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INCREASING THE ENERGY EFFICIENCY LEVEL OF THE AMMONIA SYNTHESIS
PROCESS BASED ON DEVELOPMENT OF A DYNAMIC MODEL

Ammonia is one of the inorganic chemicals with the highest production rate in the world. The process of

ammonia synthesis has a high energy consumption and requires detailed analysis. Such an analysis is feasible

and safe using simulation of the process. This paper examines the simulation of the ammonia synthesis reactor

and the experiment on the model. The objective of this paper is to develop the basis for a synthesis reactor

monitoring tool that can be used to identify the margin to blow-out with respect to current load, catalyst activity,

pressure and temperature.For this purpose system dynamics is studied by means of the dynamic modelling. The

model is dynamic, and this allows better understanding of the synthesis process in case of the sudden change of

the operating parameters.
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MOJAEJI JTATHOCTYBAHHA ITAPAMETPIB CXEMH
SAMIINEHHSA I POBOYUX TAPAMETPIB ACUHXPOHHHUX
ABUI'YHIB

Y cmammi nasedeno moodeni OiaznocmysanHs napamempis cxemu 3amiujeHHs i poOouux napamempis
ACUHXPOHHUX OBUSYHIB, 4 MAKOJIC pe3yNomamu OOCNHIONCEHH GNIUBY 3HUNCEHHA AKOCMI HANpyeu HCUGJeHHs
(8ioxunenna ma Hecumempis HaAnNpyau, GIOXUNEHHs YACMOMU) HA eHepeemuyHi XapaKmepucmuku ACUHXpOHHUX
08U2YHIB HOBOI NPOMUCTIOBOI cepil 5A.

Kniouoei cnosa: niarHOCTYBaHHs, aCHHXPOHHUI IBUTYH, CXEMa 3aMillleHHs, SIKICTb HANPYTH *KHUBJICHHS.
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Beryn. Ekcruryartamisi  eneKTpOMEXaHIYHMX CHCTeM 3 acWHXpOHHWMH aBuryHamu (AJ]) mae Taki
0COOJIMBOCTI: TEXHIYHMIT CTaH i HAMIHICTD 1X POOOTH CIPUUMHAIOTH KPUTHYHUI BIUIMB HA PiBEHb BUPOOHWINX
pm3uKiB (Tpoctoi obnagHaHHs TOmO); AJ] BUKOPHCTOBYIOTHCS HE B HOMIHAJIBHUX pekuMax poOOTH; (izmdaHa
3HOWEHICTh - 60-90% i HeeeKTHUBHICTh TEXHOJOTIYHOTO OOJIaJIHAHHS; BUCOKMI piBEeHb MOIIKOIKYBAHOCTI
(mizTpuManHa npauesgatHocTi Al 3a0e3meuyeTbcs 3a PAaXyHOK pEMOHTIB); BHUTpaTH Ha TeXHiuHe
00CITyroByBaHHS i pEMOHT CTAHOBJATh 3HAUHY YAacTKy 3arajibHOi CTPYKTYpH BHUTpAT; BUCOKAa BapTiCTb HOBOTO
yCTaTKyBaHHS, TpHMBaJi TEPMiHM IMyCKO-HAJaroMKyBaJlbHUX poOiT; 3aBHIIEHAa BCTAHOBJIEHA MOTYXHICTh
nBUryHiB. Lli 06cTaBUHY NPU3BOIATH 0 3HWKEHHS €(peKTUBHOCTI €JeKTPOMEXaHIUHOTO NePEeTBOPEHHS EHeprii.

HocBin excrutyartanii MpOMKUCIOBUX YCTaHOBOK BKa3zye Ha Te, 110 eHeproeekTuBHicTh AJl 3aneXuTh Big
pisHOMaHiTHUX YnHHUKIB [1]. Cepen HMX HaiOiMBIIMIT BIUIMB MAlOTh TakKi: AKICTh HANPYTH KUBJICHHA, SKa
perslaMeHTy€eThCs Toka3HuKamu gkocTi enektpoeHeprii (ITAE); pexxum HaBaHTa)XeHHS; YMOBHM €KCILTyaTallii;
AKICTb BHWTOTOBJIEHHS, TEXHIYHOTO OOCIYroBYBaHHS 1 PEMOHTIB; SKICTb aKTMBHMX Ta KOHCTPYKLIHHMX
MaTepiaiiB; BIAMOBIAHICTh 3aCTOCYBaHHS BUKOHAHHIO.

