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2. JKcnepuUMeHTambHbIM MyTeM 0BOCHOBaHbI ONTUMarb-
HO-paLMOHaNbHbIE  3HAYEHUs! [OMaMeTpa  KOMMPECCHMOHHOM
kamepbl 1 ee AnvHbI.

Mory4yeHHble 3aBUCMMOCTM U 3HaYeHUs MapamMeTpoB Mo-
3BONSOT UCMOMb30BATb MX MPU NPOEKTMPOBAHMUN TEXHONOTUN
N TEXHWYECKUX CPEACTB [N MPOW3BOACTBA KAYECTBEHHbIX
rpaHyn u GpukeToB. Pa3paboTaHHbIil Mpecc B cocTase npef-
NIOKEHHON TMHUW UMEET BLICOKYIO 3(heKTUBHOCTL PaboThl,
MOATBEPKAEHHYI0 MPOBEAEHHON NPOM3BOACTBEHHON MpoBep-
KO
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WCCNEQOBAHME NPOLIECCOB BAKYYMHOM CYLLKW MEJA
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THE STUDY OF THE PROCESSES OF HONEY VACUUM DRYING

Epmonaee B.A. — o-p TeXH. HayK, Aol kad). TennoxnagoTex-
HUK1 KemMepoBCKOro rocynapCTBEHHOMO yHMBepeuTeTa, . Ke-
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Cmambs nocgsiueHa nodbopy aghehekmuBHbIX PEXUMOS
gaKyymHol cywku méda. MccredosaHo enusHUe MOMUWUHBI
CI0A1 CYWKU U NAIOMHOCMU Mensio8020 Nomoka Ha ghghex-
mugHOCMb 8aKyyMHo20 o0be3soxusaHusi méda. posedeHsi
0nbImbI N0 8aKyyMHoU cywke Méda npu nnomHocmu meniio-
8020 nomoka om 2 do 10 kBm/m2. lNonyyeHbi 3agucumocmu
omHocumenbHol maccbl npodykma om npodomKUMesTsHo-
cmu eakyymHol cywku. C yeenuyeHueM niaomHocmu men-
1108020 nomoka npoucxodum CokpaweHue npodomKumerb-
HOCMU CywKu: npu NAIOMHOCMU Menaogo20 nomoka 2, 4 u
6 «kBm/Mm?2 npodomkxumenbHocms  CYyWKU —cocmaensna
270£10, 240+10 u 225x10 MuH, a npu nnomHocmu menso-
8020 nomoka 8 u 10 kBm/m? — coomeemcemeeHHo 210110 u
195210 muH. [lpu s3mom makxe MeHsiemcs enazocodepxa-
Hue 06e380XeHH020 npodykma: Npu y8eauyeHuU NIomHo-
cmu mensniogoeo nomoka om 2 do 10 kBm/m? oHo MeHsiemcs
om 4,5 00 5 %. [posedeHbi 3kcnepumeHmanbHble uccredo-
8aHUs NO eakyyMHoU cywke mEda npu MonwuHe Cros npo-
Oykma om 5 do 20 mmM. YcmaHO8reHO, Ymo yeenudeHue
monuwjuHbl €105 eiedem 3a coboll nogbiweHue npodomKu-
menbHOCMU CyWKU, yeenuyeHue 8razocodepxaHusi 06e3so-
XEHH020 NpodyKkma U CHUXeHue e20 Kadecmea. O0HaKo npu
3amom ygenu4ueaemcsi npou3goouMenbHOCMb  CyWUTbHOU
ycmaHoeku. Ha ocHogaHuu nposedeHHbIX uccredosanull
bbinu  onpedeneHbl  AhheKMuBHbIE PEXUMbI  8aKyyMHOU
Cywku méda — nNIOMHOCMb Menogo20 nomoka 4 kBm/mz,
monwuHa cnosi npodykma — 15 mm. MéEJ yenecoobpasHo
obessoxugamb npu ocmamoyHom OasneHuu 4+0,5 klla u
memnepamype 8 kamepe 40 ° C. [pu ykasaHHbIX pexumax

Ermolaev V.A. - Dr. Techn. Sci., Assoc. Prof., Chair of Heat-
ing Systems, Kemerovo State University, Kemerovo. E-mail:
ermolaevvlia@rambler.ru

npodomkumenbHOCMb CywKU cocmagnsem 27510 MuH, a
OpeaHorienmuyeckas OueHka Cyxo2o npodykma pasHa 34
6annam u3 40.

