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HaBeneno pe3yJbTaTH 4MceIbHOIO0 MOJETIOBAHHSI NpoueciB NMepeTBOPEeHHA TeIJIOTH
BUKHJHUX ra3iB NaJMBHOBHKOPUCTYBAJILHOIO O00JIQHAHHA NPOMHUCJIOBUX MiANPHEMCTB B
eJeKTpUuHy eHeprio. IloxazaHo BIJIMB BJacTUBOCTell po0040i peYOBHHH, SIKA BHKOPHCTO-
BYETbCH Y CHJIOBOMY KOHTYpi B mukjai PeHkiHa, Ha TepMoaumHamiuHy edeKTHBHiCTH
yTUIi3a1iliHOT eHepreTHYHOI YCTAHOBKH Y IIMPOKOMY TeMIlepaATypPHOMY /iana3oHi.

Kurouogi cioBa: muki Penkina, po6oya peyoBuHA, BUPOOJeHHS eJ1eKTPOEeHeprii.

The results of numerical modeling of the processes of transformation of heat of exhaust
gases of fuel consumption equipment of industrial enterprises into electrical energy. Is shown
the influence of properties of substances used in the power circuit in the Rankine cycle, on the
thermodynamic efficiency of the utilization of power plant in the wide temperature range.

Key words: cycle Renkina, working substance, producing electrical energy.

Beryn

MicChbKi CHCTEMM TEILJIONOCTaYaHHs € OJHUMH 3 HaWOUTbIMX criokuBauiB eHeprii. TELl ta Bemuki
KOTEJIbHI arperaT CroXuBaroTh 0Jn3bko 20 % nanuBa. J{jist oTprMaHHS TEIUIOTH HU3bKOTO MOTEHINaly 3
temmeparyporo 95-100 °C  BHKOPHCTOBYEThCS BHCOKOSIKICHE OpraHidHe NaanBO (IPUPOAHHI Ta3).
ChoroiHi OIHUM 3i MUISAXIB 30UTbIIEHHS €(EKTUBHOCTI KOTEILHUX YCTAHOBOK CHCTEM TEIUIONOCTaYaHHS €
MOJIEpHi3allisi KOTEeIbHHX YCTAaHOBOK y KOTEHepalliliHi eHepreTHyHi arperaT JJisi BUJOOYTKY TEIUIOTH Ta
eleKkTpoeHeprii. BukopucTaHHS HOBHUX TexHOJOrii crBopeHHsM MiHI-TELl mae 3mory 30imblimTh
CHepreTnyHy e()eKTUBHICTD JKEPEN TEeIUIOMOCTaYaHHs.

BukopuctanHsl eHEpreTHYHNX YCTAaHOBOK 3 HU3bKOTeMIlepaTypHuM nukiom Penkina (The Organic
Rankine Cycle — ORC) 3abe3nedye rnuOoKe OXOJIOKEHHSI MPOAYKTIB CIATIOBaHHS Ta KOHACHCAIIII0
BOJITHOI Mapy. Y CTaHOBKM IIMPOKO 3aCTOCOBYIOTHCS SIK HOBI TEXHOJIOTii YTHII3allii CKHIHOI TEIUIOTH
PI3HUX TPOIECIB y MPOMHUCIIOBOCTI Ta B ciibcbkoMmy rocnonapcti. KKJ[ eHepreTHuHuX yTHITI3aAIIHIX
ycraHOBOK cTaHOBUTH (,13—0,17 Ta KiNBKICTh €NEKTPUYHOI MOTYKHOCTI, KA J0JaTKOBO BHPOOISETHCS, —
6mu3pko 130—150 kBt Ha MBT BcTaHOBIIEHOT TEMIOBOT MOTYKHOCTI TAJIMBOBUKOPUCTOBYIOYOI YCTAHOBKH,
mo 3abe3nedye CIOXHMBAHHS EIEeKTpOeHeprii Ha ocoOucTi morpedu. PeKOHCTPYKIisl omnamoBaIbHUX
koTenbHUX y MiHI-TELl 3 BHUKOpHCTaHHSIM Tra30TypOIHHHMX Ta Ta30MOPIIHEBUX YCTAaHOBOK 3a0e3reuye
BU0OyTOK Ha |1 MBT BCcTaHOBNEHO! enekTpu4HOl TOTyxkHOcTi 1,5-2 MBtT Temmoru. Ilpu mpomy
3HUXKYIOThCS 3aTPaTH Ha CIOXHBAHHS €JIEKTPOSHEPTii, 30UIbIIy€eThCS HAAIHHICTh CHCTEM TEIIO MOoCTa-
YaHHs1, BUKITIOYAI0YH aBapiiHi 3yIMHMHKH 32 MEPEKEBOT0 €IEKTPOIOCTauYaHHL.

