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B nocnenHue 70 net B pasBuTbIX
cTpaHax 6bIcTpoe
3amMopaXknBaHue yreepaunock kax
NPOMBILLNEeHHbIA MeTo/,
obecneynBaloWmMii JOrOCPOYHOE
XpaHeHue CKoponopTsaLnxcs
nuiesbix npogykros. Kak xopowio
U3BECTHO, UHTE@HCUBHOCTb
3amMopakuBaHns 3HAYUTESIbHO
B/IUSIET HA Ka4eCTBO
3aMOpPOXXEHHbBIX NPOAYKTOB, B
KOTOPbLIX OCHOBHAs 4acThb
cogep)awyerica BoAbl AOJIKHA
6bITb BLICTPO NpespawjeHa B
MEJIKO3EPHUCTYIO
KpUCTannmMyeckyro CTPyKTypy,
4yT706bI NPE/OTBPATHTE
nospexaeHue TkaHen n
HemMeaaeHHO MHrIMeUPoBaTh
HexenarensHeie
Mukpobuonorndeckne u
pepmMeHTaTUBHbIE NPOoLeccsl.
Hawubonee nonynspHei cenyac
BO3AYLUHBLIE U MINTOYHLIE
CKOpPOMOPO3U/bHbLIC arnnaparsl.
drrongusaynoHHbie annaparsl
MPUMEeHSIIOTCA B OCHOBHOM A4J15
MHANBUAYaANLHOro 66ICTPOro
3aMopakKuBaHUa MEeNKOLUTYYHbLIX
npoaykTos. Microns3o0BaHue
KPUOreHHbIX
ObICTPO3aMOpPaXKUBaIOLLLNX
annaparog Bce eLje BechbmMa
orpaHu4eHoO U3-33 BbICOKON
CTOUMOCTU CXUXEHHbIX ra3os.

Darouduzayuonnoe 3amopadicusanue

BosnywiHast uironansanus Xxopoio
M3ydeHa W NMPOMBILUIEHHO Peaylu3yeT-
cs yke donee 40 neT. ABTopaMu HACTO-
SILLEN CTATBH MPOBEIEHBI HEKOTOPbIE M3
OCHOBOIIOJAraloIMX UCCISI0BAHHM 110
CO3MAHMIO (PIIIOUAMBALMOHHBIX MOPO-
3WIBHBIX arnapaTon, a Takxe 1o ava-
JIM3Y MapaMeTpoB mpouecca duionan-
sauuu [3, 4, 15, 18-20].

Cpa3sy nocJie nosiBjeHus CHCTEM
LEWIS (Lewis Refrigeration Co.,
CIUA) u FIoFREEZE (FRIGO-
SCANDIA, LLseuwust) 6Gonrapckast nm-

224\/_-
r
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bbicTpoe 3amopaxuBaHue NMULLIEBbIX
NPOOYKTOB NOCPEACTBOM
rngpodniongnsaumm n nepekaym-
BaeMbIX JieAsHbIX CYCMEeH3U

The paper is devoted to the so-called HydroFluidisation Method, recently suggested
and patented by the authors to bring together the advantages and to overcome the
drawbacks of both air fluidisation and immersion food freezing techniques. Two main
innovative aspects can clearly be distinguished: (i) employment of unfreezable liguids as
Sluidising agents and (ii) use of pumpable ice slurries as fluidising media, This freezing
principle provides an extremely high heat transfer rate, short freezing times, great
throughput and better product quality at refrigerating temperatures maintained by a
single-stage refrigeration machine. Thus, nearly two times lower investments and power
costs are necessary as compared with the popular individual quick freezing methods.
Moreover, such hydrofluidisation freezing systems are less hazardous from the
environmental viewpoint, since the refrigerant is closed in a small isolated circuit only.
Some collaborative research activities directed towards the method’s development and
implementation within the European Union are also outlined.

