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MOJEJIBb JJIS1 BBIYMCJIEHUSA AMINVINTY JHO-YACTOTHBIX
XAPAKTEPUCTHK KB PA/IMOJIMHUI B
TFEOMETPOOIITHUYECKOM INPUBJINKXEHUHA 11O JAHHBIM
HAKJIOHHOTI'O 30HANPOBAHUA HOHOC®EPHI

B pabore paspaboTaHa u peanu3oBaHa MOAENb JUIL BBIYHCICHHA aMIUIHTYAHO-4aCTOTHBIX
XapaKTEPUCTHK KOPOTKOBOJHOBBIX PAJUOIMHHUNA IO pe3ylbTaTaM 30HIMPOBAHUS LIMPOKOMOIOCHBIM
CHTHAJIOM ¢ JIMHEHHOW 4YacTOTHOH Monymsauued. Mojens mpeanosaraer  HpHOIMKCHUE
TEOMETPHYECKOH  ONTHKU.  AJEKBATHOCTh  MOZAENH  ITOATBEPXKACHA  AKCIEPHMEHTAIbHBIMH
HCCIIeIOBaHHSMH.

We developed and implemented a model to calculate the amplitude-frequency characteristics of the
shortwave radio on the results of probing a broadband signal with linear frequency modulation. The
model assumes the approximation of geometric optics. The adequacy of the model is confirmed by
experimental studies.

MocranoBka  3amaun.  KoporkoBonHoBeiM  (KB)  moHochepHbM
palvONMHUAM  TPOTSHDKEHHOCTBIO  COTHHU-TBICSIYM  KHJIOMETPOB  TIPHCYIIA
MHOT'0JIy4€BOCTh pacmpocTpaHeHus panuocurHana. Hcnonb3oBaHue
Y3KOIIOJIOCHBIX KaHaJIOB B TPaaAWMOHUOHHBIX CHUCTEMaxX CBA3M HE IO3BOJIACT
pasfensaTh MO 3aAep’KKe IMPHUHUMAaeMble MaplUalbHble MOJbI, COOTBETCTBYIOIINE
Pa3HbBIM JIydaM, ¥ OHH HHTepHEPUPYIOT MEXIy COO0i, B pe3ysbTaTe aMILUTUTY THO -
YyacToTHass Xapakrepuctuka (AYUX) jaMHUM CBSI3M CTAHOBHUTCS W3pe3aHHOW. Ei
MIPUCYIIN TIOTbEMBI, COOTBETCTBYIOIINE ojocam KOHCTPYKTHUBHOH
nHTepdEepeHIN, U POBaIbl, 00YCIOBICHHBIE IECTPYKTHBHONW MHTEpdepeHnnei.
Jns ycToitumBoil paboThl pagloTEXHUYECKOH CHCTEMBI €€ pagMOKaHA JOJDKECH
OBITh BIIOKEH B IIOJIOCY KOHCTPYKTHBHOH wmHTepdepeniun. Takum o0paszom,
BO3HHMKaeT mpobiema ompeaencHust AUX JIMHUM CBA3M C BBICOKMM YaCTOTHBIM
pa3pelieHneM, a TaKkKe UCCIeNoBaHUs XapakTepucTuk AUX paanomuHuN: TITyOnH
IPOBAJIOB U YaCTOTHBIX MOJIOC KOHCTPYKTUBHOM MHTEP(HEPEHIIUH.

Hcnonp30BaHue MUPOKOMOIOCHBIX CUTHAJIOB (B IIMPOKOIOJIOCHBIX KaHaIax)
MO3BOJIACT pas3dC/iuTh IMPUHUMAEMbIE MOABI M, KpOME€ TOTO0, MHNpeArnojaract
ONTHUMAaNbHYI0 00pabOTKy cHrHasa B TpHeMHHKe. [Ipm 3TOM onTuUMu3auus
OCYIIECTBJIAETCSI IO OTHOIIEHHIO K H3IydaeMoMy curHaiay. OpHako npu
pacmpocTpaHeHUH B HOHOC(EpPHOM paJHOKaHale, aMIUIMTyAbl W (a3sl
CHEKTPAJBHBIX COCTABIIIONIMX MNapIMANbHBIX MOJ CHTHAJIA HCKaKAaloTCs, B
pe3yibTare dYero ONTHMAIbHOCTh IIpHeMa yTpaumBaercs. s KoMIeHcarun
NCKaKEHUH IIMPOKOMNOJIIOCHBIX PAJNOCUTHAJIOB TaKKe IOJDKHA OBITh pelleHa
3amada onpeneneHust AUX paaroinHUH.
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Cy1iecTByIOIIHE MOIXOABI K PEHICHHUIO 3a1adu m3MepeHns AUX pagunonnHuu
U €€ XapaKTePUCTHK MOXHO Pa3JeIUTh HA IBE TPYIIIIHL:

1) HemocpeACTBEHHOE U3MEPEHHUE;

2) UCIOJIb30BaHUE PaTopU3NIECKUX MOJIETICH.

Tak  ¢opMy  aMIUIUTyIHO-4aCTOTHOM  XapaKTEPUCTUKH  Pa3IMYHBIX
PaAMONIMHUNA TPAJAUIMOHHO ONPEAEISIOT MyTEeM HEMOCPEACTBEHHOIO HM3MEpEHUs
koo dureHToB nepepaun B TpedyeMoM anarazone yactot (Hanpumep [1 — 3]).

AHaju3 1uTepaTypsl. VI3BECTHEI pe3yIbTaThl ONPEAEICHUS CTATUCTHYECKHUX
xapakrepuctuk  AYX ¢ TOMOIIBIO TapMOHMYECKOTO  CHUTHala, KOTAa
9KCTIEPUMEHTAIIBHBIC 3aKOHBI PACTIPEEIICHUS alllTPOKCUMHPOBAINCH N3BECTHBIMA
(HopmanbHsIii, Pemest, Patica, Hakaramu, cM. Hamipumep [4 — 6]).

Jns nHemocpencTBeHHOro m3MepeHus Kod(h¢uipeHTa mepenayd OOBIYHO B
Ka4eCTBE 30HIUPYIOMIETO MCIONb3YyeTCsl TapMOHHMYecKuil curHan. [Ipumepom
YCTPOHCTB 3TOTO Kacca MOXKeT cirykuTh “Heron-200” [2, 3].

IMpu Takom wu3MepeHHH KOA(PPHUIMUCHTOB Iepenaud pajduOIMHUK TepBas
npobiema 3akitoyaercss B Hanmmyuu momex: B JIKM nmuama3oHe CTaHIIMOHHBIMHU
noMexaMu (KOTOpble€ HEBO3MOXHO OTJIMYUTh OT TapMOHHMYECKOTO MPOOHOTO
CUrHajla) MOKeT OBITh “3a0MT’ TPaKTUYECKH BECh YAaCTOTHBIA JMana3oH
MIPOXOXKIICHNST PagMOBONH. [IJIl MCKIIIOUEHUS! BIMSHHS ITOCTOSHHO pabOoTaroIux
MOIIHBIX PaJUOCTaHINM, mpeyaraemoe B [2, 3] ycpeaHeHHE MO BpEeMEHU He
IIOMOXET, a 3HAYUT B KaHalaxX, 3aHATBIX MOIIHBIMH paJUOCTAHIHUIMH,
K03 puIMeHT nepesaur U3MEPHUTh HENb3s. TakuM 00pa3oM, 3TOT IOAXOA MOXKHO
UCTIONIB30BAaTh TONBKO JUIA JWArHOCTHKH PaJUOJIMHAM Ha (PUKCHPOBAHHBIX
4aCTOTAaX, IIPU YCIOBHH, YTO ITH YACTOTHI C BEICOKOH BEPOSTHOCTHIO CBOOOIHBI OT
CTaHIMOHHBIX TIOMEX (T.K. 3TH YacTOTHl BbLAENEHHbIE). OJHAKO, CYIIECTBYIOT
HenpeJHaMEepeHHbIE ¥ WHLyCTPUATbHBIC TOMEXH, KOTOPBIMH MOTYT OBITh 3a0HTHI
mo6ble KaHanbel. [loaTomy (M 3TO BTOpas mpobiema), HEBO3MOXKHO MOIYYHTH
nanopamy AUX pagunoauHu.