Onmnak cboromHi (akTHYHO BIJNCYTHI €IWHI TIOJOXKEHHS MPO €(PEKTUBHICTh TEMJIOBUX CXEM
CHEPreTUYHMX YCTAHOBOK 3 YTHJII3AIIE€I0 HHM3BKOMOTCHINMHOI TEIUIOTH Y TEMIIEpaTypHOMY iama3oHi
BUKHIHHX rasis 10 350 — 400 °C, 3 mapamerpamu poGou0i pedOBHHN yCTaHOBKH [1].

VYV wumspkoremnepatypuux ORC pizHOoro mnpusHaueHHs (reoTepMalbHi, KOTeHepaliiiHi Ta
YTUIi3amidiHi TOMIO) BHKOPUCTOBYIOTH PI3HOMaHiTHI po0OOYi pPEYOBMHM — OpraHiuyHi pPEYOBHHH Ta
030HOOE3MEYHI XJIAJOHH, TOMY MIO BUOIp poOouoi pedoBHMHHM LUKIY (3 ypaxyBaHHSM e(eKTHBHOCTI
terroodMinHoro obnagnanHs, KKJ[ TypOiHM Ta Hacoca) 37eOiTbIIOr0 BH3HAYAETHCS e(EKTUBHICTH
YTUTI3aiiHO] YCTAHOBKH 3arajioM.

IcHyrOUi pi3HOMaHITHI METOIM TEPMOAWHAMIYHOIO aHallizy KOMOIHOBaHHMX YCTAHOBOK HE
3a0e3MeUyIOTh MOPIBHSUIBHOI OI[IHKK PI3HOMAaHITHUX TEITOCHEPTeTHYHUX TEXHOIOT1H.
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KoedimienTn pizHOpigHi, sIKi BAKOPHCTOBYIOTHCS, HE 3aBXKIU MPUAATHI IS OMIHKA e()eKTHBHOCTI
PI3HOMaHITHUX TETIIOCHEPTETUYHUX TEXHOJOTIH.

OOrpyHTyBaHHS MOJEPHi3allil ICHYIOYOr0 Ta BTUICHHS HOBOTO TEIIOCHEPTETUYHOro OOJIaJHaHHS
BHUMArae po3poOJIeHHs] HOBUX METOJIIB OLIHKYA €HeproeeKTHBHOCTI YCTaHOBOK, OCOOIMBO KOMOIHOBaHHUX,
SKI BHKOPUCTOBYIOTh TEIUIOTY TPAAUIIHHUX Ta HETPAAMLIAHUX JoKepen (30KpeMa, BTOPUHHHX
eHeprernyHux pecypcis BEP).

Tomy po3poOka e(EeKTHBHHMX TEIUIOBHX CXeM KOMOIHOBAaHMX JDKEpEN TEIIONOCTaYaHHS sKi
3a0e3MeyoTh BHIOOYTOK TEIUIOTH Ta ENEKTPOCHEprii, omTuMizallisi mapameTpiB Ta BUOIp poOOYOi
PEYOBHHU € aKTYILHUMH JIJIsl BUPIIEHHS Ipo0ieMu 30UTbIIIeHHS 1X () eKTUBHOCTI.

