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1.BBEOEHUE

YCcTaHOBKM A51S1 OTONNEHMS OTAENbHbIX NOMELLEHWI, 30aHWUIA U LeNbIX KOMMNEKCOB WUr-
palT B COBPEMEHHOM XXM3HM YerloBeka OrpoOMHYK pofb, Tak Kak OHW NpeAHas3HayYeHbl Ans
YNyULLIEeHNsI er0 CaHUTaPHO-TUMIMEHNYECKUX, KYNbTYPHO-ObITOBLIX 1 9KOHOMUYECKMX YCIOBUIA.

Mepea crneumanucTamm CTOAT CepbesHble 3adaudy Mo CO3L4aHWMI 3KOHOMMUYHbIX CUC-
Tem, obecneunBaroLLmMX B MOMELLEHNSX UCKYCCTBEHHbIN MUKPOKMMAT.

[ns ycnewHoro BbIMNONTHEHMST KYPCOBOrO MpoeKkTa CTYAeHTYy HeobXoaMMO MCnosb30-
BaTb PEKOMEHAYEMYIO NUTepaTypy 1 KOHCYyNbTauuy NnpenogasaTtens.

2. UEJTb 1 3AO0A4YUY BbINMOJIHEHUA KYPCOBOI'O NMPOEKTA

BbInonHeHne KypcoBOro npoekTa - BaXHbI aTan B y4ebHOM npoLlecce npu nogrotos-
ke cTtpouTtens. Llenb npoekTta - 3akpenuTb, yrinybuTb M 0600WUTL TeopeTU4eckne 3HaHus,
Nosly4YeHHble CTYAEHTOM Ha Nekumax, nabopaTopHbIX 3aHATUSX Mo Kypcy "OTonneHune" (Ha-
npasnenve nogrotoskn 08.03.01 «CTtpoutenbctBO», MNpocunb MNOAroToBKM «Tensioraso-
CHabXxeHne 1 BEHTUNAUMS»), NPUOBPECTN NEPBbIA OMbIT CAMOCTOATENBHOIO pPEeLleHnst Tex-
HUYECKMX N SKOHOMMUYECKMX BOMPOCOB, BO3HMKAKOLLNX NPU NPOEKTUPOBAHUN CUCTEM OTOnNIe-
HUS 30aHUN, COOPYXKEHUM.

Bo Bpemsi BbIMOMHEHUS KYPCOBOro NpoekTa CTYAEHT AOMOSNIHUTENbHO M3y4vaeT OeicCT-
BYHOLLYYIO HOPMaTUBHYIO, @ Takke APYryl0 OTEeYECTBEHHYIO U 3apybexHY TEXHUYECKYIO nnuTe-
paTypy C LUenbl UCMonb3oBaHUs B paboTe nocneaHux OCTUXKEHUIN Hayku U TEXHUKWU. B pe-
3ynbTaTe CTyAeHT OOSMKEH MOMYyYnUTb HABbIKM CaMOCTOSTENIbHOIO KOHCTPYMPOBAaHUSI U pacye-
Ta CUCTEM OTOMMEHUs, Hay4YUTbCS CBOOOAHO U NpaBUNbHO pa3bupaTtbcs B NpoekTax oTonne-
HMS, NPMOBPECTN 3HAHWUSI MO MOHTAaXY WM 3KCMnyaTauuy AaHHbIX CUCTEM C Y4ETOM 3KOHOMHOTO
pacxofa MaTepuarnoB 1 TEMNMOBOW 3HEPTUN.

3. OCHOBHbIE TPEBOBAHUA K KYPCOBOMY MNMPOEKTY

3.1. TemaTtuka

O6bektamn KypcoBOro npoekta MoryT ObiTb 3gaHua obbemom Ao 10 ThiC.
M3 cregylollero HasHauYeHWs:: MHOFOSTaXKHble FOCTUHULLI, OBLLEXWUTUS, XWUMble A0OMa C
BCTPOEHHbIMW MarasnHamu, knybamu, KWHoTeaTpamun u T.4.

3.2. UcxopHble AaHHbIe K KYpCOBOMY NpPOEKTY

CTyOeHTy Bbl4aTCA CTPOUTENBHLIN MaH 1 paspes 34aHnd ¢ ykasaHMeM OpueHTauum
no cTpaHam cBeTa. B 3agaHum Ha KypCOBOM NPOEKT yKa3blBaAKOTCA HAa3HaYeHe, 3TaXHOCTb U
reorpacuyeckoe nonoxeHne 3gaHust, Hanuyme TEXHUYECKOro aTaxa, nogsasna, UICTOYHUK Te-
nnocHabxeHusi, napameTpbl TEMSOHOCUTENSA N CXeMa NPUCOEANHEHNSA CUCTEMbI OTOMMEHUS K
TEennoBown ceTu.

3.3. 3apgaHue Ha KypCcOBOW MPOEKT

CTyneHT 00s13aH paccunTbiBaTb MOLJHOCTb CUCTEMbI, HA OCHOBaHMM OENCTBYHOLLNX
HOPM M TEXHUKO-3KOHOMMUYECKNX COODpPaKEHUI CKOHCTPYMPOBATbL CUCTEMY OTOMMEHUS U Bbl-
NonHNTL HeobxoauMmble pacyeThl, nogobpatb obopyaoBaHMe. Ha Bcex aTanax npoekTnpoBa-
HUA Heobxoammo obecneymBaTb YMEHbLUEHME pacxoga TEMNIOBON N SNEKTPUYECKON SHEPTNN
6e3 HapyLeHNsa KOMOPTHLIX YCITOBUIN B MOMELLEHUSIX, NCNONb30BaTb NPU KOHCTPYMPOBaHUM



YHUPMUMPOBAHHbIE Y3Nbl U AeTanu ¢ LEenblo YMEHbLUEHMST METaNNoeMKOCTN 1 Tpyao3aTpaT
NPy MOHTaXxe.

3.4. O6beM KypcoBOro npoekra

KypcoBow NpoeKT COCTOUT U3 MOACHUTESTbHOM 3anncku 1 rpadundeckomn yactu. lNosc-
HUTENbHas 3anuncka BbINOMHAETCA Ha nucTax opmata A 4, gomkHa ObiTb kpaTkom (30-35
CTp.) 1 cogepxaTb 060CHOBaHME NPUHATBIX PELUEHUN.

Mpadhmnyeckasn yactb paboTbl BbIMNOMHAETCS B COOTBETCTBUM ¢ TpebGoBaHuamn EKCL n
ctaHgapTa [9-11] Ha 2-x nuctax cdopmaTta A1 1 gomkHa cogepxaTb HeobxoanMble NnaHbl
3[aHMa C HaHeceHMeM oTonuTenbHoro obopyaoBaHnsa n TpybonpoBoaOB, akCOHOMETpUYe-
CKYI0 CXEMY CUCTEeMbl OTOMNSIEHUS, OTAENMbHbIE Y3rbl U AeTanun, cxemy (Mo 3afaHuio) u cne-
undpmkaumo obopyaoBaHNSA MECTHOMO TEMSIOBOIO NyHKTA.

3.5. TpyAoOeMKOCTb KypCcOBOro NpoeKkTa

Hayano npoekTMpoBaHUs U CPOK 3alUMTbl 3aKOHYEHHOW KypCOBOrO NpoekTa yCcTaHaB-
NMBAOTCA NNaHOM BbINOSHEHMS rpadnyeckmx paboT CcTyaeHTamMn UHCTUTYTa U yKasblBatoTCs
B 3agaHuK. B aTOT nepuoa cTyaeHT 06s13aH perynsipHo nocellaTb NPoBOAUMbIE PyKOBOAUTE-
nem paboTbl KOHCYNbTaLUMM U CAMOCTOATENbHO PELUNTL BECb KOMMIEKC BOMPOCOB MPOEKTU-
pOBaHMs C HEOBXOAMMBIM TEXHUKO-9KOHOMUYECKMM 060CHOBaHMEM. PykoBoauTenb npoekTa
OLieHMBAaET MPUHSITbIE CTYAEHTOM peLleHusi, 0ObACHAET AONyLeHHble OWwnbKK, yTBEpXKAaeT
npaBunbHbIE PELLeHNs, JaeT HEOOX0AUMbIE YKa3aHUsi, MPOBOAMT aTTecTauuu.

I'IpmmepHaﬂ TPyOoOEeMKOCTb BbINOJIHEHUA pa3gerioB NpPoeKTa npmneeneHa B Tabn. 1.

Tabnuua 1 - NpumepHas TPYA0EMKOCTb BbINOMHEHMS pa3aenoB KypCOBOro NpoekTa

Ne CopepxaHue paboThl TpynoeMkocTb, %,
n/n
1 | OsHakomMmneHue ¢ 3agaHuem, nogdop

HOPMAaTUBHOW 1 CNPaBOYHOW NUTEPATYpbI,
onpeneneHne pacyeTHbIX NapamMeTpoB 5
HapPY>XHOro N BHYTPEHHEro Bo3ayxa

2 | CoctaBneHne Tennosoro 6GanaHca nome-
LLLeHWIA. 15
3 | Bbibop 1 KOHCTpyMpOBaHMe (KOMMNOHOBKA)

CUCTEMbI OTOMNJIEHNUS, BblMEPUYMBAHME NNAHOB C
HaHECEeHUEM OTOMUTENbHOTrO 06opyAOBaHUS U 15
aKCOHOMETPUYECKON CXEMbI

4 | T'ngpaBnunyecknin pacyet TpybonposoaoB

rMaBHOrO LMPKYNSUMOHHOIO Konblia CUCTEMbI 30
oTonneHns 20

5 | TennoBown pacyeT oToNUTENbHbLIX NPMBopPOB
6 | NMogbop obopynoBaHNA CUCTEMbI OTOMNMEHNS 15
Bcero: 100

3.6. 3awmTa KypcoBOro npoekTa




3aKOHYEHHbIN 1 MOANUCAHHBIA CTYAEHTOM MPOEKT He MOo3Xe, YeM 3a OBa OHS 00
3almMTbl caaeTcs Ha kadbeapy, NpPoBepsieTCcs U NoANMUCLIBAETCSH PYKOBOAUTENEM, PeLEeH3npY-
eTcs Apyrum npenoaasatenem. Mocne 3awuTbl CTYAEHTOM OCHOBHbIX MOMOXEHUA KOMUCCUS
Kadbeapbl onpeaensieT kKa4ecTBo U AaeT OLeHKy paboTe.

