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PernameHTUpOBaHbl BbIBOP MCXOAHbIX AaHHbIX U NOPALOK NPOBEAEHUA PACYHETOB OCHOBHbIX
napameTpos NPOTMBOAbLIMHOM BEHTUNALMMU 34aHUN pasnnMyHoro Ha3HayeHus,
NPEeMMYLLECTBEHHO XUAbIX W obwecTBeHHbIX. MeTogonorna pacyeToB OpPUEHTUPOBAHA Ha
aencteyrouwme TpeboBaHMA noXKapHoi 6e3onacHocTM UM bGasupyeTcs Ha pesyibTaTax
3aKOHYEHHbIX TemaTnyecknx uccnegosaHnit BHUUMO, KoTopble BbiNoAHAAMCE B nepuog 1996 -
2004 rr. no TexHM4yeckum 3agaHuam NYrmnc MYYC (MBA) Poccun.

MpeaHasHadeHbl ana cotpyaHukoB YITIH rnasHbix ynpaBneHnin MYC Poccum no cybbekTam
Poccuiickor  ®Pepepaummn. MoryT OblTb  WMCNONb30BaHbl B  AEATENBHOCTU  MPOEKTHbIX
OpraHM3auui, CneumannsmpyromMxca B pPa3paboTKe MPOEKTHbIX pelweHnn B obnactu
KOMMJIEKCHON NPOTMBOMOXKAPHOM 3aliUTbl CTPOUTENbHbIX OOBEKTOB, a TaKKe B pabote
NPOEKTHbIX 6IOPO WKMPOKOro Npoduana M roCyAapPCTBEHHbLIX YUYPEXKAEHUNA COOTBETCTBYHOLLMX
HaA30PHbIX OPraHoOB.

BBEAEHUE
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CornacHo OoTe4yecTBEHHOW W 3apybeXKkHOM cTaTUCTUKe, rmMbenb npumepHo 85 % oOT uucna
JKEPTB MOXKapoB B 34aHMAX O0OyCc/OBAEHA MopaskalolWmnm BO3AENCTBUEM BblAENAEMbIX
NPOAYKTOB ropeHusa. MIHTEHCMBHOE pacrnpoCTpPaHeHue MNPOAYKTOB TFOpeHUs Mpu MoXKapax B
3[1aHMAX, NMOCTPOEHHbIX B COOTBETCTBMU C COBPEMEHHbIMU apXUTEKTYPHO-TEXHONOMMYECKMMM
peweHnAMN, COMNPOBOXKAAETCA MNEPEeHOCOM  TOKCMYHbIX KOMMOHEHTOB, MNOBbILEHNEM
TemnepaTypbl BO3AYLWHOW cpeabl A0 MNOABNEHWSA BTOPMYHbLIX 3aropaHUi U U3MEHEeHuem ee
ONTMYECKOM NAOTHOCTM BMJIOTb A0 MNOJHOM NOTEPU BUAMMOCTU. B CBA3M C 3TUM B Hallel cTpaHe
M 3a pyberkom BHMMaHMe CNeunanmcTtoB B NocnegHue gecatnnetya obpalleHo Ha pelweHue
npobnaem NPOTMBOALIMHOM 3aWMTbl 34aHNN. OaHaA M3 BarKHEMLWKMX 3a4a4 B AaHHOM obnactu -
CO34aHMe MeTo4010rMM pacyeTa OCHOBHbIX MapameTpoB NPOTUBOAbIMHON BEHTUAALMN.

B npakTMKe oTe4yecTBEHHOro MPOEKTUPOBAHWUA A0 HACTOALWEro BPemMeHM MCMO/b30Ba/InCh
pa3nnyHble meToanyeckme nocobmsa [1] - [3]. OHM 6bIAN OPUEHTUPOBAHbI NPENMYLLECTBEHHO Ha
34aHUA BbicoToM 16 - 25 3Ta)kel C TUNOBOW KOPUAOPHOM CTPYKTYpOM Mpu YeTblpex
NJIAHMPOBOYHBIX CXEMaX NECTHUYHO-TNPTOBBIX Y3/10B. B MeToAMYECKOWM OCHOBE BbINOHAEMbIX
pacyeToB MO CYyL,ECTBY OTCYTCTBOBANa 06BEKTMBHO HEOHXOAMMAA B3aMMOCBA3b C GU3NYECKMMU
npoueccamm pas3BuUTUA NOXKAPOB B NOMELLEHUAX 34aHUN.

C BBegeHMem B [JelcTBME OOHOBNEHHbIX HOPM MpPOeKTUpoBaHuAa [4] BO3HMKAA
HeobxoAMMOCTb B COOTBETCTBYHOWEM Mpeobpa3oBaHMM METOA0N0MMU  pacyeTa OCHOBHbIX
napameTpoB MPOTUBOALIMHON BEHTUAAUMKM 34aHUK. Hactoawme pekomeHpauuum obobuwatot
pe3ynbTaTbl UCCAenoBaHMNA, BbINOAHABWKMXCA cneumannctamm BHUUMO B pamkax nnaHoBOM
TEMATUKM NO TeXHMYEeCcKMM 3agaHuam YIMC MYC (MBL) Poccum B nepmog 1996 - 2004 rr.
[aHHaa pa3paboTka He OTHOCMTCA K POpPMaNM30BaHHbIM METOAMKAM, YCTaHAB/IMBAOLUM
coAeprKaHue U NocnefoBaTeNbHOCTb PACYeTOB B COOTBETCTBMU C OCOBEHHOCTAMM OOBEKTOB,
MOCKOJ/IbKY COBpPEMEHHble TeHAEHLUWMU Pa3BUTUA apXUTEKTYpbl U TEXHONOIMMWU 3KChnayaTaumu
34aHUMA UCKAKOYAOT BO3MOXHOCTb NogobHOro aetepmuHuama. Mpu 3TOM npeacTaBieHHble
MeTOAMYECKME NMOOMKEHUA HE WAOCTPUPYIOTCA MPUMepaMn pacyeTa, YTo 0bycnoBneHO Kak
HEeobXOAMMOCTbIO CYLLECTBEHHOIO COKpalleHUA obbema M3N0XKeHUA, TaK U OObEKTUBHbLIMU
YCNOBMAMM MNpPeaoTBpaLLeHMA HeAOoNYyCTUMOro NPAMOro 3aMMCTBOBAHMA TaKUX NPUMeEpOoB B
NPOEKTHbIX peleHnaX. PekomeHayemaa MeToA0N0rMA pPacnpocTpaHAeTcA B OCHOBHOM Ha
O0O6BEKTbl TPAXKOAAHCKOTO CTPOMTENbCTBA - *KWUble UM obuwecTBeHHble 34aHuA. C yyeTom
MHOroobpasua CcTpouTeNbHbIX OOBEKTOB NpeacTaBafseTca uenecoobpasHbiM MNPOAOIKUTD
paboTy MO CO34aHMIO PACYETHbIX METOA0B, OPUEHTUPOBAHHbIX Ha MHOrOQYHKLMOHA/bHbIE
KOMMJIEKCbl, MOA3EMHble U  CYMepBbICOTHble CTPOUTE/NbHble OOBEKTbl C  MacCOBbIM
npebbiBaHNEM NOAEN.

AsTOpbl 6yayT 6narogapHbl cnewmannctam B JaHHOW 061acTy 3a NPUCIaHHbIE 3aMedaHnA U1
NpeasoXeHna No COAEP!KaHWUIO NPeAcTaBAEHHON METOAONIOMMU U YYTYT UX B AaSibHellen
paborTe.

1. OBIIME ITOJIOKEHUA

1.1. Hactoswme pekomeHAauuuM pas3paboTaHbl B COOTBETCTBUM C AENCTBYHOLLMMMU
TpeboBaHMAMM NOXKapHOM 6e30NacHOCTM U PernameHTUpPYOT MOPSAAOK pacyeTa OCHOBHbIX
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napameTpoB  MNPOTUBOALIMHOW  BEHTUAALMU  303HUN, MNPEUMYLLECTBEHHO XWAbIX WU
obuwecTBeHHbIX. [laHHble MeToANYEeCKME MOJIOKEHMA MOTYT ObiTb MCNONb30BaHbl TaKXKe ANA
pacyeTa MapameTpoB MNPOTUBOALIMHON BEHTUAAUMW 303HUIA U COOPYNKEHWN PaA3IUYHOrO
HasHayeHMA (B TOM 4ucne 3aKPbITbIX MOA3EMHbIX W HAA3EMHbIX  ABTOCTOAHOK,
NPOW3BOACTBEHHBIX U CKAAACKUX 34aHUA, MHOFODYHKLMOHAbHBIX KOMMNEKCOB), A1 KOTOPbIX
He pa3paboTaHbl COOTBETCTBYOLLME METOANKMN.