Meta po0oTHM — TiIBUIIUTH eHEepProe)eKTHUBHICTh IMaJHMBOBHKOPHCTOBYBAILHOTO YCTAaTKYBAaHHS
KOMITJIEKCHAM TIEPETBOPEHHSM TEIUIOTH BUKUIHUX T'a3iB B IEKTPOCHEPTiIO0.

BuKkJ1aJ] 0CHOBHOTO MaTepiajy

Posrastnemo nporiecu epeTBopeHHs TEIIOTH MATMBOBUKOPUCTOBYBAITBHOTO JpKepena (TIPOMHUCIIOBI eyl
METaTypriiHOro BUPOOHHUIITBA, KOMIIPECOPHI CTAHIIT MariCTpaJIbHUX T'a30MPOBOIIB, CKJIOBApPHI II€i, KOTEIbHI
YCTAHOBKH TOIIIO0) 3 TEMIIEPATYPOIO ra3is, 110 BUaaIsoThest, 120-350 °C. O6csry BTOpHHHIX eHEpropecypeis,
SIKi MOXKYTh OyTH BHKOPHCTaHI Ta IEpETBOPEHI, CTAHOBJIATH AecaTkin MBT TermoBoi eneprii.

OnHak Ui YChOTO TEMIIEPaTypHOTO Jialla3oHy MPOMYKTIB 3TOPSHHS, IO BUIANSIOTHCS, BiCYTHS
VHIBepcaJbHa TEIUIOBA CXEMa EHEPreTHMYHOI MapoCHIIOBOI YCTAHOBKM 1 HE MOXYTh OyTH BH3HAuEHI
(pexoMen oBaHi) edekTHBHI poGoui TeroHocii. Tak, 3a TeMIepaTypy NpOAyKTiB 3ropsHHs 10 200-220 °C
PEKOMEHJIOBaHI Taki poOo4i pedOBUHH, SK H-TIEHTaH, H-rekcad [2, 3, 9, 10], cymim (i-OyraH — i-rieHTaH)
[4-8], OeHzon [3]; 3a BUINOI TeMIlepaTypd BHKHIHUX Ta3iB (PaKTHYHO BIICYTHI PEKOMEHMAIlI II0I0
BUOOpy edektuBHOI poOouoi pewoBuHH. IlIMpoKo peKOMEHIyeThbCS BOASHA MMapa sK HEroproova Ta
eKOJIOriuHO Gesmedra poboua pedoBuHa. OmHAK y LbOMY TeMiepartypHoMy miamasoni (zo 350 °C)
BHUKOPHUCTaHHS BOJSIHOI Mapy HEMOCTAaTHBO eheKTUBHE. TOoMY BEAYyThCs MOMIYKH THITUX POOOYNX PEUOBHH;
y [5] pekoMeHayeThCsI BOAOaMiauHa CyMIlll.

3acrocyBaHHs 3HaXO/ATh HOBI 030HO0OE3IEUHI PEYOBUHU — (DPEOHH, 1110 HE MICTSITh XJIOpY 1 Opomy.
[epeBara HajgaeThCsi MPUPONHUM XonojoareHTam (Byriekuciora (R744), amiak (R717), ByrneBoam —
nporan (R290), i300yran (R600a), mentan (R601) i1 ixui cymimn). EdexkTHBHHMH y XOJOIMUIBHUX
MalIlMHAX € CyMIIIli BYTJICBOIHIB 3 aMiaKOM 1 JIIOKCHIOM BYTJICIIIO.

