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AHHOmMayus: YCTaHOBNEHO, YTO YacTOTa 3/IEKTPOMArHUTHOM BOJIHbI, BOCMPUHUMAeMas NPUEMHUKOM, He BCeraa
COBMaJAEeT C YaCTOTOW U3/yYeHUs. INEKTPOMArHMTHAA BOJIHA, U3/lyYaeman YeAUHEHHBIM TOYEUYHbIM UCTOYHU-
KoM, ABasieTca chepuyeckon. ITo amnaUTyAHO-MOY/IMPOBAaHHAsA BOJIHA. B 3TOM CBA3M OHa He ABAAETCA MOHO-
XpPOMaTU4YeCcKoli. BocnprMHMMaeman 4actoTa 3/1eKTPOMArHUTHOM chepuyecKol Bo/IHbI MEHbLLE YacTOTbl U3yde-
HMA. Yem Bbllle U3/lydaemas 4acToTa U PacCTOAHUE MEXKAY UCTOYHUKOM U MPUEMHUKOM, TemM Bonblue pasHULA
MEeXay U3/ly4aeMoi U BOCIPUHMMAEMON YacToTamu. B cooTBeTcTBUM € NpuHLMNOM MoMreHca KaxKaaa TOuKa,
[0 KOTOPOW [OXOAUT 3/1EKTPOMArHUTHas BOJIHA, C/TYKUT MCTOYHMKOM BTOPUYHbLIX BOMIH. BocnpMHumaemas ya-
cToTa cHepuyecKor 3/1eKTPOMArHMTHOM BOJIHbI B NtO6OM C/ly4ae MeHblle MCXOAHOM YacToTbl U3YyYeHus u
YMEHbLUAETCA MO Mepe yAaneHUsa OT UCTOYHMKA, YTO 0BYyC/I0BNIMBAETCA MaTEMATUYECKMMU OCOBEHHOCTAMM
cnekTpa chepuyecKkoit 31eKTPOMarHMTHOM BO/HbI.

Kntovesoble c108a: UCTOUYHUK, MPUEMHUK, U3/lyYEHUNE, BOJIHA, YACTOTa, CNEKTP.
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SAHUW OT NEHTpa BOJHBIL. 9to0 aAMIIIUTYAHO-
MOJyJIMpOBaHHad BOJIHA. B 3TOH CBs3M OHa HeE
SBIISIETCS. MOHOXpoMaTuieckoi [5—7]. dns ¢pyHk-
192071
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Bripaxkenne (3) — mepBast ¢opmymna Bocnpu-
HUMAaeMOH 4acTOThI chepuIecKOi BOTHBI.
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Bripaxkenne (10) — tperbst Gpopmyna Bocnpu-
HUMAaeMOH 4acTOThI chepuIecKOi BOTHBIL.

3aki0uenue

Beipaskenust uist 4acToThl cpepruecKoil BOTHBI
(3), (5), (10), momy4eHHBIC HA OCHOBE PA3THMIHBIX
MaTeMaTHYECKUX MOJEIeH, 3aMETHO pa3iuvaroT-
csl.

®opmyna (3) UMeeT UCKIIOUNUTEIHFHO METOIH-
YecKoe 3HaueHHe, KOTOPOe TPYIHO MepeoreHUTb.
Ona u e€ BBIBOJ Hamboiee HATIISAHO JEMOHCTPH-
PYIOT MEXaHU3M YMEHBIIEHUS BOCHPHHHMAEMOMN
YacTOTHl B CHITy OCOOGHHOCTEH crieKTpa cdepude-
CKOM BOJHBI. Iy mpakThyeckux pacu€roB (op-
Myina (3) He mpuemiieMa, TTOCKOIBKY BXOSIIYIO B
Hee KoHCTaHTy C TEOpeTHYecKH OMpeIeNuTh He
MIPECTABIIETCS BO3MOKHBIM.

Beipaxkenue (5) momydueHo Ha ocHoBe (op-
MaJbHO-MAaTeMaTHYeCcKOro Toaxoa 0e3 BBEACHUS
Kakux-Tu0o JonymeHnid. B ommdme oT mmMpoko
pacnpocTpaHEHHbBIX 3KCIIOHEHLHUAJIbHBIX 3aBHCH-
MOCTel, KOTOpBIE€ BIIOJIHE HAIJIATHO OMUCHIBAIOT
Mporecchl, KOHCTpYKnus (opmynsl (5) numnieHa
KaKOW-JIN0O HAarJsAAHOCTH, MPEIACTaBUTh IO €6
BHUJly XapakTep NpOTeKaHHWs IIpoliecca BechMa
npobieMaTryHO. B TO ke BpeMs €€ TOYHOCTh He
BBI3bIBAET COMHEHHUI.

