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Abstract

In this work, problems related to the corrosion and sedimentation in cooling tower and
the decrease in the amount of evaporation rate are investigated experimentally, using loop test
which is similar to the cooling tower system. The input and output water stream in the loop test are
analyzed in different time intervals, different amount of evaporation, different amount of the outlet
water and make up water stream. The first analyzes indicate on the increase in the amount
of dissolved material, concentration cycle and also the increase in the amount of evaporation rate
and consequent corrosion problems and sedimentation. However, adjusting the amount of makeup
water and the water outlet provides the acceptable results. Changes in conditions due to each
analyze are illustrated in curves.

Keywords: FeCl3; Fe2(So4)3; Al2(SO4)3.

Introduction

Literature review

Marquis Brenhardet et al. in 2014, have been studied the effect of heat operation and the rate
of cooling process on properties of light sediment. They produced light seed from clay, in
the laboratory. Experimental results were investigated in material resistance and micro structure of
material after different heat working and different velocity of cooling. Feng hiwang et al in 2014
studied about the recycled cooling water system in petrochemical industry in experimental scale.
This cooling water system was used before wastewater flocculation process in treatment unit.
Reverse osmosis mechanism was used before the treatment process. They presented the optimum
dosage of four coagulants of polymer acryl amide. This includes anionic poly acryl amid, cationic
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poly acryl amide, nonionic poly acryl amide and hydrophobic poly acryl amide which is invented
in the laboratory using coagulation and flocculation. Xia lung sung et al in 2012 investigated about
the raman structural complementation. This was a thining operation of multilayer graphene
in helium hydrogen discharge arc during rapid cooling. They presented the decrease in the number
of layers and structural disorders in multilayer grapheme in discharge arc of helium-hydrogen
mixture were done by fast cooling processes. They investigated the appropriate mixing parameters
of helium-hydrogen mixtures, the effect of high cooling velocity in forming, morphology and
structural disorders of initial colly.

Erika makenzy et al in 2013, investigated the dual evaporation cooling systems and evaluated
the remained water operation in urban sector. They used the summation of electrical charges
in water (directly or indirectly) for 15 years in 6 different zones of mountain in California for three
cooling water towers in conduction system. Yung Hu et al in 2013 investigated a cooling tower
operation. They investigated on the angle of baios changes in ferromagnetic and non feromagnetic
using in cooling process. They showed there is no need to the angle depends on the baios changes
in low operation temperature in cooling process. The principle of this presentation is simulated
based on the Monte Carlo:

Loop test and the operation

Figure 1. A schematic of loop test.

Method and experimental instruments

The amount of ions cause water hardness in the inlet stream of cooling tower is measured
due to the standards and the results are reported. Some of the used equipments are shown in
Figure 2.

Figure 2. a. Spectrophotometer

b. Electrode Probe CDC401
c. Electrode Probe C301pH
d. Moltimeter
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Equations and Calculations

pH value is measured by one electrode. Electrode is an electrochemical sensor which
includes one identifier electrode and one reference electrode.

Membrane voltage changes due to the changes in pH value of solution. Usual
electrodes are made as the membrane voltage in pH=7 equals to zero millivolt. Electrical
pH is measured using an electrode.

pH =-log [ H*]
pH=-log [H*]=-log [107]=7

N o=

The unit of Water electrical conductivity is mho/cm, the unit of electrical resistance is ohm
and since the electrical conductivity is reverse of resistance, so its unit is mho/cm. This unit
represents a large number so usually the unit of micromho/cm is used instead of mho/cm which is
smaller about 10 ¢ order. Pure water electrical conductivity is 0.056 umho/cm.Also, micromho/cm
is called microzimens/cm. The values of electrical conductivity and total dissolved solids are
as follows:

EC=2TDS 3

a. The increase in the value of electrical conductivity or in the amount of total dissolved solids
increases the rate of corrosion in water. On the other hand the rate of corrosion in the sample with
higher electrical conductivity is higher than other sample which has the same oxygen content and
pH value.

b. The increase in the values of electrical conductivity, decreases the salt in water

Iron in the sample is in form of ferro and ferric. Iron measurement is due to FelIl or ferro.
Fell and total amount of iron can be determined using method of colorimetric with orthofenantroil
consequently the amount of Ferric can be determined.

Total Iron = [Fe2+] +[Fe3+] 4
[Fes+]= Total Iron - [Fe2+] 5

The amount of ferric in sample is regenerated into ferro type using amino-hydroxide and
HCl, determining the total amount of iron. HCl and concentrated HNO3 are used preventing
the iron leakage, if the time interval between sampling and experiment is too long. 1 ml of each acid
is sufficient for 1 liter of solution to decrease the amount of pH below 4. Acetate buffer is used
adjusting the pH of solution, usually. Total alkalinity of water includes hydroxide radicals, carbonates
and sometimes phosphates, borates and silicates. The alkalinity of hydroxide includes magnesium
hydroxide, Sodium hydroxide, Calcium hydroxide, magnesium oxide and calcium oxide. The most
important components of water carbonates includes: Calcium carbonate, Sodium carbonate and
magnesium carbonate. The most important types of usual bicarbonates in water are: bicarbonate ion,
Sodium bicarbonate, Magnesium bicarbonate. The applied identifiers used in determination of water
alkalinity are phenol ftallyn and methyl orange. The summation amount of phenol ftallyn and methyl
orange alkalinity is called total alkalinity and is shown with symbol of T.

T=P+M 6

M is symbol of the amount of consumed acid neutralize bicarbonates, P is the amount of
consumed acid to neutralize hydroxide and carbonate and T denotes the total alkalinity,
in Equation 6.

Performance calculations

The only role of cooling tower is cooling the warm water. The whole process is
defined as follow; cooling water circulates in operation units and absorbs heat and this
flow becomes warm and recycled to the cooling tower to be cool contacting with the air
which flows in the tower. Considerable amount of heat transfers from the water to the
cooling air through this process and cools the water and heat the air. This is responsible of
20 to 30 percentage of the evaluated amount of total process cooling. The remained
fraction of cooling is from evaporation of about 1 to 2 percentage of recycled water. About




European Journal of Technology and Design, 2015, Vol.(7), Is. 1

1000 BTU energy is consumed to evaporate the 1 lbm of water. The amount of consumed
heat in BTU, is provided from the total heat in this water stream.

Evaporation
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Figure 3. The location of the makeup water and lost water in the simple cooling water system.
Results and Discussion

The amounts of sedimentation factors in the cooling tower are measured and shown in follow
Figures and are reported in this section.

Investigation of pH value
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Figure 4. The pH value analyze curve
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Figure 4 shows the curve of pH analyzes which are observed from changes in pH parameter.
pH shows the concentration of hydrogen ion in water and it changes between 7.2 to 8.2.
Although, the increase in the amount of changes is observed due to the curve but the accuracy of
the measured pH in different time intervals can be investigated considering the near results and
also regression value. This parameter is proportional with phosphate directly and reversely with
chloride. So, the decrease in the amount of pH in the middle of curve the amount of phosphate
decreases and the amount of chloride increases. Since the changes in pH values are standard
then no sedimentation and no corrosion in loop test system is obtained.

Investigation in electrical conductivity
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Figure 5. Electrical conductivity analyze curve

Figure 5 shows the analyze results of water electrical conductivity. Water conductivity shows
the transmission ability of electrical current transfer in water. The existed ions in water make
the electrical current transfer possible. So, there is a relation between electrical conductivity and
the concentration of total dissolved solids in water. According to the obtained results of EC in the
Figure 5, in the initial middle of curve, the changes in parameter are between 1100 to 1400 pz/cm.
The increasing trend of curve shows the increase in the amount of dissolved solids in water which
may lead to the increase in the amount of total hardness, sedimentation load and different
corrosion types in system. However, the decreasing trend of results is obtained considering the
second part of the curve, the amount of dissolved solids decreases and there is not any malfunction
of sedimentation and corrosion in the system.
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Total dissolved solids

630

620

610

600

590
/ TDS (ppm)
580
570 /
560

/ y=-4.838x2+63.93x+453.7

T.D.S

R?=0.876

550
7

540 T T T T 1

Run Number of analysis
Figure 6. Total dissolved solid analysis curve

Figure 6 show the analysis of total amount of solids in water which is the total dissolved solid
contaminants in water indicates the total concentration of all ions in water. The measurement unit
of TDS is mg/lit. According to the changes in TDS parameter, the changes are ranged in 55 to 620
mg/lit at the first stage of the changes curve. This increase shows the increase of total amount of
solids in water. This increases the amount of total hardness and the increase in the amount of
sedimentation and corrosion in system. However, this malfunction is solved using the increase in
the concentrated cycle and the test loop inlet water and also the increase in the outlet water.
Then the other results are acceptable.

Total hardness investigation

Figure 7 shows the results of total hardness analysis. The total hardness includes the amount
of Calcium and Magnesium ions in water. So, the total amount of water hardness is a portion of
total dissolved solids in water. Total hardness is the main factor of sedimentation. The measuring
unit of total hardness is mg/lit as CaCO3. Totally, the concentration process in system changes the
effective total hardness parameter in system. The increase in the amount of pH, EC and
TSS increases the amount of Calcium and magnesium ions and this change in concentration leads
to the higher sedimentation and also higher evaporation rate. The downtrend of total hardness
curve is obtained considering the precise amount of outlet water and concentration cycle, finally.
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Figure 7. Total hardness analysis curve
Conclusions

In this investigation, the factors in hard water which causes precipitation and corrosion are
considered. The parameters which affect precipitation in cooling process are measured and
evaluated due to loop test. Totally, the results show that the acquisition process is done with
aforementioned analysis at the undesirable conditions of the loop test. So, due to the analysis
the amounts of outlet water make up water and the rate of evaporation can be determined
to prevent the precipitation in loop test. This also avoids corrosion. Also, phosphate should be
injected in system before the proper conditions for bacterial growth is observed.
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Abstract

Fortunately, in regions of greater potable and drinking water shortage like Middle East,
renewable energies such as solar energy is more abundant during the year. The desalination
method in this solar desalination still is evaporation distillation. Basically this solar desalination
still is a batch stage for every day operation with saline wastewater. This paper describes the solar
desalination still, discusses the used method for distillation and represents the experimental
results, finally. The results show the feasibility of using the solar still.

Keywords: still; saline; wastewater; operation; distillation.

Introduction

Water treatment is usually needed and desalination process is the most efficient for
formation of drinking and fresh water from brackish and/or seawater, certainly [1 and 2]. However,
desalination process is energy intensive and since of scarcity of wood, oil and generally fossil fuel
resources also high capital, fixed and operational cost [3 and 4]. Among, solar desalination still is
based on renewable, free; clean and safe solar energy is the promise for a cost beneficial solution
[5 and 6]. These systems are environmental friendly and cost saving process competitive with the
other desalination systems [7].

Published researches from 1986 to 1995 focused on the technical feasibility of solar systems
such as solar stills or solar stills. Several papers show during 1995 to 2000 the researches have
been focused on development of solar system especially solar stills. Since 2000, the published
papers have been surveyed on the environmental problems and operating conditions which
enhanced the yield percentage and also, economics in order to make it more cost beneficial and
competitive with the other desalination systems such as multi stage flash, MSF, reverse osmosis,
RO, electro dialysis, ED, multi effect distillation, MED, concentrating photovoltaic/thermal
systems, CPVTS, and etc.
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Fortunately, in regions of greater potable and drinking water shortage like Middle East,
renewable energies such as solar energy is more abundant during the year. So, solar desalination
systems have been applied for many generations especially production of sweet water [7].
According to many literatures the earliest documented work is related to an Arab alchemist in the
5th century. Several published papers have been stated that an Arab alchemist had applied polished
Damascus mirrors for solar distillation. Some scientists especially the famous French chemist,
Lavoisier (1892) applied the large glass lenses mounted on collaborating supporting structures to
collect and also concentrate solar energy on the contents of distillation flasks. Apply of silver or
aluminum coated glass reflectors to collect and concentrate solar energy for distillation is described
by previous literatures [7]. In the last century application of the solar concentrators in solar
distillation is reported by literatures. Scientists applied a concentrator to collect and finally focus
solar rays on to a copper boiler containing water. The vapor generated from the boiler is piped to a
conventional water cooled condenser in which distilled water is circulated and then accumulated.
Renewal of interest in solar distillation happened soon after the First World War [7].
Many varieties of new apparatuses and stills such as the basin types, inclined-tray, tilted-wick type,
roof type, flash type stills and inflated type systems has been developed and studied for solar
desalination systems. But a very small number of processes put into practice since of the low yield
and small level of production rate of potable and drinking water [7].

In this study an experimental solar desalination still with operating performance is discussed
and evaluated. The experimental results show the performance of the solar desalination still
depends on the meteorological conditions such as solar radiation, used material in solar still,
atmospheric temperature, etc.

Materials and method

The principle of the solar still is quite simple. The air in the solar desalination still is
evacuated and the water boils at low temperature. So, solar radiation can be applied for the
distillation and the smaller temperature difference being only a few Kelvin between a glass roof and
the brackish water makes it possible to get more potable water. The optimum solar desalination
still would be constructed from a realization of an optimum heat by considering the second law of
Thermodynamics and an optimum mass transfer process.

1 The study of used solar desalination still

The desalination method which is applied in the present work is evaporation distillation at
low temperature. The process is batch, basically for every day operation with wastewater
desalination. The Schematics of the solar desalination still is shown in Figure 1.

100cm

Distilled water Concentrated wastewater Distilled water

Figure 1. The Schematics of the solar desalination still.
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Transferring of vapor is made by movement of steam from the solar desalination still (high
pressure and temperature place) to the clean water collector vessel (low temperature and pressure
place) and the storage tank. The storage tank is made from PVC contains remarkable volume of the
brackish water and is placed in the shelter. So, this can be used as a condenser for the effluent
steam from the solar desalination still. The temperature drop of steam in the cooling pipe line helps
transferring of steam to the water collector vessel When the steam passing through the storage
tank.

2 Description of procedure

One hour before sunrise, 100 kg of brackish water are prepared in the solar desalination still.
Evaporated water filled solar desalination still is evacuated during day light. The temperature of
the brackish water and potable water are measured by copper-nickel thermocouples and also,
recorded at any time on chart paper.

After finishing the daily operations (at sunset) the condensate water in the collector vessels
is recovered after the vacuum of the process is broken and the mentioned process is repeated every
day.

Results and Discussion

The obtained results of experimental work are analyzed according to the below notes;
Figure 2 shows the amount of insolation rates in 2013, monthly, the maximum and minimum solar
radiation is in June and December, respectively. This is related to the inclination of solar radiation
which is vertical nearly in the summer season and on June.
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o
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Insolation rate (KJx103/m2. day)

[N
o (4] o

)

Months (January 2011-December 2011)

Figure 2. Investigation of insolation rate versus different months.

Correlations 1 and 2 show the highest and lowest production versus insolation rate for each
month of 2013. Highest production is obtained in July and the minimum production of clean water
is gained in December. Wind velocity is one effective factor in temperature difference between
brackish water and glass roof so affects evaporation rate of water. In Shiraz due to the weather
condition, wind velocity is higher in July than June with the approximate equal insolation rate, so
in July the amount of water production is higher than June.

The highest production, HP (kg/m=2.day), of potable water is dependent on the solar
radiation, s (kJ X103/mz2.day), of the brackish waste water.

HP =-7.9x103s? +2.9x10 s —3.3x10 1

The value of the standard deviation 0.959 may show the high prediction accuracy of the
correlation 1.

Related correlation which shows the variation of the lowest production, LP (kg/mz2.day), with
the insolation rate is presented in Equation 2 with a relatively high accuracy according to Figure 5.

LP=-52x10°s*+8.1x10"s®-2.2x103%s*> +9x10°s—4.7x107° 2
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Conclusion

According to the experiments, the maximum and minimum solar radiation is in June and
December, respectively. Highest production is obtained in July and the minimum production of
clean water is gained in December. Wind velocity affects the rate of production in July because of
making the higher temperature difference between brackish water and glass roof.
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Automation Systems Inlet air of Laboratory Campus
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Abstract

In the work there were reconstructed the HVAC system of laboratory campus
on Tchaikovsky. There was proposed an automated system management through ventilation
systems, which enables savings energy-resources, protect the motor from overheating and heat
exchangers from freezing. The calculations showed that the introduction of automation annual
economic benefit of 150,854.62 rubles.

Keywords: ventilation; automation; ventilation; heat transfer.