1.2. PekomeHaauun npeaHasHadeHbl ana cotpygHukos YITIH rnasHbix ynpasneHnin MYC
Poccun no cybbekTam Poccuitickoit ®@epepaumn, NPOEKTHbIX OpraHM3auMin U nNpepnpuatui,
OCYLLECTBAAOWMX  JIMLEH3UPOBAHHYIO  [AeATEeNbHOCTb N0  pa3paboTke U BHeAPEHUIo
TEXHUYECKMX PELUeHUMA NO KOMMAEKCHOM MPOTMBOMNOXKAPHOM 3alumnTe 343aHUN U COOPYIKEHUN.
MoryT 6biTb WCMONb30BaHbl B AEATENbHOCTU MPOEKTHbIX OHOPO LWMPOKOro npoduna u
roCyAapCTBEHHbIX YYpEXKAEHUM COOTBETCTBYOLLMX HAA30PHbIX OPraHoB.

1.3. M3gaHWe HacToAWMX PEeKoOMeHZauui He OTMeHAeT [AEeWCTBUMA W He WCKAYaeT
BO3MOHOCTb MCMNO/Ib30BaHUA CMNeuuanmucTaMm pPasiMyHoro npoduaa MHbIX [AOKYMEHTOB
noAo6HOro HasHayeHus, B TOM YMC/Ie HOBbIX Pa3paboTok.

1.4. B uenax WCKNOYEHUA BO3MOMKHbIX MWCKaXKEHUM pe3ynbTaToB MpPaKTUYeCcKoro
npUMeHeHns paspaboTaHHON MeTo40/NoOTMKU NPU  ee  UCNONAb30BAaHWM He A0MNYyCKarTcA
0606LIEHME N YNPOLLEHHAs UHTEPNPETALUMUA PACYETHbIX AaHHbIX B BUAE HOMOrpamm, Tabaumu, 1
MHbIX NOA0OHbIX MaTeEPUasOoB.

2. AICXO/IHBIE JTAHHBIE

2.1. MpoeKTHble 06BbEMHO-NNAHMPOBOYHbIE PELIEHMA B COCTaBE KOMIMJIEKTa 4epTerken
AaPXUTEKTYPHO-CTPOUTE/IbHOW YacTU AOJIXKHbI COOTBETCTBOBATb AENCTBYHOLLMM HOPMATUBHbLIM
AOKyMeHTam B 06nacTM noxapHoi 6e30macHOCTM, B TOM YMC/le MO YCTPOWCTBY MyTen
3BaKyalMM M 3BaKyaLMOHHbIX BbIXOAOB, NMpeAenam OrHeCTOMKOCTU OCHOBHbIX CTPOUTENbHbIX
KOHCTPYKUMA M pasfeneHnto CTPOUTENbHOM 4YacTM Ha OTAesIbHble MOoXKapHble OoTceku. Mpwu
HEeobXoAMMOCTM KPOME YKa3aHHbIX HOPMATMBHbLIX [OKYMEHTOB MOMYT WMCMNO/Ab30BaTbCA
NONOMKEHUA pPa3paboTaHHbIX AOMONHUTENbHO CMeumanbHbIX TEXHUYECKMX YCAOBMIM Ha
NPOEKTMPOBaHME MPOTUBOMOXKAPHOM 3aLUUTLI.

2.2. B KauyecTBe pacCYeTHbIX YC/OBUN AENCTBMA MNPOTUBOALIMHOW BEHTMAALUKW cneayet
NPUHUMATb BO3MOMKHOCTb BO3HWMKHOBEHMA MOXKapa B O4HOM W3 MOMELLEHWI, B KaXAoM U3
MOYKaPHbIX OTCEKOB, HA OAHOM U3 €ro 3Ta*Kel, NPenMyLLEeCTBEHHO HUXKHEM, KaK B Ha[3EMHOM,
TaK U B NOA3EMHOWM YacTM 34aHMA. McxonHOE MONOXKEHWE OKOHHbIX MPOEMOB - 3aKPbITOE,
[ABEPHbIX - cornacHo TpebosaHusam [4].

PacyeTHbI nepuon AeNUCTBMA NPOTUBOALIMHOM BEHTUAALMWU OO0/MKEH NpenycMaTpuBaTbCA
6o Ha Nepuog 3Bakyauumn noaen u3 NnoMeLweHnn, ¢ aTaxka unm ns 3gaHuna B ueaom, nmbo Ha
BpeMsA NpoOBeAEHMA TMOXapHbIMW noApasgeneHuamn paboT Mo chnaceHuto aogen,
06HapyXeHUIO M NOKaN3aLMK oYara noxapa.

MPOEeKTHOE WCNOJIHEHME CTPOUTENIbHOM 4YacTM O0ObeKTa [OMKHO MPUHMMATLCA B
COOTBETCTBMM C YCTAHOBNEHHbIM YPOBHEM KayecTBa. KOHCTpyKuuuM wu obopyaoBaHue
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NPOTUBOABLIMHON BEHTUNAUUN (BO3AYXOBOAbI, KONNEKTOPbI, MPOTMBOMOMKAPHbIE K/AanaHbl,
BbITAXKHbIE BEHTUNATOPbI, ABEPU, B TOM YMCIE NPOTUBOMOXKAPHbIE AbIMOrasoHeNnpoHULAEMbIE,
NPOTUBOAbIMHbIE 3KpaHbl W Ap.) [AO/KHbl COOTBETCTBOBATb TEXHUYECKMM  AaHHbIM
nNpeanpuUATUIA-U3rOTOBUTENEN U MPUMEHATLCA B COCTaBe NPOTUBOALIMHOM 3aWMTbl 06bEKTA NpU
Hanuumm ceptudumkaToB cooTtBeTcTBuA cuctembl TOCT P ©  cepTMdMKaTOB MOXKapHOWM
6e3onacHocTw.

2.3. A3spoAMHaMMYeCcKMe XapaKTEPUCTUKU 34aHUI  OnpefenatTca  KoapduumeHTamm
BETPOBOrO Hanopa Ha pas/nyHbix dpacagax. PacnpegeneHme M 3HaYeHUA a3POLMHAMUYECKUX
K03 PUUMEHTOB BETPOBOrO Hanopa AAA MPOEKTUPYEMbIX 343aHUIN HEOBXOAMMO MPUHUMATL
COrNacHO MPOEKTHOM AOKYMEHTAUMW WU MO 3KCNEePUMEHTA/IbHbIM AaHHbIM, NMOJYYEHHbIM B
pe3ynbTaTe a3poANHAMUYECKMX UCMbITaHUI (NpoAyBKa Moaenei B aapognmHammyeckon Tpybe).
Mpyn OTCYTCTBUM HEOBXOAMMbBIX LAHHbBIX A3POANHAMMYECKME XAPAKTEPUCTUKM  AONXKHbI
YCTaHaB/IMBATLCA PACYETHbLIM NYTEM B 3aBUCMMOCTM OT HanpaB/ieHWUA BETPOBOrO BO3AENCTBMUA
Ha pa3/siMyHble ¢acaapl 34aHNN:

ko = k,sin® w + k.cos> w, (1)

roe ky - aspoamMHaMUYEeCKnit KoadPpuuUMEHT BETPOBOro Hamopa npu BO3AENCTBMU BETPa Nog,
Yyrnom w K naockoctu dacaga;

kn, k. - aspoanHammyeckme KoadPpUUMEHTbI BETPOBOrO Hamopa Npu BO3AENCTBMM BeTpa
COOTBETCTBEHHO NO HOPMANKM U MO KacaTesibHOM K NA0CKOCTU pacasa.

BennuunHbl KoappuuMeHTOB BETPOBOro Hanopa k, U ki Moryt 6biTb NMPUHATLI NO AAHHbIM
Tabn. 1.

CoOTBETCTBYIOLIME YMC/IOBbIE 3HAYEHUA KO3PPMUMEHTOB BETPOBOIO Hanopa ky, k,, k; moryT
6bITb ONpeaeneHbl No cneayoWwmMm 3aBUCMMOCTAM:

]
&
ko= -1.08exp| - 275 |- 0.05,
¥ =P LH]

O<x<|,

roe L, H - coOTBEeTCTBEHHO A/MHa WM BbicoTa ¢acaga, NepneHAMKYNAPHOro HanpaBAeHUIO
BETPOBOro BO3AencTeua, mM; | - annHa OOKoBbiXx pacagoB, M; X - yAaneHue OT MNAOCKOCTU
AaHHoro ¢gacaza No NOBEPXHOCTAM NOKPbLITUS U dacagos, UMeLWKMX pasmepsbl IxH, m;

k, =-0,3H/y npn 0,5 <y < 3H,
k,=-0,1npny > 3H,

roe y - yaaneHue OT NAocKoctn dacaga, umetowero pasmepbl /xH, BAOAb NOBEpPXHOCTEMN
NOKpbITUA U Ppacasos, UMetOLLMX pa3mepbl LxH, m;

ki=k.npnx=1I.
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ONnA KOHEYHOro BbIYMCAEHUA A3POAMHAMUYECKUX KO3IPDULMEHTOB NoO 3aBucumoctu (1)
[O/I}KHO MCMONb30BaTbCA COOTBETCTBYIOWLEE cOYeTaHUe nap u3 KoadPuumeHtToB Kuyw, Kws, Kwo,
npuobpeTatowmx TakMm 06pa3om 3HaYeHUA KOIPPULMEHTOB k, U k.

