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CEKIIUA I

«X0N100UIbHbLE MAUUHBL U CUCTEMbL
KOHOUUUOHUPOBAHUSL B030YXAY



VIIK 532.133:536.71

BA3KOCTDb U ®A30BOE PABHOBECHE KNJKOCTbB-ITAP CMECHU
CMA30YHOI'O MACIJIA I1SO 10 C U3BOBYTAHOM

Jlanapoun H.U., xano.mex.nayx, ooyenm
Ooecckuii HAYUOHATBHYIL MeXHONo2u4ecKull yHugepcumem, Ykpauna, 65082, Odecca, ya. [eopanckas, 1/3
E-mail: lapardin2004@gmail.com

AHHOTANUA

Bsi3kocTh ¥ (ha30BOE paBHOBECHUE KUAKOCTh-TIAP CMECH CHHTETUYECKOTO MOIUOIIYUPHOTO CMa30YHOTO
Mmacna I1SO 10 ¢ uzo0yranom (R600a) Obutn n3MepeHsl B AnanasoHe Temmepatyp oT 233 mo 373 K, npu
nasinenusx ot 0,006 mo 1,6 MIla u maccoBoii konnenTpanuu Macina ot 0,3 mo 0,9. IIpeanoxxensr Koppe-
JISIIIMOHHBIC YPaBHEHUSI, KOTOPbIE C JJOCTATOYHONW TOYHOCTHIO OMHCHIBAIOT BSI3KOCTh W JaBJICHUE KHUIICHHS B
YKa3aHHOM JTUana3oHe TeMIIEPaTyp U COCTaBa CMECH.

VISCOSITY AND LIQUID-VAPOR EQUILIBRIUM OF MIXTURE OF ISO 10
LUBRICATION OIL WITH ISOBUTANE

Lapardin N.I., cand.tech.sc., associate professor
Odessa National University of Technology, Ukraine, 65082, Odessa, Dvoryanskaya St., 1/3
E-mail: lapardin2004@gmail.com

Abstract

Viscosity and liquid-vapor phase equilibrium of the mixture of the lubrication oil ISO 10 with
the isobutane (R600a) have been measured over a temperature range from 233 to 373 K, a pressure range from
0,006 to 1,6 MPa, and a range of oil mass composition from 0.3 to 0.9. Correlation equations provided
sufficiently accurate description of viscosity and vapor pressure in the indicated range of temperature and
composition are proposed.

Beeoenue

N300yTan — 1o yriesogopoa CH(CHs)s, 3omMep HOpMallbHOTO OyTaHa, ¢ TEMIIEPATypOil KUIICHUS TIPH
atMoceproMm naminenun -11,8°C, couepKUTCS B ra30BOM KOHJIeHCaTe M HE(TSIHbIX ra3ax. B mpomsiii-
JICHHOCTU B OCHOBHOM IIPUMEHSETCS KaK ChIPhE 711 HOMydeHHUs N300y THIICHA U Jaliee OyTHIIKAyIyKa, a TaKkKe
B Ka4eCTBE KOMIIOHEHTA FOPIOYEro [UIsl ABUrAaTENIeH BHYTPEHHETO CTOPAaHUs U HAIIOJHUTENS B OAIJIOHUYMKaAX C
a’po3osieM. B X0n0unpHON TPOMBIIITIEHHOCTH UCTIONB3YETCS Kak xJagareHt (obo3nauaercs R600a) ¢ Hus-
KUM TOTeHIHAIOM TiobanbpHoro morterieHuss GWP=3,3 u HyIeBbIM 030HOPa3pYIIAIOIINM MOTCHITHAIOM
(ODP=0) B 6bITOBBIX X0JIOqMIbHUKAX. [IperMyIiiecTBa H300yTaHa B IKCILUTyaTAIlUH IPOSBIISIOTCS B XUMUYEC-
KO yCTOMYMBOCTH MPUPOJTHOTO Ta3a Ha POTSHKEHUH JNTUTEILHOTO BPEMEHU ncnonb3oBanus (Oonee 20 ner).

Xnagarentr R600a no cpaBHenuto ¢ R134a oTiim4aeTcs BHICOKUM XOJOIMIBHBIM KOI(PQHUIMEHTOM,
MeHbei Ha 30% Maccoil 3anpaBKu U 0oJiee HU3KUM MOTpeOIeHrneM 3JIeKTpodHepruu (kiacc A+ u A++).
Taxke oH umeer HeBbicokoe padouee nasinenue (0,05 Mlla npu Ttemnepatype xunenusi -25°C), mosromy
XOJIOAWIBHBIE arperaTbl OTIMYAIOTCS HU3KHM YPOBHEM IIyMa, YTO OJIATONMPHSTHO MPHU PadOTe B JKUIIBIX
nomemienusx. Ilpu mepexone na R600a xonmogunbHOe oOOpynoBaHue He TpeOyeT MOJECpHH3ALUU MU
TpeOyIOTCSI MUHUMaJIbHbIE U3MEHEHHUSL.

Hecmortps Ha 10, uto xmmagarenT R600a roprod, JIerko BoCTIIIaMEHSIETCS, B3PBIBOOIACEH (HO TOJIBKO MPH
COEIMHEHHNH C BO3IAYXOM IIPH YKA3aHHOW BBINIE 0OBEMHOM J10JIe), OH Pa3pelIeH K MPUMEHEHHIO B OBITOBBIX
XoJoquiIbHUKaX. EBponelickuM MexayHaponHbiM crangaprom Amendment 1 to IEC 60335-2-24, Ed.4,
pa3pearoiM HCII0JIb30BaHNE TOPIOYNX XJIAAAreHTOB B OBITOBBIX XOJOJMUIBHUKAX, OTOBOPEHBI TPEOOBAHUS
K KOHCTPYKIIUHM M UCTIBITAaHUSIM, 00ecrieunBaronie 0e301acHOCTh X IKCIITyaTaI|H.

B mocnenHee BpeMs WTalbsHCKME M HeMelKHe (UPMBI MHMPOKO NpuMeHstoT R600a B OblToBOM
XOJIOAWIBHOM TexHHKe. B yacTHOoCcTH, koMmanuu Necci compressori 1 Zanussi MeXIyHapOJHOTO KOHLIEpHA
Electrolux compressors, AEG, Liebherr, Foton, Bosch u apyrue npou3BoastT KOMIPeccopsl, padoTaroIye Ha
n3o0ytane. Beimymeno 6ornee 15 MHIIMOHOB OBITOBBIX XOJOAMIBHUKOB W JTWHAMHUKA PACIIMPEHHUS ITOTO
priaka 6onee 10% B rog.
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Hacrosmas pabora mpomosmkaeT UCCIeOBaHUI CMECEH XJralareHToB ¢ MaciioM [1-4] u mocBsimeHa
M3MEPEHHSIM BA3KOCTU M (Da30BOTO paBHOBECHSA >KHIKOCTH-TIAP CMECH MOIHUOIIPHPHOTO CMA30YHOTO Macia
ISO 10 ¢ xnagarenTom R600a. Ha 0cHOBE MOTYy4YEHHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX BO3MOKHO COCTABJICHHE
anMpOKCUMANMOHHBIX YpPaBHEHHI, O3BOJSIIOLINX PAacCUNTaTh KO3()(QUIMEHT KHHEMAaTHUECKON BA3KOCTH U
JaBJICHNE KUTICHHS N3y9aeMOil CMecH.

DKcnepumenmanbvHble U3MEPEHUA U PE3YIbIANbl

BsizkocTh U3Mepsiiack METOIOM Kanmwuisipa. McTedeHne moToka >KUIKOCTH Yepe3 KaluuBsip MPOUCXOIUIIO0
0] IeWCTBHEM HEOOJBIIOro Iepenaa AaBleHHs. B ombITax M3MepsuTich BpeMs MCTEUEHHS OIpEIeIEHHOTO
KOJIMYECTBA BEIIECTBA, a TAKXKe TeMIepaTypa U AaBjeHue. [lorpenHocTs u3MepeHuil BA3KOCTH He TpeBhIIIaa
+1,8%. [logpoOHOE ommcaHue CXeM YCTaHOBOK ISl M3MEPEHHUS] PABHOBECHSI KUIKOCTh-TIAP U BA3KOCTH, a TAKXKe
METOMK MPOBEACHHUS OTIBITOB MPEICTaBIIeHbI B Oojiee paHHUX padoTax [5].

Jannpie 0 Ga3oBOM paBHOBECHH JKHAKOCTHh-TIAP OBUIM IMOIyYEHBI C MIOMOIIBIO SYEHKH TTOCTOSHHOTO
oobema. OHa pa3melianach B TepMOCTaTe U ObLIa 3ampaBiieHa MacliOM U XJIaJIareHTOM B TaKOM KOJIMYECTBE,
9TOOBI MApOBOE MPOCTPAHCTBO BEPXHEHW YacTH SYEWKH ObUI0O MUHHMManbHO. 1l0 ypaBHEHHIO COCTOSHUS
xmagarenta R600a, mpencraBmenHomy B 0aze mamHeix REFPROP [5], paccumthiBamace macca mapoB
XJIaJJareHTa B ATOM NIPOCTpPaHCTBe. J[aBieHHWe ompeAensuioch MpH MOMOIIN IH(ppoBOro mpeodpa3oBaTens
nasneHus. TemmepaTypa M3Mepsuiach 00pa3lOBbIM TUIATHHOBBIM TEPMOMETPOM CONPOTHUBIICHUs. BamoBas
KOHIIEHTPAIUS CMECH HaXOJIMIIACh TI0 MACCe 3apPaBICHHBIX KOMIIOHEHTOB.

DKCIepUMeHTaIbHBIE U3MEPEHHS BA3KOCTH IMPOBeNeHBl B oOmactu temreparyp oT 233 no 373 K u
MaccoBoii noiu macia ot 0,3...0,9. IIpu usMepenusx (a30BOro paBHOBECHS KHKOCTh-TIAP UCCIICAYEMOM
cMecu MaccuB P-T-x gJaHHBIX MOTy4YeH B auamna3one temmepatyp 233...373 K npu nasnenusx ot 0,006 1o 1,6
MlIla u maccoBoii monu macia 30% no 90%. B tabn. 1 u 2 npuBeneHsl pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX
W3MEPEHUH BS3KOCTH V W JaBJICHUH KuIleHHs P cMmecn u3o0yTtana co cMazounbiM Maciom ISO 10 npu
Pa3NUYHBIX 3HAUYCHHUSAX TEMIIEPAaTyphl T ¥ MAacCOBOH JIOJHM Maclia X.

B kauecTBe rpaduyeckol MILTFOCTpAIH MTOyYEeHHBIX MaHHBIX HA pUCYHKE | — pUCyHKe 3 TOKa3aHbI
IUarpamMMbl  BSI3KOCTh—TEMIIepaTypa, JdaBlieHHE KHIEHUS—TEMIIepaTypa W JaBlieHHE KHIIEHUS—COCTAB.
OTMeTHnM, YTO [Tl OTOOpaskeHMsI 1300ap Ha JrarpaMMe BsI3KOCTh—TeMIIeparypa, IpuBeIeHHOH Ha pUCyHKe 1,
HCIOJIB30BaHbl PE3YJIbTATEI UCCICAOBAHUA JABJICHUA KHUIICHUSA CMCCH. Kak BUIHO, BA3KOCTH HccneayeMoﬁ

CMECH SIBISETCS CIOXKHOM (PyHKIMEH TpeX NepeMEHHBIX U 3aBUCHUT OT TEMIIEPATypPhl, IABICHUS 1 MACCOBOTO
COCTaBa CMECH.

1 P=0,03Mla
P =0,05MIIa
P=0,10 MIIa
P=0,15MIla
P=0.25MIla
P=0,50MIla _|
P=0,75 MIIa
P=1,00MIla
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Pucynox 1 — Bsskocts cmecu cmazounoro macia SO 10 ¢ nzo0yranom



Tabnuna 1 — DkcriepruMeHTATBHBIC 3HAYCHHS BA3KOCTH cMecH cMa3ouHoro macia 1SO 10 ¢ uzo0yranom

T K v, 108 m%/c
' x=0,299 | x=0,501 | x=0,697 | x=0,802 | x=0,896
233,15 2,97 12,8 71,1 180 490
253,15 1,80 5,87 23,6 499 109
273,15 1,26 3,37 10,0 18,4 33,9
293,15 0,914 2,13 5,26 8,36 13,2
313,15 0,687 1,44 3,08 4,56 6,46
333,15 0,536 1,01 1,94 2,77 3,80
353,15 0,433 0,791 1,46 1,94 2,67
373,15 0,375 0,650 1,13 1,51 2,01

Tabnuna 2 — DKcriepUMEHTAIBHBIC 3HAYCHHUS JaBIICHHS KUTIeHus cMecu cMa3ouHoro macia 1SO 10 ¢ uzobyranom

T K P, MIla
' x=0,301 | x=0,502 | x=0,698 | x=0,797 | x=0,899
233,15 0,024 0,019 0,013 0,010 0,006
253,15 0,061 0,049 0,034 0,026 0,016
273,15 0,130 0,105 0,075 0,056 0,032
293,15 0,249 0,203 0,144 0,108 0,062
313,15 0,439 0,357 0,253 0,189 0,108
333,15 0,718 0,584 0,414 0,309 0,177
353,15 1,110 0,902 0,642 0,478 0,274
373,15 1,642 1,334 0,947 0,707 0,405
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Pucynok 2 — [lnarpamma P—x cmecu cmazounoro macna 1SO 10 ¢ nzo0yraHoM
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Pucynox 3 — JlaBnenne kumennst cmecu cMazounoro macia SO 10 ¢ n3o6yraHom



Koppenayuonnuie 3a6ucumocmu
[IpuBeneHHBIE HMXKE KOPPETSAIMOHHBIE YpaBHEHUS TOJMYYEHBl ANIpPOKCHMAIINEN HaIINX AKCIepHu-
MEHTaJbHBIX JaHHBIX. OHU MO3BOJISIOT PACCYUTATH BI3KOCTh U JaBICHUE KUTICHUS CMECH CMA304HOT0 Macia

ISO 10 ¢ u300yTaHOM B YyKa3aHHBIX BBIIIC MpEHEIax AWana3oHa TEMIIEPaTyp W WHTEpPBAIa MacCOBOMU
KOHIICHTpAITU{ Macia.

3 2
log v :_Z Z Cij (t/lOO) X
=010 1)

P i IJ'(t/]-OO)i'Xj

j=0

Lo

)

e v— ko3 pUIMEHT KuHeMaTHueckoii BaskoctH, 10 m%/c; t—Temneparypa B C; X —MaccoBas 10151 Macia,
P — naBnenue kunenus B Mma; Cij @ij — K03 GUIMEHTHI TOJTMHOMOB, 3HAYCHUS KOTOPBIX MPUBEACHBI B TA0I. 3.

Tabnmma 3 — Koadduuuentsr ypasaenwii (1) u (2) mst cmecn cmazogroro macina 1SO 10 ¢ m3o0yranom

SHAYUCHUS Cij
Vi 0 1 2 3
0 -0,45194 -0,46316 0,03851 0,11370
1 1,65245 -0,57834 0,67170 -0,66978
2 0,61710 -1,62316 0,94532 0,18673
3HA4YCHHUA ajj
Vi 0 1 2 3
0 0,14888 0,49792 0,69897 0,50613
1 -0,02838 -0,04293 -0,08207 -0,11450
2 -0,11153 -0,43007 -0,58254 -0,35888

PacxokaeHust Mexay MoJIy4YeHHBIMH SKCIEPUMEHTAIBHBIMU JAHHBIMU O BA3KOCTH, a TAK)KE AAaBJICHUU
KHUIIEHUsI cMecH n300yTaHa co cMazodHbM MacioMm 1SO 10, u paccuntanHbIMH 10 ypaBHeHUsM (1) 1 (2)
BEJIMYMHAMH ITOKa3aHbl Ha PUCYHKE 4 U pUCYHKE 5.
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Pucynok 4 — OTKJIOHEHHS! PacCUNTAHHBIX 1O ypaBHEHMIO (1) 3HaYEHHH OT AKCIIEPUMEHTAJIbHBIX JAHHBIX 110 BSI3KOCTH
cMmecu cmazogHoro macna ISO 10 ¢ nzo0yranom
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Pucynox 5 — OTKJIOHEHHUS paCCYMTAHHBIX 110 YPAaBHEHUIO (2) 3HAUEHHUH OT AKCIIEPUMEHTAIBHBIX JAHHBIX 110 JIABICHHIO
KuneHusi cMecu cMazoynoro macia ISO 10 ¢ nzobyranom



3axnouenue

[IpoBeneHb! SKCIEpUMEHTATLHBIE H3MEPEHHS JIABJICHUS KUIICHHS B BI3KOCTH CMECH CMa309HOT0 MacJia
ISO 10 ¢ u3o6yTanom B o6sactu Temmepatyp ot 233 1o 373 K, npu nasnenusx no 1,6 MI1a u maccoBoii gonu
macna ot 0,3 no 0,9. AnnpoxcuManusi SKCHepUMEHTAIbHBIX AAHHBIX 10 JABICHUIO KHIICHHS CMECH, Kak
(hyHKIA TeMIiepaTyppl M €€ MacCcOBOTO COCTaBa, ypaBHeHumeM (1) mpoBemeHa cO CpemHEKBaApaTUIHON
norpenrHocTho 2,0% pu MaKCUMAaTbHOM OTKIIOHEHHH 5,9%. TemreparypHast 1 KOHIIEHTpanOHHAs 3aBUCUMOCTD
KO3 pUIHEeHTa KHHEMATHUECKON BA3KOCTH cMech cMazouHoro macia 1ISO 10 ¢ n300yTaHoM onrcaHa ypaBHEHHEM
(2) co cpennexBapaTHIHBIM OTKIIOHEHHEM 2,0%, a MAKCUMaITbHAS ITOTPEITHOCT cocTaBmia 4,7%. [IpuBeneHHbIe
BBIIIIC KOPPEISIIUOHHBIE 3aBHCHMOCTH IO3BOJISIOT TPOBOAWTH PACYCTHI JIABICHUS KUICHUS W BA3KOCTH
HCCIIETyeMOM CMECH C TOYHOCTBIO, YIOBJICTBOPSIOLIECH HHXEHEPHYIO MPAKTHKY.
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AHHOTAUA

B pabote BBIMONHEH aHAIM3 COBPEMEHHOTO COCTOSIHHS HCCIIEIOBAaHWH, HANPaBICHHBIX Ha COBEP-
LIEHCTBOBAHUE KOHCTPYKIHUU POTOPHO-TLUIACTUHYATHIX KOMIIPECCOPOB AJIA CHIKEHHUS MOTEPh YHEPrUU Ha
MEXAHUYECKOE TpPEHHE. YCTaHOBJIECHBl OCHOBHBIE 3Tallbl COBEPIIEHCTBOBAHUS POTOPHO-TLUIACTUHYATOU
TEXHOJIOTHH KOMIIPUMHpOBaHus padounx Ten. ChopMynupoBaHbl NIPEUMYIISCTBA U HEIOCTATKH HanOoJjee
MEPCIEKTUBHBIX TEXHUYECKUX PEUICHUI.
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Abstract
The paper analyzes the current state of research aimed at improving the design of rotary vane
compressors to reduce energy losses due to mechanical friction. The main stages of improving the rotary-plate
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technology for compressing working bodies have been established. The advantages and disadvantages of the
most promising technical solutions are formulated.

Beeoenue

OnHUM U3 NEPCIEKTUBHBIX HANPABJICHUI B 00JaCTH XOJIOAUIBHOTO KOMIIPECCOPOCTPOCHUS SIBIISETCS
COBEpLICHCTBOBAaHUE U 00JIee MUPOKOE BHEAPEHHE B IPOMBIIIJIEHHOCTh POTOPHO-IUIACTHHYATON TEXHOIOTUI
KOMIIPUMHUPOBAHUS pabo4mX Tesl. POTOpHO-TIACTHHYATBIE arperaTsl OTINYalOTCs MPOCTOTON KOHCTPYKIUH U
TEXHOJIOTHH U3TOTOBJICHHSI, MAJIOW HOMEHKIaTypoii netanei [1-11].

Pa3Butne u coBeplIEHCTBOBAaHHE POTOPHO-TIJIACTUHYATON TEXHOJOIMH YBEPEHHO M IOCTYHATEIbHO
UJET MOCIEAHUE JBa JCCATHUICTHS, ONPAaBAbIBasl UIOAOTBOPHOCTH MPOCTON M TEOPETHYECKH 000CHOBaHHON
KOHCTPYKTOPCKOM uieH, 3anareHToBanHoi B 1848 r. B 'epmanum.

OnHako BMeCTe C MPEMMYILECTBAMH, MALIMHBI TAKOH KOHCTPYKLIHMH UMEIOT U HEAOCTATKH, CACPKH-
BaIOIME MX LIMPOKOE MpUMEHEHHE. | aBHBIN M3 HUX — 3TO BBICOKHE MOTEPHU PHEPIMH Ha MEXaHHYECKOE
TPEHHE YIUIOTHUTEIBHBIX MJIACTUH O CTEHKH IuiauHApa. [lo JaHHBIM MHOTOYMCIEHHBIX HCCIEIOBaHUM
(manpumep, Kaiser m Kruse [12], 1984 1., Aradau u Costiuc, 1996 [13]) mis cMa3pIBaeMBIX MaIlliH TOTEPH
SHEPrU¥ Ha MEXaHW4YecKoe TpeHue MoryT gocturath 30...40% (mpu gacrore Bpamerns potopa 3000 06/muH)
OT MOJBOJMMOM MOIITHOCTH, a JJIsl HecMa3biBaeMbIX MamuH — 60%. [Ipu 5ToM HanOoIbIINe MOTEPU SHEPTUH
Ha MEXaHMYECKOEe TPEHHE COCPEAOTOYEHBI B Iape TPeHus "miiacTuHa-IMIMHAp" U MoryT gocturatbh 90% ot
BCEX MMOTEPh SHEPTUH HA MEXaHUYECKOe TpeHue B cTymenu [10-11].

Btopoii cyiiecTBEeHHBIN HEIOCTaTOK OOMIMH JUIs BCEX POTOPHBIX MAIIMH OOBEMHOTO IMPHHIIMIA
JeHCTBUSI— 3HAUUTEIbHBIC MEPEeTeuku raza B paboueil kamepe, 4TO OJHOBPEMEHHO C TOJOTPEBOM rasa B
pe3yibTaTe TEIJIOBBIICIEHUH CO CTOPOHBI Y3JIOB TpeHHs B paboueil kamepe, OKa3bIBaeT CYIECTBEHHOE
BIMSIHUE HAa JHEpreThdeckue xapaktepuctuku (koddduimment momaum, KIIJ u ap.) crymeHu poTopHO-
IUIacTUHYATOro THIA. Hampumep, B CTyHeHsX ¢ “cyxoit” paboueii kamepoii (1o naHHbM [ 11]) mHAMKaTOpHBIT
KIIJ] moxer mocturats 3HaueHui, paBHbIX 0,3...0,4. CHIKEeHHE BIUSHUS MEPETEYeK Ha dHEPreTHYECKUE
XapaKTePUCTUKHU CTYIEHU POTOPHO-TUIACTUHYATOrO TUIIA BO3MOXKHO ITyTEM JIHO0 YBEIHUEHHS YUCIIA IUTACTHH,
00 yBENMUYEHHS YacTOTHl BpamieHus potopa. OOHAKO 3TH YCIOBHS HEBO3MOXKHO DEaM30BaTh NpPHU
MMEIOLTNXCS 3HAUYEHUSAX MOTeph SHEPrHMHM Ha MEXaHWYecKoe TpeHHe B Mape TpeHHs 'MIacTHHA-IMINHApP',
KOTOpbIE IPAMO MPONOPLUOHAIBHBI YHCITY IUTACTHH U TPETHEH CTEIEHN YacTOThI BPALEHUS pOTOpAa.

B cBs3u, ¢ 4eM A8 YCHEIIHOTO pa3BUTHS POTOPHO-TUIACTUHYATOM TEXHOJOTHH KOMIIPUMHPOBAHUSA U
pacimpeHus padodero Teina, KpaifHe akTyallbHa HaydYHO-TEXHUUECKas poliieMa CHIKEHHS TIOTeph SHEPTUH Ha
TPEHHUE B CTYIIECHH, B TOM YHCIIE HA OCHOBE NPUMEHEHHMS 1 aalTalliy IEPCIEKTUBHBIX TPUOOIOTHYECKHX CXEM.

Hanpaenenus cospemennuix uccie)o6anuil

B nenom ananu3 autepatypsl BBISBUI CIEAYIONIYIO0 3aKOHOMEPHOCTh: aKTUBHOE Pa3BUTHE TEXHOJIOTHU
CO3JIaHMs POTOPHO-IUIACTHHYATHIX KomImpeccopoB B Poccum mpekparminocs B 1980-x romax; B cTpaHax
samagHoi EBponel, B CHIA, B Kutae, lnoHnn m Apyrux, TEXHOJIOTHYECKH IMPOTPECCUBHBIX TOCYyAapCTBax
JIAHHAs! TEXHOJIOTHsI ¢ KOHIa 90-X T0JI0B Mmociie HeOOBIIOTO CIaja aKTUBHO pa3BUBaeTCs (PUCYHOK 1).
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OcHOBHbIC Hay4HbIE HAIIPABJICHHS COBEPIICHCTBOBAHMUSA CTYNEHEH POTOPHO-IUIACTMHYATOrO THIIA
paccmoTpensl Ha pucynke 2 [1-10].

Oxomno 30% Bcex HayYHBIX HCCIIEIOBaHHUN (PUCYHOK 2), B YaCTH CTYNEHEH pOTOPHO-TIACTUHYATOTO
TUTIA HAIIPABJICHBI HA MMOMCK PEILeHHMS ISl CHIDKEHHS MMOTEPh SHEPTHU HAa MEXaHUYECKOe TPEHHE B CTYIICHH,
HaunOoJiee yCIIeIHbIEe U3 KOTOPBIX PACCMOTPEHBI HIXKE.

IlepcnekmueHble mexnoa02uu cO30anus ponopHO-nAACHUHYAMbBIX KOMRPECCOPO8

B 2001 Musa npeayio)kuin KOHIEHIUIO (PUCYHOK 3) IUIACTHHYATOTO KOMITPECCOpa C BPAIArOLTUMCS
rHApoM (mateHt Bbimad B 2007 r.) [3-5, 7, 10].

Jannas xoHIenus Mogudumuposainack B padbotax [14—15]. B pabote [16] mpemiokeHo HCTIONHEHNE
KOHCTPYKUHUH ¥ BBIIIOJHEHO MOZETMPOBAHUE MHOTOIIACTUHYATON MAIMHBI, B KOTOPOH OfHA W3 IIACTUH
poTOpa 3aKperieHa Ha BpaIlAoMIeMcs] HWIMHIPE U TEM CaMbIM CHHXPOHU3UPYET €ro 4acTOTY BpallleHHs U
4acTOTy BpalleHus poTopa. [pyrue miacTuHsl paboTaroT TPagULUOHHO A AAHHOTO Trna MamuH. CoryacHo
pe3yabpTaTaM MOJETUPOBAHUS, aBTOPBI paOoTHI [ 16] 3asBIAIOT O CHIPKEHUH MEXaHU4YeCKOro TpeHus Ha 45%.

TpaauLUOHHBIE
MAGCTUHBI

Berpoennas
B UMAUHAP
nAacTuHa

Pucynok 3 — CxeMa KOHCTPYKIIH POTOPHO-TIJIACTUHYATOI0 KOMIIPECCOPa C BPAIAIOIIUMCS LIIHHAPOM
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Pucynok 4 — KOHCTpyKIIHS pOTAIIMOHHO-TUIACTHHYATOM MamuHbl kKommanuu Torad Engineering

AHanu3 MOKa3bIBaeT, YTO OJHHMM H3 TJABHBIX HEJAOCTATKOB NMPUMEHEHHS TaKOW TPHOOIOTHYECKON
CXEMBI CTYIICHH SIBIISIETCS HEBO3MOXXHOCTh OPraHM3alllH KJIACCHUYECKOTO BBOJIA U BBIBOJIA paboOvero Tena u3
BpallaoIIerocs MWIMHApPa. B 3ToM cirydae OKHa BCaChIBaHUS U HarHETaHHUS MOKHO PEalTU30BaTh TOJIBKO HA
TOPILIOBBIX KPBIIKaX MHJIMHIPA. DTO HEW30EKHO BBI3OBET SHEPreTHUYECKUE MOTEPH BCIICACTBHE MAaJlOW
TUTOINAJM OKOH Ta30paclpelieNieHus] CTYNEHH, YTO MPHUBEJET K YBEIUYECHHIO THAPABIUYECKUX TMOTEPh Ha
BCACBHIBAHMH W HArHETaHWH, a TAK)KE YMEHBIIHT MAaccOBOE HAIOJHEHHe paboyell KaMmepbl ra3oM. Takke
CJIeyeT OTMETHTh, YTO TaKas TPHOOJOTHYeCKas cxema TpeOyeT YCTAaHOBKH Pa3TPy30YHBIX MOJIIHITHUKOB
00J1b1I0T0 pa3Mepa (00ecIeYrBarOIINX BpallleHUEe [UJIMHIPA), KOTOPbIe OYJIYT BOCIPUHUMATL HArPY3KH HE
TOJIKO OT IUIACTHH, HO W OT JaBJIeHHWs Ta3a B pabodell kamepe, a MeXaHMYECKHe TOTepU Ha TPEHHUE
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Pa3rpy30uHbIX NOMIUIIHUKOB, YIUTBIBAS pa3Mephl LWIMHAPA U HECKOMIICHCUPOBaHHBIE ra30BbIe CUIIBL OYIyT
CPaBHHUTEIBHO BHICOKUMHU.

B 2008 rogy Kemp [17—-19] npeanoxui HOBYIO KOHIICTIIIUIO pealin3allii TPUOOJIOTHYCSCKONH CXEMBI
CTYNEHH POTOPHO-TIACTUHYATOrO THMA (PHUCYHOK 4), KOTOPYI akTHBHO peanu3yeT kommanusi Torad
Engineering (USA).

OCOOEHHOCTh KOHCTPYKLIMM COCTOMT B TOM, YTO IIOJIOKEHHE BPALIAIOLIMXCS BMECTE C POTOPOM
NpOQUINPOBAHHBIX IUIACTUH KOHTPOJMPYETCS SKCUEHTPUKOBBIM KYJIauyKOM, KOTOPBI TMOAJICpKUBAET
MIOCTOSIHHOE, OJM3KOe K HYJI0, PacCTOSIHUE MEXAY MJIAaCTUHAMU M IOBEPXHOCTHIO LMIMHIpa. OCHOBHOE
npenmMyIecTBo [19] Takoro pemeHust 00yCIOBIEHO TeM, YTO TPEHHE CKOJBKEHUS MEXAY YIUIOTHHTEIHHON
IUTACTUHOM W LWIMHAPOM, 3aMEHSETCS] Ha TPEHUE MEXIY IUIACTHHOW M SKCUEHTPUKOBBIM KYJIa4KOM Ha
CPaBHHUTEIBHO MajJOM paAWyce, YTO MPHUBOAUT K CYIIECTBEHHOMY CHW)KCHHIO IOTEPh SHEPrud Ha
MEXaHHUUYECKOE TPEHUE B CTYINEHH. TEeIUIOBBIAEICHUS OT CHJI TPEHHUs YIUIOTHUTENBHBIX IUIACTUH O CTEHKY
UWINHIPA BEIHOCATCS 3a NpeAesbl pabodell KaMephl, UTO CHIDKAET MOJ0rpeB padoyvero Teja Ha BCACHIBAHMUM,
MOBBIIIAS SHEPTETUUECKUE XapaKTEPUCTUKN KOMIpeccopa.

B nHayunyro xomanny komnanmu Torad Engineering Bxomst Kemp, Garrett, Bradshaw, Groll, Orosz.
OCHOBHO#1 IPOrpecc B pa3BUTUHU AAHHON TEXHOJIOIUH, 10 yTBEPKACHUIO KOJUIEKTHUBA YYEHBIX, ObUT JOCTUTHYT
nocie BBeAeHUsT Orosz, YCIOBHOTO 4uclia ZSOro, KOTOpOE SIBJISICTCS OTHOIICHHEM TOTeph SHEPIHH Ha
MEXaHWYECKOE TpPEHWE IUIACTUH O CTEHKY NHWJIMHIApa K MPOW3BOAMTEIBHOCTH cTymeHu [17-19]. Dror
KpUTEpU TO3BOHI “TPpy00” cPOpMyIHpOBaTh OCHOBHBIE TPEOOBAHUS K HANIPABIEHHOCTH HAYYHBIX YCHUIIHN
JUISL CO3aHUs CTYIECHEH POTOPHO-IUIACTMHYATOTO THIA C MEPCIEKTUBHBIMU XapaKTEPUCTHKAMHM: TEpCIeK-
TUBHBI TAKUEC TpI/I6OJ'IOl"I/I‘ICCKI/IC PEeIICHUA, KOTOPBIC MMO3BOJIAT YBECJINYHUBATH MIPOU3BOJUTCIIBHOCTU CTYIICHU 3a
CUeT yBeIWUYEHHUS pa3MepoB U (WiH) OBICTPOXOTHOCTH MAIIMHEI, TIPYU 3TOM, HE CHIDKas, a MOXET ObITh U
yBennuuBas mexannueckuit KI1J{ crynenn; mubo npu Tex sxe pasmMepax ¥ ObICTPOXOTHOCTH CTYTIEHH MTO3BOJIST
CYIIECTBECHHO COKPATUTDH IMMOTCPU SHCPIrUr HAa MEXAHUYCCKOC TPCHUEC B CTYIICHU.

Bonpmoit 00beM HaydHBIX HCCIENOBAHWA MO COBEPIICHCTBOBAHHUIO JAHHON TEXHOJOTHH CHIDKEHUS
TPEHUS MO3BOJIMII O0ECIEUNUTh XapaKTEPUCTUKU 6-TO TOKOJEHHS MAIIMH POTOPHO-IUIACTHHYATOrO THIA
KOHKYPCHTHBIC C XapaKTCPUCTUKAMU MAllIUH CIIMPAJIbHOTO THIIA. Ha I[aHHI:Iﬁ MOMCHT YK€ CO3aH INPOTOTHUIT
MaIlIMHBI 7-T0 TokoJieHus (u3 gokiuana [20]).

Kputnueckuii aHanu3 BBIBUJ CIEAYIOLIME HEOOCTATKU JUisl IpenjokeHHod Kemp xonuenuuu
TPHOOJOTHYECKON CXEMBI CTYIICHH POTOPHO-TIACTUHYATOTO THIIA!

— CJIO)KHOCTb U MCHbIIAA TCXHOJOTHMYHOCTb KOHCTPYKIHHU, TaK KaK Tpe6yeTC5{ MMPUMEHCHHUE OOII0JI-
HUTEJIBHBIX CJIOXKHBIX 10 KOHCTPYKIKH 3JIEMEHTOB HE CBOMCTBEHHBIX IUIACTHHYATHIM MALIMHAM;

— Takas TpUOOIOrMYeckass cxema IO03BOJISIET Pealn30BaTb B KOHCTPYKIMH CTYIEHH TOJBKO JBE
TUTACTHHBL, YTO TPeOYyeT HAMYHS KJIalaHOB CUCTEMBI Ta30pacrpe/ieieHus. ITo, KaK W3BECTHO, CYIIECTBEHHO
CHMYKAeT HaJIe)KHOCTh U JIOJTOBEYHOCTH cTyneHH. Kpome Toro, Hanu4ue KianaHoB MPHUBOIUT K ITyJIbCALIHSIM
rasam, 4To TpeOyeT NpUMEHEHHs JeMyIbCaTopOB.

B 2018 rogy OOi u Shakya [21] mpeacTaBuiu HaydHOMY COOOINECTBY TPHUOOJIOIMUYECKYHO CXEMY
CTYTIEHH POTOPHO-TUTACTHHYATOTO THIIA CO CABOCHHOU TUTACTHHOMN (PUCYHOK 5).

OkHo
BCACHIBAHUA

Monocts
HArHeTaHUS

Beaywan A
nAGCTHHA

Awamerpansmsiii
nasporopa

3apHnan
nAAcTHHA

. HenopsuxHbiit
UMAMHAP

Pucynok 5 — KoHCTpyK1iHs pOTalMOHHO-TUIACTUHYATON MAIIMHBI CO CIBOCHHOM IIACTUHOM

B oTimune ot Bcex ApYyrux CTyneHeﬁ POTOPHOIO THUIIA, JOCTYIHBIX CETOAHA, CTYIICHb CO C,Z[BOCHHOfI
IUIACTUHOM ITO3BOJISIET 00ECIIEUNTh CaMble KOMIIAKTHBIE pasMEPkI. 910 JOCTUTACTCA 3a CUHET TOI'O, UTO JIOIIACTH
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pacronararTcs JHaMeTPaIbHO H TPOXOJIAT Yepe3 CKBO3HON THUaMEeTpalbHBIN 11a3 B pOTOpE, YTO MO3BOJISET
(U3NYECKH pea30BaTh 3HAYUTENHLHO OOJBIIME DKCIICHTPUCHTETH (a2 3HAYUT W IMPOU3BOIUTEIHHOCTH
pabodyeil kamepbl B TEX XK€ TabapUTHBIX pa3Mepax) B CPaBHCHHU C TPAJAMIMOHHON CXEMOH CTYICHH.
[IpenBapurenvHble UccieaoBanus [9, 22—-23] moka3anu, 4To Takas TpUOOJIOTHIECKast CXeMa UMEET OOJIBIION
MTOTEHIINA JUTI yMEHbIIeHn (PU3MIeCKruX pa3MepoB cTyrnenn (He MeHee ueM Ha 40%).

OnHako Takas TpHOOJIOrHYECKas CXeMa CTYNEHH MO3BOJISIET MPUMEHUTH TOJBKO JIBE TUIACTHHBI (HITH
OJIHY CABOEHHYIO), YTO TpeOyeT MPUMEHEHHUS KIIAIIaHOB B CUCTEME Ta30paclpeieieH s CO BCEMH H3BECTHBIMHU
HepocTaTkamMu. KpoMe TOoro, MOBBINICHHWE DHEPreTHYSCKUX XapaKTEPUCTHK CTYNEHH ITyTeM YMEHBIICHHSI
yucia IJIACTUH W YBEJIMYCHUS TPOU3BOJUTENHLHOCTH CTYNEHH PE3KO YXYAIIaeT APYrod BaKHEHIIWit
MOKa3aTellb, ONPEICIISIONINN SJHEPTETUYCCKIE XapaKTCPUCTHKY CTYIICHH — IIepeTeuku raza. CieayeT 0)KuaaTh
0OJIBIIUX MOTEPh PHEPTUU 33 CUET MEPETCUEK Ta3a, YUYUTHIBAS CPABHUTEIHLHO OOJIBIINE IUIOMAJA TOPIICBBIC
3a30poB (HAWOONBIINK BKJIAJ B MEPETCUKH BHOCAT MMEHHO TOPIICBBIC NEPETEUKH) M OOJBINION Teperan
JABJICHUS HA IJIacTUHE. B CB3U, C YeM MOXXHO IMPOTHO3MPOBAThH IMEPCICKTUBHOCTh MPUMEHCHHS TaKHX
CTYIIEHEH POTOPHO-IIACTUHYATOIO THITA WCKIIOYHMTEIBHO IS MAJIbIX CTCIICHCH TOBBIINICHUS IaBICHUS B
paboueii kamepe.

3axnrouenue

AHanmu3 COBPEMEHHOTO COCTOSHHS HCCIEIOBaHUH B 00JaCTH POTOPHO-TIACTUHYATON TEXHOJOTHU
KOMIIPUMHPOBaHHs pab0OYMX TEN BBISBHI CYNICCTBEHHBIC TEXHHKO-DKOHOMHYECKHE MPEIOChUIKH K Oonee
NIMPOKOMY BHEAPEHHIO TAKOTO KJIacca MaIlluH MPOMBINUICHHOCTD, B TOM YHCJIE B XOJOAUIBHYIO TEXHOIOTHIO.
B nocnennue 10 et HaOmomaeTcsl 3HaYMTEIbHAS AKTUBU3AILMSA HAYYHO-TEXHHMYECKUX PabOT 1O HCCIeIo-
BaHUIO U CO3OaHUA POTOPHO-IUIACTHMHYATBIX MallWH C TMCPCIICKTUBHBIMU SHEPTCTUYCCKUMU XapaKTCPUC-
TUKaMH, HE YCTYMAIOIIMMHU CIIUPATbHBIM W BHHTOBBIM KoMIpeccopaM. Haubosee 3HaYMMbIe TEXHUYCCKHUE
peleHns, CIocOOCTBYIOMINE PA3BUTHIO POTOPHO-TUIACTUHYATONW TEXHOJIOTHH CXKaTHSA Ta30B, NMpPUHAIEKAT
crenytomumM uccnenosatensm: Musa (2001 r.), Chang u Wei (2004 1), Oii (2014 r.), Kemp (2008 r.), OOi n
Shakya (2008 r.).

BhIMONHEH KPUTHYECKUN aHANHW3 MPEINIOKEHHBIX TEXHUYECKUX PENICHUH, CHOPMYIHPOBAHBI HX
NpeuMylIcCTBa U HEAOCTATKU. O603Ha‘-ICHI>I HaIrpaBJICHUA IlaJ'[I:HeﬁHIHX I/ICCJICI[OBaHI/II\/'I AJIs1 COBEPUICHCTBO-
BaHUA pOTOPHO-IUIACTUHYATBIX MalllH.
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OCOBEHHOCTH OBOCHOBAHMS CXEMHBIX PEHIEHUH ITPU
MMPOEKTUPOBAHUUM CUCTEM TEILTO- U XOJOJOCHABXEHUS ITPEJINPUATHIA
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AHHOTAUA

B pabore npencTaBiieH CHCTEMHBIN MTOJIX0]] K pEaIN3alliH MPOIEcca ONTUMAILHOTO TPOSKTHPOBAHUS
CUCTEM TEIUIOXOJIOAOCHA0XKEHHS MPOMBIIIICHHBIX mpennpustuii. CHopMUpOBaHBI OCHOBHEIE 3Tallbl MPO-
1ecca MoUCKa CXEMHBIX PElIeHUH ¢ ydeToM TpeOOBaHWN TEXHOJIOTHYECKOTO PEryiaMeHTa, SKOJIOTHH, 0e30-
nacHOCTH U 3()(PEKTUBHOCTH 3KCIUTyaTallid XOJOJHUILHOrO 000pymoBaHus. B Xome moucka onTHMaibHBIX
TEXHUUYECKUX PEIEHUI MpenaraeTcsi yYUThIBATh W3MEHEHHE XapaKTePUCTUK 000pYAOBaHUS NpU Tepe-
MEHHBIX YCIIOBUSAX IKCILIyaTall|H.
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PECULIARITIES OF JUSTIFICATION OF FLOW DIAGRAM SOLUTIONS IN
DESIGNING OF HEAT AND COLD SUPPLY SYSTEMS OF ENTERPRISES
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Abstract

The paper presents a systematic approach to the implementation of the process of optimal design of heat
and cold supply systems of industrial enterprises. The main stages of the search for circuit solutions are formed
taking into account the requirements of technological regulations, ecology, safety and efficiency of operation
of refrigeration equipment. When optimizing technical solutions, it is proposed to take into account the change
in equipment characteristics when operational conditions change.

Beeoenue

[IpoexTrpoBaHue NpenNpUsSTHH B HACTOAIIEE BpeMs TpeOyeT CHCTEMHOTO MOAXO0Ja MPU CKOOp-
JUHUPOBAHHBIX JEHCTBUAX IO BCEMY KOMIUIEKCY HIKETIEPEUNCICHHBIX IPOOIIeM:

— (hopMHpOBaHHE CTpaTeTWH MEpexo/la Ha HKONOTHYecKHW Oe3omacHble W APQPeKTUBHBIE pabdourne
BEIIECTBA C YYETOM TEXHHKO-IKOHOMHUECKUX M AKCILTYyaTallMOHHBIX OCOOCHHOCTEH;

— (hopMHpOBaHKE CTPATETHI TEXHUYECKOTO IIEPEBOOPYKEHHUS 0OBEKTOB 32 CUET HCIOIH30BAHMSI HOBOT'O
XOJIOAWIBHOTO 000PYAOBAHHUS, CPECTB KOHTPOJIS, 3AIUThI, AUATHOCTUPOBAHUS, MOHUTOPHHTA, YIPABICHUS,;

— (opMHpOBaHHE HOBBIX CXEM XOJOJOCHAOKEHHS, OOECICUMBAIONINX BBICOKHH YypoBeHb 3(ddek-
TUBHOCTH M 0€30MaCHOCTH IKCILTyaTalluy P MUHUMAIBHOW BMECTUMOCTH Pa0OYHX BEUICCTB.

Obvexkmut u Memoobl UCCIE)O6AHUA

[Ipu npoBeneHnn onpeneneHHOW padoThl 0 MOAEPHU3ALUH XOJIOAWIBHOTO 000PYIOBAaHUS U COBEP-
HICHCTBOBAHHMIO CXEMHBIX PEIICHUH BO3MOXKHO CYIIECTBEHHOE MOBBIICHHE 3PPEKTUBHOCTH U OE30aCHOCTH
SKCIUTyaTallui, MUHAMHU3aIK 00beMa BEIOPOCOB aMMHuaka (Kak oJHOro 13 Haubosee 3 PEeKTUBHBIX PadOInX
BEIIECTB) U IPYTHX XJAJareHTOB B aTMOCQEPY 3a CUET:

— pa3pabOTKH METOIOB ONITUMATIBLHOTO MPOSKTHPOBaHUs cucteM [ 1-6];

— HCIIOJIb30BAaHUSI CXEM M CIHOCO0OB DEryJIMpOBaHMs TPU OTKa3ax OT cTaOWiIM3aluu JaBlCHHS
koHgeHcanuu [7-9];

— palMoOHaJIBLHOTO BBIOOpa CIIOCOOOB OTBO/A M YTHIM3ALMH TEIUIOTHl KOHJICHCALIUH XJIa1ar€HTOB;

— COKpalleHusi 00JacTH NMPUMEHEHUsT HACOCHO-IMPKYJSIIMOHHBIX CXEM IPH BBEACHUH JIOKAIbHO-
LUPKYJISLUOHHBIX KOHTYPOB;

— HCHOJB30BAaHUS KOMOMHHPOBAHHBIX SHEPreTHUECKHX LHUKJIOB C Pa3IMYHBIMHM XJaJareHTaMu MU
XJIaJIOHOCHUTEIISIMH IIPUPOTHOTO MPOUCXOXKIeHus [5, 8, 10];

— MpPUMEHEHUs] coBpeMeHHbIX cpencTB [1A3, cpeacTB KOHTpOJS M yNpaBleHUs], KOHCTPYKTHUBHBIX U
CXEMHBIX PEIICHHUH.

Br16op Tuna cxem 6azupyercst Ha OCIe0BaTETLHOM IMITUPUKO-IBPUCTHYECKOM aHAITU3E PE3YJIbTATOB
MpeBapUTENbHBIX HCCIICOBAHUN U CIEAYIONINX XapaKTepPUCTUK POU3BOACTBA (00HEKTa):

— THIIa IPOU3BO/ICTBA (00BEKTA);

— TETUIOPHU3NUECKUX CBOIMCTB, MaCCOBBIX PAaCXOJ0B M JUAaNa3oHa TEMIIEPATYp OXJIaXIaeMbIX IOTOKOB;

— TpeOOBaHUI 10 HKOJIOTHH M 0€30MIACHOCTH pa0dOUMX BEIIECTB MPOU3BOJICTBA;

— THIIA KOHJICHCATOPOB, KOHJEHCATOPOB-UCTIAPUTENICH, OXJIaXKJAI0INX YCTPOMCTB U MOTpeOHTeNeH Terua;

— CTEIEeHU arperaTupoBaHus XOJOAUILHOTO 000pyI0BaHuS;

— PACCTOSHUSI OT KOMIIPECCOPHOM CTAHIMH JI0 MaKCHMAIILHO YIAJIEHHBIX MOTpeOuTeNeil Xonoaa 1mo
OTJCTBHBIM TEMITEPAaTypaM KHUTICHHS.

ANTOpUTMBI BBIOOpA CXEM M XJIJIar€HTOB PEATM3YIOT MPOBEPKY YCIOBHM COOTBETCTBHSI XapaKTEPHCTHK
MPOW3BOJICTBA TOM WM MHOW CXeMe XJIaJ0CHAOKEHHUS C y4eTOM TEXHHKO-D)KOHOMHYECKUX IoKazarened. OTn
ycioBust (QOPMHUPYIOTCS 10 pe3yJibTaTaM IpeBapUTELHBIX IPEIPOCKTHBIX ONTUMH3AIIMOHHBIX UCCIIEIOBAHHI.

Ananu3 3QQeKTUBHOCTH HCIOIB30BAHMS PA3JIMYHBIX XJIaJareHTOB YKa3bIBaeT, YTO MPH TEMIIepaTypax
kurieHusa te> — 35°C 3¢hekTHBHOCTh aMMHAYHBIX YCTaHOBOK IpEBbIMACT 3((HEKTUBHOCTH YCTAaHOBOK C
WCTIOJIb30BaHNEM (PEOHOBBIX, YTIIEBOJAOPOAHBIX U YTIIEKUCIOTHBIX ycTaHOBOK [11]. Beimomnenue tpebo-
BaHUI TEXHUKH 0€30MIaCHOCTH M yTHIIN3AIHSI TETUIOTHI IPU 3TOM JOCTHTaeTCsl:

— MCIIOJIb30BaHUEM KHUIKUX XJIaJOHOCHUTENEH;
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— HCIHOJB30BAaHMEM TEIUIOBBIX HACOCOB WJIM KOTENbHBIX (I craOuwin3aluu IapameTpoB
TETUTOHOCUTEJICH );

— UCTIOJIb30BaHHUEM CHCTEM C COBMEILICHIEM aMMHAYHBIX 00PATHBIX U MIPSIMBIX YTJIEKUCIOTHBIX [IUKIIOB.