Beeagenue

ABTOMaTH3anusA ABJAETCA OJHUM U3 BaXKHEUIIHNX (DAKTOPOB POCTA MPOU3BOUTEIHLHOCTU
TpyZla B TIPOMBIILIEHHOM IPOU3BO/CTBE. HelpeMeHHBIM YCJIOBHEM YCKOPEHHSI TEMIIOB pPOCTa
aBTOMATHU3AlMH SBJIAETCS Pa3BUTHE TEXHUUYECKUX CPeACTB. K HUM OTHOCATCA BCE MEXaHU3MBbI,
BXOZAIIIME B CHUCTEMY VIOPABJIEHUS JJIA OCYIIECTBJIEHUS YIPABJIAIIUX U PETYIUPYIONIUX
BO3/IEHCTBUHA Ha OOBEKT YIPABJIEHH:A, a TaKKe YCTPONCTBA, IMpeAHA3HAUYEHHbIE JJIA TOJyIEeHU
nHbOpMAIUH, ee Tepe/laur, XpaHeHUus W InpeoOpas3oBaHus. COBpeMeHHas MPOMBIILIEHHOCTD
XapaKTepHu3yeTcs MMOCTOSHHBIM pacIiIupeHneM chepbl aBTOMATH3AIUN: BCE UTO elle HeaBHO ObLIO
HEaBTOMATU3UPOBAHO M II0JIyaBTOMAaTU3UPOBAHO — aBTOMAaTH3Upyercsa. [Ipu mpoeKTHpoBaHUU
COBPEMEHHBIX TEXHOJIOTUHM, O0Opy/ZOBaHUA U KOHCTPYKIMM HeOOXOAWMO TaKKe HaydHO
000CHOBAHO MOAXOAUTH K pa3paboTke 6e30macHOCTU U 6e3BpeHOCTH PaboT.

BeHTmisinuedl Ha3bIBAe€TCSA COBOKYITHOCTh MEPOIPUSATHH U YCTPOMCTB, HUCIOJIB3YEMBIX IPHU
OpraHu3anuu BO3AyXxooOMeHa JjiA ofecmeyeHUs 33/[aHHOTO COCTOSHHUS BO3JYIIHON Cpefbl
B IIOMEIIEHUAX U Ha pabOYHNX MeCTax B COOTBETCTBUH CO CTPOUTETLHBIMU HOPMaMH U IIPABUJIAMH.
CucreMbl BEHTWISIUH O0ECIIEYMBAIOT MOJJIEPKAHME JIOMYCTHMBIX [IapaMeTPOB B IOMEIIEHUAX
pa3JIMYHOTO0 Ha3HavyeHUs. KOHAWIMOHWpOBAHHE BO3AyXa — 5TO CO3/IaHME U aBTOMATHYECKOE
HOJiZIep’KaHe B 3aKPBIThIX IIOMEIIEHHUAX BCEX WM OT/AENbHBIX IMapaMeTpoB (TeMIepaTyphl,
BJIA)KHOCTH, YHCTOTBHI, CKOPOCTH [JBIIKEHUs) BO3/yXa HA OIPE/IeJIEHHOM YPOBHE C II€JIbIO
obecrieueHUsI ONTHMAIBHBIX VCJIOBHH MUKPOKJIMMAaTra, Haubosiee OJIAaTONPUATHBIX JJIA
CaMOYYBCTBHS JIIOJIEH, BEIEHUs TEXHOJIOTUYECKOro Ipoliecca U 0OecrieuyeHuss COXPAaHHOCTHU
IIEHHOCTEN KYJIbTYPHI.

HcxomHble JaHHBIE 1A IMIPOEKTUPOBAHUS

B xome paboThl MPOAHATM3UPOBAHO COCTOSHUE MHUKPOKJIMMATA OJHOTO U3 JIabOPaTOPHBIX
kopirycoB (JIK), Haxosmsmuiicss B roposie YalikoBckoM. J[Jyisi IPOEKTHPOBAHUS CHUCTEM BEHTHISIIUH
TIPUHATHI CJIEAYIOIHE TTapaMeTphl HAPY»KHOTO BO3JlyXa: PAMOH CTPOUTENIbCTBA — IlepMcKuii Kpai,
r. YaiikoBckuii; reorpaduueckas IMUPOTa — 57°, pacyeTHbIe IMAapaMeTPhl HAPYKHOTO BO3IyXa
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coriacHo CIT 131.13330.2012 Kak i ropoaa YalKOBCKUM; cpefHAs MaKCHMasbHas TeMIepaTypa
Hapy>KHOTO BO3/yxa Hambojiee TeIUloro Mecdana + 22,6 °C; cpenHeMecsdHas OTHOCHUTE/IbHAA
BJIKHOCTh BO3JyXa Haubosee TeIUIOTO MecAlna 75 %; CpedHsAs MaKCUMasbHAas TeMIepaTrypa
Hapy>KHOTO BO3/[yXa HauboJjiee XOJIOIHOTO MecsAra — MuHyc 35°C; cpeqHeMecssyHas OTHOCUTEIbHASA
BJI’KHOCTh BO3/yXa Haubojiee XOJIOJHOTO Mecsna — 66 %; Ui XOJIOAHOTO Iepuosia Hapy»KHasd
TeMIlepaTypa Bo3ayxa — MUHYycC 35°C; cpeHee 6apoMeTpudeckoe fasiaeHue 970 I1a.

JIK mpeiHa3HAYeH JIJIs BHIIOJTHEHUS aHAIU3a IIPUPOHOM, TOPSYEd U CTOYHOH BOJBI, IOYBBI
u atMocdepHOTro Bo3zayxa. [lepeueHb onpeiesisieMbIX MOKa3areseld B 00beKTaxX UCCIeIOBAHUM:

e Boza mpupogHas: pH, B3BellleHHbIE BeIECTBA, MOHBI AMMOHUS, HUTPUTHI, HUTPATHI,
obmuii opranmyeckuii a3o0T o Keenbaasmio, docdatsl, Cyxoi 0CTaTOK, XJI0puAbL, cyibdarsl, XIIK,
BIIK, AITAB, HedTenpOAyKTHI, KejIe30, MeAb, XPOM, ITUHK, HUKEeJIb, MapraHell, CBUHEI, PTYTh,
XPOHUYECKAs TOKCUYHOCTb;

e Boza ropsuasg: pH, cyxoil ocTaTok, >KECTKOCTb, Kejie30, 3allaX, IIBETHOCTb, MYTHOCTb,
TeMIIepaTypa, CEPOBOOPO/I, ATIOMUHHUI;

e BOJIa CTOYHAS: OCTPasi TOKCUYHOCTD;

e mouBa: pH, HedTenmpoaykTh, peHOIIBI, KeIe30, Melb, XPOM, ITUHK, HUKEJIb, MapraHell,
CBUHEII, PTYTh;

e armocdepHBIA BO3yX: OJIOPAHT (MEpPKAITAHBI).

JIK mpejicraBiisieT cOO0M KapKacHO-TIAHETbHYI0 KOHCTPYKIHIO. O61re rabapuThl KOMILIEKCA
B IUIaHe — 12,6 x 21,2 M.

BeHTH/IAIMA U KOHAUIIUOHUPOBaHUE

B nomemenusax J1abopaTopHOro KOMILJIEKCA 3alpOEKTUPOBAHA IPUTOYHO-BBITSKHAS
BEHTWIANUS C MeXaHUYeCKUM NOOYXKJAEHUEM, pacCUMTAaHHAs HA yAaJeHue BBIIEJIAIOIIIXCS
BpEJHOCTEN U [0 HOPMATUBHOU KPAaTHOCTU BO3/[yXOOOMeEHA C IPOBEPKOU Ha MOJAYy CAHUTAPHOMN
HOPMBI CBEKEro Bo3/1yXa Ha OJJHOTO YesI0BeKa.

B kauecTBe NMPUTOUYHBIX BEHTWIALMOHHBIX YCTAaHOBOK NIpUMeHseTcs oOopynoBaHue GUpM
«Komfovent» u «Jluccant», cucrem GUIbTpAINU, 00PabOTKH U OYHCTKHU BO3/Ayxa: 000py/I0BaHUE
dupm «Tuwon». Bce mnpumeHsemoe 000pyZOBaHHE ¥ MaTepHAJbl  CEPTUGUIIMTPOBAHBI
I10 YCTaHOBJIEHHBIM TpeboBaHuAM Poccuiickoit Pemeparum.

3alpoeKTUPOBaHbI MPUTOYHbBIE yeTaHOBKY 111, [12 cHabkaeTcs TEIJIOM OT y3J1a yIIPaBJIeHU.
TemnoHnocuTens Boza ¢ mapamerpamMu 130—70 OC. Bpimyck Bo3ayxa IIpeayCMOTPEH dYepes3
BO3/IyXOOTBOAYUK PAaCIOJIO’KEHHbII B BepXHeU TO4YKe cucreMbl. CHCTEMAa TeIUIOCHAOKEHUSA
MOHTHPYETCS W3 BOJOTA30IPOBOJHBIX JIETKUX TPyO moxa Hakatky pe3bObl mo I'OCT 3262-75%.
OmnoposxkHeHue TPYOOIIPOBOOB MIPEAyCMATPUBAETCS Yepe3 apOBbIe KPAHBI.

B xadecTBe MPUTOYHOU yCTAaHOBKH OBLII BRIOPAH KOHUIIMOHED KOMITAKTHBIA MOHOOJIOUHBIHI
masiorabaputHbii  KKII-M w3 cepum mpuUTOYHBIX ycTaHOBOK ¢upmbl  «Komfovent»
C MHKPOIIPOIIECCOPHBIM yIIpaBjIeHHEM. B oTyimume OT TPaJIUIMOHHBIX BEHTUIAIMOHHBIX CUCTEM
C aHAJIOTOBOM aBTOMAaTUKOM, IPUTOYHbIE YCTAHOBKH B BapHaHTaX MMEIOT TMOKO HacTpauBaeMble
peXuMbl pabOThl U IMyJIBT YIPaBAEHUA C rpauyecKuM AHUCIJIeeM. YCTAaHOBKH CHAO>KeHbI
BCTPOEHHBIM BO3/AYIITHBIM KJIATITAHOM C 3JIEKTPOIIPUBOIOM.

MoHo610uHasA MPUTOYHAS YCTAaHOBKA — H5TO KOMIIAKTHAS TPUTOYHAS BEHTUJISIIMOHHAS
CHCTEMA, BCE KOMIIOHEHTBI KOTOPO¥ COOpaHbI B OTHOM IIIyMOHW30JIMPOBAHHOM Kopityce. biarogaps
TaKOH KOHCTPYKIIMM MOHOOJIOUHBIE CUCTEMBI NMPUTOYHOU BEHTWIANNU H30ABUJIMICH OT MHOTHX
HEJIOCTAaTKOB, CBOMCTBEHHBIM HAOOpHBIM cHcreMaM. HebosibIlime pa3mepbl M HU3KUUA YPOBEHD
IIyMa T[O3BOJIJIM pa3MellaTh MOHOOJIOUHBIE CHCTEMBI HENOCPEACTBEHHO B IKWIBIX W
aIMHUHUCTPATUBHBIX TIOMEIIEHUsIX, a MOAOOP U PETyJIMPOBKA BCceX KOMIIOHEHTOB HA JTalle
MIPOM3BOJICTBA C/IeJIAIN HEHYKHBIMU CJIOKHOE IPOEKTUPOBAHHUE U ITyCKO-HAJIAJKy DU MOHTaXKe
IIPUTOYHOU YCTAHOBKU. B KOMIIJIEKT yCTAHOBKU BXO/IAT: BO3AYIIHBIN KJIAIlaH C 3JIEKTPOIPUBO/IOM,
$unbTp, BOAAHON HAarpeBarTesb, BEHTUIATOP.

B xomILIeKTE ¢ IPUTOYHOHN YCTAHOBKOM IOCTABJIAETCA CMECUTENbHBIN y3esa. CMecuTebHbIE
y3JIbl IpeIHA3HAYEHBI /IS PETYJIMPOBAHIA MOIIIHOCTU U 3aUTHI BOASHBIX BO3yXOHArpeBareien
oT obmep3aHusA. KOMIOHEHThI CMECUTEIBHOTO y3J1a H3TOTOBJIEHBI W3 JIATYHHU, HeprKaBelolen
CTaJIN, OIMHKOBAaHHOU CTaJIU U UyTYHA, YIUIOTHEHUA — U3 Kay4yyKa U IJIacTMacc.
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B cocraB BXoguT IUPKY/JIAODMOHHBIA Hacoc Grundfos, TpexxomoBoii BeHTHIb ESBE
C TPEXTIO3UIIMOHHBIM cepBompruBosioM, ESBE, Gaiinac ¢ oOpaTHBIM KJIAIAHOM U PeryJIMPYIOIINM
BEHTWIEM, 3allOpHble IIapOBblE BEHTWIN, (UIBTP OTONUTEIBLHONH BOJbI, THOKHE TpPYOKH.
JlokeH OBITh yCTAaHOBJIEH B HEIIOCPEACTBEHHOM GIM30CTH ¢ KasopudepoMm.

CxeMa 0OBSI3KM CMECUTEIHHOTO y3J1a TOKa3aHa Ha PHUCYHKE 1.

Puc. 1. CmecutenbHbIN y3en: 1 [IpucoesnHUTeIbHBIE HEP:KaBeOINe 1IJIAHTH;
2 [MupkysamuoHHbIN Hacoc; 3 TpexxonoBoi BeHTH1b ESBE; 4 CepBonpuBo; 5 OTCTOMHBIN 1
ounmamui GwibTp; 6 OOpaTHBIN Ki1amnaH; 7 Perympyonuil BEHTUIb JJ1 YCTAaHOBKHU
conpoTuBaeHus bainaca; 8 CepBuCHBIE 3aTIOPHBIE IITAPOBHIE BEHTUIN

ITockosbKy HOBasA MMPUTOYHAS YCTAHOBKA MpEHA3HAUEHA U1 aAMUHUCTPATUBHO-OBITOBOTO
HCIIOJIb30BAaHUsA, TO OCHOBHOE BHUMAaHUE IIPU ee pa3paboTKe M KOHCTPYHPOBAHUU OBLIO YAETIEHO
CHIDKEHUIO YPOBHA Imyma. [Ijig 5TOro, BO-TIEPBBIX, OBLI BBIOPAH BEHTHJIATOP C YBEJIMYEHHBIM
pazMepoM pabouero Kojieca U CHCTEMOH JIByXCTODOHHEro BcachlBaHUsA (3a00p BO3zyxa
IIPOUCXOUT C IBYX CTOPOH «YJIUTKU»). Takas KOHCTPYKIUSA ITO3BOJIMJIA CHU3UTh CKOPOCTH BO3/yXa
BHYTPU BEHTHIJISITOPA U, COOTBETCTBEHHO, YMEHBIIIUTD a9POJUHAMUYECKHE IIIyMbl. BO-BTODPBIX, /714
3aII0JTHEHUS MEXKKOPILYCHOTO IPOCTPAHCTBA OBLI MCIOJIB30BAH 3BYKOU3OJIAIMOHHBIA MaTepHa
InVent 80, mpousBojictBa Paroc (®umisHaus). ITOT MaTepHas CIEIUAIBHO pa3paboTaH s
3BYKOU3O0JIAIIUA PA3JIMYHBIX 5JIEMEHTOB BEHTWIALMOHHBIX CHCTEM U IIpeJicTaBjsgeT coOou
CIIPECCOBAHHOE 6a3aJIbTOBOE BOJIOKHO.

BenTuiiaTop u 6JI0k aBTOMaTUKU MOTYT U3BJIEKAThCA U3 KOpITyca 6e3 IEMOHTaKa IPUTOYHOU
YCTAaHOBKH — 3TO YIPOIIAeT TPODIIAKTHKY U PEMOHT YCTAHOBJIEHHOTO U3/IEJIUS.

171 0YMCTKU BO3/AyXa OT MBLUIM HUCHOJIB3YETCS (PUIBTP 0O'beMHOTO THIIA TOJIIIUHON 50 MM
n3 GUWIbTPyIOIero Marepuasa mnpousBojicTBa Libeltex (Bensrus). I9TOT MaTepuas HMeeT
IIeEpEMEHHYI0 IUIOTHOCTh, TO3TOMY WbUIb HE CKAIJIMBAaeTC HA IOBEPXHOCTH (QUIIBTPA,
a paBHOMEDPHO PacIpeiessIioTes M0 BceMy 00beMy (pUIBTPYIOIIEro MaTepuasa. biaromaps sTou
ocobeHHOCTH (UJIBTP UMEEeT BBICOKYIO IBLJIEEMKOCTh U JUIUTEJIBHBIA CPOK CJIYKOBI, a IPOCTOM
MeXaHu3M 3aMeHbl (QUIbTpyIomero Marepuasia (6e3 3amMeHbl Bcero (GUIbTPA) CHUKAET
SKCIUTyaTallMOHHbIE PACXO/bI 10 MUHUMYMa.

