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HarpeBaHne n oxnaxgeHue-ocylleHne — OCHOBHble npoueccbl obpaboTkm Bo3gyxa B CKB u CB. Onu
OTNINYAIOTCH CITOXHOCTBLIO 1 pasHoobpa3nem pexmnmoB paboTbl annapaToB, YNpasreHns MU, a BO3ayxoHarpeBaTenb
— elle M MNOBbILWEHHON aBapUMHOCTLIO. OBLLenpu3HaHo, YTo NO 3TOMY MoKasaTenio, He Bcerga NOHATHOMY U NIIOXO
00bsACHMMOMY cneunanucTaMmu, HarpeBaHMe — «axunrecoBa naTa» Hawen cneynanbHOCTU. Ha ocHoBaHMM 3aKOHOB
TEoOpUN BEPOSATHOCTM MOXHO OLEHUTb COOTBEeTCTBYIOWMA yuepb B MacwTtabax ctpaHbl. OH nponopuuoHaneH
obulemy yncny BOASIHbIX HarpeBaTenen — Mo KpalHen Mepe 3TO COTHM ThICSY; BEPOATHOCTU 3aMep3aHus BoAbl B
TpyOKax M Bbixo4a Takoro annaparta M3 CTposi — OLEHMM ero 3a rog BenvdmnHon p=0,2...0,5 n 3atpatamMmm Ha peMOHT
N 3aMeHy annapara, cocTaBnsoowmmMm B cpegHem okorno 10 Tbic. py6. [Npu NepeMHOXEHNN 3TUX BENNYUH MOXHO
nony4nTb rofOBYH CYMMY HaUMOHanNbHOro ywepba B rog, JOCTUraloLLy0 MUnnnapgos pyonen.

CuTyaumio KpaiiHe OCMOXHSIET NOBCEMECTHOE HeJOCTaTOYHOE MOHMMaHUe, a To U nNpeHebpexeHne NOCTOSHHO
NMpoMcXodaLWmMMM npoueccaMmu nepepacnpefeneHns pacxodoB, AaBEHWA U Temnepatyp BOAbl M HarpeBaemoro
BO3A4yxa nNpu ynpaerneHun u GanaHCMpoBKe 3TWX Yy3nMoB. Hamuuo OAHOBPEMEHHOCTb a3poAMHAMUYECKUX,
rMOpaBrMYecknx U TENoBbIX MPOLECCOB B MOACUCTEME HarpeBa WU OXMaxaeHusi, oTarowaeMasi MacCoobMeHHOM
npn ocylweHnn BoO3aAyxa. K BO3gyxooxnaauntendam 3TOT MaTepuan OTHOCUTCA B TOM Crnydae, Korga annapatom
ynpaBnsioT NepemMeHHON TemnepaTypon Boabl nepen HuWM. epexod Ha kasanocb 6bl Ge3aBapuiiHOe HacocHoe
pelweHne n cxemy C nogmMmellnBaHneM, NOCTOSIHHbIN pacxoa BoAbl U MOCTOAHHAA CKOPOCTb BOAbI B pr6|<ax yCTpaHdaeT
O[HV NPUYMHbI, OHAKO, KaK NoKa3arna npakTuka, MoNHOCTbIO He cnacaeT oT aTow 6eapbl.

Mpu pocTatoyHOM KONMMYecTBe pasHbix Mybnukauuii Ha OCHOBHbIE BOMPOCHI OTBEYAKT Janeko He Bce, TEM
bonee 4To 3amep3aHune BoAbl B TPyOKax, kak 1 MHOrME aBapumn B TEXHUKE — SIBreHNe MHorodakTopHoe [3, 7, 11, 16].
B obwem crnyyae 3amep3aHve Boabl vnn XoTs Obl OMNACHOCTb 3amMep3aHus ABMSETCS CIOXHbIM CTOXaCTUYECKUM
SABMEHMEM, W TMO3TOMY €ro MOXHO OMNUCbiBaTb W3BECTHBIM 3aKOHOM aMEPUKAHCKOIO WHXEHep-KanutaHa
3. Mapdwm [13], oTKkpbiToro nm ewe B 1949 r., a ToyHee 4eTBEPTbIM CNeacTBMEM W3 HEro, rMacswuMm: «...ecru
yembipe MpuUYUHbl 803MOXHbIX HEMNPUSMHOCMeU 3apaHee ycmpaHeHbl, mo eceeda Haldemcs rnsmas...». Bnpoyem,
006 9TOM rOBOpPAT M Opyrne 3akOHbl: pacluMpeHHbI 3akoH Mapdwn, cneactBue PpaHcauka, pacluMpeHue 3akoHa
Mapdwn, coenanHoe MaTTy30 1 ap.

TpaguuunoHHas Hagexaa Ha 3aluTy He Bcerga BepHa, T.K. B aBToMaTtmsaumm NpUHATO, YTO 3alumta OIDKHA
paboTtaTte Nub B agapuliHbiXx NO 3aMepP3aHUI0 CUTyauusax. ATo CTeyeHne oBCToATENbLCTB TpebyeT CBOEro TOYHOro
06bsicHeHUss n chopmanusaumMm B BUAe HepaBeHCTB. K TOMy ke cucTema 3aluTbl, Kak 3TO [oKa3aHO BegyLiumu
cneunanuctamm [3, 11], gomkHa paboTtaTb B pasHbIX anroputMax B paboyee n Hepaboyee Bpemsi. BonbLluon npoueHT
UHXXEHEepPOB — «B8apsi2o8y, NpuLLeaLLInX U3 ApYrnx cneuunansHOCTEN U YKPENUBLLMXCH B Hallen npodeccun, ¢ ogHon
CTOPOHbI, YKPENNSAET U pacumpseT BO3MOXHOCTM, a C Apyron — TpebyeT cepbe3Horo oby4eHuss n nepenofroToBKy.
lMogBoast UTOr M3NOXEHHOMY, NOAYEPKHEM CaMoOe rMaBHoe — paboTa MOACMCTEMbI HArpeBaHUS U OXMaXKOEeHWS
TpebyeT AOCKOHaNbHO U3Y4nTb €€ U3HYmMpPU, C yHETOM BCEX TOHKOCTEN U Ge3aBapUAHOCTW.

