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The saving of resources, energy and the use of natural refrigerants in refrigeration systems is one of the basic vectc
of the innovative development of ogountry. One of the promising ways to solve these problems is the use of vacuum
evaporation ice generator with usingnaice slurry storage system, together with enesgaving technologies using
renewable energy sourcedhe article describes the principlefdce production in the vacuumevaporation ice
generator The advantages and disadvantages of the methods of obtaining ice in \@popression refrigeration
systems and vacuum evaporative plants are considered. A comparison is made between the consoingbictnicity

by vaporcompression refrigeration and vacuum ice makers in the production of ice, and heat pumps using air anc
seawater as a source of he&nergy-efficient plants using vacuunevaporative ice generators in cold storage systems
are consiagred; in combinectooling and heating systemsyith a heat pump.

Keywords:ice slurry, vacuum-evaporation ice generator, thermal energy storage, heat pump.

BBenenune

[MomynsipHOCTh XOJIOAMIIBHBIX YCTAHOBOK C CHCTEMaMH aKKyMYJIMPOBAHHUS X0JI0/a C KOKIBIM TOJIOM pacTeT. ITo
o0bsicHsieTcsT OoJiee HHM3KOM CTOMMOCTBIO DJIEKTPOSHEPrHMM B HOYHOE BpeMs (aud¢epeHuupoBaHHbI Tapud)
W CHIKCHHEM TEMIIEpPaTyphl KOHICHCAIMM B CHCTeMaxX ¢ BO3IYIIHBIMH KoHaeHcatopamu [1]. llemecooOpas3HOCTh
MPUMEHEHHUST aKKyMYJSITOPOB XO0JIoJIa OOYCIIOBIICHA HAaJIM4YMeM BBIPAKCHHOI'O ITHKOBOTO TEIUIONPUTOKA, KOTOPBIN
npesblaeT cpeauecyTounsiii Ha 40 — 50 %, a ero earHOBpeMEHHas MPOJOIKUTEIBHOCTD COCTaBIISIET HEe 0oJiee YeThIpex
yacos [2].

PasnuuaroT 1Ba BHa aKKyMYJIMPOBAHHS X0JIOJIA: ¢ 0JTHO(A3HBIM XJIaJOHOCUTEIIEM U XJIaJJOHOCUTENeM ¢ a3oBbIM
nepexoaoM. Ilpu akKkyMyIMpOBaHMH X0JIOJA C IOMOUIBIO 0HO(A3HOTO XJIaJOHOCUTENSI OTBOJ TEIIOTHI IPOUCXOAUT 3a
cueT pasHoctu Temrepatyp (4yame Bcero 6 — 10 K). Ilpu ncnonp3oBaHuM xsnagoHocuTened ¢ (a3oBBIM IEPEX0I0oM
TEIUIOTa OTBOAMTCS 3a CYET CKPBITOW TEIUIOTHl IUIABJIICHHWS JhJa TPH MOCTOSHHON Temmeparype (okono 0°C).
AxkymynupoBaHue ¢ (ha30BBIM IMEPEXOJOM MOMXKHO OCYIIECCTBHTH ITyTEM HAMOPaKUBAHUS CIIOS JibJa Ha TIOBEPXHOCTH
TEIUI00OMEHHHKA WK IPUTOTOBIICHHEM OWHAPHON CMECH.
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AKKyMyJIIPOBaHHE XOJI0JIa C IMOMOIIBID OJHO(GA3HOTO XJIAJOHOCHTENS WMEET 3HAYUTEIHHO 00Jee HU3KYIO
IUIOTHOCTh XpaHEHHUS TEIUIOBOH dHEpruM W TpeOyeT OoJbline o0beMbl eMKocTel xpaHeHus (puc. 1). Hanmpuwmep, onux
KyOm4uecKknii MeTp XOJOAHOM BOABI UMeeT 3apsia B 7kBt-u (mpu paszaunie temnepatyp ot 6 °C go 12 °C), gto Oonee uem
B 12 pa3 MEHBIIIEC YeM B OJJHOM KyOMYeCKOM METpE YMCTOrO Jibaa (mpu nmocrossiuHor Temmeparype 0°C) [3, 4].
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[ ] Axxkymynuposanue c ogHodazHbim xnagoHocutenem (6 °C / 12 °C);