LeBast [IPOMBILIIEHHOCTL OBITa OCHa-
LICHA OPUTHHAJIBHBIMU (PIIIOMAN3ALIN-
oHHbIMH anmnapatamu (A3MD). Opykrol
M OBOIIM, 3aMOPOXKEHHBIC B A3MD, yc-
TMELIHO KCMOPTUPOBAIMCE B 3ana/iHyio
u CepepHyio Espony.

BosnyurHas duonansanus umeer
PSUL MPEUMYILECTB:

® BbICOKasi MHTEHCUBHOCTD 3aMopa-
KUBaHUA Oaroaaps MaTbIM pa3Mepam
U HU3KOMY TEIJIOBOMY COIIPOTUBJIE-
HUIO 3aMOPAXHUBAEMBIX TPOJAYKTOB,
OoJibLIoi o01IeH TUIoanun Tertorne-
penarolieil MoBEepXHOCTH U BbICOKUM
ko3t uumeHTaM MOBEPXHOCTHOI
TEIJIOOTHAYMN;

® OTJIMUHOE KAUECTBO 3aMOPOXKCH-
HBIX TTPOAYKTOB, KOTOPBIE UMEIOT MpH-
BIE€KATEJbHBI BHEIWIHWIT BUO U He
CIIUMAIOTCS MEXIY CODO0I;

® HEIIPEePLIBHOCTh POLIEcca 3aMopa-
JKMBAHMSI M BO3MOXKHOCTDL MOSHOM €ro
aBTOMATH3AaLINH,

OaHako BO3myIlIHAash Iiouan3ams
HMEET TAKXKE HCKOTOPLIC HCAOCTATKH:

e QOJIbLIME KAMMTILHDLIC M 9KCILTY-
ATALHOHHBIC 3aTpaThl B CBA3KN C npu-
MCHCHHCM ABYXCTYIEHYATBLIX XOJO-
JUJBHBIX YCTAHOBOK (JLJIs1 JIOCTHIXKEH M
TeMmreparypsl KuneHus —45 °*C), pabo-
TAIOILMX B OCHOBHOM Ha O30HOpa3py-
AKX XTagareHrax,

e MeHbIIMe KO3hhHLMeHTB TOBepX-

HOCTHOM TEeriooTAadyd U MHTECHCHUB-
HOCTb 3aMOPAKHUBAHUSL [10 CPABHEHHIO
¢ UMMEPCHOHHBIMM CITOCODAMM;

L] lJCOGXOHI'IMOCTI)CO!)HEIHHS[ BO3AY1-
HBIX MOTOKOB BLICOKHX CKO]JOC'I‘H H
NaBJIEHUSI BeJleT K 3HAYMTEIbHbIM
3aTparaM 2JICKTpO2Heprum Ha pabo-
TY BEHTUJISITOPOB,

® BBLACJIEHUE BJIark C MOBCPXHOCTH

"MIPOAYKTOB MPHUBOIHT K OBICTpOMY 00-

PAa30BaHUIO UHes HA BO3AYXOOXJIaau-
TEJSIX M3-3a 0OJBLION PA3HOCTH TEM-
rnepaTyp nNpoAyKTOB U KUIISLLEro Xjiaji-
areHra,

°® Ype3MEPHAd YYBCTBUTEILHOCTE I1a-
paMeTpos npouecca K hopme, Macce U
pasMepamM NnpoaykTa '['[)(363’(:']' TIIATC1b-
HOTO KOHTPOJISI 32 KAXKIbIM OT/IEb-
HBIM MTPOIYKTOM.

Hmmepcuonnoe samopaycusaie

HUMMepCcHOHHOE 3aMOpaXUBAHUE B
HEKHUITANIHUX KUAKHX XJTaJOHOCHUTE-
JISIX — XOPOIIO U3BECTHBII MeTO/1, KO-
TOPBI NMO3BOJSIET NOJIYYUTE BbICOKYIO
MHTEHCUBHOCTL TEILJIONEpEIaun, MeJl-
KOKPHUCTALTUUECKYIO CTPYKTYPY LA B
3aMOPOXKCHHBIX MPOAYKTaX, BEICOKYIO
NMPOMU3BOJIMTENBHOCTBIO ITpoliecca, a
TAKXKE CHU3UTb KATIMTAJIbHBIC M SKCI1-
JlyarauMoHHble 3atpatil [8, 9, 12, 14].

