IIpumenenune aGCOpOIMOHHBIX TEXHOJIOTH /Il OJHOBPEMEHHOM YTHIM3ANH TEIJia U

MNOJYYCHHUSA X0J101a T Pa3/IMYHbIX HYK/.

IIpuHuun geiictBusi a6COPOLHOHHOTO YHILIEPa

1-1.

Outazide 227 C0A0° FI To the

[ToueMy HarpeBanue oxJyaxxaaer?

OxJnaxeHre o3HavaeT NoAepKaHue TEMIIEPATYPhI B IOMEILIEHUH HUYKE BHEIIHEH TEMIIEpaTypHl,
Kak MoKa3aHo Ha puc. 1-1, TpedyeTcs mepeMecTUTh TEIUIO U3 TTOMEIICHHUS C HU3KOW TeMIepaTypoin
(28 °C mm 82,4 °F) B aTMocdepy ¢ Gonee BBICOKO# TemmepaTypoii. Ho B IpHpo/Ie TEITo He MOXKeT
nepeMenaThesi OT HU3KOM TeMIrepaTyphl B HallpaBlieHWH OoJsiee BbIcOKoW. Takum o6pasom, A ne-
peHoca Teria, HeoOXOUMBbI IPYTHUe METO/Ibl, OTIMYHBIE OT 3TOTO NMPHHIKNA. TO eCTh, TEII0BOM
Hacoc (YUJuIep) UCIIONIb3YeTCs AJIs epeKaurBaHUs TeIla OT HU3KOM TeMIlepaTypbl, Kak eciid Obl
BOJISIHOM HAcOC MCIIOJIb30BAJICS ObI I epEeKauYMBaHUS BOJIbI U3 ITYOOKUX CKBaXKHH.

almospohere
~
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Fig. 1-1 Heat flow

TUnUYHBIN YUILIEp, UCIIONIB3YIOIUI JIEKTPOIHEP-

TUI0 B Ka4eCTBE HCTOYHUKA pabouell SHepruu, KaK

KOHBeiepa JIJIsl IepeHoca TeII0Thl, TOKa3aHHOTO Ha

puc. 1-2 310 1eHTPOOEKHBII UHIep U TUTHYHBIHA sige M
YIIITIEp, UCTIONB3YIOIIHA TEIIOBYIO YHEPTHIO-3TO a0- oot
copOImoHHBIH yniuiep. OxiaxaéHHas Boja mojryJa-
€TCs IIYTEM MCIIOJIb30BaHUsI CKPBITOM TEIIOTHI, MO~ Lol
JIy4aeMOU MPU UCTIAPEHUU KUJIKOCTH. MBI MOKEM |
HaO0II01aTh ATOT MPUHIUT B HAIlIeH TTOBCETHEBHOM :
*u3HU. Hanpumep, npu UHBEKLINHU, TIOCTIE HAHECEHUS

CIUpPTa Ha PyKY, Mbl YyBCTBYEM XOJIO ITUM MECTOM. Fig. 1-2 Heat flow at cooling

I[To Toif mpuumHe, 9TO HAaHECEHHBIN CIUPT 3a0pa Te-

IJI0 OT PYKH, KOTJ]a OH Harpelics 10 TeMIEepaTypsl Teaa u ucnapuiics. pyroii npumep — 1o, 4TO
MBI YyBCTBYEM MPOXJIaTy KOI/Ia MOTEEM B KapKHil IeHb WK 3aHUMasACh criopToM. [ToToMy uTo Te-
IJI0Ta Tella OXJIAKIAeTCs IPU UCIIAPSHHUH 1T0Ta, KOTOPKIA 3a0upaeT Terio oT Tena. Yuiiep Takxke
HCIOJIb3YET CKPBITYIO TEIJIOTY ucnapeHus. Ho 171 MOBTOPHOI0 MCHOIB30BaHUS UCIIAPEHHOTO Mapa
TpeOyeTcst BO3BpAIEHUE B )KUIKOCTH. [[JIsl 3TOr0 KOMIIPECCOP UCTIONB3YETCs B IIEHTPOOEIKHBIX
gujuiepax U abCOpOCHT XMMUYECKU HUCIIONB3YETCs B a0COPOITMOHHBIX Yruiepax. AGCOpOEHT TepsieT
s dexkTuBHOCTE. [I0oTOMY 4TO €ro KOHIIEHTpAIHs YMEHBIIIAETCS TI0 Mepe MOTrJomeHus napa. s
BOCCTaHOBJICHUSI TTOTJIONIAOIICH CITIOCOOHOCTH HEOOXOIUM TTPOIIECC KOHIICHTPUPOBAaHUS a0COpOeH-
Ta IyTEM Harpena.

Hisher teme
Indaor side

~ Outdoor

Eneray

1%\ -

Yro Takoe cKkphITas TemioTa?

Korga Boma HarpeBaetcs, e€ Temmneparypa pactér u octaHaBiauBaercs rnpu 100 °c (212 0F). [Tpu
MOCTOSIHHOM TeMmieparype okosio 100 OC HacTONBKO TOITO HACKOIBKO HarpeBaetcsi. Kak Tojbko
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Boma gocruraer 100 °C, Bce qomonHuTENEHOE TEIUIO NIEPEXOUT B UBMEHEHHUE €€ U3 KUIAKOCTH B
nap. IIpu 100 OC rak Kkax nap Jierde OKpy»kKarolero Bo3ayxa, oH noguumaercs. [Ipu atom Bona
IIpeBpalaeTcs U3 )KUIKOCTH B Tap, MOABEJCHHOE TEIUIO HE MEHAET €€ TeMIleparypy, a U3MEHsEeT
cocTosiHue Bozbl. [103TOMy TerioTa Ha3bIBaeTCsl CKPHITON HIIH HesAgHOU. TakuM 00pa3oM CKphITas
TEIUIOTa OTHOCHUTCS K SHEPTUH, MOTJIOIEHHOM KUIKOCTBIO IIPU U3MEHEHUH €€ COCTOSAHUS, T.€., K
napy 6e3 U3MEHEHHsI ero TeKyIleil TemMuepaTypsl. SIBHast TEIuIoTa Ta, KOTOpas MPUBOAUT K U3MEHE-
HUIO TEMIIEPATyphl, HO HE K U3MEHEHHIO COCTOSIHHUA.

OCHOBHBIE 3JIEMEHTHI A0COPOIIMOHHOTO YMIIEpa
Hwxe cnenyrort 3 ycimoBus B OCHOBE aOCOPOIIMOHHOTO YHJLIEpa.
a. BHyTpu uniuiepa — Bakyym.

6. Bona ucnons3yercs kak xiaaareHT (MuHuManbHas TeMIeparypa oxXjaakIeHHOW BOAbI Ha BBIXO-
0~ _ 10

ne:5°C=41"F)

B. Bonusiit pactBop Opomua JIUTHsI, KOTOPBIA UMEET CBOMCTBO MOTJIONIATH BOJISTHON Tap, UCTIOJb-

3yeTcs B KauecTBe abcopOeHTa

Bakyym u Bona

Mgl xuBEM Ha 3emJie, KOTopast TOJIBEpraeTcs AaBJICHUIO Beca cmoiba BO3lyXa 6eluduHou npuom-
3uTenbHO 10 KM (6 MUITB) KOTOPBIN OKpY’KaeT 3eMITIO U ATO JaBJIeHHWEe Ha3bIBaeTCs aTMochep-
HBIM JaBieHueM. J[aBneHne MeHblnee aTMoc(epHOro Ha3bIBaeTcsl BakyyMoM. [Ipu oObsicHeHUH Ba-
KyyMa Ui a0COpOLIMOHHOTO Yniliepa He00X0IMMO 3HATh COOTHOIICHUE MEX/y IaBJICHUEM U TEM-
nepaTypoi ucnapenus Bojibl. B moBceHeBHOM KU3HU BoJla KUIUT (Kctnapsiercs) mpu 100 °Cu npu
atMocdepHoM naBnennn. Korga naBienne 0osbline, 4eM aTMocpepHOe, TeMITepaTypa KUIICHUS BO-
me1 Gombime 100 °C. Y, ecin, aBieHue Hibke (BakyyM), TeMIiepatrypa Kunenus Huxe ueM 100 °C.

JaBnenue BoIme arMocepHoro MokHO HabI01aTh B Ooisiepe. JlaBieHne HIke aTMOChEepHOTO
MO’KHO MCIIBITaTh IIPU BOCXOKIEHUH B FOphl. A UMEHHO, B TOPaX, TaK KaK CJIOH BO3AyXa CTAHOBUT-
Csl TOHBILIE C TOJBEMOM, JABICHUE, KOMOPOE 00NNICHO COOMEEMCME08amyb CTAaHOBUTCS HU3KUM. 1o
ATOW MPUUYMHE BOJIA KUIIUT B ropax mnpu temneparype Hke 100 °C. Jpyrumu cioBamu, TeMIIEpa-
Typa KMIIEHUs BOJIbI 3aBUCHUT OT JaBlieHUs. B uniiepe Bcerna noaaepkuBaeTcs IriyoOKUi BaKyyM.
B 5TOM cocTosiHUM BOAa KUITUT MPH O4€Hb HU3KOW Temrieparype. Hanpumep, npu abcomoTHOM
nasienuu 0,5 klla Boga kunut npu remmneparype 5 ocC.

bpomua nmutus

Bpomu1 TUTHS - 3TO BEIIECTBO, MOJIYICHHOE U3 JINTHUSA, TIOJYICHHOTO U3 PYIbI JTUTHS B Opoma, 1mo-
JY4EHHOTO U3 MOPCKOW BOABI. ITO BEUIECTBO HE 3HAKOMO HaM. Ho MBI MOXeEM JIErKo OTagaThCst
4TO0 3T0 Opomu JiuThsl. To ecTh, MBI OOBIYHO MIpeACTaBiIsieM cede coib. [Tomo0HOEe Ha3BaHKE COTH
— XJIOpUJ HATPHSL.

OHH COCTOSIT U3 OJHUX U TEX JKE IIEMEHTOB, T.¢., autuii (Li) u Harpuit (Na) ABISIOTCS MIETOYHBIME
MeTauiamu, B To Bpems kak bpom (Br) u xmop (Cl) — ranorensr. LiBr u NaCl — BemectBa omunako-

BBIX XUMHUYECKUX TPYIIIT U KMEIOT CXOXKHE XapakTepucTuku. OcoOeHHO, IIsi 000X BEIIECTB Xapak-
TEpPHO TOTJIOMIATh BIary (BoAsHOU map). DTo cBOWCTBO abcopOupoBath Biary LiBr cunbhee, yem y

NaCl. A6copOLHMOHHBIN YHILIEP HCITOIB3YET 3TO CBOMCTBO. UeM BhIIIC KOHIIEHTPAIMS U HIKE TEM-
neparypa y BogHoro pactBopa LiBr, Tem cuibHee CBOMCTBO (TIOTIIOIIAIOIIAsS CIOCOOHOCTB ).



Water
OCHOBBI MOJIEJH C MOJTHOM peanu3aiueil uKia fefrizerantl o —Closed
TOTO

Temnoo6MeHHbIe TPYObI, YCTAHOBIEHHBIE BHYTPH 3aKPhI- .
4a-

cocyna (anmapara). K Tomy e naBneHue B cocyjie OTKa-
Ho npubusuTensHo A0 0,8 klla (adc.). Kamau Boab
(x7amareHTa) maIal0T Ha TETIOOOMEHHBIC TPYOBHI.

