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NUMERICAL RESEARCH OF INFLUENCE OF DURATION OF HEATING
OF THERMOCONVERTERS OF RESISTANCE ON THE MEASUREMENT ERROR
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Abstract: The numerical study of the integral characteristics of heat transfer process in three types RTD at
measurement high temperatures was done. As a result of numerical study the heat transfer model in the sensing
element of RTD was developed. These have been shown that measurement error depends inversely and
nonlinearly from heating duration of RTD. The theoretical dependences of relative error of RTD from time
required for heating sensitive element were determined.

Temmeparypa — (¢u3ndeckas BeJMYMHA, XaPAKTEPU3YIOUIAs TEPMOANHAMHUUCCKYIO CHCTEMY H
KOJIMYECTBCHHO BBIPAKAIOUIAas MOHATHE O pPAa3JIMYHON CTENEHH HAarpeToCTH TeJl, OAWH W3 Ba)KHEHIINX
KOHTPOJIUPYEMBIX MapaMeTPOB TEXHOJIOTMYECKHX MPOLECCOB BO MHOTHX OTPACisAX MPOMBILUICHHOCTH [1-4].
[Ipn n3mepeHnu TemmepaTypsl BaXHOW 3aqadeil siBiseTcsl oOeclieueHne TOYHOCTH M3MepeHus. [lorpenrHocts
M3MEPEHUsl OIPEEIsIeTCsl OOJIBIINM KOJMYECTBOM (PAKTOPOB, B TOM YHCIIE MTPOIOKUTEILHOCTBIO TIPOBEICHHS
u3Mmepenuii [1,2].

Heo6xonnmyro MpoaoKUTETFHOCTE BRIIIOJHEHUS U3MEPEHHUS B TIpeieax JOMyCKaeMON MOTPenIHOCTH
BO3MOJKHO ONPEAENIUTb IS KasKA0ro THIIAa TEPMOINIPeoOpa3oBaTells ¢ MOMOIIbIO MPOTHOCTHYECKOM Mojenu. Taxk,
OJTHUM M3 METOJIOB OICHKH IIOTPEIIHOCTH SIBJISICTCS YUCICHHOE MOJEIMPOBAHHE YYBCTHBTEIHLHOTO JIEMEHTA
TepMornpeodpazoBareis [ 1,2].

Llenpro HacTOAIIErO HCCIEIOBAHHS SIBJISCTCS ONpENCJICHUE BIMSHUS JUIMTEIBHOCTH HarpeBaHUs
YYBCTBUTEIBHOTO 3JIEMEHTA Ha MOTPEIIHOCTD N3MepeHuit uist pasnuaHbix Taos TIIC.

IIpu moOCTpoeHHMH MOJENM paccMaTpUBacTCs  3ajadya  TEIUIONPOBOJHOCTH  Adsd  00/IacTH,
HpPe/CTaBISIONIEH HEOIHOPOAHYIO CHCTEMY, BKIIIOUAIONIYI0 YYBCTBUTEIBHBIN 3JIEMEHT TepMOIpeoOpa3oBaTes
conpotusyieHus (TTIC), 3ammTHBINR yexon (MeTauindeckas 000JI04YKa) U 00IAaCTh MEXAY HUMH, 3aIO0NHAEMYIO

nopoikoM okcua amomunus Al,Os (puc.1).
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Puc. 1. Cxema obnacmu pewenus 3a0auu: 1 — uyecmeumenvuvlii snemenm, 2 — usonayuonnsiti nopouiox (Al,0z); 3 —
Memannuyeckas obonouxa (cmanv);, H — evicoma yuacmxa uyecmeumenvrozo snemenma TIIC no ocu Y, L — paouyc
yyecmeumenvroeo snemenma TIIC no ocu R


https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
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Hecranuonaphslii mponecc nepeHoca Teria B 4yBCTBUTENbHOM 2ieMenTe TTIC onuckiBaeTcs cucteMoit

muddepeHnnanbHbIX ypaBHeHUH [2]:

aT, o°T, 1 6T, 8%, .

C -0 —= = Z 1 2 217 1 0<r<ry, 2,<z<H; 1

P ot /11[ a2 v o o ) 1)
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TZie pi — INIOTHOCTh MaTepuana, Cj — yAeIbHasl TEIUIOEMKOCTh MaTepHana, A; — K03 GHUINEHT TEIUIONPOBOJHOCTH

MarepHaa.
Marematideckast MOZCIb BKIFOYACT CIEIYIOMINE TPAHUYHBIC YCIOBHS:

I'panuya «Yyecmeumenvhuiii snemenm — nopowok Al,Og» (r=ry 7=2;), T1(r1,2)=Ta(r1,z), T1(r,z2)=Ta(r,z5)

_ﬂiﬂ = _42% j(2o<z<H);
ar r=n aor r=n

_ﬂiﬂ = _ﬁzﬂ ; (0<r<r1);
oz 2=z, oz 7=2,

I'panuya «nopowox Al,O3 — 3awgummubiil uexony (Y=ry 2=1;), To(r2,2)= T3(r2,2), T2(r,z1)= T3(r,z1)

or r=r, or r=r,
ar. oT.
=2  =—A—=2 ;(0<r<r).
? oz 7=2, % oz ( 2

=1

Hdust peienust anddepeHIUaTbHbIX ypaBHEHHH B YaCTHBIX IPOM3BOAHBIX HCIIONB3YETCS METO]
KOHEYHBIX PAa3HOCTEH HAa OCHOBE YETHIPEXTOUCUHOW HESIBHOM pa3HOCTHOH cxeMbl. OOIacTh pelieHus 3aJadu
pa3bura Ha PaBHOMEPHYIO KOHEYHO-Pa3HOCTHYIO ceTKy 200%200 y370B ¢ miarom mo KOOpIAHHATAaM: h=2,5-10"
mwm, mmar no Bpemenu t = 0,001 ¢ [5].

[Ipu permeHNH 3a7auu TETUIOTPOBOAHOCTH TPHHATHI CICAYIOMINE TEIUIOPU3UIECKUE XapaKTCPUCTHKH
aneMeHTOB obnacTtu (puc. 1). Dmement Ne 1: mmatuna (4,=70 B1/( Mm-K); ;=134 JIx/(xr-K); p;=21500 Ko/
meas (14=390 Br/( M-K); ¢;=385 Ix/(xr'K); p1=8890 kr/m’); Hukens (4,=92 Br/( m-K); ¢,;=500 Jix/(xr-K);
p1=8900 kr/m). Dmement Ne 2: mopomok AlO; (1,=6,57 Br/( M-K); ¢,=850 Jix/(xr'K); p,=1520 xr/m’).
Anement Ne 3: cranb (13=47 Br/( m-K); c3=460 JIx/(xkr-K); p3=7800 kr/m°) [6,7].

HckoMble 3aBUCHUMOCTH, TOJy4deHHbIE s pexxuMoB padorel TIIC, B KOTOpBIX TeMIieparypa
nu3MmepsieMoii cpensl coctabisieT 350 K, 550 K, 750 K, qs TIIC tunos TCII (ruratuHoBEA U3), TCM (MeqHbIH
UD3), TCH (uukenessle YD) npuBeaeHs! Ha puc. 2.
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%04 ot "ot

Puc. 2. 3asucumocmu nocpewinocmu usmeperuli 0m epemeny HazpeeaHus vy8CmeumenbHo20 d1eMeHma: a — NaamuHosbll

TIIC; 6 — meonwiti TIIC; 6 — nHukeneswvini TIIC

W3 puc. 2 BuaHO, 4TO HamOONBIIAs MOTPEIIHOCTh HW3MEPCHHS NPH PABHOM BPEMEHH HArpeBaHU
MOJTy4YeHa ISl IVIATHHOBBIX TepMoIIpeoOpa3oBaTeseii, HauMeHbIIas — sl MEAHBIX TepMonpeOpaszoBareneif. [Ipu
3TOM, MOTPENIHOCTh U3MEPEHHSI C MOMONIBI0 IIATHHOBHIX TIIC mpeBhIIIaeT morpenHocTn N3MEPEHNST METHBIMHU
n HukemeBeiMu TIIC, B cpemmem, B 1,3-1,7 pasza. Takoe COOTHOIIECHHE OOBACHICTCS PA3TUIUIMHU
TEIIO(U3MYECKUX XapaKTEPUCTUK MaTepuaioB. M3 puc. 2 cienyer, 4To NOrpelHoCTh U3MEPEHUS TeMIIEPaTyPhI
¢ nomotpio TTIC MoxeT OBITh CHHXKEHA ITyTEM yBEIWYEHUs! JUTUTEIbHOCTH HarpeBaHusl.

[Tpu BHINONHEHWN YUCICHHOT'O UCCIIEIOBAHUS pa3padoTaHa MOJIENb TEIUIONEPEHOCa B YyBCTBUTEILHOM
3JIEMEHTE TEePMOINpPeoOp30BaTeNs CONPOTUBIICHHS. [loKa3aHO, YTO MOTPENIHOCTh HM3MEPEHHsT HAaXOAUTCS B
o0paTHOW HETMHEWHOW 3aBUCHMOCTH OT miuTenbHOocTH HarpeBaHus TIIC. OmpeneneHsl TeOpeTHYECKHE
3aBUCHMOCTH OTHOCHUTENbHOW morpemHocTd TIIC oT BpeMeHHM HarpeBaHHWs YyBCTBHTEIBHOTO 3JIEMEHTA.
Omnpeneneno, 4To Ui TOJIYYEHHs YAOBIETBOPUTENBHON morpemHoctn st miatuHoBbXx TIIC TpeGyetcs
Gonpliee BpeMsi HarpeBaHUs YyBCTBUTEILHOTO 3/eMeHTa (B cpenHeMm, B 1,5—1,7 pa3za). Pazpaborannas moznens
MOJKET OBITh HCIOJB30BaHA NPH IUIAHUPOBAHUU 3KCIIEPUMEHTOB, CBS3aHHBIX C M3MEPEHHEM TeMIIepaTyphl, a

TaKX€ B IPOMBIIIJICHHBIX U3MEPCHUAX.

Pabora Bemomaena B pamkax HUP Toczamamms «Hayka» Nel3.1339.2014/K (mmbp denepanbHOil 1eneBoil HaydHO-TEXHHYECKOM
nporpammsl 2.1410.2014).
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The calculation of the thermodynamic characteristics of the main substances mineral solid fuel using
model approximating dependencies whose coefficients are functions of temperature. The analysis of
approximations in a wide range of temperatures. The influence of the parameters of the model equations for the
approximation error of the thermodynamic functions. Presents a graphic interpretation of the tabulated and
calculated values of functions at given temperatures.

Beenenne.

Pemenne HacymHBIX MpoOIeM 3arps3HEHUs (IJIAKOBaHMA) MMOBEPXHOCTEH HarpeBa TOIOYHOHN YacTH
KOTEJIFHOTO 00OpYZOBAaHUS IpPU CXXWIAHUHM TBEPJIOTO TOIUIMBA, JOJDKHA OCHOBBIBATHCS TOJIBKO Ha 3HAHMAX
HNOIY4YEHHBIX MpPHU HCCIEJOBAHUU TEPMOJMHAMUYECKHX CBOWCTB MHUHEPAIBHOW YaCTH BXOAANIMX B COCTaB
pasnuuHblXx yruedl. [Ipm 3TOM [OIDKHA YUYMTHIBAThCS CIEAYIOIIash BakHas OCOOEHHOCTb, TEMIIEPaTypHI
IUIaBJICHWS HETOpIOYeH YacTH TBEPAbIX TOIUIMB O HACTOSIIEr0 BPEMEHH ONPEAETSIOTCS  TOJBKO
OKCHEPUMEHTAIBHEIM IIyTeM. MareMaTHdecKoe MpPOTHO3MPOBAHHE MOBEICHUS TaKUX MHOTOKOMIIOHEHTHBIX
CHCTEM KaK MHHEepaJibHas 4acTh yIJIeH CIIOKHAas 3a7jaya, TaK Kak OHa COCTOSAT U3 COBOKYIMHOCTH COCIUHEHHH, y
KOTOPBIX CBOM WHIMBHIyalbHble TepMOAWHaMuueckue cBoicrBa [l]. Jlanmas paborta Oasupyercst Ha
MaTeMaTHYeCKOM MOJIEIHPOBAHUN BSI3KMX HEC)KUMAeMbIX JKHJIKOCTeH Kak 0asa Uil MH)XKEHEPHOTO pacydeTa
TeMIepaTyp IUIaBICHHS U KPHCTAIIM3alMU. 3HAaHHE MOBEACHHME XMJIKOCTU IPU Pa3IUUYHBIX TEeMIeEpaTypax
CIOCOOCTBYET, /IS NMpUMepa W3 NapauleNIbHOM 001acTH NMPUMEHEHHS NAaHHOW paboTHI, OLEHKE U BBHIOOPY
PeXUMOB paboOTHl TEMJIOBOTO OOOPYIOBaHMUS, B YacTHOCTH peakTtopa, ADC. OmperneneHue CcBOMCTBa
HCTIONIB3YEMBIX MaTepHaliOB U COCAMHEHHH BO3HHKAeT IMpPH OleHKe aBapuilHocTu cutyarmu TBOJI anepHBIX
peakTopoB. HenocToBepHOCTH pacueToB MOXKET NMPHBECTH K HEMPABIIIBHOM OIICHKE COCTOSHHS SJIEMEHTOB
peaxkTopa M Kak CJIEJCTBHE HEaJeKBATHOMY NPHUHATHIO Mep. [lomyueHHBIE MPOTHO3MpPYEMbIE JaHHBIE B CBOIO
ouepens OymyT CcHOCOOCTBOBAaTH BBHIOOPY peXUMa pabOTHl PAa3IMYHBIX JHEPreTHYECKUX KOMIUIEKCOB,

KOTCJIBHOI'O 060py,HOBaHI/I$I U T.4., YIOBJICTBOPAIOLINEC TpC6OBaHI/I$IM HaJC)KHOCTH U JOJITOBEYHOCTH.

OnucaHue MPOrpaMMBbI ISt ONPeIesIeHHs TEPMOANHAMAYECKHX CBOMCTB
MHHEPAILHOM YACTH TBEPAOro TOIINBA.
JI1s mOCTPOEHUs aNMPOKCUMHUPYIOIIUX 3aBUCUMOCTEN TEPMOJANHAMHUYECKHX XaPAKTEPUCTUK OCHOBHBIX
Bemects Takux kak MgO, SiO,, NaO, TiO,AlL,0; Ca0O, Fe0; KO, CaCO; FeS, Na,SO,,

K,SOgucronb30Baiich CIpaBOYHbIEIAHHBIE CBOMCTB MHAMBUIYaJbHBIX BemiecTB [2-5]. Ilporpamma BeIBOAHT


mailto:shurad@tpu.ru

XXI MexgyHapoaHas Hay4Has koHdepeHums « COBPEMEHHBLIE TEXHUKA U TEXHONOT NW»
Cekums 1: YCTOMYMBAA SHEPTETUKA

TEPMOJMHAMUYECKIE XapaKTEPUCTUKH B 3aBUCHMOCTH OT TEMIIEPaTypPhl TaKKE KaK yIeJbHYI0 TeraoeMKkocTs Cp,
suTponuio S, sHTanbnu0 H, snepruto ['nb6ca G* . /Iy mocTrkeHus O0JBIIeH TOYHOCTH PACUCTOB CITPABOYHBIN
mrar T B 50 K pa3buBancs Ha Gosee y3Kkue quama3oHbl.

YpaBHeHHe Al pacueTa TePMOANHAMUYECKUX XapaKTepUCTUK coenuaerus (1).

a*In(T) - b= ().

a, b- sBusorcs xosddunmentamu ypaBHeHus (1) KOTOpbIE 3aBHCAT OT COCTHHCHHUS, HCKOMOM
XapaKTEePUCTUKU KOTOPBIE B CBOIO OUepe/b 3aBUCST OT TEMIIEpaTyphl. |- TeMIiepaTypa HCKoMoro coennHeHus K.
B Tabnune 1 npencraBineHsl k03()GHUINEHTH! ONPEACICHHs YIeIbHON TEII0EMKOCTH 11l KapOOHAT KajbLUs B

3aBUCHUMOCTHU OT TEMIICPATYPHOI'O AraIa3oHa.

Tabnuya 1
Kosgppuyuenmer yoenvroii mennoemxocmu ona CaCOs.
TemnepaTypHblil 1HANIA30H a b
290-1600 32,042 95,899
1600-1620 1,0015 17,662
1620-2000 1,00164 17,653

HaxoxkaeHue NOrpemIHOCTH NPU aANNPOKCMMAIMH YPaBHEHHIA.

PacueTHple BEIMYMHBIOTIIMYAIOTCS OT TAOJMYHBIX HA 3HAa4YeHHUE amnnpokcumanuu. [Ipm rpaduueckom
O0TOOpaX€HUM B Y3KOM TEeMIIEpaTypHOM JHAala30He STOOTIMYME MOXKET IMOKa3aThCd 3HAYUTEIbHBIM. AHAIIN3
MOTPENTHOCTUPACYETOB MO3BOJUT MOXHO CYJHUTh O TOCTOBEPHOCTH TOJIyYCHHBIX JaHHBIX.

AHaIM3MOTPEIIHOCTH OyAeTnpom3BeneH Ha ydactke (298,15-2200 K), maHHBIH TeMrepaTypHBIH
JIMana3oHsBISAETCS pab0OYMM JUI KOTEJIBHOM TEXHUKH M HEOOXOAWM JUIANPOBENCHUE IIEIUIOBBIX pPAcueTOB.
Pe3ynbTaThl OIIEHKH OTHOCHUTEIHHON MOTPELIHOCTH, Ha ABYX ITPOM3BOJIHO BHIOPAHHBIX YYAaCTKaX MPECTaBICHbI
B Tabnuue 2. [ToayueHHbIe pe3yabpTaThl, AJIsl HATJISHOCTH, IPEICTABIICHBI B rpadMueckoM BUjie puc 2.

Tabauya 2

Hoepewnocmo npu pacueme mennoemrxocmu 0t CaCOg.

Temmneparypa K. Cz;?gﬁi:?ﬂ Cﬁ)ﬁ;ﬁ;ﬁ?ﬁﬂ IMorpemuHocts, %
300 83,972 86,861 34
360 92,74 92,703 0,03
400 96,982 96,076 0,9
460 101,88 100,557 1,29
500 104,52 103,229 1,23
540 106,83 105,695 1,06
1300 133,55 133,84 0,2
1360 135,29 135,29 0,0007
1400 136,44 136,22 0,16
1460 138,16 137,56 0,43
1500 139,3 138,43 0,62
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Pucynok 2 — Pacxooicoenus noxkazamens yoenvroti mennoemxocmu 011CaCO;

a - 6 ouanasone 300-540 K, 6- ¢ ouanazone 1300-1500.

BoiBoa.
MCTOZ[ HAMMCHBIINX KBa}IpaTOB HUCIIOJIB30BaJICA B )IaHHOﬁ nporpaMMe HpI/I aHHpOKCI/IMaHI/II/I.
IIpoaHanu3upoBaB MOIYYEHHbIE AAHHBIE MOXKHO CHIENaTh BBIBOJA, YTO MPOrpaMMa CUUTAET C OTHOCUTENILHOM
MOrpeIHOCThI0 10 2 %. CrenoBarenbHO, JAHHBIHAITOPUTM JAJIs pacdeTa TEPMOJMHAMUYECKUX XapaKTEPUCTUK

MPIHepaJII:-HOfI YacCTU TBEPABIX TOIIJIMB MOYKHO HMCIIOJIB30BaTh B HaﬂbHeﬁIHHX pacyeTax.
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MOJEJIUPOBAHUE CUCTEMBI PET'YJIMPOBAHUSA HAINTPSAKEHUSA
HA OCHOBE HEUYETKOM JIOTUKH
Anncumon T. C.
Hayunsliit pyxoBogutens: [letyxos P. A., cT. npenogaBaTens
Cubupckuii henepanbHBI YHUBEPCHUTET,
Poccus, r. KpacHosipck, p. CBoGomHbIH, 79, 660041
E-mail: anisimovt1994@gmail.com

SIMULATION OF THE SYSTEM OF VOLTAGE REGULATION BASED ON FUZZY LOGIC
Anisimov T. S.
Scientific Supervisor: Senior Lecturer, Petukhov R. A.
Siberian Federal University, Russia, Krasnoyarsk, Svobodny pr., 660041
E-mail: anisimovt1994@gmail.com

In this article proposed a system of voltage control in distribution networks based on fuzzy logic.
Fuzzy regulator controls the operation of the power transformer tap changer and is responsible for connection
or disconnection of capacitor banks, depending on the voltage level of the consumer.

B HBIHE CYIIECTBYIOUINX pacIpeNeIUTEIFHBIX CEeTAX YacTo BCTAaET mpobieMa HECOOTBETCTBUS
KPUTEpHEB KayecTBa ODIEKTPUYECKOH OSHEpruu HopMam, KoTopble ycraHoBiensl ['OCT 32144-2013
«Onexrpuyeckas sHeprua. COBMECTHMOCTh TEXHHYECKHX CPEJCTB 3JeKTpoMarHuTHas. Hopmbl kauecTBa
ANIEKTPUUYECKOM DHEPTHU B CHCTEMax 3JEKTpOoCcHaOXeHus oblero HazHaueHus». Haubonee yacto norpedurenu
CTAJKHMBAIOTCSA C MNpoOJeMOW HHM3KOTO YpPOBHS  HAamlpsDKEHHs, 4YTO IPHUBOJUT K  YMCHBIICHHIO
MPOU3BOJUTENBHOCTH  UCIOJHUTEIBHBIX MEXaHU3MOB, CHUIKEHHIO CBETOBOTO IOTOKA OCBETHUTEJBHBIX
YCTaHOBOK, a B psA€ CIy4yacB BO3MOXXHO HapyLIEHHE TEXHOJOIMYECKOrO IpoLecca CO 3HAYUTENbHBIM
SKOHOMHYECKUM YIIEPOOM.

TpaguuuoHHBIE CIIOCOOBI TOIACPKAHUS HANPSDKEHHS B JOMYCTUMBIX —IIpeieiax MoapoOHO
paccmotpensl B pabote [1]. Hambomee pacmpocTpaHeHHBIM CHOCOOOM PETYIMPOBAHMSI HAMPSHKCHHUS Ha
pacrpeeuTeNbHBIX JTHHUAX, OTXOAAIINX OT IEHTpa MUTAHUS, ABISETCA NMPUMEHEHHE TPaHCPOPMATOPOB C
perynupoBanuem nox Harpyskoi (PITH). B pacnpeaenuTenbHBIX ceTsX HAOIIOHAETCs BBICOKOE MOTpelieHne
PEaKTHBHOM MOIIHOCTH, YTO €Il CHJIbHEE CHI)KAeT YPOBEHb YCTAHOBMBIIETOCS HANpsKeHHA. B aToM ciydae
perynupoBaHue HampsokeHust TpaHcpopmaropom ¢ PIIH wmoxer okaszatecs ManosddexTuBHbIM. Jlms
MOBEIIICHUS K03((HUIIIEHTa MOITHOCTH B PACHPEACIHUTENBHBIX CETSX MPUMEHSIOTCSA, KaK IpaBWIo, OaTapew
cratndaeckux KkoHneHcatopoB (BCK), koTopble MOMHMO KOMIICHCAIMM PEAKTUBHOW MOIIHOCTH ITO3BOJIIOT
MOBBICUTh YPOBEHb HAPSHKEHHS IIPU HU3KOM KOI(PPHUIIHEHTE MOIIHOCTH.

Jis perynupoBaHMSA HANpsDKEHHS OBUIO MPHUHATO pEIIeHHE O CO3JaHWM ajrOpUTMa Ha OCHOBE
HEUETKOW JIOTHMKH, KOTOPBIM OymeT oTBedaTh 3a ympasieHue yctpoiictBoMm PITH u mpuHmMMaTh pemieHne o
BkimoueHnn win ortkmoueHnn BCK. B ocHOBe airopuTMa HCIONB3yeTCs TEOpPHS HEYETKHX MHOXKECTB,
MPEUMYIIECTBa KOTOPOH, 110 CPAaBHEHHIO C JPYTMMHU CUCTEMaMH YIpaBleHuUs, JOKa3aHbl B padore [2].

JUis co3paHusl KOMIBIOTEPHON MOJIENU paclpe/eNUTEIbHOW CETH, PeryJupoBaHHE HAMpPSKEHHUS B
KOTOPOH OCYILIECTBISIETCA C MOMOILBI0 HEYETKOTO alrOpuUTMa, PEaM30BAaHHOIO B BHUJE MHUKPOKOHTPOIIEPA,
ObLTa BRIOpaHa NpHKiIaaHas oubaroreka SimPowerSystems makera Simulink B cocraBe cuctembr MatlLab, a s
CO3/JIaHUS HEYETKOTO ajlrOPUTMa PEryIMpPOBaHKs ObLI HCIIOJIB30BaH BCTpoeHHbI B MatLab maker Fuzzy Logic.

st paboThl KOHTpoOJUIEpa ObUT BHIOpaH HEYETKUHN alropuT™M MamaaHu, T.K. OH 0oJiee TIOHATEH IS
MPOTPAMMHPOBAHMSA, a TaKKe €My HE CTOJb BaXHa TOYHOCTh BBIBOJA, CKOJIBKO HAINIIOHOCTH BCEX

COCTaBJIAIOMINX aJIrTOpUTMa.
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BXOL[HLIMI/I NEPEMECHHBIMU JI1 KOHTPOJUICpA HAITIAAHO NPEACTABJICHBI IPEACTABJICHBI Ha PUC. 1.

| Hanpawenne I—

I L lonoseenne ornaiikd PLIH I_

—{ Yopasaenne PIIH ]

HevgrkHi
EOWTROILIED

—| Yupasnenne BCK |

I Kounsecrso BOK I—

Puc. 1. Bxoonvie u 8b1x00Hble OanHble KOHMPOIEPA

B kauecTBe BXOJHBIX JTaHHBIX UCIIOIB30BAINCH TPEYTObHBIC HEUETKHE (PYHKINHU TPUHAIC)KHOCTH:

® HanpspkeHue — 5 QyHKIWA (09eHb HI3KO0Ee, HIU3K0e, HOPMalTbHOE, BEICOKOE, OYCHB BBICOKOE);

o monokenne otmaiiku PITH - 5 ¢yaxmmit (04eHp HU3KOE, HHU3KOE, HOPMAIBHOE, BHICOKOE, OYCHb
BBICOKOE);

o xonmuecTBo BKitoueHHbIX BCK — 4 dynkuum (0, 1, 2, 3).

C BbIXOJ1a KOHTPOJUIEPa CHUMAJIHUCh TPEYToJbHbIe (PYHKINY TPUHAJIC)KHOCTH:

o ynpasnenue PITH — 3 ¢yHkuuu (BHU3, HE MEHSTH, BBEPX);

o ynpasiearne BCK — 3 ¢pyHKIM# (OTKII0YNTH, HE TTOAKITIOYATh, IIOAKITIOYHTS).

Beibop B mOmb3y TPEyronbHBIX (QYHKIMH TNPHUHAMICKHOCTH OOBICHACTCA  CTYNEHYAaThIM
perymupoBanueM. Ilocne BbiOOpa (QYHKIMH NMPUHAICKHOCTH ObUTa co3laHa 0asa w3 163 NMPORYyKIMOHHBIX
MpaBUJI VIS yNpaBiCHHUsS BBIXOJHBIMU IE€PEMEHHBIMH BelWYMHAMH. [IpaBmiia co3JaBasCh MO CIETYHOLIUM
MPUHITUIIAM:

® CCITM HANPSDKCHUE Y TOTPEOUTENS OYCHb HIU3KOE WM HU3KOE, TO mojioxkeHue ornaiku PITH gomkHO
nepeMeIaThcs BHU3 W/HIH T0/DKHA ObITh oxmoueHa BCK;

® ¢CIIM HaNpsDKEHHE y TOTpeOHTeNsi OYeHb BBICOKOE WJIM BBICOKOE, TO TosiokeHue oTmaiiku PITH
JIOJDKHO TIepeMeNIaThes BBEpX W/MIM T0JDKHA ObITh oTKiIroueHa bCK.

IMocne co3manms 6a3bl MpaBUII OBLIM TOJMYYEHBI TIOBEPXHOCTH OTKJIMKA MO aHAIN3Y KOTOPHIX MOKHO
c/lenaTh BBIBOJ, YTO KOHTPOJUIEP NPUHHUMAET ajiekBaTHoe pemienne o6 ynpasneHue PITH tpanchopmaropa. B
oOnacTi HM3KUX HampspkeHui (MeHsine 10 kB) mpuHnMmaercs pemenue o nepemenieHnn otnaiiku PITH BHU3,
YTO B JIAHHOW MOJIENIM MPUBEAET K YBEIMYEHHIO HANIPSHKEHHUIO Ha MIMHAX rotpedurens. U Haobopor, B ciiydae
MPEBBIIICHUS HAMPSKEHUS BBIIIE HOMHUHAJIBHOTO ANTOPUTM NPUHUMAET pPEIleHHE O NMEPEKNIIOYCHUH OTHaWKH
PITH B cTOpOHY NMOHMXEHHUS HAIIPSHKEHUS. AHAJIOTHYHAs TOBEPXHOCTh OTKIIMKA ObUIA TTOJTydeHa U JJIsl peLIeHUH
KOHTpoJulepa O BKJIO4YeHHH, b0 orkmodeHnn BCK. Ilpu cHMXEHHHM HampspKeHUS alrOpUTM IIPUHHMAeT
pemienue o Bkimodennn bCK u, Hao6opor.

Ha cnenyromem srame Obla co3paHa MOJIENb PACIpeEIUTENFHON CEeTH, COCTOSIAs M3 BHEIIHEH
sHeprocucTeMsl kiacca HanpspkeHus 110 kB, tpancopmaropa TAH 63000/110, 61oka akTHBHO-WHAYKTUBHON
Harpy3kd, 610koB BCK. Ynpoménnas cxema Moenu npencTaBieHa Ha puc. 2.

PerynupoBanmne HampspKEHHUSI OCYIIECTBIISIETCS IyTEM IOJadd Ha BXOJ KOHTpOJUIepa CIETyFONINX
JIAaHHBIX: HaMpsbkeHue y nmotpedutesns (depe3 6ok TH 10), momoxxenue otnaiiku PITH Tpanchopmaropa (depes
BBIBOJL M) M KomuuecTBe BKMoueHHBIX BCK (uepe3 cuérHeiii mexanusm). [locie mosrydeHWsl JaHHBIX
ocyuiecTBIsieTcsl MX (a3znduKanys, MPUHITHE PELICHU 0 Mepax M0 YJIyUIISHNIO HalpsDKeHUs y TOTpeOuTes,
HEe4yE€TKUH BBIBOJ, Jedaz3udukanus pereHus 1 rnojada ynpasisitomero curaana Ha PITH tpanchopmaropa nin

BeIKIIrouaTesib bCK.
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HanpmxeHite
| Kom-so BCK
| ITonosxeHye OTIIAIKH

CueTHBIOT MEeXaHIT=M

Puc. 2. Ynpowéunas moodens cucmemvl 31eKmpoCHAONICEHUS ¢ HEYEMKUM AN20PUMMOM PecyIUpOBaAHUs]
HanpsiceHus

Pemenne xoHTpoiiepa 06 m3meHennn otnaiiku PITH Beimaercs B Bume umcna ot -1 mo 1. B cioydae
ecyn 9ucio npesbimaeT 0.5, To mogaeTcs YIpaBISIONINN CHTHAT 0 HeOOXOANMOCTH TIEPEMEIICHHS OTIAiKH Ha |
MOJIOKEHHE BBEPX M HA00OpOT, ecnu 3HaueHue MeHsble -0.5, To ormaiika PITH nomkHa mepemectuThest Ha 1
TIOJIOKEHHE BHU3. B aHaJIOTMYHOM BHJE BBIIACTCS pelIeHHe KOHTpoiepa o noakiodeHnn/ otkiatouennd bCK.
Ecmu kxoHTposep BBIAA€T 4YMCIO, KoTopoe mpeBbimraer 0.5, TO mofaercs YIPaBIAIOMMNA CHTHAI O
HeoOxomumocTH moakaroueHud BCK u Hao0opoT, ecnu 3HadeHue mensie -0.5, To BCK orkimrouaetcst.

Takum oOpa3oM, co3maHHas MOJAETH MO3BOJSIET CHIENIATh CICIYIOIIHE BEIBOJ O TOM, YTO KOHTPOJLIED
MPUHUMAET aJIEKBATHBIE PELIEHUSI O MOBEACHUM HHEPrOCUCTEMBl HA U3MEHEHUE HAIPSDKEHUS NPU U3MEHEHUH
Harpy3ku, a TakXe IIOJIyYeHHAass CHCTEMa pEeryJUpOBaHHUs, OCHOBaHHAs Ha MPUHLMIIAX HEYETKOM JIOTHKH,
MO3BOJSIET TIOAJICPXKUBATH HANpPsDKEHHE HAa 3a)KUMax IMOTPEOUTENss B HOPMHPYEMBIX MpeleiiaX, HCIOIb3Ys
OJTHOBpEMEHHO Bo3MOXkHOCTH TpaHcdopmaropa ¢ PIIH un BCK mus peryiaupoBaHusi HampspKeHUST B CETH

AIEKTPOCHAOXKEHHS 00IIero Ha3HAYSHUSI.
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EXPERIMENTAL RESEARCH OF MUTUAL INFLUENCE OF SEVERAL
CONSECUTIVE WATER DROPLETS ON REGULARITIES
OF THEIR MOVEMENT THROUGH HIGH-TEMPERATURE GASES
Antonov D. V., Volkov R. S., Strizhak P.A.
Scientific Supervisor: Prof., Strizhak P.A.
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: dval4@tpu.ru

Annotation. Experimental research of main integral characteristic of several water droplets at their
movement through high-temperature gases (1100K) was carried out. Features of water droplets movement in a
high-temperature gas stream are established. Characteristics of droplets movement at a variation of their initial
parameters in a wide range was established with using high-speed video registration preservers «Phantomy» and
software packages «Tema Automotive» and «Phantom Camera Controly. The main integral characteristic of
several water droplets in the different distance between them were installed.

BBEIIeHl/Ie. B HacToAlIeC BpEMsI NCPCIICKTUBHBIMH SABJIAIOTCA HCECKOJIBKO BOIIPOCOB, CBA3AaHHBIX C
HCCIICAOBAHUCM IIPOLCCCOB ABHUIKCHHS KallCJlb BOAbI B obnactu BBICOKOTCMIICPATYPHBIX TI'd30BbIX CPCEI. Ot
BOIPOCHI aKTyaJIbHbI IJId TaKHUX C(I)Cp u 0Tpacnel71 TNPOMBIINUIICHHOCTH, KAK HallbUICHUC W MOKpACKa CJIOKHBIX
KOHCTPYKI.II/Iﬁ ra3onapoKarejIbHbIMA CMECAMU,; PA3MOPAKMBAHUEC CBIITYYHUX CPEA U CYIIKa MUIIEBBIX MMPOAYKTOB
ra3onapokancJbHbIMH IMOTOKaMH; TCPMHUUYCCKAsA WA OTHEBasg OYUCTKA BOJbI, 3MyHI;CHﬁ n CyCHeH3I/Iﬁ Ha €€
OCHOBE; IMOJIUANCIIEPCHOE TOXKAPOTYLUICHHE CIENHAIN3NPOBAHHBIMHE CMECSIMH U a’posomsamu [1, 2]. OgHako,
4acCTb U3 MEPCUUCICHHBIX HaHpaBHeHI/Iﬁ HE MOJJIYYWJIN JOJIXKHOI'O PAa3BUTHA U HIMPOKOTO paCpOCTpaHCHU. Bce
9TO CBA3aHO C€ OTCYTCTBHEM N0 HCAABHEIro0 BpPEMCHU IOAXOA0OB W MCETOAOB I HAOCTOBEPHBIX
OKCIICPUMCHTAJIbHBIX I/ICCJ'Ie,I[OBaHI/Iﬁ KOMILJIEKCa B3aMOCBsA3aHHBIX MPOTEKAOIIUX IIpOo1EeCCOB
TCIJIOMACCOIIEPEHOCA, (1)330BLIX HpeBpaH.[eHI/Iﬁ 1 XUMHUYECKOI'0 pearupoBaHud AJIs ra30apOKaIrieJIbHbIX CUCTEM.

Ha Cel"O,I[H?[H.IHI/Iﬁ JACHb C HUCIIOJIb30BAHUEM COBPCEMCHHBLIX IMAHOPAMHO-OINTUYECKUX METOHO0B,
KPOCCKOPPEIIALIMOHHBIX KOMIUIEKCOB, CHUCTEM BLICOKOCKOpOCTHOfI (I)OTO — MW BHIACOPETUCTpAllUHN MOXKHO
MOJyYUTh yYHUKAJIbHBIE HKCIEPUMEHTANbHBIE PE3yIbTaThl M PACIIUPUTH NMPEJICTaBICHHUS B 007acTH OOMBIIOI
TPYIIBI Ta30KUIKOCTHBIX crucTeMm [1-4].

Lenr HacTosmedr pabOThI — AIKCIEPUMEHTAJIbHOE WCCISAOBAHNE B3aWMHOTO BIUSHUS HECKOJIBKHX
MOCJACAOBATCIIbHO JBMXKYHIUXCS KaleJb BOAblI Ha 3aKOHOMEPHOCTH HX IMEPEMCUICHHA W HMHTCIpaJIbHBIC
XapaKTCPUCTHUKHU UCITApPCHUSA IMPU JABUKCHUU B ITOTOKE BHICOKOTEMIICPATYPHBIX I'a30B.

MeTonmca IKCIIEPUMEHTAJTbHBIX I/ICCJIeIIOBaHI/lﬁ. HpI/I MMpOBEACHUUN I/ICCJ'IC,HOBEIHI/II\/'I HUCIIOJIB30BAJICA
3KCH6pPIM€HTaJ'ILHLIfI CTCHJ, 110 OCHOBHBIM CBOHM J3JICMCHTaM aHAJIOTMYHBIH MNpUMEHACMOMY B pa60Te [3]
Cxema JaHHOTO CTEHJAa MpejacTaBieHa Ha puc. 1. B ormmume ot paboThl [3] CTEHA WCTONB30OBAICS IS
peructpanu ABMIKCHUSA HECKOJIBKUX ITOCIICIOBATCIIBHBIX Kall€jib BOJbI, IJII 4Y€TO OH 6]:.1)'[ CHa6)KeH pAaaoM

JIOTIOJTHUTEIbHBIX YCTPOUCTB.
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Puc. 1. Cxema sxcnepumenmanvhozo cmenoa: 1 — gvicokockopocmuvie udeokamepvi; 2 — ocgemumenvHule
npooicekmopul, 3 — nepconanvusiil komnviomep (IIK); 4 — emxocms ¢ 800ou; 5 — dosupyoujee ycmpoiicmeo, 6 —
MUKposecyl, 7 — mepmonapul;, 8 — momopusuposarusie koopounamuwie yempoucmea (MKY); 9 — 610k numanus
MKY; 10 — anromunuesas cmotika, 11 — ycmpoiicmeo nociedogamenvHou nodauu xaneav, 12 — yrosumens
Kanenv, 13 — yununop u3 Keapyesoeo cmexia, 14 — noavil yuruHop c zoproyel dcuokocmvio, 15 —
Haznemamenvhas cucmema; 16 — nynom exnouenus/omrniouenus HazHemamenbHol CUCHeMbl

CreHp mpencTaBisil co0Ol PEerHCTPallMOHHBINA KOMIUIEKC Ha 0a3e BBICOKOCKOPOCTHBIX BHaeokamep 1
«Phantom V411» u «Phantom Miro M310» (actora chemkn — 10 6-10° kaapos B cexyHzy). Js reHepariuu
UACHTUUYHBIX YT JIPYTy HOCIEI0BaTeIbHBIX Kaleilb BOJBI HCHOIb30BATIOCH CIIELUAIBHO CKOHCTPYHPOBAaHHOE
JUI 3THX LENed yCTpOMCTBO IOcienoBaTeIbHOW momaun kamenb 11. PaspaboTaHHOE ycTpoOHCTBO IO3BOISIIH
MOJTy4YaTh HadyaJlbHbIE 3HA4YEHUs CKOpocTeld JBMXeHus kKamenb okomo 0,2 wm/c. Pasmepsr (paamychr)
TeHEpUPYEMBIX Kalelb BapbUpOBAINCH B auamazoHe 1-2 mMM. [{ns ¢dopMmupoBaHUs BBICOKOTEMIIEpaTypHOM
ra30BOH CpeJbl MCIIONB30BAJICS BEPTHKAIBHBIN HMIMHAPUYECKUH KaHan 13 M3 KBapueBOro CTEKIa M ITOJIBIH
mnHAp 14, B MEXCTEHOYHOE IMPOCTPAHCTBO KOTOPOTO 3aJIMBAJIOCH JKHAKOE TOIUIMBO — KEPOCHH, KOTOPHI B
nocjuejcTBue 3axuraics. Temneparypa mpoJykToB cropanus Ty cocTasisna oxono 1100 K.

MeTtoanka SKCIIEpUMEHTOB 3aK/II0Yalach B OCYIIECTBICHUH MOJAYl IOCIIEAOBATEIbHBIX Kalelb BOABI
ycTpoiicTBoM 11 B BBICOKOTEMIIEpaTypHYIO ra3oByio cpeny. OZHOBPEMEHHO C 3THM BBIIOJHAJACH MPOLEeaypa
BUJICOPETHCTPAINN TIEPEMEIAIOIINXCS Karelb B BEICOKOTEMIIEpATypHOIl ra30BOH cpefe BBICOKOCKOPOCTHBIMHU
kamepamu 1 Ha pa3HBIX 1O BeICOTE ToUKax. [lanpHeiinas 00paboTka SKCIIepUMEHTAIBHBIX JTaHHBIX MPOBOINIIACH
C UCIIOJB30BaHMEM IPOrpaMMHOT0 KoMILIiekca «Tema Automotive» n «Phantom Camera Control».

PesyabraTrel. B Xxome maHHOro wuccienoBaHMs OBUIM  YCTAHOBJIGHBI OCOOEHHOCTH TIpoliecca
MOCJIEIOBATEIFHOTO JBIDKEHHSI Karedb BOJABI 4Yepe3 BBICOKOTEMIepaTypHbBIE Ta3bl. M3mepeHms ckopocteit
JIBIDKEHHSI JIBYX IOCJIEJIOBATENLHO WAYIIMX Karelb Mokaszanu (puc. 2a), 94TO OHU CYIIECTBEHHO HEIWHEHHO
M3MEHSIOTCS HE TOJBKO JUIA Karelb Pa3HbIX pa3MepoB Ry M ¢ pa3sHBIME HavalbHBIMHU 3HadeHusIMHU Uy. Bnepean
WTyIHe KaIUuTK JIOBOJILHO CYIIECTBEHHO BJIMSIFOT Ha CKOPOCTH IEPEMENICHUS TTOCIeyIomuX (11 HUX CKOPOCTH
3HAYMTEJBHO HIDKE, YeM JUIs Brepean uayuux). Takke ycTaHOBICHO (pHC. 26), 4TO YeM MEHblIe HayalbHOe
paccTosiHne MeX1y KammiMu Lg, Tem ycToifumBee peanmsyercst mporecc UX cOMMKeHHs (M IOCIeIyIOIIero
cnusHus). Peanusyercss MexaHu3M, 10 KOTOPOMY KaIljisl, ABMKYILASCS BTOPOi, JOTOHSIET IEPBYIO, U IPOUCXOIUT
ux xoarymanus. W3 puc. 26 BUIHO, YTO B IJIAMEHH MIPOIIECC CIMSIHUS IBYX Kaleslb BOABI MPOUCXOANUT OBICTpee,

4YeM B BO3IyXe, IPH MPOXOKACHUN paccTosHI L=1,2 m.
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5 U, w/e 144 Ly MM
1 — 1
12 A
4 —_2
4 10 -
3
g -
1 We=0,470
21 6
We=0,012
4 i
1
2 i
L.m
0+ . . ‘ \ ‘ . . . ‘ U g ‘ ‘ ‘ . ‘ LM
0 0.2 0.4 0.6 0.8 1 0 02 0.4 0.6 0.8 1 12
a 7]

Puc. 2. a — usmenenue cxopocmeii 08udiceHuss 08X Kaneib NPu OBUICEHUU 8 bICOKOMEMNEPAMYPHbIX 2a3aX npu
(1, 2 — nepsas u emopas xaniu); 6 — usmenenue paccmosinus Ly medcdy kanisamu om npotioeHH020 paccmosiHusl
L nocne npoxoscoenus 30muvt 6030yxa 1 u gvicokomemnepamypHuix 2azos 2

CkopocTu ucnapeHus Kaneib BOJbl B IOTOKE BEICOKOTEMIIEpaTyPHBIX Ta30B BBIIIE, UeM B Bo3ayxe. Ilpu
3TOM NIPOMUCXOAMUT 3HAUUTENIBHOE HCIapeHHe NMEepBOH KaIuld BOJBI [0 CPaBHEHHIO CO BTOpoil. B pesymbrare
3TOr0 UCTAapEeHUs Macca U CKOPOCTh ABWKEHMS MEPBOM KaIlId CHUXKaeTcs. Macca ke BTOpPOH KaIuld U3MeHseTCs
CYIIECTBEHHO MeHbIe. [lo3ToMy OHa pasroHsiercsi 3a cueT pabOThl MAacCOBBIX CHJI M JIOTOHSET MEPBYIO.
[Iponcxonut ciustHAE IBYX MOCIEAOBATEIFHBIX Kalelb BOJbI B TOTOKE BRICOKOTEMIIEPATYPHBIX TA30B.

[TpoBeneHHbIE SKCHEPUMEHTHI IMTOKA3aIM, YTO YE€M MEHBINE HAYaTbHOE PACCTOSIHHE MEXIY ABYMS
MOCJICIOBATENLHBIMI KAIUIIMHU, TE€M 3HAYUTENbHEE BO3PACTACT Pa3HHUIA MEXIY CKOPOCTAMH ATHUX Kalelb
(yckopsieTcst poliecc KoaryJisiiumn). ITa 3aKOHOMEPHOCTh 00OOCHOBBIBAET TUIIOTE3Y O JOMUHUPYIOUIEM BIHSTHUH
criepear HIyNINX Kalelb B BBICOKOTEMIIEPaTYpHOM Ta30BOM Cpeie Ha YCJIOBHSA M XapaKTEPUCTUKU Ipolecca
JIBIDKEHUS TTOCIIEAYIOIINX KaIlelb.