[TpumeHeHne nMMepcuu ObUIO orpa-
HHYEHO BCJICJACTBHE HEKOHTPOJIMPYEMO-
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Puc. 1. Bosmoscnas konempykuus
2UOpOhAIOUIUIAUUOHKOI cucnemot

12

i i 3amopaxcueanui;

| — 3aepysounoe yempoiicmeo; 2 —
cucmema opowienus; 3 — Mopo3uUAbHbIL

omeex; 4 — nephopuposannstit wiex; 5 — deolinoe ono; 6 — nepdhopuposannuvill weeaol das
yoaaenun oxaaxcdaioweir cpedvl; 7, 9 — cemuamuiit aenmounsiii Koneetiep; 8 —
opoutaioiee yempoiicmeo das erazuposanusi; 10, 11 — koanexmopnt; 12 nacoc; 13, 14 —
uavinpot epyoli u mowkolt ouucmu; 15 — oxaadumens npoMelCymouio2o
xaadonocumenn; 16 — xoaoduavian yemanoska
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Puc. 2. Fxcnepusenmansnoie Kpuenie 2udpohaionduzauuonieeso 3amMopaxcuéaniis
HeKomopuix eudoa putbvt (a) w oeoweit (6) ¢ ucnoavoscanuem pacmeopa Xiopuda Hampus
npu memnepamype oxaaxncoarouei cpedot —15...— 16 °C u cpedneir ckopocmu cmpyit 2 m/c

ro NPOHUKHOBCHMS PACTBOPEHHBIX Be-
LLECTB BHYTPD IIPOLYKTAa, 4 TAKXKE IKCII-
JIYaTALIMOHHBIMU TIPOBJIEMaMU ¢ MM-
MCPCHOHHBIMHW AKHAKOCTIAMH (BhICOKﬁﬂ
BSI3KOCTb MPH HU3KUX TEMIEpaTypax,
TPYAHOCTH MOMIEPKAHUS CPEJIbl € 110-
CTOAHHOW KOHUEHTpauuei u 6e3 opra-
HUUYecKux 3arpsisHeHuit). [Mocneauue
JIOCTHXKEHHS B TEIrJloMacconepe/ase,
(pU3NYECKOIT XMMUH, THIPOAUHAMMUKE U
ABTOMAaTHKE ITO3BOJIMIN B 3HAYUTETLHOMN
CTEMEHH PEIINTD 2TH NPobJIEMbI U pa3-
padoTarh MnepeioBble MMMEPCHOHHbIE
arinaparbl ObICTPOTO 3aMOpaXKUBAHNS,
Llesab HacTosiiei CTaTb — 03HAKO-
MUTb YUTATENEH C OIHUM W3 HOBBIX Me-
TOJIOB MHAHBHAYAILHOTO ObICTPOro 3a-

MOpPaKMBaHHWsl, KOTOPbI YBeIUYHBa-
eT MOBEPXHOCTHYIO TeIlIolepenauy,
CKOPOCTb 3aMOpaKUBaHHSI, NPOU3BO-
JHUTEIIBHOCTD, 9HEPreTHUYECKYIO U IKO-
HOMHWYECKYIO 3 (EeKTHBHOCTE MPO-
lecca nocpeAcTBoM ruapodionansa-
LIMM C He3aMep3alo1UMM XKMIKOCTIMHU
HJIM MepeKauHBAEMbIMH JIEAAHBIMH
CYCIICH3USIMMU.

