AIIEKTPOJIBUTATENIEM, KOTOPBIN ITOIKITIOYACTCS K BHEITHEMY HCTOYHHUKY SHEPTHH, YTOOBI pa30rHaTh POTOP. 3aTeM JBHTa-
TeJIb CTAHOBUTCS F€HEPATOPOM, IIPUBOAUMBIM B JBUKEHHUE BPAILIAIOIIMMCS MaXOBUKOM.

B nepcnekTuBe MHEPLMOHHBIE HAKOMUTEIU SHEPTUM (MAaXOBUKU U CYNEPMaXOBUKHU) 11€J€CO00pa3HO UCTIOIb-
30BaTh B OOJBITUHCTBE CUCTEM 32 CUET X BHICOKOH YHEPTOEMKOCTH 10 CPABHEHHIO C OCTAIHHBIMU HAKOITHTEIISIMH.
WX ucnonp30oBaHue MO3BOJSIET CTAOMIN3UPOBATH BHIXO/ YHEPTUHU B COTHEUHOU 2HepreTuke. Mcnonb3oBaHue nHep-
IIMOHHOTO HAaKOIUTEN YHEPTHH BO3MOXKHO B BBICOKO- M HU3KOTEMIIEPATyPHBIX 30HaX 0€3 3HaUUTECIHHOTO YMCHbB-
uieHus ero 3 dexrupHocT. Takke 3a cuéT OOJBIICH yIEeIbHON MOIHOCTH HAKOMHUTENICH HA MAXOBUKAX TTO3BOJISICT
YMEHBIIUTh MAacCy CUCTEMBI PEKyTepaIlii Ha TPAHCIIOPTHBIX CPEACTBAX, YTO TAKXKE YMEHBIIACT UX MOTpeOIcHNe
JHepropecypca.
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CHWXEHUE YOEJNIbHOW SHEPFOEMKOCTU NPOU3BOACTBA
NMUBA NEKTPOAKTUBALIMEU MMBOBAPEHOIO AYMEHSA

REDUCTION OF SPECIFIC ENERGY INTENSITY OF BEER
BY ELECTROACTIVATION OF MALTING BARLEY

O. B. boHOapuykK', B. A. MawuHckul?, KO. H. Cenrok*
O. Bondarchuk*, V. Pashynski?, Y. Seluk*
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[IpencraBieHs! pe3ynbTaThl OIEHKN YACTBHBIX 3aTPaT SHEPTHH Ha MPOM3BOACTBO IHBA M COJONA MOCTE JEK-
TPOAKTUBALMK TMBOBAPEHHOTO SIYMEHS B IEPEMEHHOM JJICKTpHUYECcKoM 1ojie. OO0paboTKa STUMEHS B AIIEKTPUIECKOM
IoJie ONTHMANIBHBIX 3HAYCHUH MapaMeTPOB CYIICCTBEHHBIM 00pa30M BIIMSET HAa Ka4eCTBO COJIOAA (yBEIHMYMBAET
9KCTPAKTUBHOCTH Ha 1...3 %), 4TO B KOHEYHOM CUETE MO3BOJISET MOTYYUTh JOTIOHUTEIBHBINA BBIXO ITHBA, Y/IEIThb-
Hast 9HEPrOEMKOCTh KOTOPOTO 3HAYUTEIILHO HIKE SHEPIrOEMKOCTH OCHOBHOM IPOJYKIIUH.

The results of estimation of specific energy consumption for beer and malt production after electroactivation of
malting barley in an alternating electric field are presented. Processing of barley in the electric field of optimal values
of parameters significantly affects the quality of malt (increases extractivity by 1...3 %), which ultimately allows to
obtain an additional output of beer, the specific energy intensity of which is much lower than the energy intensity of
the main product.

Knroueswvie cnosa: HI/IBOBapCHHHﬁ AYMCHB, TTOKA3aTCJIM Ka4CCTBa, HANPAKCHHOCTD JSJICKTPUYCCKOTO I10JIA, COJIOM,
OHEPro€MKOCTb, OKCTPAKTUBHOCTD.

