy Buriasigi. Ha manuii yac y ramysi po3poOku Ta
MIPOEKTYBaHHS CYYaCHUX paJloNpUMMalIbHUX MPHUCTPOIB CIIOCTEPIra€ThbCs CTPIMKE 3POCTaHHS

© C. C. I'aenxo, K. M. Canoxxnukos, 1. B. ITasuy, O. B. I'aescrkuii, C. B. Kocrincskuii, 2021
39



ISSN 2076-1546

BHUMOT JI0 iX IIBHUJKOJIi, BAPTOCTI, MOTYXHOCTI KUBJIEHHS Ta epeKkTuBHOCTI [3, 4]. HaiiOunbue
iM BIANOB1IAIOTH pajionpuiiMalibHi TpakTH, Mo0yAoBaHl Ha 6a31 TexHosorii SDR, B ocHOBI K0T
JeXUTh BIALM(POBYBaHHS pPaJlOCUTHALY B peajbHOMY 4acl Ta nojaibiia IudppoBa oOpodOka
curHanie  (LIOC) mnporpamuuMu abo amapaTHUMH HUPPOBUMHU 3acob0amu: IUPPOBUMU
CUTHAJILHUMHU MpoIiecopaMu ado crieniali3oBaHUMH CUCTEMaMu Ha Kpucraini [5, 6].

JUis yCyHEHHs CYNEpedyHOCTI MDK HEOOXIJHICTIO 3a0e3MeueHHs >KOPCTKUX BHUMOI [0
MOTY)KHOCTI CIIOKUBAHHS paJloNpUIMalIbHOTO MPHUCTPOIO Ta PO3LIMPEHHSAM Jllala3oHy
NpUHAMaHHS ~ 4YacTOT  3aCTOCOBYIOTh  aHanoro-mudpoBi  meperBoproBaul  (ALIl), 1o
nepe0y10BYIOThCS, 3 MAKCUMAJIbHOIO YaCTOTOI0 AUCKPETU3allii, HEJOCTaTHHOIO /Ul PO3MIIICHHS
BCHOT'O Jliala30Hy LEHTPAIbHUX 4acTOT OCHOBHOTrO KaHaiy npuitmanHs (OKII) B HynboBi# cMy31
HaiikBicta. Ane 3miHa dactotu auckperusamii BiamoBigHo mo yactoT OKII ¢yHkiioHanpHO

oOMexye OaraTokaHaJIbHICTh TPUMMAaILHOTO TPAKTY.

AHaJi3 ocTtaHHiX Jociaizkenb i myOuaikamii. s po3poOku  pagionpuiiManbHUX
MPUCTPOIB y OUIBLIOCTI BUNAAKIB 3aCTOCOBYIOTH ONTHUMI3aliiiHI Mpoleaypu MoOyqoBH, 10 HE
NOTPeOYIOTh BEIMKUX PECYPCHHX 3aTpaT 1 3a0e3MeuyioTh NIIBUILEHHS €(PEeKTUBHOCTI IX pOOOTH.
Ha nanuii uyac BUpINIEHHIO JQHOTO HAyKOBO-IPAKTUYHOTO 3aBJAaHHSA IPUCBSIUEHO 3HAYHY
KUIBKICTh HayKOBHX poOiT [6-9].

Tak, y poGoti [4] BH3HaueHO, IO B pa3l MEPEXOay BiJ aHAJIOTOBOro 10 LU(POBOTO
MIEPETBOPEHHS] CHUTHAIIB EHEPreTU4H1 BTpPATH 3pOCTalOTh, K 1 3a LUQPPOBOI Y3roKeHOI
dbutpTparii, kou nudpoBa Kopesiiiina o6podka B peaJbHOMY MaclITadl yacy MOKJIMBA JIUIIE
JUIS IOPIBHSIHO BY3bKOCMYTOBUX CUTHAIIB.

VY [8] 3a3HaueHo, 1m0 miJ 4Yac BUOOpPY aHAJIOrOBOIO YU IMPPOBOTO METOay 0OpoOKH
CUTHANIB y mpuiiMadi HeoOximHo BpaxyBatd, mo [[OC cmig 3acTocoByBaTH B pasi CKJIATHUX
JIrOPUTMIB pOoOOTH MpHiiMaua, HEOOX1THOCT1 aJanTallii, 3aam'siTOBYBaHHsI CUTHAJTy, TparHeHHs

OTpUMAaTH BUCOKI TOUHOCTI OL[IHKU [TapaMeTPIB CUTHAITY.

