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PA3PABOTKA MHOIO®YHKLIMOHAJIbHbLIX ABCOPBLIMOHHbIX CONTHEYHbIX CUCTEM
HA OCHOBE TEMMOMACCOOBMEHHbIX AIMNMAPATOB C NoABUXXHOWU HACALLKOU

Paspabomansl cxemmuvie pewtenus menno-maccoobmennvix annapamos (TMA) ¢ noosusicHoll nce800oxcudx*CceH-
Hotl Hacaokou (IIH) «zaz-orcudxome-meepooe menoy Os ucnapumenbHo2o oxaaxcoerus cpeod (MO) (ucnapume-
JbHble oXaadument Henpamozo munda, 600vt HUOxc u 6030yxa HUO2) u MHO2O(DYHKYUOHAILHBIX COIHEUHBIX CU-
cmem menio- Xaa00CHabNICeHUust U KOHOUYUOHUPOBAHUS 8030YXd, OCHOBAHHBIX HA OMKPLIMOM AOCOPOYUOHHOM
YuKie ¢ Hempsmoll pecenepayuel abcopbenma. B ocywumensnom u oxaaoumenbHOM KOHMYPAX COTHEYHbIX CUC-
mem UCTONb3YIOMCSL MeNnlo-Macco0OMeHHble annapamol ¢ noosudxcHol Hacaoxou ITH. Pewenus ons TMA ¢ [TH
«2a3-24CUOKOMb-BEPO0e MEN0» PA3PADOMAHBL 8 HECKONLKUX OCHOGHLIX 8APUAHMAX, 8 YACMHOCMU, C 803MOIC-
HOCMbIO pasmelwjeHuss meni00OMeHHUKA HeNnoCpeoCmEeHHO 8 00beme NCeBO00NCUNCEHHO20 CNI0SI HACAOKU (Cou
nacaoku I[IH u ITHm-x): ucnapumenvrule oxraoumenu HUOz u HHUOxc oxaadumensHo2o KOHMYpPA COTHEUHbIX
cucmem, abcopbep-ocyuwiumens 6030yuHo2o nomoka ABP u decopbep-pecenepamop JJBP ocywumenbHo2o KOH-
mypa conneunvix cucmem. Ha ocnoge yuxia meopemuueckux u 9KCHEPUMEHMATbHBIX UCCIe008aHUll (KAK 075
8APUAHMA CO CBODOOHBIM NOOBUNCHBIM NCEBOO0NHCUNCEHHBIM clloem Hacaldku [IH, max u 6 eapuanme ¢ pasme-
weHuem menio0OMeHHUKA HenocpeOCmeeHHO 8 00beme NCeB000XHCUNICeHH020 cros Hacaoku ITHm-k) u evipabo-
MAHHBIX PEKOMEHOAYULL NO ONPEOeeHUI0 ONMUMALLHBIX 2eOMEMPUUECKUX RAPAMEMPOE OCHOBHBIX DNEMEHNO8
TMA u pesicumnbix napamempos, nposedeH anaiu3 NPUHYURUATLHBIX B03MOICHOCMEN COTHEUHBIX XOI0OUTbHbIX
CXC u xonouyuonupyrowux cucmem CCKB, a makoice cpasHumenbHolil AHAIU3 UX IHEP20-IKON0SUUECKUX XaAPa-
KMepUCmux.

Kniouesvie cnoea: Tenno-maccoobmennviti anapam, Ilcesdoodicudicennvlil cioii nacaoxu, Hcnapumenvhwiil
oxnaoumens, Oxnaoumensv Henpsamoeo muna; Abcopbep; /lecopbep,; Conneunas cucmema, Xoro0unvHas cuc-
mema,; Cucmema KOHOUYUOHUPOBAHUS 8030VXd.

O. B. /lopowenxo, B. A. I'onuapenxo, 1. 10. Mnaovonos, A. H. Lanywen
Opechka HallioHaIbHA aKaJeMist XapuoBUX TexXHOIOTH, Byl Kanatha, 112, Ozneca, 65039, Ykpaina

PO3POBKA BArATO®YHKLIOHAIIbHUX ABCOPBLIIMHUX COHAYHUX CUCTEM
HA OCHOBI TEM/0-MACOOBMIHHUX AMAPATIB 3 PYXOMOIO HACALKOIO

Pospobneno cxemui piwenna menno-macooOMiHHUX anapamie 3 pyxXomow HCe8003PIOHCEHOI0 HACAOKOI «2a3-
piduna-meepoe minoy 05 BUNAPHO20 OXONOO0ICEHHS CepedoBuULlYy (BUNAPHT 0XON00AHCYB8AUT HENPAMO20 MUNY, 800U
HBOp i nosimpss HBO2) i 6a2amo@ynKyionaibHux COHSUHUX CUCTHEM MEeN0- X0A000NOCHMAYaHH MA KOHOUYi-
108AHHsL NOBIMPSL, 3ACHOBAHUX HA BIOKPUMOMY AOCOPOYIIHOMY YUKTL 3 HENpAMOIo pecenepayicio abcopbenmy. ¥
OCYULYBATILHOMY MA OXOLO0NHCYBATILHOMY KOHMYPAX COHAYHUX CUCIEM SUKOPUCHOBYIOMbCSA MENI0-MACO0OMIHHI
anapamu 3 pyxomor Hacaokorw. Piwienns 0 menio-macooOMiHHUX anapamis 3 pyxomow HACAOKOK «2a3-
piouHa-meepoe minoy po3poobneHi @ OeKiIbKOX OCHOBHUX 8APIAHMAX, 30KPEMd, 3 MONCIUGICIIO POIMIWEHHSL me-
NI00OMIHHUKA De3n0cepeOHbo 8Cepeduti NCced003piodHCeHo20 wapy HAcaoku: eunaphi oxonoodcyeaui HBOz i
HBOp 0x010031cy8anbno020 KOHMYypy COHAYHUX cucmem, abcopbep-ocyutysay nogimpsano2o nomoky ABP i deco-
pbep-pecenepamop [BP ocywiysanbnozo koumypy conaunux cucmem. Ha ocnosi yuxiy meopemuynux ma exc-
NnepuUMeHmanrbHux 00Cai0NCeHb (AK 01 8aPianmy 3 GLIbHUM PYXOMUM NCEBO03PIONCEHUM WAPOM HACAOKU, MAK §
V eapianmi 3 pO3MIUeHHAM MEeNI00OMIHHUKA Oe3n0cepedHbo 8 00CA3l NCe8003PIONCEHO20 WApPy HACAOKU) ma
8UPOONIEHUX PEKOMEHOAYill o000 BUSHAYUEHHS ONMUMAILHUX 2e0MEMPUUHUX NAPAMEMPIi8 OCHOBHUX eNleMeHMi8
Meno-MacoOOMIHHUX anapamis i percuMHUX napamempis, NPoeeoeHo AHANI3 NPUHYUNOBUX MONCIUBOCTHEL CO-
uaunux xoaroounvrux cucmem CXC i cucmem xonouyioeannuss CCKB, a maxooic nopigHsivHull ananiz ix emepeo-
EKOJI02IYHUX XAPAKMEPUCTNUK.

Knrwouoei cnosa: Tenno-macoobominnui anapam; Ilceedospiodxcenuti wap nacadku, Bunapuuii oxonooocyeau,
Oxonoooicysau nenpsimozo muny, Abcopbep; Hecopbep; Conauna cucmema; Xonoounvna cucmema, Cucmema
KOHOUYIIO8AHHS NOBIMPS.
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Po3sgin 2. EHepreTuka Ta eHepro3bepexxeHHst

BBEJEHUE

OnHOIt U3 Cepbe3HBIX MPOOJIEM, XapaKTepu3yoouen
HaJIe)KHOCTh OTKPBITBIX CUCTEM (HCHAapHUTENILHBIX BOJIO- U
BO3/IyX0OXJIaJIUTEIeH) M COJIHEUHBIX TEIUIOUCIIONB3YIO-
mux abCOPOIMOHHBIX CHCTEM SIBIISICTCS OMACHOCTH OTJIO-
KCHH Ha pabodnX MOBEPXHOCTIX TEIIOMAacCOOOMEHHOU
anmapaTypel, IIpyu paboTe Ha BOJHBIX PACTBOPAX, KHUIKHX
copbenToB [1, 7-13]. HakomieHHBIH paHee OIBIT UCHOIh-
30BaHUS TPexX(a3HBIX ICEBIOOXKIKEHHBIX HACAJOYHBIX
CJIOEB Ui OPTaHU3alUN PabOTHl TEIIOMAaCCOOOMEHHBIX
anmapaToB (TMA) MoxeT OBITh MCHOJIB30BaH AJIS pelie-
HUSI 9TOH 3a7a4M (ammapaTbl OCYLIMTEIHLHOTO M OXJIaJH-
TEJILHOTO KOHTYPOB COJIHEYHBIX XOJOAMIBHBIX CHCTEM
CXC ¥ CONHEUHBIX CHCTEM KOHAMIMOHUPOBAHUS BO31yXa
CCKB). B paborte, Hapsay ¢ HOBBIMU 3KCIICPHUMCHTAIb-
HBIMH JIJaHHBIMH, OBIJIM MCIOJIb30BaHbl TEOPETUUECKHE U
9KCTIEPUMEHTAIbHBIE MAaTEpPHAJbI, IOJNyYeHHBIC paHee B
Opecckoil ToCyIapcTBEHHOHW akaJeMHH XOJOoAa HpPH CO-
3JaHUN BO3AYXOOXJIAIUTENCH W BEHTWIATOPHBIX TPaIH-
PEH C MOJBIDKHOI HACAIKOH, a TAKYKE MHOTOJICTHHUIT OTIBIT
MHKCHEPHOW pealn3alii TaKuX allapaToB B 3HEPIreTH-
YCCKHUX CHCTCMaXx, B XOHOHHHBHOﬁ TEXHUKEC U CHUCTEMaAXx
060poTHOTO BogOCHa0)eHuUs [1-6].