Keywords: malting barley, quality indicators, electric field strength, malt, energy intensity, extractivity.
https://doi.org/10.46646/SAKH-2024-2-219-222
Kak wu3Bectno, Ilpe3umentom Pecmybmuku benmapych MOCTaBIEHBI 3afadyd MO MOBBIMIEHUIO 3()HEKTUBHOCTH

paboThl MMBOBAPEHHBIX OPTAHM3AINN, PACITUPEHUIO U HAPAITMBAHUIO 00HEMOB MPOU3BOJICTBA MMITOPTO3aMEIIAFOIINX
COPTOB IHBA, COKPAIICHUIO HMITOPTA TMBOBAPSHHOW MPOIYKIIUH, PAa3BUTHIO CHIPHEBOM 30HBI 10 BHIPALMBAHUIO STUMEHSI

219


https://bsatu.by/ru
https://bsatu.by/ru

MTUBOBApPEHHOTO U OEJIOPYCCKOTO XMeJs. YBEIMUYCHHIO OObEMOB IHBA M CHHMKEHHIO €0 SHEPrOEMKOCTH IOCBSIICHO
MHO)KE€CTBO HCCIIE/IOBAaHUH KaK OTCUCCTBEHHBIX, TaK M 3apyOe)KHBIX y4eHBIX [1].

OnuH 13 croco0o0B yBEIMUYCHUS TPOM3BOJCTBA ITNBA ITPU HU3KOH CE0ECTOMMOCTH — BHEJPEHNE HHTEHCHBHBIX TEX-
HOJIOTHI 00pabOTKH STUMEHS ITPH MOTydeHHH conofa. CyITHOCTh UX 3aKITI0YaeTCs B CO3AHNN COBOKYITHOCTH HEOOXOH-
MBIX BO3JICUCTBHI HA MMBOBAPEHHBIN STYMEHb, 00ECIIEUNBAIOIIHX [TOTyUYSHNE BHICOKOTO KaueCTBa COJI0/A U COKpPAICHHE
CPOKOB COJIOZOPAILCHNSI.

ITokazarenu, BIUSIONIME HA KAYECTBO COJIO/A, JIEXKAT B [uana3oHe: sHeprus npopactanus 90...95 %; amunonuruye-
ckas aktuBHOCTE 300...500 en./r; MaccoBast IOJs SKCTPAKTa B CyXOM BelecTBe coona 76...83%; BpeMs ocaxaprBaHU
15...25 munyT; kuciaotHocTh 0,9...1,3 KucIOTHBIX enuHuUIl U p. COOTBETCTBHUE MOKa3aTeNIel KauecTBa CON0/Ia JAHHOMY
JIMana3oHy rapaHTHPYeET HOJIydeHHE BEICOKOKAUECTBCHHOTO NMUBA. J{Marna3oH M3MEHEHHs 3THX apaMeTpOB HEOOIIBIIION,
a UX BIIHMSIHME HAa KOHEYHBIH MPOIYKT 3HAYUTENbHO. HarpumMep, MOBBIIIIEHNE SKCTPAKTUBHOCTH COJIO/IA HA OWH IPOLIEHT
YBEIIMYMBACT BBITYCK muBa Ha 50...60 TUTPOB ¢ OHOW TOHHBI coiiofa. B Macmrabax bemapycu 3T0 MOXKET TOTTOJTHHUTEIb-
HO cocTaBuTh 150 THIC. a1 MyUBa B T HA cymMMy Ooitee 2,2 MiTH. pyo0. B lieHax 2024 rona.

