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AOCNIAXEHHA YMOB POBOTU TA BUTPATU MNAJNUBA ONA
FA3OTYPBIHHOI YCTAHOBKU

Bukonanui 0ocrionuybki pobomu no USHAYEHHIO YM08 poOOmMU Ma SUSHAYEHHIO 8UMPAMU NAIUEA 8 2A30MypOiHHIlL
yemanosyi. [Ipedcmagneno onucanus 2a3omypoiHHol yCmanoeKu, ujo npayioe Ha 2a30n00iOHOMY NAUSI: 6 36UHAUHOMY
ma pesepeHomy poboyomy pesicumi. ONMUMATOHUM PEHCUMOM poOOmMU 2a30MypOIHHOI YCMAHO8KU € KOMOIHO8aHe
8UpOOHUYMBO mennogoi ma erekmpuynoi enepeii. Ilposedeno Oocnidacenns pedcumy pobomu 2a3omypOiHHOT
yemanosku npu nocmitinomy mucky 0,1 Mlla ma memnepamypi , Koau nogimps, wo HAXO0UMb ) KOMHDPecop
2a30mypOIHHOL YCMAHOBKU 3i CRANEHHAM NAaued. Budineno i npoananizosano ocobaueocmi 8UKOPUCTAHHA eHeP2OHOCIA
6 2a30mypOIHHIL YCMAHOBYI NPOMA2OM POKY. 3anponoHO8aHo i 0OIPYHMOBAHO GUOIP NPOSHO3VIOUOT PYHKYIL no AKiu
Kpawe pobumu npocHo3 6UKOPUCMAHHA eHEePeOHOCIs Ha nomouHull pix. Onucano cmpykmypy ma nomouHi eumpamu
nPUPOOHO20 2a3y 6 2a30MmypOiHHIll yCmanosyl 0Jisl 00Ky Umpam eHepeoHOCiis.

Knrwouosi cnoea: enepro3depe:keHHsi, ra30TypOoiHHA yYCTaHOBKAa, THCK, TeMIepaTypa, KoMmmpecop, (yHKHii
NPOTrHO3YBAHHA
Bcmyn.
l'azotyp0Oinni ycranoBku (I'TY) - reHepyroui mpuctpoi (erekTpocTaHilii), Ha 0a3i ra30BUX TypOiH, KS00'eqHY.NM B
co0i: eNeKTporeHeparop, pPeayKTop, Ta3oBy TypOiHy i OJok ympaBniHHs. Ta BKIOYae J0AaTKOBE OOJIAIHAHHS:
KOMIPECOp, IPUCTPIii 3aMMycKy, anapaT TEIIOBOr0 OOMiHY.

I'TY Moxe mpaitoBaTH sIK Ha PiIKOMY, TaK i Ha Ta30M0AI0HOMY MaNMBi: B 3BUYaiHOMY pOOOYOMY pEXHMI - Ha Ta3i, a B
pe3epBHOMY (aBapiifHOMY) - aBTOMATHYHO MEPEMHUKAEThCS Ha Au3elibHe ManuBo. ONTHMAIbHUM PEXHUMOM pPOOOTH
ra3oTypOiHHOI yCTAaHOBKM € KOMOiHOBaHe BHPOOHMITBO TemyioBoi Ta enektpuuHoi eneprii. ['TY B enepreruui
MPALIOIOTH SIK B 0230BOMY PEXHMI, TaK i JJIsl IOKPUTTSI ITIKOBUX HABAHTA)KEHb.

CohopmynsoBaHa MeTa BU3HAYAE HACTYITHI 3aBaHHs HOCTimkeHns [1-2]:

—  aHami3 0coO0IMBOCTEH YMOB BUTPAT €HEPrOHOCIS;

—  chopMyIIOBaTH KOHLIENTYasIbHi MPUHIIMITY POTHO3YBaHHS BUKOPUCTAHHS ra3y;

—  3ampoIOHYBAaTH NPOTHO3 CIIOKUBAHHS Ta NPOAHAI3yBaTH OCHOBHI HOTO MepeBaru.