L

water circulating
heat exchanser
tubes

Fig. 1-3 Evaporation process

Caoncentrated
Refriserant LiBr sclution

Tenepsb anmapaTt umeet BakyyM nopsiaka 0,8 klla R
(abc.). Kamu xymagareHTa najaasi Ha TeII000MEHHBIS / S
TpyOBI UCTIAPSIIOTCS TIPH S OC B O *€ BpEMs OHH T10- - )
TJIOMIAIOT TEIUIO BOJbI BHYTPHU TEIJIOOOMEHHBIX TPYO.
Oxnaxxaénnas TakuM o0pa3oM Bojia B TETUIOOOMEH- e
HBIX TPYO ax MOXKeT OBbITh UCIIOAb30BAHA JUIS OXJIAXK-  "2f<" |
nenus. K ToMmy e Karmm KOHIIEHTPUPOBAHHOTO Pac- =
TBOpa OPOMU/IA JINTHUS MMAJAI0T B anmnapate. PacTBop _

OpoMuIa JTUTHS TOTIONAET UCITAPCHHBIN XJ1aarcHT. B |' T\ brocess

| vaporized

refriserant
Fig. 1-4 Absorbing process

Cooling
water

Absarption

Korpga pactBop LiBr nornomaer napsr x1ama- — e
re’ra, OoH p3.36aBJI$IeTC$I U TepsCT Norjiaomiaro- . o —

IIYIO CIIOCOOHOCTH. DTO 3HAYUT, YTO KOHIIEH- A ve : 0 |
TpUpPOBaHHBIN pacTBop LiBr mo/mkeH moaBars- Refriserant ot (b e Ghile
cs HenpephiBHO. Ha manHOM 3Tarne, pa3daBieH- | R ‘ P
HBIH pacTBOP HArPeBaeTCs MOABOAMMBIM HC- S S
TOYHHMKOM Teruia. Terio 3acTaBisieT pacTBop et (s
BBICBOGOIUTH a6COPOMPOBAHHBIH XTafarent, a .01\ (=" = ) wier
Tak)Ke PEeKOHILIEHTPUPYET (pereHepupyer) pac- ) : :
TBOD. '

Absorbent ume

Fig. 1-5 Concentrating process

Relrieerant warar
=]

Eondenser ,jj_ Gemaratar
Concantrated - -

[Tape!l x1agarenTa, KOTOpbIE BBICBOOOXKIAIOT- - e .-L\:‘\\usr aolution 7Lt S
- N ) \Linouid . '
Cs IpX Harpe€BaHMUM, OXJIAXKIAIOTCSA B OTACIIb- FRE —— Jeetriarrant ,l’

o} r I - = = DriTino

HOM armapare (KOHAeHcaTope) JIJIs TOrO 4To- A N e wr —— L | B S

OBl CTAaTh KUAKUM XJagareHToM. Karum 31oit Evararator A o ][~ Absorbar
- - .

BOJIbl CHOBA BBOJIATCS B BAKYYMHBIN anmnapar AR AN
M UCTIOJIL3YIOTCS BHOBb.

Cooling
Watar

6 Condensing process

Absorbent pump
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3TO OCHOBHOM paboumii MK aOCOPOIIMOHHOTO

< '
yuJuiepa oauHapHoro ¢ dexra. Oxnaxaaromas | ) A
AT T :\‘\ /.' A -‘\‘_\\
BOJIa IPOXOJIUT uepe3 abcopOep U KOHJeHCa R A S
TOp. OxJax<aaroIas Boaa B KOHJEHCAaTOPE KOH- "“%:i ———yan oL
= —~ =L i

JEHCUPYET Tap (6mopuynsiil) N3 TEHEpAaTOpa
o0paTtHoO B xJajarent. Oxmaxjaaromnias Bojia B

abcopOepe MOrIoIIaeT TEIIO0 BbIJSIUBIIEECS el = ) |l
IIPY TOTJIOLIEHUH [TapOB XJIAJareHTa pacTBOPOM N L.

OpoMua JIUTHS. N
e " Abmorbent
- 7 ume

R —

Cooling

4

[ e AESORBER

Fig. 1-7 Single effect cooling cycle

Onucanue Kaxaoro anmapara
Hcnapurens

XJamareHT pacrnpezensercs Ha TeII000MeHHbIX TpyOax ucnapurens. Oxiaxaaemas BoJa, Mpoxo-
JIas BHYTPHU TPYO, OXJIaKIAeTCsl CKPBITHIM TEIUIOM HCIIApEHUs XJ1aJareHTa

Iy e

AGcopbep

Konuenrpupoanuslii pactBop LiBr pacnipenensercs Ha Temioo6-
MEHHBIX TpyOax abcopOepa. [Tap u3 ucmapurens moraomaercs
KOHILICHTPHPOBaHHBIM pacTBopoM LiBr Ha Tpybax. Oxnaxaromnias
BOJIa TIPOXO/Is 110 TpyOaM, HarpeBaeTcs TeIIOTOM a0COpOIIUH.

TeruiooOMeHHUK

Paz6aBnennsIil pacTBOp M3 abcopOepa MPOXOIUT Yepes
TEIUIOOOMEHHUK TJIe HarpeBaeTcs KOHIIEHTPUPOBAHHBIM
pactBopom LiBr. Pa3z6aBieHHbIi pacTBOP MOCIIE TEILIO-
O0OMEHHUKA MOCTYMAeT B TEHEPaTop.

Absorbent
pUmMP

Heat
gxchanser

I'eneparop (mecopdep)

Paz6aBieHHbIi pacTBOP U3 TEIUIOOOMEHHUKA Harpe-

BaeTcs B reHepatope. OH BBICBOOOXKIAET Map U KOH-

HeHTpupyercsi. PacTBop cTaHOBHUTCS KOHLIEHTPUPO- —
BaHHBIM.

Konnencarop

[Tap u3 renepaTopa KOHACHCUPYETCS Ha TEILI000-
MEHHBIX TpyOax KoHAeHcaTopa. Oxiakaaromas Boaa
n3 abcopOepa HarpeBaeTcsi CKPhITON TEIIOTON KOH-
JICHCAIIUH.

_l_.__._'iar_iﬁiﬁlisizg: 41“.| J
7,

(<
/Cnnllnn water

ITonorpesaresns (yTuan3aTop KOHAEHCATA IPEIOLIETO
napa. TobKo JUIsl TapOBBIX MAIIMH)

Fig. 1-10

Paz6aBieHHbIN pacTBOP, MPOXOASAIINHA U3 TEMII000-



MCHHUKA K 'CHEPATOPY, HArpCBACTCA ABUIKYIIUMCS ITIOTOKOM, CKOHACHCUPOBAHHBIM B I'CHCPATOPC.

TunoBoil XOIOAMIBHBIN UK Ha 1uarpamme J{ropuHra

Pabounii ki oguHapHOTro 3¢ deKTa N300pakeH ¢ UCIOIb30BAHUEM HIKECIIEAYIOIIEH TuarpaMmbl
Hropunra

Jluaus A-B mokassiBaeT nporiecc abcopoumu B abcopoepe.

PactBop abcopOeHTa ¢ KoHLIEHTpanuei okoio 59,5% (Touka A) abcopbupyeT napbl XJjiagareHTa,
NOCTYNAIOIIME U3 UCIIAPUTENS IO MEPE TOTO KaK OH OXJIAXKaeTcs 10 TeMIiepaTypsl 34,2 OC oxnax-
JAIOIIEeH BOJIOM, 3aTEM pacTBOp abCOpOEHTa CTAHOBUTCS pa30aBICHHBIM ¢ KOHIICHTpanuen 55,0%
(Touka B).

Hasnenue mexnay Toukamu A u B coctasiser 0,84 klla, 4To SKBUBaJIECHTHO aBJIICHUIO HACHIIICH-
HBIX TIapOB BOJIbI IIpU TemIiepaType 4,4 0C, TaKuM 00pa3oM, B UCIIAPUTETIE MOKET OBITh MOTy4YeHa
OXJIAKJIEHHAS BOJIa C TeMIEepaTypou 8 ocC.

Jlunus B-C nokasbIBaeT mpoliecc MOBBIIICHHUS TEMIIEpaTypbl pa30aBIeHHOI0 pacTBOPa B TEII000-
MEHHHUKE.

B mo epems kak memnepamypa ciabo2o pacmeopa npoxooum uepes menioo0OMeHHUK, pa3oasieH-
HbLUL pacmeop Noxyuaem menjio om KOHYEHMPUPOSAHHO20 PACMEOPA UOYULe20 U3 2eHepamopa mem
camvim e2o memnepamypa noonumaemcsi 0o mouxu C.

JInnusa C-D-E moka3biBaeT mpoliiecc HarpeBaHus U KOHIICHTPUPOBAHUS pa30aBI€HHOTO PacTBOpa B
reHeparope.

Cnabwrii pactBop oT Touku C HarpeBaeTcs 0 TOYKU D 1moBOIMMBIM UCTOYHUKOM TeTuia (Topsdeit
Bozoi). [Tocie yero cnabplit pacTBOp HArpeBaeTcs Jajiee 10 TeX MOop MOKa OH HE OCBOOOIUT Tap
xyagarenTta. CienoBaTesbHO, OH CTAHOBUTCSI KOHIICHTPUPOBAHHBIM PACTBOPOM C KOHIIEHTpaluei
nopsiaka 59,5% B Touke E.

Jlunus E-F mokassiBaeT mMporecc CHUKEHUS TEMITEPaTyphl KOHIIEHTPUPOBaHHOTO pacTtBopa LiBr B
TEMI000MEHHUKE.

......... KOHIIEHTPUPOBaHHBIN pacTBop LIBr oTmaeT termio ciabomy pacTBopy OpoMuaa JIUTHSA, 110~
cTynaroIero u3 abcopoepa. .. ero remmnepaTypa CHIXKaeTcst 10 Touku F.

Jluaus F-A moka3bIBacT MPOIECC CHIKEHUS TEMIIEPATyPhl KOHIIEHTPUPOBAaHHOTO pacTBopa LiBr B
abcopOepe.

KonrnenrpupoBanusiii pactBop LiBr (touka F) moctymaer B abcopOep v 0XJIaKaaeTcst OXJIaxK 1aro-
el BOJIOM, KOT/ia OH JOCTUTAET TOUKH A, HAUMHAETCA MOTJIONICHUE MapoB XJIaJareHTa. IToT Ipo-
Lece He 0 Mpa (G)

Concentration = 0 % (Water) -~

Pressure (kPa.absolute)

Concentration = 55.0 % s

Concentration = 59.5 %

0 342 82.8 170 deg.C
32 936 181 338 deg.F

1-6B. TunoBoi X0JI0IMIBHBIN UK HA fuarpamme JropuHra



Pabouwnii ukn oguHapHOTO 3 deKTa n300pakeH ¢ UCIOIh30BAHIEM HIKECIICAYIONIEH JUarpaMMbl
ropuHra

TerutoBoii 0asaHc ¥ K-T MOIIHOCTH.
TermtoBoii Oananc
J1y1st TOTO Y4TOOBI MPOBEPUTH BEPHBI JIM PE3YIbTAaThl U3MEPEHHUI HCITOIB3YeTCs TSIUIOBOM OaaHc.

OCHOBHOE IOJIOKEHHE TCIJIOBOIO 0ajJaHca: KOJIUYSCTBO TEIIOThI BOIICAIICE B YUJIJICPD = KOJHYC-
CTBY TCIUUIOTHI BRIMICAIEMY M3 YHUJLJIEPA.

