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MOBLIWEHWE 3OPEKTUBHOCTU TEXHONOI MU NONYHEHUA SKCTPYOATOB
MYTEM COBEPLLEHCTBOBAHWA OBOPYAOBAHUA ANA NPOPALLMBAHUA 3EPHA

INCREASING THE EFFICIENCY OF EXTRUDATE PRODUCTION TECHNOLOGY
BY IMPROVING EQUIPMENT FOR GRAIN SPROUTING
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AKTyanbHbIMU SBIISKOTCA WUCCNEAO0BaHMS, HanpaBreHHble
Ha COBEPLLEHCTBOBaHWE TEXHOMOMMM MOMYYEHNS AKCTPYLATOB
M3 CMECU HATWBHBLIX W MPOPOLLEHHLIX 3EPHOBBIX KOMMOHEH-
TOB, MO3BOMSIOLLMX MOBLICUTL MULLEBLIE U KOPMOBbIE CBOW-
cTBa 3epHa. Llenblo uccnenoBaHus SIBNSIETCS NOBbILEHWE
3(hheKTUBHOCTM TEXHOMOMW NOMNYYEHNS SKCTPYAATOB MyTEM
COBEPLUEHCTBOBaHMS 000pYyOBaHUs 4S9 NpOpaLLMBaHNS
3epHa 1 MOBBILLEHNS MULLEBON LIEHHOCTM TOTOBOTO MPOAYKTA.
B 3agauy uccnegosanus Bxoguna paspabotka 06opynoBaHus
ON1S1 NPOpALLMBAHNS 3€PHA W TEXHOMNOTMYECKOM NIMHUK Mony-
YeHMs 3KCTpydaToB. Ha OCHOBaHMM MPOBEAEHHOMO aHanusa
NMTEPATYPHBIX UCTOYHUKOB U NATEHTHON MHGopMaLmm bbino
YCTaHOBIIEHO, YTO UCNONb3yeMble B NPOWU3BOLCTBEHHON Mpak-
TUKE YCTAHOBKW [Ns NPOPALLMBAHWS 3epHa MMEIOT 3Hauu-
TENMbHYI0 MaTepUanoemKoCTb, CMOXHOCTb KOHCTPYKUMM K
NPOLOMMKMTENBHOE BPEMS MOMyYeHWs TOTOBOTO MpoaykTa. B
CBSA3N C 9TMM ObINo pa3paboTaHo, 3anaTeHTOBAHO, U3rOTOB-
NeHO YCTPOWCTBO NS NpopallmBaHns 3epHa. ViccnenosaHus
nposoaunuck B KpacHosipckom MAY Ha 6a3e HXMHUPUHIOBO-

h

ro LieHTpa, UCnonb3ayst 3epHo nieHuysl HoBocubupckas 15. B
npezaiaraemoil KOHCTPYKLMW MO CPABHEHWIO C CYLLECTBYHOLLUM
cnocobom npopaLumBaHus 3epHa (MpOTOTWM) BPEMSI COKpa-
waetcs ¢ 72 po 42 4. 310 06yCNOBNEHO NPOBEAEHNEM NPEA-
BapuUTENbHONM MOArOTOBKM 3epHa W obe33apaxuBaHuem BO3-
JyXa ¥ BOAbl, UCNONb3yEMbIX B YCTPOCTBE B MPOLIECCE NPO-
palymBaHusi. HacbllweHne npeBapuTenbHO 00e33apaxeHHo-
ro aTMOChepHOro BO3Ayxa, NPOXOASALLEr0 Yepes Cron npea-
BapuUTenbHO 006e33apakeHHON BOAbI, CO30AET BHYTPW Kopry-
ca YCTpoMCTBa ONTUManbHLIA ANS MPOPALLMBAHWS Temnepa-
TYPHbIA 1 BNAXHOCTHBIA pPexuM. MpOpOLLEHHOe 3epHO CMe-
LUMBann B CMeCUTENe N1onacTHoro Tuna B konuyectse 10, 15,
20 1 25% ot obbema HaTUBHOM MLLEHWLbI, 3aTEM OCYLLECTB-
NANM 3KCTPY3MOHHYI0 06paboTKy Ha SKCTpyZepe LUHEKOBOro
tna IK-100. Oxnaxganu n3MenbYeHHbIA NOSyYeHHbIA 3KC-
TpydaT 4O pa3mepoB, HEOOXOAMMBIX NSt NCMOMb30BaHUS B
MULLIEBLIX UMK KOPMOBBIX Liensx. B pesynbTate npoBeaeHHbIX
“ccnefoBaHW GbINO yYCTAHOBMNEHO, YTO ONTUMAnbHbIM MO
MULLEBOIA M 3HEPreTUYECKON LIEHHOCTU SBMISIETCA MPOAYKT,
MOMyYeHHbIn 13 cmecu, Bkniovaowen 15% npopoLLEHHbIX
3€peH.