[Ipencrausiercs, YTO OJHUM W3 METOAOB HOBBIIICHUS 3PPEKTUBHOCTH CHUCTEM TEIUIO- U XOJOI0-
CHaO)XE€HUsI OOBEKTOB SIBIISIETCS MCIOJIb30BAaHUE AMOKCHIA YIJIEpOla, YeMy CHOCOOCTBYIOT €ro TeIuio-
(hu3uIecKue CBOMCTRA:

— paborTa B IIMPOKOM Juamna3oHe temmepatyp (10 munyc 55°C u Hike);

— BBICOKOE 3HaUYCHHE 00BEMHOM XO0JI0I0PON3BOANTEILHOCTH [10];

— OH SIBJISIETCS. KOMIIOHEHTOM IIPUPOIHOTO rasa;

— Haunny4mye sxkonorndeckue nokazarenu (TEWI u [1I'TT);

— He TOKCHYEH, HE TIOACP/KUBACT TOPEHUE U T.1.;

— HE B3pBIBOONACEH; OTCYTCTBYET KOPPO3HOHHAS aKTUBHOCTH;

— HE SIBJIAETCS DIIEKTPOIPOBOAHON CPENOM;

— IUBIIEKTPUYECKas MPOHUIIAEMOCTh paBHa 1.

Ocoboe BHUMaHUE yIeNsAeTcsl B HACTOSIIEE BPEMsI BO3MOXKHOCTH HCIIOJIb30BaHHUSA CHCTEM C COBME-
LIEHUEM OOpaTHBIX U HPSAMBIX SHEPreTHYECKUX LUKIOB (aMMHAK—IUOKCUA YIJepoa), KOraa MpUMeHEeHue
AUOKCHOa yTrJjiepoJa B IPAMOM LHUKIIC IO3BOJACT HUCIIOJIB30BATH €ro IMPU HU3KUX JABJICHUAX JISI OTBOJA
TEIUIOTHI OT MmoTpeduTeneit (cMm. pucyHok 1). Takoe perieHne crmocoOCTBYeT CHH)KEHHIO BMECTHMOCTH TIO
aMMHaKy WM HOBBILICHUIO O€30MaCHOCTU CHCTEM (IPU 3TOM HOSBIISIFOTCS AOIOJHUTENbHBIE HEOOpaTHUMBbIE
MOTEpU B KOHJCHCATOPE-UCIIApUTEIIE).

BCTOMOSAMOILH b
AU WU
{dnm ommainu)

PI/ICYHOI( 1- COBMGH.[eHI/Ie O6paTHOl"O AMMHUAYHOT'O U IPAMOT'0 IMOKCUAHOTO ITUKIIOB:
to* — TEeMIICPATypa KUIICHUA aMMHUAKa B KOHACHCATOPC-UCIIAPUTECIIC, tK* — TeMIICPATypa KOHJACHCAIITUN aMMHUaKa

OHepretndeckass 3()(QEKTUBHOCTb CXEM XOJIOJIOCHAOXKEHHs B 3HAUMTENIBHOW CTENEHH ONpenessercs
COBEPIIEHCTBOM KOMIIPECCOPHOTO U KOH/IEHCATOPHOTO 000pyA0oBaHwMsL. [Ipy HCIIOIh30BaHIN BUHTOBBIX KOMITPEC-
COpPOB PEKOMEH/TYIOTCSI CXEMBI C SKOHOMaH3epaMH, a TIPH UCTIOJIL30BaHUH [IEHTPOOEKHBIX KOMITPECCOPOB — JIBYX
WM TPEXCEKIMOHHOE HCTIOJTHEHHE CO CPEICTBAMHU ONITHMAIIBHOTO A/IAITUBHOIO YIPaBJICHHS.

Konnencaropsl o snepreruueckoi 3pGeKTHBHOCTH MOXKHO PaHKUPOBATh B CIIEIYIOLIEM MOPsIIKE:

— UCTIapUTeNbHbIE KOHIEHCATOPBI;

— BO3/1yILIHBIE KOHJIEHCATOPHI C IPEABAPUTEIbHBIM YBIAXXHEHUEM BO3lyXa M OTKA30M OT CTa0MIN3aMN
JaBJICHUS KOHACHCALNH;

— BO3JIyIIHBIE KOHJIEHCATOPHI C OTKA30M OT CTaOMIM3alny JaBieHus KoHaeHcannu (0e3 yBIaKHEeHUs
BO31IyXa);

— KOHJICHCATOPHI BOJASHOTO OXJIAXKICHUS;

— BO3IYIIHBIE KOHJEHCATOPHI IPH CTAOMIIN3AIMN AaBJICHUS KOHCHCAIIHNY.

Hcnonp3oBanne BOABI B PAa3NMYHBIX THUIAX KOHIEHCATOPOB MPHBOAWUT K TOBBIIIEHUIO 3KCILIya-
TAIMOHHBIX 3aTPaT, 0OYCIOBJICHHBIX BOJOMOJIIOTOBKOW, N3MEHEHHEM TEPMUYECKUX TOKa3aTesel, mpobie-
MaMH C HUPKYJISALIUEN BOABI, "MPOAYBKaMH", pELIUPKYIIALNEN BO3LyXa U JIp.

Kak moka3spiBatoT pe3ysbTaThl YHCICHHBIX HCCIe0BaHul, Harbomee 3 (HEeKTHBHBIMH MPH BIAYKHOCTH
Bozmyxa <80% SIBISIIOTCS WCIIOJIHCHHS amiapaToB, COBMENIAIOIINE B ceOe TOCTOMHCTBA BO3AYIITHBIX H
BOJISIHBIX KOH/IEHCATOPOB (MCHapUTENbHbBIE U BO3AYIIHbIE C IPEABAPUTEIHHBIM YBIAXKHEHHEM BO3/yXa).
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VuuThIBas pe3yJbTaThl aHATHM3A PA3IMYHBIX UCCIICIOBAHUIN U KIMMATHIECKHE YCIOBHS (TIPH BBHICOKOM
BJI&)KHOCTH BO3/[yXa), MPEUIaraeTcsi CIOIb30BaTh KOHICHCATOPI BO3IYIIHOTO OXJIAXICHHUS C OTKa30M OT
CTaOMIM3AIMK JaBJIEHUs. KOHIEHCAI[MH, YTO JAeT BO3MOXKHOCTh YHTH OT 3KCIUTyaTallMOHHBIX IpoOIeMm,
CBSI3aHHBIX C MCIIOJIb30BAHUEM BOJIbI, COKPATHTH SHEPro3aTPaThl 38 CYET MOHOTOHHOT'O CHUYKEHHMS JTaBJICHHSI
KOHJICHCAIINY BCJIE]T 32 TIOHMKEHUEM TEMITEPATYPhI OKPYKAIOIIEr0 BO3/yXa (BIUIOTH JI0 MOJHOTO OTKIFOYEHHS
KoMIIpeccopa mpH to>ty).

PacueTHOe JaBlieHHE KOHEHCAIMH TIPH UCITIOJIB30BAHMH BO3IYIIHOTO KOHAEHCATOPA ONPEAENIACTCS 110
pacueTHOM TeMIIEpaType HapyKHOTO BO3ILyXa:

tup = tep + 0,25y 1)

rze e, — cpeaHeMecIYHOe 3HaUeHHE TeMIIEpaTyphl CaMOro TEIJIOro Mecsla,

tav — TEMIEpaTypa abCONMOTHOTO MAKCUMYMa.

[pu skcmTyaTauy KOMIPECCOPHOTO 000PYIOBaHMUS B CXEMaX C CIIAPUTENbHBIMU KOHACHCATOPaMH U
KOH/IEHCATOPaMM BO3IYIIHOTO OXJIAXACHUS IOSBISETCS BO3MOXKHOCTh PETyJHPOBAHUS Kak CTCIEHU
MOBBIILIEHHS AABJICHUS OT PACUETHOI0 3HAYEHU 10 3HaYeHUH nk <1 (Tepes OTKIII0YEeHHUEM KOMIIPECCOpa), TaK
" IMPOU3BOJUTCIIBHOCTHU. O‘IGBI/IILHO, YTO IpH TCKYIIEM 3HAYCHUH TEMIICPATYpPhbl BO3JyXa IMOABJIACTCA 30HA
BO3MO>KHBIX 3HaUEHUH Tk, KOTOpast ONpeeIIIeTCs XapaKTEPUCTUKOM KOHIeHcaTopa. B 3ToM cityuae Bo3MokeH
MONCK ONTUMAJIBHOTO 3HAYCHUS Tk, KOTOPOMY OyJIeT COOTBETCTBOBATh MUHUMYM 3KCILUTYaTAallMOHHBIX 3aTPaT
B TCKYHII/Iﬁ MOMCHT BPEMCHHU. OCHOBHBIM OIrpaHUYCHHUECM B 3aJavdaxX ONITHUMAJIIBHOI'O PETYJINPOBAHUS ABJISACTCA
MUHHMAJIBHO JJOMYCTHUMOE JaBjicHHE HarHeTaH!s (€M OHO CYIIECTBYET B 000CHOBAHO).

Uro xacaeTcsi KOHACHCATOPOB C BOASHBIM OXJa)KACHHEM, TO MUHMMAJbHOE 3HAYEHUE TEMIIEPaTypbl
BOJBI B IpPaJUpHE 3aBHCUT B MEPBYIO OUYEpelb OT 3HAYEHUN TeMIepaTypbsl Mokporo tepmometpa u K.IL .
rpagupan. C yuetom m3menenus K.I1.JI. rpamupHu Temmeparypa BOABI Ha BBIXOJE MOXET KojeOaTbcs B
JUana3oHe 3Ha4eHUN!

twl = tMT + AtW(l/nrp - 1) (2)

Crnenmyer OTMETUTH, YTO BO3MOKHOe n3MeHeHue ypoBHs K.IL.JI. rpamupan 00ycnoBieHO CHMKEHHOM
CIIOCOOHOCTBIO BO3/{yXa C BHICOKOH BJIQXKHOCTBIO K aCCUMHJISILIUK TOMOJTHUTENBHOHN BlIaru, 00pa3oBaBLIeHCs
B pe3yJbTaTe UCIapeHHs YaCTH OCHOBHOTO IOTOKa BoAbL. [Ipy HauaibpHO BIaxkHOCTH Bo3myxa >80% ypoBeHb
TEeMIIEPaTyphl KOHACHCAIIUU MOXKeET MOBBICUTHCS 110 40...45°C.

CymiecTBeHHbIE MPOOJIEMBI BO3HUKAIOT MPH (HOPMUPOBAHUM CHUCTEM HH3KOIOTEHIIMAIBHOTO TEIIO-
cHaOxeHwUs (MPOBE/ICHNE OTTANKU MTOBEPXHOCTH OXJIAXKIAIONINX MPHUOOPOB (BO3MYyX00XIIaUTENEH), 000TpeB
MOJIOB, TMOJIOTPEB BOJBI JUISI TEXHOJOTHYECKUX HYKA Jp.). C 3TOH 1enbio B JEHCTBYIONIMX MPOEKTaX C
WCTIOJIb30BaHUEM JTUOKCHJIA YTIIepoJa BBIEISIOTCS CleUalbHbIE JONOIHUTENBHBIE TPYIBI KOMIIPECCOP-
HOTO TETJIOHACOCHOTO 000pPYJOBaHUs, UYTO MPUBOAUT K CYIIECTBEHHOMY IOBBILIEHHIO SHEPrONOTPEOICHNS U
croumocTu obopynosanus. [Ipencrasisercs, yTo B 3TOM ciydae Oojee pPalMOHAIBHO HCHOJIb30BaTh
(YyTHnM3MpOoBaTh) TEIJIOTY MEperpeBa W KOHCHCAIIMM aMMHaKa C MOMOIIBI0 BCIIOMOTATEIbHOTO YTIIEKUC-
JIOTHOTO MPSMOr0 IMKJIa COIJIAaCHO NpeAcTaBlieHHOH cxeme (cM. pucyHok 1). Ilogaya >xuakoro nuokcuaa
yriepoja B reHeparop napa (yTHIM3aTop) OCYIIECTBIISIETCS C IOMOIIBIO OTAEIBHOTO0 HACcOCa, YTO MO3BOJISET
CHHM3HTH YPOBEHb SHEPTronoTpedIeHus (CM. pUCYHOK 2). DHepreTrdeckas 3pQeKTHBHOCTh YCTAHOBKH B 3TOM
Cllydae OIpeJelsieTcs IIaBHBIM 00pa3oM ypOBHEM 3HEPronoTpedIeHns] aMMUAYHOTO 0OPAaTHOTO IHMKJIA.

pamperi
Y g(mpau[mﬂ::r

nompedumeny xonoda

¢

om komnpeccopod NH;

Pucynok 2 — @parmeHT 00BsS3KH 000pyI0BaHUS BCIIOMOTaTEIBHOTO MPSIMOTO LKA
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[lowick ONTHMAaNBHBIX CXEMHBIX PEIIEHHH JJOJDKEH OCYIIECTBISTHCS C yYeTOM OcoOeHHOCTeH
JKCIUTyaTallid CHCTEMBI B TE€YEHHE rojia. B 3ToMm ciydae 3amada ONTHMaiIbHOTO MpOeKTUpoBaHus [1] mpu
3aJIaHHBIX MCXOJHBIX JaHHBIX W TPeOOBAHUSIX TEXHOJOTMYECKOTO PErJIaMEHTa CBOJUTCS K JOCTHIKECHUIO
YCJIOBUS MaKCUMU3AIMK YUCTOTO TUCKOHTUPOBAHHOTO JIOXOA:

max YJIJT (X1, X2) (3)

rae X1 = X1(Atmax”, Atoc®”, Atii”, to”, Wi") — BEKTOp mapaMeTpoB pacueTHOTO PEKMUMA Ha CTAIUHU TT0A00pa
000pyIOBaHMUS;

X2 = X2(Atmax ¥, Atoci¥, Atyij, toj, Wij) — BEKTOp HapaMeTpOB ONTUMH3ALMH B IIPOLIECCE SKCILTyaTaLMH.

IIpu 3TOM BBITONHEHHE TPEOOBAHHI TEXHOJOTHMYECKOTO PEriiaMeHTa B KaXIbIH OTPE30K BPEMEHHU
JOJKHO OCYIIECTBIISTHCS MPU YCIOBUH JOCTH)KEHHSI MUHHMYMa JKCILTyaTallMOHHBIX 3aTpar.

JlaHHasi 3aj1a4a pemiaeTcsi ¢ MCHOJIB30BAHUEM METOJIOB HEJIMHEWHOro MpOorpaMMHUpPOBaHUs (MeToza
"CKOJB3SAMIET0 JO0ITycKa" C YIeTOM OTpaHNYEHUIl Ha OTJENbHbIE TapaMeTPhl CHCTEMBI).

[Ipu koHeuHo¥l Temmeparype oxnaxaaemout cpensl —25...—35°C > twow > —50°C BcTaeT Bompoc o
LEeNIeCO00PAa3HOCTH UCTIONb30BaHUS KaCKAIHBIX YCTAHOBOK (CM. PUCYHOK 3) ¢ MHMBUAYaJIbHBIMU PaOOYUMH
BEIIECTBAMH B KaXKJOW YacTH Kackana (aMMHaK — JUOKCHJ YIiiepoia). DTH TEXHWYECKHUE PEIICHHsS YyiKe
JOCTAaTOYHO HM3YYCHBI, 3HAUUTECIHHOE KOJMYCCTBO PEaM30BAHHBIX KPYMHBIX MPOCKTOB C UCIOJIL30BAHUEM
kackagHbix cxem (R717-R744, R717-R170 u ap.) yka3piBaeT Ha JOCTUTHYTHIEC YCIIEXH B 3TOM HAIIPABIICHUH.

Pucynox 3 — Kackaausiii xonoamibHbiil muki (ammuak — CO»): abcd — BciomorarenbHbIi MpsMOi MUK (It OTTaRKH)
Ha AuOoKcuje yrieponaa; [ ’2’°3°4’ — oOpaTHBIN MK HA TUOKCHIIE YTIIepoa

Hcnonb30BaHue CMECEBBIX COCTABOB B TOM cilydae TpeOyeT NeTaTbHOr0 TEeXHUKO-IKOHOMHYECKOTO
obocHoBaHus (OyTaH — quokcua yriepona u np.). [pu tea<—50°C 000CHOBaHHE TOTO WIIM MHOTO PEIICHUS
JIOJDKHO 0a3MpOBaThCS TAKIKE HA PE3yNIbTaTaX TEXHUKO-DKOHOMHUYECKOTO aHaJIi3a.

Pezynomamut u ux oocyrncoenue

B paGorte mpuBomUTCS KpaTKoe OOOCHOBAaHHME METOJIOB peallM3allid OT/AENBHBIX JITAllOB IOWCKA
CXEMHBIX PElIeHUI B MPOIecce ONTUMAIBLHOTO MPOSKTUPOBAHUSI CUCTEM TEIUIOXIIAI0CHAOKEHUST TIPOMBIIII-
JICHHBIX NpeanpusaTuii. JlaoTcst pekoMeHIanuy o BeIOopy 3P PeKTUBHOrO XOIOAUIBLHOTO 000PYIOBaHUS C
y4eTOM TpeOOBaHUH SKOJIOTHH U OE30MaCHOCTH.

3aknouenue

3amaya 0OOCHOBAaHUS CXEMHBIX pEIICHHH B MpOIecCce ONTHUMAIbHOTO TPOCKTUPOBAHUS CHCTEM
XOJIOJIOCHA0XKEHUS ITPH 33/IaHHBIX UCXO/IHBIX TAHHBIX U TPEOOBAHUAX TEXHOJIOTHYECKOTO PETJIaMeHTa JIOJHKHA
CBOJUTBHCS K JOCTHKEHUIO YCIOBUS MAKCHMHU3AIMH YHCTOTO JUCKOHTUPOBAHHOTO JIOX0/IA C YUYETOM JIOKAIIb-
HOW ONTHUMHU3AIUH TIPY (POPMUPOBAHHUHU OTAETBHBIX PparMeHTOB OOIIETO TEXHHYECKOTO PEIICHHSI.
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CALCULATED DETERMINATION OF THE COMMERCIAL GAS
CONDENSATION TEMPERATURE BY HYDROCARBONS

Volchok V.A., cand. tech. sc.
Odessa National University of Technologies, Ukraine, 65039, Odessa, Kanatnaya Str., 112
E-mail: recvicv@gmail.com
Abstract
The issues of calculation determination of the condensation temperature during low-temperature
separation of natural gas are considered. The advantages and disadvantages of the applied methods are
analyzed. Perspective directions of their improvement are determined.

PACUYETHOE ONPEJEJEHUE TEMIEPATYPHI KOHAEHCAIIUA
TOBAPHOI'O I'A3A 110 YIVIEBOJOPOJAM

Bonuok B.A., kano. mex. nayx
Odeccxuil HAYUOHATLHBII MexXHoAo2uYeckull yHugepcumem, Yrpauna, 65039, Odecca, yn. Kanamnas, 112
E-mail: recvicv@gmail.com

AHHOTANUA

Paccmotpensl Bompochl pacyETHOTO OMPEACICHUS] TeMIEpaTypbl KOHACHCALUW MPU HHU3KOTEMIIE-
paTypHO#l cemapainuu MpUpoAHOro rasa. IIpoaHanu3upoBaHbl JOCTOMHCTBA M HEJOCTATKU MPUMEHSIEMBIX
MeToA0B. OmnpeaeneHsl MepCreKTHBHBIC HAITPABICHIS KX COBEPIIICHCTBOBAHUS.

At present, considerable practical experience has been accumulated in the industrial preparation of
condensate-containing gases using the technology of low-temperature separation (LTS). The analysis of
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industrial data and the results of modeling of the operation modes of complex gas processing plants made it
possible to identify the features of this technology: the cooling efficiency in the throttle and expander devices,
the specifics of the recovery of cold gas and LTS condensate, as well as the dependence of the residual content
of C5+ in LTS gas on the inlet gas. The identified features and patterns can be used in the development of new
technological schemes for industrial gas treatment in order to increase the degree of extraction of C5+ from
the incoming gas into the composition of commercial liquid products.

The cooling of natural gases often results in the condensation of hydrocarbons, which must be
distinguished from the dew point of water vapor. While calculating water condensation, if a two-component
gas-water system is considered, then when calculating the condensation of hydrocarbons, it is necessary to
consider a multicomponent system, since each of the condensing hydrocarbons has its own dew point. This
greatly complicates the calculations of hydrocarbon condensation, especially since the composition of the gas
varies along the length of the gas pipeline depending on the ambient temperature, separation conditions, and
other factors.

The issues of quality control of natural gas in terms of hydrocarbon condensation temperature (TCT)
are becoming increasingly important. The topicality of TCT measurement is due to the next factors: ensuring
the single-phase gas flow, the presence of hydrocarbon aerosols in the gas, monitoring the operation of process
equipment, and fulfilling contractual obligations.

Determination of the TCT of the prepared commercial gas after passing through the low-temperature
separation stage and heated in the «gas-gas» recuperative heat exchanger to a temperature of 0 ... minus 2 °C,
as shown in [1], is carried out at the gas metering unit.

In practice, TCT is determined by condensation-type devices, the description of which is presented in
[2], with visual or electronic fixation of the temperature of the appearance of a film or the first drops of
hydrocarbon condensate on the surface of the mirror during its cooling. The conducted comparative analysis
showed that hygrometers have different sensitivity to condensed hydrocarbon films.

To calibrate condensation hygrometers, a technique based on tabular data on the dependence of propane
temperature on pressure is used. This approach does not allow to consider assessment of the metrological
characteristics objectively, since it eliminates the difference in the sensitivity of optical circuits for detecting
the appearance of a condensate layer.

The authors in [3] point out that the calculated TCT values obtained by modeling software systems are
always higher than experimental measurements. The difference between the calculated and experimental TCT
values is determined both by the metrological characteristics of the instrumental measurement methods and by
the detail of the initial data. When measuring TCT, the temperature of the beginning of the process of liquid
appearance on the hygrometer mirror is fixed, while the TCT value calculated by software is determined by
the temperature of the very initial stage of condensation.

According to this measurement (TCT) at the working pressure in the pipeline (5.0...8.0 MPa) will not fully
satisfy the requirement of single-phase gas flow control. Based on the phase diagrams of hydrocarbons, depending
on the pressure and temperature, TCT has a maximum value at a pressure of 2.0-4.0 MPa. Depending on the
component composition of the gas, the pressure of the cricondentherm, the maximum temperature at which
condensate can appear (at any pressure), the phase state of heavy hydrocarbons can change.

Studies, conducted on various natural gases with different component composition, indicate that TCT
measurements at a pressure of 2.7 MPa have the lowest error in all practically possible cases.

Heavy hydrocarbons condense at various concentrations. To fix the condensation of hydrocarbons with
a low concentration, the optical system of the hygrometer must be sensitive to the detection of condensate on
the mirror of the device.

The best way out of this situation is to calibrate hygrometers for the gas industry not by propane, but by
mixtures of higher hydrocarbons, which include heptane, octane, nonane and decane. The carrier gas may be
dry air. This will make it possible to objectively assess the sensitivity of the hygrometer's optical circuit and
increase the reliability of TCT measurements.
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HUCITIOJBb30OBAHUE PE3YJIBTATOB HEBA3KOI'O PACYETA JJIsA
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AHHOTANUA

B nanHo#i pabore mpencTaBieHbl pe3ybTaThl HCIIOIb30BAHUS PE3YJIBTATOB HEBSI3KOTO pacdera AJIs
MpeJBapUTEIbHON OIICHKH XapaKTePHCTHKH TEOPETUYECKOTO HAmopa TYpOOXOIOAWIBHBIX IIEHTPOOESKHBIX
KOMIIPECCOPOB. AHAIU3 MOKa3ajl BO3MOKHOCTh MCIOJB30BaHUs TAHHOTO IMOAXOJA Ul COKpAIlleHHs 4Kcia
BapUaHTOB B MHOTOIIAPaMETPUUECKON ONTHMHU3ALMHU 34 CUET UCIIOJIb30BAHUS OJHOKPUTEPUATIBHOM ONTHUMH-
3anun — 3G QEKTUBHOCTU CTYIEHH, a TpeOyeMbli Hamop OOCTUraeTcss Ha 3Tale BapHaHTHOIO Ta30M-
HAMHYECKOTO pacyera C MOMOIIBI0 HEBA3KOTO pacyera. B pesynpTare Moka3aHo, 4TO HEBS3KHH pacdeT
MOKa3aJl yAOBJIECTBOPUTENbHBIC 3HAUCHNS HEOIPEAETICHHOCTH, KOTOPBIE HE IPEBBIIAIOT 5% 10 TOYHOCTH AJIS
K03 (HUITUEHTA TEOPETUIECKOTO HATIOPA.

THE USE OF THE INVISCID CALCULATION RESULTS FOR THE
TURBOCOOLING CENTRIFUGAL COMPRESSOR THEORETICAL HEAD
CHARACTERISTIC PRELIMINARY EVALUATION

Danilishin A.M.2, Kozhukhov Y.V.?, Ph.D, Associate Professor
ITMO University, Russia, 191002, St. Petersburg, Lomonosov str., 9
E-mail: a — danilishin_am@mail.ru; b — kozhukhov_yv@mail.ru

Abstract

This paper presents the results of using the inviscid calculation results for the turbocooling centrifugal
compressor theoretical head characteristic preliminary evaluation. The analysis showed the possibility of using
this approach to reduce the number of options for multiparametric optimization by using single-criteria
optimization — stage efficiency, and the required pressure is achieved at the stage of variant gas dynamic
calculation using inviscid calculation. As a result, it is shown that the inviscid calculation showed satisfactory
uncertainty values that do not exceed 5% in accuracy for the theoretical head coefficient.

Beeoenue

B mnocnennee Bpemsi HaOJrOgaeTCs HMHTEPEC MPOM3BOAMTENCH TypOOJeTaHACPHBIX arperaToB IS
YCTaHOBOK HHM3KOTEMIIEPATYPHOU Cemapaiyy ra3a B BBICOKOHAMOPHBIX CTYNECHSX EHTPOOSIKHBIX KOMIIPEC-
coposB. IloBbimarorcst U TpeOoBaHus K 3((HEKTUBHOCTH KOMITPECCOPHBIX CTyreHe. CoBepIlIeHCTBOBaHUE
MIPOTOYHOM YaCTH IEHTPOOEIKHOTO KOMITPEeCccopa — CJIOKHAs 3ajada. B rmocieaHee Bpemst i1 peIICHUs STOU
3a]a4d MPUMEHSFOTCS METO/[bI MHOTOKPUTEPUATILHON W MHOTOMAPAMETPUUECKON ONTUMHU3AIMU TIPU MTOMOIIA
BBIYHCIIUTEIbHON rHaporazoanHaMuku — CFD [1, 2]. Oxnako, CFD MomenupoBaHue sSBIISIETCS JOCTATOYHO
TPYJOEMKHM M PECYPCO3aTPATHBIM IPOIIECCOM, a METOJbI ONTHMH3AIMKA TPEOYIOT PEIICHUs COTEH, a TO U
THICSY 3aJ1a4 JUIsl TOCTHIKCHHS 3a/JIaHHBIX KPUTEPUEB ONTUMAIILHOCTH, C Y€M MOXET CHPaBUTHCS TOIBKO
cyriepkommbioTep. [loHATHO, 4TO Yem OOJbllle KPUTEPUEB M TMapaMeTPOB ONTHMH3AIMH, TeM OOJbIIe
TpeOyeTcss MPOBECTH pPacueToB. XapaKTePUCTUKAMU IPOTOYHOH YacTH LEHTPOOEKHOro KOMIpeccopa
SBISIFOTCSL AP PeKTHBHOCTE, TO ecTh KI1/I, u Hanop. [TosToMy 1ienecoo0pa3HO HX HCIIONB30BATh 332 KPUTEPUU
ONTUMHU3AIMU — IEJIeBbIE IMapaMeTphl. B 1TaHHOM KOHTEKCcTe aBTopamMH [3] MpemIoKEeHO BMECTO
MHOTOKPHUTEPHAJILHOW MHOTOIApaMETPHUIECKON ONTHUMHU3AIIMU NCII0Ib30BaTh OJHOKPUTEPUATIbHYIO MHOTOTIA-
paMETPUYECKYIO ONTHMHU3ALINIO, IJI€ 32 KPUTEPH ONTUMHU3ALNN PUHATA 3 ()EKTUBHOCTD MPOTOYHOM YaCTH
LEHTPOOEKHOTO KoMIpeccopa. JJaHHbIN 101X01 CHIKaeT KomdecTBo pemaembrx CFD-3amay nmpumepHo B 5
pa3 Ipy TOCTKEHUH 3HAYCHUS KpUTepHst onTuMu3anui. OHaKO, BCTaeT BOIIPOC O JJOCTHIKEHHUU TPeOyeMoro
TeXHUUYECKUM 3aJlaHHEM Haropa CTYIEHH M KOoMIpeccopa B 1eyoM. [l pa3pelieHus TaHHOW MpoOJieMbl
aBTOpaMH IpeJJIaraeTcs Moax0/], COYSTAIONIUI IPUMEHEHHE METO/IOB pacueTa HEBSI3KOT0 M BS3KOr0 MOTOKA
JUIS COKpatenus yucia penieHHbx CFD 3a1ad npu onTuMHU3aIum.
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Pacder HEBS3KOTO KBa3HTPEXMEPHOTO MOTOKA MOXKET PEIlUTh 337ady omnpejaeicHus koddduuuenrta
TEOPETUIECKOT0 Harmopa pabodero kKoieca Ha crtaauu npodrupoBanus. [lomydeHHble pe3ynbTaThl pacyera
HEBSI3KOTO IMOTOKA MOTYT HCIOJB30BAaThCS B Ta30MHAMHYECKOM pacyeTe Ha 3Tale KOPPEKTHPOBOK
npoTouHoi wacTd. [lodToMy 1enbio maHHOWH paboThl SABJSAETCS BBHIMOJHEHHE aHAIN3a HMCIIOJIb30BAHUS
pe3yIbTaTOB HEBS3KOTO pacyueTra Uil MPeABApUTENbHON OIEHKH XapaKTePUCTHKH TEOPETHUECKOTO Haropa
pabounx KoJec TypOOXOIOIMIBHEIX EHTPOOEKHBIX KOMIIPECCOPOB.

Obvexkmul u Memoowvl ucci1e006anu

OObeKkTaMy WCCIIEOBAHUS SBISIETCS TPHU BBICOKOHATIOPHBIX OCEpaHalbHBIX paboumx Koieca ¢
pacueTHBIM KO3 (HUIMEHTOM TEOPETHUECKOr0 Hamopa Y., =0,74 U pacyeTHBIM YCIOBHBIM KO3(h(UIIMEHTOM
pacxoma ®,=0,064, OGe3pasmepHas BbICOTa JOMATKH Ha BbIXoAe MeHsumack W it PK61 cocraBmsier
b2/D2=0,049, mis PK62 cocrasisier bo/D2=0,045, niust PK63 cocrasisier bo/D,=0,040.

PesynpTaThl pacdera HEBA3KOTO KBAa3HTPEXMEPHOTO MOTOKA MOJYYEHBI C MOMOIIBIO YCOBEPLICHC-
TBOBAaHHOTO KaHaJbHOTO MeTona [4]. Tedenme B paboueM Koiiece IEHTPOOCSKHOTO KOMIIpECcopa HOCHT
CJIOKHBIN TPOCTPAHCTBEHHBIM XapakTep. llpuHuMaeTrcs HeBs3Kas KBa3UTpEeXMEpHas MOJENb TECUCHHS B
npoTouHoi uyacTH. CuUuTaercs, 4TO B HEBA3KOM sApE IMOTOKA IOJHOCTBIO OTCYTCTBYIOT KacaTelbHBIE
HaNpsHKEHUS TPEHHS, TO3TOMY IS ONMCAaHUs ABWKECHUS sSApa MPUMEHSIOTCS ypaBHEeHUs Jilepa — ypaBHEHUS
TUHAMHKH HICATBHON JKAAKOCTH WM Ta3a. [ ompeneneHus CKOpOCTel IBWKEHHS WACAbHOTO ra3a B
KaHaJe MPHOETaIoT K CleAymeMy crnocoly: cHadala paccMaTpHBalOT TEUECHHE Tra3a B MEPHUIHOHAIHLHOM
KOHTYpE C YUCTOM CTCCHCHHA IIOTOKA JIOIIAaTKaMH, a MOTOM, MCIIOJIB3Yys IMOJTYYCHHBIC HpO(i)I/IJ'II/I CKOpPOCTH,
PaCCUUTHIBAIOT pacIpeielieHie CKOPOCTe 1Mo MpodrisiM Ha TPpeX JIMHUAX TOKa: mepuepuitHol, cCpeHel u
BTYNIOYHOW. Pacyer HEBSI3KOTO TMOTOKA COIOCTABISUICS C PE3yJIbTaTaMH pacdera BS3KOTO TPEXMEPHOTO
MTOTOKA, BBITIOJHEHHBIX B IporpaMMHOM komiutekce Ansys CFX v18.0, 11 KoTOpbIX IPOU3BEACHA BAJTUAAIINAS
1 Bepu(UKaNWs YHCICHHOW MONENH Ha OCHOBE HMEIOIUXCS DKCIEPUMEHTAIbHBIX HaHHBIX. Pasmep
pacdeTHOH CEeTKH mopsnka 5.6 MItH. 3neMeHTOB. Moaens TypOyierTHocTr SST.

JlaHHbIe SKCIIEpUMEHTAIBHBIX HCCIIeI0BaHUM MpUBEAEHBI B ceueHnu 2°-2° Ha nuamertpe 1,056-D; u3-3a
HEBO3MOXKHOCTH YCTAaHOBKHM NPUEMHHUKA JaBJICHUs Ha ceueHun 2-2. Ha pucyHke | mokazaHO pacroiioxXeHue
KOHTPOJIBHBIX CEUeHW Ha BbIxonae u3 pabodero koneca. OCOOEHHOCTH TOCTAHOBKH pacdeTa HEBS3KOTO
notoka (2D-pacuer) mnpenanoyiararoT IMOJyuYEHUE pe3yJbTaTOB TOJBKO B cedeHuu 2-2. PesynbraTh
MOJICJIMPOBAHHUS BSI3KOTO TpexMepHOro moroka (3D-pacyeT) MOKHO MOMY4YHTH B JII0OOOM ceueHun. [loatomy
pesymbraTel 3D-pacdera OyayT COMOCTaBIEHBI C JKCIIEPUMEHTANBHBIMH JaHHBIMH B ced4eHHu 2°-2°, a
pesynbraTsl 2D-pacyera ¢ 3D-pacyerom B ceueHnn 2-2.

Pucynok 1 — PacrionosxeHre KOHTPOJIBHBIX CEUCHUI Ha BBIXO/IE U3 pabodero xojeca
Pezynomamot u ux oocyryncoenue

Ha pucynke 2 npusenens! pe3ynbrarsl 2D u 3D-pacueroB B ceuenusx 2-2 u 2°-2° amust Tpex pabouunx
kozec: a) PK61, 6) PK62, B) PK63.
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PucyHOK 2 — XapakTepucTHKa TEOPETHYECKOTO HAIOpa Wy B 3aBUCHMOCTH OT m isi 2D-pacdera HEBA3KOTO MOTOKA U
3D-pacuera Bs3koro moroka B mporpamme Ansys CFX: a — PK61, 6 — PK62, B — PK63

Bsi3kuii TpexMepHbIi pacdeT moKasal XOpollee COBIaICHHE PE3yIbTaTOB ¢ JaHHBIMU 3KCIIEPUMEHTA B
cedeHnu 2°-2° mig Bcex pabounx konec. Ha pacueTHOM pexume moirydeHa HeomnpeaeneHHOCTs Menee 1 %.
Jlnst PK-61 Ha pacyetHoM peskume (M=3,2 Kr/C) mwiist Y. pacxoxaenne 3D-pacuera ¢ 2D-pacuera B ceueHUn
2-2 coctaBmiio ~2,3 % (0,018 abcomrorHbIx 3Hauenuit). st PK-62 Ha pacuerHom pexume (m=3,4 Kr/C) maus
y; pacxoxxaenue 3D-pacuera € 2D-pacuera B ceuernu 2-2 coctasuio ~4,1 % (0,030 aOCoarOTHRIX 3HAUECHU).
Jlnst PK-63 Ha pacueTHoM peskume (m = 3,6 kr/C) mwis y» pacxoxaenue 3D-pacuera ¢ 2D-pacyera B ceueHun
2-2 coctaBmiio ~3,5 % (0,025 aOCoIOTHBIX 3HAYCHUI ).

AHanu3 pe3ynbTaToB MOKa3all yIOBICTBOPUTEIBHBIC 3HAUCHHSI HEOPEIEICHHOCTH, TPUEMIIEMBIE JIJIs
MIPOCKTUPOBAHUs, KOTOpblE HE TPEBBIIAIOT 5% MO0 TOYHOCTH. XapakTep pPAacCUUTAHHBIX KPUBBIX
COOTBETCTBYET 3KCIIEPUMEHTAIBHOMY pAaclpelelieHn0 3HaueHHH. PacueT HEBSI3KOro IOTOKAa MOMKET
HCIIOJIB30BaThHCA Ha MPCABAPUTCIILBHOM 3TAIlC IMIPOCKTUPOBAHMSA IPU BAPHAHTHBIX PACUCTaAX IJId YTOYHCHUA U
KOPPEKTHPOBKU I'a30JMHAMHYECKOIO pacyeTa B YacTH ONpPEACNICHHUsS HANOPHON XapaKTEepUCTHKH padouero
Kojeca. 3aBBIIGHHE pe3ylbTaTOB pacdera Ko3(Q(UIMEHTa TEOPETHYECKOr0 Halopa CBS3aHO C
HeaTN3UPOBAHHON TOCTAHOBKOM 3a/1auu, HE YUYUTHIBAIOIICH BSI3KHUE SIBJICHHS B TOTOKE. OJTHAKO C ITOMOIIBIO
pacueTa HEeBSI3KOTO MMOTOKa MOXKHO OICHWUTH paclpeesieHHss OTHOCUTENFHBIX CKOPOCTEH Ha MOBEPXHOCTSIX
JIONIATKH U ONPEACTUTH ONTUMAJIBHBIA PEXXUM paboThI.

3aknwuenue

[IpoBeneHre BapuaHTHOTO T'a30JJMHAMHYECKOTO pacueTa ¢ MPUMEHEHHEM pacdeTa HEBSA3KOTO IMOTOKa
MO3BOJISIET IMOJYYUTh 3HAa4YeHHE KOX(PQUIMEHTa TEOpPeTHUEeCKOro Hamopa pabodero koseca, OJHM3KOe K
3aJaHHOMY. DTO MO3BOJISIET YCTAaHOBUTh HEOOXOAMMBIE T€OMETPUUECKUE pa3Mephl NPOTOYHON YacTH pado-
4ero kxojeca. brarogapsi coueTaHuio HEBSI3KMX M BSA3KUX METOJIOB pacdera MOTOKAa CTaHOBUTCS JOCTYITHO
MPOBE/ICHNE MHOTOIIAPaMETPHUECKON ONTUMH3ALINH C OJHUM KPUTEPUEM ONTHMHU3AINH — d3PPEKTHBHOCTHIO
CTYIEHH, YTO YMEHBIIIAET KOJMUYECTBO BHIOIHIEMBIX PACUETOB BA3KOT0 TPEXMEPHOTO ITOTOKA. B nanbHeiimei
paboTe IUIAaHUpYETCS JIOMOJIHEHHE METOJWKH Ta30JUHAMUYECKOTO IPOSKTHPOBAHUS IIEHTPOOEKHBIX
KOMITPECCOPOB Typ60XOJ'IOI[I/I.HBHBIX MallluH SMIIMPUYCCKUMU 3aBUCUMOCTAMHU, YUYUTBIBAIOMIUMH IIOTCPIO
Haropa u3-3a NepeTeyku B TOPLIEBOM 3a30P€ U C yUETOM BTOPHUUHBIX T€UECHHH.
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AHHOTAUA

AbcopbunonHble  OpOMHCTONHUTHEBBIE XOJoAWiIbHbIe MamuHbl (ABXM) Bce Oosee MHOMyISApHBI
Onaronmapsi CBOMM NPEMMYIECTBaM, TAKMM KaK MPOCTOTa B JKCIUTyaTallH, SKOJOTHYEcKas 0e301acHOCTb,
HU3KOE IOTPEOJIEHHE SJIEKTPO3HEPIMM M BO3MOKHOCTh HCIOJNB30BAaHMS BO30OHOBISIEMBIX HCTOYHHUKOB
SHEPIUH, TAKUX KaK JHEPrus COJHIA M TeoTepMasibHasl TEIUIOTa. MallMHBl 3TOr0 THIIA BBITYCKAKOTCS
B pa3JIMYHbIX CTpaHax, U UX HUKJIbI MOT'YT OBITh OINITUMH3NUPOBAHBI JIS TOBBIIICHUA 3(1)(1)CKTI/IBHOCTI/I CHUCTEM
OXJIaXIeHUs. PaccMOTpeHbl mpuUMephl CUCTEM KOHAWIMOHHUPOBaHUS Bo3nyxa ¢ ABXM, nmpuBOOUMBIX OT
COJIHEYHOM H3HEpruM, a TaKXKe IpUMEpP 3aMEHbl KOMIIPECCOPHBIX XOJOAWJIBHBIX MamnH Ha ABXM
JUIsL COKpAICHUs TTOTPEOIICHHUS 3JIEKTPOIHEPTUHN Ha TIPEINPUATHH TUIACTHYECKUX MacC.

ENERGY EFFICIENT LITHIUM BROMIDE ABSORPTION REFRIGERATION
MACHINES IN REFRIGERATION AND AIR CONDITIONING SYSTEMS

Baranenko A.V.%, doct. tech. sc, Aldarf F.?*, Malinina 0.S.%, cand. tech. sc., Tsoy A.P.%, doct. tech. sc.
1 - ITMO University, Russia, 197101, Saint Petersburg, Kronverksky pr., 49
2 — Almaty Technological University, Kazakhstan, 050012, Almaty, Tole bi st., 100
E-mail: a — avbaranenko@itmo.ru; b — siragsafi@gmail.com; ¢ — osmalinina@itmo.ru; d — tsoyteniz@bk.ru

Abstract

Lithium bromide absorption refrigeration machines (LBRM) are becoming increasingly popular due to
their advantages such as ease of operation, environmental friendliness, low power consumption and the ability
to use renewable energy sources such as solar power and geothermal heat. Machines of this type are produced
in various countries and their cycles can be optimized to improve the efficiency of cooling systems. Examples
of air conditioning systems with LBRM driven by solar energy are considered, as well as an example of
replacing compressor refrigeration machines with LBRM to reduce electricity consumption at a plastics plant.

AOGCOpOLIMOHHBIE OPOMHUCTOJIMTUEBBIC XOJNOAWIbHBIC MamuHbl (ABXM) monyuairoT Bce Oosibliee
pacnpocTpaHeHHe, IOCKOJIbKY OONaNaloT MEIbIM PSIOM TMOJOKUTENBHBIX KadecTB. OHH TPOCTHI B
AKCIUTyaTalllK, KOJIOTHUECKH 0e30MacHbl, TOTPEOISIOT BEChMa Majioe KOJUYECTBO 3JIEKTPOIHEPTHH, MOTYT
KCIIOJIb30BaTh JUIS TPUBOJIA BO30OHOBJISEMble MCTOYHMKH dHepruu (BHD), Kk KOTOpBIM, B YaCTHOCTH,
OTHOCSITCS SHEPTHS COJTHI[A ¥ TeoTepMalibHas TeruioTa [ 1]. [IpuMenenune 3Tux MallinH TEXHUKO-3KOHOMHYECKU
1Ieecoo0pa3Ho B TEPBYKO OUYepellb MPH HAIWYWH JIENIEBBIX HCTOYHHUKOB TEIUIOTHI M Ne(UIUTE 3IeK-
TposHeprur. ABXM obecrnieunBaioT BBICOKYIO 3((PEKTUBHOCTh B CHUCTEMaX KOTCHEPAIMU M TPUTreHEpaluu-
OJIHOBPEMEHHOr0 MPOU3BOJICTBA JIEKTPOIHEPTUH, XOJIOAA U TEIUIOTHI.

Mamunel gaHHOro TuUMa BhIMycKaroTcss kommnaHusmMu Munuu, Kutas, Kopeu, CLIA, Snonun.
Brimyckaempie arperaTsl  paboOTalOT MPEUMYIIECTBEHHO 110 OIHOCTYIIEHYATOMY IHKIY W IHKIY C
IBYXCTYNEHYaTOW TeHepamnueil pactBopa. Wuamiickas kommanusi THERMAX npou3BoauT MamuHBI C
JIBYXCTyINeHYaTo abcopOIeid pacTBopa, YTO TIO3BOJIAET I[ONYyYaTh OTPHIATENBHBIE TeMIIepaTyphl
OXJIQKJICHHUSI, TIPY UCIIOIH30BAaHUH B MCIIAPUTENIE B KQUeCTBE XJIaJareHTa BOJHOTO pacTBOpa OpoMuIa JTUTHS
HEOOJIBIITON KOHIICHTpanuu [2].

UzBectHO OK070 40 MHKIOB aOCOPOIMOHHBIX XOJIOAWIBHBIX MAIIUH, BKJIHOYas KOMOWHHPOBAHHBIC
LUKIBI C KOMIIpeccopaMu U »kekTopamu [3]. M3yueHue 3TUX LMKIOB U ONpPENEICHUE PALMOHATBHBIX
o0Jj1acTell UX IPUMEHEHHS [TO3BOJIUT TOBBICUTDH 3((EKTUBHOCTh CUCTEM OXJIAXKICHHUS.

B Yuausepcutere UTMO n3ydeno oxoio 10 pa3nuaHbIxX qeHCTBUTEIRHBIX MIUKIOB ABXM, onpeneneHsl
UX MapaMeTphl B 3aBUCUMOCTH OT TEMIIEPATYp BHEIIHUX UCTOUYHUKOB. AHAIU3 PE3YJIbTATOB MTOKA3BIBAET, YTO
€CTh MHOTO WHTEPECHBIX ITMKIIOB, MPUMEHEHUE KOTOPHIX OyneT 3(pPeKTUBHBIM. B 9acTHOCTH, 3TO ITUKI C
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OTHOCHUTEIHHO HU3KOW TEeMIIepaTypol TPEIOIero WCTOYHHMKA, a TaKkKe ITMKI, obecrieuynBarommuii Oosee
BBICOKYIO XOJIOJIOIPOM3BOIUTENILHOCTh B CPaBHEHHH C OJHOCTYIIEHYATHIM LUKIOM TIPHU OJMHAKOBBIX
napaMmeTpax TperoIlero NCTOYHMKa [4].

Paccmotpum HekoToprie cuctemsl ¢ ABXM.

B peruonax ¢ 0OMIbHBIM COTHEYHBIM U3TTyYEHHEM TEXHOJIOTHH BO30OHOBIISIEMBIX UICTOYHUKOB SHEPTHH
MOTYT YIOBIIETBOPUTH 3HAYUTEIHHYIO JIOJIO PAacTyHIero CIpoca Ha oxJaxjaeHue. VccieqoBaHne CHCTEMBI
koHauoHnpoBanue Bo3ayxa (CKB) ¢ ABXM ¢ npuBoAoM OT COTHEYHOH SHEPTUU U aKKyMyJIUPOBAHUEM
TEIUIOTHI ¥ XOJIO/Ia JAJIsl OJHON M3 CTpaH 3KBAaTOPHAIHHON AQPUKH IMOKa3alo ee yCTOHInBYyIo padoty [5].

3amMeHa B 3JEKTPOTCHEPHPYIONMIEH YCTAaHOBKE C Ta30MOPINHEBBIMH arperataMi Ha MpeAlpUSTHH
IUTACTHYECKUX Macc B JIEHMHTpaaCcKoil 00J1aCTH KOMIPECCOPHBIX XOMOAMIBHBIX MalinH Ha ABXM obecnieunt
COKpaleHue mnoTpediieHust anekTposnepruu Ha 40%. J[ns oborpeBa TeHEpPaTOpOB MAIMH HCIOJIB3YETCS
TEIIOTa YXOISIINX JHIMOBBIX TA30B.

B TpurenepaunoHHOl ycTaHOBKE ¢ TypOMHOW B YyCIOBHSAX Topoia barman nomoigHHTENbHOE
OXJIXKJICHHE BO3yXa Tepell KOMIIPECCOPOM abCOpOLIMOHHON MAIIMHOM C MPUBOJIOM OT TETUTOTHI BBIXJIOTHBIX
ra30B MOBBICUT BEIPAOOTKY dIeKTposHeprun Ha 6...7%. J{nsg Upaka 3To nmeeT 60bpI10€ 3Ha9€HNE, TTOCKOIBKY
B 3TOM cTpaHe 60 % 3MeKTpoIHEPTHH BRIPa0aTHIBAETCS HA MTOTIOOHBIX YCTAaHOBKAX.