3akiaouenue. B pesynpraTe TNpOBEACHHBIX HCCIeNOoBaHMH Obula OOOCHOBAaHAa THIIOTE3a O
3HAYUTEIGHOM BIIMSIHWM BIIEPEAN HMIYIIMX Kaleldb BOJBI Ha YCIOBHS IepeMelleHus mnociexyrommx. Kaxmas
MOCJIeTyoIas Karulsl JABMXKETCS ObICTpee IO CPaBHEHHMIO C BIEpend MAYIUMH. J[aHHBIE 3aKOHOMEPHOCTH
CBHJICTENIECTBYIOT O 11€J€CO00PAa3HOCTH ydeTa OCHOBHBIX XapaKTEPHCTHK IBIDKCHHUS IIpU (HOPMYJINPOBAHUH
MaTeMaTHYECKUX BBIPAKEHUH JUIS TTOCTIEJ0BATENbHBIX KaeIh BOJIBI.

Pa6oma svinoanena npu gunancoeoti nooodepoicke epanma POOU (npoexm Ne 15-33-5008515).
CIIUCOK JIUTEPATYPbI:
1. Tepexo B.N., ITaxomoB M.A. TemnomaccomepeHOC ¥ THIPOAMHAMHKA B Ta3OKalelIbHBIX IOTOKaxX. —
HoBocubupcek.: Uzn-so HI'TVY, 2009. —284 c.
2. Anexanos 10.B., bmusuenioe M.B., BmacoB I0.A. Meroan wHccleoBaHHS  B3aMMOJIEHCTBUS
JICTIEPTUPOBAHHOM BoAKI ¢ TuiaMereM // [Tucema B dKT®. —2003. — T. 29. —Ne 6. —C. 1-6.
3. Bomkxos P.C., Kysunenos I'.B., Crpmxak [1.A. BiusHue HayaabHBIX MapaMeTpOB PACIbUICHHOW BOJIBI Ha
XapaKTEePUCTUKH €€ JIBUIKEHHs Yepe3 BCTPEUHBIN MOTOK BBICOKOTeMIIepaTypHbIx ra3oB // JKT®. —2014. — T. 84.
—No 7. -C. 15-23.
4. Tepexos B.U., Tepexos B.B., lllumkun H.E, bu K.U. DkcniepumeHTanbsHOe W YUCIEHHOE HCCIEIOBAHUS
HECTallMOHApHOTO MCHAapeHusl Kareb XKuAKocTH // HxenepHo-¢pusnyecknii xxypran, —2010. —T. 83. —Ne 5. —C.

829-836.
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METOJ MATEMATUYECKOI'O MOAEJIUPOBAHUSI BBICIIUX 'TAPMOHUK
B DJIEKTPUYECKUX CETSX 0,4 xB
Baranos I'.B., Axmermun A.P., Yepnosa H.B.
Hayunsrii pykoBomutens @enotoB A.U., mpodeccop, A.T.H.
Kaszanckuii rocy1apcTBEeHHbII 3HEPT€TUUECKUIT YHUBEPCUTET
Poccus, 1. Kazanp, yn.KpacHocensckas, 51, 420066
E-mail: ahmetshin.ar@mail.ru

METHODS OF MATHEMATICAL MODELING OF THE HIGHER HARMONICS
IN ELECTRICAL NETWORKS 0,4 KV
Vagapov G.V., Akhmetshin A.R., Chernova N.V.
Scientific Supervisor: Prof., Dr. Fedotov A.l.
Kazan State Power Engineering University
Russia, Kazan, St. Krasnoselskaya, 51, 420066
E-mail: ahmetshin.ar@mail.ru

Hszeecmuvlie 6 mexHuueckol —Jumepamype HpuemMbl pacuiemd —COCMABA  2APMOHUK 6  CUCHEeMAX
9NEeKMPOCHADIICEHU OCHOBAHbLI HA ANPUOPHOM NOJLONCEHUU, YMO COCMA8 2APMOHUK 6 MOKe KaHW 0020
npeobpazosamens He 3A6UCUIN OM COCMABA 2APMOHUK numaiowezo Hanpaxcenus [1]. Onu 66oosmces 6 cxemy
3amewjenus  3a0ar0WUMU  MOKAMU, NOJYYEHHbIMU 6 NPEONONONCEHUU CUHYCOUOATLHOU (POpMbL  KPUBOT

numarouieco HanpANCeHus. Huorce noxaszana owubounocms maxo2o nooxood.

PaCCMOTpI/IM CXEMYy, NPCACTABJICHHYIO Ha pUC. 1, C UCTOYHUKOM ¢€, HArpy’>XCHHbIM 4€pEC3 MUTAIOLLYTO

JUHUIO C MHIYKTHBHBIM U aKTHUBHBIM CONpOTHBICHUSAMH I§ , X§ Ha BEeHTWJIBHBIN mpeobOpazosarens VD c

aKTMBHO — HHIYKTHBHOW Harpyskoi Iy, Xy . OTcueT BpeMEHH Ha Ka)JOM HHTEpBaJe IPOU3BOIUM OT

HyneBoro 3HaueHnst DJ]C npu ee nepexozie U3 OTPUIATETHLHON 00IaCTH 3HAYSHUH B MOJIOKUTEIbHYIO. 3alHIIeM
muddepeHnnanbHple ypaBHEHHUS JUIS NPOM3BOJIBHO BBIJEJICHHOTO MHTEpBasa paboThl cxeMbl. Ha mHTepBaie

MEPEKIHOYCHUA BCHTHIICH Y HOPOUCXOAUT KOPOTKOC 3aMbIKaAHHC ueneﬁ NEPEMECHHOI'O TOKA U BBIHpSIMHTCHLHOfI

Harpy3ku 4yepes npeodpaszosarens VD.

Puc. 1. HpuHLﬂl}’lua]leCl}l cxema cucmemaoul 3ﬂ€Kmp0€Ha69fC€Hu}l

Hayany xoMMyTallud COOTBETCTBYeT YyciaoBue ot=0=o, koHuy kxommyrauuu —ly = | I | ,
U =ug =0, Befosa+yl].
HanpsmceHI/m Ha npeo6pa3OBaTeﬂe VD CTOPOHBI MNEPEMEHHOIO Ujf H BBIIPSMICHHOTO TOKa Ug

CBA3aHbI MEXKIY coboit CJICAYIOINMHU COOTHOLICHUAMHU
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Us =

{ud,ee[oc;a+n], 1)

—ud,e[(x+n;oc+2n1

Jnst cBsA3u (a3sHOrO TOKA if M TOKAa BBIIPSIMHTENBHOH HAarpy3ku iy Ha BCEM DPacCMaTPUBACMOM
MHTepBale [o; o+ 27| HCTOMB3YIOTCS BEIPRKEHHUS:

id+iyl'AKll iyj_:if—id,
AK;=K0-a)-K(®-a-7);
| MKa=KE- @) -KE-a=y) o

—ig +iy-AKy, i =it +ig,
AKy, =K(0@-o—-nm)-KO-a—-n—7).

3aech AKj — KoMMyTallMOHHBIE QYHKIIMH.

B cBoro ouepens, K(0—B) — eauHuuHble QYHKIHY, T.€.

0,0<p;

— . . . ; 3
10>; B=a,a+y,0+Ta+y+T 3)

K(B—B)={

Jlist KOMMYTaIMOHHBIX TOKOB Iy1 1 1o HMeeM:

(o) =i (o) —ig (o) = -2ig (o), iq(a+7)=0; @
iyo(o+m) =if (o +m)+ig(a+m)=2ig(a+m), ip(a+y+mn)=0.

YPaBHCHI/Ie OaiaHca HaHpH)KeHI/Iﬁ CO CTOPOHBI IICPEMEHHOT'O TOKA:

: dig
Us =€—-r¢ly — X5 —,
_ de ©)
. dld
Ug =Tglg +X4 d_e
O0wenunsis ypasHenus (1), (2) u (5), monyuaem
i B i Ak - xg 38 Ak
U =Igis +Xg — —Iyi —Xg —— -
t=Talt X o~ TabaAKs = Xg 5 AR
. diyz
- rdlyzAKZ — Xg d—eAKZ (6)

st nepexona oT qupepeHnnanbHOTo ypaBHeHHS (6) K ypaBHEHHIO OTHOCUTEIBHO FAPMOHUK TOKa U

HaIpsDKEHUSI UCTIONb3yeM JIoKasbHOoe TpeobOpasoBanne @ypwe (JIIIP), koTopoe Ha JOKaIFHOM OTpe3Ke MB

rpanunax [o; o+h] conocrasnser pynkuuu f(0) ee uzobpaxenue F(m, k) [2]:
. o+h .
Fmi =2 [ O 00, k=2 n_orrz @
o

Jnst paccmatpuBaeMoii cxembl h = 27, cienoBarensHO, K=N.
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[pumensis JIII® k ypaBHeHHo (8), B yCTaHOBHBIIEMCS PEKHME HMEEM:

U (K)= (g + 50k ) 00 + kg )1 0 =L s (o) -

_iyl((l) + i'YZ ((X +n+Y)e_jk(Y+n) - iYZ ((l+ TC)e_jkTC] (8)

B ypaBuernnu (8) npuHATO 0003HAUCHNE

A 1]ty k(0 o+THY _ik(O—
I k) == ({ i.; (0)e kO-cgg 4 | i, (0)e Jk(® °‘>de}

o+

IIprmennm JITID k ypasHeHuto (6):
E(k) = (1 + jhoxs) g (k) — (rg + jkxd)l.y(k)_%id (), ©)

rae I =r¢ +Ig, Xg = X§ +Xq.

AHanu3 ypaBHeHus (9) MOKa3bIBaeT, YTO B TapMOHHYECKOM COCTaBE TOKOB M HANPsIKEHUI
OTCYTCTBYIOT YeTHBIC TAPMOHHKH (00IIen3BECTHEIH (hakT). OMHAKO HOBBIM SBIIICTCS COUCTAHNE MCTOYHHUKA TOKA

1 UCTOYHUKA HAIPAIKCHHUSA, YTO ACMOHCTPUPYCT pACYCTHAA CXCMa 3aMCIICHUS, pPUC. 2.

o e B o by
4|:|_/YY_\—.._|:|_/YY\
)

Lo(k)
; v
C*) E(k) By = 4Xdid(0’~)<>
T

Puc. 2. Cxema 3amewenust snekmpuveckoti cemu 0ns K-oi eapmonuxu.

PacueTsr IMOKa3bIBaOT, YTO MPU IMOJUTapMOHUYCCKOM MHUTAOIMEM HAIPSXKCHUN JJIA IMMPABUJIBHOTO
ONPCACIICHNUA TapMOHHNYCCKOTO COCTaBa TOKOB HCKaXXarol[UX Harpy3okK HGO6XO}Z[I/IMO YUYUTHIBATH U3MCHCHUEC

3daKOHAa KOMMYTAallMu TOKOB.

CIIMCOK JIUMTEPATYPBI:

1. F'apmonukH B asekTpuueckux cucremax / Ilep. ¢ anrin. k. Appunara u ap. — M.: Dneproaromusaar, 1990. —
352c.

2. ®enoroB A.U., Kapumos P.P., ®enotos E.A., AGaymnazsaHo D.10. TeopeTnueckne OCHOBBI JUCKPETHOTO

MOJIETTUPOBAHUS JIEKTPOMAITMHHO-BEHTHIIBHBIX cucTeM. — Kazanb: M3a-Bo KI'DVY, 2003. — 118 c.
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MEPOIIPUATHS IO MOBBIINEHUIO HAJEXKHOCTU U DQHEPT O ®PEKTUBHOCTH
CETEBBIX KOMIIAHUM
busrro E.B., IlpuBanuxuna K.K.
Hayunslii pykoBogutens: onronon T.JI., noueHt
OBI'OY BIIO Kysbacckuii rocynapcTBeHHBIH TexHnIecknil yHuBepcuteT uM. T.D. 'opbaueBa
Poccus, . Kemeporo, yn.Becennssa-28 , 650000
E-mail: helen10101994@yandex.ru

MEASURES TO INCREASE THE RELIABILITY AND ENERGY EFFICIENCY
OF GRID COMPANY
Biyatto E.V., Privalihina K.K.
Scientific Supervisor: Dolgopol T.L., professor
Kuzbass State Technical University named after T. F. Gorbachev
Russia, Kemerovo, Spring str.-28, 650000
E-mail: helen10101994@yandex.ru

Annotation: Discusses measures to improve the reliability and energy efficiency of network
organizations, we consider a variant of the reconstruction of the substation with the replacement of old

equipment by new, and reconstruction of power lines.

JlocTnub CHIKEHHS YPOBHS PacXoOlOB CETEBBIX OpraHM3allMii BO3MOXKHO 3a CYET peasi3aluu
MEPOMPHUITUH, CHUKAIOIIUX NTOTEPH JIEKTPHUECKON IHEPTUH B INEKTPO0OOPYIOBAHUH MOACTAHIIUHI U B JIMHUIX
3JeKTporepeaay.

OpHOW W3 NPWYUH BBICOKHUX ITIOTEPh DJICKTPOSHEPTHH SBISACTCS BHICOKAs CTENCHb M3HOCA M HU3KHE
MOKa3aTe I YHeprodPPeKTUBHOCTH 00OPYIOBaHUS, a UMCHHO CHJIOBBIX TpaHC(OPMATOpOB, TPaHCHOPMATOPOB
COOCTBEHHBIX HYXK], KOMMYTAaIllHOHHOTO obopymoBanwus u JIOII.

B crathe paccMOTpeH BapHaHT PEKOHCTPYKIMHU OMHOW w3 moactaHimid ¢punmana «MPCK Cubupn» -
«Kysbaccanepro-POC» 110/35/10 kB. [lannas noacTanius Obuia BBEJCHA B dKCIUTyaTauuio B 1975 roay u ¢ tex
MOp He PeKOHCTpyupoBaiack. [Ipaktuyecku Bc€ 000py10BaHHE NOACTAHIMH (BU3UYECKA U MOPAIBHO YCTapeso.

CooTHOLIEHHE TIIOTEPh IJIEKTPOIHEPTMH B CHIIOBBIX TpaHchopMmaropax U TpaHchopMmaTopax
COOCTBEHHBIX HYX]I JO H IIOCIe PEKOHCTPYKIMH IpeacTaBieHo Ha puc.l. [lpm 3TOoM wuCmoOmp3yeMblid B
Hacrosee BpeMs TpaHcpopmarop Mapku TIATH mpenmaraercs 3amMeHHTh Ha TpanchopMaTop ¢ aMOp(HBIM
CEPICYHIKOM CO CHIDKCHHBIMH MIOTEPSIMHU XOJIOCTOTO XO/1a.

Kak crieqyer u3 puc. 1, motepu 3JIeKTPO3HEPTHH B «aMopdhHOM)» TpaHchopmarope B 2-2,5 pasa MEHbIIIE.

JoOuTbest emle OONBIIET0 CHW)KEHHS IOTEPh AJIEKTPOIHEPTMH BO3MOXKHO, 3aMEHHUB yCTapeBlIee
KOMMYTaIlMOHHOE 00OpyJIOBaHHEe Ha coBpeMeHHoe. Ha puc.2. MpeACTaBICHO COOTHOLIEHHE IOTEPh
QJICKTPOOHEPTUU TIPpU 3aMCHE MAaCJIAHBIX BBIKJIIOYATEJIEH Ha BAaKYYMHBIC JIsI BCEX KJIACCOB HAIIPSAKCHUA,
UCIIOJIb3YEMbIX Ha MOACTaHIMH. [Ipy 5TOM NMoTepy 371EKTPOIHEPTUU B KOMMYTAIIHOHHOM 3JIEKTPOOOOPYIOBAHUH

TaKXe yMeHbIatcs B 2,5-3 pasa.
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IOTEPH 33 s CHJIOBBIX

TPAHCDOPMATOPAX HOTEFH 33 »

TPAHCPOPMATOPAX
COBCTBEHHBIX HYI

1200

1150 /
yd

1100
10 /

1050 S—

Ve
950 - —
HCXOIHBIH IMPOEKTHEIH i i
HCXOTHBIH MPOEKTHBIH
BAPHAHT BAPHAHT BAPHAHT BAPHAHT
@AW, MBra/ron WAW, MBra/ron

Puc. 1. Coomnowenue nomepb 21ekmposnepeuul 8 UCXOOHOM U NPEONa2aemMom 8apuanmax.

PYVEH P¥CH
40000 ~ 30000
35000 25000
30000
25000 %
20000 15000
15000 10000
10000

5000 3000

0 — - 0
HCXOMHLIH NPOEKTHLIH HCXO[HBI1  IPOEKTHBIA
BAPHAHT BAPHAHT BAPHAHT BAPHAHT
u AW, KBTa/Ton o AW, KBra/ron

Puc.2. Coomnowenue nomepbs IJEeKMpOoIHepeUU 6 6blKII0UAMEINX 6 UCXOOHOM U npedflaeaeMOM eapuaxme.

Eme Gomee o¢dexkTBHON OymeT sABIATLCS 3aMeHa MACHAHBIX BBIKIIOYATENEll Ha  HOBBIM
KOMMYTAIIMOHHBIN armapaT, cOYeTaoIuii B cebe (QYHKIIMH BBIKIIOUYATENS W Pa3beANHUTENS — BBIKIIFOUATENb-
paswenuautens (BP) mapku LTB. IoTennuan sHeprocoepexeHus 3a cueT 3aMeHbl MACISIHBIX BBIKIIOYaTeNed 1
pasbequHUTENEN Ha TaHHBIH armapar mpeacTasieH B Tao. 1.

Tabnuya 1

HOWZ@HUMLUZ 3H€p20€6€p€9lC€Hu}l 3a cuem 3aMeHbl MACIAHbIX BbIKAIOYamenell u pasbeéuHume/zezl na BP

KomMyTannoHHbIe anmnapaTsl [oTpebieHue eKTPOIHEPrHH OkBuBasieHT BoIOpoca CO,
MBTty ToHHBI
MacisiHBIN BBIKITIOYATENb 1 1217 762
pa3beMHUTEITH
BP 120 75

Hcnonb3oBaHUE COBPEMEHHBIX NPOBOAOB Ul BO3AYIIHBIX JHHUN 3JIEKTpPONEpenad TaKKe sBISAETCS
OJTHUM W3 MEpOIPUATHH I10 TIOBBILICHUIO HAJIEKHOCTH M HSHEProdQeKTUBHOCTH CETEBBIX KOMIIAHHH.
Paccmorpum ncnonb3oBanue npoBoga Mapku ACCR, xoTopblii kpoMe Oomblieii NpOITyCKHONH CHOCOOHOCTH
obsiaiaeT Oosiee BBICOKOH NPOYHOCTHIO M YCTOHUYMBOCTBIO K TPOBHUCAHUIO, a TAKXKe MEHBIIEH Maccoil mo
CPaBHEHHIO C CYIIECTBYIOIIUMH aHAJIOTaMH MpOBOJOB. i cpaBHEHHs OBUIM B3ATHl aHAJOTHYHBIE I10
MPOIYCKHOW crmocobnocTn mpoBoma Mapok AC-400/64 u ACCR ceuenmem 150 mm?. Pacuerst oTeph

AJIEKTPOIHEPTHH B JIMHUAX 32 TOJ MIPOU3BOIMINCH TSI HEM3MEHHOM Harpy3KH, Pe3ylbTaThl IIOKa3aHb! Ha pHC.3.
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2500

2000
1500
1000 @AW, MBru'Tog

500

IMPOBOT MAPKH IMPOBOT MAPKH
AC ACCR

Puc.3. Cpasnenue nomepwv snexmposnepeuu 6 munusix ¢ nposodax AC u ACCR.

W3 cpaBHuTenpHOTO aHanu3a cienyer, yro npu npumeHennu nposoja ACCR Bmecro AC, mpu
AQHAJOTUYHON MPOITYCKHON CIOCOOHOCTH, HAOIIONAaI0TCs YBEINYEHHE TEXHUYECKUX MTOTEPh U 3aMEHA CUUTAETCs
Helenecoo0pa3Hoil ¢ ToUkK 3peHus dHeprodhGeKTUuBHOCTU. B TO ke BpeMs, UCIOIB30BAHUE JAHHOTO TIPOBOJIA
MOJIOKUTEIBHO CKA3bIBACTCS HA HAACKHOCTH JIeKTpocHaOkeHus. llenecooOpasHbiM OyAeT MpUMEHEHHE
npoBoga ACCR mpu pexonctpykuuu BJIOII i TOBBIMICHWS WX TPOMYCKHOM CHOCOOHOCTH, TIPH
HEOOXOMMOCTHU COXPAHEHUSI CYLIECTBYIOIIUX OMOP U rabapuToB.

PaccmoTpuMm Takske 3ameny ronbix npoogo Ha CUII. Ha puc.4 mpenctaBieHbl pe3ynbTaThl pacyeTa

YAETBHBIX MOTEPb 3IEKTPOIHEPTUN HA OJUH KM JINHHUHY, BBIIIOIHEHHOH roysIM poBogoM Mapku AC-50 u CUII-
2.

2000

193¢

1800
1850 & 5B

1800

1750 T
AC-50 CHIL-2

Puc.4. Cpasnenue nomepo snexmposnepeuu 6 aunusx 6 nposodax AC u CUII-2
Texauueckue notrepu B uauu ¢ CUII-2 BoIlie, BCIEICTBUE TOTO, YTO CONMPOTHUBIECHHE H30JUPOBAHHOTO
NPOBOJIa HEMHOrO OOJIbllle, YeM Y TroJOoro MpoBojaa. XOTS COKpallleHHe TEXHHYECKHX IOTEepPb, BCIIEICTBHE
npumerernss CUIT u He mpocnexuBaeTcs, HO IPUMEHSTh UX Eeco00pa3Ho U3-3a CYIICCTBEHHOTO CHIDKCHUS
KOMMEPYECKUX TOTEPb.
W3 Bcero BBIMIECKa3aHHOTO MOXHO CAENAaTh BBIBOJ O TOM, YTO JIMIIb TPOBOMAS KOMIUICKCHBIC
MEpOTIPHUSTHS, HATIPABICHHBIC KaK Ha CHUXKCHUE IMOTEPh JJCKTPOIHEPIHH, TAK U HA TOBBINICHHE HAICKHOCTH

CETEBbIX KOMIAHUH, OyAeT TOCTUTHYT HAWITYyUIIHi pe3ysIbTarT.

CITUCOK JINTEPATYPBI:

1. UsHoc oOopynoBaHHMS — CHCTEMHas IpoOjeMa BCei 3JIeKTPO’HEPreTHYEecKoil oTpaciy. [DIeKTpOHHBINH
pecypc].-Pexxum moctyna: http://market.elec.ru/nomer/36/iznos-oborudovaniya-sistemnaya-problema-vsej-elekt/
2. Komrmo3uTHbli IIPOBOJ, ACCR. [OnexTponHsIi pecypc].-Pesxxum Jocryna:
http://www.3m.com/3MContentRetrieval AP1/BlobServlet?Imd=1291095688000&locale=ru_RU&assetType=M
MM _Image&assetld=1273672433383&blobAttribute=ImageFile

3. TlpeumymiecTBa " HEJI0CTaTKU CUIL. [DnexTpoHHBII pecypc].-Pexxum JIOCTyTa!

http://www.likeproject.ru/article.php?cont=long&id=7
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COBEPIIEHCTBOBAHHMWE CUCTEMBI OCBEIINEHHUSA OT CBETOAUO/JHBIX UCTOYHUKOB

IIYTEM U3MEHEHUSI CITIOCOBA ITOAKJIIOYEHUSA UX IIUTAHUSA
Bynnaxos E.C.
Hayunsrit pykoBomutens: Cymapokosa JLII. k.T.H. qomieHT
Tomckuit mommTexHIYecKui yauBepcureT, 634041, Poccns, r. Tomck, nip. JIlernna, 30
E-mail: aczxcdacxcd@mail.ru

In this article seeks to examine the improvement of LED lights on the example of changing the
system to power the lamps. As a result of analysis the author shows that the change in the way power
LED lamps have a positive impact on the LEDs, saving material resources in maintenance and material
costs. The model the lighting system can be used in everyday life: offices, public spaces.

CBGTOIII/IO,Z[HLIG HUCTOYHHUKHU CBETAa OAHO M3 CAaMBIX IIE€PCIIEKTUBHBIX HaHpaBHeHI/Iﬁ pasBuTUA
CHUCTEM HNCKYCCTBEHHOT'O OCBEIICHUA. Ha CCI‘O,I[H}IH.IHI/II\/JI AC€HBb OTU CBETUWJIBHUKHU IMUPOKO UCIIOJIB3YIOTCA
KaK B IMPOU3BOJACTBE, TaK U B 6BITy. V HEX BIICHATIIAIOIHNEC XapAKTCPUCTHUKU: CBCTOOTAA4a oonee 120
.HM/BT, HOTpe6J’IHeMa§[ MOIIHOCTH MUHUMYM B 3 pa3a MCHbBIIC MOHIIHOCTH JIFOMUHCCHCHTHBIX JIAMII,
CpPOK ciyxObl, Haxonmammiics B mnpeaenax oT 50000 go 100000 dgacoB, B 3aBUCUMOCTH OT
MPOU3BOJUTENS CBETOJUOMHBIX JiaMmIl. [Ipu 3TOM pakTHuecKuidi Cpok CIy)KObl TAKMX CBETHJIHHUKOB HE
BCCrJa COOTBETCTBYCT 3asBJICHUAM HpOI/ISBOILI/ITeJIeﬁ U MOXCT PE3KO COKpATUTHCA H3-3a BbIXOJa U3
CTpOsI BCTPAMBAaEMOTO HMITYJbCHOTO OJIOKa MUTaHUSA. ITO «AXWIIECOBA IISITa» CBETOIUOIHBIX
CBeTHIIFHUKOB. CaMu cBeTOAHOABI MOTyT padoraTh 10 50000-100000 wacoB, HO OIOKH MATaHUSA — HET.
an.[e BCCI'0 MPOMU3BOAUTECIIN ACIAOT 3TU OJIOKM ITUTAHUA U3 Z[CTaJIeﬁ HC BBICOKOI'O Ka4eCTBa, KOTOPbLIC
O4YCHb YYBCTBUTCJIbHBI K pPa3JIMYHBIM HU3MCHCHHUAM HANPSIKCHUSA B CCTHU (HaHpI/IMep, KOJIEOaHUAM
HaHpSI)KeHI/IFI). HOZ[O6HLI€ HU3MCHCHHUA BBIBOIAT OJOKM NHTAaHUSA W3 CTpOA. 141 Korjaa, Harpumep, B
KBapTUpE NeperopacT CBETOAUOAHAA JIaMIla, JIFOIU BI)I6paCBIBaIOT Cé, JAyMmasd, 4TO Cropeia BCd JiaMIia. A
neperopacTt Julib 0JI0K MATaHWA, IIPU OTOM CaMa CBETOAMOJHAA MaTpuila OCTacTCsa B LEJIOCTHOCTH.
CToMMOCTE 0J10Ka COCTABIISIET TIOJIOBUHY CTOMMOCTHU CBECTUJIBHUKA, 4 UX HAACIKHOCTH OCTABJIACT KEJIATh
JIy4IIero.

Pemenuem ,IlaHHOﬁ HpO6J'IeMBI MOXET CTaTb HCIIOJIB30BAHUE OJHOI'O O6H.[€FO HCTOYHHKA

IINUTaHUsA, KaK Ooiee HaJIC)KHOTIO. 2T0 JAacT pAld NPCUMYIICCTB:

° JAHHBIA OJIOK MMATAHWS BBIICPKUBACT Ieperapl HarpsokeHus oT 160B mo 260B;

. BcTpamBaemas 3ammura oT K3 u nepeHanpsskeHui;

. CIOCOOHOCTh PETYNNUPOBATh OCBEUIEHHOCTH, +10% 0T BbIXoHOTO HanpspkeHus (48B);

. crocoOHOCTh porpammupoBats WIIb 1 yrpaBisTs UM C TOMOIIBI0 MHKPOKOHTPOJIJIEPA;

. Hu3Kas pabouas Temmeparypa kak camoro Omnoka (40-50°C), Tak ¥ CBETOAMOIHBIX CBETHJILHHKOB
(t<40°C);

. 0€3011acHOCTh B 9KCIUTyaTallii ¥ B 0OCIYKMBAaHUN CBETWILHUKOB, T.K. OHH OyJy padoTaTh MOCTOSHHO

oT HamnpsikeHus 48B;

° Harpyxast 610k nutanus 10 80-90% OT HOMHWHAIBFHOW MOIIHOCTH, TEM CaMBIM YBEIHYUBACTCS CPOK

CITy>kOBI HE TOJIBKO OJIOKa, HO M CAMHUX CBETWJIBHUKOB, YTO MO3BOJHT PEATEHO MPUOTU3UTHCA K CPOKY CIIYXKOBI

CaMHX CBETOIHOJIOB;
. JenieBu3Ha 0J0Ka MUTaHus, cTouMocTh coctasisiet: 2 000 — 3 000 p.

Hanpuwmep, ycranoBuB UIIb u MUKpOKOHTpOIIEp B MECTax, OOIIEro IOJIB30BAHUS MOXKHO
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3aIporpaMMHUpPOBaTh OJIOK MUTAHHS 110 YAaCOBOMY IOSCY, YTOOBI OH BKIIIOYAJI CUCTEMY OCBEIICHHMS IO 4acam,
JIHSM, BpeMeHaM Tojia, T.€. JIETOM OH OyzeT Bkiroyarscst B 20 yacoB, a 3uMoil B 16 yacoB. Tak ke ¢ IOMOIIbIO
Pa3MYHBIX JATIUKOB MOXKHO 3aITyCKAaTh CHCTEMY OCBEIICHHS OT M3MEHEHHS MOTOJbI, HAPUMEpP, OT JaTdhKa
CBeTa.

MoHTax  oreHKa (P PEKTUBHOCTH JAHHOW CHCTEMBI IPOBOJUTCS B CICIYIOIIEM ITOPSIKE:

IIpoBon, mis obecmeyeHHsS SIIEKTPOIHEPTHEH OCBETHUTENBEHOE O0OpYyOOBaHWE, OCTABISIEM TOT JKe.
[IutaHNe HECKOJILKUX CBETOAMOAHBIX CBETHJIHHHMKOB IPOM3BOIMM IYTEM YCTAaHOBKM Ha HHUX 0OOIIero OJioka
MUTaHKS ¢ OoJiee BHICOKMMH IMOKA3aTeNsIMU HAJEKHOCTH. BJIOK MuTaHUs BKIIOYaeM IOCIe0BaTeIbHO, BOIM3N
BBIKJIIOUATEIS.

IIpon3BoanTEeNN BBITYCKAIOT CBETOAMOABI Ha KOHBeHepax, Omaromapsi yemy, OJHHAKOBEIE C
BHUJy TOJYIIPOBOAHUKH OYIyT MMETh pa30poc B xapakrepucTukax 10 20%. OTo 03Ha4aeT, 4TO MPH NPOTEKAHUH
TOKa dYepe3 TOCIECAOBATENFHO COCAWHCHHBIC CBETOAHMONBI, HAIPHIMEpP B CBETOAMOMHOW JIEHTE, HEKOTOPHIE
MOJTYTIPOBOTHUKHM MOTYT BBITH U3 CTPOs. DTO yxkKe OyAeT BOmpoc BpeMeHH. UTOOBI 3TOTO HE AOMYCTHTH, Iepes
TeM, KaK 3alHMTaTh OT MMEIOIIErocss KaOessl CBETONMOAHBIA CBETWIIBHUK (KOTOPBIH yke Oe3 OJoka MUTaHHs),
MEXy IPOBOJKON U CaMUM CBETHJILHUKOM IOCJIEJOBATEIEHO YCTaHABINBAEM CONPOTHUBIICHHUE.

B MoMmeHT 3amycka CBETOJMOIHOTO OCBETUTEIBHOTO OOOPYHOBAaHUS TOK HMMEET OJHO
3HAa4YeHHE, a 3aTeM, KOIJa CBETHJIBHHK HpopaboTaeT HEKOTOPOE BpeMs, €ro TeMmIeparypa yBeIMIHBaeTcs,
COOTBETCTBCHHO M YBEIIMUUTCSI COTIPOTHBIICHHUE, a C HIM U TOK.

Bce momynpoBoIHUKH, a 0COOEHHO CBETOAMOMBI, OOSATCS TOKOB. DTO BCE CBA3AaHO C TEM, UTO
yACTbHOE COMPOTUBIICHUE IIONYIPOBOJAHUKOB 3aBHCHT OT TeMmepaTypbl. C IOBBIICHHEM TeMIEpaTyphl
COTIPOTHBIICHHE TOJYIPOBOAHAKA YMEHBIIACTCS W MOXKET BO3HUKHYTH JJABHHHBIN IPOIECC YBEIHUYCHUS TOKA,
MPOM30UAET IPOOOH, 1 CBETOIUO CTOPHT.

JloTOJIHUTENIFHOE CONPOTHBIIEHNE OY/IET CIYXKHUTh Kak 0aJUTaCTHOE CONPOTHUBIICHHUE JUIS CTAOWIIN3alNU
TOKA U TIO3BOJIUT:

. cIep>KUBaTh TOK, HE 1aBasi €My YBEIHIMBATHCS, T.K. MaJICHUE HANPsDKEHHE OyAeT pacTH;
. YMCHBIINTH BBIXOJHOE HAMNpPSDKCHHE OJIOKAa MHUTAHUS J0 HYKHOTO HANPSHDKEHUS I CBETOIMOIHOTO
CBeTHJIbHHKA. [laXke eclii ycTaBUTh Ha OJIOKe MUTaHUS MaKCHUMalbHOE BRIXOJQHOE HampspkeHue (48B + 10%), To
COTIPOTHBIICHHE BCE PAaBHO YMEHBIIUT HATIPSDKCHHE 10 HY>)KHOTO 3HAYCHUS.
BannacTHOe CONPOTHBIIEHHE PACCUUTHIBAEM HCTIONB3YS 3aKk0oH OMma:
R6s = (Umax - UcB)/I,Om

rae Umax — MakcUMalbHOC HAaIpsOKCHHE, BblAaBaeMoe OnokoMm mwmraHus: 48 + 10% = 48 + 4,8 =
52,8B; 48+10%=48+4,8= 52,8B; UcB — HOMHHaJIbHOE HANPSIKCHUE CBETOIAHMOJHOTO CBETWJIBHWKA; I — TOK,
MPOTEKAMIIHN Yepe3 CBeTOANOIHbIH cBeTWIbHUK; (Umax - UcB)— He00X0qMMOe TTaJICHUE HAMIPSDHKEHUSI.

Ectp eme oguH myTh yMEHbIIEHHs paOoded TeMmepaTypsl — 3TO NPAaBHWIBHBIN M J10OPOCOBECTHBIN
MOHTa@X paguaropa. Hampumep, MOKHO B3ATh CBETOAMOJHBIN CBETHJIBHHMK TUIA «ApMCTpOHI». PaguaTtopom
3nech OymeT CIyXHThb caM KOpIyC CBETWJIPHHMKA. YCTaHOBKA B HEM CBETOAHMOJNHBIX JIMHEEK Oyner
MIPOM3BOUTHCA CIEAYIOIIEM 00pa3oM:

1. HAHECTH Ha TOBEPXHOCTh CBETOANOTHON IMHEHKHN TEPMOIACTY, KOTOpas acT OOJBIINI OTBOJ TEIUIA OT
KOpITyca CBETUIBHHKA;

2. KpPCIUICHUC CBGTOHHOﬂHOﬁ JIMHEHKHU JAOJDKHO OCYHICCTBJIATHCSA B 5 MECTax, i 0oJlee IJIOTHOIO
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npujieranus.

Kak nokazana IpaKTUKa: 3 TouKH KpCIUICHUA — MaJIo.

Temmneparypa Ha KOpryce CBETHIBHHKA, KAK M Ha CaMHX CBETOAMOJHBIX JICHTaX He Oyner

nocturats u 40°C.

Bnaromapss coOmiogeHHsSAM BCEX STHX MEPONPUSATHH MOXHO TOOHTHCA OT CBETOTHOIHOTO

CBECTWJIbHUKAa MaKCUMaJIbHOTO CpOKa CJIy)K6LI.

B kauecTBe OlleHKH S(b(l)eKTI/IBHOCTI/I N HAJC)KHOCTH JaHHOTIO crocoba HOJKIUYCHHS CBCTOJHOAHBIX

HMCTOYHHKOB ObliIa IMpoBE€ACHA 3aMC€Ha CBECTUJIbHHUKA «ApMCTpOHF» (C JJFIOMUHCCUCHTHBIMU JIaMIIaMH THUIIa JIBO-4

X 18) ycraHOBIEHHOH MoIIHOCTBIO 72 KBT Ha CBETOAMOAHBIH CBETHIBHUK «APMCTPOHI» YCTaHOBJICHHOM

morHocThio 30 BT u Hampshkenwem mwrtanus 24 B ¢ ympasisembiM GiokoMm mutanust — HTS-200-24 mini

HAITAIK. B kadecTBe NpEeHMYILECTB CBETOOUOJHOW CHCTEMBI TaKOI'O MCIOJIHEHHS MOKHO OTMETUTh

CJICAYIOINEC TOCTONHCTBA:

>

PerynmpoBaHue OCBEIICHHOCTH C IOMOMIBIO MPOTPAMMHPYEMOTO TaiiMepa, KOTOPBIA IMOAKIIOYEH K
0JIOKY MUTaHUS;

Huskas paboyas Temmeparypa CBeTHILHUKOB;

besonacHOCTh B AKCIUTyaTal[id U B OOCITY)KUBAHUH, T. K. CBCTUIBHUKY MUTAIOTCS CTAOMITM3UPOBAHHBIM
MOCTOSIHHBIM HampspkeHHeM 24B;

Koadpoduument mBeromepenaun CBETOOHUOAHOTO CBeTwibHHKa Ra > 80. KomdoprHOoe mms
4eJI0BeueCKOoro rirasa 3HayeHue ot 80 - 100 Ra;

CpOoK CITy>KOBI CBETHIIPHUKOB YBEITHUUBACTCS 10 95% OT 3aaHHOTO 3HAYCHUSI.

CpaBHHTENBHBIN aHAJHM3 PACXOIOB 10 JaHHBIM BapHaHTaM IMOKa3al ciexyromee (Tadm.1):

Tabnuya 1

CpaGHMm@ﬂbelﬁ aHamu3z UcCnolb306aHusd JHIOMUHECYEHNIHbIX U C8eMOOUOOHBIX JIAMN  NOOKIIOYEHHbIX NO

npPeodnoNCeHHOU MeMOOUKe

JIroMuHECLEHTHBIN CBeTO MO HBII
Haumenosanue
«APMCTPOHT» «APMCTPOHT»
IMoTpebnenne SHGKTIE;;I/}IECCKOI/I 3Hepruu 3a 1 11 664, 0 kBr-u 3 628, 8kBT-u
Ormutata 3a 3JIEKTPUYECKYIO SHEPruIo 3a 1 rox: 22 045, Opyo®. 6 858, 4py0.
3arpaTbl Ha 3aMeHy JlaMn 3a | rox: 2 000 py6. 0 pyO.
3arpaTsl Ha oOciTy>KuBaHue 3a 1 rox: 25 000 py0. 0 pyO.

,HaHHaﬂ CHUCTEMA CBECTOANOHOTO OCBCIICHUS MOKET HIMPOKO IMMPUMEHATHCA BO B3PBIBOOIIACHBIX CPEAAX,

T7e HyXHa BBICOKAas HAJIEXKHOCTh, OecriepeOOWHOCTh M HH3Kasg pabouasi TeMmIeparypa OCBETHUTEIHLHOTO

000pyIOBaHHUS.
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YUCJEHHOE UCCIEJOBAHUE NHTEI PAJIBHBIX XAPAKTEPUCTUK ITPOLIECCA HAI'PEBAHUSA
YYBCTBUTEJIBHOI'O JIEMEHTA TUITAYHBIX TEPMOIIPEOBPA3OBATEJIEN COITPOTUBJIEHUS
BrrukoBa A.A., Abpamosa A.B.

Hayunsrit pykoBonutens: Atpomenko F0.K | accuctent
ToMckuii mommTexXHUUeCKui yHUBEepcuTeT, Poccwns, . Tomck, nip. Jlennna, 30, 634050
E-mail: b_alena_93@mail.ru

NUMERICAL RESEARCH OF INTEGRATED CHARACTERISTICS OF PROCESS
OF HEATING OF THE SENSITIVE ELEMENT OF TYPICAL RESISTANCE
THERMOCONVERTERS
Bychkova A.A., Abramova A.V.

Scientific Supervisor: Assistant cafes. ATP ENIN Atroshenko Yu.K.

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: b_alena_93@mail.ru

Numerical research of integrated characteristics of process of heating of the sensitive elements of resistance
thermoconverters like types Pt, Cu and Ni was executed. The theoretical dependences of sufficient duration of
heating of RTD on the taken temperature were received. It is shown that platinum RTD require less time of
heating for obtaining satisfactory accuracy of measurements.

TeMnepaTypa SABJIACTCA OAHHUM U3 Han60nee YaCTO M3MEPIACMBIX MapaMETPOB TEXHOJIOTHYCCKUX
MpoueCcCcCoB B MPOMBIIIJICHHOCTH. B GOHLHII/IHCTBG CUCTEM YIIPpaBJICHUA W KOHTPOJA I HU3IMEPCHUA
TEMIIepaTyphl UCTIOJIB3YIOTCS IPeoOpa3oBaTeIN TEMIIEPATYPhl — TEPMO3JICKTpUUeckue mpeodpasoparenu (TOII)
u tepmomerpsl compotuBieHus (TIIC). Yacto TemmepaTypa sBIsSeTcs HE TOJBKO IIOKa3aTeleM KauecTBa
MPOTCKAaHUA TCXHOJOIMICCKOIO IMponecca, HO U KPpUTCpHUEM 0€30MIacHOCTH. HO3TOMy JAOCTOBCPHOCTb U3MCPCHUS
TEMIIEPATYPBI ABISETCS BOKHEHIIEH XapaKTEpUCTUKON JaTYUKOB Temieparypsl [ 1-4].

Ha MOTPCIIHOCTD U3MCPEHUS TCMIICPATYPbl KOHTAKTHBIMU CPECACTBAMU U3MCEPCHUSA OKA3bIBACT BJIWAHUC
paa (I)aKTOpOB, B TOM 4YHUCIIC, NJIHUTCIBHOCTH BBIIIOJIHCHUSA HBMGpCHHﬁ. OL[GHI/ITL Tp€6y€My}O JJIUTCIBbHOCTD
BBITIOJTHEHUA H3MEPCHUA JIA PA3JIMYHBIX THUIIOB npeo6pa303aTeneI71 TEMIIEPATYPbl BO3MOXXHO C IOMOIIBIO
MPOrHOCTUYeCKON Monen [2,3].

Henpio HacTosmie paboThl sABISETCS pa3paboTka MPOTHOCTHUECKOH MOJENH TepMONpeoOpa3oBaTes
COIIPOTUBJICHUA IJId ONPCACIICHUS MHTCIPAJIBHBIX XapAKTECPUCTHUK (Z[J'II/ITGJ'ILHOCTL HarpeBaHus, TCMICPaTypHOC
none) nponecca TeIjIonepeHoca B YyBCTBUTCIBHOM DJICMCHTE TIIC.

OO6acTth peuieHus 3a4a4u ONpeaACTaBISICT HCOAHOPOAHYIO CHUCTEMY, COCTOAIIYIO W3 METAIIMYCCKOI'o
YYBCTBUTCJIBHOI'O 3JIECMCHTA (MGI[L, IJ1aTuHa UJIN HI/IKGJ‘IL), TMOPOIIKAa OKHMCHU AJIFOMUHUA U 3AIATHOTO YCXJIa (pI/IC.

1).

Z
Z3=H

4 i
S
| 2
|
i 3

I i
r Iy r3:R ?

1 TrT

Puc. 1. Cxema obracmu pewenus 3adauu: 1 — uyecmeumenvhwiii snemenm; 2 — nopoutok Al,Oz; 3 — sawummsiii uexon.