1A UCKIIIOUeHHs IepeToKa BO3JyxXa MeXAy J1abopaToOpusAMHU U IOMEINeHUSAMHU Pa3HOIo
KJlacca YUCTOTHI 4Yepe3 BEHTWIALNMOHHBIE CUCTEMBI BO BpeMs HUX OCTAHOBKH, IIPelyCMOTpeHa
yCTAaHOBKA OOpATHBIX KJIAIIAaHOB Ha KaXK/J0e OTBETBJIEHUE BO3JYyXOBOJQ, a /i JabopaTopuii
— BOBJYIIHBbIE KJAlaHa ¢ 3JeKTponpuBogoM H3 (HOpMasibHO 3aKpBITHIMH) IPHU HepaboTaromen
BeHTIWIANMU. CHcTeMa BBITSDKHOM BEHTWIAIUM W3 JlabopaTOpWil NPUMEHEHA OT/eJbHAs
JUIS KOKJIOTO TIOMeIeHusI U 000OpyAoBaHHOrO Inkada WIM B30HTA C WHAUBHUAYAJTbHBIMH
BO3/IyXOBOJIaMU W BEHTWISATOpPaMH. JlJisi TpemoTBpAIlleHUs YTEUKU 3apa)KeHHOTO BO3/AyXa BO
BpeMs TPAHCHOPTUPOBKU /10 CUCTEM GWIbTPAIUM U 00e33apaKUBaHUSA BO3/yXa IPUMEHEHBI
BO3/yX0BOJIbI Kjacca "TI".

HapykHbIlI BO3/yX, MOJIaBa€MbIA MPUTOYHBIMU YCTAHOBKAMH «Verso» MPOXOIUT OUHCTKY
yepe3 GuiabTphl 1 U 2 cryneHu (xinace G4), B 30HY 3apakeHHOU HH@EKIUU Yepe3 YCTAaHOBKHU
obe33apakmBaHua Bo3ayxa '"TuOH" (I HOpefOTBpallleHUs IMepPeToKa WU YTEUKH BO3ZyXa
B aBapUUHBIX CUTyanuax). 3ab0op HaApPYKHOTO BO3JyXa IIPOM3BOJUTCA HA OTMETKE +2000.
J1151 X07I0[THOTO TIEPHO/A TOZja B IPUTOYHBIX YCTAHOBKAX IMPEAYCMOTPEHO HarpeBaHUE HAPYKHOTO
BO3/TyXa JI0 3aJJaHHOU TeMIIEPATYPHI.

Bce cucrembl 0011€00OMEHHBIX CHUCTEM BBITSDKHOM BEHTWIAIUM, a TaK K€ MECTHBIX
Y JIOKQJIbHBIX BBITSDKHBIX CHCTEM, TPAHCIOPTUPYIOIIMX 3apa’KeHHBINH BO3MYyX, 000pYy/I0BaHBI
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ycTpoiicTBaMHu 00e33apasKUBaHUs Bo3ayxa « THOH», MPOU3BOJIAIIUX TOJHYI0 WHAKTHUBAIIUIO BCEX
BH/IOB MUKPOOPTAaHU3MOB U 3aTPA3HSIONINX BEIECTB, YACTHUIL ¥ Ta30B (10 99,999 %).

[Togaya OYMINEHHOTO W IOATOTOBJIEHHOTO BO3/AyXa BO BCe IIOMEIIEHHS ITPOU3BOJIUTCS
B BEDXHIOIO 30HYy 4Yepe3 BO3/IyXOpacCIpe/leJIUTeIbHbIE  YCTPOHCTBA (UPMBI  «APKTOC»
METaJUTHYECKOTO UCIIOJTHEHHS C OKPACKOH JIJIsI BO3MOKHOCTHU JaIbHEHIIIeN YUCTKH U 00pabOTKH.

Bce BO3yX0BO/IbI M3TOTAaBJIUBAIOTCS U3 TOHKOJIMCTOBOHM OITMHKOBAHHOU cTayu kKiacca «II»
(TII0THBIE) TOJIIMHOH 0,55 MM (cedeHueM g0 300 mm), 0,7 mm (ceuenuem 0Oosiee 300 MM
U BBITSDKHBIX 30HTOB), 0,8 MM (/11 BO3IyXOBOJOB C OTHE3AITUTOH). [IJ11 3aIIIUTHI OT CTATHYECKOTO
9JIEKTPUYECTBA, JJIEKTPOMATHUTHOM WHAYKIIMKM ¥ HEAOMYyIeH!us O00pa30BaHUS 3aMKHYTBIX
KOHTYPOB, BCE BO3JIyXOBOJbI, MeTAJUIMYECKHUE UYaCTH BEHTHIAIMOHHOTO 00OpYy/IOBaHUA,
ONI[MOHAIIBHOTO OCHAIIEeHUs (3aC/I0HKH, KJIallaHa, IIUTHI YIIPABJIeHUs, KDOHIITEHHBI U 1P.), a TaK
JKe HeEMeTaJ/UTHYECKHE BJIEKTPOIIPOBOHbIE YACTH TEXHOJIOTHYECKOTO 000PY/IOBAHUS 3a3€ MJISIOTCS
MesKIy cOOOU M MIPUCOEUHAIOTCS K 3a3€MJIUTEJISIM IPH MOMOIIM KPYTJION CTaTH AUAMETPOM He
MeHee 6 MM Ha CBapKe WJIU IIPU ITOMOIIY O0JITOB M METHBIX IIEPEMbIYEK U JJUAMETPOM 4 MM (MecTa
COETMHEHUH JIOJIKHBI OBITh IOCTYITHBI JIJIsI OCMOTpa).

Bo3myxoBozibI MPUTOYHBIX CHUCTEM OT BO3AYyX03a0OPHBIX YCTPOWMCTB 710 OOOpYAOBaHUS U
10 OCHOBHOW MAarvCTPaId U30JIUPYIOTCS TEIIO-3ByKOU30JISAITMOHHBIM MaTepuasioM « URSA» 100 mm,
HCIIOJIb3yeMbIe B KaueCcTBE OTHE3AIIUThI py/IoHHbIe TporuBHble MaThl « WIRED MAT EI 60 — 240»

30 mm (puc. 2), B IOTIOJTHEHHE K OCHOBHOU (DYHKITMH TaKyKe CJIY?KAT TEIJI0 3BYKOU3OJIAIMOHHBIM
MaTepHaIoM.

CETKA METAJUIMYECKAS «MAHBE»

s

~ @onbrA

- Z ». _

-~

BA3A/ISTOBbIA MAT

Puc. 2. WIRED MAT EI 60 — 240

Bce mpurouHOoe 006OpyZOBaHME pa3MeIlaeTcss B CIHEIUAJIbHO OTBEJIEHHOW BEHTKaMepe,
B KOTOPOU TMpeAyCMaTPUBAETCA pa3MellleHHue IUTOB YIpaBJeHUs U aBapUUHOE OCBEIeHHE.
[IpuMeHseMoe BEHTHIAIMOHHOE 000PYy/IOBaHHE HCIIOJIB3YETCSA B 3BYKOU30JIMPOBAHHBIX KOPITyCax,
Ha BCeX IIPUTOYHO-BBITSDKHBIX CHCTEMax (KpOMe€ MECTHOW BBITSI?KHOW  BEHTHJISIIAH)
yCTaHABJIUBAIOTCS IITyMOTJIyIIUTENN GUPMBI «JIruccaHT».

[IpoekToM mpeaycMaTpHUBaeTCs aBTOMAaTH3alNs BEHTUISIIUOHHBIX CUCTEM, a TaK K€ PyJHOe
yIIpaBJIeHHE.

IIpu ompesiesieHUM BO3ayX000MeHa ITOMEIEHUH KOJUYECTBO YAAJISIEMOr0 U I0J[aBaeMOTO
HaApY’KHOTO BO3/AyXa Oepercsa UCXOAsA U3 pacyeToB obecliedeHHs 3aJaHHOW YHCTOTHI U
nojAep;KaHus ra30BOT0 COCTaBa BO3/yxa, a Tak ke B cooTBeTcTBHE ¢ CanlluH 2.1.3.2630-10, 'OCT
P 52539-06, MY 1737-89, CII 1.3.1285-03 u CII 1.3.2322-08 u Ap. HOpMaTUBHBIMH JOKYMEHTaMU.

AHanuTUYECKHEe 3aJIbl IOMeEIeHUus KaTeropuu “B”, ocHaIleHbl OOIUMHU BBITSKHBIMU
cucTeMaMu OO0IIIe0OOMEHHOM BEHTWIAIMM M MecTHbIX orcocoB (B2, B3, B4, B5, B6). Pacxop
BO3/IyXa, YAJIAeMOT0 MECTHBIMU OTCOCAMHU, IPUHAT 110 HOPMAaTHUBHOU cKopocTH (1 M/c) B pabouem
ceueHnH 1KadoB. BRITAXKKA U CKJIAZIOB XUMPEAKTUBOB, IIOMeIeHUs Kareropuu “A”,
OCYIIIeCTBJIsETCA CUCTEMOU B7, ocHAIEHHOI pe3epBHBIM BEHTHUJIATOPOM.

Cucrema 00meoOMEHHON BeHTWIANMU Bl 00Ciay:KUBaeT CJeAyoIlue IOMeIeHUs
J1abOpaTOPHOTO KOMILJIEKCA: JIECTHJIATOPHYI0, OMOTECTUPOBAHUE, aBTOKJIABHYIO, BECOBYIO,
aHAJIUTHYECKUE 3aJIbl, KaOWMHEeThl, KabuHeT 00pabOTKU Pe3yJIbTaTOB, JIEKTPOIUTOBOM, KOMHATY
ImpueMa IWINU. YJajieHue Bo3ayXa B 00ObeMe HOPMATUBHOM KPAaTHOCTH OCYIIECTBJISIETCS U3
BepXHEeU 30HbBI MIOCPEJICTBAM BBITS?KHBIX PETYJIUPYEMBIX pelieTok Tuia DVS auddysopos.

B momenenusax caHyssia U AYIIEBBIX 3alPOEKTUPOBAHA OTAEJIbHAs CHCTEMa BBITSKHOU
BeHTH AU B8.
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Yiasnenue Bo3/lyxa U3 MOMeIEHUH, TENJIOBOTO IIYHKTA U 3JIEKTPOIUTOBOM OCYIIleCTBIIAETCA
cHCTeMaMU BEHTIJIALHUH C ecTecTBEHHBIM moOy:xkaeHueMm (BE1, BE2) nmocpencTBam neperekaHus
4yepe3 Hapy>KHble KJIallaHBbl.

Ha BosmyxoBomax Bcex cucTeM (IIPUTOK U BBITSDKKA) IPH IPOXOJie Yepe3 dYep/lavyHoe
IIepEKPHITHE YCTAHOBJIEHBI IIPOTHUBOIOXKAPHBIE KJIANlAaHBl KOMOWHHDOBAaHHBIE C IIPEEJIOM
OTHECTOMKOCTH 1,0 4, B KOMILJIEKTE C 3JIEKTPOIIPUBOZOM. BEHTHIATOPHI BBITSKHBIX cucTeM B1...B6
YCTAHOBJIEHBI Ha TEXHOJIOTUUYECKOM 3Take. DJIEKTpoABUTaTeNn cucreM B4, B5, B7 mpuHATH BO
B3PBIBO3AIUINEHHOM HCIOJTHEeHUU. Benrtarperar cucrembl B8 ycraHoBiIeH B AyIIEBOH.
BenTtuarop cucremsl B7 ycTaHOBIIEH CHAPYKU 37]JaHUA HA METALUITNYECKOU KOHCOJIHU.

Bo3myxoBOoAbl  BBITSPKHBIX  CHUCTEM, MPOKJIAAbIBaeMble Ha 4epjake, HU30JUPYIOTCA
MHUHepaIbHOU BaTo# "Rockwool" TosuHoi 30 MM, ¢ IPeAeIOM OTHECTORKOCTH 0,5 Yaca.

Ha xaxxzoe momeleHue j1abopaTopuil IpefycMOTpeHa OT/ieJIbHAas BBITSDKHAA CHCTEMA C
OYHCTKOU yZjaI1eMOT0 BO3/lyXa uepe3 TPU CTYIIeHU OYUCTKU ((PUHUIIHBIA — QUIIBTP CBEPXTOHKON
ounctku Hi4 HEPA) u ¢ 06paTHbIMU KJIallaHAMH C 3JIEKTPOIIPUBOJIOM.

[Togaya MpUTOYHOTO BO3/AyXa B IOMeIeHUs J1abopaTOPHOTO KOMILIEKCA OCYIIECTBIIAETCA
cucremamu I11, I12. [Iputok B s1aboparopuu nopaercs yepes cucremy I11, koTopas paszeyieHa Ha
KaXK/Iy1o JJabopaTopuio uepe3 obpaTHbIE KJIallaHa C 3JIEKTPOIPHUBOAOM (HOPMAaJIPHO 3aKPBITBIMU),
YTOOBI HCKJIIOUHUTH ITEPETOK BO3/IyXa MEKY J1a00paTOPUAMH.

Cucrema TPUTOYHOU BEHTWIAIUHM JAaOOpPATOPUU [IO/DKHA paboTaTh OJHOBPEMEHHO, C
BKJIIOUEHUEM CHAYasIa BBITSKKU M IIOTOM IPUTOKA JIJIS CO3JaHUA HEOOXOAUMOTO JIaBJIE€HUSA 10—
15I1a. Ilpu BBIKJIIOUEHMHM BEHTWIALMU KJIallaHA [IOJDKHBI 3aKpPbIBAaThCA, YTO HCKJIIOYAET
BO3MOKHOCTD IIEPETOKA 3aPa’KEHHOI0 BO3/4yXa B APYTHe IOMEIeHUA.

Cucrema I11 paboTaer TOJIbKO Ha KOMIIEHCAITHUIO BBITSDKHBIX cucteM B2, B3, B4, Bs, B6, B7.
Bentussaropsl cuctem I11, [12 ocHaIieHbl YaCTOTHBIMY PETYJIATOPAMHU.

[Tonaua Bo3yxa o61eoOMeHHOM cuctemoi [12 paccunrana:

* B IOMEIIEHUAX JJAO0PATOPUH, CKJIAJ] XUMPEAKTUBOB — B 00BeME 90 % OT yAasiseMoro,

* rap/iepo0b mpH AyIIEBOH — O OasIaHCy,

B KaOWHETHI, BECOBYIO, KAOUHET 00pabOTKM pe3yJIbTaTOB, aHAJIUTUUECKHE 3aJIbl — B IIOJIHOM
o0beMe yaanasgeMoro Bo3jayxa. /[y mpenoTBpallleHUs NepeToKa BO3/yXa U3 TPA3HON 30HBI B
YUCTYI0, TTOCPEJICTBOM BEHTWIAIMHU, IIpeflycMaTpUBaeTcsA MOHMXEHHOe JlaBjeHue (pa3psrKeHue)
Bo3ayxa B Jiaboparopusax. B momemieHHsX HEUTPAIbHON 30HBI, HA00OOPOT, IOJEP>KHBAETCS
TIOJINOP BO3AyXa MPUTOYHOU cucremon [12.

[IpenycmarpuBaercs Ha BXOZax B JabOpaTOPUU YCTAHOBUTH CBETOBYIO HHIUKAIIHIO,
curHau3upytomyio "He BxoauTs" — Korja He paboTaeT BEHTHIIAIUA.