[IpuBeaeHHBIC TPUMEPHI CBUIETEIBCTBYIOT O 1IETIECO00PA3HOCTH PA3BUTHUS TEXHOJIOTHI OXITAXKACHUS U
KOHIWIIMOHUPOBaHMS Bo3ayxa Ha 6aze ABXM. [IpuMeHeHrne TakuX TEXHOJOTHH Ha OCHOBE WCCIEIOBAHHIN
uukioB ABXM 1 KOMOWHUPOBaHHBIX CHCTEM JIIEKTPO-, TEIUIO- U XOJOJOCHAOKEHHUS MOBBICUT HX d(dek-
THUBHOCTD, 6YILCT CHOCO6CTBOB3TI> CHMKCHUIO YTJICPOJOCMKOCTHU SKOHOMUKHU.
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Abstract

In this paper a heat recovery system for cooling production for marine application is proposed. The
cascade refrigeration cycle is the combination of a CO, mechanical compression refrigeration machine
(MCRM), and an ejector cooling machine. Refrigerant R717 is selected as the working fluid for ejector cooling
cycle in the present study. Effect of the cycle operating conditions on ejector and ejector cycle performances
is studied. The paper presents a theoretical analysis of the cascade cycle and shows the effect of the MCRM
evaporation temperature on the cascade system performance.
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AHHOTAUA

B naHHOI cTaThe mpemjaraeTcs CUCTeMa peKylepalyy Tervia JJis MPOW3BOJICTBA X0J0/Ja Ha CyJax.
KackanHblid XOJOMUIBHBIN IUKII MPEICTABISICT COO0M KOMOWHAIMIO TTAPOKOMIIEPECCUOHHOM XOJIOAUIBHON
mamael Ha CO2; (MCRM) U 3)KeKTOPHOHW XOJIOMMIBLHOW MamIWHBEIL. B KadecTBe pabodero BemiecTBa s
KEKTOPHOTO IUKJIA OXJIAXKACHUS B JAHHOM UCCIICI0OBaHUY BhIOpaH xnagareHT R717. MccnenoBaHo BiusiHIC
YCIIOBUM pabOThI IIUKJIA HA XapPaKTEPUCTHKU KEKTOpAa M NKCKTOPHOTO IMKIA. B cTarhe mpencTaBiicH
TEOPEeTUUECKHI aHaIN3 KacKaJHOTO IMKJIa W TOKa3aHO BIHUsSHHE TeMmrieparypbl kunenwss B MCRM Ha
MIPOM3BOAUTEIHFHOCTH KACKAHON CHCTEMBI.

Introduction

On ships, the work done by marine engines to keep the plant running for propelling a ship requires
burning of fuel. The energy converted inside the cylinder of the engine is not 100 % efficient conversion as
part of it is lost in the form of exhaust gases.

The modern exhaust gas system of marine engines is designed in such a way that the unused gases
coming out of the cylinders are further directed to turbocharger and exhaust gas boiler to recover most of the
waste energy from the same.

Current interest in reducing emissions and engine operating costs has led to the use of efficient waste
heat recovery. For marine engines, the waste heat was originally used for direct heating services and hot water
supply. However, the heating loads needed for shipboard service on a conventional vessel are usually much
less than the available waste heat, resulting in a large amount of heat being unused.

As the exhaust gas temperature of marine engines is usually lower than 370°C, it is economically
unviable to operate a steam Rankine cycle system [1]. Singh [2] conducted a review of different waste heat
recovery systems for power generation, including Rankine cycle, Kalina cycle, exhaust gas turbine system,
thermoelectric generation system, and the combination of these technologies, focusing on the utilization of
waste heat recovery for the supply of mechanical/electrical power to the ship.

Apart from heating and electricity, cooling is also required for food preservation and air conditioning,
especially for cruise ships. Thermally powered cooling technologies have gained considerable interest. Liang et
al. [3] proposed an electricity-cooling combined system for waste heat recovery of marine engines, in which the
condensation heat was used to heat the generator of the absorption refrigeration cycle. Some scholars proposed
to integrate power with cooling cycles, in which the ammonia mixture is used as the working medium [4].

In this paper an innovative cooling system composed of heat recovery unit and a cascade refrigeration
cycle is proposed.

The cascade refrigeration cycle is the combination of a CO, mechanical compression refrigeration
machine (MCRM), and an ejector cooling machine (ECM), driven by low-grade waste heat and using low
boiling environmentally friendly working fluid.

Refrigerant R717 is selected as the working fluid for ejector cooling cycle in the present study. Effect
of the cycle operating conditions on ejector and ejector cycle performances is studied. Optimal geometry of
the ejector and performance characteristics of ECM are determined at wide range of the operating conditions.

The paper presents a theoretical analysis of the cascade cycle and shows the effect of the MCRM
evaporation temperature on the cascade system performance.

Design of the heat recovery system for cooling production

A diagram of the proposed heat recovery system for cooling production is shown in Fig. 1.

From Figure 1, the cascade refrigeration cycle is the combination of a CO; sub-critical MCRM, and an
ECM, driven by waste heat. Thus, the significant part of the exhaust heat can be recovered. Such waste heat
recovery would ultimately reduce overall fuel consumption and CO; emission and thus helps to alleviate global
climatic change brought about by the greenhouse effect.
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Figure 1 — Diagram of heat recovery system for cooling prodution for marine applictiaon

The ECM acts as the topping cycle and the MCRM acts as the bottoming cycle in the cascade system.
The two cycles are thermally connected through the cascade condenser, which serves as evaporator for the
topping cycle and the condenser of the bottoming cycle.

The low-temperature (bottoming) cycle with CO; as working fluid can be used for refrigeration at
temperature levels found suitable for marine application. The high-temperature (topping) cycle operating with
ammonia as refrigerant is used to condense the CO; vapor of the low-temperature cycle in cascade condenser.
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Figure 2 — Cascade CO; sub-critical mechanical compression / R717 ejector cooling cycle on IgP-h (b) planes

Figure 2 shows the thermodynamic processes of the CO, and R717 cycles in IgP-h diagrams. The operating
principle of cascade refrigeration cycle is as follows. Low grade heat Qq is delivered from the heat recovery unit to
the generator of ECM, where liquid refrigerant is vaporized at relatively high generating pressure Py and temperature
Tg. This primary vapor with a mass flow rate of flows through the primary convergent-divergent nozzle of the
ejector and accelerates within it. At the exit of the nozzle, the accelerated flow becomes supersonic, and induces a
locally lowpressure region. The relatively low pressure produced by this expansion causes a suction effect of
secondary flow with a mass flow rate of ms from the cascade condenser at low pressure Per. The primary and
secondary fluids are mixed in the mixing section of the ejector and undergo a pressure recovery process in the
diffuser section. The combined stream flows to the condenser where it is condensed to liquid at intermediate
condensing pressure P and temperature T.. The heat of condensation Q. is rejected to the environment. Then, the
condensate is divided into two parts, one is pumped back to the generator, and the other is expanded through an
expansion valve 2 to a low-pressure state and enters the cascade condenser, where it is evaporated at low pressure
Per and temperature Ter by the condensation heat from the MCRM. The vapor is finally entrained by the ejector,
thus completing the exhaust heat driven ejector cooling cycle. The resulting cooling effect Qgr is used to provide
rejection of condensation heat from cascade condenser.
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In the MCRM the compressed carbon dioxide coming from the compressor is condensed in the cascade
condenser at a condensing temperature Tcs.

The liquid refrigerant then expands through an expansion valve 1 and enters the evaporator where it is
evaporated at low evaporating temperature T. to produce the necessary cooling effect Q. for refrigeration
purposes. After the evaporator the entrained vapor is compressed to a high-pressure state by the compressor,
before entering the cascade condenser. This completes the CO. sub-critical mechanical compression
refrigeration cycle.

Analysis of ejector design and ejector cooling cycle performance

The supersonic ejector is the key component in the ejector refrigeration cycle. It is a simple jet device
which is used in the ejector cycle for suction, compression, and discharge of the secondary vapor by force of
the primary vapor.

Figure 4 illustrates the structure and dimensions of supersonic ejectors with cylindrical (a) and conical-
cylindrical (b) mixing chambers. The ejector assembly can be divided into four main parts: a nozzle, a suction
chamber, a mixing chamber, and a diffuser.

Operating conditions of an ejector are specified by operating pressures Per, P¢, Py, expansion pressure
ratio E = Py/Per and compression pressure ratio C = P¢/Per.

The performance of an ejector is measured by its entrainment ratio e, which is defined as:

w=_* &)

The design of an ejector flow profile with a cylindrical mixing chamber is defined by the area ratio «,
which can be found from:

a=A/A. )

The design of a conical-cylindrical mixing chamber is specified by area ratio «, converging angle at
mixing chamber entrance, and the area ratio 5, which is given as:

B=AIA. 3)

Construction, geometry and surface condition of supersonic ejector flow profile must provide the most
effective utilization of primary flow energy for suction, compression, and discharge of the secondary vapor.

On the basis on the improved 1-D theory of ejector design area ratio « and the optimum value of § can
be found with application of variational calculation. The value of Box corresponds to the maximum of
entrainment ratio w. Supplementary data for the determination of the « and oyt are given in [5].

Figure 4 presents the design and exterior view of an experimental ejector designed and tested by the
author. The standard connections between the different parts of ejectors are used, so that all of the nozzles and
mixing chambers with diffusers are interchangeable.
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Figure 3 — Ejector structure with cylindrical (a) Figure 4 — Photographs of various ejectors tested with
and conical-cylindrical (b) mixing chambers different low-boiling refrigerants
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The performance of the ECM is usually measured by single COP, which is the ratio of the useful cooling
effect Qer produced in the cascade condenser over the gross energy input into the ejector cycle. But it should
be taken into account that the ECM usually utilizes a mechanical feed pump, and, consequently, an input of
some amount of mechanical work Wech in addition to a low-grade heat energy Qq.

However, in spite of the fact that the theoretical mechanical power Wmeen, consumed by the feed pump
is very small compared to the thermal energy Qg input to generator to actuate the ejector, it may not be omitted.
Therefore, from both thermodynamic and economic points of view, the efficiency of ECM can be correctly
characterized by using separately both thermal COPerm and actual specific power consumption of mechanical
feed pump woump (per 1kW of refrigeration output), which are defined respectively as:

COPtherm = % = qi ! (4)
Q, q,

W _ Wmech _ Vs (Pg B PC) , (5)

pump
QET @ q S pump

where vs and npump are intake specific volume (m%kg) and feed pump coefficient of efficiency,
respectively.

Analysis of Equations (4) and (5) shows that characteristics COPinerm and Wpump Strongly depend on the
operating conditions, the efficiency of the ejector used and the thermodynamic properties of the refrigerant
used. The maximum efficiency can be obtained only if the cycle of the ECM is completely reversible.

From the steady energy balance for the ECM and using the numbering in Figures 1 and 2, the heat loads
Qer, Qq, Qc can be written accordingly as:

Qer =Q = (h13 _hiz) m;; (6)
Qg = QET /Coptherm = (h6 - hll) mp’ (7)
QCZQET"'Qg:(hg_hw) (ms+mp)' (8)

Analysis of CO; sub-critical compression refrigeration cycle

Analysis of CO; sub-critical mechanical compression refrigeration cycle is described as follows. From
the steady energy balance for the MCRM and using the numbering in Figures 1 and 2, a specific cooling
capacity (e, a specific condensing heat qcs and a specific isentropic compressor work s may be calculated
according to standard procedure. The isentropic efficiency of the compressor which for CO; type compressor
was calculated by [6].

Results and discussion

In order to predict the ejector and ECM performance, a computer simulation program based on the
improved 1-D model of the ejector has been used. This program calculates the performance of the ejector and
ECM at critical-mode operating conditions and provides optimum design data for the topping system. The
model validation against refrigerants R141b, R142b and R245fa has shown very good agreement under all
conditions [5]. The program has been used for the theoretical study of supersonic ejector with conical-
cylindrical mixing chambers, operating with ammonia. For the present study the ejector and the ECM were
investigated over wide ranges of critical condensing temperatures T.=28...40°C, and generating
temperatures Ty of 80, 100, 120 °C at the fixed evaporating temperature Ter = 14°C for application in the
topping cycle of the cascade system.

Figures 57 illustrate the variations of [/, COPerm, and wWpump With T at different Tq for T = 14°C and
ejectors with optimal value of Sost = A2/As. The characteristics of [ and COPierm have the same trend, and they
increase with decreasing T and increasing Ty.

The CO; sub-critical cycle at the presented stage of the design-theoretical study has been investigated
with fixed cooling capacity Q. = 10 kW and fixed condensing temperature Tcg = 20°C with specified
temperature difference AT = Tcg — Ter = 6°C in the CO,/R717 cascade condenser. The evaporating
temperatures T. used in the parametric study are taken in the range from —40 to 0 °C with assumed internal
superheating in hermetic compressor ATsy, of 10°C.
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Figure 8 illustrates the variations of COP with T for Qe = 10 kW at Tcg = 20°C. The results shown in
this figure illustrate that the increase in Te results in a rising in the COP of bottoming cycle. It is obvious that
the COP increases from 1.7 to 4.43 when the Te varies from —40°C to —10°C.
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Conclusion

In this paper an innovative cooling system for marine application is proposed. The cascade refrigeration
cycle is the combination of a MCRM, operating with CO,, and an ECM, driven by waste heat and using
ammonia as the working fluid. According to theoretical study for the design of small-scale cascade CO; —
R717 refrigerating unit, the most important findings are as follows:

Effect of the cascade cycle operating conditions on ECM and MCRM cycles performance characteristics
is studied and optimal geometry of the ejector is determined.

The proposed system is environmentally friendly, energy saving and potentially high performance and
cost-beneficial installation that consolidates the advantages of both ECM and MCRM cycles.

REFERENCES

1. Hung, T. C. Waste heat recovery of organic Rankine cycle using dry fluids // Energy Convers. Manag. — 2001.
—Vol. 42. — P. 539-553. — DOI: http://dx.doi.org/10.1016/S0196-8904(00)00081-9.

2. Singh, D. V. A review of waste heat recovery technologies for maritime applications / D.V. Singh, E. Pedersen
/l Energy Convers. Manag. — 2016. — Vol. 111. — P. 315-328. — DOI: https://doi.org/10.1016/j.enconman.2015.12.073.

3. Liang, Y. Analysis of an electricity—cooling cogeneration system based on RC-ARS combined cycle aboard
ship /Y. Liang, G. Shu, H. Tian, X. Liang; H. Wei; L. Liu // Energy Convers. Manag. — 2013. — Vol. 76. — P. 1053-1060.
— DOI: https://doi.org/10.1016/j.enconman.2013.08.056.

30


http://dx.doi.org/10.1016/S0196-8904(00)00081-9
https://doi.org/10.1016/j.enconman.2015.12.073
https://doi.org/10.1016/j.enconman.2013.08.056

4. Zhang, N. Methodology for thermal design of novel combined refrigeration/power binary fluid systems / N.
Zhang, N. Lior // Int. J. Refrig. — 2007. — Vol. 30. — P. 1072-1085. — DOI: https://doi.org/10.1016/j.ijrefrig.2006.12.005.

5. Petrenko, V. O. Comparative analysis of the performance characteristics of an ejector refrigeration machine
utilizing various low-boiling working fluids / V.O. Petrenko, I1.G. Chumak, O.S. Volovyk // J. Refrigeration Engineering
and Technology. — 2005. — 5(97). — P. 25-35.

6. Chen, Y. The optimum high pressure for CO; transcritical refrigeration systems with internal heat exchangers /
Y. Chen, J. Gu // Int. J. Refrig. — 2005 - Vol. 28, Issue 8. - P. 1238-1249. - DOI:
https://doi.org/10.1016/j.ijrefrig.2005.08.009.

VK 621.57
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AHHOTAUA

B cratbe uccrnemyercss O30HOBBIM CJIOH, OXJIaXIAFOIIUE arcHTHI, BBI3BIBAIOIIUE €r0 Pa3IoKeHHe, U
aJ'II)TCpHaTI/IBI)I 9TUM OXJIQAXXAAKOIIMM arcHraM. HCCHGI[OBaHI/Ie HpOBOI[I/IJ'IOCI) B TEX XK€ YCJ'IOBI/DIX, B pC)KI/IMC
OXJIJKACHWISA, C TIPUBSI3KOHM K SKOJIOTHYECKH YMCTHIM XiaaareHTam. [lo cpaBrenmto ¢ xmamarearamu R22, R410A,
R290 u R32, ncmons3yeMpIMH B CILTUT-KOHAUIIOHEpaX ¢ pon3BoauTensHOCThI0 12 000 BTE/4 =3,5 kBr.

RESEARCH OF R22, R410A, R290 AND R32 REFRIGERANTS UNDER THE SAME
CONDITIONS

Norkhujayev A.S., assistant
Tashkent State Technical University, Uzbekistan, 100095, Tashkent, st. University, 2
E-mail: a.norxojayev@mail.ru

Abstract

The article explores the ozone layer, the cooling agents that cause it to degrade, and the alternatives to these
cooling agents. The study was presented under the same conditions, in the cooling mode, in binding to
environmentally friendly refrigerants. Comparisons were made between refrigerants R22, R410A, 290 and R32 used
in a split air conditioner with a capacity of 12,000 Btu/h = 3,5 kW.

Beeoenue

CeroiHsi HEBO3MOXHO MPEJICTABUTH HAIly )XKU3Hb H JIEATEILHOCTh 0€3 MCKYCCTBEHHOTO XOJIOJA.
JKu3Hb Ha 3emiie coXpaHsJIach ThICSUYEICTUIMH OJjlaroaaps ee 3aiuTHON aTtMocdepe. DTOT CIIOM COCTOUT
13 030HA, KOTOPBIH 3alIUIIAET 3€MITI0 OT BPEIHBIX YIbTPa(HOIETOBBIX JIydel CONHIAa. MBI 3HaeM, 4TO
3TO TpeKpacHas OCOOCHHOCTh HallleWIUIaHeThl. Eciu 3amuTHBIA CIIOH HapylleH, yIbTpaduolieToBbIe
JIy4du COJIHIIa MOT'YT BOS,Z[GI\/'ICTBOBEITB Ha MOBCPXHOCTb 3EMIJIN, y6I/IBaH OOJIBIIMHCTBO KUBBIX OpraHu3MoB.

O30H — 3TO MOJIEKyJia KHCIOPOAA, COCTOSAIIAs M3 TPEX aTOMOB BMECTO OOBIYHBIX NBYX. Jlomo:-
HUTENBHBIA aTOM MPHUBOAMUT K TOMY, YTO KHCIIOPOJ B BO3JyXE CTAaHOBHTCSl TAaKUM, YTO Ja)ke HeOoJbLINe
0361, KOTOPBIC MOT'YT 6BITB MPUHATBEI YE€JIOBEKOM, MOTYT OBITH TOKCUYHBIMHA U CMEPTECIIbHBIMU. MOJ’ICKyJIBI
030Ha 00pa3yIOTCs M Pa3iaratoTcsi eCTECTBEHHBIMU aTMOC(EpPHBIMU MporieccaMu. YIIbTPa(HOIETOBBIE JTy4H
COJIHIIA PaCIETUISIIOT MOJIEKYJIbI KUCJIOPOIa HA aTOMBL. TakuM 00pa3oM, 3TH aTOMbI COEAUHSIOTCS C APYTUMH
MOJIEKYJIaMH KHCIJIOPOJa ¢ 00pa3oBaHUEM O30HA.

O30H HE SABISIETCI CTAOMIBHBLIM Ira30M H YYBCTBHUTCJICH K TaKUM IPUPOJHBIM KOMIIOHCHTaM,KaK
a30T, BOJOPOA U XJIOP, KOTOpPhIE MOTYT BBI3BAaTh €ro paszinoxeHue. O30H, 00pa3yomuiics B pe3ybTare
(hoTOXMMHUUYECKHUX MPOILIECCOB Ha MOBepXHOCTU 3emun (Tporocdepe), ABIsieTcs] 3arpA3HUTEIEM, BBI3bI-
BalOIIMM IesIoyHbIe ocanku. Ho Ha 6e3omacHol BeicoTe B cTpatocdepe, ot 10 7o 50 kM, 3TOT cuHMII ra3
C PE3KHM 3aIIaXOM TaK K€ BaXKEH JUJISl )KU3HU YEJIOBEKa, KaK U KHCIIOPO/I.

['moGanbHBIE KOHCEHCYC UCIONB3YET TEOPHUIO O TOM, YTO BHIOPOC B aTMOc(epy HCKYCCTBEHHBIX
XUMHUKATOB, COJIEpKAIUX XJIOpP, NMPUBOJUT K HCTOIICHUIO O30HOBOTO cios B cTparocdepe. boib-
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IIHHCTBO 3TUX BEIIECTB MPEACTABISIOT co00#t xmopdropyriaepoasl (XDPVY) u rammors! (MCHOIb3yEMEBIE B
OTHETYIIHUTENAX ), KOTOPBIC 00Jaaf0T XOPOIIeH CIIOCOOHOCTRIOPa3pyIIaTh 0O30HOBEIN cioitl. XDV yxke
MHOTO JIET HCTIOJIB3YETCsl B KAUeCTBE XJIaAareHTa B X0JI0JUIbHBIX MAalINHAX, B KAUECTBE pacCTBOPUTENCH
1 meHooOpazoBarenei.

BriarorBopHOE HCIIONB30BaHUE 3THX HEM3MEHHBIX XMMHUYECKHX BEILIECTB Ha 3eMJle MPUBOIUT K
HCTOILCHUIO 030HOBOTO CJI0s. BemecTBo B HEN3MEHHOM BUE AOCTUTAET CTPATOCHEPH] U PaCIlEIIAETCS
1oJ, BO3JCHCTBUEM HHTCHCHUBHOTO yibTpaduoneToBoro mamydeHusi YB-C. YinbrpaduoneToBsle rydn
COJIHLIA PACILEIISAIOT MOJEKYJbl KUCIOPOAA HAa aTOMBbI, KOTOpbIE 3aTeM OOBEOUHSIOTCS C IPYTUMHU
MOJIEKYJIaMH KUCJIOpoAa ¢ oOpa30BaHWEM O30HA. XJIOp yAaJISIeT OJUH aTOM M3 MOJIEKYJBl XJIOP-030H,
BBICBOOOKJaeMOW M3JIyYCHHEM U3 MOJCKYJ-XpaHuTenei, u oopasyer okcuz xiopa (ClO) u mpocroii
KHCIOpOa. B pesynbpraTe peakuuu ¢ KHUCIOPOJOM CHOBA BBIAEISETCS XJIOp, 00pa3ysHOBYIO MPOCTYIO
MOJIEKYJLy Kuciiopoaa. Takum o0pa3oM, XJIOp AEHCTBYET KaK KaTaJIu3aTop COCIIOCOOHOCTRIO pa3iaraTbes,
U MpOIeCC MPOJOIDKACTCS 10 TeX MOp, MOKa He MPOUCXOJUT M3MEHEHHH B MOJIEKyJe xjopa. Kaxnas
MOJIEKYJIa XJIOpa BHI3bIBAET HAPYLICHUE ThICAY MOJIEKYJ 030HA U HapylIeHue O6ananca IpUpPOIbI.

Haunbonee omacHBI AONTOBEYHBIC XHUMHKATHL. CpemHss IMPOIOKATEILHOCTh JXKH3HH XDY-11
coctaBisgeT 50 ner, XDVY-12 B cpearem 102 roma, a XDY-113 B cpeanem 85 nter. CiaenoBaTeibHO, AaXKe
MOCJIE TOTO, KaK 3TH BellecTBa OyAyT MPEKpalleHbl, pa3pylIeHHEe 030HOBOTO CJIOSI 3TUMHU BEIIeCTBAMHU
OyleT mpoAoKaThCsl B TEUEHHE HECKONBKUX JIeT. XJIop(TOpyriepoAsl Temeph YIOMHUHAIOTCS Kak
OCHOBHAasI IPUYMHA HMCTOLICHUS 030HOBOTO cios. Kaxnmyro BecHy Hal AHTapKTHUIOH Ha Ore 3eMHOIO
mapa oopasyercs «apipa» pasmepom ¢ CIIIA. Koria Mbl TOBOPHUM «JIbIpay, 3TO HE IbIPa, 8 KOHIICHTPAIIHUS
030HA B DTOU 30HE.

B 1980-x romax Obu10 M0Ka3aHO BimsiHEE xjaopdropyrieponos (XDY) u ruapoxinopdropyriepomos
(ITX®Y) Ha o30HOBBIN ciioii. B cooTBeTcTBUM ¢ BeHCKo# KOHBeHIMEH 00 oXpaHe 030HOBOIO CIIOS,
npunsToin B 1985 roay, m MoOHpeanbCKMM IPOTOKOJIOM IO KOHTPOJIIO 33 030HOpPa3pyIIaloIUMHU
BeLIEeCTBaMU, NOANUCAaHHBIM B 1987 rony, ucnons3oBanue XDV orpanudeHo 1996 ronom ais pa3BUTHIX
crpad 1 2010 rogom /It pa3BUBAIOMINXCS CTPAH M €r0 UCIOIb30BaHNE OBIIIO pa3penieHo s Pa3BUTHIX
ctpan no 2020 roma u guspassusatomuxcs crpan g0 2030 rona.

[To sToil mpuurHE Hamla cTpaHa TaK)Ke MpPeKpaThiia HWCIOJIb30BaHME XjajareHra R22, koTopsli
BpEeICH IUIsl O30HOBOTO CJIOSI, U MEPEeXOAUT Ha Oe30MacHbIM XJIaJareHT IUisl 030HOBOro cios. O30HO0pas3-
pymatomuii noreniman (ODP) xmanarenta R22 cocrasmser 0,05. Temneparypa KAIEHUS COCTaBISET —
40,85 bap, kputuueckas temrneparypa — 96,13°C, pabouee napienue — 3...15,7 Bap. B HacTosiiiee Bpemst
R410A u ero anbTepHaTUBHBIN XJagareHT R32 ucnosib3yr0TCs B KAYECTBE aJIbTEPHATUBHI XJlaJareHTy R22.
CaMbIM OOJBIIMM NPEUMYIIECTBOM 3THX xinagareHtoB R410A u R32 sBisercs To, 4To 0O30HOpa3-
pymaronuii noteHman pasex 0. [To 3Toi npuymHEe Ha MPaKTUKE UCIIONIB3YeTCs ATOT XjuanareHT. JlaBaiite
IIOCMOTPHUM Ha J1a00paTOpHbIE PE3yJIbTAThl TUX XJIaJareHTOB.

Memooonozusa u pe3yiomamal UCCc/1€006aHUA

Ha CICAYyIOMUX nuarpamMmmax rnmoxkasanbl mapaMeTpbl HETHIPEX OGCy)KI[aeMI)IX BBIIIC OXJIAXKIAAOIINX
arcHTOB IIPU OJIMHAKOBBIX YCIOBHAX. McclienoBaHue mpoBOAUIOCH NpH TeMiieparype kunenus 8,9°C u
temrnepaTtype koaaeHcanuu 50,6°C.
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Pucynok 1 — B3auMoCBsI3b X0JI0A0NIPOU3BOIUTENEHOCTH XinagarenToB R22, R410A, R290 u R32
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HccnenoBanue mokasano, 9To IPH TEX Ke YCIOBHIX 3P (HEKTHBHOCTH OXJIAXKIEHUS ObIJITaHAMHOTO
BeImie mpu R32 (puc. 1). B 1,2 pasa Beimre, uem y R410A, B 1,5 paza Boimre, uem yR22, u mouTu B 1Ba pasza
HIKe, yeM y R290, y koToporo Ob11 camblil HU3KUW 0ail, MOJ0KUTEIbHBIN pe3yibsTaT B 1,97 pasa.
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Pucynox 2 — Koaddunuentsr smekrprdaeckoit MomHocTH xnanareHToB R22, R410A, R290 u R32

Ha stoit nuarpamme (PucyHok 2) mokazansl pe3yibTaThl IO MOTPEOIIEMO dIeKTposHeprun. R32
TAK)KE MOKa3aJl HAUBBICUINI pe3yJbTaT IO ITOMY IOKA3aTell0, HO 3TOOBUI OTPULIATEIbHBIH PE3yibTarT,
CaMblil TOJOKUTENBHBIN Pe3yJbTaT OKa3aJCsl MOJOKUTEIbHBIM IO cpaBHEHHIO ¢ R32 ¢ moutu BABOe
OOJIBIIIMM KOJMYECTBOM OXJaxaaromero areHra R22, o ectb B 1,96 pasza menbire. R290 Taxke mokasai
MTOJIOKUTENBHBIN pe3ynbTat, 0nm3kuil kK R22. R410A uMeer orpunarenpHbIi pe3ynsTaT ¢ R32.
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Pucynok 3 — B3aumHOCTB K03 (UIMEHTOB oXJaxaeHus xmagareHToB R22, R410A, R290 u R32

Kax ynoMuHanock BbIIIE, €CITU MbI IOCMOTPUM Ha CYIITHOCTH KO3 GUIIUEHTA OXITKICHUS, KO3 Pu-
[UCHT OXJIAKJCHUS PaBeH OTHOIMIEHUIO A(h(PEKTUBHOCTH OXJIAXIIEHUS K DJICKTPUUECTBY. TO €CTh B3anMO-
CBsI3b MEXKY d(DPEKTUBHOCTHIO OXJIAXKICHHUS M JIEKTPUIECTBOM. EC/IM MbI IOCMOTPUM Ha 3Ty JHarpaMMy
(puc. 3) B 0000mIEHHOM BHjIE, TO XJIagareHT R22 OKa)KeTCs JIyYIIUM IOJIOKHUTEIHLHBIM OXJIAXKIAFOIIIM
areutoM. Ho Henb3s 3a0b1BaTh, uTO R22 He ABISETCS SKOIOTHUECKHA YUCTHIM OXJIAXK/IAFOIIIM areHTOM.

3aknrouenue

[To pesynbratam ucciemoBanus xjianareHToB R22, R410A, R290 u R32 B 0MHAKOBBIXYCIOBHUSX:

o [Ipu Tex e YyCIOBUSAX X0JI0A0NPOU3BOAUTENHLHOCTE XJajarenra R32 6puta B 1,2 pasa Bellie,ueM y
R410A, B 1,5 pa3a 6ounbire, uem y R22, u mouru BaBoe Oonbie, uem y R290, To ects B 1,97 pasa Boimie
MTOJIOKUTEIBHOTO PE3YJIbTATa;
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e [lo moTtpebasiemoit momuoctH R32 moxazan xymmmii pesynbTaT, aR22, xmamareHT, mokaszai
MOJIOKUTEIbHBINA pe3yibTaT B 1,96 pasza menbine, ueM R32. R290 Takke mokaszasl IMOJ0KHTEIbHBIN
pe3yabTaTt, 6nuskuit k R22. R410A uMmeeT oTpHUIlaTeNbHBIApE3yabTaT ¢ R32;

o [1o xorhumueHTy OXITaXKASHHS JTyYITNM TOJI0KUTENBHBIM XJIaIar€HTOM OKa3aJjcs Xiamareat R22.
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HEPCIIEKTUBbI MOJAEPHU3ALIUN CUCTEMBbI OXJIAYXKIEHUSA
C UCHTIOJIB30OBAHUEM TEIIVIOBOI'O U3JIYYEHUA B ATMOCODEPY
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AHHOTAIUSA

[TepcrieKTHUBBI MOJEPHU3AINMHA CHCTEMBI OXJIKICHHUS C HMCIHOJB30BAHMEM TEIIOBOTO HM3IYUYCHHS B
aTMocdepy HCCIeIOBAHBI M ITPOIOIDKAIOTCS UCCIICIOBATHCS MHOTUMH YICHBIMHA. VI3BeCTHBI MHOTOUNCIICHHBIE
WCCIICIOBAHUS CHCTEM XJIQJIOCHAOXKEHHUS C HCIIOJIb30BAaHUEM TEIUIOBOrO W3nydeHust B atmocdepy. llo
MIPOBEJICHOMY aHaJIU3y CYLISCTBYIOUIMX YCTAHOBOK C MCIOJb30BaHMEM TEIIJIOBOI'O M3JIydYeHHs B arMocdepy,
000CHOBaHA aKTyalbHOCTh. HampasieHne MOAepHA3AINE CUCTEMBI OXJIAXKICHIS C UCIIOJ30BAHIEM TEIII0-
BOTO U3JIY4YeHHS B aTMocdepy SBISETCS MEePCIeKTHBHBIM. Pa3paboTaHbI 3KCIEpUMEHTalbHAs YCTAHOBKA,
METOJIMKA U aJTOPUTM pacyeTa Il pa3pad0TKH yCTaHOBOK. Ha mpeanpusTHsIX MUIeBON MPOMBINIICHHOCTH
B PETHOHAX C KaAPKUM JICTHUM KJIMMATOM M CyXHM BO3AYXOM B KOHACHCATOPE C BO3AYIITHBIM OXJIAKICHUEM
XOJIOAWJIBHON MaIIMHBI IPOUCXOIUT 3HAUUTEIBHOE MOBBIIICHUE TEMIIEPATYPhI U KaK CJICICTBUE MOBBILLICHUE
JABJIEHUSL. DTO XapaKTEpHO JUIsl KOHTUHEHTaIbHOTO KiuMata CpeaHe A3MaTCKOro peruoHa B TOM YHCIE U
Kazaxcrana. JIyis mOHWKEHUS AaBICHHS KOHIEHCAIIMH COBMECTHO C KOHIEHCATOPOM BO3IYIITHOTO OXJIaX-
nenust (KBO) npeqaraercs pUMEHSITH JONOIHUTEIbHYIO YCTAHOBKY C TEIUIOBBIM H3JIy4eHHUEM B aTMOChEpY.
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Abstract

The prospects for the modernization of the cooling system using thermal radiation into the atmosphere
have been investigated and continue to be investigated by many scientists in this field. Numerous studies
of cooling systems using thermal radiation into the atmosphere are known. According to the analysis of
existing systems using thermal radiation into the atmosphere, the relevance is justified. The direction of
modernization of the cooling system using thermal radiation into the atmosphere is promising. Experimental
unit, a methodology and an algorithm for calculation, modeling and development of systems have been
developed. At food industry enterprises in regions with a hot summer climate and dry air, a significant increase
in temperature and, as a consequence, an increase in pressure occurs in an air-cooled condenser of a
refrigeration machine. This is typical for the continental climate of the Central Asian region, including
Kazakhstan. It is proposed to use an additional installation with thermal radiation into the atmosphere in order
to reduce the condensation pressure together with an air cooling condenser.

Beeoenue

MogepHHU3alUy TEXHOJIOTHYECKOTO OOOPYAOBAaHHA B XOJOAWIBHOW TEXHHKE C HCIIOJIb30BAHUEM
BO300HOBJISIEMBIX HCTOYHHUKOB SHEPTHH MI03BOJISIET TOBBICUTH YHEPTOI(EKTUBHOCTD U 9KOJIOTUYHOCTH CUCTEM
XOJIOAOCHA0KEHHUS.

Hapsiny ¢ poctom HaceJeHusi, pa3BUTUSl TMPOMBIIIICHHOCTH W CTPEMJICHHEM JIoJell K Oosee
KoMpOpTHOU OKpyXatomield cpene, B 21 Beke HaOmogaercss OypHBIH CIPOC Ha DICKTPOSHEPIUIO B
X0noAWIbHOM oTpaciy. CoBpeMEHHas TPaIULMOHHAS TEXHOJIOTHS OXJIAXKICHHS CTAIKUBAETCS C MPoOIeMaMu
OO0JIBIIIOTO SHEPTOMOTPEOIEHHUS U TAPHUKOBOTO 3(h(peKTa, BEI3BAHHOTO XJIAar€HTOM.

dusnyeckoe SBICHUE OXJIAXKICHUS O0ObEKTOB B HOUHOE BPEMsI HIKE TEMIIEpaTyphl IPU3EMHOTO CIIOs
BO3AyXa HOCHT Ha3BaHue OD(dexkTuBHOro nsmydeHus. [loBepxHOCTh mpeaMeTa, pacloNoKeHHas TOPU30H-
TaJILHO TPH OIPEJENICHHBIX MOTOAHBIX YCIOBHAX) M OTCYTCTBUH INPUXOMASALIETO U3ydeHus (B 6e300J1a4HyI0
HOYb) CIIOCOOHA M3ITydaTh OOJIbIIE TEIUIOBOIM YHEPTHH, YEM IMOJTy4aTh 0OpaTHO OT BHEIIHHX UCTOYHHUKOB. B
pe3yJbTaTe ee TeMIIepaTypa MOKET MOJIEPKUBAThCS HIDKE TeMIIepaTyphbl OKpysKaroliero Bo3ayxa. [lonsons
TEIJIOHOCUTEIb K M3JIydalolleld MOBEPXHOCTH, MOKHO OCYIIECTBIIATH €ro oxjaxkaeHue. Mcronb3yeMblil B
pabore naHHbli 3(deKkT oxJakAeHUs, C MOMOIIbI0 KOTOpOro OyaeT MNOAIEP>KUBAThCS TeMIeparypa
TEIJIOHOCHTEIS OJIM3Kasi K HOYHOMY BO3/yXY, Ha3bIBaeTCsl paJManmoHHbIM oxnaxaeHuem (PO) [1-11].

PagnanmonHoe oxnaxkIeHWe 3aTPyIHUTENIBHO MCIOIb30BaTh KPYIJIOTOJUMYHO [UI TMOAJCPKAHUS
OIIpeIeJICHHOM TeMIIepaTyphl OXJIAXKIAEMOr0 0OBEKTa, HO MOXKHO HCIIOJIb30BATh COBMECTHO C XOJIOIMIIEHBIMU
MAaIllWHAMH JIJISI CHUDKEHHSI UX DHEPronoTpeOIeHus!.

Oobvexkmut u Memoovl UCcIe006aHUA

st noBbimieHus 3¢ (HEKTUBHOCTH XONIOAWIBHON MAaIMHBI MIPEJIaraeTcs Mocie10BaTeIbHO C KOHICH-
CaTopoM BO3AYIIHOTO OXJIAXKJIEHHS YCTAHOBUTH KOHICHCATOP YKHIKOCTHOTO OXJIXK/CHUS. B nanHOM ciydae
JUISL OXJIXKJICHUS TETUIOHOCHTEIIS, KCITOIb3yEMOT0 JIJIsl OTBOJIA TETIOTH KOHACHCAIINT, MOYKHO HCITONIb30BATh
TEIUIOBOE M3NTyueHHe B atMocdepy (pucyHok 1).
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PI/ICYHOK 1- HpI/IHL[I/IHI/IaJ'H)HaH CXEMa CHWXKCHUS NaBJICHUA KOHACHCAIIMW IPU IIOMOIIN TCTIJIOBOT'O U3JIyUCHUSA B aTMocq)epy
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JlanHOE HampaBiieHHE MMEeT NMPAaKTHYECKYI0 3HAYMMOCTh Ha TeppUTOpWU A3WH (M B YaCTHOCTH, B
Kazaxcrane), Tak Kak 3/1eCh M3-3a BBICOKHX TEMIIEPATyp aTMOC(EpHOro Bo3ayxa B jieTHee Bpems (10 +40°C u
BBIIIIC) B XOJIOJWIBHBIX CUCTEMaX C KOHJIEHCATOPAMHU BO3AYIIHOTO OXJIAXKICHUS, TEMIICPATYPhl KOHICHCAIINH
XJIaJareHTa mojHuMarotcs Boie +50°C, a nmpuMeHeHHe KOHACHCATOPOB MCHAPUTEIILHOTO OXJIAXKICHUS U
Pa3TMYHBIX KOHIEHCATOPOB KHIKOCTHOTO OXJIAXK/IEHUS OTPAaHUYEHO U3-3a Je(UINTa TIPECHOU BOJIBI.

Pe3zynvmamot IKCnepuMeHmMaaIbHbIX UCCEO08AHUTL

Takum 00pa3oM TOJYYCHBI JaHHBIC O BO3MOXKHBIX PEKHUMaxX pPaOOTHI XOJOMWUIBHON YCTaHOBKH
(pucynok 2). O600IeHHbIE pe3yIbTaThl IKCIIEPUMEHTOB TIPEICTABIICHBI B TabmwIe 1.

B xoze skcrieprMeHTa yecTaHOBIIEHO, UTO TEMIIepaTypa KOHACHCAITUN MOXKET ObITh CHIDKEHa ¢ +35,6 1o
+31,4°C 3a cyer BrmoueHus KXKO npu Huskoit Temmeparype Bo3ayxa, mogasaemoro B KBO (menee +30°C).
[Tpu BBICOKO¥ TeMIIepaType Bo3ayxa, nogaBaemoro B KBO, TemnepaTtypa KOHICHCAIIMHA MOXKET ObITh CHIKCHA
¢ +48,5 mo +38,3°C 3a cuer BximroueHus KXKO.

Brmrouenne KXKO npuBoauT K yBenMUYEHHWIO JJIeKTpUueckoil wmomHocTH N, mnorpebasemont
YCTaHOBKOM, Tak Kak BKIo4YaeTrcs Hacoc H2. OngHako CHIDKEHUE NABICHUS KOHJCHCAIMM, TPUBOAUT K
YBEIUYCHHUIO XOJIOMOMPOU3BOIUTEILHOCTH KoMIpeccopa Qo, UTO BBI3BIBAECT POCT XOJIOTUIBLHOTO KO3(du-
[MEHTa YCTAaHOBKH &. 3HAUYEHNE XOJOAONPON3BOIUTEIHHOCTH TTOIYIEHO IO MACTIOPTHRIM JTaHHBIM KOMITPEC-
copa Ha OCHOBe JaHHBIX nporpamMmbl Danfoss Coolselector®2 [12].

Taxoxe mpu Brimrouernn KOXKO HabmogaeTcs CHIKEHNE CTETIeH! MOBBIMeH s AaieHus ¢ 6,0 10 5,3 (Ha
13%) npu HM3KOH Temmeparype Bo3ayxa, momaBaemoro B KBO, u ¢ 8,5 mo 6,5 (ma 30%) npu BbICOKOI
TeMIieparype Bo3ayxa, nogasaemoro B KBO.

Tabnuna 1 — Pe3ynpTaTsl IPOBEAECHHBIX SKCIIEPUMEHTOB ¢ ycTaHoBKoH XMcIIK-1

No Pexum | t, °C | to, °C Ba%‘('g) Ba‘;f(’g) p/Po | Ne,Br | Qo Br | o
T1-1 | TomxoKBO | 356 | -169 | 80 | 05 | 60 | 402 | 6487 | 161
T1-2 | KBO+TOH | 485 | -169 | 11,7 | 05 | 85 | 421 | 5265 | 1,25
T4-1 | KBO+KXO | 314 | 169 | 70 | 05 | 53 | 423 | 6798 | 161
T4-2 KXKO 356 | -169 | 80 | 05 | 60 | 38 | 6563 | 1,70
143 | KPO IO 33 | 169 | 87 0,5 65 | 417 | 621,6 | 1,49

OKCIEepUMEHT, MOKa3bIBAIONINI MOHMKEHHUS IaBJIEHUS KOHICHCALMH, ABISETCS CPaBHHUTEIHHBIM H
HUMEET CJICAYIOIIUE STAalbl:

1) 3aryck ycTaHOBKH B OOBIYHOM pekuMe (0€3 OMOTHUTENLHOTO TeIUIa, M OTIOIHUTEILHOTO KUIKOCTHOTO
KOHJICHCATOPa), CTa0IIN3AIIHs ATOr0 pexkrMa (PUCYHOK 2, poMeskyTok Bpemenn 10:48 — 10:52);

2) Co3naHue JIOMOJHHUTENBHON TEIUIOBOW HArpy3KH Ha BO3IYILIHBIA KOHAEHCATOp (PUCYHOK 2,
mpomexytok 10:52 — 10:53), BKiIFOUYEHHE OTIOMHHUTENBHOTO HarpeBareis BO3IyXa, MPU 3TOM Oynaer
HAOJIOIATBCSI POCT TEMIIEPaTYphl KOHACHCAIMH, 3TOT PEKUM TaKkKe CTaOHIM3HpYeTCsl depe3 HeOONBIIOH
npoMexyTok BpemeHu (10:53 — 10:54). Tak kak SKcrieprMeHTalIbHAS YCTAHOBKA HAXOAHUTCS B MIOMEIEHUH H
paboTaeT HOpMaJIbHO, HEOOXOJMMO CO3/1aTh YCIOBUS ONM3KHE K peabHBIM, IPU KOTOPBIX MO/ BO3AEHCTBHEM
COJTHEYHOM paJnallii BO3HHUKAET JIOTIOJIHHUTENbHAS TEIUIOBas Harpy3ka Ha BO3AYIIHBIA KOHAEHCATOp H
BO3HUKAeT HEOOXOANMOCTh B IOHWKEHHH JABICHUS KOH/IEHCAIIHH.

3) TonxmoveHune >KUAKOCTHOTO KOHJIEHCAaTOpa, BKIIOYeHHE Hacoca H2, HaOmomaeTcs CHUKEHHE
TeMITepaTyphbl KOHACHCAIINA O MUHIMAJIEHO-BO3MOXKHOTO (PUCYHOK 2, TpoMexxyTok 10:54);

4) TpomosmkeHne paboThl yCTAHOBKH BMECTE C TTOIBOIOM JOTIOJHUTEIBHOTO TEIJIa, U UCTIOIh30BAaHHEM
XKHUJIKOCTHOTO KOHJIGHCAToOpa. YCTaHOBKa pa0oTaeT NpH MHUHUMAJIBHOW TeMmIepaType KOHAEHCAlWH,
MpoJoDKaeTcsl LUpKynsauuss HacocoM H2. IlpowcxonuT mMOBBIIEHWE TEMIEPATyphl KHUIKOCTH B
AKKyMYJHUPYIOIIEH eMKOCcTH (pUCYHOK 2, mpomexyTok 10:55 — 11:07). IIpogomkuTeIsHOCTs BPEMEHHOTO
MPOMEKYTKA 3aBUCUT OT HA4YaJIbHOTO 3HAYCHUS Temreparypbl Ti4 mepe MUKIOM BKIFOUSHHUS KUIKOCTHOTO
KOHJIEHCATOpa, ¥ €MKOCTH (KOJIMYECTBA TETINIOHOCUTENS) B aKKyMYJISITOPE X0JIOA.
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PucyHok 2 — 3aBUCHMOCTH TeMIIEpaTypbl KoHAeHcaluu (1c), OT MOBOIa JOMOJHUTENBHOTO TEIIA, U MPU MOIKITIOYSHUH
JKUJKOCTHOTO KOHJIeHCAaTOpa

Heo0xonumele pukcupyeMblie mapaMeTphl B X0/ IKCIIEPUMEHTOB 0003HauEHBI B Tabmwuie 2.

Tabmnuna 2 — HeoOxonumele GUKCHpYyEMBbIE ITapaMeTphl B X0/1€ IKCIIEPUMEHTOB

Ne @uKcHpyeMblii TapaMeTp OGo3Havenne Ex. usm.
1 Temneparypa HarHeTaHUS Til °C
2 TemmepaTypa Hocle BO3AYLIIHOTO KOHIEHCATOpa Ti2 °C
3 Temneparypa mociie TerI000MeHHUKA Ti3 °C
4 Temneparypa B akKyMyJIATOpE X010a Ti4 °C
5 TeMIIepaTypa IIOBEPXHOCTH PaUaTOPa Ti5 °C
6 TemnepaTypa Bo3ayXa Ti6 °C
7 Temneparypa B kamepe Ti7 °C
8 JlaBneHne KOHACHCALMH PI1 6ap
9 TeMneparypa KOHIeHCALUH te °C
10 [Motpebnsiemas MOIIHOCTH L1 Br

IKcnepumenmanvroe ucciedo8anue YUK Xo0a00UunbHol yCmanoeKu
JuHamMyKa HW3MEHEHHs TeMIepaTyp B YCTaHOBKE IMpPHU KOMOMHMPOBAHHOH CXEeME€ OTBEIEHHs TEIUIOTHl B
KOHZIEHCATOpaX BO3AYIIHOTO W KUJIKOCTHOTO OXJAXKACHHA IIPH pa3HBIX TeMIleparypax BO3AyXa,
noctynaromero B KBO, npeacrasiiena Ha pucyHke 3.

