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OBOCHOBAHHUE OCHOBHBIX ITAPAMETPOB IILJIKO30BOI'O 3ATBOPA
SKCTPYJIEPA C BAKYYMHOM KAMEPOM

Jlenucos A.0O.

B OKCTPY3UOHHBIX TEXHOJIOTHMAX, OCHOBAaHHLIX Ha TEPMOBAaKYyyYyMHOM 3(b(b€KTe, BpEMsL

BBIJICPIKKKU  JKCTpydara B BaKyyMHOﬁ KaMepe DOKCTpyA€pa B HCEKOTOPOM HHTEPBAJIC

TEXHOJIOTMYCCKUX JOITYCKOB MOXKET OBITh MPUHATO B KQUE€CTBE B3aMMO3aMEHACMOT0 JUISL TaKUX

MapaMeTpoB IPOoLecca, Kak MPOU3BOJUTECIIbLHOCTb MAaIlIMHBI 1 (bHSHKO-MeXaHI/I'-IeCKI/Ie CBOWCTBa

Hepepa6aTLIBaeMoro CBIpbA. OZ[HI/IM 13 palluOHAJIbHBIX croco6oB YIIpaBJICHUS 9TUM BPEMEHEM

NP YCIOBHH PAaBHOTO OOBEMHOTO PacXoja SKCTPyJaTa Ha BHIXOAE U3 (HIbEpBl MAaTPHIBI U

HIJTFO30BOI'0 3aTBOpAa MalllMHBI, SIBJIACTCS NMEPUOANYCCKOC BKIIFOUEHUE U OTKIIIOUCHUE ITPUBOJA

HIJTFO30BOI'0 3aTBOpa 3KCTpyAcpa. B paGOTe 000CHOBaHbI OCHOBHBIE napaMeTpbl HIJIFO30BOI0

3aTrBoOpa, IO3BOJIAIOINIME pe€ajn30BaTb AAaHHYIO KOHLECIIIUIO B PasBUTHU 3KCpr3I/IOHHOI71

TEXHOJIOI'MU C TEPMOBAKYYMHBIM 3(1)(1)GKTOM.

Kniouesvte cnosa: sxcmpyoep, mepmosaxyymuulil sgpghexm, punvepa mampuysvl, 8aKyyMHdsl

Kamepa, wiir03080u 3ameop, 00beMHblll pacxoo.

BBenenue

OCHOBHBIE MHIPEIMEHTHI PACTUTEIBHOTO CBHIPbS,
IOIBEPraeMoro SKCTPy3HOHHON 00paboTKe (YIJICBOBI,
OeJKH, JINIIH/BI, TUILIEBbIC BOJIOKHA, BUTAMHHBI), HME-
10T Pa3HYIO TeMITEpaTypy, HEOOXOIUMYIO JUIs OCYILECT-
BJICHUS B HUX 3HAUUMBIX JIJIsI TEXHOJIOTHH (PU3HKO-XH-
MHUYECKUX W3MEHEHHH. B CBs3M ¢ 3THM moKazarenu
KauecTBa TOJIy4aeMbIX IKCTPYAATOB B 3HAUYUTEIBbHOU
CTEIICHH 3aBUCST OT XapakTepa U3MEHEHUS TeMIlepary-
PBI, IPA KOTOPOW OCHOBHBIE KOMIOHEHTHI CHIPhS 1O/
Beprajuch Obl, C OJHOH CTOPOHBI, HauOoJIee MOIHON
THIpOTEepMHUYIECKOl 00paboTKe, a ¢ Apyroi — obecre-
YHMBAJIOCH OBl MIAsIIee TEMIIEpaTypHOEe BO3/ICHCTBIE,
MIPEOTBPALIAIONIEe HMX HEXeJIaTeJIbHbIe W3MEHCHHUS
[2, 3,9, 10, 29, 32, 33, 34]. Ilpu 5TOM Ba)KHO OTMe-
TUTb, YTO CTEIEHb Pa3pyIlCHHUs, HalpUMEp, BUTAMH-
HOB U JIMIHOB 3aBHCUT HE TOJBKO OT JUIMTEIHLHOCTH
TEPMHYECKOTO BO3/ICHCTBUS Ha CHIPbE, HO M BPEMEHU
OXJIQK/ICHHS €TO0 10 PAL[OHAJIBHON C TOYKH 3pPEHHUS CO-
XPaHHOCTH JJAHHOTO KOMIIOHEHTa TeMIIepaTyphbl.

