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COMPUTER SIMULATION OF SUPERIMPOSED ELECTROMAGNETIC WAVES
FROM ELECTROMAGNETIC FIELD SOURCES IN A WIDE FREQUENCY RANGE
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OnekTpomarHuTHas 06CTaHOBKA B KOHTPONMPYEMOM
NPOCTPaHCTBE (HOPMMPYETCS COBOKYMHOCTLIO 3MeKTpomar-
HWTHBIX MOMEN W M3MYYEHUA C PasNUYHbIMK YACTOTaMMW.
BosHukatollee SBMEHWE HaNOXEHUs 3NEKTPOMArHUTHbIX
BOMH BbI3bIBAET CYLUECTBEHHOE YXYALIEHWE 3neKkTpomar-
HUTHOM 0OCTaHOBKW. MccnemoBaHust B JaHHOM obnacTu
BECbMA OrpaHWYeHbl B CUIY HECOBEPLUEHCTBA METOAO0B
OLEHKM CTENEeHN YCUMEHWUS! HAmMOXeEHHbIX SMNEKTPOMarHuT-
HbIX BOMH. B cTatbe onpegeneHwe CTeneHu ycuneHws
HaNOXeHHbIX BONH MPOBOAMIIOCH C MOMOLLbBIO KOMMbIO-
TEPHOr0 MOAENMPOBaHMUS C UCMONb30BaHWEM pa3paboTaH-
HOro MpOrpamMMHoro obecneveHus. PesynbTatbl Moaenu-
POBAHWS B HEKOTOPbIX CIyyasix Mokasanu CyLLeCTBEHHOE
pasnuuMe amnanuTydbl W 4acTOTbl HaNMOXEHHOW 3MeKTPo-
MarHUTHOW BOJHbI MO CPABHEHWIO C aHAMOMYHbIMK Xapak-
TEPUCTMKAMM HaKrnadblBaemblX BOMH. [lpu  HanoxeHuu
KOrepPEHTHbIX 3MEKTPOMArHUTHbIX BONMH C (Da30BbIM CaBM-
rOM HaknagbiBaemblx BOnH Ha 90° v UX oOMHaKoOBOW am-
nnuTyae opMUPYETCS MEKTPOMArHUTHas BOSHa € YacTo-
TOW, COOTBETCTBYHOLUEHA YacTOTe HaKnafblBaeMbIX BOSH, U
yBEMNMYeHHON amnnuTygon. Mpu yBenuyeHun Ha3oBoro
CABWra OAHOW U3 HaknagbiBaemblx BonH 4o 180° B ycno-
BMSIX OJIMHAKOBOW MHTEHCMBHOCTU KonebaHuin HabnoaaeT-
CS1 SIBNEHME B3aMMHON HENTPaNM3aLUmMm 3NeKTPOMarHUTHbIX
BOMH. [pyn yBENMYEHUM YaCTOTbI OAHOW 13 HEKOTEPEHTHbIX
BOMH B 2-3 pasa Nnpu 0AMHAKOBbLIX aMNIMTYAHbIX 3HAYEHN-
fX 1 pasoBoM caBure POpPMUPYETCS BOMHA, amnnuTyga
KOTOPOW NOBLILIAETCS B HECKOMbKO pas. [lanbHeiiwee yse-
NNYEHNe pasHULBl MEXOY YacToTaMW HaknagblBaeMblX
HEeKOrepeHTHbIX KonebaHuii NPUBOAMT K BO3HMKHOBEHMWIO
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Pe3yNbTUPYIOLLEN BOMHbI C YBENMYEHHON aMnaMTyaon W
4acTOTOM, YMEHbLUEHHON MO CPABHEHMIO C BONHOW Bonee
BbICOKOW 4acToTbl. KOMMblOTEPHOE MOAENMpOBaHME Kore-
PEHTHbIX W HEKOrePEHTHbIX BOMH MOKa3biBaeT BO3MOX-
HOCTb (DOPMUPOBAHUS ANEKTPOMATHUTHBIX NOMEN C HOBbIM
NPOMEXYTOYHbIM 3HAYEHUEM YacTOTbl W aMNAMTYLOM, No-
BbILUEHHOW MO CPABHEHWIO C KaXJOW MCXOLHOW COCTaBns-
towen. OueHKa CTEMEHW YCUNEHWS Pe3ynbTUpPYHOLLEro
LENCTBUA SMEKTPOMArHUTHbIX MONEN U U3MYYEHUIA B LUMPO-
KOM 4aCTOTHOM Anana3oHe MOXET NPOBOAMTLCS C UCMONb-
30BaHMEM MPELIOKEHHON METOAMKM W pa3paboTaHHOro
nporpamMmMHoOro obecrneveHus 4ns pacyeTa XapakTepucTuk
1 BU3yann3aLym HaroXEHHbIX SNEKTPOMarHUTHbIX BOMH.

