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BUKOPUCTAHHA ITPAMOI'O EJIEKTPHYHOI'O HATPIBY B
TEXHOJIOTTYHOMY ITPOIIECI KOMBIHOBAHOI'O CYIIIIHHSA
OPYKTIB

SIkoBJjieB B. @., Capoiicbkuii O. 10.

CymcoKutl HayioHANLHUL A2PapHUll yHigepcumem

Buxnaoenuii mamepian nepedbauae meopemuyte 062pyHmMy8aHHA OCHOBHUX PIBHAHL 38 A3KY napamempie Oii enex-
MPOMACHIMHO20 NOAsL HA GION02IYHULL 00'€EKM POCTUHHO20 NOXOONCEHHS 3 11020 OIOPI3UUHUMU MA eNeKMPODIZULHUMU
Xapaxmepucmukamu, ni020moeKu meopemudnol 6a3u npogedeHHs: eKCnepUMEHMANbHUX O0CHIONCEHb | MONCIUBOCMIE
mexHiuHOI peanizayii eneKmpomexHOoN0SIHHUX CUCeEM 0OPOOKU CLTbCbKO2OCHOOAPChbKOI NPOOYKYIl no HeoOXIOHOMY

napamempy.

IMocranoBka npodaemu. OTpuMaHHs MPOIYKLii po-
CIIMHHUIITBA BHCOKOI AKOCTI BUMarae 3a0e3neueHHs Ciiab-
CBKOTOCIIOIapCHKOTO BUPOOHMIITBA (a came, IPOAYKTIB il
mepepoOKy) IHHOBAIITHIMHU TEXHOJIOTISIMH Ta BiIIOBif-
HOIO €Hepro30epirarodoro TEXHIYHOI0 OCHACTKOIO TEXHO-
JIOTIYHUX TPOIIECIB.

st 00poOKH CibCHKOTOCIOAAPCHKOT MPOAYKIii, 5K
010JI0T1YHOTO 00'€KTY POCIMHHOTO MOXOJKEHHS, 3aCTO-
COBYIOTBCS Pi3HI (Pi3U4HI MeTOM (TEILIOBI, TeNio, eJIeKT-
pHYHI, aKyCTHYHI Ta iH.), 3 BEJIUKOTO YHCIa SIKUX 0CO0-
JIUBE MICIIC 3aiiMarOTh CIICKTPUYHI METOIU (30KpeMa, Me-
TOJIM 3 BUKOPHCTAHHSIM EHEPTii eJeKTPOMAarHiTHOTO I0-
JI51), O Ty’Ke IHTEHCUBHO PO3BUBAIOTHCA HUHI. OMHIETO 3
NPUYUH HIMPOKOTO TIOIIMPEHHS EIEKTPUYHMX METOJIB
MOJISITa€ B TOMY, IO BIACTUBOCTI MPOAYKTIB (SIK OioJori-
YHHUX 00'€KTiB), SKi BU3HAYAIOTH JIIFO 1 MMOMINPEHHS EICKT-
POMarHIiTHUX XBHJIb, TICHO TOB'S3aHi 3 X aHATOMIYHOIO
CTPYKTYpPOIO, OiOXIMIYHHMHU Ta €NeKTpOo(i3MIHIMH Xa-
paKkTepucTHKamMHu. Y 3acCTOCYBaHHI eJIEKTPOMArHITHUX
MOJIiB, JJIsI Mii HAa CUIBCHKOTOCIIOMAPCHKY MPOIYKIIITO,
OJITHMM 3 OCHOBHHUX HAIPSIMIB € pO3pO0OKa €IeKTPOTEXHi4-
HHUX CHCTEM OOpOOKH MPOAYKIIi, a came, eJIeKTPOTEXHO-
JIOTIYHHUX CHCTEM CYIIiHHS (PYKTIB Ta OBOYIB 3 METOIO
CKOpOYEHHS TPUBAJIOCTI MpoOLieCy Ta HOro eHeprozdepe-
eHHs [1].

AHaJsi3 ocTraHHix myOJikauii Ta nociaigxenb. B
TEXHIYHIH JTiTepaTypi ommcaHi pi3Hi crmocoOu 3HEBOAHEH-
HS CHPOBHHH POCIMHHOTO i TBAPMHHOTO ITOXOJKEHHS.
CTOCOBHO CUILCHKOTO T'OCIIO/IAPCTBA 1 Xap4OBUX Tairy3en
MIPOMHCIIOBOCTI II¢ TOB'SI3aHO 3 3arajJbHOK 3aJauero M-
BHUIIICHHS 30epiraHHs IJI0J0O0BOYCBOI Ta 1HIIOI CLIBCHKO-
roCHoaapChKoi MPOAYKILii, IJIsl YO0 B OCTAHHI IECATHIIT-
Ts1 OyJnM CTBOPEHI YMCIIEHHI TEXHOJIOTI] CYIIIHHS Pi3HUX
MPOAYKTIB [2].

[IpraoMy 111 TEXHOIOTIi 3HAXOIATH BCE OIIBII HIHPO-
Ke 3acTocyBaHHS. (OOHak, UpILIEHHs NMPOOJIEeMHU iHTEH-
cudikanii mporecy CymliHHS BUMarae po3poOKd i BHpo-
Ba/DKCHHS HOBHX BUCOKOE(EKTHBHHUX METO/IB 1 TEXHOJIO-
Tl CYIIKU 3 ONTUMAJIbHUM TEXHIYHUM PillICHHSM.