Tabmuna 3 — Cpexnue 3a mepro/1 HaOIIOICHUS TTapaMeTPhl XOJIOJMILHOH yCTaHOBKH

No ta th te to Pe Po Pe/Po | Atse | Atsn Ne Qo Q. | COP

°C °C °C °C | bap(g) | Bap(g) — K K Br Br Bt | B1/Bt
1 | +27,6 - +35,0 | -16,7 8,0 0,5 6,0 | 50 | 14,2 | 402 | 573,6 |910,0| 1,43
2 | +38,6 - +47,0 | -16,7 | 11,9 0,5 86 | 25 | 10,4 | 421 | 452,7 |809,8| 1,08
3 | +27,3 | +27,0 | +31,2 | -17,1 7,0 0,5 53 | 43 | 14,3 | 425 | 585,7 |914,9| 1,38
4 | +38,0 | +33,1 | +39,1 | -17,4 8,9 0,5 6,6 | 1,3 | 13,9 | 417 | 501,5 {838,9| 1,20

CpeZIHI/Ie 3HA4YCHUS OCHOBHBLIX ITapaMETpPOB XOHOJIPIJIBHOﬁ YCTAaHOBKH IIPU BKIIFOUCHHOM KOMIIPECCOPE
3a Iepuoa Ha6J'IIO,I[eHHﬁ BO BCCX IMMPOBCACHHBIX 3KCIICPUMCHTAX MPCACTABJICHLI B Ta6J'II/II_I€ 3.
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Pucynok 3 — JluHamMuKa H3MEHEHUS TEMIIEpaTyp B YCTAaHOBKE OT BPEMEHH T. & — SKCHEepUMeHT 3 ¢ BkmouyeHneM KXKO
IIpU HU3KOW TeMmImeparype Bo3ayxa, mogaBaemoro B KBO; 6 — skcnepument 4 ¢ BrimoueHueM KXKO mnpu BbicOKO#M

TeMIepaType Bo3ayxa, mogasaemoro B KBO. —m— — remneparypa narueranus (T11); — TeMIlepayTpa XJiaJlareHTa

Ha Beixoge w3 KBO (TI2); —— — rtemmepaytpa xmamareHta Ha Bbixoge u3 KXKO (TI3); — TeMImeparypa
TEIUIOHOCHUTENS B akkymystope xonona (T14); —e— — temmeparypa Bo3ayxa B xojoawibHOU kamepe (T17); — —

TeMmeparypa Bosayxa Ha Bxome B KBO (TI9); ---- — Temmeparypa KumeHus xiajareHta to; —e— — Temmeparypa
KOHJICHCAllUH XJIajarexHra tc

B tabnuue 3 abconmoTHas MOTPEIIHOCTh PU U3MEPEHHH TeMIIepaTypbl KUIeHHus lo U TeMIiepaTypbl
koHneHcanuu tc cocraBmser +1.5°C. IlorpemHOCT, TpH HU3MEPEHHU TEMIIEPATYPhl TEIJIOHOCUTENS lhy
cocranisieT +£0.5°C. [Ipu BHIYHUCICHUH CTETICHN TIOBBIIICHUS aBIeHHs Pc/Po, ONPEIICICHHON KaK OTHOIIICHUE
abCOJIOTHOTO JaBJICHUS KOHIEHCAUUH Pc K aOCOJIOTHOMY MaBJICHHIO KHIIEHHS Po, OTHOCHTENbHAs
norpemHocTh coctaBisier 10 %. Ilpu m3mepennu mneperpeBa Atsh u mepeoxiaxaeHust Aty abconmroTHas
norpemHocTh coctapisier +1,9 °C. C yderoM TNOTpenIHOCTe W3MEpeHHi TeMIeparyp W JaBJICHUN
XO0JIOZIONIPOU3BOANTENBHOCTh KoMIpeccopa Qo u Temiota koHaeHcanmu Q¢ Mornm u3meHatscs Ha 10 %.
OTtHOcHTENIBbHAs! TOTPEIIHOCTh P BBIUMCIIEHUH X0NoauibHOro Koddpunnenra COP cocranser 12 %.

Pe3ynbrarel 3KCTIEPUMEHTAIBHOTO MCCIIEAOBAHUS IUKJIA XOJIOAWIHHONW YCTAHOBKH MPU Pa3NUYHBIX
TeMIeparypax BO3JyXa MOKa3bIBaIOT, YTO Pa3HUIA MEXIY TEMIEepaTypoill KOHACHCALMH M TeMIIepaTypoir
MTOCTYMAIOIIEro Bo3ayxa cocrapisieT 7...8°C.

B xo/1e 3KCTIEpIMEHTOB yCTAHOBIIEHO, YTO TEMIIEpPAaTypa KOHACHCAIIUU MOYKET ObITh CHIDKEHA ¢ +35,6
no +31,4°C 3a cuer Bxmouenns KXKO npu HU3KOH Temmeparype Bo3ayxa, nmomaBaemoro B KBO (menee
+30°C). IIpu BeIcOKO# Temneparype Bo3ayxa, nogaBaemoro B KBO, TemnepaTypa KOHASHCALIMHA MOXKET OBITh
cHkeHa ¢ +48,5 1o +38,3°C 3a cuet BrioueHus KXKO.

Brmouenne KXKO mpuBOIWT K yBENTHYEHHIO SJEKTpUUECKOW MOITHOCTH Ne, TOTpebisiemMoit ycra-
HOBKOM, Tak Kak BKmouaeTcss Hacoc H2. OpHako CHM)KEHWE JaBJIEHUs KOHJEHCAIMW, NPUBOIUT K
YBEJIMUEHHUIO XOJIOJIOTIPOU3BOIUTEIBHOCTH Kommpeccopa Qo, YTO BBI3BIBAET POCT XOJOIMIBHOTO KO3(du-
[IMEHTa YCTAHOBKH €.

[IpoBeeHO KOMIIBIOTEPHOE MOJECINPOBAHUE XOJNOAWIBHONW YCTaHOBKM, HPH IOMOLIM KOTOPOH
OTIpeiesIeHbI TapaMeTPbl OCHOBHBIX 3JIEMEHTOB CHCTEMBI, a TAK)KE CHI)KEHUE CYTOYHOTO SHEPronoTpedieHue
Ha 6,5 % 1o cpaBHeHHIO ¢ 00bIKHOBeHHBIMH [TIKXM (c 421 Bt nmo 385 Br, T.e. Ha 36 BT). Taxkxe nposeneH
TEXHUKO-OKOHOMUYECKHH aHaiu3 dS(PQPEKTUBHOCTH TPUMEHEHHS JIOMOJHUTENLHOIO KOHJCHCATOPA,
OXJIXKJAEMOTO TEIUIOBBIM H3JIyuYeHHEM B aTMOC(epy B 3aBUCHMOCTH OT KIMMAaTHYECKHX YCIOBUH, KOTOPBIHA
nokasai 3HeprodpQeKTHBHOCTh UCCIIEAOBAHHON CHCTEMBI XJ1aJ0CHA0KEHUS.
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Abstract

We carried out a critical analysis of alternative refrigerants in accordance with the requirements of the
Montreal Protocol with the Kigali Amendment, which have a low impact on the climate and are characterized by
a low GWP. We considered the modern ways of transformation of the refrigeration and air-conditioning industry
sector with an emphasis on cooling and air conditioning systems of domestic retail enterprises. We conducted an
overview of constructive solutions of CO. refrigeration systems for domestic retail enterprises. It is shown that
CO- can be used as a refrigerant in the refrigeration systems of domestic retail enterprises of various types, which
operate both in precritical (subcritical) and supercritical (transcritical) cycles. The conducted analysis of CO;
refrigeration systems showed the prospects of their application for refrigeration systems of domestic retail
enterprises. The difficulties arising in this case are solved by various schematic solutions developed and tested by
specialists of the world's leading refrigeration companies.
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AHHOTAUA

[IpoBeneH KpUTHYECKUI aHAIN3 aJbTEPHATUBHBIX XOJIOJWIBHBIX areHTOB COrJacHO TpeboBaHusIM MOH-
peanbekoro NpoTokona ¢ Kuranuiickoil monpaBKoi, ¢ HU3KAM BIMAHUEM Ha KiuMar 1 Hu3kuM GWP. Ha ocHoBe
AHAJIN3a PACCMOTPEHBI COBPEMEHHBIE TTYTH TpaHCHOPMAIMH CEKTOpa XOJIOAMIFHON M KIMMAaTHYeCKOH HHITyC-
TPUU C AKIIEHTOM Ha CHUCTEMBI OXJIAXKAEHHS M KOHIUIIMOHMPOBAHHS OTEUECTBEHHBIX MPEANPUATHHA pUTeina.
[IpoBenen 0030p KOHCTPYKTUBHBIX PEILICHUH XONMOIWIbHBIX cucTeM Ha CO2 11 OT€UECTBEHHBIX NPeapHITHI
pureiina. [lokazano, yro CO2 MOXKET UCTIONB30BATHCS KaK XJIaareHT B XONOIMIBHBIX CHCTEMaX OTEUECTBEHHBIX
NPENNpUATHI pUTEHNIa pa3HBIX THIIOB, PaOOTAIOIIUX KaK B JIOKPUTUYECKHX (CYOKPHTHYECKHX), TaK U
CBEPXKPUTHYECKHX (TPAaHCKPUTHUYECKMX) HuKiax. IIpoBeneHHsll aHanmm3 xonoawibHbIx cucteM CO2 moka-3ain
MEPCIEKTUBHOCTh MX TNPUMEHEHHs I/ CHCTEM XOJIOJOCHAOKEHHS! OTEUECTBEHHBIX NPEANPUSTHH pUTEia.
Bo3Hukaroniye npy 3ToM CIOKHOCTH PeIaloTesl Pa3HOOOpa3HBIMU CXEMHBIMHU PEIICHUSIMH, Pa3pab0oTaHHBIMU U
anpoOHPOBAHHBIMY CIIELUATICTAMH BEAYILNX XOJOAMIBLHBIX KOMIaHUH MHUpa.

Introduction

Refrigeration and air conditioning systems are known to provide a strategic level of security for the
operation of the continuous cold chain and maintain critical temperature levels, and make a significant con-
tribution to greenhouse gas (GHG) emissions. GHG emissions from refrigeration and air conditioning sys-
tems are related to their consumption of energy derived from fossil fuels, as well as the leakage of refriger-
ants that have a high global warming potential (GWP).

International political agreements, such as the Paris Agreement and the Montreal Protocol with the Kigali
Amendment to it, determine the ways of transformation of the refrigeration and air-conditioning industry sector
towards the use of refrigerants that have a low impact on the climate and are characterized by low GWP.

In accordance with the requirements for the implementation of the Montreal Protocol, most countries
solved the problems of ending the production and circulation of chlorofluorocarbons (CFCs) as ozone-
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depleting substances and introduced hydrofluorocarbons (HFCs) into refrigeration and climate systems [1].
However, the Kigali Amendment targets the international community to reduce the consumption of hydro-
fluorocarbons (HFCs). Today, HFCs dominate the refrigerant market. They have zero ozone-depleting poten-
tial (ODP) but have a greater impact on climate change than carbon dioxide (CO2). Currently, HFC emis-
sions make up a small percentage of greenhouse gases, but due to the growing demand for air conditioning
and refrigeration in developed countries, their emissions are expected to grow more than 20-fold.

Alternative refrigerants that have a low impact on the climate can be substances of natural origin (hy-
drocarbons, ammonia, and carbon dioxide). Which of them have been used in refrigeration and climate sys-
tems for many decades (for example, ammonia), are characterized by a low impact on climate change, have a
lower cost than synthetic refrigerants, better thermodynamic properties, but also have significant disad-
vantages such as flammability, toxicity and high values working pressure, which limit their use and require
special approaches or work skills. For this reason, refrigeration and air-conditioning systems that work with
such refrigerants require a different approach in terms of design, installation, service, and operation, and re-
quire significant attention to safety. Today, there is no single choice in favor of one or another refrigerant for
refrigeration and climate systems, just as there is no universal design solution for these systems.

In the refrigeration and climate industry, the largest consumers of cold are the food and processing in-
dustry, as well as retail enterprises. It is known that most refrigerating systems of the processing and food
industry, especially of large capacity, work on ammonia, and therefore the problem of using alternative
agents is essentially already solved. Everything is much more complicated with the refrigeration and climate
systems of retail enterprises, because they are the biggest emitters of synthetic refrigerants. The sector has
not yet fully recovered from the CFC ban, as it is required to transition from HFCs to natural refrigerants.
Today, the developers of refrigeration and climate systems are faced with strict requirements for choosing a
refrigerant, with requirements to ensure the efficient use of equipment and requirements to use only appro-
priately trained personnel. Therefore, the problem of finding ecological and energy-efficient solutions, espe-
cially for retail enterprises, is very urgent. In recent years, the importance of CO; as a refrigerant in the food
trade refrigeration sector has grown significantly, but problems have been highlighted, primarily related to
high operating pressures and low efficiency at ambient temperatures > 31°C. Therefore, in this paper, we
conducted a critical analysis of alternative refrigerants and highlighted its main possible constructive solu-
tions of cooling and air conditioning systems for domestic retail enterprises.

Methodology

As an object of research, we have chosen refrigerants with low GWP and refrigeration systems of re-
tail enterprises. Their disadvantages and advantages, limitations for application were analyzed. Conclusions
were made that today CO is a promising refrigerant for use in refrigeration systems of domestic retail enter-
prises. The sources of information were data from electronic sources, sources from leading companies in the
refrigeration industry, and data from previous studies. Research methods are analytical.

Results and discussion

As mentioned earlier, today HFCs dominate the refrigerant market, especially in the cooling and air
conditioning systems of retail enterprises. Alternatives to HFCs with low global warming potential (GWP)
include naturally occurring refrigerants such as hydrocarbons (HC), ammonia (NH3) and carbon dioxide
(COy), as well as hydrofluoroolefins (HFO). The table according to data [1] shows a comparative characteris-
tic regarding the safety of today's common refrigerants.

Table 1 — Comparative safety characteristics of refrigerants

Refrigerant origin Artificial - HFC Natural
Refrigerant number R32 R410a R134a R290 R717 R744
. Difluoro- Pentafluo- | Tetrafluoro- . Carbon di-
Refrigerant name Propane Ammonia -
methane ro-ethane ethane oxide
GWP 677 1725 1300 3 0 1
Safety class ac- A2L — low Al —low Al - low A3 —low B2L with Al — low
Y toxicity and | toxicity and | toxicity and toxicity high toxicity L.
cording to ISO . . toxicity and
: low flamma- | flammabil- | flammabil- and flam- and low o
817:2014 - - - - . flammability
bility ity ity mability | flammability

As can be seen from the table, artificial refrigerants have high GWP indicators, but they are safer compared
to natural ones. Natural ones, on the other hand, have low or zero GWPs, but they have poor safety records.

Let's consider the main advantages and disadvantages of alternative refrigerants according to [1].
Ammonia (R717) is a refrigerant of natural origin, which has been used in refrigeration systems of the food
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and processing industry for more than a hundred years. Its undeniable advantages include: GWP = 0, zero
ODP, low cost, wide availability, high energy efficiency, high cooling capacity, [1].

At the same time, it has inherent disadvantages: according to ISO 817:2014, R717 is characterized as a
B2L substance with high toxicity and low flammability [2].

Today, ammonia is traditionally used for refrigeration and climate systems of large capacity, industrial
refrigeration systems and low-temperature installations. It is also appropriate to use it in cascade systems (for
example, using CO>), including for retail enterprises and refrigerating cooling and conditioning systems with
an intermediate coolant based on chillers.

Hydrocarbons (propane: R290, isobutane: R600a, propylene: R1270), refrigerants of natural origin.
The main advantages of hydrocarbons [1]:

- lower price compared to synthetic refrigerants;

- GWP<3 and zero ODP;

- non-toxic;

- compliance with most of the requirements for refrigerants;

- relatively high energy efficiency and high cooling capacity.

However, they are classified as flammable refrigerants of class A3. Accordingly, during the design of
the equipment in which there are gaseous hydrocarbons (HC), especially at large values of filling the system,
special safety measures must be observed. In comparison, the required fill values of a refrigeration system
operating using NS are much lower than those operating using HFC.

Today, hydrocarbons are already quite widely used in household and separately installed industrial refrig-
erators in European and Asian countries. Modern mains-powered refrigeration units with a filling of less than 150
g can provide cooling capacity of up to approximately 1000 W. Despite all the advantages, the use of hydrocar-
bons in the refrigeration systems of retail enterprises is very limited, primarily due to their danger [1].

The main advantages of hydrofluoroolefins (R1234yf, R1234ze) include: GWP < 10, zero ODP. In terms
of energy efficiency and cooling capacity, they are almost the same as HFCs. The disadvantages include the fol-
lowing: synthetic chemicals, high cost, formation of by-products harmful to the environment and health, highly
flammable substances [2]. Hydrofluoroolefins can be used in refrigeration systems of retail enterprises, but their
high cost and contradictory statements of experts regarding safety limit their use today. By the way, research on
their compatibility with the most common materials of refrigeration systems, development and testing of compo-
nents of refrigeration systems is still ongoing.

Carbon dioxide CO; (R744), a neutral refrigerant, is an adequate substitute for HFCs for refrigeration
and air conditioning systems in the food, processing, and retail industries.

CO; has a number of favorable properties, including the following:

- colorless, non-toxic, heavier than air;

- low cost, wide availability;

- non-flammable;

- much higher volumetric cooling capacity than traditional refrigerants, which makes it possible to de-
sign refrigeration systems and their components with a smaller volume;

- high energy efficiency (low pressure losses ensure much lower heat losses).

Despite all the advantages, it is characterized by high working pressure, which requires the provision
of special designs and stronger materials, and reduced efficiency at ambient temperatures > 31°C.

Considering the above advantages and disadvantages of alternative refrigerants with favorable ecolog-
ical and economic indicators, it can be concluded that today CO; is a promising refrigerant for use in the re-
frigeration systems of domestic retail enterprises.

As a refrigerant, CO; has excellent thermophysical properties, providing the system with high perfor-
mance and low energy consumption [2]. The diameter of pipelines of CO, systems is significantly smaller
compared to freon installations, which reduces the risks of losses during operation, and also allows reducing
the standard size of fittings [2]. Initial capital costs when using CO, may be higher than standard, but in the
long run they are justified because they reduce the payback period of the projects [3].

Let's consider the possibilities of constructive solutions of CO; refrigeration systems for domestic re-
tail enterprises. CO2 can be used as a refrigerant in the refrigeration systems of domestic retail enterprises of
various types, operating both in precritical (subcritical) and supercritical (transcritical) cycles.

Most often, the subcritical cycle is used in a cascade cooling scheme. As a rule, in the upper branch of
the cascade, R717 or R134a is used as a refrigerant, and in the lower branch — R744 (CO,) in the temperature
range from minus 35°C (boiling temperature) to 10°C (condensation temperature), which corresponds to
pressures from 12 to 26,5 bar. There are different types of subcritical CO, cascade refrigeration systems: di-
rect boiling systems, pumped circulation systems, CO, systems with a secondary intermediate circuit, or
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combinations of these systems [4]. A number of companies have developed and offer CO, cascade chillers
for use in supermarket refrigeration systems.

The efficiency of subcritical cascade CO, refrigeration systems is quite high even in hot climates.
These systems have significant advantages: a very small amount of refrigerant is required for the high-
temperature stage; the temperature difference near the cascade heat exchanger is relatively low; on the high
side of various refrigeration units, you can use freon or ammonia; ammonia-carbon dioxide cascade systems
have the highest efficiency [5].

In pic. 1 shows a simplified diagram of a refrigeration plant in which CO; is liquefied in the evapora-
tor of the primary refrigeration circuit (with NHs, HC (propane) refrigerants) and is transported by a circula-
tion pump to the evaporators of the medium-temperature cooling system. In modern cascade CO, stages, an
additional low-pressure LT-receiver is provided, which is maintained at the boiling pressure level of CO, due
to vapor pumping by one or several single-stage compressors [5]. The compressor injects CO, vapor into the
cascade cooler (condenser) together with gas from the medium-temperature evaporator. In the cooler, the
total gas flow is condensed and then enters the corresponding MT-receiver. From it, the liquid is transferred
to the low-pressure receiver with the help of a float valve.

MT

Picture 1 — A simplified diagram of a subcritical cascade refrigeration system

The intermediate temperature in cascade systems is chosen based on the required temperature in cool-
ing facilities, which are usually operated in conditions of high ambient temperature, which means that these
facilities can be cooled directly by carbon dioxide. In addition, the medium-temperature part can be opti-
mized for maximum energy efficiency if the system is used only for low-temperature applications.

Usually, a cascade system consists of two different refrigeration systems, which are connected but iso-
lated on a cascade heat exchanger. The calculated working pressure in each of them can be different [5]. The
calculated CO; pressure is usually chosen based on the availability of components and equals to 40...45 bar
(which corresponds to a temperature of +5...+10°C). In these cascade systems, it is important to have at least
one compressor running on the high-temperature side to enable the first compressor on the low-temperature
side to start. Otherwise, the compressor on the low temperature side will shut down due to high pressure.
Exactly such a sequence is necessary when filling the system. First, it is necessary to fill the high-
temperature circuit with refrigerant and start it up. When this is done, you can start filling the low-
temperature system with carbon dioxide. Further, when CO; pressure increases in the suction line, low-
temperature compressors are started.

Transcritical CO; refrigeration systems are currently used in CO booster-compressor refrigeration
systems in the temperature range from minus 35°C (boiling temperature) to +40°C (condensation tempera-
ture), which corresponds to pressures from 12 to 90 bar [4]. As is known, the peculiarity of the transcritical
refrigeration system is that during its operation, no condensation of the refrigerant occurs, due to which a
minimum difference between the temperature of the environment and the temperature of the refrigerant is
achieved, which can be used for heat transfer in the recovery system [4]. This property makes it possible to
increase the amount of heat recovered when the ambient temperature increases.

Most often, in a transcritical booster system, CO- is the refrigerant for low-temperature, medium-
temperature, and high-temperature objects, and high-potential heat from the injection line is used for heat recov-
ery. Thus, we get the integration of cooling and heating systems in one refrigeration system [6].

In pic. 2 presents a simplified diagram of a transcritical booster refrigeration system of a retail enterprise.
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(a) (b)
Picture 2 — A simplified diagram of a transcritical booster refrigeration system: a — medium-temperature MT branch, b —
low-temperature LT branch

Let's consider some features of schematic solutions of a transcritical CO; refrigeration system. The tran-
scritical CO- booster system is divided by pressure into three sections: low, medium, and high pressure [7].

The high-pressure section starts with the LT high pressure compressor. The hot steam passes through
the regenerative heat exchangers and heats the water, and then enters the general gas cooler. The high-
pressure section ends with an electronic expansion valve, such as the Danfoss CCMT. The design pressure in
this section is usually between 90 and 120 bar.

The medium-pressure section starts from the high-pressure expansion valve where the flow is separat-
ed into vapor and liquid in the receiver. The vapor phase is diverted to the suction line of the MT high-
pressure compressor through the bypass valve. The liquid phase is fed to the expansion valves, where it ex-
pands before being fed to the low-temperature and medium-temperature evaporators. The gas from the low-
temperature evaporator is compressed in the low-temperature compressor and mixed with the gases coming
from the medium-temperature evaporator and the bypass line. From here, the gas is fed into the suction line
of the high-pressure compressor and fills the circuit.

The calculated pressure in the medium-temperature section is usually 40...45 bar, and in the low-
temperature section 20...35 bar. At the same time, there is a tendency to design medium-temperature and
low-temperature sections at the same pressure.

The working pressure on the suction line of the low-temperature section is about 15 bar, the medium-
temperature suction line is 28 bar. The working pressure on the injection line of medium-temperature and parallel
compressors is 87 bar. The working pressure in the receiver is 33 bars. The working pressure in the receiver is 33
bars. It should be noted that the pressure in the receiver must be greater than the value at which evaporation occurs
in medium-temperature evaporators, to ensure the pressure difference on the expansion valves.

To maintain the pressure in the receivers when the system is idle, it is necessary to provide a refrigera-
tor with a small cooling capacity. Such constructive solution does not allow the pressure in the receiver to
increase more than permissible when the equipment is shut down or idle, and prevents depressurization of
the refrigerating system and emission of CO into the atmosphere.

All three temperature circuits can be controlled using one controller, for example Danfoss with addi-
tional expansion modules. For the low-temperature branch, it is necessary to provide for the installation of a
compressor with a frequency drive, and on medium and parallel compressors, install two frequency drives
for each temperature circuit. Such a solution will allow to increase the performance of the system without
switching to the next standard size of the compressor, reduce the consumption of electricity and regulate the
cooling capacity more smoothly. It is also necessary to provide that the fans of gas coolers also have fre-
guency drives for smooth regulation in conditions of low productivity, which will allow them to be most ef-
fectively included in the work and reduce electricity consumption.

Under transcritical conditions, the pressure is a function of the temperature at the outlet of the gas
cooler. The purpose of regulation is to obtain the maximum cooling coefficient COP at a given temperature.
The operation of the fans of the gas cooler is regulated by the temperature of CO; at the outlet of the gas
cooler. If the actual temperature is below the set value, the speed of rotation of the fans is reduced. If all
compressors are stopped, the fans do not rotate. In traditional systems, pressure is often a controlling parame-
ter (as condensation pressure decreases, system performance increases), but for transcritical systems in the
cold period, this can contribute to increased subcooling and lead to a strong decrease in receiver pressure. As
a result, the pressure drop may not be sufficient for the normal operation of the expansion valve.
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Initial costs and operating costs play an important role in choosing a cooling system and refrigerant for
a planned retail enterprise. It is known that most of the operating costs are electricity consumption. As you
know, a significant amount of electricity is consumed for the production of cold in the food industry. Today,
about 10...15 % of the electricity used all over the world is used for the production of cold. At the same time,
supermarkets are the largest consumers of electricity. Half of the energy consumed by the supermarket goes
to refrigerating products (compressors, showcases, etc.). At the same time, compressors consume about 30%
of electricity. Annual energy costs in large supermarkets can be about 1 % of total revenue. Moreover, a 50%
reduction in energy consumption leads to a 15% increase in profit for the average turnover of the supermar-
ket chain. It is necessary to take into account one more important factor, the continuous growth of energy
prices. The annual growth of electricity prices is 2... 11 %.

Specialists of the company «Dorin SpA» conducted a comparative analysis of some cooling schemes
for commercial enterprises, considering the climate of the region (Kyiv and the Kyiv region) and technical
conditions (unit with cooling capacity Qo = 150 kW for boiling temperature to = minus 10°C and unit — Qo =
50 kW for to = minus 35°C).

Three schemes of cold supply were considered: A — standard on R404A; B — with a booster compressor
(transcritical CO-, cycle) and C — cascade with R134a in the upper branch, R744 in the lower branch. Calculations
showed that the most energy-saving is the refrigeration scheme with a booster compressor (transcritical R744 cy-
cle). During its operation, 17% of energy is saved compared to the standard R404A cooling scheme.

Conclusion

The conducted analysis of CO, refrigeration systems showed the prospects of their application for re-
frigeration systems of domestic retail enterprises. The difficulties arising in this case are solved by various
schematic solutions developed and tested by specialists of the world's leading refrigeration companies.

The CO; system is more efficient than equipment with synthetic refrigerants if it operates in the sub-
critical temperature range (temperatures < 31.2°C). Power consumption of CO; systems compared to R404A.
In closed mode operation (temperatures > 31.2°C), CO> systems are generally less efficient than equipment
with synthetic refrigerants. But if we start from the calculation for a year, then in latitudes with a moderate
climate, refrigerating plants using CO- are 10...30% more energy efficient than plants with synthetic refriger-
ants, because most of the year they work in the area of subcritical temperatures. Conducted studies have
shown that the energy efficiency of CO, systems directly depends on the place of operation of the refrigera-
tion equipment, on the geographical factor, and to be precise, on the average annual temperature.

One more important factor should be noted — the ability in transcritical CO; systems to effectively use
heat recovery to obtain hot water for technological needs and heat the coolant for heating. Unlike freon ma-
chines, where there are problems associated with obtaining high-potential heat, refrigerating machines oper-
ating in a transcritical cycle on CO, do not have such problems. All the heat is high-potential, and you can
actually use all the overheating, turning off the gas cooler if necessary.

A common problem for both subcritical and transcritical systems is the increase in pressure during
system downtime. To solve this problem, there are several ways: to maintain the pressure in the refrigeration
system at an acceptable level, you can use an additional small refrigerator; install an expansion vessel in the
system, sufficient to compensate for the increase in pressure in the system during downtime; design the sys-
tem in such a way that it can withstand an idle pressure (saturated vapor pressure at room temperature) of
about 80 bar. As practice shows, the optimal solution for these refrigeration systems is the use of a small re-
frigeration unit for cooling liquid COs,.
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AHHOTAIHAA

HUccnenoBana 3¢ QeKTHBHOCT TEIIOAIEKTPOLEHTPAIN € TAPOra30BBIMHU YCTAaHOBKAMH, UCHIOJIB3YIOIIMMU
TEIUIOBBIE HACOCHI B KaYECTBE OXJIAKAAIOIIETO YCTPOMCTBAa KOHIICHCATOPOB MAapoBbIX TypOuH. TemnmonacocHas
YCTaHOBKA BXOJUT B COCTaB OOOPOTHOW CHCTEMBI OXJIaXKICHHS U UCTIONB3YeT HU3KOMOTEHIIMATBHOE TEII0 IHUp-
KYJISILMOHHOM BOJIBI IAPOBOM TYpOUHBI, KOTOPOE B TPAAULIMOHHON CXeMe OXJIKICHHS Yepe3 rpalipHu cOpackl-
Basiock B atMocdepy. Terunora, nomyuernas B THY, ncons3yeTcest mist HyX[ TerocHaokeHus1. Vicrions3oBanme
THY B III'Y TOLI no3BossIeT COKpaTUTh pacxof CKUTAEMOro TOILIMBA Ha MOJIOTPEB CETEBOM BOJIBI, YAYUIINTH
TEXHUKO-9KOHOMHYECKHE MTOKA3aTeIH IEKTPOCTAHIINK H YMEHBIIUTH BPETHbIC BEIOPOCHL.

IMPROVING THE ENVIRONMENTAL AND ENERGY EFFICIENCY
OF THE CCGU CHPP BASED ON THE USE OF HEAT PUMPS

Abildinova S.K.*#, Ph.D., associate professor, Kamarova S.N.?*, master's degree, Senior lecturer
1 — Gumarbek Daukeev Almaty University of Energy and Communications,
Kazakhstan, 050013, Almaty, Baitursynov str. 126/1
2 — Karaganda Industrial University Kazakhstan, 101400, Temirtau, Republic ave., 30
E-mail: a — saule18kz@mail.ru; b — cfekt.rfvfhjdf@mail.ru

Abstract

The efficiency of thermal power plants with combined-cycle gas plants using heat pumps as a cooling de-
vice for steam turbine condensers is investigated. The heat pump unit is part of the circulating cooling system and
uses the low-potential heat of the steam turbine circulating water, which in the traditional cooling scheme was
discharged into the atmosphere through cooling towers. The heat received in HPU is used for the needs of heat
supply. The use of HPU in the CCGU CHP allows you to reduce the consumption of burned fuel for heating
mains water, improve the technical and economic indicators of the power plant and reduce harmful emissions.

Begeoenue

O dexTHBHOE UCTIONB30BaHNE TOILIMBHO-YHEPTETHUECKUX PECYPCOB SIBISIETCS 3aJI0TOM YCTOMYMBOTO
pa3BUTHSA OOILECTBA U MOBBIICHHUS Ka4eCTBA KU3HH JIFOICH.

B sHepretuueckoil cTpaTterun yCTOMUMBOrO pa3BUTHs 3HepreTrku Kazaxcrana Ha nepuon a0 2050 rona
[1] chopmupoBaHEl HOBBIE OPHUEHTHPHI PA3BUTHS SHEPTETUYECKOTO CEKTOpa, HaHOOIee BaXKHBIM U3 KOTOPBIX
onpeieTieH Nepexo/l Ha MHHOBALMOHHBIA Iy Th pa3sutus. g ycroiunBoro passurus npeanpusituii TOK tpely-
eTCsl MOJIEPHH3AIMS €0 TEXHUUYECKOTO OCHAIIECHMS, BHEIPEHHE TEXHOJIOTMYECKHX MPOLIECCOB, CHIKAIOIINX 3a-
IPSI3BHEHUE OKPYIKAIoIIei cpelibl, TOBbIIICHHE KBATU(QUKAIMK TIEPCOHANA, a TAKXKE Pa3BUTHE W BHEJPECHUE ajlb-
TEpHATHBHBIX HCTOYHMKOB 3HEpruu. B umcne BaxkHeWmmx TpeOoBanuii CTpaTeru 3HAUYMT-CS CHIKEHHE
BPEHOTO BO3AECHCTBHUS JEATEILHOCTH MPEAIIPUATHI Ha OKPYKAOLIYIO CPELY.

I'maBHoe ornmume sHepreTrky crpan CHI' oT 3HepreTHkU cTpaH JanbHEro 3apy0ekbs 3aKI0YaeTcs B
BBICOKOI CTETIEHH U3HOCA OCHOBHBIX (DOHJIOB.

B sTOM 3akirouaeTcs OCHOBHASI MPUYMHA TOTO, YTO SHEPreTUYECKask COCTABISIOMIAS CeO0ECTOMMOCTH
nponykuuy B PK 3HaunTenbHO NpeBhIIaeT aHATIOTHYHbIE I0KA3aTeIN Pa3BUTBIX CTPaH, UTO B CBOIO OYEPEND
MPUBOJIUT K CHIDKEHHIO €€ KOHKYPEHTOCIIOCOOHOCTH U YBEJIIMUCHUIO HATPY3KH HA OKPYKAIOIIYIO CPEy.
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IlepcnexTuBa UMeET MECTO IPU MCIIOIb30BAHUU Hanboiiee yAOOHOIO M 3KOJIOTMYECKU YUCTOrO TOII-
JIMBa — NPUPOAHOTO rasa. Jloys ucnoinbp30BaHus NpUpPOJHOro ra3a B korenbHbIX H1 TOC Kaszaxcrana cocras-
asiet 30-40 % [2].

AHanu3 NepcrneKkTUB paboThl SHEPTrOYCTAHOBOK B CEKTOPE MPOMBIIIICHHON TETNIOIHEPTETHKH MTOKa3bI-
BaeT menecoobpaszHocTs dkcmuryaranuu 1TO1] ¢ maporazossiMu yctanoBkamu I11'Y momHOCTRIO 400 MBT 1
TEIUIONPOU3BOANTENHHOCTRIO 10 220 ['kan/4, BKmOwarommue B ceOsl TPYHIBI Ta30TYpPOMHHBIX yCTaHOBOK
MonHOCThI0 0T 10 1o 110 MBT u TeruonacocHsix ycranoBok THY TteroBoii mourHocThio 0 20 MBT B Ka-
YECTBE UCTOUYHHUKOB DHEPTOCHAOKESHHS TOPOIOB U TPOMBINICHHBIX TIPEATPUATHI [3].

B mmkne pabotsr [1I'Y TOL 3aeiicTBOBaHBI OXJIAXKAAIOIINE CHCTEMBI KOHIEHCATOPOB MTAPOBBIX TYPOHH.
B TpaaunuoHHOI cxeme OXJaXAeHHs KOHAEHcATopa TypOMH B KauecTBE OXJIAMUTENsI BBHICTYNAIOT OalleHHbIE
BEHTHJIATOPHBIE TPAIMpPHH, TJE OXJIAKAECHWE OOOPOTHOW BOIBI OCYIIECTBISETCS aTMOc(epHBIM BO3AyxXoMm. B
MPOLIECCE OXJIAXKACHUS BOABI U3 IpasupeH B atMochepy cOpachlBaeTCsl TEIIbIM BIAXKHBINA BO3LYX, KOTOPBIH CO-
371a€T MapHUKOBBIN S EKT.

B nanHnoii paboTe npuBeneHa U UCcieI0BaHa cXeMa YTHIM3alUi HU3KOMOTEHIIHANBHON TEIOTHI 000-
POTHOM CHCTEMbI OXJIa)KACHUS MapOBBIX TYPOMH C MCHOJIb30BAHMEM TEIJIOBOTO HAcoca, MO3BOJIAIOLIAS I10-
BBICUTh TEXHUKO-3KOHOMUYeckue nokazatenu [II'Y-TOC.

O6vexkmul u Memoowvl Ucci1e006anuA

JIJI1 KOMITJIEKCHOTO CHCTEMHOTO M3ydeHus 3¢ (eKTUBHOCTH TeIuIoHacocHoH TexHonornu B [1I'Y TOL]
HaMH BBIOpaH COCTaB CHCTEMbI TeHEPALIUH IEKTPUUYECKON U TETIJIOBON SHEPIUH:

1. bazosas I'TVY, anekrpudeckas MOIHOCTb 3HEProodioka 110 MBT.

2. Tunosas [1I'Y — ¢ Topu30HTAILHBIM KOTJIOM-yTHIN3aTOpoM it TOLI.

3. TennmodukanroHHasi yCTaHOBKA C IByMsI CETEBBIMU I1OOTPEBATEISIMH.

4. CucreMa TEXHUYECKOTO BOJJOCHA0XKEHUST OOOPOTHOTO THUIIA.

5. THY mapokoMITpecCHOHHOTO THTIA € 3JIEKTPOIPHUBOJIOM.

Pacuernsle nccnenoBanus 3¢ (HEKTUBHOCTH NPOBEACHBI JIs1 KIIMMATUYECKUX yciaoBuil LleHTpansHOro
Kaszaxcrana B r. Kokmeray. 3amadeil pacuera sBISETCA aHAIU3 BIUSHMS KIMMAaTHYECKUX YCIOBUHM Ha HC-
noas3oBanne THY B coctase I1I'Y TOII.

Ha pucynxke 1 nokaszana npuHuunuaibhas Temiosas cxema [1I'Y TOL ¢ ykazaHHBIM cocTaBOM 000py-
JOBAaHUSA, XapaKTepHas sl OONBITMHCTBA AEUCTBYIOIINX dIEKTPOCTaHINH [3].

B xotne — yTunmuzaTope OCyIIECTBISACTCS CKUTAHUE TOpSYuX MpoaykToB roperus mocie ['TY. Ko-
TEJI-yTUIIU3aTOP MO3BOJISIET MOJYYUTh MEpEerpeTbie Mapbl BHICOKOTO W HHU3KOTO JABICHUN, W MOJOTPEBacT
MUTATEJIbHYIO BOJY 32 CUET YTHWJIN3AIMH TeIljIa BHIXJIOMHBIX Ta30B OT ra30BOM TypOUHBI.

JByxcTyneHuyaTas TeIioQpuKauuoHHas yCTaHOBKa napoTypounHoi yctanoBku I1TY momHOCTRIO 150
'kan/u mpenHa3HayeHa JJsl MOJOTPEBa CETEBOM BOABI pabOTHI B pEeXHME TeMIEpaTypHOro Trpaduka
70/110°C. Takast ycTaHOBKa OOBIYHO COCTOMT W3 JBYX TEIJIOOOMEHHHKOB, KOTOpbIE pabOTalOT Ha Pa3HBIX
TEMIIEpaTypHbIX YPOBHsX. [IepBhIif TEIO0OMEHHUK HCHONb3YyeTcs 11 Harpesa Boabl 10 70°C, a BTopo# —
JUTSL TOBEZIEHUS TeMIieparypsl Boabl 10 110°C.

Smeprobaox IITY-TIM

Obparnan
CeTeEan
BOIJa

Pucynoxk 1 — IMpunnunmansaas teroBas cxema [II'Y TOIL ¢ THY: 1 — xommpeccop I'TY; 2 — kamepa cropanus; 3 —
Kommpeccop goxuma rasa; 4 — I'TY; 5 — amekrporeHeparop, 6 — koren-yrunmsartop; 7 — aeasparop IITY; 8 —
nutatenbHelid Hacoc; 9 — ITTY; 10 — anexkrporeneparop IITY; 11, 12 — cereBbie mogorpesaren ; 13- kouaercartop I[ITY;
14 — mupkynsaumoHHBIH Hacoc; 15 — ucnaputens THY; 16 — komnpeccop THY; 17 — apoccenupyromiee ycrpoiictso THY
KBOY — komIuiekcHOE BO3IyX00UHCTUTENbHOE ycTpoiicTBo; ITTIBJ] — maponeperpeBarens Bhicokoro maaBneHus; BJI —
rcnapuTenb Bbicokoro aaenenus; OBJI — skoHomaiizep Beicoxoro aasienus; [IITHJI — mapomeperpeBaTtesib HU3KOTrO
nasnenus;; HJ[ - ucnapurens Huzkoro pgasnenust; ITIK — ra3oBeiii monorpeBatens koHpaeHcatra; TBC — cucrema
TeXHUYeCcKoro BomocHaOkeHus; KBOY — KOMIUIEKCHOE BO3TyXOOUHCTUTEIEHOE YCTPOHCTBO
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B cxeme [II'Y TOL] TemnoHacocHast yCTaHOBKA MCTIOIB3YET B KAYECTBE NCTOYHUKA HU3KOITOTEHITHATH-
HOTO TeIUIa MUPKYISAIHOHHYI0 BOIY I OXJIAXACHUS KoHAcHcaTopa 13 TypOHHBI 9, KOTOpas MOCTYIaeT B
HCTapHUTeNb TEIJIOBOro Hacoca 15 u otaaet Temno gpeony. B pesynbrate pabotel oOpaTtHOro nukia KapHo B
TEIUIOBOM Hacoce M3 KOoHAeHcaropa 17 moiydaeMm Harpetyro oOpaTHYIO CETEeBYIO BOAY, KOTOpas CMEMIH-
BaeTCsl C OCHOBHBIM IIOTOKOM CETEBOW BOBI, HAPABISIEMOMN B TOPOJCKHE TETUIOCETH MOCIIE CETEBBIX MOIOT-
pesateneii 11 u 12, wim B [IBK B X0M0IHBIN MTEpHO/ OTOMHUTENHHOTO ce30HA. TeruioTa, momydenHas B THY,
UCTIONB3YeTCs sl HYXKI TEIUIOCHaOKeHus win Aiisi cooctBeHHbIX Hyxa TOLl. K mocTomHcTBam ncnonb-
30BaHUS TeIa IUPKYISIIIOHHONH BOJBI CHCTEMBI OXJAXKICHHUS TypOMH B TEIDIOBOM HAcOCE OTHOCHTCS
yIIydIlieHHe BaKyyMa B KOHIEHCATOPE 32 CUET TOHWKEHHUS TEMIIepaTyphl OXJIaKIAIOIIEH BOMIBI, a TAaKXKe BO3-
MO>KHOCTbH Hcnionb3oBanue THY mns temnocHaOxeHus 6e3 TOMOMHUTENBHBIX 3aTpaT Ha TOIUIHBO.

Pesynomamut u ux oocyrncoenue

HccnemoBana 3aBHCHMOCTD pacxoja TOIUIMBAa OT TeMIIEpaTypsl HapykHOro Bosayxa Ha [II'Y TOL]
npu ycranoBke THY. Ocobennoctrio pacueta cuctem [II'Y-TOL[ ¢ THY sBnsercs npuHUMN onpeaeneHus
pacxoja TOIUIMBA HA BBIPAOOTKY BJIEKTPUYECKO SHEPTUM W TEIUIOTHI. PacueT yaensHOro pacxoja TOIUIMBA
Ha OTIYCK DJIEKTPOIHEPTHH HE TIO3BOJISIET YUECTh MOJIe3HbINH () (PEeKT OT HCITOIb30BaHUS HU3KOITOTEHIINAb-
HOM TertoThl. DHepreruyeckas d¢¢extnBHocTsh THY, ncnonp3yromel B kKadecTBe HU3KOIIOTEHIIMATHLHOTO
HCTOYHHWKA TEIUIOTHl HUPKYJSIIMOHHYIO BOJLy KOH/ICHCATOpA MapOBOM TYpOUHBI pacCUUTaHa ISl CIEYIOLIHX
3HAYEHHUH TEMIEPaTyp Ha BXO/JIE B HCIIAPUTENh TEIUIOBOTO HACOCA:

- B 3uMHuil nepuog 15°C;

- B tetuit nepuoy 40°C.

Ha pucynke 3 mpuBezeHa nuarpamma, WITIOCTPUpPYIOLIAs yAEIbHBIA pacxoJ]l TOIUIMBA Ha OTITYCK
AIEKTPOIHEPTHH, PACCUUTAHHBINA 1O (pr3mueckoMy meromy. s paccCMOTpEHHOTO perrmoHa CEBEPHOTO pe-
ruoHa Kazaxcrana [II'Y TOL ¢ THY notpebnsieT OoJbIlie IEKTPOIHEPTUH, YeM B 0a30BOM BapuaHTe 0e3
THY. Haubonee HeOMaronpusiTHBIM SIBIISIETCSL PEKUM NPU TEMIIEPAaType HApY>KHOTO BO3AyXa, COOTBETCTBY-
o1IIel HanOoJee X0JI0JHON TISTHTHEBKE.

2410
- I I I I I
—

-32 -2,4 2,6 13 18,7

Temmepatypa Hapy:kHoro Bo3ayxa, “C

VieIbHBIH pacxo] YCJIOBHOIO
TOILIHEA, T.V.T./(KBT*1)

PucyHOok 2 — YiaenbpHBIH pacxoj] YCIOBHOTO TOIUIMBA HA OTIMYCK JJIEKTPUYECKOW dHEPruu ((HU3MUECKUNd METOHd) IS
peruona cesepHoro Kazaxcrana (r. Kokmeray)
® _ Viensnwiit pacxon yenosroro Tommsa (IITY TAL] 6e3 THY), 1.y.1/(kBT-u)
— YnensHbIH pacxon yeioBHoro Torumsa (III'Y TOL ¢ THY), 1.y.1/(kB1-9)

OddexT yTrnmzanuu HU3KOMOTCHIUAIBHON TEIUIOTH IHUPKYISIUOHHON BOJBI TOCIE OXJIAXKICHHS
KOHJIeHCAaTOopa TYpOUHBI OB OLIEHEH ¢ MOMOIIbIO0 KPUTEPHUSI CPABHEHHST METOJIOM CHCTEMHOTO 3 (deKTa, KO-
TOPBII TO3BOJIMII PacCUNUTaTh pacxox ToruuBa ans BapuanTos [II'Y TOLl ¢ THY u 6e3 THY. beua uccneno-
BaHA 3aBHCHMOCTb YICILHOTO PAaCcXo/a TOIUIMBa (IIPUPOTHOTO ra3a) Ha MPOU3BOJICTBO IEKTPUUECKON SHEP-
run. [ Bcex TemmepaTyp HapyKHOTO BO3yXa KpOME TeMIIepPaTyphl, COOTBETCTBYIOIIECH HanOoee X0 1-
HOH IATHIHEBKE HAOIOMaeTCs CHIDKEHUE pacxoaa Torrea B Bapuante [II'Y TOI ¢ THY (pucyHoxk 2).

Oueprerndeckue xapakrepuctiku [1I'Y TOL] Obiin paccurTaHbl IS apauIeIbHON U ITOCICA0BATEILHON
cxembl BKTroueHust THY ¢ Termodukarponnoit ycraHoBkoi [11'Y-450T u cpaBHeHBI Mexxy co0oit (Tabnmma 1).
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Pucynok 3 — Pacxoj HaTypalbHOTO TOILTHBA HA OTIYCK JIEKTPHUYCCKON IHEPTUU(TI0 CUCTEME) JIIsl PETHOHA CEBEPHOTO
Kasaxcrana (r. Kokrieray)

— Pacxon HarypansHOTO TorumBa [II'Y TOL] 6e3 THY, kr/c
M - Pacxon HatypanpHoro ToruuBa [II'Y TOII ¢ THY, xr/c

Tabnuna 1 — PesynbpTatsl pacueta sHepreruueckux xapakrepuctuk I1I'Y TOC mis pa3nuuHbix cxeM BkiaoueHus THY

Benuuuna
XapakTepucTuka Paswep- Ory 1o | THY c napannens- THY ¢ nocnenosa-
HOCTD g s < N
6e3 THY HOW CXE€MOU BKII. TEJIHLHON CXEMOM BKJIL.
DJieKTprUIecKast MOIITHOCTh OPYTTO MBT 455 463 460
DJIeKTpUYecKast MOIIHOCTh HETTO MBT 443 413 429
TemnoBas Harpy3ka I'kan/qa 110 110 110
Momaocts I'TY MBT 160 160 160
Momrocts [ITY MBT 141 149 146
Onexrpudeckuid KITI TIT'Y 6pyrTo % 56,17 57,17 57,02
Onexrpudyeckuid KIT TIT'Y HetTO % 54,67 51,25 53,31
KoadpduumeHT ncnonp3oBaHus Tem- % 61,47 62.35 62,22
na tormBa KUTT

Kax BuaHO 13 tabmuuel, ucnonszoBanue THY B III'Y TOL] ynyumiaer sHepreTHuecKue XapakTepu-
CTHMKHM IIpoliecca MPOU3BOJICTBA NEKTPUUECKON M TEIIOBOM 3Hepruu. HabmiogaeTcst He3HAUNTENTbHOE CHU-
xenue aektpudeckoro KI1J] HeTTo B mapamenbHoi cxeme BritodeHus THY u 310 cBsi3aHO ¢ moTpedieHu-
€M TEeIJIOBOTO Hacoca 3NEKTPOSHEPTHH Ha MPUBOA. B 11€10M MOXXKHO OTMETHTh Ka4€CTBEHHOE U KOJUYe-
CTBEHHOE U3MEHEHHe sHepreTudeckux xapakrepuctuk 11I'Y TOL] npu coBmecTHoit padote ¢ THY.

3akniouenue

[IpousBenen pacuer sHeprerudeckux xapakTepucTtuk [II'Y TOC mist paznuyHBIX CXeM BKIIOUEHUS
THY c¢ remno¢ukanuonsoit ycranoskoit I11'Y-450T. Ilpu napannensHoi cxeme BkitodeHus:t THY nomyuen
HaunoOonee Beicokue 3HaueHust KIIZ [II'Y TOL 6pyTrTo u koadduimenta ncnonp30BaHuA Teria TOMIINBA.

