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3ACTOCYBAHHSI METOAY MOJABIMHOIO 3BIT'Y JJISI BABHAUYEHHS YACTOTH
HOCIMHOI MPUXOBAHUX CUCTEM NEPEJIAYI IH®OPMAIIII

Ceped mexuiyHux 3acobie 6usaslieHHs: UMOKY IH@opMayii no padiokawany eaxiciuse micye 3auMaomvs RPuLaou Ois
susHayenns wacmomu padiocuenany. Tax, HanpuKkIao, 3a 00NOMO2010 MAKUX YACMOMOMIPI8 MONMCHA WEUOKO GUSHAYUMU YACTOMY
HOCIUHOI Npuxo8anux cucmem nepeoaui iHGopmayii no padiokananry 3 Nces008UNAOKOBUM HANAWMYSAHHAM POOOYOI wacmomu.
Ompumas nodanbuuti po3eUmMox Memoo NOOGIHO20 3012y 0 NepemeopeHHs. Yacmomu CUSHATY 6 KOO, SKull, Ha GIOMIHY 6i0
icHytOuUX, noaseae y niOpaxyHKy KilbKocmi NOSHUX (ha308ux Yukiie 8i00Mo20 i HeGI0OMO20 CUSHANIG 3a Ydc NOO8iliHo20 30i2y i
ACUHXPOHHO2O0 PEdCUMY ANAPAMHO20 BU3HAYEHHS YaACMKU. [J0CIIONCEHO NIUG YACMOMU CUSHAIIE HA YAC NOOOUHOKO20 BUMIPIOGAHHS
3a 00NoMo2o Memody noOBIliHO20 3012y, 8 pe3yrIbmami Yoo 3 c08aHO, WO 3i 30LIbUEHHAM PISHUYL MIdC ONOPHOIO | HEe8i0OMOI0
4aACMOmMoIo 4ac NOOOUHOKO20 GUMIPIOBAHHS 3MEHULYEMbCSL.

Ompumani pe3ynomamu 00CIIONCEHb MONHCYMb OYMU 6UKOPUCAHT 01151 PO3POOKU BUCOKOUWBUOKICHUX 3AC00I8 UHAUEHHS
yacmomu HOCIIHOT NPUXOBAHUX cucmem nepeoavi iHghopmayii no padiokanany 3 Ncegoo8UNAOKOGUM HAIAWMYSAHHIM POOOYOT
uacmomu.

Kmiouogi cnosa: uacmoma, noosiiinuii 30ie, e1eKMPOHHO-TIYUTLHULL YACTIOMOMID, MEXHIUHI 3AcOOU BUABNIEHHA GUMOKY
iHGhopmayii no padiokanany, 4acmoma HOCIUHOL, NPUX08AHA cucmema nepedadi iHpopmayii no padiokanany, nceoosunaoKkose
HANaumy8anHsImM po6oUoi Yacmomu, npoepamosana 102iuHa IHMe2paibHa cxemd.

PETRUSHAK VOLODYMYR
Khmelnitskyi National University

APPLICATION OF THE DOUBLE MATCH METHOD FOR DETERMINING THE CARRIER FREQUENCY OF
HIDDEN INFORMATION TRANSMISSION SYSTEMS

Among the technical means of detecting a leak of information on a radio channel, devices for measuring the frequency of a radio signal
occupy an important place. So, for example, with the help of such frequency meters, it is possible to quickly determine the carrier frequency of hidden
information transmission systems over a radio channel with a pseudo-random setting of the operating frequency. The problem of fast conversion of
radio signal frequency for monitoring the radial velocity of a moving object. The object of the study was the process of converting frequency into a
code based on the double match method. The goal of the work is to improve the double match method for creating a new signal-to-code frequency
converter without fixing the conversion time interval. The double match method for converting the signal frequency into a code has been improved.
The improved frequency conversion method, unlike the existing ones, consists in counting the number of complete phase cycles of the known and
unknown signals during the time of double double match and asynchronous mode of hardware determination of the particle. The improved method
has advantages in comparison with the method of an electro-counter frequency meter when determining the radial speed of objects and does not have
a methodical error, which in an electro-counter frequency meter increases as the unknown frequency approaches the reference to 100%. However,
the improved double match method compared to other versions has a hardware scheme for tracking the moments of double match and determining
the fraction and does not require expensive and high-speed microprocessors to calculate the conversion results.