@opMmyIIOBAHHA 3aBJAHHSA JOCJTIKEHHsl. Y CTaTTl PO3IJISHYTO CIOCI0 MpuUiiMaHHA Ta
0o0poOJIeHHs pajaioCUTHaiiB sl 3a0e3nedyeHHs e(EeKTUBHOI BapTOCTI W  MOTYKHOCTI
€HEeprocroX1UBaHHs OaraTokaHaJIbHOIO Pajio3B'sI3Ky B PO3LIMPEHOMY YAaCTOTHOMY Jliara3oHi.
OOrpyHTOBaHO €(eKTUBHICTh 3aCTOCYBAaHHS Takoro niaxonay. HaBegeHo cTpykTypHY cxemy, 110

peanizye 3anporOHOBaHMM CTIOCIO.

Buknag ocHoBHoro marepiaay. ¥V BIiZJOMHX BapiaHTax NOOYIOBU aHAaJOro-LUU(POBOro
tpakty (ALIT) mis npuiiMaHHs Ha YacTOTax 3 OE€3MEPEPBHOTO JI1aa3oHy, M0 MEPEKPUBAE KUTbKA
cmyr HaiikBicTa, 31IHCHIOETHCS 3MiHAa YacCTOTH IUCKPETH3AIlll OJAHHM 13 BIAOMHX CIOCOOIB
(4, 10-11].

Po3rnsinemo HaBeseHy Ha puc. | CTpyKTYpHY cXeMy palioNpUiiMaIbHOIO IPUCTPOIO, Y SIKOMY
3aCTOCOBYETHCSI METOJT 3MIHM YacTOTHOTO pexxuMy pobdotu ALIT Bianosiano no wactotu OKIIL.

VY takomy ALT nns dopMmyBaHHS 4acTOTH JMCKpPETH3aLlli 3aCTOCOBYETHCS 1i JHKEpEno, 110
[EPEHANAIITOBY€ETbCA, 3  Jlanma3oHOM (OPMOBAaHUX 4YacTOT, OOMEKEHUM IHTEpPBAIOM

L7,

neHtpaibHux gactot OKII f,

oty J, 7€ YacToTa IWCKpeTH3aIlii HEJOCTaTHS MJIA PO3MIIIEHHS BCHOTO larma3oHy

min

...f, yHynboBIif cMy31 Haliksicra.

min
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Ananorosuit Cymato AL Iudposnii IepeTBopropay
tpakr | YMaTop |y IT L | nipuitmansHuit HacToTH Lyl [eMonynaTop >
TpPaKT JIUCKPETU3Alli]

T )

Jlxepeno yacToTu
dopmyBau
PMYB IICKpeTH3aLlil, 110
PO3MHBAIOYOr0
TIepeHANAIITO-
CHTHAITY BYETBCS

Puc. 1. Cmpyxmypna cxema ALT padionputimanvbHo2o npucmporo 3 0xceperom 4acmomu
ouckpemu3zayii, wo nepeHaraumosyemovcs 6 00Hil cmysi Hatikeicma

Henonikamu npuctpoiB Takoro THUILY €:

1) HasiBHICTH (YHKIIIOHATLHUX OOMEXEHb Ha peaii3aliio 0araToKaHaJbHOTO TPUHUMaHHS
B Oe3mepepBHOMY Jiama3oHi poOOOYMX YacTOT depe3 HEOOXITHICTh NepeOyJa0BH YacCTOTH
JTUCKpETU3allii JUisi IpuiMaHHs Ha PI3HUX YacTOTaXx;

2) HEOOX1IHICTh BHUKOPUCTAHHS JDKEpesia YacTOTH AMCKPETH3allii, sSKa MepedynIoBYEThCS,
3HMJKYE IIBHJIKICTh HAJIAIITYBAHHS palloNpUiMaibHOIO IPUCTPOIO HA YACTOTY MpUMMaHHS, 110
3HIKYE 3aBa/I03aXUINEHICTh PaioiiHii mepenayl iHGopmarii.

Tomy peanizaiiss €heKTHBHOTO 3a BAPTICTIO 1 MOTYKHICTIO CIIOKMBAHHS 0araToKaHaJIbHOTO
paaionpuiMalbHOTO MPUCTPOIO 3 PO3LUIMPEHUM YAaCTOTHUM [ialla30HOM MpUiiMaHHs 6e3 JpKepen
4acTOTH JMCKpEeTH3allli, 1110 IePEeHaTallITOBYIOThCS, € CKIaTHUM 1 aKTyaJIbHUM 3aBJaHHSIM.

