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TECHNOLOGICAL COMPONENT OF CURRENT THROUGH THE STEM WALL OF PLANT MATERIALS
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B OCHOBY M3BECTHbIX 3MEKTPOTEXHOMOMMYECKUX NPO-
LIeCCOB MOMOXEHO BO3AENCTBME HA PacTUTENbHbIA MaTe-
puan arnekTpPUYecKoro TOKka, NOBbILEHWE 3Heproaddek-
TMBHOCTU KOTOPbIX CREAYyeT paccMaTtpuBaTh Kak Mpouecc
YBENMUYEHNSI TEXHOMOTMYECKON COCTABMSIOLLEN «NPAMOrO»
(B HanpaBneHWn OT mapeHxuMbl K anugepmucy) Toka. Op-
HOBPEMEHHO LienecoobpasHo yMeHbLUaTh «00paTHBIA» TOK
11 TOK CKBO3HOM MPOBOANMOCTM B «MPSIMOM» U «0BpaTHOM
HanpaBreHNUsX, KOTOPbIE B OCHOBHOM COMPOBOXZAOTCA
HarpeBOM TKaHW PaCTUTENBbHOTO MPOUCXOXAEHUS U SBASI-
t0TCA HeapdekTUBHBIMU. B 3TOM crnyyae LienecoobpasHo
1Cnonb3oBaTb aHanu3 npoLeccoB B 0bbekTe 06paboTku
Ha OCHOBE 3KBWBANEHTHOW 3MEKTPUYECKON CXEMbl 3aMme-
weHus. Llenbto uccnenoBaHus sBNSETCS YCTaHOBNEHWE
COOTHOLLIEHUS! MEXOY OENCTBYIOLMM 3HAYEHMEM MOMHOr0
TOKa 4epe3 CTeHKy cTebns pacTuTENbHbIX MaTepuanos 1
€r0 TEXHONOMYECKOA COCTaBMsoWeNn B 0bLemM Buae Ha
OCHOBE aHanu3a CUMHTE3MPOBAHHOW paHee 3KBMBANEHTHOM
CXEMbl 3amelleHnss u ee npeobpasoBaHHOrO BapWaHTa.
YCTaHOBMEHO, UTO  TEXHOMOrMyeckas COCTaBMsKoLas
«MPSIMOrO» TOKA, KaK M MOIHOTO TOKa Yepe3 CTEeHKy cTebns,
COAEPKNT MOCTOSIHHYIO COCTABMSIOLLYIO U BbICLIME rapMo-
HWKW, 13 KOTOPBIX MpU pasnoxeHun B psg Pypbe yyTeHbl
TOMNbKO NEPBbIE [BE, W YBENUYMBAETCH C YMEHbLUEHWEM
YacCTOTbl 3NEKTPOMArHUTHbIX konebaHui. I'Ionyquo Bbl-
paxeHue, MO3BOMSIOLLEEe ONPENenUTL XapakTep M3MeHe-
HUS BENUYMHBI TEXHOMOMMYECKON comaanmow,eﬁ TOKa B
3aBMCMMOCTM OT BEMYMHbI MOSHOTO TOKA Yepe3 CTEHKY
ctebns, HanpsHXeHHOCTMW 3NEKTPUYECKOro Nons U 4acToThl
HanpPsKeHWs, YTO WMEeT MPaKTUYECKOE 3HauYeHue, T.K.
yNpaBnsaTb NpW  peanusauum  3neKTPOTEXHOSOTMYECKOro
npolecca BO3MOXHO WMEHHO MOMHbIM TOKOM. Komuue-
CTBEHHas OLEHKa TEXHOMOTMYECKOM COCTaBMSIOLLEN TOKa

v

npennonaraet onpedeneHne YUcCrneHHbIX 3HaYeHu ane-
MEHTOB CXeMbl 3aMeLLiEHUA.

Keywords: electrical technology, equivalent circuit,
stem wall, technological component of electric current.