BeimepaccmoTpeHHoe mpernonoxkenue nokassiaet popmyna: (Qa + Qc) / (Qe + Qg) =1
Qe: KOMYEeCTBO TEIIa, BOIICAIIEE B YHILIEP Yepe3 HCTIapHUTEIb
QQ: KOIMYECTBO TEILIa, BOIIE/IISE B YHILIED Yepe3 FeHepaTop
Qa: kommYecTBO TeIIa, BRIISAIISE U3 Yniuiepa yepe3 abcopoep

QcC: KoIMYecTBO TEIUIa, BRIIIEAIISE U3 YHIUIepa Yepe3 KOHACHCATOP

B cucreme CU: B ennnunax nsmepenns CIIA:
Qe = (CHi - CHo) X Fe X 1000 / 860 Qe = (CHi - CHo) X Fe X 500
Qg = (Hi - Ho) X Fg X 1000/ 860 Qg = (Hi- Ho) X Fg X 500
Qa + Qc = (COo - COi) X Fc X 1000/ 860 Qa + Qc = (COo - COI) X Fec X 500
Example Example
CHi= 122 degC Qe = 352 kW CHi= 54 deg.F Qe = 1,200,000 BTU
CHo= 67 degC Qg = 503 kW CHo= 44 degF Qg= 1,711,814 BTU
Fe= 545 mh Qe + Qg = 855 kW Fe= 240 gpm Qe+Qg= 2911814 BTU
COi= 294 degC Qa+Qc= 851 kW COi= 85 degF Qa+ Qc= 2,898,000 BTU
COo= 384 deg.C Heatbalance = 1.00 COo = 1011 deg.F Heat balance = 1.00
Fc= 818 m¥h Fc= 360 gpm
Hi= 950 degC Hi= 203 deg.F
Ho= 860 degC Ho = 186.8 deg.F
Fg= 498 mh —» 480 tonh Fg= 219 gom —» 211 gpm
(at 90.5 deg.C S.G = 0.965) (at 194.9 deg.F S.G. =0.965)
COo

_Q Condense  Generator —»
G =
o) (ag

‘ Driving hot water

CHo Evaporator ~ Absorber
) p
e
CHi Qe ) ( Qa COi
e B
Chilled water Cooling water

Koaddunment momrHocTH

Koaddurnuent momrocTr mokaszan B Huxkecnenyromei Gopmyne. KoaddumueHT MomHocTH ami-
JIEPOB M3 CEPUU C HU3KOTEMIIEPATYPHBIM BOJISTHBIM 000TPEBOM cocTaBisieT okoiio 0,7 mpu ycioBun
CTaHAAPTHBIX XapaKTCPUCTUK. DT0 3HAYEHUE MOKET MEHSITHCSI B 3aBUCHMOCTH
CcOop = Qe OT TpeOyeMbIX XapaKTepUCTHK. B cirydae eciu, paboune XapaKTepUCTHKH 3aITH-
Qg canbl, eciiu Tpu 3ToM COP cuIIbHO OTJIMYAETCs OT 3asiBIIEHHOT'0, BO3MOXKHO He-
MpaBUJIbHAS 3aITUCh TAaHHBIX WA HEIOCTaTOYHAS XOJIOAMIbHAS HATPy3Ka.

IIpumeuyanue: npu BhIYMCIeHNH TenaoBoro 6ananca u COP, Temnepartypa oxJaxaawuiei
BOJIbI HA BXO/I€ U XOJIOAWIbHAS HATPY3KA J0/KHBI ObITH NOCTOSAHHLIMM B TedeHue 10-15 mu-
HYT. BBUY TOr0 4TO peakuus adcoOpOIHMOHHOI0 YWLIepa He TaKkas ObICTPasi B CPABHEHUM C
JIEKTPUYECKUM THIIOM YHJLJIEPOB.



1. Ucnosb3oBaHue YTHIM3UPYEMOro0 Telia AJisi A0COPOLMOHHOI0 OXJIAKICHUS.

Korna Temio Beiaensercs, HanmpuMep B MPOU3BOACTBEHHOM IPOLIECCE WU MPOLIECCe MPOU3BOICTBA
SHEPTUH, KaK IPaBUJIO, MTOJIYYalOT TEMIIEPATYPhI, KOTOPHIE CIUIIKOM MaJjbl JJI HEMOCPEACTBEHHOT O IIPHU-
MEHEHUS B 3THX MPOoIeccax. ITO TEIUIO MOKET ObITh KaCKaJHO UCIIOIB30BaHO BO BTOPOM Ipoiiecce ¢ 60-
Jiee HU3KUMHU TPeOOBaHUSIMHU 110 Ka4eCTBY TEIUIOTHI, T.€. TEMIIEpATyphl, WK IPeoOpa30BaHO MYTEM TpaHC-
dbopMalu, HampuMep ¢ UCTIOTB30BAHUEM TEILIOBOTO HACOCA.

AOCOpOIMOHHBIE YAJIIEPHI M TETUIOBBIE HACOCHI UMEIOT 00IIee CBOMCTBO padOTAaTh HA HU3KOTEMIIE-
paTypHOM TEIUIE U, IIOATOMY, MOTYT UTPaTh BAXKHYIO POJIb B KACKaHBIX HEpPreTuieckux cucremax. Omna-
KO HEJIOCTAaTKOM BCEro abCOpOIMOHHOTO 000PYI0BAHUS SABJISIETCS TO, YTO KOADPHUITUEHT TOJIE3HOTO JIeH-
ctBus (KIIM), orHocutensHo HU30K 10 cpaBHeHUIO ¢ KT/ Mmexannueckux 4niuiepoB, KOTOPbIE UCIOJIb3Y-
10T BBICOKOKQUECTBEHHYIO HEPTUIO TaKyl0 KaK 3JIEKTPUUECTBO WK pabOTy Basia. ITOT HEJOCTATOK SIBJISI-
€TCsl CTICJICTBHEM OTHOCUTEHHO HU3KOW PAa3HUIIBI TEMITEpATyp MEKIy UCTOYHUKOM U MOTPeOUTENeM Tel-
na.

B npumeHeHmsIX, paccMaTpUBaeMbIX B HACTOSIIIEE BPEMs, INTAHUPYETCS HCTIOIH30BaTh a0COPOIIH-
OHHBIC XOJIOAMIbHBIE MAaTUHBI (AXM) /U1 MOTydeHUsI OXJTKIEHHON BOIBI JAJIA 11eJIel KOHIUITMOHUPOBa-
HUSI, KaK 4YaCTh CUCTEMBI TPUTEHEPALIMH JIJIs1 TOCTUHUL. OCHOBHBIM MCTOYHUKOM TEIIA SABJISIETCS] IPUPOJI-
HBIN WK OBITOBOM ra3. [IBuraTesb BHyTPEHHETO CropaHusi o0ecrednBaeT pabouuii Baj JIEKTPUIECKOTO
reHeparopa, TakuM 00pa3om, BeIpabaTheiBaeMasi JIEKTPOIHEPTHsI 00ecriednBaeT (TOKPHIBAET) MOTPEOHOCTH
notpedurens. COpoCHOE TEMIO OTBOAUTCS OT IBUTATENS B BUE FOPSYCH BOJBI U3 PAJAMATOPA U BBIXJIOIN-
HBIX Ta30B. DTO TEILIO MPEANOoNaraloT UCIOIb30BaTh AJIsl OTYyUEHHs ropssyeii BOJIbI sl OTOTLICHUS 3/a-
HUH, a TaK)Ke AJI IPOU3BOJCTBA X0JIOAHOM BOJbI B AXM.

2. AGCOpPOIMOHHBIE TEXHOJIOTHH

AGCOpOIIOHHOE OXJIaXKICHHE, 3aMOPaKUBAHHUE U TETl-
JIOHACOCHBIE TEXHOJIOTUH SABJISIFOTCS HA CETOHAIIHAN IEHb XO-
POIII0 3apEeKOMEHOBAHHBIMU. AOCOPOIIMOHHBIE MAITIHBI
(AM), KOTOpBIE ABJISIOTCS KOMMEPUYECKH BBITOTHBIMHU, paboTast
Ha Iape, ropsiuei BoJe WIM Ha C)KUTaHUU ra30oB. XOTs CyLIEeCT-
BYET MHOT'O Pa3JINYHBIX MPUMEHEHU, KOTOpbIE MOTYT OBIThH
MPEJUI0KEHBI, OCHOBHBIM PHIHKOM B OOJIBIIMHCTBE CTPaH SBIIS-
€TCsl IPOU3BOACTBO XOJIOAHOM BOJBI 11 KOHAULIMOHUPOBAHUS — “™ i
31aHui. Tak KaKk SKOHOMHYECKHUE YCIOBUS OTJIMYAOTCS OT
CTpaHbI K cTpaHe, abCOpPOIIMOHHBIC CHCTEMBI MOTYT B TO KeE
caMoO€ BpPeMsl 3aHUMAaTh MaJIbI CErMEHT PbIHKA B OJJTHOM CTpaHe
Y TOMUHHUPYIOIIEH TEXHOJIOTHUEN B APYrOil CTpaHe.
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Pucynoxk 1. [IpunuunuansHas cxema AXM.

B xomnpeccuonnoit xonoaunsHoi marmuHe (KXM) X0710/1 oTy4aroT B UCMIapuTee, TAe XIaaareHT
NN pa60qa;1 Ccpcaa UCIapACTCd U TCIUIO OTBOAUTCA B KOHACHCATOP, I'IC XJTaAar€HT KOHACHCUPYCTCA.
DHeprus yBeJIMUEHUS TEIIa OT HU3KOW K 00Jiee BBICOKON TeMITepaType MOABOIUTCS B BUAC MEXaHHUECKOU
SHEPTUU K KOMIIPECCOPY.

B aGcopOnnoHHBIX MallIMHAX «C)KaTHey XJaJareHTa peaausyeTcsi B KomOuHamnuu abcopoepom, pac-
TBOPHBIM HACOCOM U T€HEPATOPOM BMECTO MEXaHHYECKOTO MapoBOro kommnpeccopa. [lap, momyueHHbI B
WCIIapuTere, MOrIONIaeTCs XXUAKUM abcopOeHTOM B abcopbepe. AOCOPOEHT, MOTITOTHBIIIMK XJIadareHT Ie-
peKadnBaeTcs B reHEpaTop, T/Ie XJIaJareHT 0CBOO0XKIaeTCs OT Mapa, KOTOPBIA KOHACHCUPYETCS B KOHCH-
carope. PereHeprpoBaHHBIN WM KPEKUI pacTBOp NPU BO3BPALICHUU B a0COpOep MOTIIOMIaeT maphl XJa-
nareHTta. Terio moABOAUTCS K TeHEPaTOpy PU CPaBHUTEIBLHO BBICOKOM TeMIlepaType U OTBOJUTCS OT ab-
copOepa pu CpaBHUTEIHLHO HU3KOH TeMIIepaType aHaJIOTHYHO JBUTATEII0 BHYTPEHHETO cropanus. Beipa-
KEHHE «TEPMOXUMUYECKUN KOMIIPECCOP» UCIIONH30BAHO B CIEIUAIBHOMN TUTEpAType ISt TOTO YTOOBI
omucaTh QYHKIIUM reHepaTopa u abcopbepa Kak MoJIOBUHBI aOCOPOITMOHHOTO IHKJIA.



XnagareHT U abcopOeHT B a0COPOLIMOHHOM LIMKJIE OCHOBBIBAIOT pabouyto nmapy. B TeueHne MHOTMX
JIET MHOKECTBO TIap OBLJIO OIPOOOBAHO, HO TOJIBKO JIBE U3 HUX ITUPOKO ceOsl 3apEKOMEH/I0OBAIH: aMMHUAK C
BOJIOM Kak a0COpOEHT 1 BOJla BMECTE C BOJHBIM PACTBOPOM OpoMHMia TUTHS Kak abcopOeHT. Bomoammmau-
Has TTapa BCTPEUAETCS B OCHOBHOM B XOJIMJIBHBIX YCTAHOBKAX C HU3KUMH TEMIIEpaTypaMu UCTIapeHUs, HU-
xe 0 °C. [Tapa Boga-0OpoMu;I INTHUS IIIMPOKO UCIIONB3YETCS JIJISl CHCTEM KOHIUITMOHUPOBAHHUS, T/Ie HE HYX-
o oxuaxkaars 5-7 °C. YpoBeHb JaBieHUs B BOJOAMMHUAYHON MallliHE OOBIYHO MPEBHIMIAET aTMOC(hEpHOE,
B TO BpeMs KaKk OpPOMHCTOJIMTHEBBIC MAIIMHBI PA0OTAI0 MPU BaKyyMe.

