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JABE METOAUKHN M3MEPEHUSA INIOMEX
JAEKAMETPOBOI'O AUAITA3OHA

[pencraBnens! JBe METOIUKN W3MEPEHHS ITOMEX JAEKaMETPOBOro auanasoHa. [lepBas Meroanka Mmo3BOJISET M3BJe-
KaTb WH(OPMAIMIO O CTAHIMOHHBIX MOMEXax M3 JAaHHBIX PaIHO30HAUPOBAHHS HOHOCQEPHI JHMHEHHO-4aCTOTHO-
MOZAYJIMPOBAHHBIMHU CHUTHANIaMH. TakuM 00pa3oM MOryT OBITH OJJHOBPEMEHHO H3MEPEHBI XapaKTePUCTHKU M CUTHa-
J1a, ¥ IOMeX; TOBBIIIAeTCsl HH)OPMAaTHBHOCTD CYIIECTBYIOIIETO0 METO/Ia 30HAUPOBaHM HOHOC(epsl. OTHAKO B 3TOM
Cllydae MPHEM OCYLIECTBIISIETCS B CHENU(PUUECKOM pEeXMME PaIMO30HAUPOBAHHMS, YTO HECKOJIBKO OTpaHUYUBAET
BO3MOXXHOCTH U3MEPEHHs ITOMEX, HallpHMep W3MEPEHHs UX aOCONIOTHBIX BeIMYMH. ECIN HY)KHBI XapaKTepPUCTHKH
TOJIBKO ITIOMEX, TO LeNecoo0pa3HO HCIONIB30BaTh BTOPYIO METOAMKY, (DYHKIHOHHPYIOLIYIO B PEKHUME OOBIYHOIO
"kmaccuueckoro" paauonpuemMa. Bropas Meromuka mpeacTaBisier co0oi YHUBEpCATbHYI0 THOKOIIEpECTpanBaeMyIo
METOANKY U3MEPEHHUS TaHOpaM CIIEKTPa IIOMEX Pa3IMYHBIX BHIOB, €€ THOKOCTh 3aKIF0YaeTCsl B BOSMOXKHOCTAX LU~
POKOr0o BapbUPOBaHUS MapaMeTPOB M3MEPEHUH MOMEX, B TOM YHCIIe HaJl COXPaHEHHBIMH H3MEPHUTEIbHBIMH JaHHBI-
MH TIOCJIE TIPOBEICHUS U3MEPUTEIIBHOTO SKCIIEPUMEHTA, YTO MO3BOJSET MPUMEHATh OJHU U Te )K€ JaHHBIC IS HC-
CIIeIOBaHUH ¢ pa3IMYHBIMU LENIMH. BTopas MeTonuka MOXKeT KOMIUIEKCHPOBATHCS ¢ 30HAUPOBAaHUEM HOHOC(HEPHI.
OmnucaHHBIE METOAMKY PeaIn30BaHbl B COCTABE AIIapaTHO-MPOrPAMMHBIX KOMIUIEKCOB 30HIUPOBAHHUS HOHOC(EPEI
Pa3IMYHBIX MCIOJIHEHUH. Taxke npuBeIeHa METOUKA OLEHKH YpOBHS (POHOBOr'O LIyMa MO IaHOpaMe CIIEKTpa I10-
Mex. B mepcriekTuBe BO3MOXKHA peanu3alis alropuTMa IMaHOPAMHOTO M3MEPEHHs ITOMEX BCEeX BHIOB I Ooinee
LIMPOKOr0O AWana3oHa, 4eM JeKaMeTpOBBIH (HO BKitouas ero). Ilpemmaraercs aenaTh 9TO HA OCHOBE TEXHOJOTHH

mporpaMMHO onpenersieMoro paauo (Software Defined Radio).

Kn. ca.: m3MepeHHe oMex, OMeXHU JIEKaMeTPOBOr0 IHana30oHa, CIIEKTP MOMeX, paJAH030HIUPOBaHIE HOHOC]EPHI,

HaKJIOHHOE 30HUPOBaHHE HOHOCHEpEI

BBEJIEHUE

Pabora pammorexamueckux cuctem (PTC) nmeka-
merpoBoro (JIKM) nmamazoHa ocHOBaHa Ha CITO-
cobHoctn kopotkux BomH (KB) wMHOrOKpaTtHO
OTpa)kaTbCsi OT MOHOC(EPHI U 3€MHOM ITOBEPXHOCTH,
nmosromy amantamus Takux PTC k monochepHBIM
YCIIOBUSIM SIBJI€TCSl BaKHEHIMM ¢akTopoM obec-
MEeYEeHUsT WX KOPPEKTHOW paboTel. s ykazaHHOH
ajanTaluy [POBOASAT ONEPATUBHYIO JAWATHOCTHKY
noHocdepsl [1-6], cocTosHHME KOTOPOH 3aBHCHT
OT BPEMEHM CYTOK M CE30HA rofid, COJHEYHOW U Ieo-
MarHUTHOM AaKTMBHOCTH M JpPYrux (HakTopoB, Kak
MpaBUJIO, HOCSIIMX CIy4YallHbId xapakrtep. Tpaau-
LUOHHO JUIsI JMarHOCTUKU Cpelbl PacHpOCTPaHEHHs
B MHTEpecax paAHOJIOKALMU HCIONb3YETCsl BO3-
BpaTHO-HaKIIOHHOe 30HAuMpoBanne (BH3) wono-
cdepbl, a B MHTEpECax CUCTEM CBSI3M — HAKIOHHOE
3oaaupoBanne uoHocdeper (H3U). Llemecoobpaszno
JOTOJHATH CPEICTBA TUArHOCTHKH TAaKXKe CPEACTBAMU
BeprukanbHOro (B3) 30HAMpoBaHmMsS wMOHOC]EPHI,
O0COOCHHO B TOYKAaX OTPa)K€HMs Jy4eHd HaKIOHHBIX
Tpacc ot wuoHochepb [1-4]. Hambomee mep-
CIIEKTUBHBIM SIBIIETCA BbIOOpP CHUTHajla C JIMHEHHO-
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gactoTHOM wmopnymsmuerr (JIYM) B kadectBe 30H-
mupyrorero[ 1].

Kpome MHOTOUYMCIEHHBIX W CIOXHBIX 3((eKToB
pacrpocTpaHeHUs CaMOr'o CHrHajla, HeoOXOAuMOo
yuutbiBaTh noMexu JKM-nuanazona pas3idyHoOU
npuponsl. [losTomy, kak mpasuio, amantanus PTC
JKM-nnanazoHa K HOHOC(HEPHBIM YCIOBHSM ITyTEM
BBIOOpa ONTHUMABHOW pabodell YacTOTBI COCTOUT
W3 JBYX IIAaroB: BbIOOpa HAMIYYIINX YacTOTHBIX
IUANa30HOB C TOYKH 3PEHHS NPOXOKICHUS PaaHo-
CUTHaja, a 3aTeM — B Ipenesiax 3TUX ANana3oHOB —
BbIOOpa IOAIMANA30HOB C HAaWMEHbLIEH 3arpyKeH-
HOCTBIO TIOMEXaMHU.

Papponiomexu MOryT BO3HUKHYTH BHYTPH DajaHo-
npuemHoro ycrporictea (PIIY), 510 BHYyTpeHHHE
nomexu, 1 BHe PIIY, T.e. B cpene pacnpocTpaHeHUs] —
3TO BHEILIHKE [IOMEXU.

VYpoBeHb COOCTBEHHBIX IIYMOB COBPEMEHHBIX
PITY JKM-guanazoHa CyIIECTBEHHO HH)XE MUHU-
MaJbHOIO YPOBHSA BHEIIHMX IIOMEX JaXXe B BbI-
cokouyacToTHOi Jactu JIKM-mmanazona (> 20 MIm).
[IpakTHueckuii  MHTEpeC  MOILYT  MPEACTaBIAThH
pa3nuyHble BUABI BHYTPEHHUX MOMEX, BOSHUKAIOLINX
B IpPUEMHUKE IpPH JEHCTBUM HA HEro MOIIHBIX
CTaHLMOHHBIX IOMEX (IIPEBBIIAONINX JUHAMUYECKUN
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IUaTIa30H), B TOM YHCJIe BHEMOJIOCHBIX [7, 8]. B Ha-
crosieil pabore He paccMaTpUBAaeTCsi BCE MHOTO-
oOpa3ue BHYTPEHHUX IIOMEX pPaIUOIPHUEMHBIX YCT-
POMCTB, BKJIIOYasi T€, YTO BBI3BAHBI BHENOJIOCHBIMH
Bo3zelicTBuaMu [7, 8], a Takke IIyMbl aHTEHHO-
¢bunepusix cuctem. B pexume kammuOposku PITY
u3MepsieTcs TOJNbKO HMHTErPaJIbHBIA ypPOBEHb COO-
CTBEHHBIX LIYMOB B 3aBUCHMOCTH OT 4aCTOTBHI.

BHemHne nomexu mnoapaszaensioTcs Ha aKTHBHbIE
W TacCUBHbIC. Pa3HOBHIHOCTSIMH aKTMBHBIX ITOMEX
B JIKM-mmamazone sBistores [9-12]: momexw,
00YCIIOBJIEHHBIE TEIUIOBBIM H3JIyYE€HHEM 3EMHOU
MOBEPXHOCTH, aTMOC(EpHBIC MOMEXH, KOCMHYECKHE
(ramakTHUecKe) TTOMEXH, MOMEXH OT PaJuOCTaHIINH
(cocpenoToueHHBIE TOMEXH), WHAYCTPHANBHBIE TIO-
Mmexu. [lomexu, nMmeromue CpaBHUTEIBHO PaBHOMEP-
HBIA CIIEKTP MOLIHOCTH, MHOIJa Ha3bIBAIOT (POHOBBI-
MU noMexamy. DOHOBBIE IOMEXH HPUPOIHOIO MPO-
HCXOXKJIEHHUS C MEIJICHHON NUHAMHUKOHN (aTMocdepHbIe
(GIIyKTyallMOHHBIE, TaJaKTUIECKUE, TEIJIOBbIE) BMECTE
Ha3bIBAIOT €CTECTBEHHBIMH (DOHOBBIMH ITIOMEXAMHU.

B mactosmielt pabore He paccMaTpuUBarOTCA
MIOMEXH, Ha3bIBa€MbIC B PaJUOIOKALUN HACCUBHBIMU
(Mematome OTpaXeHWs OT 3€MHOHW W BOJHOM TO-
BEPXHOCTH, IIOMEXM  OT  METCOPOJIOTHYECKHX
obpazoBanmuii) [9]. He paccmaTtpuBaroTcs Takke
BOMPOCHI pagrodIeKTpoHHOH 0oprObI (POB), T.e. He
paccMaTpuBalOTCAd T.H. AaKTHUBHBIE MAaCKUPYIOILUE
romexu [9].

