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NMpeancnosune

Perynupytoliue knanaHbl SBASKOTCA 31IEMEHTOM CUCTEMbI aBTOMAaTMYECKOro PerynmpoBaHns 1 B TO e
BpEMS 3NEMEHTOM MApPaBIINYECKON CUCTEMbI TEMo- UMK XonoaocHabxeHus. MapaBnMyeckunii pacyet
COBpPEMEHHbIX aBTOMaTU3UPOBaHHbLIX CUCTEM TEMNONoTpebrneHns npeanonaraet, B TOM yucrne, nogbop
PerynupytoLLIMx knanaHoB C OnTUMarbHbIMU XapakTepucTMKaMm AN KaxKOooW KOHKPETHOW ruapaenvye-
CKOW cxeMbl. M BbINONHATL 3Ty 3afa4y AOMKEH He cneumanuct B obnacti asTomaTtnsaumm, a cneumanucTt
— CaHTEexHMK, 3aHMMatoLUACA NPOEKTUPOBAHMEM CUCTEM OTOMMNEHUS, BEHTUMSALMM U KOHAMLMOHUPOBA-
HusA Bo3ayxa. Ho 3apgaya He MOXET orpaHMYMBaTLCS TONbKO N NOAGOPOM perynvpyoLlero Knanata.
Heobxoammo, 4Tobbl KnamnaH COOTBETCTBOBAS XapakTepucTukaM UCMONMHUTENBHOrO MexaHu3aMa U Hemno-
CpeacTBeHHO perynstopa. Mo3TomMy NpoekTUPOBLLMK AOMKEH UMETb OnpeaereHHble 3HaHus B ob6nactu
aBTOMaTM3auMKn Ans 060CHOBaHMSA ONTMMAarbHOrO Bblibopa CTPYKTYpbl aBTOMAaTU3aUun NpoeKkTUpyemoro
o6bekTa. 3TN 3HaHUSA JOMMKHbI ObITb 4OCTATOYHBIMU AN TOro, YTOObI NPOEKTMPOBLUMK MOr pa3paboTaTb
noapoGHoe TEXHOMOrMYeckoe 3afaHne ¢ COCTaBNeHNeM YrnpoLLEHHON PyHKLUMOHAMNbHOM CXxeMbl aBTOMa-
TM3aUun ¢ BbIGOPOM OCHOBHbIX TPEOYEMbIX NapaMeTpUYecKUX XapakTePUCTUK NMPOEKTUPYEMOW CUCTEMBI
aBTOMAaTMYECKOrO PeryrMpoBaHus.

KHura opueHTUpoBaHa Ha crneumanucToB B obracty TennocHabxeHus M BEHTUNSUUKM U cocTaere-
Ha B onpegeneHHon MocnenoBaTerlbHOCTU, HaYMHas C TePMUHOMOrMKU. TepMUHOMOrMS npeacTaBrneHa
[0CTaTo4MHO NoapobHO M 0606LaeT cucteMbl aBTOMaTU3aLMn M CUCTEMbI TennonoTpednenus. lMpea-
CTaBliEHHast TEPMUHOSNOIMMS COMMacyeTcs C CYLLECTBYHOLMMU HOPMATUBHBIMU AOKYMEHTaMn B 06Grnactu
NMPOEKTUPOBAHMS, MOHTaXa W Hanagku cMcTeM TENNo- XonoAoCHabXXeHNns 1 cucteM asTomartusauun. 1o
npeacTaBnsieTcs BeCbMa BaXkHbIM (pakTOpOM, Tak Kak B nocrieqHee aecaTunetTue B obrnacTtu asTomartusa-
LMW CaHTEXCMCTEM BbIMYLLIEHO MHOXECTBO NOCOOWIA M peKoMeHaaLunii Mo NPOEeKTMPOBAHUIO CO 3HaYMTENb-
HbIMW Pa3HOYTEHNSIMU, & MOPOV C UCMONb30BaHNEM HOBOW TEPMUHOMOMMN YCTOSIBLUMXCS MOHSATUIA.

B nepBoii rmaBe npuBeaeHbl peKOMeEHZALMM MO COCTaBMEHMI0 TEXHOSOMMYECKOrO 3afaHust Ha Bbl-
MOSIHEHWE MpOeKTa aBToMaTu3aumu. 34ech e AaHbl 06lWue CBegeHUst 0 cMcTeMax aBTOMAaTU4eCcKOro
perynmpoBaHusi C LEEMbIO COrMacoBaHns TEPMUHOMOTMN aBTOMATUYECKOTO PErynMpoBaHusi CUCTEM TEMIO-
noTpebneHus.

BTopasi rmaBa cocTaBneHa B NpoaoikeHe NepBoi U 34eCh yXKe AOCTaTOMHO MOAPOGHO M3naratoTcst
maTepuarbl No AMHaMMKe PasfMyHbIX MPOLIECCOB PEryNMpOoBaHUs, MPUBOAATCSH KOHKPETHbLIE CBEAEHMS MO
TEXHWUYECKMM 3BEHBbSIM CUCTEMbI aBTOMaTUYECKOTO PEryrMpoBaHusl Ha NMPUMEPE KOHKPETHbIX U3aenuii u
npuGopoB. C Lenblo COKpaLleHVsl M3naraemMoro Matepuarna Ucnosb30BaHbl HEKOTOPbIE YNPOLLEHWS], Ha-
npuMep, He yaerneHo AOCTaTOMHOIO BHUMaHWS MOHSATUIO 06paTHON CBSA3W 1 ee BO3OENCTBUSA B NpoLecce
ABTOMAaTUYECKOro perynmpoBaHus. [1ns HEKOTOPbIX MPOMNOPLMOHANBHbIX PETrYIIATOPOB NPSAMOro AeNCcTBUS,
HanpvMep, Os PerynsaTopoB pacxoda v nepenaga AaBneHns, NpUBOAATCS METOAUYECKMEe pekoMeHaa-
LMK no noabopy Tunopasmepa v ONpeaeneHnto NoTepb AaBNEHNSI.

TpeTbto rMaBy MOXHO YCMOBHO pasgenuTb Ha Ase YacTu. B nepBoi 4acTu AaHbl OCHOBHbIE TEOPETUYE-
CKWe 1 MeToguyeckne matepuansl no nogbopy perynmpyrowmx KrnanaHos, 0606LeHHbIe Ha 6ase Hay4HO-
TEXHUYECKMNX pa3paboToK Takmx M3BECTHbIX y4eHbIX, kak AnbTwwynb A.Ll., ApsymaHoB 3.C., bnaros 3.E.,
l'ypesuny O.9., Janunosues B.H., EmenbsaHoB A.W., KntoeB A.C., Ckpuukun J1.I., TypkuH B.I1., Ynctoeny
C.A., OpmaHoe b.H. u gp. [1,2,4,8,11,17,18,19,20]. BTopas yacTb rmaBbl, Ha4MHas ¢ MeToaukn nogbopa
CMecCUTENbHBIX KnanaHoB, paspaboTaHa aBTOPOM MPUMEHUTENBHO K KOHKPETHbIM BUAAM Tenno-ruapas-
NMYECKUX CUCTEM.

UeTBepTasi rnaBa CoCTaBneHa B BUAE NPMMEPOB pacyeTa 1 NPOEKTUPOBaHUS pasnYHbIX aBTOMaTU3-
POBaHHbIX CUCTEM TEMJIO- XONOAOCHAGKEHUS C NOAOOPOM PEryNMPYHOLLMX KranaHoB, HACOCOB U APYroro
obopynoBaHusi. B ocHOBY NMpYMEPOB MOSOXEHbI anpobUpoBaHHbIE B peannsaunm aBToMaTu3MpoBaHHbIe
CUCTEMbI 13 NPOEKTHO MPaKTUKK aBTopa.

ABTOp BblpaxaeT GrnarogapHocTb pykoBoauTento 6enopycckon dupmbl «EPLI-TEXHWKC» PyTtkoB-
ckomy A.I"., coTpyaHukam TexHudeckoro otaena doupmbl «'EPL, ApmaTypeH 'M.6.X» 3a nOMOLLb, OKa3aH-
Hyl0 B paboTe Hafg KHUIoR, u Nu4Ho eHepanbHOMY OUpPEKTopY, AokTopy Mepxapay MuHuepepy 3a ngeto
KHUIM U HanpaBIEHHOCTb COAEPXKaHus.
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PasmepHocm n COOTHOLWUEeHNA egnHNLY n3mepeHnA (I)III3III‘-IECKIIIX BeJINYNH

HanMmeHoBaHue cokpatlienHoe Ha3BaHune COOTHOLUEHNA
o0603Ha4eHne
M mMeTp 1M = 1-103Mmm
Anvna MM MUAMMETP Tvm = 1-103m
m3 MeTp KyOuyecKui 1m® =1.10°n
Obvem n nmTp 1n=1.10%m®
Kr Kunorpamm 1kr=1-10%1
Macca T TOHHa 1T =1-10%r
ceK cekyHaa _
Bpewma q yac 14 = 3600cek
Temnepartypa, 0
pas3HoOCTb Temnepartyp C, rpaa. rpapyc Lienecua
[aBneHne,
nepenag aaBneHun, Ma nackanb 1Ma = 0,102mm B.CT. = 1-10°6ap
noTepu JasneHua
1klMa =1-10%Ma = 1-10°MMNa =
kMa Kunnonackarnb =0,102 M B.CT.
MMa Meranackarnb 1MMa = 1-10%[Ma = 106ap
16ap = 1-10°Ma = 100kMa =
6ap 6ap 20,1MMa = 10,2 m B.cT.
mbap mMunnmbap 1mb6ap = 100Ma = 0,1k[Ma
M B.CT. MeTp BOAAHOro cTonba 1m B.cT.= 9,8 KlNa
3 Kunorpamm Ha MeTp
MnoTHoCTb Kr/m KyBUYECKIN
. MeTp KyGuyeckuin Ha
YaenbHbi 06bem M3/Kr KIAOTPAMM
Tennota, aHeprua Ix IDKOynb 10k = 1-10°k [k = 0,24kan
KK KUMOMKOoynb 1Kk = 1-1030> = 0,24kkan
1Mok = 1-10°k = 0,24kan =
ox ruragyxoynb —557kBT-4
KKan KnnokanopuA 1kkan = 4,19k[1x
kan rmrakanopua 1Mkan = 4,19I'x = 1166kBT-4
KBT-4 KunosarT-4ac 1kBT-4 = 3,6M[Ix = 860kKkan
MBT-4 mMeraBaTT-4ac 1MBT-4 = 0,86'kan
Tennosown NOTOK, Bt (Ox/cek) BaTT (IKOynb B CeKyHAay) 1BT = 0,862kKkan/4y
kBT KunosarT 1kBt =1-10°B1
TennosaA MOLHOCTb KKkan/v Knnokanopum B 4ac 1kkan/4 = 1,16BT
kan/4 rurakanopun B 4ac 1l'kan/4 = 1160kBT = 1,16MBT
MnoTHOCTb TEeNNoBOro 2 y
noToKa B1/m BaTT Ha MEeTP KBagpaTHbI
TennoemkocTb Ibx/rpag I)KOYnb Ha rpagyc
YoenoHan IDKOYINb Ha KUnorpamm-
TENNoeMKoCTb Pox/(kr-rpag) rpagyc
KoadduuneHt )
TeNMoNpOBOAHOCTH Bt1/(m-rpapn) BaTT Ha MeTp-rpagyc
KoadpduumeHT .
Tennonepegayu, BT1/(m2-rpap) BarT Ha MiTg KBgﬂpaTHb'”
Tennootga4un pany:
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TepMunHbI N onpepeneHnA

1. Cuctembl TensionoTpedneHna

Mpaduk LeHTpanbHOro KayecTBeHHOro perynuposaHua (rpadpuk LUKP): 3agasaeman 3aBMcUMOCTb
Temneparypbl TEMNOHOCUTENA B NofdaroLen Mmarmctpany oT Temrneparypbl Hapy>KHOro Bo3gyxa.

JpoccenbHaa apmatypa: Apmartypa, U3MeHAIOLWAA CBoe MApaBiMYeckoe COMpoTUBIeHNe 3a cYeT
N3MEeHEeHNA NpPoxXoaHOro ce4eHunaA.

3aBucuman cxema npucoegunHeHunaA: Cxema npucoeamHeHa cUcTeMbl TennonoTpebneHns K Tenno-
BOW CETW, NPV KOTOPOW TEMSIOHOCUTENb W3 TEMNOBOW CETW MOCTYnaeT HerocPeacTBEHHO B CUCTEMY
TennonotpebneHnsa.

NugnsunayanbHble TennoBble NyHKTbI (UTI): Tennosble NyHKTbI ANA NPUCOEANHEHNA CUCTEM TEMMo-
noTpebneHna (OTonneHns, TennocHab)XeHnA YCTaHOBOK CMCTEM BEHTUMALMW, ropAYero BogocHabxe-
HMA 1 TEXHOMNOMMYECKMNX TENOMCMNONb3YIOLLMX YCTAHOBOK OOHOMO 3AaHWA WU €ro YacTu) K Hapy>KHbIM
1 BHYTPEHHVM CETAM LIEHTPANN30BaHHOIO TEMNOCHAOXEHMA.

KnanaH gByxxof0Boii perynupyoLunii: PerynupyoLmii opraH, yctaHasnmBaemblin Ha Tpybonposoge
ONA N3MEHEHUA pacxofa PerynupyemMon cpefbl U ynpasnaemMbiil UCNONHNUTENbHBIM MEXaH3MOM.

KnanaH TpexxogoBoll perynupyowuii: Perynmpyowuii opraH, npegHasHa4yeHHbln AnA pasgeneHma
UM CMELUVBAHWA perynupyembix NOTOKOB TEMNOHOCUTENEN 1 ynpaBnAeMblil UCTIONHUTENbHbIM Mexa-
H/3MOM.

Hacoc cmecutenbHbIii: JNEMEHT y3na CMeLLeHUA, NpefHa3Ha4YeHHbI AnAa nogMeLlMBaHnA Tensno-
HocuTenA n3 obpaTHON MarnucTpanu B NOAAMOLLYI0 MarncTpanb KOHTYpa CUCTEMbI TEMSIONOTPebneH .
Hacoc cmecnTenbHbI yCTaHaBNMBAETCA HA MEPEMbIYKE, HA MOJAOLLEN 1N Ha 0BpaTHOI MarucTpanm
KOHTypa cuCTEMbI TeNnonoTpebneHus.

Hacoc unpkynAumnoHHbIi: Hacoc, npeaHasHa4eHHbI AN LPKYNAUMY BOAbl KOHTYpa CUCTEMbI TeMo-
noTpebnexHua (Hanpumep, HACOC TEMMOBOrO y3na npy He3aBUCUMMON CXEME NPUCOEAVHEHWA K Tenso-
BbIM CETAM, HACOC CUCTEMbI OTOMIIEHNA NPV TENMOCHAGXKEHNN OT KOTEMBHOM 1 T.M.).

HezaBucumana cxema npucoegnHeHnA: Cxema NpUCoOeauHeHnsa cUCTeMbl TennonoTpebrneHns K Te-
MMoBON CETW, NMPU KOTOPOW MpUMEHAETCA TennooOMEHHVK, PasaenAtoLLmMA TENNOHOCUTENN TEMNOBO
CeTU 1 cUcTeMbl TennonoTpedneHna.

MponyckHaA cnocoBHOCTb, k : Pacxop XugKocTu (perynupyemoit cpefpl), M3/4, ¢ NnoTHoCTbio 1000 Kr/
M®, MPOMyCKaeMoii perynupyroLLM KnaraHoM, BEHTUNEM, LLanbon 1 ap. APOCCENMPYIOLLMM YCTPONCTBOM
npu nepenage gaeneHusa Ha Hem 0,1 MIMa (1 6ap) npu ¢rKcpoBaHHOM Xofde 3aTBopa (MnyH»xepa).

YcnoBHaA nNponyckHaA cnocoGHocTb, k. (Kvy): MponyckHas CnocoBHOCTb B M3/4 nmpu ycnosHOM
xofe 3arsopa.

OTHocuTenbHaA NPONycKHaA cnoco6HOCTb ycnoBHas, k /k : OTHOLLEHne NPonycKHON cnoco6Ho-
CTV Ha TeKyLLeM X0fe KnanaHa K YCroBHOIN MPOMyCKHOMN CMOCOBHOCTH.

MponyckHaAa xapakTepucTnka: 3aBMCUMMOCTb MPOMYCKHOWM CMOCOBHOCTU OT Xoda PerynupyroLlero
KnanaHa (Mnv oT OTHOCUTENbHOMO X0aa).

MponyckHaAa nuHelHaA xapaKrepucTuka: [1ponyckHaA xapakTepucTnka perynupyroLlero KnanaHa,
npy KOTOPO MprpaLLeHNe OTHOCUTENbHOWM MPOMYCKHOM CNOCOOHOCTM NMPONOPLIMOHATIbHO OTHOCUTENb-
HOMY XOgy.

MponyckHaA paBHOMPOLIEHTHaA XxapakTepucTtuka: NponyckHaA xapakTepucTuka perynupyrowero
KnanaHa, npu KoTOpoii NpupaLleHme OTHOCUTENbHO MPOMYCKHON CMOCOBHOCTU MO Xody MponopLmo-
HallbHO OTHOCUTENbBHOI MPOMYCKHOWM CNIOCOBHOCTY.

Perynupyemblil y4acToK: Y4acToK riapaBnnyeckoi ceTi ¢ TennonoTpebnsatowmm obopygoBaHmem, Ha
KOTOPOM perynmpyeTca (M3MeHAETCA) pacxof TeNMOHOCUTESNA C MOMOLLbIO APOCCENUPYIOLLMX KnanaHoB
(perynupytoLmx KnanaHoB, 6anaHcoBbIX BEHTUNEN 1 ap.).

Cuctembl Tennonorpe6neHnA: Komnnekc Tennoncnosnb3yoLwmx yCTaHOBOK ¢ MOABOAALLMMI OT UC-
To4HmKa Tennotbl (UTI, koTenbHoOM 1 gp.) TpybonpoBoaamu: CCTeMbI OTOMNEHUA, TennocHabXXeHnA cu-
CTeM BEHTUNALMM N KOHAULMOHMPOBaHWA BO3AyXa, ropaYero BOOOCHabXeHNA 11 TennoncrnonbayoLwmx
TeXHOMNorm4eckux noTpebutenei.

Cucrema TennocHa6»xeHnA: COBOKYMHOCTb B3aMMOCBA3AHHbIX 9HEPrOyCTAHOBOK, OCYLLECTBAOLLMNX
TennocHab)xeHve panioHa, ropoga Unu NpeanpuaTus.

TennoBon y3en: KoMmmnekc YCTPOWNCTB TEMMOBOro NyHKTa, NpeaHasHayYeHHbIn AnAa npucoeanHeHus
TennoceTu K cucTeMam TennonoTpebneHus.
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Y3en cmeLleHnA: SrieMeHT TENSIOBOro y3na, NpeHa3Ha4YeHHbIN ArA CMELLMBAHUA MOTOKOB PasnuyHON
Temneparypbl C LeNbIO PErYNMPOBaHWA TEMMNEPATypbl CyMMapHOro NoToKa TENOHOCUTENS.

Xopa KnanaHa (xoa 3atBopa knanaHa), h unun a: lNepemeLleHne 3anmparoLLero unu perynmpyroLero
anemeHTa KnanaHa, NCHUCIIEHHOE OT 3aKpbITOro MONOXXEHUA 3aTBOpa (A4NA KnanaHoB XO40M ABMAETCA
NMHeHoe nepemeLleHne h,Mm, a onAa WapoBblX, AMCKOBbIX KPaHOB 1 3aTBOPOB — yrof NoBopoTa 3anu-
paloLlero nnu perynupyroLLero anemMeHTa a ).

YcnoBHbIN xoA KnanaHa (YCNoBHbI XoA 3aTtBopa), hs nnu as: HomuHanbHoe sHa4eHne NosiHoro xofa
3arBopa, MM. YCMOBHbI X0 ABMAETCA PACHETHbIM reoMeTPUHECKIM NapaMeTpoM apMarypbi.

OTHOCUTENbHbIN X0 (CTeneHb OTKPbITUA), h/h_ nnu a/a,: OTHOLLIEHME TeKyLLIero Xxofa K yCrioBHOMy
xopny.

2. TepmuHONOrnA aBTOMaTN4eCcKoro perynnpoBaHus

2.1. Oowme NoOHATNA

ABTOMaT4Yeckoe perynuposaHue: lNpouecc, obecreynsaolmin NOAAEpXKaHNe perynupyemoro na-
pameTpa B 06bekTe perynuposaHa OP Ha 3agaBaeMoM ypoBHe, MO0 ero U3meHeHve no 3agaBaemo-
MY 3aKOHY WM B 3aBUCUMOCTY OT APYroro napameTrpa.

ABTOMaTNHYECKNI perynAaTop (perynAatop): YCTPONCTBO NN KOMMAEKC YCTPONCTB, OCYLLECTBAAOLLMX
aBTOMaTN4ecKoe perynuposaHue.

BoamyLyarowiee Bo3geiicTBue: BnuaHne BHelHUX ¢pakTopoB Ha 06bekT perynupoaHua OP, Bbi3bl-
BatoLLiee OTKNOHeHWe perynnpyemoro napameTpa ot 3afaBaemMoro 3HadeHua. BoamylatoLlee Bosgen-
CTBVE MOXXET ObITb BHELLHUM U BHYTPEHHUM.

Aarunk (0): NiamepunTenbHblii npeobpasoBaterib, BOCMPVHMAIOLLMIA perynmpyemblii napametp.

3agatoLee yctpoincTtso (3Y): OnemeHT aBTOMaTU4eCKOro perynatopa, NpUMeHAeMbI AnA HACTPOMKM
perynaTopa Ha 3afilaHHoe 3Ha4eHue X, , perynupyemoro napametpa.

WcnonHutenbHoe ycTpoinctBo: OnemeHT CAP, npegHasHa4YeHHbI gnAa HENOCPeACTBEHHOIO BO3aei-
cTBUA Ha 06beKT perynupoBaHuna OP. CocTonT 13 UCMONHUTESIbHOro MexaHnama VIM 1 perynvpytoLlero
opraHa PO.

WcnonHutenbHblll mexaHn3m: MexaHuam, ABnAowmiica GpyHKUMOHANbHbIM GrOKOM, NpeaHasHaYveH-
HbIM OMnA NepeMeLLeHns 3aTBopa perynupyoLlero opraHa PO.

O6bekT perynupoBaHua (OP): YcTaHOBKa UM TEXHOSOMMYECKNI KOMMMEKC, B KOTOPOM MPOUCXOanNT
n3MeHeHne napameTpa X u3-3a U3MEeHeHUA BO3MYLLAOLLMX BO3LENCTBUIN, UNN N3-3a N3MEHEHNA Ha-
rpy3Ku BCNeAcTBUE N3MEHEHNA YNPaBNAIOLLEro BO3AENCTBNA £Y perynaropa.

Cpepa perynupyemas (pa6oyana cpega): Cpena, nyTemM U3MeHeHNA KONMMYeCcTBa KOTOPO MPOM3Bo-
OMTCA U3MEHEHWE Harpy3ku obbekTa perynmposaHna OP ¢ Lenbio M3MEHEHNA PErynnpyemMoro napamve-
Tpa B MpoLecce aBTOMaTU4YeCKOro perynupoBaHuma.

Perynupytowumin opran (PO): YcTponcTBo, NpefHa3Ha4YeHHOe AnA N3MeHEeHNA KONUYecTea perynmpy-
emow cpefpbl.
Cuctema aBTomatnyeckoro perynuposaHua (CAP): 3amkHyTaAa guHammyeckaA cuctema, COCToA-

LWaA u3 obbekTa perynuposaHua OP n aBTomaTnyeckoro perynatopa AP , B3aumMogencTByoLmX Mexay
coboi.

CAP crabunusupyroiero peryniupoBaHuA (TEPMOCTAT): NOAAEPKMBAET perynipyemble na-
pameTpbl CTabUIbHbIMU, MOCTOAHHBIMY, HANPUMEP, PETYNUPOBAHUE TeMMepaTypbl NofaroLLero
TENNOHOCUTENA CUCTEMbI HAMOSIbHOrO OTOMMEHUA.

CAP nporpaMMHOro perynupoBaHWA: V3MeHAET 3Ha4YeHue perynipyemMoro napamerpa BO
BPEeMeHU Mo 3afaHHON MporpaMme, Harnpuvep, aBTOMaTU4eCcKoe CHWXKEHME Temnepartypbl Bo3-
fyxa B NMPON3BOACTBEHHOM 3[aHNUK B Hepabo4une OHU.

CAP cnepAwero perynupoBaHuA: obecrneyvBaeT U3MeHeHNe perynmpyeMoro napametpa B
3aBUCUMOCTW OT U3MEHEHMA OPYroro napameTpa, Hanpumep, N3MeHeHne Temneparypbl TeNo-
HOCUTENA CUCTEMbI OTOMMEHNA B 3aBUCMMOCTU OT U3MEHEHNA TEMMEepaTypbl HAPYXXHOro BO3ayxa
(no rpaduky LIKP).
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2.2. PerynaTtop

Benu4uHa paccornacoBaHnAa AX = (X - X, ): BenninHa oTknoHeHuA perynupyemoro napameTpa X
B MpoLiecce perynupoBaHnA oT 3HaYeHnA 3afaBaemoro napavetpa X, ,.

BpemA perynuposaHuA t,: Mepuop nepexoaHoro npouecca Mexxay nopadeit Ha CAP BHeLLHero Bos-
MyLLAIOLLEro BO3AEVCTBUA [0 NPaKTUHeCKOro OKOHYaHWA NepexodHoro mpolecca, Korga perynvpye-
Mblii NapameTp BXOAMUT B 30HY HEYYyBCTBUTENbHOCTM perynatopa.

AnHamnyeckan owmnbka AX,,,, . MakcymarnbHoe AuHaMn4eckoe OTKIOHeHne perynmpyemoro napa-
MeTpa OT HOBOIO YCTAHOBMBLLErOCA 3HA4YEHUA (ANA CTaTUYECKOro perynaropa) unm ot 3agaHHoro napa-

mMeTpa (and acTaTyeckoro perynatopa).

Mapametp 3agaBaembliin (3agaHHbIN) X, ,: SHa4eHne perynmpyemoro napamerpa, Kotopoe CTpemMAT-
CA NOMy4YnTb B YCTAHOBMBLLEMCA pexxumMe. BHocmTcA npy nomoLLm 3afatoLero YCTponcTsa perynaropa
ornepaTtopoM UMK Mo 3afaHHoW Nporpamme.

MapameTp perynupyembiii X: MNapameTp, 3Ha4yeH1e KOTOPOro Nnoamaep XmBaeTcA NOCTOAHHBIM UNu Me-
HAIOLLMMCA MO 3aJaHHOMY 3aKOHY.

MepexogHblii npouecc: MNpouecc perynupoBaHnA, HAYMHAIOLWWACA C MOMEHTA WU3MEHEHVA BO3MY-
LEeHNA B 0ObeKTe PerynpoBaHuns, 1 3aKaH4YMBaOLMINCA MO JOCTMXKEHWIO HOBOrO YCTAHOBVBLLErOCH
coctoaHuA CAP, nu6o no BosspatlieHnio CAP K npexxHemy 3Ha4eHuIo 3afaHHOro perynmpyemoro na-
pametpa.

Mopor He4yBCTBUTENbLHOCTU perynATopa (HeYyBCTBUTENbHOCTb) &: [lManasoH HayarnbHOro us-
MEHEHUWA perynMpyemMoro napameTpa, B KOTOPOM perynAaTtop He GopmupyeT ynpasnsmoLLEro curHana.
Benu4yuHa, paBHas NONoBMHE 30HbI HEHYBCTBUTENBHOCTY.

Curnan ynpaBnmou.wu?l +Y: BoixogHaA Benn4ynHa aBToMaTn4eckoro perynAatopa.

PerynAaTtop nepenaga gaBneHnA: ABTOMaTU4eCKUN perynaTop, NpefHasHa4YeHHbIn AnAa asTomaTunye-
CKOro noadepxaHvsa 3agaBaemMoro nepenaga gasBneHns Bogbl MeXay KOHTPOMbHbIMY To4KaMu otbopa
OaBlneHnA Ha TennonpoBojax.

PerynﬂTop pacxoga: ABTOMaTNYECKNIA perynartop, I'IpeﬂHa3Ha‘-IeHHblI7l anAa aBToMmatn4eckoro nogaep-
XXKaHUA 3agaBaemMoro pacxoga Boabl Ha perynmpyemMom y4actke unu anAa cUCctemMbl TeI'IJ'IOFIOTpe6J'IeHI/IF|.

PerynAatop Temnepartypbl: ABTOMATUYECKUN Perynatop, npeaHasHa4YeHHbln AnA aBTOMaTUHeckoro
noaaepXKaHna 3agasaemoin TeMrepartypbl BOfAbl UMM TemnepaTypbl Bo3dyxa B 06bekTe perynuposa-
HUA.

PerynAaTtop pa3HocTtn Temneparyp: ABTOMaTUYECKUA PErynAaTop, npegHasHayeHHbIn anA asTomaTu-
4YeCcKoro nogdep)xaHva 3agaBaeMol pasHOCTU Temnepatyp Wnu AnA aBToMaTtu4ecKoro ynpasreHuA
perynupyoLmM opraHoM npy BO3HUKHOBEHWW 3a4aHHON pasHOCTU Temneparyp.

CpaBHuBarouyee yctpoictso (CY): anemeHT aBToMaTnyeckoro perynaropa, GopMupyowmin Benn4u-
Hy paccornacosaHua AX nyTem cpaBHeHMA BXOQALLMX HA Hero Benun4uH perynupyemoro X 1 3agasae-
moro X, napameTpos.

AunanasoH perynupoBaHuAa: lHTepBan Mexxay 3afaHHbIMU Npegenamn U3MeHeHVs perynmpyemoro
napameTpa npv HOMUHANbHOM peXxrume paboTbl CUCTEMbI TEMonoTPebneH .

30Ha HeuyBCTBUTENbHOCTU perynATopa 2&: [nanasoH N3MeHeHUs PerynupyeMoro napamerpa, B
KOTOpPOM perynatop He ¢opMUpyeT yNpaBnAoLLEero curHana, PasHbI yIBOEHHOMY 3HA4YEeHWO mopora
HeYyBCTBMTENbHOCTH.

3oHa nponopunoHanbHocTn X,: 30Ha, B KOTOPOW [OMMKEH U3MEHATLCA perynupyembii napametp X
Npyi NOCTOAHHOM 3Ha4YeHWI 3aAaHHOro NapameTpa, YTobbl MOABUKHAA YacTb 3aTBOpa PerynupyoLLero
opraHa PO nepemecTunack OT OTKPbITOro COCTOAHNA A0 KPaiHEro 3akpbITOro MofoXeHs.

CraTtn4yeckaa HepaBHOMEPHOCTb perynnpoBaHuA (yCTaHOBMBLUAACA oluNGKa, ycTaHOBUBLUEeCA
paccornacoBsaHue) € = (X, - X,): Pa3HOCTb MeXAy yCTaHOBMBLUEMCA 3Ha4eHnem X, perynmpyemoro
napametpa v 3agaBaemblM 3HaveHnem X, perynupyemoro napamerpa. Xapakrepnuayet TO4HOCTb pery-
NMPOBaHNA N ABNAETCA NokKasarternieM kavyecTBa perynupoBaHuA ToNbKo ana ctatudeckux CAP.

30Ha HepaBHOMEPHOCTU — 411A NPOMNOpLUOHanbHbIX PerynAaTopos (aueeepeHuymnan - anAa 2-x no3vuu-

OHHBbIX perynaTopos) 2&: PasHOCTb MeXXAy MakCUManbHbIM Y MUHUMAbHbIM 3HA4YeHEM perynupyemo-
ro napameTpa B yCTAHOBMBLLEMCA PEXMME.

CrtpaHnua 9



B. B. [MoKOTWNOB: PerynupytoLiye KnanaHbl aBTOMATU3UPOBaHHbIX CUCTEM TEMO- U XONO4OCHA0KEHMSA

1. Cuctema aBTOMaTN4Y€CKOro perynnpoBaHmns

JaHHbln pasgen coaepXxut oblive ceefe-
HVA, HeobXoOuMble WHXXEeHepy-TEMnoTeXHUKY
npv NOAroToBKE 3afaHWA Ha MPOEKTUPOBaHUE
aBTOMaTM3aLUN MHXXEHEPHbIX CUCTEM Tenno-
noTpebneHuna. lpoekT aBTOMaTU3aUUKN pas-
pabaTbiBAaeTCA Ha OCHOBAHUW HOPMATUBHbIX
OOKYMEHTOB C 1CMOMb30BaHNEM peKoMeHaaumin
1 nocobuii No MPOEKTUPOBaHUIO aBTOMAaTU3a-
UMM yNpaBneHnAa WHXXEHEPHbIMKU Ccuctemamm
[4, 6...12, 16...23]. lpoekTt aBTOMaTM3aLMMN
paspabaTbiBaeTCcA HENocpedcTBEHHO creuu-
anuctamm no aBTomaTM3aumm B COOTBETCTBMM
€ mexHoroaudeckum 3agaHuem (T3), koTopoe
cocTaBnsaeTcA NH)XEHEePOM-TEMNOTEXHNKOM.
lMosTomy Ka4ecTBO NpoekTa asToMaTM3auun
cyLlecTBeHHbIM 06pa3om onpepensaeTcs NnosHo-
TOWM 1 KadecTBoM T3 Ha BbinoAHeHUEe npoekma
aBmomamusayuu YynpaBAeHUA UHMEHEPHbLIMU
cucmemamul.

ABTOMatu3aumMa  CaHWTaAPHO-TEXHUYECKMX
cucTeM npegnonaraer ynpaeneHne TakuMu
napametTpamu, kak Temnepartypa, pacxop,
JaBneHvne, nepenajg [faBneHuda, ypoBeHb, OT-
HOCUTENbHAA BNaXXHOCTb Bo3gyxa. Cucrtema
aBTOMaTU3aLWKN NpeacTasnAeT coboi coBoKymM-
HOCTb B3aMMOYBA3AHHbLIX CUCTEM, KOTOPbIE MO
dYHKUMOHaNbHbBIM MPU3HaKam YCroBHO noapas-
LenAT creayroLmm obpasom:

- aBTOMaTN4eCKNIN KOHTPOSb perynnpyembix
napameTpoB;

- MECTHOe U [OWUCTaHUMOHHOE YyrnpaBsneHne
TEXHONOrM4YECKM NMPOLIECCOM, YCTPONCTBaAMM U
NCMONMHUTENbHbIMU MeXaHU3MamMu;

- 3awuTHaA OnoKMpOBKa, UCKMoYatoLan
oLnboYHble gencTBMA 0OCMy>KM1BatoLLEro nep-
coHana u obecne4yuBatoLlan 3almTy obopyno-
BaHWA OT aBapui;

- curHanusaumAa CBeToBaA W 3BYKOBasA, WH-
dopmumpytoLlaa 0 COCTOAHUN TEXHONMOMMYECKNX
npoLeccoB 1 06 aBapuinHON cUTyauuu;

- aBTOMaTU4eCKoe perynmpoBaHmne TeXHOsOo-
rMYecKnx napameTpoB.

B coBpemeHHbIXx  aBTOMAaTM3MPOBaHHbIX

WHXXEHEpPHbIX cucTemax TennonoTpebneHua
obecneynBaeTcA Ka4ecTBeHHoe aHeproapdek-
TUBHOE yMpaBfieHne PerynupyemeiMn rnapamve-
Tpamu. 3TN CUCTEMbI OTNINYAKOTCA AMHAMUKON
N3MEHEHUA XapaKTEPUCTUK PErynupyemon cpe-
Obl B peaynsrate BO3AENCTBMA BO3MYLLAKOLLMX
$aKTopoB N NPOTUBOAENCTBUA UM C MOMOLLbIO
cucmembl aBmomamuyecKozo peasyaupoBaHuAa
(CAP). CAP cocTonT 13 3aMKHYTOW Mocnepfo-
BaTefIbHOCTM OTHAENbHbIX 3BEHbEB, XapakTepu-
CTUKW KOTOPbIX AOSMKHbI ObITb B3aMmocornaco-
BaHbl Mpu NpoeKTupoBaHUKN. poeKTnpoBLLK-
Ky-CaHTEXHUKY MPU MPOEKTUPOBaHNA CUCTEMDI
TennonotpebneHna Heobxogumo noaobpaTtb
no TpebyembiM XapaKTepucTkam OfHO U3
Hanbonee oTBeTCTBEHHbIX 3BeHbeB CAP, Ha-
3blBAEMOE UCNOAHUMEAbHbIM ycmpoltcmBom,
cocmoAawum B8 cBoro o4depegb U3 UCNOAHU-
meAbHo20 MexaHu3ma (VIM) u peayaupyrowjeco
opeaHa (PO). lMpaBunbHbIN NOAGOP [AOMKEH
NPeQoNpPenenATbCA He TONbKO TPamMOTHO Bbl-
MOMHEHHBIMM  TMAPABMYECKUMI  pacyeTamu,
HO 1 ONTMMarnbHO 3aMPOEKTUPOBAHHON CXEMOWN
aBTomatMsaumn. PekomeHgyem crneaytoLlyto
nocregoBaTtenbHOCTb B pa3paboTtke T3 Ha Bbl-
NofTHEHNE NPOEKTa aBToMaTu3aunm:

1. PaspabamsiBaemcAa ynpoujeHHaAa mex-
HoAO2UYECKAA NAOCKaAa cxemMa cucmemol
menaonompebAeHuUA ¢ HaHeceHueM npegBa-
pumenbHol  YnpouweHHol  pYHKYUOHaAbHOU
cxembl aBmomamusayuu.

2. Ha ocHoBaHuu ynpoujeHHolU mexHoAoeu-
yeckKoU cxembl BbinoAHAeMcA paboyuli Npoerm
cucmemsl menaonompebAeHUA.

3. lNocae BbinoOAHEHUA npoexkma cucmembl
menaonompebAeHUA npegBapumensHaa ynpo-
WeHHaa (yYHKYUoOHaAbHaAa cxema aBmomamu-
3ayuu ucnoab3yemca 8 rayecmBe 6asz080l
cxembl gaAa cocmaBaeHua bYHKYUOHAAbHOU
cxembl aBmomamusayuu mexHU4eckKoeo 3a-
gaHuAa Ha BbinoAHeHue npoekma aBmomamu-
3ayuu.

1.1. PekomeHpaunmn no coctaBfeHNIO TEXHONOrn4YecKoro 3agaHna Ha
BbIMNOJSIHEHNE NPOEKTa aBToMaTn3ayuun ynpasneHnA NHXXeHepHbIMI cuctemamm

TexHonornyeckoe 3apaHue (T3) Ha Bbinon-
HeHVe NpoeKTa aBToMaTn3aLumn B 6onbLUMHCTBE
crny4aeB He BXOQWUT B COCTaB MPOEKTHOW [o-
KyMeHTauum, noatomy rpadudeckas 4Hactb ”
TEKCT NOACHUTENbHOW 3annCKK BbIMOMHAOTCA B
npowssonbHon opme [9...12].

[paduyeckyto Hactb T3 xenarenbHO npeg-
CTaBnATb B yNPOLLEHHOM BuAe PYHKLMOHANbHON
CXeMbl aBTOMaTun3aLmm, COCTOALLEN U3 NIIOCKON
TEXHONOIM4YEeCKOM CXeMbl C HAHECEHHON Ha Hen
CXeMOi aBTOMaTU3aLum B YCrOBHbIX 0003HaYe-

HUAX NPUOOPOB 1 CPEACTB aBTOMAaTU3aLN.
TexHonornyeckaa cxema K3obpaxaeTca
ynpoLueHHo, 6e3 BcriomoratenbHbiX Tpybonpo-
BOJOB, MOKa3bIBAETCA TOMbKO Ta perynupyto-
LLaA 1 3anopHas apmarypa, kotopaa Henocpeg-
CTBEHHO WCMOMb3YETCA B yNPaBNEHUN TEXHONO-
rmyeckum npoueccom. Cxema BbINOMHAETCA B
YCNOBHbIX rpaduyecknx obO3HaYeHMAX C Co-
OTBETCTBYIOLLUMMU OYKBEHHBIMW KOgamu K HUM.
MpuHATbIE YCMOBHblE 00O3HAYEHWA yKasblBa-
toTcA Ha nucte rpaduyeckon Hactu T3. Cnox-
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Hble TEXHOMOrMYECKNE CXEMbl PEKOMEHAyETCA
PacyNeHATb Ha OTAENIbHblE TEXHONOrMYecKune
y3rbl U BbIMOMHATL QYHKLMOHAbHBIE CXEMbI
9TUX Yy350B B BMAe OoTAesibHbIX ‘-IepTe)KeVI.
Cuctema YcnoBHbIX 0003Ha4Y€HWUN OCHO-
BblBAaETCA Ha (QYHKUMOHASIbHBIX MpU3HaKax,
BbIMOMHAEMbIX npubopamu. JToboit  paTumk,
N3MepuUTeNbHbIA Npubop, perynatop v T.4. rpa-
duyeckn npepcTaBnAeTCA OKPY>XHOCTbIO WnK

annuncom (Tabnuua 1.1).

Tabnuua 1.1

YcnoBHbie rpadunyeckne 0603Ha4YeHNA
nNpu6opoB 1 CPeaCTB aBTOMaTM3aunn

HanmeHoBaHne

00603Ha4yeHMne

1. Mpunbop, ycTaHaBNMBaEMbI MO
mecTy (OCHOBHOE 0603Ha4eHue)

2. To e, gonyckaemoe
0603HaveHne

3. Mpubop, ycTaHaBnMBaeMblii Ha
LmMTe (OCHOBHOE 0603HAYeHNe)

4. To e, jonyckaemoe
0603HaveHne

O
O
O
O

5. lcnonHUTEenNbHbIN MeXaHn3M.
Ob6Llee 0bo3Ha4eHne

6. VlcnonHnTenbHbIN MexaHn3m
C OONONHUTENbHBIM PY4YHbIM
npuBOAOM

7
o

7. \cnonHUTenbHbIN MexaHn3m,
OTKpbIBAIOLLUMIA perynupyoLLmnn
opraH npu OTKNIOYEHUN 3HEPrum

8. lcnonHUTEenNbHbIN MEXaHn3M,
3aKpblBatoOLLMIA perynupyroLmnn
opraH npu OTKMOYEHUN IHEPT U

9. icnonHUTENbHbIN MEXaHWU3M,
KOTOPbIN NPpU OTKMKOHYEHUN SHEprum
OCTaBMAET PerynupyoLuii opraH B
HENn3MeHHOM MONOXKEHUN

10. PerynupytoLuin opra -
KnanaH

11. PerynupytoLunin opra -
3acrioHKa NoBopoTHaA

¥

7

+
<
A

12. JlnHnAa cBA3n

13.MepeceyeHne nuHMiA cBasn 6e3
coeaviHeHWA apyr ¢ gpyrom

14.MepeceyeHune NUHWN CBA3K C
coenHeHnem gpyr ¢ gpyrom

B BepxHelm 4actu OKpy>KHOCTU (annunca)
HaHocATcA OykBeHHble 0603Ha4YeHNA B criegyto-

e nocnegoBartenbHOCTU, OTpaxXkatoLLlen

- 3MEpPAEMbIV (perynupyemoiin) napameTp;

- YTOYHEHME N3MEePAEMOro napameTpa

(npw HeobxogUMoOCTH);

- GYHKUMOHanNbHbIe Npu3Haky npubopa.

B HKHEN YacTu OKpy>KHOCTU (annunca) Ha-
HOCUTCA MO3ULMOHHOE 0003Ha4veHne (undpo-
BOe Unn ByKBEHHO-LMPPOBOE), UCMONb3yemoe
ANA HyMepauun B aKCNnnkauumu obopynoBaHus,
a TakKXKe [AnA COOTBETCTBYHOLLMX CCbINIOK MO
TEKCTY MoAcHUTENbHON 3anunckn T3. MeToguka
NMOCTPOEHNA rpaduyecknx YCIoBHbIX 0003Ha-
YeHWn MoKasaHa Ha npumepe, NpuBeAeHHOM
Ha puc.1.1.

WsmepsembIi T
napamemp emnepamypa
YmouHeHue Mepenad
usmepsemozo memnepamyp
napamempa
oka3aHue
(DyHKLCUOHaJ'IbeIe
—— [MpusHaKu Peaucmpayus
s npubopa
X Asmomamudeckoe
L?é peaynuposaHue
jvol
&
=
YYYYY  rocredosamensrocms
Td IRC bykeeHHbIX 0603Ha4eHull
1 MecmononoxeHue

NO3UYUOHHO20 0b03HaYeHUs!

Puc. 1.1. Mpumep nocTpoeHua rpadpuyeckmx
YCINOBHbIX 0603Ha4YeHNI

Vcnonb3oBaHHble B [AaHHOM  MpuUMepe
(puc.1.1) OykBEHHble yCroBHble 0603HaYeHNA
copepxxar MosfHylo MHPopMauuto O MPUMEHS-
eMom npubope Mnpu nocrneaoBaTenbHOM Mpo-
YTeHUM OYKBEHHbIX KOJOB, a WMEHHO: Temre-
patypbl nepenag ( Td ) Bu3yanbHO nNpuGopom
nokasbiBaetca ( | ), cneumanbHbiM 0Opa3oM
peructpupyetca ( R ), npubop ocyLuecTensAeT
aBTomarmyeckoe perynuposaHue ( C ) no 3a-
JaHHOMY nepenagy TemnepaTypbl. Homep no-
31yun, B aaHHom npumepe Nel12, npumeHaeTcA
AnA ngeHtTudrKauum ¢ HoMepom no3nyun Npu-
bopa B akcnnukaumn obopydoBaHuA, a Takxe
LA CCbINOK MO TEKCTY TEXHNYECKOro 3afaHuA.

B tabnuuax 1.2. u 1.3. nokasaHbl npume-
HAeMble OyKBEHHble YCMOBHble 0003HaYeHuA
N3mMepAeMbIX NapamMeTpoB U GpyHKLMOHAmbHbIX
NpuU3HaKoB NprGOpPOB.
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Tabnuua 1.2

ByKBeHHble YCOBHble o603Ha4yeHUA

HeKOoTopbIX NPMBOPOB NnokasaHbl B Tabnuue 1.4.

n3mMepAeMbIX NapameTpos Tabnuua 1.4
Mpumepbl NOCTPOEHNA 0603HAYEHNI
Uamepsembiii 0O6Go3HaueHue, NPUGOPOB
yTOYHAoLee
O603Ha4YeHmne napametp
(NepBas 6ykea) obo3HayeHmne Ne
nepBoli 6yKBbl mn HanmeHoBaHne 0O603Ha4yeHmne
D nAoTHOCTL ) Jatuvk ana nsmepeHvsa Tem-
d ) pasHoCTb, neparypbl,  YCTQHOBJIEHHbIi
nepenag 1 |no Mecty (TepmoGanmoH,
TepMope3ncTop, TepmMonapa
nioas nT.n.)
E aneKTpuyeckas -
BENUYMHA
Jatuvk gnsa uamepeHua pac-
F pacxon - X0fa, YCTaHOBMEHHbI MO
COOTHOLLIEHNE, o |Mecty (KpbirnbHaTbI pacxopo-
f - nons Mep C OWUCTaHLMOHHOM nepe-
paden, Y3W pacxogomep,
G pasnnneep%“,:lg&%):ﬁgme, - SMEKTPOMArHUTHbIV U T.M. )
H py4HOe BO3aencTBue - [aTyvK AnA U3MepeHns ypos-
) aBTOMaTNYeckoe HA, YCTAHOBMEHHbIN MO MECTY
J - oberanue 3 | (maTymK aneKkTpuyeckKoro nnu
” BpENA, BpemMeHHanA ] €MKOCTHOrO ypOBHemepa U
nporpavma T.M)
L YpOBEHb -
Mpubop faAnAd  M3mepeHuA
M BnakHOCTb - Temneparypbl, yCTaHOBMEH-
j HbIl MO MecCTy (TepmomeTp
P Aasnexue, Bakyym 4 | cnuptosoii, Tepmometp 6u-
Q KOHLeHTpauusa, MeTannMyeckuin, TepMomMeTp
COCTaB, Ka4ecTBO ) MaHOMETPUYECKUIA 1 T.M.)
q ) WHTErpupoBaHue,
CymmupoBsarmne Mpubop and  M3mepeHuA
S CKOpOCTb, YacToTa - AaBNeHNA Unm paspexxeHuns,
5 |ycTaHOBREHHbIA MO  MecTy
T Temnepatypa - (nokasbliBatoLMin  MaHOMETP
MT.N.)
w macca -
Mpubop OnAa  uU3mepeHus
nepenaga AasfeHuWA, ycTa-
Tabnvua 1.3 6 |HOBNeHHbI no mecty (mo-
KasblBaroLWmin  gudmaHomeTp
ByKBeHHble ycnoBHble 0603Ha4YeHNA nT.n.)
PYHKLMOHanNbHbIX NPU3HAKOB NpNGopPoB
Perynatop Temneparypbl no-
0O603Ha4yeHmne m%)'y:ﬁmav)lzlé:nbng:g';“?%ngblgm 3ULMOHHBIN, YCTaHOBMEHHBIN
P P P 7 |no mecty (aunatomeTpuye-
A curHanmnsaumsa CKUIl 1N BrMeTannnyeckuin
c perynupoBaHue, aBToMaTn4eckoe C OMNEKTPUHECKNM MEpeKIlo-
yripaBeHme YaroLLMM KOHTaKTOM U T. 1.)
E JaT4uK, YyBCTBUTESbHbIA 3NIeMEHT
Perynartop Temneparypsl,
| nokasaHue YCTAHOBMEHHbII N0 MecTy
R peructpauns 8 (TepmocTaTtyeckan ronoska
KnanaHa papguartopa, TepMmo-
S BKINO4YeHne, BbiKINo4eHne cTatnyeckaa ronoBka C Ha-
T [MCTAHLMOHHASA Nepepaya KnagHbIM JaTHYKOM U T. 1.)
Q nporpammva 3agaBaemvasn Annaparypa, npepHasHa-
YeHHaAa [AnA pyyHoOro pawuc-
[na 0603Ha4YeHNs N3MepAeMbIX NapameTpoB g |T@HUMOHHOrO  ynpaBneHus, @
1 YHKLUMOHANbHbBIX MPU3HAKOB, HE OTPaXKeHHbIX yCTaHOBNEHHaA Ha  LuuTe
B NpUBEAEHHbIX B Tabnuuax 1.2 1 1.3 ycnoBHbIX gg?%:ﬁik E”T*?_I”) ynpasnexua,
0603Ha4YeHNAX, NPUMEHAIOT pe3epBHble OyKBbl i
B,U,Y,Zwu gp. PerynaTtop ypoBHsa C curHa- ACA
Mpumepbl  NOCTPOEHMA  0BO3HAYEHMIA 10 |nnsauven no BsepxHemy u| (="
HUKHEMY YPOBHAM
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B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

QyHKuMOHanNbHaA cxema BbINOMHAETCA B
BMOE 4YepTexka, Ha KOTOPOM CXemartudecku
YCNOBHbIMW 1300paXkKeHUAMI NMOoKa3bIBaloOT: TEX-
Hornorn4eckoe obopynoBaHme, KOMMYHUKaLUK 1
cpepgcTBa aBTOMaTM3aLumn ¢ HAHECEHNEM NINHWIA
CBA3M MeXay TexXHONorn4eckum obopynoBaHu-
em 1 cpeacTBaMy aBToMatm3auun, a Takxke C
HaHECEHUEM NINHWIA CBA3WN MEXOY OTAENbHbIMU
¢YHKUMOHANbHBIMKM  BGrioKamy 1 3ieMeHTamm
aBTOMaTUKW. JIHUKM CBA3M MOryT ObiTb BbIMOS-
HEeHbl TaKXXe B BUAE CTPENOK, yKa3blBad, Takum
obpasom, HanpasreHe BO3OENCTBUA.

PekomeHpyeTca onpegeneHHaAa nocnegosa-
TENbHOCTb B COCTaBMIEHUUN Ka)XAON U3 CUCTEM
aBTOMAaTU4YECKOrO KOHTPONA WnuM asBTomaTtn4e-
CKOro perynupoBaHua:

1. HameyvatoTcAa mecTa yCcTaHOBKM OaT4/MKOB
na3mepAembix (perynupyembix) napameTpoB.

2. Hamevarotca mecta yCTaHOBKU MCMOSH-
TENbHOro YCTPOWCTBA: PErynMpyIoLLIEro opraHa
(PO) ¢ ncnonHutenbHbIM MexaHmamom (MIM).

3. C nomoLLbo NMNHUIA CBA3WN COCTaBnAeTCA
nocrnepoBarenbHasa Lenb Npubopos (perynupy-
FOLLMX, MPOrpamMmmMnpyemblX, NCMOMHUTENBbHBIX Y
Op. YCTPONCTB) MeXXay AaTdvMkamu U UCMONHU-
TenbHbIMY ycTponcTBamu. [pn 3TOM MCMOnHK-
TenbHble U perynupylome npudopbl n3obpa-
>KalOTCA C MOMOLLbIO YCMOBHbLIX 0003HAYEHWIA,
oTpaXkaloLmx Tpebyemble QyHKLMOHAmNbHbIE
npusHaku npubopa.

B akcnnukaummn ycTpoicTs 1 npubopos aa-
eTcA pacluMdpoBKa YCMNOBHbIX 0O03HaYEHWI,
nprvBedeHHbIX Ha QyHKLUMOHANbHOW CXeme aB-
TomaTtnzaumun. MNpu coctaBneHnn T3 cnegyeT
orpaHuyMBaTbCA ANA NpUOOPOB YyKasaHUeM
TONbKO Tpebyembix Ansa HuX OYHKLUMOHANbHBIX
NPW3HaKoB, Ha OCHOBaHMU KOTOPbIX crneuua-

NUCT No aBTOMaTM3auMy GydeT NpPoeKTUpoBaTb
pasgen «ABTomarMsauuA...» C COOTBETCTBYIO-
LM MOAOGOPOM KOHKPETHbIX Mpubopos 1 06o-
pygoaHuA. oatomy B T3 npu coctaeneHun
aKCMNMKaLuun nNprubopoB MapKUpoBKa TeXHUYe-
CKUX CpepcTB aBTOMartmaaumn He MpuBOJnTCA.
OKCNNMKauuio TEXHUYECKNX CPEeACTB aBToMa-
TM3auuun, MoKasaHHbIX Ha ¢YyHKLMOHANbHON
Cxeme, peKoMeHAayeTcA BbIMONHATb TabnmnyHo ¢
yKasaHmem Homepa MO3ULIMOHHOIO 0bo3Ha4e-
HWA, HaMMeHoBaHUA Npubopa 1 Konu4ecTsa.

MoAcHUTENbHAA 3anucka JormkHa copep-
»XaTb Haubornee nomnHble cBegeHWsa, Heobxoau-
Mble anAa paspaboTKu NpoeKTa aBToMaTm3aumn.
CoctaB 1 nocnepnoBaTenibHOCTb  U3MOXEHUA
NMOACHUTENbHOW 3anunCcKn ABNAETCA NPOU3BOSb-
Ho. OgHaKo MOXXHO PeKOMeEHZOBaTb U3NoXke-
HMe B BULE CNeayoLLmMX pa3genos:

- OnuMcaHune CTPyKTypbl aBTOMaTU3aLumn KOM-
nrnekca BCEX NHXXEHEPHbIX CUCTEM MPOEKTA;

- onucaHne NPUHATBIX B MPOEKTe TEXHOSO-
TMYECKMX CXEeM U TEXHOMOrWN ¢ 0603HaYeHnem
MECTOMNONOXEHNA perynupyemblix (KOHTpOnupy-
€MbIX) MapameTpOoB;

- onucaHve OQyHKLMOHANbHBIX CXEM aBTo-
mMaTusaumn, npeacTtasBfeHHbiX B rpadnyeckon
yactn T3;

- OOMNONHMTENbHbIE CBEAEHMA MO OMNUCaHWUIO
rpaduyeckon 4actu, npumMmedaHus.

B kayecTtBe npumepa coctasneHuna T3 Huxe
NpvBEAEHbl BapuaHTbl COCTaBMEHNA YMPOLLEH-
HOWM YHKLMOHANbHON CXeMbl aBTomarmsaumu
NHAMBUAYaNbHOMO TEMMOBOrO MyHKTa U ynpo-
LeHHOW ¢YHKLUMOHANbHOM CXeMbl aBToMaTn3a-
U1 ABYX30HHOW CUCTEMbI BO3QYLLIHOIO OTOMnse-
HWA NPON3BOACTBEHHOIO NMOMELLEHUA.

Mpumep 1.1

Tpebyetca coctaButb T3 (Ha BbINOMHEHNE
npoekta aetomaTtusaumn WTM) B BUge ynpo-
LEeHHON pYHKUMOHANbHOW CXeMbl aBToMaTn3a-
umm UTTT n noACHEeHWN K HeR.

TexHonmornyeckyto  cxemy unsobpakaem
YNPOLLUEHHO, MOKa3biBaA TOMbKO Ty 3anoOpHYo
apmarypy, kotopasa HEenoCpefcTBEHHO MCMONb-
3yeTcA B ynpasfieHnn TEXHONOTrMYECKUM npo-
LleCCOM.

Ha puc.1.2 nsobpaxkeHa nnockaa TexXHo-
nornyeckaa cxema WTI ¢ npucoegmHeHviem
BOZOMOAOrpeBatesis ropA4ero BogocHabxeHnA
1 C 3aBUCUMbIM MPUCOEANHEHNEM CUCTEMbI OTO-
nneHna. Yaen cMeLleHnA npeacTaBneH TPexxo-
JOBbIM CMECUTENbHBIM PerynupyoLmMMm Knana-
HOM M CMeCUTENbHbIM HACOCOM Ha NnepemblyKe.
Ha TtexHonorudeckon cxeme WUTI1 nokasaHbl:
BBOA, TEMMOBbLIX CETEN, NMPUCOEQNHEHNE TEMMO-
obmeHHKa 1 cucTemMbl ropAYero BOOOCHA0-
YKEHUA, NpUCOeaNHEHNE CUCTEMbI OTOMNEHMA,

NpUCOeAVHeHNe CUCTEMbI  TeMnocHabXeHuA
kanopmdepoB MNPUTOYHbIX BEHTYCTAHOBOK, a
Takxke UMPKYNAUMOHHBIA Hacoc 3 ropAdero
BOAOCHabXeHnsA, Bogomep 4 XOnogHon Bofbl,
CMeCUTENbHbIA PerynupyroLnin KnanaH ¢ uc-
MONHUTENbHLIM MexaHu3mMom 15, cmecutensb-
Hbl Hacoc 2.

Mpu coctaBneHnn ¢yHKUMOHANBbHON CXEMbI
aBToMaTMsauun cnegyet npegycMoTpeTh:

1) y3en KOMMepPYecKoro yyeTta Konn4ecrsa
notpebnsaemoi TennoTbl Ha BBOAE TEMnoBON
cetu;

2) aBTOMAaTM4YeCKOE perynupoBaHue 3apaH-
HOro nepenaga gasneHuA Ha BBOAE TEMNOBOW
ceTy AnA BCexX CMCTeM TennonoTpebneHus;

3) aBTOMaTM4eckoe perynuposaHue 3a-
JaHHOW TemnepaTtypbl ropA4Yein BoAbl CUCTEMbI
ropA4ero BoAoCHabXeHus;

4) aBTOMAaTU4ECKOE pEerynmpoBaHvue Temne-
patypbl TennoHOCUTENA CUCTEMbl OTOMMEHWA
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B 3aBMCUMOCTU OT W3MEHEHWA TeMmneparypsbl

Hapy>KHOro Bo3gyxa rno rpaduky LeHTpanbHoro

Ka4eCTBEHHOro perynupoBaHus.
QyHKUMOHANBHbIE CXeMbl KaXKAOoWN U3 Cu-

H

CTeM aBTOMaTM4ecKoro KOHTPOsA Uny aBToMa-
TUYECKOro PerynupoBaHnAa BbiNOMHAEM crieqy-
toLLmm obpasom (puc.1.2).

779( 7 a @ B cucremy ropayero
’_

BOJOCHAOKEHNT

L Linprynaynonras
ropayero
3 BogocHabxeHns

K cucteme renniocHabmerns ; Q/
Kanopngepos p 5 4 W3B0g0nposoga
\ 4 f - <
£
e W 4 5 e Beucremy
m oronyienns
: b i ’_
W3 rennoBoi 10 E
cenn TE |
o] v il
PdC 2
A
e TE 8 TI_ Y a W3 cuctems
9 _.1—. H oronienns
—< g <
B renniosyro

cerp

Puc.1.2. Mpumep cocTaBneHna ynpoLleHHoM QyHKLMOHANbHOM CXeMbl aBToMaTn3auunm
WTM ¢ npucoeavHeHrem Bogonoforpesatend ropA4ero BOAOCHatXeHNA 1 ¢ 3aBUCKMbIM
npucoeguHeHnemM CUCTEMbI OTOMSEHUA

Cxemy yara KOMMEPYECKO20 yyema KOAU-
yecmBa nompebasemol menAomsel Ha BBOAE
TENnoBoOW CeTW BbLIMONHAEM, HayunHaAa ¢ 06o-
3Ha4YeHnA MeCTOMONOXeHUA AaTduMka pacxopa
TennoHocutenA 10 n gat4ymkoB Temnepartypbl 9
Ha nogaroLlem 1 obpaTHom TpybonpoBogae BBO-
pa TennoBon cetn. CHETYMK KOMMEpPHECKOro
y4yeTta 11 notpebnAaemon TennoTbl ¢ MOMOLLbIO
NNUHWIA CBA3N coeauHAaem ¢ gaTymkamu 9 n 10.
BykBeHHble kompl nprbopa 11 obosHavaT: Q
— KONNYECTBO TEMNOTLI; R - pernctpauua name-
PAEMOro Konu4ectsa Tennothbl; / - BU3yasbHble
NnokKasaHnA namepAemMoro Konmn4ectesa TensioTbl.
Mpubop ycTaHaBnMBaeTcA Ha LMTe aBToMaTu-
3aumm.

Cxemy aBmomamuyecKoego peasyaupoBaHuA
3agaHHoeo nepenaga gaBheHuA Ha BBofe Te-
MNMOBOV CETU BbINOSHAEM, Ha4MHas ¢ 06o3Haue-
HMA MECTOMONOXXEHNA ToHeK oTbopa AasneHna
Ha nojarwollenn n obpaTHON MarucTpansax c
MOMOLLIbIO NIMHWUI CBA3M, KOTOpble npucoeau-
HAeM K 0003Ha4YeHuo perynAatopa nepenaga
paeneHuAa 8. BykBeHHble koAbl perynAtopa 8
obo3HayvatoT: Pd — nasneHua nepenag; C - as-
TOMaTM4YecKoe perynuposaHne no 3agaHHoOMy
3Ha4eHuo. Mpubop ycTaHaBNMBaETCA MO MECTY.
HenocpepnctBeHHoe coeauHeHue npubopa 8
C perynupyrowymMm opraHom (knanaHom) yka-

3blBAET Ha MpUMeEHeHne perynAatopa npAMOro
LENCTBUA B BUAE EAMHOMO M3Fenna.

Cxemy aBmomamuyeckoeo peayaupoBaHuA
3agaHHoU memnepamypel 2opAa4vel Bogel cu-
CTeMbl TOpAYEero BOAOCHAGXEHUA BbIMOMHAEM,
HauMHaA c 0003HA4YeHUs MeCTOMONOXKEHNA
paryvka Temnepatypbl 18 Ha TpybonpoBoge ro-
pAdei Bogbl Nocne TennooOMeHHUKa, a Takxe
MecTa YCTaHOBKM PEerynupytoLlero opraHa Ha
nogaroLLem TpybonpoBoge NepBMYHOro Tenso-
HocuTena. C MOMOLLBbIO NMMHUIA CBA3WN COEeAUNHA-
eM JaTyumk Temneparypbl 18 u perynupytowmia
opraH c perynatopom Temnepatypbl 19. Byk-
BeHHble kogpl perynatopa 19 obosHavawoT: T
— Temneparypa; C — perynuposaxue. Mpubop
ycTaHaBnuBaeTcA No MecTy. HenocpencTseH-
Hoe coefuHeHue npubopa 19 ¢ perynupytoLmm
opraHom (knanaHom) npepgnonaraeT npume-
HeHne perynAaTopa npAMOro AencTBuA B BuAe
eaVHoro n3genua.

Cxemy aBmomamuyeckoeo peayaupoBaHuA
memnepamypbl  MENAOHOCUMEAS cucmemol
omonaeHuAa B 3aBucumocmu Om U3MEHEHUA
memnepamypbl HapysHo2o Boagyxa (no epa-
UKY YeHmMparbHO20 KavyecmBeHHO20 peayAu-
poBaHus) BbINONHAEM, HaunHasA ¢ 0603Ha4YeHUA
MECTOMONOXKEHNA fatyuka 12 perynmpyemoro
napametpa - Temneparypbl NogarLLero Tenso-
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HocuTena cuctembl oTornneHuAa. C MoMOoLLbIO
NVHWIA CBA3W COEAUHAEM AaTHuK Temneparypbl
12 n perynupytowun opraH 15 ¢ perynatopom
Temneparypbl 16. BykBeHHble Kogbl perynatopa
16 obosHavaoT: T — Temneparypa; C — pe-
rynmpoBsaHue; Q - 3agaBaemas nporpavmva, B
paHHom cnydae — rpaduk LIKP. Mpubop ycTa-
HaBNUBAaETCA Ha WWTe aBTomMaTusaumu. Jarymnk
Temneparypbl Hapy>KHoro Bosgyxa 14, gatuquk
TemnepaTypbl obpartHoro TennoHocutena 13
N NUHWA cBA3K 17 OTHOCATCA K KOMMIEKcy 3a-
jarlomx ycTpomncTs perynaTtopa. Hdartyuk 14
ABNAETCA 3NeMeHTOM crnefAllero 3agaroLlero
ycTpoincTea, otcnexusatrowlero rpaduk LKP,
Nno KOTOPOMY perynmpyeTcA Temneparypa no-

gasaemoro TennoHocutena. fartuuk 13 npeg-
HasHayeH anAa obecredeHuA perynaTopom 16
Temnepatypbl 00paTHOro TEennoHocuTenAa B
3aBMCVMOCTW OT TemnepaTypbl Hapy»>HOro Bo3-
fdyxa 3a CYeT CMeLLEeHUA OCHOBHOro Temnepa-
TypHoro rpaduka. NuHua ceAsm 17 obo3Havaet
CUrHan orpaHuyeHmA MakcumarnbHOro pacxoga
BOObl N3 TennioBon cetn Ha Beog B UTTT.

MaHomeTpbl 1 TEpMOMETPbI NoKasblBaroLLme
0003Ha4eHbl Ha cxeMe COOTBETCTBEHHO NO3u-
umAMn 6 n 7.

OKCMNuKauua TEXHUYECKUX CPeacTB aBTo-
mMartusaumm, nokasaHHbIX Ha ¢GyHKLMOHAaNbHOWM
cxeme puc.1.2, BbINOnMHeHa B Buge Tabnuubl
1.5.

Tabnuua 1.5
BKcnnmkaumAa TeXHN4YecKnx cpepcts asTomatnsauun TN
Ne
Ne n.n. nosnyun HanmeHoBaHune Konunyectso
1 1 BoponoporpeBatenb ropayero BogocHabeHus 1
2 2 Hacoc cmecutenbHbIn cuctembl otonneHna P=0.8kBT 1
3 3 Hacoc umMpKynAaumMoHHbI ropaYero BogocHabxeHns P=0.3kBT 1
4 4 Bopgomep ana xonogHon sofpl 1
5 5 O6partHblii KnanaH 3
6 6 MaHomeTp nokasbiBatoLuii 6
7 7 TepmomeTp nokasbiBaroLLMn 4
8 8 Perynatop nepenaga AasneHnA NPAMOro 4encTenA 1
9 9 Jatyuk Temneparypbl TEMNOHOCUTENA, NOMPY>XXKHOWN 2
10 10 Jat4mk pacxoga TenNOHOCUTENA Ha BBOAE TEMSIOBOW CETU 1
11 11 CyeT4MK KOMMEpPYECKOoro y4eTta noTpebnaemoii TennoTb 1
12 12 JaTyuk cuctembl OTOMNEHNA, NOrPy>KHON 1
13 13 [aTtynk Temneparypbl 06paTHOro TEMOHOCUTENA CUCTEMbI OTOMIEHUA, 1
norpyxHom
14 14 Jatyuk TemnepaTypbl HAPY>KHOro Bo3gyxa 1
15 15 McnonHutenbHoe yCTPONCTBO — TPEXXOA0BOW CMECUTENbHbIN KnanaH n 1
WCMNOSHUTENbHbIA MEeXaHU3Mm
16 16 CnepAawmin perynatop Temneparypbl NogaroLLero TennoHocuTena 1
17 18. 19 Perynatop Temnepartypbl ropAa4eii Bogbl CUCTEMbl FOPAYEro BOJOCHabXeHNA 1
’ NPAMOro AencTeunA
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Mpumep 1.2

Tpebyetca coctaButb T3 Ha BbINOSIHEHNE
npoekTa aBToMaTusaumy ABYX30HHOW CUCTEMbI
BO3AYLUHOrO OTOMMEHNA MPOU3BOACTBEHHOIO
nometueHna (puc.1.3).

VICTO4HMKOM TENNOTbI ANA LIEXOB 1 nomeLle-
HUA NPOW3BOACTBEHHOrO MNPeAnpuATUA ABNA-
eTcA KonbLeBas cuctema TennocHabKeHusa ¢
TemneparypHbiM Hanopom 10°C (85 - 75°C). MNMo-
CTOAHHbBIN Pacxof TENSIOHOCUTENA B KOMbLIEBOW
cucteme obecneymBaeTca  LUMPKYNALVOHHbLIM
Hacocom. K equHoM KonbLieBOW CUCTEME TErJIo-
CHab)XeHVA NMPUCOEAVHAIOTCA [BEe KOTelbHble,
a TaKkxe TPy CUCTEMbI OTOMNEHNA 34aHUN U Lie-
XOB MPeanpuATAA C MOMOLLbIO CaMOCTOATESb-
HbIX TMOpPaBNMYEecKUX paspgenuTenein o6LUMM
KONN4ecTBOM 5 LUTYK.

[NpucoegnHeHne K egUHON KONMbLEBOW CUCTE-
me TeI'IJ'IOCHa6)KeHI/IF| OBYX KOTeJbHbIX, a TaKXXe
CUCTEM OTOMMEHMA 3[AaHUN U LEXOB Npeanpu-
ATUA OCYLLECTBNAETCA C NMOMOLLbIO CaMoCTOA-
TenbHbIX TrMApaenuyeckux pasgenutenen. Ha
puc.1.3 nokaszaHa cxema npucoeanHeHuA cu-
CTEMbI OTOMMEHWA OJHOro U3 MNPOWU3BOACTBEH-
HbIX MOMELLEHUN K EQNUHON KOSbLEBOW CUCTEME
TennocHab)xeHns Yepes ruapaBnMyecKuii pas-
penutenb 1. OGbem NomelLleHVA pasgeneH Ha
[Be 30HbI, KaXXfaA 13 KOTOpbIX OTannueaeTcA

kanopupepoB BO3OYLLHO-OTONUTENbHbLIX arpe-
ratos coctasnAtoT 80 - 60° C.

TexHonornyeckyto  cxemy  u3obpaxaem
YMpPOLLEHHO, MokasbiBaa TOMbKO Ty 3aropHyo
apmarypy, KotopaA HemnocpefcTBEHHO UC-
nomnb3yeTcA B YMpasfieHUn TEXHONOrMYEeCKUM
npoueccom. Ha TEXHONOrmM4eckom cxeme mno-
KasaHbl: npucoeavHeHne CUCTEMbl OTOMMEHUA
K KOMNbLIEBOW crCTeme TennocHabeHua yepes
rmgpasnuyeckuin pasgenutens 1 ¢ NpuMeHeHu-
eM y31a CMeLLleHNA CO CMeCUTESbHbIM HACOCOM
3 1 TPEXX00BbIM KranaHom 4; npnucoegmHeHne
kanopmpepoB BEHTUNALUMOHHBIX arperatos 8.1
n 8.2 4yepes perynupytowie knanaHsl 10.1 un
10.2, a Takxke 4epesd BeHTUNN 9.1 n 9.2.

Mpun coctaBneHnn ¢yHKUMOHANbHON CXEMbI
aBTomarusaumu cnegyert npegycMoTpeTh:

1) aBTOMaTMyeckoe perynuposaHue Temne-
patypbl TEnnOHOCUTENA CUCTEMbl OTOMMEHMWA
B 3aBUCUMOCTM OT W3MEHEeHUA Temneparypbl
Hapy>XHOro Bosgyxa no rpaduky LieHTpanbHoro
KayeCTBEHHOro perynMpoBaHuns;

2) aBTOMATM4eCKOE perynupoBaHue 3apaH-
HOW TemnepaTypbl Bo3fdyxa B paboynx 30HaXx,
obcny>KnMBaeMbIX COOTBETCTBYIOLLMM BO3gYLU-
HO-OTOMMUTENbHBLIM arperatom 8.1 n 8.2.

DyHKUMOHarnbHYIO CXeMy crucTeM aBToMaTyi-
YEeCKOro KOHTPOMA Unn aBToMaTu4ecKoro pery-

CaMOCTOATENbHbIM  BO3AYLLUHO-OTOMNUTENbHbLIM NMPOBaHNA BbIMOMHAEM criedyloymM obpas3om
arperatom 8.1 n 8.2. Pac4éTtHble napameTpbl (pnc.1.3).
TENNOHOCUTENA  CUCTEMbl  TemnnocHabXkeHuA
85°C 1 82°c
> T 21 >
Konbiyesasd cucrema ~ Konbjesag cucrema
TeM/IOCHa0XeHNs k= TenyIoCHabxerns
g b
\WT j 6
81 82
—12 < 5
Y
b/ 7] 71— M

-

=
Tfo. i

. &
102

—

Puc.1.3. Npumep cocTasneHnAa ynpoLLEeHHON GYyHKLMOHANbHOW CXeMbl aBTOMAaTM3aLmMm gBYX30HHON
CUCTEMbI BO3YLLIHOrO OTOMMEHUA NMPOU3BOACTBEHHOIO NOMELLEHNA
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Cxemy aBmomamuyecKoeo peaeyaupoBaHuA
memnepamypbl  MEeNAOHOCUMEAA  cucmembl
omonaeHua B 3aBucumocmu om U3MEHEHUA
memnepamypbl HapysxHo2o Bosgyxa (no epa-
UKRY YyeHmpanbHo20 KavyecmBeHHO020 peayAau-
poBaHua) BbINOSIHAEM, HaunHasA ¢ 0603HaYeHNA
MECTOMONIOXKEHUA fartymka 7 perynmpyemoro
napametpa - Temneparypbl NogaroLlero Tenno-
HocuTena cuctembl oTtonneHuA. C MomoLLbio
NVHWIA CBA3W COEAUHAEM faTHuK Temneparypbl
7 1 perynupyoLLnin opraH 4 ¢ perynatopom Tem-
neparypbl 5. BykBeHHble kofbl perynAatopa 5
obo3HavatoT: T — Temneparypa; C — perynupo-
BaHue; Q - 3agaBaeman nporpamma, B JaHHOM
cny4ae — rpaduk LIKP. Mpubop ycraHasnvsaet-
CA Ha WuTe aBTOMaTu3auun. Jatdymk temnepa-
TYpbl Hapy>XHOro Bo3gyxa 6 B faHHOM cry4ae
ABNAETCA 9NEeMEeHTOM 3afaloLLero YCTPOWCTBa
perynartopa 5.

Cxemy aBmomamuyeckoeo peasyaupoBaHua
3agaHHol memnepamypsl Bo3gyxa 8 paboueli
30He, 06Cny>KMBaemMoli COOTBETCTBYIOLLMM BO3-
JyLwHo-oTonuTenbHbiM arperatom 8.1 unu 8.2,
BbIMOMHAEM, HauuHaA ¢ 0603HaYeHNA MecTomno-
NOXXeHWA JaTynKa perynmpyemor Temneparypbl
BHYTPEHHEro BO3gyxa. Y4uTbiBaa WHEPLUMOH-
HOCTb oTannMBaemoro obbema, MCrosib3yem

[ABYXMO3ULIMOHHbIe perynAaTtopbl 12.1 1 12.2 co
BCTPOEHHbIM [ATYMKOM, YCTaHaBnvMBaeMble Ha
BHYTPEHHEeN CTeHe B npepenax otannsaemMbix
30H. bykBeHHble koAbl perynAaTopos 12.1 n 12.2
obosHauvatoT: T — Temneparypa; S — BKoYe-
Hue-BblKNtoYeHne. C MOMOLLbIO NNHUIA CBA3M
nokasblBaem BO3AEWNCTBME [BYXMO3ULNOHHbIX
perynatopos 12.1 n 12.2 Ha coOTBETCTBYIOLLME
knanaHbl 10.1 1 10.2 ¢ ABYXNO3ULNOHHBLIMU NpU-
Bogamu (unu Tepmonpusogamun). MapannensHo
knanaHam 10.1 n 10.2 yctaHoBneHbl H6anaHco-
Bble BeHTUNM 9.1 n 9.2, yepes KoTopble Henpe-
pbiBHO npoxoanT 10% pacxoaa TennoHocuTensa
OT nonHoro Tpebyemoro pacyeTHOro pacxofa.
[MocToAHHaA npoTeyka TensmoHoCUTENA Yepes
BeHTMNM 9.1 1 9.2 Heobxogvma AnNA MNpeaoT-
BpalLleHUA 3amopakMBaHWA TensroHocUTenA
npy OTKIIOYEHHOW OTOMUTENbHOW YCTaHOBKeE.
BkntoyeHve arperatos 8.1 n 8.2 ocyLiecTena-
€TCA C MOMOLLbIO COOTBETCTBYIOLLMX MYNbTOB
11.1 n 11.2. BykBeHHble kogbl nynstoB 11.1 ©
11.2 obosHavatoT: H — py4Hoe Bo3gencTene; S
— BKIIOYEHMe-BbIKINoYEeHMe.

OKCMNnKauua TEXHUYECKUX CPeacTB aBTo-
mMartusauum, nokasaHHbIX Ha ¢GyHKLMOHAaNbHOWM
cxeme puc.1.3, BbINonMHeHa B Buge Tabnuubl
1.6.

Tabnuua 1.6
3KCI'IJ1I/|KaL|IlIFI TeXHN4YeCKunx cpeancts aBTomMmatnsaunn AByX30HHOI7I
CNCTEeMbl BO34YLUHOro otonJyieHnA npon3BoacTBeHHOro nomeLwgeHnA
Ne Ne
nn. | nosuymm HanmeHoBaHune KonnyectBo
1 1 MMopaBnuyecknin pasgenuTenb 1
2 2 BanaHcoBbIn BeHTUNb Ha nogmece 1
3 3 Hacoc cmecutenbHbi cuctembl otonneHna P=0.3kBT 1
4 4 WcnonHutenbHoe yCTPOMCTBO — TPEXXOAOBOW KnanaH 1 UCNOMHUTENbHbIN 1
MexaHn3m
5 5 CnepgAawmin perynaTop TeMmneparypbl nogaroLLero TensioHocMTenA 1
6 6 Jatyuk TemnepaTypbl HAPY>KHOro Bo3gyxa 1
7 7 [atyuk Temneparypbl TENNOHOCUTENA, NOTPYXKHOWN 1
8 8.1,8.2 Bo3apgyLHO-0TONMTENBHBIN arperar 2
9 9.1,9.2 BanaHcoBbI BEHTUINb 2
10 10.1 10.2 McnonHutenbHoe yCTpoNCTBO — ABYXXOQ0BOW KranaH u 2
o OBYXMNO3ULMOHHbBIN UCMIOMHUTENbHbIA MEXaHU3M
11 11.1,11.2 MMynbT BKNOYEHMA BO3QYLLUHO-OTONUTENbLHOIO arperara 2
12 121 122 [BYXMO3MLMOHHbBIA perynatop Temneparypbl Bo3gyxa B otTannMsaeMon 5
= 30He NPOM3BOACTBEHHOrO NOMELLEeHNA
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B npuBefeHHbIX Npumepax nokasaHo, Kak ¢
MOMOLLbIO YCIIOBHbIX 0603Ha4YeHNin Npyu Nogro-
ToBKe T3 Ha BbINONHEHME NPOeKTa aBTomMaTn3a-
LI MOXKHO COCTaBnTb 0003HaYeHWA YCTPOCTB
CUCTEMbl aBTOMATM4YECKOro PEerynmpoBaHnAa U
CXeMbl aBTOMatu3aumMM Ha OCHOBaHUWM TONbKO
nuwb TpebyemMbix GYHKLMOHATbHBIX NMPU3HAKOB
npubopoB, npenocTaenAas, Takum o6pasom,
cneuwanucTam no aBTomaTn3aunm BbinofHEHNE
KOHKPETHOro no,q6opa X TUNMOB N TEXHNYECKNX
xapakTepucTuk. loAcHuTenbHaA 3anucka co-
LOEePXUT Hanboree NorHblii NnepeveHb Tpebosa-
HWUIA K NPOEKTUPyeMon CUCTeMe aBToMaTmaaunm
N COCTaBIAETCA B MPOM3BOSIbHON dpopMe.

TepmuHonorna B obnact asTomatusauum
umeeT ocobyio creumduky. B cnegyollem
pasfene faHbl o0LMe CBepeHnsa O cucTemax

aBTOMaTU4eCKOro perynupoBaHnAa Ha npumve-
pax aBToMaTM3auumn pasnmyHbiX CUCTEM TENso-
noTpebneHuna. Manaraembiii matepuan npepn-
HasHayeH [nA crneymanucToB-CaHTEXHUKOB,
NO3TOMY B OMMCaHUW MPUHATHI onpefeneHHble
ynpoulieHuA. NMpumeHAemble B crucTemax Tenso-
noTpebneHna CoBpeMeHHble aBTOMaTU4eckKne
PErynAaToOpbl HE VMEIT CheuuanbHbIX TEXHWU-
YecKux YCTPOMCTB MO peanusauum obpaTHoun
cBA3n. B OCHOBHOM MpuUMeEHAIOTCA nponop-
LMoHarbHble perynATopbl NPAMOro AENCTBUA,
[BYXMNO3ULNOHHbIE PErynATopbl, 3NEKTPOHHblE
n umdposble MO-perynaTopel, obnagatoLime
Kak Obl «BCTPOEHHOW» OTpuLaTenbHon obpart-
HOWM CBA3bIO 1 MOSTOMY OMUCaHWM ObpaTHoOM
CBA3M B AanbHeNLWeM He ygenaeTca JocTaroy-
HOro BHUMaHMA.

1.2. 06u.w|e cBegeHnA o cnucrtemax aBtoMmarn4eckoro perynmnposaHinAa

3agadven aBTOMATM4YECKOro  perynuposa-
HUA ABNAETCA nopaep)xaHne B OrnpefeneHHbIX
npegenax UM Ha NOCTOAHHOM YPOBHE TOro Unmn
MHoOro napametpa (TemnepaTypbl, AaBreHuA,
pacxoja U Aap.) TEXHOMOrMYeckoro npotecca.
Mog pencTBsMem BHELIHEro BO3MyLLaoLLero
BO3QENCTBNA MPOUCXOOUT OTKIOHEHME pe-
rynupyemoro napametpa oOT 3agaBaemoro
3Ha4vyeHnA. ABTOMaTUYECKUIN perynAaTtop Ccos-
JaeT perynupyioLlee BO3AeNCcTBUE, MO 3HaAKy
NPOTUBOMONIOXXHOE OTKIOHEHUIO MapameTpa.
Takon TN CBA3U Ha3blBAeTCA OTpuLIaTENbHOMN
obpatHoii cBA3bto. Takum obpasom, cucTema
aBTomartmnyeckoro perynuposaHusa (CAP) — ato
3aMKHyTaa AuHamm4eckaAa cuctema ¢ oTpuua-
TenbHON obpaTHOW CcBA3bIO. [aHHbIN NPUHLMM
perynmpoBaHnA Nno OTKIOHEHUIO PErynmpyemMo-
ro napametpa (npuHumn Mon3yHoBa) mcnonb-
3yeTCA NpW MOCTPOEHMU MNPaKTUYECKN BCEX
CAP Tennonotpebnsatowmx cuctem. B teopum
aBTOMAaTM4YECKOro perynupoBaHna paccmarpu-
BaeTcA TakXKe MPUHUMN perynupoBaHma o
BO3MYLLIOLLIEMY BO3AENCTBUIO U KOMOWHUPO-
BaHHbI NPVHLUMN PETYNNPOBaHUA, KOTOPbIE, KakK
Npasuiio, He NMPUMEHAIOTCA NPY aBToMaT3auun
cucTeM TennonoTpebneHuns.

CAP moXxHO KnaccuduumpoBaTb MO HasHa-
YEHUIo:

- CAP cTabunuaunpyoLlero perynvmpoBaHus;

- CAP cnepgAllero perynmpoBaHus;

- CAP nporpammHOro perynmposaHua.

CAP crabunuaupytoLliero perynmpoBaHus,
Ha3blBaemasa TakXke TepMOCTaToM, MopAepXu-
BaeT perynupyemble napameTpbl CTabWnbHbI-
MW, MOCTOAHHBIMWU, HaNpUMep, perynupoBaHne
Temnepartypbl BOAbl CUCTEMbI HAMOMbHOIO OTO-
nnexHnA.

CAP cnepswero perynupoBaHus obecrie-
YMBaeT M3MEHEeHWE perynnpyemMoro napameTpa

B 3aBUCUMOCTW OT M3MEHEHWA Apyroro napa-
mMeTpa, Hanpumep, W3MeHeHue Temneparypsbl
TENMNOHOCUTENA CUCTEMbI OTOMMEHNA B 3aBUCU-
MOCTU OT U3MEHEHUA TemnepaTypbl HapyXHOro
Bo3gyxa (rno rpadpuky LIKP).

CAP nporpamMMHOro perynMpoBaHusa uame-
HAET 3Ha4eHue perynupyemoro napamerpa BO
BPEMeHW MO 3afjaHHoW nporpaMme, Hanpumep,
aBTOMaTn4eckoe CHIDKeHne Temneparypbl BO3-
fyxa B MPOW3BOACTBEHHOM 3faHun B Hepabo-
4yne nepuogpl.

Cucmemol  aBmomamuyeckoeo peayAau-
poBaHua CAP HasblBalOT 3aMKHYTYO AuHa-
MWUYECKYIO CUCTEMY, COCTOALLYI0 U3 obbexkma
peayaupoBaHua OP wn aBmomamu4ecKozo
peayramopa AP, B3anmMoaenCTBYIOLLMX MeXay
coboii.

Ob6vermom peayaupoBaHua OP HasbiBatoT
YCTAHOBKY WNN TEXHONOMMYECKNA KOMMMEKC,
B KOTOPOM MPOWNCXOAMT U3MEHEHWNE perynupy-
€eMOro napameTpa noj BIUAHUEM U3MEHEHWUN
Harpy3ku (BO3MyLLAIOLMX BO3OENCTBUNA) UNn
yNpaBnALLEro BO3OeNCTBMA aBTOMaTN4ECKOro
perynartopa.

ABmomamuyeckum peayaamopoM  Ha3bl-
BalOT YCTPONCTBO, obecneynBatoLlee nopnep-
)KaHue perynMpyemMoro napamerpa B 00ObekTe
perynmpoBaHus Ha 3ajaBaemMoM ypoBHe, nnubo
€ro M3MEHEeHVe No 3aJaBaemMoMy 3aKOHY Wnu
B 3aBMUCMMOCTW OT Apyroro napamerpa. ABTO-
MaTU4eckuii perynatop BknodaeT B ceba He-
NMoCpeaCcTBEHHO PErynATop, a TakXe UCNOAHU-
menbHoe ycmpoticm8o.

K peayramopy nogkniovaroTca:

- Ha Bxoge - gamuyuK (A) n3mepAemoro
(perynupyemoro) napametpa wu 3agarouee
ycmpoucmBo  (3Y) 3apaBaemMoro 3Ha4deHuA
perynupyemoro napameTpa;
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- Ha BbIXOfe — UCNOAHUMEAbHOE Yycmpou-
cmBo, KOTOpPOe B CBOK O4Yepefb COCTOUT U3
UCNoAHUMeEAbHO20 MexaHusma (VIM) u pesyau-
pyroweeo opeara (PO).

Peayanamopebl MOXHO  Knaccuduumposatb
cneayowmm obpasom.

1. Mo Ha3Ha4eHuro:

- perynatopbl Temneparypbi;

- perynAaTopbl pa3HoOCTX TemnepaTyp;

- perynatopbl AaBrneHus;

- perynatopbl Nepenaaa AaBneHus;

- perynaTopbl pacxoga;

- perynaTopbl ypoBHA 1 Ap.

2. Mo cnocoby geticmBua:

- NPAMOro AeNCTBWA, KOTOPbIE ANA perynupy-
loLLIero BO3MECTBMA Ha 0OBbEKT perynupoBaHua
NCMONb3YIOT SHEPruio Perynupyemon cpeapi;

- HenpAmoro AencTBuA, KOTopble AnA pery-
NVpytoLLIero BO3AENCTBUA Ha OOBLEKT perynu-
pOBaHWA UCMNOMb3YHOT JHEPrno NMOCTOPOHHENO
NCTOYHMKA (SNeKTpUYecKyto 1 ap.).

3. o xapakmepy peayaupyroujezo Bosgeu-
cmBua (no xapakmepy nepeMeujeHuUAa peayau-
pyrowjeco opeaHa):

- OUCKPETHOro (MpepbiBUCTOr0) AEencTBuMA:
NO3NLUMOHHbBIE, peneiHble, UMMYNbCHbIE;

- HEenpepbIBHOrO [AENCTBUA: CTatu4eckme
(nponopuuoHanbHble [1-peayaramopel), actatu-
yeckne (MHTerpanbHble V-peayramopsi), N30-
OPOMHbIE (NMPOMOPUMOHANbHO - MHTEerpanbHble
l-pecyramopebl), NPONOPUNOHANBbHO — UHTE-
rpansHo — anddepeHumnansHble (MA-peeyra-
mopel).

[MpUMEHAIOTCA B OCHOBHOM 311EKTPOHHbIE ©
undposble MNMNO-perynATopbl 1 ABYXNO3ULNOH-
Hble PEerynAaTopbl, a TakXxe NponopumnoHasbHble
perynAaTopbl NPAMOro AencTBuA.

Haunbonee pacnpocTpaHeHHbIMU ABNAOTCA
ctabunusnpytowe CAP, npepgHasHaveHHble
OnA noagep)KaHuAa 3Ha4YeHuA perynupyemoro
napameTpa Ha 3agaHHOM YpPOBHE.

Ha npumepax aBTomatusauun Havbonee
pacnpocTpaHeHHbIX cuUcTem TennonoTpebne-
HUA noAcHuUM cTpykTypy CAP.

Ha puc.1.4 n 1.5 nokasaHa cucrema aBToO-
MaTU4eCKOro perynmpoBaHuAa  Temnepartypbl
BO34yXxa B MOMELLEHUN C OOQHMUM OTOMUTENbHbLIM
NprGOPOM MpY NOMOLLU PaanaTopHOro Tepmo-
crara.

Obvekmom peayAupoBaHuA ABMAETCA OT-
annueaemoe nomeLyeHme (B TOM YMCHe: CTEHb,
rnonbl, NOTonkK, Mebenb, pagmaTop ¢ TEMOHO-
cuTenem, ngu B noMeLLeHnn).

Peayaupyembiti napamemp - Temneparypa
BO3[yXxa NomeLLeHNA.

icred
e

ABTOMaTIYECKNIA

perynaTop
3apatoliee ycTpo

|

/t4

O6bexT perynuposaHvst

€ryNnATop Temneparypbl BO3A,

arypbl

PerynupyloLLyii oprax, YCTPOUCTBO

VAcnonHuTenbHbIA MexaHuam ' VicnonHuTensHoe

Jatunk Temneg

O6bexT perynuposaHxvst

Puc.1.4. ABTOMaTn4eckoe perynmposaHue
Temneparypbl BO3gyxa B MOMELLEeHUN ¢
NMOMOLLbIO TepMocTaTa ¢ AMCTaHLUMOHHON
perynmpoBKou

Gs
McT?O
B

ABTOMaTiYECKMIA
perynsTop

PerynupytoLuit opra

O6bexT perynuposats

|

paTypel Bo3ayXa 3ajatliiee yerpo

€rynaTop Temneparypbl Bo3ayxa

VACTonHUTENbHbIA MEXaHN3M

epmocTaTiyeckas ronoeka, KOTopas BKMK4aeT B Ce

[latumk Temne)

P

e

5'/

OGbEKT perynupoBaxms

Puc.1.5. ABTOMaTn4eckoe perynmposaHmne
Temneparypbl BO34yxa B MOMELLEHUN C
MOMOLLIbIO TEPMOCTATUYECKON FONOBKN

KnanaHa paguaropa

Tennosbie 803MyWeHUS COCTOAT U3 8HeW:-
HUX meriosbix 803MyWeHUl (CTOK TENMOThLI B
BMAE TENNOBLIX NOTEPL MOMELLEHUSA U NHDUIb-
Tpauun Hapy>XHOro XOrogHOro BO3dyxa 4epes
HapyXHble OrpaxaeHus, MpUTOK TENnoTbl B
BMAE COMMHEYHOTO U3Iy4YeHus1 Yepe3 CBETOBblE
npoembl), U BHYMPEHHUX MENI08bIX B03My-
wieHull OT TNOA4EN, 3NEKTpUYecknx npunbopos,
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a TaKke OT oTONMTENbHOrO Npubopa, BENMYMHa
TEMMOBOW Harpy3kn KOTOPOro M3MeHsieTcs as-
momamuy4ecKuM pezyrnsimopom.

Asmomamuyeckuli  peaynsimop, MNony4nB-
WKWA Yy ChneuManncToB-CaHTEXHUKOB Ha3BaHWe
«paamaTtopHbIi TEpMOCTaT» COCTOMT B 060MX
cnyyasax (puc.1.4 mn 1.5) n3 perynupytoLiero
KnanaHa (peeynupyrouwez2o opeaHa PO) c
YCTAHOBMEHHbIM Ha HeM perynsaTtopoM TeM-
nepaTtypbl Bo3gyxa NO4 Ha3BaHWEM «TepMO-
cTatuyeckas ronoeka». OHa npepcTaBnsier
cobon nporopyuoHasnbHbIl  (cmamu4yeckudl)
peaynsamop ripsimo2o delicmeusi, COCTOALLMN 13
AaTyuka, TepMonpuBoda (UCrOMHUMEsIbHOZ0
MexaHu3Ma) N 3adaTuyMKa-rorioBKU, Mpu MOBO-
poTe KOTOPOW NPOUCXOAMT U3MeHeHne 3agaBsa-
€MOro 3HayeHusi perynupyemon Temneparypsbl
BO34yxa NMOMeLLEHMS.

Ha puc.1.6 nokasaHa cuctema aBtomaTude-
CKOrO perynvpoBaHnsi TeMnepaTtypbl BO3dyxa,
nogaBaeMoro B MOMELLEHUS MPUTOYHOW ycCTa-
HOBKOW.

Ob6bekmom peaynuposaHusi SABNSIETCS Npu-
TOYHas BEHTUNSALMOHHAsI YCTaHOBKa.

Pezynupyembili napamemp - Temneparypa
Bosdyxa t, mocre kanopudepa.

ObbexT perynupoBaxns A
—

Harp 3Ka TENNoBaA

Boamyluatoluiee BHyTPeHHee
TENnOBOE BO3EVICTBIE

~
T

Boamymaromee BHELLHee
TennoBoe Bo3aencTeie

Perynupyemas
cpena VcnonHUTenbHbIA MeXaHN3M VICTONHUTENbHOE

Perynupytowuuii oprax YCTPOWCTBO
T, T ABTOMaTi4eckuit perynarop

Puc.1.6. ABTOMaTn4eckoe perynmposaHune
Temneparypbl NPUTOYHOro BO3ayxa
BEHTUNALMOHHON CUCTEMbI

TennoBeie Bo3myuwjeHUA COCTOAT N3 BHelw-
Hux menaoBoix BosamyujeHull (BCNeacTeue
KonebaHuii Temmnepatypbl Hapy>KHOro Bo3fyxa
t, 1 konebaHuin Temnepatypbl nofgatoLlero Te-
nnoHocutena T cucTeMbl TennocHabXeHuA
kanopudepos), n BHYmpeHHUx menaoBbix Bo3-
mMyweHud ot Kanopudepa, Benn4mHa Tennoson
Harpy3kn KOTOPOro M3MEHAETCA 3a CYeT W3-

MEHeHUA Temneparypbl TenfoHocuTena ¢ Ha
BXxofe B kanopudep ¢ nomoLLbto aBmomamude-
CKO20 peaynamopa.

ABmomamudyecKull peayrAamop COCTOUT n3
[aTyyKa perynupyemMoin Temneparypbl BO3ayxa,
anekTpoHHoro [MVA-peeyramopa memnepa-
mypel Bo3gyxa ¢ 3agaroujum yempoucmBom u
UCNOAHUMEAbHO20 ycmpoticmBa, COCTOALLEro
N3 3NEeKTPUYECKOro cepsonpusogda (UCNOAHU-
MeAbHbIU MexaHu3M) N TPEXXOQOBOro CMecw-
TeNbHOro KnanaHa (peayAupyrouuti opaaH).

PerynuposaHve Temnepartypbl Bo3fyxa i,
OCYLLECTBNAETCA aBTOMATUYECKUM  peryns-
TOpPOM criegyromm ob6pasom. OneKTPOHHBbIN
PerynaTop M3MepaeT Temneparypy ¢ NOMOLLIbIO
Aartyumka, cpaBHMBaeT ee C 3agaHHblM 3HA4YeHN-
eM U NPy Hanu4umu paccornacoBaHuA Mexay
3HAYEeHWEM PErynMPYeEMO TemnepaTtypbl U
ee 3afaBaemblM 3Ha4yeHUeM co3gaeT ynpas-
MAWMA CUrHan Ha npuvBOL4 CMECUTENbHOIo
KrnanaHa, KOTOpbIl 3a CYET U3MEHEHMA Mpo-
nopuun CMeLuMBaeMblX MOTOKOB MoAaroLlero
T, n obpatHoro T, TennoHocuTenein 3mMeHaeT
Temneparypy Bo3ayxa t; B HanpasneHun ee 3a-
[aBaeMoro 3Ha4eHuA.

Ha puc.1.7 nokasaHa cuctema aBTtomaTu-
YEeCKOoro perynuposaHuAa TemrnepaTypbl Tenso-
HOCUTENA CUCTEMbI HAMOSbHOIO OTOMMEHNA.

OBbekT perynupoBaHns

|
I
I l 3
D
(<]
> | 5|3
g =lo
=,
tr Harpyaka__ ¢ ;E’r 3
ro Tennosas A
N— — o
\ ==
v | ] [laTuvk TeMnepaTypbl BOAbI ==
Lt TepwobannoH | @a'e
@ Kanunnsp
N — 3apatoLLee ycTpoiicTso!
B L Perynatop |
WL TeMNepatyphi BOmbl
Y | A /cnonHuTtenbHblil MexaHuaM cnonHuTensHoe
Perynupytowwii opran | YCTPOICTBO

T, T \._ABTOMaTM4eCKMit perynsrop

\ Perynupyemas

cpena

Puc.1.7. ABTOMaTuyeckoe perynmposaHve
Temneparypbl TENNOHOCUTENA CUCTEMBI
HaronbHOro OTOMMNEHNA
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Obverkmom pezyrupoBaHuA ABNAETCA KOH-
CTpyKUUA oTtonuTenbHoro 6GeToHHOro nona c
TENNOnNPoBOAAMM B HEM.

Pezynupyemsbili napamemp - Temneparypa
TennoHocutena t_, nofaBaemMoro B KOHTYp Ha-
NONbHOro OTOMNJIEHUA.

TennoBvle Bo3myujeHUA COCTOAT U3 BHew-
Hux menaoBeix BoamyweHul (Tennosble Mo-
TEPU 4Yepes OrparkaeHuA, Ha HarpeeaHue WH-
bunNbTPyLOLLIErOCA Hapy>XHOro BO3ayxa, NpUTOK
TENNOTbI B BUAE CONIHEYHOMO U3My4YeHnA Yepes
CBETOBble NMPOeMbl), 1 BHYMpPeHHUX menAoBbix
BosmywjeHuli OT NoAen, aNEKTPU4ECKMX npu-
60opoB, a TaKXe OT OTOMUTENbHOrO GETOHHOro
nona, BenM4yrMHa TennoBOW Harpyskum KOTOporo
N3MeHAeTCA aBmomamuy4ecKuM pecyramopom.
OCHOBHbIM VMHAUKATOPOM TEMMOBbIX BO3MYyLLIE-
HUN ABNAETCA Temnepartypa BoAbl Ha Bbixode
13 OTONUTENbHOrO KOHTYpa T,. MNpun CHWXeHUn
3HayeHuA T, yBENMYBAETCA PacXof TensioHo-
cuTena ¢ Temneparypon T, aBmomamuyeckum
NponNopyUOHaAbHbIM Pe2yAamopoM NPAMOE0
geticmBusA.