Hesamep3aiomme xKuakocta u nepe-
KauuBaemble JiesiHble CYCNEeH3HH KaK
(hoMaHU3aAUHOHHBIE ATEHTHI

Mapoduionan3aiMOHHBII METOJI
OBICTPOro 3aMOPAXKMBAHUSI TTHILEBBIX
MPOLYKTOB ObLI HEIABHO IPEUTOXKEH H
3aMaTeHTOBAH C LEJILIO TPEOIOJICHUS

HEA0CTATKOB M CYMMMWPOBaHMS Tipe-
UMYLIECTB METOMOB 3aMOpPaKUBAHUSI
BO3/YLIHOM hitonan3alueid H uMMep-
cueii [5, 6, 16].

CyuiHocTb MeToAa ruapodhIonan3a-
LIMH COCTOMUT B MCITOJIL30BAHUH LIMP-
K)U[S[LlHOHHOﬁ CHCTEMELI, KOTOpAasd 1ne-
PEKAUMBACT XKUAKHH XJIaJOHOCHUTED
BBEPX Uepe3 OTBEPCTHSI MK COMJIA B 3a-
MOpaKUBaIOUINIi cocyl, co3maBasl Ta-
KHM o0pa3oMm repeMeliuBalonme
crpyu. OHu hopMupyloT drouaIu3n-
POBAHHBIIT CI0I BBICOKOTYPOYJIEHT-
HOI XKMAKOCTH M JABMXKYLLMXCS [1PO-
AYKTOB, YTO 00ecTieunBaeT O4YeHb Bbl-
cokHe Koa(ppUIMEeHTH MOBEPXHOCT-
HOI Tenyooraauu. [MpuHumn aeii-
CTBUSI TUAPO(AIONAN3AIIMOHHON
MOPO3HJILHOH CHUCTEMbI NMOKa3aH Ha
puc. 1.

Heszamepsaiouue scudicue xaadono-
cumenu Kax haroudusayuoHible a2eHmbot
XoTs pa3jinyHbie UMMEPCHOHHBIE
METO/bI U3BECTHBI YK€ JUIMTEbHOE
BpeMsl, IPUHUMITLL ruapodIonin3a-
LMK HE MCITOJIb30BAJIMCh 10 CHUX MOp
JUIS1 OXJTAKACHHS M 3aMOPa KHBaAHMS
ITAILEBBIX [IPOAYKTOB. DKCIMEPUMEHTBI
Mo THApPOMIIONAN3ALIMOHHOMY 3aMO-
PAXKUBAHHIO MEJIKOIT ppIOBI U HEKOTO-
PbIX OBOLLEI B BODHOM PACTBOPE XJIO-
puaa HaTpHsl NMOKa3wIn HAMHOro 60-
Jie€ BbICOKYIO MHTEHCH BHOCTb 3aMOpa-
JKMBAHUS B CPABHEHHH C IPYTUMU Me-
TOAAMHM UHANBUAYAJILHOIO ObICTPOro
3amopaxupaHus [5, 6]. Makcumanb-
HbIH KO3(PPULIMEHT NMOBEPXHOCTHOII
Tenaootaauu npesbicui 900 Br/(m*K),
B TO BpEMSI KaK IIpH MOTPYXKEHUU B IBU-
JKYIIYIOCS >KMIKOCTB OH ObUT paBeH 378
Br/(m*K), 432 Br/(m*-K) nipu opoute-
Huu 1 475 Br/(m*K) npu norpyxeHHun
¢ bapboruposanuem Bosayxa [17].
Hdaxe npu cinaboM WM yMepeHHOM
rnepeMelliuBaHuu CTPYSIMH U CpaBHU-
TEJIbHO BBICOKOI TeMIieparype ox-
Jlknatoueit cpeabl (okoso —16 °C)
CTaBpHla, HAXOAMUBIUASCA MPH TEM-
neparype 25 °C, Oblia 3aMOpoXeHa
1o —10°C B ueHrpe 3a 6...7 MUH, MeJI-
Kasl ceabilb U 3eJeHasl (acoib — 3a
3...4 MMH, a 3eJIeHblil ropolexK — 3a
1...2 MUH ( puc. 2).
ﬁ(’PL’K avueaembie .fl(.’dﬂﬂ ble cycnensuu
KaK (aouduzayuontvle aeenmot
[MepexaunBaeMble JIeAsIHbIE CYCIIEH-
31U, N3BECTHBIE MO/ PA3JIHUHBIMHA TOP-
M4
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roBeIMH HauMmeHoBaHusamu — FLO-
ICE, BINARY ICE, Slurry-ICE,
Liquid-ICE, Fluid ICE uan Pumpable-
ICE (manee aiic-ciappH), — ObIJIN He-
JABHO MNPCIVIOKCHDI B Ka'CCTBC 0e3-
OIMAacCHBIX 7151 OKPYXKaloleil cpeasl
MPOMEKYTOMHBIX XJAJ0HOCHTEJICH,
LMPKVJIUPYIOUINUX B TEIJIO0OMEHHOM
00OpPYIOBAHUH XOJIOAWIILHBIX YCTAHO-
BOK BMECTO TPaAHLHOHHBIX BPeIHbIX
XJI0P(TOPYIICPOAHBIX ¥ THAPOXJIOP-
(bropyracpoaHbiX XnaaareuTtos |1, 2,
10, 11, 13].