Mamepian i memoouka excnepumenny
[IpoBeneMo mocniKeHHS Ta30TypOiHHOI ycTaHOBKHM mpH mocTiiiHomMy THcKy 0,1 MIla Ta Temmepatypi 10°C , komn
TIOBITPSI, II0 HAXOJUTH y KOMIIPECOp ra3oTypOiHHOI yCTAaHOBKHM 31 craJieHHsM nanuBa. CTymiHb MiABHIICHHS THCKY B
komnpecopi 7,0. Y xommpecopi BimOyBaeThecsi amiabaTHuMi cTHCK moBiTpst. TemmnepaTypa rasiB mepen TypOiHOIO
t3=1073 K. Butpara nositpst uepe3 kommpecop G =42 xr/c .
B pesynbrati npoBegeHNX MOCTIHKEHb Tpeda BHU3HAUUTH MapameTpu ifeansHoro muiiy I'TY; miaBeneHe i1 BigBeneHe
teruto; Tepmiunuit KK/ T'TY; poboty nukity; TeopeTudHi NOTYKHOCTI TypOinu, kommpecopa i Bciei ['TY; mapamerpu
BCIX Kparok JAIMCHOro UKy (3 00JiKOM HEOOOPOTHOCTI MPOLECIB PO3LIMPEHHS 1 CTUCKY B TypOiHi 1 KoMmpecopi),
npuiiHsaBIIK BHYTpintHi BigHocHid KK Typ6inn N0 =0,79 i kommnpecopa n'oi = 0,82 .

JI)1st moYaTKy HAIMIIIEMO Hallli TOYaTKOBI JTaHi.
C,=1,004 xJLx/(xrK); Pi=0,1 MIla; ¢, = 0,716; k = cp/cv=1,401
ne k — moxasHuk agiabaTy MOBITPS
Busnaunmo temneparypu to, t4 Teopernunoro nukny I'TY.

Iponec 1-2 — amiabaTHHIA CTHCK MOBITPs y KOMIIPECOPi:
P, E 1,401—-1

k-1
T, =T, (()F =T, BF =283:70 1401 =49394K

[pu 3xiiicHeHH] UKy 3a [BOMA ajiabatamu Ta [BOMa i300apamu:

_ TaTs _ 2831073 _ 61477 K

T
4 T, 493,4
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TemsoTa y HMKII MiABOAUTHCS Y i300apHOMY Tporeci 2-3:

qu=cp(T3-T2) =1,004(1073-493,94)=581,4 xJIx/Kkr
Bingix temmoru y I'TY 3aiiicHioeTbes i300apH0 y mporeci 4-1:
Qp=cp(T4-T1) = 1,004(614,77-283)=333,1, xJIx/xr
Po6ora muxy:
0 =01—02=581,4-333,1=248,3 /[ x/Kr

Tepmivamuit KK]I Bu3HaYa€THCS TUTBKA I TCOPESTHYHOTO IHKITY:

£ 2483
&=, 5814~ 430
TeopernuHi moTyXHOCTI, KBT:
—TypOiHH N7,=G(h3—h4)=G-cp(tz—ts)= 42:1,004-(800-341,77) = 19322,6 kBT ;

—kommpecopa N¥,= N" =G(hy—hy)=G-cp(to—t1)= 42-1,004-(220,94-10) =8894,9 kBT;
-TTY NIV =N"—N¥, =19322,6-8894,9=10427,7 kBt

[IpoBeneMo po3paxyHOK TeMmeparyp ts, te JIHCHOTO IUKITY.
Temmepatypa ts MOBITPS HAIPHUKIHIII HE3BOPOTHHOIO CTUCKY Ha BHXOJI 3 KOMIpecopa:

ty—tq _220,94-10
K

+t, =
K 0,79

Temmepatypa ts HAIPUKIHIII HE3BOPOTHHOT'O PO3IIMPEHHS Ha BUXO/I 3 TypOiHH:

ts= + 10 = 277,01°C

ts= ts-N'o; -( t3 — ts) = 800-0,82:(800-341,77)=424,25°C

Baytpimniit KK I'TY
T, _(ta=te)=(ts=t) _ (800-424,25)-(277,01-10) _ 0,207
t3—tsg 800—-277,01

JiiicHa moTyXHicTh, KBT:
— 1yp6inn NT1=G(hs—he)=G-cp(ts—ts) a6o N',=N'yn"s = 19322,6:0,82=15844,53 xBr ;

— komnpecopa N, =G(hs—h1)=G-cp(ts—t1) abo N%=N¥/n*,; = 8894,9-0,79=7026,97 kBr ;
—TTY NI'™Y =N —N¥, = 15844,53-7026,97=8817,56 kBt .