Paspaborano 0oJbIIOe KOJMYECTBO CIIOCOOOB 00pabOTKH sSUMeHs Tiepel coionopaiieHiueM. Hanbonee 3¢ dexTus-
HBIE CITOCOOBI MHTEHCHU(DHUKANN MPOM3BOACTBA CONOMA, K COXAJICHHUIO, HEOIArONPUATHO BIHMAIOT HA HKOJIOTHIECKYIO
YHCTOTY BBIITyCKAaeMOW NPOAYKIMU M Ha €€ MPOM3BOJCTBO, TAK KaK 3a4acTylO CBS3aHBI C MPUMEHEHHUEM XUMHUYECKHX
BEIIECTB M (PUTOTOPMOHOB. boIree SKOIOTHYHBIMH SBIISIOTCS IIEKTPOPHU3NIECKIE BO3ICHCTBIS, @ IMEHHO JIEKTPOAKTH-
BalUsl MUBOBAPEHHOTO SIUMEHS B IEPEMEHHOM 2JIEKTPUUYECKOM MOJIe epes IPOU3BOACTBOM cooaa [2].

W3BecTHO, 4TO TMpolecC MPOU3BOJCTBA MMHBA OT MOJIyYEHHUs COJO/A /IO BBITyCKa TOBAPHOTO IPOJYKTa JIOBOJIBHO
sHepro3arpartHslii [3]. CoxparieHue noTpedIeH s SHEPropecypcoB Ha KaXI0M U3 ITANOB IO3BOJISET 3HAUUTEIBHO CHU-
3UTh YHEPTOEMKOCTb BBIITyCKa€MOW ITPOTYKIINH.

IIpenyaraercst CHU3UTH SHEPrOEMKOCTb IIPONU3BO/ICTBA ITHUBA 3a CUET YITyUIIECHHS Ka4eCTBa ChIPhS, 8 UMEHHO, STUMCH-
HOTO COJIOAA. 33j1a4a COCTOMT B ONpPENEIICHUH YeIbHOW SHEPrOEMKOCTH OCHOBHOM U JOTIOJHHUTEIBHO MPOU3BEICHHOMN
MIPOIYKIINH, KOTOPAS TOSBIIACTCS 3a CYET YBEINICHHUS SKCTPAKTHBHOCTH conofa. CormacHo [4] sreproemkocts 1000 man
MMBA TS MPEANPHSITUS C TOXOBBIM BhITyckoM mrBa 300 ThIc. man/rox cocrapiser 0,63 Tyr. M3 Hux 0,25 TyT pacxomyet-
cs Ha arekTpodHepruio u 0,38 TyT Ha TeroByto sHepruio. s npomssoacTBa 1000 mam miBa HEOOXOAMMO 2 T COIOA.
B HOpMatuBHOM JO0KyMeHTe [3] yka3aHO, 4TO SHEPrOeMKOCTh Ipou3BozcTBa conona 600 1/rox cocrasiset 0,65 TyT, U3
Hux 0,16 pacxonyercst Ha annexkTpo3Hepruto u 0,49 Ha TENIOBYIO 3HEPTHUIO.

TexHOIOr s IPOU3BOACTBA IMBA U3 MUBOBAPEHHOIO TYMEHS COCTOHUT U3 JBYX 3TAlOB: IPOU3BOJCTBA COJIOAA U MIPU-
TOTOBJICHUS IIMBA.

BrInonHuM pacueT 3HEeProeMKOCTH JOMOTHUTENIBHO TPOU3BEIEHHOIO N1Ba. M3BECTHO, YTO U3IEPKKHU OyIyT CKIIa-
JBIBAThCS U3 3aTPaT Ha AIEKTPOIHEPIHUIO, MOTPEOIIEMOI0 IEKTPOAKTHBATOPOM OHOJIOIMYECKOH CHCTEMBI SUMEHSI, HO
B TO k€ BpeMsI OyZIeT CHIKAThCS PACXOA TEIJIOBOM SHEPTHHU NPH CYIIKE COJIOAA 3a CUCT MEHBIIIETO MOIVIOMICHHUS BIaru
00paboTaHHBIM 3€PHOM IIPH 3aMavMBAHUU M3-3a OOJIee PABHOMEPHOT'O YBJIQXKHEHUSI MYyYHHUCTOTO Tella TOCIIE EKTPO-
00paboTku. Taxke yBeTHUNTCS PacXo/] BOIBI HA BEJIMUYHHY JOMOIHUTEIBHO MTPOM3BEICHHON MTPOTYKITHH.