BimxuneHHs Ta HeCUMETpis HANPYTH, BIIXWICHHS YacTOTH — HallOLIbII 3HAUYIi (paKTOPH 3HKEHHS PiBHA
eHeproedexTuBHOCcTi AJl. Poborta A/l B yMOBax HesiKiCHOI eJleKTpOeHepTii MPU3BOANTL OO 3HIDKEHHS PiBHA
eHeproe()eKTUBHOCTI Ta mpaue3gaTHOCTi ycratkyBaHHA. Tak, npu Bimxunennsx ITAE, ski mepeBuILyoTbh
HOPMOBaHi CTaHOapTaMW 3HAa4YeHHsA, HopMmanbHa pobora AJ] abo B3arani HeMmoxJiuBa, abo Moxe OyTH
3a0e3MneyeHa Juile y BUMAAKY 3HAYHOTO 3MEHIUEHHS HaBaHTaKeHHsA. 3HIKEHHS eHeproedekTuBHOCTI Al Mae
MicLie HaBiTb y BUManKy, konu [1SE 3MiHIOIOTbCS B MeXaX NPUIYCTUMUX CTaHAapTaMM 3Hau€Hb.

AHaJji3 nomepeaHix gocaigkeHb. OOCTYroByBaHHA YCTAaTKyBaHHS 3a PErJlaMeHTOM BHMKOHYETbCA Ha
MiICTaBi aHaJi3y MOKa3aHb KOHTPOJIbHO-BUMIiPIOBAJIbHUX MPWIAMAIB Mijl Yac MepioquuHUX PeriaMeHTHHUX poOiT i
3a pesynbTataMu BUTpoOyBaHb micis peMoHTiB AJl. EHeprodexTuBHicTs AJ] He BU3HAYAETHCS, 2 OCHOBHUMMU
KOHTPOJIbOBAaHUMH TapaMeTpamMH € TeMmIeparypa oOMOTOK i MiAMIWIHAKOBOTO By3Ja, OMip i30Jswii Ta 3a30p y
migmmnankax. lle He nmo3Bonse — BUSBUTH JAe(eKTH, $Ki 3apOKYIOTBCSA, 1 3amo0irTH  YIIKOIKSHHIO
eJIeKTpooOIaTHAHHSA aXK 10 CTBOPEHHS aBapiiiHOi CUTYyalii.

[lepcrieKTMBHAM TAXOOOM METOJOJOTIT E€HEeProMEeHeKMEHTY € BIPOBAKEHHS TOCTIHHO [it040ro
MOHITOPUHTY Ta AiaTHOCTYBaHHS eHeproe()eKTUBHOCTI i TexHiuHOro craHy AJl ajid omepaTHBHOrO pearyBaHHA
Ha TOTipIIeHHs HOro CTaHy i HOpPYIIEHHs TEXHOJOTiYHOro pexumy [1,2].

3aBaaHHAMH PoOOTH €:

po3po0sIeHHs MoJeliel AiarHOCTyBaHHS MapaMeTpiB CXeMHu 3aMillleHHA i pobouux mapameTpiB AJl, mo
BPaXOBYIOTb AKiCTb HAMPYTH )KUBJEHHS (BIIXUIEHHS Ta HECUMETPIlO HalpyrH, BiAXWIEHHS YacTOTH), BEJIMUHUHY
i XapakTep HaBaHTa)XEHHS, PI3HULIO MiXk MOMEHTaMH Ha Bally i €IeKTPOMArHiTHUM Ul Pi3HMX HaBaHTA)XEHb,
raJbMiBHUI MOMEHT JBHUTYHA Bil CTPYMiB 3BOPOTHOI MOCIiTOBHOCTI;

JOCIIIKEHHS BIUIMBY 3HW)KEHHS SKOCTI HANpYTH JKWBJICHHS Ha €HEpreTH4YHI XapakTepucThku AJl HOBOT
MpoMHUCIoBoT cepil SA.

MeTtor0 po60TH € po3poOJIEHHS Ta JOCIIIKEHHS MOIeNiel JiarHoCTyBaHHs MTapaMeTpiB CXeMH 3aMillleHHS |
pobounx mapametpiB AJ] s 3aco0iB (YHKIIIOHATFHOTO MiarHOCTYBaHHS €HEeproe(eKTUBHOCTI aCHHXPOHHOTO
enextpornpuBoga (AEIT), mo 3a paxyHOK KOHTPOJIOBaHHS y peallbHOMY 4aci HOro cTpyMiB i Hampyr JO3BOJISIE
BUSBJISITU BiAXWIEHHS MOTOYHUX EKCIUTyaTalliiiHUX MapaMeTpiB Bill HOPMOBaHMX.