HecraunonapHslil nporiecc nepeHoca Teria ONHUCHIBAETCS CUCTeMON aAn(depeHINaIbHbIX YPaBHEHUH

TETIONIPOBOAHOCTH ISl Kaxmoro ciios (1) — (3) ¥ cCOOTBETCTBYIOIIMMHY IPAaHUIHBIMHU YCITIOBUSIMH:
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T, °T, 1 oT, o°T,).
oL 2 21 L1 0<r<n, z,<z<H; (D)
cl P1 ot ﬂi{arz roor a22 1 2
aT, °T, 1 aT, o%T,). .
Cpe - - ,12{&_2+FE+82_2 1 0<r<n, z<z<z,n<r<n,z,<z<H, 2)
aT. T, 1 aTy 0°T, ).
Gy ps- 3 /13[ 3, = ar3+?23}0<7‘<7‘3.0<Z<Z1,Tz<7”<7”3;21<Z<H- 3)

3
re p — IUIOTHOCTh, M/4; A — ko3¢ ¢uuueHT temonpooaHoctH, B1/(M'K); C — yaenbpHas TEmIOeMKOCTS,

JIx/(xrK); unnexcer: 1 — ayBctBuTenbHbIA dneMeHT TTIC, 2 — MOPOIIOK OKHCH alOMUHHMS, 3 — 3aIlUTHBIHA

9eXO0JI.
I'paHMYHBIE YCITOBHUS ISl TPAHUIB! «IyBCTBUTEIBHEIH d5IeMeHT — mopotiok Al,Og» (F=ry, 2=2,):
Ti(ryz)=Ta(ry,2) Ti(r,2,)= T,(r,z,)
S YLEL L (z2<z<H); YL R R (0<rery);
or |r_y, ol 07|, 0z |,,,
«IToporrok Al,O3 — 3amuTHBIN Yexom» (F=r,, Z=21):
Ta(ry2z)=Ts(ry2) Ty(r,z1)=Ts(r,z1)
- /12& = —/13% (21<z<H); 2,912 - _%% (O<r<r).
or |, o, 2o oz

=z =7

HavanbHble ¥ KpaeBbIe YCIOBHA: t=0; T =T,;

r=0; Z—T_O r=R; T=T,;

z2=0; T=T,; z=H,; a—T=0.
ot

MateMaTiueckoe MOJCIMPOBAHIE BBHIIIOJHEHO C YYE€TOM TEINIO(QH3HYECKUX XapaKTepHCTHK [5,6]:
yyBcTBuTenbHbd  dmement TIIC (tum Pt): 1,=70 Br/(Mm'K); C;=134 JIx/(xr'K); p;=21500 Kr/M;
ayBcTBHTENbHBIA omement TIIC (tunm  Cu): 4;,=390 Br/(m'K); C=385 JIx/(xkr'K); p;=8890 kr/m>;
ayBeTBuTenbHbLA smement TIIC (tum Ni): 1;=92 Br/(m-K); C;=500 [Ix/(xr-K); p;=8900 kr/m*; mopomok Al,Os:
4,=6,57 Bt/(Mm'K); C,=850 Ix/(xr'K); p,=1520 Kr/M%; MeTaMuecKuii yexon: Ay=47 Bt/(m'K); C3=460
Jx/(xr-K); p3=7800 Ko/,

Pemmenne 3agaum BHITIOTHEHO METOJOM KOHEYHBIX PAa3HOCTEH Ha OCHOBE YETBIPEXTOYCUHOW HESBHOW
pa3HOCTHOH cxembl. O0IacTh pemeHus 3agadu npeacraBiseT cetky 200x200 y310B ¢ maramu 2,5-102 Mm o
0CEBOH M pajinalibHO# KoopauHaTam, iar no Bpemenu t = 0,001 ¢ [7].

B kadecTBe IOKa3zaTelsi OKOHYAaHUs Mpoliecca HArpeBaHus BbIOpaH MOMEHT JIOCTHIKCHUS
YYBCTBUTEJBbHBIM 3JIEMEHTOM TEeMIIEpaTyphl, OTIIMYHOW OT TEMIIEpPaTypbl Ha TpaHHlle OOJACTH pPELICHHs Ha
BEJIMUMHY, HE IPEBBIIIAIONIYIO JOMYCKAeMYyI0 MOrpeiHocTh u3Mepenus. [ns miaaruHoBbix TIIC mpenpen
nomyckaeMoro otkioHeHus oT HCX cocrasmser (+ (0,6+0,008-| T, — 273])) K (kmacc nonmycka C); aist METHBIX
TIIC — (£ (0,5+0,0065-| T, — 273|)) K (xmacc nonycka B); mis aukenessix — (+ (0,3+0,008| T, — 273|)) K (knacc
nomycka C) [8].

[Honydennsie 3aBUCUMOCTH AJisl JuTenbHocT HarpeBanust TIIC no temnepatypsl B Auana3oHe oT 325

K 1o 475 K noka3ansl Ha puc. 2, a.
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a) 0)
Puc. 2. Pesynomamvi 4ucieneHHo20 UCCIe008AHUA: A — 3A6UCUMOCIb  OOCMAMOYHO20 8DEeMEHU  HASPeBaHuUs

yyecmeumenvrozo snemenma TIHC om usmepsemoi memnepamypel; 6 — Pacnpedenenue memnepamypul 8 4yeCmeumenbHom
anemenme TIIC (HCX 100Pt); 1 — TIIC muna Ni; 2 — TIIC muna Cu; 3 — TIIC muna Pt

W3 puc. 2, a BUAHO, YTO 3aBUCUMOCTh MEXIY BPEMEHEM HArpeBaHMS JUIA HCCIIEAYEMBIX TEPMOMETPOB
COIPOTHUBJICHHSI HOCUT HEJIMHEHHBIN XapaKTep W CTPEMUTCS K MOCTOSHHOMY 3HaYCHHUIO B 00JIAaCTH TeMIIepaTyp,
KOTOPBIM COOTBETCTBYET HEIOCTOSHHOE 3HAa4YCHHE JIONyCKAaeMOTO OTKJIOHEHHsS OT HOMHHAIBHON CTaTHMYeCKON
xapakrepuctuk. s mnatuHoBbiXx TIIC TpeOyeTcss MeHbllee BpeMs HarpeBaHHs, 4YeM JUIS MEAHBIX H
HHUKEJIEBBIX TEPMOMETPOB.

Ha pumc. 2,6 1moka3aHO pacmpesieneHue TeMIepaTypbl B YyBCTBHTEIBHOM  3JIEMEHTE
TEPMODBJICKTpUIecKoro mpeodpaszoBatens Tuma 100Pt mpu Harpese mo temmeparypsl 600 K mocie oxonyanus
nporecca HarpeBaHust. BUIHO, YTO B IepBOHAYAIbHBIM MOMEHT BPEMEHH IIPOUCXOIUT HHTEHCHBHOE HarpeBaHNue
3aIIMTHOTO YeXJIa 3a CUET MOAJCPKaHMs IIOCTOSHHOM TeMriepaTypsl Ha rpanunax Zz=0wu r =R (puc. 1).

B pabote naHO omnncaHue MOJIENIN TepMOIIpeoOpa3oBaTeieil COMPOTHUBIEHNUS, TO3BOJISIOMICH BRITOIHSIT
MPOTHOCTUYECKYIO OLIEHKY anuTenbHOocTH HarpeBaHus TIIC g mosydeHHs TpeOyeMbIX IOTPEUIHOCTEH.
ITomy4eHs! TeopeTHdecKue 3aBUCUMOCTH AIUTeIbHOCTH HarpeBanus TIIC ot u3mepsemoit TeMepaTypel.
Pabora BeimonHena B pamkax HUP Tocsamanus «Hayka» Nel3.1339.2014/K (mmdp denepaipHOil 1eneBoi
HAYYHO-TEXHUYECKOH nporpammsl 2.1410.2014).
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6. I'puropees U.C., MeiinuxoB E.3. ®usnueckue BennunHbl: CrpaBounuk. — M.: DHeproaromuszar, 1991. —
1232 c.
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BJUSIHUE YCJIOBUM TEIIJIOOBMEHA
HA XAPAKTEPUCTUKU 3AKUTAHUS YTOJbHOM NBLIN
Bepmmnanna K 1O.
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INFLUENCE OF HEAT TRANSFER CONDITIONS
ON IGNITION CHARACTERISTICS OF COAL DUST
Vershinina K.Yu.
Scientific Supervisor: Glushkov D.O., Candidate of Physico-mathematical Sciences
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: dmitriyog@tpu.ru

The experimental research was carried out to define ignition characteristics for brown coal dust particles
with sizes of 80 microns. The research was executed in conditions of conductive and convective methods of
energy supply. Ignition delay times were determined in the temperature range from 670 K to 870 K. The
experimental results can be used to develop predictive models of fire hazard for technological processes using
pulverized coal.

Hcnonp3oBaHnue yroipHOM NbLIM B KadecTBe TomiauBa Ha TOC i NpOM3BOACTBA 3JIEKTPUUECKOU U
TEIIOBOM OHEPrum CBsA3aHO C PUCKOM BO3HUKHOBCHHSA OYaroB HCPCTIIAMCHTHPOBAHHBIX BOSFOpaHI/Iﬁ 1 B3PLIBOB
[1, 2]. [Tpu cBOOGOAHOM AOCTYIE BO3IyXa U MOBBIIICHHBIX TEMIIEPAaTypax CO3AAIOTCS YCIOBHS AJST BOZMOKHOTO
BBINOJIHEHUA KpHUTepHeB 3axxuranus yroiabHoH mbutd. Ha TOC momoOHBIe yCIOBHS MOTYT BBIMONHATECS B
CUCTEMAaX TOIUIMBOIIOATOTOBKH, a TaKXE IMPHU KOHTAKTC YaCTHUI] yl"OJ'II:HOfI OblJIK C HEAOCTATOYHO
H30JIUPOBAHHBIMU HArp€TbIMU MOBCPXHOCTAMHU TCXHOJIOTMYCCKOTO o6opy11013aH1/1;1. B cBsa3u ¢ atum HHTEPEC
MpEACTABJIACT HCCIEA0OBAaHUC (I)I/I3I/IKO-XI/IMI/I‘IeCKI/IX MpOoLECCOB, IMPOTCKAOMIUX IPHU HArpe€BaHUMU 4YaCTHUIL
erJ’ILHOI\/'I IIbIJIM KOHBCKTUBHBIM (HOTOKOM pa3orperoro B03z[yxa) U KOHAYKTUBHBIM (HpI/I KOHTAaKTE C
pa3orpeToll MOBEPXHOCTHIO) CIIOCOOaMH.

L[CJ'IBIO pa60TBI ABJIACTCA JKCIICPUMEHTAJIBHOC HMCCICAOBAHUC XaPAKTCPUCTHUK 3aKUTI'aHUA erJ‘ILHOﬁ
MBUTM TIPH KOHIYKTUBHOM M KOHBEKTHBHOM HarpeBe. B xauecTBe 00beKTa HCCIIeZIOBaHUS BBIOpaH Oypblil yroib
TanoBckoro MmectTopoxaeHus. Pazmep gacTuil yriisi B MOMHIMCIIEPCHON cMecu oOpasiia He npeBbiman 80 MKM.

Ha puc. 1 mpuBemeHa cxema creHaa Nel, HUCMONB3yeMOro Ui peaau3aluyd KOHIYKTHBHOTO CIOco0a
HarpeBa. [Ipu mpoBeACHMHM OSKCIEPUMEHTOB OO0pa3lbl YroJbHOH TBIIM TOMENMATUCh Ha TOBEPXHOCTH
METAJNIMYECKON TIACTHHBI (CTaJ'IL) (pI/IC 2a), JJIs. HarpeBa KOTOpOﬁ HCIOJIb30BaJIaCh CUCTEMA MHAYKIIMOHHOTO
HarpeBa 1u? I[J'IH BOAAHOTI'O OXJIAKACHUSA CHUIJIOBBIX J3JICMCHTOB TI'€HEpATOpa U HHHyKHHOHHOﬁ KaTylIKH,
M3TOTOBJICHHOW M3 MEIHOM TPYOKH, ciayXuT wwuiep 3. M3MepeHue u nopneprkaHue 3aJlaHHOW TeMIIEpaTyphl
IMOBEPXHOCTHU CTaJbHON  TJIACTHHEI OCYIICCTBJIAJIOCH  IIPU  TTOMOIIH I/IH(l)paKpaCHOFO mapoMeTpa 4,
Buneodukcamust OBICTPOIIPOTEKAIOIINX IPOIECCOB B OKPECTHOCTH TIOBEPXHOCTH IIIACTHHBI B TEUYCHHE
WHAYKIIMOHHOTO TIEPUO/a OCYIIECTBIISUIACh BBICOKOCKOPOCTHOH Buaeokamepoit 5. CoxpaHeHuwe u oOpaboTka
BHUJICO3AIMICH TPH MOMOIIM CIENHAIM3HPOBAHHOTO mporpammuoro obecreuerust «Phantom Camera Control»
BBITIOJHAJIACHE HA IEPCOHAIBHOM KOMIIBIOTEPE 6. BpeM}I 3aJCPIKKN 3AKUTAHUA td OIMPECACIIAIOCH IO BUACO3AITNCHU

M OTCUHUTBIBAJIOCH 0 ITOABJICHUSA ITIJIAMCHU.
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|

Puc. 1. Cxema cmenoa Nel: 1 — eenepamop, 2 — uHOYKYUOHHbII Hacpesamens, 3 — uuiiep, 4 — uH@pakpacHwili

nupomemp, 5 — 8bICOKOCKOPOCMHAS guOeoKamepd,; 6 — nepcoHaIbHblll KOMNbIomep.

o

Puc. 2. 3asxcueanue yeonvhoti noiiu npu KOHOYKMUGHOM (a) U KOH8eKMuUsHoOM Hazpege (0)

a

21.]15[ HCCJICAOBaHNA MpoLecca 3aKUTaHUA yI‘OJ'II:HOﬁ NbUIN IIPU KOHBEKTUBHOM HArpeBE€ HCIIOJIL30BaJICA

crena Ne2 (puc. 3).

A -

Puc. 3. Cxema cmenoa Ne2: 1 — eenmunamop 6vicoko2o 0asnenus, 2 — 86030yxonazpesamens, 3 — KAHAI NOOAYU
npoepemozo 6030yxa; 4 — noabil CMEKIAHHBIL YUTUHOP, 5 — BbICOKOCKOpOCMHAA Gudeokamepd, 6 —
NePCOHANbHBIL KOMNblOmMep, 7 — NYIbM YAPAGIeHUs HASPeeamenbHol YCMAaHO8KOU, 8 — NYylbMm YNpAaGIeHUs
BbLIMANCHOU GeHmunAYuel, 9 — 8blMANCHASA GEHMUNAYUSL.

B Xxoje SKCliepUMEHTa BEHTHJISTOP BBICOKOTO JaBieHus 1 HarHetan BO3OyX C TeMIeparypoi
OKpYXKalolled cpelbl Ha BXOJ BO3JyXOoHarpemarens 2. 3aTeM HarpeTblii BO3MyX NPOXOMWJI Yepe3 KaHal 3 C
TEIJIOBOW HM30JISIIMENl W ToJaBajicss B TNOJNBIH CTEKISTHHBIA MWwMHIp 4, KyAa IOMEIIAINCh 00pasibl
uccienyemoro TormBa (puc. 26). Buneodukcanus OBICTPOIPOTEKAIONIMX IPOIECCOB BHYTPH LMIMHApa 4
OCYIIECTBIISUIACH BHICOKOCKOPOCTHOW BHaeokaMepoil 5. CoxpaHeHne M 0O0paboTKa BHIEO3AIHCH IIPH ITOMOIIH
CIICIMATM3UPOBAHHOTO  TIporpamMmHOro  obecreuenust «Phantom Camera Controly  BemonHsiace  Ha
nepcoHajsbHOM Komiblotepe 6. ITocne crabunuzanuy TemiiepaTypsl B KaHalle 3 YacTHIIBI YroJbHOW IbLIH

TIMOMCINAJINCH B IMOJOCTh CTCKIIAHHOIO HMUJIMHAPA 4. B MOMEHT BBOJa o6pa3ua B Ta30BBIA NMOTOK HAYMHAIIACh
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Buzieo(uKcanus rnpouecca. Bpemst 3anepixku 3akuranus ty onpenesnsiiocs o BUAE03arnucH U OTCYUTHIBAIIOCH JI0
MOSBIICHUS TUITAMEHH.

Pe3ynpTaThl SKCIIEPUMEHTOB MO 32)KUTAHHWIO YaCTHUI] IBUTH OypOro yris HMpEeACTaBICHBI pUC. 4 B BHIC
3aBHCUMOCTH BpPEMEH 3a[CPKKH 3a)KUTAHUs OT TEMIIEPATyphbl B YCIOBHSAX KOHAYKTHBHOTO M KOHBEKTHBHOTO
Harpesa B Anamna3one Temmepatyp ot 670 K mo 870 K.

0,67 11 C
0.5
0.4

(36}

0,3

0.2

1

0,1
0 Tp. K
650 700 750 800 850 900

Puc. 4. 3asucumocmu epemen 3a0epocku 3adxcueanus yacmuy 6ypoco yeis om memnepamypel niacmunsvt (1) u
6030yxa (2)

Bunso, 9TO 3a)kMraHue YacTHIl YIJIsl Ha TOBEPXHOCTH IUTACTHHBI (puc. 4, KpuBas 1) Xxapakrepusyercs
MaJlbIM HMHAYKIMOHHBIM IIEPHOJIOM — BOCIUIAMEHEHHE YacTHIl BO BCEM pAacCMAaTpUBAEMOM TEMIEPaTypHOM
Juana3zoHe MPOUCXOIUIIO 32 KOPOTKUN MPOMEXYTOK BpeMEHH, He npesbimatomui 0,04 c.

IIpn mHarpeBe mnoTokoM Bo3xyxa (puc. 4, kpuBas 2) Habmozancs Oojee AIMTENBHBIA mpolecce
BOCIIJITAMEHEHHsI YAaCTHUI] YTOJIBHOW MBUIM (110 CPaBHEHUIO C HArpeBOM Ha Tropsyell IIacTHHE), YTO OCOOCHHO
BBIDOXKCHO NpHU TeMIleparypax Bo3ayxa He Oonee 750 K. B atom ciyyae BpeMeHa 3a/iep»KKH 3a)KHIaHUs
npesbicuin 0,25 c.

OKCIIepUMEHTaJIbHbIE HCCIIEAOBAHMS MO3BOJIMIN YCTAaHOBUTH, YTO TNPOIECCHI TEINIOOOMEHA NMPOTEKAoT
Oosiee MHTEHCHBHO IIPU KOHIYKTHBHOM HarpeBe YacTHI] yrojbHOW mbelan. HecMotpst Ha 3To, 00a cnocoba
MO/IBO/IA TETIa MPUBENHN K ObICTPOMY BOCIUIaMeHeHuIo Jactul (1y He 6oxee 0,6 ¢ B quanma3oHe TeMmneparyp ot
670 K no 870 K). IlosyueHHbIe naHHBIE O BpEeMEHAaX 3aJCPKKH 3a)KUTAHUS YacTHIl Oyporo yris MOTYT OBITH
WCIIONIb30BaHbl IIPHM OLEHKE IOTEHIMAIBHONH OMAaCHOCTH Tpollecca HarpeBa YrojlbHOM MBbUIM B YCIOBHSX

PCaJIbHOTO TEXHOJIOTUYECKOI'O Ipo1ecca.

HccnenoBanue BBINOIHEHO TIpH (UHAHCOBO# nojaepxkke PODU B pamkax Hayunoro mpoekra Ne 14-03-

31304 mon_a.
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REGULATED ELECTRIC DRIVE
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Abstract. The results of theoretical asynchronies engine valve on the basis of voltage inverter implemented using
the power switches IGBT modules. In particular, given the calculation of losses in the power switches and provides a series of
recommendations to reduce them.

Ceromust  perynupyembiii  anektponpuBon (POID) mepemeHHOro Toka SBISIETCSl CaMbIM  HAJIOKHBIM U
HKOHOMHYECKH 1IEIECO00Pa3HbIM CIIOCOOOM TPeoOpa3oBaHusl MEKTPUUYECKON SHEPTUH B MeXaHW4ueckyro. [IpuMenenue
TEOPHH BEKTOPHOTO YNPABJICHUSI B CUJIOBOW MpeoOpa30BaTellbHON TEXHHKE CO3AeT MPEATIOCHUIKH UL pa3pabOTOK Kak
YaCTHYHO, TaK M TIOJHOCTBIO YIIPABIAEMBIX 3JIEKTPOMEXAHHUECKUX CHCTEM, (DYHKIMOHHMPYIOIIMX B COOTBEICTBHH C
3alaHHBIMH 3aKOHaMH. B mabopartopun BeHTWIBHBIX dnekrpudecknxk manma HU MIY mm HIL OrapeBa Bemytcs
HCCIIE/IOBAHMS HOBOTO TUITA KOHTAKTHOTO M OECKOHTAKTHOTO BEHTMIIBHOTO sBurarens (B/I) Ha Oaze MarmHbl 1BOHHOTO
TIMTaHWs, TIOJTYYMBIIETO HA3BAHHE «aCHHXPOHHU3UPOBAHHBIN BEHTWIIBHBIN BUratensy (AB/I), a Taroke a1eKTponprBoia Ha
ero ocHoge [1, 2].

ABJl smBnsercst aHaiorom pagurarens noctosHoro Toka (JI1T) HesaBHcHMOro BO3OYXAEHHS C YKECTKUMH
CKOPOCTHBIMH M MEXaHHYEeCKUMHU Xapaktepuctukamu [1, 2, 3]. JIaHHBIA THI 3MEKTPONPUBOAA TPEACTABISET COOOM
AJIeKTPOMAIIMHHO-BEHTIIFHBIN KOMITTEKC (pHC. 1), COCTOSIIINIA M3 aCMHXPOHHOTO ABHTates ¢ asHeM potopoM (AZIDP) n
JByX npeoOpazosareneit gactots (ITH). OdMoTKa craTopa — sikopb AB/I — ruraetcs ot [TUs, mHBepTOp TOKA (HANPSHKCHIS)
KOTOPOTO YIIpaBIseTcs 1o (ase HanpsDKeHHS (TOKa) SKOpsi, 0OMOTKA poTopa — 0OMOTKa BO3OYXKICHUS — TTOAKIIFOYCHA K

coOCTBEHHOMY TTpeoOpa3zoBaTeltro YacToThl [TUr ¢ HI3KoM (PHKCHPOBAHHO YacTOTOH B PEXKUME ITyCKA.

&,
4J]DP

ABJI

Puc. 1 @yuxkyuonanvnasn cxema AB/]

BaXHBIM BOIPOCOM TIpY peaym3aliiil 3Heprod(p(eKTHBHBIX 3aKOHOB yripaBicHus DIl sBisercs uX BIMSHUC Ha
sHepreTideckue Tokazatesm [TY. KomMyTaioHHbIe MOTEpH B CHJIOBBIX KJIFOYaX SIBISIFOTCS OJIHOM W3 OCHOBHBIX
cocTaBIBiroImx oonwx noteps B OI1. OcobeHHO aKTyabHO 3TO s MpuBoAa Ha ocHoBe ABJI, MOCKOIBKY MpHMEHEHHE
JByx [TU MOXeT CBeCTH Ha HEeT BCe YCUIIHSI TI0 peati3aly SHeprod(eKTHBHBIX 3aKOHOB yrpasiieHust. [loatomy cremyer

yuecth notepu B IGBT-Tpan3ucTopax, KoTOpble Yallie BCeTo MPUMEHSTFOTCS J1st ocTpoenwst [T4.

31


mailto:elsoldador@rambler.ru

XXI MexgyHapoaHas Hay4Has koHdepeHums « COBPEMEHHBLIE TEXHUKA U TEXHONOT NW»
Cekums 1: YCTOMYMBAA SHEPTETUKA

OripesieniM akTUBHBIE TIOTEPH B 3JIEMEHTax croBoi yactu [T4, rie B kayecTBe Harpy3ku BeiOpaH A/l ¢ dasHbM
poropom 4AK160M4Y3 monmocteto 14 xBT. Crpykrypa cunoBbix ITU nByx3BeHHast ¢ NPOMEXYTOYHBIM 3BEHOM

NOCTOSIHHOIO  TOKa. BXonHoe Hampsbkenue uHBepropa npumeM U, =537B, a MakcuMambHbli (asHbIl Tok
| =39,474.

Jl1s pacueTa noTepb aKTUBHOM MOIIHOCTH OT NMPOTEKaHHs MPsAMBIX TOKOB B TPaH3UCTOPaxX M JUOJAX UHBEPTOpa
HE00XOIMMO 3HAHUE CPEIHUX U JEHCTBYIOIIMX 3HAYEHUI STUX TOKOB [4].

IIpoctble pacueTHbIE COOTHOLUEHMS I CPEIHUX U JCHCTBYIOIMX 3HAYEHWIH TOKOB TPAaH3UCTOPOB M JHOJOB
uHBEpTOpa ¢ cuHyconpanbHo [IIMM MOXHO MOJTy4uTh, €CIM CHAENAaTh JOIMYLIEHHUE O IPENENe KPATHOCTH OTHOLLEHUS
4acTOT KOMMYyTariH (Jactotsl TakToB mpu LIIMIM) K BBIXOMHOH "acToTe MHBEpTOpa. Torma MMITYITBCH TOKa B BEHTHIIC
MOYKHO aIIpPOKCHMHPOBATh HENPEepbIBHON (DYHKIWMEH, paBHOM Ha KAKIOM TaKTe CPeJHEMY 3HAUCHWIO WCXOTHOU
HUMITYJTbCHOM (DYHKIIMM AHOJHOTO TOKA. PealbHbIC WMITYJIbCHI TOKA BCHTIUIA TIOABEP)KCHBI JTBOMHOM MOJYJISIAM:
AMIUTUTYTHOM M0 3aKOHY MOMYNSl CHHYCOMABI BBIXOIHOTO TOKAa HMHBEPTOpa M IIMPOTHO-UMITYJIBCHOM IO 3aKOHY
CHHYCOUJIATILHOIO MOAYIUPYIOILEro curuana, (opmupyromero cuycoupansHyto 1M B uaBeprope. Torna cpemsee
3HAUCHWE TOKA TPAH3MCTOPA 3a IEPHOJ BBIXOAHON YacTOTHl MHBEPTOPA MOXKHO IOJNYYHTh YCPEOHEHHMEM YKa3aHHOM
aNMpPOKCHMHPYFOIIEH HENPEPHIBHON (hYHKIMH TEKYIIMX CPEIHNX 3HAUCHUHN 110 TAKTaM TOKA BEHTHIIS:

1 2z

I; =5 9y 1l SIN LA G, @)
4 0

1 . t .
rae 3, = E[l+ M sin(ewt + (0)] = % — TeKyIIee 3Ha9CHHEe OTHOCHTEILHON JUTHTEILHOCTH NMITYJIhCA TOKA BEHTWIA (B
T
MHTEpBaJe TakTa |1 ); ¢ — (hasa BBIXOJHOIO TOKA HHBEPTOPA OTHOCHTENHHO MEPBOM TAPMOHHKH BBHIXOIHOTO HAMPSKEHHS
MHBepTOpa; M — TiIyOMHA IIMPOTHO-MMITYJIBCHON MOMYJISILINY, 33[aBacMasi OTHOLICHHEM aMIUTUTYABI MOJYJIMPYIOIIEro
CHTHAJIA K AMILTUTY/IE CAMMETPHYHOTO TPEYTOIBHOTO OMOPHONO CHIHANA; |1 .. — AMIUIUTY 8 CHHYCOMIIBI BEIXOIHOTO TOKA

U, 537
uHBepTopa. B Hamem ciiyqae M = O, = I ~ 35, rie U;— aMImmTy/e CHMMETPUYHOTO TPEYTOIBHOTO CHIHAJA.
t

[ocrne Beraucnenwst nuaTerpama (1) momyanm:

I, = o (9, M7 6| 23947 (1 357 05 ~ 170,54 )
2r 4 27 4

CpenHee 3HaueHHME TOKa OOpaTHBIX BEHTIUICH WHBEPTOpA OINpEAEIercs KaK pasHWIA CPEIHUX 3HAYeHHI

TIOJTyBOJIHBI BBIXOAHOTO TOKa MHBEPTOPA M TOKA TpaH3ucTopa (2):

| =i|max—|r='"*—M(l—mcowj=39’i(1—?’5—”o,95j=157,9/1 ©)
4 27 4

oz 27

Ha ocHoBe BbIpaykeHwsI (2) BEIMHCIACTCS JEHCTBYIOIIEE 3HAYCHHE TOKa TPAH3UCTOpa:

2z
= iJ.Sh,rlf.max sin? otd g = Jnex P-‘:-Z—MCOS(D _ 3047 ’1+2—M~0,95:76,1A
' 2ry L2 \N4 3z V2 N4 3z

B coorBercTBUM ¢ OTMEUYEHHBIM PacCMOTpEHMEM TOKa Auoa (3) JOIOJIHAIOLICIO B HYJICBBIC MAy3bl TOK

TPaH3UCTOPA A0 OJTYBOJIHbBI CHUHYCOU/IbI ﬂeﬁcmyfomee 3HA4YCHUEC TOKaA JUOJ1a 6yner OYCBHUIHO PABHO:

| L. [T 2M 30,47 [T 2M
|, = | me | gz = Ime 2 EM =’—j———-o,95=74,6A
A (2) = o\ 3 0T 2 N4 3x

JlelicTBytol1iee 3HaYEHHUE BXOIHOTO TOKA HHBEPTOPA [PY CUMMETPHYHBIX (a3ax HarpysKH:
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I wg\/ﬁ—Mz +4M? cos® o :39,47.§\/4—M2 +4M? cos’ ¢ = 67,84

BX.J] — Im

K03(1)(1)I/1[II/IGHT TapMOHUK BXOJHOIO0 TOKa HWHBEPTOpPA, onpe;lenmomnﬁ CTCIICHb 3arpy3Kky TOKaMM BBICHIMX

TapMOHUK KOHZICHCATOpa (l)I/IJ'II)Tpa B 3BCHC IOCTOSIHHOI'O HAIPSKEHUSA MHBEPTOPA, 6y,ueT paBCH:

2 2
| |

Bx. 1~ ' BX.CP ﬂ4— M? +4M? cos® @
Krrax = = 2 7 -1=0,7
[ \ﬁ 6M“ cos” ¢
DnexTpudecKre IOTEPH B CHIIOBBIX KiFodax TpexdasHoro ANH, BRITIOIHEHHOTO 10 MOCTOBOH CXeMe:
P, =6-R, @

rac PK — MOIITHOCTb IMOTEPb SHEPIMU B CUJIOBOM KITHOYE.

MOoIIIHOCTB TIOTEPH B CHIIOBOM KITIOYE HHBEPTOPA OMPEEIIACTCS CIEAYIOIINM BhIPaKEHUEM:
P = IT.H~Ugr+I;‘7 Ry (®)
[oncrapsist Beipaxkerue (5) B (4) momydarm:
Pn:6'(|T,g'Ugr+|;J'Rdif): 6)

e Uy — rpaHndHOe NajieHhe HanpshKeHKs IPH IPAMOM M 00paTHOM TOKaX; R — mnddepenimabHble CONpOTHBIEHHS MPH
HpsMOM 1 00paTHOM ToKax. 3HaueHue Uy 1 Ry OpeneNnsroTes 13 NactiOpTHEIX JaHHBIX Ha KOHKPETHBIH MOTyIIb ( B HallleM

ciyyae snavenne U, =1,88, Ry =0,0080 Om ). Iloncrasmsiem 3Hauerns B (6) nomyqmm :
P, =6-(I, , U, + I;ZZ ‘R, )=6-(76,1-1,8+74, 6° -0,0080) ~1089Bm

INosydeHHble 3HAYEHHST MOIIHOCTH TOTEPh B CHUIOBBIX KJIIOYaX HWHBEPTOPA COOTBETCTBYIOT PEKOMEHIALWSIM,
JIaHHBIM B [5]. CrienaibHbIi o00p CUIOBBIX Kirouel B [T4 o MUHIMYMY KOMMYTAITMOHHBIX TOTEPh HE OCYIIECTBISIICSL.

IIpoBenieHHbIEe HCCIIEOBAHMS TTO3BOJIIIOT JaTh P PEKOMEHIAIMN [T CHIDKEHNSI KOMMYTAIMOHHBIX TTOTEPh B
npeoOpa3oBaTelsIX YaCTOTHI B CUCTEME HJIEKTpOoIprBoIa Ha 6aze AB/I;

— 1o/100p KITFOUeH 110 OCHOBHBIM JIEKTPHYECKUM T1apaMeTpam,

— BBIOOp ONTHMAITBHOTO criocoba LM,

— IPUMEHEHHE CTICIMAIBHBIX SHEProa((heKTHBHBIX aJTOPUTMOB YTIPaBIICHHS, TPEIOKEHHBIX B CTaThe [6].
CIIMCOK JIMTEPATYPbI:
1. BoreurHNK M.M. Ynpapmsemas ManHa riepemMeHHoro Toka / M.M. boreuanuk, FO.I'. [akapsmH. — M.: Hayka, 1969. —
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6. TyraeB I'M. AHanm3 moTeph B NEKTPONPUBOJIE C ACHHXPOHU3MPOBAHHBIM BEHTHILHBIM fpuraternieM / .M. Tyraes,

E.H. besnkuna // HayuHo-texnuueckuii BecTHUK [ToBosDKbs. — 2015. — Ne 2. — C. 206-209.
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MHOBBIIEHUE SHEPT O3 ®P®EKTUBHOCTHU CUCTEM 3JIEKTPOCHABXEHUSA
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INCREASE THE ENERGY EFFICIENCY OF POWER SUPPLY SYSTEMS OF RURAL CONSUMERS
Vorobeva D.Y., Glushkova A.l.
Scientific Supervisor: Dolgopol T.L., docent
Kuzbass State Technical University, Russia, Kemerovo,Vesennyaya str.,28, 650000
E-mail: DashaV07@gmail.com
The quality of electricity is an important indicator of energy efficiency of power supply to consumers.
Deviation power quality causes additional losses of electricity during its transmission to population, this has a
negative impact on the quality of electric energy. The article presents measures to increase the energy efficiency

of power supply systems of rural consumers.

KauecTBO 31eKTpOIHEpPruM SIBISETCS BAXKHBIM AaCIEKTOM DHEProcOepekeHHs, TaK KakK OTKIOHCHHMS
nokasatesell kauectsa 3iekrposHepruu (ITKD) ot TpeOGoBaHMii HOPMATHUBHBIX TOKYMEHTOB MOTYT HPHBECTH K
3HAYUTENIBHOMY YBEJIMUYEHUIO IOTEPh JJIEKTPUUECKOU SJHEPIHUH.

HopmanpHoe (QYHKIMOHMPOBAHUE 3JICKTPOIIPUEMHHUKOB, HCIIONB3YeMbIX B OBITY M  pa3IMdHBIX
TEXHOJIOTHYECKUX MpoLeccax NPEeANpUsITHH, a TakKe pacXod 3JEKTPO3HEPTHMH BO MHOTOM 3aBHUCST OT
MoKazaTeael KadecTBa 3JIEKTPO’HEPrHU. B CBA3M C 3THM, OICHKA BIMSHUS KadecTBa 3JICKTPOIHEPTHH Ha
9HeprodGEeKTUBHOCTH CHCTEM 3JIEKTPOCHAOKEHHSI PA3IMIHBIX OOBEKTOB SBISIETCS BECbMa aKTyaIbHOM.

[Mpobnemamu cuctem snektpocHadxkenus (COC) B cenbCKOM MECTHOCTH SBISIOTCS: oOecreueHue
Oecriepe0OMHOTO  AJIEKTPOCHAOXKEHUsI ~ TOTpeduTened,  MOBBIIIEHHE  HHEProdh(eKTHBHOCTH  CHCTEM
3HeKTpOCHa67KeHI/IH, T.C. niep€aadya JJICKTPOOHEPTrUU KOHCUHBIM HOTpe6I/ITeJ'I$[M C MHHHUMAJIbHO BO3MO>XHBIMH
MOTEPSIMH.

OCHOBHBIMHU TIpeTrpajilaMy Ha IyTH HOBBIICHHS HAJIS)KHOCTH NIepeJadll NIEKTPUIECKOI SHEPTUH SIBIISETCS
HEpaBHOMEPHOCTh TpaUKOB HAarpy3kd B CEIbCKOH MECTHOCTM U Oonbllasi TNPOTSDKEHHOCTh JIMHHUNA
anekTporiepenad. J(OOMTHCS TOBBIMICHNS HAJEKHOCTH W SKOHOMHYHOCTH CHCTEM 3JEKTPOCHAOXKEHUsS B
CEJIbCKOM MECTHOCTH BO3MOXKHO, €CIIM OyAyT MPHUHATHI MEphl MO PEKOHCTPYKLIMHU 3JIEKTPHUECKUX CeTed |
MPOBEIECHBI MEPOIPHATHS [0 COKPALICHHIO NOTEPh MIEKTPOIHEPTHH TIPH ee repeaye.

B nmanHHO# pabore ObLIM MPOAHATU3UPOBAHBI OJHOJWHEHHBIE CXEMBI 3JIEKTPOCHAOKEHHS, JaHHBIE IO
o0BeMaM 3NEKTPONOTpeONeHUs, a TaKkKe TIoKa3aTenn KadecTBa oiekrtposHeprun (ITKD) mocenkor
Kemeposckoro paiioHa.

[TorpebuTenu B ceIbCKONH MECTHOCTH YacTO OOpAIaloTCs K rapaHTHPYIOMINM TTOCTaBIUKaM C jkanobamu
Ha HU3KUH ypOBEHb KauyecTBa JJICKTPOIHEPrHH. UTOOBI PEMINTh IaHHYIO NPOOJIEMY, CETEBBIM KOMIIAHHSM
HeoOxoxuMo pabotaTh Hajx obecrieueHneM Tpedyemoro ypoHs [IKD, koTtopsle, B CBOIO ouepenb, MPUBEAYT K
noBbImeHHI0 YHeprodgdextuBHOCTH CIC OBITOBBIX MOTpeOUTENEH.

OIIHOﬁ U3 OCHOBHBIX npo6neM B CCJIbCKHUX CETAX SABIIIOTCA 3HAYUTCIIbHBIC 3HAYCHHA MCIJICHHBIX
OTKJIOHEHUH HAIPSDKEHUS, CYIIECTBEHHO MPEBBIMIAIOIINE HOPMAaTHBHBIE TTOKa3aTesn. B cBs3M ¢ 3THM, B paboTe

MPOAHAIM3UPOBATN Pa3INYHBIE MEPONPHUATHA 10 CHIDKCHHIO ToTeps HampsbkeHns B COC  OBITOBBIX
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noTpeduTeNeH.

Eme omuum npoOnemubsiM IIKD s cucteM »neKTpocHaOKeHUSI OBITOBBIX IMOTPEOMTENeH SBISETCS
KOOQPHUINEHT HECHMMETPHUH W3-32 NPeoONafaromero KOJIW4ecTBa ONHO(MA3HBIX AIEKTPONPUEMHHUKOB U
CIIyJ4alfHOTO XapakTepa Harpy3KW, ake paBHOMEpHO pacmpeneneHHoi mo ¢azam. Pacuers KD mms COC
nocenka JXypasieB nmokaszanu, 4To K03()(GUINEHT HECHMMETPHH IO HYJIEBOH MOCIEIOBATEIbHOCTH MIPEBBIIIAET
HOpMY npakTudecku i 50% notpeduteneii.

Jns oOecriedeHUs] CENBCKUX IOTPEOHMTENEi SIEKTPUYECKON SHEpPrueil HaJulekallero KadectBa H
MOBBILIEHUS HEPTod()(EKTHBHOCTH CUCTEM 3JIEKTPOCHAOKEHUS OBLIM INPEJIOKEHBl W INPOM3BEJCHA OLCHKA
HECKOJIbKUX MEPOTPHSATHIH 1O TIOBBIIICHHUIO KaUYeCTBA AIEKTPOIHEPTUH.

B Hacrosmee BpeMs, 10CTATOYHO aKTUBHO MPOUCXOANUT PEKOHCTPYKIHS CEIbCKUX PACHIPEACIUTEIBHBIX
ceTell ¢ 3aMEHOH, paHee NMPUMEHSEMBIX, HEH3OJMPOBAHHBIX ANOMUHHEBHIX mpoBogoB Ha CUIL. Drto maer
BO3MO)KHOCTb CKOPPEKTHPOBATh CEUCHWS JHMHHUH, BBHIOpPAaTh pPAalMOHAIBHOE PETYIHMPOBOYHOE OTBETBIICHHUE
CHJIOBOTO TpaHC(HOPMATOpa, T.€. BBIOPATh MapaMeTphl JIEKTPUIECKON CETH afeKBaTHbIE ()aKTHIECKON HarpysKe,
4TOOBl HUBEJIMPOBATh MOTEPU HANPSIKEHHUS B JJIEKTPUYECKOW CeTH M 00ecneyuTh TpeOyeMbld CTaHAapTaMH
YPOBCHb HAIPSI)KCHUS.

KpOMe YBCIIMYCHU CEUYCHMI MAaruCTpajbHbBIX BO3IYIIHBIX JIMHUI B OcjioM HWJIKM Ha OTACIBbHBIX
y4dacTKax, MOXHO TIOBJMATH Ha OTKJIOHCHHA HAIPsIXKCHUA, COKpallas [JJIUHY muHui.  Kak HU3BCCTHO,
ONTHMaJbHAs JJWHA JIMHUM JIIeKTporepenad oOecrednBaeTcs INPH  Pa3sMEIIEHHH TpaHC()OpMaTOPHBIX
MOJCTAHIMH B IIEHTPE IIEKTPUUECKUX HArpy3okK. JlaHHOE MepomnpusTHe ObUIO PACCMOTPEHO HA PUMEPE CXEMBI
anekTpocHaOxeHus moc. JKypasneBo. IlepeHoc cymecTByromed moACTaHINM obecmeuna y Hanboinee
yIaJICHHBIX MTOTpeOnTENnel TpeOyeMble yPOBHH OTKIOHEHUSI HAIIPSKEHUSL.

HpI/I HCCUMMETPHUU HAI'PY3KU (1)33 HE TOJIBKO MOABJIAIOTCA JOIMOJHUTEIBHBIC IOTECPHU DJICKTPOIHEPTUU OT
YPaBHUTECJIIbHBIX TOKOB, HO HX TMPOTCKAHUE BbI3BIBACT TAKXKEC YBCIWYCHUE IIOTCPh HAIMPAXKCHUA. Kak
BBISICHWIOCH, NPOCTBIM MEPEPACIPCACTICHUEM HAIpy3KH I10 (ba3aM YaajadoCh CHU3UTH MAKCHUMAJIbHBIC IMOTECPU
HarpsbkeHust B 2 pa3a B COC mocesnka EjbikaeBo W BBIPOBHATH UX MO (azam. DdhHeKTHBHOCTh MPOBEACHHS

JAAHHOTO MCPONPUATUS NIPEACTABIICHA B Tabm. 1.

Tabauya 1
Iomepu nanpsiicenus npu nepepacnpeoesieHuu Hazpy3Ku no gasam
TTokazarens HepasHOMEpHOCTS AUp, % AUg, % AUc¢, %
MOMEHTOB HAarpy3Ku
Jlo cuMMeTpupoBaHHS 159,92 % 22,13 12,30 -3,06
ITocne cHMMETPUPOBAHUS 6,75 % 11,08 9,90 10,45

JleneHTpanu3anusi CUCTEM DIICKTPOCHA0KEHUS TIOTPEOHTENIEeH B CEINBCKON MECTHOCTH TaK)KEe MO3BOJISIET
MOBJIMATH KaK Ha IOKa3aTelld KauecTBa AJIEKTPOIHEPIUH, TaK U Ha ee moTepu. JJlaHHOe MepoIpHsITHE YCIOBHO
MOJKHO pa3/IeNTh Ha JBa BapUaHTa: BEIOOp onTUManbHOro KomdectBa TTI s muraHus 000COOIEHHBIX TPYIIT
noTpeOuTeNeH U HCIOB30BaHNE HHIUBHU Ty adbHBIX TII.

YBenuuenue konudectsa WUIT g paccMaTpuBaeMoro MHOXKECTBA TIOTPEOUTENICH TO3BOJISIET COKPATUTh
00IIyI0 TPOTSKEHHOCTh HU3KOBOJBTHOW paCHpEeNIUTENbHON CETH, PacCTOSHUE 10 Hamboliee YAaJIeHHOTO
MOTpeOuTENs U CHU3UTHh HArpy3Ky Ha ydacTkax ceTd. JlaHHble (DAKTOpPBI TO3BOJSIOT YMEHBIIUTH TOTEPH

HaIpsHKCHU.
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Eme opuuM wmeponpusitueM 1o nosbimieHuo KD sBiseTcs ycTaHOBKAa  BOJBTO/100aBOYHOTO
tpancdopmaropa (B/T), xoTopblii 00ecmeYMT AOMYCTUMBIH YPOBEHb OTKJIOHEHHUS HANpSDKEHUS B Yackl
MaKCHMyMa 3JICKTPONOTPEOICHUS y KOHEUHOTO NMOTpeduTeNns 6e3 N3MEHEHHS TapaMeTpOB PacIpeAeInTEIbHON
ceTu.

B Tabn. 2 mpuBeneHO CpaBHEHWE IISTH PA3IMYHBIX CIIOCOOOB COKPAIIECHHS MOTEPh HAMPSKCHUS AIL
cenbckol cetu n. bapanoBka KemepoBckoro paiiona. Peanuzanust KakIoro u3 3TUX MEPONPHUATHN MO3BOJISET
o0ecreynTh NpUeMIIEMbIi YPOBEHb OTKIOHEHHH HAIIPSHKEHUs Y MOTpeOuTeNeil B TaHHOW CETH, KPUTEPHEM HX
3G PEKTUBHOCTH SIBISIETCSI MUHUMYM IIPUBEACHHBIX 3aTpar.

Tabnuya 2
Ipusedennvie 3ampamvl NPU PEATUIAYUL PASTUYHBIX 8APUAHNO8
Meponpusmuil npu NOAHOU U YACTNUYHOU PEKOHCMPYKYUU

[IpuBencHHBIC 3aTPATHI
[IpuBeneHHBIC 3aTPATH IPH o
Mepomnpustue HOJTHOI PEKOHCTPYKLHH, PYG TIPA YaCTUIHOU
P Py - PYO- PEKOHCTPYKINH, pyO.
VBennueHne ceyeHni B UCXOTHOM CXeEME 486 774,61 130 484,94
VBenuuenue ceuenuit npu nepenoce KTII B 464 095,65 )
1I5H
Veennuenune xonmuectsa KTII go 3-x 560 523,93 280 668,54
Wcnonb3oBanue naauBuayanbaeix KTTI 1485 884,03 -
HcnonszoBanue BT 996 089,96 607 392,06

CornacHO pacCYMTaHHBIM 3HAU€HMSAM, NPH TOJHON PEKOHCTPYKIMM CETH Haubojee IeIeco00pa3HbIM
sBisietcst yBenuuenue ceuenuit JIDQII mpu pacmonoxkennu KTII B 1IDH, Haunbosiee TOPOrOCTOSIIMM SIBISETCS
BapHaHT ucrob3oBanust HHAUBUyTbHBIX KTTL. ITo naHHbIM Tabi1. 2 BUAHO, YTO BAPUAHTHI C YBEJTMYCHHEM YHCIIA
KTIT u npumenennem BJIT ummeror Oosnbinue 3atparsl BenenctBue aoporoBusubl KTII u tpanchopmaTtopos,
YMEHBIICHHE 3aTpaT Ha MPOBOJA, OMNOpPHl WM IOTEPH DJIEKTPOIHEPTUM HE KOMIIEHCHPYET YBEIUYEHHE
¢unancoBeix BrnokeHmit Ha KTII (BAT). Ilpm 9acTHYHOW PEKOHCTPYKIIMM WCXOMHOW CETH HAMMEHBIIHE
MIPUBEJCHHBIE 3aTPaThl UMEET BapUaHT C yBeJndeHueM ceuenuit JIOIL.