[IpoOnemaTrKa aHTEHH M YIJIOB IIPUX0a CUTHAJIOB
TpeOyeT OTAENbHOrO0 PacCMOTPEHHUS M B HACTOSILIEH
cratbe He 3arparuBaercs. OTMETHMM TOJBKO B Ka-
YEeCTBE MJUIIOCTPALMM, YTO B CHCTEME YacTOTHOI'O
obecriedeHUs]  aBCTPAJIMHMCKOTO  3arOPU30HTHOIO
pagnonokatopa Jindalee [13] w3mepeHus momex
npoxogaT B nBa odTama. llenpio mnepBoro srama
SIBJISICTCSl TIOJY4YEHUE 3aBHUCHUMOCTH CIIEKTPaJIbHOMN
IUIOTHOCTH IIOME€X OT YacTOThl, VI Yero IpOu3-
BOJIUTCS CKaHMPOBAaHHE B 3aJaHHOM [MANa30OHE 4ac-
tor. Ha mepBoM »sTame wucnonp3yercss aHTEHHA
C IIMPOKOM JuarpamMMoil HampaBIEHHOCTH. 3aTeM
[0 JAHHBIM, MOJIYYEHHBIM Ha IIEPBOM JTale, BHIOH-
patorcsi Hambonmee "Tmxume" y4acTKM (y4acTKH
C HAaUMEHBIIUM YPOBHEM IIOMEX) B  KaXIOM
naTepBane 1 MI'. Ha BTOpoM 3Tame B BHIOpaHHBIX
Y4acTKax M3MEpAIOTCS yPOBHHU (POHOBOIO mIyma ¢ uc-
MOJIb30BAHUEM BOCBMHM aHTEHH, MMEIOIIUX Y3KHE
IUarpaMMbl  HaIpaBI€HHOCTH, YTO  I1O3BOJISIET
OIIPEENsITh HAallPaBIeHUE PUX0Ja PAIUOIOMeX B TO-
PHU3OHTAIBHON IUIOCKOCTH. OTMETHM TaKXke, 4TO JUIS
CHCTEM pAaINOCBSI3M HaIlpaBlICHUE NPUXOAA PaIHO-
IIOMEX HE€ CTOJb CYIIECTBEHHO, KaK sl CHUCTeM
PaanoIOKaLHH.

BooO111ie, B 3aBUCHMOCTH OT Li€JIEH HMCCIEAOBAHUS
K anmapatrype ¥ METOAY H3MEPEHHH IOMeX Npelb-
SBIIAIOTCA pa3nuuHble TpeOoBaHus. Tak rTeodwu-
3U4YeCKWe HCCIeNOBaHUS HE TPeOyIOT BBICOKOI'O
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paspelieHuss MO 4Yacrore, IOTOMY 4YTO MJsl IIO-
CTPOEHHMS  CYTOYHBIX, TOHOBBIX W  APYrHX
3aBHUCHMOCTEH HE HY)KHO 3HaTh "TOHKYIO" CTPYKTYpPY
oIyMOB (KOTOpas K TOMY € CHJIBHO IIOJBEpKEHa
OBICTPBIM (PITyKTyarusaM), a TpeOyercss HaKOILIEHHE
CTaTUCTUYECKUX MJAHHBIX 3a MJIUTEIbHBIA IIEPHOL.
Kpome Toro, usmMmepeHue ULIyMOB JOIDKHO HIPO-
W3BOIUTHCA B aOCONIIOTHBIX €IUHHLAX — EIUHHUIAX
WU3MEpPEHMsT HAIPSHKEHHOCTH TMOJs. 3HAYuT, Iepen
KaXX/IbIM CEaHCOM H3MEpPEHMsI HYXXHO IPOU3BOIAUTH
KamuOpOBKYy paauonpuemHoro ycrpoiictea (PITY),
YUUTBIBATh THIl AHTEHHBI, €€ OUarpaMMy HaIpaB-
JICHHOCTH W TpPOYME XapaKTepucTHku. Jna 3amay
paznocBs3M, paguoNOKallMd W paJdOHABHUTallMy,
HA000pOT, M3MEPEHHS MOI'YT IPOBOIMTHCS B OTHO-
CUTENIBHBIX  €IMHHLAX, HO  BaXHO  BBICOKOE
CIIEKTpajJbHOE pa3pelleHHe METoda W ammapaTypsl,
KaK, HaIpuMep, MPH BBIOOPE Y3KOITOIOCHBIX (IECATKH
WIM COTHU Tepll) KaHajoB, a TaKXe BO3MOXXHOCTb
OIlEpAaTHUBHOM IMarHOCTHKH U 3KCIIpecc-aHaJIn3a.

OTMernM, 4TO CYIIECTBYEeT KJacc YCTPOICTB,
coyerapmux B cebe TpeOoBaHWS TOYHOTO (M Jaxke
HOPMHUPOBAHHOT0) W3MEPEHHsI aOCOMOTHBIX BEIHYNH
C BBICOKMM pa3pelleHHeM I10 4YacToTe, 3TO  T.H.
W3MEpUTEIbHbIE TPHUEMHHUKH (TIIPUMEHSIEMblE, Kak
MPaBUJIO, COBMECTHO C M3MEPUTEIBbHBIMU aHTEH-
HamMH), [peAHAa3HAa4YCHHbIE I pelleHus 3anad
MOHHUTOPUHIA HCIIOJIb30BAHMUS KaHAJIOB M ANANIa30HOB
94acTOT, aHalu3a »JJIEKTPOMAarHUTHONW OOCTaHOBKH,
KOHTPOJIS 3JIEKTPOMAarHUTHONW COBMECTUMOCTH, pa-
JMOKOHTPOJISL ¥ painopa3BeNKu.

B kauectBe mpumepa METOIUK HM3MEPEHUS MTOMEX
U1 33724 PAAMOCBSI3H M PalOIOKAIMH, ONMUCAHHBIX
B IuTepaType, MokHO TipuBecTH [10]. Ota Meromamka
MO3BOJIAET  TOJYYUTb  HMHTErpajibHbIE  OLEHKU
3arpy’KeHHOCTH YaCTOTHBIX KAaHAJIOB M 3aKII0YaeTcs
B cienytomieM. CurHan c BbIXOJa HNPUEMHHUKA, AWC-
KPETHO BO BPEMEHM, IIOAAETCS Ha WHTErpaTop, IIe
uHTEerpupyerca 3a 1.5 wim 5 ¢, a janee uepes
npeoOpazoBarenb Ha  BXOA  PETHUCTPUPYIOLIErO
ycrpoiictBa (mmdpornedaratomeld mamuHkn). [locme
perucTpandu M3MEpPEHUs AaBTOMATHYECKUI KOM-
MyTaTOp OCYLIECTBJIAET IIE€PECTPONKY IPHUEMHHKA
Ha Cclemymlolylo dacToTy. Paspemenne mo uacrore
onpezenaercd wupuHoi nosocel PITY, uro He mo3-
BOJIIET U3MEPATH "TOHKYIO" CTpYKTypy momex. B [10]
TAaKXKe paccMaTpuBaeIcsi BOIPOC O Iepecdere
HaNpsDKEHUS] HAa BXOJE IPUEMHUKA B HAIPSHKEHHOCTD
OJISL.

HpyruMm 1npuMepoM  SBIIETCS  CHEKTPaJbHBIN
MOHUTOP 3arpyKE€HHOCTH KaHaJla, BXOASAIINN B COCTaB
4aCTOTHOI'O OOECHeueHHs PaliOTeXHUUECKUX CUCTEM
JKM-nnana3zona, BbeImyckaemMbix (Gupmoit  Barry
Research  (Barry = Research =~ Communications.
AN/TRQ-35(v) Tactical frequency Management
System). MOHHUTOp 3arpykKe€HHOCTH KaHalla MOXKET
paboraTb B  OBYX  pEeXHMax: CKaHHPOBAaHUE
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gacToTHOrO auarasona 2-30 MI'm (wiu ero dact)
U KOHTpPOJb 3a OTAenbHON 4yactotod. IllupuHa
kaHanoB 3 kI, pacmomnoxkeHs! uepes 2 kl'm. Crektp
momex otoOpaxkaercs B Buae ructorpamMmmbl 0-30 nb;
MOPOI' OTCYETa B3ST OTHOCHTEIBHO COOCTBEHHBIX

LIyMOB.

MN3MEPEHUE CTAHIHMOHHBIX IOMEX B XOJIE
30HAUPOBAHUSA NOHOC®EPHI
JUM-CUTI'HAJTAMUA

Tak kak paboTa MOHO30HAAZ BO MHOI'MX CIIydasx
OCYLIECTBIISIETCSI B PEXHUME IHEPTETHUECKON CKPBIT-
HOCTH, TO IOSBJISIETCS BO3MOXKHOCTH HCIIOJIB30BaTh
JaHHBIE 30HIAMPOBAHMS JUISI MOHUTOPHHIA TIOMEXOBON
oocranoBkn B JIKM-mmamasoHe, pacmmpsis wu3Me-
pHUTENbHBIE BO3MOKHOCTH HOHO30HA.

Pa3zpaGoran aiaroputM aBTOMAaTHYECKOI'O H3Me-
peHHSI CTAaHIMOHHBIX (COCPENOTOYEHHBIX) IOMEX
B IpoLecce Paauo30HAMPOBAHUS MOHOC(HEPHI CUTHA-
mamu ¢ JIYM [14, 15]. Ocoboe BHIMaHNE N3MEPEHUIO
CTaHIIMOHHBIX  (COCPENOTOYEHHBIX) TMOMeX OBLIO
00YCIIOBJIEHO T€M, YTO 3TO AOMHHHPYIOIINE MOMEXU
npaktuuecku Bo BceM JIKM-nuanasone. M3BneueHue
W3 JAHHBIX PaMO30HAMPOBAHMUS MH(POPMAILMH O IO-
Mexax APYruX BHJIOB TOXE BO3MOXHO [5], HO TpeOyer
MPEABAPUTENBHOTO BBIACIEHUS U TIOJIE3HOI'O CUTHAJIA
Ha HOHOrpaMMme, II0O3TOMY B JaHHOM pabore He
paccMaTpuBaeTcsl.

CHavama OblTa TOCTpOEHA MOIENb Mpeodpa-
30BaHMsSI NIOMEX B Tpakre npuemHuka JIYM-curnaia
[14, 15]. TlokazaHo 4YTrO CTaHIIMOHHAs IIOMEXa,
COCPEAOTOYEHHAs] IO CIEKTpy, I[ocie mpeodpaso-
Bannua B PIIY JIYM wOHO30HZA CTaHOBHTCSA
umIynbcHON (Tounee, JIYM-kBasunmmynscom). Ha oc-
HOBE AaHaJIM3a OLEHOK MOMEHTOB paclpeneieHus
CMECH CHUTHaJla W IOMEX pa3paboTaH aJanTHBHBIN
ITOPUTM OOHAPYXKEHUSI COCPEAOTOUYECHHBIX IO CIEK-
Tpy noMex, npomeAmux npueMHuk JIYM noHozoHna
[14, 15]. OcHOBHas ero maes 3aKIIOYaeTcs B Clie-
nytomeM. CurHaa pa3HOCTHOM YacTOThI C BBIXOAA

Apuix, YOI €.