Tabauya 1

AspoguHamuueckue KoapduumeHTbl BETPOBOro Hanopa gna pa3nnuHbiX ¢pacagos 34aHUM

H boKkoBas cTopoHa 3
CootHoweHune  |MepneHANKYNAPHbIA aBETPEHHaA WUV NIOCKOCTb aBETPEHHaA
rabapuTHbIX HanpaB/ieHMIO BETPaA cTopoHa MOKPbITUSA CTOpOHa
pasmepoB ¢acanos dacapg K K
ww kWS wo

LxH 0,8 -0,4 -0,6
I<I<H

IxH 0,8 -0,4 -0,6

LxH 0,5..0,8 ky ki
ISH<L

IxH 0,6..0,8 k, -0,3...-0,2

[na BbINONHEHMA pPACYETOB OCHOBHbIX MNAPAMETPOB MPOTUBOABIMHOM BEHTUAALUMMU C
MeHbLIEN TOYHOCTbIO  AOMYCKaeTcs BblbOp a3POAMHAMMYECKMX  XapaKTEPUCTUK  NO
dMKCMPOBaAHHBIM BENNMYMHAM KO3DUUMEHTOB COrnacHo Tabn. 1 npu /<L < H.

2.4. TMapameTpbl HaPYKHOTO BO34yXa [A/1A MNPOEKTUPYEMbIX OOBEKTOB  AO/KHbI
COOTBETCTBOBATb [5]. Be/NMUMHY CKOPOCTM M HanpasieHue BeTpa cieayeT MNPUMHMMaTb nNo
OAHHbIM  METEeOPO/IOTMYECKUX HabNoAEeHMIA, OTHOCALLMXCA K TEeppUTOPUM  3aCTPOMKM.
TemnepaTypa HapyXHOro BO3AyXa [OO/IKHA COOTBETCTBOBATb MNEPUMOAY MAKCMMAJIbHOTO
BETPOBOro BO34encTBuA. TemnepaTtypy BHYTPEHHEro BO3Ayxa cneayeT onpeaenatb COrnacHo
NPOEKTHOM TEXHOIOTMM 3KCMAyaTaLuMmn MPOEKTUPYEMOrO 34aHMA.

3. BBITAKHASA ITIPOTUBOJABIMHASA BEHTUJIALIUA

Britsoxaas MMPOTUBOABIMHAA BCHTUWJIALUA IO (pYHKIII/IOHaJ'IBHBIM IMPpU3HAKaM TIOAPA3ACIACTCA
Ha ABC OCHOBHBIC TI'PyHIIbI, OJHA U3 KOTOPBIX O6T>CI[I/IH$ICT CUCTCMBbI, MMPCAHA3ZHAYCHHBIC JJI
YAAJICHHA TPOAYKTOB I'OPCHUA HEIMOCPEACTBEHHO M3 TOPAIICTO MOMCHICHUSA, ApYyrasa - CUCTCMbI
AJId yAaJICHUSA TPOAYKTOB I'OPCHUA U3 CMCIKHBIX C TOPAIIHUM HOMCIJ.[CHI/II\/'I.

3.1. YiajieHue NpoAyKTOB ropeHHs HENMOCPEeACTBEHHO U3 rOPSIIero noMeleHust

MaccoBblit pacxon nNpoAaykKTtoB TropeHuAa, ygdandaembix U3  ropawero nomeweHuaA,
paccynTbiBaeTCA Ha OCHOBE YpaBHEHUA HEPA3PbLIBHOCTU BUAA:

‘qi[ﬂmk) = GR, - Gj;w
dr

(2)

rAe A - 3KBUBANEHTHAA NIOLWAAb CEYEHUA AbIMOBOrO C/I0 B FOPU3OHTANBHOM MAOCKOCTH, M?; T -
BPeMms, C; Psm - CPEAHASA NNOTHOCTb rasa B AbIMOBOM C/l0€, 06pa3yoWwemcs B BEpPXHEN 4acTu
FOPALLEro MOMELLEHUs, Kr/M>; h - TOAWMHA 06pasyIoLEerocs AbIMOBOrO cnos, M; Gk, Gem -
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MaCCOBbI Pacxo[, COOTBETCTBEHHO B KOHBEKTMBHOM KONOHKE W yAanAembiX NPOAYKTOB
ropeHus, Kr/c.

[na peweHuna ypaBHeHMA (2) HEOBXOAMMO AO0MOAHUTENBHO MCNONb30BaTb 3aBUCUMOCTU A8
MOLLHOCTM TEMNOBbIAENIEHNA OYara noxapa u cpesHei TemnepaTypbl AbIMOBOrO C/OS:

Q= r]QpHchcho; (3)

Tm = ?:1 + r.i;Q.l; —exp |- a(zk‘fm +j;1:|

o2k, + A} C ()
rae Qc - MOWHOCTb TenioBblgeneHns, KBT; n - nonHota cropauus; Q°uep, Wep - MapameTpbl
MNOMKapPHOM Harpysku nometueHuns (npua. 1); Fo - NAOWALL FOPEHWUA NOXKAPHON HArpysku, m>;
Tsm, Ta - CPEOHAA TEMNEPATYPA AbIMOBOIO CNOS U TEMNeEPATypa Bo3ayxa B nomeleHun, K; a -
KOSGGULMEHT TEnn00TAauM [AbIMOBOrO C/NOA B OrpaMgatoliMe KOHCTPYKuuM, BT/m? r -
KO3DOULMEHT, XapaKTePM3YOLMNI TENIONOTEPU HA U3NYYEHUE; [sy - MAKCUMANbHBIN NepUMeTp
FOPM30HTaNIbHOTO CeyvyeHua AbIMOBOro €nof, M; Cp - yAenbHaa Tenn0eMKOCTb rasa mnpu
Temnepatype Tsm, KOXK/Kr * K.

[OHA nomeLLeHnin NpaMoyronbHol GopMbl C pasmepamu Mnona U NoToNKa axb yKasaHHbIN
nepumeTp coctasnsert Iy, = 2(a + b).

MpuBeAeHHbIE 3aBUCUMOCTU 3aMbIKAIOTCA YPAaBHEHWEM COCTOAHMA rasa U GYHKLMOHANbHOW
CBA3bKO MaACCOBOIo pacxoda B KOHBEKTUBHOM KOJIOHKe C MOLWHOCTbO TenaosblaeneHnAa u“u
TONLUMHOM AbIMOBOFO CNOSA:

Psm = paTa/Tsm; (5)
Gk :f(QkI h)/ (6)

FAE pa - MIOTHOCTb BO34yXa, Kr/Mm>.
PacyeTHan cxeMa ra3oobmMeHa, COOTBeTCTBYIOLWAA GYHKLMOHAIbHBIM 3aBUCUMOCTAM (2) - (6),

npusBegeHa Ha puc. 1. NopsaAoK U codeprkaHue pacyeTa C y4eTom cneumdUKn 3aLimLLaembIx
nomelleHuin onpeaenseTca BbiIbopom GYHKLMOHAIbHOM 3aBUCUMOCTH (6).

- Tm ; :;_'. ,,'_7'/
b s e ——--—L—-f-—.-f—'
™ :/
m 163. T‘ \\‘ |
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Puc. 1. PacyemHas cxema 2a3006MeHa 8 20pAwEeM nomeweHuu, 3auuu,aeMmom 8bimaAXHoU
npomugodsiMHOU seHmMunayuel
(Tk - memnepamypa KoHeeKmMUBHOU KOMOHKU, hspy, - NpedesnbHo 00nycmumas moaujuHa
0bIM0B020 €/104)

3.1.1. Ana 3anbHbIX I'IOMeLLI,EHMﬁ Pa3nMNYHOro HasHa4yeHunA, B TOM 4yucne KOHd)epeHLl,-3afIOB,
3PUTENDbHbIX 3a/10B, TOProBbiX 322108, CNOPT3asi0B U ApP., 3aBUCUMOCTb (6) MCNONb3yeTCA B BUAE

[6]:
G = 0,071Qc"3(H - ) +0,0018Q,, (7)

rae H - BbicOTa NOMELLEHUA, M.