Keywords: superimposed electromagnetic waves,
computer simulation, scientific visualization, intermediate
frequency value, resulting amplitude, wide frequency
range, harmonic oscillations, electromagnetic environment,
electromagnetic field amplification.

The electromagnetic environment in the controlled
space is formed by a combination of electromagnetic fields
and radiation with different frequencies. The emerging
phenomenon of superposition of electromagnetic waves
causes a significant deterioration of the electromagnetic
environment. The research in this area is quite limited due
to the imperfection of the methods for evaluating the de-
gree of amplification of superimposed electromagnetic
waves. The degree of amplification of superimposed waves
was determined by computer simulation using the devel-
oped software. The simulation results in some cases
showed a significant difference in the amplitude and fre-
quency of the superimposed electromagnetic wave as
compared to similar characteristics of the superimposed
waves. When coherent electromagnetic waves are super-
imposed with a phase shift of the superimposed waves by
90° and their equal amplitude, an electromagnetic wave is
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formed with a frequency corresponding to the frequency of
the superimposed waves and increased amplitude. When
the phase shift of one of the superimposed waves increas-
es to 180°, the phenomenon of mutual neutralization of
electromagnetic waves is observed under conditions of the
same intensity of oscillations. With increased frequency of
one of the incoherent waves 2-3 times with the same am-
plitude values and phase shift, a wave is formed, its ampli-
tude increases several times. A further increase of the dif-
ference between the frequencies of the superimposed in-
coherent oscillations leads to the appearance of the re-

sulting wave with increased amplitude and a frequency
reduced in comparison with the wave of a higher frequen-
cy. Computer modeling of coherent and incoherent waves
shows the possibility of forming electromagnetic fields with
a new intermediate frequency value and the amplitude
increased compared to each initial component. The eval-
uation of the degree of amplification of the resulting effect
of electromagnetic fields and radiation in a wide frequency
range may be carried out using the proposed methodology
and developed software for calculating the characteristics
and visualization of superimposed electromagnetic waves.
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BBepeHue

OneKTpoMarHuTHas 0bCTaHOBKA B KOHTPOMMPY-
€MOM NPOCTPaHCTBE (hOPMUPYETCSH COBOKYMHOCTHH
AneKTpoMarHuTHeIX nonein (AMM) n uanyyeHui,
CO30aBaeMbIX He TONMbKO Pa3fnyHbIMU UCTOYHMKA-
MU C PUKCMPOBAHHLIMW YacTOTaMm, HO U B psge
CriyyaeB — OAHUM WCTOYHUKOM, TEHEpUPYHLLUM
OMIT Ha pa3nunyHbIX YacTtoTax. [pu 3TOM BO3HMKa-
€T SBMEHNe HaNOXeHWs 3MEKTPOMArHUTHbLIX BOJH
(3MB), onucbiBaemoe C ucnonb3oBaHMeM npeob-
pa3oBaHusa Oypbe [1, 2]. BO3HUKHOBEHWE HANOXeEH-
HbIX BOSIH MOXET MpWUBECTU K CYLLECTBEHHOMY
YXYOLEHWIO ANEKTPOMArHUTHOM 0BCTaHOBKM.