MaccoBbi MHTEPEC U nepBble nybnvkauun, Hanpumep [7, 12, 15, 16 n gp.], nosBunnck ewe B 60-x—70-x IT.
XX B. C HayanioM CepurHOro BbIMyCKa OTEYECTBEHHbIX LIEHTPasnbHbIX CEKLUMOHHbIX KOHAMUMOHepoB, cHayvana K[,
notom KT u KTLU. B TO ganekoe OT Hawen 3noxu BpemMsi MpoLecCoM YMpaBrsnin NPOXOAHbIM KrnamnaHom, T.e.
pacxogoMm BoAbl 4epe3 annapart. 3ATM nybnukaumm, NOArOTOBMEHHbIE OMbITHBIMU UHXEHepaMu-Hanagunkamu,
oTpaxanu npobnembl 6e3aBapunHon paboTbl U ynpaBneHns HarpesaTtenem. Torga He 6bIN0 HU LMPKYNALMOHHbIX
HACOCOB, HU TPEXXOAOBLIX KNanaHoB, H1 GanaHCMPOBOYHON apMaTypbl, HU HAOEXHbIX U TOYHbIX NPUOOPOB KOHTPONS.
B rmapaBnnyeckom OTHOLLEHWUM 3Ta CXeEMa, HE UMEBLLAsI HU KOHTYPOB, HU NepeMblyeK, Obina o4eHb NpocTa, cocTosna
13 OJHOro yyacTka 1 He TpeboBana crneuuansHoro MogenMpoBaHus. HecMoTpsi Ha MHOXECTBO (DakTOPOB, OCHOBHasi
tunsnyeckaa npnuMHa 3amep3aHua BoAbl B TakUX cxemax, kak onucaHo W. U. 3nHrepmanom [3], a Takke [2, 6, 7, 12
n gp.] n npegctaeneHo B kHure [11], Obina cBsi3aHa CO CHWXEHMEM CKOpOCTM BoAbl B Tpybkax (vy<0,2 wm/c),
namMuvHapHbeIiM pexxumom asumxeHusa (Re<2300), oTCcyTCTBMEM NEPEMELLNBAHUS, NTOKarbHBIM NepeoxnaxaeHnem Boabl,
470 6bINO 0OTMeYeHo B CHulT [10] kak Mepa obecnedeHnsi besaBapuiiHon paboThl annapara.
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CoBpeMeHHble MeToAbl UCNbITaHUS U BanaHCUPOBKM, OnucaHHble No3xe B [4, 5, 8, 9, 14] n Ap., oTHocATcA
K OAPYrMM peLUeHnsM y3roB yrnpaBneHus. OTU CXeMbl C MOOMELUMBAHMEM, LMPKYNALUMOHHBIM HACOCOM, TPEXXOL0BbIM
KflanaHoM W OOHOW MIM HECKONbKMMKU nepembldkamu (puc. 1) nosiBunucb B Poccmm B cepeamHe 90-x . n ctanm
OCHOBHbIMU. XapakTePUCTUKN PerynympyloLlmx KnanaHoB n 6anaHCMpOBOYHOM annapaTypbl ONMCaHbl B KaTanorax u
ctaTbsx [1, 5, 8, 9, 14], Ho 6e3 yyeTa coBMeCTHOM paboTbl 3TUX YCTPONCTB B CNOXHON cxeme (puc. 1). AHanornyHele
3aBMCMMOCTM AN BO3AYLIHbIX CMECUTENbHbIX KNanaHOB LEeHTpanbHbIX KOHAMUMOHEpPOB onucaHbl B [17]. Opyrux
3aMeTHbIX Nybnukauum Ha 3Ty Temy B OCHOBHbIX OTeYeCTBEHHbIX XypHanax — «ABOK», «C.O.K.», «/HxeHepHble
CUCTEMbI» M Op. — HAMU He 0BGHapyxeHo. [03ToMy aKkTyanbHbIM OCTarcs rnaBHbIA BONpoc 0 paboTe, 6anaHcuposke u
ynpaBneHun NOACUCTEMON HarpeBa B YCNOBUAX BHELLHMX BO3MYLLEHWI 1 KonebaHuin AaBneHus!.

Lensio AaHHbLIX WCCRefoBaHWiA'  SBNSIETCA  MOAENMPOBAHWE MPOLECCOB U U3yyeHUe  BRUSHUS
KONMMYECTBEHHbIX XapakTepmuCTMK U napameTpoB B MOACMCTEME HarpeBaHusA u oxnaxaeHus CKB npu 6anaHcmpoBke
3TON MOACUCTEMbI C MOMOLLBI PasfNYHbIX GanaHCUPOBOYHLIX KIanaHOB WM yNpaBfeHMn TPexxXodoBblM KranaHoM.
Mpouecchl 6GanaHCUPOBKM M yNpaBneHUs pacCMOTpPeHbl Ha npuMepe 0b6BSA3KM BoAasHOro BosagyxoHarpesatens CKB.
Kpome TOro, nsy4eHo BnusHWE Ha paccmaTpuBaemble 6anaHCMPOBOYHbIE XapaKTEPUCTUKN PasfUYHbIX PEXUMHBLIX
napameTpoB, Kak TO: nepenaja AaBfneHWn B CeTW TennocHabXeHus, AaBneHWsi, CO3[4aBaemMoro HacoCoM, WX
COOTHOLLUEHUS, pasfnuyHbIX TemnepaTyp BOAbl, PEXWMOB, NPUBOAALLMX K aBTokonebaHusaMm. Pesynbtatom paboTbl
ABNgeTca nonyyeHve 6GanaHCUPOBOYHBIX M PEryNMPOBOYHBIX XapaKTepuCTUK paccmaTpvBaeMon NoacucTembl B
Hanbonee obLwem BUAE Npu pasnuyHbIX YCNOBUSAX paboTbl U X AanbHENLWNA aHanms.