Martepiann i pe3yabTaTH AociimkeHb. Po3pobieHa Mopenb [iarHOCTyBaHHA MapameTpiB MpoLecy
nepetBopeHHs enekTpoeHeprii AEIl ckmamaetbcs 3 Momenell Oinbll  HM3BKOTO piBHA: BHU3HAYEHHS
NiarHOCTUYHUX TapaMeTpiB, MEPBUHHHUX [iarHOCTUYHUX O3HaK, MOKa3HWMKIB SIKOCTi E€NeKTPUYHOI eHeprii,
MapamMeTpiB MPOLECy eHeProcrnoKMBaHHA, MApaMeTPiB CXeMU 3aMillleHHs, poO0oUYMX MapamMeTpiB Ta BUSHAYEHHS
rapaMeTpiB MPoLeCcy eHeProBUKOPUCTAHHS.

Mooenw diacnocmysanns napamempie cxemu 3aMiuyeHHsI ACUHXPOHHUX OBUSYHIG.

[MpuBeneni ctpymu potopa AJl

1 . 2y _ .
I'y=>Yco1ly; =IcosQ |—F—==;1%; = [;cos¢, |[—F—, jeQ,
3 2 j
M+ 331
CZ . .
ae A = kc—lz’ - MepeBaHTaKyBallbHa 31aTHiCTH AJl 3 ypaxXyBaHHAM BIUIMBY BiIXWJIEHHS HAMpyrd Ta
f
. . U .. . .
4acTOTH Bill HOMIHANLHUX 3HAYCHb; Cy = —— , Cf = fL - Koe(illieHTH BiAXWIECHHSA HANpyrd Ta 4YacTOTH Bil
H H
HOMIiHAJILHUX 3HAYEHb.
. . _1 _Ugp _Up; .
3aranbHi onopu (a3 cTatopa Ta iX cepeiHe 3HaUeHHs Z = ;Z jeorZj = A Zj = T jeQ,.

CymapHi akTuBHI omopu oOMOTOK AJl, BEMUMHM SKMX 3aJeKaTh Bifl KOB3aHHS, BU3HAYAIOTHCS 3 HOTO
BEKTOPHOT Aiarpamu
1 .
Rs = EZJ'€91 Rsj = Zcosg; Rs; = Zjcosg; , je Q.
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[HOYKTHBHI OMIOPH KOPOTKOTO 3aMUKaHHSA (a3 cTaTtopa 3i cxeMu 3aMimieHHs A/
1 .
;ZjemXKJ VZ? —R: ,XK] / st ,jEQI.

CymapHnnii akTHBHWMH omip 0OMOTOK nBUryHa Rg = Ry +—; Rs; = Ryj + =2 jeQ,.

KoB3aHHA JABUrYHa 3MIiHIOETBCA MNPOMOPLIHHO HaBaHTa)KEHH}O. 3 ypaxyBaHH;[M BIUIUBY BiIXUJIEHHS
Hamnpyry Bil HOMiHAJILHOTO 3HAY€HHS, KOB3aHHS

! 2
_ I (U, 1" Su
s=7(2) s =ka
, 2H U
’ I . . ’
ne ks = é - Koe(illieHT 3aBaHTaXXEHHS 32 CTPYMOM I,.

AXTUBHI onopu a3 cTaTopa JABUryHa
1 , 2\ 2 . 2
s2jco1Ry = ((01 3U§/20 MKz_g) - X}%)/Z (01 3U%/20 OMKZ_;zl);

2\2 2
— 2 ‘u 2 2 v\ ;
le = ((Cl 3U(D_]/2(J‘)'O MK?) - XK])/Z (Cl 3U(Dj/2(’0’0MK g), J € Qla
ne 'g = Cp® - CMHXPOHHA 4acTOTa 00EPTaHHs JABMIYHa, IO BiANOBiNA€ YacTOTi MEPEXKi, BIAMIHHIA Bil
HOMIiHAaJIbHOI.
. . 1 - .
[puBeneHi akTUBHI onopu poTopa R, = EZJ'EQl Ry, = s(Rs —Ry); R = s(RSj — le), jeQ.
CtpyMn HaMarHiuyBaHHS 3 ypaxyBaHHAM BIUIMBY BIIXWJICHHS Hampyrd i 49acTOTH BiJ HOMiHaIbHUX
1 . . .
3HaveHp I, = gzjgm 1, = I(sm(p - scoscp/skf); Lj =1 (sm(p]. - SCOS(p]./Skf),j €Qy,
S . . .
ne s, = C—K - KPUTHYHE KOB3aHHS 3 ypaxyBaHHAM BIUIMBY BiIXWJIEHHS YacTOTH Bil HOMiHaJbHOIO
f

3HAYCHHA.