4. METOOANYECKUE YKA3SAHUA K BbINOJIHEHUIO KYPCOBOI'O MNMPOEKTA.

4.1. MNnaH nocTpoeHus u coaepXaHusa pasaernioB NOACHUTENIbHOMN 3anuUCKu
lMosicHUTenbHas 3anucka JoSmKHa coepKaTb criegyowne pasgensbl:

1. BBegeHue.

2. Pac4eTHble napameTpbl HAPY>XHOro BO3ayXa.

3. PacyeTHble napamMeTpbl BHYTPEHHENO BO34yXa B MOMELLEHUSIX.

4. TennoTexHNn4Yeckne XxapakTepPUCTUKN HaPY>KHbIX OrpaXaeHun.

5. Tennoson 6anaHc NnomeLeHni, onpeaeneHme MOLWHOCTN CUCTEMbI OTOMSIEHUS.
6. Boibop BMaa n napameTpoB TEMSIOHOCUTESSI, CXEMbl CUCTEMbI OTOMMEHMUS,
BMAa OTONUTENbHbLIX NPNBOPOB.

7. KoHCTpynpoBaHue (KOMMOHOBKA) CUCTEMbl OTOMSIEHUS U MECTHOIO TEMnsoBOro
NyHKTa.

8. N'maopaBnuyecknin pac4eT CUCTEMbI OTOMNSIEHUA.

9. PacyeT nnowaan HarpeBaTefibHON NOBEPXHOCTU OTONUTENbHbLIX NPUGOPOB.
10.Mogbop BcnomoratensHOro 06opyaoBaHNA MECTHOIO TEMMOBOro MyHKTA.

11. KpaTkme ykaszaHus no akcnnyataumm cUCTeMbl OTOMSEHUS.

12. 3akntoveHue.

4.2.MeToguyeckme YyKasaHMA MO BbINOSIHEHUIO OTAENbHbLIX pasgenos
KYpPCOBOIro npoekTa

4.2.1. Bo “BeegeHnn” HeobxogMmMo KpaTko onucatb Ha3HayeHue OToONUTESNbHbIX yCTa-
HOBOK 1 TpeboBaHWS K HUM, UX 3HaYEHNE B peLUeHUN NporpamMmMbl KanuTanbHOro0 CTPOUTENb-
CTBa M 3KcnnyaTaumm AeNCTBYIOLErO XMUMoro, obLLeCcTBEHHOro U NPOMbILLIEHHOrO (POHOOB,
OTMETUTb 3a4ayun MO AKOHOMUWU TOMIMBHO-3HEPTrETUYECKMUX PECYPCOB, CHUXKEHUIO MeTanmno-
eMKOCTU. HeobxoaumMo gaTb KpaTKylo XapakTepUCTUKY NPOEKTUPYEMOMY 30aHUI0 U HapyX-
HbIM OrpaXXaeHUsAM.

4.2.2. PacyeTHble napaMeTpbl HApYXHOro BO3Ayxa NpuHUMaroTcs no Hopmam [1,5-7].
MapameTpbl b — ana cuctem oTonneHus.

4.2.3. Pac4eTHble napaMeTpbl BHYTPEHHErO BO3yXxa NOMELLEHUA NMPUHUMAKOTCA B 3a-
BUCMMOCTM OT Ha3HA4YeHUs 34aHUS U NOMELLLEHNIA MO COOTBETCTBYHOLLMM rrasam [5-8].

4.2.4. TennoTeEXHUYECKME XapPaKTEPUCTUKN HAPYXKHbIX OrpakgeHun nNpuUHMMaloTCs B
cooTBeTCTBUU C [2].

4.2.5. Tennoson 6anaHc NOMeLLEHNIA ANsi pacYETHOro 3MMHEro nepuoaa:
Q=0Q1+ (Quumn Qg) — Qs , (1)
roe Q — cymmapHble noTepu TENMNOThl MOMELLEHNAMU 3a0aHus, BT;

Q1 — OCHOBHble U [oBaBOYHbLIE NOTEPM TEMMOTLI YEPE3 OrpakaaroLime KOHCTPYK-
U1 nomeLleHun, BT;



Q. — pacxoq TennoTbl Ha HarpeBaHWe NHMUNBLTPYIOLLEroCa HapyXHOro BO3gyxa
Yyepes orpaxgatoLimne KOHCTPYKUUM nomMeLleHun, BT,

Qs — pacxopn TennoTbl HA HarpeBaHe UHUIBLTPYIOLErocs BO3ayxa B NMOMeLLeHU-
SAX XUNbIX U 0OLLECTBEHHbIX 30aHWUIA NMPU €CTECTBEHHOMW BbITSXKHOWN BEHTUNALMU, HE KOMMEH-
CUpyeMoro nogorpeTbiM NPUTOYHbIM BO34yXOM, BT;

Qg — 6bITOBbLIE TENMOMNOCTYNMEHNSA B MOMELLEHUSAX 3a0aHUs, BT.

OcHoeHble u 0obagoyHble rnomepu mersiomsl criegyeT onpeaenaTts, CyMMUPYs noTe-
pun TennoThbl Yepe3 oTAeNbHble orpaxaatowme KOHCTpykumn Q, BT, ¢ okpyrnenHuem go 10 Bt
ANs NoMeLLeHun no oopmyne

Q=AK-(-t,)n 1+ 5), )

roe A — pacyeTHas nnowanpb i-on orpaxgatoLlen KOHCTPYKLUUMK, M2
Ki — koadhdbmLMeHT Tennonepeaayy i-oit orpaxaatoLLeit KOHCTpyKLmK, BT/m2-°C;
ts — pacyeTHasa Temnepartypa BHYTPEeHHero Bosayxa nomeeHus, °C;
tyn — pacyéTHas TemnepaTtypa Bo3gyxa Ans NPOeKTUPOBaHUSA CUCTEMbI OTOMMEHMS,
OC;
N — KO3IPPUUMEHT YYETA MOMOXKEHUS HAPYXXHOW MOBEPXHOCTU OrpaxgeHus no oT-
HOLLIEHWNIO K HApYy>XHOMY BO34yXy, onpeaensiembin no [2];
B - nobGaBoOYHbIE NOTEPU TENMOThI B AONAX OT OCHOBHbLIX NOTEPbL, onpeaensemMble
no [2,13].
TennoobmeH 4Yepe3 BHYTPEHHUE Orpaxkgarolmne KOHCTPYKUUW MoMeLlleHun Heobxo-
ANMO YyYMTbIBaTb MPU PasHOCTM pacyeTHbIX TeMNepaTyp BHYTPEHHEro Bo3gyxa 9TuUX nome-
LeHuin 6onee 3 °C.

PesynbTaTbl pac4yéTa OCHOBHbIX M 4ODABOYHbIX NOTEPb TEMMOTHI YEpes orpaxaatroLume
KOHCTPYKLUWN OTAENbHbIX MOMELLEHUIA CBOAAT B Tabn. 2.

Tabnuuya 2- OcHoBHblE N [06aBOYHbLIE NOTEPU TEMMOTHI

Ne no- | HaumeHoBa- OrpaxgeHune Pacuert-

Melle- | HMe nomelle- | O6o- Opwu- Paamepbl | MNnowaae, Koadhdpu- Hag pas-

HUS HAS W Temne- | 3Haye- | eHTa- MXM AMm? LUMEHT Ten- | HOCTb
patypa BHYT- | HMe ums nonepena- | Temnepa-
PEHHEro BO3- yn, Typ,
ayxa, 1/R,, (ta-tin)n,
ts, °C BT/mM*°C °C

1 2 3 4 5 6 7 8

OKOHYaHue Tabn. 2

[MoTepu TennoThbl MHoxuTens goba- | CymmapHble note- | [Mpume-
OcHoBHble Ho6aBouHble BOK, (1+Zp) pv TENNOTHI, YaHus
Q,BT Ha opueHTa- | [pyrue Q:=Q(1+3p), BT
Um0
9 10 11 12 13 14
Wtoro:

Pacxod mennomsi Ha HagpesaHue UHGUIbLMPYWE20Csa HapyXHOo20 8030yxa Yyepe3
oegpaxkdarouwue KOHCMpyKyuU rnomeweHud , BT, cnegyet onpegenats no popmyne:




QVI:0128CK(tB-tHI'I) G|nf AO (3)

roe ¢ — yaenbHas TennoemMKkocTb Bo3ayxa, paBHasa 1 kx/(kr °C);
k — KO3 PUUMEHT yyeTa BIIMSAHUSA BCTPEYHOIO TEMNSIOBOro NOTOKA B KOHCTPYKLMSX,
onpegensiembl no [2,13];
ts — pac4éTHasa Temnepartypa BHYTPEHHero Bo3ayxa nomeleHus, °C;
tun - pacyeTHasa TemnepaTypa Hapy>XHOro Bos3yxa Ansa Xorio4Horo nepuoga roaa,
°C, paBHas cpeaHen Temnepatype Hanbonee xonogHoM NATUAHEBKM 06ecneyvyeHHo-
cTbto 0,92;
A, — pacyé€THas nnowaab OKoH (6ankoHHbIX ABepen), M2
Ginf — YAENbHbIN pacxop Bo3ayxa Yepes OkKHO UK GankoHHYo ABepb, Kr/(M* 4), or-
pegernseTcsa cornacHo [2,3,13].

