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Mpeancnosune

Mpy co3gaHWn COBPEMEHHBIX 3haHWI Pas3fnMyHOro HasHayeHua paspabaTbiBaeMble CUCTEMbI OTO-
NNeHnA OOMKHbl 0bnafaTh COOTBETCTBYHOLLMMMW KadecTBamu, Npu3BaHHbIMK 0becrnednTb TennoBoi
KoM@opT unu Tpebyemble TemnnoBble YCNoBUA B MOMELLEHUAX 3TUX 3aaHuin. CoBpemeHHas cuctema
OTONJIeHVA OOMKHA COOTBETCTBOBATb MHTEPbepy MoMeLLeHWiA, ObiTb YOOOHOM B dKCnyaTauumn 1 npo-
cToi anAa nonb3osateneil. CoBpemMeHHas cucTema OTOMNeHUs NO3BOMAET B aBTOMATUYECKOM pexxume
nepepacnpepnensaTb TENOBble MOTOKM MeXAY MOMEeLLUEeHVAMU 34aHuA, B MaKCMMaribHOW CTENeHn uc-
nonb30Barth fobble BHOCKMbIE B OTarnMBaeMoe NoMeLleHne perynapHblie U HeperynapHble BHYTPeHHue
1 BHeLLHWe TensonocTynneHns, AomkHa ObiTb NPOrpaMMnpyemMon Ha fnodble TEMMOBbIe PEXUMbl SKC-
nnyatauumn noMeLLeHnin 1 3gaHus.

[nAa cozpaHna Taknx COBPEMEHHbIX CUCTEM OTOoMNeHnA TpebyeTca 3HauYuTenbHOe TeXHMYecKoe pas-
HooOpasune 3anopHON 1 perynupytoLLein apmaTypbl, onpeaeneHHbIn KOMMIeKC perynmpyroLmx npruoo-
POB 11 YCTPOWCTB, KOMMaKTHaA 1 HafeXXHasa CTPYKTypa TpybonpoBoaHoro komnnekTa. CTeneHb Hagex-
HOCTW KaK[0ro anemMeHTbl 1 Npubopa CUcTemMbl OTOMNMEHUA OOMKHA OTBeYaTb COBPEMEHHbIM BbICOKM
TpeboBaHVAM 1 ObITb UAEHTUYHOW MeXOY BCeMn areMeHTaMmn CUCTEeMbI.

HacToAwee nocobue no pacyeTy CMCTEM BOAAHOIO OTOMSEHUA MOCTPOEHO HA KOMMIIEKCHOM Mpu-
MeHeHun obopynoBaHua ¢prpmbl TEPLL ApmatypeH TMOX ans 3gaHuii pasnnyHoro HasHaveHus. [JaHHoe
nocobue paspaboTaHo B COOTBETCTBUM C AENCTBYIOLLIMMI HOPMaMU 1 COAEPXKUT OCHOBHbIE CNPaBOYHbIe
N TEXHNYECKMe maTepuarbl Mo TEKCTY U B MPUNoXKeHUAX. MNpun NpoeKkTnpoBaHny GONONHUTENBHO criegy-
€T MoNb30BaTbCA Katanoramu GupMbl, CTPOUTENBHBIMI 1 CAHUTAPHBIMX HOPMaMu, crieumanbHon cnpa-
BOYHOW NUTepaTypoil. KHura opmeHTMpoBaHa Ha CrneuuanicToB, MEoLMX obpa3oBaHie 1 NpaKTuKy
MPOEKTPOBaHWA B 06N1acTyi OTOMNNEHUA 3aaHui.

B mecAtu pasgenax gaHHoro nocobus npueefeHbl METOOUYECKUE yKasaHua 1 Npumepbl rmapasnu-
YeCcKOro 1 TEeMSIoBOro pacyeTa BepTMKallbHbIX I FOPU30OHTAIbHBIX CUCTEM BOAAHOMO OTOMMEHUA C Npu-
mepamu nogbopa 060pyaoBaHUA TEMMOBbIX MYHKTOB.

B nepBom pasgerne cuctemaTuanposaHa apmatypa ¢upmbl FTEPLL ApmatypeH MMGX, KoTopas ycrnos-
HO pasfeneHa Ha 4 rpynnbl. B cOOTBETCTBUM C MpPeACTaBeHHOW cucTemaTusaumnen paspaboTaHbl
METOAVKN KOHCTPYMPOBaHMA 1 MMOPaBINYeCcKOro pac4eta CUCTEM OTOMMEHNA, KOTOPbIE U3MOXKEHHbI B
pasgenax 2, 3 u 4 gaHHoro nocobus. B 4acTHOCTW, METOANYECKN Pa3NMYHbIMK NPEeACTaBNeHbl NpPUuH-
uMnbl nogdopa apmaTypbl BTOPOW 1 TPETben rpynmbl, ONpefeneHbl OCHOBHbIE MOMOXEHNUA NMo nogbopy
perynATopos nepenaga AaeneHuda. C uenbio cuctematn3aumm MeToAvKM rmapaBnMyeckoro pacyeta
pasnnYHbIX CUCTEM OTOMMEHNA B NMOCOOVM BBOAATCA MOHATUA «Perynmpyemblil yHacToK» LMPKYNALNOH-
HOro KofbLa, a TakXKe «nepBoe 1 BTOPOE HanpaBneHna rmgpaBnmyeckoro pacyerar.

Mo aHanoruv ¢ TUMOM HOMOTpaMMbl TMAPABNYECKOro pacyeTa Ansa MeTannonouMepHbix Tpyo, B
nocobun coctaBneHa HoMorpaMmma rmapaBnnMyeckoro pacyeTa CTanbHbIX TPYO, LUMPOKO MUCMONb3yeMbIX
ONA OTKPbITON MPOKNadK1M MarucTpanbHbiX TeMnonpoBogoB 1 And 06BA3KM 000pYyAoBaHVA TemnnoBbiX
nyHKToB. C Uenbio MOoBbILLIEHVNA WHGOPMATUBHOCTA U YMeHbLUeHnA obbema nocobusa HOoMOorpamMmbl
rMapaenmnyeckoro nofbopa knanaHoB (Hopmanu) AonofHeHbl nHopmaumen oblero Buga KnanaHa u
TEXHNYECKMMN XapaKTepucTKamy KnanaHa, KoTopble pasMmelleHbl Ha CBOOOAHOM YacTy Nomns HOMO-
rpammbl.

B natom pasgene npnBognTCA MeToanka no,q6opa OCHOBHOro smga o6opy,q0|3aH|/|F| anA TennoBbIX
Y3I10B, KOTOpaA 1ncnofib3oBaHa B nocnenyrLwnx pasgenax 1 B npumMmepax rmgpasnin4eckoro 1 tensioBoro
pac4eToB CUCTEM OTOMJIEHUA.

B wectom, cegbMOM 1 BOCbMOM pasfgeniax fAaHbl MpUMepbl pacyeTa pasnnyHbIX ABYXTPYOHbIX U
O[HOTPYOHbIX CUCTEM OTOMSIEHUA B COBOKYMHOCTM C pasfMyYHbIMI BapuaHTaMyi UCTOYHUKOB TEMoThl
— TOMOYHBIX UMK TENJIOBBIX CETEN. B npumMepax Takke fatoTca npakTuyeckne pekomeHgauum no nog6o-
py perynatopos nepenaga gasrieHus, Mo noabopy TPEXX0LOBbIX CMECUTENbHbIX KnarnaHos, no nogbopy
pacLUnpuTeNbHbIX 6aKoB, MO KOHCTPYMPOBaHMWIO MMAPaBIMYECKX pasaenvTeneil u ap.

[eBaTblii pasaen Coaep XUt MeToanuyeckme pekoMeHgaumm 1 npuMepbl pacyeta cUcTeMbl BOASHOrO
HarnosnbHOro OTOMMEHUA.

B pecAatom pasgerne npuBoguTcA METOAMKA TEMIOBOro pacyeTa CUCTEM BOAAHOIO OTOMNEHWA U Npu-
Mepbl Moadopa pasnuyHbIX OTONUTENbHBIX MPUOGOPOB AN BEPTMKATbHBIX U FOPU3OHTANbHbIX ABYXTPYO-
HbIX 1 OQHOTPYOHbLIX CUCTEM OTOMMIEHMA.

ABTOp BblpakaeT bnarogapHocTb auni. nHxeHepy A. I PyTkoBckomy 3a paboTy no peueHsuposa-
HUIO PYKOMUCK 1 COEeNaHHble LEHHbIE 3amMeYvaHus 1 peKoMeHZaLuum, KoTopble Obinu MCNonb30BaHb B
AaHHOM nocobuu,
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1. O6L e TexHNYeCcKne CBeAEeHNA O NPOAYKLN
¢dupmbl FEPL, ApmatypeH 'm6X

@upmon FEPL, ApmatypeH Mm6X npon3BoanTCA NOMHbIN KOMMNeKe 06opyaoBaHnA AnA BOAAHbIX CU-
CTeM OTOMIeHNA 1 XOnoAocHabXXeHWA: perynmpytoLLve Knanaxbl 1 3anopHas apmarypa, perynsaropbi
9MNEKTPOHHbIE 1 PEerynaTopbl NPAMOro AencTBrA, TPybonpoBoab! U coeanHUTENbHblE GUTUHI, BOAO-
rpeiHble KOTIbl U Apyroe obopyaoBaHue.

(upma FEPL| BbinyckaeT perynupytole KnanaHbl 4fia paguatopoB W AnA TennoBbiX MyHKTOB C
MHoroobpasuem TNopasmMepoB 1 UCMOMHUTENbHBIX MEXaHU3MOB K HUM. Hanpumep, ana paguartop-
HbIX KranaHoB BbIMyCKAETCA Camblil LUMPOKUIA AManas3oH B3aumMo3aMeHAEMbIX UCTIONHUTENbHbIX Me-
XaHN3MOB 11 TEPMOPEryNATOPOB — OT Pa3HO00pPa3sHbIX MO AU3ariHy U HA3HAYEHHO TEPMOCTaTNHECKUX
rOfOBOK MPAMOro AeiCTBUA A0 SNEKTPOHHbBIX nporpammupyembix MNO-perynatopos.

MeToavka rugpaBnnyeckoro pacyeTa, U3noXxeHHas B Nocobun, BUAOU3MeEHAETCA B 3aBUCUMMOCTY OT
BMAa NPUMEHAEMbIX KnanaHoB, OT UX KOHCTPYKTUBHbIX U rMApaBnnyeckmnx xapakrepuctuk. Mol nog-
pasgenunu apmarypy 'EPLL Ha cnegytoLlme rpynnbi:

3anopHaAa apmartypa.

[pynna yHuBepcanbHOW apmMaTtypbl, He UMetoLLen rmapaBnn4ecKon HaCTPOMKN.

[pynna apmatypbl, UMeloLLaA B CBOEN KOHCTPYKLMM YCTPOWCTBA MO HACTPONKE rMApPaBInNyecKoro co-
NPOTUBREHUA Ha Tpebyemoe 3HajveHue.

K nepBoli 2pynne apmvatypbl, 3KCMyaTVpyemMoi B NMOMOXEHUAX MOSIHOrO OTKPLITUA UMW MOSTHOIO
3aKpbITVA, OTHOCATCA:

- BeHTUnu 3anopHole LUITPEMAKC-D, LULTPEMAKC-A, LUTPEMAKC-AD, LUTPEMAKC-G,
LUTPEMAKC-AG,

- 3apBvkku NEPL,

- BEHTUNK 3anopHble ana pagunartopa NEPLU-RL-1-E, TEPU-RL-1,

- WapoBble, NPOoOKOBbLIE KpaHbl 1 Apyrasa nogobHas apmarypa.

Ko Bmopolt epynne apmatypbl, He UMEIOLLEN MMAPaBINYECKON HACTPONKN MOXKHO OTHECTU:

- TepmocTatnyeckune knananbol FEPL-TS-90, TEPL-TS-90-E, TEPL-TS-E,

- y3nbl OAHOTOYeYHoro nogkntodeHna K paguatopy NEPLL-VUA-T, TEPLI-4WA-T35,

- y3nbl nogkntodenHna NEPLL-3000,

- yanbl nogkntoyeHusa N'EPL-2000 ana ogHOTPYOHbIX cUCTeM,

- Y3Mbl OAHOTOYEYHOro nogknioyeHuna K pagunatopy NEPL-VTA-40, TEPLI-VTA-40-Uni,
rEPU-VUA-40,

- TpexxogdoBble TepmocTaTndeckne knanarbl CALIS-TS,

- KnanaHbl Tpexxofgosble perynupytoine NEPL, art.Ne 4037,

- pacnpegenuTteny ana Nnoakno4eHnA pagnaTopos,

- Apyras nogobHaa apmarypa B NOCTOAHHO OOHOBIIAEMOM acCOPTUMEHTE BbiNycKaemo Npoayk-
umu dupmbl TEPLL ApmatypeH MmbX.

K mpemeoel 2pynne apmatypbl, UMEIOLLIE rMapPaBNMYECKy0 HACTPOIKY AN YyCTaHOBKY Tpebyemo-
ro rmapasnMyecKoro ConpoTUBAEHNA, MOXXHO OTHECTY:

- TepmocTatmnyeckne knananbol FlEPL-TS-90-V, TEPL-TS-98-V, TEPL-TS-FV,

- BeHTUnK GanaHcosble AnAa paaunatopa FEPL-RL-5,

- BEHTUNK py4Hble paguatopHblie NEPL-AS-T-90, TEPLI-AS, N'EPL-GP,

- yanbl nogkntodeHna FEPL-2000 ana ABYXTPYOHbIX CrCTEM,

- BeHTunmn 6anaHcosble LUITPEMAKC-GM, LUTPEMAKC-M, LUTPEMAKC-GMF,
WTPEMAKC-MFS, LWUTPEMAKC-GR, LUTPEMAKC-R,

- aBTOMaTtn4ecknin perynatop nepenaga gasnexdua NEPL art.Ne 4007,
FEPL art.Ne 48-5210...48-5214,

- aBToMarun4eckuin perynatop pacxoga INEPL] art.Ne 4001,

- KnanaH nepenyckHon anAa nopgaep>kaHua nepenapga gasneHna N'EPLL art.Ne 4004,

- pacnpegenutenu AnA HanonbHOro OTONMAeHNA,

- Apyras apmatypa B NMocToAHHO OGHOBMAEMOM aCCOPTUMEHTE BbiNycKaemMoii NpoayKLum
oupmbl FTEPL, ApmatypeH MmbX.

K ocoboli epynne apmatypbl crieqyeT oTHecTu knananbl cepun NEPLI-TS-90-KV, koTopble no cBoe
KOHCTPYKLMI OTHOCATCA KO BTOPOIA rpynne, HO nogbupatoTca no MeToavke pacyerta KnanaHoB Tpe-
Tben rpynnbl.
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2. BbIGOp 1 KOHCTPYMPOBaHNe CUCTEMbI OTOMJIEHWNA

Cuctembl OTONNEHMA, a TaKXKe TUM OTOMUTENbHbIX I'IpVI60pOB, B/A 1 napamMeTpbl TeNOHOCUTENA Npun-
HUMaKOTCA B COOTBETCTBUN CO CTPOUTESIbHBIMN HOPMaMn 1 3agaHnemMm Ha npoeKTunpoBaHue.

Mpy NPOEKTUPOBaHNM OTOMNEHNA HEOOXOAMMO NpeaycMaTpuBaTb aBToMaTMyeckoe perynmpoBaHue
1 Npubopbl y4eTa konm4yecTBa NoTpebrnAemMon TennoThl, a Takke NPUMEHATb SHeproadpdGeKTUBHbIE pe-

LeHuna 1 obopyaoBaHue.

2.1. Bbl6Op 1 pa3meLueHne oTonuTesNibHbIX NPUOGOPOB N 3N1IeMEHTOB CUCTEMDbI

oTonneHnAa B nomMmeLwleHnAx 3gaHnA

lpoexkmupoBaHue omonAeHuUA npegno-
Aazaem KOMNAEKCHOE pelleHUe CAegyioljux
3agau:

1) uHOMBMAYyanbHbIA BbIOOP OMTMMAIbHOMO
BapuaHTa BuOa OTOMMEeHWA 1 Buaa OTOMUTENb-
Horo npubopa, obecne4ymnBaoLLnX KOMOPTHbIE
YCrNoBUA ANA Ka)KAOro MOMELUEHNA U 30HbI
NMoMeLLeHuA;

2) onpegeneHne MecTOMONOXeHNA oTonu-
TenbHbIX NPUBOPOB U X TpebyeMbIX pa3amepos
ansa obecneveHna ycnosuin komeoopTa;

3) vHAMBMAyanbHbIN BbIOOP ANA KaXKgoro
oTonuTenbHOro npubopa Buaa PerynupoBaHus
N MECTOMONOXEHNA AATHMKOB B 3aBUCMMOCTU
OT HasHauyeHVA MOMELLEHUA 1 ero TernnoBou
WHEPLUMOHHOCTN, OT BEeNMYMHbI  BO3MOXKHbIX
BHELLUHUX W BHYTPEHHUX TennoBbIX BO3MYyLLe-
HWiA, OT BUAA OTOMUTENbHOro nNpubopa 1 oT ero
TENMNOBOW WMHEPLUMOHHOCT U Ap., Hanpumep,
LBYXMO3MLIMOHHOE, MPOMopLYOHanbHOe, Npo-
rpaMmypyemoe perynipoBaHue 1 T.m.;

4) BblbOp BMAA NOACOEAUHEHNA OTOMUTENb-
Horo npubopa K TeNNoNpPoBOAaM CUCTEMbI OTO-
nneHus;

5) pelueHne cxeMbl pasmelleHvsa Tpybo-
npoBofoB, BbibOp BuAa Tpyd B 3aBUCUMOCTU
oT Tpe6ye|\/|b|x CTOMMOCTHbIX, 3CTEeTU4eCKux u
MoTPebUTENbCKUX Ka4YeCTB;

6) BbIOOpP CXeMbl MPUCOEAUHEHWA CUCTEMbI
OTONJIeHNA K TENoBbIM ceTaM. [Npu npoekTupo-
BaHUW BbIMOMHAOTCA COOTBETCTBYHOLLME TEMIO-
Bble U TMOPaBnNUYeckne pacyeTbl, NMOo3BOMAl0-
Wwme nopobparb Martepuarnsl 1 obopynoBaHue
CUCTEMbl OTOMEHMA U TEMNOBOIO MyHKTA.

OnTtymanbHble KOMGOPTHBIE YCNOBUA JOCTU-
ratoTcA NpaBubHbIM BbIGOPOM Buaa OTOMNNEHNA
n BUga otonuTtenbHoro npubdopa. OTonmTEnb-
Hble Npubopbl crnegyeT pasmellaTtb, Kak npa-
BUIO, MO/ CBETOBLIMY Npoemamu, obecrneymnsas
JOCTYN Af1IA OCMOTpa, PEMOHTA U OYUCTKM (puC.
2.1a). B kayecTBe oTOMMTENbHbLIX MNPUOOPOB
pPEKOMEHAYETCA UCMOoNb30BaTb pagnaTopbl Unm
KOHBEKTOPbl. Pasmeluatb oTOnUTENbHbIE NpU-
OOpbl PEKOMEHYETCA Y KaXKAON Hapy>XHOW cTe-
Hbl MOMELLEHNA (NPWY HamMyuy B MOMELLEHUN
OBYX 1 Obonee Hapy>XHbIX CTEH) C LieJbto NNKBU-
Jaunn HACXOZALLEro Ha Mon XOnogHOro NoToka
Bo3ayxa. B cuny Tex »xe o6CTOATENLCTB ANnMHa

oTonuTenbHOro npubopa AOMmKHa COCTaBnATb
He meHee 0,9-0,7 WMprHbI OKOHHbIX NPOEMOB
oTannvMeBaeMblx nomeLyeHun (puc. 2.1a). Non-
Has BbiCOTa OTOMMTENbHOrO Mprbopa JoMmKHa
ObITb MeHbLLIE PaccTOAHUA OT YMCTOro nona o
HM3a MOJOKOHHOWM JOCKMU (MnN HU3a OKOHHOro
npoema npu ee OTCYTCTBMU) Ha BENUYUHY He
meHee 110 Mm.

[nAa nomeLlleHWin, Nonbl KOTOPbIX BbIMNONHE-
Hbl U3 MaTepuaroB C BbICOKO TEMNMOBON aKTuB-
HOCTblO (Kepamuyeckaa niuTka, HaTypanbHbIi
KaMeHb 1 T.M.) LenecoobpasHo Ha $oHe KOH-
BEKTUBHOIO OTOMMEHNA C MOMOLLIbIO OTOMMUTENb-
HbIX NPMOOPOB CO3[aTh CaHUTApHbIN 3GPEKT C
MOMOLLIbIO HAMoMbHOIO OTOMJIEHNA.

B nowmelleHUAX pasnnyHoro HasHa4yeHuA
BblcoTO Goriee 5 M Mpu Hanuyum BepTuKasb-
HbIX CBETOBbIX MPOEMOB CrnefyeT Mnog HUMK
pasmellatb OTonuTeNlbHble Mpubopbl  ANA
3almTbl paboTaloLWLMX OT XONoAHbIX HUCXoad-
LMX MOTOKOB BO3gyxa. B 10 »xe BpemA Takoe
peLueHne co3fgaeT HEeMnocpefcTBEHHO Yy nona
MOBbILLEHHYIO CKOPOCTb XONOAHOMO HacTunaro-
LLleroca BLOMb Mona noToka Bo3ayxa, CKOPOCTb
KoToporo 3a4yactyto npesbiwaet 0,2...0,4 wm/c
(pyc. 2.16). C yBenuyeHMem MOLLHOCTM Mpu-
6opa AMCKOMGMOPTHbIE ABMEHWA YCUNMBAIOTCA.
Kpome Toro, ms-3a yBenuyeHua Temnepartypbl
BO3[yXa B BEPXHEN 30HE 3HAYMTESIbHO BO3pac-
TaloT TENNONOTEPY NOMELLIEHUA.

B Takux cnyyasx ona obecrnieyeHua Tenso-
BOoro komdopta B pabo4yelt 30HEe U CHUKEHUA
TENnonoTepb PeKoMeHAyeTcA MNPUMEHATb Ha-
MonbHOe OTOMMEHUe WNK NyYUCcToe OToMNeHne
C MOMOLLBIO pafnauUMoHHbIX HarpeBaTerbHbIX
npubopoB, pacronaraemMbiXx B BEpXHel 30He
Ha BbicoTe 2,5...3,5 M (puc. 2.16). JdononHu-
TENbHO crnegyet nop CBETOBbIMK MpoeMamu
pasmellaTb OTOMNUTENbHbIE MPUOOPLI C TEnmno-
BOM Harpys3kon Ha BO3MELLEHMEe TennonoTepb
JaHHoro cBeToBOro npoema. Mpu Hanuyum B
TakMx NOMeLLeHNAX NOCTOAHHbIX pabo4nx MecTt
peKkoMeHayeTcA NPUMEHSATb NoKanbHoe oTomne-
HVMe B 30Hax pabo4ymx MecT AanAa obecrnevyeHus
B HUX TennoBoro komédopTa ¢ NomoLlbo nunbo
CUCTEM BO3AYLLUHOrO OTOMneHud, nubo ¢ no-
MOLLIbIO NOKasbHbIX PaavaLyoHHbIX Nprbopos
Hag pabo4umun mMecTtamu, NMOo C MOMOLLBHO
panvaLnoHHbIX BepTUKanbHbIX OTOMUTENbHbIX
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naHenem CO BCTPOEHHbIMW HarpesaTesflbHbIMU
anemMmeHTamu. B ocTanbHOM 30He NomeLLeHna B
npegenax BbicOTbl 2 M obecrneymBaeTca TeMm-
eparypa Bo3fyxa He meHee 10 °C »xenatenbHo
TEMU >Ke oTonuTenbHbiMU cpefcTeamu. [pu
3TOM MOA CBETOBbIMW NpOeMamMun (OkHamu) Ans
3awyTbl paboTaroLmx OT XONMOAHbIX HMCXoAA-
LLIX NOTOKOB BO3fyxa crefyeT pasmeLlarb oTo-
nuTenbHblE NPUOOPLI C TEMMOBOW HArpy3komn Ha
BO3MeLLEeHNe TennonotTepb JaHHOrO CBETOBOro
npoewma.

Mpn HanU4YKMK B NEPEKPbLITUN BEPXHNX CBETO-
BblX NMPOEMOB B Buae doHapen, Kynonos u T.M.
(pvic. 2.1B) oTonuTeNbHbIE NPUOOPBI TAKXKe cre-
OyeT pacnonararb HEMOCPEACTBEHHO NOA HUMM,
yCTaHaBnmMBasa nx Ha nosny unm cteHe. MNMpu atom
pacyeTHylo TernnoByto Harpy3ky npubopa cre-
LyeT NPUHMMATb PaBHOWM pacHeTHbIM TEMMOBbIM
noTepAM JaHHOrO BEPXHEro CBETOBOro Mpoema
¢ 3anacom 10-20 %. B npoTmBHOM criy4ae Ha
MOBEPXHOCTW OCTEKINEHNA NPON30NAET KOHOEH-
caTtoobpa3zoBaHue.

a) " ; Bun A

i § =0

6)‘%?5’4%:
\ s 1
Hﬂgj% ] L»ﬁ J 4

B)

Puc. 2.1.: TlpuMepbl pasmeLleHa oTONUTENbHbIX NPUOOPOB B MOMELLIEHUAX

a) B XKUMbIX U aAMUHUCTPATUBHbIX MOMELLIEHMAX BbICOTON 10 4 M;
6) B NOMeLLIeHNAX PasnMYHOro HasHa4eHuA BbicoTol bonee 5 Mm;
B) B MOMELLEHUAX C BEPXHUMYW CBETOBbLIMY NMPOeMaMu.

B opgHon cucteme oTOMfeHWA gonyckaertcA
1Cronb3oBaHne OTOMUTENbHbIX NPUOOPOB pas-
JINYHbIX TUMOB.

BcTpoeHHble HarpeBaTtenbHble 3MeMeHTbl
He pOonyckaeTcsA pasmellatb B OOHOCMOWHbIX
HaPY>KHbIX UM BHYTPEHHUX CTEHAX, a TakXe B
neperopojKax, 3a UCKMoYeHem Harpesarterb-
HbIX OJIEMEHTOB, BCTPOEHHbIX BO BHYTPEHHWE
CTeHbl U B Neperopofky nanar, onepaunmoHHbIX
N Opyrux nomeLleHuii ne4ebHoro HasHa4eHuA
GonbHUL,.

Jonyckaetca npegycmatpvBate B MHOrO-
CMOVHbIX HaPY>XXHbIX CTeHax, MepekpbITUAX U

nonax HarpesatesibHble 3NemMeHTbl BOOAHOIO
oTonneHnA, 3aMOoHONMN4YeHHble B OeTOoH.

B necTHUYHbIX KneTkax 3gaHuin go 12 ara-
)Kei oTonuTernbHble Npubopbl JonyckaeTca pas-
MellaTb TONMbKO Ha MEepBOM 3Ta)Ke Ha YPOBHe
BXOAHbIX [Bepei; yCTaHOBKa OTOMMUTENbHbIX
NprbOPOB 1 MpOoKNaaka TennonpoBoaoB B 00b-
eme Tambypa He gornyckaercs.

B 3paHuAX neqebHbIX yupexxaeHuin oTo-
nuTENbHblIE MPUOOPbI HA NECTHUYHBIX KNeTkax
PEKOMEHIYETCA YCTaHaBnMBaTb Ha KaXkAom
aTaxe.
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OtonuTenbHble Mpubopbl He criefyeT pas-
MeLlaTb B OTCekax TamOypoB, MMEIOLMX Ha-
Py>XHble ABEpM.

OtonuTenbHble MpUGOPbl Ha NECTHUYHOM
KneTke crefyeT MPUCOEAMHATb K OTAesNbHbIM
BETBAM W CTOAKAM CUCTEM OTOMNEHUA.

Tpy6onpoBofbl CUCTEM OTOMNEHUA cregyeT
MPOEKTMPOBaTb U3 CTalbHbIX (KPOME OLWHKO-
BaHHbIX), MefHbIX, NaTyHHbIX Tpyd, a Takxe
TEPMOCTOVKMX MeTaniononMMepHbIX 1 Nomnu-
MepHbIX TpyO.

TpyObl U3 MONMMEPHLIX MaTepuanoB Mpo-
KnadbiBalOTCA CKPbLITO: B KOHCTPYKUMW Mona,
3a aKpaHamu, B LUTpabax, axTax 1 KaHanax.
OTKpblTas npoknagka 9Tux TpybonpoBoOoB
fornyckaetca TONbKO B npefdenax MoXXapHow
CeKUMA 30aHus B MecTax, rae WCKni4vaeTcs
UX MeXaHN4ecKoe NoBpeXaeHne, BHELLHW Ha-
rpeB Hapy»xHol noBepxHocTu Tpyb Gonee 90 °C
1 NpAMOe BO3AeNcTBre ynbTpadroneToBoro ns-
ny4deHua. B komnnekTe ¢ Tpybamu 13 nonvmep-
HbIX MaTepuanos creayeT NPUMeHATb CoeauHI-
TenbHble JeTanu 1 U3Oenus, COOTBETCTBYOLLIME
npYMeHAeMOoMy TUny Tpyo.

YKnoHbl TpyGonpoBOZoOB criefyeT MNpuHU-
maTb He meHee 0,002. [JonyckaeTca npoknagka
Tpy6 6e3 ykrnoHa npu CKOPOCTY ABVXKEHWA BOAbI
B HUX 0,25 m/c n 6onee.

3anopHyto apmatypy cregyeT npegycma-
TpuBaTb: ANA OTKMKOYEeHMA 1 Cnycka BOAbl OT
OTaAenbHbIX KOomnel, BeTBell W CTOAKOB CUCTEM
OTOMMEHNA, ANA aBTOMaTUYeCKM UNU AUCTaH-
LIMOHHO yrpaBrAeMbIX KNanaHos; Ansa OTKMoYe-
HWA YaCTMN UM BCEX OTOMMUTESbHbIX NPMGOPOB B
MOMELLIEHUAX, B KOTOPbIX OTOMMeHNe 1CMonb3y-
eTCA nepunognyeckn nnn H4actm4Ho. 3anopHy+o
apmatypy cregyeTt npegycmatpvBatb CO LUTY-
Lepammn ana NpUCoeanHeHNs LLNaHros

B HacocHbIX cuctemax BOAAHOro oTonneHns
cnegyet npegycMmatpueatb, Kak npasuso, npo-
TOYHbIE BO3[YyXOCOOPHVKU, KpaHbl U aBToMa-
TUYECKNEe BO3OyXO0OTBOAYMKN. HenpoTo4Hble
BO3/yXOCOOPHVKIN [OMycKaeTcA npegycMarpu-
BaTb NPV CKOPOCTW ABVXKEHWA Bofbl B Tpybo-
nposoge meHee 0,1 m/c. MNpu ncnonb3oBaHUN
He3amep3alolwen  KUAKOCTU  »KenaTtenbHOo
ucnonb3oBatb AnA OTBoAA BO3dyxa asToMa-
TUYECKNe BO3QyXOOTBOAYMKM - cernapaTtopbl,
yCTaHaBnMBaeMble, Kak MpaBuiio B TEMSIOBOM
NyHKTE «J0 Hacoca».

B cnctemax oTonneHuA ¢ HWKHeN passoj-
KoM MarucTparnen anAa yaaneHna so3gyxa npeg-
ycMaTpuBaeTcA yCTaHOBKa BO34YXOBbIMYCKHbIX
KpaHOB Ha HarpeBsaTenbHbIX Npnbopax BepXHUX
3TaXKel (B ropn30oHTanbHbIX CUCTEMAX - HA KaXK-
LOM HarpeBatesnibHOM nprbope).

Mpy NPOEKTUPOBAaHNM CUCTEM LiEHTpasnbHO-
ro BOAAHOIO OTOMSEHUA W3 MONUMEPHbIX TPyo
cnepyeT npegycmartpuBaTtb npubopbl aBTOMa-
TUYECKOro PerynmpoBaHuna (orpaHuynTenb Tem-
nepatypbl) C Lenblo 3almTbl TPyOONpoBOJOB
OT MpEBbILLEHNA NapamMeTpPoB TEMnoHOCUTENA.
Ha kaxgom aTake ycTpanBatoTCA BCTPOEHHbIE
MOHTa>KHble LuKadbl, B KOTOPbIX JOJKHbI pas-
MellaTbCA pacnpepenuTeny c OTBOAALLMMM
Tpy6onpoBogamu, 3arnopHaa apmartypa, ¢unb-
Tpbl, GanaHcoBble KnanaHbl, a TAKXKE CHETHUKN
y4eTa Tenna.

TpyGbl Mexxay pacnpegenuTensamu U oTo-
nUTENbHbIMK  MprbopamMn  MpoKnadbiBatoTCA
Yy Hapy>XHbIX CTE€H B CreuuanbHOi 3aLUnTHON
roppupoBaHHoi Tpyde Unu B TeNNou3onauum, B
KOHCTPYKLMI MoJa U B crieuuarbHbIX MIMHTY-
cax-kopobax

2.2. YcTpoiicTBa AnA perynnpoBaHnA TenaooTgaym otonutenbHoro npuéopa.
Cnoco6bl NpNcoeanHeHNI pa3nn4yHoro Tuna oTonnTesibHbIX NPUGOPOB K TPy-

6on poBojgam cuctemMbl OTOMIeHNA

[na perynupoBaHua Temneparypbl BO3ayxa
B MOMELLIEHNAX Y OTOMUTENbHbIX NPUOOPOB cre-
LyEeT yCTaHaBnMBaTb PerynvpyoLLyto apmartypy.

B nomelleHMAX ¢ MOCTOAHHbIM MpebbiBa-
HMeM ntofen, Kak npaBuro, ycTaHaBnuMBaroTcA
aBTOMaTUYeCKre TepMoperynaTopsbl, obecneyu-
BaloLMe nogaep)xaHve 3agaHHowm Temneparty-
pbl B K&XKOOM MOMELLEHNN 1 SKOHOMUIO Nodayn
Tenna 3a CYEeT WCMofb30BaHNA BHYTPEHHUX
TennonsobITKoB  (ObITOBblE  TEMnnoBblAeneHus,
CONMHEeYHaA pagmauua).

He meHee yem y 50 % oTonUTENbHbLIX NPK-
6opoB, yCTaHaBMMBAaEMbIX B OAHOM rMOMeLLe-
HUW, crepyeT ycTaHaBnvBaTb PEerynupyroLLyto
apmartypy, 3a UCKIIIo4YeHUEM NprbOpoB B Nome-

LeHnAX, rge nmmeeTcA onacHoOCTb 3amMep3aHunA
TenyioHocuTenA.

Ha puc. 2.2 nokasaHbl pasnn4Hble BapuaH-
Tbl PEFYNATOPOB TEMMEPATYPbl, KOTOPbIE MOIYT
ObITb YCTAHOBMEHbI Ha TepMocTaTU4Yeckuii pa-
ANaTOPHbIV KnanaH.

Ha puc. 2.3 un puc. 2.4 nokasaHbl BapuaHThl
Hanbonee pacnpocTpaHeHHbIX NPUCcoeaNHEHNI
pasnMYHOro TuMna OTOMWTESNIbHBIX MPUOOPOB K
OBYXTPYOHbIM U OOHOTPYOHBIM cuUCTEMAM OTO-
nneHuA.
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o

3a

52 A—

Puc. 2.2.: CxeMbl yCTaHOBKM Hanbornee pacnpocTpaHeHHbIX pPerynaTopos,
yCTaHaBnMBaeMblX Ha pagnatopHbIn TepMocTaTudeckuin knana MEPL.

1 - knanaH NEPL, TepmocTatnyeckun;

2 - ronoska TepmocTtatnydeckaa MNEPL, unn
3MNEKTPOHHaA TepmocTaTMyeckasa rofios Ka
HR 40, (unn npusog py4Hown EPLL);

3 - ronoBka TepmocTatudeckaa NEPL - ¢
BbIHOCHbIM AaTyuKoM (3a-kanunnap d 2 v,
36-martymk-TepmobannoH B Kopryce);

4 - ronoBka TepmocTtaTtndeckaa NEPL| - ¢

BepmuKanbHaa cucmema omonAeHuAa

BbIHOCHOW
d 2 mMm);
5 - Tepmonpueog MEPLL (unu npueog DDC,
NN 3NIEKTPOHHAA TepMocTaTmyeckan
ronoeka HR 40 F);

6 - 9NEeKTPOHHbIN ABYXMO3ULNOHHBIA pery-

nATop (Mnu anNeKkTpoHHbIN perynatop NEPL-
RTC).

perynupoBkon  (4a-kanunnAap

T11

BapuaHm "A" BapuaHm "B"
8 1 Q 4
111
Troal I
= 5
7 9

|

[opusoHmMaAbHaa cucmema omonAeHUA

3 7 8 8 4

4

T21 T21 f

Puc. 2.3.: Cxembl Hanboree pacnpocTpaHeHHbIX MPUCOEANHEHNI OTOMUTENbHbIX
NprGOPOB Pa3NNYHOro TUNa K ABYXTPYOHbIM CMCTEMAM OTOMNIEeHUA

1 - knanaH TepmocTartnyeckun N'EPL-TS-90,
NPOXOAHON;

1a - KnanaH TepmocTaTM4ecKnii ¢ rugpasnu-
YecKol 6anaHCcoBOWN HACTPOKOW MPOXOAHOW
MEPU-TS-90-V, TEPU-TS-98-V, TEPU-TS-
FV;

2 - BeHTWNb 6anaHcoBbIN pPaanaTopHbIN
EPU-RL-5, npoxogHow;

3 - knanaH TepmocTtaTtudeckun NEPLI-TS-90,
YrMoBOW crieuymnanbHbin, n3 rapHutypa NePL
2000;

4 - rapHUTYp ONA NoaKMoYeHNA pagnaTopos
K ABYXTpYOHbIM cuctemam MEPLL 2000, B Tom
yucne: ysen nogknyeHuAa apt. 1717501,
coeauHUTENbHaA TpybKa, KnanaH yrrnoBou

cneyunanbHbin apT. 1772892,

5 - y3en OOHOMECTHOrO MOAKMOYEHUA
FEPL-VTA-40, ona pByxTpyOHbIX cucTem,
apt. 1776751,

6 - ysen nogknoyeHna TEPLL 3000 pgna
OBYXTPYOHbIX CUCTEM;

7 - perynatop pagvaTtopHblii, Hanpumep,
ronoBka TepmocTatMyeckaa u ap. (cwm.
puc. 2.2);

8 - B0O3Qyx00TBOOHNK paanaTopHbIii;

9 - oTONMTENbBHBIN NpUdop Nboro TUNa:
10 - OTONUTENbHBIN CEKLMOHHbIV MPUOOop;
11 - BEHTUNb 3anOpHbIN LUTPEMAKC;

12 - perynAatop nepenaga aasnexHua NEPL.
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Puc. 2.4.: Cxembl Hanbornee pacnpocTpaHeHHbIX MPUCOEANHEHN OTONMUTENbHbIX
NpubopPOoB Pas3nMYHOro Tuna K ogHOTPYOHbLIM crCTeMaM OTOMNEHUA

1 - knanaH Tepmoctatnyeckun NEPL-TS-90-
E vinn FTEPU-TS-E, npoxogHo;
2 - TPEXX00BOM TEPMOCTATMYECKMI KnanaH
CALIS-TS B ucnonHeruun 3-D ;

3 - knanaH TepmocTartnydeckun NEPL-TS-90,
YrnoBow cneunaneHbin, 3 rapHutypa NEPL|
2000;

4 - rapHUTYp ONA NOJKMYeHNA pagnaTopos
K 0IHOTpYy6HbIM crucTemam FEPLL 2000, B Tom
yucne: y3en nogkntodeHunsa apt. 1717301,
coeMHUTENbHAA TpyOKa, KnamnaH YrmnoBoMn
cneynanbHbIn apT. 1772892,

5 - ysen OQHOMECTHOrO MOAKNIYEeHNA
FEPL-VTA-40, Oona oAHOTPYOHbIX cuUcTeM,
apt. 1776741;

6 - ysen nogkmodeHua EPLL 3000 gnsa
OJHOTPYOHbLIX CUCTEM;

7 - perynaTop paguartopHsbin (CMm. puc. 2.2);
8 - B0O3Qyx00TBOOHNK pagmnaTopHbIii;

9 - oTONMTENbHBIN NpUbop Nboro TUNa:
10 - OTOMNUTENbHBIN CEKLMOHHbIV NProOop;

11 - BeHTUNb 6anaHcosbii LUTPEMAKC unu
perynatop pacxoga NEPL, (c kpaHom pAnA
cnvea Bogpl);

12 - KpaH WapoBoOn (C KpaHOM AnA cnvea
BOAbl).

PasHocTopoHHEee npucoeanHeHre Tpy6onpoBodoB K oTonuTenibHOMY npubopy crnegyeT npegycma-
TpvBatb Npu ero gnuHe 2,2 M 1 6onee (6onee 1,5M B cucTeMax C €CTECTBEHHON LMPKynALMen).

PekomeHzyeTcA ycTaHOBKa apMatypbl Ha 0benx NofgBoakax otonuTenbHoro npubopa, 4to obecne-
yYmMBaeT HafleXXHYo rMapaBNYecKyto HanagKy CUCTEMbl, @ TakXKe BO3MOXXHOCTb CHATUA OTOMUTENbHOMO
npubopa 1 crmea Bogbl NMPU NoKanbHbIX PEMOHTHbIX paboTax.

Bo3MoxXHOCTb Nto6Oro BapraHta apMarypbl AnAa 06BA3Ky oTonuTenbHoro npudopa obecneymsaet
MOMHbIN CNEKTP Bbinyckaemon apmatypbl EPLL.
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2.3. Bbi6op cxeMbl NpUcoegnHEHNA cucTeMbl BOAAHOIO OTOMJIEHNA K TenJo-

BbiM CeTAM

[MpucoepnHeHne cuctembl BOAAHOIO OTO-
NAEeHNA K LeHTpann3oBaHHbIM TEMNOBbIM CETAM
OCYLLIECTBNAETCA B TEMMOBOM MyHKTe 3haHuA
no 3aBUCMMOW NN He3aBUCUMON cxemam. [pu
3aBVICMMON CXeme MpucoeavHeHNsa TernoHo-
cuUTenb LEeHTPanmn3oBaHHbIX TEMnoBbIX CeTen
NCrnonb3yeTcA HENoCPeAcTBEHHO B CUCTEME
oTonneHuA. MNpn He3aBUCUMOWN CXeme npucoe-
OVHEHVA NPUMEHAETCA TEMNOOOMEHHNK, pa3ae-
NAOLLMIA TENIOHOCUTEN CUCTEMbI OTOMSIEHNA U
TENnoBbIX ceTen. 3aBMUCMMaA Cxema ABfAeTcA

-

Hambonee [feLLUeBOi U MPOCTOM B MOHTaXe U
aKcnnyatauuun. Hesasncrmas cxema npucoegu-
HEHMA MCNONb3YeTCA NPU HELOCTAaTOYHOM WK
BbICOKOM AnA aKcnnyaTmpyeMOM CunCTemMbl OTO-
NNeHna rMapocTaTMyeckoM AaBNeHN Ha BBOAE
TENnoBOW CeTn B TEMNOBOWN NYHKT 34aHUA.

3aBucyMan cxema MNPUCOEeOUMHEHNA MOXET
6bITb HEMOCPEACTBEHHON (puyC. 2.5a) unm ¢ npu-
MeHeHVeM y3na cmeLleHus (puc. 2.56).

Puc. 2.5.: 3aBrucumas cxema npucoegnHeHmnAa cucTtemMbl BOOAAHOIO OTOMJ1IEHUA

K TernjoBbliM CETAM:

a) cxema HernocpeacTBEeHHOro NpucoeanHeHs;
6) cxema nNpucoeanHeHNA C Y3roM CMeLLeHNS;

B) y3€n CMeLLUeHVA B BUAE Heperynnpyemoro BOAOCTPYHOro anesaropa;
I) TO )KE C perynvpyroLmm KnanaHom (HenpaBuiibHOE peLLEHUE);
L) TO >Ke B BUAE PerynmpyemMmoro BOJOCTPYNHOrO a1eBaTopa;

€) TO XKe C perynupyoLLMm ABYXX0A0BbIM (APOCCENMPYIOLLMM) KnanaHoMm 1 nogmMeLuvsatomm /
UNW LMPKYNALMOHHbIM Il Hacocowm;

)K) TO XKe C perynmpyroLmMM CMecuTenbHbIM TpexxogoBbiM knanaHom MEPL] art.Ne 4037 ¢ npu-
BofoM K Hemy 400 H (nnmn 500 H, nnn 800 H) n nogmewmnsatoLimm I nnn uMpKynaunoHHbim Il
HacocoM;

3) TO >Ke B B/ rMapaBnnyecKoro pasaenutena ¢ perynmpyroLum AByXX040BbIM (Opoccenmpyto-
LWKUM) KnanaHoM 1 LUMpKYnALNOHHbIM Hacocom I,

1) TO XKe B BUE YETbIPEXXO0BOro perynvpytoLLlero KnanaHa v umpKynaumoHHoro Hacoca I

1 - BOJOCTPYMHbIN HEPErynUpyeMbI neBaTop; 2 - perynupyoLmin AByXX040BON (apoccenupy-
IoMin) Knana; 3 - BOQOCTPYWHbIN PEryNUPYEMbI 9N1EBATOP; 4 - PErYNUPYOLLMIA CMECUTENbHbIN
Tpexxogoson knanaH NEPL] art.Ne4037 ¢ npusogom Kk Hemy 400 H (nnn 500 H, unun 800 H);
5 - obpaTHbIi KnanaH; 6 - rmapaBnUYecknin pasaenuTenb; 7 - YeTbIPEeXXOA0BON PerynmpyroLLInii
KnanaH.
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OnTumanbHbIM  ABNAETCA BapuaHT CXeMbl
NPUCOEANHEHNA, MOKasaHHbIN Ha puc. 2.5a,
npy KOTopoii obecneyrnBaeTca HeMocpeacTBeH-
HaA obpaTHaA CBA3b MeXxAy Monb3oBaTenem
TEMMOBON SHEPruM W TEMNONPOU3BOANUTENEM
npu perynupoBaHMN MPON3BOACTBA TEMMOThI.
OpHako Takoe npAMOe MpucoegvHeHne BO3-
MOXXHO TOMbKO MPU NCMOMb30BaHNMN HU3KOTEM-
nepaTtypHbIX TEMMOBbIX CETeN C MOCTOAHHbLIMM
B TeYeHve roga napameTpamu TENNOHOCUTENSA,
Hanpumep 80-60 °C, 1 TONbKO AnA ABYXTPYOHbIX
CMCTEM OTOMMEHMA C paguaTtopHbIMU Jpocce-
nupylowyMmn - TepmocTatamu.  Tennosble CeTU
B JaHHOM cry4ae pearupyroT Ha W3MeHeHue
crnpoca notpebutens B TennoTe Yepes JaTvuKkm
nepenaga [fAaBneHnA Ha BBOZax, C MOMOLLbIO
KOTOPbIX 3MEKTPOHHbIMK  perynAatopamu  ns-
MeHAETCA nofa4a CeTeBbIX HACOCOB TEMOBbIX
ceTen (KonM4eCcTBEHHOE perynupoBaHue).

Cxewma, npuBegeHHasA Ha puc. 2.56 npume-
HAETCA ANA NOACOeAMHEHNA K TeMNOBbIM CETAM,
pacyeTHble TemnepaTtypHble napameTpbl KOTO-
PbIX BbilLIe MapamMeTPOB CUCTEMbI OTOMEHNA.

BogocTpynHbi 3anesartop, MOKasaHHbIN Ha
puc. 2.58 coveTaeT B cebe GyHKUUM cmecuTena
N LUMPKYNALUMOHHOMO Hacoca, Ho ¢ Hu3kum KIL.
JaHHaA cxema LUMPOKO MpUMeEHAeTcA AnAa He-
perynupyemMbiX CUCTEM OTOMSEHUA, TaK Kak AB-
NAETCA NPOCTON N HAAEXHOW B SKCnyarauuu,
He Hy>XaeTcA B 3NEeKTPoaHeprun. B npaktuke
aBTOMaTU3auMn 1 nepeobopynoBaHUA Temnno-
BbIX Y3/10B MMEET MECTO 1CMOMb30BaHNE CXEMbI
puc. 2.5r ¢ yCTaHOBKOW KranaHa 2 nepepj ane-
BatopoM 1. Takoe pelueHue ABMAETCA KpanHe
HEBEpHbIM, TaK KakK npu ApocCenupoBaHum
noTtoka KnanaHoMm 2 pes3Ko MafaroT HACOCHble
KadectBa anesaTopa. [1oatomy paspaboTyrku
00ObI4HO [OMOSHUTENBHO YCTaHaBMNMBAIOT B 3Ty
CXeMy Hacoc 1 06paTHbI KnanaH, Ang KOTopbIX
3neBaTop CTaHOBUTCA TONbKO Nomexon. Mpu ero
yCTpaHeHU UMEEeT MEeCTO cxema puc. 2.5e. Mpu
HanM4MM JocTaTo4HOro ana paboTbl aneeaTopa
nepenaga HAaBfeHNA Ha BBOLE XOpoLUME Xa-
PaKTEPUCTVKNA MMEET y3€eNn CMELUeHVA B BuAe
perynmpyeMoro  BOLOCTPYWHOro  anesatopa
(puc. 2.50), B KOTOPOM C NMOMOLLIbIO CEPBOMOTO-
pa N3MEHAETCA CeYeHre conna anesaropa.

Cxembl CMelleHMA, MoKa3aHHbIE Ha puC.
2.5e, 2.5 Hanbonee pacnpocTpaHeHbl npu
NPUCOEAUHEHUN K LIEHTPannM30BaHHbIM TeMno-
BbIM CETAM.

Cxema C uCMONb30OBaHMEM TPEXXOHOBOroO
knanaHa MEPL| art.Ne 4037 (puc. 2.5x) nono-
YKUTEMbHO OTNNYaETCA OT ApYrux, B TOM Yucne
3HaunTenbHO Gonee LUMPOKMM AMana3oHOoM
kKoadPuLUMeHTa CMELLEHUA MO CPaBHEHUIO CO
cxemon Ha puc. 2.5e. lNoamelumsatoLmin Hacoc
I nicnonb3yeTcA Npu HanM4YUM JOCTaToO4YHOro AnA
paboTbl cCTeMbl OTOMJIEHVA nepenaga aasne-

HMA Ha BBOAE TEMMOBbIX ceTen. B mpoTuBHOM
cfiyyae yCTaHaBNUBAETCA  LIMPKYMALUNOHHbIN
Hacoc II.

CwmecuTenbHble y3Mbl C UCMOMb30BAHNEM
rmgpasnuyeckoro pasgenutena 6 (puc. 2.53) n
YeTbIPEXXOQoBOro knanaHa 7 (puc. 2.51) npu-
MEHAIOTCA B OCHOBHOM NPW NMPUCOEAUHEHUN K
MECTHbIM TEMNsI0BbIM CETAM OT BEJOMCTBEHHOM,
NHOMBMAYanNbHOM WA T.M. KOTENbHOW. Takon
crnocob npucoeanHeHnAa OnaronpuAaTeH anA
yCTON4YMBON pPaboThl KOTMOB, OCOOEHHO npu
MCMOMb30BaHMN KOTMOB Ha TBEPAOM TOMMBE.
lMppaenuyeckue pasgenutenu 6biBatoT cnepy-
IOLLIMX BUAOB: BEPTUKamNbHbIE C COOCHbIM MPUCO-
eaVHEHNEM TEMNOMNPOBOJOB, BEPTMKANbHbIE CO
CABVIrOM MOACOEAVHEHHbIX K HEMYy TpybonpoBo-
[OB OTOMSIEHUA OTHOCUTENBbHO TPYyOONpPOBOAOB
TENnoBbIX ceTeln (NokasaH Ha puc. 2.53), a Tak-
)Ke ropmaoHTarnbHble. KOHCTpyKUMA rugpasnu-
4YeCcKoro pasfenuTena npocTa v npepcrasnAaeT
coboii Tpyby Kpyrmoro unu MpAMOYrofbHOro
ceyeHuda, nnowagb MOMepeyvHoOro CeYeHus
KoTopoi npumepHo B 10...20 pa3 6osbLle cym-
MapHOro rnornepeyHoro cevYeHna NoacoeauHsAe-
MbIX K Hell 4-x Tpyb6onpoBofoB. BepTukanbHbiii
rmapasnuyecKnin pasgenuTenb MOXET coYeTaTtb
B cebe Takke QyHKUMM BO3OyXooTAenuTensa u
LLNaMOoynoBuTEnNA.

Ha puc. 2.5 ycnoBHO He NoKasaHO MOHTU-
pyemoe B TennoBOM MNyHKTe ob6opynoBaHue,
npubopbl 1 apmaTypa: CHeTHNK KOMMEPYECKOro
y4eTa Tennotbl, CeT4aTble U ocago4Hble Gpunb-
TPbl, perynATop nepenaga [asneHuA, peryns-
TOp-orpaHnynTeNls  TemrepaTtypbl 00paTHON
BOAbl (MOXET He YyCTaHaBMMBaTbCA), AaT4HUKK
perynATopoB M AUCTAHLUMOHHBLIX KOHTPOMbHbIX
npubopoB, TEPMOMETPbI, MaHOMETPbI, 3arnop-
HaAa apmarypa v apmarypa gna crivmsa OnopoX-
HeHnA 06opyaoBaHUA TEMOBOrO MyHKTA.

Mpn HesaBUCUMOW CXeme MpucoeanHeHuA
MPVMEHAIOTCA CKOPOCTHbIe TEmnno00MEHHKM
Pa3nUYHOro TUMa: rnagkoTpyoHble, CrvpanbHo-
Tpy6Hble, NnacTuHYaTbie (Kak Mpasuro, OgHO-
X0[0Bble pas3bopHble unu nonypasbopHblie). K
[OCTOVHCTBAM HEe3aBUCUMOW CXeMbl npucoeau-
HEHMWA OTHOCATCA:

- rmgpasnnyeckan yCTOI7I‘-II/IBOCTb CUCTEMDbI
oTorneHnAa eenay OTCYTCTBMA BNUAHUA Koneba-
HWA OaBreHnA TEMNOBbIX CETEN Ha rmgpasnmn4ye-
(1Y PeXnm CUCTEMbI OTOMJTIEHUA;

- cucTeMa OTOMIeHNA He OMoPOXKHAETCA Npu
aBapuiiHbIX paboTax Ha TEMMOBbIX CETAX.
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2.4. KoHCTpynpoBaHne N HeKOTopble MNONoXXeHNA Mo BbINOSIHEHUIO

qepTe)Ke|7| cucrtem oTonyneHnA.

YepTexkn OTOMNEHWsA 1 ero aremMeHTOB Bbl-
MONMHAIOTCA B YCMOBHbIX 0003HA4YEeHNAX, COCTO-
ALWMX 13 rpaduryecknx 06o3HayYeHuin 1 ByKBeH-
HbIX KOOOB K HUM.

ByKkBeHHbIE KOObl MOTYT COCTOATb U3 Hemno-
CPEACTBEHHO KoZa (MapKu) 1 NopAgKoBOro Ho-
Mepa anemMeHTa B npegenax mMapku (tabn. 2.1),
Hanpumep CT1, CT12 .

lpaduyeckune ycrnosHble 0603HaYeHVA Mpu-
MEHSAIOTCA COBMECTHO C OYKBEHHO-LMPPOBLIMU
Kogamu (tabn. 2.2).

KoHcTpynpoBaHue  oTonneHuAa npovsBo-
OMTCA B onpefgeneHHon MnocnefoBaTenbHOCTH.
[nAa ontumarnbHoro Bblibopa Tuna perynaTopos
N perynupyroLLmx KnanaHos npuv MpPoeKTupo-
BaHUW criegyeT npeaBapuTeNnibHO COCTaBUTb
byHKUMOHArbHYIO CXEeMy CUCTEMbI aBToMaTu-
3auun OTOMMEHNA, B KOTOPOW B COOTBETCTBMU
C Has3Ha4eHVeM MOMELLEeHUA 1N 3afjaHuem Ha
NpoeKTpoBaHne HeobXoOVWMO BbINOMHUTL B
NIOCKOM BUAE CTPYKTYPHYKO CXEMY CUCTEMbI
OTOMNJIEHMA C HAHECEHNEM CCTEM aBToOMaTu4ye-
CKOro ynpasneHuna. Ha gaHHom cxeme HaHOCAT-
CA MeCTOMNONOXEHNA 4aT4YMKOB, PErYNATOPOB U
perynupyoLmnx KnanaHos.

WH)KeHepHbIi pacyeT CUCTeMbl OTOMMEHUA
NPOU3BOAMTCA Mocrne Bbibopa BMAa CUCTEMbI
oTornneHua, Bbibopa BAa OTOMMUTESbHLIX Mpu-
60poB, BbiOOPa MeCT TemnnoBoro 30HMPOBaHWA,
BbIbOpa YpOBHA aBTOMaTU3aLuy CUCTEMbl OTO-
MneHya B LEnoM 1 Bbibopa YpPOBHA aBToOMaTy-
3auun ee OTAEnbHbIX OTOMUTENbHbLIX MNPUOOPOB
UM OTAENbHbIX BETOK.

KoHCTpynpoBaHue ropu3oHTanbHbIX CUCTEM
OTOMMEHUA NPY CKPbITON NPOKnagke TeNnonpo-
BOLOB 3aBUCUT OT BO3MOXXHOrO MECTOMOSOXKe-
HUA pacnpegenuTenen.

Cucmema omonAeHuUa KOHCMpyupyemca,
Kak npaBuno, 8 Buge gByx cucmewm:

- CUCTeMbl TeNnocHab)keHnA pacnpenenurte-
nen (Mexxgy TennosbiM NyHKTOM 1 pacrnpegenu-
TeNnAMNn);

- CCTEMbl OTOMMEHMA OT pacnpegenuTenen
(Mexxy oTonuTenbHbIMK Nprubopamu 1 pacrpe-
penuTenem).

Ha cxemax cucTtem OTOMNEeHUA yKasblBaloT:
OnameTpbl TPyOOMPOBOAOB, OTMETKM Oceil 1
YKINOHbI TPyOGOMpPOBOAOB; pas3Mepbl TOPU30OH-
TanbHbIX Y4acTKOB TPyObONpoBOAoB (Npw Hanw-
Y Pa3pPbIBOB 1 HA CXeMax y310B yrpaBfeHns);
MECTOMONOXKEHNE HEMOABMXHbBIX OMOP U KOM-
NeHcaTopoB; OTONUTErNbHbIE MPUOOPBbI, CTOAKU 1
X 0603HAYEHUA; KOHTPONbHO-U3MEPUTENbHbIE
npubopbl U Apyrve anemMeHTbl cuctem. [Ons
XXUMbIX 34aHWI OMYCKAETCA BbIMOMHATL CXEMbI
TONbKO [N1A MarucTpasbHbIX TEN0NpPOBOAOB,
NPOSIOXKEHHbIX B nofggane (Ha 4Yephake) B Buae
aKCOHOMETPUYECKOM WM MINOCKON CXeMbl (C
yKkasaHueMm MecT noBopoTa Tpybonposopa) ¢
OTAENbHbIM MPeAcTaBNeHNeEM CXeM TUMOBbIX
3MIEMEHTOB: CTOAKOB W Y3/10B CUCTEMbI OTO-
nneHnAa. MNpy HanMyum NOBTOPAIOLLNXCA Y3MO0B
Ha cxeme cucTemMbl 0603HaYatOTCA MEeCTOMNomno-
YKEHUA 3TUX Y3MOB C BbINOSIHEHUEM OTAENbHbIX
LEeTanpoBOYHbIX YepTeXKei y3roB B MacluTabe
1:10, 1:20 nnun 1:50.

Mpn npoekTMpoBaHWW CUCTEM OTOMMEHMA
C ucnonb3oBaHuem apmatypbl EPL| TpeTben
rpynnel (cMm. knaccudoukaumo pasgena 1) cne-
[yeT Ha Cxeme CUCTEMbl OTOMMEHUA yKasbiBaTb
Tpebyemoe pacyeTHOe 3Ha4eHVe MPOMYCKHON
CMOCOOHOCTU KnamaHa, a Takxe napameTpbi
pacyeTHON rMAOPaBNYECKON HACTPOMKK KaxK-
[Oro Knarnasa.

Tabnuua 2.1
BykBeHHble KOfibl HEKOTOPbIX YCMNOBHbIX 0603Ha4eHNI
HaunmeHoBaHue Kon HaunmeHoBaHune Kon
(mapka) (mapka)

CT0AK cnucTembl OTOMNEHnA Cr Mopatowmin TennonpoBsogd T11
[MaBHbIN CTOAK CUCTEMBI y
oTOMNeHA rcr Ob6partHbIi TENNONPOBOL T21
KomneHcartop K Maponposog T7
Tennonposop (obLiee
0603HavEHME) TO KoHpeHcaTonposog T8
Mopatowmin Tennonposof T1 OunameTp TpybGonpoBoaa yCrnoBHbIN 025

. OunameTp Tpyb6onposoaa pearbHbliii C
O6partHbIil TENONPOBOA T2 YKA3AHNEM TONLLMHBI CTEHKM @22 x1
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Tabnuua 2.2
HekoTopble rpaduyeckune ycnoBHble 0003Ha4EeHNS
HaumeHoBaHue O6o3Ha4veHne
T1025

Ba T1©25

pyaHTbl 0603Ha4YEeHNA TEMMOMNPOBOAOB C HAHECEHNEM o2
€ro AuameTpoB
0O603Ha4eHNA TennonpPoBOAOB C HaHeCeHeM AMaMeTpoB
Tpy6 Npu NNOTHOM rpadgU4eCcKOM UCMOMHEHUN YepTexa
HanpaBneHune ABMXEeHNA XKUOKOCTU
HanpaBeneHue gsuXeHna napa, Bosayxa

D32 P25

MecTornono)xeHne n3meHeHVa anamerpa Tpybonposoaa
O603HaY4eHNe HanpaBneHna 1 BenuynHbl yKIoHa [ = 0,005

Tpy6OMNpPOBOAa OTHOCUTENBHO FOPU3OHTA

O6o3Ha4eHWe Ha nnaHe nogbema unu onycka (no 1’:’1‘)@1’;2"” T?n@gé
HanpaBneHno ABMKEHNA TENNOHOCMTENA) Tennonposoaa

MecTonono)xeHne HenoaBuUXKHOI Onopbl =<

O6o3Ha4eHne pagnatopa Ha nnaHe, Ha cxeme

O603HaYveHne KOHBEKTOpa unu pebpucToii TpyObl Ha
nnaHe n cxeme

Hacoc gnAa nepeka4mBaHna XKmMgKocTy (KanenbHown)

Hacoc ana nepekaynsaHusa rasa, Bo3fyxa, Hanprumep
BEHTUNIATOP, KOMMPECCOop

KnanaH npegoxpaHuTenbHbIi

BeHTunb 6anaHcoBbIN paguaTopHblid, yCTaHaBNMBaeMbIi
Ha obpaTHol noaBofKe

BeHTunb 6anaHcoBbIN CO CINBHbLIM KpaHOM

KpaH LwapoBoii Unu npobKOoBbIA CO CMBHBLIM KpaHOM
BeHTunb

3aaBmkka

KnanaH obpaTtHbIil (HanpaBreHne noToka — B CTOPOHY
3aLUTPUXOBAHHOMO TPEYrofbHUKA)

KnanaH perynupyoLmin ¢ NpvBogoM

e
~®-
K
ok
o o
KpaH Laposon unu npobKoBbIil —[>O<I—
.
<
-
-
X
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3. OnpepeneHne pac4eTHOWN TENJIOBON Harpy3kKmM n pacxopa TensioHocutTenA
AJNA pac4YeTHOro y4acTka CUCTeMbl OTOMJIEHUA.
OnpeaeneHne pac4eTHON MOLLHOCT CUCTEMbl BOAAHOIO OTOMJIEHNA

PacyeTHaa MOLLHOCTb CUCTEMbI OTOMMEHUsA
¥Q, BT, cootBeTcTBYeT 06LUE Tennoson Ha-
rpyske 3gaHuA Qag C y4eTOM JOMNOMHUTENbHbIX
noTepb TEMnmoTbl Yepe3 y4acTKM Hapy»XHbIX
orpakgeHuin, y KOTOPbIX YCTaAHOBMEHbI OTO-
nuTenbHble NpPUOOopPbI, a TakXke OT Tennonpo-
BOJOB CUCTEMbl OTOMJEHUA, PAaCMONOXKEHHbIX
B HeoTannMBaeMblX MOMELLEeHMAX, Hanpumep,
B noggane n 4depgake. BenndnHa atux gonon-
HUTENbHbIX TEMMONOTEPb, COrMAacHO CyL|ecTBy-
oMM HOpMam, He JOorKHa npesbiwaTtb 7 %
OT TennoBOM MOLLHOCTU CUCTEMbl OTOMSEHUA.
MpyHMaa BO BHMMaHME, YTO BEMMYUHA 3TUX
JOMOMNHUTENbHbIX TEMNmnomnoTepb He MOXET ObITb
BblABMIEHA [0 BbINOMIHEHMA TMAPABINYECKOro
pac4eTta CUCTEMbl OTOMSIEHNA, MOXHO 3aaTbcA
HOPMUPYEMbIM [OMYCKAEMbIM €€ 3HaYeHneM,
TOorga pac4etHaA MOLLHOCTb CUCTEMbl OTomnse-
HUA ONpPegennTCA U3 BblpaXKeHNA:

3Q,=Q,,/0,93. (3.1)

3HaveHne IQ, ABNAETCA OJHWM W3 UC-
XOOHbIX MapameTpoB, HeobxoguMbIx Ana nog-
6opa obopynoBaHWA TEMMOBOro MyHKTa Unu
KOTENbHOMN.