ABTOMAaTH3aNA

[IIuThl aBTOMATU3ANNU YCTAHABJIUBAIOTCA OTAEIBHO OT BEHTHJIAIMOHHOTO 00OpPYIOBAHUS.
ABTOMaTH3aIVs BEHTUWIAIIMOHHBIX YCTAHOBOK IIPe/lyCMaTPUBAET:

e TIOJIep:KaHue 33/IAaHHOM TeMIlepaTyphl I10/1aBaeMOro BO3/yXa B IPUTOUHOM KaHaJIe;

e U3MeHeHUe pexuMma paboTel, rpadUKOB IpOrpeBa U 3aIIUTHI B 3aBUCUMOCTH OT
TeMIepaTypbl HAPY?>KHOT'O BO3/1yXa;

e KOHTPOJIb TeMIIEpPaTyphl 0OPATHOM BOZBI B KOHTYPaX IOJIOTpeBa MpU paboTe MPUTOYHBIX
YCTAHOBOK H B pexkume «CTor»;

e KOHTPOJIb TEMIIEPATYPHI BOABI B KOHTYPE IUPKYJISAINHU TEIJIOHOCUTEIS;
TpeXypOBHEBasl 3aIUTa TEIUIOHOCUTEIS OT 3aMepP3aHus;
KOHTPOJIb 3aTIbLJIEHHOCTH (QDUIBTPA;
KOHTPOJIb COCTOSTHUS BEHTWIATOPA;
aBapUIHOE OTKJIIOUEHHE YCTAHOBOK C 3aIIUChI0 BU/IA aBapUU B MAMATHh KOHTPOJLIIEPA;

e aBTOMATHYeCKOe BKJIIOUEHUEe/OTKJIIOUeHHEe YCTAaHOBOK II0  TaiiMepy, COIJIaCHO
YCTAHOBJIEHHOTO HE/IEJIbHOTO PACIIUCAHUSA, IPA3AHUYHBIX U 0COOBIX JTHEN;

e olecrneueHre JUCTAHIIMOHHOTO YIIPABJIEHUS CHUCTeMaMH ¢ Jyiroboro mkacda aBTOMATHKH,
IIO/IKJIIOUEHHOTO K CeTH;

e peryJInpoBaHUe IPOU3BOAUTETBHOCTH YCTAHOBOK IIOBPEMEHHOMY IrpaduKy;

e OTKJIIOYEHUE CHUCTEM BEHTWJIALNMM 10 curtaiy «Iloxap».

Ha3naueHue 5jieMeHTOB cHUCTEMBbl AaBTOMAaTHUKM pPACCMOTPUM Ha Ipumepe cucreMms! II1.
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[IpuBO/ BO3AYIIHON 3aCJIOHKU OCHAIlEH IPY>KUHHO BO3BPAaTHBIM MEXaHU3MOM U OTKDPBIBAeTCA
IIpU IIycKe IMPUTOYHOTO BEHTWJIATOpPA U 3aKpbIBaeTcsA IPU ero OTKJIIouYeHUU. lIpemycmoTpeH
CUTHAJI OTKPBITOTO U 3aKPBITOTO IIOJIOKEHUs BO3AYIIHON 3acJIOHKH B CHCTEME pPerucTpanuu
COOBITUH KOHTPOJLIEPA.

®QUIBTP OYMCTKU BO3/Ayxa CHAOXKeH JaTIMKOM Iepemnazia AaBieHus — audmanHomerp PS-
500/1500, KOTOPBIM cpabaThIBaeT MPU YBEJIMUEHUU IEPeNasia IaBJIeHUs BBIIIE YCTAaHOBJIEHHOTO
Ha JIaTYMKe 3HAaUYeHUs.

Tepmocrar ¢ kanwuiApHOM TpyOko#l TS1 obecnmeumBaer 3amUTy TEMI00OMEHHUKA
OT 3aMep3aHUs, OTKJII0YasA YCTAHOBKY IIPU CHUKeHUH 710 + 7°C TeMmepaTyphl Bo3/lyxa Ha BBIXOZE
13 TeIJIOOOMEeHHUKA.

ITo mokazaHUAM AaTIMKA TEMIIEPATYPhl Hapy>kHOTro Bo3ayxa TEO (matuuk sBiseTcsa o0umm
JUIsI BCEH CETH KOHTPOJUIEPOB) OIPENEJISIETCS PEXXUM «3UMa/IeTo» U TpaduK IpeaBapUTEIbHOTO
IIpOorpeBa yCTAHOBKM IIepe/] 3aIlyCKOM, a Tak:Ke rpaduK 3aIuThl TeIJIOHOCUTEJIA.

KoHTposp TeMmeparypsl 0OpaTHOH BOABI B KOHTYpe IOJIOTpEBA IpU paboTe MPUTOYHOM
CUCTEMBI U B pexkuMe «CToIl», a TakKe 3alIUTa TeIIOHOCUTE A OT 3aMeP3aHUs, OCYIeCTBIIAETCA
I10 TIOKA3aHUIO JIATYHKA TeMIlepaTypbl o6paTHoi Boas! TE1.

KonTposib TeMIlepaTypbl NPUTOYHOTO BO3JAyxXa IIpu paboTe TPUTOYHOU CHUCTEMBI
OCyIIleCTBJIsAETCSA 10 MOKa3aHUI0 KaHAJIBHOIO JaTunKa Temnepartypsl TE2.

INoapep:kaHue TeMIEPaTYPHON YCTAHOBKU 3UMOU M B IIEPEXOIHBIN IIEPHUO/, OCYIIECTBIISIETCS
PeryJINPYIOIINM KJIallaHOM ropsiueil BOJABI.

ABTOMaTHUecKas 3alUTa TEIVIOOOMEHHHUKOB OT 3aMep3aHus NP paboTe UMeeT 3 YPOBHA:

1-i ypoBeHb — KpaTKOBpeMEHHOE OTKpBITHE KJIallaHa II0 Tropsg4yed Boje Ha 100 % mpu
CHIDKEHUU TeMIlepaTypbl OOpaTHOW BOABI /10 3HaueHHWsA Oosbiero Ha 2°C, yeM «TeKyas
YCTaHOBKA 3aIUTHI», IIPU 3TOM YCTAHOBKA IIPO/IOJIKAET paboTaTh;

2-i ypoBeHb — cpabaTblBaHHE 3AIIUTHl C OTKJIIOYEHHEM BEHTWIATOpPA IPU CHUKEHUU
TeMIlepaTypbl 0OpAaTHOM BOJBI /10 3HAUEHUS «TEKYIIasi yCTAaHOBKA 3aIUTHI»;

3-11 ypoBeHb — cpabaTbIBaHUEe TepMoOcCTaTa IPU CHUKEHHU TeMIlepaTyphbl BO3JyXa IOCJe
TeryI000MeHHUKA IepBoro noaorpesa 7o + 7°C, ¢ 0CTaHOBKOM BEHTUJIATOPA.

«Teky1ias ycTaHOBKA 3alllUThI» BBIUUCJIAETCA KOHTPOJUIEPOM IO TpadUKy B 3aBHCUMOCTHU
OT TEMIIepaTypbl HAPY>KHOTO BO3/yXa.

B pexxnme «3uma» MycK IPUTOYHOM YCTAHOBKU HAUMHAETCA C IIPEJBAPUTEILHOTO IIPOTrpeBa
TeIlJIO0OMEeHHUKAa BO3JyXOHarpepatesis. IIporpeB ocyiiecTBisfeTcs 0 3HAUYEHUS «TeMIepaTyphl
IporpeBa», BBIUUCIAEMON KOHTPOJUIEPOM II0 rpaduky B 3aBUCUMOCTH OT TeMIIepaTyphbl
Hapy»KHOTO Bo3ayxa. Ilocie AOCTHXKeHUs YCTAaHOBJIEHHOTO 3HAYeHUs KOHTPOJUIED BBIJAET
KOMaH/Iy Ha 3aIlyCK CUCTEMbI, OTKPBIBAETCSA BO3AYIIIHAA 3aCJIOHKA U BEHTWIATOP 3aILyCcKaeTcs.

[Ipu oTcyTCcTBUY NOATBEPK/IEHUA O IIyCKe BEHTWIATOPA OT JaTuUKa Iepenajia JaBjaeHus Ha
BEHTIJIATOPE CHUCTEMA OCTAHABJIMBAeTCA IO aBapuu U Osokupyercs. COpoc cUrHasia aBapuu
MIPOU3BOAUTCA KaK B MECTHOM, TaK U B IUCTAHIIMOHHOM peXXUMaXx.

Ecnu Temneparypa BoABI He JOCTHUIJIA 33a/JaHHOTO 3HA4Ye€HU:A, TO IIPOIPeB IO HUCTEYeHUU
5 MHUH. 3aKaH4YHBaeTcs U cucreMma 0sokupyercs no aapuu « HET [TPOT'PEBA».

Bo Bpemsa paboThl YyCTAaHOBKM KJallaH IOJOTpeBa MOJJEP:KUBAET YCTAHOBJIEHHYIO
TeMIepaTypy BO3[yxa B KaHaje. B ciyuae CHUXKeHUS TeMIlepaTypbl OOpPaTHONH BOJBI 0
HEKOTOpPOTO 3HaueHUs (BbIUMCIsAeTcA IO IpaduKy 3allUThl) cpabaThIBaeT 3alluTa, PUTOYHASA
yCTAaHOBKA OCTaHaBjuBaercss U Osiokupyerca mno asapum «BOIOA_YI'PO3A 3AMOPO3KU».
B HavaspHBIT MOMEHT KJallaH KOHTypa IHOJOTpeBa OTKpbIBaeTcsd Ha 100% i TOAHATUSA
TeMIIEPaTypbl U Jlajiee TOMJIEP’KUBAET TeMIepaTypy Mo rpaduky OOpaTHOH BOABI B PEKUME
«Crom».

[Ipu cHUKEHUM TEMIIEpATyphl BO3/IyXa HEMOCPEJCTBEHHO 3a TEIIO0OOMEHHUKOM 10 + 5°C
cpabaThIBaeT TEPMOCTAT 3alUThl OT 3amMopakuBaHus TS1, cucTeMa BBIXOJIUT HA aBapHUIO
«TEPMOCTAT_YT'PO3A 3AMOPO3KN », IIpUTOYHAA YCTaHOBKa OCTaHAaBJIUBaeTCA
u 6s10KUpyeTca. B HauasbHBIM MOMEHT KJIAIaH OTKPBIBAeTCS HAa 100% U Jajiee IMOJJIep>KUBAET
TeMIepaTypy o rpaduky obpatHou Bojbl B pexkuMme «Crom». B pexxume «Crom» B ce30H «3uMa»
MO/IIep>KUBAETCS TeMIIepaTypa IUPKYJINPYIOIIeN BOAbI HA ypoBHE +35°C.

Jlnsa HOpMAasibHOU paboOThI M ObOecrieueHUs 3aIUThI TEIJIOOOMEHHUKA B 3UMHEM peXHMe
Heo0X0aMO 00eCIIeunTh:
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e KauecTBeHHoe U  Oecmepe0oifHOe  3JIeKTpOCHAOXKEHHE  CHCTEMBI  aBTOMATUKHU
U IIUPKYJIAIUOHHOTO Hacoca (B MPOTUBHOM CJIyyae CHUCTeMa aBTOMATHKU He CMOKeT 00ecIeuuTh
3aIHUTy 000PYAOBAHMUS).

e HeoOXOAMMBIN Ilepenas 1aBjaeHus (He MeHee 0,5 bap) u TeMnepaTypy TEILJIOHOCUTEIA 10
rpaduky momauu (B cilyduae HEBO3MOXKHOCTH OOECHeYduTh YKa3aHHbIE YCJIOBUS IPUTOYHAS
YCTAHOBKA He CMOJKET IO//IeP:KUBATh 33/IaHHbIE ITapaMEeTPBhI).

Jlns 3amycka MPUTOYHOU YCTAHOBKM B aBTOMATHYECKOM PeEXHMe HeOOXOIUMO YCTaHOBUTH
nepeksouaresib «P—0—A», HaxoAAmMMUNAcA Ha IIUTE aBTOMATUKH B MoJIoKeHHe «Ax». IIpu Takom
MOJIOKEHUM TIEPEKIIoYaTesIl yCTAaHOBKA paboTaeT MO KOMAaH/aM, 33/1aBaeMbIM C TaHEH
omeparopa.

OKCTpeHHBII  OCTAaHOB IIPUTOYHOM  YCTAaHOBKU IIPOU3BOAUTCA IIyTeM IlepeBoja
IepeKJsIoyaresis Ha JIBEPU IIUTa ABTOMATHUKU B IIOJIOKEHUE «O».

Jlnsg 3amycka NPUTOYHOM YCTAaHOBKM B PYYHOM peXUMe HEOOXOJUMO YCTaHOBUTH
nepexsoyaresb «P—o0—A» B nmosioxkeHnue «P». PydHOH pexuM IpeiHa3Hau€eH TOJIbKO JIJIs HaIaJKU
U 00CITy>KUBAHUS YCTAHOBKHU.

Jlsl MHAVKAIUY COCTOSIHUSA YCTAaHOBKU IIpeIHA3HA4YeHbl JaMibl «PaboTa» u «ABapus»,
pacIosIo;KeHHbIe Ha TTAHEJIN KaK/I0TO U3 IIUTOB aBTOMATUKH.

B pexxnme «3uma» HAcoC KOHTypa BO3AyXOHarpeBaTesis paboTaeT IMOCTOSTHHO HE3aBUCHMO
OT TOTO0, paboTaeT BEHTWIATOP WU HET.

Bce osieMeHTHI yIpaBjieHUs BEHTCHUCTEMOM B PYJYHOM PeEXHUMeE HAxXOAATCA HaA JBEpU
COOTBeTCTBYyIOIlero mkada ympapieHus. [[Jis 3amycka BEHTWIATOPA CJIElyeT MePEKTI0YaTeln
«P—0—A» BeHTWIATOpPAa NE€peBeCTH B IMOJIOKeHUe «P». BeHTWIATOpP [OJKEH 3amyCTUTBCA.
[Tpu paboTe BeHTWIATOPA JOJIKHA TOPETh 3ejieHas jamma «Pabora BeHTWIsITOpa». J{jIs1 OcTaHOBA
BEHTUJIATOPA HEOOXOJMMO YCTAaHOBUTH IlepeKsouaresb BeHTHWIATOpa «P—0—A» B moJiOKeHHe
«0». AHAJIOTUYHBIM 00pa30M IIPOU3BOAUTCS 3AIYCK B PYYHOM PEKUMe IUPKYJIAIMOHHOTO Hacoca
KOHTYpa Harpesa.

Jna 3amycka TPUTOYHOM YCTAaHOBKM B aBTOMATUYEeCKOM peXuMe HeoOXOauMo
nepexsoyaresin «P—0—A» BeHTWIATOpa W Hacoca IepeBecTH B IosokeHHA «A». Cucrema
IepenieT B aBTOMAaTHIECKUN PEKIM. BO3MOKHEI ci1eIyIoIIe pexKuMbl: paboTa U CTOII.

BeiTskHAA cucrema paboTaeT B ciiydae pabOTHI COOTBETCTBYIOIEW IMPUTOYHOH CHCTEMBL.
B coryuyae oCcTaHOBKM TPUTOYHON BEHTWIAIMA — COOTBETCTBYIOIIAs €H BBITSDKHAS CHCTEMA B
aBTOMATHYECKOM PEXXHMe MpeKpaIaer pabory.

OKCTPEHHBII OCTAHOB IIPUTOYHOH YCTAHOBKU  IIPOW3BOJIUTCA IIyTEM IIEPEBOAA
nepeKIIyaTesis Ha IBEPH MIKada aBTOMAaTUKHU B TOJIOXKeHUE «0» («BrIkroueHo»). 3amperaercs
OTKJIIOYATh HACOC B PEKUME «3UMa».

B pexum pabotel «JIeTo» YCTaHOBKA II€PEXOAUT AaBTOMATHYECKH IIPU IIOBBIIIEHUU
TeMIepaTypbl Hapy:KHOTO Bo3ayxa 70 +12°C (mokasaHus JaTyuKa Hapy:kHoOH Teminepatypsl TEO).
ITpu aTOM IIUPKYJIAIMOHHBIN HacoC oJorpeBa paborats He Oyzet. ITyck yecTaHOBKU TPOU3BOAUTCS
cpaay, 6e3 IpeZiBapuUTEILHOTO IPOTpeBa.

MoHTaX CUCTEM BEHTWIAIUU HEOOXOIUMO BBIMIOJHATH B COOTBETCTBUU C TPeOOBAaHUSIMH
CIT1 73.13330.2012 ¢ Y4YeTOM CMEXHBIX WHIKEHEPDHBIX KOMMYHHKAIUNA. Bce BO3IyX0BOABI
BBINOJIHAIOTCA Ha 6ecdiiaHIeBOM COeIMHEHUH U TepPMeTU3UPYIOTCA. Y3JIbI IIPOX0/Ia BO3YXOBOJOB
yepes3 CTPOUTEIbHbIE KOHCTPYKIIUU — T€PMETU3UPYIOTCA U YTEIUIAITCA. 10 OKOHUaHUI0 MOHTAXKa,
CUCTEMBI BEHTWIAIUM TPOXOAAT UCHBITAHUA U HAJIAJKy B COOTBETCTBUU C TpeOOBAaHUAMU
CII 73.13330.2012.