Kniouesbie cnoea: méD, eakyymHas CylwKa, 6/1a20C0-
depxaHue.

The study was devoted to the selection of effective modes
of vacuum drying of honey. The effect of drying layer thick-
ness and heat flux density on the efficiency of vacuum dehy-
dration of honey was studied. The experiments on vacuum
drying of honey with heat flux density from 2 to 10 kW/m?
were carried out. The dependences of relative mass of the
product on the duration of vacuum drying were obtained. With
increasing heat flux density, drying time was shortened: at
heat flux density of 2, 4 and 6 kW/m2, drying time was 270
10, 240 + 10 and 225 + 10 minutes, and with heat flux density
of 8 and 10 kWirespectively 210 + 10 and 195 £ 10 minutes.
It also changed the moisture content of dehydrated product:
with an increase in the heat flux density from 2 to 10 kW/mz, it
varied from 4.5 to 5 %. Experimental studies on vacuum dry-
ing of honey with the thickness of the product layer from 5 to
25 mm were carried out. It was found out that increasing the
thickness of the layer entailed the increase in the duration of
drying, an increase in the moisture content of dehydrated
product and the decrease in its quality. However, under these
circumstances the productivity of drying device increased. On
the basis of conducted studies, effective modes of vacuum
drying of honey were determined — heat flux density of
4 kW/mz, the thickness of the product layer — 15 mm. It was
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expedient to dehydrate honey at residual pressure of 4 £ 0.5
kPa and under the temperature in the chamber of 40 ° C. Un-
der these conditions, drying time is 275 + 10 minutes, and or-
ganoleptic estimate of dry product equaled 34 points out of 40.
Keywords: honey, vacuum drying, moisture content.

Beegenue. MuenuHbin Méa npeacTasnset cobon Guono-
MMYECKN aKTUBHbIA NPOAYKT, LOCTOMHCTBOM KOTOPOrO SIBRSIET-
Csl He TONMbKO BbICOKas QHEPreTUYeckas LIEHHOCTb (B CPEAHEM
okono 300-340 kkan Ha 100 r), HO M Hanuune BOnbLIOrO KO-
NMYECTBA LiEHHbIX MUHEPANbHbIX BELLECTB, (DePMEHTOB, BU-
TaMWHOB, OPraHWUYECKMX KWUCIOT, apOMaTUYECKUX U aHTUMWK-
pobHbIX BellecTs, obycnasnuealowux ero LenebHblie cBOW-
cteal, 2].

OpHMM X [OCTOMHCTB [AHHOTO MPOLYKTa SIBNSIETCS TO,
uto oH Ha 100 % ycBauBaeTCs OpraHM3MOM B OTAMYME OT
OOnbLUMHCTBA APYruX Cnafkux npoaykToB. 3penbii ML co-
pepxut He Gonee 21 % Bogpl, okono 35 % rntokosbl, 40 %
dpykTosbl, 1,3 % caxaposbl, 0,45 % 6Genka, 0,1 % opraHuye-
Cckux knenot u 0,2 % MuHepanbHbIX BewwecTs [3].

Mépn Bcerga comepxut B cebe LIBETOUHYHO MbINbly, nona-
[AlOLLY0 B HEKTap MpW OBMKEHWUM NYenbl U [OMNOMHUTENBHO
oboraLyatLLyto ero BuTaMUHaMM, MUHeparnbHbIMU BelyecT-
Bamu 1 6enkamu. B mége copepxarcs Bce BUTaMUHbI TpyNMb
B, a Takke BuTamMuHbl A, H, HUKOTUHOBAS KMCNOTa 1 BUOTHH.
B oaHHom npogykte oBHapyxeHo okono 40 MUKpO- U Makpo-
SMEMEHTOB, B YNCMO KOTOPbIX BXOAAT Kamui, kanmbLuii, Ko-
BanbT, xeneso, dochop, Medb, MarHWin, MapraHel, antomu-
HWIA, MOA, UMHK W ap. Mpu 3TOM KOHLEHTpaLMs U COOTHOLLE-
HWE HEKOTOPbIX MMKPO3NIEMEHTOB B MEe COOTBETCTBYIOT

TaKkoBbIM B KpOBM 4Yenoseka, 4to obycnaenveaeTt ero Obl-
CTpoe ycBOeHue [4-6].