VY poGoTi HaBeNeHO pe3yiabTaTH JMOCTIHKEHb JOKPUTHYHUX (UMK PeHkiHA) 1 HaJAKPUTUIHHX
(TPUKYTHHI IIMKIT) KB OAHOCTYIICHEBUX CHEPTeTUYHUX YCTAHOBOK. Sk po0OodYi TermmoHocii BUBYAIHCS
poboui peuoBunu: R600, R600a, R601a, R602, R138, R134a, R1428, R143a, R404a, R407a, R410a,
R503B, R600a/ R161, R600a/ R141, R600a/ R601, NH3/R170 Ta iHImi opraniuyHi pe4oBHUHH 1 IXHI CyMIIlIi.

TepmoannamiuHa eeKTUBHICTh MUKITIB BU3HAYaeThess TepMiuHUM KKJI mukimiB abo koedirieHToM
tepmomexaHigHoro neperBopenHs (COP — coefficient of Performance), a Takox ekceprermunum KKJ|
(xoedimienTom yrmmizanii). Tepmiuanit KK/ (a6o COP) Bu3HauaeThCs 32 BUpa3om

_ Wkop 13,4 _11,2

- = , 1
N 0y_3 M

ne W kop — xopucHa pobGorta nukiy; li»; 134 — BimnmoBimHO poOora aniabaTHYHOrO CTUCKYBAaHHS Ta

n

PO3ILIMPEHHS B HAcoCl 1 TypOiHi y 3BOpOTHOMY Mpoiieci; Q,.3 — MiJBeIeHa TEIIoTa.
PoboTa migBHUIIICHHS TUCKY, 1110 BUKOHYETBCS HACOCOM, JIOPIBHIOE

Lo =mly i) =mliy —i)in,. ()
JIe M — BUTpara po0oYoi peuoBUHU; CTaHH 2 i 2S BiANOBINAIOTh PeajbHOMY MPOILECY 1 130€HTPOITHOMY;

ny — miicanit KKJ Hacoca.
PoGora po3mmpenHs napu y TypOiHi BUBHAYAETHCS 32 BUPa30M

Iy g =mly —ig)=npmliy—iyo) 3)

ne nr — nificanit KK typOinm; ctanu 4 1 4S BiANOBINAIOTH PeaTbHOMY 1 i30TPOITHOMY TPOIIECaM.
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Exceprernunuit KK/I, abo xoedimieHT yTmimizalii BU3SHAYAETHCS K BiJHOIICHHS AIACHOT KOPUCHOL
MOTY)XKHOCTI YCTaHOBKH JI0 MaKCHUMAJIbHOI TEOPETHYHOI TOTYXHOCTI, SIKYy MOXXHa OTPUMATH Bij
OXOJIOJKEHHS MTPOAYKTIB 3TOPSHHS:

w
n = nou.

¢ mnp.s'z.[(i_io)_TO(S_SO)],

1€ My, — BUTPATA MPOAYKTIB 3TOPSIHHS TEIUIOTCHEPATOPa; i, lo, S, Sp — BIANOBITHO SHTANBIIS 1 SHTPOIIIS
MPOJIYKTIB 3TOPSHHS 3a TEMIICPaTypH Ha BXOJI B YCTaHOBKY Ta 3a TeMIEpaTypu IoBKUuiL, To —
TeMIrepaTypa JOBKIILIA.

Tepmiunuit KK muxiny (a6o COP) 3miHtoeThCs ¥ By3bkoMy miamazoni 0,13-0,16, o HemocTaTHBO
XapakTepu3ye ePeKTUBHICTH MUKIIIB i TOMY ITOKa30BIillIMM KPUTEPieM BHOOPY poOOUO0T pEUOBHHH € POOOTa,
0 OTPUMYETRCS TIiJ] 9ac PO3IMIUPEHHS TTapy B TYPOiHi.

