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PA3PABOTKA KOMIMbKOTEPHOW MOJE/N
N NCCNEQOBAHNE MMAPAB/TMHECKUX PEXXMMOB PABOTDI
UNMPKCUCTEMBI T3L, BA3

NHxeHepobl VKON B. B., BYXTUAPOB A. B., KOBAJIEHKO A. ., KOTOB B. B.,
[OKT. hns.-mat. HayK, npoth. KYAMHOB B. A.

CamapcKuin rocyaapCTBEHHbI TEXHUYECKNIA YHUBEPCUTET,
OAO «CamapasHepro»

LIMpKCUCTEMbI TEMMOBbLIX 3MEKTPUYECKUX CTaHuuii (TOC) npegHasHaueHb
AN OXNAKAEHUS LMPKBOAbLI B FPAANPHAX C LieMbio KOHAEHCALMM napa B KOH-
peHcatope. OT UX HagexHoli pa6oTbl 3aBucAT KM, cTaHumii (OT Bakyyma B
KOH/IEHCATOPe) U KOHAEHCALMOHHas BbIpaboTKa 3MeKTpuueckoli aHeprum. Oc-
HOBHbIMY MOKa3aTeNsMU PaboThbl LIMPKCUCTEMbI SBNSKOTCS: PACXO[, LIMPKBO/bI 1
3(h(hEKTUBHOCTb €€ OXNAKAEHNS B rPaupHSIX.

[N HOpManbHOro (YHKLMOHUPOBAHMS LIMPKCUCTEMbI BECbMa BaXKHOW SBNSI-
eTCA B3aMOCBA3b MEX/Y YPOBHSAMM XWUAKOCTW B CTOSIKAX MPaAMpeH M aBaHKa-
Mepe (puc. 1). OT YpOBHS XWAKOCTU B CTOsSIKaX 3aBMCUT paboTa pa3bpbl3rmBa-
lOLLYX YCTPOIACTB (Comnesn), a B aBaHKamepe — ycToiiunBas paboTta HacocoB. OT
3TWX [BYX (haKTOPOB B CYLLIECTBEHHOI CTENeHn 3aBUCAT MPOU3BOAUTENLHOCTL
(pacxog Boabl) LIMPKCUCTEMBI 11 OXNaXAatoLLie CrOCOGHOCTM rpaayvpeH.

_ Puc. 1. Cxema cuctembl rpagmp-
J::L HS — aBaHKamepa — Hacoc: 1 —

_- - Hacoc; 2 — aBaHKamepa; 3 — rpa-
[AVPHS; 4 — CTOAK rpagupHu; 5 —
yalla rpagmpHu; 6 — pasopbI3ru-
BatOLLMe YCTpOIiCcTBa; 7 — TpPy-
60MpoBOAbI, COeAMHSIOLLME Ya-
LY rpagupHu ¢ 6ETOHHLIMK Ka-
Hanamu; 8 — 6ETOHHbIE KaHanbl

|
i
i
|
i

Puc. 2. ¥YnpoweHHas cxema
umpkeuctembl TOL, BA3 (neBas
noacuctema): | — HanopHbIA Tpy-
6onposog; Il — cbpocHoli Tpy-
6onpoBog; A — aBaHKamepa; 1,
2,3,4,5, 6 —Hacocbl;, K-1, K-2,
o K-3 — KoHgeHcatopbl; P-1, 'P-2,
L S —— P-3, I'P-4 — rpagnpHun

HacToslas pa6oTa BbINOMHSNAch MPUMEHUTENBHO K LypkcucTeme TOL|
BO/MKCKOro aBTOMOGU/LHOTO 3aB0fa, re B psfe Cly4vaeB HabMoAanoch pacco-
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rnacoBaHvie YpPOBHEN XMAKOCTW B CUCTEMe aBaHKamepa — CTOSK rpaguvpHu —
yawa rpagupHu. 3TO MPUBOAMT K Ma/IOMy Haropy XMWAKOCTW Ha connax, nepe-
NVIBY BOZbl Yepe3 6opTa Yalll rpafupeH Unv HefocTaTKy BOAbI B HUX U M.