Ha puc.1.8 nokasaHa cnctema aBTomatu-
YeCKOro perynupoBaHna TemnepaTypbl Tenno-
HOCUTENA CUCTEeMbl OTOMMEHUA No rpaduky
LeHTpanbHOro Ka4eCTBEHHOIO perynnmpoBaHuA.

:
|
|
|
|
|
|
|
}

|

|

[Jlatuuk Temneparypbl

JIE LTS
TeMneparypbl tH

HapyXHOro
BO3MyXa

3apatymk

Japawouee
YCTPOVACTBO
TENMoHOCKTENS

ennoHocuTens

Perynupytowee /TCY
YCTPOCTBO

AcnonHuTenbHbIA MexaHmam

r Perynupyemas cpefa;

 PerynTop rewnepanypyl

Perynupytowuwi opra A Cucrema

VcnonHutensHoe YCTpoicTBo oTonnexus

T, —< <
ABTOMaTHdeCkv perynstop  OBbEKT perynupoBaHis

Puc.1.8. ABTOMaTun4deckoe perynmposaHue
TemMmneparypbl TensIOHOCUTENA CUCTEMbI
OTOMMEHMA B 3aBUCUMOCTU OT USMEHEHUA
Temneparypbl HAPY>XHOro Bo3ayxa rno rpaduky
LleHTpanbHOro Ka4eCTBEHHOro perynupoBaHuA

Obvekmom pezyrupoBaHuA ABNAETCA CU-
cTema OTOMJSIEHMA.

Peayaupyembili napamemp - Temneparypa
TennioHocutena t, nogasaemoro B cuctemy
OTOMMEHMA B 3aBUCMMOCTU OT U3MEHEHMA TEM-

rnepartypbl Hapy>XHoro Bosfyxa t, no rpaduky
LleHTparbHOro Ka4eCTBEHHOIO PErynMpoBaHnA.

BoamyuweHuA cocTtoAaT u3 BHewHux B8o3my-
weHul (konebaHnA TemnepaTypbl Hapy>XHOro
BO3AyXxa) U BHYmMpeHHUx menaoBbix Bosmyuje-
Hul OT N3MEHEHNA TEMMOBOWN Harpy3ku cucte-
Mbl OTOMEHUA BCrieAcTBMe paboTbl CUCTEM UH-
OMBMAYanbHOrO PErynMpoBaHnA OTOMUTENbHbIX
npubopos. OCHOBHbIM UHANKATOPOM TEM0BbIX
BO3MYLLEHU ABNAETCA Temrneparypa oAbl Ha
BbIXOfle U3 OTOMNUTENbHOTO KOHTYpa T,

Peaynamop memnepamypbl menaoHocume-
/A BKIOYaEeT B ceba pesyaupyrowee ycmpod-
cmBo, 3agarujee ycmpoucmBo u gamuyuk
perynvpyemon Temneparypbl TemnnoHOCUTENSA.
Ynpasnawowmin curHan gna ucnoAHUMmMeAbHOZ20
yempoucmBa  ¢opmupyetca [MNO-perynato-
poOM 2 B 3aBMCMMOCTU OT BEMMYUHBI N 3HAKa
paccornacoBaHmA Mexpy U3MepeHHON Temmne-
patypoi ., KOHTponVpyemoii aat4mkom 1, 1 3a-
AaBaeMoun TemMnepaTypon f,, 3Ha4eHne KoTopoi
dopmupyetca sagarowum ycmpoulcmBom, co-
cToAWMM 13 gatymka 3 1 3agatyvka 4. C no-
MOLLIbIO 3afaroLLero ycTponctea popmupyeTca
3aKOH M3MEHEHNA 3aaBaemMoro 3Ha4eHua t. B
3aBMCMMOCTW OT 3Ha4yeHunAa TemnepaTypbl Ha-
py>xHoro Bosgyxa t,, (rpaduk LIKP).

HicnoanHumensHoe ycmpoticmBo coctout
N3 COOTBETCTBYIOLLUX APYr Apyry no CBOMM Xa-
PaKTEPUCTKaM TPEXXOOOBOr0 CMECUTENbHOMO
KnanaHa (peayaupyrouyuli opaaH) N anekTpu-
4YecKoro cepsonpusofa  (UCNOAHUMEAbHbIU
MexaHu3m).

Bce npuBefeHHble NpyMepbl NpeacTaBnaoT
coboii  AMHamuyeckn B3aVMOQENCTBYIOLLYIO
3aMKHYTYIO CUCTEMY, COCTOALLYIO U3 0ObeKma
peayaupoBaHuAa u aBmomamuyeckozo peay-
AAmMopa u HasbiBaemyro cucmemol aBmoma-
mudyeckozo peayrupoBaHua (CAP). CTpykTypa
Takol cuctembl B 0006LLEHHOM BUAeE nokasaHa
Ha puc.1.9.

CoctoaHune obvexkma peaysupoBaHua B
TEeYeHne Npouecca perynmpoBaHnA Xxapakrepu-
3yeTcA BeNNYMHON OTKNOHeHUA +AX 3Ha4YeHuA
perynupyemoro napametpa X OT 3aJaBaemMoro
3Ha4yeHuA XSAA. OTknoHeHne +AX BO3HMKAET B
pes3ynbrare N3MeHeHUA Benu4uHbl Boamywaro-
wux BosgelticmBuli (BHELLHNX U BHYTPEHHMNX), a
TaKXe 13-3a UBMEHEHUA BENUYNHBI HA2pY3KU.

B cuctemax tennonotpebnexHuns Boamyuje-
HUA HenpepbiBHO U3MEHAKTCA B Ty UM NHYKO
CTOPOHY, 1 COOTBETCTBEHHO HEMPEPLIBHO N3Me-
HAETCA u3mepAeMbln napamemp X, OTKNOHAACH
OT 3afjaHHoro 3HadeHua X,,,. Haspyska us-
MeHAEeTCA aBmomamuyecKuM peayramopom B
HanpasneHnn, NPOTMBOMONIOXKHOM HanpaBneH-
HoCTW Bo3myueHuti. PerynaTtop Takum obpasom
CTPEMMUTCA BEPHYTb 3HAYEHUE Perynupyemoro
napametpa X K 3agaHHoMy 3HadeHuo X, .

CuvrHan o 3HayeHun perynupyemoro napa-
MeTpa MoCcTynaeT Ha BXof aBmomamuy4ecKozo
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peayramopa, KOTOpbl WN3MEHAET Harpysky
obbekTa perynmpoBaHus.

ABmomamudyecKull peayramop BKNOYaeT
B cebA HemocpeACTBEHHO pesyAamop, Ha BXOR
KOTOpOro nogknto4aeTcA gamyuxk A unamepse-
MOro napameTpa, a Ha BbIXOf — UCNOAHUMEAb-
Hoe ycmpoticmBo.

Pezyramop cpaBHMBaeT 3afaHHbll napa-
METP XSAH, 3afiaBaeMblil C MOMOLLIbIO 3agarouje-
2o ycmpoucm8Ba, ¢ perynmpyembiv napameTpom
X 1 nonyyeHHyto BeAudyuHy paccoenacoBaHuA
+AX npeobpasyeT B ynpaBasroujul cusHan
+AY, BO3OENCTBYIOWMA Ha paboTy UCNOAHU-
meAbHO20 ycmpoticmBa.

HicnoanHumensHoe ycmpoticmBo BO3Len-
CTBYET Ha perynupyemyto cpefly, UaMeHaa noj
JencTBMeM ynpaenAwooLlero curHana, nocty-
natoLlero oT perynAtopa, Harpysky o0bekTta
perynuposaHua. cnonHutenbHoe yCcTPONCTBO
COCTOUT 13 ABYX 3NEMEHTOB - UCNOAHUMEABHO-
20 mexaHusma VIM u peayaupyrouwje2o opeaHa
PO.

— - Hapyxa Boawywatouee
WenonnutensHoe BOSL[eI;ICTBMe
‘ YCTPOIACTBO
| [Peymppoun | ObbexT perynupoBaHms
P opran | > oP
|
% ‘ PO ‘
=l t \ N B
x| | ,_ [aruug
§ | | MicnonwwrensHii | l perynupyemoro napamerpa |
2] MexaHuaM | | | |
g, ‘ | L=
gL j———— | 7
Al__ fJIi'AXz(X'Xaa;{) X Xsag |
| BennunHa Perynupyembiit | 3anasaemblit |
lpaccornacoaaHMﬂ napametp napamerp |
| Perynupyiowee CpasHuBatolLee 3anatowiee l
YCTPOWCTBO YCTpOicTBO YCTPOVCTBO |
wo il PY cy 3y ||
Vrpasnstowit |
P L i J

ABTOMATUYECKMIA pErynsTop

Puc.1.9. CTpyKTypHaAa cxema CMCTeMbI
aBTOMaTU4eCKOro perynmpoBaHua

OneMeHTbl aBTOMAaTUYecKoro perynaropa
— AAaT4UK, PErynaTop, UCMOMHUTENIbHOe YCTPOIi-
CTBO — MOTYT ObITb CONIOKMPOBAHbI B Pa3IMYHOM
coYeTaHnn 3TUX TPex 3reMeHToB, NMbo npeq-
cTaBnATb coboi pasgenbHble CamMoCTOATENb-
Hble ycTpoicTBa. BbinyckaioTca perynatopbl B
CrnealylollleM COYEeTaHNM COCTaBMAIOLMX 3ne-
MEHTOB:

1. ABTOMATUYECKMA perynatop, obbeamHa-
fowuii B cebe Bce TpW anemMeHTa: garuyuk, pe-
rynATop, WCMNOMHUTENbHOE YCTPOWCTBO. JTO
XapaKTepHO AnA rapaBnuyeckmx M MaHome-
TPUYECKMX PErynAaTopoB MNPAMOro AencTBuA,
Hanpumep, OnA PerynAaTopoB [aBneHus, pe-
rynATOpOB repenaga OaBreHnA, PerynAaTopoB

pacxofa, perynatopos Temnepatypsi.

2. ABTOMATUYECKWUA PEerynAaTop, B KOTOPOM
[aTHVK 1 perynupytowmin npubop obbegrHeHbl
B OOQHOM M3[ennu, 3aKkasbiBaeMOM OTAENbHO OT
NCNONHUTENBHOrO YCTPOWCTBA.

3. ABTOMATMYECKUA PEerynAaTop, B KOTOPOM
[OaTyuK, perynvpyrowmin npubop M WCMonHU-
TeNbHbIN MexaHU3M ob6beanHeHbl B OOHOM U3-
genuy, 3akasbiBaeMOM OTAENbHO OT perynupy-
toLlero opraHa.

4. ABTOMATUYECKUA PErynATop, B KOTOPOM
BCE 3fIEMEHTbI BbINOSIHEHbI B BUAE OTAENbHO
3aKasblBaeMbIx n3genun. To XxapakTepHO AnA
BCEX 9MEKTPUYECKUX TUMOB PErynATopoB (He-
NPAMOro A4encTemnA).

CsoiicTBa perynatopa onpefnenAlTca ero
TUMOM, 3aKOHOM perynupoBaHuA, a TaKxke
npegyCMOTPEeHHbIMU ANA HEr0 HACTPOMKaMU.

KayectBo npouecca u pesynbtar pery-
NNPOBAHNA  XapaKTeEPU3YHTCA  KOMMEKCOM
CTatn4eCKnx n gnHaMmn4ecCKmnx XapakKTepUuctuk
CAP. Kak npaBuno, aBToMaTtu4ecKunin perynarop
BbIOMpAlOT, nNpenBapuTesibHo  0bycrnoBnmBas
Tpebyemblil NepeydeHb 1 Tpebyemble 3HAYEHUA
STUX XapaKTEPUCTUK C YHETOM AMHAMUYECKUX
XapaKTepucTMK obbekTa perynmpoBaHus.

OcHoBHble NOKasaTenu ka4ecTsa perynmpo-
BaHWA:

- ycmaHoBuBwanacAa owubka vwnn ycmaro-
BuBweeca paccoasracoBaHue, Ha3biBaemaA
TaKXXe TOYHOCTbIO PErYNUPOBAHNA;

- guHamu4eckaa owubKa, paBHaA MaKcu-
ManbHOMY QUHaMUYECKOMY OMKAOHEHUIO PEry-
nupyemoro napameTpa;

- Bpema peayaupoBaHuAa, COOTBETCTBYIOLLIEE
MOMEHTY, KOrga perynupyemMbiii napameTp BXO-
OUT B 30HY He4yBcmBumenbHOCMU perynaro-
pa.

Kpome KayecTBeHHbIX Mokasatenen npu
BblIOOpe Tuna perynAaTopa B paBHON CTeneHu
NPUXOAUTCA OPUEHTUPOBATLCA U Ha Apyrve no-
KasaTtenu: ero CTOMMOCTb, 3KCMsyaTauuoHHbIe
pacxofpl, TpeboBaHUA K kKBanuukaumm obeny-
)XKMBatoLLero nepcoHana. lMoaromy, Npu Npoymx
paBHbIX YCIOBUAX, B NEpBy0 o4vepenb Haumbo-
nee BoCTpebOBaHHbIMU ABMAOTCA MPOMNOPLKO-
HaslbHble pPerynATopbl NPAMOro AencTBuA (4as-
neHwA, nepenaga fdasrneHusa, Temneparypbl) v
LBYXMO3ULIMOHHbIE PErynATopbl (TemnepaTypbl
1 pasHoOCTV Temneparyp).
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2. ABTOMaTN4eckKne perynaTopsbl

Mpouecc perynupoBaHnA HadMHaeTcA C
MOMEHTa BHECEHWA BO3MYLLEHUA B OObeKT
perynupoBaHuUA U 3akaH4MBaeTCA MO [OCTU-
)KEHNM HOBOro YCTAaHOBUBLLErOCA COCTOAHWA
CAP, nu6o no BoasparleHmno CAP K npexxHemy
3HAYeHNI0 3adaHHOro perynupyeMoro napa-
MeTpa. [laHHbIn npouecc nepexoga OT OOHOro
ycTaHoBMBLLErocA coctoaHua CAP K gpyromy
HasblBalOT NepPexofHbIM MPOLIECCOM U Xapak-
TEPU3YIOT OCHOBHbIMU MOKa3aTenAMn kadecTsa
perynupoBaHva: BpemeHem peaysupoBarua t,;
guHamuyeckou owubkou AX,,, . (Makcumanb-
HOe AMHaMU4eckoe OTKMOHEHWE perynmpyemo-
ro napametpa); ycmarHoBuBuwetica owubKol &
unm moyHocmoto peayaupoBaHua (pas3HOCTb
MeXAy YCTaHOBMBLUEMCA 3HAYeHUEM N 3afaH-

HbIM 3Ha4YeHVeM perynmpyemMoro napameTpa).

S
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§ i
|
0
| t
X ‘ e - /\Ee 3;:2_y;o;a
‘ e Cmamuyeckut peaynsmop
Xo ‘ -
XSAH ‘ ‘
0 |
‘ tp T‘ t
X P — /\ 56?‘;)62—}/_17;"1;8
‘ / Acmamuvyeckuli pe2ynsmop

X 3A0

Puc.2.1. Tpaduk nepexogHoro npowuecca
perynupoBaHuA npu cka4ykoobpasHom
yBENUYEHNN BO3MYLLAIOLLIErO BO3AENCTBUA C
nokasaTenAMu Ka4yecTsa perynupoBaHuA:

t, — BpemA perynuposaHus,

AX,,c — AMHaMU4eckas owmnoka,
£ — YCTaHOBMBLLUAACA OLIMOKA UM TOYHOCTb
perynvposaHus,

0 — MOPOr HEYYyBCTBUTENBHOCTUN PErynATopa,
20 — 30Ha HeYyBCTBUTENbHOCTY perynAaropa.

MokasaTtenu ka4yecTBa perynupoBaHuA mMo-
KasaHbl Ha puc.2.1 Ha NepexofHon xapakTepu-
ctuke ana N — perynAatopa (cTaTn4eckoro pery-
natopa) n ana N —perynAatopa (actatm4eckoro
perynatopa) no OTHOLLEHMIO K cKaykoobpasHo-
MY YBENMMYEHNIO BO3MYLLIAIOLLETO BO3AENCTBIA.

XapaKtep nepexogHoro npouecca perynu-
poBaHMA 1 nNokasartenu ero kayecTsa npu ckau-
KOOOpa3HOM YMEHbLLUEHUN  BO3MYLLAIOLLEro
BO30ENCTBMNA NOKasaHbl Ha puc. 2.2.

X o BosmyweHue

Cmamudeckudl pegynsimop

|
N ‘ be3 peaynamopa

Acmamuyeckud pegynsamop

be3 peaynamopa

\‘
1

to

Puc.2.2. Tpaduk nepexofgHoro npowecca pery-

NPOBAHUA NMPU CKA4YKOOOPa3HOM YMEHbLIEHNN

BO3MYyLLAOLLIEro BO3AENCTBUA C nokasartenamm
KayecTBa perynmpoBaHua

Ha puc.2.3 gna cpaBHeHWA npusedeHbl xa-
paktepuctuku M-, N-, M- n NMNA- perynAatopos
NPUMEHNTENBHO K OOHOMY U TOMY >k 0ObeKTy
perynuposaHuA. Ha Bxofe perynaTopos npuno-
XKEeHO cKaykoobpa3Hoe N3MeHeHVe BO3MYyLLAL-
Lero Bo3gencTemA. lNokasaHo, Kak U3MeHAeTCA
perynupyembiii napameTp B pesynsrarte perynu-
pytoLLiero Bo3AenNCTBUA pasHbIX PerynATopos, a
Takxxe rnpu oTCyTCTBUW perynartopa.
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Puc.2.3. XapaKTepuCTUKN NepexogHoro
npouecca perynmpoBaHnAa anAa pasnmyHoro
TUNa perynAartopos

HavmeHbluee Bpema perynuposaHua t, naet
CAP c nponopunoHanbHbim perynatopom (-
perynAatopom). Heckonbko fonbLue npoTekaeT
npouecc perynuposaHua B CAP c lMANO-pery-
natopom. Bonee pgnuteneH npouecc B CAP c
MA-perynAaTopom, 1 ocobeHHo anuteneH B CAP
¢ N-perynAatopowm.

Hanbornbluee 3Ha4yeHWe OuMHaAMUYEcKomn
owmbkm AX, . .Aaet cuctema c Mi-perynaropom.

MAKC
Cuctema c [1-perynAatopom CHMXaeT 3Ha4YeHne

2.1. Aat4ynkn

B cnctemax TennonotpebneHnsa OCHOBHbLIMU
N3MepAEeMbIMY NapameTpamun ABNAKTCA AaBne-
Hue (Nepenag AaeneHuin) 1 Temneparypa (pas-
HOCTb TEMMeparyp).

Perynatopbl OaBneHua, nepenaja [naene-
HWIN, perynAaTopbl pacxofa, NpUMeHsemMble B
cuctemax TennonoTpebneHns, ABNATCA pery-
nAaTopamu npAmoro feicTeusa. OHu paboTatoT
3a cYyeT HenocpeACcTBEHHOro oTbopa AaBneHus
OT TennonpoBOAOB C MOMOLLbI WMMYMbCHbIX
TpyOOK 1 06beauHAIOT B cebe Bce Tpu arieMeH-
Ta aBTOMaTN4EeCKOro perynatopa: gaTtyuk, pery-
NATOP U UCTIONHUTENbHOE YCTPOICTBO.

IlnAa perynAaTopoB Temneparypbl UK pasHo-
CTW TemrnepaTtyp MCMosb3yKTCA AaT4MKn Tem-
nepartypbl, KOTOpble 06ecne4nBaloT NepBnYHoe
npeobpasoBaHrie U3MepAeMoli TeMnepaTypbl B
napameTp, yooOHbIN anA ganbHeiwero npeob-
pas3oBaHuA UnuM ANAa HEenoCpPefACcTBEHHOro BOS3-
AencTenA Ha perynupytowmin opraH CAP. B koH-
CTPYKUMN OaT4MKOB MCMOmb3yoT puanyeckme

AvHamuyeckon ownbkn. Cuctema c MA-pery-
NATOPOM CHWXaeT ero ewe 6Gonee, cuctema
c MNA-perynAaTopomM 3Ha4YMTENBbHO YMEHbLUAET
OTKMoHeHve AX, . . perynupyemoro napamerpa
1 CoKpaLlaeT Bpema perynvposaHua t,. o cso-
nm BoamoxxHocTAM [UO-perynatop ABnAeTcA
Hanbornee yHUBEpPCaNlbHbIM, C €ro MOMOLLbIO
MOXHO OCYLLECTBMATb PasnnyHble 3aKOHbl pe-
rynMpoBaHusA.

ABmomamudyecKul pecyaramop BKOYAET B
cebA gamyuK, peeyramop W UCNOAHUMEAbHOe
ycmpoticmBo, cocToALLlee, B CBOIO 04epefb, U3
UCNOAHUMEAbHO20 MexaHusma U peayaupyro-
weao opaaHa.

Jatumk ABnAeTcA u3mMepuTenbHbIM npe-
obpasoBartenem, BOCMPUHUMAIOLLMM Perynu-
pyembii napameTp. PerynAtop cpasHuBaeT
perynupyembii napameTtp X, U3MepAembld C
MOMOLLIbIO AaTyuKa, C 3afaHHbIM rnapameTpom
X34, W BO3AENCTBYET HA paboTy ucnoAHUMEeAb-
HO20 MexaHu3ma.

HicnonHUmMenbHbIl  MexaHu3M  ynpasnaet
peayaupyrouwjum op2aHoM, N3MEHAOLLIMM KO-
4YeCTBO perynupyemon cpefbl, U3MEHAA, TaknM
0bpasom, Harpysky obbexkma peayaupoBaHua c
Lienbio U3MEHEHMA perynmpyemoro napamerpa
X B HanpaBneHnn 3afaBaemMoro 3Ha4eHunA XsAA.

B HacToAwWen rmaBe BHUMaHue ygenAeTcA
Haunbornee NpUMeHAeMbIM B CCTeMax Tennono-
TpebneHns perynatopam:

- MponopuUMoHaribHble pPerynAaTopbl NPAMOro
JencTeuA,

- anekTpoHHble MNO-perynaTopsl,

- ONEeKTPOHHblE ABYXMO3ULNOHHbIE peryns-
TOpbI.

cBoncTBa pa3nn4yHbIX BellecTB, 3aBUCALLME OT
Temneparypebl. B 3aBucnmocTun oT metoga nsme-
PeHunA o603Ha4vaeTcAa HanMeHoBaHNe aardumka:

- TEPMO3MEKTPU4ECKOM TepMoMeTp (TepMo-
napa) OCHOBaH Ha TEMO3NeKTPNYecKoM MeToae
N3MepeHs;

- TepMOMETP COMPOTUBIEHNA OCHOBaH Ha
CBOWICTBE MEeTasoB 1 NonynpoBOAHNKOB M3Me-
HATb CBOE 3MNEKTPUYECKOoe COMpPOTMBIIEHNE Npu
N3MeHeHNN TemnepaTypsbl;

- BumeTannMyecknini U OunNaToMeTpuHecKnin
TEPMOMETpPbI, OCHOBaHHbIE HA Pa3NM4YHON CTe-
MeHN TEernnoBoro yOonUHEHWA OBYX PasfuyHbIX
MeTannos;

- MaHOMETPUYECKUIA TEPMOMETP OCHOBAH Ha
N3MEeHEeHUN OaBreHna HanonHuTenAa (rasoBoro,
KOHEHCaLMOHHOro, afcopOLUMOHHOro,  XKuf-
KOCTHOrO, TBEPAOro), 3aHMMalOLLEro 3amKHY-
Tbili 06bEM, OT TeMMeparypbl.

TepmoaneKTpnyeckmne TepMOMETPblI
(Tepmonapbl) Hallle MCMNob3YyTCA B UCCneno-
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BaTenbCKNX paboTax W 3HAYNUTENbHO peXe B
CUCTEMax aBTOMaTU4EeCKOro pPerynmpoBaHuA.

TepmomeTpbl CONPOTMBAIEHUA NNaTUHO-
Bbl€ WM MONYNPOBOAHUKOBbLIE C HOMUHASBbHbIM
conpotmeneHnem 1000 OM LLIMPOKO NPUMEHSA-
toTCA B 3aNeKTPOHHbIX CAP :

- gAA KOMHamHbIX peayramopoB, B KOTOPbIX
OaT4MK 1 perynupyowmin npubop obbeanmHeHbl
B OfHOM u3genuu, Hanpuwmep, B NMNO - pery-
nATOopax HenpepbIBHOrO genctsuA apt. 7940 n
7794,

=3
i

RN
MEPLU-RTC apt. 7940 apt. 7794

UM B 2-X MO3MLMOHHBIX pPerynAatopax apr.
7791 n 779015.

-
| -
apt.779015

- gAa aBmomamudeckozo ynpabBaeHua cep-
BonpuBogamu nNPYMEHAIOT aBToMaTtn4eckue
perynAaTopbl B BUAe OTAENbHO 3aka3blBaeMbiX
n3genvin: JaTHMkoB, PerynAaTopos, WCMOSHW-
TenbHbIX YCTPOWCTB, Hanpumep, MO - pery-
natop apt. 7793 ¢ pgar4ukamu apt. 779301 n
779300.

JaT4ymK Hapy>KHON
Temnepartypbl
apTt. 779301

-'.t '- L] !I?

AaTHuK HaknagHom
Ha NOBEpPXHOCTU
Tennonposoga
apTt. 779300

perynarop
apt. 7793

Bumetannuyeckuin TepmomeTp  VMeeT
TEPMOYYBCTBUTENMbHBLIA SMEMEHT B Bufe nna-
CTUHKW, cnvpanu unu gucka. lNMpumeHaetca ana
perynATopoB, B KOTOPbIX 0ObeAnHeHbl AaTymk
C perynupytowm npubopom. Kak npaeuno,
JaTyukK HernocpeAcTBEHHO BO3[ENCTBYET Ha
nepeknioYamLWmnn -~ dNeKTPUYECKNA  KOHTaKT
perynaTopa. bumetannuyeckun TepMomeTp umc-
Nnomnb3yeTcA B 2-X MO3ULIMOHHBIX perynAaropax,
Harnpumep, AnA KOMHATHOro perynaropa Temre-
patypbl apT. 779000 v gnAa Tepmopene 3awuTbl
apt. 810000.

ANEKTPOMEXAHNYECKINI ] -
PErynAaTtop KOMHaTHOM
Temneparypbl Tepmopene 3allnTbl
apt. 779000 apt. 810000

MaHomeTpu4ecknii TepMoMeTp npeacTas-
nAeT coboi repmMeTUYHbI 06beM ¢ HaNoMNHWUTe-
nem (rasoBbIM, KOHOEHCaUMOHHbIM, aacopouu-
OHHbIM, XXUAKOCTHbIM UN TBEPALIM). Tennosble
obbeMHble M3MeHeHUs npeobpasyroTca ¢ Mo-
MOLLbIO cunbdoHa B rMocTynarenbHoe yrpas-
nawowee sosgenctere. MaHomeTpu4eckue Tep-
MOMETPbl UCMONb3YIOT B MPONOPUMOHAnbHbIX
perynAatopax MpAMOro AencTBUA, B KOTOPbIX
0bbearHeHbl COBMECTHO AaTuvk, perynsatop ¢
3afaTHMKOM U UCMOMNHUTENbHbIN MexaHn3m. Ha
puc.2.4 nokasaH paspes 1 BHELUHWUI BU TaKoro
perynATtopa, Mony4uBLUEro HasBaHWe TepMmo-
CcTaTn4eckon rOofnoBKU [AnA aBTOMaTU4eCcKoro
yrnpaBneHnsa TepmMoCTaTUYecKUM  KnanaHom
oTonuTenbHOro nprbopa.

WcnonHuTenbHbIn Latynk 3aparynk
MexaHW3M

JKVAKOCTHBIN
HanomnHnTenb

Puc.2.4. NponopumoHanbHbii perynaTop
Temneparypbl NPAMOro AencTBuA
C MaHOMETPUYECKM AaTHNKOM
C XKUOKOCTHbIM HanonHUTENEM
(TepmocTatnyeckasn ronoeka).
Pa3zpes 1 obLumii BUA.

Ha puc. 2.5 nokasaHbl aHanornyHble pery-
NATOPbI, B KOTOPbIX 0ObeAMHEHbl COBMECTHO
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JaTyuK, perynAatop ¢ 3agaTtyvMkKOM M UCMOMHU-
TEenbHbIN MexaHu3M. Ho pgaT4ymkK BbINONMHEH B
BUOE BbIHOCHOrO TepmMobanmnoHa, CoeanHeHHo-
ro MaHOMEeTpPU4ECKON (KanunnapHo) TpyoKow ¢
NCMNOMHUTENbHBIM MEXaHN3MoM. OTO NO3BONAET
pasHeCcT MEeCTOMOMOXXEHME UCMONHUTENbHOro
MexaHn3mMa 1 MeCTOMONOoXXKeHne aartymnka.

Bagarivk WcnonHutensHbIn

MexaHn3m
i
Kanunnap
= \

i||i|||'|

TepmoobannoH

Latnk Kanunnap

3apgarynk
McnonHuTenbHbIn
w
| o

(. ) ELES
Puc.2.5. TlponopunoHanbHble peryna-
TOpbl TemnepaTypbl NPAMOro
OencTBna C  MaHomeTpuye-
CKMW gaT4ymKamu ¢ XXUOKOCT-
HbIM  HaMofHWUTENEeM, guc-

TaHUMOHHO pa3HeceHHble OT
perynvpyoLLero knanaHa

LInknonpo4HOCTb perynaTopos ¢ garynkamm
C XXNOKOCTHbIM HanonHutenem pocturaet 200
TbIC. UMKINOB. OTW PEryNATOpbl, B CPaBHEHUN C
rasoBbIMA N KOHOEHCAUMOHHBLIMI  gaT4mKamu,
NONOXXUTENbHO OTNMYAIOTCA CregylowyMy Ka-
yecTBaMu:

- HEe NoABep>XeHbl BNNAHUIO aTMOChepHOro
OaBneHus;

- UmetoT B 2 pa3a 6onee BbicOkoe paboyee
ycunme Ha LUTOKe.

[atynkn ¢ TBEpPAbIM HAMONHUTENEM MOMOo-
XXUTENbHO OTNMYAIOTCA BCEX ApYrux MarbiMu
pasmepamMun 1 BbICOKUM paboymm ycunuem Ha
wToke, kotopoe B 10 pas Bbille, YEM Y XKUA-
KOCTHbIX, U B 20 pa3s Bbille, YeM Yy KOHOeHca-
LUMOHHBIX AaT4YMKOB. [IPUMEHAIOT, Kak nNpasuno,
AaTy KN NOPLUHEBOro TUMa ¢ KOMMO3ULMOHHbBIM
TBEpAbIM HarnosHWTENEM Ha OCHoBe Bocka. K
HegocTaTkaMm [[aT4yMKOB C TBEPAbIM HarosHu-
TENEM MOX>XHO OTHECTM HEBO3MOXHOCTb Auc-
TaHUMOHHOrO pasHeCceHnsa C UCMOSTHUTENbHbIM
MeXaHU3MOM 1 6oree HU3KYH LIMKINONPOYHOCTb
no 50 Tbic. umknos. Ha puc.2.6 nokasaH pas-
pe3 TepMoCTaTUYECKON rOfOBKN C MOPLLUHEBbIM
AaTyMKoOM C TBepAblM HanoOMHUTENEM.

WcnonHutenbHbin Lartymk 3aparynk
MexaHV3Mm

Puc.2.6 TponopunoHanbHbIi pe-
rynAaTop Temneparypbl NPAMOro
OEeNCTBUA C MAHOMETPUYECKM
MOpPLUHEBbLIM AaT4MKOM C TBEp-
ObIM HanonHuTenem (TepmocTa-

TU4eCcKaA ronoska).
Paspes 1 o6l BUA.

Bbicokoe paboyee ycunme Ha LUToke par-
YMKOB C TBEPAbIM HarnonHutenem 3pdeKTUBHO
NCMNOMb3yeTCA B 3anuparoLmx TepMonpusogax
aptT. 7711 (pnc.2.7).

Puc.2.7. Tepmonpusog apt. 7711
NC - HopmanbHO 3aKpbIT, TO €CTb, B
06€CTOYEHHOM COCTOAHMM KNanaH 3aKpbiT;
NO - HopmManbHO OTKpPbIT, TO €CTb,
B 06€CTOYEHHOM COCTOAHWU Kna-
naH OTKpPbIT.
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2.2. lponopunoHanbHble perynAaTopbl

[MponopuuoHanbHbIMW, UKW CTATUHECKUMNA,
Ha3bIBAlOTCA TakKMe PerynAatopbl, Yy KOTOPbIX
n3meHeHue nonoxxeHna PO nponopunoHanbHO
OTKITOHEHUIO perynnupyemMoro napameTrpa ot ero
3a[jaHHOro 3Ha4YeHUA.

Mpeumywiectsom [l-perynAatopa ABnAeTCA
ero GbicTpogencteue (HebornbLloe BpeMs pe-
rynmpoBaHuA t,) 1 BbICOKasA yCTOMHMBOCTb NPo-
Lecca perynmpoBaHus.

HepoctaTkom ABNAETCA Hanuyue octaTod-
HOrO OTKMOHEHWA € PErYNMPYEMOro napameTpa,
YTO CHMXKaET TOYHOCTb perynuposaHuAa. OcTa-
TOYHOE OTKMOHEHWEe MOXET ObiTb BbilLe WNn
HV)Xe 3aJaBaemoro napameTpa B 3aBUCMMOCTH
OT NOBbIWEHUA VNN CHUMKEHUA BO3MYyLLAIO-
Llero Bo3gencTeuaA B obbekTe perynupoBaHuA
(pnc.2.8). MNMpy BOBHNKHOBEHMUN BO3MYLLIAKOLLENO
BO3[eNCTBNA UBMEHAETCA perynupyemMblii napa-
mMeTp. Ha OTKnoHeHue napameTpa pearupyet
M-perynAatop, cosgaBaA perynupyoLliee BO3-
pencteue. Ho lM-perynAatopom 3ajasaemoe 3Ha-

HeHue X,,, He yCTaHaBNMBaAETCA, a ycTaHaBMN-
BaeTCA Kakoe-nmbo 13 3Ha4eHuin X WX
oTnMYatoLeecA OT 3aAaHHOro 3HayeHua X,
Ha BENMWYUHY OCTATOYHOrO OTKIIOHEHNA €. 30HA
vexay X,.. v X, ., B Kotopoi l-perynatop He
cosgaert ycrtaHoBuBLUeecA cocToAaHne CAP, Ha-
3bIBAETCA 30HOW HEPaBHOMEPHOCTM, BENNYMHA
KOTOPOW cocTaBnAaeT 2¢. Benay ykasaHHOro He-
poctatka, N-perynnposaHne He NPUMEHAETCA B
KOHCTPYUPOBaHUN 3MEKTPOHHbIX PErynAaTopos.
[nAa SnekTpOHHbIX PErynATOpPOB MCMONb3YyeTCA
B ocHoBHOM N [O-perynuposaHune, npy KOTOPOM

OTCYTCTBYET 30HA HEPaBHOMEPHOCTH.

PerynAtopbl npAMoOro AencTBuA peanunayoTt
B OCHOBHOM 3akoH [l-perynupoBaHuAa, no-
3TOMY perynupyemblii napameTtp Bcerga Gynet
OTnM4YaTbCA OT 3a[aHHOro, 3a WUCKIYEeHUeM
€OVHCTBEHHOrO cryyad, korga Harpyska o0b-
eKTa perynupoBaHuA ABMNAETCA HOMMWHANbHON
(puc.2.8).
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Puc.2.8. Tpaduk npouecca MN-perynmpoBaHnA Npu ckaykoobpasHOM N3MEHEHUN BO3MYLLIAIOLLIErO
BO3[ENCTBNA C NoKasatenAMn KadecTsa perynmpoBaHua:

t, — Bpems perynmposaHu,

€ — yCTaHOBYBLUAACA OLMOKa (0CTaTOYHOE OTKIMOHEHWE, TOHHOCTb PerynmpoBaHus),

2g — 30Ha HepaBHOMEPHOCTY PerynMpoBaHunA,
8 — Nopor HeYyBCTBUTENbBHOCTMN perynaropa,
25 — 30Ha HEYYBCTBUTENILHOCTY perynatopa.

Y106bl AOCTUrHYTb HEOBX0AMMOI TOYHOCTU
perynupoBaHuA crnefyeT YMeHbLUUTb 30HY
HepaBHOMEPHOCTU. 3TOro MOXHO [A06uTbCA
TOMbKO 3a CYET BbICOKOro Ka4ecTBa U3roTosre-

HMA perynAaTopa 1 perynmpyoLero opraHa npw
9 PEeKTNBHOM NUCMONb30BaAHMMN IHEPTUN perynu-
pyemon cpegpl.
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PerynAarop Temneparypbl Bo3gyxa

[MoBbILLEHNE TOYHOCTU PErynMpoBaHuA BO3-
MOXHO 3a CYEeT YyMEHbLUEHUE 30Hbl HepaBHO-
MepHoOCTU. HO 1 B 9TOM cny4ae perynaTtop
npsAMoro AencTeuA OyneT Bo3Bpallatb 00bekT
perynupoBaHnAa He K 3afjaHHoOMy napameTpy
X3AA, a K ero MakcumarnbHomy X, - Unv MUHN-
mMarnbHoMy X 3HA4YeHUIO Ha rpaHuuax 30Hbl
HepaBHOMepHOCTW. [loaTomy Ha 3agatymke
3a4acTyl0 HAHOCUTCA He LKana abCconoTHbIX
3Ha4YeHUNn 3afaBaemMoro napameTpa, a Likana
YCNOBHbIX AeneHui, Hanpumep, 1 2 3 4 5 6,
HaHEeCeHHasa Ha 3agaT4yMke TepMOCTaTMYecKomn
FONOBKW, OPWEHTUPOBOYHO COOTBETCTBYHOLLAA
onpefeneHHoN LiKane 3Ha4YeHun perynupye-
MOW Temnepartypsl.

I

lMporHo3upoBatb (MnNn 3agaBaTb) Ka4yecTBO
paboTtbl -perynatopa MOXXHO B TOM cry4ae,
€Cnn MNpOoM3BOAUTENb COMPOBOXKOAAET pery-
NVpYIOLWMIA - KnanaH pacyeTHbIMA  3aBUCUMO-
CTAMWU MpW PasfnnYHbIX BENUYMHAX 2& 30HbI
HepaBHOMepPHOCTU. Hanpumep, gnAa knanaHa
FEPU-TS-90 npuBogAaTCA TpM 3aBUCMMOCTM
3K, 2K, 1K, cooTBeTCTBYIOLLME BENNYMHE 30HbI
HepaBHOMepHOCTU 2e=3°C, 2e=2°C, 2¢=1°C, wu,

AP_ =620Ma |

AP_=310Ma
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Makc. E_'_') - rpaHnLa rapaHTUPOBaHHON GecLuyMHOIl paboTbl KnanaHa

COOTBETCTBEHHO TOYHOCTU perynmpo-
BaHnA &=x1,5°C, ¢=x1,0°C, ¢=x0,5°C. B
obLLeeBponencKoin NpakTuKe NPUHATO NpK Noa-
6Gope TepMOCTaTUYEeCKOro KnanaHa 3ajaBaTbCA
30HON HepaBHomepHocTn 2K, obecneuvBas
Takum 00pa3oM Mpu HOMMWHANIbHOW Harpyake
TO4HOCTb perynupoBaHmAa +1,0°C. MeToguka
nonbopa nokasaHa CTpenkamy CUHero LBeta
LA pacyeTHbIX pacxogos 32 Kr/4 n 47 Kr/y, npu
KOTOpPbIX pacyeTHOE COMPOTUBMIEHWE KnanaHa
cocTtaBut cootBetcTBeHHO 310 Ma u 620 [la.
XapakTepHbll pacxop 4Yepe3 OTONUTENbHbLIN
npubop 50-120 Kr/4

Ona gocTxeHnsa 6onee BbICOKOW TOYHOCTY
perynupoBaHua, Hanpumep =+0,5°C, cnegyet
npy nogbope BOCNONb30BaTbCA 3aBUCMMOCTbIO
1K, HO Mpu 3TOM pacyeTHOe COMpPOTUBIEHNM
KrnanaHa npu HOMWHANbHOW Harpyske 3Ha4u-
TENbHO YBEMWYUTCA U COCTaBUT COOTBETCTBEH-
Ho 1000 Na n 1950 Ma.

PerynAtopbl pacxopa, perynAaTtopbl paene-
HWA, Nepenaga [aBneHUn, ABnALMEcA pe-
rynatopamy npAMoro AencTeuA, paboTaloT 3a
CYeT HenocpeacTBEHHOro oTOopa AaBneHus ot
TennonpoBodoB 1 00beAnHAIOT B cebe Bce Tpu
9MemMeHTa aBTOMATUYECKOro perynaTopa: aar-
YKK, PErynATOpP N UCMONHUTENBHOE YCTPONCTBO.

Hanbonee pacnpocTpaHeHHbIMU ABMAOTCA
cTabunuavpyrowe perynatopbl, npegHasHa-
YeHHble AnA NopgaepXXaHuA 3Ha4YeHUA perynu-
pyemoro napameTpa Ha 3agaHHOM YPOBHe.

PerynAatopbl pacxoga TennoHocuTenAa

PerynAatopbl pacxoja npuMeHAT  AnA
ctabunuzaumm Tpebyembix UM 3agaBaemMbiX
pacxogoB TEMNIOHOCUTENA Ha OTBETBNEHUAX,
Hanpumep, Ha OOHOTPYOHbIX CTOAKAX CUCTEMbI
TennonoTpedneHua.

BbinyckatoTcAa B HacToALlee BpeEMA peryns-
Topbl pacxofa mogenen 4001 n 4006, KoTopble
VMEIOT crefyowmnin obLmin BUS, M OCHOBHbIE
XapaKTepuUCTUKN:

PerynaTtopbl pacxoga (PP)

/" Mogenb 4001

" Ownametpbl DN 15...50
3apaBaeMble 3Ha4YeHusA
perynmpyemMmoro pacxoga
40...50000/u.

Mopenb 4006 ¢

A VHTErpUpPOBaHHbIM
L 30HHBIM KnanaHom gsA
TEPMOCTATUHECKOrO
perynupoBaHua

OuameTtpbl DN 15...50
3apaBaemMble 3Ha4YeHuA
perynmpyemMoro pacxoga
40...5000n/4.
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Ha pwnc.2.9 nokasaHa obuasa cxema y3na
CTOAKa CUCTEeMbl OTOMMEHUA C PerynaATopom
pacxopa.

£\
AP CTOSAKa
Y
Gcmomg G:;aa
AP PE/" 'r y .
Peryngarop
,0 acxoha ZAP crosika
y __T1] )
\ \
- \_
\ {
AP pactl

Pnc.2.9. O6uias cxema y3na cuctembl OTOMAEHUA
C perynaTopom pacxoga

Mpu NpoeKTUPOBaHUN UCXOAHBIMW AaHHbBIMI
ABNATCA:
— PACYETHbIN pacxof TEMIOHOCUTENSA
CTOAKa
yepes CToAK (BETKY, CUCTEMY), Kr/y;
— pacyeTHble NoTepu AaBNeHns CTo-
CToAKa
faKa (BeTKun, cmctembl), KlMa.

MckombiMn BeNMUYMHAMK ABNAIOTCA:

- MoZenb 1 TUNnopasmep perynaTopa;

- 3afjaBaeMbll C MOMOLLbIO 3afaTuMKa pac-
X0 TernnoHocuTens, Gm, Kr/u;

- pacyeTHble NoTepy AaBNeHNA Ha perynaTo-
pe pacxona, APPEr ,KlMa

- pacyeTHbIN pacnonaraembliii nepenag Aas-
NeHNA B TOUKAX NprUcoeanHEeHNA CToAKa K Maru-
CTpanbHbIM Tennonposogam AP oacn + KIMa.

Mogenb 1 TUnopasmep perynatopa onpege-
NAeTCA B COOTBETCTBUUN C MHCTPYKLNAMM NPOU3-
BoauTens.

3apgaBaembiii C MOMOLLbIO 3aAaTumKka pery-
nATOpa pacxod TennoHocuTens GmL npuHNMa-
eTCA paBHbIM pacyYeTHOMY pacxody Ha CTofKe

croska *

CyMmapHble pacyeTHble MUHMMaJIbHble MO-
Tepu faBneHua ctoaka 2AP klMa, onpege-
NATCA NO BblPaXeHMIo:

crosika !

SAP_=AP__ + AP

cTosiKa cTosiKa PEr

(2.1

roe:
AP .. - MVHUManbHble pacyeTHble notepu

[aBneHVsa Ha perynatope pacxopa, Kla, npu-
HUMaemble paBHbiMn AP - = 20kITa.

Pacnonaraembin pacueTHbIn nepenag fas-
NEHVA B TOUKAX NPUCOEAUHEHUs CTOSAKA K Ma-
rmcTpanbHbiM Tenaonposogam AP - nomkeH
6bITb OONblle CyMMapHbIX NOTepb [aBNEHMWs
ctoaka 2AP 6onee, uem B 1,2 pasa:

CTOAKa

AP 21,2x 2AP

PACT

cTofKa (22)
YcTonumBas pabota perynatopa bygeT obe-
crneyeHa v nNpu 6onee BbICOKOM 3HaueHuUn pac-
nonaraeMoro pacyeTHoro rnepenaga AaBneHus
AP, ., -OaHaKo, Npy 3TOM yBENNUNBAETCA 30Ha
HepPaBHOMEPHOCTU 2&, U, COOTBETCTBEHHO, CHU-

aeTCA TOYHOCTb perynnpoBaHuA.

Perynatopbl nepenasa gasneHusa

Perynatopbl nepenaga AaBneHUA NprMeHs-
IoTCA Ana cTabunusauumn nepenaga AaBeHUs
Ha BBOAe noTpebutensa TennoTbl (CUCTEMDI
OTOMNEHUA, CUCTeMbl TEMNOCHAbXeHusA, CTo-
AKa 2-X TPYOHOM CUCTEMbl OTOMJIEHUS), YTO
obecneumBaeT He3aBUCUMOCTb MOTpedbutens
OT AWHAMUYECKUX KonebaHuii B pPa3BOAALNX
TENIONpPOBOJAX.

B HacToAlee Bpemsa BbinycKaloTcAa peryns-
TOopbl Nepenaga gasneHuna mogenen 4002, 4002
FIX, 4007,4007 F, koTOpble MMeIoT ciegyowmmn
06NN BUA U OCHOBHbIE XapaKTepPUCTUKU:

Perynatopbl nepenapa fgasnenua (- PrA)

IH Mopenb 4002
| IOnametpbl DN 15...50
3afaBaemble 3HauyeHusA

&
; perynipyemoro  nepenaga
. nasneHma  5...30klla "
25...60klMa Pacxop uepes

perynaTtop 50...10000n/u

Mogenb 4002 FIX

IOnametpbl DN 15...50
o % 3apaHHoe (PUMKCMpPOBaHHOEe
3HayeHue  perynMpyemoro
nepenaga fasneHua 23kla
Pacxog uepes perynatop
50...10000n/y

Mogpenb 4007

Onametpbl DN 15...50
3agaBaemble 3HauyeHuA
perynupyemoro nepenaga
nasneHna 5...30kMa

Pacxop uepes perynaTtop
50...9000n/4

Mopenb 4007 F

Hnametpsbl DN 25...50
3afaBaemble 3HauyeHusA
perynupyemoro nepenaga
pasneHna 5...30k[Ma

Pacxog uepes perynatop
150...9000n/4
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Ha pnc.2.10 nokasaHa obulas cxema ya3na
cToska ABYXTPYOHOM CUCTEMBbI OTOMMEHUS C
perynsatopoM nepenaga AaBreHust.

Gcmo;m a' 1

APaa,q = AP CTOSsIKa

AP F’Ef}: -# " - >
Perynarop /

nepenagja SAP
LJaBieHns - T
) 717 )
{ {
) 721 \ )
{ {
AP pact

Prc.2.10. O6wwan cxema y3na AByxTpy6HOM
CUCTEMBI OTOM/IEHA C PETYNATOPOM Nepenaja
AaBneHus

[Mpn NpoOEKTMPOBaHNN NCXO4HBIMU OAHHLIMU
ABMSIOTCS:
— pacyeTHbIN pacxod TennoHocuTens
Ccmosika
yepes CTosiK (BETKY, CUCTEMY), KI/Y;
AP — pacyeTHble NOTepU AaBneHns CTo-

cmoska

sika (BeTku, cuctemsl), klla.

VickoMbIMK BENNYMHAMW ABNSAIOTCSA:

- MOAenb 1 TUNopasMep perynsatopa;

- 3aaBaeMbIl C MOMOLLIbIO 3agaTyunka nepe-
nap faenenvs, AP kMa;
- pacyeTHble NOTEPU AABIEHUS HA PErynsTo-

2.3.MNA - perynaTtopsbl

NUAO- v MN-perynatopbl OTHOCATCA K pe -
rynATopaMm HernpepbiBHOrO AeNCTBUA U, Npu -
MEHUTENbHO K CcucTeMam TennonotpebneHus,
UMeIOT MeXay COOOIM CXOXKMe XapaKTepucTUKM
KayecTBa peryiimpoBaHUA, XOTA NpU MPoYnX
paBHbIX YCNOBMAX NPOLEecC perynnpoBaHna ¢
MN-perynatopom 6onee gnuteneH, yem c NNA-
perynaTtopom.

B otnunuwne ot MN-perynuposaHusa, Hegoctat -
KOM KOTOPOTO ABMIAETCA HanMume oCcTaTOYHOro
oTknoHeHwua, npu ML (M) -perynnposaHnn
perynupyembiii napameTp BO3BpallaeTca Toy -
HO K 3aflaBaemMOMy 3HauyeHuo. B npouecce

pe nepenana faenexvs, AP, klla

- pac4yeTHbI pacnonaraemMbliii  MMHUMarb-
Hbl Nepenag OaerneHust B ToMKax NnpucoeanHe-
HWUsi CTOSIKa UNn gpyroro notpedutens K maru-
CTpasnbHbIM Tennonposoaam AP, .., kla.

Mogenb u TMnopa3smep perynsropa onpege-
NseTCs B COOTBETCTBMM C MHCTPYKUMAMU MpPO-
n3BoanTENS.

3agaBaeMbii C MOMOLLBIO 3aJaTynka pery-
nsTopa nepenad faenedus AP npyHuMaeTcs
YMCINEHHO PaBHbIM PACYETHOMY 3HAYEHUIO MO-
Tepb daenexHus AP_ cTosika (BETKU, cucTe-
Mbl).

Cymmaprle pacyeTHble MUHUMarlbHblE€ MNO-

Tepu faenenus croska 2AP . kla, onpege-
NAKTCA NO BbIPaXEHUIO:
ZAPCmOﬂKa = APcmaﬂKa + APPEI' 4 (23)
rae:
AP, - MUHVMarbHblE pacyeTHble MnoTepu

OaBlieHnA Ha peryndatope, npuHmmMmaemble 4nc-
JIEHHO paBHbIMUN

AP, =|AP__ |, Ho He meHee 10kl a. (2.4)

Pacnonaraembli MMHMMasbHbIA pacyYeTHbIN
nepenag [fasreHuMss B TOYKax npucoeguHe-
HUS CTOAKa K MaructparnbHbIM TenmonpoBo-
Aam AP,, .. NMpYHUMAETCA YMCIEHHO PaBHbIM
npounssegeHuto 1,1 n  cymma pPHbIX NoTepb AaB-

neHus ctoska 2AP :

cmosika

AP, . =1,1x| ZAP

PACI cmosika | (25)

YctonumBas pabota perynsitopa 6ygert obe-
cneyeHa n nNpu 6onee BbICOKOM 3HAYeHMU pac-
roriaraeMoro pacyeTHOro nepenaga LaBneHUs
AP,, .- OoHako, Npy 3TOM yBENM4MBAETCS 30Ha
HepaBHOMEPHOCTU 2&, U, COOTBETCTBEHHO, CHU-

XaeTCd TOYHOCTb peryrimpoBaHuA.

perynnpoBaHnA BPEMEHHO MpPOABAAETCA BAN -
AHNE HepaBHOMEPHOCTWN pPerynMpoBaHuaA. ITO
HeobxoaMMo fna obecneyeHUs YCTOMUYUBOCTU
perynnpoBaHuA. OgHaKko, KOHEYHaA HepaBHO -
MEPHOCTb pPerynmpoBaHnA OTCYTCTBYeT.

Ha puc.2.11 noka3aH rpaduk npouecca
nL (NA) -perynupoBaHmus nNpu ckaukoobpas -
HbIX M3MEHEHNAX BO3MYLLAIOLLEro BO34eNCTBUA
C roKasaTeNiAMM KayecTBa perynmpoBaHus.

B pgaHHOM cnyuyae, npu HepaBHOMEPHOCTU

€ = 0, TOYHOCTb pPerynMpoBaHNA onpeaenaeTca

B Mpefenax 30Hbl HeYyBCTBUTENbHOCTM 28,
30Ha HEYYBCTBUTENBbHOCTU [ANA  MHOMMX
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MNO —perynATopoB ABnAeTcA 3apasaemMbiv
napameTpoM. BennynHa 30HbI HEYyBCTBUTEMb-
HOCTN MOXXET NPUHNMATbCA B 3aBUCMMOCTM OT
MHOXKECTBA YCMOBWI: OT Tpebyemoi TOYHOCTU
perynupoBaHnd, OT MHEePUMOHHOCTU 00bekTa
perynmposaHuA, OT BeNUYUHbI HOMWHANbHOW

Harpysku, oT NPOrHO3MpyemMoro MakcumarnbHo-
ro 3Ha4yeHuA BO3MYyLLAIOLLEro BO3QENCTBUA U
apyrux ¢akTopos.

Ma- v NA-perynaTopbl LUMPOKO NPUMEHSA-
toTCA ANA cTabunmanpyroLLero, CnegaLero 1
NporpaMMHOro perynupoBaHuA.
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Puc. 2.11. Tpaduk npouecca NNL (M) -perynupoBaHuns npy ckaukoobpasHoM N3MeHeHUN
BO3MyLLAOLLIEro BO3AENCTBYA C NoKasaTenAaMy Ka4yecTsa perynnmpoBaHua:

t, — Bpems perynmposaHus,

8 — nopor He4vyBCTBUTENBHOCTY perynAatopa (TOYHOCTb PerynupoBaHna),

23 — 30Ha HEeYYBCTBUTENbHOCTM perynAaTopa.

[MPUMEHAIOTCA B OCHOBHOM 311EKTPOHHbIE ”
undposbie MA-perynatopol.

Hanbonee pacnpocTpaHeHHbIMU ABMNAOTCA
cTabunusmpytoLe perynatopbl, npegHasHa-
YeHHble [AnA noAafdepXaHuA 3Ha4deHuA pery-
NMPYeMoro napamerpa Ha 3afjaHHOM YPOBHE.
Hanpumep, KOMHaTHblE NpOrpaMMupyeMbie pe-
rynAatopbl apT. 7940 n 7794, B KOTOPbIX AaTHmK
W perynupytoLuii npudop obbeanHeHb! B OAHOM
nagenuu.

-l!!'IIT

FrEPL-RTC —
apt. 7940

apT. 7794

ABTOMaTnyeckne perynaTopbl crepAlero
perynupoBaHnA BbiNycKatoTCA B BUAE OTAENbHO
3aKasblBaeMbIX U3OENnii: AaT4yMKoB, perynaro-
POB, WCMONMHWTENbHBIX YCTPOMCTB, Hanpumep,

Mg - perynatop apt. 7793 ¢ gat4yvkamu apr.
779301 n 779300.

JaTynK Hapy>KHoW
Temneparypbl
apt. 779301

-lt T L] !|T

JaT4ymK HaKnagHowm
Ha NMOBEPXHOCTY
Tennonposoga
apTt. 779300

perynAaTop
apT. 7793

MNAO-perynAatop No CBOUM BO3MOXHOCTAM
ABnAeTcA Hanbornee yHWBepcarbHbIM MO CpaB-
HeHuto ¢ gpyrumn perynatopamu. C ero nomo-
LLIbIO MOXKHO OCYLLIECTBAATb pasfun4Hble 3aKOHbI
perynuposaHuA.
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2.4. l1o3NLNOHHbBbIE perynAaTopbl

[MosnunoHHoOe perynupoBaHue XxapakTe-
pusyeTcA cKa4ykoobpasHon ¢yHKLMOHANbHON
3aBUCMMOCTbIO MeXy OTKMOHEeHueM perynu-
pyemMoro napametpa OT 3a4aHHOro 3Ha4eHuAa un
nepemeLleHnemM perynupytoLlero opraHa. MNpu
MO3MLUMOHHOM PEerynupoBaHun perynupyroLLmi
opraH UMeeT HECKONbKO (PUKCMPOBAHHBIX MO-
noxeHun (nosuuuin). KaxkgaAa nosuvumA cooT-
BETCTBYET OMNpEefeneHHo obNactTu 3Ha4yeHui
perynupyemoro napametpa. [1o 4Yucny nosuuui
pasnu4aroT ABYX-, TPEX-, U MHOroMO3MLMOHHbIE
perynaTopbl. B npaktuke Hanbonbluee pacnpo-
CTpaHeHne nonyYnnn AByX- U TPEexXmno3nLUOH-
Hble.

B cuctemax OBYyXNO3UUMOHHOrO perynupo-
BaHWA perynvpyoLlee Bo3gencTene Ha o6bekT
perynupoBaHuA NpuHMMaeT TONbKO fABa 3Hauye-
HWA, KOTOpble COOTBETCTBYIOT €ro BKIOYEHMWIO

WU OTKNIOYEHUo. OTU 3HaYeHus Xapaktepu-
3yl0TCA ABYMA KpaHUMW NOSIOXKEHUAMU pery-
nupytowlero opraHa, Hanpumep, «OTKpbITO» ©
«3aKkpbITo», «BkntodeHne» n «OTKMHOYEHNE».
CpabatbiBaHne perynAatopa Ha BKOYEHUE
NPONCXOANT NPV MUHUMANbHOM 3Ha4YeHun pe-
rynupyemoro napametpa X, ., a OTK/OYeHue
Harpy3Kku - Npn MakcumanbHoM 3HaveHun X, . ,
HECMOTPA Ha TO, YTO MpK 3TOM Ha perynAatope
3afiaH perynupyembiii napametp X, ,. 910 06b-
ACHAETCA Hanu4nem FI/ICTepe3I/ICHOI/I neTnu.
30HY rUCTEepesncHon netnu 2¢ AByXno3uuu-
OHHbIX PerynATopoB HasblBalOT Takxe Andde-
peHumanom (Mnm 3oHOWM HepaBHOMepHOCTK). Ha
puc. 2.12 nokasaH rpaduk npouecca AByxmno-
3ULMOHHOTO PErynMpPOBaHUA NPY CKaykoobpas-
HOM W3MEeHEeHMN BO3MYyLLAoLLIEero BO3AENCTBUA
C nokasatenAamm Ka4ecTsa perynmpoBaHua.

BosmyweHue
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Puc. 2.12. Tpaduk npoLecca ABYXMO3ULIMOHHOMO PerynmpoBaHna Npy cKa4ykoobpasHOM N3MEHEHUN
BO3MYLLAOLLIEro BO3KENCTBMA C NoKasaTenamn Ka4yecTBa perynmpoBaHuA:

€ — TOYHOCTb PEerynupoBaHunAa,

2¢ — puddepeHuman (3oHa HepaBHOMEPHOCTY PerynupoBaHunA).

TOYHOCTb perynupoBaHuAa onpepgenAeTcA B
npegenax guddepeHumana 2&. OnAa MHOrmx
OABYXMO3WLMOHHBIX perynatopos anddpepeHumn-
an ABnAeTcA 3agaBaeMbiM NapaMeTpoM.

[nAa noBbilWEeHMA TOYHOCTU perynnpoBaHnA
cnegyet ymeHblwntb anddepeHumnan 2e. Op-
HaKo 9TO MPUBOAUT K YBEMWYEHMIO 4YacCTOTbl
cpabartbiBaHUA perynAatopa, YTO W ABMAETCA
CYLLIECTBEHHbIM HEJoCTatkoM 2-X  No3uuu-
OHHOro npouecca perynuposaHua. [loatomy
OBYXMO3WLUMOHHbIE  PErynATOpbl  MPUMEHAIOT,
Kak npasBuno, Ana OObeKTOB perynupoBaHus,
obnapgaowmx 60nbLION UHEPLMOHHOCTbIO (Te-
nnoemkocTbto). Hanpumep, 6aku-akkymynaro-
pbl, €MKOCTHbIE TemnnooOMeHHUKN, HamnonbHoe

oTOMMnEeHe.
PerynaTtop BO3gencTByeT Ha WUCNOMHUTENb-
HbIl MEXaHU3M, TUM U XapaKTEPUCTUKN KOTOPO-
ro JOIMKEH COOTBETCTBOBATL TUMY perynatopa u
BUAY CUrHana Ha BbIXxofe perynaropa.
Hanbonee pacnpocTpaHeHHbIMU ABMAOTCA
cTabunusmpylole perynAaTtopbl, npegHasHa-
YeHHble AnA MOAAepXXaHWA 3Ha4yeHuA pery-
nupyemoro napamerpa Ha 3afaHHOM YpPOBHe.
Hanpumep, KoMHaTHble perynAatopbl apTt. 7791,
779015, 779000, a TaKKe Tepmopene 3awuTbl
apT. 810000, B KOTOPbIX AaT4MK U perynupyto-
LLMiA Nprbop obbeanHeHbl B OOHOM U3Qeniu.
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=
-
- -
apt. 779015
apr. 7791 apT.779025

2.5. UcnonHunTenbHble MexaHNn3Mbl

HicnoaHumenbHsbit mexaHusm VIM u peayau-
pyrowjutl opeaH PO coBMECTHO npepacTaBnAaloT
€060l NCMONHNTENIbHOE YCTPONCTBO.

VcnonHnTenbHble  MexaHW3mbl  ABMAKOTCA
NPVYBOAHOWN YacTbio PErynupytoLLero opraHa u
no npuHUMNY AEencTBUA MNPUMEHAEMOro [ABW-
ratensa MoryT ObiTb 3/1EKTPOMOTOPHbIE, TepPMO-
3NEKTPUYECKME, CONEHOMAHbIE, MEeMOpaHHbIe,
CUNbGOHHbIE, MOPLUHEBbIE U Ap.

MemOpaHHble 1 CUNMbGOHHbIE  UCTOMNHW-
TerbHble MEXaHU3Mbl ABMAIOTCA, KaK Mpasumio,
COCTaBNAWUMA  dnNemMeHTaMmy  perynATopos
NPAMOro AencTBUA.

TepmoanekTpuyeckme npuBoAbl, WMeEHye-
Mble TaKKe TepMonpusogamu, UMeroT rnopLUHe-
BOW JaTyuK C TBEPAbIM HANOMHMUTENEM Ha OCHO-
BE BOCKa, 3NEKTPUYECKYID HarpeBaTenbHyo
crnmpanb 1 NPYy>X1HY, YOEPXX1BaIOLLYIO KfanaH B
3aKpbITOM (HopMasnbHO 3akpbiT NC) nnm otkpbl-
TOM (HopmanbHO oTKpbIT NO) nonoxkeHuu npu
OTCYTCTBUMN HaMpAXeHWA Ha HarpesaTternbHON
cnupanu. Beicokoe paboyee ycunve Ha LUTOKe
NCMNONb3yeTCA B PErynupytonmx TepMOMpuBO-
pax apt. 7711.

TepmonpurBofbl HENpPepbIBHOrO  OeNCTBUA
NOCTOAHHOrO TOKa apT. 7711 BbinyckakoTcA B
OBYX MWCMOMHEHUAX: HOpManbHO 3akpbiT NC,
HopmanbHo OTKpbIT NO. TepmonpuBog aprT.
7711, obopyaoBaHHbIi OONONHUTENbHLIM PyY-
HbIM MPUBOAOM, BbIMNYCKAETCA B HOPMAasbHO
3akpblToMm NC ncnonHeHnu.

Tepmonpueog
apt.7711
230V unun 24V
NC nnn NO

Ynpasnatowee HanpsxeHue 0...10 V npe-

3NeKTpoOMexaHN4eCcKun ] T
perynATop KOMHaTHOW
Temneparypbl Tepmopene 3awuThbl
aprt. 779000 apt. 810000

obpasyeTcA B MpOMNopUMOHanbHOe ABUXKeHne
LINMHAenA.

\ Tepmonpusog apt.7711...
24V
0...10v/10...0V
NC unn NO

OneKTPOMOTOPHbIE MpuUBOAbI OblBAKOT MO-
BOPOTHbIE UMK CefienbHble C MocTynaTenbHbIM
nepemelleHnem LWToKa. [puMeEHAT Takxe
YHUBepcasbHble MPYBOAbl, KOMMNIEKTYOLMecA
onpefeneHHbIMU PErynupyoLLIMMI KnarnaHamu.
Hanpumep, npusog apt. 1771211 B KOMMnekTe
C PerynmpyoLMmM TPexxodoBbIM KnarnaHom aprT.
14037... paeT BO3MOXXHOCTb BblGopa ¢opmbl
NPOMYCKHON XapakTepucTuky KnanaHa (nu-
HENHON WNM PaBHOMPOLIEHTHOW) C MOMOLLbIO
nepeknoyarena 1 nepegaro4yHoro mMexaHmama
cepsornpusopa.

2 1

oo 2

-"'\.r. -.- _J
\

OnekTponpusog apT.1771211

B KOMOMHAaLWKN C TPEXXOQ0BbIM
KnanaHom apt. 14037...

.

OnemeHT 2 Mo3BONAET OCYLLEeCTBNATb pyu-
HOe yrnpasrneHne NonoXXKeHneM LUTOKa KnanaHa.
Mo nHankaTopy 3 BU3yanbHO MOXXHO onpepe-
NUTb NONOXEHME LUTOKa perynumpytoLero Tpex-
Xxo4osoro knanaHa apt. 14037...
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3. Perynupytowme opraHbl BOAAHbIX CUCTEM TEMIONOTPeoneHna

3.1 OcHOBHbIe xapaKTepUCTUKN perynupyroLmnx opraHos

Perynupytowmin opraH (PO) npepcrtaenAaet
coboii nepemMeHHoe ruapaBIM4eckoe Comnpo-
TUBNEHWe B BuAe Wnbepa, KnanaHa, NoBopoT-
HOW 3acnoHKu u ap. B Taknx ycTponcTeax name-
HeHVe TMApPaBNNHecKoro conpoTuenerna AP,
1 NPOMYCKHON CMOCOBHOCTU k, mpoucxoauT 3a
CYET M3MEHEHMA MPOXOAHOrO CeYeHUA B 3a-
BMCVMOCTHU OT NIMHENHOro h 1nu yrnoBoro xoga
O MOABWXHOW YacTu 3aTBopa, COCTOALLEro nU3
cegna v nnyHxepa (puc. 3.1).

MponyckHaa cnocobHocme k,, m%/4 perynu-
pYIOLLIEro opraHa COOTBETCTBYET pacxofgy Bodbl
yepes PO nopg gencTenem pasHoOCTU AaBreHumn
0,1 Mra. MNMpun makcumanbHOM xofe (YycaoBHom

xoge) wrtoka h_(unm a,) Benu4uHa K, ABnAetca
MaKCMMarnbHOM WM HOCUT Ha3BaHWE YCMOBHON
NpomnyckHol cnocobHocT k. B 6eapasamepHom
BUAE OTHOCUTENbHAA NPOMYCKHaA CNOCOOHOCTb
k /K, B 3aBICMOCTMN OT CTeneHn oTKpbiTua h/h,
(v a/a) HasblBaeTCA MPOMYCKHOW XapakTe-
puctrkon PO. OcHOBHOW perynmpoBO4HON Xa-
paktepuctukon PO AenAeTca dopma ero npo-
MYCKHOWN XapakTepuUCTNKN, KOTOpasa B OCHOBHOM
3aBMCUT OT KOHCTPYKUUWM cegna u MnyHxepa.
(Mopma nponyckHoN xapakTepucTUKK Krnanaxa
MOXXeT ObITb NUHENHON, PABHOMPOLIEHTHOW, He-
nuHenHon (puc. 3.1) n gp.

:\\6-00 ?\
kV/kVS kV/kVS kV/kVS
1,0 ” 1.0 1,0
NNMHEenHasa
08 08 08 /
perynypytoLLgs 3acnpHka / perynupytoujast 3acnpHkg /
paBHONpoLgHTHas / FERL| apT.4219 f
06 / 06 06 /
04 \ 04 04 ,/
/ //
02 / 02 02 /
) / ) s 4
/ / ,/
L~ L~
002 04 06 08 10 0 20 40 60 0 30 60 90
h/h a’ a’
Puc. 3.1. MNponycKHble XapakTepucTUKN PErynmpyoLLX OpraHoB
MpUMeHATCA  pasnuyHble  KOHCTPYKLWK BopoTa oT 60° 40 NOMHOro OTKPbITUA 90° OHM,

PO. Ha puc. 3.2 nokasaHbl cxembl Haubonee
pacnpocTtpaHeHHbix Tunos PO. [MoBOpOTHblE
3acnoHkn n waposble PO nmetoT HENMHENHYHO
NPOMYCKHYIO XapakTepuUCTUKy B AunanasoHe
yrna noeoporta 0°<a<60°. B gnana3oHe yrna no-

a)

6) B) r)

KakK npasuno, He NpPousBOAAT perynupyroLlero
BO3gencTBuA. [NoaTomy npy Hanagke UCNonHU-
TENbHOro MexaHn3ma HeobxoaMmo cornacoBarb
MONHbLIN XOA4 WCMOMHUTENBHOMO MexaHu3ma C
pabo4um xogom PO.

Puc. 3.2. Tunbl perynmpyoLLmux opraHoB
a) OByXx0fdo0BoOW (MPOXOOHOW) ceferibHbIN PErynMpyoLLINA OpraH;
6) 3acnoHKa NoOBOPOTHASA;
B), I) TPEXXOO0BOW PErYNVPYIOLLNIA OPraH.
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CneumanbHble 3acnoHku, Hanpumep, NEPL]
aprt. 4219 (pwuc. 3.1), MOryT MMETb NPOMYCKHYIO
XapaKTepucTnKy, 6rn3Kyo K paBHOMPOLEHTHOW
B MOMHOM AmManas3oHe yrna noBopoTa 3acnoH-
Ku.

PaBHoMpoLeHTHaA xapakTepucTika Hambo-
nee yHuBepcarnbHa, Tak Kak B yCroBuAX pa3BeT-
BJIEHHOW TpyOONpPOBOAHOI CETW 1 NEPEMEHHOTO
nepenaga AasneHunii obecrneynBaeT npakTuye-
CKW NNHENHYI0 PacxoHyto XapakTepucTuKy pe-
rynupytoLLiEero opraHa npu 3Ha4mTenbHo 6onee
HW3KOM pacyeTHOM 3HadeHun P ., dem npw
NVHENHON NPOMYCKHON XapakTepUCTUKeE.

JNvHelHas xapakTepucTiKa yaobHa npw He-
00X0AMMOCTU B MPUMEHEHUN PErynuUpYoLLMX
OpraHoB C BbICOKMM 3HA4Y€HWEM pPacHETHOro
COMPOTUBIEHUA APP'O.

B PO uameHeHue rugpasnn4eckoro conpo-
TUBNEHNA NpPoONCXoanT 3a cHeT U3aMeHeHNA npo-
XOOHOro ce4eHunA, T.e. nyTem gpoccenmpoBsaHnA
perynupyemon cpefbl C LEMbio U3MEHEHNA ee
pacxofa Ha perynmpyemMomM yyacTke.

Peesynupyembiv  yyacmsom ABNAeTcA Ta
YacTb TpybonpoBofa ¢ obopyaoBaHuem, Ha Ko-
TOpYlo okasbiBaeT BnuAHuMe paborta PO. Mepe-
naj OasfeHnA Ha perynmpyemom y4yactke AP,
COXpaHAEeTCA MOCTOAHHbIM B Mpouecce pery-
NMPOBaHMA 1 pacxodyeTtcA Ha npeogoneHve
COMpOTUBNEHUA NoTpebuTens AP o (cnctemsl
oTonneHva unu TennoobMeHHKa ¢ nogsoad-
LMK TENNONPOBOAAMU 1 apMaTypon) 1 Ha co-
NPOTMBMEHNE PErynupyoLLEro opraHa APp_o_ Ha
puc. 3.3 cxematuyHoO nokasaH perynmpyemblii
y4acTok ¢ aByxxonosbim PO.

AP py
AP,,
' APnorp
_ﬁ; s >
Perynupytowmn
opraH
AH (KJ"I)aI'IaH) Cuctema
- Tennonotpebnexus

Yy +#

Puc. 3.3. Perynupyembiin y4acTok ¢ gsyxxogosbim PO.

MMopaBnuyeckuil  pacyeT perynupyemMoro y4actka BbIMONMHAETCA Ha pacyeTHbIl  pacxof

TennoHocutena G

max

npy MONMHOM OTKpbITUM PO, COMPOTUBMEHNE KOTOPOrO MPU STOM COCTaBMAET

(APp.o,)mfn' Perynupyemblii y4acToK XapakTepusyloT aBmopumemomM KAanaHa a, Wi Mogyaem n,.
3HayeHnAa a, n n, a TaKKe COOTHOLLEHVE MEX/Y HUMU, BbIYUCTIAIOTCA MO BbIPaXKEHNAM:

APnomp i (APp.o,)min

nv_

OfHOM M3 OCHOBHbIX PErynMpoBOYHbIX Xa-
PaKTeEPUCTUK PErYNMPYEMOro y4acTka ABMAeTCA
¢opma pacxogHol xapakmepucmuku PO npu
pasnnyHbiX 3HAYEHUAX aBTOpUTETa KranaHa
a, (wm mogyna n). Ona obecrnevyeHna Ha-
OEXHON paboTbl CUCTEMbl aBTOMAaTU4YECKOro
perynmpoBaHnA B Npegenax BCero guanasoHa
paboyero xoaa wToka PO Heobxoammo, 4ToObI
dopma pacxogHon xapaktepuctuku PO gna
NPOEKTNPYEMOro perynmpyemMoro y4actka obina
NMHENHON Nnn 6N3KON K NIMHENHON.

1

1
nv =_'1. (3_2)

= D\ aV = 1' aV 7.
(APp.o.)min (APp.o.)min + A'Dﬂomp 1+ ny ay

Ha puc.3.4 n 3.5 npuBegeHbl pacxofHble
xapaktepucTtukn PO, pacyeT KOTOpbIX BbINOS-
HEH NPy pasnnyHbIX 3HaveHnax n v a ana PO
C NNHENHON 1 PaBHOMNPOLEHTHOW NPOMYCKHbLIMA
Xapakrepuctukamu, a Ha puc. 3.6 u 3.7 — gnAa
perynupytoLen noBOPOTHOM 3acfOHKM U 3a-
nopHo-perynupytowen 3acnoHkn MEPLL 4219.
PacueT pacxofHbIX xapakTepucTuK BbINOMHAN-
CA ANA ycrnosuA NoCTOAHHOro nepenaga gasne-
HWA B CUCTEME TennonoTpebneHus.

(Dopmbl pacxofHbIx xapakTepucTuk, 6nms-
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KUX K JIMHENHOW, Ha PUCYHKaX BbideneHbl
3alUTPUXOBAHHON 06NnacTbio, B KOTOpON 0be-
crneynBaeTcA HafeXxxHasA paboTa CUCTEMbl aBTO-
MaTU4eCcKoro perynnupoBaHuA B Npegenax BCcero
aranasoHa paboyero xopa wroka PO.

G,/G
10
—

aVs 7
09 100 5
N c? /é/ /

Y,

oL\ T

Sl
X
N \\ N
&& N \\
N

a=02
A
V n=. m

0,6 . /

0,5 /%l/ /] . _230V=025
NV, diE
W77 4

1.0

2

01

0 01 02 03 04 05 06 07 08 09 10

hh

Puc. 3.4. PacxogHble xapaktepucTtuku PO ¢
NVHENHOWN NPOMYCKHON XapakTepPUCTUKON.

G,/G
1,0

0,9

08

a7 /|
N /4% //
5N AT /
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1 ‘<

R
N

A

N
\
N\
N
g

03

0.2 7
0,1

_a5
= 307

0

01 02 05 06 07 08 09 10

h/h
Puc. 3.5. PacxofHble xapaKTepuCTuKn
PO ¢ paBHONPOLIEHTHOW NPOMYCKHON
XapakTepuUCTUKON.

Perynupytolpne knanaHbl ¢ paBHOMPOLEHT-
HOW MPOMYCKHOW XapakTepUCTUKON NPUMEHAIOT
ONA perynupoBaHunA TEennooTgayn pasnuyHbiX
TennoobmeHHUKOB. B atom cnyyae pacxogHas
XapakTepucTka ABnAetcA Havbonee Onaro-
NPUATHON [ONA pPerynupoBaHnA, Tak Kak npu
OTHOCWTENbHO HEOONbLUION NOTepe faBNEHWA B

PO pocturaetca apdekTnBHOE perynupyioLlee
BO3[ENCTBME Ha perynupyembliii napametp BO
BCeM auanasoHe paboyero xoga PO.

G,/G

10

09 -

y %%/97

n=o,
07 i // /A;%/
N0

08 302 /' A/
0,5 ] /A?// // / C
N a7 /4 FE R
; / / k10

03 ,%// //< a,:=0.5

. ‘ /// éA % =05

) 7 o

01 » /% // a,:= 1.0

0

5 10 15 20 25 30 35 40 45 50 55 60
GU
Puc. 3.6. PacxopgHble xapakTepucTuku
NMOBOPOTHOW 3aCMOHKM.
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0
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Puc. 3.7. PacxogHble xapakTepucTuku
3anopHO-perynupyoLLen 3acnoHKu
MEPL 4219

MwveeTtca onpegeneHHaA CXoxecTb ¢opm
pacxogHbIX XapaKTepUCTMK 3anopHO-perynu-
pytowen 3acnoHku NEPL 4219 (puc. 3.7) n
perynupyioLLero KnanaHa ¢ pasHOMPOLIEHTHON
MPOMNYCKHON xapakTepuctukon (puc.3.5) B gua-
nasoHe asToputeta a 20,25, (n <3,0).
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Ona kaxpgoro tmna PO MOXXHO OTMETUTb
TakoW guanasoH pacxodHblX XapaKTepUCTUK, B
KOTOPOM [AaHHbIn TN KnanaHa Oynet obecne-
YMBaTb KAYECTBEHHOE perynnpoBaHue:

- KnanaHbl C AUHEeUHOU nponycKHouU Xxa-
pakmepucmukou cnegyet npPUMEHATb, 3a-
AaBaACb asTopuTeTOoM KnanaHa a>0,4 (unu
moaynem n, <1,5) [1, 2, 8...12, 16];

- KnanaHbl ¢ paBHonpoyeHmMHoU NnponycK-
Holl xapakmepucmuKoU cnegyet NpPUMeHATb,
3afaBaAcb aBToputeToM knanaHa 0.1<a <0,3
(v mogynem 3<n <10) [1, 2, 4, 8...12];

- ANA NPOMEXXYTO4YHbIX 3Ha4eHun 0,3<a <0,4
(v mopgyna 1,5<n  <3,0) MOXHO Bbl6paTb nto-
Oyto 13 AByX Gpopm I'IpOI'IyCKHOI/I XapaKktepucTu-
KN (MUHENHYIO U PABHOMPOLIEHTHY0), TaK Kak
B 9TOM fmanasoHe OHW JatoT NpMMepHO ogunHa-
KOBYIO HENMNHENHOCTb [1, 2, 8...12];

- N0BOpPOMHYIO 3aCAOHKY LienecoobpasHo
NPUMEHATb, 3aJaBaAcb aBTOPUTETOM KnanaHa
0,2<a <0,7 (wnu mopynem 0,5<n <4,0);

- 3anopHo-pe2yAupyroujyro 3acAOHKY
TEPL] 4219 uenecoobpa3Ho NpuUMeHATb, 3a0a-
BaACb aBTopuUTeTOM KnanaHa 0,15<a <0,5 (unu

moaynem 1,0<n <6,0).

PaBHOMpoOLEHTHAaA MpPOMNycKkHaA Xapakrte-
pucTka Hambornee yHuBepcasnbHa, Tak Kak B
YCINOBMAX pa3BeTBIIEHHON TPyOOnNpOBOAHON
ceTn obecne4ynBaeT MNPaKTUHECKU NUHENHYO
pPacxogHyl XapakKTepUCTUKY PErynupyoLLero
opraHa npu 3HauuTenbHo Gonee HWM3KOM pac-
YETHOM 3HaYeHun APP'D., 4yeM MNpU NUHENHON
NPOMYCKHOWN XapaKTepuCTuKe.

INnHenmHasa nponyckHaA XxapakTepuctuka
yoobHa npu HeoOXoAMMOCTU MCMOSb30BaHUA
perynmpyroLmnx OpraHoB C BbICOKMM 3HA4YeHMEM
pac4eTHOro conpoTnBneHns APp

(Popmy pacxopHoll  xapakTepUCTUKU pe-
KOMeHgyeTcA Bbloupatb MO  COOBpadKeHUAM
onTnvmnsauymn yCJ'IOBI/II7I aBTomMaTtn4eckoro pery-
nuposaHuA [2, 11].

Ecau ocHOBHbIMU BoamyuweHuamu ABaarom-
cA BHYmMpeHHue Bo3mMyujeHuUa, mo Keaamenb-
Hou ABasemcAa paBHonpouyeHmHaAa pacxogHaAa
XxapakmepucmukKa. Ecau ocHoBHeiMu aBaarom-
cA BHewHue Bo3MyweHUA, mo KeaameAbHoU
ABAaemcAa AUHeUHaA pacxogHaa Xapakmepu-
CMuKa.

3.2 MeTtoaunka nogbopa ABYXXOAOBbIX PerynnpyroLmnx opraHoB

MeTtoauka noabopa PO (puc. 3.3) 3aBucut
OT XapakTepa WCXOAHbIX HOaHHbIX, KOTOpble
MOXXHO pa3fenuTb Ha ABa BuAaa:

TepBeili Bug UCXOgHbIX gaHHbIX

3agaroTca ncxogHble AaHHbIe:

— pac4eTHble pacxofpl,

— nepenag [aBMeHUA Ha perynupyemom
yyactke AP, ,

— conpoTueneHue notpebutensa AP, . (V-
CTEMbI OTOMNEHUA UMK TEMNOOBMEHHIKA G nop-
BOAALLMMMW TENNONPOBOAAMM 1 apMaTypon).

Ha ocHoBaHWMM yKasaHHbIX MCXOAHbIX AaH-
HbIX criepnyert.

- onpepenutb Tpebyemoe cCOMpPOTMBREHWE

perynupytowero oprama (AP, ..) ..

— BblOpath TVN 1 Tunopasmep PO.

Bmopoli Bug ucxogHbix gaHHbIX
3agaroTcAa cxogHble gaHHble:
— pacyeTHble pacxogpl,
— COMpOTMBIIEHNE NOTpeduTens AP .. (cn-
CTeMbl oTonNeHnAa nnn TeI'IJ'IOO6MeHHVIKa C noa-
BOAALLMMMW TEMNONPOBOAAMM U apmaTypoi).

Ha ocHoBaHWMM yKa3aHHbIX WUCXOAHbIX AaH-
HbIX cnepgyeT onpenenuTb:

- BblbpaTb TN 1 TMNopasmep PO,

— onpegennTb COMpPOTUBREHNE PErynupyto-
Lero opraHa (AP ormin

- OI'Ipe,El,eJ'lI/ITb pacyeTHbIn Nepenay nasne-
HWA Ha perynupyemom y4actke AP,

3.2.1 Metognka nog6opa ABYXXO-
AOBbIX perynnpyroLwmnx opraHoB gna
nepBOro Buaa NCXoAHbIX AAaHHbIX

[nAa nepBoro Buga UCXOgHbLIX gaHHbLIX NnoA-
6op mByxxogosoro PO npoussoamtca B crnepy-
foLLen nocnenoBaTenbHOCTU.

Heobxoammble NCXOAHbIE AaHHbIE:

— MakcuMMarbHbIA (MM pacyeTHbIN) pacxoq
BOfAbl Yepe3 apyxxogoson PO G, ., Kr/y;

— nepenag [aBfeHUA Ha perynupyemom
yyactke P, , Na;

— COMpOTUBMEHNE NoTpedbuTtensa (CucTemsbl
oTonneHna unu TennoobMeHHnKa ¢ nogsoad-
LWyMK TEMNONpPOBOAAaMN N apMaTypon) APnomp_
Ma;

— abcontoTHoe pasneHve nepeg PO P,
MMa;

— Temneparypa sogpl nepeg PO T,

— abcontoTHoe paBreHue HaCbILLlEHHOFO
napa P,, MlNa npu temneparype T ., onpeaens-
emoe 13 Ta6J'II/IL|,bI 3.1;

— NNOTHOCTb BOAbl o, Kr/M?® npu T, onpepe-
naemas us Tabnuubl 3.2.
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Tabnuua 3.1
AGconoTHOe faBneHune HacbiWeHHoro napa
Temnepartypa
TGI;ISOHOCVITGJ‘IH 100 105 110 115 125 130 135 140 145 150
T,
P, MMa 0,101 | 0,121 | 0,143 | 0,169 | 0,198 | 0,231 | 0,271 | 0,314 | 0,362 | 0,417 | 0,485
Tabnuua 3.2
MnoTHOCTb BOAbI HA NNHUN HaCbIWEeHNA
Temnepatypa
TennoHocuTenst 0 20 40 50 70 80 90 100 120 150
T, °C
p, kr/m® 1000 [ 998 | 992 988 978 | 972 965 | 958 943 | 917

Tpebyemoe MUHMMAnNbHOE pacyeTHOe 3Ha-
YyeHue nepenaga gasnexHuna Ha PO (APp
[Ma BblMUCRAETCA NO BbIPAXKEHMIO:

.0. TPEE) min’

(APp.o.TPEE )min =APpy - A'Dnomp. (3.2)

Tpebyemoe 3HayeHve aBTopuTeTa KrnanaHa

a, ;- ONpeaenAeTcA no BbipakeHuto:
a _ (APP-O-TPEE)mm . (3 3)
VTPEE ~ : :
(A'Dp.o.TPEE )min + A'Dnomp

B COOTBETCTBMU C YCNOBUMAMU, W3NOXEH-
HbiMu B pasgene 3.1, Mo 3HaYeHMO a, ...
BblbupaeTtca Tn PO u Tpebyemasa dopma ero
NPOMYCKHON XapaKTePUCTUKMN.

Tpebyemana pacyeTHas ycrnoBHasA MPOMYCK-
Has cnocobHocTs PO k..., M%/4 onpepena-
€TCA MO BbIPaXKEHUIO:

G max 10 2

p\/0,1 (AP, o.7P6 Jmin (3.4)

KvsTpes =

C ncnonb3oBaHNeM TEXHUHECKMX KaTarnoros
cnefyet NPUHATbL K yCTaHOBKe Takomn Tunopas-
mep PO, 3Ha4eHne ycrnoBHOWM NpOmnycKHOM cro-
cobHocTn koToporo k _, M%4 cooTBeTcTByeT
YCNoBuio

kVS = (019110) kVSTPEE (35)

PacyeTHbin nepenag paeneHuA Ha PO
APp‘a, Ma BblYUCNAETCA NO BbIPAXKEHUIO:
2
G

max
.

AP, =01
po ( Kys (3.6)

MpuHATbIN K ycTaHOBKe PO cnegyet npose-
pUTb Ha BO3HWKHOBEHWE KaBuTaumu npu temne-
patype TennoHocutensa 6onee 100°C.

OnpegenAetcAa nepenapg pasneHusa Ha PO
AP, la, npu KOTOPOM BO3HVKAET KaBuTauws,
MO BbIPAXKEHWIO:

AP, =K, (Py-Py)10° (3.7)

rae K _— koadounumeHT Havana kasutauum.

Cnepnyet Bblbupatb PO ¢ Gonee BbICOKUMU
3Ha4YeHnAMKN KoadduMumMeHTa Havana KasmTauum
K, , OPUEHTMPYACH MO KaTarnoram apMarypb! Unu
13 Tabnuubl 3.3.

Tabnuua 3.3
KoadhpmumeHT
Tun PO Ha4ana MNpumedaHnsa
kaBuTaumm K
LLInGepHbIn 0,65
OpHoceaenbHbIN
KranaH 0.60
[ByxcenenbHbiin
KnanaH 0,51
LLlaposow 0,68
Mpwn yrne
3acnoHoYHbIN 0,36 nosopoTa
a=60°

Bbibop Tunopasmepa PO  3aBeplueH,
€CcnvM B pe3ynbraTte BbINOMHEHHBIX Pac4eToB
cobntogaetcs HepaBEHCTBO APP.O' <AP_.

Mpn HeoOXxoOMMOCTWU, Ha perynupyemom
yyacTke  nocrne  notpebutensa  Tenmnothbl
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yCcTaHaBnMBaeTCA [OpoccernbHasa Lwainba unu
GanaHcoBbIi BEHTWUMb, NpedHasHauYeHHbIn Ans
noralwexne nepenana gasnexns AP, Ma
BbIYMCIIAEMOTO MO BbIPAXEHUIO:

APy = APpy - APromp. - APpo. (3.8)

3.2.2 Metoaunka nogbopa ABYXX0A[0-
BbIX Perynmpyrowmnx opraHoB pansA
BTOPOro Bnga NCXOAHbIX AaHHbIX

Ina 8mopoeo Buga ucxogHbIX gaHHbLIX NoA-
6op mByxxogosoro PO npoussoguTca B criefgy-
toLLen nocnenoBaTenbHOCTML.

Heobxogumble ncxogHble AaHHbIe:

- MakcumanbHbI (MM pacyeTHbIN) pacxon
BOAbl Yepes apyxxogoson PO G, , Kr/y;

- NoTepw AaBneHuna noTpebutena (cucTemsl
oTonneHnAa unnun TeI'IJ'IOO6MeHHVIKa C noasoaA-
Wumn Tennonposogamm) APnomp‘, MNa;

- abcontoTHoe paeneHve nepeg PO P,
MMMa;

- Temneparypa sopbl nepeg PO T, K;

- abconioTHoe [faBneHne HacbILLEHHOro
napa P, MlMa npn temneparype T,., onpefne-
nAaemoe 13 Tabnuubl 3.1;

- MNIOTHOCTb BOAbl 0, Kr/m® mpu T, onpege-
nAaeman ns tabnuubl 3.2.

Cnepyet npuHATb K yctaHoBke Tun PO, a
3aTem, B COOTBETCTBUW C YCNOBUAMU, U3MOXKEH-
HbiMK B pasgene 3.1, Bblibpatb ¢popmy ero npo-
MYCKHON XapaKTepPUCTUKM (NMHEWHYIO, paBHO-
MPOLEHTHYIO NI Kakyto-nnubo 1Hyt0).

B cooTBeTCTBMM C YCNOBUAMU, U3MOXEHHbI-
MU B pasfene 3.1, cneayet 3agaTbCA 3HAYEHU-
eMm aBTopuTeTa KnanaHa a, e

Tpebyemoe MUHMMAarbHOE pacyHeTHOe 3Ha-

HeHvie nepenapa AasneHnA Ha PO (AP .. .) .
Ma Bbl4MCNAETCA MO BbIPAXKEHMIO:
P _ A'Dnomp
(A p.o.TPEB )min - 1 (3 9)
— 1 )
av 1pes

HanbHeiwne pacyeTsl u nogbop PO Bbinon-
HAeTcA no (3.4)... (3.7).

Pac4eTHbIn Nepenap AaBneHWAa Ha perynu-
pyemom y4actke AP, , lNa onpepgenaerca no
BbIP2XKEHMIO:

APPY = APp.o. + APnomp. (310)

3.3 Metoanka nogdopa TPEXXOAO0BbIX PErynupyroLwmnx opraHoB

TpexxopgoBonn PO npumeHsetcA gnAa pas-
OeneHva Unu cMeLlUBaHuA peryrnmpyemMbix rno-
TOKOB TennoHoCUTENEN.

PaspgeneHne NoToKoB MCMONb3YETCA B CXeMe
c 6arinacom. PerynupoBaHue pacxoga Bofbl AnA
noTpebutens ocyLLecTBNAeTcA NyTem nepepac-
npegeneHmAa MNOCTOAHHOrO pacxofda Bofbl OT
WCTOYHMKA TennoTbl MeXxmy noTpebutenem u
GannacHon NUHNeN (3aMblKaoLLMM Y4aCTKOM).

Mpwn aBTOMaTN4ECKOM CMELLIMBAHUN NOTOKOB
OCYLLIECTBNAETCA Ka4eCTBEHHOe perynupo-
BaHWe, a WMMEHHO, WU3MEHeHue TemnepaTtypbl
TENOHOCUTENA NPYU MOCTOAHHOM E€ro pacxofe.
B HacToAwen meTtodvke npegycMaTpuBaeTcA
CMeCUTENbHbIA HAcoc, ycTaHasnMBaembl Ha
noaMeLUMBatoWEM UMK LUMPKYNALUMOHHOM Tpy-
GonpoBoge.

3.3.1 Metognka nog6opa TpeXxoh40BOro pe-
rynupymoLlero opraHa gnAa cxembl ¢ 6ainna-
com (npun pasgeneHnn noToKkos)

B cxeme c Gaiinacom, NokasaHHOW Ha puc.
3.8, TpexxogoBoini PO paspenset obwumii no-
TOK MO ABYM MapannesfibHbIM pPerynupyembim
y4acTKaMm, KOTOpble COEeAMHAIOTCA MeXXay CO-
6o B AByX y3nax: B y3ne pasferieHns NoToKoB
N B y3ne CMeLLMBaHUA NoTokoB. Mexxagy atummu
y3namu nepenag AaBneHna OCTaeTcA NocToAH-
HbIM B MpOLecce perynmpoBaHuA.

O6wwmin NoToK Gom pasfgenAeTcA Ha MoTok
4epe3 noTpebutena G, 1 Ha NOTok Yepes Gan-
nac G, . [laHHaA cxema ABNAETCA BapuaHTOM
CXeMbl APOCCENbHOro perynmpoBanHuna. NMoatomy
pacyeT Npou3BOAMTCA MO aHanorum ¢ metoau-
KOW, N3NoXXeHHow B pasgene 3.2.1.

AP,
- APy,
APp.o.I
Y A e AP o
Perynupyrowmn
G. '™ 3-XX0[0BOM KnanaH
obw. 4 z »
ot G,
AH
Cwucrema
L TennonoTpetneHns
AP,
4 *

Puc. 3.8. Perynupyemble y4acTku,
pasgenaemble Tpexxogosbim PO.

McxopHbIMM  AaHHBIMK,  HEOOXOAUMbBIMM
anAa nopbopa TPEXXO[oBOro perynupytoLlero
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opraHa (PO) asnatoTca:

- pacyeTHbln (MakcumarbHbI)  pacxofd
TenroHocuTena AnA noTpeduTens (Hanpumep,
TennoobmeHHuka) G, ., Kr/4 NpuHuMaem ana
MOMHOCTBIO OTKPBITOro KnanaHa:

G1max= Go6tu’.
- pacyeTHbli (MakCMManbHbIN)  pacxon
TennioHocuTens Yepes Gavnac G, . Kr/4 npu-
max
HUMaeMm
GZmax: Goﬁw;

- noTepu AaBneHus notpebutena (Hanpwu-
Mep, TennoobMeHHUKa Unu Kanopvlcbepa c nog-
BOZALMMM Tennionposogamu) AP,

- Nnepenaj AaBfieHnA Ha BBoae KH I'Ia

- abcontoTHoe JasneHue nepen PO P MI‘Ia;

- Temneparypa Bofpl nepeg PO T,

- abconoTHoe AaBneHue HaCbILLl,eHHOFO
napa P, Mla npn Temneparype T,., onpegens-
emoe "3 Ta6J'II/IL|,bI 3.1;

- NNOTHOCTb BOAbI O , Kr/M® npu T, onpefe-
naeman n3 tTabnuupl 3.2.

Mop6op o6opynoBaHUA U pacHeTbl BbIMOHSA-
toTCA creayowmum obpasom.

Cnepyert Bbibpatb Tn PO, a 3aTteM, B COOT-
BETCTBMU C YCMOBUAMU, N3NOXKEHHBIMY B pasge-
ne 3.1, Bblbpatb GopMy ero NPonyckHoOM Xapak-
TEPUCTUKUN (NIUHENHYIO, PABHOMPOLIEHTHYIO WK
KaKyto-nmbo 1Hy1o).

B cOOTBETCTBUM C YCNOBUAMMU, N3NOMEHHDI-
MU B pasgene 3.1, crnefyet 3agarbCA 3HAYEHU-
em aBTopuTeTa KnanaHa a, ;pq,.

Tpebyemoe MUHMMarbHOE pacyeTHOe 3Ha-
YeHue nepenaga gasneHua Ha PO (P
Ma BblYMCNAETCA MO BbIPaXXEHMIO:

.0.1 TPEB) min’

AP omp

- 3.11
1 y (3.11)

(A'Dp.o.1 TPEBE )min

av rpes

Tpebyeman pacyeTHas ycrnoBHaA MPOMYCK-
Has cnocobHocTb PO k m3/4 onpepenAeTt-
CA MO Bblpa’>XeHnto:

vsTPEE’

Gimax 102

(3.12)
,O\/O,1 (AP, o1 7PEE Jmin

KvsTpes =

C vcnonb3oBaHMem TeXHUYECKMX KaTanoros
crnegyeT NpuHATL K ycTaHoBKe Tunopasmep PO
C COOTBETCTBYIOLLWMM 3HA4YeHMEeM YCIOBHOM
MPOMYCKHOMN CMOCOBHOCTU K , M¥/4.

PacyetHbin nepenapg paeneHuAa Ha PO

APpm, Ma BbIHUCNAETCA MO BbIPAXXEHUIO:

APpo1=01 ( ;{max ) (3.13)
VS

PacueTHoe 3HayeHve NoTepb AaBfeHUsl Ha
perynmpyemMomM y4yacTke onpefensietcs no Bbl-

PaXeHuio:

APpy1= APpo1+ AP nomp (3.14)

Tpebyemble CymMMapHble MoTepu AaBMeHUs
Ha noABoOdALLUMX Tennonposoaax (ZAP )
Ma BbIYMCNAOTCA MO BblpaXkeHIO:

TPEB’

Y(AP, )ipes = AH - APpy4 (3.15)

Mony4eHHoe 3HaveHne (2AP, ). ucnonb-
3yeTcA AnA nop6opa 6anaHCoBOTO BEHTUNA,
yCTaHaBn“BaeMmoro Ha nopawowem (unu o6-
paTHoM) noasoAALLem Tpybonposoge, u noTepb
nasneHns 6anaHcoBOrO BEHTUNA.

Pac4deTtHbin nepenag aaeneHuna Ha PO no
MOTOKy Yepes barinac APPM, Ma BbluMCnAeTCA
MO BbIPAXKEHUIO:

( G2max
kus (3.16)

APp.o.2

PacuyeTHble noTepy faeneHnsa Ha perynvpye-
MOM y4acTke Gainaca npuHUMAatoTCA paBHbIMI

APpy2 = APpy+ (3.17)

Tpebyeman notepa gasneHna Tpybonpososa
Gannaca 1 yctaHOBIIeHHOro Ha Hem 6anaHcoBo-
ro BEHTUNA paBHa

AP6n. = APpy2 - APpo2 (3.18)

MonyuyeHHoe TpeGyemoe 3HadeHne AP,
ncnonb3yeTtca anAa nopbopa 6anaHcoBoro Befi-
TWNA, ycTaHaBnIMBaemoro Ha baiinace, 1 notepb
AaBneHva 6anaHcoBoOro BEHTUNA.
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3.3.2 Metoguka nogéopa Tpexxopno-
BOro perynupyrowiero opraHa ansa
y3/a cMeLlueHunA

B cxeme y3na CMeLleHMnA C TpexxogoBbliM

PO B gByx BapuaHTax ero ycTtaHoBKW, KOTopas
nokasaHa Ha puc. 3.9, npegycmarpumsaeTcA

AP py

APnorp
Perynupytowmii
H 3-XX0[0BOW KnanaH G
max

LN

AH ;

Y A

CMecuTenbHbIN HaCcOC, YycTaHaBnUBaeMmbll Ha
nogMeLuBatoLLeM Ui LUMPKYIALUOHHOM Tpy-
6onpoeoge. OH npepHasHadeH Ans nopnaep-
YXaHWA MOCTOAHHOIO LIMPKYMALMOHHOIO NoToKa
Yyepe3 0ObEKT perynMpoBaHuA (CUCTEMY OTO-
NMAEHUA UMK TennooOMeHHUK).

AP py
f APnorp
G max

Cuctema
TennonoTpebneHus

7 <
PerynupytoLumit
3-XX0[0BOW KnanaH

S

Puc. 3.9. PacueTHas cxema y3rna CMeLLEeHNA C TPEXXOAOBbIM PErynvpyOLLIM OPraHoM B ABYX
BapuaHTax ero yCTaHoBKu

ABTOMaTn4eCcKoe Ka4eCTBEHHOE perynu-
poBaHvue TemnepaTypbl TEMNOHOCUTENA OCy-
LLeCTBNAETCA 3a CYET M3MEHEHMA npornopuumin
CMeLLVBaeMblX MOTOKOB CETeBON U 0bpaTHOM
BOAbI C NOMOLLbIO Tpexxogosoro PO.

