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TaHa xnaccudUKaUMs OXNAXMAIOWMX CHUCTEM o6opotHoro BonocHab-
KEeHMWs TIPOMBILINEHHBIX M IHEPreTHUerKux npenripuatuit. PaceMoTpeHs!
TeopeTHuecKMe OCHOBE! MpoLiecca OXJlaXMeHMsi BOAbl B FPANHMPHAX M Me-
TOOBl }X TEXHONOTMYECKHX PACyeToB. TpuBeneHs HOBBIE PacueTHbLIE 32-
BHCHMOCTH. PaccMOTpeHb! 0COGeHHOCTH 3KCIIyaTallin rpagupeH B Da3-
AMYHLIX YCNOBMSX, MpHBENEHBl MCXOOHLIE pmaHHble [JIS PacyeToB HaOex-
HOCTHM M TEXHHKO-3IKOHOMHYECKOR K 3IKONOro-3KOHOMMUECKOH OLEeHKH
rpammpeH ¥ OTAENBHBIX KOHCTPYKUMHA.

IIns MHKEHEPHO-TEXHWUUECKMX PabOTHUKOB, 3aHMMAaOLLMXCA MTPOEKTH-
poBaHMeM, IKCIUyaTaunen u HecnlenoBaHMeM rpanMpeH W CncTeM obo-
poTHoro BonocHabxeHus MPOMLILIIEHHOCTH ¥ 3HEPreTHiy, a TaKXe
npenonapaTenei u CTyNeHTOB CTPOMTENBHLIX M IHEPreTHUECKnX BY308.

ISBN 5.283-00284-5 © AsTophi, 1998

rPEIUCITIOBHE

B passuTHE TEOpHH H NpaKTUKM rpaaupeH B CBOE BpEMST 3HAUM-
TeNbLHEI BKJ1A[ BHECTH oTeuecTBEHHbIE yUeHble U NpOEK THPOBLIH-
ku — B. E. AHOpHaHOB, A. I'. Apepkues. J1. Jl. bepmaH, A. &. Bono-
nuva, B. A, T'nankos, A. A. I'oronun, b. B. [1pOoCKypsIKOB, . C. dap-
¢OPOBCK M, T. C. AMrionbCcKui U Op.

I'paoupHst — 3TO coopyxeHue (anmnapaT) Ons oxaxIeHus BOObl
atMocdepHbBIM BO3IYXOM.

B rpomMbllINIEHHOCTH W 3HepreTHKe oxna)kaeHHoR Ha rpanup-
Hsix 06OpOTHOM BONOM OCyLUECTB/ISIETCS KoiineHcalmsi oTpadoran-
wero rnapa W ra3oo6pasHblX MpoOyKTOB, OXNaxaeHue HKUOKHX
MIPOOYKTOB, & TAKXe o60pydOBaHUST ¥ MEXaHM3IMOB B LIEJISIX Ipeno-
xpaHeHusi X OT ObICTPOroO paspymieHusi 1on BJIMSIHMEM BBLICOKHX
TeMriepaTyp.

Ot 3hbPeKTHBHOCTH paboTb! rpanunpen 3aBMCHUT cTereHb peayu-
3alMK [PEUMYLIECTB CUCTEM o6opoTHOrO poriocHaBxeHUsl B TEX-
HUUECKOM M 9KOJIOrHUYeCcKOoM acrieKTax B CPaBHEHWH C MpPSMOTOM-
HBIMM CHUCTEMamM, a TaKXe Npou3BoAUTEILHOCTD TexHoJioruve-
cxOro 0b6OpyHOBaHMsl, KadecTBO # ce6ecTOMMOCT BheipabarwiBae-
MO TNpoOyKUHH, ynenbﬂbm pacxol Cb!Pb%, TOMAWBa U 3JIEKTPO-
3HEPrHUu.