I. PABPABOTKA COJIHEYHBIX MHOIO®YHK-
IUOHAJIBHBIX CUCTEM M TEILIOMACOOBL-
MEHHBIX ANIIIAPATOB C IOJBUKHOM
HACAJIKOHN

Panee B Opecckoii rocy1apcTBEHHOW aKageMUH XO-
nojga paspabateiBamuck TMA ¢ TMOABMKHOW HacaaKoi
(ITH) nuyis aBTOHOMHOTO HCIIOJIB30BaHUS B XOJOAUIBHOMN
TEXHHUKE a TaKXKe B COCTaBE OCYUIMTENBHOTO U OXJIaaH-
TEIBHOTO KOHTYPOB COJHEYHBIX CHCTEM, KaK ammaparhbl
IIPSIMOTO THIA C HEIIOCPEICTBEHHBIM KOHTAKTOM B3aHMO-
JIeHCTBYIOMNX MOTOKOB Ta3a u xkuakoctu ([TH): rpamup-
uu I'TIH u Bo3nyxooxnamurenu [TMO [10-11]. B nacros-
IIEM HCCIIEJOBAaHHUU MIPOJIOJDKEHO Pa3BUTHE 3THX padoT B
Hanpasienun co3ganuss TMA c ITHT-x Henpsimoro tuma
[12-13], uTO CylIECTBEHHO pacHIUPSET BO3MOKHOCTU Kak
camux MO, tak u comneunsix cucteM CXC u CCKB.

ABtopamu [12] Obli pa3paboTaHbl HCIAPUTENbHBIE
oxnagurenn Hemnpsimoro tunma HUOr m HHMOx B nByx
OCHOBHBIX BapHaHTaX: C pa3MeIIeHHEeM ITOIBUKHOTO CIIOs
HacaJK{d Haja TEINIO0OMEHHUKOM-paclpeeNuTeIeM BO3-
JIYIIHBIX TIOTOKOB M C HETIOCPEJCTBEHHBIM pa3MelleHHeM
MHOTOKaHAJIFHOTO TEIUNIOOOMEHHUKA B O0OBbEME IOABHXK-
Hoii Hacamku [THT-K, TO ecTh ¢ pacwieHeHHeM 00BeMa
nceBaooXkmkeHHo Hacanku [TH. 3neck peus uger o pe-
KUMax TICEBIOOKW)KEHUSI HACaJ04HOTO CJIOSl  «Tra3-
KHUIKOCTb-TBEPJIOE TEJIO» B OrPaHMYEHHOM 00beMe, UTo
moTpebOBaj0 CHENHMAIbHOTO W3YYEHHS OCOOEHHOCTEH
OCHOBHBIX PEKHUMOB I[CEBIOOXKIKEHHUA. [l0aBIKHBIN
cnoit ITH, obGecreunBasi WHTEHCH(HUKAIMIO IPOIECCOB
TEIUIOMAacOOOMEHAa M CaMOOYHUIAeMOCTh PAadOYMX TII0-
BEPXHOCTEH, OKa3bIBA€T WHTCHCHQUIMPYIONIee BO3JEH-
CTBHE Ha TIpolecchl TtemomacoobMena B HUOr wu
HUOx)

Ha ocHoBe HOBBIX pemenuit s TMA oxnaaurens-
Horo (HMOr u HHUOx) u ocymmtensHoro (abcopoep-
ocymmrens ABP u necopGep-pereneparop JBP) xoHTy-

POB COJIHEYHBIX CHCTEM ObII pa3paboTaH psiJi HOBBIX
npuHnunuaneieix pemennit s CCKB (pucynku 1B n
36 — nans BO3IYXOOXJAIUTENs pPEreHepaTUBHOTO THIIA
HUO-Rr) u CXC (pucynku 4b u 5). O603HayeHUs K pH-
cyukam 1-5: 1 — necopbep [ABP; 2 — abcopbep ABP; 3 —
Bozayxooxmaaurens HUOr; 4 — BO3OyXOOXJIAIHWTENb
HUO-Rr; 5 — TemnooOMeHHUK KPETKOTO TOPSIETOo | Ciia-
00ro XOJOZHOTO PAacTBOPOB abcopOeHTa; 7 — BOIOOXIA-
mutens Henpsimoro tuma HUOx; I1, O u B — momnHsIi,
OCHOBHOM M BCIIOMOTaTeJIbHbIM BO3AYLIHbIE MOTOKH; BB
— BeIOpoc Bo3ayxa w3 JIBP; M, N — kpemnkuii u cimaObIit
pacTBopbI abcopOeHTa)

Il. PABPABOTKA U AHAJIU3 XAPAKTEPUCTHUK
U BO3MOKHOCTEM AJTbTEPHATUBHBIX CUC-
TEM KOHIUIIUOHNUPOBAHHUSA BO3/IYXA CCKB

Ha pucynkax 1-3 (mast CCKB) u 4-6 (mns CXC) na
H-X auarpamme BIa)KHOTO BO3/yXa MPUBE/CH, HA OCHO-
BaHMU MOJYYEHHBIX JKCIEPUMEHTAIBHBIX PE3yJIbTATOB
1o 3((GEKTUBHOCTH MPOILIECCOB B OCHOBHBIX 3JIEMEHTAX
COJIHEYHBIX CHUCTEM OCYLIUTEILHOTO M OXJIaJUTEILHOTO
KOHTYpPOB, OOINMI aHAIN3 MPUHIUIHAIHHBIX BO3MOYKHO-
CTel pa3pabOTaHHBIX COJIHCYHBIX CHCTEM B OCHOBHOM

1
JUIs CIIy4aeB, KOrua Xg > 12,5 r/kr (11 KOHTUHEHTAJb-

HOTO KJIUMaTa XapakTepHa MMEHHO 3Ta cuTyarwus). Oc-
HOBHBIE 0a30BbIE PELICHUS ISl COJTHEUYHBIX CHCTEM C He-
NpsIMOM  pereHeparieli abcopOeHTa NPUBEICHBI Ha PH-
cyHKax Juid aHanu3upyemsix BapuantoB CCKB u CXC. B
HUX, JJIs1 PEUICHHs 3a1a4 KOHAWIIMOHUPOBAHMS BO3IyXa
(CCKB), ucnonmes3yercsi B oxnagurenpHoi yactu MO He-
npsimoro Tuna HUOr (HUO-Rr); mis CXC ucnonb3yeTces
Bopooxuaaurens HUOx.

PalGouue BemecTBa [1Jisl COJTHEYHBIX A0COPOLMOHHBIX
cucrem. [lns nosbimieHus: 3¢ HEeKTUBHOCTH Tpoliecca M-
NapUTENILHOTO OXJIKACHUSI B aJbTEPHATHBHBIX CHUCTE-
Max, aTMOC(EpHbI BO3JyX MpeIBApUTEIHLHO OCYIIAETCS
B abcopOepe. B kauecTBe aOCOpOEHTOB B OTKPBITBIX CH-
cTeMax OOBIYHO HCIOJIB3YIOTCSI BOJAHBIE PAaCTBOPBI XJIO-
PHUCTOTO KalbLHsl, XJIOPUCTOTO JIUTHS, OPOMHUCTOTO JIH-
THS, & TaK)Ke MHOTOKOMIIOHEHTHBIE PACTBOPHI HA OCHOBE
yKa3aHHBIX BemecTB. PactBop xmopucroro smrus (LiCl)
MIOJTY4WJI IIMPOKOE PACHpPOCTpaHEHHE B KadecTBe abcop-
O6enta. OCHOBHBIE €r0 IOCTOMHCTBA: OaKTEPUIMIHOE
JeiicTBre U Oe3BpeIHOCTh JUIst Moaei. Bo3myx, obpado-
TaHHBIA 3TUM PacTBOPOM, UMEET BBHICOKYIO CTEIICHb CTe-
pUIM3alMK — B OCYIIEHHOM BO3JyXe€ CHH)KEHHE COJAEp-
KaHWA MHMKpPOOPTaHU3MOB MOXET gocturate 97%. s
BogHoro pactBopa LiCl xapakTepHbl criocoOHOCTH a0-
cOpOMpOBaTh BpPE/HbIE 3alaXxH, BO3MOKHOCTh 3HAYHTEIb-
HOT'O CHWIKEHHMS BJIAroCoJiepyKaHus OCYIIaeMOro BO3yXa
W MIMPOKHUI Trana3on pabounx mapamerpos [1-5]. Hemo-
CTaTKOM PacTBOPa XJIOPUCTOTO JINTHS SBISIETCSI KOPPO3H-
OHHOE JICHCTBHE HA METAILIbI, YTO TpeOyeT NPUMEHEHHUS
CIEIMAIBHBIX MMOKPBITHH MOBEPXHOCTEH WM BBEACHUS B
pactBOp MHruOuTOpoB. Hammyumeil norsomatormei cro-
COOHOCTBIO M3 TEPEUUCIICHHBIX BbIIIE a0COpOEHTOB 00-
najaeT BOMHBINA pacTtBop Gpomwmcroro smtust (LiBr). Oxn-
HaKO OH arpecCHBEH 110 OTHOLICHHUIO K MeTajulaM U JIpy-
MM MaTephajiaM M JIOpOXKe, YeM PACTBOP XJIOPUCTOTO
nutusi.  PactBop  OpOMHCTOrO  JIMTHS — HOJYYHI
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ConHeuvHas cuctema CCKB c Bosgyxooxnagutenem HAOr
Solar liquid-desiccant air conditioning systems (Solar / IECQ)
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Pucynox 1 — Ananu3 BO3MOXHOCTEHN COJIHEUHOM crcTeMbl KoHAUIMOHUpoBaHus Bo3ayxa CCKB; pacuerHas
cxeMma (b, obo3HaueHHs B TEKCTE) U MpoTeKaHue mporeccoB Ha H-X muarpamMme BiaxHOTO Bo3nyxa (A). Biu-
SITHME TEMIIEPaTypbl HAPY>KHOTO BO3/1yXa
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ConHeuvHas cuctema CCKB c Bosgyxooxnagutenem HAOr
Solar liquid-desiccant air conditioning systems (Solar / IECQ)