Meta crarti. Pobora HampaBineHa Ha TeOpeTHYHE
OOIpyHTYBaHHS OCHOBHHX DIBHSHb 3B’SI3Ky INapaMmeTpiB
Zii eIeKTPOMAarHiTHOTO MMoJis Ha 0i0JoTiuHI 00'€eKTH pOC-
JIMHHOTO TIOXO/DKEHHS B TEXHOJOTIYHOMY IIpoLeci cy-
IIHHEA 3 1X 610i3WYHUMHU O3HAKaMH, IiJITOTOBKH Teope-
THYHOI 0a3W TPOBEJCHHS EKCIEPUMEHTAIbHHUX JOCIHi-
JDKeHb 1 MOXKJIMBOCTI TEXHIYHOI peaiizallii eIeKTpoTeX-
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HOJIOTIYHUX TEXHIYHHMX 3aC00IB 0OPOOKH CLIBCHKOTOCIIO-
JapCHKOI MIPOIYKIIii.

OcHoBHIi MaTepiaiau gocaimxenrs. OO6poOroBaHU
MIPOAYKT, 3TiTHO 3 HOTO XIMIYHOIO CTPYKTyporo [3], mpen-
CTaBIIsiE COOOI0 KOJIOINHY KaiIIPHO-TIOPUCTY Oi0N0TiuHy
CHCTEMY POCIMHHOTO MOXOJUKEHHS, L0 BKJIIOYAE B cebe
CJICKTPOJIITH, IO CKIIAy AKUX BXOSATh OLIKOBI MOJICKYIIH,
[0 XapaKTePU3YIOThCS [iaMarHITHUMH Ta MapamarHiT-
HUMH BIIACTUBOCTSIMH, EJIEKTPUYHOIO MPOBIAHICTIO, BU-
3HAQUYEHUM JUIOJLHUM MOMEHTOM (MOJIEKYNH BOAHM, Op-
raHIYHUX KUCIOT Ta iH.). KpiM Toro B mux cucremax Ha
MMOBEPXHI YaCTOK JAMCIEPCHOI ()a3d MOXKYTh OyTH MPHUCY-
THI BiJBHI €JNEKTPUYHI 3apsau, sSKi TOJATKOBO ITOCHITIO-
I0Th CJIEKTPUYHY IMPOBIAHICTH OiocucTeMu. I3 Bumie cka-
3aHOTO CIiaye, Mo Oi0NOTIYHE CepeOBHUINE CKIANAEThCS
i3 aTOMiB 1 MOJIEKYII, SIKi B CBOIO 4epry, MOXYTb OyTH
TOJIIPHUMH Ta HETOJAPHUMH, 1 IO M i€ eJIeKTpoMa-
THITHOTO TOJIA B IIbOMY CEPEIOBHUILNI MOXXYTh BUHUKATH
npolecu ToJisipu3aiii Ta HackpizHoi mposinHocTi. Tomy
JlaHy CHCTEMY MOXKHa PO3IJIS/IaTH, SIK TOJY IPOBiIHY,
TOOTO, siIKa Ma€ BJIACTHBOCTI 1 JlieJIEKTPUKA 1 IPOBIJHUKA
(pucyHox 1).

Pucynoxk 1 - ®i3uuna Moens 6i070T19HOTO IPOTYKTY
P Aii eTeKTPOMAarHiTHOTO OIS



B nporueci npsimoro criocoOy eneKTpoHarpiBy 3ajaa-
HOTro 00’eMy V, B €JIEKTPOTEXHOJIOTI4HIN cucremi, oOpo-
OJIFOBaHUM NMPOAYKT PO3MILIYIOTh MiX JBOMa METaJEBH-
MU IDTACTHHAMM (€JEeKTpojaMH) BU3HAYEHUX pPO3MIpIiB
(mnomero S = 77%) uepes AKi MOAAETHCA HAPYTa 0OPOOKU
Uog(t).

3 TOYKH 30py (i3UIHOTO MOJEIIOBAHHS, TaHa CHCTe-
Ma sBIsIE COO0I0 KOHAEHCATOp, OOKIAIMHKAMH SIKOTO €
€JIeKTPOIN, a MieJICKTPUKOM CIyKHTb caM O0OpoOiroBa-
HUM TPOIYKT 31 CBOIMH CINEKTPUIHUMH HapaMeTpaMHu:
JSNEKTPUIHOIO & 1 MAarHITHOIO Ly IIPOHUKHICTIO, TIPOBIiI-
HicTiO v; Ta ToBIMHOK d (puc. 1). Kpim Toro, npuitHsaTo
NPUIYIIEHHS, IO 3pa30K Ma€ OJHOPINHI Ta 130TPOIHI
BJIaCTHBOCTI.