PeakTHBHa MOTYXHICTh HaMarHiquaHHﬂ Qu= V3U I,. InyKTHBHI ONIOPM Kill HAMArHivyBaHHs (a3
Uq; UcIJj .
Z]EQlX],l] I, X I ,a]EQI-
w
V cxemi 3aMillieHHsT U1 CTPYMiB 3BOPOTHOT TTOCITiJOBHOCT] BBEICHO KOB3aHHS POTOpA 110 BiJHOLICHHIO JI0
TIOJISt 3BOPOTHOT MOCHiTOBHOCTI [3]
_('00 —®
Sy =—"—=2-—35,
-0
ne (—mg) - KyToBa MIBUAKICTH MOJISl 3BOPOTHOT MOCHITOBHOCTI; ® = ®y(1 — ) - KyTOBa WBUAKICTH POTOpa
BiJHOCHO mpsiMOro Touisi. YacToTa cTpyMiB 3BOPOTHOI MOCIHiIOBHOCTI fo, = (2 — S)f; 3HAa4HO BHWIA YacCTOTH
CTPYMIiB MPSIMOT TIOCITIIOBHOCTI Y POTOPi f2, = Sf;.
MeTo0M CUMETPUYHUX CKIIAJIOBUX PO3PAXOBYIOThCS CTPYMH 3BOPOTHOI i HYJIbOBOI MOCIIiZOBHOCTEM
_ LA+LB€_j120+IC€j120 . _
L= . P 3l =Ly + 1y + 1.
Mooenv diaecHocmysanna pobouux napamempie i no6y008u CMAMUYHUX XAPAKMEPUCUK ACUHXPOHHUX
08U2YHI8
MoMeHT [BUryHa Bifl CTpyMiB NpsIMOi MOCIHiZOBHOCTI 3 YpaXyBaHHAM BIUIMBY BiIXWJIEHHA HampyrH i

YaCTOTH BiJ HOMiHAJbHUX 3HAYE€Hb
Ris
2MK (1 + =L K)
o Rycr

s CrS Risg ’
=\ + L= f + 212K 1°K
CrS R2Cf
3a pesynapTaTaMM KOMITFOTEPHOTO MOZENIOBAaHHA pI3HWIO MDK MOMEHTOM Ha Bamy M} i
€JIEKTPOMAarHiTHUIM MOMEHTOM M; BHM3HAYAEMO 3a plBHSIHHS[M perpecit
AM = (—0144( ) +012( )+0002)MK
Mg
lanpMiBHMIT MOMEHT JIBHMTYHA Bil CTPYMiB 3BOPOTHOI TOCITIJOBHOCTI 3 YpaXyBaHHSIM BIUIMBY BiIXWJICHHS
HaMpyTH i YacTOTH BiJ HOMiHAJILHUX 3HAYCHb
c Rys
2My CU2<1 +3 K)

M1=

R,c
M, = i 26 ’
SK +Cf(2_s)+2R1$K
cr(2—9) SK chf

U, . . . .
Ie Cyy = U—2 - BiJIHOCHa Hampyra 3BOPOTHOI TMOCIiIOBHOCTI.
H

B pymiitHomy pexmmi 0<s<1, momeHT M,<0. 3arampHuii o0epTanbHuit MOMEHT A/l 3 ypaxyBaHHSIM BIUTUBY
HECUMETpii HalpyTH KUBJICHHS BU3HAYAETHCS CYMOIO MOMEHTIB M, i M,
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M=M1+M2.

Koedoimient 3aBanTaxenss AJl 3a MOMeHTOM
e = M M +M,
3M — MH - MH .
YacroTa 00epTaHHA ABUTYHA 3 ypaXyBaHHAM BiAXUJIEHHS 4aCTOTH Mepexi Bifl HOMiHANIbHOTO 3HAYEHHS
0 = crmp(l —s).

3 BHUKOPHCTaHHAMHU pPO3pOOJEHMX Moneneil npiarHoctyBaHHsf B cepenosuili MATLAB mno0ynoBaHo
xapakrepuctukn AJl cepii SA tumy 6A315LA4. Howminanbni pmani gsuryHa [4]: Py = 160 kBT, ny =
148506/x8, Uy = 380B, Iy = 2724, n = 95,3%, cose, = 0,89. Y npowueci KOMIT'FOTEPHOTO MOAEOBAHHS
3HA4YeHHS HAIpyT Ta CTpyMiB (hOpMyBaJIHCS SIK peabHi CUTHAIN BiJl 321aBAJTbHOTO MPUCTPOIO.