B KpaHeM MNONOXeHuW LITOKa TPexxono-
Boii PO nepekpbiBaeT ceTeByto Boay, 1 0O
UMPKYMAUMOHHBIA  MOTOK  MPOXOAuT  4epes
MNONMHOCTbKO OTKprTbII7I KnanaH nogmMmeLunBatro-
Liero Tpybonposopa. [aHHaAa rugpasnuyeckas
cxema LMpKynALMOHHOIo KonbLia ABMAETCA pac-
YyeTHoI B MeToauke nogbopa Tpexxogosoro PO
OnA yana cmewleHuda. B atom cnyyae paHHoe
LUMPKYNALUMOHHOE KOMbLO ABMAETCA pac4eTHbIM
perynupyembim yHacTkom. lNotepu gasneHmAa Ha
perynupyemom y4yactke AP, COOTBETCTBYIOT
LUUPKYNALMOHHOMY [aBfeHno, co3faBaemMomy
cmecuTebHbIM Hacocom P,

Heobxoaumble NCXOAHble AaHHbIE:

- MakKCMMarbHbIA (MNN pacyeTHbIN) pacxoq
BOfbl ANA NoTpebutensa TennoTbl (CUcTembl OTo-
NNeHna unn TennoobmeHHnka) G, Kr/u;

- noTepu [OaBneHusA notpebutens (cucte-
Mbl OTOMSIEHNA WNKM TennoobMeHHWKa ¢ nopn-
BOOALMMI TENnonpoBogaMn u apmartypon)
AP o.T&;

- MOTepu pfaBneHnAa B MNOgMEeLUMBaoLLEM
Tpybonposoae (TpyoonpoBobl U 3anopHaa ap-
marypa) npu pacyetHom pacxoge (G ) AP, ,
Ma;

- abconoTHoe gaeneHue nepen PO P,, MMNa;

max

- Temneparypa sopbl nepeg PO T, K;

- abconioTHoe [faBfeHue HacbILLEeHHOro
napa P,, MlNa npn temneparype T,., onpege-
nAaemoe n3 Tabnuupl 3.1;

- NNOTHOCTb BoAbl P, Kr/M® npu T, onpepe-
naemas us Tabnuubl 3.2.

Cnepyet Bbibpatb TMn PO B COOTBETCTBUM C
YCIOBUAMW, N3NOXKEHHbIMX B pa3gene 3.1, Bbl-
GpaTb GopMy ero NPOMyckHON XapaKTepuUCTUKN
(MUHENnHyo UM PaBHOMPOLIEHTHY!O).

B cooTBeTCTBUM C YCMOBUAMM, N3NOMEHHbI-
Mu B pasfgene 3.1, cnefyeTt 3afarbCA 3Hade-
HUem aBTopuTeTa KnanaHa a ... Ipebyemoe
MVHUManNbHOE pacyeTHOEe 3Ha4eHne nepenagja
nasnexua Ha PO (AP Ma BblyncnAeT-
CA MO BbIPaXKEHWIO:

.o.TPEE)min’

A'Dnomp"'A'D6n
(APp.o.TPEE Jmin = 1 —  (3.19)
1
av rpes

Tpebyeman ycrnoBHas MponyckHasA crnocob-

HOCTb PO K pesr M¥/4  OMpeaenseTca no Bbl-
paXkeHuIo:
Gmax 2
KysTPes = 10 (3.20
p\/0’1(APp.o.TPEE )i ( )
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C ncnonb3oBaHnem TEXHUYECKMX KaTanoros
cnegyet MPUHATb K YCTaHOBKE TakKoOW TUMo-
pasmvep PO, 3Ha4yeHne yCrnoBHOW MPOMYCKHOW
CMOCOBHOCTM KOTOPOTO K, M¥/4 COOTBETCTBYET
YCNoBUIO

kvs =(0,7..13) kvstpes (3.21)

PacuyeTHbin nepenag paeneHuA Ha PO
AP, T1a BbI4NCNIAETCA MO BbIPAXKEHMIO:

2
G
AP = 01 ( km_a) (3.22)
Vs

MpuHAaTbIN K ycTaHoBKe PO cnepyet npose-
pYTb HA BOSHUKHOBEHWE KaBuTauuy npu Temne-
patype TennoHocutens 6onee 100°C.

OnpepenAaetcA nepenag paeneHnAa Ha PO
AP, lNa, npu KOTOPOM BO3HMKAET KaBuTauus,
MO BbIPaXKEHUIO:

AP, =K, (P, -P,)10° (3.23)

rae K, — koaponumeHT Havana Kkasutayum.

Cnepyet Bblbupatb PO ¢ Gonee BbICOKUM
3Ha4veHnem KoadpdrumeHTa Havana kasuTayum
K., OpveHTUpyACh No Katanoram apMarypbl Unu
13 Tabnuubl 3.3.

Bbi6op Tnopasmepa PO 3aBepLueH, ecnv B
pesynbTaTe BbIMOMHEHHbIX pacyeToB cobntoga-
€TCA HepaBEHCTBO APM< AP..

PacyeTHbIll Nepenan gaeneHud Ha perynu-

pyemom ydactke AP, , lNa onpepensetca no
BbIP@XKEHUIO:

APPY = A'Dp.o. + A'Dnomp. + AP5,-, (3.24)

LIMpKYNALMOHHBIA  Hanop NPOEKTUPYEMOro
Hacoca P, AOrmkeH cocTaBnAtb

(0,95... 1,10) AP, (3.25)

BbilenpvBeaeHHaa meToamka nogbopa mo-
)KeT ObITb YNpOLLeHa NyTeM BHECEHUA crefyto-
LLMX YNPOLLaLLIMX 0OCTOATENbCTR:

- MPUHUMAETCA K YCTAHOBKE TPEXX0J0BOM
PO ¢ nuHenHon NponyckHOM XapaKTepucTKow;

- CyMMapHble NnoTepu faBneHna notpebute-
nA (cMcTemMbl OTOMNMEHUA UMK TennoobMeHHUKa
C nopBodAWMMM TENonpoBogaMn 1 apmary-
pon) 1 NoTepu AaBMEHUA B MOAMELLVBAIOLLEM
TpybonpoBoge (TpybonpoBoabl 1 3arnopHas
apmarypa) npu pac4eTHom pacxope G . co-
cTaBnAaoT

(AP

nomp.

+AP_ )< 25000 Ma

Mpn AaHHbIX ynpoljalowmx obcToATesNb-
cTBax MeToauka nopbopa Tpexxoposoro PO
BbINOSIHAETCA B CcregyloLen nocrnegosartenb-
HOCTW.

Tunopasmep PO TpexxogoBoro knanaHa
BbIOMpaeTcA MO €ero YCMOBHOM MPOMNYyCKHO
cnocobHocTn k., M*/4 , Tpebyemoe 3HaqeHue
KOTOpON onpefgenAaeTcA Ha OCHOBaHUU COOT-
HOLLEeHNA

_ (ZGmax -"BGmax )

- (3.26)
VS TPES 1000

Kk

PacyeTHas noteps gaBneHus TPEXXO40BOro
KnanaHa APp_o, Ma onpegensetca no chopmyne

G max )2

AP, =01 (=

po. (3.27)

vs

JanbHenwne pac4deTbl BbINOMHAKOTCA MO
(3.23), (3.24), (3.25).
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3.4 MeTtoaunka nogbopa ABYXXOA0BOr0 perynmpyroLero opraHa

AnA y3na cMeLweHnA

Yanbl CMeLLEeHNUst C ABYXXOOOBbLIM perynumpy-
oMM OpraHoOM MPUMEHSIOT Ans aBToMaTu3a-
UMM pasnnYHbIX CUCTEM TensonoTpebneHuns.

Mpu aBTOMATMYECKOM CMELUMBAHUW MOTO-
KOB OCYLLECTBNSETCA KayeCTBEHHOEe perynu-
poBaHWe, a UMEHHO, U3MEHEHWE TeMrepaTypsl
TENMOHOCUTENS B cUCTeMe TennonoTpebnexHmns
npu NOCTOSIHHOM ero pacxofe. B naHHon cxeme
npegycmaTpuBaeTcsl CMecuTenbHbIN  Hacoc,
yCTaHaBMMBaEMbI Ha MOAMELLMBAIOWEM WNN
unpkynaunoHHom Tpybonposoge. OH npeg-
HasHayeH pAans noadepXKaHusi MOCTOSIHHOMO
LUMPKYISILMOHHOIO rnoToka Yyepe3 OGbekT pery-
nMpoBaHus (CUCTEMY OTOMMEHMST URK Tenso-
OOMEHHMK).

MMopaBnuka Takoro ysna sBRAsieTcs [o-
CTaTO4YHO CIOXHOW, O0CoGeHHO B npouecce
aBTOMaTMYeCKOro perynupoBaHusi. B gaHHOM
cry4yae HEBO3MOXHO OrpaHU4MTbCS METOAM-
Ko nogbopa Tonbko OOHOrO 3rfeMeHTa yana
CMelleHnst — [OBYyXxodoBOro knanaHa. Heo6-
XOO4MMO YyBsi3aTb ero nogbop ¢ nogbopom ru-
OPaBMUYECKMX XapaKTepUCTUK CMECUTENBHOro
Hacoca, KOTopblii MOXET OblTb YCTAHOBIEH Ha
nepemMblYke UK Ha MarucTparibHOM Tenonpo-
BOoAe cucTembl TennonotpebneHus. Moatomy
paccMoTpuMM pasfdenbHo MeToauKy nopbopa
o6opyaoBaHus ans ysna CMeLLeHust CoO CMecu-
TeNbHbIM HAaCOCOM Ha MepPeMbIYKE U METOAUKY
nogbopa obopynoBaHust ANst y3na CMeLleHust
CO CMeCMHTENbHbIM HACOCOM Ha MarncTparnsHOM
TEnnonpoBoze.

3.4.1 Metognka nogb6opa obopyao-
BaHNA ANA y3fa CMeLleHnA co cme-
CUTENbHbIM HACOCOM Ha nepeMblyKe

Ha puc. 3.10.a. nokasaHa pac4eTHasa cxema
y3na CMeLLEHUA CO CMEeCUTENbHbIM HAaCOCOM
Ha nepemblyke. Takom y3en cMelleHuA
NPYMEHAETCA NpWU 3aBUCUMOM TMOAKIIOHEHUN
CUCTEMbl OTOMMEHUA K TEMMOBbIM CETAM.
CmecuTenbHbI HAcOC Ha Mepemblyke He
N3MEHAET rmapaBnnyeckoro pexxnuma TennoBbIX
ceTen, NO3TOMY TakaA cxema rnpumeHaeTca anA
TennocHab)xeHnA, HanpumMep, OT MECTHON Wnu
KOMMYHarbHOW KOTEMNbHOW.

@

A \ 4

’ G1 GOGLu

[ ]
G,
6 | Q"

AP,

-——AP norp

AH= const

Puc. 3.10.a. Pac4eTHaAa cxema y3na cMeLleHuA
CO CMeCUTENbHbIM HACOCOM Ha NnepemblyKe

PacyeTHble 3Ha4eHWA CMeLUMBAEMbIX MO-
TOKOB G7+GQ:GW onpenenawTca, Kak npa-
BWIIO, HA OCHOBaHWMM 3aJaBaeMblX PacHeTHbIX
napameTpoB TennoHocutenen n koapouuneHTa
cvewenva u=G,/G,.

[nAa obocHoBaHHOTO BbiGOpa perynupytoLLe-
ro opraHa n CMeCcUTeNbHOrO Hacoca BbIMOMHUM
aHann3 ruapaBnMyecKoro pexxuva ysna cMme-
weHnA B 3aBUCUMMOCTW OT 3ajaBaemMblX WC-
XO[AHbIX YCNOBUIA.

lMepBbit BapuaHm ucxogHeix ycroBud:

- nepenag fasneHunA nepeg ysnom cveLle-
HWA ABNAETCA HEU3MEHHbIM Npu NtoboM rngpas-
nuyeckom pexume AH=const,

- TUM CMeCUTeNbHOro Hacoca — C NOCTOAH-
HOW CKOPOCTbIO BpaLLeHNA poTopa,

- nopaYa cmecuTenbHoro Hacoca G =G,

- pac4yeTHbI pacxof TennoHocuTena B cu-
cTeme TennonoTpebneHns G o

- pac4eTHble nNoTepwu pdasrieHnA B CUCTemMe
Tennonotpebnena AP,

- pacyeTHble NoTepu AasfeHnA perynupyto-
Lero opraHa APp‘a — NPW MOMHOM €ero OTKpbl-
T™Mn.

[padmK xapakTepuUCTUK COMPOTUBMEHUIA B
CXeMe y3na CMeLLeHNA AnAa nepeoro BapmaHTta
NCXOAHbBIX YCINOBUI NokasaH Ha puc. 3.10.6.
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AH=const

Puc. 3.10.6. Tpaduk xapakTepucTuk
COMPOTUBIEHNI B CXeMe y3na CMeLLeHNA ana
nepBOro BapraHTa UCXo[HbIX YCNOBUIA

1 — xapakTepucTnka CUCTeMbl Ternmnorno-
TpebneHus;
2 — XxapaKTepucTnKa Hacoca,
3 — xapakTepucTuka Beoga «go PO»;
4 - xapakTtepucTtuka ssoga «nocne PO» npwu
nonHom oTkpbITun PO;
4* - xapakTepucTuka Beoga «nocne PO» npu
YacTn4Hom 3akpbitum PO;
5 — cymmapHas HacocHaA XapaKTepucTuka
npwv NOfMHOM OTKpbITUN PO;
5* — cymmapHaA HacocHas xapaKTepucTuka
npu YacTn4Hom 3akpbiTumn PO.

Ha nepeceyeHumn xapakTepuCcTUKN CUCTEMbI
TennonoTpebneHna 1 1 pac4yeTHON CyMMapHO
HacoCHOWN xapaktepucTuka 5 (mpy nNonHOM oT-
KpbiTun PO) HaxoguTca pacyeTHad paboyas
ToYka cucTembl TennonotpebneHnd. B atom
cnyyae obecnevnBatoTcA Tpebyemble pacyeT-
Hble napameTpbl CUCTEMbI Goﬁw n APnomp.

B npouecce aBTomMarnyeckoro perynvposa-
HWA TemnepaTypbl NOgatoLLero TenIoHOCUTENA
NnpoucxoauT 4acTn4Hoe 3akpbiBaHne PO. B
3TOM cry4ae CyMMapHaA HacoCHaA xapakTe-
pucTuka npuobpertaet Bug 5* n napameTpbl cu-
CTEMbl 3HAYUTESIbHO CHKAIOTCA OTHOCUTENBHO
Tpebyembix, MpuobpeTas 3HAa4YeHUA COOTBET-
CTBEHHO G* ;1 AP*nomp.

Mpu nonHom 3akpbitun PO, 41O MMeeT me-
CTO MpW NPOrpaMMmMpyemMomM CHVDKEHUN Tenso-
notpebneHna B Hepaboyue AHU, CymMMapHad
HacocHasa XxapakTepucTtuka coBMeLlaeTca C
HaCOCHOW XapakKTepUCTUKOM 2, a pacxof Tenso-
HOCUTENA B CUCTEME CHWXXAeTCA A0 MUHUMAnb-
HOro 3Ha4eHuA.

OnncaHHbIl  XapakTep rmgpasnnyecKoro
pexvva, ConpoBOXAAIOLLIEro aBToMaTn4ecKoe
perynupoBaHue, He YyOoBreTBOpAeT Tpebosa-
HUI K MPOEKTHOMY peLLeHunto. [oaTomy nepsbi
BapuMaHT UCXOOHbIX YCNOBUA HE OOMKEH Mpu-
HAMaTbCA K PELLEHUIO NPOEKTUPYEMbIX Y3MoB
CcMmeLleHuA.

Bmopoli BapuaHm ucxogHbix ycroBud:

- Nepenag faBneHuA nepeg ysnom cMmelle-
HVA ABNAETCA HEM3MEHHbIM NpY NoOoM rmapas-
nnyeckom pexume AH=const,

- TUM CMECUTENBHOIro Hacoca — C MOCTOAH-
HOW CKOPOCTbIO BpaLLEHNA poTopa,

- mogaya cMecuTenbHOro Hacoca GHzGoﬁw,

- pacyeTHbll pacxof TenfoHOCUTeNA B CU-
cTeme TennonoTpedneHns (Cmy

- pacyeTHble MOTepW [OaBMEHUA B CUCTEME
TennonotpebneHna APnomp,

- pacyeTHble NoTepu OaBfieHMA Perynupyto-
#I?Aro opraHa APp{a — MpY MOSTHOM €ro OTKpbI-

lpaduk xapakTepuCTUK COMNPOTUBIEHUA B
CXeMe ysra CMeLleHMA AnA BTOpOoro sapuaHTta
NCXOAHbIX YCNOBUIN nokasaH Ha puc. 3.10.8.

CmecuTernbHbIi  Hacoc nopbupaetcs  Ha
pacyeTHble MnapameTpbl CUCTEMbl Temnsomno-
TpebneHna G=Gy, v P=A4P, . Tpn Takux
NCXOAHBIX YCMOBUAX CyMMapHas pacyeTHas
HacocHas xapakTepuctuka 5 6yaet npesbiaTh
Tpebyemyto. MMapaBnuyeckne xapakTepucTUKu
cuctembl OyayT Bbile TpebyemblX pacHeTHbIX

*%k *k
G, >G, u AP™  >P,(Npy NonHoMm oTkpbi-
T1n PO).

Mpn yactnyHom 3akpbiBaHun PO cymmap-
Has HacocHad XxapaKTepucTvka npuobpeTaeT
B/A 5* 1 napameTpbl cUCTEeMbl NpUbnXKatoTCA
K TpebyembiM, a Mpu MonHoM 3akpbitun PO
CyMMapHaA HacoCHaA XapakTepucThka coBme-
LLIAeTCA C HaCOCHOI XapaKTepucTnkon 2, obe-
creymBad TONMbKO B 3TOM criydae Tpebyemblii
pacyeTHbIN pacxof TENIOHOCUTENA B CUCTEME.

OnucaHHbI rMapaBINYecKuin PeXKum NMeer,
Mo cpaBHEHMIO C npeapblayLmm, 6onee Gnaro-
NPUATHBIN XapakTep paboTbl AnA CUCTeMbI
TennonoTpebnieHna, XoTa 1 NPUBOAUT K 3aBbl-
LLUeHHOMY pacxogy TennoHocuTens. Mpy aHanu-
3e rpadunyecknx xapakTepuctuK, B HaCTHOCTU
HACOCHbIX XapaKTEPUCTUK 2 U 5, MOXHO cAe-
natb crneaytoLmin BbiBoA: Yem Goriee Monorow
ABMAETCA HACOCHAA XapakTepucTvka 2, Tem
GnvKe rMapaBnMyecKnii PeXxrm yana cMelle-
HUA K TpeByeMbiM pacHeTHbIM YCTOBUAM.
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AH=const

Puc.3.10.6. Tpaduk xapakTepucTnk
COMPOTUBIEHWI B CXeMe y3na CMeLLeHNA anA
BTOPOro BapmaHTa UCXOAHbIX YCMOBUN

1 — XapakTepucTKa CMCTeMbl TensonoTpe-
6neHus;

2 — xapakTepucTnKa Hacoca;

3 — xapakTepucTuka Beoga «go PO»;

4 - xapaktepucTtuka ssoga «nocne PO» npu
nonHom oTkpbiTnn PO;

4* - xapakTepucTuka Beoga «nocne PO» npu
YacTU4YHOM 3aKpbiTuun PO;

5 — cymmapHaAa HacocHaA xapakTepucTuka
npu NoNHOM OTKpbiTUKn PO;

5* — cymmapHaA HacocHaA xapakTepucTmka
npu 4acTn4HoM 3akpbitum PO.

Takum obOpasom, Bmopol BapuaHm uc-
XOgHbIX YycAoBull MOXET MPUHUMATbCA K pe-
LWEHNO MNPOEKTUPYEMBIX Y3MOB  CMELLEHUA
npW MCMoMb30BaHNN CMECUTENBHOIO Hacoca C
nonoroin xapakTepuctukoin. COOTBETCTBEHHO,
ONTUManbHbIA pesynbTaT JocTUraeTca npu uc-
NMonb30BaHMN HAcoca C FOPU30HTaNbHONM Xapak-
TEPUCTMKOW, a UMEHHO, HAacoca C 31EKTPOHHbIM
yrnpaBneHNeM CKOPOCTW BpalleHnA poTopa.
Ha aToM NOCTpOeH TpeTuin BapnaHT UCXOOHbIX
ycrnoBuin gnAa nopbopa obopymoBaHuA yana
CMeLLeHuA.

Tpemuti BapuaHm ucxogHsix ycaoBud:

- nepenag AaBneHUA nepep y3nom cMmeLle-
HUA ABNAETCA HEM3MEHHbIM NpY NOOGOM rngpas-
nnyeckom pexume AH=const,

- TUN CMECUTENbHOrO Hacoca — C 3NEKTPOH-
HbIM ynpasneHnemM CKOpOCTYW BpaLLleHna potopa
no 3agaBaemMoMy nepenagy daBrfieHUA Ha Ha-
coce,

- nogaya cMecuTenbHOro Hacoca GEGOW

- pacyeTHbI pacxof TennoHocuTeNna B Cu-
cTeme Tennonotpebnenua G, ,

- pacyeTHble NOTepu daBfeHUA B CUCTEME
TennonoTtpebnenus AP

nomp’

- pacyeTHble MoTepy QaBNeHUA perynupyo-

Lero opraHa APP'Q — MpW MOMHOM €ero OTKpbI-
T™N.

[padurK xapaKTepncTnkK CONpoTUBNEHUI B
CXeme y3na CMeLUeHnA Ana BTOpPOoro sapmaHTa
NCXOOHbIX YCNOBUIM NokKasaH Ha puc. 3.10.r.

H
3 _
AH . ‘____QH_—_C_QD_-Et
2 5

o
I
|
! =5y
| I
= 3
! <

0 G, G

G*  G=G

2 obwy

Puc.3.10.r. [paduk xapakrepucTumk
COMPOTUBIIEHNIN B CXEME Y3Na CMeLLeHNA OnA
TpeTbero BapvaHTa UCXOQHbIX YCNOoBUIA

1 — xapakTepucTuka cucTemMbl TennonoTpe-
6GneHus;

2 — xapaKTepucTKa Hacoca C 9NeKTPOHHbIM
yrnpaBneHneM CKOpPOCTW BpalleHunAa poTopa no
3apaBaemMoMy nepenagy AaBfieHnA Ha Hacoce;

3 — xapakTepucTuka seofa «go PO»;

4 - xapaktepucTrka Bsofa «nocne PO» npwu
NonHoMm OTKpbITun PO;

4* - xapakTepucTka Beofa «nocne PO» npu
YacTu4HoMm 3akpbiTumn PO;

5 — cymmapHaA HacocHaA xapaKTepucTuka
npv NonHoM oTkpbiTun PO.

CwmecuTenbHbIN Hacoc noabupaeTca Ha pac-
YyeTHble mapameTpbl CUCTEMbI TennonoTpebine-
HuA G, =G 4, U PH=APnomp'

CymmapHaA pac4eTHaA HacocHasa xapakre-
prucTuKa 5 coBrnagaeTt ¢ Tpebyemol HacoCHOM
XapakTepuUCTUKON 2 1 COOTBETCTBYET Cymmap-
HbIM HACOCHbIM XapaKTepuctukam npw noboin
creneHun otkpbiTna PO.

lMopaBnuyeckne xapakTepUCTUKWA CUCTEMbI
OynoyT cooTBeTcTBOBaTh TpebyembiM napa-
meTpam Goﬁw " APnomp npu ntoboi creneHu
otkpbiTA PO. Hanpuwmep, npu nonHom OT-
kpbiTn PO obwwnin pacxop paseH G ;=G +G,
(pnc.3.10.r). Mpu nobom Apyrom MOMNOXEHWUN
PO o6wwuin pacxod He W3MEHAEeTCA, Hanpu-
Mep, Npy NOnoXKeHun 4* obLLMIA pacxod paBeH
G, =G*+G*,(puc.3.10.r).

OnmcanHbiit rmgpaBnMyecknin  pexxumM, no
CpaBHEHWIO C npeabigyLmMy, obecrneyrBaeTt

Tpebyemble XapaKTEPUCTUKI y3a CMELLEeHUA B
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npouecce aBToMaTUyecKoro perynupoBaHuA.

Takum obGpasom, mpemuli BapuaHm uc-
XOgHbIX YCAOBUl MOXET MpUHUMAaTbCA K pe-
LLUEHNIO MPOEKTUPYEMbIX Y310B CMELLUeHNA Kak
Hanbonee nNpueMnembiii.

Metognka nogbopa ob6opygoBaHuA AnA
y3na cMeLUeHNA co cMecuTeNbHbIM HAaCOCOM
Ha nepeMblyKe npefnaraeTtca B CrepaytoLen
rnocnenoBaTtesribHOCTU:

1. lVcxogHbIMM  A@HHBIMKW - MPUHUMAKOTCA
XapaKTepuUCTKU CUCTEMbl TennonoTpebneHns
Goﬁu( n APnomp'

2. Pac4eTHble 3Ha4YeHnA pacxooB CMeLLn-
Baemblx TennoHocutenen G, n G, pacc4utbl-
BalOTCA HA OCHOBAHUWN pacyeTHbIX TEMMepaTyp
TennoHocuTenen Ha BBOAE, pacyeTHbIX TeMre-
paTyp cucTembl TENNONOTPedneHna, a Takke
pac4eTHOro KoappuumeHTa cmeLleHuA

u=G/G, (3.28)

3. B kayecTtBe cmecutenbHoro Hacoca, ycra-
HaBMMBaeMOro Ha nepemMblyke, MpPUHMMAaeETCA
HacoC C SMeKTPOHHbIM yrpaBieHNeM CKOPOCTU
BpalleHnA poTopa no 3agasaemomMy nepenagy
AaBneHnA Ha Hacoce, nNbo Hacoc C MOnoro
XapaKTepuUCTUKOWN.

4. CmecutenbHbIi Hacoc nopbupaetca Ha
cnegylowme pacyeTHble napameTpbl CUCTEMbI
TennonoTpebneHua:

G,= Goﬁw n P =AP (3.29)

nomp *

5. K yctaHoBke nopgbupaetca PO ¢ AuHed-
HoU NPonYyckHOU xapakmepucmukxod.

6. Tpebyemoe MUHMMANbHOE pacyHeTHoe
3HadeHuWe nepenaga gasneHua Ha PO npuHu-
MaeTCA paBHbIM

(AP

p.o. TPEB) min:(

0,8xAP, ). (3.30)

7. Pac4eTHbIl MakcumanbHbIi pacxof Te-
nnoHocutetena 4epe3 PO npu nonHom ero ot-
KPbITUX NPUHNMAETCA paBHbIM

G,.=G. (3.31)

8. DanbHenwmne pacyetbl 1 noadop PO BbI-
nonHAetcA no popmynam (3.4)... (3.7).

9. Tpebyemblli pacHeTHbIli Nepenan Aasne-

HuA Ha BeBoge AH onpepenAaeTcA no Bblpaxke-
HUIO:

AH = APpo. + AP romp. (3.32)

10. Mpw HeobxoaMMOCTU, HaNprMep, NPU n3-
HayanbHO 3ajaBaeMOM B MCXOAHbIX YCMOBUAX
3HadeHun AH nopGupaeTcAa AOMONHUTENBbHOE
obopynoBaHue — OGanaHCcoBble KramnaHbl Wnu
perynatop nepenaga gaBneHus.

3.4.2 Metognka nog6opa o6opy-
AOBaHNA ANA y3na CMelUeHWA co
CMecuTeNbHbIM HacocoM Ha Maru-
CTpanbHOM Tennonposoje

CnenyeT pasfgenbHo paccMaTtpuBaTth [Be
CTPYKTYpPHO MNOAOGHblE, HO rMAPaBINYecKu
NPVHUMMUANbHO pasfnyHble CXeMbl y3na cMme-
LLEHWA CO CMecuUTeslbHbIM HAacOCOM Ha Maru-
CTpanbHOM TennonpoBoge.

lNepBaa cxema y3na cMmeLLEHUA, NoKa3aHa
Ha puc. 3.11. LupkynAauma TtennoHocutenen
nponcxoanT rnof AeWUCTBMEM [BYX HACOCHbIX
YCTPOWCTB:

- Hacoca cucTeMbl TeNnocHab)keHusa (Tenno-
BbIX CeTeln), cosgarolero nepenag AaBneHuin
Ha BBOAE y3na CMeLLeHNs;

- Hacoca CMeCUTenbHOro, ycTaHOBIIEHHOro
Ha MarucTpanbHOM TennonpoBoae, KOTOPbIN
coBmellaeT B cebe GpyHKLMU CMECUTENbHOrO U
LMPKYNALMOHHOMO Hacoca.

Cxema y3na Ha puc. 3.11 nokasaHa B Tpex
pasnu4HbIX BapmaHTax B3avMOPacronoXeHuA
0bopyaoBaHNA, HO C TOYKW 3PEHUA METOOMKM
nogbopa obopynoBaHnA Bce TPU CXeMbl ABMA-
tOTCA paBHO3HAYHbIMW.

TakaAa cxema y3na CMeELLEeHUA MNpUMEHAET-
CA MNpV 3aBUCUMOM MPUCOEANHEHNN CUCTEMBI
TennonoTpebneHna K MecTHbIM WK LieHTparb-
HbIM TEMMOBLIM CETAM, a TaKXe AnA npucoegu-
HeHMA KanopundepoB NPUTOYHbLIX BEHTCUMCTEM K
c1cTeMe TennocHabXXeHnsa kanopudepos U ap.
Heobxogmmo ycTtaHaBnvBaTb 0OpaTHbIiA KnanaH
Ha nepemblyKe.

CnepgyeT y4yuTbiBath, YTO B JAaHHON CXeme,
B oTnu4me ot cxembl puc.3.10.a, nmeet me-
CTO BO3[ENCTBUE CMECUTENbHOIO Hacoca Ha
rMAPaBMYecKNin PeXxM CUCTeMbl TennocHab-
eHuA. C Lenbio YMEHbLUEHNA 3TOro BAMAHNA
»xenarenbHo npumeHATb PO ¢ goctatoyHo Bbl-
COKMM pacHeTHbIM CONPOTUBIIEHNEM APM (npn
MOSIHOM €ro OTKPbITUK), TO eCTb C AUHeUHoU
nponycKHou xapakmepucmurod.
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Puc.3.11. Pac4eTHana nepsaA cxema y3na
CMeLLEeHNA CO CMecUTeNIbHbIM HaCOCOM Ha Ma-
rMcTpasnibHOM TEMNONPOBOAEe CUCTEMbI TENO-

noTpebneHus

Metoanka nog6opa obopynoBaHuA AnA
nepBoli cxembl ysna CMelleHMA €O CMme-
CuUTeNbHbIM HacoCOM Ha MarmcTpanbHOM
Tennonposoge (puc. 3.11) npepnaraetcAa B
cnegytoLlen nocnegoBaTenbHOCTU:

1. WcxogHbiMM OaHHbIMKU  MPUHUMAIOTCA
XapaKTepuUCTKN CUCTEMbl TennonoTpebneHns
G n AP

obwy nomp*

2. PacyeTHble 3Ha4yeHnAa pacxogoB CMELIU-
Baemblx TennoHocutenen G, u G, paccunTbl-
BAlOTCA Ha OCHOBaHWMM PacYeTHbIX TEMMepaTyp
TENnoHocuUTenen Ha BBOAE, pacHeTHbIX Temre-
paTtyp TEnnoHOCUTENEN CMCTEMbI TEMNOMOTpe-
GrneHnda, a TaKke pacdeTHoro koadouuueHTa
CMeLLeHnA

u=G,/G,; G#G,=G,,  (3.33)

3. Tn cmecuTenbHOro Hacoca BblOupaeTcA
B 3aBMCUMOCTM OT BUAA U KOHCTPYKTUBHbIX
0COGEHHOCTE cuUCTeMbl TennonoTpebneHus.
CwmecuTernbHbI Hacoc nogbupaeTtca Ha crnepy-
loLLMe pacyeTHble napameTpbl CUCTeMbl Tenno-
noTpebneHua:

G,=Gy, ¥ P,=4P (3.34)

notp”

4. Perynnpyemblin y4acToK COCTOUT B CyMMe
3 ABYX OTPe3KOB TPybONpOoBOAOB: NoAatoLLEero
— Mexgy TOYKOM «A» 1 TOYKON NpucoeanHeHNA
K MarucTpanu «a»; obparHoro - Mexxgy TOYKOM
«B» 1 TOYKON NpUCOEdMHEHMA K MarucTpanm
<<6>>_

’KenatenbHo ucnonb3osatb PO ¢ AuHelHoU
nponyckHol xapakmepucmukol. Tpebyemoe
MUHMManbHOE pacyeTHOe 3Ha4eHue nepernaga
fasneHua Ha PO npuHumaeTcA pasHbIM

_ SAP,
T (3.35)
-1

(ZXFDp.o.TPEHS )nﬁn

av rpes

5. Pac4eTHbIl MakcumanbHbIi pacxop Te-
nnoHocutetena Yyepes PO npu nonHom ero ot-
KPbITUX NPUHNMAETCA paBHbIM

G._=G, (3.36)

6. JanbHenwne pac4yetsl u nopdop PO BbI-
nonHAetcA no opmynam (3.4)... (3.7).

7. Tpebyemblii MUHUMAmNbHBIA PacyeTHbIN
nepenag aaeneHna AH Ha BBofe, paBHbIN pac-
YeTHbIM NOTEPAM fAaBneHuA, onpeaenaeTca no
BbIP@XKEHMIO:

AH=1,1x( AP, +5AP, ) (3.37)

8. B MHbIX MCXOAHbIX YCNOBUAX, Hanpumep,
npyv un3Ha4anbHO 3a4aBaeMoOM B UCXOAHbIX
ycnoBuAx 3HadeHun AH, nogbupaetcAa [po-
nonHuTenbHoe obopygoBaHue - GanaHcoBble
KnanaHbl Unn perynAatop nepenaga gasfeHuA,
COMpPOTMBIEHNE KOTOPbIX BXOAUT B CONPOTUBIIE-
HWe y4acTKOB BBOAa TeMNnoHOCUTENA ZAPW.
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Bmopaa cxema y3na cCMeLLeHnA, nokasaHa
Ha puc. 3.12 n puc. 3.13. LUupkynauma tenno-
HocuTENEN NPOUCXOAUT Nod OEeNCcTBMEM TOfb-
KO CMeCcUTeNnbHOro Hacoca, YCTaHOBIIEHHOMO
Ha MarucTpanbHOM TEMONPOBOAE CUCTEMBI
TennonotpebneHna. OnAa Tako cxembl yana
CMeLLeHNs HeT HeobOXoAuMOCTU B YCTaHOBKe
obpaTHOro KrnanaHa Ha nepemblyke.

Ha puc. 3.12. nokasaHo napannensHoe npu-
COEeQVUHEHMNE K UCTOYHUKY TEMNMOTbl HEKOTOPOro
Konu4yecTBa cucTem TennonoTpebneHnsa (Ha
PUCYHKE MoKa3aHbl TPU CUCTEMbI TEMNOMNOTPE-
6neHusA).

o}
<
a}'
< \ 4
1+ Gro, =5 G1
~ APro
TennoobMeHHUK

Puc. 3.12. Pac4yeTHaA BTopas cxema anAa
Yy3Mn0B CMELLEHNA CO CMECUTENbHbIM HACOCOM
Ha MarucTpanbHOM TENIONPOBOAE CUCTEMBI
TennonoTpebneHva (Npy napannensHom
NpUCoOeaVHEHNN CUCTEM TennonoTpedneHus K
TennooOMEHHUKY UMK K ra30BOMY KOTIY)

Y106bl UCKNIOYUTL B3aUMOBIIMAHNE CUCTEM
TennonoTpebneHna, yctaHaBnMBaeTcA  00-
paTHbIi KnanaH Ha rnogaroLLem Unu obpaTHOM
Tpy6onpoBoge BBoga. MecTonono)eHne o06-
paTHoro knanaHa crefyeT BblbupaTtb U3 coob-
paXkeHuii GecnpenATCTBEHHOro yaaneHua Bo3-
gyxa u3 cuctembl. Hanpumep, npu yctaHoBke
0bpaTHOro KnarnaHa Ha BepTUKanbHOM Ternno-
npoeoge, criegyetr BblOupaTb Tpybonposof
C HanpaseneHnem paBuMXXeHnA TenjoHocuTenAa
«CHU3Y-BBEPX>».

Pacxop TennoHocutenAa 4Yepes UCTOYHUK Te-
NNOTbl HENPEPbIBHO N3MEHAETCA B 3aB1CHMOCTM
OT PEeXUMOB aBTOMaTUYECKOro ¢yHKLNOHUPO-
BaHWA Ka)KOoW U3 CMCTEM TennonoTpebneHus.
MoaTtomy crnepgyeT BblOVMpaTh Takue TuMnbl BOAO-
rPerHbIX KOTMOB, ANA KOTOPbIX M3MEHAILLMNIACA
B LUMPOKOM finanasoHe pacxof TennoHocutena
yepes Hero He ByaeT NPUYMHON HEYCTONYMBON
paboTbl KoTna. [nA TennoobMeHHWKOB nepe-
MEHHbIN pacxon TenryioHocuTenAa He ABNAEeTCA
OCMOXHAOLLUM GakTopoM.

OnAa koTtnos, paboTtalowux Ha nennerax,
[OpeBecHON Lerne, ApPeBECHbIX onunkax, Apo-
BaX, KYCKOBOM W rpaHynMpoBaHHOM Topde u
yrne, pacxop TenrnoHocuTena 4epes KoTen
OO/MKEH UMETb ornpefeneHHoe N NOCTOAHHOoEe
3HayeHne. B atom cnydae Heobxogumo pas-
OenATb LMPKYNALMOHHBbIE KOHTYPbl WUCTOYHUKA
TennoTbl U cuctem TennonotpebneHnsa ¢ nomo-
LU0 rMapaBnnYecKoro pasfenutend, Kak 3T1o
nokasaHo, Haripumep, Ha puc. 3.13.

Mpn HenocpeacTBEHHOM NPUCOEAUHEHUN
cucTeM TennonoTpebrneHns K rugpasnuyecko-
My pacrpegennTento, ycTaHoBka obpaTHoro
KnanaHa He Tpebyetca (puc. 3.13). 310 ynpo-
LLlaeT BbIMYCK BO3Ayxa M3 CUCTEMbI, a Takxe
npoLecc ONOpPOXXHEHNA CUCTEMBbI.

Kpome ToOro, otcytctBue obparHoro kna-
naHa crnocobctByeT GesonacHol akcnnyara-
UMM aBTOMAaTU3MPOBAHHBIX TBEPAOTOMMMBHbIX
KOTMOB MNPW BHE3amnHoM WX OTKIOYEHUN OT
3NeKTPo3Heprumn. [pn OTKMAOYEHUN HACOCOB
NpogomKaeTcA YacTu4HaA UMpKYynAuuA Tenno-
HOCUTENA Yepes CUCTEMY OTOMMEHUA 3a CHeT
€CTECTBEHHOWN LMPKYyNALUKM, CrocobCTByA TEM
caMbIM OXNaXKAEHWIO B KOTIE TOPAYUX Yrnen un
packaneHHbIX Kepamn4ecknx MaccriBoB.

BTopas cxema y3na cmeLleHnA, nokasaHHaA
Ha puc. 3.12 n 3.13, npumeHAeTcAa gnAa nNpuco-
eANHEHNA CUCTEM OTOMMEHUA, CUCTEM HamMorb-
HOro OTOMJIEHNA, HU3KOTEMMNEPaTYPHbIX CUCTEM
TennonotpebnexHua u gp.
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Koten [mppasnunyeckuin
\ ApossHoit pasnenuTent

AP,

\
\

Puc.3.13. Pac4yeTHas BTOopan
cxema AfAa y3noB CMeLLleHNA
CO CMECUTENbHbIM HACOCOM Ha

MarucTpanbHOM TeMNonpoBoge
crcTembl TennonotpebnenHna (npu
napannenbHOM NPUCOeANHEHNN CUCTEM
TennonoTpebneHns K rmapasnm4eckomy
pasgenuTento)

Metoanka nog6opa ob6opynoBaHuA AnA
Bmopol cxembl y3na cMeLleHnA CO CMecu-
TeNbHbIM HAcCOCOM Ha MarncrpasbHOM Te-
nnonpoBoge cucTembl TenonoTpeéneHna

Ha puc. 3.12 B kadecTBe npumepa 0603Ha-
YeHbl y4acTKu OnAa cuctembl Tennonotpebne-
HUA «2>»,

Ha puc. 3.13 B kayecTBe npumepa 0603Ha-
YeHbl y4acTKu AnA cucTemMbl TennonoTpebne-
HUA «1»,

MeToauka noabopa obopynoBaHuA npeana-
raeTcA B crieflytoLLel NocneaoBaTenbHOCTM:

1. VicxogHbIMU faHHBIMU ABNAIOTCA XapaKTe-
PUCTUKN KaXKAOWM CUCTEMbl TennonoTpebneHna
Gy W AP, .(pyC.3.12 11 3.13).

2. Pac4eTHble 3Ha4eHMA pacxofoB cMme-
lwBaembix TennoHocutenen G, n G, Kaxgon
cucTembl TennonoTpebreHns paccHUThIBaloTCA
Ha OCHOBAHWM pacHeTHbIX Temrneparyp Tenno-
HocuTenen Ha BBoOfe, pacyeTHbIX Temnepatyp
cucTembl TennonoTpebrneHns, a Takke pacyer-
HOro Ko3ppuuneHTa cmeLLeHna

u=G,/G,; G+G,=G_ (3.38)

3. K yctaHoBKe cnegyet nongmpaTb PO ¢
paBHOMPOLEHTHON MPOMYCKHOW XapaKTepucTtu-
koi. Moatomy crnepgyeT 3amgartbcA Tpebyembim

ABTOPUTETOM KJianaHa B gnana3oHe

0.1<a,,..<0,3 (3.39)

vIPEE =77 "

PekomeHgyeTcA n3HavyanbHO 3agaTbcA 3Ha-
YyeHuem a ... = 0,2.

4. LlnpkynAauma 4epes UCTOYHVK TENNOTbI 3a-
BUCUT OT CMecuTenbHOro Hacoca n PO, noatomy
B COCTaB «perynmpyemoro y4actka» rno cxeme
pvic. 3.12 BXoauT TennooOMeHHUK 1 y4acTKu OT
TennoobMeHHUKa [0 CUCTEMbI «2», a Mo CXeme
puc. 3.13 — rugpaBnu4ecknin pasgenuvTer.
Torpa, nepenap AaBfeHUA Ha pPeryrnupyemMmom
yyactke AP, cocTtaBnqer:

- OnA cxembl puc.3.12:

APpy = APp.o. +APro. *t ZAPyLI. (340)

roe:

ZAqu_— cymMma notepb AaBneHus Ha y4acT-
Kax MOAaroLLero Tennonposoga OT Tennoob-
MeHHMKa Ao ysna “A” cuctembl «2», a Takke
MoTepb AABMeEHVWA Ha y4acTkax obpaTtHoro
Tennonposoda OT y3na “bB” cucrtembl «2» Ao
TEennoobMeHHMKa;

AP_, — noTepn faBneHna B TennoobmeH-
HWKe Npu pacxofe TensioHOCUTENA Yepes Hero
G;o=2G,

- AnA cxembl puc. 3.13:

APPY = APp.o. + API'.P. * ZAqu. (3.41)

roe:

ZAPW— cymma notepb AaBneHus Ha y4acT-
Kax nogaoLLero Tennonposoga ot rmgpasnmye-
CKOro pasgenutens go yana “A” cuctemsl «1», a
TaKkXKe NnoTepb AaBMNEHUA Ha ydacTkax obpaTHo-
ro Tennonposoga oT y3na “b” go rugpaenuye-
CKOro pasfgenurens;

AP, — noTepu asneHund B rnapasnmyecKom
pasgenvTtene npu pacxoge TenfoHOCMTenNA Ye-
pes Hero G, cuctembl «1».

Torga, Ha ocHoBaHuu (3.39) n (3.40) Tpe-
Oyemoe MWHMManbHOE pacYeTHoe 3HauyeHue
nepenaga paenexHuAa Ha PO (APp MNa
BbIYUCIIAETCA MO BbIPaXKEHWIO:

- AnA cxembl puc. 3.12:

.0. TPEE) min’

CrtpaHunua 49



B. B. [MoKOTWNOB: PerynupytoLiye KnanaHbl aBTOMATU3UPOBaHHbIX CUCTEM TEMO- U XONO4OCHA0KEHMSA

_ AI:)T.O."'Z.A'I:)y'1'.

(APp.o.TPEE )min - 1 (3_42)
—-1
8y 1pEs
- onA cxembl puc. 3.13:
API'.P. + ZAqu.
(APp.o.TPEE )min = (343)

1
-1

av 1pes

5. OanbHeiiwmne pacyeTbl, nogbop Tunopas-
mepa PO 1 onpenenexne AP, BbINonHAeTCA
no (3.4)...(3.7).

6. CmecuTenbHbIn Hacoc AnA Kaxkaowm n3
cuctem TennonoTpebneHna nopbupaetca Ha
cnegyoLime pacyeTHble napameTpbl:

pacyeTHaa nogada

G,=G (3.44)

obuy ’
a pacyeTHbIN Hanop
- 0nA cxembl puc.3.12:

P,=AP  +AP. +3AP, +AP,  (3.45)

nomp

- onAa cxembl pnc.3.13:

P = AP,,_O, +APFP_+ZAPW_+APmmp (3.46)

Tun cmecuTenbHOro Hacoca BblOMpaeTcA B

3aBMCKMOCTM OT BuAa U OCOBEHHOCTEN cucTe-
Mbl TennonoTpebneHnsa.

7. Tpebyemoe 3Ha4deHVWe COMPOTUBIIEHNA
baiinaca onpepnendaeTca Mo BblpaXkeHUAM:
- AnA cxembl prc.3.12:

AP, = AP, +AP, ,+3AP (3.47)
- Ana cxembl puc.3.13:
APy = AP,  +AP +2AP (3.48)

ConpotueneHne bainaca obecrieynsaeTcA
nogbopom 6anaHcoBOro BEHTUNA C pacHeTHbIM
pacxofom TennoHocutena G,

BbllwenpusepeHHble B rmaese 3.4 MeToauku
nogbopa aByxxomoBbix PO apanTupoBaHbl K
pasnuMYHbIM BapuaHTam CUCTeM TemnnocHabxe-
HWA, TaK KaK B3aUMOBMUAHNE rnapaBIn4eCcKux
PEXNMOB CUCTEMbI TemnnocHabXeHna 1 npuco-
eVHAEMbIX K Hell cucTem TennonoTpebneHus
npepnonpeaenaT ocobeHHOCTb U Mocnenosa-
TENbHOCTb COOTBETCTBYIOLLEN METOAVKN Mog-
bopa.

MeTonumka Bblibopa Tpexxogosoro PO, wns-
noxxeHHaA B pasgene 3.3.2, B OTNn4me oOT
BbILLENPVBEAEHHOW MeToauKu nopbopa AByX-
xogosoro PO, He meHAeTcA B 3aBUCUMOCTU OT
BUOA CUCTEeMbl TennocHabXeHua, K KoTopoWn
NPUCOEANHAIOTCA Yy3nbl cMelwleHna. OpgHako
B3aVMOBMNAHME TUAPABAMYECKNX  PEXUMOB
CUCTEMbI TennocHabXXeHnA 1 NPUCoeaNHAEMbIX
K Hell cuctem TennonoTpebneHna onpenenaeT
0CODBEHHOCTY B BbIOOPE UCXOAHbIX AaHHbIX AnA
pacyeTa, a Takxe B nogbope cMecUTesbHbIX
HacocoB 1 6anaHCcoBbIX YCTPOWCTB, YTO HALLMO
OTpaXkeHue B criegytoLLen rnase.
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3.5 OcobeHHOCTN Noa6opa o6opyAoOBaHNA ANIA CUCTEM TENNIONOTPeO6IeHNA ¢
TPEeXXo40BbIM CMeCUTENIbHbIM Perynupyrowmnum opraHom

Moabop Tpexxomosoro PO nponsBoautcs B
COOTBETCTBUM C MeToaukon pasgena 3.3.2.

[Mpy aBTOMATUYECKOM CMELLINBAHUUN NMOTOKOB
TennoHocutenen G, u G, C NOMOLUbIO Tpex-
xogoBoro PO KoapPpuumeHT cmeLleHna MOXKeT
n3meHAaTbcA u=G,/G, B NOfHOM AnanasoHe - ot
HynA 10 6€CKOHEeYHOCTH.

CmecuTenbHbI  HAacOC MOXET yCTaHaB-
nMBaTbCA Ha NoAMeLUMBaloeM unu LUUpKy-
nAunoHHoM Tpybonposoge. lMopbop Tuna u
TMnopasmepa Hacoca 3aBUCUT OT MHOMMX ¢ak-
TOPOB, XapakTep BNUAHNA KOTOPbIX B OCHOBHOM
coeragaeT ¢ onucaHvem pasgena 3.4. Beugy
3TOro 00CTOATENbCTBA MHOMME MONMOXXEHUA Ha-
CTOALLIE rnaBbl He COMPOBOXAAKTCA NOACHe-
HUAMMN.

3.5.1 MeTtoanka nop6opa o06o-
pyAoBaHWA ANA y3na CMeLleHWA co
cMecuTeNbHbIM HAcoOCOM Ha nepe-
MblYKe

Ha puc. 3.14. nokasaHa pac4deTHaA cxema
y3na CMELLEHUA CO CMECUTENbHbIM HACOCOM
Ha nepewmblyke. Takon y3en cmeLlleHna npume-
HAETCA NpW 3aBUCUMOM MOJKMOYEHUN CUCTEMBI
OTONJSIEHMA K TennoBbiM ceTAM. CMeCUTENbHbIN
HacoC Ha nepemblyke He U3MeHAEeT rmapasnu-
YeCKOro peXxkuma TennoBbIX CeTeN, MO3TOMY Ta-
Kan cxema npumeHseTcA 4na TennocHabxeHus,
Hanpumep, OT MECTHOM MWNNU KOMMYHarnbHOMN
KOTENbHOMN.

AH= const

Puc. 3.14. Pac4yeTHana cxema y3na cMmeLleHua
CO CMeCUTENbHbIM HACOCOM Ha nepemblHKe

VicxogHble ycnoBuA:
- MakCuMMarbHbIA (MW pacyeTHbIN) pacxoq

BOfbl ANA NOTpebuTtena TennoTbl (CUCTeMbl OTO-
NNeHns unn TennoobmeHHnka) G, Kr/u;

- noTepu AaBneHus notpebutena (cuctemsl
oTonneHnA unu TennoobMeHHKa ¢ nogsoad-
LWyMK TENNONPOBOZAMUN U apMaTypoi) APnomp_,
Ma;

- MOTEepU p[aBneHnAa B MNOAMELUMBAIOLLEM
Tpybonposoae (TpybonpoBodbl U 3anopHad ap-
marypa) npw pac4etHom pacxoge (G, ) AP, ,
MNa;

- abconotHoe paeneHve nepen PO P,
MMa;

- Temneparypa sogbl nepen PO T, K;

- abconoTHOe [AaBneHue HacbILLEeHHOro
napa P, MlNa npu temnepatype T,., onpeaens-
emoe 13 Tabnuupl 3.1;

- NIOTHOCTb BOAbI P, KI/M* npu T, onpenena-
eman 13 Tabnuupl 3.2.

- Nepenag fasneHuA nepeg ysnom cMmelle-
HWA ABNAETCA HEM3MEHHbIM NpY NoOGoM rmapas-
nmyeckom pexume AH=const.

max

Metognka nog6opa o6opyaoBaHuA AnA
y3na cMeLUeHNA CO cMecuTesibHbIM HAaCOCOM
Ha nepeMblYKe MpeafaraeTca B creayloLlei
rnocneaoBarenbHOCTU:

1. NMpuHUMaem K ycTaHOBKe TpexxonoBown
PO ¢ nuHemHOM NpOMNyCKHOW XapakTepucTu-
kon. Mopbop Tpexxogosoro PO npownasoguTcA
B COOTBETCTBUM C MeToaukon pasfena 3.3.2.
B pesynbrate nopbopa nonyyYaem pacyHeTHYHo
noTeplo [aBneHnAa TPEXXOQOoBOro KrnaraHa,
Ma. B kayecTBe NPOEKTHOro peLueHns cnegyet
0003Ha4YNTb, Y4TO MUHUMAanbHaA CTeneHb OT-
KpbITuA h/h, TpexxofoBoro kKnanaHa AofmkHa
ObiTb OrpaHuyeHa, Hanpumep, 3HayYeHueMm
(h/h,) . =0.2 c Tem, 4TOBbl UCKNIOHYNTb BAPUAHT
MONHOTO 3aKpbiTA HGannaca 1 NMETb rapaHTyi-
POBaHHbIA MUHUMAasbHBIN NOgMEC.

2. MpuHMaem K ycTaHOBKE CMeCUTENbHbIN
HacoC C 9MeKTPOHHbIM ynpaBneHnem CKOpoCTr
BpalLleHUA poTopa Nno 3agasaemMomy nepenagy
[OaBneHus Ha Hacoce, NGO Hacoc C Monorol
xapakTtepuctukon. CmecuTenbHbI HAacoc nog-
GupaeTcA Ha cregytoLime pacyeTHble napamve-
TpbI:

G =G n P =AP, (pnc.3.14).(3.49)

max

3. Tpebyemble cymmapHble NoTepun AaBneHna
Ha noaBoJALMX TennonpoBogax (ZAPW_)

TPEB’
Ma BbluMCnAOTCA MO Bblpa>XKeHWHo:

Z(Apyq)TPEE =AH - APpomp - APpo (3.50)
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Mony4eHHoe 3HaueHue (2AP, ) ... ncnonb-
3yetca anAa nopbopa 6anaHcoBoro BEHTUNA,
yCTaHaBN1BaeMoro Ha nogatowem (1Unu o6paT-
HoM) nogsofALLem Tpybonposoae.

3.5.2 Metoanka nop6opa obGopy-
AOBaHNA ANA y3na CMELUeHWA co
cmecuTenbHbIM HacoCcOM Ha Maru-
CTpanbHOM TennonpoBoae

MeTogmka noctpoeHa, No aHanorun ¢ pas-
penom 3.4.2, Ha aHanu3e ABYX CTPYKTYPHO Mno-
LO0OGHbBIX Y3OB CMeLLEHNA.

lMepBaa cxema y3na CMeLLEHUA, NoKa3aHa
Ha puc. 3.15. UupkynAauma TtennoHocuTenemn
npoucxoaut nop AEWCTBUEM [ABYX HACOCHbIX
YCTPOWUCTB:

- Hacoca cucTeMbl TENNocHab)keHuA (Tenmno-
BbIX CeTel), co3galroLwiero nepenag OaBneHuin
Ha BBOJE y3na CMEeLUEHMA;

- Hacoca CMeCUTESbHOro, YCTaHOBMEHHOro
Ha MarmctpanbHOM Tennonposoje, KOTOprI7I
coBMellaeT B cebe QpyHKLMN CMECUTENIbHOO 1
LUMPKYNALMOHHOIO Hacoca.

Cxema y3na Ha puc. 3.15 nokasaHa B ABYX
pasnMyHbIX BapuaHTax B3aUMOPACMONOXXEeHUA
obopynoBaHnA, HO C TOYKM 3peHud MeTOAUKM
nonbopa obopynoBaHuAa obe cxembl ABNAKOTCA
paBHO3HAYHBIMU.

Takaa cxema ysna CMeLUeHUA MpUMEHAET-
CA NpU 3aBUCYMOM MPUCOEAVNHEHUN CUCTEMbI
TennonoTpebneHna K MeCTHbIM Un LeHTpasib-
HbIM TennoBbIM CETAM, a TakK>XXe AnA npuncoenn-
HeHUA KanopudepoB NPUTOYHbIX BEHTCUCTEM K
cucteme TennocHabxxeHus kanopudepos u ap.
Heobxognmo yctaHaBnmBaTb 0BGpaTHbIin knanaH
Ha NnepemblyKe.

CnepyeT y4utbiBaTh, YTO B AAHHOW CXEME,
B OTNMYmMe OT cxembl puc. 3.14, nmeet mecTto
BO3/IENCTBME CMECUTENbHOrO Hacoca Ha ru-
OPaBINNYECKNA PEeXXUM CUCTEMbl TemnnocHab-
eHuA. C uenbio YMEHbLUEHNA 3TOro BANAHUA
cnegyet npuMeHATb PO ¢ gocTato4HO BbICOKMM
pac4eTHbIM CONpOTUBNEHUEM AP =~ c nuHeit-
HOWM MPOMYCKHOMN xapaKTepmcleom Mpn atom
XxenarternbHO npegycMoTpeTb aBTOMaTUYecKoe
orpaHuyeHve MakcumanbHO JOMyCTUMOro 3Ha-
YeHuA G1max’ B TOM 4YMCrie N0 MakCcumanbHO Ao-
MyCTUMOMY 3Ha4eHuto t

2 max’

a) @

AH=const

Puc. 3.15. Pac4yeTHaA nepBasA cxema yana
CMeLUeHMA CO CMeCUTENbHbIM HACOCOM Ha

MarucTpanbHOM TEenmnonpoBoae CUCTEMbI
TennonotpebneHus

VcxogHble ycnoBuA:

- MakcumMarnbHbI (MNM pacHeTHbIN) pacxon
BOZbl AnA NoTpedbuTens TennoTbl (CUCTeMbl OTO-
NNeHnAa nnn TennoobmeHHuka) G, Kr/u;

- NoTepw AaBneHuA norpe6v|Tenﬂ (cnctemsl
OTOMNEeHnA unu TennoobmMeHHUKa ¢ nopBoas-
M1 Tennonpoeofamu v apmarypoit) AP, .
Ma;

- NoTepu AaBneHnA B NogMeLLNBatoOLLEM TPY-
6onposofe (TpybonpoBoAabl 1 3anopHaa apma-
Typa) npu pacyetHom pacxofe (G, ) AP, , MNa;

- abcomoTHoe paeneHue nepeg PO P,
MMa;

- Temneparypa sogbl nepen PO T,

- abconoTHoe paBneHue HaCbILLI,eHHOFO
napa P,, MlNa npu temneparype 7., onpeaens-
emoe 13 Tabnuupbl 3.1;

- MMOTHOCTb BOAbI o, Kr/M® npn T, onpepe-
naemas us tabnuubl 3.2.

- Nepenag fasrneHvA nepeg ysnom cMmelle-
HVA ABAETCA HEM3MEHHbIM Npy NtoboM rmgpas-
nn4eckom pexume AH=const.
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Metoanka nog6opa obopynoBaHuA AnA
nepBoli cxembl y3na CMELUEHWA CO CMme-
CUTeNbHbIM HacoCOM Ha MarmcrpanbHOM
Tennonposoge (puc.3.15) npegnaraetca B
cnegytoLlell NocneaoBaTenbHOCTM:

1. TpuHMMaem K yYCTaHOBKE TPEXXOOOBOW
PO ¢ auHelHOU nponyckHol xapakmepucmu-
Kou. Mopbop Tpexxopgosoro PO npoussogutcA
B COOTBETCTBUM C MeToaukon pasgena 3.3.2. B
pesynbTarte nogdopa nony4Yaem pacHeTHyto no-
Teplo AaBneHnA TPexxo4oBoro knanaHa AP,
Ma.

2. Pac4eTHble 3Ha4YeHMA pacxofdoB CMELUM-
BaembIx TennoHocutenen G, u G, paccuutbl-
BalOTCA Ha OCHOBAHWM PacHeTHbIX Temneparyp
TennoHocutenen Ha BBofe, pacyeTHbIX Temne-
patyp TEensoHOCUTENEN cUcTeMbl TennonoTpe-
6neHVs, a Takxe pacyHeTHoro kKoadduumeHTa
CMELLEHNA

u=G,/G,; G+G=G,_ (3.51)

3. Tn cmecuTenbHOro Hacoca BblbupaeTca

B 3aBNWCMMOCTV OT BUAA W KOHCTPYKTUBHbIX

0cobeHHOCTel cucTembl TennonoTpebneHus.

CmecuTenbHbIii Hacoc nogbupaertca Ha cnegy-

loLLIMe pacHeTHble NapaMeTpbl CUCTeMbI Tenmno-
notpebneHua:

(0,95...1,10) AP, (3.25)

G, =G, W P,=(0,95...1,10)AP,,. (3.52)

4. Tpebyemble cyMMapHble NoTepu AaBneHuna
Ha noaBogALMX TennonpoBodax (ZAqu.)TPES’
Ma BbIYUCNAIOTCA MO BbIPAXXEHWUIO:

Y(BP . )rpes = AH - AP (3.53)

Mony4eHHoe 3HaueHue (2AP, ). BKmioya-
eT notepu 6anaHcoBOro BEHTWIA, yCTaHaBnvBa-
emoro Ha nogatoilem (1unu obpatHom) nogsona-
LLiem TpyGonpoBsoe.

Bmopaa cxema y3na cMeLLeHUA, nokasaHa
Ha puc.3.16 n puc.3.17. Uumpkynauma Ttenno-
HocUTENEN MPOUCXOAUT Mo AEeNCTBUEM TOSb-
KO CMECUTENbHOr0 Hacoca, YCTaHOBIEHHOro
Ha MarucTpanbHOM TenonpoBOAEe CUCTEMBbI
TennonotpebneHna. Onsa Takol cxembl yana
CMELLEHNA HeT HeobXOoOMMOCTW B YCTAHOBKE
obpaTHOro KrnanaHa Ha nepembliyke.

Ha pwnc.3.16. nokasaHo napannensHoe
npucoegnHeHne K UCTOYHUKY TEMMOTbl CUCTEM
TennonotpebneHna (Ha pucyHke MoKasaHbl
OBe cucTembl TennonoTpebnexuns). YTobbl uc-
KMO4YNTb B3aUMOBIUAHNE CUCTEM TennonoTpe-

6neHun, ycTaHaBnuBaeTcA obpaTHblii knanaH
Ha nopatoLlem unu obpartHom Tpybonposoge
BBOAa. MecTononoxxeHne obpaTHOro knanaHa
cneayeT BblbupaTb M3 coobpaXkeHuin Gecnpe-
NATCTBEHHOro yaaneHua Bo3ayXa U3 CUCTEMbI.
Hanpumep, npw yctaHoBKe 06paTHOro KranaHa
Ha BepTUKanbHOM TennonpoBofe, CrneayeT Bbl-
6upaTb TpyObONpPOBOL C HanpasneHnem ABVKe-
HWA TENNOHOCUTENA «CHU3Y-BBEPX».

AQD

AP,

TennoobmeHHMK

Puc.3.16. Pac4eTHaa BTopaa cxema anA
Y3MO0B CMELLEHNA CO CMECUTENbHbIM HACOCOM
Ha MarucTpanbHOM TENONPOBOAE CUCTEMbI
TennonoTpebnexus (Npy napannenbHOM
NpYCOERVNHEHUN CUCTEM TEMNONOTPebneHNna
K TeNnooOMEHHUKY, K ra30BOMY KOTITy WSn K
rmapasnMyeckoMy pasgenuTento)

Pacxop TennoHocutenAa 4epes UCTOYHUK Te-
NNoTbl HEMPEPbLIBHO N3MEHAETCA B 3aBUCMMOCTH
OT PEXNMOB aBTOMATUHECKOro ¢QYHKLMOHUPO-
BAHUA KaXKOOW M3 cUCTEM TennonoTpebreHus.
[nAa TennoobMeHHUKOB 1 M’MAPaBNYecKnX pas-
penutenen (M HEKOTOPLIX TUMOB KOTIIOB) nepe-
MEHHbI pacxon TenIOHOCUTENA HE OCNOXHAET
aKcnnyaTauuto NCTOYHKKA TEMMOThI.
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OnAa koTtnos, paboTtalolwmx Ha nennerax,
[OpeBecHOl Lene, APeBECHbIX onunkax, Apo-
BaX, KYCKOBOM W rpaHynupoBaHHOM Topde u
yrne, pacxop TensioHocuTena 4Yepes KoTen gorn-
XXEH VMeTb onpefeneHHoe 1 NocToAHHOe 3Ha-
YyeHue. B aTom cnyyae HeobxoaMMO pasnendTb
LIMPKYNALMOHHbIE KOHTYPbl MCTOYHMKA TEMNOTbI
N CUCTEM TEMNonoTpPebrneHna ¢ NOMOLLbIO -
ApaBnNM4ecKoro pasgenuTensa, Kak , Hanpumep,
3TO NokasaHo Ha puc. 3.17.

Mapaenuyeckui
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Puc.3.17. Pac4eTHaa BTopaa cxema A
Y3110B CMELLEeHNA CO CMecUTeslbHbIM HaCOCOM
Ha mMarmcTparnbHOM TernnonpoBoge CUCTEMbI
TennonoTpebnexHus (Npy napannensHOM
HenocpeacTBEHHOM MPUCOEAUHEHNN CUCTEM
TennonoTpebrneHns K rnapasnmyeckomy
pasfenuTento)

Mpn HenocpeacTBEHHOM MPUCOEAVHEHMUN
cucTem TennonoTpebrneHna K rmapaBnnyecko-
My pacrnpegenuTento, ycTaHoBKa oOpaTHoOro
KnanaHa He Tpebyetca (puc. 3.17). 910 ynpo-
LLaeT BbIMyCK BO3fyxa M3 CUCTEMbl, a Takxe
npoLecc ONOPOXXHEHNA CUCTEMBDI.

Kpome TOro, oTcyTcTBuMe obOpaTHOro kna-
naHa cnocobctByeT GesonacHol 3kcnnyarta-
UMM  aBTOMATU3MPOBAHHBIX TBEPHOTOMIMBHbIX
KOT/MIOB MPWY BHE3AMHOM WX OTKJIOYEHUN OT
9NeKTposHeprun. Mpu OTKMOYEHNM HaCOCOB
npopomKaeTca YacTnu4Haa LumMpKynaumAa Tenno-
HOCWTENA Yepe3 CUCTEMY OTOMMEHUA 3a cYeT
€CTEeCTBEHHON LMPKYNAUMK, crocoOCcTByA Tem

CamMbiM OXna)xKAeHuto B KOTNe ropA4nx yrne|7| n
pacKkaneHHbIX KepamMmn4yeCKnx maccuBoB.

lMokasaHHasa Ha puc.3.16 1 3.17 cxema yana
CMeLleHVA (BTopaAa cxema), NpuMmeHAeTcA anA
NPUCOEANHEHUA CUCTEM OTOMMEHUA, CUCTEM
HaronbHOro OTOMMEeHNA, HU3KoTeMMepaTypHbIX
cuctem TennonoTpebrnexHus u ap.

McxoHble ycnosumA:

- MakcuManbHbIf (MNX pacHeTHbIN) pacxof
BOAbI AnA NoTpebuTens TennoTsbl (CUCTEMBI OTO-
NNeHus unn TennoobmeHHnka) G, Kr/u;

- NoTepu AaBneHnsa notTpebuTena (cucTembl
OTOMMEeHNA Unn TenoobMeHHVKa ¢ MoaBOAA-
LMK TENONPOBOAAMU U apMaTypoi) APnomp_,
Ma;

- NoTepu AaBneHnA B NogMeLLMBatoLLIEeM Tpy-
6onpoBopfe (TpybonpoBogbl, 3anopHaa apmary-
pa u 6anaHcoBbli BEHTWMb) MpY pacyeTHOM
pacxoge (G,,) AP, , Ma. ConpoTueneHnem
GanaHcoBoro BeHTUNA 1 cnepyeT 3apjaTtbCA
NMPON3BOMbHO, HaMpuMep, AnA CXeMbl pUC.
3.16 AP,, =(2AP  +AP. ) npn G=G, . a onA
cxembl puc. 3.17 AP,, =3000Ma npn G=G, .
Ona cxembl puc. 3.17 MOXXHO He ycTaHaBnNneatb
BEHTUNb 1.

Metoanka nogbopa o6opygoBaHnA AnA
Bmopol cxembl y3na cMeLIeHNA CO CMecu-
TeNbHbIM HacoCOM Ha MarucrpasibHoOm Te-
nnaonpoBoAe CUcTeMbl TennonoTpedneHnA

Ha punc.3.16 n 3.17 B ka4yectBe npumepa
0603Ha4eHbl y4acTKn Ang cucTem TennonoTpe-
6neHna «1».

MeTopumka nogbopa obopynosaHvsa npegna-
raeTca B crefytoLLleit nocnefoBaTenbHOCTH:

1. MNprvHUMaem K yCTaHOBKE TPEexxOogoBoW
PO ¢ auHeliHOU uau paBHonpoyeHmHol npo-
nyckHol xaparkmepucmukrol. Mopbop Tpex-
xogosoro PO npou3sogutca B COOTBETCTBUM C
metogukon pasgena 3.3.2. [loatomy cnepyet
sagarbcA TpebyembiM aBTOPUTETOM KranaHa
a ... B COOTBETCTBUW C MPUHATON NPOMYCKHOM
XapakTepucTukon. B pesynbrate nogbopa no-
fny4aem pacyeTHytO MoTepro AasfeHuA Tpex-
XOAOBOro KnarnaHa APp.o, Ma.

2. Pac4eTHble 3Ha4YeHMA pacxofoB CMe-
lwBaemblx TennoHocutenen G, n G, Kaxaon
cucTeMbl TennonoTpebrneHna paccHMTLIBAOTCA
Ha OCHOBaHWM pPacyeTHbIX TemnepaTryp Tenso-
HOCUTENEN Ha BBOAE, PaCHETHbIX Temnepartyp
cucTeMbl TennonotpebneHnda, a Takxe pac-
4yeTHoro koadduumeHTta cmewenua u=G,/G,;
G +G,=G 4,

3. LivpkynAauma Yepes NCTOYHKK TennoThl 3a-
BMCWT OT CMeCUTENbHOro Hacoca 1 PO, noatomy
B COCTaB «PEeryrmpyeMoro y4actka» no cxeme
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puc. 3.16 BXOAMT TENNOOBMEHHUK 1 yHaCTKN OT
TennoobMeHHUKa 0O cUcTeMbl «1», a no cxeme
puc. 3.17 — rmgpasnn4ecknin pasgennTesb. Tor-
na, Tpebyemblii Nnepenag aaBneHns ans 6anat-
COBOIr0 BEHTWMA 2 COCTaBUT:

— AnAa cxembl puc. 3.16:
(AP g ) rpes = APg, — (AP o+ 2AP yw.) (3.54)

roe:

AP, — cymma notepb [aBfeHWA Ha Mof-
mMelUvBalowem TpybonpoBoge, B TOM 4uchne
GanaHcoBoro seHTUNA 1;

AP, — notepu pAaBneHvs B TennoobmeH-
HUKEe NpY pacxofe TEMNMOHOCUTENA Yepes Hero
C';ro.zzc';ﬁ

ZAPW — CymMma rnoTepb fAaBfieHns Ha y4acT-
Kax rnogatoLlero Tennonpoeoga OT Temnnoob-
MEeHHUKa fo ys3na “A” cuctembl «1», a Takxke
rnotepb AABMNEHUA Ha y4dacTkax oOpaTHoro
Tennonposofa ot y3na “b” cuctembl «1» go
TennooOMeHHVKa (3a WCKMNoYeHMeM roTepb
fgaeneHuA B 6anaHcoBoM BeHTUNE 2);

- onAa cxembl puc. 3.17:

(AP

6 3.2) TPEE =

AP, — (AP.,+ 3AP,,) (3.55)

roe:

AP, — cymma notepb [AaBneHuA Ha nof-
mMeLuvBatoem TpybonpoBoge, B TOM 4uUche
6anaHcoBoro BeHTunA 1;

APEP — noTepwn gaBneHnAa B rmgpaBinn4eCckom
pasgenuTene nNpu pacxoge TENOHOCUTENA Ye-
pes Hero G, cucTembl «1».

ZAPW — CymMma rnoTtepb fAaBfieHna Ha y4acT-
Kax nofaroLLlero Tennonposoaa oT rmapasnuye-
CKOro pasgenurtena go yana “A” cuctembl «1», a
TakXKe NnoTepb AaBMNeHNA Ha y4acTkax obparHo-
ro Tennonposoga oT y3na “b” go rugpasnuye-
CKOro pasgenutena (3a VCKIoYEHNEM NoTepb
paeneHus B 6anaHcoBom BeHTUNe 2).

3.5.3 MeTtoaunka nopg6opa o6opypoBa-
HUA ANA y3fa CMELUEeHNA TPexTpyo-
HOIl cCTEeMbl BOAAHOIO OTOMNJIEHNA

TpextpybHaAa cucTema BOOAHOMO  OTO-
nneHnsa BKMoYaeT B cebA MCTOYHMK TenmnoTbl
(TennooOGMeHHUK Wn  BOAOrpenHbin  KoTen),
LUMPKYNALMOHHBIA HAacoc, a TakXe OTAesbHble
oTonuTENbHbIE NMPUOOPLI UM CUCTEMBI TEMMO-
noTpebneHna, npucoeavHAemMble K TPexTpyob-
HOW cucTeme TennocHabXXeHnA 4Yepes cMmecu-
TENMbHbIE TPEXXOAOBLIE PETYNMPYIOLLNE OpraHbl,
yrnpaBnAemMble perynaTopaMmm Temnepatypbl.

Cuctema 6bina paspabotaHa aBTopoM Briep-
Bble NMPU PEKOHCTPYKLMM OOHOTPYBHO CUCTEMBI
OTOMMEHMA LIEXOB MPOMBILLSIEHHOTO NPeAnpu-

ATUA Gonee gecATn net Tomy Hasapg [13,15,23].
B HacToAwWlee Bpems TpexTpybHaAa cuctema
ncnonb3yeTcA AnA TennocHadXeHUs >KUMbIX,
0OLLEeCTBEHHbIX 1 MPOMbILLEHHbIX 34aHWiA,
Nno3BonAA co3gaBaTtb  aBTOMATU3MPOBAHHOE
30HHOE OTOMMEHNEe OTAENbHbIX MOMELLEeHWI
no NprHUMNam Ka4yecTBEHHOro perynmpoBaHuA
[14,23].

Ha puc. 3.18 nokasaH npumep PEKOHCTPYK-
LUMX OAHOTPYOHON CUCTEMbI OTOMNEHUA LIEXOB
NPOMbILLUNIEHHOrO NPeanpuATUA nyTem co3fa-
HWA 30HHbIX CUCTEM OTOIMSEHWA OTAESbHbIX Le-
XOB C perynuposaHvemM Temrepatypbl Bo3gyxa
B MNOMELLEHNAX.

B nokasaHHoin Ha puc.3.186 cucteme oTo-
nneHus TpeTuin Tpybonpoeoa obecrnednBaeT
nogmec AnA CMeCUTENbHbIX pPerynupyroLmnx
KrnanaHoB, Tak Kak OH VMeeT Temnepartypy
obpaTtHoro Tennonpoeoga, a AaeneHune - noga-
toLlero Tennonposoaa.

B npenenax ogHoi TpexTpyOHO cUCTEMbI,
obcny>xnBaemor OgHUM LMPKYNALUMOHHBIM Ha-
COCOM, MOTYT ObITb pa3nnyHblE CUCTEMbI TEMIO-
noTpebnexua:

— OTAenbHble OTONUTENbHbIe NPUOOPBI,

— 30HHbIE CUCTEMbI OTOMSEHMA (MO aHanornm
C npefcTaBneHHbIMy Ha puc.3.18),

— CUCTEMA HaroJsIbHOrO OTOMSIEHNA, a TaKXKe
apyrue HuskotTemnepartypHble BoffAHble CUCTe-
Mbl,

— kanopudepbl CUCTEM BO3QYLLUHOMO OTO-
nneHuA,

— TennooOMEHHVKWN ropAaYero BogocHab»xe-
HUA.

Cxema TpexTpybHOI cucTembl TemnnocHab-
XEeHVA OnAa unHamemayanbHOro >Xuioro aoma
nokasaHa Ha puc. 3.19.
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Puc.3.18. TpexTpybHasa cuctema BOLAHOrO OTOMEHUA
a) ogHOTPYOHAasA crucTema BOAAHOMO OTOMNNEHUA (0O PEKOHCTPYKLMNY);
6) TpexTpybHaa cuctema BOAAHOrO OTOMNEeHNA (Mocne PEKOHCTPYKLUM OJHOTPYOHON);

1 — KoTen, TennoobMEeHHIK U rapaBnMYeckKuii pasgennTernb; 2 — HACOC C MOCTOAHHOW CKOPOCTbIO BpalleHUs
potopa; 3 — oTonuTeNbHble NPUOOpPbI; 4 — TPEXXOAO0BOW CMECUTENbHbIN KnanaH ¢ paBHOMPOLEHTHOW MPOMYCKHOW
XapaKTepucTUKoii; 5 — TepmocTaTyeckaa rofoBka; 6 — BeHTWb GanaHCoBbIN UNK PerynaTop pacxofa npAMoro
JencTeuA.
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Puc.3.19. TpexTpybHaA cuctema TennocHabxeHna MHAMBUAYaNbHOrO XXIUIoro foma
a) ogHOTPYOHasA crcTema BOAAHOMO OTOMMEHNA C TEPMOCTaTMYECKMI KnanaHamu;
6) cMcTema HamnomnbHOro OTOMNEHUs;

B) Goinep ropAvero BOQOCHaGXeHUS;

1 — koTen, TEnnoOOMEHHVK WNW TrUapaBNMYecKUin paspenuTenb; 2 — HAcoC C MOCTOAHHOW CKOPOCTbIO
BpalleHna potopa; 3 — oTonuTenbHble Npubopbl; 4 — TPEXXOAOBOW CMeCUTENbHbIM KhanaH C paBHO-
NPOLIEHTHON MPOMYCKHOW XapaKTepuCTUKon; 5 — TepmocTatmyeckaA ronoBKka C AUCTaHUWOHHbIM AaT-
YMKOM-TEpMOOansioHOM; 6 — perynAatop pacxoga npAMOro fencTBuA wnu  GanaHCoBbl  BEHTWIb;
7 — TPExxodoBO TePMOCTaTUYECKUIA KNanaH Ansa OgHOTPYOHbLIX CUCTEM OTOMMEHNA; 8 — TepMocTaTHecKas ronos-
Ka; 9 — perynatop nporpammmpyemMblil «cnegawmin»; 9a — gatymk Temneparypbl Hapy>XHOro Bo3ayxa; 96 — gatymk
Temnepartypbl NOJAoLLIEro TENNOHOCUTENA; 9B — CEPBONPUBOL ANA TPEXXOA0BOro KnanaHa.
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Cxema npocTta B aKcnnyatauum, Tak Kak B
npouecce aBTOMATUYECKOrO pPerynupoBaHnA
pacxod TEnnoHOCUTenA ANA KaXKgoro notpe-
OuTena TennoTbl He uameHAaeTcA. Peanuayetca
PEXUM Ka4yeCTBEHHOrO PerynupoBaHuA, npu
KOTOPOM C LiENblo aBTOMAaTUYECKOro N3MEHEHNA
perynupyemoro napamerpa n3mMeHAeTcA Temne-
paTypa TennoHocuTena 3a CYeT rnogmelLnBa-
HMA 0OpaTHOro TENNOHOCUTENA C MOMOLLbIO
CMECUTENbHbIX TPEXXOMAOBbIX PErynupyroLLX
OpraHoB.

[MepeMeHHbI pexxum pacxofa TennoHOCU-
TenA UCMbITbiBaeT Ha cebe MUCTOYHMK TEennoTbl
(nos.1 pnc.3.18, 3.19). Moatomy HeobxoaUmo
NMPUMEHATb KOT/bl, AnA KOTOPbIX AaHHasA Oco-
OeHHOCTb He npepdcTaBnAeTcA NPobNemMHoN,
nmbo cnegyeT MNPUMEHATb FUAPaBNNYecKuin
pasgenuTenb AnA pasfgeneHnsa UMpKynAuUOoH-
HbIX KOHTYpPOB KOTNa W TPexXTpybHOl cucTembl
OTOMNEeHNA.

MeToguka nogbopa TPexxogoBoro KnanaHa
4 (puc.3.18, 3.19) oTnMyaeTcA OT BblLIEN3-
NMOXEHHbIX METOAMK ANA Y3M0B CMELUEeHMA.
HeCMOTpH Ha TO, 4YTO KnanaH ABNAETCA CMe-
cuTenbHbIM, MeTonKa ero nogbopa ABMNAETCA
CXoXell ¢ MeToaMKon nogbopa TPexxodoBoro
perynupytoLLero opraHa ans cxembl ¢ 6aina-
COM, KOTOpaA nU3noXxeHa B pasgene 3.3.1.

Cnepyet paccmarpuBaTb pasfenbHo fge
CTPYKTYpPHO MOAOGHbIE, HO rMApaBMYecKy
OTNMYaIoLLIMECA CXeMbl TPEexXTPYOHbIX cucTem
OTOMMEHUA.

MepBaa cxema TpexTpyOHON CUCTEMBI MO-
kasaHa Ha puc.3.20. [JaHHaA cxema peKoMeH-
OyetcAa npu 3HaAYUTENbHON Pa3BETBMEHHOCTM
CLCTEeMbl oOTonneHnA 1 pgocTaTto4yHO BbICOKOM
pacyeTHOW MOLLIHOCTU MoTpebuTenein TennoThl
— CTOAKOB, 30HHbIX cucteM u ap. Hanpuwmep,
npyv pacyeTHON MOLLHOCTW KaXkAoro u3 norpe-
6uteneir TennoTbl 6onee 10kBT.
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Puc. 3.20. Pac4eTHanA nepsas cxema TPexTpyOHOI cMCTeMbl BOAAHOIO OTOMMEHUA
C NCMONb30BaHNEM PEryNATOPOB pacxogda
a) CTPYKTYPHbIN B CXeMbl TPEXTPYOHOIN CUCTEMbI BOAAHOMO OTOMMEHWS;
0) pacyeTHaA cxema npu NoNHOCTbIO OTKPLITOM CMECUTENbHOM KrarnaHe;
B) pacyeTHaA Cxema npuv MosIHOCTbIO 3aKPbITOM CMECUTENBHOM KranaHe;
1 — perynAatop pacxoga npAMOro 4encTeus;
3 — 6anaHCcoBbI BEHTUMb HA MarnucTpanbHOM NnogMeLLrBatoLLeM Tpybonpoeoge.

Bmopaa cxema TpexTpyOHOI cucTemsl, Mno-
KasaHHaA Ha puc.3.21, pekoMeHayeTcA npu He-
BbICOKOW pacyHeTHON MOLLIHOCTY noTpebuTenen
TENNOTbl — OTOMUTENbHBIX NPUBOPOB, CTOAKOB,
30HHbIX cucTem, Hanpumep o 5...10kBT, a
TakKe Mpu HEeBbICOKOW pacyeTHON obLLei
MOLLHOCTW CUCTEMbI OTOMSIEHWA, HAaNpUMep, Ao
100kBT.

B TpexTpybHbIX cuctemax (puc. 3.20 n puc.
3.21) oTtcyTCcTBYET HEOOXOAUMOCTD B NMPUMEHE-
HUK oBpaTHbBIX KnanaHoB, Tak Kak UCMomnb3yeT-
CA €[MHCTBEHHbIV LIMPKYNALNOHHBIA Hacoc.

Ha puc. 3.20a n 3.21a nokasaH oOLUMiA
CTPYKTYPHbI BWA COOTBETCTBEHHO MNEpBOV U
BTOPOI CXEMbl TPEXTPYOHOI CUCTEMbBI BOAAHOIO
OTOMMEHNA ¢ OByMA noTpebutenamu TennoTol
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«1» n «2», Cxembl MoOKasblBalOT B3auMOfen-
CTBME CMeLLMBaeMbix Notokoe G, u G,, KOTo-
pble B CyMMe OnA KaXkgoro norpe6v|Tenﬂ co-
CTaBnAT HEM3MEHHOe 3HayeHMe pacyeTHOro
pacxofa TennoHocutena G . Pacxoapl G, n G,
B MOpaBlN4YECKOM pacyeTe He MPUMEHAIOTCA.

a)

I2

OCHOBHOW NCXOOHOW BENUYMHON MPUHMMAETCA
3HaveHne G .

PacyeTHble cxembl ONnA nMepBol N BTOPOW
CXeMbl TpexTpybGHOW cuUCTeMbl MokKasaHbl COo-
OTBETCTBEHHO Ha puc. 3.206, 3.20B u Ha
pvic. 3.216, 3.218.
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Puc.3.21. Pac4eTHas BTopana cxema TpexTpyOHOM cucTeMbl BOOAHOTO OTOMMNEHNA
C UCronb3oBaHnem 6anaHcoBbIX BEHTUNE
a) CTPYKTYPHbI BUE CXEMbl TPEXTPYOHOI CUCTEMbI BOAAHOMO OTOMNEHUS;
0) pacyeTHaA cxema npy NMOIHOCTbIO OTKPLITOM CMECUTENIbHOM KranaHe;
B) pacyeTHaA cxema rnpu NnosHOCTbIO 3aKPbITOM CMECUTENIbHOM KranaHe;

1 — GanaHcoBbIl BEHTUMb Ha pr6onposo,qe CYyMMapHOro notoka TenyioHocuTenA ot I'IOTpe6I/ITeJ'IFI TennoTbl,

2 — GanaHcoBbIN BEHTUMb Ha noameLllumneatroLLiem pr60I'IpOB0)J,e.yCTaHaBJ'IVIBaeTCFl npu Hann4mm NCTo4YHMKa Tenno-
Tbl C BbICOKUM rnapaBrin4eCKnmMm conpoTmMBrieHnemM, Hanpumep, npmn ncnonb3oBaHWU NNacTuH4YaToro TennoodMeHHN-
Ka. |_|pI/I ncnonb3oBaHUM rmgpasnmnyeckoro pasgenntena 6anaHcoBbIl BEHTUIb He yCTaHaBnmBaeTCcA.

Metoanka nog6opa obopynoBaHuA AnA
nepBoli cxembl TPEXTPYOHOI cucTemMbl BO-
AAHOrO OTOMJIEHNWA C WNCNONIb30OBaHMeM
perynAaropoB pacxoga (Ha puc. 3.206 1 3.208
B KayecTBe Npumepa 00603HAYEeHbl pacHeTHble
y4acTKU AnA CcucTeMbl TennonotpebneHus
«1 >>)_

McxoaHble ycrnosua:

— MakcumanbHbIN (UK pacHeTHbIN) pacxod
BOfbl ANA KaXkgoro notpebutena Tennotsl (cu-
CTeMbl OTOMNEHUA N TennoobmeHHuka) G,
Kr/u;

— MOTEPU [AaBMEHUA CUCTEMbI OTOMNSIEHMA
AP, AP, INa;

- n07ep|/| OaBneHusa B TennooOMeHHVKe
AP_._, la npu pacyeTHOM pacxofe TENNOHOCK-

TO.?
Tena Yepes Hero G, ,=2G,

MeToauka rugpaBnn4eckoro pacdeTa npea-

naraeTcA B CregytoLLeii nocrneaoBatenbHOCTH:

1. 3a pacyeTHOe LMPKYNALMOHHOE KOSbLO
MpvHUMaeM KOoMbLo 4epe3 noTpebuTens ¢
Hanbonee BbICOKUM 13 3Ha4eHui AP, AP,.Ha
cxeme puc. 3.20 B kKayecTBe TaKOro rnokasaHo
KOnbLIO Yepes notpedbutenb «1».

2.Mpownssoanm noadop perynatopa pacxona
nos.1 ¢ npumeHeHMeM MeTOAMKN pasgena 2.2 u
onpegenAeMm pacyeTHble NOTepu AaBrneHuA B
perynatope pacxofa AP, la.

3. Onpenendaem ana cxembl puc.3.206 no-
Tepu JaBneHnA Ha KaXXgoM pacyHeTHOM yyacTke
AP , onpeaenAa guamMeTpbl TPyO6oNpoBoaoB No
sanaBaeMOM CKOpOCTU TennoHocutenAa. Belvuc-
nAaem cymMmapHble noTtepu AaBneHnAa y4acTKOB
MarnmcTpanbHbIX TENNONpPoBoaoB > AP

y4.mm.”
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4. Onpegenaem ansa cxembl puc.3.206 note-
py OaBneHnA Ha KaXgom y4acTKe MoABOAOK K
cucTeme OTOmnJeHus APn onpegenasa gnave-
Tpbl TPYOONPOBOAOB MO 3anaBaeM0v| CKOpoCTU
TennoHocutenAa. Beluucnaem cymmapHbie ro-
Tepu daBneHuA Ha NogBofkKax ZAPnOg

5. Onpepgenaem gnAa cxembl puc.3.20B no-
Tepu QaBreHnA Ha KaXKOOM pacHeTHOM y4acTke
AP N Ha KaXKOoM yyacTke MogBOAOK K cuUcTe-
me” oTonneHua APno , onpepenAs avameTpbl
TpybONpPOBOAOB MO 334aBaeMoli CKOpPOCTU Te-
nnoHocutenaA. Bolducnaem cymmapHbie notepu
HOABMEHNA y4aCTKOB MarmcTpanbHbIX TENNOnpo-
BOJOB ZP wmm Y CYMMapHble NoTepun fasneHnA
Ha no,qBo,qKax ZAP

6. MNprvHMMaem K yCTaHOBKE TPEXXOQoBON
PO c¢ paBHonpoyeHmHol nponyckHou xa-
paxkmepucmukoli. Mopbop Tpexxogooro PO
NpoV3BOAMTCA B COOTBETCTBUM C METOANKOWN
pazgena 3.3.1. Mpu nogbope PO npuHumaem
perynupyembiii y4acToK Mexpgy Todkamu «Ax»
n «b» 1 COOTBETCTBEHHO MOTEPU AABNEHNA Ha
Hem AP, , Kak CymMy noTepb AaBreHuda Ha nog-
Boakax 2AP , V1 CUCTEMbI OTOMNEeHNA AP

AP, = AP, + AP (3.56)

nomp®

AP o= AP, + 3AP ’
CnepnyeT 3agatbcA TpebyeMbIM aBTOPUTETOM
KnanaHa B AuanadoHe 0.1<a ..<0,3. Peko-
MeHnyeTCH N3Ha4vanbHO 3ajaTbCA 3HAYeHuem
a,pes=0,2. B pesynsrate nopGopa nony4aem
pacyeTHytO MOTEPKd AaBNEHUA TPEXXOAOBOro
KnanaHa APpO, Ma.
7. BanaHcoBbiin BeHTUNb 3 nogbupaeTca Ha
pac4eTHbIN pacxon ZGom 1 Tpebyemyto noTepio
JaBneHunsa:

(AP AP .  (3.57)

6.6. 3) 1Pes — 2 10,

8. LIMpKynAUMOHHbIN Hacoc noabupaetcA Ha
crnegyroLmne pacyeTHbIe NnapameTpbl:

pacdeTHaA noga4a

G,=3G (3.58)

max’

pac4eTHbIN Hanop

PH = APE.O. = ZAP

yd.m.m.

+AP+AP, + AP, (3.59)

Metoanka nogobopa ob6opygoBaHnA AnA
Bmopol cxembl TPeXTpyGHOI1 CMCTEMbI BO-
AAHOro OTOMJIEHNA C ucnosib3oBaHNem 6a-
naHcoBbIX BeHTunen (Ha puc. 3.216 n 3.218
B Ka4ecTBe npumepa 0003HAYeHbl pacHeTHble
y4acTKM [AnAa cuctembl TennonoTpebneHus
<<1>>)_

VcxoHble ycrnosumA:

- MakKCMMarbHbIA (MNN pacYeTHbIN) pacxod
BOObl ANA Kaxkaoro notpebutend Tennotsl (cu-
CTeMbl OTOMMEeHNA Unn TennoobmeHHrKa) G
Kr/u;

- MoTepy [aBneHuA CUCTEMbl OTOMMEHNA
AP, AP, Na;

- n0TepV| LaBneHuA B TennooOMeHHVKe
AP_, Ta npn pacquHOM pacxofge TennoHocu-
TenA Yepes Hero G, ,=2G .

MeTogmka rl/lﬂpaBJ'II/I‘-IeCKOFO pacyeta npeg-
naraeTcA B crniefytoLLein nocnegoBaTenbHOCTU:

max’

1. 3a OCHOBHOE pacyeTHOe LUPKYNALWNOH-
HOE KOMbLO MPUHUMAEM KOMbLO 4epes notpe-
GuTenb ¢ Hanbonee BbICOKVM U3 3Ha4eHUn AP,
AP,. Ha cxeme puc. 3.21 B Ka4ecTBe Takoro I'IO-
KasaHo KONbLO Yepes noTpedbutenb «1».

2. Onpepensem gna cxembl puc. 3.216 no-
Tepu gaBneHMA Ha KaXKAOM pacHeTHOM y4acTke
AP , ONpefenAs AnameTpbi Tpy6GONpPOBOAOB MO
3anaBaeM0v| CKOpOCTU TensnioHocutena. Bolvuc-
nAaem CymMmapHble NnoTepu AaBneHnA Yy4acTKOB
MarncTparnbHbiX TEMNONpPoBOaoB > AP, .

3. Mpounssoanm nogbop 6anaHcoOBOro BEHTU-
na 1, 3apaeasAcb Tpebyemol notepei AaBneHus
(AP68 Drpes= (0,2...0,3)x AP, .

4. Onpepensaem mexay To4kamu «A » n «b»
conpoTtueneHne notpebutena AP » B BUAe
CyMMbl MOTEPb HABMEHUA CUCTEMbI OTOMMEHUA
AP_ 1 cymmapHbIX MoTepb Ha MoABOAKax K Hewl
ZAPnog'

AP oy = AP+ ZAP (3.60)
5. MNpnHrmaem K ycTaHOBKE TPEXXOOOBOW
PO ¢ paBHonpoyeHmHou nponycKkHou xa-
paxkmepucmuxod. Mopbop Tpexxomosoro PO
Npou3BoAMTCA B COOTBETCTBUM C METOAUKON
pasgena 3.3.1. MNpu nogbope PO npuHumaem
perynupyembiii y4acToK Mexxgy Toukamm «A »
n «b» 1 COOTBETCTBEHHO MOTEpY AABNEHWA Ha
perynupyeMom y4acTKe COCTaBAT:

AP, =AP +AP . (3.61)

Cnepyet 3agartbca TpebyembiM aBTOPUTETOM

knanaHa B AuanasoHe 0.1<a . .<0,3. Peko-

MeH,qyeTCFl N3HaYanbHO 3aAaTbCA 3HaYeHnem

a,.-=0,2. B pesynsrate nop6opa nony4aem

pacyeTHyl0 MOTepto AaBneHns TPEexXXOpoBOro
KnanaHa APPQ, MNa.
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6. Onpependem pac4eTHble NOTepu CUCTEMbI
OTOMMNEHMA B BUAE CYMMbI:

APC_O' =>AP

yd.m.m.

+AP5' s AAP, + APTO. (3.62)

7. Onpegensaem gna cxemsl puc. 3.218 no-
Tepu AaBneHnA Ha KaXxaoM pacHeTHOM y4acTke
APW., onpegendaa anameTpbl TPy6ONpPoBOAoB Mo
3ajaBaemMoin CKOPOCTUN TennoHocuTenA. Bblumc-
nAemMm CymMmapHble NMoTepu AaBneHnA y4acTKOB
MarncTpanbHbIX TEMNONPOBOLOB ZAPWM.

8. Onpepenaem mMexay Todkamu «A » n «b»
CyMMapHble notepu AaBneHuA ZAPHDQ Ha nop-
BOAKax K CCTEME OTOMNEHNA.

9. Onpepenaem ana 6anaHcoBOro BEHTUNA 2
Tpebyemyto noTepto faBreHus:

(AP o) rpes= AP, .- AP, -

AP

yd.m.m.

-APpo-ZAPnog-AP& 61

(3.63)

10. Mopbupaem HGanaHCoOBbIN BEHTUIb 2 Ha
Tpebyemyto noTepto AaBreHus.

11. OcTtanbHble UMPKYNALUMOHHbIE KOMbUA
paccuyuTbiBaeM aHanornyHelM obpasom. OTnu-
yne OTHOCUTCA TOMbKO K GanaHCoBbIM BEHTU-
nAam 1, KoTopble NMogbupatoTcA Ha OCHOBAHWUM
NpeaBapuTenibHO  BbIYUCIIEHHOMO  3HAYEHUA
Tpebyemoro conpotusneHua (AP, ). .. Bbl-
YNCNEHHOrO B CBOK O4Yepedb MO BENNYMHE
Tpebyemoro (pacrnonaraemoro) ConpoTUBNeHUs
perynvpyemoro y4actka (AP, ) ...

12. LMpKynAUMOHHBIA Hacoc noabupaetcsa
Ha cregyoLme pacyeTHble napameTpbl Nogaydun
G,=2G,,, nHanopa P =AP_ .
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3.6 OcHOBHbIe TeXHNYeCKIe XapaKTepuCTKN pasnn4HbiX TUMOB

perynupyrowux KnanaHos

Perynupylolime KknanaHbl, BbiMyckaeMble
¢vpmoin FEPL, ApmatypeH Lm.6.X., npegHasHa-
YeHbl AnA aBTOMATUYECKOro perynmpoBaHuA
cuctemMamy TennonoTpebneHnsa ¢ NpuUMeHeHU-
€M UCMONHUTENbHBIX MEXaHN3MOB 1 aBToOMaTU-
YeCKUX PErynAaTopoB pasnmyHbIX TUMOB.

OCHOBHBIMU ~ TEXHUYECKMMU  XapaKTepu-
CTVKaMn PEerynupyloLmnx KnamnaHoB ABMAKTCA:
KOHCTPYKUMA, Tunopasmep, MpOomnyckHaA crno-
cobHoCTb k , M%4, dopma MpPOnycKHOI xapak-
TEPUCTVKM 1 rmapaBnmnyeckan cxema KnanaHa.

TexHu4eckne XapakTepUCTUKM KranaHoB
C COOTBETCTBYHOLLUMMU pPEeKOMeHAauuaMn 1
CXEMaMW MOAKMIOYEHNA [EeTanbHO W3MNOXEHBI
B Kkartanorax, Hopmanax u nocobusax ¢upmbl

FEPL ApwmatypeH 'mM.6.X. B HacToAwem pas-
fene orpaHuyMmca 0630pHON uHGopMauwmer
OCHOBHbIX XapakTepuUCTVK HEKOTOPbIX MOAenew
perynmpyoLux KrnanaHoB ¢ Liernblo 060CHOBaH-
HOro panbHelwero Bbibopa perynupyloLwmx
KnanaHoB B MpuMepax pacyeTa, U3MOoXeEHHbIX
B 4-11 rnase.

O630pHasa uHpopmauma ceefdeHa B Tabnu-
uax 3.4 n 3.5.

B Ttabnvue 3.4 paHbl obLume gaHHble Mo
«TepMOCTaTU4ECKUM KnanaHam» C NUHENHON
$opmMor MPONYCKHON XapakTepucTuKK, KOTO-
pble ynpaenAlTCA TepMocTatamn n TepMonpu-
BOJaMMW.

