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Heat recovery inthe  Perevepauus Tenna
refrigeration cycle B XONOAWNbHOM LuKne

XonopunbHble cuctemsl
NapOKOMMPECCUOHHOTO Tura
padoTalT kak Tensosbie Hacochl,
npu nomoww ucnaputens otdupag
Tenno (U3 xonoaUNLHON kamepbi
WAV OXJIaXAdeMoro nomeueHus)

v nocpencTtBoM koHgeHcaTtopa

The utilization of waste heat is BHISpackizag ero B atmMochepy.
profitable wherever heating and

refrigeration are required at the

same time, or where waste heat can

be stored:

e In skating and hockey arena, where
with ice rink cooling need there are
needs of stand and building heating
and of hot water for resurfacing; UMeeTCs BO3MOXHOCTb HAKOMWTh

o In air conditioning systems to reheat BbipadaTkizaemoe Tero:
dehumidified air- e HA KaTke, M€ HapIay C oxJaxaeHuem
b

Ne0BOro nokpbITus Tpedyetcs
odorpes nomeueHwit n ropg94yad Boaa
ANY CAHUTAPHBIX N TEXHUYECKNX HYXA;

Th/Yt

All refrigeration systems act as
heat pumps, moving heat from a cold
process (evaporator) to a condenser,
from where it is rejected into the
atmosphere. However, the rejected
heat can also be utilized.

Fr/Mt

Sa/C

OpHako 3710 «dpocosoe» Tenno

MOXHO Takxe MYcTuTb B AeJiO.
OcobdeHxHo BbirogHa ytuamsauug Tenna,
OTBOAMMOrO XONOAUNBHOW YCTAHOBKO,
koraa odorper u oxaaxaeHue
TpedylTcd 0fHOBPEMEHHO, Ui xe

Mo/Tx
Tu/Bt
We/Cp

e In food processing, cold storage 7

facilities, hotels, shops, where, on
the one hand, cold storage rooms

are operated and where, on the e B CCTeMax koHaununoHnpoBaHnd
other, there is a[wags a great BO3ayxXa anigd BTOPUYHOro noaorpesa

demand for domestic hot water and OCYWweHHOT O BO3AYXa; /0 Sa/Cé
heating; e Ha MpeanpusSTUIX Muweson

Fr/Mt

/
2
2
4
5
G
7
§
J

NpPOMblWJIeHHOCTHU, B

e In industrial processes.

. . | XnagoxpaHunuwax, roctTuHnuuax, // Su/Bc
It is possible to capture the rejected MArasuHax, rae ¢ OfHol CTOPOHbI
h?at either at t.he CRII essors HEodXoANMO MOALEePXNBATL XOMOL ANS
discharge gas lines or durmg’the XpaHeHnd NpoaykToB, a C APYroi — /2 Mo/Mu
oil cooling process of a plant's BCcerna 80oMbwoii Cnpoc Ha ropguyio
compressor before it is redirected. BOLY 1 OTOMJEHIE MOMeWweHu;

. . . ’ Tu/Br

There are multiple installation options e B MPOMbIW/IEHHOM MPOU3BOACTBE. /? 4
that may be considered in order Tenno, OTBOAUMOE XONOANbHO
to maximise the efficiency of he_at YCTAHOBKOI, MOXHO YIaBIMBATh J1d0 /4 We/Cp
recovery. The new system solutions Ha BHIXOZE U3 KOMMpeccopad, Mdo Bo
with natural refrigerants provide BpeMS OXNAaXAeH!S KOMIPECCOPHOro
fresh possibilities for waste heat Macna, pexae uem oHo dymeT /5 Th/Yr
utilization. nepeHanpasieHo ganbue.

/ G Fr/Mt
CHECK VALVE

OBPATHbI KNANAH
> O / ? Sa/Cé
HEAT RECLAIM
3 WAY VALVE HEAD PRESSURE CONTROL
PEFYNATOP 1ABJIEHNA

CONDENSER  KOHZEHCATOP [——0=C— =11 /( Su/Bc

TPEXXOAO0BbIV KNANAH
PEFEHEPALIMW TEMJTIA

> C] [
CHECKVALVE —
OBPATHbIV KITAMAH /y Mo/lx
RECEIVER
PECUBEP
JA) JAY
\) O Tu/BTt
LIQUID DRIER

FILTER
OUNbTP

XKNAKOro
OCYWINTENA ,/ we/cp
LIQUID

‘ ‘ INDICATOR

NHINKATOP

KIIKOCTH 2 2 Thy4r
EVAPORATOR  UCTIAPUTENb 2? Fe/Mr

ECTb MHOXECTBO BAPWAHTOB 24 Sa/Cé
MOHTaxd, MO3BONIOWNX YBEANUUT

acdekTBHOCTL peredepauuu.
Wcnonbzoraxne npupoaHbix
XJNaaareHToB CYwecTBeHHO pacuupseT

BO3MOXHOCTU yTuamsauuun <<6pOCOBOFO>> 2{ Mo/Mx

Tenna.
2 7 Tu/Bt

T 28
anuary 29 .

AHBapb
p ?0 Fe/Mr
2/ s

WATER OUTLET
«
BbIX0/ BO/bl

COMPRESSOR
KOMMPECCOP

WATER INLET

->
BXOZ BOAIbI




Geothermal heat
pump

Geothermal heat pumps (GHPs) use
the constant temperature of the
earth as the exchange medium. This
allows the system to reach fairly high
COP (3 to 6), compared to 1,75 to
2,5 for air-source heat pumps.

The GHP exchanges heat with

the earth through a ground heat
exchanger (ground loop). A fluid
(usually water or a mixture of water
and antifreeze) circulates through
the ground loop pipes to absorb or
relinquish heat within the ground.

As with any heat pump, geothermal
heat pumps are able to heat, cool,
and, if so equipped, supply the house
with hot water. The heat removed
from the indoor air during the summer
can also be used to heat water,
providing a free source of hot water.
Relative to air-source heat pumps,
GHPs are quieter, last longer, need
little maintenance, and do not depend
on the temperature of the outside air.

Even though the installation price of
a geothermal system can be several
times that of an air-source system
of the same heating and cooling
capacity, the additional costs are
returned to end user in energy
savings in 5 to 10 years. System
life is estimated at 25 years for the
inside components and over than 50
years for the ground loop.