I'OCT 13109-97 BcTaHOBMIOE Ha 3aTHCKayax €JIEKTPONPHBOAA HOPMAILHO i TPAHWYHO TPUITYCTUMI ycTa-
neHi BigxwuneHHs Hanpyru 60U, = +5% i +10% HoMiHampHOT Hanpyru Mepexi. SIk BuaHO 3 rpadikis puc. 1, y
BUMAJKY 3HIKEHHS Halpyrd Ha ABUTYHi BiJTHOCHO HOMiHAJBHOT 32 YMOBHM CIIOKHUBAaHHA Ti€l caMO MOTY>KHOCTI
3pocTae CTpyM ABHUIyHa (IpH 3HWXKEHHI Hanpyru Ha 10% cTpyM crtatopa 306inbmyerbes Ha 10%, cTpyM poTtopa -
Ha 14%). BianoBigHO 3pocTaloTh HarpiBaroyi BTpaTH, 110 MPU3BOAMUTH 0 MeperpiBaHHs i30ALii, ii cTapiHHA i,
SK HacJiJOK, 10 30UTKiB, 3yMOBJIEHUX CKOPOUYEHHAM TepMiHy ciy:xxou Al [5].
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Puc. 1 3anexxHOCTi cepeIHbOT0 IiF0UOT0 3HAYECHHSI CTPYMY CTaTtopa, MPUBEIEHOTo CTPYMY poTopa Ta
CTpyMy HamarHiuyBaHHs AJl Bin BiAXWICHHS HATIPYTH Bill HOMiHAIBEHOT

[NigBuIeHHs HaNMpyTW HA ABUTYHI NPU3BOINUTH 10 301TBIIEHHS CIIOKUBAHOT HUM PEAKTUBHOI MOTYKHOCTI #
3HIKEHHS Koe(illieHTa MOTYKHOCTI, III0 HETaTUBHO BIUIMBAE HAa CHEPTeTHIHY e()eKTUBHICTE. Y cepeqHhOMY Ha
KOKeH TPOLEHT MiABMIIEHHS HANpyrd CMOXKMBaHA PEeaKTMBHA MOTYXHICTb 3pocTae Ha 1,5% i Oinbime 3a
paxyHOK 30iJIbIIEHHS CTPyMy HaMarHiuyBaHHs (puc. 1).

BinnoinHo 1o T'OCT 13109-97 HOpMasibHO i FpaHUYHO MPUITYCTUMI BiIXUJIEHHS 4acTOTH Af CKIIaAaroTh
+0,2 1 £0,4 T'u. 3 rpacgikiB puc. 2 BUIHO, 10 Y pa3i 3HWKEHHA YAaCTOTH Ha IBUTYHI BiITHOCHO HOMiHAJIbHOT /IS
HOMIHAJIbHUX HANpyrd i HaBaHTaXXEHHS CTPyM pOTOpa 3MIHIOEThbCA MPOMOPLiiHO yacToTi. J[nd ABWUIYHIB 3
HEBEJIMKMM 3HAueHHSAM CTPYMYy XOJIOCTOrO XOIy CTpyM CTaTopa 3MEHIIYeTbCS, HaBMakW, U ABUTYHIB 3
BEJIMKMM 3HAYeHHAM CTPyMy XOJOCTOro Xoay BiH Oyae 3pocTaTd uepe3 piske 30iIbLIEHHA CTPyMy
HamarHiuyBaHHs [6]. BigmoBimHo 3pocTtae peaKkTHBHA TMOTYXHICTb, IO CIIOKMBAETHCS, 1 3HIKYETHCS
Koe(iLlieHT MOTYXHOCTI.

3poctanHsa gacToTn Ha 4% 30inbIIye CTpyM craTopa Ha 6,6%. 30UTBIIYIOTECS TaKOXK iHIYKTHBHI OMOPH
neuryHa (puc. 3). BiamoBimHo 3pocTaroTh MOCTiiiHI BTpaTW (B cTajli — 3a paxyHOK 30iNbIIEHHS YacTOTH,
MeXaHi4yHi - yepe3 301IbIIeHHAs BUIKOCTI ABUTYHA), 3MiHHI - 332 paxyHOK 3pOCTaHHs CTPyMy, a TaKOXXK BTPaTH
Ha ricTepesnc i BUXpOBi CTPyMH.