The known electro-technological processes are based
on the effect of electric current on plant material which in-
crease of energy efficiency should be considered as a pro-
cess of increasing the technological component of the “for-
ward” (in the direction from the parenchyma to the epider-
mis) current. At the same time it is expedient to decrease
the “reverse” current and the current of through conduction
in the “forward” and “reverse” directions which are mainly
accompanied by heating of the plant tissue and are ineffi-
cient. In this case, it is advisable to use the analysis of pro-
cesses in the treatment object on the basis of an equivalent
electrical substitution circuit. The research goal is to deter-
mine the relationship of the effective value of the total cur-
rent through the stem wall of plant materials and its techno-
logical component in a general form on the basis of the
analysis of the equivalent substitution circuit synthesized
earlier and its transformed version. It is found that the
technological component of the “direct” current and the
total current through the stem wall contain a constant com-
ponent and higher harmonics of which only the first two are
taken into account when decomposing into Fourier series,
and increases with decreasing frequency of electromagnet-
ic oscillations. The expression allowing determining the
character of change in the value of the technological com-
ponent of the current depending on the value of the total
current through the stem wall, electric field strength and
voltage frequency is obtained; that is of practical im-
portance since it is the total current that may be controlled
during the realization of the electro-technological process.
Quantitative evaluation of the technological current compo-
nent involves determining the numerical values of the ele-
ments of the substitution circuit.
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BeegeHue

B OCHOBY M3BECTHbIX 3MEKTPOTEXHOMOMMYECKMX
NPOLECCOB MOMOXEHO BO3MENCTBIE Ha pacTUTENb-
HbI MaTepuan anekTpuyeckoro Toka [1-3].

YKasaHHble 9NeKTPOTEXHONOrMYeckne npouec-
Cbl SBMALOTCA BOCTPebOBaHHbIMM B TOM CIyyae,
€Cnn yaaeTcs CoKkpaTUTb Head(eKTUBHbIe 3aTpa-
Tbl ANEKTPUYECKON 3HEPTMM Ha HarpeB obpabartbl-
BaeMOro marepuarna u yCunuTb ero TeXHoMornye-
ckoe peicteme. [loBbllleHne 3HepProadeKTUBHO-
CTU 9NEKTPOTEXHONOrMYECKOro npolecca creayet
paccMaTpuBaTh kak NpoLecc yBennyeHns TeXHONo-
MMYeCKoi COCTaBNSIOLWEN «NpSMOroy» (B Hanpasne-
HWW OT NapeHXuMbl K anuaepmmcy) Toka. OgHospe-
MEHHO LlenecoobpasHo yMeHbLaTb «0BpaTHbIN»
TOK W TOK CKBO3HOWM MPOBOAMMOCTU B «MPSMOMY» 1
«0bpaTHOM» HanpaBneHusX, KOTOpble B OCHOBHOM
WaYT Ha HarpeB PacTUTENbHOM TKaHM.

OKBMBareHTHas anekTpuyeckas Cxema 3ame-
LEHNs CTEHKN CTEBNs pacTUTENbHbIX MaTepuaron
obocHoaHa B pabote [4].

BenununHa TexHONorM4eckomn cocTaBnstoLLen To-
ka onpefeneHa napametpaMmu  COMPOTUBMNEHUS
Rjs1 W €MKOCTU Cpyq CTEHKM CTEBNS, cOnpoTUBIIE-
HUA CTaauKn nepeHoca MoHa Yepes rpaHuly pasae-
na a3 Rpgq, CONPOTUBIEHUS R4 M EMKOCTU Cyyrq
CTagun TPaHCMOPTUPOBKM MOHA K rpaHuue pasge-
na ¢as, a TakKe eMKOCTb JBOWMHOIO anekTpuye-
CKOro ¢nost Cpy «MPAMON» BETBM CXeMbl B Hanpas-

NIEHUMN OT NAPEHXMMbI K ANUZEPMUCY.

Llenbto nccnenoBaHus SBNSETCS YCTaHOBIEHWE
COOTHOLLEHUS Mexay [OEUCTBYIOWMM 3HAYEHUEM
MOMHOrO TOKa Yepes CTEHKY cTebns pacTUTENbHbIX
MaTepuarnoB U ero TEXHOMOMMYEeCKOW COCTaBsiHo-
Lewn.