Tennosad Harpyska 3gaHuA ng, BT, paBHa
CyMMe pacyeTHbIX MOoTepb TennoTbl oTannuea-
embIx rnomelleHun ¥Q,. PacyeT cymMmapHbix
noTepb TENMOTbl Ka)KAOro oTanivBaemMoro
nometleHna Q, BbIMOIHAETCA 3apaHee Mo
HOpPMVPYEMOW MeToAMKe pacyeTa TenyoBoro
6anaHca MOMELLEHNA Ha OCHOBaHUM CTPOU-
TENbHbIX YepTeXxxel 3haHua ¢ y4eToMm criocoba
perynmpoBaHnA CUCTEMbI OTOMMEHUA.

PacdeTHaA TennoBaA Harpy3ka pac4eTHOro
ydacTka unu ctoaka Q, CuCTeMbl OTOMMIeHNA
BKMNoyaeT B cebA OOMonHWUTENbHble MoTepu
TENMOTbl, KOTOPble 3aJat0TCA MOBbLILLAIOLLVMU
Koadpouumentamm B n B, Ha pacyeTHbIn
TENnoBoil NoTok Q, oTonUTeNnbHOro npubopa.
PacyetHaa TennosaA Harpy3ka Q, y4actka
Tennonposoda, noAsBodALLero TennoHocutesnb
K OTOMUTENbHOMY MpUOOpPY CUCTEMbI BOASHOIO
OTOMJIEHUA, paBHa

Q=Q,8,5,+09.Q, (3.2)

roe:

Q, - Tennosoil MOTOK OT Tpy6oNpPoBOAOS,
MPOXOAALLMX B OTannmsaemMmom rnometeHuu, BT;

Q, - pac4eTHbI TEMMOBOW MNOTOK OTONUTENb-
Horo npubopa, BT;

B, - KO3GOMUMEHT y4eTa AOMONHUTENbHOro

TENSIOBOro MOTOKa OT YCTaHaBMMBaEMbIX OTO-
NUTEnbHbIX MNPUOOPOB 3a CYET OKPYrneHua
CBEpPX paCHETHOW BENNYUHDI, NPUHMMAaEMbIN MO
Tabnuue 3.1;

B, - KO3GOUUMEHT yyeTa OOMOSHUTENbHbIX
noTepb TEMnnoThl OTOMUTENbHBIMU Mprbopamu,
pacnonoXeHHbIMU Y HapYy>XXHbIX OrpakaeHun,
npUHUMaeMbIin no Tabnuue 3.2.

Tabnuua 3.1

KoaddpuumeHT S, y4Heta AONONHMTESNIbHOTO
TensoBoro NOToKa OT yCTaHaBMMBaeMbIX OTOMU-
TenbHbIX NPUOOPOB 3a CHET OKPYITIeHNA CBepxX
pacyeTHON BENNYUHDI

Lllar HomeHknaTypHoOro
psaa OTONUTENbHbIX KoadbcpumenT
npubopos, Bt B
100 1,01
120 1,02
150 1,03
180 1,04
210 1,06
240 1,08
300 1,13

OnAa oTonuTenbHbIX NPUOOPOB MOMELLEHUA
C HOMMHAsbHbIM  TenyoBbIM MOTOKOM OGornee
2300 BTt cnepyet npuHumatb BMeCTO koabdu-
uveHTa S, koadpduumeHT ', onpenenAembii
no ¢opmyne

B,=05.(1+p) (3.3)

Tabnuua 3.2

KospduumeHTt f, yveta AOMNOMHUTESNbHbIX
noTepb TEMNOTbl OTONUTENbHBLIMU Mpudopamm,
PacnonoOXXeHHbIMUN Y HapY>XXHbIX OrpaXkgeHni

KoathdpmumeHT B, npm
yCTaHoBKe npubopa
HbI Nprbop ; neHust
yucne nop,
CBETOBOIO
CBETOBbIM
npoema
NpPOeMoMm
PaguaTtop:
YYTYHHbIN 1,02 1,07
CEKLMOHHbIN
CTanbHOW 1,04 1,10
naHenbHbIN
KoHBekTOp:
C KOXXYXOM 1,02 1,05
0e3 KoxXyxa 1,03 1,07

CrtpaHuua 16



B. B. MNokoTtunos: Nocobure no pac4eTy CUCTEM OTOMMEHUA

PacyetHble Tennonotepu nomeileHna Q,
KOMMEHCUPYIOTCA TEMMOBbIM MOTOKOM OTOMK-
TenbHbIX NPMGOPOB Q, U TEennoBbIM MOTOKOM
Q, OT TennonponpoBoAOB, NPOXOAALLMX B AaH-
HOM nometleHun (puc. 3.1).

Puc. 3.1.: Cxema pacnpefeneHuna TennoBbiX
NMOTOKOB B OTannMBaemMoMm
nomeLLeHnm

PacyeTHbIn TENNOBON MOTOK OTOMUTENbHbIX
NpubopoB B OTaMNBAEMOM MOMELLEHNN

Q,=(Q,-0,9.Q,). (3.4)

3HayeHne pacyeTHOro TEensnioBoro noToka
oTonuTenbHoro npnbopa Q, ABNAETCA OCHOB-
HOW WNCXOOHOW BENUYUHOW ANnA AarbHEWLLero
TENnoBoro pacyeta u nogbopa Tpebyemoro
oTonuTenbHoro npubopa.

Ecnu sHaveHvnamn B, v B, MOXHO NpepBa-
puTenbHO 3apatbcA AnA GONbLUMHCTBA MPOEK-

TUPYEMbIX TUMOB CUCTEM BOLAHOIO OTOMMEHNA,
TO 3HayeHne Q, 3aBMCUT OT pAAA KOHCTPYK-
TUBHBIX WU FEOMETPUYECKUX MapameTpoB MNpo-
eKTupyemol cuctembl otonneHna. OgHako, 13
NPaKTUKN NPOEKTUPOBaHMA cregyetr OTMETUTD,
4YTO MPW CKPbLITON MPOKNagke TennonpoBOaOB
HaCOCHOW cuUcTeMbl oTornneHna (B LWTpabax, B
rnosy) MOXHO MPUHATb Q, = 0, a NP OTKPLITON
BenuynHa Q, = 0,10...0,15.Q,, 4t0 MossonAeT
sapatbca Q, = 0,15.Q,, ucknioyaa Takum 06-
pas3oM BepoATHOCTb HEeOoOOCHOBaHHOIO 3aBbl-
LLIEHNA pacyeTHON TennoBoOW HarpysKy y4acTka
TennonpoBoga. Toraa, 3agaBascb COOTBETCTBY-
IOLLIMMU 3HaYeHraMn B, 1 B, ANA pasnu4Horo
BUOa OTOMUTENbHbIX MNPUOOPOB, BbiPaXKEHNE
(3.2) npeobpasyeTcsa K pac4HeTHOMY BUAY:

- NPV CKPbITOI NpOoKNagKe TennonpoBoaoB
Q,=1,06.Q, (3.5)

- NPV OTKPbLITO NPOKIIafKe TEMNONPOBOLOB
Q,=1,05.Q,. (3.6)

Pacxopn TennoHocutenAa G, Kr/4, B pac4yet-
HOM y4acTKe Wi B CTOAKE CUCTEMbI OTOMSIEHNA
cnepyet onpenenAaTtb no ¢opmyne

G =3,6.Q,/(c.At) vin G = 0,86.Q,/At, (3.7)

roe:
C - yaernbHasA TennoemMKoCTb BOfbl,
¢ = 4,2 k[x/(kr.°C);
At = (t - t ) — pacyeTHas pa3HOCTb Temnepa-
Iép nofatoLlero n obpaTHoro TennoHocuTens,
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4. lngpaBnnyeckunii pac4et cucTemMbl BOAAHOIO OTOMNEHNA

4.1. icxopgHble gaHHble

HexogHbiMu gaHHbIMU K eugpaBaudecKkomy
pacyemy AaBaaromca:

- peaynbTatbl TennoBoro GanaHca nometle-
HUI N 30aHUA;

- pacyeTHble napameTpbl TennoHocuTenAa
CuCTeMbl oTonneHna f, un t, °C;

- Cxema MpOoeKTNPYeMOi CUCTeMbl OTomMe-
HUS;

- NpuHUUNmMarbHble peleHnA y3noB CUCTe-
Mbl OTOMNEHUA;

- TUNbl NPUHATbBIX K YCTaHOBKE OTOMuTerslb-
HbIX I'IpI/I60pOB 1 crnocob nx npucoegnHeHnAa K
CncTteme OTOMNeHnA;

- cxema TensioBoro yana; rugpaBnnyeckme
XapakTepucTMku  obopynoBaHUA — TEMnOBOro
y3na (TennoodMeHHVKa, UIBLTPOB, PEerynmpyto-
LLMX KnanaHoB, 3aropHon apmatypbl 1 ap.).

Mpu MecTHOM TennocHabXXeHunm OT WH-
OVBNOYanbHOW KOTENbHOW (MMM TOMOYHOM)
npenBapuTenbHO Heobxoaumo nogobpatb Tun
N KONMMYECTBO KOTMOB, BbIABUTb pPaCYETHbIN
rMAOPaBnMHecKin pexxum ux padoTbl, a Takke
Tpebyemble XapaKTEPUCTUKK pPerynupyoLmx
KnanaHoB 1 ¢WnbTPOB, COCTaBUTb CXEMY Te-
NMonpoBOAOB KOTENMbHOW, a TakXe QYHKLM-
OHamnbHYlO CXeMy aBToOMaTM3auuy TOMOYHOMN
C Yy4eToM YCTPOWCTB aBTOMatM3auun npu-
HATOro Tuna KotnoB. MNpy MCNonb3oBaHUN -
OpaBNUYeCcKoro  pasgenutena  J0CTaTOYHO
3HaTb TOMbKO €ro COMpoTMBMEHNE, COCTosALLEee
13 CyMMbl MOTEPb HA MECTHbIE COMPOTUBIEHMA
BHE3arnHOro Cy>XeHuA 1 paclUMpeHns, a Takxe
XapakTepUCTUKN  perynupyroLmnx  KnanaHos,
GUNLTPOB 1 Apyroro obopynoBaHKA TEMIOBOro
nyHKTa.

[pwn 3aBUCKMMON Cxeme NPUCOEANHEHNA CU-
CTEeMbl OTOMNSIEHMA K TEMMOBbIM CETAM LiEHTpa-
N30BaHHOIO  TennocHab)keHna Heobxopnmo
npeasapuTenbHO BbIOpaTb TUM y3na CMeLLeHus,
COCTaBUTb CXEMy TEMIoBOro y3na, nofobpartb
ero obopyaoBaHue 1 BbIABUTb ruapaBnuyeckmne
XapakTepUCTUKN BCEX INIEMEHTOB.

Mpy Hes3aBUCMMOW cxeme NpUcoeanHeHns
CUCTEMbl OTOMMEHNA K TEnnoBbIM CETAM LEH-
Tpann3oBaHHOro TennocHabXxeHns npeasapu-
TenbHO HeobxoaMMO pa3paboTaTb cxemy Tensno-
BOro y3na 1 noaobpaTtb OCHOBHble 3MEMEHTbI
obopynoBaHUA, BblABUTb WX ruapaBnmyeckue
XapaKTepucTkKu, a Takxe nogobpartb Tenno-
0OMEHHVK 1 OMPeaenuTb ero ruapasnnyeckoe
conpotueneHue. cnonbayoT CKOPOCTHblE Te-
NNooOMEHHUKN — rMaaKoTpyOHble, cnvpanbHo-
TpyGHble, nnactuHyatble. Pupmbl-nponssogu-
Tenu TennooOMeHHUKOB COMPOBOXKAAIOT CBOMO
NPOAYKUMIO COOTBETCTBYHOLLMM MPOrpaMmHbIM
obecrnevyeHnem ana nogbopa TennoodMeHHUKa
1 onpefeneHna ero TEMnoBbIX U ruapaenuye-
CKUX XapaKTepuUCTUK.

McxopHbIMU cBegeHaMU npu nogbope Te-
nnooOMeHHUKa, Kak MpaBumno, ABMAOTCA: pac-
4yeTHas TennoBas MOLLUHOCTb TennooOMeHHUKa,
paBHaA pacyeTHOM MOLLHOCTM CUCTEMbl OTO-
nneHua YQ, onpegenAemoi Mo BblPaXKEHo
(3.1); pacdeTHble TemnepaTypbl MNEPBUHHOIO
TennoHocutena T, u T , °C; pacyeTHble Tem-
neparypbl BTOPU4HOro TennoHocutena (cucre-
Mbl oTonneHnda) t u t, °C; pacnonaraembin
nepenag AaBneHWA Ha BBOAE TEMMNOBbIX CETeEN
B TEMNOBOW NYHKT 3aaHua AP, MIMa nnn 6ap.
MocnepHuin napameTp ABNAETCA KOHTPOSIbHbIM,
T.K. Npy BbiGope TennoobMeHHVKa HeobxoaMmo
YAOCTOBEPUTLCA, 4TODbI Benn4nHa AP Gbina
6onbLue Ha 10 % No CpaBHEHWIO C CyMMapHbIMY
noTepAMU AaBneHMA CO CTOPOHbI MepBUYHOro
TennoHocutena (tennoobmeHHnka AP, pac-
xojoMepa CYeTYuKa TEMNOTbl, perynaropa ne-
penaga OaBneHuA uUnu perynAatopa AaBneHus,
¢vnbTpoB, apMaTypbl 1 TPYOOMPOBOLOB).

Jo BbIMONHEHNA rMapaBnMyeckoro pac4ye-
Ta CUCTeMbl OTOMMeHUA crefyeT paspabotatb
KOMMMEKCHYIO OYHKLIMOHASBbHYIO CXEMy aBTo-
mMaTusaumm CUCTEMbl OTOMSIEHUA W TEMNOBOro
MyHKTa, KOTOpaA MOCne BbINOMHEHUA MPOeKTa
OTOMMEHNA 1 BEHTUNAUMW 30aHUA CTAHET OCHO-
BOW A cocTaBneHnna «3afaHna Ha pa3paboTky
npoeKTa aBToMaTn3auuy CUCTeMbl OTOMNMEHNA 1
BEHTUNALMUN 30aHNA>.

4.2. OCHOBHbIE NPUHLNMNbI F’MAPaBANYECKOro pacyeTta CUCTEMbl OTOMMIEHNA

BeclwymHOCTb  paboTbl  NMPOEKTMPyeMON
cuCTeMbl OTOMMEHNA Heobxoaumo obecneydnTb
npw NodbIX PeXXKUMax ee aKcrnyaTauum.

MexaHn4eckun Lym BO3HMKAET 13-3a TeM-
nepaTtypHOro yanuHeHus TpybonpoBodoB npu
OTCYTCTBUN KOMMEHCATOPOB W HEMOABUXHbIX

orop Ha MarucTpandax 1 CToAKax CUCTeMbl OTO-
nnexHus. Mpyu 1Cnonb3oBaHWM CTanbHbIX UK
Me[HbIX TpyO LUyM pacrnpocTpaHaeTca no Bceit
cucteme OTOMMEHNA, HEe3aBNCKMO OT paccToA-
HMA 0O UCTOYHMKA LUyMa BCMEACTBME BbICOKOM
3BYKOMPOBOAHOCTY METAINOB.
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[ngpaBnuyeckun LWyM BO3HUKAET U3-3a
3Ha4UTENbHON TypOyNM3aLmMm NOToKa, BO3HMKA-
OLLIE NPWU MOBbLILLIEHHOW CKOPOCTWU ABVXEHUA
BoAbl B TpybompoBogax U Mpu 3HAYUTENbHOM
OPOCCENMPOBaHUN  MOTOKA  TEMnoHOCUTENA
perynupytowum knanaHom. [1oaTomy Ha Bcex
aTanax KOHCTPYMPOBaHUA M rMapaBAnNHecKoro
pacyeTa cuUCTeMbl OTOMMeHuA, npu nogdope
KaXKgoro perynupytowlero n 6anaHcoBoro Kna-
naHoB, Npw nNoadope TennoobMEHHIKOB 1 HaCo-
COB, MpX aHanMse TemnepaTypHbIX YANUHEHWN
TpybONpPOBOAOB HEOOXOAUMO Y4YWTbIBATb BO3-
MOXHbII UCTOYHUK U YPOBEHb BO3HMKAOLLEro
LUyMa C Lenbto Bbibopa COOTBETCTBYHOLLIEro And
3aaBaembIX MCXOOHbIX YCMoBU 06opynoBaHUA
1 apmartypsbl. B Hopmanax obopynosanHua MEPL]
NUMEITCA COOTBETCTBYIOLLME pEKOMEeHZaLun
Mo peLLeHnio JaHHo! npobnembl npu nogdope
KnanaHos.

Lleabro eugpaBauyeckozo pacvema, npu
ycnroBuu  ucnonb3oBaHuA  pacnonra2aemozo
nepenaga gaBheHua Ha B6oge cucmemsl omo-
nAeHuAa, ABraemca:

- onpeferneHne AMameTpoB Y4acTKOB cucTe-
Mbl OTOMMEHNS;

- nogbop perynupyloLyx KnanaHos, ycra-
HaBMBaeMbIX Ha BETKaX, CTOAKaX 1 NofaBoaKax
OTONUTENbHbIX NPUBOPOB;

- nogbop nepenyckHbIX, pa3aennTenbHbIX 1
CMecCuTeSIbHbIX KIlarnaHoB;

- nogbop GanaHcoBbIX KnanaHoB 1 onpefe-
feHne BEeNUYMHbI UX rmapaBnnm4ecKon HacTpon-
K.

Mpn nyckoBoW Hanagke CMCTEMbl OTOMMEHNA
GanaHcoBble KnanaHbl HacTpanBaroTCA Ha Npo-
€KTHblE napameTpbl HACTPOWKMN.

Mpexxae, 4em NpUCTynnTb K rmapaBnmn4ecko-
My pacyeTy, HeoOXOAMMO Ha CXeMe CUCTEeMbI
oTonsieHna 0603HaAYNTb PACHETHYIO TEMMoBYHO
Harpysky Ka)kgoro oTonuTenbHoro npubopa,
paBHYIO TEMMoBOW PacHeTHON Harpyske rome-
wenna Q,. Mpn Hann4um gByx n 6onee otonu-
TemNbHbIX NPUOOPOB B MOMELLEHUN HEOOXOAUMO
pas3fennTb BENUYUHY Pac4eTHOW Harpyskn Q,
MeXay HUMU.

3atem cnegyeT BbiOpaTb OCHOBHOE pac-
YeTHOE LUMPKYNAUMOHHOE KOornbuo. Kaxkgoe
LIMPKYNALMOHHOE KOMbLIO CUCTEMbl OTOMNMAEHWUA
npencrasnder coboil 3aMKHYTbI KOHTYP Mo-
crnenoBaTesibHbIX Y4acTKOB, HaynMHasa OT Ha-
NOpHOro narpybka LMpKYnALMOHHOro Hacoca u
3aKaH4MBasA BCacCbIBAOLLMM MaTpyOKOM LIMPKY-
NALNOHHOIo Hacoca.

B opHOTpyOHOI cucTeMe OTOMMeHna Ko-
MIMYECTBO  LMPKYMALUMOHHBIX  KOMeL  paBHO
4YUCNy CTOAKOB WM FOPU3OHTANbHbIX BETOK, a
B ABYXTPYOHOW — KONMUYECTBY OTOMMUTENbHbIX
npubopos. BanaHcoBble knanaHbl HeO6XOANMO
npegycMarpvBarb ANA KaXO0ro LMPKYNALMOH-
HOro konbua. [Mo3aTtomy B 0HOTPY6HOI crucTeme

OTOMMEHUA KONU4YECTBO GanaHCoBbIX KnanaHos
paBHO 4YMCIY CTOAKOB UMW OPU3OHTalbHbIX
BETOK, a B OBYXTPYOHON — KONMWMYECTBY OTOMU-
TeNbHbIX NprbopoB, rae bGanaHcoBble BEHTUNN
yCTaHaBnBatoT Ha 0OpaTHON NMOABOAKE OTOMM-
TenbHoro npubopa.

B KadecmBe 0CHOBHO20 pac4emHo20 yup-
KYAAUUOHHO20 KoAbUA NPUHUMAaM:

- B CuUCTeMax C MOMNyTHbIM ABMXKEHNEM
TENNOHOCUTENA B MarucTpanax: anAa ofpHo-
TPYOHbIX cUMCTEM — KOMbLO 4epe3 Haumbonee
Harpy>XeHHbI CTOAK, AN1A ABYXTPYOHbIX CUCTEM
— KOMbLO 4epe3 HWKHUW OTOMUTENbHbIA Mpu-
6op Haumbomnee Harpy»eHHoro cToska. 3aTtem
BbIMOSIHAETCA pacyeT LUPKYNALMOHHbBIX Koney
Yyepes kpalHue cToAKM (BNVKHWIA 1 fanbHuR);

- B cuUCTeMax C TYMUKOBbIM ABVKEHUEM
TennoHocutena B MarucTpansax: AnAa OAHo-
TPYOHbIX CUCTEM — KOMnbLIO Yepes Haubonee Ha-
PY>XEeHHbI U3 caMbIX yAaneHHbIX CTOAKOB, And
OBYXTPYOHbIX CUCTEM — KOJbLIO Yepes HUKHUIA
oTONUTeNbHbLIN Npubop Hambornee Harpy>eH-
HOMO U3 camblX YydareHHbIX CTOAKOB. 3aTtem
BbIMOMHAETCA pacyeT OCTanbHbIX LMPKYNauu-
OHHbIX KoneL;

- B FOPU30HTasbHbIX CUCTEMAaX OTOMMeHuA
— KOInbLIO Yepes Hanboree Harpy>eHHyto BeTBb
HVKHEro aTaka 3gaHus.

CnepgyeT BblOpaTb 0OHO M3 ABYX Harpas-

NEeHNn rMAPaBNYECcKOro pacdeta OCHOBHOIO
LMPKYMALMOHHOIO KosbLia.

lMepBoe HanpaBAeHue 2ugpaBAau4ecKozo
pacyema cocTouT B TOM, 4TO AVameTpbl Tpyo
N NnoTepu AaBneHMA B KOSbLe onpeaenAtTcA
Nno 3ajaBaeMon OMTUManbHOW CKOPOCTU [OBU-
XKEHWNA TennoHOCUTENA Ha KadkAoM y4dacTke
OCHOBHOIO LIMPKYNALNOHHOIO KosbLa C nocne-
ayoLmMM noabopom LMPKYNALMOHHOMO Hacoca.
CKOpoCTb TEMMOHOCUTENA B TOPU3OHTAlbHO
NPONOXXEHHbIX Tpybax crnegyeT NpPUHUMAThL He
Hwke 0,25 m/c, 4ToObI obecneynTb yaaneHve
Bo3gdyxa u3 Hux. PekomeHpgyetcA npuHUMaTb
ONTUMAarbHYIO PacCHETHYIO [OBVKEHWA Tenno-
HocuTensa ana cranbHbiX Tpy6 - go 0.3..0.5
M/C,_anA MefHbIX W NONMMepHbIX Tpyd - a0
0.5...0,7 m/c, npn 3TOM OrpaHW4MBaACb BeMNU-
YUMHOW yAenbHOW MOTepY AaBfeHnAa Ha TpeHue
R He 6onee 100...200 Ma/m. MakcumManbHO
[OMYyCTUMbIE 3HA4YeHMA CKOpOCTM BOoAbl, obe-
creynsatoLLme 6ecLlyMHOCTb PaboTbl CUCTEMDI,
npusedeHbl B Tabnuue 4.1.
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Tabnuua 4.1

Honyctumbin
3KBUBANEHTHbIN

[onycTumas ckopocTb ABUXXEHWA Bogbl, M/C, B Tpybax
npu KO3GPULIMEHTAX MECTHbIX COMPOTUBMEHNIA
y3na oTonuTensHOro npubopa unu cTosKa ¢ apMarypo

ypoBeHb Lwyma, ab

nob5 10 15 20 30
30 1,5 1,2 1,0 0,8 0,65
40 1,5 1,5 1,5 1,5 1,2

Ha ocHoBaHWK pe3ynsTaToB pacyeta OCHOB-
HOro KorbLia Npou3BoAUTCA pacHeT ocTanbHbIX
LMPKYNALMOHHBIX Korel nyTem onpepeneHua
pacronaraemMoro fJasfieHVa B HUX U nogdopa
ONaMeTPOB MO OPWEHTUPOBOYHOWN BennyvHe
yAerbHbIX noTepb AasneHua R (MeToaom
yOernbHbIX NOTepb AaBreHus).

lNepBoe HanpaBaeHue pacdema NPUMEHSA-
eTcA, Kak npasusio, AnAa CUCTEM C MECTHbIM Te-
nrioreHepaTopoM, ANA CUCTEM OTOMMEHUA MNpwu
NX He3aBUCUMOM MPUCOEAVHEHNN K TEMroBbIM
CceTAM, OAnAa cuctem otonsieHnAa npu 3aBUCUMOM
NpUcoeauHeHnn K TenroBbIM CETAM, HO Hepo-
CTaToOYHOM pacronaraemMom AaBfeHun Ha BBO-
[e TennoBbIX ceTell (KpoMe y3510B CMELLEHUA C
3N1eBaTopom).

Tpebyemblii HAaMop LMPKYNALMOHHOIO Haco-
ca P, Ma, HeoOxoguMbI AnAa nogbopa TuMo-
pasvepa UMpKYNALMOHHOIO Hacoca, cnegyet
onpenenAaTb B 3aBMCUMOCTU OT BuAa CUCTEMDI
OTOMMEeHuA:

- ANA BepTUKasbHbIX OOHOTPYOHbIX 1 Gudu-
NAPHBIX CMCTEM Mo Gpopmyne:

P,=AP,, - P, (4.1)

- ONA ropu30OHTanbHbIX OOHOTPYOHbIX U Bu-
GUNAPHBIX, ABYXTPYOHBIX CUCTEM MO popMyne:

P,=AP_-04P, (4.2)

roe:

AP_ - notepy OaBneH1MA B OCHOBHOM pac-
YEeTHOM LIMPKYNALUMOHHOM Konble, [Ma;

P_ - ectecTBeHHOe LIMPKYNALMOHHOE faBne-
HVe, BO3HUKalolLLlee BCIeACTBUE OXNaXkaeHud
BObl B OTOMNUTENbHbIX Npubopax n Tpydbax uup-
KyNALUMOHHOro konbua, Ma.

Bmopoe HanpaBaeHue 2ugpaBauyecKkozo
pacyema cocTouT B TOM, 4TO nogbop avame-
TPOB TPYO Ha pacyeTHbIX y4acTKax 1 onpeaene-
HVe NoTepb AaBMNeHUA B LMPKYNALVOHHOM KOb-
e MPOU3BOAWNTCA MO M3HAYaNbHO 3aJaHHON
BeNuYMHe pacnonaraemoro LMpKYNALMOHHOIO
OABMEHUA OnA CUCTeMbl _OTonneHus. B atom
cnyyae AvameTpbl y4acTKoB noabuparoTca rno
OPVIEHTVPOBOYHON BENMYMHE yaernbHbIX NoTepb
pasneHns R (MeTogom yaenbHbIX NoTepb
paeneHus). Mo Takomy MpuHUMMY MPOBOAUTCA
pacyeT CUCTEM OTOMMEHUA C eCTeCTBEeHHOM
LUMPKYNALMeit, CMcTeM OTOMMEHNA C 3aBUCUMbIM
NpUCcoeanHEeHNN K TEMMOBbIM CETAM (CO cMmelLle-
HVEM B 3reBaTope; CO CMecUTeNlbHbIM HACOCOM
Ha nepembl4Ke Mpu OoCTaToOYHOM pacrionarae-
MOM OaBfeHUN Ha BBOAE TEMmoBbIX ceTelt; 6e3
CMeLleHMA Mpy OOCTaToO4HOM pacriofniaragMom
AaBIeHnn Ha BBOfe TENsoBbIX ceTel).

B kayecTBe McxogHOro napameTpa ruapas-
NNYECKoro pacyeta HeobXoOUMO OMpemenuTb
BEMUYMHY pacrnonaraeMoro LMpPKYNALUVOHHOIO
nepenapa fasneHna AP,, KOTopoe B cucTeMax
€CTECTBEHHON LMPKYNALMEN paBHO

AP, =P, (4.3)
a B HACOCHbIX cucTemax onpenenAaeTtcA B 3aBu-

CUMOCTM OT BMAa CUCTEeMbl OTOMNEeHNA:

- ANA BepTUKamnbHbIX OOHOTPYOHbIX 1 Brdu-
NAPHbIX cuctem no dopmyne:

AP,=P, +P, (4.4)

- ANA rOpW30HTamNbHbIX OOHOTPYOHBIX U 6u-
bUNApHBIX, ABYXTPYOHBIX cucTeM no dopmyre:

AP,=P, +0,4.P, (4.5)
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4.3. NNocnepoBatenbHOCTb rNApPaBINYeCcKoOro pac4yera CUCTeMbl OTOMNSIEHNA 1
nopbopa perynupyrowmnx n 6anaHcoBbIX KfanaHoB

PerkomeHgyemca caegyrowaa nocaegoBa-
meAbHOCMb BbINOAHEHUA pacyema O0CHOBHO20
YUPKYAALYUOHHO20 KoAbUaA!

1) KonbLo pasbuBaloT Ha nocregoBarenb-
Hble y4yacTKu. YHaCTKOM HasbiBatoT 4YacTb Tpy-
6onpoBofa UMPKYMALUMOHHOrO Komblia MoCTo-
AHHOrO AnameTpa C NMOCTOAHHbIM PACcXOAoM Te-
naoHocuTenA. Y4acTkn HyMepytoT, onpegenatT
UX AAVHY € TOYHOCTbIO 0,1 M, MO BbIpaXKeHNAM
(3.5) 1 (3.6) BbIHMCNAIOT pacHETHYIO TEMMOBYHO
Harpysky y4actkos Q, no ¢opmyne (3.7) Bbl-
YUCNAKOT pacyeTHbIN pacxog TennoHocutena G
B pac4eTHOM y4acTke.

2) Ecnn npuHumaetca nepBoe HanpaBaeHue
pacyema, To OMaMeTpbl y4acTKOB noaduparoT
no pacyeTHOMy pacxogy TennoHocutena G,
3a[aBLUNCb OMTMMAsIbHOM CKOPOCTbIO [OBUKe-
HUA TEMNOHOCUTENA, C MOMOLLBI HOMOrpamm
rmgpaenuyeckoro pacyeta ([punoxxeHma «A»
n «b»). MNpn 3TOM pPeEKOMEHAYETCA OorpaHn4Yu-
BaTbCA BEMMYMNHON yAenbHON NoTepn aaBrneHna
Ha TpeHue R He 6onee 100...200 Ma/m.

3) Ecnu BblbpaHo Bmopoe HanpaBaeHue
pacyema, T0 OMaMeTpbl y4acTKoB noabuparoT
METOAOM YAeslbHbIX MOTEPb MO pacyeTHOMY
pacxofy TennoHocutena G Ha y4acTKe, OpueH-
TUpYACb NMOO Mo cpeaHen Benu4ymHe yaenbHbIX

| Eﬁ}?/w.

rnotepb faeneHva A_, nmbo no 3agaBaemoi
ckopocTu Bogbl (Mpunoxenna «A» n «b») ¢ no-
crnenyoLmMmM noabopom 6anaHcoBbIX KranaHoB
Ha Tpebyemoe CconpoTMBIIeHNE KnanaHa.

4) CymmapHble noTepy AaBneHna B CUCTEME
otonneHua AP__, onpepenatoT no ¢opmyrne:

c.o.’

AP, =3AP . ~+3AP  + AP (4.6)
0. pYg. yu. pea.y.

rge:

AP - CymMMa notepb AaBneHnA B KOTe

(Tennoé)%ol\ﬁngHMKe), perynupyoLmx KnanaHax
TENnoBoro ysna (B OTKPbITOM COCTOAHWM), pac-
XOfoMepax TemnnoBoro yana u ap. obopyposa-
Hun, Ma;

ZAP, - Cymma noTepb AaBneHnA B rocne-
[0BaTebHbIX PacHETHbIX y4acTKax pacyHeTHOro
LMPKYNALUMOHHOrO Konbua, la;

AP, - NOTepV AaBneHunA Ha “perynupy-

€MOM Yy4acTKe” pacyeTHOro LMpPKYnALNOHHOrO
konbua, Ma.
XapakTep pacnpegeneHia notepb fasne-

HUA B UMPKYNAUMOHHOM KOMbLE MoKasaH Ha
puc. 4.1.

=
= =
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Puc. 4.1.: Cxema pacnpeneneHna notepb gaeneHnAa B UMPKYIALMOHHOM KOJbLe.
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“PerynupyembimM y4acTKOM” LMPKYNALMOHHO-
ro Konblia ABNAETCA Ta YacTb Tpybonposoga ¢
oTonuTENbHBIMK NprbopaMu 1 apmatypoin, Ha
KOTOPYIO OKasblBaeT BnuAHWe paboTta GanaH-
COBbIX, TEPMOCTATUHECKUX UMW PEryNMPYIOLLMX
KnanaHos.

B OByXTpyGHbIX cUCTEMaXxX OTOMMEHNA “pery-
NMPYEeMbIM Y4acTKOM” ABMAETCA OTOMUTENbHbIN
npubop ¢ noABoAKaMu, apmatypoii 1 T.n.

B ogHOTPYOHbIX cMcTEMax OTOMMEHUA B Ka-
YyecTBe “perynupyemoro y4dactka” MOXXeT pac-
cMaTpuBaTbCA CTOAK (MNKU OOHOTPyOHAas BeTBb
rOPV30HTaNbHO CUCTEMbI OTOMMEHNA), ECAN Ha
HeM npegycMmaTpuBaeTca ycTaHoBka 6GanaHco-
BOrO KranaHa unv perynaropa pacxoga.

[MoTepu gaBneHuna Ha “perynupyemom y4acT-
ke” AP lMa, onpepenAatoTcA rno popmyne:

pea.yy.’

AP =A

pea.yy. P pea.yu. + (ZAPKA.)

(4.7)

pea.yy.’

roe:
Ap,., .~ NOTEPA AABNEHVA B TpybonpoBogax
“perynmpyemoro y4dactka”, MNa;

AP, - pacuyeTHas notepa AasneHus B Tep-
MOCTaTN4ecKoM nnn 6anaHcosoMm knanaHe, MMa.

lMoTepu paeneHnA Ha y4actke AP, a Tak-
»Xe noTepu JaeneHua B TpybonposBopax “pery-
nupyemoro yyacTtka” Ap BbIYUCIAOTCA C

pea.y4

MOMOLLIbIO MeTOoAa yAesbHbIX NOTepb AaBneHnA
Kak cymma notepb AaBneHuA Ha NpeoponeHne
CWMn TPeHUA (notepy No AfMHE) 1 CUN HepLmK
(MecTHble conpoTuBeHnsa) No popmyne:

AP =1 .R+Z (4.8)
yd. yy

roe:

ng - AnNnHa y4acTtka, M;

R - ygenbHaAa noTtepA gaBneHnA Ha TPeHue,
Ma/m ( MpunoxxeHna «A» n «b»);

Z = f(2{) - noTepu gaBneHnAa Ha MeCTHble CO-
npotmenenus, Ma ( Mpunoxenune «[»);

>({ - cymma KodPULIMEHTOB MECTHbBIX COMNPO-
TmBneHun ( MpunoxxeHne «B»).

Bbibop Tunopasmepa perynupytoLlero unm
6anaHCcoBOro knanaHa npov3BoguTCA Mo Be-
NINHMHE ero NpOomnycKHOM CnocobHOCTM K, M/4,
KOTOpaA ABNAETCA TEXHUYECKOWN XapakTepucTu-
KOW KnanaHa, oTpa>kaemol B ero Hopmarsu.

3Ha4eHne MpOMyCKHOI cnocobHocT K,

BblpaykaeT 0ObeMHbI pacxofd MpoTeKatoLlen
Yyepe3 KnanaH BoAbl NNoTHocTbto 1000 Kr/m®
npu cosgaHnn nepenaga AasreHnA Ha Hewm 1
6ap (100 klMa unm 0,1 MIa).

MeTofmka nogbopa perynupytoLyx knana-
HOB 3aBUCUT OT GYHKLMOHANIbHOrO Ha3Ha4YeHnA
KrnanaHa 1 ero KOHCTPYKTUBHbBIX OCOOEHHOCTEN.
Vicxoga n3 3TOro, perynvpyoLlyto apmartypy
EPL ycnoBHO nopgpasgendem Ha [BE OCHOB-
Hble rpynnbl (cm. rmnasy 1):

- 2-A rpynna, yH1uBepcanbHon apmMaTtypsbl, He
UMetoLaA rmgpasnny4eckon HacTPONKK;

- 3-A rpynna, apmaTypbl, UMetoLLaA B CBOEN
KOHCTPYKLMM YCTPOWCTBA MO HACTPOWKE Iu-
LPaBMUYECcKOro ConpoTUBEHNA Ha Tpebyemoe
3Ha4eHue.

Ana onpeneneHna notepu AasneHus AP,
Ma, krnanaHoB, omHocAwuxca Ko 2-0 epynne,
MOXXHO MCMONb30BaTh PacHETHYIO Gopmyny

AP, =0,1.(G/k )2, (4.9)

roe:

G - pacyeTHblii pacxop TEMIOHOCUTENA Ha
y4acTtke, Kr/4;

k, - nponyckHasa cnocobHOCTb, M/,

UM COOTBETCTBYIOLLYIO AaHHOMY KranaHy
pacyeTHyto Homorpammy [EPLl, obwwmin Bua
KOTOpOIi NokasaH Ha puc. 4.20.

Knto4 nonb3oBaHMA HOMOrpaMmMon nokasaH
Ha puc. 4.26 LITPUXOBOW NHKeENA. o pac4eTHo-
My pacxopy BOAbl Ha nepecedyeHuun ¢ rpadpuye-
CKOW XapakTepuctukon KnanaHa 2K onpepe-
NnAeTCcA MoTepA fasreHnAa B Hem AP _, a Ha
NPOAOIMKEHNN TFpaduHECKONn XapaKTepuUCTUKK
Ao nepecedeHna ¢ opauHaton AP = 100 klla
— KOHTpOJIbHAA BENMM4YMHAa NPOMYCKHON crocob-
HOCTW KnanaHa K, M%4. [Ina nponycka Yepes
KrnanaH pac4yeTHOro pacxofa TennoHocuTena
G,, NpuHMMaeTcA nonoxeHve wroka 2K, nc-
X044 M3 coobpakeHuii [OoCTaTOMHOCTV Xopda
LUTOKa B CTOPOHY OTKPbITUA MPU «HAaTone» rno-
MeLLEeHWA, a TakKe JOCTaTO4HOCTM Xoa LUToKa
B CTOPOHY 3aKpbiTUA MNpu aBTOMAaTUYHECKOM
YMEHbLUEHNM pacxoga BOAbl BCNeAacTsue Be-
POATHOrO MOABMEHMA B MOMELLEHNN TEMMOBbIX
BO3MYLLIAIOLLMX BO3OENCTBUN.

Mpu nopbope KAanaHoB, OMHOCAWUXCA K
3-0 epynne, n onpepeneHnn rmgpasnn4eckomn
HaCTPOMKN KnanaHa MOXXHO WKCMonb30BaTb
dopmyny Ansa onpegeneHna Tpebyemoro aHave-
HVA NPOMYCKHON CMOCOBHOCTY

k = GI(10.AP, )°5, (4.10)
roe:

AP, - pac4eTHaA Tpebyemas noTepA aasne-
HUA B banaHcoBoM KnanaHe, Ma.
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10° G, Kriu

0,01 | |
1 10 102
Gy

0.25L+1K

05L+2K

0.75L+3K

Puc. 4.2.: Onpegenexve rugpaBnu4eckmx xapakTepucTuk KnanaHos

a) cxema xofja LUTOKa KrianaHa ¢ COOTBETCTBYIOLLMMI KOAOBbIMU 0603Ha4eHuAMn 1K,
2K, 3K, oTKp., Ans KoTopbiX Ha puc. 4.2.6 anA kKaanaHa 2-oli 2pynnel NoKasaHbl COOT-
BeTcTBYylOLLME ruagpasnmndeckne 3asuncumoctn 1K, 2K, 3K, oTkp.;

6) cxema onpefeneHnsa pacyeTHOro CoNpPoOTUBNEHUA KaanaHa 2-ol epynnsl No 3afaH-
HOMY pacHeTHOMY pacxofy BoAbl Ha y4acTKe,

B) cxema nogbopa KaanaHa 3-U epynnel 1 onpeaeneHns ero ruapasnm4eckon HacTpo-
K1 NO 3afaBaeMbIM 3HA4YEHUAM NOTEPU AaBEHNA B HEM 1 pacxody Bofbl HA yyacTke.

Mony4eHHoe no ¢opmyne (4.10) 3Ha4veHue
k, ABnNAeTCA [OCTATO4HbIM MPOEKTHbIM peLle-
HVeM, T.K. MO3BONAET NPoOU3BecTn nogbop kKna-
naHa uUnu ero 3ameHy Ha KrarnaH MHOro Tuna.
Mpy noabope KOHKPETHOro Tuna KnanaHa, a
Tak>ke ana onpeaeneHns a3HaveHna ero rmapas-
NNYECKON HACTPOMKU N, HEOOXOAUMO MONb30-
BaTbCA COOTBETCTBYHOLLEN [AaHHOMY KnanaHy
pacyeTHol Homorpammon TEPLI, obwwmin Tvn
KOTOpPOW nokasaH Ha puc. 4.2B.

Kno4 nonb3oBaHMA HOMOrpaMMon nokasaH
Ha puc. 4.2B LUTPUXOBbIMU NHMAMK. Ha nepe-
CeYeHUn NUHWUIA NOCTPOEHUA pacHeTHOro pac-
xoAa Bogbl G W 3afaHHON NoTepu AasneHue
B KnanaHe AP, onpepensaeTca Tpebyemas
rpajpuyeckana xapakrtepuctmka C COOTBET-
CTBYIOLLEN BENUYUHOWN TruAapaBnu4yeckon Ha-
CTPOMKN N, a Ha NPOAOIHKEHUN rpadu4eckon
XapakTepuUCTUKI [0 nepeceYveHnsa ¢ opgnuHaTon

AP, = 100 klMa — Benu4nHa Tpebyemoin npo-
MYCKHOM CNocoBHOCTM KnanaHa K, M*/4.

JOnAa obecrie4yeHna oMNTMMAanbHOMW W Kade-
CTBEHHON  6anaHCUMpOBKM  LIMPKYMALUMOHHBIX
Konew, mexxgay coboi, crnefyeT npuaepXusartb-
cA crefyloLMX pekoMeHgauuin npu nogbope
N onpegeneHun rnapasnn4eckon HacTPONKK
6anaHcoBbIX KNnanaHoB:

1. Mpn rmgpasnmyeckom pacyeTte cregyet
CTPEeMUTbCA K TOMY, 4TOObl AnA Bcex perynu-
pyeMbIX y4acTKOB CUCTEMbl OTOMMEHUA B Mak-
C/YMarnbHO MOSHOWM Mepe KCMonb30BasncA BeCb
OmanasoH rvapasiY4ecKuX HacTpoek n, He
3atparuBasa 3HayeHui, 6rM3Knx K NoHOMY OT-
KPbITUIO 1 K 3aKpbITUIO KnanaHa (CM. gnanasoH
«A» Ha puc. 4.2B).

[nAa aToro npu _pacyere OCHOBHOrO LMp-
KYNALUWOHHOIO KonbUa WCMONb3YyeTcA nepBoe
HanmpasneHve rmapaBanMyeckKoro pacyera (no
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3aaBaemMo ONTMMarnbHOW CKOPOCTU [BWXKe-
HUA TennoHocutensa). Y4ntbiBaaA, 4TO OCHOBHOE
LUMPKYNALVOHHOE KOMbLUO MMEeT HambonbLuyto
TEMMOBYKO Harpysky perynmpyemoro y4acrtka
N ABNAeTCA Hanbonee NPOTAXXEHHbIM, cregyeT
3afaTbCA 3Ha4YeHVeM [MOpaBANYecKon Ha-
CTpOiikN _6anaHcoBOro knanaHa B npegenax
granasoHa «A», Ho Gnvke k Gonbliemy OT-
KPbITMIO KNanaHa (CM. gnanasoH «b» Ha puc.
4.28). o pacyetHomy pacxopy Bogbl G, Ha
nepece4veHnn c rpadn4eckomn xapakTepUCTUKON
KnanaHsa n, ornpepensaetcA noTeps AaBneHus B
HeMm AP_ . a Ha NpogorkeHun rpaduyeckon
XapakTepUCTVKX 0 NepeceyeHns ¢ OpanmHaTon
AP = 100 kla — pac4eTHad Benm4mHa npo-
MYCKHOM CMOCOGHOCTM KnanaHa  k , M3/4

(puc. 4.2B). "

2. PacyeT ocTanbHbIX LMPKYNALMOHHbBIX KO-
neL BbINONHAETCA C MCMONb30BaHNEM BTOPOro
HanpaBneHWsa rMapaBnMyeckoro pacyeTa (Mo
BENMYMHE pacnonaraeMoro LMpKYNALUMOHHOIO
ZJaBneHus). B pesynbrarte aTux pac4eToB BbifB-
nAalTcA Tpebyemble 3Ha4YeHua AP, . AnA Bcex
GanaHcoBbIX KranaHoB OcTarnbHbIX perynupye-
MbIX Y4aCTKOB.

3. Mo ncxopHbIM  3HaveHuAam G, n AP,
AanAa Bcex 6GanaHcoBbIX KranaHoB OCTarnbHbIX
perynmpyemMbix y4acTkoB onpefenseTca Tpeoy-
emad Befim4nHa ruapasnnyeckorl HaCTPONKN n,
1 Tpebyemoe 3Ha4eHne NPonycKHoO CrnocobHo-
CTM KnanaHa k, nytem rpapu4eckux noctpoe-

HUIN, NOKa3aHHbIX Ha puc. 4.2B.

4.4. Oco6eHHOCTN rMApaBNN4YecKoro pacyera ropu3oHTasnbHbIX CUCTEM OTO-
NAeHNA NP CKPbITON NpokKnagke Tpyo6onpoBojoB

PacyeT ropusoHTanbHbIX CUCTEM OTOMMEHNA
BbINONIHAETCA B COOTBETCTBMM C BbILLEN3O-
YKeHHON MeToamkon. OcobeHHOCTU ruapasnu-
4yecKoro pacyeTta CBA3aHbl C 0COOEHHOCTAMMU
KOHCTPYUPOBaHUA CUCTEMbI OTOMNEHNA.

HarpeBaTenbHble 9neEMEHTbl FOpU3OHTanb-
HON CUCTEMbI OTOMJSIEHNA (OTOMUTESbHbIE MPU-
Gopbl, OTOMUTENbHbIE KOHTYPbl HAMOMBLHOO
OTONSIEHNA U T.M.) NMOACOEANHAIOTCA K CUCTEME
OTOMNSIEHNA Yepe3 pacnpefenuTens, KOTOpbIN
Kak Obl pa3buBaeT cucTemy OTOMMEHWA Ha
OBE CUCTEMbl: CUCTEMY TennocHabkeHus pac-
npepenutenen (Mexgy TEMNOBbIM MYyHKTOM 1
pacnpegenuTenamMu) 1 CUCTEMY OTOMMEHMA OT
pacnpegenutenen (mexgy OTONUTENbHbIMMK
npubopamu 1 pacnpegenutenem).

Takum obpa3om, cxema cucmemsl OMonAe-
HuAa BeinonHAemcA, Kak npaBuno, 8 Buge pas-
gEAbHbIX CXEM:

- cXeMa CUCTeMbl TennocHabXxeHna pacnpe-
penutenen.

- CXEMbI CUCTEM OTOMMEHNA OT pacnpegenu-
Tenen.

OcobeHHOoCcMb 2ugpaBAuyeckozo pacdema
3akAroHdaemca B cregyroujem:

1) Ha BBOAE Kaxkgoro U3 pacnpegenuntenen
NpoeKTMpyeTcA:

- aBTOMAaTU4eCKNA PErynAaTop pacxofa
F'EPL art.Ne 4001 (unu BeHTWUNb GanaHCOBbIN
LUTPEMAKC) — ana ogHOTPYyOHbIX CUCTEM OTO-
NNeHus;

- aBTOMAaTW4YeCKuin perynaTop nepenaga
pnaeneHuns FEPLL art.Ne 4007 — ona aByxTpyO-
HbIX CUCTEM OTOMMEHNA.

2) B Ka4ecTBe OCHOBHOIO pacyeTHOro Lup-
KYNALMOHHOIO KOombLia BbIOUPAIOT KOMbLO Yepes
CaMblil Harpy>eHHbI OTOMUTENbHbIN NPUOGoP
(N oTONMUTENbHBIN KOHTYP) Hanbornee Harpy-
YKEHHOro pacnpegenurens.

3) BbinonHAeTcA rugpaBnMyeckuin pacyet
CUCTEMbl OTOMMIEHUA OT pacnpefenuTena Ao
OTOMUTENbHBIX MPUOOPOB C MCMONb30BaHMEM
nepBozo HanpaBAeHuUA pacyema.

4) BbinonHAeTcA rugpaBnuYecknin pacyeT
cucTembl TennocHabXXeHna pacnpegenutenei
C UCMONb30BaHeM NMepBoro HanpasneHna pac-
yeTa.

5) BbinonHAeTcA rugpaBnuyYecknin pacyeT
BCEX CUCTeM OTOMIeHWsA OT pacnpepenuTenen
[0 OTOMUTENbHBIX MPUOOPOB.

6) MpoussoguTcAa Noadop rMapaBnINYecKux
HaCTPOEK PerynATopoB pacxofja wunu peryna-
TOPOB Mepenaga [aBfieHMA, MOHTUPYEMbIX Ha
BBOAE KaXXAoro 13 pacnpenenurenei.

5. KoHCTpynpoBaHue n nog6op o60pyaoBaHNA TEMNOBOro NyHKTa CUCTEMbI

BOAAHOIO oTornyieHnA

OcCHOBHble 3remeHTbl 1 0bopynoBaHVe Te-
MMOBOrO MyHKTA COCTAaBMAOT rMapaBinM4eckKyto
LienoyKy Kak CO CTOPOHbl MEePBUYHOrO TEMJO-
HOCUTENA TennooOMEHHIKA, Tak U CO CTOPOHbI

BTOPNYHOIo TenioHocuTenA, rae arnemMmeHTbl Te-
MNoOBOro yana ABNAKTCA 3BEHbAMW OCHOBHOIO
LUMPKYNAUMOHHOIO Kosbla CUCTEMbI OTOMJTIEHUA.

Mpexpge, 4Yem MPUCTYNUTb K KOHCTPYyUpO-
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BaHUIO TEMnoBOro nyHkTa, HeobXoaumo Mofdo-
Opatb TennoobMeHHUK, ANA Yero UCrosb3yoTcA
nporpammbl nogdopa TennoobmeHHUKa. B pe-
3ynbTate nogbopa nonyvyaem KOHCTPYKTUBHbIE,
TennoBble 1 MMapaBnMyeckme XapakTepucTUKm
TennoobMeHHUKa, B TOM Yucne notepu Aaene-
HVWA CO CTOPOHbI MEPBUYHOrO TEMnoHoCUTENA
— TenmnoBbIX CeTel, a Takxxe noTepn OasreHnd

CO CTOPOHbI BTOPUHYHOIo TenjioHocuTenAa — Ccu-
CTeMbl OTOMNEeHnA APmo.

B TennoBom nyHkTe co CTOPOHbI BTOPUYHOIO
TENSIOHOCUTENIA OCHOBHbIMW 3nemeHTamn Ccu-
CTeMbl OTOMMNEHNA ABNATCA GUILTP, LIAPOBble
KpaHbl, 0OpaTHbIi KnanaH, ConpoTuBEHne
Kotopbix AP, AP, onpepenAloTcA no coor-
BETCTBYIOLLMM HOMOT paMmam.

5.1. Moa6op LMPKYNALMOHHOIrO Hacoca CMCTeMbl BOAAHOro OTOMNJIeHNA

[na nogbopa LmpKynALMOHHOIo Hacoca He-
ob6xoaumo onpenenuTb Tpebyemble ero nogavy
V_, M4 n Hanop P, kMa (nnn m.Bog.cT.). MNopa-
Yya Hacoca COOTBETCTBYET pacyeTHOMY pacxogy
B cucteme otonneHns V = V_. Tpebyewmbii
Hanop OnpefenAeTcA CYMMOW COCTaBMAOLLMX
noTepb AaBneHVA B LUPKYNALUMOHHOM KOSbLe
— NOTepb AaBfieHUA y4YaCTKOB OCHOBHOIO LMp-
KYNALMOHHOrO KonbLa ZAPW, noTepb B TEMSO-
0OMEHHUKE CO CTOPOHbI BTOPWYHOIO TEMIOHO-
cutena AP__, conpoTtusneHva ¢unbtpa Aqu n

mo’

conpoTnBreHna obpatHoro knanaHa AP_:
P = ZAqu+ AP+ APw+ AP (5.1)

B cyuwecTtBylolen nNpakTUKe MPUMEHAIOT-
CA, KakK npaBumo, LUMPKYNAUMOHHbIE HACOChI C
«MOKpPbIM POTOPOM» C MOCTOAHHOW CKOPOCTbIO
BpalleHua (3...4 CTyneHn CKopocTen), a Tak-
XK€ C 3NEKTPOHHbIM YnpaBfieHneM CKOpOCTU
BpalLlieHuA rno nepenagy AaBlneHnA Ha Hacoce.
Hanbonee LUMPOKO NMPUMEHAETCA MepBblil BUA
HacocoB. BTopoit BUA npumeHAeTcA npu Heob-
XOAUMOCTM perynupoBaHvA nepenaga pasne-
HWA B CUCTEME OTOMSIEHUA.

[na opHOTPYOGHON cUCTEeMbl OTOMNEHWA, B
KOTOPOW MHOUBMAYANbHOE PErynmpoBaHue ocy-
LLleCTBNAETCA NepepacnpeneneHmemM noToKoB B
006BA3Ke OTOMUTENbHOIO Npubopa ¢ MOMOLLIbIO
TPEXXOLOBOr0 TEPMOCTATMYECKOro KranaHa
6e3 n3MeHeHUA pacxofa B CTOAKE U B cucTeme
OTOMMEHUA, peKoMeHAyeTCA NPUHNUMaTb Hacoc
C MOCTOAHHOW CKOPOCTLIO BpaLleHuA.

Ona pByxTpyOHOM cuUCTeMbl OTOMMEHNA,
B KOTOPOW WHAMBMAYyanbHOE perynipoBaHuie
OCYLLEECTBNAETCA [POCCENMPOBAHNEM MOTOKA
C MOMOLLbIO BYXXOO0BOIO TEPMOCTATUHECKOrO
pajmaTopHOro KnanaHa ¢ U3MeHeHns pacxofa
B CTOAKE U B CUCTEME OTOMIIEHWA, PEKOMEHY-
eTcA NpUHUMaTb HAcoC C ANEKTPOHHbLIM Yrnpas-
NEeHeM CKOpOCTM BpaLLeHus.

[na cuctem HebOomMbLUON MOLLHOCTU MOXXHO
TakKXXe NPUMEHATb HACOC C MOCTOAHHOWN CKOpPOC-
TblO BpaLLEHNA C MepenyckHbIM KranaHoMm Ha
Gannace.

BbiGop Hacoca ocyLLecTBRAT rpaduyecku
MO ero XxapakTepucTmke nmbo ¢ MOMOLLIbIO 3MeK-
TPOHHbIX NpOrpamMm Npon3BoanTENA.

Cxema xapakTepucTuky Hacoca C NOCTOAH-
HOW CKOPOCTbIO BpalleHWA nokasaHa Ha puc.
5.1a, a ¢ aneKTPOHHbIM yrpaBrneHnem cKopoc-
TbIO BpaLleHuA - Ha puc. 5.1B.

B nepeom cniyyae (puc. 5.1a) Bbibop Haco-
ca OCYLLECTBMAOT MO pacyeTHbIM BeMMYMHAM
P, w V, nony4eHHbiM B pesynbtare ruapas-
NINYECKOro pacyeTa CUCTEMbl OTOMSIEHMA U
nogbopa ob6opynoBaHMA TEMMoBOro MyHKTA.
[padumyeckm onpedenAaldT pacHeTHY ToY-
Ky W XapaKTepuCTUKy CUCTEMbI, 3aTeM Mo
HanpasneHnto XapakTepUCTUKN  CUCTEMbI
OMNPeRenAT CTyNeHb BpalleHnA Hacoca n ero
NpoeKTHble xapaktepuctvkun P, un V. . Xapak-
TEpUCTIKa ABYXTPYOHOI CMCTEMbI OTOMMEHUSA B
pesynbrate paboTbl TepPMOCTaTUYECKMX Knana-
HOB MEHAETCA, HanpuMep, Ha XapaKTepucTuKy
Ne 2 nnm Ne 3 (puc. 5.16). MNepenap gaeneHus
B CUCTEME OTOMIEHNA MPU 3TOM BO3pacTaeT B
1,5-2 pasa, 4TO 3HAYUTENBbHO CHWXaeT Kade-
CTBO PErynmpoBaHvA 1 CO3[aeT rugpasnuye-
ckuin wym. Ytobbl aToro nsbexkatb, crnepyet
napannenbHO Hacocy YCTaHOBWUTb Mepenyck-
Hown knanaH MEPLl, HacTpoeHHbIn Ha nepenag
paeneHna AP = P,. B aToM crniy4ae Komniekc
«Hacoc 1 nepenyckHoi knanaH FEPLL» 6yget
NMETb HACOCHYIO XapaKTepUCTVKy B BUAe mo-
MaHHon nuHun B-B-T, obecneynBaa Ha NVHWUK
B-B npu niobbix XapaKTepucTkax CUCTeMbl
OTOMNJIEHMA TMOCTOAHHLIN Mepenag [aBneHuA
AP =P,

Bo BTOpOM cnyyae (pwc. 5.1B) npu Bbibope
Hacoca [OoCTaTo4HO MO pacHeTHbIM BENMYUHAM
P, n V,, nony4eHHbIM B peaynbrate riuapasnu-
4YecKoro pacyetra CUCTEMbl OTOMNEHUA, MOJO-
6paTb Takol Hacoc, 4Tobbl paboyas pacyeTHas
TOYKa Haxogwnacb rge-to B CpedHen 4actu
paboyero guanasoHa xapakTepucTVKu nogaqm
Hacoca.
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Puc. 5.1.: Cxema xapaKTepuCTMKIN Hacoca:
a) C NOCTOAHHOWN CKOPOCTbIO BpaLLeHUs;
6) C NOCTOAHHOI CKOPOCTbIO BPALLEHNA U NepenyckHbIM knanaHom MEPLI;
B) C SMEKTPOHHbIM yNpaBneHnemM CKOPOCTbIO BpaLLeHUA.

5.2. Bbi6op TNa n nog6op pacwmputenbHOro 6aka

B HacToAlee BpemMA npeumyLlecTBEHHO
MPUMEHAIOT 3aKpPbITble pacLLuMpuTernbHble 6aku,
OfHaKO B OMpefeneHHbIX Cryyasax crnegyeT uc-
Monb30BaTh OTKPbITbIN pacLUMPUTENbHbIN Gak.

%: ______

1,5m

Ha puc. 5.2a 1 puc. 5.26 nokasaHbl pacrnpo-
CTpaHeHHble cxeMbl NoACOeAMHEHNA OTKPbITOro
pacLumpuTenbHoro 6aka.

B)

L;L

g

Puc. 5.2: CxeMbl OTKPbITOrO pacLumMpuTesnisHoro 6aka 1 ero noacoeanHeHna K cucteMam

a) C ecTeCcTBEHHON LMPKYnALUMen TennoHocutens; 6) ¢ HaCOCHOW LMPKYNALMen TennoHoCcUTens; B) ¢ Ha-
COCHOW LiMpKynAumen TeNNOHOCUTENA MPU NCMOMb30BaHMUN B CUCTEME OCHOBHOMO UM AONOSTHUTENBHOIO

KOTNa Ha TBepaom Tonnvsee

K - KoHTponbHaa Tpyba; 1 - nepenveHas; P - paclumputenbHas; L - umpkynauuoHHas; C - cBeyHas anA
Bblbpoca napa; 1 - UMPKYNALMOHHBIN HAacoC; 2 - KOTen Ha TBepAoM TOMNvBe; 3 - NpeaoXpaHnTenbHbli
knanaH; 4 - knanaH FEPLI-TS-E ¢ TepmonpriBogom apT. 7710 («OTKpbIT» B 00€CTOYEHHOM COCTOAHUN).

Cxema puc. 5.2a NpuMeHAETCA NMpw UCMosb-
30BaHUN B rpaBUTALMOHHON CUCTEME OTomMe-
HVA KOTNa Ha TBEpAOM TOMnuBe.

B HacocHbIX cucTemax ¢ KOToM Ha TBepoM
TOMNMBE CcregyeT YycTaHaBnMBaTb pacLUnpu-
TenbHbIN Gak Mo cxeme puc. 5.28. B gaHHOM
crnyyae obbeMm pacluMputenbHoro 6aka 3Ha-
YnTenbHO MpeBbilLaeT TPebyemblt 06beM Ve
4YTO MO3BOSMAET MPW aBapUNHOM OTKIIOHEHUM

3MEKTPO3HEepPrm «COPOCUTL» TEMIIOTY M3 KOTNa
Ha HarpeBaHVie Bofdbl B paclumputensHom Gake
3a CYeT OTKpbiBaHMA KnanaHa 4 u NoABNAO-
Lenca npu 3TOM eCTECTBEHHOWN LMpKynAumm
no Tpybam «Ll» un «P». B cnyyae 3akunaHus
BOAbl MpoucxoanT cOPOC MapoBOAAHOW CMecH
no Tybe «C» B BEPXHIOIO YaCTb pacCLLUMPUTENb-
Horo Gaka, ee cenapupoBaHuie 1 copoc napa B
aTtmocoepy.
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Pabo4uin pacHeTHbI 00beM OTKPbLITOro pac-
LuMpuTenbHoro baka, V, s> TN, OnpeaenAeTca no

dopmyne

V ,=0,045.V_,

p.