VYKka3aHHBIM BbIILIE TPEOOBAHMSM B OIpEJENICH-
HOU CTETIEHH Y/IOBJIETBOPSIET TEXHOJIOTHUECKUH TIPHEM
BO3JICHCTBUS Ha OSKCTPYIUPYEMBIH MaTepHan IOHH-
>keHHbIM jaBiienrem 0,02...0,09 Mlla, co3naBaeMbimM
B BaKyyMHOH Kamepe Ha BBIXO/IE MaccChl U3 (UIbEPHI
[20, 22, 28].

OKCTpyaep, arperaTupoBaHHON ¢ BaKyyMHOH Ka-
MepOli, MO3BOJISET OCYLIECTBIATh IPOLIECC IKCTPY3H-
OHHOHM 00pa0OTKM NPH MOHMKEHHBIX TEMIIEPaTyPHBIX
pPEeKXUMaX, CIOCOOCTBYIONIMX MAaKCHMAaJIbHOMY COXpa-
HEHHIO TepMOJIaOWIIBHBIX (DYHKIIMOHAJIBHBIX HHTPEIH-
€HTOB B dkcTpyaare [4, 21, 31].

W3BecTHO, YTO B TpolEcce TEPMOBAKYYMHOTO
BO3JICHCTBHS Ha SKCTPYJAT, HHTEHCUBHOCTb M MOJIHO-

Ta yJaJieHusl Biarud u3 oOpabaThlBaeMOro marepuaia
3aBUCHT OT €ro CTPYKTYpBl (Xapakrepa Karuuisip-
HO-TIOPUCTOTO CTPOCHHMSI), TEeMIIepaTypbl Harpesa,
IUIOINAAH MTOBEPXHOCTH UCHApPEHUsI, JaBJICHHUs B 30HE
UCIApEHMs, a TAK)KE BPEMEHU HAXOXAEHUS B BaKyyM-
HOW Kamepe SKCTpynepa. B ananmmsmpyembIx pabortax
CHIDKEHHE COZIep’KaHKHe BOJABI B TOTOBOM MPOAYKTE IO
CpaBHEHHUIO ¢ 00pabaThIBaeMbIM CHIPEEM MPUMEPHO B
2 pa3za obecrieqnBaeTcsi B OCHOBHOM 3a cUeT pabodero
JIaBJICHUS BO3IyXa B BaKyyMHOH KaMmepe JKCTpynepa
[5, 14, 16-19, 24].

Crenyer 0co00 IOIYEPKHYTh, YTO BO BCEX LIUTH-
PYEMBIX TEXHHYECKHX PEUICHUSX KaKoe-THOO Bpems
BBIIEP’KKU DKCTpPy/AaTa B BAKYYMHOH KaMepe He Ipej-
yYCMaTpUBaETCsl, T.€. IKCTPYAAT U3 Hee cpasy ke C Io-
MOIIBIO IITF030BOT0 3aTBOPA BEITPYKAETCA 32 MIPEAEIIbI
MaIlIUHBL.

Mexay TeM napameTp, CBA3aHHBIA C JUINTEIb-
HOCTBIO BBIJEPKKH IKCTpyJaTa B BaKyyMHOH Kamepe
9KCTpYyZAEpa, MOXKET OBITh NMPEAJIOKEH B KadecTBE HE
TOJILKO PE3EPBHOIO, HO U OCHOBHOTI'O JUIsl TEXHOJIOT U],
B KOTOPBIX CYyIIECTBYET MOTPEOHOCTh B YBEIHMUCHHUH
MIPOM3BOJUTEIILHOCTH 3KCTpylepa WIN Iiepepadarsi-
BAE€TCsl CHIPbE C MOBBIIIEHHBIM COJEPXKAHUEM BOJBL
ApPryMEeHTHPYETCSl 9TOT BBIBOJL CIIEAYIOIIMMH cO00pa-
JKEHHUAMU!