(4)

OcHOBHI pe3yabTaTH Ta iX aHaJi3

Po3paxyHKH BUKOHYBaJIMCS 33 TaKUX AOMYLIEHB. Iepena TeMIepaTyp MiX NPOAYKTaMH 3TOPSHHS 1
pobouoro peuyoBuHOt0 Atmin=3; 5 °C; KKJ[ typ6inu — 0,7-0,8; KKJI nacoca — 0,75-0,80; mporec
po3mmpeHHs mapu B TypOiHi 3aBepuryeTbesi B omHO(Ma3Hil o0nacTi; KOHAEHCalis mapu micis TypOiHH
BiIOYBa€THCS Y MOBITPSHOMY KOHJICHCATOPI; TeMiepaTypa armochepHoro nositpst — 15 °C (288,15 K).

Y pesynbTari HOCHiKEHHS 1 ONTHMi3amii NIWKIIB 3 0OaraThMa pOOOYMMH PEUYOBHHAMH SIK Y
JOKPUTUYHOMY, TaK 1 B HAJAKPUTHYHOMY [HKIAX, B OJHOCTYIIHYACTI €HEpreTH4Hill yCTaHOBII OyIo
BCTAHOBJICHO, III0 MAKCHMAaJIbHE BUPOOJICHHS EIEKTPOSHEPTrii 3a0e31euy€eThCsl Y HAAKPUTHUYHOMY LIUKJII.

Ha puc. 1 mokazaHo TEXHOJIOTIYHY CXeMy YTWIII3AIliiHOT eHepreTHYHOI ycTaHOBKU. CXema BKIII0Yae
TypOiHy 3 TeHepaTopoM, BUIIAPHUK, HACOC, MOBITPSHUN KOHICHCATOP Ta PETeHEPATUBHUN TEINIOOOMIHHUK.

B aTmocgepy

| KOHTYP

euxig razis T

Puc. 1. Texnonoziuna cxema ymunizayitiHoi eHepeemuyHoi yCmaHo8Ku.
1 - mypbina; 2 — enexmpozenepamop; 3a, 36 — 6UNAPHUK, peceHepamueHi
mennoobminnuxu; 4 — kondencamop; 5 — nacoc

[{uknn eHepreTHYHOT YCTAHOBKY MOKA3aHO Ha pHC. 2.

TeopeTruHi AOCHIIKEHHS BHKOHYBAIUCH 3 BUKOPHCTAHHAM METOJ/IB MAaTEMAaTUYHOTO IIAHYBAHHS
excrepumenTy [11].

Sk Oyro 3a3HadyeHo paHilre, mapaMeTpamMu, SKi HaOUTbIe BIUNIMBAIOTh HA BUIOOYTOK €IEKTPUIHOL
TIOTY>KHOCTi, € TUCK Ta TeMIleparypa Mmapu Iepea TypOiHOI0, 3HAYEHHS MIHIMaJIbLHOTO TEMIIEpaTypHOTO
rmepenagy MK TETUIOHOCISIMH, KOHIIGHTpAIlis KOMITOHEHTIB y CyMimr po0odoi pedoBWHM Ta IHIII
napaMeTpH.

OTxe, 10 BUXiTHUX IMapaMeTpiB Halexkath. P, — Tuck nmapu nepex typoinoro, MIla; t,— remmepartypa
mapu nepen Typoinoro, MIIa; Py, — THCK Mapu y KOHIEHCATOPI.

Sk BUX1IHUI apaMeTp MPUHHATA eISKTPUYHA TOTYKHICTh, IO BUPOOIIsiec cuctema N,.

VY tabn. 1 HaBeIeHO KOOPIMHATH LIEHTPA IIaHy, IHTEPBaJi BapilOBaHHS Ta PIBHI JOCIIPKEHHS.
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Puc. 2. Luxau ymunizayiiinoi ycmanosKku' a — 00 KpumuyHuil; 6 — HaOKpUMuyHul

ByB BukoHaHmit nepexif Bif ¢izuuHNX 3MiHHUX t;, Pi, P, 10 6e3po3MipHUX KOJyBaHHSM 3MIHHHX X1,

X2, X3, HODPMOBaHUX TaK, 00 BOHM HAOyBaiH 3HaYCHHsI +1 111 BEepXHBOTO PiBHS Ta —1 — I HUKHBOTO.

