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O.M. KAPMNOBAL KaHA. TexH. HaykK, foueHT, M.B. MOCTHIKOBAZ2 KaHf. TeXH. HayK, fOLEeHT
'Nep>KaBHWi BULLMIA HaBYaNbHWIA 3aKnag «MeniTonoNbCbKNUIA NPOMUCAOBO-EKOHOMIYHUI KONeAMK»,
2 TaBpiliCbKuii gep>KaBHWiA arpoTEeXHONOTiYHMIA YHiBEPCMTeT, M. MeniTononb

EHEPI OEMHICTb AK EHEPTETNHHA
XAPAKTEPUCTUMKA TEXHOJ1OIMNYHOI' O MNPOLECY
OUNLLUEHHASEPHA

AHoTauis

PauioHanbHe BUKOPUCTaHHSA eNeKTPOEHeprii Ha 3epHONYHKTaX, OCHALLEHWUX eHeproEMHUM TEeXHONOriYHUM 06nafHaHHAM,
0C06/MBO aKTyanbHO Tenep, KoAu NpuitHaTa HauioHanbHa eHepreTWyYHa nporpama YKpaiHn 3 eHeprostepe>keHHs. Bigomo, wo 1
OfMHULS 3eKOHOM/EHOT eNeK T POeHeprii Mo>Ke 3eKOHOMUTU He MeHLW 5 0ANHULbL NEPBUHHUX eHepPropecypcis.

Y f[aHiii po60Ti po3rNsaHyTa eHepProEMHICTb AK eHepreTUYHa XapakTepucTKa TEeXHONOTIYHOro NPOoLEeCy OUNLLEHHS 3ep-
Ha, TOMY L0 BOHA € Haiibinbll iIHPOPMATMBHUM NOKA3HNKOM [N1S1 BU3HAYEHHS eHepro3bepiraumnx pexxumis po6oTun. [nsa BU3HaUeH-
HS BNJUBY PEXXKUMiB po60T K 061afHaHHA HA BUKOPUCTaHHA eneKTPOoeHeprii B po60oUmnx npoLecax 0UYnLLEeHHs 3epHa 6a30BMX 3epHOO-
YMCHMX arperaTiB 6ynn BM3HaueHi HanbinbWw CyTTEBI (hakTopK, AKi BNNMBAKTH HA EHEPrOEMHICTb MPOLECY OYMLLEeHHS 3epHa. Mpw
[OCNiA>KEeHHI BNANBY TEXHONOTIYHUX (PAKTOPIB HA EHEPrOEMHICTb TEXHOMOTIYHNX NPOLECIB OUMLLEHHS 3epHa Oyno nposefeHo 6a-
raToakTOopHWA ekcnepumeHT. Lle 403BONMNO OLIHUTYW BNAMB TOro abo iHWOro hakTopa Ha eHeproEMHICTb MPOLECY OYNLLEHHS
3epHa.

Locnig>KkyBaBcs NpoLec OYMLLEHHS HAaCiHHEBOTO Ta NPOAOBOALYOro 3epHa Ha arperaTax 3AB-20, 3AP-5, siki € 6a30BuMM
3ePHOOYNCHUMI arperaTamu, Ha OCHOBI AKUX PO3pO6/eHi iHLWI arperaTw, SKi BUNycKae NPOMUCNOBICTb. B pe3ynbTaTipo3spaxyHkis
0T PUMaHi PiBHAHHA perpecii Ans BU3HAYEHHS NUTOMUX BUTPAT eNeKTPOeHeprii B 3a1eXKHOCTI Bif, TexHonoriyHmx gakTopis. Ha-
TYPHi EKCNEPUMEHT U MiATBEPANAN afleKBATHICTb MaTeMaTUYHUX MOaeneit y BUrNsAi piBHSAHb perpecii i eyeKTUBHICTb BUKOPUC-
TaHoro meTogy 6araTodakTOpHOro eKCnepuMeHTy. PesynbTaTW TeopeTUYHNX i eKcnepuMeHTanbHUX OCHIA>XKEHb eHeProEMHO-
CTi TEeXHONOrYHNX NPOLECIB OUNLLEHHSA 3epHA BifPI3HATbHCA B CEpefHbOMY He binblue Hi>K Ha £2 % BOHWM nokasanu MO>K/MBICTb
06r'pyHTYBaHHA Ta po3pobKN HAyKOBO-06rPYHTOBAHNX HOPM €NeKTPOCMNOXKMBAHHSA Ha 3epPHONYHKTax, TOMY LU0 HaibinbL Aiounm
Ba>KeNeM NpoBefeHHs eHepro3bepiratyoi noniTUKW, perynboBaHoT 3aKOHOAaBCTBOM, € BCTAHOBAEHHS HOPMATMUBIB BUTPATH enek-

TpoeHeprii i cTaHAapTIB eHeproedeK TUBHOCT I, HEAOT PUMAHHA AKUX CNPUYMHSE, HalvacTile, (hiHaHCOBY BiANOBIAANbHICTb.
KntouoBi cnoBa: eHeprosbepedKeHHsl, eHeproeMHICTb, payioHanbHe BUKOPUCTAHHS eneKTpOeHeprii, HOpMK enekTpocno-

>KMBaHHSA, €KOHOMisi eneKTpoeHepril.