Jina CHUXKEHUS YPOBHA IIyMa, MPOU3BOJMMOTO BEHTOOOPYZOBaHUEM, IIPeyCMOTPEHbI
CyIeIyIoIe MEPOIPUATHUSA:

e HAa BO3/IyXOBOJ|aX BEHTCUCTEM YCTAaHOBJIEHBI IVIYIINTEIH IIIyMa,

710 U TIOCJIE BEHTUJIATOPOB YCTAHOBJIEHBI THOKME BCTaBKU,

BEHTHJIAIIMOHHbBIE arPeraThl BBITSIKHBIX CHCTEM YCTAaHOBJIEHBI HA BUOPOOCHOBAHMUSIX,
Kopo6a MpUTOYHBIX arperatos 11, [12 nMeIOT 3ByKOU30IUPYIOIIU CJIOH,

yCTaHOBKA MJIOIIYMHOT'O UMIIOPTHOTO 000py/I0BaHUs 1 cucTeMbl B8,
BEHTUJIATOPHI OZI0OPAHBI ¢ pACYETOM Ha HEBBICOKYIO YAaCTOTY BpallleHUs,

CKOPOCTH BO3/[yXa B BO3/IyXOBO/IaX He IIPEBBINIAIOT JOIMYCTHMbIe 3HAUEHHA.
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[IpoeKT BEHTWJIANMU BBINOJHEH C YYETOM KOMILJIEKCAa ITPOTHUBOMOKAPHBIX M CAHUTAPHO-
rUrHeHnYecKux TpeboBaHuii B coorBercTBHU ¢ ['OCT 12.1.005-76, CHull 41-01-2003, CHull
2.08.02-89 u "IIY3".

3ajI0}keHHbIe B IIPOEKTE MEPOIPHUATHSA 00eCIeunBarOT 6e301acHyI0 U 3(PhEeKTUBHYI0 paboTy
BeHTWIANMU. [IpesycMaTpuBaeTcs OTKIIIOUEHHE BEHTHIAIMOHHBIX CHCTEM IPU BO3HUKHOBEHUU
nokapa. [Ipu mepeceyeHNH MPOTUBOIIOKAPHBIX ITPErPaJl yCTAaHABIUBAIOTCS OTHE3a/IeP KUBAIOIIE
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Modeling of Combustion of Watered Gasoline

1Dmitry V. Saitie
2 Aleksandr A. Smolnikov

1-2Jzhevsk State Technical University, Russian Federation

Abstract

With helping of soft "Thermodynamic" there was numerical researching of the
thermodynamic combustion's parameters of watered gasoline for conditions of carbureted engine
as function of coefficients of oxidizer's surplus and water ballast. It is shown that the water ballast
of about 5 % can be useful, as it gives a stoichiometric combustion of nearly 10 percent increase
in RT while reducing the CO by 42 %.

Keywords: energy; enthalpy; burning; flooded fuel.

Beeagenue

Boga compoBoxkzaer HedTENPOAYKTHI OT OYypOBOM BBIIIKH [0 KaMepbl CrOpaHWS.
[TpuyuHbI ee onaiaHusA B HeDTh U HEPTENPOAYKTHI PA3IUYHBI: OT CIyYaHHOTO TPOHUKHOBEHUS
BOJSHBIX TApOB C UX IOCJIENYIONEeNd KOHAEHCAMEH [0 NpeHaMEPEHHOTO BBEJIEHUS C IIEJIbI0
u3MeHeHus1 Pu3nyecKkux cBoMcTB. Kak MpaBwWio, cTemeHb CIydaiiHOTO OOBOJHEHUs 3aBHCHUT OT
TEMIIEPATYPHhI, /IABJIEHUS, BJIAKHOCTH BO3/yXa, HAJUYUS CBOOOJHBIX MOBEPXHOCTEH U YHCTOTHI
TOIUTUBHBIX eMKocTel. OOIen3BecTeH (pakT, UTO B KAPKOM U BJIAKHOM KJINMaTe BEPOSTHOCTD
HAKOIUIEHWsI BOJbI B TOIUIMBE B 1,5..2 pasa BbIllle, 4yeM IpPU yMepeHHOM. Kpome TorO,
He(TEeNnpOAYKTHI, KAK BBICOKOMOJIEKYJ/IIPHBIE CMOJIMCThIE COETUHEHUS] — TOBEPXHOCTHO-aKTUBHbBIE
BEIIECTBA, TO €CTh PUPO/IHBIE AMYJILraTophl. VI3 ciryuyaliHbIX MPUYUH MOMAZAaHUs BO/bI B TOITUBO
MOKHO BBIJIEJTUTH CJIEIYIOIHEe: KOH/IEHC AN BOZASHBIX IMAPOB B TOIUIMBHBIX Oakax U 3JieMeHTax
apMaTryphl; MPOTEYKH BOJBI 4epe3 JedeKThl YIUIOTHEHWH, MOBPEXIEHUS KOPIyca; OIIHOKH
oOcay>kHUBarollero nmepconana. TakuMm oOpa3oM, BoJla IOUTHU Bcerjia MPUCYTCTBYeT B TOIUIUBE, U
peYb UET JINIIb O OOJIbIIEM WM MEHbBIIEM ee CO/epKaHuu. TPajuIMOHHO BOJY W3 TOILUINBA
CTpEMSTCS YAAJIUTh PA3JIUYHBIMU CIIOCO0AMU, HAIpPUMeEp, OTCTAMBAaHUEM WJIM Celaparjuei.
Bce onu TpynoeMku, TpeOyIOT 3aTpaT SHEPTUH U, KaK IPaBUIO, Maso3ddeKTUBHHI [1, 2].

MarepuaJjibl 1 METOABI

B 3aBucuMocTH OT TOro, Kak BOja pacmpejesserci B o0ObeMe TOILUIMBA, IO-Pa3HOMY
opraHusyercs Iipolecc ropeHus. Eciu Boja paclpezessercss HEpaBHOMEDHO, TO 3TO MOKeT
IIPUBECTU K CPBIBY WJIM BbIOpOCAaM ILUIAMEHU, BBI3bIBasA BHOpALMIO 5JIEMEHTOB KaMephbl CrOPaHUs
[5—7]. C npyroii cTOpoHBI, pABHOMEPHOE pacIpejieJieHre BOAbI aKTUBU3UPYET IMPOIeCC TOPEHUs
Y CHIDKAET BpeIHbIE BEIECTBA B ITPOJIYKTAaX CTOPaHUs, ITOBBIIIAET OKTAHOBOE YK CIIO OeH3MHA.

dddexkT 0O0BOAHEHHBIX TOIUIMB B HACTOsAIIEe BpeMs LINPOKO HCIOJIb3yeTcs B KOTJIAX,
HUCHOJIB3YIOIIUX TsKesble »kuakue HedTaAHble (paknuu. IIpuMeHUTENBPHO K HHUM CO3JaHO
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crieruaabHOe O0OpYy/IOBaHUE II0 CO3/JAHWI0 TOMOTE€HHOH 35MyJbCHHM (CyIIECTBYET MHOKECTBO
MMaTEHTOB Ha CITOCOOBI U ycTpoiicTBa, HanmpuMep [3]). Kak mokasanin skcriepruMeHThl, HauboJIbInas
SKOHOMUYHOCTh HaOJIIOZlaeTCsl TPU COAEP:KAaHUU BOABI 10..12 %, mpu stom KIIJ[ Kotria
YBEJIMUMBAETCS Ha 3-4 %, KOJIMUECTBO Ca’KU CHUIKETCS IMOYTH HAIOJIOBUHY, a TeMIIEpaTypa ra3oB
3a KOTJIOM cHIKaetcsa 1o 190 °C [4].

OO6cy:kneHue
Il ucceloBaHUsA TOPEHHUs BOJIHO-OEH3WHOBOM CMECH WCIIOJIb30Bajlach IIporpaMma
"TepmoguHamuka" [8—11]. PacueTHble NCXOHBIE JAHHBIE /1JI HEe TPUBEEHBI B TAOJIHIE 1.

Tabauya 1
KoaddunueHTHI yCI0BHOM (POPMYJIBI M SJHTAIBITHA
BO/JHO-0€H3UHOBBIX cMecen

beunsun, % Boga, % Koacq)q)HuHeHTH EYCHOBHOﬁ q)o%Myﬂe IHTanbmus, KJX/Kr
100 0 70 160 0 419
95 5 66 157 2 -395
90 10 63 155 5 -1209
8o 20 56 150 11 -2837
70 30 49 145 16 -4466
60 40 42 140 22 -6094
50 50 35 135 27 -7723
40 60 28 130 33 -9351
30 70 21 125 38 -10979
20 80 14 120 44 -12608
10 90 7 116 50 -14236
5 95 3 113 52 -15050

PesysibTaThl pacueToB MPUBEJEHBI HA pUC. 1-11. B KauecTBe apryMeHTOB MPH ITOCTPOEHUH
rpadUKOB BBICTYIIMJIH KOB(PQOUIIMEHT U30bITKA OKHCAUTENASI O M CTeneHb OOBOJHEHU
(banmnmactupoBku) OeH3mHA: OT O % BOABI 710 80 % (TIpu Ga/LIaCTUPOBKE CBBIIIIE Q0 % TOpeHHe
MIPEKPAIaIoch BO BCEM Juana3oHe K0O3POUIIMEHTOB N30bITKA OKUCTUTEISA).

Kak BUTHO U3 pHUC. 1, ¢ yBeJITMUEHHEM 10N OajtacTa, TeMIlepaTypa rOpeHHUs CHUKAETCS BO
BceM Mania3oHe Ko3GhQUIIMEHTOB U30bITKA OKUCIUTENsA. Hampumep, sl CTEXHOMETPUUECKOTO
COOTHOIIIeHUs (0 = 1) IPU TOPEHUH YUCTOro OeH3WHA ajuabaThuecKas TeMIlepaTypa COCTaBHJIa
2432 K, npu 5 % 6anacre — 2428 K, npu 10 % 6amnacre — 2416 K. OgHako n3MeHeHue cpeiHen
MOJIEKYJISIPHON Macchl IPOJYKTOB CrOpPaHUS HE TaK MOHOTOHHO (pHIC. 2: TMPH A = 1 M YHUCTOM
O0eusune M = 31,3 r/MoJb, TIpH 5 % Oasnacre — 28,5 r/Mouib, 10 % — 28,4 r/M0Jb), a TOTOMY Ha
rpaduke RT BHIEH IPKO BhIpAXKEHHBIH MAaKCHMYM, COOTBETCTBYIOIIME 5 % OajlyiacTy IpaKTHIECKH
BO BCeM Jiharia3oHe K03 PUIIIeHTOB N30bITKA OKUCTUTEIIS.
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T, [K]-20 % 6eH3uH

M, [ r/monb] - 10

% 6eH3UH

M, [ r/mons] - 100
% 6eH3nH

Puc. 2. CpenHss MoJIEKyJIsIpHASA Macca IPOJIyKTOB cropanus M, r/Mosb
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8001
600 -
400 -
2 RT, 20 %
200 - 2 6eH3uH
--
o WEET

7~ RT, 100 %

Puc. 3. RT IpOAYyKTOB CrOpaHusA

H3meHeHMe cocTaBa IIPOJIYKTOB CrOpaHUA TakyKe IOJIydaeTcs HETPUBUAIbHBIM. Tak
5-TIPOLIEHTHBIN BOASHOM OasutacT mpu KoadgduiueHTe U30bITKA OKUCIUTENS A = 0,5 YMEHbIIIaeT
conep:kanre CO 1oYTH B JiBa pasa: ¢ 34,6 % 1o 16,6 %, nanbHeinas 6aylacTUPOBKA elle 60siee
cumwkaer gomo CO B mpoxaykrax cropanus (puc. 4). CozepskaHWe YIJIEKHCIIOTO Tasa

¢ 6aJTaCTUPOBKOM TaK’Ke CHUIKAETCs BO BCeM Juana3oHe K03(hGUITNEeHTOB U30bITKA OKUCIIUTEJIS,
HO HE CTOJIb 3HAYUTEBHO (pHUC. 5).

CO, 50 %
6eH3uH

CO, 100 %
0.5 1 15 2 5 6eH3uH

Puc. 4. Conep:xanue CO B IpOAYKTaxX CTOPAHUA
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0.201

0.15 -

0.10

0.05 CO2, 30%
6eH3unH

0.00 C0O2, 100 %

0.5 11525 ¢ 6eH3uH

Puc. 5. Copepxanue CO. B IPOAYKTaX CTOPAHUA

Jlons Bomopoda, BOJABI M KHUCJIOPOAA B IPOAYKTax cropaHus (puc. 6—8) IOJHOCTHIO
COOTBETCTBYET IPOTHO3MpPyeMOMY. Tak cofiep:KaHue BOJOPOZa PE3KO YBEJIMUUBAETCs I A =
0,5 C IIPAKTUYECKH HYJIEBOTO 3HAYEHMS MMPH Oa/LIaCTUPOBKE B 5 % /10 13,9 %, IOC/IE Yero cye/yer
JasIbHeNIIee HE3HAYUTEIbHOE YBeJIHUeHre 70 16,4 % npu 80-IIPOIEeHTHON OaytacTupoBke (puc. 6).
CopzeprkaHue BOJIBI B IIPOAYKTaX CrOPaHUs MPOTHO3UPYEMO PACTET C YBEJTUUYEHHEM JIOJTH BOJSTHOTO
bastacra (puc. 7), a coaep:kaHue kuciaopoaa (puc. 8) cHmkaerces ¢ 10,4 % IPU TOPEHUH YHCTOTO
O6ensuHa 710 8,4 % mpu 80-MPOIEHTHOU Oa/TacTUPOBKE (B 000MX CiIydasx a = 2).

0.20-‘

0.15 -

0.10

0.05 H2,30 %
6eH3uH

0.00 Y H2, 100 %

0.51 1.5 25 6eH3uH

Puc. 6. Conepxanue H. B mpoayKTax cropaHus
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H20, 100 %
6eH3uH

02, 20%
6eH3nH

02, 100 %
0.5 115 295 6eH3unH

Puc. 8. Conep:xanue O, B IPOJyKTAX CTOPAHUA

Ha puc. 9—11 mokasaHbl cOAepKaHUA a30Ta U a30TCOAEPIKAIINX COETUHEHUN B MPOAYKTAX
CrOpaHMs, IPU ATOM JIOJI a30Ta HU3MEHseTCs He3HauuTeJbHO (puc. 9). Jloyisi OKCHUIOB a3oTa
B COCTaBe MNPOAYKTOB CrOpaHUs TOMOJOTMUECKH MpakTUdecKu mnoBTopsier rpaduk RT.
Tak makcumasbHOe 3HaueHne NO cocTaBiisieT 0,3 % MpU A = 1,5 U 5-IPOIIEHTHOUN 0aJlJIaCTHPOBKE.
Coneprxkanue NH; B mpoaykrax cropaHvs IPAKTUYECKHd HYJIEBOE, HO TPH BBICOKUX CTEIEeHAX

0a/UTaCTUPOBKYU M HUBKUX (L UJIET €T0 Cepbe3HbI 3a0p0oc, I0CTUTas MAKCUMyMa B 9,16 % mpu a = 0,5 U
QO-TIPOIIEHTHOH OAJLTAaCTUPOBKE.

N2, 30 %
6eH3uH

N2, 100 %
®0.511 5 ) 6eH3unH

Puc. 9. Conep:xanue N. B IpOAYKTax CrOpaHUsA
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NO, 20
% 6eH3UH

W’ NO, 100 %
0.51 15255 6eH3nH

0.100000
0.090000 +T
0.080000 -
0.070000
0.060000 1]
0.050000 +1]
0.040000 {/{’
0.030000 -
0.020000 -
0.010000
0.000000 -

0.511.52, 5

\ \
—\
——\

\

]

\

\

AV

N\

Puc. 11. Copep:xanue NH; B mpoaykTax cropasus

BbIBOABI M pe3yIbTAaThI
Kak mokasayin mpoBeJleHHbIE pacyeThl, BOAHAs OA/LIACTUPOBKA OKOJIO 5 % MOXKET OBITh
MI0JIE3HOH JIJI1 YCJIOBUM JIBUTATesIell BHYTPEHHEr0 CTOPaHHsA ¢ UCKPOBBIM 3aKUTaHUEM. JTO JIaeT

IIPU CTEXMOMETPUYECKOM CKUTAHUM MOYTU 10-TIpoueHTHOe yBenndeHue RT npu ogHOBpeMeHHOM
cH>keHnU coziep:xanuda CO Ha 42 %.
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VIK 621.182
MoaesmmpoBaHue rOpeHUs 00OBOHEHHOTO OEH3MHA

1 imutpuii Bragumuposuy CaliTueB
2 Anekcauzip AaapeeBud CMOJIBHUKOB

-2 J13xeBCKUH rOCyZJapCTBEHHBIN TEXHUUECKUN YHUBEPCUTET, Poccuiickaa Penepanus

AnHoTtamua. C momompi nporpaMMbl "TepMopmHaAMUKA" IIPOBEIEHO YHCJIEHHOE
HCCJIeIOBAaHUE TEPMOIMHAMUYECKUX ITapaMeTPOB TOpPeHUs 0OBOJHEHHOTO O€H3WHA IS YCIOBHUH
KapOIOpaTOPHOTO JIBUTATeJsI B 3aBUCUMOCTH OT Ko3(dduImeHTa M30bITKa BO3/AyXa U CTEleHU
BogHOU OasutacTupoBku. I[lokazaHo, uTO BoAHAas Oa/LIaCTUPOBKA OKOJIO 5 % MOMKET OBITh
M0JIE3HOM, TaK KaK JlaeT MPU CTEXUOMETPUYECKOM CKUTAHUU MOUTH 10-TPOLIEHTHOE YBEeJIUUeHUe
RT npu onHoBpeMeHHOM cHUKeHUU cofiep:kaHud CO Ha 42 %

KiioueBble cJI0OBa: SHEPTETHK; DHTAJIBIIHSA; CXKUTaHKE; 0OBOHEHHbBIE TOILIHBA.