Tabauys 1
OCHOBHI XapaKTepUCTHKH IJIAHY eKCIIePUMEHTY

. Tuck napu Tuck napu y

Temnepatypa napu rnepej TypOoiHOw . .

Komosi nepes TypOiHOIO | KOHAEHcaTopi

XapakTepucTuka 3HAYECHHS
FHHHIKA ,C° P, MITa P,, MITa
OCHOBHU#1 piBEHB XJO 160 4,15 0,35
lirepra DX, 40 1,85 0,15
BapiroBaHHS

Bepxuiii piBeHb 1 200 6 0,5
Hwxwilt piBeHB -1 120 2,3 0,2
3opsiHi 1.414 216,56 6,77 0,56
TOYKH -1.414 103,44 1,53 0,14

V Ttabn. 2 HaBeacHa MaTPHIS IUIAHYBAaHHS eKCIepuMEHTy. KilbKiCTh MOCTIIPKEHb MPH LBOMY
BH3HAYAETHCS 32 POPMYIIOIO

N=2+2k+n,

(3ak <b);

N=22+23+4=8+6+4=18,

Jie Ng— KiJBKICTh HYJIBOBHX TOUOK; K — KUTBKICTh YHHHHKIB.

oy . 2
Jliniiine NEPETBOPCHHA KBAAPATUIHNUX CTOBITYHKI1B XJ OpOBOJAMIIA 3a (I)OpMyJ'IOIO

N 2
2%

x2_ st

= X v

®)

(6)



Tabnuys 2

BuxigHi nani TpugaxkTopHOro ekcnepuMeHTy

Ne noc. Kon | Kon X1 Kon X2 Kon X3 Enextpuuna
0 160 0 4.15 0 0.35 MOTYXHICTh
A 40 A 1.85 A 0.15 CHCTEMH, KA
+1 200 +1 6 +1 0.5 BUPOOISETHCS
-1 120 -1 2.3 -1 0.2 N3,
Nep
1 + - 120 — 2.3 — 0.2 18,2
2 + + 200 — 2.3 — 0.2 46,2
3 + - 120 + 6 — 0.2 37,8
4 + + 200 + 6 - 0.2 50,9
5 + — 120 - 2.3 + 0.5 16,8
6 + + 200 — 2.3 + 0.5 22,8
7 + _ 120 + 6 + 0.5 34,3
8 + + 200 + 6 + 0.5 55,8
9 + -1,414 103.44 0 4.15 0 0.35 35,4
10 + +1,414 216.56 0 4.15 0 0.35 53,7
11 + 0 160 -1,414 1.53 0 0.35 17,5
12 + 0 160 +1,414 6.77 0 0.35 42,3
13 + 0 160 0 4.15 -1,414 0.14 52,1
14 + 0 160 0 4.15 +1,414 0.56 53,0
15 + 0 160 0 4.15 0 0.35 37,4
16 + 0 160 0 4.15 0 0.35 38,0
17 + 0 160 0 4.15 0 0.35 37,4
18 + 0 160 0 4.15 0 0.35 38,0

3a pesysibraTaMM JIOCIIPKEHb pO3paxoBaHi KoedillieHTH perpecii Ta ii momuiku. BusHaueHHS
PIBHSHHSA perpecii Ta nepeBipka ii aleKkBaTHOCTI TPOBOAMIIOCH 32 HABEACHOIO BUIIIe MeTOANKOI Ha [IDBM
y mporpami “MathCAD-11 Professional”.