(5.2)

rge:
V_ - pacyeTHbIi 0ObeM BOfbl B CUCTEME OTO-

c.o.

nreHna, n.
3aKpbITbI (MEMOPaHHBI) pacLUPUTENbHbINA

a)

HHITICIIE

0)

0aK ycTaHaBNMBaEeTCA, KakK Npasuno, B Tenmno-
BOM MyHKTEe Mpu TennocHab>XXeHnn oT TennoBbIX
ceTei N MecTHOro aBTOMaT3MPOBaHHOTO 1C-
TOYHVKa TennoTtbl. Hanbonee pacnpocTpaHeH
mMmeMmbpaHHbIi bak, paboTatoLuii Mo AaBrneHu-
em (puc. 5.3a).

Tpebyembit obbem Takoro Gaka V . 3a-
BMCWT OT rMAPOCTaTU4ECKOrO AaBneHna 1 gas-
neHua cpabartbiBaHuA NPeAoXpaHnNTenbHOro
knanaHa. Cxema ero yCTaHOBKW NpefAcTaBreHa
Ha puc. 5.4.

1
MeMOpaHa
o pmm 4 o
]
F————

Puc. 5.3.: CxeMbl 3aKpbITOro pacLumputenbHoro 6aka: a) paboTaroLLero nof gasneHnem
cucTemMbl OToMneHns; 6) paboTaroLLero o atMochepHbIM faBneHnem

1 - kopnyc 6aka nop atMochepHbIM AaBIIeHNEM;

2 - NoANUTO4HbIN HACOC;
3 - 0bparTHbIi KNanaH;
4 - KnanaH-pegyKrop.

Tpebyembii MUHMMAnbHbIA obbem V., n,
3aKpbITOro (MeM6PaHHOro) pacLUMpPUTENbHOTO
Gaka, paboTatoLLero noj AaeneHnem, onpepe-
naetcA no opmyne

Vooe Vo

B , (5.3)

;0

roe:

Vpﬁ - pabo4uii pacHeTHbIN 06bEM OTKPbLITOrO
pacluvpuTensHoro 6aka, onpegensemblii Mo
dopmyne (5.2), n;

Pr - pacyeTHaA Benu4MHa rugpocrarnye-
CKOro faBfeHnA B TOYKe MoJKNiYeHnA 3aKpbl-
TOro (MeMbpaHHOro) pacLMpuTenbHoro 6aka K
cucTeMe oTonneHua, bap;

P - 3HayeHue [aBneHus cpabatbiBaHuA

n.K.

npeAoXpaHUTenbHOro knanaHa, 6ap.
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[
hr

1 6 4
Pn.k.

0

Puc. 5.4.: Cxema yCTaHOBKM 3aKpbITOro (Mem-
OpaHHOro) pacLumpuTenbHorobaka
yCTpoIcTB 6e30MacHOCTU B CrCTEME
oTonfeHnA

1 - KoTen unmn TennoodbMeHHUK;
2 - UMPKYNALMOHHBIN Hacoc;
3 - paguatopbl CUCTEMbI OTOMNNEHNS;

4 - 3aKpbITbIN (MEeMOPaHHbI) pacLLUVPUTENbHBbI
baKk;

5 - maHomeTp;
6 - NnpegoxpaHnUTEerNbHbIN KnanaH.

PacdetHaa Benn4uHa rmgpocrtatn4eckoro
naBneHunA Pr’ 6ap, B TO4YKe MNMOoAKIo4eHnA 3a-

KPbITOro  (MeMOpaHHOro)  pacLLUMPUTENbHOro
baka K cucteme OTOMNEHUs onpeaenaeTca rno

dopmyne
P.=p.h..10% (5.4)

roe:
h, - Bbicota cTonGa XXMAKOCTW Haf TOYKOW
NOAKNIOYEHNA 3aKpbITOro (MeMobpaHHOro) pac-

LLUnNpUTENbHOIO baka K cucteme OTOMMNeHnA, M,

p - MNOTHOCTb BOAbI, Kr/M3.[aBneHne B 3a-
KpbITO CCTEME BOAAHOMO OTOMNEHUA cnegyet
npuHumatb He MeHee 1 Gap. Mepen 3anonHe-
HVEM CUCTEeMbl BOZOW 3aKpPbITbI (MEMOPaHHDIIA)
pacLunpuTenbHblii 6ak gomkeH ObiTb OTperynu-
pPOBaH Ha BENVYMHY AaBMNEHNA BOAbl B CUCTEME.
MpenBapuTenbHO HeobXoauMo Mpu atMochep-
HOM [aBrieHNN B NPUCOE[UHNTENBHOM LUTYLIEpe
baka ycTaHOBWTb AaBfieHWe asoTa B Hem Ha
15-20 % 6ornblle NPOeKTHOro 3Ha4YeHus aasre-
HMA B CUCTEME B TOYKE NPUCOEANHEHUA pacLUun-
puTenbHoro H6aka.

Ona cuctem oTonneHna GorbLUON eMKOCTH,
ONA BbICOTHbIX 3[aHW, a TaKke AnA TennoBbiX
ceTerl MCMosb3yeTcA pacLUMpUTESNIbHbIA MeM-
OpaHHbI 6ak, paboTaroLmin nog aTMOChEepPHbIM
pasneHuem (puc. 5.36). KnanaH 4 nepenyckaet
BOAY W3 CUCTEMbl OTOMMEHWA NP MOBbILLEHNN
ee [aBneHuns Bbille 3afaHHoro, a Npu nageHnm
[OaBMeHus B CUCTEMe BKIHYaeTcA MoAanuToud-
HbIi Hacoc 2. O6bem Takoro 6aka onpenenseT-
CA TaK >Ke, Kak 1 OTKPbITOro pacLUpUTENIbHOMO
6aka no dopmyne (5.2).

HERZ Armaturen G.m.b.H. ocywiectBnaer
MoCTaBKy pacLUMpUTENbHbIX YCTAHOBOK, pabo-
TaroLwmx no cxeme puc. 5.36.

6. an/IMepbl rmgpaBjinydyeckKoro pacyderta AByXprGHbIX cuncrem otonsneHnA

6.1. Mpumepbl rngpaBNN4YeCcKOro pacyeta BepTnKanbHON
ABYXTPYOHOI cMcTEeMbl OTOMNJIEHNA C BepXHell pa3BoAKON

MarncTpasjibHbIX TenjaonpoBsonoB

B paHHOM pasgene npuBOAATCA NpUMepbl pacyeTa ABYXTPYOHOI BepTUKaNbHON TYMNMKOBOW CUCTEMbI
BOZAHOrO OTOMMEHUA C MPYMEHEHNEM Pa3fIMYHbIX BapyaHTOB 0OBA3KM OTOMMTESbHBIX MPUOOPOB:

1-11 BapuMaHT - ¢ NpMMeHeHnem pagmnaTopHbix knanaHos NEPL-TS-90 n TEPL-RL-5;

2-11 BapuaHT - C NpUMeHeHnem pagmaTtopHbix knanaHos NEPL-TS-90-V (unn N'EPL-TS-98-V);
3-11 BApuaHT - C MpUMeHeHMeM paamaTtopHbix knanaHos NEPL-TS-FV;

4- BApVaHT - C MpUMEHeHnem paamatopHbix knanaHos MEPL-TS-90-k,,
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YKasaHHble BapunaHThbl 00BA3KM O6be}Z|I/IHeHbI B BMAge egnHoro npuMmepa B cuny MaeHTn4YHOCTn MeTo-
OVKN pacHeTa N KOHCTPYNpOoBaHUA CUCTEMbl OTOMNEHUA NP BCEX HETbIPpexX BapnaHTax.

Ocoboe npenHasHa4yeHve MMeT paauaTopHble kKnanaHbl FEPLI-TS-90- k,- HaHHbI BUA KnanaHos
cneumanbHoO paspaboTaH AnAa aKkcniyarauun B Taknx 3aaHusax, rae Tpe6yeTCF| noBblLLEHHaA 3awmTa oT
nepeHacTPONKK NPOMNYCKHOW CNocobHOCTM KnanaHa. K Takum 3gaHnaM OTHOCATCA B NepByto ovepenb
MHOrOKBapTMpHble JOMa MacCOBOW MOPOACKON 3acTpoliku. OnbIT SKchnyatauny B TakMX 3gaHUAX Ha-
cTpamBaembix knanaHos Tuna NEPL-RL-5, TEPL-TS-90-V 1 T.n. nMeeT B OCHOBHOM HeraTuBHbIN pe-
3ymnbTaT, Tak Kak >XUnblbl 324aCTyt0 CaMOBOJSbHO NepeHacTpanBatoT KnanaHbl B CTOPOHY MOBbILLIEHUA
MPOMYCKHOWM CMOCOBHOCTM KranaHoB B CBOEN KBapTupe, NpvBOAA CBOMMYK AEUCTBUAMU BCIO CUCTEMY

OTOMSIEHUA K MOSMHONM 3KCMyaTaumoOHHON HEFOAHOCTM.

6.1.1. Mpumep rugpaBANYECKOro
pacyeta BepTuKanbHOW ABYXTpPYO-
HO cCUCTeMbl OTONNIEHNA C BepX-
Hell pa3BoOAKON C NpUMEHeHuem
paanatopHbix knanaHos [EPL-
TS-90 n FrEPL-RL-5

B kadectBe npumepa BbINOMHMM rMApPas-
NNYeCcKUin pacyeT ABYXTPYOHOW BepTMKamnbHOM
TYMWKOBOWN CUCTEMbl BOOAHOrO OTOMMEHUA 5-TU
3TaXKHOro >XKWUMOro fgomMa rnpu LeHTpann3oBaH-
HOM TennocHabXXeHUn OT TEMMoBbIX CETel Mo
3aBVICMMON CXemMe MPUCOEAUHEHNA CUCTEMbI
OTOMJSIEHMA K HUM.

B Tennosom yane B KayecTtBe cmecuTensA
3anpoeKTMpoBaH TPEXXO[0BOW PerynupyoLLmn
knanaH NEPL, 14037 ¢ cepsonpusogom EPL]
17712 » nporpaMMpyemMbIM 3IEKTPOHHbIM pe-
rynatopom EPL| 17798.

PacueTHble napameTpbl TENMoBbIX ceTewn
T,=120°C, T_= 70 °C, a cuctembl OTOMNNEHNA

=85°C,t =65°C.

B npumepe paccmoTpum ABYXTpPYOHytO cu-
CTeMy OTOMSIEHNA C BEPXHEWN pasBofKou nopa-
oLert Mmaructpanu. AKCoOHoMeTpuyeckasa pac-
YeTHaA CXeMa CUCTEMbl OTOMMEHUA MokasaHa
B YCINOBHbIX 0603Ha4YeHnAx Ha puc. 6.1 1 puc.
6.2a (Ha pucyHke He nokasaHbl BeTku "A"n T",
paspbiBbl CXeMbl CUCTEMbI OTOMNEHMA 0603Ha-
YyeH Toukamu "a" n "6").

Ha cxeme cucTtembl OTONNEHNA pacnpeaens-
em TennoBble Harpysku nometleHun Q, (pac-
YeTHble noTepwn TennoThbl I'IOMeLLl,eHI/IeM) Mo OTOo-
nuTenbHbIM Nprbopam, CyMMUpYeM Mo CToAKam
N yKasblBaeM TennoBble Harpy3ky CTOAKOB Ha
pac4eTHON CXeMe.

Knanan 'EPL-TS-90 n Bentunb N'EPL-RL-5
(puc.6.2a) cosgatoT CyMMapHOEe CONpoTUBNEHNE
(cm. dopm.(4.7)) Ha “perynupyeMom y4yacTke”
(ZAPM)peayq = AP_, + AP_,. Conpotuenexue
TepmocTatudeckoro  knanaHa [EPL-TS-90
OMNpefenAeTcA No ero TEXHN4YECKON XxapakTepu-
cTuke 2K B 3aBUCMMOCTN OT pacxoda BOfbl G
Ha y4acTke, a COnpoTUBIIEHME 6anaHcoBoro
paguaropHoro BeHTtunAa MEPL-RL-5 3apaertcs,
CXOOA U3 3afaBaemMon BenuynHbl (AP, ) ooy
Mo coobpaxkeHuam OGecllyMHOCTU pPadoThl
KrnanaHoOB pPEKOMEHAyeTCA 3ajaBaTb 3Hade-
HNe AP, KaXporo n3 knanaHoB He Gonee
20...25 kf1a. C Opyrov CTOPOHbI, AnA addekTnB-
HOro perynupoBaHWA pacxofoB B napannenb-
HbIX KOMbL@axX ABYXTPYOHOW cucTembl oTorse-
HWNA, HE PEKOMeEHAYeTCA 3afaBaTbCA 3HAYEHM-
em (AP ) MeHee 4...6 kla.

pea.y4

Mpy onpepeneHun pacnonaraemoro pAa.-
NeHuA Ha napannenbHbIX Komnblax cregyert
y4uTbIBaTb [OMONHUTENbHOE AaBneHne P, ot
oxnaxkaeHus Bofbl B npubopax u pr6or|poso-
gax no ¢dopmyne (4.5). OnA umpKynALMOHHBbIX
KonewL Yepes3 oTonuTenbHble npubopbl 1-ro
aTaxka 3HaveHne P, MOXHO He y4WTblBaThb,
npuHUMasA ero B 3anac Ha HenpeaBuAeHHble
noTepu faBneHus.
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Puc. 6.1.: Pac4eTHaa cxema BepTUKambHOWN TYNMKOBOW ABYXTPYOHOI crcTeMmbl
BOAAHOrO OTOMMEHNA C TYMUKOBbIM ABVXEHVEM BOAbl B MarncTpanax
C yKasaHvem Hymepauum y4acTkoB
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KnaanaH 'EPL{-TS-90,

npoxogHou, d1/2"
Kv = 0,6 m*/4
Apm. 17723 91

npoxogHod, d1/2
Kv = 0,6 m%/4

Apm. 17723 91

lonoBka
lonoBka

mepmMocmamu4ecKkan
mepmocmamu4ecKan

21
T11

21

BeHmuab baraHcoBblli
TEPLI-RL-5, npoxogHou

BeHmuab baraHcoBeiti

Apm. 1 3923 01

a15 Apm. 1 3923 01

F'EPLJ-RL-5, npoxogHou

[
d1/2" BeHmunb
3anopHoll
LUTPEMAKC-AG,
co cauBom
Kv = 6,56 u°/4
Apm. 14215 11

wapoBol
CO CAUBHbIM
KpaHom

Apm 12402 01

21

Puc. 6.2a.: CxeMbl NOBTOPAIOLLMXCA Y3M0B «A», «B», «B» 1 «[»

BblOupaem OCHOBHOE pacyeTHoe LMPKynsA-
LIMOHHOE KOmMbLI0O — 4Yepe3 npubop 1-ro ataxka
C112 BeTku «B». OCHOBHOE UMPKYMALNOHHOE
KOSIbLIO COCTOMT M3 MOCMefoBaTtenbHbIX y4acT-
ko 1,2, 3...8, 16, 17, 18, 19, 20, 16*, 21*, 8*...
3*, 2*, 1a, COOTBETCTBEHHO MPOHYMEPOBAHHbIX
Ha cxeme puc. 6.1.

OnpepenAem AnuHbl y4acTkoB |/, a Takxke
VX TENOBble Harpy3kn Q, No BbipaXkeHUto (3.6).
Hanpumep, ana y4actka Ne 20

Q,=1,05.1030 = 1082 Br,
ana yyqactkoB Ne 8 n Ne 8*

Q,=1,05.(4150 + 4690) =
anA ydactkoB Ne 7 1 Ne 7*

Q,=9282 + 1,05.3130 = 12570 Br,
anA ydactkoB Ne 6 1 Ne 6*

Q,=12570 + 1,05.2370 = 15057 B, n 7.A.

VcxogHble gaHHble 1 peaynbTaTbl rmgpasnm-
YeCKOro pac4yeTa peKoMeHayeTcA BHOCUTb B Be-
JOMOCTb rMapaBnMyeckoro pacyeTa, Hanpumep,
B Bue Tabn. 6.1. Mo BbiparkeHwto (3.7) onpepe-
NAeM pacyeTHbIl pacxoj TennoHoCUTenA
G = 0,86.Q,/(85 - 65) = 0,043.Q,. Bbiuucnae-
Mble 3HaL|eHI/IF| G . KM/, 3aHocvnv| B rpady 3
Tabn. 6.1.

Cymma KoagguyueHmoB mecmHbix conpo-
muBaeHull X{ gAa Kasgoeo yyacmka OCHOB-
HO20 YUPKYAAYUOHHO20 KoAbya onpegeaaem-
cA no NpunosKeHuro «B»:

- ydqactok Ne 1: pgBa otBoga ={=0,5.2 = 1,0;

- y4qactok Ne 2: TPOMHWK Ha OTBETBIEHME
(=15

- yqacTtok Ne 3: TpPOWMHUK Ha OTBETBMEHWUE,
3anBmkka >(=1,5+0,5=2,0;

- y4acTtkm Ne 4, 5, 6, 7: TPOMHUK NMPOXOLHOMN
(=1,0;

- y4acTok Ne 8: TpOMHMK NPOXOZHON, MNONYOT-

9282 Br,

BOf, BOo3ayxocbopHUK X{ = 1,0+0,5+1,5 = 3,0;

- yyacTtok Ne 16: TPOMHUK NPOXOAHON, KpaH
waposon, oteofd, >{=1,0+ 1,0 + 1,5 = 3,5;

- y4actok Ne 17: TpPOWHWMK NPOXOJHOMN,

2(=1,0;

- yyactok Ne 18: TpPOMHMK MPOXOJHOWN,
>{=1,0;

- y4actok Ne 19: TpPOWHWMK NPOXOJHOMN,
2(=1,0;

- yyactok Ne 20 (6e3 ydeta TepmocTa-
Tndeckoro knanaHa FEPL-TS-90 un Ganah-
coBoro paguartopHoro BeHtunA [EPL-RL-
5):  TPOWMHWK npoxogHown, oTBOfd, pagunaTop
CEKLMOHHbIA, TPOMHUK Ha  MPOTUBOTOKE,
2{=1,0+2,0+3,0=6,0;

- yyactok Ne 16* (6e3 y4eTta BeHTUNA 3anop-
Horo LUTPEMAKC-AG): otBog, ={ = 0,5;

- ydactok Ne 21*: oTBOf, TPOWMHMK NpPoxoA-
HoW, (= 0,5+ 1,0 = 1,5;

- 3Ha4eHnAa X{ Ha yyactkax Ne 8%, 7%, 6%, 4%,
NOEHTUYHbI COOTBETCTBYIOLLMM y4acTkam Ha
nofaroLlen marucTpanu;

- yqactok Ne 5*: 2 oTBOfa, TPOVMHUK Mpoxof-
Hom 2¢{=1,0.2 + 1,0 = 3,0;

- yyqactok Ne 3*: TPOWHMK Ha NPOTUBOTOKE,
3anBmkka >(=3,0+ 0,5 = 3,5;

- y4acTtok Ne 2*: TPOMHUK Ha NPOTUBOTOKE,
otBoa >(=3,0+0,5=23,5;

- ydacTtok Ne 1a: otBog (=0,5;

- TN (6e3 y4eTta knanaHa MEPL] apt. 1403732
n 2-x ¢punetpoB d65mm): 6 3aaBUKeEK, 4 oTBOAA
»{=0,5.6+0,54=5,0.

MoTepn OaBneHMA Ha MECTHble COMPOTMB-
neHna Z, lNa, onpegenAem no Homorpammam
MpunoxxeHua «I» Kak ¢yHKunA Z = f(Z{) n 3a-
Hocum B rpady 10 Tabn. 6.1.
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Micnonb3yem nepBoe HanpasfeHne rugpas-
NIN4ecKoro pac4deta [nA OCHOBHOMO pacyert-
HOr0 LMPKYNAUMOHHOrO Kombua. C MomoLLbio
HoMorpammbl [MpunoxxeHna «A», 3agaBaAcb
ckopocTbto Bogbl 0,3...0,5 m/c, noabupaem ana-
METpbl pacHeTHbIX y4acTKoB d , MM, a TakXe
COOTBETCTBYIOLLME 3HAYEHUA \/ m/c, R, Ma/m,

KOTOpble 3aHOCKM B rpadbl 6 1 7 Tabn. 6.1. Mpu
3TOM PEeKOMEeHAYeTCA OrpaHMymMBaTbCcA BENUY-
HOW yaenbHOW notepu AaBrneHna Ha TpeHue R
He 6onee 100...200 Ma/m.

XapakTep Mosb3oBaHVWA HOMOrpammol Mno-

kasaH Ha puc. 6.3 Ha npumepe ydvacTkosB Ne 1
(G,,=4518 kr/4) n Ne 16 (G, = 187 Kr/4).

HOMOIrPAMMA TMOPABJTMHECKOIO PACHETA TPYBOMNPOBOOOB
BOAAHOIO OTOMMEHNA U3 CTAJTbHbBIX TPYB MPU ky= 0,2 MM

YgenbHaa notepA faBneHua Ha TpeHue, R, Ma/m

3
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Puc. 6.3.: Tpnmep onpegeneHuna dy, mm, V, m/c, R, Ma/m gna yqacTka Ne 1 (qu: 4518
Kr/4) n Ne 16 (qu: 187 Kr/4) ¢ NomoLLbl0 HOMOrpammbl [NpunoXxeHna «A»
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Ha y4actke Ne 20 notepAa pgasneHuA B
TepmocTatudeckom  knanaHe [EPL-TS-90
onpepgenAeTcA C MOMOLLbIO ero HOMOrpammbl,
rokasaHHow Ha puc. 6.4a. Mpn G = 47 Kr/4 no-
TepA pasneHva AP = 620 [a (3aBUcuMOCTb
2K). MoTepeln gaeneHusa GanaHcoBOro paaua-
TopHoro BeHTunAa EPL-RL-5 gnAa ocHoBHOro
pacyeTHOro KosnbLa 3agaemMcA, UCXOAA 13 cne-
pyoLmx coobpaxkeHnin (cm. pasgen 4.3). Ons
OCHOBHOrO pac4eTHOro KonbLa cregyeTt 3a-

JaTbCA MakCMMarbHO BO3MOXXHbIM OTKPbITUEM
avanasoHa rmapasnmMyeckmx HacTpoek n, Ho
npy 3TOM UMETb MOTEPIO AaBfeHUA He MeHee
4...5 kMNa. 3 Homorpammbl BeHTUnA NEPLL-RL-
5, nokasaHHOM Ha puc. 6.5, cnepgyeT, 4TO Npu
OTHOCWTENIbHO HeborbLUOM pacxofe Ggq: 47
Kr/4 HEBO3MOXXHO Y4Y€CTb YKa3aHHble YCNOoBUA.
Moatomy 3agaemcA rmgpaBnn4ecKon HacTpom-
Ko n = 1,5 obopoTa U COOTBETCTBYIOLLEN €l

notepen aasnexHva AP, =2210 lNa.
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Pacxopg gm ———»

Makc. |> - rapHuLa rapaHTpoBaHHON 6ecLuyMHOI paboTbl KnanaHa

Puc. 6.4a.: Mpumep onpepenexuna AP, ana y4actkos Ne 20 n Ne 22 ¢ NOMOLLbIO HOMO-

rpammbl FTEPLI-TS-90
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Ha yyacTtke Ne 16™ notepAa pasneHuA 3a-
nopHoro BeHTUnA LWTPEMAKC-AG npwu ero
MPOMycKHoN cnocobHocTn k, = 6,56 mM*/4 co-
craenAaet AP, =0,1.(187/6,56)* = 82 a.

Tpybonposogbl Tennosoro nyHkra (TI) oT-
HeceHbl K yqacTkam 1 u 1a. lNotepu gasneHunsa
B MECTHbIX COMPOTUBIEHNAX TEMSIOBOrO MyHKTa
BKINOYaloT B cebA 3afBUKKM, OTBOAbI, a TaKKe
TpexxogoBon perynupytowmin  knanaH [EPL

apt. 1403732 (k,= 16 m%4) u gBa ¢unbTpa
d 65 mm apt. 1411107 (k= 55 m%/y).

MMoTepAa paBneHVA B TPEXXOAOBOM KranaHe
AP =0,1.(4518/16)* = 7980 Ma (8 kMMa).

MoTepAa paBneHMA B OBYX ¢unbrpax
AP =2.0,1.(4518/55)2 = 1350 IMa.

CymmapHbie noTepy AaBneHnA B pacyeTHOM

OCHOBHOM LIMPKYMALMOHHOM KOSlbLie COCTaBIA-
toT AP_ = 19762 lNa (20 kl1a).
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Pacxog gqm —»

Puc. 6.5.: Tpymep onpeneneHna ruapasnm4ecknx XxapakTepucTuk 6anaHcoBoro
apunartopHoro BeHTUnA N'EPLU-RL-5 ana y4actkos Ne 20 1 Ne 22

CrtpaHuua 34



B. B. MNokoTtunos: Nocobure no pac4eTy CUCTEM OTOMMEHUA

Janee cnegyer paccuntatb UMPKYNALMOH-
Hoe KonbLo 4Yepes npubop 2-ro ataxka CT12
BETKU «B». [1nA OCHOBHOM 4acTu y4acTKOB 3TO-
ro Komnbua, ABMAKLLUMXCA OOLLUMMYN C OCHOBHbIM
KOmnbLOM, Yy>ke Obinv onpegeneHbl AvaMeTpbl
Tpy6 1 moTepwu AaBneHua B HuX. Heobxoanmo
onpepgenntb NoTepn 1 rmgpaenindeckmne xapak-
TEPUCTUKN TONbKO Lienu 13 y4actkoB Ne 22 u
Ne 23, anAa KoTopbIx pacrnonaraemoe AasfieHne
OyneT paBHO MoTepAM B naparnnenbHOM y4acT-
ke Ne 20 ¢ y4eTOM AOMNONHUTENBHOrO BRMAHUA
P.. Torga, ¢ y4etom (4.5), pacnonaraemoe ump-
KynAaunoHHoOe fasneHne anAa uenn n3 y4acTtkoB
Ne 22 1 Ne 23 paBHo:

roe:
P,= g.Ah.Ap.(t,- t) = 9,81.3,0.0,60.(85-65) =
= 353(Ma.

Cymma KoagguyueHmoB mecmHbsix conpo-
muBaeHul X{:

- yyactok Ne 22 (a Takxe Ne 24 1 Ne 26) (6e3
ydeta TepmocTatn4eckoro knanaHa [EPLI-
TS-90 1 6anaHcoOBOro pPagnaTopHOro BEHTUIA
FEPLI-RL-5): TpOMHWK Ha OTBETBMNEHWE, pagun-
aTtop CEKUMOHHbIA, TPOWHUK Ha MNPOTMBOTOKE,
(=15+2,0+3,0=6,5;

- yyacTtok Ne 23 (a Takke Ne 25 n Ne 27):
TPOMHUK npoxoaHon, = = 1,0;

- yyactok Ne 28 (6e3 y4eTa TepmocTaTtuye-

P pacn.yy.22,23 AP yuzot 0,4.P, ckoro knanaHa FEPL-TS-90 n 6anaHcoBoro pa-
pnatopHoro BeHTunAa NEPL-RL-5): TpoHMK Ha
OTBETBEHNE, Pagmnatop CEKLMOHHbIA, OTBOS,
TPOMHUK npoxogHou, X{ =1,5+2,0+1,5+1,0=6,0.
Tabnuua 6.1
FMapaBnMyecKuin pacyeT AByXTPYOHO cuctembl oTonneHus (puc. 6.1)
R
Ne Q, G,, ! da, v, R, ¢ Z, AP, Movmey
yu. BT Kr/4 M MM m/c Ma/m ﬁ; Ma Ma P '
1 2 3 4 5 6 7 8 9 10 11 12
OCHOBHOE LIMPKYNALIMOHHOE KOMbLO Yepes npubop 1-ro ataxka Ct12 BeTkn «B»
1 1105065| 4518 | 21,3 65 0,31 21 447 1.0 44 491
2 | 53765 | 2311 4.8 50 0,30 28 135 1,5 43 178
3 |29264 | 1258 1,7 32 0,38 70 120 2,0 150 270
4 | 24234 | 1042 1,6 32 0,32 55 88 1.0 45 133
5 | 19205 | 826 3,7 25 0,36 90 333 1,0 65 398
6 | 15057 | 647 4.9 25 0,30 65 320 1,0 43 363
7 | 12570 | 540 3,2 20 0,43 180 576 1,0 90 666
8 | 9282 | 400 3,3 20 0,31 100 330 3,0 135 465
16 | 4358 | 187 4.6 15 0,26 95 437 3,5 115 552
17 | 3413 | 148 3,0 15 0,20 56 168 1,0 20 188
18 | 2635 | 113 3.0 15 0,14 31 93 1.0 10 103
19 | 1860 80 3.0 15 0,11 18 54 1,0 6 60
30+620+
20 | 1082 47 3,8 15 0,06 5 19 6,0 11 +2210=
=2860
16* | 4358 | 187 1,6 15 0,26 95 152 0,5 17 16_9;5812_
21* | 4358 | 187 3.1 20 0,14 20 62 1,5 15 77
8* | 9282 | 400 4.3 20 0,31 100 430 3,0 135 565
7 112570 | 540 3,2 20 0,43 180 576 1,0 90 666
6* | 15057 | 647 4.9 25 0,30 65 320 1,0 43 363
5* | 19205 | 826 4.3 25 0,36 90 387 3.0 195 582
4* | 24234 | 1042 1,6 32 0,32 55 88 1,0 45 133
3* | 29264 | 1258 1,7 32 0,38 70 120 3,5 260 380
2* | 53765 | 2311 7.8 50 0,30 28 220 3,5 150 370
1a [105065| 4518 3,6 65 0,31 21 76 0,5 22 98
220 +
TIT |105065| 4518 - 65 0,31 21 - 5,0 220 | +7980
+ 1350
MoTepu gaeneHna B OCHOBHOM LIMPKYNALIMOHHOM Korble AP = 19762 Ma
(20 kMa)
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MpogomkeHue Tabnuubl 6.1

1] 2 [ 3 [ a4 [ 5 [ 6 [ 7 | 8 [ o [ 10 [ 11 [ 12
LnpkynaumoHHoe KonbLo Yepes npubop 2-ro ataxka C112 BeTkn «B»
P enyuz2.2s = AP 00+ 0,4.P,= 2860 + 0,4.353 = 3001 [a
22 | 740 32 1,2 15 0,04 3 4 6,5 5 9
23 | 3276 | 141 3,0 15 0,19 52 156 1,0 18 174
noTepu gasrneHns B Tpybonposoaax ZApyq: 183
Tpebyemoe 3HaveHve (ZAP, ) . ..,= 3001 - 183 = 2818 MNa
LInpKynaumoHHoe KonbLo Yepes npubop 3-ro ataxka CT12 BeTkun «B»
aong24,25 = AP 1000+ 0,4.P,= 60 + (2818 + 9) + 0,4.353 = 3028 lNa
24 | 740 32 1,2 15 0,04 3 4 6,5 5 9
25 | 2500 | 108 3,0 15 0,15 32 96 1,0 12 107
notepwu AaBneHua B TpybonpoBoaax ZApyq = 116
TpeGyemoe 3HaveHve (ZAP, ) ., ...,= 3028 - 116 =2912MNa
LinpkynaumoHHoe konbLo Yepes npubop 4-ro ataxka C112 BeTkn «B»
aongaze2r = OPyig 0t 0,4.P, =103 + (2912 + 9) + 0,4.353 = 3165 lNa
26 | 740 32 1,2 15 0,04 3 4 6,5 5 9
27 | 1722 74 3,0 15 0,10 16 48 1,0 5 53
noTepwy JaBneHua B TpybonpoBoaax ZApyq = 62
Tpebyewmoe 3HaqeHue (XAP, ) . .= 3165-62=3103 MNa
LInpKynaumoHHoe KonbLio Yepes npubop 5-ro ataxka CT12 BeTkn «B»
P cenyuzs= AP 1706 + 0,4.P,= 188 + (3103 + 9) + 0,4.353 = 3441 [a
28| 900 | 39 | 42 | 15 [o06 | 4 | 17 | 60 | 11 28
notepu AaeneHus B TpybonpoBogax 2Ap,,= 28
Tpebyemoe 3HaqeHve (ZAP, ) . ..,= 3441 -28 =3413Tla

BbinonHum noa6op knanaHoB Ne 1 (FEPLL-
TS-90) n Ne 2 (TEPU-RL-5) Ha «perynupyembix
yyactkax» Ne 22, 24, 26, 28 oTOnuUTENbHbIX
npubopos. ConpotueneHne AP, . KnanaHa
Ne 1 (TEPL-TS-90) onpegenAaem Mo HOMO-
rpamme puc. 6.4. Tpebyemoe conpoTMBrEeHVE
AP__ 6anaHcoBoro BeHTUnA Ne 2 (FTEPL-RL-5)

RA2.

onpepenAaem rno Bblpa>XeHnto:

APKAZ. = (ZAPKA.)pee.yw - APKM.

Tpebyemoe 3HayeHVe MpPOonycKHOW Crnocoo-
HocTM Kk, GanaHcosoro seHTUna MEPLI-RL-5
onpegensaemM no BblllenpusegeHHON dopmyne
Unu No Homorpamme, NoKasaHHOM Ha puc. 6.5,
C NMOMOLLIbIO KOTOPOW TakXXe ornpefenAem 3Ha-
YEeHVA N rnmagpasBnU4eckon HaCTPONKN BEHTUNA
MEPL-RL-5. PacyeT rugpasnu4eckux napame-
TPOB 1 €ro pesynbTarbl BbINOSIHAEM B BELOMO-
cTu B BUZe Tabn. 6.2.

3HayeHnA pgnAa y4.Ne 20 3aHeceHbl B
Tabn. 6.2 13 BbilUENPUBEAEHHbIX Pe3ynbTaTtoB

pacyerta, B T.4. 13 Tabn. 6.1. 3Ha4eHue k, 6Ga-
naHcosoro BeHTunAa EPL-RL-5 onpegenaem
no ¢opmyrne (4.10)

k,= G/(10.AP, )°% = 47/(10.2210)°° =
= 0,32 Mm%y

Ana y4.Ne 22 BenuuuHa AP . = 310 la
onpegenAeTcA No Homorpamme puc. 6.4. 3Ha-
yeHve AP _, onpefenaem rno BbiIpaXXeHuto

AP, = 2818 - 310 = 2508 Ma.

3HayeHune k, banaHcosoro seHTunAa F'EPL-
RL-5 onpegenaem no ¢popmyrne (4.10)

k,= G/(10.AP,)%% = 32/(10.2508)°° =
= 0,20 m3/y,

a 3Ha4eHVA n rugpasnnNYecKon HaCTPOMKN
ornpegenAem no Homorpamme puc. 6.5: n=0,9.
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Tabnuua 6.2a.

Mop6op knanaHoB 06BA3KM OTONMUTENbHbIX Nprbopos CT.12

XapakTtepucTuku
AP , AP, banaHcoBoro Knanaxa 2
NeCT/NeaT./NeyH Kf/’q ( Iilgp cey ng’ AP, k, 5
Ma m3/4

1 2 3 4 5 6 7

C112/191/Ne20 47 2830 620 2210 0,32 1,5
3ajanunch 3ajanunch

Ct112/2391/Ne22 32 2818 310 2508 0,20 0,9
C112/331/Ne24 32 2912 310 2602 0,20 0,9
Ct112/491/N26 32 3103 310 2793 0,19 0,8
C112/531/Ne28 39 3413 450 2963 0,23 1,0

3apgaemcA napametpamu n, AP, k, 6anaHcosoro BeHTUnA F'EPL-RL-5 TonbKo Ana pacyeTHOro
OCHOBHOrO LIMPKYNAUMOHHOro KormbLa. [na Bcex ocTasnbHbIX LMPKYMALNOHHBIX KOMEeL, U YCTaHOBMEHHbIX
Ha HUX GanaHCoBbIX BEHTUNEN yKasaHHble NapamMeTpbl BbIYMCIATCA TakuM 00pa3oM, KakK 9TO Bbillie

nokasaHo Ha npumepe ydactkoB Ne 22, 24, 26, 28.

6.1.2. Mpumep rungpaBIN4eCcKoro FEPLI-TS-98-V wmeTogvka pac4eTta ABnAeTcA

pacuyera BepTMKanbHoii ABYXTPY6- aHanorM4yHoll, Ho C MpPUMEHeHeM Hopmarnu

HOI CMCTEeMbl OTOMMEHUA C Bepx- knanawa MEPL-TS-98-V.

Heli pPa3BOAKON C MPUMEHEeHUem Bce MCxXoAHble JaHHbIE BbILLEN3NIOKEHHOTO
npumepa (pasgen 6.1.1) n pesynbrathl pacyeTta

paamaropHbix knanaHos [EPLI- NpUHMMaeM B JaHHOM NpUMepe pacyeTa, B TOM

TS-90-V (unn knanaHos M'EPL-TS- yrcne v rmapasnuYecKkne notepu AasreHna Ha

98-V) «perynupyembix ydactkax». OTnmymna kacatotcA
3amMeHbl BMECTO 0OBA3KM OTOMUTENbHOrO Mpu-
6opa knanaHamu NEPL-TS-90 n TEPL-RL-5

BbinonHum rugpasnmn4ecknin  pacHet 2-r9 Ha pagnaTopHbil KranaH mpemoed epynnel
BApUaHTa pacCMaTpyBaemoro B HAaCTOALLEH FEPL-TS-90-V. 31 n3MeHeHNA OTpakeHbl Ha
rnaee npumMmepa - ¢ NPUMEHEHWEM pagmnartop- puc. 6.26.

HbIXx knanaHoB EPL-TS-90-V. na knanaHoB

KnanaH 'EPL-TS-90-V,
npoxogHou, d1/2"

Apm. 17723 67

npoxogHod, d1/2"

Apm. 17723 67 [onoBKa
mepmMocmamuyeckan |
T — d15
[0A08Ka I( T11 [ &
- mepmocmamu4eckan |
] d1/2" Benmunb
3anopHolIl
T ——— LUTPEMAKC-AG,
- co cauBom
hay & Kv = 6,56 m%/u
~ Apm. 14215 11
= d1/2" KpaH__
~ wapoBol
CO CAUBHbIM T21
—-- KpaHom

Apm. 12402 01

Puc. 6.26.: CxeMbl NOBTOPAIOLLUMXCA Y3MNOB «A», «B», «B» 1 «[»
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KnanaH FEPL-TS-90-V (puc. 6.26) co3naeTt
Ha “perynupyemom y4actke”

AP = (ZAP, )

pea.yy ”

Mpwn atom knanaH MEPLI-TS-90-V coveTaet
B cebe dyHKLMM perynupytoLLero 1 6anaHcoso-
ro Knanasa.

Ha ydactke Ne 20 conpoTtusneHvem Kkna-
naHa [EPL-TS-90-V 3apaemca, npuHuMmas
paBHbIM (XAP, ) . = AP, = 2830 lNa (3apasa-
emyio Benu4nHy (2AP, ) . ., NPUHUMaem pas-
HOWM aHanornyHom Benu4yMHe 13 npefplayLlero
npuvepa, cM. Tabn. 6.2a). 3HadveHne k, kna-
naHa FEPL-TS-90-V onpegenaem no ¢opmyne
(4.10)

k, = G/(10.AP_)°* = 47/(10.2830)°° =
= 0,29 m3/y.

3HaveHne Kv —

Ona yyactka Ne 20 3Ha4veHne n rugpas-
nnyeckon HacTpomnkn knanaHa FEPL-TS-90-V
onpepgenAeM rno HoOMorpamme, rnokasaHHom Ha
pvc. 6.46. Monyyunu n = 6,8

3Ha4eHne MponyckHoii cnocobHocT K,
knanaHa MEPLI-TS-90-V onpepenAaem no Bbl-
LenpusegeHHon dopmyrne unuM rno HoMorpam-
Me, roKasaHHOW Ha puc. 6.46, ¢ MOMOLLbIO
KOTOPOM Takxe onpenensem 3Ha4YeHus n
rmapaBnuyeckon HacTtponkn knanaHa [EPL-
TS-90-V. PacyeT rugpaBnmnyeckmx napameTpos
N ero pesynbrartbl BbIMOMIHAEM B BEAOMOCTU B
BUae Tabn. 6.20.

[lns Bcex ocTanbHbIX «perynupyembliX y4acT-
KOB» CUCTEMbI OTOMMEHNA Tpebyemoe 3Ha4eHne
npomnyckHol cnocobHocT k, knanaHa MEPLI-
TS-90-V onpegenAsem Mo BblLLENPUBELEHHON
dbopmyrne unm no Homorpamme, NoKasaHHOM Ha
puc. 6.46, C MOMOLLIbIO KOTOPO TaKxXe onpefe-
NAEM 3HAYEHUA N TMAPaBANYECKON HACTPONKIA
knanaHa EPL-TS-90-V. Pacyet rugpaenunde-
CKUX NMapameTpoB W ero pes3ynbratbl BbIMOMHA-
em B Bufae Tabn. 6.26.
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it / §
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i e - P
. 1 1 e / = | B
4 - . A 111 I
] = AP = aay 3
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2 - ey — I 2
Fitinin T
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TR I il
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A
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5 iy — it H-g; §
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s - i/ 4 b
H "
o AR = ] Vi
g A A / Hf: & @112 1772467
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E s/ . H T F @1/2 1775867 |— &
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G=32kr/y) \G=4T7Kkr/v

Pacxog qm —»

MaKe. |> - rapHULla rapaHTUPOBaHHON GeclUyMHOIA padoTbl KnanaHa

XapakTepucTuku “1-9” OTHOCATCA K CTEMEHM OTKPbITUA KNanaHa (30He NpornopLyoHanbHocTu), pasHoit 2K

Puc. 6.46.: NMpumvep onpegenenna AP~ ana y4acTkos Ne 20 u Ne 22 ¢ nomoLLbio
Homorpammbl FTEPL-TS-90
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Tabnuua 6.26.

Moa6op knanaHoB 06BA3KM OTONUTENbHbIX Nprbopos CT.12

XapaktepucTtumkin
G, (ZAP ) oe = KnanaEa FESLI,-TS-QO-V
NeCT1/NeaT./Neyy Kr/d =AP, k.,

Ma Mm3/y n

1 2 3 4 5
Cr12/187/Ne20 47 2830 0,29 6.8

3aJanuncb 3aJanuncb

C112/251/Ne22 32 2818 0,19 5,0
C112/331/Ne24 32 2912 0,19 5,0
C112/451/Ne26 32 3103 0,18 4,8
C112/531/Ne28 39 3413 0,21 5,5

3apaemca napametpamu n, AP _, k knanaHa FEPL-TS-90-V Tonbko ana pac4eTHOro 0CHOBHOIO

LMPKYNALMOHHOMO KomnbLia.

[nA Bcex ocTanbHbIX LMPKYMALMOHHBIX KOMew yKasaHHble napameTpbl BblYMCATCA TakuM obpa-
30M, Kak 3TO BblILLIe NMOKa3aHo Ha rnpumepe ydacTtkos Ne22, 24, 26, 28.

6.1.3. NMpumep rugpasBnn4yecKoro
pacyeta BepTUKanbHOW ABYXTpPYO-
HON cucTembl OTONNIEHNA C BepX-
Heill pa3BoAKoOMW C NpuUMeHeHnem
paanatopHbix knanaHos [EPL-
TS-FV

BbinonHum rugpasnunyeckuin pacdet 3-ro
BapmaHta paccmarpvBaemMoro B HaCTOALLENn
rnaee npumMepa - ¢ NPUMeHeEHNEM paanaTopHbIX

KnanaH 'EPL-TS-FV,
npoxogHod, d1/2"

P
npoxogHod, d1/2"

Apm. 17523 67 Apm. 1752367
[onoBka
mepmocmamu4eckan
- B lonoBka
N mepmocmamu4eckan
= N
‘I: ~
=
dais di5

knanaHoB NEPL-TS-FV. Bce ucxogHbole gaHHble
BbILLEM3NOXEHHOro npumMepa (pasgen 6.1.1)
N pesynsratbl pacyeta MpPUHUMAeM B AaHHOM
npumepe pacyerta, B TOM 4ucrne v rugpasnu-
Yyeckne noTepu AaBfeHnA Ha «perynupyembix
y4acTtkax». OTnm4mna kacaroTcA 3aMeHbl BMECTO
00BA3KM OTOMUTENBHOIO Mpubopa KnanaHamm
FEPL-TS-90 n TEPL-RL-5 Ha paguatopHbIii
knanaH Tpetben rpynnel FTEPLU-TS-FV. 911 uns-
MEeHeHNA OTpaXkeHbl Ha puc. 6.2B.

dis

T21

|
d1/2" BeHmunb
3anopHoiti
LUTPEMAKC-AG,
co cauBom
Kv = 6,56 m*/4
Apm. 14215 11

d1/2" KpaH
wapoBol
CO CAUBHbIM
KpaHom

Apm. 1 2402 01

21

Puc. 6.28.: CxeMbl NOBTOPAIOLLNXCA Y3MOB «A», «b», «B» 1 «[»
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KnanaH F'EPL-TS-FV (puc. 6.2B) co3paeT Ha
“perynupyemMom y4acTtke”

AP, = (2AP,)

KA. pea.yy

Mpwn atom knanaH F'EPL-TS-FV coyetaet B
cebe dyHKUMUM perynupytoLlero n 6anaHcoBoro
KnanaHa.

Ha y4yactke Ne 20 conpoTtuBneHvem knana-
Ha TEPU-TS-FV 3agaemca, npuH1Mmas paBHbIM
(2AP,,) 0.4, = AP, = 2830 lNMa (3apaBaemyio Be-
NUYUHY (ZyAPKn_) oz, TPVIHMaEM paBHON aHano-
rMMYHON BENUYUHE U3 MpegplgyLlero npumepa,
cM. Tabn. 6.2a). 3HavyeHne k, knanaHa 'EPLI-
TS-FV onpegendaem no ¢opmyrne (4.10)

k,= G/(10.AP,)%5 = 47/(10.2830)%° =
= 0,29 m3/\.

3HayeHune Ky =3

Ona yyactka Ne 20 3Ha4veHne n rugpas-
nnyeckon HacTpomnkn knanaHa [EPL-TS-FV
ornpegenAeMm no Homorpamme, rnokasaHHou Ha
puc. 6.4B. MNony4nnn n = 5,8

3Ha4eHne nponyckHoii cnocobHocT K,
knanaHa EPL-TS-FV onpepensem no Bbille-
npuesegeHHo ¢opmyne unum no Homorpamme,
nokasaHHOW Ha puc. 6.4B, C MOMOLLbIO KOTOPOW
TaKxxe ornpegendaem 3Ha4YeHuA n rugpasnu4e-
cKkon HacTponkn knanaHa MEPL-TS-FV. Pacuyer
rmapaBnnyecKmx napameTpoB U ero pesynbraThl
BbIMONHAEM B BEIOMOCTM B Buae Tabn. 6.2B.

[nA Bcex ocTarnbHbIX «perynupyemMbix y4act-
KOB» CUCTEMbl OTOMNEHNA Tpebyemoe 3HaveHne
npomnyckHol cnocobHocT k, knanana MEPLI-
TS-FV onpegensem no BbILLENPUBELEHHON
dopmyne unu No Homorpamme, NoKasaHHOW Ha
puc. 6.4B, C NOMOLLbIO KOTOPOW TakxXe onpege-
nAem 3Ha4YeHNA N rmgpasnnUYeckon HaCTPOMKN
knanaHa EPLL-TS-FV. PacyeT rugpaBnn4eckux
napameTpoB W ero peaynsrarbl BbINOSIHAEM B
Buae tabn. 6.28.
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k‘: @1/2 17524 67

Mepenag gaBneHna Ap =

O [mbap] »

1 [kr/d) 45 10

Pacxof qm /==

G =32 kr/4 G =47 kr/y

4 5

Makc. [> - rapHuLia rapaHTMpoBaHHON GecluyMHOIi paGoTbl KnanaHa

Puc. 6.48.: Tpumep onpegenenna AP, ana y4actkos Ne 20 1 Ne 22 ¢ nomoLLbio
Homorpammbl FEPL-TS-FV
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Tabnuua 6.28.

Monb6op KnanaHoB 06BA3KM OTONMUTENbHBIX Nprdopos CT.12

G (ZAP,,) oy = XapakTtepucTuku
NeCT/NeaT./Neyy ’ = knanana F'EPL-TS-FV
K/ A

Ma k,, m%/y n

1 2 3 4 5
CT12/137/Ne20 47 2830 0,29 58

3afjanuchb 3afanuco

C112/237/Ne22 32 2818 0,19 4,3
C112/331/Ne24 32 2912 0,19 4.3
C112/437/Ne26 32 3103 0,18 4.1
C112/537/Ne28 39 3413 0,21 4.6

3apgaemcAa napameTtpamu n, AP _, k  knanana FEPL-TS-FV Tonbko anAa pac4eTHOro 0CHOBHOMO
LUMPKYNALUMOHHOIO Komnbua. [nAa BCex ocTanbHbIX LUPKYMALMOHHBIX KOMEL, yka3aHHble napameTpbl Bbl-
YUCMAOTCA TakM 00pa3oM, Kak 3TO Bbllle NokasaHo Ha Npumepe ydacTtkos Ne22, 24, 26, 28.

6.1.4. lNMpumep rungpaBaN4YecKoro
pacyeTta BepTuKanbHOW ABYXTPYO-
HOW CMCTEeMbl OTOMJIEHNA C BepX-
Heln pa3BOAKOW C NMPUMEHEeHnem
pagmnatopHbix KnanaHoB [EPL-
TS-90-k,

BbinonHum rugpaenuyeckun pacyeTt 4-ro sa-
praHTa paccMaTpruBaemMoro B HaCTOALLEN rnase

npoxogHod, d1/2"

KnanaH FEPLI-TS-90-Kv,

Apm. 17713 (uau 17723)

nprvmMepa - ¢ NpMMEHeHNEM pagnaTopHbIX Kna-
naHos NEPLI-TS-90-k,. Bce ncxogHble gaHHble
BbILLEN3MIOXEHHOrO npumepa (pas3gen 6.1.1)
N pesynbTathl pacyeta NPUHUMAEM B OaHHOM
npumMepe pacdeta, B TOM 4ucne u rugpasnu-
Yeckue MoTepu HaBeHuA Ha «PerynmpyemMbix
y4acTtkax». OTnmymna kacaroTcA 3aMeHbl BMECTO
00BA3KM OTOMUTENBHOIO Mpubopa KnanaHamm
FEPLU-TS-90 nu TEPLU-RL-5 Ha pagunaTopHbIn
KnanaH ocobol epynnel TEPL-TS-90-k,. 31w
N3MEHEHNA OTPaXKeHbl Ha puc. 6.2r

T—— npoxogHodl, d1/2" —— { T11 [ dis _
S [oroBka Apm. 17713 (unu 17723) : , 5
~ mepmMocmamu4eckan . ~
[onoBKka dai2 Bel-{mUAb
mepmocmamuy4eckaa ﬁ?g%ﬁch G
b co cAuBom '
— Kv = 6,56 u*/4
= 5 Apm. 14215 11
= wapoBolti
= CO CAUBHbIM ]
L - KpaHom
- N\ Apm. 12402 01
dis dis

Puc.6.22.: Cxembl MOBTOPAIOLLUMXCA Y3MNOB «A», «B», «B» 1 «[»

Knanax MEPL-TS-90-k, (pwvc. 6.2r) cospaet
Ha “perynupyemom y4actke”

AP, = (ZAP

HA.)pee. y4

Mpwn atom knanaH MEPL-TS-90-k, co4etaer
B cebe ¢yHKUMM perynupyrouiero u GanaHco-
Boro knanaHa. OCOGeHHOCTb [aHHOro Tuna

KnanaHa B TOM, YTO OH He HacTpanBaeTcA Ha
3ajaBaemMoe rMapaBnmMyeckoe ConpoTUBIEHNE,
a nogbupaeTtca oavH U3 ero NATU rmapasnuye-
ckux TunopasmepoB B, C, D, E, F B npegenax
yKasaHHoro Tuna KnanaHa.

Ha pwuc.6.4r nokasaHbl rugpasnuyeckne
XapakTepucTukn nAtu Tunopasmepos B, C, D,
E, F. Kaxxgaa n3 ykasaHHbIX XapakTepucTuk
onpepenAeTcA 30HOW MeXxpay NWHUAMMK, COOT-
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BETCTBylOLLMMM pabodemy xofdy LUTOKa Kna- Ona yyacTka Ne20 BbiObupaem knanaH MEPLI-
naHa (no ananorum nuHun 1K n 3K Ha puc. TS-90-kV apt.Ne 7713E (puc. 6.4r). Ona yyact-
4.2a,6). Takum obpasom, 3oHbl B, C, D, E, F ka Ne22 Bbibupaem knanaH [EPL-TS-90-k,
COOTBETCTBYIOT [MarnasoHaMm KayeCTBEHHOro apT.Ne 7713D (puc. 6.4r).

perynmpoBaHnAa AnA  KaxKAoro Ttunopasmepa Mopbop TMNopa3MepoB KrnamnaHoB BbINOJHA-

knanaHa MEPLI-TS-90-k,,. eM B BeJOMOCTM B BuAe Tabn. 6.2r.

Tabnuua 6.2r.

Moa6op KnanaHoB 06BA3KM OTONMUTENbHbIX Nprdopos CT.12

G (ZAP,) e = XapaKTepucTuku

NeCT/NeaT./Neyy KF/:1 = AP, knanaHa NEPL-TS-90-k,
Ma Ne apTukyna ByKBEHHbIN KOA
1 2 3 4 5
C112/137/N220 47 2830 Ne 7713 E
C112/237/Ne22 32 2818 Ne 7713 D
C112/331/Ne24 32 2912 Ne 7713 D
C112/437/N226 32 3103 Ne 7713 D
C112/537/N228 39 3413 Ne 7713 D
3HaueHne Kv —»
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Makc. |> - rapHauar 7 y il paboTbl

Puc.6.42.: Tlpumep onpepeneHna AP, ana y4actkoB Ne20 1 Ne22 ¢ nomoLlbto
Homorpammbl MEPLI-TS-90-k,

3apaemcAa napametpamn AP _ knanaHa [EPL-TS-90-k, Tonbko AnA pacyeTHOro OCHOBHOMO
LUMPKYNALUMOHHOIO Konbua. [nAa BCexX OCTalbHbIX LMPKYMALUMOHHBIX KOMEL ykasaHHble mnapameTpbl
BbIYMCMAIOTCA TakM 00pa3oM, Kak 3TO Bbllle NokasaHo Ha npumMepe yyHactkos Ne22, 24, 26, 28.
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6.2. Mpumep ruapaBnnyYecKoro pacyerta BepTunKanbHON ABYXTPYOHOWM cucTe-
Mbl OTOMNJIEHNA C HIKHE pa3BoaKon ¢ npuMmeHeHnem KnanaHos FEPLI-TS-90
n FTEPU-RL-5 anAa paanaropos, n perynAtopos nepenaga gasneHna rePL

4007 anA CTOAKOB.

[BYXTpyOHble CUCTEMbI OTOMMEHNA C HUX-
Hen pas3BOAKOW MarucTpanen npUMEHATCA
ONA 30aHUN pasnUYHOro HasHa4deHuA, B TOM
yucne, agMWHUCTPATVBHBLIX W MOBbILLEHHOW
aTaKHOCTW. MeToamka u nocnefoBaTenbHOCTb
TEeNoBOro 1 rmapaBnnyeckoro pacdera Takux
CUCTEM aHanormyHa npuBegeHHoOn B pasfene
6.1 ona cuctem c BepxHewn passogkon. [o-
CTOVHCTBOM CUCTEMbI C HM>XXHEN pas3Bogkomn
ABMAETCA BO3MOXXHOCTb YCTAHOBKU Ha CTOAKaX
perynAatopoB nepenaga gasnerHuna NEPL, 4007.
Takoe [OMONMHEHVE B 3HAYMTENbHOW CTENeHu
ynyywiaeT noTpebuTenbckne u perynupoBoy-
Hble XapaKTepPUCTUKWU [OBYXTPYOHOW CUCTEMbI
OTOMNsIeHNA, 0COBEHHO ANA 3[daHWUii MOBbILLIEH-
HOW 9TaXXHOCTW C pPa3HECEHHOW MfaHNpOBOY-
HOW CTPYKTYPOW 1 pasfn4HbIMK TEMNOBbIMU pe-
XKUMamy oTONUTENbHbIX NPUOOPOB B Npedenax
OfHOro CTOAKA.

Peeynamop nepenaga gaBreHua [EPL|
4007, ycmaHoBAeHHbIl Ha Kasgom gB8yxmpyo-
HOM CcmoAKe, augpaBauyecKu pasgensaem cu-
cmemy omonAeHUAa Ha cocmabaaroujue:

- cucTeMy TennocHab)KeHUs CTOAKOB cUCTe-
Mbl OTOMMNEHVA (MeXXOy TEnsioBbIM MyHKTOM W
perynatopamu NEPLL 4007 Ha cToAkax cucteMbl
oTONMMEeHnA);

- OTAEenbHble CUCTEMbl OTOMMEHUA B BuAe
OBYXTPYOHbIX CTOAKOB (MEXQy perynatopom
FEPLl 4007 w oTonuTenbHbIMK Mprbopamu
CTOAKa).

MMapaBnuyecknin  pacHeT pekoMeHayeTcA
BbIMOSIHATL OTAENbHO ANA CUCTEeMbl TennocHab-
YKEHWA CTOAKOB CUCTEeMbl OTOMMEHUA 1 OTAENb-
HO OnA KaXKOoro ABYXTPYOHOro cToAKa.

B kadectBe npumepa BbINOAHWMM ruppas-
NNYECKUin pacyeT LByXTPYOHOW BepTMKamnbHOM
TYMWKOBOW CUCTEMbl BOJAHOrO oTornneHua 12-
TN 3TAXHOro afMUHUCTPATMBHOIO 3faHuA C
HUXKHEN pa3BogKon MarncTpasnbHbIX Tennonpo-
BOAOB. /ICTOYHMKOM TENnoTbl ABMAOTCA TEMMO-
Bble CETW C MpUCOedVHEHNEM K HUM CUCTEMbI
oTonneHna Mo Hesasucumol cxeme. O6BA3Ka
OTOMNUTENbHBLIX NMPUOOPOB BbINMOMNHAETCA C NpU-
meHeHuem knanaHa MEPL-TS-90 n 6anaHcoBo-
ro seHTunAa N'EPL-RL-5.

NHble BapunaHThbl O6BF|3KVI oTOoNNTENbHbIX
NpubopoB, HaNpuUMep, ¢ NPYMEHeHneM Knana-
HoB TEPL-TS-90-V, TEPL-TS-98-V, TEPL-TS-
FV, TEPU-TS-90-k, B HacToAwiem npumepe He
paccmaTpuBatoTCA BBUAY aHanoru4yHocTu Me-
TOOMKKU UX nogbopa, N3MNOXKEeHHON B pasgenax
6.1.2,6.1.3,6.1.4.

MCXOgHbIe gaHHvble:

1. Pac4eTHaAa TennosaA Harpyska CUCTEMbI
otonneHna Q, =233 kBT.

2. PacyeTHble napaMeTpbl CUCTEMbI OTOMIe-
HuA t =80 °C, t =60 °C.

3. PacyeTHbIn pacxof TENNOHOCUTENA B CU-
cteme otonnieHna V=10 m3/4.

4, MaFI/ICTpaJ'IbeIe Tennonposodbl N CTOAKN
BbIMOJTHUTb N3 CTallbHbIX pr6;

5. B TennoBom nyHKTe CO CTOPOHbI BTO-
PVYHOrO TennOHOCUTENA CKOPOCTHOro nna-
CTUHYATOro TEennoobMeHHMKa (CUCTeMbl OTO-
NMNeHNA) OCHOBHBLIMU 3rieMeHTaMu ABMAKOTCA:
TenNnoobmMeHHnK (AP = 20 kMa), ¢unbtp
(4P, =_ 0.9 k[a), o06paTHbIN  KnanaH
(4P, = 2.2 kMa). Takum 0Bpasom, pacqeTHble
notepy AaBrieHWA B TEMNOBOM MyHKTE COCTaB-
NAT:

AP = AP+ AP¢+ AP, =20+0,9+22=
=231 klNa

Ona nopbopa  UMPKYMALUMOHHOIO  Haco-
ca Heobxogumo onpegenuTb  Tpebyemble
ero noga4vy V,, M%4 u Hanop P, kMa (unw
M.BOA.CcT.). [logada Hacoca COOTBETCTBYeT
pac4eTHOMYy pacxofy B CUCTEME OTOMMEeHUA
V.= V_= 10 m%4. Tpebyembiit Hanop, pasHbI
pacyeTHbIM MOTEPAM [aBMEHVA CUCTEMbI OTO-
nneHvsa AP_, onpefenAaetca CyMMOW COCTaB-
NALWMX NOTEPb AABMIEHNA B LMPKYNALMOHHOM
KomnbLe: NOTEPb AABNEHNA Y4aCTKOB OCHOBHOIO
LMPKYNALMOHHOTO KombLa XAP 11 noTepb Aas-
NeHNA B TENNOBOM NyHKTe AP,

MoTepn paenenHvA B OCHOBHOM pac4eTHoM
LMPKYNALMOHHOM KombLe YAP, — COCTOAT 13
noTepb AaBreHUs B CUCTEME TennocHabxeHuns
CTOAKOB CUCTEMbI OTONnNeHnA XAP, -~ (Mexay
TennoBbIM NyHKTOM 1 perynatopom [ EPLL 4007
Ha pac4yeTHOM CTOAKE CUCTEMbI OTOMMEHWA), No-
Tepb AaBMNEHUA B pacHeTHOM ctoAke XAP
(mexgy perynatopom MEPL| 4007 n oTonUTENb-
HbIMV MpUbopamn CToAKa) U NoTepb AaBMEHWA
AP, B perynatope FEPL| 4007. Takum oGpa-
30M, Tpe6ye|v|b||/| Hanop UMPKYMALUMOHHOIO Ha-
coca onpegennTca CyMMON:

P,=AP_=AP_ +2AP  _+2AP +AP

yd.c.m yy.cm. pee.

[nA npoekTypyemMoin aByXTPyOHOIN cUCTeMbl
OTONSIEHNA crefyeT MPUHATb K YCTaHOBKe Ha-
COC C Q3NEeKTPOHHbIM YrpaBreHneM CKOpPOCTU
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BpaLleHua (cm. pasgen 5.1).
[na pac4eta ZAPy n ZAPy OCHOB-

4.c.m 4.cm.

HOro pac4eTHOro UMpKynAauyMoHHOro Kosnbua Bbl-

(puc. 6.7). Ha cxeme cuctembl oTOMNNEHUA pac-
npegenAem TennoBble Harpysky MOMELLEeHNIA
Q, (pacyeTtHble NoTEepK TEMMOTbl MOMELLEHNEM)

Mo OTOMMUTENbHBLIM Mpudopam, CyMMUPyeM Mo
CTOAKaM 1 yKasblBaeM TEMNsoBble Harpy3ku cTo-
AKOB Ha pac4eTHON cxeme.