OTHOCUTEenbHasa BNaxHoOCTb, %

60%

80%

t', 26,5°C

H 10% 40%
0 ~ s 35°C, X's 10 rhr Itf(?I,SOCI Xt l 20 lr/KrJ/
- L1 B » X'B B
2 I tﬁg}i D ) I
i PO}~ 1 B
NN R R
S ~ Nt t's 35°C, x'g 15 r/kr <
S\ SL S < r
30 NP EAR%RN X§\ ) 4 §>§
X N\ Zo¥ N N . 1 éx-
> P B NP SRR
NN B S s R [
3 :\ Y \\ N T = - d N
' \ < <L NN 1 0
20 A AL < REH 1, 20,2°C
\/ é S e éﬁ N
MNP _
30Ha KOMOPTHbIX /K, Al
napameTpoB Bo3dyxa [X ><§ _{f J ', 13,0°C 70
R WARNAAY, e \ .
(KD |
5 t L
/ J =750 B1/kB.M
abcopbeHT LiBr+
0 HavarnbHble napameTpei
Bo3ayxa: 50
= /| A t'g 35°C, x'g 20 r/kr;
B. t's 35°C, x'g 15 r/kr;
B. tlg 3500, xlg 10 r/kr
-10 !
\?\ AHTanbnus, KOXK/Kr
15 ] 1 : AN
X'+ < 12,5 r/kr 30
100% \1 |\l I |\l | BnarocoaepxaHue, r/kr
.20 — 1N . - ! N y y P —

Pucynox 2 — AHanu3 BO3MOXKHOCTEH COJIHEUHOW CHUCTeMBbl KOHAuIMoHupoBanus Boznyxa CCKB; mpoteka-
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HHUEC IPOLECCOB Ha H-X AdarpaMme BJIQXKHOT'O BO3yXa. Bausnaue BJIAroCcoACpKaHrs HAPYIKHOI'O BO3AyXa.

Iokazansl mporneccsl: 1-2 — ocymenue Bo3nyxa B abcopoepe ABP; 2-3 — oxnaknenne ocHoBHOTO «O» BO3-
nymHoro notoka B HUOT; 2-4 — oxyaxk/ieHHe W yBIaKHEHHE BCIIOMOTaTeNIbHOTO «B» BO3AyIIHOTO ITOTOKA B

HUOr
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HauOoJblIee paclpocTpaHeHne B KadecTBe paboyero Te-
Jla B 3aKpPBITBIX a0COPOLMOHHBIX cucTeMax. JlaHHbIe MO
TerI0(U3NYECKUM CBOMCTBAM PacTBOpa B IIMPOKOM JUa-
Na3oHe MapaMeTpoB OBUIM MOJYYEHBl MO PacUeTHBIM
dopmynam, npuBeAeHHBIM B pabotax [1-2, 8-9]. ns mo-
cTiokeHns Tpedyemoit apmkymei curel B CXC u CCKB
TpeOyeMmast koHmeHTpanus LiBr momxna coctaBmats 60-
65%, T.e. IMHUS TIpolecca HAXOIUTCS OYEHb OJHM3KO K
JIMHUM KpUCTaNIM3allud B HHTepBase Temmeparyp 30-
60°C. B cBs3u ¢ 3THM B HacTosiliee BpeMs pa3pabarbiBa-
IOTCS HOBBIE MHOTOKOMIOHEHTHBIE pPabodne BeIecTBa
(KOMITO3HTHI), COEpIKAIIAE COCTABILIOIINE, YBEININBA-
IOIIME PACTBOPHMOCTh M CHIDKAIOIIUE KOPPO3HOHHYIO
aKTUBHOCTh. B kauecTBe 100aBOK ucmonb3yroTces LiNOg,
ZnCl,, CaBr,, Lil u apyrue cocrasmstomue. Ha ocHoBa-
HUM BBIIIOJIHEHHOT'O aHalM3a MOXHO CJIeNaTh BBIBOJ O
MepPCIIEKTHBHOCTH HCIOJIb30BaHus pacTBopoB LiBr B ka-
4YecTBe PabOYMX BEIIECTB B COJNHEYHBIX albTEePHATUBHBIX
CHCTEMaX; OPUEHTHPOBOYHO paboumii MHTEpBaJI KOHICH-
Tpanuit 3Toro pactBopa coctapiset 60-65%.

Anaym3 ocHoBHBIX BapuanTtoB CCKB. Ha pucys-
kax 1-3, Ha OCHOBAaHMHM MOJYYEHHBIX PE3YJIBTATOB IO (-
(DEeKTHBHOCTH TPOLIECCOB B OCHOBHBIX JJIEMEHTAaX COJI-
HEYHBIX CHCTEM, NPHUBEICH AaHAIN3 INPHHIUIHAIBHBIX
Bo3MOXkHOCcTel paspaboranHbix CCKB (¢dopmyna JIBP-
ABP-HHOr) B 3aBHCUMOCTH OT HadajJbHBIX MapamMeTpoB
HAPYXKHOTO BO3AyXa: €ro Temmepatypsl t'y = 30, 35 u
40°C, npu X' = 15 /kr (prc. 1) 1 BIarocomepxanus X'g
=10, 15 u 20 r/kr, npu t's = 35°C (pucynok 2). Ilporec-
CBI, IPOTEKAIOIIHNE B OCHOBHBIX 3JIEMEHTaX CHCTEM IOKa-
3aHpl Ha H-X numarpamme BirakHOTO BO3myxa: 1-2 — ocy-
mieHne Bo3myxa B abcopOepe ABP; 2-3 — oxmaxmeHme
ocHOBHOTO «O» M 2-4 — OXJIaXXICHHE M YBIAXHEHHE
BcrioMoraTesbHoro «B» BozaymHbeix notokoB B HUOTr.
OTH yCIIOBHSI OXBATBIBAIOT BCIO TeppuTopHio EBpomsl, n
CYIIECTBEHHO MPEBBIIIAIOT MPEACIbHbIC BEJIMYHHBI Bia-
TOCOACPKAHUS U TeMIepaTypbl A YKpauHbl. MO>XHO
clenaTh BBIBOIBI: BIMSHHE HAYaIbHOH TeMIeparypbl
BO31yxa Ha Bxoze B CCKB mpu x' 15 r/xr (puc. 1):

A. t'5 30°C, Ax = 8,0 r/xk, to = 21°C, t5 = 20°C;
B. t'5 35°C, Ax = 7,0 r/kr, to = 24°C, tg = 23°C;
B. t'5 40°C, Ax = 6,0 r/kr, to = 27.7°C, tg = 26,8°C;

D¢ hekTHBHOCTh OXJIAXKIICHHSI BO3IYITHOTO IMOTOKA
Eo B cpennem cocrapnsier 0,7, HECKONBKO CHHXKAasACh C
MTOHMKCHNEM HadaJbHOM TeMIIepaTypsl tlr; OJTHOBPEMEH-
HO BO3PACTaeT U CTENEHb OCYIICHHSI BO3IYIIIHOTO TIOTOKA.
BivsiHne HadanpbHOTO BIIATOCOJAEPIKAHUS BO3JyXa Ha
xozie B CCKB mpu t'y 35°C (pucynox 2):

A. x'g 10 r/xr, Ax = 6,0 r/kr, to = 20°C, tg = 19,5°C;
B. x*5 15 1/kr; Ax = 7,0 /KT, to = 24°C, tg = 23,0°C;
B. x'p 20 r/kr, Ax = 8,0 r/kr, to = 26.5°C, tg = 26,0°C;