— AKKyMyNMpoBaHue ¢ GasoBbIM NepexafomM, METOLOM HAMOPAKUBAHWA bAa Ha
MOBEPXHOCTL TeNN00BMEHHWKaE;

[ ] Axxymynuposahue ¢ pasoebim nepexodom, Npu nomotlum buHapHoro nbga (50%)

Puc. 1. Cpagnenue akkymynamopos xonooa:
a — 0bvem emMKoCcmu XpaneHus npu 00UHAKOBOU MOWHOCIU MENL080U IHEPSUL;
< 3
O — MowHoCMb Mennogoll sHepeuu 8 Im

[Mpn akKyMyTUpOBaHWH XOJOAAa METOIOM HAMOPA)KWBAHHS JIbJ]la HA MOBEPXHOCTH TEINIOOOMEHHHKA (pucC. 2)
WCTIONB3YeTCs. €MKOCTh JUIsl XpaHeHUsl ¢ TermnooOMeHHuKoM. [Iiis 3apsiga akkymynsTopa (IpOM3BOACTBA JibJa) BHYTPHU
TEIUI000MEHHUKA KHITAT XJIaJareHT mpu Temmeparype oT muHyc 8 °C mgo mmHyc 12 °C ¥ Ha TMOBEPXHOCTH TpPyO
TerwooOMeHHUKa oOpasyercss n€a. C  yBenMUEHMEM TOJILMHBI HAMOPaXHBAEMOI'O JIbJa HA IOBEPXHOCTH
TEII00OMEHHHKA BO3pAcTaeT 3HAUCHHE COMPOTUBIICHHS TEIUIONepeiade MEXIy XJIaJareHTOM U BOJIOW. DTO MPUBOAMT K
CHIKCHHMIO NPOM3BOACTBA KOJHMYECTBA JIbJda 3a EAWHHUIYY BPEMEHM M POCT YHOTPEOJCHHSA BICKTPOIHEPIHU
MapOKOMIIPECCHOHHOM XOJIONMIBHOW MamuHOi. s NpenoTBpalieHus] SHEPreTHUECKHX I0TePb, HCIOIb3YIOTCS
OoybIIME TUIOIIAAM TETIOOOMEHHUKOB C YBEJIMYEHHBIM MEKTPYOHBIM TPOCTPAHCTBOM JIJIsl JIydIled IMPKYJISIAN
XJIaJOHOCUTECIIA. HpI/I BO3HHKHOBCHHUU HOTpe6HOCTI/I B XO0JIOAC, XJIaJOHOCHUTCIIb HHUPKYJIUPYCT, OMbIBAsA IOBEPXHOCTH
TEIUIOOOMEHHMKA, a HAaMOPOXKEHHBIH Jie[d CHHMAaeT TemoTy (paspsbkas akkymyistop). W3-3a HeoOxoaumocTu
pasMCIICHUA B EMKOCTAX [JIA XPaHCHUA 00BEMHBIX TeHJIOO6MeHHI/IKOB, Ha CeI‘O)Z[HHIHHI/Iﬁ JC€Hb TCXHOJOI'MU ITIO3BOJIAIOT
XPaHUTh OKOJIO 45 — 55 kBT'4 sHepruu [5]B 0JHOM KyOHUYECKOM METpE.
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Puc. 2. Cucmema axxymynuposanus xo100a ¢ (hazo8blm nepexooom,
MemoOOM HAMOPAXCUBAHUS TbOd HA NOBEPXHOCMU MENTI000MEeHHUKA