MONTHVM CXeMy CUCTeMbl TennocHab)KeHnsa cTo-
AKOB (punc.6.6) 1 cxemy pacyeTHoro ctoAka Ne13

Bemra b
Qg =723008m

cm7  Cm§ cm.9 Cm. 10 Cr il Crm.i2 Cmi3 Cmlid
0=8200 O=10400 Q=9700 0=7900 0=7200 0=8800 Q=1i000 J=9100

K gemxe "A"
@ 4 =330008m

£253008Bm

SN S S |

ﬂ—m TT =7

o0 6

Q3g=2326008m

64100

53700

44000
@

—,

@ 361 00( : )
289040 e

20100
Qi00 @

Cm22 Cm.2i Cm. 20 Crm. 19

TT TT o f—TT TT

g=7600 O=7800  0=8300  (J=5600

Cm. 8 Cm. d7 Cm. 16 Cmi5 (g =393008Bm
Q=8300 Q=6500 Q=6700 O=8500

| S, | S

K gemre T
QO =480008m

Puc.6.6.: Cxema cucTeMbl TEMNOCHA0XXeHWA CTOAKOB ABYXTPYOHOI BEPTMKANbHOM
CUCTEMbI OTOMMIEHMA C HXKHEN Pa3BOAKON MarucTpanen

[mgpaBnuyecknin pacyetr CXemMmbl CUCTEMbI
TEnnocHab)keHns CTOAKOB (puc. 6.6) BbIMOMHA-
€TCA C UCMOMb30BaHEM NEPBOro HanpasneHnA
rmgpaBnmyeckoro pacdeta.. [OuameTpbl Bcex
y4acTKOB  MarucrpanbHbiX — TennornpoBOAOB
d, Mm nogbupaem C MOMOLLbIO HOMOrpam-
Mbl [punoxxeHna «A», 3agaBaACb CKOPOCTbIO
Bogbl 0,3...0,5 m/c. Tpn aTOM pekomeHgyeTcA
orpaHn4mBaTbCA BENUYUHOW YyAENbHOW NoTepKn
[aBrieHns Ha TpeHue R He 6onee 100 Ma/m.
[MoTepu gaBneHnA Ha MECTHble CONPOTUBIIEHNA
Z, MNa, onpegenaem no Homorpammam [lpusno-
XeHuAa «» kak dyHkumio Z = f(XL).

B UMPKYNAUMOHHBLIX  KOMbLAX  KaXkgoro
CTOAKa UMEETCA AMHaMUYeCcKui y3en B Buge
perynAatopa nepenaga gasnexHua MEPL, 4007,
aBTOMAaTM4YECKN U3MEHAIOLLMI CBOE COMpPOTUB-
neHve gna ctabunusauum 3apaBaemoro nepe-
naga gaBneHus Ha cToAke. ITo 06CTOATENbCTBO
UCKMoYaeT BbIGOp OCHOBHOIO pac4eTHOro Lup-

KYNAUMOHHOIO Kombua, T.K. UUPKYNALMOHHbIE
KonblLia KaXkKgoro U3 CTOAKOB rmapaBnnyecku
ypaBHMBatOTCA MeXx1y coboln B peaynbrarte aei-
CTBVA PErynATopoB nepenaga gaBneHus.

Moatomy 3a pacHeTHyo MOTepro AaBreHuA
B CUCTEMe TennocHabXXeHns CTOAKOB cucTe-
Mbl OTOMMeHuA AP =~ cnegyeT MPUHATH
MakcumMmanbHOe W13 BO3MOXHbIX 3Ha4eHun. B
HaCTOALLEeM MnpuUMepe TakKuMm 3HaYeHWeM fAB-
J1AeTCA cylvu\na I'IOTepb naBneHnAa Ha y‘-IaCTKaX
Ne1...10,10*...1%.

B pesynbrate rugpasnuMyeckoro pacdeta
yyacTkoB Ne1...10,10*...1* GbIN0 NONY4YEHO

ZAlqu.c.m.=zAIDyw. 1...10, 10*..,1*=5200 I-Ia (5’2Kna)

(pac4yeT He npuBOANTCA).
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aBmomamuyecKuli mepmocmamu4ecKasn Knanaw MEPLI-TS-90,
di1/2"

FEPL| Abm. 1 7260 06

npoxogHod, d1/2"
Kv = 0,6 M%/u
Apm. 17723 91

dis

T11

dis

BeHmunb baraHcoBbili
TEPL-RL-5, npoxogHou
Apm. 13923 01

lonoBka
mepmocmamuyecKaa

FEPL| Apm. 1 7260 06

T21

KnanaH 'EPLJ-TS-90,
npoxogHodu, d1/2"
Kv = 0,6 m%/u

_Apm. 1 7723 91

21

dis

BeHmunb 6araHcoBbil
TEPLI-RL-5, npoxogHou
Apm. 1 3923 01

da20

d3/4"
ABmomamuuecKul peayramop
nepenaga gaBaeHua MEPL|
Kv =5,9 M3y

Apm. 14007 02

d1/4"
KpaHuk cauBHol gna
NOgKAKOYEHUA WiAaH2a

Apm. 10275 09

T11

d20

T21

d1/4"
KpaHuk cauBHou gaa

NOGKAKOYEHUA WAaHaa
Apm. 1 0275 09

d3/4" BeHmunb
3anopHolli
LUTPEMAKC-AG,

) co cAuBowm,
a3/4 Kv = 6,56 m*/4
KpaH wapoBoli ‘ 1 Apm. 14215 12

[ Ti11 (
. ) !

T21 |

Puc.6.7.: PacyetHas cxema [OBYXTpyOHoro ctosaka Ne13 ¢ ykasaHuem Hymepauuu
y4acTKoB. Cxembl MOBTOPAKOLLMXCA Y3N0B «A», «b», «B»
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Ona pacyeta XAP,, - croAka Ne13 (puc.
6.7) Bblbepem OCHOBHOE pacyeTHoe LuMpKyna-
LIMOHHOE KOMbLo — Yepe3 npubop 1-ro ataxa.
OcHOBHOE UMPKYNALMOHHOE KOMbLO COCTOUT
13 nocregoBaTenbHbIX y4acTkoB 1, 2, 1*.

MicxogHble gaHHble M pesynbtatbl rMapas-
nn4eckoro pac4yerta 3aHocum B Tabn. 6.3. Mo
BblpaxkeHuto (3.7) onpegenAeM pacyeTHbIN
pacxof TennoHocuTenA

G,,= 0,86.Q,/(80-60) = 0,043.Q,

Cymma koapPULMEHTOB MECTHbIX COMpo-
TuBNeHNn XL OnA KaXKgoro y4acTka OCHOBHO-
ro LMPKYNALMOHHOrO KosbLia onpeaenAeTca no
MpunoxxeHunto «B»:

- y4yacTok Nel (6e3 y4eTta BEHTUNA 3an0opHO-
ro LULTPEMAKC-AG): TpOMHMK Ha OTBETBIIEHUE,
orctyn X{=1,5+0,6 =1,6;

- yyacTok Ne2 (6e3 y4eTa TepmocTaTn4ecko-
ro knanaHa M'EPL-TS-90 n 6anaHcoBoro paau-
atopHoro BeHTunA NEPLU-RL-5): TponHuk Ha
OTBETBMEHWE, paamaTop CEKLMOHHBIN, TPONHUK
Ha npoTtmeoToke, 2L =1,5+ 2,0 + 3,0 = 6,5;

- yyactok Nel*: oTCcTyn, TPOMHMK Ha NPOTU-
BoToke, X =0,6 + 3,0 = 3,6.

KnanaH F'EPL-TS-90 n BeHTunb F'EPLI-RL-5
(puc. 6.7) co3gatoT CymmMapHOe ConpoTuBNeHmne
(cm. dopm. (4.7)) Ha “perynmpyemom yyactke”

(SAP.) = AP.  + AP

Ka./per.yy KA1 Kn.2"

ConpoTtumeneHne TepMOCTaTU4YeCKOro
knanaHa N'EPL-TS-90 onpegenAetca no ero
TEXHNYECKOWN XapaKTEPUCTUNKE B 3aBMCUMOCTU
OT pacxoga Bogpl G Ha y4acTke, a ConpoTuB-
fneHne 6anaHcoBoro pagnaTtopHOro BEHTUNA
FEPL-RL-5 3apgaeTca, ncxoasa n3 3agaBaemMom

BENMMNYUHbI (ZAPKA‘)peaw.

Mo coobparkeHnAM GecluymHoOCTV paboThl
KnanaHoB peKkoMeHAyeTCA 3apaBaTb 3Hade-
HUe AP, Kapgoro U3 knanaHos He Gonee
20...25 kila. C LpYyron CTOpPOHbl, AnA adpdek-
TUBHOIO pPEerynMpoBaHnA pacxofoB B Maparn-
nenbHbIX  KOMbLax ABYXTPYOHOW  cuUCTEMb
OTOMMEHNA, He peKoMeHZyeTcA 3afaBaTbCA

3HaveHvem (ZAP_ ) meHee 4...6 kla.
./ pea.y4

McxomHble faHHble 1 pesynbTathl r1apasnu-
4eckoro pacyera 3aHocum B Tabn.6.3.

Mpy onpeneneHwu pacnonaraemoro f[a.-
NEeHnA Ha napannesnbHbiX Kombuax crnegyert
y4uTbIBaTh [OMONHUTENbHOE fAaBneHne P oT
oxnaxkaeHus Bogpl B Npudopax u pr6onposo-
pax no ¢opmyne (4.5). AnA LMPKYNALUMOHHBIX
Koney 4epe3 oTonuTenbHble npubopbl 1-ro
aTaxa 3Ha4eHue P, MOXHO He y4uTbiBarTb,
NPUHMMaA ero B 3amnac Ha HenpeaBupeHHble
noTepw gasneHuA.

OuameTpbl  y4aCTKOB  TennonpoBOAOB

MM rnogbupaemM ¢ MOMOLLbIO HOMOTpaMMbl
I'IypmnomeHMH «A», 3afaBaACb CKOPOCTbO
BoAabl 0,3...0,5 m/c. XapakTep nonb3oBaHnA HO-
MOrpamMmMon rnokasaH Ha puc. 6.8 Ha npumepe
ydactkos Nel 1 Ne1* (G, = 473 Kr/4).

[NoTepn AaBneHMA Ha MecTHble COMpOoTUB-
neHna Z, lNa, onpegenAem rno Homorpammam
MpunoxxeHna «» kak dyHkumo Z = f(Z{).
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HOMOIPAMMA T OPABNINYECKOIO PACHETA TPYBOINPOBOOOB
BOAAHOIO OTOMNJIEHNA U3 CTAITbHbLIX TPYB MNPW k= 0,2 Mm

YgenbHaa noTepAa AaBneHuA Ha TpeHne, R, Ma/m
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Puc.6.8.: Npumep onpegenexHuna dy, MM, Vv, M/c, R, Ma/m gna y4actkoB Nel n Net*
(qu: 473 Kr/4) ¢ NOMOLLbIO HOMOrpammbl MpunoxeHna «A»

Ha y4acTtke Ne2 notepAa paBneHua B TepMO-
ctatudeckom knanaHe EPLI-TS-90 onpepe-
MAETCA C MOMOLLbIO ero HOMOrpammbl Mo 3a-
BucrMocTr 2K, rnokasaHHon Ha puc. 6.9. Mpu
G, = 52 Kr/4 notepa paenexna AP, =780 la.

MoTepein paBneHuAa OGanaHcoBOro papgva-
TopHoro BeHTunAa EPL-RL-5 gnAa ocHoBHOro
pacyeTHOro Kombua 3agaemcA, ucxogsa W3
cnepyoLmx coobpakeHuid (cm. pasgen 4.3).
[nAa OCHOBHOro pacyeTHOro Kombua crnegyet

3agatbCA  MakCMMarnbHO BO3MOXXHbIM OTKpb-
TMEeM B AmanasoHe rmapaBnuyeckux HacTpoek
N, HO HO MpPK 3TOM VMETb NOTEPIO AABMEHUA He
meHee 4...5 klla. 3agaemcA rvapaBnmMyeckon
HacTpolikon n = 1,0 obopoTa U COOTBETCTBY-
toLen el notepen aasneHusa AP, = 5400 [Ma
(puc. 6.10).

CyMMaprIe notepwn aasneHnA CoCTtaBnAloT

AP

yu.cm.

2

=AP yu1oor = 7453 Na (7.5 kla).
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Puc.6.9.:

Hanee cnepyet paccuuTarb UMPKYNALMOH-
Hoe KombLo 4Yepe3 npubop 2-ro ataxka CT.13.
Heobxogvmo onpegenuTb notepu ¥ ruppae-
nmyeckue xapakTepucTuUKN Lenu 13 y4acTkoB
Ne3, Ne4 n Ne3*, onAa KOTOpbIX pacrnonaraemoe
paBneHve OygeT paBHO MOTEPAM B naparnenb-
HOM y4acTke Ne2 Cc y4eToM AOMOMHUTENbHOIO
BnuAaHuA P_. Toraa, ¢ yyetom ¢popmynbl (4.5),
pacnonaraemMoe UMPKYNAUMOHHOE [aBrneHue
anAa uenu n3 ydactkos Ne3, Ne4 1 Ne3*paBHo:

P = 4P, ,+04.P,

pacn.y4.3,4,3
rge:

P,=g.Ah.0p.(t,- 1) =

=9,81.3,0.0,60.(80 - 60) = 353 IMa.

rpaHuUa rapaHTMHoBaHHOM GecluyMHoi paboTbl KnanaHa

MNpumep onpenenexna AP, anAa y4acTtkoB Ne2 n Ne20 ¢ nomoLLibto
Homorpammbl FEPLI-TS-90

Cymma KoaghpuyueHmoB MecmHsix conpo-
muBaeHul XC:

- ydacTtok Ne3 (a Takke Ne5, 7, 9, 11, 13, 15,
17,19, 21): TpolHuK npoxoaHou, ¢ = 1,0;

- yyactok Ne4 (a takke Ne6, 8, 10, 12, 14,
16, 18, 20, 22) (6e3 y4eTa TepMOCTaTU4ECKOro
knanaHa MEPL-TS-90 n 6anaHcoBoro papgua-
TopHoro BeHTunA N'EPL-RL-5): TpoiHuK Ha oT-
BETBNEHNe, pagnaTop CEKUMOHHbIN, TPONHUK Ha
npotneoToke, 2 = 1,5 + 2,0 + 3,0 = 6,5;

- yyqacTtok Ne3* (a Tarkke Ne5*, 7*, 9%, 117
13*, 15%, 17%, 19*, 21%): TPOWMHUK NMPOXOJHON,
(=1,0;

- yyacTtok Ne23 (6e3 y4yeta TepmocTaTnye-
ckoro knanaHa FEPLI-TS-90 n 6GanaHcoBoro
pagnatopHoro BeHTuna NEPL-RL-5): 2 TponHu-
Ka Npoxofd, pagvatop CEKUMOHHBIA, 2 oTBoAa,
¥(=21,0+2,0+2.15=7,0.
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MMaopaBnuyeckuin pacyet aByxTpybHoro ctoska Ne13 (prc.6.7)

Tabnuua 6.3.

Ne yu. (B)t, qu, lw, dy, v, R, IR ZC Z, A'Dw’ Mpymen.
T Kr/4 M MM m/c | Ma/m ﬁg Ma Ma
1 2 3 4 5 6 7 8 9 10 11 12
LnpkynaumoHHoe konbLo Yepes npubop 1-ro ataka CT113
1 11000 473 2,5 20 | 0,48 | 145 | 363 | 1,6 | 180 543
25+780+
2 1200 52 1,5 15 | 0,07 7 10 6,5 15 +5400 =
= 6205
1* 11000 473 2,1 20 | 0,48 | 145 | 305 | 3,6 | 400 705
Motepu pasnenua AP . ,,.= 7453 Ta
(7,5 klMa)
LinpkynaumoHHoe KonbLo Yepes npubop 2-ro ataxka C113
P cenyasas= AP, + 0,4.P,=6205 + 0,4.353 = 6346 la
3 9800 421 3,0 20 | 0,33 | 110 | 330 | 1,0 | 54 384
4 1200 52 1,5 15 | 0,07 7 10 6,5 15 25
3 9800 421 3,0 20 | 0,33 | 110 | 330 | 1,0 | 54 384
noTepw JaBneHua B TpybonpoBoaax ZApyq = 793
Tpebyemoe 3HaqeHue (XAP, ) . .= 6346 - 793 = 5553 MNa
LinpkynaumoHHoe KonbLo Yepes npubop 3-ro staxka C113
P aenyusss = AP,.4+ 0,4.P,= (25 + 5553) + 0,4.353 = 5719 MNa
5 8600 370 3,0 20 0,3 90 270 | 1,0 | 44 314
6 800 35 1,5 15 | 0,05 3 5 6,5 8 18
5* 8600 370 3,0 20 0,3 90 270 | 1,0 | 44 314
noTepu AgasneHvA B Tpybonposogax 2Ap,, = 646
Tpebyemoe 3HadeHve (ZAP, ) . .= 5719 - 646 = 5073 Na
LinpkynaumoHHoe konbLo Yepes npubop 4-ro ataxka C113
ecnguzer = OP, +0,4.P, = (18 + 5073) + 0,4.353 = 5232 la
7 7800 335 3,0 20 | 0,27 | 70 210 | 1,0 | 35 245
8 800 35 1,5 15 | 0,05 3 5 6,5 8 18
7 7800 335 3,0 20 | 0,27 | 70 210 | 1,0 | 35 245
noTepy JaBneHuna B TpybonposBoaax ZApyq = 508
Tpebyemoe 3Ha4eHne (ZAPKA.)pea.gqf 5232 - 508 = 4724 INa
LinpkynAaumoHHoe konbLo Yepe3 npubop 5-ro ataxka C113
P eenyuo00= AP, +0,4.P, = (18 + 4724) + 0,4.353 = 4883 a
9 7000 301 3,0 20 | 0,24 | 57 171 | 1,0 | 28 199
10 800 35 1,5 15 | 0,05 3 5 6,5 8 18
9* 7000 301 3,0 20 | 0,24 | 57 171 | 1,0 | 28 199
noTepu aaeneHna B Tpybonposoaax ZApyq = 416
Tpebyemoe 3HayeHue (AP, ) = 4883 - 416 = 4467 lNa

KA./ pea.yu10
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MpopomkeHne Tabnuubl 6.3

1 | 2 | 3 1 4 |1 5 | 6 | 7 1T 8 1 98 1 10 [ 11T 12

LInpKynaumoHHoe KonbLio Yepes npubop 6-ro ataxka CT113
=AP .+0,4.P = (18 + 4467) + 0,4.353 = 4626 lNa

pacn.yy.11,12,11* Y410

11 6200 267 3,0 20 | 0,22 47 | 141 | 1,0 | 24 165
12 800 35 1,5 15 | 0,05 3 5 6,5 8 18
11* 6200 267 3,0 20 | 0,22 47 | 141 |10 | 24 165
notepy AasneHus B TpybonposBoaax ZApyq = 348

Tpebyemoe 3HaYeHVe (ZAP,) oo yuro= 4626 - 348 = 4278 Ia

LinpkynaumoHHoe KonbLo Yepes npubop 7-ro staxka C113
P cenvarziniz= AP, + 0,4.P = (18 + 4278) + 0,4.353 = 4437 lNa

13 5400 232 3,0 15 0,3 135 | 405 | 1,0 | 44 449
14 800 35 1,5 15 | 0,05 3 5 6,5 8 18
13" 5400 232 3,0 15 0,3 135 | 405 | 1,0 | 44 449
notepu aaeneHus B TpybonpoBogax Zpr = 916

Tpebyewmoe 3HaqeHue (XAP, ) . .., = 4437 - 916 = 3521 MNa

LinpKynaumoHHoe KonblLio Yepes npubop 8-ro ataxka CT113
=AP ., +0,4.P =(18 + 3521) + 0,4.353 = 3680 INa

pacn.yy.15,16,15* yu14
15 4600 198 3,0 15 0,27 | 100 | 300 | 1,0 | 35 335
16 800 35 1,5 15 0,05 3 5 6,5 8 18
15* 4600 198 3,0 15 0,27 | 100 | 300 | 1,0 | 35 335
noTepu gaBrneHus B Tpybonposoaax ZApyq = 688

Tpebyemoe 3HayeHue (ZAP, ) = 3680 - 688 =2992 Na

k.t pea.yu16 —

LnpkynaumoHHoe KonbLo Yepes npubop 9-ro staxka C113
=AP +0,4P =(18 +2992) + 0,4.353 = 3151 [Ma

pacn.y4.17,18,17* y416
17 3800 164 3,0 15 0,24 73 | 219 | 1,0 | 28 247
18 800 35 1,5 15 0,05 3 5 6,5 8 18
17* 3800 164 3,0 15 0,24 73 [ 219 | 1,0 | 28 247
notepu AaeneHus B TpybonpoBogax Zpr = 512
Tpebyemoe 3HayeHue (ZAP. ) =3151-512 = 2639 Na

KA./ pea.y418

LimpkynaumoHHoe konbLo Yepes npubop 10-ro ataxka CT113

P en g 102010 = AP yset 0,4.P, = (18 + 2639) + 0,4.353 = 2798 [a
19 3000 129 3,0 15 | 0,18 43 | 129 | 1,0 | 17 146
20 800 35 1,5 15 | 0,05 3 5 6,5 8 18
19* 3000 129 3,0 15 | 0,18 43 | 129 | 1,0 | 17 146
notepy AasneHus B TpybonposBoaax ZApyq = 310
Tpebyemoe 3HaueHue (AP, ) =2798 - 310 = 2488 Ia

KA./ pee.y420

LunpkynaumoHHoe KorbLo Yepes npubop 11-ro ataxa C113
= AP, ,+0,4.P =(18 +2488) + 0,4.353 = 2647 Na

pacn.y4.21,22,21*

21 2200 95 3,0 15 | 0,13 25 75 | 1,0 8 83
22 1000 43 1,5 15 | 0,06 4 6 65 | 12 19
21> 2200 95 3,0 15 | 0,13 25 75 | 1,0 8 83

notepu AaeneHus B TpybonpoBogax Zpr = 185

Tpebyemoe 3Ha4eHue (ZAP. ) = 2647 - 185 = 2462 Na

kn./pea.yu22

LimpKynaumoHHoe konbLo Yepes npubop 12-ro ataxka CT113
P =AP ,+0,4.P =(19 +2462) + 0,4.353 = 2622 lNa

pacn.y4.23 y422

23 | 1200 | 52 [ 75 [ 15 Joo7 ]| 10| 75 [70] 17 92
roTepu AasneHvs B Tpybonposoaax ZApyq = 92
Tpebyemoe 3HaudeHue (XAP, ) . ..,= 2622 - 92 = 2530 MNa
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BbinonHum noadop knanaHos (TEPLI-TS-90)
n (TEPU-RL-5) Ha «perynupyembix y4acTKax»
Ne 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 23.

Conpotuenenne AP, knanaHa MEPL-TS-
90 onpepensaem no Homorpamme puc. 6.9.

Tpebyemoe conpotusnexne AP, , Ganan-
cosoro BeHtuna IEPU-RL-5 onpegenAaem no
BbIP@)XEHMIO:

AP, ,=(SAP,)  -AP

KA./ pea.yy KAT.

3HayeHne Kv —»

Tpebyemoe 3Ha4yeHMe NpPOMycKHol crnocob-
HOCTW K, banaHcosoro BeHTUnAa FEPLI-RL-5
onpegendAemM Mo BbilernpueegeHHoON dopmyne
Unu No Homorpamme, NoKasaHHoM Ha puc. 6.10,
C MOMOLLIbIO KOTOPOW TakXXe onpefendem 3Ha-
YeHnA n rnapaBnN4eCKon HaCTPOMKN BEHTUNA
FEPL-RL-5. Pac4eT rugpaenu4eckux napame-
TPOB M €ro pesynbrarbl BbINOIHAEM B BELOMO-
CTu B BMAae Tabn. 6.4.

Kv = 0,24 m3/4

0,01 2 3 45 2 3 45
100 , s e | 3
5 5
4 4
3 3
2 1 a 2
N ] I
10 2 - 102
AP, =5400 Na = A SR
?: — mEm:) 5
4 - /A 4
| | 1 Ll
sP_=2138Na, g Kug = s
y | E
2 1 I 2
1 é = 10
5 H /A 5
4 4
3 3
T 2 2
0,1 e -1
& ST rEPU-RL-5 R
z / T
% 5 15
g8 4 )
© i
I 3 =
o / . 3
g i ] -
Q — 7 111 0O
o O 18
e & 12
0,01 [ |||!|!|I|!|!|!|!|= Ll oo
10 [kr/y] 3/ 45 102 2 3 45 10 2 3 45
G= 35 Kr/y G=52 Kr/4

Pacxog gqm —»

Puc. 6.10.: Mpumep onpefeneHna ruapasnmyeckrix xapakTepucTrk 6anaHcoBoro
paguatopHoro BeHTunA NEPL-RL-5 ana y4acTtkos Ne 2 n Ne 20
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3HayveHuAa anAa y4.Ne 2 3aHeceHb! B Tabn. 6.4
13 BbiLLEeNpUBEEHHbIX pe3ynbTaTtoB pacyeTa, B
T.4. U3 Tabn. 6.3. 3Ha4eHne k, GanaHCOBOro
BeHTUNA NEPU-RL-5 onpegensem no ¢popmyne
(4.10)

k,= G/(10.AP)°% = 52/(10.5400)°5 =
=0,22 M®/4

Hanpumep, gna yd4. Ne 20 BenuyuHa
AP_ = 350 lNa onpepfensaetca no Homorpamme
puc. 6.9.

3HaqeHne AP, , onpepaensem no Bbipake-
HUIO

AP, = 2488 - 350 = 2138 MMa.

3HaveHne K, banaHcosoro BeHTunA NEPLL-
RL-5 onpegenaem no ¢opmyne (4.10)

k,= G/(10.AP_)%° = 35/(10.2138)°° =
= 0,24 m3/v,

a 3Ha4YeHnAa N rvgpaBrMyeckon HaCTPOMKY
onpegenAem no Homorpamme puc. 6.10 :

n=11.

Tabnuua 6.4.
Mopbop knanaHoB 00BA3KM OTONUTENbHbIX NpMbopos CT.12
XapaKktepucTunku
G, (zAP ) AP 6anaHcooro knanaHa FEPL-RL-5
NeCT1/NeaT./Neyy HTpeayd wat
y Kr/4 Ma Ma AP, k,, "
Ma Mm3/y

1 2 3 4 5 6 7

C113/131/Ne2 52 6280 780 5400 0,22 1,0
3apaniuch 3apanvcb

C113/231/Ned 52 5553 780 4773 0,24 1,1
C113/33TNe6 35 5073 350 4723 0,16 0,70
C113/49TN<8 35 4724 350 4374 0,17 0,75
C113/59TN10 35 4467 350 4117 0,17 0,75
C113/33TNe12 35 4278 350 3928 0,18 0,80
C113/43TNe14 35 3521 350 3171 0,20 0,90
C113/53TNe16 35 2992 350 2642 0,22 1,0
C113/39TN18 35 2639 350 2289 0,23 1,0
CT113/43TNe20 35 2488 350 2138 0,24 1,1
C113/53TNe22 43 2462 560 1902 0,31 1,4
CT113/53TNe23 52 2530 780 1750 0,40 1,8

3apaemcAa napametpamu n, AP ., Kk, CTaTU4YeCcKMX KranaHoB Ha OTOMUTENbHbIX NpU-

6anaHcosoro BeHTUnA [EPL-RL-5 Tonbko
ana perynupyemoro ydactka Ne 2. [1nA Bcex
OCTasnbHbIX PerynupyemMbiX y4acTKoB U ycTa-
HOBJIEHHbIX Ha HUX OanaHCcoBbIX BEHTWMNEN
yKasaHHble napaMeTpbl BblYUCAAOTCA TaKUM
»Ke 00pas3oM, Kak 3TO Bbille NMokasaHo Ha npu-
mepe yyacTtka Ne 20.

MoTepn pasneHuA APpee_ B perynAaTope
EPL, 4007 3aBWCAT OT KOMMMeKca rmgpasnu-
YeCKUX napameTpoB CUCTEMbI OTOMMEHUA: OT
Hanopa, cosgasaemoro Hacocom P, oT 3a-
JAaHHOro perynupyemoro nepernaga fgasneHuA
APQAA = ZAPy OT AMHaMUKKN paboTbl TEpMO-

4.cm’

Gopax cToAKa.

MMaopaBnuyeckue pacyeTbl MpU MPOEKTU-
POBaHMN BbLIMOMHAIOTCA Ha TaK HasblBaemble
«pacyeTHble YCrnoBuA», Nony4ana B peaynsrate
«pacyeTHble napameTpbl». «Pac4eTHble ycno-
BUA» NpeanonaratoT Takxxe, Y4To BCA 3anopHas
OTKpbITa MONMHOCTbIO, GanaHcoBas apmarypa
HaXoaWTCA B MOMOXKEHWUN MPOEKTHbIX YCTaBOK,
a perynupytowlas apmarypa HaxoguTcA B Mo-
NOXKEHUN MaKCMMAIbHOTO  «pPerynupyemMoro»
pacxofa TennoHocuTend. Takum obpasom, npu
BCEX APYruX YCMOBMAX, OTIIUYHBIX OT «pacyeT-
HbIX», pacxofbl TEMMoHOCUTENA Ha perynupy-
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eMblX y4acTKax 1 B CUCTEME OTOmnneHua GynyT
MeHbLUEe «pacyeTHbiX». W3 rugpognHammkm
OpOCCenbHO-perynupytoLen  apmarypbl 13-
BECTHO, 4TO AnA obecneyeHns Ka4yecTBEHHOro
perynMpoBaHna Bo BCem fuanasoHe paboyero
Xofa LUTOKa perynatopa HeobXoaumo, 4TOObI
npu cteneHu oTkpbITMA KnanaHa 90 % ero ru-
ApaBnnyeckoe conpoTueneHne AP . [OMHKHO
cocTaBnATb He meHee 60...100 % conpoTusrne-
HUA perynupyemoro ydactka cetu. Torga gnA
paccmaTtpuBaemoro npumepa pacyera MOXHO
3anucatb

Po Ma

AP >(0,6..1,003AP =
= (0,6...1,0).7453 Ma

MNpuHumaem APpez’ = 8000 Ma. AnHamun4e-
CKUI y3en perynupoBaHnAa W paccyuTaHHble
COMPOTUBIIEHNA CUCTEMbI OTOMMNEHNA MOKa3aHbl
Ha puc. 6.11.

PacuemHbie
napamempbl

| - .II
r AR.F8000Ma=2ak, o
|

|
| ‘ r IAR,, cm=T4530Ma |
|

yy.cm:

T | |
p‘f N 93' :A%mzj‘ﬂem.cm. |
1
"’_/U» | H'(‘QPTJ’.‘+Z"-\‘P_‘y’ul.f.‘.rrr. )=

( 121 | o

473
Gcm. » kel

300 400

Puc. 6.11.: Tpaduk nameHeHna nepenaga gaBrneHna Ha perynAatope nepenaga
CUTENA NpY UCMOSMb30BaHNM LMPKYMALMOHHOIO Hacoca C 3NEKTPOHHbIM
yrnpaBneHnemM CKOPOCTbIO BpaLLeHna potopa

3 npusegeHHoro rpaduika BUAHO, HTO Npu
YMEHbLLEHNN pacxofa 4Yepes perynatop meHee
pacyeTHOro 3HayeHusa 473 Kr/4 nepenap Aas-
NEeHNA Ha CToAKe ZAqu_Cm OoCTaeTcA NOCTOAH-
HbIM 1 PaBHbIM

2AP

yuom = OP3a,= 7,5 KMMa.

Mpu sTOM Nepenap AaBneHna Ha perynaro-
pe AP yBenuiuBaeTcs, a notepu AaBneHus
B TPyOOMNpoBoAax yMeHbLLUaTCA.

Myckosana Hanapgka perynAatopa EPLL 4007
3aKnio4yaeTcA B YCTaHOBKE Ha perynAarope
NMPOEKTHOro 3Ha4YeHNA N rugpasnMyeckon Ha-
CTPONKMN.

OnpegenAem 3Ha4yeHne N rnapaBnMyecKon
HacTpownku perynaropa EPLL 4007 ¢ nomoLubio
HOMOrpamMMbl, NPEeACTaBNeHHON Ha puc. 6.12.
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400
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_— ) E— 300
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= =250  Perynatop = _|
% 200 nepenaa asnexua _ |
= — =200 4007 B
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) =150 |
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Puc. 6.12.: Tlpumep onpegeneHna 3Ha4eHna N rugpaBnu4eckonl HaCTPONKKN pery-
nAatopa nepenaga gaenenna NEPL 4007 , yctaHoBneHHoro Ha CT.13

KoY nonb3oBaHUA HOMOrpaMmon nokasaH MoadepemM LMPKYMALMOHHBIA HACOC C arek-
cTpenkamu. TPOHHbIM yNpaBfeHnemM CKOPOCTY BpaLleHna Ha
Mpwn 3apaBaeMoM perynupyemom rnepenage cnepytoune NCxoaHele AaHHbIe:
AaBneHuA Ha ctoske AP, = 7,5 kla n pacyeTt-
HoM pacxofie G = 473 Kr/4 Heobxoanmo ycTa- nogaua V. = V_ =10 Mm%y
H co !

HOBWUTb MaxOBW4YOK perynAatopa Ha Benu4yuHy
rmgpasnuyeckon HacTponkm n = 80.

Ona nopbopa UMPKYMAUMOHHOIO Hacoca
onpepenum Tpebyemblil Harop Hacoca:

Hanop P, = 4,5 m.B.CT.

PH= APDO = APT/'I'l'Z:AP_L/q.c.m+z:Awa.cm.+ APpez. =

=23,1+52+7,5+8,0=43,8kla
(= 4,5 m.BOg.CT.)

H MAGNA UPE 40-120 F
(M) Q=9,99 M4
NS H=45m
N P, =255W
10 \‘\ 06wy KMJ = 48 %
8 P
\\
5 e
4 ———.
o 2
2 .4 S |
/
5 el

0 2 4 6 8 10 12 14 16 QM)

Takum ycrnoBuam cooTBeTCTBYeT Hacoc dpupmbl Grundfos mapkn MAGNA UPE 40-120F.
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6.3. Mpumep rungpaBNNYecKOro pacyera ropu3oHTaNbHON ABYXTPYOHOWN
cuctembl OTOMNEHWA C npuMeHeHuem paauatopHbix y3nos [EPL-2000 n
perynatopoB nepenaga aasneHnAa N'EPL, 4007 gpnAa pacnpegenutenen.

OtonuTenbHble NPUOOPbLI FOPU3OHTANBHON
CMCTEMbl OTOMMIEHUA NOACOEANHAIOTCA K cUCTe-
Me OTOMMEHUA C MOMOLLbIO pacnpepenvTens,
KOTOPpbIii Kak Obl pa3fensaeT CUCTeMy OTOMMEHNA
Ha [OBE CWCTEMbI: CUCTEMY TennocHabxeHua
pacnpegenuTenei (Mexxay TennoBbIM MyHKTOM
1 pacnpegennuTenAmMm) n CUCTeEMY OTOMNEHWA OT
pacnpefenuTeneinn (Mexgy pacnpegenutenem
1 OTOMUTENbHBIMK Nprbopamm).

Cxema cucmembl omonAeHUA BbinoAHAem-
CA, KaK npaBuno, 8 Buge pa3genbHbiX CXeMm:

- cXeMa cucTeMbl TennocHabXXeHna pacrnpe-
aenutenen;

- CXEMbl CUCTEM OTOMSEHNA OT pacnpegenu-
Tenen.

[mgpasnuyecknin PacdeT BbINONMHAETCA B
COOTBETCTBUN C METOOMKOWN, W3NOXXEeHHOW B
pasgene 4. Pac4eT BbIMOMHAETCA OTAENbHO
ONA cUCTeM OTOMMEHMA OT pacnpenenutenen
(mexxgy pacnpegenutenem M OTONUTENbHbIMU
npubopamn) 1 OTOENbHO ANA CUCTEMbl Temnso-
CcHab)xeHVs pacnpegenutenein (mexgy Tenmno-
BbIM MYHKTOM 1 pacnpeaennTenamm).

B kauecTBe npumepa npegnaraeTtca ru-
LPaBnMYecKnin pacyeT ABYXTPYOHON CUCTEMbl
BOAAHOrO OTOMMEHUA C HUXKHEN pa3Boakon 2-x
3TaXKHOro agMUHUCTPATUBHOIO 3gaHuUA nNpu Te-
NNocHabXeHU OT BCTPOEHHOMN TOMOYHOWA.

HicxogHble gaHHble:

1. PacyeTHasa TennoBas Harpyska CUCTeMbl
oTonneHuna ng= 133 kBT.

2. Pac4yeTHble napamMeTpbl CUCTEMbI OTOMJE-
HuA t =75°C, t =60 °C.

3. PacueTHbIn pacxoq TENNOHOCUTENA B CU-
cteme otonneHua V= 7,6 m%u.

4. Cuctema OTOMMEHWA NPUCOERMHAETCA K
KOTnam 4epe3 ropu3OHTasnbHbI rugpasnnye-
CKWI pasgenuTerb.

5. ABTOMaTMKa Ka)kgoro 13 KOTfoB nogaep-
)KMBAET MOCTOAHHYIO TeMnepatypy TEMIOHOCK-
Tena Ha Bbixofe u3 kotna t,= 80 °C B Te4eHne
BCEro roga.

6. Ha BBOOE KaXKgoro us pacnpegenurenen
NPOEKTUPYETCA aBTOMATUYECKUA  PerynaTop
nepenaga pgasneHua NEPLL 4007 (anAa pacnpe-
nenutenein HebOrbLLUOW TEMoBOW HarpysKoi,
meHee 3...5 KBT pekomeHpgyeTca BeHTWNb Oa-
naHcosbin LITPEMAKC).

7. Cuctema TennocHabxeHua pacnpe-
aenuTenei BbINONHAETCA U3 TPy6 CTanbHbIX
BOAOra3onpoBOAHbIX (MOXET ObITb BbIMOMHEHa
N3 MemHbIX WM MeTansononuMepHbiX Tpyo),
CUCTEMbl OTOMMEHNA OT pacrnpegenuTtenei - n3
Tpy6 meTannononumvepHbix FEPL.

[nA npoekTpyemMoin aByXTPyOHON CUCTEMbI
OTOMMNEeHWA cnegyeT NPUHATb K YCTAHOBKE Ha-
COC C 9NEeKTPOHHbIM YMpPaBfEHNEM CKOPOCTM
BpaLleHua (cm. pasgen 5.1). Ona nogbopa uup-
KYNALMOHHOrO Hacoca HeobxoguMmo onpege-
nuTb Tpebyemble 3Ha4eHna nogaqm V, , M%4 u
Hanopa P, kla (v m.BoA.CT.).

lMogaya Hacoca  COOTBETCTBYeT  pac-
YeTHOMY pacxogy B CuUCTeMe OTOMMEHUA
V.=V _=76wnm/M.

Tpebyembiit Harop P, , paBHbIil pacHeTHbIM
MOTEPAM AABNEHNA CUCTEMbl OTOMNeHna AP,
onpefenAeTca CyMMON COCTaBMALLMX: NOTEPb
LaBMeHnsa cucTembl TennocHabxeHuA pacnpe-
fenutenen AP - (Mexay ruapasnm4eckum
pasgenuTenem 1 pacnpegenuTtenamm); notepb
[aBrneHnA cUCTeMbl OTOMMEHNA OT pacnpepenu-
Tenem ZAPW,"_ (mexxgy pacnpegenutenem u
oTonuTenbHbIMU Npubdopamu); 1 NoTepb Aaene-
HWA B pacnpegenutene AP acnp. (B TOM 4ncne
notepun fasrneHnA APpee_ B perynatope EPL
4007):

P,=AP_=YAP_ +YAP_  +AP

y4y.om. pacnp.
Ina pacyeTta ZAPymm n ZAPWW OCHOB-
HOro pac4eTHOro LUMpKYNALUMOHHOIO KOmbLa Bbl-
NOJSTHM CXeMy CUCTeMbl TennocHab»xeHus (puc.
6.13) 1 cxemy cucTemMbl OTOMSIEHUA OT pacnpe-
penutena «3» (puc. 6.15).

Ha cxeme cuctembl OTONNEHWA OT pacnpege-
nutena «3» (puc. 6.15) pacnpegenAaem Tenno-
Bble Harpysku nometleHnin Q, (pacyetHble no-
TepU TENNOTbI MOMELLEHNEM) MO OTOMUTENbHbIM
npubopam, cymMmmMupyemM no pacnpenenutenam u
yKasblBaem TensoBble Harpy3ku pacnpepenu-
Tenew Ha pac4eTHom cxeme puc. 6.13.
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Puc. 6.13.: Cxema cuctembl TennocHabykeHa pacnpegenutenei.

1 - KOTenN ra3oBbll BOJOrPENHbIN TEMMOBOW MOLLHOCTbIO 90 KBT;
2 - eMKOCTHOW BofoHarpearesib eMkocTbto 500 NTPOB CUCTEMbI FOPAYEro Bogo-

CcHabXXeHus;

3 - r’MapaBnMyecKuii pasgennTerib FopM3oHTasbHbI (M3roTOBUTL U3 CTarbHOW TPyObI

d 125 mm);

4 - KnanaH cmecuTenbHbIn Tpexxogoson perynupytowmn MEPL| 4037;
5 - npusog NEPL, 7712 k knanaHy cmecutenbHOMY TPEXXOLOBOMY;

6 - dunetp N'EPL d 65 mm apt. 1411107;

7 - rpebeHka nogaroLas (M3rotoBuTb U3 Tpybbl cTanbHoi d 100 Mm);

8 - rpebeHka obpaTHan (M3roToBMTb U3 TPYObI cTanbHon d 100 MMm);

9 - BeHTUNb 6anaHcosbit TEPL, LULTPEMAKC-GR;
10 - patyuk TemnepaTypbl Hapy»Horo Bosgyxa NEPL, 779301;
11 - perynartop temnepartypsbl «crnegAawmin» FEPL 7793, peanunaytoumin rpaduk LKP;
12 - gaT4MK TemnepaTypbl NOJAIOLLEro TENNOHOCUTENA CUCTEMbI OTOMMNEHUA

MEPL 779300;

13 - paclwmpuTenbHblii 6aK MemOpaHHbIA.

B 3aBucumocTn oT Tpebyemol Tennomnpo-
N3BOAMTENIbHOCTU TOMOYHOW MoOryT pabotarb
oba KoTna unm TonbKo OAMH U3 HUX (B NETHUN
N OCeHHee-BeCeHHUI nepuoppl roga). Kaxxgpin
KOTEN UMEET CaMOCTOATENbHbIN LUPKYNALNOH-
HbI KOHTYpP € Hacocom P1, B koTopom nogaep-
)KMBAETCA NMOCTOAHHBIN pacxon TenIoHOCUTENA
1 NOCTOAHHAA Temneparypa TennoHoCcUTena Ha
BbIXx0ofe 13 kotna t,= 80 °C B Te4eHue roga.

B Ooiinepe 2 Tpebyemas Temneparypa
Harpesaemon Bofpl t, = 55 °C ropsa4ero Bopo-
cHabykeHnAa obecne4YmBaeTcs 2-X NO3NLNOHHbLIM
perynatopom Temnepatypbl FEPL| 779323, ko-

TOPbIN yNpaBnAeT BKIO4YEeHeM Hacoca P2.

LinpkynAauunto TennoHocuTena B cucteme oTo-
nneHna obecneyrBaeT HACOC C SNEKTPOHHbBIM
yrnpasneHnemMm ckopocTu BpatleHua P3. Temne-
patypa nogatoLien Boabl CUCTEMbl OTOMMEHNA
N3MEeHAeTCA B 3aBMCUMOCTM OT Temnepartypbl
Hapy>XHOro Bo3gyxa C NMOMOLLBIO «CregaLLero»
3MNeKTPOHHOro perynatopa 11, Bo3gencTBylo-
LLiero Ha perynupyroLmin TPexxofoBon KranaH
MEPL| 4037.

MMapaBnuyeckuini pacyeT CUCTEMbl Tenso-
cHabXXeHVA pacnpegenuTenen BbIMOMHAETCA
C 1CMOnb30BaHWeM MepBOro HanpaBneHus
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pacyeTa. B kayecTBe OCHOBHOrO pacyeTHOro
LUMPKYNALMOHHOTO Komnblia BblbMpaem KomnbLo
yepe3 cawmblil  HarpyXXeHHbll OTOMUTESbHbIN
npubop Haubonee Harpy>xeHHoro pacnpepe-
nmTena «3».

[unameTpbl BCeX y4acTKOB MarucrpanbHbIX
TennonpoBoAoce d,, MM nogbupaem ¢ NoMOLLbO
HOMOrpamMmbl MPUNOXeHNA «A», 3agaBadcb
ckopocTbto Boabl 0,3...0,5 m/c. XapakTep nonb-
30BaHMA HOMOrpamMmMon nokasaH Ha puc. 6.14
Ha npvmMepe y4acTtka Ne 1 (qu: 7581 kr/4). Mpun
3TOM pPEKOMEHAYEeTCA OrpaHu4YMBaTbCcA Benu-
YUHOW yOemnbHOW NOTepPU HaBIEHWNA Ha TPeHue
R He 6onee 100 Ma/m. MNoTepu gaBneHua Ha
MECTHble conpoTuBneHna Z, lNa onpegendaem
no HoMorpammam npunoXKeHmA «I» Kak ¢yHK-
unto Z = f(XL).

PeaynbtaTtbl rmpgpaBnmMyeckoro pacyera 3a-
Hocum B Tabn. 6.5.

Cymma KoagpuyueHmoB8 mMecmHbix conpo-
muBaeHull XL gaAa Kas<goeo yyacmKa 0CHOBHO-
20 YUPKYAAYUOHHO20 KoAbya onpegeasemcAa
no lNpunosKeHuto «B»:

- yyacTtok Ne 1 (HaymMHaeTcAa OT HamopHOro
natpybka Hacoca P3, 6e3 obpaTHoro knanaHa):
BHE3arnHoe paclLumpeHune, BHe3arnHoe Cy>XeHue,
3apgBmkka X{=1,0+0,5+ 0,5 =2,0;

- y4acTtok Ne 2: TPOMHUK Ha OTBETBMEHUE
3 =1,5;

- yyqacTku Ne 3, 3*: TPOMHMK NPOXOAHON, OT-
Bog x({=1,0+0,5=1,5;

- yqactku Ne 4, 4*: TPONHUK MPOXOAHOW, OT-
Boa{=1,0+1,0=2,0;

- yyactok Ne 2*: TPOMHWMK Ha MPOTMBOTOKE
> =3,0;

- yyacTtoK Ne

1* (0o nepemblyKM nogmeca):

BHe3arnHoe pacLuvpeHe, BHe3arnHoe Cy>XeHue,
3apBukka, oteog x{ = 1,0+0,5+0,5+0,5 = 2,5;

- y4qactok Ne 1a (0T nepemblvkM nogmeca fo
BcacblBatoLLiero natpybka Hacoca P3, 6e3 kna-
naHa FEPLI4037, 6e3 ¢unbrpa): ruapasnuye-
CKWUIA pasgenuTenb B BUAe BHE3anHoro pacLuu-
PEeHNA 1 BHE3AMHOro CY>XeHWA, OBe 3aABUXKU,
gBa otBoga x{ = 1,0+0,5+0,5+0,5 = 2,5.

Ha y4dactke Ne 1 conpoTuBneHvne KnanaHa
onpegenAeTcA MO HoOMOrpamme npoun3Boau-
Tensa AnA obpaTHoro knanaHa d,= 65 MM npu
qu: 7581 Kr/4, 4to cocTasnaeT AP, =800 lMa.

Ha yyacTtke Ne 1a conpoTtueneHue éunstpa
EPU d 65 mm apt. 141107 onpepenaetca
MO 3HAYEHUIO €ero MPOMYCKHOW CrocobHOCTU

k,= 55

Mm3/y. Torpa:

AP, =0,1.(G/k,)?=0,1.(7581/55)>=1900 Ma.

Tunopaswep Tpexxogosoro knanaHa MEPL]
4037 Bblbupaem, 3agaBasacb Tpebyemoii Benu-

YMHON

k,=(2G...3G). 1.e.k,>2.7,58 = 15 M%/u.

MpuHumaem knanaH d 40 mm, apT.Ne1403740,
k,= 25 m%4. Ero conpotusnexvie 6yaeT pasHo

AP =0,1.(G/k )?=0,1.(7581/25)2=9200 Ma.

Tabnuua 6.5.

PacuyeT crucTembl TennocHabXXeHna pacnpegenutenei (puc. 6.7)

Ne vy Q. qu, Iyq, dy, v, R, R./yq ZC Z, Aqu, S
YN By Kr/y M MM | m/c |Ma/m| Ma Ma Ma P '
1 2 3 4 5 6 7 8 9 10 11 12
Pacuert ZAqu.c.m OCHOBHOIO LIMPKYNALNOHHOIO KOfbLia
904+800 = AP, =
1 133000 | 7581 12 65 | 0,53 | 52 624 | 2,0 | 280 — 1704 800 Ha
2 68000 3876 5 50 | 0,50 | 72 360 1,5 | 200 560
3 40000 2280 18 40 | 0,50 | 100 | 1800 | 1,5 | 200 2000
4 22000 1254 3 25 | 0,56 | 180 | 540 | 2,0 | 300 840
4* | 22000 1254 3 25 | 0,56 | 180 | 540 | 2,0 | 300 840
3* | 40000 2280 18 40 | 0,50 | 100 | 1800 | 1,5 | 200 2000
2* | 68000 3876 5 50 | 0,50 | 72 360 | 3,0 | 370 730
1* | 133000 | 7581 16 65 | 0,53 | 52 832 | 25 | 350 1182
558+1900+ AP =
1a | 133000 | 7581 4 65 | 0,53 | 52 208 | 2,5 | 350 +9200 = e
= 11656 | 9200
[otepu pasnenna 2AP, = 21514 Ma
(21,5 klMa)

Takum o6pa30M, noTtepmn gasneHnA CUCTEMbI TennocHabxxeHna pacnpenenMTeneVI (Memny rmgpas-

NINYECKVM pasfenuTenem n pacnipefenuTenamm) pasHsl AP

c.m

- =21514 MNa (21,5 kMa).
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HOMOTPAMMA TMAPABJTMHECKOIO PACHETA TPYBOMNPOBOJOB
BOAAHOIO OTOMNEHNA 3 CTAIbHBIX TPYB MPU ky, = 0,2 Mm

YnenbHada noTepAa faBneHua Ha TpeHune, R, Ma/m
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Puc. 6.14.:Tlpumep onpegeneHnsa dy, MM,

52 Ma/m R, Ma/m

v, m/c, R, Ma/m pgna ydactka Ne 1

(G,,= 7581 Kr/4) € NOMOLLbIO HOMOTPamMMbl MPUNOXKEHUA «A»

Pac4er ocrtanbHOi 4acTu CUCTEMbI Tenno-
cHabXeHVa pacnpegenutenein ¢ noadopom
anameTpoB TPybonpoBOaOB NPOU3BOAUTCA aHa-
NOrnYHbIM 06pa3oM.

InAa pacyeta ZAqu‘om' cucTembl oTornne-
HMA OT pacnpegenuTena «3», MoKas3aHHON
Ha puc. 6.15, BbibepeM OCHOBHOE pacHeT-
HOE LMPKYNALMOHHOE KOMbLO 4epe3 Hau-
Gornee Harpy><eHHblii OTOMWTENbHbIA MNPUOOP
Q,, = 1500 Bt (Betka «B»). lnapaBnunyeckuit
pacyeT BbIMOMHAEM C UCMOSIb30BaHNEM MEPBO-
ro HanpaeneHuA pacyeta. [duameTpbl BCex
y4acTKOB TEMNONPOBOAOB d , MM nonbupaem ¢
MOMOLLbIO HOMOrpammbl MpunoxeHna «b» gna
MeTannononmmepHbix Tpyb, 3afaBasachk CKOpOC-
TbiO BOfAbl He Gonee 0,5...0,7 m/c. XapakTep

nonb30BaHMA HOMOrpaMMON MokKasaH Ha puc.
6.17 Ha npumepe y4dactkoB Ne 1 1 Ne 4. IMpwm
9TOM pPEKOMEHZYeTCA OrpaHu4nBaTbCcA Benu-
YMHOW yAenbHOM NOTepu [aBMEeHVA Ha TPeHue
R He Gonee 100 lMa/m. MoTepu gaeneHua Ha
MeCTHble conpoTueneHua Z, lNa, onpegenAaem
no Homorpammam lpunoxeHnAa «» Kak QyHK-
umto Z = f(XL).

Mo BblpaxkeHwto (3.7) onpepensaem pacyer-
HbI pacxop TenoHocuTenA

G,,=0,86.Q,/(75 - 60) = 0,057.Q,

Pesynbratbl rugpaBnM4eckoro pacyerta sa-
Hocum B Tabn. 6.6.
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Puc. 6.15.: Cxema cuctembl OTOMMEHNA OT pacnpegenutena «3»

@ Pacnpegeaumens “3”
10

dz25

T21

d20x2 8 nony
8 3awjumHoti mpybe

d20x2 8 noay /

8 zawumHol mpybe

Puc. 6.16.: Detanb «A» (rapHutyp FEPL, 2000 gnA nogknioYeHna pagmaTopoB K
ABYXTPYOHbIM CrCTeMam) 1 pacnpenenuTesb «3».

1 - y3en nogknoyeHna NEPL, 2000 apt.1717501;
2 - coeiMHnTenbHaA Tpybka nus mean, HUkenuposaHHas MEPL], apt. 1633011;
3 - KnanaH yrnoson cneunansHbin NEPL, apT. 1772892;
4 - ronoska TepmocTtatuyeckaa NEPL-«MNUHN»;
5 - BO3QyX00TBOAYUNK pPaanaTopHbI;
6 - Habop 13 2-x pacnpepenutenei F'EPL| ¢ 6-t0 otBogamu, DN 25, apt. 1854106;
7 - punetp MEPL, d17, k, = 11,7 Mm%y, apt. 1411103;
8 - BeHTUNb 3anopHbin FTEPLL LUTPEMAKC-AG, d1”, k = 12 m%/4, apT. 1421513;
9 - perynatop nepenapa aasnexuna NEPL, d1”, k = 9,5 m%4, apt. 1400703;
10 - wkad pacnpegenutenbHbii TEPL, wnpnHa 750 mm, apT. 1856915.
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HOMOTPAMMA T'MAPABINNYECKOro PACHETA TPYBOMPOBOOOB
BOOAHOIO© OTOMJIEHMA U3 METAJTNOMNONAMEPHbBIX TPYB MNPU kw = 0,007 mMm

YgenbHaA notepAa fasneHna Ha TpeHue, R, Ma/m
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Puc. 6.17.: Tlpnmep onpefenexna d , M, v, m/c, R, Ma/m gna y4actka Net (G =234 Kr/4)
1 ona ydactka Ne4 (G = 86 Kr/4) ¢ MOMOLLbIO HOMOTrpaMmbl |_|pVIJ'IO)KeHI/IF| «B»

Knanan MEPLI-TS-90 v 6anaHcoBblii pagu-
aTopHbIM y3en nogkntodeHna MEPL, 2000 (puc.
6.16, y3en «A») co3galoT CyMMapHoOe COorpo-
TuBneHve (cm. ¢popm.(4.7)) Ha “perynupyemom
ydacTke”

(SAP_ ) =AP_ +AP

pea.y4 KA1 KA.2"

ConpotueneHne TepMOCTaTU4YeCKoro
knanaHa MEPLI-TS-90 onpepensetcAa no ero
TEXHUYECKOWN XapaKTepucTuke B 3aBUCUMOCTU
OT pacxoga Bofpl qu Ha y4acTke, a conpo-
TUBNEHne 06anaHcoBOro paguaTopHOro yana
noakntodeHna NEPLL 2000 3apgaetca, ucxoaa u3

3afaBaeMon Benu4mnHbl (ZAP, )peeyq

Mo coobpaxkeHuAM GecluymHOCTV paboTbl
KnanaHoB pekoMmeHAyeTcA 3apjaBaTb 3Hade-
HNe AP, KaXaoro u3 knanaHos He Gonee
20...25 KI'Ia C gpyrowi cTOpoHbl, AnA adpdeKTms-
HOro perynMpoBaHuA pacxogoB B napannenb-
HbIX KOIbLax ABYXTPYOHOW cucTembl oTorne-
HVA, He PEeKOMeHOyeTCA 3afaBaTbCA 3HaYeHU-

em (ZAP,)...,. MeHee 4...6 kla.

Ha y4yacTtke Ne 4 noTepAa gaBneHus B Tepmo-
ctatmyeckom knanaHe EPL-TS-90 onpegens-
€TCA C MOMOLLbIO ero HOMOFpaMMbI, nokasaH-
Hown Ha puc. 6.18. MNpwu G = 86 Kr/4 notepA
nasneHna AP_ . =2050 Ma.

A1

MoTepelt pnaBneHuA OGanaHcoOBOro paaua-
TopHOro ysna nogkntodeHma NEPLL 2000 gna
OCHOBHOIO pacyeTHOro Kosnbua 3agaemcAa, UC-
X0oOA U3 CneaylLlmx coobparkeHuin (CM. pas-
pen 4.3). [InA OCHOBHOro pacyeTHOro Komnbua
crnegyet 3agatbCA MakCUmasnbHO BO3MOXXHbIM
OTKpbITVEM [Manas3oHa rmapaBimyeckux Ha-
CTPOEK N, HO MpK 3TOM MMETb MOTEPHO AaBne-
HMA He meHee 4...5 klla. 3agaemcAa rngpas-
nnyeckoin Hactporkon n = 7,0 (2,5 oboporta)
N COOTBETCTBYIOLLEN €1 MnoTepen pAaBrneHuA
AP __=4600 lNa (puc. 6.19).

Kn.2

Cymma KoaghdbuyueHmoB mecmHbix conpo-
muBaeHuli XL gaAa Kasgoeo ydYacmKa ocHOB-
HO20 UYUPKYAAYUOHHO20 KoAbUa onpegeasem-
cA no NpunosKeHUro «B»:
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- ydactok Ne 1, Ne 1*: pgBa oTBOga > =1,0;
I(=215=30; - yqacTok Ne 4 (6e3 y4eTa TepMOoCTaTU4ecKo-
- yqactok Ne 2, Ne 2*: TpPOMHMK npoxopf ro knanava FEPLI-TS-90 n 6anaHcoBoro pagu-
3L =1,0; aTopHoro y3na nogkniodenuna N'EPLL 2000): gea
- y4actok Ne 3, Ne 3*: TpovHMK npoxof TpoiHuKa npoxop, paguartop X{ = 2,0+2,0=4,0.
Tabnuua 6.6.
Pac4yet cuctembl OTONNEHUA oT pacnpegenntena «3» (puc. 6.15)
Ne Q. Gy, ! d, v, R, R, Z, AP,
N K “ “ Mpumen.
yq. | Bt Kr/4 M MM m/c Ma/m Ma ZC Ma MNa P
1 2 3 4 5 6 7 8 9 10 11 12
LnpkynaumoHHoe KorbLo Yepes npubop Q = 1500 BT BeTku «B»
1 |4100 | 234 11 |20x2]| 0,3 98 1078 | 3,0 | 130 1208
2 | 3400 | 194 | 3,5 |20x2]| 0,26 75 263 | 1,0 ] 35 298
3 | 2700 | 154 | 50 |20x2]| 0,2 50 250 | 1,0 ] 20 270
624+2050+ |
4 | 1500 | 86 8,0 [16x2| 0,2 68 544 | 4,0 | 80 +4600 = N
= 7274 APy =
B = 4600
3* | 2700 | 154 | 50 |[20x2]| 0,2 50 250 | 1,0 | 20 270
2 | 3400 | 194 | 3,5 |20x2]| 0,26 75 263 | 1,0 | 35 298
1* [ 4100 | 234 11 120x2| 0,3 98 1078 | 3,0 | 130 1208
[MoTepn paBneHuA ZAqu_Om' = 10826 Na
(10,8 klMa)

Takum 06pa3om, NoTepun JaBneHnsa CUCTEMDI
OTOMMEHNA OT pacnpegenutena «3» (Mexay
pacnpegenuTenem «3» 1 OTONUTENbHbIMW MPX-
6opamu) paBHbl

2AP

yy.om.

= 10826 lMa (10,8 kla).

[na ocTanbHbIX LMPKYMALUMOHHBIX Konew|

BeTku «B» onpepensem Tpebyemoe 3HaueHve
noTepu AABNEHNA Ha «PerynmpyemMbix y4yacT-
Kax» (ZAP, ) (Tabn. 6.7)

KA./ pea.yy
Cymma k03pdULMEHTOB MECTHbIX COMpo-
TmBneHnn XL pgna ydactkoB Ne 10, 11, 12
onpegenaem no [MpunoXxeHnto «B»: TPOMHUK
OTBETBMEHWE, TPONHWK Ha NPOTUBOTOKE

3(=1,5+3,0=45.

Tabnuua 6.7.
Pacyet (AP, ) ..., BETKM «B> (pnc. 6.15)
Q G ! d V. R R.I Z AP
N‘_’ Y, t yq’ yq! y’ 3 il yy 3 yq, I_I |/|Mel.|
y Bt Kr/4 M MM m/c Ma/m MNa ZC MNa MNa P
1 2 3 4 5 6 7 8 9 10 11 12
P =AP =7274Tla
pacn.y4.10 y4.4
10 [1200 ] 68 | 055 [16x2][ 0,16 ] 42 | 21 [45] 60 | 81
Tpebyemoe 3HaueHve (ZAP, ) . . ,= 7274 -81=7193a
wongats = DPys0:= 7274 + 270 + 270 = 7814 MNa
11 ] 700 | 40 [ 05 |16x2] 01 | 18 | 9 |45 21 | 30
Tpebyemoe 3HaqeHve (ZAP, ) . ., =7814-30=7784a
ongaiz = D500 = 7814 + 298 + 298 = 8410 MNa
12 [ 700 | 40 | o5 [16x2] 01 | 18 | 9 [45] 21 | 30
Tpebyemoe 3HaqeHve (ZAP, ) . ., =8410-30=28380Ma
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BbinonHum nogbop knanaHos EPL-TS-90 wu
6anaHcoBOro paguaTopHoOro yana nogkroye-
HuAa MEPL| 2000 Ha «perynupyembiX y4acTkax»
Ne 10, 11, 12.
Conpotvsnenne AP, knanaHa MEPL-TS-

90 onpepfenaem no Homorpamme puc. 6.18.

Tpebyemoe conpotveneHne AP, _, 0Ga-
NaHCOBOr0 PaaMaTtopHOro yana MoaKMtYeHuA
F'EPL], 2000 onpegenAem No BbIpaXkeHUIO:

AP

KAT.

AP .= (ZAP, )

Jpez.yu”

Tpebyemoe 3Ha4eHue MPOMnyCcKHOW Crocob-
HocTM Kk, 6anaHcoBOro pajauaTtopHoro ysna
nogkntodeHma TEPL, 2000 onpegensem no
dopmyne (4.10) nnu No HomMorpamme, NoKasaH-
HOWM Ha puc. 6.19, ¢ NOMOLLbIO KOTOPOW Takxe
onpegenAemMm 3Ha4eHUA N rapaBnMyecKon Ha-
CTpoViKM y3na nogkntoveHma NEPLL 2000.

Kv —
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Pacxog gqm —»

Makc. @ - rapHuLa rapaHTUpoBaHHOI 6ecLuyMHOI pa6oTbl KnanaHa

Puc. 6.18.: MNpumep onpepgenexHna AP,
Homorpammbl FEPL-TS-90

Pac4et rugpaenuyeckunx napameTpoB U ero
pesynbTaTbl BbiNonHAeM B Buge 1abn. 6.8.