EnexTpomarHiTHI mpolecu B eNeKTPOTEXHOJIOTIYHIN
CUCTEMI 3 MPOJYKTOM OIHCYIOTHCS 32 JONOMOTOK OCHO-
BHUX pIiBHSIHb MakcBeiula, SKi U1l MUTTEBUX 3HAYCHb
GyHKIIH MatOTh HACTYIIHUN BUTIISL [4]:

rot H =J, +@
ot
88
rotE=-J, 1
= )
B=yxuH
D=¢E

ne H, E, D — BIINOBIIHO MUTTEB] 3HAYECHHS BEKTOPIB
HaNpy>XEHOCTI MarHiTHOro, €JEKTPUYHOIO IOJs Ta eJe-
KTPUYHOTO 3MiLICHHS;

J.,J, - BIANIOBiHO, MUTTEB] 3HAYCHHS BEKTOPIB T'y-
CTHHH €JIEKTPUYHOTO 1 MarHiTHOTO CTPYMIB;

M, , & - BLANOBiAHO, aOCONIOTHI JieJeKTpUYHA 1 Ma-
THITHA IPOHUKHOCTI.

Tak sIKk IPOAYKTH POCIUHHHUIITBA B3araji CTBOPIOIOTh
HE3HAYHI MAarHITHI CTPyMH IIiJ Ji€l0 MOJSA, TO MOXHA
npuitaaty, mo J, =0. Toxirot E=0 icucrema (1) Oyne
MaTH BUTIISL:

rotH=1J, +@ (2)
ot

VY BCAKIH €NEKTPOTEXHOJOTIYHIM CHCTEMi, IO OIH-
CYIOThCS HaBeleHUMU piBHsHHAMU (1) Ta (2), B siKi 011-
HUM 13 €JIEMEHTIB € 00pO0IIFOBaHUIT IPOIYKT, eICKTPOdi-
3WYHUI Tpouec Oyne (QYHKIIOHYBAaTH IO THX Hip, HOKH
cucTeMa 30y/KY€EThCS EIEKTPUUHUM CTPYMOM:

I,=| Jds 3)

Jie S — rurolia nmoBepxHi 00poOIIrOBaHOrO GIONMPOTYK-
2
Ty, M

3rigHO 3aKOHY MOBHOTO CTPYMY i BpaxoBYIOdi, IIO
J, =7,E . ocHOBHe iHTerpaibHe piBHAHHSA 3B’A3KYy €JIEK-

TpOMal"HiTHOFO oJii1 3 06p06J'IIOBaHI/IM OpOAYKTOM Mae€
BUTJIAN:

[ rotHds = yEds+] g—dS @)

ne H — Hanpy>KeHICTh MarHiTHOTO 1o, A/M;
E — Hanpy>XeHiCTh eNeKTpUIHOTO 1o, B/M;
¥, - IPOBimHICTH 3pa3ka, Cum;

&, - aOCONIOTHA JlieIeKTpHYHA NPOHUKHICTb 3pa3Ka,

D/m.

Sk Oyno BiAMIYEHO BHWIIE, IiJ €0 €IEKTPOMArHIT-
HOTO TOJIA B 00pOOIIIOBAaHOMY MPOAYKTI BUHUKAIOTH TIPO-
Liecy, sIKi MoB’sI3aHi 3 NePEeMIlIeHHSIM eJIEKTPUYHUX 3apsi-
JiB, TOOTO BUHUKHEHHIO €JIEKTPUYHUX CTPYMIB!

1) ctpymy, 110 06YMOBIICHU#H npydicHOW noaspuzayi-
€10 (€NEeKTPOHHOIO 1 10HHOI0) HEINOJISIPHUX YacTOK, SKUH
HA3MUBA€TbCS CmpymMoM WBUAKOI momspusauii i, (pucy-

Hok 1). Ileit ctpym uepes 10725...102% ¢ npununseTses, a
TOMY INPaKTHYHO HE BHUKIIMKAE PO3CISIHHA €Heprii B
01000 €KTi 1 € YUCTO PEaKTHBHUM;

2) cTpyMy, IO BHHUKAE B PE3YIbTATi HENpysCHO!
noaapusayii (AMnOIBHO-peNaKcalliiHil, 10HHO-
penakcariifHii, MirpaiiiHiil) MOJSIPHUX YacTOK, SKHA
Ha3UBa€TbCs cmpymom abcopbyii i,. Ctpym abdcopbuil

BHKITUKA€E PO3CISTHHS eHeprii B 61000°€KTi, a TOMy Mae JIBi

CKJIaJOBUX: aKTUBHYM i, 1 DPEaKTUBHY i, - 1lpomec

HEMpY)XHOI MOJApHu3alii NpPOTIKAaE 3HAYHO MOBIIBHIIIE
(108...1 ¢);

3) crpyMy Hackpisnoi nposionocmi i, , 1O
o0OyMOBIICHO HasBHICTIO B Oiomarepialli  KaHaJiB
CYLUTBHOI TPOBITHOCTi, SKAH TPOIOBXKYETHCA IO

MOBHOTO BUJIAJICHHS BOJIOTH 1 BHMKJIHMKA€ 3HAYHI BTpaTh
€Hepril Ta € YUCTO aKTUBHUM CTPYMOM.
TakuMm 4uHOM, cymapuuii CTpyM iy, IO HPOTIKA€E

yepe3 OIONOTIYHUN OO€KT, MPEACTaBIsE COOOK CyMy
CTPYMIB  3miyenns,,  abcopbyii  ma  HACKPI3HOI
npogiOHOC.