31



Hayunbiii ;xypHasn HUY UTMO. Cepus XosioauibHas TEXHUKA U KOHAWIMOHUPOBAHUE Ne1,2018

AKKYMYJIATOpPBI XOJI0/]a C MCIIOJIb30BaHUEM OWHAPHOTO Jbaa (IBYX(]a3HOTO XJIaIOHOCUTENS) UMEIOT MHOKECTBO
MPEUMYIIECTB 10 CPABHEHHIO CBBINIC NMPUBEACHHBIMU TEXHOJIOTHSAMHU. BUHApPHBIN JIE] COCTOUT U3 CMECH XKHUIKOCTH U
MEJTKMX YaCTHII JbJa, pa3Mep KOTOPBIX He mpeBbimraer 0,5 MM [6], MaccoBas OIS JIbJa MOXKET BapbHPOBATHCSA OT 5 11O
50 % [7]. bunapHbIfi nex yXe AOCTATOYHO JTABHO MPHUMEHSETCS BO MHOTHX OTPACIAX MPOMBIIUICHHOCTH, HO TIOKa
IIUPOKO HE HCIONB3YETCS JJIsi aKKyMYJIMPOBAaHUS SHEPTUU B 00JbIINX 00beMaxX. OJHUM U3 OCHOBHBIX IPEUMYIIECTB
OMHAPHOTO JbJA SBISICTCS CIIOCOOHOCTH K €r0 MEePeKaYMBAHUIO C ITOMOIIBI0 OOBIYHBIX IIEHTPOOCSKHBIX HACOCOB. ITO
MO3BOJISIET CHU3UTh MacCOrabapuTHBIC IMOKa3aTeI He TOJNLKO EMKOCTEH IS XpaHeHHUs, HO M TPYOOIPOBOIOB, 3aIIOPHOM
apMaTypbl M TEIJIOOOMEHHOTO O0OpyIOBaHHUS, 3a CYET BBICOKOW OXJaKAaromed crocoOHOCTH, co3JaBaeMoin
MHOTOYHUCJICHHBIMA KPUCTAIIaMH JIbaa [8].
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Puc. 3. Cxema éaxyymHozo avoozenepamopa

TexHOIOTHS TPON3BOACTBA JIbJa B BAKyyMe€ OCHOBBIBAETCSl HA UCTIAPEHUH BOJIBI BOJIH3M TpoitHOH Touku (611 Ila,
0,01 °C) [9]. U3 repmeTndHOTO OaKa-KPUCTALIN3ATOPA, YACTUYHO 3aMOJTHEHHOT'O BOJOH, MPH MOMOIIM BaKyyMHOIO
Hacoca OTKAuYMBAaE€TCs BOJASAHOW Map, MPU 3TOM CHUXKAasi B HEM JaBiieHUE. [Ipu TOCTHKEHUM NaBJIEHUS HUXKE TPOUHOM
TOYKU NMPOUCXOIUT UCHAPEHUE C MOBEPXHOCTH KUIKOCTH ¢ 00pa30BaHUEM IIPHU 3TOM JIEASHBIX YacTHl. OTKaunBaeMbIi
BOJISTHOM TIap KOHJIGHCHpYeTCsl B TermiooOMenHuke (puc. 3) [10].

CkpeiTast TerioTa napooOpasopanus (~2400 kJ[k/Kr) B HECKOJIBKO pa3 IMPEBBINIACT TEIUIOTY KPUCTAJLIU3AI[UU
Boxbl (333,55 k/[x/kr). CooTBeTcCTBEHHO, Npu ucmapeHuu 118 rpamm BoIbl, MOXKHO Hpou3BecTH 882 rpamma Jbaa
(puc. 3).