Based on the phase-frequency interpretation and the derived conversion equation and the proposed frequency-to-code conversion scheme
using the double match method, a functional scheme of the frequency converter was developed. This made it possible to implement a 8-bit frequency
converter in code on Intel's MAX V series CPLD. The double match method for converting the signal frequency into a code received further
development, which, unlike the existing ones, consists in counting the number of complete phase cycles of the known and unknown signals during the
time of double double match and the asynchronous mode of hardware determination of the fraction. The influence of the frequency of signals on the
time of a single measurement was studied using the double match method, as a result of which it was found that with an increase in the difference
between the reference and unknown frequency, the time of a single measurement decreases. The obtained research results can be used for the
development of high-speed means of determining the frequency of the carrier, hidden systems of information transmission over the radio channel,
with pseudo-random setting of the operating frequency.

Keywords: frequency, double match, electronic counter frequency meter, technical means of detecting information leakage on the radio
channel, carrier frequency, hidden system of information transmission on the radio channel, pseudo-random setting of the operating frequency,
programmable logic integrated circuit.

IHocTanoBka mpodaemu

Bimomo, mo ans BUMIpIOBaHHS YacTOTH CHTHANy, €JIEKTPOHHO-TIYMIBHUN YacTOTOMIP BHUKOPHUCTOBYE
iHTEepBaJI Yacy, mo AopiBHIOE onHill cekyHui [1]. Lle oOMexye HOro BUKOPHCTaHHSA, B HIBHIKOAIIOYUX 3aco0ax Iyist
BHM3HAYEHHS YaCTOTH HOCIHHOI, MPHUXOBAaHUX CHCTEM Iiepefadi iHdopmarii mo pamiokaHaily, 3 ICEBIOBUIIAIKOBUM
HaJamTyBaHHAM po6o4oi yactoTr[2]. ToMy 1110 B TaKUX CHCTEMAxX MEPioz 3MiHM poOOUOT YACTOTH MOYKE CTAHOBUTH
BiJl J0J1 CEKYHIH JIO KiTBKOX CeKyHI. TOMy JUIsi CBOEYAaCHOTO OTPHMAaHHs iHpopMaIllii mpo poOody 4acToTy 3aco0iB
NIPUXOBAHOI nepesadi iHpopMalii no pagiokaHady HEOOXilHO, 1100 Yac BUMIPIOBaHHS YaCTOTH CUTHay, OyB MeHIIe
OJTHI€T CeKYHAN. AJITEPHATHBOIO EJICKTPOHHO-JIIYMIIFHOMY YacTOTOMIpY MOXKE OYTH IIepeTBOPIOBAaY HA OCHOBI METOTY
36iriB[3]. [IpoTe HemOCKOHANE TEOPETHYHE OOIPYHTYBaHHS MPOLIECY IEPETBOPEHHS Ta BUKOPHCTAHHS MiKpOIIpoLiecopa
JUTSA BiICTE)KEHHSI MOMEHTIB 30iriB i BH3HAYCHHS YaCTKH 3BOJUTH HAHIBEIb YCi MIEpeBaru Mp0ro Metony. BiamosinHo,
YIOCKOHAJICHHST METOJy 30iry Ta po3poOka NPHCTPOIO NMEPETBOPEHHS YacTOTH, SKMH OW 3/1ilCHIOBAaB OJHOpa3oBe
BUMIPIOBaHHS YaCTOTH CUTHAJTy 3a 4ac MEHIIE OJHI€l CeKYH/HU, € IPIOPUTETHUM 3aBJaHHIM JIaHOI HAYKOBOI pOOOTH.
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BiamnoBinHO BJOCKOHAJICHHS BIJOMHX METONIB JUIs CTBOPEHHS HOBHMX BHMIpIOBAayiB YacTOTH BHCOKOYACTOTHHX
MEePiOANYHUX CUTHATIB € MEPCIICKTUBHOIO 3a1a4€I0 Ha ChOTOIHIIIHBOMY €Talli PO3BUTKY BUMIpIOBaNIbHOT TexHiKkH[4,5].
AHaJi3 ocTaHHIX T:Kepes

ITocTiiHMIT PO3BHTOK PaliOTEXHIYHOI IMPOMHCIOBOCTI BUMAarae OUTBII MIBHAKICHUX 3aCO0iB BHMipIOBAaHHS
gacToTu paxiocuraany. Cepen TEXHIYHHX 3ac00iB BUABIECHHS BUTOKY iH(popMarii mo pamiokaHaly BaKJIHBE Miciie
3aifiMaroTh MPWIAAW A1 BU3HAYEHHS YACTOTH pajiocurHaiy. Tak, HampukiIal, 3a JOIOMOIOK TaKMX YacTOTOMIpiB
MOJXHAa INBHIKO BH3HAYUTH YaCTOTy HOCIHHOI TNPHXOBAaHMX CHCTeM Iepenadi iHQopmarii mo pamiokaHamy 3
TICEBIOBUIIAIKOBUM HAJAIITYBaHHIM po0o4oi yacToTu[2].