HopMmanbHO i rpaHMYHO NPUIYCTUMI 3HAaYeHHA KoedillieHTIB HecuMeTpii Hampyru 3BOpPOTHOI K,y i
HYJbOBOT K;; mochioBHOCTeH cTaHOBIATh 2% i 4% BianosigHo 'OCT 13109-97. 3 rpadikiB puc. 4 BUAHO, 10
30IbIIEHHA Koe(dillieHTa HecHMMeTpii Hampyrd 3BOPOTHOI MOCHiAOBHOCTI K,; MNPU3BOAWUTH IO 3POCTaHHA
CTpyMy ABHUTYHa.

Hesnauna wnecumetpiss TpudasHoi cucremu Hampyr (1%)  BUKIMKaE 3HauHI CTPYMH 3BOPOTHOL
nocnigoBHOCTI [y (7-9%), 0 NPU3BOANTH 0 TOJATKOBOTO HarpiBaHHS cTaTopa i portopa [7]. 1Llo6 yHukHYTH
JOAATKOBOTO HArpiBaHHA, HABAHTAKEHHS NBUTYHA MOBWHHO OyTH 3HIDKeHO. 3rimHo pexomenmauii MOK 892
HOMiHaJIbHE HaBaHTa)X€HHA ABUTyHa mpuryctime it Kop<l %. Skuio koedimieHT 3BOPOTHOI MOCHTiJOBHOCTI
nopiBHIOE 2%, HaBaHTAXCHHS JBUTYHA MIOBUHHO OYTH 3HIKEHO 10 96%, sikimo 4% - mo 84%.
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Puc. 2 3anexHOCTi CepeAHOTO MIF0YOT0 3HAYCHHS CTPYMY CTaTopa, MPUBEICHOTO CTPYMY POTOpa, CTPYMY
HaMarHigyBaHHA, KoB3aHHA Al BiJ BiIXWJICHHS YaCTOTH MEPEXKi BiJl HOMiHATBHOT
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Puc. 3 3anexHocTi cyMapHOTO aKTUBHOTO Ta iHAYKTUBHOTO OMOPY KOJIa HAMArHidTyBaHHS, iHLyKTHBHOTO
OTIOPY KOPOTKOTO 3aMuKaHHs AJl Bill BiIXWIICHHS YaCTOTH MepPEeXi Bil HOMiHATbHOT
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Puc. 4 3anexHOCTI cepeHbOTO AiF0UOT0 3HAYEHHS CTPYMY CTaTopa, MPUBEAEHOTO CTPYMY pOTOpa, CTpyMy
HamarHiuyBaHHS AJl Bix HecumeTpii HampyT

BucHoBku

1. Po3pobreHo maremMaTHyHi MOJIelTi 1iarHOCTYBaHHS MapaMeTpiB CXeMH 3aMillleHHs | pobounx mapaMeTpiB
AJl mns 3aco0iB (yHKIIOHATBHOTO MiarHOCTYBaHHS €HEProe(eKTHBHOCTI ACHHXPOHHOTO eJIEKTPOTPHUBOIA.
Moneni BpaXOBYIOTh SIKICTh HallpyI'd *UBJIEHHs (BiIXWJIEHHS Ta HECUMETPil0 HAMpyrH, BiAXWIEHHS 4acTOTH),
BEIMYMHY 1 XapaKkTep HaBaHTAXEHHs, PI3HULIO MK MOMEHTaMU Ha Bally i €JEKTPOMAarHiTHMM IJIsl Pi3HUX
HaBaHTaXX€Hb, rabMiBHUI MOMEHT JABHUIYHA BiJl CTPYMiB 3BOPOTHOI MOCIiJOBHOCTI.

2. [IpoBeneHi 1OCHiIKEHHS BIUIMBY 3HI)KEHHS SIKOCTI HAlPYTH )KUBJIEHHS Ha EHEPreTUYHI XapaKTePUCTHKH
AJl HOBOT MpOMUCIIOBOT cepii SA Ta iX aHasli3 AOBOIATH MPABOMIPHICTb i aJJleKBATHICTh PO3POOIEHUX MOJAETIEH.
BinnmoBinHO 10 OTpUMaHMX pe3yJibTaTiB pO3paxyHKiB Ta TrpadikiB [diarHOCTYBaHHSA MapaMeTpiB CXeMH
3aMmimeHHs i poboumx mapamertpiB A/l Moneni N03BOJISIOTH BHUKOHYBATH BENHMKI OOCSITH  JOCHTIKEHb IS
PO3B’sI3yBaHHSA MPAKTUYHMAX 3a7ad pO3paxyHKy EHEPreTHYHUX XapaKTepHCTHK 3 METOI MiIBWINEHHS IHOro
€Heproe(PeKTUBHOCTI.
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MODELS OF DIAGNOSTICS PARAMETERS EQUIVALENT CIRCUITS AND PERFORMANCE
ASYNCHRONOUS ELECTRIC DRIVE

The paper presents the model diagnostics parameters of the equivalent circuit and the operating
parameters of asynchronous motors, and the results of the study the effect of reducing the quality of the supply
voltage (bias and unbalanced voltage, frequency deviation) on the energy characteristics of a new industrial
asynchronous motors 54 series.