Horizontal Loop
[opu30HTanbHbIit KOHTYP

[eoTepmarnbHbie
TernioBble HacoChl

[eoTepmarbHble Tenosble HacoChl
(TTH) ucnonbaywT oTHOCUTENbHOE
MOCTOIHCTBO TemnepaTypbl rpyHTa
Ha raydure Heckonbkux metpos. K/,
Takux cucTtem coctasnget ot 3 po 6,
YTO BblWE AHANOTrMYHOro nokasarend
BO3AYWHbIX Tenyosbix Hacocos, KM/,
KOTOPbIX O8LIUHO JIeXUT B AUANA30He
ot 1,75 no 2,5.

Ilng TennoodmeHa ¢ rpyHTom B

['TH ucnonbayetcd rpyHTOBbIN
TennoodMeHHuk: ceTb TpYdonporoaos,
Nno KOTOPOW Unpkyanpyet Xuakui
TennoHocuTenb (08bluHO BOAG UK
cMech BOAbl C aHTUdpPU30M).

Kak v Bce Tennosble Hacochkl, [ TH
MOryT odorperatb, OXnaxaath W,
npw COOTBETCTBYWWEM OCHAWEHUH,
odecneunsatb 1OM ropsueii BOAOI.
Tenno, BbIHOCUMOE N3 MoMeweHnd
JIeTOM, Takxe MOXHO UCMOJb30BATh
ans odorpesa BoabI.

Mo cpasHeHwio ¢ BO3AYWHbIMY
TennosbiMu Hacocamu, [ TH

TUwe, 1ONIroBeYHee, TexHuyeckoe
odcnyxusaHue cuctem NpoBoanTCY
pexe, nx padoTta He 3aBUCUT OT
TemnepaTtypbl aTMOcdepHoro Bo3ayxa.

HecmoTps Ha TO, 4TO YcTAHOBUTH
reoTepManbHyio cuctTemy cTout

B HECKOJIbKO pPa3 Lopoxe, yem
BO3AYWHbIV TErnJIOBOW Hacoc
QHAJIOTUYHON NMPOU3BOAUTENLHOCTH,
3aTpaTthl OkYndTcs 3a N9Tb — AeCdTb
net skcnnyatauuu. Mpu atom
BHYTpEHHNE LeTanil CUCTeMbl
CMOCOdHBI MPOCNYXUTb HE MeHee
25 net, a rpyYHTOBBIA KOHTYpP —
donee 50 ner.

Slinky Loop
ButK006pasHblil KOHTYP

Vertical Loop
BepTuKanbHblil KOHTYpP

Increasing the pressure raises the vapour temperature
biLLIAETCA TeMneparypa napa

anI MOBbILIEHNN 1aBJIEHNA N

Heat Pump

Pond Loop
BozioeMHblii KOHTYp

Heat is transfered to the building’s
distribution system
Tenno nepepaetcs B cuctemy
pacnpesenexns 3aanus

The ground loop transfers heat to a

working fluid in the pump

TpyHTOBOI KOHTYp Nepeaaert Tenso 8
pabouee BeLLECTBO TEMIOBOTO Hacoca

Ground Loop

IpyHTOBOI
KOHTYp

A network of pipes is buried in the ground
orimmersed in a water source

CeTb Tpy6ONPOBOAOB YNOXEHA B IPYHT WM
norpy»KeHa B UCTOUHUK BOAbI

February
$espanb

2 Mo/u

? Tu/Bt
4 We/Cp
5 Th/Mr

6 Fr/Mt
7 Sa/Ch

9 Mo/
/0 Tu/Bt

e
/2
/37
/4
/5 s
/G v
/7
[
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Fr/Mt

Fr/Nt

Sa/Ch

Su/Bc

| |

Compressor
Kompeccop

The working fluid expands
causing it to cool
Pabouee BeLjecTBO
pacLunpAetcs, Bbi3blBas
oxnaxexue

Expansion Valve
Tepmoperynupytowwmi
BeHTUNb

The distribution system can be either
underfloor heating, radiators or forced-

(ncrema pacnpefeneHna Moxet
6bITb B BUAE HAMOHOTO OTOM/IEHNA,
paznaTopHoro oToneHna nmbo B
BUAE CUCTEMbI MPUHYANTENBHOTO

Mo/Tlu

24
25
2
27
2 s

Distribution System
Cucrema
pacnpepenenus

air system

BO3/YLLIHOIO OTOM/IEHNA



ISObUtal’\e Isobutene, or R 600a M3069TCIH unn R600a

(a chemical compound with molecular (yrnesonopon ¢ dopmynoi C4H; o)
formula C4H10), is a possible NCMoNb3yeTCs Kak XJlaaareHT B
replacement for other refrigerants ObITOBbLIX XOJIOANJIbHUKAX.

in domestic refrigerators. The
refrigerant R 600a has been in use
in the past up to the 40’es, and then
replaced by chlorofluorocarbons
(CFCs). It has now again found a wide
popularity due to the environmental
considerations. Unlike fluorocarbon
refrigerants (CFC, HCFC, HFC),

Xnapgaredt R600a wnpoko npumeHdncs
nnotb o 40-x rogos XX Beka,

a nocne dbiN BbITECHEH C phblHKa
xnopdTopyraeponamu (XPY). Hosbiit
BCTIIECK MOMYJASPHOCTN N308yYyTaHa kak
XJlafaredTa CB93aH ¢ 03ad0UeHHOCTbIo
odwecTra skosioruyeckumn npodniemamu.
Benb, B oTnnune ot dpropyraepopHbix

Réoogolfgjas xnagaredtor (XPY,
Zel(’jO [ TXPY, TPY),
and almost R600a e

paspyuaet
O30HORBbIN Ccnon 1

npakTuyecku He

crnocodcTteyet
rnodanbHomy
noTenJieHuo.
OcobexHo
nonynspex
nsodyraH

B Egpone.

CeropaHg

bdonee 90%
ObITOBBIX XOJOANIILHUKOB W

MOPO3UNbHUKOB B [ epmaHu

3anpassiedbl 3TUM XJ1AAAreHTOM.