ABTOpbBI BBIIBUHYJH MICIO — YCH-
JIUTh TIPEUMYLLECTRA THAPOQIIOHAN -
SAUHK, HCTTOJIL3YA ﬂl‘iy?((l}iliillh!i: JICA5 -
Hble CYCTICH3UM KaK UIIOMIU3aLHOH-
HbIe cpeabl, Jleasnbie cycneHsnm 06-
JlaaloT BbICOKMM 3HEPreTUYCCKHM
MoTeHIHANOM, TaK KaK MUKPOCKO-
MUyecKne YacTULLDL! Jibaa abcopOupy-
FOT Terjo (pa3zoBOTO TIPEBpALLEHMS
NpU IJIAaBJCHUHU Ha MOBEPXHOCTH
npoaykra. Takum obpa3som, Lelblo
BHECJAPCHUS alic-cnappu siBJIsICTCH
obecnevyeHe Yepes3BblYaliHO BbLICO-
KoTo KoaddHuureHTa MOBEPXHOCT-
HOH  TEIJIOOTHAUYH [mopsinka
1000...2000 Bt/(M?-K)], uckiaoun-
TEJILHO MAJIOIO BPEMEHM 3aMOPAKH =
BaHU$ M pABHOMEPHOTO pacripeiee-
HUSI TEMIIEPATYPbI 110 BCeMY 00beMY
MOpoO3uJbHOro anmnaparta. Merton
ruapohMOHAN3alHU ¢ HCTONL30BA-
HUEM alic-cllappy Mo3BoJisieT 10C-
THYbL MHTEHCUBHOCTH Terulonepeia-
UM, CBOMCTBEHHONH KPHOICHHBLIM
MeToaaM 3aMopaxnBaHus. Hanpumep,
MpU TEMIICPATYPE 3aMOpPaXKUBAIONIETrO
aiic-cnappu —25 °C u koachuunenrte
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terpootaayun 1000 Br/(m? -K) manuny,
abPUKOCHI U CIAUBBL C TEMIIEPATYPOil
25 °C MOXHO 3aMOPO3MTh /10 KOHEYHOM
cpenHeobbeMHOM TeMmepaTypbl — 18 °C
3a 8...9 MUH; 3¢MISIHUKY CaNoOBYIO, Ye-
pelliHIO M BUMIIHIO — 3a 1,5...3 MUH; a
3CJICHBIH TOPOLLEK, YepHUKY M Opyc-
HUKY — MIPUMEpPHO 3a | MUH.