Cepen MeTO/IiB BUMIPIOBaHHS YaCTOTH PaiOCUTHAITY NIPOBIAHE Miclie OCIIa€ METOI eIEKTPOHHO-JIIUYMIIBHOTO
yactoTomipa [1]. Lle# MeTon Mae mpocTy anapaTHy peaiizalilo, ska B HAHIPOCTIIOMY BapiaHTi BUMarae: €TaJJOHHOTO
reHeparopa, JIoriyHoi cxemu MHOXeHHS AND2 i miunmnbHuKa. Y TOW K€ 4Yac METOJ| eJeKTPOHHO-JIYMIBHOTO
4acTOTOMIpa Ma€ HU3bKY LIBHJKICTH TOOJMHOKOTO BUMIpIOBaHHS, 3a3B14ail 1 c. Kpim Toro, neit Meto Mae METONYHY
MOXHUOKY, sIKa 3pocTae B Mipy HaONM)KEHHS HEBIJIOMOI YacTOTH JO €TaloOHHOI. ICHYIOTh crpoOM peamizaiii MeToay
MOBIHHOTO 30iry /Ui BUMiproBaHHS dactoTd [4,5]. OmHak yci mi cipoOM MaloTh HEJOCKOHANY CXEMY BiICTEXCHHS
30iriB i BUMAraroTh JOPOTHUX i BECOKOIIBUAKICHUX MIKPOIIPOIIECOPIB ISl OOUMCIICHHS pe3yIbTaTiB BUMipioBaHH:. Bee
1€ TIPU3BOIUTH 10 TIOSIBU TOaTKOBHX IIOMIJIOK 1 301IBIIy€ Yac BUMipIOBaHHS YaCTOTH.

@opMyTI0BaHHSA Wineit

Peaxnizamis gactoToMipa mozBiifHOro 30iry Ha mporpamMoBaHuX JoridHHX iHTerpanpHuX cxemax(ILJIIC)
JIO3BOJIUTH YHUKHYTH POOJIEM 3 eEKTPOMATHITHOIO CYMIiCHICTIO IU(POBHUX O10KiB cxemu. KpiM Toro Taka peamizartis
JI03BOJIUTH OTPUMATH MaKCHMaJIbHO MOKIJIMBY IIBUJIKICTh 0OPOOKHM pe3yNbTaTiB BUMIPIOBaHHS YacTOTH. BimoBinHo,
METOI0 POOOTH € YIOCKOHAJICHHS METOTy MOBIHHOIO 30iry il CTBOPEHHS HOBOTO BUMIipIOBadya 4acTtoTu 0e3 (ikcarrii
IHTEepBaJIy Yacy BUMIpPIOBaHHSI.

Bukisiag ocHOBHOTO MaTepiany

CyTHICTh METOMY JJI BUMIPIOBaHHS YacTOTH MEPIOAMYHOrO CUTHAITY TOJISITAE B MOJBIHHOMY 30iry (poHTIB
BIZIOMOTO 1 HEBIJJOMOT'O CUTHAJIIB Ha eBHOMY NpoMiXKy dacy[3]. ['padiuna inTepnperaris nosiiHoro 30iry ¢ppoHTiB
BiJOMOTO i HEBIZIOMOTO CHTHAJIIB Ha TICBHOMY IIPOMDKKY Yacy IIpeicTaBlIeHa Ha puc. 1.
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Puc. 1. I'padiuna inTepnperanisi noABiiiHOro 30iry Ha neBHOMY NPOMIKKY 4acy

V BignoBigHOCTI 710 puc.l, 4acTOTy HEBIOMOrO MEPIOJUYHOTO CUTHATY MOXKHA 3HaWTH 3 Bupasy[3]:

N,
FX = FO " N;c. (1)