®opmyna (10) sBasieTcss pe3yabTaTOM IOIXO0-
na, Oojee COOTBETCTBYIONIEr0 WHXKeHepHOoMY. Ha
e JIOCTaTOYHO YAOOHBIM Ui aHalW3a W Harjsii-
HOTO TIPEJCTAaBJIEHUS BHJ OKa3alo BIUSHUE I0-
MyIEHHE O COOTBETCTBUU YMeHblleHUs aMIUIUTY-
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1Bl ppoHTa cheprdecKoil BOIHBI €T0 O8UNCEHUIO B
HaTpaBJICHUH MPOTHBOIOIOKHOM pacIpocTpaHe-

HUIO BOJIHBL. JTO JOMNYIICHHE BIIOJHE CeEO0s

OIpaBJIAJIO, YTO, B YACTHOCTH, CIIEAYET U3 CyIIe-
CTBEHHOTO cX0zcTBa BhIpaxkeHui (3) u (10).
VYkazannele ocobeHHoctn (opmyn (3), (5),
(10) onpenensioT yCIOBHBIE TPAHUIIBI UX MPHME-
HUMOCTH. Bripaxkenne (3) mone3Ho Juisl MOHUMAa-
HUs (U3NYECKOTO CMbICIa (peHOMEHA yMEHbIIe-

HUS BOCIIPUHUMAEMOW 4YacTOThl CQepUUISCKOM

BosiHbL. @opmyna (10) yaoOHa IS MHXXEHEPHBIX
pacu€TroB W JAa€T HaWIy4yllee HarJIsIIHOE Tpea-
CTaBJICHHC O JMHAMHUKE U3MCHCHHS YaCTOThI. BrI-
paxkeue (5) mydrne BCEro MOIXOMUT IS BEpH-
(duKalMy MPaKTUYSCKUX BHIYHCICHUH, B TOM YHC-
JIe, OLIEHKH MX IIOTPEIIHOCTEN.

BocnpuanMaemast yacrora cepuueckoit Bol-
HBI B JTIOOOM ClTydae MEHbBIIE MCXOJHOW YacTOTHI
M3ITy4YeHHs] 1 YMEHbIAETCs 10 Mepe yaaleHus oT
WCTOYHUKA, YTO OOYCIIOBIMBAETCS MaTeMaTH4e-
CKUMH OCOOCHHOCTSMH CIIEKTpa C(epuIecKom
BOJIHBI.
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FREQUENCY DEVIATION OF SPHERICAL WAVES
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Abstract: 1t is found that electromagnetic wave frequency received by the receiver does not always coincide
with emission frequency. The electromagnetic wave emitted by an isolated point source is spherical. This is
an amplitude-modulated wave. Thus, it is not monochromatic, which results in mismatch of emitted and re-
ceived frequencies. Three formulas for spherical wave frequency are derived based on various mathematical
models. The first formula is of methodological significance. It and its derivation clearly demonstrate the
mechanism of reducing the received frequency due to spectral features of spherical wave. The first formula is
inappropriate for practical calculations because of indefinability of invariable which is a part of it. The second
formula is derived based on formal mathematical approach without introducing any assumptions. The second
formula is devoid of any visualization and to conceive the nature of undergoing process by its form is very
problematic unlike the case with widespread exponential dependencies, which quite clearly describe pro-
cesses. At the same time, its accuracy is in no doubt. The third formula is the result of approach that is more
similar to an engineering one. Its form, which is quite convenient for analysis and visual representation, was
influenced by the assumption that amplitude attenuation of spherical wavefront corresponds to its move-
ment in the direction opposite to wave propagation. Peculiar features of formulas define conventional limits
of their applicability. The first formula is useful to understand the physical meaning of the phenomenon of
reducing the perceived frequency of spherical wave. The third formula is convenient for engineering calcula-
tions and it provides the best visual representation of frequency dynamic pattern. The second formula is best
suited for verification of practical calculations, including estimation of their errors. The perceived frequency
of spherical wave is at any event less than original emission frequency and becomes less with increasing dis-
tance from the source.

Keywords: source, receiver, emission, wave, frequency, spectrum.
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