Crnporso3yemMo CIOKMBAaHHS MPUPORHOIO Ta3dy Ul ra30TypOiHHOI YCTaHOBKM Ha NMOTOYHMH PiK 3 BUKOPHUCTaHHAM
JiHIMHOI, TepioAWYHOI Ta JiHIHHO-TIepioANYHOT mporHo3yto4oi ¢QyHkmii. [lopiBHSEMO SKiCTH OTpPHUMaHHUX
MIPOTHO3YIOUYMX (QYHKITIH.
BuxinHi 1aHi o CIIO’KUBaHHIO NPUPOIHOTO Ta3y sl ra30TypOiHHOI yCTAaHOBKH 32 16l pik HaBeJeHO B Tabmumi 1.
O6uucauMo emMmipudHi Koe(ilieHTH MPOTHO3YIOYHX PiBHSHB [1]:
- iHIAHOT QyHKIIT

_ Z‘l’,}zl Yt Z?:l tz_zzl:l tz?:l ytt
- 2

nXiey 2= (X7 1)
_n Z?=1 ytt_2?=1 t2?=1 Yt
- 2

n n

nyi t2-(Zyt)

a

Ta nepiognyHOT PyHKIIT
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n
q = Zt=1Ye _ 16478 _ 4049 o7
n 12

=251,y cosZt = 216478 cos 22 12 = 30,24;
—2yn vl _ 2, Co 2314 o
¢ ==Xy sin—t=—-16478sin=2~-12 = 9,63.

Tabnuus 1. CrioxkMBaHHs MPUPOHOTO ra3zy ra3oTypOiHHOK YCTAHOBKOKO MO MICSISIX

Micsips No micsays, t Vi , 00CST CIIOKHUTOTO Vit t2
razy (tuc. M%)
CiveHp 1 2232 2232 1
JIrotuit 2 1960 3920 4
Bepesenn 3 2015 6045 9
Kgitens 4 750 3000 16
Tpasens 5 775 3875 25
UepBeHb 6 750 4500 36
JlurneHn 7 775 5425 49
Ceprnieb 8 775 6200 64
Bepecenn 9 750 6750 81
’KoBreHnb 10 1395 13950 100
JIucronan 11 2100 23100 121
I'pynens 12 2201 26412 144
CYMA 78 16478 105409

O6uncIuMo eMmipudHi KoedillieHTH MPOTHO3YIOYKX PIiBHIHB [1]::
- niniiHOl QyHKIIT

_ Y1 Ve D=1 t2—2?=1 tYfeg yet
= 2
nyf, t2=(Tfq t)
_ 712?=1 ytt_z?.zl tz‘?:l Yt
- 2
nyi t2-(Ziyt)

a

Ta nepiognunoi ¢pyukiii [1]:

q = Zt=1Yr _ 16478 _ 1512,27;
n 12

b=231,y,-cosZt=2.16478 cos 222 12 = 30,24;
—2Zym csin®Ee= 2. coin 2314 10 =
c —n2t=1J’t sin—t = —- 16478 sin——-12 = 9,63.

[Ticns po3paxyHKy KoedilieHTiB HarMIeMo piBHsSHHSA GyHKii[1]:
- JiHIAHOT QyHKIIT

7, = 2232 + 21,401¢ (tuc. m3);