Ons [ocTUXeHnA ITon uenu B npouecce nccrieaoBaHunAa pewanucb cnegyrowme 3agavn:

e CcO3fdaHVe MaTemaTU4eckol MoZenu MMApaBfMYecKUX PEXUMOB B MOACUCTEME HarpeBaHus BO3dyxa C
pasHbIM YMCIIOM NepeMblYek;

e BbIOOP MWHMMAIbHOIO 4YMCIa PEXUMHbIX NMapaMeTpoB, AOCTATOMHOrO AJisi OnpedeneHus COCTOSIHUS
MoACUCTEMbI, MPU 3TOM [AaBIEHUs B CETUM W pacxodbl BOAbl B y3rax MPUBOAATCS KaxAblii K OfHOM
OTHOCUTENBHOM BEMUYMNHE;

e aHanM3 OCHOBHbLIX 3aBMCUMOCTEN, OTpaxaloluxX BrUSHUE MepeMeHHbIX [OaBMeHuin B npouecce
GanaHCMPOBKW NPUY PasnMYHON KOHCTPYKLMM (YMCne nepemMblyek) NoacUCTEMbI, aHann3 Takmx addeKkTos,
KaK HesluHelHOCMb Xxapakmepucmuku, 3anupaHue, WyHmuposaHue, asmokonebaHusi v ap.;

e aHanu3 perynMpoBOYHbIX XapaKkTepUCTUK TPEXXOAOBOro KramaHa B pasHblX YCIOBMSIX M MPU pasHbIX
BO3MYLLEHUSIX.

MpakTnyeckas 3Ha4YMMOCTb pPaboTbl aBTOpaMu npeacTaBndeTcs crnegywwmm obpasom. M3-3a cumnbHOro
HecoBMaAeHWs OaBNEHUN C pacyeTHbIMU 1 UX kKonebaHun B ceTn TeNNOCHabXeHWst Npu Nycko-HanagoyHbIX paboTax u
B npouecce akcnnyatauun, TpebyeTtca rmgpasnuyeckad banaHcuMpoBka AaHHOM nogcucTembl. [Mockonbky Takas
0o0BsA3Ka MNPUMEHSIETCS MNpPaKTUYECKM BO BCEX LEHTPanbHbIX KOHOULWOHEpPAX W MPUTOYHBIX BEHTUMSALMOHHBIX
yCTaHOBKax, BOMpoc 0OanaHcupoBKM CTOUT noBcemMecTHO. KoHeuyHOo, B nocregHee BpeMsi  MOSABASOTCSA
aBTOMaTu4eckne 6anaHCUpPOBOYHbIE KNamnaHbl, NO3BONsoWME 4oOUBaTLCSA TPEOYEMbIX pacxofoB TENSIOHOCUTENS NpwU
noObIX YCNOBUSAX, OOAHAKO OHM BCe elle AOCTAaTOYHO AOPOrK U YCTaHaBNMBAKTCHA TOMbKO OrPaHUYEHHO, OCTallbHble
Xe cuctembl TpebyoT pyyHon GanaHcmpoBku. C Opyron CTOPOHbI, B LENAX 3KOHOMWUW Y3ribl YNPaBIieHNst YacTo He
UMEIT Jake MMHMMAarbHOMO YMcna N3MepuTeNbHbIX MPUOOPOB — TEPMOMETPOB U MAHOMETPOB.

MeToabl NpoBeAeHNs UCNbITaHUIA U 6anaHCMPOBKM OAMHOYHBIX KanaHoB C TEOPETUYECKOW CTOPOHBI OMMCaHbl
AOCTaTOYHO, Hanpumep, B WUCTOYHMKax [1,4, 8, 9, 14], ogHako HanagyMKoOB ropasgo CunbHEe WHTepecyeT
npakTuyeckas CTOpOHa BoMnpoca B peanbHO paboTallert cucTemMe CO BCeMU ee B3auMocBa3siMu. [laHHoe
ncenegosaHue No3BOSIUT NONYYUTb HarnAagHble 6aJ'IaHCI/IpOBO'-IHbIe XapaKTepucTukn paccmanMBaemoﬁ nogcncTemMbl
B Hanbonee obLLeM Buae, 4TO NOMOXeT Bonee NpaBubHO NpeacTaByTb Npolecc 6anaHcMpoBKN NOACUCTEMBI.