Bctyn LI LY LU LU L L L S L A L L K
B 6inbwocTi KpaiH 3 PUHKOBOK €KOHOMIKOHO,

noymMHatoumn 3 nepiogy neploi eHepreTUYHOT Kpu3u, 3a-
KOHOZaBYe peryfoBaHHA eHeproBMKOPUCTaHHA CTano
BaX/NIMBILLMM €/IEMEHTOM eHepreTUYHoi noniTuku. He-
3BaXaluy Ha pisHML0 y opmax, 3aKOHOJaBYe perynio-
BaHHA €eHeproBMKOPWCTAHHA HanpaBieHO Ha pPilleHHs
OAHI€l 3afa4i - NigBMLLEHHSA 3aLiKaBNeHOCTI CNOXMWBaYiB
B 6iNbll eeKTUBHOMY BUKOPUCTaHHI eHepropecypcis.
PauioHanbHe BWKOPWUCTaHHSA efleKTPOeHeprii Ha 3epHo-
MYyHKTax € 3afayelo [epXaBHOro 3HayeHHs. Tinbku wna-
XOM [iT Ha TEXHIYHI Ta TEXHONOTIYHI hakTOpK, AKi BNAN-
BalOTb Ha efIEKTPOCNOXMBAHHA MPU OYMLLEHHA 3epHa,
MO>XHa [OCATTU paLioOHaNbHOro BMKOPUCTAHHA Ta eKo-
HOMIT enekTpoeHeprii. A 6e3 NpPaBMAbLHOT MipU, AKOKO €
HOPMM TMUTOMUX BUTPAT efIeKTPOEHEPrii, HEemMOoX/NBO
OLUiHWUTW pe3ynbTaTu MPOBeLeHUX 3axofiB 3 pauioHani-
3auii enekTpocnoxueaHHA [1-3].

AHani3 ocTaHHIX AOCNiAXeHb

MpoBefeHnin aHani3 nitepaTypHUX AXXepen no-
KasaB, WO B AaHWA Yac HaKOMWYEHWI MEBHWUIA NMpaKTWy-
HWA fJocBig B ranysi JOCNifXeHHA poboymx npouecis
€N1eKTPOMEXAHIYHUX CUCTEM OYMLLEHHA 3€pHA Ha 3epHO-
NyHKTax, Npu LbOMY 0CO6MBMIA iHTepec NpeAcTaBise
NUTaHHSA BMBYEHHSA B3aEMO3B’A3KY MK eHepreTUYHUMun
XapaKTepucTMKamMu TEexXHOMOriYHoro o6nafHaHHA npu
OuuLLeHHI 3epHa. JocnifjKeHHAMM UUX NUTaHb 3aiimManu-
€ BYEHi B cucTeMmi xni6onpuilManbHUX NiANPUEMCTB:
B.l. KaniHueB, M.M. TMpeo6paxeHcbkuin, O.I. Cerefa,
M.N. Actpebos [2]. B cinbcbKOMY rocnofapcrsi - Ana
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arperartis, AKi Bunyckae “BopoHikcinbmaw”: B.B. 'po-
mak, H.A. ¥Yctumenko, A.A. ToHyapos, I.l. KopwyHosa,
O.lN. Kapnosa, I.B. Kucenunus.

ABTOpK [4] po3pobunm HayKoBO-MeTOAMYHI OC-
HOBW nNnaHyBaHHA BWUTPAT efeKTpPoeHeprii B npouecax
36epiraHHs XNi6HUX KyNbTyp 3 BUKOPUCTaHHAM TEXHO-
NOTIYHMX NMUTOMWUX BUTPAT eNeKTPOEHEPTil, AKi BU3HaYa-
NNCA 33 EHEPTETUYHUMMU XapaKTepucTUKaMm MaLLUH.

PesynbTatamu focnigxeHb [4] HEMOX/INBO CKO-
pucTaTucs Ans sepHooumcHux arperatis 3AB-20, 3AP-5,
Tak K Habip MawwuH xnibonpuiiManbHUX NiANPUEMCTB
Bifpi3HAETLCA BiJ HA6OPY MaLUMH 3ePHOOYMUCHUX arpera-
TiB.

B 6inbwocTi paHilwe npoBefeHUX AOCNILXKEH-
HAX rOMI0BHA yBara npuginanaca TeXHOMOriYHUM MUTaH-
HAM OYMLLIEHHS 3epHa, a TaKoX pexxumam poboTu MalluuH
[4]. [OocnifXeHb eHeproeMHOCTI nNpoueciB O4YULLEHHA
3epHa i 3B°A3Ky i1 3 TeXHONOrYHUMMN pakTopamMu NpPoBo-
Annocb HepocTaTtHbO [5].

MeTot CTaTTi € AOCAIAXKEHHA MOXNUBOCTI BU-
KOPWUCTaHHS EHEPrOEMHOCTI AK EHEepreTMYHOI XapakTe-
PUCTUKN TEXHONOTIYHOIO NPOLECY OYMLLEHHA 3epHa A4
BM3HaUYEHHA eHeprosbepiraloyumx peXxxMmis po6oTu.