PesynbTaTbl pac4yéTa pacxoga TENNoTbl HA HAarpeBaHUEe MHUMbTPYIOLLErOCs HapyX-
HOro Bo3ayxa cBoasaT B T1abn. 3.

Tabnuua 3- Pacxon TennoTbl HA HarpeBaHne MHAUNbTPYIOLLErocst BO3ayxa

Homep | Temnepa- | Pas- 0,28xcxK | YOenbHbIl  pacxod Mnowaab OKOH Qu
nome- | Typa BHYT|{ HOCTb BO3[yxa 4epe3 OKHO (6anKOHHbIX BT
LEeHNs | peHHero Temne- nnm GankoHHyto y
asepen) B Mo-
Bo3ayxa, t{ paTyp ABEPb, MeLLEeHM
OC (tB-tHI'I)i C;inf, Kr/(sz‘-I) A |\/’|2
OC 01
1 2 3 4 5 6 7

Pacxod mennomsl Ha HazpesaHue UHUIbmpyrouwe20cs 8030yxa 8 MOMEWEeHUSIX XUrbiX U
obuwecmeeHHbIXx 30aHul rnpu ecmecmeeHHOU 8bIMSXKHOU 8eHMUISAUUU, HE KOMIEHCUPYEMO-
20 rnodoepemsIM MPUMOYHbIM 8030yXOoM, BT;

QB = 0,28 Ln p C (tB = tHn)k, (4)

roe L, - pacxoq yaanseMoro Bosayxa, M>/d, He KOMNEHCUPYEMbIi NOAOrPETbIM MpU-
TOYHbIM BO3[YXOM;
P - MMOTHOCTb BO34YyXa B NOMELLEeHWUH, KI/M>.

Pacxoa Tennotbl Qg B 34aHMsX co cbanaHCMpOBaHHOW NPUTOYHO-BBITS)KHON BEHTUNSA-
unen Byget oTcyTcTBOBaTb. B OeTckux cagax, pacrnorioXeHHbIX BO BCEX KIMMaTU4eCKUX
panoHax, 3a uckmodeHvem 1A, 1B, 1 nogpanoHoB, NPOEKTUPYETCHA TONMbKO BbITSXKHASA BEH-
TMnaums. MNMoaTomy pacxoq ygansemMoro Bosfyxa crnegyet onpeaensatb kak Lp=mxV, rge m -
KpaTHOCTb BO3ayxoobmeHa, 1/4, [2,4,13] (Npn BbINONHEHUN KYPCOBOro MpOeKTa AonyckaeTcs
ncnosib3oBaHMe KpaTHOCTEN BO34yxoobMeHa); V -06beM nomeLleHns, M.

PacuyeTbl cBOAsTCA B TA6n. 4.

Tabnuua 4- Pacxoq TennoTbl HA HarpeBaHMe MHMUNbTPYIOLWErocs BO34yXxa B NOMELLEHUAX
XUIbIX N OOLECTBEHHbBIX 30aHUA NPU €CTECTBEHHOMW BbITSXKHOW BEHTUNSALUMU, HE KOMIMEHCU-
pyemMoro noaorpeTbiM NPUTOYHbIM BO34YXOM (Mnn npu ancbanaHce Mexay BbITSXXKOM 1 Npu-
TOYHOW BEHTUNSALMEN)

O6bem
nomMeLLeHuns,

Homep no-
MeLLEHUS U

KpaTHocTb Ly,

i Qs=0,28cLpp(ts-tun)
BO34yxoobmeHa, My



Ha3Ha4YeHune Vv, m° m, 14
1 2 3 4 5

Onst XvnblX 3AaHWIA yaernbHbI HOPMATUBHbIA pacxos NPUHUMAETCS PaBHLIM 3 M>/y
Ha 1 M? NNoLLaAmM NoMa XWUrbiX KOMHAT U KyXHU, B peaynbTaTe hopmyny (2) MOXKHO NOMy4uThb
B cneaytowlem suae (BT):
Qs= (ta-tun)xAn. (5)

Pacuet Qg (BT) Ans Xunbix KOMHAT N KyXOHb MOXHO CBECTU B Tabn. 5 BmecTe ¢ pac-
4YyeToM 6bImosbix mersioebidesieHul No hopmyne:

Q=10 A,. (6)
TaGﬂMU,a 5'PaCXOﬂ, TenrnoTbl Ha HarpesaHune l/IHd)I/IJ'IpryIOLLI,erOCFI BO3ayXa MNnpun eCtecrBeH-

HOW BbITS)KKE, HE KOMMNEHCMPYEMOW MoJorpeTbiM NPUTOYHBLIM BO34YyXOM, U ObITOBbIE TEMMO-
BblEeNneHns

Ne Temnepa- Pasmepbl nona (ta-tun), Qg, Qsk,
no- | Typa BHyT- o
Me- | peHHero LINpUHA, ANNHa, nnowiaab, C BT BT
we- | Bo3ayxa, ts, M M A, M?
Hua | °C

1 2 3 4 5 6 7 8
01"

MpumeyaHue. *) — npyM 0ANHAKOBOW NNIAHMPOBKE BCEX aTaXen LenecoobpasHo nog 0gHUM
HOMEpPOM 3anucbiBaTb NOMELLEHNSA Pa3HbIX 3TaXEMN.

[aHHble pacyeTa oTAEeNbHbIX COCTaBMALWMX TENNOBOro 6anaHca ceBogdaTcsa B Tabnu-
uy 6.

Tabnuuya 6- Tennosown 6anaHc NomMeLleHUI

Ho- Qs | QB, | 1-1 3Tax [MpoMEXYTOYHbIE 3TaXNn BepxHun atax Z Qnp

Mep BT Qu [ Qu | Qup | Qu, | 2-MaTaX | ........ Qi | Qu | Ques BT

melle Br | Br | Br |’ Br | Qu | Qm | Qu | Qnp B Br Br

Le- BT Bt | BT

01
02

JlecT.
KneT-
Ka




QI QII Q QB z:(?:«x,q

lMpumeyaHue. OCHOBHbIE U 106ABOYHbLIE NOTEPYU TEMNOTHI NOMELLIEHNS NECTHUYHON KINETKH,
paccuyMTaHHble cpasy Mo BCEW BbICOTE, YCIIOBHO 3anuchbiBatoT B rpadyy nepBoro ataxa, a

Takke pacxod TensoTbl Ha HarpeB MHUIBLTPYHOLLLErocs BO3AyXa Yepes 3aKpbITyHo HaPYXKHYHO
ABEPb U OKHA.

TennotexHn4yeckas oueHKa apXMTEeKTYpPHO-NMaHUPOBOYHOIO peELLUEHUs U TennosawuT-
HbIX CBOMCTB 3[j@aHMUS N ero CpaBHEHUSA C paHee MOCTPOEHHbIMU 30aHUAMU NPOU3BOAUTCA Ny-
TeM BbIYVUCNEHUS yAeNbHON TeNnoBoii xapakTepucTukn BT/(M?xK ) Ha oTonnenve no dopmyne

q = Qsﬂlvx(ta'tHn)xa (7)

roe V-o6beM oTannMBaeMoit YacTu 30aHUsA Mo BHELLHeMY obmepy, M°;
t;- pacyeTHas TemnepaTypa BHYTPEHHEro Bo3gyxa B XapaKTepHOM MOMeLLEeHUU Mpo-
ekTupyemoro 3gaHus, °C;
a - KOA(PPUUNEHT, YYUTbIBAIOLUN U3MEHEHNE YOENbHOW TENMOBOM XapaKTepUCTUKN
Npn OTKMNOHEHUN DaKTUYECKOW pacyeTHOW pasHocTM TemnepaTyp oT 48 °C, npu KoTo-
poun B CNpaBOYHOWN NnuTepaTope NpuBeAeHbl 3Ha4YeHUs “g;” B 3aBUCUMOCTM OT obbema U

Ha3Ha4YeHUs 30aHns; KO PUUMEHT "a” BbIMMCNIAIOT No doopmyne
a= 0,54 + 22/(tB-tHr|) (8)
HekoTopble 3HayeHus g, NnpuBeaeHbl B Tabn. 7.

Tabnuua 7- YaernbHble TENoBble XapakTepUCTUKM 3AaHNs Ha oTonneHue (gr, BT/m3xK)

Ob6bem HanmeHoBaHue 30aHus
34aHus
ThiC. M*
Xunble  340a- | agMUHUCT- | LWWKOMbl | A€TCKMe | Kny- | KMHO - yHUBEp — | CTO-
HUS, obLLe- paTUBHbIE M By3bl | cagpbl, Obl Teart- Maru no-
XWUTKUS, roc- 30aHus Acnn pbl Bble
TUHULBI
Oo 3 0,49 - - - - - - -
Ho 5 0,44 0,50 0,45 0,44 0,43 0,42 0,44 0,41
Jo 10 0,38 0,44 0,41 0,39 0,38 0,37 0,38 0,38
o 15 0,36 0,41 0,38 0,35 0,35 0,36 0,35
Bonee 0,37
15

Mpw 3HAaYUTENBHOM OTKIMOHEHUUN ( OT gy HEOBXOAMMO BHECTU KOPPEKTMBLI B COCTaB-
neHve TennoBoro 6anaHca 3gaHusi.