Tpebyemoe 3Ha4yeHMe NpOomnycKHoW crnocob-
HocTM Kk, GanaHcoBOro paauaTtopHoro ysna
nogkntodeHma TEPL, 2000 onpepensem no

anAa y4actkoB Ne 4 1 Ne 12 ¢ nomoLLbio

dopmyne (4.10) nnu No HoMorpamme, NoKasaH-
HOW Ha puc. 6.19, C NOMOLLbIO KOTOPOW Takxe
onpegenAeM 3Ha4YeHWA N rMapPaBNNYECKomn
HacTponku yana nogknodeHna MEPLL 2000.
Pacyetr rugpaBnuyeckux napameTpoB U €ro
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pesynbTarbl BbinonHAeM B Buge 1abn. 6.8.

3HaveHuna ana y4.Ne 4 3aHeceHbl B Tabn. 6.8
13 BbILLENPMBEAEHHbIX PEe3ynbTaToB pacyera, B
T.4. U3 Tabn. 6.6. 3Ha4eHne k, GanaHCoOBOro
yana nogkntoydeHna NEPL, 2000 onpegenAaem
no popmyne (4.10):

k = GI(10.AP, )05 =
= 86/(10.4600)°° = 0,40 M/,

3apaemca napavetpamu n, AP ., k 6a-
NMaHCOBOro pafmMaTtopHOro ysna MogknioYeHna

M'EPL, 2000 TOnbKO AnA perynupyemoro y4act-
ka Ne 4.

AnAa  Bcex  ocCTanbHbiX  pPerynmpyembix
y4acTKOB U YCTAHOBMEHHbIX Ha HUX KranaHoB
yKasaHHble napameTpbl BbIYWCMAIOTCA TakKnM
e 0bpasom, Kak 3T0 MokasaHo Ha npuvepe
ydacTtka Ne 11.

Hanpumep, pgna y4.Ne 11 BenuymHa
AP .= 470 lNa onpenenseTca nNo HoMorpavMme
puc. 6.18. 3HaveHne AP_, onpegensem no
BbIPXKEHIII0

AP, = 7784 - 470 = 7314 Ma.
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10 [krm] 3 45 102 2 345 1[]3 2 345
G =40 Kkr/y G =86 Kr/y

Pacxogq gm ——»

MakKc. |> - rapHuLa rapaHTMpPoBaHHOIN 6ecLUyMHOI pa6oTbl KnanaHa

Puc. 6.19.:Mpumep onpeaeneHns rnapasnnyeckix xapakTepucTrk 6anaHcoBoro pa-
avatopHoro y3na nogkntoderHna N'EPL, 2000 ana y4actkoB Ne 4 1 Ne 12
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3Ha4eHue k, GanaHCoOBOro ysna nopkmo-
yeHuAa MEPLL 2000 ana y4.Ne 11 onpegenaem no
dopmyne (4.10)

k = G/(10.AP %5 =
= 40/(10.7314)°5 = 0,15 M3/,

a 3Ha4YeHuA N  rnMgpaBINYECKON HaCTPOUKMU
onpepenAem no Homorpamme puc. 6.19:n=1,2
(0,3 oboporTa).

Tabnuua 6.8.

Monbop KnanaHoB rapHUTypa Ansa nogknioyeHuns pagnatopos NEPL, 2000 BeTkun «B»

Xapaktepuctuku 6anaHcoBoro yana
G, (ZAP,) AP, nogkntoyenuna N'EPL, 2000
Nqu KA./ pea.yy KA1
Kr/4 Ma Ma AP, K, n
MNa Mm3/Y
1 2 3 4 5 6 7
4 86 6650 2050 4600 0,40 7 (2.5 obopora)
3aganncb 3aganvcb
10 68 7193 1300 5893 0,28 4,7 (1,3 oboporta)
11 40 7784 470 7314 0,15 1,2 (0,3 obopoTa)
12 40 8380 470 7910 0,14 1,2 (0,3 obopoTa)

OnAa unpkynAUMOHHOIO KonbLa BETKU «Ax»,
cocToALero na y4actkos Ne 5, 6, 7, 8, 9, 8%, 7%,
6%, 5* onpepenAeTcA cymma rnoTepb fAasneHuA
Z“AI:)yL4567898 7%6*5% 6e3 yqua (EAPHA.)pee.yq.Q'
3atem onpegendercA Tpebyemas Benu4u-
Ha (ZAPM)peawg, KaK pasHOCTb 3Ha4eHuA
2AP,, . = 10826la (u3 Tabn. 6.6) n paccuu-
TaHHOro 3Ha4yeHus 2, Aqu.s,s,zs,g,s*,7*,6*,5*' Hanee
pac4eT NpoBogUTCA Mo aHanornm ¢ pacyeTamu,
npvBeAeHHbIMU B Tabnuuax 6.7 n 6.8. Takum
»Xe 00pa3oM paccyUTLIBAOTCA BCe OCTarbHble
BETKW.

MoTepn paBneHnAa B pacnpegenutene
AP BKNo4aloT B ceba noTtepu AasneHuA
B 3anopHom BeHTune LWTPEMAKC-AG (d17,
k=12 m%/\4), r|0Tep|/| JaBreHna B AByX GunsTpax
I'EPLI, (d1”, k = 11,7 m%/4) n notepn gasneHnA

B perynﬂTope nepenaga gasneHunAa NEPL|

4067 (puc. 6.16):

AP = AP +2.AP + AP

pacnp. BeHmuAb. purbmp. pee.”
[loTepn paBneHWA B BEHTUNE 3arnopHOM
LUTPEMAKC-AG

AP =0,1.(1254/12)2 = 1092 Ma.

BeHmunb.

[NoTtepn paeBnenuAa B aByx ¢unstpax NEPL]

2.AP =2.0,1.(1254/11,7) = 2300 a.

purbmp.

QunbTpbl NpegycmarpriBatoTca And pasge-
feHna ceTm MeTansononMMepHbIX Tpybomnpo-
BOZOB OT CTasnbHbIX Tpyb. Mpy ncnonb3oBaHUm
MefHbIX TpyO BMECTO CTaslbHblX, yCTaHOBKa
¢unbTpPoB He TpebyeTcA.

[MoTepu pasneHuA AP B perynAarope
'EPL, 4007 3aBucAaTt ot koMnnekca rmapasnu-
YeCKUX napameTpoB CUCTEMbl OTOMMEHMA: OT
Hanopa, cosgaBaemoro Hacocom P, oT 3a-
naHHoro perynmpyeMoro rnepenaga fdasneHus

=2AP,, .. =10826IMa (10,9 kMa), ot An-
HaMVIKVI pa60Tb| TEPMOCTATUYECKNX KnamnaHoB
Ha oTonuTesNbHbIX Mpubopax cToAka. lpgpas-
nMyeckne pacHeTbl NpyY NPOEKTUPOBaHUN Bbl-
MOMHAKOTCA Ha TakK HasblBaemble «pacyeTHble
napametpbl». I3 rugpognHamMmuky gpoccenbHo-
perynupytoLlern apMmatypbl U3BECTHO, 4TO AnA
obecreyeHna Ka4yeCTBEHHOTO PerynupoBaHus
BO BCEM [AuanasoHe xofa LUTOKa KrarnaHa
HeobxoauMo, 4TOObl NPV CTereHuW OTKPbITUA
knanaHa 90 % ero rugpasnnMyeckoe Cconpo-
TBneHne AP AOIKHO COCTaBnATb He MeHee
60...100 % conpoTuBEeHNA perynupyemoro
y4actka ceTu. Torga AnA paccmarpuBaemoro
nprMepa pacyeta MOXKHO 3anuncarb

AP, >(0,6.1,003AP, =

yy.om.

= (0,6.1,0).10826 Ma.

MNpuHumaem AP = 10000 Ma. XapakTep
N3MeHeHnA nepenap,a OaBMeHna Ha perynaro-
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pe nepenaga AaBneHnA nokasaH Ha puc. 6.11. P,=AP =XAP, . +2XAP,  +AP =
Takum o6pa30|v|, notepn faeneHMA B pac- =21514 + 10826 + 13392 =
npepenurtene:

= 45732 INa (4,6 m.B.CT.)
_ _ MopbepeM LMPKYNALMOHHbBIA HACOC C 3neK-
AP paenp. = 1092 + 2300 + 10000 = 13392 Ma TPOHHbIM yrpaBrieHNeM CKOPOCTM BpaLLeHna Ha
crnepytoLLne UCXOAHble AaHHble:
[Ona nogbopa UMPKYNALUMOHHOIO Hacoca

onpegenum Tpebyembiit Harop Hacoca: nogasa V. = V.= 7,6 w4,

Hanop P = 4,6 M.B.CT.

H MAGNA UPE 40-120 F
M) Q=759 W'/
K H=46wu
RN P,=216W
10 \‘ O6uwin KNP = 44 %
\
8 e
By
Lo

4 ,
k) V
2 2 J —_—
. .
= L

0 2 4 6 8 10 12 14 16 Q(m74)

Taknm ycrnoBmAm cooTBeTcTByeT Hacoc dpupmbl Grundfos mapkn MAGNA UPE 40-120F.
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350 e —
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B 300 ==t ——0
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< —— 200 4007
o
< 150 |
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— i
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i X "% O
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G = 1254 kr/4/ Q, n/4

Puc. 6.20.: Tpymep onpefeneHnAa 3Ha4eHMA N rmgpaBnnyecKon HaCTPOWKY perynaropa
nepenapa gasnenua NEPL, 4007 , ycTaHOBMEHHOrO B pacnpegennrtene «3».
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[MyckoBaa Hanagka perynatopa MEPL, 4007
3aKnio4yaeTcA B YCTaHOBKE Ha perynatope
NPOEKTHOro 3HAYEeHNA N ruapaBnMyecKon Ha-
CTPOWKMN.

OnpepenAem 3Ha4eHne N rMgpaBnMyeckon
HacTponku perynaropa EPLL 4007 ¢ nomoLLbio
HOMOrpamMMbl, NPeacTaBneHHon Ha puc. 6.20.

Kno4 nonb3oBaHNA HOMOrpaMmon nokasaH
cTpenkamu.

Mpn 3apgaBaemom perynvpyemom nepenage
paBneHvA Ha ctoAke AP, = 10,9 kla u pac-
4yeTHoM pacxofje G = 1254 Kr/4 HeobxoauMo
YCTaHOBUTb MaxoBU4OK perynatopa Ha Benmyu-
HY rMgpasnnMyeckon HacTponkm n = 90.

AHanorn4HoiM o6pas3omM NpPom3BogATCA pac-
YeTbl ANA OCTanbHbIX pacnpegenutenen cucre-
Mbl OTOMNEHUA.

6.4. Mpumep rngpaBnN4ecKoro pacyera ropu3oHTaNnbHON ABYXTPYOHON cK-
CTeMbl OTONNEeHNA ¢ NnpuMeHeHnemM paguatopHbix yanos N'EPL-3000

OtonuTenbHble MNPUGOPbLI FOPU3OHTASBHON
CYCTEMbI OTOMMEHMA NOACOEANHAIOTCA K CUCTe-
Me OTOMMEHNA C MOMOLLBbIO pacnpepenuTens,
KOTOPpbIii Kak Obl pa3fensaeT CUCTEMY OTOMMEHNA
Ha [OBE CUCTEMbI: CUCTEMY TennocHabxeHua
pacnpegenuTenein (Mexxay TennoBbIM MyHKTOM
1 pacnpegenuTenamMm) n CUCTeMY OTOMMEHMA OT
pacnpepenuTenen (Mexgy pacnpegenutenem
1 OTOMUTENbHBIMK Nprbopamm).

Cxema cucmembl omonAeHua BbinoAHAaem-
CA, KaK npaBuno, 8 Buge pa3genbHbiX CXem:

- cXeMa cUcTeMbl TennocHabXxeHna pacrnpe-
penutenenm;

- CXEMbI CUCTEM OTOMMNEHNA OT pacnpegenu-
Tenen.

lmgpaenuyecknin PacdeT BbINONHAETCA B
COOTBETCTBUM C METOAUKOW, W3JIOXKEHHON B
pasgene 4. Pac4eT BbIMOMHAETCA OTAENbHO
ONA cUCTeM OTOMMEHMA OT pacnpenenvtenen
(mexxgy pacnpegenutenem M OTONUTENbHbIMU
npubopamn) 1 otTaenbHO ANA CUCTeMbl Ternno-
cHabXxeHVA pacnpepgenuTenen (Mexxagy Tenno-
BbIM MYHKTOM 1 pacnpeaennTenamm).

B kadecTtBe npumepa npegnaraetcAa ru-
OPaBnMYecknin pacyeT OBYXTPYOHON cUCTEMbl
BOLAHOrO OTOMMIEHNA 2-X 3TAXKHOro MHAMBUAY-
anbHOro >XKMMoro Aoma npuv TennocHab)xeHum ot
BCTPOEHHOW TOMOYHOMN.

UcxogHble gaHHble:

1. Pac4eTHaa cymmapHaA Tennosas Harpys-
Ka cncTembl otorneHna XQ, = 36+13 = 49 kBT.

2. PacueTHble napameTpbl cUCTEMbI OTOrMIe-
HuA t =80 °C, t =60 °C.

3. PacyeTHble napameTpbl CUCTEMbI HAMOSb-
Horo otonneHua t =45°C, t =35°C.

4. Pac4eTHbIn pacxon TennoHOCUTeNA B Cu-
creme otorneHna V= 1,55 m%/u.

5. PacyeTHbIn pacxof TEMOHOCUTENA B CU-
cTeme HaronbHoro otonneHua V, =1,11 m3/u.

6. PacyeTHbIn cyMMapHbIA pacxof TennoHo-
cutena 2V =1,55+1,11=2,66 m/\.

7. DNEKTPOHHbBIN perynAaTop kotna nognaep-

)X1BaeT Temrnepartypy TennoHocuTena Ha Bbl-
Xofle U3 KOTNa B 3aBMCUMOCTU OT TeMMepaTypbl
Hapy>KHOro Bo3ayxa Mo 3agaBaemoMy rpaduky
LIKP.

8. Cuctema TennocHabxxeHusa pacnpege-
nuTenein BbINOMNHAETCA M3 TpyO cTamnbHbIX BO-
[0ra3onpoBOAHbIX (MOXXeT ObiTb BbIMOMHEHa
N3 MefHbIX TPpyD), CUCTEMbl OTOMMEHMA OT pac-
npepenuTenei - u3 Tpy6 MeTannononMmMmepHbIX
rePL.

MpoeKTupytoTCA OBE CUCTEMbI OTOMEHUA
— cucTema HaronbHOro OTOMMEHMA U cucTeEMa
oTonneHnA C npuMmeHeHmem cCTtallbHbIX pagun-
aTopoB C HKHel noggogkon. Cuctema Ha-
NONbHOrO OTOMMEHNA npegHa3Ha4vyeHa TONbKO
AnAa KOMPOPTHOro nogorpesa Kepammyeckoro
nona B onpeneneHHbIX MOMELLEHNAX U 30HaxX
— Ha KyXHe, B NMPUXOXKEN, B XOnne, B KAMUHHOM
3ane n T.n. nomeLlueHunAax. |-|03TOMy aBTomMmaTtmn4ye-
CKO€e perynupoBaHue TennooTaaqm HamnosbHbIX
KOHTYpPOB He npegycmaTtpusaetcA. Bo Bcex
MOMELLEHNAX, B TOM 4YUCNe WU C HanosbHbIM
OTOMJEHMEM, 3aMNpPOEKTMPOBaHbI CTalnbHblE pa-
Anartopbl C HYXXHEN NOABOAKOW U BCTPOEHHbLIMY
aBToMaTn4eCkMmn Tepmocrtarami.

[nA npoekTpyemMoin AByXTpyOHOIN CUCTEMbI
OTOMMEHNA CO CTanbHbIMK paguaropamu cne-
OyeT MPUHATb K YCTAHOBKE HACoOC C 9NEeKTPOH-
HbIM yrpaBfieHMeM CKOPOCTW BpaLLeHUAa (CM.
pasgen 5.1). Ona nogbopa LMPKYNALMOHHOrO
Hacoca HeobXoOMMO onpepenuTb Tpebyembie
3Ha4eHua nogayn V., mM%4 n Hanopa P, kla
(vnn m.Bog.cT.). Nogaya Hacoca COOTBETCTBY-
€T pacyeTHOMY pacxofy B CUCTEME OTOMMEeHMA
V,=V_= 1,55 m%4. Tpebyembit Hanop P_,
pPaBHbIA pacyeTHbIM NOTEPAM AaBMNeHUA cucTe-
Mbl OTOMneHua AP_, onpeaenAeTca CyMMon
COCTaBNALLMX: MNOTEPb [aBMIEHMA CUCTEMBI
TennocHabxxeHna pacnpegenutenen XAP
(Me>xgy TOMOYHOW K pacnpegenuTenammu); no-
Tepb [OaBMeHUA CUCTEMbl OTOMMEHUA OT pac-
npegenuTenemn ZAqu_om_ (mexxgy pacnpegenu-
Tenem 1 oTonNUTeNbHLIMU Npubdopamu); 1 notTepb

OaBneHnA B pacrnipegenunrterne APpacnp‘:
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+ AP

pacnp.”

P,=AP_=SAP, +YAP

yy.c.m. y4.om.

Ona pacyeta XAP, -1 YXAP = OCHOB-
HOro pacyeTHOro LUMPKYNALMOHHOIO KOMbLa Bbl-
MOJSTHM CXEMY CUCTEMbI TensiocHabxxeHus (puc.
6.21) n cxemy crucTeMbl OTOMNSIEHUA OT pacrnpe-
genutena «B» (puc. 6.23).

Pacnpedenumens "B
Q= 11kBm /G=473 xaM

Pacnpedamutmensy ™
QD= 8 kBm /5= 344 kel

| |

TM1—

11—

Ha cxeme cuctembl OTOMNNEHMA OT pacnpege-
nutena «B» (puc. 6.23) pacnpegenaem Teno-
Bble Harpy3ku romelleHnin Q, (pacqeTHble ro-
Tepw TennoTbl MOMeLLEHeM) NMo OTONMUTENbHbIM
npubopam, cyMMUpyem no pacrnpenenutenam u
yKa3blBaem TEMnoBble Harpysku pacrnpegenu-
Tenemn Ha pacyeTHoON cxeme puc. 6.21.

Pacnpedenumens ="
Q=558Bm/G=474xaly

—

@

110004 73( :>

Pacnpedenument 4"
Q= D xBm/G=387kaM

8000/544 ()

Pacnpedemumens 6"
= | Q= 8 kBm /5= 344 ka2l

S500/474 [ :)

Facnpedanumens 3"
Q=7 4xBm/G=0636kal

T21

11—

20000/860 iz )

16000/558

E0

T21

T11—

fZQOO/TTTOita)

T

T21

( )36000/1548
( ) 36000/1548 ;I

P2

1
™~
[

o

T

%315/

Puc. 6.21.: Cxema cucTembl TennocHabxeHus pacnpenenutene.

1 - KOTen rasoBbll BOGOrPEWHbIN TEMNOBOWN MOLLHOCTLIO 50 KBT;
2 - eMKOCTHOW BofoHarpesaresib eMkocTbto 200 NNTPOB CUCTEMbI FOPAYEro BOLO-

CHabXeHMA;

3 - rpebeHka nogatoLLlas (M3roToBuUTb U3 TPYObI cTanbHol d 50 Mm);
4 - rpebeHka obpaTtHas (M3roToBuUTb U3 TPyObl cTanbHol d 50 MM);

5 - KnanaH cmecuTenbHbIn Tpexxogoson perynupytowmn NEPLL 4037;
6 - npusog NEPL, 7712 k knanaHy cmecutenbHOMY TPEXXOLOBOMY;

7 - perynaTtop Temnepatypbl FEPL| 7793;

8 - gat4mk Temnepartypbl nogatowlero tennoHocutena NEPL, 779300;
9 - gaTynK TemMnepaTypbl NOZAIOLLErO TEMNOHOCUTENA CUCTEMbI OTOMMEHUA;
10 - gartyuk TemnepaTypbl HAPY>XKHOro BO3yXa;

11 - puneTp F'EPL, d 40 mm apt. 1411105;

12 - Tepmopene 3awmtsl FEPL, 8100.
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VIcTOYHMKOM TEennoTbl ABMAETCA ra3oBbli KO-
Ten 1 mowHocTbo 50 KBT ¢ BCTPOEHHbLIM 3MeK-
TPOHHBIM PErynATopoM 1a, KoTopbI yrpasnaeT
B «CrnegAalemM» pexxume temrneparypon nogato-
Lwen Bofbl t, B 3aBNCHMOCTU OT Temneparypsbl
Hapy>xHoro Bosgyxa t .

Perynatop 1a Takke noppep)kuBaeT 3a-
LaHHylo Temnepatypy B Goinepe 2 nytem npu-
OPUTETHOrO BKIIKOYEHNA Hacoca P2 ¢ BbIKnto-
YyeHnem Hacoca P3. No goctmxeHnn 3agaHHon
TemnepaTtypbl BoAbl B Ooiinepe, BbiKMYaeTca
Hacoc P2 n BkntoyaeTcAa Hacoc P3.

Hacoc P1 Bknto4yaetcA ABYXNO3WULIMOHHbLIM
perynatopom 12 npu Temneparype TensioHo-
cuTena Ha Bxofde B Koten Huke 45...50 °C onsa
3alUmMTbl KOTNa OT BHYTPEHHEWN KOHAeHcaLnn.

B cucteme oTtonneHuA UMpKYnAUMIO Tensno-
HocuTens obecneyvmBaeT Hacoc P3 ¢ aneKTpoH-
HbIM yNpaBneHnem CKOpOCTY BpaLLeHunA.

B cucteme HanonbHOro OTOMfIEHUA Temne-
patypa nogaroLlen BoAbl NOAAEPKMBAETCA aB-
TOMaTUYECKMN NOCTOAHHOW t, = 45 °C ¢ NOMOLLbO
3NEKTPOHHOro perynAaropa 7, BO3AENCTBYOLLE-
ro Ha perynupyroLLmin TPEXXOAOBON KnanaH 5 ¢
npuBOAOM 6 No curHany garyuka 8.

MMapaBnuyecknin pacyeT CUCTEMbl Temno-
cHabXXeHnA pacnpegenuTeneil BbiMONMHAETCA C
MCronb3oBaHMeM MepBOro HamnpasneHusa pac-
yeTa.

B kadecTtBe OCHOBHOro pac4eTHOro LMpKy-
NAUMOHHOrO Komblia BblbMpaem KomnbLo Yepes
camblii Harpy>XeHHbIi OTOMUTENbHbIA Npubop
Hanbornee Harpy>xeHHoOro pacrnpegenuTens
«B»».

[unameTpbl BCeX Y4aCTKOB MarmctpasibHbIX
TEennonpoBoaoB dy, MM nogbupaem ¢ MOMo-
b0 HOMOrpaMmbl NpunoxeHuAa «A», 3agasa-
Acb ckopocTbio Boabl 0,3...0,5 m/c. XapakTep
Nonb30BaHNA HOMOIrpamMmon MnokasaH Ha puc.

6.22 Ha npumepe y4actka Ne 1 (qu: 1548
Kr/4). [pun 3TOM peKoMeHayeTcA orpaHmynBaTb-
CA BENMUYNHON YAENbHOW NOTepy AaBreHus Ha
TpeHue R He 6onee 100 Ma/m.

[MoTepu gaBneHnA Ha MeCcTHble ConpoTuBIe-
HWA Z, lNa, onpegenAaem no Homorpammam [Mpu-
noxxeHna «I» kak dyHkumio Z = f(XL).

Pesynbrathl ruapaBnM4eckoro pacyerta sa-
Hocum B Tabn. 6.9.

Cymma KoaghdpuyueHmoB mecmHbix conpo-
muBaeHuli XL gaAa Kassgoeo ydYacmka ocHOB-
HO20 YUPKYAAUUOHHOZ0 KoAbya onpegeaaem-
cA no lNpunosKeHuro «B»:

- ydactok Ne 1 (HadmHaeTcA OT nopgato-
e rpebeHkn, 0Oe3 o0bOpaTHOro KnanaHa):
BHE3arHoe Cy>XeHUe, KpaH LLapoBOii, OTBOA
=0,5+05+1,0=2,0;

- yyqacTtkm Ne 2, 2*: TPOMHWK NPOXOZHON, OT-
Bog *({=1,0+0,5=1,5;

- yyactkm Ne 3, 3*: TPOMHWK NPOXOAHON, OT-
Bog{=1,0+1,0=2,0;

- yyactok Ne 1* (go obpaTHoi rpebeHKn):
BHE3arHoe pacluMpeHue, KpaH LapoBOW, OT-
BopxX({=1,0+05+1,0=2,5;

- yyactok Ne 1a (oT obpaTHOW rpebeHKun o
nopatoLLe rpebeHkmn, 6e3 unbtpa): BHesar-
HOe Cy>keHue, YeTblpe KpaHa LlapoBbIX, ABa OT-
Boaa, koten x{ = 0,5+4.0,5+2.1,0+2 = 6,5.

Ha yyacTtke Ne 1 conpoTvBrneHue knarnaHa
onpegenAeTcA No HOMOrpaMme npou3BOAM-
Tenda ana obpartHoro knanaHa d = 32 MM npu
G,,=1548 kr/4, 4To cocTaBnAet AP, =900 [la.

Ha yuyacTtke Ne 1a conpoTtusneHue éunstpa
MEPU d 40 mm apt. 1411105 onpepenaetca
MO 3HAYEHUID €ero MPOMYCKHOW CrocobHOCTU
k, = 29,6 m%4. Torpa

AP, = 0,1.(Glk,)?= 0,1(2658/29,6) = 810Ma.

Tabnuua 6.9
Pacuet cuctembl TennocHabxxeHna pacnpegenvtenen (puc. 6.21)
Q, Gy |l |d, ] v R | RI, Z, AP,
Ne y. Bt Kr/Y M | mm | wm/c | Ma/m | Ma 28 Ma Ma Mpymes.
1 2 3 4 5 6 7 8 9 10 11 12
Pacuyet AP, . OCHOBHOrO LMPKYNALMOHHOMO KonbLia
982+900=| AP,, =
1 36000 1548 6 32 0,5 122 | 732 | 2,0 | 250 1882 900 Ma
2 20000 860 22 | 25| 04 100 | 2200 | 1,5 | 120 2320
3 11000 473 4 20 | 0,37 | 140 | 560 | 2,0 | 140 700
3* | 11000 473 4 20 | 0,37 | 140 | 560 | 2,0 | 140 700
2* | 20000 860 22 |25 ] 04 100 | 2200 | 1,5 | 120 2320
1* | 36000 1548 6 32 0.5 122 | 732 | 2,5 | 250 982
1585+810 AP =
1a | 48900 2658 45 | 40 | 0,56 | 130 | 585 | 6,5 | 1000 — 9305 810a
MoTepw nasneHuns ZAqucmz 11299 Ma
— (11,3 klMa)

Taknm 06p830M, notepwu gaeneHmnAa CUCTemMbl TennocHab)xeHua pacnpe,qenmeneﬁl (Memny TOMOYHON

W pacnpepenuTenAwy) pasHbl AP - =11299 Ma (11.3 kMa).
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HOMOIPAMMA TMAPABINYECKOIO PACHETA TPYBOMPOBOOOB
BOJAHOIO OTOMNEHWA N3 CTATNbHBIX TPYB MPU ky, = 0,2 MM

YpenbHaA notepa AaBneHna Ha Tpenue, R, Ma/m
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Puc. 6.22.: Tpumep onpegenexHuna dy, MM, v, m/c, R, Ma/m gna yyactkos Ne 1, 1*
(qu: 1548 Kr/4) ¢ nomoLLblo HOMOrpammbl [punoXxeHna «A»

PacyeT ocTanbHOW YacTu CUCTEMbl Temnno-
CHab)keHVA pacnpegenuTeneil ¢ nogbopom
AnameTpoB TPyOONpPOBOAOB NPON3BOANTCA aHa-
NOrMYHbIM 06pa3om.

Ana pacdeta XAP, -~ cuUCTeMbl OTOMIle-
HMA OT pacnpegenutena «B», nokasaHHON
Ha puc. 6.23, BblbepeM OCHOBHOE pacHeT-
HOE LMPKYNALMOHHOE KOMbLO 4epe3 Hau-
6ornee Harpy>eHHbIi OTOMUTENbHbIA MNpPUGOP
Q,,= 1600 Bt (Betka «A»).

MMppaBnuyeckuini pacyeT BbINOSTHAEM C UC-
NoSib30BaHWEM MEepPBOro HarpaeneHusa pacye-
Ta. [uameTpbl BCEX Y4ACTKOB TEMMOMPOBOAOB
d, Mm nogbupaem ¢ MOMOLLbIO HOMOFpamMMbl

punoxeHna «bB» gnAa MeTannononMMepHbIX
TpyO, 3aJaBaAcb CKOPOCTbIO BOAbl He Oonee

0,5...0,7 wm/c. XapakTtep Monb30BaHUA HOMO-
rpammor nokasaH Ha puc. 6.24 Ha npumepe
y4acTtkoB Ne 1 1 Ne 3. Ipn 3TOM pekomeHayeTcA
orpaHu4rBaTbCA BENUYMHOWN YAENbHOW noTepu
[aBrneHns Ha TpeHne R He 6onee 100 Ma/m.

MoTepn OaBneHMA Ha MECTHble COMPOTMB-
nenvAa Z, lNa, onpegensem no HoMorpammam
MpunoxeHna «I» kak dyHkuuo Z = f(Z().

Mo BbipaxkeHuto (3.7) onpegenaem pacyer-
HbIi pacxop TeMnoHoCUTenA

G,, = 0,86.Q,/(80 - 60) = 0,046.Q,

Pesynbrathl rugpaBnM4eckoro pacyerta 3sa-
Hocum B Tabn. 6.10.
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Bemuia "A" .
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Puc. 6.23.:Cxema cucTeMbl OTOMMNeHNA OT pacnpegenutena «B». [etanb «A»
1 pacnpegenutenb «B».

1 - pagnatop VONOVA ¢ HmKHen NnoaBoaKoi;

2 - BCTPOEHHbIN TEPMOCTATMYECKMI KNnarnaH C KOMbLOM rmapaBinyeckon HacTPOKN;

3 - ysen nogkntodenuna MNEPL, 3000, k, = 1,23 m%4, apt. 1376601,

4 - ronoska TepmocTtartnyeckana NEPL;

5 - BO3QyX00TBOAYUNK paanaToOpHbIN;

6 - Habop 13 2-x pacnpepenutenei F'EPL] ¢ 4-ma otBogamu, DN 20, apt. 1844104;

7 - punetp MEPL, d 3/4”, k = 6,9 m%4, apT. 1411102;

8 - KpaH waposon d 3/47;

9 - BeHTUNb banaxcosbit FTEPL, LUTPEMAKC-GR, d 3/4”, k, = 6,88 m*/u, apT .1421762;
10 - wkadp pacnpegenutenbHbin NEPL, wnprnHa 600 mm, apT. 1856910.
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HOMOIPAMMA M'MOPABJTMHECKOTO PACHETA TPYBOMNPOBOOOB
BOOAHOrO© OTOMNEHNA N3 METANNONONNMEPHbIX TPYB MPW kw = 0,007 mm

YgenbHaAa noTepa faeneHua Ha Tpexwe, R, Ma/m
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YgenbHaAa noTepa faeneHua Ha Tpexwe, R, Ma/m

Puc.6.24.; Tlpumep onpeneneHna dy mMm, V, m/c, R, MNMa/m gna yyacTtka Nel (G =151 Kr/4)
v anA y4actka Ne3 (G, = 69 Kr/4) ¢ NOMOLLIbIO HOMOTpamMbl |_|pI/IJ'IO)KeHI/IF| «B»

BCTpoOeHHbIN  TepMocTaTUYeCKUn  KnanaH
paguatopa n ysen nogkniodeHna NEPLL 3000
(pnc. 6.23, y3en «A») co3pgatoT CymmapHoe
conpotusneHve (cMm. popm.(4.7)) Ha “perynupy-
eMOoM y4acTke”

(ZAP. ) = AP

Kkntpeays — KA1

+ AP

Kn.2"

[nAa OCHOBHOrO pacyYeTHOro LMpKynAaum-
OHHOMO KOfblid COMPOTMBIIEHNE BCTPOEHHOrO
TepMOCTaTM4ecKoro KnanaHa AP 3apjaetcA
C MCMOMb30BaHNEM ero TEXHUYECKON Xapakrte-
PUCTUKE B 3aBMCMMOCTN OT pacxofa Boabl G,
Ha y4acTke, a conpoTtusneHvne AP, , papua-
TOpHOro y3na nogkntoyeHua NEPL 3000 onpe-
penseTcA No ero nporyckHoM CrnocoGHOCTM
k,= 1,23 M3/u.

Mo coobpaxkeHnam GecluymHoCTV paboThl
KnanaHoB pekoMeHAyeTcA 3ajaBaTb 3Haude-
HUe AP Kaxporo n3 knanaHos He Gonee
20...25klla. C gpyron cTopoHbl, AnAa apdekTns-
HOro perynMpoBaHuA pPacxofoB B napannesb-
HbIX KOmMbL@x ABYXTPYOHOW cucTembl OTomne-

HWA, HE PEKOMEHAYETCA 3afaBaTbCA 3HAYEHU-
em (AP )peay meHee 4...6 kla.

Ha y4actke Ne3 notepa pasneHusa pagwu-
atopHoro yana nogkntodeHuAa [EPLL 3000
onpegenAaeTca

AP, ,=0,1.(69/1,23)* = 315 Ma.

MMoTepen paBneHWA BCTPOEHHOro TEepMO-
CTaTN4ecKoro krnamaHa fAnA OCHOBHOro pac-
YETHOro KonbLla 3ajaemcA, OPUEHTUPYACH
Ha MakCMmasibHO BO3MOXHbI  AuManasoH
rMapaBnMyecKnx HacTpPOeK n, HO Mpu 3TOM
notepA [faBrneHuA porkHa ObiTb He MeHee
4...5 klNa. 3apgaemcAa rmgpaBnnMyeckon Ha-
cTpounkon n = 8,0 1 COOTBETCTBYIOLLEN el NnoTe-
pen gaeneHna AP, = 3100 Na (puc. 6.25).

KA.2
Takum 00pasom, CyMmapHOe COMnpoTuBHe-
Hue Ha “perynmnpyemom y4actke” Ne 3 paBHO

(ZAP,) e +AP, =

=315+ 3100 = 3415 Ta

= AP

KA1
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Puc. 6.25.: Npumvep onpenenexna AP, ana y4actkos Ne 3 (qu: 69 Kr/d) u Ne 5 (qu: 30
Kr/4) ¢ MOMOLLbIO HOMOFpammMbl Bykcbl TepmocTaTmdeckon MEPL-TS-90-V

Tabnuua 6.10

Pacu4et cnctembl otonneHna ot pacnpegenutena «B» (puc. 6.23)

Ne Q. Gy o d, v, R, R, Z, AP,
" K “ “ Mpumen.
y. BT Kr/4 M MM m/c | Ma/m Ma 24 Ma Ma P
1 2 3 4 5 6 7 8 9 10 1 12
LinpkynaumoHHoe KonbLo Yepea npubop Q = 1500 BT BeTkun «B»
1 | 3500 | 151 11 |16x2] 0,34 | 170 1870 | 3,0 | 170 2040
2 | 2800 | 121 4 |16x2] 0,27 | 120 480 25 80 560
21143100+ | 2D
3 | 1600 | 69 0,5 |16x2| 0,17 48 24 12,5 | 187 +315 = ;P -
— kn2
= 3621 _3%s
2* 12800 | 121 4 |16x2] 0,27 | 120 480 25 80 2040
1* | 3500 | 151 11 |16x2] 0,34 | 170 1870 | 3,0 | 170 560
[loTepn paBneHuA ZAqu om. = 8826 lMa
o (8,83 kla)
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Cymma KoaghpuyueHmoB mecmHbix conpo-
muBaeHuli XL gAAa KasKgoeo y4yacmka OCHOB-
HO20 YUPKYAAYUOHHO20 KOoAbua onpegeasem-
€A no NpunosKeHUro «B»:

yyactok Ne 1,
¥{=2.1,5=3,0;

- y4qacToK Ne 2, Ne 2*: TPONHUK NPOXOA, OTBOS,
=1,0+15=2,5;

- yqactku Ne 3, 5 (6e3 y4eTa TepmocTaTuye-
CKOro BCTPOEHHOro KnanaHa paguatopa NEPL-
TS-90-V un y3na nogkmtoyvenna TEPLL 3000):
TPOWMHWK Ha OTBETBMIEHNE, TPONHNK Ha NPOTUBO-
TOKe, OBOMHONM MNaHesnbHbI KOMMNaKT-pagmaTop
¥=15+3,0+8,0=125;

- y4acTok Ne 4 (6e3 y4eTta TepMocTaTyecko-
ro knanaHa paguaropa v ysna MoaKnoYeHns

- Ne 1*: pBa oTBOAa

Pacuet (ZAP, )

M'EPL, 3000): gBa TponHMKa Npoxopd, ABa OTBO-
[a, ABOVHOW NaHenbHbIN KoMMakT-paguartop XL
=2.1,0+21,5+8,0=13,0.

Takum 06pasom, NoTepu AaBNeHNA CUCTEMDI
oTOMneHVA oT pacnpegenutensa «B» (mexxay
pacnpegenuTenem «B» 1 oTonuTenbHbIMK Npu-
BGopamu) paBHbl

AP

yy.om.

= 8826 a (8.583 kla).

Ona ocTanbHbIX LMPKYNALVMOHHBLIX Konew
BeTKN «B» onpepnensaem Tpebyemoe 3HaveHue
noTepb AABMEHUA Ha «PerynmpyemMbiX y4acT-
Kax» (ZAP. ) (Tabn. 6.11)

kn.! pea.y4

Tabnuua 6.11

BETKM «B» (puc. 6.23)

ka/ pee.yy
N | Q |G |l | d | v R | RI, Z, AP,
N K " K Mprmen.
y4. BT Kr/y M MM m/c | Ma/m Ma 2% Ma Ma P
1 2 3 4 5 6 7 8 9 10 11 12
Ppacn.yq.4 = Aqu..’i = 3621 I-Ia
4 [1200] 52 | 60 [16x2][ 013 ] 28 | 168 | 130 ] 106 | 274
Tpebyemoe aHaueHve (ZAP, ) = 3621 -274 = 3347 Ma
.'pea.y4.4
P oonyes= AP, 5, = 3621 + 560 + 560 = 4741 Ma
5 | 700 | 30 | 05 [16x2][ 008 ] 11 | 6 |125] 40 | 46
Tpebyemoe 3Ha4eHne (ZAPKA')pea_Uq_” =4741 - 46 = 4695 MNa

BbinonHuMm rmgpasnnyecknin pacyeT BCTPO-
€HHOro TepmocTatndeckoro kKnanaHa [EPL-
TS-90-V 1 pagmatopHOro ysna nogkno4eHuA
FEPL, 3000 Ha «perynupyembix y4actkax» Ne
41nb5.

ConpotvsneHne AP, , paguaTtopHoro ysna
nogkntodeHma NEPLL 3000 onpegenAaem no ero
MPOMYCKHON cnocobHocTu k= 1,23 mM*/4, a Tpe-
Gyemoe conpotveneHne AP . BCTPOEHHOro

TepmocTatnyeckoro knanaHa [EPL-TS-90-V
onpefenseM no BblpaXkeHUto:;

AP = (ZAP, ) AP

pea.y4y - Kn.2

Tpebyemoe 3HayeHue NponycKHOW Crocob-
HOCTW Kk, 6anaHcoBOro BCTPOEHHOrO TepMO-
CTaTMyeckoro knanaHa onpegensem no ¢op-
myne (4.10), a 3Ha4YeHNa n rMEPaBINYECKON
HacCTpOMKM - MO HOMOrpamme, Noka3aHHOW Ha
puc. 6.25.

Ina y4actka Ne 3:

k,= G/(10.AP_ )*® = 69/(10.3100)%° =
= 0,39 M3y

Pac4et rugpasnu4yeckunx napameTpoB U ero
pesynbTaTbl BbiNONHAeM B Buae 1abn. 6.12.
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Tabnuua 6.12.

[ngpaBnnyeckuin pacyeT paguaTopHoro yana nogkniodenua NEPLL 3000
N BCTPOEHHOro TepMocTartmyeckoro knanaHa NEPL-TS-90-V

XapaKkTepucTnkm BCTPOEHHOMO
G, (ZAP ) , FEPL 3000 TepmocTaTtudeckoro knanaHa NEPL-TS-90-V
Nqu KA/ pea.yy AP .
Kr/4 Ma I'IKA AP, ., k., "
a Ma m3/y
1 2 3 4 5 6 7
3 69 3415 315 3100 0,39 8,0
3apanucb 3aganucb

4 52 3347 179 3168 0,29 6,8
5 30 4695 60 4635 0,15 3,7

3apgaemcsa napamveTtpamu n, AP_ ., k BCTpO-

Vv

€HHOro TepmocTtaTtundeckoro knanaHa NEPL-TS-
90-V TOnbKo AnA perynupyemoro ydyactka Ne 3.

[na Bcex ocTanbHbIX perynupyembix y4act-
KOB CWCTEMbl OTOMMEHWA yKasaHHble napame-
TPbl BbIHUCITAKOTCA TakKnMm XKe o6pa30M, Kak 31O
nokasaHo Ha rpumepe y4acTkoB Ne 4 1 Ne 5.

Hanpumep, ana y4.Ne 4 sBenuyunnHa
AP _,=0,1.(52/1,23)* = 179 Ma.

Tpebyemoe 3HaueHne
AP, =3347-179 = 3168 Ma.

Tpebyemoe 3Ha4eHne
k= GI(10.AP, )°5 = 52/(10.3168)° =

= 0,29 m*/4, (n = 6,8).

Hanpumep, ana y4.Ne 5 BenuynHa
AF,lw\2= 071 (30/1 ’23)2 = 60 ﬂa.

Tpebyemoe 3Ha4eHue
AP, = 4695 - 60 = 4635 Ma.

Tpebyemoe 3Ha4eHne
k,= G/(10.AP )°5 = 30/(10.4635)°5 =

=0,15 Mm%y, (n = 3,5).

Takum Xe 06pasoM pacCcHUTLIBAKOTCA BCe
ocTanbHble BETKU.

MoTtepw naBneHvs B pacnpepenutene AP -
BKItOHAIOT B cebA notepy AaBneHns B BEHTUNE
6anaHcosom NEPLl LUTPEMAKC-GR (d 3/47,
k, = 6,88 M%), noTepn gaBneHnA B ABYX Gpuiib-
Tpax MEPL (d 3/4”, k = 6,9 m°4) 1 notepun nas-
neHnAa B KpaHe waposom d 3/4” (puc. 6.23):

AP = AP, + 2.AP + AP

pacnp. BeHmunb. puremp. K.W.

BeHtunb 6anaHcosbii TEPL| LUTPEMAKC-
GR 3anpoektupoBaH C LEenbld BO3MOXXHOCTU
aKcnnyatauuoHHon Hanagku. B npoekTHom
pacyeTe OH paccMaTpvBaeTCA B MONOXXEHUU
MOMHOro OTKPbITWA, MO3TOMY €ro pacHeTHoe Co-
NPOTMBIIEHNE PaBHO:

AP = 0,1.(473/6,88)2 = 473 MNa.

BeHmune.

MoTepu naeneHuna B Asyx ¢unsrpax N'EPL

2.AP, =2.0,1.(473/6,9)% = 940 Ma.

purbmp.

(PunbTpbl NpeaycmarpriBatoTca And pasge-
NeHVa ceTu MeTansnononMMepHbIX Tpybonpo-
BOAOB OT CTasbHbIX Tpy6. Mpwn ncnonb3oBaHUK
MefHbIX TpyG BMECTO CTanbHbIX, YCTAHOBKA
¢vnbTpoB He TpebyeTcA.

MoTepy gaBneHnA B KpaHe LLapoBOM

AP . =40Ta, (npn {=0,5).

Takum obpasom, notepy AaBneHWs B pac-
npegenuTene:

AP =473 + 940 + 40 = 1453 Ma

pacnp.

Ona nogbopa UMPKYNALMOHHOrO Hacoca
onpeaenum Tpebyemblii HaNop Hacoca:

P,=AP_=2AP +2AP +AP =

yd.c.m. yy.om. pacnp.

=11299+8826+1453=21578 Na (2,2 m.B.CT.)

MoadepemM LMPKYMALMOHHBIA HACOC C arek-
TPOHHbIM yNpaBfieHneM CKOPOCTY BpaLleHNa Ha
cnegytoLine NcxoaHble AaHHbIE:

nopava V =V_=1,55m%y,
Hanop P_=2,2 M.B.CT.
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H | UPS 25-60 180
Q=1,65Mm"/4
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Taknm yCcrnoBmAM COOTBETCTBYET, Hanpumep, Hacoc ¢upmbl Grundfos mapkn ALPHA 25-60 180.

6.5. Mpumep rnagpaBnNYecKoro pacyetra ropu3oHTanbHoOl ABYXTPYOHoOI cu-
CTeMbl OTOMJIEHUA C NPUMEHEHNEM pPaguaTtopHOro KrnamnaHa OfHOTOYeYHOro

noacoeanHeHna N'eEPLU-VTA-40

KnanaH ofgHOTOYEYHOro noacoeavHeHuA
FEPL-VTA-40 aBnaeTcA ¢pyHKUMOHANbHO ynob-
HbIM KnarnaHoM AfiA MOHTaxXka CUCTEMbI OTonne-
HVA U3 OTOMUTENbHbLIX NPUOOPOB, cobUpPaeMbIX
Ha pe3b60oBbIX HUMMENAX U3 OTAENbHbIX CEeKLWA.
KnanaH TEPLU-VTA-40 gna pByxTpyOHbIX cu-
CTEM OTOMMIEHNA MO CBOUM ruapasNHeCKM
1 yHKUMOHANbHbIM XapakTepucTKaMm O4YeHb
CXOXWIN C YyHMBEpPCarnbHbIM TepMOCTaTUHeCKM
knanaHom MEPLI-TS-90.

B ka4ecTBe UCXOAHbIX AaHHbIX AnA peLle-
HVA Npumepa pacyeTa ABYXTPYOHON cucTembl
oTonneHvA npumem npumep 6.4. Cxemy Tenno-
CHabXxeHVA pacnpegenutenein  NpYHUMaeM
WOEHTUYHOW  WUCXOAHOW CXeme, MNOKa3aHHOMN
Ha puc. 6.21. Takum obOpasom, pesynbTathl
rmapaBnMyeckoro pacyerta, MoOKasaHHOro B
Tabn.6.9, NpMHMMAaOTCA M ANA 4aHHOTO NprMepa,
T.€.M0TePU AaBNEHUA CUCTEMbI TEMNIOCHA0XEHA
pacnpegenutenen paeHbl > AP = 11299 Ma

(11,3 kMa). grem

MoBmopum 0cHOBHbIe ucXogHble gaHHble U3
npumepa 6.4, npuHameie 8 HacmMoAwem pewe-
HUU cucmemMbl OMONAEHUA:

1. PacyeTHas cymmapHas TennoBas Harpys-
Ka cucTeMbl OTOMMeHnA Zng= 36+13 = 49 kBT.

2. Pac4yeTHble napamMeTpbl CUCTEMbI OTOMJE-
HuA t =80 °C, t =60 °C.

3. PacyeTHble napameTpbl CUCTEMbI HAMOMb-
Horo otonnexuda t = 45 °C, t = 35 °C.

4. PacyeTHbIn pacxog TeNNoHOCUTENA B CU-
cteme otonneHua V= 1,55 m%u.

5. PacyeTHbIn pacxod TENNOHOCUTENA B CU-
cTeme HaronbHoro otonneHua V., = 1,11 m%u.

6. PacyeTHbI cyMmMapHbI pacxof TennoHo-
cutena XV =155+ 1,11 =2,66 m®/u.

7. ONEeKTPOHHbIA perynatop kotna nogaep-
YKMBaET Temnepatypy TEMNOHOCUTENA Ha Bbl-
XOfie 3 KOTNa B 3aBVICUMOCTY OT TEMMEPaTypbl
Hapy>XHOro Bo3gdyxa rno 3ajaBaemMoMy rpaduky
LIKP.

8. Cuctema TennocHabXeHua pacnpege-
nuTenei BbIMNOMHAETCA U3 TPyO CTanbHbIX BO-
[0rasonpoBogHbiX (MOXET ObiTb BbIMOMHEHa
N3 MefHbIX Tpy0), CUCTeMbl OTOMMEeHMA OT pac-
npegenuteneit - U3 Tpyd MeTannononMMepHbIX
FEPL.

KnanaH opHOTOYeYHOro nofAcoefvHeHnA
MEPLI-VTA-40 He umeeT B CBOEW KOHCTPYKLM
ycTporcTBa [Ansa rugpasnuyeckon 6HanaHcu-
poBku. [NoaTomy cucTembl OTOMMEHMA OT pac-
npegenutenen cnegyet BbIMOMHMUTL MO Tak
Ha3blBAEMOW ly4EBOM CXeMe MpucoeguHeEHnA
paguaTopoB K pacrnpefenutento C pacrono-
»eHvem GanaHcosoi apmatypbl [EPLI-RL-5 B
WwKadymkax pacnpegenurenen.

[na npoekTnpyemMoin aByXTPyOHOI CUCTEMBI
OTONSIEHMA crnegyeT MPUHATb K YCTAaHOBKE Ha-
COC C 9NEeKTPOHHbIM YMpaBfieHNEM CKOPOCTU
BpaLleHua (cMm. pasgen 5.1). Ona nogbopa uvp-
KYNALUMOHHOrO Hacoca HeobxoguMmo onpege-
nuTb Tpebyemble 3HaqeHua nogaqmn V,, M4 u
Hanopa P, klMa (unu m.BoA.CT.).
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Mogaya Hacoca  COOTBETCTBYET  pac-
YEeTHOMY pacxofy B CUCTEME OTONMEeHUA
V.=V _=1,55wmu.

Tpebyembin Harop P, , paBHbIli pacHeTHbIM
noTepAM AaBneHnA CuUcTemMbl oTonneHua AP_,
onpenenaeTcA CYMMOW COCTaBMAIOLLUX: NOTEPb
[OaBneHuA cucTembl TennocHabXxeHna pacnpe-
aenutenen

2AP .= 11299 Ma(11.3 kMa) (Mexay To-
NMOYHOM W pacnpegenuTenavun); notepb Aaene-
HWA CUCTEMbI OTOMNSIEHNA OT pacnpepenuTenen
ZAquom (mexxgy pacnpegenutenem M oTonu-

TEINbHbIMW np|/|6opaM|/|) N NoTepb OaBlieHnA B

pacnpegenutene APpacnp :

P=AP_=%AP  __ +2AP _ +AP

yy.c.m. y4.om. pacnp.”

Ana pacyeta XAP ,  OCHOBHOrO pacHeTHo-
ro LMPKYNALMOHHOIO KOnbLa BbIMOTHUM CXeMy
CYCTEMbI OTOMNSIEHUNA MO Ny4EeBOW CXeMe Mpuco-
edVHeHMA pagmaTopoB K pacnpegenutento «B»
(puc. 6.26). Ha cxeme pacnpegenAaem Tensoeble
Harpysku nometyeHnn Q, (pac4yeTHble notepu
TennoTbl I'IOMeLLl,eHVIeM) no oTonuTesnbHbIM Npn-
6opam.

[na pac4yeta ZAPWM cuctembl otonne-
HMA OT pacnpegenutena «B», nokasaHHON
Ha puc. 6.26, BblbepemM OCHOBHOE pacyeTHoe
LUMPKYNALMOHHOE KOMbLO Yepe3 Haubornee
Harpy>XeHHbIli OTONuTENbHbIN MNpubop Ne 2
(Q,,= 1600 Br).

[dnameTpbl BCEX Yy4aCTKOB TEMMOMNPOBOLAOB

MM rnopbupaem C MOMOLLbO HOMOTpPaMMbl
Ffpmnox(eHMH «b» OnA mMeTannononuMMepHbIX
Tpyb, 3ajaBasAcb CKOPOCTbIO BOAbl He Oonee
0,5...0,7 w/c. XapakTep Monb30BaHWA HOMO-
rpammon nokasaH Ha puc. 6.27 Ha npumepe
y4acTtkoB K paguatopam Ne 2 1 Ne 1. [Npn atom
PEKOMEHAYETCA OrpaHN4MBaTbCA BENUYMHON
yOoenbHOM noTepu JaBneHuA Ha TpeHue R He
6onee 100 Ma/m.

[Npn nyyeBon cxeme noTepu AaBneHUA Ha
MECTHbIE COMPOTUBMEHNA AOMYCKAETCA YHUTbI-
BaTb B JONEBOM OTHOLLEHUU OT MOTEPb AaBfe-
HWA Ha TpeHue, Hanpumep

Z=03.(Rl,).

Torga noTepu gaBneHVAa Ha ydacTke bynem
onpenenATb Mo BblpaXXeHnto

AP, =13.R.l).

y4

PacueTHbIn pacxog TennoHocuTenA no Bbl-
paxkeHuto onpegenaem (3.7):

G,,=0,86.Q,/(80 - 60) = 0,046.Q,

Pesynbrathl rugpaBnM4eckoro pacyerta sa-
Hocum B Tabn. 6.13
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d16x2 8 noay |
8 zawumHot mpybe

d16x2 8 nony /
8 sawjumHoti mpybe

Puc. 6.26.: Cxema cuctembl OTOMNNEHMA OT pacnpegenutena «B». [letanb «A» u pac-
npegenutens «B».

1 - pagnaTop CEKUNOHHbIN;

2 - KnanaH ogHotoYe4Horo nogcoeanHenua NEPLI-VTA-40;

3 - ronoBka TepmocTtaTtuyeckaa NrEPL-MNHW;

4 - BeHTUNb GanaHcosbilt FTEPL-RL-5, npoxogHon, apT. 1393711,

5 - BO3QyXO0TBOQUUK paanaTopHbIii;

6 - konnekTop ¢ 12 otBepctuamun R 1/27;

7 - dunetp FEPL, d 3/4”, k = 6,9 M%/4, apT. 1411102,

8 - KpaH wwaposon d 3/47;

9 - BeHTUnb Ganaxcosbit TEPL| LUTPEMAKC-GR, d 3/4”, k,= 6,88 m%/4, apt. 1421762;
10 - wkad pacnpegenutenbHbin NEPL, wnprnHa 1050 mm, apT. 1856925.
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HOMOTPAMMA TMAOPABJTMHECKOT O PACHETA TPYBOMNMPOBOJOB
BOJAHOIO OTOMMNEHNA N3 METATIOMNONNMEPHbBIX TPYB MPU kw= 0,007 Mm

YnenbHaa notepA JaBneHua Ha Tpexue, R, Ma/m
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YnenbHaa notepA gasneHua Ha Tpexue, R, Ma/m

Puc. 6.27.: Tlpumep onpepeneHuA d MM,

R, Ma/m pgnAa y4actka OTOMMTENbHOro

npubopa Ne 2 @G,,= 69KF/‘-I) 1 OonAa ydacTka npuoopa Ne 1 (G,, = 30kr/4) c
NMOMOLLIbIO HOMOFpaMMbI MpunoxeHuAa «b»

KnanaH oOgHOTOYEYHOrOo MOJCOEAMHEHNA
FEPLI-VTA-40 n BeHTunb 6anaHcosbin TEPL-
RL-5 (puc. 6.23) cosgatoT cymmapHoe conpo-
TuBneHve (cm. dopm. (4.7)) Ha “perynmpyemom
y4actke”

(SAP_) __ =AP

A pea.yd KA1

[lnAa OCHOBHOrO pacyeTHOro LMPKYNALMOH-
HOro KomnbLia ComnpoTuBreHne AP, KnanaHa
OHOTOYEYHOro NnofAcoeAnHeHns I'EPLI, VTA-40
onpenendaeTca Mo ero NPornyckHoW crocobHo-
CTW WM MO ero HoMorpamme, nokasaHHOW Ha
puc. 6.28.

Conpotusnenne AP, BeHTUNA 6GanaHco-
Boro NEPLI-RL-5 3a,uaeTcsl C 1Cnonb3oBaHnem
ero TEeXHU4ecKon xapakTepucTuku. Mo coob-
pakeHUAM OecLlyMHOCT paboTbl KnanaHos
pekomeHayeTcA 3ajasartb 3HadeHne AP He

6onee 20...25 klMa. C ppyroit CTOPOHbI, ANA
3pPEeKTMBHOIO perynmpoBaHuA pacxodoB B na-
pannenbHbiX KomnbLax ABYXTPYOHOW CUCTEMbI
OTOMMEHMA, He pPeKoOMeHZyeTcA 3agasaTtbCA

3HadeHnem (ZAP, )peayq MeHee 4...6 kla.

Ha perynupyemom y4yactke paguatopa Ne
2 notepA paeneHuA knanaHa [EPL-VTA-40
onpegenAeTcA pacyeTom

APKA.1 = 0’1 (69/015)2 = 1905 rla,

Unu no Homorpamme puc. 6.28.

MNoTepei gaeneHna AP, , BeHTWNA 6anaH-
cooro N'EPL-RL-5 gna OCHOBHOTO pacyeTHoro
KomnbLa 3agaemcsA, UCXOo4A M3 MaKCumanbHO
BO3MOXXHOr0o  AuManasoHa  ruapaBnn4eckux
HacTpoOeK n, HO MpW 3TOM MNOTEPA AaBreHuA
gomkHa OblTb  He MeHee 4...5 kla. 3apa-
emMcA rugpaenuyeckon Hactponkon n = 3,0
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N COOTBETCTBYIOLLEN el MnoTepen p[abreHuA ABNAeTcA pacrnonaraemMbiM  LMPKYNALNOHHbBIM
AP, ,=1400 MNa (puc. 6.29). OaBrneHneM.

CymmapHoe COnpoTMBREHWE HAa OCHOBHOM 3HaveHne AP onpefenAetca pacyeTom
“perynupyemom ydactke” (paguatopa Ne 2) AP ,=0,1.(G,/k,)? nn1 no Homorpamme puc.
paBHO 6.28.

Tpebyemoe 3HaqeHne AP , onpepensetca

(ZAPKA.)pea.yq= APKA.1 +APK/I.2= no Bblpa)KeHV”O

=1900 + 1400 = 3300 lNa
AP, ,=2AP -AP _-AP =
KA. yd.om. yu. KA1

MoTepn [aBneHUA CUCTeMbl OTOMMEHWA OT =4236-AP - AP, .
pacnpegenutena «B», kak nokasanu peaynbra-

Tbl pacHeToB OCHOBHOIO KorblLa Yepes npubop Mo TpeGyemoit BenudnHe AP, 1 COOTBET-
Ne2 (Tabn. 6.13), paBHbl cTB G . )
ytollemy pacxogy G, C MOMOLLbIO HOMO

rpammbl TEPLI-RL-5 onpepenAetca 3Ha4deHue

SAP = 4236 MNa (4.3 kMNa). rMAPaBANYECKON HACTPOMKON N , Kak 3TO MokKa-

grom 3aHO Ha pyc. 6.29 Ha NpUMEpPe LMPKYNALMOHHO-

ro konbLla Yepes npubop Ne 1.
OnAa Bcex ocCTanbHbIX LMPKYNALMOHHbIX

Koney Cuctembl OoTorjieHnA gaHHOe 3HaYeHune

3HaveHne Kv —
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Pacxog qm ——»

Makc. [> - rapHunLa rapaHTMpoBaHHOI GecLUyMHOIA paboTbl KnanaHa

Puc. 6.28.: NMpumep onpeaenexna AP, . anAa y4acTka otonutensHoro npubopa Ne 2
(qu: 69 Kr/4) 1 gnAa ydactka npvbopa Ne 1 (qu: 30 Kr/4) ¢ NoMOLLbIO
HOMOrpaMmMbl KnanaHa ogHoTo4e4yHoro nogcoeanHerma NEPL-VTA-40
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Tabnuvua 6.13

Pac4eT cuctembl oTonneHna ot pacnpegenutena «B» (puc. 6.26)

Nl o La. |1, d | & | et GAPL),,
npu- ! v v Y rae AP, =13.(R.,,), Mprmen.
6opa BT Kr/u M mm | Ma/m Ma
1 2 3 4 5 7 8 9
AP . =1900
2 | 1600 | 69 15 |16x2| 48 |936+1900+1400=4236 AP _ ,=1400 (n=3,0)
(3aganuce)
MoTepn gaBneHnA cucTembl OTOMMNEHNA OT pacnpepenuTena «B» paBHbl
XAP, .. =4236 [Na (4.3 Kla).
Pacnonaraemoe gaBneHue Ans y4acTKoB KaXKOoro oTonuTenbHoro npubopa PP=ZAwam.= 4236[1a
218+360+AP_ ,= 4236 AP ,=0,1.(30/0,5).2 = 360
1700 30 12 16x2) 14 oTkypa AP , = 3658 n=0,75 (npu AP_ ,= 3658)
468+1082+AP, ,= 4236 AP . =0,1.(52/0,5).2 = 1082
3 12007 52 12 |16x2] 30 oTkyga AP, ,= 2686 n=1,5(npn AP_ ,=2686)
182+360+AP, ,= 4236 AP . =0,1.(30/0,5).2 = 360
4| 700 ) 80 1 10 116x2) 14 vna AP~ 3604 n=0,75 (Npn AP, = 3694)
650+884+AP = 4236 AP ,=0,1.(47/0,5).2 = 884
5 | 100} 47 1 20 116x2) 25 | aap. 22702 n=1,3 (npu AP, = 2702)
191+360+AP, ,= 4236 AP ,=0,1.(30/0,5).2 = 360
6| 700 | 30 16 |16x2) 14 oTkyna AP, ,= 3685 n=0,75 (npu AP_ ,= 3685)
7 700 30 16 |16x2| 14 |Cwm.y4. npubopa Ne6 n=0,75
429+740+AP _ ,= 4236 AP ,=0,1.(43/0,5).2 = 740
8 | 1000 43 15 |16x2| 22 otkyma AP , = 3067 n=1,1(npn AP_ ,=3067)
343+740+AP_ , = 4236 AP ,=0,1.(43/0,5).2 = 740
9 | 1000 43 12 |16x2| 22 otkyga AP _ ,=3153 n=1,1(npn AP_,=3153)
286+740+AP_ , = 4236 AP ,=0,1.(43/0,5).2 = 740
1011000 ) 43 10 |16x2) 22 otkyga AP _ ,=3210 n=1,0 (npn AP_ ,=3210)
187+270+AP,, , = 4236 AP ,=0,1.(26/0,5).2 =270
11| 600 ) 26 16 |16x2) 9 oTkyga AP _ , = 3780 n=0,6 (npn AP_ ,=3780)
12 | 700 30 16 |[16x2| 14 |Cwm.y4y.npubopa Ne 6 n=20,75

MoTepn faBnexuA B pacnpepenutene AP pacyeTe OH paccMaTpuBaeTCA B MOMOXKEHUM
BKJItOYatOT B ce0A noTepy AaBrieHVs B BEHTUNE MOMHOro OTKPbITWA, NO3TOMY €ro pacHeTHoe Co-
6anaHcosom FEPL| LUTPEMAKC-GR (d 3/4”, NPOTUBMEHNE PABHO:

k, = 6,88 mM*4), noTepn gaBneHnA B ABYX Gpuiib-

Tpax MEPL (d 3/4”, k = 6,9 m°4) n notepun nas-

— 2
neHuA B KpaHe waposom d 3/4” (puc. 6.26): AP goumuns, = 0:1.(473/6,88)* = 473 MNa.
APpacnp. SAP, 4+ 2A PdJuAbmp, FAP MNoTepwn paenenuAa B aByx ¢unstpax NEPLL
— 2 —
BeHtunb 6anancosbii TEPL, LUTPEMAKC- Z'Aptﬁmmp-_ 2.0,1.(473/6,9)° = 940 Ma.
GR 3anpoeKktnpoBaH C LENbd BO3MOXXHOCTU
3KCrnnyaTauMoHHOM Hanagkn. B npoekTHom @QunbTpbl NpeaycmarpuBatoTca anAa pasge-
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NEHNA CeT MeTannononMMepHbIX Tpy6Gonpo- Takum 06pasomM, NoTepy [aBreHWA B pac-
BOOOB OT CTallbHbIX pr6 I'Ipl/l ncnonb3oBaHN npegenutene:

MeOHbIX pr6 BMECTO CTallbHbIX, yCTaHOBKa
PUnLTPOB He TpebyeTcA. AP =473+ 940 + 40 = 1453 MNa

pacnp.