BbInonHuM pacdeT 371eKTpoIoTpedIeH s AIEKTPOaKTHBATOPOM. Pacxo/] aJIeKTpHUEeCKOl SHEPIHU 3aBUCUT OT MOIII-
HOCTH YCTaHOBKH U €€ TIPOU3BOIUTEIHHOCTH. [[pON3BOINTETFHOCTE ONPEIEIISAIOT IT0 CYTOYHOMY PACXOy 3€PHOIPOIYK-
ToB. HopMa pacxoza ounieHHoOro staMeHst Ha 1 ToHHy coinoza, T [S]:

C - 1-(100—w,)-100
= e’
" B, (100-w,) )
e W, — BIa)KHOCTh TOTOBOTO COJIoza, %o;
B, — IaHOBBIN BBIXOJ CONIOZA B IIEPECUYETE HA CYyXO€ BELIECTBO, Yo;
W, — BJIQKHOCTb PACXOyeMOro sSYMEHs, 0.

Konuuectro 3€PHOIIPOAYKTOB, Hepepa6aTLIBaeMLIX 3arom, T:

V.
— . __200.mn
I/pozi - CO v ’
- 2
rae Vm()_mn — Iog0BOHU 00beEM TOBAPHOI'O I1BAa, AaJI;

V  — 00BeM TOBApHOTO MHBA, ITOIYYCHHOTO C OJJHOI TOHHBI CONO/A, Aall.

mn

CyTOYHBIN pacxo/ 3epHONPOAYKTOB, T [5]:

_ I/zoo ~a
cym ’
My 3)
IJIe @ — OIS MAKCHMAJIBHOTO MECSTIHOTO BBIITyCKa ITHBa OT rooBoro (a=0,1);
n,. — 4McIio AHeH pabotel B Mecsn (N, = 28,5).
Jst obecriedeHNs 3aIaHHBIX TTApaMETPOB AIEKTPOAKTHBAIINH OTIPECTUM TTPOU3BOANUTEBHOCTh YCTAHOBKH, T/4:
H _ I/L*ym
M - b
fom “

rae t, . — BpeMst paboThI NEKTPOAKTUBATOPA B CYTKH, Y.
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HpOI/ISBOZ[I/ITCJ'ILHOCTb YCTAHOBKH B aBTOMATUYE€CKOM PECIKUME, T/4:

1 =1,-k, 5)
e K, — ko3 uLmeHT, y4nTHIBAFOIIHIT IPUMEHEHHE aBTOMATHYECKOTO PEryTHPOBAHHS PEKUMOB 00pabOTKH.
1
T
€ (6)

e M, — K03 HUIMEHT IPOU3BOIUTENLHOCTH, ONPEIEIAIOT 110 Tabiunie kKoahGUIMEHTOB NepeBoja 00beMa MPOAYKLIUN
13 HU3NYECKHUX TOHH B I1aHoBbIE (M, =0,98) [S].

Bpewmst paboThl yCTaHOBKY, U:

I/cvm : nzlflé’(,' : 12
T, =
9 7
JlelicTBUTENBHBINA (OHI BpeMEHH paboThl 000PY/IOBAHMS, U:
T,=7; s s (8)

Wcnone3oBanne YCTAaHOBKH YBCIIMYMBACT PACXO/ DJICKTPOSHCPTUN HA BEJIMYNHY €€ TOJOBOIO HOTpe6H€HI/I5[ OJICK-
TPOAKTUBATOPOM, YTO COCTABJIACT, KBT-u:

W= Pk, 1,
oH n (9)

e P — MOUTHOCTh YCTaHOBKH, KBT;
K, — koaddurenT 3arpysku;
1N — KO3PPHUIMESHT TTOJE3HOTO JCHCTBHSI.