Torpe6HOCTb B CrpaBoOuHOM maTepuarne s rpoeK THPOBaHUA
M PEKOHCTPYKUHHK 3THX coopyXXeHHA Haspena NaBHO. OnHako 1o
pa3sHbiM TIPUYHHAEM cripaBOYHMKHW TaKoro pona He BLITTYCKaJUCh
W creLmaniMcTaM TNpuxoaunsioch PYKOBONCTBOBATHLCH pa3po3HEeHHbl-
MM CTATbsIMHM, MyBIMKYEMBIMU, K TOMY ;xe BeChbMa penKo. B Nepro-
AMUECKHX JKYPHAJIbHbIX H3OaHusX.

[locnenHuit HOPMATMBHbBIH NOKYMEHT [10 BEHTHJISITOPHBIM 12
6auleHHbIM rpadupHsIM, pplLienni B CBET B 1989 r., — aTo nocobue
M0 NpPOeKTHPOBAHUI rpanvper K CHull 2.04.02-84 »BonocHabxe-
Hue. HapyxHbie CETH U coopyxenust” (nanee cm. noco6tue). OnHaKo
k 1992-93 rr. nocobue MpaKTHIeCcKH pcuepnano cebs. 3a BpeMs,
npomenwee oT rnoaroToBKHM ero K M3naHuio, (58281 yCOBepLLleHCTBO-
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HaHa KnaccuduKauusi oxiaxfalolmx CUCTEM 060pOTHOro BOLOCHAb-
KEHWS] TPOMBILINEHHLIX M 3HEPreTHYeCKux npennpuaTHi. PaccMoTtpeHs
TEOpPETHMUECKHME OCHOBLI NIpoLecca OXNaxneHms BOAb! B FPAIMPHAX N ME-
Tompl HMX TexHoNnoruueckux pacyeros [lpupeneribl HOBLIE pacyeTHbIE 3a
BUCHMOCTH PaccMoTpeHbl 0COGEHHOCTH 3KCIUTyaTalli rpagupeH B paid-
NUUHLIX YCTIOBMSX, MpHBeOeHb WCXOOHBIE NaHHBIC [J1si pacyeToOB Hamex-
HOCTHM M TEXHHKO-3IKOHOMHUECKOH M 3KOJIOr0-3IKOHOMMYECKOH OLIEHKHM
[panHpeH M OTAENbHbIX KOHCTPYKUHKMA

IIns MHXeHepHO-TeXHUUecKMux paboTHUKOB, 3aHMMAIOUWKXCA MTPOEKTH
poBaHHMeM, 3Kcrulyatauves M pccnenosaHMeM rpagupeH M CHCTEM obo-
POTHOTO BOMOCHAGXEHHA NPOMLILIIEHHOCTH ¥ 3HEPreTHMKM, a TaKxe
npernonasaTenen M CTYNEHTOB CTPOMTEbLHBEIX W 3HEPreTHYECKHX BY30¥

ISBN 5-283-00284-5 © AsTopwl, 1998

TMPEJIHC/IOBHE

B pasBuTHE TEOPHH H npakKTHKy rpaauper B CBOE BpEMS 3Hauu-
TeNbHEIA BKJ1an BHECH oTedecTBEHHbIE yUdeHbIE W MNPOCKTHPOBUIN-
xu — B. E. AHnOpuaHoB, A. T". Asepxues. JI. Il. bepman, A. ®. Bono-
nuH, B, A. [ nanKos, A. A. Doronun, B. B. Mpockypsikos, b. C. dap-
doposexnit, T. C. dMrioNbCKHUA ¥ OP-

I'pannpHsi — 3TO coopyxeHne (arnnapaT) O oxJ1axXxIeHMusl BOObl
arMocdepHbLIM BO3OYXOM. 3

B npompllllJIEHHOCTH M sHepreTHKe OXJ1aXxaeHHON Ha Tpanup-
Hsax 060pOTHOM BOAO OCYLIECTBISAETCH KonpeHcalmst orpaborab-
wero napa M ra3006pa3HbIX NpoOyKTOB, oxnaxIJeHHue I>KUIKKX
MNpOOyKTOB, 8 TAKXE obopynoBaHHs W MEeXaHH3IMOB B LIEJIsiX Mpeno-
XpaHeHusi uX OT ObICTPOro paspyuleHusi rnon BAUSTHUEM BBICOKHMX
TeMnepartyp.