Crnix BiIMITHTH, IO TPU 3MIiHHIHA Hampysi yci TpH
CTPYMH MalTh MICIle Ha THpOTA3i BCHOTO Hacy
nepeOyBaHHS 01000’€KTy i €0 EIEKTPOMArHITHOIO
nosisi. BpaxoByrouu Bullle BUKJIaJeHE, PIBHSHHS MOBHOT'O
cTpyMmy (4) Oyzne MaTu BUTIIIA:

[rotHdS=[ 7, EdS+] 7,, EdS+[ &, %E 45 +
[ gmm%ds (5)

[NomHOXMBIIM PiBHAHHA (5) Ha €NEMEHT IOBXUHHU
Bigcrani Mmik enekrpomamu dl =n°dl Ta BpaxoBywuw,
mo S =n°S, oTpUMaEMO:

: E dl=—ow g

E,dl = ——dI;
7090 mso
i i (6)
Eyydl f&dl; E, dl = %dl;
(¢S “ (e S
at (Sroab' 0) at (gmm 0)



[nrerpyBanns (6) M0 AOBXUHI i-01 JUISHKH Ta IiCIsA
CKJIaJIaHHsL, 3T1JHO 3 PIBHAHHAM (5), OTPUMAEMO:

[Edi+ [ E, dl+ [ E,dl+[E,dl=
ly loas oacp ous
. I . |
= IO d7+loaﬁ J‘ di_“'mzﬁpdt I d7+
ly }/DSD logs / 0a6 =0 loatp maﬁsn

. dl
i dt[ L )
° IJ. gromsa

ow

BukoHnaBmm BigNOBigHI [ii Ta MEepeTBOPEHHS, OTPHU-
MaeMo:
i i
z — 0
Yo7

3 o

04

u(t) =

+ + LJ‘ i dt+
7/ p Coa6 o

(8)

ne Uu(t) - mampyra, sika migBeaeHa 10 00pOOIFOBAHOTO

npozykry, B;
Y - cymapHa mpoBiaHicTh 06poGmoBaHoro 6ionpo-
IyKTy, CM.
1 . 1
Y =—+jaC,, + 9)
Ro P ja)Coaﬁ

0ab

B ocHOBYy MeTomiB po3paxyHKy BTpaT eHeprii
enekrpomarHitHoro mons (EIIM) B OGionorivHOMY
MaTepiali 3akianeHo (i3HdHi MPOIECH, SKi BiZOyBarOThCS
B MPOAYKTI MiJ Mi€l0 NPUKIANCHOI 10 HBOIO HAMPYTH
u(t). B 3B’s3ky 3 num, Qizudny mojenb (pucyHok 1)
MOXKHa TPEICTABUTH Yy BHIJISII EKBIBAJICHTHOI CXEMH
3aMilIeHHs, KOJa $KOi CKJIAJaloThCS 13 ENeKTPUYHHX
CJIEMEHTIB, 10 3a0e3NeYyI0Th NPOTIKAHHA IO HUX THX
a0o iHmMUX cTpyMiB moispuzamii. Taka 3aMiHa € YHUCTO
(dopmanpHOIO, aje y pAOl BHUIAAKIB BOHA BioOpakae
¢bizuuHi npouecy, ki BigOyBaroThes y Giomarepiani. Lis
cXeMa CKJIAJAEThCS 13 TPhOX OCHOBHHUX KIJI:

1) ko0, MO SIKOMY IMPOTIiKA€ CTPYyM 3MIILCHHS [

o
KUl 00YMOBJIEHO MponecoM npyxHoi moysipusaunii Tak
SK CTPYM 3MIILCHHS € YUCTO PEAKTUBHUM Ta HE BUKIIMKAE
PO3CisIHHS eHeprii B 010ieTIEKTPUKY, TO IIe KOJIO MOXKHA
NIPE/ICTABUTH EKBIBAJIEHTHOIO E€JIEKTPUYHOMY KOy 3
reomenpuHolo emuictio C,, ;

2) Koo, N0 AKOMY IIpOTiKae cTpyMm abcopbuii i,
SKU OOyMOBIIEHO 3MIIICHHAM Ta TIEPEOPiEHTAIIIEI0
MOJISIPHUX YaCTOK B TPOLECi MPY)KHOI MOIpH3alii i mo
BHKJIMKA€E PO3CISTHHS eHeprii y 6iomieneKTpuKy. Y 3BA3KY
3 muM aOcopOLiHUK CTpyM BKIIOYAaE 10 cebe sK

PEaKTUBHY i cknanosi. Tomy nane

TaK i aKTHBHY i

oabp > oaba
KOJIO MOXe OyTH eKBIBaJCHTHE KONy 3 IMOCIiJIOBHO

3eMHAaHUMH a0copOmiitHoi emHocTi C . Ta aKTUBHOTO

oab

onopy R, .
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3) Koo, MO SKOMY HPOTIKAE CTPYM HACKpPi3HOL
MPOBIMHOCTI i, MmO OOYMOBICHHH TEPEeMIilIEHHAM

o
BUIPHHUX 3apsAfiB B 0i0JieNeKTpUKYy 1 BUKIMKA€e 3HAYHI
BTpPAaTH CHEpTii, aHaJOTiYHUM BTpaTaM B IPOBITHHUKAX.
Tak sk CTpyM HAcKpi3HOI IPOBITHOCTI € YHCTO AKTUBHIM,
TO II€ KOJIO MOKHA TPEICTaBUTH y BHIJISII AKTHBHOTO
omopy R, .