ITo >tum mpuumHam ans uccnenoBaHus cBoiictB AUX MHoromywesoit KB
panuoNIMHUN UCTIONB3YIOT panuodusrdeckre Mosenu. OIHaKo, Jalie BCEro Iebio
TaKUX WCCIICAOBAHWIA CTaBUTCS HE MOJCTHpPOBaHUE “TOHKUX’ 3(dexToB
MHOTOJIy4EeBOTO PACHPOCTpaHeHHs, a noiaydeHne AUX ¢ HU3KHM pa3pelieHHeM —
mopsiaka 1 MIm [7 — 9]. K »To#t ke Tpymre MOICTUPOBAHHUSA “HETOHKOW
CTPYKTYpsl AUX MOXHO OTHECTH M METOABI MOJEIMPOBAHMS HAIPSHKEHHOCTH
IOJIS B TOUKE TpreMa (Hampumep, [10]).

B oteuecTBeHHO! nmTepaType 3amada OICHKH TOHKOH CTpyKTypsl AUX
mHOoromyueBoii KB pammommamm Opira mocrtaBieHa B pabore [11], Tam ke
MPEUIOKEHBl HEKOTOpBIE BO3MOKHBIE MMOIXOABI K pemieHuto. OgHAaKo, 3TH
PEKOMEHALMU IIOCTPOCHBI HA OCHOBE IPEANOJIOKECHUH U JOIYIICHUH,
HEIOCTaTOYHO IOJAKPEIUICHHBIX IKCIEPHMEHTATBHBIMU TaHHBIMH. O HEBEPHOCTH
9THX JONYIIEHWH MOXHO CyAWTb, CpPaBHUBAs IIOJyYeHHBIE aBTOpaMH padoT
Ppe3yIbTaThl C JaHHBIMHU 30HIUPOBAHUSI HOHOC(HEPHI.
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Takum oOpa3om, maxe B Tex Cciydasx, Korma craBmiachk [11] 3amaua
HCCIIeOBAaHMs TOHKOH CTpyKTypbl AUX mHuoromydeoit KB panmonmnanm, oHa
pellanach Ha OCHOBE YIPOILECHHBIX, M Jla)k€ HEBEpPHbIX mnojoxkeHuil. Ilosromy,
AUX wmHoromyueBoii KB paguonuHuM JOHKHA BBIYHUCISATBCS IO  TaKuM
XapaKTepUCTUKAM PAaTUOIMHUH, KOTOPbIE MOYKHO HEMOCPEICTBEHHO U3MEPUTh.

B paborax [12, 13] Obwia pemieHa 3ajada OIPEAETICHHS KOMIIEKCHBIX
nepeiaTouHbIX (YHKIMH MapiuaibHeIX MoJ pacupoctpanenus KB pamuocurnana
Ha OCHOBE [AaHHBIX HAaKJIOHHOro 30HAUpoBaHus KB paavonuuuii nuHelHO-
4acTOTHO MoxynupoBaHHEIM (JITUM) curaanom.

BriOpannssbnii B kadectBe 30Hmupytomero JIUM curHam, Omaromapss cBOUM
cBoiicTBaMm [14], ¥ B OTIIMYNE OT TapMOHHYECKOTO CUTHAJIA, MOXKET OBITh BBIZECTICH
13 COCPEIOTOYEHHBIX MTOMEX.

Heas cratbu — mocTpoeHne w™onxenu i BeraumcneHus AUYX KB
PaANOINHHH.

MaremaTudeckass Mmoaeiab. IIpumenenne JIYM curnasa B KadecTse
30HAMUPYIOLIETO, TO3BOJIIET pas3feiuTh IpH IpHeMe MaplHuaibHble MOJBI
pacnpoctpanenus KB panuocurHana M HM3MEpUTh HMX XapaKTepUCTHKH. s
OLIGHKH C BBICOKUM 4acTOTHBIM paspemenueM AUX wHoromyueBoii KB
palMONMHUK C TIOMOINBIO HMOHO30HJA HAKJIOHHOTO 30HJMPOBAHHS HOHOC(HEpHI
(H3U), ucmoms3yromero curHanel ¢ JIYM, Obuta mocTpoeHa MaTeMaTHUYECKas
MOJIENb, CyTh KOTOPOU 3aKII0YAETCS B CIECAYIOIIEM.