O6was cxema mogenMpyeMon nogcucTeMbl C MakCManbHO BO3MOXHbBIM YMCIIOM MepeMblveK Noka3aHa Ha
puc. 1. OTcyTCTBME TOW UMM NHOW NEPEMbIYKU paBHO3HAYHO MOMHOMY 3aKpbITUIO COOTBETCTBYIOLLErO KnanaHa Ha Hen,
korga (=«, unHadve k,=0. Bce y3nbl (TPOWHMKM) Ha Hen oBO3HayeHbl uudpamu, ogHa u3 KoTopbiXx 6e3 wTpuxa
nokasaHa Ha noaroLlen NIMHUK, N OHa Xe CO LUTPUXOM — Ha obpaTtHon. MepBasa nepembidka (1 — 1) cnyxut gns
WyHMUpoBaHUsi — Tnepenycka 4YacTu ropsiieri Bodbl C M3ObITOMHbIM JABMEHMEM MWUMO Yy3fa YhpaBrieHus.
OT10 noBbIWaeT TemnepaTypy obpaTHoln Boabl, YTo Ang TOL HexenaTensHo. Bropas nepemebidka (2 — 2') asnsercs
OCHOBHOW 1 BCerga Mcnorb3yeMou, Ha Hel YCTaHOBIIEH TPEXXOA0BON PErynuUpYOLLMIA KranaH, NoKa3aHHbIN YCIOBHO
TaK, KaK He4OMyCTUMO MNPV MOHTaXe — ero UCMOSHUTENbHbLIN MEXaHW3M HaxXOOUTCHA B HWXKHEM MonoxeHun. TpeTbs
nepemblyka (3 — 3’) saABNsgeTcss OOMNOMHUTENBHOW, wWyHMuUpyrowel perynipylowmin KnanaH M UCMNoNb3yemMon B
pexumax, Korga onacHo 3amep3aHve BoAbl B pexume aBTokonebaHui B cucTeme perynupoBaHust Mpu niyHxepe

h,, <0,1, HaxogsWwMMCs BGNU3M 3aKPbITHS.

1
OcHoBHas paboTa N0 MOAENVPOBAHMWIO BbINOSIHEHA B Mepuog NpakTukM maructpaHta B uone-gekabpe 2010 r. B8 OO0 «MHxeHepHble
TEXHOMNOrnmn».
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Ha cxeme puc. 1 nokasaHbl BCe OCHOBHble 3reMeHTbl MOACUCTEMbI: annapaTt, Hacoc C ABuraTtenem,
TPEXXOA0BOW perynupyowwni knanaH, 6anaHcMpoBoyHble 1 obpaTHble KnanaHbl, Tpybonposoabl, PUnbTP Ans BOAbI,
TEPMOMETPbI, MAHOMETPbI, AaTYMKM perynupoBaHus M 3awuTbl OT 3amep3aHus. banaHcmMpoBoYHble KnanaHbl
NCMONb3YIOTCA NPU Hanagke n PyYHoW noaperynupoBke, TPEXXOA0BOW KranaH NOCTOSHHO paboTaeT OT KoHTponnepa.
B kpyxkax nokasaHbl TemnepaTypbl BOAbl Ha pasHbIX y4acTkax CeTu B Cry4vae, Korga OTKPbITbl BCE TPU MEPEMbIYKM.
Kpome TOro, Ha cxeme y KaXgoro CyLLEeCTBEHHOro afieMeHTa Moka3aH YCMOBHbIN rpaduk ero xapakTepucTukn, YTo
HY>KHO st Hanagku n akcnnyatauum nogcmctemsl (bonee nogpobHO 3TN XapakTepUCTUKM ONUCaHbI HUXE).
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PVICYHOK 1. O6wan cxema Mo.qenupyemoﬁ noacncTtemMmbl C MaKCUMalibHO BO3MOXHbIM YNCJIOM NepeMbivYeK U
YKa3daHneM OCHOBHbIX 3JIeMeHTOB NoACUCTeMbl U UX 00603Ha4YeHueM, NMPUHATOM B OaHHoWM paﬁoTe:

A

Gy, Gy, , Gy, — oTHOCUTenbHbIe pacxoAb! BHeLHeN (ropsiveil) BoAbI Ha NPOXOA B y3nax (TPOMHMUKax)
1,2mn3; 1— GW — Ko3adpcbuumeHT nogmelInBaHNA OXITaXaeHHOMN (PeLnpKYNALMOHHOMN) BOAbI

Oniopbl AaBNeHUM U Temnepatyp B NoAcucTemMe HarpeBaHWUA, MOoKasaHHble Ha puUC. 2, MOSICHAT ANns
NPOCTEMNLLErO Cry4ast — UCMOMb30BaHWS O4HOM NepPeMbIYKN — OQHOBPEMEHHO NPOUCXOASILLME NPOLLECCHI TMOPABIMKA U
TennoobmeHa Npu ABWXEHWW XUOKOCTW Yepes npendatcTBus, paboTe apmaTtypbl, CMeLUMBaHUW NMOTOKOB WM OTAade
BOOOW TennoTbl HarpeBaemMoMy BO34yXy B annapaTe. Ha cxeme BMAHO, YTO MO Mepe ABWXKEHUs BOAbl ee JaBneHve
nagaeT, OOQHAaKO LIMPKYMSLMOHHBIA HAcoC MOBbILAET AaBrieHne, obecneumBas nogmelLnMBaHue BOAbl. Temnepartypa
BOAbl MEHSAETCA NPY CMELLIEHNN NMOTOKOB U NadaeT B annaparte npu nepegade TennoTbl BO34yXy. YCMOBME ABUXKEHMS
BOAbl MO MeEpeMblYKe B 3aJaHHOM HanpaeneHun obecneyvBaeTcsi, ecnv AaBlneHve B ee Havane 6Gonble, Yem B
KoHue. 3anupaHue — acpdekT, Koraa oavH NOTOK C BONbLUMM JaBNEHMEM HE [1yCKaem Ha CMeLleHne B TPOWHUKE Uin
KnanaHe QJpyrom MNOTOK C MeHbWWUM faerneHnem. IJTOT addekt TpebyeT cneumanbHOro M3ydeHus npu
MOZENMPOBaHNN, YTO ONMUCaAHO HmxXe. AemokonebaHuss — adhpekT paboTbl oObekTa ynpaeneHus coBmectHo ¢ CAP,
Korga nnyHxep perynvpyroLwero KnanaHa Haxogutcsa BbnNunsu 3akpbitus (cmyyum).
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OCHOBHbIM BO3MYLLEHWEM B MMAPABIINYECKMX PEXMMAX SBMSAIOTCS IKCMyaTaunoHHble KonebaHus HavarnbHoro
nepenaga AaBneHuii P;-P,, 4To BnusieT kak Ha GanaHCUpPOBKY, Tak U Ha paboTy TPExXXOOOBOro perynvpytoLiero
KnanaHa. JOniopa AaBneHWin BOAbl U ypaBHEHWs, rexallMe B ee OCHOBE, UCMONb3YTCs Mpu MaTeMaTUYyecKkoM
MOLENIMPOBaHUN TUAPaBIMYECKUX PEXMMOB U M3YYEHUM TMepepacnpeneneHnss pacxodoB Ha ydvacTkax M Mo
nepemblvykam npy GanaHCcMPOBKE U YNpaBrieHnN.
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PMcyHOK 2. 3mopa pacnpegeneHusa Temnepartyp n OaBJIeHMN BoAbl B cxeme ynpaBneHud NnoBepxXHOCTHbIM
annapaTtomMm B HpOCTeVILueM cny4ae — ncnonb3oBaHUn ofHom nepemMbIvKu