OTxe, U BU3HAYCHHS YaCTOTH MEPIOAMYHOTO CHTHATY HEOOXiTHO MOpaxyBaTH KiTbKIiCTh IMEPiOiB BiJOMOTO
1 HEBIJIOMOT'0 CHTHaJly Ha MPOMIDXKY Hacy, KOJH BiOyBaeThCcs MOABIHHMHN 30ir (GpOHTIB X cUrHANIB. CXEeMaTHYHO
TaKWi MPOIIEC MPEICTABICHO Ha PHC.2.
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Puc. 2. Cxema npouecy BUMipIOBaHHS YaCTOTH 32 I0NIOMOTI0I0 METO/AY NOABIi{HOr0 ciiBHaXiHHA
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V BIAMOBIAHOCTI 10 CXEMH, [0 MIPECTABICHA HA PHC. 2, HEOOXITHO:

1. CoopmyBaty iMIyJIECH 3 MiHIMAJIBHOIO TPUBAIICTIO AJISI CUTHAJIIB BiIOMOI 1 HEB1ZIOMOT YaCTOTH.

2 Busnauntn MoMeHTH 30iry QpOHTIB CHTHAIIIB.

3. [MigpaxyBaTt MOMEHTH 30iTy pOHTIB CHTHAIIB.

4 [MigpaxyBaT KiNBKICTH IMITyJIbCIB BIIOMOTO i HEBIOMOTO CHTHAJIB 3a 4ac ABOX 30iriB (poHTIB
CHUTHAIIB.

5. 3HAaWTH YacTKy KiNBKOCTI iMITyJIbCiB BiZIOMOTO 1 HEBIJOMOTO CHTHAJIIB 3a Yac JBOX 30iriB ()poHTIB
CHTHAJIB.

OcCKinbKH OiNbLIICTh OJIOKIB JaHOi CXeMH MOB’si3aHi 3 LU(POBOIO OOPOOKOI0 CHUTHAIIB, TO amaparHy
peaizalilo TaKoro NepeTBOproBaya Kpaiie 3/1HCHUTH Ha 0a3i mporpaMoBaHuX JIOriyHHUX iHTerpaibHux cxeM(I1JIIC).
Jist hopmyBaHHS IMITyJIBCIB 3 MiHIMAJIBHOIO TPHUBANICTIO JJISI CUTHANIB BiIOMOi 1 HEBIZOMOI 4YacTOTH AOLIJIBHO
BUKOpHCTAaTH (hOpMyBayd KOPOTKUX iMITyibeiB. [Ipy nmboMy mepiof 3ajMIIaTUMETBCS CTAINM, a TPUBAJICTh IMITYJIBCY
Oyne piBHA 2 4YacOBUM 3aTpUMKaM 6a30Boro joriuHoro enementa. s ITJIIC cimeiictea MAXV dipmu Intel 3atpumvka
ckiamae 7 He. BiAmoBimHO TpHUBANICTh IMITyNBCY CKiIagatuMe 14Hc. BusHaueHHS MOMEHTIB 30iry (poHTIB curHamiB
MOJKHA peayi3yBaTH 3a IOIOMOTOI0 JorigHoro emementa 21. JIns mimpaxyHKy MOMEHTIB 30iry ()pOHTIB CHTHAJIB
BHKOPUCTAEMO [IBOX PO3PSIHUHA JTYMIbHUK Ha 0a3i D-tpurepiB. 3a momomMororo 8-Mu pO3pSAAHHX JIYMIHHUKIB
3MIACHAMO MiAPaXyHOK KUTBKOCTI IMIYJBCIB BiIOMOTO 1 HEBIIOMOTO CHTHANIB 3a Yac ABOX 30iriB ()pOHTIB CHTHAIB.
Yactky Bu3HaunMO 3a gonomoroto meradyHkmii DIVIDE. KpiM Toro, me m03BOJHTE BiJOKPEMHUTH LTy 1 IpoOOBY
YacTUHY pe3yabTaTH AieHHs. DyHKIIOHATBFHA cXeMa IIepeTBOPIOBada YaCTOTH B KOJI Ha 0a3i METOy IMOIBIHHOTO 30iry
npeacTaBicHa Ha puc. 3. Ha puc. 4 mpeacTaBieHHI OCIMIOTPAMH, 1[0 TOSCHIOKThH MPUHIUI POOOTH (PYHKIIIOHATBHOT
cxemu(puc.3).