3.1.2. Ans aTpUymMOB PasNIMYHOIO apXMTEKTYPHOrO WMCMNONHEHWUSA, C YY4ETOM HAAUuYMA B UX
obbemax ranepen Ha HEeCKONbKUX YPOBHAX AN KOHCTPYKTUBHOIO OTAE/NIEHUA 3TaXKEW OT 3TUX
06bEeMOB, pacyeTHble CXeMbl ra3006MeHa COOTBETCTBYIOT NPUBEAEHHbIM Ha puc. 2. Mpu 3Tom
ANA BapuaHTa razoobmeHa, NpuUBeAEHHOro Ha puc. 2, d, 3aBUCUMMOCTb (6) UCNONb3yeTca B BUAE
3aBucumocTu (7), a gns BapuaHTa rasaoobmeHa, NpMBEAEHHOrO Ha puc. 2, 6, - B cieaytolem

Buae [6]:
Gk =0,035Q. (8)
a
K _ Gom
Er
] ; |
= I\ {l |
G
| \\;./I |
| ‘( |
~ow G~
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S s 4+ G, ™

Puc. 2. PacyemHas cxema 2a3006MeHa Mpu Moxape 8 ampuyme ¢ KOHCMPYKMUBHO

HeomaoesieHHbIMU
2anepeamu (a) U ¢ KOHCMPYKMUBHO omoesieHHbIMU 3maxcamu (6)

YacTHbIM Cly4aem NepBOro M3 yKasaHHbIX BapUaHTOB ABAAETCA ra3oo0bmMeH B aTpuyme npwm
BO3HWKHOBEHMM B HEM MOXapa HenocpeacTBeHHO noA ranepeeit (Ha ypoBHE OCHOBAHMA
aTpuyma). B aTom cnydae GpyHKUMOHANbHAA 3aBUCMMOCTb (6) MCMONb3YeTCA B Caeayowem Buae

[6]:
Gk = 0,36(QWA)3(Z, + 0,25H), (9)

rae W - HavyanbHas TO/WMHA CTPyM ra3oo0b6pasHbiX NPOAYKTOB TOPEHWs, UCTeKatolen oT
OrpakaatoLLein KOHCTPYKLUMM ranepen atpuyma, m; Zp, - BbICOTa OT YPOBHA rasiepen, OMbiBaemol
NCTEKaloWen CTpyen, A0 HUMKHEMN rpaHMubl AbIMOBOro €n0A, M; H - BbiCOTa OT OCHOBaHWA
aTpUyma A0 YPOBHA PACNOOXKEHUA raiepeun, M.

CornacHo pasg. 2 HacToAWMX PEKOMEHAALMA pacyeT OCHOBHbIX MAapameTpoB BbITAXKHOM
NPOTUBOABLIMHOM BEHTUAAUMM AAHHOTO TUMNA AOMXKEH NPOBOAUTLCA MO YC/NOBUMAM 3aLUMTbI
TONIbKO Ha Nepuog, 3BaKyauuu Nogen 13 nomeweHuin nmbo Ha Bpems, Heobxogumoe AnA
obecneyeHna AOeNCTBUIA NOXAPHbIX noapasgeneHuin. [lepBble W3  yKa3aHHbIX YCAOBUIA
YA0BNETBOPAIOT COOTHOLIEHUAM BUAA:

0<t<T, 0<h<hy; (10)
T>Ts h>hsm; (11)

roe T, - pac4eTHoe BpemMA 3BakKyauunm m3 I'IOMGIJ.I,EHI/II?I; hsm - npegenbHoO JonNyCctumaa TO/WLNHa
AbIMOBOTO C/0A4, npu KOTOpOI‘/‘1 COXpaHAeTCA CBO60,£I,Haﬂ OT 3a4blM/IEHNA BO34YyWHAA 30HA Ha
FOPU30HTA/IbHBLIX MNYTAX 3BaKyaunn.

B aTom cnyyae Gy, < Gy
[nA BTOPbIX M3 YKA3aHHbIX YCI0BUI CNpaBegMBbl COOTHOLIEHUA BUAA:

O0<t<T. 0<h < hgy, (12)
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rae 7. - BpemAa OKOHYaHUA cnacaTe/ibHbIX pa60T.

B aTom cnyyae Gsn = Gy M pacyeT MapamMeTpoB BbITAXHOW MPOTUBOABLIMHOW BEHTUAALMM
ocyuiectsafeTca 6e3 MHTErpupoBaHua ypaBHeHUA (2).

3.2. YianeHnue npoayKTOB rOpeHHs U3 CMEKHbIX ¢ TOPSIIUM MOMeIleH Uil

PacyeT napameTpoB CUCTEM [JaHHOW rpynnbl MNPOBOAUTCA B 3aBUCMMOCTM OT BMAA
06BEMHOro Nokapa B NOMELLEHUM, COODOLLAOLWEMCA CO CMEXKHbIMU C HUM MOMELLEHUAMMU, B
TOM 4ucne BecTMbronsmu, Xonnamum, Kopuaopamu, TOProBbIMKM MOAAMKU, aTPUYMamMu U T.n.
CornacHo [7], [8], Bug obbemHOro noxapa B MOMELLEHUM onpenenserca npu cpaBHEHUM
3HAYeHMA NPUBELEHHOW YAENbHOM MOMAPHOM HArpy3KM NMOMELLEHUA gy C €e KPUTUYECKUM
3HaYEHNEM Giyxp-

eCNn gy < Gukp, TO B MOMeLLeHMM ByeT noxap, perynmpyemblin Harpyskoin (MPH);
€C/M Gx > Juwp, TO B MOMELLLEHUM ByAeT NOXKap, perynnpyemlit BeHtunAUmei (MPB).

3HayeHne MaKcMMmasbHOM cpeaHeobbeMHOW TemnepaTypbl B ropsAWem MNOMELLeHUM npu
MPH onpeaenseTcs 3aBUCUMOCTbIO [7], MmetoLel chneayowmin BUA,

Tomax=Ta+ 2249&(0'528; (13)

rae Tomax - MaKCMManbHasa cpegHeobbemHana Temnepatypa, K; T, - Temnepatypa Bo3ayxa, K; gx -
npuBeAeHHan yaenbHas NoxapHaa HarpysKa (cornacHo n. 2 npua. 1).

Mpu TMPB MakcumanbHaa cpeaHeobbemHaa TemnepaTypa B TOpAWEeM MOMELEeHUN
COOTBETCTBYET 3aBUCMMOCTM BUAa [7]:

To max = T + 940exp(0,0047g, - 0,141), (14)

roe go - NpUBeAeHHas yaenbHan noXapHasa Harpyska (cornacHo n. 1 npun. 1).

YKa3aHHble 3aBUCMMOCTHU MCNONb3yKOTCA ANA onpeageneHna napameTpos BbITA}KHOM
I'IpOTVIBO,D,bIMHOl‘;I BeEHTUAAUNN LI,aHHOVI rpynnbi.

3.2.1. PacyeTHas cxema razoobmeHa B KOpMAOPE Ha 3TaXe, Ha KOTOPOM BO3HWK MOXap,
npuseseHa Ha puc. 3. [na onpeaeneHua TemnepaTypbl B MOTOKE ra3oB, BbITEKAOLWEM M3
ropAWero NOMeLLEHUA B KOPUAOP, MCMOb30BAHO COOTHOLWEHWe BMAaa [7]:

To=0,8T max, (15)

roe T, - UICKOMOE 3HaYeHMe TemMMnepaTypbl ra3os, NOCTYMAOWMX U3 FOPALLEro NOMELLEHUA B
Kopnaop, K; Ty max - MaKCMMasibHana cpegHeobbemMHas TemnepaTtypa B ropsawem nomeweHum (8
33aBUCUMOCTU OT BMAA nokapa - MPB nau MPH), K.

[na onpeaeneHunn ycpeAHEHHOW TemnepaTypbl AbIMOBOrO CNOSi B KOPUAOPE MCMNONb3yeTCs
cneayowan 3aBUCMMOCTb, MOJlYYEHHAA WHTErPUPOBAHMEM YPABHEHUSA, XapPaKTepU3YIOLWEro
N3MeHeHWe TeMnepaTypbl B IbIMOBOM C/10€ MO A/IMHe Kopuaopa [9]:
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roor a1 Tt AL N L 08
2;25??1 +Jqf 'Illfﬁ

E

(16)

[

rae hsm - NpefenbHas TOAWMHA AbIMOBOTO CNOsA, M; A. - NAoOWaAb Kopuaopa, Mm% I - AnMHa
Kopuaopa, m.

I'IpM MCNON1Ib30BaHNN B pPacyeTax ILl,aHHOl‘/i 3aBUCMMOCTU npedenibHaAa TOAWMHA AbIMOBOIO
cnoAa A0NXKHa ya0oBNETBOPATb YC/IOBUIO!

0,5 < hsm/H<0,6,
rae H - BbicoTa Kopuaopa.

PacyeT 3aKaHuMBaeTCA onpegeneHMeM MaCcCOBOro pacxofa yAansembiX W3 Kopuaopa
NpPoAYyKTOB ropeHuns npu noxape no popmyne [2], [3]:

Gsm = smAdeO'S; (17)

rae Gsm - MAcCoOBbIV pacxog, yaanfaemblx NpoAyKTOB ropeHus, Kr/c; Ay - naowanb Asepu npu
BbIXOZE U3 KOpPUAOpa MO NYTAM 3BaKyaLuu, M>; Hy - BbICOTa STOI ABEPH, M.

3HauyeHna KoappuumneHTa ks, B 4aHHON 3aBUCUMOCTU cocTasaatoT 1,0 n 1,2 cooTBETCTBEHHO
ONA KNUbIX N 0BLLECTBEHHbIX 34aHUN.