35




European Journal of Technology and Design, 2015, Vol.(7), Is. 1

Copyright © 2015 by Academic Publishing House Researcher e G
Pl X # " Published in the Russian Federation -
. pean Journal
* +  European Journal of Technology and Design of Technology and Design
e % Has been issued since 2013. - :
ISSN: 2308-6505
E-ISSN: 2310-3450
Vol. 7, Is. 1, pp. 36-48, 2015
DOI: 10.13187/ejtd.2015.7.36 et
www.ejournal4.com === |l
UDC 62-843

Primary Hydrocarbons on the Power Plants for Oil's and Gas's Production
A.M. Zavyalov
Izhevsk State Technical University, Russian Federation

Abstract

This paper presents an informative review of power plants in oil's and gas's production,
construction and the main characteristics are discussed. There were analyzed, and there were
produced the comparison and the selection of the optimum parameters of the power plant.
The work can be used for create a prototype of power plant using purified APG.

Keywords: oil; power plant; information review; hydrocarbons.

BBeaeHnue

Ha 1mporspkeHMM MHOTHUX JieT HedTera3oBbl KOMILJIEKC OCTaBaJicsi OCHOBHBIM
3arpsiI3HUTEIEM BO3/yXa U OKPYKAIOIIeH Cpeabl 3a CYeT IMOBCEMECTHOTO CIKUTAHUs OOJIBIITHX
00beMOB TIOITyTHOTO HedTAHOTO rasa. Ha ero /1oJr0 mMpuxoauyioch 10 30 % BPEIHBIX BHIOPOCOB
BCEr0 IPOMBINJIEHHOTO KOMILIEKCa CTpaHbl. B TO ke BpeMms crenuduka JAOOBIYHM IIOIYTHOTO
HedTssHOrO Taza (ITHI') 3akyroyaercss B TOM, UTO OH SIBJISIETCS ITOOOYHBIM MPOJYKTOM JIOOBIYU
HedTu. OrcyrcTBHEe WHGPACTPYKTYPHI JJIsi e€ro cOopa, IOJITOTOBKH, TPAHCIOPTUPOBKH U
repepabOTKH JI0JITOe BpeMsi ObLTM OCHOBHOM NMPUYHUHON HEPAIMOHAIBHOTO ucmoib3oBanus [THT.
B Hacrosiee Bpems Bompoc yrrtudanuu [THT siBiisieTcst KpaliHe aKTyaJIbHBIM, UTO 00YCJIOBJIEHO
ITocranoBnenmem IlpaButenbcrBa Poccuiickoit ®Penmepanmu N°7 ot 8 sAHBapsa 2009 T.
006 yruwnuszarun He MmeHee 95 % [THI HaumHas ¢ 2012 T.

B cBs3u ¢ 3TuM B paboTe MpoaHATM3UPOBAHBI CYIECTBYIOIIE U BHOBb pa3pabaThiBaeMble
CUJIOBBbIE YCTAaHOBKHM HAa OCHOBE TEIUJIOBBIX JBUTATENIEN ISl J0ObIUM He(dTH U ra3a, CIIoCOOHBbIE
HCIIOJIb30BaTh IIEPBUYHBIE YIJIEBOAOPOJABI, a TakKe HaWJeH ONTUMAaJbHBIA BapUaHT WX
HCIIOJIb30BaHUS.

OG6G30p ABUTaTEIEH IJIA MPUBOAA OYPOBOM YCTAHOBKH

[TpuBoioM OYpOBO YCTAaHOBKM Ha3bIBAETCH COBOKYITHOCTD JIBUTATEsIEN U PETYIUPYIOMINX UX
paboTy TPaHCMHUCCHHA H YCTPOWCTB, IPe0oOpa3yoNIUX TEIJIOBYI0 FUIM 3JIEKTPUUYECKYIO SHEPTHUIO
B MEXaHHYECKYIO0, YIIPABJIAIOIINX MEXaHUYECKOU SHEPTUEH U MepeIalouX ee UCIIOTHUTETIBHOMY
00opyZI0BaHUIO — HacocaM, poTopy, jgebeske 1 Ap. MomHOCTh TpuBoza (Ha BX0Jle B TPAHCMUCCHIO)
XapakTepu3yeT OCHOBHBIE €ro IOTpebuTeNbCKHEe U TEeXHUYECKHe CBOHCTBA U ABJAETCHA
KJ1accu(pUKAIMOHHBIM (IVIAaBHBIM) ITAPaMETPOM.

B 3aBuCHMOCTH OT HCIOJIB3YEMOTO IEPBUYHOIO MCTOYHUKA SHEPTUU IIPUBOBI JIEIATCA HA
aBTOHOMHBIE, He 3aBUCAIINE OT CHCTEMBI HHEProcHabkeHUs, U HeaBTOHOMHBIE, 3aBUCAIINE OT
CHUCTEMBl DHEProCcHAOXKEHUs, ¢ MNHTAaHUEM OT IIPOMBIIUIEHHBIX 9SJIEKTPHYECKUX CeTeH.
K aBTOHOMHBIM NIPHBO/IaM OTHOCATCS JBUTaTeNN BHyTpeHHero cropanud (JIBC) ¢ mexaHUUYeCKOH,
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THUAPABJINYECKOH WM  dJieKTporepenadeii. K  HeaBTOHOMHBIM  IPHUBOJIAM  OTHOCSITCS:
3JIEKTPOJIBUTATEJIHM TTOCTOSTHHOTO TOKA, ITUTaeMble OT IIPOMBIIJIEHHBIX CeTeld IePEMEHHOTO TOKa
yepe3 TUPUCTOPHBIE BBINPSIMHUTEIbHBIE CTAHIIUH YIIPABJIEHUA; SJIEKTPOIBUTATEN IIEPEMEHHOTO
TOKa C THAPABJIMYECKOH JIHMOO 3JIEKTPOAUHAMUYECKOH TPAHCMUCCHEH WJIM PpEeryJIupyeMble
THUPUCTOPHBIMHU CHCTEMAaMHU.

B cooTBeTcTBMHM € KHHEMAaTUKOW YCTAaHOBKH IIPUBOJ MOXKET HMMETh TPHU OCHOBHBIX
HCIIOJTHEHUS: MHAUBUAYAJIbHBIHN, TPYIIIOBON ¥ KOMOMHIUPOBAHHBIHN WJIN CMEIIaHHBIH.

NuauBuiyanbHBIA MPUBOJ, — KAkl WCIIOJTHUTEJIBHBIN MexaHu3M (jiebesika, HacoC WJIU
POTOp) MPUBOAUTCA OT 3yeKTpoaBurartesneit miu JIBC He3aBucumo Apyr ot Apyra. bosee mupoko
STOT BUJI PUBO/IA PACIIPOCTPAHEH C 3JIEKTpOABUTATEIAMU. IIpU ero MCIoIb30BaHUM JOCTUTAETCS
BBICOKAsI MAHEBPEHHOCTh B KOMIIOHOBKE U pa3MeleHUN OypoBOTro 000py/I0BaHUS HA OCHOBAHUAX
IIPU MOHTAa’Ke.

['pymnmoBo MpUBOJA — HECKOJIBKO JBUTATEJIEN COEeIMHEHBI CYMMUPYIOIIEH TPAHCMUCCUEN U
MIPUBOJIAT HECKOJIBKO HCIIOJTHUTEIHPHBIX MEXaHU3MOB. Ero nmpumeHsoT ¢ ucroab3oBanuem /[BC.

KoMOUHUPOBaHHBIN MPUBOJ, — KCIOJIb30BaHNE UHIUBU/IyJIbHOTO M IPYIIIIOBOTO IIPUBOJIOB B
OJIHOM ycTaHOBKe. HamprumMep, HacoChl IPUBOJATCS OT HHAWBUAYAIbHBIX JIBUTATENIEH, a JJebe/iKa u
poTOp OT OOIIero Jpuratesisi. Bo Bcex ciydasx XapaKTEPUCTUKU IPHUBOJIA JOJIKHBI HauboJiee
TIOJTHO Y/IOBJIETBOPSATH TPEOYEMBIM XapaKTePUCTHKAM HCIIOJTHUTEIbHBIX MEXaHU3MOB.

[ToTpebutensiMu sHeprun 6ypOBOU YCTAHOBKH SIBJIAIOTCS: B Iporiecce OypeHusi — OypoBbIe
HacoChl, poTop (IIpu pOTOPHOM OypEHUH), YCTPOKMCTBA JIIs1 IPUTOTOBJIEHUSA M OYHCTKU OYpPOBOTO
pactBopa OT BBIOYPEHHOH IOPO/Ibl; KOMIIPECCOP, BOASHOM HACOC W JP.; IPHU CIIyCKE U IOTbeME
KOJIOHHBI TPYO — Jjiebe/ika, KOMIIPECCOP, BOJSHON HACOC M MEXaHU3UPOBAHHBIN KJTIOY.

1. Bcesaouvle dsueamenu

[TIpobiemMa CHUIKEHUs HHEPTOEMKOCTH HAIMOHAJIBHOTO IPOJAYKTa TpebOyeT BHeIpEHUs
5HeproaddeKTUBHBIX TEXHOJIOTUH BO Bce cepbl HapoAHOTO X03sAkcTBa. OHA YCIIEeNHO pelaeTcs ¢
momoIp ceoboaHonopirHeBsix auraresieir (CII/]), KoTopble XapaKTepU3YIOTCSA CIIEAYIOIIIMU
IIPOBEPEHHBIMU BpeMeHeM U IPAKTUKOU peuMylilecTBaMuU:

e OpraHusaius U yCcJIOBUs MpoTeKkaHusa pabouero nporecca B CIT/] o6ecrieqanBaOT BEICOKHE
KIII u nuHaMHU4YecKHe IOKAa3aTeJau IMPU OTCYTCTBUU AbIMJIEHUsA (IpenMyIlecTBa CBOOOIHOTO
MIOPIITHSA B JIN3€JIe 3aKJII0YAIOTCS B ONTHMIBHOM TEIUIONO/IBOJIE, OTCYTCTBHU OTPAHWYEHHH Ha
JKECTKOCTh M MaKCUMAaJIbHOE JIaBJIEHUE IUKJIA, BRICOKUU Mexanmdeckuil KII/[, He3HAUMUTETbHBIN
(mo 10 %) mpoBas koadduirenTa n30bITKA BO3/IyXa IPU HAOpOce HAaTPy3KH);

e MHOTOTOIUTUBHOCTh, BO3MOKHOCTb IIPUMEHEHUsS HHU3KOCOPTHBIX, CHHTETHYECKHX U
aJIbTEDHATUBHBIX TOIUINB, BKJIIOYAs Pa3JIMYHbIE Ta3dbl U CHIPYID HedTh; CBOOOIHOIIOPIITHEBAS
KaMepa CrOpaHusi 110 3TOMY IIOKA3aTeJII0 CYIIECTBEHHO ITPEBOCXOIUT U JIU3€JIH, U Ta30TYPOUHHbBIE
nsurarenu (I'TI);

e JIMHAMUYECKAs yPABHOBEIIEHHOCTh, OTCYTCTBHE BUOpaIii 1 GyH/IAMEHTA;

IIPOCTOTA, HA/IEXKHOCTh U TEXHOJIOTUYHOCTh KOHCTPYKIIUY;

HU3KUE 3aTPAThl IPU 3KCIUTyaTalluu U PEMOHTE;

BBICOKHE ITyCKOBBIE KAUECTBA ITPU HU3KHUX TeMIIEPATypax;

GsiaronpusiTHas TsAroBas xapakrepucruka CY ¢ CIT/I;

BO3MOXKHOCTH OTKJIFOUEHHUS OHOTO WU HecKoJbKUX CII/] 6e3 OCTAaHOBKH OCTaIbHBIX;
BO3MOKHOCTb ITOBBIIIIEHUS JaBJIEHUs HA/I/lyBa 1 MAKCUMAJILHOTO JIaBJIEHUS CTOPAHUS;
yZ106CTBO KOMIIOHOBKHU B TPOCTPAHCTBE;

MOJYIbHBIM IPUHITUI KOMIIOHOBKHU.

OnHako U3 MpakTUKU u3BecTHO, uTo 7y CIIJ] He Bcerza yzaercsa HAWTU IpHEMJIEMOE
pelileHUe, TpexJe Bcero, mo 3¢G@eKTUBHOCTU U Hajle’kHOCTU. IIIupokoe NMpuUMeHeHHe HalIu
JIUIIb ~ yCTOWYUBBIE  CAMOPETYJHUDPYIOL[HeCcs  CHUCTeMbl —  CBailHble  JIM3€JIb-MOJIOTHI,
cBOOOIHOTIOPIITHEBBIE Jin3eab-Kommpeccopbl (CITIK) u T.m. [10]

CoBpeMeHHBI ypOBEeHb pa3BUTHA Teopuu pabodyero mponecca CIIJT ybenureapbHO
JIOKa3bIBaeT, YTo Bce Heyaauu npu coszanum CIIJ] oOycyioBieHbl OMMOKAMU TEOPETHIECKOTO
XapakTepa, a MeXaHHYeCcKHUH IepeHOC HEKOTOPBIX OCHOBHBIX IIOJIOXKEHUN Teopuu pabodero
npouecca kpuomumnueix /IBC Ha CII/] HemomyctuMm. K unciry Hanbosiee cymiecTBeHHBIX OIIHOOK
OTHOCSTCS: HEeyZJauHBbIN (C TOUKU 3peHUs CTaTUYECKOro u aAuHamudeckoro cuHTesa CII/I) BpIOOD
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mapaMeTpOB HOMUHAJIBHOTO PEXXHMA; IIePeX0/] Ha IIOCTOSHHBIA XOJT IIOPIIHS ¢ (pOpPCHPOBAHUEM
nuzesst CII[I; 3aBbIIEHHOE OTHOIIEHHE AUAaMETPOB KOMIIPECCOPHOTO W JU3€JIbHOTO ITOPIIHEH,
yXyJIlIalolllee  Harpy30YHble XapaKTEPHUCTUKHW; He ONTHMaJIbHAsA CXeMa TIa3000MeHa;
HepanuoOHAJIBHBIH BHIOOD paCIIMPUTEILHOM MamHuHbL. HecMOoTps Ha Bce JOMyIleHHbIE OIIHOKU
ra3oTypOMHHBIE YCTAaHOBKH €O CBOOOJHONOpINHEBBIMU TeHepaTopamu raza (I'TY c CIIIT)
OKa3aInCch BechMa 3(h(PeKTUBHBIMU JIJISI CEBEPHBIX YCJIOBUU OJ1aroziapsi NCIOJIb30BAHUIO JIEIIIEBBIX
TOILTUB (Ma3yT ¢ coiep:KaHUEM CePHI /10 4 % Wiu chIpas HedTh).

dddexktuBHas pabora Ha npupogHoM Traze (III') ¢ BBICOKUMHU SKOJOTHYECKUMU
MmokaszaTejssMi BO3MOXKHA JIMIIh B CJydae BOCIUIAMEHEHHs OT CXKaTUfA, YTO CYIIECTBEHHO
VIIPOIIIaeT TOIUTMBOIIOMAIONIYI0 almaparypy, HO TpeOyeT yIpaBJeHHs CTENEHbI0 CXKATUS U
MIPUBOJIUT K YBEJIMYEHUIO MAaKCUMAJIbHOTO JIaBJIEHUs ITUKJIA 710 280—320 Oap.