Hckimouas 001acTh BBICOKMX BIIAroCOJCp)KaHUN U
TEMIIEpaTyp Hapy)XHOTO BO3/yXa COJHEYHas CHCTeMa
CCKB obecrieunBaer mojy4eHre KOM(POPTHBIX ITapamMeT-
POB, TIPH CYIISCTBEHHOM 3KOHOMHUH dHeprun (1o 35-40%
cpaBHuTenbHO ¢ TpamuimonHod CKB Ha ocHOBe mapo-
KOMITPECCHOHHOTO XOJOAMIBHOTrO arperata. [Ipu HU3KHX
3HAUEHMSX BJIATOCOJIEPKAHUSI HAPYKHOTO BO3JyXa CTe-

IIeHb OCYLIEHUs BO3/lyXa B abcopOepe MOXKET OBbITh CHU-
KEHa, MO0 M3MEHEHHEM pacxoja W KOHIEHTpauuu ao-
copOeHTa, MO0 YBEIMYCHHUEM KOJHMYECTBA 00pabaThiBa-
emoro (ocymraemoro B ABP) Bo3myxa. Dto obecrednt
nojiepkanie KOM(OPTHBIX MapaMeTpoB BO3AyXa B IO-
MeIIeHuH (30Ha KOM(pOPTHBIX apaMeTPOB BO3IyXa ITOKa-
3aHa Ha JUarpaMme) W JOTOJIHUTEIBHYI0 3KOHOMHIO
sHepruu. Pemienue 3agaun As BBICOKMX 3HAYEHUM xlB =
20 r/kr u t'y = 40°C (cMm. puc. 1 u 2) MOXeT Jiexarb Ha
JIOTIOJTHUTEIFHOM HCIOJB30BAHUU BO3IyX0-BO3AYIIHOTO
TEIUIOOOMEHHUKA, YCTaHABIMBAEMOTO MeExay abcopbe-
poMm ABP u ncnapurensasim oxnaautesnem HUOr B koTo-
POM BBIOPOCHOM XOJIOJHBINH M YBIIQ)KHEHHBIH BO3JIyLIHBIN
moTok «By», mokugarommii HUOr, obecreunt oxmaxe-
HHE OCYIICHHOro Bo3ayxa mnocie abcopbepa. DTo He-
CKOJIBKO YCJIOKHSIET CUCTEMY M YBEIMYMBaeT dHEprosa-
TpaThl Ha ABIDKEHHME TemioHocuTeneil. Taxoe pemieHue
ONarompUATHO C TOYKH 3PEHUS ONMACHOCTH pPEKOHIEHCA-
WU BIIATd M CYIIECTBEHHOTO MaaeHUS 3((HEeKTUBHOCTH,
MIPUYEM 3Ta OMACHOCTh 3HAYUTEIFHO BO3PACTACT C MOHU-
JKeHHeM obmiero ypoBHs oxmaxuaeHus [1, 14]. B psge
CIIyJacB ONTHMAJbHO FWCIIONB30BAaHME TOTCHIMANA pe-
LUPKYISALMOHHOTO BO3AYLIHOTO MOTOKA, MOKHIAIOIIErO
KOHJIUITMOHUPYEMOE ITOMEIIICHHUE.

Ha pucynke 3 BBINOJHEH aHalM3 CPaBHUTEIBHBIX
Bo3mokHocTe CCKB nHa ocroBe MO HempsiMoro Tuma
HHNOr u HUO-Rr. B HMNO perenepatusnoro tuna HUO-
Rr paznenenue BO3IYIIHOTO MOTOKAa HAa OCHOBHOM «O»
(«TIpOIYKTOBEI») W BCIIOMOTATENBHBIN «By», obecreun-
Batommii TeruiomacoodMeH B cimoe ITH mpm Hemocpen-
CTBCHHOM KOHTaKTE C PEHUPKYIHPYIOMICH BOIOH, IPOHC-
XOIHT TOCTIE OXJIAXKICHHS IMMOJIHOTO BO3IYIIHOTO TOTOKA
IIPU €r0 HEU3MEHHOM BIIATOCOJCPKAHUU B «OCHOBHBIX)
kamanax TMA (cM. pucysok 3B). IMomyueno (t's 35°C,
X' 15 r/kr):

ABP — HHMOTr: Ax = 7,0 r/k, to = 24°C, t5 = 23°C;
o5 = 90%;

ABP — HUO-Rr: Ax = 7,0 r/kr, to
tg = 25,8°C; g = 100%

=16,5°C

Crnenyer Nog4epKHYTH [jBa OOCTOSITEIILCTBA: COIYT-
crBytommii cxeme ¢ HUO-Rr poct 3meproszarpar (uepes
KaHanbl Ui otoka «O» 3/1ech MPOKAYNBAECTCS MOITHBINA
BO3/YLIHBIA MOTOK «II»), N OMACHOCTh «PEKOHCHCAIINNY
BJard M3 BCIIOMOTATEJBHOTO BO3IYIIHOTO IMOTOKa «B»
(mporiecc 3* - 4* hakTHUECKM NPOTEKAET MO KPUBOI (@ =
100%), 4YTO MOET CYIIECTBEHHBIM O00Opa30M CHH3UTH
3¢ G eKTHBHOCTH IpoIiecca.

I11. PASPABOTKA U AHAJIN3 XAPAKTEPUCTHUK
U BO3MOXHOCTEM COJHEYHBIX XOJIO-
JUJIBHBIX CUCTEM CXC

Ananuz Bo3MokHOCTel paszpadoranHbix CXC npu-
BeJieH Ha pucyHkax 4 u 6. IIpoueccsl, mpoTekaromue B
OCHOBHBIX 3JIEMEHTaX cHcTeM, nokasanel Ha H-X nua-
rpamMMme BIaXHOTO Bo3nyxa. Ha pucynke 4 amamm3 CXC
BBITIOJTHEH JUTsI HAYAJIbHBIX BJIArOCOAEPKaHUH HAPY)KHOTO
Bosayxa 20, 15 u 10 r/kr, npu temmeparype 35°C. B
CpeIHeM, Benn4uHa X, = 15 1/Kr xapakTepHa A KPyTio-
rogmyHo  okcmmyatammn CXC  Ha  YkpaumHe.
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Pucynox 3 — AHanu3 BO3MOXXHOCTEH COJTHEYHOH cHCTeMBl KOHIUIMOHMpoBaHUS Bo3nyxa CCKB; mpoteka-
Hue npoueccoB Ha H-X nuarpamme BnakHoro Bo3ayxa (A). CpaBHutensHble Bo3MoxxHocTH CCKB Ha ocHOBE
HUOT (pucynok 1b) n HUO-Rr (pucyHok 3b). O603HaueHust B TEKCTE CTAThH
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Pucynox 4 — AHanu3 BO3MOXHOCTEH CONHEYHOH XonomwibHOU cuctembl CXC; mpoTekaHHe MpOIEeCCOB Ha
H-X nnarpamme. [Ipuanunuansraas cxema CXC. BiusiHue BiarocoziepskaHusi Hapy>KHOTo Bo3ayxa. O6o3Haue-
HUS: 1-2 — ocymieHue Bo3ayxa; 2-3 — oxJlaKAeHHe OCHOBHOTO «O» M BCIIOMOTaTeNIbHOTO «B» BO3MyHIHBIX IT0-
TokoB B HUOT; 2-6 — n3MeHeHne cOCTOSIHUS BO3YIIHOTO ITOTOKA B I'PaJIupHE, B COOTBETCTBUH C BapHaHTaMu
paGotsr CXC (6% - 6°); 8' — 8% — 8° — 8" — 8° Temmeparypa oxmnakaenHoit Bogs B HUOX, B COOTBETCTBHH CO
cxemoit CXC, 3TH TOYKHU MMOKa3aHbI yCIIOBHO Ha ¢ = 100%)
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BennuuHa HauanbHOrO BIAroCOAEp:KaHWUS BO3AyXa
Ha Bxoze B CXC (mpu t'g 35°C) okasbiBaeT onpesessio-
iee BIUsIHUE Ha 3((GEKTHBHOCTH Mpolecca UCIapUTelb-
Horo oxnaxaenus Boasl B HUOx (pucynok 4). PaccmoT-
PEHBI OCHOBHBIE BapuaHThl padotel CXC:

®opmyna CXC: HUO:x:
A. x'g 20 t/xr; £, = 30,5°C (1ipm t',, s = 26,5°C).

®opmyna CXC: ABP — HUOx:

A. xlB 20 r/kr, Ax = 8,0 r/kr, . = 26.0°C (Touka 82,
npn thy, i = 26,5°C); tgp = 32,0°C, @pp = 85% (Touxa 62);

B. x'3 15 r/kr; Ax = 7,0 r/xr, ﬁLK =22.0°C (Touka 8,
put t'y, s = 24,0°C); tys = 29,5°C, @ = 90% (Touka 6°);

B. x's 10 r/kr, Ax = 6,0 r/kr, tzl( = 19.0°C (rouxa 8,
npu t', yg = 20,0°C, t', = 13,0°C); tgp = 27,0°C, qpp =
95% (touka 6%).