Mo TexHonornyeckum npuuMHam nubo ans usberaHus
BMOXMMUYECKMX M3MEHEHUI, BO3HWKAIOWMX B MELE BBUAY
HanWuus ONpefeneHHOr0 KOMMYecTBa BRaru, MOSIBNSETCS
HeobxoauMOoCTb B 06€3BOXMBAHNM AAHHOMO NPOJYKTA.

TpaanunoHHbIM MeToaoM 06€3BOXMBaHMA MEaa SBNSeT-
€S KOHBEKTUBHbIN €nocob, npeaycMaTpuBatLLmin Henocpes-
CTBEHHbII KOHTAKT MpOAyKTa C HarpeTbiM BO34yxoM. [lpu
9TOM He peKOMeHayeTcs npesblllaTth Temnepatypy 6Gonee
40 °C ans coxpaHeHs BonorM4ecky none3HbIX KOMMOHEHTOB.

AnbTepHaTUBHbLIM CNOCOBOM CYLLKW SIBNSIETCS BakyyMHOE
obe3BoxMBaHMe. B pesynbTate NOHWXEHUS OaBMNEeHWs npo-
UCXOOMUT CHWXEHWEe TemnepaTypbl KUMEHUS U NOBbILAETCS
CKOpPOCTb YaaneHus Bnaru [7].

Llenb pabotbl. MccregosaHue npoLEeccoB BakyyMHOW
CYLUKW MELLa NPK PasnyHbIX pexumax.

3apaum: aHanua KMHETWKU BaKyyMHOW Cywlkn MEAa; uc-
CNefoBaHne BNUSHUS TEXHONOTMYECKUX NapaMeTpoB Ha ag-
(DEKTUBHOCTb BaKYyMHOW CyLUKM MEQA; BbIBOP 3dhHEKTUBHBIX
PEXMMOB BaKyyMHOro 06€3BOXWBaHNS MEfa.

Metogbl n 06bekTbI MccnegoBaHui. B kayectse 00b-
eKTa 1CCNeAoBaHNA BbICTYNan MER HaTypanbHbIA rpeymLL-
HbIil Npon3BoaCTBa ballkupckon MegoBsom komnaHum. Opra-
HOMenTMYecKkash XapakTepuctuka 0ObekTa MCcCnefoBaHus
npvsedeHa B Tabnuue 1.

[ns BbINOMHEHWS 3KCIEPUMEHTANbHBIX MCCNEA0BaHUiA
“cnonb3oBanach BakyyMHasi CyliWbHAs YCTaHOBKa, CXema
KOTOpOW NpuBeaeHa Ha pucyHke 1.

Tabnuya 1
OpraHonenTuyeckas xapakTepucTuka Méga
MokasaTenb 3HavyeHve

Bkyc Cnagkui, NPUSATHbIA, OTCYTCTBME NOCTOPOHHWX MPUBKYCOB

Liset CBeTtno-sHTapHbIi

3anax XapakTepHblii, 6e3 NOCTOPOHHErO 3anaxa

KoHcucTeHums CuponoobpasHas
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Puc. 1. Cxema akchepumeHmarnbHol 8akyyMHOU CyWUbHOU YCmMaHOo8KU:
1 - 8aKyyMHbIl Hacoc; 2 — CywunbHas kamepa; 3 — komnpeccop; 4 — koH0eHcamop; 5 — omdenumens Xudkocmu;
6 — Oecybriumamop; 7 — pecusep; 8 — 8akyymemp,; 9 — mepmope2ynupyouuli 8eHmurb
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Bo Bcex akcnepumeHTax TemnepaTypa B kamepe CocTaB-
nana 40x2 °C, ocratoyHoe paBneHue Obino paBHO 4+
0,5 kMa. OnbITbl NPOBOAWNN B TPEX NOBTOPHOCTSAX ANS NOny-
yeHust bonee [OCTOBEPHbIX pe3ynbTatoB. [laHHble obpaba-
TbiBanmMcb B nporpamMmHom obecneyeHnn Microsoft Excel.