CornacHo pacyeToM IO MPOU3BOJICTBY TOOBOE MOTPEOICHHE AIEKTPOIHEPTUU IEKTPOAKTHBATOPOM COCTABIISET
1082 kB1°u B ros.
BrImonHuM pacder motpeOiieHus TeIUIOBOM YHEPTUH Ha CYIIKY CBEXenpopocmiero coiona. OH BEINONHSACTCS Ha
OCHOBAaHWHM MaTEepPHAILHOTO U TEILIOBOTO OajaHca CyIniKy [6].
KonuuecTBo rcnapsieMoi BIaru u3 CojoAa IpH CyIIKe, Kr/c:
_ G, (w,—w) _ G.(w, —w,)

100—w. 100 —w, (10)

e Cm u Gc — Macca CBEKCIPOPOCHICTO U CBEIKEBBICYIICHHOT'O COJI0Aa, KF/C;

W,, 1 W, — BI2XKHOCTb CBEXENPOPOCLIETO U CBEXKEBBICYIIEHHOIO cONoza, Y.

MarepranbHBINA OaJaHC BIIaTH CONOOBEHHOHN CYIIWIIKH, KT/C:

W=Ld,~Ld,
riae W — KoJTM4ecTBO Bar, yJaisseMoU U3 COoa IpH CYIIKe, KI/c;
L — pacxoj1 BO3yXa B CyIIIWJIKE, KI/C;
d, n d— BIaroconmepkaHue CBEXEro M OTPabOTaHHOrO BO31MyXa, KI/KL st pacuera mpuuumaeM d,= 0,010 kr/kr,
d,=0,022 xr/kr.

Toraa pacxoz Bo3ayxa B CyIIMIKE, KI/c:

w
L=———.
d,~d, (12)
Pacxon TemnoBo# sHepruu Ha cyuiky cosioaa [97], k/Ix:
0 _[LU-1)+G.C.(t,~1)-WC,1] (13)
cyut T]

rae [ m [, — SHTaNbIUs CBEXKETO M OTpadOTaHHOro Bo3myxa, KJDK/KL, mmst pacuera mpuuAThl [ = 46,47 x/Dx/Kr,
1,=86,37 xJIx/Kr;

t, u t, — HauanbHas ¥ KOHEeYHas Temrieparypa conoaa, °C. i pacyera npunstel t,=17 °C, t,=80 °C;

G, — Macca CBEKEBBICYILIEHHOTO COJIOAA, KT

C, u C, — ynenpHas TEIUIOEMKOCTh BBICYILIEHHOTO conona U Boxsl, k/x/(kr-°C). [ns pacuera npunumaem C =1,42
kJLk/(xr°C); C =4,1868 x/Ix/(kr°C);

1 — KIIJI cymmiky, y9uTHIBAIONIIN [TOTEpH TEIUIa, U pacdeTa NpuHIMaeM paBHEIM 0,8.

KonnaecTBo mcnapsieMoii BIaru U3 cojoia, 36pHO KOTOPOTO HPEIBAPUTEIBLHO MEKTPOAKTUBHUPOBAIIN, MEHBIIE HA
2,9 %. KonuuecTBO TEeII0BOM SHEpruu, 3aTpadeHHON Ha CYIIKY Takoro coiona, MeHsle Ha 0,126 I'/Ix (6,8 %) B nepe-
cueTe Ha OJHY TOHHY MCXOJHOTO 3€pHA BIAXHOCTBIO 14%, 0 CPaBHEHHUIO C KOHTPOJIEM. YIEJBHBIH PAacXo]] TETIIOBOI
sHepruu B nepecuere cHusuTcs Ha 0,007 TyT.