CBoaHasi HOMorpaMmma Ans aHanusa rogoBbiX PEeXMMOB PaboTbl M ynpaBieHUs BO3AyxXOHarpeBaTensmu
(puc. 3), onncaHHast B kHure [10], no3BonsieT NOMy4YMTb MPOCTOE PELUEHME EOUHCTBEHHOW W TNaBHOM 3ajayvn o

B3aMMOCBS3W MOMOXKEHWs perynupyolllero knanaHa 2 =i/ h__ ¢ ycnoBusamu Harpesa: Temnepatypamu ty, t, twa,

max

twew W 3PEDHEKTUBHOCTBIO KOHKpPEeTHOro amnnapata 6Osq,~f(Gs Gwew kF). OTa 3agadya TpebyeT COBMECTHOrO
rocrneaoBaTenbHOro aHanuaa paboThbl BCel NoACUCTEMbI MO CXEME:

UcxopHble paHHbIe (GB,tH,tK,tWH) — Tunopasmep annaparta (F) n ero xapakrepuctuku (k, Gs.cu, )

— Hacoc Cc aneKkTpoaBuratenem —> TpybonpoBoabl, apmatypa — OTHOCUTENbHOE COMNpPOTUBIIEHUE
perynupylouwero knanaHa B ceTtu (s), 4Yacto HasbiBaemoe ventilautoritit (Hem.) [18] — BoasHoOWM
perynupytowmin knanaH (k,s, d,) — TMRN nnyHXepa (NMHeWHbIA, norapudmMmyeckuin) 1 ero oTHocuTerbHoe

NnoJioXXeHue (i?)

Takas noCTaHOBKa 3aayun NO3BOMSET rpougpamb U CPaBHUTbL C pakTU4eCcKkumm nobble cuTyaumm no ycrioBusm
paboTbl nogcncTemMbl B LENOM OT 8xoda o 8bixoda, B HaCTHOCTW, Y3HaTb, B KAKOM MONOXeHUW BygeT HaxoouTbes B
TOM U UHOM Cry4yae NiyHxXep BOASHOro krnanaHa. 3ta MHdopMauus umeeT BaXHeWlee 3HaYeHMe Boob6Lwe u B
YaCTHOCTM B npobGneme 3amep3aHMA BoAbl U cpabaTbiBaHUSI aBapUMHOW 3aWMTbl. Takoe MOXET CryYuTbCs,
€Cnuv Npu oTpULaTENbHON by NNYHXep oKaxeTcsa BONM3n 3akpblTusa. Haxoasack, Hanpumep, Ha paccTosHun 1...2 Mm oT
ceana, OH No4 AENCTBMEM KOHTponnepa HavvMHaeT paboTaTb B penevHom pexume (aBTokonebaHus). Cagsacb Ha
ceano, NiyHXep MepekpbiBaeT OOCTyN BHELIHEN (ropsiyer) BOAE, LMpKynupylowas Boda ObicTpo octhiBaeT [11],

TeMneparypa tWK nagaet Hwxe YCTaBKM AdaTyuka 3alnTbl, U NOoCNefHAA OTKM4YaeT ABurateslb NpuUTo4HOro

BeHTUNATOpa. K coxaneHuto, Takme cuTyauum MoryT BO3HMKaTb MHOFOKPaTHO, OCOBEHHO eCnin perynupyroLwuiA KnanaH
MMEeEeT U3NULLHEE CEeYEHME UMK NIYHXKEP «Ha NMPOXOA» UMEET NMHENHYI0 XapaKTePUCTUKY, 0cobeHHO npu $<0,5.

MeToouka OUEHKM NEepexogHoro  TemMnepaTypHOro  pexwuma npu  ocTbiBaHMM  BOAbl B Tpybke
BO3[yxXoOHarpeBaTens W 3akpbiTOM MIyHXepe BOAAHOIO perynupylowero knanaHa 6e3 npoTeyku MnosiCHAEeTCH
npumMepom 5.14 [11]. YuuTbiBad, YTO AaHHbIX ANS pacyeTa TennoBon nHepuumn opebpeHHon Tpybkn Mbl He Hawwnu, B
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HEM WCMONb30BaHO MpeacTaBrneHne 00 MHEPUMOHHOCTM rnagkon TpyOku, 3anofnHEeHHOW  ABWXKYLLEWCS
PELMPKYIIALMOHHON NN HENOLBWXHOWN BOAOW.
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PucyHok 3. CBogHasi HOMorpamma Ansi aHanusa rogoBbiX PeXXUMOB paboTbl U ynpaBrieHus
BO3gyXOHarpeBaTernieM: NepBbii KBafpaHT — UCXOA4HbIe AaHHble ANA aHan13a rogoBbIX PeXUMOB: ty, tx, tw.x;
BTOpPOM KBagpaHT — 3(pheKTUBHOCTb NpoLecca HarpeBaHUsA Bo3ayxXa Ggy, Gp.cy N OXNAXKAEHUS BOAbI Gy cu;