MoTepu AaBneHna B KpaHe LLapoBOM

AP_, =40 Ma (npu (=0,5).
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Puc. 6.29.: Npumep onpegeneHna ruapasnMyecknx XapakTepuctuk 6anaHcoBoro
BeHTUNA NEPL-RL-5 gns yyacTkoB 4epe3 oTonuTenbHbiin npunbop Ne 2
(GW: 69 Kr/4) 1 oTonuTesnbHbIN Nprnéop Ne 1 (qu: 30 Kr/4)

CrtpaHunua 81



B. B. MNokoTunos: MNocobre no pacyeTy cucTem OTOMneHNA

ArAa nogbopa YUPKYAAUUOHHO20 Hacoca
onpegeAum mpebyemeblili Hanop Hacoca:

P.=AP = ZAqu'C_m_ + ZAPy + AP =

y.om. pacnp. —

=11299+4236+1453=16988 la (1,7 m.B.CT.)

MonGepemM LMPKYNALMOHHBIA HACOC C anek-
TPOHHbIM yNpaBfeHNneM CKOPOCTU BpaLLeHUA
Ha CcnegyloLne WCXOAHble JaHHble: nogadya
V =V_=1,55wm%4, Hanop P = 1,7 M.B.CT.

Takum  ycnoBuAM  COOTBETCTBYET, Ha-
npumep, Hacoc ¢upmbl  Grundfos mapkun
UPE 25-40 180.

Mpu mncnonb3oBaHWK Hacoca C NOCTOAHHON
CKOPOCTbIO BpalLlleHUA poTtopa cregyeTr npu-
MeHATb nepenyckHble knanaHbl MEPL, HacTpa-
nBaemble Ha Tpebyemblli nepenap AasneHus,
paBHbI AP_ .

MopbepeM LMPKYNALMOHHBIA Hacoc € no-
CTOAHHON  CKOPOCTbIO  BpaLleHuA poTopa
Ha cnegylole WcxodHble pdaHHble: nogada
V. =V_=1,55wm%4, Hanop P = 1,7 m.B.CT.

Taknm yCnoBrAM COOTBETCTBYET, HAaNpuUmep,
Hacoc ¢upmbl Grundfos mapkm UPS 25-50 180
(2-a cTyneHb BpalleHua poTopa).

| UPE 25-40 180

(M)

Q=1,55Mm74

3,6 ~

H=17m

P =54W

3,2 P

Obwmi KN = 13,3 %
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PacyeTHad xapaKTepucTika CUCTeMbl OTO-
nneHnsa obosHaveHa napabonoi 5-1-A, KoTto-
pas nepeceKaeTca C XxapaKTepucTKON Hacoca
B TO4Ke A.

B pesynbrate paboTbl TEPMOCTATUHECKMX
KranaHoB XapakTepUcTKa CUCTEMbl MEHAETCA
Ha 6ornee KpyTyto napabony, Hanpumep, Ha na-
pabony Ne 2, Ne 3 nnu Ne 4. Mpy aTom nepenag
[aBfIEHNA B CUCTEME OTOMSEHNA BO3pacTaeT B
1,5-2 pasa, 4TO 3HAYUTENMbHO CHKAET Kadye-
CTBO perynMpoBaHuA 1 cOo3paeT rugpasnu4e-
CKUIA LLYM.

24 28 32 QM/4)

Y1obbl 9TOro M3bexxarb, crnemyet naparn-
NEeNbHO Hacocy YCTAHOBUTb MEPEenyCcKHOM
knanaH EPLL, HacTpoeHHbIN Ha nepenag aas-
neHuAa AP = 1,7 m.B.CT.

Torga KOMMMEKC «HAcoc - MepernycKHOwm
knanaH TEPL|» OymeT MMeTb HACOCHY Xa-
pPaKTepUCTUKY B Buae nomaHon nuHum B-B-T,
obecneynBasa npu NoObIX XapaKTepuUcTUKax
CUCTEMbI OTOMMIEHUA MOCTOAHHBLIN nepenag
nasneHunAa 1,7 Mm.B.CT.
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7. Mpumepbl rmapaBANYecKoro pacyera OgHOTPYOHbIX CICTEM OTOMJIEHUA.

Bbicokas rugpaenuyeckas yCTOMYMBOCTb
ABMNAETCA rMaBHbIM JOCTOMHCTBOM OOHOTPYOHbIX
cuctem otonneHua. Kpome Toro, no cpasHe-
HUIO C ABYXTPYOHbIMM CUCTEMAMMU OTOMNEHUSA,
OJHOTPYGHbIE CUCTEMbI 3HAYUTENBHO MPOLLE B
MOHTa)Ke, MPOCTbl B rMAPaBINYECcKOi Hanaake,
a B npoulecce aKcnnyataumy HegoCTynHbl AnA
HecaHKLMOHMPOBaHHON pasperynupoBKM.

B cuny atnx obCTOATENBCTB OAHOTPYOHbIE
CUCTEMbl UMEIOT OYEeHb LLUMPOKOE pacnpocTpa-
HeHue B cTpaHax GbiBiero CCCP, a Takxe B
HEKOTOpPbIX €BPOMEeNCKUX cTpaHax, Hanpumep,
B peuun, Utanumn n NcnaxHuu.

OcobeHHOCTV pacyeTa OAHOTPYOHbIX Cu-
CTEM OTOMMEHUA OTPaXKEHbl B MPUBEAEHHBIX
HUKe nprMepax.

Cpe,!:u/l MHO>@XeCTBa BMOOB BbINMyCKaeMbIX

¢éupmon TEPL| TepmocTaTnyeckmx knanaHoB
OnA OAHOTPYOHbIX cucTem ocoboe BHUMaHue
3acnyxmBaeT Tpexxogoson knanaH [EPL,
CALIS-TS. KnanaH npegHa3Ha4yeH B OCHOBHOM
ONA BepTUKalbHbIX CUCTEM, VMEET BbICOKYO
MPOMNYCKHYO CMOCOBHOCTb (0cOBeHHO BepcuA
CALIS-TS-E) n npounssognt TEpMocTaTtnyeckoe
perynupoBaHue nytem U3MeHeHUA Koadduum-
€eHTa 3aTekaHuAa B guanasoHe ot 0,0 go 1,0.

KnanaH He Hy>kgaeTcA B MyCKOBOW W 3KC-
nnyatauMoHHon Hanapgke. Bbinyckawotca pas-
NIMYHbIE KOHCTPYKTMBHbIE MOAuduKaummn Kna-
naHa, 4TO MO3BOMAET UCMOMb30BaTb €ro AnA
pagmaTopoB U KOHBEKTOPOB, AnA YCTAHOBKN ero
Ha BepTMKalbHbIX U FOPU30OHTasIbHbIX NOABOL-
Kax K OTOMUTENbHbIM Npubopam, B TOM HiCTe U
Ha HwxHen nogsogke paguatopa (CALIS-TS B
ncnonHeHunn 3-D).

7.1. Mpumep rmapaBNNYecKoro pacyera BepTuKanbHON OQHOTPYOHOI cucre-
Mbl OTOMJIEHNA C NPUMEHEeHNeM pagnaTopHbIX TPEXX0A0BbIX KnanaHos CAL-

IS-TS

B ka4decTBe nprmepa BbINOMHUM rmapasnu-
YeCKMn pacyeT OAHOTPYOHON BepTUKamNbHON
TYMMKOBOW CUCTEMbl TOMMEHUA 5-TN 3TaXKHOro
XKUMOro foma npu LeHTpanu3oBaHHOM Tenso-
CHabXXeHW OT TEeMmnoBbIX CEeTell Mo 3aBUCKMON
CXeme MpuUCOeAMHEHNA CUCTEMbI OTOMMEHUA K
HUM.

B TennosBom yane B KayecTtBe CMecuTenA
3anpoeKTMpPOBaH TPEXXOOOBOW PerynupytoLmmn
knanaH MEPLL 14037 ¢ cepsonpusogom MEPL|
17712 n anekTpoHHbIM perynAatopom [EPL
17793.

PacyetHble napameTpbl TEnnoBbiX ceTei
T,=120°C, T_= 70 °C, a cuctembl OTOMNNEHNA
t,=85°,t =65 °C.

AKCOHOMETpUYECKAA pacyeTHasa cxema cu-
CTeMbl OTOMMEHUA NMokasaHa B YCIOBHbIX 000-
3Ha4eHnAX Ha puc. 7.1 n puc. 7.2 (Ha pUCyHKe
He nokasaHbl BeTkn "A” n "I, pa3pbiBbl CXEMbI
cUCTEMbI OTOMNSIeHNA 0603Ha4YeH TouKamuy "a” 1
H6H)-

Ha cxeme cuctembl oTOMnNeHuA pacnpe-
AenAeMm TennoBble Harpysku rnomelleHun Q,
(pac4eTHbIe NOTEPW TEMMOTbI MOMELLEHNEM) MO
oTonuTenbHbIM Nprubopam, CyMMmpyem rno CToA-
KaM 1 yKasblBaem TennoBble Harpy3kn CTOAKOB
Ha pacyeTHON cxeme.

OnpepgenAeM OCHOBHOE pacyeTHOe uup-
KyNALUMOHHOE KOMbLO — 4Yepe3 Havbornee Ha-
FPY>XEeHHbI 13 yaaneHHbIX CTOAKOB Haubornee
Harpy>xeHHOW BETKN CUCTEMBDI, T.€. Yepe3 CT.13
BeTkn "B”.

OcHOBHOE LMPKYNALMOHHOE KOSbLO COCTO-
UT N3 nocnegosaTenbHbIX y4acTtkos 1, 2, 3...8,
Ct1.13, 8*...3%, 2%, 1a, COOTBETCTBEHHO MPOHY-
MEpPOBaHHbIX Ha cxeme puc. 7.1.

Onpepensem AnvHbl y4acTKoB |, a Takxke
UX TennoBble Harpy3kum Q, MO BbIpaXKEHMIO
(3.6).

Hanpuwmep, ona Ct.13

t

Q,=1,05.4690 = 4925 Br,
ana ydqactkoB Ne 8 n Ne 8*
Q,=1,05.(4150 + 4690) = 9282 Br,
anA ydactkoB Ne 7 1 Ne 7*
Q,=9282 + 1,05.3130 = 12570 Br,
ana yyqactkoB Ne 6 n Ne 6*

Q,=12570 + 1,05.2370 = 15057 Bt, n 1.4
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Puc. 7.1.: PacyeTHas cxema BepTUKasbHOWM TYMUKOBON OAHOTPYOHOM cucTeMbl BOAAHO-

ro OTOMMEeHUA C TYMUKOBbIM ABVXKEHVWEM BOAbl B Maructpandax ¢ ykasaHuem
HyMepaLum y4acTkoB

CrtpaHuua 84



B. B. MNokoTtunos: Nocobure no pac4eTy CUCTEM OTOMMEHUA

®

KnaanaH 3-x xogoBoli
Calis-TS-3-D, d1/2"

KnaanaH 3-x xogoBou
Calis-TS-3-D, d1/2"

Apm. 17761 43

Apm. 17761 43

lonoBka
foroBKa mepmMocmamuyecKan
mepmocmamu4ecKaAn
—
dais d15
dis M

dis

|
d1/2" BeHmunb
b6anaHcoBblli
LUTPEMAKC-G
Apm. 14217 01
CO CAUBHbIM
KpaHom

d1/2" KpaH
wapoBoli
CO CAUBHbIM
KpaHoMm

Apm. 1 2402 01

Puc. 7.2.: CxeMbl NOBTOPAKOLLUXCA Y3MNOB «A», «B», «B» 1 «I»

McxomHble gaHHble W pesynbrathbl ruapas-
NYECKOro pacyeTa PEKOMEHyeTCcA BHOCUTb B
BEOMOCTb rMpaB/iM4ecKoro pacyera, Harpu-
mep, B Buae Tabn. 7.1.

Mo BbipakeHWto (3.7) onpepenAaem pac4yeTt-
HbIl pacxog TennoHocuTensa

G,,=0,86.Q,/(85 - 65) = 0,043.Q,

Bbluncnaembie 3Ha4yeHna G, Kr/4, 3aHOCUM
y4
B rpady 3 1abn. 7.1.

Vicnonbayem nepBoe HanpaslieHue ruapas-
NNYeCcKOoro pacyeTa [na OCHOBHOIO pacyeTHOro
LMPKYNALMOHHOMO KorbLia.

C nomOoLLbO HOMOrpammMmbl  MPUNOXEHNA
«A», 3agaBaAcb ckopocTbto Bogbl 0,3...0,5 m/c,
nogbupaeMm OvMaMeTpbl pacHeTHbIX Y4acTKOB
d, MM, a TaKKe COOTBETCTBYIOLUME 3HAYEHUA
v, M/c, R, Na/m, koTopble 3aHOCUM B rpadbl 6 1
7 1abn. 7.1. MNpn 3TOM pekomeHayeTca orpaHu-
YmBaTbCA BENUYMHOM yaenbHOW noTepun gasre-
HWA Ha TpeHue R He 6onee 100...200 Ma/m.

XapakTep Mofb30BaHMA HOMOrpammon Mo-
KasaH Ha puc.7.3 Ha npumepe ydactkoB Ne 1
(qu: 4518 kr/4) n Ct1.13 (qu: 212 Kr/4).

Ct1.13 paccmatpmBaem Kak CamOCTOATEb-
HbIl y4acTOK C MocnegoBaTenbHbIM COeau-
HEeHVeM 5-Tu pagmaTtopHbIX Y3M0B, B KOTOPbIX
knanaHbl CALIS-TS-3-D nonHOCTbHO OTKPbIThI
Ha NpoToK Yepe3 paauarop (k,= 3,5 M3/4).

Torgpa notepto paeneHua B KnanaHe AP,
Ma, moxxHO onpegenuTtb o gopmyne (4.9)

AP

KA.

=0,1.(212/3,5)* = 367 Ma,

WM ¢ MOMOLLIbIO HOMOTPaMMbl KnanaHa, Kak
97O MoKasaHo Ha puc. 7.4 (AP, = 360 Na).

CymMmapHOoe pacyeTHOe  COMpoTMBREHWe
TepmMocTaTu4ecknx KnanaHos Ha CT.13 paBHo

TAP, = 360.5 = 1800 Ma.

CymmMapHoe pacyeTHoe COMpOTMBMEHME
5-Ti1 TEPMOCTATNYECKMX KrlarnaHoB PaBHO:

-Ha CT1.12
TAP, =5.0,1.(187/3,5)2 = 1427 Ma.

-Ha Ct.14
ZAP  =5.0,1.(141/3,5)* = 811 a.

-Ha Ct.15
AP  =5.0,1.(107/3,5)* = 467 Na.

-Ha CT1.16
TAP,, =5.0,1.(178/3,5) = 1293 MNa.

- Ha CT.17, 18
ZAPK/I.: 50’1 (21 6/3,5)2 =1904 rla
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HOMOTIPAMMA MMOPABINYECKOIO PACHETA TPYBOIMPOBOOOB
BOOAHOIO OTOIMMEHNA N3 CTANbHBIX TPYE MNPU k, = 0,2 Mm

YnenbHaa noTepa AaBneHnAa Ha TpeHue, R, Ma/m
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Puc. 7.3.: Tlpumep onpegeneHua dy, mm, V, m/c, R, Ma/m gna ydactka Ne 1 (qu: 4518
kr/4) n Ct1.13 (qu: 212 Kr/4) ¢ nomoLLbto HOMOrpammbl MprunoXxeHna «A»
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MakKc. [z> - rpaHmua rapaHTMHOBaHHoOM GecLlyMHoOM paboTbl knanaHa
Puc. 7.4.: Tpumep onpepeneHna AP = TPexxofoBOro TepMOCTaTU4YecKoro KranaHa
CALIS-TS-3-D, yctaHaBnusaemoro Ha papguatopax C1.13 (G, = 212 kr/4)
ConpoTtuBneHmem 6anaHCoOBOro BEHTWNA Mpn qu: 212 Kkr/4, 3agaBaAcb BENMUYMHON
Ha CT1.13 3agaemcAa, ncxoga u3 pekomeHgaummn rmapaenuyeckon Hactporkm n = 3,0, notepA
pasgena 4.3 v puc. 4.2.6. fJaBrneHva B 6anaHcoOBOM BEHTUIIE COCTABUT
MoTepa paBneHna B 6anaHCOBOM BeH-
Tmne AP _, [lla, onpegenAetcA C MOMOLLbO AP, =905 MMa, k= 2,2 M.
HOMOrpaMMbl KfnanaHa, Kak 3TO MoKasaHO Ha '

puc. 7.5.
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3HauveHne Kv —»
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Puc. 7.5.:Tlpumep onpepeneHuna

AP

banaHcosoro BeHTunAa LUTPEMAKC-GM,

yctaHasnueaemoro Ha C1.13 (G, = 212 kr/4, AP, =905 MMa, k, = 2,2 M%4)

Tpybonposogb! Tennosoro nyHkta (TI) oT-
HeceHbl K yqacTkam 1 1 1a.

[MoTepn OaBneHUA B MECTHbIX COMPOTUB-
MEHUAX TEMoBOro MyHKTa BKMHOYaloT B cebsA
3aABV/KKM, OTBOAbI, a TakKXe TPEeXXohoBoW
perynupytowmn knanad FEPLL apt. 1403732
(k,= 16 m%4) n gBa ¢unbtpa d 65 mMm apr.
1411107 (k,= 55 m%/4).

[MoTepA paBneHuA YCTAHOBMEHHOrO B Te-
NMOBOM MYHKTE TPEXXOAOBOrO CMECUTENBHOIO
knanaHa 'EPL, apt. 1403732 cocTtaBnAaet

AP, =0,1.(4518/16)? = 7980 MNa (8kTa).
[MoTepa gaBneHmA B AByx ¢punsTpax

AP, =2.0,1.(4518/55)2 = 1350 MMa.

Cymma KoagpuyueHmoB8 mecmHsix conpo-
muBaeHuli X onpegeasemca no [lpunroske-
HUto «B»:

- yyacTtok Ne 1: gBa oTBOAA

¥{=0,5.2=1,0;
- y4acTok Ne 2: TPOMHWK Ha OTBETBMIEHNE
> =1,5;

- yyqacTok Ne 3: TPOMHWK Ha OTBETBIEHUE,
3a/B1XKKa

¥(=15+0,5=2,0;
- yyacTtku Ne 4, 5, 6, 7: TPONHWK NPOXOAHON
£=1,0;
- y4qacTok Ne 8: TPOMHMK NPOXOAHON, MOny-
0TBO/1, BO3yXOCOOPHIK
¥(=1,0+05+1,5=3,0;

- C1.13 (6e3 yyeTa GanaHCOBOro BEHTUNA
LUTPEMAKC-GM un 5-tm knanaHoB CALIS-
TS): TPOMHUK Ha OTBETBNEHME, KPaH LLApPOBONA,
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11 oTBOLOB, TpOI7|HI/IK Ha NPOTUBOTOKE

¥=1,0+1,0+1,511+3,0=21,5;

- 3HayeHuA X Ha yyacTtkax Ne 8%, 7%, 6%, 4*,
WOEHTUYHbI COOTBETCTBYIOLMM Yy4acTkam Ha

nofaroLlen marucTpanu;

- yyactok Ne 5*: 2 oTBofga, TPOWHUK MpO-

XOAHOMN

>(=1,02+1,0=3,0;

- y4actok Ne 3*: TPOMHUK Ha MPOTUBOTOKE,
3adBVKKa

¥{=3,0+0,5=35;

- y4actok Ne 2*: TPOMHUK Ha MPOTUBOTOKE,

oTBOA
3¢ =3,0+0,5=35;

- yqacTtok Ne 1a: oTBofg

{=0,5;

- TN (6e3 y4yeta knanaHa N'EPL| apT.1403732
n 2-x punbTpoB d 65 Mm): 6 3aaBMKEK, 4 OTBO-

na

>{=0,5.6+0,54=5,0.

Tabnuua 7.1

MMapaBnu4yecKuin pacyeT oaHOTPYOHOI cucTeMbl oTonneHus (puc. 7.1)

. Q, Gw [y d, v, R, | RI, Z, AP,
Ne y. BT Kr/y M MM | m/c | Ma/m| Ma pre Ma Ma Mpume.
1 2 3 4 5 6 7 8 9 10 11 12
OCHOBHOE LUMPKYNALMOHHOE KonbLo Yepe3 CT13 BeTku «B»
1 105065 | 4518 | 21,3 | 65 | 0,31 | 21 447 | 1,0 44 1491
2 53765 | 2311 | 4,8 50 | 0,30 | 28 135 | 1,5 43 1178
3 29264 | 1258 | 1,7 32 10,38 ]| 70 120 | 2,0 | 150 |270
4 24234 1042 | 1,6 32 1032 ]| 55 88 1,0 45 |1383
5 19205 | 826 | 3,7 25 | 0,36 | 90 | 333 | 1,0 65 |398
6 15057 | 647 | 4,9 25 | 0,30 | 65 | 320 | 1,0 43 [363
7 12570 | 540 | 8,2 20 | 0,43 | 180 | 576 | 1,0 90 |666
8 9282 400 | 3,3 20 | 0,31 | 100 | 330 | 3,0 | 135 |465
3305 + 1800 +
Ct1.13| 4925 212 |1 20,0 | 15 | 0,29 | 120 | 2400 | 21,5 | 905 + 905 = 6010
8* 9282 400 | 4,3 20 | 0,31 | 100 | 430 | 3,0 | 135 |565
7* 12570 | 540 | 3,2 20 | 0,43 | 180 | 576 | 1,0 90 |666
6* 15057 | 647 | 4,9 25 | 0,30 ] 65 | 320 | 1,0 43 363
5* 19205 | 826 | 4,3 25 | 0,36 | 90 | 387 | 3,0 | 195 |582
4* 24234 11042 | 1,6 32 10,32 | 55 88 1,0 45 |133
3* 29264 | 1258 | 1,7 32 1038 70 120 | 3,5 | 260 |380
2* 53765 | 2311 | 7,8 50 [ 0,30 | 28 | 220 | 3,5 | 150 |370
1a 105065 | 4518 | 3,6 65 [ 031 | 21 76 0,5 22 198
TN | 105065 |4518 | - | 65 |031| 21 | - | 50 | 220 f2103;07980 T AP, =7980
lNoTepwn faBneHnA B OCHOBHOM LIMPKYMALMOHHOM Korble AP, = |22912 [a
(23 klMa)
ApCm =
Cr12| 4357 187 | 20,0 | 15 | 0,24 | 97 | 1940 | 21,5 | 645 [2585 + 1427
=4012
ApCm =
Cr14| 3287 141 | 20,0 | 15 | 0,18 | 52 |1040| 21,5 | 230 (1270 + 811 =
2081
ApCm =
Ct.15| 2490 107 | 20,0 | 15 | 0,14 | 33 | 660 | 21,5 | 210 |870 + 467 =
1337
ApCm=
Ct1.16| 4148 178 | 20,0 | 15 | 0,23 | 85 |1700| 21,5 | 580 [2280 + 1293
= 3573
ApCm =
Ct17 | 5029 216 | 20,0 | 15 | 0,29 | 120 [ 2400 | 21,5 | 905 |3305 + 1904
= 5205
ApCT =
Ct.18| 5029 216 | 20,0 | 15 | 0,29 | 120 | 2400 | 21,5 | 905 [3305 + 1904
= 5205
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[MoTepu gaBneHnA Ha MeCcTHble conpoTuBIe-
HuA Z, MNa, onpegenAaem no Homorpammam lMNpu-
noxeHua «I» kak dyHkumAa Z = f(XL) n 3aHocUM
B rpady 10 Tabn. 7.1.

lmgpaenuyecknin pacyetr BeTkm «B» 3a-
BEpLUAEeTCA onpeaeneHnemM pacnonaraembixX
nasneHun ana ctoakos Ne 12, 14, 15, 16, 17, 18
1 nopgbopom HGanaHCcoBbIX KrarnaHoB, yCTaHaB-
NBaeMbIX Ha 3TUX CTOAKAX.

Pacnonaraemoe faBneHue paccHutoiBaeTcA
no peaynbTatam pacyeta OCHOBHOMO KonbuLa
(Tabn. 1.6).

Hanpumep,

AP, .,=6010a

pacn.Cm12 =

P

pacn.Cm14 = Ccm13

=6010 + 465 + 565 = 7040 MNa.

AP + AP + AP L=
y4.8 yu.

8

P +AP _+AP .=
y4.7 yu.

pacn.Cm15 = pacn.Cm14 7

= 7040 + 666 + 666 = 8372 a.

P

pacn.Cm16 = pacn.Cm15

=8372 + 363 + 363 = 9098 [a.

P +AP, _+AP =
y4.6 yu.

6

P +AP  +AP .=
yu.5 yu.

pacn.Cm17 = pacn.Cm16 5

=9098 + 398 + 582 = 10078 la.

P

pacn.Cm18 = pacn.Cm17

=10078 + 133 + 133 = 10344 la.

P +AP _,+AP .=
y4.4 yu.

4

Tpebyeman notepA gaeneHvs B 6anaHcoBOM
KrnanaHe ornpefenaeTca rno BbipaXKeHuto:

AP, =P

KA. pacn.Cm - Ap cm’

roe:
Ap,,, — noTepA AasneHns B Tpybonposoaax
y3nax ctoska, Ma (cm. rpady 11 Tabn. 7.1).

Tpebyemoe 3HayeHWe NpPOMyCcKHOW Crocob-
HoCcTM Kk, 6anaHcoBOro BEHTUNA onpepensem
no ¢opmyrne (4.10), a TakKe C MOMOLLbIO HOMO-
rpamMmbl, NOKa3aHHOW Ha puc. 7.5, N0 KOTOPON
TaKxe ornpegendaem 3Ha4YeHuA n rugpasnu4e-
CKOW HaCTpOWKM KnanaHa.

PacueT rugpaenu4yeckux napameTpoB 0Oa-
NaHCOBbIX BEHTUMNEN U ero peaynbraTtbl BbIMos-
HAeM B BeJOMOCTU B BuAae Tabn. 7.2.

Tabnvya 7.2

PacueT rugpaBnmyeckmx xapakTepucTk 0anaHcoBbIX BEHTUNEN BETKN «B»

XapaKTepI/ICTI/IKI/I KrnarnaHa
NeCT Ot’ GCm’ Ap cm P pacn.Cm AP k\,,
BT Kr/4 Ma Ma w ¢-na(4.10), n
fa Mm3/y
1 2 3 4 5 6 7 8
Cr13 | 4925 212 905 2,2 3,0
3apganvcb 3apganvcb 3apganvcb
Ct12 4357 187 4012 6010 1998 1,33 2,5
Ct14 3287 141 2081 7040 4959 0,64 1,3
Ct15 2490 107 1337 8372 7035 0,40 0,5
Ct16 4148 178 3573 9098 5525 0,78 1,4
Ct17 5029 216 5205 10078 4873 0,99 1,9
Ct18 5029 216 5205 10344 5139 0,96 1,8
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7.2. Mpumep ruapaBnNYecKoro pacyera ropn3oHTaNlbHON O[HOTPYOHOI
CUcTemMmbl OTOMJIEHNA C npuMeHeHnem pagunartopHbix ysnos [EPL-2000
n perynaropos pacxoaa NEPL, 4001 ana pacnpeaenutenei.

OTonuTenbHble NPUOOPbI FOPU3OHTaNbHON
OJHOTPYOHOW CUCTeMbl OTOMMEHUA COoeauHA-
IOTCA MocrnegoBaTenbHO MexXay coboil B Buae
OTAENbHbIX BETOK, KOTOpble MOACOEAMHAIOTCA
K pacnpegenutento. PacnpegenuTenb kKak Obl
pasgenAeT cuctemy OTOMMEHUA Ha [Be: CUcTe-
My TennocHabXxeHus pacnpegenutenein (Mex-
Oy TennoBbIM MYyHKTOM U pacrnpegenutenamm)
N CUCTEMY OTOMNEHUA OT pacnpegenuTenen
(mexxgy pacnpegenutenem M OTOMUTENbHbIMMN
npudopamu).

[ngpaenuyeckoe pasfeneHne Ha ykasad-
Hble [Be CUCTEMbl BbIMOMHAET perynAarop pac-
xona [EPL] 4001, ycTaHOBMEHHbIN B KaXXAOM
pacnpegenurene.

Cxema cucmembl omonAeHuUAa BbiInoAHAem-
CA, Kak npaBuno, 8 Buge pa3geAbHbIX CXeM:

- cXeMa cucTemMbl TennocHab)xeHna pacrnpe-
penutenen;

- CXEMbI CUCTEM OTOMMNEHUA OT pacnpegenu-
Tenen.

B Hacmoawem npumepe paccmompum 0g-
HompybHyto cucmemy BogaHO20 OMONAEHUA
C HUMKHel pa3BogKol 2-x amasH020 agMUuHU-
cmpamuBHo20 3gaHUA npu MenAocHabMeHuUU
om BcmpoeHHol monoyHou. OcHOBHbie uc-
XOgHbIE MENAOMEXHUYECKUE gaHHbIE NpUMeM
us pasgena 6.3, a UMEHHO:

1. PacyeTHaAa TennoBaA Harpyska CUCTEMbI
otonneHua Q_ = 133 kBT; napameTpbl Tenso-
HocuTena t, = 75 °C, t = 60 °C; pacxop Tenno-
Hocutena V_ = 7,6 m%u.

2. MpuHMMaem cxemy cucTembl TennocHab-
YKeHuA pacrnpefenuTenen cornacHo punc.6.13, a
TakXXe 1 pesynbrarbl pacyeTa faHHON CUCTEMbI,
npeacTasrneHHble B Tabn. 6.5. Takum obpasom,
noTepu [aBneHVs CUCTEMbl TennocHabXeHuA
pacnpegenuTenen cocTaBnaAoT

YAP . =215kMa.

yu.c.

[nAa npoekTupyemoi ofHOTPYyOHOI CUCTEMBI
OTONSIEHMA crnegyeT MPUHATb K YCTAHOBKE Ha-
COC C MOCTOAHHON CKOPOCTbIO BpaLleHnA (CM.
pasgen 5.1).

Ona nopbopa UMPKYNAUMOHHOIO Hacoca
HeobXoAuMO ornpefenuTb Tpebyemble 3Haye-
HUA nopgaym V., m*%4 n Hanopa P, klMa (1unw
M.BOA.CT.).

Mogada Hacoca COOTBETCTBYET pacyHeTHOMY
pacxogy B cucTeme OTOMneHns
— — 3
V.=V _=7,6wm"u.

Tpebyembiit Hanop P, paBHbI pacHeTHbIM
noTepAM AaBneHVsa CUCTeMbl OTOMneHnAa AP,
onpepfenAeTcA CyMMONM COCTaBMALLMX: NOTEPb

[aBleHNa CUCTEMbl TennocHabXeHna pacnpe-
penutenen

AP

gq.c.m.(

YAP

yq.c,m)

=21,5kla,

COrMacHo  BblLIENPMBEAEHHOMY M.2); noTepb
AaBIEHNA CICTEeMbl OTONNEHNA OT pacnpenenu-
Tenein XAP, - (Mexpy pacnpefenutenem u
oTonuTenbHeIMK Npubopamu); 1 NoTepb Aasne-
HUA B pacnpepenutene AP (B TOM 4ncne
notepu fasnexus AP B perynatope pacxofa
FEPL 4001):

P =AP_=2%AP +XAP __+ AP

yd.c.m. yd.om. pacnp.”

AOna pacveta XAP, = BbiMONHAM CXemy
CUCTEMbI OTOMMIEHUA OT pacnpepenuTena «3»
(puc. 7.6a).

Ha cxeme cuctembl OTOMNMEHMA OT pacnpe-
penutena «3» (puc. 7.6a) TeNnoBble HarpysKu
nometleHnn Q, pacrnpepesneHbl no otonuresib-
HbIM Mprbopam no aHanoruu ¢ puc. 6.15 npu-
mMepa 6.3.

Konn4yectBo UMPKYNALUMOHHBIX Koney Ha
puc. 7.6a COOTBETCTBYET KONMNYECTBY BETOK,
0003Ha4YeHHbIX OykBamMu «A», «B», «B», «[»,
«O», «E». V3 aTux wectn UMpKYNALNOHHbIX
KoneL BblOMpaeM OCHOBHOE pacyeTHoe LIMPKY-
NAUMOHHOE KOmMbLIO - Yepes Haubonee Harpy-
JKEHHYIO BETKY «A»,

rI/I,ElpaBJ'II/I‘-leCKI/IIZ pacdeTr BbINnonHAemMm C
MCcnoJsib30BaHMEM MepBOro HanpaelieHnA pac-
yeTa.

[nameTpbl BCEX Yy4acTKOB TeMnonpoBOAOB
d, mm nogbupaem C MOMOLLbIO HOMOrpPaMMbl
punoxxeHua «b» gna metannononuMmepHbIX
TpyO, 3afaBadAcb CKOPOCTbIO BOAbl He OGonee
0,5...0,7 m/c.

XapakTtep Mofb30BaHMA HOMOrpammon Mo-
KasaH Ha puc. 7.7 Ha npumepe BETOK «A» 1
<<E>>_

Mpy npoknagke  MeTanonoNMMEpPHbIX
TpyG Mexkgy nocrnefoBatenibHO COeAMHEHHbI-
MV OTOMUTENbHLIMKU MpUbopaMun JonyckaeTcA
Yy4UTbIBATb MOTEPU AABMEHUA HAa MECTHble CO-
NPOTUBNEHUA B JONEBOM OTHOLLEHUM OT NoTepb
[aBMeHuA Ha TpeHue, Hanpuvep

Z=03.(R1,).

Torga notepw gaBneHws Gyaem onpenendtb
MO BbIP2XKEHNIO

Aqu: 1,3.(R./yq).

Mo BbipaxkeHuto (3.7) onpegensaem pacyet-
HbI pacxopf TennoHocuTenA

G,,=0,86.Q,/(75 - 60) = 0,057.Q,
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Puc. 7.6 a.: Cxema cuctemMbl OTOMMEHMA OT pacrnpegenntena «3»

Pacnpegeaumens “B”

”
3a Lhed

d20x2 e gony
8 3awjumHou mpybe

I

d20x2 e gony
8 3awjumHou mpybe

[N I =

|

(

Puc. 7.6 b.: Detanb «A» (rapHutyp F'EPLL 2000 ana nogknioveHnAa pagnaTopos K
OOHOTPYOHbLIM crcTemMaM) 1 pacnpenenuTenb «3».

1 - y3en nogknoydeHna NEPL, 2000 apt. 1717301;
2 - coeiMHMTenbHaA Tpybka us mean, HUKenuposaHHas MEPLL, apt. 1633011;
3 - knanaH yrnoson cneunansHbin FEPL, apT. 1772892;
4 - ronoska Tepmoctatuyeckaa NEPU-«MUHN»;
5 - BO3OyX00TBOAUUK paanaTopHbIi;
6 - Habop u3 2-x pacnpepenutenei FEPL, ¢ 6-to otBogamu, DN 25, apt. 1854106;
7 - dunetp FEPL, d 17, k = 11,7 m¥/4, apT. 1210013;
8 - KpaH waposon, d 17, apT. 1421513;
9 - perynaTop pacxoga 'EPL, d 17, 200-1500 n/4, apt. 1400113;
10 - BeHTUNb GanaHcosbili TEPL-RL-5, npoxogHoi, apt. 1393711;
11 - wkad pacnpegenutenbHbin NEPL, wnprnHa 750 mm, apT. 1856915.
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HOMOIPAMMA MMAPABINYECKOIO PACHETA TPYBOINPOBOAOB
BOAAHOIO OTOMNEHNA N3 METATNTIONOJIMMEPHbBIX TPYB MPWU kw = 0,007 mm

YnenbHas noTepa gaBneHna Ha TpeHune, R, Ma/m

1 2 3 45 10 2 345 102 2 3 45 108
10000 T 10* =
= '2
oG s
5 0- )’X’@OO 5 u:_
: SN O ‘8
3 o :—So;/ A\ \‘ \ . 3 E
i et \ 3
2 % ] N\ \ 2 o
2 N\ X A' I
° o o
\ O i \ '\ A\ o [y
‘\‘; e -l \ o 5
1000 % LA v ALY 103 8
i T
i e)
o X m
”@ ; N o é
Z; 7 (' ©
5 o | o 1 5 o
4 ‘\ u & A | / N 1 5‘_ 4
3 ' “ L DT NN 3
< R\, = : 262 Kr/y
< 2 %‘6 Pl 1 ., - L7 L1 1 1 2
(D— - &Q* ) I ' 1 N 1 1 1!
- 1S NP P pran S 154 Kr/4
E 7 I (L* /{ > ’ “ ) P
g 100 N o WK i == < 10
8 Aot W N
5 o ) =
g 5 PN 4 C 5
4 ; 4
q;): 3 el o 6\%**‘?,@»'1 \
5 ] S 3
L
o > |6»\b<
!
10 =d aftil 10
1 2 3 45

|
10 2 3 4[5
47 Na/m

100 2 3 45 1000
120 Ma/m

YgenbHaa notepA AaBneHuA Ha TpeHne, R, Ma/m

Puc. 7.7.:Tlpumep onpepeneHuna dy, MM, R, MNa/m gna BeTkn «A» (qu: 262 Kr/4) n gna
BETKUN «E» (qu: 154 Kr/4) ¢ nomMoLLbIO HOMOrpammbl MNpunoxeHna «b»

MMapaBnMyecKunin pacyeT BbIMONHAEM B Tab/.
7.3.

KnanaHbl T'EPLI-2000 (puc. 7.8) B Konuye-
ctBe N,WT. 1 BeHTunb banaHcosbin FEPLI-RL-5
(puc. 7.9) cosgaroT cymmapHoe conpoTuBneHne
(cm. dopm. (4.7)) Ha “perynmpyemom yyactke”

= N.AP

pea.y4 : KA1

+ AP

Kn2"

(ZAP,)

[lnAa OCHOBHOrO pacyeTHOro LMPKYMALMOH-
HOro KosibLa BEeTKN «A» conpoTueneHue AP,
knanaHa [EPL-2000 onpegenAercA no ero
HOMOrpamMmme, NokasaHHOW Ha puc. 7.8.

Conpotusnenne AP, , BeHTUNA 6anaHcoso-

ro FTEPU-RL-5 3anaeTcs| c 1CMNOSIb30BaHNEM ero
TEXHNYECKOW XapakTepucTuku (puc. 7.9).

InAa octanbHbIX BETOK «b», «B», «[», «[1» 1
«E» pacnonaraemoe gasneHne AP onp. NIPVHY-
MaeTcA paBHbIM MNOTEPAM p,aBneva BETKUN «A»

- 2AP

yq.om. «A»"

MNotepa pasneHna N knananos MEPL-2000
ornpegenAeTca No BbILLENPUBEAEHHON MeToau-
ke. Tpebyeman noteps gasnexua (AP, ) . 6a-
naHcosoro knanaHa NEPL-RL-5 onpegenAetca

Kak pasHoCTb

(AP

KAZ) mpeb. =

AP -AP - N.AP

pacnp. yy KA. 1"

Mo Tpebyemolt Benn4nHe (AP,,..) s, VI PAC-
X0y TENNOHOCUTENA Ha BETKE Gy C NMOMOLLbLO
HOMOrpaMmbl puc. 7.9 onpeaensaem Tpebyemble
3Ha4YeHMA N rmapaBINYeCcKon HaCTPOMKK Kna-
naHoB [EPLI-RL-5, ycTaHOBNEHHbIX B ALMKE

pacnpegenutena (puc. 7.6)
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Kv —
0,01 2 3 45 0,1 2 3 45 1 2 3 45
100= W prt 103
vi =
: Siiiinasi o
3 ;l""““ e 8
makc. [2> k- T <?| wmaxc.
T
10 J 102
5 5
4 4
3 yAY 3
2 1 2
AP _=1710Ma -~ M
1 10
AP, =595Ma "t
. = i g :
2 HH EPLI-TS-90 F S
4 B LBYXTPYOHbIE CUCTEMBI i 4
3 [/ E . E 3
2 = 3 @1/2 17728 92F 2
0.1 | )
2‘ . E/’ L=600mm 16330 11 ;
E 1 5 L=1000mm 16330 31} 5
I n L
@ L | 4
= &} -
a F Al § L 3
EL = =
S A R 312xG3/4 ¥ —
e £ : 1717301F §
X il - \©
a X E > =
I“:’ /| 14 & s
0|01 T mEE E— == 0|1
10 [krmp 3 4 5 102 2 \s 4 b 163 2 347
G =154 kr/y G =262 Kr/4

Pacxopg qm ——»

MakKc. b - rapHuLa rapaHTupoBaHHON 6ecluyMHOI Pa6oTbl KnanaHa

Puc. 7.8.: Tpumep onpefeneHna AP . Ona BeTku «A» (262 Kr/4) n gna Betku «E»
(154 kr/4) ¢ nomoLbo Homorpammbl FTEPLL-2000, ogHOTPYOHbIe crcTeMbl
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3HayeHne Kv —=—

0,01 2 3 45 0,1 2 3 45 1 2 3 45
100 : 103
5 - : 5
4 i | 4
3 o= 3
2 ] 1 III i a 2
AP_ =17084Na /I 1
10 ! 102
__f I
_:1 ’: 1 1 T
5 l A H 5
A PKn = 3200 I'Ia 4 = A2 i WiE 4
: 3 | | S 3
2 . ,' ] f 2
Ear i i
1—_ #;¥:=== = === 10
/- £
5 f - 5
4 ] 4
3 - :#_ 3
2 4 2
|
20’1 == == - 1
s ) = [EPU-RL-5 1
3 = 1] [ 5
s = o :
: 3 v i - - 3
s _Hf == _
2 E i 5
c & H ©1/2 1392301 | £
0,01 . — 0,1

| LI} III
10 [kr/y] 3 45 102 2 \45 10 2 3 45
G =154 kr/v G = 262 Kr/9

Pacxog gqm ———

Puc. 7.9.: Tlpumep onpegeneHna ruapaBiM4ecknx XapakTepucTik 6GanaHcoBoro
BeHTUNA NTEPLU-RL-5 ana BeTkn «A» (qu: 262 Kr/4) n gna Betkn «E»
(G, = 154 Kr/4)
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Tabnvua 7.3

Pac4eT cuctembl oTonneHna ot pacnpegenutena «3» (puc. 7.5 n puc. 7.6)

Q, |61, | a |~ | 2= | N |ap,, | nap,, | 2w | sap
Hanm v g | Ly v ' 11,3.(R.L) : KA1 A1 MNa ya.om
BETKN Bt Kr/9 | m Mmm | Ma/m YU T Ma MNa MNa
Ma (n)
1 2 3 3 5 6 7 8 9 10 11 12
3200
A 4600 | 262 | 56 |[20x 2| 120 8736 5 1710 8550 |(n=9,0 20482
3ajanu1chb)
APpacnp = ZAqu‘om. = 20482 IMa; (APKA'Z)TpeG. = 20482 - 3680 - 4040 = 12762 lNa
B 3600 | 205 | 46 |20x 2| 80 3680 4 1010 4040 251622 7)
AP, o =SAP, . =20482Ta; (AP, ) . =20482 - 4074 -5200 = 11208 Ma
B 4100 | 234 | 42 |20x 2| 97 4074 4 1300 5200 Zr;l %0384)
o= SAP . =20482Ma; (AP, ), = 20482 - 3520 - 4040 = 12922 Ma
r | 3600 | 205 | 44 |20x2| 80 | 8520 | 4 | 1010 | 4040 |12922
(n=2,6)
AP A=3AP, . =20482Tla; (AP, ) ., = 20482 - 3650 - 3720 = 13112 Ma
13112
O 3400 | 194 | 50 |20x2| 73 3650 4 930 3720
(n = 2,4)
AP, ..=SAP, . =20482Ma; (AP, ), = 20482 - 1598 - 1800 = 17084 Ma
E 2700 | 154 | 34 |20x 2| 47 1598 3 600 1800 2,77(_)8147)
MoTepn [aBneHUA B pacnpepenuTene OunbTpbl NpemycmaTprBaloTcA AnA pasge-
AP BKMtoyatoT B cebA MoTepu AaBneHuA B NEHNA CeTU MeTannononMMepHbIX Tpybonpo-

pacnp.

asyx ¢punbtpax MEPL, (d 17, k = 11,7 m%4) 1 no-
Tepu aaenexHnsa B perynartope pacxoga NEPL, d
17, (apt. 1400113):

AP

pacnp.

=2.AP + AP

) urbmp. P

MoTtepu naeneHua B aByx ¢unstpax NEPL

2.AP

. purbmp.

=2.0,1.(1254/11,7)2= 2298 Ma.

BOLOB OT cTanbHbIX Tpy6. MNpu ncnonb3oBaHum
MefHbIX TPpyO BMECTO cTasibHbIX, GUILTPbI MOXX-
HO He MpeaycMaTpuBaTh.

MoTepn faeneHuA B perynatope pacxofa

N'ePLU, d 1”,(apt. 1400113) onpegensaem no puc.
7.10.
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3HayveHue Kvs, m°/y

1700 0,38 1.33 2,04 2,52 2,83 3,04
1600 // 27,9
1500 // 26,4
1400 // 24,9
1300 / F 235
1254 kr/v i ? ~. 22,4 kla
1200 223
1100 // 21,2
[ / =
1000 201 5
[ o
900 192 a
I <
800 183 @
o
i // S
700 177 &
[ / g
600 / 170 §
L / o
500 165 $
- / 14001 01 =
400 / o L Gt 161 F
Z ol / ' 2
= 300 15,8 @
o [ / o
o 200 157 o
X / )
S .1 / &
o 100 4 157
- ()
156
05 10 15 20 25 30 35 45 50 55 6,0
MpepHacTponka

Puc. 7.10.: Mpumep onpefenenna AP, ana pacnpepenutena «3» (1254 kr/4) n ¢
NMOMOLLIbEO HOMOrpaMMbl perynAatopa pacxoga NEPLL, d 17, 200-1500 n/y,
apt. 1400113.
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Takum obpasom, NoTepy AaBneHVs B pac-
npepenuTene:

AP = 2298 + 22400 = 24698 lNa

pacnp.

Ona nogbopa UMPKYNALUMOHHOrO Hacoca
onpenenum Tpebyemblin Hanop Hacoca:

P,=AP_=2AP +2AP, _+AP =

MoaGepeM LMPKYNAUMOHHBIA Hacoc ¢ Mo-
CTOAHHOW CKOPOCTbIO BpalleHuA poTopa Ha
cnegytoLine NcxoaHble AaHHbIe:

nopava V =V_=7,6 M/,
Hanop P_ = 6,7 M.B.CT.

yy.c.m. y4.om. pacnp.
= 21514+20482+24698 = 66694 a
(6,7 m.B.CT.)
H |UPS 32-120 F
(M) Q=784 M/y
9 : G H=7,14m
I H P, =338 W
8 / ﬁ‘\\ O6wmit KN = 45,1 %
~ / Dt
7 | / /
o ]
[ / ya N
6 | )
5 / s
V4 & e

4 N

. N\
3 N
2 Y
1 5

o 1 2 3 4 5 6 7

8 9 10 11 12 QM)

Takum ycrnoBuam cooTBeTcTBYEeT Hacoc dpupmbl Grundfos mapkm UPS 32-120F.

MNpymevaHue:

Qupwma FEPL| paspaboTana nepeknodatowmn knanad 1515101 ana ogHOTpy6HbIX cucTem oTonne-
HVA. DTOT KnanaH ABnAeTcA aHanorom rapHutypa NEPLL 2000, nmea no cpaBHEHUIO C HAM JOCTOUHCTBO
B BO3MO>KHOCTU MPON3BOSbHOIO MOAKIOYEHUA MOAAloLLLEero 1 obpaTHOro TEMONpPOBOAOB K KranaHy.
[MpuHUMNBLI 1 NocnegoBaTenbHOCTb MMAPaBnNYeckoro pacyera knanaHa 1515101 ngeHTU4YHbI OgHO-

Tpy6Homy rapHuTypy FEPLL 2000.
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7.3. Mpumep rmapaBnNnN4yeckKoro pacyera ropn3oHTasibHOll OQHOTPYOHON cu-
CTeMbl OTOMNNEHNA C NpuMeHeHnem paguatopHbix y3nos N'EPL-3000

Cxema ropusoHTanbHOW CUCTeMbl oTomne-
HUA C NpUMeHeHVeM pacnpenenvTenein Bbl-
MOMHAETCA, KaK npaBuno, B BuAe pasgenbHbiX
CXeM:

- CXeMbl CUCTeMbl TennocHabxeHuA pac-
npegenutenenn (Mexxgy TEMMOBbIM MYHKTOM W
pacnpegenutenamm);

- CXEMbl CMCTEM OTOMJIEHUA OT pacnpenenu-
Tenen (Mexxay pacnpegenutenem 1 oTonuTesb-
HbIMU NprGopamm).

B HacToALllem npumepe paccMOTpUM OfHO-
TPYOHYIO CUCTEMY BOLAHOrO OTOMMEHNA C HUX-
HEen pasBOOKOM 2-X 3TaXXKHOro WHAvBMAyasb-
HOrO >KWUMOro AomMa Mnpu TennocHabXkeHun oT
BCTPOEHHOWN TOMOYHOM.

OCHOBHbIe UCXOgHbIE MenAOMexXHUYecKue
gaHHble npuHUMaeMm u3 npumepa pasgena 6.4:

1. PacyeTHaAa cymmapHasa TenfoBsaA
Harpyska CcucTeMbl OTOMMEHMA, COCToALLaA
n3 CYMMbI TEennoBbIX Harpy3okK Ha
KOHBEKTMBHOE 1  HamnonbHOe  OTOoNfeHne
2Q, = 36 + 13 = 49 kBt; napametpel
TennoHocuTenAa cucTembl KOHBEKTUBHOIO
otonneHua t = 80 °C, t = 60 °C,
VCO = 1,55 wm%u4; napameTpbl TenrnoHocuUTens
CUCTEMbI HaromnbHOro otonneHua t = 45 °C,
t=35°,V =111 wm%\.

2. MpuHUMaem cxemy CUCTeMbl TemnnocHaob-
YXEHUA pacnpegenuTenen ns npyMepa pasgena
6.4 (puc. 6.21), a COOTBETCTBEHHO 1 pe3yrnbTaThbl
pac4deTta gaHHOW CUCTEMbI, NpeacTaBreHHble B
Tabn. 6.9, oTkyga noTepu AaBneHua CUCTeMbl
TennocHab)xeHVA pacnpegenuTenein cocTasns-
toT 2AP =11,3 kla.

y4.c.m.
[nA npoekTupyemoi 0gHOTPYOHOM CUCTEMbI
OTONSIEHMA CregyeT MPUHATb K YCTAHOBKE Ha-
COC C MOCTOAHHON CKOPOCTbIO BpaLLeHnA (CM.
pasgen 5.1). Ona nogbopa UMPKYNALMOHHOIO
Hacoca HeoOXxoauMo onpeaenuTb Tpebyemble
3Ha4eHua nopayn V , m%4 n Hanopa P, klMa
(vnmn m.Bog.cT.). Nogaya Hacoca COOTBETCTBYET
pacyeTHOMY pacxofy B CUCTEME OTOMNEHUA

V. =V_=155wmu.

Tpebyembiit Hanop P, paBHbI pac4eTHbIM
noTepAM AaBleHVa CUCTEMbI OTonneHna AP_,
cnegyeT onpefennTb Kak CyMMYy COCTaBAto-
LLMX: MOTePb AaBMNEHUA CUCTeMbl TennocHabxe-
HWA pacnpegenutenen

>AP =11,3 k[a,

yy.c.m.

COrnacHoO BbILLENPUBEAEHHOMY T1.2); MOTEPb
[aBfIEHNA CUCTEMbl OTOMMEHUA OT pacnpepe-
nuTtenen ZAPWM (Mexxgy pacnpegenutenem u
oTonuTENbHBLIMK NpuGopamm); 1 NoTepb AaBne-
HWA B pacnpegenutene AP a UMEHHO:

pacnp.’

P,=AP_=23AP +2AP, _+ AP

yd.c.m. y4.om. pacnp.”

Cxema OfOHOTPYOHOWN CUCTEMbl OTOMMEHUA
OT Haubornee Harpy>xXeHHOro pacrnpefenuTens
«B» npuBegeHa Ha puc. 7.11. Ha cxeme puc.
7.11 Tennosble Harpysku nometleHnin Q, pac-
npefdeneHbl Mo oTonuTeNbHbIM MpudopamM Mo
aHarnorum ¢ puc. 6.23 npumvepa 6.4.

na onpegeneHnAa ZAqu.om' BblAeNnnMm
OCHOBHOE pacyeTHOE LMPKYMALNOHHOE KOJbLIO.

Konn4yectBo UMPKYNALMOHHbBIX Koney Ha
puc. 7.11 COOTBETCTBYEeT KONUYeCTBy BETOK,
0003HaYeHHbIX OyKBaMU  «A» »B» »B» »[»,
M3 3Tux 4YeTbipex LMPKYNAUMOHHbLIX Konel B
KayecTBe OCHOBHOIO BblOVMpaem pacyeTHoe
LMPKYNALMOHHOE KOmbLO Yepe3 Haubonee Ha-
FPY>KEHHYIO BETKY «A».

[MopaBnuyecknin  pacyeT BbINOMHAEM C
NCMOMb30BaHMEM MEPBOrO HamnpaBleHUA pac-
yeTa.

[dunameTpbl BCEX y4acTKOB TeEMonpoBOAOB
d, Mm nogbupaemMm ¢ MOMOLLbIO HOMOrpaMMbl
npunoxxexnua «b» ana metannononMmepHbIX
Tpyb. Xapaktep Monb3oBaHWA HOMOrPaMMOoi
nokasaH Ha puc. 7.12 Ha npumepe BETOK «Ax»
n <<r>>_

Mpwv npoknagke TPyGONpPOBOLOB MeXAy No-
crnenoBaTenbHO COEAUHEHHbIMW OTOMUTESbHbI-
M1 NpubopamMu JonycKaeTca yYuTbIBaTb NoTepu
[AaBMeHVs Ha MeCTHble COMpPOTUBMEHVA B Buae
[0MEeBOro COOOTHOLLEHNA OT MOTEpb AaBIIEHUSA
Ha TpeHve, Hanprmep

Z=03.(R1,).

Torga noTepw gaBneHva 6ygem onpenendaTtb
Mo BblpaXXeHNo

AP, =13.Rl).

Mo BbipaxkeHuto (3.7) onpegenaem pacyert-
HbI pacxop TensIoHOCUTENA

G,,= 0,86.Q,/(80-60) = 0,046.Q,
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Bermua A"

3500Bm/ 15 Tkak Bermua 5"
A 25008 /0B

1600 1200

di6x2
700 1100

i =

ditxZ

Pacnpedenumens "B
Q=11kBm / G=473 e/

3500/151

2500/108

d16x2 =
— iy d16x2
1 Z. %

ZTZ
Tt i TI1 /Lm = ’ Tl
TIT
dfé‘x?j

700

600

1000 1000

117

21— TR
d16x24" d16xz
Bemka™ Bamka'B"
23008/ 100Kz 2F00Bm/ 116K

t

Pacnpegeaumene “B”

d16x2 8 noay
8 3awjumHou mpybe 9 B :;31:

d16x2 8 noay

8 3awjumHou mpybe

Puc. 7.11.: Cxema cuctembl oTONNEHUA oT pacnpegenutensa «B». OdeTtanb «A» 1
pacnpegenutens «B».

1 - pagnatop VONOVA ¢ HmxKHen noaBoakom;
2 - BeHTUnb 6anaHcosblii TEPL-RL-5, npoxoaHoi, apT. 1393711;

3 - y3en nogkntodeHna NEPL, 3000 ¢ 6aiinacom, ¢ 3aBOACKOI HACTPONKON Koapdu-
umeHTa 3arekaHua a = 40 %, apt. 1305001;

4 - ronoska TepmocTtaTtudeckana NEPLI;
5 - BO3OYX00TBOAYUK paanaTopHbIi;
6 - Habop 13 2-x pacnpepenuteneit F'EPL, ¢ 4-ma otBogamu,
7 - dunetp FEPL, d 17, k = 11,7 Mm%y, apT. 1411103;
8 - KpaH waposon d 17;
9 - perynaTop pacxoga EPL, d 17, 200-1500 n/4, apT1. 1400113;
10 - wkad pacnpegenutensHoin NEPL, winpuHa 600 mm, apT. 1856910.
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HOMOTPAMMA TVAPABJTMHECKOIO PACHETA TPYBOMNPOBOOB
BOJAHOrO OTOMNEHNA N3 METANNOMNONMUMEPHbBIX TPYBE MPW ku= 0,007 mm

YnenbHana notepa aaBneHua Ha Tpewue, R, Ma/m

1 2 3 45 10 2 3 45 102 2 3 45 10°
4
10000 === 10* 7
=5 g
@ "
O 2| (D
5 N %"’200‘ 5 %
4 5;,/ % N\ 4 ©
3 .o \‘ N . 3 F_)
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2 %," G N N N\ 2 (]
% T X ] 3
\%> dARNE\ / =
2 p% » \ o ql:)
1000 ° d A\ 103 P
: g
?2 AN T I - é
Z_ \ -
5 \l: /1 14' : 5 DG-S
4 I\ ; : ’ i - 4
3 £ -— 3
é 6““ | Wi . T __I
2 2 Q*‘B\ - ~ “N= ; 2
o N W D¢
m" I 6" ||I@*‘b%" v | q v 151 Kr/l-l
=
© 100 o2 AH T 0 e : 102
3 = %{5 G .: 100 Kr/y
2 QAT W2
o + '“ 7
E 5 A B 5
c 4 ~ \%* W 4
:[ 3 A Q *r?’ﬂ A
o A\ N 3
Z<> S (RN ) "L@@_
© 2 - r b‘* o 2
o L Ié
al Pall
10 [ atfhil
1 2 3 4 5 10 2 3 45

83 Ma/m

10
100 2 3 45 1000
\ 165 Ma/m

YgenbHaAa notepAa gasneHua Ha TpeHve, R, Ma/m

Puc. 7.12.: Mpumep onpegenenuna d , mm, R, Ma/m gna BeTkn «A» (qu: 151 Kkr/49) n gna
BETKUN «[» (qu: 100 KI'/‘-Iy) C MOMOLLIbIO HOMOrpammbl [NpunoxxeHna «b»

B paHHOM cnyyae anAa BCTPOEHHOro pagu-
aTOpPHOro KranaHa pekomeHayeTcA NPUMEHATb
yHUBepcarnbHyto Oykcy, Hanpumep, FEPLI-TS-
90, l’EPL-TS-90-E, a B cny4ae mcnonb3oBa-
HVMA OYKCbl C MpeaBapuUTEenbHON HACTPOMKOW
NOCnegHIo cneayeT YyCTaHOBUTb B NMOSIOXKEHNE
MaKC/UMarbHOro OTKPbITUA.

MMapaBnnyecknin pacyeT BbINOMHAEM B Tabr.
7.4. Knananbl F'EPLI-3000 (puc. 7.13) B konun4ye-
ctBe N, wWr. n BeHTunb banaHcosbin FTEPLI-RL-5
(puc. 7.14) coBmecTHO co3gatoT Ha “perynupy-
€MOM y4acTKe” pacyeTHOro LUMpPKYNALUOHHOIO
KosbLia CyMMapHOe COMpOoTMBIIEHNE

(ZAP,).....=N.AP_ + AP

pea.y4 1 Kn2'

[lnAa OCHOBHOrO pacyeTHOro LMPKYMALMOH-
HOro KorbLa BETKU «A» conpoTtusneHne AP,
knanaHa EPLI-3000 onpefnensetca no ero Ho-
MorpamMmme, nokasaHHomn Ha puc. 7.13.

Conpotuenenue AP _, seHTUnA 6anaHcoso-
ro 'EPU-RL-5 3agaetca ¢ ucnonb3oBaHUeM ero
TEXHNYECKOWN XapaKTepPUCTUKN, NOKaA3aHHOW Ha
puc. 7.14.

InAa ocTtanbHbiX BETOK «bB», «B» n «I»
pacnonaraemoe gasneHue AP NpuHUMa-
€TCA paBHbIM MOTEPAM [aBMEHUA BETKU «A»
2AP,, s TlOTEPA fAaBnenna N - knanaHos
'EPLI-3000 onpepenAaeTcA No BbllenpuBeneH-
Ho meToauke. Tpebyemas noTepA OaBreHUs
(AP 6anaHcoBoro knanaHa FEPLI-RL-5

KAz)mpeé
onpepenAeTcA Kak pa3HOCTb

(AP AP -AP,-N.AP,

KA2) mpeo. = pacnp. 1"

Mo TpeGyemoi BenuynHe (AP, ) . v pac-
X0y TEMNOHOCUTENA Ha BETKE qu C MOMOLLbO
HOMoOrpammbl puc. 7.14 onpegensem Tpebye-
Mbl€ 3HAYEHUA N rMapPaBINYECKON HACTPONKM
knanaHoB [EPLI-RL-5, ycTaHOBREHHbIX B ALM-
ke pacnpegenutena «B» (puc. 7.11)
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3HavyeHue Kv —
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1 / 9 10
AP_=530MNa A =
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5 OOHOTPYOHbIE CUCTEMb : 5
y ]
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Pacxog qm _—

B O HOTPYOHOI cucteme
Puc. 7.13.: TMpumep onpegeneHna AP, npn 3aBOACKOW HACTPOIKe KoadduureHTa 3ate-
kaHuA a = 0,4 knanaHa FEPLL-3000 (ogHOTpYGHble cUCTEMbI) A BETKU «A»
(151 kr/4) u gna Betkn «[» (100 Kr/4)
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3Ha4yeHne Kv ——=—
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Puc. 7.14.: Tlpumep onpeaeneHna ruapaBnnyeckux xapakTepucTuk 6anaHcoBoro BEHTUNA
MEPL-RL-5 ana BeTkun «A» (qu: 151 Kr/4) n gnAa Betkn «E» (qu: 100 Kr/4)

Tabnuua 7.4
PacyeT cuctembl oTonneHuAa ot pacnpegenutena «B» (puc. 7.11)
Haum Q G / d R APW: N AP N.AP KA2 mpeb.? ZAP
P yu yu’ Y’ ’ 1,3.(R./ ) ’ KA1 . KA1 Ma y4.om
BETKN | BTt Kr/9 | ™ MM | Ma/m “lwt | Na Ma Ma
Ma (n)
1 2 3 4 5 6 7 8 9 10 11 12
1320
A | 3500 | 151 | 32 |16x2 | 165 6864 3 | 1170 3510 |[(n=7,0 11694
3a4annchb)
AP o= AP 4= 11694 TMa; (AP, 1) mpes. = 11694 - 3744 - 1800 = 6150 lNa
B | 2500 | 108 | 36 |16 x2 | 104 3744 3 | 600 1800 (6; i01 9)
AP o= AP 4= 11694 TMa; (AP ) mpes, = 11694 - 2860 - 1950 = 6884 lNa
B | 2700 | 116 | 26 |16 x2 | 110 2860 3 | 650 1950 6884
(n=2,0)
AP o= 2AP o 4, = 11694115 (AP, ) o= 11694 - 1826 - 1590 = 8278 [a
r 2300 | 100 | 22 |16x2 | 83 1826 3 | 530 1590 (8,72381 6)
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[MoTepu paBneHuA B pacnpegenutene
AP BKJItOYatloT B cebA noTepu AaBneHus B
p,Byx <§V|anpax rEPU (d 17, k,= 11,7 m%/4) n no-
TEpW AaBfneHnA B perynﬂTope pacxoga NEPL, d
17, (apt.1400113):

AP =2.AP + AP

pacnp. gpurbmp. P

[MoTepu aaBneHuna B AByx GunsTpax

PunbTpbl NpeaHasHaYeHbl AnA pasgeneHua
ceTu MeTannononuMepHbix Tpybonposoaos
U cetn cTanbHbix Tpyb. Mpu ncnonb3oBaHUK
MefHbIX TPyO (BMECTO CTanbHbIX) AfA CUCTEMbI
TennocHab)xeHna pacnpegenutenen, GuUnbTPbI
MOXXHO He npegycmarpumsaTth.