OCHOBHI MaTepianu focnigxeHHSA
B 3anexHocTi Big Habopy TeXHONOriYHOro 06-
NajHaHHS BCi 3epPHOOYUCHI MYHKTU AINATb Ha TPW TUMMK:

1 3epHOOUUCHI MYHKTW, WO MawTb arperatu

3AB, 3AP i Bcinaki NoToKOBI NiHiT, 06nagHaHi pisHUMMK
MallMHaMu, Ha SKMX BCTAHOB/IEHE CTaliOHapHE TEeXHO-
noriyHe o6nagHaHHS.

biip://§rain-Tee<ionarte<u.na

TEXHONMOIN4YHE OBJAOAHAHHA, ABTOMATU3ALUIA, NMPOLIECU



2. 3epHOOYUCHI MYHKTKW, LLO BUKOPUCTOBYIOTb
CyLIapKu ANA CYLWiHHA BCiX BUAIB 3epHa, [ie TaKoX ycTa-
HOBJ/IEHE CTaLioOHapHe TeXHONoriyHe o6nagHaHHA.

3. 3epHOOYUCHI NYHKTU, WO MpeAcTaBNAloTb
co60k0 nepecyBHi TpaHCNOPTYHOUi MeXaHi3MW Ta OYUCHI
YCTaHOBKM.

TexHonoriuHi cxemn arperatis 3AB-20, 3AP-5
npeAcTaBfieHi Ha pucyHKax 1Ta 2.

OckKinbkn Habip TexHOMOriYHOro o06nagHaHHA
3ePHOOYMNCHUX NYHKTIB Pi3HWIA, TO MPUPOSHO, WO i MK-
TOMa BMTpaTa efieKTpoeHeprii 6yae pisHoto.

3epHOBI NpoaykTn i kombikopmu, \/ol.17,1. 4 / 2017

JocnigxyBanucs 3epHOOUYNCHI MYyHKTU MNepLuio-
ro Ta TPeTbOro TUMIB, fIKi HaWbiNbll 4acTO BUKOPUCTO-
BYHOTbCA B NiBAEHHI 30HI YKpaiHu.

Bupo6HUYi npouecn Ha 3epHOOUYMCHUX NMYHKTaX
CKNajalTbCH 3 OKPeMWUX onepaliii, Aki BiAPi3HATbCA
NMPU3HAYeHHAM, XapakTepucTukamu Ta o06’emamu. Ha
3epHONYHKTax NiBAHA YKpaiHW BCi TEXHONOTiYHI onepa-
LiT 32 BEIMYMHOID EHEeProeMHOCTI MOXHa 06’caHaTn B
OBi rpynu: 1 - ounlieHHS 3epHa; 2 - TPaHCMOPTYBaHHA
3epHa.

Cxema 1 Cxema 2
(M1)] 3kBT HM2H ' I kBT{(M3n 15 kBT((M4H 15 kBT /(w N 15 kBT M1VM3kBT HMG6MNbIKBTAMTAIMNKBT T[ITMG5HI5BT
3 -»i 30M TP-P e H Tpiep | BeHT. HB 30M Tp-p | | BeHT. |
20 T/rog,. 10 T/rog. 10 T/roa. 10 T/roa. 20 T/rog,. 10 T/rog. 10 T/rop.
Puc. 1—TexHonorivHi cxemu arperaTy 3AB-20
2,2 kBT
20 T/rog.
10 T/rop. 10 7/rog,
Cxema 4
M1)2,2 kBT (w 2))6.6 kBT ((M i» 22 kBT (?mM6\\2,2 KBT
HB 3BC (SR S— H H3 1
20 T/rop. 10 T/rog,. 20 T/rog. 20 T/rog,.
H3 - Hopis 3aBaHTaxyBa/bHa;
30M —3epHO0YMCHA MALLNHA;
Tp-p - TpaHcnopTep nepefaBanbHUA;
Tpiep - TpiepHuii 6N10K;
Cxema 3 BeHT. - BEHTUIATOP LLeHTPasni3oBaHoi
nosiTpsAHOT cuctemm arperaty 3AB-20;
3BC —3epHOo04MCHa MallnHa,
CBY - HaCiHHeouuMCHa MalUMnHa;
BT - 610K TpiepHMiA.
20 T/rop.

10 1/rog.

Puc. 2 - TexHonoriuHi cxemun arperaTy 3AP-5
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MuToma BUTpaTa enekTpoeHeprii pisHUX onepa-
Ui 6yge pisHow. HaciHHeEBe 3epHO OYMLLAETHLCHA Ha ar-
peratax, WO MakwTb HaCiHHEOUYMCHI MawwHW. lMutoma
BMUTpaTa eNleKTPOEHEPTIT Ha OYNLLEHHSA HaCiHHEBOrO 3ep-
Ha BULLE, HDXX NPOAOBONLYOr0. MOACHIOETLCA Le He Tifb-
KW pi3HUM HabopoM MaluWH, ane i pi3HOK NPOAYKTUBHI-
CTI0 06nafHaHHSA.

[ocnigxysascs NpoLec OYNLLEHHSA HACIHHEBOIO
Ta NPOLOBOJ/ILYOIO 3epHa: MepBUHHE - BTOPWMHHE 04U-
WeHHA (9K HanbinbW TUMOBMIA ANA MiBAHA YKpaiHU) Ha
arperatax 3AB, 3AP, e BUKOHYKOTbCS oOMepauii oyu-
LLeHHS | TPAHCNOPTYBaHHA 3epHa OfHOYACHO.

3epHoouuncHi arperatn 3AB-20, 3AP-5 € 6a3o-
BMMM 3epHOOYMCHUMMW arperataMmu, Ha OCHOBI AKX PO3-
pobneHi iHWIi 3epHOOYUCHI arperaTtu, sKi BUNyckae npo-
MUC/IOBICTb.