1. Tlpon3BoOHMTENFHOCTH OKCTpyHEepa OOBIYHO
peryiaupyercs IyTeM YCTaHOBKU MaTpPHILbl C COOTBET-
CTBYIOLIMM JiaMeTpoM ¢uitbepsl. IIpu aToMm nuamerp
(britbepBl MaTPUIBI KCTPYZEpa BIUSET HE TOJBKO Ha
€ro MpOU3BOJUTEIBHOCTb, HO M Ha TEMIIEPATYypy KC-
Tpy3uH. Temneparypa yMeHbIIACTCS IPH OOJIBIIEM JTH-
aMeTpe, U yBEIMUUBAETCSA IPU YCTAaHOBKE MATPULBI C
yMeHbIIeHneM auamerpa ¢uibepst [1, 11-13, 26].

2. IloBbIlIEHHOE copepKaHue BOIBI B 00pabdarhl-
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BacMOM CHIPhE TAKXKE OTPAHHYUBACT TEMIICPATYpPy KC-
TpyJara Ha BBIXOJIC €T0 13 (PHIbEPBI 32 CUCT CHIDKCHHUS
pabodero naBicHHUE B TPAKTES MAIIIHHBL.

Takum 00pa3om, BpeMsl BBIACPKKH SKCTpyHaTa B
BaKyyMHOH KaMepe SKCTpyAepa MOXKET OBITh B OIpe-
JICIICHHOM HHTEPBAJIC TEXHOJIOTUYCCKUX JIOIYCKOB
B3aMMO3aMCHSCMBIM TIAPAMETPOM JUISI [TPOU3BOIH-
TEJIBHOCTH MAIIMHBI ¥ (PU3UKO-MEXaHUICCKIX CBOMCTB
00pabaTeIBacMOrO CHIPHSI.

eabr naHHOrO WccjemoBaHUsi — 000CHOBaHUE
OCHOBHBIX [TAPaMETPOB MUTFO30BOTO 3aTBOPA, TIO3BOJISI-
FOIMX 00CCIICYNBATh HEOOXOIMMYIO IO BPEMCHU BhI-
JEPKKY IKCTpyJara B BAKYyMHOU KaMepe SKCTpyaepa.

OO0BEKTBI 1 METOABI HCCIEOBAHMIT

OOBEKT UCCICIOBAHUS — SKCTPYACP C BAaKyyMHOM
KaMmepoil.

Pe3ysbTarsl 1 UX 00CyxKAeHUE

[MpuHomn paboTel IKCTpylepa € BaKyyMHOH
KaMepoil 3akmrouaerca B cienyromeM. lcxomHoe
CBIPBE N3 3arpy304HOro OyHKepa C MOMOIIBIO 103aTopa
HaMNpaBJIIETCS B IIHEKOBYID 4acTb OSKCTPyAEpa.
3axBauCHHbIM I[IHEKOM MPOAYKT MOCIEI0BATEIbHO
oOpabarbiBacTcss BO BCeX paboOuMX 30HAX IKCTpyHepa
n 4epe3 (uibepy MaTpHIbI MOCTYHAET B BaKyyMHYIO
Kamepy.

B ycnoBusx ObicTporo mepexona sKCTpyaara U3
00JIacTH BBICOKOTO JABJICHHS B 30HY ITOHH)KCHHOTO
JIaBJICHUS, MIPOUCXOUT JIEKOMIIPECCUOHHBII
B3pBIB: BOJA, HAXOMAINASACS B MPOAYKTE, MEPEXOIUT
B IapooOpa3sHOE  COCTOSHHE C  BBLICICHHEM
3HAUUTENILHOTO KoJlnMdecTBa »Hepruto. Ilpoucxoaut
JECTPYKIMSI KJIETOUYHBIX CTPYKTYp 0OpabarhiBacMOro
CBIPbsI, U MOJTy4aeTCs BEICOKOIOPUCTHIN NPOIYKT.