[MoTepn paBneHvA B perynAatope pacxopa
N'EPL, d 17, (apt. 1400113) onpepensem no
HOoMoOrpamme, nokasaHHon Ha puc. 7.10.

2'APd)uAbmp. = 2011 (473/1 1 ,7)2 =327 lNa.
3HaueHue Kvs, m’/y
1700 0,38 133 2,04 2,52 2,83 3,04
1600 Ao &
- / ¥
1500 / %4 o
b / %
1400 p g
[}]
1300 n5 9
- / =
1200 ’ 23 S
I / ]
1100 2np 8
L // ©
1000 m &
- I
900 oy 8
I [11]
o©
800 83 S
! ) / g:
700 177 £
i / %
600 y o 8
500 F / 65
473 Kr/y i /l F 163 Klla
400 ’ e
- I
= 300 // 14001 0 58
S 200 57
g 1
& 100 / 7
15,6
0,5 45 50 55 6,0
MpepHacTpoiika

Puc. 7.15.:Tlpumep onpepneneHna AP, ana pacnpepenutena «3» (1254 kr/4) u
C MoOMOLLbID HOMOrpammbl perynatopa pacxoga MEPL, d 17, 200-1500

n/4, apt. 1400113.
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lMoTepn paBneHWA B perynAatope pacxoga MoaGepeM LMPKYNALUMOHHBIA Hacoc ¢ Mo-
AP, = 16300 lla, 3Ha4veHve rmapasnnyeckoi CTOAHHOW CKOPOCTbIO BpalleHuA poTopa Ha
HacTponku perynaropa n = 1,8. cnegyoLine NcxoaHble AaHHbIE:
Takum obpasom, MoTepu daBneHusa B pac- nogaya
npeaenuTene pasBHbl: V. =V_=155wm,
APpacnp.= 327 + 16300 = 16627 I_Ia Hanop
P =4,0 m.B.CT.

Ona nogbopa UMPKYNALUMOHHOrO Hacoca
onpenenum Tpebyembiin HaNop Hacoca:

P,=AP_=2AP +2AP +AP =

yy.c.m. yy.om. pacnp.
=11300 + 11694 + 16627 = 39621 Na
(4,0 m.B.CT.)
H +~]UPS 25-60 180
(M) Q=1,59 M/
o~ H=4,18m
‘T\ P,=85W
5 I \7\ OB KMf = 21,3 %
e,
/ [ TR
4 NN / /. \
7 A=
3 N\ / /\‘ / \\
P 3 ﬂ \\
p) : o
pd NG
1 e
5

0O 04 08 12 16 2 24 28 32 QMN)

Taknm NCXOZHBIM YCIIOBUAM COOTBETCTBYET Hacoc ¢upmbl Grundfos mapkn UPS 25-60.
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7.4. Mpumep rngpaBNN4ecKoro pacyetra ropusoHTanbHON OJHOTPYOHOW Cu-
CTeMbl OTONJNIEHNA C NpuMeHeHnem pagunatopHbix yanos N'EPL-VTA-40

B HacToALllem npumepe paccMOTpUM OJHO-
TPYOHYIO CUCTEMY BOAAHOMO OTOMMNEHUA C HIXK-
Hewn pas3BOAKON 2-X ATAXKHOIo MHANBUAYaNbHOro
XKUMOro goma npw TennocHab»XXeHnun oT BCTPO-
€HHOW TONOYHOW C NPUMEHEHNEM PaaNaTOPHbIX
yanos EPL-VTA-40.

[nAa CeKuMOHHbIX pagvMaTopoB AaHHbIA BUA
pagnaTtopHOro TepMOCTaTU4eCKoro KnamnaHa
ABnAeTcA Hambonee 3KoHOMU4YHbIM. Ero crou-
MOCTb HV>Ke ApYyrux BuOoB 0OBA3KM paamaTopa,
MUHUMAasbHbIMU  ABNAOTCA Tpygo3arpatbl Ha
MOHTaX.

MNpwn atom knanaH N'EPL-VTA-40 nmeeT MHoO-
)KECTBO MONOXXUTEMbHbIX 3KCMyaTalMOHHbIX
Ka4yecTB, Tak Kak gf1A BPEMEHHOIO AeMOHTaxXKa
pagmnaropa 4oCTaTo4HO OTBEPHYTb TOMbKO OAHY
HaKUOHYIO ramnky, a gnAa repmetusaumm coenu-
HEeHWA Mpu CHATOM paguaTope MCMonb3yeTcaA
TONbKO OAMH 3aMOPHbIN BEHTUIb B KOHCTPYKLUMN
KnanaHa

OCHOBHbIE UCXOgHbIE gaHHbIE NPUHUMAaeM
us npumepa pasgena 6.4 :

1. MpuHMMaeM cxemy cUCTeMbl TennocHab-
XKEHWA pacnpegenntenein n3 npumepa pasgena
6.4 (pnc. 6.21), a COOTBETCTBEHHO U pe3ynbTarthl
rmapaBnMyeckoro pacdeta QOaHHOW CUCTEMbI,
npeacTasneHHble B Tabn. 6.9, otkyga notepu
[aBMneHnA cucTembl TennocHabxeHna pacnpe-
nenuntenen coctaBnaloT > AP =11,3 kla.

yd.c.m.

2. PacyetHaa cymmapHaa TennoBaA Ha-
rpyska CUCTEeMbl OTOMMEHWA, CocToAllaa U3
CYMMbl TEMMOBbLIX HArpy30K Ha KOHBEKTUBHOE
1 HanomnbHoe oTomnneHne ZO3Q=36+13=49 kBT;
napameTpbl TEMnnoHOCUTENA CUCTEMbl KOHBEK-
TUBHOrO OTOMMEHWA

t =80°C, t =60°C, V_=1,55u%u;

napameTpbl TennoHOCUTenA CUCTeMbl Ha-
NOJIbHOro oTonneHnA

t =45°, t=35°,V, =111 M/,

[nA npoekTupyemoi 0gHOTPYOHOI CUCTEMbI
OoTOMneHWA cnegyeTt MPUHATb K YCTAHOBKE Ha-
COC C MOCTOAHHOWN CKOPOCTbIO BpaLleHusa (Cw.
pazgen 5.1). Ona nopbopa LMpKynALMOHHOO
Hacoca HeoOXxoOMMO onpegenuTb Tpebyembie
3Ha4eHua nopayn V., mM%4 n Hanopa P, kla
(vnun m.BOA.CT.).

MNMogaya Hacoca COOTBETCTBYET pacHeTHOMY
pacxofy B cMcTeme OTOMmneHus

V.=V _=1,55m\.

Tpebyewmbii Hanop P, paBHbIll pacyet-
HbIM MOTEPAM [aBfiEHUA CUCTEMbI OTOMSIEHUA
AP_, cnepyeT onpegennTb Kak Cymmy CoO-
CTaBMAIOLLMX: NOTEPb AABMEHMA CUCTEMbI Te-
nnocHabxeHnA pacrnpepenurenen AP,
(ZAqu.c.m= 11,3 kla), cornacHo BbiLenprBe-
feHHOMY M.1); noTepb AaBneHuA CMCTeMbl OTO-
NneHna oT pacnpegenuTenen ZAPWW (mexagy
pacnpegenuTenemM 1 oTonuTeNbHbIMMK Npubopa-
MW); U NOTEPb AABMNEHWA B pacrnpenenutene
AP a VIMEHHO:

pacnp.’

P,=AP_=2%AP +2AP __+ AP

yy.c.m. y4y.om. pacnp.

Cxema 0gHOTPYOHO CUCTEMbI OTOMIIEHWA OT
Haunbonee Harpy>eHHOro pacnpegenutena «B»
npusegeHa Ha puc. 7.16.

Ha cxeme puc. 7.16 Tennosble Harpysku
nomeweHun Q, pacnpegeneHbl No oTonu-
TenbHbIM MpubopamM Mo aHamnorum ¢ puc. 6.23
npumepa 6.4.

OnAa onpepeneHuA ZAqu_om' BblAEnUMm
OCHOBHOE pacyeTHOe LMPKYNALNOHHOE KOMbLIO.

Konu4ectBo LMPKYNALMOHHBIX KOMey Ha
puc. 7.16 COOTBETCTBYET KOSNMYECTBY BETOK,
0003Ha4YeHHbIX OykBaMU  «A»,»B» »B» »[».
N3 aTux 4YeTbipex LMPKYNAUMOHHbLIX KOnel B
Ka4yecTBe OCHOBHOIO BbiOVpaeM pacyeTHoe
LMPKYNALMOHHOE KOrbLO Yepe3 Haubornee Ha-
FPY>XXEHHYIO BETKY «A»,

lMopaBnmMyecknin  pacyeT BbIMOSHAEM C
MCMonb30BaHNeM MepBoro HanpasfeHWA pac-
yerta.

JdunameTpbl BCEX y4yacTKOB TennornpoBOAOB
dy, MM rogbupaem C MOMOLLbO HOMOTpPaMMbl
npunoxxeHma «b» ana metannononMmepHbIX
TpyO. XapakTep MONb30BaHUA HOMOrpamMMON
nokasaH Ha puc. 7.12 Ha npumepe BETOK «Ax»
n <<r>>_

Mpwn npoknagke TpPyOONPOBOAOB MeXay MNo-
cnefgoBaTenbHO COeAUHEHHbIMU OTOMUTENbHbI-
MU Npubopamm JonycKaeTca yHuTbIBaTb NnoTepu
[aBMeHUs Ha MeCTHble COMpPOTUBNEHNA B BUae
[OMEBOro COOOTHOLLUEHWA OT NMOoTepb AaBMEHUs
Ha TpeHue, Hanpumep

Z=03.R1).

Torga notepu gaeneHna dyaem onpenendarb
MO BbIPaXKEHIo

AP, =13.Rl,).

Mo BbipaxkeHuto (3.7) onpepensaem pac4yer-
HbI pacxopf TenrnoHocuTena

G,,=0,86.Q,/(80 - 60) = 0,046.Q,
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1
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8 3aujumHot mpybe
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Puc. 7.16.: Cxema cuctembl OTOMNEHMA OT pacnpegenutena «B». etanb «A» 1 pac-

npegenutens «B».

1 - pagnaTtop YyryHHbIN CEKLNOHHbIN;

2 - y3en ogHomMecTHoro nogkntodeHus FEPLI-VTA-40 gns ycTaHOBKY B OQHOTPYOHbIX

cuctemax otonneHua, d 1/2”, apt. 1776741;
3 - ronoBka Tepmoctatmnyeckaa EPLL;
4 - BeHTUNb GanaHcosblii TEPLI-RL-5, npoxoaHoi, apT. 1393711;
5 - BO3AYXOOTBOAUUNK pagnaTopHbIii;
6 - Habop 13 2-x pacnpegenuTenen FEPL, ¢ 4-ma otBogamu,
7 - dunetp FEPL, d 17, k = 11,7 m¥/4, apT. 1411103;
8 - KpaH waposon d 17
9 - perynaTop pacxoga EPLL, d 17, 200-1500 n/4, apT. 1400113;
10 - wkad pacnpegenutensHoin NEPL, winpuHa 600 mm, apT. 1856910.
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MMopaBnuyecKnin pacyeT BbiNosiHAeM B Tab/.
7.5.

Knananel TEPU-VTA-40 (puc. 7.17) B
konuyectse N, LWIT. U BeHTUNb OGanaHcoBbI
MEPL-RL-5 (puc. 7.18) coBMecTHO co3gatoT Ha
“perynnpyemMomM y4yacTtke” pacyeTHOro LmpKyna-
LIMOHHOTO KOrbLia CyMMapHOe COMNpOTUBIIEHNE

(AP, )

KA./ pea.y4

=N.AP__+AP_..

[nA OCHOBHOro pacyeTHOro UMPKYNALNOH-
HOro KosbLia BETKN «A» COMpoTuBneHne AP, .

knanaHa MEPL-VTA-40 onpepgenaeTca no ero
HOMOrpamme, nokasaHHoun Ha puc. 7.17.

Conpotuenenne AP _, BeHTUNA 6anaHcoBo-
ro 'EPL-RL-5 3agaeTtcAa ¢ ncnonb30BaHMEM €ro
TEXHUYECKOWN XapaKTePUCTUKN, NOKa3aHHOM Ha
puc. 7.18.

3Ha4yeHne Kv —»

IOnAa ocTtanbHblX BeTOK «bBb», «B» n «I»
pacronaraemoe faBreHune APpacnp_ npuHMMma-
€TCA paBHbIM MOTEPAM [AaBfieHMA BETKM «A»
AP

yd.om.«A»"

MotepAa pasneHna N knanaHos [EPL-
VTA-40 onpepenAeTcA no BbiLLENPUBEAEHHON
MeToaunKe.

(AP

Tpebyemas noTepA pasneHUs 2 mpets
6anaHcosoro knanava EPL-RL-5 onpepnens-
€TCA Kak pa3HoCTb

(AP

KAZ)mpeﬁ =

AP

pacnp. 1"

-AP,-N.AP,

Mo Tpebyemoii BENNYMHE (AP,,2) pes. V1 PAC-
Xxofy TennoHocuTenA Ha BeTke G, C MOMOLLbIO
Homorpammbl puc. 7.18 onpepensem Tpebye-
Mble 3HAYeHNA N rnMapaBnN4eCcKon HACTPOMKK
knanaHoB EPL-RL-5, ycTaHOBNEHHbIX B ALU-

ke pacnpegenutena «B» (puc. 7.16).

0,01 2 3 45 0,1 2 3 45 1 2 3 45 10
100 —— I IS AR | ) Pl + 10°
I ] T ; i R Eaatis
3 :
FE0 | [ /.4. L i / =
5 — ! | i y s
407"4- :
4 ! ! 1
3 307—747 1 T a
20 i -
makc. [2> 1K 2K 3K Crenewompemunp  oncur <g] make.
\7 7} 7‘77:
/
10 e 10
5 nK 7 - 5
i ¢ :
4 ! : .
3 4 3
F4
2
F¥i !K?@!IF’IFI
y s
/ =s! 10
AP, =475Ma -/
N 5
4 4
3 3
2 14 { | 2
( FEPLI-VTA-40
01 5 o ANA OJHOTPYGHBIX cucTem A 1
g 7117 - BEs -
z 77 -
8 / [ s
[ 4 7 L I 4
g 7/ = 2
g 3 A 3
g
g = K
© : =
8 c / @1/2 17767 41 &
X, : 2
0,01 V74" i H‘H‘i Sy "r“rﬂ‘?'L 54
10 [krM]l 3 45 0 2 3 45 10° 2 3 45 10
G =100 kr/4 G =151 kr/4

Pacxop qm ——»

MakKc. b - rapHuLa rapaHTupoBaHHoOI 6ecluyMHoll paboTbl KnanaHa

Puc. 7.17.: Mpumep onpepeneHuna AP, npu koaddrumeHTe 3atekaHua a = 0,4 (npu
cTeneHmn oTkpbITVA 2K) knanaHa FEPL-VTA-40 (ogHOTpYOHbIE cUCTEMbI)
ana Betkn «A» (151 kr/4) n gna setku «I» (100 Kkr/4)
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& ‘1Y -
4 |
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c _ /7 | =
2w ©
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0,01_ ! :IIII: 1 : IIIII:I:I:II Ll ||:|II|: L :I 0,1
10 [kr/y] 3 45 102 2 3 45 10 2 3 45
G =100 Kr/4 G = 151kr/4

Pacxop gqm ——=——

Puc. 7.18.: Mpymep onpeaeneHna ruapasnm4ecKkmnx Xxapaktepuctuk 6anaHcoBoro BeHTUmNA
M'EPL-RL-5 ana BeTkun «A» (qu: 151 Kr/4) n gnAa Betkn «E» (qu: 100 Kr/4)

Tabnvua 7.4

Pac4yet cuctembl oTONNeHnA ot pacnpegenutena «B» (puc. 7.11)

AP =
Haum Qt’ Gyw Iyw’ dy’ A, 1 3(7:;’ /) N APKM N ‘APKM APKA2 et ZAqu.om
BETKN | Bt |[kr/d | m | mm | Ma/m U T | Na Ma Ma MNa
Ma (n)
1 2 3 a 5 6 7 8 9 10 11 12
1320
A 3500 | 1561 | 32 |16 x 2| 165 6864 3 1050 3150 |(n=7,0) 11334
3agannch
APpacnp‘“E» = ZAPWM » = 11334 Ma; (APMZ)mpEﬁ= 11334 - 3744 - 1650 = 5940 Na
B 2500 | 108 | 36 |16 x 2| 104 3744 3 550 1650 (Sr?ioz 0)
APpacnp_“B» = ZAqu_om_ = 11334 MNa; (APKAZ)mpeﬁz 11334 - 2860 - 1830 = 6644 lMa
B 2700 | 116 | 26 |16 x2| 110 2860 3 610 1830 ?,?142 0)
APpacnp.«I'» = ZAPHom' » = 11334 MNa; (APKAZ)ITI 5= 11334 - 1826 - 1425 = 8083 MNa
[ 2300 | 100 | 22 |16 x 2| 83 1826 3 475 1425 (8’?231 6)
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MoTepn paBneHWsa B pacnpegenuTene
AP BKJItOYatloT B cebA noTepu AaBneHus B
J:l,ByX <§V|anpax rEPU (d 17, k,= 11,7 m%/4) n no-
TEpW AaBfneHnA B perynﬂTope pacxoga NEPL, d
17, (apt. 1400113):

AP =2.AP + AP

pacnp. curbmp. P.

[MoTepu aaBneHuna B AByx GunsTpax

2.AP, =20,1.(473/11,7).2 = 327 Na.

purbmp.

(PunbTpbl NpegHasHadeHsbl AnNa pasaeneHus
ceT MeTansononMMepHbix  TpybonpoBoaoB
M cetn cranbHbiXx Tpyb. Mpu ncnonb3oBaHUK
MefdHbIX TPyO (BMeCTO cTallbHbIX) ANA CUCTEMbI
TennocHab)xeHns pacnpegenutenei, GUnsTPbI
MO>XHO He MpeaycMaTpuBaTh.

[MoTepn paBneHvA B perynAatope pacxopa
M'EPL, d 17, (apT. 1400113) onpegenaem no Ho-
MorpamMmme, nokasaHHowm Ha puc. 7.10 B pasgene
7.3. NoTepn pgasneHvA B perynAatope pacxopa
AP, = 16300 [la, 3Ha4eHve ryaopaBnU4ecKon
HacCTpOWKK perynAatopa pacxoga n = 1,8.

Takum obGpasom, notepy AaBneHVs B pac-
npegenuTene pasHbl:

AP =327 + 16300 = 16627 Ma

pacnp.

Ona nogbopa UMPKYNALMOHHOrO Hacoca
onpeaenum Tpebyemblii HaNop Hacoca:

P =AP_ ZAqucm + ZAPW om T APpamp. =

= 11300+ 11334 + 16627 =
= 39261 MNa (4,0 M.B.CT.)

MopbepemM LMPKYNALMOHHBIA Hacoc ¢ no-
CTOAHHON CKOPOCTbIO BpallleHWA poTopa Ha
cnefyoLne NCXoOfHble faHHble:

nopava V =V_=1,55m%y,

Harop P, = 4,0 m.B.CT.

H +~TUPS 25-60 180
(M) Q - 1,59 M4

™ H=4,18m

5 ‘N\ P, =85vW
| I~ O6uit K = 21,3 %

4 'I\ // //\'7\

| B A S
2 4 NN

/ TN -
1 <
15)
0 0,4 0,8 1,2 1,6 24 2,8 3,2 Q(m*/4)

TaknM MCXOZHBIM YCINOBUAM COOTBETCTBYET Hacoc ¢pupmbl Grundfos mapkn UPS 25-60.
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7.5. Mpumepbl npumeHeHnAa knanaHoB NFEPL-TS-90-E TEPL-TS-E npmn KoH-
CTPyMpPOBaHNN CUCTEM OTOMJSIEHNA N MPU PEKOHCTPYKUMN CYLLEeCTBYHOLNX

cncrem BogAHOrro otonseHnA.

TepmocTatudeckme knananbl [EPL-TS-90-
E n F'EPL-TS-E noBbILLEHHON MPOMNYCKHOW CMo-
COBGHOCTU MPUMEHAIOT ANA caMblX PasfnyHbIX
TENnooOMEHHbIX YCTPOWCTB, ANA OTOMUTENbHbIX
npubopoBs, TennoobMeHHUKOB, Kanopudpepos,
HaMnonbHOro OTOMMNEeHWA 1 Ap.

Ho ocHOBHOe VX Ha3Ha4eHve - B UCMONb30-
BaHWV AnA 0gHOTPYOHbIX HACOCHbBIX CUCTEM OTO-
NMeHnAa U ABYXTPYOHbIX CUCTEM C €CTECTBEHHOM
LUMpKynAaumen.

B HOpmanax aTux KnanaHoB gaHbl 3Ha4YeHNA
MPOMYCKHOWM CrOCOBHOCTU NPV pasnnyHon cTe-
neHn oTkpbiTnA knanaHa 1K, 2K, 3K, ogHako B
YCTaHOBVBLLENCA MPaKTVKe pacyeToB 3TUX CU-
CTeM OTOMMEHNA MCnosnbadyetca KoapduUMeHT
MECTHOro COnpoTUBEHUA .

[loaTomy Mbl paccyuTanu 3HadeHuA ¢ ana
3TMX KfnanaHoB W npefcTasuny rugpasnuye-
CKVe XapaKTepuCTUKW B BUAE 3Ha4YeHun kK, n ¢
Ha pwuc. 7.19 u puc. 7.20.

—

d1/2 apt. 1772301 d1/2 aprt. 1772401 d3/4 aprt. 1772801

d1/2 apt. 1775801 d1/2 apt. 1775901

CTeneHb OTKpbITUSA k,, M*u C CTeneHb oTKpbITUSA k,, M*u C
1K 0,45 532 3K 1,3 63
2K 0,90 126 OTKpbIT 2,3 20

Puc.7.19.: O6LmMA BMA 1 rvapaBnmyecKne xapaktepuctuky knanaHos Tvna FEPLI-TS-90-E.

d1/2 apt.1772311 d1/2 apt.1772411
d3/4 aptr.1772302 d3/4 apt.1772402
d1  apr.1772303 d1 apr.1772403 d1  apr.1772803

d1/2 apt.1772811
d3/4 apt.1772802

CreneHb OTKpbITUA k,, M*u ¢
d1/2”,d3/4",d1” | d1/2", d3/4", d1” d1/2" d3/4” d1”
1K 0,7 205 745 1820
2K 1,5 46 155 400
3K 2,0 26 88 220
OTKPbIT 5,1 4,2 14 35

Puc. 7.20.: Obwuin BUA 1 rMapaBnuyeckmne XxapakTepucTukm knanados tuna FEPL-TS-E.
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Knananel TEPL-TS-90-E  BbinyckatoTtcA
anameTpom d 1/2”, nmetoT Gonee BbicoKoe MO
cpaBHeHnto ¢ knanaHamu NEPU-TS-E rugpas-
Nn4eckoe COMpOTUBREHUE, MMEIOT Oonbluee
pasHoobpasve Mo TUMy UCMOSTHEHUA 1 NO3TOMY
Haubonee npuemnembs! ANA ABYXTPYOHbIX Cu-
CTeM C eCTEeCTBEHHOW UMpKynAumen, a takke
ONA OBYXTPYOHbIX HACOCHBLIX CUCTEM Mpu 3Ha-
4YUTENMbHOM pacxoge TenfoHocuTenAa 4epes
oTonuTenbHbIn npudop 100-400 Kr/u.

rI/I,qpaBJ'II/I‘-IeCKI/IIZ pac4eT npon3sBogunTcA no
BbiLLenpBegeHHbIM  XapaKTepuctunkam npu
CTerneHn OTKpbITUA KnanaHa 2K.

Knananbl TEPLI-TS-E Bbinyckatotca gname-
Tpom d 1/2”, d 3/4", d 1", nmetoT conpoTuere-
HWe B [Ba pasa MeHblle, MO3TOMY OHU Haubo-
nee npuemnembl ANA OOQHOTPYOHbIX HACOCHbIX
cucTem oTtonneHud. [OnAa HacoCHbIX OOHOTPYO-
HbIX CUCTEM OTOMMEHMA MPOEKTMPYEMbIX 3ha-
HUW crnegyeT Takke MNpUHUMAaTb TPEXXOAOBOW
knanaH TEPL CALIS-TS (cm. pasgen 7.1). B
CyLLleCTByIOLLIEM XKUnom ¢oHAe, B agMUHUCTpa-
TUBHbIX 11 OOLLIECTBEHHbIX 3AaHUAX, TPEOYOLLX
PEKOHCTPYKLIMN OTOMUTESNbHbIX CUCTEM, crneay-
€T BMOHTUPOBATb PErynypyoLLYIO apMmaTtypy Ha
KaXKablii OTOMUTENbHbIN Npubop. PeKoHCTpykK-
UMA Takmx CUCTEM C MCMOMb30BaHMEM Knana-
Ha FEPL, CALIS-TS TpebyeT aHauuTenbHbIX
TpygosaTtpart, a npuMeHeHWe AnA 9TUX uenen
knanaHa NEPL-TS-E Asnaetca adpdeKTnBHbLIM
peLLEHNEM.

KnanaH M'EPLI-TS-E BcTpanBaeTtca B yHUu-
LMpOBaHHbIE Y37bl CUCTEMbI OTOMIEHUA MO CXe-
Me, MoKasaHHoW Ha puc. 7.21. [pu Takon cxeme
NPUMEHEHNA  TepMOCTaTUYecKoro KnanaHa
rMOpaBnMYecKUn pacyeT cregyet MNpOBOAUTbL
npwu cteneHn oTKpbITMA KnanaHa 3K. YunTbiBaA
3T0, a TaKXke paccmaTpusas pasfnnyHble co4e-
TaHUA AnameTpoB CToAKa d., 1 3amblKaroLlero
yqactka d,,, Gbiny paccyuTaHbl ruapasnmye-
CKNe XapaKTepuUCTUKN ANA YHUOULMPOBAHHBIX
y3I10B.

Pesynbrathl pacyeTa B Bue xapakrepuctu-
KW conpoTuBreHua ysna S ., NpuBeaeHHOro
KoapduLeHTa MecTHOro conpotueneHna ¢,
n koadpduumneHTa 3arekaHnA B OTOMUTENbHbIN
npubop
a= GI'IF’. /GCT.

npueegeHbl Ha puc. 7.21.

Kak BMOHO 13 npeacTaBeHHbIX XapakTepu-
CTUK, KO3QOULIMEHT 3aTekaHna a npu pabote
KrnanaHa B TepMOCTaTU4eCKOM pexunme (cte-
neHb oTKpbITMA 3K 1 MeHee) He npeBbllaeT
3Ha4deHnA 0,30. PacyeTHble 3Ha4yeHuA Koad-
duumeHTa 3aTekaHnAa a crnegyeT Ncnonb3oBaTb
OnA nocnegyroLwero TennoTexHN4eckoro pac-
yeTa OTOMMUTENbHBIX NPUOOPOB.

M3 aHarusa npegcmaBAeHHbIX —gaHHLIX
MOMHO cgeaams caegyroujue BoiBogobi:

1. TepmocTatnyeckne knanaHol FEPL-TS-
90-E n N'EPU-TS-E noBbILLEHHOW MPOMYCKHOW
CMocoBHOCTN MOTYT MPUMEHATbCA ANA cambiX
pPasnuyHbIX TennooOMEHHbIX YCTPOWCTB, ANA
oToNUTeNbHbIX MPUOOPOB, TEennooOMEHHUKOB,
kanopndepos, HAMNOMbHOIO OTOMMEHNA 1 gp.

2. Knananbl TEPLU-TS-90-E Haubonee
npruemnembl ANA MNPOEKTUPOBAHUA W PEKOH-
CTPYKUMN OBYXTPYOHbIX CUCTEM C €CTECTBEH-
HOWM UMpKynAuMen u anAa OByXTPYyOHbIX Haco-
CHbIX CUCTEM [MpU 3HA4YUTENbHOM pacxofe
TEMNNOHOCUTENA Yepe3 OTOMUTESbHbIN Npudop
100-400 Kkr/4. [ngpaBnMYecKnin pacyeT npouns-
BOAWUTCA MO XapaKTepucTukam, MpuBEEHHbIM
Ha puc. 7.19, npu cTeneHn OTKPbITUA KrnanaHa
2K.

3. Knanawbl TEPL-TS-E Hanbonee npu-
eMnemMbl AnA OAHOTPYOHbIX HACOCHbLIX CUCTEM
OTOMMeHNA, 0COOEHHO NPV PEKOHCTPYKLIUMN Cy-
LLIECTBYHOLLIMX OTOMUTENbHbIX CUCTEM.

KnanaH BcTpanBaeTca B yHUPMLUMPOBAHHbIE
y3/bl CUCTEMbI OTOMMEHNA MO CXeme, NokKasaH-
HOM Ha puc. 7.21. lNMpn atom rmgpasnuyeckui
pacyeT cnegyeT MNPOBOAUTbL MNPW  CTEMEHU
OoTKpbITMA KnanaHa 3K. [ngpaenu4eckue xa-
PaKTEPUCTKA MPU PEKOHCTPYKUMKN yHUOULW-
POBaHHbIX y3510B MpuBefeHbl Ha puc. 7.21 npu
cTeneHmn oTKpbITUA KnanaHa 3K.
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8) 2)
R} .
s 1
a) 6) ,
3
@ 1
e | , 9)
3
3 2
1
\ \
[ [
lnapaBnuyeckne xapakTepucTuKn yana rnpu
cTeneHun oTkpblTnA 3K
Cxema yana d_/d. Jd ﬂ,I/IaMGTp KnanaHa, KnanaHa rEPu_TS_E
Ha puc. 7.21 CT 7 3y- et apTuKyn
S,,.104, c a
MNa/(kr/4)? e
15 /15/15 d 1/2”, apt. 1772311 147 14 0,30
a), 0) 20/15/20 d 3/4”, apt. 1772302 56 18 0,31
25/20/25 d1”, apr. 1772303 17 14 0,20
15 /15/15 d 1/2”, apt. 1772311 60 5.7 0,30
B), I 20/15/20 d 3/4", apt. 1772302 35 11 0,31
25/20/25 d1”, apr. 1772303 12 10 0,20
15/15/15 d 1/2”, apt. 1772411,
dop=20 d 1/2", apt. 1772811 15 4.7 0,23
20/15/20 d 3/4”, apt. 1772402,
A) dop=20 d 3/4”, apt. 1772802 15 4.7 0,23
20/20/20 d 3/4”, apt. 1772402,
d..=25 | d3/4", apr. 1772802 6 4.9 0,15

Puc. 7.21.:06wuin BUA W rMapaBNnuYeckme XapakTepucTki YHUOULIMPOBaHHBIX Y3roB
OfHOTPYOHBIX BEPTUKAIbHBIX HACOCHBIX CUCTEM BOAAHOIO OTOMMEHUA C
BMOHTMPOBAHHbIMY B HUX NPY PEKOHCTPYKUMKU KnanaHamu MEPL-TS-E.

1 - knanaH TepmocTtatnydeckun NEPL-TS-E, npoxogHoin;
2 - KnanaH Tepmoctatunyeckun NEPL-TS-E, yrnosoi;
3 - ronoBka TepmocTtaTtuyeckana NEPLL.
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8. Mpumepbl NnpumeHeHNA TpexxogoBbix knanaHoB MEPL] art.Ne 7762 n F'EPLL
art.Ne 7763 ¢ TepmomoTtopamun n cepsonpusogamvu N'EPL, npn koHcTpynpoBa-
HUN CUCTEM OTOMJIEHNA N XONOA0CHA0XKEHNA.

Knananbl TEPL apT.Ne 7762 n 'EPL|, apt.Ne
7763 NpeacTaBnAoT cobol yHUBepcanbHyto ca-
MOCTOATENbHYIO rpynny KrnanaHos, UCMONb3ye-
MbIX B PaBHOW CTEMNeHN Kak CMecuTenbHble, Tak
1 pasgenuTerbHble 4nA caMblX pasHOObpasHbIX
TEnnooOMEHHbIX YCTPOWCTB.

@upmon FEPL] BbinyckatoTca KnanaHbl aua-
metpom d 3/8”, d 1/2” n d 3/4" ¢ nponyckHown
crnocobHocTbio k= 0,4...5,0 M3/4.

Mpn HeobXxoaMMOCTM MCMONb30BaHUA Kna-
naHoB ¢ GonbLLEN NPOMYCKHOM CNOCOBHOCTHIO,
cnegyet TMPUMEHATb TPEXXOMO0Bble KranaHbi
F'EPL, apT.Ne 4037 gnametpom ot d 1/2" po d 2”
C NPOMYCKHOI CNOCOBHOCTbIO k|, = 4...40 M¥/4.

B naHHOM pasgene paccMOTpMM MCMOMb30-
BaHMe knanaHoB avameTpom d 1/2” n d 3/4” ¢
MPOMYCKHON CNOCOBHOCTBLIO Kk, = 2,5...5,0 mM¥/4
ANA HU3KOTEMMEePAaTYPHbIX CUCTEM OTOMMEHMA U
CUCTEM XONOAOCHa0XKEHMA.

OHU TakXKe LUMPOKO NPUMEHAIOTCA AN pery-
NYPOBaHNA TeMMepaTypbl B TEMNOBbLIX 3aBecax,
BO3QYX00XNaanTenax u TennoobMeHHMKax.

K HuskoTemnepaTypHbiM cucTeMam OTO-
MNeHna u XonoAocHabXXeHWA OTHOCWUTCA Ha-
nonbHoe oTonmneHne, Tenno-xonogocHab)keHve
OT GIHKOWNOB 1 ApP. CUCTEMBI, FAe NPUMEHAETCA
HeboMbLLONW Nepenaj Temneparypbl, He Oonee
At = 10 °C, n OTHOCUTENBHO HU3KWIA TeMMepa-
TYPHBbI NOTEHLMan NCcronb3yeMoro TennoHocH-
TenAa — ana ortonneHua He bonee 50 °C , a ana
xonopocHab)keHna He Hke +5 °C.

OnAa Takux cuctem nogbop Turnopasmepa
KranaHa MO>KHO MPOBOANTL HA OCHOBAHWM JaH-
HbIX, NPUBEAEHHbIX B Tabn. puc. 8.1.

B rpade 7 ykasaH MakcumarnbHO pekoMeH-
OyeMbliA pacxof TEnfoHOCUTENA, NMPY KOTOPOM
obecrieynBaeTca 0OecLUYMHOCTb paboTbl Kna-
naHa 1 onTMMasbHble NoTepu AaBeHns B HeM
AP,,.

d1/2" apt. 1776251
d1/2" apt. 1776261
d3/4" apT. 1776262

d1/2" apt. 1776351
d1/2" apt. 1776361
d3/4" apT. 1776362

MakcumanbHaga pacyeTHasa MakcrumanbHbIn
3 TEennonpon3BoANTENbHOCTb pacYeTHbIN
d ApTukyn kp M| oy (xonogonpon3BOANTENBHOCTD) pacxoq,
npu At=10°C, 7 Kr/4
1 2 3 4 5 6 7
d1/2" | 1776251 | 1776351 2,50 16 7000 600
d1/2” | 1776261 | 1776361 4,00 7 10000 900
d3/4” | 1776262 | 1776362 5,00 14 14000 1200

Puc. 8.1.:06wwmin BMA 1 rugpaBnmyeckne XxapakTepucTuki knanaHos tuna FEPL
apt.Ne 7762 npuMeHUTENbHO K HU3KOTEMMepaTypHbIM crcTemam oTornne-

HWA 1 XONOJOCHA0XKeHNA.
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[na rugpaBnuyeckoro pacyera MOXeT Wc-
nofb3oBatbCA NGO KOIGPULMEHT MECTHOrO
conpotuenenna ¢ , nmbo nponyckHas crocob-
HOCTb K, M%/4 .

Hanpvmep, gnAa knanaHa apt. 1776261 npwu
pacxofe tennoHocutena 900 kr/4 notepw gas-
NeHnA cocTasAT

AP,,=0,1.(G.k )*=0,1.(900/4,0)*=
= 5000 lNa =5 kla.

Kak BMAHO u3 npuBefeHHbIX B rpade 6
3Ha4veHun, knanadbol NEPL apT.Ne 7762 moryT
yCTaHaBNMBaTbCA [AnA [AOCTAaTO4HO MOLLHOMo
6rioka HarfonbHOro OTOMMIEHNA, & TaKKe MOryT
obecneynBaTb perynmpoBaHne TemnepaTypsbl
ana daHkonna noboro Tunopasmepa.

Ha puc. 8.2 nokasaHbl HEKOTOPbIE CXEMbI U3
MHOXXeCTBa BapunaHTOB MCMOoNb30BaHNA Knana-
HoB TEPL| apT.Ne 7762 n F'EPL| ap1.Ne 7763.

K pacnpegeAumeam
HanNoAbHO20 OMONAEHUA 6
- 5
1 ’\ 2
- O
G 4
ﬂ"fi 6 7
5
2
L » ‘ @
1 Iﬁl 4 5
5
\ b \ -

“
—_—
——

Puc. 8.2.: Cxembl NpyMeHeHNA TpexxofoBsbix knanaHos MEPL, apT.Ne7762 gna perynu-
poBaHMA Temnepartypbl TEMNOHOCUTENA HAMOMbHOrO OTOMMEHUA U Temnepa-
Typbl BO3[yXa CUCTEMbI XONIOA0CHaOXKEHMS

1 - knanaH N'EPL] apT.Ne 1776262,
2 - knanaH MEPL] apTt.Ne 1776361;

3 - ronoBka TepmocTtatudeckaa MEPL, ¢ HaknagHbiM JaTyMkoM AnA HarnofbHOro
oTonsfieHnA, guanasoH perynuposaHua 20...50 °C, gnvHa kanunnAapa 2 M, apr.
1742006;knanaH TepmocTtatndeckun NEPL-TS-E, yrnoson

4 - BeHTUNb GanaHcosbIl LLTpemakc;
5 - Tepmonpuog NEPL apt. 1771051;

6 - 9NEKUPOHHbIN perynATop KomHaTHon Temnepatypbl FEPL, apT. 1779025;

7 - GOHKONN KOMHATHbIN.

HuskoTemnepatypHble  cucTeMbl  Tenmno-
XONOAOCHabXEHNA 3KCMIyaTUupytoTCa Mpu Mo-
CTOAHHOM pacxofe TENIOHOCUTENA B OCHOBHbIX
MarucTpansax u oTBETBIEHNAX.

MoaTtomMy npegycMaTpuBaeMblii NPoLEece pe-
ryNMpoBaHNA [OMKEH YYNTbIBaTb 3TU OCOOEH-

HOCTW. Hanpumep, AnA HamnonbHOro OTOMseHnA
peannsyeTcAa Ka4eCTBEHHOe MponopLmMoHasb-
HOe perynvpoBaHue Temrnepatypbl TENIOHOCH-
TenA ¢ COXpaHeHneM NoCTOAHCTBA ero pacxopa
(puc. 8.2).

B cucteme xonomocHabOxeHusa GIHKOMNOB
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Takke Heobxoaumo oGecrne4nTb MOCTOAHCTBO
pacxofa TennoHocuTenA, HO Mpu 3TOM MOCTO-
AHHOW ABMAETCA M Temneparypa TennoHocuTe-
na. MoaToMy B AaHHbIX YCMOBUAX peanunayeTcs
[BYXMO3ULINOHHOE PEerynupoBaHie Temnepary-
POVl BO3AyXa B MOMELLIEHUN 33 CHET nepeksio-
YeHVA NnoToKa TEensIoHOCUTENA WX Ha Tenso-
0OMeHHVK $aHKolna, unn Ha Gannac B obxon
TennoobMeHHIKa.

B COBOKYyMHOCTU C 3TMM MPOCTbIM BapuaH-
TOM PerynupoBaHnA MPUMEHAETCA Takxe KO-
NMYecTBEHHOE perynupoBaHne rnoToka Bo3gyxa
yepe3 TemnnoOOMEHHMK C MOMOLLbIO MaBHO
ynpaBnAaemMoro BeHTunATopa gaHkomna.

9. KOHCTpynpoBaHne n pac4eT CucTeM HanoJsibHOro OTonJieHnA

HacToawwmn pasgen cogepXuT KpaTkyro me-
ToOMYECKYIO MHPOpMaLuMo O nocregosaterib-
HOCTU NPOEKTUPOBAHUA CUCTEM HaMOfbHOro
OTOMMEHUA N O3HAKOMUTENbHbIE CBEAEHMA O
TEXHWYECKMX CpefacTBax, YCTPOMCTBax u pe-
rynAatopax, Bbinyckaembix ¢upmon MEPL, gna
€Oo3aHuA 1 aKcnnyartaumm CUCTEM HamnosibHOro
OTOMMEHNA.

[MonHble cBefeHMA MO MPOEKTUPOBAHNIO
HaMonNbHOro OTOMMIEHNA C WUCMNONb30BaHNEM
TpyO, PUTMHIOB, KNanaHoB, pacnpedenuTenei,
perynaTopoB, WHCTPyMeHTa U Apyroro obopy-
posaHuA NEPL cogepxxatca B katanorax NEPL|
N B cneymnasnbHbIX METOOUYECKUX UHCTPYKLUMAX
FEPLL.

9.1. KoHCTpynpoBaHne cuctem HarnosibHOro oTonneHnA

YcTpoiicTBo BofooborpesaeMbiX Monos Bbl-
MONMHAIOT cregytowm obpasoMm. Ha poBHoe
OCHOBaHVe nona (4Y4epHbil Mon) yknagbiBatoT
rmapo- v TEennousonupyoLWKWA Cnou, a ceepxy
- Tpybbl AnA nogaqu ropaden Bogpl. Vx 3anu-
BalOT GETOHHOWN CTAXKKOW C MNacTUPUKaTopoM,
NMOBEPX KOTOPOW HACTUNAatOT MOKPbITUE YNCTOrO
nona (puc. 9.1). B kKa4yecTtBe MoKpbITMA Mona
MOX>XEeT MNMPUMEHATbCA. KepamundeckaAa ninTkKa,
CUHTETUYECKNE PYNOHHbIE MaTtepuarbl, KOBPO-
BOE MOKpbITHE N Ap.

3
h - F i]

D7, |

| -

Puc. 9.1.: KOHCTpYKUMA YCTPONCTBA CUCTEMbI
nogorpesa nona

1 - nepekpbiTve; 2 - TennosaAa MW30MAUUA;
3 - ycafoyHbIM WOB; 4 - TrMAPOU30NALMA;
5 - rpetownin KOHTYpP; 6 - CTAXKKA U3 LEMEHTHO-
necyaHoro pacTBopa; 7 - HarmonbHOe NOKpbITUE

TpyObl yKnaabiBaoT B BuAE 3MeeBUKa TOW
UMM VHOW KOHdurypaumn. Heobxogumbie na-
pamMeTpbl CUCTEMbI onpenenArT Ha OCHOBaHNN
TENMNOTEXHNYECKMX pacyeToB, a Temneparypy
perynupyoT C MOMOLLIbIO aBTOMAaTUYeCKUX 3ekK-
TPoHHbIX perynAatopos EPL, nnn tepmocTtaros
NPAMOro AEeNCTBMA, MOfy4varoLmx KoMaHgbl OT
JaTYMKOB MojaBaemon BOAbl M TemnepaTypbl
BO34yXa B MNOMELLEHNN.

MoasopALLMe 1 oTBOAALLME TPYObl KOHTYPOB
1 BCA apmarypa BblBOGATCA B pacrnpefenuTerb-
HbI LWKaod.

OnAa BofgoobGorpeBaembiX MOSIOB MPUMEHS-
toTcA meTannononumepHble Tpybel FEPLL guna-
meTpom d 16 x 2 MM, d 18 X 2 mm, d 20 X 2 MMm.

PaanuyaioT aBa crnocoba yknagku Tpyo B
rPetoLLIEM KOHTYpe: 3Ur3aroobpasHbiil 1 ¢ ABOIA-
Hom nposoAgkon. Ha puc. 9.2a npepcrasneH
3ursaroobpasHbiini cnocod yknagku Tpyb, a Ha
pvc. 9.26 - cnocob yknagku Tpyb c ABOMHON
npoBoAkon. KOHTYp C [ABOWHOW MPOBOAKON
oTnnyaeTca Oonee paBHOMEPHbIM pacrpene-
nNeHneM Temnepatypbl Ha MOBEPXHOCTU nona.
B6M3an Hapy>HbIX CTEH MOMELLEeHWA B 30HaX
Makc/MasibHbIX TEemnionoTepb LenecoobpasHo
nnbo ymeHbLUaTh Lwar yknagku Tpyb (puvc. 9.28),
nnbo MPYMEHATb OTAENbHbIA FPEIOLLMIA KOHTYP
(puc. 9.2r).

PaccTosHne wMexgy cocefHuMu Tpyba-
MW TPEloLLEero KoHTypa (war yknagku TpyO)
cnegyet npuHumatb pasHbiM ot 0,10 po
0,35 M. PaccTosHMe OT Hapy>HbIX CTEH A0 Tpyb
PEetoLLEero KOHTypa JOMKHO ObiTb paBHO Luary
yKnagaku Tpyo.
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CpefgHioto  Temneparypy rnorna nomeLLeHunii
crnegyeT NPUHUMATbL He BblLLE :

- C MOCTOAHHbIM NpebbiBaHve nogen 26 °C;

- C BpeMeHHbIM npe6b|BaHv|e|v| mo,qe|7| n aonAa
O6XOﬂHbIX OOPOXEK KpbITbIX MlaBaTeslbHbIX
6accenHos 31 °C;

- ONA AEeTCKUX AOLUKOMbHbIX YYpeXxaeHui
23 °C.

|

a)

==

il

0)

PekomeHgyemble — Temnepatypbl  Tenno-
HocuTenAa coctaenAatoT: 55 - 45 °C; 50 - 40 °C;
45 - 35 °C; 40 - 30 °C.

|

il

Puc. 9.2.: Cnocobbl yknagku Tpyb cucTeMbl HanonbHOro OTOMNeHns

a) 3ursaroobpasHbiii;
0) ¢ ABOVHOW MPOBOAKOWA;

B) C MEepeMeHHbIM LLarom yknagku Tpyo,

F) C AONONHUTENbHbIM rperoLM KOHTYPOM.

B KoHType ponyckaetcA notepAa AaBneHus
o 20 KlMa. Moatomy o6yt anvHy Tpyb KOH-
Typa cregyet npuHumatb He 6ornee 100 M, a
OZHVIM KOHTYpOM 000rpeBatoT, Kak NpaBuso, He
6onee 20-40 M2 mrowagm nona ¢ Makcumarb-
HbIM Pa3MepOM CTOPOHbI 8 M.

[na oTtonneHna OONbLUMX MOMELLEHUA UC-
MOnb3YT HECKONbKO KOHTYPOB.
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9.2. OCHOBHbIe npnuHUynnbl 1 nocriegoBaTesibHOCTb TenNJ10BOro n rngpasrnnye-
CKOro pac4dera cumcrem HanoJ<ibHOro oronjieHnA

3-3a TennoBon NHEPLIMOHHOCTI HAMOMbHO-
ro OTOMMIEHNA U CBA3AHHOIO C 9TUM 3Ha4YUTENb-
HOro 3anasfbiBaHvA B PErynupoBaHun Temne-
patypbl Bo3gyxa B MOMELLEHUN, peKoMeHayem
NPUMEHATbL HANosIbHOE OTOMNSIEHNE KOMMIEKCHO
C KOHBEKTUBHbIM, pasfensaa MexXxgy HUMu Te-
NIOBYO Harpy3Ky rnomMmeLleHunA.

Hanbonee pacnpocTpaHeHHbIMU ABNATCA
Kepamunyeckne mnorsbl HamMorbHOroO OTOMMEHKUA,
OnA KOTOpbIX B MpunoxxeHun "[" npusegeHa
Homorpamma "[11” TennoBoro pacyeTa.

CpefHAa pasHOCTb Temrepatyp onpenens-
€TCA U3 BblpaXKeHUA:

At =[(t,+1)/2]-t, (9.1)

cp

roe:
t, t - COOTBETCTBEHHO Temnepatypbl BOAbI

Ha BXOJe W BbIxofe BoAbl U3 KOHTypa Hanonb-
Horo otonneHus, °C;

t, - pacyeTHaA Temneparypa Bo3gyxa B fo-
meLLeHun, °C.

Tennosow NOTOK kKOHTypa Q, BT, HanonbHoro
OTOMMEHWA ONPEeJEenUTCA N3 BbIPaXKEHNA:

Q=q.F (9.2)

I

roe:

g - yoenbHaa Tennootgada KoHTypa, onpe-
aenaemaa no Homorpammam O1, 02, O3 n 04,
npunoxxexnua "[", npegcTasneHHbIM AnAa pas-

NMYHOTO TMMa HaMoNbHOrO NOKPbLITUA, BT/M?;
F, - nnowapb, 3aHMMaemad KOHTYpOM Ha-
MONbHOro OTOMMEHUA, M2,

Pacxopg tennoHocutena G, Kr/4, B pacyeT-
HOM KOHTYpPE HaroflbHOro OTOMfeHunA crnegyet
onpegenAaTtb no Gopmyne:

G =3,6.Q/(c.At) vnn G =0,86.Q/At, (9.3)

roe:

C - ygenbHaA TEenf0OEMKOCTb  BOAbl,
¢ = 4,2 k[x/(kr.°C);

At = (t, - t) - pac4eTHasA pasHOCTb Temnepa-

Typ rnopatoLLero n obpaTHoOro TemnnoHOCUTEN,
°C

OnuHa TpybonpoBoga koHTypa L, M.n.,
onpegenaetca no ¢opmyne:

L =F,b, (9.5)

roe:
b - war yknagku TpybonpoBOLAOB KOHTypa
HaMoNbHOrO OTOMMEHNSA, M.

lngpaBnuyeckoe CONPOTMBIIEHNE KOHTypa
AP, Ma, onpegenAaetca no ¢opmyrne:

AP, =13LR, (9.6)

roe:

R - ygenbHaa notepA gaBfeHMA Ha TpeHue
TpyObI, NPYMEHAEMON [NA HaMoNbHOro oTornne-
HuA, Ma/m.

PacyetHble dopmynbl  (9.1)...(9.6) npu-
MEHAIOTCA COBMECTHO Mpu  pa3HOoobpa3HbIX
BapuvaHTax pacyeToB KOHTYPOB HarornbHOro
OTOMNMEeHNA.

HeBO3MOXKHO NpeyCMOTPETb KaKo-TO YHU-
BepcasibHON METOAMKM pacyeTa HamnomnbHOro
OTOMIEHNA, BO3MOXXHbI CamMble pa3HOoOpasHble
BapUaHTbl COYETaHNA KOHTYPOB C PasnnyHbIM
HamnosnbHbIM MOKPbITVEM, WMHOTAa KOMMIEKCHO
C KOHBEKTUBHbIM OTOMSIEHVEM, C PasfiMyHbIMU
BapuaHTaMm aBTomaTm3auum.

PaccMoTprM HeKoTopble U3 BApUaHTOB pac-
yeTa CHCTEeM HarnosnbHOro OTOMMEeHNA.
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9.3. MNpumepbl TeNsI0BOro N ruapasnN4ecKoro pac4yera cucteM HarnosbHOro

oTonieHnA

Hanpumep, Tpebyetca paccuutath [Ans
VHOVBUAOYaNbHOrO >KUMOro goma CucTemy Ha-
MOSIbHOrO OTOMMEHNA ANA 4-X MOMeLLeHW, B

KOTOpbIX TpebyeTca noaaep)KuBarb pacyeTHyo
Temneparypy Bo3gyxa t = 20 °C. VicxogHble
JaHHble npuBedeHbl B Taénmue 9.1.

Tabnuua 9.1

VicxogHble gaHHble anAa pac4deTta KOHTYpOB HanoJIbHOro oTonjieHnA

Pa3yeTHble Hg;l;l.t:#;:c;;;a,

Ne TennonoTepu O6o3Ha4eHne
® P ONA KOHTypa MaTepuan nokpbiTna nona
nomeLLeHnA nomeLLeHns KOHTypa
Q. BT HaMnonbHOro
4 oTtonneHua F, w?

1 2 3 4 5
1 3140 32 «A» Kepamundeckaa nnntka
2 660 13 «B» Kepamuyeckana nnutka
3 1450 12 «B» KOBPOBOE MOKpbITUE
4 2310 16 «[» KOBPOBOE MOKpbITUE

MpuHYMaeM MakCUManbHY pPacHeTHYHo
Temneparypy NoBepXHOCTW Nosa B NoMeLLeHu-
Aax 26 °C.

Heob6xoaumo NpuHATL pacHeTHble Temnepa-
Typbl TENOHOCUTENSA.

PekomeHyeM [ns 3Toro BblbpaTb KOHTYp
Cc Haubonee TeNnonpoBOAHbLIM MOKPLITUEM
nona. B gaHHOM crny4yae K TakoBblM OTHOCAT-
cA KOHTYpbl «A» n «B». I3 HUX Bbibrpaem
KOHTYp C MakcumanbHOW YAENbHOW TEnnooT-
Jaden, KOTopaA COCTaBMAET ANA KOHTypa «A»
g = 3140/32 = 98,1 B1/M?, a gnAa koHTypa «b»
g = 660/13 = 50,8 B1/m2.

Ha puc. 9.3 epagpuvecKku noKazaHa noce-
goBameabHOCMb peweHUA 3agadu:

1. Mo Homorpamme npunoxeHua O1 onpe-
gendem Tpebyemyto Temnepatypy nona pans
co3paHna Tennootgaymn 98,1 Bt/m2. Monyuunn
3Ha4eHne 28,8 °C, 410 3HAYNTENbHO BbiLLE [0-
nycTtumoro 26 °C.

2. [Ina 3apaHHoOM Temnepartypbl nona 26 °C
onpegendem Ans NPUHMMAEMOro Hamu Luara
yknagku Tpyb b = 0,3 m Tpebyemyo BenuyuHy
cpepHei pasHocTn Temneparyp At = 19,5 °C
N yOenbHyo Tennootaady rnoBepXHOCTW rnona
g = 68 B1/m2.

3. Onpepenaem Ha oOCHOBaHUM GOPMYIbl
(9.1) Tpebyemyto cpeHIO0 pacyeTHyo Temne-
partypy TennoHocuTensa

t,= [(t+t)2] = At +1t =19,5+20 = 39,5 °C

Taknm 06pa3om, MpUHYMaeM B Ka4ecTBe
pacyeTHOW Temnepatypbl TeNnoHoCUTeNAa AnA
NPOEKTVNPYEMOI CUCTEMbI HAMoMbHOro OTOMIe-
HuA t =45°C, t =35 °C.

Moatomy npu ¢ = 20 °C nprHMMaem pacqeT-
HOe 3Ha4yeHue

At =[(t +1)/2] - t =[(45+35)/2]-20 = 20 °C.

PacdetHaa BenuymMHa ygenbHOW Tenno-
oTAa4qn KoHTypa «A» u3 puc. 9.3 cocrtasndaet
g = 68 BT1/m2.

4. Mo dopmyne (9.2) onpegenAaem pacyer-
HYIO TennooTaayy KoHTypa «A»

Q=q.F,=68.32 = 2176 Br.

CnepgoBatenbHo, B nomeLleHnn Nel Tpebyert-
CA OONOSMHUTENbHO NPeAyCMOTPETb KOHBEKTUB-
HOe OTOMJIEHNE C TENNOBOW Harpy3Kon

Q,=Q,- Q=23140 - 2176 = 964 B.
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CpepgHAA pasHOCTb TemnepaTtyp

Puc. 9.3.:Tlpymep rpaduyeckmx NocTpOeHUn ANnA KoHTypa «A» Nno Homorpamme
npunoxxeHnAa O1 ana onpeneneHva yoenbHoW Tennootgayn q, Br/m? ke-
pamuyeckoro nona (R, = 0,02 m?°C/BT) cuctembl HarnomnbHOro OTomMeHnA
B 3aBMCMMOCTM OT CpPeAHeil pasHOCTM Temnepatyp At AnA pasnnMyHoro
wara yknagku b, m (0,1 m, 0,15 m, 0,2 m, 0,25 m, 0,3 m, 0,35 wm).

[na koHTypa «b» pac4eT BbINONHAEM TaKkxXe
C NOMOLLIbIO HOMOrpamMmbl NpURoXXeHna 1.

Ha puc. 9.4 epagpuyecku nokasaHa noche-
goBameAbHOCMb peleHUA:

1. Onpegenaem Tpebyemylo  pacyeT-

HYIO YOEenbHYl0 TennooTaayy KOHTypa «b»
g = 660/13 = 50,8 B1/m2. Npn 3agaBaemom 3Ha-

HeHu At = 20 °C n BenuyuHe q = 50,8 BT/m?
onpegenAemM, 4To Lar yknagkm b  [ormkeH
ObITb Gonee 0,35 M, YTO ABMAETCA HexXena-
TenbHbIM. [103TOMY NpUHMMaeMm Luar yKnagku
b = 0,35 m, 4eMy COOTBETCTBYET yAenbHaA Te-
nnootgaya q = 60 Bt/m2,

2. Onpepensem Tpebyemyto nnoLlafb KOH-
Typa «b» F,= Q/q = 660/60 =10 m*.
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/
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30 25
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CpepfHAAa pa3HoCTb TemnepaTyp

Puc. 9.4.: Tpumep rpadumyeckmx NOCTPOEHUN AfA KOHTypa «b» no Homorpamme-
npunoxxeHmAa 1 ana onpegenenna yaenbHom Tennoothayn q, Bt/m? ke-
pamu4eckoro nona(AR, = 0,02 m?°C/BT) cuctembl HanonbHOro OToMIeHNA
B 3aBMCMMOCTW OT CpefiHel pasHocTuTemnepatyp Af - [AnA pasnnyHoro
wara yknagkn b, m(0,1 m, 0,15 m, 0,2 m, 0,25 m, 0,3 m, 0,35 m).

Crtpanuua 120



B. B. MokoTunos: Mocobre no pacyeTy cuctem oTonneHma
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CpepfHAna pa3HoCTb Temneparyp

Puc. 9.5.: lMpumep rpadpunHecknx noCTpoeHnn gnAa KOHTYpoB «B» n «[» no Homo-
rpamme npunoxxeHna 03 anAa onpepeneHva yaenbHOW Tennootaayu
q, Bt/m* nona ¢ koBpoBbIM nokpbiTnem (R, = 0,1 m?°C/BT) cuctemsl
HaMonbHOrO OTOMMEHNA B 3aBUCUMOCTI OT CpefHen pasHOCTU Temne-
patyp At OnAa pasnu4Horo wara yknagku b, m (0,1 m, 0,15 m, 0,2 m,

0,25 m, 0.3 m, 0,35 ).

ArAa KoHmMypa «B» pacyem BbinoAHAeM C
NnoMowblo HoMo2pammel NPUAOMeHUA A3 gra
KoBpoBoeo nokpsimuAa. Ha puc. 9.5 epagudecku
nokasaHa nocaegoBamenbHOCMb PeUeHUA:

1. Onpegendem Tpebyemylo  pacyeT-
HYlO yOenbHylo Tennootaady KoHTypa «B»
g = 1450/12 = 120,8 Bt/m2.

lMpn paHHOM 3Ha4deHUn g Temneparypa
MoBEpPXHOCTW rona OyaeT 3HAa4YUTEeNbHO BbILLIE
JonycTMon BennyuHbl 26 °C. Moatomy onpe-
JenvMm npu TemnepaTtype MOBEPXHOCTU nona
26 °C 1 3agaBaeMoM 3HaYeHUN At = 20 °C Be-
NNYKHY yOoenbHOW TEMNOOTAAM, KOTOpaA paBHa
g = 67 B1/m? npwn ware yknagku b = 0,10 m.

2. Mo dopmyne (9.2) onpefenAem pacyer-
HYIO TEMNOOTAAYY KOHTypa «B»

Q=q.F,=67.12 =804 Br.

Takum o6pasom, B nometieHn Ne 3 Tpeby-
€TCA YCTaHOBUTb [OMONMHUTENIbHO KOHBEKTUB-
HOE OTOMSIEHNE C TEMSOBOWN HArpy3Komn

Q,=Q,- Q= 1450 - 804 = 646 B.

Ara KoHmypa «I» pacuem BoinoAHAEM Mak-
JKe C NOMOW{bIO HOMOZPaMMbl NPUAOKEHUA A3
gAa KoBpoBoeo nokpbimuAa. lNocregoBamens-
HOCMb PeWeHUA:

1. Onpegendaem Tpebyemylo  pacyeT-
HYIO yAenbHylo Tennoothady KoHTypa «[»
q = 2310/16 = 144 BT/m?.

Mpn paHHOM 3HayeHWn q TemnepaTypa
MOBEPXHOCTM Mona OyaeT 3Ha4YUTeNbHO BbilLE
JonycTMOn BennyuHbl 26 °C. Moatomy onpe-
JenvM npu Temnepatype MOBEPXHOCTU rfona
26 °C 1 3agaBaeMoM 3Ha4YeHUN At = 20 °C Be-
NMYUNHY yOenbHOM TENNOOTAauM, KOTopas paBHa
g = 67 B1/m2 npu ware yknagkn b = 0,10 m (cm.
puc. 9.5).

2. Mo ¢opmyne (9.2) onpenensem pacyet-
HytO TennooTaayy KoHTypa «B»

Q=q.F,=67.16 = 1072 Br.
Takum o6pasom, B nometieHn Ne 4 Tpeby-

€TCA YCTaHOBWUTb AOMONHUTENIbHO KOHBEKTMWB-
HO€e OTOMJIEHNe C TEeMnsI0BON Harpy3Kom

Q,=Q,-Q=2310-1072 = 1238 Br.

PeaynbTarhl TENNOBOro pacyera NpuBeaeHbI
B Tabnuue 9.2.
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Tabnuua 9.2
Pesynbratbl NpegsapuTeribHOro TenoBOro pacyeTta KOHTYPOB
HanoJyibHOro oTornfeHmA
XapaKTepucTukn KOHTypa HamnonbHOro OTONneHnA Ternogoit
Tennoson MOTOK
nomeN_eHm;q (é? O6o3Hauve- | Martepuan | lMnowaap LLar HOTOK KOHBEKTUBHOMO
Ly Ko:re ) nog;l;vm K(;:T“yﬂga nga,:\:anm KoHTypa OTOMNEHNA
yp e ’ Q, Bt Q, Bt
1 2 3 4 5 6 7 8
1 3140 «A» nnuTKa 32 0,30 2176 964
2 660 «B» nnnTka 10 0,35 660 -
3 1450 «B» KoBep 12 0,10 804 646
4 2310 «[» KoBep 16 0,10 1072 1238

BbinonHum rugpaBnn4eckuin pacHeT KOHTY-
pOB, MPUHMMAaA 3a WCXOZHbIE MPUBELEHHbIE B
Tabn. 9.2 3Ha4YeHUs XapakTepUCTUK KOHTYPOB
HanonbHOro OTOMNJIEHUA.

BbinonHum npensapuTesibHbIi pacyeT He-
06xoaMMoN AnvHbI TPYGONpPoBOAOB Nno dopmyne
(9.5).

Ara KoHmypa «A» gauHa mpybonpoBogoB8
paBHa:

L = 32/0,30 = 107 m.n. (6e3 TpybonposoaoB
ANA NOAKMHYEHUA K pacrpeaenuTento).