- nepionuaHoi QyHKIT
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~ 21 . 2T
Ve = 1512,27 + 30,24 - cos—t + 9,63 - sin—t (tuc.m?)
[To oTpumanum pesynbraTam moOyayemo rpadiku GpyHkmii (puc.1) Ta HaHECEMO TOCTIIHI TOUKH .
[NopiBHAEMO SKICTH OTPUMAHUX IPOTHO3YIOUUX (PYHKLIH, A7 HHOTO BUZHAYUMO CEPEIHbOKBAIPATHYHE BiIXMICHHS
(CKB). OTpumaHO 3Ha4YCHHS CepeIHbOKBAIPATHYHE BiIXMICHHS HaBeACHO HUKYe [1]:
niHiiHOT QyHKIIT

n
e — J)*?
o, = ~— -~ =83,32 (Tuc. M>
Yt (n_l) ( )
t=1
o
s
o 3000
=
=
>
©
s 2500
=
: —
£ | A
o =+
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=
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500
0
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t, Homep
) ) . N micaus
—m— JliHiliHa pyHKLja —@— MepiognuHa GyHKLA A— BUXiAHI AaHi #-— NPOrHo3yBaHHA

Pucynox 1 - I'pagixu hynxyiti  npoenosy euKOpucmanHa 2azy ma 00CHiOHUX MOYOK HNOMOYHO20 POKY

- nepioanyHoi QpyHKLIT

2
= 9,76 (Tuc.m>)

AHalni3 OTpUMaHUX 3HA4YCHb CEPeIHbOKBAAPATHYHOTO BiIXUICHHA, IO XapaKTepU3ye MOXUOKy MpPOTHO3Y, MOKa3ye
HEeoOXiJHICTh BUKOPUCTAHHA JiHiHHOI nporno3ytouoi ¢gynkuii. Tomy 3a ii qomomororo 3po6UMO MPOTrHO3 Ha MOTOYHUH
pik , 300pa3umo 1e rpadivno (puc. 1, KpHBa NPOrHO3YBAHHS).
[IporHocTu4Hi OLIHKK 3 BAKOPHCTAHHSM IEPIOAMYHOT PYHKIIIT 3BOISATHCS JI0 TAKOTO:

1. OuixyBaHu#l piBeHb CIIOXKHUBAHHS IPUPOAHOTO Ta3y BU3HAYAETHCS CIIBBIIHOIIECHHAM

2n 21
¥y = 1512,27 + 30,24 - cos7t +9,63 - sin7t (tuc.m3)

1. CepenHbOKBaZpaTHYHE BiJIXUJIEHHS, IO XapAKTEPHU3YE IOXUOKY IIPOTHO3Y, A0opiBHIoe 83,32 THc. M°,

2. Tlpotsrom 72 micsis 31 100 ouikyBaHi KOJIMBAaHHS CIIOXKHBAHHS MPHUPOTHOTO Ta3y BITHOCHO 3HAYECHb,
BU3HAYEHMX JiHIHHOI IPOrHO3YI0UOI0 (BYHKIIEI0, CTAHOBIATE 328,4 TuC. MC,

3. IepioguuHicTh 0OCSTIB CHOXHUBAHHS 00YMOBIICHA CE30HHMMH BUTPATAMU Ha OTAJICHHS, TOMY JIiHIiHA
MPOTrHO3yIo4a (PyHKIis J03BOJISIE OTPUMATH TOUYHIIIMHA MPOTHO3 MTOPIBHIHO 3 IIEPIOAMYHOI0 POTHO3YI0UOI0 (QYHKILIETO.