Ot 30 deKTHBHOCTH paboTh! rpadypeH 3aBHCHT creneHb pealln-
3aUMy MpEerMYyLLECTB CHUCTEM 060pOTHOTO ponocHabxeHust B TEX-
HUUYECKOM M 3KOJIOrMUYECKOM acrieKTax B CpapHEHHWH C NpSAMOTOY:
HBIMM CMCTEMaMH, a TaKXe NpoU3BOAUTEILHOCTD TEXHOJIOTHYEe:
ckoro obopymoBaHisl, KadecTBo n cebecTonMOCTb peipabarbiBae-
MO#1 TMPOOYKLIMH, yHemnbHbI pacxol Cpipbsl, TOMNMBA M 371€KTPO-
3HEPrHH.

Totpe6HOCTy B CrpaBOUHOM Marepuane st NpoeK THpPOBaHNA
M PEKOHCTPYKLMH 3THX coopyxeHHn Haspesa napHo. OpoHako 1o
pa3HbIM an/IqMHaM CnpaBO‘-IHHKM TaKoro pona He BbII'lchaﬂHCb
M creLmanucraM TNpuxoanioch pyKOBOLCTBOBATHCH pa3po3HeHHbl-
MM CTAThAMH, NMYy6IMKYEMBIMH, K TOMY € BecbMa PENKO. B nepuo-
OMUeCKHX XYpHalibHbIX panaHusXx.

MocnemHuii HOPMATHUBHBIH NOKYMEHT 10 BEHTHJISITOPHbIM 2t
HameHHLIM TPadnpPHSIM, ppuLenuni B CBET B 1989 r., . sTO riocobme
[0 MpOeKTUPOBaHUIO rpanmper x CHwull 2.04.02-84 Bonocnabxe-
Hue. Hapy>XxHbl€ CETH U coopyxeHus” (nanee cm. noco6ue). OaHaKo
 1992-93 rr. noco6ue MpaKTHIECKH pcuepnafio cebsi. 3a Bpems,
npowenmee OT [HOAroTOBKM €ro K u3apaHMio, ObINH yCOBEPLIEHCTBO-
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OCHOBHRIE YCJ/IOBHBIE OBO3HAYEHHS
C, ¢ — VIETbHbIE TENJIOEMKOCTH COOTBETCTBCHHO BJIAXHOTC
BO3/IyXa, BOASIHOrO Mapa, cyxoro sosdyxa, La/{kr - Kj
[kxan/(xr - ~C)]

Cy = 4.19 kIx/(kr - K) [1 kkan/(kr - °C)] - yne/ibHasi TerloeMKoCTb
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MJ10Wa0Ob OPOLLIEHUs FPaarpHHU, M?

ycKopeHue CBOGOHOro nafeHust, m/c?

roriaua BO3JyXa BEHTMJISITOPOM, Kr/4 (Kr/c)

pacxon 060pOTHO BoObl, M3/u

rMIpaBIMYECKasi HATPY3Ka Ha TpalMpRio, KT/4 (Kr/c)
KOJIMYECTBO UCMapUBILENCST BOMbL, KI/4 (Kr/c)
BbICOTA OPOCHTENISI rpadypPHU, M

yHenpHasi 3HTaNLNMsl  (TEJIocodepxaHue)
Tk /Kr (KKa1/Kr)

yaespHble 3HTaNbIIMK BO3OYXa B siOpe MOTOKA Ipy BXomIe
B rpadMpHK M Bulxone 13 Hee, JK/Kr (KKaJjl/Kr)
yoensHasi 3HTa/bMs1 HACHIIEHHOro BO3OyXa,
(kKan/Kr)