Uccnenosanne 3aBucumocTtu pacxoma tomuBa Ha III'Y TOL| mpu ycranoBke THY mokassiBaeT
yYMEHBIIIEHHE pacxojia TOIUIMBA Ha BBIPAOOTKY TEIUIa M JJIEKTPOIHEPTHH B 3aBUCHUMOCTH OT TEMIIEPaTyphI
Hapy>KHOT'O BO31yXa.
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AHHOTAIAA

KomoccanpHbie 3aTpaThl SHEPTETUUECKUX PECYPCOB YXOAAT Ha OTOIDICHHUE 3/aHnil. MoJepHU3NpOBaHIe U
pa3paboTka THOPUIHBIX CHCTEM OTOIUICHHS CHOCOOHO CYIIECTBEHHO CHH3WTH 3Hepromorpedienne. Takne
pa3paboTKu OCOOEHHO aKTyaJbHBI B XOJNOAHBIX PETHOHAX, IJie Ha OTOIUICHHE YXOAWT OONbIIas YacTh 3aTpar.
OmHrM M3 CrocoO0OB MOJECPHU3ALMK CHCTEM OTOIUICHHS SBISCTCS pPEKyIepalysi TEIUIOTHl M3 BBITSHKHOTO
BO3Iyxa. B OOBIMHOM cCIleHapWM BBITSDKHOM BO3AyX IIPOCTO BHIOpAchIBACTCA HA YIMILYy, XOTS €ro MOXKHO
UCIIONB30BaTh BTOPUYHO. OH COAEP)KUT BaXKHBIN pecypc B BHIE TETUIOTHI, KOTOPBIA MOKHO HCHOJIB30BaTh IS
HarpeBa MPUTOYHOTO BO3yXa, TEM CaMbIM CHIDKas Harpy3Ky Ha cucTeMbl oTomuieHHs. CHIDKash Harpysky Ha
CHCTEMBI, MBI TEM CaMbIM YMEHBINIAeM (PHHAHCOBEIEC 3aTPAThl U COKpAIlaeM HEraTHBHOE BIMSHEE HA OKPYXKAro-
IIyIo cpefdy. B mccriemoBaHuy NpeioskeHo MUCTIONB30BaTh TETUIOBOM HACOC KaK MHCTPYMEHT ISl PeKyIepaliiu
TCIUIOTBI M3 BBITAKHOI'O BO3yXa. MOI[CJ'II/IpOBaHI/IC u pacqérbl IMPOBCACHBI C MCIIOJIB30BAHHUEM IIPOrpaMMHBIX
mpoxykroB OpenStudio, EES u Excel. Ilo pesynsratam MomennpoBaHus BBISBIEH YHEProcOSpEeTaroNINiA TIOTEH-
[IMaJl PACCMOTPEHHBIX KOHKYPHPYIOIINX CXEM.

ENERGY MODELING OF COMPETITIVE VENTILATION
AND AIR CONDITIONING DESIGNS

Nikitina V.A.2, Ph.D. student, Sulin A.B.>, D.Sc. in engineering, professor
ITMO University, Russia, 197101, St. Petersburg, Kronverksky pr., 49, lit. A
E-mail: a — vanikitina@itmo.ru; b — absulin@itmo.ru

Abstract

Enormous costs of energy resources are spent on heating buildings. Modernization and development of
hybrid heating systems can significantly reduce energy consumption. Such developments are especially relevant
in cold regions, where most of the costs are spent on heating. One way to modernize heating systems is to recover
heat from exhaust air. In a normal scenario, the extract air is simply thrown outside, although it can be reused. It
contains an important resource in the form of heat, which can be used to heat the supply air, thereby reducing the
load on heating systems. By reducing the load on systems, we thereby reduce financial costs and reduce the
negative impact on the environment. In study, it is proposed to use a heat pump as a tool for recovering heat from
exhaust air. Modeling and calculations were carried out using software products OpenStudio, EES and Excel.
Based on the simulation results, the energy-saving potential of the considered competing schemes was revealed.

Beeoenue

31aHus ¥ COOPYKEHHUS PACXOIYIOT TIOUTH MOJIOBUHY OT BCETO MUPOBOTO moTpebaeHus sHepruu [1]. U
KaKIBIN TOJ] 3HAYEHUS YHEPronoTpeOIeHHs BO3pACTAIOT B YHCIeHHOM dKkBuBajente. [lo manasim C40 Cities
Climate Leadership Group 75% ot Bceit noTpebsieMoii SHepriuy B MUPE YXOAUT Ha SHEProCHAOKEHHE TO-
ponos. Ilpu atom B Poccuu 70...75% sHeprum yxoauT Ha oToruieHue 3aanuii [2]. TommmBo sBisercs orpa-
HUYHMBAIOIIAM PECypCOM, KOTOPBIH Tak WM WHAYE MCUEpIIbIBaeTCS U TpeOyeT (PMHAHCOBEIX 3aTpar. Bo3o0-
HOBJISIEMbIC MCTOYHUKH DHEPTUU MOMOTAIOT O0OWTH Takyr NpoOJieMy, HO HE TOKPHIBAIOT MOJHOCTHIO BCE
MOTPEOHOCTH, MOCKOJIbKY HE 00JIaIal0T PaBHO3HAYHOM 3HEProEMKOCTHIO B CPaBHEHHH C HE BO30OHOBIISIC-
MBIMH pecypcaMu. IMEHHO O3TOMY CTOMT MCIIOJIb30BaTh KOMOMHMPOBAHHBIH ITOAX0/] IIPH PELICHUN 33a4u
sHeprocOepexerns. KoMOMHUPOBaHHBIN MOAXO0 O3HAYAET MapauieIbHOE MPUMEHEHNE BO30OHOBISEMBIX U
HE BO300HOBJIIEMBIX PECYpPCOB, KOIJIa MCTOYHMKH MOTYT JOHOJHATH APYr apyra u 3¢G¢GEeKTHBHO peliaTh
npobnemy motpebneHus. Taxke pemarh 3Ty mpobieMy HeOOXOAMMO BBEICHHEM Mep, HAlpaBIICHHBIX Ha
MOBBIILIEHHE TEIIOBOH 3(P(EKTUBHOCTH CTPOMTENBLHBIX KOHCTpYKUMid [3]. B maHHO# pa®ore MCTOUHMKOM
BO300HOBIISIEMOH TEIJIOBOM SHEPTHH SBISETCS BO3yX BEHTHJISIIMOHHBIX BBIOPOCOB, HATPEBACMBIN B ITOME-
IIEHUU TEIUIONPUTOKAMHU OT JI0JIeH, 000pyIOBaHMs, OCBEIICHUS W COJHEYHON pamu-aruu. Takoit MeTon
MIPUMEHSETCS Ha LUEHTPaAIbHOM Bok3aje CTOKrojibMma, IZie TEIIOTa BBITSHKHOTO BO3[yXa YTUIU3UPYETCA U
nepenaTcs uepe3 TeII00OMEHHBIH armnapar MPUTOYHOMY BO3AYXY, IIOCTYIAOIIEMY B COCEIHEE 3/IaHHE, I/Ie
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pacnonaraetcst opuc [4]. Takas cucrema cHmkaet norpedierne sHeprun Ha 10%. B manHOM HccnenoBanumn
MIPEeNJIOKEH METO YHEPTOMOJISITUPOBAHNS CHCTEMBI PEKyIepaIliil TETUIOTHI MTPH HHTETPUPOBAHNH TEILUIOBO-
ro Hacoca, HalpaBJICHHOTO Ha HArpeB MPUTOYHOTO BO3/LyXa B MOMEIICHHE.

Obvexmul u Memoovl ucciedo6anus

HccnemoBanne mpoBOAWTCA TPH B3aWMOACHCTBHH TPOTPAMMHOTO KOMIUIEKCA, COCTOSIIETO W3
OpenStudio, EES u Excel. Takyto koMOWHAINIO paliMOHAIFHO MCIIONB30BATh KaK I CTPOUTENHCTBA H MO-
JepHHU3alMU 3AaHWi, TaKk W U1 HaydHoWl AesrenbHocTH. OpenStudio — 3TO WHCTPYMEHT AJisi 3HEPro-
MOJIETTMPOBAHISI, TO €CTh JJIS aHAIN3a MTPOEKTa MPH UCTIOIH30BAHHUH CIIEIUATN3UPOBAHHBIX HHCTPYMEHTOB U
COOCTBEHHBIX 3HAHWW M YMEHHH CIENHAINCTa, KOTOPBIHA AenmaeT pacu€t. Ecim O6paTh B puMep CTPOUTENb-
CTBO, TO TPU MPOEKTUPOBAHWH 3AaHUI M COOPYKEHHI HEOOXOOUMO YUYHTHIBATH PAL (aKTOPOB, TAKUX KaK
reorpaduyeckoe MECTOIMOJIOKEHNE CO CBOHCTBEHHBIMH €My MapaMeTpaMu KiInuMata, QyHKIIMOHATI U 0COOCH-
HOCTH COOpYKEHHS, ero HazHadeHne. EES mo3Bomsier mpoBOAuTh MaTeMaTHIEeCKU pacyér, MPONHCHIBAT
COOCTBEHHBIE ¥ OCHOBaHHbBIC HAa HAYYHBIX JAHHBIX MPOTrPaMMHBIE KOIBI IJIsi KAIbKYJIUPOBAaHUS HEOOXOIH-
MBIX mapaMeTpoB. Excel siBnsieTcss HHCTpyMEHTOM Al cOOpa JaHHBIX, UX aHATU3UPOBAHUS U BO3MOKHOTO
MIPEICTaBICHUS U1l OTYETHOCTH. B mpepcTaBIeHHOM HCCIIeIOBAHUN PACCMATPUBAIOTCS 2 CUCTEMEI, C PEKy-
nepanueil u 6e3 peKymneparyy TeroTel. Pekyneparius mpon3BOIUTCS MIPH BCTPOSHHOM TEIZIOBOM Hacoce B
CUCTCMY BCHTWIALHWU, TAC TCILJIOTA 336I/IpaeTC$I M3 BBITAKHOI'O BO3AyXa U3 O6CHy)i(I/IBaeMOFO IIOMCIICHUA 1
TIEpEeHAIIPABIIICTCS. HAa HarpeB MPUTOYHOTO BO3MyXa B ATO e MoMelleHne. PaccmarpuBaemas cucreMa co-
CTOUT M3 TEIUIOBOTO HACOCA, KOTOPHIN PEKYIEpUPYeT TEIUIOTY, U CHCTEMBI BEHTHIISIINH, KOTOPast OOCITYKH-
BaeT momeuicHue. Mcnapurens 3a0MpaeT TEIJIOTY U3 BHITSHKHOTO BO3IyXa W MepelaéT TEIUIOBOMY Hacocy.
Konnencarop HarpeBaeT MpUTOYHBIN BO3AYX 10 TpeOyeMoii Temneparypsl. [Ipu moMomy 1aT4uKoB, yKa3aH-
HBIX Ha cxeMe (pUCYHOK 1), ObUIH TTOTydeHBl peabHbIC JaHHBIE 33 IPOMEKYTOK BPEMEHH I10 TABIICHHIO B 2-
X TOYKaxX TEIJIOBOTO HAcOcCa, TEMIIEPaType W OTHOCHTEILHOW BIaYKHOCTH B BO3AYXOBOJE. TermoBoii Hacoc
pabotaet Ha xnanarenre R410a.

[Ipu MomenupoBaHUM 2-X CHCTEM MOIIHOCTH KOHJIEHCATOpa Obljla YCTAaHOBJIEHA OJWHAKOBAs JJIS CO-
3IaHUs YCIOBUH pabOThI TEILIOBOTO MPH OJMHAKOBOM TEIUIOBOW HArpy3Ke (PUCYHOK 2).

[Noroaneie ycnoBust B BUjie TEMIIEpaTyphl HAPYKHOTO BO3/IyXa OBUTH B3STHI M3 0a3bl NaHHBIX BcemupHon
METEOPOIOTHYECKOH OpraHm3aliiy, KOTOpbIe pacIoNoKeHsl Ha oduiuanbHoM caiite EnergyPlus. Takoe pere-
HUE ObUTIO TIPHHSATO B CBS3M C TeM, 4TO 0a3a JaHHBIX PACTIONaraeT IMOTOAHBIMHU (aiiiamu Heo0X0omuMoro hopmaTa
JUTs BHEproMoenupoBanus B mporpamme OpenStudio. [Toatomy 715t KOppeKTHOCTH POBEAEHHOTO pacuéra B 3-x
MporpaMmax MCIONIB3YIOTCS IAHHBIE U3 OJJHOTO MOroIHOTO (aiina. M3mMeHeHre TeMIiepaTypbl HapyKHOTO BO3LY-
xa ropoma Cankr-ITetepOypr 3a MOIEIMPyEMBbIi IEPHOT PHBEICHO Ha rpaduke (PUCYHOK 3).
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Pucynok 3 — Temneparypa Bo3ayxa B ropojae Cankr-IletepOypr

Pezynomamot u ux oocysycoenue

B pesynbraTe MoJenupoBaHus OBUIM TIONYYEHBI JaHHbIE JUIs aHain3a paboTel 2 cucrteM. Crucrema ¢
peKyrneparyen TeIUIoTH oKa3alla BRICOKHI MOTEeHIHaN padboThl, a3 dekTuBHOCTS cocTaBmia 36,38% B cpas-
HEHUM C CUCTEMOH 0e3 peKyrepanuu (PUCYHOK 4).

Cpennue 3naueHuss COP 3a oTonmuTeNbHBIN CE30H: ¢ pekynepaiuei = 6,469; 6e3 pexyneparmu = 4,115,

Kak M0xHO BHIETh Ha rpad)ike CpaBHEHUSI SHEPromoTpeOICHUsT KOMIIpeccopa B IBYX CHCTEMaXx, CH-
CTeMa ¢ peKyIrepanueii CHIXKaeT Harpy3Ky Ha kommnpeccop Ha 34,23% (pUCyHOK 5).

Cpennue 3HaueHus: pabOTBI KOMIIpeccopa: ¢ pekyneparueit = 2,08 kBt; 0e3 pexyneparuu = 3,162
kBt. Takum oOpa3om cokpamiaercs 3Hepronorpednenne Ha 4532,27 kBT 3a oronuTenbHbIN CE30H.

COP ¢ pexynepummeit —COP 6e3 pexynepammn

TuraBpess

Pucynox 4 — Koaddunuent npeodbpazosanus (COP) aByx cucrem

—Tlotpefaemie npst pexynepamns —Tlorpebacsme be3 pexynepam C:

Anexrpuncerso (kBr)
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Jlata:Bpeys

VAP " N

Pucynok 5 — IToTpeGiieHre 3IeKTpOIHEPTUH KOMIIPECCOPOM

Bnaronapsi cHIXKEHHIO DHEPro3aTpaT MOXKHO COKPaTHTh Kak (puHaHcoBble TpaThl (PUCyHOK 6), Tak 1
KOJIMYECTBO BHIOPOCOB YTIICKHCIIOTO Ta3a B OKpykatolyto cpeny (PucyHok 7).

Tak, 3a Bech IIEpHO]] YAAJIOCh TIOJIyYHTh SKOHOMHUIO B pazmepe 616,39 $. Pacuér npoBoamics st cTo-
umoctH snektpudectra 0,136 $/xkBt-u [5].
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KonuuecTBO cokpaléHHBIX BEIOPOCOB YIJIEKUCIIOro ra3a cocTaBmiio 4387,23 kr 3a Bech nepuon. Pac-
YeT BBIIOJIHSIICA AJ1s1 HopMaTuBa Beipadotku CO2 968 (r/xBt-u) [5].

) PENTRR

0,08

Buraza ($(B1)

Jara Bpesa

Pucynox 6 — I'paduk noxydeHus GUHAHCOBOI BBITOABI IIPU HCIONB30BAHUH PEKYTICPALIIH
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Pucynok 7 — I'paduk coxparmienus xommdecTBa BEIOpocoB CO2 mpu NCTIONB30BaHUH PEKYTICPAIIH

3aknouenue

HuTerpupoBanue TEIIOBOIO HAcoca Ui PEKyIepaly TEeIIOThl U3 BBITSDKHOTO BO3/yXa COKpamaeTt
(hUHAHCOBBIC 3aTPaThl U BHIOPOCKHI YIIIEKUCIIOrO ra3a. biarogaps sHeproMoAeIupOBaAHHUI0 KOHKYPUPYIOIINX
BAapHUaHTOB OpraHu3alliyi CUCTEM C MHTCIPUPOBAHHBIM TCIIJIOBBIM HACOCOM JOCTUTA€TCA MOBBIIICHUC DHEP-
rodGEeKTHBHOCTH CHCTEM BEHTHJISIIIUK ¥ KOHJAUIIMOHUPOBAHUS BO3yXa. [Ipe/IIoKEeHHBIA BAPUAHT CHCTEMBI
BEHTHJISIIIMKA C WHTETPHUPOBAHHBIM TEIUIOBBIM HACOCOM C PEKYyMEpalueil TEemIOThl U3 BBITSHKHOTO BO3IyXa
sBIIsieTCst 9 (EKTUBHBIM PEIICHHEM OCHOBBIBASICH Ha CIEYIONIMX BBIBOJIAX B CPABHEHUH C OOBIYHOW CHUCTE-
Moii 6e3 peKyrepaluy TerioTh:

- COP nossimaercs Ha 36,4%;

- CoKOHOMITEHHOE DJIEKTPUYECTBO MIPUHOCHUT BhIroay 616,39 $;

- Beiopocst CO2 cokpamatorcs Ha 4387,23 kr;
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IKCHHEPUMEHTAJIBHO-ITPOMBIIIVIEHHBIE XOJIO/IUJIBHBIE
CUCTEMBI HA BO3OBHOBJISIEMBIX HCTOYHUKAX DJOHEPI'HN

Loit A.IT?, ooxm. mex. nayx, Kopeyxuii [T A.” I'panoeckuii A.C.
Anmamuncrkuil mexunonocuseckutl ynusepcumem, Kazaxcman, 050012, Anmamot, yauya Tone 6u, 100
E-mail: a — teniz@bk.ru; b — dima7ava7t@gmail.com

AHHOTANUA

B pabore npousBoautcs 0030p XOJIOAUIBHBIX CHCTEM HOYHOI'O PaJIMallMOHHOTO OXJIAXKICHUS, B KOTO-
PBIX paguaTopbl MHTETPUPOBAHBI B KPBINTY 3JaHUSA, YTO BeIET K MOBBIIICHHIO KOMIIAKHOCTH YCTaHOBKU. B
MEePBOM TpPEJCTaBICHHOW CHUCTEME B paJHaTopax HPOUCXOIUT OXJIAKICHUE XJIAJIOHOCUTENS, KOTO-PBIA
HCIIOJNIB3YETCS JIMOO JJIi HEMOCPEICTBEHHOTO OXJIAXK/ICHHUS KaMephbl XpaHCHUsS MPOAYKTa, MO0 IS OTBOJA
Tella OT >XKUAKOCTHOTO KOHJIeHcaropa. Takoe depemoBaHWe PHKMMOB paOOTHI TMO3BOJISET MOBBICUTH
9Hepro3(h(HheKTUBHOCTH 3a KPYTIIOTOANYHBINA Mepro. Bo BTOpoii mpencTaBieHHON ciicTeMe BHEPEHA CXeMa
C €CTECTBEHHON LUPKYISLUMUEH XOJOAUIBHOIO areHTa, B KOTOPO KOHJICHCAIUsl XOJOAWIBHOTO areHTa mpo-
M3BOJUTCS XJIAJOHOCUTENEM, OXJIKICHHBIM B paauarope. st agpexTuBHON pabOThI XOIOAUIHHON CHUCTE-
MBI pazpaboTaHa cHCTeMa aBTOMAaTHYEeCKOro yrpasieHus. [lomydensie MpoeKkTHIEe pemeHNs] MOTYT OBITh HC-
TMOJIB30BaHbI JJId MPOMBIINIJICHHBIX CUCTEM XOHOILOCH216)KCHI/I$1 1 KOHAUIIMOHHUPOBAHNHU BO3QyXaA.

EXPERIMENTAL-INDUSTRIAL REFRIGERATION SYSTEMS ON
RENEWABLE ENERGY SOURCES

Tsoy A.P.2 Doct. Tech. Sc., Koretskiy D.A.”, Granovskiy A.S.
Almaty technological university, Kazakhstan, 050012, Almaty, Tole bi street, 100
E-mail: a — teniz@bk.ru; b — dima7ava7t@gmail.com

Abstract

The paper reviews refrigeration systems for night radiation cooling, in which radiators are integrated
into the roof of the building, which leads to an increase in the compactness of the installation.

In the first presented system, the heat transfer liquid is cooled in the radiators, which is used either for direct
cooling of the product storage chamber or for heat removal from the liquid condenser. This alternation of
operating modes allows to increase year-round energy efficiency. In the second presented system, a scheme with
natural circulation of the refrigerant is introduced, in which the condensation of the refrigerant is carried out by the
heat transfer liquid cooled in the radiator. For the efficient operation of the refrigeration system, an automatic
control system was developed. The resulting design solutions can be used for industrial refrigeration and air
conditioning systems.

Beeoenue

[IpnopureTHOE HampaBlieHUE PA3BUTHSL XOJOAWILHON TEXHUKU — 3TO TOBBILIEHHE SHEProd)eKTUBHOCTH U
SKOJIOTHYHOCTH CHUCTEM MPOMBIIIJIEHHOTO XOJIOJIOCHAOKEHNST ¥ KOHIUIIHOHMPOBaHUs Bo3ayxa. HouHoe paauna-
LMOHHOE OXJIAXKICHHE — OJIHA U3 3KOJIOTMUHBIX TEXHOJIOTHH, KOTOPAsi MOXKET CHU3UTh SHEProNOTPeOsIeHHE X0-
JIOAMIIBHBIX YCTaHOBOK. OHO OCHOBBIBA€TCS Ha TEIUIOBOM M3JIyYEHHH OOBEKTOB, HAXOAIIMXCS HA TIOBEPXHOCTH
3eMJI B KOCMHUYECKOE IPOCTPAHCTBO B HOYHOE BpeMs. B XomoamiipHON crCTeMe OTBOJ TeIUIa B OKPY’KaroIee
MIPOCTPAHCTBO OCYIIECTBIISIETCS C MOMOIIBIO PaalaTopa, B KOTOPOM MOXKET OXJIaXAAThCS XJIaIOHOCHTENb HIIH
KOHJIEHCHPOBAThCS XOJNOAWIBHBIN areHT. Mcecnenyercst npuMeHeHne paJualliOHHOIO OXJIAXKICHUS B Pa3IUYHBIX
OTpacisiX MPOMBIIIIeHHOCTH. Hampumep, B 007aCTH CTPOUTENHCTBA H3yYaeTCsd BOZMOXKHOCTh MCITOJIb30BaHUS
HOYHOTO PaJMAIIOHHOTO OXJIKACHUS JIIsl co31anHus Ooinee sHeprodhdeKkTHBHBIX 3MaHuil. B anekTpoHnke
PaAMaLlMOHHOE OXJIAXICHUE MPUMEHSETCS JUIsl YMEHBIIECHHUS TEMJIOBBIX HAarpy30K Ha 3JEKTPOHHBIE KOMIIO-
HEHTbl. B mHIIeBOH NpPOMBINUIEHHOCTH PagUallMOHHOE OXJIaXKAEHHE MOBBIMIAECT 3HEProdPPeKTHBHOCTH
XOJIOJUIIBHBIX CUCTEM.

Oobvexkmut u Memoovl UCCIE006AHUA

OKCNepUMEHTaIbHO-TIPOMBIIIJIEHHAS] XOJOMIbHAsA CUCTEMA C PaJMAllMOHHBIM OXJAXKIEHHEM pacro-
maraercsi B mocenke EHOek B AJIMaTWHCKOM OOJIacTH M HAaXOJUTCS Ha ATale MyCKOHAIaJouHBIX pador. Ha
pucyHke 1 m300pakeHa YIpOIIEHHAs CXeMa CHCTEMbI OXJIaXIEHHUS KaMepbl XpaHeHus 5610k Ha 50 T mpo-
nykuuu (6x12x4 m). XonogunbHasa cucreMa XK50 cOCTOUT M3 4eThIpeX KOHTYPOB OXJIKIACHHUA. DTO YWII-
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Jiep, KOHTYp BO3JYXOOXJIQAMUTEJNs, KOHTYpP OTBEIEHHs TEIUIOThl KOHAEHCALMU U KOHTYp HOYHOIO paaua-
LIUOHHOI'O OXJIAXKICHU.

KoHTyp BO3ayX0OX7aguTens MpeAHa3HauyeH Ul MOAauU TEIUIOHOCHUTENs K BO3AyXOOXJIAJUTENsAM B
XOJOAWIBHOM Kamepe. Umiiep cucteMbl oxiaxkaeHus: paboraeT Ha xnazarente R404a u ucnonb3yercst Kak
[JIABHBIA MCTOYHHUK X0yiona. IlmacTuHYaThIil TEMIOOOMEHHUK OXJIaXIaeT TEIUIOHOCHUTENb U3 KOHTYPa BO3-
IyXO0oXJaanuTens. B uniepe Takke mMeercs XUAKOCTHOHM koHaeHcatop KXKO, nmpenHasHaueHHBIN TSI OT-
BOJIa TEIUIOTH KOHACHCALMU XJIaZareHTa W AJIsl CHW)KCHUS JaBlIeHUs] KoHIeHcauuu. (s peryaupoBaHuUs
IUIOINAAN TETIIO00MEHA B y3/1€ KOHICHCALIMY UMEETCSI JOMOIHUTENIbHBIN TerioooMeHHuK [10.

KonTyp pannanvoHHOTo OXJIaXKICHHS COCTOMT M3 PaJHaTOpPOB, KOTOPBIE WHTEIPUPOBAHBI B KPBILLY
XOJIOAWIBHOM KaMepbl, Hacoca M aKKyMYJIMPYIOIIeH eMKOCTH JUIsl TEIUIOHOCHTENS. B HOYHOE BpeMsl Ml KO-
r7a TeMIepaTrypa MOBEpXHOCTH paJuaTOpOB HWXKE, YeM B aKKyMyJsiTOpe, BKiIrouaercs Hacoc. [Ipensa-
PUTEIBHO OXJIAXKICHHbBIM TEIUIOHOCHUTENb 3aTEM MOXKHO HCIIOJIB30BaTh AJISl OXJIAXKICHHSA BO3AyXa B XOJIO-
JTUIIBHON KaMepe, a TaKKe AJIsl CHIKEHHsI JaBlieHUs KOHJCHCAMH YHIIepa.
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Pucynok 1 — IlpunnunuansHas cxema X0noAnIbHOM cucteMbl XK50
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Pucynox 2 — Buemmanii Bua xoinoaminsHOH cucteMbl XK50: a — mammaHOE OoTHeneHue; 0 — 31 MoIenb pa3MenieHns
000pyI0BaHUS B MAIIIMHHOM OT/CIICHHH; B — SKCIICPUMEHTAIbHAS XOJOJUIIbHAS KaMepa
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Jns mpoBenieHUsT SKCIIEPUMEHTOB TI0 €CTECTBEHHOM IUPKYIISLIK XJIaJareHTa pa3padoTaHa XOJIOMIbHAS
CHCTeMa, TPUHITUITHAAIIFHAS CXeMa KOTOPOH MpeiCTaBlieHa Ha PICYHKE 3.

TH
-~ HE
17, —m

I Cold LG e m
| room (T13)
PI/ICyHOK 3 - FI/I)IpaBJlI/IlIeCKaH cxeMa C TOYKaMH pasMCUICHUA OJaTYMKOB TEMIICPATYPhI 3KCHepI/IMeHTaJ'ILHOI71

ycranoBku: V1...V9 — maposeie kpanbl; P1l, P2 — macocer; CA — akkymynsarop xonoxa; AC — BO3IyLIHBIN
koHxeHcarop; EV — ucnapurens; RAD — pammnatop; CM — xommpeccop; TI1...TI7 — marunkm Temmepartypsr; EX —
tepmopacmupurenbHeiii BeHTwIb (TPB); RC — pecuBep xmamarenta; HE — rermmooOMeHHIK

Ona cOoCTOUT U3 IBYX THAPABIMUECKUX KOHTYPOB U akKyMyJsitopa xonoga CA. AKKyMyJsTop xojoa
— IOJIUMEPHAsl EMKOCTh, B KOTOpYIo 3ampanieHo 700 Kr TernoHocuTena. TennoHOCUTENEM BISE€TCA BOIHBINA
pPacTBOp STHIEHTIUKOINA ¢ MaccoBoi koHueHTparmend 40 %. B mepBoM ruapaBIudeckoM KOHType TEIUIo-
HOCUTENb oxjiaxnaeTcs B pamuarope RAD. Bropoil ruppaBiudecKkuil KOHTYp MpeqHa3sHayeH Jjisl moJadu
TEIUIOHOCHUTENS K TeriooOMeHHUKY HE, KoTopslii mpencraBisier co6oir eMKkocTh 00beMoM 30 11 ¢ MeIHBIM
3MeeBUKOM BHYTpU. [IpenBapurensHo oxnaxaeHHbIH B paguaTtopax RAD TemnonocuTens mogaeTcs B Tel-
noobmennuk HE. KoHTyp ¢ ecTecTBeHHOW IUPKYJSIMEH XiaJareHTa MpeArnoaraeTcs UCIoib30BaTh B XO-
JIOJTHOE BpeMs To/a, Kor/ia TeMIlepaTypa Bo3yXa Ha YJHIle HOYbIO MEHbBIIIE TeMIIepaTyphl BO3AyXa B Kame-
pe. [Ipu HepaboTaromeM KoMIipeccope, OTKpBITHIX kKpaHax V5, V6, V7, u 3akpeiTeix V8, V9 xmnanarest mo-
Jy4aeT TEIUIo OT MPOAYKTa B Kamepe U MmogHuMaeTcs B TeroooMennnk HE, rae on otnaer teruio npenBa-
PHUTEIBHO OXJIaXKJACHHOMY HOYBIO TEIUIOHOCHTEINIO, 3aTeM KOHJICHCHUpYeTCs U ciyckaercs B pecuBep RC, a
Janee MonajaeT CHOBa B ucnapurens EV n3-3a nepenana BeicoT. TakuM 00pa3oM MPOMCXOOUT €CTECTBEHHAs
LUPKYJISLUS XJIaJareHTa U3 UCIapuTelis B TEIUIOOOMEHHHUK M 00paTHO, ABWXKYIIEH CHIIOW KOTOPOM SIBIISIETCS
Pa3HOCTh TEMIIEpaTyp BO3/lyXa B KaMEpe U TeMIIepaTypbl TEIIIOHOCUTEIS.

Hacoc P1 ympasnsercs pene Bpemenu u Bkimrodaercs B 18:00, a Beikmouaercs B 6:00. B 3to Bpems
MPOMCXOIUT LMK HOUYHOTO OXJAXIEHHS TEIUIOHOCHUTEIS, IIEpeKauuBacMoro 4epe3 paguarop, 1 QUKcupy-
I0TCA JaHHBIE C TEPMOJATUYMKOB, U3MEPSIOUINX TeMIIepaTypy MOBEPXHOCTH paauaropa I12, temmepatypy
yIu4YHOTo Bo3ayxa 111, TeMmneparypy TEIJIOHOCUTENS Ha BBIXOJE ¢ paauaropa T 13, TemnepaTypy B BepxHen
Y HIDKHEH 9acTu akKyMmysaTopa xonozna T 14.

[IpenBapuTEIbHO OXJIAXKICHHBINA TEIIOHOCUTEND MoAaéTcs HacocoM P2 k TermoooMmennuky HE. Temn-
noobMeHHrk HE HaxonuTcs HaJ XOJOAMIBHOW KaMepoi Tak, YTOOBI MPH €CTECTBEHHON IIMPKYJISINUN MOTY-
YaOLIUHA TEMJI0 XJIaareHT MOT IOAHUMATHCS 10 TPYOKe M 3aTeM OXJIAXKIAThCs M CIIyCKaThCs 110 3MEEBUKY
BHU3 (PUCYHOK 4). BritoueHne Hacoca OCyIIECTBISETCS IPH AOCTHKEHUN MUHUMAJILHONW pa3HHU-LIbI MEXIY
TEMIIEPATypOH TEIUIOHOCUTENS B aKKyMyJsiTope xosona T 14 u temmneparypoil Bo3ayxa B XOJOAWIHHON Ka-
Mepe T16. OTkiroueHne Hacoca BBIMONHIETCS MPU JOCTHKEHHH TeMIIepaTypbl BO3qyXa KaMephl YCTaBKH,
WK TIpY TEMIEpPaTypHOM Hallope HWKEe MUHUMAJIBHOTO.
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Pucynok 4 — CxeMma y371a €CTECTBEHHON IUPKYJISAIIH XOJIOAWIHHOTO areHTa
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Tepmogatuuk T17 uzmepsier TemnepaTypy MOBEpXHOCTH BO3AyX00XJIaauTelsl. Paguarop skcnepumeH-
TaJHHON YCTAaHOBKH MPEJCTABISAET COOOM TEIIIOOOMEHHHK, COCTOSIINN M3 M3ITy4YaloIero MEeTaInYeCKOTro
MpOo(UIBLHOTO JINCTAa U3 OonMHKOBaHHOU cTtanmu (C-21-1-000-06 mo 'OCT 24045-2016), u Tpy0O [yis pacrpe-
JeNieHUs TeTUIoHOCUTeNs. TpyObompoBoA paguaropa COCTOMT M3 TEIIOOOMEHHBIX IOJNHUATUICHOBBIX TPYO,
YIIO)KEHHBIX 3MEEBHKOM B BOIHBI MPO(HIMPOBAHHOTO CTAIHFHOTO JIUCTA KPOBIW KPBIIIH. DTO TMO3BOJSET
COKOHOMHTH Ha MaTepualax pagnaropa, a Takke 0oiee pairoHaIFHO HCIOB30BaTh MMPOCTPAHCTBO, 3aHIMa-
eMOe XOJIOAMIBbHON YCTaHOBKOIA.

O01mee KOJIMYECTBO pagraTopoB — 5 mTyk. OOIIel mIomaas MOBEPXHOCTH KPBIIIH C panaTopamMu —
32 M? (pUCYHOK 5).

TeXHUKO-3KOHOMUYECKUE XapaKTEPUCTUKU PAUATOPA, HHTETPUPOBAHHOTO B METAJUTMICCKYHO KPOBITIO B
CPaBHCHHH C AIFOMUHUEBBIMY PAIMaTOPAMH B IIPUMEHSEMbBIX YCTAHOBKAX PATUAIIMOHHOTO OXJIAXK ICHUS:

1. VaenbHas X0NO0AONPOU3BOANTENBHOCTE yMEHbIIaeTcst Ha 22,6 %, oHa coctasmia 40,3 Br/m?, Bme-
cro 52,1 BT/M? y cTaHapTHOTO paanuaTopa.

2. CrouMocTh paguaTtopoB Hike Ha 33%.

XononuiapHas KaMepa dKCIEPUMEHTAIbHON YCTaHOBKH MMEET BHYTpeHHHE pa3Mepsl 5,15x5,55x%3,96
M, BHyTpeHHHUH 00beM 113 M°. OHa BBHINOJIHEHA M3 MEHOIIIACTOBBIX COHIABUY MaHened Toamunoi 200 MM.
Pacuernsiii TemnepatypHsiii pexkum B kamepe 0...+5 C. TemmepaTypa TEILIOHOCUTENS B aKKyMYJISITOPE XO-
monia ToJpKHA OBITE B Tipenenax -5...0 C u Hmke.
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PucyHok 5 — PaguaTtopsl 1 uX pacnpeaennTeabHble KOJUIEKTOPbI SKCIIEPUMEHTaIbHON YCTaHOBKHU

CucteMbl ¢ €CTECTBEHHON MUPKYIISIIIIEH UCTIONB3YIOT €CTECTBEHHBIC TEIUIOBBIC IIOTOKH JIJIS TIepeaadun
Teria, 6e3 UCIOJIb30BaHUS MEXaHMYECKIX HACOCOB WJIM BEHTHIIATOPOB. B 3TOM ciydae TEIIOHOCUTENh IBU-
JKETCsl Oaroaps pa3HUIle TUIOTHOCTH, BRI3BAHHOW Pa3HUIICH B TeMIIepaType.

B mepuon ocenn B ropome AmMarthl MPOBOIWINCH SKCIIEPUMEHTAIBHBIC MCCIICAOBAHUS CHCTEMBI OXJia-
JKICHUS C €CTECTBEHHOU IUPKYJISIMEH U PaUallMOHHBIM OXJIXKICHHEM XJanareHTa [2]. PaccuntanHoe 3Have-
HHUE OXJIAKIAIOMIEH CIOCOOHOCTH 3a MepHO/] HAGIIOIEHHs COCTABMIIO Beero 27,7 BT/M?, UTo 3HAYMTENBHO MEHb-
1€ OXKHUIAEMOM TEOPETUIECKON OXJIXKIAFOIIEH CIIOCOOHOCTH PAJaTOPOB B YKA3aHHBIX YCIIOBHSX.

B pabore [3] uccrieayroTes TemmooOMeHHbIE XapaKTepUCTUKH KOHJIEHCATOPa, B KOTOPOM OTBEJCHHE
Terla KOHCHCAIIMH XJIalareHTa IPOU3BOINUTCS 33 CUET €CTeCTBEHHOW KOHBEKIIUU M PAJAHAIIMOHHOTO OXJIaXK-
neHust. TerurooOMeHHUK TpeqHa3HA4YeH U CHIDKSHHS 3aTpaT dHEPTUH Ha OTBEJEHHE TeIIOTHI KOHIICH-
canuu. B oTimaue oT TpaauIMOHHBIX KOHJACHCATOPOB BO3AYIITHOTO OXJIAK/CHHUS, B HEM HCIIOIB3YETCS PaIn-
aIMOHHOE OXJIaxKaeHue. Pa3paboTan MeTO pacyeTa TONIUHBI M3JTyYaroeH TIacTUHBI. J1JIT MUHUMU3aIUN
MaTepHUaIOeMKOCTH H CTOMMOCTH MEKTPYOHOE PacCTOSHUE YMEHBIEHO 70 40 MM, a TOJIIMHA U3TyJaroniei
IJIaCTUHBI 13 amoMmuHws 10 0,32 MM. BHyTpeHHMI TraMeTp KaHAIOB TSl XJ1aareHTa paBeH 1 MM.

st SKCTIepUMEHTATHHOTO MICCIICIOBAHUS KOHIEHCATOpa pa3padoTaH KCIIEPUMEHTAIBHEIN CTEH/, pa-
Oorarommii Ha xnagareHTe R134a. [IpoBeneHbl TeopeTUYECKHE U SKCIIEPUMEHTAIBHBIE HCCICIOBAHUS TETI-
noo6mena. Temnosoi nmotok 66wt He MeHee 210+7.2 Br/m2. On npeBbInIaeT Kak MUHUMYM B 1.7 pasa Teruio-
BOU TIOTOK B paguaToOpe IS OXJIAKICHUS KUIKOTO TETUIOHOCUTEIIS.

MarepuanoeMKOCTh U 3alpaBKa XJIaJareHTa y KOHJAEHCATOpa CONOCTABHMBI C XapaKTEepPUCTHUKAMU
KOHJICHCATOPOB BO3AYILIHOTO OXJIAXKIACHUS C MPUHYIUTEIBHON HUPKyIAuuend Bo3ayxa. [Ipu 3ToM oH He mo-
TpeOJISIET AIEKTPOIHEPTHIO0. ET0 MOXKHO HCIIONB30BaTh B CTAIIMOHAPHBIX XOJOMWIBHBIX CHCTeMaX (B IICH-
Tpax 00pabOTKM JaHHBIX, TOPrOBOM XOJIOJAUIHLHOM OOOPYIOBaHWH, KOHJAMIIMOHEPAX), Ui MOBBIMICHUS WX
sHepreTuyeckoi 3 (HEeKTUBHOCTH.
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3axnouenue

TexHOIOTHA HOYHOTO PalHAIIIOHHOTO OXJIAKICHHS UMeeT OONBIION MOTEHIHA AJS Pa3IUIHbIX OT-
pacieit, ogHako ee 3pPEeKTHBHOCTL TPEOYET MANBHEUIIIETO YIIydIIeHHsI. DKCIICPUMEHTATbHBIC UCCIICTOBAHMS
MOKa3ajal MHOTrOOOCIIAIIUe Pe3yIbTaThl I paauaTopa B POJM KOHJIEHCATOPA, TAKXKE CHUCTEM C ecTe-
CTBEHHOH IIUPKyJsiuuei ximagarentra. KoppeKkTHbIN AU3aiiH OXJIaKJar0IEl CUCTEMBL, BKIFOYAsi COOTHOLIEHUE
MOIIIHOCTH W TUIOIIAIH PaguaTopa, KPUTUIECKH BaxkeH s ee 3 dekTuBHOI padoTel. Mcnonap3oBanme mac-
MTaOUPOBaHUSI CUCTEMBI W TOBBINICHUE TEMIIEPATYPHOTO HANopa Ha PaauaTope MOXKET JOMOJHUTEIHHO
YIIyqmuTh ero 3¢ GeKTUBHOCTE. B pe3ynbraTe mpoBeaeHHBIX MPOEKTHRIX paboT pa3paboTaHbl CXeMHBIE pe-
IIeHHS, KOTOPbIE MOTYT OBITH MCTIOIB30BAHbI IJISl IPUMEHEHHS B IPOMBIIIUIEHHBIX XOJIOIMIBHBIX CHCTEMAaX.
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AHHOTAUA

B Hacrosiee BpeMs paauaiiMoOHHOE OXJIKICHHUE IS CHCTEM XOJIOJ0CHAOKEHUS U KOHIUIUOHUPO-
BaHUS BO3/IyXa UCCIIEYETCs B pa3NIMYHBIX YacTsX IiaHeTsl A3un, Amepuke, Adpuke. Pazpadorans! pa3mmnd-
HBIE CXEMBbI XOJIOIUIIBHBIX CUCTEM C PAJAMALIMOHHBIM OXJaKIeHUEM. IMeroTcs pa3inyHble CXEMbl aBTOMATH-
3aIiy XOJIOAMIBHBIX MamuH. OHAKO CXeMBI aBTOMATH3AIIUH KOMOMHUPOBAHHBIX CHCTEM C Palua-IIMOHHBIM
OXJIAKACHUEM W3YYeHbl HemocTaTo4yHo. [y 3QQexTuBHONW pabdOThl KOMOMHHPOBAHHOW XOJOAMIBLHOU
CUCTEMBl C paJWAlMOHHBIM OXJIaXKIe-HueM pa3paboTaHa (QYHKIHOHAIBHAS CXeMa aBTOMAaTHYECKOTO
perynupoBanusi. C MOMOIIBIO JATYMKOB TEMIIEpaTyphl, YCTAHOBJICHHBIE Ha BXOJaX M BBIXOAAaX KaXKJIOTO
KOHTYpa JaH-Hbl€ MOCTYIAOT U PETUCTPUPYETCSA B CUCTEME, Jlaliee TaK K€ MOJIy4yaeM JIaHHbIe OT JaTYMKOB
JABJICHUS, BIAXKHOCTH, TEMIIEPATYPhl OKPY>KAIOIIEr0 BO3AyXa U kKamepsl. CucTeMa aHalu3upyeT BCe JaHHbIE
U TOJAET CUTHAJl Ha BKJIOUEHWE U BBIKJIIIOYEHHUS HYKHOTO HAcOCa W MapOKOMIIPECCHOHHOMN XOJIOIUJIbHON
MalllMHbl. ABTOMAaTH3AIUsl TAPOKOMIIPECCUOHHON XOJOAWIBHON MallMHBI OCYIIECTBIIEHA 0 CTaHAapTHOU
CXeMe aBTO-MaTH3anud. BeiOpaHo o0OpymOBaHHE JJIsi aBTOMATH3AIlMM KOMOWHUPOBAHHOW XOJIOAMIBLHOU
cuctemsl. [lo-ka3aHo, 9TO aBTOMAaTH3MPOBAHHAS CUCTEMa PEIIAET 3a/lady OBICTPOTO MEPEKITFOUSHUS MEXITy
peXUMaMU OXJIAXKIACHUS W aBTOHOMHOM pabOTHI TpH Pa3IMYHBIX TIOTOMHBIX YCIOBHSX U ITOBBINIACT
3Heprod3(h(HEeKTUB-HOCTH TI0 CPABHEHUIO OOBIYHON XOJIOAMILHON MAIIMHOM.
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Abstract

Currently, radiation cooling for refrigeration and air conditioning systems is being investigated in
various parts of the world in Asia, America, and Africa. Various schemes of refrigeration systems with
radiative cooling have been developed. There are various automation schemes for refrigerating machines.
However, schemes of automation of combined systems with radiative cooling are insufficiently studied. For
effective operation of a combined refrigeration system with radiation cooling, a functional scheme of
automatic control is developed. Using temperature sensors installed on the inputs and outputs of each circuit,
data are received and registered in the system, then we also receive data from sensors of pressure, humidity,
ambient air and chamber temperature. The system analyzes all the data and sends a signal to turn on and off
the desired pump and steam compression refrigerating machine. Automation of the steam compression
refrigerating machine is carried out according to the standard scheme of automation. The equipment for
automation of the combined refrigeration system has been selected. It is shown that the automated system
solves the problem of quick switching between cooling modes and autonomous operation under various
weather conditions and improves energy efficiency as compared to a conventional refrigerating machine.

Beeoenue

B Hacrosiee Bpemst HaOmoqaeTcs TeHACHIMS K MIPUMEHEHHIO €CTECTBEHHOTO XOJIOAA IS OXJIaXKICHUS
TUTOJTOBOOBOIIIHBIX KaMep. B yCIOBHAX pe3KOKOHTHHEHTAIFHOTO KIMMara TeMIlepaTrypa Bo3myxa B arMocdepe
OONBIIYI0 YacTh BPEMEHH HWIKE, YeM TpeOyemasi TeMrepaTypa IJisl XpaHeHust oBouled u GppykToB. Iloatomy B
XOJIOZIHOE BPeMsI ToJla BO3MOYKHO MCIIOJIB30BaHMSI €CTECTBEHHOTO XOJIOa IS OXJIaXICHHUS MUIIEBBIX MPOTYKTOB
[1]. B Hacrosimee BpeMsi €CTECTBEHHBIM XOJOJA NPAKTUYECKHA HE HCHONb3yeTcs. [JTaBHBIM HEZOCTaTKOM
KJIACCUYECKOW TEXHOIOTHU OXJIXKICHHS SBISIETCS TO, YTO OTBOJ TETUIa M3 XOJOAMILHOM KaMephl POU3BOANTCS
TOJIBKO 32 CYUEeT palbOThl XOJOAWIBHOW MAIIUHBI, KOTOpask pabdoTacT BECh MEPUOJ XPaHEHHs MPOIYKIHH, YTO
BeJIeT K TIOBBIIIEHOMY PacXo/1y 3JIeKTPO3HEPTUH.

Lenpro paboTHI ABISETCS CO3/TaHNE aBTOMATH3MPOBAHHON CUCTEMBI OBICTPOTO MEPEKITIOUEHUS MEXKITY
PEeXUMaMHU OXJIAXKJCHUS ¥ aBTOHOMHOW Pa0OTHI MPH PAa3TUYHBIX TOTOHBIX YCIOBUSIX.

B pamkax nccienoBanus ObUTH OTIEpeIEIICHBI 331a4H:

1.Pa3paboTaTh cxemy aBTOMAaTH3AIMH KOMOWHUPOBAHHOW CUCTEMBI OXJIAXKICHUS;

2.BriOpats 000py10BaHUE ISl aBTOMATHU3AIHH.

O6vexkmul u Memoowvl Ucci1e006anuA

s pa3paboTku 3pPEKTUBHON CXeMBbl OTBOJIA TETLIOTHI M3 XOJOAMILHOW KaMephI, B IIEPBYIO O4Yepelh
HEOOXOJIMMO YUUTHIBATh KIMMAaTHYECKHE YCIOBHSI PETMOHA, B KOTOPOM MpeAroiaraeTcs ee paMeineHue. B
MIEPUOJ] XPaHEHHS TIPOJTYKIINH, TPOIOJDKAIOLINICS C CEHTAOPS 110 Mal, TeMIieparypa aTMoc(epHOro BO3Iyxa
B AsiMaThl U3MeHsieTcs B tuana3zone ot +25 no —15°C [3].

B pabote [2] paccMoTpeHa BOBMOKHOCTh PUMEHEHHS €CTECTBEHHOTO X0JI0/1a B XOJIOIMIHHON Kamepe
JUIsl XpaHeHus! GPYKTOB B paiioHe, pacrojoKeHHOM BOJIHM3H ropojia ATMaThl.

[IpumeneHne xo5i0Aa KOCMUYECKOrO MpOCTpaHcTBa Onaroaapsi 3pQeKTHBHOMY TEIIOBOMY H3ITy4EHHUIO
3emiH B HOUHOE HEOO MOXKET MCIIOJIb30BATHCS, KaK SHEPTrodPEKTUBHBINA CIIOCO0 OXIXKACHUS — PANALMOHHOE
oxnaxaenue (radiative cooling). Ha ocHOBe mpuBeieHHBIX TaHHBIX [4, 5] MOXHO CejiaTh BBIBOJ, YTO Mt o0ec-
MeYEeHHsT KPYTIIOTOIMYHOTO XOJIOZOCHAOKEHUSI MOYKHO HCIOJNIb30BaTh KOMOMHUPOBAHHYIO XOJIOIMIBHYIO CHCTE-
MY, COCTOSILIYIO M3 YCTAHOBKH C paJlaliioOHHbIM oxyakaeHueM (YPO) u xononunbpHON MamumHbl. B Gonee tem-
JTible TIepruoIbl rosia, korna YPO He obecrieunBaeT TpeOyeMyro TEMITEpaTypy, OXJIak ICHIE KaMephl CIeIyeT Mpo-
W3BOJIUTH 33 CUET PaOOTHI OOBIYHOM MMAPOKOMITPECCHOHHON XOJIOAITFHON MAIIIHHEIL.