TenaoBbie MOTOKKH B OCHOBHOM [UKIIC CIICAYIOIIUC:

» Termio MOABOAUTCS B UCIIAPHUTENb U OXJIAXKICHUE TPOU3BOINTCS Ha YPOBHE HU3KUX TEMIIE-
paTyp;

» Temo oTBOIUTCS B KOHACHCATOPE HA CPETHEM TEMIIEPATYPHOM YPOBHE,

» Temo oTBOIUTCS U3 abcopOepa Tak:Ke Ha CPETHEM TEMIIEPATYPHOM YPOBHE;

» Temno mogBOAUTCS B TEHEPATOP HA BBICOKOTEMIIEPATYPHOM YPOBHE.

Temrmieparypa TEIIOHOCUTENS, TOKUAAIOMIETO abcopOep, MOXKET ObITh TOM e CaMOH, YTO U IOKH-
JAIOIIETro KOHIeHCAaToP. Takou ciydaid MOXKET ObITh N300paKEeH B TPEXTEMIIEPATYPHOU CHCTEME, KaK 9TO
00bIYHO omnucaHo B nuteparype, Hanpumep (Niebergall, 1961). Onnako, B HEKOTOPBIX CIIydasX MOKET
OBITH 11€7IeCO00Pa3HO MPOITYCKATh XJIaJareHT yepe3 abcopoep U KOHIEHCATOP, B ATOM CIIydae HMEET MECTO
OBITh YeThIpEXTEMITEpATYpPHAs CHCTEMA.

Korna Temnepatypa B iciapuTese U TemrepaTypa OTBECHHS Terjia BBIOpaHbl, caMasi HU3Kasi TEM-
neparypa mpu KOTOpo# TerIo MOKeT ObITh IPUMEHEHA K TeHepaTopy, TaKxke onpesenena. Hanpumep,
TeMmmepaTypa ucnapeHus 2 °Cu TeMmepaTypa TeIIOHOCUTENS, OTBOASIIETO TEIIO COCTaBIsIeT 37 °C, ro-
BOPSAT O TOM UTO camas HU3Kasi TeMIIepaTypa Iperolleii cpeibl, OJBOIUMON K TeHEpaTopy AOJKHA OBITh
ne ke 90 °C. Ha MIPaKTHUKE, COOOPAKEHUS 110 PACXOAY TPEIOIICH CpeIbl U IUIONIAIA TEIII000MEHHOH TI0-
BEPXHOCTH, KOTOPbIE MOTYT OBITh SKOHOMUYECKH OOOCHOBAHHBIMU, MOT'YT YBEJIMYUTH STOT HUKHHUN ypoO-
Berb 10 100 °C wmm 110 °C 1 1.1, OGBI4HO JOCTIIKEHHE TAKUX YPOBHEH TeMIIepaTyphl B TPEIOIICH cpefie
HE np06neMa B IPAKTUYCCKUX CUCTCMAX, TAK KAK NMCPBUYHAA SHCPTHUA MOKCT ABJIATHCSA TOIIJIMBOM U TCM-
MepaTypbl CrOPaHUsI MHOTO BBIIIIE 100°C nu cucrema noxaun napa. KauecTBo Teria, €ero BbICOKasi TEMIIE-
paTypa B HEKOTOPOM CMBICIIE MOXKET OBITh «HAMPACHOW», HO 3TO KOMIICHCUPYETCsl 00JIee KOMITAKTHON U
3¢ PeKTUBHON KOHCTPYKIIUEH 000PYIOBaHHUS.

OCHOBHO ITKJT TOKa3aHO Ha PUCYHKE 1, MOXKET ObITh N3MEHEH 10 HECKOJIbKUM HalpaBJICHUSIM.
OHO U3 HUX HCIOJIF30BATh BCE MMEIOIIHECS BO3MOXKHOCTH ISl PEKYIIEPAIlK TEIUIa B IIUKJIE ISl TOTO YTO-
OBl yIIy4IIUTh SKOHOMHMIO TeIuIa B Iiukiie. Hampumep, 3T0 00BIYHO 3aKIII0YaeTCsl B TEIUIOOOMEHE TOTOKOB
cmaboro pacTBopa, MOKHUAKIIEro abcopoep ¢ KPEmKUM pacTBOPOM, MPUBOIUMBIM 00paTHO B abcopoep.
Kor;[a BCC BO3BMOXHOCTH IO BOCCTAHOBJICHUIO TCIIJIOTHI, KOTOPBIC MOT'YT 6]:ITB Pa3yMHO HCIIOJIb30BAHLI,
3JI0KEHBI B MPOEKT MAIIIMHBI, OHA MOTYYaeT XOJIOUIBHBIN KO3 GUIIHMEHT TpaHChOopMAaITiu TPUOITU3H-
tenbHO 0,7 11 OPOMHUCTOIIUTHEBBIX CUCTEM, U TpUMEpHO 0,6 11 BOJOAMMHUAUYHBIX CUCTEM.

JlanpHelme ynyqieHuss MOTyT ObITh OJTYUEHbI npUMEHEeHUEM 8blCOKOMEMNEPAMYPHO20 2eHepa-
mopa. Tak Ha3pIBaeMas ABYXCTyIEeHYAaTasi cucTeMa o0beInHseT OJI0KH J1Ba reHeparopa — adbcopoep, ycra-
HOBJICHHBIE, CM. PUCYHOK 2, B LI€TISIX SKOHOMHH T0JIy4aeMOro TerJia npuonu3uTensHo Basoe. [logaBaemoe
Tero ¢ remneparype 170 °c MOCTYIAET B MEPBbIN T€HEPATOP d, 0MEOOUMbILU NAP UCTIONIb3YETCS IS
o0orpeBa BTOPOTO TeHepaTopa He 00Jiee HU3KOM ypoBHE, npu memnepamype 100 OC kax 800HOCYNEHYA-
mou mawune, uzobpasicentou Ha pucyuxe 1. KI1J] Takux cucteM ¢ BOJIOW 1 OPOMUIOM JIUTHS B KAUYECTBE
pabourx map MOXET COCTABJIATH 1,2, 4TO 3HAYUTENBHO Jyutie, ueM 0,7 y1si OTHOCTYIIEHYAThIX CUCTEM.

VY nBoeHust onuHapHOTro 3 PeKTa HET M0 MPUINHE HECOBEPIIEHCTBA TEINIO0OMEHA MY ITOTOKaMHU pac-
TBOpPA, B HEKOTOPOI CTENEHH, U TOTOMY, YTO TEIJIOTAa UCIIAPEHUS XJIaJar€HTa HECKOJIbKO OOJIbIIIE MTPU €ro
BBHITIAPUBAHUU U3 PACTBOPA, HEXKEIIU TIPH BBITTAPUBAHUH U3 YUCTOU KHUIKOCTH.
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Pucynoxk 2. [IpyunuunuansHas cxema AByxcryneHyaToin AXM.

CrnencTBreM BBICOKOM TEMITEpaTyphbl B YaCTH MAILIUHBI SIBJISIETCA TO, YTO JABJICHHUE B 3TOW YacTH
TaK»e Bo3pacTtaeT. 1o npuemsiemo mig AbXM. U 3T1o HenmpuemsieMo 711 BOJJ0AMMHAYHbIX MAIlIMH TaK
Kak gasienue ceoiire 20 bar (2 MPa) moxeT co3naTh yrpo3y 6€30MacHOCTH. DTO SIBISETCS IPHYUHOM, 110
KOTOPOMU JIBYXCTYIIEHYAThIC MAIIMHBI C pa0OYMMH TTapaMH aMMHAK-BOJIa MCIIOJIB3YIOIINX CXEMY I'eHepaTo-
POB, KaKk Ha pUCYHKE 2, peJIKO BCTPEYAIOTCHI.

3. CucTreMbl TPUTeHEPATUN

Tpureneparus o3Ha4aeT OJJHOBPEMEHHOE MMPOU3BOJICTBO SHEPTUH (IIIEKTPOIHEPTUH ), TEILIA U XO-
nona. Ecnmu CHP, coBMecTHOE TpOM3BOACTBO TEIIA M YHEPTUU TUPOKO U3BECTHAsK abOpeBHuarypa (akpo-
HuUM) 17151 kKoreHepanuu, T0 CHCP moseT ObITh MeHee 3HaKOMBIM aKpOHUMOM JIJIsS TPUTEHEPALIUH — COBME-
CTHOM BBIpAOOTKE TEIUIa, X0JIoAa U deKkTpodHepruu. CoBpeMeHHbI amepukanckuii akpoanm BCHP o3na-
9aeT CTPOUTENBHBIN XOJIO/, TEIUIO M SJICKTPOIHEPTHS TSl MPUJIOKEHUH TPUTSHEPAINH B CTPOUTENBCTBE. B
I'epmannu cootBercTByromue akponuMbl KWK — koreneparus nimn BHKW — TOI, 1 KWKK - korene-
parus ¢ Mpou3BOJICTBOM XO0JIOAA, COOTBETCTBEHHO.

Cucrema TpUreHepalunuu Ha CaMOM JIeJI€ MOYKET COCTOSIT U3 MHOKECTBA TEXHOJIOTHM: mMOnaueHvIx
9/1eMenmos, IBUraTeNieii BERyTpEHHETO CrOpaHus, ra30BbIX TypOuH, IEHTPOOEKHBIX YHIUIEPOB U T.1. boree
TOT0, OHU MOT'YT OBITh B Pa3JIMYHBIX COUYETAHUSIX JJIs1 TOTO YTOOBI 00ECIIEYUTh ONITUMAILHOE MCII0JIb30Ba-
HUE MEPBUYHON YHEPTUH, TNIABHBIM 00Pa30M TOIUIMBA. JUIsl TOTO YTOOBI MPOU3BOAMTH KEJTaeMOe COUeTaHHue
3JIEKTPOIHEPIUH, TEIUIA U XOJIO/a.

» [lpupoaHslii Ta3 cropaet B JBUrateie BHyTPEHHEIO CrOpaHusi, KOTOPBIA Bpamaer pabouuii
BaJI AJIEKTPOreHEepaTopa, TAKUM 00pa3oM, IIpeBpallasi IPUPOAHBINA Ia3 B IEKTPOIHEPTHIO.

» Temnora BBIXJIONHBIX Ta30B YTHIN3UPYETCS, HATPUMED, B KOTJIE-yTHIIN3aTOPE U MOJAETCs B
ABXM B BUJIE€ Tapa WK B BUJIE TOPSTYEH BOIBI.

> TGHHO, OTBOAMUMOC TCIVIOHOCUTCIICM OT paJguaTropa ABUTATCIIA JOJIKHO UCIIOJIb30BaThCA,
KaK CaHWTapHas ropsiyas Boga. Koraa B 3ToM HET HEOOXOIUMOCTH, TEIUIO OTBOJUTCS B OK-
PYKaIOIIYIO Cpey IOCPEACTBOM TPAUPHH.

» ABXM paboTtaer Ha ape WK ropsYCH BOJC U MMPOU3BOIUT XOJIOAHYIO BOIY, OTBOJIS TEILIO
OT OXJIQXK/IAIOILETO KOHTYpA.