Key words: diagnostics, asynchronous motors, the equivalent circuit, the quality of the supply voltage.
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EKOJIOI'TA
ECOLOGY

YK 504.06:656.71(043.2)
L.JI. TpogimoB, KaHI. TEXH. HAYK, TOLEHT
HauionanbHuii aBianilinnii yniBepcurer

AHAJII3 BILUIUBY ABIAIIHHOI'O TPAHCIIOPTY HA
SABPYJIHEHHSA ATMOC®EPHU

Posenanymo npobnemy 3abpyouennss ammocgepu agiayitinum mparHcnopmom YKpainu ma y3a2anbHeHo
wnAxu i eupiwenns. Jlocniodceno — enaué emicii agiayiunHux O06UCYHI6 HA eKONo2iuHUN cmaH Ykpainu.
IIpoananizogano HanpsAmMKu 3MeHULeHHs 3a0pYOHeHHs ammocghepu nimakamu, 6UAGNIeHO IX nepegacu md
HeOOoNiKY. 3anponoHoBaHo poszisAHyny npoodieMy GupiuLyeamu OOHOYACHO Y MAKUX YOMUPLOX HANPIMKAX!
XIMIYHOMY, — KOHCMPYKYIUIHOMY,  eKOHOMIYHOMY Ma  6NPOBAOJCEHHA HA  agiayiliHomMy — mpaHcnopmi
anbmepHamueHUx 8U0i6 eHepeii.

Kniwouegi cnoea: aeporopt, atMocepa, aBialliiiHuil TpaHCTIOPT, eMicis ABHUTYHIB, €KOJOTidHa Oe3reka,
€KOJIOTYHI MOKa3HUKH, 3a0py IHEHHS, TOBKIJLIA, LyM, BUKUIN.

1. Beryn

HocnikeHHs, mMpo sKi WAeTbCA y CTaTTi, BITHOCATBCS MO Tamy3i ekosorii. Bimkputum Ta akTyanbHUM
MUTAaHHSIM Ha CHOTOMHI 3aJIMIMIAETHCA TMPOOJieMa CTaHy eKOJOTil TUIaHeTH B IiJioMy. BHacmimox HayKoBo-
TEXHIYHOT peBOJTIONIT, JIFOACTBO MOTEPTIAE Bill HAAMIPHOTO 3a0pyTHEHHS LIKiTMBUMH PEYOBUHAMH OTOUYIOYOTO
CepeNlOBHINA: TIOBITPs, BOAHUX Ta 3eMEJbHUX pecypciB. 30KpeMma, LUBiJIbHA aBialis € HE OCTAHHBOIO JIAHKOIO,
fKa CTAaHOBUTH PeallbHY 3arpo3y A atMocdepw 3 Mo3uiil 3a0pyqHEHHS BUKWIHMMHU Ta3aMH Ta yYTBOPEHHS
«IipoK» B 030HOBOMY IIapi HAILIOI MTAHETH.

3 BupilleHHsAM TpobJeM ekoyoriuHoi Oe3nekd B YKpalHi HEPO3PMBHO TOB’s3aHi THTAaHHS OIIHKHU i
3MEHLIEHHS HECTIPUATIMBOTO BIUIMBY 00’€KTIB LMBINBHOT aBiallil Ha cTaH aTMOC(epHOro MoBiTps. ¥ 3B’S3KY 3
MM BHMHMKA€ HEOOXiAHICTb BUpILIEHHA aKTyalbHUX EKOJIOTIYHHMX MpobieM YyCiM CMEKTPOM TpPaHCMOPTHOI,
BUPOOHMYOI, IiHTENEKTyaJbHOI 1 COLiajJbHOI [ifMIBHOCTI 3a paxyHOK J[Aep>KaBHOI Ta Traily3eBOi CHCTEM
€KOJIOTIYHOr0 yMpaBJiHHS.