BecTHuk AnTaiickoro rocyaapCcTBeHHOro arpapHoro yHmsepcuteta Ne 10 (228), 2023



NPOLIECCHI U MALLUWHbI ATPOUHXEHEPHbBIX CUCTEM

Keywords: grain, wheat, sprouting, sprouted grain, mix-
ture, equipment, design, technology, extrusion, extrudate.

The studies aimed at improving the technology of obtain-
ing extrudates from a mixture of native and sprouted grain
components that improve the nutritional and fodder properties
of grain are topical. The research goal is to increase the effi-
ciency of the technology of obtaining extrudates by improving
the equipment for grain sprouting to increase the nutritional
value of the finished product. The research objective was to
develop the equipment for grain sprouting and a technological
line for obtaining extrudates. Based on literature analysis and
patent information, it was found that the installations used in
industrial practice for grain sprouting have a significant mate-
rial consumption, design complexity and a long time to obtain
the finished product. In this regard, a device for grain sprout-
ing was developed, patented, and manufactured. The re-
search was carried out at the Krasnoyarsk State Agricultural

University at the Engineering Center. The grain of Novosi-
birskaya 15 wheat variety was used in the studies. In the pro-
posed design, compared with the existing method of grain
sprouting (prototype), the time of grain sprouting is reduced
from 72 to 42 hours. This is due to the preliminary grain prep-
aration and the disinfection of air and water used in the device
during sprouting process. The saturation of pre-disinfected
atmospheric air passing through a layer of pre-disinfected
water creates an optimal temperature and humidity regime
inside the device for sprouting. Sprouted grain was mixed in a
paddle-type mixer in the amount of 10, 15, 20 and 25% of the
volume of native wheat, then extrusion processing was per-
formed in EK-100 screw-type extruder; the resulting extrudate
was cooled and crushed to the size required for use in food or
feed purposes. It was found that the product of the resulting
mixture which included 15% of sprouted grains was optimal in
terms of nutritional and energy value.
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BBepeHue

OpHum 13 cnoco60oB NOBbILIEHMS MULLEBLIX M KOp-
MOBbIX CBOMCTB 3€pHa, CHWXEHUs cebecTonmocTi Kop-
MOB 1 MOBbILEHNS NPOAYKTUBHOCTW KUBOTHbIX [1-3]
SBNAETCA 9KCTPYAMPOBAHWE 3EPHOBOM CMECU COCTOS-
WEN M3 HaTWBHOW W MPOPOLLEHHOW MLIEHMLbI, panca,
ropoxa, 0Bca, COM W KyKypy3bl [4-7]. B cBA3M ¢ yem ak-
TyanbHbIMX SBASKOTCS UCCNELOBaHWS, HanpaBneHHble
Ha COBEPLUEHCTBOBAHWE TEXHOMOMM MONYYeHUs 3KC-
TPYZATOB M3 CMECH HATMBHbBIX U MPOPOLLEHHBIX 3EPHO-
BbIX KOMMOHEHTOB.

Llenb nccnenosanns — noBbileHne 3¢heKTUBHOCTY
TEXHONOMMW NOMyYEeHUst SKCTPYAATOB NYTEM COBEPLLEH-
CTBOBaHUSi 060pyA0BaHNS 471 NpopaLLyMBaHus 3epHa u
MOBbILIEHNS MALLEBON LIEHHOCTM FOTOBOrO NPOAYKTA.