A. O. LIINPBII

PITY mono3oHma mnutenpHOCTRIO 1 pa3OuBaics Ha K
HEMepeKPBIBAIOLINXCS DJIEMEHTOB JAJUTENbHOCTBIO 7.
Bennunna 7, BeIOMpanach TakuM 00pa3oM, YTOOBI
COOTBETCTBYIOIIAsl MoJloca dYacTtoT Af, Oblia paBHA
CpeAHEeMYy 3HAuUeHHMI0 INUPHUHBI CIIEKTpa cocpe-
JOTOYEHHON MOMexH. [l kakIoro x-ro sjaeMeHTa
CUTHaJla  HAaXOAWIMCh  HECMEIEHHbIE  OLEHKU
cpenaekBaapatuyHoro  otkinoHeHmss (CKO) oy
JByXMOIQJIbHOCTh BBIOOPKH 0 TOBOPUT O HAJIMYUH
B HEll COCpENOTOYEHHOW MOMEXH, M NPOU3BOIUTCS
LEH3YpUPOBAaHUE OSTOM BBIOOPKH sl BBIIEICHUS
OTCUETOB, MNPHUHALISKAIINX IOMexe. 3HAYUMOCTh
pa3nuuuii MeXIy o, OLEHHBAaeTCd Ha OCHOBE KpH-
Tepus OOHapyXeHHs TpyObIXx OmHOOK B IKC-
MEPUMEHTAIBHBIX H3MEPEHHUSX, CIPABEAJIMBOIO IS
OoubIIoro yricia 3aKoHOB pacmpenenenus [16]. Ecnu
IUIS1 BEJIMYUHBI ) BBIIIOJIHSIETCS OLIEHKA

o, —&]<s- (1.55 +0.8VE +2 -1g(K /10)), (1)

_ 1 & o
rae o :Ezai’ s — CKO pans 3nauenuii oy, £ —
i=1

JKCIIECC, TO HET OCHOBaHHMH CYHTATh 3TO 3HAYCHHE
3HAQYUTENBHO OTJIMYAIOIIMMCS OT cpemgHero. Ecmu
HepaBeHCTBO (1) A7T HEKOTOPOro dJIEMEHTa HE BBI-
HONHSETCS U O, >0, TO HPEINoaaraercs, 4To 3TOT

3JIEMEHT CHTHala OTHOCHUTCS K COCPEIOTOYEHHOU
noMexe. /loOCTOMHCTBOM 3TOro aiaropuTMa sBISETCS
TaKXe TO, 4TO OOHApyXEHHE OCYLIECTBIISIETCS Ha OC-
HOBE OIIEHOK XapaKTepUCTHK CHWTHajia, 0e3 BeIOOpa
3aKOHa pacIpeaeIeHusl.

Onenena 3¢dexkTnBHOCTE paboThl anroputMa. [lo
JAHHBIM MOJEIUPOBAHUS BEPOSTHOCTH HPAaBUIBHOTO
OOHapyXeHHUSI COCPEOTOYEHHOW NMOMEXH COCTaBUIIA
99%, a BeposTHOCTb JOXHOW TpeBoru 3%. Ilo
JKCIepUMEHTATbHBIM ~ gaHHBIM (1500  BEIOOpOK
curHana monocod 100 xI'm u3 300 ceancos H3U
paguonuann BenukoOpuranus — Hwxanit Hosropon,
16-19 nexabpst 2003 T.) BEpOATHOCTH MPABHIBHOTO
oOHapyxeHus nomexu cocrasmia 95% [5, 14, 15].
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Ha puc. 1 B kauecTBe mnpuMepa MNpPUBEIECHBI
ocumiutorpammbl  (ceanc H3UW BemukoOputanuss —
Hwxuamit  Hosropox, 16.12.2003, 10:52 MCK)
CHTHaJa pa3HOCTHOW 4acTOTHI (puc. 1, a) M yJ9acTKOB
CHUTHaJIa, BBIICIEHHBIX KaK COCPEIOTOYEHHBIE IOMEXU
(puc. 1, 6). BugHo, 9yTO MpUMeEHEHNE TIPEUTOKEHHOTO
anropuTMa OOHApYXEHUs MO3BOJISIET HEIUIOXO BBIIE-
JISITh COCPEAOTOUYEHHBIE IOMEXH.

OOHapyxeHHast ToMexa SBISeTCI OOBEKTOM
JaIbHENIIEro NCCIeI0BAHNSA: MOXKHO OLICHUTh TakKHue
mapaMerpbl Kak 4YuCJIO IOMEX B 3aJaHHOH Ioioce
gacToT (Iojloca YacTOT — TIIOMEXH), BEPOSTHOCTH
MOSBJICHUSI TIOMEXH B CIIy4allHO BBIOpAaHHOM KaHaje
¢ 3aJlaHHO# monocoit u T.11. [5, 15]. IIpu Berancnennn
"muUpuHB" (T.e. BEMTUYMHBI 3aHUMAEMON YaCTOTHOW
MOJIOCBI) COCPEIOTOYEHHOW IOMEXU BO3HMKAET 3a-
Jaya  BOCCTAHOBJIGHHUS pa3pblBOB B  IIOCIENO-
BaTEJIbHOCTAX OTCYETOB, MIACHTHU(HLUPOBAHHBIX KaK
MoMexoBble. Pa3phIBbl, Kak MNPaBUJIO, COCTABISIOT
BE&JIMYMHY B OAMH-IBAa OTcYera (T.K. YacTOTHAs
[ojoca TPOIycKa CYLIECTBEHHO MEHbLIE I10JI0C
COCEIHMX OOHAPYXEHHBIX IIOMEX, TO MOXKHO YTBEp-
KIaTh C BBICOKOH JIONIEH BEPOSTHOCTH, YTO 00€ STH
MOMEXU W TPOMYCK MEXKAY HHUMH IPEICTABISIOT
coboif omHy moMexy). Boobme, i ymameHus
OIMHOYHBIX BHIOPOCOB I1€IeCO00pa3HO HCIIONB30BaTh
MeanaHHblil QuibTp. OJHAKO B TAHHOM CIIydae ero
npsiMO€ TNPHUMEHEHHE IIpHUBENO Obl K yIOaJleHHIO
00HAPYKEHHBIX Y3KOITOIIOCHBIX MOMEX (3aHUMAFOIINX
MOJIOCY, AaHAJOTHYHYIO [I0J0CEe YIAISEMBIX IpO-
myckoB). lloaTomy morpeboBanach MomubuKaus
¢uIbTpa, a UMEHHO, BBEIEHHE YCJIOBHUSI €0 IpuMe-
HEHMS: 3HAYEHHE OTCYeTa 3aMEHsercs 3HaueHHeM
MeIuaHbl TOJNBKO B CIy4ae, €CIM 3TOT OTCYET He
UACHTU(GULIUPOBAaH paHee Kak IpHHAAJIEKAIIUI
oMexe.

B xome oOpabGoTkm TOH K€ BBIOOPKH DJKCIIe-
PUMEHTANbHBIX IAaHHBIX, IO KOTOPOHl OLIEHUBaNach
BEPOSITHOCTh oOHapyXeHus, HCCIIe0BAJINChH
oOHapyXeHHbIe MOMEXH. BhruucIsuMch cienyoomme
MapaMeTphl: 9nucio moMex N B Toiioce 4acToT Af =
=100 kI';, momoca 9acToT moMexu Af;, BEpOSTHOCTH
P mnosBieHns cocpenoTOUEHHON MOMEXHU B CIy4alHO
BBIOpaHHOM KaHaje ¢ momocoit B 3 kl'm. Ha puc. 2
MPEACTaBIECHbl THCTOIPaMMbl PaclpeAeieHusl 3TUX
MapaMeTpoB IO BceM O0paOOTaHHBIM JaHHBIM.
Ha puc. 2, B, Beizensiercs nuk B oKpecTHOCTH 3 Kl 'L,
KOTOPBIIl COOTBETCTBYET XapaKTEPHOH MOI0CE 4acTOT
paanoBeIATENbHBIX CTAHLIUH.

OtnenpHOE HalTpaBiieHne padoT (BBIXOAIICE 32 paM-
KA TEMbl JAHHOM CTAaTbU) — OYHCTKA HMOHOIPaMMBbI
OT COCpPENOTOYEHHBIX IOMeX, T.e. YIy4IIeHHUs
KayecTBa pPabOTBI C€amMoOro HOHO30HAA, KOrga oo0-
Hapy)KeHHas IloOMexa He sBIfercsi OObEeKTOM
WCCIIeZIOBaHMs, a TonaBisiercs [14] myreM pexek-
TAPOBaHUS MO0 HAJIOKEHUS BECOBOW (YHKIIHH.
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Puc. 2. I'ncrorpammer pactpenenennit N (a), P (0),
Af; (B) IO JaHHBIM SKCTIEPUMEHTOB

Takoe TOmaBIEHHE  COCPEJOTOYEHHBIX  MTOMEX
SBJSIETCS  OTAllOM  TPEIBAPUTENFHOM  MOATOTOBKH
JMaHHBIX IS JanbHeimell oO0paboTKu MOHOTpaMMBbI
M W3BIICYCHUS TaHHBIX W3 Hee (HampuMep, BBIYHC-
neanst AYX pagnonununm) [5, 6, 17, 18].
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TMBKONEPECTPAUBAEMBIN AJITOPUTM
MOJYYEHNS TAHOPAMBI CIIEKTPA IIOMEX
(BCEX BUJIOB)

BakHellMM JIOCTOMHCTBOM aJrOPUTMa H3Me-
PEHHSI COCPENOTOYEHHBIX TMoMeX To maHHeiM H3U,
OIIMCAHHOTO BbIIIE (KpOME BO3MOKHOCTH M3BIICYCHUS
JOTIONTHUTENFHOW WHopMamn u3 naHHbx H3U),
SIBJISIETCS] OAHOBPEMEHHOE M3MEPEHHE XapaKTEPUCTHK
n curHajma, U momex. OpHaKo, eciaM TOTpedHTemns
HWHTEPECYIOT XapaKTEPUCTHKHU TOJIBKO IOMEX, TO Iie-
necooOpa3Ho pa3paboTaTh CIEMUAThHBIN aITOPUTM
n3MepeHus nomex He B pexume JIUM, a B pexume
oObrgHOr0 "KIaccwueckoro" mpuema. Takol anro-
PUTM TIO3BOJIUT IPOM3BOOUTH M3MEPEHUS C MIH-
pOYalIIMMU  BO3MOXKHOCTSIMH 110  M3MEHEHHIO
nmapameTpoB (B TO BpeMs kKak B pexxume JIYM-nprema
ectp 'mpuBs3Kka' K mapamerpam pabotel JIYM-
MeperaTinKoOB U T.0I., & €CIU OCYILECTBISATH NPHEM
B pexume JIUM, "orBs3aBmmICH"' OT pacmucaHus
NeperaTinKoB M HX [apaMerpoB, TO IpOHazaer
OCHOBHAsi MOTMBaUMs Hcnonb3oBaHusa JIUYM-pexu-
Ma — OJHOBPEMEHHOE M3MEpPEHHE M IIOMeX, M Ipo-
XOXKICHUS CUTHAJIA).

Takoit amroputmM ObI1  pazpaborar [5, 19].
OcHoBHast ero wuaes 3aKiIOYaercs B TOM, YTO
MOCJIEAOBATENIbHO C 3aJaHHbIM ILAroM IPOUCXOIUT
nepecrpoiika PIIY B 3aganHom guanazone, PITY
"cTouT" Ha TEKYIeW YacToTe 3aJaHHOE BPEeMsI, CUTHAJ
¢ Hu3KowacTtoTHOro Beixoma PIIY omudpossBaercs,
nanee Hal OUU(POBAHHBIM CHTHAJIOM BBIIIOIHACTCS
opicTpoe TnpeoOpasoBanme Dypre (BIID). Ilomy-
YEHHBIE€ CIIEKTPbI, BBICTPOCHHBIE IIOCIIEAOBATENbHO,
B 00IIEeM, M TIPENCTaBISIOT co00M MaHopaMy CIeKTpa
moMex (HO eCTh HEKOTOPBIE TOHKOCTH).