Puc. 3. ®yHkuioHajJbHa cXeMa NePeTBOPIOBAaYa YaCTOTH B KO/ Ha 0a3i MeToay nmoasiiiHoro 30iry

Juist otpumanHs iH(popMaIii Ipo ppoHTH IMIYIBCIB HEOOXITHO BUALTUTH iX Ha (OHI caMoro iMirynscy. s
LOTO CIYXUTh OJIOK (GopMyBauya KOPOTKUX iMIyibciB. JlaHui OO0k OyOnroeThest Uit KaHaidly OOpOOKH CUTHAy
onopHoi yacrtotd. Ha BXix ONOKYy HaAXoAsATh NMPSIMOKYTHI IMITyJbCH, ISl KaHaJIy OOpOOKH OMOPHOI 4acTOTH — i3
reHepaTropa OIOPHOI YacTOTH, JUIs KaHajdy OOpoOKM CHUTHaIly HEBIiJJOMOi 4acTOTH— i3 (opMyBaya NPSIMOKYTHHX
IMIyJIbCiB. 3 TOYKM 30py CXEMOTEXHiKM, OJOK mpeacTaBise coboio D-Tpurep i3 KOJIOM 3BOPOTHOTO 3B'A3KYy Ha
iHBEpTOPi, III0 TIPH 3MiHi CTaHY NMPSIMOTO BHXOIY TPUTepa CKHUIA€ HOro B HyJIOBHH CTaH, IIOAAYEI0 CUTHATY CKUJIAHHS
Ha Bxix R. TakuM 9mMHOM IOBXHMHA T€HEPOBAHOTO IMITYJIBECY 3aJIE)KHUThH TUTBKH BiJ OJHOTO MapameTpa — 3aTPHUMKH
PO3IOBCIOKEHHS CUTHAITY B iHBepTOpi. Tak sk 1aHa 3aTpUMKa, JUIs Cy9acHUX THITIB MIKPOCXEM € BeJIMYHMHA CTajla, Ta
HaJ[3BUYAHO MaJia, TO MPOTSKHICTH BUXIHOTO IMITYJIBCY TaKOK HAJA3BUYaliHO Maja.

3 Buxony (opMyBada KOPOTKHX IMITyJIbCIB CHTHAJM, IO AAIOTHh MPEACTABICHHS PO YacoBE IMOJOXKEHHS
(pOHTIB CHUTHANIB, HAAXOATh HAa BXiJ cXxeMH cmiBmaninHsa. OCHOBHA 3a/lavya JaHOTO OJIOKY — BH3HAYCHHS MOMEHTY
cHiBmaaiHHA (QPOHTIB iMIyINbCiB. [IpHuoMy IIMX MOMEHTH BHU3HA4Ya€eThes JBa. [lepmmii iMITysIbC 3'SIBUThCS Ha BUXOI
CXeMH B MOMEHT TIE€PINOro CIiBMAaAiHHSA (POHTIB IMITyNbCiB. Jpyruii iMITyIhC Ha BHXOIl 3'IBUTHCA 4Yepe3 NEBHY
KIUIBKICTh TIEPIOAIB SIK OHOTO TaK i 1HIIOTO CUTHANIB. J[JIsl MOAANBIIOTO MiApaxyHKY iMITyJIbCiB HEOOXiTHO KepyBaTH
HaJXO/DKEHHSAM 1X Ha BXOAM JYMIbHUKIB. T0OTO, MpH HAJIXOKEHHI MEpIIOro iMITyJIbCY CIIBMaliHHS, HEOOXiTHO
3aIyCTUTH 40y, MPH HAIXOMKEHHI APYroro IMITYyNIbCy CHIBIALiHHS — 3YNUHHTH Ji40y; mepenaTd OOpaxoBaHY
iHpopmanito Ha 00poOKy, Ta CKHHYTH BHUXOAM JIYIIBHHUKIB B HYJIhOBHH cTaH. Bcei mi ¢yHKHii BUKOHYe OIOK
YOPaBIiHHS TIYMIEHIKaAMH.