Tabnuua 3.4

OCHOBHbIe TEXHNYECKINe XapakKTepucTtnkn tTepmoctatndeckunx

knanaHoB F'EPL ¢ npubaurxeHHoU K AuHeliHOU ¢hopme nponycKHOU xapakmepucmuKu
(ynpaBneHmne ¢ NOMOLLbIO TEPMOCTAaTUYECKON roNIOBKIN 1N TEpMONpuBoAa)

NeNe HanmeHoBaHve
nn. ApTukyn ObLVe naHHbie VcnonHeHve
1 2 2 4
FEPLLTS-90 be3 npeaBapuTenbHON HACTPONKMN |
1 17723 3/8", 1/ |,, 3/4" ni". kv2 , MS/Ll 0,6, 0,7, 0,9 Eﬁ.
2 17723 MEPLI TS-90-V C nnasHOW, CKPbITON NPeAHaCcTPOKON
3/8", 1/2", 3/4". k,,M¥4 0,03...0,55;0,03...0,65
3 17723 MEPL, TS-90-Kv [loBbILLEHHON 3aLUMTbI OT pa3perynupoBKn o
3/8", 1/2". k,,»Mm¥4 0,06;0,12;0,25;0,5;0,6 i
7T,
4 17723 FEPL| TS-90-E lMoBbILLEHHOW MPOMYCKHOW CNOCOBHOCTH i" e
3/8", 1/2", 3/4". k /k_, ™4 0,9/2,0 I —
v2' s -w
5 17723 FEPL TS-E [oBblLLEHHOI NPOMYCKHOWM CNOCOBHOCTH E ‘
1/2"’ 3/4" n 1", kv2/kV5 ’ M3/Y 1,5/5,1 w‘
6 1 7523 MEPL, TS-FV Co ctyneH4atoi ruapasnmn4eckoll HacTPOMKON o ! l ‘
S8 1/ kK., M/ 0,02...0,03/0,39 E}-
7 17623 MEPLI TS-98-V C nnasHON, OTKPbITON NPEeAHaCTPONKON ]""
3/8", 1/2", 3/4". k,,M/4 0,14...0,55;0,14...0,65 . H—
MEPL 7217 TS E bBes npeasaputenbHON HACTPOWKIM 1
1/2", 3/4"vw1".  k,,m%4 49,5376 -
8 17217
MEPLL 7217 TS98V C npegBapuTenbHOWM HACTPOWNKOWN e ®
172" kvs ’ M/ &t
e |
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B Tabnuue 3.5 NpuMBOOATCA OCHOBHblE TEX-
HUYECKUE XapaKTEPUCTMKN pasnn4HbIX TUMOB
perynmpyowmx kKnanaHoB Bbicokol nponyck-
HolU cnocobHocmu, KOTOpble YNpaBnAlTCA

TepmocTaramu, 3fneKTpornprveogamMv uU TepMmo-
npusogamu. B Tabnuue Takxe ykasblBaeTcA
dopma nponyckHOM XapakTepUCTUKN U cxema
rmapaenmn4yeckan gnAa Kaxkgoro tuna knanaHa.
Tabnuua 3.5

OcHOBHble TEXHNYECKINe XapakTepucTukn perynupyronx knanaHos MEPL, BbicoKoli nponycKHol
cnocob6Hocmu (ynpaBneHune ¢ MOMOLLbIO TepMocTaTa, TepMONpuBoOAa NN ANEKTPONprBOAa)

ApTUKyn.
NeNe HanmeHoBaHne Cxema
MponyckHaA WcnonHeHne
n.n. XAPAKTEPUCTUKA O6Lme naHHble KnanaHa
1 2 3 4 5
17761 CALIS-TS PasgenuTenbHbIN 3-X X0foBOW L\_
1 npubAusKeHHan TEpMOCTaTMYeCKUi KnanaH i
K AUHeLiHoU 15; 20. K., M4 275,32
17761 CALIS-TS-3D PasgenuTenbHbin 3-X X040BO ‘I i
2 npubAUsKeHHan TepmocTaTM4ecKnin KnanaH k
K AUHEUIHO 15; 20. K., M/4 3542 -
17761 CALIS-TS-RD PaspgenutenbHblit 3-x X040BOM A L\_
3 NpubAUsKeHHaA TepmocTaTM4ecKnin KnanaH
K AUHEUHOU 15; 20; 25; 32. k,, M4 3,0; 3,3;6,44; 6,44 ﬂ
17762 FEPLL 7762, 7763 3-X X0[0BOW TEPMOCTATUHECKMI !_ ‘
4 17763 KnanaH gnAa CMeLLeHna unu pasgeneHua 1' i L‘i -
paBHonpoyeHmHaAa 15; 15; 20. K., M/4 25;4,0;5,0 ".ll [ os i
TEPL] 30HHbI KnanaH gna CoBMeCTHOW paboTbl
C TEPMOMNPUBOAOM UM TEPMOTONOBKOWA C
5 1772382 ANCTaHUMOHHON perynupoBkom
15 kvs, m3/4 1,87
6 1 ;;gg ?§ [ByxXx0Q0BOI TepMOCTaTUYECKUA KnanaH - I .- - l'—\_
15;15;20.  k_,M¥4 25;4,0;5,0 “
paBHonpoyeHmHaAa vs
7 17760 5X [Byxx0[0BOI TepMOCTaTUHeCKUiA KnanaH . 'll -
paBHonpouyeHmHaAa 15; 20. K., M/ 281;3.21 ﬂ
3 BanaHcupoBoyHbIn 1 perynupytowmin knanax NEPLY
8 1721778V 15,20 k,_, W%/ 1,90:0,47;1,00;3,90
FEPLI gByCTOPOHHWMIN LLAPOBON KpaH BNA TOYHOrO
9 12117 5x perynmpoBaHusa B crcTeMax BOROCHa0XeHUA uni
knumatusauum 15;20;25;32;40;50 kvs, m3/4 5-50 "
PerynaTtop nepenaga gasneHva gna nogaepXxaHua S
10 1 4002-FIX-TS NMoCTOAHHOro nepenapa aasneHuns 23 kMNA e
15;20;25;32;40;50 kK, M*/42,66-14,95 o
FEPLI KOMBI -knanaH-perynaTtop pacxoga, Ana *
11 14006 1x HenpepbIBHOro perynuposaHua 15;20;25;32;40;50
K, M%4 04,5
aBHor;I 302,74mHan FEPLL 4037 3-x X0goBOW perynupyroLLmin knanaH anA ;
5/\” n U%AZ)HGHH&H CMELLEHNA UMK pa3feneHmns, a TakxKe B Ka4ecTse
12 HI/)\UHBHHOG [BYXXO[OBOrO KnanaHa AB A
(c anekTponpusogom ;5; 2“?3;/55; %1204235010 16: 25: 40 E B
aptr.1 7712 11) vs ! 7 Ty T TR e
14219 3anopHo-perynupytoLlas 3acnoxka MEPL| 4219 -
13 CXOKEA C 50; 65; 80; 100; 120; 150; 200; 250; 300 -
paBHONPOUEHMHOLI K, » M4 9162853043567860 1300; 2100; 4100;

B rugpaBnnyecknx pacyetax pacHeTHbIN
pacxop TEnnoHOCUTENA ABNAETCA OCHOBHbIM
ncxogHoiM napametpom. Kak npaswno, 3apa-
eTCcA pacyeTHasA TennoBas MOWHOCTb Q, kBT
cucTembl TennonoTpebneHna. PacyeTHbI pac-
xon TennoHocutena G, Kr/94 cuctembl Tensno-
notpebneHna B 3ToM criyyae onpeaensaeTca no

BblPaXKEHWHO:
G = 3600 Q,/(cAt) unn G = 860 Q, /At, (3.64)
roe:

C - ygenbHaA
=4, 2kAsk/(K2-°C);

At = (t -t ) — pacyeTHasA pa3HOCTb Temneparyp
nogatoLero n obparHoro TennoHocutens, °C.

TennoemMKoCTb BOApbl,
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4. Mpumepbl Noagdopa perynnpyrowmnx opraHoB AnA BOAAHbIX CUCTEM Tenso-
XOnoA0CHabXXeHnA

B HacToALlem pasgene npuBodAaTcA npuMepbl nogbopa perynipyowmx opraHoB AnAa pasiunyHbIX
cucTeM TennonoTpebneHns ¢ pasnnyHbIMIY BapuaHTamm UCXOAHbIX YCNoBuid. fngpaBnnyeckne pacyHeTsl
1 nogbop 0b6opynoBaHUA BbIMOMHEHbI C UCMOMb30BaHNEM BbiLLIENPUBEAEHHbIX METOAMK.

4.1. Npumepbl Nog6opa perynupyrowWnx KnanaHoB AfA TennoBoro o6opyaosa-
HUA MHANBUAYANbHOrO TENJOBOro NyHKTa

WHamBmnayanbHble TennoBble MYyHKTbl NpeAHasHa4yeHbl AnA MPUCOEAMHEHUA CUCTEM TennonoTpe-
GneHvA (OTOMNeHWs, TEeNNOocHab)XeHUs YCTaHOBOK CUCTEM BEHTUNALUMW, ropAYero BoJocHabXeHua u
TEXHONMOMMYECKNX TEMMOUCTONb3YIOLLMX YCTAHOBOK 3[4aHMA UMK ero 4acTtu) K Hapy>XHbIM 11 BHYTPEHHUM
CETAM LieHTpann3oBaHHoro TennocHabxeHna. Tennosoe obopynosaHue B UTI MOXET NpoeKkTupoBaTb-
cA B pasHoobpa3HoMm co4deTaHuu. Mbl MCMONb30Banv B NPUBOAMMBIX NMPUMepax AOCTaTOYHO MPOCTbie
BapuaHTbl, MO3BONAIOLLIME NMPUMEHATDL BbiLLENPUBEAEeHHblIE MeTOAVKIN Noabopa perynupyoLLnx opraHoB
ANA pasnnyHbIX CUCTeM TennonoTpebneHus.

4.1.1 Mpumep nonﬁopa o6opynoBa- poro npueefeHa Ha puc.4.1. Ha cxeme ¢ uenbio
HUa TN n y3na cMeLlleHnAa co cMe- ee ynpolleHnA He nokasaHbl anameTpbl Tpy-

60onNpoBOLOB, APEHaXKHbIE, BO3HYXOBbINYCKHbIE
1 NpeaoXpaHuTeribHble YCTPOWCTBA, NpUGopbI
KOHTpONA TemnepaTtypbl W [OaBNeHuA Tenno-
HocuTenen.

cunTesnibHbiM HaAaCOCOM Ha nepenmMblvkKe

TpebyeTca nopobpatb perynupytowme Kna-
naHbl, a TaKXe perynAatopbl NPAMOro AencTBnA
n cmecutenbHblh Hacoc ana WTI, cxema KoTto-

K cucreme renniockabermns
Kanopugepos

B cucremy ropavero
BOJOCHAOKEHN
3 LnprynauymonHas
g 0 m' OPAYEro
1 I @j BOJOCHAOKEHNA ¢
A; H =] M3 BogonpoBoga
, (T
W3 rennosovi - N\ 12 9 Bancremy
cem w oronneHns
= -

I\7 06LL|, -
—T # > F e AS
12/ o || : ‘ 11 12
12 13a Gzi 2
i I 13 M3 cucteml
Brennos) 3Vi0 n OTOnn/1eHNA
cerb 6 l l‘ @
- Soou p\iiit «

Puc. 4.1. Cxema NTT1 ¢ y3nom cMeLLEeHNA nNpu YCTAaHOBKE CMECUTENBbHOIO Hacoca Ha nepemblyke

1 — TennoobMeHHVK ropAYero BOAOCHA0XeHWA; 2 — HACOC CMECUTENbHbIV CUCTEMbI OTOMNEHNA; 3 — HACOC LIMPKYNA-
LIMOHHBIN ropAYero BofocHabxeHus; 4 — BofoMep; 5 — 0bpaTHblii knanaH; 6 — perynatop nepenaga gaeneHus MEPLY
4002 gna crucTembl OTONNEHWA 1 TENNOOOMEHHUKA 1; 7 — perynatop nepenapa aasneHusa FEPLL 4007F gna tenro-
cHabxeHuA kanopudepos; 8 — knanaH perynupytowmin FTEPL| apT.14037; 9 — anekTponpueog FEPL, apT.1771211;
10 — knanaH perynupytowmin TennoodbmenHHunka FEPL, apT.14037; 11 — ¢punbtp-rpasesuk FEPL, 4111; 12 — BeHTUnNb
3anopHbin ¢pnaHuesbili LITPEMAKC-AGF, apt.4218 AGF; 13, 13a, 13B — BeHTunb 6anaHcosbin LUITPEMAKC-GMF
C 13MepuTenbHbIMK KnanaHamu, apt.4218 GMF; 14 — cyeTynk y4eta TennoTbl; 15 — «cnegawmine> perynaTtop Tem-
neparypbl TennoHocutenAa no rpadpuky LIKP; 16 — perynatop Temneparypbl ropA4en Bofbl.
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HcxogHble gaHHble:

1. MapameTpbl TENNOHOCUTENA TEMnnoBbIX
cetenn Ha Beoge B WTII: pacyeTHble Temne-
patypbl TennoHocutena T =130°C, T =70°C;
abconioTHoe pasneHve TennoHocutena P =-
86ap (0,8MMa), P =56ap (0,5MMa). Pacnona-
raeman pasHocTb fasneHuin cocrtasndaer 0,8-
0,5=0,3MTrla (300000Tr1a).

2. Pac4eTHble napameTpbl CUCTEMbI OTOMME-
HUA: pacyeTHaA TennosaA mowHocTb Q=200
KBT; pac4deTHble napameTpbl TEennoHocuTenA
t=80°C, t,=60°C; pacyeTHble noTepy AasreHuA
AP =160000Na.

nomp

PacyeTHbIl pacxoq TEMMOHOCUTENA CUCTe-
Mbl OTOMMNEHNA Gm,Kr/q onpegensemMm no Bbl-
pakeHuto (3.64):

G, = 860xQ, /At = 860x200/(80-60) = 8600Kr /.

PacyeTHbIn pacxod TEMnOHOCUTENA Tenno-
BbIX CeTel AnA cuctembl oTonneHna G,,Kr/u :

G, =860%x200/(130-70) = 2870kr/4.

PacyeTHbI pacxof TENNOHOCUTENA Ha Nog-
mece G,,Kr/4 :

G,= G,,,-G, = 8600-2870 = 5730Kr/M.

3. PacuyeTHble xapaKTepuCTVKu  Temnno-
obMeHHUKa ropAYero BogocHabXeHuda: pac-
4yeTHas  TeryioBad  MowHOCTb  Q=100kBT;
pac4yeTHble napameTpbl TennoHocuTens
T,=130°C, T,=70°C; pacyeTHble NoTepu AaBneHnA
AP = 30000MMa.

nomp

PacyeTHbI pacxod TEnnoHOCUTENA Tenno-
BbIX ceTell AnA TennoobMeHHVWKa ropaYero
BOJOCHa0XeHNA G, KI/4 onpepgensaem o Bbl-
pakeHuto (3.64):

G, = 860x100/(130-70)=1440kr/u.

4. PacyeTHble napameTpbl CUCTEMbI TEMMO-
CHab)XeHuA kKanopupepoB: pacHeTHaA Tennoeas
MOLLUHOCTb Q=250KBT; pac4eTHble napametpbi
TennoHocutena T =130°C, T =70°C; pacyeTHble
notepu aasneHns APnomp= 28000IMa.

PacyeTHbIn pacxod TennoHOCUTENA Tenno-
BbIX ceTell AnAa cucTembl TennocHabXkeHua
kanopudepos Gnomp, Kr/4 onpegenAem no Bbl-
pa>keHuto (3.64):

G = 860x250/(130-70)=3590Kr/u.

nomp

PacyeTHbIn pacxof TeNNOHOCUMTENA Ha BBO-
Je TennoBbIX CETEN COCTaBNAET

G5, = 2870+1440+3590=7900Kr/4.

3agaemca pgvametpamu  TpybGonpoBOLoOB
BBOJA TEMMoBbIX ceTell u noTpebutenei, 3a-

[aBafACb CKOPOCTbIO ABVXEHUA TEeNIOHOCUTENA
He Gonee 1,0m/c. MpuHumaem anameTp Tpybo-
nposoga:

- onA Beoga — d65mm;

- TennocHabxeHnA kanopudpepos — d40mm;

- TennoobmeHHuKa — d25mm;

- cucTeMbl oTonneHnAa — dé5mm;

- nogmeca — dé5mm.

Ona nopbopa perynvpyloLmx oOpraHoB
BOCMOMb3yemMcA MEeTOAUKaMM, WU3NOXEHHbIMU
B pasgenax 2.2, 3.2.1 n 3.4.1. Beugy He3Ha-
YUTENbHOW ANMHbI TPYOONPOBOAOB, MOXHO He
Yy4YUTbIBATb 3TV MOTEPW HdaBNEHWA, 0COBEHHO B
HacToALWeM npumepe, roe nepenag AaBneHuA
anA notpebuTenen 3agaeTca NOCTOAHHBIM C MO-
MOLLbIO PErynATOpPOB nepenana AasfeHuns.

Onpegenum notepu fasneHna apMartypbl Ha
BBOJE TEMIOBbLIX CETEN:

- BEHTWNb 3anopHbIn (M03.12) dé5mm LLUTPE-
MAKC-AGF, apt.1421847, 1 BeHTunb 6anaHco-
Bbin (nNo3.138) d6é5mm LUTPEMAKC-GMF c¢
n3meputenbHbIMM  KnanaHamn, apt.1421847,
k .=60,3m%4; pacyeTHbll nepenag [haBneHWA
npuv OTKPbLITOM BEHTUE ornpegendAem no Bbipa-
XeHuto (4.9)[12]:

AP, = 0,1x(7900/60,3)%= 1700Ma;

- Owunbtp-rpasesnk  (no3.11)  d65mm,
apt.1411187, k = 64,3m%4; pacyeTHblii nepe-
nag gaeneHus:

AP, = 0,1x(7900/64,3)2 = 1500Ma.

C y4eToM noTepu gaBneHWA B ABYX BEHTU-
nAX 1 B GUNbTPe pacHeTHbIN Nepenag fAasneHns
«[0» PerynATopos nepenaga faenexHvA (Nos.6
N 7) COCTaBuT:

AP ..,=300000-(2x1700)-1500=295100ra.

lMony4eHHbI pe3ynbTar NnokasbiBaeT, YTo B
OaHHOM criyqae mpu noadope perynpyowmx
opraHoB noTepu pfaBneHWsa B 3aropHon ap-
MaType MOXXHO Oblno Obl He y4uUTbIBaTb BBUAY
OTHOCUTENbHON HE3HAYUTENBHOCTU 3HAYEHUN.
OpHako 9TOT BblBOA HE MOXXET ObiTb MOBCe-
MecTHOW pekoMmeHpgaumein. Heobxogmmo, B 3a-
BMCVMOCT/ OT Pa3HOCTW fdaBneHWA Ha BBOAEe
TensnoBbIX CETEN N BMAA NPUMEHAEMON apmarTy-
pbl, OLEHMBaTb pacHeTHbIM NyTEM 3HAYUMOCTb
noTepb JaBfeHUA B HEN.

BeHTunb GanaHcoBbii N03.13B  MpoekTu-
pyetcAa AnA MCNonb30BaHWA B MOMHOCTbIO OT-
KpbITOM MonoXeHun. Ho npu BbINOMHEHWUM Ha-
nafgoYHbIX paboT Heobxogumo OygeT YacTU4HO
€ro NpUKpbITb ANA Co3haHuA gpoccenmpytoLLe-
ro appeKta B «MNOMOLLb» perynatopam nepe-
naga faeneHna nos.6 n 7. lNpu ymeHbLLIEHWN
notepb AaBrneHnA Ha perynATtopax no3.6 n 7 3a
CYeT co3faHMA NoTepb AaBneHnsa Ha BeHTune
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no3.13B, NOBLICUTCA ka4yecTBO paboTbl peryns-
TOPOB MNepenaga AaBneHna u, Kak cnegcrsue,
MOBbLICUTCA Ka4ecTBO PabOTbl perynupyroLmx
KnanaHoB CMCTeM TennonoTpebneHvs.

Cucmema menaocHabeHuUAa Kaaopucgpe-
POB paccunTbiBaeTcA U3 ycrnosua obecrneveHna
3afaBaeMoro rnepenaga AasneHus

AP, =AP_ =28000(a.

CornacHo (2.4), MWHMManbHble MOTEpPU
AaBNEHNA Ha perynAatope, Npu KOTOpbix obe-
crneymBaeTcA paboToCnocobHOCTL perynAaTopa
nepenaga gasneHus (No3.7), AOMKHbI ObITb He
MeHee

(OP,,),.. = | AP, | =28000Ma.

PEI')min

B paHHOM npumepe notepu pasneHWA Ha
perynatope nos.7 OyoyT 3HAYUTENbHO Bbille U
AOJ1>KHbl COCTaBNATb

AP, =AP__-AP =

pacn nomp

= 295100-28000=267100Ma (2,676ap).

[nAa ncxogHbIX ycnosui Gnomp=3590KF/‘-l "
APsag=28000I'Ia (280mbap) npuHMMaem K ycTa-
HOBKe perynAtop nepenapga pasnedvAa EPL
4007F, d40, apT.1400715, 3Ha4eHne rngpasnu-
Yyeckon HacTponkm 290 (puc. 4.2).
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Puc. 4.2. OnpegeneHne 3Ha4eHNA rmgpaBnnyeckon HaCTPONKK perynAaropa
nepenafa gasnerHua NEPL 4007F, d40, apT.1400715 (nos. 7 puc. 4.1) gna cuctembl
TennocHabKeHVA Kanopupepos Npu 3ajaBaemMblX PaCHETHbIX 3HAaYEHUAX
G,,,,=3590kr/4 n AP =28000Na (280mbap).

notp

[MpUHATBIN K YCTAaHOBKE perynAatop nepena-
[a AaBneHuA He HaJo NPOBEPATb Ha BO3HUKHO-
BEHVE KaBuTauuu, TaK Kak OH YCTaHOBIIEH Ha
obpatHom TpybonpoBoae, Temneparypa Tenno-
HocuTena B kOTopom Huxe 100 °C.

Cucmema omonAeHUA COBMECTHO C TEMNJo-
obmeHHVKOM obecnednBaeTca CcTabunuanpo-
BaHHbIM nepenagoM AaBfeHna ¢ NOMOLLbIO pe-
rynAatopa nepenaga aasneHuna nos.6 (puc.4.1.).
Ina nog6opa aToro perynatopa npegsapuTenb-
HO Heobxoanmo nopobpaTte CMeCUTESbHbIN Ha-
COC 2 1 perynupyrowmn knanaH 8.

CornacHo metoankm pasgena 3.4.1, npwu-
HYMaeM K yCTaHOBKE CNapeHHbIN HAcOC C dnek-
TPOHHBbIM yrpaBneHNneM CKOPOCTWU BpalleHuA
poTopa Mo 3afaBaeMomy nepenagy AasfneHuA
Ha Hacoce. Pexxum paboTbl KaXxgoro n3 Haco-
COB: «OCHOBHOW» - «pe3epBHbl». Hacoc nog-
Gupaem Ha pac4deTHble napameTpsbl (3.29):

GHzGoﬁLq u PH=APn0mp+APK/I 13"

BanaHcoBbI BeHTMNb NM03.13 ¢ conpoTue-
newvem AP, .. npepnaraetcA MNpUMEHWTb B
JaHHOW cucTeme Kak JOMNOofHMTENbHOEe YCTPOou-
CTBO, MO3BOMAOLLEe NPWY Hanagke U3MepATb U
3aflaBaTb pacxof TennoHocuTenAa B cuUcTeme
OTOCMMEHUA.

MpuHMMaemM K ycTaHOBKe BeHTWNb OGanaH-
coebin dpnaHuesbin LUTPEMAKC-GMF, d65 c
n3mepuTenbHbiMW - KnanaHamun, apt.1421847.
MoTepeil paBneHva 6anaHCOBOrO BEHTUNA
3apaemcA, Hanpumep, AP, =3800la npw
Go6w=8600Kr/L| N 3Ha4YeHUN TnapaBM4eCcKon

npegHactponkn n=5,0 (puc. 4.3).
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Puc. 4.3. OnpegeneHne rugpasnnyeckmnx
XapaKTepuUCTMK BEHTUNA 6anaHcoBoro
¢naHuesoro LUTPEMAKC-GMF, d65 ¢

n3mMepuTenbHbIMU KrnanaHamu, apt.1421847
(no3.13 puc.4.1).

Takum 06pa3om, cMecuTenbHbI HACOC Mog-
Ovpaem Ha cnegytoLLme napameTpbi:

G, = G, = 8600Kr/4, NnpumepHO 8,7m%/4;
P.=AP _ +AP .. =16000+3800 = 19800Ma,

nomp

TO eCTb, NpuMepHO 2,0M B.CT.

MAGNA D 40-100 F

MoTepAa B pUTMHrax v knanaHax

Q=826m
H=2m
BKMIOYeHe npu = 8.1 M3/4

Mepekauus. xuakocTs = Boga B cucteme otonneHna
O6wuin KN = 46.8 %

0 2 4 6 8 10 12 14 16 18 20 22 Q(m3Mw)

Puc. 4.4. Pac4eTHasa xapakrepuctuka
cmecutensHoro Hacoca MAGNA D 40-100F
(nos. 2 puc. 4.1)

Cxema nopgbopa Hacoca MokasaHa Ha
puc.4.4. K yctaHOBKE NMPUHUMAEM CABOEHHbI
Hacoc ¢upmbl GRUNDFOS mapku MAGNA D
40-100F c 3agaBaembiM Hanopom 2,0m B.CT.

Perynupytowmii knanaH 8 (pvc.4.1) nonow-
paem cornacHo (3.30) n (3.31).

Tpebyemoe MUHMMAarbHOE pacyHeTHOe 3Ha-
YeHne nepenaga AaBneHuna Ha KnanaHe 8 npu-
HUMaeTCA paBHbIM

(APp.o.TPEE)min = (O’BXAPI'IOT[)) =
= 0,8x19800=15840I1a.

PacyeTHbI MakcumarnbHbIA pacxoq Tensno-
HocuTena Yyepes PO npy nonHOM ero OTKpbITM
NMPUHYMAETCA PaBHbIM

G,..= G,= 2870kr/.

Tpebyemyto pacyeTHyt0 YCNOBHYO MPOMYCK-
Hyto cnocobHocTb PO K orpesr MP/4 ONpepensem
no BblpaXkeHuto (3.4):

2870

k =
YSTPEE ™ 935 [0,1x15840

0nAa paHHOM cxembl y3na CMelleHuA COo
CMeCUTENMbHbIM HACOCOM Ha nepeMblyke mMo-
ny4eHHoe 3HauveHve k _...=7,7M%4 cnepgyert
paccmarpusaTtb Kak MakCc/ManbHO BO3MOXXHOE.
K yctaHoBke nogbupaetca PO ¢ nuHeiiHon npo-
NMYyCKHOW XapaktepucTunkom. NpruHumaem K ycta-
HOBKe perynupyowmn knanaH apt.1403720,
d20, k,=6,3m%4 c npueogom aptr.1771211,
nepeknoYaresnis KOTOporo HeobXoAMMO ycTa-
HOBUTb B MOSIOXKEHME FMHENHOWN MNPOMYCKHON
XapakTepuUCTUKN.

Pac4eTHbIn Nepenag AaBneHnAa Ha perynu-
pytoLLeM KnanaHe no3.8 B OTKPbITOM COCTOAHUN
onpegenAeM no BblpaXkeHuto (3.6):

10% = 7,7 W

AP, =0,1x(2870/6,4)2= 20110Ma (20,1xMa).

IMprHATBIN K yCTaHOBKE perynupyowmin Kna-
naH Hago NpPoBepuTb Ha BO3HWKHOBEHWE KaBw-
Tauun. MicxogHble gaHHble AnA pac4yera:

— abcontoTHoe AaBneHne nepeg perynupyo-
wym knanadom P.=0,8 Mlla;

— abconoTHOE [aBneHWe HACbILLEHHOro
napa npu Temneparype T,=130°C cocrasnser
P_=0,271MMa (tabnuua 3.1);

— KoadppnumeHT Hadvana kasuTauum K =0,6
(Tabnuua 3.3).

OnpegenAem nepenag AaBneHWA Ha pery-
nATope, Npy KOTOPOM BO3HMKAET Kasutauuma, no
BblpaykeHuto (3.7):

AP =0,6x(0,8-0,271)x10°= 3174000a
(3,176ap)
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KaButauma nckniodaerca, Tak kak APP.O.<APK
(0,206ap<3,176ap).

Ona nopbopa perynAatopa nepenaga pa.-
neHuAa no3.6 (puc.4.1.) onpenenum Tpebyembii
nocrne Hero nepenag gasneHuA anAa ysna cme-
LLEeHNA NOo BblpaXkeHuto (3.32):

(AP

3ag) TPEB

= APp{0'+ P.=
=20110+19800 = 399100Ma (40kMa).

3HauyeHne AP, = 40klla AsnAetca Takxe
pacrionaraembiv riepenagomM AasneHna ana cu-
CTeMbl TennocHab)XeHna TennoobMeHHMKa.

Takum 00Opas3omM, cucmema menAocHab6-
MKeHUA menAoobMeHHUKa VMeeT pacronara-
eMbll Nepenag AaBneHuA, paBHbl co3faBae-
MOMY PerynaTopom nos. 6 (puc. 4.1.) nepenagy
AaBrneHns:

AP,, = AP_ = 40000(a (40k[Ta).

Perynupytowmin knanaH 10 (puc. 4.1) nog-
6upaem no metoavke pasgena 3.2.1.

Tpebyemoe MUHUMasIbHOE pacyeTHoe 3Ha-
YyeHVe nepenaga faeneHWA Ha knanaHe 10
onpegenAeM no BblpaXkeHuto (3.2):

(AP = 40000-30000=10000r1a.

p.o.TPEE)min
Tpebyemoe 3Ha4yeHMe aBTopUTETa KranaHa

a onpegenAeTcA no BblpaXkeHuto (3.3):

v TPEB

10000

- P _g28
41PEs = 10000+ 30000

JaHHOe 3HadeHme HaxoguTcA [OCTaTOYHO
6r1M3Ko K granasoHy 0,3<a,<0,4, ana KoToporo
MO>XXHO BbIOpaTh Ntodyto 13 AByX GopM NponyckK-
HOW XapaKTepUCTUKU (NTUHENHYIO WNN paBHO-
MPOLEHTHYI0). MOXKHO NpPOJOMKNUTL MoJdop
PO, Ho paHHbIN aranasoH 0,3<a <0,4 AsnAetcAa
He)kenartenbHbIM 1, NpXU BO3MOXHOCTW, Hago
BbINTW 32 ero npepfensl B HanpasneHun a <0,3
unn a >0,4. B HacToALLeM Npumepe Takad BO3-
MO>XHOCTb MMEEeTCA.

Ona nopbopa PO ¢ AuHeliHol nponyckHol
Xxapakmepucmukou cnefyeT UMeTb Tpebyembii
asToputet a ,,..>0,4. 3agagumeca a ,,..=0,45.
Torga Tpebyemoe MUHMMAnbHOE pacyeTHoe
3HayeHve nepenaga AaBneHnsa Ha perynmpyto-

Lem opraHe (APP_O_TPEE)mm, Ma BbluMcnAeTcA No

BblpakeHuto (3.9):

30000
(AP oo 1pEB Jmin = 17 =2454511a

-1

0,45

Tpebyemyto pacyeTHYHO YCIOBHYH MPOMYCK-
Hyto cnocobHocTb PO k .., M*/4 onpenensem
no BbipaxeHuto (3.4):

1440

K ==
YSTPEE ™ 935 [0,1x24545

MpuHUMaeM K yCTaHOBKE pPerynupytoLmni
knanaH apt.1403715, d15, k =4,0m%4 ¢ npwu-
Bogom apt.1771211, nepekno4yatenb KoTo-
poro HeoOXOAWMO YCTAHOBUTL B MONIOXKEHWE
AUHEeUHOU  nponyckHoU  xapakmepucmuKu.
Pac4eTHbIn nNepenag AaBneHua Ha perynupy-
oLem KnanaHe rno3.10 B OTKPbITOM COCTOAHMM
onpepenAem no BbiparkeHuto (3.6):

10% = 3104

AP, ,=0,1x(1440/4,0)*= 12960Ma (13kla).

MotepAa maenexna Ha PO meHblue Tpebye-
MO, MO3TOMy crnegyeT YCTaHOBUTL OGanaHco-
BbI BEHTUNb 13a, noTepu AaBneHuA KOTOporo
JOJKHbI COCTaBNAT:

(AP = 24545-12960=11590a

KA 13a)TPEE
MpuHMMaem K ycTaHOBKe BeHTUNb 6anaHco-

B pnaHuesbin LUITPEMAKC-GMF, d25 ¢ ns-

MepuTenbHbIMW KnanaHamu, apT.1421843.
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Puc. 4.5. OnpepgeneHne rugpaBnm4ecknx
XapaKTepuUCTMK BEHTUNA OanaHcoBoro
¢naHuesoro LUITPEMAKC-GMF, d25 ¢

n3mepuTenbHbIMK KnanaHamu, apT.1421843
(no3.13a puc.4.1).
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[na cosgaHuA notepu aaeneHusa Ha 6anaH-
cosom BeHTune AP, .. =115900Ma (11,6kla)
npn pacxope G, _=1440kr/4  Heobxognmo
YCTaHOBUTb 3Ha4YeHune FVIﬂpaBJ'IVI‘-IeCKOVI npen-

HacTpounkun n=2,8 (puc.4.5).

B cBA3M C BHECEHHbIMM Monpaskamy B
nogbop PO TennoobmMeHHMKa, BHecCem COOT-
BETCTBYIOLLME MOMNPaBKW B UCXOAHbIE AaHHblIe
OnAa nopbopa perynatopa nepenaga gaBneHus
no3.6 (puc.4.1). Onpegenvum Tpebyemblii no-
cne Hero nepenaj AasfieHUA MO BbIPAXKEHUIO
(3.32):

AP_,=AP + AP, .+P,=

KA 13a

=20110+11590+19800 = 566500a (56,7« 1a).

800 1

Tpebyemblin pacxon Yepes perynatop nepe-
naga fasfieHnA COCTOUT M3 CYMMbl PACHETHbIX
pacxofoB TEMNOHOCUTENA TENMOBbLIX CEeTen ANA
CUCTEMbl OTOMMEHNA 1 TennoobMeHHMKa:

2G,,,,= 2870+1440=4310kr/4 .

AnAa nexopHbix yenosun 3G, —4310Kr/'~| "
AP, —56650I‘Ia (56,7klMa) anHmmaeM K ycTa-
HOBKe perynatop nepenaga gasnexHvAa MEPL,
4002, d50, apT.1400266, 3Ha4eHne rugpasnu-
YeCKoW HacTponkn 5,7 (puc.4.6).
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Puc. 4.6. OnpegeneHne 3Ha4eHUA rmapaBnnyeCcKon HaCTPONKU perynAaTopa nepenaga gasneHua
FEPL 4002, d50, apT.1400266 (no3. 6 puc. 4.1) ansa cuctem oToMNeHNa U TennocHabXeHns
TennoobMeHHMKa Npy 3aaaBaemMbiX PACHETHBIX 3HAYEHNAX Gnomp=4310Kr/q 7 APsag= 56,7kl a.

CornacHo (2.4), MWHMManbHble noTeEpU
[OaBMeHWA Ha perynAatope, npu KOTopbix obe-
cre4ymBaeTcA paboTocrnocobHOCTL perynaTopa
nepenaga gasneHua (Mo3.6), AOMKHbI ObITb He
MeHee

(AP

PEI') min

=14P,, | =56650Ma.

PaboTtocnocobHocTb perynatopa obecnede-
Ha Tem, YTO COMPOTUBIIEHNE NMPUHATOrO perynsa-
Topa nepenaga AaBfeHWA Bbillie MUHUMAbHO
AOMYCTUMOrO 1 PaBHO Pa3HOCTM Nepenaaa aas-
NeHNA «[0 Hero» 1 co3haBaemMoro pPerynaTopom
nepenaga AaBneHns «nocne Hero»:

AP, =295100-56650 = 2384500Ma (2,386ap).
[MpyHATBIN K yCTaHOBKE perynAtop nepena-

Aa aaBneHnA He Hago NpoBepATb Ha BO3SHUKHO-
BeHe KaBuTauhn, TakK KaK OH YyCTaHOBJIEH Ha

obpartHom TpybonpoBsoge, Temreparypa Tenno-
HocuTena B KOTOpoM Huxke 100°C.

CnepnyeT Takxe BHECTV MonNpaBky B nogbop
PO nos. 8 cuctembl OTOMNEHUA, Tak Kak 3Ha-
YyeHue APaag perynAtopa nepenapga AaBrneHuA
no3.6 yeenu4dunocb Ha 115900Ma. TexHu4eckm
3TO MOXKHO peLUnTb NOO MyTem YCTaHOBKW [0-
NoNHUTENbHOTO GanaHcoBOro BEHTUNA nepen
PO no3.8, nubo yBennu4eHnem ConpoTMBIEeHNs
6anaHcoBoro BeHTUMA no3.13 npu cCOOTBETCTBY-
IOLEeM YBENMMYEHWN Harnopa CMECUTENbHOMo
Hacoca.

MocnenHuii BapuaHT 6oree npakTU4eH u
MoXeT 1 6e3 npeaBapuTenbHbIX MepecyeToB
ObITb MPOCTO peanu3oBaH B Nepuof MycKOBOW
Hanagkn obopygoBaHua WTI, Tak kak ¢ no-
MOLLbIO BEHTUNA 13 MOXHO KOHTpOMMpoOBaTb
pacxof TeNOHOCUTENA.
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4.1.2 TMpumep nopGopa oGopyno- CMELLEHMA UCTOMNb3yeTCA TPEeXXOHoBoil CMe-
BaHma WUTN n y3na cCMmelleHus co cuTenbHbIiA KnanaH 8. B gaHHoMm cnyyae obe-
CMecnTeNnbHbIM HACOCOM Ha Maru- CneymnBaeTCA NOMHbIN Ananas3oH koadduumeHTa

CMeLleHnA, HO npn 3TOM NMeeTCA BEPOATHOCTb
CTpanbHOM Ténsnonposoae nonagaHumA neperpeT0|7| BOObl B CUCTEMy OTO-

6 6 nneHus. ATOMy MOXHO BOCMPEnATCTBOBATb, Ha-
Tpebyetca nopobparb perynupyrowme kna- npumep, NyTem NporpaMM1poBaHnA perynatopa
naHbl, a TaKXKe PerynaTopbl NPAMOro AeNCTBUA 15 Ha OrpaHMYEHME MAKCUMATBHOTO Pacxosa

n cmecutenbHblh Hacoc ana WTI, cxema KoTo- CEeTeBOV BOAbI, HA OrpaHNYEHNe TemnepaTypb
poro npuseAeHa Ha puc.4.7. Ha cxeme c uenbio NOAAIOLLEr0 TEMNOHOCUTENA CUCTEMbI OTOMIE-

€e yNnpoLLeHnA He MokasaHbl AnameTpbl Tpy- HMA. CMecuTernbHbIN HAcoC 2 MOHTMPYeTCA Ha

60MpoBoAOB, APEHaXHbIE, BO3AYXOBbINYCKHbIE MarucTpanbHoM TennonpoBoge.

I NpepoxpaHnTenbHbIE YCTPOWCTBA, MPUOOPLI MPUHAMAEM VCXORHbIE AaHHbIE AAHHOMO NpU-
KOHTPOMA Temnepatypbl 1 [aBMeHNA Temnno- Mepa pacyeTa MEEeHTUHbIMM NpeablayLLemy
HocuTeneil. npuMepy.

B otnnume ot cxembl puc.4.1, gnAa yana

K cucreme rennocHabxerns

Kanopugepos
B cuctemy ropavero
BOJOCHAOKEHN
g Lnprynayworras
ropgyero
l1 5 1 0 m_ @j BOJOCHAOKEHNA <+
f—% <
‘; H m_ =" Y3 Bo0nposoga
T
W3 rennoBot - gﬁ\ 12 Bencremy
cem H( L * oTonnexns
oow| .
—TT i > ks ﬁ%{ﬁgyﬁ—»
i( E 1
13a B_
i 12 W3 cucremsi
B ren/my/o OTOMIeHNS
cerb l
-y = LI*

Puc. 4.7. Cxema UTT1 ¢ y3nom CMeLLEHNA NMPU YCTaHOBKE CMECUTENIbHOTO Hacoca Ha MarncTpanbHOM
Tennonposofe

1 — TennoobMeHHVK ropAaYero BOJOCHabXeHUsA; 2 — HACOC CMECUTENbHbIA CUCTEMbI OTOMNEHUA; 3 — HACOC LNPKY-
NAUVOHHBIN ropAYero BogocHabxeHus; 4 — Bogomep; 5 — 0bpaTtHbIi KrnanaH; 6 — perynatop nepenaga gaBneHua
FEPL 4002 gna cuctembl OTOMMNEHWA U TeNnoobMeHHuKa 1; 7 — perynatop nepenapa gasnexnus NEPL, 4007F gna
cucTeMbl TennocHab>xeHua kanoprdepos; 8 — knanaH perynupytoLnin Tpexxogosoi NEPL, apT.14037; 9 — anekTpo-
npveog MEPL apt.1771211; 10 — knanaH perynupytoLuii TennoobmerHrka nos.1, FEPL, apt.14037; 11 — ¢unetp-
rpAasesuk NEPLI4111; 12 — BeHTUnb 3anopHbin ¢pnaHuesbin LITPEMAKC-AGF, apt.4218 AGF; 13a, 13B — BeHTUmMb
6anaHcosblii pnaHuesbin LUITPEMAKC-GMF ¢ uameputenbHbIMU KnanaHamu, apT.4218 GMF; 14 — cyeT4uk yyerta
Tennotbl; 15 — «cnegAwmMn» perynatop Temneparypbl TennoHocutena no rpaduky LIKP; 16 — perynaTtop temnepa-
Typbl BOAbl FOPAYEro BOLOCHAGXEHNA.

VicxogHoele gaHHble: Q=200kBT; Temneparypa TennoHocutensa t=80°C,

1. MNapameTpbl TENNOHOCUTENA TEMMOBbIX _GOOC pacyeTHble notepu JaBneHns
cetein Ha BBoge B UTT1: Temneparypa TennoHo- nom = 16000["a.
cutena T.=130°C, T =70°C; abconoTHoe faB- PacueTHbIN pacxop TennoHOCUTENA cucTe-
nexve P 86ap (0,8MMa), P _56ap (0,5MMNa). Mbl oTonneHna G = 8600Kr/4.
Pacnonaraelvlaﬂ pasHOCTb faBMEHUN COCTaBNA- Pac4eTHbIn pacxof BoAbl TEMMOBbIX CETEN
et 0,8-0,5=0,3MTI1a (300000a). AnA cucTembl otonneHna G,=2870kr/4.

2. [lapameTpbl  TenmnoHocuTena  cu- PacuyeTHbI pacxof TennoHocuTena Ha nog-
CTEMbl  OTOMMEHMA: TennoBad  MOLLUHOCTb mece G,=5730Kr/\.
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3. PacueTtHble xapaKkTepucTuku Tennoob-
MEHHIKa ropAaYero BoJOCHabOXeHUA: Tennosas
MoLHocTb Q=100kBT; Temneparypa TensoHo-
cutena T .=130°C, T =70°C; pac4yeTHble notepu
paeneHnAa AP = 30000Ma.

Pac4eTHbIN pacxop BoAbl TEMMOBbIX CETen
AnA TennoobMeHHuKa G, =1440kr/u.

4. PacyeTHble napameTpbl CUCTEMbI TEMO-
cHabXXeHnA Kanopu¢pepos: pacyeTHad Tenno-
BaA mowHocTb Q=250kBT; Temneparypa Te-
nnoHocutena T =130°C, T =70°C; pac4eTHble
notepn paeneHnAa AP =34000ra.

Pac4eTHbIn pacxof BoAbl TEMMOBbIX CeETen
ONA CUCTEMbI TennocHabXXeHns Kanopudepos
G,y 3590KI/4.

PacuetHbiit pacxop TEMNOHOCMTENA Ha BBO-
[e TensnoBblX CETEN COCTaBNAET Go6m=7900Kr/q.

5. 3agaemca guameTpamu TpybonpoBonos,
NPVHMMAA CKOPOCTb TennoHocuTena He Gonee
1,0m/c. OnameTpbl TPYOONPOBOAOB:

- onAa eeoga — dé65mm;

- TennocHabxeHuna kanopupepos — d40mMm;

- TennoobmeHHuKa — d25mm;

- cuctembl otonneHua — dé5mm;

- nogmeca — dé5mm.

6. C y4eTom NoTepy faBneHnA B ABYX BEHTU-
NAX 1 B pUnNbTpe pacHeTHbIN Nepenan gasneHna
«[j0» PerynATopoB nepenaga aasneHunsa (nos.6
n7) coctaenAet AP, =295100ra.

BeHTunb GanaHcoBbli M03.13B  NpoeKTu-
pyeTcA OnA MCMofib30BaHWA B MOMHOCTbIO OT-
KPbITOM NONOXeHun. Ho npu BbINOAIHEHUN Ha-
nafiovHbIX paboT HeobxoaMmo OymeT YacTUHHO
€ro NpuKpbITb ANA Co3gaHnA OpoccenupytoLLie-
ro apdekra B «MOMOLLb» PerynAaTopam nepe-
naga gaeneHuna nos.6 n 7. MNpu ymeHbLIeHUn
noTepb AaBMneHnA Ha perynatopax no3.6 n 7 3a
CYeT co3faHMA NoTepb AaBnNeHnA Ha BEHTUNE
no3.13B, NOBLICUTCA ka4ecTBO paboTbl peryns-
TOPOB MNepenaga AaBneHna u, Kak cneacrsue,
MOBLICUTCA KayecTBO pPabOThl pPerynupyroLLmnx
KnanaHoB CMCTeM TennonoTpebneHnsa.

Monbop perynAtopa nepenaga nasrneHuA
cucmembl MenAOCHabeHUA Kanopugbe-
POB BbINONHAETCA MO npeblayLLieMy npumepy
pacyeta UAeHTUYHbIM 0Opa3om (CMOTpM pas-
gen 4.1.1 ). Takum obpasom, Kak 1 B nped-
blayLemM npumepe, ANA WCXOAHbIX YCNOBUNA
G,omp=3590Kr/4 1 AP_ =34000Ia (340mbap)
NpvHUMaeM K yCTaHOBKE perynatop nepenaga
paeneHna [EPL 4007F, d40, apt.1400715,
3HayeHve rugpasnuyeckon Hactponku 290
(pnc.4.2).

Cucmema omonAeHUA COBMECTHO C Tenro-
obmMeHHUKOM obecneynBaeTcA CTabunmanpo-
BaHHbIM NepenagoM AaBfieHNA C MOMOLLbIO pe-
rynAatopa nepenaga gasneHuA nos.6 (puc.4.7.).
Ona nogbopa aToro perynAatopa nepenaga
AaBNeHna npeaBapuTenbHO HeobXoanmo Mo-

pobpaTtb perynupyoLmin TPEXXohoBO CMeCU-
TenbHbIV KnanaH 8 1 CMecuTenbHbIN Hacoc 2.

[na non6opa TpexxoHoBoro CMecuTenbHOro
KnanaHa 8 BOCMNoNb3yeMcA METOAUKON pasfe-
noe 3.3.2 1 3.5.2.

MpuHumaem K yctaHoBke Tpexxogoson PO
C AUHelHoU nponyckHolU xapaKkmepucmukKod.
lMoatomy 3HadeHWe asTopuTeTa KnanaHa
[OOMKHO ObITb a,pe:>0,4. 3apaemca 3HaveHnem
aBTopuTeTa KnanaHa a_.,..=0,5.

Torga Tpebyemoe MWHMMaNbHOE pacHeTHoe
3HayeHve nepenapga AaBneHuA Ha perynupyto-
Liem opraHe (AP, ....) .. la Bbl4McnAeTcA no

Bblpa>keHuto (3.19):

16000
(AP o 1pe5 Jrin = ————— = 16000 /Ta

1 1
05

Tpebyemyto pacHeTHyHo YCMOBHYO MPOMyCK-
Hyto cnocobHocTb PO k M3/4 onpegenAem
no BbipakeHuto (3.20):

vsTPEB’

8600

K = =y
YSTPEE ™ 935 [0,1x16000

Wcxopa vs ycnosua a>0,4 crnefyer pac-
cmarpuiBatb 3HaveHue K, ,..=23M%4 KakK Mak-
cvmanbHoO gonyctumoe. MNo3aTomy npuHMMaem K
YCTaHOBKE PerynvpyroLmii KnanaH ¢ 6nvkai-
wnM  3HadeHvem k =16,0m%4 apt.1403732,
d32, c npusogom apt.1771211, nepeknto4darens
nepefaTo4yHOro mMexaHua3ma KOTOporo Heobxo-
OMMO YCTaHOBUTb B NOMOXXEHWe NMHeNnHON Npo-
NyCKHOW xapakTepucTuku. PacyeTHbin nepenan
[aBfeHNA Ha perynupyrowemM knanaHe nos.8 B
OTKPbITOM COCTOAHUW OMNpefenAem rno BblpaXke-
Huto (3.22):

0% =23 M¥y

AP, = 0,1x(8600/16,0)2= 28890Ma (29« a).

IMPUHATBIN K yCTaHOBKE perynupyroLmnin Kna-
naH Hago NPOBEPUTb Ha BO3HVWKHOBEHWE KaBK-
Tauum. VicxogHble gaHHbIe Ana pacyeTa:

— abcontoTHoe AaBneHne nepen perynupyto-
wym knanadom P.=0,8 Mla;

— abconoTHOe [aBneHMe HacbILWEHHOro
napa npu temnepatype T =130°C cocrasnsaer
P.=0,271MMMa (tabnuua 3.1);

— KoadponumeHT Havana kasutauum K =0,6
(Tabnuua 3.3).

OnpegenAaem nepenag gaeneHuA Ha pery-
nATope, NPy KOTOPOM BO3HMKAET KaBuTaumA, no
Bblpa>keHuto (3.23):

AP = 0,6%(0,8-0,271)x10¢ = 317400MMa (3,176ap)

KaBuTtauma nckniovaertcs, Tak Kak APIM<APK
(0,29 6ap<3,17 Gap).
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Tun cmecuTenbHOro Hacoca BblOvpaeTcA B
3aBVCMMOCTM OT BUAa CUCTEMbI OoToMneHuA. Ha-
npvMep, Ana ogHOTPY6GHOI CUCTEMbI OTOMNIEHUA
NPVWHMMAEM HacoOC C MOCTOAHHOW CKOPOCTbIO
BpaLLeHua. CmecuTenbHbIi Hacoc noabupaeTca
Ha crnepyloLye pac4eTHble napameTpbl cucte-
Mbl TennonotpebneHua (3.52):

G, = G4, = 8600Kr/4 (8,7Mm%4);

P .= AP, = AP +APp.o. =

nomp

= 16000+28890 = 44890I1a,

TO €CTb, NPUMEpPHO 4,5M B.CT.

Pexxum paboThbl KaXkgoro M3 HacocoB CHBO-
€HHOoro Hacoca 2 (puc. 4.7): «OCHOBHOW» - «pe-
3epBHbIii». Cxema nogbopa Hacoca nokasaHa
Ha puc. 4.8. K yctaHOBKe MpvHMMaeM COBOEH-
HbIn Hacoc ¢mpmbl GRUNDFOS mapkn UPSD
40-60F. Pabo4an Touyka Hacoca:

G,=9,85m%4, P =4,7wmB.CT.

H
()
H=4.69m

UPSD 40-60 F

Q=9.85m3y

O6uwmin KN = 52.5 %

0 2 4 6 8 10 12 14 16 Q (m3/4)

Puc.4.8. PacyeTHaA xapakrepucTunka
cmecutenbHoro Hacoca UPSD 40-60F
(nos.2 puc.4.7)

Ina nopbopa perynatopa nepenaga aasrne-
HWA no3. 6 (puc. 4.7.) onpegenum Tpebyembii
nocne Hero nepenapg gasnexHua. 13 (3.53) cne-
OyerT, 4To

(AP, ) 1pes= AP, = 47000Ma (47kTa).

3HayeHue APsag=47Kﬂa ABNAETCA TaKXe
pacnonaraemblm Nepenaaom AaBneHna ansa cu-
CTemMbl TennocHabXeHnAa TennoobmMmeHHUKa.

Takum obpasom, cuctema TennocHabXeHus
TennoobMeHHMKa UMeeT pacrionaraemsblii nepe-
nag gasreHnA, paBHbIl CO30aBaeMoMy peryns-
TOpOoM no3.6 (pnc.4.7.) nepenagy [aBneHuA:

AP, = APsagz 47000Ma (40kMa).

Perynupytowwmia knanan 10 (puc.4.7) nopou-
paem no metoguke pasgena 3.2.1.

Tpebyemoe MUHMMArbHOE pacHeTHOE 3Ha-
YyeHVe nepenaja fAasneHWA Ha knanaHe 10
onpegenaem no BblpaXkeHuto (3.2):

(AP

p.o. TPEE) min

= 47000-30000=17000la.

Tpebyemoe 3Ha4eHue aBTopuUTETa KranaHa
a, ;e OMPEAenAeTca no BoipaxkeHuto (3.3):

17000

- P _p36
8vrPes = 17000+ 30000

JaHHoe 3Ha4eHue HaxoanTcA B AnanasoHe
0,3<a <0,4, anA KOTOPOro MOXHO BblOpath nto-
6yto 13 AByX GOPM MPOMYCKHON XapaKkTepucTu-
KU (MMHENHYIO NN PaBHOMPOLEHTHYIO), TaK Kak
B 9TOM AuanasoHe OHW JatoT NPUMEPHO ofuHa-
KOBYIO HENMNHENHOCTb.

MoaTomy >KenatenbHO Npu Bbibope perynu-
pyloLLero KnarnaHa onpegenuTbcA B Bbibope
NPUOPUTETHON 30HbI:

nmbo a,>0,4 — anA kKnanaHoB C NMHENHOW
NPOMYCKHOW XapakTepuCTUKON,

nm6o 0.1<a <0,3 — AnA KnanaHoB C paBHO-
NPOLEHTHOW NMPOMYCKHON XapaKTEPUCTUKON.

MpuHumaem PO (nos. 10 puc. 4.7) ¢ paBHo-
MPOLEHTHON MPOMYCKHON  XapaKTepUCTUKON.
3agaemcAa 3Ha4veHWem asTopuTeTa KnanaHa,
Hanpuvep, pasHbIM a .. =0,2. Torga Tpeby-
emMoe MUHMManbHOe pacyeTHOe 3HadeHue
nepenana AasneHua Ha perynupytoLemM opraHe

(APp'O_TPES)mm, Ma BbIMUCNAETCA MO BbIPaXKEHUIO
30000
(APpo.TPEE Jrin = 1— =7500/1a
02

Tpebyemyto pacHeTHyO YCIOBHYK NMPOMYyCK-
Hyto cnocobHocTb PO k M3/4 onpepensiem
no BblpaxeHuto (3.4):

1440

K =
YSTPEE ™ 935 [0, 7500

vsTPEB’

10% = 5,6 Mly
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Mcxopa na ycnoewa 0.1<a <0,3 nprHuMaem K
YCTaHOBKE perynvpyloLwmin KnanaH co 3Ha4eHu-
em k _=6,3m%4 apt.1403720, d20, c npusogom
apt.1771211, nepeknio4yarenb nepegaro4yHoro
MeXaHM3Ma KOTOpOro HeobXoaumMo YCTaHOBUTb
B MOMOXXeHne paBHonpoyeHmHoU nponyckHou
XapakmepucmuKu.

Pac4eTHbIn Nepenap gaBneHnA Ha perynu-
pytoiem KknanaHe no3.10 B OTKPbITOM COCTOA-
HUW onpegenAaeM no BblipaXkeHuto (3.6):

AP, =0,1x(1440/6,3)? = 5224Ma (5,2«Ma).

Onpegenum  notepu  daBneHusa, KoTo-
pble [OMKeH co3faTtb GanaHCcoBbI BEHTUMb
(no3.13a puc.4.7):

(AP, 15)rpes = 17000-5224=

= 11776Ma (11,8kMa)

MpyHMMaem K ycTaHOBKe BEHTUNb BanaHco-
Bbin pnaHuesbin LUITPEMAKC-GMF, d25 ¢ ns-
MepuTENbHbIMU KrnanaHamu, apT.1421843.

Ona co3gaHua notepy gaeneHuAa Ha banaH-
cosom BeHtune AP, . =11,8kla npu pacxone

KAl

G, = 1440Kr/4 HeOOX0ANMO YCTaHOBUTL 3Ha-

YeHue rvgpaBnM4eckKonl NpegHacTporikm n=2,8
(punc.4.9).

Tpebyemblin pacxog Yepes perynatop nepe-
naga gasneHnA COCTOUT M3 CYMMbl PacHeTHbIX
pacxofdoB TENNOHOCUTENA TENOBbIX CEeTen AnA
OTONJIeHNA 1 TennoobMeHHKKa:

ZGnomp=2870+1 440=4310kr/v .

800

11,8 kila,,
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Puc. 4.9. OnpegeneHue rngpaBnn4ecknx
XapaKTepuCTVK BEHTUA 6anaHcoBoro
¢naHuesoro LUITPEMAKC-GMF, d25 ¢

n3mepuTenbHbIMIU KnanaHamu, apT.1421843
(no3.13a puc.4.7).

AnAa vexogHbix ycnosuit 2G_  =4310kr/4 1
AP_ =47000Ma (47,0xlMa) npuHMMaem K ycra-
HOBKe perynAatop nepenaga pasneHua MEPL,
4002, d50, apt.1400266.

3Ha4eHne rmgpaBnMyeckon HacCTPONKK pe-
rynatopa pasHo 4,2 (puc.4.10).

700 L
u T 7,0
600 6,0 —~—
T—— —— ™~
5,0 ~
™~
500 = T
47,0 I af — =3
a il —
& 400 = 4,0
Eg 3,0
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 10000 10500 11000 11500 12000

4310 kr/u

G, Kr/y

Puc. 4.10. OnpegeneHue 3Ha4YeHNA rmapaBnMyecKon HaCTPOMKK perynaTopa nepenaga gasneHuA
FEPLL 4002, d50, apT.1400266 (nNo3.6 puc.4.7) Ana otonneHua n TennoobMeHHVKa Npy 3agaBaemMbixX
pacyeTHbIX 3Ha4YeHNAX Gnomp=431 OKr/4 u APaan=47,0KI'Ia.
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CornacHo (2.4), MVWHUManbHble MoTEPU
[AaBMNeHNA Ha PEerynAatope, npu Kotopbix obe-
crneynBaetcA paboToCnoCOOHOCTb perynAaTopa
nepenaga AasneHua (No3.6), AOMKHbI ObITb He
MeHee

(AP

F’EI') min

=14P,, | =47000Ma.

PaboTocnocobHocTb perynatopa obecneye-
Ha TeM, YTO CONPOTUBIEHNE NPUHATOrO peryns-
Topa nepenaga [AaBneHVA Bbillie MUHUMANbHO

AOMYCTUMOTO 1 PaBHO Pa3HOCTM Nepenapaa aas-
NeHNs «[0 Hero» 1 CO3AaBaemMoro pPerynsaTopom
nepenapa AaBneHuaA «nocne Hero»:

AP, =295100-56650=238450la (2,386ap).

[MprHATLIN K YCTAHOBKE perynAaTop nepena-
[a JaBneHuA He HaJo NPOBEPATb HA BOSHUKHO-
BEHME KaBuTaLuW, Tak Kak OH YyCTaHOBMEH Ha
obpaTtHom TpybonpoBoae, Temneparypa Tenno-
HocuTena B KOTOpoMm Huxe 100°C.

4.2. Mpumepbl nog6opa perynupyrowWnx KnanaHoB ANA cucteM TennocHabxe-
HUA N XONIOAOCHA0XXEeHNA BEHTUNIALNOHHbIX MPUTOYHbIX CUCTEM

HarpeBaHue n oxnakgeHue Bo3gyxa, NogaBaeMoro MpUTOYHbLIMK CUCTeMaMmy (cucteMammu mnpu-
TOYHOWN BEHTUNALUMK, KOHAWLMOHMPOBAHMA BO3[dyXa W BO3AYLLUHOMO OTOMMEHWUA), OCYLLECTBMAETCA C
MOMOLLbIO BOZ0-BO3/YLLHbIX TENNOOOMEHHMKOB, KOTOPbIE Ha3bIBAOT Kanopudepamm 1 Bo3gyxooxragu-
Tenamu. ABTomaTnyeckoe U3MeHeHne BennyHbl TENI0BOro NoToKa, nepefaBaeMoro BO3ayxy Kanopu-
depom unm otbrpaemoro oT Hero BO3LyXOoXnaanTenem, OCyLLECTBAETCA NyTeM N3MEHEHUA pacxoda

TENSIOHOCUTENA C NMOMOLLbIO PEryrMpyHoLLEro KnanaHa.

4.2.1. MNMpumep nogbopa perynu-
pylolmnx KnanaHoB AJf1A CUCTeMbI Te-
NIocHabXXeHnA KanopndepoB BeH-
TUNALNOHHbIX NPUTO4YHbIX CUCTEM

[ngpaBnuyeckuin pac4eT CUCTEMbI Tenno-
cHabxeHnA KanopupepoB BbLIMOMHAETCA UC-
X00A M3 CYMMapHOW pacHeTHOW TennoBomn
Harpyskun Bcex kanopudpepoB BEHTUNALNOHHBIX
YCTaHOBOK. PeanbHbIii rugpasBnnyeckmin pexxmum
paboTbl cuUCTeMbl Henpeackasyem, Tak Kak

280L=115m
G=9270kr/4

3aBUCUT OT PEXMMOB aBTOMaTU4eCcKoro pery-
NMPOBaHMA KaXXOoW YCTaHOBKW, B pes3ynbrarte
4yero Ha Tennonposodax 1 pacnpegenuTenbHbIX
rpebeHKax MOryT BO3HUKHYTb 3HauuTesibHble
KonebaHua nepenaga AasneHWA. Bo3MOXKHbI
pasnuyHble KOHCTPYKTUBHbIE PeLLUEeHNA, NO3BO-
nAowWmne NpegoTepaTnTb YKasaHHble ABMEHNA.

Ha pwuc.4.11 nokasaHa cxema cuctembl
TennocHabxeHus KanopudepoB MPUTOYHbIX
CUCTEM C PasnuUyHbIMK TUMamu y3noB perynu-
pOBaHMH <<1>>, <<2>>, <<3>>_

932 L=42m
G=2050kr/4

- L

&
<

' N 1
' é\L
=
- 2 7100m3/4

T

[eV)

4100m3/4

3370m3/4

280 i

T
265

Ysen perymiposarng'3"

Ysen perymposarng’2" Ysen perymposarng"l"

3 2 1
K cucreme Q;= 100xBr Q,=68KkBr Q=47x81
xaropgepos F90C [=70C  |t,=80C =700 T=90C [,=70C  |t,=80C t,=70C T=90C =70
T=90C T,=70C = = - = =
ACD ) ;laxﬂa G e 42804 Gma)(- 8560 kr/4 G 'S 2940 kr/4 Go i~ 53880 k4 G IS 2050 kr/4
pacn” AP, =326000Ta AP, =1760001a AP;=9500Ta

Puc. 4.11. Cxema cucTeMbl TennocHab»xxeHua kanopudepos NpuToYdHbIx cuctem M1...M3 ¢ ncxogHbIMM
LaHHbIMK 4NnA ruapasnnyeckoro pacyeTa 1 nogbopa obopynosaHus

1 — BeHTWNb 3anopHbiii dnaruesbin LUITPEMAKC-AGF, apt.4218 AGF; 2 — BeHTunb 6anaHcoBbiii GpriaHLeBbIn
LUTPEMAKC-GMF ¢ nameputenbHbiMn knanaHamu, apr.4218 GMF; 3 — perynatop nepenapa gaenenuna MEPL

4002.
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Ha cxemax ¢ uenbto ynpoLleHns He nokasa-
Hbl ApeHakHble, BO3OYXOBbIMYCKHbIe 1 Npepo-
XpaHuTenbHble YCTPONCTBa, NPMOOopbLI KOHTPONA
TemnepaTtypbl U gaBreHns TennoHocuTenen.

MCTOYHMK TennoTbl — KOoTenbHas ¢ napame-
Tpamu TennoHocutena 90/70°C.

B kayecTBe npumepa B HACTOALLEM pacyeTe
paccmaTpuBaloTCA pasnunyHble TUMbl Y3M0B pe-
rynupoBaHuA. MNpu NpoeKTUpoBaHUM CUCTEMbI
TennocHab)xeHna Kanopupepos MPUMEHAIOT,
Kak npaBuiio, eauHblii Ana Bcex Kanopupepos
TUN y3na perynmpoBaHunA.

VY3en perynupoBaHuA «1» rnokasaH Ha
puc. 4.12 B Bnge AByX paBHOHO3HA4HbIX Bapu-
aHTOB KOHCTPYKTUBHOMO peLLEHMA.

B paHHOM cny4ae mMcnonb3yem MeTOAMUKY,
N3noxxeHHyto B pasfene 3.2.2.

Onpegenum rmgpasBnuyeckoe ConpoTuBne-
Hue yyacTka Nel (puc. 4.11), KOTOpbIN ABNAETCA
«perynupyembiM y4acTkoM» AnAa kanopudepa
cuctembl 1. Ouametpom yyactka 3agaemca,
OPUEHTUPYACb Ha PaACHETHYIO CKOPOCTb TEMJO-
HocuTena [npunoxkeHue A). MNotepu aaeneHusa
onpegensaeM No yaenbHbIM NOTEPAM AaBneHuA,
a MECTHble COnpoTUBNEHNA (TPONHKKK, OTBOABI
N U3MEHeHWe anameTpa) ynpoLLeHHO y4nTbiBa-
eMm B Buae pononHutenbHbiXx 30% K noTepAm
AaBrneHnA no gnHe.

Yuyacmok Nei.

- pacyeTHbIn pacxog 2050kr/y;

- obLana gnunHa 42m;

- guameTp — d32mw;

- CKOpocCTb TennoHocutena 0,62Mm/c;

- yaenbHaa notepAa gaeneHuna 200Ma/m.

MoTepAa paBneHus B TpybonpoBoaax y4acT-
Ka

AP .= 1,3x(200x42) = 109200Ma.

Ina onpegeneHmAa notepu pasneHuA AP,
Ma, apmatypsbl, rugpasnuyeckue napameTpbl
KOTOPOW 3afaHbl B BUAE NPOMYCKHOWN CrocoBHo-
CTU, MOXXHO UCMOMb30BaTb pacHeTHYO popmyny
(4.9)[12]:

AP =0,1(G/k,)?,
roe:
G - pacyeTHbIl pacxof TennoHocuTena Ha
y4acTke, Kr/y;
k, - nponyckHasa cnocobHOCTb, M%/4.

Onpepgenvm pac4yeTHble MOTepu [AaBrieHNA
BeHTUNA no3.3 (d32 apt.1421854, k =20,1 m*/4)
n ¢uneTpa nos.5 (d32 apr.1411184, k, =21,5
m3/4):

AP, . =0,1-(2050/20,1)% = 1040MMa.

8.3

AP, =0,1 -(2050/21,5)2 = 909Ma.

Bapnant 1
K kanopngepy O1 kanopngepa 232
32 d32
\ 4
A

- T.J—H—«ril 932

Bapnanr 2
K kanopngepy O1 kanopugepa 232
a3 32
\ 4
A i 3
2 g R
ﬁr L—H—
4
m 3a
6
— J 232

Puc. 4.12. Y3en perynupoBaHuAa «1» B Buge
[OBYX paBHO3Ha4HbIX BapuaHTos 1 1 2

1 — knanaH 'EPL apT.14037;

2 — anekTponpusog NEPL apT1.1771211;

3 — BeHTMnb 3anopHbii ¢naHuesbin LUTPEMAKC-
AGF, apt.4218 AGF;

3a — BeHTunNb 3anopHbin LITPEMAKC-AGF, apt.4218
AGF (3akpbIT);

4 — BeHTUNb HanaHcoBbIn ¢naHuesblii LUITPEMAKC-
GMF c wuawepuTenbHbiMM KnanaHamu, apT.4218
GMF;

5 — ¢unbTp-rpasesuk NEPL, apt.14111;

6 — KpaH ApeHaxkHbIN.
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BeHTnb 6anaHcoBbIli C M3MEPUTENbHBIMU
knanaHamu (no3.4) no3BonAeT NpoBOAUTb U3-
MepeHMs pacxofa TennoHOCUTENsA, Y4TO Heob-
XOAMMO MpUW NYCKOBOW Hanagke cuctembl. AnA
MOBbILLEHMNA TOYHOCTU U3MEPEHNA BEHTUMb He
LOMKeH ObITb MOMHOCTBIO OTKPbLITLIM. [oaToMy
3ajagyM  OrpaHudeHne Mo  MakCcuMasbHOMY
OTKPbITUIO BEHTUNA C TakUM YCIOBMEM, YTOObI
COMPOTUBMEHNE BEHTUNA ObINno Obl He MeHee
5kMa (npn pacdetHom pacxoge 2050kr/4), Tak
KaK unameputenbHbin komnbioTep [EPLIB900
UMEET TMOBbLILLEHHYD TOYHOCTb U3MEpeHMnA
pacxopa npv nepenage aasneHus 6onee 5kla.
YcTtaHoBUM, Hanpumep, 3Ha4YeHue rugpasnu-
Yyeckon npegHacTporkn n=3,5 (pnc.4.13), npun
KOTOPOM COMPOTUBMEHNE BEHTUNA OyaeT paBHO
AP, =9,5kMMa, To ecTb 6onee 5kla.
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Puc. 4.13. OnpegenexHne conpoTNBNEHUA
BeHTUNA 6anaHcoBoro GpraHLeBoro
LUTPEMAKC-GMF, d32 ¢ nameputenbHbiMn
KnanaHamu, apt.1421844 (no3.4 pnc.4.13).

Conpotvenenne notpebutens AP, . Bbl-
yncrnAem B BUAE CYMMbI:

AP = AP1+AP8_ 3+AP o s+A PB_ 4+AP

nomp.f1 ~— yu.1 =

= 9500+1040+909+9500+10920 = 31870la.

YunTbiBaA [OCTATOMHO BbICOKOE 3HAYeHWe
COMPOTMBREHNA nNoTpebutena, cnegyeTr 3a-
[aTbcA AnA perynupyoLlero knanaHa nos.1 ma-
MbIM 3Ha4YeHNeM asTopuTeTa a, YTO MO3BOMNT
YMEHbLUNTb 0OLLMe NoTepu JaBneHua yana pe-
rynupoBaHuaA «1» 1 cUCTeMbl TENNocHabxeHuA

kanopudepos B Lenom. Nostomy npuHMMaem K
YCTaHOBKe perynupyoLuin KnanaH ¢ paBHonpo-
LEHTHOM MpOMYyCKHOW XapakKTepUCTUKOW, AnA
KOTOpOW criegyeT nNpuHMUMaTb aBToOpUTET Knana-
Ha B gnanasoHe 0.1<a <0,3.

3apaeMcAa 3HadeHMem aBTopuTeTa Knana-
Ha, Hanpumep, paeHbIM a .,..=0,2. Torga Tpe-
OGyemoe MVHMManbHOE pacyeTHOe 3Ha4yeHue
nepenaga gaBneHna Ha perynupyroLlem opraHe

(AP, , rp£5) mins 112 BBIYMCINIAGTCA MO BbIPAXKEHNIO
(3.9):
31870
(AP oo 15 Imin = 1— =7970/la
— -1
0,2

Tpebyemyto pacHeTHyI0 YCMOBHYIO MPOMYCKHYO
cnocobHocTb PO k..., M4 onpegensem no
BblpaxkeHuto (3.4):

2050

k =
YSTPEE ™ 965 [0,1x7970

Wecxopsa na ycnoswa 0.1<a <0,3 nprHMMaem K
yCTaHOBKe perynupyoLuin KnanaH co 3Ha4yeHu-
em k, =6,3m%4 apr.1403720, d20, ¢ npuBofoMm
apt.1771211, nepeknio4yarenb nepenaro4Horo
MexaHM3Ma KOTOpPOro HeoOXoAMMO YCTaHOBUTb
B MOSIOXKEHNE paBHONpPoyeHmMHoU nponycKHoU
XapakmepucmuKu.

PacueTHbIn nepenag OaBneHUA Ha perynu-
pytoLlem KnanaHe nos.1 B OTKPbITOM COCTOAHUN
onpegenAem no Bbipa>keHuto (3.6):

10% =7,5Mlu

AF,p.o = 0a1 X(2050/6,3)2 =10590la (1 0,6K|_|a)_

PacueTHbIn Nnepenag faBneHWA Ha perynu-
pyemom y4yactke AP, ., a onpegenserca no
Bblpa>keHuto (3.10):

AP

PY.I1

= 10590+31870 = 42460MNa (42,5«[Ma).

= APP‘O' + AP

nomp. 11 =

CymmapHoe conpoTvBfeHne CucTembl Te-
nnocHabXxeHns kanopupepos EAPW. paBHO
3apjaBaemMoMy Ha perynatope noa.3 (puc.4.11)
nepenapy pasnexua, AP :

PY.rt 3

AP__ =3AP =AP, _+AP +AP
3ag yu. yu.2 yu.
Onpegenum rugpasnu4eckoe COMNpoTuBIe-

Hue AP ., y4actka Ne2 u Aqu'a yyacTtka Ne3

(puc. 4.17):

Yuacmok Ne2.
— pacyeTHbIn pacxog 4990kr/y;
— obLaa anvHa 60m;
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— anameTp — d65mwm;

— ckopocTb TennoHocuTensa 0,35m/c;

— ygenbHaa notepA gaeneHua 22lMNa/m [npu-
noxexve Al.

MoTepAa paBneHuA B TpybonpoBoaax y4acT-
Ka

AP, ,=1,3x(120x22) = 3430Ia.

2

Yyacmok Ne3.

— pacyeTHbIn pacxog 9270kKr/y;

— obwasa gnvHa 115m;

— anameTp — d80mw;

— ckopocTb TennoHocuTena 0,45m/c;

— ygenbHaa notepAa gasneHua 300Ma/m [npu-
noxexue Al.

MoTepAa paBneHuA B Tpy6ONpoBOgax yyacTka

AP, ,=1,3x(30x115) = 4490(Ma.

3
CymmapHoe conpoTvBReHne CucTembl Te-
nnocHab)xeHuA Kanopupepos ZAPyH_paBHo:

2AP, = AP, +AP, +AP =

PY.I1 y4.2 3

= 42460+3430+4490 =
= 50380rMa (50,4kMa).

Taknm 06pa3om, ¢ MOMOLLbIO 3aaTumka pe-
rynatopa nos.3 (puc. 4.11) Heobxoammo ycTa-
HoBUTb Nepenap faeneHna AP =50,4kla gna
pacyeTHoro pacxoga TennoHocutena 9270kr/y.

InAa 3Tux UCXodHbIX YCMOBUA MNPUHUMAEM
K yCTaHOBKe perynAaTtop nepenaga AaBfeHuA
M'EPL, 4002, d50, apT.1400266.

3HayeHne rmgpasnuyeckon HacTpoOmKn pe-
rynAatopa pasHo 5,5 (puc. 4.14).
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Puc. 4.14. OnpegeneHne 3Ha4eHnA rMapaBnMyecko HaCTPONKKN perynatopa
nepenaga pgaesnerHna N'EPL, 4002, d50, apt.1400266 (no3. 3 puc. 4.11) anAa cuctemol

TennocHabxeHus Kanopvlcpepos npun 3agaBaemMblX pacHeTHbIX 3HA4YEeHUNAX G

nomp —

9270Ke/u u AP3ag= 50,4kla.

MuHMManbHO Tpebyemble NoTepy OasrieHnd
Ha perynatope AP, , NpuH/Maembie Mo Bbipa-
XKeHuto (2.4), paBHbI

AP, =1 APaag | = 50,4kMNa

Mo BbipaxkeHuto (2.3) onpegensaem cymmap-
Hble pacyeTHble MUHUMAasbHblE NOTepW AaBre-
HUA cUCTEMbI TenrocHabXeHusa kKanopudepos
COBMECTHO C pPerynaTopom

(24P),,,= 2AP  + AP

PEF=

=50,4 + 50,4 = 100.8k[a

Pacnonaraembii MUHUMAanNbHbIA PacHETHbIN
nepenag AaBneHWA B TOYKax npucoeguHeHuns

cumembsl menAocHabseHUA KaropugepoB8 K
marucTpanbHbiM  Tennonposogam (AP
onpegenAem Mo BblpaXkeHuto (2.5):

PACI'I)min

(AP,,0).n = 1,1x100,8 = 111kMMa.

YctoitunBaa pabota perynatopa (nos.3
puc.4.11) OGymner obecrnedeHa mnpu YCrOBWK
AP, . >(APocr) i TaK Kak 210kMa>111klMa,
To nogbop perynAatopa MOXHO Npu3HaTh 3a-
KOHYEHHbIM.

OpHako cnepyeT MmeTb BBMAY, YTO C yBENU-
YeHneM pasHULbl 3TUX 3HAYEHWIN yBENMYBaET-
CA 30Ha HEpPaBHOMEPHOCTU 2& N, COOTBETCTBEH-
HO, CHWXaeTcA TOYHOCTb perynuposaHuAa. [lo-
3TOMY npegycmaTpuBaeTCA yCTaHOBKa BEHTUNMA
GanaHcoBoro ¢naHueBoro no3. 2 (puc. 4.11)
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LWUTPEMAKC-GMF ¢ nameputenbHbiMy Knana-
Hamu d80, apT.1421848, ¢ NOMOLLbIO KOTOPOro
MOXKHO 4aCTUYHO «MNOracuTb» USMULLHWUNA nepe-
nag aasneHnA 1 npon3eBognTb M3MepeHnA pac-
xofa TensIoHOCUTENA NpY Hanagke CUCTEMbI.

BbinonHum nop6op obopynosaHua Ans yana
perynupoBaHna «2» cuctembl 12 n gnAa ysna
perynupoBaHna «3» cuctemsl 13.

YT1o6bl MoKasaTb MpUHUMMLI Nofdopa pas-
NNYHBIX CUCTEM TENNTOCHA0XXEHUA B HACTOALLEM
npMmepe paccMoTpyM pasHble TUMbl Y3M0oB pe-
rynupoBaHuA B npegenax OgHon CUCTEMbI.

Mpn peanbHOM NPOEKTMPOBAHMN ANA CUCTe-
Mbl TennocHabXxeHnsa kanopudepos nprmeHs-
I0T, Kak nNpaBuno, eauHbin AnA Bcex kanopude-
pOB TWM y3na perynupoBaHnA.

Y3en perynupoBaHuUA «2» rokasaH Ha
puc. 4.15. MonobHble y3nbl MPUMEHAIOT, Kak
npasuno, npuv WCMOMb30BaHUN MeperpeTon
BOAbl.

t =80Ct=70C
[=90C [;=70C

Go y =5880kr/y
4 G, =2940kr/4
1P, =17600a 2
K kanopngepy 240
240 7
\ 4
A 4 | @3
YA 2 11 k
—— v o
6
npn F—p—a npn
b’ 032/ ’r@ Wal
—« Q= o4
Goéux "J
7 8

Puc. 4.15. Y3en perynupoBaHusa «2»

1 — knanaH N'EPL apt. 14037;
2 — anekTponpusog NEPL, apt. 1771211;
3 — BeHTWnNb 3anopHbiii pnaHuesbin LUITPEMAKC-
AGF, apt.4218 AGF;

4 — BeHTUNb HGanaHcoBbIn ¢pnaHuesbii LUITPEMAKC-
GMF ¢ nameputenbHbiMK1 KnanaHamu, apT. 4218
GMF;

5 —punetp-rpasesuk NEPL, apt. 14111;

6 — KnanaH obpartHbIii d32;

7 — HacoC CMEeCUTENbHbIN;

8 — KpaH ApeHaXkHbIi.

Mopbop obopynoBaHuA AnA ysna perynu-
poBaHuA «2» MPOU3BOANM MO METOANKE, N3S0-
)xeHHoi B paspgene 3.4.2 (puc. 3.11.6). Perynu-
pyemblii y4acTok Ned4 coCcTOMT U3 ABYX OTPE3KOB
Tpy6ONpOBOLOB: MOJAOLLEro — MeX[Ay TOYKOW
«A» N TOYKON MPUCOEAUHEHNA K Maructpanu
«@»; 0bpaTHoro - Mexay TOYKoN «B» 1 TouKoiA
npucoeanHeHvs K maructpanu «6». Ha perynu-
pyemom y4acTke HaxoguTca apmaTypa rnos. 1, 4,
3, 5 (puc. 4.15).

Tpebyemblii MUHUMAnNbHbLIA pacHeTHbIN ne-
penag gasneHuA AH perynupyemoro y4actka
Ne4 onpepenaetca no BbipaxkeHuto (3.37):

AH = 1,1x(AP,  + SAP, ).

B HacToALwemM npumepe ZAPW onpegenaet-
CA cnegytoLlen cyMmmon:

ZAsz AP, .+ AP, + AP o5t AP_W -

OnpegenAaem rmgpaenuyeckoe conpoTmee-
Hune APW , ydactka Ned:

— pacyeTHbIn pacxog 2940kr/y;

— obLas gnuHa 32m;

— anameTp — d40mw;

— CKOpoCTb TennoHocuTena 0,62m/c;

— y@enbHaA notepAa pasneHuA 1500Ma/m
[npunoxkeHue A).

MoTepAa paBneHua B TpybonpoBoaax y4acT-
Ka

AP, ,=1,3 x (120x32) = 4990a.

4

Ina onpegeneHnAa notepu pasneHuA AP,
Ma, apmatypbl, rugpaenuyeckme napameTpbl
KOTOpOW 3afaHbl B Buge K, , M%4, ncnonbayem
pac4eTHyto dopmyny (4.9)[12]:

AP =0,1(G/k, ),
roe:
G - pacyeTHbI pacxof TennoHocuUTena Ha
y4acTke, Kr/y;
k, - ponyckHaa cnocobHOCTb, M¥/4.

Onpegenum pacyeTHblie noTepy AasneHuA
BeHTUNA no3.3 (d40 apr.1421855, k =30,4 m¥/
4) u ¢unstpa nos.5 (d40 apt.1411185, k=30
m3/4):

AP, ,=0,1-(2940/30,4)> = 935Ma.
AP, =0,1-(2940/30)* = 960IMa.

BeHTunb 6anaHcoBbI C M3MEPUTENbHbLIMU
knanaHamu (nos. 4) NO3BOMAET NPOBOAUTb U3-
MepeHuA pacxoga TennoHocuTesns, 4To Heob-
XOAMMO Mpu MYyCKOBOW Hanagke cuctembl. OnA
noBbILLEHNA TOYHOCTUN N3MepeHNA BEHTUIb He
[OOMKeH ObITb MOMHOCTBLIO OTKPLITbIM. [MoaTomy
3agagvM orpaHuyeHne no MakcumanbHOMY OT-
KPbITUIO BEHTWIA C TAKM YCIOBMEM, YTOObI CO-
NpoTUBREHNe BeHTUNA 6bino 6bl He meHee 5klMa
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(mpu pacyetHom pacxope 2940kr/4), Tak Kak
nameputensHbin komnbtoTep N'EPLI8900 umeet
MOBbILLEHHYIO TOYHOCTb W3MEpPEHUA pacxopa
Npv Nepenage AaBneHvs onee 5kMa.

YCTaHOBUM  3HayeHWe  rugpaBnnyeckomn
npegHacTponkn n=3,5 (puc.4.16), npyn koTo-
POM COMPOTMBIIEHWE BEHTWNA OydeT paBHO
AP, =6klla (6000Ma), To ecTb Gonee 5kla.

Torpa 3Ha4eHne ZAPW BblYMCNAETCA cneay-
toLLIeN CyMMON

2AP , =935+6000+960+4990 = 12885[1a.

3agaemca gna nogbopa perynupylowmm
KnanaHoMm ¢ AUHeUHoU nponycKHoU xapakme-
pucmukol ¢ astoputetom a_.,..=0,5. o Bbipa-
»eHuto (3.35) ana PO onpefnenaem Tpebyemoe
MUHMManbHOE pacyeTHOe 3HaveHue nepernaga
HOaBneHns:
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Puc. 4.16. OnpepeneHne conpoTuBreHNA
BEHTUNA 6anaHcoBoro ¢naHLeBoro
LITPEMAKC-GMF, d40 ¢ namepuTenbHbIMM
KnanaHamu, apt. 1421845 (nos.4 puc.4.15).

PacueTHbIn MakcMmarbHbIA pacxod Tenno-
HocuTeTena 4epe3s PO npu nonmHom ero oT-
KpbITUK onpegenAaem Mo BblpaXkeHuto (3.36) n
NPUHYMAETCA PaBHbIM

G, .= G, =2940kr/u.

Tpebyeman pacyeTHas ycrnoBHaA MpPOMycK-
HaA cnocobHocTb PO k..., M¥/4 onpepenset-
€A No BblpaXkeHuto (3.4):

2940

k =
YSTPEE™ 978 0.1 x 12885

lMpuHMMaeM K ycTaHOBKe perynupyomn
KnanaH apt. 1403725, d20, k,=10,0m%4 ¢ npu-
Bogdom apt. 1771211, nepekntovaTtenb KOTOPOro
HEeoOXOQMMO YCTAHOBUTL B MOMNOXXEHMWE NMHEii-
HOW MNPOMYCKHON XapaKTepuCTukK. PacqeTHbIn
nepenag daBneHWA Ha perynupyoLllemM Knana-
He No3. 1 B OTKPbITOM COCTOAHMUW OnpegenAem
no BblpakeHuto (3.6):

107 =8, 4m3y

AP, = 0,1x(2940/10,0)* = 8640ra (8,6ka).

Onpegenvm OeicTBUTENbHOE 3HAYEHNE aB-
TopuTETa KNanaHa no BblpaXkeHuto (3.1):

_ APPO
T APpo. * AP romp

_ 8640
~ 8640+12885

ay
0,41>0,40

TO eCTb BblOpaHHbIi TWUM, W TUNoOpa3mep
KnanaHa COOTBETCTBYET 3afaHHbIM ruapasnu-
YecKUM napameTpam perynupyemoro yyacrtka
Ne4.

Torga, no BolpakeHunto (3.37) Tpebyemblii
MUHMMarsbHbIA pacyeTHbI nepenaj AaBneHuA
AH perynupyemoro y4acTtka Ne4 paseH:

AH =1,1 x (8640 +10885) = 21480r1a.

Pacnonaraemblii pacyeTHbI nepenag pas-
nenwva (AP, ., )., Perynnpyemoro y4actka
Ne4 paBeH pacyeTHOMY nepenagy AaBneHmA Ha
perynmpyemom y4actke AP,

(APoyne )pacn= APy, = 4246003,

TO ecTb, Ha 42460-21480=20980Ia
(21,0kMa) Gonblue TpebyemMoro MUHUMaNbLHOro
pacyeTHOro nepenaga gaeneHnA. OTOT U3NuLL-
HUA nepenap fdaBneHWAa cnegyeT «Moracutb»
6anaHcoBbIM BEHTUNEM M03.4 (pnc.4.15).

PaHee nokasaHHyto Ha puc.4.16 npeg-
HaACTPOWKY  BEHTWNA  crnefyeT  U3MEHUTb,
3apaBach pacyeTHbIMK 3Ha4YeHnAMN
AP, ,=6+21=27kMa n G, . = 2940kr/4.

Heobxognmo ycTaHOBWUTb NpeaHacTpPOMKy
BEHTUNA Ha 3HavyeHune n=2,0 (puc.4.17).
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Puc. 4.17. OnpegeneHne 3Ha4yeHuA
rmapaBnMyecKon NpeagHacTpPoK BEHTUNA
6anaHcoBoro ¢naHuesoro LUITPEMAKC-
GMF, d40 c namepuTenbHbIMK KnanaHamm,
apt.1421845 (no3.4 puc.4.15) npu pac4HeTHbIX
3HadeHuAx AP, = 27klMa un G, . = 2940kr/4.

Mopbop cmecuTenbHOro Hacoca Mnpon3BO-
Oum, cornacHo (3.34) Ha pacyeTHble napawme-
TPbl CUCTEMbI TEMNONOTPEebNeHns:

G,= G, =5880Kr/4 (5,9 M),
P =AP__ =17600la (1,8 m B.CT.)

H nomp

H UPS 32-60 F

(™)
Q=6.37 M4
H=226m

O6wwmin KN = 33.1 %
o 1 2 3 4 5 6 7 8 9 10 11 QM)

Puc.4.18. Pac4yeTHasa xapakTepucTtuka
cmecuTenbHoro Hacoca UPS 32-60F
(nos. 7 puc. 4.15)

K yctaHoBKe npuHumaem Hacoc ¢umpmbl GR-

UNDFOS mapku UPS 32-60F. Paboyana Touka
Hacoca:

G,=6,37w’/4, P =226 MB.CT.

Y3en perynupoBaHua «3», NMoKasaHHbIn Ha
puc.4.19, ABnAeTcA yHMBepcanbHbIM N MOXET
ObITb peKoMeHJoBaH AnA NobbIX CUCTEM Tenso-
cHabXxeHuA.

Mopbop obopynoBaHuA AnA ysna perynu-
poBaHMA «3» NPOW3BOAUM MO METOAVKE, U3J10-
»XeHHol B pazgene 3.5.2 (puc. 3.15.6).

1. MNpyvHUMaem K yCTaHOBKE TPEXxOQoBOW
PO ¢ aAuHelHOU nponyckHol xapakmepucmu-
kou. Mopbop Tpexxogosoro PO npoussogutcs
B COOTBETCTBUM C MeToaukon pasgena 3.3.2.

PacdeTHbIM perynupyembiM y4acTKOM AB-
NAeTCA 3aMKHYyTOe LMPKYNALWMOHHOE KOMbLO
Yyepes Kanopudep U nogmeLLMBatoLLin TpYOO-
npoBofA B KpanHem nonoxxeHun PO, npu koto-
POM MOSHOCTLIO OTKPLIT MOAMEC U NEPEKPbIT
TpybonpoBog CETEBOI BOABI.

Onpegenum HeobxoavMble AnA pacyeta uc-
XOfHble JaHHble:

a) MakcumarnbHbIA (U pacyeTHbIN) pacxoq
BOAbI ANA noTpebuTtensa TennoTsl - kanopudepa
G, = 8560Kr/u.

) MoTepn naBneHuA notpedbutena (kano-
pudepa ¢ nogsodALMMK TENNONPOBOJAMU U
apmatypon) AP p. Ma coctoAaT 13 conpoTue-
neHuvA Kanopmq)epa AP, 1 Tpy60npoBoaoB K
Hemy d50 MM anvHon 8 |v| AP mpuGonp.” . YnenbHasn
notepa gasneHuna R=360Ma/m npu G=8560kr/4
n d50mm [NpunoxeHue Al.

AP, = 32600Ma (32,6Ma);
AP = 1,3x360x8 = 3744[Ma (3,8«Ma);

mpy6onp.

AP = 32600+3744 = 363500a (36,4«1a).

nomp.’

2. lNoTepn pgaBneHuA B nogmeLuMBatoLLem
Tpy6onposoge AP, , lMa coctoAaT u3 conpo-
TMBneHuAa obpatHoro knanaHa AP (k =30m%4
no3.7 puc.4.19) n Tpybonposoaos d40Mm anu-
HoM 1m AP puBonp.” . YoenobHaA notepAa AaBneHus
R=1050Ma/M" npn G=8560kr/4 n d40mm [mpw-
noxxeHue Al.

AP, =0,1x(8560/30)?= 8140Ma (8,2xMa);
AP =1,3x1050x1 = 13700Ma (1,4kMa);

mpyb6onp.

AP, =8140+1370 = 9510[Ma (9,5ka).
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t =80Ct =70

G =85601/4 ==

ma
G.,,=4280kr/4
AP3 =32600/Ta 3
K kanopugeny 750
a50
A 4

250 2
L !

S
6
JH»»
——d 250
Gma)( n —|

Puc. 4.19. Y3en perynupoBaHua «3»
1 — knanaH Tpexxogosown NEPL, apT.14037;
2 — anekTponpusog NEPL apT1.1771211;
3 — BeHTWNb 3anopHbii ¢naHuesbin LUTPEMAKC-
AGF, apt.4218 AGF;
4 — BeHTUNb GanaHcoBbIn ¢pnaHuesblin LUTPEMAKC-
GMF ¢ wu3mepuTenbHbiMM KnanaHamu, apr.4218
GMF;
5 — ¢punbTp-rpasesuk N'EPU, apt.14111;
6 — knanaH obpaTHblii d40;
7 — HacoC CMecuUTenbHbIN;
8 — KpaH ApeHaXKHbI.

3. 3apaemcAa TpebyeMbiM 3HAYEeHMEM aBToO-
puTeTa Knanaa a,,...=0,5. Torga no Bbipaxe-
Huto (3.19) onpenenﬂelvl Tpebyemoe MUHUMAarb-
HOe pac4eTHOe 3HayeHue nepenaga faBneHnA
Ha PO (nos.1 puc. 4.19):

36350 + 9510
(AP p.o.TPES Jmin = -1

05
=45860Ma (45,9Ma).

-1

4. Mo BblpaxkeHuto (3.20) onpepensaem Tpe-
OGyeMyto YCIMOBHYIO MPOMYCKHYO CNOCOGHOCTb
TPExxo4oBoro knanaHa (nos.1 puc. 4.19):

8560

k =
YSTPEE ™ 978 [0,1x45860

10% =12,9m%u.

5. B cootBetcTBMU C ycnosuAamu (3.21) npu-
HUMaemM K YCTaHOBKE KnamnaH TpexxogoBow
F'EPL apr.1403732 d32, k =16,0m%4 ¢ npwu-
Bogom apt.1771211, nepekntoyatenb KoOTO-
poro HeobxoAnMMo YCTAHOBWTb B MONOXKEHUE
AUHeUHOoU nponycKHou xapakmepucmuku. Pac-
YeTHbIN Nepenag gaBfieHnA Ha PerynvpyoLlem
KrnanaHe no3.1 B OTKPbITOM COCTOAHWUW onpege-
nAem no BblpakeHuto (3.22):

AP, , = 0,1x(8560/16,0)2= 28630Ma (28,6kIa).

[MpoBepuM fencTenTenbHoe 3Ha4YeHne aBTo-
puteTa KranaHa no Bblpa)KeHWto:

A'Dp.o.
APp.o. + (APnomp + APGn)

ay =

~ 28630
28630 + (36350 +9510)

=0,36

TO eCTb BblOpaHHbIii TUNopasMep KnanaHa
UMeeT aBTOpUTET B AMana3oHe HEeNMHENHOCTU
0,3<a <0,4.

B Takon cuTyauum mmeroTcA ABa BapuaHTa
JanbHenwnx gencTBun:

1-1_BapuaHT: npegnonaraeTcA CoxpaHeHue
n3HavanbHO MNPUHATON JNMHEWHOW pacxXofgHOW
xapaktepuctukn PO. Torga cnepyeT MpuHATHL
KnarnaH C MeHbLUeil MPOMyCKHOW crnocobHoc-
Tbto: KnanaH Tpexxogoson MEPL, apt.1403725
d25, k, =10,0m%4. B atom criy4ae pacHeTHbiil
nepenag dasneHuA Ha perynupyroLliem Knana-
He Nno3.1 B OTKPbITOM COCTOAHUM ByneT paBeH:

AP, ,=0,1x(8560/10,0)?=73270rMa (73,3kITa).

lNpn 3aTOM pacHeTHbIn nepenag faBneHua
Ha perynupyemom y4actke AP, , [Na, paBHbii
Tpebyemomy LMPKYNALMOHHOMY Hamopy npo-
eKTMpyemoro Hacoca P,, [OmKeH cocTaenAtb

Mo BbipaXkeHuto (3.24)
APPV = APp,o. + APnomp. + APén = PH =

=73,3+ 36,4 +9,5=119,2klNa (12m B.CT.).

3HayeHune P,=12m B.CT. ABNAETCA CULUKOM
BbICOKUM Tpe6ye|v|bnv| Harnopom AnA nopbopa
Hacoca, NO3TOMYy pacCMOTPUM BTOPOW BapuaHT.

2- _BapuaHT: npegnonaraetcA NPUHATHE
paBHonpoyeHmMHOU pacxogHOW XapakTepuctu-
ku PO. Torga cnepyet NpuHATb knanaH ¢ 60rb-
LUei NPOMYCKHONM CrOCOBHOCTBIO: KNanaH Tpex-
xofosow MEPL] apt.1403740 d40, k =25,0m%/u.
B atom cny4ae pacyeTHbln Nepenag AaBneHna
Ha perynupytoLlemM krnanaHe nos.1 B OTKpbITOM
COCTOAHMM ByneT paBeH:

AP, ,=0,1x (8560/25,0)*= 11724[1a (11,7kMa).
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[MpoBepym AencTBUTENbHOE 3HaYeHNe aBTo-
pruTeTa KnanaHa no BblpaXkeHWto:

APpo. -

A'Dp.o. + (APnomp + Apﬁn) -
11724

~ 11724 + (36350 + 9510)

ay =

=02

TO eCTb BblOpaHHbI TUMopasmep KranaHa
COOTBETCTBYET AmanasoHy KnamnaHoB ¢ paBHo-
npoyeHmMHoU NPonYyckHOU xapakmepucmuKou
0.1<a<0,3. Tloatomy OKOHYaTenbHO MpUHK-
MaeMm K ycTaHoBke KnanaH Tpexxogoson EPL|
apt.1403740 d40, k,=25,0mM%4 c npuBodOM
apt.1771211, nepeKmo'-laTenb KOTOpOro Heob-
XOAMMO YCTaHOBUTb B MOMOXEHWe paBHOMpPO-
LIeHTHOI NPOMYCKHOW XapaKTepuUCTUKM.

Pac4deTHbIn Nepenap gasneHnA Ha perynu-
pyemom y4acTke AP, , MNa paseH TpebGyemomy
UMPKYNALUMOHHOMY  Hamopy MpPOEKTUPYEMOro
Hacoca P, u onpefensetcA Mo BblpaXXeHWIo
(3.24):

AP, = AP o F APnomp +AP_=P =

=11,7 + 36 4+ 9 5=57,6 kla (5,8m B.CT.).

6. CMecuTenbHbI Hacoc nogbupaem, co-
rnacHo (3.52), Ha criepyowme pacyeTHbIe na-
pameTpbl cucTeMbl TennonoTpebneHus:

G, = G4, = 8560 Kr/4 (8,6M°%/4);
P = AP, = 57,6 kla (6m B.CT)

K ycraHoBke npuvHMMaeM Hacoc GupMbl
GRUNDFOS wmapkn UPS 32-120F (puc.4.20).
Paboyas Touka Hacoca:

G,=8,7w%4, P =6,58 mMmB.CT.

7. Pac4yeTHbIn nepenap aasneHva AH gna
yyactka Ne5 onpemenvm, npubaenas noTtepro
paeneHuAa yydactka Ne2 K pacnonaraemomy ne-
penagy mexxay Toukamu «a» u «6» (puc.4.11).

MoTepa gasneHuA yyacTtka Ne2:

AP, ,=3430MMa.
Pacnonaraembin nepenag mexpgy To4ka-
MU «a» u «6» (puc.4.11) paBeH pacHeTHOMy
nepenagy AasneHuA Ha perynupyemom y4acTke
AP Ma (y4.Ne1 puc.4.11):

PY.r11?

AP

PY.I1

= 42460 Na (42,5 kMa).

PacdeTtHbin nepenap paeneHna AH pana
ydacTtka Ne5 paBeH:

= 3430 + 42460 = 45890[1a

PY.I11

AH =AP _+ AP
y4.2

H UPS 32-120 F
m
() Q=8.7mM
H=6.58m
9 Mepeka4mB. XnakocTs = Boga B cucteme oTonseHma

O6wmin KM = 44.5 %
o 1 2 3 4 5 6 7 8 9 10 11 Q(m¥v)

Puc. 4.20. PacyeTHas xapakTepucTuka
cmecuTenbHoro Hacoca UPS 32-120F
(n03.7 pnc.4.19)

8. Tpebyemble cyMMapHble NoTepu AaBneHus
Ha noasogALmMx TennonposBogax ydactka Ne5
(AP, ) es M@ BbluMCnAEM MO BblpaXKeHMo

(3.53)"

(SAP,,)rpes= AH - AP,
= 45890 - 11724 = 34166[Ma (34 2kMa).

Mony4yeHHoe 3HayeHne (ZAP ) pes BKIIOYA-
eT notepv gasneHnA B pr6onposo,u,ax ydacTtka
Ne5, noTepu BeHTUNA 3, dunbtpa 5 1 HGanaHco-

BOro BeHTUnA 4 (puc. 4.19).

9. [1na onpegpeneHna notepn gaeneHua AP,
Ma, apmatypbl, rmgpaBnuyeckme napameTpbl
KOTOpOW 3afaHbl B Buae k, M3/4, ncnonbayem
pacyeTHyto dopmyny (4. 9)[12]

AP =0,1(G/k )?,
roe:
G - pacyeTHbI pacxof TennoHOCUTeNA Ha
y4acTtke, Kr/4;
k, - nponyckHasa cnocobHOCTb, M%/H.

Onpegenum pacyeTHble NoTepy HasrneHuA
BeHTUNA no3.3 (d50 apt.1421856, k =36,9m%/4)
v ¢unbTpa nos.5 (d50 apt.1411186, k =42m°%/4):

AP, =0,1-(4280/36,9)* =1345[a.

AP, =0,1:(4280/42)* =1040(Ma.

10. MoTeps paBneHuA B TpybonpoBogax
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ydyactka Ne5 onpepgendem no ygaenbHbIM MO-
TEpAM faBneHuna [npunoxeHune A], a MecTHble
COMpOTMBNEHNA (TPONHWKW, OTBOAbI N U3MEHE-
Hue guameTtpa) ynpoLLEHHO yYUTbIBAEM B BUAE
pononHutenbHbiX 30% K noTepAM AasreHnsA no
OnvHe.

— pac4eTHbin pacxog 4280 Kr/y;

— obwaa gnvHa 40 m;

— anameTp — d50 mw;

— CKOpOCTb TennoHocuTena 0,56m/c;

— ygenbHaAa notepAa gasnexHua 90 Ma/m [npw-
noxeHue Al.

MoTeps gaBneHuAa B TpybonpoBogax

AP, =1,3x (90 x 40) = 4680Ma.
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Puc. 4.21. OnpepeneHne 3Ha4YeHuA
rMapaBnnYeckon NpefHacTPONKY BEHTUNA
6anaHcosoro ¢naHuesoro LUTPEMAKC-GMF,
d50 ¢ namepuTenbHbIMK KnanaHamu,
ap1.1421846 (n03.4 puc.4.19) npu pacyeTHbIX
3HaveHuax AP, =27,1klMan G, .= 4280Kr/4.

11. BeHTunb 6anaHcoBbiii ¢ N3MepUTenbHbI-
MW KnanaHamu (rnos.4) no3BosfAeT «noracuTb»
Tpebyemble NoTepy OaBneHUA, a Takxe NPoBo-
OWTb N3MEPEHNA pacxofa TennoHOCUTENA, YTO
HeoOxoayMO NpW MYCKOBOW HanagKe CUCTEMbI.