HomnonauTtensHo Obuta paccmMoTrpeHa CXC mo ¢op-
myne: ABP — HUOr — HHUO:x (ocymenssiii B AGP
BO3JYIIHBIA MOTOK nepen noctymienuem B HUOx oxia-
maercs kak ocHoBHOU «O» B HHOT):

B*. x!3 10 r/kr, Ax = 6,0 r/kr; to = 20°C, tg
19,5°C; %, = 13.0°C (rouxa 8°, mpu t',, yg = 20,0°C, t',
13,0°C); tgg = 16.5°C, @pg = 100% (Touka 6°).

Conneunas abcopbunonHas cucrema CXC, perieH-
Has 1o ¢opmyne ABP — HMOx obGecneuynBaer oxia-
KIICHWE BOIBI HIXKE TEMIIEpaTyphl Hapy>KHOTO BO3IyXa
0 MOKPOMY TE€PMOMETPY, 3HAUUTEIHHO PACIINpSA BO3-
MOXHOCTh TPAaKTUYECKOTO HCIIOIb30BaHMS METOJOB HC-
MIapUTENbHOTO OXJaxneHus cpexn. Ilocnexnuii BapmanT
CXC (ABP — HHMOr — HHOx) ocHOBaH Ha HCIIOJIb30-
BaHUU IPOMEXXYTOYHOTO OXJIXKJCHHUS BO3AYXa, OCYIICH-
Horo B abcopbepe mepes ero MOoCTyIUIEHHEM B BOJIOOXJIa-
qutenb. Comnednas CXC obecredunBaeT OXJIaxaAEHHUE
Bozbl B HUO% 110 TOUKH pOCH HAPYKHOTO BO3AyXa.

Bo3ayx mokumaeT MpOAYKTOBYIO TpaiupHIO, pabo-
TAIONIYI0 Ha HU3KOM TEMIIEPaTypHOM YpPOBHE B COCTOSI-
HUH, OJIM3KOM K HACBIIICHUIO U TPU JTOCTATOYHO HHU3KHUX
TEMIIepaTypax, YTO IIO3BOJISIET HCIIOJB30BATh €ro JuIs
MIPEABAPUTEIHHOTO OXJIAXK/ICHNS OCYIIEHHOTO BO3YIIHO-
TO TI0TOKa, MOKKUAAoNIero abcopoep. ITo Mo3BOIISIET, IPU
TOH ’xe cTeneHu ocyweHus Bo3ayxa B AIIH, momyunts
JIOTIOJTHUTEIBHOE CHIDKEHHE TeMIIepaTyphl XOJOJHON
BOJIBL.

Bapuanr CXC* c¢ oxnaxaeHueM abcopbepa ABP
gacTeio oxJaxaeHHod B HMOx Boasl mpuBeneH Ha pu-
cynke 6 (¢ ammaparypueiM odopmienuem CXC, pucy-
HOk 5). Takoe pelieHre MO3BOJSIET BOOOINE HCKITFOUUTH
U3 CXEMbI OCYIIMTEIBHOTO KOHTYpa T'PaJUpHIO TEXHOJIO-
ruyeckoro HazHaueHus ['TIHT, oGcnyxuBaronryto adcop-
Oep M CHHM3WTH TEMIepaTypHBIH ypoBeHb Ipoliecca ad-
copOIMy BOJSIHEIX MApoB, YTO BEJET K MOBBIMIECHUIO (-
¢exTrBHOCTH 3TOTO Tponecca. Ha puc. 6 B mome H-X
JMarpaMMBbl  BIIQXKHOTO BO3JyXa IIOKa3aHO IPOTEKaHHE
mnpoueccoB B paccMatpuBaeMoM Bapuante CXC. CpasHe-
HHUE MPOIecCOB ocymeHus Bo3ayxa | —2 u 1 — 2% moxa-
3bIBaeT POCT 3(P(PEKTUBHOCTH OCYIICHHS BO3AyXa M J0-
MTOJTHUTEIBHOE pPacIINpeHHe TTyONHBI 30HBI OXJIAKICHUS
3a CYeT CHIDKEHHS TEMIIepPaTyphbl OCYIIEHHOTO BO3AYIIHO-
ro MOTOKA (CHWKACTCS BENMYMHA t. Jlis ABYX CpaBHH-

Baembix BapuanToB (CXC mo pucynky 4 u CXC* no pu-
CYHKY 5), ¢ o0brunoi (opmynoit ABP — HUOx (mpo-
necc 1 —2) 1 UCTIoJIb30BaHUEM YaCTH OXJIaXAECHHON BOJBI
U3 MPOXYKTOBOH rpaaupHu anst oxiaxnenus ABP, dop-
myna CXC* (1 — 2*) monydyeHo (tlB 35°C, x'5 10 /KT):

CXC: Ax = 6,0 r/xr, t%, = 19.0°C (touxa 8°); tgp =
27,5°C, opg = 90% (TouKa 62);
CXC*; Ax = 7,3 r/kr, f

26,0°C, @ = 95% (Touxa 6°).

= 14.5°C (touka 8%); typ

JlononHuTeNbHO, VIS YCIOBUIt t's 30°C, x'g 8 r/kr
it cxembl CXC* monydeHo:

Ax = 7,6 r/xr, t = 10.0°C (touka 8°7); tgg =
24,0°C, gg = 100% (touxa 6°)

Crnenyer oTMETHTh IpOTEKaHHE Mpollecca HU3MEHe-
HUS cocTosHUA Bo3nyxa B HOx B mocneaHeM BapHaHTe
CXC HenocpeacTBEHHO MO KPUBOM HACBIILIEHHUS, YTO MO-
XKET MPUBOAUTH K «PEKOHACHCALMI» BOASHBIX MapoB U
CHIDKCHHIO 3 (EKTHBHOCTH.

OCHOBHBIE TOJYyYCHHBIE PE3YJIBTATHl WILTIOCTPUPY-
IOTCSL Ha PUCYHKe 7. BUIHO, Kak CHIDKEHHE BJIarocojaep-
JKaHMA BO3JyXa 3HAYUTEIBHO CHIKAET JOCTUTaeMYIO
TEMIIEPATYpy OXJIAXKACHHON BOAbl (pucyHok 7A). U3
rpaguka Ha pucyHkKe /b ciieayer, 4TO MakcHMalbHas
3¢ PEKTUBHOCTh OXJIAXKACHHs XapaKTepHa AJsl BapuaHTta
CXC*. Cnenyer OTMETUTbH, YTO B TAKOM PELICHUH CHH-
’)kaeTcst npousBoauTenpHOocTh CXC Mo «npoayKTOBOMD)
BOJIC.

IV. CPABHUTEJBHBIA DKOJIOTMTYECKHI AHA-
JIN3 AJIBTEPHATUBHbBIX CUCTEM KOH/JUIIU-
OHUPOBAHHA BO3JAYXA HA OCHOBE OCY-
MUTEJBHO-UCITAPUTEJIBHOI'O ITUKJIA

B pabotre mocnemoBaTeIbHO BBIIOIHAJIACH OLIEHKA
OCHOBHBIX KPHUTEPHEB IS TPeX CTAJUH IOJHOTO KH3-
HeHHoro nukia (IDKIL) paspabdoranneix CCKB: cramuu
NPOM3BO/CTBA, SKCIUTyaTallud W yTHIN3aIMU. BrimoHe-
HHUe aHanm3a ¢ noMomso Merona IDKII [1, 5] mo3somser
MPOAHATU3NUPOBATh BCE CTAAHH TPEX CpPaBHUBACMBIX
YCTaHOBOK, TPAJUIIMOHHOTO THIA — MapOKOMITPECCHOH-
Hoit CKB, u aByx anprepHatuBHbix BapuaHtoB CCKB
(tabmuna 1), y4uThIBas MPOMU3BOJCTBO MAaTepUaOB CH-
CTEMBI, XJaJareHTa, a TakXKe YNPOIICHHBIE MPOU3BOJ-
CTBEHHBIE Mpolecchl Tpu coszganuu oboux CKB. Ilpu
aHaJM3e HE paccMaTpUBalach CHUCTEMa BO3IyXOBOJIOB
(cucrema pacmpesefieHHs MOTOKOB BO3/AyXa M BOJBI) B
KOHIUIIMOHHPYEMOM 3/IaHHH, MOCKOJIBKY AJIS BCEX CPaB-
HUBAEMBIX CHCTEM OHA WACHTUYHA.