362 Herald of Khmelnytskyi national university, Issue 5, 2024 (341)



TexHIYHI HAYKU

ISSN 2307-5732

Name: _Value: J'GU.IUUS 28010us 3UU.IULIS 32U.IULIS 34U.IUus

2= F0 o T T L T 1 T 1 T 1

= Fx 0

= NO[7..0] D11 70 8 H 9 i 10 i 11

aw w70 | o100 [G000000CC00000(C0000000Ca0000000, o

S cile[7..0] D9 [ 910 9 Y1ok9¥ 9 Woui 9 ¥ o W 9

= ostecna.0) | 01 [ICO0C0CC0000CEC000C00M00000000__

Puc. 4. Ocumnorpamu po6oTH MepeTBOPIOBAYA YACTOTH B KOJ Ha 6a3i MeToay moasiiiHoro 36iry

CcdopmoBannii curHaN TPO CIIBIAAIHHSA (POHTIB IMITyJIBCiB HATXOANUTh HAa OJIOK KEPYBaHHS JIUYMIBHAKOM.
Jana cxema npezacTaBisie o000 TYMWIBHAK HAa D-Tpurepax i3 Mesxero migdu "2". ToOTO, IpH HAIXOMKCHHI MIEPIIOTo
IMIyJIbCy CHiBHAMIHHS Ha BXix OJOKY, Ha BUXO/II 3'SIBISIETHCA JIOTIYHA OAMHUIIA, 1110 JO3BOJISIE€ HAAXOHKEHHS IMITYIIbCIB
Ha BXiA JiuwibHUKIB. [Ipyn HagXo/pKeHHI APYroro iMImyibCy CIiBHAaAiHHS, JIYMJIBHUK OJIOKY TMEPEXOAUTh B CTaH
JIOTIYHOTO HYJIA, IO 3a00POHSE TPOXOKEHHS IMITYJIBCIB.

3 BuxoIiB OJIOKIB KepyBaHHS KOXKHOTO KaHally, IMITYJIbCH IIPOXOJSATH Ha BXOAM 8-pO3pPSIHUX ABIHKOBHX
JYWIBHUKIB. JIIYMIBHUKY MiApaxoBYIOTh KUIBKICTh IMIYJBCIB MK MOMEHTaMH CHIBNAAiHHS (POHTIB CHUTHAIIIB. 3
BUXOJIIB JINYWIBHUKIB 8-pO3psIHUNA ABIHKOBHH KOJ, IIO BIINOBIAA€ KiNBKOCTI MiJPaXxOBaHUX IMITYJbCIB B KOKHOMY
KaHaJll, IoTparuise Ha BXijJ 0soky amapatHoro aiieHHs DIVIDE. Biok anaparaoro ainenus DIVIDE, B acuHXpoHHOMY
pexuMi, BU3HaYae IiouucenbHy dacTKy(cile) i octauy(ostacha). OTpumaHe 3Ha4eHHS 3 OJOKY amapaTHOTO MiJICHHS
DIVIDE Mo’kHa TOMHO>KATH Ha 3HAYEHHS BiIOMOT YaCTOTH 1 MATUMEMO YaCTOTY HEBIZIOMOTO CHTHATY.

Pi3HHIIO TpUBANOCTI MIEPioIiB MOYKHA 3aIMUCATH B TAKHH CIIOCIO:
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Puc.5. 3anexHicTh Yacy NooJMHOKOr0 BHMiPIOBAHHS YaCTOTH, METOJ0M MO/BiliHOT0 30iry

Sk BumHO 3 puc. 5: 31 30UIBIIEHHAM pI3HUII MK ONOPHOIO 1 HEBIJOMOIO YaCTOTOI Yac MOOJHMHOKOTO
BUMIPIOBaHHS 3MEHIIY€EThCSI. TaKiuM YMHOM, MOXKHA BIIMITHTH, 1110 HAaBiTh NPH pi3HULI YacToT B 1111, yac mooanHOKOTO
BUMIpIOBaHHS CKJlagaTume lc, o BiJIMOBIIAE €IEKTPOHHO-IIYHIEHOMY YaCTOTOMIpY.

BucHoBknu

OTpuMaB MOJANBIINKA PO3BUTOK METOJ TMOABIHHOTO 30iry Ui BUMipIOBaHHS YacTOTH, KW, HA BIAMIHY Bix
ICHYIOUHX, TMOJATa€e y MiAPaXyHKy KiTbKOCTI MOBHHUX (pa30BHMX IMIKIJIIB BiJOMOTO 1 HEBiIOMOTO CHTHAJIB 3a dYac
ITOJIBIHHOTO 30iry i aCHHXPOHHOTO PEKUMY almapaTHOTO BU3HAYEHHS YaCTKH.