Boo0mie, y uHpOpMauM 0 9acTOTHO-BpEMEHHOM
CTPYKTYpe TIOMeX MOTYT OBITh pa3HbIe TOTPEOUTENH,
U pasHooOpasue 3ajad BeleT K IPOTHBOPEYHBBHIM
TpeOOBaHUSAM K W3MEPUTENbHBIM JaHHBIM. TaK,
reoQu3MUEcKre HCCIENAOBaHMs, KakK IpaBWio, He
TpeOYIOT BBICOKOT'O Pa3pelIeHHs M0 4acTOTe, IOTOMY
YTO Ul MOCTPOEHUS! CYTOYHBIX, TONOBBIX M IPYTuX
3aBHUCHMOCTEH HE HY)KHO 3HaTh "TOHKYIO" CTPYKTYpPY
mIyMOB (KOTOpas K TOMY € CHJIBHO IIOJBEpKEHa
OBICTPBIM (PITyKTyarusaM), a TpeOyercss HaKOIUIEHHE
CTaTUCTUYECKUX MJAHHBIX 3a JJIUTEIbHBIA IIEPHOL.
Hns 3amad pagvocBsi3M, PagUOJIOKAMA M Paguo-
HaBUTALlMM, HA0OOpPOT, BaXKHO BBICOKOE YaCTOTHOE
paspemienre. Pa3paOoTaHHBIA aNrOPUTM TIO3BOJISIET
B IIMPOKUX INpefenax BapbUpOBAaTh IapaMmeTpsl 00-
paboTkm, Omaromaps dYeMy pa3paOOTaHHBIA H3Me-
PHUTENBHBIA KOMIUIEKC MOXET OBITh MCIIOJIB30BaH Kak
IUISL U3y4EHHs] TOHKOH CTPYKTYpbl IOMEX, TaK M AJIs
HCCIIeI0BaHN Bapualrii IapaMeTpoB IOMeX.

IIepectpoiika PIIY mpoucxoauT nocienoBaTenbHO
C YCTaHOBJIEHHBIM HIaroM. Ilpruem mar nepectpoiku

npuMepHo paBeH monoce PIIY (kak mokazaHo HUXe,
11ar HECKOJIBKO MEHBIIE TI0IOCHI).

B 3aBucumoctm ot  nene
3aJar0TCs:

fu¥ f.— HadabHas ¥ KOHEYHAs YacCTOTHI
CKaHUPYEMOI'0 MHTEPBAa;

ty — BpeMs U3MEpPEHNUs Ha OHOHM YacToTe (OIUH
CHEKTp);

1 — YUCIJIO CKAHUPOBAHUI HHTepBaa (s
yCpEenHEeHHs 110 CKaHUPOBAHUSIM);

0, — PE3yABTUPYIOLIEE Pa3pEelIEHUE 10 YaCTOTE
(m1s ycpeqHeHus 110 9acToTam);

Afpon — MHTEPBAI BBIOOpPA YPOBHS (POHOBOrO
nryma.

Hcxons u3 xapakTepuCTUK MPUEMHUKA 3a1a10TCsl:

Af — nonoca nporryckanus PITY;

t, — Bpems nepectpoiiku PITY.

Bpemsa  mepectpoiiku  PIIY  yuuThiBaercs
CIIEAYIOIIMM O00pa3oM: OTCUYeTbl CHTHajla, IIpH-
XOAsIIMecs Ha 3TO Bpems, orOpackiBarorcs. [loaTomy
pa3HOCTb fr—f, HA30BEM 3HAYMMBIM BpPEMEHEM
n3MepeHus Ha dactore f,. CTporo roBops, 3T0 BpeMs
Ha MPaKTHKE elle HEMHOTrO KOPPEKTHpyeTcs Tak,
9TO0BI  COONIOMAloCch  CIEAylollee  YCIOBHE:
MPOU3BEIECHNE 4YacTOThl JAUCKPETU3aLMH M 3TOrO
BpeMeHn — wenoe yucio. Ilpu HecoOnroneHnu 3Toro

HCCIICIOBAHUA

YCIOBHS HAa OAWH CIHEKTp (COOTBETCTBYIOILMIL
BpPEMEHH M3MEPEHHs Ha JaHHOW 4acTOTe) MPUXOIUTCS
Hemesnoe 4uciao  orcyeroB. J[poOHble  OTCHETHI

MPUXOIMIOCH OB OTOpachiBaTh, YTO TPHBOAMIO OBI
K HEOOJIBIION MOTrPeNIHOCTH B ONPEAEIECHUH YaCTOTHI,
COOTBETCTBYIOIIEH »ToMy Osioky otcderoB. [lpu
ynpasieHun nepecrpoiikoit PITY Takke yuutsiBaercs
peajbHOE 3HaYeHUE BPEMEHU U3MEPEHUs Ha 4acToTe.

Yacrora OUCKpeTH3aIlliu f, CHUTHAja BBIOMpaeTcs
U3 cooOpakeHHs HEoO0XOAWMOCTH oOecTedeHus
MOJIOCH aHaiIM3a OOJbILe, YEM I0JI0CA MPOIYCKaHUS
PITY Af (f; > 2Af), T.e. bnmxaifmas 60mbInas OT yu-
BoeHHOW monockl PITY (ecmn HET BO3MOXKHOCTH
3a/laHusl TOYHO TpeOyemoii, a TONBKO BRIOOp M3 (PUK-
CHPOBAaHHOI'O CIIUCKA YacTOT AUCKPETH3ALMH).

Uucno Touek bIID BeiOupaercs Ommkalmm
OOmpmM  (CTEreHb YWcia 2) OT TPOW3BENEHUS
9acTOTBl JAWUCKPETH3alMM M 3HAYMMOrO0 BPEMEHU
M3MEpPEHMsI Ha YacToTe:

L ceil(og,y (f, (1, —1,)))

NBH(D - 2 H (2)
rae ceil — ¢yHKOMS OKpyrieHHs B OOJIBIIYIO
CTOPOHY.

OTHoIIIeHrEe TOJIOCHI aHam3a (ITOJIOBHHA OT dac-
TOTHI JIACKPETH3AIMKM) K YHCIY CHEKTPAIbHBIX
anemeHToB ((Npno / 2)+1) onpenenser cnekTpaibHOE
paspelieHre. YBEIHYCHUE BPEMEHH  W3MEpPEHHUS
HAa YacTOTe TMO3BOJSICT YBEIHYUTh CIEKTPAIbHOE
paspeleHue.
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B mnonoce PIIY BwiOupaercss s nanbHeHmien
00paboTKH T0I0Ca, KOTOPYIO HAa30BEM TOJE3HOU A fr.
Jns  dero orOpachBalOTCA YacTOTHBIE Y4YacTKU
B monoce PITY mepen melt (A f;) u mocne Hee (A fp);
mar nepectporiku PIIY momken ObITh paBeH A fi.
Hwxnss gacte monocsr PITY (A f;) orOpacwiBaercs
U1l WCKIIIOYEHMS] HU3KOYaCTOTHBIX HaBOAOK (OT
aneKkTpoceTd u Jp.). HeoOxommmocTs oTOpachiBaHUS
BepxHelt wactu monockl PITY (A f;;) oOycmosiena
OCOOCHHOCTBIO anmnaparypbl 1 METOAUKU U3MEPEHUI:
4acToTa OUCKPETH3aLMU HE MOXET PeryJnpoBaThCs
MJIaBHO W BBIOMpaercst Omrpkaiiinedt Oonbiieid ot yu-
BoeHHON monockl PITY, T.0. momoca amamm3a BII®D
HECKONbKO Oosbie, ueM monoca PITY. Ilpu 3amannn
A fo Ttpebyerca ydects "mumamor" momocy. Ot-
OpacbIBaHHE I0JIOC YYHMTBHIBAETCSI IPU BBIYNCICHUH
BEIMYWHBI IIIara TEpPecTpOrKH A f;, Tak dYTO BCe
MOJIe3HbIE MOJOCHl A f; BBICTpAaUBAIOTCS IIOCIIE-
JOBaTeNbHO 0€3 TPOITYCKOB W HAIIOXKEHHH, 00pasys
HENpephIBHYIO NaHOpaMy crekrpa nomex. [lostomy
peanbHBIA IIar MepecTPOrKH A f; MEHBIIE IMOIOCH
PIIY A f.

Bennuuna nHTEepBasia, NPUXOISILETOCS HA OIUH
CIIEKTPAJIbHBII 3JIEMEHT, ONpPENeNsercss OTHOLIEHHEM
nosnocel aHanu3a bBII® wu yucna chnekTpajgbHBIX
anemeHToB. lloaToMy 3amaHHbie Afy U Af; BBI-
PaBHMBAIOTCS IO TpaHULAM ONMKAWIIMX — CIIeK-
TpaJIbHBIX 3JIEMEHTOB.

Jns  CHWXKEHHUS BIUSHUS — LIMPOKOIIOJIOCHBIX
UMITYJTBCHBIX TIOMeX (ONMKHHE TPO3bI), CHOCOOHBIX
BBI3BIBATh B T.4. BHEMONOCHBIE HCKaxkeHHs B PIIY,
WCIONB3yeTcsl clenyromuid anroput™ [16]. Bragame
B BHIOPAaHHOM YaCTOTHOM JMAaIla30HE ISl TOBBIIICHUS
YCTOWYMBOCTH OLIEHKH CIEKTpa HM3MEPEHHUs IPOM3-
Bomarcss n  pa3. Cpenn BBIOOPOYHBIX CHEKTPOB
OTCEMBAIOTCSI T€, KOTOpble IOABEPrajuch BO3-
JEICTBUIO IIMPOKONOJOCHOW HMITYJIbCHOM IOMEXH.

77

s ompenenenns Qaxta BO3AEHCTBUS BBIYMCISIETCS
MaTeMaTHYeCKoe OXHIAHHWE CIEKTPaJbHOM IJIOT-
HOCTM U  OIpenensierci IOpOroBbIi  ypOBEHb.
CriexTpsl, A1 KOTOPBIX MaTeMaTHYECKOe OXHIaHHE
MPEBBIIIANI0O TIOPOT, OTOpachBalINCh. JTa IMOMexa
MOXET ObITb KaK MPHUPOAHOTO HPOHCXOKICHUS
(ObmmxHUE TpO3BI), TaK M HMCKYCCTBEHHOTO (WH-
nycTpuaibHble nomexu). HyXHO oTMeTruTh, 4TO 3Ta
rmoMexa SBIIETCS WMITyJbCHOW B "OOBIKHOBEHHOM'
pexuMme pabOTBl NpPHEMHHKA, B TO BpeMs Kak
CTaHLMOHHAs IIOMeXa CTAHOBUTCS HMITYJIbCHON
(Tounee, JIUM-KBa3sUUMIYJIbCOM) TONBKO B PEXUME
JIYM-nipuema.