» Temro otBoguMoe ABXM, ynansercss BO BHEIIHIOK CPeIy MOCPEICTBOM I'paJHPEH.
Cne;[ylomne OrpaHU4YCHUA CIIPABCAJIUBLI AJI1 CUCTCMbI:

» BpIxJonHble ra3pl MOKHIAIOT JBUTATEIh BHYTPEHHETO CropaHus Mpu Temiepatype ot 250
0
1o 550 °C.

» BpIxJonHble Ta3bl HE MOTYT OBITh OXJIAKICHBI B 9KOHOMai3epe Hike 175 OC. Temnora koH-
ACHCAIIMKU BOJSHOTO IIapa B BBIXJIOIMMHBIX Ira3aX HC YTHIIM3UPYCTCA.

» OxunaxjaeHHas Boaa nmokugaer ABXM nipu remrieparype 6-7 °Cu BO3BpALACTCs B MALLIUHY
0
npu 12 C.

»  OxJtaxaaroias Bojia OTBOJUTCS TPaJUPHEH OT MAIIMHBI IPH TeMIieparype 32/37 °C, re.,
oxJyaxaaronias Boaa nokuaaer AbXM npu Temneparype 37 OC, oxmaxmaercst B rpajupHe
1032°Cu BO3BpAIla€TCs B MAILIUHY.

TakuMm 00pa3oM, KOMITIOHEHTHI TPUTEHEPAITMOHHON CHCTEMBI, crielupudecKue s abcopOIMOHHO-
0 IUKJa, TAKOBBI: TEINTIOOOMEHHUK-TeTuIoyTHi3aTop, ABXM u rpaaupss. [TorpedHOCTH B X0JI010TIPO-



U3BOAUTEIBHOCTHU ONPEIEIIAI0T MOIIHOCTh XOAWIBHON MAalllMHBI, KOTOPasi, B CBOK OYEPEb, ONPEAEIISIET
pasmep TerI000MeHHHUKA U TPaJAUPHH.

MoOXHO 0XH1aTh, YTO TPEOOBAHNUS, IPEABABISIEMbIE K JIEKTPHUECTBY, TEIUTY U XOJOAY CUCTEM
TpUreHepanuu OyaAyT UIIMPOKO BapbUPOBATHCS B 3aBUCUMOCTH OT MECTOIIOJIOKEHUS, pa3MepoB U T.1. s
TOr0 YTOOBI OIPEJETUTh KAKON AUaNa30H XOJIOAUIbHBIX MOLTHOCTEH YMECTEH, ONBIT pabOThI C OpraHu3a-
[USMH, TPUHUMAIOIIMMH Y4acTHE B JAHHOM MIPOEKTE U OMIIM MCCIIEI0BAHBI JOCTYITHBIE CTATUCTUYECKHUE
JaHHBIE. BBIJIO PELIeHO UCIOIB30BaTh Ul ATUX UCCIIEAOBAHUH P U3 MATH XOJIOAUIBHBIX MOITHOCTEH,
200 xBr, 400 kBT, 600 kBT, 1000 kBT, 1400 kBT KOTOpBIii OXBaThIBAECT AUANa30H OT MAJIBIX A0 KPYIHBIX
TOCTHHHULL.

B paccMOTpeHHBIX BBIIIE CUCTEMaX TPUTCHEPAIMK MPEIOIaraeTcs, YTO TOIBKO TEIIO BBIXJIOMHBIX
ra30B HCHOJIB3YETCs UL MUTAHUS aOCOPOLIMOHHON XOJIOANIBHON MAallIMHBL. DTO BEPHO B CiIydae IpUMEHe-
HUS TA30BBIX TYPOUH, BBIXJIOITHOM ra3 KOTOPBIX MCIIOIB3YETCs /TS IPOU3BOJICTBA Napa B KOTJIe-
yrunmzatope. OJJHaKO, KaK TIIACUT TOKYMEHT «DHeprocoepekeHne TPUTeHEePAMOHHBIMH YCTAHOBKaMHU B
TOCTHHUYHOM CEKTOPE», YTO MOTYT OBITh MPUHSTHI BO BHUMAaHUE JIpyrue perienus. OHU SBISIIOTCS UC-
MOJIB3YIOMNMHE KaK TEIJIO OT paguaropa JBUraTels, TaK U TEIUIO BBIXJIOMHBIX I'a30B U IPOU3BOICTBA TO-
psideit BOJbI, KOTOpasi MUTAET a0COPOIIMOHHYIO MAIIIHHY.

4. O030p a0COPOIIMOHHOTO PHIHKA

Bo BcéM mupe cyliecTByeT HEKOTOPOE KOJIMYECTBO MOCTABIIMKOB a0COPOLIMOHHOTO XOJIOIUIBHOTO
00opy0BaHus 1 a0COPOIIMOHHOTO MOPO3UIILHOTO 000pyRoBanus. He Bce n3 HUX CHa0Xal0T eBPONEeHCKU
pbIHOK. PUPMBI, KOTOPbIE TPOU3BOANIN a0COPOIIMOHHOE 000PYI0BaHUE B TEUEHHE MHOTHX JIET U ABJISIOT-
Csl IIMPOKO U3BECTHBIMHU, MOTYT IPEKPATUTh JAEATEIILHOCTh B 3TOM HamnpaieHuu. HoBbie pupMBl, BO3-
MO’KHO, HEJJaBHO HayaJld CBOIO JEATEIbHOCTh. XOTs Hallla 11eJIb COCTOSUIAa B TOM, YTOOBI OCYIIIECTBUTh Ha-
CKOJIBKO 3TO, BO3MOXHO, OBLJIO HEOCYIIIECTBUMO BOMTH B KOHTAKT CO BCEMH MTPOU3BOAUTEINSIMU, KOTOPBIE
HaM u3BecTHBL. Kpome Toro, He Bce U3 COOTBETCTBYIOIIME OCTABIIUKOB, HAIIPUMED, TPEAIAraloT ra3oBble
ABXM B T0 e camoe BpeMmsl IpejyIarast apoBble MalllMHbl WIIK MallluHbI, paboTarole Ha ropsyel BoJe.

4.1. BpoMuCTOJUTHEBbIE MAIIITUHbBI

Hwxecnenyromue nocraBumkn ABXM ¢ paboueit mapoii Boja - OpOMHUCTBIN JTUTHI OBLIN OTNpe/e-
JICHBI:

Carrier (CIILA)

York (CIIA)

Trane (CIIA)

McQuay (CIIA), o aumen3un Sanyo

Yazaki (SImonwst), MallIMHBI MaJIOi MPO3BOIUTEILHOCTH

Sanyo (Snonus)

Ebara (SImonwust), copmectro ¢ Carrier

Mitsubishi Heavy Industries (SImonus), which has ties with York
Toshiba (SInonus)

Hitachi (SImonus)

Kawasaki Heavy Industries (SInonus), coBmectro ¢ Matsushita Electric (SImonwst)
Thermax (India),osiBIIuii Baaesen aumeH3uu Sanyo

Entropie (®panmus/T'epmanus)

LG Machinery (Kopes)

Kyung Won Century (Kopes)

Broad (Kwuraii), TOJbKO MaIlIMHBI C Ta30BBIM 00OTPEBOM

Criucok, KOHEUHO, He siBisieTcs: ucuepnbiBaromum. Komnanust Daikin (SImonust) oTkasanack ot ad-
copOImoHHOM TemMaThky B 80-X, HO KaK OKa3bIBACTCS M3 MOCJIEIHUX COOOIICHUH, HEKOTOPBIC BUIBI JCs-
TETHHOCTH OBUTH BO3BpAIICHBI CHOBA. B JOMIOIHEHNE K CITUCKY, CYIIECTBYIOT TPOU3BOIUTENN, KOTOPHIE
MOCTABJISIOT OOJIBIIINE U3ACIUS JIJIs1 TPOMBITIINICHHOT'O UCIIOIB30BaHMsI, HAIIPUMED, CYyIOCTPOUTEILHBIH 3a-
Box Hitachi (SImonust).

BoabmmHCTBO M3 aOCOPOIIMOHHOTO 000PYAOBaHUsI, OCHOBAHHOTO Ha pabounx mapax Boja-opomusg
JIUTUS, CIIPOCKTUPOBAHBI ULl HYXJ KOHAULUOHUPOBaHUs. [I0 nctopuueckum npu4rHaM MOLIHOCTH IPH-
BesieHbl B amepukanckux RT (Xomoauababix TOHH), 071HAa aMepUKaHCKasi TOHHA JIb/ia 33 Yac , B JIUTEPATY-



pe oT npousBoauTeneil. OHa TOHHA B 4aCc COOTBETCTBYET NPUMEPHO 3,5 KBT X05101011pON3BOAUTENBHO-
CTH.

4.1.1. OagHocTyneH4YaThble MAIIMHBI

BonpmmHCTBO MpON3BOAUTENICH MPEATATalOT OAHOCTYIIEHYATHIE XONIOAMILHBIC MAITHBI B AHAlIa-
3one oT mpuMmepHo 100 RT go 1500 RT, T.e. ot 350 kBTt 1m0 5,2 MBT. OHU MOTYT paboTaTh Ha TIape JaBlie-
HueM ot 135 mo 205 xITa (1-2 6ap (u36.), 2-3 Gap), 4TO COOTBETCTBYET Temmeparype mapa ot 110 mo 120
9C. B 10 e camoe BpeMsI OHU MOTYT 000TpeBaThCs TOpsUCH BOIOM ¢ Temneparypoii ot 115 mo 150 °C
MakcuMaabHOM naBienuu 1o 9 6ap. KI1J] Haxoaures B quanazone ot 0,6 1o 0,7.

Pacxox mapa B 0fHOCTYyIEHYATHIX MalIMHAX MpuMepHO 2,3 Kr/4 Ha KBT MomHocTH. Pacxox rpero-
e BOJIBI JIKUT B Auamnaszone ot 30 1o 72 xr/4 Ha KBT, B 3aBHCUMOCTH OT IOIyCTUMOTO Tepenaia TeM-

neparyp.
4.1.2. JIByxcTyneH4aTble MAIIHHBI

JIByxcTyIeH4YaThle MAlIMHBl UMEIOT MPUOIM3UTEIBLHO TOT KE CaMbIid TMana3oH MoutHocte. Han-
MEHBILIAs XOJIOIOTPOU3BOAUTEIBHOCTD, MpeAiaracMasi HeKOTOPBIMH MTPOU3BOAUTENISIMA HEMHOTO OOJIbIIIE:
200 RT y ogaux u 350 RT y apyrux ¢upm (700 u 1200 kBt coorBeTcTBeHHO). [Iap cuuTaroT mpeanoyTu-
TEJNBHOM Cpesioif, KOTOPOH TaKue MalIMHbI 000TrpeBatoTces. JlaBieHre napa J0HKHO cocTaBisaTh 9-10
06ap(n36), 10-11 6ap (adc) miu 1100-1200 kIla, KOTOpOE COOTBETCTBYET TEMIIEPATYPHOMY JHATIA30HY OT
175 10 185 °C. Cornacroit momydeHHo# HHQOPMAIIHH, TAKXKE BO3MOKHO 060rPeBaTh ABYXCTYCHUATHIE

MaITUHBI TOPSIYEH BOJIOH, TeMIepaTypa KOTOPO# T0KHA ObITh B Auana3zoHe ot 155 po 205 oC. KII] Takux
mamui ot 0,9 o 1,2.

[ToTpebneHune mapa IByXCTYNEHUATHIX MAIIMH COCTaBJIsAET okoJio 1,4 kr/4 Ha KBT.