JlocmipkeHO BIUIMB YaCTOTH CUTHAJIIB HA Yac MOOAMHOKOIO BUMIPIOBAHHS 32 IOTIOMOT00 METOTy TIOABIHHOTO

30iry, B pe3ysibTaTi 4oro 3’sICOBaHO, IO 31 30UIBIIEHHSM pI3HHIII MK OIIOPHOIO 1 HEBIOMOIO HYAaCTOTOIO dHac
[OOTUHOKOTO BUMIPIOBAHHS 3MEHIIIY€ETHCS.
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OTpuMaHi pe3ynbTaTh JOCTIHPKEHb MOXKYTh OyTH BHKOPHCTaHi, JJIsl pO3POOKH BUCOKOLIBHIKICHUX 3aC00iB
BU3HAYECHHS! YacCTOTH HOCIIHOI, IPUXOBAaHMX CHUCTEM Iiepenadi iH(opmauii mo pajiokaHaiy, 3 INCEBJOBUIIAKOBUM
HaJIAIITYBaHHIM poO0YO0i YaCTOTH.

Jlitepatypa

1. Tomnimyxk E.C. Metpomoris Ta BuMiptoBanbHa TexHika. / E.C. [omimyk, M.M. JTopoxogers, B.O. Smrok.
— JIeBiB: beckin bBit., 2003. — 544 c.

2. Konaxosuu I'.®. 3axuct indopmalii B TeIekoMyHiKalifiHux cucreMax: HaBuanpuuii nociouuk. / ..
Konaxosuy, B.I1. Knumuyk, C.M. Ilayk, B.I'. [Totanos, B.M. Uynpun. -K.: HAY,2009. — 380c.

3. Opnarckuii, [1.I1. ABromMaTnyeckue m3MepeHus U npuodops! (ananorossle U uugpossie) [Texcr] / LI
Opnarckuil. — K.: Buma mk., 1986. — 504 c.

4. Fletcher, J. C. Frequency measurement by coincidence detection with standard frequency. U. S. Patent 3,
924,183. 1975.

5. Tpouumun 1.B. BuMiproBaHHS 9acTOTH 3a METOIOM KOIHIMICHIII Ta OCOOJIMBOCTI YTBOPECHHS INKAaJH
BuMiproBanpHOTO TeperBopeHHss [.B.Tpormumma, O.I1.Boiitiok, JI.B. Tpomummaa // BicHuk XMETbHUIIBKOTO
HarioHasmsHOTO YHiBepcuTety. — 2009. — Ne 3. — Texniuni Haykn. — C. 240-244.

6. MAX V Device Family Data Sheet. [Enekrponuuit pecypc]. — Pexum  gocrymy
https://www.intel.com/content/dam/wwwi/programmable/us/en/pdfs/literature/hb/max-v/mv51001.pdf

References

1. Polischuk E.C., Dorogovets M.M., Yatsuk V.O. Metrologiya ta vimiruvalna tekhnika. [Metrology and measuring technique] / E.C.
Polischuk, M.M. Dorogovets, V.O. Yatsuk . — Lviv: Beskid Bit Publ., 2003. — 544 p. (in Ukrainian).

2.Konakhovych H.F. Zakhyst informatsii v telekomunikatsiinykh systemakh: Navchalnyi posibnyk. / H.F. Konakhovych, V.P. Klymchuk,
S.M. Pauk, V.H. Potapov, V.M. Chupryn. -K.: NAU,2009. — 380s.

3. Ornatskyi P. P. Avtomatycheskye yzmerenyia y prybory (analohovye y tsyfrovye) [Automatic measurements and instruments (analogue
and digital)] / P. P. Ornatskyi. — Kyiv: Vyshcha shk., 1986. — 504p. (in Russian).

4. Fletcher, J. C. Frequency measurement by coincidence detection with standard frequency. U. S. Patent 3, 924,183. 1975.

5. Trocishin 1.V. Theory and practice of phase-frequency measurements and transformations of radio signals / I. V. Trocishin //
Vymiriuvalna ta obchysliuvalna tekhnika v tekhnolohichnykh protsesakh [Measuring and computing equipment in technological processes]. — 2007.
—Ne 2. — P. 7-22. (in Ukrainian).

6. MAX \Y Device Family Data Sheet [Electronic resource]. - Access
mode:https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/hb/max-v/mv51001.pdf

364 Herald of Khmelnytskyi national university, Issue 5, 2024 (341)