Hns noctikenus Tpedyemoro KO HeoOXoquMO NPUMEHATH KOMILIEKC MEPOIIPUSTHH IO YBETHYECHHIO
sreroaddextuBroctd COC cenbckux mnoTpeOuteneii. Tak MOMHUMO CHIDKCHHS MOTEPh HANPSOIKCHHUS B CETH,
HEOOXO/JMMO BBINOJIHATh CHMMETPUPOBAHHE HArpy3Kkd, a TaKKe BBIOMPaTh ONTHMAJbHOE IOJIOXKEHHE
PEryJIUPOBOYHBIX OTBETBICHHHA B CHJIOBOM TpaHchopmarope. B HpoTHBHOM ciydae, MepONpHUATHS OymyT

Ma03(peKTHBHEL
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Abstract. Low-temperature vortex combustion technology was researched. FIRE-3D software package was used
for combustion simulation in P-49 boiler of Nazarovo power plant with excess air ratio a=1,072 and fuel rate
Bp=39,444 kg/s. Aerodynamics, oxygen concentration and temperature fields were calculated and represented
in graphical form. Obtained results show necessity of follow up research of combustion technology.

HuskoremmneparypHoe BuxpeBoe cxwuranue (HTB-cxuranue) obmamaeT psSaoM NPEHMYINECTB Mepen
OOBIYHBIMH TEXHOJIOTHSIMU CXKUTAHHSI TBEPAOTO TOIIMBA, OJHAKO SIBISETCS BCE €Il MaJOU3y4YeHHOU
texHonoruei. HTB TexHonorus obnanaer cienylomMMH MPEUMYILECTBAMH: CTaOMIM3alisd BOCIUIAMEHEHHUS U
TOpeHHs, MOBBIIICHUS KOd((uuMeHTa TermIoBod 3()(EKTHBHOCTH, CHIDKCHHE NUIAKOBAaHMS M 3arps3HEHHs
pabounx MOBEPXHOCTEH HATPeBa, CHIDKCHHE BRIOPOCOB OKCHIOB a30Ta U CEPHL.

Ha cerognsmmanii neHb uccienoBaHus B cepe MOBHIMICHUS 3(P(PEKTHBHOCTH TAKOTO IHEPTETHUECKOTO
000pyIOBaHUS KaK DJHEPreTHYCCKUX KOTIOB, IMApPOreHEpaTopoB, TYpOMH W T.O. MpHOOpeTH OOJIBIIYIO
3HAYHMOCTh B BHUAY CTPEMJICHHS K SKOHOMHYIHOCTH W 3(dekTuBHOCTH paboThl obopynoBanus.lMccienoBanue
texHosnoruu HTB-cxxuranus He UCKITIOYEHUE.

OCHOBHOW II€TIBI0 JTAaHHOH paboThl ABIAETCA: HCCIEIOBAaHHME adpPOAMHAMHUKH M TEIIOMaccooOMeHa B
HTB-tonke. 3a ocHOBY AJIs HacTosmero ucciaeaoanus B3at koten I1-49 ¢ HTB-ronkoitHa3zaposckoit 'POC. B
KadecTBe TOIUIMBA HCIOJIb3yeTcst OyphIi yroas Ha3apoBCKOTO MECTOPOXKICHHUS.

OCHOBHBIMU 33/1a4aMH SIBIISIOTCS CO3AaHHE MAaTEMaTHYSCKONW MOJEIH HCCIeTyeMOro KOTa, aJanTaius
WCXOJIHBIX TAHHBIX MAHAIH3 BIMSHHS FCXOJIHBIX TApAMETPOB Ha MPOIECCHl B TOMOYHOM Kamepe.

Jis co3maHUS MaTeMaTWYecKOH MOJIENH HCIIONB30BaJiCs MakeT NpHUKIagHbiXx mporpamm FIRE-3D,
KOTOPBIH MO3BOJISIET OTIEPATUBHO OIICHUTDH BIUSHUE UCXOIHBIX JAHHBIX HA MPOIECCHI B TomKe [1].

B nporpammy pacdera BBeIEHBI TEIUIOTEXHUYECKHE XapPaKTEPUCTHKH CIKUTAEMOTO YIJsl, TeMIepaTrypa
CYIIMJIBHOTO areHTa, IUCIEePCHOCTh YACTHIL, a TaK )K€ MX IMPOLEHTHOE COOTHOIIEHHE B 3aBUCUMOCTH OT pa3Mepa
(dbpakuuu, myTeM KOHBEpTAIMK B TpeOyemblii ¢opMaT. 3agaHa ceTKa KOTJa, KOTOpas COOTBETCTBYET PEeabHBIM
reoMeTpuuecKuM xapakrepuctukaM kotna [1-49 Hazaposckoit 'POC, a Taxike BBeIEHBI KOOPAUHATHI TOPENOK,
HUKHETO U TPETUYHOTO JYThS.

IMpoussenensl pacuersl Ha Moaenu HTB-tonku npu a=1,072, B,=39,444 kr/c u 3aJJaHHOM BO3yITHOM
pexume (Tabammna 1).

Ha pucynke 1, rae A — ropenku, b — HmxkHEe nyThe, By, B, — TpeTHuHOE MyThe, MOKa3aHa a’poAMHAMUKA TOTIKU
B CEUYCHHWM II0 CEeIbMOHM ropenke. B HWwkKHeH dYacTm TOnmkd oOpa3yeTrcs BHXPEBOE IBH)KCHHE 3a CYET

B3aUMOJEHCTBUS rOpAYUX CTPYH U HUKHETO U TPETUUHOT'O 1yThsl.
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B obnactu 3aHei CTEHKU B CpeJHEH U BEPXHEH YacTAX TOIKU UMEET MECTO PABHOMEPHBIH BOCXO SN

MOTOK BJIOJIb CO CKOpOoCThIo 15-20 m/c.

Broms GpoHTOBOTO 3KpaHa M IO MOATOPEIOYHEIM KO3BIPHKOM OCYIIECTBISIETCS MOIBEMHOE JIBIKCHUE

co ckopoctsmu 5-10 m/c.

Crpys BBIXOAAIIAs M3 TOPEIOYHBIX YCTPOWCTB YBEPEHHO [BIXKETCI K THUIBHOMY 3KpaHy,

B3aUMOAEHCTBYS C HIDKHHM SPYCOM TPETHYHOTO AYThs, MEPEXOAUT B BOCXOMAIMINI MOTOK. CKOPOCTH MOTOKA,

KaK BUJIHO M3 JarpaMMBbl paclpe/ielIieHUs] CKOpOCTeH, yBeanuuBaeTcs ¢ 5 1o 25 m/c.

Tabruya 1
Boszoywmnwitl pesicum komaa I1-49
Ne 3HadyeHne
n/n Hanvenosanne cKOpoCTH, M/C
1 TTOTOK IIEPBUYHOTO BO3/IyXa Ha BBIXOJIE U3 TOPEIKH 49
2 TTOTOK BTOPHYHOTO BO3/TyXa Ha BBIXOJE U3 TOPEIKH 54
3 ITOTOK Ha BHIXOJIE M3 OTBEHBAIOIINX CONEI CHCTEMBI HIYKHETO Y Ths 37
4 TTOTOK Ha BBIXOJIC M3 OCHOBHBIX COIIENI CHCTEMBI HIDKHETO TYThS 30
5 TTOTOK Ha BBIXOJIE M3 COTIEN HIYKHETO sIpyca TPETHIHOTO TYThs 35
6 ITOTOK Ha BBIXOJIE U3 COTIET CPEIHErO Spyca TPETUIHOTO AYThs 36

Ha ¢opmupoBanne a3poanHaMU4ecKOi CTPYKTYPHI B HIKHEH 4acTH TONKHUOOJIBIIOE BIMSHUECOKA3bIBACT

HIDKHUT ApyC TPECTUYHOTO AYThs, YCUIIMBAA CCIlapalluio YaCTUIl K 3aJHEMY CKaTy TBIJIbHOT'O OKpaHa.

B HmwkHell YacTu TONKH C(i)OpMPIpOBaJIOCI) HU3KOTEMIICPATYPHOEC AP0 TOpCHUA C MaKCUMAaJIbHOM

temneparypoii 1400 °C (pucyHok 2).

10mle ~

TOLL T U1 1] P epp————
GELZEEBTRER

b

0123 4567 8310Nn

012345678239 1w0n °

BE0RBEINEEBBRRBE8L8EE

0123 4567839101 °

Puc. 1. Pacnpedenenue ckopocmeti  Puc. 2. Pacnpedenenue memnepamyp — Puc. 3. Konyenmpayus kuciopooa
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Temneparypa

30Ha TOBBIIMICHHBIX TEMIIEPATyp MOKa3blBa€T MECTAa TOPEHUS TeX WJIM HMHBIX (pakuuii B TONMOYHOU
Kamepe. Meinkasi ()pakiist BBITOpPaeT B 00bEME OT FOPENOK 0 3aJHEH CTECHBI, a 3aTeM IOAHUMAETCS BJIOIb Hee
(T=130-1400 °C). OTtrOCHuTenbHO KpynHas ¢pakmus (> 200 MKM) YXOOUT B HIDKHUWA BHUXPH U, ITOJXBaueHHAS
HIDKHAM JTyTHEM,BBITOPACT Ha BEPTHKAIBHOM ydacTke (poHTOBOro 5KkpaHa. Temmeparypa B HIKHEH 4acTH

ONPEACIACTCA BUXPEBBIM ABUKCHUEM NUCTIEPCHBIX YIOJIbHBIX YaCTHUII.

KonuenTpauus kucnopoaa

OxapakTepu3oBaTh FOpPEHUE TaK K€ MO3BOJIAET KOHIEHTpAlUsl KUCIOPOJa, TaK KaK MPH OKUCICHUU
TOIUTMBA KOHIIEHTPAIMH OKHUCIHUTENS CHIDKACTCS MPaKTHISCKH 10 Hyms1. Ha pucyHke 3 BHIHO, YTO KOJIHYECTBO
KHACIOpoia ONM3Koe K HYNI0 HAXOOWUTCS B HIDKHEH dacTH TONKH. [lo MHHMMANBHBIM ITOKa3aTelsiM
KOHIICHTPAIIMHN KHCIOPOAa MOXKHO OIICHHTh TPACKTOPHUW BBITOPAHWSA YTOJNBHBIX YacTHIl. Mcxoas w3 3Toro,
MOJKHO TPEAIOJIOKUTh, YTO, 30HA, PACIOJOXKCHHAs HAIHAATOPEIOYHBIM KO3BIPHKOM M IO TMOTOJKA TOIKH,
SIBIIIETCSL CTa0OBOBIICUCHHONH B BUXPEBYIO CTPYKTYpy. DTO OTpaHMUMBAET MOJBOJ TOIUIMBA B JAaHHYIO 4YacTh
tonku. COOTBETCTBEHHO, BBICOKAs KOHIICHTpAIMsA KHCIOPOJa B OITOH 30HE IMO3BOJIAET CHEIaTh BBIBOA 00
OTCYTCTBHE TaM ropeHusi. B cBoio ouepenb, MakcuMajabHasi KOHIIEHTPAIHs KUCIOPOJa HAOII0AaeTCs B MeCTax

BBOJIa CTPYH B TOIKY, IPHUEM OHA ONpeAeIsIeTCs T0JIeH T01aBaeMBbIX OKHUCIUTEICH.

BriBogsr:

1 Co3nana maTemarnyeckas Mmozaens kotaa [1-49 Hazaposckoit I'POC;

2 BrlnonHeHa aganTanys UCXOAHBIX AAHHBIX KOTJa uccaeayemoro komia HI'POC nns ncnonb3oBaHus B
nmakeTe mpukiIagHex mporpamm FIRE-3D

3 BBINONHEH aHAIN3 BIMSHUS UCXOAHBIX JAHHBIX HA a9POTEPMOXMUMHUYECKHUE MPOIECCH B UCCIIETyeMON
MaTEeMaTHYECKOU MOJICIIH.

4 TTomyueHs! O CKOPOCTEH, TEMIIEepaTyp M KOHIICHTPALUHU KHCIOPO/a B CEUEHHH MO TOPEJIKe.

3akitoueHue

MaremaTnueckast MOJIEJb MTOKa3aja CBOIO MPUTOAHOCTh IS €€ MCIIOJIb30BAHUS C LIEbI0 OLEHKU YPOBHSA
CKOpOCTEH, Temmeparyp W Apyrux mapamerpoB. OOpa3oBaHHE BHXps B HIDKHEH YaCTH TOIKH W JHATPaAMMBI
KOHUEHTpPALMU KHUCIOpOJa U pacHpelesIeHUs] TEMIIEPATYp MOATBEPKAAIOT, YTO JaHHAs MOJENb COOTBETCTBYET
HTB texnonoruu. Tem He MeHee MOMyYeHHBIH M3OBITOK BO3JyXa HEMHOTO MEHbIE HEOOXOIUMOTO 3HAUCHHUS

(0=1.071,<1.2), a 3HaYUT MOJIETIH HYK/Ia€TCS B JATbHEHIIINX HCCIEAOBAHMSIX.

CIIMCOK JINTEPATYPHI:
1. By6enunkos A.M. UYmucieHHble MOJENM JUHAMHKH W TOPEHHUsI a’pOJUCHEPCHBIX cMeced B KaHamax /
A.M. By6enuuxos, A. B. Crapuenko; Tomckuii rocynapcTBeHHbi yHuBepcuteT. — Tomck: M3n-Bo Tomckoro

yH-Ta, 1998. — 236 c. : min. — bubnmorp.: c. 221-234. — ISBN 5-7511-1004-8.
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Abstract. Low-temperature vortex combustion numerical simulation was performed using FIRE-3D software.
Low-temperature vortex combustion aerodynamic and heat-and- mass transfer versus coal dust size range
characteristic were analysed. The results are presented in graphical form. P-49 Nazarovo station steam
generator model was created. The results of the numerical modelling are suitable for coal dust size range effect
on low- temperature vortex combustion analysis.

YucneHHoe MoJenaupoBaHue sBisieTcss 3(P(EKTUBHBIM HHCTPYMEHTOM JUISl MCCIIEJOBAaHUS IPOLECCOB
TOpPEHUS B TONOYHOM KamMepe C MUHHMAJIbHBIMM 3aTpaTaMu. OHO TO3BOJIET OIICHUThH BIUSHHE HCXOIHBIX
JIAHHBIX HAa KOHEYHBIH pe3ynbrarT pacuera. OZHUM W3 TAaKUX NapaMeTpoOB SBISETCS (PaKIMOHHBIA COCTaB
YTOJIbHOU IBLIH.

BnusiHus pasMepa 4acTuIl Ha a3pOoANHAMUKY M TEINIOMacCOOOMEH SIBIISICTCS aKTyallbHOM MpoOIIeMOii, T.K.
MMEeT pellaroniee 3HaueHHe B OOecredeHWH CTaOWIBHOTO TIpOIecca TOPEHUs B TAaKOM JHEPreTHYECKH-
3¢ (heKkTUBHOH TeXHOIOTHH, Kak HuzkoTemireparypHoe (HTB) cxxuranwue.

Ienbto maHHOM pabOTHI ABISETCA UCCIEIOBaHUE NPOIECCOoB, MpoTekaronux B HTB-tomnke npu cxxuranuu
Oyporo yrii HazapoBckoro mectopoxaeHus. UncieHHoe MOAEIUPOBaHUE IPOBOIMIOCH HA MOAeNH KoTia [1-49
¢ HTB-romkoit Hazaposckoii 'POC ¢ momoripto makera npukiaasbx mporpamm FIRE-3D [1].

IIpu mpoBeneHMH UYUCIEHHOTO MOEIHPOBAHUS IPOIECCOB ropeHus B komie 11-49BpimonHeH aHaim3
BIIMSTHUSL CTEIICHH JIMCIICPCHOCTH TOILIMBA Ha IPOIECCHI B TOTIKE.

HcxonHpIMy Ha4aaIbHBIMHU XapaKTEPUCTHKAMH COCTaBa TOIIIIMBA YCJIIOBHO BHIOPAHbI JBe (hpakuuu: rpyodas

U MCJIKas. PeSyJ’IBTaTBI IMOCEBOB MPEACTABJICHBI B Ta6J'II/II_[€ 1.

Tabnuya 1
DpakyuoHHbIIL COCMAs MONIUGA
Pasvep HacTyIL, Mim Cojeprxanue yacTuil, %
’ Menkas ¢ppakuus Kpymnas ¢paxrms
70 29 26
150 19 19
350 30 16
750 15 20
1000 7 19

Pacuetsl mpoBoamucy pacdersl Ha mojenn HTB-ronku mpu 0=1,072, B;=39,444 xr/c u 3anaHHOM

BO3AYIIHOM peXuMe (Tabmuia 2).
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Tabnuya 2
Boszoywmnwiti pesicum komaa I1-49
No 3HaueHue
HaumenoBanue
/1 CKOpOCTH, M/C
1 [ToTok mepBUYHOTO BO3AyXa Ha BEIXOJIE U3 TOPEIKU 49
2 [ToTok BTOPHYHOTO BO3yXa HA BEIXOZE U3 TOPEIKH 54
3 IToToK M3 OTBEMBAIOIINX COIIEN HIKHETO TyThS 37
4 IToTOoK M3 OCHOBHBIX COTIET HUKHETO TYThS 30
5 [ToTok U3 conen HIKHETO sIpyca TPETUIHOTO TYThs 35
6 [ToToxk U3 comen cpenHero Apyca TPETUIHOTO TYThS 36

Ha pucynke 1 mpenctaBieHsl pe3yabTaThl YUCIEHHOTO MOAENUpoBaHus. [IpoBeeH aHamu3 MOTy4eHHBIX
JIAaHHBIX, KOTOPBIH TOKa3aJl, YTo OOoJbllIee KOJMYECTBO YACTHIl MENKOH (pakuuM YHOCUTCS C IIOTOKOM B
BEPXHIOIO YacTh TOTIOYHOTO 00beMa Bhlle ypoBHs ropeiok (Y=10 m). B HikHel yactu TonouHoit kamepsl (Y=
0-10 m) nHabmofaeTcs paBHOMEPHOE 3allOJHEHHE BCETo IMpocTpaHcTBa. OCHOBHAS YacTh TOIUIMBO-30JI0BOTO
MOTOKA C NMPeoOJIafalomnuM COJepKaHHEM KPYIHON (pakiueil HaXxoAWTCs B HIDKHEH YacTH TOINKH, Yero U

CJICAOBAJIIO OXHUAATH IIPU HTB-cxxurannm. Menbpmmas JA0JI1 IOTOKAa YHOCHUTCS B BCPXHIOIO YaCTh TONKMU: BBIIIC

OTMETKH TmoAaropenogHoro ko3eipeka (Y=11 m). Ha pucynkax 16—1r n 206—2r moka3aHO C)KUTaHHE MEIKOH H

KpyNHOW (pakumii, COOTBETCTBEHHO, IJe HaOII0AaeTcsi BBIHOC OOJblIel 4YacTH HE BBIFOPEBLIETO TOILIMBA
MenKol (pakuyM IO CpaBHEHHMIO C KpyHHO#. Takoe NoOBeleHHE IOTOKA IBUICYTOJIbHOM cMecu Oyzer
CIOCOOCTBOBATh YBEJINYECHHIO MEXaHUUECKOTO HE/I0KOTa IPU UCTIOJIb30BaHMH MEJIKO(PPAKIIOHHOTO TOTUIMBA.

AbdpoJiMHAMHKa MOJIENIM TIPU CXKMIAaHUM MEJKOW M KpymHoW ¢pakumii (pucyHok la m 2a) ocraercs
npakTHdeckn 0e3 u3MeHeHHH. B obonx ciryyasx B cpeHel M BepXHEH 4acTh TOIKH HMEET MECTO PaBHOMEPHBIN
BOCXO/ISIIIMIT TOTOK BJIOJIb THIJIBHOTO 3KpaHa TOMOYHON KamMephIco cKopocThio 15-20 m/c, a Takke paBHOMEpHOE
MOABEMHOE [IBIDKCHHE C€O cKopocThio 10-15 M/c mox moaropenoyHsIM KoO3bIpbKOM. ['operounas crpys
HaIpaBJIsieT MOTOK K ThUIBHOMY 3KpaHy, II€ OH B3aUMOJEHCTBYET C HUXKHHUM SIPYCOM TPETUYHOIO IYTbs U
MEePEXOAUT B BOCXOJSIIIMN MOTOK, IMPHU STOM CKOPOCTb IOTOKA yBeJlnuuBaercs ¢ 5 no 25 m/c. HwkHuit sipyc
TPETUYHOTO TaK)XK€ HE BHOCHUT 3HAYMTEIbHBIX pa3nu4uii B (OPMHUpPOBaHHE a’POAMHAMUYECKOW CTPYKTYpBHI
paccMaTpUBaEeMbIX BApUAHTOB MaTEMATUYECKON MOJEIIN.

3akioueHue
IIpoBeneHHOE YUCIIEHHOE MOJAEIMPOBAHUE MO3BOJMIO OLEHHUTh CTENEHb BIHMSAHUS IUCIEPCHOCTH YIS Ha
npoueccel ropeHns B HTB-tonke. C TO4kM 3peHUs] OpraHU3aldd BHXPEBOH a’pOJMHAMHKH, Yroylb Tpydoro
1oMoJa sBIseTcss Oosiee MOAXOJSIIMM BHIOM ToILIMBAa. OfHAKO B JaHHOH MOJENM IPOBEICHO CpaBHEHHE
TOJIGKO JBYX (pakuuid: KpymHOW W MenKkoil. JIyis ompemeneHUs ONTHMAIbHOW 3€PHOBOW XapaKTEPUCTHUKU
toruea pu HTB-cxurannm TpeOyroTcs nansHEHIINe HCCIeJOBaHUS C PACCMOTPEHHEM OOJIBIIEro KOIHIecTBa

Bapnaunﬁ TOIINIMBHOT'O COCTaBa.

CIIMCOK JIMTEPATVYPBI:
1. By6enunkoB A.M. UYmucieHHble MOJENM IUMHAMHMKA M TOPEHHUsS a’pOJMCIEPCHBIX cMeced B KaHamax /
A.M. bybenunkoB, A.B. Crapuenko; Tomckuii rocynapcTBeHHbIN yHUBepcuTeT. — Tomck: M3a-Bo Tomckoro

yH-Ta, 1998. — 236 c. : wn. — bubnuorp.: c. 221-234. — ISBN 5-7511-1004-8.
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CPABHUTEJBHBINA AHAJIN3 TAPU®OB HA SJIEKTPOSHEPIUIO J1JIs1 HACEJIEHUS

Cnymikosa A.W., Bopo6sesa /1.10.,
Hayunsiit pykoBogutens: oaronon T.JI., qoueHT
®BI'OY BIIO Ky3zb6acckuii rocynapcTBeHHbIH TexHnueckuii yauBepcuret uMm. T.D. ['opbauera
Poccus, r. Kemeposo, yi. Becennsia,28, 650000
E-mail: Alisena94@mail.ru

COMPARATIVE ANALYSIS OF THE ELECTRICITY TARIFFS FOR THE POPULATION

Glushkova A.l., Vorobeva D.Y .,
Scientific Supervisor: Dolgopol T.L., docent
Kuzhass State Technical University, Russia, Kemerovo,Vesennyaya str.,28, 650000
E-mail: Alisena94@mail.ru

Electricity tariffs in different countries is a hot topic. The motivation for save energy it is the optimal
tariff for electricity for domestic consumers. This article presents an analysis of tariffs for electricity for the

population of various subjects of the Russian Federation and the factors that affect the cost of electricity.

Hanpasnenusmu sHeprerudeckoit crparerun Poccun Ha meproxn a0 2030 roma sBisieTcst obecnieueHme
HaJIe)KHOTO SHEPrOCHA0KEHHSI HACSNICHNS CTPAHBI 110 COLMAIBHO JOCTYITHBIM [IEHaM M MOTHBAIMs HACEICHUS K
sHeprocoepexenuro. Ilo pemennro IpaBurensctBa PD, 4T0OBI pasrpy3uTh SHEPrOCHCTEMY B Yachl MakCHMyMa
Harpysku, Ha teppuropuu Poccun neiictByroT nuddepeHnrpoBaHHble Taprdbl Ha 3JIEKTPOIHEPTHIO JUIsl HACETICHUS
IO JIByM 30HaM CYTOK (JIeHb M HOYb) U 110 TPEM 30HaM CYTOK (ITHK, MOTYNHK, HOub). [1osiBIIeHIE HOBBIX TapUQOB a0
BO3MOXKHOCTh ~ MOTpeOUTENIO BhIOMpaTh HauOojiee BHITOAHBIA W3 HHUX B 3aBUCHMOCTH OT OOBEMOB
3JIEKTPONIOTPEOIICHHUS B Pa3HOE BPEMsI CYTOK.

B coBpeMeHHOI 37eKTpOoIHEPTEeTHKE MMOCTOSHHO YBEJINYMBAIOTCS HArpy3KH Ha JIEKTpocTaHuuH. [Ipu
3TOM B MOCJEJHHE TOAbI B CTpaHE MapajuIeNIbHO C YBEIUYEHHEM MNOTPEOIECHUs 3JIEKTPOIHEPTHH MPOHCXOANUT
CTPEMUTEIBHBIN POCT LICH Ha Hee M TOIUIMBO JISI DJIEKTPOCTAHIINH.

B pabore nmpoaHanu3upoBaH pocT Tapu(OB HA INIEKTPOIHEPruro st HaceneHus Kysbacca. Ha puc. 1
Npe/ICTaBIeHa JUHAMHMKA POCTa OJJHOCTaBO4HOrO Tapuda u nuddepeHIrpoBaHHOTrO MO ABYM 30HAM CYTOK JUIS
KBapTHp ¢ AekTporuTaMu ¢ 2012 no 2015 rox B Kemeposckoit obnacTy.

K konmy 2015 roma ams OZHOCTaBOYHOTO Tapuda CTOMMOCTh KBT'4 3JeKTpHuYecKo »HEpPruu
yBenuuutest Ha 33%, auddepeHIupoBaHHOTO 110 ABYM 30HaM CYTOK B JJHEBHOH 30He — Ha 18%, B HOUHOIl — Ha
26% mno cpaBHenuio ¢ 2012 romom. O4eBHIHO, YTO POCT OAHOCTABOYHOIO Tapu( 3HAYMUTENIHFHO MPEBBIIIACT

yBenuuenue tapuda audHepeHIupOBaHHOTO.

Py6./kBT-u ® O]HOCTaBOYHbII Tapud
3
2,5
2
15 E JuddepeHUMUpPOBaHHDBIRA
! no ABYM 30HaM CYTOK JIHEBHAA
1
30Ha (c 7 Ao 23 YacoB)
0,5
0 M JuddepeHUMpPOBaHHbIA No
2012 2013 2014 2015 MepBoe 2015 Btopoe ABYM 30HaM CYTOK HOH4HasA 30Ha
nonyrogme nonyrogue (c 23 po 7 vacos)

Puc. 1. Junamuxa usmenenus mapugos 01 HaceneHus 6 00Max, 000pPYOOSAHHBIX 8 CMAYUOHAPHOM NOPsLOKe
SNMEKMPONIUMAMU
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Taroke mpoaHaTU3UpPOBaHa TUHAMUKA U3MECHEHHS TUPPEPSHIIMPOBAHHOTO Tapuda Mo TPeM 30HaM CYyTOK
B Kysbacce 3a 4 roma. Takum oOpazom, B 1 utons 2015 romy Tapud Ha 3JEKTPOIHEPTHIO IS MHKOBOW 30HBI
yBenuuutest Ha 13%, st nosmynukoBoi Ha 37%, a aust HouHo# Ha 33% mo cpaBHenuro ¢ 2012 1.

O4eBHIHO, 9TO CaMBIM IIPOCTHIM pelIeHHeM Uil HaceleHus KemepoBckoil obmacTu sBISETCS oriata
MOTPEOIIEHHON 3IEKTPOIHEPTHH 110 OJHOCTABOYHOMY Tapu(y, 9TO AaeT BO3MOKHOCTh PETHOHAIBHBIM BIACTSIM
BeChbMa CYIIECTBEHHO TIIOBBIIATH JAaHHBIM Tapud ¢ TMeIbI0 yMEHBIICHHS OOBEMOB IIEPEKPECTHOTO
cyOocunupoBaHus. B TO ke Bpems, NOsBIEHHE ajbTEPHATHBBI B BbIOOpEe Tapuda Ha DJIEKTPOIHEPTHIO
MOApa3yMeBajo, YTO HACENICHHE B PA3JIMYHBIX PErHOHAX CTPaHbI JODKHO UMETh BO3MOXHOCTh SKOHOMHTH Ha
oIUIaTe AJIEKTPOIHEPTHH, Iepexoias Ha aupepeHIUpoBaHHbIE TapuU(bl W YTO 3TO MOCIYKUT OJHOH W3
MOTHUBAIINH K YHEPTOCOEPEKESHUIO B OBITY.

Tapupsl Ha SJICKTPOIHEPTHIO YTBEPKMAIOTCSH PETHOHAIBHBIMH HHEPTeTHUCCKUMH KOMHCCHSAMH U
3HAYUTENBHO pasHATCA AN pernoHoB Poccmm. B cBsBm ¢ oTuM, Obula mpoaHamW3WpoOBaHa CTOUMOCTH
9IEKTPOIHEPTUH TIPU UCTIOIH30BAHUH Pa3HBIX TapU(POB IS HECKOJIBKUX perrnoHoB Poccnn (puc.2). s pacuera
HCTIOJTb30BATUCH JaHHBIC O COOTHOIICHUM 3JICKTPOIHEPTUH, OTPEOICHHON B pa3Hbie BpeMeHHbIC 30HbI (20% —
HOYHas 30Ha, 30% — mukoBas 30Ha ¥ 50% — MONYIHKOBas), U CPEIHEMECSUHBIN 00BEM AIICKTPOIIOTPEONICH S 3a
2014 rog oHUM M3 MHOTOKBAPTUPHBIX IOMOB, KOTOPBIH cocTaBii 50 854,25 kBT 4.

Kak crnenyer u3 rucrorpamMmsl, sxuteinsMm Kemeposckoii, HoBocuOupckoii o0nacTeli He CTOUT BHIOUPATH
muddepeHpoBaHHBIe TapU(Bl IPH CYIIECTBYIOIIEM COOTHOLICHWH IICH HA AJIEKTPOdHEpruto. Jns >xuterneit T.
Mockssl muddepeHIIpoBaHHEI IO TpeM 30HaM CyTOK Tapud Ha 20% BBIrOJHEE OJHOCTABOYHOTO Tapuda, i

HaceeHns OMckoit oomactu — Ha 16%. B cpenrem, 3TH TapuQbl BEITOJHEE OTHOCTABOYHOTO Ha 7,5%.

300000
250000
é 200000
Qo 150000
A& 100000 -
50000 -
0 4
0 > $ 0 03 0 * * N \4 \4
‘\'bé & ¥ @é o(f‘o S\’bé & & ‘\’bé \@é ‘\’bé
& Q° &R & & & & & & &
L Q@ S X L W RS L L
o & o N o N N o o o
O & <C > (@ & Q'? o @ @
& S > ¥ & o N R o
& ¢ > S v & & RS
*g/® ‘{"b Q:X“b Q,Q’b '8<\ Q,()(J
& w R
H OHOCTaBOYHbIN H AnddepeHumMpoBaHHbIV NO 2 30HAM CYyTOK M AnddepeHUMpoBaHHbIM NO 3 30HaM CYTOK

Puc. 2. Cmoumocme snexmposuepeuu no pasuvim mapu@am 0isi HaAceaeHust pasuvlx pecuoros Poccuu 3a sHeéape
2015 200a
Takum 00pa3om, Jaxxe IpeAroiaracMoe CHIbKeHre Taprda Ha 31ekTpodHepruto B Kysdacce B THKOBO#

30He BO BTopoM momyroamu 2015 romy He amemaer auddepeHnmpoBaHHBIM Tapud Oojee BBITOJHBIM, YeM
OJITHOCTAaBOYHBIM.

Tak kak MockoBckre I depeHIpOoBaHHbIE Tapu(bl OKAa3alKCh BBITOJHEE OIHOCTABOYHOIO,
CJIeJIOBATEIILHO, MPOLIEHTHOE COOTHOIIEHUE CTOMMOCTH JIEKTPOIHEPIHH B pa3HbIe 30HBI CYTOK B JAHHOM PErHOHE
SBJIICTCS] ONTUMAIIBHBIM. J[11s1 cpaBHEHHS OBbLIO ONpe/eeHo NPOLEHTHOE COOTHOLIEHHE Au(depeHIMPOBAHHBIX U
omHocTtaBoyHOTro Tapuda B KemepoBckoii obmact v B T. Mocksa (puc.3).

Harnsaso BuaHO, uto B KemepoBckoii 00acTy MPOIEHT B IIMKOBOH 30HE UG (EpeHIIMPOBAHHOTO TI0 TPEM

30HaM CyTOK Tapua mpesblmaer nmoutd Ha 80% Tapud r. MockBbI B 3T0M e BpeMeHHOH 30He, Ha 40% B HOYHOM
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30HE 1 OKOJIO 15% TPEBBICHII JHEBHYIO (TIOYITUKOBYIO 30HY ).

182,29
H Kemeposckoe
COOTHOLLEHNEe
anoddepeHuMpoBaHH
105,18 bixTapnudos K
0/HOCTaBOYHOMY

Qp\‘} Q:b‘?“ &Q:bq‘ & Q\x«*‘ & H Mockosckoe
s ‘bz‘z’ R R o‘\* q&o COOTHOLWEHNe
oé'z’ Y o W QS\ c,-'Q andbdepeHUMpoBaHH
& o » R <
o a> N ® g 0 bIX TapUGOB K
«© < N QQ O/AHOCTaBOYHOMY

Puc. 3. [Ipoyenmrnoe coomnoutenue oupghepenyuposantvix mapugos Kk 0OHOCMABOUHOMY Ot PA3HBIX PecuoH08 PD

Wcnonp3ys cootHomeHnne auddepeHnnpoBaHHbIX Tapu(OB U OJHOCTABOYHOTO Ui T. MockBa, ObLia
OlpeNieNicHa CTOMMOCTb JJICKTPHYECKOM 3Heprum st HaceneHus Kyzbacca mpu TOM JKe CYIIECTBYIOIIEM

CETONHS OJHOCTAaBOYHOM Tapu(e M KOoppeKTupoBKke nudepeHpoBanHsx TapudoB B KemepoBckoit obmactu

(puc. 4).

Pybnob M MNpwu aelicteytowmx Tapmndax M MNpu npepnaraemoix Tapudax

140 000,00 126 230,00 126 939,20
120 000,00 | 107462,40 107 462,40
100 000,00
80 000,00
60 000,00
40 000,00
20 000,00
0,00 -

95 907,41 86 313,80

O0HocmagoYHbIl Augp.mapug no 2 3. c. Aug.mapug o 3 3.c.

Puc. 4. Cmoumocmob nompebaenHotl d1eKkmposHepauL OeticmeumeibHoe U npu payuoHAIbHOM COOMHOUEHUE
meancdy mapupamu 6 Kysbacce 6 2015 2.

Kak crneayer ©3 THCTOrpaMMbl, NMPH HOBOM COOTHOIICHHH Tapu()OB CTOUMOCTH IMOTPEOJICHHOM
3JIEKTPOIHEPTUuu npu BbiOOpe auddepeHnnpoBaHHbX Tapu(OB CTaja MEHBIIE, YeM MPH OJHOCTABOYHOM, UTO
TOBOPUT O TMPaBWIHHOM COOTHOIICHWH IIEH TaphU(pOB HA JIEKTPUUECKYIO 3Hepruio B T. Mockpa. Mcxons m3
MPOM3BEICHHOTO aHalu3a Tapu(pOB HA DIIEKTPOIHEPTHIO IS JKATENEH pa3HBIX PErHOHOB, IPOIICHTHOE
COOTHOIIIEHNE T. MOCKBBI COCTaBJICHO HamOoJee ONTHMaiIbHO. TOraa ¢ YBEpEHHOCTHIO MOXKHO CKa3aTh, 4TO,
ecin PermoHanmpHBIC SHEPreTHYECKHE KOMHCCHU BCEX PETHOHOB CTPAaHBI BO3BMYT 3a JTalOH MOCKOBCKOE
cooTHoleHne TapudoB, To AudepeHIUpOBaHHbIe TapU(bl HA FJIEKTPUUECKYIO SHEPTHUIO JJIsl HACelIeHHsl OyayT
BOCTpeOOBaHBI B Ka)/I0M pernone Poccui.

CITUCOK JINTEPATVYPHI:

1. Tapudsr Ha smexTposnepruto Ha 2015 rox [DaextponHsiii pecypc]/ Pexxum moctyma: http://www.energo-

consultant.ru.
2. Anaim3 snekrponorpebnenust u Tapudos ais O6biToBbIX morpedureneit / B.C. Opinos, b.B. Ilankos, E.II.

Epmos, JI.H. Komnanos // [IpomsliiuteHnas snepretuxa. - 1997. - Ne6. - C.8-10.
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3AXKUT'AHUE TBEPJOI'O KOHAEHCHUPOBAHHOI'O BEIHIECTBA JIOKAJIbHBIM
HNCTOYHHUKOM SHEPI'UH B YCJIOBUAX HEUJIEAJIBHOI'O TEIIJIOBOI'O KOHTAKTA
Taywmkos 11.0.
HaunonaneHelil necaenoBaTenbcKil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, mp. Jleauna, 30, 634050
E-mail: dmitriyog@tpu.ru

SOLID CONDENSED SUBSTANCE IGNITION BY LOCAL HEAT SOURCES UNDER CONDITIONS
OF NONIDEAL THERMAL CONTACT
Glushkov D.O.
Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050
E-mail: dmitriyog@tpu.ru
Pa3pa60maHa Mamemamuyeckas Mooeib meepdogbamoeo 3ascucanus KOHOEHCM[?OGCIHHOZO seujecmea
2opAyell Memaiiuyeckou uacmuyeil 8 hopme OucKka npu yyeme HeuoeaibHO20 Meni08020 KOHMAKMA HA 2PaHuYe
«uacmuya — monjiuso» ecieocmeue ecmecmeerHol utepoxoeamocmu no6epxHocmu nocieonezo. Yemanoenenwi
OUANA30HbI USMEHEHUsT HAYALbHOU memnepamypbl UCMOYHUKA OJHepcuu U napamempda, xapaxmepusyroueco

uiepoxosamocms noeepxHocmu monaueda, npu Komopsvlx le‘lucmbllz menioobmen 8 obnacmu 2az08020 3azopa

Meofcdy qacmuueﬁ Uu moniueom eiusiem Ha epemena 3(106}79!6‘1(‘14 3AACUSAHUAL.

Mathematical model of a solid-phase condensed substance ignition by a hot metal particle in disk-shape
is executed in conditions of imperfect thermal contact on the particle — composite propellant border, caused by a
natural roughness of a composite propellant surface. Ranges of local heat source initial temperature and
parameter characterizing a roughness of composite propellant surface are established at which radiative heat

transfer in the field of a gas gap between a particle and a solid propellant influences on ignition time delay.

UucieHHOE HCCIeOBaHHE HWHTETPAIBHBIX XapaKTEPUCTHUK 3aKUTAHUS BBICOKOIHEPTETHUECKOTO
Mmarepuana (nepxiopar ammonusi + 14 % Oytwikaydyk + 6 % XUHOJOBBIA 3¢up) BHIIOIHEHO Ha IpHUMeEpe
CHCTEMBI «ropsiyas 4acTHIa — CMECEBOE TOIUIMBO — WHEPTHBIN ras». B KkadecTBe JOKaJIbHOTO HMCTOYHHKA
OrpaHHYEHHOH OSHEPrOeMKOCTH paccMaTpuBajachk Harperas Jo Bblcokux Temnepatyp (T,=800+1500 K)
CTaJbHas YacTHIa B (hOpMe ANCKa.

[Mpunsra cnemyromas mozaens mnpouecca. B HauanbHbIE MOMeHT Bpemenu (t=0) ropsuas yactuna
HAXOJUTCsl Ha MOBEPXHOCTH TOIUIMBA C Temmneparypoil To<<T, (puc. 1). YcioBusa TemnjaoBOro KOHTAKTa Ha
TpaHMIle «JacTHUIIAa — TOIUIMBO» HewjeanbHbl. [lo pe3ynpTraTaM SKCHEPHUMEHTANbHBIX HCCiIeqoBaHUH [1]
YCTaHOBJICHO, YTO H3-32 ECTECTBEHHOI IIEPOXOBAaTOCTH ITOBEPXHOCTH BCEX CMECEBBIX TBEPABIX TOIUIUB
(TpaHyTBI OKMCIWTENS, HAapUMEp, MepXjiopaTra aMMOHHS BBICTYNAIOT HaJ TPaHMIEH pasaena «TOIIMBO —
OKpyXaromiasi cpefia») obOpa3yeTcsi ra3oBBIH 3a30p TOJIIMHOH HECKOJIBKO MHKPOH (WM Ja)Ke HECKOJIBbKO

JACCATKOB MI/IKpOH) MEXKAY UCTOYHHUKOM Harpe€Ba U1 KOHACHCUPOBAHHLIM BEIIECTBOM.
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Zp

e

r

0 rq r
Puc. 1. Cxema obracmu pewenus 3ad0auu 3adxcueanus: 1 — unepmmusli 2as, 2 — 2opaqas yacmuya, 3 — cmecegoe
meepooe MonIugo

3a cueT TeIUIONMPOBOAHOCTH U U3JIYUCHHUS TEIJIOTA TOPsAYEH YaCTUIIBI OTBOJUTCS B CMECEBOE TOILIMBO U
WHEPTHBIN Ta3. B pe3ynpTaTe TemiomepeHoca B paccMaTpuBaeMoil cucteme (puc. 1) mepepacmpenemnsieTcs
SHEpPrus MEXIy WCTOYHMKOM HArpeBa W «XOJOJHBIMHM» B HAYalbHBIH MOMEHT BPEMEHH KOMIIOHCHTAMHU
(TorTHBO 1 Ta3). M3-32 OTHOCHTEIBHO HU3KOI TEMIIEPaTyPOIPOBOIHOCTH CMECeBOro TommBa (as=1,9-10" MZ/C)
€ro IMPHUITOBEPXHOCTHBIA CIOW aKKyMYJIHPYET TEIUIOTY HMPEHMYIIECTBEHHO B HEIIOCPEACTBEHHON ONM30CTH OT
TpaHUIBI HarpeBa. POCT TemmepaTypsl TOIUTMBAa WHHUIHAUPYET 3K30TEPMHUYECCKHU TIPOIECC B3aUMOICHCTBUSL
TOpIOYero KOMITOHEHTa (OYTHIIKaydyK) M OKHUCIUTENs (IepXiIopaT aMMOHHUs). ETo cKOpoCTh SKCIIOHEHIHATIBHO
BO3pacTaeT Mo appeHUYCOBCKOM 3aBUCUMOCTHU [2]. 3aKUTraHHe CMECEBOTO TBEPJOTO TOIUIMBA MPOUCXOIUT MPU
JIOCTIDKEHUU MIPEJIeNbHBIX YCIOBUM, COOTBETCTBYIOIIUX KPUTEPHUAM 3aKUraHus [2]:

1. CkopocTh Temnonpuxoja B cucteme (puc. 1) 3a c4eT I3K30TepPMHUUECKON peaKInu, IPOTEKaIoel B
MPUTIOBEPXHOCTHOM CJIO€ KOHJICHCHPOBAHHOTO BEIIECTBA, MPEBOCXOIUT CKOPOCTh TEIUIOOTBOJAA OT TOpsUeit
YaCTHUIIBHI B TOTLTUBO.

2. TemmepaTypa B 30HE JIOKQIM3AIlMM BEAYIIEH pEaKIWHA OKUCICHHS MPEBBHINIACT TEMIICPaTypy
HCTOYHUKA SHEPTHUH.

JJIs 9UCIIEHHOTO pelIeHHs 3aa9i 3KUTaHUs CMECEBOTO TBEPAOTO TOILIMBA JOKATHHBIM HCTOYHUKOM
HarpeBa (puc. 1) pa3paborana mareMatudeckas MOJeNb (aHATOTWYHO [3]), yUHUTHIBAIOIIasl B3aUMOCBI3aHHBIC
(HDU3UKO-XMMHUYECKHE IPOIECChl TEIUIOMPOBOJAHOCTH B TOpSYCH YacTHIC, TOIUIMBE M TIa3e, KOHIYKTHBHO-
JIYYHCTOTO TEIUIOOOMEHa Ha TPAaHHUIC HMCTOYHUKA SHEPIMU C BHENIHEH CPeIod, a TaKkkKe 3K30TEPMHYCCKOIO
pearupoBaHus B MPUIIOBEPXHOCTHOM CJI0€ KOHCHCHPOBAHHOT'O BEIICCTBA.

UucneHHbIE WUCCICNOBAHUS BBHIMOJNHEHB IIPU CICAYIOIIMX IapaMeTpax: HadajbHas TeMIIeparypa
CMECEBOr0 TOIIMBA U HMHEpTHOro rasa =293 K, crambHoll uactuuel Tp=800+1500 K; pasmepsl yacTHIbI
r,=3- 102 M, 2,=3" 103 M; pa3mepsl obmactu perrerus M[=0,01 M, 2,=0,01 M; cTenens yepHOTH YacTuibl £=0,55;
napameTp, YYUTHIBAIOMIAN IEPOXOBATOCTh MOBepXHOCTH TomimBa ¢=0,1+1 (mpu ¢—1 YCIOBUS TEILIOBOTO
KOHTaKTa Ha IPaHMIIC «IaCTHUIA — TOTUIUBO» OJIM3KH K UIACAIbHBIM).

Tennoduzmueckne XapaKTEPUCTUKH BemecTB (puc. 1):

41=0,026 Bt/(m'K); p;=1,161 Kr/M; C1=1190 Ix/(xr-K);

4=49 B1/(M°K); p,=7831 kr/m®; C,=470 Iox/(xr-K);

43=0,418 B1/(M-K); p3=1750 kr/v’; C3=1260 Jox/(xr-K).