yOesibHbIE 3HTaNbIMM HaCBILLEHHOro BO3OyXa Yy I10BepX-
HOCTH BOLb! Ha BXOOE B I'PAIMPHIO M BeIXxoHde M3 Hee, IK/Kr
(kKkan/Kr)

yHaenpHasi 3HTANBIIMS HaChIUEHHOro BO3OyXa Yy ToBepx-
HOCTM BOObl Mpu ee cpedHedt Ttemnepatype, JDK/Kr
(kKkan/Kr)

cpenHsisi pa3HoOCTh yAEeJIbHLIX IHTaNbNMi Bo3Oyxa, JDK/Kr
(KKan/Kr) -

rnonpasoyHuiil KoapdULUMEHT B YNPOWEHHOM YypaBHEHHM
TensioBoro HanaHca

BO3YyXa,

JIx/Kr

 — [OJIHOE, OMHAMHYECKOE U cTaTHUUyeCKoe NaBJ/ieHus, pas3-

BHUBaeMble BEHTUJISITOpOM, [1a (MM BOZ. CT.)
HapomMeTpHUyecKoe NaBJIeHWE, MM DT. CT.

rnapuyasibHbe IaBSICHHUS 1apa BO BJ1aXHOM M HACKLIILEHHOM
Boanyxe, [Na (kr/m?)

rnoTepy NOJIHOro maplieHust B opocHTene, [la (MM BOM.CT.)
MaccoBasi CKOPOCTb BO3Iyxa, Kr/(m? - u)

MJIOTHOCTL OPOLIEHMST rpamupHu, M7 /(M2 « u) [Kr/(Mm? - )]
KaresbHbIA VHOC BONbLI U3 TPamiMpHu, % OoT Gk -

R, . = 287,1 kIx/(xr - K) [29,27 r - M/(Kr - °C)] - ra3oBast NoCTosiH-

Hasl CyXoro Bo3anyxa

Ry = 461.6 kILx/(Kr -
Hast napa

°C)] - ra3osasi MoOCTosIH-

K) [47,06 kr - M/(KT -

r = 2493 kJIx/kr (595 KKasn/Kr) — ynesjpHast Terora rapoobpa3so-

tl’ t2

BaHMs
- TemnepaTvpbl BOObI Ha Bxone B rpammMpHIO M BHIXOOE M3

pee, °C

At=t, - t, — iepenan TeMnepaTyp BOILL. °C
tep = (1, + 13)/2 - cpenH=s remneparypa sonsl, “C

phlarocoaepxaHue BO34VXa, Kr/Kr

x -—

x” _ priaroconepxaHue HaChILEeHHOro BO3NnyXa, Kr/Kr

X,,X, — BJarocomepxaHusi HAachLILIeHHOro BO3[vXa Ha BXooe B
rpanupHIo M BRIXOOE M3 HEE, Kr/Kr

o - ko3ddULMeHT TernooTaauH, Bt/(M? K) [KKan/(M2 X
Xy - °C)

By — 0OBEMHBIN Kko3hPHULIMEHT MacCOOTHAYH, oTHeCceHHbI K
pa3HOCTH BAArOCOOEPXAaHHH, Kr/(M° - 4 - KT/KT)

A — 3MITUPHYECKHH ko3 dhrumneHT, XapaKTepuayomi Bans-
HUe KOHCTPYKTHBHBIX oco6eHHOCTE OpocHMTENsT Ha €ro
OXJ1aXAalouyio crocofHOCTb. 1/Mm

m — nokazaTelib CTeHneHH, xapaKTepMayiowi  3aBUCHMOCTD
o6bemtoro KoaddHLeHTa MaccooTnauu OT M3MeHeHHs
MaccoROil CKOPOCTH BO3AYyXa

A = G,/Q, — OTHOWIEHMNE MACCOBOrO pacxoza BO3ZyXa K pacxony BO-
nbl, Kr/Kr

Me - 6e3pa3MepHbIi KpuTepuit Mepkessi

Vg — rnorHocth aTMocthepHOro BO3ayxa, Kr/m3

Vx - TJIOTHCCTH BOMbI, KI'/M?