BpaxoBytoun Te, mo Hampyra, sika NPHKIageHa a0
OiomieeKTprKa BUKIIMKAE OJHOYACHO YCi BHIM CTPYMIB,
TO TIOBHY €KBIBaJIEHTHY CXEMY MOXHA INPEICTaBHUTH, 5K
napajienibHe 3’€IHaHHSA PO3MITHYTHX BHIIE OKPEMHUX Kil
(puc. 2).
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Pucynok 2 — CxeMa 3aMillieHHs TieICKTPUKY (10c-
JipKyBaHOTO OioMaTtepiaiy)

[Ticns nepetBopenHs (9) , OTpUMAEMO:

2_2 2
1@ Ry +R) | 0les +RCL+0'TRCL) (1)

: R, (1+a’72) R 1+ a7’

jge 7, - IocTiliHa yacy abcopOuiiiHoro koua 3pas-

Ka, C;
Taﬁ = Roaﬁ Coaﬁ ;
C,, - €EMHICTb KOJIa HIBUJIKOT MONIsipH3alii 3paska, @;
C _ gromgo 0 .
ow ’
d
C,,; - €MHICTb abcopOLiitHoro xona 3paska, ®;
C _ graaﬁ gn So
oab
d

R, - akTHBHHI omip KOJa IPOBITHOCTI 3pa3ka, OM;

d
R, =——;
YoS0
R,.; - AaKTHBHHII omip abcopOuiitHOro kona 3paska,
Owm;
d
Rnaﬁ = ;
e a6 So



E..us - AOCOIIIOTHA JlieNIEKTPUYHA IPOHUKHICTD 3pa3-
kampu  abcopOmiitHiit monsipu3arii, O/m;
&~ AOCONIOTHA Ji€NEKTPHYHA MPOHUKHICTh 3pa3Ka

NIpY WBHKIH nossipusanii, O/m;
_ _Q _ 2. 2.
S,. =S, =S, - mioma 3paska, M°; S, = 771",
r - paxiyc 3pa3ska, M;
d - BiZicTaHb MiX €JIEKTPOIAMH, M.

3 ypaxysauuam (8) ta (10), cymapuuii ctpym |, yci-

€1 cxemu (pUCYHOK 2) Oyze 1OpiBHIOBATH:
— 1+a)2Ta26 (Rnaﬁ +Ro)
s R, 1+’
iU o(r,+RC,, +@t,RC,,)

R 1+’ (1)

CrymiHp HarpiBy Marepialy BHU3HAYAETHCS HIHCHOIO
gacTHHOIO piBHAHHA (11), TOOTO HOTO aKTHBHOIO CKJIa0-
BOIO:

4o’ (R, +R)

“ R (1+@’7)

(12)

BingmoBinHO, peakTHBHA CKIIaZjoBa CyMapHOTO CTpY-
MY Ma€ HaCTYITHUH BUTIIAL:

I _ _IU w(z—aﬁ + RoCam + a)z Taﬁ Ro Cam)
R 1+ a’7,

(13)

P

[Ipy upOMY, MOTYXKHICTB, SIKAa BUTPAYa€ThCs Ha Bil-
MOBiTHE HArpiBaHHSA MPOAYKTY, 3 ypaxyBaHHsM (11), Bu-
3HAYAETHCS 32 BUPA3OM:

1+w’t% (R, +R)

P, =1U=U? e
R, 1+ 7,

(14)

B cBoto uepry, KiJbKicTh TeIUIa, IKa BUTPAYaEThCS Ha
HarpiB Marepialy Ta BHIApOBYBAaHHsS BOJIOTH JIOPiBHIOE

[51:

du
ri
dt

1+ Cdg

15
r.du 15)

Q.

PR,

ne Cd$ — KUIBKICTH Teruia, sIKe BUTPAaYeHO Ha
HarpiBaHHs, KJ[X/KT;

r,dU — KiNBKICTh TeIIa, SIKE BUTPAYEHO Ha BUIIAPO-
BYBaHHS BOJIOTH 3 MaTepiany, K/ DK/Kr.

Skmo mnpupiBaste (14) 1 (15) PRdt=Q,, Ta
pO3B’s3aTH OTpUMAaHWK BHpa3 BiAHOCHO {, OTpuMaeMo
PIBHSHHS 3aJIe)KHOCTI 4acy CYIIIHHS BiJl 3MiHH €JIEKTPO-
¢i3UIHMX Ta TEIUTO(I3NIHNX MapaMeTpiB.

Kpim Ttoro, 3 ypaxymammsam (10), i3 (11) maemo:
I, =UY; . 3 ypaxyBaHHIM TOrO, 1IO:

_ Crouo0
.

C =
d

out
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Cgm; — groaﬁgo So '
d
R, = d )
7056
Ruuﬁ = d
aésa
MICNS JESIKUX TEPETBOPCHb 1 MPUUMAIOYU TE, IO
Eroi6 = Erou =Erg1 Vo = Vag =¥ » OTPUMAEMO:
2 grzo‘(’f SO
S d
Iz:UYZ:U y:jo+ 7Y - +
o 1+ wz [grogu J
Yo
grugo SD
iU a)erasoso d, : (16)
° 1+ @?| Enfo
7o
I3 (14) maemo:
a)Z grzogjso
P oo1U=U?| LSy A 17