Haligem TeopeTUYecKyto 3aBUCUMOCTb YPOBHS XWAKOCTU B CTOSIKE rpasump-
HW OT Pas/IMuYHbIX (haKTOPOB LIMPKCUCTEMBI. BbiCOTa XMUAKOCTU B CTOSKE rpa-
AVIPHU NO OTHOLLIEHMIO K YPOBHIO B aBaHKamepe OrpefesifeT Be/IMYnHy cTaTuye-
cKoro Hanopa H ., (puc. 3) B XxapakTepucTuke cetu

HC:HCT+kCQ2' (1)

roeHer = Po — Pexs Pog — MbE30OMETPUYECKMIA HAMOP B CTOAKE, M; Py, — MbE30-
MEeTPUYECKMIA HaMop Ha Bcace Hacoca; K, — CyMMapHbIi KO3(h(ULUMEHT rnapas-
NMYECKOTO COMPOTUB/IEHUA CETWU, BK/IHOYAIOLLMIA CONPOTUB/IEHNS BXOAHOMO
N BbIXOAHOIO Y4YaCTKOB (334BVKKW, Tpy6OMNpoBOAbl, KOHAEHCATOPbI WU Mp.);
Q — pacxog B ceTu.
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Puc. 3. ¥npoLieHHas cxeMa LMPKCUCTEMbI C aBaHKaMepoid: 1 — eMKOCTb (Yalla) rpagupHu; 2 —
aBaHkamepa; 3 — Hacoc; 4, 5 — 3afBUXKM; 6 — KOHAeHcaTop; 7 — CTOAK rpagupHu; 8 — Tpy6onpoBso-
[ibl C connamu

B dopmyne (1) H., onpegenser Ha4asbHYtO TOUKY napabosbl. [ns ofHoOM 1
TOVi XKe CeTV MPU PasnnUyHbIX 3HaYeHUsX H ., rvApaBIMyecKme XapakTepucTUKu

OyLyT UMeTb BUL napannenbHbiX KpuebiX 1, 2, 3 (puc. 4), rge ana kpmeon 1
H. =0.

hl} il
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Hcrz :

1=z

Hern
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Puc. 4. XapakTepucTnku ceTu B 3aBUCUMOCTM OT He; (pnc. 1): 1 — He; = 0; 2 — Her = Hepg;
3 = Her = Hepo 4 — XapakTepucTrka Hacoca B (4MB)-4,5/23 npua = -2 °C
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YpoBeHb XUAKOCTU B aBaHKamepe MpPUMEHUTENIbHO K uupkcucteme T3L,
BA3 onpegenseT Tak HasblBaeMblii MOANOP HACOCa, PaBHbIA Pgy (pUC. 3). Pop-
Myna A/18 XapakTepuCTUKN Hacoca NMeeT BUA

Hy =Ho +k,Q%, (2)

roe Hy — Hamop Hacoca npu 3akpbIToid Ha Bbixoge 3afsixke (Q = 0); Q — no-
fava Hacoca; K, — KOaMULMEHT rmapaB/INYecKoro ConpoTMBIEHUA Hacoca.

[na onpefeneHns HakTopos, BAUAIOLWMX HA BENMYMHY YPOBHSA B CTOAKE P
1 aBaHKamepe p g, , PACCMOTPUM YMPOLLEHHYIO CXEMY LIMPKCUCTEMbI (puc. 3).
Haiigem aHa/IMTUYeCKoe BbIpaXKeHWe BbICOTbI MOAHATUSA XWUAKOCTU B CTOSIKE P .
[lna 3Toro 3anviiem ypasHeHve 6asiaHca LMPKCUCTEMbI B BUE

prp_rQ2+ Pex +H0_kHQ2_k1Q2_k2Q2 = Paoix s 3

rge r — ConpoTMB/IEHNE CETU Ha Y4aCTKe OT yallu rpaguvpHU O aBaHKamepsbl;
k; — cOnpoTMBEHNE CETM OT Hacoca A0 PasbpbI3rnBaroLMX YCTPOMCTB (conen);
ko — cOnpoTMBEHVE Pa3bpbI3rnBatoLLMX YCTPONCTB.