Tpebyeman notepa AasneHna GanaHcoBOro
BEHTUNA Mo3.4 onpepgendem crefylolmmM o6-
pasom:

(AP 3.4) TPEE (2AP yq.) TPES -AP,, 5-AP 8.3 -AP b5

y4.5

= 34166-4680-1345-1040 = 271000Ma (27,1k[a).

OnpegeneHve 3Ha4YeHWA rMapaBnMyecKon
npenHacTponku BeHTUNA 6anaHcoBoro ¢naHue-
Boro LUTPEMAKC-GMF nokasaHo rpadpu4decku
Ha puc. 4.21. CnegyeT yCTaHOBUTb 3HA4YeHUe
rmapaBnuyeckon  NpPegHacTpoOMKM — BEHTUNA
n=1,2.

Pe3tome no pasaeny 4.2.1

1.Y3en perynupoBaHuA «1» pekoMmeHayeTcA
NPUMEHATb ANA  PeumpKynALMOHHbIX CUCTEM
BO3AYLLHOro OTOMMeHnA, Anda Bo3ayLUHo-Tenso-
BbIX 3aBec, ANA Kanopupepos BTOPOro nofo-
rpesa, B TOM 4uUCre, yCTaHaBnMBaeMbIX nocre
TENnoyTUnM3aTopos.

2.Y3en perynupoBaHuA «2» peKOMeEHAyeTCA
NPUMEHATb MPU UCMONb30BaHUN MEPErpeToro
TennoHocUTeNA Tennosbix ceten. Ero npumeHe-
HMe He >KenaTtenbHO NMpu pacyeTHON Temnepa-
Type cuctembl TennocHabxxeHnsa meHee 100°C,
TaK KaK 3Ha4YuTeslbHO CHWMXaeTCA pacHeTHaA
Temneparypa nogaroLLero TennoHoOCUTENA He-
nocpeacTBeHHO AnA Kanopupepos.

3. Y3en perynupoBaHua «3» ABMAETCA YHU-
BepcanbHbIM 1 MOXXET ObITb PEKOMEHOBAH Af1A
NoBbIX cUCTeM TennocHabXXeHuA kanopupepos
MPUTOYHBIX YCTAHOBOK U KOHAWULMOHEPOB, a
TaKXKe CYUCTEM BO3AYLUHOTO OTOMEHNA.
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4.2.2. NMpumep nogdopa perynupyro-
LWMX KNnanaHoB ANA CUCTEMbl XONo-
AOCHabXXeHNA Bo3gyxooxnagurenen
NPUTOYHbIX YCTAHOBOK N KOHAMNLWNO-
HepoB

Cuctema xonofocHabXXeHUa BO3[yxooxna-
outeneil npeacTaBnAeT coboW LMPKYNALMOH-
HYIO CMCTEMY MEXOy mcrnaputenem yunnepa v
BO3QyXOOXnagutTenaMm KoHguumoHepos. [OnA
ycTon4mBon paboThl Ynnnepa Tpebyerca nocTo-
AHHBIA U HenpepbiBHbIA Pacxof XOnofoHOCU-
Tena. BenvyuHa atoro pacxofga 3afgaetca npu
Bblbope TMnopasmepa yunepa.

HeobxogumocTe  obecrneymBaHusa  MOCTO-
AHHOro pacxofa Bofbl MpegonpefenAeT KoH-
CTPYKTVBHbIE PELUEeHUA CXeM CUCTEM XOfofoc-
Hab>xeHVA. MpUMeHAIT pasnnyHble MO CIoX-
HOCTW CXEMbl, B TOM 4WCME C MPUMEHEHUEM
NepenycKHbIX aBTOMAaTU3MPOBaHHbIX YCTPOWNCTB
1 6aKoB — aKKYMyNATOPOB.

-

Ha puc. 4.22 nokasaH ofjMH 13 BapuvaHTOB
CXeMbl CUCTEeMbl XONOOOCHabXeHWA BO3QYyXO-
oxnagmTenen KOHQWUMOHEPOB C y3namu pery-
nMpoBaHuA.

Ha cxeme ¢ uenbio ynpoLleHna ee rpapude-
CKOro 1306paXkeHnsi He NokasaHbl KOHTPOJIbHO-
n3MepuTenbHble MNpubopbl, NpenoxXpaHUTeNb-
Hble YCTPOWCTBa, YCTPOWCTBA [AnA yaaneHus
BO3QyXa M3 CUCTeMbl, pacLUMpuUTEnbHbIA Gak,
cuCTeMbl MOANUTKM W ApeHaxka, Buopousonu-
pyloLive BCTaBku U apyroe obopynosaHue. Mo-
KasaH OaVH LUMPKYNALMOHHbBIN HACOC, XOTA, Kak
npasumno, ycTaHaBnuMBalT NapannenbHo fga
Hacoca, paboTalLlMX B PeXnUme «OCHOBHON
— pe3epBHbIN».

XonopgoHocuTenem ABMAETCA BoAa C TeMne-
patypoi B nopatowien maructpanu t =+6°C n 8
obpartHoi maructpanm t =+12°C.

PacueTtHaA XONnoAonpon3BOANTENBHOCTb
yunnepa pasHa 58kBT.

PacdeTHOe ruapaBnnyeckoe CONpOTUBREHNE
ncnaputena Yunnepa 230000Ma.

Q;=34KBr Q,=24KBr
ty=+6C 4 =+12C
60 6w=3740kr/t/
APy =4210011

t;=+6C  1)=+12C
Go 6u/:3020 Kr/4
AP,=395001Ta

7100m3/4

4100m3/4

&
al -
\ 2501=84m (:) x 2401=71m C)
G=6760kr/4 G=3020kr/4

Puc. 4.22. Cxema cucTeMbl X0rogocHabxeHus Bo3gyxooxnagutenen koHamumoHepos M2 n M3 c

NCXOOHBIMU OaHHBIMW NS rmgpaBnuyeckoro pacyeta n nogbopa obopygoBaHus
1 — wucnapuTtenb uunnepa; 2 — HaACOC UMPKYMALUMOHHBLIA BOASHOW; 3 — BEHTWMb 3anopHbI driaHuUeBbI

LUTPEMAKC-AGF, apt.4218 AGF.

Y3en perynupoBaHuA KoHAUUMOHepoB 12 n
13 nokasaH Ha puc.4.23.

B pgaHHOM cnyyae ncnonb3yem METOAWuKY,
n3noXeHHyto B pasgene 3.3.1. B npumepe
pacyeta Oygem wucnonb3oBaTb 0603HAYEHUA
pnc.3.8. Tpexxomoeoi PO pasgenset o6
noTok G, MO ABYyM napannesnbHbiM perynupy-
€MbIM y4acTKaM, KOTOpble COEAVHAIOTCA MeXay
coboll B ABYX y3nax: B yane pasgeneHua rno-
TOKOB U B y3fe CMeLLUMBaHUA noTokos. Mexay
3TUMK y3namu nepenag pdasneHnAa ocraeTtcA
MOCTOAHHBIM B npouecce perynuposaHua. O6-
wuit notok G, PaspenAeTcA Ha noTok Yepe3
notpebutena G, u Ha noTok Yepes bainac G,.

PacuyeTHbiMM npuHMMaem pfBa perynupye-
MbIX y4acTKa, COOTBETCTBYIOLLNE ABYM KPaNHUM

MONOXKEHVAM PerynupyroLLiero opraHa.

1. Perynupyembim y4dactkom Nel npwu no-
noXxeHun nonHoro otkpbiTnuAa PO (cm. puc. 3.8)
ABNAETCA  nocnegoBatesibHO  COEAUHEHHble
perynupyrowwmii opraH 1 notpebutens. Pacyert-
HbIM NPVHUMAaEeM MakCUManbHbIi pacxoq Bofpl
G, ,Ke/u

1max’

G =G

Tmax

= 3020 Kr/\.

obw
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240 K Bo3gyxooxnaguresio
240

5
4 16

ﬁ
i

Pt 1
S

—¢
LI\7 040

Puc. 4.23. Y3en perynmpoBaHua
BO3ayxooxnagutenen koHguumoHepos M2 n M3
1 —knanaH N'EPL apT.14037;

2 — anektponpueog NEPL, apT.1771211;

3 — perynAartop pacxoga apt.1400126;

4 — BeHTUNb 3anopHbIn dnaHuesbiil LITPEMAKC-AGF,
apt.4218 AGF;

5 — BeHTUNb GanaHcosblii pnaHuesbin LUTPEMAKC-
GMF ¢ wsmepwuTenbHbIMM KknanaHamu, apT.4218
GMF;

6 — ¢unbTp-rpasesuk NEPL, apT.14111;

7 — KpaH ApeHakHbIN.

Motepn paBneHua notpebuTtens (BO3gyxo-
oxnagutena M2 ¢ noasodALMMMN TPYOONPOBO-
Aamun) COCTaBnAT

AP op = AP, =39500ra.

Y4dnTtbiBaA [OCTATOYHO BLICOKOE 3Ha4eHue
COMpOTMBNEHNA NOTpebuTena, cnepyet 3a-
gatbCA AnA perynupytollero knanaHa nos.1
MarnbiM 3HaveHvem aBTopuTeTa a, , 4To MO3BO-
NAT YMEHbLUUTL 06LLME NoTepu ,anJ'IeHI/IH yana
perynMpoBaHnA 1 CUCTEMbI XONOLOCHAbXeHNA
B uenom. [loatomy npuvHUMaeMm K YyCTaHOBKe
perynupylowmun KnanaH C paBHOMPOLEHTHOWN
NPOMYCKHON XapaKTepUCTUKOW, ANA KOTOpOoM
cnepgyet NpuUHYMaTb aBTOPUTET KnanaHa B guna-
nasoHe 0.1<a <0,3.

3apaemcA 3Ha4eHuem asTopuTeTa Knanasa,
Hanpuvep, pasHbIM a ,...=0,2. Torna Tpebyemoe
MUHVManbHOe pacyeTHOe 3HadeHue nepenapga
[aBlieHNA Ha perynupytoLLiem opraHe (AP

oTPEB)min’
Ma BblYMCNAETCA NO BbIpaXKeHWIO (3. 11)

39500

(AP po.ATPEB Jmin = =9875(1a

L
02

Tpebyemyto pacHeTHYIO YCNIOBHYHO MPOMYCK-
Hyt0 cnocobHocTb PO Kk ..., M%4 onpepensem
no BblpakeHuto (3.12):

3020

K = 10
YSTPEE ™ 996, /0,1%9875

MpuHMMaem K YyCTaHOBKE  perynupyto-
Wwnii  knanaH co 3HadveHvem K =10,0m%/4
ap1.1403725, d25, ¢ npueBogom apT.1771211,
nepeknioyarens nepearoyHoro  MexaHusma
KOTOPOro HeoOXOANMO YCTaHOBUTb B MOJIOXe-
HWe pPaBHOMPOLEHTHOWN MPOMYCKHOW XapakTe-
PUCTUKMN.

Pac4eTHbIn Nepenag AaBneHna Ha perynu-
pytoLLieM KranaHe rnos.1 B OTKPbITOM COCTOAHUN
onpegenAem no sblipaXkeHuto (3.13):

2 - 9,7 My

AP, ;=0,1x(3020/10,0)*= 9120Ma (9,1kMa).

PacyeTHoe 3Ha4yeHne noTepb AaBneHVA Ha
perynupyeMomM y4yacTtke onpegenAaerca no Bbl-
paxeHuto (3.14):

AP, =AP. +AP =

PY1 PO1 nomp

9120 + 39500 = 48620I1a (48,6k[a).

2. Perynupyembim yyacTkom Ne2 npu rono-
»XeHun nomnHoro 3akpbitva PO (cm. puc.3.8) As-
nAetcA 6annac ¢ perynupyoLmm opraHom noa. 1
1 6anaHcoBbIM BeHTMNem nos.5 (puc.4.23). Pac-
YETHbIM MPUHUMAEM MaKCUManbHbIA pacxon
Bofbl G, ,Kr/

G, = Gum = 3020 Kr/\.

2max

Perynupyembie ydacTtku Ne2 n Nel coeguHa-
toTcA Mmexxgy coboli B ABYX yanax: B y3ne pasge-
NEeHNA NOTOKOB U B Y3Me CMELUNBAHNA NMOTOKOB.
lMoaTomy pacyeTHble MOTEPU AABMEHNA HA ITUX
y4acTkax npuHMMaemMm OfUHaKOBbIMU

YuunTblBas, 4TO pacyeTHble pacxofbl pery-
nupyembix ydactkoB Nel u Ne2 Takxe pagHb
Mexgy coboil, pacyeTHble NMoTepu AaeneHus
PO B OTKPbLITOM U 3aKPbITOM MOSNIOXXEHUAX TaK-
»xe 6yayT 0AMHAKOBbI

APP_M = APp_a2:91 200Ma.
Torpa Tpebyemoe conpoTueneHue OGana-
COBOrO BeHTUNA no3.5 GyneT onpenenATbcA

cnegyowmm obpasom

AP, = AP,,,- AP, = 48620-9120 = 39500(a.
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Onpepenenne 3Ha4deHWA rMOpaBIN4eCKOn
npegHacTpokKn BEHTUNA No3.5 rpapuyeckmm
METOOM MoKasaHo Ha puc. 4.24.

3HayeHne Kv —>
0,01 001 01 05 1 5 10 s0 100

100 ymuway I IF 1000
y A Iy
/ /7
50 / / / 500
T / /A
10 S 100
7
y y Ay A
1 7771
5 /I 50
1/
5
S 1
/ H
— B
1 T 7 y . 7 10
/ 1
7
05 7 / // // 5
// %/
g- 0,1 717 1
£ 1H
Boos / 05
g /
& /1]
3
2 T
i g
5 H
oo 10 S 100 500 1.000 5.000 10,000 50.000 _1-071-0&1
[kr/4] A ) : 8 s
Pacxos qm — > 3020 kel4

Puc 4.24. OnpepeneHne 3Ha4YeHnA
rMgpasnuyeckon NpeaHacTponKn BEHTUNA
6anaHcoBoro ¢naHuesoro LUITPEMAKC-
GMF, d40 ¢ nsmepuTenbHbIMU KnanaHamu,
ap1.1421845 (no3.5 puc.4.23) npn pacHeTHbIX
3Ha4YeHnAax AP3_5:39,5K|_|8. naG 5= 3020Kr/y.

Heobxoaumo ycTaHOBUTb NpeaHacTPOKy
6anaHcoBOro BEHTUNA Mo3. 5 Ha 3HayeHue
n=2,1 (puc. 4.24).

3. Yuactok Nel (puc.4.22) BknoyaeT B
ceba perynupyembiii y4acTok Nel ¢ notepamu
naeneHua AP, =486200a(48,6klMa), a Takxe
Tpybonposog d40 pgnuHoin 71m (puc. 4.22) c
YCTaHOBIEHHOW Ha HeM apmarypon (puc. 4.23):
perynAatop pacxofa rnos. 3, 3anopHbIi BEHTUNb
noa. 4, 6anaHcoBbIi BEHTWMb M03. 5 1 GUNLTP-
rpAsesunk No3. 6. Onpegenvm NoTepu faBneHnA
KayKoro 13 BbilLeyka3aHHbIX 31IEMEHTOB:

a) noTeps pAaBneHusa B TpybonpoBogax
onpepgendAemM ro ygenbHbIM MOTEPAM AasreHuA
[MpunoxeHue A], a MeCTHble CONpPOTUBIIEHUA
(TPOMHMKK, OTBOAbI U W3MEHEHME AmameTpa)
YNPOLLEHHO y4uTbIBAEM B BUAE AOMOMHUTESb-
HbIX 30% K noTepAm gasreHus rno anuHe.

- pacyeTHbI pacxog 3020 Kr/y;

- obLaa gnvHa 71 m;

- anameTp — d40 mwm;

- ckopocTb Bogpl 0,64Mm/c;

- yaenbHana notepa gasnexHnAa 160 MNa/m.

MoTepAa gaBneHus B Tpyb6onpoeogax
Aqu: 1,3 x (160x71) = 14770 NMa (14,8 kla).

0) perynatop pacxoga no3.3 (puc.4.23)
cnenyeT nogobpaTb anAa obecneyeHus pacxoga
G= 3020kr/4. Ha puc. 4.25 nokasaHa nocnepo-
BaTeSIbHOCTb BbiOOpa TUNnopasmMepa perynaropa
pacxofa v onpegeneHuAa ero rugpaBnuyeckomn
HaCTPOWNKM

lngpaenuyeckoe COMNpPOTUBNEHNE perynAa-
Topa pacxoga onpefenyMm B COOTBETCTBUU C
pekomeHgaumamu pasgena 2.2. MuHumMmanbHble
pacyeTHble NoTepyn AaBneHuA Ha perynAarope
pacxofa npuHumaem pasHbimn AP, =20k a.

B) AnNA onpefeneHna notepu A[asneHuA
3anopHoro BeHTWNA no3.4 (d40 apt.1421855,
k, = 30,4 M%4) nucnonb3yem pacHeTHyto Gpopmy-
ny (4.9)[12]:

AP =0,1(G/k,)*,

roe:

G - pacuyeTHbIl pacxof Bofdbl Ha y4dacTke,
Kr/y;
k, - NponyckHaa crnocobHOCTb, M¥/4.

AP, =0,1-(3020/30,4)* = 990MMa(1,0«M1a).

r) pacyeTHble noTepu paBreHuA ¢unbTpa
rnos.6 (d40 apt.1411185, k, =30 m%/4):

AP, =0,1-(3020/30)? =1015Ma(1,0Ma).

[) BEHTUNb GanaHcoBbIN C U3MepPUTENbHbIMY
knanaHamu (no3.5) no3BonNAET NPOM3BOAWTH
N3MepeHnsa pacxoda Bofbl, Y4TO HeobXoaumo
npw NyckoBon Hanagke cuctembl. [1nA nosbiwle-
HNA TOYHOCTN N3MepeHNA BEeHTUNb He OOJKeH
ObITb MOMHOCTbLIO OTKPLITLIM. [oaTOMy 3a4aaum
OrpaHN4YeHne Mo MakCUMamnbHOW CTeneHu OoT-
KPbITUA BEHTWNA C TAKMM YCNOBUEM, HYTOObI Co-
NpoTUBREHNE BeHTUNA 6bino 6bl He meHee 5klMa
(npn pacyetHom pacxoge 3020Kr/4), Tak Kak
namepuTenbHbin komnetotep N'EPLIB900 umeet
MOBBILLUEHHYIO TOYHOCTb W3MEPEHUA pacxopa
npv Nepenage aasneHvs Gonee 5kMa.

YctaHoBMM  3HaYeHVWe  rmapasnnyeckon
npegHacTponkn n=4 (puc. 4.26), npu KOTO-
pOM COMpPOTMBIEHNE BeHTUNA OyaeT paBHO
AP, =6kIa, To ecTb Gonee 5kMMa.
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Puc. 4.25. OnpegeneHne 3Ha4YeHNa rmapasnmyecKon HacTPONKN
perynAatopa pacxoga EPLL 4001, d50, apt.1400126 (no3.3 puc. 4.23 ana
BO3AyX00xnaauTensa yctaHoBkM 12 npu pacyeTHOM 3Ha4eHUu Goéw=3020Kr/‘-I.)

PacyeTHoe MWHVMManNbHOE COMPOTUBAEHUE
ydacTtka Nel (puc. 4.22) B COOTBETCTBUN C Bbl-
pakeHnem (2.2) onpegennuTca cnegyroLmm
obpasom:

AP, . =12 (AP, +AP, +
+ AP, +AP, ,+ AP¢'6+ AP, ) =

=1,2(48,6+14,8+20,0+1,0+1,0+6,0)= 92,6 Kl1a.
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Puc. 4.26. OnpepeneHne conpoTuBNEHNA
BeHTUNA 6anaHcoBoro ¢raHLeBoro
LUTPEMAKC-GMF, d40 ¢ nameputenbHbIMM
knanaHamu, apt.1421845 (nos.5 puc.4.23).

4. Pac4yeTHOE MUHMMAanbHOE COMpPOTUBRE-
Hue y4yacTtka Ne3 (puc. 4.22) onpegenAetcAa B
TOW >Ke NOCNefoBaTenbHOCTU, KaK 1 NpuBeaeH-
HbI BbiLLe pacyeT Aana yyacTtka Nel (puc. 4.22),
a UMEHHO:

- BbINOSHAETCA nodbop obopynoBaHuA U
onpegeneHne rmgpasnn4ecKknx ConpPoTUBIEHNI
ana perynupyembix ydacTtkoB Nel mn Ne2 npwu
pacyeTHoOM pacxofe Boabl 3740kr/y;

- onpegenAaloTcA noTepu AasneHus Tpybo-
nposoga d40 gnuHon 30m (puc. 4.22) npw pac-
4YeTHOM pacxoge Boabl 3740Kr/y;

- onpegenAlTCA noTepu OaBneHna perynsa-
Topa pacxofa rnos.3, 3anopHOro BEHTUMA No03.4,
GanaHcoBOro BEHTUNA NM03.5 1 ¢punbTpa-rpsase-
BUKa N03.6 (puc. 4.23) npu pacyeTHOM pacxofe
Boabl 3740Kr/u.

C uenbto cokpalleHna obbema nsnaraemoro
marepuana Mbl HE MoKasbiBaeM pacyeT MUHK-
ManbHOro conpotusneHna y4actka Ne3, Ho npu-
BOAMM pe3ynbrar pacyera:

Aqu'a =12 (AP, + Aqu +

+ AP, + AP, ,+ AP¢'6+ AP, ,) = 93,5 Ka.

5. PacyetHbin y4actok Ne2 (puc. 4.22)
BKNoyaeT B cebAa ncnaputens yunnepa nos.1,
Tpybonposog d50 gnuHon 84m (puc. 4.22) ¢
YCTaHOBJIEHHBIMM Ha HEM TPEMA 3amnopHbIMU
¢énaHueBbiMn BeHTUNAMM no3. 3 (puc. 4.22)
LUTPEMAKC-AGF, apt. 4218 AGF.

Onpegenum notepy AaBreHNA KaXkgoro u3
BblLLEeyKa3aHHbIX 3/1IEMEHTOB:

a) ucnaputenb Yunnepa nos.1 npu pacyer-
HOM pacxopge Bogbl 6760Kr/4 NMEeT conpoTuB-
nexve AP =23klla;

6) noTeps gaeneHud B TpybonpoBogax onpe-
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genaem no yaenbHbIM NOTEPAM AasneHuna [npu-
noxexHne A, 12]., a MeCTHble COMPOTUBAEHNA
(TPOMHMKK, OTBOAbI U M3MEHEHMEe amameTpa)
YNPOLLEHHO y4MTbIBAEM B BUAE AOMNOMHUTENb-
HbIX 30% K noTepAm gasneHuA rno anuHe.

- pacyeTHbIn pacxog 6760Kr/y;

- o6Lada anvHa 84w;

- guameTp — d50mwm;

- ckopocTb Bogbl 0,9m/c;

- yaenbHaA notepsa gasneHua 2200Ma/m [npu-
noxxeHue Al.

MoTepa naBneHus B Tpybonposogax
AP, =1,3x(220x84)=24020Ma(24,0kIa).

B) ANA onpejeneHua NoTepy faBneHna Tpex
3anopHbix BeHTunen nos.3 (d50 apt.1421856,
k, =36,9 m%4) ncronb3yem pacyeTHyto Gopmy-
ny (4.9)[12]:

AP =0,1(G/ k, )?,
rne:

G - pacyeTHbIli pacxop BOAbl Ha y4acTke,
Kr/y;
k, - nponyckHasa cnocobHoCTb, M*/4.

3 x AP, ,=3x 0,1 x (6760/36,9)* =
=10070 Ma (10,1kMa).

Pac4etHoe conpotueneHne y4actka Ne2
(puc. 4.22) onpenenAaeTcA CyMMOW:

AP ,=AP _+AP +3xAP, =

yu.2 uen yy

=23,0+24,0+ 10,1 =57,1 klNa

6. PacyeTHbIM UMPKYNALMOHHLIM KOMNbLIOM
MOXXHO MPUHATb KOMbLO Yeped yyacTku Nel un
Ne2 unun konbuo 4Yepes yyacTku Ne3 n Ne2. Tak
KaK conpoTuBrieHne ydactka Ne3 Gonblue co-
npotmeneHmA y4actka Nel (93,5kMNa>92,6k[1a),
TO pacHeTHbIM LMPKYNALMOHHBLIM KOSbLIOM Mpu-
HUMaem Konbuo 4Yepes ydactky Ne3 u Ne2. Tor-
Ja pacyeTHble MOTEPU OaBNEHUA B PACHETHOM
UMPKYNALUMOHHOM KOMbLE CUCTEMbl XONO[OC-
Hab)keHWA cocTaBAT

AP, =AP,  +AP, ,=935+57,1=150,6 kla.

2

7. UMpKynAUMOHHBbIN Hacoc nogbupaem Ha
crnegylowme pacyeTHble napameTpbl CUCTEMbI
XONOAOCHa0XeHNA:

G,=G,, =6760«r/4 (6,8 M4);
P = AP, =150,6 ka (15,1 m B.CT.).
K yctaHoBke npuHumaem Hacoc dupmbl GR-
UNDFQOS mapku TP 40-190/2. Pabo4aa To4ka

Hacoca:
G,=7,06m*4, P =16,3mB.CT.

H TP 40-190/2
() |q = 7.06 w3
H=16.3m
18 |Mepekaums. xungkocTb = XorogHas Bofa / oxnaxkaeHHas Boga
16
4 3
14
12
10
8
6
4
2
KMA Hacoca = 52.5 %
O6wun KN = 43.2 %
0
0 2 4 6 8 10 12 Q (m3/4)

Puc. 4.27. Pac4eTHaA xapakTepucTmka
LMpKynAumMoHHoro Hacoca TP 40-190/2
(nos.2 puc.4.22)

8. YuacTtkm Ne3 1 Nel gosmmkHbl umeTb ogu-
HakoBoe cornpoTtusneHue. PacyetHoe conpo-
TrBneHue yJactka Ne3 6orbLue conpoTrBIeHus
y4actka Nel (93,5klMa>92,6klMa). OgHako BbI-
MONHATb MMAPAaBANYECKYIO YBA3KY C MOMOLLbIO
6anaHCoBOro BEHTUMA HET HEoBXo[MMOCTU, Tak
KaK B paboyem pexxume 3Ty GYHKLMIO BbINOSTHAT
aBTOMaTU4YeCKUI perynAaTop pacxofa yana pe-
rynuposaHua lM2. Ero conpotusneHne asToma-
TUYECKUN YBENUYNTCA Ha BENINYNHY HEBASKM.
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4.3. Mpumep nogbopa perynupyrowmnx KnanaHos nNpn npncoegnHeHnn cuctem
TENJoNOTPeb6sIeHNA K MHANBUAYaNbHON KOTEJNIbHON Yepe3 pacnpegenntesbHble

rpe6eHkn

PacnpegenutenbHble rpebGeHkn ABnAlTCA puc. 4.28 nokasaH BapuaHT CXembl MNPUCO-
Haunbonee pacnpocTtpaHeHHbIM TeXHUYeCKNUM eguHeHnA cuctem TeI'IJ'IOI'IOTpe6J'IeHVIFI K KOTny
peweHnem pnAa npucoeauHeHuA pasnnyHbIX HOMWHaNbHOM MOLLHOCTbIO 95 KBT ¢ ropenkon,
cucrtem TeI'IJ'IOI'IOTpe6J'IeHI/IF| K KoTenbHon. Ha pa60Ta+ou.|e|71 Ha pacTtutesibHOM mMacne.

Yzen'1 Yaen2 Yaen 3
CUCTEMa HAMONbHOIO OTOMIEHNS CUCTEMa HAMONbHOIO OTOMNEHNA CUCTeMa KOHBEKTUBHOIO OTOM/IEHNS
paﬁaraem TeyeHne Bcero roga ,DaﬁOTJE‘TB oTOnNTENbHbIN nepnog paéoraerﬁ oTOnNTENbHBIN nepnog
Q;=8kBr t=45C 1,=35C Qy=24xBr t=45C t,=35C Q;=56kBr  t=80C t=60C
GMaK(:690Kr/L/ AP, = 13000772 GMaKC:ZOciOKr/L/ AP,=80007Ta GWKC=2470KI'/'-/ 2APy=90001Ta
G]: 160 kr/y 61:460/(//4 G ]=24/0Kf/'-/ 37
s 0554 G oy 32 024G, 240 GO G o ./ /
3.8 % "
| ____JI,___%_T\ag
|
2.7 3.6 L ' .-"""" I
v v 3.6 !
3.1 P3.1 I
|
] 24 Uy 1 J ___
. "A"
: 1 % - B =0
[ B N\ _r.-""16 i r] _r.-""36 3 9
43 - . 295 N3
GA o 227 A
x [11 0 G, % /; [ ]
4.1 44 020 | 025 v 20 L
| — -
| S W\

[ 7
=l z 4

i == i e i]

_x-'\d_: Edj T ‘w b
&S| s Pur \us a2 s
Ysen4 225 050 [t,=60C g/F Qo0 = 95KBT

T=80C =60

boiinep ropavero BogocHabKexns
Q=308 T=80C T=60C G, oma 2 G1=3030ke/y
Cuarc™ 1300KT4— AF= 4000018 AP, =5000MTa

KOTJIA

Puc. 4.28. Pac4eTHan cxema TpybornpoBOAOB KOTESbHOW ¢ pacnpegenuTenbHbiMm rpebeHkamm

Y3en o6BA3kM Kotna: 1 — koten 95kBT ¢ ropenkon Ha pacTUTensHOM Mache; 2 — BeHTUITb 3anopHblii LUITPEMAKC-
A d50 apt.1411516; 3 — ounbrp-rpasesnk NEPL| d50 apt.1411116; 4 — Hacoc nogmeLLMBaOLLNIA;
5 —knanaH CALIS-TS-RD apt.17761; 6 — TepmocTatu4eckas rofloBka ¢ HaknagHbIM AaT4YMKOM Auanas3oH
40...70°C apt.1742100; 7 — BeHTWnb 3anopHblii LITPEMAKC-A d25 apt.1411513; 8-006partHblil Knana;

Ysen 1: P1.1 — Hacoc cmecutenbHbiii; 1.1, 1.2 — BeHTUNb GanaHcosbin LUTPEMAKC-GM d20 apt.1421702;
1.3 — knanaH MNEPL ap1.17762 (unu knanaH CALIS-TS-RD apt.17761); 1.4 — TepmocTaTnyeckan ronoska c
HaknagHbIM gartunkom 40...70°C apt.1942198 (unm 20...50°C apT.1742006); 1.5 — obpartHblii knanaH d20;
1.6 — BeHTUNb 3anopHbii LUITPEMAKC-A d20 apt.1411512; 1.7 — BeHTunb LUTPEMAKC-A d25 ap1.1411513;
1.8 — Tepmopene 3awwmTbl apT.1810000;

Y3en 2: P2.1 — Hacoc cmecuTenbHblin; 2.1, 2.2 — BeHTUNb H6anaHcosbln LUITPEMAKC-GM d25 apr.1421703; 2.3
— knanaH CALIS-TS-RD apt.17761; 2.4 — TepmocTaTyeckan rofioBka ¢ HaknagHbIM faTynMkom guanasoH
20...50°C apt.1742006; 2.5 — obpatHblii knanaH d25; 2.6 — BeHTUnb 3anopHbii LUTPEMAKC-A d25
ap1.1411513; 2.7 — BeHTUnb LUTPEMAKC-A d32 ap1.1411514; 2.8 — Tepmopene 3awmtbl apt.1810000;

Ysen 3: P3.1 — Hacoc cmecutenbHbiii; 3.1, 3.2 — BeHTUNb GanaHcosbin LUTPEMAKC-GM d40 apt.1421705;
3.3 — knanaH perynupytowmn [EPL, apt.14037; 3.4 - oanektponpusog [EPL apt.1771211;
3.5 — obpatHbil knanaH d40; 3.6 — BeHTWnb 3anopHbin LUITPEMAKC-A d40 apt.1411515;
3.7 — OneKkTPOHHbI «CnepAaAmn» perynAatop Temnepartypbl apt.1779323; 3.8 — patyuk HaknagHowm
apt.1779300; 3.9 — gatyunk Hapy>xHol Temnepatypbl apT.1779301;

Y3en 4: P4.1 — Hacoc UMPKYNAUWOHHLIA; 4.1 — Goinep ropAadero BogocHabeHud; 4.2 — BeHTUINb GanaHcoBbIi
LUTPEMAKC-GM d25 ap1.1421703; 4.3 — 9aneKTpOHHbIN perynatop apt.1779323; 4.4 — paT4mk HaknagHom
apt.1779300; 4.5 — obpatHbIit knanaH d25; 4.6 — BeHTUNb 3anopHblin LUITPEMAKC-A d25 apt.1411513.
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C uenblo ynpolleHua rpaduyeckoro mn3o-
OpakeHVA pacyeTHOM cxembl Ha puc.4.28 He
nokasaHbl KOHTPObHO-3MepUTENbHbIEe NPUGo-
pbl, NpegoxpaHuTenbHble YCTPONCTBa, YCTpon-
CTBa AnA ypaneHuA BO3gyxa W3 CUCTEMbI,
MeMOpaHHbIi paclUMpUTENbHbIA Bak, cUcTembl
noanUTKN 1 ApeHaxka, KOMNeHcaTopbl TeNnoBo-
ro YanuHeHWA, HENoABVIXHbIE OMOpbl U Apyroe
obopygnoBaHue.

Cxema ycrnoBHO pasfeneHa Ha nAaTb y3r0B:

- OAVH y3en npegcTaenAeT cobon 06BA3KY
WCTOYHMKA TEMNIOBON 3HEPrum — BOJOrpemnHoro
KOTMa HOMUHanNbHON MoLlHoCcTN 95KBT ¢ ropen-
KO Ha pacTUTenbHOM Macne;

- YyeTblpe Apyrux ysna npepcraenAoT coboi
y3nbl perynupoBaHuA YeTbipex pasnnyHbiX cu-
cTeM TennonoTpebneHus.

OcHoOBHble UCXOfHble fAaHHble, Heobxoau-
Mble A nogbopa apmatypbl U PerynmpyroLLImnMx
KnanaHoB, MNpeacTaBeHbl HENnocpeacTBEHHO
Ha pac4eTHOIn cxeme puc. 4.28.

Y3en o6BA3KN KoTna.

Coctout 13 nNpucoeguHUTENbHbIX K noparo-
wen n obpartHoi rpebeHkam TpybGonpoBoAoB
@50 C yCTaHOBMEHHBIMU HA HWX 3aropHbIMU
BEHTUNAMN 1M03.2 U ¢unsTpom no3.3. duame-
TPOM TPYOGOMpPOBOAOB 3a4aEMCA, OPUEHTUPYACH
Ha pacyeTHYIO CKOPOCTb TensioHocuTena [npu-
noxeHue A]. lNotepyn AaeneHua onpegenAem
Nno ygenbHbIM MOTEPAM [aBIEHNA, a MECTHble
conpoTmBneHna (0TBoAdbl U UBMEHEHUE guame-
Tpa) ynpOLUEHHO y4YUTbiIBAEM B BUAE AOMONHU-
TenbHblX 30% K noTepAM AaBneHuA no AnvHe.
VcxoaHble aaHHble AnA rugpasnmMyeckoro pac-
yeTa crnegyoLme:

- pacyeTtHbIn pacxog 3030 Kr/y;

- obLas gnuHa 9 m;

- pnametp — d50 mwm;

- cKkopocTb TennoHocutena 0,41 m/c;

- yaenbHana notepsa gasnexHna 50 Ma/m.

MoTeps gaBneHws B TpybonpoBogax o6BA3-
Ky KoTna:

=1,3x(50x9) = 590 Ma.

K.

AP
yu.

[na onpegeneHna notepu aasnenuna AP, lMNa,
apmarypebl, rmgpaBsnn4eckne napameTpbl KOTO-
pol 3afaHbl B BuAe NpPOMycKHOW CnocoBHOCTY,
ncnonb3yem pacyeTtHyto dopmyny (4.9)[12]:

AP =0,1(G/ K, )?,

roe:

G - pacyeTHbI pacxof TennoHOCUTENA Ha
ydacTke, Kr/y;

k, - nponyckHasa cnocobHoCTb, M%/4.

Onpegenum pac4yeTHble NoTepu pAasne-

HUA [OBYyX BeHTunen nos.2 (d50, apt.1411516,
k,=87 m/4) n punbTpa nos.3 (d50, apr. 1411116,
k, =42 m%/4):

2AP,, = 2.0,1-(3030/87)2 = 245(a.

AP, =0,1-(3030/42)? = 520Ta.
CymmMapHble pacyeTHble MoTepu AaBneHus
yana O6BF|3K|/| KOT/1a COCTaBAT.

AP =AP _ +2AP,+ AP, =
YY.K. YY.K. 8.2 .3
= 590+245+520=1355l1a.

BannacHaA nuHUA ¢ Hacocom no3.4 un pery-
MMpYIOLWLMM KnanaHom nod.5 npegHasHadeHa
ONA aBTOMAaTMYeCcKOro nogaepXkaHusa Ttemmne-
paTypbl TEMNOHOCUTENA Ha BXOAE B KOTEN He
meHee 60°C. Pac4eTHbI pacxoq (B AaHHOM Cny-
Yae MakcumMmanbHbI) onpegenAeTcA Ha OCHOBa-
HAUM MNPOTrHO3UPYEMOrO aHanu3a COBMECTHOW
paboTbl y3noB 1...4 BO Bce mepuodbl roga. B
JaHHOM MpuMepe NpUMeM 3a pacyeTHbIN (Mak-
cumanbHbIn) pacxoq 1000kr/4.

PacdeTHOE UMPKYNAUMOHHOE KOSMbLO AnA
Hacoca Mno3.4 COCTOMT M3 MocnegoBaTenbHbIX
y4acTKOB OOBA3KM KOTNa 1 GainacHon nuHUN.
B atom cny4ae pac4deTHbIn pacxof TensoHocu-
Tena ob6BA3KWU KOTNa criegyeT NPUHATL PaBHbLIM
3030+1000=4030kr/4, a cymmapHble pacyet-
Hble NoTepy AaBneHua ysna ob6BA3KM koTna npu
nepec4erte COCTaBAT:

1355
SAPy, = —— x4030" = 2400 Ma.

3030

CymmapHble noTepu AaBreHus GannacHom
NUHUK ZAPyLm COCTOAT N3 NOTepb AaBneHns B
Tpy6onposoge AP, 5> NOTEPb ABMNEHNA B ABYX
3anopHbIX BEHTUNAX M03.7 U B pPerynupytoLLem
[ABYXXO[0BOM KfnanaHe rnos.5.

VcxoaHble paHHble AnA rugpasnuyeckoro
pacyeTa crnegytome:

- pacyeTHbI pacxog 1000kr/y;

- obwasa gnvHa 1,5m;

- anameTtp — d25mwm;

- CKopocTb TennoHocutena 0,46m/c [npu-
noxxeHwue AJ;

- yaenbHaA notepA gaeneHua 1400Ma/m [npw-
noxxeHue Al.

Motepa paBneHusa B Tpybonposogax Oaii-
nacHomn NuHUK 0BBA3KM KoTNna:

AP, s =1,3x (140 x 1,5) = 280 Ma.

Onpegenum pacyeTHble noTepy AasneHuA
ABYX BeHTunei nos.7 (d25, apr.1411513, k =18
M3/4) 1 ABYXXOO0BOIo PErynupyoLLEro KnanaHa
no3.5 ¢ NMHENHOW MPOMNYCKHOW XapaKTepucTu-
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kon (d20, apt.1776139, k, = 3,3 M%/u):

2AP, ,=2-0,1-(1000/18)? = 620 MNa.
AP, .=0,1-(1000/3,3)? = 9180 Ma.

3

CymmapHble noTepu AaeneHus GarinacHom
NUHUK COCTaBAT:

2AP _ =AP _ +2.AP,_+ AP
y4.6n . 8.7

yu.6n. 6n KA.3 =

=280 + 620 + 9180 = 10080 MNa.

Torga pac4yeTHble noTepy faBneHUs B pac-
YEeTHOM LIMPKYNALNMOHHOM KOmbLie Hacoca nos.4
COCTaBAT

AP, =2AP, +2AP

y4.6n. =

= 2400 + 10080 = 12480 MNMa (12,5 kla).

[NogmelumBatoLLMii HACOC C 3NEKTPOHHbLIM
ynpaBneHneMm CKOpPOCTU BpalleHnA nos.4 nog-
Ovpaem Ha cnegylolime pacyeTHble napame-
TpbI:

G,=G,, = 1000 kr/4 (1,0 m%/4);
P,=2AP,, =125kMa (1,3 mB.CT.).

K yctaHoBke npuHumaem Hacoc ¢upmbl GR-
UNDFOS mapku ALPHA+25-40 180. Pabouvan
TO4Ka Hacoca:

G,=1,02w%4, P =151 mB.CT.

H ALPHA + 25-40 180

(w) Q=1.02 M3
H=151m

3.6 lMepekauns. X1AKOCTb = Bppa B cicTeMe oTonneHns
3.2
2.8
2.4

2
1.6
1.2
0.8
0.4

0 O6wmn KN =11.9 %

0 05 1 5 2 25 Q (W)

Puc. 4.29. Pac4yeTHan xapaktepucTtunka
nogmeLumatoLlero Hacoca ALPHA +25-40 180
(no3.4 puc. 4.28)

Y3en 1.

MpencTaBnAeT coboi y3en perynupoBaHUa
C/CTeMbl HarMoNbHOro OTOMMNEHWA, KOTOpasA IKC-
nnyaTupyeTcAa B Te4HeHne BCero roga.

Mopbop Tpexxogosoro PO u gpyroro obopy-
[OBaHUA CUCTEMbl TennonoTpebneHna npoms-
BOAMM B COOTBETCTBUM C MeToAVKamMu pasgena
3.3.2 no pac4eTHon cxeme puc. 3.9 u pasgena
3.5.2 no pacyeTHomn cxeme puc. 3.16.

OcHoBHble ncxofHble faHHble y3na 1 npuse-
AeHbl Ha cxeme TpybonpoBOAOB puc. 4.28.

MoabGop Tpexxomoeoro PO yana cmelleHus
npounssoaum no metoavke pasgena 3.3.2 (pac-
yeTHaAa cxema puc. 3.9) co cnegyloLWMMN UC-
XOOHbIMW OaHHbIMU:

- pacyeTHble napameTpbl TennoHocUTens
notpebutena tennotbl t =45 °C, t =35 °C;

- MakcCumarsbHbI pacyeTHbIA pacxon Te-
nrnoHocuTens ana  notpebutend  TennoThl
G, =690kr/y;

- noTepu AaBneHus notpebutena (cuctemsbl
HanonbHOroO OTOMSIEHMA) C MOABOAALLMMUN Te-
nnonposodamMn U apMaTtypon — Mo Hanpaene-
HUIO [BVKEHWA TEnsioHOCUTENA OT y3na «A»
[0 KnanaHa nos. 1.3 (B Tom 4ncne: gBa BeHTUnNA
nos.1.7) AP = AP, =130000a;

- pacyeTHaAa Temnepatypa TennoHocuTens
oT KoTna 80 °C:

- pacyeTHbI pacxon TenIoOHOCUTENA OT KOT-
na G, =160kr/4.

Cnepyet onpefenutb Takxe crnegymoLime
LOOMOMHUTENbHbBIE NCXOOHbIE AAHHbIE!

1. CymmapHble notepu paeneHna AP
TENNONPOBOAOB (C pacyHeTHbIMK pacxodamm
G,) mexgy nopatoLlen rpebGeHKon 1 TOYKOM
«A», a TaKkke Mexay Toukon «B» 1 obpatHoii
rpebeHKon.

2. MNoTepn pgaBneHnA B MOAMeLUMBAlOLLEM
Tpy6onposoge AP, (napameTpbi 6aiinaca).

CymmapHble noTepu faBneHuA Tennonpo-
BOoOoB ZAP  mexgy nofatoLien rpebeHKom
N TOYKOM <</i», a TaKkKe Mexay To4kom «b» u
obpaTHoi rpebeHKon COCTOAT 13 NoTepb JaBne-
HVA B TpyOonpoBoae AP viToTepb AaBneHnA B
ABYX BEHTUMAX N03. 1.6 n noa. 1.2.

MoTepw faBneHnA B TenonpoBogax paccyu-
TbIBAEM MPW CregyoLmnX NCXOAHbBIX AaHHbIX:

- pacyeTHbIn pacxog 160 Kr/y;

- obLWana gnvHa 5m;

- onameTp — d20mwm;

- ckopocTb TennoHocuTena 0,13wm/c [npu-
noxexwue Aj;

- ygenbHaA notepA fasnexHua 200Ma/m [npu-
noxexue Al.

lMoTepu oaBneHna B TEMNONPOBOAAX:

AP =1,3x (20 x 5) = 130 Ma.
Onpegenum  pac4eTHble MoOTepu  Aae-

neHnA 3anopHoro BeHTMNA nos3. 1.6 (d20,
apt. 1411512, k, = 10,5 m%/4).
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AP, . =0,1-(160/10,5)* = 20Ma.

BanaHcoBbin BeHTUNb no3. 1.2 (d20, aprt.
1421702) ucnonb3yeTcA B KA4ECTBE 3anopHOro,
6anaHcoBOro 1 N3MepUTENbHOMO YCTPOCTBA.

Mpn Hanagke cUCTeMbl OTOMMEHUA C MOMO-
LLUbIO BEHTWNA MOXXHO YCTaHOBUTb Tpebyembii
pacxog TennoHocutena. MNMpu namepeHun pac-
X0fa BEHTUNb He [OOMKeH OblTb MONHOCTbIO
OTKPbITbIM. Sap,a,qmnn orpaHmn4yeHmne makcumarnb-
HOW CTENEeHN OTKPLITUA BEHTUNA C TAKUM YCIo-
BMEeM, 4YTOObl COMPOTUBREHUE BEHTUNA Obino
Obl He MeHee 5klla (npu pacdeTHOM pacxope
160kr/4), Tak Kak U3MepuUTENbHbIA KOMMbIOTEP
FEPLIB900 nmeeT noBbILLEHHYIO TOYHOCTb W3-
MepeHna pacxofa npu nepenage pAaBneHuna
bonee 5kMa.

=<2 3HaueHue ky —>

‘ne‘;‘rer;an AaBneHuA Ap

PG

“[kr/d] L L L
Pacxoa qm ——> 160 Kr/"l Y T SRR

Puc. 4.30. OnpegeneHune conpoTmBeHnA
BeHTUNA 6anaHcosoro LUITPEMAKC-GM, d20,

apT.1421702 ¢ nameputenbHbIMK KnanaHamu,
nos. 1.2 puc. 4.28.

YCTaHOBUM  3Ha4yeHne  ruapasBnnuyeckomn
npegHacTtponkun n=1 (puc. 4.30), npm KoOTO-
pPOM COMPOTMBIIEHWE BEHTWNA OydeT paBHO
AP_, ,=6ka, To ectb 6onee 5kIa.

Takum 06pasom, cymmapHbie noTepun aasre-
HMA Tennonposofos ZAP MeXay nogaroLlen
rpeGeHKoN 1 TOHKOM «A» a TaKkke MeXay Tou-

Kol «B» 1 obparHoi rpe6eHK0|/| GynyT paBHbI
ZAPyH.z APyH.+ APE.LG. + APB.1.2 =

=130 + 20 + 6000 = 6150 lMa (6,15 kla).

Tpebyemble noTepy faBneHVA B nogMeLuun-
BatolLiem Tpybonposoae AP, (s Gainace) npu

G= G__, B COOTBETCTBUWN C PEKOMEeHAaLMAMY
pasgena 3.5.2 gnAa cxembl puc. 3.16, npymem
paBHbiMK TpebyembiM MOTepAM faeneHua Oa-
NaHCcoBOro BeHTUNA nos. 1.1:

AP, = APy, = (3AP, + 3AP, )=

6.6.1.1 YY.K.

= 6150 + 2400 = 8550 Ma (8,55 kMa).

OnAa 6anaHcoBoro BeHTWNA nos.1.1 onpege-
MM 3HaYeHNEe rnapaBnM4eckon npegHacTpon-
K n=2,8, Npn KOTOPOM COMPOTUBIIEHNE BEHTU-
na 6y,qu paBHo AP, =8,65kla npn pac4eTHOM
pacxoge G__, = 690KF/‘-I (punc. 4.31).

max’

v 3HaueHue ky —>

i i

Ly
b

‘NMepenapn pasnexus Ap =

ﬂ,,,*. it

T ke
Pacxoa qm —>

690 Krfﬂ*‘”j“""’?"”"_’;" .

Puc. 4.31. OnpegeneHune 3Ha4yeHnA
rmapaBnmMyeckor NpeHacTpPoK BEHTUNMA
6anaHcoeoro LUTPEMAKC-GM, d20, apT.
1421702 ¢ nameputenbHbIMK KnanaHamu,

nos. 1.1 puc. 4.28.

Takum obpasom, onpegenus rvuapasnu-
Yeckue napameTpbl TEMNONpoOBOAOB MeXay
KOTNOM 1 ToYKamu «A» 1 «B», a Takxe Tpybo-
nposoda nogmeca (6arnaca), Mbl 3aBepLUUnN
$bopMMpPOBaHME UCXOAHbIX AaHHbIX AnA nog-
6opa Tpexxogosoro PO no3.1.3 n ansa nogbopa
cMecuTenbHoro Hacoca P1.1.

Tpexxoposoit PO nogbupaem no meroauke
pasgena 3.3.2. I3Ha4anbHO Mbl NPUMEHAEM B
cxeme yana 1 perynupytowmin knanaH CALIS-
TS-RD apt.17761, KOTOPbIA UMEET NUHENHYIO
MPONYCKHYIO XapakTepucTuky (Tabnuua 3.5).
[MoaTomy, B COOTBETCTBMU C PEKOMEHAALMAMUN
pasgena 3.1, cnegyeT 3apjaTbCA aBTOPUTETOM
KnanaHa a >0 4. 3apagymcAa aBTOPUTETOM

a,,,.=0,5. Torna Tpebyemoe MUHUMANbHOE
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pacHeTHOe 3Ha4deHue nepenaga gasneHnA Ha

PO (APP'QTPEE)W.” , Ma BbluncnAeTcA NoO BbipaXke-
Huto (3.19):
AP1+ AP,
(APp.o.TPEE Jmin = 1—n =
-1
av 1pe5
13000 + 8550
=———=215501]a

o
05

Tpebyemaa ycrnoBHas MponyckHaA crnocob-
HOCTb PO K peer M¥/4  OMpeaensetca no Bbl-

paxkeHuto (3.20):

G max

p\/ 01(AP, , 105 Jmin
690

= 10
992,/0,1 x 21550

B Tunopaamepax Tpexxo[oBbiX KranaHoB
CALIS-TS-RD camoe manoe 3HadeHue ycros-
HOV1 NPOMYCKHO crnocobHocT k  =3,0m%4 nme-
eT KnanaH apT1.1776138, To ecTb B ABa pasa 6o-
nee Tpebyemoro. Moatomy criegyeT NpusHaTb,
4YTO fAaHHbIA TUMN KnanaHa C NUHENHOW npo-
NMYCKHOW XapaKTepUCTUKON He COOTBETCTBYeT
CYLLIECTBYIOLLMM MCXOAHbIM AaHHbiM. Cregyet
BblbpaTb PO ¢ paBHOMPOLEHTHOM MPOMYCKHOM
XapaKTepuCTUKOWN.

MpuHMMaeM K yCTaHOBKE TPEXXOLOBOWN
knanaH apt. 17762 ¢ paBHOMPOLEHTHOW Mpo-
MycKHOW xapaktepuctukon (tabnuua 3.5). K
Hemy cregyeT NpPUMeHWUTb TEePMOCTaTUYECKYHo
ronosky EPLI- ON3AVH ¢ HaknagHbIM gaTyu-
kom (guanasoH 40...70 "C) ¢ npucoegnHuTenb-
Hoii pe3bboin M30x1,5, apT.1942198 (nos. 1.4).
B cooTBeTCTBUM C pekoMeHfaumAMK pasgena
3.1, cnegyet 3agartbCA aBTOPUTETOM KnarnaHa
0. 1<a ,<0,3. 3apagumca aBTOpPUTETOM &
=0,2. Torna Tpebyemoe MUHMManbLHoe pac-
YeTHOE 3Ha4veHue nepenaga gasneHnAa Ha PO

10° =

KvsTpes =

2 =1,5M3 /4

(APpAQTPES)mm, Ma BblYUCNAETCA MO BblpaXKEHUIO
(3.19):
AP4+ AP,
(AP, o 1pE5 Jmin = 1 T =
-1
av 1pes
13000 + 8550
=————=5390/1a

1

027"

Tpebyemasn ycrnoBHaA nponyckHaa cnocob-

3 -
HocTb PO k..., M4 onpepnenAeTcA no Bbl

paxkeHuto (3.20):

Gmax 2
kvs TPEE = 10 =
pJOJ1 (APp,o_TPES )min
690
102 = 3,0M3 /4

~ 992./01 x 5390

MpuHMUMaem K ycTaHOBKE TPEXXOZOBOWN Kna-
naH apt.1776251, d15, k =2,5m%/4. Pac4eTHbii
nepenap pgasnexwua Ha PO AP, Ta Bbl4yncna-
€TCA Mo BblpaxeHuo (3.22):

690
APy, = (—)2 = 7620/ 7a.

PacyeTHbI nepenap OaBneHWA Ha perynu-
pyemom y4actke AP_, [la onpepgensetcAa no
BblpaxkeHunto(3.24):

Py’

APPV = AF,p.o. + APnomp. + AP6n =
= 7650 + 13000 + 8550 = 29170/1a.

[MpoBepum fencTenTenbHOe 3Ha4eHne aBTo-
puTeTa KnanaHa no BblpaXXeHUo:

APpo
a — —
v APp.o. + APnomp + APGn
7620

~ 7620 + 13000 + 8550

=0,26.

Takum 06pasom, BblIOpaHHbI TUNopasMep
KrnanaHa CoOTBETCTBYET AnanasoHy KnarnaHos ¢
paBHOMPOLEHTHOW MPOMYCKHOW XapakTepucTu-
ko 0.1<a <0,3.

CmecutenbHbIi Hacoc nos. P1.1 nogbupaem
Ha crnepytoLme pacyeTHble napameTpsbi:

G,=G,, =690 Kr/4 (0,7 M*/4);

P, = AP,,= 7620 + 13000 + 8550 =
=29170 INa (3,0 m B.CT.).

K ycTaHoBKe MpuHMMaeM Hacoc ¢UPMbI
GRUNDFOS wmapkn UPS 25-50 180. Pabo4yas
TOYKa Hacoca:

G,=0.714 »°/4, P =3.46 MmB.CT.
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H UPS 25-50 180

(m)

Q=0.714 M3y
H=3.46m
I'IepeKaanB. XKNOKOCTb = Bona B cucteme otonneHunAa

O6wwmin KNA = 16.4%
0 0.5 1 15 2 25 Q (m3/4)

Puc. 4.32. Pac4yeTHas xapakrepuctka
cmecuTenbHoro Hacoca UPS 25-50 180
(no3.P1.1 puc. 4.28)

Ysen 2.

MpepncTaBndAet coboii y3en perynupoBaHua
CUCTEMbI HarosbHOro OTOMNMIEHMA, KOTOpaA aKC-
nayaTnpyeTcA B OTOMUTENbHbBIN Nepuos.

Mopbop Tpexxonosoro PO u gpyroro o6opy-
[OBaHUA CUCTEMbl TennornoTpebrneHusa npoms-
BOAVM B COOTBETCTBMW C MeToAMKamu pasfena
3.3.2 no pacyeTHon cxeme puc. 3.9 n pasgena
3.5.2 no pac4eTHom cxeme puc. 3.16.

OcHoBHble NCXodHble faHHble y3na 2 npuBse-
LeHbl Ha cxeme Tpybonpoeoaos puc. 4.28.

Mopbop Tpexxogosoro PO y3na cmelueHns
npon3BoAMM Mo MeToauke pasfgena 3.3.2 (pac-
yeTHaAa cxema puc.3.9) co cnegyoyMm uc-
XOAHbIMW AaHHbIMN:

- pacyeTHble napameTpbl TennoHocuTenA
notpebutensa tennotbl t =45 °C, t =35 °C;

- MakCuMmasbHbI pacYeTHbIN pacxopn Te-
nnoHocuTena AnA noTpedbutena  TenmnoTbl
G, =2060kr/4;

- NoTepu OaeneHuA noTpebutena (cuctemsl
HanomNbHOrO OTOMJSIEHMA) C NOABOAALUMMMK Te-
naonposodaMn U apMatypon — no Hanpasne-
HUIO OBVDKEHWNA TENnIoOHOCUTENA OT y3na «A»
[0 KnanaHa nos.2.3 (B TOM 4Yuchne: gBa BEHTUNA
no3.2.7) AP =AP,=8000ra;

- pacdeTHaA Temneparypa TennoHocuTensa
ot kotna 80 °C:

- pac4eTHbI pacxof TENSIOHOCMTENA OT KOT-
na G,=460kr/4.

CnenyeT BblABUTb Takke criefylolume fAo-
NOMHUTENbHbIE UCXOfHblE AaHHbIE:

1. CymmapHbie notepm [aBneHns
ZAPW TENNonpoBoAoB (C pacyeTHbIMU pac-
xopgamu G,) mexpy nogaroLlei rpebeHKon u
TOYKON «A», a TaKxe Mexay Toukoln «B» 1 06-
paTHol rpebeHKoN.

2. lMotepn paBneHUA B NOAMELUMBAIOLLEM
Tpybonposoae AP, (napametpsl 6aiinaca).

CymmapHble noTepu fasneHuA Tennonpo-
BOJOB AP~ mexay nopawollen rpebeHkol
N TOYKOM <<,&>'>, a TaKkkKe Mexay To4kom «b» u
obpaTHoli rpebeHKoin COCTOAT U3 NoTepb AaBne-
HVA B TpyOonpoBoae AP, V1 TOTEPb AaBNEHNA B
[OBYX BEHTUNAX No03. 2.6 1 noa. 2.2.

[MoTepu gaBneHuA B Tennonposogax paccyu-
TbiBA€M MpPWY CreayoLmnxX NCXOAHbBIX aHHbIX:

- pacyeTHbIn pacxog 460Kr/y;

- obLan gnvHa 6m;

- Anametp — d25mm;

- CKopocTb TennoHocutena 0,21m/c [npw-
noxxeHue Aj;

- ygenbHaA notepA gasneHua 300Ma/m [npu-
noxeHue A, 12].

MoTepu oaBneHna B TEMNONPOBOLAX:

AP, = 1,3 x (30 x 6) = 240 Ma.

Onpegenum pacyeTHble noTepy AasneHuA
3anopHOro BeHTUnNA nos.2.6 (d25, apt. 1411513,
k =18 m%/4).

AP,,, =0,1-(460/18)> = 70 Ma.
BanaHcoBbIn BeHTUNb M03. 2.2 (d25, aprT.

1421703) ucnonb3yeTcA B KA4eCTBE 3aMNOpHOro,

6anaHCOBOro 1 U3MEPUTESIBHOIO YCTPONCTEA.

Mpu Hanagke cucTembl OTOMMEHNA C MOMO-
LLbIO BEHTUNA MOXHO YCTAHOBWTb TpPebyembilii
pacxop TennoHocutena. Npu namepeHun pac-
Xoaa BeHTWb He AoimKeH 6bITb MONMHOCTbIO
OTKPbITbIM. 3agagyM orpaHnyeHne Makcumarb-
HOW CTEneHn OTKPbITUA BEHTUNA C TakK1UM YCro-
B/EM, 4TOObl COMPOTUBIIEHWE BEHTUNA ObINO
6bl He MeHee 5klla (Mpy pacyeTHoM pacxofe
460Kr/4), TaK KaK N3MepUTENbHbIA KOMMbIOTEP
MEPLI8900 vmeeT noBbILLEHHYD TOYHOCTb U3-
MepeHnA pacxofja npu nepenage AaBneHuA
6onee 5kMMa.

YcrtaHoBMM  3HaYeHWe  rmapasnnyeckon
npegHacTponkn n=2,6 (puc. 4.33), npu KOTO-
pOM COMPOTMBNEHUE BEHTUNA OyneT pasHO
AP, , =5KlNa.
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- . 3HavyeHne Kv ——

R T INE A e e

e
4
A

Mepenap paBneHna

ey T

Pacxop qm ——>

Puc. 4.33. OnpepgeneHne conpoTuBneHns
BeHTUNA 6anaHcosoro LUITPEMAKC-GM, d25,
apt. 1421703 ¢ namepuTternbHbIMA KranaHamu,

nos. 2.2 puc. 4.28.

Takum 0b6pa3omM, CymMapHble NnoTepu gasne-
HWA TennonpoBogoB ZAPW MeXxay nofaroLlemn
rpebeHKoN 1 TOHKON «A», a TakkKe Mexxay Tou-
Kol «B» 1 obpartHoii rpebeHkoin 6yayT paBHbI

SAP =AP + AP +AP,, =
yd y4. 8.2.6. 822
=240 + 70 + 5000 = 5310Ma (5,3 kMa).

TpebyeMmble NoTepu AaBneHUA B nogmMeLLu-
BatoLiem Tpybonposoae AP, (B 6ainace) npu
G= G__, B COOTBETCTBUN C pPEeKOMeHaauuAmm
pasgena 3.5.2 gnAa cxembl puc. 3.16, npumem
paBHbIMW TpebyembiM MOTepAM AaBneHus Oa-
NaHCcoBOro BeHTUNA rno3.2.1:

AP, = AP, = (SAP, + SAP, ) =

6.8.2.1 YY.K.

= 5310 + 2400 = 7710Ma (7,7 kMa).

Ina 6anaHcoBoro BeHTUNA nos. 2.1 onpepe-
MM 3HaYeHne rngpasnm4eckon npegHacTpon-
K1 n=3,6, Npy KOTOPOM COMPOTUBIIEHNE BEHTU-
na Gypet pasHo AP, , =7,7klNa npy pac4eTHOM
pacxoge G__ ,=2060kr/4 (puc. 4.34).

max’

- ..z 3HaYeHne Kv ——

Mepenap aaBneHnA 4p —— . -

et LPE e i

ki
Pacxop qm ——

208" %e
Puc. 4.34. OnpegeneHne 3Ha4eHuA
rMAapaBINYecKon NpegHacTPONKM BEHTUMNA
6anaHcosoro LUITPEMAKC-GM, d25, apr.
1421703 ¢ namepuTtenbHbIMK KnanaHamu,
nos. 2.1 puc. 4.28.

Takum obOpasom, onpegenus rMapaenu-
yeckne rnapameTpbl TEMNnornpoBOAOB Mexay
KOTNOM 1 TouKaMmu «A» 1 «b», a Takxe Tpybo-
nposoda nogmeca (bainaca), Mbl 3aBepLUUnu
bopMMpOBaHME UCXOAHbIX AaHHbIX AnA nogbo-
pa Tpexxogosoro PO nos. 2.3 n ana nogbopa
CMecuUTenbHOro Hacoca P2.1.

Tpexxopgosoii PO nogbupaem no metoamke
pasgena 3.3.2. I3Ha4anbHO Mbl UCNOb30Banu
B cxeme y3na 2 perynupytowmin knanaH CAL-
IS-TS-RD apt. 17761, umelowWn NUHENHYIO
MPOMYCKHYIO XapaKTepucTuky (Tabnuua 3.5).
[MoaTomy, B COOTBETCTBUAU C pPeKoMeHAaunAaAMU
pasgena 3.1, cnefyeT 3afaTbCA aBTOPUTETOM
knanaHa a>0,4. 3apgagumcA  aBTOPUTETOM
a =0,5. Torga Tpebyemoe MUHUMAaNbHOE

vTPEBE
pacHeTHOe 3Ha4eHme nepenaga gaBlieHnA Ha

PO (APpAQTPEB)mm, Ma Bbl4MCNAETCA NO Bblpa-
»eHuo (3.19):
(AP, . 7Pe6 Jmin = w =
av 1pes .
= —80001+ 7710 =1571071a
05" 1
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Tpebyeman ycrnoBHasA MponyckHaA crocob-
HocTb PO k..., M4 onpepenAeTca no Bbl-

pakeHuto (3.20):

GmaX 2
KvsTPeES = 10 =
p\/0,1 (AP, o.7pEE Jmin
2060
102 =52m" /vy

" 992./01 x15710

MpuHMMaemMm K yCTaHOBKE TPEXXOFOBOW
knanaH CALIS-TS-RD apt.1776140, d25,
k= 6,44m%4. PacyeTHbin nepenapn AasreHys
Ha PO APM, Ma Bbl4MCNAETCA NO BblpaXxke-
HWnt0(3.22):

2
AP0 =01X [20%} =10230/7a.

3

Pac4yeTHbIn nepenag AaBneHuA Ha perynu-
pyemom y4actke AP,, [la onpegensetca no
BblpakeHuto (3.24):

APPV = A'Dp.o, + A'Dnomp, + APGn =
=10230 + 8000 + 7710 = 25940/ 1a.

[MpoBepym gencTBmTENbHOE 3HA4YEHME aBTo-
puteTa KnanaHa no BblpaXXeHuo:

_ AP o, _
- APp.O.+API'IOmp +AP6n -
_ 10230

10230 +8000 + 7710

ay

=0,40.

Takum obGpasom, BblOpaHHbLIN TUNopasmep
KnanaHa COOTBETCTBYeT AuManasoHy KnanaHoB
C AUHeUHOU nponyckHoU XxapaxkmepucmuKou
a 20,4.

OnAa yana 2 Tpebyemana ycrnoBHas Mpornyck-

3
HaAa cnocobHocTb PO K orpesr M4 morna ObITb

onpegeneHa no YrpoLleHHON MeToguke C uc-
Nnonb3oBaHneM BbipaXkeHunA (3.26):

- (2GmaX"'3Gmax) -
VSTPEE 1000
_ (2% 2060...3 x 2060)
- 1000

k

= (412..618)m° /4

Bbl4ncneHHoe Bbille MO BblpaXkeHuto (3.22)
3HayeHue K, ,..=5,2m%4 HaxoguTca B anana-
30He 4,12...6,18 M4, BblYMCNEHHOM MO YMpO-

LeHHon meToauke (3.26).
CmecuTernbHblii Hacoc No3.P2.1 nogbvpaem
Ha crnegyloLme pacyeTHble napameTpbl:
G,= G, = 2060Kr/4 (2,1m%/4);
P = AP, =25940MNa (2,6m B.CT.).
K yctaHoBke npuHumaem Hacoc ¢upmbl GR-
UNDFOS mapkn UPS 25-60 A 180. Pabo4yas

TOYKa Hacoca:

G,=2,09 w%4, P =2,84mMB.CT.

H UPS 25-60 A 180

Q =2.09 M3y
H=284m
Mepekauns. xnakocTb = Boaa B cucTeMe OTonMeHA

S~

6w KN = 24.2 %
0 0.5 1 15 2 25 3 Q (m3y)

Puc.4.35. Pac4eTHaA xapakrepucTtuka
cmecuTenbHoro Hacoca UPS 25-60 A 180
(no3.P2.1 puc.4.28)

Y3sen 3.

MpepcTaBnAeT coboii y3en perynupoBaHna
CUCTEMbl KOHBEKTUBHOIO OTOMSEHUA, KOTOpas
3KCnnyaTupyeTcA B OTOMUTENbHbBIN Nepuog.

Mopbop Tpexxogosoro PO u gpyroro obopy-
[OBaHUA CUCTEMbl TennonoTpebneHna npous-
BOAMM B COOTBETCTBUM C MeToAVKamMu pasfena
3.3.2 no pac4eTHon cxeme puc. 3.9 n pasgena
3.5.2 no pac4yeTtHon cxeme puc. 3.16.

OcHoBHble ncxoHble faHHble y3na 3 npuse-
[EHbI Ha cxeme TpybonpoBoaoB puc.4.28.

Moabop Tpexxomororo PO yana cmelleHns
npon3BoauM No metoguke pasgena 3.3.2 (pac-
yeTHaA cxema puc. 3.9) co cnegyroLMMmM nC-
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XOOHBIMU OaHHbBIMU:

- pacyeTHble napameTpbl TennoHocuTenA
noTpebutena TennoTbl t=80°C, t,=60°C;

- MakcummarsbHbIA pacyeTHbI pacxon Te-
nnoHocuTena AnA noTpedbutensa  TenmnoTbl
G, =2410kr/4;

- MoTepu gaeneHus noTpebutena (cuctembl
KOHBEKTVMBHOIO OTOMSIEHMA) C MOABOJALLUMU
TEennonpoBodamn 1 apmaTtypon — no Hanpas-
NEeHN0 ABWXKEHMA TEMNOHOCUTENA OT KnanaHa
no3.3.3 go yana «b» (B ToM yucne: ABa BeHTUNA
no3.3.6) AP, =AP,=9000ra;

- pacyeTHaAa Temnepatypa TennoHocuTenA
ot kotna 80°C:

- pac4eTHbI pacxof TeNIOHOCUTENA OT KOT-
na G,=2410kr/u.

CnepyeT BbIABUTb TakXe cnegylowme pao-
MOMHUTENbHbIE UCXOAHbIE AAHHbIE:

1. CymmapHble notepu pJasneHuA ZAPW
TENONPOBOAOB (C pacyeTHbIMM pacxodamu
G, ) mexay nopatoLen rpebGeHKon 1 TOYKON
«A», a TaKxke Mexay Toukon «B» un obpartHoii
rpebeHKoN.

2. lMotepn paBneHuA B MOAMELLNBAOLLEM
Tpybonposoae AP, (napameTtpsl 6aiinaca).

CymmapHble noTepu OasneHuA Tennonpo-
BoAoB 2AP  mexpgy nojatouien rpebeHKon
N TOYKON «}503, a TakKe Mexgy To4YKon «b» u
0bpatHoii rpeGeHKoN COCTOAT U3 NoTepb JaBne-
HVA B TpyOonpoBoae AP 1 TOTEpPb AaBNEHNA B
ABYX BEHTMNAX no3. 3.6 1 noa. 3.2.

[MoTepw gaBneHuA B TenNnonpoBogax paccyu-
TbiBAEM MPUY CregyoLmnX NCXOAHbBIX aHHbIX:

- pacyeTHbIn pacxoq 2410kr/y;

- obLas gnuHa 8m;

- anametp — d40mm;

- CKopocTb TennoHocutena 0,53wm/c [npw-
noxxexwue AJ;

- yaenbHaA notepsa gasnexua 1100MNa/m [npw-
noxexve Al.

MoTepwn gaBneHuA B TENNONPOBOZAX:

AP, =13 x (110 x 8) = 1150 MMa.

Onpegenum pac4eTHble noTepy OdasneHuA
3anopHoro BeHTUNA No3.3.6 (d40, apt.1411515,
k, =44 m®/4).

AP, ., =0,1-(2410/44)? = 300 MNa.

BbanaHcoBbin BeHTUNb no3. 3.2 (d40,
apt.1421705) mucnonb3yeTcA B KadecTeBe 3a-
nopHoro, 6anaHcoBOro U W3MEepUTENbHOro
yCTponcCTBa.

lMpn Hanagke cUCTEMbl OTOMMEHUA C MOMO-
LUbIO BEHTWMIA MOXXHO YCTaHOBUTb Tpebyembiin
pacxop TennoHocutena. MNpu navepexHun pac-
XoAoa BeHTUWb He AOoImKeH 6bITb MOJTHOCTbIO
OTKpPbITbIM. 3afaanM orpaHnyeHne makcumarnb-
HOW CTEMEHN OTKPLITUA BEHTUNA C TAKUM YCHo-
BUEeM, 4YTOObl COMPOTWBIIEHUE BEHTUNA ObINo
6bl He MeHee 5klla (npu pac4eTHOM pacxofe

2410kr/4), TaKk Kak W3MepuTenbHbIi KOMIMbIO-
Tep NEPLI8900 nmeeT NOBbILLEHHYIO TOYHOCTb
N3MepeHnA pacxofda npw nepenage [aBneHnA
Gonee 5kMa.

YcTaHOBUM  3HA4yeHve  rmapasnnyeckon
npegHacTponkn n=3,7 (puc. 4.36), npu KkoTo-
pOM COMpOTMBNEHUE BEHTUNA OymeT pasHO
AP, . ,=6Kkla, To ecTb 6onee 5 ka.

3HaueHne kv —> *

L
T = u
L3

F

Mepenag Aaaneum;f Ap >

U - ¥
ke el em e e -
Pacxoa qm —> sraasserrac, —9410 Kr/9

Puc. 4.36. OnpegeneHune conpoTmeneHnA
BeHTUnA 6anaHcosoro LUITPEMAKC-GM,
d40, ap1.1421705 ¢ nsmeputenbHbIMN
KnanaHamu, nos. 3.2 puc. 4.28.

Takvm 06pa3om, cymmMapHble NoTepun Aasre-
HWA TennonpoBogoB ZAPW MeXxay nofatoLLen
rpebeHKomn 1 TOUKO «A», a Takke Mexay Tou-
Kol «B» n obpaTHoi rpebeHkon 6yayT pasHbl

ZAqu_ = Aqu_ + AP, +AP, =
= 1150+300+6000=74500Ma (7,5 Ma).

Tpebyemble NoTepu AaBneHWA B nogMeLuu-
BatoLiem Tpybonposofe AP, (e baiinace) npu
G=G,,, B COOTBETCTBMM C pEeKOMeHAauMAMY
pasgena 3.5.2 gnAa cxembl puc.3.16, npumem
paBHbIMK TpebyeMbiM MoTepAM faeneHus Oa-
NaHCcoBOro BeHTUNA no3.3.1:

AP, = AP

6.6.3.1

= (AP, + 5AP,, ) =
= 7450 + 2400 = 9850 Ma (9,9 kMa).

OnAa 6anaHcoBoro BeHTWNA no3.3.1 onpepe-
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NYM 3Ha4veHue rmgpasnuyeckon NpegHacTpon-
K n=3,2, Npy KOTOPOM COMPOTUBIEHNE BEHTU-
na byneTt paBHO AP, . =9,9«lNa npu pac4eTHOM
pacxofe G, =2410kr/4 (puc. 4.37).

+"+  3HauveHne kv —>

.Mepenap aanenns A

L T T L,
Pacxop qm —>

2410"Reg™
Puc. 4.37. OnpepeneHne 3Ha4yeHuA
rmapasnnuyeckorn npeaHacTpomnku
BeHTUNA 6anarcosoro LUITPEMAKC-GM,
d40, ap1.1421705 € n3meputenbHbIMU
knanaHamu, nos.3.1 puc.4.28.

Takum obpasom, onpedenus rvuapasnu-
Yyeckne napameTpbl TEMNONPOBOAOB MeXay
KOTIIOM 1 TouYKamun «A» n «Bb», a Takxe Tpybo-
npoeoga nogmeca (baiinaca), Mbl 3aBepLUUNN
dopmMMpoBaHNE MCXOQHBIX AaHHbIX AnA nog-
6opa Tpexxogosoro PO no3.3.3 u ans nogbopa
cmecuTenbHoro Hacoca P3.1.

Tpexxomoson PO nopgbupaem no metoauke
pasgena 3.3.2. B cxeme y3na 3 Mbl UICNOMb3yem
perynupytowmin knanad N'EPLL apt. 14037, npo-
NYCKHYIO XapakTepuCTUKY KOTOPOro (NIMHENHYIO
NN PaBHOMPOLIEHTHYIO) MOXXHO YCTaHOBWUTb C
NMOMOLLbIO NMepeknoyaTena nepegaTto4Horo Me-
XaHu3ma npvieoga apT. 1771211 (tabnuua 3.5).
3agaemcA NMHENHOWN MPOMYCKHOW XapakTepu-
CTUKOW KranaHa nos. 3.3 puc. 4.28. B cootsert-
CTBUM C pekomeHjaumAamn pasfgena 3.1, cne-
AyeT 3afjartbCcA aBTOpuTeTOM KnanaHa a >0,4.
3apgagumca astoputetom a ,..=0,5. Torpga
Tpebyemoe MUHMManNbHOE pacyeTHoe 3Haue-
Hue nepenapa paenexna Ha PO (AP, ...) .

[Ma Bbl4McnAeTcA no BbipaxxeHuto (3.19):

(AP p.0.TPES Jmin = w =
av 1pes 3
= —90001 + 9900 =18900/7a
E -1

Tpebyemaa ycrnoBHas MpornyckHaA crnocob-
Hoctb PO k..., M%4 onpeaensetcA no Bbl-
paxkeHuto (3.20):

Gmax 2
KvsTPes = 10 =
p\/0,1 (AP, o 7pES Jmin
2410
102 =57m° /y

~ 972./01 x18900

lMpvHYMaem K ycTaHOBKe TpexxonoBon Kna-
naH MEPL| apt.1403720, d20, k,=6,3m%4. Pac-
4yeTHbI nepenap aasneHuAa Ha PO AP, Ma
BbIYMCIAETCA MO BblpaXKeHuto (3.22): -

2
_ 2410 |” _
AP, =0,1X [ﬁ} =14640]a.

’

Pac4eTHbIn Nepenag AaBneHua Ha perynu-
pyemom y4actke AP_, [a onpepgensetrca no
BblpaxkeHuto (3.24):

Py’

APPY = APp.O. + APnomp. + APGn =
= 14640 + 9000 + 9900 =33540 [Ta.

MpoBepnm OencTBUTENbHOE 3HAaYeHNe aBTo-
puTeTa KnanaHa Mo BblpaXKeHWIO:

B AP, B
- A'Dp.o."'APnomp +AP6n -
_ 14640 044
~ 14640 + 9000 +9900

ay

4TO MeHblue 3HaveHuAa a=0,4. lloaTomy
NpYMEM K YCTaHOBKE WMHOW TUNopasmep Kna-
naHa EPL apt.1403715, d15, k =4,0m%\.
Pac4eTHbIn nepenag faesneHua Ha PO APp_o_,I'Ia
BbIYUCNAETCA NO BblpaXkeHuio (3.22):

2410
AP, =01 X|: 20

’

2
] =36300/7a.
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PacueTHbIn Nepenap AaBneHUA Ha perynu-
pyemom y4yactke AP, , lla onpependertca no
BblpaxxeHunto(3.24):

APPY = A'Dp.o. + APrlomp. + A":)6/'1 =
=36300 + 9000 + 9900 =55200 [7a.

MpoBepvm AencTBUTENbHOE 3HAYeHNe aBTo-
puTeTa KnanaHa Mo Bblpa>KeHWIo:

B AP o, _
- A'Dp.o. + A'Dnomp + APGn -
_ 36300 _
36300 +9000 +9900

ay

0,66

Tak kak (a,=0,6)>0,4, TO BbIGPAHHbIN TUMO-
pasmep KnanaHa COOTBETCTBYET AuanasoHy C
NMIMHEHON NPOMNYCKHOWN XapakTepUCTUKON.

CmecuTenbHblii Hacoc no3.P3.1 nogbrpaem
Ha cnegyloLme pacHeTHble napameTpbl:

G, =G, =2410Kr/4 (2,5 M%/4);
P = AP, = 47520MMa (4,8 m B.CT.).

H UPS 32-80 B 180

M

(w) Q=269 m3/u

H=6.16m

TMepekauni. xnakocTb = Boga B cucTeme oTonneHns

O6wwin KNA = 23.6 %
0 1 2 3 4 5 6 7 8 9 Q(m¥v)

Puc. 4.38. Pac4yeTHaa xapaktepucTtunka

cmecuTenbHoro Hacoca UPS 32-80 B 180
(no3.P3.1 puc.4.28)

K ycTaHOBKe MpUHMMaEM Hacoc ¢UPMbI
GRUNDFOS mapku UPS 32-80 B 180. Pabo4asn
TOYKa Hacoca:

0

G,=2,69 m°4, P =6,16 M B.CT.

Y3en 4.

MpencTaBnAeT coboi y3en perynupoBaHUA
Temnepatypbl BOfbl B €MKOCTHOM Ooiinepe
ropAaYero BogocHabxeHva. [0ByXmO3ULIMOHHbIN
3NEKTPOHHbIN perynAaTop Temneparypbl No3.4.3
Nno nokKasaHwAM fatymka nos.4.4 BKo4YaeT
UMPKYNALUMOHHBIN Hacoc no3.P4.1 npu noHwu-
YKeHUU TemnepaTtypbl Bodbl B Ooiinepe Hke
50°C. [NprnoBbiLeHMN TEMAEPATYPbI BOAbIBbILLE
50 °C Hacoc nos.P4.1 BbikntoyaeTcs.

InAa cosgaHnA MakcumarnbHO  BbICOKOMO
Temna nogbema Temrneparypbl Boabl B Goinepe
MOXXHO MpeaycMoTpeTb ONOKMPOBKY Hacoca
no3.P3.1 ¢ nomoLLpbto perynaropa Temneparypbl
no3.4.3, KOTOpbIi Ha nepuog paboTbl LMPKyA-
LIMOHHOro Hacoca P4.1 Bbiknto4yaet cmecuTenb-
HbI Hacoc P3.1. Takoin crocob asTomMarum3auum
NpUMeHAeTCA npu  HebOMbLUION  MOLLHOCTU
KOTENbHOW, Hanpumep, AnA WHAMBUAYaNbHbIX
XKunbix gomos [23].

Heobxogmmo onpegenute rugpasnnyeckme
XapakTepucTUKK y3na 4 ¢ uenbio nogbopa ump-
KynAunoHHoro Hacoca. OCHOBHble WUCXOZHbIE
OaHHble y3na 4 npuBefdeHbl Ha cxeme Tpybo-
nposofos puc. 4.28.

LinpkynAaunoHHoe kKombLo Hacoca P4.1
COCTOMT ©3 TennooOMeHHUKa (3MeeBuKa)
Goinepa ¢ TennonpoBoaamu 00BA3KM [O pac-
npegenuTenbHbIXx rpebeHoK, a Takke Tenno-
npoBodoB 00BA3KM koTra. COOTBETCTBEHHO,
notepu AasneHUA B LMPKYNALWUOHHOM KOnbLie
npeacTaBnAlTCA CYMMOW MOTepb [AaBneHus
B TennoobmeHHVKe AP, noTepb fAaBneHnA B
Tpybonposoae obeAskn boiinepa AP, , notepb
[AaBneHnA B ABYX 3anOpHbIX BEHTUNAX (M03.4.6)
2xAP, , ,, NOTepb AaBneHna B 6anaHcoBOM BeH-
Tune (no3.4.2) AP notepb faeneHna o6BA3-
Ku Kotna ZAPW :

pE

8.4.2°

AP, =AP, + AP +2xAP,, .+ AP, ,+2AP

OCHOBHble 1CXofHbIE laHHble:

- pacyeTHble napameTpbl TennoHocuTena
notpebutensa tennotel t =80 'C, t,=60°C;

- MaKCuUManbHbIl pacqeTHbIN pacxop Te-
nnoHocutena Ana  notpebutena  TennoTbl
G,,.,=1300kr/y;

- NoTepu AaBneHnA TennoobMeHHKa (3mee-
BuKa) Goinepa AP = AP, =4000la.

lMoTepu gaBneHuA B TenonpoBogax paccyu-
TbIBAEM MNP CregyoLnX NCXOAHbBIX aHHbIX:

- pacyeTHbI pacxogd 1300 Kr/y;

- obLasa anvHa 12 m;

- AnameTp — d25 mw;

- ckopocTb TennoHocutena 0,58 w/c [npw-
noxxeHwue AJ;

- yaenbHaA notepAa aasneHua 2200Na/m [npu-
noxeHue Al.

MoTepn aaBneHnA B TeNONpoOBOAax:

AP, =1,3x (220 x 12) = 3430 MNa.
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Onpepgenum pacyeTHble MoTepu pasne-
HUA [BYX 3anopHbIX BeHTunen nos.4.6 (d25,
apt.1411513, k =18 m%y).

2x AP, =2x0,1x (1300/18)? = 1040 Ma.

BbanaHcoBbIi  BeHTUNb  N03.4.2  (d25,
apt.1421703) wncnonb3yeTcA B KadecTBe 3a-
nopHoro, 6anaHcoBOro U WU3MEpPUTENbHOIO
YCTPONCTBA.

Mpu Hanagke cUCTEeMbl C MOMOLLbIO BEHTUNA
MO>XHO YCTaHOBUTb TpebyeMblii pacxog Tenmo-
HocuTenA. lNMpu n3mepeHnn pacxoga BeEHTWMb
He JorkeH ObITb MOMHOCTBIO OTKPbITHIM. 3a-
JagumM OrpaHuYeHne MakCMasnbHOW CTerneHu
OTKPbITUA BEHTWNA C TakKum YyCrnoBuem, ‘-ITO6bI
COMPOTUBMEHNE BEHTUNA OblNo Obl HE MeHee
5klMa (npn pacyetHom pacxoge 1300kr/4), Tak
Kak u3mMeputenbHbln KomnbioTep [EPLIS900
VUMEET MOBbILLUEHHYIO TOYHOCTb UBMEPEHMA pac-
xofa npwv nepenage gaeneHus Gonee 5klMa.

7 ~an. SHAYeHue Kv —

Nepenag paBnexnA Ap —

M ESLIVE

Y kM) N - o " o
Pacxoa qm —> 1300°Krlu

T e T
SRy

Puc. 4.39. OnpegeneHne conpoTuBNeHna
BeHTUNA 6anaHcosoro LUITPEMAKC-GM, d25,
ap1.1421703 ¢ namepuTenbHbIMU KnanaHamu,

nos.4.2 puc.4.28.

YctaHoBUM  3Ha4yeHve  rmapasviHecKon
npegHacTponkn n=3 (puc. 4.39), npu KoTO-
pPOM COMPOTMBNEHUE BEHTUNA OyneT paBHO
P_,.=7klMa.

B.4.2
Takmum 06pa30M, noTtepwn gaeneHnA B LMPKY-
JTIAUMOHHOM KornbLe 6yﬂ,yT paBHbI

AP, =AP+AP +2xAP,, +AP,, ,+ 2AP =

8.4.6. 8.4.2. K

= 4000 + 3430 + 1040 + 7000 + 2400 =
= 17870Ma (17,9 kMa).

LImpkynaumoHHbIi Hacoc nos.P4.1 nogbupa-
€M Ha criegiytoLme pacHeTHble napameTpsbl:

G,=G = 1300kr/4 (1,3m%/4);

P = APM= 17,9 kMNa (1,8m B.CT.).

| | uPs 25-40 A 180

(m)

H=1.89m
n

3.6 lepekayuB. XugkocTb = Boga B cucteme otonneHua |

3.2 A.\
2.8 \ 'Y
2.4 \

N

1.6 /

1.2 \

. \\
o5 / AN
0.4 /

Q6u.||/|ﬂ KI'I,FI. =185 %
0 05 1 15 2 25 Q (M%)

Puc. 4.40. Pac4eTHaA xapakTepucTuka
LuMpKynAaumMoHHoro Hacoca UPS 25-40 A 180
(no3.P4.1 puc.4.28)

K yctaHoBKe npuHMMaem Hacoc ¢upmbl
GRUNDFOS mapku UPS 25-40 A 180. Pabo4an
TO4Ka Hacoca:

G,=127w%4, P =1.89mB.CT.
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4.4. Mop6op perynmpyrowmnx KnanaHos nNpyu NpucoeanHeHnn cucTem
TEeNJoONOTPeb6sIeHNA K KOTENbHON Yepe3 rmapaBnnyecknin pasgenurenb

MoTpebuTtenb TennoTbl COeaunHAETCA C WUC-
TOYHUKOM TensnoTbl (KOTIOM) CUCTEMOW TEnso-
NpPoBOAOB, 00pasys 3aMKHYTbIN LMPKYNALUOH-
Hbll KOHTYp (puc. 4.41.a). Mpu aTom pacxon
TennoHocuTena 4vepes notTpeduTeNb TennoThl
MOXXEeT ObITb MEHbLLE pacxofa Yepes KoTen 3a
CYET YaCTMYHOW peumpKynAuMmn TenmoHocuTe-
nA, co3gaBaemMon aBTOMAaTUYeCKOW CUCTEMOWN
MNOBbILLEHVA TemnepaTypbl 0bpaTHol Bogbl KOT-
fla C NMOMOLLIbIO PErynUpYyHOLLIEro TPEXXOHA0BOIoO
CMecuTenbHOro KnanaHa. Heycromn4msocTs pac-
xofa TennoHoCUTeNA NPMBOAWNT B COBPEMEHHO
aBTOMATMU3MPOBAHHON CUCTEME OTOMMEHNA K
MOHWKEHNIO Ka4eCcTBa PErynMpoBaHna U K CHI-
YKEHWIO TENNONPOU3BOANTENIBHOCTY KOTNA.

[obuTbcA YCTONUMBBIX TMOPaBINYECKNX pe-
)KMMOB 9KCnyataumm KoTna 1 cuctembl Tensno-
NoTPebneHNa MOXXHO MyTem CO3[aHuA camo-
CTOATENbHBIX LMPKYNALNOHHBIX KOHTYPOB AnA
Ka)Kgoro 13 HMX C MOMOLLbIO MMAPaBANYECKOro
pasgenutena (puc. 4.41.6). na kaxgoro u3
9TUX KOHTYpPOB NpegycmaTprBaloTCA CamoCTo-
ATeNbHbIE LMPKYNALMOHHbIE HACOCHI C mogaYen

cooTtBeTCTBEHHO G, . U G..
a
) Koten G omna
0O .

ey
d
< - -

£, =60C

mapaenuyeckuin

asfenutenb
Komna P G 1

t,,,=60C

Puc. 4.41. ObLaa cxema CUCTEMbI
TennonotpebneHua
a) OQHOKOHTYpHAaA;
6) OBYXKOHTYpHasA C rmapaBnm4ecKnm
pasgenuntenem.

[ngpaBnuyecknin pasgennternb  KOHCTPYK-
TMBHO BeCbMa MpPOCT, TaKk KakK npeactaBnAeTr
cobol 3aMKHYTYI0 eMKOCTb C AIBYMA napamu oT-

BEPCTUI AnA NPUCOEANHEHNA TMBPaBNN4eckoro
KOHTYpa KOTNa 1 CMCTEMbI TENNONoTpebneHus.

lngpaBnuyeckun pasgenuten 3a4acTyto
ABNAeTCA HEeoOXOAVMbIM peLleHeM Mnpu npu-
COeAUHEeHUN rpynmnbl KOTMOB K cucteme Tenso-
noTpebneHna N Npy UCMoNb30BaHNN KOTIIOB
ONA CKWraHuA KamMeHHOro yrmA wunuM ApoB.
Takne KOTnbl UMEIOT 3HAYUTENbHYIO TEMMOBYIO
NHEPLUMIO N3-3a HaNN4MA packaneHHoro yrna B
TOMKE U packaneHHbIX KepaMuyecknx 6110KoB
B KOTNax NUpOnU3HOro cxxuraHuA gpos. Bengy
aToro 0OCTOATENbCTBA KOTEM MMEET 3Hauu-
TenbHOe 3anasfbiBaHWe Ha BO3AeNCTBME aB-
TOMaTUYeCKMX PerynAaTopos, Y4TO oTpuLaTenbHO
CKa3sblBaeTCA Ha Ka4ecTBe ropeHuA Tonnmea u
Ha Ka4decTBe perynmpoBaHuA CUCTEMbl Tenso-
notpebneHus.

B Takux cny4anax mexxgy KOTnom u CUCTemMon
TennonoTtpebrnexHns cnegyet npegycMarpusatb
OydepHyto TEMnoBy0 €MKOCTb, WCMOMHAIOLLEN
Takke QyHKUMN ruMapaBnMyeckoro pasgenu-
TenAa (puc. 4.42). lNosbiweHWe TemnepaTypsl
obpaTHoi Bogbl koTna obecrneuyvBaeT nogme-
LUMBaIOLLMIA HAcoC, yrnpasnAaemMbli ABYXMNO3ULX-
OHHbIM PerynATopomM Temneparypbl.

PacLumputenbHbii
6aK 3aKpbITbIN
Bozzy: Wéﬂ_l P Copoc napa
Pacuumpn- - [TepeneHasn
Te/IbHas Lnprynaymonras

pacd: - xomna KnanaH ¢ Tepmonpueogom

HOPMarnbHO OTKPbITbIV
Koten N
0BSHO
ap G1

dKomna N
Ll

L -

tag=00C G vomna TOpaBMAYECcKHi
pasgenuTens -
- BychepHas emkocTb

Puc. 4.42. O6wwan cxema ABYXKOHTYPHOIA

cucTeMbl TennonoTpebnexHus ¢ bypepHon

©MKOCTbIO B Ka4eCcTBe rmapasnnyeckoro
pasgenuTensa

Cuctembl TennocHabxeHWA ¢ KoTrnamu AnA
CXKUraHWA KaMeHHOro yrma Unu gpoB AOMMKHbI
obecrneynBatbCA  HAAEXHbIMU  3aLLUMTHBIMY
MeponpuaThaAMU, cpabaTbiBaloLMMK B cryyae
BCKUMNaHWA BOApbl B KoTne. Takaa cuTyauma mo-
)KET MPOU30NTM NPY BHE3aNHOM NpeKpaLLleHnn
LMPKYNALWKX TENNOHOCUTENA 13-3a aBapUHOro
npeKpaLleHUs aNeKTponuTaHusa, Nnbo no NHon

Ctpanuua 100



B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

Npu4mnHe.

MpenoxpaHuTenbHbIA KnanaH npu BCKuNa-
HUK Bofbl B kOTne OyneT cOpacbiBaTb obpasy-
IOLWYOCA Npn KnneHnn napoBogAHYyO CMeCb B
OpeHaXKHbI Tpyb6onpoBog BMIOTb A0 MOMHOMO
06e3BoXKMBaHNA obbema Kotna. [AnA Bo306HOB-
neHus pabotbl koTna Heobxoammo OymeT npo-
N3BECTU 3arnofIHEHME CUCTEMbI BOJOW A0 Tpe-
byemoro gaeneHusa. Kpome Toro, B peayrnbrare
neperpesa 00e3BOXKEHHOrO KOTNa MOXET Mpo-
n3onTn ero gepopmauma n pasrepmetTnsaumsa.

Ha puc. 4.42 npefctasneH oavH U3 npocTen-
WNX BapuaHTOB YCTPOWCTBA, MO3BOMAOLLEro
cOpOCUTb USNULLKK TEeMnoTbl U3 KOTna, a npu
3aKunaHuyM Boabl B Hem — obecneyntb cOpoc
napa 6e3 notepb TennoHocuTtenAa. B gaHHoMm
cryyae MCronb3yeTcA paclupuTenbHbln Oak,
pabotatoLmii nog atMochepHbIM JaBleHneM U
VMEIOLLMIA MOBbILLEHHBIN 06BEM MO CPaBHEHWIO
¢ Tpebyembim.

KnanaH ¢ TepMonprMBOAOM Ha LIMPKYNALMOH-
HoW Tpybe B aKCMyaTaLUnMoHHOM peXxmme Haxo-
ONUTCA NoJ 3NeKTpUYeckm nutaHnem. Noaromy
KnanaH 3akpbIT, LMPKYNAUMOHHAA Tpyba nepe-
KpbiTa, LUPKYNALNA BOAbl Yepes pacLumpuTenb-
Hblli Gak OTCYTCTBYeT, U Temnepatypa BoAbl B
HeM COOTBETCTBYET TEMMEpPAType OKpy>KaroLLen
cpefpl.

Mpyn aBapuUNHOM OTKIOYEHUN SNEKTPO-
CHabXXeHVA BbIKIIOYAOTCA  LIMPKYNALMOHHbIE
HacocCbl 1 OyTbEeBOW BEHTWUMATOP KOTNa, HO OT-
KpbIBaeTcA KnanaH Ha UMpKynAauMoHHoN Tpybe,
CO3[aBaA €CTECTBEHHYIO UMPKYNAUMIO Mexay
KOTNOM 1 paclumpuTenbHbiM 6akom. Bopa B
KOTNe HarpeBaeTcA packaneHHbIMU YrmAMn

N HarpeTbiMy Kepamnyeckumn KamHAMKU 1 3a
CYeT eCTeCTBEHHOW LMPKynALMmM Tensorta nepe-
paercA Bofe B pacLuvpuTesisHom Gake. B cny-
Yae 3akunaHuA Bodbl B KoTne, obpasyloLlasaca
napoBofAHas CMecb NMOoAHMMAaEeTCA Mo pacluu-
puTenbHo Tpybe B BepXHIO YacTb pacLunpu-
TenbHoro 6aka, roe Boga otoenaetcA B oobeme
paclumpuTensHoro 6aka, a BogaHo nap cbpa-
cbiBaeTcA B atMocoepy. Takum obpas3om, Boga
N3 cMcTeMbl He copacbiBaeTcA, 1 aKkcnnyaTauma
CUCTEeMbl MPOAOMKAETCA MPY BOCCTaHOBMNEHUN
aneKTpocHabXxeHNA 06e3 MoAroToBUTENbHbIX
mMeponpuATUA. [lpy  KOHCTPyMpOBaHUM  He-
obxoanMo npedycMoTpeTb, 4TOObl AvameTpsbl
pacLuMpuTenibHon TpyObl U cBeYHOW TpyObl AnA
cbpoca napa Obinu Obl He MeHee AvameTpa
LMPKYNALMOHHOro TpybonpoBoaa KoTna.

PacwuputenbHblii  6ak  M3rotaBnvBaeTcs
repMeTuYHbIM, a Ha obBA3ke Oaka ycTaHoBIe-
Hbl Tpu obpaTHbIX KramaHa: Ha nepenvBHOMN,
cbpocHo © Bo3gylwHon Tpybe (puc.4.42).
Ob6patHble KnanaHbl nNpegHasHa4eHbl Ans oT-
ceKaHuA MOBEpPXHOCTM WCMapeHua pacLuvpu-
TenbHOro 6Gaka OT OKpy)katoLlein cpefbl. Tem
cambIM NpeaoTBpalLaeTcA ucnapeHve Bodbl U3
pacLumpuTensHoro 6aka B oKpy»KatoLLyto cpegy
W, KaK pesyrnbrart, UcKtoyaeTca HeoBXoaMMOoCTb
MOCTOAHHOM NOAMUTKN CUCTEMbI BOLOW.

MMopaBnuyeckue  pasgenutenn  UMetoT
camble  pasHoobpasHble  KOHCTPYKTUBHbIE
peLleHna 1 MMelT LUMPOKOE MPUMEHEHNe B
COBPEMEHHON OTOMUTENbHON TEXHWUKE, B TOM
yncre 1 B 3aBUCKMbIX CXEMaX NMpPUCOeauHEHNA
notpebutenein TennoTbl K LeHTpanu3oBaHHbIM
TEMnnoBbIM CETAM.

4.4.1. KOHCTPYKTUBHbIE CXEMbl rnapaBnyYecKnx pasgenntenein N CTpyKTypHble
CXeMbl CUCTEM TENJIONOTPEOIeHNA C NPUMEHEHNeM rMapaBanyYecknx

paspenutenen

XapakTep OCHOBHbIX PEXMMOB 3KCTyatauun rmapasnnyeckoro pasgenuTend rnokasaH Ha cxemax
puc. 4.43. Ha cxemax nokasaHa 3aBYCUMOCTb COOTHOLLIEHUA TEMNEPaTYPHbIX NapamMeTPOB OT UCXOAHbBIX
COOTHOLLIEHUIA PACXOLOB TEMOHOCUTENEN B LIMPKYIALMOHHBIX KOHTYpax KOTfa 1 CUCTEMbI TEMNMONoTpe-

6nexHuAa.
a) 6) 8) 2)
GKomna = G1 GKomna > G1 GKomna < G1 @ e
T t=T T t=T T t<T t<T
r r='r r r='r r rsr (@) ror
P P P e P P —pt e e T ) ——
Koten Cuctema Koten Cuctema  Koten Cucrtema ’ = . Cuctema
OTOMNEHMS OTOMNeHMs otonnenus Koten + oTonneHNst
<4+—¢ < ——=¢ < < < < < < < <
o =1 b ly T to=T o to=h
GKomna < G

Puc. 4.43. OCHOBHble SKCM1yataulnOHHbIE PEXX1Mbl rmapasmIM4eCKOro pasgenntena
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Cxema puc. 4.43.a oOTpaKaeT pacyeTHbIn
PEeXUM, KOTOPbIA UCMOMNb3YeTCA MPOEeKTU-
POBLUMKaMKN, Kak Mpasuno, AMA BbIABIEHNA
pac4eTHbIX AaHHbIX Mpu BbINOJIHEHUN NOCne-
OyoLwmnX rmgpasnu4ecknx pacdeTos. Ha npak-
TUKe Takoro paseHctea G =G, He GbiBaerT.
Ob6azatenbHo GygeT MMeTb MECTO NPEBbILLEHNE
OfHOr0 pacxofa Hag ApyrM, Kak 3TO NoKasaHo
Ha puc. 4.43.6 1 Ha puc. 4.43.B.