« OPT1 (030HOpPaspyuaowuii
notexunan) = O

o MMM (noTexunan rnodanbHoro
notennexns) = 3

e Huskas ctoumocTb

o ODP (Ozone Depleting Potential) = O * flocynocts

o GWP (Global Warming Potential) = 3

e Low cost

e Universal availability

e Excellent thermodynamic properties
leading to high energy efficiency

e Very low operating pressure

e Small high and low pressure ratio

e Low charges allowing

o Low toxicity

e Good stability, material
compatibility

negligible GWP. [sobutene is
especially popular in Europe.
Today more than 90% of domestic
refrigerators and freezers in
Germany are manufactured using R
600a as refrigerant..

e OTnnudble TepMoanHamuyeckne
CBOICTBa, 0decneunBanwue BbICOKYI0
aHeprodpekTNBHOCTb

e Kpaiide Huskoe padouee narnexue

e Manbie k03 puUNeHTbl BbICOKOTO 1
HW3KOTO [aBNEHNS

e Manbiit odbem 3anpasku

e Huskag TokcnuHocTb

e CTadunbHocTb, coyeTaeMocTb €
pPasnuyHbIMU MaTepuanamu

700 y

Disadvantages: 455

. ong ©
e High flammability Q Press{ire needed to [liquify fso- /
at 1.5% - 8.5% = 0 butane at room témperature /
) .. 2 [lagnexue,| Heodxoaumoe [nng
concentration in > nepexoaa 1308YTaHa B XNAKOCTHYH
air é 40 hd3y npu[KOMHATHON TeMnepaType
e Extra costs for ST,
safety measures g Norma| boiling point
o 7] of iso-butane y
o Low YOlumetn? g HopWianbrag Touka 7
cooling capacity o kunequs usopytara) 7
« Requires special 1%
. . . /
training of service ,
technicians 5 4 30 20 40 00 10 2 30 40 50

Temperature/Temnepatypa (°C)

HepoctaTku:

e Bbicokag BocnnameHgemocTs npu
koHueHTpauun B Bozayxe ot 1,5%
100 8,5%

e TpedywTcs gononHuTesnbHble Mepsi
desonacHocTw

o Huskas odbvemHas
XOJIOLONPOU3BOANTEINILHOCTD

e HeobdxoaumocTb cneuunanbHoro
odyueHus odcnyxueawwero
nepcoHana dezonacHomy odpaweHuio

March
MapT

2 o
2 e
4
5
é Fr/Mt
7 Sa/Cd

9 Mo/
10
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C02 or R744 was one of the COZ (auokeup yrnepona) nan

earliest refrigerants, however R744 — ognv n3 cambix nepabix
since the introduction of CFCs XJIALAreHToB, UCTIOJIb30BABWUXCY B
its application fell out of common cuctemax oxnaxgedud. C nogenedunem
use. In the early 2000’s it began XPY avnokcug yrnepona kak xyaaareHt
to be considered again in retail OTOWEN Ha BTOPOIi NaaH 4O Tex nop,
applications due to its low GWP, noka B Hauane 2000-x roaos
interest has continued to grow and 03adoueHHoCcTb odwecTsa

many systems have now been installed akosornyeckuMu npodaemMamn He
throughout the world. BbI3BAJIA HOBbIl BCTNIECK NHTEpeca k
CO, has some properties that can be npumededuio CO, B xonoannbHow
unfamiliar to refrigeration engineers; TexHuke.

hence the design, installation and
operation of CO,-based
systems require special
training.

«ODP =0

e GWP = 1

e Very low cost

e Universal
availability

e Non toxicity

e Non flammability

o Relatively
high continuous
exposure levels of
5,000 ppm

o High Volumetric Performance

e Small compressor swept volume

e Small system piping sizes

e Good potential for heat recovery

e Good potential for energy efficiency

Cnepyet
MOMHUTb, YTO W3-3a pdad

ocobdeuHocTelr, otnuuawwmux CO, ot

APYrux xNagareHTos, NpoekTuposaHue,

MOHTAX W 3KCMNYaTauusd YcTaHoBOK

Ha awnokcuge yrnepoaa TpedyioT

creunanbHol NMOArOTOBKU.

¢ Very high design pressures with . O‘= GCTBG'

potential safety implications _
e Low critical point (+31°C) o NI = 1
e Relatively high triple point
(-56.6°C) / 5.2 bar
e Higher capital cost
e Special precaution, equipment or
procedures for long shut down

e Kpaitve Hnskag ctoumocTsb

e [locTtynHocTb

e HeTtokcunudocTs

e HesocnnameugemocTb

e OTHOCUTENbHO BLICOKOE 3HAYeHne
MAK npu pnutenbHoMm Bo3geicTeun —

periods of plants 0,5% (5000 ppm)
e High density of vapour compared to o Bicokas o8bemuas
ar . . . : MPOu3BOANTENLHOCTD
o Little practical experience in service o Masbiit padounii o8bem unanHapa
compantes komnpeccopa
o Hedonbwoii gnametp
Pressure/[lasneque Tpydonposoaa
[psi] [bar] CO, Phase diagram/Ouarpamm das CO, o Xopouwuii noteHuuan
14500 1000 5 peredepauun Tenna
3 Liquid/Xnaxas e 3HeproaddekTuBHOCTH
1 &
g
(]
450 100 A o Ouewb BbiCOKOE
fer 136 3 2 j Critical Point padouee narneHue, 4To
18 i Kputudeckas Touka ’
i : npeacTasngeT yrposy
dezonacHocTn
LI 5 o Huskag kputuueckas
wrE A, foua (31
i : : e CpasHutenbHo Bbicokas
: Vapour/TazoodpasHas TpoiiHas Touka
1415 1 I I I I I I I I o
80 g6 4 0 e s [ (266°C)/528mp
112 gqq 4O 32 g7qi104 176 [F] e Bbicokve kanutanbHble

3aTpatsl
e Ocobbie TpedoraHug
k dezonacHocTu,
TpedywTcd cneunanbHoe
odopynoraHue n npoueaypsl angd
AOJICOCPOYUHbIX OCTAHOBOK
e Bbicokag nnoTtHoCTh Mapa no
CPABHEHUID C BO3AYXOM
e OTcytcTBue onbiTa padoTsl ¢ TakuMmu
cucTemamu Y odcnyxueawumnx
koMnaHuii

Temperature/Temnepatypa
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Transcritical

refrigeration systems

The critical temperature of CO, (R744)
is only 31.0°C. This means that for R744
heat rejection process by condensation
can only be established at temperatures
up to 31°C. Considering the temperature
difference needed in the heat exchanger,
a practical upper limit for a heat
rejection process based on condensation
is reached at temperatures 5 to 10°C
below the critical temperature. For many
refrigeration applications, the ambient
temperature will exceed a level of 25°C,
making it practically impossible to reject
heat by condensing carbon dioxide.
However, this doesnt mean that carbon
dioxide cannot be used as a refrigerant
in these applications. Carbon dioxide
can indeed be used as a refrigerant for
these applications - but the heat rejection
process from these applications must

be based on a different process than
condensation.

The refrigeration systems where working
fluid goes through both subcritical
and supercritical states are called
transcritical refrigeration systems.