3apava uccnepoBaHus — paspaboratb 060pyaoBa-
HWe NS NpopaLyyMBaHNa 3epHa 1 TEXHOMOMNYECKYIO K-
HWIO MONYyYEHNS IKCTPYAATOB.

O06beKTbI U MeToabl

O6bektamn  uUccnefoBaHUin SBNANUCH YCTPOCTBO
QNS NpopaLLMBaH1s 3epHa 1 TEXHOMOrMS NPOM3BOACTBA
9KCTPYZAATOB Ha OCHOBE CMECU HATUBHOMO W NPOPOLLEH-
HOro 3epHa nweHnpl. VicxogHoe Cbipb€ — MileHuua
copta Hosocubupckas 15. Coeipbe 1 rotoBast npoayKLus
“ccneaoBannucb No CTaHdapTHbIM MeTogukam B GIBY
«KpacHosipckuit pedpepeHTHbIn LeHTp PoccenbxosHag-
3opa» n HAWL KpacHosipckoro FAY.

Pe3ynbTatbl nccnenoBaHuii U ux ooCyxaeHue

YCTPOICTBO ANS NPOpaLLMBaHNS 3epHa COCTOMT U3
UunuHapuyeckoro kopnyca 15, ¢ pacceusatenem Bo3-
pyxa 18 B HkHen ero yacTu [8] (puc. 1). BHyTpm kopny-
ca Ha croikax 11, 13, 16 ogHa Ha [pyroit pasmeLLeHbl
émkoctn 10, 12, 14 ¢ cetyaTbiM OHOM (pa3mep syeek
MEHbLUE Pa3MEpOB 3EPHOBKM) AN NPOpaLLMBAEMOro
3epHa.

EMKOCTU 1 CTOIMKM BbINOMHEHbI M3 HepXaBeloLLel
ctanu. Kopnyc 3akpblBaeTCs KpbILLKOA 4 C OTBEPCTUAMM
ANS UMpKynsaummu Bo3ayxa. Ha BHyTpeHHe NoBepXHOCTM
KPbILKA YCTAHOBMNEHa ¢utonamna 5, Ha HapyXHoh —
obessapaxuBatenb Bogbl 6 C 3anopHbIM BEHTUNEM 7
AN NOJKMKYEHNs K BOOOMPOBOAHOW ceTW. Bosayx B
Kopnyc HarHeTaeTcs komnpeccopom 1 yepes obessapa-
XuBaTenb BO3dyxa 2 W rugpaBnvyeckuid 3aTeop 3,
npeaoTBpaLLalowWmMin NOCTyNNeHne BOAbl U3 Koprnyca B
KOMNPEeccop BO BpeMs MOWKM W 3aMaqnBaHWs 3epHa.
[na nogaun B KOpnyc YCTPOMCTBA Ae3MHPULMPYIOLLEro
pacTBopa MMEETCS BOPOHKA 8 C 3anOpHbIM BEHTUNEM 9,
CNMB BOAb! NN AEe3VHMULMPYIOLLEro pacTBopa U3 Kop-
nyca OCyLLECTBISETCS Yepe3 3anopHbIN BEHTUNb 17.

Mpouecc paboTbl YCTPOMCTBA OCYLLECTBASETCS Cre-
Aytolmm obpasom. B kopnyc nocnegosaTtenbHO ycTa-
HaBMMBAKOTCSA 3amMofHeHHas 3epHOM emkocTb 14 Ha
cronke 16, emkocTb 12 Ha cToiike 13 1 emkocTb 10 Ha
ctonke 11. Ha kopnyc 15 ycraHaBnmBaeTCs Kpbliluka 4,
3anopHbIN BeHTUNb 17 3aKkpbiBaeTcs. Yepes BOPOHKY 8 1
OTKPbITHIN 3aMOpHbI BEHTUNL 9 B KOpMyc nopaércs
pacTBop A4ns obessapaxuBaHns 3epHa (nepeknch BoJo-
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poaa — 3%), 3anonHsist ero No BEPXHIOK KPOMKY EMKOCTM
10. Obe33apaxBaHue 3epHa NPOAOITKAETCS B TeYEHUe
10 muH. OTKpbIBaeTCS 3anopHbIA BeHTUNbL 17, 0bessa-
paxmBatoLLMA pacTBOP CrMBaeTcs M3 kopnyca. [anee
OTKPbIBAETCS 3arnOPHLIN BEHTUL 7 M OCYLLECTBNAETCS
NPOMbIBaHIE 3epHa B TeYeHne 2 MUH. [Ins NpoMbIBaHUS