Cxema puc. 4.43.6 oTpakaeT akcnayarauu-
OHHbI PEXXUM rMapaBNMYEeCcKoro pasgenurens,
ABUBLLMINCA CneacTBUMEM NPEBbILLEHMA pacxofa
TENNOHOCUTENA B LUMPKYNALMOHHOM KOHType
KOTNna Hafg pacxodoM TennoHOCUTENA B LMPKY-
NAUMOHHOM KOHTYpE CUCTEMbI TennonoTpebne-
Hua G, >G,. Takon PeXMM MOXHO cyuTaTth
onTMMarnbHbIM Kak fAnA KoTna, Tak v anAa cucte-
Mbl TennonoTpebneHnd. [inA KoTna nosblLLeHNe
Temneparypbl obpaTHoll Bogbl ABnAeTcA bnaro-
NpUATHbIM GakTopom. [1nAa cuctem TennonoTpe-
6neHns ycToyvBaA 1 BbICOKaA Temneparypa
nofatoiero TennoHocutena obecrnedymBaeT
ntobble ncxopHble TpeboBaHUA. B mpoekTHON
npakTVKe faHHas cxema ABnAeTcA Haubonee
ynobHoM, Tak Kak nocre ruapasnnyeckoro pas-
OenuTena MOXXHO MOAKNIoYaTb MHOXXECTBO aB-
TOMaTU3MPOBaHHbIX CUCTEM TeMNnonoTpebrneHus
C pasfmiM4HbiIMN pacHeTHbIMU TemnepaTypHbIMA

a) 6) 8)
Koten Cucrema Koten| | | Cucrema

OTOMMEHNS! ey | CHCTEMA  KoTeR oTonneH1s
oTonneHns

{

CvcTema oTonneHus

napamerpamu.

Cxema puc. 4.43.B oTpaKaeT akcnnyarauu-
OHHbIN PEXNM rMapPaBNUYeCcKoro pasgenvurtens,
ABMBLLNNCA cnegcrTemem rnpesblilLeHNA pacxoaa
TENNOHOCUTENA B LMPKYNMALMOHHOM KOHTYpe
CUCTEMbI TEnmnonoTpebneHnsa Hag pacxomnom
TENMOHOCUTENA B LMPKYNALMOHHOM KOHType
kotna G >G, . Pexum otnnyaetca HeycTom-
YMBOW MOHWXEHHON TEMNEpaTypon nogaroLero
TennoHoCcuUTenA CUCTeMbl OTOMNNEHUA N MO3ITOMY
ero criegyeT npu3HaTb HexXenaTtenbHbIM AfA
aKcnnyartauuu.

Cxema puc. 4.43.r ABnAeTcA aHanorom
npegpigywen (puc. 4.43.8) no CBOMM TeMmo-
rmapaBnuyeckum xapakrepuctukam. Ho B gak-
HOM chny4ae pexunm ABNAeTCA aBToOMaTu4ecku
ynpaBnAeMbiM 1 YyCTONYMBbLIM, TaK Kak rmapas-
NMYECKUA pasfenuTenb WCMOMHAET QYHKUMM
y3na CcMeLleHMA.

BO3MOXXHOCTW UCMONMb30BaHNA rMapaBnn4ye-
CKOro pasgenuTena MHOroobpasHbl U B 3aBu-
CUMOCTWN OT KOHKPETHOW cuUTyauum MoryT npu-
MEHATbCA Camble Pasnn4yHble KOHCTPYKTUBHbIE
cxembl pasgenuTtena. Ha puc. 4.44 nokasaHbl
KOHCTPYKUMN rmapaBnuyeckux pasgenutenen,
No3BONAIOLLME peannu3oBaTb pasnn4dHble CXEMbI
TennonotpebneHua.

9) e)

Cucrema otonneHus Koten

< +
+KOTeJ'l+ +KOTen +

ra3oBbll  APOBSAHOM Cucrema
tzf0C t740C oTonneHusa

Koten

Puc. 4.44 KOHCTPYKTVBHbIE CXeMbl rMapaBnuyecKnx pasgenutenen

MMaopaBnnyecknin pasgenuterib MOXXeT ObiTb
BEPTUKANIbHOMO W FOPU30OHTANIbHOMO MONOXKe-
HUA.

Ha puc. 4.44.a nokasaH Hambornee pacnpo-
CTPaHEHHbIA KOHCTPYKTUBHbIN TUM.

Ha pwc. 4.44.6 npuBegeH Tun pasgenuTena
NPUMEHAEMbIA NPU HaNUYUN BbiICOKOTEMMNEpa-
TYPHOro MWCTOYHMKA Tennotbl. [lpumeHaeTcA
Takxe OnA 3aBUCUMOW CXEMbl NMPUCoeanHEeHNA
cucTembl TennonoTpebrnieHna K TennoBbiM ce-
TAM.

Ha puc. 4.44.8 npuseneH Tvn pasgenvTens
npUMeHAeMbIn  GYHKUMOHANbHO B KayecTse
ynpaBsnAemoro y3na cmMmeLleHuA.

Ha puc. 4.44.r nokasaH TN ropusoHTanb-
HOro pasgenutens, NPUMeHAeMoro AnAa npu-
COEUHEHNA K CUCTeMe OTOMneHuA rpynnbl
OBYX 1 Gonee KOTMOB Yepe3 CoeAUHUTESIbHbIE
rpebeHku. [aHHbIn TN Takke ygobeH ana npu-
coeanHeHnA HebOonbLUOW KOTEnbHOW K equHom
KOJbLIEBOW CCTEMe TennocHabXXeHu .

Ha pwuc. 4.44.n npuBegeH TuN ropu3oH-
TanbHOro pasgenutena pana  obopynoBaHuA

HebOonbLLOI KOTENbHON, Hanpumep, ycagebHoro
[0Ma, ri€ OCHOBHbIM UCTOYHVKOM TEMMOTbI NpU-
HUMaeTCA APOBAHON (MW NENNETHbIN) KoTen, a
rasoBbll KOTEN paccMaTpuBaeTCcA B KayecTBe
pes3epBHOro unu MMKOBOro Kotna. Kaxkabin
N3 KOT/IOB VMMEET CaMOCTOATENbHYI CUCTEMY
aBTomMaTtMsauun, U MNPUOPUTETHOCTb pPaboTbl
OPOBAHOIO KOTNa npegonpenensaeTcA ero me-
CTOMONOXXEHNEM MNePBbIM MO XOA4Y ABMKEHUA
TENnoHOCUTENA CUCTEeMbl OToMnneHua u Gonee
BbICOKOW «YyCTaBKOV» 3afaBaeMon Temnepary-
pbl TennoHocutenaA. Torga ra3oBblil KOTEN aBTo-
MaTU4eCKn BKIIOYUTCA B CNeayoLmx Cny4anax:

- OPOBAHON KOTEN HEe MOXXET peanu3oBaTb
TpebyemMylo MOLLHOCTb CUCTEMbl OTOMMEHUA,
BCNEACTBME Yero Temneparypa TennoHocuTens
HadnHaeT nagaTb Hke 70°C 1 Torga rasoBbil
KOTENn aBTOMAaTMYEeCKN BKMOYaeTCA B pexume
NMUKOBOTO;

- POBAHON KOTEN OTKMHOYUIICA B pe3ynbrare
aBapun Unn npekpaileHua nogayu Tonnvea,
Temneparypa TENNOHOCUTENA CHU3UNACh HIKe
70°C wn Torga rasoBbili KOTeN aBTOMAaTU4YeCKU
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BKITIOYAETCA B PEXIME PE3EPBHOTO.

Ha puc. 4.44.e npuBegeH TUN ropu3oHTarb-
HOro pasgenuTena anAa npucoegnHeHuA cu-
CTEeMbl OTOMMEHUA K UCTOYHMKY TEMNNOTbl NN K
eqMHON KOMbLIeBOW crcTeme TernnocHabXeHus.
VIMeHHO Takon rugpaBnuyeckuin pasgenutens
ucrionb3osaH B npumepe 1.2 pasgena 1 ana
NPUCOEAUHEHNA CUCTEMbI BO3LYLLIHOIO OToMne-
HWA OJHOro U3 NPON3BOACTBEHHbIX NMOMELLEHNI
K edMHOW KOINbLEBOW cucteme TennocHabxe-

HNA NPON3BOACTBEHHOIO NpeanpuATunA.

B kayecTtBe npumepa Ha puc.4.45 nokasaHa
CTPYKTypHanA cxema cucTeM TennonoTpebneHus
LIEXOB 1 NMOMeELLEeHWI MPON3BOACTBEHHOIO Npes-
NPUATUA, NMPUCOEQUHAEMbIX K eQUHON KosbLe-

BOWN CUCTEME TEMNNOCHAGXKEHUA C MOMOLLbIO
CaMOCTOATENbHbIX FMAPaBNUYECKUX paspenu-
Tenen. K eguHon KonbLeBOW cucteme Tenno-
CHab)XeHVA NMPUCOEAVHAIOTCA [BE KOTEembHbIe,
a TakKe TpU CUCTEMbl OTOMMEHUA 3haHun un
LiexoB C MOMOLLbIO rMApaBnuyecknx pasgenu-
Tenemn obLLUMM KONM4YecTBOM 5 WTYK. B cucteme
TENNocHab)XeHUs UCMONb30BaHbl  OCHOBHbIE
TUNbI rMgpaBnNUYeckux pasgenutenein, noka-
3aHHbIX Ha puc 4.44. PacyeTHbin Temnepartyp-
HbI HAMoOpP KOJIbLEBOW CUCTEMbI TennocHabxe-
HuA coctasnaet 10 °C (85-75 °C). MNocToAHHbIN
pacxofi TEMnMOHOCUTENA B KOMbLIEBOW cUCTEME
obecrneynBaeTcA LUPKYNALUMOHHLIM HACOCOM,
YCTaHOBMNEHHbIM B MOMELLEHNN KOTENbHOW Ha
NpupoJHOM rase.

ABK utn KomenbHas 160kBm
- |
u ' ' |
L Lo Lo JM t. { @ |— —
I I S Gl THC==E THE D
' ) ] []
||_, I
I; = Koren " Koren -
ey ra3oBbin ra3oBbin
80kBT 80kBT
KomenbHas 190kBm Macmepckue Macmepckue

Cin (Wi

Koten " Koren
[POBSHON  Ha OTpaBoTaHHOM Macne

95kBT 95kBT

Ky3Huua

LI

LT

Puc. 4.45. Mpumep CTPYKTYPHOW CXEMbI CUCTEM TEMNNonoTpedneHna LLEXoB 1 MOMeLLeHI
NPOV3BOACTBEHHOrO NPEAnpPUATHA, NPUCoeaNHAEMbIX K eANHON KOIbLIEBOW crucTeme TennocHabxeHna
C MOMOLLbIO CaMOCTOATENbHbIX MMAPAaBINYECKUX pasaenureneit
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PacLumputenbHblii MembpaHHbin 6ak 1 cu-
cTeMa noAanuTKN YCTAHOBMEHbI B MOMELLEeHUN
KOTENbHOMW Ha MPUPOAHOM rase u ABMAKTCA
edMHbIMU OnA BCex cucTemM TennonoTpebneHuna
N KOTENbHbIX.

TennonpoBoabl 3aMKHYTOW KOMbLIEBON CU-
CTeMbl TemnnocHab)keHns B OCHOBHOM CMOHTM-
poBaHbl B OTannMBaemMblX MOMELLEHUAX, a MeX-
gy 3g0aHvAMUn — B BUAE HafA3eMHOW NPOKagKu.
BepoATHOCTb 3amopaXkueaHua TpyoonpoBoaoB
cBefeHa K MUHMMYMY, TaK KakK B KOMbLieBOW
cucTemMe B TeYEHWe BCEro OTOMUTENbHOro ne-
puofa pacxog TeNNOHOCUTENA ABMAETCA NOCTO-
AHHBIM BHE 3aBUCKMOCTU OT PEXUMOB paboThbl
UNK OTKIMKOYEHUA KOTESbHbIX M noTpebutenen
TEennoThbl.

OCHOBHbIM MCTOYHUKOM TensoTbl ABMNAETCA
KoTernbHasA, paboTatoLlas Ha apoBax u oTpabo-
TaHHOM Macne. KoTenbHaAa Ha NpupoaHOM rase
paboTaeT B MMKOBOM peXume, BKIOYaACb B
Hanbonee xonofHble AHU OTONMUTENBHOMO Nepu-
ofa unu npu aBapurMHOM OCTAHOBE KOTENbHOMN
Ha OpoBax 1 oTpaboTaHHOM Macre.

Bce cuctembl TennonotpebneHna umetoT
CMecuTenbHble Y3Mbl C TPEXXOAOBbLIMW Krana-
Hamu apT. 14037, KOTOpble ynpaBnAlTCA cne-
gawmmn perynatopamu MWL - perynaropamu
apT. 7793 c part4Mkamu Hapy>XHOW Temneparty-
pbl apT. 779301 1 Temneparypbl TENNIOHOCUTENA
apt. 779300.

B nomelleHVAX agMUHUCTPATUBHO-ObITO-
Boro kopnyca (ABK) 1 Ky3Huubl ¢ macTtepckom
3arnpoeKTMpPOBaHbl  KOHBEKTUBHbIE  CUCTEMbI
BOAAHOrO OTOMMEHMA C paguatopaMmyn unm ¢
peructpamu 13 rnagkux Tpyo, a B obbeme ma-
CTEPCKUX 3anpoeKThpoBaHa cuctema BO3[yLu-
HOrO OTOMMEHUA C ABYMA peumpKynALUMOHHbIMMN

OTOMNUTENbHO-BEHTUMALMOHHBIMW  arperaramm
(OBA). AsTomatunsauna OBA onucaHa B npume-
pe 1.2 pasgena 1 HacToAwen KHUrK. Kaxxgbin
OBA ynpaBnAetcA [OBYXMO3ULMOHHbIM pery-
NATOPOM apT. 7791, KOTOPbIA NPU MOHUXKEHUM
Temreparypbl Bo3gyxa B OTannMBaemon 30He
HV)Xe 3afjlaHHOro 3HadeHuA OTKpblBaeT TepMO-
NpYBOA 1 BKNtoYaeT BeHTunAaTop OBA.

Ha cxeme puc. 4.45 ncnonb3oBaHbl UCKIIHO-
yuTenbHble  BO3MOXHOCTW  FMAPaBINYECKNX
pasgenuTenen, NO3BONMMBLUNX CO3AaTb HadeX-
HYIO e[UHYIO CUCTEMY TenocHabXeHWA 3gaHnii
N KOTENbHbIX, 3HAYNTENbHO Pa3HECEHHbIX MEX-
gy coboi Ha TeppuTopUK MPOVN3BOACTBEHHOIO
npeanpuATUA.

Mpyu nombope WNM KOHCTPYWPOBAHUA TW-
OpaBnNuU4eckoro pasgenutena B KadecTse UC-
XOAHOro 3HadeHus criegyeT npuHMMmaTtb Gornee
BbICOKYO BEMMYUNHY N3 pacHETHbIX pacxoos Te-
NAOHOCUTENA OAHOrO N3 ABYX LMPKYNALNOHHbBIX
KOHTYpPOB, 3aMblKaloLLMXCA Ha rMapaBInyeCcKom
pasgenutene. MuHumansHO Heobxogumoe Mo-
nepe4yHoe ce4eHne rugpasnuUyeckoro pasge-
nuTensa crnegyeT onpegenATb pac4eTHbIM NyTem
Ha OCHOBaHWM WCXOOHOro 3Ha4yeHuA pacxopa
TENNOHOCUTENA MNPU €ro MakcumanbHO Aorny-
CTMMOW CKopocTU TedeHua 0,15 m/c.

B HacToALee BpeMA LLUMPOKO NMpuUMeHAeTcA
cxema rnpucoeanHeHna Ccuctem TensonoTpe-
OneHusa K KOTenbHOW 4Yepes rvapaBnu4ecKuii
pasfgenuTenb U pacnpeaenuTenbHble rpebeHKu.
OgvH 13 BapvaHTOB TakOW CXembl C rugpas-
nMYyecKUm paspgenutenem no Tvny puc. 4.43.6
paccmarpuBaeTca B nocneaytoLemM pasgerne.
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4.4.2. Mpumep nogodopa perynnpyrowmx KnanaHos npu NpucoegnHeHnn cuctem
TEeNnsoNoTPe6sIeHNA B KOTEJIbHOW C MOMOLLbIO FMAPaBINYEeCKOro pa3genntens

N pacnpeaenntenbHbIX rPe6eHoK

Ha puc. 4.46 nokasaH BapuaHT cxembl Npu-
COeanHEHNA CUCTeM TenmnonoTpedneHna K Ko-
TENbHOW Yepes rmapaBnn4ecKuin pasgenuTenb
1 pacnpefenuTenbHble rpebeHKn K opoBAHOMY
rasoreHepaTtopHOMY KOTy HOMUHaMbHOW MOLL-
HocTblo 95kBT. [OnAa Takoro kotna TpebyetcA
UMETb YCTONYMBYIO Y MOCTOAHHYIO LIMPKYNALMIO

HocuTenAa Ha Bxoae He meHee 60 °C. B paHHoMm
npumMepe npegycmaTprBaeTcA rmgpasnuyeckuii
pasgenutens no Tuny puc. 4.43.6, korga pac-
XOf TEMNOHOCUTENA B LMPKYNALMOHHOM KOHTY-
pe KoTna npeBbIaeT pacxod TeNOHOCUTENA B
UMPKYNALUMOHHOM KOHTYpPE CUCTEMbI TEMJomno-
Tpebnenna G, >G,.

TENSIOHOCUTENA, a TaKkxKe Temneparypy Tenso-

Ysen2 Yen3
CHCTema HaMosbHOro OTONENS CHCTeMa KOHBEKTUBHOTO OTOMIEHNS
Qy=24xBr 1, =45C t,=35C Q3 =56KBr 1-=80C t,=60C
C;'ﬂ aKc=2060/<r/q AP,=8000T2 gw M=24/ Okr/4 AP, =9000/Ta
G ; =460kr/y G =4 10kr/4 37
032 024G, 040 ./_
ty
A
Ysen 1 W37 : iAL,,, 3.9
LinprynaymorHbivi KoHTyp 36 ;
06B3KM KOTIA — }
|
OHGM.:9 SKBT -‘H" i Yzen4
T, =80CT,=60C | boiinep ropavero
g =" BogocHabwerna
Goom33000ke/4 3G, =2870kel g N 0, =S0kér
wan B\ 3.4 T =80C T,=60C
AP,,.,,=50001a 3A i1 \33 AP, =5000/Ta
3.8/ | - G 2150kt

Puc. 4.46. Pac4eTHaA cxema TpybonpoBOOOB KOTENbHOM C rmapaBnuyeckmM pasgenvrenem
1 pacripegenuTenbHbIMU rpebeHkamm

Vzean 1: P1.1 — HacoCc UUPKyNAUMOHHbIN; P1.2 — HAcoC CMeCUTENbHbI aBTOMATUYECKOW CUCTEMbl MOBbI-

lWeHnA Temnepatypbl obpaTHoi Bofpl kotna; 1.1 — koTen 95kBT ApOBAHOW rasoreHepaTopHBbIi;
1.2 — rmngpasnuydeckuii paspgenutenb; 1.3 — BeHTUNb 3anopHbin LUTPEMAKC-A d50 apt.1411516;
1.4 — BeHTUNb BanaHcosbin LUTPEMAKC-M d50 apt.1411756; 1.5 — kpaH waposoi d50 apt.1210006;
1.6 — dunbTp-rpasesuk FEPL, d50 apt.1411116; 1.7 — kpaH wwaposoi d25 apt.1210003; 1.8 — obpatHbIii
KnanaH d25;

V3ea 2: P2.1 — Hacoc cmecutenbHblin; 2.1, 2.2 — BeHTUNb GanaHcosblt LUTPEMAKC-GM d25 apt.1421703;
2.3 — knanaH CALIS-TS-RD apt.17761; 2.4 — TepmocTaTnyeckaa rofioBka C HaknagHbiM aT4yukoM guva-
nasoH 20...50°C apt.1742006; 2.5 — obpatHbIii knanaH d25; 2.6 — BeHTUNb 3anopHbiii LUITPEMAKC-A d25
apt.1411513; 2.7 — BeHTUnb LUTPEMAKC-A d32 apt.1411514; 2.8 — Tepmopene 3awmtbl apT.1810000;

V3ean 3: P3.1 — Hacoc cmecutenbHbiii; 3.1, 3.2 — BeHTUNb GanaHcosbin LUTPEMAKC-GM d40 apt.1421705;
3.3 — knanan perynupytowmn TEPL apt.14037; 3.4 — oanektponpusog [EPL apt.1771211;
3.5 — ob6patHbln knanaH d40; 3.6 — BeHTWnb 3anopHbln LTPEMAKC-A d40 apt.1411515;
3.7 — OSneKkTPOHHbIN «cnepgAawmin» perynatop Temnepartypbl apT.1779323; 3.8 — paryvk HaknagHowm
apt.1779300; 3.9 — partymnk Hapy>kHon Temnepatypbl apT.1779301;

V3en 4: P4.1 — Hacoc UMPKYNAUMOHHLINA; 4.1 —6oinep ropAYero BopocHabXeHus; 4.2 — BeHTUNb GanaHcoBbIi

LUTPEMAKC-GM d32apt.1421704; 4.3 — aneKTPOHHbIA perynatop apt.1779323; 4.4 —gatynk HaknagHom
apT.1779300; 4.5 — obpaTHbI kKnanaH d32; 4.6 — BeHTUNb 3anopHbin LUITPEMAKC-A d32 apt.1411514.
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MonGop perynupyowmnx KnanaHoB 1 Apyro-
ro obopymoBaHuA cucTem TennonoTpebreHna
B AaHHOM criyqae Gynem BbIMOSIHATL MO METo-
OVIKe, MOeHTUYHOM C npedblgywmm npuMepom
(puc. 4.46). Moatomy C Lenblo nocnegytoLlero
aHanusa rMony4YeHHbIX pesynsrtatoB Mbl Mpu-
HANY NOEHTUYHbIE C NpegbligyLM npuMepoM
NCXOOHbIE AaHHble ANA ABYX OCHOBHbIX CUCTEM
TennonotpebneHua (y3en 2 u ysen 3).

Ona ynpolieHna rpaduyeckoro nsobpare-
HWA pacyeTHOW cxembl Ha puc.4.46 He noka-
3aHbl KOHTPOJIbHO-M3MepuTeribHble MNpPUBopHLI,
npefoxpaHuTenbHble YCTPOWCTBA, YCTPOUCTBA
ONA yganeHvua Bosgyxa U3 cuctembl, MmembpaH-
HbIi pacLLUMPUTENbHBIA BakK, CUCTEMbI MOAMUTKM
1 ppeHaxka n gpyroe obopynoBaHue.

Cxema YycCrnoBHO pasfefieHa Ha 4eTtblpe
yana:

— OAVH y3en npepacTaBnAeT coboin 0b6BA3KY
LUMPKYNALUMOHHOIO  KOHTypa WCTOYHMKA Te-
NMNOBON 3HEpPruM — BOJOrPENHOr0 APOBAHOIO
rasoreHepaTopHOro Kotna HOMUHAaNbHOW MOLLI-
HOCTbtO 95KBT;

— TpU Opyrux ysna npeactaBnAlT coboi
Y3Mbl PerynupoBaHna TPexX pasfuyHbiX CUCTEM
TennonotpebneHnsa.

B otnnyme oT npeabigyLlero npumepa, ysen
perynupoBaHna TemnepaTypbl BOAbl B €MKOCT-
Hom Gonnepe ropadvero BofgocHabxxeHua (y3en
4) npepgycmatpmBaeT C MOMOLLBIO perynatopa
Temnepatypbl no3. 4.3 OnoKMpoOBKY Hacoca
no3. P3.1 cnctemMbl KOHBEKTMBHOIO OTOMSIEHNA
B nepuopd paboTbl LMPKYNALMOHHOrO Hacoca
nos. P4.1.

OCHOBHble WCXOAHblE [aHHble, Heobxoau-
Mble AnA nogbopa apmatypbl U PErynnpyoLLmx
KnanaHoB, npefAcTaBrieHbl HenocpeacTBEHHO
Ha pacyeTHon cxeme puc. 4.28.

Y3en 1.

MpepcTaBnaeT coboi LMPKYNALMOHHbIA KOH-
TYp BOAOrpenHoro kotna nos. 1.1, 3aMKHyTbIR
Yepes rugpasnuyeckuin pasgenuTens nos. 1.2.
LinpkynAaumAa TennoHocutenAa ocyLlecTBhAeTcA
LUMPKYNALUMOHHBbIM Hacocom no3. P1.1.

Hacoc nos. P1.2 npegHasHa4eH anAa ae-
TOMaTM4YeCKOro nogaep)xaHna Temneparypbl
TENNOHOCUTENA Ha BXoge B KOTEN He MeHee
60°C. Pe)XXnMoMm BKMOYEHMA U BbIKNOYEHUA
obenx HacocoB (no3. P1.1 n no3. P1.2) ynpas-
NAEeT cuctema aBTOMAaTUKU ra3oreHepaTopHOro
kotna noa.1.1.

KOHCTpyKUMtO rmapaBnnyeckoro pasgenure-
nAanoa. 1.2 onpegenaem, UCXoaa U3 Makcumarb-
HO JOMYyCTUMOW CKOPOCTM TEYEHUA TenoHOCU-
TenAa yepes Hero v=0,15wm/c. Torga, Ha OCHO-

BaHUM pacveTHoro pacxoga G, = =3000Kr/v,
MUHUManbHO Heobxoaumoe mnonepeYyHoe ce-
YyeHue f, M? rMagpaBnMYeckoro paspenuTens
onpeaenaeTca CrneayoLLmm obpasom:

= GKomna =
3600 x px v

_ 3000

"~ 3600 x 972 x0.15

fre

= 0.00572m

JaHHoMy MUHMMarbHOMY norepeYHoMy ce-
YEHMWIO COOTBETCTBYET MWHMMASIbHbIA AnameTp
86mm. MNprHUMaem AnA u3rotToBneHuA rmgpas-
NNYECKOro pasfenuTena cranbHyto Tpyby ava-
meTpom 108x4 mm.

B panbHenwunx pacyetax rmgpasrinyeckum
COMPOTUBMEHNEM pasgennTensa npeHebperaem
B CUJTy HE3HAYUTENbHOCTU €ro BENMUYMNHbI.

LIMpKYNALNOHHBIA  KOHTYP  BOZOrPenHoro
KoTna nos.1.1 yepes rugpasnuyeckuin pasgenu-
Tenb no3.1.2. coctout u3 Tpybonposoaa P50 c
YCTaHOBMEHHbIMU HA HEM 3arOopHbIM BEHTUNEM
no3.1.3, 6anaHcoBbiM BeHTUNEM nos.1.4, wapo-
BbIMU KpaHamu no3.1.5 n ¢unstpom nos.1.6.

OnameTpom TpybonpoBogoB  3apaemcs,
OPUEHTUPYACb Ha pacHeTHY0 CKOpPOCTb Tensno-
HocuTtena [npunoxxeHue A]. lNotepu pasneHuA
ornpegenAem no yaenbHbIM NOTEPAM OaBreHuA,
a MeCTHble CONpPOTUBNEHMA (OTBOAbI U U3MEHE-
HVe gvameTpa) ynpoLLeHHO y4nTbiBaem B Bufe
pononHutenbHbix 30% K noTepAM AaBrieHuA rno
AnvHe.

WcxogHble daHHble AnA ruapasBnMyeckoro
pacyeTa criegyloLime:

— pacyeTHbIn pacxop 3000kr/y;

— obLana anvHa 8m;

— anametp — d50mm;

— CKopocTb TennoHocutena 0,40m/c;

— ygenbHaAa notepa gasneHuva 470Ma/m.

ConpoTuBneHvem rvgpasnn4eckoro pas-
genutena no3.1.2. waposbiX KpaHoB Mo3.1.5
npeHebperaem B CUNy €ro He3Ha4UTENbHOCTU
OTHOCUTENBHO COMPOTUBIIEHNA BCErO KOHTYpA.

MotepAa maBneHus B TpybonpoBogax o6BA3-
Ku KoTna:

=1,3 x (47 x 8) = 490Ma.

.K.

AP
Y.

[na onpegeneHna notepu gaesnenua AP, lNa,
apmartypsbl, rmgpaBnuyeckmne napameTpbl KOTo-
poi 3afaHbl B BuAe MPOMNYCKHOW CrocobHOCTY,
ncnonb3yem pacyeTHyto opmyny (4.9)[12]:

AP =01 (G/k, )2,
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roe:

G - pacyeTHbll pacxof TennoHocuTena Ha
y4acTke, Kr/y;

k, - nponyckHaa cnocobHoCTb, M%/4.

Onpegenum pacyeTHble NOTepu AaBneHuA
BeHTMNA nos.1.3 (d50, apr.1411516, k=87
m%/4) n ¢unerpa no3.1.6 (d50, apt.1411116,
k, =42 mM%/4):

AP, . =0,1-(3000/87)2 = 120Ma.

AP, ,s=01 -(3000/42)% = 510la.

BbanaHcoBbIn BeHTUNb no3.1.4 (d50, aprt.
1411756) ucnonb3yeTcA B ka4eCcTBe 3arnopHOro,
6anaHCOBOroO 1 U3MEPUTESIbHOTO YCTPOMCTBA.

Mpn Hanagke cUCTEMbl OTOMMEHUA C MOMO-
LUbIO BEHTWMA MOXXHO YCTaHOBUTb Tpebyembii
pacxog TennoHocutena. MNMpu namepeHun pac-
Xofa BEHTUNb He [OOMKeH OblTb MONHOCTbIO
OTKPbITbIM.

A

1

FEPYITOLN

Mepenap aaeneHua Ap—>

Pacsoala] 3000 Kr/4
Puc. 4.47. OnpegeneHne conpoTnBeHNA
BeHTUnA 6anaHcoBoro LUTPEMAKC-M
d50 ap1.1411756 ¢ namepuTenbHbIMU
KnanaHamu,
no3. 1.4 puc. 4.46.

3agagyuMm  orpaHuMyeHue  MakcumanbHON
CTEMEHN OTKPbITUA BEHTUNA C Takum YCno-
BUEM, 4YTOObl COMPOTUBREHUE BEHTUNA ObINo
Obl He MeHee 5kla (npu pacyeTHOM pacxofe
3000kr/4), TaKk Kak WM3MepUTESbHbIA KOMIMbIO-
Tep N'EPLI8900 MmeeT MOBbILLIEHHYO TOYHOCTb

n3MepeHnAa pacxoga npu nepenage AabneHuA
6onee 5kMa.

YcTaHOBMM  3HaYeHWe  rugpaBian4eckom
npegHacTponkm n=2,6 (puc. 4.47), npu KoTto-
POM COMPOTMBMEHUE BEHTUNA OymeT paBHO
AP, =6klla, T0 ecTb Gonee 5 kla.

CymmapHble pacyeTHble NoTepu fasneHuA
y3na 1 coctapAr:

2AP =AP, __+AP_, . +AP___ +AP

y4.ys.1. YY.K. 8.1.3 @.1.6 13.1.4=

=490 + 120 + 510 + 6000 = 7120 [Ma.

Hacoc nos. P1.1 nogbupaem Ha crnegytoLye
pac4eTHble napameTpbl:

G, = 3000 Kr/4 (3,0 m%/4);
P =712 klMa (0,72 m B.CT.).

H Q= 3.43 w0 UPS 3230 F

(m) H=1.04m
ﬂepeKaHVlB. XKUAKOCTb = Boﬂa B cucTteme otonneHuna

2.4 O6uwumit KA = 19.6 %

2
1.6
1.2
0.8
0.4

0

0 1 2 3 4 5 6 7 8 9 QM)

Puc. 4.48. Pac4eTHaA xapakTepucTmka
LumpKynAaumoHHoro Hacoca UPS 32-30 F
(no3.P1.2 puc.4.46)

K yctaHoBke npuHumaem Hacoc ¢upmbl GR-
UNDFOS mapkn UPS 32-30 F. Pabo4as Touka
Hacoca:

G,=3.43m%4, P =1.04mB.CT.

BannacHaa nunHMA ¢ Hacocom no3.P1.2
npegHasHaveHa p[nAa aBTOMATM4Yeckoro nog-
Jep)xaHvuAa Temnepatypbl TEnnoHOCUTENA Ha
BXOZE B KoTen He meHee 60°C. PacyeTHbIn pac-
xof onpefenAetcA He meHee 50% pac4eTHOro
pacxofa 4yepe3 koten. [Mpumem 3a pacyeTHbIN
pacxof 6annacHoi nuHuM 1500Kr/4.
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Pac4eTHOe UMpPKyNALMOHHOE KOSbLo ANA Ha-
coca no3. P1.2 coctont n3 nocnegoBaTesibHbIX
y4acTKoB 06BA3KM KOTNa 1 6annacHomn NuHuK, a
UMEHHO, KoTna nod.1.1, BeHTunA nos.1.4, AByx
LapOoBbIX KpaHOB Mo3.1.7 1 3anopHOro BEHTUNA
no3.1.3. ConpoTueBneHnemM LWapoBbIX KpaHOB
no3.1.7 npeHebperaem B CuNy €ero HesHauu-
TENbHOCTN OTHOCUTESbHO COMPOTMBIIEHNA BCeE-
ro KOHTypa 6annacHom NUHUM.

B atom cny4ae pac4deTHbIn pacxog Tensno-
HocuTensA 0OBA3KM KOTna criegyeT NPUHATL paB-
HbiM 3000+1500=4500kr/4, a pac4yeTHble NoTe-
pu OaBneHna KoTna npu nepecyeTe COCTaBAT:

5000
AP, = —— x4500° =11250 Ma

3000

AHanornyHeiM obpasom nepecyntTaem co-
npoTueBneHne BeHTunen nos.1.4 n nos.1.3

6000
APg1a= ———5 x4500° =13500 Ma.
3000
120
APe1s= - x4500° =270 Ma.
3000

CymMmapHble noTepy AaBneHua LUpKynauu-
OHHOro KorbLa ana Hacoca nos.P1.2 coctaBAarT:

AP, . =11250 + 13500 + 270 = 24800 Ma.,

yu.

To ecTb He meHee 25000k[1a, T.K. Mbl HE y4K-
ThiBanu conpoTuBeHne TpybonpoBoaos.

Hacoc nos.P1.2 noabupaem Ha cnegytoLime
pacyeTHble NapaMeTpsbl:

G, = 1500 Kkr/4 (1,5 m%/4);
P,=248000Ma (2,5 m B.CT.).

K ycTaHOBKe MpUHUMaEM Hacoc ¢UPMbI
GRUNDFOS wmapkn UPS 25-50 180. Pabo4an
TOYKa Hacoca:

G,=152wm%4, P =2,86MmB.CT.

H UPS 25-50 180

() Q=152
H=2.86m
ﬂepeKa‘-WlB. XKNOKOCTb = Boua B cucteme otonneHna

O6wwun KNQ = 23.7 %
0 0.5 1 15 2 2.5 Q (v3/4)

Puc. 4.49. Pac4eTHaa xapakTtepuctmnka
cmecuTenbHoro Hacoca UPS 25-50 180
(no3.P1.2 puc. 4.46)

Y3en 2.

MpencTaBnaeT coboi y3en perynupoBaHuUA
CUCTEMbl HAMOMNbHOrO OTOMMNEHWA, KOTopanA JKC-
nnyaTupyeTcA B OTOMMUTESbHbIA NEPUOA.

Mopbop Tpexxogosoro PO u gpyroro o6opy-
AOBaHUA CUCTEMbl TEMNonoTpebneHna npous-
BOAMM B COOTBETCTBUM C MeToavKamy pasgena
3.3.2 no pacyetHon cxeme puc. 3.9 n pasgena
3.5.2 no pac4yeTHOn cxeme puc. 3.16.

OcHoBHble ncxodHble faHHble y3na 2 npuse-
AEHbI Ha cxeme TpybornpoBoZoB puc. 4.46.

Moabop Tpexxomosoro PO yana cmelleHus
npon3sogum No metoguke pasgena 3.3.2 (pac-
yeTHaA cxema puc. 3.9) co cnegyroLLMMmn 1UC-
XOOHBIMW OaHHBIMU:

— pacyeTHble MNapameTpbl TEMOHOCUTENA
notpebutens tennotbl t=45°C, t =35°C;

— MakcumanbHbIi ~ pacyeTHbIn  pacxof
TennoHocutena [AnA notpeduTens Tennoth
G,,.,=2060kr/4;

— noTepu HaeneHusA notpebuTens (cucte-
Mbl HaroSIbHOro OTOMJIEHUA) C MOJBOAALLUMUN
TENMONPOBOAaMN 1 apMaTypon — Mo Harpas-
NEeHNo ABWXEHWA TENNOHOCUTENA OT y3na «A»
[0 KnanaHa no3s.2.3 (B TOM 4ucne: gga BEHTUNA
nos.2.7) AP =AP,=8000la;

— pac4deTHaAa Temneparypa TenoHOCUTENA
nocne rmgpaenuyeckoro pasgenurtena 80°C:

— pacyeTHbIn pacxof TEmnnoHocuTenAa OT
pacnpeaenuTenbHon rpebeHkun G ,=460Kr/4.
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CnepyeTt BblABUTb Takxe cnegywowe fo-
NONHUTENbHbIE UCXOAHbIE AaHHbIE:

1. CymmapHble noTepu pasrneHus maru-
CTpanbHbIX TEMNONPOBOAOB APy .. (C pacyer-
HbIM pacxofom 2G,=2870Kr/4) mMexay rugpas-
NMYecKnm pasnenMTeneM 1 rpebeHkamu.

2. CymmapHble noTepu [asfeHuA ZAP
TENNOnpoBoAoB (C  pacHeTHbIM pacxonom
G,=460kr/4) mexgy nogatoLlen rpebeHkon u
TO‘-IKOI/I «A», a TaKxKe MeXxgy Toukoi «B» 1 06-
paTHol rpe6eHKov|.

3. MNotepn pgasneHuA B nNogMmeLUMBaloLLEM
Tpybonposoge AP, (napameTpsl 6aiinaca).

CymmapHble notepy AaBneHna MarmcTparnb-
HbIX Tennonposodos AP (C pacyeTHbiM pac-
xopom G ,=2870Kr/4) Me)Kny rmapaBnnyeckum
pasuenvlTeneM N rpebeHkaMnm paccHMTbiBaeM
npu cnegyroLLmnMx NCXOAHbIX AaHHbIX:

— pacyeTHbIn pacxog 2870 Kr/y;

— obwas cymmapHaa gnuHa 13 wm;

— anameTp — d50mwm;

— cKopocTb TennoHocuTena 0,39 m/c [npu-
noxxeHue AJ;

— ygenbHaA noTtepA pgaeneHuAa 45 [la/m
[NpunoxxeHne Al.

[MoTepn paBneHuA onpependeMm no ygernb-
HbIM MOTEPAM [aBfeHnA, a MECTHble COMnpo-
TMBNEHMA (OTBOAbI M W3MEHeHWe amameTpa)
YNPOLLEHHO Yy4UTbIBAEM B BUAE AOMOMHUTESb-
HbiX 30% K noTepAm AasneHuna rno gnuHe. Torga
CyMMapHble NoTepu AasBneHnA mMarncTpanbHbiX
TennonpoBoaoB.:

Aqu,M? 1,3 x (45 x 13) = 760 MNa.

CymmapHble noTepu faBneHuA Tennonpo-
BoAoB 2AP  mMexpay nojatoLien rpebeHKon
N TOYKON «503, a TaKkxKe mexgy To4Ykon «b» u
obpaTHoii rpebeHKon COCTOAT U3 NoTepb Aasne-
HVA B TpybonpoBoae APg 1 NoTepb AaBrneHnA B
OBYX BEHTUMAX N03. 2.6 1 N03. 2.2.

[MoTepw gaBneHnA B Tennonposoaax paccHu-
TbIB2EM NP CregyroLmnX NCXOAHBIX aHHbIX:

— pac4eTHbIn pacxon 460Kr/y;

— obLana anvHa 6m;

— anametp — d25mm;

— CcKopocTb TennoHocutena 0,21wm/c [npw-
noxxeHue AJ;

— ygenbHasa notepAa gaeneHua 300Ma/m [npw-
noxxeHue AJ.

lMoTepn gaBneHMA B TENNONPOBOAAX:

AP, =1,3x (30 x 6) = 240 MNa.
Onpefgenum pac4eTHble NMoTepy AaBneHuA
3anopHoro BeHTWNA No3.2.6 (d25, apt.1411513,
k =18 m3/4).
AP, , = 0,1-(460/18)* = 70 MNa.

BbanaHcoBbIn BeHTUNb No3. 2.2 (d25,

apt.1421703) ucnomnb3yeTcA B KayecTBe 3a-
nopHoro, 6anaHcoBoro 1 W3MEepUTENbHOIO
yCcTpoWncTBa.

Mpn Hanagke cUCTeMbl OTOMMAEHUA C NMOMO-
LL{blO BEHTWNA MOXHO YCTaHOBWTb Tpebyembiii
pacxof TennoHocutena. MNpu namepeHun pac-
Xofa BEHTUNb He [OMKeH ObliTb MONHOCTbIO
OTKPbITbIM. 3agagnmM orpaHuyeHve Makcumarnb-
HOW CTENneHu OTKPbITUA BEHTUNA C TaKUM YCrio-
BEM, 4TOObl COMPOTUBIIEHVWE BEHTUNA OblNo
Obl He MeHee 5klMa (Mpy pacyeTHOM pacxope
460Kr/4), TaK Kak N3MepuTeENbHbIA KOMMNbIOTEP
F'EPLI8900 mmeeT NOBbILLEHHYD TOYHOCTb W3-
MEepeHua pacxoga npu repenage AasreHuA
6onee 5kla.

YcTtaHoBUM  3HAaYeHWe  rmapasBnnYecKom
npegHacTponkmn n=2,6 (puc. 4.50), npmu KoTo-
pOM COMpPOTMBIIEHUE BEHTUNA OymeT paBHO
AP, , =5klla.

o~ 3HauyeHne Kv ——>

R

[kr/4] <t AP BALRR  e

Pacxop qm —> 460 Kkr/4

Puc. 4.50. OnpegeneHne conpoTUBNeEHUA
BeHTMNA banaHcosoro LUITPEMAKC-GM, d25,
ap1.1421703 ¢ namepuTenbHbIMU KnanaHamu,

nos.2.2 puc.4.46.

Takum 0b6pa3oM, CymMmMapHble NoTepu aasne-
HUA TennonpoBoaoB ZAP Mexgy nofaroLLen
rpebeHKoN 1 TOHKOM «A» a Takke Mexnay Tou-
Kol «B» 1 obpartHoi rpe6eHK0|/| 6yOyT paBHbl

ZAPW_ = APW_ + APy, + AP, , =

=240 + 70 + 5000 = 5310 IMa (5,3 kMa).
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Tpebyemble NoTepu AaBneHUA B nogmMeLLu-
BatoLiem Tpybonposoge AP, (B Gaiinace) npu
G= G, B COOTBETCTBUW C peKoMeHaauuamm
pasgena 3.5.2 anAa cxembl puc.3.16, npumem
paBHbIMU TpebyembiM MOTepAM AaBneHua Oa-
NaHCcOBOro BeHTUNA nos.2.1:

APﬁn. = AF’6.842.1 = (APy‘-I.M. + ZAPyu) =

=760 + 5310 = 6070lMa (6,1 la).

[na 6anaHcoBoro BeHTUNA nos.2.1 onpepe-
MMM 3Ha4YeHne rmgpaBnuyeckon npegHacTpomn-
kn n =4,0, Npy KOTOPOM CONPOTUBIIEHNE BEHTU-
na Gypet pasHo AP, , =6,1klNa npu pac4eTHOM
pacxoge G, =2060kr/4 (puc.4.51).

= w 3HAueHne Kv —

b
P i

6,1 kMa ==

T

- Mepenap nasnenua Ap.—— ..

ko] T

Pacxop qm —>

Puc. 4.51. OnpepeneHne 3Ha4yeHuA
rmapaBnnUyecKon NpegHacTpoOnKM BEHTUNA
6anaHcosoro LUTPEMAKC-GM, d25,
apt.1421703 c namepuTenbHbIMU KnanaHamu,
no3.2.1 puc.4.46.

Takum obpasom, onpedenvs ruapaenu-
Yyeckue napameTpbl TEMNNONPOBOAOB MeXAay
rmgpasnuyeckumMm pasgenuteneMm u ToYkamu
«A» n «b», a Takke Tpybonposoga nogmeca
(6aiinaca), ™Mbl 3aBepwunu  GOPMUPOBaHME
MCXOMHbIX AaHHbIX ANA nogdbopa TPexxoAoBoro
PO nos.2.3 n ona nogbopa cMecuTenbHOro Ha-
coca P2.1.

TpexxomoBoi PO nopbupaem no metoauke
pasgena 3.3.2. Mbl ncnonb3oBann B CXEMe
yana 2 perynupytowmin knanaH CALIS-TS-RD
apt.17761, nmerownn NUHENHYIO MPOMNYCKHYHO
XapakTepucTuky (Tabnuua 3.5). Moatomy, B

COOTBETCTBUM C pekomMeHfaumAaMu pasgena
3.1, cnegyet 3apgaTbCA aBTOPUTETOM Krana-
Ha a>0,4. 3apagumcA aBTOPUTETOM & ...
=0,5. Torma Tpebyemoe MUHMUManNbHOE pac-
4YeTHOE 3Ha4deHue nepenaga pasneHna Ha PO

(APP.DATPEE)mm, Ma BblMUCNAETCA MO BbIPaXKEHUIO
(3.19):
(AP p.0.TPEG Jmin = w =
avrees :
_ 80001+ 6070 — 14070 [Ma
@ -1

Tpebyemaa ycrnoBHas MponyckHaa cnocob-
HocTb PO Kk 0o m3/4 onpegenAeTcA Mo Bbl-

paxkeHuto (3.20):

Grax 2
KvstPes = 10 =
p\/O,’l (8P 0.5 Jnin
2060
10° =554m° /

" 992./01 x 14070

MpvHMMaeM K yCTaHOBKE TPEXXOOoBOW
knanaH CALIS-TS-RD apt.1776140, d25,
k . =6,44m%/4. Pac4eTHbll nepenan AaBneHWs

vs

Ha PO APP_ , Ma Bbl4MCNAETCA NO BbIpaXXeHUIo
(3.22):

2
APpo =01% EO%J =10230 a.

’

Pac4eTHbIn Nepenag AaBneHna Ha perynu-
pyemom y4acTtke AP, [lla onpepgenAaetca no
BblpaXkeHunto(3.24):

APPV = APp.o."'APnorrp."'APGH =
=10230 + 8000 + 6070 = 24300 /a.

MpoBepym gencTenTeNlbHOE 3HA4YEHNE aBTo-
puTeTa KnanaHa rno BblpaXKeHUIo:

_ APp.o.
" AP, + AP romp + APg;
_ 10230

10230 +8000 + 6070

ay

=0,42.
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Taknm ob6pasom, BblbpaHHbIA TUNopa3mep
KrnanaHa COOTBETCTBYET AManasoHy KnanaHoB
C IWHENHOW npPOMYCKHON XapaKTepuCTUKOWN
a20,4.

Ona yana 2 Tpebyeman ycrioBHas nponyck-
Has cnocobHocte PO k..., M%4 morna 6biTb
onpegeneHa no YnpoLleHHON MeToguke C uc-
Nnonb3oBaHVeM BbipaXkeHuA (3.26):

_ (2G1py ---3G e ) _
VSTPEE 1000 -
(2x2060...3 x 2060 )

3
= 050 = (412..6,18)m" /u

k

BbiyncneHHoe Bbile No BblpaXkeHuto (3.22)
3HayeHue K, ,,..=5,54m%4 HaxoanTcA B gnana-
30He 4,12...6,18 m3/4, BbIHUCNIEHHOM MO YMpPO-

LLeHHOM meToauKe (3.26).

CmecuTenbHblii Hacoc No3.P2.1 nogbvpaem
Ha cregytoLume pacyeTHble napameTpbl:

G,=G,, = 2060 kr/4 (2,1 M%4);
P .= AP, =24300 Ma (2,4 m B.CT.).
K ycTaHOBKe MpuUHUMaeM Hacoc ¢GUPMbI
GRUNDFOS wmapkn UPS 25-60 130. Pabouyasn

TOYKa Hacoca:

G,=2,14 %4, P =276 mB.CT.

H UPS 25-60 130

Q=214 M3y
H=276m
Mepekayme. XnaxkocTb = Boga B cucTeMe OTonneHus

I~

O6wwin KN = 24 %
0 0.5 1 1.5 2 25 Q (m3/4)

Puc.4.52. PacyeTHaAa xapakTepucTmka
cmecuTenbHoro Hacoca UPS 25-60 130
(no3.P2.1 puc.4.46)

Y3en 3.

MpepcTaBnAeT cobon y3en perynupoBaHUs
C/CTEeMbl KOHBEKTUBHOIO OTOMSIEHUA, KOTOpas
3KCnnyaTupyeTcAa B OTOMUTENbHbIN Nepuos.

Mop6op Tpexxogosoro PO u gpyroro obopy-
[OBaHUA CUCTEMbl TennonoTpedneHna npous-
BOAMM B COOTBETCTBUM C MeToAuKamMu pasgena
3.3.2 no pacyeTHoi cxeme puc. 3.9 n pasgena
3.5.2 no pac4yeTHon cxeme puc. 3.16.

OcHoBHble ncxofHble faHHble y3na 3 npuse-
[eHbl Ha cxeme TpybonpoBoAOB puc. 4.46.

MonGop Tpexxomoeoro PO yana cmelleHns
npounssoaum no metoauke pasgena 3.3.2 (pac-
yeTHaAa cxema puc. 3.9) co cnegyloWMMN UC-
XOAHBbIMU AaHHbIMU:

— pacyeTHble napameTpbl TEMNOHOCUTENA
notpebutena Tennotsl t =80°C, t,=60°C;

— MakCumarbHbIi ~ pacyeTHbIi  pacxod
TennoHocutensa pana notpebutens TennoTbl
G, =2410kr/y;

— noTepu paBneHua notpebutensa (cu-
CTEMbl KOHBEKTUBHOIO OTOMMEHWA) C NOABO-
OALMMK TENIONPOBOAaMMU 1 apMaTtypon — no
HanpaBneHuio [ABVXKEHUA TEnnoHOCUTENA OT
knanaHa no3.3.3 go yana «b» (B ToM 4ucne:
ABa BeHTUNA No3.3.6) AP = AP, =9000la;

— pacyeTHaA Temnepartypa TennoHocuTens
OT rmgpasnuyeckoro pasgenutena 80°C:

— pacyeTHbIi pacxod TennoHocutena ot
pacnpenenuTenbHoin rpebeHkn G,=2410Kr/4.

CnepyeTt BbIABUTb TakXe cnegyowme fgo-
MONHUTENbHbIE UCXOAHbIE fAHHbIE:

1. CymmapHble noTepu [AaeneHuA maru-
CTparbHbIX Tennonposofos AP - (c pacyet-
HbIM pacxofom 2G, =2870kr/4) mexxay ruapas-
NMYECKUM pasgenutenem u rpebeHkamm.

2. CymmapHble notepu pJasneHuA ZAPW
TENnonpoBOAOB (C pacyeTHbIMM pacxojamu
G,=2410kr/4) mexpgy nopatoLlen rpebeHkon u
TOYKON «A», a TaKxXe Mexay Toukol «B» 1 06-
paTHol rpebeHKoN.

3. lNoTepn pgaBneHusa B nogMeLLMBatoLLEM
Tpybonposoae AP, (napameTpsl 6aiinaca).

BernmumHa cymmapHbIX MOTepb HdaBneHuA
MarucTpanbHbiX  TennonpoBofoB AP (c

yy.m.

pacyeTHbIM pacxopgom 2G =2870kr/4) mexay
rMapaBnuyeckum pasgenutenem u rpebeHka-
Mu coctasnAeTr AP, =760la (cmMoTpn pacyet
yana 2).

CymmapHble MoTepu [aBneHuA Tennonpo-
BOfloB 2AP ~ mMexxay noparoLien rpebeHKol
N TOYKOWM «A», a TakkKe Mexay To4Konm «b» u
obpatHoli rpebeHKol COCTOAT 13 NoTepb AaBne-
HUMA B TpybGonpoBoge AP, n noTepb AaBneHuA B

OBYX BEHTUNAX Nn03.3.6 1 no3.3.2.

lNoTepwn aaBneHnA B TeNN0NPOBOAaX paccyu-
TbiBAEM MNpY CReaytoLnNX UCXOAHbIX AaHHbIX:

— pacyeTHbIn pacxog 2410kr/vy;

— ob6Lana anvHa 8m;
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— pvameTp — d40mwm;

— cKopocTb TennoHocutena 0,53 m/c [mpu-
noxxeHue AJ;

— y@enbHaAa notepa gaeneHna 110 [Na/m
[MpunoxxeHue Al.

lMoTepu faBneHuAa B TENONPOBOZAX:

AP, =1,3x (110 x 8) = 1150(Ma.

Onpegenum pac4eTHble notepy AasneHuA
3anopHoro BeHTUNA nNo3.3.6 (d40, apt.1411515,
k, =44 m3/4).

AP, ,, =0,1.(2410/44) = 300 MMa.

banaHcoBbIn  BeHTUNb  N03.3.2  (d40,
apt.1421705) wncnonb3yeTrcA B Ka4decTBe 3a-
nopHoro, 6anaHcoBOro U W3MEepUTENbHOro
yCTponcTBa.

3HaueHune ky —> . ==

Nepenap aaenenun Ap_ﬁ:. '

=}

RTR | (/L) S
=, Pacxop gm —>

Puc. 4.53. OnpegeneHne conpoTUBNeHNA
BeHTUNA banaxcosoro LUTPEMAKC-GM, d40,
apT.1421705 ¢ namepuTenbHbIMU KnanaHamu,

no3.3.2 puc.4.46.

Mpw Hanagke cucTembl OTOMMEHUA C MOMO-
LUbIO BEHTUMIA MOXXHO YCTaHOBUTb Tpebyembiin
pacxog TennoHocutena. MNMpu namepeHun pac-
Xo4a BEHTUNb He [OorKeH OblTb MOMHOCTbIO
OTKPbITbIM. 3afaanM orpaHnyeHne makcumarnb-
HOW CTEMNEHN OTKPbITUA BEHTUNA C TaKUM YCHo-
BMeM, 4YTOObl COMPOTWBNEHUE BEHTUNA OblNo
6bl He MeHee 5klla (npu pac4eTHOM pacxofe
2410Kr/4), Tak KakK W3MEPUTESNIbHbIA KOMIMbLO-
Tep NEPLI8900 nmeeT NOBbLILLEHHYO TOYHOCTb
N3MepeHnA pacxoga npu nepenage ga.rneHuA

6onee 5ka.

YcrtaHoBMM  3HaYeHve  rmapasnnYecKon
npegHacTtponkn n=3,7 (puc.4.53), npun KoTo-
pOM COMpPOTMBMIEHME BEHTUNA OydeT paBHO

AP, , =6Kla, T0 ecTb 6onee 5 kMa.

Takum 06pa3om, CymMMapHble notepu gaene-
HWA TennonpoBoJoB ZAPW Mexay nogatoLLen
rpebeHKON N TOHKON «A», a TaKxKe Mexay ToY-
Kol «B» 1 obpartHon rpebeHkoi GyayT paBHbl

2AP, =AP, + AP, . + AP

6.3.6. 832-

= 1150 + 300 + 6000 = 7450[a (7,5 kla).

Tpebyemble noTepu OaBneHUs B nogmeLuu-
BatoLiem Tpybonposofe AP, (B Gaiinace) npu
G= G, B COOTBETCTBUN C pPeKOMeHAaaunAMY
pasgena 3.5.2 gnAa cxembl puc.3.16, nprmem
paBHbIMK TpebyeMbiM MnoTepAM OaeneHus Oa-
naHCcoBOro BeHTUnNA no3.3.1:

A’:,6n.: AP&B.SJ = (APy'-I.M. + ZAPyH) =

=760 + 7450 = 8210 NMa (8,2 kIa).

[na 6anaHcoBoro BeHTWNA no3.3.1 onpepe-
MMM 3Ha4YeHne rmagpaenmyeckon npegHacTpou-
Kn n=3,4, Npn KOTOPOM COMPOTUBIEHNE BEHTU-
nAa Gypet pasHo AP, . =8,2k[Na npu pac4eTHOM
pacxofe G, =2410kr/4 (puc. 4.54).

1 3Hauenue ky —>

r

8,2 kHaf=

_I'Iep'enaA AaBneHna

i

B 0 R TRy e R

24ta ke —

Pacxop gqm —>

Puc. 4.54. OnpepgeneHne 3Ha4eHnA
rMapaBnnMYeckon npegHacTponKm
BeHTUNA 6anaHcosoro LUTPEMAKC-GM,
d40, apt.1421705 € n3meputenbHbIMU
KnanaHamu, rnos.3.1 puc.4.46.
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Takum obGpasom, onpegenus rvuapaenu-
Yeckue napameTpbl TEMONPOBOQOB MeXay
rMapaBnMyeckum pasgenutenem u ToYKamu
«A» n «b», a Takxe Tpybonposoga nogmeca
(6annaca), Mbl 3aBepwunu  GopMUpPOBaHUE
MCXOMHbIX AaHHbIX ANA nogdopa TPexxonoBoro
PO nos.3.3 1 ansa nog6opa cMecuTernIbHOro Ha-
coca P3.1.

Tpexxomoson PO nopgbupaem no metoauke
pasgena 3.3.2. B cxeme yana 3 Mbl ICNONb3yeM
perynupytowmin knanad NEPL, apT.14037, npo-
NYCKHYIO XapakTepUCTUKY KOTOPOro (NMMHENHYO
UM PaBHOMPOLEHTHYIO) MOXXHO YCTaHOBUTb C
MOMOLLbIO NMepeKkntoyaTena nepegarto4yHoro me-
XaHu3ma npueopa apt.1771211 (tabnuua 3.5).
3afaemcA NMHENHON MPOMYCKHOW XapaKTepu-
CTMKOM KnanaHa no3.3.3 puc. 4.46. B cooTeeT-
CTBUM C pekomeHpjauuAamn pasgena 3.1, cne-
AyeT 3apatbcA aBToOpuUTETOM KnanaHa a >0,4.
3apgapgumca  asTtoputetom a ,..=0,5. Torga
Tpebyemoe MUHMManNbHOE pacyeTHoe 3Haue-
HUe nepenaga AasneHua Ha PO (AP . )
Ma BblYMCNAETCA MO BbIPaXKEHUIO (3.15):

(AP, o 1PEG Jmin = w =
av rpes 3
_ 90001+ 8210 17210 [Ta
£-1

Tpebyemaa ycrnoBHasA MpoMyckHaA crnocob-
HoCTb PO K peey M¥4  OMpepenAeTca Mo Bbl-

paxkeHuto (3.20):

Grax 2

10 =
P\/ 01(BP o rres Jmin
2410

" 972./01 x17210

[MprHMMaeMm K yCTaHOBKe TpexxodoBoin Kna-
naH MEPL| apt.1403720, d20, k =6,3m%4. Pac-
4eTHbIN nepenap AasneHna Ha PO AP, Ma
BbIYNCMAETCA MO BblpaXkeHnto(3.22):

KvstpES =

10° =598m° /y

2
_ 21401% _
AP o =01x [WJ =11540 .

’

Pac4yeTHbIn nepenag AaBneHUA Ha perynu-
pyemom yyactke AP, Na onpepenAetrca no
Bblpa>keHnto(3.24):

Py’

A'DPV=AP,'.).O."'A'l:’nonp."'A'l:)Gn=
=11540 + 9000 + 8210 = 28750 [la.

[NpoBeprm AencTBUTENBHOE 3HAYEHNE aBTo-
puTeTa KnanaHa no Bblpa>keHUHo:

~ AP o, _
" AP+ APromp + APey
_ 11540

" 11540 + 9000 + 8210

ay

=0,40.

Takum o06pa3om, BbIGpaHHbI TUMopa3mep
KranaHa COOTBETCTBYET AMAnasoHy C JIMHeil-
HOW NPOMYyCKHOWN XapakTepuCTUKOMN.

CmecuTenbHbIi Hacoc No3.P3.1 nogbvpaem
Ha crnegyloLme pacyeTHble napameTpb:

G,=G,,, =2410 kr/4 (2,5 M%/4);

P.,= AP, =28750Ma (2,9 m B.CT.).

H UPS 25-55 180
(M) Q=253 MM
H=328m
5 Mepekauns. xugkocTb = Boga B cucteme otonneHns

O6wmn KNA =25.4 %
0 05 1 15 2 25 3 35 4 45 5 Q(w/)
Puc. 4.55. Pac4eTHaAa xapakrepuctuka

cmecutenbHoro Hacoca UPS 25-55 180
(no3.P3.1 puc.4.46)

K ycTaHOBKe MpuHMMaeM Hacoc ¢UpPMbl
GRUNDFOS wmapkn UPS 25-55 180. Pabo4yas
TOYKa Hacoca:

G,=2,53m%4, P =3,28MB.CT.

Ctpanuua 113



B. B. [MoKOTWNOB: PerynupytoLiye KnanaHbl aBTOMATU3UPOBaHHbIX CUCTEM TEMO- U XONO4OCHA0KEHMSA

Y3en 4.

MpenctaensAeT coboii y3en perynupoBaHuA
Temnepatypbl BOAbl B €MKOCTHOM Goinepe
ropAaYero BogocHabXxeHuA. [BYyXMNO3ULMOHHbIN
3NEKTPOHHbIN perynAaTop Temneparypbl no3.4.3
no rnokasaHvAM pJatyuka nos.4.4 BKno4daer
LUMPKYNALNOHHBIN Hacoc no3.P4.1 npu noHmxe-
HUK TemnepaTtypbl Bogbl B Goiinepe Huxke 50°C.
Mpwn atom BbiKMO4aeTcA Hacoc no3.P3.1 cucte-
Mbl KOHBEKTMBHOIO OTOMNSEeHUA. [py NoBbILLEHNN
Temnepatypbl Bogb! Bbile 50°C Hacoc no3.P4.1
BbIKMOYAETCA 1 BKMo4YaeTcA Hacoc no3.P3.1
CUCTEMbl KOHBEKTMBHOIO OTOMMEHuA. Takum
obpa3om focturaeTcA MakcumarbHO BbICOKUI
Temn nogbema TemMnepatypbl Bogpbl B Hoiinepe.

HeobxoOoMmo onpedenuTb rMapaBnuyeckue
XapakTepucTuKK yana 4 ¢ uenbto nogbopa ump-
KyNnAUMOHHOro Hacoca. OCHOBHble MCXOfHble
faHHble y3na 4 npuBefdeHbl Ha cxeme Tpybo-
nposofdos puc. 4.46.

LinpkynaumoHHoe konbuo Hacoca P4.1 co-
CTOUT U3 TennoobMeHHVKa (3mMeeBrKka) boine-
pa c TennonpoeoJaMu obBA3KM OO pacrnpege-
NUTENbHbIX rPEBEHOK, a TaKXKe MarncTpanbHbIX
TENNOMNPOBOAOB MeXAY rmapaBnu4ecknmM pas-
penutenem un rpebeHkamn. COOTBETCTBEHHO,
noTepy AaBfeHUA B LMPKYNALUOHHOM KOSbLie
NpeacTaBnAlTCA CYMMOW MOTEPb [aBreHuA
B TennoobmeHHVke AP, noTepb fAasneHvs B
Tpy6onposoge obeA3ku Gonnepa AP, , notepb
OAaBMeHNA B ABYX 3aMOpPHbIX BEHTUMAX (M03.4.6)
2xAP, , ., NOTepb AaBneHna B 6anaHCcoOBOM BEH-
Tune (nos.4.2) AP, ,,, NoTepb AaBNeHWs Maru-
CTpanbHbIX TEMONPOBOAOB MexXAy rmapasnu-
Yyecknm pasgenutenem u rpebeHkamu AP,..=
7600Ma (cmoTpu pacyeT y3na 2):

AP, =AP +AP +2xAP;, . +AP, ,+AP,

OcHOBHbIE UCXOAHbIE faHHble:

— pacyeTHble napameTpbl TennoHocuTena
notpebutensa tennotbl £ =80°C, {,=60°C;

— MakcumarbHbii  pacyeTHbIl  pacxof
TEeNnoHocuTenAa AnAa notpebutena Tennotbl
G,,.=2150kr/4;

— noTepu  [AA@BMEHWA  TennoobMeHHuKa
(3meesuka) bonnepa AP, = AP, =5000a.

[MNoTepw gaBneHnAa B Tennonposogax paccuyu-
TbiBaeM Npu cnegyroLmnx UCXOAHbIX AaHHbIX:

— pacHeTHbIn pacxog 2150kr/y;

— obLwaa gnuHa 12m;

— pvameTp — d32mwm;

— cKopocTb TennoHocutena 0,66m/c [npu-
noxxeHwue AJ;

— y@enbHaAa notepAa pasneHuAa 2100Ma/m
[MpunoxxeHue Al.

MoTepn paBneHuA B TENNONPOBOAAX:

AP, =1,3x (210 x 12) = 3280 MMa.

Onpegenum pacyeTHble noTepyn pasne-
HWA [BYX 3anopHbiX BeHTunen nos.4.6 (d32,
aptr.1411514, k =32,5 m%4).

2xAP,,, =2x0,1x(2150/32,5)? = 880Ma.

BanaHcoBbli  BeHTWNb  n03.4.2  (d32,
apr.1421704) ucnonb3yeTcA B KadecTBe 3a-
nopHoro, 6anaHcoBOrO U U3MEpPUTENbHOIO
yCTpOMncTBa.

Mpu Hanagke cMCTeMbl C MOMOLLbIO BEHTUNA
MOXXHO YCTaHOBUTbL TpebyeMblii pacxon Tenmno-
HocuTenAa. lMpyu namepeHun pacxoga BeEHTWUMb
He JOMmkeH OblTb MOMHOCTbIO OTKPbITbIM. 3a-
dagyMm OrpaHudeHne MakCUManbHOW CTeneHu
OTKPbITUA BEHTUNA C TaKUM YcroBuem, 4ToObl
COMpPOTUBNEHNE BEHTUNA ObiNno Gbl HEe MeHee
5klMa (npu pacyeTHom pacxoge 2150kr/4), Tak
Kak un3mepuTtenbHbin KommnbioTep [EPLI8900
NMEET MOBbILLUEHHYIO TOYHOCTb UBMEPEHUA pac-
Xoga npu nepenage gaesneHns 6onee 5kMa.

r 3HaveHne ky —>

'nebe}la.n AaBneHna Ap’

i

B ST T e

Pacxoa qm —> 21 sdéi&, . ti"'r"'“_

Puc. 4.56. OnpepgeneHne conpoTuBNEHNA
BeHTUNA 6anaHcosoro LUITPEMAKC-GM, d32,
apt.1421704 ¢ nameputenbHbIMK KnanaHamu,

no3.4.2 punc.4.46.

YCTaHOBMM  3HA4YeHue  rngpasnmM4ecKon
npegHacTtponkn n=3,6 (puc. 4.56), npu KOTO-
pPOM COMpPOTUBIIEHNEe BeHTUNA OyaeT paBHO
AP, =7kla.

8.4.2

Takum 06pasomM, NoTepy AaBneHUs B LMPKY-
NALUMOHHOM KorfbLie OyayT pasHbl
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APM =AP,+ APW +2xAP, , ,+AP,, ,+ APW = \ \ [ upPs 32-50 180

M H \ \
() Q=2.24 M3y

= 5000 + 3280 + 880 + 7000 + 760 =
H=195m

=16920 Na (1 6,9 Kﬂa)_ TK&HMB. »ngkocTb = Boaa B cucteme otonneHnsa |
4

LInpKynaumoHHbIn Hacoc no3.P4.1 nopgbupa-
€M Ha criefiytoLme pacHeTHble napameTpbl:

G,=G,, = 2150 kr/4 (2,2 M%4); \ \
3

P = APu_K_=16,9 kMa (1,7 m B.CT.). \

K yctaHoBke MpvHMMaeM Hacoc Gupmbl 5 \ \
GRUNDFOQOS mapku UPS 32-50 180. Pabou4asn N )%7\
1 AN

TOYKa Hacoca:
G,=224w%4, P =1.95mB.CT. \

INO;
9C
e

I~

/ 06w KN =23.1 %

0 0.5 1 1.5 2 25 Q (m3/4)

Puc. 4.57. Pac4eTHaA xapakTepuctuka
LUMPKYNALMOHHOIO Hacoca
UPS 32-50 180 (nos.P4.1 puc.4.46)
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4.4.3. Npumep nogbopa perynupyrowmnx KnanaHos npn npucoeguHeHnn cuctem
TennonoTpeéseHnA B KOTeJIbHON HEMOCPEACTBEHHO K rMApaBinyYecKomy
pasaenutento

Ha puc.4.58 nokasaH BapuaHT npucoegu- TOYHMKOM TENMOTbl ABNAETCA APOBAHOWN rasore-
HeHVA cucTem TennonoTpebrneHna B KOTeNbHOM HepaTopHbIA KOTEN HOMWHANbHOW MOLLHOCTbIO
Yyepe3 OydepHyld eMKOCTb, WCMONb3yemyto B 95kBT.
kKayecTse rugpasnuyeckoro pasgenutena. Uc-

Yaen2 Yaen3

Cicrema HanonsHoro oronnexns CUCTeMa KOHBEKTUBHOFO OTORIEHHS

Q,=24xB1 1, =45C 1,=35C Q,=5646r £ =80C t,=60C

GM M:2060Kr/ Y APZ =8000/7a %3,((: 2410k /4 A Pj 90003

G, =460k G, =2410k/4

o 0324 G
I max
2.8
< 240
Y | tH
|
" B _I_,.-"l'o. | f = \3- 9
- |
Yaen 1 1INET ) 36
LnpkynaumnonHsii KorTyp - o :
0685341 KOTAA - W
nAn 3. 1
Qo =548 h s )/A nen
T, =80C T,=60C ‘% al Ysend
PP boiinep ropayero
G, =3000Ke/4 3G, =2670kzl 3| sgockaticng
Kkomna 1 “__.‘I.,‘ 3_2) s Q,=50xBr
AP,,,,=90001Ta T=80C T,=60C
— 240 AP4 =50000Ta
777777777777777777 G =2150k/4

MaKc

\

33

PRt S
-27]—1&—:.-.: @—:::"

1.3 g5/ 1.6/ M; ==

Puc. 4.58. Pac4eTHas cxema TpybonpoBOAOB KOTENbHOWN ¢ By$pepHO eMKOCTbIO
B Ka4ecCTBe rmgpaBiin4ecKoro pasgenntena

Y3en 1: P1.1 — Hacoc UMpPKyNAUMOHHBIN; P1.2 — HAacOC CMeCUTENbHBbI aBTOMaTU4ECKON CUCTEMbI MOBbLILLEHNA
Temneparypbl 06paTHoii Bodbl kotna; 1.1 —Koten 95kBT gpoBAHOI ra3oreHepaTopHbiIit; 1.2 — rmgpaBnm4eckui
pasgenutens B Buge bydepHoin emkoct HERZ HUB-1000; 1.3 — BeHTWnb 3anopHblii LUITPEMAKC-A d50
ap1.1411516; 1.4 — BeHTUNb GanaHcosbin LUTPEMAKC-M d50 apt.1411756; 1.5 — kpaH waposoin d50
apt.1210006; 1.6 — ¢uneTp-rpasesuk NEPL d50 apt.1411116; 1.7 — kpaH waposon d25 apt.1210003;
1.8 — 0bpatHbIi KnanaH d25;

Y3en 2: P2.1 — Hacoc cmecutenbHbin; 2.1, 2.2 — BeHTUnb GanaHcoebin LUTPEMAKC-GM d25 apt.1421708;
2.3 — knanaH CALIS-TS-RD apr1.17761; 2.4 — TepmocTatn4eckaA rofioBka C HaknagHbiM JaTyvMkoM
anana3soH 20...50°C apT.1742006; 2.6 — BeHTWnb 3anopHbi LUITPEMAKC-A d25 ap1.1411513; 2.7 — BeHTUNb
LUTPEMAKC-A d32 ap1.1411514; 2.8 — Tepmopene 3awmTbl apT.1810000;

Y3en 3: P3.1 — Hacoc cmecutenbHbii; 3.1, 3.2 — BeHTUNb GanaHcoBbi LUTPEMAKC-GM d40 apt.1421705;
3.3 — knanaH perynupytowmin NEPL, apt.14037; 3.4 — snektponpusog N'EPL ap1.1771211; 3.6 — BeHTUNb
3anopHbin LUTPEMAKC-A d40 apt.1411515; 3.7 — 9nNeKTPOHHbIN «Cnejalimn» perynatop temneparypbl
apt.1779323; 3.8 — gatyunk HaknagHom apt.1779300; 3.9 — pgat4mk Hapy>xHon Temneparypbl apT.1779301;

Y3en 4: P4.1 — Hacoc UMPKYNAUMOHHDIN; 4.1 — Goinep ropAaYero BogocHabxeHus; 4.2 — BeHTUNb GanaHCcoBbIN
LUTPEMAKC-GM d32apT.1421704; 4.3 — aneKTpPOHHbIN perynatop apt.1779323; 4.4 — paTtynk HaknagHom
apT.1779300; 4.6 — BeHTUNb 3anopHbii LITPEMAKC-A d32 apt.1411514.
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[nAa rasoreHepaTtopHOro ApPOBAHOr0 KoTtna
TpebyeTcA ycToMyMBasA U MOCTOAHHAA LMPKY-
NAUMA TENNOHOCMTENA, Temneparypa KoToporo
Ha BXofe B KOTen AomKHa ObiTb He MeHee 60°C
C Uenblo UCKNIOYEHNA KOHAEeHcaumMm BOAAHOro
napa Ha BHYTPEHHUX CTafbHbIX MOBEPXHOCTAX
KoTna.

B paHHom npumepe npegycmarpmsaeTcA ru-
OpaBnuyeckunii pasgenuTenb B Buae OydepHol
€MKOCTM Nno Tuny puc. 4.42, a Takxxe no tuny
pnc.4.43.6, a UMeHHO, korga pacxop Tenno-
HocuUTeNnA B LIMPKYNALMOHHOM KOHTYpe KoTna
MpesbILLAET pacxopn TennoOHOCUTENA B LIMPKYNA-
LIMOHHOM KOHTYpE CUCTEMbI TEMNONOTPEONEHNA
G,,...>G, - BybepHasa emkocTb B AaHHOM cny-
Yyae He ABMAETCA TEennoBbIM aKKyMynATOPOM,
oHa ucrionHAeT ¢yHKUMKM Tennosoro OGydepa
mMeXxgy notpebutenem 1 NCTOYHWUKOM TEMSOThl,
no3BonAs nocnegHemy pabotaTtb B yCTONYMBOM
1 9pPEKTUBHOM TEMOBOM PEXXUME.

PacuyeTHbIll 06bem GypepHo emMmKocTy Npu-
HuMmaeTcA u3 pacyeta 10 nUTpoB n Gonee Ha
Kaxkabl KUNoBaTT TEMMOBON MOLLHOCTU KOTna.

B paHHOM npumepe 3anpoekTypoBaHa Oy-
¢depHasa emkoctb ob6bemom 1000 nUTpoB TMna
HERZ HUB-1000. O6bem NpuHAT U3 pacyeTa
10 nMTPOB Ha OAWMH KUNOBaTT HOMWHAaNbHOMN
MOLLIHOCTY ra3oreHepaTopHOro Kotna.

KakgaAa n3 cructem TennonotpebneHna puc.
4.58 camocCTOoATEeNbHO npucoeanHAeTCcA K ru-
ApaBnnYecKoMy pasfenuTernto, 4YTo nos3sonAeT
0TKa3aTbCA OT YCTAHOBKW 0OpaTHbIX KranaHoB.
9710 06CcTOATENBCTBO ODEcneYrBaeT anAa cucre-
Mbl B LIefIOM MHOT1e MOSIoXKUTENbHbIE KaYecTBa
(cmoTpu puc.3.17 pasgen 3.5.2), HO Haubonee
BaXKHbIM U3 HUX ABnNAeTcA GesonacHaa 9Kc-

nnyatauua KoTria npy aBapyinHOM OTKITHOHYEHN
3NeKTPO3Heprun. B aTom cnydae, npu oTkKmto-
YEeHUN HACOCOB MPOAOIKAETCA YacTu4HaA
LUMPKYNAUMA TennoHocutena 4epes CUCTeMbl
OTOMMEHNA 3a CHET eCTECTBEHHOMN LPKyNALuK,
CnocobCTBYA TeM CamMbiM OXNTXKAEHMIO B KOTIE
rOpAYMX Yrrei n packarneHHbIX KepaMu4ecKmx
maccyBoB. [Mpy NPOEKTMPOBaHWN XenaTenbHO
YBENUYUTb AYaMeTPbl TEMNONPOBOLOB MO CpaB-
HEHMIO C pacyeTHbIMU AvameTpaMu Ha OpuvH
TNopaamep, YToObl YBENMUYUTL €CTECTBEHHYIO
LMPKYMALMIO MPUW OTKIIOYEHNN HACOCOB.

Kpome TOro, mpu oOTCyTCTBMM OBpaTHbIX
KrnanaHoB 3Ha4MTENbHO YMPOLLAEeTCA BbIMycK
BO3Qyxa W3 CUCTEMbI, a TakXe MpoLuecc ono-
POXXHEHUA CUCTEMDbI.

Mopbop Tpexxomdosbix PO u apyroro obopy-
[OBaHUA cucTem TennonotpebneHna puc.4.58
crnepyeTt npovssBoauTb B COOTBETCTBUWM C Me-
TogMKamun pasgena 3.3.2 no pacyeTHOM Cxeme
puc.3.9 n pasgena 3.5.2 No pacyeTHON cCxeme
puc.3.17.

VicxofHble  ycrioBMA  pacyeTHOW  CXeMbl
puc.4.58 NpPWHATHI UAEHTUYHBIMU VCXOAHbIM
YCMOBUAM CXEMbI pUC. 4.46. DTO CBA3AHO C TEM,
YTO METOAMKA N NOCNEeAoBaTENbHOCTb PACHETOB
1 nopgbopa obopynoBaHUA ONA OaHHbIX CXeMm
TaKxke ABNATCA WAEHTMYHbIMKU. Bengy aTtoro
obcToATenbCTBA ANA CXeMbl puc. 4.58 MOXHO
OykBarnbHO WCMONb30BaTb OMMcaHue npep-
bigywiero npumepa (puc. 4.46) ¢ MAEHTUYHbIMA
pesynbTrataMmn rugpaBnnYecKuUxX pacHetToB U
nonbopa perynupytoLyx KnanaHoB, BEHTUNEN,
HaCOCOB U Apyroro 060pynoBaHuA.

Ctpanuua 117



B. B. [MoKOTWNOB: PerynupytoLiye KnanaHbl aBTOMATU3UPOBaHHbIX CUCTEM TEMO- U XONO4OCHA0KEHMSA

4.5. Moa6op perynupyrowmx KnanaHoB AfnA CUCTEM Tenso-XoNoA0CHabXeHnA

daHkomnnos

(oHkonamm HasbIBAIOT BEHTUMNATOPHbIE
KOHBEKTOPbI, KOTOPble NMPUMEHAIOT ANA Tenno-
XONnoAoCHab)XeHNA MOMEeLLeHNn B KayecTBe
CaMOCTOATENbHbIX aBTOMaTU3NPOBAHHbIX
yCTp0I7ICTB nnmn >xe B Ka4eCctese BEHTUITATOPHbIX
OOBOAYMKOB CUCTEMbl KOHAWLIMOHWPOBAHWUA C
LeHTpasbHbIM KOHAULIMOHEPOM.

Ecnn ¢aHKoNN uMeeT ofnH TennoodMeHHUK
C OBYMsA natpybkamu anA rnogeBoAa TennoHOCK-
TenAa, ToO ero HasblBaloT ABYXTPYOHbIM $HIHKOM-
nom.

Ecnu ¢paHkonn nmeeT aBa TennoodMeHHUKa
¢ gBymA natpybkamu onsa nogsoaa TennoHocu-
TenA K KaKgomy 13 TennoobMeHHUKOB, TO ero
Ha3blBalOT YEThIPEXTPYOHbIM GIHKOIOM.

B kayecTtBe TennoHocuUTeNAa MPUMEHAIOT
JeaspupOBaHHyIO BOdY WNU Hesamep3aroLime
pacTBOpbl STUMEHITIUKONA UMW MPOMNUAEHr K-
KOnA.

Ona YeTbipexTpyOHbIX GIHKONIOB NPOEKTY-
pYylOT OBE pasfgenbHble CUCTEMbI - CUCTEMY Te-
NnocHab)eHUa 1 cucTemy XonogocHabXkeHuA
¢paHkonnoB. Mpy ncnonb3oBaHUN OBYXTPYOHbIX
b3IHKOMMOB NPOEKTUPYIOT eANHYIO CUCTEMY Ten-
no-xonofocHabxeHnA $G3HKOMNOB, KOTOpas B
3aBMCMMOCTW OT nepuofa roga nogkno4aertca
nnbo K MCTOYHKKY xorioga — yunnepy, nmbo K
WCTOYHWKY TEMNSOBOW SHEPrMn — BOJOrpenHomy
KOTHYy. C TOYKM 3peHnAa aKcnnyaTaunoHHbIX Xa-
PaKTEPUCTVK YeTblpexTpybHble cucTembl 6onee
GYHKLMOHANbHBI, HO OHU XKe ABNAKTCA 1 Gonee
OOPOrMMu No CBOUM KanuTarnbHbIM 3aTpaTam.

ABTOMarn4eckoe perynupoBaHue Temne-

paTypbl BO3fdyxa MNpW WCMONb30BaHUN HIH-
KOMMNOB MOXET OblTb [ABYXMO3WLMOHHOE WK
nponopumoHarnbHoe. Mpu 3Tom ynpaensAtoLlee
BO3QENCTBE MOXEeT ObiTb HamnpaeneHo Ha
BEHTUNATOP $p3aHKoWNa NOO Ha perynupyoLLmin
KnanaH TEennoHOCUTENSA, UMK >Xe MOXXEeT OCy-
LLIECTBNATLCA KOMMMEKCHOe BO3AEeNCTBMe, Kak
Ha BEHTUNATOP, TaK U PerynupyroLLmnin KnanaH
TennoHocutena. [ponssogntenn ¢GIHKONNOB
COMPOBOXAOT CBOKO NMPOJYKLMIO COOTBETCTBY-
WM pekomeHgaumAamm no asromarmsauinu,
1 MO3TOMY CYLLECTBYeT MHOXXECTBO BapuaHTOB
CMCTEM aBTOMAaTM4eCKOro yrnpaBneHna GpaHKon-
namm.

HactoAllee W3No)XeHMe OpUEHTMPOBAHO
Ha meTofgm4yeckoe obecrieveHve Mo nogdopy
perynupytoLmMx KranaHoB, MO3TOMy B Kade-
CTBe MPUMEPOB MPUHATLI: pacyHeT CUCTEMb
TEnnocHabXXeHns U pacyeT CUCTeMbl XOmno-
AOOCHabXeEHNA  YeTbIPeXTPYOHbIX  GIHKOIIIOB.
Kaxxgaa ma atux cuctem (TennocHabxeHus u
XonogocHabkeHns) uMeeT 0CcoBeHHOCTM o
KoMMnekTauum 6anaHcoBON 1 perynupytoLlei
apmartypoit. MNpuBeaeHHble MpuUMepbl pacyeTa
He MOryT 0TPasuTb BC& BO3MOXXHOE MHoroobpa-
31e BapuaHTOB rMapaBMyecKmx CUCTem Tenmno-
xonopocHab)keHnAa u cxem 06BA3KM HIHKOINOB,
1 B GorbLUe cTeneHn 3TV MpuMepbl pacyeTta
OopuneHTnpoBaHbl Ha AeMOHCTpPauUnto OCHOBHbIX
METOAMYECKIX MONOXEHWI No nogbopy perynu-
pYIOLLMX KNarnaHoB, KOTopble ObINN N3MN0XKeHb! B
TpeTben rnase.

4.5.1 MNpumep nogdopa perynupyrowmnx KnanaHoB ANA CUCTEMbI

TennocHab>xeHNA ¢paHKoOMNoOB

Ha puc.4.59 nokasaHa pacyeTHaA cxema
CUCTEMbl TennocHabXeHNA YeTbIPeXTPYOHbIX
bIHKOMMOB.

OcHOBHblE MCXOfOHbIE [aHHble (SHKOWIOB
(pacyeTHble 3HaAYEHMA MaKCMMAalbHOrO TEernso-
Boro notoka Q __ , pacxopa TennoHocutena G, .
N rmapaBnn4eCcKoro ConpoTUBNEHNA KOHBEKTYB-
Horo TennoobmeHHMKa AP) nokasaHbl Heno-
CpefAcTBEHHO Ha pac4eTHon cxeme puc.4.59 npu
pacyeTHbIX napameTpax TennoHocutena t=70-
°C, t,=60°C. OTn nCXOAHble AaHHbIE MPUHATHI
no Karanoram ¢p3HKOWMOB, UCXOAA W3 YCMNOBUA
Q,..> Q;ps HA OCHOBAHM PACHETHBIX 3HAYEHMI
Tpebyemoro Tennosoro notoka Q...

VICTOYHMKOM TennoTbl ABMAETCA BoAOrpemn-
Hbll rasoBbin KoTen no3.1 ¢ HOMUHaNbHOWN
TENMOBON MOLLHOCTbIO 45KBT, KoTOpbIn pea-
nusyeT «cnegAawnn» pexxmMm aBToOMaTU4ecKoro
perynupoBaHna Temneparypbl TEnnoHOCUTENA
B 3aBUCUMOCTU OT TemnepaTtypbl Hapy>KHOro
Bo3gyxa. B gpaHHOM cnyyae npuvMeHAeTcA Tak

HasblBaeMblli KOHOEHCaTHbI KOTEM, UCMOomNbay-
OLMIA TennoTy KoHAeHcauuu BOAAHbLIX Mapos
ObIMOBbIX ra30B, NO3TOMY B 00BA3Ke KOTna OT-
CYTCTBYIOT YCTPOWCTBA AJ1A MOBbLILLIEHWA Temne-
paTypbl BOAbl HA BXOAE B KOTEN.

MpumeyaHmne:

(aHkonnbl  nopbupatoTca, Kak npasunio,
CO 3Ha4yuTeflbHbIM «3arnacom»» MO TennoBow
moLHocTu. [o3aToMy B npouecce aKcnnyaraumm
CUCTEMbI TEMNONOTPEDNEHNA MOXKET BbIABUTHCH
HEOOXOOUMOCTb B CHVXKEHUM PacHETHON MOLL-
HOCTU H3HKOMNOB 1 CUCTEMbI TennocHabXKeHns
B Lenom. Havnbonee npocTbim B peanusaumu
peLLeHneM ABNAETCA CH/KEHNE pacHeTHbIX na-
pameTpoB TeNnOHOCUTENA, Hanpuvep, yCTaHo-
BUTb Ha perynAtope Kotna napameTpbl Temnso-
HocuTena t.=60°C, t =50°C (BMeCTO pacHeTHbIX
t=70°C, t,=60°C). B atom cnydyae Tennosas
MOLLHOCTb Kaxkgoro ¢GaHKomna u cuctembl B
uenom cHusutcAa B 1,3 pasa (mpu pacyeTHOM
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Temneparype BHyTpeHHero Bodayxa t,=22°C):

m;m_ﬂ
—2 =13
60+50

2

Mpy CHMKEHUN pacHeTHbIX NapameTpoB

(6e3 n3MeHeHMs pas3HOCTX TemnepaTyp Tenso-
HocuTena t. - t,=70-60=60-50=10°C) rugpasnu-
YecKne XapakTepPUCTMKU CUCTEMbI, @ VMEHHO,
pac4yeTHble pacxofdbl U MPUHATOE K YCTaHOBKe
obopynoBaHne, OCTalOTCA Heu3MeHeHHbIMU.
be3 u3mMeHeHuA npu 3TOM OCTalTCA U BCe
rMapaBnuyeckme «ycTaBku» AnA OGanaHCoBbIX
BEHTUNEN N NPOMNOPUMOHANbHbBIX PErynATOPOB
nepenapa gaBneHnA.
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Puc. 4.59. Cxema pacyeTHaA cucTembl TEMNOCHAOXEHWA YeTbIpeXTPyOHbIX GpIHKOINOB

Koten 45kBTt rase;

¢$naHueBbIn

1
HbI

Ha MNPYPOZHOM
LUTPEMAKC-AGF,

apr.4218
LUTPEMAKC-GMF c un3mepuTenbHbIMK KnanaHamu,

2
AG

HacoC  LMPKYNALNOHHBIN;

3
GanaHcoBblit

BEHTUIb  3anop-

F;, 4 ¢dnaHuesbIn

BEHTWUI1b

apr.4218 GMF; 5 — ¢unbrp-rpasesnk TEPLL 4111;

6 — BeHTUNb 3anopHbii LUTPEMAKC-A apt.14115; 7 — BeHTunb 6anaHcosbin LUTPEMAKC-GM apt.14217,;
8 — perynAatop nepenaga pgasneHuna NEPLL 4002; 9 — perynAatop aNeKTPOHHbIN HEMPEPbLIBHOIO AENCTBUA apT.7794;

10 - pfByxxopoBon TepmocTatudeckuin knarmaH apt.17760 O0X;

11 - Tepmonpusof apt. 7711 NO;

12 — BeHTUNb GanaHcoBbit LITPEMAKC-GM apt.14217; 13 — BeHTUnb 3anopHsbiin LITPEMAKC-A apT.14115.
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Ona ynpoweHua rpaduyeckoro nsobpaxe-
HMA pacyeTHOM cxembl Ha puc.4.59 He noka-
3aHbl KOHTPOJIbHO-N3MepUTENbHbIE MPUOOPHI,
npefoxpaHuTernbHble YCTPOWCTBA, YCTPOWCTBA
ONA yaaneHvs Bo3gyxa U3 cuctembl, MembpaH-
HbI pacLUMpUTENbHBIN 6aK, CUCTEMbI MOANTKM,
OpeHaxka 1 gpyroe obopygosaHue.

Cuctema TennocHabXXeHns CoCTOUT N3 Tpex
BETOK «A», «Bb» n «B», npucoeguHAembIX K
mMarncTpanbHbiM - TennonposogaMm C UCMONb-
30BaHUEM perynATtopoB nepenaga fasneHuA
F'EPL| 4002.

PerynaTtop nepenaga pasnexua N'EPL 4002,
YCTaHOBMNEHHbI Ha KaXkOoW BeTke, rmgpasnu-
Yecku paspenseT cuctemy TemnnocHabXeHua
Ha cocTasnAoLme:

— CUCTeMy MarucTpanbHblX TennonpoBogos
(mexxagy kotnom n perynatopamu NEPLL 4002 Ha
BeTKax <<A>>, «B» n <<B>>);

— CuUCTeMbl TennonoTpebneHus B BUAe OT-
OdenbHbIX BETOK «A», «b» n «B» (mexxgy pery-
natopom EPL, 4002 n paHkonnamn).

lngpasnuyeckuin pacyeT BbINOMHAEM pas-
[EenbHO:

— ONA CUCTEMbI MarncTpanbHbIX TEMNOnpo-
BOAOB (Mexxay KoTnom u perynatopamu MEPL
4002 Ha BeTKax «A», «b» n «B»);

— ONA KaXKOoW BETKU «A», «Bb» 1 «B» (mexxay
perynatopom MEPL| 4002 1 dpaHkonnamn).

WcxogHble fgaHHble cucTembl TennocHabxe-
HMA YeTbIPEXTPYOHbIX GpIHKONIIOB:

1. Pac4eTHaA TennosaA Harpyaka Qag=39,34
kBT.

2. Pac4eTHble napameTpbl TensoHOCUTENA
t=70°C, t,=60°C.

3. PacyeTHbIn pacxo TennoHocuTenA
V=3,5m3%4 (y4acTtku Ne10, 10%).

4. Pac4eTHble NoTepu AaBneHna B KOTNe npu
pacdeTHOM pacxoge TennoHocutena 3,5m%/4
cocrasnAT AP, =70000a (7kMa).

5. MaructpanbHble Tennonposofbl BbINOM-
HAIOTCA U3 TPy CTanbHbIX BOLOra30npoBOAHbIX
(MoryT ObITb BbINOMHEHbI M3 MefHbIX TPYO).

6. TennonpoBofbl BETOK «A», «b» n «B»
(mexxgy perynatopom EPL, 4002 n ¢aHkon-
flamu) BbIMOMHAKTCA U3 METaNNonoMMepPHbIX

Tpyo.

[nAa npoekTnpyemMon cuctembl TensnonoTpe-
OneHva $GOHKOMMOB criegyeT MPUHATbL K ycTa-
HOBKE HACOC C 9MEKTPOHHbLIM YyrpaBneHnem
CKOpoCTU BpaLleHua (noa.2 puc.4.59). AnAa nog-
6opa UMPKYNALUMOHHOrO Hacoca Heobxoaumo
onpepenuTb Tpebyemble 3HadeHna nogaqm V,,
M%4 v Hanopa P, klMa (unn m.Bog.cT.). Mogaya
Hacoca COOTBETCTBYET pacyeTHOMY pacxopy B
cucteme Tennonotpebnenns V =V_=3,5m%u.
Tpebyembiit Hanop P, pasHbIil pacHeTHbIM Mo-
TEepAM AAaBMEHUs CUCTEeMbl TennonoTpebneHns

¢aHkonnos AP ., onpependetcA CymMmoi Co-

CTaBMAOLWMX: NOTEPb OaBNEHMA CUCTEMbI Ma-
rmcTparbHbiX TENSIONPOBOJOB 2 AP (Mexay
KOTIoM 1 perynatopavu MEPL] 4002): notepb
[laBNeHuA TennonpoBodoB BeTkn AP . -
(mexxgy perynatopom MEPL| 4002 n ¢3aHkom-
namu); v noTepb AaBneHna AP, B perynatope
MEPL 4002:

2.

PH: APC.T. = ZAwaw.m. + ZAPyk«.BemMu + A'Dpee,

MMaopaBnMyeckuin pacyeT y4acTkoB Tpybo-
NpoBoAoB AP BbiNOMHAEM MO MeTofy yAenb-
HbIX NMOTepb AaBfieHMA Ha TPEeHWe B YMpOoLLEeH-
HOM BapuaHTe. Ynpoluatollee 06CTOATENbCTBO
3aKno4aeTcaA B TOM, YTO MECTHbIE COMNpPOTUBIe-
HWUA (OTBOAbI, TPONHWKN, UBMEHEHUE AnameTpa
1 gp.) y4uTbiBaem B Buge fononHuTenbHblX 30%
K NMOTepAM AaBneHuaA no anuHe. Takoe «rpyboe»
yrpoLleHne pacdeTa faeT 3asbllLEHHble rnoTe-
py OaBrneHnA OTHOCUTENbHO pacHeTHbIX, HO B
JaHHOM cry4dae rugpasnu4eckan yBA3Ka BETOK
OyneT ocyLLecTBNeHa aBTOMaTM4eCcKoii paboTol
perynAaTopoB nepenaga AaBfieHUA C BbICOKUM
COOCTBEHHbIM aBTOMaTUYECKN WU3MEHAEMbIM
conpoTtueneHreM. Takum obpasom, COnpoTuB-
NeHne y4YacTtka UMpKYNAUMOHHOIO KorbLa Bbl-
4uCrAem Mo BblpaXkeHuIo:

Aqu = 1,3 xR x Iyq + ZAPo6opyaoeaHu5J

roe:

R — yoenbHana noTepA AaBneHuA Ha TpeHue,
Ma/m (NpunoxxeHua «A» n «b»);

l,, — pacyeTHan AnuHa yqacrka, m;

— Ccymma noTepb pfasreHus
obopygoBaHusg.

pasnn4Horo oéopy,uosaHMH, YCTaHOBJIEHHOTO

Ha pacYeTHOM y4acTKe: 3amnopHbIX BEHTUNEN,

GanaHcoBbIX BeHTUNE, GunsTPoB U T.M., Ma.

LINpKynALWOHHbIE KOMnbLa AnA KaXkaon BeT-
KU NpeAcTaBnAlT coboil 3aMKHYTYIO LernoyKy
y4acTKOB, Ha4MHaA OT KoTna 1 3akaH4vBas KoT-
noMm. B KaXkgoM UMPKYNALMOHHOM KOfbLie ume-
eTCA AMHaMUYecKuii y3en B Buae perynatopa
nepenaga pgasneHuAa NEPL, 4002, koTopbl aB-
TOMaTM4YeCKN WU3MEHAET CBOE COMpOTUBNEHNE
onAa crabunusauum 3ajaBaeMoro nepenaga
JaBneHuAa Ha BeTke. [laHHoe 0OCTOATEeNnbCTBO
MO3BOMAET He BblAenATb kakoe-nubo LMpKynA-
LUMOHHOE KOSbLO B Ka4yecTBe OCHOBHOIO pac-
YETHOro UMPKYNALUMOHHOMO Konbua [12, 14], Tak
KaK Mexgy Ccoboi LMPKYNAUMOHHBbIE KOsbLa
rmagpaBnuyecku ypaBHUBAKOTCA B pesynsrate
[OENCTBUA PerynATopoBs nepenaja gasneHus.

Moatomy 3a pacHeTHy0 MOTepro AaBreHuA
B CUCTEME MarucTpanbHblX TEMnonpoBOLOB
cnegyetr nNPUHATbL MakcumaribHoe 3HadeHue
13 BO3MOXHbIX. B HacToALllem nprMepe Takum
3Ha4yeHuem ABMAETCA CyMMa noTepb AaBneHuns
Ha y4yacTtkax Ne8...10,8*...10* n notepb gasne-

Crtpanuua 120



B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

HWA B KOTNe:

2AP

yd.mm.

= ZAPyu.s...m,s*...m*"' AP,
[nopaBnuyecknin pacyeT CUCTEMbl Maru-

CTpasbHbIX _TENJornpoBOAOB BbIMOMHAEM C

MOMOLLbIO  HOMOrpammbl  [MpunoxkeHna «Ax.

WcxoaHble gaHHble U peaynbTaThl pacqeToB 3a-
Hocum B Tabn.4.1.

IdnameTpbl BCeX y4acTKOB MarucTparnbHbIX
Tennonposopos d,, Mm nogbupaem ¢ NOMOLLIbHO
Homorpammbl MpunoxxeHnsa «A», orpaHu4uBa-
ACb BENUYMHO yOenbHOW NoTepy AaBneHus Ha
TpeHne R He 6onee 100...2000Ma/m.

Tabnuua 4.1
PacyeT cucrembl marncTpasibHbIX TENIONPOBOAOB
Ne , [ d, v, R, 1,3xR 1 IAP ., AP,
Y. K4 i M m/c MNa/m Ma ’ g™ na Mpumes.
1 3 4 6 7 8 9 10 11
10 3459 38 50 0,45 60 2964 878 3842 Mos.3
9 2620 4 40 0,44 120 624 - 624
8 1508 5 32 0,45 110 715 215 930 Mos.6
8* 1508 5 32 0,45 110 715 7000 7715 Mos.7
9* 2620 4 40 0,44 120 624 - 624
10* 3459 36 50 0,45 60 2808 9152 11960 1756+396+7000
ZAPW_B___1W___1O,= 25698IMa (25,7kIa)
rloTele ﬂaBJ’IeHI/IH 060pynOBaHI/IF| ) .3n.a~|env|? kv—> ""—“
sGopugosarun, ONPEAENAOTCA ANA KaXAOro 13 )
Y4aCTKOB.

Ona onpegeneHna notepn  OaBreHUA
s6opygoBanusn) 113 apwmarypbl, rugpasnnyeckmne
napamMeTpbl KOTOpPOW 3afaHbl B Buge k, MY,
ncnonb3yem pacyeTtHyto dopmyny (4.9)[12]:
— 2
ob6opygoBarua — 0’1 (G/ kv ) '
roe:
G - pacyeTHbIn pacxop TennoHocUTena Ha
y4acTke, Kr/uy;
k, - nponyckHaa cnocobHoCTb, M%/4.

YuacTtok Ne10 BkntovaeT B cebA oauH 3a-
MopHbIN  ¢naHueBbin BeHTUNb Mo3.3  (d50
apt.1421856, k, =36,9 m%4). Onpegenum pac-
YeTHble NoTepun gasneHnA

AP_.=0,1-(3459/36,9)* = 878 lNa.
Yuactok Ne9 He umeeT obopynoBaHus.
Yyactok Ne8 Bknto4aetr B cebsa oauH 3a-

NOpHbIN BEeHTUNb No3.6 (d32 LUTPEMAKC-A

apt.1411514, k =32,5,0 m%4). Onpegenum pac-

YyeTHble NOTepy AaBNeHUA

AP, =0,1-(1508/32,5)% = 215 Ma.

Yyactok Ne8* Bknto4daer B ceba oanH banax-
COBbI BeHTUNb No3.7 (d32 LUTPEMAKC- GM
apt.1421704). BanaHcoBbI BEHTWUMb N03.7 UC-
MoNib3yeTcA B KAYECTBE 3anopHOro, 6anaHcoBo-
ro N N3MepuTenbHOro YCTPONCTBA.

Mepenap Eaaﬁeumﬂ Ap—i:’

B L U/E |
——. Pacxop qm ——>

1 508 K'r7q "‘"‘"‘”':mxs::.;:.,j..

Puc. 4.60. OnpepeneHne conpoTMBNeHMA
BeHTUNA banaHcosoro LUITPEMAKC-GM, d32,
apT.1421704 c namepuTenbHbIMU KnanaHamu,

nos.7 puc.4.59.