AHanu3 ypoBHsS BBHIOPOCOB BpEIHBIX BEIIECTB Ha
CTaJuM MPOU3BOJCTBA CUCTEMBl OCHOBaH Ha MOJHOM
JKM3HEHHOM LIUKJIE MaTEpUaIOB, a 3TO 03HAUaT, YTO dHEp-
ro3arparsl Ha MPOU3BOACTBO MaTEPUAIOB SBISIOTCS CyM-
MOH 3Hepros3arpar Ha IoJy4eHHe, 00paboTKy, MOJArOTOB-
Ky ¥ TPaHCHOPTUPOBKY COOTBETCTBYIOIUX MaTEpPHUAIIOB.
JUis BBITIOJTHEHWS aHaiIW3a HEOOXOAWMO 3HATh BUABI H
MaccChl MaTepPHaIoOB, U3 KOTOPBIX U3TOTOBIIEHA cucTeMa. B
tabnuue 1 mpencTaBiIeHB OCHOBHBIE JaHHBIE IO CTPYK-
Type MaTepHaIbHBIX 3aTpaT Ha CO3/IaHHE BCEX TPEX CpaB-
HuUBaeMbIX yctaHoBoK CKB, Maccel MaTepuasnos, a Takxe.
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Tabnuya 1 — TexHUYecKUE XapaKTEPUCTUKU CpaBHHMBaeMbIX TpaguunoHHoii CKB m ocymmuTenbHO-HCIapUTENbHOM

CCKB
Tpaanunonnas AJIbTepHATHBHBIE COJTHEYHBIE
TexHu4yeckne XapaKTepUCTHKH cucrema CKB OCYIINTEILHO-HCTIAPHUTEIBLHbIE
paccMaTpuBaeMbIX CHCTEM (6030yuiHbLL KOHOUYUO- CCKB
XOJIOIOTIPOU3BOAUTEIHLHOCTh COCTAB 'AAE/CAEN-51
(xomozo p?w;T:pﬂnan Becc;c coctas, Z;‘z ugeo ()cﬁm @pcsml- CCKB na ocnoBe | CCKB na ocHoBe
’ TMA c ITH ciioem | TMA ¢ ITHT-x
yu)
Hacaaku [10-11] | caoem macagxu
X0I010TIPON3BOIUTENEHOCTE, KBT 14.3 14.0 14.0
Kommpeccop:
Kopnyc (crans 45), kr 45.0 - -
IIpoBona (Mexp), KT 2.3
Bentunsrop:
JBurarens (craib 45), kr 6.0 3.6x2 3.6x2
Nwmnennep (aMOMUHMIA), KT 2.0 2.6x2 2.6x2
IIpoBona (Mexp), KT 1.1 2.3 2.3
JKukocTHBIE HACOCHI:
JBurarens (ctaib 45), kr - 1.6x2 1.6x2
IIpoBona (menp), KT 25 25
Bozaymnsnii kouaencatop XM: Kopnyc (ctans
45), xr 6.9
Péopa (anroMuHuMit), KT 9.0 B B
TpyOxu (Menp), KT 9.3
Boznyxooxmagutens (Mcnapurens) XM:
Koprmryc (crans 45), xr 54
Péopa (anroMuHuMi), KT 7.9 — -
TpyOku (Mens), KT 8.6
Xnamarent (R22), xr 4.0
Ocymurens Bo3ayxa:
Koprmryc (crans 45), kr 15
ANIOMMHUMN, KT 3.7 B -
Mens, kr 4.0
ITaporeneparop
(HeprkaBeromas CTalb), KT 20.0 — -
®WILTp, paMKa, SIEMEHTH! GUIBTPa (CTAIb), KT 100.5 94.2 94.2
Hecopbep:
—nacazka ITH, xr; 55 6.5
— Kpere)kHas pama, KT 15.0 15.0
TermooOMeHHUK K JiecopOepy (BO3AYLIHBII
12.0 -
notok — ropsigas Bozxa ot CCI'B), xr
Abcopbep:
— nacanka ITH, kr; - 55 6.5
— KpernexHas pama, Kr 15.0 15.0
TermooOMeHHUK K abcopOepy (BO3AYLIHBIH
12.0 -
MOTOK — XosogHast Boaa ot I'TTHT), kr
HUO: (HUOT)
— Hacajnka [TH, kr; - 4.0 4.0
— Kperne)kHas pama, KT 2.0 2.0
I'papupnsa I'TIHT:
— Hacanka ITH, xr; - 5.0 5.0
— Kpeme)kHas pama, KT 125 12.5
TernnooOMeHHUKH KUAKOCTh-)KUIKOCTh, MEb 3 15x2 15x2
(2 wr.), kT
JIECSITh CKx, | nmecsthb CKx,
ConHe4HbIE JKUIKOCTHBIE KOJUIEKTOPBI, KT - TUIOMARDbI0 - KA | IVIOMMAAPI0 - vl
neii B 2.0 xB.M., | mpiii B 2.0 KB.M.,
70 xr 70 xr
O61mmii Bec 251.5 284.6.6 260.0
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Po3sgin 2. EHepreTuka Ta eHepro3bepexxeHHst

ConHeyvHas cuctema c sogooxrnaguternem HAOx
Solar liquid-desiccant cooling systems (Solar / IECw)
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Pucynok 5 — [lpuHIUNIHaIbHAS CXEMa COJIHEYHOW aOCOPOIIMOHHON CUCTEMBI C BOJJOOXJIaIUTEIIEM HEIPSMOTO
tunia HUOx (7) B oxnamutensHoM KoHTYpe (hopmyna JIBP-ABP-HUOx); oxnaxnenne abcopbepa obdecrie-
4yrBaeT 4acTh oxnaxaeHHord B HOx Boabl. O003HAYEHUS MPUBEICHBI B TEKCTE
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Pucynok 6 — Aranm3 Bo3MOXHOCTEH comHedHO# XomommnbHo# cucteMbl CXC (mpuam. cxema CXC npuBeneHa
Ha pucyHke 5b. Oxnaxjenue abcopbepa obecneunBaeT yacth oxiaxaeHHoi B HMOk BoJbI); MpOTEKaHUe
npoueccos Ha H-X nuarpamme.

O0o3Hauenus: 1-2 — ocymeHne Bo3ayxa; 2-6 — H3MEHEHUE COCTOSHMS BO3IYIIHOIO IIOTOKA B IPaJIMPHE, B COOT-

1 g2 g2* .
BETCTBHHU ¢ BapuanToM pabotel CXC; 8" — 8° — 8° — temmeparypa oxmaxaeaHoi Boasl B HUOX, B COOTBETCT-
BUU c paccmaTpuBaeMoil cxemoit CXC
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Po3sgin 2. EHepreTuka Ta eHepro3bepexxeHHst

MOII[HOCTH KOMIIPECCOpa, BEHTHIIATOPA U BOASIHOTO HACO-
ca.

Jnst cpaBHeHHs ObLT B3ST KPBIMIHBIA KOHIUIIMOHED
¢pannysckoro mpoussoactea CAAE/CAEN — 51, rtak
4TOOBl  XOJIOZOIPOU3BOJUTENLHOCTE Yy CPaBHHBAaeMbIX
BapumantoB CKB  Oputla mpumepHO — OOMHAKOBOU
(14.0 xBT). Marepuansi, U3 KOTOPBIX COCTOSIT paccMmar-
pHBaeMbIE CHCTEMBI, MPOU3BOIITCS B PA3IMUYHBIX CTpa-
Hax. [lomy4nTs Hazme)XHBIC TaHHBIC IO 3aTpaTaM Ha MPO-
M3BOJICTBO HEPTHH M IMHUCCHU BPETHBIX BEUIECTB B Pa3-
JMYHBIX HpoIEeccax B Pa3sHBIX CTpaHaxX AOCTATOYHO MPO-
6nemarnuHo. [1odTOMY, MpH BBINOJIHEHWHM aHANW3a, HC-
MOJIb30BAINCH JITAaHHBIE 0 BBIOpOCAM B Pa3HBIX IpOLEC-
cax, Kak cpefHue A ctpad EBpocoros3a (OHU mpencTaBs-
nensl B mporpamme “SIMAPRO-6”, ¢ ucnonszoBanuem
KOTOPOH M BBINOJHSJICS aHanu3). Tak Kak OCHOBHOH Iie-
TbE0 paboTHI siBisiercs: cpaBHeHne CKB TpagunmoHHoOTO 1
aNbTEPHATHBHBIX THUIIOB, TO TPHHATOE MOMYyIICHHE HE
CKa)KeTCs Ha Ka4EeCTBE aHAIN3a W NPABUIBHOCTH ClIEJIaH-
HBIX BBIBOJIOB. DTO O3HAYACT, YTO, HECMOTPS Ha peajb-
HYIO CTPYKTYpY NPOU3BOJICTBA JIEKTPOIHEPTHH B CTPaHE
MIPOM3BOIUTENE KOHKPETHBIX MaTE€PHalIOB, IIPH BHIMOJIHE-
HUH aHAIM3a YYUTHIBAIUCH BPEIHBIC BBIOPOCHI, COOTBET-
CTBYIOIIME TIPOU3BOACTBY 3HEPIUU B cTpaHax EBpocoro-
3a. BeIOpOCH! TIpH MOBTOPHOM MCHOJB30BAHUU U YTHUIU-
3allMd MaTepHajoB NPUHUMAIUCh TaKUMH XKe, KaKk B
cpenneM mo ctpanam EC.