[MpuHuUMNIHAIbHAS CXEMa TIPEAIO-
KEHHOH aBTOpPAMM CKOPOMOPO3UJib-
HOI1 ycTaHOBKH, paborarouweil Ha
NnpuHUMne ruapodonin3alny ¢ je-
ASHBIMHA CYCTIEH3USIMH, TTOKa3aHa Ha
puc. 3.

IIpeuMymecTBa 3aMOPaKHBAHHA Me-
TOMOB THAPOIIOHIAN3AUUN

Kax ykazaHo Bbllue, HOBU3HA Ipej-
JIOKeHHOTOo ruapodUiionaM3allMoOHHO-
T'O METO/IA COCTOUT B MIPUMEHEHNUU HE-
3aMep3alolInX KHAKOCTEH WK repe-
KauYHBaeMEBIX JISIAHBIX CYCIEH3HI B
KauecTne (PIIOMAN3ALHMOHHBIX arcH-
TOB. XOPOIIO U3BECTHO, YTO UCTOPHS
UMMEPCHOHHOTO 3aMOPAXKHUBAHUS Ha-
4yajach ¢ UCIIOJIL30BAHUS PACCOJIOB
MNPy 3aMOpPaXXHUBAHWKM PbIObI, MACa U
oBolleil. BuHapHble WiK TPEXKOMII0-
HEHTHBIE BOIHBIE PACTBOPHI, CONEPXKA-
[Me PACTBOPUMBIC YITICBOALI (Hanpu-
Mep, caxapo3y, HHBEpPTHBLINH caxap,
TJOKO3Y, (PPYKTO3Y H APYrHe MOHO- H
AUCAxXapuibl) ¢ 100ABIEHUEM STAHOJIA,
COJIel, rIMLeprHa U T.J., U3YYAINCh
KaK BO3MOXKHbIE MMMEPCHOHHBIE Cpe-
Jbl. CyniecTByOT NpakTUUECKH HEOo-
rpaHUueHHbIe BO3MOXKHOCTH KOMOM-
HHUPOBATh COCTABJISIIONINE H CO31aBaTh
HEOOXOAUMBIC MHOTOKOMITOHEHTHDBIE
ruapoduIIOMIN3aLIMOHHBIE CPEibl, OC-

HOBaHHbIE HA OAHO(A3HBIX XKNUAKO-
CTHAX WM ABYX(Da3HBIX CYCNEeH3HsIX
JIbJla, KOTOPBIE BAMAIU Obl D/1aroTBOp-
HO Ha TNPOAYKT, HE 3arpsa3HiIIn OKpy-
JKAIOLLYIO Cpesy, OHOBPEMEHHO 00J1a-
Jast IOCTATOYHO MaJIOil BA3ZKOCTHIO €
TOUKH 3PEHUS [IePeKaUMBAHKs M XOPO-
uieit ruapodaonan3aLmn.

Huxe npuBoaarcs riasHbsle rpe-
HMYILIECTBa THAPO(UIIONAK3ALHH [10
CPABHEHWIO C TPALMLIMOHHBIMH CIIOCO-
631\{}[ 3aMOPAKHUBAHMA.

» [uapodmonan3aliMOHHbII METOL
obecrieurBaeT oueHb BLICOKYIO MHTCH=
CUBHOCTL TeMjooOMeHa NMpu MajloM
TEMIIEPATYPHOM [Eperiajie npoiaykT —
cpena. Temmeparypa KMIICHUS MOXET
NMOJUIEPKUBATLCH HAa 00Jiee BHICOKOM
yposte (—25...—30 °C) nocpeacTsom
OJHOCTYITEHUATOIl XONOAMABHONH Ma-
WHUHBI €O 3HauuTeabHO OoJjee
BEICOKMM XOIOAHJILHBIM KO3 hHIIN-
€HTOM M IIPH MOUTH B 2 paza MEHbLILIMX
KanuTaJlbHbIX U IKCIIyaTaLlMOHHBIX
3arparax, UcM B KOHBCHIIMOHHBIX MO=
PO3UJILHBIX annaparax BO3AYLIHOM
dmonnuszaumu. Ioreps xonoaa yepes
CTEHKH allfapara, pacxol BOAbLI MJIH
BMEKTPOIHECPTUH HA MPUBOJA BEHTUIIA-
TOPOB IJIsT OXJTUAICHMS KOHACHCATO-
pa TaKXKe CHHXKAIOTCS.