Mpy namepeHun pacxoda BEHTWUNb He [Aon-
)KeH ObITb MOMHOCTBIO OTKPbLITHIM. 3agaaum
orpaH/NyeHne MakCUMarbHOW CTerneHu OTKpbI-
TUA BEHTWUNA C TakUM YCroBnem, 4Tobbl conpo-
TUBMEHMe BeHTUnA Obino Obl He meHee 5klMla
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(mpu pacyetHom pacxope 1508kr/4), Tak Kak
nameputensHbin komnbtoTep N'EPLI8900 umeet
MOBbILLEHHYIO TOYHOCTb W3MEpPEHUA pacxopa
Npv Nepenage AaBneHvs onee 5kMa.

YcTaHOBUM  3HA4yeHue  rmapasvHecKon
npegHacTponkn n=3,1 (puc.4.60), npn koTo-
POM COMPOTMBIIEHWE BEHTWNA OydeT paBHO
AP, =7klMa (7000ra).

YuyacTok Ne9* He umeeT obopynoBaHuA.

Y4yactok Ne10* Bknio4aer B cebA gBa 3a-
NOpHbIX ¢raHueBblx BeHTUNA no3.3 (d50
apt.1421856, k, =36,9 mM%4), oguH GuUnbTP-rpa-
3eBnk nos.5 (d50 apt.1411186, k, =55 mM*/4) n
OOViH BeHTUMNb 6anaHcoBbii GpraHuesblin LUTPE-
MAKC-GMF ¢ wnameputenbHbiM1 KrnanaHamm
nos.4, (d50 apt.1421846). Onpepgenum pac-
YeTHble NOTEPU AaBnNeHUA.

2x AP, = 2x0,1 x (3459/36,9) = 1756 Ma.
AP, = 0,1 x (3459/55)” = 396 Ia.
BanaHcoBbI BEHTUNb No3.4 ncnonb3yeTcA B

KayecTBe 3anopHoro, 6anaHcoOBOro U UaMepu-
TenbHOro yCTPoncTBa.

3HaueHne Kv —
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Mepenapa paBneHnAa Ap —»

[kMa]
£ [wbap]

e

Pacxop qm ——>

Puc. 4.61. OnpegeneHne 3Ha4eHnA
rmgpasnuyeckon NpeaHacTpoKN BEHTUNA
6anaHcosoro ¢naHuesoro LUITPEMAKC-
GMF, d50 ¢ nsmepuTenbHbIMU KnanaHamu,
ap1.1421846 (no3.4 puc.4.59) npn pacHeTHbIX
3HadeHusax AP, =7,0kMaun G, .= 3459kr/u.

Mpu n3mepeHun pacxoda BEHTUMb He JOn-
>XKeH OblTb MONHOCTbIO OTKPbITEIM. 3agagum

OrpaHnYeHne MaKCUMAarbHOW CTEMEHN OTKpbI-
TUA BEHTWNA C TakUM ycroBmem, 4Tobbl conpo-
TBMeHne BeHTUNA Obino Obl He MeHee 5kla
(npu pacyeTHOM pacxofe 3459kr/4).

OnpepeneHne 3Ha4YeHUA rMapPaBNINYECKON
npeaHacTponky BeHTUNA 6anaHcoBoro gpnaHue-
Boro LUTPEMAKC-GMF noka3saHo rpadu4ecku
Ha puc.4.61. CnegyeT yCTaHOBUTb 3HAYEHUe rv-
ApaBnuyeckon npeaHacTponKn BeHTUNA n=2,5
npn 3agaHHOM 3Ha4YeHuMn notepb p[AaBneHunA
AP, =7000Ma (7,0klMa) n pac4eTHOM pacxoae
G, = 3459Kr/u.

Takum oBpasom, pacyeTHas noTepsA Aaene-
HWA B CUCTEME MarncTpasbHbIX TENIONPOBOAOB
OyneT paBHa

YAP =2AP

gumm. = y4.8...10,8"..10° T APK. =

= 25695 + 7000 = 32695 lNa (32,7 kla).

OnpegeneHne noTepb [aBNEHVA KaxKOom
BETKU ZAqu.BemKu cucTembl TennonoTpebneHus
NPOV3BOAUM OTAENbHO ANA KaXKAon BETKN «A»,
«b» n «B» (mexgy perynatopom MEPL]| 4007 n
daHKonamu), Ha4mHasa ¢ nobol ns HMx. Hau-
bornee Harpy>keHHoI ABNAETCA BeTKa «Ax.

[ugpaBauyecKul pac4em MemaAonoAu-
MepHbIX menaonpoBogoB8 Bemku «A» Bbinon-

HAEM C MOMOLLbIO HOMOrpammbl MpunoxxeHuns
«B». ilcxogHble gaHHble:

1. PacueTtHaA Tennosas
Q, ,=1,12kBr.

2. Pac4yeTHble napameTpbl TennoHocuTensa
t=70°C, t,=60°C.

3. PacyeTHbin pacxop TtennoHocutena G, =
1508kr/4 (y4acTku Ned, 4*).

4. PacyeTHble pacxofbl TernnoHocuTena u
noTepV OAaBMEHNA B TEMNOOOMEHHVKE KaXKaoro
¢$oHKoMNa nokasaHbl Ha cxeme puc. 4.59.

5. Topn3oHTanbHbIe Tennonpoeodsl MU nog-
BOAKM K GIHKOMNAM BbINOMHAKOTCA U3 MeTanno-
NoNMMepHbIX TpyO.

Harpyska

Betka «A» npencTaBnAaeT coboii gByxTpyO-
HYlO cucTemy TennonotpebneHnsa ¢ 4-ma ¢aH-
kovnamu. COOTBETCTBEHHO MMEEM 4 LMPKyna-
LIMOHHbIX Konbua. B ka4ecTBe OCHOBHOro pac-
YETHOro Kofbua NpYHUMAaeM LUPKYNALMOHHOE
KOSbLO Yepe3 Hambonee yaaneHHbIn GIHKOMN
Ned. PacdeTHble noTepu AasneHuA Tennonpo-
BOOOB ZAqu_BemHu BETKU «A» ornpegenAlTcA
CYMMOW MnoTepb gasneHnA Ha y4dactkax Ne4...
2,2%..4" (ZAP,,, ,,. 4) W NOTEPb fABNEHUA Ha
perynupyemom y4actke Nel, 1* (AP, ):

2AP

y4.8emKu =

ZAqu.4...2,2*...4*"" APPV 1,1*"
OunameTpbl Tennonposodos d, MM Ha y4acT-
Kax Ne4...2,2*...4* nogbupaem ¢ NOMOLLbIO HO-
Morpammbl MNpunoxeHna «b», orpaHu4nBasch
BENMUYUHOWN yAenbHOW NOTepyu pfaBfeHnAa Ha
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TpeHne R He Gonee 100...200Ma/m. MecTHble
conpoTmenenna (oTBofbl, TPOWHUKU, U3MeEHe-
HWe gmameTpa U fp.) yduTbiBaem B Buge Ho-
nonHutenbHbiX 30% K noTepAM AaBneHuA Mo

AnuHe.
McxomHble gaHHble 1 peaynbTaTbl pacyeToB
3aHocum B Tabn. 4.2.

Tabnvua 4.2
PacueT TennonpoBofoB LIMPKYNALNOHHOrO KosbLia Yepes Tennoo6MeHHNK ¢paHkoina Ned etk «A»
Ne G | d v R 1,3xR | ZAP AP
yu? yu? ’ ) ’ ’ yd o6opya.’ y4.? I—l eu.
yu. Kr/4 M MM m/c Ma/m Ma Ma Ma pyMeH
3 4 5 6 7 8 9 10 11
4 1508 6 40x3,5 | 0,52 100 780 - 780
3 1060 22 | 40x3,5 | 0,37 55 1573 - 1573
2 787 18 32x3 0,46 110 2574 - 2574
2* 787 18 32x3 0,46 110 2574 - 2574
3* 1060 22 | 40x3,5 | 0,37 55 1573 - 1573
4* 1508 6 40x3,5 | 0,52 100 780 - 780
2AP oo 4= 9854MMa (9,9«MMa)

[loTepu gaBneHvA Ha perynnupyemom y4act-
ke Nel, 1* (AP, ) onpenenAtoTcA, COrmacHo
BbipaxkeHuA (3.10), cymmon notepb AasneHuA
notpebutena (TennoobmeHHWKa C noaBoaA-
LMK Tennonposogamm) AP, mp VI NOTEPb AaB-

NeHnA B perynupyroLiem opraHe APp.a.. (mos.10
puc.4.59):

APPV1,']* = APp.o. + APnomp.

B HacToAweM npumepe noTepu AaBneHuA
notpebutena AP . BKMO4AIOT B ceba notepu
nasneHna B TennoobmeHHuke (AP,=140000a),
notepu fgaeneHusA B TpybonpoBodax y4acTKOB
Net, 1*, a TaKKe NOTEpPU AaBNEHUA B 3aNOPHOM
BeHTUne AP_ . 1 B 6anaHcosom BeHTUne AP,
(m03.13 n no3.12 puc.4.59):

AP = AP,+ YAp

notp

A+ AP, .+ AP

y4.1,1 B.12 °

MoTepn gaBneHua B Tpybonposogax yyacTt-
koB Nel1, 1* (XAp,, . ,.) paccuuTbiBaem npu cre-
OYHOLLMX NCXOQHBIX AaHHbIX:

- pacyeTHbI pacxogd 448kr/y;

- obwas pnuHa 42wm;

- anameTp — d26x3mwm;

- ckopocTb TennoHocutena 0,41m/c (npuno-
XXeHune «b»);

- yoenbHaA notepa gaenenuna 125MMa/m (npu-
noxxeHue «b»).

MoTepu aaBneHus B TpybonpoBogax:

YAp,,, .= 1,3 x (125 x 42) = 6825 MMa.
MoTepn pOaBrieHUA B 3aroOpHOM BEHTUMNE

nos.13 (d20 LUTPEMAKC-A apt.1411512, K,
=10,5 m%/4) paBHbI

AP, ,=0,1.(448/10,5)*> = 182 la.

BanaHcoBbIl BeHTUNb N03.12 (d20 LUTPE-
MAKC- GM aptr.1421702) wncnonb3yetcA B
KayecTBe 3anopHoro, 6anaHcoBOro U nUamMepu-
TenbHoro ycrtpouctea. lNpn mnamepeHun pac-
Xofj@a BEHTUNb He [OMKeH OblTb MONMHOCTbIO
OTKPbITbIM.

3HayeHne ky —> ..——,

64_;[_'9_

Mepenap aasnexua Ap —)—:

oo kMl e -
.. . -=mPacxop qgm —>

. 4 48 Krls - ’Amh_

Puc. 4.62. OnpepgeneHne conpoTuBNeHNa
BeHTUNA banaHcosoro LUITPEMAKC-GM, d20,
apt.1421702 ¢ nameputenbHbIMK KnanaHamu,

no3.12 punc.4.59, ana ¢paHkomna Ne4.
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3agagMm  orpaHudeHne  MakcumarnbHON
CTEMNEeHN OTKPbITUA BEHTUNIA C TakuMMm YCro-
BUEeM, 4YTOObl COMPOTMBREHUE BEHTUNA Oblfo
Obl He MeHee 5kla (Mpw pacyeTHOM pacxope
448Kr/4), TaK KaK U3MepUTENbHbBIN KOMMNbIOTEP
FEPLI8900 nmeeT MOBbILLEHHYO TOYHOCTb W3-
MepeHnAa pacxofa npu nepenage pfAasneHusA
6onee 5kMa.

YcTaHOBMM  3HAYeHue  rugpasnm4yeckon
npegHacTponkn n=2,6 (puc. 4.62), npu KoTo-
POM COMPOTMBIIEHWE BEHTWUNA OydeT paBHO
AP, _=6klla (6000Ma).

8.12
Onpependaem noTepy AaBneHuAa noTpebute-
nAa AP

nomp.”

AP .,=AP,+>Ap,, ..+ AP

nomp 8.13 + APB,12’ =

= 14000 + 6825 + 182 + 6000 =
= 27007 MNa (27 kla).

B kauecTBe perynupytoLlero opraHa npuHu-
MaeM K yCTaHOBKe [BYXXO[OBOW TepMocTaTn4e-
CKuin KnanaH apt.17760 0X ¢ paBHONPOLIEHTHON
MPOMYCKHON XapaKTepuCTUKON.

B cooTtBeTcTBMM C pekomeHJaumAMK pas-
gerna 3.1, cnegyerT 3apatbCA aBTOPUTETOM
knanaHa 0.1<a <0,3. 3agagnmcAa aBTopUTeTOM
a,...=02. Torpa Tpebyemoe MUHUManNbHOE
pacyeTHOe 3HadeHue nepenapa AaBneHuAa Ha
PO (APp.D‘TPEE)mm, Ma BblMUCNAETCA MO BbIpa-

xeHuto (3.9):

AP nomp
(AP p.0.TPEB Jmin = -1 -
-1

av rpes
_ 27007

=6752[1a

-1
02

Tpebyemasn ycrnoBHaA nponyckHaa cnocob-

Hoctb PO k..., M%4 onpefenAetcAa mo Bbi-
pakeHuto (3.4):
Gmax 2
KvstPES= 10 =
p\/0,1 (AP, 7PEB Jmin

_ 448
980Jon x 6752

10°=176m" /4

[MpMHUMaem K ycTaHOBKe [ABYXXOJOBOW Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbIi
nepenapg naeneHua Ha PO APP.O', Ma Bbl4MCnA-
€TCA No BblpaXkeHuto (3.6):

448 2

APp.o. =01 X (ﬁ =7840(1a.

PacyeTHbI nepenap OaBneHWA Ha perynu-
pyemom y4actke AP,, lla onpependerca no
BblpakeHuto (3.10):

APPYM* = A'Dp.o. + A'Dnomp. =
=7840 + 27007 = 34847/[la.

MpoBepnm AenCcTBUTENBHOE 3HAaYeHne aBTo-
puTeTa KnanaHa Mo Bblpa>KeHWIo:

~ AP,y
- APp.o. + A'Dnomp
_ 7840

" 7840 + 27007

ay

=0,23.

Takum o06pasom, BblOPaHHLIN TUMOpa3mep
KranaHa CoOTBETCTBYET AnanasoHy KnanaHos ¢
PaBHOMPOLIEHTHOW MPOMYCKHOW XapakTepucTu-
kon 0.1<a <0,3.

OnpepgenAaem pacyeTHble NoTepy OaBneHus

TennonpoBoaoB XAP, .. ,, BETKU «A» :
2AP yq.Bemku«A»zzAP yq,4...2,2‘..,4'+AP PY 1,1+

9854 + 34847 = 44700 MNa (44,7 kMa).

BoinonHum rMapasnuyecknii pac4et
OCTasnbHbIX LUMPKYMALUMOHHBIX KOMEL BETKM
«A» yepes PaHkonnbl Ne3, 2 n 1. Tak Kak yxe
BbIMNOSTHEH TMAPABMNYECKUA pacyeT y4acTKoB
Ne2,3,4,4%,3%,2*  pacnpefenutenbHbiX  Tpy-
6onpoBoaOB BeTkM «A», TO OCTAETCA TONbKO
paccyuTatb perynvpyemble y4acTKU LMpPKynA-
LUMOHHBIX Koney BeTKU «A» 4yepe3d (GpIHKONNbI
Ne3,21n 1.

[lomepu gaBaeHuA Ha pesyaupyemom
yyacmke Neb, 5* (AP, ) daHkonna Ne3 onpepe-

NATCA CYyMMOW MoTepb daBneHus noTpebute-
nA (TennoobMeHHMKA C MOABOAALMMU TEMno-
nposogamn) AP 1 noTepb AaBreHWA B
perynupytoLlem opraHe APp_o__ (no3.10 puc.4.59).
PacyeT HauymHaem c onpepeneHus pacnona-
raemMoro faBneHuMA [f1IA  paccMmaTpruBaeMoro
perynupyemoro yyactka. B pgaHHoOM npumepe

cnepyet NpUHATb

(APPV5,5*)pacn: APy, 1,10 34847Ma.
Perynupytowmin - opraH  ¢paHkowmna Ne3
nonbvpaem B COOTBETCTBUM C peKoMeHgaLu-
AMn pasgena 3.1. lNpuvHMMaem K yCTaHOBKe
[BYXXOO0BOW TepMocTaTn4ecKuni KnanaH
apT. 17760 0X Cc paBHOMPOLEHTHOM MNpPOMyCK-
Hom xapaktepuctukon. CnepyeTr 3apgaTbeA
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asToputeTom knanaHa 0.1<a <0,3. 3agagumca
aBToputetom a ,,..=0,2. Toraa, Ha ocHoBaHUK

BbipaxkeHua (3.1) onpepenum Tpebyemoe co-
NPOTMBIIEHNE PErYNUPYIOLLIEro opraHa:

(AP AP xa,=

p.0. 1pe6)min= APpy 5,5%

= 34847 x 0,2 = 6970 lNa.

Tpebyemaa ycrnoBHasA MpPOMycKHaA crnocob-

3 -

HocTb PO k..., M4 onpepgendetcA no Bbl
pakeHuto (3.4):

Gmax 102 =
,o\/ofI (AP, o 7PE6 Jmin
_ 339
980\/0,1 x 6970

KvstPES=

10°=131m" /4

lMpuHYMaem K ycTaHOBKE ABYXXOOOBOW Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbi
nepenapg aaesneHua Ha PO APP.OA, Ma Bbluncna-
eTCcA No BblpaXkeHuto (3.6):

339 2

A'Dp.o. =01 X (W =4490(]a.

MoTepu gaBneHua B Tpybonposogax yyacT-
koB Ne5, 5* (ZApy%,y) paccuuTbiBaemM npu crie-
OYIOLLMX NCXOQHBIX AaHHbIX:

- pacyeTHbIn pacxogd 339Kr/y;

- 06LLaAa anuHa 4m;

- anameTp — d20x2mm;

- ckopocTb TennoHocutena 0,45m/c (mpuno-
XeHune «b»);

- yaenbHaA notepa gaeneHuna 180MMa/m (npwu-
noxexve «b»).

MoTepn gaBneHna B TpybonpoBodax:

ZApy%S,Siz 1’3 X (180 X 4) =936 lNa.

MoTepn pOaBneHWA B 3anNOPHOM BEHTMIE
nos.13 (d20 LWTPEMAKC-A apt.1411512,
k,=10,5 m%/4) paBHbl

AP, . =0,1(339/10,5)*> = 102 Ma.

Onpegenum noTepro AaBMneHUA, KOTOPYO
JOMmKeH co3aaTb 6anaHcoBbI BEHTUMb M03.12
¢daHkonna Ne3 pna obecnedeHus rugpasnuye-
CKOW YBA3KN MeXAy perynupyembiMn ydacTka-
M1 G3IHKONNOB Ne3 1 Ne4:

(APE.12)Tp96 = (APPVS,s*)pacn - APS - AF)p.o. - ZApy-4.5,5' -
- AP_.. = 34847 - 7000 - 4490 - 936 - 102 =
= 22319 Ma (22,3 kMa)

Takum ob6pasom, HeobXoauMo OnpeaenuTb
3Ha4YeHne ruapasnM4yeckon npegHacTPONKK
GanaHcoBoro BeHTUNA Mo3.12 ¢aHkonna Ne3
anAa cosfgaHuAa conpotmeneHna 22,3klMa npwu
pacxoge TennoHocutena 339kr/4. Ha puc.4.63
nokasaHbl rpadpu4eckne NoCTpoOEeHUA ¢ UCMOfb-
30BaHMEM HOpManu BEHTUNA.

3HaueHne ky —> =

Mepenag Aasnexns Ap ——>%

[ S L
... ==Pacxon qm —> 339 kr/u T

Puc.4.63. OnpegeneHne rugpasnm4eckomn
npeaHacTponkiy 6anaHcoBoro BEHTUNA
LTPEMAKC-GM, d20, apT.1421702
no3.12 ¢paHkonna Ne3 ana cosgaHuA
conpotusneHua 22,3klMa npu pacxoge
TennoHocutena 339kr/u.

Cnepyet ycTaHOBWTb 3HA4YeHWE rvppaBnu-
YyecKol npeaHacTPOnKy GanaHCcoOBOro BEHTUNA
LUTPEMAKC-GM (d20, apt.1421702) n=1,1
(pnc.4.63).

[NpoBepyM AencTBUTENBHOE 3HAYEHNE aBTo-
puteTa KnanaHa no BblPaXKEHWUO:

_APp, 4490

& T AP, | 34847

=0/12.

Takum 06pas3oM, BblOpaHHbIA TUNopasmep
KrnanaHa COOTBETCTBYET AnanasoHy KrarnaHoB C
PaBHOMPOLIEHTHON MPOMYCKHON XapakTepuctu-
ko 0.1<a <0,3.

[lomepu gaBaeHuAa Ha peasyaupyemom
ydacmke Ne6, 6* (AP,) ¢3aHkonna Ne2
onpenenAlTCA CyMMOW MOTepb AaBneHuA mno-
TpebuTena (TennoobMeHHMKA C MOoABOAALLIMMU
Tennonposogamu) AP 1 notepb AaBneHuA

B perynupytoLiem opraHe APpAOU (no3.10 puc.
4.59). Pac4yeT HauuMHaem C onpegeneHuna pac-
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ronaraemoro gasrneHua ana paccmarpuBaemo-
ro perynupyemoro y4acTtka. B gaHHom npumepe
crnegyeT NPUHATb

(AP Py 6,6*)pacn= AP py 1,11 ZApyq,z,z*,=
= 34847 + (2574 + 2574) = 40000 MNa.

Perynupytowmin oprad ¢aHkonna Ne2 nog-
OGvpaem B COOTBETCTBUM C pPeKoMeHAaLmsAMm
pasgena 3.1. NpyHUMaeM K yCTaHOBKE OBYXXO-
JOBON TepMocTatndeckuin knanaH apt.17760 0X
C paBHOMPOLIEHTHON MPOMYCKHOWN XapaKTepucTu-
kon. CneglyeT 3aparbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agagvmca asToputetom a,.,..=0,2.
Torga, Ha ocHoBaHWKM BblpaxkeHua (3.1) onpege-
nm Tpebyemoe ConpoTUBIIEHNE PErYNUPYHOLLIErO
opraHa:

(APp.o.TPEE)min = APPY 660 X3, =

= 40000 x 0,2 = 8000 INa.
Tpebyemasn ycrnoBHaA nponyckHaa cnocob-

Hoctb PO k ..., M%4 onpenenAetcA no Bbi-
pakeHuto (3.4):
G max 2
KvstPES = 10 =
p\/o,'l (APp.o.TPEE )min

_ 273
980\/0,1 x 8000

10°=098m° /y

[MprHMMaeMm K ycTaHOBKe [ABYXXOAOBOW Kna-
naH apt.1776003, d10, k =1,0m%4. Pac4eTHbIi
nepenap gasnexdua Ha PO AP, TMa Bbl4ncna-
€TCA MO BblpaXXeHunto (3.6):

273
AP, =01 X (W)Z = 7453a.

MoTepu paeneHus B TpybonpoBoaax y4acT-
koB Ne6, 6* (XAp,, .,/ PaccH1TbIBaEM npu cre-
OYHOLLMX NCXOQHBIX OaHHbIX:

- pacyeTHbI pacxog 27 3Kr/y;

- obLas gnuHa 4m;

- anameTp — d20x2mm;

- ckopocTb TennoHocutena 0,35m/c (npwuno-
KeHune «b»);

- yoenbHaA notepa gasnenna 122MMa/m (npw-
noxeHue «b»).

MoTtepu gaeneHuna B TpybonpoBoaax:

ZApyqu*.: 1,3 x (122 x 4) = 634 Ma.

[MoTepn paBneHWA B 3anoOpHOM BeHTWNE
no3.13 (d20 LWTPEMAKC-A apr1.1411512,
k,=10,5 m%/4) paBHbl

AP, . =0,1(273/10,5)* = 68[a.

Onpepenum noTepro AaBneHuAa, KOTOPYHO
JOMKeH co3faTb GanaHcoBbI BEHTUMb M03.12
¢aHkonna Ne2 gna obecrnedeHus rugpasnuye-
CKOW YBA3KU MEXAY perynvpyembiMy yyacTka-

Mun aHkonNoB Ne2, Ne3 1 Ne4:
(APB.12)Tp66: (APPYG,G')pacn - AP, - APp.o. B ZApyH.Gﬁ* B
- AP_ .. = 40000 - 4000 - 7453 - 634 - 68 =
= 27844 Ta (27,8 kla)

Takum 0b6pasom, HeobXoAUMO OMpeaenuTb
3Ha4yeHue ruapasBnMyeckorn MNpeaHacTPOnKY
GanaHcoBoro BeHTUNA Mo3.12 daHkonna Ne2
anAa cospgaHunAa conpoTtusneHna 27,8klMa npu
pacxofe TennoHocutena 273kr/4. Ha puc. 4.64
nokasaHbl rpadudeckmne NocTPOEHUA € UCMOonb-
30BaHMEM HOpManu BEHTUNA.

3BHaueHne ky —> T

Mepenag gasnenna Ap ———>

nal - §

...........

[kr/aT * - - T - . R
e Pacxos qm —> 273 Kr/"l S RENCIEEA .

Puc.4.64. OnpegeneHne ruapaBnmyeckoi
npeaHacTpoiku 6GanaHcoBOro BEHTUNA
LTPEMAKC-GM, d15, ap1.1421701
no3.12 ¢aHkonna Ne2 gnAa cosgaHna
conpotueneHmna 27,8klMa npu pacxoge
TennoHocuTenAa 273Kr/4.

CnepyeTt ycTaHOBWTb 3HA4YeHUE rvgpaBnn-
4ecKoW npeaHacTPonKy 6anaHcoBOro BEHTUNA
LWTPEMAKC-GM (d15, apt.1421701) n=0,9
(puc. 4.64).

MpoBepym gencTerUTENbHOE 3HAYEHWE aBTO-
puTeTa KnanaHa no BblpaXkeHuio:

_ DPpo. 7453
V' APpy 40000

=0,19.

Takum 06pasom, BbIOpaHHbI TUNopasMep
KnanaHa CoOTBETCTBYEeT AnanasoHy KrnarnaHos ¢
paBHOMPOLEHTHOW MPOMYCKHOW XapakTepucTu-
ko 0.1<a <0,3.
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lMomepu gaBreHua Ha _peaysupyemom
ydacmre Ne7, 7* (AP,)  ¢oHkonna  Net
OnpefenAlTCA CyMMOW MOTepb AaBfeHnAa no-
Tpebutens (TennoobmMeHHUKa C NOABOAALLMMY
Tennonposopamn) AP, 1 notepb faBleHnA
B perynupytoLliem opraHe AP,,,O,, (no3.10 puc.
4.59). PacyeT HauyvnHaeMm c onpefeneHuA pac-
nonaraemoro faBneHna Ana paccmarpusaemo-
ro perynvpyemoro y4yacrka. B gpaHHom nprmepe
cnegyet NpUHATb

(AP Py 7,7*)pacn= AP py1,1- T ZApyu.z,a,s*,z*.z
= 34847 + (2574 + 2574) + (1573 + 1573) =
=43141Ma.

Perynupytomin opraH ¢aHkomna Nel nop-
Ovpaem B COOTBETCTBUM C pekoMeHAaLmsaMm
pasgena 3.1. MNpuHuMaem K ycTaHOBKE [BYXXO-
JOBOW TepMocTaTudeckun knanaH apt.17760 0X
C paBHOMPOLIEHTHOW MPOMNYCKHOW XapakTepuctu-
kon. CnegyeT 3aparbCA aBTOPUTETOM KnanaHa
0.1<a <0,3. 3agaavmca asToputetom &, .,..=0,2.
Torga, Ha OCHOBaHWM BblpaXkeHNA (3.1) onpepne-
num Tpebyemoe ConpoTUBIEHNE PEryNUPYHOLLIErO
opraHa:

(A’Dp.o, TPEE) min = AP py 7,7+%X8,=

=43141 x 0,2 = 8628 [a.

Tpebyemana ycnosHaa NponyckHas cnocob-

3 -

HocTb PO k ..., M4 onpepgenAetcA no Bbl
pakeHuto (3.4):

G max 2 _
10 =
P\/0’1 (AP, o 7PEB Jmin
~ 273
980\/0,1 x 8000

KvstPES=

10°=0,98m° / y

MprHMMaeM K yCTaHOBKE ABYXXOO0BOW Kna-
naH apt.1776004, d10, k _=1,6m%/4. Pac4eTHbIi
nepenag aaenexHuna Ha PO APp_O_, Ma BbluMCNA-
€TCA No BblpaXkeHuto (3.6):

448 2

BPpo =01 X ()" =T7840/a.

MoTtepn gaBneHus B TpybonpoBogax yyact-
koB Ne7, 7* (ZApwa,) paccyuTbiBaeEM npu cne-
OYOLLMX NCXOAHBIX AaHHbIX:

- pacyeTHbIn pacxog 448Kr/y;

- 06LLaAa anuHa 4m;

- anameTp — d26x3mm;

- ckopocTb TennoHocutena 0,41m/c (mpuno-
XeHune «b»);

- yaenbHaA notepa gaeneHuna 125MMa/m (npu-
noxexuve «b»).

MoTepwu gaBneHnAa B TpyoonpoBoJax:

YAp,, .= 13 x (125 x 4) = 650 MMa.

MoTepn pOaBneHUs B 3ariOpHOM BEeHTUNe

no3.13 (d20 LWTPEMAKC-A apr.1411512,
k,=10,5 M%4) paBHbl

AP, _=0,1-(448/10,5)2 =182Ma.

8.13

Onpegenum noTepro AaBMEHUA, KOTOPYHO
OOSMKeH co3faaTb 6anaHcoBbI BEHTUMb M03.12
¢daHkona Nel gna obecrieveHna rugpasnuye-
CKOW YBA3KN MEXAY perynupyembiMy yyacTka-
MU G3HKOMNOB Nel, Ne2, Ne3 1 Ne4:

(AP 2) mpe6 (AP PV7,7')pacn - AP, - AP 00" ZAPW_Z?-
- AP, ., =43141-14000 - 7840 - 650 - 182 =
= 20469 lNa (20,5 kla)

Takum ob6pazom, HeobXoauMo OnpeaenuTb
3Ha4YeHne ruapasBnM4eckon npegHacTPONKK
banaHcoBoro BeHTUNA no3.12 ¢aHkonna Net
anAa cosfgaHuAa conpotmeneHna 20,5kMa npwu
pacxofe TennoHocutena 448kr/4y. Ha pnc.4.65
nokasaHbl rpadpuyeckue NOCTpPoOEeHUA ¢ UCMOrb-
30BaHMEM HOpManu BEHTUNA.

3HaveHune ky —> +

20,5 klMa

g}

nepe_ﬁan paBnexus Ap —>

[kMa] - -

v [krM]T L
Pacxop gm ——>

' .‘"'348!:krl'-|——

Punc.4.65. Onpegenexve rugpasnnyeckom
npenHacTpoiiki 6anaHcoBOro BeHTUNA
LLUTPEMAKC-GM, d20, apt.1421702
no3.12 ¢ankomna Nel ana cosgaHuA
conpotueneHua 20,5«IMa npu pacxoge
TennoHocutensa 448kr/u.

CnepyeTt ycTaHOBWTb 3HA4YeHWE rvgpasnu-
4yecKol npeaHacTPONKK GanaHCoOBOro BEHTUNA
LTPEMAKC-GM (d20, apt.1421702) n=1,5
(pnc.4.65).

[NpoBepym AencTBUTENBHOE 3HAYEHNE aBTo-
puteTa KnanaHa no BblPaXKEHUIO:

_DPpo _ 7840

& = NPay 43141

=0,18.
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Bbl6paHHbI TUMOpa3Mep KnanaHa CooTBeT-
CTBYET AnanasoHy KnanaHoB C paBHOMPOLEHT-
HOW NponyckHow xapakTtepucTtrkon 0.1<a <0,3.

Takum 06pa3oM, Mbl 3aBepLUMNV rMapaBn-
YeCcKUn pacyer BeTKM «A», MoTepu AasfeHuA
KOTOpPOW COCTaBNAIOT

Perynatop nepenaga gasnexHua (no3.8 puc.
4.59 BeTKM «A») QOIKEH nogaep>xueartb nepe-
nag [nOaBneHuda, paBHbI MOTEPAM AaBleHUA
BETKN «A»:

AP, =3AP

3ag y4.8emKu«A»

= 44700 Ma (44.7 kTa).

Mogbop perynAatopa nepenaga AaBneHWs

AP gomuunn = 44700 Ta (44,7 kla). (no3.8) n onpepenexne ero ruapasnnyecKon
HaCTPOWKWN NokKasaHo Ha puc. 4.66.
Ap, kPa
800 - P
—
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\
700 ——
\ \
600 4 T — —
\\ \\\ \\\ 7,0
\\ \ ——
500
]
T— — \-
447 \ \\ 5,0
S 400 = — 0
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f 300 “\ = — imamm=s \\ 4,0
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g 100 10
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Q Pacxos 1508 Kr/d
n/qac
Puc. 4.66. OnpegeneHune 3Ha4yeHna rmapaBnuyecKkon HacTporkn (n=4.7) perynatopa nepenaga

paeneHmAa NEPLL, 4002, d25, apt.1400263 (n03.8 puc.4.59 BeTkn «A») Npu 3agaBaemMblX pacHeTHbIX
3HaYeHnAX Gnomp=1508Kr/‘-I " AP3ag=44.7KI'Ia

MoTepun paBneHVs Ha perynaTope, Npu KoTo-
pbix obecrneymBaeTca ero paboTocrnocobHOCTb,
cornacHo (2.4) gomkHbl COCTaBNATb

(AP

PEI') min

> AP, = 44700(Ta.

MpyvHUMaeM 3HayeHMe MUHMMAasbHbIX Mo-
Tepb [aBrneHuA Ha perynAatope (no3.8 BeTkM
«A») paBHbIMU

(AP

PEI') min

= 50000 lMa (50 kla).

PacyeTHble noTepn [OaBneHWA CUCTEMbI
TennonoTpebnexna $aHkoinos AP, . onpepe-
NIAETCA CyMMOW NOoTepb AaBMEHNA CUCTEMbl Ma-
rMcTpanbHbIX Tennonposofos AP - (mexxay

kotnom n perynatopamu FEPL 4002); notepb
OaBfieHnAa TennonpoBOfoB BeTKn X AP

y4.8emKu

(mexxgy perynatopom EPL| 4002 n ¢paHkon-

nam); v NoTepb Aasnexnsa AP, B perynaTtope
M'EPL 400:

AP, =SAP, +SAP

y4y.m.m. y4.8emku + APpee.:

= 32695+44700+50000 = 126395[a (126k[1a)

LIMpKynALMOHHBIN Hacoc (no3.2 puc.4.59)
[OMKeH obecneynTb UMPKYNALVMOHHBIA Harnop

P,= AP, =126 kla (12,6 m.B.CT.)

Tpebyemaa nogada Hacoca COOTBETCTBYET
pac4eTHOMY pacxofly B cucTeMe TennonoTpe-
6nenua V =V_=3,5m%u.

Moadop UMPKYNALUMOHHOIO Hacoca nokasaH
Ha puc. 4.67.
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TPED 40-190/2-S

H
(m) 100 % MoTepa B pUTUHrax u knanaHax

Q=3.32m3M

H=126m

n=2x84%

BKMtoYeHe npu = 3.1 M3y

Mepeka4us. )xuaKocTb = Bofa B cucteme otonneHuna

18

16

14

12

10

06w KMA = 15.1 %
0 5 10 15 20 25 Q (m/4)

Puc. 4.67. Pac4yeTHaA xapakTepucTuka
UMpKynAumMoHHoro Hacoca TPED 40-190/2-S
(nos.2 puc.4.59)

K ycTtaHoBke MpuUHYMaeM COBOEHHbIN Ha-
coc TPED 40-190/2-S ¢ aneKTpOHHbIM ynpas-
NeHneM 4acToTbl BpalleHua, paboTatoluii B
peXxume «OCHOBHOW - pe3epBHbIi» ¢ pabouumu
xapakrtepuctukamm V =3,32m%4, P =12,6M.B.CT.
XapakTtepuctuka Hacoca 0Obina BblépaHa Takum
obpasom, 4ToObl B AanbHellleM uMenacb Bo3-
MOXXHOCTb W3MEHEHWA Hanopa. 3JT0 MOXKeT
cTaTb HeoOXoauMbIM MO YCMOBUAM 3KCMnyaTa-
LUMOHHON HanagKu cucTembl TennocHabxeHus
$IHKONNOB.

Yyactku Ne14a,14a* Ha oTBETBNEHUU K BET-
ke «b» 1 y4qactkn Ne20a,20a* Ha OTBETBIEHUMN
K BeTke «B» OTHOCATCA K cUCTEME Marncrpanb-
HbIX TennonpoBogoB. Heobxoaumo panA aTux
y4acTKoB nogobparb BEHTUNN Mo3.6 1 nos.7 u
onpenenutb gnameTpbl TPyb6ONpoBoaos.

YuyacTku Ne14a,14a* ¢ pacHeTHbIM pacxoom
G, =1112Kr/4 BbINONHAIOTCA N3 CTanbHbIX TPy6
d,25 (v=0,47w/c; R=140Ma/m). BeHTnnb no3.6
BeTkn «b» (d25 LWUTPEMAKC-A apt.1411513,
k=18,0 mM%4) umeeT pacyeTHble MoTepu fas-
neHuna

AP, =0,1-(1112/18,0)> = 382 la.

BanaHcoBbI BEHTWIb N03.7 BETKN «b» (d25
LUTPEMAKC- GM apT1.1421703) ncnonb3yetca
B Ka4eCcTBe 3arnopHoro, 6anaHcoBoro u uaMepu-
TENnbHOro yCTponcTBa. 3ajagum orpaHmyeHne
MaKCUMarnbHOW CTEMNeHn OTKPbITUA BEHTUNA C
TaKMM YCINOBMEM, 4TOObI COMPOTUBIEHNE BEH-
TUnA 66110 Obl He MeHee 5kIa (npy pacyeTHOM
pacxoge 1112kr/4). Ha puc. 4.68 nokasaHbl

rpaduyeckre NOCTPOEHWA AnA onpegeneHus
rmapaBnMyeckoi npegHacTpoliki 6anaHcoBoro
BEHTMNA.

3HayeHne KV —-m,,, ——

Py,
E Tiies
terngpit FE

Mepenaa pasneHna Ap —»

i

T

ke T . - . .
" T Pacxon qm —> 1112 Krfy sy

Sootmg Lt -

Puc. 4.68. OnpepgeneHne conpoTuBnNeHna
BeHTUNA 6anaHcosoro LUTPEMAKC-GM, d25,
apt.1421703, (no3.7 BeTkn «b» pnc.4.59).

YcTtaHoBUM  3HaYeHuWe  rmgpasnnuYeckon
npegHacTpokn n=2,9 6anaHcoBOro BeH-
TMNANO3.7 BeTkn «b» (puc.4.68), npu KoTto-
pOM COMpPOTMBIIEHNE BEHTUNA OygeT paBHO
AP, =7 kNa (7000 Ma).

Yyactku Ne20a,20a* ¢ pacHeTHbIM pacxoaom
G _,,=839Kr/4 BbINONHAIOTCA U3 CTasnbHbIX TPy6
dz25 (v=0,38m/c; R=95[a/m). BeHturnb no3.6
BeTKn «B» (d25 LUTPEMAKC-A apt1.1411513,
k=18,0 mM%4) umeeT pacyeTHble MoTepu Aas-
neHmA

AP, =0,1-(839/18,0)2 = 217 Na.

BanaHcoBbIl BEHTWMb M03.7 BETKN «B» (d25
LWUTPEMAKC- GM apt1.1421703) ncnonb3yetca
B Ka4ecTBe 3anopHoro, 6anaHcoBoro U nsmepu-
TENbHOro YyCTPOWCTBa. 3afjagnM orpaHuyeHune
MaKCUMarnbHOW CTEMNeHN OTKPbITMA BEHTWUNA C
TakUM YCIOBMEM, HTOObI COMPOTMBIIEHNE BEH-
TNA 661110 Obl He MeHee 5klMa (Npu pacyeTHOM
pacxoge 839kr/4). Ha puc. 4.69 nokasaHbl
rpadpuyeckme MNOCTPOEHMA ANA onpegeneHna
rMOpPaBnMyeckon NpegHacTponky 6anaHcoBoro
BEHTUNA.
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Puc. 4.69. OnpepeneHne conpoTnBneHnNa
BeHTUNA 6anaHcosoro LUITPEMAKC-GM, d25,
apt.1421703, (n03.7 BeTkn «B» punc.4.59).

YcTtaHoBUM  3HaYeHWe  rmgpasBnuyeckomn
npegHacTponku n=2,7 (puc.4.60), Npnu KOTOPOM
conpoTueneHne BeHTUNA OyaeT pasHo P, =7
klMa (7000MMa).

[MonyyeHHble pesynbTathl MMApPaBINYECKNX
conpotusneHun y4actkos Ne14a,14a*, a Takxke
ydacTtkoB Ne20a,20a* B panbHenlem Mbl UC-
nonb3yem AnAa onpegeneHna notepb AasneHuns
B perynAaTope nepenaga fasneHuA nos.8 BeTku
«B» 1 BeTKN «B».

Betkn «b» n «B» paccuyuTbiBaOTCA B TON
)Ke MoCcneaoBaTenibHOCTU, Kak U BeTKa «A»,
3a UCKMIYEHNEM perynAatopa nepenaga fas-
neHvA no3.8, NoTepyn AaBfneHUA KOTOPOro He
HasHa4aroTCA, KaK AnA OCHOBHOWN BETKU «A», a

BbIYNCALOTCA.
Cnepyet nmeTb BBMAY, 4TO NPY NCMONb30Ba-
HUWN PErynAaTopoB nepenana AaBneHUa UCKLo-
YaeTcA B3aMMOBMUAHUE TMAPABANYECKUX pe-
YKMMOB paboTbl KaXK0W 3 BETOK APYr Ha apyra.
To ecTb, NOTepy AaBnNeHNA KaXXAoW U3 BETOK
MOTYT 3HAYUMO OTNNHATbLCA MEXXAy COOON.

B kavectBe npumepa BbINOMHUM pacHeT
BeTKN «B».

[ugpaBauyeckul _pacyem MemanAonoAu-
MepHbIX _menaonpoBogoB Bemku «B» Bbinon-
HAEM C MOMOLLbIO HOMOrpammbl [punoXxeHns
«B». icxogHble gaHHble:

1. PacyetHan Tennosaa Harpyska Q , =9,65
KBT.

2. Pac4yeTHble napameTpbl TennoHocuTena
t=70°C, t,=60°C.

3. PacyeTHbiin pacxoq TennoHocutena G, =
839kr/4 (yyactkm Ne20, 20%).

4. PacyeTHble pacxofpbl TEnnoHocuTena u
noTepu AaBneHna B TennooOMeHHNKE KaXKaoro
¢$oHKoMNa nokasaHbl Ha cxeme puc.4.59.

5. Topun3oHTanbHble TENNonpoBoabl 1 nog-
BOAKW K GaHKOMNAM BbINOMHAIOTCA U3 MeTanso-
NoNMMepHbIX TpyO.

Betka «B» npegctaBnaer coboii OByx-
TpyOHytO cucTemy TennonotpebrneHus ¢ 3-MsA
¢daHkonnamm. COOTBETCTBEHHO MMeem 3 uup-
KYNAUMOHHbIX Kosbua. B kayectBe OCHOBHOro
pacyeTHOro Konbla MpUHMMAEM LIMPKYNALM-
OHHOE KOmMbLO Yepe3 Haumbonee ypaneHHbIN
¢doHkonn Ne11. PacdeTHble notepu pasneHWA
Tennonposogos > AP BETKN «B» onpe-

y4.8emKu»B»

[OENAITCA CYMMOWN NOTepb JABMEHUA Ha y4acT-
* *

kax Ne20,19,19*,20 (ZAPW 20.19,19+20) VI TIOTEPb

JaBneHnA Ha perynupyemom y4actke Ne18,18*
(AP

PYy18,187"

AP

yy.8emku»B»

+ AP

PY18,18*

AP

y4. 20,19,19*,20*

McxoaHble gaHHble U pesynbTaTbl pacyeToB
3aHocum B Tab6n.4.3.

Tabnuua 4.3
Pacuer TennonpoBoAoB UMPKYNALNOHHOIO KoJjibya 4yepe3 TEnnoo6MeHHIK ¢3HKOI7Ina Ne11 BeTKn «B»
Ne G I d v R 1,3xR | ZAP AP
yu’ y4? ’ ’ ’ ’ y4 obopya.’ y4.? Mn i
yH. Kr/4 M MM m/c Ma/m Ma Ma Ma puymes
1 3 4 5 6 7 8 9 10 11
20 839 8 32x3 0,49 122 1270 - 1270
19 678 16 32x3 0,38 84 1966 - 1966
19* 678 16 32x3 0,38 84 1966 - 1966
20" 839 8 32x3 0,49 122 1270 - 1270
ZAPW_ 209,10 20" 6472MMa (6,5kMMa)
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MecTHble conpoTuBneHua (0TBOAbI, TPONHN-
KW, NBMEHEHNE AnameTpa U Ap.) Y4UTbiIBaEM B
Buge gononHutenbHbiX 30% K NoTepAM gasne-
HWA nNo anuHe. [lnameTtpbl Tennonposogos d, MM
Ha ydacTkax Ne20,19,19*,20* nogbupaem c no-
MOLLIblO HOMOrpammbl MNpunoxxeHuna «b», orpa-
HU4YMBaACb BENUYNHON YOENbHON NoTepu gasne-
HVA Ha TpeHune R He 6onee 100...2000Ma/m.

[lomepu gaBaeHua Ha _pesyaupyemom
yyacmxe Ne18, 18* (AP,) onpepgenAatoTcs,
cornacHo BblpaxeHuAa (3.10), cymmon notepb
paBneHvnsa noTtpebutena (TennoobMmeHHUKa C
NoABOAALLMMMN TEMNONPOBOAAMN) AP, B NO-
Tepb flaBNeHna B perynupyoiliem opraHe AP,
(no3.10 pwuc. 4.59):

APpy1g18+ = APpo. + AP nompu

B HacToAweM npumepe noTepu AaeBneHuA
notpebutena AP, ., BKNOYalOT B cebAa notepu
pasneHna B TennoobmeHHuke (AP,=7000MMa),
notepu faeneHusa B TpybonpoBodax y4acTKOB
Ne18, 18*, a TakKe notepu AasneHNa B 3anop-
HOM BeHTune AP, . 1 B 6anaHcoBOM BeHTUNe
AP, , (N03.13 1 no3.12 puc. 4.59):

A’Dnomp= A’D11 + ZApyq.w,w*"" A’DB.13 + AP@. 12"

MoTtepw gaBneHua B TpybonpoBogax yyact-
koB Ne18, 18* (ZApyq_mB,) pacc4yuTbiBaem npu
crnegyroLmx NCXOAHbIX AaHHbIX:

- pacyeTHbI pacxod 339kr/y;

- obwas gnuHa 36m;

- anameTp — d26x3mm;

- CKopocTb TennoHocutena 0,32m/c (npuno-
XeHune «b»);

- ygenbHaA notepa gasneHuAa 80Ma/m (npwu-
noxexuve «b»).

MoTepwu AaBneHna B TpyoonNpoBoJax:

ZApyms,m*.: 1,3 x (80 x 36) = 1092 MNa.

MoTepn paBneHWA B 3anNOPHOM BeHTUNE
no3.13 (d20 LWTPEMAKC-A apT1.1411512,
k,=10,5 m%/4) paBHbl

AF)8,13 = 0,1 (339/1 0,5)2 =104 Na.

BanaHcoBbIn BeHTUNb N03.12 (d20 LUTPE-
MAKC- GM apt.1421702) wncnonb3yeTcA B
Ka4yecTBe 3anopHoro, 6anaHcoBOro 1 U3Mepu-
TenbHoro ycrtponctea. [Npu namepeHnn pacxoaa
BEHTWIb HE OOMKEH ObiTb MOMHOCTbIO OTKPbI-
ToiM. 3afagum OrpaHn4eHne MakCUManbHON
CTEMNEHUN OTKPLITUA BEHTWUMA C TAKNM YCNOBUEM,
4TOObI CONPOTMBEHNE BEHTUNA ObINo Obl He Me-
Hee 5kIla (npu pacyeTHoM pacxoge 339Kr/4).

YCTaHOBUM  3HaA4eHWe  ruapasBnnuyeckomn
npegHacTponku n=2,5 (puc. 4.70), npu KoTo-
POM COMPOTMBIIEHWE BEHTWNA OydeT paBHO
AP, ,=6klla (6000ra).

3HaueHne ky —> -

nepena;i AaBNeHnA Ap —>

[kNa]

e

S S ey m s
- [Kkrfu] e
Pacxop qm —>

Bopwriy
Puc. 4.70. OnpepgeneHne conpoTuBneHnsa
BeHTUNA 6anaHcosoro LUTPEMAKC-GM, d20,
apt.1421702 c na3meputenbHbIMU KnanaHamu,
nos.12 punc.4.59, ana ¢anHkonna Neid.

Onpependaem noTepy AaBneHuA noTpebute-
nAa AP

nomp."

AP =AP11+zApyq.m,m*"'AP3.13+AP3.12=

nomp

=7000 + 1092 + 104 + 6000 =
= 14196 lMNa (14,2 kMa).

B ka4decTBe perynupytoLlero opraHa npuHM-
MaeM K YCTaHOBKe [BYXXO0BOW TepMmocTaTn4ye-
CKuin KnanaH apt.17760 0X ¢ paBHOMPOLIEHTHON
NPOMYCKHOW XapaKTepuCTUKON.

B cooTBeTcTBUM C pekomeHgauuaMu pas-
pena 3.1, cnegyer 3apatbCA aBTOPUTETOM
knanaHa 0.1<a <0,3. 3agagumca aBTOpUTETOM
a,p=0,2. Torpa Tpebyemoe MuHUMAanNbHOE
pacyeTHoOe 3Ha4deHue nepenagja AasneHuA Ha
PO (APP'QTPEE)W.”, Ma BblHMCNAETCA NO BbIpa-

xeHunto (3.9):

APrlomp
(AP p.0.TPEB Imin = 1 =

— -1
8y 1pep

14196
= =3549(1a

-
02

Tpebyemasn ycrnoBHad nponyckHaa crnocob-

3 -
Hoctb PO k.., M%4 onpepenAerca rno Bbl
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pakeHuto (3.4):

G 2
KvstPES= - 10 =

,0\/ 01(AP , ;, 7p£85 Jmin
339

- 980,/0,1 x 3549

10° =184m" / y

MprHUMaem K ycTaHOBKE ABYXXOAOBOW Kna-
naH apt.1776004, d10, k .=1,6m%4. Pac4eTHbIi

nepenapg gaenenuna Ha PO APp.o. , Ma Bbl4ync-
nAeTcA No BbipaXkeHuto (3.6):

339
APpo =01 X (ﬁ)2 = 4489/Ta.

PacueTHbIn nepenap AaBneHUA Ha perynu-
pyemom yyactke AP, lla onpepensertcA no
BblpaxkeHnto(3.10):

APpy1g 18 = APpo. + AP nomp. =
=4489 + 14196 =18685/1a.

MpoBepvm AencTBUTENbHOE 3HAYeHNe aBTo-
puTeTa KnanaHa rno Bblpa>KeHWIo:

_ A'Dp.o.
APp.o. + APrlomp

| 4489

" 4489 +14196

ay
=0,24.

Takum 0b6pasom, BblbpaHHbIA TuUNopa3mep
KnanaHa coOTBETCTBYET AnanasoHy KranaHoB C
PaBHOMPOLIEHTHOW MPOMYCKHOW XapakTepucTu-
ko 0.1<a <0,3.

Onpepgenaem pacyeTHble NoTepy AaBneHus

TennonpoBoaos XAP, . . -, BETKN «B» :
ZAqu.Bemku»B»z 2AP yu.20,19,19%20° T AP PYy18,18*

= 6472 + 18685 = 25157 la (25,2 kla).

BbinonHum rmgpasnuyeckumn pacuet
OCTanbHbIX LIMPKYNALUNOHHbLIX KOMeL BeTKU
«B» yepes ¢aHkomnbl Ne10 m 9. Tak Kak yxe
BbIMOSMIHEH TMAPABANYECKMI pacyeT Yy4acTKOB
Ne19,20,20%,19* pacnpegenuTenbHbIX  Tpy-
6onpoBofoB BETKM «B», TO ocTaetcA TOnbko
paccuutatb perynMpyemble Y4acTKu LMPKynA-
LMOHHbIX KomeL BeTKn «B» yepes ¢aHkonmbl
Ne1Owm 9.

[lomepu gaBaeHuAa Ha pea2ysupyemom
ydacmre Ne21, 21* (AP,) ¢sHkonmna Ne10

onpegenAlTcA CyMMOWN MOTepb AasrneHuA Mo-
TpebuTena (TennoodMeHHMKA C MOoABOAALLIMMU
Tennonposopam) AP 1 noTepb AaBNeHnA B
perynupytoLLem opraHe APp_o__ (no3.10 puc.4.59).
Pacyetr HauymHaem c onpepgeneHvA pacnona-
raemMoro fasneHuA [AfAa paccMmaTpruBaemoro
perynupyemoro ydactka. B gaHHom npumepe
cnegyeTt NpUHATL

(AP AP = 18685 Ia.

PV21,21*)pacn = PYy18,18*

Perynupytouin opraH ¢aHkonna Ne10 noga-
Ovpaem B COOTBETCTBUM C pPeKkoMeHOauvAMM
pasgena 3.1. lNpuHUMaeM K yCTaHOBKE [BYXXO-
[0BOWN TepmocTarmyeckuin knanaH apt.17760 0X
C PaBHOMPOLIEHTHO NPOMYCKHOW XapaKTepucTu-
kon. CnegyeT 3aparbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3apgapgumca asToputetom 4 ....=0,2.
Torga, Ha ocHoBaHWUK BbipaxkeHnA (3.1) onpege-
nm TpebyemMoe COMNpOTUBNEHVE PETYNVPYHOLLETO
opraHa:

(AP AP xa

p.0. 1PES min = py21,21+ %4, =

= 18685 x 0,2 = 3737 lNa.

Tpebyemaa ycrnoBHas MpornyckHaA cnocob-
Hoctb PO k ..., M%4 onpepnenaerca no Bbl-

paxkeHuio (3.4):

Gmax 2 [
10° =
,o\/O,1 (AP, o 7PE5 Jmin
~ 339
980\/0,1 x 3737

KvstPeS =

10°=179m° / y

MpuHUMaem K ycTaHOBKE ABYXXOAOBOW Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbIn
nepenag gasrneHuA Ha Pé APPO, MNa Bbl4KC-
nAaetcA no BblpaxkeHuio (3.6):

339 2

A'Dp.o. =01 X (W =4490(1a.

MoTepun paeneHuAa B TpybonpoBogax y4yacT-
koB Ne21, 21* (ZApyqzm*) pacc4uTbiBaem npu
cnegyoLwmnx NCXOQHbIX AaHHbIX:

- pacyeTHbIn pacxogq 339kr/y;

- obwas gnvHa 4m;

- anameTp — d20x2mwm;

- ckopocTb TennoHocutena 0,45m/c (npuno-
XeHune «b»);

- yaenbHaA notepsa gasneHua 180MMa/m (npw-
noxxeHuve «b»).

MoTepw faenexHua B Tpybonposogax:

CrtpaHuua 132



B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

ZApyq.m,zﬁ: 1,3 x (180 x 4) = 936 IMa.

MoTepyn paBneHWA B 3arnoOpHOM BEHTWNE
nos.13 (d20 LWTPEMAKC-A apt.1411512,
k,=10,5 m%/4) paBHbl

AP, . =0,1-(339/10,5)> = 102 Ma.

Onpegenum noTtepro OaBneHUsA, KOTOPYIO
OOSMKeH co3aaTb 6anaHCcoBbI BEHTUMb M03.12
¢daHkorna Ne10 anAa obecnedeHnsa ruapaenuye-
CKOW YBA3KM MeXay perynmpyembiMn ydacTtka-
My GaHKonnos Ne11 n Ne10:

(AP, 12)mpe6: (AP PY27,21*)pacn -AP,,- AP po.

- SAD, 01 - AP, ;= 18685 - 7000 - 4490 - 936
- 102 = 6157 Ma (6,2 KMMa)

Taknm obpasom, HeobXxoaumo onpeaeniTb
3Ha4veHve rygpaBnuyeckon npeaHacTporKn
6anaHcoBoro BeHTUNA no3.12 ¢aHkona Ne10
AnA co3faHuAa conpoTuenenna 6,2klMNa npu pac-
xoge TennoHocutena 339Kr/u.

.. 3HaveHne ky —>

btk

"ﬂeper‘@n AaBneHna Ap

- [kef4] -t
Pacxopg qm ——>

T
Puc. 4.71. Onpegenexne rugpasnn4eckom
npeaHacTpoinki 6anaHcoBoOro BEHTUINA
LUTPEMAKC-GM, d20, apT.1421702
no3.12 ¢aHkonna Ne10 ana cosgaHuA

conpoTueneHuna 6,2klMNa npu pacxofe
TennoHocutena 339kr/y.

Ha puc.4.71 nokasaHbl rpaduyeckue no-
CTPOEHMA C UCMONb30BaHUEM HOPMAanu BEHTU-
nAa. CnepyeT yCTaHOBUTb 3HAYeHWE rapaBnn-
YecKol npeaHacTpPonky 6anaHcoBOro BeHTUNA
LUTPEMAKC-GM (d20, apt.1421702) n=2,2

(puc. 4.71).
[NpoBepyM AeNCcTBUTENBHOE 3HAYEHNE aBTo-
puteTa KnanaHa no BblPaXKEHUIO:

_APpo. 4490

= APy 18685 024

ay

Takum obGpasom, BblOpaHHbLIN TuNopasmep
KrnaraHa cCoOTBETCTBYET AnanasoHy KnanaHos ¢
PaBHOMPOLIEHTHOW MPOMYCKHOW XapakTepucTu-
ko 0.1<a <0,3.

[lomepu gaBaeHua Ha _peayaupyemom

yyacmre Ne22, 22* (AP,) ¢aHkonna N9
onpenenalTcA CYMMOW NOTEPb AaBMEeHUA Mo-
TpebuTensa (TennoodMeHHVKA C NoaBOAALLMMU
TENnonpoBogamm) AP - V1 TIOTEPb AABNEHNA
B perynupytpoLiem opraHe APP'D" (mo3.10 puc.
4.59). Pac4yeT HauymHaem c onpegeneHna pac-
nonaraemoro AaBneHuna Ona paccmarpuBaemo-
ro perynupyemoro yyacTtka. B gaHHoMm nprmepe

cnenyet NpPpuUHATb

(APPVZZ,ZZ*)pacnz AF’PV 18,18* + zApyw.wJQ*.:
= 18685 + (1966 + 1966) = 14753 IMa.

Perynupytowmin opraH ¢aHkonna N9 nog-
Ovpaem B COOTBETCTBM C pekoMeHpauusamm
pasgena 3.1. [puHUMaemM K yCcTaHOBKe [ABYXXO-
[O0BOWN TepmocTarmyecku knanaH apt.17760 0X
C PaBHOMPOLIEHTHOW MPOMYCKHON XapakTepucTu-
kon. CnegyeT 3apgarbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agagumca asToputetom 4 ....=0,2.
Torpa, Ha ocHoBaHWK BbipaxkeHuA (3.1) onpepae-
nvm TpebyemMoe COMpOTUBIEHNE PETYNVPYIOLLEro
opraHa:

(AP AP xa

p.0. 1pe6)min= DPpy 22,20: %4, =

= 14753 x 0,2 = 2950 [Ma.

Tpebyemaa ycrnosHas MpornyckHaa crnocob-

3 -

HocTb PO Kk .\ M /4 onpegpenAeTcAa Mo Bbl
paxxeHuto (3.4):

G max 2
10" =
p\/Oﬂ (AP p.0.TPEB Jmin
~ 161
980\/0,1 x 2950

KystpES=

10°=096m" /y

lMpuHUMaeM K ycTaHOBKe TPexXXodoBOW Kna-
naH apt.1776003, d10, k =1,0m%4. Pac4eTHbIN
nepenapg aaeneHua Ha PO APp.o.’ MNa Bblyncna-
€TCA Nno BblpaXkeHuto (3.6):

161
AP, =01 X (ﬁ)2 = 2592/7a.
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MoTepu gaeneHus B TpybonpoBoaax y4acT-
koB Ne22, 22* (ZAqu,gz,gz) paccynTbiBaem npu
CneayoLwmnx NCXoaHbIX AaHHbIX:

- pacyeTHbI pacxod 161kr/y;

- 06LLaAa gnuHa 4m;

- anameTp — d20x2mm;

- CKopocTb TennoHocutena 0,21m/c (npwno-
XeHune «b»);

- ygenbHaA notepa gasneHuAa 50Ma/m (npw-
noxexve «b»).

MoTtepu aaBneHus B TpybonpoBoaax:

ZApyk¢422,22*.= 1’3 X (50 X 4) =260 lMa.

MoTepn paBneHWA B 3arnoOpHOM BeEHTWNE
nos.13 (d15 LWTPEMAKC-A apt.1411511,
k, =4,0 m%4) paBHbi

AP, .=0,1-(161/4)2 = 162 lNa.

8.13
Onpegenum noTepro OaBMneHUda, KOTOPYO
[OOSMKEH co3faTb 6anaHcoBbI BEHTUMb M03.12
¢daHkonna Ne9 ana obecneyeHns ruapasnuye-
CKOW YBA3KU MEXAY perynupyembiMy yyacTka-
Mun paHkonNoB Ne9, Ne10 1 Ne11:

(AP, 12)mpe6= (AP PV22,22*)pacn - AP,- APpo. B

- 3AP,, 1p 1~ AP, 15 = 14753 - 5000 - 2592 -
- 260 - 162 = 6739 Ma (6,8 kMa)

w” + 3HaveHmne ky —>

' Mepenap naBnenna Ap —=—3"-"

ke
Pacxop qm ——>

161 Kr/y
Puc. 4.72. OnpegeneHue rugpasnn4eckon
npeaHacTpoiki 6anaHcoBOro BEHTUINA
LWTPEMAKC-GM, d15, apT.1421701
no3.12 ¢aHkomna Ne9 gna cosgaHumA
conpoTtumeneHua 6,8klMa npu pacxoge
TennoHocutena 161kr/u.

Takum obpasom, Heobxogumo onpepennTb
3Ha4yeHVe rvapasnMyeckon npefHacTPONKM
GanaHcoBoro BeHTUNA no3.12 ¢aHkona Ne9
AnA cosgaHuAa conpotmeneHna 6,8klMa npwu
pacxofe TtennoHocutena 161kr/4. Ha puc. 4.72
nokasaHbl rpadpu4eckne NOCTpPOEHUA C UCMOSb-
30BaHNEM HOpPManu BEHTUNA.

CnepyeTt ycTaHOBWTb 3HA4YeHUE rvgpaBnn-
4ecKoW npenHacTPonky 6anaHcoBOro BEHTUNA
WTPEMAKC-GM (d15, apt.1421701) n=1,1
(puc. 4.72).

MpoBepym gencTerTeNbHOE 3HAYEHNE aBTO-
puTeTa KnanaHa rno BblpaXKeHUio:

AP 2592
y = —2= = =0,18.
APpy 14753

a

Takum o6Gpasom, BblOpaHHbLIN TUNOpasmep
KranaHa COOTBETCTBYET AnanasoHy KranaHos ¢
PaBHOMPOLEHTHON MPOMYCKHOW XapaKTepucTu-
kon 0.1<a <0,3.

Mbl 3aBepLuuny rugpasnvyeckun pacyet
BETKU «B», noTepn gaBneHnA KOTOpoOW cocTas-
nAawoT

2AP =>AP + AP

y4.8emku»B» - yu. 20,19,19%,20* PY18,18* =

= 6472 + 18685 = 25157 lNa (25,2 kla).

PerynAtop nepenapga paeneHvA (no3.8
puc.4.59 BeTkm «B») pormkeH nogaep)kvsatb
nepenag [aBneHWA, paBHbIl NOTepAM Jasrne-
HUA BETKN «B»:

AP__=>AP

3ag y4.8emKu«B»

= 25157 Ma (25,2 kMMa).

Moobop perynATopa nepenaga [AaBrneHWs
(mo3.8) n onpegeneHne ero rmppaBiMyYeCKon
HacCTPOMKKN NoKasaHo Ha puc.4.73.

CnepyeT ycTaHOBUTb 3HaYeHue rugpasnu-
4Yeckon HacTpoukn n=1,9 perynatopa nepe-
naga pasneHuAa NEPL 4002, d25, apt.1400243
(no3.8 puc. 4.59 BeTkn «B») npn 3agaBaembix
pacyeTHbIX 3Ha4YeHUAxX Gnomp=839Kr/'-| "
AP, =252kMa.

MuHMManbHO JoMycTUMblE MOTEpPU Laene-
HUA Ha perynaTope, Npu KOTopbix obecrneynsa-
eTcA ero paborocnocobHOCTb, cornacHo (2.4)
AOJKHBI COCTaBNATb

(AP

PEI')m/'n

> APaag= 25,2 klMa.

lMoTepA OaBneHuA, KOTOPYIO OOIMKEH CO3-
gatb perynAtop nepenaga pasneHvA (rnos.8
puc. 4.59 BeTkn «B») B npouecce aBTomartu-
4eckoro nogaep)xaHnA 3agaBaemoro nepena-
Ja paeneHuA AP369=25,2KI'Ia anAa BeTKn «B»,
onpefenAaeTcaA cnegyoLmm obpasom:
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APPEI' = APC.T - zAqu.SemKu»B» - (ZAqu,ID,m* + APK) =
= 126395 - 25157 - (3842 + 11960 + 7000) =

= 78436 Ma (78,5 kMa).

co3gaBaemoe perynAaTopoMm nepenapga pasne-
HMA No3.8 puc.4.59 BeTkn «B», nNpencrasnaet
coboit 3Haummylo BenuunHy AP, =78,5kla,
KoTOopaA Ha 78,5-25,2=53,3kl1a BblLLE

MWHUMAINbHO HGO6XO}1I/IMOFO 3HA4YeHNA
AP =25 2k a.
I'IonyHeHHoe 3Ha4YeHne nortepu pOaeneHuA, ( PE/')’"'"
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Puc. 4.73. OnpegeneHue 3Ha4yeHna rmapaBnmyeckon HacTporku (n=1,9) perynatopa nepenaga
pasnenuna NEPL 4002, d25, apt.1400243 (no3.8 puc.4.59 BeTkn «B») Npu 3agaBaemMbix pacHeTHbIX

3Ha4YeHNAX GHOTp=839Kr/'-| ] APm=25,2KI'Ia

Cnepyert yuntbiBaTh, Y4TO MO MEpPE yBeEnu4ye-
HUA AP__ CHWXaeTca Ka4ecTBO perynmposaHua
(cm. pasgen 2). [Noatomy MOXHO peKkomMeHZo-
BaTb YBENUYMTb NOTEp JaBneHns 6anaHcoBoro
BEHTUNA N03.7 BETKN «B», Hanpumep, npu Ha-
najke cuctembl TennocHabykeHUa $GIHKONOB
YCTaHOBMTb TOTEpIo fasrieHnA 6GanaHcoBOro
BeHTUNA no3.7 oo 20...30k[a.

BbINONHEHHbIN pacyeT BETKN «B» HarnAgHo

OEMOHCTpUpYeT OOCTOMHCTBA B paboTe cucTe-
Mbl TEMonoTpPebrneHna oT UCNonb30BaHNA pe-
rynATOpOB rnepenaga aasneHus.

Betka «b» paccuutbiBaeTcA B TOM Xe no-
cnepgosarenbHOCTU, Kak 1 BeTka «B». [Noatomy
Mbl He MPUBOANM pacHeT TPyOonpoBOAOB 1 Noa-
60p obopynoBaHWA AnA BeTKN «b».

4.5.2 NMpumep noadopa perynnpyrowmnx KnanaHoB gnAa cuctembl

xonogocHab)xeHnA ¢paHKoONNoOB

Cuctema xonogocHab)keHusA  (GIHKOMMOB
npeacTasnsaeT cobon LUMPKYNALUMOHHYIO BOAs-
HYIO CUCTEMY MEXAY ucnaputenem yunnepa u
Bo3gyxooxnagutenamu ¢aHkonnos. Ana ycron-
4ymBoOW paboThbl YMNnepa TpebyeTcA NOCTOAHHbIN
N HenpepbIBHbIN pacxof Bofdbl. Benu4ynHa atoro
pacxoga 3apjaeTcAa npu Bbibope Turnopasmepa
yunnepa.

HeobxognmocTb obecrne4ynmBaHnAa MOCTOAH-
HOrO 1 HEMNpPEpPbLIBHOINO pacxoda BOAbl NMpepno-
npedenAeT KOHCTPYKTUBHbIE PELLEHUA CXEM

cuctem xonofocHabxeHusa. MpumeHAlT pas-
NNYHbIE MO CMOXHOCTW CXEMbl, B TOM 4ucre C
NMPUMEHEHVEM MNepenycKHbIX aBTOMaTU3npoO-
BaHHbIX YCTPOICTB 1 6aKOB — aKKyMyrnATOPOB.
Ha puc.4.74 nokasaHa pacyeTHaA cxema
CUCTEMbl XOrofoCHaGXKeHUA YHeTblpexTpyOHbIX
daHKomnoB. Ha cxeme ¢ uenbio ynpoLleHuA
ee rpaduyeckoro n3obpaxeHus He nokasa-
Hbl  KOHTPONbHO-U3MEpUTESIbHbIE  NPUOOPBI,
npegoxpaHuTenbHble YCTPOWCTBA, YCTPOWCTBA
ONA yaaneHua Bo3gyxa U3 cMcTembl, pacLumpu-
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TenbHbIN BaK, cUcTEMbI MOANUTKN U ApeHaka, 1
npyroe obopyaoBaHue.

XonogoHocuTenem ABNAETCA BoAa C TeMmne-
paTtypoi B nogatoLlen marmctpanu t =+7°C n B
obpatHomn maructpanu t =+12°C.

PacuyeTtHasn XOnoJonpon3BoanTENbLHOCTb
yunnepa pasHa 20kBT.

OcCHOBHble 1CXOAHblE OaHHble (GIHKOMIOB

n

(pac4eTHble 3Ha4YeHMA XONOAOMNPON3BOAUTEND-
HocTn Q , pacxop Bogbl G 1 rugpaBnMyeckoe
COMpPOTMBIEHNE BO3AYXOOXIaAnTenAa Ka)kaoro
daHkonna AP ) nokasaHbl HENOCPEACTBEHHO Ha
pac4eTHol cxeme puc.4.74. DT UCXOAHbIE AaH-
Hble OblNM NMPUHATBI MO KaTanoram $G3HKONIOB
Ha OCHOBaHUM pacCYeTHbIX 3HadveHuin Tpebye-
MOW XON040MNPOV3BOANTENBHOCTH.
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Puc. 4.74. Cxema pacyeTHas cucTembl XONoA0oCHabKEHNA HYeTblpexTpyOHbIX GIHKOMNOB

1 — ncnapuTenb YMnnepa; 2 — HacoC UMPKYNAUMOHHBIA; 3 — BeHTUNb 3anopHbin dnaHuesbin LUITPEMAKC-AGF
apt.4218 AGF; 4 — BeHTunb 6anaxcoBbiil pnaHuesbli LITPEMAKC-GMF ¢ nameputenbHbiMy KnanaHamu apt.4218
GMF; 5 — dunbtp-rpasesnk 'EPLL 4111; 6 — BeHTunb 3anopHbiii LITPEMAKC-A ap1.14115; 7 — BeHTUNb 6anaHco-
Bbi LUITPEMAKC-GM apTt.14217; 8 — perynatop pacxoga MEPL| 4001; 9 — perynATop 9nNeKTPOHHbIN HENPEPbLIBHOIO
fdenctemA apt.7794; 10 — OByxXofoBoW TepmocTaTndeckuin KnanaH apt.17760 0X; 10a — TpexxofosBow Tepmo-
cTatnyeckuii knana apt.17763; 11 — tepmonpveog apt. 7711 NC; 12 — BeHTunb 6anaxcosbiii LUITPEMAKC-GM
apt.14217; 13, 14 — BeHTUnb 3anopHbii LUTPEMAKC-A apt.14115; 15 — perynatop nepenaga gasneHua NEPL|
4002; 16 — nepenyckHon knanaH nepenaga gasnexusa N'EPL| 4004.
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Cuctema xorogocHabXXeHWs COCTOMT U3
Tpex BeToK «A», «b» n «B», npucoeamHaembix
K MarucTpanbHbiM TpybonpoBogam C WCMOSb-
30BaHnem perynAatopoB pacxoga MEPLL 4001.
B peanbHOM nNpOEKTUPOBAHUN KOMMYECTBO
BETOK 3Ha4uTenbHO 6ornblle, YemM B AaHHOM
npumepe, NO3TOMY CO3faHVe rMapasBnMyeckomn
YBA3KN MEeXXAy BETKAMU B YCMOBMAX AUHAMUYeE-
CKoW paboTbl aBTOMaTU3NPOBaHHbIX pIHKONIIOB
umeeT onpegenAatoLlee 3HadeHne. PerynAatopsl
pacxoga NEPL, 4001 (no3.8 puc.4.74), yctaHOB-
NEeHHble Ha KaxXOoWn BeTKe, UCKM4YarT B3au-
MOBINAHNE TUOPABINYECKUX PEXUMOB BETOK
Opyr Ha gpyra. B atom cnyyae kaxkgaAa u3 BeTok
npeacTasnsaeT coboi kak Obl CAMOCTOATENbHYHO
rMOpaBnMyeckylo CUCTeMY XOmnogocHabXeHua
$IHKOMMOB.

Pacxon Bofbl 4Yepes3 KaxkAabl $aHKONN aB-
TOMaTUYECKN YMEHbLUAETCA C MOMOLLbIO ApocC-
Ccenupyowmx AByxxofdoBbix (no3.10 puc.4.74)
Unyu pasgennuTenbHbIX TPEXXOQOoBbIX KrnanaHoB
(nos.10a puc.4.74). Ytobbl Npv 3TOM COXPaHUTb
HEN3MEHHbIMU N MOCTOAHHBIMI Pacxofbl BOAbI
Ha Ka)kOoN BeTKe U B CUCTEME XOnofocHab-
)XEHUA B LENOM, UCMOMb3YIOTCA NepenyckHble
ycTpoincTea. B kKa4ecTBe npumepa Ha puc.4.74
nokasaHbl TpuM  BapuaHta  nepenyckHbIX
YCTPOWCTB:

- Ha BeTKe «A» TakUM YCTPOWCTBOM ABMAET-
cA perynAatop nepenaga aasneHuna NEPL, 4002
(no3.15 puc.4.74);

- Ha BeTKe «b» Takmm ycTpomcTBOM ABNA-
€TCA TPEeXXO[O0BOW pPerynupyrowmMin KnanaH Ha
kaxxgom ¢paHkonne (nos.10a puc.4.74);

- Ha BeTke «B» wncnonb3oBaH nepenyck-
Hol knanaH nepenafa AasneHusa NEPL 4004
(no3.16 puc.4.74).

Bbileyka3aHHble nepenyckHble ycTponcTea
MO3BOMAIOT COXPaHWTb pacxod BoAbl MOCTO-
AHHBIM Ha KaXKAOW BETKE B YCNOBMAX Herpe-
PbIBHOrO U3MEHEHWA pacxofa Ha KaXkaom u3
GIHKOMMOB.

B peanbHOM MpOEKTUPOBaHUU MPUHUMAKOT
Kakoin-nmbo eauHblii BapuaHT nepenyckHoro
ycTpolcTBa ANnA BCeil CMCTeMbl XONogocHab-
YKEHUSA.

PerynaTtop pacxoga NEPL, 4001, yctaHos-
NEHHbI Ha KaXaow BeTke, rMapaBnuyecku
pasgensaeT cUCTEMY XOnogocHabXeHnA Ha co-
cTasnawpoLme:

- cuUCTeMy MaructpanbHbiX TPyOOnpoBOAOB
(mexxgy unnnepom u perynatopamm NEPL| 4001
Ha BeTKaXx <<A>>, <<5>> n <<B>>);

- cuCTembl XoriogocHab)xeHus B Buge OT-
HenbHbIX BETOK «A», «Bb» n «B» (mexxgy pery-
natopom NEPLL 4001 1 ¢paHkomnamum).

[MoaTomy rmgpaBnuyecknii pacHeT BbiNOSHA-
€M pasfensHo:

- ONA cUCTeMbl MarucTparnbHbIX TPy6onpoBo-
OoB (Mexxgy yunnepom u perynatopamu EPL
4001 Ha BeTKax «A», «b» n «B»);

- ONA KaXXKOow BeTKN «A», «Bb» n «B» (Mmexxgy
perynatopom EPL| 4001 n dpaHkomnamn).

McxogHble fgaHHble CUCTEMbI XONO[OCHab-
YKEHUA YeTbIPexXTPyOHbIX GIHKONMNOB:

1. Pac4deTHas xornogonponsBOanTENbHOCTb
CUCTEMbI ng=19,96KBT.

2. PacyetHble napametpbl Bofbl t.=+7°C,
t,=+12°C.

3. PacuyetHbin pacxop Bogbl V=3,4m%/y
(y4actkm Ne10, 10%).

4. PacyeTHOe rmapasnmyeckoe ConpoTusne-
Hue wucnaputena dunnepa AP =18000Ma npu
pacyeTHOM pacxofe TennoHocutena 3,4m3/y.

5. MarucTparnbHble TpybonpoBoAbl BbIMOS-
HAIOTCA U3 TPYO CTanbHbIX BOAOra3onpoBOAHbIX
(MoryT 6bITb BbINOMHEHbI U3 MedHbIX TPYO).

6. TpybonpoBofbl BETOK «A», «B» u «B»
(mexxgy perynatopom EPL, 4001 n ¢aHkon-
namu) BbIMOMHAKTCA 13 METaNNoNoNMMEpPHbIX

Tpyo.

Ona nogbopa UMPKYNAUMOHHOrO Hacoca
(no3.2 puc.4.74) Heobxoanmo onpenenuTb Tpe-
6yemble 3Ha4YeHWA nogadu V., M%4 n Hanopa
P, kMNa (unn m.Boa.ct.). Mogaya Hacoca cooT-
BETCTBYET pacyeTHOMY pacXofy B CUCTEME XO-
nopocHabxenuna V = V_=3,4m%4. Tpebyembiil
Hanop P, paBHbli pac4YeTHbIM NOTepAM AaB-
NEHUA CUCTeMbl XonogocHabxeHnA $p3HKOMNOB
AP, , onpefenseTca CyMMOW COCTaBnALOLLNX:
notepb [aBMNEHMA CUCTEMbI MarucrpanbHbIX
Tpybonposoaos Y AP (Mexxgy 4Yunnepom n

y4.m.m.

perynatopamu EPL, 4001) n notepb gasneHuA

BeTKN AP, - gomws (B TOM HUCTIE C PETYNATOPOM

F'EPL], 4001 v ¢ ¢paHkonnamn):

P,=AP. =YAP, + AP

y4.m.m. PACTT Bemku.

3HaveHne AP, . . = ONpe;endAeTca Mo
MeToAauKe pasgena 2.2 B COOTBETCTBUU C Bbl-

paxkeHuamn (2.1) n (2.2):

APPACI‘I Bemku 2 1’2XAPBemku ;
APBemMU= Z“AF,yw.BemMu + APPEI' ;
ZAPyH.BemKu = ZAqu. + APPV,

roe:

2AP,, —Cymma noTtepb [aBneHuA y4acTkos
pacyeTHOro LUMPKYNALMOHHOMO KOJbLa,;

AP,, —noTepn p[aBneHua perynupyemoro
yyacTka pacHeTHOro KonbLa;

YAP .. . —1OTepn fOaBneHnA pacyHeTHOro
LMPKYNALMOHHOMO KOSbLa;

AP___—pacyeTHble NoTepu gaeneHns Ha pe-

PEI
rynatope pacxoga.

lngpaBnuyecknin pacyeT y4acTKoB Tpy-
60onpoBosoB AP~ BbINONHAEM No MmeToay
yaenbHbIX MOTepb AaBfeHWA Ha TpeHue B
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yrnpoLleHHOM BapuaHTe. Ynpoulatollee obcTo-
ATENbCTBO 3aKMKOYAETCA B TOM, YTO MECTHble
conpoTtuBneHnAa (oTBOAbl, TPOWHWKU 1 Ap.)
yyuTbiBaem B Buge pononHutenbHbiX 30% K
noTepAmM AaeneHua no anuHe. ConpoTneneHne
ydacTka LUMPKYNALWMOHHOMO KOrMbLia BblHUCIAEM
NO BbIPAXKEHMIO:

Aqu =13xRx lyq +y APoﬁopy@osaHu;fl

roe:

R — ygenbHaAa notepA gaBneHnA Ha TpeHue,
Ma/m (NpunoxxeHna «A» n «b»);

|,, — pacyeTHaA anvHa y4actka, m;

— CyMMa mnoTepb [AaBsreHuA
obopygoBaHug .

pasnu4Horo oéopyp,osaHMH, YCTaHOBIIEHHOIO

Ha pac4eTHOM y4acTKe: 3amnopHbIX BeHTUnewn,

6anaHcoBbIX BEHTUNEeN, GunsTpoB U T.M., Ma.

LInpkynALMOHHbIE KOMbLa AnA KaXkaon BeT-
KU npenctaBnAloT coboil 3aMKHYTYO Liernoyky
y4acTKOB, HAYMHAA OT TENNooOMeHHVKa Ynnre-
pa 1 3aKaH4MBaA TennoobMEHHUKOM Yunnepa.
B KaXgom LMPKYNAUMOHHOM KOfbLe umeeTcA
OVHaMUYecKniA y3en B Buae perynaropa pac-
xoga [EPL 4001, koTopbli aBTOMaTM4eCcKu
N3MEHAET CBOe COMPOTUBNEHWe anA crabunu-

3auun 3agasaemoro 3Ha4yeHuAa pacxoda Bofpl
Ha BeTke. [JaHHOoe 0OCTOATEeNbCTBO MO3BONAET
He BblAenATb Kakoe-nnbo LMPKYNALMOHHOE
KOJbLIO B KAYECTBE OCHOBHOIO pac4eTHOro uuvp-
KynAUMOHHOro Konbua [12, 14], Tak Kak mexagy
cob6o UMPKYNALMOHHbIE KOMbLa ruapasnuye-
CKW ypaBHMBAIOTCA B pesynsrarte BO3[encTsuA
perynATopos pacxofa.

Moatomy 3a pacHeTHylo MnoTepro AaBneHuA
B cCuUCTEeMe MarucTpasnbHbiX TpybonpoBoaoB
cnegyeTr nMpUHATb MakcUMmanbHoOe 3Ha4eHue
N3 BO3MOXXHbIX. B HacToALlem npymepe Takum
3Ha4YeHVeM ABMAETCA CymMMa NnoTepb AasBneHunA
Ha y4actkax Ne8...10,8*...10* n notepb gasne-
HVA B TENNOOOMEHHVKe Yunnepa:

AP +AP

ya.mm.”

= YAP

y4.8...10,8*...10 4.

[ugpaBauyeckul pacyem cucmembl Ma-
aucmpansHelx __mpybonpoBogoB8  BbINONHAEM
C NOMOLLUbIO HOMOrpammbl [MpunoXKeHnAa «Ax».
VicxopHble faHHble 1 pe3ynbraTbl pacyeToB 3a-
Hocum B Tabn.4.4.

IunameTpbl Bcex y4acTKOB MarucrpanbHbiX
Tpy6OnpoBOAOB d,, MM MOAGUPAEM C MOMOLLIO
Homorpammbl punoxxeHna «A», orpaHn4qmnea-
ACb BENMUYUHOW yaenbHOW NoTepu AasBneHna Ha
TpeHue R He 6onee 100...150Ma/m.

Tabnuua 4.4
PacyeT cuctembl MarncTpanbHbiX TPy6onposoaoB

Ne G, Lo | 9, v, R, 13RI, | ZAP. .. | AP, _——
yH. Kr/4 M MM m/C Ma/m Ma Ma Ma

1 3 4 5 6 7 8 9 10 11

10 3420 25 50 0,43 58 1885 860 2745 Mos.3

9 2572 4 40 0,44 120 624 - 624

8 1465 5 32 0,47 115 748 7000 7748 Mos.7

8* 1465 5 32 0,47 115 748 203 951 Mo3.8

9* 2572 4 40 0,43 120 624 - 624
10* 3420 25 50 0,45 58 1885 9105 10990 1718+387+7000

TAP o 1oe.10= | 23682Ma (23,7Ma)

Motepn JaBneHunA obopynoBaHua Y4yactok Ne10 Bknto4Yaer B ceba oauH 3a-
ZAPoéopygogaHuﬁ_ onpegenalnTcA ANnA Kaxxgoro n3 NMOpHbIN  ¢naHueBbin BeHTMNb M03.3 (d50
yHaCTKOB. apt.1421856, k =36,9 m%4). Onpepenum pac-

Ona onpegeneHna notepy  pasneHuA HETHbIE NOoTepu AaBneHnA
AP Ma, apmatypbl, rugpasnuyeckme

obopygoBaHua.’
napameTpbl KOTOpoOW 3afaHbl B Buge k, Mm%/,
ncnonb3yem pacyeTtHyto dopmyny (4.9)[12]:
APO60pygoBaHus. = 0’ 1(G/ kv ) ? ’
roe:
G - pacyeTHbI pacxod Bodbl Ha y4dacTke,

Kr/y;
k, - nponyckHaa cnocobHOCTb, M%/4.

AP, =0,1-(3420/36,9)? = 860 MMa.

Yuactok Ne9 He nmeet obopynoBaHus.

Y4actok Ne8 BkntoyaeT B ceba oguH 6anaH-
COBbIN BEHTWUMb No3.7 (d32 LUTPEMAKC- GM
apt.1421704). BanaHcoBbI BEHTUMb N03.7 UC-
Monb3yeTcA B KAYECTBE 3anopHOro, 6anaHcoso-
ro 1 U3MepUTENbHOro YCTPONCTBA.

Mpn namepeHnn pacxofa BoAbl BEHTUMb He
[OMKeH ObITb MOMHOCTHIO OTKPbITHIM. 3adagum
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orpaHM4eHne MakCUManbHOW CTEerneHn OTKPbI-
TMA C YCMNOBMEM MWHMMASIbHOrO COMpPOTUBIE-
H1A BeHTUNA 5klla (Npyn pac4eTHOM pacxoge
1465kr/4), Tak Kak U3MepuTenbHbIN KOMMNbIOTEP
FEPLIB900 umeeT MOBbILLEHHYIO TOYHOCTb U3-
MepeHuA pacxopa npu nepenage AasfneHuA
6onee 5kla.

L]
Oh

“Nepenag gasnexua Ap:-

.':: {kina]

e B 12 e

L gu—

: ] =
Pacxop qm ——>

1 465"#&?7%‘“‘

Puc. 4.75. OnpegeneHune conpoTmBeHna
BeHTUNA 6anaHcosoro LUITPEMAKC-GM,
d32, ap1.1421704 ¢ nameputenbHbIMA
KnanaHamu, no3s.7 puc. 4.74.

YcTaHOBMM  3Ha4deHvWe  rmppasnunyeckon
npegHacTponkun n=3,0 (puc. 4.74), npy KOTOPOM
conpoTueneHne seHTuna byaet pasHo P, =7kla
(7000rMa).

Y4yactok Ne8* BKntovaer B ceba oauvH 3a-
NopHbIN BeHTUNb no3.6 (d32 LUTPEMAKC-A
apt.1411514, k =32,5,0 m%4). Onpenenum pac-
YeTHble NoTepu AaBneHna

AP, =0,1-(1465/32,5)? = 203 MNa.

YuyacTok Ne9* He umeeT obopynoBaHuA.

Yyactok Ne10* Bknio4daer B cebA gsa 3a-
MOpHbIX ¢raHueBblx BeHTUNA no3.3 (d50
apt.1421856, k =36,9 M%/4), oguH GuUNLTP-rpAa-
3eBrk nos.5 (d50 apt.1411186, k, =55 mM/4) 1
oOViH BeHTUNb GanaHcoBbii GpriaHuesbln LUTPE-
MAKC-GMF ¢ wnameputenbHbIMU KrnanaHamu
nos.4, (d50 apt.1421846). OnpepenAaem pac-
YeTHble NOTEPU AaBnNeHUA.

2xAP, = 2x0,1 x (3420/36,9) = 1718 Ma.

AP, . =0,1x(3420/55)? = 387 MNa.

BanaHcoBbIl BEHTWNb NM03.4 UCMOMb3YEeTCA B
KayecTBe 3anopHoro, 6anaHcoBoro 1 Mamepu-
TenbHoro yctponcrtea. [Npu namepeHum pacxona
BEHTUNb He AOIKEH OblTb MONTHOCTbIO OTKPbI-
ToiM. 3afagymM OrpaHnyeHve MakCuMasnbHOW
CTEMNEHN OTKPbITUA C YCNOBUEM MUHUMASIbHOMO
conpoTtmeneHna BeHTuna 5kIMa (npu pac4eTHOM
pacxoge 3420kr/4). OnpegeneHne 3HayeHWA
rMAPaBNNYECKON  NPEefHacTPOMKM  BEHTUNA
6anaHcosoro ¢naHuesoro LUTPEMAKC-GMF
nokasaHo rpadpuyecku Ha puc.4.76.

3HaueHne Kv —>

01 05 1 5 10 50 100
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yans 8k
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05 // ;// 5
/;
g AT '
= /
=
Enm // // / 05
s (LAY
g |/
8 = §
s [kr/4] 500 1.000 5000  10.000 50000 100000
Pacxoa qm —> 3420 keﬁllz

Puc. 4.76. OnpegeneHne 3Ha4eHuA
rmgpasnuyeckon NpeaHacTporKN BEHTUMA
6anaHcoBoro ¢naHuesoro LUITPEMAKC-
GMF, d50 ¢ namepuTenbHbIMK KnanaHamu,
apt.1421846 (no3.4 puc.4.74) npyn pacHeTHbIX
3HayeHuAx AP, =7,0klMan G, .= 3420Kr/u.

CnepyeT ycTaHOBWTb 3Ha4eHWe ruppasnu-
YecKoW MpegHacTPonKM BeHTUNA n=2,1 npwu
3afjaBaeMoOM 3HayeHuM NoTepb  AaBrneHuA
AP, =70000Ma (7,0kMa) n pac4eTHoM pacxofe
Bodbl G, .= 3420Kr/4.

Takum 06pa3omM, pacHeTHaA noTepA Aasre-
HWA B CUCTEME MarucTpanbHbiX TPYOONpPOBOAOB
6ynet paBHa

2AP = ZAqu.s...m,s*...m* + AP, =

Y4.M.T.

= 23682 + 18000 = 41682 Ma (41,7 kMa)

OnpepeneHne noTepb AaBreHWA KaxXkgomn
BeTKN XAP ¢, CUCTEMbI xonopocHabXxeHns
NPON3BOANM OTAENbHO ANA KaXKAOW BETKN «A»,
«Bb» n «B» (mexxay perynatopom NEPL| 4001 1
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daHKonnamu), HaumHasA ¢ noboi 13 Hux. Hau-
6onee Harpy>keHHOI ABNAETCA BeTka «A».

[ugpaBauyeckud pac4em MemasaoOnoAu-
MepHbiX_mpybonpoBogo8 BemKu «A» Bbinon-
HAEM C MOMOLLbIO HOMOrpammbl [punoxxeHna
«b». VicxogHble gaHHble:

1. PacyetHaa Harpyska Q , =8,55kBT.

2. PacyetHble mapameTpbl Bogbl t.=+7°C,
t,=+12°C.

3. Pac4eTHbIn pacxof Bofbl G, = 1465kr/4
(yqacTku Ned, 4%).

4. PacyeTHble pacxofbl BoAbl 1 NOTEPU AaB-
neHuA B BO3Ayxooxnagutene Kaxxgoro ¢paHKon-
na nokasaHbl Ha cxeme puc. 4.74.

5. TopuaoHTanbHble TpybonpoBogsl v nog-
BOAKM K GaHKOMMaM BbINOMHAKTCA N3 MeTasnso-
nonuMepHbIX TPyo.

Betka «A» npegctaBnsaer coboii AByx-
TPYOHYIO CUCTEMY XOnofocHabykeHus ¢ 4-msA
¢daHkomnamun. CoOTBETCTBEHHO MMeeM 4 uup-
KYNALMOHHbIX KOJ1bLa. B kadectBe OCHOBHOMO

pacyeTHOro Kofbua MNpUHUMAEM LMPKYnALW-

OHHOE KOMbLO 4Yepe3 Havbonee yaaneHHbIN

¢3Hkonn Ned4. PacudeTHble noTepu paBneHuA

pr6onposo,q01§ 2AP,, gomyu BETKN «A» onpefe-

NATCA CYMMOIN NOTEpPb AaBneHnA Ha yYacTKax
* *

Ned...2,2*...4% (XAP, , ,,. ,J) V1 NOTEpb faBne-

HUA Ha perynupyemom y4qactke Nel, 1* (AP, ):

2AP

y4.8emku =

2AP

y4.d..22"%..4*

+ A'DPV 1,1 "

OnameTpbl Tpy6onpoBogoB d, MM Ha y4acT-
kax Ne4...2,2*...4* nogbupaem ¢ NOMOLLbIO HO-
morpammbl [punoxernna «b», orpaHuynsasch
BENUYUHOWN yAenbHOW NoTepu pfaBneHnAa Ha
TpeHue R He 6onee 100...200Ma/m. MecTHble
conpoTtumeneHna (oTBoAdbl, TPOVHUKK 1 Ap.) y4u-
TbiBaeM B BuAe pononHutenbHbiXx 30% K noTte-
pPAM OaBneHna no gnuHe.

VicxopHble gaHHble U peaynbTaTtbl pacyeToB
3aHocuM B Tabn. 4.5

Tabnuua 4.5
PacueT Tpy60npoBoA0B LNPKYNALNOHHOIO KonbLa
yepes Bosayxooxnagutenb ¢paHkomna Ne4 setkn «A»
Ne G I d v, R 1,3xR | ZAP AP
y4y’ yy? ’ ’ ’ ’ y4 o6Gopyn.’ y4.? I—I .
Y. Kr/4 M MM m/c MNa/m Ma Ma Ma PUMEH
1 3 4 5 6 7 8 9 10 11
4 1465 7 40x3,5 0,50 90 819 - 819
3 1030 22 40x3,5 0,33 50 1430 - 1430
2 776 18 32x3 0,43 105 2457 - 2457
2* 776 18 32x3 0,43 105 2457 - 2457
3* 1030 22 40x3,5 0,33 50 1430 - 1430
4* 1465 7 40x3,5 0,50 20 819 - 819
ZAPW.““.ZYZ,N.“.: 94120Ma (9,4kMa)

lomepu gaBAeHUA Ha _peayaupyemom

yyacmke _ Nei,

1*

notepb MOaBMEHUA B perynupylollem opraHe

(AP,,)

AP, (n03.10 puc.4.74):

onpegenATcA,
cornacHo BbipakeHuA (3.10), cymmon notepb
[aBneHVsa noTpebutena (Bo3gyxooxnagutens
c nofsogAwmMmu TpybonpoBogamu) AP

nomp.

APnomp= AP4+ zApyq.m*"' APs.13 + APs.12 :

Motepn paBneHna B  TpybonpoBogax
y4actkoB Nel, 1* (ZApyq_,,,x) paccyuTbiBaem npu
crnepyroLmnX UCXOAHbIX AaHHbIX:

- pacyeTHbln pacxog 430Kr/y;

- obuwasa gnvuHa 40m;

- auametp — d26x3mm;

- ckopocTb Bogpl 0,39wm/c (nNpunoXkeHue

A'DP)/M*=A'l:’p.o.+A'I:’nomp.

B HacToAwem npumepe notepu fasneHuA
notpebutena AP Bkno4daloT B cebA
notepu [faBNeHUA B  BO3[YyXOOXNagutene
(AP ,=15000r1a), notepu JaBneHun B
préonposonax y4actkoB Nel, 1%, a Takxe
rnoTepu fasneHua B 3anopHOM BeHTune AP,
n B bGanaHcoBoM BeHTUNe AP

(no3.13
nos.12 puc. 4.74):

8.12

<<5>>);
-yoenbHaa noTepA
(npunoxeHwne «b»).
MoTepun paeneHns B Tpybonpoeogax:

naeneHma  115Ma/m

2Ap,,; .= 1,3 x (115 x 40) = 5980 Ma.
MoTepn ApaBneHWA B 3arnoOpHOM BeEHTUME

no3.13 (d20 LWTPEMAKC-A apt.1411512,
k =10,5 m%4) paBHbl
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AP, . =0,1-(430/10,5)> = 168 IMa.

BanaHcoBbIn BeHTUNb No3.12 (d20 LUTPE-
MAKC- GM apt.1421702) wncnonb3yeTcA B
Ka4yecTBe 3anopHoro, 6anaHcoBOro 1 U3Mepu-
TenbHoro yctponctea. MNpu namepeHnn pacxoaa
BEHTUMb HE AOMMKEH ObiTb MONHOCTbIO OTKPbI-
ToiM. 3afagum OrpaHn4eHne MakCUmanbHON
CTEMEHN OTKPbITUA C YCNOBUEM MUHUMAbHOIO
ero conpotusneHna 5klMla (npy pacyeTHom pac-
xope 430kr/4).

3HaueHmne ky —>

nnnnn

651_';@_

I'Iepeﬁan na‘aneuwn Ap

[ka] - F

. [ke/4] -0 T e L A
. ... a—Pacxop qm —> 430 Kr/9 e

Puc. 4.77. OnpegeneHune conpoTuBneHnA
BeHTUNA 6anaHcosoro LUITPEMAKC-GM,
d20, apt.1421702 ¢ nsmepuTenbHbIMU
KnanaHamu, no3.12 puc.4.74,
ana ¢aHkonna Ne4.

YctaHoBUM  3HaYeHWe  rmgpasnuyeckon
npegHacTponkn n=2,5 (puc.4.77), npu KoTo-
pPOM COMPOTMBNEHUE BEHTUNA OyneT paBHO
AP, =6klla (6000a).

8.12
Onpepnenaem notepu AaeneHvsa notpebute-
na AP

nomp.”

AP =AP,+2XAp +AP, + AP, =

nomp y4.1,1* 8.13

= 15000 + 5980 + 168 + 6000 =
= 27148 MNa (27,2 kMa).

B ka4decTBe perynupytoLlero opraHa npuHu-
MaeM K YCTaHOBKe [BYXXO[0BOWN TepMmocTaTuye-
CKMI KnanaH apt.17760 0X ¢ paBHONPOLIEHTHON
NPOMYCKHOW XapaKTepucTUKom.

B cooTBetcTBUM C pekomeHgauuAamu pas-
pena 3.1, cnegyer 3agartbCA aBTOPUTETOM

knanaHa 0.1<a <0,3. 3agagMmca aBTOPUTETOM
a,..=02. Torpa Tpebyemoe MUHMMAaNbHOE
pacyeTHOe 3Ha4deHue nepenagja AasneHuA Ha

PO (APp_O_TPEE)mm, Ma BblyUCNAETCA MO BbIpa-
»XeHuto (3.9):

APnonp
(AP p.o.TPEG Jmin = 1 =
1
av rpes

= 2:148 = 6787 la

027

Tpebyeman ycroBHaA mponyckHaa crocob-
Hoctb PO k ..., M%4 onpepnenaercA no Bbl-

paxkeHuio (3.4):

GITEX

p\/oﬂ (AP, o 1pEB Jmin
430

" 999,01 x 6787

MpyHYMaeMm K yCTaHOBKE OBYXXOO0BOWN Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbIN
nepenag fasneHnAa Ha PO APP_O_, Ma Bblyncna-
€TCcA No BblpaXkeHuto (3.6):

10° =

Kvstpes =

10° =165m° /4

430 2

APpo. =01 X (W) =7223[a.

Pac4eTHbIn Nepenag AgaBneHWA Ha perynu-
pyemom y4actke AP,, [lla onpepgenaetca no
BblpaxkeHuto (3.10):

APP)/1,‘1" = APp.o. + APnonp. =
=7223 + 27148 =34371/]a.

MpoBepnm AeNCTBUTENBHOE 3HAYEHNE aBTo-
puTeTa KnanaHa no BblpaXKeHWIo:

_ AP,
T APpo + AP o
_ 7223

T 7223 +27148

ay

=0,21.

Takum 0b6pasom, BblGpaHHbI TUNopa3vep
KrianaHa cCoOTBETCTBYET Anana3oHy KranaHoB C
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paBHOMPOLIEHTHON MPOMYCKHOW XapakTepucTu-
kon 0.1<a <0,3.

Onpepenaem pacyeTHble MoTepy AaBneHus
Tpy6onpoBoaoB XAP, BETKU «A» :

4.8emKu«A»

2AP

yu.8emKu«A»

YAP + AP

yu.d..2.2%. 4% PY1,1* =

9412 + 34371 = 43783 MNa (43,8 kMa).