2
}/0

Otpumani pisusians (11), (14), (16), (17), 3B’s13y10Th
napameTpH enekrpomartitHoro noss (EMIT), enextpodi-
3W4YHI, TEIUIOBI, ()I3MKO-MEXaHIuHI XapaKTEepUCTHKU Oio-
NPOJYKTY Ta TE€OMETPHUYHI PO3MIpH IEPBHHHOIO Iepe-
TBOpIOBaua (pPoOOYOTr0 OpraHy eJeKTPOTEXHOIOTTYHOT
YCTaHOBKH), CTBOPIOIOTH II€PEIYMOBH MPOBEICHHS EKC-
HNEPUMEHTAIBHUX JOCII/DKeHb Ta BH3HAYAIOTh  IIIAX
CTPYKTYpHOI TOOYHZOBH 1 PO3POOKH aIrOPUTMY CTBO-
PCHHS eJNEKTPOTEXHONOTIYHUX CHCTEM OOpPOOKH MPOIYK-
TiB POCIMHHOTO TOXO/KEHHS, a CaMe, CJICKTPOTEXHOJIO-
TIYHUX CUCTEM CYIIKH (QPYKTIB.

SIK BUITHO 13 HaBEACHHUX TCOPETHYHUX 3aJCKHOCTEH,
VST PO3paxyHKy MapaMerpiB eJIeKTPO-TEXHOJIOTTYHOIO
TEXHIYHOTOo 3aco0y 0OpoOKM 0i0-IIPOIYKTIB HEOOXiIHO
3HAHHS iX €JIeKTPO(I3UYHHUX XaPaKTEPHUCTHK: JIENEKTPH-
YHOI NPOHHUKHOCTI &, €NEKTPUYHOI NPOBITHOCTI ¥, ,

ro?

3HA4YCHHS AIETEKTPUYHUX BTpaT IJo mpw pi3HUX mapa-

metpax aii EMII, manpyru o6pobku U, gactotn o, 3Ha-
YEeHHsI SIKUX MOJKHAa OTPHMaTH Ha MiACTaBi MPOBEICHHS
€KCTIEPUMEHTAIIbHUX JOCIIKEeHb.

Jlnst BU3HAYEHHS KiBKICHUX TIOKa3HUKIB 0OpoOIIIO-
BaHOTO MPOAYKTY HaMH OyJIHM MPOBEJCHI eKCIIePHIMEHTa-
JbHI gociikeHHs o B3aemoaii EMIT 3 6ionpoaykToMm 3
3aCTOCYBaHHSM  BIPOTiJHICHO-CTATHCTUYHUX  METOJIB
OLIIHKH JOCIIKYBaHUX TapamMeTpiB. JlociikeHHS Tpo-
BOAWJIHCS JUI 0IMyK copty "Manrtet" i abpukocy copty
"JTrobaBa".



BumiproBaHHs1 npoBOAMINCS IS TPhOX ''Hapi3ok”
OJHOTO 1 TOTOX COPTY 3 TPHOXKPATHOIO IOBTOPHICTIO,
IpU  CyMICHIH  Jii KOHBEKTHBHOTO Ta  HPSMOTo
eJICKTPOHArpiBy, HpPH PI3HUX 3HAYCHHAX TEeMIeparypH
KOHBeKTHBHOrO HarpiBy v (25, 40, 55 °C) Ta pi3HHX
3HAYCHHSAX MPUKIIAIeHOI 3MiHHO{ Ta mocTiHoi Hanpyru U
(10,15,20 B) npu mpssMoMy eJIeKTpOHArpiBi.

IMpn npoMmy BuMIpIOBaNMCsS BHXIiJHI TNapamMeTpu
MICHSAAI] TEIIOBOTO 1 CIEKTPUYHOTO HArpiBy 3MiHHOTO
crpymy I, Ta mocriiiHoro crpymy I, siki mpoTiKalOTh
CKpi3b 3pa3oK, a TaKoXX Macy 3pa3ka M, Ta Horo
TeMIlepaTypy VU, 4Yepe3 BH3HauY€HI NPOMDKKHM dHacy T.
PesynbpTaTi eKCIEPUMEHTANBEHUX TOCTIDKEHb HABEICHO Y
Tabm. 1.

Tabmmms 1 - KonsexktusHwuid + [psmuit enexrponarpis. [lapamerpu: Ugn = 15 B; tyc. =40 °C; hyp = 5 Mg

@5 28 MM; Abpukoc, copt "Jlro6asa™

T, XB 0 5 9 15 30 45 60 75 90

Iy, MA 25 510 580 390 130 45 23 12 5

I, MA 24 250 270 240 50 10 71 33 2,3

m, r 3,69 3,52 2,89 1,92 1,52 1,20 1,08 101 | 095
Am=m, —m,r 0 0,77 0,80 1,77 2,17 2,49 2,61 2,68 | 2,74
cosp=1,11, 0,96 0,49 0466 | 0615 | 0,38 | 0222 | 0309 | 07275 | 0,460
sing 0259 | 0866 | 0891 | 0,788 | 0921 | 0974 | 0951 | 0,9 | 0,883
Z=U,, /I, ,Om 700 1294 | 1259 | 1385 | 2154 | 4333 | 7522 1250 | 3000
R=Zcosp, Om 576 14.4 12,1 23,7 44,4 74,1 201,3 | 3438 | 1380
X,=Zsinp,Om | 1553 25,5 23,1 30,3 106,2 | 3248 | 6203 1202 | 2649

I, =1:sing, MA 6,5 441,7 | 5168 | 3073 | 1197 43,8 21,9 11,5 4,4

3a pe3yabTaTaMH EKCIICPUMEHTAIBHHUX JOCIIIKEHb
noOysoBaHi 3aJe)XHOCTI CTPYMIB Ta OMNOPIB BiJ| 3MiHK
MacH 3paska B mpolieci HarpiBy (puc. 3 ta 4).