B nmpuemnuke JTYM-1MOHO30H1a MPOUCXOAUT CKATHE MPHUHATOIO CUTHAIA B
YaCTOTHOM OOJacTH, COCTOAIIEE B €ro yMHOXKEHHM Ha CHTHal TeTepOiMHa,
KOMIUIEKCHO-CONIPSDKEHHBI  M3Iy4aéMOMY ~ CHUTHaly WM JalbHEWIIEMy
CHEKTPANbHOMY aHajJW3y CHrHalla pPa3HOCTHOM YacCTOTBI, B pE3YIbTATE YErO
JTUCKpeTHBIE MOJBI PACHPOCTPAHEHUS CHTHAlA pa3leNdioTcs [0  3aepiKKe.
Pesynbratom paboThl HMOHO30HIA SIBISETCS HOHOTPAMMaA, XapaKTepU3yIOIas
3aBUCHMOCTh aMIUIMTYJbl CUTHalla OT YacTOThl f M BPEMEHH TPYIIOBOTO
3ama3asiBanus t(f).

B mnpuOnmxeHMHM T'€OMETPUYECKONM ONTHKH IEPEeAaTOYHyI0  (YHKIHIO
pajuMoKaHama C JAUCKPETHOM MHOTOJIyYEBOCTBIO MOYKHO MPEACTaBUTb B BUJE
CYMMBI IIEpeIaTOUHbIX GYHKIMI m OTAENbHBIX JTydei H(f):

H(f =Y H (f.1). (1)

[epenatounyto GYHKIHMIO OTAEIBHOTO JIyda C aMIUIUTYAOH |H S | n Qazoit

@;(f) MOXKHO 3amMcaTh B BUJIE:
—ig, (f.1)
H(f.0)=|H (e ™" @)
HsBecTHO, uTO MpH monoce kaHan Af << f, (f, — pabodas yacToTa) U I
WHTEPBAIOB BpeMeHH Af TOpsiiKa JUINTEIBHOCTH TIOCBUIKM — aMIUIUTYIY

JETePMUHUPOBAHHON YacTH MOKHO CUMTATh NOCTOSIHHOW M OTHECTH K paboueit
JacToTe KaHaja, a (ha3y MOXKHO PasoXuTh B psn Teinopa:
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(pj(f,t)z(pj(fp,to)+27tr/.(fp)Af+2nFﬂAt. 3)

Taxoke B BbIpakeHHH (ha3bl YUUTHIBAETCS BKJIAJ JIOTUIEPOBCKOTO CMEIICHHS
yactoTsl £, [13]. OHo Brusier He Ha popmy AUX, a Ha ee apeiid 1o ocu 4acToT.

Crnenyer OTMETHUTD, YTO NIPUBEACHHBIC BBIPAXKCHHS HE YUUTHIBAIOT paccesHUe
Jy4a P OTPaKEHHH, BbI3bIBatoIIee A1 (Py3HOCTh TpeKa MOIBI Ha HOHOTpaMMe.

Jns  monydeHns aHAIMTHYECKOTO BBIpaXKeHUd T(f) Ha HMOHOrpamMme

HakIOHHOTO JIYM-30HANPOBAHUS PAJHOIUHNAHN BBIICIAIOTCS TPEKH MapIUATIbHBIX

mox KB pagmocurnana (puc. 1). oHO30HI JaeT QUCKpETHBIE YNCIOBBIC 3HAYCHUS

() u |H oS | gepe3 20 — 100 x[' (puc. 2a, 6). s peanuzanun mpeyiaraeéMoro

NOAX0/1a HeOOXOUMBI UX HEeNpepbIBHbIE MOzeH. [l MOCTpOeH s HeNpPepbIBHOW
MozenH T,(f) MPOU3BOAUTCS aNNpPOKCHMAIIHS TTOTMHOMAMU #-0i cTenenu (n = 1.4
M 3aBHCHUT OT TMPOTSKEHHOCTH DPATUOIMHUM U MOpSAKa MOABI). AMIUIMTYJa

|H_/, f | Ul yNaleHHs OJWHOYHBIX BBIOPOCOB IIOABEPraeTcs MEAUAaHHOU

¢unbTpanum (Ha puc. 20 nokazan npumep AUX Mojs! 10 MeTMaHHON QUIBTpALN
TOHKas JIMHUS, TOClie — ToJcTast). Aneprypa MenuanHoro ¢uibrpa N = 6 (s
CIJIAKMBAaHHS OJHO- W JIByXTOYEYHBIX BBIOpOoCcOB). Jlanmee aist moCTpOCHUS