BbinonHum rMapaBnnyecKuin pac4et
OCTanbHbIX UMPKYNAUMOHHBIX KOfel BeTKU
«A» yepes daHkonnbl Ne3, 2 n 1. Tak Kak yxe
BbIMNOMHEH TMAPABNUYECKUA pacyeT y4acTKoB
Ne2,3,4,4%,3*,2*  pacnpegennutenbHbIX  Tpy-
60onpoBOAOB BETKM «A», TO OCTAeTCA TONbKO
paccunTatb perynvpyemMble y4acTKu LMPKynA-
LUMOHHBIX Kofew BeTKM «A» 4yepes BO3OyXOOX-
nagutenn ¢paHKomnos Ne3, 2 1 1.

[lomepu gaBaeHua Ha peayaupyemom
yyacmee Neb, 5* (AP, ) daHkonna Ne3 onpepge-
MATCA CYMMOI MoTepb fAaBreHuA noTtpebu-
Tena (Bosgyxooxnagutena C NOABOZALLMMMU
Tpybonposogamm) AP, ., VI NOTEPb AABNEHNA B
perynupyroLem opraHe APpAo.. (no3.10 puc.4.74).
PacyeTr HaumHaem c onpepeneHusa pacnona-
raemMoro fasneHvA [fie  paccmaTprBaemMoro
perynmpyeMoro ydactka. B gaHHOM npumepe
cnegyet NPUHATb

(AP 5 59pacn = APy , ;.= 34371 Ta.
Perynupytowmin oprad ¢aHkonna Ne3 nog-
OGupaem B COOTBETCTBM C PEKOMEHOALMAMM
pasgena 3.1. NpyHUMaeM K yCTaHOBKE OBYXXO-
[JOBOWN TepmocTarmyecku knanaH apt.17760 0X
C pPaBHOMPOLIEHTHOW MPOMYCKHON XapakTepucTu-
kon. CnegyeT 3apgarbCcA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agagvmca asToputetom a,.,..=0,2.
Torga, Ha ocHoBaHWKM BblpaxkeHua (3.1) onpege-

nmm TpebyeMoe ConpoTUBIEHNE PEryrnmpyoLLEro
opraHa:

(AP AP, .. xa =

p.0. TPEB) min= 2 py 5,5+

=34371 x 0,2 = 6874 lNa.

Tpebyemaa ycrnoBHas MpornyckHasA crnocob-

3 -

HocTb PO k..., M4 onpenenAeTcA no Bbl
pakeHuto (3.4):

G 2
Kvstpes = e 10 =

P\/ 0,1(aP p.0.TPEG Drrin
346

" 999./01 x 6874

[MpMHMUMaem K ycTaHOBKe [ABYXXO[JOBOW Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbIi

10° =132m° /4

nepenag gasnexHva Ha PO APP_O., Ma BbluucnA-
€TCcA Nno BbipaXxeHuto (3.6):

346

=4676/1a.

MoTepu paeneHnAa B TpybonpoBogax ydacT-
koB Ne5, 5* (Zprs‘sx) pacc4uTbiBaemM npu cne-
LYHOLLMX UCXOAHbIX AaHHbIX:

- pacyeTHbIn pacxoq 346 Kr/y;

- obLwana gnuHa 4m;

- anameTp — d20x2mwm;

- cKkopocTb Bofpl 0,47m/Cc  (npunoxkeHue
<<5>>);

- yaenbHaA notepsa gasneHua 185Ma/m (npw-
noxeHue «b»).

MoTepu gasneHna B TpyGonpoBoaax:
ZApyq.s,y.: 1,3 x (185 x 4) = 962 IMa.

MoTepn paBneHMA B 3arnopHOM BEHTWNE
no3.13 (d20 WTPEMAKC-A ap1.1411512,
k =10,5 m%4) paBHbl

AP, . =0,1-(346/10,5)% =108Ta.

Onpegenum noTepro AaBMEHUA, KOTOPYO
[OOIMKeH co3faTb 6anaHcoBbI BEHTUMb M03.12
daHkona Ne3 ana obecriedeHnsa rugpasnuye-
CKOW YBA3KN MEXAy perynupyembiMy yyacTka-
My G3HKOMNOB Ne3 1 Ned:

(APB 12) mpeb = (APPVS,S*)pacn - APS - AF’p.c. - ZAP yw.5,5*-

- AP, ,, = 34371 - 9000 - 4676 - 962 - 108 =
= 19625 Ma (19,6 kMa)

Heobxoaumo onpegenutb 3HayeHue npeg-
HacTpolku 0GanaHcoBOro BeHTUNA M03.12
¢aHkonna Ne3 gnAa cosgaHuA ConpOTUBMAEHUA
19,6kl Ma npu pacxoge Bogbl 346Kr/4.

Ha pwuc.4.78 nokasaHbl rpadu4eckue no-
CTPOEHMA C UCMONb30BaAHNEM HOPMAanN BEHTU-
nAa. CnegyeT yCTaHOBWUTL 3HaYeHue rvgpasnu-
4ecKoW npeaHacTPonKn 6anaHcoBOro BEHTUNA
LWTPEMAKC-GM (d20, apt.1421702) n=1,3
(pwnc. 4.78).

I'IpOBepvnvl OENCTBUTENbHOE 3HAYEHNe aBTo-
puTeTa KnanaHa no Bblpa>keHUto:

APpo. _ 467
= LPpo. 1 41,
APpy 34371

ay

Takum o06pas3oM, BblOpaHHbI TUNopasmep
KnanaHa COOTBETCTBYET Auanas3oHy KnanaHoB
C paBHonpoyeHMHoU nponycKHoU xapakmepu-
cmukol 0.1<a <0,3.
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© w1 3HaueHne kv —>

19,6 it

i e

‘Nepenag aaBnexus Ap

T k] -t
Pacxop gm ——>

’ 346 Kr/4 e L

Puc. 4.78. OnpepeneHne rmgpasnn4eckon
npeaHacTponky 6anaHcoBOro BEHTUNA
WTPEMAKC-GM, d20, apT.1421702
(no3.12 puc.4.74) dpaHkonna Ne3 gna
cosfgaHua conpotmeneHna 19,6kMa npwn
pacxoge Bofpbl 346Kr/u.

[lomepu gaBaeHua Ha _peaysupyemom
ydacmxe Ne6, 6* (AP,) ¢aHkonna Ne2 onpe-
JenAlTCA CYyMMOW MOTEpb AaBfneHuA noTpe-
6uTtens (Bo3gyxooxnaguTtensa ¢ MoABOAALLMMM
Tpybonposogamm) AP ., V1 TIOTEPb NaBNeHVA
B perynupyrowliem opraHe APp_O__ (no3.10 puc.
4.74). Pac4eT HayMHaem C ornpegeneHuna pac-
nonaraemoro gasneHuA anAa paccmarpuBaemo-
ro perynupyemoro yyacTtka. B gaHHom nprvmepe
cnegyeT NPUHATb

(APPVG,G’)pacn: AP, et ZApyq.2,2~:
= 34371 + (2457 + 2457) = 39285 la.

Perynupytomin opraH ¢aHkonna Ne2 nop-
Ovpaem B COOTBETCTBUM C pekoMeHAaLmAMM
pasgena 3.1. MNpuHuMaem K ycTaHOBKE ABYXXO-
[JOBOW TepMocTaTudeckun knarnaH apt.17760 0X
C paBHOMPOLIEHTHON MPOMNYCKHOW XapakTepuctu-
kon. CnegyeT 3afarbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agapgumca asToputetom 4 .,..=0,2.

Torga, Ha ocHoBaHWUKM BbipaxkeHua (3.1) onpepe-

nmm TpebyeMoe ConpoTUBIEHNE PEryrMPYOLLETrO
opraHa:

(APp.o.TPEE)min = APPV 66 X8, =
=39285 x 0,2 = 7857 lNa.

Tpebyeman ycrnoBHasa mponyckHad crocob-

3
HocTb PO k..., M4 onpependeTtca no Bbl-

paxkeHuto (3.4):

Grax 2
KvsTPES = 10 =
P\/0’1 (8P o 7PES Jnin
259

- 999./0,1 x7857

10°=093m" / 4

lMpuHMMaem K ycTaHOBKe OBYXXOAOBOW Kra-
naH apt.1776003, d10, k =1,0m%4. PacyeTHbIi
nepenapg aasneHust Ha PO AP, Ma Bbluncns-
eTcsi No BblpaxeHuto (3.6):

259 2
AP,o =01 X (—
p-o- ( 1,0
MoTepu paeneHus B TpybonpoBoaax y4acT-
koB Ne6, 6* (XAp,, .,/ PAccHUTbIBaEM rpu cre-
OYHOLLMX NCXOQHBIX AaHHbIX:
— pacyeTHbIn pacxop 259Kr/y;
— obLana anvHa 4m;
— Anametp — d20x2mm;
— ckopocTb Bofbl 0,33 m/c (mMpunoxkeHue
<<5>>);
— ygenbHaa notepAa pfaeneHua 1200a/m
(npunoxxeHne «b»).
MoTepun paeneHus B TpybonpoBoaax:

=6708/1la.

zApyw.m*.: 1,3 x (120 X 4) =624 Na.

MoTepn paBneHMAa B 3arnopHOM BEHTWNE
no3.13 (d20 LWTPEMAKC-A ap1.1411512,
k =10,5 m%4) paBHbl

AP, . =0,1.(259/10,5) = 61 Ma.

Onpegenum noTepro AaBMeHUA, KOTOPYO
[OOSMKEeH co3faaTb 6anaHcoBbI BEHTUMb M03.12
daHkona Ne2 anAa obecrieveHnsa rugpasnuye-
CKOW YBA3KN MEXAY perynupyembiMy yyacTka-
Mu paHKonNoB Ne2, Ne3 1 Ne4:

(APB' 12)”’"‘96: (APPV&S’) pacn ~ AP 2° AP po. zApyq.s,sx'
- AP, .= 39285 - 4000 - 6708 - 624 - 61 =
= 27892 Na (27,9 kla)

Takum ob6pasom, HeobXoauMo OnpeaenuTb
3Ha4YeHne ruapasBnM4yeckon npegHacTPONKK
GanaHcoBoro BeHTUNA no3.12 ¢aHkona Ne2
anAa cosfgaHuAa conpotmeneHna 27,9«Ma npwu
pacxofe Bofbl 259kr/4. Ha puc.4.79 nokasaHbl
rpadpuyeckne nOCTPOEHMA C UCMONb30BaHMEM
HopManu BEHTUMA.

Cnepyet ycTaHOBWTb 3HA4eHUE rvgpaBnn-
YecKol npeaHacTPONKy GanaHcoBOro BEHTUNA
LUTPEMAKC-GM (d15, apt.1421701) n=0,8
(puc. 4.79).
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W™ 3HaveHne ky —>

Nepenan pasnexua Ap B e

'l

T e
SRR L

IR ] e . P e
Pacxon qm —> 259 kr/4

Puc. 4.79. Onpegenexne rugpasnn4eckom
npeaHacTponkiy 6anaHcoBOro BEHTUNA
LUTPEMAKC-GM, d15, apT.1421701
no3.12 ¢paHkonna Ne2 ana cosgaHuA
conpotusneHua 27,9«lMNa npu pacxoge
BOAbl 259Kr/u.

[MpoBepum gencTenTENbHOE 3HAYEHNE aBTO-
puteTa KnanaHa no BblpaXXeHuto:

_AP,, _ 6708

Y APpy 39285

a =0,17.

Taknm ob6pa3om, BblbpaHHbIA TUNopasmep
KranaHa COOTBETCTBYET Ananas3oHy KnanaHoB C
paBHOMPOLIEHTHOW MPOMYCKHOW XapakTepucTu-
kon 0.1<a <0,3.

[Momepu gaBaeHua Ha peayaupyemom
ydyacmeke Ne7, 7* (AP, ) daHkonna Nel onpepe-
MATCA CYMMOI MoTepb fdaBrieHuA notpebu-
Tena (Bosgyxooxnagutena C NOABOAALLMMMU
Tpy6onpoBogamm) AP ., VI OTEPD AABNEHNA B
perynupytoLiem opraHe APP'O__ (no3.10 puc.4.74).
PacdeT HaunHaem c onpepgeneHus pacnona-
raemoro fAaeneHWA p[nA paccMarpuBaemoro
perynmpyeMoro ydactka. B gaHHOM npumepe
cnepyet NpuHATb

(AP Py 7,7*)pacn= AP py 11+ T ZApyq.z,a,s*,z*.=
= 34371 + (2457 + 2457) + (1430 + 1430) =
=42145 MNa.

Perynupytowmin opraH ¢aHkonna Nel nog-
OvpaemM B COOTBETCTBM C pekoMeHpauuamm
pasgena 3.1. MpuHUMaem K ycTaHOBKEe ABYXXO-
[0BOWN TepmocTarnyeckuin knarnaH apt.17760 0X
C PaBHOMPOLIEHTHOW MPOMYCKHON XapakTepucTu-

kon. CnenyeT 3aparbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agagymcAa aBTopUTETOM 4, 1,.=0,2.
Torga, Ha ocHoBaHMK BblpaxkeHua (3.1) onpepe-
nm TpebyeMoe COMNpPOTUBNEHNE PEryrPYHOLLEro

opraHa:
(APp.o.TPEE)min =APg, 77 %4, =

=42145 x 0,2 = 8430 lNa.
Tpebyemas ycrnoBHas NpOMyckHaA crnocob-

HocTb PO k..., M%4 onpeaenAetca no Bbl-
paxkeHuto (3.4):
Gax 2
KvsTpes = 10 =
P,/Oﬂ (AP p,o,TPEE)rrin

430

" 999,01 x8430

lMpuHMMaem K ycTaHOBKe [BYXXOJOBOW Kna-
naH apt.1776004, d10, k =1,6m%4. Pac4eTHbIn
nepenag gaenexHuna Ha PO APM_, MNa Bbl4McnA-
€TCA Mo BblpaXKeHuto (3.6):

10% =148m° / y

430
APpo =01 X (W)2 =72221a.

MoTepun gaeneHnsa B TpybonpoBogax y4acT-
koB Ne7, 7* (ZApW”,) pacc4uTbiBaem npu cne-
OYOLLNX UCXOOHbIX AaHHbIX:

- pacyeTHbIn pacxoq 430Kr/y;

- obLwana gnuHa 4m;

- qnameTp — d26x3mm;

- CKopocTb Bofbl 0,39w/c (nNpunoxkeHue
<<5>>);

- yaenbHaA notepsa gasneHua 120MMa/m (npw-
noxxeHne «b»).

MoTepu paBneHns B Tpybonposogax:

2AP,, ;.= 1,3 x (120 x 4) = 624 [a.

MoTepn paBneHMAa B 3arnopHOM BeHTWNe
no3.13 (d20 LWTPEMAKC-A apT1.1411512,
k =10,5 m%4) paBHbl

AP, =0,1-(430/10,5)% = 168 Ma.

Onpegenum noTepro AaBMeHUA, KOTOPYO
JOMKeH co3fgaTtb 6anaHcoBbl BEHTUMb M03.12
odaHkoiina Nel gnAa obecrieveHns rugpaenuye-
CKOW YBA3KN MexAay perynvpyembiMy yyacTka-
M1 GaHKoNNOB Nel, Ne2, Ne3 1 Ne4:

(APB' 12) mpe6 — (APPV7,7 *) pacn AP1 - APp.o. - ZAP .77
- AP3_13_= 42145 - 15000 - 7222 - 624 - 168 =
=19131 Na (19,1 klMa)

Heobxoaumo onpeaenuTb 3HaveHue ru-
ApaBnuyeckoll npegHacTporikin 6HanaHcoBOro
BeHTUNA no3.12 ¢aHkonna Nel anAa cosgaHuA
conpotueneHna 19,1kMa npu pacxoge BoAbl
430kr/4 (puc.4.80).

CrtpaHuua 144



B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

* 4 3HaueHue ky —>

by
w0
T

‘Nepenap aasneHna Ap ——p-" .

Sk

At e

[kr/] =" ST e T . -
Pacxop qm —> 430 Kkr/y AL 1

Puc. 4.80. OnpepneneHne rugpasnm4eckomn
npeaHacTponkn 6anaHcoBoro BEHTUNA
LUTPEMAKC-GM, d20, ap1.1421702
no3.12 ¢paHkonna Ne1 ana co3pgaHna
conpotusneHua 19,1klMNa npu pacxoge
BoAbl 430Kr/u.

CnepyeT ycTaHOBWUTb 3Ha4eHue ruapasnu-
YyecKol NpeaHacTPonKy GanaHcoBOro BeHTUNA
LWTPEMAKC-GM (d20, apt.1421702) n=1,5
(puc. 4.80). NpoBepum gencremTenbHoe 3Have-
HWe aBTOpuTETA KnanaHa no BblpaXkeHuio:

800 -

_AP,, T2
T APpy 42145

ay

BbIGpaHHbI TUNopasmMep KrarnaHa cooTBeT-
CTBYeT AnanasoHy KnanaHoB C paBHOMPOLEHT-
HOW NponyckHow xapakTtepucTrkon 0.1<a <0,3.

Takum 06pa3oM, Mbl 3aBepLUUNN rMapaBnu-
YecKun pacHeT BeTKM «A», NoTepu AaBneHus
KOTOPOW COCTaBnAIT

ZAPW_ gemmuen, = 43783 MNa (43,8 klMa).

PerynAtop nepenapga paeneHuna (no3.15
puc.4.74 BeTkn «A») OOMKEH nopdep)xmeaTtb
nepenag AasfieHVA, paBHbI NoTepAM fasre-
HNA BETKU «A»:

AP, = 2AP, o = 43-8 Kla.

Mpn ycrnoBmn NOCTOAHCTBa pacxoga BopAbl,
Nponyckaemoro perynAatopom pacxoga (nos.8
puc. 4.74), perynatop nepenaga A[asneHuA
(no3.15 puc. 4.74) npepHasHadeH AanA nop-
Jep>aHuA MOCTOAHHOrO nepenaga pdasBneHus
nyTem nepenycka Bogbl Yepe3 ceba faxke npu
BCEX 3aKpbITbIX p3HKOWMIaX BETKM «A». [TosToMy
nogbupaem perynatop Npu UCXOQHbIX AaHHbIX
1465kr/4 n AP, =43.8klMa.

Mopbop perynAaTopa nepenapa AaBneHUs
(no3.15) n onpeneneHne ero rmgpasIUyYecKon
HaCTPOWKM NnokasaH Ha puc. 4.81.
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1465 kr/u Q Pacxop, [n/4ac]

Puc.4.81. OnpegeneHne 3Ha4YeHnA rugpaBnnyeckon HacTponkn (n=4,6) perynAtopa nepenaga
pasnenna NEPL 4002, d25, apt.1400263 (n03.15 puc.4.74 BeTkn «A») Npu 3agaBaembiX PacHeTHbIX
3Ha4YeHMAX GHOTp=1465Kr/'~| n AP_ =43.8kla
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PerynAatop pacxogpa [lEPL 4001 (nos.8
puc.4.74), YCTAHOBMEHHbI Ha BETKE «A»,
cnefyet HacCTpoOuTb C MOMOLLbIO 3adaTynka Ha
Tpebyemblil pacxoq BofAbl Gaag:1465Kr/‘-I. Ha

puc.4.82 nokasaHa nocnegoBaTenbHOCTb Bbl-
Gopa Tunopasmepa perynatopa pacxoga d32,
apt.1400124 v onpegeneHna ero rmgpaenun4ye-
CKOW HacTponku 58%.

3HaueHune Kv

2,94

2500

25

2000

W\

Mepenan

AaBneHunA

1500

1465 Kr/v ="

Pacxop

1000

Pacxog [n/uyac]

[epux] BuHawgeY Teuadal)

500

y

o 10 20 30 40

50

60 70 80 90 100

Npeanacrpoiika [%] 58%

Puc. 4.82. OnpepeneHne 3Ha4YeHNA rmapaBnMyecKkon HaCTPONKN perynatopa
pacxoga EPL| 4001, d32, ap1.1400124 (no3.8 BeTkn «A» puc.4.74
npyv pacHeTHOM 3HAYEeHUN G06m=1465KF/‘-I.

MuHMManbHble pac4HeTHble noTepu fasne-
HVUA Ha perynAaTope pacxofa npvHUMaem pas-
HbiMmn AP,_=20,0 kla (cmoTpwn pasgen 2.2). B
COOTBETCTBUM C BblpaXKeHneM (2.1) cymmapHble
pacyeTHble MWHUMAarbHble MOTepU AasfeHuA

BETKN «A» paBHbl
AP

BemKu«A» = + APPEI' =

=43.8 + 20 =63,8 kla

B cooTtBeTcTBUMM C BblpaXkeHnem (2.2) pac-
nonaraembii pacHeTHbI Nepenag fAaBneHuna
AP, i somms «a» BOTDKEH BbITb HE MeHee:

AP

PACTT BemKu «A»

2AP

y4.8emKu«A»

21,2 x 63,8 =76,6 kla.

Pac4eTHble notepu fasneHua AP, onpefe-
NAKTCA CyMMOW COCTaBMAOLMX: NOTEPb AaBre-
HMA CUCTEMbl MarmcTpanbHbIX TPyOonpoBOLOB
ZAqu'Mm' (mexxgy umnnepom un perynAatopa-
mu TEPL, 4001) n notepb AOaBneHWA BETKMW

APPACH BemKu«A» (B TOM 4ucrne c perynAatopom

FEPL 4001 n ¢ ¢paHkonnamum):
AIDC.X. = ZAPy‘LM.m. + APPACI'I Bemku«A».=
=417+ 76,6 =118,3 kla

LnpkynAaumoHHbIn Hacoc (nos.2 puc.4.74)
LOMmKeH 00ecneynTb UMPKYNALMOHHBIA Hanop

P,= AP, =118,3kla (11,8 m.B.CT.)

Tpebyeman nogaya Hacoca V.=V, =3,5M/u.
Moadop UMPKYNALMOHHOIO Hacoca rnokasaH
Ha puc.4.83.

H | NB 32-200.1/193
(m)
12
432N
10
8
6
4
2
Q=3.5my
H=113m
Mepeka4us. )KI/IIHKOCTb = Xon KMNQA Hacoca = 35.4 %

0 1 2 3 4 56 7 8 9 10 11 QM)
Puc. 4.83. Pac4eTHaA xapakrepuctuka
LUMpKynaumoHHoro Hacoca Grundfos NB 32-
200.1/193 (nos.2 puc.4.74)
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K ycraHoBke npuHumaem Hacoc Grundfos
NB 32-200.1/193 ¢ pabo4nmMmn xapakTepucTmka-
mu V =3,5m%4, P =11,3m.B.CT.

Yuacmru Nei14a,14a* Ha omBemBaeHuu
K Bemkre «b» u y4acmru Ne20a,20a* Ha om-
BemBaeHuu K Bemke «B» OTHOCATCA K cucteme
maructpanbHblx Tpybonpoeogos. Heobxogumo
LA 3TUX y4acTkoB nogobparb BEHTUNM Mo3.6
M no3.7 1 onpegenuTb auameTpbl Tpybonpo-
BO/]OB.

YyacTku Ne14a,14a* ¢ pacHeTHbIM pacxoom
G_;,=1107Kr/4 BbINONHAIOTCA N3 CTanbHbIX TPy6
d25 (v=0,47wm/c; R=150MNa/m). BeHTnnb no3.6
BETKM «B» (d25 WTPEMAKC-A apt.1411513,
k=18,0 mM*%4) vmeeT pacyeTHble noTepu nas-
neHuvA

AP, =0,1-(1107/18,0)> = 378 lNa.

BanaHcoBbI BEHTUMb N03.7 BETKN «b» (d25
LUTPEMAKC- GM apT1.1421703) ucnonb3yetcA
B KQ4eCTBE 3arnopHoro, 6anaHcoBoro u 3aMepu-
TEMbHOrO YCTPONCTBa. 3agafumM OrpaHuyeHue
MaKCUMarnbHOW CTENEHW OTKPBLITUA C YCIOBUEM
MUHMManbHOrO CONpPOTUBAEHUA BEHTUNA 5klla
(npu pacxoge 1107kr/4). Ha pnc.4.84 nokasaHbl
rpapuyeckme MNOCTPoeHuA AnA onpegeneHuA
rMAPaBnMYeckon npegHacTpoiky 6anaHcoBoro
BEHTUNA.

3HaveHne KV ——pu,, ——

P |
i mun

Lo

MNepenap aaBnenna Ap —» x

] - A

e e o - )
~- ==Pacxoa qm —> 1107 Kr/4 T

Puc. 4.84. OnpepgeneHne conpoTnBeHnA
BeHTUnA 6anaHcosoro LUITPEMAKC-GM,
d25, ap1.1421703, (N03.7 BETKN «B»
puc.4.74).

YctaHoBMM  3HaYeHVWe  rmapasnnyeckon
npenHacTponku n=2,9 6anaHcoBOro BeHTWNA-
no3.7 BeTkn «b» (puc.4.74), npu KOTOPOM CO-
npoTuBneHne BeHTUNA GyaeT pasHo AP, =7klMa
(v000Ma).

Yuyactku Ne20a,20a* ¢ pacHeTHbIM pacxogom
G, =848Kr/4 BbINONHAIOTCA U3 CTaNbHbIX TPy6
dy25 (v=0,39wm/c; R=100lNa/m). BeHTnnb no3.6
BETKM «B» (d25 LUTPEMAKC-A apt.1411513,
k=18,0 M%4) umeeT pacyeTHble MoTepn fas-
neHuA

AP, = 0,1-(848/18,0)* = 222 Ma.

BanaHcoBbI BEHTWMb N03.7 BETKN «B» (d25
LUTPEMAKC- GM apt.1421703) ncnonb3yetca
B KQ4eCTBe 3anopHoro, 6anaHcoBoro U uamepu-
TENbHOro ycTponcrea. 3agagum orpaHuyeHue
MaKCUMarnbHOW CTEMEHN OTKPbITUA C YCMOBM-
eM MWHMMAnbHOro ero conpotueneHna 5klla
(npu pacxoge 848kr/4). Ha puc.4.85 nokasaHbl
rpadpuyeckme MOCTPOEHMA ANA onpegeneHuna
rMOpPaBNMYeckon NpegHacTponky 6anaHcoBoro
BEHTMNA.

- ..z 3HayeHne Kv ——

£3
X
3

Mepenap pasnexuna

T B LI
Pacxopg qm ——> 848 kr/y

dssﬂ“z e

Puc. 4.85. OnpepeneHne conpoTnBneHnsa
BeHTUNA 6anaHcosoro LUTPEMAKC-GM, d25,
apt.1421703, (n03.7 BeTkn «B» pnc.4.74).

YctaHOBUM  3Ha4yeHve  rmapasnnyeckon
npegHacTponkn n=2,7 (puc.4.85), npu KoTo-
pOM COMPOTMBIIEHUE BEHTUNA OymeT paBHO
AP, =7k[Ma (7000ra).

nOJ'Iy‘-IeHH ble pe3ynbratbl rmgpaBin4eckKnx
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conpoTusneHun y4actkos Ne14a,14a*, a Takxe
yyacTkoB Ne20a,20a* B ganbHenwem Mbl UC-
nonb3yem AnAa onpegeneHna notepb gasrneHnA
B perynatope pacxoga no3s.8 setku «b» 1 BeTku
<<B>>_

Betkn «b» n «B» paccuyutbiBaoTCA B TON
)Ke nocrnepoBaTenbHOCTU, Kak 1 BeTKa «A», 3a
NCKIOYeHrem perynatopa pacxoga nos.8, no-
Tepu AaBneHnA KOTOPOro He HasHavalTCA, Kak
[NA OCHOBHOW BETKMN «A», a BbIHYUCIAIOTCA.

Cnepyet umeTb BBUAY, YTO NPY UCMONbL30BA-
HUW PerynAaTopoB pacxofa WUCKNoyaeTcA B3au-
MOBIUAHWE MAPaBNNYECKNX PEXUMOB paboThl
Ka>KOom 13 BETOK Apyr Ha apyra.

B kadectBe npumepa BbINOMHWM pacHeT
BETKUN «B».

[ugpaBauyecKul pacyem MemanAonoAu-
MepPHbIX_mpybonpoBogoB Bemku «B» BbINON-
HAEM C MOMOLLbIO HOMOrpammbl MprunoxxeHuA
«Bb». icxogHble gaHHble:

1. PacyetHan Harpyska Q , =4,95kBT.

2. PacyetHble napametpbl Boabl t.=+7°C,
t=+12°C.

3. Pac4yeTHbin pacxop Bogbl G, = 848kr/v
(yqacTtkm Ne20, 20%).

4. PacyeTHble pacxodbl BOAbl U NoTepu aaB-
NeHnA B BO3gyxooxnagnuterne Kaxxgoro GpaHkKom-
na nokasaHbl Ha cxeme puc.4.74.

5. TopuaoHTanbHble Tpybonposodbl U nop-
BOAKW K GaHKOMNAM BbINOMHAKOTCA U3 MeTanso-
nosnMMepHbIX Tpyo.

Betka «B» npenctaBnAeTr coboi  AByX-
TPyOHYtO cucTeMy XxonofocHabkeHua ¢ 3-MsA
daHkonnamu. CoOTBETCTBEHHO MMeeM 3 uup-
KYNAUMOHHbIX Kosbua. B kayectBe OCHOBHOro
pacy4eTHOro Konbua MpUHMMaeM LIMPKYnALum-
OHHOE KOMbLO Yepe3 Hambonee yparneHHbIN
¢aHkon Ne11. Pac4deTHble noTtepu AaBneHuA
Tpy6OnNpOBOAOB EAqu.Bemku:)B»> BETKM «B» onpe-
OenATCA CYMMON MnoTepb AaBneHnA Ha y4acT-
kax Ne20,19,19* 20* (ZAPW 20,19,19%20) VI IOTEPb
JaeneHuA Ha perynupyemom y4actke Ne18,18*

(AP PY18,187*
zAPyLI.BEmKu»B» = Aqu. 20,19,19%,20* + AIDPWS, 18*

VcxoaHble faHHble U pesynbraTbl pac4eToB
3aHocuMm B Tabn.4.6.

MecTHble conpoTuBneHnA (OTBOAbI, TPOW-
HUKWU N Ap.) y4uTblBAEM B BUAE AOMOMHUTEMb-
Hbix 30% K MoTepAM pfasreHuAa Mo AnvHe.
OunameTpobl Tpy6onpoBoaos d, MM Ha y4acTkax
Ne20,19,19*,20* nogbupaem C MOMOLLbIO HO-
mMorpammbl [MpunoxxeHna «b», orpaHn4mnBaAch
BEMNYMHON yOenbHOW noTepu [aBneHWA Ha
TpeHue R He 6onee 100...200Ma/m.

Tabnuua 4.6
Pacyet Tpy60npoBoAOB LNPKYNALNOHHOIO KOJibLia
yepes Bosgyxooxnagurtesnb ¢paHkonna Ne11 Betkn «B»
Ne G,., | d, v, R, 1,3xR 1, SAP o AP, —
yu. Kr/4 M MM m/c MNa/m Ma Ma Ma P )
1 3 4 5 6 7 8 9 10 11
20 848 8 32x3 0,50 128 1270 - 1331
19 692 16 32x3 0,39 88 1966 - 1830
19 692 16 32x3 0,38 84 1966 - 1830
20" 848 8 32x3 0,50 128 1270 - 1331
YAP, so101020= | 6322Ma (6,4Ma)
[MoTepn paBneHuMss Ha  perynupyemom noTepu AaereHusi B TpybonpoBogax y4acTKoB

yyactke Ne18. 18* (AP,) onpegensioTcs,
cornacHo BbipaxeHus (3.10), cymmon notepb
JaBrieHnAa notpedbutensa (BO3gyxooxnaguTtens
C noaeogdwmmMmn Tpybonposogamm) APmp_ "

noTepb AaBneHua B perynupyloliem opraHe
AP, , (no3.10 BeTkn «B» puc.4.74):

APpy1g 18 = APpo. + AP nonp .

B HacToswem npumepe notepy AaBneHus
notpebutenst AP~ Bkrio4atoT B cebsi notepu
AaeneHvs B TennoobmeHHuke (AP,=9000(1a),

Ne18, 18*, a Takke noTtepu QJaBneHuMs B
3anopHom BeHTUne AP, .. u B 6anaHcoBOM
BeHTUnE AP, , (n03.13 1 no3.12 puc.4.74):

+AP, . + AP

812"

AIDnomp = AID11 + ZApyq.18,18’

Motepn paeneHnss B  TpybonpoBogax
yqactkos Ne18, 18" (XAp,, ., ,,.) PaccunTbIBaEM
npu cnepyroLwmx UCXOAHbIX AaHHbIX:

- pac4yeTHbIV pacxod 346kr/y;
- obwwasa anvHa 36m;
- onameTtp — d26x3mm;

- ckopocTb Bogbl 0,32Mm/c (npunoxeHune «b»);
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-yaenbHas norepsi JaBneHuns 80Ma/m
(npunoxeHue «by).

MoTepu aaBneHns B TpyGonposogax:
ZApyq.18,18*.: 1,3 x (80 x 36) = 1092 lNa.

MoTepn [OaBneHWsi B 3aropHOM BeHTWMe
no3.13 (d20 LWTPEMAKC-A apt.1411512,
k,=10,5 M%) paBHbI

AP, ,.=0,1(346/10,5)* = 108 MNa.

BanaHcoBbin  BeHTMNb  no3.12  (d20
LWTPEMAKC- GM apT1.1421702) ncnonb3ayercs
B KayecTBe 3anopHoro, OanaHcoBoro w
N3MepuTENbHOro yctpowctea. NMpu namepeHum
pacxoga BEHTMIIb He  JOMmKeH  ObITb
MOTHOCTBIO OTKPbITBIM. 3a4aAMM OrpaHu4eHue
MaKCUMarnbHOW CTeNeHn OTKPbITUSI C YCITOBUEM
MUWUHMMarbHOro ero conpoTtuernenns 5kMa (npwm
pacuyeTHOM pacxoge 346kr/4).

YCTaHOBUM  3Ha4YeHMe  rMapaBnnyecKomn
npegHacTponkn n=2,5 (pnc.4.86), npu KoTopom
COMpoTUBMEHNE  BeHTUNA  OygeT  paBHO
AP, ,=6kla (6000Ma).

3HaueHne ky —> ..——

EITTAY

Mepenag Aahneuun Ap
[kMaj . .

ke e
=... =mPacxop qm —>

a6k e

Puc. 4.86. OnpegeneHue conpoTMBReHNA
BeHTUnA 6anaHcosoro LUITPEMAKC-GM, d20,
apt.1421702 ¢ nameputenbHbIMK KnanaHamu,

no3.12 puc.4.74, ana ¢aHkomna Neld.

Onpepnenaem notepy JaBneHvs notpebute-
nAa AP

nomp."

g15t APg =
= 9000 + 1092 + 108 + 6000 =
= 16200 Ma (16,2 kla).

AP =AP, + ZApyq.18,18,+ AP

nomp

B ka4decTBe perynupytoLlero opraHa npuHu-
MaeMm K yCTaHOBKe [ABYXXO[OBOW TepMocTaTnye-
ckui knanaH apT.17760 0X ¢ paBHOMPOLEHTHOMN
NPOMYCKHOW XapaKTepuCTUKON.

B cooTBeTCTBMM C pekomeHgaumAMmn pas-
pgena 3.1, cnegyer 3apgartbCA aBTOPUTETOM
knanaHa 0.1<a <0,3. 3agagMMca aBTOPUTETOM
a,..=02. Torpa Tpebyemoe MUHMMAaNbHOE
pacyeTHOe 3Ha4yeHue nepenaga gaBneHuA Ha
PO (AP, ;pes)miy 12 BBIMMCNIAETCA MO BbIpa-

»XeHuto (3.9):

AP
(BP, o1PEB Irin = +Onp =
-1

av rpes
16200
T

02"

=4050/1a

Tpebyeman ycrioBHaA mponyckHaa crocob-
3
Hoctb PO k..., M%4 onpenenaetca rno Bbi-
pakeHuto (3.4):

G max 2

KvstPeES= 0=
pJO’1 (APp,o_TPEB )min

_ 346
999JOA x 4050

10°=172m" /4

lMpvHYMaeMm K ycTaHOBKe ABYXXOO0BOW Kna-
naH apt.1776004, d10, k _=1,6m%/4. Pac4eTHbl
nepenag aaenexHuna Ha PO APp_a, MNa Bbl4ncna-
eTcA No BblpaXkeHuto (3.6):

346
APp.o.=0;1 X (W)z =4676[]a.

Pac4eTHbI Nepenap gasBneHnA Ha perynu-
pyemom y4yactke AP, , lla onpependaertca no
BblpaxkeHuto (3.10):

APPV18,18* = APp.o. + APnomp. =
=4676 + 16200 = 20876/]a.
MpoBepym gencTenTenbHOE 3Ha4YeHe aBTo-
puteTa KnanaHa no BblpaXXeHuo:

APp.o. + APnomp
_ 4676
4676 +16200

ay

=0,22.
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Taknm ob6pasom, BblbpaHHbIA TUNopa3mep
KranaHa COOTBETCTBYET Ananas3oHy KrnanaHoB C
paBHOMNPOLIEHTHOW MPOMYCKHOW XapakTtepucTtu-
kon 0.1<a <0,3.

Onpegenaem pacyeTHble NoTepy AaBleHus
Tpy6onposoaos XAP, BETKN «B» :

4.8emKu«B»

2AP

yu.8emku»B» —

>AP + AP

yu. 20,19,19%,20" PYy18,18* =

= 6322 + 20876 = 27198 lNa (27,2 kla).

BbinonHum rmgpasnuyeckui pacyet
OCTarnbHbIX UMPKYNAUMOHHBIX KOfel BeTKU
«B» yepes ¢aHkonnbl Ne10 mn 9. Tak kak yxe
BbINOMHEH rMApaBANYeCKNA pacHeT Y4acTKOB
Ne19,20,20*,19*  pacnpegenuTenbHbiX  Tpy-
6onpoBoAoB BETKU «B», TO OCTaeTcA TONbKO
paccuntatb perynupyemMble y4acTKu LMPKynA-
LUMOHHbIX Koney BeTKu «B» yepes ¢daHkonnbl
Ne1Omn 9.

[oTepu gaBneHna Ha perynupyemMom y4acTt-
ke Ne21, 21* (AP, ) ¢aHkonna Ne10 onpegens-
loTCA CYMMOW MoTepb HaBneHud nortpeduTens
(Bo3pyxooxnaguTensa c NoABOZALMMM Tpy6o-
nposogamm) AP .. W TIOTEPb AABMEHVUA B pe-
rynupytoLlem opraHe APM" (no3.10 BeTkn «B»
puc.4.74). Pac4eT Ha4nHaem C onpegeneHunsa
pacnonaraemMoro gasfeHuA Ona paccmarpuvea-
emMoro perynupyemoro y4actka. B gaHHom npu-
mMepe cregyeT NpUHATb

(AP AP = 20876 lNa.

PYy21,21 *)pacn = PY18,18*

Perynupytowmin opraH ¢paHkona Ne10 nog-
OGvpaem B COOTBETCTBM C pekoMeHZauuAMM
pasgena 3.1. MpuHuMaem K ycTaHOBKE [BYXXO-
[0BOWN TepmocTaTnyeckuin knarnaH apt.17760 0X
C PaBHOMPOLIEHTHOW NPOMYCKHOW XapaKTepucTu-
kon. CnegyeT 3apgarbCA aBTOPUTETOM KranaHa
0.1<a <0,3. 3agagumca asToputetom 4, ....=0,2.
Torga, Ha ocHoBaHWUK BbipaxkeHnA (3.1) onpepge-
nvm TpebyemMoe ConpoTVBNEHNE PENYNMPYHOLLIETO
opraHa:

(APp.o.TPEE)min =AP Pyt 21+ X8, =

=20876 x 0,2 = 4175 lNa.

Tpebyemaa ycrnoBHas MponyckHaA crnocob-
Hoctb PO k..., M%/4 onpeaensetcA no Bbl-

paxkeHuio (3.4):
Gmax 102 =
p\/0,1 (AP, o 7pE5 Jmin
~ 346
999\/0,1 x 4175

KvstPES =

10> =170m" / 4

[MpMHMMaem K ycTaHOBKe [ABYXXOJOBOW Kna-
naH apt.1776004, d10, k  =1,6m%/4. Pac4eTHbli

nepenapg aaeneHua Ha PO APp‘a, MNa BblyncnA-
€TCA Mo BblpaXkeHuto (3.6):

346
AP, =01 X (ﬁ)2 = 467674

MoTtepu paeneHus B TpybonpoBoaax yyacT-
koB Ne21, 21 (XAp, ., ,,) paccynTbiBaem npu
CneayoLmnX NCXOAHbIX AaHHbIX:
- pacyeTHbln pacxoq 346 Kr/y;
- obuwas gnvHa 4wm;
- gnametp — d26x3mm;
- ckopocTb Bogbl 0,32m/c  (NpunoXkeHue
«b»);

- ygenbHaa noTepAa pgaeneHuAa 80Ma/m
(MpunoxkeHune «b»).

MoTepu gaBneHua B TpybonpoBoaax:

ZApyw.m,zw*.: 1,3 x (80 x 4) =416 MNa.

MoTepn paBneHWA B 3anopHOM BeEHTWNE
no3.13 (d20 LWTPEMAKC-A apt.1411512,
k =10,5 m%4) paBHbl

AP, =0,1-(346/10,5)% = 108 Ma.

Onpegenum noTepro AaBMeHUA, KOTOPYO
JOMKeH co3faTtb 6anaHcoBbI BEHTUMb M03.12
daHkonna Ne10 gna obecneyeHua rugpasnuye-
CKOW YBA3KN MeXXOy perynupyembiMn yyacTka-
Mun paHkornnos Ne11 n Ne10:

(APB.12)Tpe6: (APPv21,21*)pacn - AP10 B APp.o.-

- 3D, 5101~ AP, 1, = 20876 - 9000 - 4676 - 416 -
108 = 6676 INa (6,7 kla)

Heobxoaumo onpeaenuTb 3HaveHue ru-
OpaBnuyeckoil NpeaHacTporikn 6GanaHcoBoro
BeHTUNA no3.12 ¢aHkonna Ne10 ana cosgaHuA
conpoTtueneHna 6,7kMa npu pacxoge BoOAbI
346Kr/4.

Ha pwnc.4.87 nokasaHbl rpadu4eckue no-
CTPOEHMA C UCMONb30BaHNEM HOPManN BEHTU-
nAa. CnegyeT yCTaHOBWUTb 3HaYeHWe rvgpasnu-
4ecKolN NpeaHacTPOKK GanaHCoOBOro BEHTUNA
LWTPEMAKC-GM (d20, apt.1421702) n=2,2
(pnc.4.87).

MpoBepym gencTenTenbHOE 3Ha4YeHNE aBTo-
puteTa KnanaHa no Bblpa>KeHUto:

AP,o. 4676
- - =0,22.
& = AP, 20876

Takum obpasom, BblOpaHHLIN TUNoOpasmep
KnanaHa COOTBETCTBYET AAManasoHy KnarnaHoB C
pPaBHOMPOLEHTHON MPOMYCKHOW XapaKTepucTtu-
koi 0.1<a <0,3.
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3HayeHmne ky —> . ™

Ferey

il

nepeﬁan na‘anenmn Ap

[kNaj © . f

Ikl D . T
.. =Pacxop qm —> 346 kr/u g

Puc. 4.87. OnpegeneHue rugpasnnyeckon
npeaHacTporku 6anaHcoBoro BEHTUMA
LUTPEMAKC-GM, d20, ap1.1421702
no3.12 ¢paHkonna Ne10 ana cosgaHuA
conpoTusneHuna 6,7klMa npu pacxone sofpl
346Kr/u.

[lomepu gaBaeHua Ha _pesyaupyemom
yyacmwke Ne22, 22* (AP,) ¢daHkonna N9
onpepenAlnTCcA CyMMOWN MoTepb AasneHuA no-
Tpebutensa (Bo3gyxooxnagutenAa C nogsops-
wmmmn Tpy6onposogammn) AP ,, V1 noTepb fias-
NeHnA B perynupyroLlem opraHe APp_o__ (no3.10
puc.4.74). PacyeT Ha4duMHaem c onpegeneHuA
pacnonaraemMoro gasfneHuA OnAa paccMmarpuvsa-
emMoro perynupyemoro y4actka. B gaHHom npu-
Mepe criegyeT NpuHATb

(AP, 22,22*)pacn =AP,, 18180 T ZApymg,w*.:
=20876 + (1830 + 1830) = 17216 INa.

Perynupytowmin opraH ¢aHkonna Ne9 nop-
OGvpaeM B COOTBETCTBM C peKkoMeHpauuaMm
pasgena 3.1. MNpuHuMaem K ycTaHOBKE [BYXXO-
[0BOWN TepmocTarnyeckuin knarnaH apt.17760 0X
C paBHOMPOLIEHTHON MPOMNYCKHOW XapakTepucTu-
kon. Cnegyet 3afarbCA aBTOPUTETOM KnanaHa
0.1<a <0,3. 3agapgumca asToputetom 4 ....=0,2.
Torga, Ha ocHoBaHWUK BbipaxkeHusa (3.1) onpene-
nvm TpebyemMoe CoMnpOTUBNEHNE PETYNMPYHOLLETO
opraHa:

AP xa, =

(APp.o.TPEE)min = AP by 9500+

=17216 x 0,2 = 3443 lNa.

Tpebyeman ycrnoBHas MporyckHasA crnocob-
HocTb PO k..., M%4 onpepfenaetcA no Bbi-

paxkeHuto (3.4):

Gmax 2

KvstPES = 10 =
P\/ 01(AP ,  7pEB Jmin

_ 156
999\/0,1 x 3443

10°=0,84m° / y

MprHUMaeM K yCTaHOBKE TPEXXOZOBOMN Kna-
naH apt.1776003, d10, k =1,0m%4. Pac4eTHbIi
nepenag gasneHua Ha PO APP'D‘ , MNa Bbl4ncna-
€TCA MO BblpaXXeHunto (3.6):

156 2

BPpo =01 X (Z)° =2434Ta.

MoTepu paeneHus B TpybonpoBoaax y4acT-
koB Ne22, 22 (AP, ,,,,) PaccunTbiBaem npu
CcrnepyoLwmnx UCXOAHbIX AaHHbIX:

- pacyeTHbIn pacxog 156Kr/y;

- 06LLaAa gnuHa 4m;

- anameTp — d20x2mm;

- ckopocTb Bopbl 0,20m/c  (NpunoXxeHve
«b»);

- yaenoHaA notepAa gasneHuna 46MMa/m (npu-
noxexve «b»).

MoTepu gaBneHus B TpybonpoBoaax:

ZApy%ZZ,zz*‘: 1’3 X (46 X 4) =240 lMa.

[MoTepn paeneHWA B 3arnopHOM BeHTWNe
no3.13 (d15 LWTPEMAKC-A apt.1411511,
k =4,0 m%4) paBHbl

AP, .= 0,1-(156/4)% = 152Ma.

Onpegenum noTepro AaBneHnAa, KOTOPYHO
OOMKeH co3faTb 6anaHcoBbI BEHTUMb M03.12
¢daHkoiina Ne9 Onsa obecneyeHus rugpasnuye-
CKOW YBA3KU MEXAY perynvpyembiMy yyacTka-
M1 GaHKonNoB Ne9, Ne10 1 Nel1:

(AP, 8. 12)mpe6 = (AP PV22,22')pacn- AP 9 AP po.”
- zApyq.zz,zz*' AP, .. =17216 - 6000 - 2434 -
- 240 - 152 = 8390 lNa (8,4 «Ia)

Takum obpasom, HeobxoaMMoO onpenennTb
3HaYeHre rnapaBnn4ecKol NpeaHacTpoiiky 6a-
naHcoBOro BeHTUNA nod.12 ¢aHkonna Ne9 ana
cosfaHua conpotusneHua 8,4klMa npu pacxoge
TennoHocutena 156kr/4. Ha puc.4.88 nokasaHbl
rpapuyeckme NoCTpoeHnA C WUCMONb30BaHNEM
HOpManu BEHTUNA.
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3HaueHne ky —— T

8,4 kMa

Mepenap Aasnesna Ap-——»

)
s {

i
I I PR L : .
-=——_ Pacxop qm —> 156 Kr/"l gAML R

Puc. 4.88. OnpegeneHne rmgpasinyeckon
npeaHacTPonKy 6anaHcoBOro BEHTUNA
LUTPEMAKC-GM, d15, ap1.1421701
no3.12 ¢paHkonna Ne9 ana cospgaHuna
conpotusneHua 8,4klMNa npu pacxoge
BOAbl 156Kr/y4.

Cnepyet ycTaHOBWTb 3HAYeHWE rMppaBnu-
YecKol NpeaHacTPONKK GanaHCcoBOro BEHTUNA
LTPEMAKC-GM (d15, apt.1421701) n=0,9
(pnc.4.88).

[poBeprm AencTBUTENBHOE 3HAYEHNE aBTo-
puTeTa KnamnaHa rno BblpaXkeHuo:

AP,o. 2434
=2po _ =014,
& = APy 17216

Takum 0b6pasom, BblbpaHHbIA TUNopa3mep
KrnanaHa COOTBETCTBYET AManasoHy KnanaHoB
€ paBHonpoyeHmMHOoU NPonycKHOU xapakmepu-
cmukou 0.1<a <0,3.

Mbl 3aBepLUMnM TMAPABMAMYECKNA pacHeT
BETKN «B», noTepn faBneHnA KOTOpon CoCcTaB-
nawoT

=>AP ..+ AP

ZAPyH.BeTKM»B» Y. 20,19,19%,20 PY18,18* —

= 6322 + 20876 = 27198 Ma (27,2 kMa).

lMepenyckHon KnanaH nepenaga AasneHus
MEPL], 4004 (no3.16 puc.4.74 BeTku «B») pon-
)XKEH nogaepxueartb nepenaj [asBneHuA, pas-
HbI NOTEPAM AaBneHna BETKN «B»:

AP, =SAP

3ag y4.8emKu«B»

= 27,2kl a.

[Mpn ycrnoBmMn NOCTOAHCTBa pacxopa BopAbl,
Mponyckaemoro perynAtopom pacxoga (nos.8
puc.4.74), nepenyckHon knanaH nepenaga gas-
neHuna (nos.16 puc.4.74) npepHasHayeH AnA
nogaep>xaHna NocToAHHOro nepenaga fAasne-
HUA MyTeM nepenycka Bofbl Yepes3 ceba Jaxke
NPy BCEX 3aKpbITbIX ¢G3IHKOWMNax BeTKN «B».
MoaTtomy nopbupaem perynaTop npu NCXOQHbIX
faHHbIx 848kr/4 v AP =27,2kMa (0, 2726ap).

Mop6op nepenyCKHoro KnanaHa nepenapa
gasneHuA (nos.16) n onpegeneHve ero rmgpas-
NNYeCcKor HaCTPOMKK NokasaH Ha puc.4.89.

Einstellwert Ap [bar] Durchfluss [/h]

5 4
- 2000

- 1500

— 1000
, ] 0272 Gap 848 kr/4

14 01 - 500

4 1

Puc.4.89. OnpegeneHne 3Ha4eHnA
rmapasnuyeckon HacTpomnku (n=2,2)
nepenyckHoro knanaHa NEPL, 4004, d20,
apt.1400442 (no3.16 puc.4.74 BeTkn «B»)
npv 3afaBaemMbiX pac4eTHbIX 3HA4YEHUAX
G,,,=848kr/4 n AP_ g=0,2726ap.

nomp

CnegyeT yCTaHOBUTb 3Ha4YeHWe rmapasnuye-
CKOWM HacTPOWKK n=2,2 nepenyckKHOro KnamnaHa
FEPL| 4004, d20, apt.1400442 (n03.16 puc.4.74
BETKN «B») npu 3afaBaemMblX pPacyeTHbIX 3Ha-
YeHuax G, =848Kr/4 1 APaag=O,2726ap.

Perynatop pacxoga [EPL, 4001 (nos.8
BETKU «B» puc.4.74) cnepgyeT HacTpouTtb C Mno-
MOLLbIO 3afatymka Ha Tpebyemblil pacxon Bofbl
G, —848KF/‘-I Ha punc.4.90 nokasaHa nocnego-
BATENbHOCTD Bblibopa Tunopasmepa perynsaropa
pacxofa d25, apt.1400123 n onpegenexHna ero
rMapaBnMyeckon HacTpomkn 49%.
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Puc. 4.90. OnpegeneHne 3Ha4eHNA rMgpaBnnyeckon HacTpPonKkn perynatopa pacxoga NEPLL 4001,
d25, ap1.1400123 (no3.8 BeTkn «B» puc.4.74 npu pac4eTHOM 3HadeHun G, =848Kkr/4).

MwuH1ManbHO gonycTnMble NoTepu AaBneHns
Ha perynatope, npu KoTopbix obecrne4yvBaeTca
ero paboTocrnocobHOCTb, COrnacHo pasgeny
2.2, NOMKHbI COCTaBNATb

AP, = 20kMa.

MoTepAa pAaBneHWA, KOTOPYIO AOMMKEH CO3-
gatb perynAatop pacxofa (nos.8 puc.4.74 BeTku
«B») B npouecce aBTOMaTM4yeckoro nogaep-
)XaHnA 3afjaBaemMoro pacxoga Bofbl AnA BETKU
«B», onpegenseTca cnegyowmmM obpasom:

AP PEF= AP cx” 2AP yu.BemrunBr (XAP yu.10,10 AP L/) =
=112300 - 27198 - (2745 + 10990 + 18000) =

= 53367 Ma (53,4 kMa),

YTO BblLLle MUHUMArbHO HOI'IYCTVIMOM notepmn

pasneHuna 20kMa.

BbIMNONHEHHBIN pacyeT BETKN «B» HarnAgHoO
OEMOHCTPUPYET AOCTOMHCTBA B paboTe cucTe-
Mbl XOnogocHabxeHua B peaynsTate npumeHe-
HWNA PErynATopoB pacxofa.

BeTka «b» paccuymTbiBaeTCA B TOM e nocne-
[0BaTeNbHOCTU, Kak 1 BeTKa «B», HecMoTpA Ha
TO, YTO Ha perynupyembIx y4acTkax npuMeHaeT-
CA TPEXX0[0BOW KnanaH BMECTO [IBYXXO[0BOrO.
D70 06bACHAETCA TEM, YTO B pacyeTHOW cxeme
crnefyeT MpUHUMAaTb TPEXXOOOoBOW KnanaH B
MOSIHOCTBIO OTKPBITOM MOnoXxeHuu. B atom cny-
Yae GannacHaA NUHWA 3aKpbITa, U rMapasnuye-
CKaA pacyeTHas cxema COOTBETCTBYeT cXxemam
C OBYXXOMOBbIMY PErynupyloLuMmn KnanaHamu.
MoaTomy Mbl He NPVBOAUM pacyeT TpybonpoBo-
[0B 1 noabop ob6opynoBaHnA AnA BeTku «b».
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4.6. Mop6op perynupyrownx KnanaHoB ANnA TPexXTpyo6HON cucTeMbl BOJAHOIO

oTonneHnA

B pasgene 3.5.3 6binu NpeacTaBneHbl 0Co-
GEHHOCTN KOHCTPYWMPOBaHWNA TPEXTPYOHbIX Cu-
CTEM OTOMMEHUA, OCHOBHbIE MPUHUMMNUANbHbIE
CXeMbl U MeToAvKa rmapaBnM4ecKoro pacyeta.
TpexTpyOHasa cucTema OTOMNeHWA MMeeT OfauH
LIMPKYMNALMOHHBIA HACOC C NOCTOAHHON CKOpOC-
TblO BpaLLEHNA poTopa W TPW MarucTpanbHbiX
TENNonpoBoda, K KOTOpbIM MOryT npucoegu-
HATbCA Pa3fyHble MO Ha3HAYEHUIO CUCTEMbI
TennonoTpebneHna — cuctema KOHBEKTUBHOMO
OTONJIEHNA, CUCTEMA 30HHOFO OTOMMEHWA, cu-
cTema HanonbHOro oTonneHus, boinep ropade-
ro BOJOCHa0OXXeHu .

Kaxkgbiii notpebuTtensb Tennotbl npucoenu-
HAETCA K cucTemMe ¢ nomoLubto 3-x Tpybonpo-
BOJIOB:

1) ObpaTHsbIii Tpybonposon (T2) ¢ Temnepa-
TYpOW 1 AaBneHnem obpaTHoro TennoHOCUTENA.
Pacxop TennoHocutena B Tpybonposoge (T2)
ropaep>KUBaeTcA NMOCTOAHHBIM.

2) Mopatrowwmin Tpybonposog (T1) ¢ Temne-
paTypoil U faBneHMemM nofaroLLlero TennoHocu-
TenAa. Pacxop TennoHocutens B TpybonpoBoge
(T1) ymeHbLLaEeTCA C MOMOLLbIO perynupytoLLie-
ro TPEXX00BOro CMECUTESIbHOIO KnaraHa.

3) MoamewwBatowmii Tpybonposog (T2*)
C TemnepaTypoil 06paTHOro TennoHocuTens
W [aBneHVeM MOMAOLLEro TensoHOCUTENA.

Pacxop TennoHocutena B Tpybonposoge (T2*)
YBENMYMBAETCA C MOMOLLBIO PErynmpyroLlero
TPEXXO[0BOr0 CMECUTENbHOMO KnanaHa.

TpexxooBOW CMECUTENbHBIA KnanaH Kak-
[ON CuUCTeMbl TenmnonoTpebneHus asTomaTtu-
YeCKW ynpasrAaeTcA No 3aJaBaemMoMy 3Hauye-
HUIO perynupyemon Temnepatypbl (Bo3gyxa
NnomMeLLeHnA, Temnepatypbl BOAbl HAMOMbHOMO
OTONNEHWA, Temneparype Bogbl ropA4ero Bogo-
CHabxeHuA 1 ap.). ABTOMaTUYeCKUin perynatop
yrnpasnAeT npoLueccoM CMeLleHUA TernnoHocu-
Tenewn (T1) n (T2*), usmeHAsa Temnepartypa pe-
rynupyemoro TensioHocutena 6e3 M3mMeHeHuA
€ro pacxopa, peanuaya Takum o6pasom MpwH-
LN Ka4eCTBEHHOIO PErynmpoBaHunA.

B HacToAWem pasgene npuBogATcA npume-
pbl pacyeTa TPexTpybHO cucTeMbl OTOMNEHUA
MOTOYHBIX ayOauToOpuiA y4ebHOro 3aBedeHuA U
TPexTpyOHOI cMCTEeMbl TEMIOCHAOKEHNA NHAK-
BUAYanbHOIo XX1Noro goma.

MMapaBnuyeckuin pacyeT, a Takxe nogbop
TPEXXOHoBbIX cmecutenbHbix PO un  pgpyroro
obopynoBaHnA TPEXTPYOHbIX CUCTEM TEMIONo-
TpebneHnsa NpousBoaM B COOTBETCTBUM C Me-
TOOMKaMU, U3NOXXeHHbIMY B pasgene 3.5.3.

4.6.1. Mpumep noadopa perynupyrowmnx KnanaHoB gNnA TPexXTpyoHOM 30HHOM

cncrtembl BOAAHOINO OoTOMJIeHNA

[nAa nowmelleHuit 3Ha4uTenbHOro obbema
TMNa aKTOBbIX 3a510B UM NOTOYHbIX ayauTopUiA
NPOEKTUPYIOT, KaK NpaBusio, 30HHYO ABYXTpPYO-
HYIO TrOpPU3OHTasNbHYO CUCTEMY OTOMMEeHUA C
npUMeHeHNeM 30HHOrO perynaTopa, peanuay-
IOLLEero MpPUHUMN KONMMYECTBEHHOrO perynupo-
BaHuWA. [InA 3TOro Ucnonb3yeTcA 30HHbIN ApOC-
cenvpyownin  BYXXoA0BON KnanaH, KOTOpbI
NPonopLMOHaNbHO U3MEHAET pacxod TenoHO-
cuUTena 4epes KaXkablii oTonuTenbHbI Npubop
JaHHOWN ropu30oHTanbHOW BETKWU OoTannBaemMom
30Hbl. Takaa cuctema npegycmaTpuBaeTt ru-
OPaBNMYECKYIO Hanagky Kakgoro oTonuTesb-
Horo npubopa, napannenbHO NPUCOEaNHEH-
HOMO K rOpM30HTanbHbIM pacnpeaenuTenbHbIM
Tennonposogam. OfHOTPYOHbIE CUCTEMbl He
NPUMEHAIOT ANA aBTOMaTU3MPOBAHHOIO 30H-
HOrO OTOMMEHUA, TaK Kak B 3TOM criy4ae Tpe-
OyeTcA ycTaHOBKa PerynmpyroLLmMX KnanaHoB Ha
Ka>KgoM oTonuTenibHoM npubope.

Ha puc.4.91 nokasaH BapunaHT aBToMaTu3u-
POBAHHOIO 30HHOMO OTOMJIEHNA NOTOYHBIX y4eb-
HbIX ayguTopuii NpW OOHOTPYGHOW passopke
C OTOMUTENbHLIMX KOHBEKTOpamMu B npeenax
Kakgon otannMBaemon ayautopum 1 ¢ Npuco-
eIMHeHNeM K TpexTpybHoi cucTeme Tenmno-

CHabXXeHNA C MOMOLLbIO CMECUTESNbHBIX TPex-
XOAOBbIX perynupyromnx knanaHos. [aHHanA
CXeMa BbIMONHEHa Mo aHanorun ¢ pac4eTHOM
cxemom, npusefeHHon Ha puc.3.20. MNoatomy B
HacToALLeM npumMepe rmapasnnyeckuin pacHer
1 nog6op obopynoBaHMA NPOU3BOANTCA B COOT-
BETCTBUW C pekoMeHaaumaMu K cxeme puc.3.20
pasgena 3.5.3.

Cxema npocTta B 3Kcnnyatauuuv, Tak Kak B
npouecce aBTOMATU4YECKOro pPerynmpoBaHuA
pacxop TENMOHOCUTENA ANA KaXK[oro notpebu-
TenA TennoTbl OCTaeTcA HeM3MeHHbIM. Peanu-
3yeTCA PeXXUM KayeCTBEHHOro perynmpoBaHuAa,
npu KOTOPOM C Liefbio aBTOMaTn4eckoro name-
HEHWA perynupyemoro napamerpa U3MeHAeTCA
Temrieparypa TEnJoHOCMTEeNA 3a cYeT noj-
MeLLMBaHNA OXINa)KAEeHHOro TensioHoCUTenA B
CMECUTENbHbIX TPEXXOAOBbIX PerynupyroLmnx
KnanaHax. B KauecTBe perynAatopos Temne-
patypbl MPUMEHAIOTCA TepMocTaTbl MNPAMOro
OEenCTBMA C AUCTAHUMOHHOW PEerynupoBKOWN,
OCYLLIECTBNAOLLME HenpepbiBHOE nponopuumo-
HarnbHOe perynuposaHue.

Ona ynpoweHua rpaduyeckoro nsobpaxe-
HWA pacyeTHOW cxembl Ha puc.4.91 He noka-
3aHbl KOHTPOJIbHO-N3MepUTenbHble Mpubopsl,
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npefgoxpaHuTenbHble YCTPOWCTBA, YCTPOUCTBA
ONA yaaneHvsa Bo3gyxa U3 cucTembl, MembpaH-
HbI pacLUMPUTENbHbIN 6ak, cUCTEeMbl MOAMNUTKN,
OpeHaka 1 gpyroe obopygosaHue.

OcHOBHble MCXOfHble AaHHblE KaXkgon cu-
CTeMbl 30HHOro oTornneHwA anAa aygutopui 1...6
(pacyeTHble 3HA4YeHNA MakKCUManbHOro TEemMmo-
BOro notoka Q__ , pacxoga tennoHocutena G,
N TVMAPaBVHYeckoro COMPOTUBIIEHMA CUCTEM
OTONSIEHMA KaxKAoW MOTOYHOW aygutopumn AP)
nokasaHbl HEernoCpefCcTBEHHO Ha pacyeTHoW
cxeme puc.4.91 npu pacyeTHbIX napamerpax
TennoHocutens t =80°C, t,=60°C.

CuncTtema oTonneHnA COCTOUT N3 2-X CTOAKOB
N 6-TM CMCTEM 30HHOrO OTOMSIEHUA, NPUcoean-
HAEMbIX K CTOAKaM C UCMonb30BaHnem peryns-
TopoB pacxoga NEPLL 4001.

Perynatopbl pacxoga EPL, 4001 (nos.7
puc.4.91), ycTaHOBMNEHHbIE HA Ka)XAOW 30HHON
cucTteme OTOMMEHWUA, WCKM4YalT B3anMOoB-
NMMAHVE TUOPAaBINYECKUX PEXMMOB  30HHbIX
cuctem gpyr Ha gpyra. B atom cnydae kaxpan
3 30HHbIX CUCTEM NpefcTaBnAeT coboli Kak Obl
CaMOCTOATENbHYIO TMAPAaBMMYECKY0 CUCTEMY
OTOMSIEHUA ayaUTOPUN.

Q.= 2400081 E /10 CrosK 1 Q.= 2400087 . /10 (Tosk 2
gy 10320714 L—W 6600081/283841/4 G, = 10324 66000B7/28384174
S el T g e
| | | Q*‘ﬁ‘nl | | [ I;ET- —|
Ayoumopus 3 " -—|"| Aydumopusi 6 6" l—"—lt-l
it ® e o L
241 | dd 1 ||
i} 10 g B 10 =
Oy~ 2000087 @Y S Q,,, ;= 2000081 : Iz
Gmax.j: 860kr/4 G, axj: 860kr/4 - ®/
t=80C 1)=60C ' T 4 1A, e — }
APy= 11kl 9 i 6 //— APg= 11Kl 9 i
== 13:{ o1 |4 —_——
Aydumopusi 2 "B" l—-m)/ Aydumopusi 5
[ ' [ = ;—'- ) [ [ | ASS
@ of 8 é y o~ B
=l s ~l S
Q o = 2200081 - /10 é § 0max,4 = 2200087 . /10 ®/ "‘E s
G 1= 240174 Kj = G s = MKV K___w hay
t=80C 1,=60C "A " 1,=80C 1,260 WA
APy 1247 Q\- 6@2 //A7 AP12KTa Q\h ) 6 /A1
| | | I—.,,-?' DT ['A" | | | " A"
Aydumopus 1 B! I_-?.T‘(P/ Aydumopusi 4 6" l_-:'Sh_l‘(P/
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1 3 @ L] soomomss d 7; 17
P IO il ll R IO
[ > _ R
T2
12 .
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Puc .4.91. Cxema pacyeTHaA TPexTpyOHOI CUCTeMbl OTOMMEHNA NOTOYHbIX Yy4ebHbIX ayanTopuii

TennoobMeHHUK
¢dnaHuesbIn

1 —
NOPHbIN

nnacTuHYyaTbin
LUTPEMAKC-AGF,

140kBT;

2 -
BEHTUIb

HacoC  LMPKYNALMOHHbIN;
apr.4218 AGF;, 4 -

ban

3 -
aHCOBbIN

BEHTUNb  3a-
¢dnaHuesbIn

LUTPEMAKC-GMF c nameputenbHbiMy knanaHamu, apt.4218 GMF; 5 — punstp-rpasesnk 'EPL 4111; 6 — kpaH wwa-
poBoit apT.12100; 7 — BeHTUnb H6anaHcosblin LUITPEMAKC 4017M apt.14017; 8 — perynaTop pacxoga MEPL| 4001;
9 — TPEexxofoBoOW TepmocTaTnyeckmn knanaH apt.17762; 10 — tepmoctar EPL-«H» ¢ guctaHUMoHHOW perynnpos-

kon apT.1946098.
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Perynatop pacxoga NEPL 4001, yctaHoB-
NEeHHbIN [ONA KaXXKAoW CUCTEMbl OTOMMNEeHuA
KaXkgon MOTOYHOW ayamTopun, rmgpasnnyeckum
pasgensAeT TPexTPyOHyHo cuUcTemy OoTomnfeHus
Ha cocTasnAatoLue:

- cucTeMy MarucTpanbHbiX TpyOOonpoBOAOB
(Mexxgy TennooOGMEHHUKOM U perynatopamu
'EPL, 4001 Ha cuctemax oTonneHns aygutopumn
1...6);

- CUCTEMbl OTOMMIEHNA KaXKAOW MOTOYHON
ayoutopun (mexgy perynatopom MEPL, 4001-
TouKa «B» 1 Tokamu «A » n «A,» Ha puc.4.91).

[MoaTtomy rugpaBnuyeckuin pacHeT BbIMONHA-
€M pasgerbHo:

- AnA cucTembl MarmcTpasbHbIX TpybGonpo-
BOLAOB (MeXay TennooOMEHHWKOM W peryns-
Topamu MEPLL 4001 Ha cuctemax oTonneHuA
aygutopui 1...6);

- ANA CUCTEM OTOMMEHNA KaXKgoW MoToY-
Hou aygutopum (mexgy perynatopom [EPL
4001- Touka «b» 1 ToKamMu «A;» N «A,» Ha
puc.4.91).

WcxogHble AaHHble TPexTpyOHOM cucTembl
OTONJIeHNA NOTOYHbIX Y4eOHbIX ayauTopuii:

1. PacyeTtHaa tennoBaA MOLLHOCTb cuUCTe-
Mbl OTOMNNEHUsA Qag:132KBT.

2. PacyeTHble mapameTpbl TensioHocUTenA
t,=80°C, t =60°C

3. PacyeTHbIl  pacxofy  TennoHocuTensa
V_=5,7m%4 (y4actku Ned,4%).

4. PacyeTHOe ruapaBnnyeckoe Conpo-
TUBMEHWE MNacTyHYaToro TennoobMeHHMKa
P.,=21klNa npu pacyeTHOM pacxoge Tensio-
HocuTena 5,7m%/y.

5. TpybonpoBoabl cUCTeMbl OTOMNEHWA Bbl-
MonHATCA U3 Tpyb CTanbHbIX BOAOrasomnpo-
BOAHbIX.

[nAa npoekTupyemMon cuctembl OTOMMEHUA
MOTOYHBIX Y4eOHbIX ayauTopuin criedyeT npu-
HATb K YCTaHOBKE HAacOC C NOCTOAHHOW CKOPOC-
Tbto BpalleHna (nos.2 puc.4.91). Ona nogbopa
LMPKYNALMOHHOIO Hacoca Heobxogumo onpe-
nenutb Tpebyemble 3HAYEHWA nogaqu V., Mm%y
n Hanopa P, kla (nnn m.BoA.cT.). Nogaya Ha-
coca COOTBETCTBYET pacHeTHOMY pacxofy B Cu-
cteme otonnenna V =V _=57wm%4. Tpebyembiit
Hanop P_, paBHbln pac4eTHbIM NOTEPAM AaBne-
HUA cucTembl oTonneHna AP, onpepensetca
no BbipaXkeHnto (3.59) cymmon cocTaBnArLLmnX
- CyMMapHble notepu AaBfeHuA y4acTKoB Ma-
rMcTpanbHbIX TennonpoBoaoB ZAPWMI, notepu
AaBneHuA B perynatope pacxoga AP, notepu
AaBNeHNA Ha perynupyemom y4actke AP,
rnoTepu [aBneHVs B MnacTMH4YaToM Tennoob-
MeHHuke AP, .

P,=AP_ = _ZAqu.M_m_ +AP_+ AP, + AP,

MoTepun paBneHus Ha perynmpyemMom y4act-

Ke No BblpakeHnAm (3.56) cocTasnAlT cymmy
noTepb [aBfeHWA pPerynupyrowlero opraHa
APPO, noTepn paBneHMA CUCTEMbl OTOMEHUA
y4ebHoit ayautopumn AP, 1 noTepu AaBneHna Ha
noaBogKax cuctembl OTOMIEHUA ZAPan Mexay
TOYKaMn «A» N «b»:

AP, = APpa + AP, omp = APp o+ (AP, + ZAP g)

MMapaBnuyeckuin pacyet y4acTkoB Tpybo-
npoBoaoB APW BbINOMHAEM MO MeTony YAenb-
HbIX MOTepb AaBMEHMA Ha TPEHUE B YNPOLLEH-
HOM BapuaHTe. Ynpoliatoliee 06CTOATENbCTBO
3aKn4aeTcA B TOM, YTO MECTHblE€ COMpOTMB-
neHna (0TBOAbl, TPOWHMKMA W Op.) YYUTbIBAEM
B BuAae pononHutenbHbiXx 30% K noTepAm
OaeneHua no AnvHe. Takum obpasom, comnpo-
TUBMEHME y4acTka TpybonpoBofa BblYMCIAEM
MO BbIPaXKEHUIO:

Aqu =13xRx /yq + ZAPo6opyaosaHun

roe:
R — ynenbHaA noTepA gaBfieHnA Ha TPEHUE,
Ma/m (mpunoxxeHna «A» n «b»);
l,, — pacyeTHaA AnuHa yqactka, m;

wbopugosanus~ CYMM@  MOTepb  AaBneHuA
pasnmMyHoro o@opyp,oaava, YCTaHOBMEHHOIO
Ha pacyHeTHOM Yy4acCTKe: 3arnopHbIX BEHTUMEN,
GanaHcoBbIX BeHTUNen, punsTpoB 1 T.0., Ma.

B cootBeTcTBMM C MeToaukon pasgena 3.5.2
HeoOXoAuMMO BbINOMHWTL [ABa rMAPaBNINYECcKUX
pacdera:

1) no pacyetHoln cxeme puc.3.206 — npu
MOMHOCTbIO OTKPbITbIX CMECUTENbHbIX Knana-
Hax;

2) no pac4yeTtHou cxeme puc.3.20B — npu
MOMHOCTbIO 3aKpPbITbIX CMECUTESIbHbIX Knana-
Hax.

Konn4ecTBO UMPKYNALMOHHbBIX KOmneL CcooT-
BETCTBYET KONMNYECTBY 30HHbIX CUCTEM OTOMse-
HWA y4eOHbIX ayauTopuii, TO ecTb UMeem 6 Lmp-
KyNAUMOHHbIX Konew. Kaxxgoe LmpKynAunMoHHoe
KONbLO MpeacTaBnAeT coboil 3aMKHYTYO Le-
MOYKY Y4acTKOB, Ha4YMHaA OT TennoodMeHHMKa
1 3aKaH41BaA TennoobMeHHUKOM B TOM YuChe.
B Ka)kgom LMpKynAUMOHHOM KOMbLe UMeeTcA
OVHaMUYecKuid y3en B Bupae perynaropa pac-
xopa NEPLL 4001, koTopbln aBTOMaTU4eCKN 13-
MeHAEeT CBOe COMpPOTMBIIEHNe AnAa crtabunusa-
L BENUYUHBLI 3a1aBaemMoro pacxofja CUCTeMb
OTOMNEHWA ayanTopun.

[aHHoe 06CTOATENbCTBO MO3BONAET He Bbl-
LenATb Kakoe-nmbo UMpPKYNALMOHHOE KOMbLO
B Ka4eCTBe OCHOBHOIO pac4eTHOro LMpKy-
NAUNOHHOrO Kombua [12, 14], Tak Kak mexay
cobON UMPKYNAUMOHHbIE KOMbLa rvugpaenu-
YecKu ypaBHMBAKOTCA B pesynbrarte OelCTBUA
perynAaTtopos pacxoga. [loatomy 3a pacyeTHyto
noTepro faBfeHnA B CUCTEME MarnctpanbHbIX
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TENNOMNpOBOAOB crefyeT NPUHATb MakcuMarb-
HOe 3Ha4YeHne U3 BO3MOXKHbIX ANA pacHeTHbIX
LIMPKYNALMOHHBIX KOJeLl.

1) MmapaBnn4ecKnin pacyeT TpexTpyoHoi
CNCTeMbl OTOMJIEHNA MNOTOYHbIX Y4eOHbIX ay-
ANTOPUI NPV NONMHOCTbIO OTKPbITbIX CMeCcu-
TeNbHbIX KnanaHax (Mo MeTOAUKe pacyeTHON
cxembl puc.3.200)

Pacuet BbinonHAeM pasfgenbHo:

- O1A cuCTeMbl MarucTpanbHbiX Tpybonpo-
BOAOB (MeXay TenrooOMeHHVKOM W peryns-
Topamn TEPL, 4001 Ha cuctemax oTonneHunA
ayguTopun 1...6);

- OANA CUCTEM OTOMNEHNA KaXKaom NOTOYHOMN
ayoutopun (mexgy perynatopom MEPL| 4001-
TouKa «B» 1 Toko «A » Ha puc.4.91).

[ugpaBauyeckul pac4em cucmembl Mazu-
cmpanbHbix menaonpoBogoB BbINOMHAEM C MO-

MOLLIbIO HOMOTrpammbl [MpunoXkeHna «A».

3a pacyeTHyo NoTepro AaBneHna B CUCTEME
MarncTpanbHbiX TENONPoOBOAOB crnegyeT npu-
HATb MakcumanbHOe 3Ha4YeHue 13 BO3MOXKHbIX
pacyeTHbIX LUPKYNALMOHHbBIX KOMELL.

HanGonee ypaneHHbIM U Harpy>eHHbIM
LUMPKYNALUMOHHBIM KOMbLIOM ABMAETCA LUPKynA-
LUMOHHOE KOJbLO CMCTEMbI OTOMSIEHUA ay[uTo-
pun Ne6.

MoatoMy B HacToALEM nNpUMeEpe Makcu-
MasnbHbIM 3HAYeHNEM ABMAETCA CyMMa noTepb
paBneHuA ana Ha ydactkax Ne4...2, 1a*...4* :

2AP = 2AP

ya.mm. y4.4...2, 1a*...4"

VicxopHble gaHHble 1 pesynbTaTbl pacyeToB
3aHocuMm B Tabn.4.7.

JduameTpbl BCeX y4acTKOB MarncrpanbHbiX
TEeNnonpoBoaoB dy, MM noabupaemM C NOMOLLbHO
Homorpammbl [punoxxeHna «A», orpaHu4mBa-
ACb BENMVYUHON yAEenbHON NoTepy AaBneHna Ha
TpeHne R He 6onee 100...200Ma/m.

Tabnuua 4.7
Pacu4ert cucrembl MarmncrtpanbHbIX TennonposogoB
Ne G, I d, v, R, 1,3xR | SAP s AP,
Y. Kry/qq an MAIJ\II m/c Ma/m " I'Dlgpyg I'Ig‘ Mpymes
3 4 5 6 7 9 10 11

4 5676 26 50 0,74 155 5239 2366 7605 nos.4
3 2838 34 40 0,61 145 6409 - 6409 -

1892 5 32 0,58 170 1105 - 1105 -
1a* 1032 10 25 0,47 145 1885 8217 10102 nos.7
2" 1892 5 32 0,58 170 1105 - 1105 -
3* 2838 34 40 0,61 145 6409 - 6409 -
4> 5676 28 50 0,74 155 5642 12797 18439 4732+1065+7000

SAP,., 514 | 51174Ma (51,2KMa)

MoTepu HOaBreHns obopynoBaHua
2AP pugosanus, OTPEAENAIOTCA ANA KXMOro 13
y4acCTKOB.

OnAa onpegeneHvAa nNoTepu OaBneHWA ap-
matypbl APD6OpygosaHuﬁ‘, Ma, rugpaenuyeckue
napameTpbl KOTOPOW 3afaHbl B Buge k, Mm%y,

ncnonbayem pacHetHyto dopmyny (4.9)[12]:

AP

060pygoBaHuA.

=0,1(G/k, )2,

roe:
G - pacyeTHblin pacxop TennoHocUTenAa Ha
y4acTke, Kr/y;
k, - nponyckHasa cnocobHOCTb, M%/4.

YuyacTtok Ne4 BKmtoyaeTr B cebAa oavH 3a-
MOpHbIN  ¢naHueBbln BeHTUNb no3.3 (d50
apt.1421856, k=36,9 m%4). Onpegenum pac-
YeTHble NoTepy faBneHna

AP, ,=0,1-(5676/36,9)> = 2366 INa.
Yuactok Ne3 He umeeT obopyaoBaHuA.
YuyacTok Ne2 He nmeeT obopynoBaHuA.
Y4yactok Nela* Bkntoyaetr B ceba oauH

BeHTUNb OGanaHcosbli LUTPEMAKC 4017M

apt.14017 nos.7. B paHHOM cny4ae BeHTWmMb

Nno3.7 MCnonb3yeTcA B KadYeCTBE 3amopHOro u

nameputenbHoro yctponctea. QyHkuun obe-

crneyeHvs banaHca pacxofoB B JaHHOM cryyae

BbINONHAET perynatop pacxoga NEPL, 4001.
BeHtunb 6anaHcosbin LUITPEMAKC 4017M

Mo CBOEl KOHCTPYKUMM OTnM4aeTca oT GanaH-

coBoro BeHTUNA LULITPEMAKC-GM Ttem, 410 ansa

N3MepeHnA pacxoja MMeeT BCTPOEHHYKD W3-

MepuTenbHyo guadparmy. MNoatomy npu n3me-

peHnn pacxofa MaxoBUK MOXXET HaxoguTbCA B

Nto6GOM NONoXKEHUN. DTO YAOBHO A HACTPONKN

Tpebyemoro pacxoga 6e3 N3MeHeHUs HacTpoekK

nameputenbHoro komnbtotepa NEPLI8900. s-
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MepuTenbHbI KomnbioTep EPLIB900 wmeet
MOBbILLUEHHYIO TOYHOCTb U3MEPEHUA pacxopa
npu nepenage paeneHua Gonee 5klMa. Yuu-
TbiBaA, 4TO Mbl UCNOJIb3yeM BEHTUIb TOJIbKO
B KadecTBe W3MEPUTENbHOrO ” 3amnopHOro
ycTpoiicTea, Heobxoammo nopobpatb Takon Tu-
nopasmep BeHTunA LUTPEMAKC 4017M, koto-
pblii OGbl B MONOXEHUW MOMHOTO OTKPLITUA UMEN
COMpOTMBIEHNE BEHTUNA He MeHee 5klla (mpu
pacyeTHoM pacxoge 1032kr/4). B T1ab6n.4.8,
NPUHATON N3 HOpManu AaHHOro BEHTWUNA, npu-
BeAEHbl 3HAYEHUA TMPOMYCKHON CMoCcoBHOCTU
BEHTUMA B OTKPbITOM COCTOAHUM K ,M3/4 1 Mpo-
MYCKHOM CMOCOBHOCTV W3MEepUTENbHON auna-
dparmbl k, (Wert der Blend), m%/4

Tabnuua 4.8
OcHoOBHbIe XapakTepucTtnkn BEeHTUNEN
LITPEMAKC 4017M

ArtikelNr. | DN kvs (V- amepuTenbHon
1401711 | 15LF | 0,51 0,52
1401721 | 15MF | 0,95 1,07
1401701 | 15 2,00 1,95
1401702 | 20 3,60 3,95
1401703 | 25 6,50 7.9
1401704 | 32 13,30 15,75
1401705 | 40 18,50 21,5
1401706 | 50 33,00 46,7

Onpepgenum conpoTueneHne guadparmol
anAa seHTuna apt.1401703, d25:

APgua‘ppM: 0,1-(1032/7,9)2= 1065 MNMa (1,65 kl1a).
3HayeHne 1,65<5,0klMa, noaTomy AaHHbIN
TMNopasmMep BEHTUNA He YOOBMETBOPAET Tpe-
6oBaHMIO Ka4ecTBa U3MepeHnsa pacxoda.
Onpegenum conpoTueneHne pguadparmbl
ana seHTUNA apt.1401702, d20:

AP

guagp.8.7 =

0,1-(1032/3,95)2 = 6826 INa (6,8 ka)

[MpuHUMaem K yctaHoBKe Ha yyacTtke Nela*
BeHTUNb LUTPEMAKC 4017M apt.1401702,
d20, TaKk Kak COnpoTUBMEHUE ero usmepu-
TeNbHOW Anadparmbl NpY pacHETHOM pacxofe
1032kr/4 coctaBnaeTt 6,8kla, TO ecTb Bble
3HaydeHusA 5,0kMa, HeO6XOAMMOro AN BbICOKON
TOYHOCTU n3mepeHna komnbtotepa NEPLIBI00.

Onpegenum pacyeTHble MOTepy AaBneHuA
NPUHATOrO K yctaHoBke BeHTUNA LUTPEMAKC
4017M apT1.1401702, d20 B NONOXEHWW NOSHO-
ro OTKpbITUA:

AP, =0,1x (1032/3,6)2 = 8217 Ma (8,2 kMa).

Yuactok Ne2* He nmeeT obopynoBaHuA.

Yuactok Ne3* He nmeeT obopyaoBaHus.

Yyactok Ne4* BknmoYaetr B cebA fOBa 3a-
NopHbiX ¢naHueBblx BeHTUNA n03.3 (d50
apt.1421856, k =36,9 M*/4), oanH GUNLTP-rpA-
3eBnK no3.5 (d50 apr.1411186, k =55 m%4) n
0[ViH BeHTUNb GanaHcoBbin ¢naHuesbii LUTPE-
MAKC-GMF ¢ wuameputenbHbiMK KnanaHamu
nos.4, (d50 apr.1421846). Onpepenum pac-
YeTHble NOTepU AaBneHus.

2xAP, , = 2x0,1x(5676/36,9)* = 4732Ma.
AP, =0,1 x (5676/55)? = 1065[a.

BanaHcoBbIl BEHTUb NM03.4 UCNOMb3yeTcA
B KayecTBe 3anopHoro, 6anaHcoBoro u wus-
MepuTenbHoro yctpouncTea. [pyn n3mepeHum
pacxofa BEHTUNb He J0MKeH ObiTb MOMHOCTLIO
OTKpbITbIM. 3agagnM orpaHnyeHne Mmakcumarb-
HOW CTENEHW OTKPLITUA BEHTUNA C TaKUM YCIo-
BUEeM, 4YTOObl COMPOTUBMEHWEe BeHTUNA Obino
Obl He MeHee 5klMa (Mpw pacyeTHOM pacxofe
5676kr/4). OnpepeneHne 3Ha4yeHNa rmgpasnu-
YeCcKo NpeaHacTPONKK BEHTUMNA GanaHcoBOro
¢naHuesoro LUTPEMAKC-GMF nokasaHo rpa-
dun4eckn Ha puc.4.92.
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Puc. 4.92. OnpegeneHne 3Ha4eHunA
rmapaBnmMyecKon NpeaHacTPoONKN BEHTUNA
6anaHcoBoro ¢naHuesoro LUITPEMAKC-
GMF, d50 ¢ namepuTenbHbIMK KanaHamu,
apt.1421846 (no3.4 pnc.4.91) npu pacHeTHbIX
3HayeHnAax AP_,=7,0kMaun G _,.=5676Kr/u.

CnepyeT ycTaHOBWTb 3Ha4eHWe rupgpas-

CrtpaHuua 158



B. B. lNoKoTunoB: PerynupytoLume KnanaHbl aBTOMaTU3UPOBaHHbIX CUCTEM TEMMO- 1 XONOoA0CHaGKeHWA

nnyeckon npegHacTpovky BeHTUnA n=3,5
npu 3agaHHOM 3HayeHun noTepb [aBfeHuA
AP, =7000Ma (7,0kMa) n pacyeTHOM pacxofe
G, = 5676Kr/4.

Takum 06pa3oM, pacHeTHaA noTepA aaerne-
HMA B CMCTEME MarucTpanbHbIX TEMONPOBOAOB
6yneT paBHa (1abn.4.7):

2AP =2AP

yd.mm yu.4...2, 1at.4 =

=51174 MNa (51,2 kMNa).

[ugpaBauyeckoe conpomuBaeHue peay-
AUPYEMO20 yyacmka onpenenAeTcA CyMMOWn
noTepb AaBeHMA Ha y4YacTkKax, HaxogALuxcA
Mexay Todkamu «A » 1 «b», a UMeHHo,

AP,,,= AP+ AP

nomp.6™’
roe APnomp‘ e = AP, + 2AP

y4.1, 1%

MoTepAMM OaBneHMA B LLAPOBbIX KpaHax
no3.6 MOXXHO NpeHebpeYb BBIAY ManocTu aTUX
3HadeHwmii. MoTepy paBnexHus B TpyGonposogax
ydacTtkoB Nel, 1* (ZAP v ,J) pacc4uTbiBagM rnpu
cneayoLwmx NCXOOHbIX AaHHbIX:

- pacyeTHbIn pacxog 1032kr/y;

- o6Lasa gnuHa 13m;

- qnametp — d25mm;

- ckopocTb TennoHocutena 0,47wm/c (mpuno-
KEHNE «A»);

- yaenbHaA notepa gaeneHuna 145MMa/m (npu-
noxeHuve «A»).

SAP. . ..=1,3x (145 x 13) = 2450 Ma.

y4.1, 1%

AP = 12000 + 2450 = 14450 MNa.

nomp.6”

B kavectBe perynupytoLero opraHa npu-
HMMaeM K yCTaHOBKe TPexxo[oBoi TepmocTaTu-
Yeckui KnanaH apt.17762 ¢ paBHOMPOLEHTHOMN
NPOMYCKHON XapaKTepuCTUKON.

B cooTBeTcTBUM C pekomeHgaumAMn pas-
pena 3.1, cnegyer 3apaTtbCA aBTOPUTETOM
knanaHa 0.1<a <0,3.. 3agagMmca aBTopUTETOM
a,.=0,2. Torna TpeGyemoe MuUHUMaNbHOE
pacdeTHOe 3HadeHue nepenapa AaBneHuAa Ha
PO (AP, .oes),im 1@ BbIMMCNAETCA MO BblpaXke-

p.o. TP
Huto (3.11):
AP romp.6
(AP, o 7PE6 Jmin = % =
-1
A 1pES
14450
= 1— =3612/1a
— -1
0,2

Tpebyemas ycrnoBHas MponyckHas Crnocob-

3
HocTb PO k..., M4 onpepgendeTca no Bbl-

paxkeHuto (3.12):

Gmax 2
KvstPeES = 10 =
p\/0,1 (AP, o 7PE5 Jmin
1032
102 = 5,6M3 /4

- 972,[0,1 x 3612

lMprHMMaeMm K ycTaHOBKe [BYXXOJOBOW Kna-
naH apt.1776262, d20, k =5,0m%4. Pac4eTHbIN
nepenag gaenexHna Ha PO APM, MNa BblyMcnA-
€TCA Mo BblpaXkeHuto (3.13):

1032
AP, =01 X (ﬁ)2 = 4260/ a.

’

Pac4eTHbIn Nepenag AaBneHWA Ha perynu-
pyemom y4actke AP, .

AP, = 4260 + 14450 = 18710 MNa

[NpoBepyMm AeNCcTBUTENBHOE 3HAYEHNE aBTo-
puteTa KnanaHa no BblPaXKEHUIO:

- APpo. _
APp.o. + APnomp

4260

" 4260 + 14450

ay
=0,23.

Takum 06pasoM, BblOpaHHbIA TUNopasmep
KrnanaHa CoOTBETCTBYET AnanasoHy KrnanaHos ¢
PaBHOMPOLEHTHOW MPOMYCKHOW XapaKTepucTu-
kon 0.1<a <0,3.

[ugpaBauyeckoe conpomuBaeHue peay-
AAmopa pacxoga no3.8 onpepenAem B COOT-
BETCTBMN C pekoMeHfaumAmn pasgena 2.2.
MvHuMmarnbHble pacyeTHble noTepu AasreHuA
Ha perynAaTope pacxofa NpuHUMaem paBHbIMU
AP,_=20klNa. B COOTBETCTBUI C BblpaXKeHnem
(2.1) cymmapHble pacyeTHble MUHMMAsIbHblE
noTepu [HaBneHVA CUCTeMbl TennocHabXeHuA
ayautopun Ne6 npuHMMaem paBHbIMU

AP 21,2 x (AP, + AP

PACH cole6 Per/ =

= 1,2 x (18710 + 20000) = 46450 Ma (46,5 kMa).

Perynatop pacxoga TEPL| 4001 (nos.8
puc.4.91), ycTaHOBMEHHbIN Ha cMcTeme oTonne-
HuA ayoutopun Ne6, cnegyet HacTpouTb C Mo-
MOLLIbIO 3afaTymnka Ha Tpebyemblil pacxod Boapl
G3ag=1 032kr/4. Ha puc.4.93 nokasaHa nocnego-
BaTeNbHOCTb BbibOpa Tunopaamepa perynaropa
pacxofa d32, apt.1400124 v onpegeneHna ero
rmapaBnMyeckon HacTporku 42%.
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Puc. 4.93. OnpegeneHne 3Ha4eHUA rmapaBnmyeckon HaCTPOWKIN
perynaTtopa pacxoga EPL| 4001, d32, apt.1400124 (nos3.8 puc.4.91
Ha cucteme otonneHnAa aygutopum Ne6) npy pacHeTHOM 3Ha4YeHnn
G5, =1032Kr/4.

PacyeTHble noTepu gaBneHUA CUCTEMbI OTO-
nneHvsa AP_, onpeaenstoTcA CyMMOW MoTepb
JaBneHnA y4acTKOB MarucTparnbHbIX Tennonpo-
BofoB AP, ., MOTEPb [aBNeHnA B MnacTuH-
4aTOM TernnoobmMeHHuke AP, 1 CymMMapHbIMm
pacyeTHbIMW MWHUManbHbIMW [OoTepAMK AaB-
neuva AP, .. ... CUCTEMbl TennocHabXeHunA

aygutopun Ne6 :
AP _=512+21+46,5=118,7 kla

H TPD 32-180/2

M

() Q =5.49 M3y

16-H=116m

Mepekauus. >xnakocTb = Boaa B cucteme otonneHua

14

12

e

oG
N
iy
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KNA Hacoca = 44.5 %
0 O6wwin KNA = 35.5 %

0 1 2 3 4 5 6 7 Q (m3/4)
Puc. 4.94. Pac4yeTHaa xapakTepuctuka
umpKynaumoHHoro Hacoca Grundfos TPD 32-
180/2 (no3.2 puc.4.91)
LnpKynAaumnoHHbIN Hacoc (no3.2 puc.4.91)
AOMKeH 06eCneynTb LMPKYNALMOHHBIA Harop

P,=AP_=118,7 kla (11,8 m.B.CT.)

Tpebyeman nogaqa Hacoca V =V_=57m%u.

Mopbop UMPKYNALMOHHOMO HAacoca MokasaH
Ha puc.4.94.

K yctaHoBke npuHumaem Hacoc Grundfos
TPD 32-180/2 ¢ pabo4nmun xapaktepucTrkamm
V =5,49m%/4, P =11,6m.B.cT. CABOEHHbIN HacoC
SKCMNyaTupyeTcA B aBTOMATU4ECKOM peXxume
«OCHOBHOW-pPe3epBHbIiN».

2) mppasnuyeckunii pac4et TPEXTPyGHON
cnctemMbl OTOMMEHNA NOTOYHbIX Y4eOHbIX ay-
ANTOpUIi NpU NONIHOCTbIO 3aKPbITbIX CMecK-
TenbHbIX KnanaHax (No MeTOAuKe pacHeTHON
cxembl puc.3.208)

Ha cxeme puc.4.91 mbl He o6o3Ha4MnNU
ydacTku Ha Tennonposoge T2%, Tak kak ero
napameTpbl (Harpy3ku 1 guameTtpbl TPYO) UaeH-
TUYHbI Tennonposoay T1 . MpuHUMaem noTepu
[AaBMEHUA CUCTEeMbl OTOMMEHWA MPU 3aKpPbITbIX
CMecUTeSbHbIX KrnanaHax WOeHTUYHbIMU roTe-
pPAM OaBMeHUA MpU OTKPbITBIX CMECUTESIbHbIX
KnanaHax, 3a UCKIoYeHeM noTepb AaBneHnA
TennoobMeHHMKa, 4Yepe3 KOTOPbIi TEMNoHOCK-
Tenb He npoxogut. MoaTomy, anAa obecrne4u-
BaHUA TMApaBnMyeckoro OanaHca pacyeTHbIX
cxem puc.3.206 n prc.3.20B, 3agaemca Tpeby-
eMbIM COMpPOTMBMEHNeM GanaHcoBOro BeHTUNA
no3.4 Ha Tennonposofe T2* paBHbIM CONPOTUB-
NEeHNIo TennoobMeHHMKa:

(AP,).s= AP.,=21000 Ma (21 [Ma).
Onpepenum  3Ha4YeHve  rMAPaBINHECKON

npeaHacTponKy BeHTUNA banaHcoBoro gpnaHue-
Boro LUTPEMAKC-GMF gna cosgaHua conpo-
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TmeneHna 21klMa npu pacxoge G, ,.=5676kr/4
(pnc.4.95).
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Puc.4.95. OnpepgeneHne 3Ha4yeHnA
rmapaBnmyeckon NpeHacTporKy BEHTUNMA
6anaHcoBoro ¢naHuesoro LUTPEMAKC-
GMF, d50 ¢ nsmepuTenbHbIMU KnanaHamu,
ap1.1421846 (no3.4 Ha Tennonposofe
T2* puc.4.91) Npn pacyeTHbIX 3HA4EHUAX
AP, =21,0kMa n G, ,.=5676Kr/u.

CnepyeT yCTaHOBUTb 3Ha4YeHVe ryugpasnunye-
CKOW NpeaHacTporKu BEHTUNA n=2,5 Npu 3agasa-
€MOM 3Ha4eHW noTepb fasneHna AP, =21klan
pacyeTtHom pacxope G, ,.=5676Kr/u.

Ha atom rugpasnuyeckuin pacyet OCHOBHO-
ro pac4yeTHOro LUMpKYNALMOHHOIO KonbLa Yyepes
cuctemy otonneHuAa aygutopun Ne6 Asnsetca
3aKOHYEHHbIM.

[mgpasnuyeckmn pacdeTr Bcex OcTalb-
HbIX LMPKYMAUNOHHBIX KOMeL BbIMONHAEM Ha
OCHOBaHWW NpefBapuTeNibHO BbIYUCIIAEMbIbIX
3HaAYeHWn pacnonaraeMoro LMpKynALMOHHOIO
OaBneHuA.

LupKyaayuoHHoe Koabyo Yepes3 cucme-
My omonAeHua aygumopuu Ne5 paccyuTbl-
BaeM TOMbKO AfA nocnefosarteribHbIX y4acTKOB:
perynupyembin y4actok AP, - (Mexay Toukamm
«A» 1 «b», Bkmovaa y4actkm Ne5 u Ne5*),
ydactok Neba* (Awa) 1 noTepu B perynaTope

pacxopa AP,_.. Pacnonaraemoe LMPKYNALMOH-

HOe faBrieHne onpefenAeM PaBHbIM NOTEPAM
naBneHunA napannenbHo npucoegnHeHHbIX
yH4acTKOB

(APPV5+ A’qu. 2t APPEI')TPEE.5=

=AP A+AP, =
yu.

5.

PACI colNe 1

= 46450 + 10102 = 56552 Ma(56,55 kl1a).

[ugpaBauyeckoe conpomuBaeHue peay-
AUPYeMo20 yyYacmea onpepenAaetca CyMMOW

noTepb AaBMEHUA Ha y4acTkKax, HaxoAALMXcA
Mexay Todkamu «A.» 1 «b», a UMeHHo,

AP, = AP+ AP

nomp.5™’
roe APnomp‘ 5~ = AP+ ZAP

y4.5, 5%

MoTepAMn paBneHWA B LUAPOBbLIX KpaHax
no3.6 MO)KHO NpeHebpeYb BBMAY MANoCcTh 3TUX
3Ha4eHwuin. MoTepun gasneHna B TpybonpoBodax
ydacTko Ne5, 5* (2AP . ) paccuuTbiBaeM npu
CnegyoLWmnxX UCXOAHbIX AaHHbIX:

- pacyeTHbIN pacxoq 860kr/y;

- obLas gnvHa 7m;

- anametp — d25mm;

- ckopocTb TennoHocutena 0,38m/c (npuno-
KeHne «A»);

- yoenbHaA notepA gasnenna 100Ma/m (npw-
noXeHne «A»).

SAP_ _..=1,3x(100x 7) =910 MNa.

y4.5, 5*.

AP =11000 + 910 = 11910 Na.

norp.5°

B ka4dectBe perynupytoLlero opraHa npu-
HMMaeM K YCTaHOBKE TPEXXOOO0BOW TEpMOCTaTL-
YecKUn KnanaH apt.17762 ¢ paBHONPOLEHTHOW
NPOMYCKHOW XapaKTepuCTUKON.

B cooTBeTCTBMM C pekomeHjaumAMmn pas-
pgena 3.1, cnegyer 3agartbCA aBTOPUTETOM
knanaHa 0.1<a <0,3. 3agagumca aBTOpUTETOM
a,..=02. Torpa Tpebyemoe MUHMMAanNbHOE
pacyeTHOe 3Ha4deHue nepenagja OasfeHuA Ha
PO (APp o) i 112 BBIYMCIIAETCA MO BblpaXke-

.0, T
HUo (3.11):

APnomp.5
(BP , o.1pE8 Imin = 1 =
— -1
av 1pep

1191
= 910 =2978[1la

g
02

Tpebyemasn ycrnoBHaA nponyckHaa crnocob-

3 -
HocTb PO k..., M4 onpepgenAeTca no Bbl

paxkeHuto (3.12):
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G 2
KvstPES = o 10 =

,0\/0,1 (AP, o 7pE5 Jmin
860
- 1
972\/0,1 x 2978

0°=513m /u

MprHUMaem K ycTaHOBKE ABYXXOOOBOW Kna-
naH apt.1776262, d20, k,_=5,0m%/4. Pac4eTHbii
nepenag gaenexHna Ha PO APP.O', MNa Bblyncna-
€TCA Mo BblpaXkeHuto (3.13):

860

=2958/7a.
50 9