IIpakTHyecKuil HHTEPEC IIPECTABIIAIOT HECKOJIbKO TUopa3mepoB CII/ Ha oCHOBe cepHIHO
BBIIIyCKAeMbIX KOMIUIEKTYIOIINX. Ha ocHoBe muamHzpa asuratens JIH 12/2x12 umeercs
MHOTOGYHKIITMOHAJIBHBIA MOJYJIb (MOITHOCTh B pexxume KIY 150—400 KBT) /i7IsT MOIIHOCTHOTO
nuamaszona CY 150—3200 kBt (B pexxume CIIJIK MoiiHOCTh 45—-100 KBT). Ha ocHOBe munHApa
auaMeTpoM 318—320 MM IIPOEKTUPYETCS MOJy/ab MoIIHOCThIO B pexkume CIIJIK 450-1000 kBt
win B pexxume KJY 2,5-5,5 MBT asa MoIiHOCTHOrO AuamnasoHa 2,5—80 MBT. OueBuzHO, 4TO
eZlMHas yieMeHTHasi 6a3a CyIeCTBEHHO YIIPOIAeT SKCIUIyaTal[di0 U CHUKAET 3aTPAThl He TOJIBKO B
SKCIUIyaTaIlluy, HO U IIpU pa3paboTkax. /[y cokpareHus uszepkek Heo0X0IMMO CO3/1aBaTh KJIace
CBOOOTHOTIOPIITHEBBIX MAIIUH C €JUHBIM KOHCTPYKTUBHBIM HCIIOJTHEHHEM, HAI[pUMeEDP, TeHepaTop
cuHTe3-raza, CIIJAK, K9Y u T.1. B equHOM Moayse. MOAy/IbHBIA MPUHITAII KOMIIOHOBKU TaKiKe
CHIJKaeT MMPOM3BO/ICTBEHHbBIE 1 AKCILIyaTallHOHHBIE 3aTPATHI.

B Poccuu Hamnbostee pacnpoctpanensl CITJI 1MIT120 (puc. 1) u 11318. KOHCTPYKTUBHO OHHU
MMO/IOOHBI W OTJIMYAIOTCS JIMIIh MACIITAOHBIMH KO3(ddHUImeHTaMu U padMepaMu (3KECTKOCTBHIO)
IMOJIMOTOPHOU paMbl.

|

2 7

— —

B

2 3 1

Puc. 1. Koncerpyknusa CIT/] iMII120: 1 — qusesns, 2 — ABYXCTYIIEHYATHIN OPITHEBOM
KOMIIpeccop, 3 — MOpIlleHb, 4 —OydepHasa KphIIIKa ¢ BEHITECHUTENIEM, 5 — MEXaHU3M 3aITycKa
C yIIopa, 6 — BBIITyCKHbIE TATPYOKY, 7 — aBTOMaTHYeCKe KJIallaHbl

—

2.  JlusenavHbvle ycmaHosKu

ABTOHOMHBIE JIN3€JIbHbIE 3JIEKTPOCTAHIIUU ABJISAIOTCA OCHOBHBIMHU ''pabOYMMHU JIOMIagKamMu"
TaMm, TZle [0 Pa3HbIM HIPUYMHAM II€HTPAIN30BAHHOE 3JIEKTPOCHAOKEeHHEe HEeJOCTYIHO, JINOO0
Ka4yeCTBO €ro ITOCTAaBOK OCTABJIAET KeJaTh Jiydiiero. Huuero yIMBUTEIBHOTO B MOIMYJISIPHOCTU
JI3eJIb-TeHepAaTOPOB HET, Be/lb UMEHHO OHU 00€eCIIeunBaIOT HU3KYI0 CTOMMOCTD BhIpabaThIBa€MOM
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2JIEKTPOIHEPTHH, a KaK CJIEJICTBHE — OBICTPYIO OKYIIAeMOCTh YCTAHOBKH. BosibIie MOoTOpecypc u
JIOJITOBEYHOCTH TaK}Ke MOKHO OTHECTH K HECOMHEHHBIM JIOCTOMHCTBAM JIU3€JIb-TeHEPATOPOB.

Jnsa nusenell MPUMEHSIIOTCA AWCTHJUIATHBIE M OCTATOYHBIE TOIUIMBA. K JAUCTH/UIATHBIM
TOILJIMBAM OTHOCSTCA JIN3eJIbHOE U ra3oTypOMHHOe TOILUIMBO. OcTaTOuHbIe (TSKeJble) TOIIMBA
MPEJICTaBJISIIOT TOIUIMBO MOTODHOE I CPeAHeOOOPOTHBIX Au3esell W MasdyThl. OCTaTOUHbBIE
(TsDKETbIe) TOILIUBA WCHOJIB3YIOTCS B JU3EISAX, 000PYAOBAHHBIX CUCTEMAaMU TOILIMBOIIOATOTOBKH
(cemaparmuu u TOAOTpPEBa), a TakKe CHENHATIbHOW ToImMBHOU ammaparypour (THB wu
dopcynkamn).

l'azomusend (ABYTOIUIMBHBINA JIBUTATENb) paboTaeT MPU BOCIUIAMEHEHHH Ta30BO3YIITHOHN
CMeCH OT CaMOBOCILJIAMEHEHUS 3alaIbHOM JIO3BI KUJIKOTO TOILINBA (5—12 % OT IIUKJIOBOH ITOPIIUU
npu paboTe Ha >KUIKOM TOIUIUBE), IPU 3TOM Ta3 MOXKET OBITh XOTh MOMYTHHIA HETAHOU, XOTh
IIIaXTHBIH, XOTh IIPUPOIHBIN Jlaske Oe3 IMpe/IBapUTEIbHON OUUCTKH [12].

3. T'asomypbunHble dguzcamenu

B Hacrosiee Bpems B 0011eM 00beME MUPOBOTO ITPOU3BO/ICTBA Ta30TyPOMHHBIX JBUTATEIeH
(I'T/I) B CTOMMOCTHOM BBIPQIKEHUHU COCTABJISIOT OKOJIO 70 % JJIsl aBUAIMOHHBIX JIBUTATEJIEN, UJIN
OKOJIO 30 % /I Ha3eMHBIX U MOpckux. OO0beM IPOU3BOACTBA Ha3eMHBIX M MoOpckux I'T/]
pacripeziesisieTcsi caeAyomuM obpa3oM: sHepretuueckue I'TI ~ 91 %; I'T/l ansa mpuBoja
MIPOMBIIIJIEHHOTO 00OPYZI0OBAaHUA M HAa3€MHBIX TPAHCIIOPTHBIX cpeAcTB ~ 5 %; I'T/I mis mpuoga
CY/IOBBIX ABHIKUTEIIEN ~ 4 %.

Bricokme ynenpHble mapameTpbl [T/l obecrieunBaroTcs OCOOEHHOCTSMH KOHCTPYKIIUHM U
TepMoAnHaMudeckoro 1mukia. 1uki I'T/l, XOTsa U cOCTOUT U3 TeX K€ OCHOBHBIX MPOIECCOB, UTO U
ok nopmHeBbIx [IBC, HO nMeeT cyijecTBeHHOe OT/indre. B OpIIHeBBIX ABUTATENAX IPOIECCHI
TIPOUCXOJAT MOCJIe0BaTeIbHO, OAWH 32 JAPYTHM, B OJHOM M TOM 3Ke 3JIeMeHTe [BUTaTesId
— nwiugape. B I'T/] aTé mporeccsl NMPOUCXOAAT OJHOBPEMEHHO U HelPEPHIBHO B PA3JIMYHBIX
ayieMeHTax auratend. biarogapsa stomy B I'T/] HeT Takoil HEpaBHOMEPHOCTH YCJIOBUH pabOThI
BJIEMEHTOB JIBUTATEJIsA, KAK B IIOPIIIHEBOM, a CPEHSASA CKOPOCTh U MAaCCOBBIA pacxoji paboyero tesa
B 50—100 pa3 Bblllle, YeM B IIOPIIHEBBIX JABUTATEAX. ITO IIO3BOJIAET COCPEJOTOYUTH B
MasiorabaputHbIX ['T/] 60sIbIIIIE MOIITHOCTH.

[lapasensHo ¢ passutueM asuanuoHHbIXx [I'T/[ Hauvasmocs npumeneHue [T B
MIPOMBIIIJIEHHOCTH U Ha TpaHcnopre. beictpoMy BHenpenuto I'T/l cioco6cTBOBAI HEOCIIOPUMbIE
IIpeuMYyIIIecTBa STOr0 KJjlacca TeIUIOBBIX JBUTATesel Iiepesl APYTUMH HHepreTU4ecKUMH
YCTAaHOBKAMU — TMAPOTYPOMHHBIMU, AU3EIBHBIMH M Jp. K TakUM mpeuMyInecTBaM OTHOCATCS:
OoJipIIasi MOIITHOCTH B OJTHOM arperaTte; KOMIIAaKTHOCTb, MaJias Macca; YPaBHOBEIIEHHOCTH
JIBIDKYIIIUXCS 3JIEMEHTOB; IIUPOKUH JUANa30H MPUMEHIEMbIX TOIUJIUB; JIETKUH U OBICTPHIN 3aIyCK,
B T.4. IIPY HU3KUX TeMIIEpaTypax; XOpOIlne TATOBble XapaKTePUCTUKHU; BBICOKAsI IPUEMUCTOCTb U
XOPOIIas yIIPaBIsaeMOCTb.

OCHOBHBIM HEIOCTATKOM II€PBBIX Mojieiell Ha3eMHbIX B MOpckux I'T/] 6ply1a OTHOCUTETBHO
HHU3KasA 53KOHOMUYHOCTh. OHAKO 3Ta MpobJieMa JI0OCTaTOYHO OBICTPO MPeosioJieBasach B IpoIiecce
IIOCTOSTHHOTO COBEPIIIEHCTBOBAHUSA JBUTATeJIed, UeMy CIIOCOOCTBOBAJIO OIlepeKarolliee pa3BUTHE
TEXHOJIOTHYECKHN OJINM3KUX aBUAIUOHHBIX I'T/l M mepeHOC mepeioBBIX TEXHOJIOTUUA B Ha3eMHBIE
JIBUTATEJIU.

HaubGonee maccoBoe mnpumeneHue [T/l mexaHWUYecKOro IpUBOJIA HAXOAAT B Ta30BOU
poMblIIIeHHOCTU. OHU UCHOJIB3YIOTCA /I IPUBO/IA HarHeTaTesel MPUPOJIHOTO ra3a B COCTaBe
I'TIA Ha KOMIIpECCOPHBIX CTAaHLIMAX MAarUCTPAJIbHBIX Ta30HPOBOJIOB, a TakKe A MPUBOAA
arperatoB 3aKayKd NPHUPOJHOTO rasa B IOZ3eMHble XpaHwauia. K nmpumepy, Toapko B OAO
"TazmpomM" K HAacTOSAIeMy BpeMEHH BKCIUIyaTUPYIOTCA OKoyio 3100 [T/l cymmapHO#
YCTAaHOBJIEHHON MOIITHOCTHIO cBbIIe 36 I'BT. I'T/] WCHoObB3yIOTCA TakKe JJIs1 MPHUBOAA HACOCOB,
TEXHOJIOTUYECKUX KOMIIPECCOPOB, BO3/IyXOZIyBOK Ha MpeANPUATUAX HeDTAHOU,
HedTenepepabaThIBAOIIEH, XUMUYECKON U METAJUTYPIrHYECKON MTPOMBIIIUIEHHOCTH. MOIITHOCTHOU
nuanasoH I'T/T ot 0,5 10 50 MBT.

OcHOBHass 0COOEHHOCTHh MEPEUYNCIEHHOTO IMPUBOAMMOIO OOOPYAOBaHUSA — 3aBUCHUMOCTH
notpebsisieMoil MONITHOCTH N OT YacTOThI BpameHus n (00bIYHO O1M3Kas K Kyomdecko: N ~ ns),
TeMIIepaTyphbl U JaBjeHus HarHeraembIx cpel. 1losromy I'T/] MexaHWYEeCKOro NpHUBOZA JOJIKHBI
OBITH IpUCIIOCOOJIEHBI K paboTe C MepeMEeHHBIMH YacTOTOM BpAIleHHUS W MOIIHOCTBIO. JTOMY
TpebOBaHUIO B HANOOJIbIIIEN cTenieHu oTBedyaeT cxema I'T/l co cBoOOIHOM CHIOBOH TypOMHOM.
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I'T/] ucnoJb3yIOTCSI TaKKe /ISl IIPUBOZIA DJIEKTPOTEHEPATOPOB B COCTaBe Ta30TypOMHHBIX
anektpocrannmii  ([T9C) mpocToro NMKIA U KOHAEHCAIMOHHBIX  BJIEKTPOCTAHIIUAN
KOMOWMHHUPOBAHHOTO napora3oBoro nukia (I1IY), BpIpabaThIBalONIUX "YUCTYIO" 3JIEKTPOIHEPTHIO,
a TakKe B COCTaBe KOTEHEPAIIMOHHBIX YCTAHOBOK (B POCCHHCKOHM JIUTepaType OHHM 4YacTo
HasbiBatoTcsa "TTY-TILL"), Ipou3BOASIIIUX COBMECTHO 3JIEKTPUUECKYIO U TEILJIOBYIO SHEPTHIO.

S} .o of| B B T I

Puc. 2. Ilpumenenue I'T]] nj1a npsaMoOro IIprUBOJA HarHETaTes sl IPUPOJHOTO rasa:
1—-I'T/; 2 — TpaHcMuccus; 3 — HarHeTaTe b

B koreHepallMOHHBIX YCTAaHOBKAax TeIUIO BBIXJIONHBIX ra3oB I'T]/l umcrosb3yercsas B KOTJIe-
YTIWIN3ATOPE ISl MIPOU3BOJICTBA TOpsAYed BOABI U (WJIM) IMapa g TEXHOJIOTHUECKUX HYKJ WIH
JUIl WUCIOJIb30BAHUA B CHCTEMaxX LEHTPAJIM30BAHHOrO OToILIeHUA. COBMeCTHOe IIPOU3BOCTBO
BJIEKTPUYECKON M TEIUIOBOW SHEPruy 3HAUYUTENIHHO CHIKaeT ee cebecrommoctb. Koaddumuent
HUCHOJIb30BAHUA TeIla TOIUIMBA B KOTEHEPAIMOHHBIX YCTAHOBKAaxX JocTUraer 90 %.
Anexrpocrannud ¢ [IT'Y u KoreHeparOHHbIE YCTAHOBKH ABJIAIOTCA Hanbosiee 3G PEKTUBHBIMU U
JUHAMUYHO pa3BUBAIIUMUCA COBPEMEHHBIMHM 3JHePreTUYeCKMMHU cucreMamMu. B Hacrodlnee
BpeMsi MHUPOBOe NOPOU3BOACTBO SHeprermueckux [T/l cocraBisfeT OKOJIO 12000 WITYK B TOJ,
CyMMapHOH MOIITHOCTHIO OK0JIO 76 I'BT.

OcnoBHas ocobeHHocth I'T/] /I IPUBO/IA 3JIEKTPOTEHEPATOPOB — IIOCTOSTHCTBO YaCTOTHI
BpallleH!s BBIXOZHOTO Bajia HA BCEX peKUMax (OT XOJIOCTOTO XO/1a 10 MAKCUMAJIBHOTO), & TAKXKE U
BBICOKHE TpeOOBaHUA K TOYHOCTH IOJJIEP’KAHUS YaCTOTHl BpAIlEeHUs, OT KOTOPOH B3aBHUCHUT
KayeCcTBO BBIPAOATHIBAEMOTO TOKA. DTUM TpPeOOBAaHUSAM B HAUOOJBINEN CTENEHU COOTBETCTBYIOT
onHoBasbHbIE I'T/], TO3TOMY OHUM IIMPOKO UCHOIB3YIOTCA B 9HepreTuke. I'T/l 6011101 MOIITHOCTH
(N > 60 MBrt), paboraroiue, Kak NOpaBWIo, B 0a30BOM peXHME B COCTaBe MOIIHBIX
BJIEKTPOCTAHIIUN, BBIIOJHAIOTCSA WCKJIIOUUTEJBHO II0 OJHOBUIBHOU cxeMe. B 3sHepreruke
HUCTIOJTb3YyeTCs BeCh MOITHOCTHOU psf, I'T/l OT HECKOJIBKUX AECATKOB KBT /10 350 MBT.

