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FAPMOHWYECKWUN AHANU3 TOKA YEPE3 CTEHKY CTEBNSA PACTUTENbHBLIX MATEPUANOB

HARMONIC ANALYSIS OF THE CURRENT THROUGH THE STEM WALL OF PLANT MATERIALS

Knroueeble cnoea: pacmumenbHbie Mamepuarbl,
371EKMPOMEXHONI02UYECKUE  NPOUECChI,  anekmpuyeckull
MoK, 2apMOHuYecKull psd @ypbe.

Pan anekTpoTexXHONOrM4eckMx MpoLeccoB OCHOBbLIBA-
€TCS Ha B3aMMOAENCTBUM MaTepuana pacTuTeNbHOrO npo-
MCXOXOEHNS M 3MEKTPUYECKOTO TOKA PasnuyHON MMOTHO-
CTM M BUAA OCLMMIOrpamMMmbl. ONEKTPOTEXHOMOTMYECkme
npouecchl SBASOTCA IPDEKTUBHBIMU B TOM Cry4ae, ecnm
yAaeTcs CoKpaTUTb HEaPPEKTUBHBLIE 3aTpaThl ANeKTpUde-
CKOW 3Hepruu Ha Harpes obpabaTtbiBaemoro matepuana u
YCUIUTL €ro TexHonmornyeckoe gencrame. MNpu 3ToM mMate-
puarnbl, B 4acTHOCTU CTebreBas YacTb pacTeHus, sBMsiio-
wuecs obbekTom 06paboTku, obnagatoT HECUMMETPUYHO
OTHOCWTENBHO Hayarna KoopanHaT BOMbT-aMNepHO Xapak-
TEPUCTUKON. ITOT (hakT OBBACHAETCA HannuMeMm retepo-
TEHHOW CTPYKTYPbl MPOAOMBHOMO paspesa pacTUTENbHOM
MeMOpaHbl cTEDNs M ABNSETCS MPUYMHON BO3HUKHOBEHUS
NEPUOANYECKINX HECMHYCOMAAMbHBIX TOKOB, 3HAHWE rapMo-
HWYECKOrO COCTaBa KOTOPbIX NPELCTABNSAET CODON BaXxHYI0
Hay4YHO-NPaKTUYECKYI0 3adady, peLLeHne KOTOpon Hanpas-
NEHO Ha CHWkKeHWe HeahEeKTUBHbIX dHepro3aTpaT Ha
HarpeB obpabatbiBaemoro matepuana. B cnyyae ucnosnb-
30BaHWs CMHYCOMAAMBHOTO HANPSKEHUS MOMHbIA TOK CO-
CTOMT W3 CyMMbl MPSMOI M 0BpaTHON COCTaBMSOLLMX U
MOXeT bbITb NpeacTaBneH psgom Oypee. Llensto senset-
Csl NpefcTaBneHne NOMHOTO TOKa Yepes CTEHKY cTebns B
BMAe rapMoHnyeckoro psaa ®ypbe. YctaHoBneHa 3aBuc-
MOCTb NpsIMOiA, 0BPaTHOM COCTABMSIOLLMX M MOMHOrO TOKa
B LieNOM OT napaMeTpoB 3rIEMEHTOB CXEMbl 3aMeLLeHus
CTEHKW CTEBNS, OT YacTOTbl HAMPSXKEHUS U HANPSHKEHHO-
CTU 3MEKTPUYECKOrO Monst U MOryT ObiTb NMpencTaBMneHb
MOCTOSIHHOM COCTaBNSAOLLEN, NEPBON W BTOPON rapMOHM-
kamu. OpHako Ha pe3ynbTaT 00paboTkM PacTUTESNbHbIX
MaTepuanoB 3fEKTPUYECKUM TOKOM, HE CBS3aHHbIM C
HarpeBOM, OKa3blBAET NULLIb TEXHOMOTMYecKas ero CocTae-

nawoLad. BwmecTe ¢ TeM Ha NPakTUKe ynpasnAatb UMeeTCA
BO3MOXHOCTb TOIMbKO 06U.I|VIM TOKOM.
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es, electric current, Fourier Series.