In simple CO, transcritical refrigeration
system the compressor discharges the
gas above the critical pressure of R744
(74 bar), the condenser then acts as a
gas cooler and reduces the temperature
of the discharge gas without condensing
it into liquid. Cooled fluid passes through
a pressure reduction valve, at which
point a portion condenses into liquid
and the rest remains as gas. Liquid and
gas are separated in a flash vessel
controlled by the pressure relief valve
at a medium pressure. The liquid at this
intermediate pressure is then distributed
to the evaporator via the liquid line and
expansion device. The flash gas is taken
via an additional expansion device to the
suction of the compressor.

Now CO, transcritical systems are used
in air conditioning, heat pumps, small
showcase refrigeration, supermarket
refrigeration, cold storage refrigeration

9 115 bar

Ambientabove 31°C

TpaHckpuTuyeckue
XONOAUNbHbIE CUCTEMb

Kputuueckad Touka (MakcumarbHas
Temneparypa, Mpu KOTOPOUi BO3MOXHO
cxuxexve rasa) ans CO, (R744)
coctarnget auwb 31,0°C. 310 03HauaeT,
YTO TEMoOoTaAQUYA NYTeM KoHAeHcauun Ans
3TOro XJlaadreHTd BO3MOXHA Jinwb Mpw ero
oxnaxaeHum Huxe 31°C. C yuetom Toro,
YTO AJ19 KOHAEHCAUNN B TEMJIO0OMEHHKe
TeMmriepatypa okpyxaioweii cpefpl 10JxHA
8bITb Ha 5-10°C uuxe kpuTudeckux
Temnepatyp, ans cuctem Ha CO,
KoHIeHcauus npekpawaeTcs Mpu YauyHoi
Temnepatype sblue 25°C.

3HaunT 1 3TO, YTO AVNOKCUA yrnepoad
Herb39 UCTIoNb30BATb MW doJiee BbICOKUX
Temnepatypax? Bogsce Hert. Mpocto
npouecc TeryooTaadn B NogodHbIX
YCTAHOBKAX [ONXEH MPOUCXOANTb He
nyTeM koHgeHcauni.

XonogunbHble cuctembl, B KOTOPbIX
padoyee BewecTso NPoOXoanT n

yepes cydkputuueckoe, u yepes
CYMepkpuUTUYEckoe COCTOSHUE, Ha3bIBalTC
TPAHCKPUTUYECKMUN XOSIOANITbHBIMUA
cuctemamu.

B npocTbix TpaHckpuTuuecknx xonoansibHbix
yctaHoskax Ha CO, komnpeccop HarHetaet
ras Bbie KpUTUYeckoro aasnequd (74

dap), a koHaeHCaTop BLICTYMAeT B PO
OXJaAUTeNd rasda v CHUxaeT TemnepaTypy
Har{HeTaemoro rasa, He npeepawas ero B
xupakocTtb. Oxnaxaexbiii CO, npoxoant
yepes peayKUNOHHBIN knanaH, W 4acTb

€ro KOHLeHCUPYeTCs B XWAKOCTb, d YacTb
0CTaeTcs B COCTOFHUM rasa. KuakocTb

W ra3 pasgensioTcs B UCrapuTesbHoN
eMKOCTU, KOHTPONMPYEMOli KanaHom
cdpoca pasnieHns npw cpeaHeM AABJeHWN.
[Mpu aTOM NpOMEXYTOUHOM AaBTIEHNN
XWAKOCTb NnepeaaeTcs B ucnaputenbs

yepes xnaKOCTHBIN Tpydonporog
apoccenbHoe ycTpoiicTgo. [lpoccenbHbiii
ras BbIBOAUTCS Yepes AOMOJHNTENbHO.
ApocceribHoe YCTPOCTBO K BCAChIBaWeMy
Tpydonposoay komnpeccopa.

CeroaHd TpaHckpuTuyeckne CUcTeMbl Ha
CO, ncnonbayTcd B KOHANUNOHNPOBAHUN
BO3[YXd, TernnoHacocax, Hedombwux
BUTPUHHBIX XOJIOANITbHIKAX,
XonoanIibHoM 0dopyaosaHumn

and etc.

115 6ap Temnepartypa cpeabl cgnepMQpKeTos, CKNanos...
Gas cooler Bbiwwe 31°C
Oxnagutenb rasa
E’;Es::,ls';z:“e Intermediate pressure 40 bar
MpomexxyTouHoe aaBneHmne 40 6ap Complessor
Komnpeccop
E . Low temp evaporator
P Xpansion HusKkotemnepatypHblii
eaa""pe"g ncnaputenb
- (5 ) @
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v
=
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Wa‘ter (R718) is easily available BO,IJ.CI (R718) noscemecTHo

and has excellent thermodynamics pacnpocTpadeda u odnanaet

and chemical properties. Beside 3ameydaTesibHbIMU TepPMOANHAMNYECKUMu
these advantages, there are n xumnyeckumu ceoicteamu. OpHako
technical challenges that result ee NCnosb30BaHNe B XOJIOAUIbHBIX
from its high specific volume at low CUCTEeMax COMpPIXeHo C P9aoM
temperatures. These challenges TexHuyeckux npodnem, CBI3aHHbIX CO
include high pressure ratios across 3HaQUUTENbHbIM YaesibHbIM 0dbeMom

the compressor and high compressor npw HU3KUX TeMrnepaTypax, BbICOKUMU
outlet temperatures. These challenges ko3 dpuuneHTamn garneqns n donbwoi
have been overcome by designing and TeMnepaTtypoii Ha Bbixoae
manufacturing special compressors 13 koMmmnpeccopa.

for water vapour compression

.. . . PeunTb 3T Npodniembl MOXHO,
applications, especially multi-stage

UCMoJNb3ys B YCTaHoBkax, padoTtawwmnx
Ha BOASHOM mape, ocodble
KOMMpeccopebi.

YctaHosku, padoTtaowune
Ha BOASHOM mape, —
3TO, B OCHOBHOM,
TennoHacocChl, BOAIHbIC
yunnepsbl, BakyymHoie
NbaoreHeparTopsl,
ocyunTenn n
cenapaTtopei.
Obdnactb npumexeHund
TAKUX YCTAHOBOK:

UeHTpann3oBaHHoe
turbo xonogocHadxeHue,
compressors cenbckoe X034iCTBO,
with oxJnaxjeHue

rasoBbiX TYpOUH
! MPOMbIWEHHOTO
odopynosaHug.

Mpeuvyuectea:
«OPM = 0

oM =0
e OTnnyHbIe TepMoguHamnyeckue
n Xumnyeckue

intercoolers
between stages.