4.2.6 Bblbop v KOHCTpyMpoBaHUE (KOMMOHOBKA) CUCTEMbI OTOMNMEHUS.



Mpn BbIGOpPE BMAa U napameTpoB TEMNOHOCUTESS, CXEMbl CUCTEMbI OTOMMEHUS U
cnocoba uUMpKynauuKM, Buaa OTONMUTENbHbLIX NPMOOPOB HEO6GXOAMMO PYKOBOACTBOBATLCSH
[4,9-10,13].

PacueTtHas TemnepaTypa BoAbl B NoaroLmx MarncTpansix cCMcTeMbl OTOMNMEHUS Or-
paHN4YMBaETCA CaHUTAPHO-TUTMEHUYECKMMN U TexHomormdyeckummn TpeboBaHuamn. [nsa ee
NOMy4YeHNss CUCTEMY NPUCOEOUHSIIOT K TEMSIOBOW CETU C NOBLILLEHHOW TEMNepaTypon BOAbI C
MOMOLLIbIO 3nieBaTopa uUnu Apyrux NoagMeLIMBatoLmMx HacoCoB (3aBMCUMOE NpUCOeaUHEHNE)
NN HEe3aBMCMMO C YCTaAHOBKOW BOAO-BOASHOrO noporpeBaTens. PacuyeTHyio Temnepartypy
BoAbl B 06paTHOM MarucTpany npuHumatoT pasHon 70 °C xoTta uenecoobpasHo o60cHOBaTh
ee TEXHUKO-3KOHOMMNYECKMM PACYETOM.

MecTo npoknagkvm nogatrowmx MarucTpanen 3aBuCuT OT apXUTEKTYPHO-CTPOUTESbHOIO
pelleHns 30aHnsa. BepxHsast pa3Bogka NMPUMMEHSETCA MpU HanMuMu B 34aHUKN Yeppaka vnum
TEXHMYECKOro aTaxa, a Npu ero OTCYTCTBUUN - HVWXKHAS pa3BOAKA; B OAHOITaXKHbIX 34aHUSIX, a
Takke B MHOrO3TaXHbIX 34aHMAX NPU HaNUuuMu B npedenax aTaxa noMmeleHun 6onbLiown
NPOTSHKEHHOCTU PEKOMEHAYETCA MPUMEHATb FOPU3OHTaNbHbIE CUCTEMbI - CUCTEMbI C MO-
3TaXXHOW Pa3BOLKON.

MO KOHCTPYKUMM CTOSIKOB MMM TOPU3OHTamNbHbIX BETBEW U CXEM NUTaHUA nNpubopos
CUCTEMbI OTOMNEHUS MOTYT ObITb ABYXTPYOHBbIMU, OAHOTPYOHBIMU U BUPUNAPHBIMMU.

B cnyyae ycTtaHOBKM TepMoOCTaTOoB Ha NOABOAKAX K OTOMMTENbHbIM Npubopam B
3[aHUN NPOEKTMPYETCA ABYXTPYOHAs cuctema OTONMEHS.

4.2.7. KOHCprI/IpOBaHI/Ie CUCTEeMbI oTONNEHNA N MECTHOIO TENJ1I0BOro nyHKTa.

KoHcTpynpoBaHue cucTeMbl OTOMNMEHUS BEAYT B cneayoLwen nocrneaosaTenbHOCTU:
a) pa3MeLLaloT Ha nnaHax oTonuTenbHble NPUBopbI, CTOSKK, 060PYAOBaHNE TEMMOBOIO MyHK-
Ta U MarnucTpanu ¢ AereHnem CUCTEMbI Ha BETBUM AN OCYLLEeCTBNEeHUs nodacagHoro pery-
NMpOBaHNS;

0) Ha3HayvaloT YKINoH TpybonpoBoaos Anga obecneyeHust ABMXKeHUs, cbopa u yaaneHusi Bo3-
Ayxa, a Takke crycka BoAbl NPU PEMOHTE;

B) pewlaloT BOMPOCbI O KOMMEHCaunn TemnepaTypHbIX YANMHEHUA U TensioBOM U30NSauLmUn
TpybonpoBOAOB;

) pasmeLlaroT 3anopHYH 1 PerynmpyoLlyo apMaTtypy;

[) Bbl4EPUYMBAIOT aKCOHOMETPUYECKYHO CXEMY cucTeMbl B Macwitade 1:100 ¢ y4eToOM 3CKU3-
HOW NpopaboTkM pasmeLleHnst AIEMEHTOB CUCTEMbI Ha pa3pesax 34aHus.

CTOSsIKM HAHOCATCA Ha NNaHbl U HYMEPYOTCH, Ha4YMHas U3 NeBOro BEpPXHEro yrna 3aa-
HUS MO YaCcoBOW CTpesike: B OOHOTPYOHbLIX CUCTEMAX C BEPXHEN pa3BOAKOWN U B OBYXTPYOHbIX
cuctemax - ogHon umdgpon (Ct. 1.,CT. 2), B OQHOTPYOHON CUCTEME C HUXKHEN Pa3BOAKON -
oTaenbHO noabemHyto (CT.1 unn CT.1A) 1 onyckryto (CT. 1 unm CT.1B) yacTu cTosika.

[ns ymeHbLIeHNa MeTannoeMKoCTU CUCTEMbI OTOMNSIEHUS NHOUBUAYANbHbLIW TEMSIOBON
nyHKT (LATT) cnegyeT pas3mellaTb B LEHTPE 34aHuUsl, BbIOENVB ANS HEro B 3aBUCUMOCTU OT
apPXUTEKTYPHO-CTPOUTENBHOIO peLleHns 34aHns, OTAerNbHOoe NomelleHre B noapane, TexHu-
4YeCcKoM NoAanosibe UM NepBOM aTaxe.

K MTTT npucoeguHsaoT cMCTEMbl OTOMMEHNSA, BEHTUNALNK, ropsdero BOAOCHabXeHus,
TEXHOSIOrMYeckne TenNoucnonb3yLwme YyCTaHOBKM OAHOMO 34aHUs UK ero 4acTtu, Hanpu-
mMep, BNoK-CeKLUUN MHOrO3TaXXHOro Aoma.

Paamepbl nomeleHns MTI1 3aBUCAT OT CXeMbl MPUCOEANHEHUS Pa3NIUYHbIX NOTPedu-
Tenewn TennoBon aHepruun, rabaputoB NogobpaHHOro B pesynbTaTe pacyeTa obopynoBaHus ¢
ydyeTom Tpebyembix ans 6esonacHon n ygobHon akcnnyaTtaumm npoxogos. KomnoHoBka 060-
pyooBaHua MTI gomkHa obecneymBaTbh Takke MUHUMAIbHYIO MPOTSKEHHOCTb TpybonpoBo-



poB. Paspeluaetca npennonoxutb, 4to K MTI1 3gaHna npucoeguHaeTcs TOSbKO cuctemMa
OTOrMMEHNA.

Heobxoaumbin matepuan no KOHCTPYMPOBAHMIO U YCTPOUCTBY CUCTEM BOASIHOMO OTO-
NSEHMs U MECTHOIO TEMNOBOrO NyHKTa npueeaeH B [4,9-10,13].

4.2.8. 'mpgpaBnuyeckmi pacyeT cUMCTeMbl OTOMMEHNS.

Llenbto rmgpaBnuyeckoro pacyeta aBnsetrca nogbop Takux OuMamMeTpoM Y4acTKoB
LUMPKYIISILMOHHOTO KorbUa, KoTopble obecneyaT Nponyck pacv4eTHOro KonnyecTsa BoAbl, Npu
9TOM NMOTEPWU AaBEHUS Ha NPeofoneHne CONPOTUBMEHUA OOSMKHbI ObiTb HAa 10 % MeHbLue
pacrnonaraemoro nepenazga gasneHuni (APp).

lMepea BbINOMHEHMEM TMAPABANYECKOro pacyeta HeobxoaMMO BbINOMHUTL TEMNSIOBOE
Harpy>xeHne akCOHOMETPUYECKOW CXeMbl, ANS Yero Ha npubopbl HAHOCATCHA 3HA4YeHus Ten-
NOBbIX Harpy3oK, paBHbIX pac4yeTHbIM HedoCTaTkaM TeNoTbl B COOTBETCTBYIOLLMX NOMeELLe-
HUAX 13 Tabn. 6, a 3aTeM CyMMUPYIOT MX NO CTOSIKaM U OTAEeNbHbIM BETBAM. Tennosas Ha-
rpy3ka rofioBHOro yyacTka CUCTEMbl OTOMMEHUs OOfKHa OblTb paBHa CyMMapHbIM Hedoc-
TaTKkam TennoTbl B 34aHUN.

[anee BbIsIBNSETCA rMaBHOE LMPKYNAUMOHHOE KOSbLO CUCTEMbI Yepe3 BETBb C Mak-
CUMarbHOM TENNOBOW Harpy3kon, 0bbIY4HO CaMoOe MPOTSXKEHHOE, B KOTOPOM pacrnonaraemoe
UMPKYNAUNMOHHOE AaBneHne Ha 1 M AnuHel Tpy6onpoBoga okasbiBaeTCs HAMMEHbLUUM:

APy() = APp /ZZZH.K 1 (9)

B ogHOTPYBHbIX TYNMKOBBIX CUCTEMAX 3TO KOSMbLO NO CaAMOMY NPOTSXKEHHOMY U Ten-
NIOHarpy>XeHHOMY HarnpasfeHUo Yepes NocrnegHUn CTosK, B ABYXTPYOHbIX cucTemax - Yepes
npnbop NepBoro ataxa nocnegHero cToska. B cuctemax ¢ NONyTHbIM OBUXKEHUEM TENSIOHO-
CUTENS B Ka4yeCcTBe MaBHOro NPUHUMAalOT KOMbLO, NPOXoasilee Yyepes cpegHuin, Hanbornee
Harpy>eHHbIN CTOSK.