A number of electrotechnological processes are based
on the interaction of plant material and electric current of
different densities and oscillogram types. Electrotechnolog-
ical processes are effective if it is possible to reduce ineffi-
cient expenditures of electrical energy for heating of the
treated material and to enhance its technological effect. At
the same time, the materials, in particular the stem part of
the plant, which are the object of processing, have a volt-
ampere characteristic asymmetric with respect to the origin
of coordinates. This fact is explained by the presence of
heterogeneous structure of the longitudinal section of the
plant stem membrane and is the reason for the emergence
of periodic non-sinusoidal currents, the knowledge of their
harmonic composition is an important scientific and practi-
cal problem which solution is aimed at reducing inefficient
energy consumption for heating of the treated material.
When a sinusoidal voltage is used, the total current con-
sists of the sum of the forward and reverse components
and may be represented by Fourier series. The goal is to
represent the total current through the stem wall as a har-
monic Fourier series. The dependence of direct, reverse
components and total current as a whole on the parame-
ters of the elements of the substitution scheme of the stem
wall, on the frequency of voltage and electric field strength
has been determined and can be represented by the con-
stant component, first and second harmonics. However,
the result of treatment of plant materials by electric current
not related to heating is affected only by its technological
component. At the same time, in practice it is possible to
control the total current only.
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BeepeHune

Pap  anekTpoTexHomornyeckux npoLeccoB Oc-
HOBbIBAETCA Ha B3aWMOLENCTBMM MaTepuana pac-
TUTENBHOTO NPOUCXOXOEHNUS U 3MEKTPUYECKOro TO-
Ka pasnuMyHOM NNOTHOCTM U BUAA OCLMNNOrpamMmbl
[1-4]. OnekTpoTEXHONOrMYECKNe NPOLECChl SBMS-
0TCS 3PEKTUBHLIMM B TOM CRy4yae, eCnu yaaetcs
COKpaTUTL HEea(heKTUBHbIE 3aTpaThl JNEKTpuye-

CKOW 3Hepruv Ha HarpeB obpabaTtbiBaemMoro mare-
puana v yCunuTb ero TEXHONOMYECKOe AeNCTBHe.
Mpu aTOM MaTepuansl, B YaCTHOCTW cTebreBas
YacTb pacTeHus, aensatowmecs 0bbekTom 06paboT-
ku, 06napalT HECUMMETPUYHON OTHOCUTENBHO
Hayana KOOpAMHAT BOMbT-aMMEpPHON XapakTepu-
CTUKOW. JTOT (paKT OOGBACHAETCA HanMM4MeM reTe-
POreHHO CTPYKTYPbI MPOAONBLHOMO pa3pesa pactu-
TeNnbHON MeMbpaHbl CTEDNS 1 ABNSAETCA NPUYKNHON
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BO3HMKHOBEHUSI MEPUOANYECKMX HECUHYCOMAanb-
HbIX TOKOB, 3HaHWE rapMOHMYECKOro COCTaBa KOTO-
pblX nNpeacTaBnser coboil  BaXHyK  HayyHO-
NPaKTUYECKylo 3agady, peLleHre KOTOpoN Hanpas-
NEHO Ha CHWKEHWe Hea(hMEKTUBHbLIX 3HeprosaTpar
Ha HarpeB obpabaTbiBaemoro matepuana. B cny-
Yyae WCMONb30BaHWA CWMHYCOMAAMBHOMO Hanpske-
HWS1 MOMHBIA TOK COCTOWUT M3 CyMMbl NpsSIMON U 06-
paTHOM COCTaBMAOLLMX M MOXET ObITb NpeacTas-
neH psgom ®ypee.