Puc. 3. PacuemHas cxema 2a3006MeHa 8 KOpUOOpe HA IMaxce, Hd KOMOPOM MPoU30Wesn NMoxap

3aBucumoctn (16), (17) moryT 6bITb MCMNO/b30BaHbl AN ONpeAeneHus MnapameTpoB
BbITAXKHOM NPOTUBOABLIMHOW BEHTUNAUMM, MNpPeAHA3HAYEHHON TaKKe ANA 3aluTbl ApYrux
CMEXKHbIX C FOPALWMM MOMELLEHUNN: XON/10B U OAHOYPOBHEBbIX BECTUOIONEN.

3.2.2. Ona BecTnbtonen, coobujarowmxca ¢ 4Byma n 6onee ypoBHAMM, a TaKKe A41A TOProsbIxX
MON0B (3aKpPbITbiX rasepen, coobLLAOWMXCA C TOPrOBbIMKW 3a71aMM PA3IMYHOM Naowaam) u
aTPMYMOB MOMKET BbITb MCMO/Ib30BaHA pPernameHTMPoOBaHHasA [6] 3aBMCMMOCTb BUAA:

G = 0,68(AwHu )32, + a)°" + 1,5A,H, "2, (18)
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roe Ay, - naowaab npoema ropsllero MOMELEHUs, COObLLAlWerocs € 3alMLIaeMbiMm
2

BecTublonem, MOMINOM, aTpuymamum, m°; H, - BbiCOTa 3TOro npoema, m; Z, - pacctosHue oT

Bepxa AaHHOro NPOEMA A0 HUXKHEN rPaHnLbl AbIMOBOrO C/08, M;

a=2,4A,2°H,M° - 2,1H,,

B gonosHeHMe K AaHHOM 3aBUCMMOCTM A5 ONpefeneHus ycpeaHeHHOM TemnepaTypbl
AbIMOBOTO C/10A MOKET BblTb MCNONb30BaHa 3aBUCUMOCTb (4).

4. IPUTOYHASA ITPOTUBOABIMHAS BEHTUJIALIUSA

CuctemMbl NPUTOYHON MNPOTUBOALIMHOM BEHTUAAUMM NpeAHasHayeHbl AN COo34aHuA
M36bITOYHOTO AaB/ieHMA BO3A4yXa B 3alUMLIAEMbIX JIECTHUYHO-IMGTOBBLIX Yy31ax U Tambyp-
WA03aX, a TaKXKe [Aas KOMMEHCUpyloleh nogadM BO3AyXxa B ropsawme MOMELLEHUs,
3alUMLLEHHbIE BbITAXHOM MPOTUBOALIMHON BeHTUAAUMEN. MPUHUMN AEWCTBUA TaKUX CUCTEM
Ka)K[0oro BMAA CyWECTBEHHO pa3/nyaeTcd, NO3TOMYy U onpedeneHMe UX napameTpoB MMeeT
ocobeHHOoCTH.

CornacHO pasd. 2  HacToAWMX  pPeKoOMeHAauui  pacnpedeneHve  AaBAeHus  no
NPOTUBOMO/IOXHbIM pacasam onpenenaeTca COOTHOWEHUAMN BUAA:

Puwi = -ghi{pa - pr) + KawwPaVa'/2; (19)
Puwoi = 'ghi(pa - pr) + kawopavaz/zr (20)

roe Puwwi, Pwoi - Mepenas, AaBNeHWA Ha HapY)KHbIX OrpaAatowmx KOHCTPYKUMAX 34aHMA NOo
BbICOTE COOTBETCTBEHHO C HABETPEHHOM U 3aBETPEHHOM CTOPOHDI, 1a; h; - BbicOTa i-ro 3Taxa (ot
YPOBHSA CpefHelN NAaHMPOBOYHOM OTMETKM 3EMHOM MOBEPXHOCTU A0 YPOBHA LLEHTPA ABEPHbIX
npoemos i-ro ataxka), Ma; ps, Pr - NAOTHOCTb HAPY)KHOrO BO34yxa Npu Temnepatype T, U
NAOTHOCTb BO3AyXa B NoMeLLeHUAX 3gaHma npu Temnepatype T, K; Kaww, Kawo - KO3OPULMNEHTDI
BETPOBOr0 Hanopa A/ HAPYXHbIX OrpaKAaroLLMX KOHCTPYKLMI, PACNONOMKEHHbIX NO4 YIIOM
K HanpaB/leHWIO BEeTpa, COOTBETCTBEHHO C HABETPEHHOW W 33aBETPEHHOW CTOPOHbl; V, -
BE/IMYMHA CKOPOCTU BETpa, M/C.

[lna TemnepaTtypbl BO34yXa BHYTPU 34aHUA UCNOb3yeTcs 0bLWenpuHATOE COOTHOLIEHME

T,= O,S(Ta + Tro):

roe T,, - HayanbHaA TemnepaTypa Bo3ayxa BHYTPU 34aHus, K.

COOTBeTCTBYI-OLLI,ee pacnpegeneHne AaBneHNA BHYTpU 34aHUA NO €ro BbliCOTE onpeaenAaeTca
COOTHOWEeHEM BMnAaa:

Pri = 'ghi(pa - pr) + O:S(kaww + kawo)pavaz/z- (21)

HapaMeTpLI HpHTO‘—IHOﬁ HpOTHBO}IBIMHOfI BCHTUIIALIUM 1OJIA J'IeCTHI/I'—IHO-J'H/I(i)TOBBIX Y3J10B
HaIl3eMHOI>'I qacTu 3,[[8.HHﬁ ONpCACIIIIOTCA B 3aBUCHUMOCTHU OT pa3MCHICHUA 3TUX Y3JIOB: IIPpH
IMPUMBIKAHHUU K HAPYKHBIM OTpaXJAr0IIUM KOHCTPYKIHAM UJIU B HEHTPAJIbHOM AApPEC.
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4.1. ITonaya BO3ayXa B JIECCTHHYHBbIE KJIETKH
4.1.1. [Ona NecTHUYHbIX KNETOK HaA3eMHOM YacTW, MPUMbIKAOWMX K HapYyKHbIM
Orpa*KAatoWmMM KOHCTPYKLMAM C YyCTPOMCTBOM 060COO1EHHOro Hapy»KHOro BbIXOAa, BBUAY
OTCYTCTBMA BHYTPEHHEW CBA3M Ha YPOBHE HUMKHEro (NepBoro) sTaxa, M36bITOYHOE AaBAeHue
BO3/yXa Ha YPOBHE BbiLleneXallero aTaxa AO/KHO COCTaBNATb:
Pst» = Pra + 20, (22)
roe P, - paBneHWe BO3Adyxa, onpegensemoe No  3aBUCMMOCTM  (21), Ha ypOBHe

paccmaTpuBaemoro aTtaxa, Na.

an 3TOM MacCOBbI pacxod BO3AyXa, UCTEKaAlOLWLEro 4epes Hapy)l(HbIVI BbIXO/4, NIeCTHUYHOM
KNeTKu, onpeapenaetca 3aBMCMMOCTbIO BUAA:
0,5
Gstl = (uF)aksl[zpr(Pstl - Pwol)] ’ (23)

2
roe (UF)swsr - SKBMBANEHTHAA N/OWAAb NMPOEMOB B TaMbype Hapy»KHOro Bbixoda, M~; Py -
AaB/ieHMe B NIeCTHUYHOM KAEeTKe Ha YPOBHEe HapyKHoro Bbixoda, Ma; Py.1 - AaBneHwe no
3aBMcMMOCTH (20) Ha YPOBHE Hapy*KHOro BbixoAa, Ma.

JKBMBaNEHTHaA naowanb npoemoB HapPyXHOro BbiXoAda NECTHUYHOM KNEeTKU COOTBETCTBYET
BblpaXKeHUIO

(uFaKsl) = F(nad + Ej + 1)_0’51 (24)

rae F - nnowaas ABEPHOTO NPOEMa, M%; T - KONMYECTBO MPOEMOB (ABepeit) HAaPYKHOTO BbIXOAR;
Ed, & - KOIOOUUMEHT MECTHOro COMPOTMBNAEHUS COOTBETCTBEHHO npoema W Tambypa
HapY»HOro BbIXOAa.

Yucnosble 3HaYeHUA KOIGPULMEHTOB MECTHOTO CONPOTUBNEHUA COCTABNAIOT:
Ea=2,44;

& = 0 (ana npamoro Tambypa);

& =0,99 (ana npamoyronbHoro Tambypa);

& =2,9...4,0 (ana z-obpasHoro Tambypa).