Water vapour
compression
applications can mainly

be classified in heat pump,
water chiller, vacuum ice

Temperature/Temnepatypa (°K)

CBOWCTRA
0 50 100 150 200 250 300 350 400 450 500 550 600 650
1TPa 10Mbar e Bbicokag Tennota
(0060 e napoodpazosaHuns
Solid/Teeppas ¢aza e [lpocToTa 8
10GPa i — UL odpaweHun
S—T
1GPa — Liquid/Xuakas daza +10kar @ = e HeTokcuuHoctb
- X
100MPa l\__ Cri{Jical p)intZKommqicmq 0Uka | fpper 2 e Hegocnna-
| 647 K, $2.064 uPa | S \MeHIeMOCTb
2 10MPa ——— 1 100bar X
= = S Wupokas
Q T &
3 M T ing pdint/Tguka 3quepaquus (fatm) _ 10bar 2 AOCTYMHOCTD
5 100kP 2735K, 101324 kPa | A . §
E " Boiling pdint/Tquka kuedus|(fatm Q HepoctaTku:
S 10kPa :/ 375115 K101 325 KPa 100 mbar
2 / e Huskas pacuetHad
£ e S 10nbar XOJNOLOMPOU3-
Q /,C’Tnplep int/Tpoiixag Touk
100Pa 2316 4 61T Pa mbar BOANTEJNbHOCTb
/ e Huskag nnotHocTh
10Pa 4 100bar
/ B ra3000pazHoM

1Pa T T T T Il T L T L T L T L T L T L T - T 10bar
-250 -200 -150 -100 -50 O 50 100 150 200 250 300 35 COCTOQHMYI o
o bonbwoli 0dbeMHbIl

Temperature/Temnepatypa (°C)
pacxop

e Bbicoknii
K09 PUUNEHT faBNEHUS
e Bbicokag Temnepatypa Ha Bbixoge n3
koMmnpeccopa

production, drying and separation.
The application range also includes
the applications for district cooling
(thermal storage and chilled water),
agriculture, gas turbine inlet cooling
and industrial process cooling.

Advantages:
«ODP =0

e GWP =0

¢ Excellent thermodynamic and
chemical properties

e High evaporation heat

e Simple handling

e Non toxicity

e Non flammability

e Non-limited availability

June
Disadvantages: .
o Low specific cooling capacity m l.o H b

e Low density in the gaseous state

e High volume flow

e High pressure ratio

e High compressor outlet temperature
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R1 2. 34 f (tetrafluoropropene R1 234gf (teTpadTopnponas,

with the formila CH,=CFCF; ) is a CH,=CFCF5) — 370 xnagarexr, / We/Cp
refrigerant developed jointly by COBMECTHO Pa3padoTaHHbIil koMnaHugMu

Honeywell and DuPont™. R1234yf is Honeywell n DuPont™. Mpoussogutenu

a next-generation HFO refrigerant OTHOCYT ero k ocodoli rpynme BewecTs 2 Th/4r
that combines environmental benefits — ruapodTroponedudam (FPO),

with excellent cooling performance. coyeTanWwnM 3KOJIOrNYHOCTb C BbICOKOI

[t has been proposed as a XOJIOLOMPON3BOANTENEHOCTBIO. ? F/Mir

replacement for R-134a as
a refrigerant in automobile
air conditioners. R1234yf
has been comprehensively
tested and shown to be

a reliable, cost-
efficient
solution.

ITOT xNagareHT

npenyiaraeTcd B 4 Sa/Ch
KauecTse 3aMmeHuTens
R-134a &

6 Mo/x
7 Tu/Bt
{U\Je/Cp

:7 ThyYr

«ODP = 0

o GWP = 4 / e/
e Similar cooling

capacity and

energy efficiency

// Sa/Cb
to R134a

¢ Suited to all climates ABTOMOSUALHBIX
BCTEE .th_e world koHpMunoHepax. Ox
e Low toxicity npowen BCECTOPOHHME /? Mo/l
UCTbITaHNd, Nokasaswne ero o

5
« Mild flammability at 6.2% - 12.3% HAAGXHOCTE U PEHTAOEIILHOCTS.

concentration in air /4

e High initial cost «OPM = 0O
e Extra costs for safety measures JM =4 /5 We/Cp
e Requires special training of service

= e X0N1040MpON3BOANTEILHOCTL U
technicians

9HeproadHekTNBHOCTb CPABHUMbI C
R134a / G Th/tr
35 e [Mogxoout gng

~ R-134a npuMeHeHus Bo /7 e/l
g 3 BCEX KAUMATUYECKNX
= 0 HFO-1234yf ycJiosugx
g~ o Huskuit yposeHs /{ Sa/Ch
@ 9 TOKCUYHOCTN
ac
Q
F
E
S o Cpeaxgg
o BOCTIJIAMEHIEeMOCTb
>
? npu koHUeHTpauuu
£ 05 B BO34yxe oT 6.2%
B T 4.4°C oo 1 2.3%
S 0 | | e“"":I : | | | e Bbicokas ctoumocTb
>

e [lononuutenbHble
3aTpathl Ha Mepbl
desonacHocTn

e HeodxopumocTb
B creunanbHoM yyedHom kypce

no sonpocam de3onacHocTu ans
nepcoxana

-40 -20 0 20 40 60 80 100
Temperature/Temnepatypa (°C)
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Solar cooling

From a sustainability perspective,
directly using solar as a primary
energy source is attractive.

The power from the sun intercepted
by the earth is much larger than the
present consumption rate on the earth
of all commercial energy sources.
Thus, in principle, solar energy could
supply all the present and future
energy needs of the world on the
continuing basis. Besides, it is an
environmentally clean source of energy,
it is free and available in adequate
quantities in almost all parts of the
world where people live. However,
there are problems associated with its
use. It is a diluted source of energy
and its availability varies widely

with time. Consequently some form

of redundancy or energy storage
(electrical or thermal) is required for
most applications, which further adds
to the system size and cost.

Two groups of solar-driven
refrigeration systems can be
classified, depending on the type of
energy converters, e.g. PV-electricity-
driven and solar-thermal-driven.

Photovoltaics (PV) involve the direct
conversion of solar radiation to
electricity using semiconducting
materials. Solar photovoltaic panels
produce electrical power that can

be used to operate a motor, which is
coupled to the compressor of a vapor
compression refrigeration system.

The solar thermal-driven air
conditioning cycles can be based
on absorption cycles, adsorption
cycles, duplex rankine, desiccant
cooling cycles, or ejector
refrigeration cycles.

SOLAR PANEL .
MAHENb CONHEYHOM
BATAPEU

Solar Heat storage
collector tank

ConHeuHblii
KOnneKTop Tenna

CondeyHoe
oxJaxaeHue

C Toukn 3peHns YycTolumsoro passutug
NCTIONIb30BAHNE COJIHEUHOTO N3JYYeHNs
B kauecTBe MepBUYHOro UCTOUHUKA
aHeprun oueHb MPUBNEKATEIbHO.