OpHako wuccrnegoBaHus B AaHHOM obnactu
BECbMa OrpaHuyYeHbl B CUITY TOTO, YTO He U3y4aeTcs
HanoXeHWe 3NeKTPOMarHUTHbIX BOMH B pacLUMpeH-
HoM g0 3 Tl Auana3oHe 4acToT, a W3BECTHble
NOAXo4bl K OLEHKE 3NeKTPOMarHUTHON 0BCTaHOBKM
He Y4WUTbIBAKT BO3MOXHOCTb BO3HUKHOBEHWSI Mak-
cumanbHbIx ypoBHen SMIT npu KOMOGMHMPOBAHHOM
BMMSHUM HECKOIbKWUX COCTaBNSAIOWMX 3rekTpomar-
HWUTHOTO MOMS B LUMPOKOM 4acTOTHOM [uana3soHe
[3-6]. Mpwu atom paspaboTaHHbIN paHee noaxoa,
OCHOBAHHbI Ha UCMOMb30BaHUM MaTeMaTUYECKUX

BbIPQXEHUIA ANS ONpeaeneHns 4onycTMMoro Bpe-
MeHW npebbiBaHMs U NOAPOBHO M3NOXEHHDIN B [7],
He B MOSHOM Mepe OTpaXaeT MeXxaHU3M Hanoxe-
HWS1 3NEKTPOMArHUTHbIX MOMeN W W3MyYeHWid, YTo
obocHoBbIBaeT nposefeHune 6onee rnybokux wuc-
CnefoBaHWN B 3TOM HanpaBneHuu.

Llenbto uccnegosaHun sBNseTCs onpeneneHue
CTENEHN YCWNEHMs HanOXeHHbIX BOMH nocpea-
CTBOM KOMMbKOTEPHOTO MOAENMPOBAHMUSI.

O6beKkTbl U MeTOoAbI

[ins yTOYHEHUSI CTEMEHN YCUINEHMS KOMBUHMPO-
BaHHbIX BOSH pa3paboTaHo nporpaMmmHoe obecne-
yeHve [8] ana ux moaenupoBaHusa. Ha ocHoBaHUK
NpPoBeaeHHbIX UCCefoBaHWA NpeacTaBneHa MeTo-
AMKa pacyeTa napameTpoB HamOXeHHbIX BOMH B
LUMPOKOM YaCTOTHOM [uanas3oHe, anroputMm KOTo-
poi noapobHO paccMoTpeH B [9].

Kak nokasblaloT pesynbTaTbl MOAENMPOBaHMS,
NPW HaNOXEHUN KOrepeHTHbIX SNMEKTPOMArHUTHbIX
BOMH (0T MCTOYHMKOB OMI, reHepupylowmx uany-
YEeHWs1 C OAMHAKOBOWN OCHOBHOM 4acTOTOW), COBMa-
Aalwmx no ase, amMnauTyga pesynbTUPYHOLLEn
BOMHbI COOTBETCTBYET CyMME amnnuTyq Haknagbl-
BAEMbIX BOJH.
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Pe3ynbTaThl UCCnegoBaHuUiA U MX 00CYyXaeHUE
[Py HanoXeHU! KOrepeHTHbIX 3MEKTPOMArHmT-
HbIX BOSTH C pasnnyHbIMK (Pa30BbIMM CABUraMM am-
NAUTYLY pe3ynbTUPYIOLLENA BOIHBI MOXHO onpeae-
nmtb no gopmyne (1) [10]. Mpu aTom HanbonbLuee
amMnnuUTyoHOe 3Ha4YeHWe COOTBETCTBYET BapuaHTy
HaNOXEHUS KOrePEHTHbIX 3IEKTPOMArHUTHbIX BOJTH,
coBragatLLmMx no ase. Yactora pesynbTupytoLLen
BOMHbI B [JaHHOM Crly4ae COBMajaeT C 4acToTow
HaKnaablBaeMbIX rapMOHUYECKUX KonebaHni:

As A+ A+2 A4, Acosdan, (1)
roe As — aMnnuTyaHOe 3HaYyeHue nepBon YacToT-
HO COCTaBNSIOLLEN SNEKTPOMArHUTHOrO Nons;

A2 — aMnnnUTygHOe 3HaYeHne BTOPOW YacToT-
HoW cocTaBnsitowen M

Aw - pasHOCTb MexXay LMKNNYEeCKUMKU YacTo-
Tamu NEpBOr0 W BTOPOrO HaKnagblBaeMblX 3NekK-
TPOMarHuTHbIX konebaHui, pag/c;

t — onuTenbHOCTL KonebaHnus, c.