[IpeumMyimiecTBaMi BaKyyMHBIX YCTaHOBOK SIBJISIFOTCS: YIPOIIEHHAs TEXHOJOTHYECKas CXEeMa YCTaHOBKH,
MOCKOJIBKY BO/Ia MOXET OBITh, KaK XOJOAMIBHBIM areHTOM, TaK M XJaJOHOCHUTENEM; BO3MOXXHOCTD HOJIY4EHHUsI BOIHOTO
JpJa C ONTUMAIBHOH, C TOYKM 3pEHUS DJHEProzaTpaTtHocTH, Temmeparypoil 0,5 °C, 4ro TpynHO peann3yemo
B TTApPOKOMIIPECCHOHHBIX ycTaHOBKaxX. HemocTaTtkoM BakyyMHOM TEXHOJIOTHH SIBJISIETCA MPOIECC OTKAYMBAHUS BOASIHOTO
mapa Hpy HU3KUX JaBieHHuax. [IMoTHOCTh BOASIHOTO mMapa HpW HHU3KOM JAaBiieHHMH npuMepHo B 270 pa3 MeHble
IUIOTHOCTH BO3IyXa MPU HOPMAJIBHBIX YCIOBHUSX. DTO MPHUBOAMUT K BBICOKOH CKOPOCTH OTKauyKH BaKyyMHOTO Hacoca U
OTHOCHTEJILHO BBICOKOMY KO3 GHUIMeHTY cxkaTus (Tadi. 1).

Tabmuna 1
3aBHCHMOCTb CKOPOCTH OTKAYKH OT X0JIOZONPOU3BOIHTEILHOCTH
X 0J10/10TIPOU3BOAUTEIBHOCTD, [Tpon3BoUTENEHOCTD CKOpPOCTh OTKAUKH BOJISHOIO 11apa’,
KBt JbJIOreHeparopa’, Kr/4 M/c
50 540 4,5
250 2699 22,4
500 5397 44,7
1000 10795 89,4

pu TeMmneparype Boasl Ha Bxoze 0 °C
* npu TemIneparype ucnapenus munyc 1 °C

32



Hayunbiii ;xypHasn HUY UTMO. Cepus XosioauibHas TEXHUKA U KOHAWIMOHUPOBAHUE Ne 11,2018

Pacxop sHepruu npu MOJTYYCHUU JbAa B MTAPOKOMIIPECCUOHHBIX YCTaHOBKax Ha 30 % 0oJbille, 4eM B BaKyyMHO-
WCMIAPUTENBHBIX yCTaHOBKax (Tabm. 2, mo3.3,5). Ecim mnpowsBoacTBO nbaa (3apsaka JIETOaKKyMYJSITOPOB)
OCYIIECTBIISIETCS B HOYHOE BpeMs, 3(PQPEeKTUBHOCTh CHCTEMBl MOXET OBITh MOBBIIIEHAa 3a CYET Oolee HHU3KOI
TeMIlepaTypbl KoHIeHcanuu (Tabn. 2, 1mo3. 4, 6). 3HAYUTENBHBIN PACX0]] PHEPTUU IMPH TOJIYYCHHUU JIbJa C TTOMOIIBLIO
BaKyyMHOTO JIeJIOTeHepaTopa UAET Ha OXJIAXKICHUE BOJIbI YHJUICPOM JJIsl KOHICHCAIIMK BOASHOTO mapa (puc. 4) [11].

0,30 4

0,25 4

YaensHbll pacxop, sHepruu (kBT /kBT )

T T T

| NapokomnpeccmoHHbii NbAoreHepaTop
L | BakyymHo-ncnapuTensHelit nbaoresepaTop

- Yunnep AnA oxnaxaeHWs BOASHHOIO napa

Puc. 4. Pacxoo0 suepauu npu nonyyeHuu ib0ac NOMOUbO
8aKYYMHO20 U NAPOKOMNPECCUOHHO20 2eHepamopa

Tabmuma 2

CpaBHeHnue 3¢ (peKTHBHOCTU NPOU3BOACTBA JIb/Ia B BAKYYMHOH H NAPOKOMIPECCUOHHOI ycTaHOBKaX [11]