KonunuecTtso conHeuHol aHepruuv,
noctynaiowei Ha 3emio, HaMHOTO
npesblwaeT HblHeWwHUn YpoBeHb
aHepronoTpedneHud. To ecTb conHue
cnocodHo YynoBneTBopuTh BCE Tekywune
n dyayuune sHepreTuyeckne HYyxabl
nnaHeThl. [lpn aTom conHeuyHas aHeprus
akonornyeckun Yncta, decnnatHa u
AOCTYMHa NpakTuyeckn sesne, rae
MPOXNBAIOT J0AU.

OpHako ee ncnosnb3oBaHne 3aTpyaHeHo,
npexae BCEero, ee pacCesHHOCTHIO
HEepaBHOMEPHOCTbIO KONNYeCcTBa
noctynawuwein aHeprun ¢ TeveHnem
BpeMeHu, 4To TpedyeT cozaaqHng 3anaca
MoJiyyeHHoll aHeprun (B anekTpuueckoi
wnu Tensaosoit dopme), a 3TO
ygenunymeaet CTOUMOCTb W pasmep
cucTeMmbl.

PaznuuaioT ge rpynmnbl CONHEYHbIX
CUCTEeM OXNaxaeHns, B 3adBUCUMOCTHN
OT Tuna npeodpazoraHugd

aHepruun: oTo3anekTpuleckne n
condeyHo-Ternsorble. B cuctemax
(hOTO3NEeKTPUNYECcKoro Tuna NPoOUCXoauT
npsmoe npeodpazoBaHne CosHeYHo’
3Heprun B aNeKkTpu4ecTBo €
NCNOJNIb30BAHNEM MOJYMPOBOAHVNKOB.
3aTem anekTpuyecTBo UCMONb3yeTcs ANg
npuBeaeHnd B ABUXEHWe koMmnpeccopa
XONOAWJIbHOW YCTAHOBKMN.

Absorption chiller
A6cop6uNOHHBIN Ynnnep

Cold storage
tank
AKKymynatop
xonoaa

s

Warm, humid/ Tenno, Braxxo
Air conditioner

Coolingloads/ Tennosan Harpy3ka
KoHanumoHep Bo3ayxa

o Cool, dry/ MpoxnapHo, cyxo

AKKymynatop

Chilled ceiling
OXnaX e Mbli MOTONOK

VOLTAGE
REGULATOR
PEFYNATOP

HAMPAXEHUA

YCTPOWCTBO

B conHeuHo-Tennosbix

BATTERY CHARGER
9JHOE

CONTROLER
PETYNIATOP

COMPRESSOR
KOMMPECCOP

EVAPORATOR |
WCNAPUTEND

KOHAEHCATOP

BEHTUNATOP

THERMOSTAT

TEPMOCTAT

f THERMOSTAT

BEHTUNATOP

EVAPORATOR
NCMNAPUTESTb

+

i

COMPRESSOR / KOMIPECCOP

cuncrtemax moryt

| nMpPpUMeHdTbCH

adcopdunoHHbie n
ancopdunoHHbie UnkJbl,
Aynaekc-unkabl Peukuxa,
BJiaronorjowaiowne nam
9XEKTOpHbIE MPUHLUMbI
o -0 OXJIaxAeHuns.

¢+ _#) KT/ Bcex TUNORB CONMHEUHbIX
CUCTEeM OXJaXAeHNd HU3OK.
O+ -0 OpHako 37O He Tak BAxXHO,
s MOCKOJIbKY TOMJINBO, HA
KOTOPOM OHW padoTaioT,
TO ecTb, CONHeuHad
aHeprud, — fapoBoe.

CONTROLLER / Kontponnep

The COP is low for all types of solar
refrigeration systems. However, this
definition of efficiency may not be
the most relevant metric for a solar
refrigeration system because the
fuel that drives the system during
operation, solar energy, is free.

August
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R1 270 is the common name for R1 270 — 3TO pacnpocTpaHeHHoe

high purity propene/propylene (CsH) Ha3BaHue nporeH/nponuneda BbICOKoON
suitable for use in the refrigeration unctoThl (CsHe), koTopbI NoaxoanT
and air conditioning industry. It is ANS NPpUMEHeHUS B XOJIOANJIbHOM

also known as CARE® 45, odopypnoBaHun n cuctemax

KOHAMUNOHNPOBAHUS BO3AYXA.
ITOT XNAAATeHT Takxe U3BecTeH Kak
CARE® 45.

OcobeHblit udtepec k R1270 gbizgaH
BO3MOXHOCTbIO ero UcrnoJsib30BaHns B
kauectBe 3ameHutens R22/R502.

bnaroaapsg donee BbiICOKO 0dbEMHOIA

XOJIOAOMPOU3BOANTENLHOCTU

n HU3kOW Temmnepartype

kunedud (Mo cpasHeHuo
c R290), R1270
naeanbHo NoaxoauT
ANS cpenHe-
Hu3KOTEeMnepaTypHbix
cucTteMm, Takux,

KAk yunnepsbl B

cynepmapkeTax.

For some time there has also been
increasing interest in
using R1270 as
a substitute for

C apyroii cTopoHbl, BbiCOKUE
yposHu aasnexns (>20%) u
donbwag Temnepatypa rasa Ha
BbIXO[E OTrPAHNYNBAlT CNekTp
npuMeHeHNs AaHHOrO XJagareHTd.

R22/R502.
Due to its higher
volumetric refrigeration

capacity and lower boiling Kpome Toro, R1270, nopod+o apyrum
temperature (compared to R290) YryieBOAOPOAHBIM XJIAAATeHTaMm,
app[ications in medium and low ordHeornaced, nosTomy Oép(]l.ueHVle C HUM
temperature systems, e.g. liquid TpedyeT npuHsTug Mep desonacHocTu.
chillers for supermarkets, are
of particular interest. — ZZ .,
On the other hand, £ 4 /
higher pressure levels S 3 //
(>20%) and discharge gas 2 30
temperatures have to be g 2
taken into consideration, o0
thus restricting the possible a 15
application range. As other £ 10
hydrocarbon refrigerants (5) — |
R1270 also BEbngs to the 00 80 60 40 20 0 20 40 60 80 100
group of extremely flammable Temperature/ Teunepatypa (°C)
refrigerants. Therefore the
handling and use of R1270 6
requires adequate safety =
measures. S 5 /
$ 4
5
«ODP =0 g 3
« GWP <2 S
o Low cost 5
« Universal availability g /
« Excellent thermodynamic R —
properties leading to high 9 80 70 60 50 40 30 20 A0 0
energy efficiency Temperature/ Temnepatypa (°C)
» High vapour heat capacity
« High volumetric refrigeration
capacity
» Low charges allowing LOPM = O
» Low toxicity LT <2