[loBbllIEHHE  CTATUCTUYECKOM  yCTOMYMBOCTH
CIIEKTPa BO3MOXHO 32 CYET IIOTEpH pa3peleHus
[0 4YacToTe MyTeM CYMMHPOBAaHHUSA 71 COCEAHUX
CIIEKTPAJIbHBIX KOMIIOHEHT (IJIS1 JHOCTMDKEHMs 3a/laH-
HOro paspemeHus J,) MO0 3a cYeT [OoTepu
paspemienuss 1o BpeMmeHH. IlocnenHuit BapuaHT
B paMKax JAaHHOH METOAMKH MOXET OBbIThb OCy-
LIECTBJIEH BYMS CIIOCOOAMU: yBEIUYEHHEM BPEMEHU
U3MEpPEHHs Ha 4YacTrore ¢ JM00 CKaHUPOBAHHEM
3aJaHHOTO0 HHTEpBaJa 3aJaHHOE 4YHCIO pa3 n
C TIOCIEAYIOIUM YCPEOHEHHEM IaHOpaMbl CIIEKTpPa
MOMeEX I10 BCEM 71 CKAHMPOBAaHHUAM. BaskHO TO, 4TO 3TH
JEeUCTBHUSL MOT'YT NPOU3BOAUTHCA HAJl COXPAHEHHBIMHU
ouupoBaHHBIMK  JAaHHBIMM  IIOCIE€  IIpolecca
W3MEpPEHMH, T.. OMHU U TE€ K€ JaHHbIE MOIYT ObITH
o0paboTaHbl ¢ pa3HBIMH [apaMeTpaMH M  HC-
MI0JIb30BATHCS ISl PA3HBIX LieNieil HCcCilefoBaHMA.

Ha puc. 3 B kauecTBe mpuMepa MOKa3aHbl CIIEKTPHI
nomex ¢ paspemenueM 6, = 10 kI’ (ToHKas JUHUA),
6, = 1 MI'y (xupHas nuHus). 31€ch U Jajiee IpHUMepbl
OCHOBaHbI Ha JaHHBIX KPYTJIOCYTOYHOIO M3MEPEHHs
IoMeX B NpUEMHOM IyHKTe I. Momkap-Ona B mapte
2001 r. [5].

- ul_ _ _
AT

5000 10000 12000 14000 16000

18 000

20000 22000 24000 26000 28000

Ky

Puc. 3. Crextpsl momex ¢ paspemienneM 6, = 10 kI' (Tonkas muaus), &, = 1 MI'n (kupHas TuHNS)
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Puc. 4. ®parmeHT criekTpa moMex ¢ 9acTOTHBIM pazpemierneM 200 I'ig

Ha puc. 4 B xauecTBe mpumMepa Mmoka3aH QparMeHT
CIEKTpa IIOMEX C BBICOKUM YaCTOTHBIM pa3pelieHreM
(200 T'mm). Bumno, u9TOo TOMEXHW, KOTOpEIE, CKOpee
BCEro, MO>KHO MACHTU(UIMPOBATh KaK CTAHLIMOHHBIE,
3aHUMAIOT N0JI0CHl NpuMepHO 1-2 kI, B TO ke Bpems
HMMEIOTCSl YacTOTHBIE JAWANa30Hbl IIUPUHONW MeEHee
1 kl'u, mpakTUYECKH HE 3aHATHIC CTAHIIMOHHBIMU
MIOMEXaMHU.

Pe3synbTaThl M3MepeHHs MOMEX 3a CYTKH MOTYT
ObITh HAIJIAOHO MPEACTaBIEHBl B BHUIE CIEKTPO-
rpaMMBbl PasBEpTKH CIEKTPOB IIOMEX, BBICT-
POEHHBIX B PSJI BEPTHKAJIBHO TaKUM 00pa3oM, dYTO
110 TOPU30HTAIILHON OCH MPEICTABIICHO BPEMS CHATHS
CHEeKTpa IOMeX, [0 BEPTUKAIBHOM — YacTOTHI
CHEKTpa, a [BETOM MM SPKOCTBIO H300pakeHbl
3HAYEHHs CHEKTPAIbHBIX D3JIEMEHTOB (CM. puc. 5,
Mo JaHHBIM wm3MepeHuit B T. Momkap-Oma, 18—
19 mapra 2001 r.). Ha mpencraBieHHOM pHCYHKE
BUIHBI JMAIa30Hbl, 3aHATbIE MOLIHBIMH PaaHO-
BemaTeNbHBIMA cTaHmMAMH. Houwsto (219 — 05 u)
MPOMCXOANUT CMEIIEHHE 3arpy’KEHHOCTU IO YacTOTe,

9T0 OOBSICHSAETCA CMELIEHHEM K HIDKHHUM YacTOTaM
JMarna3oHa paclpoCTPAaHEHUs PaIUOBOIH B HOYHOE
BpeMsl 1 MaHEeBpHPOBaHNEM paboueil 4acToTH (B Tpe-
nemax HabOopa paspelieHHbIX YacTOT) pajavo-
HeperaTINKOB.

[IpemycmoTpen pexum kamuOpoBku AUX PITY
[5]. B oarom pexume nHa Bxom PIIY mnomaercs
TFapMOHHYECKMH CUTHAJI M3BECTHOI'O YPOBHS U dac-
TOTHI; B (haiiyle coxpaHsSercs YacTOTHO-3aBHCHMBEII
kodpdurment ycunenus PIIY (oTHomenwe ypoBHS
BBIXOJJHOTO CHTHAJIa K YPOBHIO 3TaJIOHHOTO CUTHAJa),
ncronb3yeMbiit s kKoppekuun AUX PITY wa sToM
gacrore. IIpomenypa mnoBropsieTcss Ui 3aJaHHOTO

9acTOTHOrO  JMara3oHa C  3aJaHHBIM  IIaroM.
OtnenbHO  W3MepsieTcss  MHTETPAIbHBIA  YPOBEHb
coOctBeHHbIX mymoB PIIY (¢ orkmoueHHOM

AQHTEHHOI) B 3aBUCUMOCTH OT 4aCTOTHI; 3TOT YPOBEHb
XapakTepu3yeT MHHHMAJbHbIM ypOBEHb IIOMEX,
KOTOpBI  CIIOCOOHA M3MEpPUTh KOHKpETHas —aIl-
napaTypa.

|

Yacrora, MMy

Puc. 5. Ilpumep cyTouHbIX Bapua-
LU CHEKTpa paguonoMeEX.
| UepHbIil IBET — MaKCUMYM
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Tarxoke oTMeTHUM, YTO AJS 3a4a4 TeOPU3UKH, Kak
MPaBUJIO0, U3MEPEHNE IIYMOB JAOJKHO ITPOM3BOIUTHCS
B a0COJIOTHBIX EIMHULAX — EAWHHULAX H3MEepEHHS
HaNpSDKEHHOCTH TI0JIS, MOITOMY HYKHO HE TOJBKO
npousBoauTh KanmuOpoBky PIIY, HO u yduThIBaTh
AUYX aHTeHHO-(DHIIEPHON CHUCTEMBI, a TaKXKe MEeTO-
OUYECKH  KOPPEKTHO  YYUTBIBaTh  JHarpaMmbl
HaIpaBIEHHOCTH aHTEHH. DTH BONPOCH B HACTOSILIEH
pabore He paccMaTpUBAIOTCS, HPUBEIEHHBIE 31€Ch
JAHHbIE paccuuTaHbl o Bxoxy PITY.

3acayXMBaeT OTAENbHOIO YIOMHUHAHHS METOAMKA
BbleNIeHUs ()OHOBOrO IIyMa M3 CMECH IIOMEX BCeX
BuaoB. HarmomMHuM, 4To 31€ch moa ()OHOBBIM LIYMOM
MOHMMAETCS ITyM HNPUPOIHOrO IMPOHCXOXKICHUS C MEl-
JICHHO MEHSIIOLIMMHUCS XapaKTepPUCTHKaMH, T.e. 0e3
aTMOC(hepHBIX HMMIYJIbCHBIX IOMEX, 0e3 CTaHI[MOH-
HBIX M HWHAYCTPHAJbHBIX IIOMEX, IPYTUMH CIOBaMH,
noJ (OHOBBIM HIYMOM IIOHHMAeTCsi CyMMa IOMeX
(atmMocdepHBIil (PITyKTYaIlMOHHBINA, TEIIOBOH, Tallak-
TUYECKUI IIyMbI), YPOBHM KOTOPbIX Ha IOPAIKH
MEHbIIIE YPOBHEH (M MeEIUIEHHEe MEHSIOTCS BO Bpe-
MEHH) MOITHBIX TOMEX MPUPOAHOTO (aTMochepHBIH
WMITYJTBCHBIA TIyM — OJIDKHHE TPO3bI) M aHTPO-
MOTEHHOTO  (CTAaHIMOHHBIE ¥  WHAYCTPHAJBHEIE)
MpouCXoXKaeHns. Boobme, wu3Mepenue (HOHOBOTO
nryma OTAEIbHOE HANpaBJICHUE, BaXKHOE JUIS
reopusuku. Ho, Hampumep, B cHCTEME YacTOTHOI'O
obecrieueHNs]  ABCTPAJIMIICKOTO  paauoIoKaTopa
Jindalee [13] wm3mepenme (oHOBOTO IIymMa TaKxKe
npousBogutTcs. [lpuMensieMass MeTonuKa OCHOBaHA
Ha THUIIOTE3€, YTO MUHHMAJBHBIM YpPOBEHb IOMeEX
B JWamna3oHe ompesensercs (poHOBBIM IIyMOM (HUTO,
KOHEYHO, He Oyler COOTBETCTBOBATH [EHCTBUTEIb-
HOCTM sl [JUana3oHa, IOJHOCTbIO  3a0HMTOro
nmomexamu "He (HOHOBBIX" BHIIOB). [ OIleHKH ypOB-
H (poHOBOro mryma Ho naHopaMme CIEKTpa IoMeX
Ha BBIOpAaHHOM wYacToTe€ B 3aJaHHOM YacTOTHOM
unrepBane Afpon (10 kI'm — 1 MI'm) BeIOMparoTcs
YaCTOTHBIE 3JIEMEHTbl C MHMHUMAJIbHBIM YPOBHEM
MIOMEXH, KOTOPBIH TNPUHMMAETCS 3a  YPOBEHb
(oHOBOrO IIyMa Ha 3TOM MHTepBaJe. MitocTpanus
pe3y/IbTaTOB NIPUBeJeHa Ha puc. 6, T1e pa3peleHne
YCPEIOHEHHOTO CHeKTpa ToMex (TOHKas JHUS)
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10 xI'u, ponoBoOro myma Ha uHTEpBANE Afgyon = 1 MI'Ly
(Toncras nMHMA), NpUYeM BbljAeseHHe (OHOBOTO
myMa IpoOu3BeZleHO Ha TeX e J[JaHHbBIX, 4TO
Ha puc. 3.