1

}:: 120 /_2
E —
110
100
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2-Ipn
80 3-Iax
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00 6 - Ipis
50 4
6
1 f/

15 30

Pucynok 3 — 3anexxHOCTi CTpyMiB BiJl 3MiHH BOJIOTOCTi B
mporieci cyuriHag abpukocy copry "'Jlobasa" nmpu:
Ugn=15B, Ugg =20 B, ty. =40 °C

I3 anaimizy 3a1eXHOCTEH, SKi HaBEACHO HA PHCYHKax 3
i 4 ciuig BU3HAYUTH, IIO: OIONMPOXYKT POCIMHHOTO
MOXO/DKEHHSI Ma€ SIK aKTHBHY TaK 1 PEakTHBHY CKJIAOBi
CTpyMY, SIKI NPOTIKAIOTH IO NMPOAYKTY B XOJi Hpolecy
00poOku (pucyHok 3); B X011 00poOKH, akTHBHUH CTPyM
I. (ctpym HarpiBy) mOCTIHHO 3MEHIIYBaBCS, LIO
TIOB’5I3aHO 3 BUIIAPIOBAHHIM MacH BOJIOTH.
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Haiibinpima 3MmiHa CcTpyMy crocTepiraerbcs y
MOYaTKOBHH Mepioj] npouecy (puc. 3; peakTUBHHN CTPyM
I, Ha moyaTky mpolLecy 3MEHIIYETHCS 10 BH3HAUEHOTO
3HAYEHHS, a ITOTIM AEKiJIbKa 30UIBIIyeThCs, IO BKa3ye Ha
3MiHY [ieNeKTPUIHOI IOCTiIHHOI OIOMpOAYyKTY B XOmIi
cymku (puc. 3); mpu 30iMBIICHHI HAmpyru OOpOOKH
3HAYHO CKOPOYYETHCS TPUBAIICTH CymlriHHs (puc. 3); min
JI€I0 eJIEKTPUYHOTO CTPYMY Hi/BUILY€THCS MPOHUKHICTH
KIITHH s0JTyKa, 0 TPUBOIUTH O 30UIBIICHHS COKOBIJ-
Jadi, TP [bOMY BiMIYAETHCS 3HIKCHHS CJICKTPUYHOTO
OTIOPYy POCIMHHOI CHPOBHHH (puc. 4); B porieci 00poOKu
30UIBIIY€ETHCS LIBHIKICT 3MIHH PEAKTUBHIO OMIpYy MO
BIJIHOLIGHHIO /IO AaKTHBHOTO, IO BKa3ye Ha 3HAuYHE
3MEHIIICHHS BIIbHOT BOJIOTH y GiomaTepiani (puc. 4).

Z,R,X, Opa

Pucynox 4 — 3anexHOCTi OIopiB BiJ 3MiHU
BOJIOTOCTI B Ipolieci cyminHs abpukocy copry "Jlrobasa"
npu: Ugy =15 B, Ugn =20 B, t,c. =40 °C




BucHoBknu:

1. B pe3ynbrati gociikeHb aHaTo-Mi4HOI 1 MOp(o-
JIOTIYHOI CTPYKTYpPH PO3IINISIAYBaHOTO OlONpPOIYKTY BCTa-
HOBJICHO, 1110 BiH MOKe OyTH 3MO/yJIbOBaHUM 1 MPUHHS-
TUM Jajli 10 TEOPETUYHOTO PO3IIIAY, K KOJIOiJHE Karli-
JISIPHO-TIOPHUCTE TIJIO.

2. Ha ocHOBI mpHuiHATHX MOMymeHb 1mo 1.1 i 3acTo-
COBAHOTO METOJY OOpOOKH MPOAYKTY, po3pobieHo ¢i3u-
KO-MaTeMaTHYHy MOJENh OiOmpOIyKTY, IO TO3BOJISIE
TEOPETHYHO BU3HAYHTH MAPaMETPH il eIeKTpOMarHiTHO-
ro NoJs Ha OIOMPOTYKT i MPOBECTH IX aHali3, a TaKOX
BUOpatu ontumainbHi napamerpu EMII npouecy enext-
POTEXHOJIOTIYHOT 0OPOOKH 1 1aTH IX KUIBKICHY OILIHKY.

3. [IpoBeaeHi TEOPETUYHI AOCHTIHKECHHS TO3BOJISIOThH
BU3HAYUTH 3B 530K IAPaMETPiB EIEKTPOMArHITHOTO IOJIS
(EMID), eJIeKTpO(hi3NYHUX, TEIIOBHUX, ¢izuko-
MEXaHIYHUX XapaKTEePUCTUK OIOMPOIYKTY Ta TE€OMETpH-
YHI PO3MIipH IIEPBHHHOTO IEpeTBOPIOBayda (pododyoro op-
TaHy eJEKTPOTEXHOJOTIYHOI YCTaHOBKH), CTBODPIOIOTh
NIEpelyMOBH TIPOBEICHHS EKCIICPUMEHTAIbHUX JIOCIi-
JUKEHb Ta BU3HAYAIOTh MIIIX CTPYKTYpHOI MOOYMOBH i
PO3pPOOKH aNrOpUTMY CTBOPEHHS €JIEKTPOTEXHOIOTIYHUX
cucTeM OOpOOKH MPOJYKTIB POCIMHHOTO MOXO/HKEHHS, a
came, eJIeKTPOTEXHOJIOTIYHUX CHCTEM CYIIKH (QPYKTIB.

