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CraTbsa noctynuna 7 asrycta 2004 r.

BBeageHue

B OwmIY paspaboTtaHa cuctema mogenupoBaHus Ha 3BM TenmnoBbIX ceTel KpymHOro ropoja:
pacyeT noTokopacnpeneneHus, JaBNeHnin B y3nax, pacyeT TennoBblX NOTEPb Ha yyacTkax u Temne-
paTtyp TennoHocutensi. B kayectBe OCHOBbI A4Nsi MOAENWN NPUHATA NPUHLUMNNANbHast cxema TennoceTu
(pnc. 1), uto nosBonsdeT obecneynTb HEOOXOAMMYHO TMOKOCTb MOLENUPOBAHMSA Kak LUTATHbIX Tak

N aBapUNHbIX CUTYaLIUN.
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Puc. 1. OcHoBHOE OKHO MHTepdpenca 060N0YKM 1 bparMeHT NPUHUMMMANbHON CXEMbl TENNoceTn

Npaduyeckoe npefcraBneHne NPUHLMNMANbHON CXeMbl BbINOSIHAETCHA B 2—X TPYOHOM MCMOMHe-
HUW, TO €CTb Ha CXeme MPUCYTCTBYET Kak MpsiMOM Tak n obpaTHbI Tpybonposogd, 4YTo obecneumBaeT
oToOpaxeHne nbor BO3MOXHOWM TOMOMOrMM CEeTWU; TakoW Noaxod BbIrOAHO OTNMYaEeTCss OT OOHOMU-
HEMHOW CXEMbl, MPUMEHSEMON BO MHOIMMX CMCTEMaxX MOLENUPOBaHUA; OQHOMNUHENHAA CXxemMa He no-
3BonseT oTobpasnTb MNobyr0 BO3MOXHYIO TOMOMOMMIO, a NULLb KOHEYHbI HAabop BapuUaHTOB CBSA3EMN,
3ano0XeHHbIX B CUCTEMY.

B paHHOM cTaTbe paccmaTpuBaeTCcs pelleHne 3agadu noTokopacnpeneneHns ans cetun, UMelo-
wen 5000—10000 ThICsY y4acTKOB U perynaTopbl pacxoda v Hanopa.

1. PeweHune 3agauun noTokKkopacnpegesneHus

PaccmMoTpuM cxemMy C yCTaHOBMBLUMMCS ABWXKEHME XXMAKOCTWU, COCTOSILLYIO U3 N Y4acTKOB, m y3-
NOB N K NWHENHO HE3aBUCUMBbIX KOHTYPOB (k=n—m+1).
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OaHa 3 BO3MOXHbLIX MaTeMaTUYECKUX Moernen noTokopacnpeneneHus Ansd TenroBbiX ceTew
CBOANTCA K CUCTEMEe YpaBHEHUN, cocTosiwen m —1 NUHenHbIX ypaBHEHUN, COOTBETCTBYIOLLMX NEPBO-
My 3akoHy Knpxroda, u kK HenvHenHbIX ypaBHEeHUI, COOTBETCTBYHOLLMX BTOPOMY 3akoHy Kupxroda.

Y =qQ, j=1..m=1%
! (1)
2.SiXi | X |=He,
c
roe X; —- pacxodbl B y3ne j, Q — yteudkun (Q; >0 ) nnm nputokun (Q; <0) B y3ne j; 3Ha4eHus Q;

OOJIDKHbI ObITb 3adaHbl TakMm obpa3om, YTOObI MMen MecTo ux obLwuin Hyrneson HGanaHc no Bcem m
y3nam cxembl; S;, X; — rngpasnuyeckoe COnpoTMBIIEHNE N pacxofbl Ha BCEX yvacTkax i KOHTypa C;

HC — anre6pawquKaﬂ cyMmma ﬂeVICTByPOU.lMX HanopoB Ha BCEX y4acCTKax

KOHTypa C.

Cuctemy (1) ypaBHeHMI 06bIMHO peLluatoT NCMOMb3ys YBA30YHbIE METOAbI C OnpeaerieHneM «yBsi-
304HbIX pacxogoBy» no ¢opmyne AHgpusiweBa — JlobavyeBa — Kpocca nnm copmyne, UCnonb3yo-
waa moaudukauuio J1. Beixangy metoga HetoToHa — PadbcoHa [1], kKoTopble 04eHb BbIrOAHbI C TOYKM
3pEHUS BbIMMCIUTENBbHbIX 3aTpaT, HO Ha pearibHbIX CXeMax CO CMOXHOW TOMOMNornen BO MHOMUX Cry-
yasix He obecneyvnBaeT CXOOUMOCTM UTEPALMOHHOIO npouecca, 0CobeHHO Ans CeTeNr, Ha KOTOPbIX YC-
TaHOBIEHbI PEryNsTOPbl pacxofa Unv AaBreHus.