Pacnonaraembii nepenag gasneHun (LMPKYNAUMOHHOE AaBreHue) onpenensercs B
3aBUCMMOCTW OT BMAA UUPKYNauumn BoAbl, cnocoba npucoeguHeHus CUCTeMbl OTOMMEHUS K
TEnmnoBOW CETU, CXEMbl CUCTEMbI, pa3MepPOB B NiiaHe U BbICOTbI 34aHNA, NnapaMeTpoB Tenso-
HocuTens. Npu HacOCHOM LUMPKYNAUMK 9Ta BENMYMHA onpegenseTca no gopmyrne

APp = APy + APe = APy + Anp + Arp, (20)

roe APy - nepenag gasneHnn, cosgaBaeMblil LMPKYSLUMOHHBIM Hacocowm, [a;
APe - ecTecTBeHHOe (rpaBUTaAUMOHHOE) LMPKYNsSUMOHHOEe AasneHue [la,
BO3HMKalOLLee 13-3a OCTbIBaHUSA BOAbl B OTOMUTENbHbLIX Npubopax (APq,) n
Tpybonposoaax (AP+p).

Ons onpepneneHnda rpaBMTaumMoHHOro aaBfieHU4 rnpum pacy4etTe HaCOCHbIX CUCTEM MOX-
HO BOCMNOJ1Ib30BATbCA yI'IpOLLl,eHHOIZ 3aBNCUMOCTb.

APe = Bho (t-—1t,) g, (12)

roe B - ko3apdULMEHT Ans nepexoaa oT NAOTHOCTU K Temnepatype, kr/(mM° x °C);

€CMn NPUHATL NMIMHENHYI0 3aBUCMMOCTb MeXay HUMK, To npu tr = 95 °C nto =70 °C B
= (pro-pes) At = 15,91/25 = 0,64 kr/(M3x °C), a npu tr = 105 oC n to = 70 °C B = 0,65 kr/( M3x
C)

p - MNOTHOCTb BOAbI, Kr/M>;

h, - yCpeaHeHHas BennymMHa pacrnonoXeHUsa LeHTpa OxnaxaeHus BoAbl B OAHOTPY6-
HOM CTOSIKE Haj LeHTPOM TensnoBoro Beoga, M , ho=2Qhi/=XQ; ; Q; - Tennosasa Harpyska Ha
aTaxe paccyuTbiBaeMoro crosika, BT; h; - BbicoTa pacnonoxeHusa ueHTpa npnbopoB aTaxa



Hag UEeHTpOM TensioBOro BBOAA, M, B ABYXTPYOHbIX cuCTeEMax M B BUPUNAPHBIX rOpM3oH-
TanbHbIX BeTBAX B popmyne (11) ho=h;; t,t, - pac4yeTHble TemnepaTypbl BOAbl B MPOEKTU-
pyeMoii cucteme; g - yckopeHue cBoboaHOro naaeHms, m/c?.
MNepenag pnaBneHnn, cosgaBaemMbli HACOCOM, creayeTt NPUHMMaThb:

a) Npu HeNoCcpeaCTBEHHOM MPUCOEOUHEHUN CUCTEMbI OTOMSIEHUS K TennoBon ceTn 6e3 noa-
MeLLMBaHusA BoAdbl M3 obpaTHoro TpybonpoBoaa - He Bonee pasHOCTM LaBneHWn B nogato-
Lem n obpaTHOM TpybonpoBogax TENSIOBOW CETU Ha BBOAE B 30aHUE;

0) npn HenocpenCTBEHHOM MPUCOEANHEHMUM CUCTEMbI OTOMNSEHUS K TEMSIOBOW CETU C NogMe-
LMBaHMeM BoAbl M3 obpaTHOro TpybonpoBoda: HACOCOM — B 3aBUCMMOCTW OT MecTa ero yc-
TaHOBKW; 311eBaTOpoOM (BOAOCTPYMHbIM HACOCOM) - paBHbLIM Nepenagy AaBfieHui nocne ane-
BaTopa, onpegensiemMomy no npun. 1 B 3aBMCMMOCTM OT nepenaga gaBfieHnn B TENSIOBOW ce-
TV B TOYKax Bpe3ku (NO 3afaHuI0 Ha MPOEKTUPOBaAHME) U KO3 prLUMNEHTa cMelleHns anesa-

T
Topa U =——=, roe T, - pacyeTHast Temneparypa BoAbl B nogatoliem Tpybonposoae Ten-
t

o

nosow ceTtun, ( No 3agaHuto);

B) NPV HE3aBUCUMOM MPUCOEOUHEHUN CUCTEMbI OTOMMNEHUs K TpybonpoBoaam TennoBon ce-
TV, a Takke ONA CUCTEM, KOTOpble B NepcrneKkTuBe He npegnonaraeTcs NpUcoeauHsaTb K Ten-
NOBOWN CETU - MO pacyeTy, yuuTbiBas TpeboBaHUS rMapaBriMyeckon 1 TennoBon YyCTOMYUBO-
CTU cUCTEMbI (BO3MOXHOCTb YBSI3KM NOTEpb AaBMEeHUs B napanneribHbliX y4acTkax U Korlb-
uax), pacrnonaraemoe LUMpKyNAUunoHHoe aasneHue (BO3MOXHOCTb nogbopa, Hanpumep, bec-
dyHOAMEHTHOro ManoLwwyMHOro Hacoca) 1 6ecllyMHOCTb paboTbl; CKOPOCTU ABUXEHUSA BOAbI
He JOSDKHbI NpeBbIWaTh 4ONYCTUMbIX 3Ha4YeHUN [4].

4.2.8.1 MeToauka pacdeTa TpybonpoBOAOB CUCTEMbI OTOMMEHNSA C NOCTOAHHBIMU
nepenagamu Temnepartyp BoAbl B CTOSIKaxX No yaenbHbIM NOTEPAM AaBfeHUs nNpu
3aBMCUMOM MPUCOEONHEHUN K TEMSIOBOW CETMU.

PaccmoTpym mMeToamKy pacyeTa Ha npumepe ynpoLeHHON OAHOTPYOHON CUCTEMbI C
BepxHen passogkon (puc.1). B aByxTpybGHOM cucTemMe Ha cToske ByaeT HECKONbKO pacyeT-
HbIX y4acTkoB. Cxema BblyepyeHa 6e3 macwTtaba, oTonuTenbHble NpUbopbl YCIIOBHO HE Ha-
HeceHbl, apMmaTypa rnokasaHa TONbKO B TEMMOBOM MyHKTE.
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Puc. 1. Cxema rnaBHOro LMpKynNAauMOHHOro Kosbla o4HOTPYOBHOM CUCTEMBbI OTOMNSIEHUS C
BEpPXHEN pasBogKomn

PacueT BbINONHSAIOT B cneaytoLlen nocrnegoBaTenbHOCTU U cBogAaT Tabn. 8:

1. Mo dopmyne (10) c yyeTtom dopmynbl (11) 1 npun.l onpeaensaioT pacnonaraembin
nepenapg gasneHuni (APp).

2. VI3 npegnonoxeHnss 0 paBHOMEPHOM 3aKOHe MafdeHus OaBfeHusl Ha yyacTKax
(R1=R2=...=Ry) onpegenstoT cpegHee (OPMEHTUPOBOYHOE) 3HAYEHME YaAENbHbBIX NOTEPL AaB-
NeHnsi BCNeACTBME TPEHMUSA O CTEHKM TPyDObl Ha y4acTKax rnaBHOMo LMPKYNSALMOHHOMO KonbLa:

 0,9BAP,
Y

roe 0,9 — koadbduumMeHT, BBEAEHHbIM C y4eToM TpeboBaHus, YTobbI hakTnyeckne nortepwm
nasnenus obinu Ha 10 % MeHbLUe pacnonaraemoro nepenaga gaBneHun;
B - KO3 PULMEHT, yYNTbIBAIOLLNA OO0 NOTEPb AaBIEHUS Ha NpeodosieHne CONpPoTUBIIEHUI

TpeHusi oT obLlero pacrnonaraemoro nepenaga AaBrneHuii B CUCTEME:

: (12)

B =0,5 — pgnsa cucteMm c ectecTBeHHOWN Lmpkynauuen, 3=0,65 - ona cuctemMm ¢ UCKYyCCTBEHHOW

umpKynauuenu; 2 Mo - CyMMa ONnWH y4acTKOB rMaBHOMo LUMPKYMSLMOHHOMO KosbLa, B CXeme
puc. 1, aTo y4acTtku 1-8.



3. OnpegenstoT pacxoq Boabl (G, Kr/4) Ha y4acTkax no popmyne

3,60
G »
- -

roe C — tennoemMkocTb Boabl, paBHada 4,19 k[hx/(krxK);

B1 - kKO3OPULMEHT yyeTa AONOSHMTENBHOrO TEMMOBOIO NOTOKA YCTaHABNMBaEMbIX
OTONUTENbHbIX MPUBOPOB 3a CYET OKPYITEHUS CBEPX PacyYeTHOW BENUYMHDI [4,13];

B2 — KOIPULUMEHT yyeTa OOMNOMHUTENbHBLIX NOTEPb TEMMOTbl OTONUTENbHBIMU NPU-
Bopamu y HapyXHbIX orpaxkaeHui [4,13].

Pacxop Boabl Ha ydacTke 8 onpegensietcs no opmyne

G, =G, . xU :—396Q30[3]l32 xU, (14)
C(T -t
roe Gr.c — pacxod BoAbl U3 TENOBOW CETU, Kr/y.