Pe3ynbTtatbl U ux obcyxaenue. BHayane ocywiectens-
NN BaKyyMHYI0 CYLUKY MPW Pa3nyHOi NNOTHOCTM TENNOBOTO

notoka. [laHHbI napameTp BapbWUpoBanu B AnanasoHe OT 2
£o 10 kB1/M2 ¢ warom B 2 kBT/M2. TonwmHa cnos CyLuku co-
crasnsna 10 mm.

Ha pucyHke 2 npuBedeHbl rpackm M3MEHEHUS OTHOCK-
TENbHOM Macchbl Méaa B NpOLecce BaKyyMHOWM CYLKW Mpu
PasnMYHON MIOTHOCTW TEMMOBOrO MOTOKA, @ HAa PUCYHKe 3 —
CKOPOCT M3MEHEHMSI OTHOCUTENTbHOW MaCChl.

4 N
X
I3
(8]
(8]
1}
=
xR
©
: ~
[
(V)]
-
=
(8]
o
I
-
(o]
MpoAaoN}KNTEeNbHOCTb, MUH
——] =2 ——3
. J

Puc. 2. ['pachuku usmeHeHusi omHocumesbHol Macch! M&0a 8 NPoUEecce 8akyymMHOU CyWwKU npu NIOMHOCMU Mennoso20
nomoka: 1— 2 kBm/m?; 2 — 6 kBm/m?2; 3 — 10 kBm/m?

Becb npouecc BakyyMHOW CyLIKM MOXHO YCIMOBHO pas-
BuTb Ha Tpu nepuoga — nepuog Bbixo4a YCTAHOBKM Ha pe-
KUM, MpU KOTOPOM MPOWCXOAMT MOCTENEHHOE MOBbILLEHWE
CKOPOCTW yOaneHws Brarv; nepuof NOCTOSHHOW CKOPOCTM
CYLUKM, MpWU KOTOPOM yganseTcs Gonblias YacTb Bharu u
nepuoa nagaroLen ckopoctu cywkin. C yBenuyeHnem nnot-
HOCTM TENMOBOro NOTOKA MPOWMCXOAWUT COKpaLUeHWe Mpopaos-

XUTENBHOCTM CYLLKMW: MPW MIOTHOCTW TENMOBOTO NOTOKA 2, 4 1
6 kBT/M2 npopormkuUTensHOCTL Cyliku coctasnsna 270110,
240£10 n 225410 MWH, a Npy NNOTHOCTH TEMNOBOrO NOTOKA 8
n 10 kBT/M2 — cootBeTcTBEHHO 210£10 1 19510 MuH. Mpw
9TOM TaKKe MEHSIETCH BRarocoaepxaHne 0be3BOXEHHOro
NPOAYKTa: MPX YBENWYEHUN MIOTHOCTW TEMNMOBOTO NOTOKA OT
2 po 10 kBt/m2 oHO MeHsieTcst 0T 4,5 00 5 %.
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Puc. 3. Ckopocmb U3MeHeHUs OmHocumenbHOU Macchl npu 8akyyMHoU cywke Méda npu nIomHOCMU menogo20 NOMoKa:
1-2KkBm/Mm?; 2 - 6 kBm/m2; 3 - 10 kBm/m?
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[anee Obina npoBedeHa oOpraHonenTUYeckas OLeHka
00e3BOXeHHOrO Ména. Mpy 3TOM OLEHMBaNNChL Takue noka-
3aTenu, Kak BKYyC, KOHCUCTEHUMs, 3amax W LUBeT o
10-6anneHon wwkane. B Tabnuue 2 npueaeHsl pesynbTaThl
[aHHO OLIEHKM.