Kak nokasana npakTvka pac4eToB cucTemMa ypaBHEHUI (1) XOpOLUO peLuaeTcsl C MOMOLLbIO MeToda
nocnegoBaTenbHbIX NPUONKEHWIA, nNpeanoxeHHoro P.T. ®ansynnuHbiM, KOTopbIA obecnevmBaeT Cxo-
OMMOCTb Ha cucTemax ¢ ymcriom HenseecTHbIX 5 000—10 000 npu HebonbLoM Yncrne utepauui [2].

B pabote [2] nokasaHO, 4TO TakonW MeTon pelueHus obecnevvBaeT CXOOMMOCTb Ha CMCTeMax
€ umcnom HensecTHbIX 5 000—10 000 npu 3TOM YMcno utepaumin He npesbiwaeT 50.

2. Mpoueaypbl AnNs yyeTa perynsiTopoB pacxona, AaBrfieHUs U 06paTHbIX KnanaHoB

[lna pacuyeTa noTtokopacnpeaeneHns B CeTsIX, OCHALLEHHbIX PerynsitopaMmu pacxofa, AaBneHust
1 obpaTHbIMK KnanaHamu B NpoLeaype peLleHnst ypaBHEHU noTokopacnpeaenexus (1) npeaycmoT-
PEHbl AEVCTBMS NO U3MEHEHWIO (BbIYUCIEHWIO) MMAPaABAMYECKOro CONPOTUBIIEHUS] Y4aCTKOB, COOTBET-
CTBYHOLLMX perynstopam. OTWU OENCTBUS BbIMOMHSATCS MPU BbINONHEHUM OMNpeaerieHHbIX YCroBUIA,
Hanpvmep Npu SOCTWKEHUN HEBSI3KM BENUYMHBI, KOTOPasi MeHbLUE 3apaHee YCTaHOBIEHHOW BeNW4u-
Hbl. [Mocrne nonyyYeHusi BeKTopa peLleHnin (pacxodoB) Ha UTepaummn YTOYHSIETCSl CONPOTUBIIEHMS pery-
nupytowmx anemeHToB. OCHOBHOWM LMK UTEpaLuii 3aBepLLaeTcst NPy YCNOBUW, YTO NPU3HAKN perynu-
pOBaHUS AN BCEX PErynsiTopoB HaXoAsTCA B COCTOSIHUMN «3aBEPLUEHOY.

2.1. BbiqyucneHue conpomuesrieHuli 0bpamHbix KrarnaHos

OOGpaTHbIV KnanaH — 3TO PerynaTop NponycKatoLmii pacxos XXMAKOCTM TONbKO B OAHOM Hanpas-
NEHUN, eCnn XMAKOCTb TeYeT B 06paTHOM HanpaBneHun, To 06paTHbIV KnanaH 3akpbiBaeTcs.

( Hacochkl

ODpaTtHbIE KNanaHbl

Puc. 2. Cxema BKkntoYeHMs oGpaTHbIX KnanaHoB
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3akpbiTie obpaTHOro KnamaHa UMUTUPYEeTCA YBENWYEHWEM €ero COMpPOTMBIIEHUS OO BENUYUHBbI
Smax =1E +06. OgHako cnegyeT umeTb B BUAy, YTO cKaykoobpasHoe M3MeHeHWe COMpoTUBIEHUS
perynatopa ¢ HOMUHANbLHOrO COMPOTUBIEHUS OO MaKCUMarbHOro Ha 60MbLIMX CXemMax CO CIOXHON
TONoNorMen NPMBOAMT K HApPYLLUEHMIO CXOOMMOCTM BbIMMCNUTENBHOIO npouecca. MNMoatomy B npegna-
raemMom anropuTMe COMpPOTMBIIEHWE NPU 3aKpbiTUM OOpPATHOrO KnamaHa yBennynuBaeTCsl NMOCTEMEHHO
(8 100 pas Ha kaxgom ware utepaunn). PerynvpoBaHne 3akaH4MBaeTCHa KOrga conpoTuBreHne Ooc-
TUraeT BENNYUHbI Sy,5¢ 3TO COOTBETCTBYET MOMHOCTLIO 3aKpbITOMY KnarnaHy. B criydae ecnu Hanpas-

JNIeHne TeveHna XNaKoCcTtu npaBuiibHoe, COnpoTmMBIIEHNIO NPUCBanBaeTCA BENMTMYNHA Smin .