2. AHaJi3 JIiTepaTypPHHUX A:KepeJsi 32 TEMOI0 JOCTiIKeHHs i MOCTAHOBKa NMPo0JjeMH

Amnaiiz mkepen [1-4] mokasye, mo mix 9ac eKCIUTyaTallil aBialiifHOT TeXHIKM BimOyBaeTbCs 3a0pyaHEHHS
IPYHTIB, BOZHMX 00’€KTiB Ta arMoctepHOro mMoBiTps. ABTOp mpaui [5] mokaszaB, mo crenudika BIUIMBY
MOBITPSTHOTO TPAHCTIOPTY HA MOBKIJUTA BUSABIICHA B 3HAUYHIM IIyMOBiil Hii Ta 3HAYHWX BUKUAAX Pi3HOMAaHITHIX
3a0pyJHIOIOYHMX pedoBMH. BUKuy 3 aBiallifHMX AOBWTYHIB Ta CTaLliOHAPHWX JUKEPENT CTAHOBIATH BaXKJIMBHN
ACTIeKT BIDIMBY TOBITPSHOTO TPAHCIIOPTY HA €KOJOTiUHYy cuTyamiro. Kpim Toro, aBiaris Mae psn BimMiHHOCTEMH
MOPIBHAHO 3 IHIUMMHM BUJAMU TPAHCHOPTY: BUKOPUCTaHHS 31e0iJbLIOro ra3oTypOiHHUX IBUIYHIB 3YMOBIIIOE
IHIIUH XapakTep MPOTIKaHHSA MNPOLECIB I CTPYKTYpY BUKHIIB BiANpalbOBaHHUX ra3iB; BUKOPHUCTaHHA racy sk
najvBa MPU3BOAMTL OO 3MiHM KOMIIOHEHTIB 3a0pyIHIOIOUMX PEYOBHMH; MOJILOTH JiTakiB Ha BEJMKil BHUCOTI
3YMOBIIIOIOTh PO3CitOBaHHS MPOIYKTIB 3rOPsSHHS y BEPXHIX IIapax aTMoc(epu i Ha BEJUKUX TEPUTOPIAX, LIO
3HWXKYE CTYIIiHb 1X BIUIMBY Ha MBI OpraHizMHu.

Amnani3 nipati [6] 1aB 3MOTY BCTAHOBUTH, IO TOBITPsiHI KOpa0J1i 3a0pyIHIOIOTH PU3eMHI iapu aTMocdepu
BiMpanbOBaHNMHU T'a3aMy aBiallifHMX ABUIYHIB MOOJHM3Y aepomopTiB i BepXHi mapu atMocdepn Ha BHCOTaxX
Kpeiicepcbkoro monboTy. [a3um cTaHoBmATh 87 % BCiX BUKHWAIB IMBUIBHOI aBiallii, fKi MiCTATh TaKOX
aTMoc(epHi BUKUIN CTICHABTOTPAHCTIOPTY Ta CTALlIOHAPHUX JHKEPEIT.

Sk BimoMO, BIPOJOBX OCTaHHIX POKIiB BiZOyBa€TbCs 3HAYHE HABAHTAXKEHHA Ha HABKOJMIIHE CEPEIOBHIIE,
IO CYMPOBOIKYETHCS 301TBIICHAAM aBianepeBe3eHb Ha 4-5%. Lleit mporec € HE3BOPOTHIM i BiIOYBa€eThCs K Ha
rnobanbHOMY, TaK i Ha JIOKaJIbHOMY piBHI. JlOCHiIkeHHS YMHHWKIB, SKi BH3HAYaIOTh PiBEHb E€KOJOTIYHOT
0e3neKku B OKOJIMIPIX aeporopTiB, MOKa3alW, IO aBialiliHWii ImyM Ta eMicis 3a0pyAHIOIUYUX PEYOBUH
aBiallifHUMU JBUTYHaMHM, €JEKTPOMArHITHI BUIPOMiHIOBaHHsS 3iMCHIOIOTh HaWOUMbLIMK BIUIMB Ha SKIiCTh
JOBKIJLIA.

Bigomum € i Te, mo cTtpaTtocdepHuil 030H € NPUPOAHIM (iAbTpoM, AKMH MOrJaMHAe ynabTpadioneToBe
BUIPOMIHIOBaHHSA COHLA. Y pe3yNbTaTi JIOACHKOT MisTbHOCTI B aTMoc(epy MOTPaIuIsloTh AesiKi CHONYKH, L0
PYHHYIOTH piBHOBAary Mik poLiecaMyl CTBOPEHHS i pyifHyBaHHS 030HY. Haii0inbr BaykKIMBUM i3 LMX CTIONYK €
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