4. TIporHo30BaHe 3HAYEHHS PIYHOrO CIIOKMBAHHS IIPUPOHOIO razy cTaHOBHThL 18603 Tuc. M°.
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Bucnoexu.
B pe3ynbTaTi JOCHiIKEeHHS 3aPOIIOHOBAHO OOIPYHTYBAHHSI KOHIICIIIIT pO3paXxyHKy MPOTHO3YI040T PYHKIIT s 00Ky
BUTPAT HE BiTHOBJIIOBAHHX CHEPIETUYHUX PECYPCIB IS Ta30TypOiHHOT YCTAaHOBKH, SIKI BAKOPUCTOBYIOTh MPUPOTHHI
ra3. lle B cBoto uepry 3abe3neuye eeKTUBHE TUIAHYBaHHS Ta IiIBUILEHHS €KOHOMIYHOT e()eKTUBHOCTI POOOTH
mianpueMcTBa. Yce 1ie J03BOJISIE PEryJIFOBaTH PEXKUMHE Ta BATPATH BUKOPHCTAHHS MATKBA Mij yac ekcrutyararii ['TY
pyu 0OMEKEHHUX 00CsATax MPUPOIHOTO Ta3y.. [[poBeeHoO TOCIIKEHHS peKUMY POOOTH ra30TypOiHHOI YCTAHOBKHU TPU
nocrifiHomy Trcky 0,1 MIla Ta temneparypi 10°C , kKoJii ONTUMAIEHAM PEXKUMOM POOOTH Ta30TYpOIHHOT YCTAHOBKH €
KOMOiHOBaHE BUPOOHHIITBO TEIUIOBOI Ta EJIEKTPUYHOT €Hepril
HaykoBa HOBM3HA [OCIIDKEHHs Toysirae y (OpMYIJIIOBaHHI OOIPYHTYBaHHSI KOHIICNITYalIbHUX MPHHIUIIB MOOYA0BU
MaTeMaTHYHOT MOJeNli BHKOPHUCTAHHS Ta OOJIKYy BHUTpAT €HEProHOCIlB HAa OCHOBI BHKOPHCTAHHS MPOTHO3YHOUHX
¢yHKOiIH 1 HagaHHS pPEKOMEHAAli, SK pamioOHaJbHO BHKOPHCTAaTH NPUPOJIHI PECYpCH, SIKi HE BiJHOBIIOIOTHCS.
JIOCTYITHHUX PECypCiB Ta BpaxXyBaHHSA TUIIOBUX OCOOMUBOCTEH 00’ €KTY aBTOMATH3AIII].
IpakTryHa 3HAYYIIiCTHh POOOTH MOJATaE y MPOTHO3YBaHHI Ta po3paxyHKax 00’eMy CHOXUBaHHS IMPUPOTHOTO Ta3y
(Tnc. M®) MiANPHEMCTBOM Ha HACTYITHHH PiK, a LIe B CBOIO YepPry J03BOJISIE CKOPETYBATH BUTPaTH a3y Ha MailbyTHe Ta
MPUIHATH OOIPYHTOBaHI DIlICHHS SIK . MOXKJIMBO 3MCHIIUTH BUTpATy MajuBa a00 MaKCUMalbHO e()EeKTHBHO HOTO
BUKOPHUCTOBYBATH.
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Study of operating conditions and consumption fuel for a gas turbine plant. Carrying out research work to
determine the working conditions and determine the fuel consumption in a gas turbine installation. The descriptions of a
gas turbine unit operating on gaseous fuel are presented: in normal and standby operating modes. The optimal operating
mode of the gas turbine plant is combined: the production of heat and electricity. A study of the operating mode of a gas
turbine unit at a constant pressure of 0.1 MPa and a temperature when air enters the compressor of a gas turbine unit
with fuel combustion has been carried out. The features of the use of an energy carrier in a gas turbine unit during the
year are highlighted and analyzed. The structure and current consumption of natural gas in a gas turbine unit for
accounting for the consumption of energy carriersis described. As aresult of the study, a substantiation of the concept
of calculating the predictive function for accounting for the costs of non-renewable energy resources for a gas turbine
plant, used natural gas, is proposed. This, in turn, ensures effective planning and increasing the economic efficiency of
the enterprise. All this makes it possible to regulate the modes and costs of using fuel during the operation of a gas
turbine unit. A study of the operating mode of the gas turbine unit at a constant pressure of 0.1 MPa and a temperature
of 10 ° C was carried out, when the optimal operating mode of the gas turbine unit is the combined production of
thermal and electrical energy. The choice of the predicting function by which it is better to forecast the use of the
energy carrier for the current year has been proposed and substantiated. The scientific novelty of the research liesin the
formulation of the substantiation of the conceptual principles for the construction of a mathematical model of the use
and accounting of energy consumption based on the use of predictive functions and recommendations are provided on
how to rationally use natural resources. The practical significance of the work lies in forecasting and calculating the
volume of natural gas consumption (thousand m3) by the enterprise for the next year, and this, in turn, alows us to
adjust the gas consumption for the future and make informed decisions on how it is possible to reduce fuel consumption
or useit as efficiently as possible.

Keywords. energy saving, gas turbine unit, pressure, temperature, compressor, forecasting functions
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