» Good stability, material compatibility + Hu3kas cTONMOCTS

» Qbuenoctyrocts
o f[ammabilitg at 1.8% - 11% o OTnnuHbie TepmoanHamuyeckue

concentration in air

» Extra costs for safety measures

» Requires special training of service
technicians

cBoiicTBa, odecneunsaowne BbICOKYI0
9HeproaddekTNBHOCTb

« Bbicokas TennoemkocTb napa

» Bbicokag odbemuag
X0NOA0NPOU3BOANTEINBHOCTD

o Manbiit odbem 3anpasku

« Huzkag TokcuuHocTb

o CTabunbHocTb, coueTaemocTb ¢
pasnnyHbIMu MaTepuanamun

HepoctaTku:

» Bbicokag BocnnamexgemocTb npu

S e -te m b e r' koHueHTpauun B Bozayxe ot 1,8%
p no 11%
o [lononuutenbHble 3aTpathl Ha Mepbl MO

C e H T §| 6 p b odecrnieyeHunio desonacHocTu
» HeobdxopumocTth B cneynanbHoM

odyueHun odcnyxusawwero
nepcoHana desonacHomy odpaweHuio

/ Tu/Br
9o
? Thy4r
4 Fe/Mr
5 Sa/C5
7o
7 Mo/l
6/ Tu/Br
9 We/Cp
/ ThyYr
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pfopane gas is often used

as a fuel source, but it is also a
refrigerant. The refrigerant industry
classifies Propane as R290.

Propane is a natural substance with a
chemical formula of C;Hs.

R290 has a wide range of
applications. This includes commercial
refrigeration, chill cabinets and
vending machines, cold storage and
food processing,
industrial

refrigeration, transport refrigeration,
small air conditioning systems, large
air conditioning and chiller systems,
heat pumps and water heaters.

«0DP =0

«GWP =3

s Low cost

» Universal availability

« Excellent thermodynamic properties
leading to high energy efficiency

« High vapour heat capacity

» Low discharge temperature

» Low operating pressure

» Low charges

«» Low toxicity, well-known hazards

« Good stability, material
compatibility

nponaH npuMmeHdeTCcd He TOJIbKO B

KkayecTBe TOTJIMBA, HO W KAk XJI4AreHT.
B xonogunbHoi ndayctpun nponaqy
npucsoeHo 0dozHaueHne R290.

370 npupoaHoe BewecTro C
xumunyeckoin dpopmynoin CiHs.

R290 vmeet wnpokunii cnektp

npuMeHeHus: koMMmepyeckoe

oxJaxaeHue, NpUIagku ans

OXJIaX AeHHbIX MPOAYKTOB N TOProBble

aBTOMAThl, XONOAUIbHbIE CKIAAbI

W NMUWeBas NPOMbIWNEHHOCTD,

TpaHcnopTHoe XonoanibHoe

odopyposadue, mansie

n donbume cuctemsl

KOHAULUUOHUPOBAHUS
BO34YXa, YUsnepsl,
TenaoHacoch u
BOLOHArpeBaTenu.

MpeumywecTtra:

«OPIl =0

oMM =3
« Huzkas ctoumocTb

« ObdwepoctynHocTb

o OTnnudble

TepMmogunHaMmuyeckne CBONCTBa,

odecneunsaiowune BbICOKYI0
3HeproaddekTuBHOCTb

« Bbicokas TennoemkocTb napa

» Huskag Temnepatypa Hardetavud

« Huzkoe padouee gasnerue

o Maneiii odbem 3anpasku

o Huskas TokcuuHocTb, XOpowo
n3BecTHble dakTopbl pucka

o CTadunbHocTb, coueTaeMocTsb C
pPasnuyHbIMU MaTepuanamu

HepoctaTtku:

« Bbicokasg BocnnamedgemocTs npu
KOHUeHTpauun B Bozayxe ot 2%
no 10%

o [lononHutenbHblie 3aTpatsl Ha Mepbl
no odecneuexuio desonacHocTu

» HeobdxopumocTh B crieynanbHoM
odyueHun odcnyxueakwwero
nepcoHana dezonacHomy odpaweHuio

100
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Pressure/[asnexune (bar)

001
-100  -80 -60 -40 -20 0

20 40 60 80 100

Temperature/Temnepatypa (°C)

« High flammability at 2% - 10%

concentration in air

» Extra costs for safety measures

» Requires special training of service
technicians
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NH,/CO, cascade
system

Carbon dioxide has many advantages
as a natural refrigerant. It is non-
flammable, inexpensive and abundant.
[t has great evaporating latent heat
and refrigeration capacity per unit.
lts kinetic viscidity is low and it’s in
harmony with common lubricant.

Main disadvantages of carbon dioxide
as a refrigerant are the high system
pressure for air-conditioning, more
than 100 bar, high triple point

5.2 bar/(- 56°C) and low critical
temperature 31°C/ 73.6 bar.

Ammonia as a refrigerant has
advantageous thermodynamic
properties. But it is flammable,

toxic and incompatible with ordinary
mineral lubricant. If there exists some
water vapor in the system, ammonia
becomes corrosive to copper, so the
heat transfer tubes must use steel
tube. The capability of heat transfer
of steel is not as good as that of
the copper, which increases the heat
transfer area and the weight of the
system.

The disadvantages of ammonia as a
refrigerant can be overcome by
NH3/CO, double working fluids
two-stage (cascade) refrigeration
system. This refrigeration system
minimizes the charge quantity for NH;
by filling only in the high-temperature
stage, using CO, as a boiling
secondary refrigerant/coolant in the
low-temperature stage and possible to
keep NH; away from safety requiring
areas.

30°C

NH; compressor
Komnpeccop NH;

NH; CONDENSER
KOHAEHCATOP NH;

v C0,/NH; heat excahnger / Tennoo6menHuk CO,/NH;
)

CO, compressor
Komnpeccop CO,

CO, pump / Hacoc CO,

-40°C
(0, evaporator / icnaputens C02

November
Hogdpb

(0, defrost compressor
Komnpeccop otTaiikn CO,

KackagHag cuctema
NH./CO,

HaTypanbHblil xnagaredT guokcug
yraepoaa (CO,) uveet pdn
3HAUUTENbHbIX MPeuMywecTs.