[TponomxuTenbHOCTE  00pabOTKM  CHIPBS B
SKCTpyHepe cocraBisger 15...25 ¢ npu Temmeparype
100...110 °C. ConepxaHue BlIar B 3KCTPYJUPOBAHHOM
MIPOAYKTE PETYIUPYETCs 3a CUET AABICHUS B BAKYYMHOU
KaMepe C MOMOILBI0 BaKyyM-perynsaropa [28, 31].

PaccmarpuBaeMblil B 1JaHHOHW padoTe MITI030BOH
3aTBOP CIIYKUT JUIS OTBOJIA IOTY4YEHHOT 0 AKCTpyaaTa 3a
TIpe/ieNbl BAKYYMHOW KaMephbl 0e3 ee pa3repMeTH3aluHm.

AHanu3 CTPYKTypHOH CXEMBI JKCTpydepa ¢
BaKyyMHOH Kamepoii [ 15] mo3Bosser 3anucars ycioBue
o0ecIieyeHnsI ero paldoOHAIBHOTO TEXHOJIOTHYECKOTO
mpoliecca:

O¢ < QILB > (l)
e Oy — 0GbeMHBIH PACXOJ IKCTPY/IATa HA BHIXOE

U3 QUITbEePhl MATPHIIBI SKCTPyIEepa, M>/C;

Ou,3 — 00BEMHBII pacxo 5KCTpyaaTra Ha BbIXOAC

U3 [ITI030BOTO 3aTBOpA KCTpynepa, M*/c.

OOBEeMHBIIl pacxoj SKCTpynara Ha BBIXOAE U3
(buIIBepBl MaTPUIIBI IKCTPYAEPA C BAKYYMHOH KaMepoi
MOYKHO OTIPEJICIIUTH Ha OCHOBE M3BECTHOI'O BHIPAYKCHUS

[30], BBenss B Hero Ko3(GUUMEHT, YYUTHIBAIOIIUH
YBEJIMYCHUE JUAMETpa JKCTpyAara 10 CPaBHEHHIO C
JIMaMETPOM (PHITBEPBI:
4
0@ = *Apsz,
8 V- ] &

e Ry — panuyc dubepsl, u;

()

P,, — nasnenue, cosznaBaemoe SKCTpynepoM mepe
Matpuuei, [1a;

P, — naBnenue B BakyymHOIi Kamepe
JKCTpyAepa, I1a;

Z 4~ 9nCIo BUIIbep MATPHILIBL;

V — KHHEMaTU4eCKasl BSI3KOCTb 3KCTpyAara,

Ila-c:

>

1 — imna xanana Guibepsl, M;

K, — 0> UIMEHT, YUNTHIBAIOIINI YBETHUEHHE

JIaMeTpa KCTpyaTa o CPAaBHEHHUIO C AUAMETPOM
(uibeps! (KOIPUIUECHT B3PBIBA).

OueBuHO, 4TO /I 0oOecredeHus] HeoOX0ANMO
BBIJICP)KKH B BaKyyMHOHl  Kamepe O3KCTpynepa
MOJIy4aeMoro IpOAyKTa, IPH PaBHOM OOBEMHOM
pacxozie SKCTpyzaTa Ha BIX0/Ie U3 (GHIIbepbl MaTPHUILIBI 1
IIJF030BOT0 3aTBOPA MAIINHBI, CJICTYET EPUOANIECKI
BKJIFOYATh W OTKIJIIOYATh MPUBOJ IIJTIO30BOTO 3aTBOPA.
Takum o00pa3oM, BpeMmsl BBLACPKKH OSKCTpyJara B
BaKyyMHOH Kamepe MalliHbl OyZeT pPaBHO BPEMEHHU
paboTBl  DKCTpyZepa C OTKJIIOUYCHHBIM HPUBOIOM
IIJIF030BOTO 3aTBOPA.