Temneparypa | TemmepaTypa
Vo.
ITo3. Tumn ycTaHOBKH KHUIICHHSI, KOH/ICHCAIIUH, EER
oC oC 9HEPro3aTpaThbl
1 Uniep a5 OXJIaKIEHUS BOABI
1o 6/12 °C, nist KOHIEHCAIUU BOAIHOTO 4 34 5,71 0,175
napa(R717,1=0,7)
2 BakyyMHO-ucHiapuTeIbHbIN »
neporeneparop (R718, n = 0,65) U 6 26,2 VB
3 BakyymHO-ucTapuTensHas yCTaHOBKA 0.5 34 4,68 0213
(mo3. 1 nmos. 2)
4 BakyyMHO-ucniapuTenbHas yCTaHOBKA. 05 24 6.67 0.150
Paboratomnias B HOUHOE BpeMsl
5 [TapokoMIIpecCHOHHBIN J1eIoreHepaTop
CKPeOKOBOTO MJIH OJIOYHOIO THIIA -10 34 3,49 0,287
(R717,n=0,7)
6 [TapokoMIIpecCHOHHBIN J1eIoreHepaTop
CKpeOKOBOTO MJIH OJI0YHOIO THIIA. -10 24 4,71 0,212
PaboTaronyii B HOUHOE BpeMst
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Puc. 5.Cxema saxyymno-uchapumenvrnoco nredoeenepamopa
€ cucmemou akKyMyaupo8anus Xon00a npu HOMowU OUHAPHO20 1b0a

[Tpou3BoACcTBO OMHAPHOTO JbJja B BaKyyMHO-HCIAPUTENBHBIX YCTAHOBKAaxX SIBISETCS JOBOJBHO HOBOH
TEXHOJIOTHEW, MPUMEHIEMON B YCTaHOBKaxX CpeaHed M OOJNBIION MOITHOCTH. JlaHHBIA CIIOCOO MPOM3BOACTBA MOXKET
WCTIONB30BaThCs Al aKKyMyJIUpoBaHusl xojoga. Cucrema akKyMyJIMpOBaHMA Xojona (puc. 5) COCTOMT U3 BaKyyMHO-
HUCHApUTENbHON YCTAHOBKH, ONTMCAHHOW BBIILIE U OJHOM MJIM HECKOJBKUX EMKOCTEN NIJi XpaHEeHus Jibjia. B HouHOE Bpems,
KOTJ]a CHIDKCHBI Tapu(bl Ha BIIEKTPOIHEPTHIO, ¥ BO3MOXKHO IMOHIKCHHWE TEMIIEpPaTyphl KOHACHCAIMM B CHCTEMax
C BO3AYIIHBIMH KOHJIEHCATOpaMH{, BAaKyyMHBIH JIEOTEHEPAaTOp NPOW3BOIUT OWHApHYIO CMECh M IIepeKayuBaeT e
B 8MKOCTH /Ul XpaHeHMs. EMKOCTHM IS XpaHeHHs B TaKHUX CHCTEMax He HYXKJIAIOTCA B JIONOJHHTEILHOM
TEINI00OMEHHUKE, TaK Kak TeMmIeparypa OMHapHO# cMecu moctosiHHa (He Bbimie 0°C) 3a CUET HANWYMS YaCTHUI] JIbJA.
B HeOonpmux ycTaHOBKax EMKOCTBIO JJIsl XpaHEHUS OWHApHOW CMECH MOMKET CIY)KUThb HIDKHAA 4YacTb Oaka-
Kpuctaiuzaropa. Cucrema akKyMyJUPOBAaHUS XOJIOAa C HCHOJIb30BAHHMEM OMHAPHOM CMECH MOJHOCTBIO HCKIIOYaeT
HEOOXOJIMMOCTh B IOTIOJIHUTEIILHOM KOHTYPE C XJIQJIOHOCHTEJIEM.