3AK/IIOYEHHUE

OmnucaHHble METOAWKHM PEaJu30BaHbl B COCTaBE
anmnapaTHO-IPOrPAMMHBIX KOMIUIEKCOB 30HIMPOBA-
HUS HOHOC(EPhI pa3NMuIHBIX HconmHeHui [5]. [lepas
METOAMKA IO3BOJISIET U3BJIEKaTh MH(OPMALMIO O CTaH-
LUOHHBIX TOMEXaX W3 NaHHBIX PaJHO30HIMPOBAHUS
nonocdepsr JIUM-curnanamu. Takum o6pazom MOTyT
ObITb OJHOBPEMEHHO H3MEPEHBl XapaKTEPUCTUKU
U CHTHAJa, U IOMEX; NOBBIIIAeTCsI HHPOPMATUBHOCTD
CYIIECTBYIOIIEI0 METO/a 30HANPOBAHUS HOHOCKEPHI.
OnHako B 3TOM CiIydae IIPUEM OCYLIECTBIISIECTCS B CIIe-
HU(UUECKOM PpPEKHUME PaJnO30HAUPOBAHMS, UYTO
HECKOJIBKO OI'PaHHYMBAET BO3MOKHOCTH H3MEPEHUs
IOMeX, HalpuMep W3MEpPEeHUus HuX aOCOMIOTHBIX
BEJINYMH (a TakKe MapaMeTpbl N3MEPEHUM NPUBSI3aHbI
K I1apamMeTpaM CEaHCOB 30HIAMPOBAHUS, IPEXKIE BCErO
BpeMeHHbIe mapamerpsl). [loatomy ecnm TpebyroTcs
XapaKTEPUCTUKU TOJBKO IOMEX, TO IieJIecoo0pa3Ho
UCIOJIB30BaTh BTOPYIO METOAMKY, (YHKLHOHUPY-
IOIIYI0 B P&KUME OOBITHOTO "KITaCCHYEeCKOro" paano-
mpuemMa. Bropas Meroamka TmpencTaBisgeT coboit
YHHMBEPCAIbHYIO TI'MOKOIEepecTpanBaeMyl0 METOIUKY
W3MEpEHMsI TaHOpaM CIEeKTpa IOMEX Pa3INYHBIX
BuIoB. Ee rmOKoCTh 3aKiIroyaercsi B BO3ZMOMKHOCTSIX
LIMPOKOTO0 BapbUPOBaHHUSA IapamMeTpoB H3MEpEHHH
oMeX, B TOM 4YHCJI€ HaJl COXPAaHEHHBIMH H3MepH-
TeJIbHBIMHU JAHHBIMU I10CJIE€ IPOBEACHUS N3MEPUTENb-
HOI'0 9KCHEPUMEHTA, YTO MO3BOJISIET IPUMEHATh OJHU
U Te ke JaHHBIE Al MCCIECHOBAaHUM C Pa3IHMYHBIMU
uensiMu. HemanoBaxHO, 4TO M BTOpas METOAMKA
MOXET KOMIUIEKCUPOBATHLCS C 30HANPOBAHUEM HOHO-
cheppl IMyTeM COOTBETCTBYIOLIETO COCTABJICHUS
pacnucaHusl 3KCIIEPUMEHTOB C Pa3IMYHBIMU PEXHUMa-
MU H3MEpeHUH (a Takke TUHAMHYECKOrO M3MEHEHHMS
pacnucaHds Ha OCHOBE 3KCIIPECC-aHalIM3a JaHHBIX,
MOJTYYEHHBIX B IPEABIIYIINX CEAHCaX).
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Puc. 6. Criextp nomex paspemennem 10 kI'n (ToHKas THHAA) U GOHOBBIHN IIYM TIPH Afgos = 1 MI'n (kupHas nuxms)
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Ha ocHOBe pe3ynpTaTOB HM3MEPEHHH BO3MOMKHO
MoCTpoeHUe (YyTOYHEHHE) TOTYIMIUPHUECKIX MOJIe-
niel paguonoMex (Kak 4actu OHOIIEeneBoi 00CTaHOB-
KA TIpU KOMIUICKCHOM HMHTALMOHHOM MOJIEIHPO-
BaHUM), B T.4. AJSl MOAEIMPOBAHUS M NPOEKTH-
poBarwmst PTC pazmmuanoro HazHaueHus [20].

Taxxke B Tm™maHax JaibHEHmMX pabor —
peanu3zalnys aJIropuTMa HaHOPAMHOIO H3MEpEHHS
MOMEX BCEX BHJOB Ul Oojiee MIMPOKOro Auana3oHa,
gem JIKM (0 Brimrowast JIKM), Ha OCHOBE TEXHOJIOTHI
T.H. "mporpaMMHO orpenensieMpix cucteMm" (Software
Defined Radio, SDR), 4ro MoOXeT NpeacTaBisTh
UHTEpeC Al PAAMOTEXHUYECKUX CUCTEM YK€ He
tonbko JIKM-nuana3oHa, HO U Ipyrux AHANa3oHOB,
a TaKkKe Ui Tenell reopu3MdecKux HCCIIeOBaHHH.
IIpocMaTpuBatoTCcst ABa NPUHLUIHMAIBHO PA3IUYHBIX
METOANYECKUX HAIIPaBJICHUS: IIEPBOE — COXPAaHEHHE
MOJHOTO IOTOKa "CBIPHIX" HM3MEPUTENbHBIX IAHHBIX
C TIENTI0 AallbHeHIel eTaabHoi 00paboTKu (BKITIOUas
METOJBI 00pabOTKH BpPEMEHHBIX PAIOB W METOMBI
TeOpuH OOy4YeHHS MAIIWH); BTOPOE — OJKCIIpecc-
aHaJM3 IOMEX B pEajbHOM BDEMEHH., B T.4. C HC-
nmons3oBanueM DSP (Digital Signal Processor) Ha 6op-
Ty SDR, TmomydeHne  HEKHMX  OMHCATENbHBIX
"MOMEHTaJIbHBIX" OIIEHOK XapaKTEepUCTHK MOMeEX,
a TaKKe YCPEOHEHHBIX 3a HYXHOE BpeMms
"mMakpoxapakrepuctuk". Ilpm Takom w3MepeHUHN
oMeX B IIMPOKUX AMANa30Hax HPUICTCS PELINTh
TEXHHYECKYI0 NpoOieMy KOMMYTallUd aHTEHH
(pa3Hble Arama3oHBI TPEeOYIOT pa3HBIX aHTEHH, J1a Ja-
e HIKHSAS M BEPXHAA 4YacTU OAHOIO AMAIa30Ha)
U METOIUYECKYI0 MpoOIeMy HOpMalu3alM IJaHHBIX
(TTOCKONBKY pa3Hble aHTEHHBI 00JaJaf0T Pa3HBIMU
KOO(QUIMEHTaMH  yCWUJIGHHS W JUarpaMMaMu
HanpaBIE€HHOCTH). MOryT OKa3aTbCsi MOJE3HBIMU
9KCIEPUMEHTHI 110 OpraHM3alUM W3MEPEeHHH Ha rpa-
HULAX OUara30HOB Ha pa3Hble aHTEHHBI VIS OIHOIO
W TOro e HeOOJBUIOr0 YacTOTHOIO MHTEpBaja
C ILelbl0 JajbHEHINEro CpaBHEHHS U BHIPAOOTKH
METOAMKM HOpPMajHM3allMu AaHHBIX. Tawke B ciydae
SDR-niprueMHIKOB WMeeTcs MpodiieMa OTCYTCTBHS
BXOJHBIX TIPECEIEKTOPOB, B pe3ynbrare dero SDR-
MPUEMHHKH OoJiee, YeM TPaJULMOHHBIE, TOJBEPKEHBI
BIIMSIHAIO MOIIHBIX ITOMEX, OCOOEHHO BHEMOJIOCHBIX.
Bosmoxno, morpedyercs goocHamenue SDR-mpuem-
HUKOB TTpeceNieKTopaMHy, "TI03anMCTBOBaHHBIMU'' OT Tpa-
JULMOHHBIX NpueMHUKOB JIKM-nnana3ona. B kauect-
Be SDR-mpreMHWKOB Ui yKa3aHHBIX Iellell HaMu
paccMaTpUBarOTCs Winradio WR-3500i-DSP
n USRP N210. Ycrpoiicteo Winradio WR-3500i-DSP
sto minata SDR, xommberotepusiii [IB/CB/KB/YKB
NPUEMHMK C  BO3MOXKHOCTSIMU  paJnOCKaHepa,
auanasoH yactoT Ha npuem: 0.15-2600 MI'u. Takxke
paccmarpuBaercs  SDR-ycrpoticteo  USRP N210,
MPUBJIEKATEIIFHOE TEM, 4YTO sl HEero YyxXe ecThb
peamuzanmn  pexxumMoB B3 mw H3U B OTKpBITHIX

HCXOMHBIX Komax [21], d9TO TO3BONSIET JIETKO
peann3oBaTh KOMIUICKCHPOBAHHUE PEXHMOB H3Me-
PEHUS TIOMEX ¥ PaJInO30HIUPOBAHUS HOHOCHEPHI.
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TWO METHODS FOR MEASURING HF BAND NOISE

A. O. Schiriy

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
of the Russian Academy of Sciences (IZMIRAN), Moscow, Russia

Two methods of measuring HF band noise are presented. The first method allows you to extract information
about station interference from data on ionospheric radiosounding using linear-frequency-modulated signals —
thus, the characteristics of both the signal and interference can be measured simultaneously; the informativeness
of the existing ionospheric sounding method increases; however, in this case, reception is carried out in a specif-
ic radiosounding mode, which somewhat limits the possibilities of measuring noises, for example, measuring
their absolute values. If only interference characteristics are needed, then it is advisable to use the second tech-
nique, which operates in the mode of a conventional "classical" radio reception. The second method is a univer-
sal, flexible method for measuring panoramas of the spectrum of noises of various types. Its flexibility lies in the
possibility of wide variation of the parameters of interference measurements, including processing the stored
measurement data after the experiment finishes, which allows you to use the same data for research with differ-
ent purposes; the second technique can be combined with ionospheric sounding. The described methods are
implemented as part of hardware and software complexes of various designs for ionospheric sounding. A tech-
nique for estimating the background noise level based on a panorama of the interference spectrum is also given.
In the future, it is possible to implement an algorithm for panoramic measurement of interference in all kinds of
ranges wider than a decameter one (but including it). It is proposed to do this on the basis of Software Defined
Radio technology.

Keywords: noise measurement, decameter noise, noise spectrum, ionospheric radiosonding, oblique ionospheric sounding
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INTRODUCTION

The operation of radio engineering systems (RESs)
in the decameter range is based on the ability of short
waves (SW) to be repeatedly reflected from the
ionosphere and the earth's surface; therefore,
adaptation of such RESs to ionospheric conditions is
the most important prerequisite for ensuring their
correct operation. For this adaptation, operational
diagnostics of the ionosphere are carried out [1-6], the
state of which depends on the time of day and season
of the year, solar and geomagnetic activity, and other
factors, usually of a random nature. Traditionally, for
diagnosing the propagation environment, radar uses
oblique incidence-backscatter sounding (IBS) of the
ionosphere, and communication systems use oblique
sounding of the ionosphere (IOS). It is advisable to
supplement diagnostic tools with means of
ionospheric  vertical-incidence sounding (IVS),
especially at the points of reflection of rays of inclined
paths from the ionosphere [1-4]. The most promising
is the choice of a signal with linear frequency
modulation (chirp) as a sounding signal [1].
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In addition to the numerous and complex effects of
signal propagation, it is necessary to take into account
decameter range noise of various natures. Therefore,
as a rule, adaptation of the decameter range RESs to
ionospheric conditions by selecting the optimum
traffic frequency consists of two steps: selecting the
best frequency ranges in terms of radio signal
transmission, and then, within these ranges, selecting
subbands with the least amount of noise.

Radio noise can occur inside the radio receiving
device (RR), this is internal noise, and outside the RR,
i.e., in the propagation environment — it is external
noise.

The level of self-noise of modern radio receivers in
the decameter range is significantly lower than the
minimum level of external noises, even in the high-
frequency part of the decameter range (> 20 MHz). Of
practical interest may be various types of internal
noises that arise in the receiver when it is exposed to
powerful station noise (exceeding the dynamic range),
including out-of-band noise [7, 8]. This work does not
consider all the variety of internal noise of radio
receiving devices, including those caused by out-of-
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band influences [7, 8], as well as the noise of antenna-
feed systems. In the RR calibration mode, only the
integral level of self-noise is measured, depending on
the frequency.