TexHonoruyeckas cocTaBnsoWan Toka ue-
pes CTeHKy cTebns onpefeneHa 3HayeHusMU Co-
NPOTUBNEHUS R4 N EMKOCTU Crg, NONYYEHHbIMU B
pesynbTaTe psiga npeobpasoBaHun MCXOQHOW CXe-
Mbl 3amelleHus, aTanbl Npeobpa3oBaHus KOTOPOK
N3NOXeEHbI B [5] 1 M306paxeHHON Ha pUCyHKe 1.

et/ . 7

—(o—(—bH

Puc. 1. «[lpsimasi» eemeb ynpow,eHHOU cXemMbl 3aMeujeHusi CmeHKu cmebsisi pacmumenibHbIX Mamepuanoe
Npu Ha/oXeHUU Ha Hee CUHYCOUQalbHO20 HanPSIKEHUSI:

Ry1 , Coq — cONnpOmuenerue u eMkocmb cmeHKu cmebns; R , — conpomueneHue ckeo3Hol npogodumocmu;
E=E; - pa3Hocmb 35ekmpuyeckux nomeHyuanoe Mmexady eHewHel U 8HympeHHel N08epxXHOCMAMU CMEHKU
cmebsis 8 «<NPsIMOM» HanpaesieHuu; e(t) — uUCMOYHUK HanpsikeHus1 cuHycoudanbHou ghopmbi; VD1 - duoo;
ir4 — MOK Yepe3 CmeHKy cmebnsi; ir,, — MoK CK803HOU NpogoduUMOCmu;

i’ = nonHbIl MOK 8 «NPSAIMOM» HanpaeJsieHuu

PaccMoTpum paboTy cxembl 3aMeLLEHMS Ha PUCYHKE 1 NpW HaNOXEHUM Ha HEE CUHYCOMAANbHOMo Hanps-
XeHus e(t) = E,,sinwt C NCNONb30BaHNEM NOAXOAO0B 1 METOLOB ONUCAHHbIX B [6, 7].

B cootBeTcTBUM C 3aKoHammu Kupxroda:

— . _ _ . 3 4 — g r —
Upy + Ugg = e(t) + Eg; Ugg = iy1Ry1 = ipaRy; ige + iy = ip1; iy +Higy = 1.

4

Lo OTKPLIBAETCSH B MOMEHT ot4, KOrAa HanpsikeHne Ha Hem Upy + Ugg = e(t) + Eq — Ugg, YBENU-
4nMBasiCb, CTAHOBUTCA paBHbIM HyNH. Kak TONbKO 104 OTKPLIBAETCS, HANPSXKEeHWe Ha eMKOCTU Cqq CTAHOBUT-

csi paBHbIM Ugg = e(t) + Eg (puc. 2 B).
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Kak  Tonmbko ~ AMopg — 3aKkpbiBaeTcs,  TOK  4epe3  eMKOCTb  CTaHeT  M3MEHSITbCS
No 3aKoHy irg=Crq(dUsq/dt) = wCrgE coswt (pUC. 2 €), TOK Yepe3 COnpoTUBMEHUE Ryq -
N0 3aKOHY iyi=Urg/Ry1 = (E,,/Ry1)Sinwt+Ey/Ry,, TOK Yepe3 COMpoOTUBNEHME R, — MO 3aKOHY
ins=U- /Ry = (E,,/Ry)sinwt+Ey /R, (puc. 2 r, n). Tok yepes [voa
i =ipg+ iy, + gy = (Em/Ry1)sinwt+Ey /Ryt wCegEpcoswt + (E /Ry)sinwt + Eg /Ry
(puC. 2 3) B MOMEHT wt, CTAHOBUTCA paBHbIM HyMto, 1 anog VD, 3akpbiBaeTcsi. 3HaueHne wt, HaNaem u3
ycnosus (;—m + Em )Smwt2+Eﬂ (R— + )+ wCegE, coswt, = 0.

N1 Ry N1 Ra
Torpa
By —+—
wt, = arcsin| —— (Rm L — arctg chEm )) + 1.
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Puc. 2. Ocumnnorpammbl TOKOB W HaMPsXeHWI

B WHTepBane oT wt, A0 (G’Jfl + 2.71') EMKOCTb ch paspaxaeTca Ha napanfienbHoO BKNKOYEHHbIE COMpPO-
TUBNEHNA RN 1 U Rd,, N HanpaXeHne Ha €EMKOCTU WU3MEHAETCA N0 MOoKa3aTeslbHOMY 3aKOHY
ch = E{] + Em Sinmtzexp[—((ZTT + ﬂd‘tl - Cdtz)(RNl + R4))K(WCC9RN1R¢)]-
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Mpu 3TOM iy = Ugo/Ry1; irg = Uco/Ra;in1 + lpa = —lge.
MoMeHT OTKpbITUS Anoaa onpeaensetcs u3 ycnosus U, = e(t) + E; = 0, T.e. korga npasas 4acTb 3T0-
[0 YpaBHEHWS paBHa Hymto, B LIENV NOSIBASETCA «NPSIMOMA» TOK: wt4= arcsin(—Ey/E,,).