2. 2. BbiyucnieHue cornpomusrieHul pe2ynsmopog pacxodos

BbluncrneHme HOBOro COMPOTMBIIEHUS PErynsiTOPOB pacxoda NPOBOAUTCA MOCHE MOMydeHus pe-
LeHNs (pacxofoB) Ha KaXKOoM UTepaunn, rae s3HavyeHust HeBA3KM HanopoB MeHbLue 10 M.
Myctb Syin — conpoTuBneHne perynsatopa npu NOMHOCTLIO OTKPLITOM KrnanaHe, Sp;x — COMpoTUB-
neHve perynaTopa npu NofHOCTbIO 3aKPbITOM knanaHe, Spg, — HOBOE BblYMCIIEHHOE COMpoTUBIIEe-
HUe, Sg, — TeKyllee COoMpoTMBMEHWe C npeabigyliein utepaummn (nepBoHavarnbHO PaBHO Spyin )
X — pacxopg yepes perynsatop, Q — pacxof, KOTOpbI JOSMKeH noaaepusatb perynatop, RegFlag —
COCTOsiHME npoLiecca perynuposaHus, Nr — 3ajaHHasa JonycTuMas HeBsidka no pacxogam.

Cnepnyolime oencTsnst NPOBOAATCA Ha KaXOoW Utepauuun rae 3HadeHusl HEBA3KM HanopoB MeHb-

we 10 m.
1. MNMoacunTbiBaETCA HOBOE COMPOTUBIIEHUS perynaTopa no dopmyne npusegeHHom B [1]

2
Spew = —Scur X
Q2

2. B cneactBum TOro, YTO BblYMUCNEHNE CONPOTUBIEHUSA perynsaTopa no opmyne (2) Ha 6onbLUmX
cXemax CO CMNOXHOW TOMorforMen nNpuMBoauT K HapyLUEHWUI0 CXOAMMOCTU BbIMMCIUTENBHOMO npouecca
HOBOE CONpPOTMBREHME NepecynTbIBaeTCS No gopmyne (3)

Snew =0,5(Spew + Scur ) - (3)

: (2)

PaunoHaneHoCTb (3) NoaTBEpPXKAEHA HA NPaAKTUKE.

MpusHak cocTtosHuA npouecca RegFlag yctaHaenueaeTcs 1.

3. Ecnmn S,epy < Smin s TO NpUHUMAETCA Spey = Spin, TO €CTb PErynaTtop MOfHOCTbIO OTKPbIT.
MpunsHak cocTosiHMs npouecca RegFlag yctaHaenusaetcs 0.

4. Ecnn Spey > Smax s TO NPUHUMAETCS Spey = Spax s TO €CTb PErynatop MOMHOCTBLIO 3aKpPbIT.
MpunsHak cocTosiHMs npouecca RegFlag yctaHasnusaetcs 0.

5. MNpwn cmeHe HanpaBneHnsa (ONPoKMAbIBaHUM NOTOKA)

ana |X|>=Q npuHumaeTcst Spey = 0,5(Smin + Scur )»

ana | X|<Q npunumaetcs Spey = 0,5(Smax + Scur) -
6. Npur3Hak HEBA3KM MO pacxoay MKCUpyeTCs Nnpu BbINOSIHEHUM HEPaBEHCTBA

100M< Nr 4)
a :

rae Nr — 3agaHHasi 4onycTumas HeBsi3ka No pacxogam.
Mpwn BbINONHEHMM ycnoBua (4) npuaHak cocTtosHMs npouecca RegFlag yctaHaBnmnBaetcsa 0.

2.3. BbiyucneHue conpomusrneHuli peaynsamopos 0asieHus

Perynstopbl AaBneHnst 4omkHbl 06ecneynTb 3agaHHOe AaBrieHNe B y3Ne CXeMbl, C KOTOPbIM OHU
CBsi3aHbl NMHMEN obpaTHOW cBA3W. PasnuyaloT perynaropbl SaBNeHUst «nocre ceda» n «go cebsa»
(puc. 3).

Perynsatopbl «nocne cebs» ons yBenuyeHust AaBieHUss B pEryrMpyemMoM ysrne — OTKpbIBaloTCS,
a Onsa yMeHbLUEHUA — 3aKpbIBaloOTCS.
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PerJ'IFITOpr «ao cebay ana ysenuyveHua naeneHnda B perynmpyemMom yane — 3aKpblBaroTCA,
a ana ymeHbleHnA — OTKPbIBAKTCA.
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Puc. 3. CxeMbl BKIHOYEHUS perynsiTopoB AaBNeHUs:

a — «o ceba»; 6 — «nocne cebs», obpaTHble KnanaHbl — > 4

BbluncneHme HOBOro COMPOTUBMEHUST PETYNSTOPOB OABMEHUsS NPOBOAUTCH MOCMe utepauuu, rae
3Ha4YeHMs HEeBA3KM HAMOpPOB MeEHbLUE HEKOTOPOro 3adaHHoro 3HadeHus DeltaRdStart. Ha npaktuke
DeltaRdStart =0,5 m — gna pacdetoB 0bbl4HOM ToyHOCTM; DeltaRdStart =0,1 M ansg pacyeToB no-