[Se]
S

1 2 3

=24

Puc. 3. [lpumenenue I'T/] a1 mpuBojia reHepatopa (uepes peaykrop): 1 — I'T/I;
2 — TPAHCMUCCHUA; 3 — PEAYKTOD; 4 — reHepaTop

B 1990-e roanl 3a pyOe:koM Hayaj MHTEHCUBHO pa3pabarbiBaThcs sHepreTmueckue I'T/]
cBepxMasioil MortHocTa (0T 30 70 200 KBT), HazBaHHBIE MUKpOTypOuHamu [13]. OcobeHHOCTH
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MHUKPOTYPOHH 00YCJIOBJIEHBI UX UCKIIOUUTEIBHO MAJIOH Pa3MEPHOCTHIO U 00J1aCThIO IIPUMEHEHHS.
MUKpOTYpOUHBI KCHOJIB3YIOTCS B MaJIOH DHEPreTHKE B COCTaBe KOMIIAKTHBIX KOT€HEPAI[OHHBIX
yctaHOBOK (I'TY-TOII) Kak aBTOHOMHBIE HCTOYHHKH 3JIEKTPUYECKOH U TEIUIOBOH SHEPIHH.
MukpoTypOMHBI HMEIOT MAaKCUMaJIbHO TIIPOCTYI0 KOHCTPYKIIUIO — OJIHOBAJIBbHAs CXeMa M|
MHHHMAaJIbHOE KOJIMUECTBO JieTayied. VICIoIb3yIoTes OTHOCTYIIEHUAThIN IEHTPOOEIKHBIA KOMITPECCOD
U OJTHOCTYTIEHUaTasl IeHTPOCTpEMHUTeIbHAsA TypOWHA, BBHINIOJIHEHHBIE B BHJIe MOHOKoJiec. Yacrora
BpallleHUsI POTOpa W3-3a MaJOd pPa3MEPHOCTH JIOCTUTAeT 40—120 TbhIC. 00/MUH, II03TOMY
MMPUMEHSIOTCS KepaMUJyecKre U ra3ocraTUdecKre MoAImUImHuKA. KamMepa cropaHus BbIIOJTHSIETCS
MHOTOTOIUIMBHOM, W MOXKeT paboTaTh Ha Kak Ha ra3o00pa3HOM, TaK U JKUIKOM TOILIHBE.
Koncrpyktusao I'T/l MakcuMasbHO MHTETPUPYETCA B 3HEPreTUYeCKYyH yCTaHOBKY — porop I'T/]
00beTUHSIETCS Ha OJTHOM BaJIy C POTOPOM BBICOKOUACTOTHOTO JIEKTPUYECKOTO TeHepaTopa.

KIIJI MukpoTypOMH B TMPOCTOM I[UKJIe cocTaBisieT 14—18 %. JliaA TOBBIIIEHUs
3 deKTUBHOCTY YacTO HCHOJIB3YIOTCSI pereHepaTtopbl TeIlJla BBIXJIOMHBIX Tra3oB. KIIJ
MHKPOTYPOUHBI B pereHEPaTUBHOM ITUKJIE JOCTUTAaeT 28—32 %.

OTHOCUTEIPHO HU3KasA SKOHOMHUYHOCTh MUKPOTYPOHH O0BACHSAETCS MAJIOK Pa3MEPHOCTBIO U
HEBBICOKMMU ITapaMeTpaMU IUKJa, KOTOpble MPUMeHAIOTCA B JaHHOM Ture I'T/l a1 yrpoineHus
U YIEIIeBJIeHUsA YCTAaHOBOK. ITOCKOJIBKY MHUKPOTYPOHHBI PabOTalOT B COCTaBe KOTeHEepPaIlMOHHBIX
ycraHoBOK (I'TY-T3II), To HU3Kast 3KOHOMUYHOCTH I'T/] KOMIIEHCHPYEeTCs IMOBBIIIEHHOHN TEIJIOBOH
MOIITHOCTBIO, BbIpabaTeiBaeMour wMuHU «I'TY-TOIL[» 3a cueT Telila BHIXJIOMHBIX Ta30B.
KoadduruenT ncnoap30BaHusA TelJIa TOIUIMBA B 9TUX YCTAHOBKax AocTuraet 80 %.

4. Taszosvlil 0suzamens

lazoBerii  gBuratenb (I'/[) mnpencraBiaser coboir JIBC ¢ BHemHUM (BHYTpEHHUM)
cmeceo0Opa3oBaHMEM ¢ HCKPOBBIM 3a)KUTAaHWEM TOpIOYed CcMecH B KaMepe CrOpaHWU,
WCIIOJIB3YIOIIMI B KauyecTBE TOIUIMBA ra3 u paborapomuii mno mukiay OTro. JHeprus,
BBIJIETUBIIASACS P CTOPAHUH TOIUIMBA, B TA30BOM J[BUTATEJIE TPOU3BOUT MEXaHUUECKYIO Pa0OTy
Ha BaJly, KOTOpasi HCIIOJIb3YETCs I BHIPAOOTKH 3JIEKTPOIHEPTUH F€HEPATOPOM 3JIEKTPUUECKOTO
Toka. ['/] mcnop3ytoTes 1Jisi paboThI B COCTaBE T€HEPATOPHBIX YCTAHOBOK, TPETHA3HAYEHHBIX [
IIOCTOSTHHOU UM MEePHUOIMYECKON paboThl (ITMKOBBIE HATPY3KH) C KOMOMHUPOBAHHOHN BBHIPAOOTKOM
BJIEKTPOHEPTUM U TEIIA, a TAK)Ke B KauecTBe aBapUUHBIX UCTOUHUKOB 3Hepruu. Kpome toro, oHu
MOTyT paboTaTh KaK B COCTABE XOJIOJIMJIBHBIX YCTAHOBOK, TaK U /IS IIPUBOJIA HACOCOB U Ta30BbIX
KOMITPECCOPOB.

[’/ MOTyT MCIOJIb30BaTh PA3JIMUHBIE BU/bI ra3a: MPUPO/IHBIN, Ta3bl ¢ HU3KOU TEIJIOTBOPHOM
CIOCOOHOCTBIO, HEBBICOKUM COZIEp’KAaHUEM MeTaHAa W HU3KOU CTENEeHBI0 JIETOHAIUM WU Ta3bl C
BBICOKOW TEIUIOTBOPHOH CIIOCOOHOCTHIO. MOIyT TIPUMEHAThCA: MPONAH-OyTAaHOBBIE CMECH;
TIPUPOJIHBIA Ta3 (CXKMKEHHBIN, CKAThIM, MAaruCTPAIbHBIN); MOIMYTHBINA Ta3 HEQTAHBIX CKBAKUH U
mapbl IBIXaHUN OOJIBIIUX pe3epBYapoOB; IMPOMBIILIEHHBIA ra3 (IHMPOJIM3HBIM, KOKCOBBIA, OHOras,
IIAXTHBIA, Ta3 CTOYHBIX BOJA U T.J.). Kpome TOro, mmeercsi BO3MOXKHOCTh IIPUMEHEHHUsS
JIByXTOIUTUBHBIX JBUTATesIel, pabOoTaloIUX OJHOBPEMEHHO HA »KUJKOM U Ta3000pa3HOM BHUAX
TOIUTUBA.

Ob6iyactu  uCHoOIb30BaHUA: OypoBble IUIaT(OPMBI U CKBAXKHHBI, IIAXThl, OYHCTHbBIE
COOpY’KEHHs, B KadyecTBE pe3epBHOr0, BCIIOMOTraTeJbHOTO WJIM OCHOBHOTO HCTOYHUKA
BJIEKTPOHEPTUM HA NPEANPUATUAX, B CTPOUTEIbCTBE, /IMUHHUCTPATUBHBIX U MEIUIIUHCKUX
yUpEeXK/IeHUsAX, a3pOIopTaX, TOCTUHUIIAX, y3JIaX CBA3U, CUCTEMax >KU3HeoOecleyeHWs U T.I. B
aBTOHOMHOM PeXHMe WA COBMECTHO C I€HTPAIM30BAaHHBIMU CHCTEMAMU SJIEKTPOCHAOKEHUS U
Tema [14].

OmHMM W3 HEJOCTAaTKOB WCIIOJIb30BAaHUS Ta3a, ABJAETCS OTHOCHUTEJIBHO BBICOKas
KOHIIEHTpAIlNsA BPEAHBIX BEIECTB B BBIXJIONE, UTO TpeOyeT IPUMEHEHHUSA JAOPOTOCTOSIIUX
KaTaJIn3aTOpPOB. BpesiHble BellecTBa B BHIXJIONE MOSIBJISAIOTCA TaK K€ M3-3a CTOPAaHUS MOTOPHOTO
Macsa. Ilo3ToMy A1 CHHIKEHHS BPEJHOTO BO3JEHCTBUS Ha OKPYXKAIOIIYI CpPely Ta30BbIM
yCTaHOBKaM TPeOYIOTCA BBICOKHE JIMOBBIE TPYOBI.

[l moryr paboTrarh Kak Ha CXKIKEHHOM, TaK M Ha CXKAaTOM rase. IJTO I03BOJISAET
HCIIOJIb30BaTh Ta30Bble JBUTATEIM HE TOJIBKO NPHU TMOJAKIIYEHHH K Ta30BOM MAaTUCTPAJIH.
[Ipu HEOOTBIIION MOIITHOCTH ~ 1 KBT, I0CTaTOYHO MOAKIIOUNTH OAJUIOH CO CIKIKEHHBIM Ta30M
yepes Tra30BbIA PEYKTOP.
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Bo3MoO:KHOCTH IPUMEHEHUS MEPBUYHBIX YIVIEBOJOPOAOB HA CUJIOBBIX arperarax

B xome paboThl OBLIN MPOBE/IEHBI TEIUIOBbIE PACUEThI IU3€JIPHOTO U Ta30BOTO JIBUTATEJIA,
TIO/ITBEPAUBIIINE BO3MOKHOCTh IIPUMEHEHUSI HA HUX IEPBUYHBIX YTIIEBOAOPOAO0B. IIpu MomtHOoCTH
400 kBT yacoBoii pacxo/i TOIUIMBA OKa3aJIcsA aHAJIOTUUEH MOKa3aTesIAM PacueToB.

Hawusbiciuit KIT/I, 10 30 %, mostydnsicst y ra30BoU TypOWHBI, U OoJiee 40 % — y ra3oBOTO
JIBUTATEJISI JOCTUTAETCS MPU paboTe 1Moy 100 %-Hou Harpy3koi (puc. 4). [Ipu cHIKEHUN Harpy3KH
710 50 %, KIIJI ra3oBo#l TypOWHBI CHUKAeTCs IOYTH B 3 pasa. JIJ1g ra30BOro JIBUTATEIISI TAKOE JKE
U3MEHEHNe pekruMa Harpy3Ky IpakTudecky He BiauseT Ha KIIJI.

W
100%
80%

20300610
0% dbuzamens

20%

0% 5% 50% 75%  100%

Hazpyska
Puc. 4. 3asucumocts KIIJI ot Harpy3ku

'paduku HarIAAHO MOKA3bIBAIOT — ra3oBble JiBUTaTesn UMeloT BbICOKHMU KII/[, KOoTOpBIi
NIpaKTUUYeCKU He U3MeHsAeTCs B uana3oHe Harpy3ku 50—100 %.

Manee ObuM paccuuTaHbl yjenbHOe KanutayioBinoxkernue (USD/kBt) B mpousBozicTBO
SJIEKTPUYECKON M TEIJIOBOM SHEPTUU Ta30BBIMHM JIBUTATEJSAMU. IDTO IMPEUMYIIECTBO T'a30BBIX
JIBUTaTEJIell HEOCIIOPUMO JIjIsi MOIITHOCTEH /10 30 MBT. TerioBas 371eKTpOCTaHINST MOIITHOCTHIO 10
MBT Ha OCHOBe ra30BbIX ABUTaTesIEN TpebyeT BIIOKEHHUH 0K0J10 7,5 MuH USD, pu ucrnosib30BaHuu
ra3oBOU TypOMHBI 3aTpPaThl BO3pacTaroT 10 9,5 MutH USD (puc. 5)
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Puc. 5. O6beMBbI KaTUTAJIBHBIX BI0KeHUH B TAI] ¢ pa3HbIMU CHJIOBBIMHU arperaTamMu

OCHOBHOE TPEUMYIIECTBO Ta30BBIX JIBUTATEJIEH IIepesl AU3EJbHBIMU — 0oJjiee JeIeBoe
TOIIUBO. 3HAUUTEJbHAs pa3HHUIlA B IleHEe OTpa)keHa B JparpaMmax Ha puc. 6. Jlaxke mpu
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WCIIOJIb30BAHUY B KayeCcTBE Pe3ePBHOTO TOIUIMBA Ta30BOH MpONaH-0yTaHOBOW CMeCH, CTOMMOCTb
€IMHUIIBI 3JIEKTPUIECKON HHEPTUH, IPOU3BENEHHON Ha Ta30BOM YCTAaHOBKE, B 1,3 pa3a MEHBIIIE,
yeM Ha JAu3eJbHOHW [20]. /Ipyroe BaKHOe NPEUMYIECTBO IEpe]] AU3EJbHBIMUA YCTAaHOBKAMU
— BKoJIoruyecKas 6e30IacHOCTh, HAIpuMep, ypoBeHb BeIOpocoB NOy u CO (puc. 7).
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BpiBoabI

B pesysbrare BhINOSIHEHUS pabOThI OBLI ITPOBeNeH WHMOPMAITMOHHBIA 0030pP BO3MOIKHBIX
BapHUAHTOB JIBUTATEJIEH JJIs MPUBO/A OYPOBOI YCTAaHOBKHU. PacCMOTpEHBI CiIeAyIoIie aBTOHOMHbIE
CUJIOBBIE YCTAHOBKH C HCITOJIb30BAHHEM: BCESHOTO JIBUTATeJsA, AU3eIbHOrOo asurartens, [T/ u
ra3oBoro aBuratessa. IIpoBeleHHbIE TEIVIOBbIE pacueThl JU3€JIbHOTO M Ta30BOTO JIBUTATEJIA
HOI[TBep)K,Z[aIOT OCHOBHBIE paC‘-IeTHbIe JAaHHBbIE Y)Ke CYH_IeCTBYIOIJ_II/IX CHUJIOBBIX yCTaHOBOK,
HCIIOJIb3yEeMBIX JIJIs PUBOZA OYpPOBOTO 000PYZOBAHMUA.

CpaBHeHUe, aHAJIM3 W BHIOOP ONTHMAJIbHOM CHJIOBOM YCTAaHOBKH IIOKA3aJiM, YTO
HanboJiee IpHUeMJIEMBIM BapUAHTOM M3 CYIIECTBYIOIHUX HA CETOAHSAIIHUI JIeHb Ha PHIHKE
SIBJISIETCS CUJIOBAs yCTAHOBKA C Ta30BBIM JBHUTaTeNIeM. Takou JABUTATENb, UCIOIb3YIOIINN
ounmenHbii [THI' B kKauecTBe ToIuIMBAa Hambosee ITPOU3BOAUTEEH, 3KOHOMUUYECKH
BBITOJZIEH, TpeOyeT MUHUMAJIbHBIX KAIWUTAJbHBIX BJIOJKEHHI, MMeeT HHU3KUH YpPOBEHb
BPEJTHBIX BEIOPOCOB, U HE TPeOyeT YacTOro TEXHHYECKOTO 00CITyKUBAHHUS.
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YK 62-843

ITepBUYHBIE YIJIEBOAOPOABI B CUJIOBBIX YCTAHOBKAX
n00bryu HeTH U raza

A.M. 3aBbs10B

W>xeBCcKuil Tocy1apCTBEHHBIN TEXHUUECKUH yHUBepcUTeT, Poccuiickas Oenepanms
Maructp TeEXHUKH U TEXHOJIOTUI

AnHOoTamua. B pabore mpoBeneH WHOOPMAIMOHHBIA 0030p CHJIOBBIX YCTAaHOBOK JIJIA
JI00bIYM He(TH U Ta3a, pACCMOTPEHBI KOHCTPYKIIUU U OCHOBHBIE XapaKTepUCTHKHU. C/elaH aHAIu3,
CpaBHEHHE U BHIOOP ONTHMaJIbHOW CHJIOBOM yCTAaHOBKH. PaboTa MOXKeT OBITh HCIIOJIb30BAaHA JJIA
CO3/JaHHSA OIBITHOTO 00pasma CHJIOBOH YCTAaHOBKH C HCIIOJIb30BAaHHEM OUYHIIEHHOTO IOIYyTHOTO
HedTAHOTO Traza.

KirroueBbie ciioBa: HepTh; CUIOBast YCTAHOBKA; MHGOPMAIOHHBIN 0030D; YIIEBOIOPO/IBL.
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