TexHonormyeckas coctaBnstoLlas Toka (puc. 2 x)
i =igg + iy = (Em/Ry1)Sinwt+Ey /Ryt wCioEcoswt, The wt, < wt < wt,.
PacknagbiBaem nonyvyeHHy TEXHOMOTMYECKYH0 COCTaBNALLYI0 ToKa B psg Pypbe Ha uHTepsane (0, 7).
Pa3snoxeHwe no KocuHycam:

T

2 (E“+(E;R)' + wCoE )d * Em
g — — — Stiwt w coswt wt =——;

0

amnnuTyga nepeov rapMOHUKN:
T

2 E
a; = EJ- (R_; + (En/Ry1)sinwt + chgEmcoswt) coswtd wt = wCeoEy;
0

amnnuTyaa BTOPON rapMOHMKY:
T

2 [/E, , 4 E,
a; =— (R—m + (E,,/Ryi)Sinwt + coCCQEmcoswt) cos2wtd wt = T 3w Ry
0
PasnoxeHue no cuHycam:
aMnnnTyaa Nepeoii rapMOHUKY;
w
b—zj(Eﬂ—l—(ER)' t+ wCeoE t)' td ot = - =0 4 Em
1 _”0 R m/Ryn1)8inw wCroE,coswt | sinwtd w = wRui Ryt
aMnnnTyaa BTOPOW rapMOHUK
T
2 [/ E, | | 8
b, =— (— + (E,,/Ry,)sinwt + chgEmcoswt) sin2wtd wt = — wCpoE,y,.
m RNl 3
0

CrepoBaTenbHO, MTHOBEHHOE 3HaYeHWe TEXHOMOMMYECKOW COCTaBMAILWENA TOKa OnUCLIBAETCH PSOOM
dypbe:

i1 (wt) 0 4 wCooE i+ Eo 2t+(4E“+E’“)'t+

ir(wt) =——+4+ w coswt — — ——cos2w ——+— | sinw

i N1 comm Ty TRy Ry
-l—%mCCgEmsin?_wt. (1

Pe3y1'|bTaTOM ﬂp606pa3OBaHI/IFI NOJTy4eHHOro pafa ABndaeTcA:

2
(@0 = 255 4 [(CeoEn)? + (224 ) sinGort + ap) +

w RN]_ w RN]_

4 En\? /8 2
(ﬁ R_;) + (— mCCS,Em) sin(RQwt + a,),

3T
{L}CCQE
'Ae a3 = arctg (iiﬁn_m);
TRyy Rpp
4F, iR
0, = arctg [ 4B m))_
ap@CcoEm
[lencTBytoLLee 3HAYEHEe TEXHONOMMYECKON COCTaBNALLEN TOKa
2 2 2 1!'J2
z2,(*Eo  Em =S 4 Ep
I = (2 Em)z +((mCCQEm} +(“RN1+RN1) ) +((3H{OCCQEm) +(3nRN1) ) )
F1 = \z Ry, 2 2 ' (2)
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C y4eToM LeiCTBYIOLLETO 3HA4EHMS MOMHOrO TOKa Yepe3 CTeHKy cTebns /

P= (2 () )

n " Ryz2 Rpp

2
2 I (“’Esz(fr-u*ﬂw)z“" i R:Vz R.:-'z ]"'Eer]lvz t R;‘z ]] }
+
2
1/2
2 (3 . Y
—wk (Cra=Cxo) l )

i m K9 - (3)

4E, 1 1
(T R_H_EEH

2

OTHOLEHWE OENCTBYIOLMX 3HAYEHWI TEXHOMOrNYECKON COCTABNSIOLEN 4 U NOMHOMO TOKa I Yepes CTeH-

Ky cTebns onpegensietcs cneayoLm obpasom:

1/2

s Sy o ) o

rme A = (ZE’“)Z;