» BLICTPO MPeoosIeBACTC KPUTH-
YeCKH il MHTEpPBal KpHUCTAJIU3alHH
BoabI (—1...—8 °C), uto obecrneunsaer
MUKPOCKOMUYECKYIO CTPYKTYPY Jibla B
MPOAYKTE M TPEAOXpaHseT TKaH! OT
OLUYTHUMBIX MOBPEKICHUIH.

» MrHOBEHHO 3aMOpPaXKMBACTCH MO~
BEPXHOCTDL INPOJAYKTA, MpeBpallasich B
TBEPIYI> KOPOUKY, UTO MOJABIAET OC-
MOTHUUCCKHI MIEPEHOC W NPHAACT [1PO-
JYKTY NpPHBJACKATENbHbII TOBAPHBbLIi
BHI. nOTCDH BIarv npakTHYeCcK HET,
TOIA KAaK B BO3/AYLIHbIX TOHHEJISIX OHa
06BIYHO cocTapsieT 2—3 %.

» Hcnonbsyst HEKOTOPbIE CIIen-
aNLHO ToaoOpaHHEE cpelbl (HAlpH-
Mep, GPYKTbI, 3aMOPOKEHHBIC B CH-
POMOMNONOOHBIX CAXAPHBIX PACTBOPAX,
MpeBpalaloTCs B ICCEPTHLIC MPOIYK-
ThbI € YAYUYLIEHHBIMH BKYCOM, 3aI1aXoM
M CTPYKTYPOil), MOXHO JIEFKO co3/a-
BATHL HOBBLIC NEJITMKATCCHDBIC IMPOAYKTDI.
Takue cpeapl MOTYT TAKKE BKIIOYATD
MOAXOAS LINE AHTUOKCHIAHTDI, apo-
MATH3aTOPbl H MUKPO3JAEMEHTEI, YTO-
Obl YBEIMYHUTL CPOK XpaHEHUsI Mpo-
JYKTOB H YJAYYILIHTE MX MHULIEBYIO



LIEHHOCTb M OpPTraHOJENTHYeCKHE
CcBOMCTBA.

» [uapodmonan3almoHHbIE MOPO-
3WIBHBIC anmaparsl UCNoNb3yIoT 6e3-
OMNACHBIE [UTA OKPYKAIOLLEH Cpeibl TIPO-
MEXKYTOUHbIE XJIaJlOHOCHTEHN (Takue,
Kak CHpononoaobHbIe BOAHbIE PACTBO-
Pbl M alic-caappH), a XJajareHT Haxo-
JIITCS B HEOONbLLIOH 3aMKHYTOH CHCTe-
ME B OTJIMYME OT OObIMHBIX (piIOMIN3a-
LIHOHHBIX MOPO3HJIbHBIX armaparos,
[lle BpenHble X10p(TopyIiepousl, THi-
poXJIopTOpPYrNEPOALI MM THAPOTO-
PYTJIEPOIB! LIMPKYJIUPYIOT TI0 CUCTEME
3HAYUTETLHOTO 00beMa ¢ PUCKOM yTeu -
KU B OKPYKAIOLILYIO Cpeny.

» DaoNIH3HPOBAHHOE COCTOSIHUE
JOCTUTaeTcsl MpH HU3KHMX CKOPOCTAX 1
JaBIeHUsX (PIonaHbIX CTPYil Oaaroaa-
psA cuinamM ApxMMena M IJIaBYYECTH
NPOAYKTOB, UTO BEAET K 9KOHOMUH
DHEPrun MHHHMaJIbBHOMY MEXaHM-
YECKOMY BO3JIEHCTBUIO HA IMPOAYKT.