Bbipaxas 13 (3) Q%, nonyuum

prp + Pex t+ HO ~ Peoix
Ky +1+Kky +k

Q* = ()

3anviem ypaBHeHWe b6asiaHca CTosAKa rpagypHu, cumTas, YTo Hacoc Co3aaeT
pa3HOCTb NOTEHUMANOB (YPOBHEN) B CTOSIKE U aBaHKaMepe

Pex + Ho —kyQ% —kQ? — pg =0.
OTcropa
Po = Pex + Ho — Q% (K, +kq). (5)
Mogactaenas (4) 8 (5), nonyumm

rp + Pex +HO_ Peuix
Ky +r+k +k,

p
Po = Pex +H0_(kH +k1)

O6o3Haunm k =k, +r+Kk;.
Torga
1

1+k2+r
k

pO:HO+pr_(prp+pr+H0_pBblx) (6)

AHanusnpys qopmyny (6), NPUXOAUM K 3aK/THOYEHNIO, YTO BENNUYNHA Py OY-
[eT Bo3pacTaTtb npu yeenmyeHun k, (COonpoTvBeHne pasbpbi3rmBaroLLmX yCT-
POIACTB) M Npn ymeHblueHUn k (npu k, — const, r — const). [leAcTBUTENbLHO,
HacoC C034aeT pa3HOCTb NMOTEHLMANI0B MEXAY CTOSKOM 1 aBaHKaMepoil, paBHYHO
BennunHe Hg;. Yem 6onblue CONpOTMBAEHNE B CETU, TeM MeHblle H.. B npe-
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[eNbHOM Cfyyae, Korfa Hacoc He pabotaeT, H; = 0, HabitofaeTca paBeHCTBO
YPOBHeli B Yallle rpagMpHu, aBaHKaMepe U CTOSIKE.

3 cka3aHHOrO BbILLE CMiefyeT, YTO YNpaBnsaTh BE/IMUYMHOWN YPOBHSA B CTOsIKe
MOXHO fIMLLUb U3MeHeHNeM conpoTuenenus k =k, + r + k; (perynvposartb Benu-
unHy K, He NpefcTaBffeTCAd BO3MOXHbIM). B OCHOBHOM — 3TO perynmposaHue
3a/BVXKKaMW Ha BbIXO[e M3 HAaCOCOB W/IN Ha BXOZE M BbIXOAe B KOHLEHCATOPbI,
rpagypHu, a Takxke BK/IKOYEHNEM W/ OTK/IOYEHMEM 060PYLOBaHMS.

BBurAay TOro 410 YPOBHM XMAKOCTM B CTOAKE M aBaHKamepe B3aMMOCBA3aHbl,
thopmyny (6) MOXXHO NPUMEHUTL U A1 aHanM3a (hakTopoB, BAUAIOLLMX Ha BbICO-
Ty YPOBHSA B aBaHKaMepe, XapakTepu3yemoro Be/MYMHOM Pgy (pUC. 3). 3aBucu-
MOCTb YPOBHeW 3aecb obpaTHas. Ecnu, Hanpumep, ypoBeHb XXNAKOCTU B CTOSKE
YMEHBLLAETCH, YTO NPOVCXOANT MPY YBEIMYEHUN K N YMEHbLLEHUN K;, TO ypo-
BeHb B aBaHKamepe OyzeT Bo3pacTaTtb. [Mpu yBeNIMYeHUN YPOBHSA XWUAKOCTU B
cTosike (yBenmueHue Hc;) YPOBEHb XXUAKOCTU B aBaHKamepe OyaeT nagartb. 310
OOBACHAETCA TeM, UYTO KO/MYECTBO XKMAKOCTMW, LMPKYNMPYIOLLEA B CUCTEME,
HEN3MEHHO, M HAcoC MOXET CO03f4aTb PasHOCTb MOTEHLMaN0B TOMbKO 3a CYeT
YMEHbLLUEHNA OHOT0 YPOBHSA 1 MOBbILLEHNA APYTOro.