Pabounii  o0beM  BakyyMHOW  Kamepbl
9KCTpyZEpa B ITOM CiIydae JIOJDKCH Y/IOBJIETBOPSTH
cienyroniemy yciaosuio [23, 25]:

€)

rne V, — pabounii 06beM BaKyyMHOI KaMepsl

IKCTpyAEpa, M;

T, — BpEMsI BBIJICPIKKU IKCTPY/IaTa B BAKYyMHOMN

KaMmepe IKCTpynepa, c.

k, — o> DUILUEHT, yUUTHIBAIOIIUIN CTEHEHb

3aIl0JIHCHUS BAKYYMHOU KaMepe dKCTpy/epa.
OObeMHBII PacXol JKCTpyjlara Ha BBIXOJAE M3

LUTI030BOI0 3aTBOPA IKCTPYyAEpa C BAKYyMHOU KaMephbl
MO>KHO BBIYMCIIUTD U3 BbIpaxeHus [6—8]

Qw3:Vﬂ'Zﬂ'(pO'na 4)

rne V, — 06beM aKkcTpyaara, BhlIaBaeMblii OHOI

JIONTACTBhIO IIJIKO30BOI0 3aTBOPA, M3;
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Z, — KOJIMYECTBO JIONACTeH;

1 —yacToTa BpalleH!s BaJia IUII030BOTO
3aTBopa, ¢';

@y — KOdPPUIIMEHT 3anoNHeHNs pabodyero oobema
IIJTF030BOTO 3aTBOPA.

VYuuTeiBas, 4To

T 2 2
V, =2(R =) 1, )
4
rne R — paanyc xopryca muio3oBoro 3atBopa, M;
I — paanyc Baja HIJIF030BOI0 3aTBOpA, M;

]ﬂ — JUIMHA JIONACTH IJIK030BOI0 3aTBOpPA, M.

@®opmyiny (4) MOKHO NIPEACTaBUTh B BUJIE

0w3:%(R2_r2)'[ﬂ'Zﬂ'¢0'H (6)
JI1s INTaTHBIX YCIIOBUIH SKCILTyaTalluy IPecc-3Ke-
Tpynepa KM3-2Y ¢ 00beMHBIM pacxoioM 3KCTpynara
Ha BbIxoze U3 puibepsl Marpunbl 0,05-0,1 M*/c u Bpe-
MEHEM BBIJIEPKKHU IKCTpyHaTa B BaKyyMHOH Kamepe
aKcTpynepa paBHoM 10 ¢, onpenenum MakCUMallbHbIN
pacdeTHbI pabounii 00beM BaKyyMHOH KaMepbl

Qp™ 1, 0,110

Vmax =1,25m".
k, 0,8
M MUHHAMAaJIbHBIA
y/min _ Q5" s _ 00510 _ 0,625u°.

k

3 0,8

W3 ypaBHeHUs (6) MOKHO BBIYMCIUTH HEOOXOH-
MYIO YaCTOTY BpalCHUs BaJa IJI030BOTO 3aTBOPA IIPU
MHUHHUMAaJIbHOM M MaKCHMaJIbHOM OOBEMHBIX Pacxojax
9KCTpyZaTa u3 GUIbEPHl MAaTPHLIBI IKCTPYIEpa:

Cnucok JIuTeparypsbl

4’nglin
Myin = =
ﬂ'(R2 fr2)'lj7 “Z,
B 4.0,05
3,14-(0,1352 —0,01252).0,2-6-0,85

=3,31c .

4. Q>
fmax = m(R2 frz)«lj, “Z, -0 B

4.0,1
" 3,14-(0,135 —0,0125%)-0,2:6-0,85

6,62¢7".

[Tony4yeHHOE BbIpakeHUE MO3BOJISIET CAENATh
BBIBOJ] O TOM, YTO OJHUM M3 PallMOHAIIBHBIX CIIOCOO0B
YIpaBJCHUSI BPEMEHEM HaXOXKICHUS HKCTpydaTa B
BaKyyMHOH KaMepe MallMHbl MOXET OBITh U3MEHEHUE
4acTOThI BPALIEHUs BaJjla LIUTI030BOIO 3aTBOPA 3a CUET
IMPUMEHEHHs B KaueCTBE IPUBOAA NIEKTPOJIBUTATENS
MOCTOSHHOTO TOKa C  PEryjJupyeMoil dacToToi
BpalICHUs Baa.