TexHONMOriYHi npoLecn CcyyvyacHUX 3epHOOYMUC-
HUX arperatiB xapakTepu3yrTbCA PO3MAIiTTAM TeXHO/0-
rYHUX CXem i BMIMBOM Ha MUTOMY BUTPATY efieKTpoe-
Heprii 6araToyncenlbHUX MNapameTpiB TEXHONOTIYHOrO i
€M1eKTPOCMNI0BOr0 06NMaAHaHHA. [Ona BU3HAYEHHA BMNANBY
pexxumis po6oTn o6nafHaHHA Ha BUKOPWUCTaHHS efeKT-
poeHeprii B poboumnx npouecax OYMLEHHA 3epHa 6a3o-
BMX 3€PHOOYMCHUX arperatiB 6ynM BUM3HAYEHI HabinbLWw
CyTTeBi (hakTOpMW, AKi BNANBaOTb Ha EHEProEMHICTb
npoLiecy OYMLLEHHSA 3epHa.

xvur., kBtrog./T
48T

12 -
10_

30 4,0 6,0 8,0 10,0 12,0 14,0 16,0
Puc. 3- padhikn 3ane>KHOCTIi MU TOMUX BUTpaT
eNeKTPOeHepriiBig NPOAYKTMBHOCT I TEXHOMOrYHOro
obnagHaHHs arperaTy 3AB-20 nNpu 0YMLLEHHI AUMEHS
HaCiHHEBOrO MpW BONOrOCTI:

1-15,6 %; 2- 14,0 %; 3- 135 %; 4-12,7 %; 5-11 % Ta
npogosonbyoro: 6 —15,8 %; 7—14,0 %; 8 —13,6 %;
9-12,3 %; 10-11,3 %
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OCHOBHOI i 060B’A3KOBOKD YMOBOK HalibinbLu
€KOHOMIiYHOT po60TU MOTOKOBMX NiHIA 3€PHOOUYMCHUX
arperatis 3AB-20, 3AP-5 € ogHakoBa HOMiHanbHa npo-
OYKTUBHICTb BCIX MaluWH, 3’efHaHUX nocnigosHo. B
NPOTUNEXHOMY BWUMafgKy, NPOAYKTUBHICTb MOTOKOBOT
NiHIT BU3HAYAETHLCA TiE0 MALIMHOM, AKa Mae HaliMeHLWwy
HOMiHaNbHY NPOAYKTUBHICTb. Hanpuknag, AKWO NiHifA
npautoe 3 Tpiepamu, To Tpiepn € NIMITYIOUMMU MaLUMHa-
MU, WO 3a4arTb MPOAYKTUBHICTb BCiET NOTOKOBOT JiHil.
AKWo niHia npautoe 6e3 Tpiepis, TO NIMITyHOUMMHU € 3ep-
HOOYMCHI MalWHW, AKi 3agalTb NPOLYKTUBHICTL BCiel
NMOTOKOBOT NiHii. Lle BU3Hayae NUTOMY BUTPATY efleKTpo-
eHeprii Lnur Ha 06po6Ky 1T 3epHa.

3 BMPOBHUYMX (haKTopiB: (i3NKO-XIMIYHUX, Te-
XHOMOTIYHUX, eHepreTU4Hmnx [4], AKi BNAMBaKOTb Ha Nu-
TOMi BUTpaATU efleKTPOEHEepPriil CTOCOBHO [0 3epPHOMYHK-
TiB CiNbCbKOro rocnofapcrtsa A0CNiAXKyBannuca TEXHOO-
rivyHi akropu.

[lo TexHONOriYHNX PaKTOPiB BifHOCATHCA: BaH-
TaXoo6ir, xapaktep BUPOGHMYMX CMOPYA, XapakTepuc-
TWKa TeXHONOoriyHoro o6nagHaHHA, TEXHONOriYHA CXxema
onepauiii, TexHonoriyHa gucuunnida [4]. o cyTTeBux
TEXHOMOTIYHNX (DaKTOPiB BiAHOCATLCA: Habip TEXHONOTI-
4yHOro obnafgHaHHsA Ta TEXHONOTiYHA CXeMa onepawiii, ki
6yAyTb BM3HAYaTUCA PISHUMWU BeNMYMHAMMU MOTYXHOCTI
P enekTpoABWryHiB Ta MPOAYKTUBHOCTI O TexHonoriy-
HOro obnagHaHHs [4].

3,0 5,0 7,0 9,0 11,0 13,0 15,0 17,0
Puc. 4 - Tpadikun 3ane>XHOCTIi MM TOMUX BUTpaT
eNeKTpoeHeprii Big MPOAYKTMBHOCT i TEXHONOMYHOIro
obnagHaHHA arperaTy 3AP-5 Npu o4MLLeHHI NweHnLi
HaCiHHEBOI NpX BONOrOCTI:

1- 175%;2-16,3 %; 3-14,0 %; 4-13,0% Ta
npoposonbyoi: 5—17,3 %; 6 —16,1 %: 7—14.0 %;
8-13,5%
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Mpu ekcnepumeHTaNbHOMY [OCMILXEHHI eHep-
reTUYHUX napameTpiB 3ePHOOYMCHUX arperaTtis BUMIpIO-
Ba/UCb €NIEKTPUYHI NapameTpu: CMNOXMWBaHWI CTPyM,
CNOXMBaHa aKTUBHA MOTYXHICTb, aKTUBHA Ta peakTUBHA
eHepris, Hampyra Ha 3aTuckayax enektponpuiimadis. Bci
napaMeTpu BUMIpHOBannCb Mpu XONOCTOMY X0fi, poboTi
nif, HaBaHTaXeHHAM. BUTpaTun enekTpuuHoT eHeprii gik-
CyBa/NCb 3a A0MOMOrOI0 NiYUNBHUKIB aKTUBHOI Ta peak-
TUBHOI eHeprii. KpiM enekKTpnYyHUX napameTpiB MoTOKO-
BWX NiHIV BUMIipIOBaNNCb MeXaHiYHi napameTpu: yacTtoTa
0b6epTaHHA eneKTPOABUTYHIB, 4Yac pob0TU, NPOAYKTMB-
HiCTb MalUMH 3a JOCNifAXYBaHW NPOMIKOK 4acy, BOO-
ricTb Ta 3aCMiYeHiCTb 3epHa.