B cnyuvae, Korga ¢ aBaHKamepoi COefMHEHbl Yalln HECKOMbKUX TPafupeH,
Mo/yyeHVe aHaIMTUYECKMX 3aBUCUMOCTeEl BECbMa 3aTpyLHUTENbHO. B CBA3N C
YeM pacyeTbl M0 OnpeseneHN0 N3MEHEHNS YPOBHEN B Yallax rpajypeH 1 aBaH-
Kamepe Ans neBoi nogcuctembl Lumpkeuctembl TIL, BA3 (puc. 2) 6binv Bbinon-
HEeHbl Ha KOMIMbIOTEPHOM Mogenu [1, 2], No3BONSAOLLE NOMHOCTBIO BOCMPOWU3-
BECTW TMApaB/NYecKne NPOLECChbl B LIMPKCUCTEME Kak e[WHON Lol CUCTEME.
Pe3ynbTaTbl 3TUX UCCNeL0BaHWI NpeACTaBeHbl Ha rpagmukax puc. 5...8. Bbico-
Tbl BEPXHUX KPOMOK GOPTOB Yalll rpagupeH obinu cnegyowmmm: MP-1 — 64,51 wm;
P-2 — 64,46; 'P-3 — 64,38; P-4 — 64,45 m.
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Puc. 5. 3mMeHeHWe ypOBHA XWAKOCTU B Ya-

liax rpagvpeH 1 aBaHKamepe B 3aBMCHMOCTU

OT COMPOTMBMEHUA I' COEAUHAIOLMX WX TPY-
60MpoBo0B

Puc. 6. VlameHeHVe YpPOBHS XXMAKOCTU B Ya-

Lax rpafjupeH 1 aBaHKamepe B 3aBMCMMOCTU

OT COMPOTUB/EHUA I' COEAMHSIIOLLMX WX TPY-
60npoBoA0B

AHann3 3TUX Pe3ynbTaToB MO3BOMIAET CAeNMaTh Crefylolime 3aknioueHus.
YBe/nyeHne COMnpoTUBIIEHNA TPYO, COEAMHAIOLLMX Yally rpaampHu Ne 1 c Ge-
TOHHbIMW KaHa1iaMu (aBe Tpy6b! AvameTpamu no 1200 Mm), MPUBOAUT K 3HAYM-
TeflbHOMY BO3pacTaHUIO YPOBHS BOZbI B Yallle 3TON rpagupHm (puc. 5). Mepenwvs
(Touka A, Ha puc. 5) HabnogaeTcs NPy KO3h(ULMEHTE CONPOTMBEHUA TPYBO-
nposofos r = 0,87, 4TO 03HaYaeT yMeHbLUeHVe nx anameTpos Ha 13 %. B ua-
Lax rpagupen 2, 3, 4 ypoBeHb XWAKOCTY NPU 3TOM MOHMXaeTca (NMPpUMepPHO Ha
1,3 M B K&X[0M rpafupHe). YMeHbLLUEHWE YPOBHS BOJbI B aBaHKamepe cocTas-
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nset 28 cm. CornacHo gopmyne (6) ¢ yBennueHWeM CONPOTUBEHUS I, BXOLS-
Lero B KO3ghhmumeHT K, YpOBEHb XXMAKOCTU B CTOAKAX rpaguvpeH YMeHbLLAeTCH,
4TO M NOATBEPXKAAETCA pacyeTaMn Ha mMofenn. Bce aTo NPUBOAUT K CHDKEHUIO
[aB/IeHNs Ha connax W, Kak CrefCcTBue, YXYALUEHNIO OX/IaXAA0LWMX CNOCOBHO-
CTeN rpagupeH.