HanoxeHne HEKOrepeHTHbIX 3NEKTPOMArHUTHbIX
BOJH OCHOBAHO Ha CriefytoLem.

lMpy yBENMYEHUM YaCTOTbl OAHOM U3 Haknagbl-
BaeMblX BOMH pPEe3ynbTupyloas amnnutyga Tak
K€, KaK W [ns KOrepeHTHbIX BOMH, onpeaenseTcs
no copmyne (1) [10]. Mpn oTAMYMM wYaCTOTLI
HaknagblBaeMblx konebaHuii MeHee Yem B 3 pasa
4acToTy Pe3ynbTUPYIOLLEN BOMHbI MOXHO paccyu-
TaTth No hopmyne [5, 6]:

1 2
roe f — cpefHee apuMeTUyHeckoe 3HaveHue Ya-

CTOTbl HakrnadbiBaeMbIX 3MEKTPOMArHUTHbIX Kone-
BaHun, u;

Af — pasHOCTb Mexagy 4YactoTamu NepBoro u
BTOPOro HaknagbiBaembix IBM, I'u.

BoisiBneHo, Yto npu ha3oBom caBure Haknagbl-
BaeMbIX BOSH Ha 90° M MX OAMHAKOBOW amMnnuTyae
hopMupyeTcs dNeKTpOMarHUTHas BOMHa C 4acTo-
TOW, COOTBETCTBYIOLLEN 4aCTOTE HaKnajblBaeMbIX
BOSIH, W YBEIMYEHHOM npakThdeckn B 1,5 pasa
amnuTygoi. Mpu yBennyeHun ha3oBoro casura
OfHOW U3 HaknagbiBaeMblx BonH 4o 180° B ycrno-
BUSIX OJMHAKOBOW WHTEHCMBHOCTM  KOnebaHwmi
HabnogaeTca SIBMEHMe B3aMMHOM HeMTpanu3auum
9NEKTPOMArHUTHbIX BOSTH.

KomnbloTepHOe  MOAEnMpoBaHMe MokKasbiBaeT
(puc. 1), 4TO NpW yBENUYEHWUN YaCTOTbl OHON W3
BOJH B 2 pa3a Npu OAWHAKOBbLIX aMnIMTYaHbIX 3Ha-
YeHUsX W (asoBOM casure opMUpyeTcs BOSHA,

amnnuTyga KoTopoi MoBbILWAETCS B J3 pas. Op-
HaKO MOBbILIEHWe YacToTbl B 3 pasa NpuBOAUT K
YBEIMYEHUIO amMnanTyabl CHOPMUPOBAHHOM BOJTHbI
TONbKO B 1,5 pasa. 3Ta 3aKOHOMEPHOCTb MOJHO-
CTbl0 MOATBEPXLAETCA He TONMbKO rpaduyeckon
BM3yanu3aumen HaknagbiBaembix konebanun [11],
HO U pe3ynbTaTamu pacyeToB, NONYYEHHbIMM C UC-
nonb30BaHMEM pa3paboTaHHOro  MPOrpamMMHOro
obecneyenus [8].

Mpu (Ha30BOM caBure HaknagblBaeMblX BOSH C
oauHakoBon amnnutygoin B 90° M yaBOEHHOM yva-
CTOTe OfHOW U3 BOSH (hOPMUPYETCS BOSIHA C am-
NIUTYOON, YBENMYEHHOW npakTuyeckn B 1,5 pasa.
[Mpn yTPOEHHOW YacToTe OAHOW M3 BOMH 3Ta am-
NNMTYya NoBbIWaeTes B 2 pasa (puc. 2).

Mpu Tex xe yCroBusx yBenuyeHune (asosBoro
CABMra HaknagelBaembix BorH ao 180° npuoauT K

YBEJTUYEHUIO pesyanleyrom,eVl aMmnninTyabl B \/g

pa3 Ans yABOEHHOM YacTOTbl O4HOM W3 BOMH M 40
2 pa3 ans yTpOEHHOM YacToThl (puc. 3).
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Puc. 1. HanoxeHue anekmpomaz2HUMHbIX 80JIH ¢ 00UHaKo8bIMU aMnaumydamu u cdeu2om no ¢hase
npu ydeoeHHoU pa3HOCMU Yacmom
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Puc. 2. HanoxeHue anekmpoMacHUMHbIX 80/1H ¢ 00UHaKO8bIMU amMniumydamu
npu ympoeHHol pazHocmu Yacmom u ¢hazoeom cdsuze 90°
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Puc. 3. HanoxeHue anekmpomMacHUMHbIX 80/1H ¢ 00UHaKO8bIMU aMniumydamu
npu ympoeHHoU pasHocmu Yacmom u ¢hazosom cdsuze 180°