XOoNoaWIBHBIE CHCTEMBI MOTYT HCIOJIb30BaTh CHUIKEHHE TEMIIEpaTypbl B HOYHOE BpEMs, YTOOBI
HaKaIUIMBaTh SHEPTHIO B aKKyMYJSTOpax xojofa. Huskue TemmepaTypbl OKpy’Karolled cpeabl ¢ JUIUTelb-
HBIM TIEPHOJIOM OXJIZXKJICHUSI B KOHTHHEHTAIILHOM KJIMMaTe, B TaKMX cTpaHax kak Kaszaxcran u Poccus, na-
0T BO3-MOXHOCTH TIOJIYYUTh JJOCTATOYHO 3()(QEKTUBHBIE MTPOMBIIIICHHBIE XOJOAUIbHBIC CHCTEMBI, UCTIONb-
3yIIUe paualliOHHOE OXJIAXKICHHE.
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Anamu3 5HeprodGHeKTHBHOCTH KOMOWHUPOBAHHOW XOJIOJMIBHOW CHCTEMBI JIJISI TAKMX TOPOJIOB Kak
Anmatsl, Kocranaii, Cankr-IleTepOypr nokasan mnossiieHne sHeprodddexrtuBHoctn ot 7,8 mo 15,9 %.
YcoBUS MCTIONB30BaHUS 3aKIFOYAIOTCS B KPYTJIOTOUYHON 3KCILTyaTallui XOJIOAUIBLHONW KaMephl, B KOTO-
poil moanepkuBaeTcs Temreparypa Ha ypoBHe 0+1°C u HU3KOE 3HAUCHHE IKCIUTYaTAlMOHHBIX TEIUIOMPUTO-
KOB, JIJISl TIPOTYKTOB C BBIACIIEHHEM TEIUIOTHI, HampuMep, S0i0K. Takas KOMOWHUPOBAaHHAS XOJOIMIbHAS
CHUCTEMa B 3UMHHIA NEPUOJl MOXKET 00ECTICUNTh OXJIAKIEHIE C HU3KUM MOTPEOICHHEM 3IIEKTPOdHEPTHH Oe3
KCIIOJIb30BaHUS XOJIOMIIEHOTO KOMITPECCOpa, a B TOJIOBOM ITHKJIE Pa0OTHI COKPATUTh M3HOC OoJiee IOpOro-
CTOSIIIIEH XOJIOAMILHOI MAIITMHBI, YTO MMO3BOJIUT YBEJIIMYUTH CPOK €€ CIIykKObI [6, 7].

[Ipumenenne YPO st oxmaxaeHust XOJOAWIBHON KaMephl C HU3KMM 3HAYEHHEM SKCILTyaTaIllMOHHBIX
TEIUIOTPUTOKOB MOXKET JaTh CYIIECTBEHHOE COKpAIllEHHE YHSPToNOTPEOICHHUS B BECCHHUH, OCCHHUI U 3UMHUHN
MIEpUO/IbI BPEMEHH, KOT/Ia CPEIHECYTOUHAs TEMIIepaTypa Bo3AyxXa HaXouTcs B 1uanas3oHe ot -3 o -11 °C [7].

B pabore [9] npuBemeHB pa3HBIC CXEMBI aBTOMATH3AIlMH I XOJOMWILHOW crcTeMbl. OmHcaHbl
MPUHIIUIBL PAa0OTHl aBTOMATH3AIMK MPOCTEUIIINX XOJOJMUIBHBIX CUCTEM C 3JIEMEHTAMHU KakK: KOMIIPECCOD,
koHjeHcaTop, TPB u ucnapurens. Ha pucynke 1 npuBeneHa cxema aBTOMaTU3aIlMH YCTAHOBOK ¢ HACOCAMH,
B KOTOPOH WMEIOTCSI HACOCHI MepeKaunBaHus KUAKOCTH. C MOMOIIBI0 HUX OTBOJUTHCS TEIUIO W3 KOHJIEHCA-
TOpa M OTOMPAETCS TEIUIO OT OXJIAKIaeMOT0 00BEKTa.
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PI/ICYHOK 1 — Cxema XOHO,Z[HHLHOﬁ YCTAaHOBKH C INTACTUHYATBIM KOHACHCATOPOM

B pabote [10] npeanoxeH BapuaHT CHCTEMBI MOJJICPKKU MPUHATHS PEIICHHS IS YIPOIIEHHOTO MO-
HUTOpHUHTA U cOopa nHpopmanuii ¢ momomisio SCADA-cucTeMBI.

Pazpaborana GecripoBogHas cucTeMa aBTOMATH3aLMU TEIUIOXIaJ0CHA0KEHHUS C UCTIONb30BaHUEM COJI-
HEYHOTO U HOYHOT'O paJHAIIMOHHOTO n3ny4eHus B padore [llanumosoii A.A. [8].

B xone ananu3a M3BECTHBIX MCCIIEIOBAHUI OBUT ClleNaH BBIBOJ O LEJIeCOO0Pa3HOCTH aBTOMATH3AMN
CHCTEM C PaMallMOHHBIM OXJIaXIEHUEM /751 paOOoThl B pa3IMUHBIX KIMMATHYECKUX YCIOBHSAX.

[IpuHKrMas BO BHUMaHUE TpejJiaracMble PEIISHUs 10 aBTOMAaTH3aIuK, Obliia pa3paboTaHa (yHKIIHO-
HaJIbHAS CXeMa aBTOMATH3aIMi XOJOAMIBHON CHCTEMBI C PAJHAlMOHHBIM OXJIAXK/ICHHEM, BBIITOTHEHHAS CO-
rinacuo 'OCT 21.208-2013 (pucyHoxk 2).

JlaHHasi KOMOMHUPOBaHHAS XOJIOJWIbHASI CUCTEMa MCIIOJIb3YeT PaJUalliOHHOE OXJIaXIEHHE U Hapo-
KOMIIPECCHOHHYIO XOJOAWIBHYIO MalllMHy. B KauecTBe mporpaMMupyeMoro KOHTpoJuiepa OblT BBIOpaH KOH-
tposutep komnanuu OBEH mozens ITJIK160 co BcTpoeHHBIMU JUCKPETHBIMU U aHAJIOTOBBIMH BXOAAMH, KO-
TOPBI COOTBETCTBYET HEOOXOIMMBIM ITapaMeTpaM padOThl XOJOAWIBHOM YCTaHOBKH, @ TAKXKe COOTHOIIIE-
HUIO (DYHKIIMOHAIA U CTOUMOCTH.

TennoHocuTeNb MOJIAETCS K pajvaTopaM ¢ oMollpio Hacoca P1 mo mepBomy koHTYpy. [lo BTOpOMYy
KOHTYpY K ucnaputento EV nmapokoMnpeccHOHHOW XOMOJMIFHON MaIlMHBI TEINIOHOCUTEIb MOAETCs HACco-
coM P2. Tperuit koHTYp HacocoM P3 mojaer TerioHOCHTENb B BO3ayxooxiamureinb AC aisi OXJax-IeHUs
BO3/yXa B X0JoAniIbHOM Kamepe CR.

[Ipu TenneHuMN NpUOIIKEHNS TEMIIEPATYPhl TEINIOHOCUTENS K TEMIIEpaType B XOJOIMILHON Kamepe
W JajbHEHIIEM MOBBIIICHUH TEMIIEpaTyphl B aKKyMYJISITOPE XOJIOa BBINIE, YEM B XOJIOAMJIBHOW Kamepe
HACOCHI OTKJIFOYAIOTCS U MOJIKIF0YASTCS XOJIOJUIIbHASI MaIlIUHA.

J7st cTabnibHOM paboThl peXknMa XpaHeHUs CUUTAaeM, YTO OCTOSHHAS TeMIlepaTypa B KaMepe XpaHEeHHs
nomkHaa 061Th paBaoi 0°C. s storo H1 Brmowaetcs ecmu Ty HAPYKHOTO BO3[IyXa HIDKE TEMITEPATyphI B Ka-
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Mepe Ha 5°C. Ecnu T.: HapyKHas TemrepaTypa Bo3AyXa HOBBIIAETCS, U pa3HHULIA MEXTy TEMIIEpaTypoil HapyK-
HOTO BO3[lyXa M BO3yXa B KaMepe CTaHOBUTCSA MeHbIle 5 rpagycoB Hacoc H1 oTkirouaercs u Bkimodaerca H2.
H3 pabotaer, nonnep:xusas Temneparypy B kamepe t = 0°C npu Temneparype B AX: t=-5 ... —10°C.
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PI/ICyHOK 2 - (DyHKIlI/IOHaJ'II)Ha)I CX€Ma aBTOMaTUu3aluu XOHOL[HHBHOﬁ CUCTEMBI C paJUallUOHHBIM OXJIAXKACHUEM

Pacnono-
XEHue

C IIOMOIIIBIO JAaTYUKOB TCMHepaTypI)I, YCTaHOBHCHHI)IC Ha BXOJaX M BBIXOOAaX KaXI0I'o KOHTypa JaH-
HBIC MOCTYMAIOT U PETUCTPUPYETCS B CHUCTEME, Jajiee TaK K€ MOJydyacM JaHHBIC OT JATYHUKOB JIABJICHUS,
BIQKHOCTH, TEMIIEpaTypbl OKPYKAIONIET0 BO3yXa U kamepbl. CUCTeMa aHATM3UPYeT BCE JAHHBIC U MOaCT
CUI'HAJI HA BKJIIKOYCHHUEC U BBIKJIIFOUCHUA HY)KHOFO HacocCa u HapOKOMHpeCCI/IOHHOI\/'I XOJ'IOI[I/IJ'II)HOﬁ MallIuHBEI.
ABTOMaTH3aIHUS TAPOKOMIIPECCHOHHOM XOJI0MIILHOW MAIIMHbI OCYIIECTBIICHA 110 CTAHJAPTHOM CXEME aBTO-
MaTH3allUH C YYETOM BBIIIE MPEIOKEHHON CUCTEME.

3aknrouenue

- pa3paboTaHa aBTOMaTU3MPOBAHHAS CXEMa, UCIIOJIB3YIOIIas PaUallMOHHOE OXJIKICHHE;

- BEIOpaHO 000pY/I0BaHKE JJIsi ABTOMATH3AIIMA KOMOMHUPOBAHHOM XOJIOIMIIBHON CHCTEMBI,

- TIOKA3aHO, YTO aBTOMATHU3UPOBAHHAS CHCTEMa pellacT 3a/1a4y OBICTPOrO MEePEKIIOUYCHUS MEXKIY pe-
JKUMaMU OXJIAXKIACHUSA U aBTOHOMHOﬁ pa6OTBI HpI/I paSJ’IH‘-IHbIX IIOTOAHBIX YCHOBI/IHX W IIOBBIIIIACT SHGPFO'
3¢ GEKTUBHOCTD TI0 CPABHEHUIO OOBIYHOW XOJIOJUILHON MAIIIMHOM.
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SHEPTUSACHIH MAaIaNaHbIN, OHBIH IIBIFATHIH JKEPIHEH, JKEKE TaMIIblIapFra O6iHY KBUIIAMIIBIFBIH apTThIPY
yiriH. CYHBIKTBIKTAP B MIANIBIPATY MPOIIEeCi €Ki KOMIIOHEHTTEH TYPaJibl, aTal alTKaH/Ia: CYHBIKTHIKTHI JKEKe
TaMmInbUIapra 0eIy; KaKeTTI HOTHXKETe JKeTy YILIiH CYHBIKTHIK TAMIIBUIAPBIH 3aTThIH OeTiHe OarpiTTay. TONbIK
KOHYCTHIK OYpKY Ke3iH/Ie CYHBIKTHIK TaMIIbIIAPhl KOHYCIIEH IIEKTEITeH KEHICTIKTe OeIiHe i, OHBIH KOFAPFBI
*Karbl (DOpCyHKaHBIH KipiciHe coiikec kenenmi. CTaHIApTTHI TONBIK KOHYCTHIK OYpky. bym camramamap
(Hacagka) (OpPCYHKaHBIH Kipic CaHbLIAYbIHJIA OPHAJIACKAH KOHE OJI apKbUIbI OTCTIH CYMBIKTBHIK aFbIHBIHA
ailHally MOMEHTiH xalbapiayra apHaJIFaH apHaibpl MIIHII TbIIAKNeH xaOapikTanraH. Hotmwkecinge
(OpCYHKaHBIH IIBIFATBIH TECIrl apKbLIbl CYHBIKTHIK TOJBIK KOHYC TYpiHAE NIanibIpaThutazbl. CIHpaibabl
TOJIBIK KOHYCTBIK OYpKY. BYpIKKIIITIH MilliHI TOJBIK KOHYCTaH OipliamMa epeKIIe/icHEel JKOHE KOHYCTBIK
KEHICTIKTE aifHanaThIH CYHBIKTBIKTBIH KATThl CIUPAIIBI OOJIBIN TaObLIa bl
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AHHOTAUA

B naHHO# cTaThe paccCMOTPEHBI CIOCOOBI MOJMYYEHHUS Karcyl METOJOM PACIbUICHUS. DTO METOIbI
pacmhbUIeHHs, CYIIKH paclbUIEHHEM, 3aMOpakuBaHHe pacrbpuieHHeM. dopcyHKka — 3TO MPHCIOCOONIEHNE,
HCTONB3YIOIIee SHEPTHIO AABJICHHUS, MOl KOTOPBIM IOAAETCS )KUIAKOCTh, IJIsl YBEJIIMUEHHUSI €€ CKOPOCTH NPHU
BBIOpOCE M3 BBITYCKHOTO OTBEPCTHS U pa3JieleHns] Ha OTAeNbHbIe Karu. [Iponecc pacibuieHns KuaKocTel
CKJIa/IbIBaeTCA M3 JIBYX COCTABIIIONINX, & UMEHHO: Pa3neneHue »KUAKOCTH Ha OTAeNbHbIe Karuti, Hampas-
JICHWE Kamelb KUIKOCTH Ha MOBEPXHOCTh OOBEKTA Ul JOCTIKEHHS XKeJlaeMoro pesyibrata. IIpu mosHo-
KOHYCHOM DAacCIbUICHUH KaIUId XHIKOCTH PAaclpelelsiloTcs B NPOCTPAHCTBE, OTPAHUYEHHOM KOHYCOM,
BEpIIMHA KOTOPOTO COBMAJAET C BIYCKHBIM (hopcyHkH. CTaHAapTHOE MOJHOKOHYCHOE pacibUIeHHE. JTH
HacaJIKky CHaOXEHbI JIONATKOM crenuanbHOW (OPMBI, PacIOIIOKEHHOH BO BXOAHOM OTBEPCTHH (OPCYHKH
U IpeiHa3HaueHHOM U151 COOOILEHHs BPalaTeIbHOTO MOMEHTA MOTOKY KHUIKOCTH, IPOXOASLIEMY Yepe3 Hee.
Bcenencrue 3100, )KHUIKOCTD, BEIXOJISIIAS Yepe3 BHITYCKHOE OTBEpCTHE POPCYHKH, pactbuisieTcs B Gopme
MoJIHOTO KOoHyca. CriupaibHOE MOTHOKOHYCHOE pacibiieHHe. dopma pacrblia HECKOIBKO OTINYAeTCS OT
MOJTHOTO KOHYCa W TPEICTaBIseT COOOH CIUIOMIHYIO CIUpPalb >KHIKOCTH, BpAIIAIOLIYIOCS BHYTPH
KOHHYECKOTO IIPOCTPAHCTBA.
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PREPARATION OF CAPSULES BY SPRAYING
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Abstract

This article discusses the methods of obtaining capsules by spraying. These are the methods of spraying,
drying by spraying, freezing by spraying. A nozzle is a device that uses the energy of the pressure under which
the liquid is supplied to increase its velocity when ejected from the outlet and separated into separate droplets.
The process of spraying liquids consists of two components, namely: The separation of liquid into individual
droplets; The direction of liquid droplets to the surface of the object to achieve the desired result. During full-
cone spraying, liquid droplets are distributed in a space bounded by a cone, the top of which coincides with
the inlet nozzle. Standard full-cone spraying. These nozzles are equipped with a special shaped blade located
in the inlet of the nozzle and designed to communicate torque to the fluid flow passing through it. As a result,
the liquid coming out through the nozzle outlet is sprayed in the form of a full cone. Spiral full-cone spraying.
The shape of the spray is somewhat different from a full cone and is a continuous spiral of liquid rotating inside
a conical space.

dopcyHkanap TaMak eHIMJAEpiHe CYMBIKTHIKTapbl HEMece KocmaaapAbl OYpKY YIIiH KOJIaHbUIATHIH,
TaMaK OHEPKaCiOl KaOABIKTapbIHBIH HETI3ri 3nmeMeHTi Oonbim Tabputamel. Omap opTypii KOHCTPYKTHBTI
IU3aifHFa B¢ 0OJyhl MYMKiH, COHBIH IMIiHAC 6Ty AMaMeTpiepi, (opcyHKa MIMIiHI jKOHEe KOPIYC KOH(PHUTY-
pamusicel. DdopcyHKangap er, CYT, HaH-TOKalll, KOHIUTEPIIIK OHIMIEpP, aJIKOTOJIb JKOHE TaMaK ©HEPKICIOIHIH
Oacka cananapbelHAa KEHIHEH KOJJaHbUIaAbl. A3BIK-TYJIK ©HAipiciHae (opcyHKanapIsl maiganany KeJeci
APTHIKIIBUTBIKTApABI Oepe/ti:

Konnmany nanmiri — cyHbIKTHIKTapbl ©HIMHIH OCTiHE 1o TapaTyFa MYMKIHIIK Oepei, IIBIFBIHIap bl
azaiitazpl. YakpITThl YHeMAEY — (OpCYHKanap aBTOMATTBI TYp/E JKYMBIC iCTEH/Ii jKoHE CYWBIKTHIKTAP/IbI
TaraMfa Te3 KOHE aJJaMHbIH KaThICYBIHCHI3 LIAIbIpaTa anajbl. OHIMHIH canachklH apTThIPY - CYHBIKTBIKTapAbI
OHIMHIH OeTiHe OipKelKi Kary apKbUIBl YHEMJIeyTe FaHa eMec, COHBIMEH KaTap OHBIH JoMi MEH SCTETHKAIBIK
KACHUETTEPiH apTThIpyFa KOJ JKeTKi3inei. A3BIK-TYJIK OHIMIEPIH OHAIpY MPOIECiHAe MHTPEIUSHTTEP MEH
OpTYPJIi KOMIIOHEHTTEPiH camnajibl OHACTyiH XKoHE J03aJlaHyblH KaMTaMachl3 eTy MaHbI3abl. byn npouecte
TaMaK eHepkaciOiHe apHaimFaH (opcyHKanapcel3 MyMKiH emec. Onapabl KOlJIaHy 6HIIPIC >KYMBICHIH
KEHUTIETE/ 11 )KOHE JKOFaphl carajibl OHIMIEp alnyFa MyMKIiHmik Oepemi [1].

Bypikkim, myneBepusaTop (dp. pulvérisateur, nar. pulvis — "man") — CYHBIKTBIKTApAbl YCaK
TaMIIbIIapFa OypKyre apHainFaH Kypain. CyHBIKTEIKTapaaH 6acka, ojap CycleH3MsuIap MEH YHTAKThI 3aTTapbl
HIAIBIPaTy YIIH KOJAaHbUIa(bl. OHEPKACIITE, aybll XKoHE YU IapyallbUIbIFbIHAA KEHIHEH KOJIaHbLIA b

Bypikkimep BenTypu ocepiHeH maiiia 601aThIH KBICHIM aiibIpMAIIbLIBIFBIHBIH 9CEPIHEH CYHBIKTBIKTHIH
KO3FaJIbICBIH Naigananansl. Onapasiy keiibipeynepinae KbIChIM 3KEKTOPAbIH KOMETiMeH Kacanapl, CYHbIK-
TBIK, OeJIeKTepi aya Hemece Oy arbiHbIHA Tyceni. CaHplIayAaH ra3 OpTachlHa TYCETiH CYHBIKTHIK OeTi KeIip-
OyABIpIBI aFblH TYy3e[i. Opl Kapai, Oyi arblH TypOyJNeHTTI aFbIHJaFbl OY3bUTYJap MEH OeTTiK Kepiry
KYIITEPiHiH KYlIeloiHe OallaHbICTBI YCaK TaMIblIapra OemiHeai. PeakTuBTI TYpaKChI3ABIKTBI apTTHIPY YLIIH
»acaH/Ibl COKKbUIAp MEH HEHTPU(YTaibIK KyI KOCHIMIIA KOJAAHBLTYbl MYMKiH. THIM KOFaphl KbUIJaM/IBIKTA,
Oip TamIIbIFa BIIBIPAYABIH OPHBIHA, aFbIHHBIH OJIIEMJepi KeH ayKbIMa e3repeTiH KeNTereH ycak Oel-
niekrepre OemiHyi MyMKiH [2].

Bypxy 20ici anette KaTThl 3aTTap/Abl MUKpOKAaIcyanay YIIiH KOJJaHbUIaAbl, onap OyFaH JeriH KyKa
CyCIleH3Usl KYWiHe, Maijibl 3aTTapblH epITIHAICIHAC HeMmece OajkpIMachiHma (Oajaybl3, LETHI CIUPTI,
TIIMIIEPUH MOHO - HEMece JIMCTeapaThl JkoHe T.0.), cojlaH KeliH OYpIKKIll KeNTiprilTe CyCIeH3usHbI OypKYy
KOHE KENTIpY YIIiH KOJAaHbLIA b
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Cyper 1 — Bypky: 1 — KopekTeHIipy KYObIpbL; 2 — hopcyHKa; 3 — Oypikkil anay; 4 — aliHaIMalbl JUCK

Mukpoxkancynanapasi Memepi 30-50 mxMm. TexHosorusaa Oypikkim popcyHKanap KoJaaaHbuIaipl, 1-
CypeTKe coiikec OYPIKKilll MUCTOJIET KOHE aTOMH3ALUSUIIBIK TUCKLIep peTiHAe KyMbIc icTeimi [3].

AlHanMaiel TUCK — OYPIKKIII KENTipyre HeMece My3JaTyFa apHaIFaH aTOMHU3AIlUSHBIH 0acka oici.
Bacrankpiia 1-mi KopekTeHIipy KYOBIpbIHA 3MYJIbCHS abIHAJIBI, OHJIA KalCyJalaHFaH MaTephall UCIEepPCTi
¢azana 6omanpl. Cogan KeliH OypKy TEXHOJIOTHSICHIHA COMKeC dIMYNbCHUs aifHanManbl nuckire 4, gopcynka 2
KoHe OYpIKKIMI amay 3 apKbUTbI OeNIIeKTepii aTOMU3alusIaiabl. Y3miKci3 (aszamaH IMIBIKKaH 3MYIbCUS
TaMIIBUIAPHI aifHATY Ke3iHae chepalbIK MiTiHre ue 00Jaabl, 01 KeNTipiireH ke3ne oexitineni [3, 4, 5].

TeXHOJTOTHAHBIH APTHIKIIBUIBIFEl - CYCICH3Ms JKaFJalblHIa (OPCYHKaJaH albpMAIIbUIBIFBI JTUCK
Oitenmeiini.

ATOMI3AIVSITBIK, AUCKUIEPIIH KOMETIMEH PEaKTUBTI arbIHIBI "Kecy'" Ke3iHae OeNmIeKTepaiH KaKeTTi
MOJIIIIEPiH aTyIbIH HAaKTHl MYMKIiHJIT1 Oap, Oipak KpUigaMm aiiHaly Ke3iHJe MaTephall KaTThl IIamblpanibl,
HOTHIKECIHIe KarlCyJalaHFaH 3aTThIH IIBIFBIHBI apTalbl.

bBypikkiw kenmipy — eHiIMA1 >xoHe TaHbIMall (85% meliH) Karcymanay ofici 2-CypeTTe KepCeTiIreH.
blctrik aya arsiHBIHAA 1, Kipic Teciri 2 apKblIbl OepiieTiH dMynbcus mambipaid 6acraiinel. Kancynananran
MaTepUaibIH 3 OeJIIeKTepi map HilliHiH Kypaiel, ¢y OyJaHFaH Ke37e KaObIK MaTepuabl Katas OacTaipl
xkoHe 4 Kamcyia jkacaiapl. KarcynmaHbslH THIMIUTITIH KaMTaMachl3 eTye Mai ¢a3achIHBIH OeIIeKTepiHiH
MeJIIepi MaHBI3/IBI POJI aTKApabl, oJlap ycak 00rysl Kepek [3, 6, 7].

$&e

Ly

)

Cyper 2 — bypikkim kenripy: 1 — BICTBIK aya; 2 — Kipic Cyper 3 — DBypikkior My3aaTy omiCiMEH aJbIHFaH
Teciri; 3 — KancyanblK MaTepHaiabl OypKy; 4 — Karcyanap Karcyna: 1 — MaTpuna; 2 — Maif; 3 — KaObIK

KenTipy xe3injie TaMuHapIIbl aya aFbIHBI 0ap YJIKeH Kamepa 0oJFaH ke3jie OelmiekTep KOHTYp O0MbIMeH
Oipkernki >xoHe Oip emmemi Oomazpl, ajd IMKIOHABI KENTiprimreri TypOyleHTTi aFblHMeH Oenextep Oip-
OipiHe xa0bIca OacTaiiibl, OChIIalIIa MaTepHAIIBl KarcyianayFa xon oepmeriai [3, 8, 9].

Bypikkim kenTiprimTe OemeKTep AyphIC MilliHTe e 001abl, OipaK MUKIOHBI KenTiprimrepae 0ip-
OipiHe KaOBICHI KATybl MYMKIH.

Bypikxiut my30any — OYpIKKiLI KENITIPY TEXHOJIOTHACHIHBIH KEPi TEXHOJIOTUSCHL, 3-CypeTTe KOPCETUITeH.

Bys Texnonmorusaa matpuia 1 maiinan 2 Hemece Oanaybi3aan Ty3iieai. Cy ¢a3achl KOCBUIBIC PETIHIC
KbI3MET eTeji. Bypikkim kenTipy omiciHAErifiel, MyHIa OOJIIeKTep KENTIpiAMEH i, ojlap KaThIll KajaJbl.
TexHonorusaga KamcylanaHFaH 3arThl 3 KaOBIKTBIH KOMETIMEH BbUIFallaH Kopray »oHe Oenrim Oip
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Temreparypajaa 0ocaty Kaxer OOJIFaH jkarjaina Konganbuiaabl. CankblH aya aFbIHBIHJA OMYJIBCHUS IIAIIbI-
paiinel, banaybi3 Katasjpl, KarcyJlaJaHFaH 3aT TaMIIbUIapBIHBIH KOCBLTYHI Taia 60a bl

By TeXHONOTHMAHBIH apTHIKIIBUIBIFBI — KancyjalaHFaH MaTepUalAbIH OapiblK Haiganbl 3aTTapbl
MYy3/1aTy apKbUIbI caKTasabl, Oipak MiliHi MeH AuaMeTpi OolbIHINa onap Oipkenki emec [3, 10, 11].

Bypikkimn mimiHAep, TONBIK KOHYCTBHIK OYpKy. CYHBIKTBIKTapasl OYpKYy MpoIleci eKi KOMIOHEHTTEH
TYpabl, aTall alTKaHAa: CYHBIKTHIKTEI )KEKE TaMIIbUIapFa 061Ty; KaKeTTI HOTIIKETE JKeTy YIIIiH 3aTTHIH OeTiHe
CYWBIK TaMIIbLIAPABIH OAFBITHI.

[portrectiy exi ¢a3acel oeTTe SPTYPII OHEPKACINTIK hopcyHKanap (Coruio / HacaaKa), COHIai-aK TOMEH/Ie
CHUIATTAJIAThIH SJICTEp apKbUIBI JKy3ere achlpbutaabl. COHFBI JKBUIIAPHI aTall OTUIeH OYPIKKINT TEXHHUKAHBIH
TYPaKThl JaMybl OHAIPYILLJIEPICH OpTYPJIi TEXHOIOTHSUIBIK MPOLECTEPAl KY3ere achlpy Ke3iHAe OlapAblH OTKi3y
KaOLIeTiH apTThIpy YILIiH (opcyHKanap (COIIO) TYpJepiHiH ayKbIMBIH YHEMi KEHEUTY I Tajar eTe/i.

@dopcyHKaHBIH JKYMBIC CallachlH aHBIKTAWTBHIH HETI3ri MaijaiaHy cUmaTTaManapbl: Oepy KbICHIMBI
eceOiHeH hopcyHKara OepieTiH CYHBIKTHIK KesieMi; OYpKY Ke3iHAe CYWBIKTBIKTBIH KEHE0 OYPHIIIIbL; IAIIaThIH
CYWBIKTHIK SHEPTUSCHIHBIH OHBI TYTHIHATBHIH SHEPTHUSAFa KATHIHACKI OOJBIN TaObUIATBIH (POPCYHKAHBIH OTKIZY
KalijeTi; MakcaTThl HBICAaH OOWBIHINA AFBIHHBIH TapaybIHBIH OipKEIKUTIri; MIamIbIaThIH CYHBIKTHIKTHIH
TaMIIIBI MOJIIIIep] OOMBIHIIIA TAPATYHI.

TobIK KOHYCTBIK OYPKY KE€3iHJIe CYHBIKTBIK TaMIIblIapbl KOHYCIICH IIEKTEIreH KeHICTIKTe OemiHe],
OHBIH JKOFapFhI JKarbl (POpPCYHKAHBIH KipiciHe coiikec kenemi. CTaHIapTTH TOJBIK KOHYCTHIK OypKy 4-mmi
CypeTTe KOpCeTiIreH.

Byn Hacanmka dopcyHKkaHBIH Kipic caHbUIaybIHIA OpHalacKaH KOHE OJl apKbUIBI ©TETiH CYWBIKTHIK
aFbIHbIHA aliHATy MOMEHTIH XabapiayFa apHaJiFaH apHaiibl MILTH/I MBIIIAaKIeH ka0 pikTanran. HoTmwkecinae
(hopCyHKaHBIH TECIri apKbUIbI IIBIFATHIH CYHBIKTBIK TOJBIK KOHYC TYPIH/E MIANTBIPATHITAHI.

Cypet 4 — CTaHIapTTHI TOJBIK KOHYCTBIK OYPKY Cypet 5 — Cupanb sl TOJNBIK KOHYCTHIK OYpKY

BypikkimTig mimriHi TONBIK KOHYCTaH OipIiamMa epexIineNeHe Il )KoHe KOHYCTHIK KEeHICTIKTe aifHaIaThIH
CYMBIKTHIKTBIH KATThl CIIUPAJIbI OOJIBIN TaObiIa 6. CIIMpabAbl TOIBIK KOHYCTHIK OYpKY S-1111 cypeTrTe Kepce-
tinred [12]. Tapary OipKeNKiTiTiHIH KeTICHEeYIIiTiri OiTenyre eTe >KOFapbl TO3IMIUIIKIIEH oTenesi, Oy
canTama (Coruio) OyJ1 TYPiH KYHEHiH Kayilci3Iiri Hemece CeHIMJILIITI alIbIHFBI KaTapra IIbIKKaH XKarIansa,
MBICAITBI, OPT COHIPY KYHENepiHae KOJIJaHyFa MyMKIHIIK Oepe/ti.

OJIEBUETTEP TI3IMI

1. ®opcyHKH [UTs MUIIEBOH TIPOMBINLIEHHOCTH [ DIeKTpOHHBIH pecype] — Pexknum mocrtyma: https://vnedorozhnik-
inform.ru/forsunki-dlya-pishchevoy-promyshlennosti/

2. Pacnbututens [DnekTpoHHbIH pecypc] — Pexum nocryna: https:/ru.wikipedia.org/wiki/Pacnbuturens

3. Kymanunosa, I'.A. VccienoBanue npoliecca HHKAICYJIMPOBAHKS IPOONOTHUKOB C LEJTBI0 CO3/1aHMs 000PYI0BaHMS:
awcc ... PhD- 6D072400. — Cemeii: HAO «Ynusepcuter umenu Lllakapuma ropona Cemeiin, 2020. — 131 c.

4. Pat. 2,809,895 US, Int. CL: A23 L27/70. Solid flavoring composition and method of preparing the same / Horton
E Swisher; Current Assignee: Sunkist Growers Inc. — Appl. Ne.: 519,719; Filed July 5, 1955; Date of Patent: Oct. 15,
1957. -4 p.

5. Burman, JI. A. PactisinBanun sxunkoct popcynkamu / JI. A. Butman, b./1. Kannenscon, V.. I1anees. — M:
Tl'ocynapcTBeHHOE DHEPTETHIECKOE H31aTENhCTBO, 1962, — 272 c.

68


https://vnedorozhnik-inform.ru/forsunki-dlya-pishchevoy-promyshlennosti/
https://vnedorozhnik-inform.ru/forsunki-dlya-pishchevoy-promyshlennosti/
https://ru.wikipedia.org/wiki/Распылитель

6. Pat. 5,124,162 US, Int. CL: A23L 1/211. Spray-dried fixed flavorants in a carbohydrate substrate and process /
Marijan A. Boskovic, Susan M. Vidal, Fouad Z. Saleeb; Current Assignee: Kraft Foods Global Brands LLC. — Appl. Ne
798,332; Filed: Nov. 26, 1991; Date of Patent: Jun. 23, 1992

7. XamaraeBa, V.C. buorexHoorust 3aKBacok IpONHOHOBO — KUCibIX O0akrepuii / M.C. Xamaraea.— Yian-VY .
Uszn-80 BCI'TY, 2006. — 172 c.

8. Milanovic, J. Microencapsulation of Flavors in Carnauba / J. Milanovic, V. Manojlovic, S. Levic, N. Rajic, V.
Nedovic & B. Bugarski // Wax.Sensors. — 2010. — Ne10. — P. 90-129.

9. Porzio, M.A. Flavor delivery and product development // Food Technology. — 2007. — Ne 01(07).— P. 22-29.

10. Pat. 3,314,803 US, Int. CL: A23 L27/70. Mannitol fixed flavor and method of making same / Jr Charles Dame,
Robert E. Smiles; Current Assignee: General Foods Corp. — Appl. Ne.: 523,038; Filed: Jan. 26, 1966, Date of Patent:
Apr. 8, 1967

11. Topauenko, M.T. IlomyyeHne MHMKpPOYacCTHI] W3 OHONETPATUPYEMBIX HPUPOJHBIX W CHHTETHYECKHX
MOJIMMEPOB UIsl MPUMEHEHUs MX B obOnactu perenepatuBHod Meauuumubl / M. I'. T'opaumenko, T. H. Comos, 1O. C.
Ocymnoga, H. U. Uynukosa, H. B. Menbiuytuna // Tonkue xumudeckue rexsonorud. — 2015. — Ne 10(5). — C. 66—76.

12. PacnbuiutenbHble bopcyHkH [DnexTpoHHBIH pecype] - Pexxum Jocrymna:
https://forsunka.org/raspylenie/PacnputirensHble GOpCyHKH

VIK 664.921

CYHLIKA PYJIETOB N3 KOHUHBbI, OBOT'AINEHHBIX ®YHKIIMOHAJIBHBIMHA
HUHI'PEAUEHTAMU PACTUTEJBHOT'O NIPOUCXOXKIEHUSA

Xanowcapos H.C.2, kano. mex. nayx., ooyenm,
A6ouncannaposa B.T.", kano. mex. nayx., ooyenm, Kyman XK.B.5, doxmopanm
FOoicno-Kazaxcmanckuii ynugepcumem um. M. Ayazoea, Kaszaxcman, 160012, 2. [llvimxenm, np. Tayke-xana, 5
E-mail: a — khanzharov_n@mail.ru; b — bahyt_04@mail.ru; ¢ — zhanserik.zhuman@auezov.edu.kz

AHHOTAUA

B craThe 000CHOBBIBAETCS aKTYaJIbHOCTh Pa3padOTKK U MPOU3BOJICTBA MICHBIX MTPOYKTOB U3 KOHUHBI
()YHKITMOHAIBHOTO HA3HAYCHMS C MCIIOJIb30BAHUEM IMHUIIEBBIX WHTPEIUEHTOB PACTUTEIBLHOTO MPOUCXOXK-
nenusi. PaspaboTaHHbI pyJeT U3 KOHWHBI 000TallleH: BUTAMHHAMHU — HA OCHOBE YKPOIIA, 3¢JIEHU IMETPYIIKH H
KOpHsI XpeHa; MUHEpaJlaMHl — TaKk)Ke Ha OCHOBE YKpOIa, 3eJICHH NMEeTPYIIKH, KOPHs XpeHa W KOPHS YeCHOKA.
[IpoBoauTcss KpaTkuii aHanu3 U OOOCHOBBIBACTCS IEPCIEKTUBHOCTh CYIIKH IHIIEBBIX IMPOJIYKTOB C
WCIIONIb30BAaHNEM HHU3KOTEMIIEPAaTypPHBIX TEIJIOBBIX HACOCOB. IIpoBeneHsl nccineoBaHus 10 OMPEIEIICHUI0
ONTUMAJIBHBIX TEXHOJOTHYECKUX MapaMeTpOB MpoIlecca CYIIKH MICHBIX PYJIETOB U3 KOHUHBI, 00OTaIllEHHBIX
(hYHKITMOHATBHBIMHU UHTPEIUEHTAMH PACTUTEIBHOTO IPOUCXOKICHUS C UCIIOJIb30BAaHUEM TEILJIOBBIX HACOCOB.
B skcniepiMeHTaNbHBIX UCCIICIOBAHUAX B KAUECTBE CYIIMJILHOTO areHTa UCIOJIb30BaH aTMOC(hEPHBIN BO3IyX
C ero MUPKYJSIUeld B cymmibHONH Kamepe. Crioco0d mokasan MocTaTouHyr 3((EeKTHBHOCTh MPUMEHEHUS
TEIUIOBBIX HACOCOB IS CYIIKHU PYJIETOB U3 KOHUHEI. OCBEIIEHEI PE3yIbTaThl IO ONIPEICICHUIO ONITUMATEHBIX
TEIJIOBJIAXKHOCTHBIX PEKUMOB CYIIIKH MSICHBIX PYJICTOB M3 KOHUHBI: TEMIIEPAaTypa CYIIMILHOTO arenra 15 + 2
°C, HauajabHasli OTHOCUTENbHAS BIAXKHOCTh CylHiIbHOro arenra 30...40 % mnpu CKOpOCTH €ro JABMXKEHHUS B
cymmibHo# kamepe 0,1 £ 0,05 m/c.

DRYING OF HORSE MEAT ROLLS ENRICHED WITH FUNCTIONAL
INGREDIENTSOFVEGETABLEORIGIN

Khanzharov N.S.% cand. tech. sc., associate professor,
Abdizhapparova B.T.°, cand. tech. sc., associate professor, Zhuman Zh.B.¢, doctoral student
M. Auezov South Kazakhstan University, Kazakhstan, 160012, Shymkent c., Tauke-khan av., 5
E-mail: a — khanzharov_n@mail.ru; b — bahyt_04@mail.ru; ¢ — zhanserik.zhuman@auezov.edu.kz

Abstract

The article substantiates the relevance of the development and production of meat products from horse
meat for functional purposes using food ingredients of plant origin. The developed horsemeat roll is enriched
with: vitamins due to dill, parsley and horseradish root; minerals — also due to dill, parsley, horseradish root
and garlic root. A brief analysis is carried out and the prospects of drying food products using low-temperature
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heat pumps are substantiated. Studies have been carried out to determine the optimal technological parameters
of the drying process of meat rolls from horse meat enriched with functional ingredients of vegetable origin
using heat pumps. In experimental studies, circulated atmospheric air in a drying chamber was used as a drying
agent. The method has demonstrated sufficient efficiency of using heat pumps for drying horse meat rolls. The
results of determining the optimal heat and humidity drying modes of meat rolls from horse meat are
highlighted: the temperature of the drying agent is 15 + 2 °C, the initial relative humidity of the drying agent
is 30...40% at moving speed in a drying chamber is 0.1 + 0.05 m/s.

Beeoenue

OpraHu3zanysi Ka4eCTBEHHOIO MUTAHUS SIBJSIETCS ONHUM M3 BaKHEHIINX (pakToOpoOB, OMpeneNnstonInx
3I0POBbE TPAXKAAHCKOTO COOOIIeCTBa J000ro rocyzapcrsa. [Ipu 3ToM HEOOXOOUMO YYHUTBHIBATH, HYTO
o0ecriedeHue HAcEJICHUSI KaYeCTBEHHBIM ITUTaHUEM JOJDKHO PEaTN30BBIBATHCS C YUETOM HMX HallMOHAIBHBIX
MUILEBBIX TPAAWLMHA, BO3PACTHBIX OCOOCHHOCTEW, TEHACPHOH W TPYAOBOH NPUHAIIICKHOCTH, YPOBHS
TEXHUYECKOT0 U COLIMATIBHOIO Pa3BUTHA CTPAHBI U pAaa IPYTHX.

Pemenne 310l mpoOneMbl CTaHOBSITCS OCOOCHHO AaKTYaJbHBIM IIPH CO3JAHMU HOBBIX WM COBEp-
LIEHCTBOBAHUU CYILECTBYIOIIMX IHUILEBBIX IPOAYKTOB, KOTOpbIE CIIOCOOCTBOBAIM Obl CHAOXKEHHIO YEIOBEKa
HEOOXOJMMBIMU TIOJIE3HBIMH BEILIECTBAMH, IOJOKUTENHHO JCHCTBOBAIM HA €ro 3I0POBbE, MPEIOTBPAIIATN
BO3HHKHOBEHHE 3a00J€BaHMI 3a CUeT OOECIEUeHHUs] €ro OopraHu3Ma HEeoOXOOUMBIM NHTaHHeM. Bcem stum
TpeOOBaHUSIM OTBEYAIOT (PYHKLHOHAIBHBIC NUILEBBIE NMPOIYKTHI, B MOCIECIHEE NECATUIICTUE MOTydaroIIre BCe
OoJIbIlICe PACIPOCTPAHCHUE B MUPOBOH MPaKTUKe, BKItoYas u KazaxcraH. [To3ToMy ofHOM M3 BaXKHEHIIMX 33124,
CTOSIIMX TIepes THIIEBOH MNPOMBIIUICHHOCTBI0 PecnyOmmku Kazaxcran, sBisercss penieHne NpoOIeMbl
OpraHU3aLMH BBITYCKA HOBBIX MUILIEBBIX MMPOIYKTOB OTHOCSAIIMXCS K (DYHKIIMOHATIBHBIM.

OcHOBHO# MPoOIEMOil B OpraHu3aliuil KpyriaoroAnYHOTO MPOU3BOCTBA IMHUIIEBHIX MPOAYKTOB (YHK-
IUOHAILHOTO Ha3HAUEHHS SIBIISIETCS CO3/IaHUC pe3epBa LIMPOKOTO CIIEKTpPa BOCTPEOOBAHHBIX Ha MHIICBOM
PBIHKE HOBBIX IHIIECBBIX MPOAYKTOB M NEPCHEKTUBHBIX AJS UX OOOrameHus: (yHKIHOHAJIbHBIX MHUIIEBBIX
HUHTpeIueHToB. 1 NpaKTHYECKON peann3aliuy IPOM3BOICTBA TAKOW MPOAYKIIMH HA HUILEBBIX IPEIIPUITHAX
HE00X0IMMO 00OCHOBAaHHO BBIOPATH CHIPHE, MIEPCIIEKTUBHOE [ MTPOM3BOCTBA ()YHKIIMOHAIBHBIX MUIIEBBIX
MPOAYKTOB, U BbIOpaTh Hamboinee 3PPEKTUBHYIO M IKOHOMHUYECKH 1EeJIeCO00Pa3HyI0 TEXHOJIOTHIO, MO3BO-
JSIIOIYIO CO3/1aBaTh U COXPAHATh B MEKCE30HHBIH NEPHOJA Hy)XKHble (DyHKUMOHANbHBIE HHIPEAUEHTHI -
o0oraTuTeny MHUIIEBOTO ChIpbs. [Ipu pa3paboTke Takoi TEXHOJOTHU OCHOBHBIM SIBIISIETCS BHIOOp crioco0Oa
3aroTOBKH M COXPAHEHHs IMHUIIEBOTO CBHIPhS, KOTOPOE, KaK MPaBHIIO, XapaKTEPU3YyeTCs] CE30HHOCTHIO CO3pe-
BaHMs. Taxke HeOOXOAMMO YUUTHIBATh TAaKOW BayKHBIN (PAKTOP, KaK 3aMHTEPECOBAHHOCTH MIPOU3BOJUTENCH B
BBIITyCKe pa3pabaTeiBaeMoil (PyHKIIMOHATIBHOM MUILEBOUITPOAYKILMKB IPOMBILUIEHHOM MaciuTale.

[NoapiTOXKMBAs CKa3aHHOE, MOKHO CZENATh BBIBOJ O TOM, YTO CO37aHue (PYHKIIMOHATIBHBIX IPOITYKTOB
MUTAaHUSI HA OCHOBE NOBBILICHUS COACPKaHMS B pa3pabaThIBaeMbIX HMPOAYKTAX HY)KHBIX U TOJIE3HBIX IS
OpraHu3Ma 4ejloBeKa OMOJOTWYECKH AKTHBHBIX BEIIECTB SIBIISECTCS BAXXHOH M aKTyaJbHOM IS NMHUIIEBOM
otpacnu npomeinuieHHocTd PK mpo6nemoii. [Ipu a3Tom asis pemeHust 3Toi mpobieMbl B OCHOBY pa3paboTKu
W co3laHusl (QYHKIMOHAIBHBIX TMPOAYKTOB IMUTAHUS JOJDKHBI OBITH TOJOXKEHBI: OOOCHOBAHHBIH BHIOOD
MEPCHEKTUBHOTO ChIPhs, 00Naaaronero (pyHKIMOHAIBHBIMUA CBOMCTBAMHM; pa3padoTKa crocoda ero coxpa-
HEHHs, 00eCIeUMBAaIONIET0 CO3JJaHhe €ro pe3epBa M BHIOOp crocoba TMPOM3BOJCTBA, KaK caMUX (yHK-
[MUOHAIBHBIX MTUIIEBBIX HHTPETUCHTOB, TaK U (YHKIIUOHAIBHBIX MTPOIYKTOB.

OmnpenensionM HOpMAaTUBHBIM JOKYMEHTOM, YCTaHABIMBAIOIINM 00111e TpeOoBaHus K HHQOpMaLuu
U TOJIOKEHUS, MOAJIeKaIe K IPUMEHEHHUIO TIPH IIPOU3BOJICTBE M peau3alvy MUILEBBIX pa3padaTbiBaeMbIX
(YHKIIMOHANBHBIX MPOJYKTOB OTEUECTBEHHOTO IPOM3BOACTBAa B Hamiell PecnyOnukesBisietcss ['ocynapc-
tBeHHbI cranmapt CT PK 1993-2010 «IIpomyktsl numeBsle. [IpoaykTsl muiieBble (yHKIMOHAJIbHBIE.
TepMUHBI U ONIpenieneHns».

Cornacio CraHgapTy K (YHKIMOHAJIBGHBIM ITUINEBBIM TIPOJYKTAM OTHOCSATCS TIPOIYKTHI, IpEIHAa3-
HAuYeHHBIE [T CHCTEMATHIECKOTO YIIOTPEOIeHNS B COCTABE MUIIEBBIX PAIMOHOB BCEMH BO3PACTHBIMHU TPYTIIAMH
3[J0pPOBOTO HACEJICHUsI, CHIKAIOIIME PUCK PasBUTHS 3a00JIeBaHMH, CBA3aHHBIX C MUTAHHEM, COXPAHSIOUIMN U
YIYHIIAIOITNN 3I0POBbE 32 CUET HAIMYHS B €ro COCTaBe (PU3HOJIOTHUECKH (DYHKIIMOHATBHBIX HHTPETUEHTOB [ 1].

B coorBerctBum ¢ 3TuM CTaHAapTOM K (YHKIMOHAJIHHBIM IMHUIIEBHIM WHTPEJHEHTAM MOXET OBITh
OTHECEHO JIF000€e BELIECTBO WIIM KOMILJIEKC BELIECTB KaK KMBOTHOT'O, TaK M PACTUTEIHLHOTO MPOUCXOKACHUS,
KOTOpbIE B OpPraHU3Me 4YeJOBEeKa NPU HMX CHCTEeMaTHYECKOM YNOTpeOJIEHMH B COCTaBe pa3paboTaHHOTO
(YHKIIMOHAIBHOTO THIIEBOrO MPOAYKTa OKAXKYT OnarompusiTHeii 3(QdekT Ha OoJHy WM HECKOIbKO
¢dusnonornyeckux (YHKIMHA WK MPoLEecchl oOMeHa BeriecTB. [Ipu 3TOM B cocTaBe pa3padaThiBAEMOIO
(YHKLIMOHAIBHOTO IHUILEBOrO IMPOAYKTa 3TH BEIIECTBA JOJKHBI BXOAWTH B KomudectBe oT 10 mo 50
MPOIICHTOB OT UX CYTOYHOM MOTPEOHOCTH (TIPHUBEJICHBI OOIICTIPUHSTHIE B MUPOBO# MTPAKTHKE 3HAUCHHS).

70



[Ipy TPOMBIIUIEHHOM TPOW3BOJACTBE NHIIEBHIX MPOIYKTOB W3 KOHWHBI OHHM TIOJBEPTalOTCs
CHCIMaIbHBIM BuaaM 00paOoTku. [IpenmpusTusMyd MICHOHW MPOMBIIUICHHOCTH Hamiel PecmyOmuku
BBINYCKAIOTCS Pa3HOOOpa3HbIe TOTOBBIC W3/ICNINS U3 KOHUHBI U KePeOATUHBI (lanee OYAyT MCIIOJIb30BaThCs
OTIPE/ICTICHUS «KOHHHA» M «IPOAYKThHI H3 KOHHHEI»). Bech psii MPOU3BOIUMBIX B IPOMBIIUICHHBIX YCIOBUIX
MPOAYKTOB W3 KOHWHBI, CTAHJAPTU3NPOBAH M BBITyCKAETCS JBYX HAMMEHOBAHHN: «BapeHbIe MPOAYKTHI U3
KOHUHBD» U «KOITYCHO-BapEHbIe TPOAYKTHI U3 KOHUHBD).