4. Mo R¢p 1 9, nonbaysck [13] noabupatoT AvameTpbl TPyO6ONpoOBOAOB YyHaCTKOB TakuM
obpasom, 4ToObI hakTMHecKoe 3HaYeHe MUHUMArbHO OTnMYanock oT Rep, @ CKOPOCTb ABU-
XeHns Boabl 3 He npeBbilwana gonyctumoro 3HadeHus. NMpu nogbope anameTpoB Heobxo-
ANMO TaKkKe CTPEMUTLCA K TOMY, YTOBbl CKOPOCTb ABWXEHUS BOAbI NIIAaBHO CHWXarnacbh no
Mepe YMeHbLUEeHUS TeNSOBbIX HAarpy3oK 1 HAaobopoT, a NoTepu AaBreHns B NOCNeaHeM CTOS-
Ke coctaBnsanun He meHee 70 % OT obLWKMX NOTEPb B UMPKYNALNMOHHOM KorbLe 6e3 yyeTa 06-
LLINX YYaCTKOB.

5. MNoTepun AaBneHnst Ha TpeHne Ha yJacTke onpeaensitoT YMHOXeHeM R Ha A.

6. Mo 3HayeHnto ckopocTu 9, Nonb3ysack [13], HaxoasaT NnoTepu AaBNEeHUA Ha MECTHbIe
conpoTueneHus Z.

7. Mo akcoHomeTpuyeckon cxeme u [13] HaxogaT KoadhdMUNEHTbI MECTHbLIX COMPO-
TMBMEHN Y4aCTKOB (3anonHsaT Tabn. 9). MecTHoe conpoTUBIEHWE Ha rpaHULEe OBYX y4YacT-
KOB OTHOCAT K Y4acCTKy C MEHbLUMM pacxogomM. Ecnn B MeCTHOM COMpOTMBREHMM MOTOK Ha
CBOEM NYTU Pe3KO MeHSeT ceveHue, TO NoTepu OaBMEeHUs paccyYUTbIBaAOTCA NpyU AMHaMuU4e-
CKOM [aBfeHUM B MeHbLUueM ceyveHuu. [pn ncnonb3oBaHUM B pacyeTax NpuBEOEHHbIX KO-
3PPULMEHTOB MECTHbIX conpoTuBreHnn (Cnp) U3 oben AnvHbl CTosika HeobXxoaAMMO Bbl-
4YeCTb ANINHY 3TaXEeCTOSKOB.

8. MNMoTepun gaBneHnss B MECTHbIX COMPOTMBIIEHUAX y4acTKa paccHmTbIBaOTCA Mo gop-
Myne z = X{xPg.

9. OnpepensioT NoTepy AaBneHus Ha yyactke (RA + z), MNa.

'mapaBnnyecknin pacdeT rMaBHOMO LUMPKYNSALUMOHHOIO KOfblia CYMTAETCH 3aKOHYEH-
HbIM, KOra 3anac nepenaga gaBfieHUn COCTaBuUT

8
AP = > (RA+ 2)
3= ! x100% ~10%/, (15)
AP,
3anac nepenaga AaBneHUii HeOOXoAMM AONsl NPEOAOSIEHUSI HEYYTEHHbIX B pacyeTe
rMApPaBNYECcKMX CONPOTUBMNEHUN.

Tabnuua 8- MNapaBnuyeckuini pacyeT cUCTeMbl OTOMNMNEHMUS

Homep | Q, | G, A, | d, R, S, | R\A, | Py, % | Z, (RA+ 2),
y4-Ka Bt | kr/M M MM Ma/m m/c MNa MNa Me- Ma




1A
pop
My-

VAl

1 2 3 4 5 6 7 8 9 10 11 12
1 Qap, Gl 7\,1 d 1 R 1 8‘ 1 R7\41 Pgl ch z 1 (R?\,‘i‘ Z)l

7 Qan G7 }\,7 d 7 R~ 9 7 R}\q P37 ZC7 Z; (R?\,-i— Z)7

8 - G8 }\48 d 8 R 8 88 R}Lg ng ZCB Zg (R;w-i- Z)g

YRI+Z)

Tabnuua 9- MecTHble CONPOTUBINEHUS Yy4aCTKOB

Ne HanmeHoBaHMe MECTHOro CoOnpoTUBNEHMUS C
y4yacTka
1 2 3
1
2¢

[(MaBHOE UMPKYNALUMOHHOE KOMbLO NMPUHUMAETCH B Ka4eCTBe OMOPHOro Anisi pacyeTa u
rMAPaBIMYECKON YBA3KN MPOMEXYTOYHbBIX CTOSAKOB MMaBHOMO LIMPKYNALMOHHOIO KorbLa u oc-
TanbHbIX, NapanmenbHbIX rMaBHOMY, KofeLl,.

PacueT 3akaHuMBaeTCs, Korga HeBsizka (pacxoxaeHue) He npesbiwaeT 15% nputynu-
KoBom 1 5% npu NoNyTHOM pa3BoaKe TpybonpoBOAOB.

[ns nony4yeHns OonyCTUMMOW HEBA3KM CTOSIK HEPEeOKO NPUXoOMTCSA MPOeKTupoBaThb U3
y4yacbKOB OBYX AvameTpoB. [Mpn Mcnonb3oBaHNMM MUHUMANbLHOMO AnamMeTpa U HeaonycTUMomn
HeBA3Ke U30bITOYHOE LMPKYNSUMOHHOE AaBneHne Ap = Ap, — (Rl + Z) cTosiKa racutcst opoc-

cenbHon Wanbon gnameTpom, Mm

[Cer
dy = 3,53V ap’

Ecnn gnameTtp wanbbl nonydaeTcss MeHbwe 3 MM, TO Ana obecneyeHus HageXHowm
paboTbl CTOSAKa crieayeT YyCTaHOBUTL 2 Wwanbbl bonbluero guameTpa.

4.2.9 PacueT nnowaaun HarpesaTenbHOW NOBEPXHOCTU OTONMUTENbHbBIX MPUOOPOB.

PacueT nnowagn HarpeBaTenbHOW MOBEPXHOCTU OTOMUTENbHLIX NPUGOPOB NPOU3BO-
ANTCA B 3aBUMCUMOCTM OT MPUHATOrO BuAa NpUBOPOB, €ro PacrofioXeHUs B NMOMELLEHMMU,
CxeMbl NpUcoeanHeHns kK TpybonpoBoaam, TemnepaTypHOro pexumva:

-0,9
an = an Qm BB,

Ay , (17)
rae Qnp — Tennosas Harpy3ka npubopa (U3 cxemsl), BT;
QTp — Tennootaava TpybonpoBOAOB, NPOSIOXKEHHbLIX B NOMeELLeHMM U obecneyvmBato-
X paboTy paccumTbiBaeMoro npubopa Q =3q,-A +>.0q.-A , BT;




Js, Qr — TEMNOOTAAYA 1 M BEPTUKANBbHO M FOPU3OHTANbHO MPOMOXEHHbIX TPybonpo-
BOOOB, Br/m, npuvHMMaemasa no cnpasoyHoW [13] B 3aBUCMMOCTM OT AnameTpa U

pasHOCTM TeMnepaTypbl BoAbl B TPyOONpoBoae 1 BO3Ayxa NOMELLEHNS;
L, A — ONVHa BepTMKasbHbIX U TOPU3OHTarbHbIX TPy6onpoBoaoB.;

B3z — NonNpaBoOYHbI KO3IPMULMEHT, YYMUTbIBAIOWMIA MOHMXEHME TemnepaTypbl BOAbI
MO CPaBHEHMIO C pacYeTHbIM 3HA4YEHMEM BCNeACTBUE ee OCTbiBaHusA B TpybonpoBo-
Aax cuctemsol [14] ,npunoxexHue 2;

B4 — NONpPaBOYHbIN KOIPMDULNEHT, yUMUTbIBAOLWNA CNOCOD yCTaHOBKM pagmatopa B
NoMeLLEeHNN N BCAKOTO poda yKpbITun [14] ,npunoxeHuve 3;

Onp — MIOTHOCTb TEMIOBOrO MOTOKa OTONUTENbHOro npubopa npu akTuyeckux yc-
nosusx padotbl, BT/ M2,

t —t 1+n G P
— | s =21 -.b 18
w a5t () (19)

rae Quom — HOMUHaNbHas NIOTHOCTb TEMNMIOBOrO NOoToKa NpmMbopa nNpu pasHOCTU TeM-
nepatyp At=t -t =70°C, pacxoge BOAbl 4epe3 npubop Mo cxeme “CBEpXy-BHM3

360 kr / 4 n aTMocchepHoM AasneHun 1013,3 MMa (760 mm pT. cT.), BT/ M?[13];
n, p — aKCNepuMeHTanbHO onpeaeneHHble nokasatenu crenexu [13];
b — nonpaBo4HbIN KO3IDPULMEHT Ha aTMOChepHoe aasnexune; [13].
B ABYyXTpyOHbIX cMCcTEeMax OTOMMeHUs, ecnv npeHebpeyb OCTbiBaHNMEM BOAbI B TPyOO-
npoBoAax, B KaXabli OTONUTENbHbLIN NpUBop Npu pacyeTHOM pexume paboTsl (ty = ty,) no-
CTynaeT Bofa C pacyeTHON TemnepaTypon t;, a BbIXOAUT ¢ Temnepatypon t, B pesynbtarte

tnp = 0,5 ° (tr + to), (19)
Atnp = tr - to. (20)
B ogHOTpYOHLIX cucTemax oTonneHus TemnepaTtypa npmbopoB CTosika HE OAMHAKOBa
N NoaNeXxuT pacyeTy. Pacuert TeMnepaTtypHoro pexmnma O,D,HOpr6HbIX CTOAKOB pa3H0|7| KOH-

CTPYKLMK (PUC.2) BLIMOMHSOT MO CreayroLwmMM 3aBUCMMOCTSM:

a) NPOTOYHbIN HEPETYNNPYEMBIN CTOSIK NPU BEPXHEN pa3BoaKe

t :Z’ _396Q1ﬂ1182 :t _376(Q1+Q2)ﬂ1ﬂ2

b G~ G, ’

tnpl :0,5-(1‘2 +t1), tnpz :O,S‘(fl +f2),

Aly, =11, Ay, =t =0, nT.Ao. (21)
npOBepKa t() — t(, _ 3!6(Q1 + Qz + Q3 + Qd)ﬂlﬂZ =70°C.

cG

cm
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Puc.2. CxeMbl 0gHOTPYOHbIX CTOSIKOB

0) perynupyembiin CTOSIK NPy BEPXHEN pa3BoOaKe
_, _360Q+Q,)A8, o, 36Q+Q, +Q,+ QAL

- cG,, c cG,, nT.o. (22)

36Q¢r 5, B
MpoBepka t =t,—— 12 _q00c,

(0] l
cG cm

roe ¢ — yaensHas TennoeMkocTb Boapl, ¢ = 4,19 k[x / (kr - °C).