MaccoBbliii pacxo, Bo3ayxa Yepe3 OTKPbITbIN Npoem IECTHUYHOW K/IETKM Ha YPOBHE BTOPOro
3Taka 34aHuA onpeaenseTcs No COOTHOLEHMUIO

G2 = Gsm/n; (25)

rae  Gsnm - MacCoBbl  pacxod, YyAansiemMblX MNPOAYKTOB TrOpeHusa, onpeaensaembii  no
3asucumocTam (7) - (9), (17), (18) c yueTom cooTHoweHu (10), (11); n - pacyeTHOe KONYeCTBO
NECTHUYHbIX KNETOK, UMEILWMNX BbIXOAbl B TOT K& KOpuaop (NOMeLLEHME) TOro e 3Taxa u
3aWMLLIAEMbIX MPUTOYHOM NPOTMBOABLIMHOM BEHTUAALMEN (NPU OAHOW NECTHUYHOM KNeTKe - n =
1, npn AByx M 6osiee NECTHUYHbIX KNeTKax - N = m - 1, rae m - GpakTMYeckoe KOAMYecTBo
NIECTHUYHbIX KNETOK).
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Echm Gy > Gy, TO Ha Moc/AeAylolmMx 3Tanax pacyeta NpUHUMaeTca 3HadeHue G, B
NPOTUBHOM C/lydae AaNbHENLWNIA pacyeT OCYLLECTBASAETCA NO 3HAYEeHUIO Gy .

MNocnepgoBaTenbHO onpegendAemble ANA KAXAOro Bbllenekallero 3STaxka [AaBaeHune W
MaccoBbli pacxod BOo34yXa COOTBETCTBYHOT 3aBUCUMOCTAM:

2
Pst(i+1) = Psii + {;stprv sti/z; (26)

Gst(i+1) =Gyt + AGst(i+1); (27)

rae Psi, Psyis1) - AaBNeHWe B IECTHUYHOMN KNEeTKe HA YpOBHe ee i-ro aTaka u (i + 1)-ro ataxa, Ma;
Est - KOIPPUUMEHT MECTHOFO CONPOTUBAEHUA NECTHUYHON KNETKU; Vi - CKOPOCTb BO34yXa Ha
YPOBHE j-T0 3TaXKa NeCTHUYHOW KNETKU, M/C; Gst, Gsr(j+ 1) - MACCOBbIN PAacXoh, BO34yXa Ha ypoBHe

i-ro u (i + 1)-ro aTaxka NECTHUYHOMN KNeTKU, Kr/c; AGsi1) - YTEUKM BO3AyXa Yepes HEemnnoTHOCTH
NPOeMOoB Ha ypoBHe (i + 1)-ro ata)ka NeCTHUYHOM KNETKMU, Kr/c.

3HaveHue KoabdULMEHTa CONPOTUBNEHNUA NECTHUYHOW KNETKU MOXKET BbITb NPUHATO & = 60
(Npu OTCYTCTBUM [ONONHUTENbHbIX AAHHbIX B COCTaBE NMPOEKTHOW AOKYMEHTaLMM).

CKOPOCTb BO3/lyXa Ha YPOBHE i-r0 3TaXa JIECTHUYHOW KNETKM onpeaenseTca COOTHOLEHNEM
BMAa:
Vsti = [Gsti/(erst)],
rae Fe - N0WAAb CEYEHMA NECTHUYHOMN KNETKU, M2,

YTeukn BO34yxa 4Yepe3 HEenIoTHOCTU ABEpPHbIX MPoemoB Ha ypoBHe (i + 1)-ro sTaxka
NeCTHUYHOWM KNEeTKMU onpeaensatoTcs 3aBUCUMMOCTbIO

AGigiisg) = Faisn)[(Pstiiv) - Priisn)/ Saal ™, (28)

A€ Sdo - VAENbHOE COMPOTUBIEHUE BO3AYXOMPOHULAHMIO 3aKPbITONM ABepu, Kr' * m>; Fai+1) -
naowaab Asepeit Ha (i + 1)-m aTayke NeCTHUYHOM KNEeTKN, mZ.

Mpu yCTPOICTBE AbIMOrasoHENpPOHULLAEMbIX ABEPEN JIECTHUYHOMN KNETKU YTEeYKM BO3A4yXa
yepes HUX onpeaensaTca 3aBUCMMOCTbIO

AGgtg(jv1) = Faier)[(Pstiu+1) - Pr(i+1)/5dsm]o'5; (29)

FAE Sasm - YAENbHOE CONPOTUB/EHUE AbIMOTa3oNpOHNLAHMIO, K * m>.

3HaYeHUss XapaKTEPUCTMK YAE/IbHOr0 COMPOTMBAEHUA BO3AYXO- M AbIMOra3onpoHULAHUIO
OO/MKHbI ONpPefenATbca B COOTBETCTBUM C TEXHUYECKMMW OAHHbIMU M3AENUA (KOHCTPYKLMUA
ABepel, NpeayCMOTPEHHbIX NPOEKTHOM AOKyMeHTauuel). s pacyeToB MeHbLUel TOYHOCTU
MOTYT BbITb NPUHATLI 3HAYEHUA:

__TE
® 260307

Sasm = 50000 krtl s m,
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roe &dl - KO3hPULMEHT CONPOTMBAEHMUA WENN NpUTBOPA ABepewn; Iy - ANVHA Wwenun, m; Oy -
WWPUHA Weu, m.

[lnA yKa3aHHbIX PacyeToB MOryT BbiTb MPUHATHI 3HaueHua: &4 = 4 (AN o4HOCTBOPYATOI
asepu), @dl = 8,76 (a9 ABycTBOpUaTOM ABepn), 8= 1,5 107 m, I; onpesensercs no nepumerpy
ABEPHOro NonoTHa.

YTeUKn BO3AyXa Yepe3 OKOHHbIM NMPOem NIeCTHUYHOM KNeTKM Ha ypoBHe (i + 1)-ro aTaxa
onpeaenArnTca 3aBUCMMOCTbIO

0,67
ky ':szn - E:rl:i+1:|:|

A iy = : R ’

(30)

rae Pu(+1) - BaBneHne Ha pacage, npuHMmaetca anbo no 3asucmumoctn (19), cimbo no popmyne
(20) B COOTBETCTBMM C MNPOEKTHbIM PACMONIOMKEHUEM NECTHUYHOW KneTku, Ma; R, -
CONPOTUB/IEHME BO3AYXONPOHULAHMIO 3aMNOJHEHUI OKOHHbIX MPOEMOB, onpeaenseMoe B
cooTBeTcTuu ¢ [10], Mm% * u * Ma/Kr.

Cmeaprle YTE€YKHM BO34yXa COCTAaBAAIOT:

AGst(i+1) = AGstd(i+1) + AGstw(i+1)- (31)

PacueT no 3asucumocTam (22) - (31) AoNKEeH NPOBOAUTLCA A0 AOCTUMNKEHUA BEPXHEro 3TaxKa
NeCTHUYHOW Knetku: i = N, rae N - NopsAAKOBbIM HOMEpP BEPXHEro 3TaXka NeCTHUYHOW KNETKM.
Mpu 3TOM M36bITOYHOE AaBleHME BO3AyXa B /JIECTHUYHOM KAETKe He AO0/IKHO MpeBblwaTtb
MaKCMMabHO A0NYCTUMOE 3HadveHue, pasHoe 150 Ma.

Echv B xoae pacyeTa BennuuHa Pg; > 150 [Ma, TO He Bblle YPOBHA [AAHHOTO 3TaKa
NECTHUYHAA KNeTKa MOANENKMT PasAeNeHMI0 pacceYkaMy Ha 30HbI. [1A Bbllenexallel 30Hbl
NECTHUYHOW KNETKM O0/KeH BbiTb NPOBEAEH pacyeT B aHaNOMMYHOM NnocneaoBaTenbHOCTH 6e3
yyeTa Bblbpoca BO3AyXa Yepes3 HaPYMKHbIN BbIXOA HUMKHEro 3Tarka. B3ameH KOHCTPYKTMBHOIO
pasaeneHns NeCcTHUYHOM KNeTKM paccevykaMu MOXKeT ObiTb nNpeaycMoTpeHa pacnpeseneHHas
nofaya BO34yXa B 3Ty NIECTHUYHYIO K/IETKY Ha Pa3/IMYHbIX YPOBHSAX (3Taxkax). Bo3MoXHble ans
peanusaLmm BapuaHTbl NPpUBEAEHbl Ha puC. 4.

a 6
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Puc. 4. Cxema pacnpedesnieHHOU noda4yu 8030yxa 8 ECMHUYHYIO KAEMKY:

a - Yepes KaHan-CrymHUK U peaysaupyemsle pewiemxu (KaanaHsl); 6 - omoenbHbIMU cucmemamu
npumoy4Holi MpomueodbIMHOU 8eHMuUAALUU

4.1.2. Ans NecCTHMYHbIX KNeToK no n. 4.1.1 npu A0NOAHUTENBHOM UX COOBLLLEHUM C XONNaMW,
BECTUOIONAMW  HUMKHEro 3Ta)ka, Hanpumep, 4epe3 Tambyp-wAto3bl, 3aWumuiaemble
aBTOHOMHbLIMW CUCTEMAMM TMPUTOYHON NPOTUBOALIMHON BEHTUAALMK, PEKOMEHA0BAHHbIE
Bbllle NOCAea0BaTeNbHOCTb U COAepPKAHME PACYETOB OCTAOTCA HEU3MEHHbIMMU.