5. ABCOPBIHMOHHASA BPOMUCTOJIMTHEBASA XOJIOANJIBbHASA
MAHIINHA C OT'HEBBIM OBOI'PEBOM

AOGcopOIMOHHBIE OPOMHCTOIUTUEBBIE XONOAMIbHBIE MamuHbl (ABXM) mmpoko pac-
MIPOCTPAHEHBI 32 PyOEKOM U IpeTHA3HAYCHBI IS MOJYYESHHS XOJIOIHOM BOIbI (MU APYTOM
KUAKOCTH) TeMIiepaTypoil He Hike itoc 5 °C. OHu npou3BOAATCS B TAKUX CTpaHaX, Kak
Snonus, Kuraii, CIIA, Uuaus, Kopes u ap.

B Poccuu co3nanneM aOcoOpOLMOHHBIX TEPMOTPAHC(HOPMATOPOB (XOJIOAUIBHBIX MAIIUH
1 Ter1oBbIX HacocoB) 3aHuMaeTcss OO0 «OKb TemmocuOmar

B 2010 roxy ObutM M3rOTOBIICHBI M BBEJEHBI B 3KCIUTyaTaluio 1Be ABXM ¢ orueBbiM
N 1
000rpeBOM CreUaIbHON KOHCTPYKIIMK . MallliHbl NpeHa3HaYeHbl sl OXJIAXKICHUS MU-
HepanbHOU Boaibl ¢ 30 °C no 6 °C. B xauecTBe UCTOUHMKA SHEPTUM MCIOJIB3YETCS MPUPO/I-
HBIU Ta3.

[TpunnmnuansHas cxema ABXM ¢ orHeBbIM 000TPEBOM TIpe/ICTaBIeHa Ha puC. 1.
XapakTepHble 0COOCHHOCTH JaHHOW MAaIlIMHBI:

e ABXM npeaHazHadyeHa JAJis1 UCIIOIb30BaHUS B MUIIEBON MPOMBIIIICHHOCTH, a UMEH-
HO, MUHEpaJIbHAs BOJIa TTPOXOJUT HETOCPEACTBEHHO MO TPYOHOMY MPOCTPAHCTBY HCIIa-
putens. JIjist 3Toro Bce AeTaid TPyOHOTO MPOCTPAHCTBA M3TOTOBIIEHBI U3 HEP)KaBEIOIEH
CTaJIu, IPUTOHOM JJisl MUIIEBBIX MPOU3BOJICTB;

e B omnmnuwne ot 6a3oBoii mogenu AbBXM nomunanbHoi MomHocTei0 1000 kBT rene-

paTop BBICOKOTO AaBJEHUSI PACCUUTAaH HAa MAKCUMAIbHYIO XOJIOAUJIBHYIO Harpy3ky —
1570 kBT.
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KOHLIEHTpauun
Pucynok 1 — Cxema npuniunuaibHas AbBXM ¢ orHeBbIM 000TrpEBOM.

1 .
Kpome cepuitnbix mammma OO0 «OKb Temnocubmarn» Beimyckaer ABXM crienuaibHOro MCIOJTHE-
HHA 1IOJ YCIIOBUS 3aKa34UKa.

Bce ocrtanpHble amnmapatbl 3auMcTBOBaHbI M3 0a3zoBor mojenu (1000 kBT), Takum
oOpa3oM, Oblja JTIOCTUTHYTa BbICOKAsi CTENEeHb YHHU(PHUKAUMU U 3HAYUTEIBHO COKpAIIeH
CPOK IMOCTaBKHU MAIlIMH 3aKa34HKY.

e ABXM paccuntana Ha JiBa peKHMa OXJIAKJICHUS MUHEPAJIbLHOW BOJIbI: BEICOKOTEM-
nepatypHbiii «30-15 °C» u HuzkoTemneparypHbiid «15-6 °Cy (tabn. 1) mis oxmaxaeHus
MuHepainbHOol Boabl ¢ 30 °C go 6 °C myTeM MOCIIENOBAaTEIbHOIO OXJIAXKIAEHUS B JIBYX
OJINHAKOBBIX MaIlIMHAX.

Tabnuma 1. Texanueckast xapakTepucTika xonoamibHoi Mamuael ABXM-1500Tc

[TapameTpsl
HOMUHAJILHOTO PEKUMa Jomyctumble
HaumenoBanue mapamerpa
Pexxum Pexxum rnapaMeTpsl

30-15 °C 15-6 °C
X0J1010IPOU3BOAUTENBLHOCTD, KBT 1570 940 -
Oxua:kgaemasi Boja:
Pacxox, M°/u 90 90 1o 90
Temnepatypa Ha Bxoze/ Beixoze, °C 30/15 15/6 10...35/ue menee 5
Honyckaemoe gasnenue, Mlla ue 6onee 1,0
I'mapaBiyeckoe CONPOTUBIIEHHUE, M. BOJ,. CT. He 6omnee 5,5 | -
Oxua:xkaawinas BoJaa:
Pacxox, M°/4 290 | 1915 710 310
Temneparypa Ha Bxoje, °C 27 18...27
Temmneparypa Ha BbIXOJ€ U3 MamuHbl, °C 35 32...36




['uppaBnrueckoe CONPOTUBIEHHUE, M. BOJ. CT.

12 | 55 |

He Oozee 14

Honyckaemoe gasnenue, Mlla

He Ooitee 0,6

IIpupoanblii ras:

Pacxox, HM /4 (kamopuitHocTb: 8500 KKa/HM u):

153 | 92

Hasnenwue raza nepes unstpom (ocie PI'BJI),
mbOap (kI1a)

90...300 (9...30)

KoaudecTBO JHIMOBBIX I'a30B, M°/uac: 1820 | 1100 | -
TemmnepaTypa IbIMOBBIX ra30B Ha BbIXoJE, °C 10 200
JaBnenue (pa3pexeHne) IHIMOBBIX Ta30B Ha BBIXO- Mmunyc 4,0...mmoc 1,0

ne, moap (ITa)

muryc 2,0 (-200)

(-0,4...40,1)

DJIeKTpONNTAHHE

380 B£5%, 50 I'u=5%

YcTaHoB/IeHHAS YJIeKTPHYECKAask MOIHOCTD, KBT 8,5
I'abapuThl (ITMHAXIIUPUHAXBBICOTA), MM 4750x3100x3100
Macca (cyxas/pabouas), KT 13500/20800*

B xoxe myckoHanagoYHbIX UCTIBITAHUN YJAIOCh TOOUTHCA YCTOMYMBBIX 3HAYEHHH mapa-
METPOB BHEIIHUX TEIUIOHOCHUTENeH (Talia. 2). A MMEHHO, pacXoa U TeMIIepaTypa OXJax-

TAEMOH M OXJIaXKIArOIel BOJbI ObLIIM CTAOWIBHBI B TeUeHHE 00JIee ITOJIOBUHEI Yaca.

DTOro BpeMEeHHM XBaTUJIO, YTOObI CTAOMIM3UPOBAINCH U BHYTPEHHUE MapaMeTpsl pado-
yux cpea B ABXM (TemnepaTypsl U YpOBHHM PacTBOpa U XJaJlareHTa B ammaparax, JaBiie-
HUE B HCIapuTele U KoHjaeHcarope). biaromapss aToMy ObUT MOCTPOEH JAEHCTBUTEINbHBIN

ki1 padotel ABXM, npuBeéHHBINA HUXKE HA pucC. 2.

Tabmuna 2. [TapameTpsl, moydeHHbIE B X01€ ucnbiTanuiit AbBXM

X0010TIPOU3BOAUTENBHOCT, KBT 1065
TemmnepaTypa oxJaxaaeMoi BOJIbI Ha BX0/ie B MamunHy, °C 25,6
TemnepaTypa oxyakaaeMoi BOJIbI Ha BBIXOJE U3 MaluHbL, °C 10,2
Pacxon oxytaskqaeMoM BOJIEI, Mg 60,0
TemnepaTypa oxyakaaromniei BoAsl Ha BX0€ B MaluHy, °C 23,5
Temmeparypa oxyaxaaromieil BoJbpl Ha BXoJie B KoHAeHcaTop, °C 28,0
TemmnepaTypa oxJaxmaaronieil BOJbl Ha BbIX0JE U3 MamuHsbl, °C 31,5
Pacxop oxnaxgaroniei BOIbI, M3/a 220,0
Temmneparypa ABIMOBBIX Tra3oB, °C 150,5
Pacxo1 IPUPOIHOTO rasa (KanopuiHoCcTh: 8050 Kkan/Hm ), HM /4 99,0




o
o

O % // 7 703
-85 ] N o 7 45519

R EEEssEmasEEEmmaEm L

I B Y A Foh

% 75 / 7 /387

= 1 /// . ’/' PP

S 701 & 7. 7 Fa12

S & WA /

T 65 & . i/ 25,0

S ] & 7 /// y s

T %0° o« 74 /‘ﬁo/, /’ = 20,0

= 55 & / //////' 7 A o

gg 50 f <§$b //,, ,,/”’,f/,// ”,f' ’,// i/” f 124 %

D 4] % ,/,// 7 7 // oot

& 40 WS e Fwo S

c % /, 2 o g o

x 355 / Ay / F564 5

k| e e i E m

4 — 44— |— 1T+ 1 AT T Tt

F 30 /7 A 7% Fe25

Vi s

m 7 E

© 20 / /] /// ,/ /| O6nactb E2,34

o 1 7% // / / KPMCTONNOrMAPATOB E

= J S d MUAa NTHRA E

s 15 4 / 7 v g 6P0 aa 1,71

g v #44 5

YAl e s Ze X [=; 7 S —————————————— — [V X

E 5 ; // % 7 / TIMHMS KpUcTanM3aumm ;0,87

[}) 7 ///, ‘52: F

l— 0 TTTT ||\II\II‘\I\|‘|\|||||’\|\\ TTTT[TIT | TT T [TTI T[T T[T TTIT[TTITr[TTTT TTTT[TTTT[TTTIT TTTT[TTTIT TTTT[TTIT T[T TITT [T I T [ TTITT[TTITT 0‘61

o

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
PaBHoBecHas TemnepaTtypa BogHoro pacteopa bpomuga nutus t, °C

1 - Beixod cnodozo pacmbopa u3 adcopdepa; 6 - Buixod npomexym. pacmbopa us TB,

2 - Bxod cnadozo pacmbopa B BT; 7 - Hodano kunerust pacmbopa b MH;

3 - Bxod cnadozo pacmbopa b B, 8 - Buixod kpenkozo pacmbopa u3 MH,

L - Ho4ano kunerus pacmbaopa b 1B, 9 - Buixod kpenkozo pacmbopa u3 TH;

5 - Boixod npomexym. pacmbopa u3 [B; 10 - Bxod@ cMewaHHoz0 pacmbopa B adcopdep.

Pucynok 2 — JlefictButenbHblil pabounii iukia ABXM ¢ orHeBbIM 000TPEBOM.

[IpoBenéHHBIN HA OCHOBE MYCKOHAJIAJAOYHBIX paboT aHaim3 paboTel ABXM mo3BosseT
cAenaTh CIEAYIOIINE BBIBOJBI:

e be3HanopHas cuctema OpoIlEHUs B HcHapurtene u abcopOepe sSBIsieTCs] PeInoYTH-
TeJIbHEE CUCTEMBI OPOIICHHUS C TIOMOIIBIO (POPCYHOK;
e Henonacelenne pactBopa B abcopbepe OTHOCHUTENIbHO PaBHOBECHOM TeMIiepaTypbl
MapoB B MPUCYTCTBUU MOBEPXHOCTHO-aKTUBHBIX BewiecTB (ITAB) cocTaBnser npumepHO
1,5%, ato 0OBsICHSCTCS:

O JpOCCENbHBIMU TMOTEPSIMM B TAPOBOM MPOCTpAHCTBE Oinoka abcopbep-

UCIIApUTEb;

O cojepXaHUEM HEKOHAECHCUPYIOIUXCs Tra30oB B ABXM.
e Brepsbie npuMeHEHHAs MOCIEA0BaTeNIbHAS cXeMa Io1aun ¢1aboro pacTBOpa Ha pe-
reHepanuio (AecopOIHio) CyImecTBeHHO yrpoiaeT dkcruryaTanuio AbXM, B oTinuue ot
CXEMBI C IapAJUIECIBHON ITOAAYEH.