3epHa MCNoNb3yeTcs NPOTOYHAs BOAA, NPOXOoAsLias
yepe3 ynbTpaduoneT obessapaxueartens 6. [locne
OKOHYaHMs npoLecca NPOMbIBaHMS 3epHa 3aKpbiBaeTCs
3anopHbI BeHTUNb 17, KOpnyc 3anonHseTcst 0bes3apa-
XEHHO BOZOW NO BEPXHIOK KpomKy émkocTu 10, 3anop-
HbI BEHTUMNb 7 3aKPbIBAETCS.
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 ERE2RY!

Puc. 1. Ycmpolicmeo 0ns npopaujueaHus 3epHa:
a- obwuii eud; 6 — Emkocmb Ons 3epHa; 8 — MexXHO02uYeckasl cxema pabomsi

lMpouecc 3amauuBaHus 3epHa NPOMCXOOUT B Teye-
Hue 6 Y. Mocne yero BeHTWUNb 17 OTKPbIBAETCS, BOAA
cnveaeTcs U3 kopnyca. Mocne cnmBa Bogbl U3 Kopnyca
OTKPbIBAETCA 3anopHbI BEHTUMb 7, OCYLLECTBNAETCH
NpoLeCcC NPOMbIBaHUS 3epHa NPOTOYHOM 06e33apaxeH-
HOW BOLOW B TEYEHWE OOHOW MMUHYTbI, 3aNOPHbIA BEH-
TUNb 17 3aKpblBaeTca. HuxHAS yacTb kopnyca 3anon-
HsieTcs 0be33apaxeHHON BOAOM BbIlE pacceuBaTtens
notoka Bo3gyxa 18 v Huxe ceTyaToro gHa EmMKocTM Ans
3epHa 14, 3anopHblil BEHTWb 7 3akpbiBaeTcs. HaunHa-
€TCA MPoLecc NpopaLyyBaH1s 3epHa npu TemnepaType
20°C B TeueHve 48 4. B npouecce npopalynBaHns Ye-
pes kaxable 45 MuH. Ha 15 MWH. BKNoYaeTcs B paboty
komnpeccop 1, KOTOpbIA HarHeTaeT BO3AYLIHbIA NOTOK
yepes ynbTpacunoneToBblii obessapaxmeaTenb BO3gyxa
2 ¥ ruapaBnuYeckuid 3aTBop 3 B paccenBatenb Bo3ayxa
18. Ob6e33apaxeHHbIi BO3ayX, MPOXOAS 4Yepes Crow
obe33apaxeHHON BOAbl HacblLaeTcs Braroi 1 B Buae
TyMaHa NMpoxoauT Yepe3 EMKOCTM Ans 3epHa, obecne-
4MBas ONTUMAanbHbIE MO BIAXHOCTW YCMOBUS ANS Npo-
pawmeanus. OTpaboTaHHbI BO3AYX YAaNsAeTcs u3 Kop-
nyca Yepes 0TBEPCTUS B KPbILLKE 4.

Uepes kaxable 6 4 NpoMCXoauT 3anofHeHne Kopry-
ca obe3sapaxeHHON BOLOW C MOCNeayoWyUM CrIMBOM, 1
yepes kaxaple 12 4 B TeyeHne 1 MUH. OCYLLECTBNSETCS
NpOMbIBaHNe 3epHa 0be33apaxeHHoi BOAOW, YTo obec-
neynBaeT nepeMeLLvBaHne 3epHa W yAaneHue MUKpo-
nopbl U MHIMOMTOPOB pocTa. lMocne OKoHYaHWs npo-
Liecca npopaLlMBaHng 3epHa Boga U3 Kopnyca cnveaeT-
Cs1 Yepe3 3anopHbIn BeHTUNb 17. OTKPbIBAETCS KPbILLKA
EMKOCTW Nns 3epHa W U3BNeKaeTcs W3 kopnyca, nNpopo-
LIEHHOE 3EPHO BbIrPYKAETCH.