B cniyyae ycTpoicTBa NO3TaXKHbIX BbIXOA0B B NOAOOHbIE NECTHUYHbIE KNETKU Yepe3 Tambyp-
LW/03bl C aHa/IOTMYHOM 33aWMTOM MOC/AEAHMX MPUTOYHOWN MPOTUBOALIMHOM BEHTUAALMEN U3
M3/10)KEHHOM BbllLE NOCNeA0BaTe/IbHOCTM pacyeTa UCKAKYaTcA 3aBucMmoctu (28), (29).

Ecnv B3ameH Tambyp-Lunto3a npu A0NONAHUTENBHOM BbIXOAE B TAKYHO e NECTHUYHYIO KNeTKY
M3 BecTUBIONA, XONNa HMXKHEro 3Taxa npeaycMoOTpeHa OJuHapHas [ABepb, TO B
nocnesoBaTeIbHOCTb U COAEPIKaHUE pacyeTa A0/XKHbl 6bITb BHECEHbI CieAyoLLMe U3MEHEHUA:

3aBMCMMOCTb (22) npeobpasyeTcs nocpeacTBOM 3aMeHbl Py, Ha Py U Py Ha Py

3aBUCUMOCTb (23) OOMONHAETCS CcnaraembiM, YUYMTbIBAOLWMM [AOMNOJIHUTE/NbHbLIA BbIOPOC
BO34yXa U3 NECTHUYHOM K/IETKM B X0/, BECTUOIOND.

4.1.3. AnA NecTHUYHbIX KAETOK HaA3eMHOM 4YacCTW, PaCcMoJIOXKEHHbIX B LLEHTPaZIbHOM Aape,
M3Ha4YaNbHO HeobxogMmO onpegennTb KOAMYeCTBO BO34yXa, BblOpacbiBaeMoOro B X0/,
BeCTMOIONb HUMKHEro 3Taka. B cnyyae ycTpoicTBa Tambyp-uat0308, aBTOHOMHO 3alUMLLIaEMBbIX
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NPUTOYHOW MNPOTUBOABIMHON BEHTUAAUMEN U OTAENAIOLWMX YKa3aHHble XON/A, BECTUBONb OT
TAaKUX NNECTHUYHbIX K/ETOK, pacxos, BO3AyXa B 3TUX NIECTHUUYHbIX K/NETKax Ha YPOBHE HUXKHEro
3TaXKa NMPUHUMAETCA PaBHbIM Hy/O. B TaKOM c/lydae 3HayeHWe pacxoda BO3Ayxa Ha ypOBHe
BTOPOro 3Ta)ka JIECTHUYHOM KNETKM PacCYMTbIBAETCA MO 3aBMCMMOCTU (25), U ero BeiMYUHa,
onpeaeneHHaa TakMm o06pa3om, UCNOJIb3yeTcA Ha MNOC/AeAyloLWMX 3Tanax pacyera COrnacHo
3aBucumocTam (26) - (31).

EcAn 3TV NnecTHUYHbIE KNETKU COOBLLAIOTCA C XON/I0M, BECTUBIONIEM HUMKHETO 3TaKa 4yepes
OAMHapHble ABEPHblE NPOEMbl, TO pPacxon, Bo34yxa onpenenaerca 3aBucMmoctamm (22) - (25).
Mpn 3TOM 3HauyeHue F,1 ONpPeaensaeTcsa Mo 3aBMCMMOCTU (26) Kak ans asepen Tambypos
HapPYKHbIX BbIXOAO0B XO//Ma, BecTUboNa, Tak U ANA AONONHUTENIbHOM [ABEepU NeCTHUYHOM
Knetkn. C yyeTom OTMeYEeHHbIX OCOBEHHOCTEl AanbHenluUiAi pacyeT NPOBOAWUTCA COrNacHo
3aBucumocTam (26) - (31).

4.1.4. JleCTHUYHble KNETKH I'IO,CI|3eMHOl‘;1 4aCTu  BbINONHAKOTCA, KaK npasuno, C
HenocpeaCcTBEHHbIM BbIXOAOM HaAPYXKy Ha YPOBHE HUXKHETO 3TaXKa Ha,CI|3eN\HOI;i 4acCTun 34aHNA.

JasneHne Ha YpoOBHE BeEPXHEro noAa3eMHOro 3Ta*Xa B |£||8HH0171 NIECTHUYHOWN KneTke
onpegenAaeTca 3aBMCUMMOCTbIO

P51 =20+ qh—l(pa - pro); (32)

roe h, - rnybuHa OT YpOBHA HYyNeBOW OTMETKMU (MOBEPXHOCTM 3eM/N) A0 YPOBHS LLEHTpa
ABEpPHOro npoema Ha AaHHOM 3TaXe, M; Pg, Pro - MNJAOTHOCTb BO34yXa MNpuM TemnepaTtype
COOTBETCTBEHHO Ty, To, K.

Pacxos BO34yxa uYepe3 HaPYKHbIA BbIXOZ JIECTHUYHOW KNETKM onpeaensetcs C
MCnosib3oBaHnem 3asucumocTelrt (23), (24). JaBneHne M pacxol BO3Ayxa Ha HUMKeNexKallux
3TaXKax onpeaensaoTca NocaeAoBaTebHO COMNAacHO 3aBUCMMOCTAM (26) - (31) Npy UCKAKOYEHUN
BE/MUYMH yTeyeKk Bo3dyxa no 3asucumoctu (30). Mpu 3TOomM pacnpegeneHue [asaeHUA No
rnybuHe nogsemHoM YacTn (NOMeLLLEHMAM 3TOM YacTu) PacCYMTbIBAETCA NO 3aBUCUMOCTH

P.i = qhi{pa - Pro), (33)

roe P, - paBneHve Ha i-m 3Taxe noasemHon yactu, [Ma; h; -rnybuHa OT Hy/NeBOro YpPOBHS
(mnoBepxHOCTW 3em/IN) 0 LLEeHTPa ABEPHOro NPOEeMa IECTHUYHOM KNEeTKM i-ro 3Taxka, M.

MaccoBbiii pacxof BO34yXa Yepe3 OTKPbITbIA ABEPHON MPoOemM JEeCTHUYHON KAEeTKU
onpeaenseTca Ha YPOBHE HUMKHEro 3TaXKa NoA3eMHOMN YacTh C UCNONb30BAaHUEM COOTHOLIEHMA
(25). BennuunHa Gs, Npu 3TOM paccuMTbiBaetca no 3asucumocTam (7), (17). Cxema nogaum
BO3/yXa B YKa3aHHYO NECTHUYHYIO KNEeTKY NPUBEAEHA Ha puC. 5, a.

Mpwn ycTpolicTBe BbIXO4A M3 3TOM NIECTHUYHOMN KNETKM B X0/, BECTUOIONb HUMKHEro 3Taka
Hag3eMHOM YacTu 34aHuA TpebyeTcs NPUMEHSTb 3alWMLLEHHbIN aBTOHOMHOMN NPOTUBOALIMHOWM
BEHTUAAUMEN Tambyp-wno3. B 3Tom cnyyae BefMuYMHaA MaAccoBOro pacxoga Bo3dyxa Mo
3aBMCMMOCTU (23) NpUpaBHMBAETCA K HYNlO, @ BCE OCTa/lbHble MapameTpbl onpeaenstoTcs no
3asucumoctam (7), (17), (26) - (29), (31).
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Puc. 5. Cxembl noda4u 8030yxa 8 1eCmMHUYHble KnemKu (a) u 8 sugpmossie waxmeol (6)
nodsemHouli yacmu 30aHUA

4.2. ITonaya Bo3ayxa B U TOBBIEC IIAXTHI

4.2.1. Ona nUPTOBbLIX LWAXT HAA3EMHOM 4YacTu (C OCTaHOBKaMM NNGTOB Ha YPOBHAX TOJIbKO
HaZ3EeMHbIX 3TaKel) C BbIFOPOXKEHHbIMU AUGTOBLIMU XONAMWU Ha KaXKLOM 3TaXKe, Kpome
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HUXHEro (OCHOBHOI’O nocago4vyHoro 3Ta>1<a), Be/IMYMHA M3ObITOYHOrO AaBneHnAa BO34yXa Ha
YpOBHE Bbillenexallero staxka A0/1XKHa COCTaBNATb:

P =P, + 20. (34)

Pacxopn, Bo3ayxa U3 NMGTOBON LWAXTbl Ha YPOBHE HUXHEro (nepsBoro) ataxka onpeaensercs
3aBMCUMOCTbIO BMAa:

GIl = (uF)akel[Zpr(PIZ - Prl)]o’si (35)

rae (UF)ske1 - IKBUBANEHTHASA NAOLWAAL 4BEPHbIX MPOEMOB MGTOBOM LWAXTbI, M>.

BennunmHa 3KBMBAJIEHTHOW nMJowWaAu MNpPoemoB AMGTOBOM  WaxTbl onpeaensercs
3aBMCMMOCTbIO

nk
=
[ﬁ‘F)ml ST
: (36)
rae N - Konumyectso KabwuH nndTtoB B waxte; Fiy - naowanb ABepeirt NMGTOBON LWAXTbl NpU
BbIXOZE U3 KabuHbI, M’} &/ - KOadOMLMEHT MECTHOrO CONPOTUBNEHUA.