BruIBoaBI

Ha ocHOBe BBINOIHEHHBIX UCCIEA0BAaHUA MOXKHO
CHEJaTh CJIEAYIOIINE BbIBOBL:

— B JKCTPY3HOHHBIX TEXHOJOTHSIX, OCHOBAHHBIX
Ha TEPMOBAKYYMHOM 3((eKTe, BpeMsl BBIICPIKKH IKC-
TpyJara B BaKyyMHOH KaMepe IKCTpyAepa B HEKOTOPOM
MHTEPBAJIC TEXHOJIOTHYECKUX JIOITYCKOB MOXET OBITh
IMPUHATO B Ka4eCTBE B3aUMO3aMEHSEMOIo Ul TaKUX
napaMeTpoB MpoLecca, KaK MPOU3BOJUTEILHOCTh Ma-
MIMHBI U (U3MKO-MEXaHMYECKHE CBOMCTBA mepepada-
TBIBAEMOTO CBIPbS;

— OJJHMM H3 palMOHAIBHBIX CIIOCOOOB ympasiie-
HUSI ’TUM BPEMEHEM IPU YCIOBUH PAaBHOT'O 00BEMHOTO
pacxoza SKCTpyAaTa Ha BBIXOZE U3 (PMIIbEPhl MaTPHIIBI
U 1UTI030BOT0 3aTBOPA MAILIUHEI, SIBISIETCS EPHOANYE-
CKO€ BKJIIOUEHHE M OTKJIIOUEHHE MPUBOJA LUII030BOTO
3aTBOpa IKCTPYAEPA;

— 000CHOBaHHBIE B pabOTE OCHOBHBIE ITAPAMETPBI
LIJII030BOT0 3aTBOPA MO3BOJIAT PEaIU30BaTh MIpelara-
€MYIO KOHILIECIIUIO B Pa3BUTHU SKCTPY3UOHHON TEXHO-
JIOTHHU C TEPMOBAKYYMHBIM 3((HEKTOM.
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JUSTIFICATION OF THE MAIN PARAMETERS OF ROTARY VALVE OF THE
EXTRUDER WITH A VACUUM CHAMBER

Denisov A.O.

The extrusion technology based on thermal effect, the dwell time of the extrudate in a
vacuum chamber of the extruder in a certain range of technological tolerances can be taken
as interchangeable for such process parameters as the machine’s performance and physico-
mechanical properties of the processed material. One of the rational ways to control this time
under the condition of equal volumetric flow rate of extrudate output from the die matrix and
the floodgates of the machine is to periodically enable and disable the drive of the rotary valve
of the extruder. This work suggests that the main parameters of the rotary shutter, which allows
to realize this concept in the development of extrusion technology thermal-vacuum effect.

Keywords: extruder, vacuum effect, output matrix, vacuum chamber, rotary valve, volumetric
Sflow rate.

References

[1] Denisov, S.V.Determining the capacities of the loading area of the press-extruder /S.V. Denisov,
V. V. Novikov, A.A. Kurochkin, G. V. Shaburova. Bulletin of Altai state agrarian University.— 2009.— No 12.—
P. 73-76.

[2] Voronina, P.K. Formation of the quality of beer in the process of fermentation of wort with the use of the
extrudate barley /P.K. Voronina, A.A. Kurochkin //Bulletin of the Samara State Agricultural Academy.—
2012.—No. 4.—P. 100-103.

[3] Voronina, P.K. Development of technology and commodity description beer with the extrudate barley /P.
K. Voronina //Bulletin of the Samara State Agricultural Academy.—2013.—No. 4.—P. 108-113.

[4] Voronina, P.K. Practical perspective thermoplastic extrusion in beverage technology /P.K. Voronina //XXI
century: the results of past and present problems plus.— 2014.— Ne 6 (22).—P. 85-88.

[5] Voronina, P.K. Multifunctional composite with a high content of dietary fiber / P.K. Voronina,
A.A. Kurochkin, G.V. Shaburova //Bulletin of the Samara State Agricultural Academy.— 2015.—No. 4.—
Pp. 65-71.

ISSN 2414-9845 (Online) * ISSN 2410-0242 (Print) * UHHOBanimoHHasi TEXHUKA ¥ TexHoJorusi. 2016. Ne 4 45



Jenucos A.O.