Jlyis BUpIIIEHHS MOCTaBJIEHOI0 3aBJaHHs nponoHyemo po3auviutu ALIT Ha ABi mapanenbHi
rinku 3 oxpemumu ALl y KkoxHI 1 J/pKepelaMM 4YacTOTH JAMCKpeTu3aulii, 0o He
MEPEHANAIITOBYIOThCS, YMM 3a0e3leuyeTbcs, MO-Iepiie, IMIBUIKICTh IepeOdyAoBH 4YacTOT
NpUIMaHHs, MO-ApYre, MOXJMUBICTb INPUHMAHHS B JEKUIBKOX KaHajlaX, pO3TalllOBaHUX
y OGe3nepepBHOMY Jiana3oHi 4acToT, 0 EPeKpUBae Kuibka cMyr HalikBicta 13 3ajaHUM piBHEM
BuOIpkoBocTi 3a mnoOMHMMHM KaHanamu npuiiManHs (IIKII). ®ynkuioHanibHy cxemy
3aIpONIOHOBAHOIO MpHiIMaya HABEJAEHO Ha pUC. 2.

3anpornmoHOBaHUM MIAXIJ MPAIIO€ B TaKUK CHOCIO: paniovaCTOTHUM CUTHAJI HAJXOJUTh Ha
BX1J] pajionpuiMaNbHOTO MPUCTPOIO I OJJHOYACHO MPOXOAUTH Yepe3 OKPEMI aHAJIOrOB1 TPAKTH,
y SIKHX BiIOYBAETHCS MOTO TIOCHJICHHSI Ta OCJIA0JICHHS CUTHAIIB Ha yacToTax BigmoBigHux [TKII.
Jlaii 3 BUXOy @aHAJIOTOBUX TPAKTIB CUTHAJ HAJIXOJAUTh Ha MEpLIi BXOJAU BIANOBIIHUX CyMaTOpIB,
Ha Jpyri BXOAM SIKUX IOCTYIA€E CUTHAJ 3 €KBIBAJEHTHHMX OJMH OJHOMY BHMXOJIB (opMyBaua
po3mMuBaroyoro curuaiy. Ilicis nboro 3 BUX0O/IB CyMaTopiB CUTHAJ NPSMY€E Ha CUTHAIbHI BXOAU
nepuoro ta apyroro ALII BiamoBinHO, Ha TaKTOBI BXOJAW SIKUX HAJXOASTh CUTHAJIM YaCTOTH
JTUCKpETHU3aIlii.

Jis GopMyBaHHS 4acTOTH AMCKpPETU3allli 3aCTOCOBYIOTbCS OKpeMi ii Jpkeperna, IO He

max

2/, : :
IICPCHANAIITOBYIOTECS 3 YacToTamMu f, > f,  Ta S, 2 = HEJIOCTATHIMU JJIsI pO3MINIEHHS

max

BCBHOT'O JIala3oHy 4acToT NpuiiMaHHs f,, > f..  y HyJaboBIid yactoTi HaliksicTa.
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IAHaII0r OB Ludpouit [leperBoproBau
> Cymato
mpaxr [P TYMATOP R AL npuiivansamil P Hacrotu
TpaKkT JIICKpeTH3aLii
A
Dopmysau biepeno uactomy Hudposuii IeperBoproBau
JIACKPETH3ALIil, o N
PO3MHUBAIOYOTO monenepe- | p|PIPHHMABHII sactotn _p L TemonynsiTop
CHrHaily HAJIALITOBYE- TpakT JICKpeTH3aLii
TCS
Komyratop
AHaJIOr OBHIA AL Ludposwnii IeperBoproBau
—»  tpaxr [P Cymatop | 49 [npuiivaneruii—N  wacrorn N P{lemonysaTop
TPaKT JICKpETH3aLLii
A
|/ [xeperno yactotu o
npoBuit
i — 10 uq)PO | [Tepersopiosau
mo nenepe- [y, [IPUMMAIILHIN] o} 4acTOTH Ba
HaJIaIITOBYE- TPakT JMCKpeTH3alil
ThCsA

Puc. 2. Cmpyxmypna cxema ALT bacamoxkananvio2o padionpuiimMailbHO20 NPUCMpOoO
3 QJcepenamu yacmom OUCKpemu3ayii, Wo He NepeHalauimogyomscs, i besnepepenum
dianazonom pobouux uacmom, KUl nepekpusac oinvute ooHici cmyeu Haiikeicma

KBanroBani Biytiku curnany micis nepuoro AL ogHouyacHo Hagxoasats y N uudpoBux

NpUAMaTBHUX TPAKTIB MEPIIOTO KaHATY 3 YaCTOTAMH HaJAIITYBaHHs, BHOPAHUMHU B YaCTOTHOMY
7 >
abo Eﬁ, —j;;x

NpUIMaJIbHUX TPAKTIB IPYroro KaHajiay 3 4YaCTOTaMU HaJlalITyBaHHs, BUOPAaHMMU B YaCTOTHOMY

) ) 5 )
miamasoHi f, ZE fa , a micas apyroro ALl — mo K uudpoBux

min max max min

max

. .S 7 . . .
Jlana3oHi ) fa ZE f, . Ie 3nilicHIoeTbes (UIBTpallisl, IEPEHECEHHSI CUI'HALy Ha HYJIbOBY