OnTuUManbHi 3Ha4YeHHA NPOLYKTUBHOCTI MallunH
BM3HAYaIUCb AIK MAKCUMa/IbHO MOXWBI, NPU AKUX He
MOpyLIyBaBCA TEXHOMOFiYHWIA Mnpouec, a fAKiCTb 3epHa
3anuuwanacad Ha piBHi cTtaHgapty. Wo6 BuKNOUMTK
BN/JVWB BUNALKOBUX (haKTOpiB, [OCMILM NPOBOAUNNUCH He
MEHLLIe TPbOX pasis.

[JocnigxyBanuce onepauii 04UMCTKM MpPOLOBO-
NbYOro Ta HACIHHEBOTO 3epHa Pi3HMX KyNbTyp Ha arpera-
Tax 3AB-20, 3AP-5, ie BUKOHYIOTbCA onepawii 04UCTKN
Ta TpaHCMOPTYyBaHHA 3epHa ofHOYacHo. MuToMi BUTpaTH
eNeKTpoeHeprii Ans pisHUX TEXHOMOTIYHMX CXeM Ta pi3-
HOro Habopy TexHONOriYHOro obnagHaHHA BiAPI3HAOTb-
CS 33 BeIMUYMHOW (pUCYHKHK 3, 4).

X MartematnyHa Mofenb
i)
NMTOMUX BUTPAT
enekTpoeHeprii
X2

eN1eKTPOLBUTYHIB

38PHOOUNCHOrO arperarty
iK 1K 1y

X3 x4 X5
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HaciHHeBe 3epHO 0uMLAIOTbL BKIHOYAKOUM Ha-
CIHHEOUMCHI MawunHW. B pesynbTaTi gochifXeHb 6yno
BCTAHOB/IEHO, WO MWUTOMI BUTPATW efleKTpoeHeprii Ha
OYMUCTKY OAHIET TOHHU HACiHHA BULLe, HDK OfHIET TOHHU
npojoBonbLYoro 3epHa (puc. 3,4) B cepefHbomy Ha 20 %.

[na BupilleHHs 3afadi BU3HAYEHHA EHEProeEM-
HOCTi TEXHOMOTIYHOro NPOLECY OYULLEHHSA 3epHa BUKO-
pUCTaHWii MeTOA aKTUBHOMO MaHyBaHHA €KCNEPUMEHTY,
AKWIA [03BOSIMB KiNbKiCHO OLIHWTX BNAMB TOTO YU iHLIO-
ro TEXHONOrIYHOro (pakTopa Ha eHeproemHicTb npu 6a-
ratoakTopHomy BnAuBi [6, 7].

Ha CTpPYKTYpHi/i cxemi maTemMaTnyHoi mMogeni
NMATOMUX BUTPAT efNleKTPOeHeprii eneKTpoLBUTYHIB 3ep-
HOOYMCHOrO arperaTty nokasaHuil BUGip 3MiHHUX TeXHO-
NOrivyHMX (hakTopiB, AKi BNAMBAKOTL HA MUTOMI BUTPaTK
eneKkTpoeHeprii (pucyHok 5).

JocnigkyBannuca TeXHONOTiYHI akTopu Xb X2,
AKi CYTTEBO BMNAMBAIOTH HA EHEPTrOEMHICTL MpoLecy
ouuLileHHs 3epHa Ha arperatax 3AB-20, 3AP-5. Bubip
(hakTOpiB, iHTepBasiB BapitoBaHHSA, PiBHIB BM3HAYABCA Ha
OCHOBI aHanizy anpiopHoi iHpopMauii Ta nonepegHix
eKCNepMMEeHTIB i npefcTaBneHunin B Tabnnuax 1, 2.

MpoBoanBCA NOBHWIA (DaKTOPHWIA eKCMepUMeHT
(M@PE) TNy 22 Ta ctatucTtuyHa o06pobka faHWX ekcne-
pYMeHTY, MeTOAMKa SKOTo onucaHa B [6, 7].

[wvcnepcii BiATBOPIOBAHOCTI {\} Ta apeksart-

HocTi < {y} npepacTaBneHi B Tabnuui 3.

B maTemaTuuHiin mogeni (puc. 5) npuiiHATO:

Xi —1pOoAYKTUBHICTb, T/TO4.;

X2—10TYXHICTb, KBT;

x3- BaHTaxoo06ir, B.0.;

X4- XapakTep BUpOOGHMUYMX cnopyq, B.O.;

x5- TexHonoriyHa gucuunnina, B.o.;

y - NUTOMI BUTpaTKW enekTpoeHeprii, KBT rog./T.