Llenbto sBNSeTCA npeacTaBneHne NonHOro Toka
yepes CTeHKy cTebns B BUAE rapMOHNYECKOTO psaa
dypbe.

B pabote [5] oTMeyaeTcs, YTO PYHKUMS NpsSiMO-
ro (B HanpaBfneHWM OT NapeHXMMbl K SnNuaepMucy)
TOKa UMEET nonynepuog, paeHbii (0, 1), n onpeae-
neHa Tomnbko B 3TOM AuanasoHe. PyHkums obpaT-
HOrO TOKa onpefeneHa B ananasoHe (1T, 21), cooT-

Pa3snoxeHwe no KocuHycam:

MOCTOSIHHAS COCTaBNAOLLAS

T

BETCTBYIOLLEM BTOPOMY MOMNynepuogy Toka Mpo-
MbILLIIEHHOW YacToTbI.

B cBA3M C 3TUM pasnoxum «npsamMom» TOK
i' = (En/Ryz)SiNwttEy/Ryst wCrgEpcoswt B
psag ®ypbe Ha uHTepaane (0, ). MeToaunka pasno-
XeHus B psg Pypbe usnoxeHa B [6], anroputm
NPOMEXYTOYHbIX NpeobpasoBaHnii — B [7].

B panbHemwem npuHaThl cnegytowme obosHa-
YyeHus: E,, — aMmniuTygHoe 3HayeHwe CUHycou-
[anbHOro HanpskeHus; Eq — pasHOCTb 3NeKTpuYe-
CKMX MOTEHLMAN0B Mexzay BHELIHEN 1 BHYTPEHHeN
NOBEPXHOCTAMU CTEHKU CTEONS; Ry2 W Rpy — ak-
TUBHbIE CONPOTUBNEHUS NPeobpa3oBaHHON CXeMbI
3ameLleHus B NPsIMOM M 06paTHOM HanpaBneHNsX;
Ceg M Cgg — EMKOCTU Npeobpas’oBaHHON CXEMb
3ameLleHns B NpsiIMOM WM 06paTHOM HanpaBneHusix;
@ — YINOBas YacToTa HanpsHKeHUs 1 Toka.
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Takum 06pa3om, «npsIMOMy TOK ONUCbIBAETCS cregyowmm psaom dypee:
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[encrayroLiee 3HaYeHre «npsMoro» Toka
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Pap ®ypbe, onucbIBatoLLMiA MTHOBEHHOE 3HAYEHME TOKa Yepe3 CTeHKy cTebnsi, npeacTaBnset cobomn cym-
MY TOKOB, ONMCbIBAEMbIX rapMOHUYECKUMU pspamu (1) u (2):
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3aknoyeHue

BbipaxeHus (3) v (4) nokasbiBaloT 3aBUCUMOCTb
NpsMON 1 0BpaTHOM COCTaBNSIOLMX W MOMHOMO TO-
Ka B LeSIOM OT napamMeTpoB 31IEMEHTOB CXEMbI 3a-
MELLEeHMs CTEHKM CTebns, OT YacTOTbl HANPSHKEHMS!
W HaNPSXKEHHOCTU 3NEKTPUYECKOTO MOMS U MOryT
ObiTb NpeAcTaBneHbl NOCTOSIHHOW COCTaBMSIOLLEN,
nepeoi M BTOPOW rapMoHukamu. OgHako Ha pe-
3ynbtaT 00paboTKM pacTUTENbHLIX MaTepuarnos
ANEKTPUYECKNM TOKOM, HE CBSI3aHHLIM C HarpeBoM,
OKa3sblBaeT NMLWb TEXHOMOrMYeckas ero CocTaBns-
toast. Bmecte ¢ TeM Ha npakTuke ynpaBnsitb Ume-
€TCS BO3MOXHOCTb TOMbKO OBLLMM TOKOM.
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