BbILLEHHOMN TOYHOCTH.
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MNyctb Spin — CONPOTUBIEHUE perynaTopa npu nofiHOCTbIO OTKPLITOM KnanaHe, Sp,zx — Corl-
POTUBIEHNE perynsatopa npu NofiHOCTbIO 3aKPbITOM KnarnaHe, Spe,, — HOBOE BbIYMCIEHHOE COMpo-
TUBNEHne, S,,, — TeKylee COMNpPOTUBMEHNE C Mnpeablaylien utepauuu (nepBoHavyanbHO pasBHO
Siin ), X — pacxopg 4epes perynsatop, HRD — nbe3omeTpuyeckuii Hanop B perynmpyeMmom yane, Ko-
TOpbI HeOOXoanmo obecneunTtb, H — TeKywmnin Nbe30MEeTPUYECKUIA HaMoOp B PEryriMpyeMom Yyarne,

delta_rd — 3agaHHas gonycTumas HeBsa3ka perynupyemoro, RegFlag — coctosiHue npouecca pery-
nMpoBaHus.
Mpw BbINOMHEHWSA YCNOBUI HavYana perynnpoBaHus BbINOMHAKOTCA cneayowime OencTBuS.
1. Bbluncnsietca H — TekyLwnin Nbe3oMeTprUYeCcKMn Hanop B perynnpyeMom ysne.
2. Ecnn (H — HRD) < delta_rd), To eCTb BbINOSTHEHO YCIOBME PEryNMpPOBaHus,
TO
npu3Hak coctoaHMs npouecca RegFlag yctaHaBnmBaetcs 0,
KOHeL, npoueaypbl.
3. MNoacuntbiBaeTCca HOBOE CONPOTUBIIEHUS perynaTopa no gopmyne npvesegeHHom B pabote [1]
, |HRD| -H
Snew =Scur + DOLA mgnT; (5)

roe sign=+1, ecnu perynatop «nocne cebsa»; sign=—1, ecnu perynsatop «4o ceds».
BenuunHa DOLA B pa6orte [1] paBHa 1.
Ho Tak kak npu DOLA=1 yacto He obecneunmBaeTCcAd CXOAMMOCTb BbIYMCIEHUA Ha CXemax
¢ 60MbLIMM YNCNIOM YYACTKOB M CIIOXXHOW TOMONOrven, Mbl npeanaraem npumensats DOLA =0,5.
4. Ecnm Spey < Smins TO MpUHUMAETCA Spey = Spin, TO €CTb PErynaTtop MOMHOCTbIO OTKPbIT.
MpunsHak cocTosiHMs npouecca RegFlag yctaHasnusaetcs 0.
5. Ecnn Spey > Smax s TO NpUHUMAETCA Spey = Smax s TO €CTb PErynsitop MofiHOCTbIO 3aKpPbIT.
MpunsHak cocTodAHus npouecca RegFlag yctaHasnmneaeTca 0.
TunnyHoe noBefeHUe HEBSA3KU Ha KaXKOOW MTepauun meTtoga nocrefoBaTterbHbIX NpUbnmkeHun
ONS TMapaBMyecKkon ceTun, KOTopas COO4ePXUT perynaTopbl pacxoda, SaBneHust U obpaTHble knana-
Hbl, MOKa3aHo Ha puc. 4.
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3aknroyeHue

Cuncrtema mMoaenvpoBaHust TENMOBLIX CETEN KpynHOro ropoga paspabotaHa B OMckom rocyaap-
CTBEHHOM yHuBepcuTeTe 1 BHegpeHa B AK «OmckaHeproy». PaspaboTaHHble anroputmbl peLleHuns 3a-
Aayn notokopacnpeaeneHns, OCHOBaHHbIE HA MeToAe nocnenoBaTenbHbIX NpUbNxeHun, obecneyu-
BalOT CXOAMMOCTb Ha cuctemax ¢ 4mcrioMm HemseecTHbiXx 5 000—10 000 npu 3TOM YMCMO MUTepauui
He npesblwaeT 50; YnCcno perynaTtopos, napannenbHo paboTalwmx B CeTU UCTOYHUKOB Hanopa —
He orpaHudeHo. YgobHasa uHTepakTuBHaa obonouvka gns paboTbl C NPUMHUMNUANBHOW CXEMOW CEeTM
OPUEHTUPOBAHHA Ha MHXEHEPOB, IKCMNyaTUPYIOLLNX TENSOBLIE CETU.
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