CoBCeM MHas KapTuHa B CUCTEME Yalln rpajupeH — aBaHKamepa Habnoga-
eTca B C/lyyae, Korga yBe/IMUMBaeTCcA CONpoTHB/IeHWe BETOHHbIX KaHanos, CO-
eQVHAOLMX Yally BCeX rpagvpeH ¢ aBaHKamepon (puc. 6). B faHHOM cnyydae
YMeHbLLIEHMe A1amMeTPOB 3TUX KaHanos B 2 pasa (r = 0,5) NpMBOAMT K MafeHuto
YPOBHSA B aBaHKamepe Ha 1,3 M. YPOBHM XWNAKOCTA B Yalllax BCex rpagupeH He-
3HauMTeNIbHO MOBbLIWAKOTCA (NPUMEPHO Ha 20 CM), YTO He CO34aeT OrnaceHul
nepennea yepes nx 6opTa. YPOBHU XWUAKOCTU B CTOSAKaX rpafvpeH B AaHHOM
C/lyyae CyLleCTBeHHO nafatoT. [NoBbILEeHNEe YPOBHSA B Yalliax rpafupeH cornac-
HO hopmyne (6) NPOMCXOAUT M3-3a CYLLECTBEHHOTO MOHVKEHWS YPOBHSA Pgy B
aBaHkamepe. Takum 06pa3oM, pasHOCTb NOTEHLMANoB (YpOBHeN) B Yallax rpa-
OMPeH 1 aBaHKamepe pacTeT C YBE/IMYEHVEM COMPOTUB/IEHUSA I' COELUHAIOLLNX
NX GETOHHbIX KaHa0B.
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Puc. 7. ViaMeHeHe YPOBHEN XUAKOCTM B YalllaX  Pyc. 8. M3MeHeHe YPOBHEN XKUAKOCTU B Ya-
FPaAvpeH npu HeM3SMEHHOM YPOBHE B aBaHKa-  |jjax rpagupeH B 3aBUCKUMOCTYM OT COMPOTUBIIE-
mepe HUS BETOHHBIX KaHa10B

Ha mogenun 6binu TaKke NpoBefieHbl UCCNeA0BaHNA 1A Cyyas, Korga npu
yBe/IMYeHUI CONPOTUB/IEHNUS TPYOOMPOBOAOB MexXay uallei rpaguvpHn Ne 1 un
aBaHKaMepoi pacxof, BOfbl Yepe3 HacoCbl OCTaBa/iCA HeM3MeHHbIM (YPOBEHb
BOAbl B aBaHKaMepe He MEHS/ICA, pUC. 7, 8). ATOT ciyyalh MOXET UMETb MECTO B
peasIbHON LIMPKCUCTEME MPU COOTBETCTBYHOLLEN NOANUTKE B aBaHKamepy. AHa-
N3 PesyNbTaToB PacyeTOB MO3BOMAET 3aK/HOYUNUTb, YTO MEPesinB B Halle, Hanpw-
Mep, rpagmpHy Ne 1 MOXKET MMeTb MecTo npu 26%-M yMeHbLUeHUW AnaMeTpoB
Tpy60npoBofoB (Touka A, puC. 7), CoeanHALWMX Yawy MP-1 ¢ 6eTOHHbIMY Ka-
Hasamu (puc. 1). B aTOM Ccnyyae ypoBeHb XWAKOCTY B CTOAAKAX rpafupeH ocra-
eTCs HEM3MEHHbIM, a MOBbILIEHNE YPOBHSA BoAbl B 'P-1 o6ecneunBaeTcs 4onos-
HUTENbHOW NOAMUTKON BOAb! B aBaHKaMepy.