UeM Huxe NNOTHOCTb TENMOBOrO NOTOKa, TeM bonee pas-
HOMEPHOE pacnpedeneHne TeMNepaTypHOro Nonist B Npogyk-
Te obecneynBaeTcs Ha HavanbHOM 3Tane CyLKW, Y4TO 0CO-
BeHHO BnaronpusTHO CKa3blBAETCS Ha TakOM MokasaTtene, Kak

KOHCHCTEHLMS. TPy BBICOKWX 3HAYEHWUSIX NMOTHOCTY TENMOoBO-
r0 MOTOKA KOHCUCTEHLMS 06€3BOXEHHOr0 NpoayKTa CTaHOBM-
nacb HEOAHOPOAHOW, YTO OTPaxanocb Ha KayeCTBEHHbIX
nokasarensx. Mcxogs W3 BbIWENPEACTaBMEHHbIX AaHHbIX,
MOXHO 3aKMouMTb O LienecoobpasHoCT BaKyyMHOM CYLUKW
MEZa npw NMNOTHOCTM TennoBsoro notoka 4 kBt/m2, uto obec-
MeynBaeT OTHOCWTENBHO  BbICOKYIO — OpraHONenTUYecKyto
OLIEHKY, NPaBMIbHYI0 KOHCUCTEHLWIO NPOAYKTa U HEBLICOKYHO
NPOLOMKMTENBHOCTL 06€3BOXMBAHNS (240 MUH).

Tabnuya 2
Pe3ynbTaThbl opraHonenTU4eckoii oLeHKMU cyxoro méaa, 6ann
MoKkasaTens INOTHOCTb TEMNOBOrO NOTOKA, KBT/M2
2 4 6 8 10
Bkyc 8 8 7 7 7
Lser 9 9 8 8 8
3anax 9 9 9 8 7
KoHcucTeHums 10 9 9 8 6
Wtoro 36 35 33 31 28

Ha cneaytowwem aTane nccnefoBaHuin NpoOBOANAM JKCne-
PUMEHTbI MO BaKyyMHOW CyLuke MEAa Mpu TOMLWMHE Cros 5,
10, 15 1 20 mm. OcrarnbHble napameTpsbl CyLIKW OCTaBannCh

HEM3MEHHbIMM, MOTHOCTb TEMOBOrO MOTOKA COCTaBMAna
4 kBt/m2. B Tabnuue 3 npuBedeHbl nokasaTenu BakyyMHOM
CyLK1 Méga npum noabope TOMLLMHbI Cros.

Tabnuya 3
MokasaTenu BakyymMHoOW CyLikn méaa npyu noadope TONWMHbLI Crost
Mokasatens TonuwwHa cnosi, Mm
5 10 15 20
MpOfOMKNTENBHOCTD CYLLKM, MUH 180 240 275 300
Bnarocogepxanue, % 43 4,6 49 54
OpraHonenTiyeckas ougeHka, 6ann 37 35 34 31

YCTaHOBMEHO, YTO YBENWUYEHUE TOMLLMHBI COS BNeYeT 3a
co00i NOBbILIEHNE NPOLOSMKUTENBHOCTU CYLLKW, YBENUYEHNE
BnarocogepxaHus 06e3BOXEHHOrO NPOJYKTa U CHIDKEHWE ero
kayectBa. OgHaKko npu 3TOM YBENMYMBAETCS MPOM3BOAN-
TENBHOCTb CYLUMITBHON YCTAHOBKM, YTO OCOBEHHO BaXHO Ans
OpraHv3aLmn NPOMbILLMEHHOTO NPOW3BOACTBA CyXOro Meja.
LlenecoobpasHbiM SBASETC MPOLIECC CYLKM MpU TOMLIMHE
cnos 15 mm. BnarocopepxaHue npogykTa npu 3TOM He npe-
BbiaeT 5 %, opraHonenTuyeckas oLeHka paeHa 34 bannam
n3 40, a NpogomKUTENLHOCTL 00E3BOXMBAHUSA COCTaBNsET
27510 MuH.