K BapensiM mpoaykram u3 KOHUHBI OTHOCSTCS: «KoHMHA mpeccoBaHHasy», «PyneT U3 KOHHUHBI
BapeHkbIi», «KonnHa BapeHas». KommueHo-BapeHbIit ps 3HaYNTENbHO mupe: «Pedpa KoHCKuEe B 000JI0UKEY,
«Illeitka KOHCKas KOIMUCHO-BapeHas», «Pmirei KOHCKUI KOTYeHO-BapeHbBIN», «Drtelt KOHCKHIA B 0007109KeY,
«'pynHuKa KOHCKas KommueHO-BapeHas», «KoHumHa KomdeHo-BapeHas», «PyleT U3 KOHUHBI KOMYEHO-
BapeHbIi», «KonnHa pyOreHast komueHo-BapeHas» [2].

[Ipu 3TOM KaKk BapeHble, TaK W KOMMIEHO-BAPEHBICTTPOAYKTHI N3 KOHUHBI, BEIPA0OTaHHBIC TIO TAHHOMY
CTaHAApTy, B 3aBUCUMOCTH OT MAacCOBOH JOJU MBIIICYHOW TKAHU MOAPA3ICISIOT Ha CIEAYIOIINE KaTETOPUH:
A — 6omee 80,0 %; b —60,0...80,0 %; B —40,0...60,0 %.

[Ipon3BoarMble MPOMBIIIIIEHHOCTHIO MPOIYKTHI, TOCKONBKY OHHM OXBAaTBIBAIOT TOJBKO BapeHBIE U
KOITYCHO-BapEHbIE MSACHBIE TPOAYKTHI M3 KOHUHBI, OXBAaTHIBAIOT JTAIIEKO HE BECH PSIT BOBMOXKHBIX MPOIYKTOB
u3 Hero. Ha mpakTtike Hacenenumem KaszaxcraHa M3ApeBiie BBIMTYCKAIOTCS pa3HOOOpa3HbIE HallMOHAIBHBIE
W3JIeNHs U3 KOHUHBI, 13 KOTOPBIX HanboJIee N3BECTHBIMU SBIISTFOTCS «Ka3bI», a B MIOCIIETHIE TOBI U «MSICHBIS
PYJETB» U3 KOHUHBIL.

OpnHolt M3 O0COOCHHOCTEW KOHUHBI SIBJISICTCS TO, YTO OHO O0JIaZaeT OMPEACICHHON XECTKOCThIO.
Hanpumep, Axmeropa B. I11. B cBoeii pabote [3] maet onucaHue KOHUHBI KaK «IOBOJILHO JKECTKOE MSCO», B
CBSI3HM C OTHM, KaK YTBEPKIAeT aBTOp, JUIA MPOU3BOJCTBA MPOIYKTOB M3 KOHWHBI OOJNBINE LEHATCS TYIIH
MOJIOABIX JIOLIAEH.

Oco0eHHOCTH KOHHMHBI OCBEIAIOTCS W B padore [4], B KOTOpOil aBTOpaMu omnpenesieH XUMUYECKU
COCTaB MsiCa Pa3IMYHBIX YaCTeH TYIU U €ro KaJOPUIHOCTH - Tabnuma 1.

Tabmmma 1 — XuMudecKuii coctaB Msica pa3lIIHBIX YacTel TYIIN U er0 KaIOPUHHOCTS [4]

BrlmecpeHsisi yIUTAHHOCTD Cpeansisi yOUTAHHOCTD

Yacru Tymu Oesqlok | :KMp | Boja | 30-ja | Kajopuid | OeJiOK | kUp | BoAa | 30-jla | KaJIOpuii
B 1 kr B 1Kr
Ileiinas yacTh 18,7 4,7 75,7 1,1 1193 18,6 3,7 76,5 1,1 1124
Jlonaroso- 19,7 83 | 70,7 | 12 1588 19,5 5.4 74 | 11 1301

IIe4YeBast 4acTb

CnuHHas 4acTh 20,1 14,1 64,4 1,4 2186 20,4 10 61,4 1,3 1743
TlosicHnyHas 4acTh 19,7 8,97 70,1 1,3 1639 23 6,1 70,1 1,1 1518
Ta3°§Z§EEHHa" 21,2 71 | 705 | 11 1535 21,3 52 | 724 | 11 1338
['pynHas gacthb 18,5 13,4 66,9 1,2 2007 18,4 10,2 70,2 1,1 1704
ITamuna 12,3 29,1 57,5 1,1 3214 13,6 24,3 61 1,1 2816
lonsiika mepeaHss 23,7 3,5 71,6 1,1 1296 25 1,7 72,1 1,1 1190
INonsamka 3agasas 24,1 4.1 70,5 1,1 1398 25,9 2,3 70,8 1,1 1270

K coxanenuto, ocBemniasi BONPOCH! UCIIOJIb30BaHNs KOHUHBI B ITUILEBON NpoMblnuieHHOCTH Kazaxcrana
KaK TPaJWLMOHHOTO MUIIEBOr0 MPOAYKTa HAIIMOHAILHONW KyXHH, aBTOPHI OTMEYAIOT TOJIBKO TAKHE MPOTYKTHI
Kak OecOapMak, KoJaMa, KybIpAaK M MsCO MM0-Ka3aXCKH. DTH MPOIYKTHI Yallle BCETO TOTOBATCS U3 CBEYKETO
Msica. A Kak MOKa3bIBaeT NPaKTHUKA, OCHOBHOM 32001 CKOTa MPOUCXOANT B OCEHHE-3UMHUH niepuo. U s ero
KpPYTJIOTOAMYHOTO MOTpeOIeHNS KOHMHY HEOOX0UMO TIOJBEPraTh CHEIHATbHOW 00paboTKe, O3BOIISIOMIEH
COXPaHATH €€ IIUTeIbHOe BpeMs. [losToMy mpu mpou3BoACTBE MPOAYKTOB M3 KOHMHBI OHU TOABEPTaOTCs
CHEeLUAIBHBIM BUaM 00paboTku. OCHOBHBIMH BHIAMH UX 00paOOTKHU SIBJISIFOTCS MApUHOBaHHE U, UTO PEXKe,
KOIUEHHE. A MpoLecc BapKH U3ACTIHI U3 KOHUHBI B 3aBHCUMOCTH OT BO3pacTa 3a0MBaeMOH JIOIAAH B TEUCHUE
MopsAJKa JIBYX — TPEX 4YacoB SBIAETCSA 3aKIIOYUTENBHBIM 3TallOM HMX OOpabOTKH, OCYIIECTBISEMBIM
HETIOCPEACTBEHHO Tepel UX ynorpebsiieHueM B numly. OIHUM M3 OCHOBHBIX BHJOB OOpaOOTKM KOHHWHBI,
3aHUMAIOLIUX JJIUTEIbHOE BPEMSl, SIBJISIETCS MADHHOBAHUE, KOTOPOE 00OBIYHO JIUTCS 110 36 4acoB.

Bce mpousBoanMbIE TMPOMBIIUIEHHOCTHIO M JIOABMH BUABI TPOTYKTOB W3 KOHHHBI MOTYT OBITH
KJIaCCU(HUIMPOBAHBI TOJIHKO KaK BRICOKOKAJIIOPUHHBIE TPOIYKTHI MUTAHHS, H B PACCMAaTPUBAEMOM aCTeKTe 3TH
MPOAYKTHl He 001afaroT omnpeaeiaeHHOH (YHKIMOHAJIBHOCTBIO. Tak, HampuMep, CBEICHUS O MHILEBOH
LIEHHOCTH W cojaep)kaHnu OenkoB u xupoB B 100 rpammax pyneToB W3 KOHWHBI TNPUBEACHHI B
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MexrocymapcreerHoM crangapte 'OCT 32785-2014. ITpoxykTel u3 KoHUHBL Texuudeckue yciaouss MKC
67.120.10 [2] — Tabamma 2.

Tabnmma 2 — CozmeprkaHue OEITKOB, KHUPOB U MHIIEBOH eHHOCTH 100 T pyneToB U3 KOHUHBI

DHeprerudeckas neHHocTs 100 r
HaumenoBanue npoaykra benka, r Kupa, r MPOIYKTa
B KKaJl B KJ[x

PyJseT u3 KOHUHBI KOMTYEHO-
BapEHbIU
Pyner u3 konuns! Bapensld | 14,0 He menee | 16,0 He 6osree | 200 He Gosiee | 836,3 He Oostee

14,0 ue meHee 16,0 e 6omee | 200 me 6omee 836,3 He Goinee

A B nuTEpaType B OCHOBHOM PacCMaTPUBAIOTCS CIOCOOBI IIPOU3BOJICTBA MACHBIX IPOAYKTOB U3 KOHUHBI
W TpeAjaraloTcsi pasHble CIOcOoOBbl COKpAIICHUS CPOKOB MAapHHOBAaHHS MPOAYKIHH (OOBIYHO 3TO MpOLEcC
1ocoia). ITO MOXKHO OOBSICHUTH TEM, YTO TPaJULMOHHBIC CIOCOOBI MapHMHOBaHHS MPOAYKIMU M3 KOHHUHBI
XapaKTePU3YIOTCs OOJBLION ATUTENBHOCTBIO ATOTO MIPOLIECCa, KOTOPBIE MOTYT IOXOAUTH 10 HECKOJIBKHUX CYTOK.

K mpumepy, B [5] aBTopamu pa3zpaboraH criocod YKOPEHHOTO MPOU3BOICTBA HAITMOHATBHBIX MSCHBIX
MNPOAYKTOB W3 KOHHUHBI, PpE3YyJbTaT JOCTUTa€TCAd MNPHUMEHCHUEM II10COJIa MIACHOI'O CbIpbd METOAOM
WHBEIIMPOBAHHS B MSICO PAccoJia, B COCTaB KOTOPOTo BXxoauT OakrepuansHbiid mpenapat TEXEL DCM-1.

Br100p cnoco0a oforameHusi pyJjieToB U3 KOHUHBI

Jnst mpeBpaiieHus MpOW3BOAMMBIX M3 KOHMHBI MHUILEBBIX MPOMYKTOB B (DYHKIMOHATBHBIC MPOIYKTHL,
HEOOXOJMMO HCXOAHOE CBIPhE 00OTaTHTh OTCYTCTBYIOIIMMHU WM COACPIKAIIMMHUCA B HEM B MaJIOM KOJIMYECTBE
TOJIE3HBIMH BELLIECTBAMH, HEOOXOIUMBIMHU U1l HOPMAJIbHOTO (h)YHKIMOHUPOBAHMS YETIOBEUECKOTO OpraHu3Ma.

K ocHOBHBIM B€OICCTBaAM, 060rama}0mnx COCTaB KOHCKOI'0 MsACa, OTHOCATCA BUTaMHWHBI, MUKPOJ3JIC-
MCHTLI, HACBIIICHHBIC W HCHACBIMICHHBLIC XHUPHBIC KHCJIOTBI, aMHWHOKHCIIOTBHI, IMO3BOJAIOMIUC IIPOABUTH
(YHKLIMOHANBHOCTh NPOAYKTOB U3 KOHUHBI TaKHe, Kak (PU3MOJIOrHYecKOe BO3JEHCTBIE, MUIIEBas LICHHOCTD,
BKyCOBBI€ KadecTBa. OgHaK0 HEOOXOAUMO YUUTHIBATh, YTO IPU O0OTALICHUH HCXOAHOTO CHIPhS COAEPKaHUE
IMOJIE3HBIX BCHICCTB, KaAK B KOHMHEC, TaK U B IMIPOU3BCACHHOM IIPOAYKTCE, 6yI[CT KOHC63TBC}I B 3aBUCHUMOCTH OT
ce3oHa 3a00s1 CKOTa, PerrMoHa BblMaca W Apyrux (akropos. [1o3ToMy HE0OXOAWMO KOHTPOIUPOBATH WX
KOJINYECTBO, KaK B MIPOLIECCE MOATOTOBKH MSICHOTO CHIPbS, TAK W IIPUTOTOBJICHUS CAMHX HPOIYKTOB. Takxke
HCO6XOI[I/IMO PEryjaupoBaTh KOJIUYCCTBO BKIIIOUACMbBIX B IPOAYKT MUIICBLIX UHI'PECIUCHTOB ITYTEM YUCTAa HOPM
MHKPOIJIEMEHTHOT'O 1 BUTAMUHHOT'O COCTaBa IPOM3BOIUMOTO MpoayKTa. [Ipu 3ToM pazpabareiBaeMast MsicHas
MPOAYKIHS JOJDKHA 00JagaTh CTOMKOW CTPYKTYpOW, HEXHOH KOHCHCTEHLWEH, NMPUSTHBIMH OPTaHOJer-
TUYECKUMH CBOMCTBaMHM, COANaHCHPOBAHHBIM COCTAaBOM IO MUILEBOW M Omojormyeckod uneHHoctH. He
COOJTIIOJICHHE ATOTO MPUBEJIET K TOMY, YTO B TOTOBOM MPOJYKTE UX COJEPKAHKE, & 3HAUUT U UX Ka4eCTBO, B
3HAYUTENIFHOW CTENeHH OyAeT HW3MEHAThCS B KaKIOM MHapTHH BeIpaOOTaHHOTO mpoxykra. [lpm sTom
o0oraieHne pa3padaTbiBaeéMoro NpoyKTa Ha OCHOBE J100aBOK, IOIYUYEHHBIX U3 IPUPOAHBIX ONOIOTHYECKUX
MaTepHajioB PaCTHTEILHOTO MPOUCXOXKICHUS, TpEACTaBIsieTcs Oojiee MEPCHEKTHBHBIM. A BBIOOP BHJIOB
PACTUTECIIBHOT'O ChIPbSA, KaXKI0€ U3 KOTOPBIX oGnanaeT OMpPEACIICHHBIM COCTAaBOM U IMOJIC3HBIMU [JIA OpraHru3Ma
YeJI0OBeKa CBOMCTBaMH, HEOOXOIMMO OCYLIECTBISATH Ha OCHOBE BbIOOpa (DYHKIHMOHAJIBHOCTU pa3padaThl-
BaeMoro npoaykra. Kpome Toro mpu BeIOOpE ChIpbs JJIs 00OTAICHHS MHIIEBBIX MPOJIYKTOB HEOOXO0IUMO
YUYUTBIBATh TCHACHIWIO ITOCJICIHUX JICT KACAOINUXCA IPUMEHCHUA ITPUPOJHBIX HATYPAJIBHBIX HHTPEAUCHTOB,
BBIpaOOTaHHBIX M3 PACTUTEIBHOIO CBHIPbs, KYJIbTHBUPYEMOTO B IPOMBILIUICHHBIX MaciiTabax B pEruoHe
MPEANPHUITHS IPOU3BOAUTENS pa3padaThiBaMOro NPOIYyKTa.

Hanpumep B o0macTu o6orarieHust MSICHOTO MPOAYKTA, BKITFOYatomiero (gapi kKoHuHbI, JkannapoekoBa
M. u coaBTOpHI [6] mpeiararoT crnocod NpoU3BOACTBA BETYUHBI U3 KOHWHBI H OapaHUHBI.

B npenyiaraemom criocoGe aBTOpbI M300pETEHNUS B LIEISIX YIIyUIIEHHs] OPraHOJNENTHYECKUX TTOKa3aTeNied u
MAIIEBON IEHHOCTH Pa3padaThIBAEMOr0 MSCHOTO MPOJYKTA HCIONB3YIOT MIOPE U3 THIKBEHHOI MSIKOTH, TTOPOIIOK
THIKBEHHBIX CEMSH, TOIUICHBIC OapaHWi KypIIOYHBIM M KOHCKHH >kup B mpomopuusx 4:2:2:2. B pesynbsrare
pa3paboTaHHas BETYMHA OOOTramaeTcsi MUKpPOJIEMEHTaMHd — B OCHOBHOM COJISIMH KaJisl, a TAKKe *KUBOTHBIM
xupoM. OJHAKO JaHHBIA CIIOCOO HEe TMPHUMEHUM K MSCHOW TPOJIYKIMHM M3 KyCKOBOW KOHHMHBI, TOCKOJBKY
paccMaTpuBaeMBblIii crioco0 MpejoiaraeT nepepadoTKy UCIONb3yeMy0 KOHUHY U OapaHuHy B (apil.

[Ipumenenne aBTopamMH MIOpE M3 THIKBEHHOW MSKOTH Ul oOoramieHus pa3pabaTbIBaeMOro pyliera
TaKXe BBI3OBET OIpPEETICHHBIE TPYAHOCTU. JTO OyJeT CBSI3aHO C TEM, YTO PYJIETHl U3 KOHUHBI OTHOCSTCS K
MPOJIYKTaM, KOTOPbIE MOTYT OBITh yIMOTpeOJICHBI B MUIIY KaK Cpa3y MO M3TOTOBIICHHIO, TAK U IOCTE €ro
JUIMTENTLHOTO XpaHeHus. [luTenbHoe XpaHeHne pa3padaThiBaeMoro pyJieTa M3 KOHHUHBI MPEJIoaraeT ero
KOHCEPBUPOBAHHUE, KOTOPOE OCYIIECCTBIISIETCS, KaK MPaBUII0, CIIOCOOOM CYIIKH. A TIpH 00paboTKe 1 100aBKe
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K pa3pabaTsIBaeMOMYy pyJIeTy U3 KOHHHBI THIKBEHHON MSKOTH 3HAUNTEIHHO YBEJINYUT 3aBEPIICHHE TIPOIIecca
CYIIKH 110 BpeMeHH. K ToMy ke IpuMeHEeHHEe MSKOTH CIENION THIKBBI (MJIU Jja’ke THIKBBI CTAAMU TEXHUYIECKOH
3pENOCTH) MJIOX0 CKa)KETCs Ha BKYCOBBIX NMOKA3aTeNsIX pyJieTa U3 KOHUHBI IOCJIE €€ IPUTOTOBIEHMS, TPUIaBas
el CJIaIKOBAThI! BKYC B IIPOLIECCE BAPKHU.

OtcytcTBHE B IuTEpatype Oosiee-MeHee MOJHBIX JaHHBIX IO NPAaKTUKE 00OTalleHus] BUTAMUHAMU U
MUHEpalaMH IHIIEBbIX IPOJYKTOB U3 KOHUHBI BHI3bIBAET HEOOXOIUMOCTD OIIpeeNIeHNs 3TOro. Bei6op Takux
JaHHBIX 1EeECO00Pa3HO OCYIIECTBISAT HA OCHOBE COJEPKAHMSBUTAMUHOB M MHUHEPAIOB B PaCTUTEIHLHOM
CBIPbE, KOTOPBIH aKTyaJbHO pa3padaThiBaTh C yYETOM HOPM UX MOTPEOJICHHS YETIOBEKOM.

Tabnuua conmepxaHus BUTAMHHOB W MUHEPANOB Ul PA3IMYHBIX MHIIEBBIX IPOIYKTOB, BKIOYAs
CYTOYHYIO MOTPEOHOCTh B HUX OpraHu3Ma uesioBeKa, IpuBeieHa B [7]. M3 9THX JaHHBIX I HHTEPECYIOLIETO
HaC PacTUTEIBHOTO CHIPhsI COJEPKaHNE BUTAMUHOB U MUHEPAJIOB MPUBEICHO B Tabmwuie 3.

Tabnmma 3 — ComeprkaHre BUTAMHHOB U MHHEpasioB B 100 rpaMMax pacTHTEIEHOTO CHIPHS

Hazsanue CopeprxaHre BUTAMHHOB 1 MIHEpasioB B 100 rpaMMax pacTUTEIIFHOTO CBHIPhSI, MT
MPOAYKTA C A | Bl | B2 | PP Na K Ca | Mg P Fe I
Cyrotnas 75 | 15| 1,5 | 20 | 20 | 1500 | 2000 | 1125 | 400 | 1000 | 19 | 0,1
MOTPEOHOCTh
Imosrnk | 1504 | 671 015 | 084 | 15 | 13 | 58 | 66 | 20 | 20 |20
CyI.HCHBII/I
ThikBa 8 |15]/005]|003|005]| 14 | 170 | 40 | 14 | 25 | 1
YecHOK 10 0,08008| 1 | 120 | 260 | 90 | 30 | 140 | 1
Xpen kopers | 55 008| 01 | 04 | 100 | 579 | 119 | 36 | 130 | 2
Vipon 100 | 1 | 003 01 | 06 | 43 | 335 | 223 | 70 | 93 | 2 | 0,01
Herpymka | 450 1171005 |005| 0,7 | 79 | 340 | 245 | 85 | 95 | 2 | 0,01
3CJICHb

U3 Bcero MHOT000Opa3usi paCTUTENILHOTO CHIPbS I 000TaIleHUs pa3padaTbiBaEMOro pyJieTa U3 KOHUHbI
BBIOpaHbl 6 BUAOB — TaOiuia 3. Kaxkaplli U3 NpPHUBEIECHHBIX BUIOB CBIPhS COJICPKUT B CBOEM COCTaBE
pa3nu4Hble HEOOXOAMMBIE BHUTAMHMHBI MM MHKPO3JIEMEHTHI, TO3BOJISIONIME JOCTHYL OIpeleIeHHON
(YHKLHMOHAIBHOCTH pa3pabaThIBAEMOI0 MIPOAYKTA U MOBBICUTH MHIIEBYIO LIEHHOCTh TOTOBOTO MPOoAyKTa. Tak
IUisl o0oraieHnsl KOHUHBI BUTaMMHOM C HauOoJjiee BBIMOJHO MCIOIb30BaTh IIMIIOBHUK CYLICHBIH U 3€JICHb
MeTPYIIKH U yKkpora. B Hux coxepkanue Buramuna C B 100 rpammax ceipba coctasiser 1200, 100 u 150
MWIIMTPAaMM COOTBETCTBEHHO MIPU CyTOYHOM MOTpeOHOCTH B HeM 75 mr. OboraiieHre KOHUHBI BATAMUHOM
A 1enecooOpasHo OCYIIECTBIISATh C UCIIOIb30BAHUEM CYIICHOTO IIMIIOBHUKA, 3€JICHU METPYILKH WIIN THIKBHI,
KOTOpBIC,[TPU CYTOYHOM IOTPEOHOCTH B HeM 75 mr, coxaepkat B 100 rpammax ceipbs 6,7;1,7; 1,5 mr
COOTBETCTBEHHO IIPU CYTOUYHOM MOTPEOHOCTH OpraHu3Ma deioBeka B BuTamuHe B2 2,0 Mr aiis oboramieHust
KOHHMHBI MOXeET ObITh PEKOMEH/I0BaH TOJIBKO IIUIIOBHUK CYLIEHBIN C cofepkanueM 3Toro siementa 0,84 mr B
100 rpaMMax ChIpbsl.

Jliis oGoraieHus pa3pabaThiBaeMOro pyJieTa W3 KOHHHBI MUHEpajaMH HauOoJee 1eIeco00pasHbIM
MPEICTABISIETCs] MCIOJIb30BAaHUE KOPHS XPEHA, 3€JIeHW NETPYIIKH U YKPOIA, IOCKOJIbKY 3TH PaCTEHUS
SIBIIIIOTCS JIMJIEPaMU CpeA BHIOpaHHBIX 1Mo conepxkaHuio kanwms (579, 340 u 335 Mr coOTBETCTBEHHO) W
kanbiws (119, 245, 223 mr cootBeTcTBeHHO). J{71s oborammeHus paspabaTeiBaeMoro pyieta pochopom MOTyT
OBITh PEKOMEHJIOBaHBI YECHOK M KOPEHb XPeHa, coJiepKamiue 3ToT 31eMeHT B 100 rpaMmax, COOTBETCTBEHHO,
140 u 130 mr B cbipbe. A st oboraiieHus MaraueM — ykpor (coxepkanue Maraus 70 mr / 100 r) u 3eneHb
metpymiku (85 mr / 100 r). J{ist o6oramieHust KOHHHBI HOIO0M, KOTOPBIH MPEACTaBIIET 0COOYI0 IIEHHOCTD IS
KHUTENeH F0KHBIX PernoHOB Ka3zaxcraHa MOCKONBKY OHHM OTHOCSTCS K HOA0AeUIIMTHBIM paiioHaM, MOTYT
OBITh PEKOMEHIOBaHbI 3€JCHU METPYLIKH U yKpoma — B oboux coxaepxkanue roma 0,01 mr Ha 100 rpamm
PacTUTENBHOTO CHIPHSI.

B Toe BpeMs MpUMEHEHUE THIKBBI PEJICTABISIETCS HE TeTIecO00pa3HbIM, TIOCKOJIBKY OHA ITO BKYCOBBIM
napameTpam «He CTBIKYETCS» € pa3padaThIBaeMbIM MPOYKTOM.

Taxoke, He CMOTPS Ha BBICOKOE COZIEpKaHHE B CYILICHOM LIMIIOBHUKE BUTaMuHa C, OT ero MpUMEHEHUs
JUTS o0oTamnieHus] BATAMHHHOTO COCTaBa pa3padaThIBaeMOro pyJeTa MPUAETCS O0TKa3aThCs MO MPUYMUHE TOTO,
YTO OH O0JajaeT CrocOOHOCTHIO MOBBINIATH CBEPTHIBAEMOCTH KPOBH [8], ClIelCcTBHEM KOTOPOTO MOXKET
SIBUTHCSI ITOBBIILIEHHE KPOBSHOTO AAaBJICHUS YeIOBeKa. A BO3MOKHOE BOSHUKHOBEHHE PUCKA CTYILIEHHSI KPOBH
BCIICJICTBUE MpHEMa MHIIN Y TTOTPEOUTENEeH — JTF0ACH TOKUIIOTO BO3pacTa SBIISIETCA HEIOMyCTHMBIM. Kpome
TOr0, HEOOXOJIUMO YUYHUTHIBATh, 4TO BUTaMHH C TepseTcsl MpH JUTHTEILHOM BO3JICWCTBUH BBICOKHUX TEMIIe-
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patyp, a IOCKOJIbKY IIpOIiecC IIPUTOTOBJICHUS pa3padaThIBAEMOr0 pyJieTa COCTaBIIseT nopsaka 1,5...3 yacoB
(B 3aBHCHMOCTH OT BO3pacTa 3a0uBaeMOH JIOLIAa1), TO «PEKOPAHOE» COIEPKaHHUE B CYILIEHOM LIMIIOBHUKE
BuTamMuHa C CTaHOBUTCA HE aKTyaJlbHBIM.

C ydeToM cKazaHHOTO Ui oOoraiieHusl pa3padaTblBaeMOro pyjeTa W3 KOHUHBI BBIOMpaeTcs ciie-
IYIOIIEee PACTUTEIBHOE ChIphe: BUTAMUHAMHU — YKPOII, 3€JIeHb IETPYIIKU U KOPEHb XpPEHAa; MUHEpaJaMU —
YKpOII, 3€JIeHb METPYLIKH, KOPEHb XpEeHa M YECHOK. B kauecTBe BKyCO-apoMaTHYECKON HOOAaBKH MOJIOTHII
4yepHbIil nepell. B kauecTBe KOHCepBaHTa — NHILIEBas rpaHyIMPOBaHHAasA coyib. Kpome Toro asst oboramieHus
BKYCOBBIX U apOMaTHYECKHX CBOWCTB pyJieTa U3 KOHMHBI HEOOX0aUMa Takas 100aBKa, KaK JIABPOBBIN JIMCT.
Omnako W3-3a CHEIU(UYECKUX CBOWCTB JTOH CIIEIIMM €€ BO3MOXKHO M00AaBIATH TOJIBKO B TIPOIECCE
MIPUTOTOBJIEHUS PYJIeTa — Ha CTaIUU €T0 BapKH.

Br10op crioco0a coxpaHeHus! NMUIEBBIX MPOAYKTOB M3 KOHMHBI

OnHuM n3 Hanbosee pacpoCTPaHEHHBIX METOJI0B KOHCEPBUPOBAHMS IHIIEBBIX MPOLYKTOB U UCXO.-
HOTO CBIpbs AJisl OOECmedYeHusi ero AJMUTENbHOTO COXpaHeHHUs sABsAercs cymka. [Ilpum 3ToM aHamm3
COBpPEMEHHBIX paboT, HAMPABICHHBIX Ha MCCIEJOBaHMs MPOLECCOB CYIIKU MUIIEBOW MSCHOW MPOIYKIIWH,
MOKa3aj, YTO MpeArouTeHNne MoIydun aTMochepHsil crmocob. Cpenn paboT MO HCCIeTOBAaHUIO TEXHOIOTHI
aTMOC(EpHOH CYLIKH NHIIEBBIX HNPOXYKTOB MHTEPEC MPEICTABISAET CYLIKA C HCIIOJIB30BAaHMEM TEILUIOBBIX
HACOCOB. DTOT METO/] TI0 CPABHEHHIO C TPAAULIMOHHON aTMOC(hEpHOI, BAaKYyMHOM, CyOJMMallMOHHON U JaKe
PacTbUTUTENBHON CYIIKON He TpeOyeT OOJIBIINX SHEPTeTHUECKHX 3aTpar.

K Tomy ke armocdepHas cymka ¢ HCHOJIb30BAHHMEM HHM3KOTEMIIEPATYPHBIX TEIUIOBBIX HACOCOB
[I03BOJIIET MAKCUMAJILHO COXPAHUTh MOJIE3HbIE CBOMCTBA BRICYIIMBAEMBIX MaTEpPHAJIOB U IPOAYKTOB.

AHanu3 COBpEMEHHBIX HCCIEAOBAaHMN W TEXHUYECKHX pEIIeHUH, HalpaBJICHHbIX Ha IOBBIIIEHUE
WHTEHCUBHOCTH M 3HEProd(pPeKTHBHOCTH NPOLIECCOB CYLIKH MHUILEBOTO ChIPbsI IOKA3bIBAET HA 3HAYNTEIIbHBIH
WHTEpEC HCCIe0BaTeNei, KOTOPBI BBI3BIBAET aTMOC(EPHBIA COCO0 CYHIKH. DTO 00YCIOBICHO TEM, YTO
MIPUMEHEHUE B MHUIIEBOW MPOMBIIIIEHHOCTH TEXHOJOTM KOHBEKTMBHOW CYIIKHM TO3BOJSIOT IMONYy4aTh
MIPOAYKT C HU3KOH ce0eCTOMMOCThI0. DKOHOMHUYECKas! 3()(heKTUBHOCTH CYLIMIIOK C TEIUIOBBIMH HACOCAaMH BO
MHOI'OM OIIPENIENAETCS TEM, YTO OHM MOTYT M3BJICKATh U UCII0JIb30BaTh, 0OBIYHO OTBOAMMYIO B OKPY>KAIOLIYIO
Cpeny, CKpPBITYIO SHEPTHIO BO3yXa U BOASHOTO Mapa JyIsl IPOLECCOB CYIIKU NpoaykTa. [Ipu aToM npu cymike
MSICHOTO M PAaCTHUTEIBHOTO CHIPhSi HAHOOJbIlEe PACTIPOCTPAHEHHE MOTYYHI CIIOCOO0 KOHBEKTUBHOM CYIIKH
CBIPbSI B HEMOJBIDKHOM cioe. brmaronmaps 3ToMy cToMMOCTh yAaineHus | IuTpa BOAbI U3 MPOAYKTA IMPH
MPUMEHEHUU aTMOC(QEPHBIX CYIIMJIOK C TEIJIOBBIMHA HACOCAMH 3HAYUTENBHO HWXKE, YeM MPH CYIIKE B
TPaJUIIMOHHBIX CYITHIIKAX.

[IpuHIMI CyIIKM NUIIEBBIX HNPOIYKTOB C NPUMEHEHHEM HU3KOTEMIIEPAaTYPHOrO TEIJIOBOTO Hacoca,
paboraromiero Ha 0a3ze XOJIOIMIBHONW MAIIMHbBI, KOTOPas BKJIIOYEHA B CYLIMJIKY 110 CXEME TEIJIOBOTO HAcoca,
npuseieH B [9]. B pabore mokas3pIiBaeTcsi, YTO TEXHOJOTHUS CYIIKH MUIIEBBIX MPOIYKTOB C MPUMEHEHUEM
HU3KOTEMIIEPaTYPHOTO TETJIOBOTO HAacOCa MO3BOJISET CYIIUTh NPOLyKThI OT +8 °C.

W3 nocnennux paboT HHTEpeC MPeNCTaBIseT Pe3yabTaThl UCCIEA0BAaHUN CYLIKH PHIOHON MPOLYKINH,
npuBeseHHble B padortax [10, 11], B KOTOpBIX MpOBEAEHBI HCCIEAOBAHHS TPOILECCOB BSUICHHUS PHIOBI C
npuMeHeHneM aTMocdepHoro Bozayxa [10] u aTMocdepHOl CYIIKH PHIOBI C MCTONB30BAaHHEM HU3KOTEM-
nepatypHoro TeruioBoro Hacoca [11]. B pabore [10] aBTopsl mipu cymike pbIOHOW MPOAYKIIUU TOTYYHITH
JOCTaTOYHYI0 3P PEeKTUBHOCTH MpoIlecca CYIIKU B XOJIOAHBIH IEPUO BpEMEHH T'ofia.

OnHako W3-3a 3HAYMTENBHBIX KOJIEOaHUI TeMIepaTypbl M BIQXKHOCTH HCIIOJIE3yeMOTO0 B KadeCTBE
CYIIMJIBHOTO areHTa aTMoc(epHOro Bo3ayxa HaOII0alloch CyLIECTBEHHOE KoleOaHne IPOU3BOANTEIEHOCTH
CYIIMJIBHOM yCTaHOBKU M HE CTAOMIIbHOE Ka4yeCTBO FOTOBOTO MPOIYKTA.

B uccnenoBanusix 1o cymike poiObI ¢ MCIOJIL30BAHNUEM TETIOBOTO Hacoca [11] u Takike aTtMocdepHOro
BO3/yXa B CYyIIMJILHON KaMepe B KauecTBE CYLIMJILHOTO areHTa aBTOPHI JOCTUTIIN BBICOKOH 3¢ dekTuBHOCTH
mpoliecca CyIKy peIObl IPH BEICOKOM Ka4eCTBE MOJIYyYaeMOro IPOIyKTa.

JlocToMHCTBOM TIOCNEHEW PabOTHI OmpeaeNieHHe ONTHMAJIBHBIX JUISl MPOBEACHHS MPOLEcca CYIIKH
TeMIepaTyp CymuibHOro areHuta 12...17 °C, OTHOCHTENHHOM BIIAXKHOCTH BO3/IyXa U CKOPOCTH €T0 TBIKEHUS
B Kamepe — nopsinka 40...70 % u 0,3...0,5 mM/c, KOTOpble OPHEHTUPOBOYHO MOTYT OBITH HUCIIOJIB30BAHBI IS
CYIIKH pa3padaThiBaEMOr0 MSCHOTO PyJieTa U3 KOHUHBI.

Takum oOpa3zom, Ans CymIkd pa3pabaThIBA€MOTO PyJeTa M3 KOHHHBI BBHIOMpAETCs CIIOCO0 XOIOAHOM
aTMOC(EpHOH CYIIKHU C UCTIOJIb30BAHNEM TEIUIOBBIX HACOCOB Ha 0a3e XONOUIIbHBIX MAIlIUH.

Obvexkmuvt u Memoovl UCCIE006AHUA

OOBEKTOM HCCIICOBAHMS SIBISIOTCSI MACHBIE PYJIEThI U3 KOHWUHBI, OOoTalieHHble (yHKIIMOHAIEHBIMU
WHTPEANEHTAaMH PACTHTEIHHOTO MPOUCXOKACHHUS.

OKCNepUMEHTAJIbHBIE HCCIECJOBAHNSA 10 CYIIKE pYJIETOB W3 KOHHMHBI IPOBOJMWINCH C LENBIO
OTIpEIETICHNSI ONTHMAJBHBIX TEMJIOBIAKHOCTHBIX PEXHMMOB CYIIKHM TPU HWCHOJIB30BAHMM HU3KOTEMIIepa-
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TYpPHBIX TEIUIOBBIX HacocoB. [l mpoBeneHMs uccieqoBaHMN Obuta pa3paboTaHa SKCHEPUMEHTATbHAS
YCTaHOBKa, CYIIMIbHAS KaMepa KOTOPOH MO3BOJIAET 3arpyskaTh 0 50 KI ChIPBIX MSCHBIX PYJIETOB U3 KOHUHbI
oTHOBpeMeHHO. Cxema IKCIIePUMEHTaIbHON YCTAaHOBKM JUISL CYHIKH Pa3pabO0TaHHBIX MSCHBIX PYJIETOB W3
KOHHHBI ITpHUBEeHA Ha pUCYHKeE 1.

Ha nannoM 3Tane uccienopasics MpoLece CyIIKH MACHBIX PYJICTOB U3 KOHUHBI IIPH HU3KUX CKOPOCTAX
JBIDKEHHS CYIIMIBHOTO areHTa — aTMOCc(hepHOro Bo3ayxa — B CyIIMIbHOHN Kamepe. IIpu 3ToM npouecc cymku
PYJIETOB OCYHICCTBIISUICA C HMCIOJB30BAHUEM 3aMKHYTOTO 000pOTa CYHIMJIBHOTO areHTa — aTMOC(epHOro
BO3/1yXa — B CYIIWIBHOU Kamepe. J{J1s1 oCyIiecTBIIeH s ITPOLIECCOB HarpeBa 1 OXJIaXKACHUS CYIIMIBHOTO areHTa
HCIONB30BAINCh OJHOCTYIEHYAThIe (DPEOHOBBIC XOJOAWIBHBIE MAIIWHBI, BKIIOUEHHBIE B CYIIWIBHYIO
YCTaHOBKY I10 CX€ME TEIJIOBOTO Hacoca.

Hnst obecrieyeHns MpOLECCOB CYIIKH MCCIEAYEMbBIX PYJICTOB U3 KOHHHBEI B YCTAHOBKY BKJIFOUCHBI JIBE
XOJIOANJIbHBIE MAIIMHbBI — OCHOBHAS ¥ BCIIOMOTaTeJIbHAs.

OcHOBHas XOJIOWIbHAS MalllMHA COCTOUT U3 UCIApUTENs — 3, peryaupyroIero BEHTWIs — 4, BO3AYILIHOTO
KOHZIEHCATOPa C OCEBBIM BEHTHJISITOPOM — 6, OCHOBHOT'O XOJIOJMJIBHOTO TIOPITHEBOTO KoMIpeccopa — 8.

OcHOBHasl XOJOAWIbHAS MAIllMHA HETIOCPEICTBEHHO 00ECIeUnBAET MIPOLIECCHl HATPEBa U OXJIAXKACHUS
CYIIMJIBHOTO areHTa W OTBOJA TEIUIONPUTOKOB M3 OKpPY)KAIOIIEH cpelnsl B CYIIWIBHYIO Kamepy (ee
XOJIOJIOTIPOU3BOUTEIBLHOCTE MPOU3BOIUT 85...90 % x050/1a OT 001IeH HEOOX0IUMOI).

BcenomoraTenbHas XononuiIbHas MallMHA BKJIIOYAeT B ce0sl BO3AYIIHBIA HCIAPHUTENb — 2, PETYJIH-
pYIOIIUH BEHTHIb — S5, BO3AYIIHBIA KOHAEHCATOP — 7, BCIIOMOTATENbHBIA ()PEOHOBBINA XOIOIMIHHBII
MOpIIHEBOW KoMIpeccop — 9.

Pucynok 1 — Cxema 3KCIIepUMEHTAIBHON YCTAHOBKH: 1 — BBICYIIMBAaEMble OOBEKTHI — MSICHBIE PYJIETHI U3 KOHUHBI; 2 —
HCIIApUTEIb BCIIOMOTraTEebHOM XOJIOAMJIBHOM MalllMHBL, 3 — HMCIApUTEIh OCHOBHOHM XONOAWJIBHON MamuHel, 4, 5 —
PETYIUPYIOIINE BEHTIIIN; 6 — BO3AYITHBIA KOHACHCATOP OCHOBHOM XOJOIMIFHON MAITUHBI C OCEBBIMHU BEHTHIIITOPAMI;
7 — BO3IYIIHBIA KOHACHCATOP BCIIOMOTATEILHON XOJOAMILHON MAaIIuHEL; 8,9 — (peoHOBBIC MOPIITHEBBIE KOMIIPECCOPEI
OCHOBHOH M BCIIOMOTATEIFHON XOJOMIIFHBIX MamyH; 10 — cymmibpHas kamepa.

BcnomoraTenbHas X0oAWIbHAs MallMHA OOECIEYMBAET OTBOJ TEIUIOTHI CKAaTHsI OCHOBHOTO XOJIO-
JWIBHOTO KOMIIPECCOPA, & TAKXKE OTBOJI TEIUIONPUTOKOB U3 OKPYXKAIOIIEH Cpellbl B CYIIUIIbHYIO KaMepy NpH
MIEPUOANYECKON OCTaHOBKE OCHOBHOW XOJOIWIBHOM MaIIMHBI (COOTBETCTBEHHO €€ XOJIOAOMPOU3BOAU-
TeNbHOCTh coctaBisieT 10-15 % oT o0ieit HeoOX0IMMOIA).

B cBs3u ¢ 3TUM TeIIOOOMEHHBIE ammapaTtbhl OCHOBHOM XOJOJWJIBHONW MAIIMHBI M BO3AYIIHBIN
WCTIAPUTENTh BCTIOMOTATEIbHOM XOJIOAWIFHON MAIIMHBI, a TaKkKe PErylIHpyONie BEeHTHIN YCTaHOBJIECHbBI B
CyHIWIbHOM Kamepe. Bo3ayliHblid KOHIEHCATOP BCIIOMOTATEbHOW XOJIOJUIBHOM MalllMHbl YCTAHOBJIEH BHE
CYLIWIBHOM KaMephl.

[Iponecc cymku pa3pabOTaHHBIX PYJIETOB U3 KOHUHBI MCCIIEIOBAJICSI B MHTEPBAJE TEMIIEpaTyp Harpena
cyurmuibHOro arenra 12...18 °C um ero Ha4aabHOW OTHOCHTENbHOHM BIAKHOCTH (Ha BBIXOJE M3 BCIIOMO-
rarenbHoro uctnapureiisi) 30...50 %. CkopocTs ABMKEHHUS BO3AyXa B KaMepe peryaupoBaiach ero nojadei B
KaMmepy u Konebanace B npenenax 0,1 +0 ,05 m/c. Beibop ckopocTu IBUKEHHUS BO3AyXa ONpPeIesiicsa UCXOIs
13 HE0OXOIMMOCTH 00ECTICUSHHUST «ITOIMAPKU» BHICYIIMBAEMOTO MSICHOTO pyJieTa. [Ipu Takux pexxuMax CyIku
PYJETOB M3 KOHMHBI KaXKIBIH KHJIOTPAMM IUPKYJIMPYIONIErO BO3AyXa CIOCOOeH yaaiasTh okoyo 1...1,2
rpaMMa Biard. B mpornecce cymku KOHeUHas BIaXKHOCTh CYIIMIIBHOTO areHTa He peryJInpoBaach, HOCKOJIBKY
OHa SIBJISUIACh CAaMOYCTaHABIMBAIOIIMMCS TTAPAMETPOM.
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Cxema mporiecca CyIIKd pa3pabOTaHHBIX MSCHBIX PYJICTOB M3 KOHUHBI B i-0 Juarpamme BIa)KHOTO
BO3/yXa ISl OAHOTO M3 MCCIIeI0BAaHHBIX PEKMMOB CYIIKH ITPUBEICHA Ha PHCYHKE 2.

[Iporecc Cymku OCYIIECTBISUICS CISAYIONIMM 00pa3oM. ['0TOBbIC MSCHBIC PYJICThI M3 KOHHUHBI, yiKE
MPONICAIINE MPOIECC IOCOJNKH, oOoramieHus (yHKIIMOHAIBHBIMH WHIPEAMCHTAMHU PACTHTCIBHOTO
MIPOUCXOKICHUS U «o(opMiIeHHBIe» mapTusaMu Maccoir 1,20-1,7 Kr kaxmasi, pa3BeIINBAINCh HAa CTOMKaxX B
MIpeIBapUTENHHO 3aXO0JIOKEHHOW CYIIMIIFHOW Kamepe. 3aTeM 3aKkphiBajach JBeplia CyIIMIBHON KaMepsl, U
HayUHAJICS, MyTEM 3aITyCKa XOJIO0IUIBHBIX MAIIHH, IPOLIECC CYIIKU MSICHBIX PYJICTOB.

0,004 0,008 0,012

Pucynok 2 — Cxema nporiecca CyIIKH MSCHBIX PYJIETOB U3 KOHHMHBI B i-0 quarpamme

CylIUNbHBIA areHT, NPy YCTAHOBICHHOM TEMIIEpaType W OTHOCUTEIBHOM BIAXKHOCTH, MOJABAJICS
BEHTWISITOPaMHM OCHOBHOT'O BO3YXOOXJIAIHUTENs] Ha MSACHBIE PYJIETBI, pa3BELIAHHBIE HA CTOMKU CYIIMIBHON
KaMephl. B mporiecce KOHTakTa CyIIMJIBHOTO areHTa ¢ MSCHBIMH pyJeTaMH MEXTy HUMH HPOUCXOANNT TEIUIo- U
MaccooOMEH, B pe3ysibTaTe KOTOPOr0 MPOUCXOIMIO YBIQKHEHHE CYIIMIBHOIO arceHTa J0 OIpEeAeNICHHON
BIaXHOCTH. [loce yero oH ocymrancst B UCIIapuTeie XOJIO0AWIBHON MAIllMHbI ¢ TIOHWKEHHUEM TEMIIEPaTyphl 1O
TEeMIIepaTypbl HACHILICHUS] M KOHJCHCAllMel 3a0paHHOM W3 BBICYIIMBacMOro pynera Biark. /Jlanmee, mpu
TOXOXKJIEHUH CYIIMIIBHOTO areHTa 4epe3 KOHEHCATOPhl XOJOAWIbHON MAaIMHBI, €70 TEMIIepaTypa MOBBIIIAIACh,
a OTHOCHUTEINbHAS BIAKHOCTD MIOHIKAIACH JJO HAYAJILHOT'O 3HAYEHHMS. 3aTEM MPOLIECC CYIIKH TTOBTOPSUICS.

Pezynomamut u ux oocyrncoenue

Ha ocHoBe aHamm3a cOCTOSHHSI TPOOJIEMBI B HCCIIEAyeMOH o0iacTh ObUIO YCTaHOBIEHO, YTO B
Pecniybnuke Kaszaxcran npennpusTUAMHA MSCHOW HPOMBIIUIEHHOCTH M YacTHBIM CEKTOPOM BBIITYCKalOTCS
pa3nu4Hble U3/1eNHs U3 KOHUHBI. OTHAKO BECH PAJ MPOU3BOJUMBIX B IPOMBIIIJICHHBIX YCIOBUIX U3JEIHN U3
KOHUHBI CTaHAAPTU3UPOBAH U BBHITYCKAETCS TONBKO JIBYX HAUMEHOBAHUM: «BapeHbIe MPOTYKTH U3 KOHUHBDY
U «KOMYEHO-BapeHble MPOAYKTHl M3 KOHWHBD). AHAJOTHYHOE TOJI0KEHUE HAOII0AaeTCsl U B MPOU3BOJICTBE
MIPOAYKTOB 13 KOHUHBI MHANBUAYAJIbHBIMU IIPEANPUHIMATEISIMI U B YaCTHOM Topsizike. B cBsi3u ¢ 3TuM 06110
MPU3HAHO aKTyaJbHBIM pellieHHe MpoOiIeMbl pa3padOTKH HOBBIX MPOJYKTOB M PACHIMPEHUS] aCCOPTUMEHTA
MSICHOH TPOJYKIMH, MPOM3BOJMMON Ha OCHOBE KOHHMHBI W OOJIAAlONIMX ONpEAETICHHOW TMOJIEe3HOM
(YHKLIMOHAIBHOCTBIO JUIS OPTaHM3Ma YeJI0BEKa.

B pamkax perienns 3Toi mpo6iieMbl OBIIO IIPOU3BEIEHO 0OOCHOBAaHKE U BHIOPAH CIIOCOO 00OTameHus
PYJEeTOB U3 KOHHUHBIL. [[i1s o0oraienus pa3padaTbiBAeMOro pyJieTa 3 KOHWHBI BATAMUHAMH BBIOPAHBI YKPOTL,
3eJIeHb NETPYIIKH M KOpeHb xpeHa. s oboramieHust pa3pabaThiBa€MOro pyjera MHHEpajaMy BBIOpaHbI
YKpOII, 3€J€Hb NETPYIIKH U KOpeHb XpeHa M YeCHOK. B KauecTBe BKyCO-apoMaTHYeCKOW H00aBKM BbIOpaH
MOJIOTBIHN YepHbIii nepel. B kauecTBe KOHCEpBaHTa — NUILIEBAs TPaHyJIMPOBAHHAS COJb. BKiIIOUEHHE B cOCTaB
pa3paboTaHHOTO TMPOAYKTA PACTUTENHHOTO CHIPBS JOMOJHUTENFHO O0OTaTHiIO ero kierdaTkoi. Ha aroif
OCHOBE 0BT pa3paboTaH HOBBIA MSICHON MPOAYKT — PYJET U3 KOHHMHBI, O0OTalleHHbIH (YHKIMOHAIEHBIMU
WHTpEANEHTaMH PaCTUTEIBHOTO IPOUCXOKACHHUS.