VY pe3yibTaTi OTpUMAaHO PIBHSHHS perpecii y KOJOBaHOMY BUTJISIL

Y =39557 + 7,874 X, + 9,157 X, ~1,844 -x, + 0,430 -x ~ 6,947 - x] + 4,472 -] + +3.275 -x,-x, ()

[Mincrasmsroun B (7) 3HAYECHHS Xi, Xz, X3, MOYKHA TTEPEHTH 10 PIBHSHHS perpecii y Gi3MdHUX 3MiHHHX.
3aJIe)HOCTI BETMYMHM ENEKTPHYHOI TOTYXKHOCTI, sIKa BHUPOOJSETHCS, 3al€KHO BiJ THCKY Tapu Tepes
TypOIHOO, TEMIIEPATYPH ITapH Mepe TypOiHO Ta TUCKY MMapy Y KOHICHCATOPI [TOKa3aHo Ha PHC. 3-5.

60

TI(H1)

T2(H1) 4

T3(H1)

30

20 )

Puc. 3. Enexmpuuna nomysicnicme, aka 8UpoOIsiEMbCsl, 3a1eNHCHO 8i0 meMnepamypu napu nepeo mypoinoio:.
Y1 - 3a mucky napu P, =4.15 MIla ma mucky napu ¢ xonoencamopi — P,=0.35 MIla;
Y2 - 3a mucky napu P,=2.3 MIla ma mucxy napu ¢ konoencamopi - P,=0.2 Mlla;
Y3 - 3a mucxy napu P,,=6 MIla ma mucky napu 6 xondencamopi — P.=0.5 MIla
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Puc. 4. Erexmpuuna nomyosicHicmy, AKa UpoOIsSEmbCsl, 3a1e)HCHO 6I0 MUCKY napu neped mypoinoio.:
Y1 — 3a memnepamypu napu neped mypbinorwo ty,y=160 C° ma mucky napu 6 konoencamopi — P,=0.35 Mlla;
Y2 — 3a memnepamypu napu nepeo mypbinoro ty=120 C° ma mucky napu 6 konoencamopi — P,=0.2 MIla;
Y3 — 3a memnepamypu napu neped mypbinoro t,y=200 C° ma mucky napu 6 kondencamopi — P,=0.5 MIla

N(3),kBt

0.2 0.35 0.5 P(x),MIla

Puc. 5. Enexmpuuna nomysicHicmy, AKa 6UpoOISIEMbCsl, 3d1eNHCHO 610 MUCKY NaApu
¥ Konoencamopi: Y1 — 3a memnepamypi napu neped myp6inoro t,=160 C° ma mucky napu
nepeo mypoinoio — P,=4.15 Mlla; Y2 — 3a memnepamypu napu nepeo mypoinoio t,y=120 C°
ma mucky napu nepeo mypbinoio — P, =2.3 MIla; Y3 — 3a memnepamypu napu neped myp6inoio t,=200 C°
ma mucky napu neped mypoinoio — P,,=6 MIla

BucHosku

Pe3ynbTaTi JOCITIMUKEHHS MOKA3yloTh, 10 Y TEMIIEpPATYpHOMY iamasoni Gmuspko 180-200 °C
eexTrBHUME BHABWIHCSA cymimi opraniyHux pedoBuH (R600a/ R141B, R600a/ R161, R600a/ R602
TOILIO), SIKI 3a0€311eUyI0Th BUPOOHHUIITBO €IEKTpOCeHEpPrii B 00¢csa3i 25-31 kBt/(kr/c).
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3 MiABMIIEHHSIM TeMIIepaTypu HeoOxigHux Tra3iB g0 350—400 °)c BUPOOHHUIITBO MHUTOMOI
SNEKTPUYHOI MOTYXHOCTI y TypOini 3 nmekaHom (H-C oHp,) cranoButs 114,7 kBr/(xr/c), a mms cymimri
C,H6(80%)+H,0(20%) 30imbiyerbes a0 138,9 xBt/(xr/c), Tooro Ha 17,2 %. Enekrpoenepris, mio
BHUPOOIISIETHCS, MOXKe OyTH BUKOPHCTaHA Ha MOKPUTTS BJIACHUX MOTped MiAPHEMCTBA 30KpeMa ab0 yChOro
BHUPOOHUIITBA 3araioM.
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