Ara KoHmypa «B» gauHa mpybonpoBogoB
paBHa:

L =10/0,35 =29 m.n.

ArA KoHmypa «B» gauHa mpybonpoBogoB-
paBHa:

L =12/0,10 = 120 m.n.

Ara KoHmypa «M» gauHa mpybonpoBogoB
paBHa:

L =16/0,1 = 160 m.n.

Bblumcnum pacyeTHbI pacxof TensioHOCU-
TenA Yyepes kaxabil KOHTYp no dopmyne (9.3)

G =0,86.Q,/At = 0,86.Q,/(45-35) = 0,086.Q.

Ara KoHmypa «A» pacyemHsili pacxog pa-
BeH:

G =0,086.2176 = 187 Kr/u.

Ara KoHmypa «b» pacdyemHsilt pacxog pa-
BeH:

G = 0,086.660 = 57 Kr/u.

Ara KoHmypa «B» pacdemHsili pacxog pa-
BeH:

G =0,086.806 = 70 Kr/u.

Ara KoHmypa «I» pacyemHoll pacxog pa-
BeH:

G =0,086.1072 = 92 Kr/u.

Mo Homorpamme npunoxeHuAa «b» onpepe-
NM, KaK 3TO MnokasaHO Ha puc. 9.6, 3Hade-
HMA ydenbHOW MNOTEPU AaBfEHUA Ha TpPeHue
R, Na/m.
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HOMOTPAMMA TMOPABINNYECKOIO PACHETA TPYBOINPOBOJOB
BOAAHOIO OTOMMNEHUA N3 METANITOMNOJTMMEPHbBIX TPYB MPU kw = 0,007 Mm

YpenbHaA noTepa fasneHua Ha Tpexve, R, Ma/m

1 2 345 10 2 3 45 102 2 3 45 10°
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LA UAN o
3 Z 2\ \ 3 k£
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0"‘_ %‘_N \ ] 0
2 CP N N\ 2 O
2 \ I
& N Pal (o]
\% rd \ \ \ p =
% X AN s 6
1000 10 :;[
o - e
,,@/ ; N\ = ;i_ é
5 o > N\ - I n 5 [
\\i o | _ N ’ o
4 N : \ : TINGRIY 4
L) » >
z ° WA > 2 NP NN °
2 2 e oA TN NS 2
O] m—_ Ry . I N ~_187 kr/4
S 12 , 4 i
= - F oo I f . 2
3 100 XY R 10
=
3 Zasssy ij* = 92 Kr/4
S 5 Q S 2 ) 70 Kr/
=
5 4 8%, *‘l‘\i\ > 4_\ 57 Kr/™
= 3 /‘ é\% *‘L%‘
= A 9o b N 3
x S “\\“ ]
8 2 —7 *Q/lr 2
o » II(S\D‘
v
10 /’ ’T“ll 10

LI
1 2 345 10 5 \ 2 45 1000
33 Ma/m 47 Ma/m 75 MNa/m 250 Ma/m

YgenbHaA noTepA gasneHua Ha Tpexuve, R, Ma/m

Puc.9.6.: Tlpumep onpegenexHma R, Ma/Mm anAa KOHTYPOB HaMONbHOrO OTOMMEHUA C
MOMOLLIbIO HOMOTrpamMmmbl [NpunoXxeHna «b»

o gopmyne (9.6) onpegeraem augpabau-
yecKoe conpomuBaeHue KoHmMypoB:

ONA KOHTypa «A»
AP,=1,3.L.R =1,3.107.250 = 34775 Ia,

AnA KoHTypa «b»
AP, =1,3.29.33 = 1244 [a,

OnA KOHTypa «B»
AP, =1,3.120.47 = 7332 a,

AnA KOHTypa «[»
AP, =1,3.160.75 = 15600 [Ma.

3 npuBeneHHOro npeaBapuTenbHOro pac-
yeTa cnefyet, 4TO BBUAY BbICOKOro rugpasnu-
4YeCKOro COMpPOTUBIIEHUA, KOHTYP «A» crnegyet
pasgenutb Ha ABa KoHTypa «Al» n «A2», 1
COOTBETCTBEHHO B [1Ba pas3a YMeHbLUNTb Xxapak-
TEPUCTUKU KaXKaoro KoOHTypa

F,=32/2 =16 m?,
Q=2176/2 = 1088 Br,
G =187/2 = 94 Kr/\,

L =16/0,30 = 54 m.n.,

R =77 Ma/m.
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Torga AnNA Kaxkgoro U3 KOHTYPOB «Al» 1
«A2» rngpaBnn4eckKoe conpoTuBreHne

AP, =1,354.77 = 5405 Ma.

Takke crnefyeTt pa3buTb KOHTYpP «[» Ha KOH-
Typa «[1» n «[2» n3-3a 3HA4YUTENBHOWN ANVHbI
TpybonpoBoda KOHTypa U COOTBETCTBEHHO B
[Ba pa3a YMeHbLUNTb XapaKTePUCTUKN KaXKpo-
ro KOHTypa

F =16/2=8m,

Q =1072/2 = 536 B,

G =92/2 = 46 Kr/u,

L =8/0,10 =80 m.n.,

Torga AnA KaXkaoro M3 KOHTYpoB «[1» u
«[2» rngpaBnnyeckoe ConpoTUBNEHVE

AP, =1,3.80.22 = 2288 a.

PeaynbtaTbl OKOHYaTenbHOro TEnrnoBoro W
rMApPaBnMyeckoro pacyera cBogum B Tabnuuy
9.3.

R =22 [Ma/m.
Tabnuua 9.3
Pe3ynbraTbl pacyeta KOHTYPOB HarMoNbHOro OTOMMEHNA
. i Tenno Motepn
Ne O6o3Ha- | Matepuan | Mnowaas BoW NoTok| Pacxop OuameTp LWar Onunha faene
nomeLle-| 4YeHue | MOKPbITUA | KOHTypa Tpyo Tpyo
HUA KOHTYypa nona F, m? KoHTYpa | G, Kr/ MM b, m L, m.n HIA
yp v Q, Bt M1 AP, kMa
1 2 3 4 5 6 7 8 9 10
1 «Al» nnuTKa 16 1088 94 16x2 | 0,30 54 5,41
«A2» nnuTKa 16 1088 94 16x2 | 0,30 54 5,41
2 «B» nnnTKa 10 660 660 16x2 | 0,35 29 12,44
3 «B» KoBep 12 804 70 16x2 | 0,10 120 7,33
4 «M1» KoBep 8 536 46 16x2 | 0,10 80 2,29
«[2» KoBeEp 8 536 46 16x2 | 0,10 80 2,29

B HacToALLeM npumepe pacyeTa He yUTeHbl AMnVHbI MOABOAALLMX TPYOONPOBOAOB MEXAY KOHTYpamu
1 pacnpegenutenem. nuHa atux Tpyo onpeaensaeTca U3 peanbHOW NnaHWpoBOYHON CTPYKTYPbl Mome-
LLIeHWI 1 NpubaBNAETCA K pacyeTHON AnnHe TPpyO KOHTYpa HamosbHOro OTOMNMeHUs
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10. TennoBoW pac4yeT cucTtemMbl OTOMJIEHNA

Llenb pacyeTa cocTtonT B BbibOpe Tuna u pas-
Mepa (Mnn KONMYecTBa CeKLMIA) OTOMUTENbHOrO
npubopa npu 3agaHHbIX UCXOOHbLIX YCMOBUAX
AnA 3anpoeKTPOBaHHOM CMCTEMbI OTOMMEHMA.

PekomeHnayeTcAa criegyloLlaa nocrenosa-
TESbHOCTb BbIMOMHEHNA PaACHETOB.

1. OnpegenAaerca CymmapHoOe MOHVKEHNE
Temnepartypbl Bofbl At~ Ha y4acTkax no-
jaroLern maructpany oT TenmoBoro nyHkTa Ao
paccmaTpuBaemMoro CToAka, BEeTBU Unm pacnpe-
penutena [1, pasgen 9.4]. OpnMeHTUPOBOYHbIE
3Ha4YeHUA MOHWXKeHWA Temneparypbl 1 M 130-
NMPOBaHHOW NoJaroLLEen marucTpanm nokasaHbl
B Tabnuue 10.1.

Tabnuua 10.1

dy, MM 25-40 50 |65-100 [125-150

At , °C/m 0,04 | 0,03 | 0,02 0,01

OnpegenAaeTcAa Temnepatypa noJatoLlen
BOJbl HA BXOAE B paccMaTpuBaeMblil CTOAK

t=t-3AL, (10.1)

2. [1nAa ogHOTPYOGHOro CTOAKa BbIMUCHAKTCA
pacyeTHble TemnepaTypbl Ha CTOAKE Mexay
y3namm oTONuTeNbHbIX NPYOOPOB, ABNAOLLECA
B JanbHenLleM pacyeTe Temneparypamu Bxoga
BOAbI B OTONMTENbHbIN Nprbop t, . Beiuncnexuna
NPOM3BOAAT MO MPUHUMUMNY MNPONopLnOHanbHO-
CTV MOTepu Temrnepartypbl Ha y3ne oTonuTesb-
Horo nNpubopa ero TennoBol Harpyske Q. pac-
CHUTbIBAA «MNO X0y ABWKEHUA BOAbI», HAYMHAA
oT t,, Hanpumep

t1 - tn
t2= t1 - np.1 ,
Q Q..
t1 = ta
L=t - Qu: nT.g. (10.2)
Q ocﬂl.

CnepyeT NOMHUTb, YTO 3HAYeHKe TEernnoBon
HarpysKku oTonuTenbHOro npubopa (Mnu cymma
TENNOBbLIX HArpy30K OTOMMUTENbHbLIX NPUOOPOB
rMomeLLeHrA) COOTBETCTBYET pacyeTHOW Tensno-
BOW Harpyske fjaHHoro nometleHua Q,.

3. OnpepgendaetcAa cpefHAA Temnepartypa
oTonuTenbHOro Nprbopa:

- ABYXTPYOHOI CMCTEMBI OTOMNEHNA

t = L+1. (10.3)

- OHOTPYOHOW CMCTEMbI OTOMNIEHNA

0.5. QMM (10.4)

b= lo -

roe:

B, n B, - COOTBETCTBEHHO KOIPOULMEHT
y4eTa AOMOSHMTENBHOMO TEMSIOBOro MoToka 3a
CYET OKPYreHMA CBEPX PacYeTHON BENUYMHBI
(cm.tabn. 3.1) u KoadpPUUMEHT yyeTa [OMONHU-
TENbHbIX MOTEPb HYEPES HapY>KHbIE OrparkaeHNA
(cm.Tabn. 3.2);

a - K0apPUMEHT 3aTeKaHnA Bodbl B OTOMM-
TenbHbIN Npubop, onpeaensaemblii No HopMasAMm
pagnaTopHbIX KranaHoB 1 faHHbIM rmnaBbl 7.5;

G_, - pac4eTHblll pacxof BOAbl B CTOSAKe,
NPYHYMaEMbI M3 rMapPaBMMHecKoro pacyera
CMCTEMbI OTOMMEHNS, KI/4;

4. Ona otonutenbHoro npubopa onpepens-
eTCA CpefdHAA pacyeTHas pasHOCTb Temnepa-
TYyp

At =t -t. (10.5)

cp P

roe:

t, - pac4eTHaA Temneparypa Bosgyxa B OT-
annmsaemMom riometieHum, °C.

5. Bbluucnsetca Tennosoi Motok Q. OT
TpyOGONpPOBOAOB, OTKPLITO MPOXOAALUMX B pac-
cMaTpriBAEMOM MOMELLEHNM

Q, =2(q,ls) + 2(q,1), (10.6)

roe:
G, 1 g, - COOTBETCTBEHHO Tennootaaqa 1m.n.

BEPTMKANbHOIO 1 rOPU30HTaNbHOr0 HEM30MMPO-
BaHHOro Tennonposoda, Bt/m [1, Tabn.l1.22].

6. PacyeTHbln Tpebyemblii TEMMOBOW MOTOK
oTonuTENbHOrO Nprbopa BbIYUCAAETCA MO Bbl-
paxeHuo (3.4): Q,=(Q,-0,9.Q,), Br

7. HomuHanbHbIn Tpebyemblii TennoBo no-
TOK, BT, oTonuTensHoro nprvbopa BbiuMcnAeTcs
no ¢opmyne:

Qﬂ.nzo—(;-@, (10.7)
-
rp,e:

- KO3hPMLMEHT y4eTa crocoba yCTaHOBKM
npméopa (cm. Tabn. 10.2);
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n v p - aMnMpu4YeckKne nokasartenu, npu-
HUMaeMble MO KaTtanoram npou3BoauTenei.
OpUEHTVPOBOYHbIE 3HAYEHUA SMMUPUYECKIUX
rnokasartenein n u p npuBedeHbl B Tabnuuax
10.3un 10.4;

At, - HOMUHamnbHaA cpefdHAA pPa3HOCTb
Temnepatyp, paeHas 70 °C - gnA npubopos
OTe4yecTBeHHOro npowussogctea, 60 °C wnm
50 °C - gna 60nbLUMHCTBA MMMOPTHbLIX NPUGoPoB
(cm. kaTanory npomssoauTenen).

G,, - PacHeTHbIn pacxoA BoAbl Hepes oTonu-
TenbHbIN NPYOOP, NPUHUMAEMbIA U3 TMaPaBIMK-
4ecKoro pacyeTta CMCTEMbl OTOMNEHWA, Kr/Y

Tabnuua 10.2

KoadpdunumeHT B, yderta cnocoba ycTaHOBKM
oTonutenbHOro npubopa

Tabnuvua 10.3

OMNUpUYECKNIn Nokasarternb n

Tun npubopa

Cxema

npucoegnHeHnA

npubopa

YyryHHble 1
antoMnHNeBble
paguaTopbl,
CranbHon
naHesnbHbIN
paguartop

CBepxy-BHU3
CHun3y-BHM3
CHuay-BBEpPX

0,30
0,15
0,25

KoHBekTOp
HaCTEHHbIN C
KOXKYXOM

Niobas

0,30

KoHBeKTop
HacTeHHbI 6e3
KOXXyXxa

NMioban

0,20

Cnoco6
YCTaHOBKM B, mm B,
npubopa
@ be3 Huww,
OTKPbITO YCTAHOBIEH Y
CTEeHbl 1,00
©
44
) Bes Huwn, 3akpbIT
BEPTUKaNbHbIM
9KpaHoM
© A =100 mm 0,90
;ta 84
(S
5 ﬁik bes HULLIN,NepeKpbIT
NMOJOKOHHOW JOCKOM
B =40 mm 1,05
@ B =80 mm 1,03
B =100 mm 1,02

Bes Huwn,3akpbIT
LKadpHMKOM CO LLenAMm

e o
]

B =250 Mm 1,12
B =200 mm 1,20
E B =150 mm 1,25

Bes HuLwK, 3aKpbIT
LUKA)UMKOM CO LLEeNnamMun
¢ PpoHTanbLHOM Yactn

-
eIEe

J|¢ B =120 mm 1,30
B
N
1 ;

@ B cTteHHOn HuLe,
B =40 mm 1,11
B =80 mm 1,08

© B =100 mm 1,06

Tpyba
oTonuTenbHaA
4yryHHasa

0,25

Mpubopsbl 13
rnagkmx Tpyo

0,25

Tabnuua 10.4

3|v|n|/|p|/|quK|/||7| nokasartesb p

Pacxon
Cxema TennoHo-
Tun npubopa | npucoeanHe- cvTens p
HUA npubopa vl
YyryHHble 1 . no50 (0,02
e M | CBePXy-BHI3 | 65066 50 | 0,00
Bble pagua-
no 100 | 0,08
TOpbI CHMN3y-BHU3
CTanbHo 6onee 100| 0,00
MaHenbHbIN
060 |0,12
pagwarop | CHIay-8eepx | 6ohe an | /04
KoHBekTop
HaCTEeHHbIN C Niobas Ao 90 0,18
KOXKYXOM 6onee 90 | 0,07
KoHBekTOop
HaCTEHHbIN NMobas - 0,03
6e3 Koxyxa
Tpyba oTo-
nuTenbHasa - . 0,07
4yryHHas
Mpubopsb! 13
rnagkux Tpy6 i - 0,00
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8. Mo Tpebyemoir BennqnHe Q, . noabu-
paeTcA Mo Karajnoram npOW3BOAUTENEN OTO-
MUTENbHbIA NPUGOP, HOMUHANBHBIA TEeMnnoBOW
MOTOK KOTOPOro Q,, MOXeT ObiTb MeHbLLEe Tpe-
6yemoro He 6ornee, Yem Ha 5 % vnu Ha 60 Br.

[nAa CceKUMOHHbIX OTOMUTENbHBLIX NPUGopPoB
Tpebyemoe MUHMMANbHOE YMCII0 CeKLMIA onpe-
penAaetca no popmyne:

= Qo 10.9
Nom e, (109)

roe:
B, - KO3QMUMEHT y4deTa 4ucna cekuun B
np|/|630pe (cm. Tabn. 10.5);

qQ,, - HOMUHASIbHbIA TENSIOBOW MOTOK OAHO
cekuun pagmartopa, NpuHUMaeMbI Mo Katanory
npounssoauTens, Br/ceku.

Tabnuua 10.5

KoadduuneHT B, yyerta ducna cekuyum
B OTOMNMTENbHOM npubope

Yucno
CeKLMii Ho 15 16-20 21-25
B, 1,00 0,98 0,96

Mpumep 10.1.

[na nByxTpyOGHON BEPTUKANBHON CUCTEMbI
OoTOMMneHuA, npusegeHHon B pasgene 6.1.1 Ha
puc. 6.1, onpegenuts Tpebyemoe MUHMMAIb-
Hoe 4uncno cekuyun pagmatopos MC-140M oto-
nuTenbHoro npubopa 4-ro ataxka CT12 BeTku
«B». QparmeHT cuUcTeMbl OTOMMEHMA MoKasaH
Ha puc. 10.1, oTonuTenbHbI NPUOOP 4-ro aTaxka
1 TpybonpoBOAbl OTAMNMBAEMOro MOMELLEHNA
BblEMNEHbI LUTPUXOBbIM KOHTYPOM.

PacueTHble napameTpbl CUCTEMbI OTONSIEHNA
t,=85°C, t,=65°C, t =20 °C. 3 rugpasnuye-
CKOro pac4eTta numeem an= 32 Kr/u.

HomuHanbHbIN  TENNIOBOW  MOTOK  OOHOWN
cekunm pagmaropa MC-140M paBeH
q,, =160 Brt/cek. npu HOMWHanbHOW cpenHew
pasHocTu Temnepartyp At, = 70 °C. Paguarop
yCTaHaBNMBaeTCcA Mo MOAOKOHHOW [OCKOW
B =80 mwm, B, =1,03.

PacueT npom3Bogum B COOTBETCTBUM C Bbl-
LenpmBegeHHON METOANKOMN.

CymmapHOe  MOHWKeHUe  TemnepaTypsbl
Bofbl XAt Ha ydyacTtkax Ne 1...8 mopgatoilen
MarmcTpanu ot TennoBoro nyHkTa go Ct.12 co-
cTaBnAaeT:

2At =0,02.21,3+0,03.4,8+0,04.(1,7+1,6+
+3,7+4,9+3,2+3,3) = 1,3 °C.

TemnepaTypa nogatoLlen Bogbl Ha BXOAE B
paccmatpuBaemblii cToAak CT1.12

t = 85-1,3 =837 °C.

Onpegensem cpefHIiol Temnepatypy OTo-
nUTEeNbHOro Mpubopa U CPepHIo PacHeTHYHo
pasHOCTb Temnepartyp

(.=837+65 7447,

At =744 -20 = 54,4 °C,

Bbiuvcnaem tennoson notok Q. ot Tpy-
6OoMpPOBOAOB, OTKPLITO MPOXOAALMX B pac-
cMaTpuBaeMoOM MOMELLEHUN TMpU  Pa3HOCTU
Temnepatyp nogawowen Tpybbl 1 BO3gyxa
83,7 - 20 = 63,7 °C, npu pasHoOCTU TeMnepaTyp
obpaTHoli Tpybbl 1 Bo3gyxa 65 - 20 = 45 °C:

Q,=2(52.2,7+34.2,7) + 2(69.0,5+44.0,6) =
=293 Bt

Onpepenaem pac4eTHbIN Tpebyemblii Tenso-
BOV NOTOK Q, 1 Tpebyemblii HOMUHAMbHbIN Te-
nnoBom NoTok Q,,, Npubopa Npu 3Ha4eHNN

o- 44T - 00n

Q, = (740 - 0,9.293) = 477 Br;

Q,,, = (477.1,03)/0,69 = 712 Br.
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Puc. 10.1.:DparmeHT ABYXTPY6GHON BEpTUKArb-
HOW CUCTEMbl OTOMMNEHUA (CM. puc.
6.1) Cc BblAENEHHbIM pacyeTHbIM OTO-
nuTenbHbIM Npubopom 4-ro ataxka
Cr12.

Onpegensem Tpebyemoe MUHUManbHOE
YMCNO CeKuunii oTonuTenbHoro npubopa, npu-
HUMasA

B,= 1,00 (mo 15 cekuuir):
N,..=712/(160.1,00) = 4,45 cekKu.

lNpuHMMaem K yctaHOBKe paguaTtop U3 5-tu
CeKUMn.

Mpumep 10.2.

InAa npueegeHHbix B npumepe 10.1 ucxo-
OHbIX ycroBuid nogbepem cTanbHON NaHenbHbIN
paguatop VONOVA ¢ 6okoBoI NoaBoaKol Te-
nnoHocutenA. OCHOBHblE €ro XxapakTepucTUKn
npusegeHbl B NpunoXxeHun E, B Tom yucne npu
HOMMHaNbHOW CpefdHen pasHOCTU Temneparyp
At, =60 °C (npunoxexue E2) n At, =50 °C (npu-
noxeHve E3). MNonb3oBaTbcA MOXXHO paBHOLEH-
Ho nto6on 13 Tabnuy E2 nnm E3.

CTtanbHol NaHenbHbI pagnartop, B OTNM4me
OT CEKLMOHHOro paguatopa, MoXeT ObiTb Mo-
nobpaH Tpebyemoii TernnoBoi MOLLHOCTY nofa
Tpebyemble ero pasmepbl Mo BbICOTE U ANHE.
3agagumcAa TpebyembiMu pasMepamu Mo Bbl-
cote 500 Mm 1 no wnpnHe 700 MM, UCxodA U3
Co0bpaXkeHWin AnsaiiHa NoMeLLEeHNA U LUNPUHDI
OKHa. Pagmatop yctaHaBnuBaeTcA MNog MOfJo-
KOHHOW fockon B = 80 mm, 8, = 1,03.
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N3 npumepa 10.1 npumem y>ke BblYUCIEH-
Hble 3Ha4YeHWA CpefHelr pacyeTHOW pPasHOCTU
Temneparyp At = 54,4 °C n pac4deTHOro Tpe-
Byemoro Tennosoro notoka Q, = 477 BT. U3 ru-
OPaBNM4YeCcKoro pacyeTa nMeem an= 32 Kr/u.

Bocnonbayemca xapaktepuctukamy Tabnuwy
E3. Torna Tpebyemblii HOMVHASbHBIN TEMMOBOA
notok Q,,, Npubopa onpefenuTca cneayoLym
obpasom:

o~ 4 {510

Q,,, = (477.1,03)/1,063 = 462 Br.

Mo Tpebyemon BennynHe Q,, . nopbupaem
no KaTtanory npon3BoanTens, B aHHOM crnyyae
no tabnuue E3, otonuTenbHbIN Npubop, HOMU-
HarbHbI TENOBOM NOTOK koToporo Q,, pon-
XeH ObITb 6rMsKMM K 3Ha4eHno Q,, ., a Takke
MOXKET ObITb MeHbLLe Tpebyemoro, HO He 6ornee,
yem Ha 5 % wnu Ha 60 BT.

MpuHyMaem Haubonee 6GnMM3kuUin K Tpebye-
MbIM YCMOBMAM paguarop BbicoTon 500 MM ©
anvHon 600 mm ogHopAaaHbIi Tuna 11K ¢ Tenno-
BbIM MoTokoM Q,, = 505 Br.

Mpumep 10.3.

[na nByxTpyOHOI rOpU30HTaNbHON CUCTEMBI
OTOMNNEeHnA, npveBefeHHon B pasgene 6.4 Ha
puc. 6.23, nogbepem cTanbHON naHenbHbIN pa-
anatop VONOVA ¢ HKHe nogBoaKon Tenso-
Hocutena. QparMeHT cucTeMbl OTOMMEHNS Mo-
kasaH Ha puc. 10.2, pacHeTHbIn OTONUTENbHbIN
BblgeneH y3nom «A». OCHOBHbIE XapaKTepucTu-
K1 paguatopa npusefgeHbl B npunoxxeHun E, B
TOM 4ucCne npyv HOMUHaNbHOM CpepHen pasHo-
¢t Temneparyp At, = 60 °C (npunoxeHve E2)
un At, = 50 °C (npunoxexue E3). Monb3osarbea
MOXKHO paBHOLIEHHO ntobon 13 Tabnuy E2 unu
ES.

CTtanbHOM NaHenbHbIN paguarop, B OTAn4ne
OT CEKLUMOHHOro paguaropa, Mo)eT ObiTb mMo-
nobpaH Tpebyemoli TennoBoli MOLLHOCTV Mof
Tpebyemble ero pasmepbl Mo BbICOTE U ANVHE.
3afagumca TpedyembiMy pasmepamu Mo BbICO-
Te 500 Mm 1 no wupuHe 1200 MM, ncxopAa 13
COObpaXKeHNn an3ariHa NoMeLLEeHNA U LUNPUHBI
okHa. Papgmatop yctaHaBnuBaeTcA nog Mofo-
KOHHOW fockon B = 80 mm, B, = 1,03.

PacyeTHble napamMeTpbl CUCTEMbI OTOMMEHNA
t,=80°C, t =60 °C, t= 18 °C. U3 rugpasnuye-
CKOro pac4eta nMmeem an: 69 Kr/u.

Papgnatop yctaHaenuBaetcA nop MOJOKOH-
Hol gockon B = 80 mm, B, = 1,03.

PacyeTr nponssBognm B COOTBETCTBUWN C Bbl-
LenprBegeHHON METOANKOMN.

CymmapHoe NoHmKeHne Temnepartypbl Bogbl
npumem XAt = 0, T.K. MarucTparbHble Tenno-
npoBoOfbl He MPOSIOXKEHblI B HeoTannmsaemon
yacTtu 3aaHuA.

Onpegensem cpefHiol0 Temnepatypy OTo-

nUTEeNbHOro Npubopa 1 CpepHylo PacHeTHyHo
pa3HOCTb Temneparyp

t.=80460 - 70°C; At =70- 18 =52°C.

TennoBoi NOTOK OT TpyOOMpPOBOAOB, OTKPLITO
NPOXodALLMX B paccMaTpruBaeMoM MOMeELLEHUN,
npuHUMaem pasHbiM Q= 0, T.K. Tpy60onpoBofpb!
NPOMOXXEHbl CKPbITO B KOHCTPYKLMU rona B 3a-
LUTHOW Tpy6e. Takm obpasom,

Q,=Q,, = 1600 Br.

Bamia "A" HAM

3500Bm/ 15 e S2ZkeM

1200

G8kal

difx2

T21
1200/52
@

35004157
O,

Pacnpedanumeans ‘8"
Q=11kBm / G=473xaf

Ei_
16x2 =

T11 ==

Puc. 10.2.: QparmeHT [ABYXTPYOHON FOPU3OH-
TanbHOW CUCTEMbI OTOMNEHUA (CM.
puc. 6.23) C BblgeneHHbIM pac4yeT-
HbIM OTOMUTENbHBLIM NMPUOOPOM BeT-
KN «A».

Bocrnonbsyemca  xapaktepuctukamu - Ta-
6rmy E3 npu At, = 50 °C. Torga TpebGyembiii
HOMVHanNbHbI TENNoBO MOTOK Q,.. npubopa
onpepAenuTcA cneayoLmm obpasom:
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Q,,, = (1600.1,03)/1,052 = 1567 BT.

Mo Tpebyemoi BennyuHe Q,,, nopbupaem
Mo Katanory rnpov3eBoauTens, B JaHHOM cryyae
no tabnuue E3, otonuTenbHbIN Nprubop, HOMU-
HarnbHbIA TENSIOBOM NOTOK kKoToporo Q,, pon-
XeH ObITb BrMsKMM K 3Ha4eHno Q,, ., a Takxe
MOXKET ObITb MeHbLLe Tpebyemoro, HO He bornee,
yem Ha 5 % wnu Ha 60 BT.

Hanbonee 6nuakuMu K TpebyembiM YCro-
BuAM Q,, . = 1567 BT paguaropa sbicotoit 500
MM 1 gnuHon 1200 mm ABRAETCA OAWNH U3 OBYX
paamatopos:

- Tnna 21KV ¢ TennoBbiM  MOTOKOM
Q,, = 1490 Br;

- tmna 22KV ¢ TennoBbiM MOTOKOM
Q,=1920Br;

[NepBbln N3 HUX UMEET HOMUHASbHbIN TEMSO-
BOW MOTOK MeHbLLE TpebyemMoro Ha BeNUYnHy

1-(1567/1490).100 = 5,2 % > 5 %,
1567 - 1490 = 77 > 60 BT,

NMoO3TOMYy MPUVHMMAaeM K YCTaHOBKE paauatop
Tnna 22 KV Bbicoton 500 mm 1 grnivHon 1200 mm
C TennosbiM notokom Q,, = 1920 B.

Mpumep 10.4.

[nAa ogHOTpyGHOW BepTMKamnbHOW CUCTEeMbI
OoTONfIeHnA, npuBegeHHon B pasgene 7.1 Ha
puc. 7.1, cnegyeT onpegenuTb Tpebyemoe Mu-
HUManbHOe YKCMO CeKuuin paguatopoB Tuna
MC-140M pgnsa otonutenbHbIX Npubopos CT.13
BeTkn «B». PparmeHT ogHOTpYGHOI BEPTUKArb-
HOWM cucTeMbl OTonNeHna ¢ pacyeTHolm CT.13
BETKU «B» nokasaH Ha puc. 10.3.

Pac4eTHble mnapaMeTpbl CUCTEMbI OTOMNEHMA
t,=85°,t =65°C, t= 18 °C. U3 rugpasnuye-
cKoro pacyeta uveem G =212 Kr/4.

HomMmuHanbHbI ~ TENNOBOW MOTOK  OAHON
cekuum pagnatopa MC-140M paBeH
q,,= 160 Bt/cek. npn HOMWUHArbLHOW cpefHew
pasHocTu Temneparyp At, = 70 °C. Pagnatop
yCTaHaBnMBaeTCcA noJ MNOJOKOHHOW  [AOCKOW
B =280 wmm, B,=1,03.

Pac4yeTt nponsBogum B COOTBETCTBMM C Bbl-
LUenpuBegeHHON MeTOANKON AnA OgHOTPYOHbIX
CUCTEM BOAAHOMO OTOMMEHNS.

CymmapHoe NoHmXeHne Temnepartypbl Bogbl
2At Ha yqactkax Ne 1...8 (cm. puc. 7.1) nopato-
LLien marncTpanu ot Tennosoro nyHkTa go Ct.13
COCTaBMnAeT:

2At =0,02.21,3+0,03.4,8+0,04.(1,7+1,6+
+3,7+4,9+3,2+3,3) = 1,1 °C.

TemnepaTypa nopgatoLlen Bofabl Ha BXofde B
paccmartpuaemblii cToAK CT.13

t,=85-1,1=83,9°C.

Onpepgenaem pacyeTHble TemnepaTtypbl Ha
CTOAKe MeXxAay y3namu OTomnuTenbHbIX npubo-
pOB:

- Mexay y3namu 5-ro n 4-ro aTakemn
t,=83,9 -1030[(83,9 - 65)/4690] = 79,75 °C;

- Mexxay y3namu 4-ro n 3-ro ataxxen
t,=79,75 - 850[(83,9- 65)/4690] = 76,32 °C;

- Mexay y3namu 3-ro 1 2-ro ataxkemn
t,=76,32 - 850.[(83,9 - 65)/4690] = 72,9 °C;

- MeXay y3namu 2-ro 1 1-ro aTarken
t,=72,9 - 850.[(83,9 - 65)/4690] = 69,5 °C;

- Ha BbIXOfe U3 CToAKa
t,=69,5-1110.[(83,9 - 65)/4690] = 65,0 °C.

[NocnegHee Bbl4MCNEHUE BbLINOMHAETCA B
Ka4ecTBe NnpoBepkKn OOCTOBEPHOCTN paHee Bbl-
MOJNTHEeHHbIX pac4eToB.

CpepgHiolo  Temnepatypy  OTOMUTESbHbIX
nprbopoB BblYMCrAeM, NpuHUMas B, = 1,04,
B, = 1,02, a = 1,0 (npn ncnonb3osaHun pery-
nvpytowiero 3-X XOAOBOro pasfenurernbHOro
KnanaHay):

- npubopa 5-ro ataxka

t,=83,9-0,5.1030.[(0,86.1,04.1,02)/(1,0.212)] =
= 83,9 - 1030.0,002152 = 81,7 °C;

- npubopa 4-ro aTaxka
tcp= 79,75 - 850.0,002152 = 77,9 °C;

- npubopa 3-ro ataxka
tcp= 76,32 - 850.0,002152 = 74,5 °C;

-npubopa 2-ro sTaxka
t,=729-850.0,002152 = 71,1 °C;
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- npubopa 1-ro ataxa
t,,=69,5-1110.0,002152 = 67,1 °C;

Cmld Bemwa B
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L t,=83.9%
1030 [
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dis |
= 0
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%\m
12570
.@ 9282

Puc. 10.3.: QparmeHT  opHOTpy6GHON  BEpTU-
KanbHowu CUCTEMbl  OTOMMNEHUA
(cm. puc. 7.1) ¢ BblgeneHHbIM pac-
YyeTHbIM CT.13 BEeTKM «B».

Bbluncnaem Tennosoi notok Q, ot Tpy6o-
NPOBOJOB, OTKPLITO MNPOXOAALLMX B paccMaTpu-
BaeMOM MOMELLIeHUM, NPU pasHOCTU Temnepa-
Typ TpybonpoBoda 1 Bo3ayxa:

t,-1=839-18=659 °C;

t,-t=79,75-18=61,8C;

t,-t =76,32- 18 = 58,3 °C;
t,-t=729-18=549C;
t,-t =69,5-18 = 51,58 °C;
t,-t =65,0- 18 = 47 °C;

Bbiuncnaem Tennosoit Notok Q, ot Tpy6o-
NPOBOAOB, OTKPbITO MPOXOAALLMX B paccMaTpu-
BAeMOM MOMeLLeHUN:

5-ro ataxa: Q,= >(55.2,35 + 50.0,15) +
+X(71.0,4 + 66.0,4) = 192 BT;
4-ro staxa: Q,= 2(50.2,35 + 45.0,15) +
+2(66.0,4 + 60.0,4) = 174 Br;
3-ro staxa: Q= 2.(45.2,35 + 43.0,15) +
+2.(60.0,4 + 57.0,4) = 159 BT;
2-ro staxa: Q= >.(43.2,35 + 39.0,15) +
+2(57.0,4 + 52.0,4) = 150 BT;
1-ro ataxa: Q,=2(39.2,35 + 35.0,15) +
+Y(52.0,4 + 46.0,4) = 136 BT.

Onpepgenaem pacyeTHbI Tpebyemblin Tenmno-
BOW MOTOK OTOMUTENbHOrO Nprbopa 1 CpeqHtoto
pacyeTHyI0 pas3HOCTb Temneparyp:

5-ro staxa: Q,= 1030 - 0,9.192 = 857 Br;
At =817 -18=63,7 °C;
4-ro ataxa: Q= 850 - 0,9.174 = 694 Br;
At =779 -18 =59,9 °C;
3-ro staxa: Q,= 850 - 0,9.159 = 707 Br;
At =74,5-18 =156,5°C;
2-ro ataxa: Q=850 - 0,9.150 = 715 Br;
At =71,1-18=53,1°C;
1-ro ataxa: Q,= 1110 - 0,9.136 = 988 Br;
Atcp= 67,1 -18 =49,1 °C.

Onpegenaem Tpebyemblli  HOMUHAMNbHbIN
TennoBoyi MOTOK OTOMWTeNbHOro npubopa
(npu nokasatene p = 0,00):

5-ro ataxka: ¢ = (63,7/70)'+%3 = 0,885;

Q,, ,=857.1,03/0,885 = 997 Br;
4-ro ataxa: ¢ = (59,9/70)'+°2 = 0,817;

Q,,,=694.1,03/0,817 = 875 Br;
3-ro ataxka: ¢ = (56,5/70)'+%3 = 0,757;

Q,,,=707.1,03/0,757 = 962 Br;
2-ro ataxa: ¢ = (53,1/70)" +%3 = 0,698;

Q. ,=715.1,03/0,698 = 1055 Br;
1-ro ataxa: ¢ = (49,1/70)'+°2 = 0,631;

Q, ,=988.1,03/0,631 = 1613 BT;
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Onpegendaem Tpebyemoe MUHUManbHOe
YICMO CeKLMA OTOMUTEMNbHbIX NpPUbopoB, npu-
Humas B, = 1,0 (go 15 cekuwi):

5-ro staxa: N, = 997/160 = 6,23 ceku.,
npuHUMaem 7 ceku,;

4-ro staxa: N, = 875/160 = 5,47 ceKu,,
npuHuMaem 6 cekdu,;

3-ro ataxa: N, = 962/160 = 6,01 ceku.,
npuHuMaem 6 cekd,,

T.K. 0,01 ceku. coctaBnatoT 1,6 BT < 60 BT unn
0,2 % <5 %;

2-ro staxa: N, = 1055/160 = 6,60 ceku.,
npuHUMaem 7 ceku,;

1-ro staxa: N, = 1613/160 = 10,1 ceku,,
npuHUMaem 10 ceku,,

T.K. 0,1 ceku. coctaBnAiT 16 BT < 60 BT unn
1% <5 %.

Mpumep 10.5.

Ona Betkn «A» 0AHOTPYOHOW TOpU30OH-
TanbHOW CUCTEMbI OTOMMEHMA, NPUBEAEHHON B
pasfene 7.2 Ha puc. 7.5, nonbepem crasnbHble
naHenbHble paguatopbl VONOVA ¢ 60koBol
noasogkoil TennoHocutena. QparmeHT opHo-
TPYOHOW rOPU30OHTaNIbHOW CUCTEMbI OTOMMEHWUA
(cm. puc. 7.5) ¢ pacHeTHbIMM OTOMUTENbHBIMMN
npubopamu BeTKn «A» nokasaH Ha puc. 10.4.
OcCHOBHblE XapaKTepuUCTUKU paguatopa npu-
BEefeHbl B npunoxeHnn E, B Tom 4wucne npu
HOMMHaNbHOW CpefdHen pasHOCTU Temneparyp
At, = 60 °C (npunoxeHve E2) n At, = 50 °C
(npunoxenne E3). MNMonb3oBatbCA MOXHO pas-
HoLeHHO ntobolt n3 Tabnuu E2 nnn E3.

CranbHom NaHenbHbI paguartop, B oTnn4me
OT CEKLUMOHHOro paguaropa, MoXeT ObiTb mno-
nobpaH Tpebyemoli TennoBol MOLLHOCTM nopf
Tpebyemble ero pasmepbl MO BbICOTE W AMNVHE..
Papgnatop yctaHaBnmBaeTcA MNOA MOAOKOHHOMN
aockot B = 80 mwm, B, = 1,03. Pagnatops! npu-
COEQVHAIOTCA K CUCTEME OTOMMEHMA C MOMO-
LWbto rapHutypa FEPL], 2000 (gna ogHOTPYOHbIX
C/CTEM), KOTOPbIN UMEET MakC/mManbHoe 3Ha-
YeHne koadouumeHTta 3arekaHua a = 0,5. 310
3HayeHve ABMAETCA 3aBOACKON HaCTPOMKOW U
€ro MOXXHO YMEHbLUWTb MPU MYCKOBOWM M IKC-
nnyaraynoHHoOW Hanagke.

Pac4eTHble nmapameTpbl CUCTEMbI OTOMme-
Hua t,=75°C, t =60 °C, t =20 °C. 3 ruppas-
N4ECKOro pacqua umeém ONA BEeTKU «Ax:
Q =4600 BT, G, = 262 Kr/u.

Pac4deTt nponssogum B COOTBETCTBMM C Bbl-
LUernpuBeaeHHON MEeTOANKON AnA OAHOTPYOHbIX
CUCTEM OTOMMEHUA.

CyMmMapHoe NOHWXEHVEe TeMMNepaTypbl BOAbI
npumem YAt = 0, T.K. MarucTpanbHble Tenno-
npoBofdbl HE MPOJIOXKEHbI B HEOTannMBaeMon
4acTn 3AaHuA.

Temnepatypa nogatoLLein Bogbl Ha BXoge B
BETKY «A» 1 B npundop Ne 1

t,=t=75°C.

Onpependaem pacyeTHble TemnepaTypbl Ha
BeTke «A» MeXAy OTOnMTENbHbIMK Nprbopamm:

- mexxay npvoopamu Ne 1 1 Ne 2

t, = 75-700[(75-60)/4600] = 72,72 °C;
- mexxgy nprbopamm Ne 2 1 Ne 3

t, = 72,72-1200[(75-60)/4600] = 68,81 °C;
- mexxgy nprbopamm Ne 3 1 Ne 4

t, = 68,81-700[(75-60)/4600] = 66,53 °C;
- mexxgy npvibopamm Ne 4 11 Ne 5

t, = 66,53-1000[(75-60)/4600] = 63,27 °C;
- Ha BbIXOde N3 BEeTKN «A»

t, = 63,27-1000[(75-60)/4600] = 60 °C;

MocrnegHee BblYMCMEHNE BbLIMOMHAETCA B
Ka4ecTBe MpOBEPKN JOCTOBEPHOCTMN paHee Bbl-
MOMHEHHbIX PacyeToB.

’IOOO 1000 FOO 1200
T11
e PR T
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Pacnpedenumens'3”
Q=22 kBm /5=1254 kaii
Bemwa"E"
27008m z‘—
f54xe/i4 ¢ t262k3/14
}—Tﬂ i 1=
}— — 7
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T‘\ — !
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34005m T ?gggg?n’"
184neM 205K8/‘1'

Puc. 10.4.:PparmeHT 0pHOTPYGHON FOPU3OH-
TarnbHOMW CUCTEMbI OTOMMEHnA (CMm.
puc. 7.5) ¢ pacyeTHbIMU OTOMUTENb-
HbIMU NpUOOPaMU BETKU «A».
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CpepHiolo  Temnepatypy  OTOMUTENbHbIX
NpnbopoB BbIYMCIIAEM, MPUHUMAA B, = 1,06,
B, = 1,04, a=0,5 (3aBoACKaA HACTPOKa rapHu-
Typa ogHOTPy6HbIX cuctem FEPL], 2000):

- npn6opa Ne 1

t =75-0,5.700.[(0,86.1,06.1,04)/(0,5.262)] =

= 75-700.0,00362 = 72,5 °C;

- npubopa Ne 2

tcp= 72,72-1200.0,00362 = 68,4 °C;
- npubopa Ne 3

tcp= 68,81-700.0,00362 = 66,3 °C;
- npubopa Ne 4

t,= 66,53-1000-0,00362 = 62,9 °C;
- npubopa Ne 5

t,,=63,27-1000.0,00362 = 59,7 °C;

TennoBol NOTOK OT TPyGONPOBOAOB, OTKPLITO
NPOXOAALLMX B paccMaTpmBaeMom NoMeLLeHUN,
npuHUMaem pasHbiM Q, = 0, T.K. Tpy6onpoBoAbI
NPOSIOXKEHbI CKPbITO B KOHCTPYKLMK nona B 3a-
WwuTHol Tpybe. Takum obpasom, Q,= Q, AnA
BCEX OTOMUTENbHbBIX NPUOOPOB.

Onpegendaem CpefHIOD pacyeTHyo pas-
HOCTb TeMneparyp:

- AnA npnbopa Ne 1 Af_=72,5-20 = 52,5 °C;
- anA npubopa Ne 2 At = 68,4-20 = 48,4 °C;
- anA npubopa Ne 3: At =66,3-20 = 46,3 °C;
- anA npubopa Ne 4: At =62,9-20 = 42,9 °C;
- AnA npnbopa Ne 5: Af_=59,7-20 = 39,7 °C;

Bocnonbayemca xapaktepucTikamu 1abnuu
E3 npu At, = 50 °C. Torga Tpebyembiii HOMU-
HalbHbI TENMOBOW NOTOK Q,,, OTONUTENLHOTO
npubopa onpenenuTca cneayolwmm obpasom
(npn nokasatene p = 0,00):

- npubop Ne 1: ¢ = (52,5/50)' + 2 = 1,066;

Q,,, = 700.1,03/1,066 = 677 BT;
- npubop Ne 2: ¢ = (48,4/50)' +3 = 0,959;

Q,,,= 1200.1,03/0,959 = 1252Br;
- npubop Ne 3: ¢ = (46,3/50)"' + %3 = 0,905;

Q,,, = 700.1,03/0,905 = 797 Br;
- npubop Ne 4: ¢ = (42,9/50)'+%% = 0,819;

Q,,, = 1000.1,03/0,819 =1258BT;
- npubop Ne 5: ¢ = (39,7/50)' +%3 = 0,741;

Q,,,= 1000.1,03/0,741 = 1390BT;

Mo Tpebyemon BennynHe Q,, . nopbupaem
Mo Kararory npou3BoanTend, B faHHOM cry4dae
no Tabnuue E3, otonuTenbHbI npubop, HoOMK-
HanbHbIN TENI0BO NMOTOK KOTOPOTO Q,, AOIHKEH
ObiTb GNN3KMM K 3HaYeHWo Q,,;, a TaKkxke Mo-
XeT OblTb MeHbLLe Tpebyemoro, Ho He Goree,
4Yyem Ha 5 % wunn Ha 60 BT.

Ona npubopa Ne 1 Tpebyemble napameTpbi:
BbicoTa 600 mm, anvHa 400 mm, Q,, . = 677 Br.

Hanbonee 6m3kumn K TpebyembIM YCIoBY-
AM ABNAETCA ABYXpAAHbIN paguartop Tuna 22 K
BbicoTon 600 mm 1 annHon 400 MM C TEMNOBLIM
notokom Q,, = 730 Bt

Ona npubopa Ne 2 Tpebyemble napa-
MeTpbl: BbicoTa 600 mm, gnuHa 1100 mwm,
Q,,=1252Br.

Haunbonee 6GnusknMmn K TpebyembiM yCroBu-
AM ABNAETCA ABYXpAQHbIN paguatop Tuna 21 K
BbicoTon 600 mm n gnnHonm 1200 mm ¢ Tenso-
BbIM NnoTokom Q,, = 1596 Bt

Ona npubopa Ne 3 Tpebyemble napameTpbi:
BbicoTa 600 mm, annHa 900 mm, Q,, . = 797BT.

Hanbonee 6nuskum K TpebyemMbiM YCIOBUAM
ABNAeTCA ogHopAQHbIA paguaTtop Tuna 11K BbI-
coTton 600 mm n gnuHon 920 MM C TENMOBbIM
notokom Q,, = 893 Bt

[na npubopa Ne 4 Tpebyemble napameTpsbl:
BbicoTa 600 mm, anrHa 900 mm, Q,, . = 1258 BT.

Hanbonee 6nuakum Kk TpebyemMbiM YCNOBUAM
ABnAeTCcA ABYXpAQHbIA pagnaTop Tuna 21 K Bbl-
coton 600 mm n gnuHon 920 MM C TENMOBbLIM
notokom Q,, = 1311 Bt

Ona npubopa Ne 5 Tpebyemble napameTpbi:
BbicoTa 600 mm, AnvHa 900 mm, Q,, . = 1390 Br.

Haunbonee 6nuskummu K TpebyembiM ycro-
BUAM ABNAETCA [BYXPAAHbIA paguaTop Tuna
21 K Bbicoton 600 mm n gnuHom 920 mm ¢
TennosbiM notokom Q,, = 1311 Bt. HomuHanb-
HblA TEMMOBOW MOTOK [AAHHOMO0 OTOMUTEMbHOro
npubopa MeHblle Tpebyemoro Ha Benu4yuHy
1390 - 1311 = 79 > 60 BT. [Moatomy npuHmumMmaem
K YCTAHOBKE ABYXpAAHbIN paguatop Tuna 22 K
BbicoTon 600 MM 1 gnnHon 920 MM C TENSOBbIM
noTtokom Q,, = 1680 Br.

CtpaHunua 133



B. B. MNokoTunos: MNocobre no pacyeTy cucTem OTOMneHNA

NINTEPATYPA

1. BHyTpeHHne caHuTapHo-TexHn4Yeckne yctponctea. B 34. Y.1. OtonneHme /B.H.Borocnoscku,
B.A.KpynHoB, A.H.Ckanasw v gp. MNog pep. U.I.Ctapoeeposa v O.W.lWnnnepa. -4-e n3g., nepepad. u
pon.-M.: Ctpoimnagar, 1990 -344 c., un.- (CNpaBoOYHMK NPOEKTMPOBLLNKA).

2. CHB 4.02.01-03 OtonneHue, BEHTUNAUMA 1 KOHOWLMOHUPOBaHWE Bo3ayxa. -MH.:- MuHcTponapxu-
TekTypbl Pecnybnvku Benapyce, 2004.

CrtpaHuua 134



NMPUIOXEHUA



B. B. MokoTtunos: Mocobre no pacyeTy cuctem OTonneHnA

MpunoxeHne A

HOMOIPAMMA rMAPABJTMHECKOIO PACHETA TPYBEOMNPOBOAOB
BOOAHOIO OTOMIEHUA U3 CTANbHbIX TPYB MPU k, = 0,2 MM

YoenbHas notepa gaeneHuA Ha TpeHue, R, Ma/m
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MpunoxeHne b

HOMOTIPAMMA TMAPABINYECKOIO PACHETA TPYBOINMPOBOAOB
BOOAHOIO OTOIMJIEHUA 3 METATNOMOJIMMEPHbIX TPYB MPU ku = 0,007 Mm

YnenbHaA notepA AaBneHnA Ha TpeHue, R, Ma/m
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MpunoxeHne B

KoapdumumeHTbl  MEeCTHbIX CONPOTUBIEHUN

MecTHOe conpoTmBneHne O60o3Ha4eHne 3Ha4eHune (
Papuatopbl Y4yryHHble CEKLMOHHbIE 2,0
MaHenbHble OQUHapHbIE KOMMaKT-pagnaTopbl 15 19.0
GOHOBA tvn 10, 11K ’
[aHenbHble OBOMHbIE KOMMAKT-paguaTopsbl 15 8.0
(OOHOBA tun 21K, 22K ’
[MaHenbHblE TPOMHbIE KOMMAKT-paguartopsl 15 60
OOHOBA T1n 33K ’
KoTnbl Y4yryHHbIE CEKLNOHHbIE 2,5

*

BHes3anHoe pacLunpeHune {> ( ) 1,0°
BHesanHoe cy>keHune (*) <} 05"
Orctyn x 0,6
@15, @20 1,5
OtBopg nog yrnom 900, yTka @25, 32 1,0
@40 1 bonee 0,5
15 3,0
Croba 2120 1 6onee 2,0
MPOTOYHBbI BO3AYXOCOOPHIIK 1,5
3apgsmkka napannenbHaa NEPL], 0,5
KpaH LwapoBoi 1,0
KpaH npobKoBbI MPOXOAHON @15 4,0
@20 1 bornee 2,0
TPOWHKK NMPOXOAHON *) *) 10"

g
TpONHWK Ha OTBETBEHNE NOTOKAa 15"
TpOMHWK Ha NPOTUBOTOKE J ‘ 30°

()

g

KpecToBunHa npoxogHas —4-‘~—>— 20"
i

KpecTtoBuHa noBopoTHan —4——>Q 30"

(*) — 3Be3004KOI OTMEYEH YHaCTOK, K KOTOPOMY CrieflyeT OTHECTU AaHHOe MECTHOe COMpPOTUBNEHMNE
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MoTepu aaBnexus, Z, MNa

MoTepn gaBneHnA Ha MeCTHble conpoTueneHusa, Z, lNa,
B 3aBMCUMOCTU OT CYyMMbl KO3QOULIMEHTOB MECTHbIX COMPOTUBNEHN XL

MoTtepu paBnenus, Z, Ma

3500
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500

MpunoxeHwne I'

400
350
300 V=0,4 m/c
250
200 03
150
100 0.0
50 01
0
1 2 3 4 5
CyMma ko3p(hMLIMEHTOB MECTHbIX CONMPOTUBIEHUN
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1400
c 1200 =0]8 m/c
E‘» 1000 07
q:, b
g 800
g
3 600 0.6
[ faW~
2 400 =
04—
200
0
1 2 3 4 5
Cymma K03chULIMEHTOB MECTHbIX CONMPOTUBIEHUN
V=12 m/c
A 1.1
1,0 0,9
0.8
1 2 3 4

CymMa K03(h(PMLMEHTOB MECTHbIX CONPOTUBIEHUN
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Motepu paBneHus, Z, Na

MoTepu paBneHusn, Z, Na
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MpunoxeHune [

O.1. Homorpamma onpegeneHvAa yaenoHon Tennootgayn q, B1/m? kepammnyeckoro nona
(R,=0,02m?°C/BT) cuUCTEMbI HAMOMbHOTO OTOMEHNA B 3aBUCUMOCTY OT CPEAHen pas-
HOCTUK Temriepartyp Atcp AnA pasnu4Horo wara yknagku b,m (0,1m, 0,15m, 0,2m, 0,25m,

0,3m, 0,35m)
160 Y
\
w140
E 0,15 T\
0,2
> \\\
z 0,25
g 100 \{\\\\\\\\\
=
o 0,35
E . \Q\\\\\k\\
<C
=
2 60 T~~~
\
4030 25 20 1

CpepHAaA pa3HoCTb Temneparyp

— 32

— 30

— 28

— 26

Temneparypa nosepxHocTunona

I.2. Homorpamma onpegeneHna yaenbHon Tennootgayu g, Bt/m? nona ¢ CMHTeTMYecKrm-
nokpbitnem (R, = 0,075m? °C/BT) cucTemMbl HanosibHOro OTOMEHVA B 3aBUCUMOCTU OT
cpefHen pasHOCTU Temneparyp At [iNA pasnn4Horo Lara yknaaku b,m (0,1m, 0,15m,
0,2m, 0,25m, 0,3m, 0,35m)
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MpunoxeHwne E
TennoBble xapakTepUCTUKM CTaHAAPTHOrO NaHesnbHOro pagunaropa

E.1. Cxema ogHo-, ABYX-, U TPEXPAAHOIro CTaHAAPTHOrO CTanbHOro NaHenbHOro

paguartopa

11 KV 21 KV 22 KV 33 KV

~

- N
©
'6 i
o
0
m

|81/ 80 | 105

E.2. HomuHarnbHbIn TennoBow notok Q,, BT ctaHAapTHOrO CTasibHOro naHenbHoro
paguatopa npv HoM1HarbHON CpeaHen pasHocTy Temnepartyp At, = 60 °C

B (owaT 300 400 500 600

[nnHa KOHCT-

pyKLmu [Mm]
400 333 392 | 538 | 693 | 956
500 338 | 623 a7 | 577 | 747 490 | 673 | 866 | 1,195
600 589 | 809 | 406 | 747 | 1,027 | 500 | 692 | 896 | 1,234 | 588 | 807 | 1,039 | 1,433
700 473 | 872 583 | 807 | 1,046 [ 1,439 | 686 | 942 | 1,212 | 1,672
800 786 [1,079| 541 | 996 | 1,369 | 666 | 922 | 1,195 | 1,645 | 784 | 1,076 | 1,386 | 1,911
900 884 | 1214 | 608 | 1,121 | 1,540 | 750 | 1,038 | 1,345 | 1,850 | 882 | 1,211 | 1,559 | 2,150
1000 982 (1,349 | 676 | 1,245 | 1,711 | 833 | 1,153 | 1,494 | 2,056 | 980 | 1,345 | 1,732 | 2,389
1100 1,080 | 1,484 | 744 | 1,370 | 1,882 | 916 | 1,268 | 1,634 | 2,262 | 1,078 | 1,480 | 1,905 | 2,628
1200 1,178 | 1,619 | 811 | 1,494 | 2,053 | 1,000 | 1,384 | 1,793 | 2,467 | 1,176 | 1,614 | 2,078 | 2,867
1400 1,375 | 1,889 | 946 | 1,743 | 2,395 | 1,166 | 1,614 | 2,092 | 2,878 | 1,372 | 1,883 | 2,425 | 3,345
1600 1,571 | 2,158 | 1,082 | 1,992 | 2,738 | 1,333 | 1,845 | 2,390 | 3,290 | 1,568 | 2,152 | 2,771 | 3,822
1800 1,768 | 2,428 | 1,217 | 2,241 | 3,080 | 1,499 | 2,075 | 2,689 | 3,701 | 1,764 | 2,421 | 3,118 | 4,300
2000 1,964 | 2,698 | 1,352 | 2,490 | 3,422 | 1,666 | 2,306 | 2,988 | 4,112 | 1,960 | 2,690 | 3,464 | 4,778
2200 2,160 | 2,968 2,739 | 3,764 | 1,833 | 2,537 | 3,287 2,156 | 2,959 | 3,810
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E.3. HomuHanbHbIn Tennoson Notok Q,,, BT ctaHaapTHOro cranbHOro naHenbHoro paava-
TOpa NP HOMUHANbHOW CpefHel pasHoCTU Temneparyp At, =50 °C

BokoBble CTEHKN N BEPXHAA peLleTKa paanaTopoB Y4TeHbl PN pacyeTe MOLHOCTA

rnacHo EN 442 Tewmnepartypa Ha Bbixoge 75 °C - Temnepatypa Ha Bbixoge 65 °C - Temnepatypa nomeLleHuns

BbicoTa
[mm]

1K 21K 22K 33K 11K 21K 22K 33K 11K 21K 22K 33K 11K 21K 22K 33K 11K 21K 22K

400 Br 226 | 335 | 438 | 624 | 283 | 419 | 543 | 774 | 337 | 497 | 640 | 911 388 | 570 | 730 | 1036 | 531 | 769 | 972 | 1360

520 Br 294 | 436 | 569 | 812 | 368 | 544 | 706 | 1007 | 438 | 646 | 832 | 1184 | 505 | 741 950 | 1347 | 690 | 999 | 1264 | 1768

600 Br 339 | 503 | 657 | 937 | 425 | 628 | 814 | 1162 | 505 | 745 | 960 | 1366 | 583 | 855 | 1096 | 1555 | 796 | 1153 | 1459 | 2040

720 Bt 407 | 603 | 788 | 1124 | 510 | 754 | 977 | 1394 | 606 | 894 | 1152 | 1639 | 699 | 1026 | 1315 | 1866 | 955 | 1384 | 1750 | 2448

800 Bt 452 | 670 | 876 | 1249 | 566 | 838 | 1086 | 1549 | 674 | 994 | 1280 | 1822 | 777 | 1140 | 1461 | 2073 | 1062 | 1538 | 1945 | 2720

920 Br 520 | 771 | 1007 | 1436 | 651 | 963 | 1248 | 1781 | 775 | 1143 | 1472 | 2095 | 893 | 1311 | 1680 | 2384 | 1221 | 1768 | 2237 | 3128

1000 Bt 565 | 838 | 1095 | 1561 | 708 | 1047 | 1357 | 1936 | 842 | 1242 | 1600 | 2277 | 971 | 1425 | 1826 | 2591 | 1327 | 1922 | 2431 | 3400

1120 Br 633 | 939 | 1226 | 1748 | 793 | 1173 | 1520 | 2168 | 943 | 1391 | 1792 | 2550 | 1088 | 1596 | 2045 | 2902 | 1486 | 2153 | 2723 | 3808

1200 Bt 678 | 1006 | 1314 | 1873 | 850 | 1256 | 1628 | 2323 | 1010 | 1490 | 1920 | 2732 | 1165 | 1710 | 2191 | 3109 | 1592 | 2306 | 2917 | 4080

1320 Br 746 | 1106 | 1445 | 2061 | 935 | 1382 | 1791 | 2556 | 1111 | 1639 | 2112 | 3006 | 1282 | 1881 | 2410 | 3420 | 1752 | 2537 | 3209 | 4488

1400 Br 791 | 1173 | 1533 | 2185 | 991 | 1466 | 1900 | 2710 | 1179 | 1739 | 2240 | 3188 | 1359 | 1995 | 2556 | 3627 | 1858 | 2691 | 3403 | 4760

1600 Br 904 | 1341 | 1752 | 2498 | 1133 | 1675 | 2171 | 3098 | 1347 | 1987 | 2560 | 3643 | 1554 | 2280 | 2922 | 4146 | 2123 | 3075 | 3890 | 5440

1800 Br | 1017 | 1508 | 1971 | 2810 | 1274 | 1885 | 2443 | 3485 | 1516 | 2236 | 2880 | 4099 | 1748 | 2565 | 3287 | 4664 | 2389 | 3460 | 4376 | 6120

2000 Br 1130 | 1676 | 2190 | 3122 | 1416 | 2094 | 2714 | 3872 | 1684 | 2484 | 3200 | 4554 | 1942 | 2850 | 3652 | 5182 | 2654 | 3844 | 4862 | 6800

2200 Br | 1243 | 1844 | 2409 | 3434 | 1558 | 2303 | 2985 | 4259 | 1852 | 2732 | 3520 | 5009 | 2136 | 3135 | 4017 | 5700 | 2919 | 4228 | 5348 | 7480

2400 Br | 1356 | 2011 | 2628 | 3746 | 1699 | 2613 | 3257 | 4646 | 2021 | 2981 | 3840 | 5485 | 2330 | 3420 | 4382 | 6218 | 3185 | 4613 | 5834 | 8160

2600 Br | 1469 | 2179 | 2847 | 4059 | 1841 | 2722 | 3528 | 5034 | 2189 | 3229 | 4160 | 5920 | 2525 | 3705 | 4748 | 6737 | 3450 | 4997 | 6321 | 8840

2800 Br | 1582 | 2346 | 3066 | 4371 | 1982 | 2932 | 3800 | 5421 | 2358 | 3478 | 4480 | 6376 | 2719 | 3990 | 5113 | 7255 | 3716 | 5382 | 6807 | 9520

3000 Br | 1695 | 2514 | 3285 | 4683 | 2124 | 3141 | 4071 | 5808 | 2526 | 3726 | 4800 | 6831 | 2913 | 4275 | 5478 | 7773 | 3981 | 5766 | 7293 | 10200

CrtpaHuua 144



B. B. MNokoTunos: MNocobre no pacyeTy cucTem OTOMneHNA

0.3. Homorpamma onpegeneHus ynenbHomn Tennootgayn q, Bt/m? nona ¢ napketom vunu ¢
KOBPOBbIM NOKpbITUEM (R, = 0,1 mM?°C/BT) cCTeMbl HAaNOMbHOrO OTOMMEHUA B 3aBUCU-
MOCTU OT CpefiHell PasHOCTY Temrneparyp At AndA pasnu4Horo wara yknagku b,m (0,1
M, 0,15 m, 0,2 m, 0,25 m, 0,3 m, 0,35 m)
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CpepnHAs pa3HoCTb Temreparyp

I.4. Homorpamma onpegfeneHna yaenbHon TennooTtha4dum q, Bt/m? nona ¢ ToncTtbiv napke-
TOM WU € ToncTbiM KoBpom (R, = 0,15 m?°C/BT) crcTembl HanonbHOro OTOMNNeHNA B
3aBMCMMOCTY OT CPEAHei pa3HOCTN Temneparyp At ANA pasninyHOro Lara yKnaaku
b,m (0,1 m, 0,15 m, 0,2 m, 0,25 m, 0,3 m, 0,35 m)
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