4 — ko3hPULIMEHT COMpOTHUBJIEHHS IPanvpHH

9,1 — TEeMIepaTypb! aTMocthepHoro Boadyxa Mo CyXoMy M CMO-
yeHHoMy TepMomeTpaM, “C

¢, " — OTHOCHUTEJIbHLIC B/I2)KHOCTM aTMOChepHOro M HAachlleH-
Horo so3myxa, %

v — o6beM opocuTesist rpairpHu, M3

©® — CKOpOCTh Bosnyxaeopocnrene,M/c

Leo — KOGDULMEHT COMNpPOTHBIICHURA CyXOro OpoCUTE 1

K - xo3hdruumeHT MpOrIOpLUMOHATIEHOCTH, YUUTHIBAIOLIMH

BIIMSIHHE TJIOTHOCTH opowieHy st Ha aBpOHHHaMH‘JeCKOG co-
rIpoTHBJIEHNE OpoCHUTEJIS
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BnnaHe Bricora AMpHE B TIa- BORLI, HECYIIETO 6 ivmKu BOIOYNOBU-
He, M M Kapkaca rens
901-6-50 06-300, N° 12,5, 2Xx4 6,8 2 4 X4 6,3 - - Crans Acbecto- Monuduun-
HATHETATEND- 3 4%X6 LeMeHT pOBAHHAS
HBIA MU CTEKTIO-  [pPEBecHHa
nnacruK
901.6-49 06-300,N°12,5, 2X4 9,1 2 44 7 - Ilpese- Monudu-
oTcaceBalo- 3 4X6 cHHa HIMPOBAHHAS
LM npeBecUHa
TI'padupHu, pacnonazaemsle Ha 30aHuAx ¢ naockoll kpoenetl
901-6-55 06-300 N° 8 1%X2 5,8 2 2X2 53 -7~ Cranp AcBecro- Monuduun-
3 2X3 HeMeHT poBaHHas
4 2X4 apeBecHHa
5 2X%XS5
6 2X6
901-6-54 06-300 N° 12,5 2X4 3 2 4X4 2,8 Kanens- AmoMuHueBo-Marume-  To xe
3 4% 6 HBIH BRI crinias
- Bununnacr
901-6-5/75 06-300N°12,5, 2%4 68 2 44 63 Tnewou-  Cram,  AcGecto
HArHeTaTens 3 4%X6 HBIR MK UEMEHT WM Monubu-
r T -
- 410 KarnensHui HHUPOBAHHAA
npesecuHa
" JRL Monudmum-
x 6 2 4X%8 3 To xe -
901-6.96.88 3Bl 25M 4x4 3 4x12 poBaHHaR
npesecuHa
MM TOTTUBH-
HUNXIOPUA

* BpicoTa OT OMMIUA TPAfMPHM MO OCH TPYS BORODPACTIPENENTUTENLHOM CHCTEMBI.

Mpumeuannus: 1. TIpM npupsake rpanvpeH K MECTHBIM YCTTOBHSM IKCIUTyaTaLlitn monycKaeTcs aameHa Ma;Zi”?aoliL::::nt
opocuTeneil 11 BONOYNOBMTENEH MDY COOTBETCTBYIOIIEM 0GOCHOBAHMM U 06538 TENLHBIX TEXHOOTUUECKUX pa::‘e n“.cn;‘)
6pEI3ranLHOro TUMa CHAGXEHE! BO3NYXOHAIPAB IAOUHMH IMTAMH, 3. [IBX - nonueuHunxnopun (roppmposaH .
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