[6] Kurochkin, A.A. Diploma engineering for mechanization of processing of livestock products. /
A.A. Kurochkin, V.M. Zimnyakov, V.V. Lyashenko, V.S. Parfenov, I.A. Spitsyn: a Training manual.—
Penza: Penza state agricultural Academy, 1998.— 250 p.

[7] Kurochkin, A. A. Graduate design for mechanization of processing of agricultural products / A. A. Kurochkin,
I.A. Spitsyn, V.M. Zimnyakov and etc. Under the editorship of A.A. Kurochkin.—M.: KolosS, 2006.— 424 p.

[8] Kurochkin, A.A. Fundamentals of calculating and designing machines and devices of food processing
industry /A. A. Kurochkin, V.M. Zimnyakov. Under the editorship of A.A. Kurochkin.—M.: KolosS, 2006.—
320 p.

[9] Kurochkin, A.A.The Transformation of complex carbohydrate extruded barley /A.A. Kurochkin,
G.V. Shaburova, P.K. Voronina, E. V. Tyurina //Current state and prospects of development of food industry
and public catering.—Proceedings of the III all-Russian scientific-practical conference with international
participation.—Chelyabinsk: Publishing center SUSU, 2010.—P. 46-48.

[10] Kurochkin, A.A. Amino acid composition of extruded barley /A.A. Kurochkin, G.V. Shaburova // Beer and
drinks.— 2008.—No. 4.—P. 12.

[11] Kurochkin, A.A. Substantiation of rational parameters of the screw press-extruder /A.A. Kurochkin,
V. V. Novikov //XXI century: the past and challenges of the present plus.—2013.—No.6 (10).—P. 123-127.

[12] Kurochkin, A.A. Methodological aspects of theoretical research press extruders for processing starchy
vegetable raw materials /A. A. Kurochkin, G.V. Shaburova, V. V. Novikov, S.V. Denisov //XXI century: the
past and challenges of the present plus.— 2013.—No. 6 (10).—Pp. 46-54.

[13] Kurochkin, A. A. Theoretical research of working process of the vacuum system of the upgraded extruder /A.
A. Kurochkin //Innovative machinery and technology.— 2015.— Ne 3 (04). P. 44-50.

[14] Kurochkin, A. A. Obtaining extrudates starchy grain material with a predetermined porosity /A. A. Kurochkin,
G. V. Shaburova, D.1. Frolov //XXI century: the past and challenges of the present plus.— 2014.—No. 6 (22).—
Pp. 109-114.

[15] Kurochkin, A. A. A systematic approach to the development of thermal vacuum extruder for processing of
the extrudate /A. A. Kurochkin //Innovative machinery and technology.— 2014.—No. 4 (01).—P. 17-22.

[16] Kurochkin, A.A. Extrudates from vegetable raw materials with a high content of lipids /A.A. Kurochkin,
G. V. Shaburova, D.I. Frolov, P.C. Voronina //Bulletin of the Samara State Agricultural Academy.— 2014.—
No. 4.—Pp. 70-74.

[17] Kurochkin, A.A.Modeling of the process of extrudates based on new technological solutions /
A.A. Kurochkin, G.V. Shaburova, D.I. Frolov, P.K. Voronina //Niva Povolzhya.— 2014.—No. 1 (30).—
Pp. 30-35.

[18] Kurochkin, A.A. The technology of feed production on the basis of thermal waste treatment/agricultural
production /A.A. Kurochkin, D.I. Frolov //Innovative machinery and technology.— 2014.—No. 4.—P. 36—40.

[19] Kurochkin, A.A. Multicomponent extrudate on the basis of wheat and Thistle seed /A. A. Kurochkin,
D.I. Frolov //Bulletin of the Samara State Agricultural Academy.—2015.—No. 4.—P. 76-81.

[20] Kurochkin, A.A. The theoretical rationale for the use of the extruded raw material in food technology /
A.A. Kurochkin, P.K. Voronina, G.V. Shaburova // Monograph, 2015.— 182 p.

[21] Kurochkin, A.A. Theoretical justification for the thermal vacuum effect in the workflow of the upgraded
extruder /A.A. Kurochkin, G.V. Shaburova, D.I. Frolov, P.K. Voronina //Bulletin of the Samara State
Agricultural Academy.— 2015.—No. 3.—Pp. 15-20.