[Mony4YeHHble C MOMOLLbIO KOMMBIOTEPHOMO MO-
AEnMPoBaHMs KOMOWHMPOBAHHbIE 3NEKTPOMArHuUT-
Hbl€ BOMHbI Npyu Gonee BbICOKOW aMNNTYAe BOSHbI
c bonee BbICOKOW YacToToM (puc. 4a) u ¢ bonee
HW3KoW (puc. 46) nokasbiBatoT, 4TO B 06OMX Cryya-
SIX pesynbTupytoLLas aMmnauTyga BO3pacTaeT, UTo
noATBepPXaaeT CrpaBeanuBoCTb BbipaxeHus (1)
[10].

[anbHenllee yBenuyeHue pasHuUbl Mexay ua-
CTOTaMW HaknafblBaeMblx KonebaHuit (bonee yem
B 3 pasa) NpUBOAMT K BO3HWUKHOBEHMIO PE3ynbTy-

PYIOLLEN BOSHbI, aMnIUTyaa KOTOPOU YBEnuyuBa-
eTcsa Gonee yem B 2 pasa, a YacToTa YMeHbLUaeTcs
Mo CPaBHEHMIO C BONHOW 60nee BbICOKOI YacToThl.

3aknioueHue
KomnbloTepHOE MOAENMPOBaHME HaMOXEHHbIX
KOrEPEHTHbIX W HEKOrepPEeHTHbIX BOMH MOKa3blBaeT
BO3MOXHOCTb (DOPMUPOBAHUS  SNEKTPOMArHUTHBIX
nonei C HOBbIM MPOMEXYTOYHbIM 3HAYEHUEM Ya-
CTOTbl ¥ aMNANUTYLOM, NOBBILLEHHOW N0 CPaBHEHWIO
C Kaxgomn mcxogHom coctasnsiowen. OueHka cre-
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NEHN YCUNEHNs pe3ynbTUPYIOLLEro AeNCTBUS dnek-
TPOMArHUTHbIX MOMeN 1 U3NyYEHUN B LUMPOKOM Ya-
CTOTHOM AManas3oHe MOXeT MpOBOAUTLCA C UC-
NoNb30BaHNEM MPESJSIOKEHHON METOAMKM U paspa-
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BoTaHHOrO MporpamMMHOro obecneyeHus Ans pac-
yeTa XapaKTepuUCTUK 1 BU3yanu3aLmi HaMoXeHHbIX
ANEeKTPOMArHUTHbIX BOMH.
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Puc. 4. HanoxeHue anekmpoma2HUMHbIX 80JIH C 00UHaK08bIM cO8U20M No ¢haze
npu yodeoeHHoU pasHocmu yacmom:
a - 6onee ebicokas amniiumyoa y e0JHbI ¢ 6osee 8bICOKOLU Yacmomoli;
6 - 6onee ebicokasi amnnumyoa y 8oJHbI ¢ 6osee HU3kol Yacmomoli
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OMPEAENEHWUE CTABUNBHOCTK IKCIMNYATALUNOHHBLIX XAPAKTEPUCTUK
KOMNO3ULUMNOHHbIX ANEKTPOOBOIPEBATENEWN
Ana ArPONPOMBILLTEHHOIO KOMIMJIEKCA

DETERMINATION OF THE STABILITY OF OPERATIONAL CHARACTERISTICS
OF COMPOSITE ELECTRIC HEATERS FOR THE AGRO-INDUSTRIAL COMPLEX

Kntoueebie cnosa: 00HOPOOHOCMb KOMNO3ULUOHHOZ0
mamepuana,  MHO203/1eKMPOOHbIU  KOMNO3UYUOHHBIU
anekmpoobozpesamerib, UHGHOPMAULOHHO-3HMPONUGHB I
UHmMepsarn, 31eKMPOHHas MUKDOCKONUS, MEeNnio8uU3LOH-
Hble uccnedosaHusi, oKanbHbIL 0602pes.