TpeTUi KBagpaHT — OTHOCUTENbHbINA pacxod BHeLIHen ropsyen Boabl GW B AONAX OT o6Lero pacxoaa Bogbl
Yyepes annapar;

YeTBepThbI KBaAPaHT — XapaKTePUCTUKUN MOSIOKEHUA NAyHXepa /i ¢ NNHeMHOM U norapumMmyecKomn
XapaKTepucTUKaMm NniyHxepa Ha Npoxoa v K03 (1LMeHT MECTHOro CONpPOTUMBNEHUA ( KranaHa Ha Npoxoa.

Knrou: gna annapara ¢ pacxogammu Gg=8 kr/c, Gy ,~3,6 kr/c, acpchekTUBHOCTLIO G5.,=0,39, Gy c,=0,21
onpegesniMm NosoXxeHue norapuMmyeckoro 1 JIMHENHOro NiyHxepa Ha npoxopa npu s=0,7 AN Taknux
ycnoBumn: t=-5°C, t,x=12°C, t,,,~65°C, 65 4=[12-(-5)]/[65-(-5)]=0,24. Ansa cny4asn, Korga B paC4eTHOM pexunume

tw.cv=70°C n GW'p =0,50, no rpadmky puc. 3 nonyyaem, 4to npu s=0,7 U NMHENHOM NNYHXepe ero

OTHOCUTenbHoe nonoxenune /1 = 0,22, a npu norapudpmmyeckom — /1 = 0,53. Kak cnegyeT us aHanusa aTux

uncpp, B AAHHOM peXuMe JNIMHEeMHbIW, @ 0COGEHHO norapupMnuyeckuin NNyHxep 6yayT B NOJIOXEHUU, [aNIEKOM
OT 3aKpbITUA, @ 3HA4YUT, 3aMep3aHuMe BoAbl He onacHo. CoBepLUeHHO ApYyron pe3yrnbTaT MOXHO NONy4uTb B
crnyyae aBapuMHOro NoBbIWeHUs TemnepaTtypbl B Tennocetu npu t4,=0°C, t,=12°C, t,,,=100°C, Torga

Tpebyemas acpcpekTMBHOCTL G5 4=0,10, a NoNoxXeHNe NMHENHOrOo NNyHXxepa oyaer h = 0,07, 1.e. BONU3MN
3aKkpbITUA. (Bonee nogpo6HO faHHLIN pacyeT cM. B npumepe 5.11 [11]).

CornukoB A.I'., PycakoB A.Il. MaremaTnueckoe MOAEIMPOBAHUE THIPABINYECKUX PEXMMOB OalaHCHPOBKM W YIPaBICHUS
MOJICUCTEMON HarpeBaHus U oXJaxaeHus-ocymenus Bo3ayxa B CKB u CB

57



CALCULATIONS Magazine of civil engineering, Nel, 2011

KpaTko paccMoTpuMm npegnaraeMyo CBOOHYH HOMOrpamMMy Ansi aHanuaa rogoBbiX PEXUMOB BCEWN MOACUCTEMBI
HarpeBaHusa (puc. 3) [11]. OHa npencTaBneHa B YeTbipex kKBagpaHTax. B nepBom KBagpaHTe pacyeTbl U NOCTPOEHUS
NPOBOASATCS OTHOCMTENBbHO TeMMepaTypbl Hapy>XHOro Bo3gyxa ty. Ha ee BepTukanbHOM OCW OTIIOXEHa MNOTHOCTb
(dddty) nosTopsiemoctn (ona CaHkT-lleTepbypra), HamoMuHaKOLWas O BbICOKOW MOBTOPSIEMOCTN HaPYXXHbIX
TemnepaTyp npu t>-5°C n manon — npu 6onee HM3KNX TemnepaTtypax. 1o BepTMKanbHOW OCK OTKMNaabIiBalOT, KpOMe

TOro, TemnepaTtypbl (tWH ,l‘K). TemnepaTypa BoAbl B TEMMOCETU MOXET MEHATLCA MO rpaduky nMbo O4OoCTaToOvHO

Npou3BonbHO (rpaduk TennocetTn He cobntogaetcsa). TemnepaTypa NPUTOYMHOINO BO3dyXa MOXET ObiTb MOCTOSIHHON
nnun meHaTbes, Hanpumep ans CKB (CB), paboTtatoller B pexmmMe BO34yLUHOrO OTOMNMEHMS.

Bo BTOpOM KBaApaHTe M0 coueTannio 1y, 1y 1t OTknadbiBaioT sHadenne O = (f, —1,)/(t, —1;)
Mo oTHoweHwio K fy, . OCKOMbKY MOCTIEAHSS MPOM3BONIBHO MEHSETCA M MPUHMMAET pasHbie 3HaueHus, To U
3 HEKTUBHOCTb ‘93H MOXeT GbITb Nio6oit. MoaToMy 3chpeKTUBHOCTL annapaTa no Boae HWH = ‘93H Gye, !/ Gyeyy
ToXe nepemeHHa. Ecnn addekTMBHOCTL OTHOCUTHL K th (nepen annapatom), TO npu GB =const wu

GW = CONnst ata apPEeKTUBHOCTb MNOCTOSAHHA (CM. NTUHUK 93

(@] oM

7 9W ) BO BTOPOM KBagpaHTe puc. 3. Ha ocHoBe
om

BENMNYNH QBH’QWH n B,, onpenendarT Hen3BeCTHbIe tW

cm

n tWK B JAaHHOM peXunme.