Ha puc. 8 npeacTasneHbl pe3ynbTaTbl UCCNENOBaHUIA ANs Cyyas, Korga 3a-
FPA3HEHUIO MOABEPXKEHbI YHACTKM GETOHHBIX KaHA/IOB MEXAY YalllaMu rpagvpeH
M aBaHKaMepol NpyY HeW3MeHHOM pacxofe BOAbl Yepe3 Hacocbl (YPOBEHb B
aBaHKamepe He MeHSeTCS) 3a CHeT COOTBETCTBYHOLLEH NOANUTKN B aBaHKamepy,
KOMMEHCUPYIOLLIEN YMEHbLUIEHWE KOMMYECTBa BOLbl, MOCTYMNaroLLeli OT Yall rpa-
OVpeH, 13-3a 3arpsasHeHns KaHanos. B faHHOM cfy4ae C YBE/IMYEHWEM I ypo-
BEHb XXMKOCTU B Yalllax BCeX rpagupeH MoBbILLAeTCs MPUMEPHO B OAWMHAKOBOIA
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cteneHun. Mepenus B Yallax rpagvpeH Moxet Habnogatbes nuwb npu 40%-m
YMeHbLUEHUW AnaMeTpa 6eTOHHbIX KaHasIoB.

B blBO /bl

1. MepenvB B yaliax rpaguMpeH BO3MOXEH NPV YMeHbLUEHUWU [1MaMeTpoB
06enx 0TBOAHbLIX TPy6 AnvameTpamum o 1200 MM m3-3a 3arpsasHeHus 4o 20 % u
6onee (06e Tpybbl OAHOBPEMEHHO).

2. 3arpssHeHne GETOHHbIX KaHasI0B CYLLECTBEHHO BNMSAET Ha YPOBEHb XWA-
KOCTV B aBaHKaMepe W He3HauMTe/lbHO — Ha YPOBEHb B yaluax rpagumpeH. Tak,
npu 50%-m nx 3arps3HeHUN ypoBeHb B aBaHKamepe najaet Ha 1,3 M, a ypoBeHb
B Yallax rpagvipeH ysenuuuaetca nvib Ha 20 cM. OfHako B 3TOM C/lyyae Cy-
LLECTBEHHO YMEHbLLAEeTCA YPOBEeHb BOAbl B CTOSIKAX rPafiMpeH, 4To BedeT K
CHVDKEHWIO OXNTaUTEeIbHON CNOCOGHOCTY rpagupeH.

3. NpMMeHNTENBHO K CUCTEME YaLlK rpagupeH — aBaHKamepa — CTOAKW rpa-
AVIPEH MOXHO Ccfienathb CriefytoLlee 3ak/oyeHve, NOATBEPXKAAIOLLEecs Teopuel
M pacyeTamMu Ha MOZE/N: BCAKOE MOBbILLEHMe pacxXoja Yepes Hacochl NMpu Heus-
MEHHbIX COMPOTMBNEHUAX CETU MPUBOAWUT K YBE/IMYEHWIO PasHOCTW YPOBHEN
MeX[y aBaHKaMepol 1 CTOSKamu rpagypeH — B CTOSKax OH OyfeT ysenuyu-
BaTbCA, & B aBaHKamepe — yMeHbLUaTbCA. Pa3HOCTb YPOBHeW Mexzay vallamu
rpagvpeH 1 aBaHKaMepol TaKkxe 6yaeT BospacTaTb, v OyAyT co3faBaTbCs yCno-
BUSA 4N Nepenvsa 13 Yaw rpagupeH. K takomy >xe aMeKkTy npuBOANUT YMEHb-
LLIEHNEe CONPOTUB/IEHNA CETU (OTKPBITUE 33[BUXKEK, BK/IOUYEHME HOBbIX KOH/EH-
CaTopoB W MNp.), NPX KOTOPOM MPOVCXOAWT BO3pacTaHWe CyMMapHOro pacxofa.
N HaobopoT, BCAKOE YBeNUYEHVE CONPOTUBIEHNA CETU UM OTK/IKOUYEHME Haco-
COB MPUBOANT K YMEHbLLEHMIO CYMMapHOro pacxofa 1 najeHnio pasHoCcTh BCEX
YPOBHel MeX[y Yallamun rpajvipeH 1 aBaHKamepoi, a Takke Mexzy aBaHkame-
POV 1 CTOSIKaMU FpagupeH.
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