Puc. 5- CTpyKTypHa cxemMa MaTemMaTUYHOrO MOJe/TIOBaHHS

PiBHi HopmoBaHa Xb T/rog. X2, kBT
(akTopis BeNnHmnHa nweHnyA AYMiHb nweHNnLs AUMiHb
BepxHili piBeHb +1 12,0 10,0 27,0 23,0
OCHOBHMI1 piBEHb 0 8,5 24.0 21,0
HwXHili piBeHb -1 7,0 21,0 19,0
LLlar BapitoBaHH# +2,0 +1,5 +3,0 +2,0
Tabnuus 2 - PigHi hbakTopiB i iHTepBanu BapitoBaHHA ans 3AP-5
PiBHi HopmoBaHa Xb 1/rog. X2, kBT
(akTopis Be/M4MHA nieHnLs AUMiHb puc nLeHnus AYMiHb puc
BepxHiil piBeHb +1 11,0 10,0 7,0 27,0 26,0 23,0
OCHOBHWIA piBeHb 0 9,5 55 25,0 24,0 21,0
HwXHili piBeHb -1 8,0 4,0 23,0 22,0 19,0
LLlar BapitoBaHHA +1,5 +1,5 +1,5 +2,0 +2,0 +2,0
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Tabnuua 3 - Po3paxyHKoBI faHi

Arperat KynbTypa

en
AYMiHb 0,0351 0,0007
3AB-20
nweHunua 0,038 0,0001
AYMIHb 0,0255 0,0002
3AP-5 nweHnus 0,0265 0,0001
puc 0,0988 0,001

B pe3ynbTaTi po3paxyHKiB OTpMMaHi PiBHAHHA
perpecii 4na po3paxyHKy NUTOMUX BUTPAT eNeKTPOoeHep-
ri’ B 3aN€XHOCTI Bif TEXHONOTIYHUX (PaKTOpiB B KOAOBA-
HUX OAVHULAX.

3AB-20
AYMiHb ¥ = 2,562 -0,478Xx, + 0,323x2-0,157"x2; (1)
nweHunua y —2,398 —0,562x, + 0,27 x2—0,102X]X2. (2)

3AP-5

A4MiHb y= 2,81 —0,51x, +0,37x%,-0,165xX2; 3)
nweHuus y —2,608 —0,548x, + 0,288x2—0008X[X2 ;(4)
puc y - 3,975 - 0,975%, + 0,35x,-0,2Xx,X2. (5)

AHaniz piBHAHb perpecii (1-5) B KofoBaHUX
O4MHNUAX NOKAa3ye, WO BMANB TEXHOMOTIYHMX (haKTopiB
Ha eHEeproeMHICTb Pi3HWIA: 36iNbLIEHHS NMPOAYKTUBHOCTI
3MEHLY€E 3HAYEHHS BUXILHOT BEIMYMHK, a 36iNblIeHHS
NOTYXHOCTI 36iNblIY€E 3HAYEHHA BUXILHOT BETMUNHN.

Hopmanisauis takTopis nposogunace 3a op-
Myn0to

A (6)

BignosigHo 8o (6) HOpMOBaHi 3HaYeHHS (PAKTO-

piB Ha pi3HMX piBHAX 6yAyTb AOPIBHIOBATU
X..0-X,, -X,s
AX. ax,

=-1
.. )
B pesynbTaTi ofepXyemo 6aratoakTopHy Mo-
[leNb eNeKTPOCNOXMBaHHA Ha 3epHOMYHKTax, OCHallie-
HUX 3epHOOUYUCHUMU arperatamu 3AB-20 i 3AP-5.
3AB-20

nweHnya Wrar =1,127(3+0,26P - 0,017(}P-1,03; (8)
AYMiHb " =0,773(3+0,604P-0,0520P-7,41. 9)
3AP-5

nweHuya » =0,535(5+0,486P-0,0360P-6,074; (10)
AumiHb \¥IUT =0,98(3 + 0,6525P-0,055C>P-9,96; (11)
puc =0,757(5+0,544P-0,067(}P-3,81. (12

AHaniz 6aratodakTopHOT MoAeni enekTpocno-
XXMBAHHA MOKa3ye, WO Ha eNeKTPOCMNOXMBaHHA 3 TeXHO-
NoriyHMX (hakTOpiB HalbinbWNA BNANB OKasye Habip
TEXHONOTiYHOro 06N1a4HaHHA Ta TexHoJforiyHa cxema
onepavuiii, fKi 6ygyTb BM3HA4YaTMUCS Pi3HUMKU BenUYMHa-
MW BCTaHOBNIEHOT MOTYXHOCTI P enekTpoABuryHis Ta
NPOAYKTUBHOCTI O MOTOKOBMX NiHIA OUYMLLEHHSA 3epHa.

BucHoBkn W AHHHHWMHHHMHI
1 3 TeXHONOriYHUX (hakTopiB Haibinblue BAAN-

BAE Ha EHEProEMHICTb Habip TEXHONOriYHOro o6nafHaH-
HA Ta TEXHONOTiYHA CXema onepawii.

2 B pesynbTarti focnigxeHb 6yno BCTaHOBNEHO,
O EHEepProeEMHICTb OYMLLEHHS 3epHAa B 3a/eXHOCTI Bif
Habopy TeXHONOriyHoro o6nafHaHHA Ta TEXHONOTiYHOI
CXeMMW OnepaLiil 3HaXOAWUTLCA B CepPefHbOMY B MeXax:
ans arperaty 3AB-20 - \\iix = 1,2-4,6 kBTrog./T, ans
3AP-5- A ur = 1,55-5,0 kBTroga./T.