Taroke JUTs OpraHU3any KPYTrioroJMYHOTO MPOU3BO/ICTBA Pa3pabOTaHHOTO MPOJYKTa ObUIH PEIICHBI
BOIIPOCHI €70 JJIUTEIBHOTO COXPAaHEHUs. YCTAHOBJIIEHO, YTO B HACTOsAIIEE BpeMs B NHUIIEBON MPOMBIII-
nerHoctu PK 1 coxpaneHus NMIIEeBOH MPOAYKLIMH HAaWOOJbLIEE PacCIpPOCTPAHEHUE MOIYUYHMIH CHOCOOBI
aTMoc(epHOl CyIKH. B cBsA3M ¢ 3THM JUIsI CyIIKH pa3padaTbIBAEMOro pyJieTa U3 KOHWHBI OB BBIOpaH Croco0
XOJIOHON aTMOC(EpHOH CYIITKH ¢ UCIIOJIE30BAHIEM TEIIOBBIX HACOCOB HA 0a3e XOJIOIUIHHBIX MAIIHH.
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Ha nannOM »Tame OBITHM MPOBEAEHBI DKCIIEPUMEHTAIBHBIE HCCIEAOBAHUS MO aTMOC(EpPHOU CYyIIKe
pa3paboTaHHBIX MACHBIX PYJIETOB M3 KOHUHBI C UCIOJIB30BaHIUEM HU3KOTEMIIEPATYPHBIX TETUIOBBIX HACOCOB,
KOTOpBIE MOKa3alli, YTO 3TOT crocol obsafaeT BHICOKOH 3(h(hEeKTUBHOCTHIO Mpoliecca CYIIKH U MO3BOJISET
MOJTy4aTh MPOYKT BHICOKOT'O KaYeCTBa.

[TomydeHsl OoNTUMAaNbHBIE TETUIOBIAXXHOCTHBIE PEXHUMBI CYIIKH MSCHBIX PYJIETOB W3 KOHUHBI TPH
CKOPOCTH €ro JIBWXeHUs B cymmibHOM kamepe 0,1 £ 0,05 m/c: Temmepatypa cymisHoro arenta 15 + 2 °C,
HavyaibHasi OTHOCUTENbHAS BIaXXHOCTH Bo3ayxa 30...40 %.

3axnrouenue

B mporiecce mpoBeieHHBIX UCCICIOBAHUN pa3pa0d0TaH HOBBIA MSICHOW MPOIYKT — PYJIET U3 KOHHHBI,
00OTalICHHBIN MUIICBBIMA WHTPEAMCHTAMH PACTUTEIBHOTO MPOUCXOXKIEHUS. B TOM 4ucie BUTaMUHAMH,
MOJYYeHHBIMH Ha OCHOBE YKPOIa, 3€JIeHH METPYIIKH M KOPHS XpeHa; MUHEpallaMH — Ha OCHOBE YKpOIIa,
3eJIeHH MeTPYIIKH, KOPHS XpeHa ¥ KOPHs YeCHOKA.

[IpoBeneHs! nccenOBaHUs MO ONPEACTICHUIO ONTUMATBHBIX TEXHOJIOTHUECKUX MapaMeTpoB Mporecca
CYIIKU 000TaIICHHBIX MACHBIX PYJICTOB U3 KOHUHBI C UCIIOJIb30BaHUEM TEIIOBBIX HACOCOB, KOTOPHIC ITOKA3aIi
OCTAaTOYHYI0 (PPEeKTUBHOCTh WX TpuMeHeHus. OnpeeneHbl ONTHMAIbHBIE TEIUIOBIAKHOCTHBIE PEXUMBI
CYLIKA MSCHBIX PYJCTOB W3 KOHHHBI IIPH CKOPOCTH €ro IBIMKCHHS B cymuinbHOH kamepe 0,1 + 0,05 m/c:
TeMIeparypa CymwibHOro areHta 1542 °C, HayalbHas OTHOCHUTENhHAS BIAXKHOCTH CYIIMJIBHOTO areHra
30 ... 40 %.

[TomydyeHHBIC PE3yNBTATH UCCIICIOBAaHNH TIOKA3BIBAIOT, YTO Pa3pabOTaHHBIA MICHOH pyJeT U3 KOHIUHBI
MOKET OBITh PEKOMEHJIOBAaH IJisi MPOU3BOJCTBA KaK MSCHOW MPOAYKT (DYHKIMOHAJIHHOTO Ha3HAYEHUS U
00JIaJatoIIHid ATUTEIBHBIM CPOKOM XPaHCHHS.
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PROSPECTS FOR THE APPLICATION OF CHLADONE
EXTRACTION IN THE FOOD INDUSTRY
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Abstract

The main traditional methods of extraction of biological objects are shown. The technological process
of chladone extraction of vegetable raw materials is considered. The component composition of the chladone
extract of bay leaf has been analyzed. The identified ester compounds were compared with the product obtained
by supercritical fluid extraction.

NEPCINEKTUBBI IPUMEHEHMUSI XJIAJJOHOBOM
SKCTPAKIMHA B IIMIMEBOU MPOMBIIIVIEHHOCTHA

ITomanos B.A.*2 dox. mex. nayk, npogpecop, benwuii J1.B.*>, acnupanm
Tocyoapemesennviii buomexnonocuveckull ynusepcumem, Yxkpauna, 61002, Xapvkos, yia. Anuesckux, 44
E-mail: a — potapov@bigmir.net; b — jimmykraun@ukr.net

AHHOTAIINA

[Toka3zaHbl OCHOBHBIC TPAIUIIMOHHBIE CIIOCOOBI SKCTPArMPOBaHMS OMOJIOTHUECKUX 00BEeKTOB. PaccMoT-
PEH TEXHOIOTUYECKHH TPOIIECC XJIAJOHOBON SKCTPAKIIMH PACTUTEIHHOTO CHIphs. [IpoaHanm3upoBan KOMIIO-
HEHTHBIH COCTaB XJIAJIOHOBOI'O AKCTPAKTa JIABPOBOT'O JIUCTA. [IpOBEIEHO CpaBHEHUE MIICHTU(PHUIIMPOBAHHBIX
3(UPHBIX COCIUHEHHI C MPOTYKTOM OJYYSCHHBIM METOIOM CBEPXKPUTHYCCKON (DIIFOMTHOM SKCTPAKIIHH.

Introduction

Modern efficient technologies for the processing of raw materials of biological origin and the production
of high-quality products for the food industry are methods for processing vegetable raw materials that
maximally preserve its molecular structure, vitamin and mineral composition. These requirements are most
fully satisfied by refrigeration technologies, in the implementation of which the processed raw materials are at
low temperatures and in an inert gas environment.

Currently, the main methods used in processing are steam distillation and extraction with organic
solvents: hexane, petroleum ether, alcohol, acetone, perchlorethylene, etc. The disadvantages of these methods
are well known. In the process of steam distillation, partial or complete destruction of molecular thermolabile
complexes occurs, which sharply reduces their biological value. In turn, the known organic solvents have a
certain chemical aggressiveness, which leads to degradation of the final product. In addition, there are
difficulties in removing such solvents in places, which leads to their increased content in the final product.
That is why at present, liquefied chladones and their compositions are increasingly used for the extraction of
lipid fractions from raw materials of plant and animal origin [1].

Methodology

One of the effective processing methods is the extraction of raw materials with liquefied gases in order
to extract individual components in an unchanged form, which is a highly efficient technological process that
reduces labor costs, improves product quality and promotes the integrated use of raw materials and materials.

Liquefied gases are used as solvents in the technological process of processing vegetable raw materials
to obtain high-quality lipid extracts. The advantage of this method is that the extracts completely retain the
native molecular structure, taste and aromatic quality indicators of the feedstock. The chladone extraction
technology has high extraction properties, makes it possible to obtain a wide range of biologically active

78


https://www.elibrary.ru/item.asp?id=49573797
mailto:potapov@bigmir.net
mailto:jimmykraun@ukr.net
mailto:potapov@bigmir.net
mailto:jimmykraun@ukr.net

substances and change the composition of the resulting fractions, which is especially important in the
production of food products.

Picture 1 — Scheme of the installation of chladone extraction

Figure 1 shows an installation for the production of chladone extracts. In the process of technological
extraction, crushed raw materials in special filter bags are loaded into extractors 3, after which air is removed
using a vacuum pump 7 and filled with gaseous refrigerant until the working pressure is created. After the
pressure equilibrium is reached, liquefied chladone is supplied to the extractors 3 from the pressure tank 2.
After pouring the liquid chladone, the extraction process is carried out at an operating pressure of 1.0...6.0
MPa and a temperature of 20...25 °C, which is maintained with the help of electric heaters 7. After the
extraction time, the miscela merges into the evaporator 4. Due to the pressure difference in the evaporator,
extractors and collector, the extractant turns into a gaseous state and enters the condenser 1, cooled by the
refrigeration unit 5, where it condenses and returns as a liquid to the pressure tank 2, and from there again fed
to raw materials. To capture vapors and remove residual chladone from the final product, a cryogenic heat
exchanger with liquid nitrogen-cooled panels 6 is switched on at a temperature of—196 °C. Thus, the solvent is
in a closed cycle and is used repeatedly. The elongated lipid fraction remaining in the evaporator is drained
into a receiving container 8.

Results and discussion

A study was carried out using gas chromatography and subsequent mass spectrometry, as a result of
which more than 70 components were identified in the composition of the chladone extract of bay leaf, which
are reflected in the chromatogram (Figure 2) and correspond to two main compounds: 1,8-cineol and
camphene. These compounds were dominant in the studied sample. R406a refrigerant liquefied under pressure
was chosen as an extractant in the studies.
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Picture 2 — Chromatogram of vapors of chladone extract of bay leaf
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A comparative analysis of the chemical composition of the chladone extract of bay leaf with the extract
obtained by supercritical fluid (CO2) extraction was carried out [2]. More than 70 compounds were identified
in both samples by gas chromatography followed by mass spectrometry, in which 1,8-cineole and camphene
are dominant. It has been established that the component content of the extracts differs in content (Table 1),
namely, the percentage of essential compounds and fatty acids of the chladone extract significantly exceeds
the profile of the COz-extract.

Table 1 — Comparison of the percentage composition of chdadone and CO,-extracts

Retentiqn time, Component Content of chladone Content of CO2-
min extract, % extract, %
Essential oils
8.928 a-Pinene 2.09 1.53
10.007 Sabinene 4.83 3.25
10.557 B-Pinene 1.88 1.35
11.672 1,8-Cineole 27.83 23.29
14.081 Linalool 1.89 0.34
16.754 a-Terpineol 0.28 0.19
11.556 Limonene 1.21 0,49
20.541 Eugenol 1.19 1.79
Fatty acid
33.707 Palmitinic acid 1.27 2.38
36.952 Linolenic acid 1.24 3.25
36.869 Linoleic acid 1.05 2.30

Conclusion

Thus, the process of chladone extraction of bay leaf has been developed, which preserves the color,
smell and taste of the original plant material. It has been shown that the extraction of bay leaves with the help
of chladones makes it possible to obtain an extract with a high content of aromatic substances. Comparison of
the results of gas chromatography of bay leaf extracts: obtained chladone extract with literature data on the
gualitative composition with extracts obtained by COz-extraction was made. It has been established that the
content of the main ether compounds and fatty acids of the chladone extract in terms of the number of saturated
components in its majority exceeds the CO,-extraction method and has the same dominant compounds. From
a practical point of view, the presence of eugenol derivatives in the composition of the chladone extract, which
can act as antioxidants in the treatment of cancer, is of interest.
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AHHOTaNUA
B pabote paccMOTpeHBI BOMPOCHI BO3AYIIHOTO M BO3AYIIHO-KANEIHLHOTO OXJIAXKIACHUS MPOTYKTOB
pPaCTUTENBHOIO MPOUCXOKICHUS. Y CTAaHOBJIEHA 3aBUCUMOCThH TEMIIEPATyphl OXJIAXAAeMOro MPOJAYKTa OT
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CKOPOCTH NBIDKCHHMsI BO3IyXa M crmocoba oxnaxacHus. OmnpenencHa dKCIIEpUMEHTaIbHAS W pacyeTHas
MPOJODKUTEIBHOCTD UCCIIEAYEMbIX CIIOCOOOB OXJIaXKICHHS sI0I0K MPH CKOPOCTH ABMKCHHUS CPe/Ibl 4 M/cC.

INFLUENCE OF REFRIGERATION MODES ON THE DURATION
OF THE PROCESS OF APPLES COOLING

Sanalbay Zh.K.?, master's student, Yermolenko M.V.?, cand. tech. sc.,
Stepanova O.A.%, cand. tech. sc., associate professor
NJSC "Shakarim University of Semey", Kazakhstan, 071412, Semey, Glinka st., 20A
E-mail: a — kairatovnazhanar@mail.ru; b — tehfiz@mail.ru; ¢ — augll@mail.ru

Abstract

The paper considers the issues of air and air-drop cooling of products of plant origin. The dependence
of the temperature of the cooled product on the speed of air movement and the method of cooling has been
established. The experimental and calculated duration of the studied methods of cooling apples at a medium
velocity of 4 m/s has been determined.

B oxnaxaeHHOM WM NEepeoxJaXJIEHHOM COCTOSHUHM Yy MPOIYKTOB MPOJOJDKUTEIHLHOE BpEMs COX-
paHsieTcsl BbICOKas MUIEBast [IEHHOCTh. [Ipu OXJTaKIeHUH OCYIIECTBIISETCS OTBOJ TEIUIOTHI, B pe3yJbTaTe
Yero MPOMCXOAWT CHW)KEHHE TeMIIepaTypbl NPOAYKTa HE HIDKE KpHockomudeckoi. Ilpm stoMm mpouecc
OXJI2XKJICHHS OLICHUBAIOT MO OMpPEJIEICHHBIM MIPU3HAKAM, CPEIH KOTOPBIX HanOosee 3HAYNMBIMU SIBJISIOTCS
Ka4eCTBO IMOIy4aeMOro MPOIYyKTa U IKOHOMUYHOCTh OXJIaxaeHus [1].

[Ipu 3TOM 1IETIBIO OXMTAXKIEHHUS OCTACTCS] CHIDKEHHE TeMIepaTyphl IPOLYKTa 10 3aAaHHONW KOHEUHOH,
IIPU KOTOPOH MPHUOCTAaHABIMBAIOTCS ONOXUMHYECKHUE IPOLIECCHI U PA3BUTUE MMATOTCHHBIX MUKPOOPTaHU3MOB.
BonbInyro posib B TOCTIKEHUN YKA3aHHOU 1SN UTPAcT KOHEUHAs TeMIleparypa npoaykra [2, 3].

B nocnennee BpeMs mpoGiieMa CHKEHHUS ITOTEPh MPOLYKTOB MUTAHUS PACTUTENHLHOTO TIPOUCXOMKIICHUS,
IPY TIOJTHOM COXPAHEHUM MX KadecTBa B PE3yJIbTaTe XOJOAWIbHON 00pabOTKU M XpaHEHHUs SBISETCS] OOBEKTOM
MOCTOSIHHOT'O BHUMAaHHS YYCHBIX KaK B HallleH cTpaHe, Tak ¥ 3a pyoexom. K kauecTBY IpOAyKINH MPEIbIBISTIOTCS
caMble BBICOKHE TpeOOBaHHS, KOTOPOE JOCTUraeTcs TOJBKO MPH YCIOBHH TOJHOTO COOMIOACHHS TEXHOJO-
TMYECKOro Mpolecca U MPUMEHEHHH COBPEMEHHOI'0 XOJIOAMIBHOTO 000pyoBaHus. B pesynbraTe 3T0r0 BakHOM
33/1a4eil TEXHOJIOTMUECKMX MPOLECCOB MPOM3BOJACTBA CKOPOMOPTAIIMXCS MPOLYKTOB SIBISIETCS CO3[aHME U
TOJ|/IEp KaHle MCKYCCTBEHHOTO OXJIAKICHUS JUIA COXPaHEHHs KadecTBa IMHUILIEBHIX MPOIYKTOB B TEUEHHE IJTH-
TEJIHOTO BPEMEHH 1 JOBEJCHHUE UX JI0 TIOTpeOuTeIs.

VYcnemHoe pemieHue 3TOH 3a1add CBS3aHO C MHOTOCTOPOHHMMH HCCJIEIOBAHMSIMHA B Pa3IMYHBIX
00JIacTsIX MPUKIATHON HAayKU. PazBuTHE TEIUIOQH3MUECKIX HAYYHBIX OCHOB BHOCHT CBOI BKJIaJl B pa3padoTKy
HOBBIX TEXHOJIOTHH OXJIaKICHHS MUIIEBHIX TPOAYKTOB, YTO SBJSETCS BAKHBIM U aKTYaIbHBIM.

Lenpto uccnenoBaHust ObUIO yCTAaHOBJIEGHHE BIMSHHUS PEKUMOB XOJOAMIBHOM 00pabdOTKM Ha
MIPOJIOIDKUTENBHOCTD MPOLIECCa OXIIAKACHHSI TPOYKTOB PACTUTEIBLHOTO MTPOUCXOXKICHHS.

OObekTaMu WcclieioBaHusl ObUTM BBIOpaHbl s070KM, Maccoir 150...200 rpamMm ¢ HayambHON
temnepatypor 27°C. OxnaxaeHHe NPOBOIWIA B KaMEpe BO3IYIIHOTO OXJAXJEHHUS IPH TEMIEpaType B
kamepe 0°C u ckopocTsax apwxeHus Bozayxa 0,15 m/c, 2 M/c 1 4 M/c 10 KOHEUHOW TeMIIepaTypsl MPOAYKTa
4°C. Tak xe TmpOBOJIMIICS OIBIT MO BO3AYIIHO-KANEIbHOMY OXJAKIACHUIO C aHAJIOTHYHBIMHU MapaMeTpaMu
OXJIQXKJTAIOILEH CpPEIbl.

Uzmepenne u 00paboTKy TeMIepaTypHbIX MapaMeTPOB BHYTPH KaMephbl OXJIKACHUS U UCCIIELyEeMBIX
00pa3oB OCYIIECTBISUTA C MOMOIIBIO KOMITBIOTEpAa U IUPpPOBOrO TepMoMmeTpa ¢ aatunkamu DS1820 c
TouHocThi0 +0,5°C B nuamazone Temmepatyp ot munyc 10 mo +85°C.

Ilo pe3ynbTataMm 3KCIIEPUMEHTAIBHBIX MCCIEIOBAHUI OBUIM TMOCTPOEHBI CpPaBHUTENBHBIE T'padUKU
3aBHCHMOCTH M3MEHEHHS TEMIIEPATyPHl MPOITYyKTa OT CKOPOCTH JIBHKEHHS BO3AyXa M CIIOCO0a OXJIaXICHUS
(pucyHok 1, 2).
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Pucynok 1 — Tepmorpamma BO3AYIIHOTO OXJIAXICHHS SOJIOK
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Pucynok 2 — TepMorpamma BO3AyIIHO-KAIEIBHOTO OXJIAXKACHHS 00K

AHanmu3 MONYYCHHBIX AAHHBIX TOKa3al, YTO MPH CKOPOCTH IBWXKEHUS Bo3ayxa 4 m/c HaOmogaercs
0oJiee THTEHCHBHOE CHIDKEHHE TEMIIEPaTyphl B TIPOJYKTE MO CPABHEHHIO C APYTHUMHU CKOPOCTSIMH JTBHIKEHHUS
BO31yxa. [Ipy BO3IyIIHO-KANEIFHOM OXJIQKICHUH 3TH 3HAUCHHUS €lIe HIKE.

3aBHCHUMOCTD TPOAOJLKUTEIIEHOCTH OXJIAXACHUS OT CKOPOCTH [IBM)KEHHSI BO3AyXa IIOKa3aHO Ha
pucyHke 3.
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PI/ICyHOK 3 — 3aBHCHMOCTD MPOAODKUTCIBHOCTH OXJIAXKICHUA OT CKOPOCTHU ABUKXCHHUA BO3yXa

AHanu3 NOJy4EHHBIX pe3yJbTaTOB HCCIEAOBAaHMH IIOKa3aj, 4YTO IPOJOJDKUTENIBHOCTH IIpolecca
00paOOTKN MEHbIIEe MPH BO3IYIIHO-KANEIHbHOM OXJIAKISHHH, YeM Tpu Bo3aymHOM. Ilpm atom mpomorn-
XKHUTEIBHOCTh XOJOAWIBHON 00pabOTKM HANpPsIMYIO CBS3aHO CO CKOPOCTBIO JIBHKEGHHUS BO3Ayxa. Uem Bbliie
CKOpOCTb JIBW)KEHUS BO3yXa, TEM MEHbLIE BpeMEHHU TpeOyeTcsl Ha OXJaXIeHUE MPoAyKTa. B pesymbraTe
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OBUIO YCTAaHOBJICHO, YTO HAWMEHBINAs MPOMOJDKUTENHFHOCTh OXJaXKJCHHS HAONI0MAeTCsl MPH CKOPOCTH
IBWOKCHHS BO31yxa 4 M/cC.

B Xone aHanMTHYECKOTO WCCIEAOBAaHMSA MpOLEecca OXJIAXKICHHUA IO TEOPEeTHYECKOMY pacyera
MPOJIOJDKUTEBHOCTH XOJIOMIIBHOM 00pa00TKY MPOAYKTOB chepruuecKoii (hopMBbI C yU4ETOM UCTIAPEHUS BOJIBI
OBUTH TIONYYEHBI CIEQYyIoIue pe3yJbTaThl AN HanOojee >(PPEeKTUBHBIX PEKUMOB, T.€. MPH CKOPOCTH
IBIOKEHHA Bo3ayxa 4 m/c (Tabmmma 1).

B pesynbrare aHanm3a MOJMYYCHHBIX JAHHBIX 10 MPOAOJDKUTEILHOCTH MPOIECca OXIKIACHHUS OBLIO
YCTaHOBJICHO, YTO PACXOXKJICHUE SKCIEPUMCHTANBHBIX W PACUETHBIX 3HAueHWd coctaBuio 2 %. 310
MOKA3bIBAET XOPOIIYIO KOPPEISIHIO IPUMEHEHHBIX PACUETHBIX (POPMYIL.

Tabnuna 1 — [TpogoKUTENEHOCTD OXJIAXKICHHS

Ckopoctb | [IpomomxutensHOcTh | Temmeparypa mpojykra,
Pexxum JIBHIKEHUS OXJIAXJICHUS, MUH °C Temm. Macca,
OXJaXJAEHUs | BO3AYXa, B Kamepe, °C rp
e JKC. pacuer. HayajgbHasg | KOHEUYHas
Boszayrminoe 4 99 98,749 27,8 179
- 4 0
Bozayuro 4 72 73,316 27,2 184
KaIlleJIbHOE

B pesynbraTe mpoBeaeHHBIX HCCIISIOBAaHUN TP PA3IMYHBIX PEKUMaX XOJIOIHIBHON 00pabOTKH OBLIO
YCTaHOBIICHO, YTO HANMEHBINAS ITPOIOIDKUTEIFHOCTD IPOIecca OXJIKICHUS ITPH TEMITEPATYPe OXIIaXICHHS
0°C nHabnroaercst Uil CKOPOCTHU JIBHXKCHHUSI BO3AyXa 4 M/C, YTO COCTABHJIO JIJISL BO3JYIITHOTO OXJIAXKICHUS —
99 MuHYT, a 1UIsl BO3AYIIHO-KANEIbHOTO — 72 MUHYTHL.

HaunGonee BBITOAHBIM PEXHUMOM XOJOIMIBHOW 00pabOTKM SIONOK SBISETCS BO3MYNTHO-KANeIhHOE
OXJI2XKJICHHE CO CKOPOCTBIO ABIKEHHS OXJIXKIAIOIIEH cpepl 4 m/c.
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AHHOTAIUSA

B paGote paccmarpuBaroTCsi BOMPOCH MOAAEPKAHHWA HHU3KHMX TeMIlepaTryp Ha MPOTSDKEHUH Bcei
HETOYKH TIOCTaBOK, OT cOopa ypoxasi B IOJIe JIO XpaHSHHs B XOJOAWIbHUKE. XOJ0J0Basl IEMb SBISIETCS
Ba)XHEHIIIMM ACTIEKTOM COXPAaHEHHs KaueCTBa M CBEXKECTH IUIOAOBO-SITOIHBIX M OBOIIHBIX KyIbTyp. OqHAKO
MIPY MOBBIIEHUH 3P PEKTUBHOCTH X0JIOIOBOM LEMH IS TUIOI0BO-ATOAHBIX KYJIBTYp BO3HUKAET Psii IpoOIeM.
OnHo M3 KIIOYEBBIX 3a7ad sBIsETCS obecrneueHre 3¢GGEeKTHBHOCTH Tpolecca OXJIaKICHUS, 0COOSHHO B
MOJIEBBIX YCIIOBUSX. BRICTpoE oXiaxneHne CBeXeCOOpaHHBIX MPOIYKTOB HEOOXOAMMO I COXPAaHEHHUS MX
KadecTBa M NPOJUICHHUS] CpoKa MX XpaHeHus. OTCyTcTBUE MHPACTPYKTYphl U 000OpYIOBaHUS 3aTpyAHSET
NOCTH)KEHHE  BBINIECKa3aHHOTOo. Jlis pemeHuss 3ToM  mpoOieMbl  TIpeyaraercs HUCHOJIb30BaHHE
TeIMOPaANAMOHHON  XOJIOMIIBHON CHCTEMBI, DPAa0OTAIONIylI0 OT COJHEYHOW »JHepruu. B cucrteme
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HCIIOJIB3YETCA Tra3oBas Cpeaa I IMUTaHUA XOJIOAUIBLHON CUCTCMBI, YTO ACIACT €€ 0oJree PKOJIOTHYHBIM U
OKOHOMUYHBIM BapHUaHTOM.

ISSUES OF INCREASING THE EFFICIENCY OF THE COLD CHAIN
OF FRUIT AND BERRY CROPS AND VEGETABLES

Taeva A.M.”, doctor of technical sciences, associate professor,
Syzdykova L.S. %, candidate of technical sciences, associate professor, Veselskiy N.M.
Almaty technological university, Kazakhstan, 050000, Almaty, Tole bi, 100
E-mail: a — a.taeva@atu.edu.kz, b — syzdykova.l@atu.edu.kz

Abstract

The article discusses the issues of maintaining low temperatures throughout the supply chain, from
harvesting in the field to storage in the refrigerator. The cold chain is the most important aspect of preserving
the quality and freshness of fruit and berry and vegetable crops, however, when increasing the efficiency of
the cold chain for fruit and berry crops, a number of problems arise. One of the key tasks is to ensure the
efficiency of the cooling process, especially in the field. Rapid cooling of freshly harvested products is
necessary to preserve their quality and extend their shelf life. The lack of infrastructure and equipment makes
it difficult to achieve the above. To solve this problem, it is proposed to use a solar-powered helio-radiation
refrigeration system. The system uses a gas medium to power the refrigeration system, which makes it a more
environmentally friendly and economical option.

Beeoenue

CamoBOACTBO U OBoLIETIEpepadaThIBAIOIasl MPOMBIIUIEHHOCTh — 3TO COLMAIBHO 3HAYMMBIE COCTaB-
Jsrole arponpombliieHHoro komiuiekca (AIIK), npousBonsiye 1t HaceleHUs] BaKHEHIINE MTPOAYKTHI,
SIBIISTIOIIMECS] OCHOBHBIM MCTOYHMKOM BHTAMHHOB U MHKPOAJIEMEHTOB, HEOOXOIMMBIX UIS TOJTHOLIEHHOTO
MUTaHMS YeJI0OBeKa B TeUeHHe Kpyrioro roaa [1].

[Ipobnembl co3naHusi COBPEMEHHON HH(PACTPYKTYpPhl XpaHEHHsS W COBITa CEIBXO3MPOMYKIMH TOIHH-
MaroTcsl Ha NpaBUTEIbCTBEHHOM ypoBHE (19.04.2023 B AcTaHe moj NpenceaTelIbcTBOM IJIaBbl TOCYAapCTBa
Kacpmm-XKomapra TokaeBa mpoInio CoBenIaHue 1Mo BOMpocaM COMMATFHO-IKOHOMHYECKOTO Pa3BHUTHSI CTPaHbI) [2].

BaxxHO yCKOpEHHO peliaTh BONPOCHI HACBIIEHHUS PhIHKAa OTEYECTBEHHOM NPOAYKLUEH, yIeIEeBICHUIO
(haKTOPOB MX MPOU3BOJICTBA, K KOTOPHIM HEOOXOAMMO MOJXOAUTH 00JIee KOMITIEKCHO.

OtcyTcTBHE COBPEMEHHOM JIOTMCTHUECKONW MH(PACTPYKTYphl BO MHOTOM HPUBOIUT K M30BITOUYHBIM
MIOTEPSIM U POCTY IieH. B pe3ynbrare noTepy Npy XpaHEHNHN OBOIIEH JOCTUraloT acTpoHOMHYECKUX 35...40%
0T 00BEMOB 3arOTOBJIEHHOHN MPOAYKIUH [2].

Ilo momcueram skcreproB KazaxcTaHCKOW accolManid MPOU3BOAUTENEH H MepepaboTUHKOB
BHHOTPAJIa, OPEXOIIOIHBIX, TUIOOBO-ATOMHBIX U OBOMIHBIX KynbTyp (KAIIIIOS), ot skcmopra mimomoBo-
AroHoN mpoaykuuu Pecrmy6nnka Kazaxcran mokeT mony4ats goxon g0 $20 mupa B roa. «Ilpu ycimoBun
MPaBWJIBHOM oOpraHu3aluu paboThl OTpacid MPOU3BOJUTH BBICOKOKAUECTBEHHYIO JKCIHOPTHPYEMYIO
MIPOYKIIMIO B HY>KHBIX 00beMax Kazaxcran cmoxet k 2025 Tomy», TOBOPAT CHeHUAaINCTHI [3].

BcemupHbIii 0aHK, OCHOBBIBASICH HA pacueTax [0 HaNpaBiICHUIO pa3BUTHA Il TOCYAApCTB
HenTpansHoit Azun (nanee L[A), Takxke 3asBUII, 4TO SKOHOMUYECKOe Onaromnonyune B [[A oT4yactu 3aBHCUT
OT BbIpalmBanus GppykToB. BeipamyBanue miog0Bo-roAHBIX KyJIbTYp - IEPCHEKTUBHO U BHITOAHO. C OAHOTO
reKTapa IIaHTALUK MOXHO MOJYYUTh T0XO0J OT 3 MJIH. TEHT€ U BBIILIE, YUYUTHIBAS, YTO HAa IPOU3BOICTBEHHYIO
MOIITHOCTh XO3SHICTBO, KaK MPaBHJIO, BBIXOJUT HA YETBEPTHIA Toj paboThl. [10q0BO-AT0HAS OTpacih HE
TpeOyeT OONBIINX IUIOMIANEH 3eMIIM, TIOITOMY B HEe MOXHO BOBJIEYh Malslble XO3SHCTBA M CEeMEHHBIe
npeanpustug [3].

OnHUM 13 Ba)KHBIX KOMIIOHEHTOB TaKOTO OM3HEca SBISETCS MOCTPOSHHE IIETIOYKH TIOCTaBOK, KOTOPBIH
MTOMOXET Pa3BUBaTh OM3HEC M 3AIIUTUTH EJTOCTHOCTh MPOTYKITHH.

Hns skcnopra ¢pykroB Kazaxcrany HeoOXOOMMO HapacTUTh OOBbEM IMPOU3BOJUMON HPOIYKIHH
COOTBETCTBYIOLIEr0 KadecTBa. He mo Bcell cTpaHe MOKHO BBIPAIIMBATBH IJIOJOBO-STOAHBIE KYJIBTYPHI, K
«(ppyKkTOBOMY» PETHOHY OTHOCHTCS FOTO-BocTOUHas 4acTh PK, u 31ech y mpousBoanTenei eCTb HECKOIBKO
MIPENMYIIECTB:

- BBICOKAsI COJIHEYHAsI MHCOJIALIYS;

- XOPOULINH KIIMMAT, TO3BOJIAIONINI BRIPALINBATh KAUECTBEHHYIO TIPOAYKIIUIO;

- I0YBa, pa3yMeeTcs, He Takas Kak B YKpanHe, HO OHa He MEeHee II00POIHas;

- IOCTaTOYHOE KOJIMYECTBO MOJIMBHON BOJIBI;
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- HAaIM IPOM3BOJUTEIM MEHBILIE MCIOAb3YIOT MHUHEpaIbHbIE YAOOpEHHSI M IECTHULUIBI, I103TOMY
OTEYECTBEHHAs NIPOIYKIMS MOXKET PACCMaTPUBATHCS KaK SKOJIOTMUECKH YUCTast U I10JIb3YETCS BBICOKUM CIIPOCOM.

Ecnu MBI TOBOPHM O KOCTOUYKOBBIX KYJIBTypax — aOpHUKOcax, MEepCHKax, BHIIHE, CIIMBE, TO CaMble
BBICOKOKAaUeCTBEHHBIE KPYMHbIE IJIOABI BhIpalINBal0T B AsmMaTuHCKOH M Typkecranckoil obnactsax. B
ANMaTHHCKOM 00JIacTH Taxke OJIArONpHUSTHBIE MOYBEHHO-KJIMMATHYECKUE YCIOBHS JUISI BBIPALMBAHUS
MaJIMHBI ¥ KITyOHUKH Ha OTKPBITOM TPYHTE.

OnHaKko OTHOCUTEIBHO BBICOKHME IIEHBI Ha IUIOAOOBOIIHYIO MpoAyKuuio B Kazaxcrane cBsS3aHBI C
BBICOKOM CE0ECTOMMOCTBIO OTEUECTBEHHBIX IPOAYKTOB U OOJbIINM 00beMOM umnopra. s yBenndeHus
YpOBHS caMooOecTieueHus I0AaMH U OBOIaMH HeoOxoauma 3¢ GeKTHBHAS OpraHu3anus enH OT MO 10
peanu3anuu.

VY4eHBIMH OCYILECTBIISICTCSI MHTEHCHBHBIH MOMCK M pa3padOTKa HOBBIX METOJOB XpaHEHHsS, 4acTh
KOTOPBIX BHEIPEHBI B IPAKTUKY — XPaHEHHE B a30BBIX MOAU(DUIIMPOBAHHBIX CpellaX, B yCIOBUSIX aKTUBHON
BEHTWISILIMM, YBEIWYCHUS W TOJAJAEPKaHMS BIKHOCTH M TEMIIEPATypHOTO pEXHMa B XpaHWIHUIIE,
030HMPOBaHUE XpaHWIHLIA 1 Apyrue. OAHAKO JOCTHYb HEOOXOAMMBIX PE3YIbTAaTOB yIAeTCs HEYACTO, TaK KaKk
IUIOI0OBOIIHASL MIPOAYKIMS SIBISIETCS <OKMBOM CHUCTEMOW», KOTOpas MNPOJODKACT KU3HEAESITEIbHOCTh C
MOMEHTa IPOPACTaHMS 10 MOMEHTA HETOCPEICTBEHHOIO MOTPEOICHUS, a OAIEpKAHNE ITUX IPOLIECCOB Ha
MUHHMAJIBHOM YPOBHE — OCHOBHAsI 3a]]a4a XpaHEeHHUSI.

O6vexmubl u Memoowvl ucci1e006aHus

OOBexTaMu HCCIeOBaHus SBISIFOTCS TI00BO-ATOHbIE KYJIBTYPbI U OBOILH.

IIpy xpaHeHMM IUIOZOB M OBOILEH MCIOJb3YIOTCS METOJbI ONPEACICHUs IapaMeTPOB TEMIIEPATYPHI,
BJI&KHOCTH, MHKPOOHMOJIOTHUECKUX TMOKa3aTeneld mpoaykToB. CpOKHM XpaHEHHsS PACTUTENLHOTO CHIPbS
YCTaHaBJIMBAIOTCS B 3aBUCHMOCTH OT U3MEHEHUS (PU3NKO-XUMHUUECKUX [TOKa3aTeneil 00pa3LoB NPy XpaHEHHUH.

IDKcnepumenmanvhasa wacmo

IIpy npoBeneHHUN UCCIENOBAHUIN II0 COXPAHEHMIO YPOKasl IUIOAOBO-STOJAHBIX U OBOILIHBIX KYJIBTYP
YUUTBIBAIOTCS HPOLECCH! MOCIeyOOPOYHOro A03PEBAaHUs], UCIAPEHUE BJIAard M3 KIETOK IJIOAOB U OBOLICH,
JeHCTBUA BpeauTenel, nepenansl TemmepaTypbl. COBpEMEHHBIE TEXHOJOTMH OpPraHU3allud yCIOBUU
XpaHEHUs] COYHON MPOIYKIIMU CBOIATCS K OXJAXKACHHUIO, YBIXHEHUIO W Je3MH(EKINH, OJHAKO CIOCOOBI
JOCTIDKEHHSI ONTHUMAIBHBIX TIApaMeTPOB XPAaHEHUSI MOTYT UMETh Cephe3HbIE PasIMums MEXIy coOoii, U Kak
CIIeNICTBHE, pa3HyI0 3 (HeKTHBHOCTE. TakuM 00pa3oM, TOCKOIBKY PPYKTHI M OBOIIY XPAHATCS B CBEXKEM BHUJIC,
nepes 3akia kol Ha XpaHEeHHe 3Ta MPOAYKLUS JO0JDKHA TPOWTH OmpellesieHHy0 oO6paboTKy, a caM MmpoIiecc
XpaHCHHA JOJKEH COOTBETCTBOBATH HAYYHO O6OCHOB3HHBIM ImpaBUJIaM.

3a KpUTepHil COXpaHSIEMOCTH IIOZAOB M OBOLICH NMPAKTUYECKH NMPHUHUMAIOT CPOKH MX XPaHEHHS U
pa3Mepsl HOTepb, KOTOPHIE 3aBUCSAT OT BUAOBBIX U COPTOBBIX HPU3HAKOB (MPUPOTHBIX OCOOEHHOCTEH),
YCJIOBI/Iﬁ BbIpallliBaHUsA, CTCIICHU 3pPECJIOCTH, BHUJA W CTCICHHU IMOBPCKJIACHHOCTH, PCKHUMa XPAaHCHUA U
MEPEeBO3KHU U Apyrux (haxkropos. IIpu 3ToM cpokamu XpaHEHHUs CIEAYEeT CUMTATh BPEMsl, B TEUEHHE KOTOPOTO
IUIO/ABI U OBOIIM B HOPMAJIBbHBIX YCJIOBHSIX COXPAHSIOT CBOM IOTPEOUTENbHBIE JHOCTOMHCTBA, U HMEIOT
MUHUMAJIbHBIE ITOTEPH, a HE JIF0O00H CPOK, KOTOPBIH MOKET UCUUCIATHCSA A0 MOMEHTA UX TOPYH.

JI.HH KaXaoro Buaa U COpTa MPOAYKHHWH CYHICCTBYET OINTUMAJIBHOC COOTHOIICHHUE KOMIIOHCHTOB
peryaupyeMoii Ta30Boi cpeibl, Ipu KOTOPOM 00ecrieuuBaeTCsi Hanboee BHICOKAsk COXPaHIAEMOCTb.

CkopomnopTsiuecst MI0A0BO-STOJAHBIC U OBOIIHBIE KyJIbTYpPhI TPEOYIOT TPAHCIIOPTHPOBKH U XPaHEHHUSI
B XOJIOIMIIEHOM 00OPYZIOBaHHU.

Hecobntonenne temnepaTypHbIX peXXKMMOB XpaHEHUs U MPH TPAHCIIOPTUPOBAHUM Cpasy mocie coopa
ypo’kasi IPUBOAST K 3HAUUTEIbHBIM MTOTEPSIM.

HpaBI/IHBHBIM peUICHUEM XOJ'IOI[OBOf/i LEIU JJI1 CKOPOIIOPTAIIMUXCA MUILNEBBIX ITPOAYKTOB SABJIACTCA:

- obecrieueHrne TEMIEPATYPHOTO PEKUMa MEPEBO3KH (OYEHb BAXKHO, 3HAHHE KPUTUUYECKUX TEMIIEPATYp
U1l IPOJTYKTa);

- cOOJTIO/IEHHE TIPOJIOIDKUTEIBHOCTH TIEPEBO3KH TEPMO3aBUCHMOM MPOJIyKIIHH.

3HaHUE 3TUX KITFOYEBBIX TAHHBIX CO3AACT IS MIPOIYKTA PEIENT YCIeXa, YTOOBI ABUTATHCS 110 CIIOKHON
LENOYKE U TOCTUTAaTh KOHEYHOTO KJIMEHTa 0€30MacHBIM B 3 QEKTUBHBIM CIIOCOOOM.

Heo0xomuma moAroToBKa CIrielaiIincToB, KOTOPBIE 3HAIOT, KaK YIPaBISITh TEMIIEPATypoi, U IPOBOHUTH
MOHHTOPHUHT TeMnepaTypsl. CiennaIncThl JOJDKHBI BIaIeTh HHPOpManrel 0 TECTUPOBAHUH IO COXPAHEHHUIO
TEMIIEpaTypHBIX PEXKUMOB MPH pa3IMYHBIX YCI0BHAX. Hannuue 3THX JaHHBIX NPeI0CTaBUT BO3MOXKHOCTD AJIS
MPOTHO3UPOBAHUS U TIOCTPOCHUS JIOTMCTHUECKUX CXEM, IPU KOTOPBIX MPOIYKT CMOXKET JOCTHYb ITyHKTa
Ha3HAuUeHMs, HE Tepss CBOMX KadecTB. BakHO Takxke OIpeNesieHHe JIOTMCTHKH OOIIero mporecca u
orpejeNieHre croco6oB 3(h(HEKTUBHOCTH IPOU3BOJICTBA, aBTOMATHU3UPYS WIH COKpaIas KOJIWYECTBO IIaroB B
XOJIOJJOBOH IIETIH.
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BoJIBIIMHCTBO TUTOIOBO-STOHBIX KYJIBTYP JOJDKHBI MIOCTABIATLCS ¢ TeMmeparypoit oT 5 1o 10 °C s
obecrnedeHus: COXpaHHOCTh MPOIyKTa. VIMEHHO 3/1ech Hy)KHa XOJIOA0BAs ETIb.

XoJioioBasi UENb SBISCTCS Ba)KHEUIIMM acliEKTOM COXPAHCHHUS KAauyeCTBa M CBEXKECTH ILJIOJIOBO-
SITOMHBIX W OBOIIHBIX KYJIBTYP. DTO OTHOCHUTCS K MpOIECCY NOJACPKAHHUSA HHU3KUX TEMIIeparyp Ha
MIPOTSHKEHUH BCEH IENOYKH TIOCTaBOK, OT cOopa yposkas B IOJIe 10 XpaHeHHs B XonoauwabHuKe. OIHAKO TpU
MOBBIIIeHNH 3 (EKTUBHOCTH XOJIOA0BOM LEMH IS TIOJOBO-STOAHBIX KYJIBTYp BO3HUKAET PSiJl BOITPOCOB.

OnHOM M3 KITIOYEBBIX 3a]1a4 sIBJsieTcs ooecrnedeHue 3(h(HEeKTHBHOCTH MPOIecca OXJIaXKICH s, OCOOCHHO B
TIOJIEBBIX YCIIOBUSIX. BBICTpoe OXJaXKIeHne CBeXeCOOpPaHHBIX MPOAYKTOB HEOOXOIVIMO ISl COXPaHEHHS X
Ka4ecTBa M MPOJUICHUS CPoKa UX XpaHeHUs. OIHAKO OTCYTCTBHE HHPPACTPYKTYPHI U 000PYAOBaHUS BO MHOTHX
cajiax 3aTpyAHsCT JOCTHKCHUE BhIIIIECKa3aHHOTO. KpoMe Toro, B TpaHCIIOPTHBIX U CKJIJICKUX TTOMEIIICHUSX YaCTO
OTCYTCTBYIOT COOTBETCTBYIOIIHE CUCTEMBI OXJIAXKACHUS, YTO MOYKET IPUBECTH K MOPYE U OTXO/IAM.

Jnsa pemeHuss 3TOM TPOOJIEMBI, HEOOXOAMMO HWCITOJIB30BaTh MOOWIBHBIC (WM TIEPEABHKHBIC)
XOJIOJIWIIBHBIC YCTAHOBKU. JTH YCTPOWCTBA CIPOCKTHPOBAHBI TaK YTOOBI OBITH MOPTATUBHBIMU M UX MOXHO
JIETKO TPaHCTIOPTHPOBATH B IOJIC MIIM HA CKJIa]l. OHU UCTIOB3YIOT Ta30BYIO CPELy JJIsl IUTAHUS XOJOIUIBHON
CUCTEMBI, 4TO JIeJlaeT X 0oJiee IKOJOTHYHBIM M SKOHOMHYHBIM BapuaHTOM. MoOWiIpHBIE (TIepeIBIKHBIC)
XOJIOMWIIbHBIE YCTAaHOBKH, MOTYT TIOMOYb CO3/IaTh Ooyiee yCTOMUUBYIO B 3((HEKTUBHYIO IETIOYKY TOCTABOK
JJIsL O6J'IaCTI/I IIUIIEBbIX TCXHOHOFHP'I, a TaKKEC MPHUBJICUCHUA HHBCCTUILIMU B HOBBIC TCXHOJIOTUU.

XonoauabHbIE KOHTEHHEPHI — OTIMYHBIN CITOCO0 IIEPEBO3UTH CKOPOTIOPTAIIHECS MPOTYKTHI B 33 TaHHBIX
TEMIEPaTypHBIX paMKax, HO BCE XK€ OTO TEXHHWKA, W, KaK U B JIFOOOW TEXHHKE, 3[IeCh €CTh BEPOSTHOCTh
nmoyioMkH. [ToaTomy 1yt yBenuueHus 0€30NMaCHOCTH U HAJAEKHOCTH TIEPEBO3KH TEPMOHEYCTOMUYEBOM MPOIYK-
U, pCKOMCHAYCTCA HCIIOJIB30BATh MACCHBHLIC CPEACTBA COXPAHCHUA TEMIICPATYPbI, TAKUE KaK TCPMO-
KOHTEHHEPHI U XJIaI03JIEMEHTHI.

Jlyis ;mydiiiero coxpaHeHHs MPOJIYKTa COTJIACHO TEXHOJIOTMU XOJIOJOBOM IENH HEOOXOIUMO XPAaHUTh
IIpY HOPMATUBHOM TEMIIepaType OT MIPOU3BOACTBA (COOpa B MOJIE) A0 MOTPEOICHMSI C TOMOIIBIO 3P PEKTUBHON
U SHEPrOHE3aBUCUMON XOJOIUIBHON CHCTEMBI.

Yyenple ATMaTHHCKOTO TEXHOJOTHYECKOTO YHHUBEPCHUTETA IPENjIaraloT HCIONB30BaTh TeIHopaana-
LIUOHHYIO XOJIOUIBHYIO CUCTEMY, KOTOpas BKIIFOYACT B Ce0S: MApOKOMIIPECCHOHHYIO MAIlIMHY, pa0OTAIOIIYIO
OT COJTHEUHOM PHEPIHH, & TAK)KE CUCTEMY HOUYHOT'O PaIUAIIIOHHOTO OXJIAXKICHHUS, HACOCH KOTOPOM 3aITuTaHbl
TaKUM e 00pa3oMm.

ABTOHOMHAs 3HEprodPQeKTUBHAS XOJOAMIIbHAS CHCTEMA MO3BOJIUT pabOTy XOJOAMILHON Kamephl B
MOJIEBBIX YCJIOBUSIX 0e€3 JocTyna K 3JeKTpodHepruu. CpeiHss CTOMMOCTh CpPEIHETeMIIePaTyPHbIX
XOJIOMWIIBHBIX MAIIWH BapbupyeTcs oT 2,5 MiH. no 3,5 muH. TeHre. ['emmopamuainiioHHas XOJOIMIbHAS
CUCTEeMa CTOUT 3 MJIH. TEHTe, OJTHAKO 32 CUET SKOHOMHH JIEKTPOIHEPTHH JaHHAsI CUCTEMa BBITO/IHEE.

Tabmuna 1 — CpaBHHUTEIHHAS Ta0NHIIA C AHATIOTOM XOJIOAUILHUKA

CrannaptHas
T'enuopanuanyonHas
Ioxasarenu XOJIOAUIIbHAS
XOJOAWIbHASA CUCTEMA
MaIuHa
DKOHOMHUS JIEKTPOIHEPTUU v X
Cxema XOJIOMIILHOW CHCTEMBI C UCTIONb30BAaHHEM v X
COJIHEYHOU 3HEPIUU
O¢ddexTnBHAT TemMIepaTypa B Kamepe v v
HopMmupoBanHas oTHOCUTENbHAS BIAKHOCTh v v

OkoHoMHuuecKast 3PPEKTUBHOCTh MHTETPAILHON 10 CPAaBHEHUIO ¢ KOMOMHUPOBAHHOW XOJOIMIBHON
MaIIMHbBI COCTABIISET:

Due=AD - C=8064 - 35 = 282 240 Tenre.

Cpok OKynaeMocTH aBTOHOMHOM 5Hepro3(h(HeKTMBHON XOJI0AUIBHON CUCTEMBI: 5 JIET.

3aknwuenue

B 1ienom noBbiieHne 3G QpEeKTHBHOCTH XO0JIOIOBO# TeNH YIS TI0JJOBO-ATOAHBIX U OBOIIHBIX KYJIBTYP
HEOOXOJIMMO JUISl COKPAIIEHUs] OTXOJIOB U 00ecTieueHus MOTPEOUTEISIM JIOCTYIIA K CBEKEH M KauyecTBEHHON
npoaykiud. Emnte oquH nmoaxos K moBbIIEHHIO 3G ¢GEKTUBHOCTH XOJIOA0BOW 1IETH VIS TUIOIOBO-SITOJHBIX U
OBOIIHBIX KYJBTYpP — WHBECTHUIIMH B HOBBIE TEXHOJOTHH M MHPpacTpyKTypy. COBpeMEHHbIE XOJIOANIHHBIE
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CHCTEMBI MOTYT 00€CIIeYHTh O0JIee TOYHBIN KOHTPOIb TEMITEPATYPhI U MOT'YT OBITh OCHAIICHBI IATYUKAMH JUIS
KOHTPOJIA YCIOBUH BHYTPH XPaHIIUIIA. DTO IOMOXKET COKPATUTH KOJIMYECTBO OTXO/OB M YIYUIIUTH Ka4€CTBO
MPOAYKIIUH.
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