R'RNz

_ 2, (4B | Em)®.
B = (wCegEp)* + (H Rore + Hm) ;
2

c= (iE—")z + (2 wCeoFm) ;

SHRN]_
2
2E, 1 1
- (2
T \Ryz Rpz

T \Ryz Rpz

Ryz  Rpz

P B o+ (B ) 4 +L))2;

2
_ (%ot 1 & _ 2
H = (3rz (R_:-z Rm)) + (31: @Em (Ceo — Cxs) ) '

3aknyeHue

AHanus BbipaxeHns (1) nokasblBaeT, YTO TEX-
HOMornyeckas COCTaBnAoLWas «NPSAMOro» Toka co-
LEPKNT MOCTOSHHYK COCTaBMSIOLLY0 M BbICLINE
rapMOHMKKM, W3 KOTOPbIX MPU PasnoXeHun B psg
Oypbe y4TeHbI TONMBKO NepBble ABe, W YBENuuMBa-
eTCS C YMEHbLUEHNEM YaCTOTbl SMEKTPOMArHUTHbIX
konebaHuit.

BbipaxeHue (4) no3sonseT onpenenuTb xapak-
TEP W3MEHEHUS BENUYWHBI TEXHONMOTMYECKON CO-
CTaBNSIOLLEN TOKa B 3aBMCUMOCTU OT BEMUYKHDI
MOMHOrO TOKa Yepe3 CTEHKy cTebns, HanpsKEHHO-
CTM 3MNEKTPUYECKOro MOMS M YaCTOTbl HANPSKEHUS,
4TO MUMEET NPaKTUYECKOE 3HAYEHME.

KonnyectBeHHas OLeHKa TEXHONOTMYeCcKon Co-
CTaBNAIOLEN TOka npegnonaraet onpeaeneHve
YNCNEHHbIX 3HAYEHWI SNEMEHTOB CXEMbl 3aMelLie-
HUS.
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AND INFORMATION MEANS OF ADVANCED FORECASTING
OF PARAMETERS OF TECHNICAL CONDITION OF TRUCK UNITS AND ASSEMBLIES

Knrouesble cnoea: ynyuyweHHoe npozHO3UPOBaHUE,
2py308ble agmomobunu, anekmpoHHsie mabnuus! EXCEL,
LibreOffice, mexHuyeckasi duaeHocmuka, oueHka 3ghghek-
musHocmu, CIAuMC.

PaccMoTpeHbl OCHOBHbIE pesynbTaThl MpOBEpKU ag-
(DEKTUBHOCTM  MPUMEHEHWS  CUCTEMbI  MPOTPaMMHO-
anropuTMMYECKNX M MHQOPMAUMOHHBIX  CPEACTB
(CNAMUC)  ycoBepLIEHCTBOBAHHOTO ~ MPOTHO3MPOBAHMS
napameTpoB TEXHUYECKOr0 COCTOSHWSA Y3MOB W arperatoB
rpy3oBbix asTomobunei (FA). U3 mHoxecTBa nyTeit co-
KpalleHus 3aTpaT paboyero BPEMEHW CMeLManucToB Ha

BbINONTHEHNE MHOTOrpaHHbIX TEXHOMOTMYECKUX Meponpus-
T No obecneyeHno 6a3oBoON HAAEXHOCTU MaLUMH HamK
paccmMaTpuBaeTCsl KOMMMEKC 3adad, CBA3AHHBIX C TEXHW-
yeckum obenyxusanmem (TO) M TexHUYECKUM AMarHoCTU-
posaHuem (T[l) rpy3oBbix aBTOMOOWUNEN, Kak OgHWM U3
OCHOBHbIX BWAOB CPEACTB MeXaHu3auuu B arponpoMbiLL-
neHHom komnnekce (AMK). [ns gocTuxeHus aToi Lenu
co3gaHa MHGOpMaLMOHHas Moferb, KOTopas MoBbiaeT
TOYHOCTb MPOrHO3MPOBAHWNA MoKasaTenel TEXHUYECKUX
napamMeTpoB Y3noB u arperatoB A Cenbx03T0Baponpous-
Bogutens (CXTIM) ¢ ucnonb3oBaHMEM KOMMbIOTEPHBIX TEX-
Honoruin. [Ans oueHKM npeanonaraemont acheKTUBHOCTH
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