Cranpus npomsBoiacTBa cpaBHuBaeMbix CKB n
CCKB. B craguu mpou3BOJCTBA YYUTHIBAETCS BIUSHHUE
CJIEAYIONINX MPOLECCOB: HOOBIYH CHIPBs (BKIIOUYAs JOObI-
gy He()TH M Ta3a AJsl MPOU3BOJCTBA IUIACTMACC); METal-
JIOB; MPOM3BOJICTBA MAaTEPHAIOB (HAIPHUMEp, IUIACTMAcc
JUIl M3TOTOBJIEHHUA Hacagkd TMA); mpou3BOACTBA pas-
mnanblx getaneid CKB, ux cOOpkHM m TpaHCIIOPTHPOBKH.
Crnegyer oTMETUTh, YTO, corjacHo Metoaonoruu [DKII, B
JTAHHYIO CTaJIMI0 BKJIIOUYEHO M TIOBTOPHOE MCIIONb30BaHHUE
MetaiioB. B monenu mpunsito, uro 50 % cramu, 40 %
Menu U 30 % anroMUHUS TPOW3BENECHO U3 METaIoioMa
(3TO COOTBETCTBYET CpPEJHHM AAHHBIMHU IO ITOBTOPHOMY
ucrnonb3oBaHuio MarepuanoB B EC). Ha pucynke SA
IIPE/ICTaBICHBl OCHOBHBIE pe3yNbTaThl aHainmu3a. Pacuer
BPEJHOTO BO3JEHCTBHS OLCHUBAJICS C HCIIOJb30BAHHEM
6a3p1 qanHbeIX nporpammel SIMAPRO-6 ¢ yueTom pacxo-
Jla PHEPIMH Ha W3TOTOBJICHWE YCTAaHOBKH U3 PAa3JIMYHBIX
MaTepuasioB (METAJIOB, IUIACTHKOB) M HA MPOHU3BOJCTBO
xnmanarenTa (R22). Kak BuaHO W3 pe3yinbTaToOB aHaIHM3a
CTaIuu CO3/laHUs 00OpyNOBaHMA, IO BCEM KaTErOPHAM
9KOJIOTHUECKOTO Bo3aehcTBus TpaguuuonHas CKB ycry-
nmaer obonm Bapuantam CCKB. Bapumant CCKB, ocHo-
BaHHBII HAa UCIOJb30BaHUU HacalouHbIX cioeB ITHT-k Bo
Bcex TMA oCymIHTENFHOTO U OXJIaIUTENIFHOTO KOHTYPOB
HMEeT JIydllhe I0Ka3aTeld IO OCHOBHBIM IO3UIMAM
«M3menenne knmumaray u «VcTomenue pecypcosy.

Cragus JKCILIyaTAlMM CPABHHUBAEMBIX CHCTEM.
Ha cragun sxcrnyatanuu CKB yuuTeiBaroTCst 3HEpromo-
TpebiieHne cucteM (C y4eToM CTPYKTYpPbl IPOW3BOJCTBA
JJIEKTPOIHEPTUU B YKpauHe: TEIUIOBBIE AIEKTPOCTAHINH
— 49 %, aToMHbIe daeKTpocTaHu — 43% U TUAPOIHEP-
retuka — 8%) M yTeuek XjajareHTa (IpUHIMaeM yTeuKH
xnangarenta 3% or ero oOmieit Maccel B TOJ JJIs Mapo-
komnpeccnorHoit CKB). IlorpebiieHus 3IeKTpOIHEpTHH
KOMIIPECCOPOM, BEHTWJISTOPOM M BOJSHBIM HACOCOM 3a

Bpemst 3kcmryatanuy CKB komuMuecTBEeHHO oInpeneseHsbl
C HCIOJIb30BaHUEM TEPMOAMHAMUUYECKUX BBIUUCICHUH C
ydeToM THpo(dwiis HArpy3Kd 3a CYTKH (IIPH BBIYHCIICHHU
BEITMYUHBI 3TON HArpy3Kd Mpearonarajoch, 4YTO MUHU-
ManbHas cyTo4Has npousBogurenasHocts CKB — 20% B
pabodem pexume). Vcnonp3ys maHHBIE MO KIMMaTHUe-
CKUM ycHOBUsIM Uit OZIeCCKOTO PETHOHA B TEUEHHE T0/1a,
YCTAQHOBJICHHYIO XOJIOIONPOU3BOANTEIBHOCTh I KaX-
noit CKB, u, mpuHUMas, 9TO CpemHss MPOIOIDKUTETh-
HOCTB dKCIuTyatanun paccmarpuBaeMbix CKB oxnHakoBa
u paBHa 10 rogam, OB IPOBEIEH aHANU3 MEPUOA IKC-
ryarauun CKB (pucynok 8B), mokazaBumwmii, 4to 1O
BCEM TpPEM KaTeropusM 3KOJOTHUECKOro BO3AeHCTBUSA
tpagunuonHas CKB Tak ke ycTymaeT aJbTepHaTHBHOM.
3nech pa3Hula eme OoJiee CylecTBEHHA, YeM ISl IePUo-
Jla TPOM3BOJCTBA pPacCMaTpUBAEMbIX CUCTEM. BapuaHT
CCKB, oCHOBaHHBIH Ha HCIOJH30BAaHUHM HACAJIOYHBIX
cnoeB IIHT-k Bo Bcex TMA oCylIMTENBHOTO U OXJIaJu-
TEITPHOTO KOHTYPOB HMMEET JIydIIHe IOKa3aTeld IO OC-
HOBHBIM no3uisiM «l3meHenne kiammara» u «Mcromie-
HHE PECYPCOBY.

Cragus yruwiamzauuu CKB. Ilpennonaraercs, 4to
mocje OKOH4YaHWs cpoka skciutyarauuun CKB nemonTH-
pyeTcs ¥ HallpaBisieTcs Ha yTUIHM3ALUI0. MeTalIndecKue
JieTaly OTIIPABISAIOTCS Ha MOBTOPHOE HCIOJIB30BAaHHUE, a
XJIaJareHT MOJ AaBJICHHEM H3BJIEKAaeTCs U TPaHCIOPTH-
pyeTcsl Ha yTHIU3AIMIO (HaIpHUMep, ero pa3pyiarT MH-
POJIN30M C NOJIyYeHHEM B KaueCTBE KOHEYHOI'O NMPOIYKTa
BEIIECTB, COMACPXKAIIMX aprOH, AMOKCHA yriiepoja M BO-
IsHOM map). [pu omeHKe BIHSHUS 3TOW CTanuu Ha obriee
9KOJIOTUYECKOE BO3JICHCTBHE YUNTHIBAJIACh TAKXKE TPAHC-
nopTupoBKa (Ha pacctostare 100 KM 17151 MeTanIonoMa u
300 kM [T yTWIN3AIMU XJIaJareHTa, - 3T0 YCpeIHEHHBIC
mapameTpsl, npuHaTeie 11 EC). Kak BumHO W3 mpuBe-
JICHHBIX pe3ynbTaToB (pucyHok 8B), m Ha 3TOM CcTaguu
NPEUMYIIECTBA COXPAHIIOTCS 32 abTePHATUBHON CHCTe-
MOIL.

JKoJiorHyYecKoe BoO3JeiicTBHE 32 TMOJHBIH KHM3-
HEeHHbI muKI. /(191 0OBEKTUBHOW OIIEHKHM W OKOHYA-
TEJIBHBIX BBIBOJIOB IO TEPCIEKTHBAM TNPHMEHEHHsS TOU
WIN WHOW aJbTEepHATUBHOM CHCTEMBI CIIEIyeT OLEHHTH
9KOJIOTHYECKOe BO3JCHCTBHE 3a MOJHBIH JKU3HEHHBIH
k. OOImee 3KoJOrMYecKoe BO3IEHCTBHE I 00enx
CKB mpencraBneno Ha pucynke 8I'. PesympTaThl BEITION-
HEHHOT'O KOJIOTHYECKOT0 aHaJlu3a TPaJAWUIMOHHON W ajlb-
TEePHATUBHBIX CUCTEM KOHIWIIMOHHPOBAHMS BO31yXa MO3-
BOJIIIOT CENaTh BBIBOJ O MPEUMYIIECTBE COJTHEYHBIX
cucreM. Kak BHIHO M3 BBINOJHEHHOTO HCCICIOBAHMUA,
OCYIIUTEIHHO-UCIIApUTENIbHAS CHCTEMa OKAa3bIBAeT CyIIe-
CTBEHHO MEHbIIIEE BpEJHOE BO3JIEHCTBHE HA OKPYXKaro-
IIYIO Cpely, YeM TPaIUIMOHHAS 10 BCEM CPABHUBAEMBIM
KaTeropusiM.