Kunernyeckue mnapameTrpsl HK30TEPMHUYECKOTO IpoLecca E3:50'103 Jx/Mob, Q3k3020,88‘109
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JIx/(kr-c).
B Tabn. 1 mpuBeneHbl 3aBUCHMOCTH BpEMEHH 3a/iepku 3axkuranus (ty) cMeceBoro TommmBa oOT
Oe3pa3MepHOro mapamerpa (@) Ipu HadaJlbHOU TeMnepaType ropsueii yactuis! Tp=800 K.
Tabnuya 1
Bpemena 3adepoicku 3axcucanus 6 3a8UcumMocmu om 6e3pasmepHo2o napamempa, Xapaxmepusyouje2o cmenets

wepoxosamocmu nosepxnocmuy monausa, hpu 1,=800 K

® 0,4 0,5 0,6 0,7 0,8 0,9 1
ty,c 11,374 8,296 6,552 5,526 4,867 4,428 4,071
ty . c 9,948 7,461 5,965 5,079 4,532 4,166 3,879

t; — BpeMeHa 3a/IepyKKH 3aKUIaHHs P KOHIyKTHBHOM TEIIOOOMEHE Ha FPAHHIIE «IACTHIIA — TOITHBOY;
ty — BpeMeHa 3a[epXKKH 3aKHIaHWs TPH PATHALOHHO-KOHIYKTHBHOM TEIIOOOMEHE HA IPAHHIE «YACTHIA —
TOILIHBOY.

B ycnoBmsAx upeadpbHOTO KOHTAKTa MCTOYHUKA SHEPTHH M KOHACHCHPOBAHHOTO BEIIECTBA TEIUIOTA
MOCTYIIAeT B 30HY 3K30TEPMHUYECKON PEaKIWH TOJIHKO 3a CYET TEIUIONPOBOIHOCTH. YMEHBIICHHUE IUTOMIANN
KOHTaKTa 9acTurbl U TorumBa (0<p<l) BClIeACTBHE SCTECTBCHHOW IMIEPOXOBATOCTH €r0 MOBEPXHOCTH (M3-3a
YacTHI[ Tepxjopara aMMOHHS) BeAeT K M3MCHEHHIO YCIOBHH TEIUIOOOMEHAa W 3HAYCHHH OCHOBHOH
MHTETpaJbHOW XapaKTePUCTHKH Npolecca — BPEMEHH 3allep)KKH 3aKUTaHHs 10 CPaBHEHHMIO CO CIydaeM
UJICAJIHOTO TEIJIOBOI'0 KOHTAaKTa. YacTh TEIIOTH epeJaeTcsi OT UCTOYHHUKA B TOIUIMBO TEIUIONPOBOJHOCTHIO, a
YacTh — 3a CYET U3IydeHus (B o0JacTsAX ra3oBOro 3a30pa TOJLIMHOW B €JMHUIIBI WM ACCITKH MUKPOH). BumHO
(tabn. 1), 4TO JNy4YHCTBHI TEIUIOOOMEH Ha IMOBEPXHOCTHM HCTOYHMKA BIMSAET HA WHTEHCHBHOCTBH IpoOlecca
TEIUIONepeadn B 30Hy JK30TEPMHUUECKOil peakimi. Bpemena saiepikki 3axuranus (1 ) MMEIOT MEHbIIHE
3HaueHus (pu @=const u T,=CONst) Mo cpaBHEHMIO C AHAJIOTMYHOH BEITMYHHON (ty). Bolee MHTEHCHBHEL
paIualMOHHO-KOHAYKTUBHBIH TEIDIOOOMEH BeIeT K CHIDKCHHIO [UIMTEIFHOCTH WHIYKIMOHHOTO Teproja
(ty"<ty). YcraHoBIeHHas OCOGEHHOCTh, XapakTepusyemas Bemmdamuoi y (y=(tg — tg )ty -100 %), sBHO
BeIpakeHa (y=5+25 %) mpu napamerpax ¢ u T, ONM3KUX K NPEJEIbHBIM YCIOBHAM 3a)KMIaHMS CMECEBOIO
TomnuBa B 0061macT OTHOCHTENBEHO BBICOKHMX HAudalbHBIX TeMmrmeparyp ucrodnuka T,=1300+1500 K npu ¢>0,2

OTKJIOHEHUSI BPEMEH 3aI€P>KKH 3a)KUTaHMs Y HE TIPEeBHIAoT 2 %.
Paborta BeImONTHEHA MTpH TOepkKe TpanTa [Ipesunenrta Poccuiickoit denepanun (MK-2391.2014.8).
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HOBBIINNEHUE DHEPTOO®®EKTUBHOCTU CUCTEM DJIEKTPOCHABXEHUS
I'OPOJICKHUX INIOTPEBUTEJIEN
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IMPROVING THE ENERGY EFFICIENCY OF POWER SUPPLY SYSTEMS OF URBAN
CONSUMER
Gonchar L. A., Sharmanova G. Y.
Scientific Supervisor: Dolgopol T. L.
Kuzbass State Technical University T. F. Gorbachev,
Russia, Kemerovo, Vesenny str., 28, 650000
E-mail: lada-gonchar@yandex.ru

ABSTRACT: This article describes the measures to improve energy efficiency of equipment urban consumers ,
since they need an efficient and reliable power supply. An example of energy efficiency for urban consumers by

deep input voltage. Get practical results after the settlement .

C KaX#pIM TOJIOM HAacelCHHE HAICH CTPaHbl yBEIWYHMBACTCA M OKOJIO MOJOBHHBI BBIPAOAaTHIBACMOU
ANIEKTPUYECKON IHEPTUU mepenaercs depe3 cucTeMsbl anekrpocHabxeHus (COC) roponos. B cessu ¢ atum,
MOCTPOCHHE PAIMOHAIBHBIX TOPOJCKHX JJIEKTPUUECKHX CETed C KCHOJIb30BAaHUEM JHEProd(QeKTUBHOTO
000pyIOBaHUs SBJSIETCSI BECbMa aKTyaJbHBIM aCIIEKTOM B MOBBIIIEHUH dHeprodddexrnBHOCcTH CIC ropoackux
MOTpeOnTEICH.

OmHUM W3 MEpONpHATHH 1O MOBHIIEHHIO 3HeprodpdextuBHOocTH COC  TOPONOB  SBIAIOTCS
UCTIONb30BaHUEe TiIyOOKoro BBojAa. ['yOOKHMIT BBOJ BBICOKOI'O HANPSDKEHHS — CHCTEMa JJICKTPOCHAOKEeHHS,
KOTOpasi ITO3BOJIAET MaKCHMalbHO NPHONM3UTH TNHUTAIONIYI0 CETh BBICOKOTO HANPSDKEHWS K IOTpeOHTeINo,
KOTOpasi JIOCTaTOYHO Iupoko ucnoibdyercss B COC mpeanpustuii. [Ipu ucmonbp3oBaHuM TIIyOOKOTO BBOJA
3HAYUTEIbHO YMEHBIIAETCS YHCIO CTyNeHell TpaHchopMamMy 3IEKTPUYECKON SHEpruM, YTO IPHUBOAUT K
3HAYUTEIHHOMY CHIXKECHHUIO TIOTEPh AIIEKTPOIHEPTHH B PACHIPEICITUTEIBHOI CETH TOPOIOB.

B mpezncraBieHHol paboTe paccMaTpHBaeTCs HCIIONB30BaHHME TIIyOOKOro BBOJAa B CHCTEMax
JEKTPOCHA0KEHHUS TOPOJICKHX MOTpeduTeneli Ha mpumepe Mukpopaiiona Ne 15 A r. Kemeposo. Ha teppuropun
JTAHHOTO MUKPOpaioHa COTIacHO MPOEKTa Oy YT pacIioi0KeHbl pa3IndHble 00BEKTHI )KWIOH HHPPACTPYKTYPBI.

Be1 mpousBeneH pacueT MOTeph MOIIHOCTH B PACHPENENUTENBHOW CETH MHKpOpaioHa TpH
UCIIOJIb30BAaHUN TPaJUIMOHHOTO YpoBHsl HampspkeHust — 10 xB. 3arem Obuin BBIOpaHBI cedeHMs] KaOeNbHBIX
JMHAN pacTpeieINTeNbHON ceT Ha HanpspkeHne 20 kB u onpeeneHs TOTepH MOIITHOCTH B JIMHUSAX.

Pe3ynbTaThl pac4eToB mMoka3ajid, YTO HOTEpH MOITHOCTH B JIMHUAX HanpspkeHneM 20 kB okazammcs B 2
pa3a MeHbIIIe, HECMOTPS Ha TO, YTO CeUeHHsI KaOeNbHBIX JINHUHM Ha JaHHBIA YPOBEHb HAIPSOKEHUS cocTaBmiIn 50

Mm? BMecTo 120 MM TP UCTTOJIb30BaHUU HanpspkeHus 10 kB (puc.1).

49


mailto:lada-gonchar@yandex.ru
mailto:lada-gonchar@yandex.ru

XXI MexgyHapogHasa Hay4yHas koHdepeHumns « COBPEMEHHBLIE TEXHUKA U TEXHONOTI NN»
Cekuus 1: YCTONYMBAA SHEPTETUKA

3000 | CpaBHeHUe notepb MoLWHOCTKU B ceTax 10 KB, 20kB

1000 HAP(20xB)
® AP(10xB)
500
0

A T A I TR O T T e TR T S TR S T A T
A S T N N N T N NN N N e L

Homep nHHKAK

Pucl. l'uicmozpamma nomeps MOWHOCMU 8 TUHUAX PACNPEOETUMENbHOU Cemu MUKPOPALOHd

JpyruM HampaieHueM moBbilieHHs dHeprodddexrusnoctu COC morpeduteneil sBiseTcs 3aMeHa
CTapbIX TpaHC(POpPMaATOpPOB, BEIPAOOTABILUX CBOH pecypc, Ha 3Heprod(eKTUBHbIE.

BoNBIIMHCTBO HMCTIONB3YyEMOTO 3HEPreTHYECKOTO0 OO0OpYJOBaHMS B Halled CTpaHE MOpAaIbHO WU
(hm3nvecku ycrapeio, mo3ToMy HeOOXOAMMO HCIIOIB30BaTh YHEProdddekTuBHBIE TpaHc(HOpMaTOPHI, KOTOPHIE 32
CYeT NPHMEHEHHUS HOBBIX TEXHOJOTHH B TPaHC(HOPMATOPOCTPOSHUM HMEIOT 3HAYMTEIHHO MEHBIIHE IOTEPH
XOJIOCTOTO XOAa M KOPOTKOTO 3aMbIKaHHWsS. 3a4acTyio Takue TpaHc(hopMaTopsl CHAOXKEHBI CHMMETPHPYIOIINM
YCTPOMCTBOM, KOTOPOE IIO3BOJISIET BHIPABHUBATh HECCUMETPUYHYIO HArpy3Ky OBITOBBIX MOTpeOUTENeH, u
CHU3UTH JONOJHUTENILHbIE MOTEPU DJIEKTPOIHEPIUuH, OOYCIOBICHHBIE HEPAaBHOMEPHOCTBIO 3arpy3ku ¢as. 3a
CYET HCIIONIb30BaHHMs B TaKUX TpaHcopmaropax LIMXTOBKM MarHutornpoBoga mno metony «STEP LAP»
3HAUUTEIBHO CHIIKACTCSl YPOBEHb IIyMa, CO34aBaeMOro TpaHc(hOpMaTopoM B IpoLecce padoThl, YTO MO3BOJISACT

MaKCHUMaJIbHO l'IpI/I6J'II/I3I/ITB OACTaHIIUU K HO’I‘p€6I/IT€J'IIO 1 YMCHbIIUTL JJINHY JIMHUH HA3KOTO HalpPsS’KCHUS.

Ha puc. 2 mnpuBeneHsl pe3yibTaThl pacueTra IIOTEPh MOIIHOCTH B TpaHchopmaropax TM -
1000/10/0,4 u TMI — 1000/20/0,4.

5400 - CpaBHeHMA NoTepb MOLWHOCTH B Tpchd:npmaTnpax

6200 -
6000 -
5800 -

B TM-1000/10/0,4
5600

MNorepwu, kB

B TMr-1000/20/0,4
5400 -

5200 -

5000 -

Puc2. l'ucmoepamma nomeps MowHOCmU 8 MPAHCHOPMAMOPAX PACHPEOETUMENbHOU Cemu MUKPOPALioHa
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Kak cnenyer n3 rucrorpaMmsl IoTepy MOLIHOCTH B TpaHchopmaTope Ha 20 kB npakrnyecku B 2 pasa

MeHblIIe, 4eM B TpaHcdopmarope Ha 10 kB.

Tabnuya 1
Xapaxmepucmuxu mpancghopmamopos
Tun Tpancdopmaropa Horepu XX, Torepn K3, Tox XX, XSZESEB Hal;ll?\dh/(l)nﬂsgi;b
P PMATOPA | = \p  «Br AP, kBT e % LIHOCTE,
U, % kBA
TM - 1000/10/0,4 1,9 12,2 1,7 55 1000
TMI" — 1000/20/0,4 1,6 10,8 1,7 55 1000

Hcnonp3oBanue TITyOOKOTO BBOJA B CHCTEMAaX IJIEKTPOCHAOXKEHHUsT OBITOBBIX NMOTpEOHUTEIeH HE TOIBKO
MO3BOJIUT CHHU3UTH INOTEPH 3JIEKTPUYECKON 3HEPIHH, HO M 00ECHEUHTh TpeOyeMoe KadecTBO BIICKTPHUECKOH
OHEPrHH, TaK KaK OJHOW M3 CaMbIX OCTPBIX MPOOJEM B CHCTEMax 3JIEKTPOCHAOXKEHUs OBITOBBIX MOTpeOUTENeH
SIBJISIETCS 3HAUUTENbHBIE OTKJIOHEHHUS HAPSDKEHUs Y TTIOTpeOuTeneii oT TpeOyeMoro ypoBHsi.

[TokazaHHBIH METOA — TIIyOOKHMil BBOZ, HAIJIIJHO AEMOHCTPHPYET YMEHBILIEHHE NOTEPh B TOPOJCKHX
IeKTpudeckux ceTsx. OpHako riyOoOKui BBOJ HE OrpaHHuYEBaeTcs TOJIBKO HampsbkeHueMm 20 k B, Tak xe
CYIIECTBYIOT CIIOCOOBI 110 3aMeHe ceTeil 1 TpaHcopmMaTopoB Ha Goee BHICOKHI ypoBeHb HampshkeHus (35 kB).
Bnarogapst atomy merogy B COC ropoaoB BO3MOXKHO IPHUMEHITH TpaHC(HOPMATOPBI, KOTOPHIE IO3BOJISIOT
MOHM3UTh HampspkeHue cpazy ¢ 35 kB nmo 0,4, munys cpennee 3Hauenue 6 win 10 kB. Hcnonb3oBanue
TryOOKOTO BBOJA MO3BOJISIET MOBBICUTH SHEPT03((PEKTUBHOCTD, YIYUIINTh HAJCKHOCTh HIEKTPOCHAOKECHUSI U
JOCTaBUTb AJIEKTPOIHEPIHIO B TPEOYEeMOM KadeCTBE U KOJIMUECTBE [l TOPOJCKUX ceTell.

CoopyskeHue I'lTy0OKOTo BBOJa B MUpE, IJle HapacTaioliee NOTPpeOIeHUe 3JIeKTPOIHEPTUH B COUETAHUH
C POCTOM 4YHCJa METaIlojIMCOB SBISETCS NMPUHIWINAIBGHO HEOOXOJUMBIM M TNEPCIEKTUBHBIMHU HAIIPaBICHUEM
Pa3BUTHSI CHCTEM 3JIEKTPOCHAOXKEHHS KPYITHBIX I'OPOJIOB, BXOASAIINX B COCTAaB PETHOHAJIBHBIX 00BEANHEHHBIX

JJICKTPOIHCPICTUYCCKUX CUCTEM.
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The article presents the results of the analysis of efficiency of use of photovoltaic cells to provide

electricity to rural homes in Siberia.

OHepreTHyeckue NpoOJEeMbl B MHpPE MOPOAWIN YCKOPEHHOE pa3BUTHE AbTEPHATHBHBIX PpEICHUI
mpoOJIeMbl CHAOKEHHS HACENICHHsI W MPOMBIIIICHHBIX MPEANPHUATHI emeBoi anekTposHeprueii. ComHedHas
SHEpPreTUKa — HalpaBJICHHE aJbTePHATUBHON IHEPTETHKH, OCHOBAHHOE HA HEMIOCPEICTBEHHOM HCIOJIh30BaHUHU
CONTHEYHOTO W3IYYCHHUS I MOJIYYCHHS JHEPTUH B KakoM-TuOo Bume. OHa HCHOIB3yeT BO30OHOBISIEMEIC
WUCTOYHHUKHA HHEPTHH W SABISACTCA «IKOJOTHYCCKH UYHCTOH». BOo MHOTHX CTpaHax COJHEYHas JHEPreTHKa
MOJy4HJIa aKTUBHYIO TOCYIapCTBEHHYIO MOIIEPKKY U CTPEMUTENIbHO pa3BuBaeTcs. B 2012 roxy Bo BceM mupe
CyMMapHasi MOIITHOCTb COJHEYHBIX 3JekTpocTaHIui npesbicuia 100 ruraBart! OHM NPOU3BOAAT CTOJBKO K€
AJIEKTPUYECTBA, YTO M 16 KPYMHBIX YIOJIBHBIX WIM aTOMHBIX JIEKTPOCTaHIUH. M 3TOT moka3aTens ynBauBaeTcs
kaxele Tpu rozaa [1]. Ilo omenkam cnenuanuctoB K 2100 roxy coyHIE CTaHET AJOMHHUPYIOIIUM HCTOUYHHUKOM
9Hepruu Ha IwiaHere [2]. B jaHHOE Bpemsi MUPOBBIM JIMJEPOM B IPOW3BOJICTBE COJNHEYHOH 3JIEKTPOIHEPIHU
apisiercs ['epMaHus, He OTJIMYAIOIIASCS OJNArONPHSATHBIM U COJIHEYHBIM KIMMAaTOM, COBOKYITHBII 00beM
MOIIIHOCTEH COJIHEYHBIX JIEKTPOCTAHIINI KOTOPOH COCTaBIISIET MO JaHHBIM cTaTucTuku Ha 2012 rox 32 I'Br.

B Poccun ¢ e€ ximmaToM 110 IMOCIETHEr0 BPEMEHHU HCIIONB30BAHUE aTbTEPHATUBHBIX HCTOYHHKOB HE
paccMaTtpuBanoch. Jlnsd oOmmpHBIX pernoHOB CHOMPH HE peAKH IMepedOd B IIEKTPOCHAOKCHHH W3-3a
HECOBEPIICHCTBA TMEPEaroNUX JHUHUN, 3HAYUTENBHBIX PACCTOSHUM, IJIOXWX MOTONHBIX ycioBwid. [Ipm 3Tom
nepenaya SHEPTUM MPOHMCXOJUT C OTPOMHBIMHU IOTEPSAMHU. OTH (DAKTOPHI MOBIMSIA HAa Pa3BUTHE OTPACIH
WCTIONB3YIONIeH sHepruto conHia. Tak B 4 ceHTs16ps 2014 roga B PecmyOnnke Anraii myieHa B 9KCIUTyaTaIuio
Kom-Aradckast coTHeUHas 3JI€KTPOCTAHIIMSI MOITHOCTRI0 5 MBT, a B 2015 r. B Xakacuu OyAeT BBeJCHA B CTPO
Abaxkanckas comneunas OC Ha 5,198 MBT [3].

Conneunast Oarapess — 3TO HECKOJIBKO OOBEAMHEHHBIX (HOTOIIEKTPHUUECKUX TMpeodpasoBareneit
(oTodNIEMEHTOB) — TIOJYNIPOBOAHUKOBBIX YCTPOMCTB, NPSIMO NPEOOpasyloIUX COJHEYHYI0 JHEPrHi0 B
MOCTOSIHHBIN 3J7eKTpuueckuii Tok. ConmHeuHast 6aTtapes COCTOUT W3 OTAEIBHBIX COJTHEYHBIX 3JeMeHTOB. COopka
(hOTORPNIEMEHTOB IOKPHIBACTCS 3AIIMTHBIMH CIOSMH W3 IUIACTHKA, CTEKNIa, MOJMMEPHBIX IUIeHOK. KpeMHmit
SBIISICTCS OCHOBHBIX MAaTEpHaOM ISl MPOU3BOACTBA (POTODJIEMEHTOB. JTO BTOPOH IO PAaCHpPOCTPAHEHHOCTH
JJIEMEHT Ha 3eMile, 3amachl ero orpoMHbl. OHAKO MpoLEecC MPOU3BOJICTBA YUCTOTO KPEMHHS OUEHb TPYAOEMKUIA
W 3aTpaTHbIH, IO3TOMY YUCTHIH KpeMHHMH crouT noporo. Ceiyac BepeTcs HMOMCK aHAJOroB, KOTOphIE OBl He

ycrynainu kpemuuto o KITJI.
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[IpuHumn paboTsl (HOTOINEKTPUUECKUX NpeoOpa3oBaTereld OCHOBAH Ha (DOTOINIEKTPUUECKOM d(deKTe.
@DOTO31EMEHT Ha OCHOBE IMOJIyIPOBOAHUKOB COCTOMT U3 ABYX CJIOEB C Pa3HOM mpoBogumocTsio. K crnosm ¢
Pa3HBIX CTOPOH MOATIAMBAIOTCSI KOHTAKTBI, KOTOPBIE UCIIOIB3YIOTCS U1 MOJKIIOYECHHUS K BHENTHEH nemn. Pons
KaTola UTpaeT CIOH C N-TIPOBOJMMOCTBIO (SJIEKTPOHHAs NMPOBOAMMOCTH), POJb aHOAA — P-CIOH (IObIpoduHas
npoBoauMocTh). Korma syum cBera momajaroT Ha n-ciod, 3a cdeT (oTtorddexra oOpa3yroTcss cBOOOIHEIC
37eKTpoHbl. KpoMme 3TOro, OHM MHOJydYaroT JONONHHUTENBHYI0 SHEPTHIO M CIOCOOHBI «IEPEIPHITHYTH» UYepe3
MOTEeHIMAJIBHBIA Oapbep p-N-nepexona. KoHIEHTpanus 3JIEKTPOHOB W JABIPOK HM3MEHSETCs W o0pasyercs
Pa3HOCTh MOTEHINANIOB. ECIM 3aMKHYTh BHEIIIHIOIO II€TIh Yepe3 Hee HauHeT TeYb TOK.

ConHeuHble 0aTapen MOTYT OBITh CIEAYIOINX OCHOBHBIX BHJIOB!

Monokpucmannuueckue bamapeu. KI1J| Takux Oatapeil BbIlIe, 4eM y APYTHX BHIOB, HO IIPH 3TOM OHHU
CTOSIT HECKOJIBKO JOpOXKe. X dalne BCero MOYKHO YBHJETh Ha KPBIIIAX 3arOPOIHBIX IOMOB, HPOMBIIIIECHHBIX
MpEeANPUATHH, 3TO HanboJiee MOy SIPHBIA BUI COMHEYHBIX OaTapel. KoadduimenT nonesnoro qedcTBrs Takux
Oarapeit mpumepHO 20-25%.

THonuxkpucmannuueckue 6amapeu. VIX CBETONOTITIONICHNE HECKONBKO HIDKE, YeM Y MOHOSYEEK, TOCKOIbKY
HepaBHOMEpHAsl MOBEPXHOCTh OTPaXKaeT yacTh Jiyuel. [[puMeHstoTcs Takke Kak 1 MoHOKpucTtamuueckue, KITJ]
y HHX HECKOJbKO HIbke M He mpesblmaer 20%, HO M CTOMMOCTh HX, OOBIYHO, HIXKE UYeM Y
MOHOKPHUCTAJUIMYECKHUX COJIHEUHBIX OaTapei.

Toukonnenounvie  0amapeu. IlpuHnunm  pabOTBI  TaKMX  COMHEYHBIX OaTapeil  aHAJOTHYCH
KpUCTauTdeckuM. Ho BBIMycKaloTCSI OHM B BHIE THOKHX S9€EK, KOTOPBIE MOXKHO YCTAaHAaBIMBATH Ha
KPHUBOJMHEIHBIX IMOBEPXHOCTSX. JTH OaTapen AEIIEBHl B IPOM3BOJCTBE, M JOBOJHHO 3(P(EKTHBHBI, HO A
OBITOBBIX LENICH MPUMEHSIOTCS PEIKO, MOCKOIBKY MO CPAaBHEHUIO C KPHCTAJUIMYECKHMH 3aHHMAIOT OOJIBIIYIO
wromaab (IpUMepHO B 2,5pa3a) Ha equHUIy MomHocTH, a KIT/I — okono 10% [4].

JlumepamMu B IpOU3BOACTBE KPEMHUS ISl COTHEUHBIX Oatapeid cuuratorcs: Kurait, Hopeerus, Mcmanus,
TI'epmanus, Bpasunusa, CLIA. B Poccum cymecTByeT wWIeCTb KPYNHBIX MNPEANPHUATHH, 3aHUMArOLIUXCS
MIPOM3BOJICTBOM COJIHEUHBIX OaTapei [5].

CTOUMOCTb COTHEUHBIX OaTapeil ceroJiHsl TOCTaTOYHO BBICOKA. A ¢ yueToMm Hebombiioro 3HaueHnus KITJ{
MaHeJIel, BOMPOC UX OKYNaeMOCTH O4YeHb aKkTyalieH. CpoK CIyKObI COJTHEUHBIX MaHeNei coCTaBIsIeT mopsiaka 25
u Oonee netr. Ha cpok oKynmaemMoCTH BIIUSIIOT: THIT BHIOPaHHOTO 00OpYIOBaHHMs, reorpagpuieckoe MojokKeHue,
CTOMMOCTh 000pYZOBaHMUs, CTOMMOCTh SHEPTOPECYPCOB B PETHOHE.

Jns obecnieueHnst MoTpeOHOCTEH 3aropoHOTO JjoMa HEOOXOJIMMO HPHOOPECTH CIEeTYIONINH KOMIUIEKT
000pyIOBaHUs: COJIHEUHOH OaTapen (reHeparopa IOCTOSIHHOTO TOKa), aKKyMYJISITOpa ¢ YCTPOMCTBOM KOHTPOJIS
3apsa ¥ HHBEPTOpa, KOTOPBII IIpeoOpa3yeT MOCTOSHHBIA TOK B IEPEMEHHBIH.

s obecriedeHnss HEprueil JadHOro JOMHKA NMPOW3BOAWTENN MPEAaraloT HCIOIb30BAaTh COJIHEYHEIC
Garapen cymmapHoii MomrHOCTRIO 300 BT. CTOMMOCTD TakOH COJHEYHON 3JIEKTPOCTAHIMH BapbHPYETCS OT
70000 mo 165000 pyOGneit. Ee MOXHO HCMONB30BaTh B KAa4eCTBE OCHOBHOTO MCTOYHHKA DJICKTPONHUTAHHUS B
YCIOBUSIX OTCYTCTBUS IIEHTPAJIM30BAaHHOM ceTH. B KauecTBe CHCTEMBI pE3epBHOTO 3JIEKTPOCHAOXKEHUs Ha
Cilydad OTKJIIOYEHHWs CBETa JUIMTENBHOCTBIO OAMH-NIBA JHSA JOCTAaTOYHO COJIHEYHBIX OaTapeld cymMMapHOH
MomtHocThIo 200 BT. CTOMMOCTB Takoi KOMILIEKTAIMK HaxoauTcs B peaenax ot 48000 no 73000 pyOsneii.

CpenHsisi NpoJI0DKUTEIFHOCTD COJTHEYHOTO CHHUs B ToMckoii obsactu cocrasiser MeHee 1700 yacoB B

ron. OmHaKo, MO JaHHBIM KJIMMAaTOJIOTOB, 32 30 TOCHEIHUX JIeT KOJMYECTBO COJHEUHBIX aHeld B Cubupwu

53



XXI MexgyHapoaHas Hay4Has koHdepeHums « COBPEMEHHBLIE TEXHUKA U TEXHONOT NW»
Cekums 1: YCTOMYMBAA SHEPTETUKA

cokparmiocs no4tu B 2 pasza (B Kemeposckoit HoBocubupckoit n Tomckoit u obnactsax ¢ 130 gueit mo 70).
YMeHbIIeHre KOJTNIECTBa COTHEUHBIX THEH B TOAY OOBACHICTCS TII00AIFHBIM TOTEIUICHHEM |6, 7].

Cpenaue nudpbl cpoka OKYIaeMOCTH COTHEYHBIX Oatapeit 1yt ctpaH FOxkuo#t EBponsl cocrapmustoT 1,5-2
rona, it ctpan Cpenueit EBporer — 2,5-3,5 rona, B LienTpansHoii Poccuu cpok OKynaeMoCTH paBeH MPUMEPHO
2-5 rogaM. Bricokasi CTOMMOCTh 000PY/IOBaHUS M HEOOJIBIIOE KOJINYECTBO COJIHEUHBIX JHEH YBEIMYHMBACT CPOK
OKYIaeMOCTH COJIHEYHbIX cTaHuui B Tomckoii oomactu 10 15 u Gosee Jer.

Ha ocHOBaHNM POBEAEHHOTO aHAIM3a MOYKHO CAENATh CIEAYIOIINE BBIBOBI.

1. OnTIMaNBEHBIM COOTHOIIEHUEM [IEHAa-Ka4eCTBO 00/IaAal0T MOIUKPHCTAIUINIECKHE OaTapeH.

2. DKOHOMHYECKH 0OOCHOBAHO B YCIIOBHAX JAHHOTO PETHOHA WCIIOIb30BAaHHME COJNHEUHBIX OaTapeil mpu
HEBO3MOXKHOCTH MOAKIIOYEHHUA K 3JIEKTPOCETSIM, T.K. CTOMMOCTH HOAKIIIOUEHHS COCTABISAET JCCATKH U JIaKe
COTHH THICSY pyOIIeii.

3. ConHeuHble OaTapen MOXHO HCIIOJIB30BaTh B KA4ECTBE CHCTEMbI PE3EPBHOIO AIIEKTPOCHAOKEHHS Ha
CIIydau OTKJIIOUCHHS CBETA.

4. BO3MOHO HUCIIOJIb30BaHNE KOMOMHUPOBAHHBIX YCTAHOBOK (COJIHEUHbIE OaTapeu U BETPOTCHEPATOPHI)
JUI o0ecTedeHns: HOTPEOHOCTH B JIEKTPOIHEPTUHL.

B 3akmroueHnu XoTenoch OBl OTMETHTH, YTO 3a IOCIEIHHE TOABI IIEHBI Ha (POTOIIEKTPUIECKUE MaHEeIN
ylmann B JAECSATKH pPa3, M TNPOAOIDKAIOT CHIDKaThes. B Ommwkaiimem OymymieM 3¢@QeKTHBHOCTH CONHEYHBIX
Garapell 3HAUWTENLHO YBEIWYHUTCS HM3-32 COBEPLICHCTBOBaHMS TexHosorud, yBenmdeHust KIIJ| n cHmkeHns
CTOMMOCTH TMaHened. JTO CBs3aHO C pa3paboTkoil Oosiee COBEPIIEHHBIX TEXHOJOTHH, MO3BOJISIOIINX
yBenmunBath KII/l u cHKath ceGecTOMMOCTh MaHenei, a Kak CIeJCTBHE YMEHBUIMTCS M CPOK, B TeUCHHE
KOTOPOTO CHCTEMa 3HEeproo0ecredeHus] Ha COJHEYHOW IHEepruu OKynHuT cebs. Bee 310 roBopur o GombmImx
MePCIEeKTUBAX MCIIOIB30BAHNS COJTHEUHBIX OaTapeit B ToMmckoil obmactu.

CIIMCOK JIMTEPATVYPHI:
1. MupoBasi coiHEYHas OJHEPreTHKa: NEPeNOMHBIN ToJ [DNeKTpoHHBIM pecypc]. — Pexum gocrtyma:

http://www.advis.ru/php/print_news.php?id=A4874E3E-5CE0-244E-A6BB-9CF6F8530077 — 30.05.13.

2. CoxHe4Has >HEpreTHKa: MEPCIEKTHBEI B MUpPE M cocTosHUE B Poccuu [DnekTpoHHBI pecypc]. — Pexxum
nocryna: http://www.energy-fresh.ru/analitics/?id=4883 — 27.09.11.

3. Conneynas MIEePCTIEKTHBA [DnexkTpoHHBI pecypcl. - Pexum JIoCTyma:
http://www.kommersant.ru/doc/2634026 — 17.12.14.

4. Kuraiickue conHewHble Oarapen. PeampHO 1 y Hac? [DOmekTpoHHBIH pecypc]. — Pexxum mocryma:
http://ysob.ru/articles/s/vse_stati/lkommynikacei/kitajskie_solnechnye_batarei.html

5. TIpou3BOAUTENH COJHEYHBIX JEMEHTOB [DIeKTpoHHBIH pecypc]. — Pexum mocryma: http://.ru/solnechnye-
batarei/proizvoditeli-solnechnyx-batarej

6. Dxomom B Cubupu [DaekTpoHHbIN pecype]. — Pexxum poctyna: http://pandia.org/text/77/363/84638.php

7. Konn4ecTBO CONIHEUHBIX JHEW B TOMCKE yMEHBIIWIOCH BABOE [DIEKTPOHHBIN pecypc]. — Pexkxum mocryma:

http://ngs70.ru/news/1299828/view/ - 02.08.13.
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AHAJIM3 U OIITUMU3ALUA XAPAKTEPUCTUK T'HBPUAHBIX CUJIOBbIX ®UJIbTPOB
Eropos /1. B., Yepnsimos M. O., bysukun I1. J1.
Hayunsrit pykoBonutens: Josrys B. I1., n.1.H., mpodeccop
WHCTATYT KOCMUYECKUX B HHPOPMALMOHHBIX TeXHOJOTHI CHOMPCKOTO (heaepaTbHOT0 YHUBEPCUTETA
E-mail: denis.egorov.90@bk.ru

ANALYSIS AND OPTIMIZATION OF HYBRID POWER FILTERS
Egorov D. E., Chernyshov M. O., Buyankin P. D.
Scientific Supervisor: Prof., Dr. Dovgun V. P.
Institute of Space and Information Technologies, Siberian Federal University
E-mail: denis.egorov.90@bk.ru

Analysis and optimization of hybrid power filters, based on performance optimization in the space of
parameters passive and active power filters is considered. The filter designed with the help of proposed method
satisfies requirements of reactive power compensation and harmonic filtering. The design example illustrating
the proposed approach, is given.

U_II/IPOI(OG MNPUMCHCHHUC YCTpOﬁCTB C HEJIMHEHHBIMHA BOJIbTAMIICPHBIMHU XapaKTCPUCTHKAaMH NNPHUBOAUT K
YBCJIMYCHUIO YPOBHA BBICHINX T'apMOHHWK TOKOB U HaHpﬂ)KeHI/IfI B DJICKTPHUYCCKUX CETAX. JIJ'IH YMEHbIICHUA
YPOBHA BBICHIUX T'APMOHHUK B CETAX 3J'IGKTpOCH&6)KeHI/IH uenecoo6pa3Ho HUCIIOJIB30BAaTh MMaCCUBHBIC U AKTHUBHBIC
cunoBsle  GuibTpel (AD). AD mpencraBisieT KOMMYTHPYEMOE YCTPOMCTBO, XapaKTEpPUCTHUKH KOTOPOTO
(dopMHpYIOTCS. ¢ TOMOULIBIO CIIEHAIBHOIO 3aKoHa ympasieHus. OpHako mmmpokoe mnpumeHeHne Ad
OrpaHUYIMUBACTCA UX CIOKHOCTBIO U BBICOKOH cToMMocThI0. HanGoiee MNCPCIICKTUBHBIM HAIIPABJICHUCM ABJISICTCA
pa3paboTka THOPHIHBIX (QHUIBTPOKOMIICHCHPYIOIINX YCTPOMCTB, MPEACTABIAIOIINX COYETAHHWE MACCHBHOTO U
akTUBHOTO QriIbTpoB. [ mOpuaHEIe @KV MO3BOJNAIOT 3HAYNTEIHPHO YMEHBIINTH MOITHOCTh aKTUBHOTO (IIIBTPa 1
3a CYCT 3TOro CHU3UTh CTOUMOCTDH BCET'O yc’[‘pOﬁCTBa. Basknoe JOCTOHMHCTBO FI/I6pI/I,IlHLIX (I)I/IJ'IBTpOB 3aKJII04YacTCsA
B TOM, YTO UX MOKHO MCIIOJIb30BaTh B CECTAX, I'/IC YK€ YCTAHOBJICHBI ITACCUBHBIC d)Ky

CylIecTBYIOT —pa3nuyHble KOHGUrypauuu THOPUAHBIX (QHUIBTPOKOMIIEHCHPYIOIIMX YCTPOWCTB,
OTJIMYAFOIINXCS CTOCOOOM BKIIFOUEHHs aKTHBHOW M TTACCHBHOM 4YacTel, BUIOM YIPABISAIOIICH mepeMenHoi [1,
2]. B moxmame paccmorpeno @KV, o0pa3oBaHHOE MapaUICIbHBIM COCIMHEHHEM MAaCCHBHOTO W aKTHBHOTO
(UIBTPOB.

OKBHBaJeHTHas cxeMma (UIbTpa Ha dactoTe K-if rapmoHmkm mokasana Ha puc. 1. 3mecy Z, —
CONPOTHUBIJICHHE BHEUIHEH CeTH. YNPaBISIOMIMI MapaMeTp akTHBHOTO (GHIbTpa Ga<1) UMEeT Pa3MEepHOCTh
npoBoauMocTu. HenuHelHas Harpy3ka MOJENHPYETCS UCTOYHMKOM Toka Jy . Merodnuk Hanpsokenus Eg
YUHUTBHIBAET TAPMOHUYECKYIO COCTABIIIIONLYI0, TEHEPUPYEMYIO BHEIIHEH CEThIO. 3/1eCh U Jajee B KauecTBE TOKa
|c OyneMm paccMarpuBaTh K-1o rapMOHMKY TOKa CeTH, a B kadecTBe HampspkeHus U op— K-fo rapmonumky

HaNpPSOKEHUS B TOUKE OOIIET0 MPUCOSINHEHUS CETH 1 HETMHEHHOW Harpy3Ku. AKTHBHBIN (QUIBTP TPECTaBIICH B

CXeMe HMCTOYHHKOM TOKa, yIpaBisieMbiM HanpsokeHHeM U.po;. AKTHBHBIH (HIBTP T€HEPHPYET TOK, CIIEKTP
KOTOPOTo LOBTOPSIET CIeKTp HanpsokeHus, T.e. laqy =GagpU ron -

Jnst onmcaHusi cxeMbl THOPUAHOTO GHUIBTPA HA pUC. | MCHONB3yeM ypaBHEHHUS YETHIPEXIIOJIIOCHHUKA B

)G 26
UTOl'l F21 FZZ ]k '

THOPU/IHBIX MTapaMeTpax:
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Puc. 1. Mogens cuctemsr «rubpuaaoe ®KY — BHETIHS CeTh»

Juis cxemsl Ha puc. 1 MaTpuna THOpUIAHBIX TApaMEeTPOB

YC (Ynd) +Gaqb) YC
[F]— Y. +Yn¢+Ga4; Y +ij)+Gaq,,
- Y. 1

Y. +Yn¢ +Gad) Y +ij) +Gaqb

YacToTHBIE XapaKTEpPUCTHKU THOpuAHBIX napameTpoB DKV mnapamiensHON CTPYKTYpHI MOKa3aHbI Ha

puc. 2.
— N
— —
L L
100 200 300 400 500 600 700 800 900 1><103 100 200 300 400 500 600 700 800 900 l><103
Yacrora, I'1g Yacrorta, I'1g
byt o~
E N
L
100 200 300 400 500 600 700 800 900 1><103 3
100 200 300 400 500 600 700 800 900 1x10
Yacrora, I'n1 YacroTa, I'1
B) B)

Puc. 2. Hacmomusvie xapaxmepucmuxu cubpuonvix napamempos O®PKY napannenvnou cmpykmypul (puc. 1)

AHanu3 TOKa3bIBaeT, YTO 3aBHUCHUMOCTh KOMIIEHCAITMOHHBIX XapaKTepUCTHK THOpumHeix ®KY ot
MapaMeTpoB MACCUBHOTO M aKTUBHOTO (PHIILTPOB UMEET HETMHEWHBIN xapakTep. (s momydeHus TpeOyembix
XapaKTEPUCTUK HEOOXOAMMO UCTIONH30BAHUE METOZ0B ONITHMH3AIIHH.

3amady onTUMHU3alMK XapakTepucTHK rudpugHoro DKY chopmymupyem crnemyrommm o0Opa3oM:
HEOOXOIMMO HAWTH TapaMeTpbl COMPOTHBICHHS MACCHBHOTO (HIbTPA, OOECHCYMBAIOIIETO MUHHMYM
MHOT'OKPUTEPHATIBHOH [IEeIeBOH (YHKIIUI

D= WDy, k=12,.., 1)
k)

IIpH BBITIOJITHEHUN Or‘paHI/I‘IGHI/Iﬁ Ha napaMeTpbl IAaCCUBHOI'O U aKTUBHOT'O (1)I/IJ'IBTp0B.
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BecoBble k03(GUIMEHTE] Wy yYMTBIBAIOT OTHOCUTEIbHOE 3HaueHue kpurepues Oy . Kpurepuii @1 B
thopmyne (1) ompenenseT BeIHINHY PEaKTHBHOI MOIIHOCTH, TCHEPUPYEMOU TACCUBHBIM (DIITBTPOM:
;= Qo —Quy P /52
1= Ky H -
31ech QKy — MoIHOCTb, reHepupyemas ®KY Ha uyacToTe OCHOBHOW TapMOHHUKM, Sy — IOJHAs
MOILHOCTb HAarpy3ku, Qg — peaKkTHBHas MOIIHOCTb, KOTOPYIO HEOOXOAMMO KOMIIEHCHPOBATh B TOUKE OOILETO
npucoenuaennd @KV u Henmuelinon Harpysku. Kpurepun @) m D3 onpenensroT celeKTUBHBIE CBOWCTBA

npoeKkTupyemoro ¢uibTpa:

N N
D¢ P

= O = L
Ug I

B neneByro dhyHk1uI0, onpeaeseMyto BeipakeHneM (1), MOXKHO BKIIFOUUTH U APYTHE KPUTEPHH.

B nmoknmame paccmorpen nmpumep pacuetra TubpugHoro @OKVY s ycTaHOBKM Ha  IIMHAX
TpancdopmaropHoit moacranimu 380 B. HennHeliHO# Harpy3Ko# SBISIOTCS 3J€KTPOIPHUBOJIBI C PETYIHPYEMOM
CKOPOCTBIO BpamieHus. PUiAbTp IOKEH oOecrednBaTh KOMIICHCALMIO PEAKTUBHOM MOIIMHOCTH, a TaKXkKe
MOJABJICHUE BBICIINX TAPMOHMK TOKA B MUTAIOLIEH CETH U TapMOHMK HaNpshDKeHMs Ha muHax TII1.

OnruMmzanms  xapakTepucTuk rudpuaHoro MKV ocymiecTBisnach B CMENIAHHOM HPOCTPAHCTBE
MapaMeTpoB MACCHBHOTO M aKTHUBHOTO (HILTPOB. B KauecTBe BaphbHpPYyEMBIX IapaMETPOB HCIHONB30BAINCH

TOJIOCKI 1 HYJIH ONIEPaTOPHOTO CONPOTHBICHMS Z gy (S), a TakKe mapamerp akTuBHOTO ¢uibtpa G ad -

Pacuer ruGpugnoro @KV BemonHsnca B ABa 3Tana. Ha mepBoM 3Tame Ompenessulich MapaMeTpsl
MACCHBHOTO W aKTHBHOTO (HIBTPOB, OOCCICUYMBAIONINE 3aJaHHBIC TpPeOOBaHUS K KOMIICHCAI[HOHHBIM
XapaKTepUCTHKaM yCTpolcTBa. Ha BTOpOM Imare OCYIIECTBISUIACH pealu3aliisi CTPYKTYPHl ITACCHBHOTO
¢unprpa. Takoit momxox obecriedrBaeT BO3MOXKHOCTH BBIOOpa Hamboyiee MOIXOAANICH KOHQUTYpAIUH
MacCUBHOTO (HUITBTpA.

AHanu3 1mokasai, 4yTo IOCJe YCTAaHOBKH (HIBTPAa CyMMapHbIH K03()(UIIMEHT rapMOHUK HANPSKEHHS B
ToYKe 00Iero mpucoeauHenust cHmsmuics ¢ 9 % no 1.5 %. CymmapHblii KO3(GQHUIUEHT rapMOHUK TOKa B CETH
cuauzuics ¢ 17,3 % no 5 %. CopoexktupoBannoe DKV ocyriecTBasIET KOMIIEHCAITMIO PEAKTUBHON MOIIHOCTH U
MOJJaBJICHUE BBICIIMX TapMOHHUK TOKA, CO3JaBa€MBIX HENWHEHHOW Harpy3koil. OIHOBPEMEHHO YCTpPOMCTBO
ocnalisieT BBICIIME TapMOHHUKH HAMPSKCHHS B TOYKE OOIIETrO NMPHCOSIWHEHWsS, CO3[aBacMbIe HEIWHEHHOM
HArpy3Kod W BHEIIHEH CeThi0. MOIMHOCTh aKTUBHOTO (mibTpa cocTtaBisier MeHee 10 % OT MOIIHOCTH BCero

OKY.

CIIUCOK JIMTEPATYPBI:
1. Pozanos 0. K. CunoBas anekrponnka: yaeOuuk s By308/ HO. K. Po3anos, M. B. PsaOuunmkuii, A.A.
Ksacurok. U3, 2-e. — M.: U3gatensckuii ;om MBOH, 2009. — 632 c.
2. CunHTe3 (QUIBTPOKOMICHCHUPYIOIIMX YCTPOWCTB JJISI CHCTEM DJIEKTPOCHAOKEHHS: KOJUICKTHBHAS
monorpadus / H. I1. Bosipckas, B. I1. Josrys, 1. 3. Eropos u 1p.; nox pexn. B. I1. Jloryna. — KpacHosipck: Cuo.
¢enep. yu-1, 2014. — 192 c.