3 Pe3ynbTaTu NpoBefeHUX eKCNeprMeHTanbHNX
Ta TEOPeTUYHWUX [OCNIAKEHb BIAPISHAOTLCA B Cepef-
HbOMY He 6ifblle HiXX Ha +2 % i € OCHOBOI N5 po3pob-
KW HayKOBO-O6GIPYHTOBAHWX HOPM MUTOMOT BMTpaTu
eNeKTpoeHepril.
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Abuiraci

THe raiionai n3e o/ eieciriciiy ar §rain 3iaiion3 egunipperi >kiik ener”y iniensiye lecknolo%ical eunipTeni i3 e3peciaiiy
iTporiani now nken ike Maiionai Ener%y Pro%raT o/ IlIkraine on ener%y conseTaiion ka3 been aciopieci. i i3 knomn ikai 1 vnii o/

3a\eci ener8y can 3ame ai leasi 5 uniis dpriTary ener8y resources.

In iki3 m/ork, ener8y iniensiiy i3 consiciereci a3 ener8y ckaracierisiica o/lke lecknolo8ical proces3 o/§rain puri/icaiion.
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because i! i3 ike T03i inforTaiime inciicaior/or cielerTining ener8y-3ayinf Tociei3 o/ operaiion. To cieierTine ike in/luence o/ ike
operalinf Tociek o/ike ec]uipTenl on lke u3e o/eieciriciiy in Ike m>orkingproce33e3 o/8§rain puri/icaiion o/ike basic §rain cleanin%
unii3, ike T03i 3ifni/icanl/aciors in/lnencing Ike ener8y iniensiiy o/ Ike £iain cleanin§ process were icienii/ieci. In ike 3inciy o/ ike
in/lnence o/lecknolo8ical/aciors on ike ener8y iniensiiy o/lecknoiogicai processes o/%rain puri/icaiion. a Twiii/acioriai experiTeni
mia3 conciucieci. Tki3 aiiom/eci 1o a33e33 ike iTpaci o/iki3 or ikai/acior on ike ener8y iniensiiy o/ike £rain cleanin%process.

1Ye siuities] Ike process o/seeci anci/ooi %rain puri/icaiion on af§re8§ales 2A ¥-20, 2AK-5u/kick are Ike basic §rain cleanin§
unii3, on lke basi3 o/M>Kick oiker unii3 ka\e been cieyeiopeci anci are Tanu/acivreci by Ike inciusiry. A3 a resuii o/ike caicuiaiions. ike
re§ression egmaiions are cieriyeci lo cieiertine lke 3peci/ic ener%y consuTpiion, ciepenciing on ike iecknoloSical/aciors. Tke /ielll
experiTenis con/irTeci ike aciegnacy o/ TaikeTaiicai Tociei3 in ike /orT o/re§ression eyuaiions anci ike e//iciency o/ ike Teikoci
u3eci in ike Twiii/acioriai experiTeni. Tke reauii3 o/lIkeoreiicai anci experiTeniai siuciie3 o/lke iniensiiyproces3 o/puri/icaiion o/ike
§rains Jli/ler on arera8e by no Tore lkan +2%. Tkey 3kom>eci Ike possibiliiy o/ 3ubsianlialion anci cie\>elopTenl o/ 3cienii/icaiiy
P'ouncieci nonn3 o/pom/er consuTpiion ai §rain 3siaiions, becanse ike To03i e//ecli\>e looi o/ ITpleTenling ener8y-3cn>ing§ poiicies
re8ulaleci by le*isiaiion i3 Ike eslabliskTenl o/norT3 o/eieciricily consuTpiion anci ener8y e//iciency sianciarci3 ike non-coTpiiance
o/m’kick o/ien leaci3 lo/Tanciai responsibilily.

Key Horci.u: ener%y 3aying, ener8y iniensiiy, e//icienl nse o/eieciric pom/er, norT3 o/pom>er con3uTpiion, 3a\>int o/eieciricity.
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J1.C. CONNQATEHKO, KaHA. TeXH. HayK, JOLUEHT
OpfecbKa HauioHanbHa akafeMisi xapuoBux TexHonori, M. Ogecca

ABTOMATN3OBAHA CNCTEMA OBJTIKY NMPOAYKTIB
NMEPEPOBKU KOMBIHA TY XJTIBOMNMPOAYKTIB

AHOTauis

ABTOMaTWN30BaHy cucTemy 061iKy NPOAYKTIB Nepepobku KoM6iHaTY xni6onpoAyKTiB po3pobneHo HBY «TOM», m. Ope-
ca, YKpaiHa.

CucTema 34iliCHIOE NOTOYHNIA KOHTPONb MacK 3epHa, 6OpOLUHA, MOGIYHMX MPOAYKTIB i BiAX04iB, a TakKo>K 3abesneyye
onepaTVBHE HaflaHHA pe3ynbTaTiB 06iKy BUPOOGHMUYMM i hiHAHCOBMM cny>Kbam nignpremcTBa. S LUbOro BOHA BMILLYE: MYHKTK
3Ba>KYBaHHS aBTOTPAHCNOPTY i 3aNi3HNYHUX BaroHiB; BaroBy AiNbHULIO KOMOGIHATY XNi6ONPOAYKTIB; NYHKTW 36MpaHHA i 06po6KM
iHpopMaLii Ha cknagi roToBOT NPOAYKLiT iy 6yxranTepii 3aBoA0yNpPaBNiHHS.