IlepBast Takas cucremMa Obula pealM30BaHA B TEPMAHCKOM YHHUBEPCUTETE MNPHUKIAJHBIX Hayk B LIBukkay.
Onucanne U XapakTEpUCTHKH 3TON YCTaHOBKH MPEACTaBIEHbI B [12].

TemnoBble HACOCH! SABJISAIOTCS Ba)KHBIM JIEMEHTOM YBEIMUYEHHUS HCIIOJIIb30BAHUS BO30OHOBISEMBIX MCTOUYHHUKOB
SHEPTUU U CTAHOBATCSI BCe OoJiee paclpoCTpaHEHHBIMH. Pa3nvaloT TpH OCHOBHBIX MPHPOIHBIX MCTOYHHKA TEIUIOTHI,
MIPUMEHAEMBIX B TEIUIOBBIX HACOCAX:

*  BO3IYX;

* TPYHT;

*  Boja (IIPUPOTHBIC BOIOEMEI).

B HacTosimee Bpems HanboJiee pacipoCTpaHEHbI TEIUIOBBIE HACOCHI, UCTIONB3YIOIINE aTMOC(EPHBIN BO3IYX, U3-3
HU3KUX WHBECTUIIMOHHBIX 3aTpar, HO 3(Q(EeKTHBHOCTh TaKUX CHCTEM CHWKAETCS C TIOHIDKCHHEM TeMIepaTyphl
okpyxaromeit cpeapl. CylecTBEeHHBIM HEIOCTATKOM TETIOBBIX HACOCOB, MCIOJB3YIOMNX B Ka4eCTBE MCTOYHHMKA Teria
TPYHT, ABJISIIOTCS BHICOKHE WHBECTULMOHHBIE 3aTPaThl HA TEINIOOOMEHHHK. [ pyHTOBBIE BOIBI WIIM BOJA W3 MPUPOIHOTO
BOI0€éMA, B KA4eCTBE TEIJIOMCTOYHHKA, COXPAHAIOT OTHOCHUTENBHO BBICOKYIO M CTAOWIIBHYIO TeMIIEpaTypy KpyTriblii Tox,
TEM caMbIM TOBBINIAIOT 3P HEKTUBHOCTH TETIOBOTO HACOCA.

[IpoBeneHb! pacyeTsl SHEPronoTpedICHUs TEMIIOBOTO HACOCA, C MCIOIB30BAaHUEM B KadeCTBE MCTOYHHMKA TEIUIA
aTMoc(epHOro BO3yxa U MOPCKOH BOJIbI, Ha puMepe 3aanus B . Ocno. TemsoBas Harpyska 371aHusi, 0e3 yuéra Harpesa
BOJABI Ha TEXHOJOTWYECKHWE HYXKIbI, cocTaBisieT 6717 MBtuB rom Pacuérel He YYUTHIBAIM OTPaHUICHHYIO
MIPOM3BOAUTEIBHOCTh TEMJIOBOTO HAacoca ¢ BO3AYIIHBIM MCTOYHMKOM INPU HHU3KOHW TEMIIEpaType OKpYyXKarolled Cpemsl,
KOTJa 4acTto TpeOyeTcsl AOMOIHUTEIBHOE 3JIEKTPUUECKoe OTomieHne. B Tabmn. 3 mpuBeneHbl pe3yabTaThl pacyeToB JUIs
IBYX TeMIleparyp mojaBaemoro temioro Bodayxa 35 °C u 45 °C. TermnoBoil Hacoc ¢ MCHOJIB30BAHHE MOPCKYIO BOAY
B Ka4yeCTBE TETUIOBOTO MCTOYHHKA, TMOTPEOISUT 3JIEKTPUUECKYI0 SHEPTHIO MPUMEPHO Ha 25 % MeHbIe MO CPaBHEHHUIO
C BO3IYILIHBIM TEIUIOBBIM HacocoM [12].
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Tabnumna 3