57



XXI MexgyHapoaHas Hay4Has koHdepeHums « COBPEMEHHBLIE TEXHUKA U TEXHONOT NW»
Cekums 1: YCTOMYMBAA SHEPTETUKA

PA3BUTHUE ITPOTPAMMHOI'O KOMIIVIEKCA JJJIA UCCJIIEJOBAHUSA
CIHOCOBOB I'AINEHHUA ITOJIA TYPBOI'EHEPATOPA
Edpemor .M.

Hayunsiii pykoBogutens: Kocmpianaa H.M., K.T.H., JOLEHT
HaunonaneHelil necaenoBaTenbcKuil TOMCKUI NOIUTEXHUUECKU YHUBEPCUTET,
Poccus, r. Tomck, mp. Jlennna, 30, 634050
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THE PROGRAM DESIGN DEVELOPMENT FOR RESEARCH DAMPENING FIELD GENERATOR
Efremov I. M.
Scientific Supervisor: ass. prof. Kosmynina N. M.
Tomsk Polytechnic University, Russia, Tomsk, Lenin str.,30, 634050
E-mail: kosm_nm@tpu.ru

KopoTkoe 3ampIkaHue BHYTpPH TypOOTeHepaTopa WIH Ha €ro 3a)KMMaX OTHOCHTCS K pa3psIy CambIX
TSDKETBIX aBapuil W TO3TOMY IOJDKHO OBITH JIMKBHIAMPOBAHO B BO3MOXKHO Oo0Jiee KOPOTKHH HPOMEKYTOK
BpemeHH. OHUM U3 CIIOCOOOB OTPAHWYCHHUS Pa3MEpOB aBaphH SIBILSICTCS TallleHHe MO TypOoreHepaTopa,
3aKIIroYaroeecss B OBICTPOM CBEICHUH MarHUTHOTO MOTOKA BO30YKICHHS IICKTPUISCKUX MAIIUH K BEJIWIHHE,
OJIM3KOM K HYJIO.

Heob6xonuMocTh rameHus mojs 4acTo BCTPEUaeTCsl B YCIOBUSAX HOPMalbHOW dKcIuTyaTanuu. OaHako
3TOT Mpolecc MpuoOperaeT ocoboe 3HaueHWe NpPU aBapUIHBIX PEXKUMAX, BBI3BAHHBIX MOBPEKICHUAMHU
W30ILIIMM BHYTPH CaMOil MAaIlWHBl WM Ha €€ BBIBOJHBIX 3aKUMax. POCT MOIIHOCTH TypOOT€HEpaTOpOB
O3HaJYaeT 3HAYMTEIFHOE yBEIMUCHIE YHEPTUH, 3a[ITACCHHON B MAaTHUTHOM IIOJIC pOTOpa , YTO TPHBOIAWT K
VBEJIIMYCHUIO  TOKa KOPOTKOT'O 3aMBIKaHHWS, PACIIUPEHUIO pa3MepoB aBaphH, BO3MOKHOMY  BBITOPaHHIO
0OMOTKHM M aKTHBHOI CTaNy MaIlnHBL. PazmMepsr aBapuu, OIHAKO, OIPEACIIIFOTCS HE TONBKO BEIMIHMHONW TOKA, HO
U TOPOAOJDKUTCIBHOCTEIO KOPOTKOTO 3aMbIKaHUA. OHH CTaAHOBATCS TEM MCHBIIMMH, YCM 6I)ICTpee
OCyILeCTBIIsAETCS ramenue noist [1].

[pocreiimmM crocoOOM TalieHus MOJs SBJISETCS OTKIIOUeHHE OOMOTKM BO30YxkneHus. OmHako
HETIOCPEACTBEHHOC OTKIIIOYCHUE BCJICICTBUEC 60HBHIOﬁ WHAYKTUBHOCTHU 00MOTKH MPpUBOAUT K BOBHUKHOBCHHUIO
3HAYHUTENBHBIX TIePCHAIIPSDKCHUH, CIIOCOOHBIX BBI3BaTh MPOOOH u3oisAnuH. [l03TOMY MpH TamleHWH MO
npuOeraroT K 3aMBIKAaHUI0 OOMOTKM BO30YXKICHHS Ha pa3psagHOC COMPOTHBICHHE WIH Ha BCTPEYHO
JEHCTBYIOIIYIO AJEKTPOIBIDKYIYI0 CHIIYy (IIPOTHBOBKIIOYECHUE BO30OYIWTENS), HWIM HA JYyrOTaCHUTEIBHYIO
PEIIeTKY.

Ha xadenpe  2IeKTPOIHEPreTHHECKUX  CHUCTEM  ODHEPreTHYecKOro  HWHCTUTYTa  TOMCKOro
MOJIMTEXHUYECKOTO YHUBEPCHUTETA JJIsl MCCIIEA0BaHUS TallleHus nojis Obula pa3paboTaHa mporpamma B cpeie
Mathcad (Puc.1).

Ha ocHoBe JAHHBIX, BBCACHHBIX IIOJIB30BATCIJIEM, BBIIIOJHACTCA PACUYET BCEX BBIMIC MEPCUUCICHHBIX
CIIOCOOOB TallleHUs OIS, BKIIIOYast ONTUMAJIbHBIE yCiIoBHs. Jlanee mosb30BaTeNb CPaBHUBAET PA3HBIE CIIOCOOBI
ranieHust MoJIs U JieNlaeT BHIBOJ] O HAMJIy4IlIeM METO/Ie.

B coBpeMeHHBIX YCNOBHSX sl HOATOTOBKM CIELHAIMCTOB BBICOKOH KBaIM(pUKAIUU TpeOyercs
YCHJICHHE aKTUBHOM COCTABIIAIONIEH 00pa3oBaTeIbHOTO MpoIecca.

B cBs3m ¢ 3TuM OblTa TOCTaBlieHA 3aava pa3pa0OTKH HOBOM MpPOrpaMMBbl,  CIOCOOCTBYIOIIEH
AKTHBHOMY BOBJICYCHHMSI CTY/IEHTa — IIOJIb30BATENsl B MPOLIECC YCBOGHHS TEOPETHYECKOro Marepuana. B
KauecTBe IPOTrPaMMHOM cpeibl BeiOpaHa cpena Delphi, uMeromas 1mupokne BO3MOXKHOCTH IS CO3IaHUS

ynoOHoro uHTepdeiica [2].
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Puc. 1. Cmapmosas cmpanuya npoepammer Mathcad.

OnHoit m3 0coOeHHOCTEW HOBOH IMPOTPAMMEI

SABJIACTCA NPUBJICYCHUE CTYACHTA K CaAMOCTOATCIbHOMY

BBCACHUIO PACYCTHBIX BBIPAKCHUS — OKHO BBOJAAd PACYCTHOT'O BBIPAXKCHUA MIPCACTABJICHO Ha Puc.2.

EEIEEOMTE SHaYEHHE [Frawk]

—

trawrk)=

|Un0m

= [1o00

x,m—(

I i [1

+ | ]

PaccuuTare

|Uk0n

Puc. 2. [Ipumep camocmosmenbnozo 6600a paciemHuozo blpadceHus

Ilocie MIPOXOKACHUA HpOFpaMMHOﬁ IIPOBCPKU BBECACHHOI'O BbIPA’KCHNUA BO3MOKCH ,I[aﬂbHCﬁHlHﬁ JTal

MPOTPaMMBI.

Ha Puc 3-4 npencraBneHsl pabodne OKHA IPOTPaMMBL: TPOBEPKH OMIHOOYHOTO BBO/IA JAHHBIX, TPUMEP

MOCTpOEHUS Tpaduka.

=5
ﬁ WccnepoBanve cnocoboB rawexHus noas redeparopa

QBMOTEM BOS0Y4LEHMA MEHEpATODS

kmax=|—

| PACCHWTATE MAPAMETRE ANA NOCTPOEHKA |

Isledovan...

Beeaute kmax

BjperMA raweHMa Nona reHepaTops, ©

Tok, A

T T

Puc. 3. [Ipumep nposepku owmubouHo20 6600a OAHHBIX.

Facyet raweHua nona NpH SarbIk.aHHH OEHAOTE M BDSﬁ'_-]HiII.E-'HHFl Ha pe3
BeegiTe MakcHraneHoE SHIYEHME Koa dhdbHUMEHTS kK, PaEHOrS OTHOLWEE

SHAYEHKMA MACHTENEHOMD CONPOTHENEHHA K SHA4YeHHD aKETHEHOr O Conpor
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rm [paduk 2. "Tpaduk U3MEHEHWA T... l = | = ‘i&r

CoxpaHWTb M30bpaxeHue

Tok, AK=1 K=2 K=3 K=4 K=b
e S SRAT R
2286
2032
1778
1524
1270 T TSPt Sy ST PP SR BET
L i e R e SRR
B2 |---

508
254
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0 1.7 33 50 GG 83 99 1165132 149 165
t.c

A

Puc. 4. [Ipumep nocmpoenus epaguxa npu 3amvliKanuy 00MOMKYU 8030YAHCOEHUA HA PE3UCMOD

s monmydeHus: KOPPEKTHBIX PE3ylbTaTOB MNPEyCMOTPEHBI TPOBEPKU BBEIEHHBIX UCXOJHBIX JAHHBIX
[0 TPAaHUYHBIM CIIPABOYHBIM 3HAYCHUAM JJIst TypOorenepatopos tunos T, TBC, TB®, TBB, TI'B, TBM, TBB,
T3B, TBC [3].

Tabnuya 1
Ipanuunvie ycnosus 0 NPo6epKU UCXOOHBIX OAHHBIX.
[Tapamerp I'pannunbIe ycnoBUs

AKTHUBHOE COIIPOTHBIICHHE OOMOTKH poTopa, OM npu 15 rpamycos 0,0496-0,559
[NocrostHHAs BpeMeHH IJ1s1 OOMOTKH pOTOpa , € 0,13-1,71
HomuHamsHBIH TOK BO30YXKICHHS, A 249-7530
HomwuHansHOE HanpspkeHUs BO30yxaeHus, B 140-515

Hanpspxenne Ha 00MOTKe cTaTopa 0 rameHus noist, kKB 6,3-24

KoppektHocTh paboThl HOBOM HpOrpaMMBI IOATBEPKAACTCS CPaBHEHHEM IMONYYCHHBIX HTOTOBBIX
JaHHBIX C pe3yJbTaTaMM IporpaMMel cpepl Mathcad n aHannTHYECKHX pacueToB.

ITo maHHO# TemMe aBTOpOM OBLIM TMpPEACTaBIeHBI W OOCYXKACHBI JOKIaAbl Ha V MexayHapoaHoi
HAYYHO-TEXHUYCCKON KOH(pepeHInn «DJICKTPOIHEPreTHKA TIIa3aMH  MOJIOICIKHY [4] n Ha XIX
MexayHapogJHOM HAaydyHOM CHMIIO3MYyME CTYAGHTOB M MOJIOIBIX YYEHBIX MMEHH akagemuka M.A. Ycosa
«IIpoGeMbl reosIoruu U 0CBOCHUSI HEZP».
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2. Kymetun H.B. OcuoBbl nporpammupoBanus B Delphi 7/H.B. Kymetun. — Cankt-Iletepbypr: BXB-
ITetepOypr, 2007. — 594 c.: ui.

3. Hexnenae, bopuc HukosaeBuu. DiekTpuueckas 4acTh 3JEKTPOCTaHUMK M moacTaHuui. CrpaBo4HbIE
MaTepHasbl sl KypCOBOTO M JHUIIJIOMHOTO MPOEKTUPOBaHMA: ydeOHoe mocobue. — 5-¢ uzg., crep. — CaHKT-
ITerepOypr: BXB-IlerepOypr, 2013. — 607 c.

4. Edpemos 1. M. , Kocmeinnaa H. M. Pa3zpaboTka nporpamMMsl it MCCII€0OBaHUS CIIOCOOOB ralleHus! MoJIs
resepaTopa // DJEKTpOdHEpreTHKa TIja3aMu MOJIOAEKH: HaydHble Tpyasl V MexayHapoaHOH HaydHO-

TexHU4YeCcKoH KoH(pepeHunu, Tomck, 10-14 Hostops 2014.
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CTEHJIOBBIE UCIIBITAHUSA T'OPEJIOYHBIX YCTPOMCTB C HOPUCTBIM 3AIIOJTHEHUEM
30HbI CMECEOBPA30OBAHUA
Hnscosa A.C., lonros C.B.
Hayunsriit pyxoBogutens: Kynew P.H. k.T.H., accucteHr.
HarmonanbHblii necnenoBaTenbekuii TOMCKIM MOMMTEXHUYECKUN YHUBEPCUTET,
634050, Poccus, 1. Tomek, p. Jlernna, 30

E-mail: asi4@tpu.ru

STAND TESTS OF BURNERS WITH A POROUS FILLING MIXING ZONE
ILYAsovA A.S., DoLGOV S.V.
Tomsk Polytechnic University, 634050, Lenina Avenue, 30, Tomsk, Russia

E-mail: asi4@tpu.ru

Annotation: Tests of two structural models of burners with a carbon porous structure using kerosene

brand - TS-1 as fuel for the first and disposal of flammable liquids for the second model of burners.

Annomayus: Ilposedenvr ucnvimanusi 08yX KOHCMPYKYUOHHLIX MOOeell 20peNloYHblX YCMPOUCHE C
Y2aepooucmoil. NOpUCmol CmMpyKmypou ¢ UCHONb308AHUEM KEePOCUHA 8 Kayecmee MOonaueda Ois nepeou u

0MX0008 N1e2KOBOCNIAMEHAIOWUXCS HCUOKOCMET OJis BMOPOL MOOENU 20PENOYHBIX YCHPOUCME.

Bce uame obocTpsiercss BONPOC MAacIITaOHOTO WCIIOJIB30BAHUSI HU3KOCOPTHOTO CHIPbS B KadecTBE
sHeproHocutens. Ha 3ToM (oHe BBI3bIBACT NMPAKTHYECKUH HHTEPEC LENIEBOE HCIIONb30BaHHE B KauecTBE
SHEPrOHOCHUTEIEeH BTOPUYHBIX MPOAYKTOB (OTXOJOB) YIIEBOAOPOAHOIO COCTaBa MpH MX yTWiaM3anuu. OmHAKoO
JIJAaHHOE HAalpaBjeHHE B JHEPropecypcocOEpeXeHHH CAEPKUBACTCS OTCYTCTBHEM 3(P(EKTUBHBIX CIOCOOOB M
YCTPOMCTB, MO3BOJISIOIINX COKUTaTh TaKHe HEKOHIMIMOHHBIC TOIUIMBA, KaK MOMYTHBIH a3, CHHTE3-H OHOrasbl,
KOHJICHCATBI, OTXOIbI Ma3yTHBIX XO3SIHCTB, MAIIMHHBIX Macel | JIp.

ITyrem pemieHust momoOHOTO pona MpoOIeMbl B Majloff 3HEPreTHMKE MOTYT CTaTh CIEIHAIbHBIC
TOpENIOYHBIC YCTPOHCTBA, pa3padOTaHHBIE B JBYX KOHCTPYKTHUBHBIX BapwaHTax [l-5]. IIpuHIMm wx paboTHI
OCHOBaH Ha 00ECMEYEeHUH IOJrOTOBKH TOIUIMBOBO3IYIIHOM CMECH M aKTHBHOTO OKHCIICHWS BHYTPH IIOPHUCTOH
CTPYKTYpbI (DpakKLMii 3achINKK, B KAYECTBE KOTOPOH BBICTYNAET KPHUITOJI, GOPMHUPYS TaKUM 0Opa3oM MaTpHILy
0o0BeMa aKTHBHOM 30HBI rOpeHUs. [laHHBIH CIOCO0 MO3BOJSET NPEAOTBPATUTH MPOCKOK INITAMEHH M UCKITIOYHUTH
BO3MOXXHOCTb Pa3BHUTHs KPHUTHYECKOro oObema Jisi B3pbIBa[6], TeM cambiM obecreunBas 3()(EKTHBHOCTh U
6€301acHOCTh NPH CKUTAaHUN HU3KOKAJIOPUHHBIX M BEICOKOKAJIOPUHHBIX TOTIIHB.

B pasBurHe mnpeuMymiecTB OeCIIaMEHHBIX TOPENIOK HH(PaKpaCHOTO H3JIyUCHHs MpPEACTABICHBI
KOHCTPYKIIMU TOPEIIOYHBIX YCTPOUCTB I 0€30MacHOTO W A(PPEKTHBHOTO CXKUTaHHS XKHUIKUX Tomwme [1, 2]. B
Ka4yecTBE TOIUIMBA ISl IEPBOM KOHCTPYKIMH OBLI UCIIONb30BaH KepocuH Mapku — TC-1, st BTOpoi — OTXO/bI
JIBXK. CocraB u Terodu3niyeckue XapakTepUCTUKH UCIIONIb3yEeMbIX TOIUTUB MPUBEIEHBI B Ta0I. 1, 2..

HcnpiTanus ~ TOPENOYHBIX ~ YCTPOWCTB  BBINOJNHSJINCH  HAa  CHENHANBHO  pa3pabOTaHHBIX
JKCIIEPUMEHTAIbHBIX cTeHAax (puc. 1). KoHCTpyKTHBHBIE OCOOCHHOCTH, TPHUHIMII JCHCTBHS W METOJ
MCIIBITAHKUI FOPEJIOK OBLIM OMKCAHbI panee B [3 - 5].

Tabnuya 1

Cocmas u menﬂ0¢u3uqecxue xXapakmepucmuKku Kepocuna

DJIeMEeHTHBIN MaCCOBEII COCTAB TOILIMBA Pabouue XapaKTCPpUCTUKHU TOIJIMBA

C,% |H,% | N,% | O,% | S, % | Husmas Termora cropanus | ILnoTHOCTs | BrnaxuocTs | 3015HOCTS

(Q.), KILK/Kr (p), xkr/m® (W"), % (A), %

83,50 | 16,40 - 0,0839 - 44835,07 780,0 0,0001 0,016
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Tabruya 2

Cocmag u mennogusuueckue xapakmepucmuxu JIBXK

DJeMEeHTHBII MacCOBBIA COCTaB TOILTHBA Paboune xapakTeprCTHKN TOILUTHBA

Husmras temmora cropanus | [InotaHocTs | BrnaxkHocTs | 30MbHOCTH

C% |H,% | N,% | O,% | S"\"% 3
(Q), xJIx/xr (p), Kr/™m (WH, % (A", %

79,70 | 13,63 | 6,39 | 0,1598 - 30236,12 884,7 0,0002 0,12

3 Hh
\ T4
2\ \\'l — 13 . 5
N A Tl ERna | T
SN iR 2 3 ¢
K3 I PR Py 646
L i - 1 2
o At 9 = ¢ i
: S i 7 tpas
»{6) Yy 8

Puc.1. Cxemor ucnoimamenvroix cmenoos. 1 — copenounoe ycmpovicmeo, 2 — komnpeccop;, 3 — Hanopomep;
4 — yeonvuameiii 6enmuab, 5 — emxocms, 6 — pomamemp (mun PII-8); 7 — pomamemp (mun PII-5); 8 —

mepmonapul (NeNe 1, 2, 3, 4, 5, 6); 9 — muniusorommemp

[IpubnmxeHHas OlIEHKa TEILIOBOIM MOIIHOCTH Topeiok (Q, kBT) B yclnoBHsAX HaTagku peKUMa TOPSHHUS
MPOM3BOIMIIACH ITO hopmyie [8]:
Q=B-Q/,
B- i /c; Qi — K/
rae (hakTHUECKHUiT pacxo/] TOIUTUBA Ha TopeHwue, Kr/c; Q,” — Hu3IIas TemioTa CropaHus TOIUINBa, KJK/KT.
®dororpaduu ropeIOYHbIX YCTPOUCTB B (ha3e UCIBITAHUN MOKa3aHbl Ha pUC. 2. OCHOBHBIC PE3YJIbTAThI
OKCIICPUMEHTOB MNPEACTAaBJICHDI I'pa(i)I/IKaMI/I 3aBUCUMOCTH TEILIOBOM MOMOIHOCTH HCHBITYEMBIX TOPCIOYHBIX

YCTPOMCTB OT pacxo/a TOIUINBa COOTBETCTBEHHO ISl IIEpBOH M BTOPOH Mozenu (puc. 3).

a) 0)
Puc. 2. I'openounvle yempoiicmea 6 cmaouu ucnvlmaHus
a) Buo eopenounozo ycmpoiicmea nepgotl Moouguxayuu npu pabome Ha HOMUHALHOU HASPY3Ke

6) Buo na ycmve 2openounozo ycmpoiicmea 6mopou Mooupurayuu
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Puc. 3. 3asucumocmov mennosoi MOWHOCHU 20PETOYHO20 YCIPOUICINEA 0N PACX00d MONIUEA
a) Hcnvimanus nepeoii Mooenu 20peioyro20 yYCmpoucmea (Mmoniueo - Kepocum)

0) Ucnvimanus 6mopoti mooenu 20peioyno2o ycmpoucmea (monaueo - JIB)K)

B pexume yBenMueHHs TEIUIOBBIX HArpy30K TOPEJIOYHBIX YCTPOICTB, (pUKCHpyeMmBle TeMIepaTypbl
pabounx 30H TOPEHHUS BapbUPOBAIKCH B mpuMepHOM mauamazoHe ot 0 mo 1000 °C. i mepBOro mpoTOTHIIA
TOPEJIOYHOTO YCTPOMCTBA, NMPH MCIBITAaHUAX MaKCHMaJIbHAs TEIJIOBasl HAarpy3ka COCTABWJIA 3HAYCHUE TOPSAKa
6,3 kBT, i1 Broporo nportotumna, 7,6 kKBt. PesynpraramMu mpoBeIeHHBIX SKCIIEPUMEHTOB MMOKa3aHo, 4TO paboTa
TOPEJNKH TIEPBOM KOHCTPYKIMH IPOMCXOAWT B OECIUIAaMEHHOM peXHMe, T.e. B MH(PaKpacHOM [Hana3oHe
m3Ty4eHus. [openka BTOpPOH MOJENM NpPH HCIBITAaHMSIX B JAWANa30HE TEIUIOBBIX HArpy3ok a0 3 kBT
obecrieunBaeT TOpEeHHE TOIUIMBA B OECIIIAMEHHOM pEKHUMe, KOrjia Kak IMpH Harpys3kax cBeime 3 kBT mpormecc

TOPCHU TOIUIMBA MPONUCXOJUT B q)aKeJ'IBHOM PEXKUME.

BEIBOIEL:

1. VcripiTaHusIMA Ha JKUIKOM TOILIMBE ITOATBEPKICHA pab0TOCIIOCOOHOCTh IIEPBOTO KOHCTPYKTHBHOTO
pelIeHHs TOPEJIOYHOTO YCTPOHCTBA W €ro COOTBETCTBHE IPHHIMIIAM JICHCTBUS TOPEIOK OecIniaMeHHOTO
ropeHusi W wWH(]pakpacHOro wu3NydeHUs. VcTpITaHUSIMU TIOATBEPXKIEHA pPaboOTOCIOCOOHOCTE BTOPOTO
TOPEIOYHOTO YCTPONCTBA W BBISIBJICHA YHHBEPCATBHOCTH PAbOTHI TOPENKH C BO3MOXXHOCTBIO OOECIICUEHUS
TOpEHUs B IWAIa3oHe OT OecIIaMeHHOTO JI0 (haKeIbHOTO PEKUMOB.

2. HOHy‘IeHHBIC JaHHBIC TI0 OKCITYaTaOUOHHBIM XapaKTECPUCTUKAM MCHBITAHHBIX TOPEIIOYHBIX
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YCTPOMCTB CBUAETEILCTBYIOT O HEPCIEKTHBHOCTH HCIIONB30BAaHMS KPHUITOJIA B KayecTBE MaTepHayia JuIsd
CO3JJaHUS IOPUCTOM CPEeIbl B TOPEIKaxX JaHHOTO THIIA.

3. TlomydeHHbIE SKCHEPHMEHTANBHBIC M PACUYCTHBIC JAHHBIC CBUJICTEIBCTBYIOT O IEPCIEKTHBHOCTH
UCTIONb30BaHMSA Pa3pabOTaHHBIX TOPEIOYHBIX YCTPOUCTB B yTIIIM3UPYIOMINX YCTAHOBKAX JUIS CKUTAHUS JKUIKAX
OTXOJZIOB YTJIEBOJOPOJHOTO COCTaBa, a TaKXKe B Pa3pabOTKE HA MX OCHOBE TEIIOIEHEPHPYIOMINX YCTAaHOBOK

MOOHJIBHBIX aBTOHOMHBIX CHCTEM TEIIOCHAOKCHHS.
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3JEKTPOMATHUTHASI COBMECTUMOCTH U COBPEMEHHBIE YCTPOMCTBA
JJIs1 HAPYKHOI'O OCBELIEHUSA.
Kabak A.JIL.
Hayunslii pykoBogutens bosipckast H. I1., k.T.H., ToueHT
Kpacuosipckuii rocypapcTBeHHBIH arpapHbIil yHHBepcHuTeT, Pocews, r. KpacHosipek, ip. Mupa, 90, 660049, E-
mail: alkabak@mail.ru

B cmamve paccmompenvl 6onpocel Kauecmea d1eKmposIHepeUU 8 Cemax HAPYIHCHO20 OCBeUeHUsl, npu
UCNONL30BAHUU CEEMOOUOOHBIX CEEMUTLHUKOB. AHANU3 2APMOHUYECKO20 COCMABA TOKO8 U HANPANCEHULl O
PA3IUYHBIX BUOO8 OCEEMUMENbHBIX NPUOOPOE NPOo8ooUNcs 6 nabopamopuvix ycinosusax. Ilokazamo, ymo ons
KOMNEHCayuy BbICUIUX 2APMOHUK, CO30A8AEMbIX OCGeMUMENbHBIMU npubopamu, Hauboniee nPOCMbIM peuleHuem

6y()em UCNOJIb306AHUE NACCUBHbLLX qbqubmpoe 2APMOHUK, KOomopbvle NOOKIIOYAIOMCSL 00HO6‘p€M€HHO c

BKIIIOYUEeHUeM HeTUHeUHOL HACcpy3KU 6 cemo.

ELECTROMAGNETIC COMPATIBILITY AND MODERN DEVICES FOR OUTDOOR LIGTING.
Kabak A. L.
Supervisor Boyarskaya N.P., candidate of technical sciences,
Krasnoyarsk State Agrarian University, Russia, Krasnoyarsk, Mira str., 90, 660049, E-mail: alkabak@mail.ru

In the article questions of power quality in outdoor lighting networks, when using LED lamps. Analysis
of harmonic composition of currents and voltages for different types of lighting fixtures was conducted under
laboratory conditions. It is shown, that to compensate for the higher harmonics created by the lighting, the most
simple solution is to use a passive harmonic filters, which are connected at the same time with the inclusion of

non-linear load on the network.

OnHOlM W3 BaXHEHIIUX MPOOJEM COBPEMEHHOW JIICKTPOIHEPTETHKH SIBJIICTCS MpobiieMa KadecTBa
NIEKTPO3HEPTUH U Oojiee OOIIEro MOHATHUSA — IEKTPOMArHUTHOW COBMECTHMOCTH NOTpebuTeneil B cucremax
AEKTPOCHAOKEHUSI.

OenepanpHbnid 3akoH oT 23.11.2009 N 261-®3 (pen. ot 18.07.2011) "O0 3HeprocOepexeHUH U O
MIOBBIIIEHNH SHEPTeTHYECKOH 3(p(heKTHBHOCTH M O BHECCHWH N3MEHEHHH B OTAEIbHBIC 3aKOHO/ATEIbHBIC aKThI
Poccuiickoit denepanmu” CTEMYyIUpPYET MOTpeOUTENEH K NPUMEHEHHIO YHEProcOeperarmux YCTPOUCTB U
TEXHOJIOTHH, TO03TOMY B OmmkaiiiieM OyAymieM MOXHO MPOTHO3MPOBATh TOJBKO 00OCTpEHHE NPOOIEMBI
Ka4ecTBa JEKTPOIHEPTHH. DTO KACACTCS U CETeH HAPYKHOTO OCBEIIECHUS.

OCHOBHOW TPUYMHON YXYAIIECHHS Ka4eCTBA 3JIEKTPOIHEPTHH SBISAETCS HIMPOKOE pacIpOCTpaHEHHE
HENTMHEWHBIX HArpy30K, CO3JAIONIMX NP CBOEH paboTe TOKM HECHHYCOWTANBHON ¢opMmbl. Mx MOXHO
MPEJCTaBUTh B BHJE CYMMBI TapPMOHHYECKHX COCTABIIIONINX, YACTOTHI KOTOPHIX KPAaTHBI OCHOBHOI 4YacTOTe
NUTAIOEH ceTn. Bbicmie rapMOHHMKM OKa3bIBalOT HEOJIAronpusTHOE BIMSHHE HAa pPabOTy CHIIOBOTO
3NEeKTPOOOOPYAOBaHUS, YCTPOWCTB peJICHHONW 3alIUThl M aBTOMATHKH, BBI3BIBAIOT YCKOPEHHOE CTapeHHUE
m3omsiiuu [ 1, 2].

KoHeuHO, OCHOBHBIM HCTOYHMKOM IFAPMOHUUYECKUX UCKAXKEHUHN B PACHPEICTUTEIbHBIX CETIX SIBIISIOTCS
HENMHEWHBIE HArpy3Kd KPYITHBIX IPOMBIIUICHHBIX NOTpeOuTeseil (3aBOJOB, I/I€ HWCIOIB3YIOTCS MOIIHEIE
BBINIPSIMUTENBHBIE  YCTAHOBKW, MOIIHBIE JNEKTPONPHUBOABI €  PEryIHpPYyeMOH HYacTOTOH  BpaIleHHS,

ANMEKTPU(UIMPOBAHHBIE JKEIE3HOAOPOXKHBIE ceTH). OIHAKo, B TMOCJIEIHHE TOABI OTMEUYaeTCs 3HAUYHUTEIHHOE
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YXYIIIEHHE Ka4yecTBa JJIEKTPUYECKONW SHEPIMH B CETSIX HENPOMBINUICHHBIX — HOTpeOuTENIeld — TOPTOBBIX
KOMIUIEKCOB, HApY>KHOTO OCBEIICHHS, O(HCHBIX 3aHUH, YICOHBIX 3aBEICHUH, KHUJIBIX 3AaHHMH.

Ilenpro HACTOSIIEH CTAThU ABIACTCS aHATN3 MCKKCHHH CHHYCOWAATBHOCTH, KOTOPHIC IOSIBISIOTCS B
pachpeneNuTeNbHBIX CETIX Hapy)KHOTO OCBEICHHSA. B COBPEMEHHBIX 3IICKTPOOCBETHTEIBHBIX CETAX BCE
GospIiee PacIIPOCTPaHEHHE MOMYYAOT 3HEPTO’KOHOMHYHBIE CBETOBBIE MPHOOPEL. [IJIsl HAPYKHOTO OCBEIIEHHS
TaKOBBIMH SBIISIFOTCSI, IPEXKAE BCETO, CBETOAMOIHBIC MCTOYHUKM CBeTa. [ pacrpelenuTeNnbHbIX CeTeH OHH
CIIy)KaT HEJNWHEWHON Harpy3kod, Tak Kak (aKTHYECKH SBISAIOTCS OJHO(A3HBIMH  BBINPSIMHUTEIBHBIMH
yCTpOMCTBaMU.

Jns m3MepeHMsT OCHOBHBIX TIIOKa3aTesiell KadecTBa OJJIEKTPOIHEPTHH, a TaKKe TapMOHHYECKUX
COCTaBILIIONINX TOKA M HANPSDKCHUS HCIIOIB30BAJICS aHAIM3aTOp KadecTBa 3iekrposHeprun PM175 SATEC.
M3Mmepenns IpOBOAMIIIICE B COOTBETCTBIH C METOIUKOM, TOJPOOHO M3I0KEHHOU B cTaThe [3,4]. st n3Mepenuit
Obl1a MCIONIB30BaHA CXEMBI TPEXIIPOBOAHOIO MPSIMOTO COCAMHEHHS 0e3 TpaHC()OpMaTOpOB TOKa — MPHUBEACHA B
cratbe [5]. M3MepeHust rapMOHHYIECKOTO COCTaBa TOKOB M HAIPSDKEHHUH IS KaXKI0TO THIIA CBETOBBIX NPHOOPOB

IMPpOBOAUINCH B TCYCHUE 4-X yacos.

Pe3yabTaThl m3MepeHuii

[MToTpeduTeasIMu SBISUTHCH CIIENYIONINE UCTOUHUKH CBETA!

CBETHIBHUKH CBETOIUOHBIE MOIIHOCTHIO 50 BT Ha daszy (CAY-50),

[IposxxekTops! cBeTOAMOAHBIE MOITHOCTRIO 20 BT Ha a3y,

[IposxxekTops! cBeTOAMOAHBIE MOITHOCTRIO 10 BT Ha da3zy,

CeeTonno/HbIe CBeTHIIbHUKN MOIHOCTRIO0 102 Bt Ha dazy (DYMA-IKVY-121-100-220 ),
CBeTOMOIHbIE CBETHIIBHUKU MOIIHOCTHIO 50 BT Ha dazy (DY MA-IKY-131-44-220),

o g M w N PR

CBeTonOIHbIE CBETHIBHUKN MOIIHOCTRIO 90 BT Ha dasy (Diora 90).

VicTouHnku cBeTa, KOTOPHIM B JaHHOM II€pedHEe MPHUCBOEHBI HOMepa 2 U 3 yalle BCETO HMCIOJIb3YIOTCS B
KauyecTBE TOYEYHBIX HCTOYHMKOB WJIM HWCTOYHHKOB IIOJICBETKH apXUTEKTYPHBIX coopyxkeHuil. Ilpoune
CBETOTEXHUUYECKHE yCTPOWCTBA — MPEAJIarafoTCsl K WCIIOJIb30BAHUIO /ISl OCBEUICHUSI aBTOMOOWIBHBIX TPacc M
JKUJIOM 3acTpoiikn ropoja. V3amepeHns NPOBOAWINCH B J1a0OPAaTOPHBIX YCIOBHSIX M, JUISL TIOJyYEHUS
CUMMETPUYHON HAarpy3KH, B Kaxayio (a3y BKIIOYAJIOCh [0 OJHOMY CBETOBOMY MPHOOPY COOTBETCTBYIOIETO
tuna. VcToyHMKM cBeTa OBUTM TPHUOOPETEHBI B PO3HHYHOW TOPIOBOW CETH, W3TOTOBIEHBI — CAaMbIMH
Pa3IUIHBIMY IPOU3BOIUTEISIMH CBETOTEXHUUECKOTo 000opynoBaHus. /s cpaBHEHHS B CBOIHBIX Tabimumax 1 u 2
MIPHUBOJATCS aHAJIOTHYHBIE XapaKTepUCTUKK HaubOoJiee paclpOCTPAHEHHBIX B HACTOSIIIEE BPeMs CBETHIIEHUKOB C
namnamMu JIHaT wmommHocteio 160 BT Ha ¢a3zy. Bce u3MepeHUs BBINOJHSINCH OJHUMH — TEMH K
M3MEPHUTENLHBIMUA IPHOOPaMH B OJJMHAKOBBIX BHEITHHUX YCIOBHUSX U B TEUCHHE OMHAKOBOI'O BPEMEHH PaOOTHI.

JlaHHbIe, TOMy4YeHHbIE B Pe3yJbTaTe U3MEPEHHH, CBe/IeHbl B Tabnuiy | (rapMOHHYECKHI COCTAaB TOKOB).

HpI/IBO,HHTCH JaHHBIC IJI1 HEYCTHBIX TAPMOHNYCCKUX COCTABJIAIOIIUX.
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Tabnuya 1.
Tapmonuueckuii cocmas mokos oceemumenvHulx npubopos (6 % x paznomy moxy)
THumbI OCBETUTENBLHBIX PHOOPOB
No rapmoH. DYMA- DYMA-
COCTaBIL. COAY50Br | CA20Br | CA10Br | JAKY-121- | JKY-131- | Diora90 | J{HaT 160
100-220 44-220
3 15,4 14,2 93 11,1 11,0 15,0 11,3
5 11,0 95 82 7,0 7,2 9,0 12,1
7 8,3 92 69,8 3,2 5,2 6,8 18,0
9 2,3 9,8 60 1,1 1,0 2,1 7,6
11 35 77 55 3,9 1,6 2,8 23,11
13 31 73 53 2,9 2,5 2,42 8,8
15 20 6,8 50,9 11 14,5 18 40
Toxk assr 0,18 A 0,04 A 0,01 A 0,36 A 02 A 0,32 A 0,64 A
COSQ 0,86 0,98 0,62 0,635 0,9 0,765 0,763

OTHOCHUTENbHBIC 3HAYEHUsI YETHBIX TAPMOHUK HE MPEBBIIAOT 1 % ¥ MO3TOMY HE IPHUBOASATCSL.

Kak o4yeBnaHo 13 Tabnuipl 1, BCe HCTOUHMKH CBETa MMEIOT B CIIEKTPaX TOKOB BEChbMa CYLIECTBEHHYIO
BEIMYMHY TapMOHHYECKOIl cocTaBidmomeil 3-ro nopsaka (3-10 rapMOHHKY), a CBETOAMOAHBIE IPOXKEKTOPHI —
BILUIOTH JI0 15-#. DTO HEe MOXKET He CKa3aThCsl HA MOSBJICHUU TOKOB B HYJIEBOM IPOBOJE, €llle pa3 IMOTYEPKHEM,
YTO Harpys3ka Ha (a3pl ObUIa MONHOCTBIO cuMMeTpudHOH. Kpome Toro, B Tabmuue | mpuBOmsTCS CpemHue
3HA4YEHHs YpOBHEH rapMOHHYECKHX COCTABIIAIONIMX 3a IEpUO] MpOBEACHUS n3MepeHnii. Ecim paccmarpuBath
MTHOBEHHBIE 3HAYCHUS, TO BEJMYMHBI BBICIINX TapMOHHYECKHUX COCTABIAIONINX OyayT emie Oonblie.

Kpome m3mepeHHs BENMYMH T'apMOHHYECKHX COCTABISIONIMX TOKA, MPOBOIMINCH M3MEPEHHS TOKa B
HyJIEBOM TpoBoJie. [laHHBIE M3MEPEeHMid, COBMECTHO C JAHHBIMH 00 ypOBHE (azHOTO MOTPeOIIEMOro TOKa

MpUBEICHBI B TabHIIE 2.

Tabnuya 2.
Ypoenu paznoco moxa u moxa 6 Hynregom npogooe
TuMbl OCBETUTENBHBIX IPUOOPOB
YposHu DYMA- DYMA-
TOKOB Cay 50 ;
b CI20Br | CA10Br | JKY-121- | JKY-131- | Diora90 | J{HaT 160
T 100-220 44-220
B mynesom 0,1A 0,03 A 0,01 A 02A 0,08 A 032 A 0,5A
IIPOBOZIE
B thazHom 018 A 0,04 A 0,01 A 0,36 A 02 A 0,32 A 0,64 A
IIPOBOJIE

ﬂaHHBIe HOCHe)IHeﬁ Ta6J'lI/ILU)I IIO3BOJIAKOT CACJIATh BBIBOJ O TOM, YTO HCIIOJIB30BAHUC MAJIOMOIIHBIX
CBETONMOMHBIX IPOXKEKTOPOB, W CBETHIBHHKOB THma Diora 90 ocobeHHO omacHO B ClOydae CTapoi
AIIEKTPONPOBOJIKU U, €CJIH OHH TOJKIIOYAIOTCS K CETH 3JIEKTPOCHAOKEHUS B 3[IaHUAX, TaK KAaK YPOBHH TOKOB B
HYJIEBOM IIPOBOJIE BO3PAcTalOT M CIIOCOOCTBYIOT HEPETOPAaHHIO 3TOTO MPOBOJA, M MOTYT BBI3BAaTh aBapuH B
cHCTeMax JJIEKTPOCHAOXKEHMs. A TakXKe - MCIOJIb30BAHUE CBETOAMOHBIX CBETOBBIX NMPHOOPOB NMPHUBOAUT, KaK

II0Ka3aHO B Ta6J'II/IIl€ l, K CYHIECCTBEHHOMY CHUKCHUIO KOS(l)(i)I/IL[I/IGHTa MOIIIHOCTH.

3akjaouenue

B cerax Hapy>XHOTO OCBCHICHHA, OCHAIICHHBIX CBCTOAWOAHBIMMW HCTOYHHUKAMH CBETA, Ha6J'IIO)IaIOTC5I
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3HAUUTENIbHBIC HCKKCHHUS (OPMBI KpPUBBIX TOKOB. [IpHYMHON STHX HMCKaXECHUH  SIBISIOTCS HMMEHHO
CBETOJMO/IHBIE CBETWIBHUKH. J[0CTaTOYHO 4acTo KO3()(UIMEHT MCKAKEHHS CHHYCOWAATBHOCTH KPUBOW TOKa
npesbimaet 30% naxke Mpu MOJHOCTHI0 CHMMETPUYHON Harpyske [4]. DTO 3HAYMTENBHO YBEIMYUBACT MOTEPH
[0 CPAaBHCHHIO C CHHYCOMJAJIBHBIM PEKHMOM. A TOSBICHHE TapMOHHMK, KpaTHBIX TpPeM IPUBOAUT K
CYILECTBEHHOMY POCTY TOKa B HYJIEBOM IpoBoJe. UTO MOXKET NPHBECTH K aBAPHH, BBI3BAaHHOI IeperopaHueM
HYyJICBOT'O TIPOBOJA.

[TosTOMy HEOOX0AMMO B 0OS3aTENBHOM IMOPSIKE MPEAYCMaTpUBATh MEPONPHATHS MO IMOAAEPKAHUIO
KauyecTBa 3JIEKTPOIHEPTHU U HAJEKHOCTH CUCTEM dJIeKTpocHaOkeHus. Hanbompmmit sddexT nonyuaercs npu
UCIIOJIb30BAaHHUH CIIEIMABHBIX KOMIEHCUPYIOIINX YCTPOHCTB — aKTHBHBIX U ITACCUBHBIX (DMIILTPOB FapMOHUK.

B [6] mokazaHo, 4TO HaWOONBIIYI0 A(P(GEKTUBHOCTH (QHUIBTP HMMEET, €CIH OH BKIIOYACTCS B CETh
OJJHOBPEMEHHO C BKIIIOYCHHEM JJICKTPONPHEMHIKA, [Tl KOTOPOTo IpeHa3HaueH. Bo3aMoxHbI 1Ba BapuaHTa: 1 —
yCTaHOBKa (MIBTPA VIS KaXKIOH JIaMIIbI OCBEICHNS, 2 - yCTaHOBKa (HIbTPA IUIS CETH OcBemeHus. [lepBbIit
BapHaHT ObI OBl YHHBEpPCAJbHBIM, HO NPH H3TOTOBICHUH IPOCCENCH Ui TAaKOro NacCHBHOTO (UIbTpa
NoTpedyeTcst Marephal C Ype3BBIYAHO BBHICOKUM KOA(P(PHUIMEHTOM MarHUTHOM NPOHHIAEMOCTH (TOpsiiKa
1000000), nHaue rabapuTHbe pa3Mepsl GUIbTpa OyIyT 3HAYMTEIBHO MPEBBIIIATH Pa3MEpPbl HCTOYHHUKA CBETA.
Bropoit BapuaHT Hanboliee MPOCTO BBINOIHHUTH, €CIIH CXEMOH AJIEKTPOCHAOKEHUS TPEyCMOTPEH OTIEIbHBIN
pacmpeneuTeNpbHbld  UT (IMThl) Uit ocBemeHus. CrtomMmocTh (GUIBTPa IS KOMIICHCAIIMU  JIBYX
TFapMOHMYECKHX COCTABJIAIOIIMX TOKa, B 3TOM ciiydae coctaBuUT mopsiaka 30-35 Teic. py0., a B pe3yibrare

HCTIONIb30BaHMS TaKuX (IIBTPOB 3KOHOMHMS OyneT He MeHee 5% OT 3aTpaT Ha OIUIaTy 3JIeKTPOdHEpruH [6].
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HccrnenoBanre MUHEpalIbHONW YacTH YIJIEH, a TakkKe 0COOCHHOCTEH ee paclpeneeHus SIBISICTCS BaYKHBIM C
TOYKH 3PEHUS MIPOTHO3HPOBAHUS MOBEJCHUS TOIUIMBA B IIPOIIECCE CHKUTAHUS, HOBEICHMS IILIAKa, 0Opa3oBaHUS
OTIIOXKEHUH MPH CKUTAHUH, SPO3HOHHOTO H3HOCA, SKOJIOTHHU H T.J.