PaccmatpuBatotcs apdeKTUBHBIA HU3KOTEMNEPATYP-
HblIll NOBEPXHOCTHbI 000TPEB U TEXHUYECKWe CpeacTBa, Ha
OCHOBE MHOTO3/1EKTPOAHbBIX KOMMO3MLMOHHBIX 3MEKTpO-
oborpesatenen (MK3) pasnuyHbix ¢opm 1 TMNOpPa3MepPOB
ANS arpornpoMbILLNEHHOTO MpOU3BOACTBA. AnekTpoobo-
rpeatenn MKS obnagatoT cregylowmmn xapaktepucTu-
KaMmu: 3alMTa OT MOpaXeHMsl AneKTpudeckum Tokom — 0;
CTeneHb 3aWuTbl OT AOCTYNa K onacHbIM YacTsiM, nonaga-
HWS TBEpAbIX NPeameToB, Boabl — IP57, nmpogomkuTens-
HbIM pexumam pabotbl Oe3 Hapsopa. ChepxuBarowmm
(haKTOpOM LLMPOKOTO MCMoNb30BaHUs 3nekTpoooborpesa-
Tenen MK sBnsieTcs HepoctaTouHas CTabunbHOCTb MX
3KCNNyaTaLMOHHbIX XapakTepucTuk. B ctatbe npegnaraer-
CA pelleHne 3afaun onpefeneHus cTabunbHOCTM aKenny-
aTaumoHHbIX napameTpoB MK3 Ha ocHoBe aHanmsa CTpyk-
TYPHO-OPMEHTUPOBAHHON MOAENN PacrpeneneHns TeXH-
Yeckoro yrnepoga B ByTurkayyykoBon MaTpuLe uHdopma-
LIMOHHO-3HTPOMUIAHBIM ~ METOAOM.  JKCepUMEHTaNbHbIE

NccnesoBaHus CTPYKTYPbl KOMMO3WLMOHHBIX MaTtepuaros
MPOBOLATCA KOMMMEKCHBIMW METOAAMU SNEKTPOHHON MIK-
pockonuu. TonyyeHbl KauecTBEHHbIE M KOMMYECTBEHHbIX
XapaKTEPUCTUKN  CTPYKTYPHO-OPUEHTUPOBAHHOM  MOAENH
Ans  OpMMPOBAHUS  PETYMSPHOA CETYaTON CTPYKTYpbI
3NEKTPONPOBOASLLEr0 HANOMHUTENS! B MONMUMEPHOI MaT-
puue, obecneumBatoLleit CTabUNbHOCTb SKCMNyaTaLMOoH-
HbIXx XapakTepuctuk. CteneHb ogHopogHoctu KM, otpa-
xarowas konebaHus koHUeHTpaumn TY B pasnuyHbIX MUK-
poobbeMax MONMMMEPHOW MaTpuubl AN1s McCneayembix
00pasuoB coctasuna ot 75 fo 86%. MpueogsTcs pesynb-
TaThl TEMMOBU3MOHHLIX WUCCIEfoBaHUA dnekTpooborpesa-
Tenen MK3, koTopble nokasanu paBHOMEPHOCTb pacrpe-
[ENeHns TEMMOBbIX NMOMENA, YTO NOATBEPXKAAET 3P deKTHB-
HOCTb  MCMOMb30BaHUS  MHGOPMALMOHHO-3HTPOMMIAHOIO
MeTofa NS onpegeneHnst OAHOPOLHOCTM KOMMO3WLMOH-
Horo matepuana (KM). AHanua nomny4eHHbIX TepMorpamMm
npu BbixoAe anekTpooborpeBaTens Ha pabounii pexum
yepe3 45 MWH. nocre ero BKIMKOYEHUS NOKa3an, YTo npe-
BbllLeHWe Temnepatypbl Ha nosepxHocTn MK3-1/5 cocTa-
Buno 15...200C npu Temnepatype OKpyxatowlei cpenbl
T= 17°C. OT10T nokasaTeNb COOTBETCTBYET 300TEXHUYE-
CKMM HOpMaM COAEpPXaHWs MOMOAHSKA XMBOTHbIX. Wc-
nonb30BaHWe TEMMOBU3WUOHHOM AMArHOCTUKW MO3BOMNSET
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