[22] Scientific support for current trends in the development of the edible thermoplastic extrusion /A.A.
Kurochkin, P.K. Voronina, V.M. Zimnyakov, A. L. Mishanin., V. V. Novikov, G. V. Shaburova, D.1. Frolov.—
Penza, 2015.— 181 p.

[23] Kurochkin, A.A. Determination of main parameters of the upgraded vacuum chamber of the extruder /
A.A. Kurochkin, D.I. Frolov, P. K. Voronina//Bulletin of the Ulyanovsk state agricultural Academy.— 2015.—
Ne 4 (32).—P. 172-177.

[24] Kurochkin, A.A. The extrudates from vegetable raw materials with a high content of lipids and dietary
fibers /A.A. Kurochkin, P.K. Voronina, G.V. Shaburova, D.I. Frolov //Equipment and technologies for food
production.— 2016. Vol. 42.—No. 3.—Pp. 104-111.

[25] Kutovojs, V.A. A systematic approach to solving the thermal vacuum drying processes of heterogeneous
materials /V.A. Kutovojs //East European Journal of advanced technologies.— 2013.— Ne 8 (66), V.6.—
Pp. 40—-44.

[26] Novikov, V. V. Determination of volumetric flow of extruded articles in the zone of single screw extrusion
press extruder/V.V. Novikov, A.A. Kurochkin, G.V. Shaburova, N.A. Harybina, D.N. Aziatkin //Herald of
the Altai HAU.—Barnaul, 2011.—No. 1 (75).—Pp. 91-94.

[27] Hardware processing industries /A.A. Kurochkin, G.V. Shaburova, V.M. Zimnyakov, P.K. Voronina.—M.:
INFRA-M, 2015.— 363 p.

[28] Pat. 2460315 The Russian Federation, IPC A23L1/00. Method for the production of extrudates /applicants:

46 ISSN 2414-9845 (Online) * ISSN 2410-0242 (Print) « UHHOBanimoHHasi TEXHUKA M TexHoJiorusi. 2016. Ne 4



Jlenucos A.O.

G. V. Shaburova, A.A. Kurochkin, P.K. Voronina, G.V. Avrorov, P.A. Urusov; patentee GOU VPO Penza
GTA. No 2011107960/13; Appl. 01.03.2011; publ. 10.09.2012, bull. No. 25.— 6 p.

[29] Pat. 2592619 The Russian Federation, IPC A21D8/02. A method of producing bakery products /G.V.
Shaburova, P.K. Voronina, A. A. Kurochkin, D.I. Frolov, N.N. Shmatkova; patentee GOU VO Penza GTU.
No 2015109402/13; Appl. 17.03.2015; publ.27.07.2016, bull. No 21-8 p.

[30] Perov, A.A. Thermodynamic treatment of feed in the former pantrudere /A.A. Perov //Mechanization and
Electrification of Agriculture.— 2003.— Ne 9.—P.p 10-12.

[31] Frolov, D.I. Theoretical description of the process of explosive evaporation of water in the extruder with
vacuum chamber /D.I. Frolov, A.A. Kurochkin, G.V. Shaburova, P.K. Voronina //Innovative machinery and
technology.—2015.— Ne 1 (02). Pp. 29-34.

[32] Shaburova, G.V. Protein complex extruded barley /Shaburova G.V., Kurochkin A.A., V.P. Chistyakov,
V. V. Novikov //Beer and soft drinks.— 2007.—No. 3.—P. 12.

[33] Shaburova, G.V.Improving the technological capacity of unmalted grain products //G.V. Shaburova,
A.A. Kurochkin, P.K. Voronina //Technics and technology of food production.— 2014.—No. 1 (32).—Pp. 90—
96.

[34] Frolov, D. I. improving the nutritional value of the extruded animal feeds / D. I. Frolov, V. A. Nikishin //
Collection of scientific works Sworld. 2014. Vol. 7. No. 4. Pp. 98-101.

ISSN 2414-9845 (Online) * ISSN 2410-0242 (Print) * UHHOBanimoHHasi TEXHUKA ¥ TexHoJorusi. 2016. Ne 4 47