Od HeorHeonaceH, Hegopor

n odwepnoctyneH, odnagaet
3HAQUUTENbHOW JIaTeHTHOW TennoTon
1 XONOAONPOU3BOANTENBHOCTbIO,
HU3KUM KO3 pULNeHTOM
KuHemMaTuyeckoii BI3koCTu, coyetaeTcd
C 0dWen3BeCTHLIMN CMA30YHbLIMN
MaTepuanamu.

OCHOBHBIMN HELOCTATKAMW LUOKCUAA
yraepoaa B kauyecTse xnagdreqTa
apngTCcyd Bbicokoe (Sonee 100 Sap)
[ABJIEHNE BHYTPU CUCTEMbI
KOHAVNUNOHNPOBAHNS BO3AYXd, BbICOKAS
TPOWHAY TOUKA W HWU3KAd KpUTUYeckad
Temnepatypa.

Auvmunak (NHs) B kauecTtre

xJnagaredta odnagaet noagxonswnMn
TepMoanHaMmmnyeckuMn CBOMCTBaAMU.
OpaHako Hapgay € aTuM OH
BOCTINIAMEHSIEM, TOKCUYeH u
HECOBMECTUM C OOblUHbIMU
MUHEPAJTbHbIMU CMA30YHbIMU
maTtepuanamu. Ecnu B cucteme
NnogBngeTcd BOASHON Nap, ammuak
HauuHaeT pasbeaaTb Meab, NO3TOMY ANS
nepepauu Temnna cneayeT NpuMeHdTb
cTanbHble Tpydku. TennonposoaHoCTb
CTann He Tak Besuka, kak y mMeaun, n 3To
NPUBOAUT K YBEJINYEHUNIO MOBEPXHOCTU
TennoodMeHa v BeCa CUCTEMbI.

Oand us cnocodor peweHns npodnem,
CBI3aHHbIX C BbIWEOMUCAHHBIMU
0COOEHHOCTIMU XJIafAreHToB, 9BNgeTCY
ABYXCTyrieHdyaTad (kackaaHad) cuctema
oxJiaxaeHus ¢ asyms padoynmu
BewecTtramu NH;/Co,.

B nopodHbix cuctemax cHuxew

odbem zanpaskun NH; (um 3anonwex
Wb BbICOKOTEMMEepaTypHbiii

otcek), npumeredue CO, B kauecTge
KUNIWero BTOPUYHOro XJlaadreHTa B
HU3KOTEeMMepaTypHOM OTceke No3BongeT
n3dexaTb NPUCYTCTBUS aMMuUaka Ha
onacHblX Yy4yacTkax.

NH;

Pressure / lanenne

302C (11.7 bar)

205 (1.9 bar) /

' §
Enthalpy / SHTanbnua 4

co, /%@.s bar)

-15aC(22.9 bar)\

Pressure / laBnenne

-402C (10 bar)

: | §
Enthalpy / SnTanbnua 4

Mo/
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Ammonia R717 has been

used as a refrigerant for over 100
years. Even during the period of
strong growth in use of synthetic
fluorocarbon refrigerants, it remained
popular for a range of applications
due to its excellent thermodynamic
properties and low cost. However, due
to its low environmental impact, R717
is now regaining popularity when an
alternative to

fluorocarbons
is being sought.

However, it has a number of
drawbacks that have so far
prevented the use of ammonia

for commercial applications, e.g.
material compatibility, toxicity, and
flammability.

'%T. 25
=
«ODP = 0 2
«GWP =0 20
e Very low cost =

. . ope ~
e Universal availability =
e Low density of vapour s 15
compared to air <
o High efficiency of the a 0
refrigeration cycle a

e High heat transfer capacity

e High Volumetric Performance 5
o Low operating pressure

e Strong odor which serves as

effective alarm for leaks 0 4

o Small system piping sizes
o Well known refrigerant in the
industry

e Toxicity over 25 ppm concentration

o Flammability at 16% - 25%
concentration in air

e Explosive in the presence of mineral
oils

e Low miscibility with compressor oil

e High discharge pressure

e Need of use water cooled or
evaporative condensers

e High reactivity to copper in the
presence of water

» Requires special training for an
emergency

December
[lexadpsb

AMMMGK (NH3) nan R717 —

UCMoNb3yeTCs B KayecTse XJaaadreHTa
BoT yxe bdonee 100 net. [laxe B
nepuoj rocnoacTBa CUHTETUYECKUX
dbTopyYraepoaHbix XJaaaareHTos

OH MPOAOJIXAs UCTONb30BATLCY B
psae ycrtaHosok, dnaroaapd cBoum
TepMOANHAMUYECKUM CBOWCTBAM U
HU3KOW CTOUMOCTWN.

W3-3a desonacHocTu ang okpyxatwwei
cpeabl R717 ceituac 3aHoBo

Hadupaet nonyndpHocTb. OnHako oH
uMmeeT psga HegoCTaTkoB, TAKWX,

Kak HeCOBMECTUMOCTb C
HeKoTOpHLIMU MaTepuanamu,
TOKCUYHOCTb W
BOCTJIAMEHSEMOCTb.

«OPMM =0

oMM =0

e OyeHb Hu3kad

CTOUMOCTb

o OdwepnocTynHocThb

e Huzkag nnotHocTb

napa no CpaBHEHMIo C

BO34YXOM

o BoicokoadpekTusHbIi

UWKJ OXJaxaeHus

e Bbicokuii noteHunan tennonepenaun

o Bbicokag odbemuas
MPOU3BOANTENLHOCTD

e Huskoe padouee nasneHue

e CunbHblii 3anax, kOTOPbI CAYXUT
3(bPeKkTNBHBIM NHAUKATOPOM YTeuku

o Hedonbwoii snametp Tpydonposoaa

e bonbwoi onbIT ucnosb3oBaHNg B
NpoMblwNeHHOM cekTope

-30 -10 10 30 50
Temperature (deg C)/Temnepatypa (°C)

HepocTaTtku:

e TokcuyeH npu koHueHTpauuu donee
25 yacteii/maH

e Bocnnamexsem npu koHueHTpauun B
Bozayxe ot 16% no 25%

e Bapbisoonaced B npucyrcteuu
MUHEpanbHbIX Maced

e [lnoxo cmewnsaetcd ¢
KOMMPECCOPHbIM MACJIOM

e Boicokoe gasnexne vardetaHnd

e Heobxogumo ncnonbzosath
KOHeHCATOPbl C BOASHBIM
oxJiaxjeHneM Ui ucriaputesibHble
KOHEeHCaTopbl

e BcTynaet B peakuunio ¢ vegpio B
NpUCYTCTBUN BOABI

e Heodxopnuma ocodas noarotoska
nepcoHalsia Ha cnyyai YpesBblYatHbix
cutyauuni
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