CpaBHeHMe JHepreTH4YecKHX NOKa3aTeJiell TenJI0BOro Hacoca ¢ UCI0JIb30BaHMeM B KayecTBe
HCTOYHHUKA Temia aTMocdepHOro Bo3AyXa H MOPCKOM BOAbI, HA mpuMepe 3xanus B Ocio [12]

. ITorpebiieHne aeKTpOIHEPrUun Ce3zonnsiit/rogosoit KITJ{
Temnosoli Hacoc
TEIJIOBBIM HACOCOM TEIUIOBOT'O Hacoca
Ternooii Hacoc ¢ HIIT — 1303)1yx.o 1,846 MBT-1 3,64
TemnepaTypa nomaun Bozayxa 35 °C
Temnopoii nacoc ¢ HIIT — 13031Lyx.o 2301 MBr-4 2,92
Temnepatypa momaun Bozayxa 45 °C
Terooii Hacoc ¢ HIIT — MOpCKaS(I) BOJIA. 1,421 MBT-4 473
Temnepatypa nomaun Bozayxa 35 °C
Temnopoii nacoc ¢ HIIT — MOpCKaiI) BOJIA. 1,713 MBr-4 3.92
Temnepatypa momaun Bo3zmyxa 45 °© C

Bo MHOrux orpacisix, MOMHMO OXJaXAEHHs, TpeOyeTcs HarpeB BOABI A TEXHOJIOTMYECKUX HYXKA WIH
ororuteHus. s moseimeHus 3¢ GeKTHBHOCTH cHCTEeMBI (puc. 6, 7) [13] TernoTy KOHAEHCAMK TTapOKOMITPECCHOHHOMN
XOHO}IHHBHOﬁ MAalInuHbI, HpI/IMeHSIeMOI‘/'I AJId KOHJACHCAUWU BOASAHOTO IIapa, MOKHO HMCIOJL30BAaTh I Harp€Ba BO/bI
B DOake-akkymyisitope (Ooitiepe) win B KadecTBe NCTOYHUKA HI3KOTO MTOTEHIIMANA B TETNIOBOM HACOCe.

Ha puc. 6 mpencraBieHa KOMOMHHpPOBaHHas CHCTEMa AakKKyMyJHUPOBAHUS XOJOAAa C TEIJIOBBIM HAaCOCOM.
B 3uMHMiT epro1 BpeMeHH, Korja moTpeOHOCTh B X0JI0JE OTCYTCTBYET, BOAA U3 MIPUPOAHOTO BoAOeMa (C TeMIepaTypou
Boime 0 °C), mogaBaeMasi B 0ak-KpUCTaTU3aTOP, UCIIOJIB3YETCSl B KAUECTBE HCTOYHUKA TETUIOTHI [l paboThl TEIIIOBOTO
Hacoca. B netHuil meprog cuctema paboTaeT B pexuMe OXJIKISHHS ¢ aKKyMYJISIIUeH X0I0/1a.

TennoobMeHHUK 3..6°C

ANA KoHOeHcauuK ,

BO[SHOTO Napa _
BakyyMHbmr--f ‘u‘wl
Hacoc () 1
1 8..12°C
C T T T T T T T T T T T T I
| |
MpupoaHLIii Bogoem Bak-kpuctannuaartop : §]<I """"" : """"""""""""""""
B KauecTee NUCTOYHWKA TenmoTkl | [ y |
¢ TemnepaTypoi Bogbl ~0 °C — | |
- o | Mcnaputens | CucTeMa
s BunapHbIi nén | | Harpesa
‘l‘ Ha“"—éém : KoHpeHcatop : BOAbI
— } ' { ) T
e O = | 30..80°C
| |
| |

Puc. 6. Kombunuposannas cucmema akkymyaupo8anust Xon00a ¢ NOMOwbIo OUHAPHOU cmecu
U MENI0B020 HACOCA C UCTIONb308AHUEM NPUPOOHO20 8000eMA
6 Kauecmee UCMOYHUKA MeNnid 8 X0JI0OHbLU Nepuod