CucTema nepepbayac 3aCTOCYBAHHA €NeKTPOHHO-TEH30MeTPUYHUX Bar; NnaT(OPMHUX aBTOMOGIAbLHUX i BAroHHWX, a
Tako>X GYHKEpPHUX ANs 3Ba>KYBaHHS 3epHa, BifAxofdiB, 60poLIHa i BUCIBOK. MpuHLMN AiT eneKTPOHHO-TEeH30MeTPUYHMX Bar 6a3yeTb-
€Sl Ha MepeTBOPEHHI CUAM Bary BaHTAa>Ky Yy aHanoroBuii CUrHan BaroBMMiptOBaNbHUX TEH30Pe3NCTOPHNUX AATUNKIB 3 NOAANbLUNM
aHanoro-LnMgposmMM nepeTBOPEHHAM CUrHany BTOPWHHWUM NepeTBOPOBAYeM - BaroBUM TepMiHanoM i Bugayerd pesynbTaTy Ha
Tabno iHguKaLuii.

OnucaHi NpyHUMNU yHKLIOHYBaHHA cucTemu i Ti nporpamMHe 3abe3neyeHHsi. HaBefeHi TeXHIYHI xapakTepucTuku nnaT-
(POpPMHUMX | BYHKEPHUX Bar CUCTEMU 06MiKY, @ TaKoX 0C06ANBOCT i iX KOHCTPYKUiT.

ByHKepHi aBTOMaTnyHi Barn HB® «CBEJA LITO», M. 3anopi>k>ks, YkpaiHa, onucaHi 6inbll geTanbHo, 60 cyyacHi AoBi-
[OHVKW, MIAPYYHWKK | HaBYaNbHI NOCIGHMKM L€l iH(hopMmaLlil e He BMILLYOTb, a BOHA MO>Ke 6YTW KOPUCHOI K (haxiBusm npomuc-
N0BOCTI, Tak i CTyAeHTam BifNoBiAHNX HaBYANbHNX 3aKNagis.

AK noxoanTb 3i cxemu (puc. 1), aBTOMATMU30BaHA CMCTEMA BMillye TEH30METPUYHI aHanoro-umdposi nepeTBOPLOBaYi
(AUIT), sKi nepeTBOPIOIOTbL aHaNOroBi CUrHaNM TeH304aTuMKiB Y BifNOBigHUA LUMdPoBMiA Kog. BigMiHHiCTb TeH3o-ALM Big 6yab-
AKMX HWUX ALLM B TOMY, L0 BOHM BMILLYIOTb TaK0XX CTabinisoBaHe A>Kepeno >KUBMEHHS, AKe YXMBUTb TeH304aTUMKKM, BUpobnse
OMOPHY Hanpyry Ang nepeTBOplOBaya i NepeTBOPIOWTh KOA, 0TPUMaHUi Bi BTOPMHHOIO NepeTBOpioBaYa, B 3HAYEHHS Macu, 3[iii-
CHIOIOTb 11 iHAMKALi0 | nepegady iHhopmauii npo BU3HAYeHy Macy B CUCTEMY 00niKy.

KntouoBi cnosa: aBToMaTN30BaHa cucTema 060iky, NOTOYHUA KOHTPONb Macu, eneKTpPOHHO-TEH30MeTPUYHI Baru, aHa-
noro-ungpoBuii NepeTBOPIOBAY, aBTOMOGINbHI, BaroHHi Ta 6yHKepHi aBTOMaTWYHi Baru.
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0606LeHVE 1 Nepedaya onbita B 06mMacTn NPoM3BOACTBA W MCNO/Ib30BaHNS KOPMOB 11 KOMOUKOPMOB

I8P cospaHa gnsa
CneunasiMcToB Mo NPOU3BOACTBY KOMOUKOPMOB ¥ KOPMJIEHUIO CE/bCKOX03ANCTBEHHbIX X/BOTHHIX 1 nTuupbi:
TEXHO/I0TOB, HAYa/IbHNKOB KOMOMKOPMOBbIX NabopaTopuii 1 peLenumMoHnCTOB, NHXEHEPOB.

O6yuatowmii Kypc
72 yaca 3aHATWiA, B T.4. 24 yaca TPEHUHIOB 1 NeKUMii. [0 okoHYaHUM MexayHapoaHOl LIKOMbI KOPMOB BCEM

O—
U= aTTecToBaHHbLIM y4yacTHUKaM BbifalTCca UMeHHbie cepTudinkatbi 06 y4acTUn U NOBbilLEHUW KBaUTMdhrKaLuu.
JlekTOopbl 1 TPpeHepbl ISP
BorpaH AnekcaHgp VosaHka AHnaTonuii
Eropos BakymeHko Nesny NeBunuknii
Hatanbsa puropwii depnop VieaH AnekcaHgap |
IproHBanbg Masyp MapueHkoB MaHuH Mnese
OpraHunsartopbi I15P
Opecca, 3artoka Opecckan HauMoHasbHas akagemus Accoupnauyms "Coto3
MULLLEBbLIX TEXHO/IOTNI Kopmonpon3soguTesnen YkpavHol
MapTHepblI I5P
Peeci &uie
Peel Poocl KopmoPecypc 3ocTracle Peeci & | ile Peeci (or Heallll  Ykpau+ckas na6oparopus
KavecTBa 1 6e30nacHocTu
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