TemnepaTtypa Boabl Ha Bbixode u3 nwboro npudopa

C-a-Gcm

t (23)

6bix ~ '6x

G .
rge o =G—"” - KOS(*)C*)I/ILI,I/IGHT 3aTeKkaHnAa BOAbl B OTOMUTETbHbIN |'|p|/16op, 3aBUCUT OT TUMNa pa-

ANaTOPHOro y3na, COOTHOLIEHNA OMaMeTpoB CTosika (M3 rmapaBnnYecKkoro pacyeta), 3ambl-
KatoLlero yyactka u nogBoaok (MpMHMMAaloTCHA) U CKOPOCTM BOAbI B CTOsIKE (M3 ruapaBnuye-
CKOro pac4yerta).

TemnepaTypa kaxgoro npmbopa

tnp =0,5- (tgy * Loy ): (24)
a nepenaj Temneparypbl
Atnp =tox ~lopix- (25)

B) MPOTOYHO-PErYNNPYEMbIA CTOSIK MPU HUXKHEN pa3Boake maructpanen.



3a pacyeTHbIN peXnMm MPUHUMAETCA TakoW, Korga C NOMOLLbIO TPEXXOL4OBOro KpaHa
TENMOHOCUTENb HANPaBMAKT TOMbKO Yepes3 OoToNUTENbHbLIN Npubop (o = 1), CTOSK CTaHOBUT-
CSl MPOYHLIM, @ pacyeT BbINOMHAKT aHanorn4yHo a), Hanpumep,

6 7
3,6-i21Qi 3.6-i21Qi
te=t,————=—8,B,; t=t,————=——B,p (26)
6 e C'GCI’I’I 172 7 e C'Gcm 172
t7 =0,5-(t6+t7); At7:t6—t7.
Mposepka t =t —&Gﬂlﬂz =70°C. (27)
c-G,,

Mpw Ucnonb3oBaHUN paaMaTOPHbIX Y3I0B C PEryNUPYOLWMM NPOXOAHBIM KPaHOM TeM-
nepaTtypa BoAbl Ha BxoAe B Npubop paccunTbiBaeTcs No NpuBeaeHHbIM Bbille hopMynam.

Yncno cekuun B pagmatope paccumTbiBaroT No popmyne

m=—=>—,

rae f - NoOBepXHOCTb HarpeBa OfHOWN CeKLuu, M?
s — nonpaBoYHbIN KOIPPULMEHT Ha YMCIO CEKUUN B pagmaTtope,
Bs=0,92 + —Ol':16 (29)

np

Tennootgadvy otonutenbHoro npubopa paspeLlaeTcs 3aHU3NTb He bonee, YeM Ha 5 %

unu Ha 60 BT oT Tpebyemon no pacyeTy BenuyuHbl [4].
B kypcoBoM npoekte Heobxoaumo npmBecTn NogpobHbIN pacyeT nnowaan TensnooT-

AatoLen noBepxHOCTM NpnbopoB 04HOro CTosKa, pacdeTbl cBecTy B Tabn.10 n Tadbn.11.

Tabnuuya 10-TennooTtgaya TpybonposoaoB

Ne
nome- HavmeHoBaHue o~ At =t — s, dr, Gs x A,
u_le':qu,,, yyacTka d,mm | A, [t °C =ty t‘*,°C Br/m g x My, BT Q. BT
B
1 2 3 4 5 6 7 8 9
CroskK....
Crosik 20 2,1
404 NogBoaka 20 0,35
18 °C 3am. yyacTok 15 0,5
MNopBoaka 20 0,35
Crosik 20 0,1
304
18 °C

Tabnuua 11-PacuyeT nnowaaun TennooTaatoLLel NOBepXHOCTU OTONUTENbHBIX MPUGOPOB

PaguaTtop Mapkm ... qu = ..., f = ... M?
Ne i Tt t ts |to- to| G
_ nps o] BX1 BbIX1 At =t . —t t = 0,5 tgx ++[@be Bs np -~ !By y
nome BT BT °C °C np 6x ~ “ebix np ( ) oG oG ke /Y
LLEH.
1 2 3 4 5 6 7 8 9 10
CTO$K ...

OkoH4yaHue Tabn.11
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4.2.10. NMogbop sBcnomoraTenbHoro o6opyaoBaHUst MECTHOMO TEMSIOBOMO MYHKTA.
Mopbop BCcnomoraTenbHOro 060pyAOBaHMSA MECTHOrO TEMMOBOro NyHKTa NPOM3BOAUT-
cs cornacHo [4,13,14].

4.2.10.1. BogocTtpyiHbin anesatop

TemnepaTtypa BoAbl B TENSOBLIX ceTAX 0bblvHO cocTtaBnseT 130-150 °C, a gonycTu-
Masi No CaHUTapHbIM HOpMaMm TemnepaTtypa BoAbl B CUCTEME OTOMNEHUS XUMNbIX U BONbLUMH-
cTBa 06LLeCTBEHHbIX 3aaHun — 105-85°C. Tpebyemoe noHmxeHne TemnepaTtypbl BOAbl 4OC-
TUraeTcs YCTaHOBKOW B TEMMOBOM MyHKTE 30aHUSA BOAOCTPYMHOro anesatopa (puc.3).

< L
1
=l ° :
e s LY

HERW
2/ o
3 G, t,d,
A

Puc. 3. BogocTpyiHbi anesaTtop.
1 — kopnyc, 2 — conno, 3 — NpMemMHasa kamepa, 4 — cMecuTenbHbIN KOHYC, 5 — ropno-
BWHa, 6 - anddysop

MocTynatowiast U3 TennoOBOW CeT BOAa NOABOAMTCSH K arieBaTopy CrieBa WU CBepxy
(B aneBaToOpe C perynupyemMbiM cedeHnem conna “OnekTpoHuKa”), a CHU3Y No nepemblyke
nocTynaeT oxnaxaeHHas Boga U3 CMCTEMbl OToNNeHNs. B pesynbtate cMelleHnsa nonyyarT
TEenmnoHoCUTENb C HEODXOAMMON TeMMNepaTypon.

Mop6op anesaTtopa NPOU3BOAAT NO pacyHeTHOMY KO3humumeHTy cmewenuns (¢ 15 %-
M 3anacom) u npuseaeHHoMy pacxofy Boabl Gpp, T/ u:

G T—t
U=115"2=115—=, (30)
Gl tz _to

991G,

np [ AP( ’

roe G, — pacxon BOAbl HA rONOBHOM y4acTKe CUCTEMbI OTOMMEHNs — U3 MMapasnuye-
CKOro pacyeTa C NnepeBoaoMm, T/ u;

G

(31)



AP, - notepu JaBneHus B rmaBHOM LMPKYNSALNOHHOM KonbLe
cuctembl otonnennsa ¢ 10 %-m 3anacowm, MNMa.

Mo Homorpamme (Npwn.4) onpenensioT HOMep aneeartopa, AvaMeTpbl conna u ropno-
BUHbI.

[dnameTp ropnoBuHbl (CM) 1 conna (MM) MOXHO ONPeAEenUTb TakKe pacyeTHbIM Ny-

TEM:
d, =0874/G,,, (32)

i 10-d, @3
. .

7% 1+u)Pa? +06(1+U)? -04-U?

G2,

Mo gMameTpy ropnoBuHbl, NONbL3YACh Npun.4, onpenensatT Homep anesaTtopa BTU —
Tennocet MocaHepro, n3 npun.5 BeINUCLIBAKOT €ro rabapuTHble pa3Mmepbl 1 Maccy.

4.2.10.2. LUnpKynsiuMOHHbIE HacoChI

B MecTHOM TennoBOM MNyHKTe MOryT OblTb YCTaHOBJSIEHbl [Ba OOMHAKOBbIX Monepe-
MEHHO paboTaloLmX UMPKYNALUNOHHBIX Hacoca.

[MpUMEHSIOT Takne UMPKYNSUMOHHbIE HACOChl, KOTOPble MPU He3HaA4YUTEeNbHOM nepe-
nage AaBneHun MMerT AOCTaTOYHY0 nogady (Mpon3BoauUTENBHOCTD).

Hanpumep, Hacocbl ompmbl Grundfos (puc.4).

Puc. 4. Hacoc UPS Series 200 (Grundfos)

MNMoabop Hacocos Npou3BOAAT Mo nopade L, , M3/ 4, 1 nepenaay AaBneHuit Ap,,, Ma,
(Hanopy, m BOA. CT.):

L = C.0. _ / \ (31)
"opy elert)hag
L1 (RA+Z), . +Ap,, —Ap
Ap,, = 2.K. M by (32)

" 9,81-1000
roe 9,81 x 1000 — nepesop Ma B M BOA,. CT.