XonoaunpHas ctanius Ha 0aze 1ByX ABXM ¢ orHeBsIM 000OTPEBOM C IBYXCTYIIEHYATOM
pererepanueii pactBopa padboraet B coctaBe OO0 «KapaunHckuii uctounuk» ¢ mast 2010.

DKCIUTyaTUPYIOIIEH opraHu3alei OTMEUEHBI CJICIYIOIINE KauyecTBa JJaHHOTO BUA TE€X-
HHUKH, a UMCHHO:

® [IPOCTOTa M YAOOCTBO IKCILTyaTalllH;
e 0e30MacHOCTb U OECUTYMHOCTh IIPH IKCIUTyaTallUu;
® DKOJIOTMYECKas YUCTOTA;



® HCKJIIOUEHHUE yTe4yeK pabouMx Cpel U UX MOMNaJaHue B MUHEPAIbHYIO BOAY, LUPKY-
JUPYIONIYI0 B TPYOHOM MpocTpancTBe ucnapurens AbXM.

XonomunbHas craHius Ha 6a3e 1Byx ABXM ¢ orHeBbIM 000TPEBOM MO3BOJISIET IKOHO-
MuThb 10 5000000 kBT*4 351ekTpOsHEpTUA B TOI.

6. MOBBIIIEHUE DHEPTO3®@®EKTUBHOCTU ABCOPEIIMOHHBIX BPOMUCTOJIU-
THEBBIX XOJIOAUJIBHBIX MAIIUH ITYTEM PAIIMOHAJIBHOTI'O BBIBOPA U B3A-
HUMHOT O PACIIOJIO)KEHUS TEIVIOOBMEHHOM I'PYIIIIBI

[Tpon3BOACTBO MCKYCCTBEHHOTO XOJIOJIa — JIOBOJIBHO HSHEPTrO€MKHiI mporiecc. AOCOpOIHOHHbBIE
6pOMI/ICTOJII/ITI/I€BI>I€ XOJIOAUJIBHBIC MAIIIWMHBI SIBJISFOTCS 3HepI‘03(1)(beKTI/IBHBIM KiiaCCOM XOJIOI[PIJII:HOﬁ TEX-
HUKH, TTOCKOJBKY B OTJIMYHE OT AJEKTPOUCIIONB3YIOMIMX XOJIOIUIBLHBIX MAIIUH JIJIsi X paboThl TpeOyeTcs
OTHOCUTENBHO HEJOPOT0€e TEIJIO TPEIOILETO Mapa, TopsYeil BOAbI WM C)KUTAHUS MPUPOJIHOTO Trasa.

['maBHBIM TIOKa3aTeneM 3 dextuBHOCTH paboThl ABXM siBrsercst KITJI, koTopblii moka3piBaeT KO-
JIMYECTBO OTBOJMMOM TEIUIOTHI B UcHapuresie (MOIIHOCTh MO XOJIOY) MPHU MOABOJIE €AUHUIBI TEIUIOTHI B
reHeparope. ITo 3HaueHue Bapbupyercs B peaenax ot 0,5 go 0,85.

3T0T KO3 PUIMEHT 3aBUCUT OT CTEIICHU PEKYIEepaIliy TEIIa B paCTBOPHOM TeruioooMeHHuke. [lo-
3TOMY NPABWIBHBINA BBIOOP THIIA TEIUIOOOMEHHNKA U B3aUMHOTO PACTIONIOKEHHS TETIIO0OMEHHOH TPYIIIBI
— SIBIIICTCS BAXKHOM 3a/1a4eil Ha CTaJAUK IPOSKTHUPOBAHUS 000PYAOBaHHUSL.

HckyccTBeHHBIN X001 TpeOyeTcs B pa3HbIX CEKTOpaxX MPOMBIIUIEHHOCTU U KU3HEICSITENbHOCTH,
TaKWX KakK: METATyprusi, XUMU4ecKas, HeTernepepadbaThiBaoasi, MUIIEBasi IPOMBIIIJICHHOCTH, CUCTEMBI
TpUTe€HEepaly, KOHAUIIMOHUPOBAaHUE OOIIECTBEHHBIX U KUJIBIX 3[JaHHUM, TeIUIMYHBIX X03SHUCTB.

[ToTpeOHOCTH B MCKYCCTBEHHOM XOJIOJIE B Ipenenax Kakoi-Tu00 KOHKPETHO B3SITOH TEXHOJOTHH
MOTYT JOCTHTaTh I€CATKOB METraBarT.

Ha cerognsminamii 1eHb CYIIECTBYET 1Ba OCHOBHBIX BUA XOJIOAMIBLHBIX MAIIMH JIJIS TIONy4EHUS UC-
KYCCTBEHHOTO X0JI0/1a:
®  3JIEKTPOUCIIONB3YIOUINE TAPOKOMIIPECCUOHHBIE X0101ubHbIe MainHbl (ITKXM);
® TCIUIOMCIIONB3YIONIHE a0COPOIMOHHBIE OPOMHUCTOIMTHEBBIE XOIOIUIbHBIE MamuHbl (ABXM), Ko-
TOPBIE MIUPOKO PACIIPOCTPAHEHBI BO BCEM MUPE U HAOMPAIOT MOMYJISIPHOCTH B Poccum.

O6nacts npumenennss ABXM [1,3] — monmydeHne «mirocoBoro» xojonaa (temmeparypoit ot +3°C).
YcranoBiieHHAs XOJOJMIIbHAS MOIIHOCTD €IMHUIIBI 000pyaoBaHus konebiaercs ot 300 kBT 10 HECKOIbKUX
METaBaTT B 3aBHCUMOCTH OT IIPOU3BOIUTEIIS.

B kadecTBe MCTOYHMKA PHEPIMM JUIS OXJAXKIEHUS B onHocTyneH4arbix ABXM wucnomssyercs
rperomuil BoAsSHON nap Hu3koro pasienus 0,2-0,7 atu wnu ropsuas soga 90-120°C. B nByxcTyleHYaThIX
MalIMHAX UCIOJb3YETCs Map CPEOHEro AaBieHUs 4-7 aTW WM TOIUIMBO. XOJOJWIbHBIE MAIlIMHbBI HA TOI-
JIUBE MOTYT UCIOJIb30BaThCS B KAYECTBE BOJOTPEMHOI0 KOTJIA JUIsl CE30HHOM BBHIPAOOTKH TeTLa.

ABXM u ABTH (puc. 1) uMeIoT psij MOJOKUTENbHBIA TOTPEOUTEIBCKUX CBOMCTB, @ B HEKOTOPBIX

Cy4asix ¥ MpeuMyIIecTB 1o cpaBHeHuto ¢ [IKXM:

® BbICOKas 9 (HEKTUBHOCTS;

® HKOJIOTHMYECKas YUCTOTa;

® HU3KUI YpOBEHb IlIyMa IIpU paboTe;

® TIPOCTOTY B OOCTYXKHUBaHUU;

® JUIMTENBHBIN CPOK CcIykObI (He MeHee 25 JieT);

® [I0JHAsl aBTOMAaTH3aLMs;

® [0Xapo- U B3PHIBOOE30MACHOCTH;

® HE3HAYUTENILHOE MOTPEOJICHUE IIEKTPOIHEPTHH;

® B Ka4yecTBE 3HEPropecypca MOr'yT MCIIOJIb30BaTh COPOCHYIO TEILIOTY;

® HE UMEIOT IMHAMHMUYECKUX Harpy3oK Ha (DyHJaMEeHT;

® HE UCIMOJB3YIOT HKOJIOTUYECKHU ONacHbIE paboune BEIeCTBa.



Pabounm BemecTBoM (xiamarenToM) ABXM sBisiercst Bojga, abCOpOSHTOM — HEJETY4Ynid M HETOK-
CHYHBIN BOJHBIN PacTBOP COJM OPOMHUCTOrO JUTH. MalIHbl He OJIBEAOMCTBEHHBI PocTexHaa30py.

ABXM-B

ABXM-BH
=

Pucynox 1 — Kimaccudukanms abcopOmoHHbI OpOMUCTONMTHEBBIX MTpeoOpa3zoBareneit Terminotsl (ABIIT)
POCCHIICKOTO TIPOU3BO/ICTBA.

I'maBapIM TOKa3ateneM 3¢ dexktuBHOCTH padoTei ABXM sBnsiercss KIIJ] (B nHOCTpaHHOM nuTepa-
type COP — coefficient of performance), Beruucisemsiii o popmyse:

— %
n=:, (1)

rie Qg— X0I0A0NpPOU3BOIUTEIHHOCTD (IPOU3BOIUTEIHLHOCTh HCTapuTeNs), BT;
(Q,— MOIIHOCTH B TeHeparope, BT.

WNubiMu cnoBamu, KIIJ[ mokasepiBaeT, Kakoe KOJIMYECTBO TEIUIOTHI MOKHO OTBECTH B HUCIAPUTETIE
MIPH TIOJIBOJIE €AMHUITHI TETIJIOTHI B TEHEpATOpe. DTO 3HAYEHUE Bapbupyercs B npeaenax ot 0,5 mo 0,85.

OT0T K03 PHUIMEHT OTYACTH 3aBUCUT OT COOTHOIICHHUS MapaMeTPOB BHEIIHUX TETIJIOHOCUTETEH
(puc. 2) (oxmaxgaemasi Boja, OXJIK/IA0IIast BOJa, TPEIOIINA HCTOYHHUK ), HO TJIaBHBIM 00pa3oM Ha HETO
BIIUSIET CTETIEHb PEKYIEepaIliy TeIjIa B PACTBOPHOM TEIIOOOMEHHUKE.
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Pucynoxk 2 — Cxema npuHIMIHAIBHAS] OJTHOCTYIIEHYATON OPOMUCTOIMTUEBON XOJIOAMIBHON MaIlTUHBI C

MapoBBIM 0OOTPEBOM.

W3-3a HEYOBIETBOPUTEIBHOM pabOThl paCTBOPHOTO TETJIOOOMEHHHKA PAacTBOP MOXKET HEI00XJIa-

KIIaThCSI IO PABHOBECHOM TEMITEpaTyphl pacTBOpa B abcopOepe, a 3TO MPUBOJIUT K TOMY, UTO:

YBEJIMUMBACTCS pacXxo]l 000pOTHOH (OXJIaXKTAFOIIEH) BOIBI,

YBEIMYMBACTCS BEIMYMHA HEOHACHIIICHUS PAacTBOPA, YTO YXYIIIAET TEPMOAWHAMUYCCKUHN ITUKII
ABXM B 1ienom;

HEI0O0XJIXKICHHBIN pacTBOp HAYMHAET MOAKHUIIATE B TPyOOIpoBoe, BXoAdleM B abcopbep, obpa-
3yst AByX(a3HbIil MOTOK, @ 3TO MPUBOAMT K YBEIMUCHHIO THAPABIMYECKOTO CONPOTUBIICHHS TPAKTa
KPEMKOTro pacTBOpa;

YBEIIMYCHUE TUPABIMYECKOTO COMPOTUBIICHUS B TIOJBOJSIIEM TPYOOIPOBO/IE YMEHBIIAET PACIO-
JaraeMblil Miepenaj] AaBjIeHUs B TEINIOOOMEHHUKE, a COOTBETCTBEHHO elie 0ojiee yXy/IIaeT Terio-
o0MeH;

BEpXHUE PsiIbl TPYO abcopOepa paboTaroT BIyCTYIO, OXJIAXKIasi IEPETPETHIA pacTBOP.