> Tuapocmionn3aiinoOHHbIE anma-
paTbl paboTAIOT HENPEPLIBHO, JIETKH B
SKCTUTYaTallUK U yIOOHBI /171 aBTOMA-
TH3aUHU, YTO CYILECTBEHHO CHMXKACT
3arpatbl Ha o0CayKUBaHHe 000pyI0-
BaHMs U riepcoHan. [TpogaykTbl Bbixo-
JUT M3 annapata B ¢cBOOOJHOM rMo-
LWITYYHOM COCTOSIHUM, MOATOMY MX
JajbHeiniasg 06paboTka WK yriakoB-
Ka 3HaAa4YUTEIBHO YIpouwaeTcs.

» TunpodmonansauMoHHbIC areH=
TEl Ha 0a3se JedsHBIX CYCIIEH3H I MOXK-
HO JIETKO [MOJIYYaTh B CUCTEMAX HAKOIT-
JIEHWS] TEIUIOBOI 3HEPTHM, KOTOpHIE
AKKYMYJUPYIOT alc-caappu HOUBIO
IIPU JeleBbIX Tapru(ax Ha 31eKTpo-
IHEPIUIO.

HoBast rexHosnorust rumpodionam-
3aUMM, noJiyunsluas Harpany bosi-
rapcKoro rnaTeHTHOro areHTCTBa KakK
Bbljaloleecst n3odperenue, nmpm-
BIIeKJ1a BHUMaHME UCCieoBaTeNeil 1
MpeACTaABUTENEH TMTPOMBILLIJICHHOCTH.
OnTHMHU3aLMSI KOHCTPYKIINH THAPO-
(oM aAN3aLUOHHBIX MOPO3HJIbHBIX
cucTeM TpeOYeT MHTEPAMCUMILUTHHAD-
HOT'O nojaxojaa ucciaenosareneu |7].

EBporeiickast KomMHccHst pera hu-
HaHcHUpoBaThb npoekT Eppornelickoro
cotoza INCO-COPERNICUS st pas-
pabOTKK 3TOr0 Merona MexXayHapo.-
HbIM KOHCOPILIMYMOM, BKJIIOUAIOIINM
UcClIe1I0BaTeNIbCKUE TPYIIbl U3 Texuu-
yeckoro yuupepeuteta B Codpmum (Boji-
rapus) — HayyHbli KoopauHartop, Ka-

TOJIMYECKOro YHUBEpCHTeTa JIEBeHa
(benbrng) — aMUHUCTPATHBHLBIN KO-
OpAUHATOP, ADEPAMHCKOTO YHHUBEPCH-
TeTa UMeHU PoGepra Topnona (Benu-
KobpuTanus), CaHkr-ITetepOyprerkoro
rocyJapCTBEHHOIO YHUBEPCHTETA HH3-
KOTEMIIEPATYPHBIX M MHILEBBIX TEXHO=
noruit (Poccust), ¢pmpm Environmental
Process Systems Ltd. (BenukoGpura-
Hust) 1 MCK «HMuTepobmens K1 (boi-
rapmst).

bnaronapss MHOTMM BaXXHbIM TIpe-
UMYyLIECTBaM THAPOMIIONAN3ALINOH -
HOM TEXHOJIOTUM Mepes TPaIHLIMOH-
HBIMW MCTOIAMM 3aMOPAXKMBAHMS e
IPOMBIIIIEHHOE BHEAPEeHWE BeleT K
COXPAaHEHHIO CCJILCKOXO3SIUCTBEH HOT
MPONYKIUH, SKOHOMHH SHEPruM, HH-
BECTHLIMI M DKCIIIyaTalMOHHBIX pac-
XOA0B, a TAKXKE K YIYYIIEHUIO Kade-
CTBA 3aMOPOXKCHHLIX IPOAYKTOB,
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