Mpegnaraemas KOHCTPYKUMS MO3BOMSIET MonyyaTb
npopocTki oT 1 0o 50 MM 3a cYeT MCronb3oBaHWa du-
TOnamnbl 9.

TexHomnormyeckasi cxema fNUHUM 3KCTPYAMPOBaHUS
HaTWBHOTO M MPOPOLLEHHOrO 3epHa NpeAcTaBneHa Ha
PUCYHKe 2.

lMpopoLLeHHOe 3epHO M3 YCTPOMCTBA ANs NpopaLlu-
BaHus 3epHa 1 nogaércsa B CMecuTenb 2, rae CMeLLnBa-
€TCA C 3epPHOM HATMBHOM MLUEHMLbI, NOCTyNatLlen no
TpaHcnopTepy 3. CMecb MPOPOLLEHHOr0 W HATUBHOTO
3epHa nieHuLbl TpaHenopTépoM 4 nofaétcs B aKCTPY-
Jep 5. TlonyyeHHbli 9KCTpydaT € TeMnepaTypoit
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110-120°C u BnaxHocTblo 15-17% pexeTcss B OTceka-
Tene ctpeHra 6 oo pasmepos 10-20 MM 1 TpaHCmopTéE-
pom 7 nogaéTtcs B oxnaguTenb 8, roe oxnaxgaeTcs
aTMOCCEPHbIM BO3OYXOM, HarHeTaembiM BEHTUNSTO-
pom 9.

OxnaxaéHHbln akcTpydaT ¢ BnaxHoctblo 13-14%
nocTynaeT B nepekntovatent notoka 10, rae ¢ nomo-
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Ha wapes xulomisir

Wbk 3acnoHkn 11 HanpaBnseTcs B TpaHcnopTép 12 u
fanee Ha KopM X1BOTHbIM. Bo BTOPOM cryyae u3merb-
YEHHbIN B M3MenbunTene 13 [0 HyXHOM hpakuuu aKc-
TpygaT nocTynaeT Ha TpaHcnopTép 12 1 HanpaenseTcs
QNS BKMIOYEHNS B COCTAB KOPMOB Unu Xne6obynoyHbIX
u3aenuin.

—O—»  [I0000WEHHOE 3E0HD
&> gamybHoe 3e0H0
WO—> ek HAMUBHOZD U APOPOUEHHDZ0 380HE
> >
FKCMpydam
K
DE3AHHEIU IKCTPYGam
B
OXAGXGEHHEL IKCMPLYTam
e UBMEMLYEHHEIU IKCMPYOOM

Puc. 2. Cxema mexHO/102U4€CK020 npoyecca 3KcmpydupoeaHu;1 CMecUu HamueH020 U NPOpPOoW,eHHO20 3epHa

BbiBoabl

Mpu nCnonb3oBaHWM MPeAnaraeMoro 3anaTeHTo-
BaHHOMO YCTPOWCTBA A1 NPOpaLLMBaHMs 3epHa CoKpa-
LiaeTcs NPOLOMKUTENBHOCTb NpopaLLMBaHns ¢ 72 4
(npoToTvn) o 42 4. GKcnepuMeHTanbHble uccnenosa-
HWS NOKa3anu, YTo C YBENNYEHUEM KONMYECTBa Npopo-
LLeHHOro 3epHa 0BMeHHas aHeprus yBenuuneaetcs. Mo
nuTaTenbHbIM U 3HEpreTUYeckUM nokasarensm omnTu-
MarbHOW SBNSETCA SKCTPYAMPOBAHHAs CMEChb C BKITHO-
yeHnem 15% npopOLLEHHON MLLEHNLbI.
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