Heopranndeckast (MHHEpaJIbHAasT) 9acTh yIJIs IPEICTABISIET COOOH MOIMMHUHEPAIBHYIO CHCTEMY, COCTOSIIYIO
U3 pa3lIMuHBIX MHHEpaloB, TaKUX KaK KBapl, IUPUT, TIMHHUCTHIE MHHEpaubl, KapOoHaTtel M T.O0. s
OTIpe/ieNIeHUs XapaKkTepa CBA3M MHUHEPAJIbHBIX KOMIOHEHTOB C OPraHMYECKUM BEIIECTBOM YacTO HCIOJIB3YIOTCS
TEpPMHUHBI «BHEUIHAS» U «BHYTPEHHss» 30J1a. [loa BHemIHe# 305101 MOHUMAIOT Ty 4acTh, KOTOpas MpH pa3Moie
OTJeNseTCcd OT OPTaHHYECKOTO YroJbHOTO BEIIECTBA M COCTOMT W3 KPYIHBIX MUHEpANOB, UX ACCOIHALUH,
CPOCTKOB. BHYyTpeHHAS 30518 COIEPKHUT MHHEPAJbHBIE DIEMEHTHl OPraHMYECKUX COEIUHEHHH M MEJKHUE
MUHEpallbHble IPUMeEcH. Takoe JelleHHe MO3BONAET YUUTHIBATH PA3IMUUE YCIOBHH, IPU KOTOPBIX MPOUCXOJUT
npeoOpa3oBaHWe MUHEPATbHOM YacTH B TOMOYHON Kamepe (pasiWdme TEMIIEpaTypbl TOPAMIMX YacTHI[ H
MHEPTHBIX, (POPMHUPOBaHNE HOBBIX KOMIO3UIMH B TOPSIIMX MBUICYTOJIBHBIX YaCTUIIAX MPH BOCCTAHOBUTEIBLHON
aTMoc(epe M IPaKTHYECKOE OTCYTCTBUE B3aMMOJEWUCTBHS MHIMBUAYaJbHBIX YacTHUIl BHEIIHEW 30Jbl). s
W3yYeHHsI MHHEPAJbHOTO COCTaBa INPHMEHHMBI BCE CYIIECTBYIOIIME METOJBl (XMMHYECKHE, ONTHYECKHE,
peHTreHo u tepMmorpaduueckue). OJHAKO HEOpPraHMUYECKas YacTh YIUIA SBJIETCS O4YEHb CJIOXHOHM, a MHOTza
IUJIOXO PACKPUCTAINIM30BAHHOM CMECBIO, IO3TOMY HE BCE METOIBl AT YAOBIECTBOPUTEIBHBIE PE3YIbTATHL
Bcernencraue sToro Heo0X0MMO COYETAaHHE METOIOB C JIOTIOJHUTENIHLHOH 00paboTKOM P00, KOTOpast HO3BOJISET
paszeNuTh MOJMMUHEPATIbHYI0 CMECh Ha MOHOMMHepalibHble (Qpakiuu. OJHUM n3 NpHEeMOB 00paboOTKH Mpob
ABJSIETCS pasJielIeHHe Npo0 TBEPAOTO TOIUIMBA B TKEIBIX JKUIKOCTSAX C PA3IMYHBIM YAEIHBHBIM BECOM.
OpaKLUOHHBIM COCTAB YIJIEH XapaKTEpU3yeT KOJIMYECTBEHHOE DPACIPEAEICHUE MHUHEPAIbHBIX IPUMECEH 10
¢pakuusiM ttotHocTH. [lpu pasnenenun yriisg Ha psan Gpakuuil MO IUIOTHOCTH, BO (PaKLHI0 HMMEHOIIYI0
HamOoJee HU3KYIO TUIOTHOCTh TEpEeHIyT YUCThIE 3epHA YIS, BO (ppakmuio ¢ OONbIIeH MIOTHOCTH MEPEeHIyT
BHEIIHHE MUHEpANbHBIE NPUMECH. JTa 3aBHCHMOCTH IPOSBUTCS IIOCIE OMNPEACTCHHS 30JBHOCTH KaXIoi
(hpaxmum.

Lenpto naHHOW paboOTHl sBiIsETCS pa3pabOTKa METOAMKH pa3[eNieHus] Yried B TSDKENBIX JKHIKOCTSX
HEHTPUPYTHPOBAHUEM.

OOBeKTOM HccinenoBaHus ABIsuICS Oyphiid yroas Llnee-OBoockoro MectopoxieHns MOHTOJIHH.

JUi naHHON METOJMKH BaXKHBIM IIPOIIECCOM SIBIISIETCS MTOATOTOBKA MPOOBI, 8 UMEHHO ee m3MenpueHue. s
YCTAHOBJICHHUS BIMSHUS pa3Mepa YacTHIl NBUIM Ha IPOIEecC pasfelieHus ObUTH HCIIOIB30BaHBI HECKOJIBKO
BapHaHTOB HOATOTOBKHU MPOOHI.

B mepBoM cimywae mpoba yriis pa3ManbiBajlach Ha JIaOOpaTOPHON IUTAaHETapHONW MENBHUIE, 3aTeM
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HoJBEpragach pas3AeiaeHUIO B )KUAKOCTIX ¢ yAenbHbIM BecoM <1400, <1600, <1800, <2280 u >2280.
Bo BTOpOM BapumaHTe McXOAHas Mpoda Takke W3Melbyuanach Ha JlabopaTopHOil MeJbHUIIE U Oblila paccesHa
Ha BOCeMb BecoBBIX (pakmmit ot 250 no menee 54 mMxm). Ha puc.l mpencraBieHBI 3epHOBEIC XapaKTEPUCTHKH

poOBI, IPUTOTOBJICHHOHN 110 BTOPOMY BApPHAHTY.
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e BapraHT 2

Puc. 1. 3epnosuvie xapaxmepucmuxu y2o1oHoU NuLIU

Pa3zneneHue NpoBOAMIOCH MO KaXIO0H IPYIIE pasMEPHBIX (paKiuii.

B Tperbem BapmaHTe MCXOAHAs NMpoOa M3MeNbYanachk BHayaje Ha J1a0OpaTOpPHOW IUIAHETApHOH MeNbHUIIE.
3aTeM pacceuBanach Ha cute R90. OcTaToK Ha CHTE BHOBB IOJBEPIrajiCsi pa3MoJy Ha COBPEMEHHOW MeENIbHHUIIC
«[lyneBepuserren. Takum 06pazom npoba ObUIa H3METbYEHA 10 MOHOANUCIIEPCHOTO COCTOSTHHS.

ITocne pa3acs€HusA B TAXKEIIbIX XXKUAKOCTAX W BBICYIIHMBAHUSA MTPOBOANIIOCH ONPEACTICHNUE BECOBBIX KOJINYCCTB
Kax10¥ (pakiuy ¥ 30JbHOCTH B HUX.

Ha pucyske 2 npecTaBieHs! IKCIIEPUMEHTABHBIE Pe3yJIbTaThl pa3efieHus Mpod MPUrOTOBICHHBIX 0 TPEM

BapuaHTaM

BOD
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Puc. 2. Pacnpedenenue paznuunvix ¢ppakyuii no niomHoCcmsm

Ha pucynke 3 npencraBiieHbl pe3ysbTaThl ONPEAEISHUs 30JIbHOCTH pa3/ieleHHbIX (ppaKkunit
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Puc. 3. Pacnpedenenue 3016H0CMU HO NIOMHOCHAM

ConocTaBHB pe3yibTaTHl pa3eIeHHUs MPOO IO TPEM BapHaHTaM MOXHO CIIENIaTh CICTYOIIE BEIBOIBI:

1. B mepBoM BapuaHTE pe3yJbTaThl HE MO3BOJIIOT BBIABUTH C JTOCTATOYHOH TOCTOBEPHOCTHIO KAKHX-THOO
3aBUCUMOCTEH.

2. Bo BTOpOM U TpeTheM ciyuae pe3ysbTaThl pa3/ielieHHsl MOKa3bIBAIOT HAIMYKE 3aBUCUMOCTH BO3pacTaHMUs
30JIbHOCTH (DPAKIMA C YBEIMYCHHEM IUIOTHOCTH TSDKCNBIX MKHIKOCTEH, OJHAKO BTOPOW BAapHAHT OYCHB
TPYAOSMKH, 3aHUMAeT OOJBIIOE KOJMYECTBO BPEMEHH MOITOMY MOXKHO TPEIIOKHTH MOATOTOBKY MPOOBI K

HCCIICAOBAHUIO I10 TPETHEMY BAPUAHTY.

CIIMCOK JIMTEPATYPBI:

1. T'ene3uc u cBoiicTBa MHHepanbHbIX KommoHeHToB yriieit / M.A. Kopobeuxuii, M.S., Hlnupr A.A. //
HoBocubupck: Hayka, Cub. otnenenune. — 1988.- 227 c.

2. MeTo/pl HCCIIEI0BAaHHUS BEIIECTBEHHOIO COCTaBa TBEPIBIX roprounx uckomaembix / B.B.Kuprokos // Henpa.
—1970.-240c.

3. CocraB M TepMHYECKHE CBOWCTBA MMHEpAIBHON 4YacTH OypbIX yriaed (TemJIOTeXHWYECKHH acIeKT).-

HoBocubupcek.: M3n. UT CO PAH, 1997.- 187 c.
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MNPOTHO3UPOBAHHUE PECYPCOB IIPU DKCIVIYATAIIUU CHUJIOBBIX TPAHC®OPMATOPOB
Kanumbexon P.H.
Hayunsrit pykoBonutens: Mypasines O.I1., a.1.H., mpodeccop
Tomckuit mommTexHMIecKuil yauBepcuteT, 634050, Poccus, r. Tomck, nip. Jlennna 30
E-mail: rzabek92@gmail.com

PROGNOSTICATION OF RESOURCES DURING EXPLOITATION OF POWER TRANSFORMERS
Kalimbekov R.N.
Research Manager: Professor Muravlev O.P.
Tomsk Polytechnic University, Russia, Tomsk, Lenin Avenue, 30, 634050
E-mail: rzabek92@gmail.com

Considered estimation of operating reliability and perfection of the system of technical service and
repair of transformers. Analyzed defects and strong external affecting of transformers and their consequences.
Considered probability of faultless work of power transformers.

Paccmompenvt  oyenxa  3KCniyamayuoOHHOU — HAOEHCHOCMU U COBEPUIEHCMBOBAHUSA — CUCHEMbl
MEXHUYECK020 00CIYIHCUBAHUA U peMOHma mpancgopmamopos. Ilpoananusuposanvl Oeghekmvl U CUlbHble
BHew e 6030elicmaust Ha mpancghopmamopsl u ux nocieocmeus. Paccmompena eeposimuocmv 6e30mKa3HOU
pabomvl CUNOBLIX MPAHCHOPMAMOPOS.

CuioBsie TpaHC(I)OpMaTOpI)I SABJIAKOTCA B JJICKTPUYCCKUX CCTAX M CUCTEMax OCHOBHBIMH 3JICMCHTAMM,
OMpPCACIIAIOIMMA HAACKHOCTH U 3KOHOMHUYHOCTH HX (byHKHI/IOHI/IpOBaHI/IH. ABaprIHLIe OTKJIIFOUCHHUA HIIN
OTKa3bl B paboTe NPUBOIAT K 3HAYUTEIHHBIM YOBITKaM. CTOMMOCTH OIHOTO CHIJIOBOTO TpaHC(opmaropa B
cpenaeM pocturaet 250 Teic. 1,5 mmH. gomn. CIIA, a ¢ geMoHTa)xxeM MOBPEKICHHOTO TpaHCopMaropa,
TPaHCHOPTHBIMH PacXo/aMu, ¢ padOTaMH MO0 BOCCTAHOBJICHUIO 1 MOHTa)KOM HOBOT'O JOCTHTAET 2,5 MIIH.

Ha namnsrit Mmoment B Kazaxcrane (kak B mpodeM u B Poccum) oTpaboTanu cBoil HOpMaTHBHEIA CPOK
ciryx0Obl B 25 net (OCT 11677 85) Gonpluas 4acTh CHIIOBBIX TpaHc(hopMaTopoB. B cBsi3u ¢ 3TuM Bce Oolibliee
3HaueHHe TpHoOpeTaeT mpobdiemMa OLIEHKH BO3MOYKHOCTH JAJIbHEHIIIeW dKCIUTyaTaliuy BhIpabaThIBAIOIIUNA CBOM
HOPMAaTUBHBIA pecypc 00OpyAOBaHUSI U MPOJIEHUSI CPOKa CIyKObI. [109TOMy akTyanbHOHN 3ajjaue MOBBIIICHUS
HaACKHOCTH U Ka4yeCTBa pa60TbI QJICKTPUUYCCKUX CUCTEM SBJISICTCA OLICHKA 3KCHJ’IyaTaHHOHHOﬁ HaOCKHOCTHU JIs1
ydeTa ee MpH MPOSKTHPOBAHWH W COBEPIICHCTBOBAHUS CHCTEMBl TEXHHYECKOTO OOCTYXMBAHHS M PEMOHTA
TpaHchopMaTtopoB. [IpuMeHEHHE CHCTEMBI IUIAaHOBO - mpexaynpeautensHoro pemonta (IIIIP) oOycmoBieHO
YCIIOKHEHHEM JIIEKTPOOOOPYAOBaHHS. YCIOXKHICTCS AJICKTPOOOOpPYNOBaHHE — IIOBBIMIAIOTCS TpPEOOBaHHSA
MPpOMU3BOAUTENIA K OKCIUTyaTalluu, 4YTO IPUBOJUT K I[OHOHHHTeHBHOﬁ Harpyske Ha peMOHTHLII‘/'I IepcoHall.
XapakTepHoit  ocobeHHocthio  cuctembl II[IP  sBusiercss  QopmanbHBIA  ydyer  BpeMeHH  paboThI
ANEKTPOOOOPYIOBaHUsI, KOTOpasi OepeTcs 3a OCHOBY NpU (OPMUPOBAHUM PEMOHTHBIX IHMKIIOB, IPUBOASIIAS K
IIOSABJIICHUIO 00MaH4YHMBOIrO IpeaACTaABIICHUA OTHOCHUTCIBHO HUCTHUHHOTO COCTOSIHU S 1o H3HOCY
3JIEKTPOOOOPYAOBaHUS B NEPUOA IKCIUTyaTallMd. AHaN3 TEXHUYECKOTO COCTOSHHS 3JIEKTPOOOOPYIOBAHUS B
MEepHO/l SKCIUTyaTallMd MPOM3BOANUTBHCS C AKIEHTOM Ha OJlarornojy4ne MeXaHW4YeCKOH COCTaBIISIOIIEH,
SBJISIFOLIMXCS OJTHOM M3 COCTABILIFOIIMX CHIIOBBIX TpaHC(HOPMATOPOB. B COBpEMEHHBIX peanusx SKCIUTyaTaluH
paboTOCIIOCOOHOCTH CHIIOBBIX TpaHC(HOPMATOPOB IOJAEPKHUBACTCS TOJIBKO ¢ romonipto I1TIP, nannas cucrema
HE YYUTBIBACT PCAIbHBIX yCHOBI/Iﬁ OKCILTyaTalluu, HE YBA3aHBI PEMOHTHBIC IUKJIBI C ITOKA3aTCIAMU HAACKHOCTH,
UMEA CPaBHUTEIIBHO BBICOKYIO TPYAOEMKOCTh TCXHHYCCKOTO 06CJ'Iy)KI/IBaHI/I5[. O}IHI/I TpynrIibl y3J10B, JICTaHeﬁ )5
C60p0‘-IHBIX C€ANHHUIL] CHUJIOBOT'O Tpchq)opMaTopa BBIXOIAT U3 CTPOSA 10 HACTYIJICHUS ITJIAHOBBIX CPOKOB PEMOHTA,

APYTHUC OKa3zaBOINECA B Ooiee BBIT'OJIHBIX YCJIOBHAX W IMOJHOCTBIO pa6OTOCHOCO6HBI€, HampasJIAC€TCA Ha PEMOHT
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npexaeBpeMeHHo, B coorBeTcTBUH ¢ [ITTP. UTo NprBOANT K JOTIOJIHUTEIILHBIM 3aTpaTaM.

ObecrieueHne HanEKHOM, OecriepeOoitHON pabOTHI CHIIOBBIX TpaHCc(OpMaTopoB HEOOXOIUMO, B
MEPBYIO0 OdYepenb, IJIS MPEAOTBPALICHHUSI aBAPUHHBIX IMOCIEIACTBUH, TAaKMX KaK, MOXKaphl M3 3a BHYTPEHHHUX
MOBpEXICHNH TpaHcopMmaropa WIM BBIOPOCH Macia. Bo u3bexaHWe TakmxX TOBPEXICHUH CHIOBBIX
TpaHC(OPMATOPOB HEOOXOAMMO YCHJICHHE NPOYHOCTH ©Oaka, TNPEIOTBpAIleHHE pAcTeKaHHsA Macia,
aBTOMATHUYECKOE MOKapOTYIIEHUE, COOTBETCTBYIONIEE YCTPOUCTBO MEMOpaH, OBICTPOJCHCTBYIONINE 3aIIUTHBIC
cUcTeMBbl. Bompockl TpaHCIOpPTaOenbHOCTH TpeOyroT —TIIATENFHOH MpopaboTKM TpH  IMOJATOTOBKE K
TPaHCIIOPTUPOBKE W IPOEKTUPOBAHUM, TaK KaK CUJIOBBIE TpaHc(opMaTropsl HEOOXOAMMO TEPEBO3HUTH B
cOoOpaHHOM BHJIE U TPAHCIIOPTHBIE rabapuThl OrpaHiyeHbl. J[a0bl He JONMYCTUTH MOSIBICHUS 1e()EKTOB, KOTOPhIE
BIIOCJICAICTBUH MOTYT TIPHUBECTH K aBapHU.

Ha paboty Tpancdopmaropa BIHSIOT KaKk aHOPMaJbHBIE PEXKHAMBI PaOOTHI SHEPTOCHCTEMBI, TaK M
CHJIbHBIEC BHEIIHUE BO3/eiicTBUA. [lepedncinum OCHOBHBIE BO3ICHCTBUS M MX MTOCTICICTBUSL.

KoMmMyTannoHHBIE ¥ TPO30BBIE NIEPEHANPSIKEHMS MIPUBOJSIINE K MOBPEXKICHNSAM TTIaBHOW M BUTKOBOM
M30JSIIMK TIPH HEJOCTAaTOYHBIX 3aracax HMX 3JeKTPUYEeCKOW MpPOYHOCTH. [MoBeienust pabouero
HAIpsOKCHUST BBI3BIBAIONINE MEPEeBO30YXKICHUE TpaHchopMaTopoB. [lepeBo30yxkaeHHE MarHUTHOH CHCTEMBI
MPUBOAMT K HOBBIIICHHOMY HarpeBy He TOJbKO CEpJEYHHMKA, TaK U KOHCTPYKIMOHHBIX CTAJIbHBIX JeTaneil, 4To
OIIaCHO AJIS U30JISIIUU CONPUKACAIOIANCS ¢ HUMH.

Tokn KOPOTKOTO 3aMbIKaHUS BO3ACHCTBYIONINE YyJapHBIMH MEXaHWYECKHMMH BO3JCHCTBHSAMH Ha
0o0MoTKH. OmnacHoe BIMSHHE CO CTOPOHBI CETH SBISIETCS BO3ICHCTBHE HA TpaHC(HOpMATOpPHI TOKOB KOPOTKHX
3aMBIKaHWH, BBI3BIBAIONINX MTOBPEKACHUS U AehopManiio 0OMOTOK IIPH NX AWHAMHUYECKOH HECTOMKOCTH.

[Tpn BKIIIOYEHNM TOKM HAMAarHWYMBAaHMUS, IPUBOIAT K MOBPEXKICHUIO OOMOTOK U3 38 MEXaHWYECKUX H
ANIEKTPUUYECKUX MEPEXOMHBIX IMpolieccoB. [IpuunHoii Opocka TOKa HaMarHWYMBaHHs CEPICYHHKA MOXKET ObITh
BKJIIOYCHHE CUIIOBOTO TpaHchopMmaropa ¢ ceth. Tak, st Tpanchopmaropa moraocteio 1000 MB A 61oxka ADC
Ha MIHOBEHHE IO IPUYMHE OPOCKa TOKa MpH BKIIOUEHHM Ha cTOpoHBI BH 11 reHepaTopoB co3maeTcs pexuM
dbopcupoBku Bo30yxkaeHUA. OYeHb MHOTO 3aBUCUT OT KOHCTPYKIIMM CEpJACYHUKA, H3-3a OCTATOYHOH B
cep/ieuHUKe TpaHCc(OPMATOpa BBI3BIBAET OPOCOK TOKA MPH BKIIOYEHHH. Pa3pabaThIBaroTCs CIIOCOOBI CHMKEHUS
Y JIMKBHIALUA OPOCKOB TOKa.

Ileperpyska tpaHcdopmaropa 1Mo TOKy. Tak e Ha TPOMOIDKUTEIBHOCTh CIYKOBI CHIIOBOTO
TpaHcdopmaropa BIMsSET 10 IPUYUHE CTAPEHUS PEIKUM HAIPY3KH.

B xapkoe BpeMs rojga oracHOe BIMSHHME OKAa3bIBA€T TEIUIOBOE BO3JEHCTBHE INEPErpy30K, KOTOpHIC
CTaHOBSITCS IPUYHUHOM BBIXOJ1A U3 CTPOSI FEpMETUUYHBIX BBO10B BH.

Hambonee HarpeTble BepXHHE CJIOM Macjia HarpeBaroT JaHHBIC BBOJBI B HIDKHEH dacTh. B pesynbprare
TaKUX MOBPEXJICHUI 00pa3yeTcst )KeJTHII HaJleT BHYTPH MOKpHIIKK. Hanbonee 4acTo moBpex1aeTcsi BUTKOBAs
m3omsinust 10 ciaydaeB (22%), mpUYMHON BO3HUKHOBEHHS! HEHCIPABHOCTH MOTYT OBITh CTapeHHE HW3OJIALUH,
TIOCTOSIHHBIE TTE€PErpy3Ku, TUHAMUYECKUE YCUIINS TPH KOPOTKHUX 3aMBIKaHHSX.

Bropoe MmecTto cpenu TpHYMH TOBPEXKACHUA 3aHMMAalOT BBOABI 8 ciydaeB (17%), OCHOBHBIC
HEHCIPAaBHOCTH CBSI3aHbI C YBJI&KHEHHEM U 3arps3HEHHEM H30JISILUH HErePMETHYHBIX BBOJIOB, YTO HPUBOAUT K
Pa3sBUTHIO TEIUIOBOTO M D3JIEKTPHUYECKOTO MPOo00sS W3OMAMHM BBOAA. Tarxke HEHWCIIPaBHOCTH CBSI3aHBI C
OTJIO)KEHHEM OCaJka Ha BHYTpEHHEH MOBEepXHOCTH ¢apdopa M Ha MOBEPXHOCTH OcTOBa. OHU aAcopOUPYIOT

BJIary M 3arpA3HCHHA, B TOM YHCJIE METAJLUIOCOACpKAIIUC. n MMPUBOJAUT K BO3HUKHOBCHHIO ITPOBOAAIINX
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JIOPOXKEK, Pa3BUTHIO Pa3psii0B M NPOOOI0 MACIISTHOTO KaHaia BBOJAA. Takxke cilyyad Te4d Maciia U3 BBOJOB yepe3
PE3MHOBBIE MPOKJIAIKU. BO3MOXHO BBI3BaHHBIE Ie()eKTaMl MOHTa)Ka, PEMOHTA M dKCIUTyaTaluu. UTo nmpuBoIuT
K CHIDKEHMIO JaBJICHUS Macia, HApyIIEHUIO TepMETHYHOCTH, MTOTIaIaHNI0 BJIaTH M BO3yXa BO BBOJ.

TpeTbe MecTO 3aHMMAOT MO MOBPEXIaeMocTH 00MOTKH 7 ciydaeB (15%). Haubonee wacto oOMOTKH
BBIXOZAT U3 CTPOS 110 MIPUYMHE TUIOXUX KOHTAKTHBIX COCMHEHNH U BUTKOBBIX K3.

Crenyromiee MECTO CpeAN MPUYMH MOBPEXKICHUS 3aHIMAIOT HEJOCTATKH MEPEKIIIOYAIOIIUX YCTPOUCTB,
KOTOpBIE HauWHAIOTCS C 14 Jer skcruryaTanuu. MakcuMalibHOEe KOJMYECTBO MOBPEXKICHUIH MEPEKIIIOYAIOINX
ycrpoiicTB mpu 15-23 ronmoB skcruryaraumu TpaHchopmaropoB. HencrnpaBHOCTH CBSI3aHBI C OTCYTCTBHEM
KOHTaKTa M OIUIaBJIEHHEM KOHTAKTHOM IMOBEPXHOCTH.

HedexTsl mpoxXoaHOH H30IAIMN, 0aKa, GIIBTPOB, PAAHATOPOB, HEUCIIPABHOCTH CHUCTEMBI OXJIAXKICHHS
MAaJIOYHCIICHHBI, HO HE MEHEE OMACHBI.

He penko, TpaHchOpMaTOpbl OTKIIOYAlOTCS B pe3ylbTaTe HEJOCTATKOB pEIeHHOH 3ammurhl. B
MocJielHee BpeMs HaAOIIOJaeTCsl BO3pAacTaHUS TAKHX OTKAa30B, YTO CKOPEE BCErO0 CBs3aHA C HEXBATKOU
KBaNN(UINPOBAHHBIX PEJICHIMKOB 1 OOJIBILION TEKyYKOH KaJpoB B rpynnax P3uA.

IIpu PKCIOHEHIIMANBHOM 3aKOHE pacIpe/Ie/IeHHUsI CIIPaBE VBBl COOTHOIICHUS:

P(t)y=e; f(t)=Ae ;Tcp=1/1; A= const.

'paduk 3aBHCHMOCTH BEpOATHOCTH Oe30TKa3HOW paboThl OoT BpemeHu P(t) = e 4 tpancdopmaropos 110 kB,

n300paKeHHBIH Ha pUCYHKE 1.

- ] 2000 4000 SO000 8000 10DDD 1000 14000 15000 1BDOD 20000

Puc. 1 - Beposimnocmo be30mrasznoti pabomvl mpanc@hopmamopos

Takum 00pa3oM, MOXHO cJenaTh BBIBOA O TOM, YTO C YBEIMYCHHEM BPEMEHHM SKCIUTyaTalluH
TpaHc(hOopMaTOpOB (HaxoasmIrecs B pabote Ooee 25 J1eT), BEpOSTHOCTE 0e30TKa3HOW paboThI OYIeT CHIKATHCS
corymacHo KpuBoi pucyHka 1. CriemoBaresnsHO, TpeOyeT OoJiee TIIATENBHOTO OOCITY)XMBaHUS, IPOBEACHHS
KaIlUTaJILHBIX PEMOHTOB WMJIM 3aMEHBI yCTapeBIIEro o0OpYAOBaHUs, B Cilydas HEpEeHTaOeNbHOCTH AajbHEeHIIen
9KCIUTyaTaIlHH.
CIIMCOK JINTEPATYPHI:
1.CaBautoB /I.C., TumamoBa JI.B. TexHudeckoe cOCTOSIHUE OCHOBHOTO 00OOpyAoBaHuWs mojactaHiuii u BJI,
MEPOTPHUATHS IO TOBBINICHUIO HAACKHOCTH.//DNekTprudeckue cranimm. — 2004. Ne8.- ¢. 18-20
2.00beM W HOPMBI HCHIBITAaHUH 3nexTpoobopynoBanus: / [lon obm. pen. b.A. Anekceesa, ®d.JI. Korana, JI.I'.
MamMmukoHsHIIa. — 6-¢ u3M., ¢ u3M. u gom. P/ 34.45-51.300-00. M.:13a-so HI] DHAC, 2002. — 256 c.
3.1upens S.A., IomsaxoB B.C. Dxcmiayaranus CHIOBBIX TPaHC(OPMATOpOB HAa OIEKTPOCTAHIMSIX H B
AEKTPOCETAX .- DNeKTpoaromMusaar, 1985.-264 c.
4. Bepamkua M. B. MoaenupoBaHue 3KCIUTyaTaIllMOHHON Ha/lIeXHOCTH KPAHOBBIX aCHHXPOHHBIX JIBUTATENECH:

ABtoped. nuc. kaHz. TeX. HayK.- KpacHospck, 2012.- 19 c.
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MCCJIEJOBAHME 30JI0ILJIAKOBBIX OTX0O/I0B TOMCKOM I'P3C-2
KAK MATEPHUAJIA JUIA YTUJIN3ALIUNA

KapmanoBa A.M.
Hayunsie pykoBogutenu: Hukonaesa B. 1., accucteHT

Towmckuit mommrexargeckuit yarsepeureT, 634050, Poccws, . Tomck, mip. Jlenwna, 30
E-mail: Karmanovaam@sibmail.com

STUDY ASH AND SLAG WASTE TOMSK GRES - 2 AS A MATERIAL FOR RECYCLING
KarmanovaA.M.
Supervisors: Nikolaev VI Assistant
Tomsk Polytechnic University, 634050, Lenina Avenue, 30, Tomsk, Russia
E-mail: Karmanovaam@sibmail.com

Cmambs nocesawena 60npocam, C8A3AHHbIM CO CHUICEHUEM He2AMUBHO20 6030€UCMBUs 3010UNAKOBbIX
omx0008 Tomckoii I'POC- 2 na okpyacarowyio cpedy. I[lpobiema ymunusayuu omxo008 CmaHyuy akmyaibHa u
3aHUMAaem nepeoouepeoHoe Mecmo cpedu npobrem copooa Tomcka. B cmamve npusedenvi pesynvmamuvl
SDAHYIOMEMPUYECKO20 U XUMUYECKO20 COCMABA 30J0ULIAKOBBIX 0MX0008. Paccmompenvl 803ModicHble nymu
UCNOL30BAHUSA 30JIbl U WTAKOS.

BBEJAEHUE U AKTYAJIbBHOCTbD

[Ipu skcmTyataliiy TEIUIOBBIX 3JEKTPOCTAHINN, MYHHUIIMIIAIBHBIX U MPOU3BOJCTBEHHBIX KOTEIbHBIX,
pabotaronux Ha TBepJoM TomtmBe, oT 10 mo 15% mnepepabaTbiBaeMOro yriisi MEPEXOIHMT B 30JIOILIAKOBBIC
orxozpl (311I0), KOTOpBIE TPAHCHOPTUPYIOTCS U CKIAAMPYIOTCS B OTBajax. OOBEM HAKOIUICHHBIX OTXOJOB
TEIUIOHEPTeTUKH B HacTosmlee Bpems B Poccun nocturaer okoso 1.5 mupa. ToHH, oHM 3aHHMatoT 6osee 20000
ra 3eMIJIH.

Tak, Ha mpuMepe OAHOTO U3 TJIABHBIX HCTOYHUKOB Tema ropoga Tomcka — 'POC-2, exxeroqHblid BEIXO
30J01IIaK0BOM cmecu coctaBisieT OT 40 mo 90 Teic. T. OcTpoTa MPOOIEMBI 3aKIIFOYAeTCs €IIie U B TOM, UTO
I'POC-2, mocTpoeHHas B CBOE BpeMsI 3a TOPOAOM, B HACTOSIIEE BpeMs HAXOJUTCS B €TO YepTe BMECTE CO CBOMM
30J100TBaJIOM. bojiee TOro, OTKPHIT HOBBIHA 30JI00TBAJ TaK ke B UEPTE TOpoja, OH PACIOIOKEH B €ro CeBepo-
BOCTOYHOM 4yacTh M 3aHuMaetr momanb 70.9 ra. Ha stux 3omoorBasiax 3a 70 jeT HaKOMWioch 1.2 MIH. T
OTXOJIOB OT CxuTaHus yris. Teppuropus oTpabOTaHHOTO 30JI00TBajia HAXOJIUTCS C HAaBETPEHHOH CTOPOHBI
OTHOCHUTEIILHO TOpOJia, 3/IeCh MPAKTUYECKH HE TPOBOIATCS padOTHI MO MBUIETOJABICHHUIO, YTO MPUBOJIUT K
YXYIIICHUIO COCTOSHUS OKPY KAIOMICH MPUPOIHOM CpPeIbl M BPEAUT 3I0POBBIO KHUTEICH.

Kpome TOrO, conepkaHue 30J00TBAaJIOB TpeOyeT OONBIINX JKCIUTyaTAIlHOHHBIX 3aTpar, KOTOPEIC
npeanpustue PTC, ympapnsioniee KOTeTbHBIME B TOMCKOW OONACTH, MOKET Ha BIIOJNHE 3aKOHHOW OCHOBE
BKJIFOYATh MPU GOPMUPOBAHUU SHEProTapuQoOB.

HecMoTps Ha TO, 4YTO B MOCHEAHHME TOJBI MCIOJIB30BAaHUE 30JIONIJIAKOBBIX OTXOJOB B HaIlllell CTpaHe
HaOuWpaeT O0OPOTHI M €CTh IMOJIOKHUTENbHBIC MPHUMEPHl, B T. ToMcke 3Ta mpolOiiemMa HE peliaercsi, CTeNeHb
YTHIN3AIHMA 3TOTO BUAA OTXOJIOB KpaliHe Hu3ka. Ha ceromgusmmanii nenb PTC ucnons3yer 311IM B HabombIIUX
o0BeMax sl COOCTBEHHBIX HYXXJ, Ha IMPOMAaXy HEOONBIINM YacTHBIM (PHUPMaM YXOIUT BCETO HECKOIBKO
MPOIICHTOB OT O0IIel MacChl OTXOIOB.

Mexay TeMm, 30JOLUIAKOBBIE OTXOIBl O0JAaNAIOT PSIOM IIEHHBIX CBOHCTB M MPU CYIICCTBYIOIIEM
JNe(PUIHATE TPUPOTHBIX PECYPCOB, UCIONB30BaHUE F(PPEKTUBHBIX METOJOB U IMOAXOJOB K PEHICHHIO MPOOIEMEI
yrumzanun 31110 6yzaer ycrmmBaThes.

C 1nenpio OLEHKH MPHUTOJHOCTH 30JIONUIAKOBBIX OTX0A0B Tomckoi I'POC — 2, kak TeXHOTEHHOTO
CBHIPbsS, TIPOBEACHO HCCIIEIOBAHUE XUMHUYECKOTO, TPAaHYJOMETPHUUECKOrO cocTaBa M penkux metammioB 31O

30JI00TBaNa, U MPOO M3-TI0J] KOTIOB ¢ TBEPIbIM IutakoyaaneHueMm. Tomckas [POC — 2 pabortaer Ha KaMEeHHOM
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yrie Ky3nenkoro 6acceiina. Pe3ynbrarsl aHanu30B npuBeaeHs! B Tabnune 1 u 2.
PE3YJIbTATBI TPAHYJIOMETPUYECKOI'O U XUMHNYECKOI'O COCTABA 3110
[lepBocTeneHHOE 3HAYCHHE UMEIOT XUMHUKO-MHUHEPAIOTHIECKU cocTaB. B Tabmmme 1 mpuBeneHs!

PE3yJIbTATHI ONPEACIEHIH XUMHIECKOTO COCTaBa 30JIBI.

Tabnuya 1
Xumuyeckuli cocmag 30J10UIAKOBbIX OMX0008
ITorepu
pu SiO, | Fe,03 | AL,O; | TiO, | CaO | MgO | Na,0 | K,0 | CaO
HaumenoBanue marepuana an:) @ N Z ; 3 OZ 3 % 2 % 0% O/f) 02 %CB"G"
JIMBaHAY
311IM wu3 30;00TBaja (Toukal) 13.85 58.82 | 551 20.89 | 0.80 | 6.69 | 222 | 1.90 | 2.70 111
31IM u3 307100TBaNa (TOYKA2) 13.45 58.02 | 5.27 2101 | 0.82 | 6.68 | 2.26 | 221 | 291 0.98
31IM u3 30;00TBasNa (TOUKa3) 12.82 59.19 | 5.84 2047 | 091 | 665 | 225 | 1.82 | 211 0.28
31IM u3 30m00TBaNa (ToUKa4) 12.39 5745 | 5.86 2164 | 082 | 6.64 | 246 | 2.33 | 2.52 0.21
31IM wu3 30;100TBasda (TOUKAS) 11.88 58.87 | 4.77 20.82 10 | 693 | 227 | 251 | 2.20 0.44
[lnak, kotea Ne6 (mpoba 1) 0.33 53.42 | 6.95 25.73 10 | 542 | 227 | 240 | 2.33 -
[Inak, koten Ne7 (mpoba 2) 0.31 53.01 | 6.87 26.66 1.0 | 525 | 219 | 220 | 1.90 -
3oma, koten Ne6 (mpoba 1) 0.39 48.76 | 6.39 24.56 1.1 | 823 | 3.38 2.9 2.5 2.03
3oma, koten Ne7 (mpoba 2) 0.37 49.8 6.15 24.31 10 | 8.06 | 341 2.7 3.0 2.02
3012 yrai ¢ waxTe1 025 |4878| 915 | 2475 | 0.94 | 505 | 547 | 29 | 24 | 236
Koamoroposckas

XUMHYECKMI aHalu3 30Jbl M IIJIaKa Ha peaKue METa/UIbl MOPOBOJUIICA MCTOAOM «ATOMHO-

OMHUCCHOHHOM CHIEKTPOMETpHUN». Pe3ynbTaThl npuBeaeHb! B Tabnuue 2.

Tabnuya 2
Xumuyeckuii cocmae 30J10UIAKOBbIX OMX0008 HA peOKUe Memaisl
Neri/it Hassanue DJIeMeHT No 1, mr/n No 2, mMr/n Ne 3, mr/n
1 Llepuii Ce 0,261 0,232 0,226
2 Jucnposuii Dy <0,005 <0,005 <0,005
3 Dp6wuii Er 0,018 0,015 0,016
4 Espornwuii Eu <0,005 <0,005 <0,005
5 Tagonuuuit Gd — — -
6 TomeMuii Ho — — -
7 JlanTan La 0,153 0,149 0,133
8 JhoTenuii Lu 0,0032 0,0033 0,0036
9 Heonum Nd 0,089 0,084 0,069
10 [paseoanm Pr - - -
11 Cranuit Sc 0,037 0,035 0,035
12 Camapmii Sm — — —
13 Tep6uii Th 0,0065 0,0063 0,0065
14 Tynuit ™™ — — -
15 Wrtpwnii Y 0,099 0,092 0,083
16 HWrepOuii Yb 0,012 0,011 0,010

ConeprkaHue peaKUX U PeIKO3eMEIbHBIX METAJUIOB C PE3KUM NpeodiIalaHieM JJaHTaHa T03BOJISIET
CUYHUTATh ITH 30JIbI PYJHBIM CYIEPKOHILIEHTPATOM.

AHAJIN3 PE3YJBTATOB U BBIBO/IbI:

AHann3 XUMAYECKOTO COCTaBa 30JIOIIIIAKOBON cMecH u3 305100TBana [[POC-2, pacmnonokeHHOTO B
JIOJIMHE peKn Y IIaiKH, TIoKa3all, YTo MpeodIalalolliMU KOMIOHEHTaMH SBIISIFOTCS] OKCH/IBI KPEMHUS 1
QITIOMHHUSL.

HUccnenyemsie 31O sBistorcst Hu3KokanbueBbiMu (Ca — 5-8%), KUCIIBIMU, TIO3TOMY MOTYT CIIYXKHTh
JUIIb THAPABIMYECKOH M00AaBKOH NpH HPOM3BOJACTBE OETOHA, a TaKXKe HMX MOXHO DPEKOMEHJOBaTh IpHU
CTPOWTENIECTBE JIOPOT, PEKYIBTUBAIIUH MTOCIICICTBII HEAPOMOIH30BAHNUS, 3ACHIIIKH OBPAaroB, KApEpOB U OOJIOT.

3oma, moONydeHHAs IpH TPAAWIHOHHBIX METOJMAX CXKHUTAHMS HMEeT BBICOKYI0 aOpa3sMBHOCTD W
XUMHWYECKH HHEPTHA KO MHOTUM peareHTaM.

C uensto pacmupenus obnactu npumeHenus 3IIIM MOXHO paccMOTpeTh CHOCOO IO HU3MEHCHHUIO
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TEMIICPATYPHBIX YCIIOBHIA IPU CIKUTAHUH YTIICH.

Tak HHU3KOTEMIEpPATypHOE CHKHTAaHHE KY3HCIKHX YIJeH ¢ MHHEPaJbHONH YacThio, HUMCHOIICH
AFOMOCHJIMKATHBIM COCTaB, OKa3bIBACTCS ONAaronpusATHBIM U uctonb3oBaHus 31110 B mpOMBINIIICHHOCTH LIS
MOJy4YeHUsl TuHOo3eMa. Kpome Toro, moirydeHHas 305Ia CONEPKHUT THIIC, YTO CIIOCOOCTBYET MOBHIIICHUIO €€
MOTPEONTEIbCKIX CBOWCTB MpPH MPOW3BOJACTBE CTPOWUTENBHBIX MAaTEpHUAJIOB, TZE 3Ta 30J1a MOXET OBITh
WCIIONb30BaHA B KayecTBE JEIIEBOTO BsDKyIIero. M3BecTHBI W pa3pabOTaHBl Pa3HOOOpPAa3HBIE CIIOCOOBI
yrummzanuu 3110, mosydeHHbIe STHM METOIOM CXKHTaHHUS.

MOXHO KOHCTaTHPOBAaTh, YTO MPUMCHCHHUE TEXHOJIOTMH HHU3KOTEMIICPATYPHOTO CXKUTAHHS MO3BOJIUT
Tomckoit 'POC — 2:

1. 3HaYHUTENBHO YITYYIINTh SKOJIOTHIECKYI0 00CTaHOBKY B paiione ' POC-2 u 3a ee mpenenamu;

2. YMEHBIINTH WK BOOOIIIE INKBUANPOBATH HAKOIUICHHBIN 00beM 311 O;

3. VIIy4mmTh SKOHOMHYECKHE TTOKa3aTeIH AIEKTPOCTAHIINH;

4. CHm3uth mOTpeONICHHWE BOIBI TPH TPAHCIOPTHPOBKE 30JBI HA MPOMBIIIICHHBIE MPEIIPUATHS
MTHEBMOTPAHCIIOPTOM;

5. Vlckiro4nTh CTOYHBIC BOABI € 30J00TBaJIa, COAEPIKALINE BPEIHbIE BEIIECTBA;

6. PaciumpuTh ChipbeByI0 0a3y NPOMBIIIICHHOCTH, CHU3UTh CE0ECTOMMOCTh M3TOTOBIISIEMbBIX H3JIEIHUI;
7. BO3MOXKHOCTh BO3BpAICHUS B 3eMEIbHbBIN 000poT 0KkoJi0 100 ra 3emerib, 3aHUMAaEMbIX OTBaJIAMH.

31IO sABISIOTCS MEPCHEKTHBHOM cepoil Ui MHHOBAIMK W WHBECTHIUH, MMEIOIIINX MHOTOIICTICBYIO
HAIPaBJIEHHOCTh, W UX IMepepadoTKa Mo MPOU3BOJCTBY TOBAPOB HAPOJHOTO MOTPEOICHUS MO3BOIHUT CO3HATH B
ToMcke HOBBIE pabodne MecTa, 00SCIIeYNTh PallMOHATBHOE HCIIONB30BAHNE BTOPHYHBIX PECYPCOB, YBEIHMUUTH
HAJIOTOBBIC TIOCTYIUICHUS B OFOIKET TOPOAa M KaK CICICTBHE 0OECIEUNUTh POCT SKOHOMHYECKOTO MOTEHITHATA
peruoHa.

Tomckas 06HaCTB, pacmoJjiarad OrpoOMHbBIM HayYYHBIM M TEXHOJOTMYECKHUM IMOTCHOHUAIOM, MOXKET U
JIOJDKHA TiepepaboTarh TexHoreHHoe chipbe B Bume 31O, HakomieHHoe 3a MHorue necstuietus [POC — 2 B

BBICOKO?(h(heKTUBHBIE TTPOYKTHI.
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BUILDING ENERGY EFFICIENCY WHEN IMPLEMENTING THERMAL COLLECTORS FOR
HEATING AND HOT WATER SUPPLY
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Annotation: Today the sun is the most powerful and free source of energy. Advantageous to use a solar
panel and a collector for generating electricity and water heating. This article describes an example of the
calculation of solar collectors for the cottage, which is located in Omsk. On results a calculation introduction of
collectors appeared expedient.

Knroueswie cnosa’ conneunwiil KoJiekmop, 3H€p2006€p€9/€€ﬂu€

Keywords: sun collector, energy-savings

AHHomauuﬂ: B HacmosAwee epems Colnye Ae6ii1emcs CcambiM MOUWHbIM U becniamubiM UCMOYHUKOM
OHepcuu. Bbi200n0 ucnonvzosams conineuHvle nane u KoJnekmopa ons 6blpa60ml(‘u oJleKmpudecmea u Hacpeea
600bl. B cmamuve usnooicen npumep pacdema COJHEYHbIX KOJIEKMOopoe ons Kommedmca, pacnonodsncennozo 6

2.0mcke. Ilo pesynomamam pacuema gneopeHue KoaleKmopos oKa3aioch yeaecoodpasHuiM.

Hcnonb30Banne COTHEYHON SHEPTUH — HAMOOJIee TIPOTPECCUBHBIN 1 IKOJIOTUYECKU O€3011acHBIN CITOCO0
MOJy4YEeHNsI TEIUIOBOW DSHEPTHM IS CHUCTEM OTOIUIGHHS M TOpsA4Yero BojocHabxkeHus. B 3aBucumoctn ot
KJIMMAaTHYECKUX YCJIOBHH M IIMPOTHI MECTHOCTH, NMOTOK COJIHEYHOTO H3IYYCHHS Ha 3€MHYI0 MOBEPXHOCTh
cocrasisieT oT 100 mo 250 Br/M%. B MTONTyJICHHBIC Yachl, €CJIM Ha HeOe HeT 00JaKOB, HACTYMAET MUK CONHEYHOM
aKTHBHOCTH, COCTaBIISIOMMIA okomo 1000 Br/m? Ha TEPPUTOPUH CpellHEN MOoJ0ckl Poccun COJIHLE HE YacThIi
TrOCTb, HO TEM HE MEHEee, COJHEYHOE W3JIyYCHHE <(JIOCTABISIET» Ha TIOBEPXHOCTh 3E€MJIM JHEPTHIO,
9KBUBaJIEHTHYIO0 nipuMepHo 100-150 kr y.T./M2 B IO/,

B HacTosmuit MOMEHT 10711 BO30OHOBIIEMBIX UCTOYHUKOB 3HEPTUH B 00meM 3Heprodanance Poccun
He mpeBsimaer 0,5%, Ho k 2020 r. muaHWpyeTcd YBENWYUTH 3TOT Mokaszarenb 10 4,5% (B Espome »TOT
MoKa3aTesb MIIAaHUPYIOT MOTHATE 10 20%).

[IpenmymiecTBa COTHEYHBIX MPOEKTOB TEIIOCHAOXKeHNs o4eBUIHBI. COJHIIE - caMblil MOIIHBIA U MPHU
9TOM OeCIIaTHBIN MCTOYHMK HEHCUEPIAeMOH SHEpIruH, a MOCTOSHHOE YBEIMYEHHE CTOMMOCTH OPTaHMYECKHX
SHEPropecypcoB AAET JOMNOIHUTENbHBIN UMITYIILC POCTY HOMYJISIPHOCTH TAKUX IIPOEKTOB.