BbiBoabIl. Takum 06pa3om, Ha OCHOBaHUM NPOBEAEHHBIX
nccnegoBanuin Bbinu onpegeneHbl 3MEKTUBHbIE PEXAMB
BaKyyMHON CyllKM ME@a — MNMOTHOCTb TEMMOBOTO MNOTOKA
4 kBr/M2, TonwwMHa cros npogykta — 15 mm. Még uenecoobpas-
HO 00e3BOXMBaTL NPX OCTATOMHOM AaBneHun 40,5 klMa n Tem-
nepatype B kamepe 40 °C. IMpyn ykasaHHbIX pexumax NpoLomKI-
TeNbHOCTb CYLLKM cocTaBnser 275+10 MuH, a opraHonenTuye-
cKast OLieHKa Cyxoro npogykTa paeHa 34 6annam u3 40.
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Cmambs nocssiwieHa uccnedosaHuio NPoLeccos 8akyym-
HoU cywku yqepemwu. [lpu npogedeHuU 3KCNepUMEHMO8
npo0OMKUMENbHOCMb  8aKyyMHOU CywKU Yepemwu npu
memnepamype 8 kamepe 30, 40 u 50 °C cocmasuna coom-
gemcmeeHHo 430, 360 u 280 muH. lpu memnepamype 8
kamepe 30 °C Haubornbwas ckopocmb ydaneHus enagu Ha-
6nodanacs vepes 150-210 MuH nocne Havana npouecca
cywku u cocmasnsina 20-23 %/4. lpu memnepamype 8 Ka-
mepe 40 u 50 °C makcumym ckopocmu Habmodaemcs yepe3
150 u 130 muH u cocmasnsem 26 u 34 %/4 coomeemcmeer-
Ho. [poaHanu3upogaHo enusiHue eakyyMHoU Cywku Ha u-
3UKO-xUMUYeCKUli cocmag yepemwu. [lpu 0be3goxugaHuUU
npoucxo0um noBkbIUEHUE KOHUEHmpayuu Cyxux eeljecms
omHocumenbHO abconomHol  maccel npodykma, 00HaKo
6nazodaps mepmudeckomy 6030elicmeuto Habmodaemcs
OeHamypauusi KOMNOHEHMO8 U UX Yacmu4Hasi nomeps. Yc-
maHoeneHo, ymo npu memnepamype 50 °C Habnwdaemcs
CYWecmeeHHoe CHUXeHUe co0epxaHusi beska no CpagHeHUI
¢ cywkol npu memnepamype 40 °C. [lpu nosbiweHuu mem-
nepamypbl CywKu npoucxo0um CHUWXEHUE KUCIomHocmu
npodykma, codepxaHusi caxapog u gaumamuHa C. ObHapy-
JKEHO, YMmO He3aguCUMO Om memnepamypbl 8 Kamepe cam
npouecc Cywku KpaliHe OompuyamenbHO ckasbleaemcs Ha
co0epxaHuu eumamuHa C. [lpedcmasneHa mexHonoauye-
Cckasi cxema ebipabomku Cyxoll YyepeMwu C NPUMEHEHUEM
8aKyyMH020 00e380XUBaHUS. Ha 0CHO8aHUU NPoBEAeHHbIX
uccredogaHutll ycmaHoeeHa yenecoobpasHocmb 8aKyyMHOU
cywku Yepemwu npu memnepamype 40 °C.

Knrouesble cnoea: yepemwia, 8aKyymHas cywka, mem-
nepamypa.
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The study is devoted to the research of vacuum drying
processes of wild leek. While making the experiments the
duration vacuum drying of wild leek at the temperatures under
the chamber of 30, 40, and 50 ° C made 430, 360 and 280
minutes, respectively. At the temperature in the chamber of
30 ° C, the maximum rate of moisture removal was observed
after 150-210 minutes after the start of drying process and
made 20-23%/hour. At the temperature in the chamber of 40
and 50 ° C the maximum speed was observed after 150 and
130 minutes and was 26 and 34 %/hour, respectively. The
effect of vacuum drying on physical and chemical composition
of wild leek was analyzed. During dehydration the concentra-
tion of solids increased relative to the absolute mass of the
product, but due to thermal effects, the components were
denatured and partially lost. It was found out that at the tem-
perature of 50 ° C there was significant decrease in protein
content compared to drying at the temperature of 40 ° C.
When drying temperature rose, the acidity of the product de-
creased and negatively affected the content of sugars and
vitamin C. It was found out that irrespective of the tempera-
ture in the chamber, drying process itself had very negative
effect on vitamin C content. Technological scheme of dry leek
powder production with vacuum dehydration application was
presented. On the basis of conducted studies, the expediency
of vacuum drying of wild leek at the temperature of 40° C was
established.
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