Bo wMHOrmx cimyyasx mNOTpeOHOCTh B OXJXKICHWM M OTOIUICHWM (HarpeBe BOJBI) HE COBHAJAIOT.
KomOuHMpoBaHHas cucTeMa ¢ akKyMYJIMPOBaHHEM XOJIO/Ia U aKKyMYJUPOBAaHUEM Topsideii BOJIbI SBISETCS OoJiee THOKOM
Y HE3aBHCHMOI B CpPaBHEHUHM C OOBIYHBIMH XOJOIMJIBHBIMHA CHCTEMaMH C peKyrnepaluei Temna. B mepuoasl, koraa
NoTpeOHOCTH B HATPETOH BOAE BHIIIE, YEM Harpy3Ka Ha CHCTEMY OXJIQXKICHHUS, MaccoBas J0JIS Jibla B EMKOCTH XPaHEHHUs
yBenuuuBaercs. Eciu Bbllle Harpy3ka Ha CHUCTEMY OXJIQKICHUS, JOIOJHUTENBHOE OXJIaXIEHHE oOecreyrBaeTcsl U3
€MKOCTH I XpaHeHHsI OMHAPHOW CMECH, M MacCcOBasl J10JIA JIb/la YMEHBIIIAeTCS.
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TennoobmeHHuk
ANA KOHAEHCAUWK
BOASHOTO Napa

BakyymHsIn
Hacoc { P

BBK-KDHETBJ'IHM.’!STOD . o
wcrtema i ounep
Harpesa |
BogBl |
N

Ol

BuHapHbIi Nén

{'Q\ Y
' 30..80°C
Tennosoit Hacoc
/_L\——’q* e —
% C) Hacoc
L Motpebutenn
%‘ xonoga
$ 6/12°C
EMKOCTb AN xpaHeHus 0/10°C Ey
6Gunapho cmec 0/0°“C 6/18°C
© g
Hacoc Hacoc

Puc. 7. Cxema komOUHUPOBAHHOU YCMAHOBKU C UCTIONb30BAHUEM AKKYMYIUPOSAHUS X0100A
npu nOMowU OUHAPHORO bOA U CUCMEMOLL peKynepayuy menia

JlobaBieHre TEIIOOOMEHHUKA BO3AYyX-BOJA IO3BOJISICT HCIOJIB30BATh HHU3KYIO TEMIEPAaTypy OKPY)KaIOIIEro
BO3JyXa B XOJOIHBIA CE30H /I OXJIAKACHHS M XpaHEHHs JbJa. DTOT )K€ TEIUNIOOOMEHHHK MOXXHO HCIIOJIB30BATh
B KadyecTBE peKymeparopa Uil TEIUIOBOTO HAcoca, 4YTOObI OOECHEeUUTh OXJaxIeHHe, MpU OTCYTCTBUM JibJa B
akkymymsitope [13].

BriBoabI

[lonyuenue OWHApHOTO JibJa B BaKyyMHO-HCIIAPUTENBHBIX JIeZOreHepaTopax sBisieTcd d3((EKTUBHBIM
Y 9KOJIOTUYHBIM CIIOCOOOM B CPaBHEHHH C MAPOKOMITPECCHOHHBIMH JISJIOT€HEPATOPaMHU.

BakyyMHO-HcniapuTeNnbHbIE YCTAaHOBKU JUISL TOJyYeHHS OWHAPHOTO JIbja MOTYT HCIOJB30BATHCS B CHCTEMaXx
aKKyMYJIMPOBaHHUS X0JI0J1a; B KOMOMHUPOBAHHBIX CUCTEMaX OXJIXKICHHUS M OTOIICHHS; COBMECTHO C TETJIOBBIM HACOCOM,
C MCIOJIH30BaHMEM B KaUECTBE MCTOUYHHKA TEIIa TM00 EMKOCTH [yl XpaHEHHsI JIbJ1a, TM00 IPUPOIHOrO BOJOEMA.
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