HEIIPEPhIBHOU MOZEIH |H oS | MIPOU3BOIUTCSA KyCOUYHO-JIMHEMHAs

arrpoKCuMalys.

Trp,
MC a)
4.4+

40+
36| e
324 o
28+ :
2a s
204
16+
1.2+
0.8+
0.4
nn

Trp,|
mc

24 f, MruZE

Puc. 1. MonorpamMa (a) 1 BbIACIEHHbBIC TPEKU MapIUATBHBIX MO/ (0)
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Puc. 2. Tpaekropus MoJbl, Cria’keHHasi TOJIUHOMOM (a) 1 AUX 3Tol MOJIbI 10 (TOHKast
JIMHUSA) U TIOoCie (TOJICTas) MeANaHHOH QUIbTpaLu

B pesynbrare, momyuaercs clieAyollee BblpaxeHue sl oueHkn AYX
MHoOTOIy4eBO# noHOchepHoi KB pamuonmanm [2]:

=[Sy & LR ) ) )
j=1

[TapameTrpamu ucnonb3yeMoil Mmonenn AUYX saBisrorcs amiuutynsl Mmoa KB
panuoCHTHAaIa W MEXMOJIOBBIE 3aZEpKKH (Pa3HOCTH BpPEMEH WX TPYyNIOBOTO
3amaszgeiBanus). [Ipumep ¢parmenta BeraucienHo AYX wmuoromyueBorr KB
panuoIMHAY TIOKa3aH Ha puc. 3.

o T LN LBN. S

S | — R L — A— -
e e R R o e
13.773 13.1.1"83 13.%"93 13.I803 13.I813 13.I823 f.MIMy

Puc. 3. ®parmenT Berancnennoin AUX

W3BecTHO uTO, Ormbaromas BpeMEHHOTO PsiZia CUI'Hala pa3HOCTHOW YacTOTHI
JIUM wnono3onzna nogobHa AUX mHoromydeBoit KB paguonuunu mpu ycnosun
OTCYTCTBHUS TIOMeX. BBIJIO MpOBeAEHO CpaBHEHHE BHIA OTHOAIOIICH yKa3aHHOTO
curHana ¢ mosrydyeHHoH AYX paguonvHuM Ui COOTBETCTBYIOIIETO YacTOTHOTO
nuanasoHa [15]. Jlns storo Opamuch y4acTKM HMOHOTpaMM 0€3 CTaHIMOHHBIX
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moMexX M C 4YeTKUMH He Iu(Py3HbIMH Tpekamu. DparMeHTOB HOHOTPAMMEL,
YIOBIETBOPSIOMIMX TAaKUM YCIOBHSAM, OTHOCHTENBHO Mano. Ecmm Obl oHH
COCTaBIISTM CYIIECTBEHHYIO 4YacTh HOHOrpaMMbl, 3amada omeHkn AUYX KB
PaaMONUHIK, MOTJIa Obl OBITH CBEICHA K OTHICKAHHWIO OrHOAarolieil BPEeMEHHOIO
pAda cUrHajga pa3HOCTHOM 4YacTOTHl. PesynbraThl  comocrtaBieHus [15]
MOATBEPNIIN aIeKBATHOCTh TOCTPOSHHOMN MOJIEINH.

BeiBoawl. Pa3zpaGorana mojens st BbraucieHuss AYX MHOTOIyYEBBIX
noHocpepusix KB pamgmomuamii mo manaeiM H3U, mo3Bonsiomias mnoiyvarh
maHopamy AUX ¢ BBICOKHM 9aCTOTHBIM pa3pemIcHIEM.
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