Mo Homorpammam [15] BbiGMpatoT Hanbornee BGNN3KYIO K pacHeTHOW nogade n Hanopy
MapKy Hacoca U1 BbINUCbIBAOT TEXHUYECKNE JaHHbIE.

4.2.10.3. PacwuputenbHbii 6ak



[Mpn HE3aBMCMMOM NPUCOEONHEHNN K TENSIOBOW CETM cucTeEMa oTonsneHust o6o-
pyayetcsa pacwmputernbHbiM 6akom. OHW yCTaHaBNUBAKTCA B BbICLLIEN TOYKE CUCTEMbI Ha
TEXHMYECKOM 3Taxe, Yepaake unm nokpbiTuM GecyepayHoro 3gaHus B cneumanbHoM yTen-
NEeHHOM MnoMeLLeHnn, Npuyem gHo Baka AOMKHO BbITh Bbile BO34yXOCOOpHMKA NpU BEpXHEN
pa3Bogke He meHee 4yem Ha 0,3 m.

lMonesHbIn 06bem pacmpuTensHoro 6aka, n, onpegensieTca no opmyne

Vp.6. =a-V , (33)

rae a=0,045nput =95°C,a=0,06 mput =105°C.
O6bem BOAbl B CUCTEME OTOMMEHNS
Q. B b
V, = 1000 (a +b), (34)
roe a,b, - o6bemM BoAbl B anemMeHTax cuctemsl (npubopsl, Tpybonposoasl) Ha 1000
BT ee Tennoson mowHocTM o [14].
Mo BennuuHe nonesHoro o6bema BbiGMpatoT Gnuxkanwmin 6onbwni No o6bLeEMY
TMMNOBOM pacwmpuTenbHbIn 6ak [14], BbINMCbIBAOT pa3Mepbl, AnaMmeTpbl HEOBXoaUMbIX NS
ero paboTbl Tpy6ONpOBOAOB U ApYyrMe TeXHUYECKUe JaHHbIe.

4.2.10.5. 'paseBunku
MpsizeBUKM NoabupatoT ¢ y4eToM AnamMeTpoB NoaBoAALLMX TPyOonpoBOOB Tak,
4YTOObI CKOPOCTb BOAbBI B MONEPEYHOM ceyeHummn koprnyca bbina He 6onee 0,05 m / c:

4L
D, = /— , 35
6 3600 - -0,05 (35)

roe Dg - BHYTPEHHUM anameTp rpasesuka, M; L — pacxoq Boabl Yepes rpsiseBuK, M3/ y.

Mpn HesaBucMMOM npucoeguMHeHUn noabupalT OBa rps3eBuka: Ans yc-
TaHOBKM nepen TennoobMEHHWKOM Ha CETEBOW BOAE W nepen Hacocamu; npu 3aBUCUMOM
npucoegnHeHun — oguH. MNogbop nponssogaT no [14].

4.2.10.6. BosgyxocbopHukn

Kak npaBuno, NpUMEHSIOT NPOTOYHbIE BO3OYXOCOOPHUKN CBApPHOM KOHCTPYKUuK. [ua-
MeTp MPOTOYHOro BO3AyXOoCOOpHMKA AoSmKeH ObiTb B 2 pa3a bonbliero guamerpa Maruct-
panbHoro Tpybonposoga, Ha KOTOPOM OH YCTaHOBJIEH, C TeM, YTOObl CKOPOCTb ABUXEHUS
BOAbl B HEM He npesbiwana 0,05 m / ¢c. AnameTp Bo3ayxocbopHMKa MOXeT BbITb paccyuTaH
no dopmyne (35). NMogbop nponssoaat no [14]. Bo3gyx oTBOAAT Yepes BO3AYLUHbLIA Tpybo-
NpOBOA, BbIBEAEHHbINA, NO BO3MOXHOCTU, B OTan/MBaeMoe NoMeLLleHne C KpaHOM, YCTaHOB-
NEHHbIM Ha yaobHom anst 06¢cny>xMBaHMs BbICOTE.
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MpunoxeHwne 2

3HaveHne kodpunmnenTa B3, yYNTHIBAKIIET0 OCTHIBAHHE BOJAbI B OTKPBHITO NMPOJI0KEHHBIX TPYOONPOBOAax
CHCTEM BOJASIHOTO OTOILUIEHHUS (HACOCHAS IIUPKYJISIHSA)
0) IBYXTpYOHBIE CHCTEMBI

a) OIHOTPYOHBIE CUCTEMBI C BEpXHEU Pa3BOAKON

Yuco Hucno [3 I pacCYUTHIBAEMOTO OTOIUTENHHOTO TIPH-
. [33 A5 paccYUTHIBAEMOTO OTOMHUTENBHOTO MPUOOpa Ha ITAXKE .,
JTaxei B 3Taxkei B 0opa Ha dTaxe
31aHUH 1 2 3 4 5 6 3[1aHUH 1 | 2 | 3 | 4
3 1,04 1 1 - - - Bepxwsist pa3Bojka
4 1,04 1,03 1 1 - - 2 1,05 1 - R
5 1,04 1,03 1 1 - - 3 1,05 1,03 1 -
6 1,05 1,04 1,03 1 1 1 Hwxuss pasBoaka
2 1 1,05 - -
3 1 1 1,05 -
4 1 1 1,05 1,1
') OTHOTPYOHBIE CUCTEMBI C HUKHEHN pa3BOIKOM
Uwcio mocnenoBaTenbHO COo- B3 IS paccUMTHIBAEMOTO MPUOOPA MO X0y BOJIBI
€IMHEHHBIX PHUOOPOB 1-2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
3 1 1,04 - - - - - - - - - - - - - - -
4 1 1,03 | 1,04 - - - - - - - - - - - - - -
5 1 1,02 | 1,03 | 1,04 - - - - - - - - - - - - -
6 1 1 1,02 | 1,03 | 1,04 - - - - - - - - - - - -
7 1 1 1 1,02 | 1,03 | 1,04 - - - - - - - - - - -
8 1 1 1 1 1,02 | 1,03 | 1,04 - - - - - - - - - -
9 1 1 1 1 1 1,02 | 1,03 | 1,04 - - - - - - - - -
10 1 1 1 1 1 1,02 | 103 | 1,03 | 1,04 - - - - - - - -
11 1 1 1 1 1 1 1,02 | 1,03 | 1,04 | 1,04 - - - - - - -
12 1 1 1 1 1 1 1,02 | 1,03 | 1,03 | 1,04 | 1,04 - - - - - -
13 1 1 1 1 1 1 1 102 | 103 | 103 | 1,04 | 1,04 - - - - -
14 1 1 1 1 1 1 1 1,02 | 1,02 | 1,03 | 1,03 | 1,04 | 1,04 - - - -
15 1 1 1 1 1 1 1 102 | 102 | 1,03 | 1,03 | 1,03 | 1,04 | 1,04 - - -
16 1 1 1 1 1 1 1 1 1,02 | 1,02 | 1,02 | 1,03 | 1,03 | 1,04 | 1,04 - -
17 1 1 1 1 1 1 1 1 1,02 | 1,02 | 1,02 | 1,02 | 1,03 | 1,04 | 1,04 | 1,04 -
18 1 1 1 1 1 1 1 1 1 102 | 1,02 | 1,03 | 1,03 | 1,04 | 1,04 | 1,04 | 1,04







MpunoxeHwne 3

3Havenus kod3punuenta 1, y4uTHIBAIIIET0 CIIOCO0 YCTAHOBKH MpUOopa
B IOMEIIIEHNH U €r0 YKpPbITHE

M
JcKus A, B2 Jckus Al B Jckus AL B
MM MM MM
OKHO
40 [ 1,111 A 6
T~ =L |80 | 107 T 0,85| 0,9
— | Ll 1 ] 100 | 1,06 |{ 1
1\ |
: ™4
T umma A
(L, 7SS Y raad
A10130
y 1
A 80 ﬁ'ﬂ 2 L. _‘F 40 1,05 130* 1,2
1 | <« |80 |1,03]f 7 13071 1.4
v 1 1 /
/ 1 < 1100 1,02 \
/] - |1 A : \ *Ilean 3aKkpbl-
y 1 A \ Thl pPeNIeTKOMH
A 1 /]
4 1 A :
4 A A \
,j A /] ;Tr
777777 IS S




MNpunoxeHwne 4
Homorpamma gnst nogbopa anesartopa

C 90 80 70 60 50 40 30 20 15 10 7 Gup,T/q
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204 SN 7’1&,
19 > P
18 5 ~ \‘ \‘ SN
17 2l ] NI N
16 Arai~ h, ~ ’I‘\\
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13 728 h < N \\
121=5
10 '); ”ﬁ: \ \\ I \
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6 ™~ 4 N \Jk \'90[.4v q’.do:°> 7
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- = = G,=0,7...10 T/u
—_— G,—=7...100 1/u

MpunoxeHwne 5
TexHnyeckas xapaktepuctuka anesatopa BTU — tennocetn MocaHepro

Pa3mepsl, MM Macca
Howmep
- JnuHa coma 3JIeBa-
d, L A C d, d, ds CMEHHas | Topa,
TOpa IIOJIHAs
4acThb KT
1 15 110 95
5 20 425 | 90 | 110 | 37 51 51 100 45 10
3 25 145 50
4 30 | 625 | 135 | 155 | 49 70 82 135 40 15
5 35 125 30
6 47 175 60
7 59 720 | 180 | 175 | 80 | 100 | 100 155 40 23
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