4acTOTy 1 JAeHMMAIlisl 3HW)KEHHS YacTOTH IMCKpeTH3allli J0 BiAMOBiAHOrO 3HadeHHsA. [loTim
CUTHAJ TMPOXOJUTh YEpe3 BIANOBIAHI IEPETBOPIOBAYl YAaCTOTH JUCKpETHU3allil, y SKHUX
3/IIACHIOETHCS. MPUBEIEHHS YacTOTH AMCKpeTu3alii IU(PPOBOro CHUTHal1y [0 BiINOBLAHOTO
(IKCOBAHOTO 3HAUYEHHs Ta 3a0e3meuyeTbcs 3aJaHuil TMHAMIYHUN Alama3oH. Jlani mepeTBopeHi
CUTHAJIM KOMYTYIOTbCSI Ha BIANOBIAHI M NeMOAYJSATOPIB, y SKUX YXBAIIOETHCS PILIEHHS MPO
IIPUMMAHHS CUTHAIY.

be3nepeunumu nepeBaraMu Takoi peanizalii NPUCTPOIO € MOKIMBICTh OaraTokaHalbHOIO
npuiiMaHHs B Oe3repepBHOMY Jllania30H1 poOOUMX YacTOT, 110 NEPEKPUBAE OUIbIIE O/HIET CMYTU
HaiiksicTa, 1 30U1bIIEHHS HIBUAKOCT] HAIAIITYBAHHS PaAloNpUIMaIbHOTO MPUCTPOIO HA YACTOTU
NpUIIMaHHs, OCKUIbKM B HbOMY 3aCTOCOBYIOTHCS JIKEpesla 4acTOT JMCKpeTH3alli, II0 He

MNEPCHATAIITOBYIOTHCA.
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BucnoBku. OTpuMaHi pe3ynbTaTy J03BOJISIIOTH PEATI30BYBATH paAloNpHUiiMalibHI IPUCTPOT,
10 3A1MCHIOIOTh MPUNUMaHHS CUTHANIB Yy KUIbKOX KaHallaX, pO3TallOBAaHUX Yy Oe3nepepBHOMY
Jlama3oHl YacTOT, IO TMepekpuBae Outbmie onHiei cmyru HaiikBicra, 6e3 HEOOXiAHOCTI
nepe0yI0oBH YacTOT JAMCKpPETH3allli 3ajieHO BIJ 4YacTOTH MpHilMaHHS, 10, 0e3 CyMHIBY,

MMO3UTHBHO BIUIMBAE HA MIBUAKO/IIO, BAPTICTh TA MOTY>KHICTh CIIO’KUBAHHSI.
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S. S. Hatsenko, K. M. Sapozhnykov, 1. V. Pazych, O. V. Haievskyi, S. V. Kostinskyi
MULTICHANNEL RADIO RECEIVING DEVICE WITH EXTENDED RECEIVING
FREQUENCY RANGE

In the context of the crisis situation on the territory of Ukraine in the eastern regions of the
country, monitoring the situation and its changes is of key importance. As a result, monitoring
systems and tools are subject to new requirements for speed and efficiency. Currently, in the
field of development and design of modern radio receivers there is a rapid increase in
requirements for their speed, cost, power supply and spectral efficiency [1]. In the practice of
radio monitoring, there is a contradiction between the need to ensure strict requirements for the
power consumption of the radio receiver and the expansion of the frequency reception range.
The use of tunable digital-to-digital converters (ADCs) with a maximum sampling rate
insufficient to accommodate the entire center frequency range of the main reception channel in
the zero band of Nyquist [2]. Changing the sampling rate according to the frequency of the main
reception channel functionally limits the multichannel reception path due to the need to use
different sampling frequencies for reception at different frequencies. Most of the requirements
for radio monitoring systems and means are met by radio receiving paths based on SDR
technology [3], which is based on digitization of the radio signal in the time scale close to real
and further digital signal processing (DOS) software or hardware digital - digital digital signal
processors or specialized systems on the chip. This technology allows you to replace the huge
variety of existing and developed designs of radios and transceivers, both serial and, above all,

amateur, built on a complex superheterodyne scheme, a limited number of available hardware
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units operating under control. This will simplify and reduce the cost of design, significantly
improve performance, support all kinds of modulation, the emergence of a large number of
service functions, as well as speed up development. SDR technology can be used in radio
frequency recognition (RFID) systems that operate at different frequencies and use different
protocols. The article considers the method of reception and processing of radio signals to
ensure the effective cost and power consumption of multi-channel radio communication in the
extended frequency range. The effectiveness of such an approach is substantiated. The block
diagram that implements the proposed method is presented.

Keywords: programmable radio receiving device; sampling frequency; Nyquist band,

digital signal processing; radio communication; analog-digital path; reception lane.
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