B TpeTbeM KBagpaHTe onpenendrT OTHOCUTESbHbLIN pacxon BHELLHeN BOAObI:

G, :(th —tWK)/(tWH —tWK). Ecnu rpacmk Tennocetn cobmopaetcs, 10 (G, onpeaensioT nuHenHoM

3aBUCMMOCTbI0. IMpyn 3TOM MOXeT 6bITb No-pasHoOMy BhiGpaHa [, , Hanpumep, paBHO tWH (B pacyeTHOM pexume).
cm

Takoe pelweHne Helnb3d Npu3HaTb 06ﬂ,yMaHHbIM, T.K. NNYyHXep 6yp,eT MOJIHOCTbKO OTKPbIT. Me>|<,£|,y TEM B npouecce
KCcnnyatauunm MoOryt noABUTbCA TMPUYNHDI, TpeGyrou_wle NoBbILWLEHNA tW npoTmB Bbl6paHHOl7I, T.€. 3arnaca.

oM
Hanpumep, npu yBenuyeHum pacxopa HarpeBaeMoro BO3Ayxa, 3arps3HeHWM NOBEPXHOCTM annapata, yXyALeHuK
Tennonepegaun (k), CHWKeHUM TemnepaTypbl TenrnoHocuTens Hwxke rpaduka n np. C yyetom aToro n tpeboBaHui

cm

(e}
ToU k tWK XenaTtenbHO NPMHUMaTb B pacv4eTHOM pexnme tW HUXe, Yem l‘WH , Ha 10...20°C.

B yeTBepTOM KBagpaHTe NMPUBOASATCS XapakTepPUCTUKN TPEXXOAO0BOro PErynupyroLero krnanaHa ¢ IMHeHbIM
UM norapuddMmyYeckum TMyHXepoM (Ha Mpoxod) M MpU pasHbiX 3HAYEHUSIX OTHOCUTENBHOrO COMPOTMBIEHUS

knanaHa s. JInHelHas xapaKkTepucTyvka GW(h) npu s—0 nckpuBrsieTcst (YBeNUYMBaETCs MPUKPbITUE MyHXepa),

norapwcbmmquKaﬂ — npu s—0 cnpamMnaeTca. Uem MeHblle CTeneHb OTKPbITUA NITyHXepa h npn AOaHHOM

3HaYeHUn GW, TeM Gorblle onacHocTb cpabaTbiBaHWsA 3awmTbl (Npu t,<3°C). BbllueoncaHHas MeToauka aHanuaa

A0CTaTOYHO NpocTa u nosicHeHa npumepom 5.33 [11]. OgHako Hago y4MTbIBaTb, YTO B TAKOW NMPOCTON METOOUKE He
yAanocb y4yectb OCOBEHHOCTU TMAPABMUYECKMX PEXMMOB MPU NEPEMEHHbIX nepenajax AaBrneHui. ITO siBNeHue
onucaHo [farnee, U OHO CYLLECTBEHHO MEHSIET XapakKTepUCTMKWU YnpaeneHus annapaTom. [anee paccMOTpuM
OCHOBHblI€ 3JfiIeMeHTbl NoACUCTEMbI U UX TEXHUYECKUE XapaKTepUCTUKN B Hanbonee o6u.|,e|v| BMage Kak OCHOBY
MOZenvpoBaHUs®.

MoBepXHOCTHble annapaTbl MMEOT pasHble TUnopasmepbl, KOHCTPYKLMIO OpebpeHusi, npousBoauTenen,
NOBEPXHOCTb Harpeea U pasHble )OpMbl CBA3M PacxXodHbIX U TeMnepaTypHbIX XapaKTEPUCTUK cpef: aHanMTU4eckue,
rpacounyeckme, TabnmuHble U koMnbloTepHble. OBoOLLEHNE 3TUX Pa3HOOGPa3HbIX 3aBUCUMOCTER BO3MOXHO TOJBKO Ha
OCHOBE M3BECTHbIX U3 TEOPUU Tenmonepeaayn 3aBUCMOCTeN. B yacTHOCTH, NMpu NEPEeKPeCTHOM ABWXXEHUW BO3dyXa U
BOObl B OTAENbHOW TpyOke 3dbdekTMBHOCTL annaparta nwboro Tuna npu ycnoesum We<W,, onpegensietcs us
BblpaXXeHUs:

6,.., _ Tl =1-exps—| 1—exp| —NTU W i I , (1)
tW.aw - tH Wmax Wmin / Wmax

roe W — BoggaHon akeBuBaneHT, kBT/°C, ansa Bosgyxa — Wp=Ggcg, ana Bogbl — Wy=Gycw; NTU — uucno eguHmy
nepeHoca, NTU=kF/GgCp=Atp/Alsp noe, TAE K W F — BEMNNYUHDI, KaK NPaBUo, HEN3BECTHbIE.