AnsrepHatuBHas cuctema CCKB npuBoauT k MeHbIlIEMy
HCTOIIEHUIO NPUPOJTHBIX PEecypcoB (B T.4. W IHEprope-
CYpPCOB), YTO TOBOPUT O e¢ OOJBIICH 3HEPreTHYSCKOU
3¢ (GEeKTUBHOCTH W BHOCHT MEHBIIINN BKJIA]] B TNI00ATBHOE
n3MeHeHue knuMata. Ciexyer OTMETUTh, YTO BBICOKas
9HeprodPEeKTUBHOCTh W HU3KHHA BKJIAA B TiI00ambHOE
MOTEIUIEHUE HANpSAMYIO CBS3aHBI JAPYr C JAPYroOM, IIO-
CKOJIbKY HamOONBIINI BKJIAJ B M3MEHEHHE KJIMMaTa BHO-
csaT BeIOpocel CO, OT MOTpebysieMOl 3IEKTPOIHEPTHH.
IToaToMy BBEIOOp  aJbTEPHATHBHOTO  OOOPYIOBaHHS
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ts 35°C, x's 20 r/kr

t's 35°C, x's 15 r/kr

dopmyna CXC:

t's 35°C, x's 10 r/kr
HB — ABP — P

t's 35°C, x's 8 r/kr (2**)

HayanbHble ycrnosus
t's 35°C, x's 10 r/kr

dopmynbl CXC
| |
| |
| |
I I
I I
I
|
|

35 45
t*%, °C

®opmynbl paspaboTaHHbix CXC:

1.HB — I'P[

2. HB — ABP — I'P[;

3. HB — ABP — HNO — P[]

2*n 2**. HB — ABP — 'P[] (CXC¥)

~_

Pucynok 7 — IlpuHIMTIHATBHBIC BO3MOXHOCTU (JIOCTHTa€MBIi YPOBCHb OXJIAXKIICHHSI) Pa3padOTaHHBIX
COJIHEYHBIX XOJIOAUIHHBIX crcTeM CXC Ha OCHOBE OTKPBITOTO aOCOPOIMOHHOTO IHUKJIA, OCHOBAHHBIX HA
Pa3IMYHBIX (OPMYITaX COIHETHOHN XOIOANIBHOIN CHCTEMBI
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I TpagvuvoHHas CKB
[ 1CCKB Ha ocHoee TMA ¢ NH [10]
[___]CCKB Ha ocHose TMA c NHT-k

Pucynox 8 — CpaBHEHHE SKOJIOTHYECKOTO BO3/ICHCTBHS Ha CTAIMSIX MPOU3BOJACTBA (A), B IEPHOABI IKCII-
nyatanmu (B), yrunusanun (B) u B pamkax monHOro )u3HeHHOro 1ukia (I) i TpaquiuoHHo# (mapoko-
mnpeccruonHoi) CKB 1 abcopOUMOHHBIX OCymuTeNnbHO-ucapuTenabHeix BapuantoB CCKB (Ha ocHoBe

ITH u ITHT-k HacagouHoro cinost TMA).
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[0 JABYM aHAJIU3UPYEMbIM KpUTEpUSM (BIUSHUE HA HC-
TOILCHHE TPHUPOJTHBIX PECYpCOB M BKJAJI B IIIOOATBHOE
MOTEIUICHUE) OYIeT CoCOOCTBOBATH pean3allii 3aKOHa
Ykpaunsl 00 3Heprocoepexennd U KHoTckoro mpoToko-
Ja (HampaBJIEeHHOTO Ha CHIDKEHUE YMHUCCHM MapHUKOBBIX
ra3oB). O0mee HKOJOTHYECKOE BO3IEHCTBHE IS TPamu-
IUOHHOW CHCTEMBI TaK Xe OOJbIle, YeM I albTepHa-
THUBHBIX, YTO €II€ pa3 NOATBEPKIAET NPEUMYILECTBa I0-
ciaenHux. IlomyuyeHHble pe3ynbTaT TIOKA3bIBAIOT, 4YTO
HanOoIbIIee BO3ACUCTBHE HA OKPYXKAIOIIYIO Cpeny Mpo-
M3BOJUTCS BO BpeMs JKCIUIyaTauuu cucteMm. llpudyem
HAMOOJIBIICE BIMSHUC B OTOT MEPHOJ CBS3aHO C 3HEPrO-
notpednenuem CKB.

Bapuant CCKB, ocHOBaHHBIN Ha HCIOJB30BaHUU
Hacago4HbIX cioeB [THT-x Bo Bcex TMA ocylmuTensHOTO
U OXJIaJIUTENBHOTO KOHTYPOB MMEET JyUllIhe MOoKa3aTean
II0 OCHOBHEIM mo3unusaM «l3Menenue kiaumata» u «Mc-
TOILIEHHUE PECYPCOBY» KaK CPABHUTENBHO C TPAAULIMOHHON
CKB, Tak U B CpaBHEHUM C BapHUaHTOM COJHEYHOU CH-
ctembl ¢ TMA Ha ocHoBe ITH ciioeB Hacamku.

V. BBIBO/IbI

1. Pa3paboraHbl CXEMHbIE pPEIICHUS COJHEYHBIX
CHCTEM Ha OCHOBE OTKPBITOTO aOCOPOLMOHHOTO LUKIIA C
HETpsAMON pereHepariei abcopOeHTa 1 UCTI0JIb30BaHUEM
TEIJIOMacCOOOMEHHBIX allapaToB B BHJIE IMOJBHKHBIX
HACaJOYHBIX CJOEB «Ta3-)KUAKOCTh-TBEPIOE TEJI0» B
OCYIIUTEIFHOM W OXJIATUTEIHHOM KOHTypaX CHCTEM;
BriepBeIe pa3padbotansl TMA c ITH rHenpsimoro Tuma (wc-
naputensHble oxnanurenmn HUOr m HUOx, abcopOepsr-
OCYIIUTENIN W JecopOephl-pereHepaTopsl), UYTO CyIIe-
CTBCHHO pACIIUPSET BO3MOXKHOCTH COJHEYHBIX XOJIO-
qubHbIX cucteM (CXC unu CCKB) [12-13];

2. Ha ocHOBe IMKJIa DKCIIEPUMEHTAIIbHBIX HCCIIe-
JIOBaHUH BBINOJIHEH aHAJIN3 MPHUHIUIHAIBHBIX BO3MOX-
HocTeil paspaboranHsix CCKB; comHeuHast cucrema
obecrieunBaeT 1nojiydeHue KoM(OPTHBIX MapaMeTpoB, NpU
CYIIIECTBEHHON 3KOHOMMHU PHEPTUU CPaBHHUTEIBHO C Tpa-
nuuuonHoit CKB Ha ocHOBe MapOKOMIIPECCHOHHOIO XO-
JOJUIIBHOTO arperara;

3. Pa3pabotannsrit Bapuant CXC* ¢ oxnakIeHuEM
abcopbepa ABP wacteio oxnaxmerHon B HUOx Bogs
MTO3BOJISICT MCKITIOYHUTE U3 CXEMBI OCYIIHTEIEHOTO KOHTY-
pa TpajupHIO TexHoyorndeckoro HasHadenus ['PJIt, 00-
CIY)KUBAIOLIYI0 abcopbep W CHHU3UTH TeMIIEpaTypHBIN
YpOBEHb nporiecca abcopOLNU BOASHBIX IIAPOB, YTO BEAET
K CYIIECTBEHHOMY TOBBIIICHHIO 3()()EKTUBHOCTH 3TOTO
nporecca 1 CXC B nienowm,

4. CpaBHUTENBHBII 3KO-3HEPreTHYECKUH aHaJIN3
TpaAuLMOHHBIX M anpTepHaTuBHBIX CKB mokaszan, yto
CCKB, ocHOBaHHas Ha UCMOJIb30BAaHUM HACAIOYHBIX CJIO-
eB [THT-x Bo Bcex TMA oCyHmIMTENHHOIO U OXJIJAUTEIb-
HOTO KOHTYpOB, MMEET JIydllHMe MOKa3aTeld MO OCHOB-
HbIM no3unusM «/3meHenne kaumata» u «McroueHue
pecypcoB» Kak CpaBHUTENbHO ¢ TpaaunuonHoi CKB, Tak
Y B CPaBHEHUU C BAPUAHTOM COJIHEYHOH cucTeMbl ¢ TMA
Ha ocHoBe IIH cnoeB nacagkm.
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Po3sgin 2. EHepreTuka Ta eHepro3bepexxeHHst
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DEVELOPMENT OF MULTIFUNCTIONAL ABSORBING SOLAR SYSTEMS ON THE BASIS
OF FLUIDIZED BED HEAT-MASS-TRANSFER APPARATUS

The schematics of heat and mass transfer apparatus with the fluidized beds attachment "gas - liquid - solid
body" for the evaporative cooling of environments (evaporative coolers of water (cooling towers CTW) and
evaporative coolers of air (direct and indirect type coolers IECg and IECw) have been worked out. The multi-
function solar refrigeration and air conditioning systems based on absorbing open-cycle with the indirect regen-
eration of absorbent were designed. In the drainage and cooling contours of solar systems heat and mass trans-
fer apparatus with fluidized beds are utilized. Decisions for heat and mass transfer apparatus with the fluidized
beds "gas - liquid - solid body" in a few basic variants, in particular, with possibility of placing of heat-
exchanger directly in the volume of the fluidized beds have been elaborated, namely: evaporative coolers of air
of indirect type (IECg) and evaporative coolers of liquid of indirect type (IECw) of cool contour of the solar sys-
tems; absorber-drier of the air flow and desorber-regenerator of absorbent of contour of drainage of outward
air of the solar systems. The cycle of experimental researches of fluidizing bed "gas - liquid - solid body" fea-
tures was executed both for a variant with the free fluidized bed of attachment and in a variant with placing of
heat-exchanger directly in the volume of the fluidized bed of attachment. Influence of height of stationary layer
of elements, geometrical parameters of distributive grate was studied, initial parameters of current of air, enter-
ing in the heat and mass transfer apparatus. On the basis of cycle of theoretical and experimental researches
practical recommendations offer on determination of optimal geometrical parameters of basic elements and re-
gime parameters of work of heat and mass transfer apparatus in autonomous behavior and in composition the
multifunction solar absorbing systems.

Keywords: Heat and Mass transfer apparatus; Fluidized bed; Evaporative cooler; Cooling tower; Indirect
evaporative cooler; Absorber; Desorber (absorbent regenerator); Solar system; Refrigeration system; Air condi-

tioning system.
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