External noises are divided into active and passive
noises. Types of active noise in the decameter range
are [9-12]: noise caused by thermal radiation of the
earth's surface, atmospheric noise, cosmic (galactic)
noise, noise from radio stations (focused interference),
and industrial noise. Noise that has a relatively uni-
form power spectrum is sometimes called background
noise. Background noise of natural origin with slow
dynamics (atmospheric fluctuation, galactic, thermal)
is collectively called natural background noise.

This work does not consider noise that is called
passive for radar (interfering reflections from the earth
and water surfaces, interference from meteorological
formations) [9]. Issues of electronic warfare (EW),
i.e., so-called active masking interference, are also not
considered [9].

The issue of antennas and angles of arrival of sig-
nals requires individual consideration and is not ad-
dressed in this article. Let us note only as an illustra-
tion that in the frequency support system of the Aus-
tralian Jindalee over-the-horizon radar [13] noise
measurements are carried out in two stages. The goal
of the first stage is to obtain the dependence of the
spectral density of noise on frequency, for which
scanning is carried out in a given frequency range. At
the first stage, an antenna with a wide direction pat-
tern is used. Then, based on the data obtained at the
first stage, the most “quiet” areas are selected (areas
with the lowest level of noise) in each 1 MHz interval.
At the second stage, background noise levels are
measured in selected areas using eight antennas with
narrow direction patterns, which makes it possible to
determine the direction of arrival of radio noise in the
horizontal plane. Note also that for radio communica-
tion systems, the direction of arrival of radio noise is
not as significant as for radar systems.

In general, depending on the goals of the study,
different requirements are imposed on the equipment
and method of measuring. Thus, geophysical research
does not require high frequency resolution because, to
construct daily, annual, and other dependencies, you
do not need to know the “fine” structure of noise
(which is also highly susceptible to rapid fluctuations)
but it requires the accumulation of statistical data over
a long period of time. In addition, noise measurements
must be made in absolute units — field strength units.
This means that before each measurement session, it
is necessary to calibrate the radio receiving device
(RR), taking into account the type of antenna, its
directional pattern, and other characteristics. For tasks
of radio communication, radar and radio navigation,
on the contrary, measurements can be carried out in
relative units, but the high spectral resolution of the

method and equipment is important, as, for example,
when choosing narrow-band (tens or hundreds of
hertz) channels, as well as the possibility of rapid
diagnostics and express analysis.

Note that there is a class of devices that combine
the requirements of accurate (and even standardized)
measurement of absolute values with high frequency
resolution; these are the so-called measuring receivers
(usually used in conjunction with measuring antennas)
and they are designed to solve problems of monitoring
the use of channels and frequency ranges, analyzing
the electromagnetic environment, monitoring electro-
magnetic compatibility, radio monitoring, and radio
survey.

An example of noise measurement techniques for
radiocommunication and radar problems described in
the literature is [10]. This technique allows us to
obtain integral estimates of the congestion of frequen-
cy channels: the signal from the output of the receiver,
discretely in time, is fed to the integrator, where it is
integrated in 1.5 or 5 s, and then, through the conver-
ter, to the input of the recording device (digital type-
writer). After recording the measurement, the auto-
matic switch performs a retuning of the receiver to the
next frequency. The frequency resolution is deter-
mined by the bandwidth of the radio receiver, which
does not allow measuring the “fine” structure of noise.
In [10], the issue of converting the voltage at the
receiver input into field strength is also considered.

Another example is a spectral monitor of channel
workload. The monitor is part of the frequency sup-
port of the decameter range RES, produced by Barry
Research Corp. (AN/TRQ-35(v) Tactical Frequency
Management System). The channel workload monitor
can operate in two modes: scanning the frequency
range of 2-30 MHz (or a section of it) and monitoring
an individual frequency. The channel width is 3 kHz,
spaced at 2 kHz intervals. The interference spectrum
is displayed as a 0-30 dB histogram; the reference
threshold is taken relative to the self-noise.

MEASUREMENT OF STATION NOISE DURING
IONOSPHERIC SOUNDING WITH CHIRP SIGNALS

Since the ionosonde operates, in many cases, in
energy stealth mode, it becomes possible to use
sounding data to monitor the noise situation in the
decameter range, expanding the measuring capabili-
ties of the ionosonde.

An algorithm for automatic measurement of station
(concentrated) noise has been developed in the
process of ionosphere chirp radio sounding [14, 15].
Particular attention to the measurement of station
(concentrated) noise was due to the fact that this is the
dominant type in almost the entire decameter range.
Extracting information about other types of noise
from radio sounding data is also possible [5] but it
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requires preliminary selection of the useful signal in
the ionogram and therefore is not considered in this
paper.

First, a model was built for converting noise in the
chirp signal receiver path [14, 15]. It is shown that the
station noise, concentrated in the spectrum, after
conversion in chirp ionosonde RR, becomes pulsed
(more precisely, a chirp quasi-pulse). Based on the
analysis of estimates of the moments of distribution of
the mixture of signal and noise, an adaptive algorithm
has been developed [14, 15] to detect noise that has
passed through the chirp ionosonde receiver and
concentrated in the spectrum. Its main idea is as fol-
lows: the difference frequency signal with duration 7
from the ionosonde RR output was divided into K
non-overlapping elements with duration 7,. The value
of T, was chosen in such a way that the corresponding
frequency band Af, was equal to the average value of
the spectrum width of the concentrated noise. For
each k-th signal element, unbiased estimates of the
standard deviation (RMS) o, were determined. The
bimodality of the sample o; indicates the presence of
concentrated noise in it, and this sample is censored to
isolate samples belonging to the noise. The signific-
ance of the differences between o, is assessed based
on the criterion for detecting gross errors in experi-
mental measurements, which is valid for a large num-
ber of distribution laws [16]. If the value oy is

o, — &< s (1.55 +0.8VE +2 -1g(K /10)), (1)

R B . L
where & = —Zo;, s 1s the standard deviation for the

i=1
values of oy, E is the kurtosis, then there is no reason
to consider this value to significantly deviate from the
average. If inequality (1) is not satisfied for a some
element and o, > 0o, then it is assumed that this signal

element relates to concentrated noise. The advantage
of this algorithm is also that detection is carried out on
the basis of estimates of signal characteristics without
taking statistics into account.

The efficiency of the algorithm has been assessed.
According to the simulation, the probability of correct
detection of concentrated noise was 99%, and the
probability of a false alarm was 3%. According to
experimental data (1500 signal samples with a
100 kHz band from 300 sessions of the IO0S radio link
Great Britain — Nizhny Novgorod, 12/16 — 19/2003),
the probability of correct detection of noise was 95%
[5, 14, 15].

Fig. 1. Oscillograms.
a — the difference frequency signal; 6 — signal
sections identified as concentrated noise

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 4

Fig. 1 shows, as an example, oscillograms (session
of the IOS radio link Great Britain — Nizhny Novgo-
rod, 12/16/2003, 10:52 Moscow time) of the differ-
ence frequency signal (Fig. 1, a) and signal sections
identified as concentrated noise (Fig. 1, 6). It can be
seen that the use of the proposed detection algorithm
makes it possible to distinguish concentrated noise
quite well.

The detected noise is the object of further study: it
is possible to estimate such parameters as the amount
of noise in a given frequency band (frequency band —
noise), the probability of noise appearing in a random-
ly selected channel with a given band, etc. [5, 15].
When calculating the "width" (i.e., the size of the
occupied frequency band) of concentrated noise, the
task arises of reconstructing breaks in sequences of
samples identified as noise. Breaks, as a rule, amount
to a value of one or two samples (since the frequency
bandwidth is significantly less than the bands of adja-
cent detected noise, it can be stated with a high degree
of probability that both of these noises and the gap
between them constitute one noise). In general, it is
advisable to use a median filter to delete single out-
liers. However, in this case, its direct application
would lead to the removal of detected narrow-band
noises (occupying a band similar to the band of the
gaps to be deleted). Therefore, a modification of the
filter was required, namely, the introduction of
a condition for its use: the sample value is replaced by
the median value only if this sample was not previous-
ly identified as belonging to the noise.

During the processing of the same sample of expe-
rimental data from which the probability of detection
was estimated, the detected noises were examined.
The following parameters were calculated: the number
of noises N in the frequency band Af =
= 100 kHz, the noise frequency band Af;, the probabil-
ity P of the appearance of concentrated noise in a
randomly selected channel with a band of 3 kHz.
Fig. 2 shows histograms of the distribution of these
parameters for all processed data. Fig. 2, B, shows
a peak in the vicinity of 3 kHz, which corresponds to
the characteristic frequency band of radio broadcast-
ing stations.

Fig. 2. Histograms of distributions N, P, Af;, accord-
ing to experimental data

A separate area of work (beyond the scope of this
article) is ionogram cleaning from concentrated noise,
i.e., improving the quality of operation of the iono-
sonde itself, when the detected noise is not the object
of study but is suppressed [14] by rejecting or impos-
ing a weighting function. This suppression of concen-
trated noise is a stage of preliminary data preparation
for further processing of the ionogram and extracting
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data from it (for example, calculating the frequency
response of a radio link) [5, 6, 17, 18].

FLEXIBLE ALGORITHM FOR OBTAINING
A PANORAMA OF THE NOISE SPECTRUM
(ALL TYPES OF NOISE)

The most important advantage of the algorithm for
measuring concentrated noise using [0S data de-
scribed above (besides the possibility of extracting
additional information from IOS data) is the simulta-
neous measurement of the characteristics of both the
signal and noises. However, if the consumer is only
interested in the characteristics of noises, then it is
advisable to develop a special algorithm for measur-
ing noises not in the chirp mode but in the normal
"classical" reception mode. Such an algorithm makes
it possible to carry out measurements with the largest
possibilities for changing parameters (while in the
chirp reception mode there is a "binding" to the oper-
ating parameters of chirp transmitters, etc.; and if the
chirp reception is carried out, having "decoupled"
from the schedule of transmitters and their parameters,
the main motivation for using the chirp mode —
simultaneous measurement of both noises and signal
transmission — disappears).

Such an algorithm was developed [5, 19]. Its main
idea is that the RR is sequentially adjusted with a
given step in a given range, the RR "stands" at the
current frequency for a specified time, the signal from
the low-frequency output of the RR gets digitized,
then a fast Fourier transform (FFT) is performed on
the digitized signal. The resulting spectra, arranged
sequentially, in general, represent a panorama of the
noise spectrum (but there are some subtleties).

In general, information about the time-frequency
structure of noise may have different consumers, and
the variety of tasks leads to conflicting requirements
for measurement data. Thus, geophysical research, as
a rule, does not require high frequency resolution
because, to construct daily, annual, and other depen-
dencies, you do not need to know the "fine" structure
of noise (which is also highly susceptible to rapid
fluctuations), but it requires the accumulation of
statistical data over a long period of time. For radio
communication, radar and radio navigation tasks, on
the contrary, high frequency resolution is important.
The developed algorithm allows processing parame-
ters to be varied within a wide range, due to which the
developed measuring device can be used both to study
the fine structure of noise and to study variations in
noise parameters.