OnpenenyM BeINYMHY JOMOIHUTEIBLHO PON3BEICHHOTO IMBA 32 CUCT MOBBIMICHHUS KadecTBa COJIO/A MOCIIe JeK-
TPOAKTHBALIMHI MMBOBAPEHHOTO sTaMeHs. [IpumeM ciiemyromue HOpMHI [S]:

- BbIITycKaeMas npoaykuus — 12 %-oe nuso, e=12 %,

- Macca conoma Q =1000 T,

- notepu npu nonuposke /7,=0,5 %,
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- motepH 3kcTpakTa I1=2,7 %,

- motepu cycna I1 =6 %,

- OTepH B OTAENEHUH INIaBHOrO Opoxenus [1,=2,3 %,

- motepu npu godpaxusanuu /7,=1 %,

- [I0TepH CycCIia B OT/EICHNU Jo0pakuBanus u Gpuisrposanust 11,,=2,7 %,
- IOTEPU TOBAPHOTO NMBA [P po3iuBe B OyTbuiky 17,=2 %,

- 9KCTPAKTHBHOCTH coona I, =76,9 %/ 3,=79,1 %,

- BIaXXHOCTh W,=4,8 %.

JIOTIOTHUTENIBHBIN BBIXOJ] TOBAPHOTO IHBA B TOA, M

mn = anH - an6- (28)
JlonomHuuTenbHBIN BeIX0 NTUBa 11 ipon3BoacTsa 300 Teic. nan nuBa B rof coctaBui 1000 nan. YnenbHas s5eKTpo-
€MKOCTb JIOTIOJIHUTENILHOM MPOAyKIMy KBT-u/namn:
w., /A, =1082/1000=1,082 kBr-4/nai.

mn

Yro cocrasnser 0,00038 TyT.

B MonepHHM3MpOBaHHOM BapHaHTE yBEIMYHMBACTCS TOA0BOE MOTPEOICHNE BOABI 32 CUET COJCPIKaHMUs OoJiee BBICOKOH
MacCOBOM JI0JIM 9KCTPAKTa B CyXOM BellecTBe costona. Bononorpebnenne yBennunBaeTcst Ha BEIMUUHY JTOMOTHUTEIBHO-
TO BBIXOJ[a TOTOBOTO MpoAyKTa U cocTasisteT 1000 ma.

3axmiouenue. [1o pesynsraram HCCIeIOBaHAN BHIHO, YTO ITOCIIE 3IEKTPOAKTHBALIMH THBOBAPEHHOTO TYMCHS B TIe-
PEMECHHOM DJICKTPUYECKOM TIOJIC YIEIBHBIA PACXOM AICKTPUYCCKOM SHEPTUU HA MPOM3BOACTBO JOMOIHUTEILHON TIPO-
nykuuu coctasisieT 0,00038 TyT, 4TO 3HaUNTENBHO MEHBIIIE, YeM OCHOBHON. CHMKEHUE SHEPIOEMKOCTH MPOLIECCA TAKXKE
3aKJIFOYAETCs B YMEHBIIEHUHN pacxoia TeMI0BOH YHEPTUH, 3aTPAaueHHON Ha CYIIKY COJIOAA, MOTy4EeHHOTO U3 3IEKTPOoaK-
TUBUPOBAHOTO SYMEHS, B Tiepecuere oH cHusutes Ha 0,007 TyT.

Kax BugHO M3 pacyeToB, Mpy U3MEHEHUHU TAKOTO MOKa3aTelisl KauecTBa COJI0JIa, KaK 9KCTPAKTUBHOCTb, N3MEHSETCS
BEIXOJI CyClla M, COOTBETCTBEHHO, BBIXOJl TOBAPHOTO NMHBA. DKOHOMHUYECKUH I(PPEKT TaKKe COCTOUT B YBEIMICHUH BBI-
X0Jla TOBApHOTO IMHBA, a CICOBATEIbHO, U MOBBIIICHUH TAaKOTO BAYKHOTO MOKA3aTelNs A MPEANpHUSITHS, KaK BBIpyUYKa
OT peasu3aliy MPOIAYKIIMHA. DTO CONPOBOKIACTCS HE3HAYUTEIBHBIM ITOBBIICHHEM BogonoTpediaeHns Ha 1000 man/rox
1 anektpornoTpednenus Ha 1082 kBT-u/ron, CTOMMOCTh KOTOPBIX 3HAYUTENBHO HUXKE, YEM CTOUMOCTD JIOTIOTHUTEIHHON
MIPOTYKITHH.
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