B nanHO# craThe NpeioskeHO IKOHOMHYECKOEe 000CHOBAHHS BHEIPEHHSI COJTHEUHBIX KOJUIEKTOPOB ISt
THIIOBOTO KOTTe/Ka (puc. 1) orarmBaemoii miomaapio mopsakal40 M° s KIMMATHIECKHX yCIOBHT ropoja

Owmcka. CTeHbI 3/1aHUs BBITIOTHEHBI U3 KUPTIMYA U OOIIUTHI CATHHTOM.
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Puc. 1. Obwuii 6uo evibparnro2o kommeodica

ITo meronuke [1] ObLT HpOM3BENEH pPacyeT TEIUIONOTEPh HAPYKHBIMU OTPAXKACHUSAMH 37aHuA. B

pacdere y4YMTBHIBAIUCH TeMIlepaTypa BHYTPEHHETO BO3/AyXa IIOMEIICHWH, HAaUMEHOBAaHUE HapY>KHOTO
orpaxJeHusi (Tl - MOJ, HC - HapyXHas CTEHa, TO- TPOWHOE OCTEKJIeHWe, NT - TMOTOJOK, JAH - JBEPh
Hapy»XKHasl),0pueHTaIus (ceBep, Ior, 3amajl, BOCTOK), IUIOIIA/lb TOMEIEHUH, pacyeTHas TeMIlepaTypa Hapy>KHOTO

Bo3ayxa (it r.Omckat,,= -37°C), k03(hHUIHEHTH TeIIoNepeauyll HApYKHBIMH OrpakIeHUsMH K, oOree

(hakTHYECKOE COMPOTHUBICHHE MEpeaade R?)J, HOTEPH Ha WHOHUIBTPAIHIOQ,yp, OBITOBEIE TETLIOBBIACNEHHAQgyr.
Oo6mue tertonorepu Qo= 22,1 kBT.

Kak moka3piBaeT MpaKkTHKa, IPU BHEJAPCHHHM COJIHCUHBIX KOJUIGKTOPOB AaKTYaJIbHOW SIBIISICTCS
TEIIOMOJICPHU3AIINS 3/IaHHH, T.€ YTEIUICHHE HAPY)KHBIX OrPaKACHHUN 3/1aHHS C [EJIbI0 YMEHbBIICHUS TEeIIOBBIX

MOTCPb. I[J'IH JAaHHOTO KOTTC/PKa B Ka4ECTBE TCIUIOU3OJUPYIOUICTO Marcpuaia ObLI IPUHAT TICHOIIJICKC

Bm

woC

tommuHOW 0,2M, TEIIONPOBOAHOCTH KoToporo A=0,032 CornacHo pacueTam, Onaromapsi TEIUIOH3OJISAIIHN

YAAJOCh YMEHBIINTh TEIUIONOTEPH HAPYKHBIMM OTpaXkICHHSIMH 3m4aHus Ha 7,24 xBT. PesynmpTarel pacuera

TEIIONOTEPh KOTTEKa IPUBE/ICHBI B Ta0J. 1.

Tabnuya 1

Pacuem mennonomepv HAPYICHLIMU 0SPANCOCHUAMU NPU YIMENTCHUU UZ0TAYUE

Movememe | oo | o | O | B | | e | e | v
1 2 3 4 5 6 7 8 9
T'ocTunas 1L, 2HC, 2TO 66,13 20 1,87 1,91 1,42 0,59 2,74
1 2 3 4 5 6 7 8 9
Kyxus I, 2uc, T0, 1 | 47,27 19 1,15 1,21 0,74 0,31 1,63
T'ocTeBas IIn, 2HC, TO 31,88 20 0,75 0,75 0,44 0,18 1,00
cly T, He 11,65 22 0,23 0,23 0,20 0,082 0,35
KorenpHas IIn, 2HC, TO 23,44 16 0,54 0,56 0,23 0,10 0,69
TamOyp In, ou 4,34 18 0,22 0,22 0,11 0,05 0,28
Crnanbhls 1 2HC, TO, IIT 43,47 20 1,04 1,04 0,72 0,30 1,46
CranpHs 2 2HC, TO, IIT 49,88 20 1,23 1,24 0,90 0,37 1,77
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Movemenme | oot | of | | v | SEr | Sy | Ser | S
Cnanpas 3 2HC, TO, IIT 52,76 20 1,32 1,36 0,98 0,41 1,93
BaHHAs 2HC, TO, IIT 37,44 22 0,93 0,96 0,60 0,24 1,33
XM Tt 5,57 19 0,25 0,25 0,27 0,11 0,41
lectrminaz I, o, He, o | 31,7 18 1,00 1,00 0,42 0,18 1,24
KJICTKa

Takum o6pa3oM, CyMMapHBIE TEIUIOTIOTePH COCTaBAT Quony = 14,86 kBT. Mcxoms w3 pe3yiapTaToB
pacdeTa, HaXOIUM OTONHTEIBHYIO HAarpy3Ky. [IpoJoiKHTENsHOCTh OTONMHTENBHOTO Tepmona B T.Omcke 221
CYTKH, T.€. JIETOM Harpy3ka Ha OTOIUIEHHE OTCYTCTByeT. MecsiuHas OTONMTENbHAs HArpy3ka 3aBHCHT OT
KOJIMYECTBA THEH OTOIHUTEIHHOTO MEPHO/IA, CPEAHEMECIIHON TeMIIEpaTyphbl HApYKHOTO BO3IyXa.

VYCI0BHO MpUHUMAaeM, 4TO B KOTTEDKE MPOXKUBAIOT 3 dyenoBeka. CperHEeHeIeNbHBIH pacxo/ BOJBI 3a
cytku Ha 1 yenoeka 10551/(cyr-uen) [2], cnenoBatenbHo, B cyTKH HeoOxoaumo 315 i ropsueii Boasl. Harpyska

Ha ['BC nocTosiHHa B TeueHUH roja. Pe3ynpTarsl pacyera mpeacTaBieHbl B Ta0II. 2.

Tabruya 2
Konuuecmso menna, neobxooumoe o5 Hysco omonnenus u I BC

Mecsn Kz([)IJ{IG;II;IO He?);(())l;:lzﬁ. Lepons “C Fl?ai(;x’ec FISI;?;@C FKEJ'IQ/;/IGC
SIHBAph 31 31 -19 6,498 0,537 7,035
(eBpaib 28 28 -17,6 5,659 0,485 6,144
MapT 31 31 -10,1 5,015 0,537 5,552
arpenb 30 30 2,8 2,773 0,519 3,293
Maii 31 5 11,4 0,231 0,537 0,768
UIOHB 30 0 17,1 0 0,425 0,425
UIOJIb 31 0 18,9 0 0,439 0,439
aBTyCT 31 0 15,8 0 0,439 0,439
CEHTAOPb 30 4 10,6 0,202 0,519 0,722
OKTS0pB 31 31 19 3,016 0,537 3,553
HOSIOpPb 30 30 -8,5 4,595 0,519 5,115
nexadpb 31 31 -16 5,998 0,537 6,535
) 365 221 33,99 6,034 40,024

CpenHsisi MPOAODKUTEIBHOCTh COJMHEYHOro cusHus B T. Omcke 2223 w/ron[3]. CpemnemecsdHas
UHTEHCUBHOCTb COJIHEYHOTO M3J1y4€HUS lopen, TpencTaBnena B Tabn. 3. Jlis pacuera BhIOMpaeM INIOCKHI
conHeuHblii komrekTop Mapkn SISOLAR, mmomans xotoporo 2m?%, 1=0,80. B tabuue: Qrorp- MOTpeOIEHNE
TEIUIOBOM HEPTUH B JICHb OJTHUM KOJUIEKTOPOM, ['Kai; V.., 10 60 °C - 00beM HarpeBacMod BOJBI B JICHb OJJTHHM
KOJUIEKTOPOM, JI; N - KOJIMIECTBO KOJUICKTOPOB, TpeOyeMoe IS MOKPHITHS TPeOyeMOTo KOJIMIECTBA TEIUIOTHI B
Mecsl, WT.; Ques - TPeOyeMoe KoNMUYecTBO TemnoThl Ha Hyxael 'BC u otonnenus, I'kan; 3, - 3aTpaTsl Ha

TEIUIO NPH BHEJPEHHH KOJJIEKTOPOB M JIOIPEBa OT CYIIECTBYIOIIMX MCTOYHHMKOB, PYO; 3cymucr~ 3aTPaThl Ha
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I'BC u oTomieHne OT CYIIECTBYIOIIETO UCTOUHHKA, PYO; Vo, - 00BEM ropsiueit Bojbl, MOTpeOnsieMoii B Mecsll,
M. IIpuauMaeM, 4To ce0ECTOMMOCTh TEIUIOBOM SHEPTHHM OT CyHiecTBYoIeH koTenbHOU 1800 py6/I'kan. B
3arpaTax Ha BHEJPEHHE YYHTHIBAEM CTOMMOCTHh KOJUIEKTOPOB, 0aka-akKKyMyJsiTOpa, HACOCHOHM CTaHIIWH,
pacumpuTeabHOro 0aka, H30SIIUOHHOTO MaTepralia, MOHTaXHBIX PaboT.

Pesynbrathl pacueTa mpenacTaBiIeHs! B Ta0m. 3.

Tabauya 3
Pacuem ueﬂecoo6pa3Hocmu 686€0eHUSL COJIHEUHbIX KOJIIEKMopoe
Mecsn | nHfm v | v [ v v v x| X | X XII
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 13
lepesan M‘f:;b 076 | 1,57 | 314 | 45 | 576 | 6,28 | 581 | 462 | 3,21 | 1,89 | 1,01 | 0,63
1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 | 13

Qromp: I'kan 0,001 | 0,002 {0,004 |0,005 (0,007 |0,008 |0,007 {0,006 |0,004 {0,002 |0,001 {0,001

Viom 20 60 °C, 1 | 16,6 | 34,4 | 68,7 | 98,5 | 126,1|137,5|127,2 | 101,1| 70,3 | 41,4 | 22,1 | 138

n, mr 19 10 5 4 3 3 3 3 5 8 15 23
Q1pes, ['kan 705 | 614 | 555 | 3,29 | 0,76 | 0,42 | 0,43 | 0,44 | 0,72 | 3,55 | 511 | 6,53
Viomps M 9,76 | 882 | 9,76 | 945 | 9,76 | 9,45 | 9,76 | 9,76 | 9,45 | 9,76 | 9,45 | 9,76

3cymucrs THIC.pyO 12,7 | 111 | 10 59 3,4 19 2 2 1,3 6,4 92 | 11,7

3xons THIC.pYO 125|108 | 94 |(505| 05 | -11 | 09 | -0,3 | 0,7 6,0 90 | 11,6

OHTI/IMaHI)HOC YHUCJIO YCTaHABJIMBAEMBIX KOJUICKTOPOB — 3I_HT. JleToM OHM IIOJHOCTBIO TMOKPBIBAIOT
TerioByto Harpy3ky I'BC, B ocTanbHble THH NPU HEJAOCTATKE COJTHEUYHOTO M3IydeHus (0COOEHHO 3UMOit) MOXKHO
UCIIONIb30BaTh JIOTPEeB A0 TpedyeMoil Temmeparypbl Tropsiueii BOJBI € MOMOIIBIO  DIEKTPHUYECKOTO
BOJIOHATPEBATEIIS UK OT IIEHTPATH30BAHHOW CHCTEMBbI OTOILICHHUSI.

B pesysbrare BHEAPEHUs CONHEUHBIX KOJJIEKTOPOB B cucTeMy oToruieHus 1 [BC exerogHo MOXHO
skoHOMUTH 12930 py6. OOmue 3aTpaThl MPUYCTAHOBKH COJHEUHBIX KoJieKTopoB 89500 py6. Cpok

OKyIaeMOCTH nosyumics 6 net 11 mecsues.

CIIMCOK JIMTEPATYPBI:

1.Epemkun, AWM. OTOIUIeHNE W BEHTHILILUS JKIIIOTO 3MaHus: YueOHoe mocobue [Texct] / A.M.Epemkun, T.H.
Koponésa, H.A. Opnosa- M.: U3narensctBoACB, 2003. - 129 c.

2. Crpourenbubie HopMmbl 1 mpaswia. CHull 2.04.01-85*. BHyTpeHHMH BOJONpPOBOX W KaHAIM3ALMS
3nanuii/I"occtpoit Poccun. M., 1998. 60c.

3. Ctpebxos []. C. DHeprocOepekeHre 1 BO30OHOBIIsIEMbIE HCTOUHUKH dHEpTUu/BecTHUK
cenbckoxo3siicTBenHo# Hayku. JI.C. Ctpe6kos, B.IT. Mypyros - M.: Arponpomusaar. - 1991, N 2, (413).-
C.117-125.

81




XXI MexgyHapoaHas Hay4Has koHdepeHums « COBPEMEHHBLIE TEXHUKA U TEXHONOT NW»
Cekums 1: YCTOMYMBAA SHEPTETUKA

MHUKPOSJIEMEHTBI U PEJJKUE METAJLIIbI B COCTABE MUHEPAJIbHOI YACTH
YI'JIA MECTOPOXJIEHUS IIUB3-OBOO
KoBpmxxkuna K. A.
Hayunsrit pykoBonutens: Jonrux A.FO. cr. npemnogaBaTens
HaunonaneHelil necaenoBaTenbcKuil TOMCKUI NOIUTEXHUUECKU YHUBEPCUTET,
Poccus, r.Tomck, mp. Jleanna, 30, 634050
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TRACE ELEMENTS AND RARE METALS IN THE COMPOSITION OF MINERAL
OF COAL MINE SHIWEI-OVOO
K.A Kovrizhkina
Supervisors: A. Yu. Dolgih senior lecturer
National research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
E-mail: kovrizhkina7 @mail.ru.

Poccust o0magaer orpoMHBIMU YTONBHEIME pecypcaMi. [1o pa3HBIM OLleHKaM COCPEIOTOYEHHO OT 3,5 10
70 tpmH.T. yraig. IlporHosmpyercss B Ommkaifmem OyaymmeM pocT yriaemoObsrdu. EskeromHo poccuiickas
SHEpPreTUKa TPOU3BOAWT HE TOJBKO AIIEKTPOIHEPTHIO M TEIUIO, HO M OKOJNO 27 MIIH TOHH 30JIONDTAKOBBIX
0Tx0710B. JInmip Mayas ee 4acTh 3aTeM MepepabaThiBacTCs BO YTO-HHOYIh TOJIE3HOC B IPYTHUX OTPACIAX —
MeHee 15 mporieHTOB. OCHOBHAs K€ Macca ToJaMU XpaHUTCS B 30JI00TBajiaX, 3aHUMasl IIEHHbIE 3eMJIH H
yxynias 3kojioruro. CerogHs 00beM 0TXOI0B TEIUIO3HEPreTHKH B Poccuu nocturaer nopsiaka 1,5 Miap/ ToHH, a
IUIOIAAb 30JI00TBAJIOB TpeBbicwiaa 20 Thic. rekTapoB. JaHHas cuUTyamus 0OycClIaBiIMBaeT HEOOXOAMMOCTH
co3/1aHMs BEICOKO3(p(PEKTUBHBIX TEXHOIOTUH YTHIU3AIMH MUHEPATFHON YaCTH TBEPIBIX TOTLINB, CYKUTAEMBIX Ha
T3C B Bume 3010onuiakoBeix MarepruanoB (31LIM) [1]. Ocoberro 3T0 mpobieMa akTyalpHa MPH PacCMOTPECHUH
BO3MOXKHOCTH HCIIOJIb30BAHMsI HOBBIX YTOJILHBIX MECTOPOKIAEHUH, Takux kak [11ne3-OBoo [2].

OtpunareabHbIME (HaKTOPAMH BIMSHUS 30J0IUIAKOOTBAIOB Ha OKPYIKAIOILYIO CPEILY SBIISIOTCS:

— "KUCTIOTHBIE JOXKIU";

— IBUIEHHE, 0COOEHHO B BETPEHYIO MOTO.Y;

— BBIZICJICHHE B aTMOC(EPY TOKCHYHBIX M PATHOAKTHBHBIX XMMUYECKHUX IIEMEHTOB U MX COCIUHCHUN;

— pacTBOpEHHE W BHIMBIBAHHE TEXHHUYECKOW W JIOKACBOH BOJOW BPEIHBIX COCAMHCHHHA W TSHKEIBIX
MeTamuioB u3 31IM, 94TO IPUBOIUT K XUMHUYECKOMY 3arpsI3HCHHIO BOJHOW CPEIbl, YXYAIIAET COCTAaB TPYHTA H
MOJI3eMHBIX BOI;

— TOBBIIICHHBIA TerIoBoi (oH BOmMm3m mommrono 3LIM, 4To CBS3aHO CO 3HAYUTENBHOW JONEH
Hepoxera yraepoaa (10 20%, mpoekTHas BeauuuHaA Hepoxera — 5%) U MOCIHeAYIOUUM OKHCIEHUEM YTIIepoia
npu conpukocHoBeHuu 311IM ¢ atMochepHbiM Bo3ayxoMm [2].

B T0 e BpeMs 30116 M TUTAKK — I[EHHOE CBIPhE, KOTOPOE MOKHO 3P PEKTUBHO UCTIONH30BaTh B CAMBIX
pasHeIX cdepax. 30JI0NUIAKA BIOJTHE MPUMEHWMBI B IMPOU3BOJCTBE CTPOMMATEPHAIOB W YAOOPEHMA IS
CeNbCKOTO  XO3SIICTBa, JOPOKHOM CTPOMUTENBCTBE, PEKYJIbTHBALMM MOCIEACTBUM  HEAPONOIb30BaHUS,
WCIIpaBJICHUN HEynoOmil (3achklllka OBpAaroB, KapbepoB u 0OonoT). Kpome Bcero mpouero, B 30J0IDIaKax
COJIEPXKATCSl LIEHHBIE PEAKO3EMENbHBIE DJIEMEHTHI, @ TAKXKE OKCHJIbI KPEMHHUsI, aJlOMUHUS U XKeje3a, U BCEe ITO
MO>KHO BBIJIEISITH[ 1 ].

enr HacTosmel paboOTHI SIBISETCS PACCMOTPEHHE, B JajdbHEHINIEM CpaBHEHWE, aHalN3 MUHHMAIbHO
3HAYMMYIO TIPOMBINIJICHHYI0 KOHIIGHTPAIMIO 3JIEMEHTOB, B TOM YHCIE PEIKO3eMEIbHBIX W OJIarOPOTHBIX
MeTtaoB. OOBEKT aHanu3a sABisieTcs mpoda Oyporo yris [Iuea-OBoockoro MecTopokacHuss MOHTOJINH.

B HAaYyYHO-aHAJIUTUYCCKOM HLEHTPC ToMcKkOro MmoJIUTEXHHYECKOTO YHUBEPCUTETA, C UCHOJIb30BAHUEM
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ATOMHO-5MUCCHUOHHOT'O CIICKTPOMETpaA C UCII 6b11u IMMpOBEACHBI UCCIICAOBAaHNA, 5 Hp06 MHHCpaJ’ILHOﬁ qacTu

yris MmectoposkaeHus 111B3-OBoo, pe3ysbTaThl KOTOPBIX IpeICcTaBIeHb! B Tabule 1.

Tabnuya 1. Codepoicanue KOMNOHEHNO8 MUHEPATLHOU YaACTU .

No eMeHT HIOM Nel HIOMNe2 IIOM Ne3 HIOM Neq HIOMNe5
MI/KT MTI/KT MI/KT MI/KT MI/KT
1 Al(amomuHuii) 17330 18520 15850 19520 13100
2 Fe (xene3o) 50570 44150 15400 37310 14850
3 Li (aruin) 13,17 10,69 30,18 13,19 14,68
4 Mn (mapraner) 5056 5143 4713 5542 6270
5 Mo (MomuGaeH) 33,2 27,7 36,45 36,86 22,79
6 Pb (cBuner) 28,37 22,17 31,39 31,4 30,38
7 Sr (cTpoHIHiA) 1190 1240 1230 1205 1470
8 Ti (TuTan) 3108 3167 4066 3130 3901
9 V (Banaamit) 73,89 68,01 86,51 74,38 81,36
10 Zn (UMHK) 84,02 23,22 108,0 118,3 33,73

B Tabnuile NpUBOAUTCS CPaBHUTEIILHBINA aHATIHM3 YCPSIHCHHBIX ITOKA3aTeNIeH UCCIEAYeMbIX P00 30161

CO CIIPaBOYHBIMM JAHHBIMHU [3], HOPMHUPYIOUIMX MUHHMMAIbHYI0 3HAUUMYIO IPOMBIIIICHHYIO KOHLEHTPAIHUIO

(MBIIK).
Tabnuya 2. CpagHenue XuMu4eckux d1eMenmos 6 OAHHOM yeie CO CNPABOYHbIMU 3HAYCHUAMU.

Ne DneMeHT IIIOM wmr/kr MB3IIK mr/kr

1 Al(amoMunuii) 16,86 *

2 Fe (:xene3o) 32,45 200

3 Li (sruruit) 0,016 175

4 Mn (mapranerr) 5,34 10000

5 Mo (Monu6en) 0,031 30

6 Pb (cBumnern) 0,028 1200

7 Sr (cTpoHLuit) 1,27 2000

8 Ti (TuTan) 3,47 7500

9 V (BaHaamii) 0,08 150

10 Zn (1IMHK) 0,07 2000

*YUCTOTO AJIIOMHHHUS B IPUPOJIE HET, €ro JOOBIBAIOT U3 MPUPOTHBIX COSIMHEHUH — OMOKCUTOB (OHOKUT,

He(enuT, aryHuT u ap.)[4].

[IpoBeneHHbI aHATU3 COAEPKAHUS IIEHHBIX XUMHUYecKuX dneMeHToB B 3IIM Oypsix yriei llluse-

OBOOCKOTO MECTOpPOXXIAEHUsI MOHroJiMM TOKa3al, YTO HMX 3HAueHUs HIKe MHUHUMAJIbHON 3HAauYuMOM
MPOMBIIIIEHHOW KoHUeHTpauuu [3,4]. Otcioga ciepyeT, 4Tto npsMmoe ucnoib3zoBanue 3IIIM B kadectse
HCXOJHOIO CHIPbsSI AJISl M3BJICYEHHSI PEIKUX U LEHHBIX 3yeMeHToB yried IuB3-OBoOCKOro MecTopoXIeHUs
MoHroimu He TepCNeKTUBHO.

B kauectBe AIBTCPHATHUBLI MPEAIaracTCsa YBCIMYCHHUEC KOHICHTpAluHU

paccMaTpuMBaeMBIX ~ JJIEMEHTOB  IIyTeM  HCIIOJB30BAaHMS  METOAWK  OOOTalleHHs, MPHMEHSIEMBIX B
TOPHOAOOBIBAIOIIEH MPOMBIIUICHHOCTH JJIS TIOTyYeHHS KOHIICHTPATOB Pa3iIuYHbIX pyx [5]:

1. T'paBuranmonHOe oOOTaIICHHE.

I'paBuTanmonHoe oborameHne — paszeleHne 3076l OT IPUMECEH N0 INIOTHOCTH B TI0JIE€ CHIIBI TSDKECTH
WIH IIEHTPOOEKHBIX CHJI C MEJbIO MOJIyYeHHUsT KOHIIEHTpaTa. [Ipy rpaBUTAIIMOHHOM OOOTalIeHUH UCIIONIb3YETCS

Cujia 3€MHOTI'0O IPUTIKCHUA (OTKy}:[a W Ha3BaHHUC MeTO}Ia); HWHOIrJIa IOIOJTHUTCIIBHO ITPUBJICKAIOT I10JIA
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HEHTPOOCIKHBIX CHJI WU 3JIEKTPOMAarHUTHbIE — npu MarHUTOTHIPOCTATHICCKOM u
MarHUTOTHIPOIMHAMHUYCCKOUN cenapanmu. OCHOBHBIC (DaKTOPBI pa3/ICIICHUs MPU TPABUTAIMIOHHOM 00OTaIllCHUH
— JUHAMHUYECKHe W CTaTHYeCKHe BO3ACUCTBHS cpeld (BO3AyXa, BOIBI, CYCIIeH3HWi). [ paBuTammoHHOE
oboramieHne pacCMaTpUBAETCS KaK IIPOIECC YCTAHOBIICHHWS pABHOBECHS W [OCTIDKCHHS MHUHHMYyMa
MOTEHIMATBHON YHEPTHH CHCTEMOH YacCTHI, HAXOMAMINXCS B TIOJE CHI TSHKECTH B COCTOSIHUH HEYCTOHYHBOTO
paBHOBecHs. CKOpOCTh TPaBUTAIIHOHHOTO Pa3IeJICHHUs OIICHUBACTCS 110 MTOHIKECHUIO IEHTPA TSKECTH B3BECH, a
ero 3¢ GekTHBHOCTh — MO YOBLIM MOTCHIIMATBHON SHEPTHH CMECH.

2. CopOupoBanue.

CopO1us — TOTJoNIeHHE TBEPABIM TEJIOM JIUOO JKUAKOCTHIO PA3IMYHBIX BEIICCTB U3 OKpYKaIoIIeH
cpensl. IlornomiaeMoe BELIECTBO, HAXOMAAIICECS B CPEC, HA3bIBAIOT cOpOaToM (COPOTHBOM), MOTMOIIAOIICE
TBEPIIOE TEJIO WJIHM JKUAKOCTH — copOeHToM. [lo xapakTepy morioiieHHs copbara COpPOLMOHHBIC SBJICHUSA
JIeISITCS Ha JiBa THIIA: aAcOpOLMI0O — KOHIIEHTPHpOBaHMWE copOaTa Ha MOBEPXHOCTH paszaeia (a3 uim ero
TIOTJIONIEHIE TIOBEPXHOCTHBIM ClIoeM copOeHTa U abcopOIuio — 00BEMHOE MOTIOMIEHUE, TPH KOTOPOM copOar
pactipenensercs mo BceMy o0séMy copOenTa. [Ipn copOupoBaHne IUTaKa, IPOUCXOINT 3aXBaT COPOCHTOM TOI
4acTH, KOTOpas HEe MMEeT HHUKAaKOH LEHHOCTH i JalbHEHWIIero paccMOTpeHHs. KOMIIOHEHTHI, KOTOpHIC B
JAbHEHIIeM MOWIYT Ha IepepaboTKy, OCENaloT U B TAIIBHEHIIIEM H3BICKAIOTCS.

B ;[anLHeﬁmeM npeajaracTces HOZ[pO6HO€ N3Y4YCHUEC BO3MOKHBIX BAPUAHTOB JJId IMOJYYCHUA U3 30JIbL

Yy [IuBe-OBoOOCKOI0O MECTOPOXKACHNA KOHICHTPATOB HCHHBIX U PEAKUX XUMUYCCKUX BJICMCHTOB.

CIIUCOK JIUTEPATYPBI:

1. TIpomctpoiimar [DnektpoHHslii pecypc] — Pexxum moctyma http://prostroymat.ru/content/kuda-devat-zolu-
problema-pererabotki-zolo-shlakovyh-othodov

2. 3aBopur A. C., Homrmx A.IO., CamomaroB B.B., batmynx C., Daxokapran X TemioTexHIYecKue
XapaKTePUCTHKH yriied mectopokaeHus 11ue3-OBoo MOHIroMKM Kak dHEPreTHUECKOro Tormiuea // M3Bectus
ToMCKOro moJUTeXHUYeCcKoro yuusepcutera / Tomckuii momutexuudeckuii yuusepcuret (TITY). — 2014, — T.
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B nanHBIf MOMeHT, »HepreTnka P® cuuTaeTcs TNPHOPUTSTHHIM HAIpaBICHUEM pPa3BUTHA IO
3HAYMMOCTH. Tak KaK C KaKIOBIM TOJOM TMOTPEOJIEHHE SJICKTPOSHEPTHH BO3pPACTaeT, YTO MPHUBOAUT K
HEOOXOIUMOCTH MOJCPHHU3UPOBATh (PEKOHCTPYHUPOBATH) CYMICCTBYIOIIUE TEILIOBBIC 3JCKTPUYCCKUEC CTAHIIMU
(T2C). B cBsa3u ¢ Tem, 4TO KOTJIBI CIPOEKTUPOBAHHBIE U IIOCTPOECHHBIE B XX BEeKe B HacTOsIIee BpeMs
W3KUBAIOT CBOM pecypc, aKTyalbHOH 3ajaueil CTAHOBUTCS KOHCTPYHUPOBaHHE W BBOJ B DKCIUIYaTalMIO HOBBIX,
COBPEMEHHBIX, 3()(PEKTHBHBIX, THIATEIBHO MIPOPA00TAaHHBIX KoTioarperatoB. COBpeMEHHBIH YPOBEHb Pa3BHTHS
METOZOB TIPOCKTUPOBAHHS ITO3BOJSICT MPOW3BOMUTH MPEIIKCILTYyTAIIMOHHBIC WCCIECAOBAHNE MpPU TOMOIIHN
COBPEMCHHBIX MPOTPAMMHEIX IPOAYKTOB. MCIONB30BaHNE COBPEMEHHBIX WH)KEHEPHBIX PACUCTHBIX NPOTPaMM
CHOCOOCTBYeT HW30aBICHHIO OT TPYOHBIX H JOPOTOCTOSIINX JKCIIEPHMEHTOB, a TakXKe HaeT BO3MOXKHOCTHh
0e30macHO W JOCTAaTOYHO OBICTPO HM3YYHTH CBOMCTBAa WM TOBEACHUE HCCICIyeMOW KOHCTpyKuuu. [lo3zBosier
BBIJICJIUTH JUTSI MCCIIEI0OBaHMS HanboJiee BaXKHbIe CBOMCTBA 00BEKTA.

Ilenpto HacrTosimieil pabOTHI SBISICTCS KOHCTPYyHpOBaHHEe mapoBoro komia E-320-13,3-555T mus
ycranoBky Ha TOC tuna Tomckoit TOLI-3.

Ha wHagampHOM 9Tame OBUIM TIPOW3BEACHBI  TEIUIOBBIC, THUAPOJUHAMUYECKHE, a  TaKkKe
a’pOoNMHAMUYECKHE pacyeThl. TomodyHas KaMepa W TOBEPXHOCTH HarpeBa KOTENBHOH YCTaHOBKH OBLIH

paccuuTaHbl COrJIacHO HOpMaTUBHOMY MeTony[1].

Tabnuya 1
Iapamempbl cnpoexmupo8anHot KOMeAbHOU YCMAHOBKU
Ne IHapamerp Oobo3HauyeHue 3HayeHue
1. [Taponpou3BoaUTENEHOCTD T/9 320
2. JlaBneHue neperpeToro napa MIla 13,3
3. Temneparypa neperperoro napa °C 555
4, KII-OpyTTo koTia % 95
5. Pacxon Tommsa M2/ 6,26
CnpoeKkTHpOBaHHbIH GapabaHHBII KOTell KJIACCUYECKOMN I1-o6pa3noii KOMIIOHOBKH

MapOIPON3BOUTENEHOCTHIO 320 T/4 MOXKET MPUMEHSATHCS ISl CKUTaHUsI MpupotHoro ra3a Ha TOL] tuna Tomckoi
TOL-3. Hmeer craenyoouye OCHOBHBIE KOHCTPYKTHBHBIE U TEXHOJIOTUYECKHE  XapaKTEPHUCTHUKU:
OJTHOCTYTIEHYaTyI0 KOMIIOHOBKY XBOCTOBBIX ITOBEPXHOCTEH HarpeBa; 12 yHU(QHUUIHMPOBAHHBIX ra30Ma3yTHBIX
ropenok MomrHocThi0 50 MBT pacmosioskeHHBIX BCTpedHO Ha (POHTAIBHOM M TBUIBHOW cTeHax B 3 spyca

(puc. 1). YncneHHple 3HaUYEHHUS] OCHOBHBIX ITApPAMETPOB CIIPOSKTHPOBAHHON KOTEIHHON yCTaHOBKH NPHBEICHBI B
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Tabi. 1.

6640 w800

2555

825

e

Puc. 1. Dckuz monku npoexmupyemozo komaa

[TpunsTa a3poanHAMHUUYECKas cXeMa C ypaBHOBEIICHHOHN Tsroi. [IponsBeneH BEIOOpP 3010yI0BHTENCH 1
IIBIMOCOCOB: BBIOpaHO 1Ba Oartapeiinpix nukioHa BI[-4X10X10 u nBa mpIMococa OBYCTOPOHHETO BCACHIBAHUS
tunopasmepa J[-18x2 ¢ gacroroii Bpamenust 590 06/muH [2,3].

B Hacrosmiee BpeMs AL MCCIICNOBAHUS M aHANM3a Ta30AMHAMUKN M TEIUIO(U3NYECKHX IPOLECCOB B
KoTIax A((EeKTUBHBIM HHCTPYMEHTOM SBIISIETCS YHCICHHOE MOJISNIMPOBAHHE C HCIIOJIB30BaHHEM Kak
paspaboransbix 3a pyoexoM (ANSYSCFD (Fluent&CFX), STAR-CD, FLOW3D, Open-FOAM wu np.), Tak u
oreyectBeHHbiX (FlowVision, VP2/3, SigmaFlow, FIRE 3D u T.m.) Kak OpUIMHAJIBHBIX, TaK M IIHPOKO
anpoOMPOBaHHBIX MAKETOB MPHUKJIAJHBIX HporpamMM. M3o00miue ¢pusnyeckux MoJiesiell B BbIIIE NEPeUHCICHHBIX
MaKeTax MO3BOJSIET C XOPOIIEH CXOJMMOCTBIO TPOTHO3MPOBATh JIAMHHApHBIE M TYPOYJIEHTHBIC TEUEHHUS,
pa3IMyYHbIE PEXHMMBI TEIJIONEPEHOCa, XMMHUYECKHE PEeakIMH, MHOTO(a3Hble MOTOKHM W JApyrue SBICHUS Ha
OCHOBE TMOKOTO TIOCTPOCHUS CETOK M MX aJaNTaluy K NOITy4eHHOMY perieHuo[4].

MaremaTnyeckoe MOJEIHPOBAHNE TOMOYHBIX YCTPOMCTB SIBJISICTCS OJAHUM N3 BaKHEHUIIMX CIIOCOOOB
nonydeHuss uHopMmanuu 00 a’poaUHAMMKE, JIOKaJbHOM M CyMMapHoM TtemiooOmene. C  TOMOLIbIO
KOMITBIOTEPHBIX IKCIIEPHMEHTOB, MCIIONB3YS COBPEMEHHBIE METOABI BBIYMCICHUI, MOXKHO Oojiee NeTaabHO U
YIIyOJICHHO M3Y4YHMTh OOBEKT HCCIEIOBAHUSA, YTO HENOCTIDKUMO IIPH TOJIBKO TEOPETHYECKOM MOAXOJIe U
SBISICTCS TpuopuTeToM sKcmepuMmenta [4]. B mporpamve FLUENT Obuto mpoOM3BENEHO MOJICIHPOBAHHE
TEIIIO(U3MYECKHIX POLIECCOB, IPOTEKAIONIMX B TOIIOYHOH KaMepe CIIPOEKTUPOBAHHOM KOTEINEHON YCTaHOBKH.

OnHUM W3 OCHOBHBIX HA3HAUYEHUI YHCICHHOTO MOJAEIMPOBAHUS MPOLECCOB TOPEHUs SBISETCS aHAIU3
3HAYCHMH TEMIIEpaTyphl U e€ pacnpenesieHus: B 00bEMe HccieyeMoii kamepsl TopeHnsi. Ha ocHoBe nmosrydeHHOM
Mojenu (akesl UMeeT OJHY BBHICOKOTEMIIEpaTYPHYIO 30HY, PacIOIOKEHHYIO B paliOHE TOPEJIOYHBIX yCTPOMHCTB
(puc. 2). TemnepaTypa B IPUCTEHOYHOH 0ONACTH pacHpeiesieHa TOCTaTOYHO PaBHOMEPHO, UYTO 00ECHeurnBacT
PaBHOMEPHBIN IPOTPEB TEINIOHOCUTEIIS M HE IOIYCKAaeT Meperpena u Mepeskora MaTepraia CTeH.

Emé omHuM BaXHBIM ITapaMeTpPOM, XapaKTEepPHU3YIOIIMM IPOTEKaHWE Ipollecca TOPEHHMS, SBISAETCS
CKOPOCTb JBI)KEHHS T'a30B B TomoyHOM oO0béMme (puc. 3). Kak BumHO m3 maHHOrO rpaduka, pacnpejaeneHue
CKOpPOCTEH B TONOYHOM OOBEME JOCTATOYHO HEPABHOMEPHOE, YTO OOBACHIETCS HMHTCHCHBHBIM BHUXPEBBIM

MEPEMCIIMBAHUCM ITOTOKOB, BLIXOASAINX U3 TOPEJIOK.
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sontours of Static Temperature (c)
Puc. 2. Pacnpe()efzenue memnepamyp no monoiHomy O6b€My
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180 /

Puc. 3. Jlunuu moxa ¢ yeemogoul undexcayueii no CKOpOCMAM meyeHusi MonouHol cpeovl

C HCHONB30BaHMEM HOBEWIIMX TEXHUYECKMH MPHUKIAIHBIX IPOrpaMM BO3MOXKHO HE TOJIBKO
MOJICJIMPOBAaTh peajbHbIe IPOLECCHl, HO W MNPOTHO3MPOBAaTh WX H3MEHEHHS. TeM CaMbIM ONTHMHU3UPYS
KOHCTPYKILIMH KaK BCEro KOTEJIBHOIO arperara B [eJIOM, TaK U OTIEJIBbHBIX €ro 3JIeMEHTOB. DTO OOJIBIION TUIIOC B
TOM, YTO HE HYXXHO 3aJIcHCTBOBAThH OOJBIINE JCHEKHBIC BIOXKCHHUS, a C UCIIOJH30BAaHHEM JaHHONH METOIUKHU
3a01arOBpeMEHHO TIPOTHO3HPOBATEH PAOOTY KOTEIBHOTO arperara.
CIIUCOK JIUTEPATYPbI:
1. TemoBoii pacuer kotioB (HopmaTuBHbIi MeTox) - M3natensctBo Cn6 -HITO LIKTH, 1998. — 256 c.
2. AsponMHaAMHUYECKHIl pacuer KOTeNbHbIX ycTaHOBOK. HopMatuBHbIi MeTo. — M.: DHeprus, 1977. — 256 c.
3. BcnomorarenbHoe 000pyIOBaHHE TEIJIOBBIX 3JIEKTPOCTAHIMI: YueOHoe mocodue st By30B / JILA. Puxtep,
JI.I1. Enuzapos, B.M. JlaBeirun — M. Dueproaromusaat, 1987. —216 c., .
4. ANSYS FLUENT 6.3 in Workbench User’s guide// AHCHUC. - URL:

http://www1.ansys.com/customer/content/documentation/121/fluent/flwb.pdf (nataobpaimenus 24.09.14)
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IPOEKT ITAPOBOI'O KOTJIA, IPEJHAZHAYEHHOI'O JJISA 3BAMEHBI YCTAPEBIHIET'O
OBOPYJIOBAHUS DJEKTPUUECKHUX CTAHIIMM.
Kopsunosa U.E., Busrasmoct H.B.,
Hayunsiit pyxoBoautens: Busrasmoct H.B.
HaunonaneHelil necaenoBaTenbekuil TOMCKUM NOIUTEXHUUECKUIT YHUBEPCUTET
Poccus, r. Tomck, mp. Jlennna, 30, 634050
E-mail: korzikl@sibmail.com

STEAM BOILER ENGINEERING DESIGN FOR RENOVATION OF OBSOLETE POWER PLANT
EQUIPMENT
Korzilova I.E., Vizgavlyust N.V.
Scientific Supervisor: Vizgavlyust N.V.
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: korzikl@sibmail.com

B Hacrosmee Bpems poccuiicKas 3JIEKTPO’HEPIeTHKA HCIBITHIBACT MOPAJIbHBIH M TEXHOJIOTHUECKHH
kpusuc. Ilo oumenkam skcneptoB oT 50 1o 80 % KOTEIBHBIX arperaTtoB 3aHATHIX CETOJHS B MPOU3BOJCTBE
SHEPreTUIEeCKUX MOIHOCTEH BBIpAOOTANM WK B ONMKaiinee BpeMsl BeIpaboTaioT cBoif pecypce [1], a u3 sToro
cieflyeT HEeM30eKHBIM Je(UUUT 3JeKTpodHepruu. Ha 3aMeHy yKe CyIIECTBYIOUIMM HSHEPreTHYeCKHM
yCTaHOBKaM HEOOXOJIMMO IIPOEKTUPOBATH HOBOE 00OPYIOBaHHE C MUCIIOIb30BAHHEM COBPEMEHHBIX TEXHOJIOTHIM
KOHCTPYUPOBAHUSA U C YUETOM OIIBITA SKCIUTyaTallUH aHAIOTOBBIX YHEPI€THUECKUX CUCTEM.

CoBpeMeHHbIE KOMITBIOTEPHBIE TEXHOJOTHM JIENal0T BO3MOXKHBIM €Ille Ha 3Tale pa3paboTKH MpoeKTa
CMOZENNPOBATH MPOIECC PabOTHl KOTEIBHOTO arperara. BBIYUCIUTENbHBIH SKCIEPUMEHT IO3BOJSIET M3YYUTh
MPOLIECCHl TEIUIOMACCOOOMEHa, TOPEHUSI M a’pOJMHAMHKH, a OIEHKA €ro pe3ylbTaToB IO3BOJISIET BBIIBUTH
HEJIOCTATKN Pa3pabOTaHHON KOHCTPYKIWH, CIIPOTHO3MPOBATH PadOTYy KOTENBHOTO arperatra MpH Pa3iNdHbIX
Harpyskax, IpOBEPUTh BO3MOXKHOCTbH MIEPEBOA KOTJIA Ha IPYroe, HEMPOEKTHOE, TOIUIHBO.

OOBEKTOM HCCIEIOBaHUA SBISETCS KOTENbHBIN arperar I[I-oOpa3HOl KOMIIOHOBKH C €CTECTBEHHOU
UUPKYJISIIMEH ISl COKUTaHWsl NPUPOJIHOTO ra3a MNaponpoM3BOAMTENBbHOCThIO 370 T/4 ¢ mnapamerpamu
neperperoro mapa: aasieHneM P=12,5 MITa u TemMmepaTypoii t, , =555 °C (E-370-12,5-555T).

KoncTpynpoBaHne OCHOBHBIX 3JIEMEHTOB IApOBOTO KOTJA BBINOJHSJIOCH COTJIACHO PEKOMEHAAIMSIM
HOpMaTUBHOTO MeToja, pa3dpadoranHoro AOOT HITO UKTU u BTH [2], ¢ y4eToM OmBITa KOHCTPYHUPOBAHHUS
aHAJIOTUYHBIX KoTioarperaToB. [locienoBarensHOCTD pacueTa, Mpou3BeeHa coraacHo [3].

[l BBISIBIICHHS! HEIOCTATKOB Pa3pabOTaHHON KOHCTPYKIMM M HMPOTHO3UPOBAHHS PaOOTHI KOTEIHHOTO
arperara IpH pa3JIMuHbIX Harpy3kax ObUIO NMPOHM3BEIEHO MAaTEeMaTHYECKOE MOJIEIMPOBAHHUE TEIUIOPH3MIECKUX
MpOLIECCOB B TOMOYHOW Kamepe korina E-370-12,5-555I° ¢ npumeHeHMeM MakeTa MPUKIAJHBIX HpOrpamMM
FLUENT([4]. MeToanka MOJETUPOBAHHS U HCIIOIB3yEeMbIe MaTEMaTHYECKHE MOJIENH TIPUBEICHHI B [5,0]

B pesynbTare npozenaHHoi padboTel ObUT cripoekTHpoBaH KoTea E-370-12,5-555T momuocThio 260 MBT
C pacueTHBIM pacXoAoM TomauBa 6,4 M/c n KIIA-6pyrro 94,6%. CorimacHo NpHHSATON KOHCTPYKLHUH B
TOIIOYHOM Kamepe KOTJIa OTCYTCTBYET X0JI0/1Hast BopoHKa (puc. 1). Ha ¢poHTaIBHOI CTEHE TONKH PaCIOI0KEHbI

JACBATH KOM6I/IHI/IpOBaHHI)IX Tra30Ma3yTHBIX I'OPEJIOK B TPU sApyca.
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Puc. 1 Dcxuz monku xomaa E-370-12,5-555I"

CIipoeKTHpPOBAaHHBIH MapoleperpeBaTeslb KOTJIa - paJdallMOHHO-KOHBEKTHUBHOTO THIIA, UMEET UeThIpe
CTYIIEHM TIeperpeBa W BBHIIOJHEH [0 CMENIaHHOM cXxeMe. B KOHBEKTMBHOM IIaxTe pacloJIOKEHBI
OJIHOCTYIIEHYAThII BOJASHON 9KOHOMAaW3ep U PEKYNEPATUBHBIN BO3AYXOIIOAOIPEBATEND.

OnHOM U3 BaKHEWIINX TEIJIOBBIX XapaKTEPUCTHK KOTEJIHHOTO arperara siBjseTcs TeMIepaTypsl pabodei
u rpetoueii cpen. KonmuuecTBeHHas OLIEHKA JAHHOTO IOKAa3aTessl MO3BOJUT YCTAHOBUThH TEIUIOBOCHPUSATUE

Ka)KJJOH ITOBEPXHOCTH HarpeBa, OIEHUTh HA/Ie)KHOCTh PadOTHI KOTia (pHc. 2).
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Puc.2 Hzmenenue memnepamypwi’. A. pabouezo mena, b. J[oimoguix eazos.

s BBIABIICHHSA HEJOCTAaTKOB pa3pabOTaHHONW KOHCTPYKIMM MPOBENEH YHCICHHBIH AKCIEPHUMEHT C
nomouibto nporpammbel ANSYS FLUENT.

. Jna uckirodeHnss BO3MOXKHOTO TIeperpeBa MeTaia CTEHOK dKpaHHBIX TPyO ObL