The RR retuning occurs sequentially with a set
step. Moreover, the tuning step is approximately equal
to the RR band (as shown below, the step is slightly
less than the band).

Depending on the goals of the study, the following
are specified:

fu and f, — initial and final frequencies of the
scanned interval;

t, — the measurement time at one frequency (one
spectrum);

n — the number of scans of the interval (for aver-
aging over scans);

6, — the resulting frequency resolution (for aver-
aging over frequencies);

Afpon — interval for selecting the background
noise level.

Based on the characteristics of the receiver, the fol-
lowing are specified:

Af — RR bandwidth;

t; — the time for RR retuning.

The retuning time of the RR is taken into account
as follows: signal samples falling during this time are
discarded. Therefore, we call the difference ¢ — ¢, the
significant measurement time at frequency ¢,. Strictly
speaking, in practice, this time is slightly adjusted so
that the following condition is met: the product of the
sampling frequency and this time is an integer. If this
condition is not met, one spectrum (corresponding to
the measurement time at a given frequency) contains
a non-integer number of samples. Fractional samples
would have to be discarded, which would lead to
a small error in determining the frequency corres-
ponding to this block of samples. When controlling
the tuning of the RR, the real value of the measure-
ment time at frequency is also taken into account.

The sampling frequency f, of the signal is selected
based on the need to provide an analysis bandwidth
greater than the RR passband Af (f, > 2Af), i.e., the
nearest larger one from the doubled RR band (if it is
not possible to set exactly the required one, only select
from a fixed list of sampling frequencies).

The number of FFT points is chosen to be the
nearest largest (power of 2) from the product of the
sampling frequency and the significant measurement
time at the frequency.

ceil(log, (f, (1,-1,)))

no — 2 ) 2)

where ceil is the rounding function up.

The ratio of the analysis bandwidth (half of the
sampling frequency) to the number of spectral ele-
ments ((Npne / 2)+1) determines the spectral resolu-
tion. Increased measurement time at frequency allows
you to increase the spectral resolution.

In the RR band, a band that we call useful A £ is
selected for further processing. The frequency sec-
tions in the RR band before it (A f;;) and after it (A f;,)
get discarded; the RR retuning step should be equal to
A fi. The lower part of the RR band (A f;) is discarded
to eliminate low-frequency noise (from the power

N
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supply, etc.). The need to discard the upper part of the
RR band (A f;,) is due to the peculiarity of the equip-
ment and measurement methodology: the sampling
frequency cannot be adjusted smoothly and is selected
to be the nearest larger one from the doubled RR
band, i.e., the FFT analysis bandwidth is slightly
larger than the RR bandwidth. When specifying A £,
it is necessary to take into account the “extra” band.
The discarding of bands is taken into account when
calculating the tuning step size A f;, so that all useful
bands A f; are lined up sequentially without gaps or
overlaps, forming a continuous panorama of the noise
spectrum. Therefore, the real tuning step A f; is fewer
than the RR band A f.

The size of the interval per spectral element is de-
termined by the ratio of the FFT analysis band to the
number of spectral elements. Therefore, the specified
Afq1 and Af;, are aligned along the boundaries of the
nearest spectral elements.

To reduce the influence of broadband impulse
noise (nearby thunderstorms), which can cause,
among other things, out-of-band distortions in the RR,
the following algorithm is used [16]. First, in the
selected frequency range, measurements are made n
times to increase the stability of the spectrum esti-
mate. Among the selective spectra, those that were
exposed to broadband pulse noise are eliminated.

To determine the fact of exposure, the mathemati-
cal expectation of the spectral density is calculated,
and the threshold level is determined. Spectra for
which the mathematical expectation exceeded the
threshold were discarded. This noise can be either
natural (nearby thunderstorms) or artificial (industrial
noise). It should be noted that this noise is pulsed in
the “ordinary” operating mode of the receiver, while
station noise becomes pulsed (more precisely, a chirp
quasi-pulse) only in the chirp reception mode.

Increasing the statistical stability of the spectrum is
possible due to a loss of resolution of frequency by
summing m neighboring spectral components (to
achieve a given resolution &), or a loss of resolution
of time. The latter option can be carried out in two
ways: by increasing the measurement time at frequen-
cy t; or by scanning a given interval a given number
of times n with subsequent averaging of the noise
spectrum panorama over all n scans. The important
thing is that these actions can be performed on the
saved digitized data after the measurement process,
i.e., the same data can be processed with different
parameters and used for different research purposes.

Fig. 3 shows, as an example, noise spectra with
a resolution of &, =10 kHz (thin line), 6,=1 MHz
(thick line). Here and below, the examples are based
on data from round-the-clock noise measurements at
the receiving point in Yoshkar-Ola in March 2001 [5].
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Fig. 3. Noise spectra with resolution 8, = 10 kHz
(thin line), &, = 1 MHz (thick line)

Fig. 4 shows, as an example, a fragment of the in-
terference spectrum with high frequency resolution
(200 Hz). It can be seen that noise, which most likely
can be identified as station noise, occupies bands of
approximately 1-2 kHz, while at the same time there
are frequency ranges less than 1 kHz, practically not
occupied by station noise.

Fig. 4. Fragment of the interference spectrum with
a frequency resolution of 200 Hz

The results of measuring noise per day can be vi-
sually presented in the form of a spectrogram —
a scan of noise spectra, lined up vertically in such
a way that the horizontal axis represents the time of
recording of the noise spectrum, the vertical axis
represents the frequency of the spectrum, and the
color or brightness show the values of the spectral
elements (see Fig. 5, according to measurements in
Yoshkar-Ola, 3/18-19/2001). The presented figure
shows the ranges occupied by powerful radio broad-
casting stations. At night (21:00-05:00), there is
a shift in frequency congestion, which is explained by
a shift of the radio wave propagation range to lower
frequencies and maneuvering of the operating fre-
quency (within the set of permitted frequencies) of
radio transmitters.

Fig. 5. An example of daily variations in the spectrum
of radio noise, black color — maximum

The calibration mode for the frequency response of
the RR [5] is provided. In this mode, a harmonic
signal of a known level and frequency is supplied to
the RR input; the file stores the frequency-dependent
gain of the RR (the ratio of the output signal level to
the level of the reference signal), used to correct the
frequency response of the RR at this frequency. The
procedure is repeated for a given frequency range with
a given step. The integral level of the RR self-noise
(with the antenna turned off) is measured separately
depending on the frequency; this level characterizes
the minimum level of noise that a particular piece of
equipment can measure.

We also note that for geophysics problems, as
a rule, noise measurements should be made in abso-
lute units — units of field strength, so it is necessary
not only to calibrate the RR, but also to take into
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account the frequency response of the antenna-feed
system, and also methodically correctly take into
account the radiation patterns of antennas. These
issues are not considered in this paper; the data pre-
sented here are calculated based on the RR input.

The technique for isolating background noise from
a mixture of noises of all types deserves special men-
tion. Let us recall that here background noise is un-
derstood as noise of natural origin with slowly chang-
ing characteristics, i.e., without atmospheric impulse
interference, without stationary and industrial interfe-
rence. In other words, background noise is understood
as the sum of noises (atmospheric fluctuation, ther-
mal, and galactic noise), the levels of which are orders
of magnitude lower than the levels (and change more
slowly over time) of powerful noises of natural (at-
mospheric impulse noise — nearby thunderstorms)
and anthropogenic (station and industrial) origins. In
general, measuring background noise is a separate
area that is important for geophysics. But, for exam-
ple, in the frequency support system of the Australian
Jindalee radar [13], background noise is also meas-
ured. The methodology used is based on the hypothe-
sis that the minimum level of noise in the range is
determined by background noise (which, of course,
does not correspond to reality for a range completely
clogged with “non-background” types of noise). To
assess the level of background noise at a selected
frequency in a given frequency interval (10 kHz—
1 MHz), frequency elements with a minimum level of
noise are selected from a panorama of the noise spec-
trum; this level is taken as the level of background
noise in this interval. An illustration of the results is
shown in Fig. 6, where the resolution of the average
noise spectrum (thin line) is 10 kHz, background
noise is in the interval Afy., = 1 MHz (thick line), and
the background noise is isolated on the same data as in
Fig. 3.

Fig. 6. Noise spectrum with a resolution of 10 kHz
(thin) and background noise at Afgon = 1 MHz (thick)

CONCLUSION

The described techniques are implemented as part
of hardware and software complexes of various de-
signs for ionospheric sounding [5]. The first technique
makes it possible to extract information about station
noise from radiosounding data of the ionosphere using
chirp signals. In this way, the characteristics can be
measured simultaneously for both signal and noise;
the information content of the existing ionospheric
sounding method is increased. However, in this case,
reception is carried out in a specific radio sounding

mode, which somewhat limits the possibilities of
measuring noise, for example, measuring its absolute
values (and measurement parameters are also tied to
the parameters of sounding sessions, primarily time
parameters). Therefore, if only noise characteristics
are required, then it is advisable to use the second
technique, operating in the mode of conventional
"classical" radio reception. The second technique is
a universal, flexible technique for measuring spectrum
panoramas of various types of noise. Its flexibility lies
in the ability to widely vary the parameters of noise
measurements, including the stored measurement data
after a measurement experiment, which allows the
same data to be used for research for various purpos-
es. It is important that the second technique can be
combined with ionosphere sounding by appropriately
scheduling experiments with different measurement
modes (as well as dynamically changing the schedule
based on express analysis of data obtained in previous
sessions).

Based on the measurement results, it is possible to
construct (refine) semi-empirical models of radio
noise (as part of the background target environment in
complex simulation modeling), including for model-
ing and designing RESs for various purposes [20].

The plans for further project development include
the implementation of an algorithm for panoramic
measurement of noises of all types for a wider range
than decameters (but including decameters) based
technologies of the so-called "software defined radio"
(SDR), which may be of interest for radio systems not
only in the decameter range but also in other ranges,
as well as for the purposes of geophysical research.
There are two fundamentally different methodological
directions: the first is the preservation of the full flow
of "raw" measurement data for the purpose of further
detailed processing (including methods for processing
time series and methods of machine learning theory);
the second is the express analysis of noise in real time,
including using a digital signal processor (DSP) on
board the SDR to obtain some descriptive "instant"
estimates of noise characteristics, as well as "macro-
characteristics" averaged over the required time. With
such measurements of noise in wide ranges, there are
a number of problems to be solved: the technical
problem of antenna switching (different ranges require
different antennas, even the lower and upper parts of
the same range) and the methodological problem of
data normalization (since different antennas have
different gains and radiation patterns). Experiments on
organizing measurements at the boundaries of ranges
using different antennas for the same small frequency
interval may be useful for the purpose of further
comparison and development of data normalization
techniques. Also, in the case of SDR receivers, there
is the problem of the lack of input preselectors, as
a result of which SDR receivers are more susceptible
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to the influence of powerful noise, especially out-of-
band, than traditional ones. It may be necessary to
retrofit SDR receivers with preselectors "borrowed"
from traditional decameter-range receivers. We are
considering Winradio WR-3500i-DSP and USRP
N210 as SDR receivers for these purposes. The Win-
radio WR-3500i-DSP device is a SDR board,
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a computer LW/MW/SW/VHF receiver with radio
scanner capabilities, receiving frequency range: 0.15—
2600 MHz. USRP N210 SDR device is also consi-
dered, being favored for implementations of the 10S
and IVS modes in open source codes [21], which
makes it easy to implement the integration of noise
measurement and ionospheric radio sounding modes.