2 o
[aHHoe uccnepoBaHue siBnsieTcs apdeKTUBHLIM NPoAOImKeHNneM maructepckon pabotel O.A. MBaHoBa (2009 r.)
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HaHHasa 3aBucmMmocTb crnipaBegnuvea npyu Wa/Wiy<1. [INs KOHKPETHOro MCMNONb30BaHWsA 3aBucumocTern Tuna (1)
npeanoXxeHol cooTBeTcTBYOWME rpadmkn (puc. 4) [6, 11 n gp.]. JononHuTenbHO K 3TOMy Anis y4eTa obuiero

O[HOHanpae/1IieHHONro WK BCTPEeYHOro AOBUMXeHnA BOAbI

M BO3ayXa B annapate BBOOATCA MonpaBOYHbIe

KoadppmumeHTbl. HenssecTHoe nponaBeaeHne kF B 3ToM criydae yaobHo onpeaensitb N3 BblpaXKeHWs:

i [+ In(1=6,) W, W, |

NTU = =

8Cp

w

2
s (2)

min max

rl/lﬂ,paBJ'IVI‘-IeCKaFI XapaktepucTtuka annaparta, T.e. 3aBUCMMOCTb €ro COrnpoTunBIiIEHNA OT CKOPOCTU BOObl UK ee

pacxofia, MOXHO annpokcMMnUpoBaTh BbipaxeHnem AP

ann

n
= aGW C nokasaTenem crenenn n=1...2, onpegendaemMbiMm

pexunmom ABuxeHna BoAbl B pr6|<e M B annaparte Ha OCHOBE AaHHbIX KaTanoros npomssop,meneﬁ O60py,EI,OBaHVIF|.
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PucyHok 4,a. N'padmkun byHkumm Geg=fINTU, Wi/ W ,2x)
Ons1 NepeKpecTHON CxeMbl ABMXKEHUS Bo3ayxa U
BoAbl B Tpy6ke npu Wg>W, (oanH notok
nepemeLLNBaeTCA, BTOPOM — He NepemeLlunBaeTcs)

LIMpKyNALUMOHHBLIN  Hacoc  MMeeT  OObIYHO
nagarloLlyl0o  XapakTepUCTMKY, 3aBUCALLYIO OT  €ro
KOHCTpYKUMM, 4mucna oBopoToB W Apyrx napaMmeTpoB
(puc. 5). XapaktepucTuka Hacoca Kak 3aBUCUMOCTb €ro
AaBrneHust oT NPOU3BOANTENBHOCTU NMPY AAHHOW YacToTe
BpaLLeHWs Koreca 3anncbiBaeTcs B BUAE:

P,.=F—-aG, - a,G,, (3)

hac oM

rae a; U a; — annpoKCMMUpYIoLLME KOIMMDULIMEHTBI.

TpexxoQoBOM perynupyroluin KnanaH umeer
XapakTepuctmky —  3aBUCUMOCTb  OTHOCUTESIbHOIO

pacxoga Bogsl Ha npoxos Gy, =G, /Gy, . or

OTHOCUTEITbHOIO NoNoXeHnd nnyHxepa h N -

MOKasaHHyi0 Ha puc. 6. 3Ty 3aBUCMMOCTb MOXHO
annpokcummnpoBaTtb (popmynon:

h=0,29InG, +1. (4)

(S 00 3
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PucyHok 4,6. M'padmkn dpyHKUMNGs=ANTU, Wi/ Wpax)
Ans nepekpectHoun cxembl npu We<W,, (oanH noTtok
nepemMellnBaeTCA, BTOPOMN — He NepemMeLllmBaeTcs)

klla
90 >~

80|
70

60
50

40
30

~
Q\

~
N
N\
N\
N

N

~

\\

N\
N\

N

N \ L]

: IAVEY
i NN

0 2 4 6 8 {0 B & S TR

PucyHok 5. Xapakrepuctuka peyupKynsiLMoHHOro
Hacoca oAHOro U3 npovssoauTenen B 3aBUCUMOCTHU
OoT Yynucna o6opoToB
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¢ e Mepenag p[aBneHWn Ha KnanaHe MOXHO
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e / il
8108 GW \ nnyHxepa h cnepyoLmm obpasom:
‘ S \}//\\ Sy/\[
70,7 . S _— h) ~ 2/ (h
// \\‘\ / \ kVS (h) ~ 1’ 26dy / gm (h )pW b <5)
6-10,6 . e
/ / \ rane dy — B MM, K, — B M3/‘-I, Pw — NNOTHOCTb BOAbI,
5__0,5 ~ KF/M3
/ 5 :
4704 Vo™, 7 BbanaHcMpoBOYHblE  KnanaHbl  MPUMEHSIOTCS
3103 —— ONs  perynupoBKM pacxodoB Bogbl B Mpouecce
| T // R — Hanagku n aKcnnyatauuMn U B YCNOBUSIX U3MEHEHUSsI
20,2 // < JaBneHus BoAbl. X KOHCTpyKUuKM pasnuyalroTcs, a
1101 % PErynMpoBOYHbIE XapakTepuctukn k,(n), roe n —
' | st = yncrno obopoTOB, HEKOTOPbIX MNpou3BoguTENEn
olo e rnokasaHbl Ha puc. 7.

0 01 02 03 04 05 06 0,7 0,8 0,9 1,0

Cror 5000 20001000 500300 200 10050 30 20 15107 5
5 6 7 891012 15 20 25304050 100 200 1000 Snww
PucyHok 6. 3aBMCMMOCTb OTHOCUTENBLHOIO pacxoaa
BOAbl OT NOJIOXeHUA NiyHXepa Ha npoxoa n Ha NOBOPOT
AnA TpexxoaoBoro perynvpyroulero KrianaHa u ero KMC

PucyHok 7. CBogHasi HoMorpamma
perynmpoBOYHbIX XapaKTePUCTUK PYUHbIX

Ao MM 6anaHCcMpoOBOYHbIX KIlanaHoB pa3HbIX
¥ Y -
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Tpy6onpoBoabl U UX rMApPaBIIMYECKUEe XapaKTePUCTUKU B JaHHON paboTe He yYuTbIBalOTCA B CUY Maroi
ANMUHBI, YMEPEHHON CKOPOCTMU 1 Marnoro CONpPOTUBEHUS MO CPABHEHWIO C APYTMMU 3fIEMEHTaMU CXEMBI.

(OkoHuaHune B Ne2(20), IH)XeHepHO-CTPOUTENBHOTO XypHara)
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