Henorpes pactBopa Ha BXo/ie B TeHEpATOp MPUBOAUT K TOMY, UTO:

YBEIIMYMBAETCS PACXO/]l TPEIOIIETO UCTOYHHUKA;
YBEITMYNBACTCS BEJIMYMHA HEOBBIMIAPUBAHUS PACTBOPA, YTO YXYAMIACT TEPMOINHAMUUCCKHUIN ITUKIT
ABXM B 1ienowm;

4acTh TIOBEPXHOCTH T€HEpaTopa paboTaeT B pPeKMME KOHBEKTUBHOI'O KHIICHUS, a YaCTO M KOHBEK-
TUBHOTO HAarpeBa, 4To o3HayaeT HEd(P(PEKTUBHOE €Tr0 MCIOJIb30BaHUE, BhIpaXKaroleecs B rmepepac-



X0JIe TOPOTOCTOSALINX MaTepUaIOB U pacTBOpa OpOMUA JIUTHUS, 3aTOJIHSIONIET0 MEXTPYOHOE Mpo-
CTpPaHCTBO.

Bb100op cxeMbl NOTOKOB B TENJI000MEHHHKE

Kak BugHO U3 puc. 1, KonrmuecTBo TermooO0MeHHIKOB B ABXM MoXeT JocTUrath TpeX eIHHHUIL, HO
B HanboJjee HEOIarompUsITHBIX YCIOBUSX pad0TaeT HU3KOTEMIIEpaTypHBIN TEIJI000MEHHUK (T103. 5 Ha puc.
2), I0O9TOMY UMEHHO JUISI Hero HanboJjee akTyalbHa ONTHMH3AIHS.
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Pucynox 3 — JleiictBurensublil 1uki ABXM ¢ n3o0pakeHHueM CTENEHN PEKYIepaliy Teria B pac-
TBOPHOM TETNIOOOMEHHUKE.

o

[labnexue P, kMo

o

Temnepamypa bodaHbix napob
HO NUHUU HacsiweHus, °C
(o)

Ha puc. 3 BuaHO, 4TO pacTBOp BXOAUT B abcopOep HEA0OXIIaXKIEHHBIM Ha BETMUYUHY PUMEpPHO 7-8
°C

OnHoil U3 TIaBHBIX 3a1a4 Npu npoekTupoBaHuu ABXM sBrseTcst mog0o0p TaKOTO TETIOOOMEHHU-
Ka, KOTOPbI MOT Obl OXJaXKAaTh KPENKHi pacTBOp OpoMuIa JUTHS A0 PaBHOBECHOW TeMIIepaTyphl B a0-
copOepe 1 HIke (IepeoxIak/1aTh).

Ho 310 ocnoxxHsieTcss TeM 00CTOSITETLCTBOM, UTO PacoiaraeMbIil Tieperna] JaBICHUS ISl Pa3BUTHS
TypOYJIGHTHOTO PEKHUMa TEUCHHS B MEKXTPYOHOM MPOCTPAHCTBE TEIIIOOOMEHHHUKA BEChMa Majl. A MIMEHHO
€ro MakcMMajbHas BeIHYMHA cocTaBiisieT He Oonee 15 klla (mpumepro 900 MM pacTBopHOTO cTON0a). JTa
BEJIMYMHA CKJIA/IBIBACTCS U3 TIepena/ia JaBlIeHHH MeXTy abcopOepoM M KOHJICHCATOPOM U Tiepenaia BICOT
MEXTy BBIXOJIOM KPETKOT0 pacTBOpa U3 reHepaTopa U BXOJOM ero B abcopoep.

B ognoctynenuateix ABXM cymiecTByeT JBa MyTH MOBBIIEHUS CTETIEHU PEKyNepalyy TEMIO0ThI B
TEIJI000MEHHHUKE:

e yBenuueHue Kod(QuImeHTa Teronepeaadn;
e yBEIMYCHHE IIOMIAIN TOBEPXHOCTH TETIOOOMEHA.

[Monmyuaercst nBosikas 3anavya. C 0HOM CTOPOHBI KOA(D(UIIMEHT TEIUIONepeaadn Mpy MOIepeyHOM
00TEeKaHNH BBIIIEC IPU OJMHAKOBOM T'HPABINYECKOM CONPOTHBICHUU C IPOTUBOTOYHOI CXEMO, a ¢ Apy-
TOil CTOPOHBI IONIEPEYHOT0 OOTEKAHUS MOKHO JOOUTHCS TOJIBKO MPH CMEIIAHHONW CXeMe OTOKOB B TEILIO-
oOMeHHHKe. DTO OOBACHIETCS TEM, YTO PACIIoNIaraeMblil Tepemna JaBIeHHS Mal U KOJIMYECTBO XOJOB IO
MEXTPYOHOMY IIPOCTPAHCTBY TEIUIOOOMEHHHUKA JETal0T, He 0oJiee Tpex, a, Kak MpaBuiIo — aBa (puc. 4).
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Pucynoxk 4 — Haubounee pacripocTpaHeHHbIE CXEMBI IBU)KEHHS PACTBOPA B CMEIIAHHOTOYHBIX TEII000-
MEHHHUKaX.

a), 0) — )kenaeMble TEMIIEPaTyphbl; B), I') — NEHCTBUTEIbHBIC TEMIIEPATYPbl pACTBOPOB.

Ha puc. 4a u 46 n300pakeHbI CXEMBbI ITOTOKOB M TIOTIPaBOYHBIE KOA(D(PHUIIMEHTHI K TEMITEpaTypHOMY
HATopy MpH jKeIaeMoM pexxumMe padoTbl. OUEeBUAHO, UTO CTOJb CYIECTBEHHbIE MONMPABOYHBIE KO DUIH-
€HTBI K TEMIIEpaTypHOMY HAoOpy CKpaJbIBalOT MPEUMYILECTBA MTONEPEYHOro 00TeKaHus, a Ha puc. 4B u 4r
— IIpH ICHCTBUTEIILHOM peKUMe paboThl, KOTOPBII CBA3aH C HEJOCTATOYHOM peKyrnepanuei Teria.

[ToaTomy mo6o¥ TermooomMeHHUK B ABXM nmomkeH ObITh BBITIOJHEH O MPOTHBOTOYHOM CXEMe,
00 MaKCUMaTbHO OJIM3KOM K HEH.
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Pucynok 5 — Hanbonee pacripocTpaHeHHbIE TUIIBI TIPOTUBOTOYHBIX TETJIO0OMEHHHUKOB.
a) TUIACTUHYATHIN TETUIOOOMEHHHUK,
0) OpOCHUTENHHBIN TEIUIO0O0OMEHHUK;
B) KOXKYXOTPYOHBIN TETUIOOOMEHHUK OOBIYHOTO UCIIOJTHCHHS;
T') KOXKYXOTPYOHBIH TEMII000MEHHUK CIIEIUATHHOTO UCTIOTHEHHUS;
1) TETUIOOOMEHHHK IITHEKOBOTO THIIA.

1)

BosmoxHbIe petieHus 3Toi 3a1auu N300pakeHbl Ha puC. 5:

He ocranaBnuBasick moapoOHO Ha IJIOCaX M MUHYCAX JAaHHBIX CXEM, MOXHO OTMETUTb MajlOU3y-
YEHHYIO CXEMY C MPUMEHEHUEM ITHEKOBOTO TETNIOOOMEHHUKA M CXEMY C MPUMEHEHUEM IIACTUHYATOTO
TEMI000MEHHUKA, MOCKOJIBbKY UMEHHO B 3TOM ClIydae JOCTUTraeTcs MaKCUMAaJbHBIM KO3 (ULIMEHT Tero-
nepenayu, 1, CIeI0BaTeNbHO, MOIy9IaeTCs Haubojaee SProHOMUYHOE pElIeHre, Tpedyrolee MUHUMYM 3a-
MPABJIIEMOT0 PacTBOPA U UCIOIB3YEMbIX MaTEPHAIIOB.

HquHe CXCEMBbI TOXKC NMCHOT MECTO 6BITI~; N HC HCKIHYAKT BO3MOXHOCTU HpI/IMeHeHI/ISI HNHTCHCU-
(dbukauu TermoooMeHa.

Bp100op B3aMMHOI0 pacnosiokeHus Tern1000MeHHOM rPynibl

He Ttonbko MaTepuanbHas yacTbh UIPaeT poJib B AKCILTyaTallMOHHOM HanexHoctu ABXM. Hemaio-
BaXXHO MPABWJIBHO PACIIONOKUTh TEINIOOOMEHHYIO IPYIILY.

Ha puc. 6 nokasan nyts MoaepHuzaunu AbXM c AByXCTyleH4YaTol pereHepanuil pacTBopa M Ia-
POBBIM O0OIpEBOM CpEIHEro AaBiieHHs. MallMHbl TaKOro THUIA NMPUMEHSIOTCA B YACTHOCTH B COCTaBe
HHEpProOJOKOB aTOMHBIX CTAHIMH [4], M CHI)KEHHE KOJMYECTBAa I'PEIOIIEro Mapa yMEHBIIAeT HeJOBbIpa-
OOTKY 3JIEKTPO’HEPIUH, a TAKXKE CHIKAET HAarpy3Ky Ha CUCTEMY OOOPOTHOMN BOJIbI IPEAIPUATHSL.
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- ucnapumens

- abcopbep

- 2eHepamop 8biCoK020 dasneHus
- eeHepamop HU3k0eo OaeneHus

- KOHdeHcamop

- MennoobMeHHuUK

HugkomemnepamypHsiii

10 -
11-
12-

- MernnooomMeHHUK

8biCOKOMemMnepamypHbIl

- nodozpesamens
- Hacoc xnadazeHma

Hacoc pacmeopHsili
2a3oomaenumens
Hacoc 8aKyyMHbIl

- XxnadazeHm (nap)
- kpenkuii pacmeop LiBr

- cnabelli pacmeop LiBr

- Pacmeop NpoMexymoyHol

KoHUeHmpayuu

- oxnaxodaemas eoda
- oxnaxdanwan soda
- gperowud nap

- HeKoHdeHeupyiowuecs
2aabl

Pucynok 6 — 3aMeHa nmociegoBaTEIbHONM CXEMbI PACIIOI0KEHHU MOIOIPEBATENS HA MapaJIEIbHYIO.

motHocTH 3000xBT 310 pumepHo 200kT/9ac).

M3MeHeHue pacronoKeHus MOJIOTpeBaTeNisi pacTBOpa, KOTOPBIM MpeAHa3HAYEH IS OXJIAXKICHUS
KOHJIEHCATa IPEIOIIETo Mapa MPUBOJANT K CHIKEHHUIO pacxo/1a rperomero mapa Ha 3-7% (ais X0JIoauibHOM
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Pucynok 7 — Yiyunienue pexynepamnuu Terja B BHICOKOTEMIIEPaTypHOM TETJI000MEHHHUKE.
a) CyLIECTBYIOILEE PacOI0kKEHNE TENI000MEHHHUKA U MO 0rpeBaTes;
0) MepCeKTUBHOE PACIIONIOKEHHE.

OTO MPOUCXOIUT 32 CYET TOTO YTO B BHICOKOTEMIIEPATYPHOM TEIUIOOOMEHHUKE YIy4IIaeTcs PeKy-
nepamys Tema, a 3a CYeT ATOr0 YMEHBIIAETCS Pacxo/l MEPBUYHOI0 UCTOYHHKA, OOOPOTHOM BOABI U Oojiee
PAaBHOMEPHO pacIpeAesIeTcsl Harpy3ka MeX,1y T€HepaTOpOM BBICOKOTO M HU3KOTO JAaBJICHUM.