4. TlpoBeieHUMH E€KCIIEPUMEHTAIBHUMH JIOCIIPKEH-
HSIMH BCTQHOBJICHO, 110!

4.1) GiompoayKT POCIMHHOTO MOXOMKCHHS Mae SK
aKTMBHY TaK 1 pEaKTHBHY CKIaIOBi CTpyMmy, SsKi
MPOTIKAIOTH IO MPOAYKTY B XOJi Iporecy 0OpoOKH, YnM
MiATBEPAKYETHCS MIPaBIIIBHICTh TEOPETHIHHUX
JIOCIIIKEHD;

4.2) B xomi oOpoOKH, aKkTHBHHH CTpyM (CTpym
HarpiBy) TIIOCTiHHO 3MEHINYETHCS, IO TIOBS3aHO 3
BHIIAPIOBAHHAM MacH BoJiord . HaitOinpma 3MiHa cTpymy
CIOCTEPIraeThes y MOYATKOBHIA TIepioj mpoLecy;

4.3) peakTUBHHA CTpyM Ha TMOYAaTKy MpOIECY
3MEHIIYETHCSl 10 BHU3HAYEHOTO 3HAYEHHS, a MOTIM
JieKiibKka ~ 301JbLIYETBCS, 1IO BKa3ye Ha  3MiHY
JIEeNIeKTPUYHOT OCTIHHOT O10POAYKTY B XOJIi CYIIIHHS;

4.4) npu 30UIbIIEHHI Hampyrdn OOPOOKM 3HAYHO
CKOPOYYEThCS TPUBAIICTh CYIIiHHS;

4.5) B mpomeci 00OpoOKH, 30UTBIIYETHCS IIBHIKICTH
3MIHM PEaKTHBHTO OIipy MO BiJIHOMIEHHIO 0 aKTHBHOTO,
II0 BKa3ye Ha 3HayHe 3MEHIIEHHS BUILHOI BOJIOTH Yy
Giomarepiaii;

4.6) B mporeci 00poOKHU, MpH 3MiHI HOro BOJOTOCTI,
3MIHIOETBCS Ji€IeKTPUYHA IPOHUKHICTh OioMaTepiaity.

5. B pe3ynabTari AOCTI/KEHh BH3HAYCHI KIJIBKICHI
3HAUEHHS JISSKUX ENEKTPO(DI3ZUUHUX XapaKTEPUCTUK JI0C-
JiKyBaHoro OiompoAyKTy (aKTHBHOTO Ta €MHICHOTO
OTIOPIB).

6. BcraHoBineHo, 1m0 JaHUW METOX JIO3BOJISIE
peryioBaTH  Ta  HIATPUMYBaTd  OUIBII ~ BHCOKY
TEeMIIepaTypy BCEpeIuHI MaTepialy, Mo 3abesneuye
NepeTik Tema BiJ LEHTPaJbHUX MPOWIAPKiB 10
nepedepii; MPUCKOPUTH MPOIEC CYIIiHHS.

7. Kpim ToTr0, MapameTpu mpouecy MoXyTb CIIYKHTH
iHpOPMATHBHUMHU O3HaKaMHU SKICHOTO CTaHy
OlompoayKTy, a came, MPO WOro BOJIOTICTh, B OJMH i
TOMKE Yac.
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AHOTANMA

HNCIIOJIb30BAHHME ITPSIMOTI'O
SJIEKTPUYECKOI'O HATPEBA B
TEXHOJIOI'MYECKOM IMPOLECCE
KOMBHUHHUPOBAHHOM CYIIKA

SIxoBneB B. @., Caoiicknii A. 1O.

Hznoocennvlii.  Mamepuan npeonoiazaem meope-
muyeckoe 000CHOBAHUE OCHOBHBIX VDAGHEHUU CE53U
napamempog 8030etcmeust INeKMPOMASHUMHO20 NOJS HA
ouonoeuueckutl  00veKmM  pPACMUMENbHO2O0  NPOUCXO-
JHCOCHUSL C €20 OUOPUUYECKUMU U INEKMPOPUIULECKUMU
XapakmepucmuKami, H0O20MOSKU Meopemuieckol 0asvl

nposedenus  IKCHePUMEHMANbHLIX — UCCIe008AHUL U
603MOJICHOCIU —~ MEXHUYECKOU  peaniu3ayuu  3J1eKmpo-
MEXHON02UYeCKUX — cucmem  0Opabomku  CeibCKo-

XO3AUCMEEHHOU NPOOYKYUU Hno HeobXo0uMomy napa-
mempy.

Abstract

THE USE OF DIRECT ELECTRIC
HEAT IN A TECHNOLOGICAL
PROCESS OF COMBINED DRYING

V. Yakovlev, A. Savoiskyi

The presented material provides a theoretical
substantiation of the basic equations of the parameters of
the action of the electromagnetic field on the biological
object of plant origin with their biophysical and
electrophysical characteristics, the preparation of the
theoretical basis for conducting experimental research
and the possibility of technical realization of the electro-
technological systems for processing agricultural
products according to the required parameter.