Yucnosble 3Ha4YeHUA & OOMKHbI NMPUHUMATBCA COMMACHO TEXHUYECKOW AOKYMEHTALUMMU Ha
NMPTOBbIE YCTAHOBKM 34aHMA. AN NPUBAUNKEHHDBIX BbIYUCIEHUA MOMKET BbITb MCNONb30BAHO
COOTHOLIEHUWE BMAA:

P

g, =43+
iy (37)

roe Fe, Fis - nnowaab nonepeyHoro ceYeHMsa COOTBETCTBEHHO KabuHbl andTta n nndToBOM
WwaxTbl, M.

Pacxogbl BO3ayxa, GUALTPYHOLLErocA NOC/ief0BaTeNbHO Yepe3 ABepu AUPTOBLIX LUAXT M
NMOTOBBIX XOINOB Ha KaXKAOM j-M 3TaXKe, BK/IHOYAA 3TaXK KOHEYHOM OCTaHOBKM, ONpesenatoTcs
3aBUCMMOCTAMMU:

AGi = F4l(Pii- Pri)/Saa)®”, (38)
AGj; = F4l(Pii - Pri)/Sasm]®™”, (39)

roe Pj - paBneHwe B IMGTOBON LIaxTe Ha YPOBHe j-ro aTaxka, Ma; Fy - cymmapHasa naowagb
asepent MMdpToBOM WaxTbl UAN ANGTOBOTO XO1/1a HAa NPOMEKYTOYHOM MOCAL0YHOM STaxKe, M;
Sdar  Sdsm - XapaKTEPUCTUKM yAeNbHOro CONpoOTMBAEHUA ABeperd NndToBOro Xonna

COOTBETCTBEHHO BO3ZYXOMPOHULAHMIO 1 4bIMOra30npPOHULAHMIo, KI' * m>.

C yuetom Pp = P; = const cymmapHblii pacxos Bosayxa, unbTpyroweroca M3 andtoBoi
LUAXTbl, COCTABAAET:

G = Gp + 2AGy, (40)

roe G, - Tpebyemblin MO pacyeTy CYMMApPHbIA pacxos BO3Ayxa, N04aBaemMoro B IMQGTOBYIO LLAXTY,
Kr/c.
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4.2.2. WUcnonHeHve ANMOTOBbIX WaxT Mo n. 4.2.1 ¢ [AOMNOAHUTENbHbIM YCTPONCTBOM
BbIFOPOXKEHHOTO /MPTOBOrO X0/M/Na HAa OCHOBHOM MNOCAfO4HOM 3Taxke o0bycnosausaeT
BO3MOXHOCTb MCNONb30BaHUA 3aBucumocteit (34), (38) - (40). Mpu aTom pacxon Bosdyxa w3
NMdTOBOM WaxTbl HAa YPOBHE MEPBOro 3Taxka 34aHUA AOJIXKEH ONpeaenaTbca no 3aBUCUMOCTAM
(38) nnu (39).

4.2.3. Ana nnMTOBbIX LWAXT NOA3EMHOM 4YacTU (C OCTaHOBKAMWM Ha YPOBHAX MOA3EMHbIX
3TaKel) C BbIFOPOXKEHHbIMU NUGTOBLIMM XONNAMM Ha Ka*KAOM 3TaKe, BK/IHOYaA OCHOBHOM
NoCaflouHbIM 3TaXK (HUMKHMIA HaA3eMHbIN), nocnenoBaTeNbHOCTb M COAEpPrKaHMe pacyeTa
TpebyembIx 3HaYeHMN M3ObITOYHOrO AaBAEHMA M CYMMApPHOro pacxoga Bo3ayxa cnegyet
NPUHMMATb AHANOTMYHbIMM YKasaHHbIM B M. 4.2.2. [lpn 3TOM pacyeTHOe pacnpegeneHue
AaBneHus no rnybuHe noa3emMHOM YacTu AONXKHO COOTBETCTBOBATb 3aBMCMMOCTU (33). Cxembl
noaayu Bo3ayxa B IMPTOBbIE WaXTbl AaHHOTO BUAA NpMBeAeHbl Ha puc. 5, 6.

4.2.4. Mpwn ycTporictee MNPTOBbIX LLIAXT, COOOLWAOLWMXCA C NOA3EMHON U HaA3EMHOM YacTblo,
HeobxoaMMO npeaycMaTpuBaTh pPa3fesibHylo NoAady BO3AyXa COr/lacHO CXeme, NpuBeaeHHOM
Ha puc. 6. PacyeTHble 3HaYeHMA NapameTpoB NpU 3TOM CaeayeT onpeaenaTb N0 3aBUCUMOCTAM,
YKa3aHHbIM B NN. 4.2.1 n 4.2.3.

Puc. 6. Cxema pacnpedeneHHoU nodayu 8030yxa 8 Waxmy Augmos, UmMerouux
0CMaHo8KU 8 Nod3emHol U Had3emHol yacmsax 30aHuUsA

4.2.5. lna waxt nMpToB C PEXKMMOM KMepeBO3Ka NOXKapPHbIX NoapasaeneHniny Heobxogmmo
onpeaenATb Pacxo BO3AyXa Ha OCHOBHOM MOCAZ04YHOM 3TaKe Mo 3aBUCMMOCTM (35) 6e3 yyeTa
BbIFOPOXXEHHOro IMGTOBOrO X013 HA STOM STaxKe.

4.3. ITonauya Bo3ayxa B TaMOyp-LLIIO3bI

4.3.1. Pacxopg, Bo3Aayxa, N04aBaemMoro B TaMbyp-Lwinto3bl NPy BbIXOAAX U3 NECTHUYHDBIX KNETOK
N NUPTOBBIX LIAXT B XON/bl, BECTUOIONN HUKHErO HAA3EMHOro 3Tarka 34aHuA, onpeaenaeTcs
COOTHOLWeHneM Bnaa:
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Gy = VioFanPr, (41)

rae V, - MUHMManbHO A0MYCTUMAA CKOPOCTb UCTEYEHUA BO3AyXa Yepe3 OAHY OTKPbITYIO ABepb
Tambyp-wwiosa, mM/c; Fgn - NAOWAAL ABEPU TambByp-lNto3a, M P, - MAOTHOCTL BO3AyXa Npu
Temnepartype T,.

4.3.2. Pacxopg BO3A4yxa, NogaBaemoro B Tambyp-wnwo3bl NPU MO3TAXKHbIX BbIXOAAX B
NIeCTHUYHbIE KNeTKK, onpeaenaeTca 3aBMCUMOCTAMMU BUAA:

Gstn = Gy + AG,, (42)
AG, = (n - 1)de(Pc/Sdm)O’5: (43)

roe Gy, - MaccoBbIli pacxoZ Bo3Ayxa, NOCTYMNaloWero B BEPTUKANbHbINA KONNEKTOP, Kr/c; AG, -
YTEUYKM BO34yXa Yepe3 3aKpbiTble KaanaHbl KOMNEKTOpa, Kr/c; n - KOAMYEeCTBO K/ianaHoB B
KONneKTope; Fym - NNOWAAb MPOXOLHOrO CEYEHUs KnanaHa, Mm% P, - cpedHee M3BbITOUHOE
AaBfieHne B Konnektope, Ma; Sygm - yAeNbHOE CONPOTUBNEHUE AbIMOra3onpPoHULAHUIO KaanaHa,

k't me

4.3.3. Pacxogd BO34yxa, N0A4aBaemMoro B AMGTOBbIE XON/bl Ha NOA3EMHbIX YPOBHAX, TaMbyp-
LUNHO3bI NPU BbIXOAAX U3 NOMELLEHMIA NOA3EMHOM YacTu B IECTHUYHbIE KNETKU, coobuiatowmeca
c BecTnbtonem Hag3eMHOM YacTu 34aHuUA, ONpeaensieTcs 3aBUCUMOCTbIO

G.= Fdsm(Pc/Sdsm)Olsr (44)

roe Fgm - naowaab ABepeirt Tambyp-wato3a, m; P. - M36bITOYHOE AaBneHMe BO3Ayxa B

3awmwaemom Tambyp-wntose, Ma; Sgm - yAENbHOE CONPOTUB/AEHME AbIMOra3onNPOHULAHUIO
o -1,

ABepeit Tambyp-wwniosa, Kr- * m°.

BeanunHa M36bITOYHOrO AaBAEHUA B TaMByp-Luato3e A0/KHA YA0BNETBOPATL YCI0BUIO: P, >
20 Na.

4.4. KomneHcupywomas nojaada Bo3ayxa

BosmelleHne 06bEMOB yAansaembiX M3 MOMELLEHMI NPOAYKTOB FOpPEHMA Mpu MnoxKape
obecneynBaeTca MOCPEACTBOM MOAAYM HAPYKHOTO BO34YXa B HUMKHIOK YacTb TaKMUX
nomeuleHui. Pacxos nofaBaeMoro Bo3ayxa onpesenserca COOTHOLWEHUEM

* 1l-m (45)

roe Gs, - MacCOBbI pacxod YyAansemblX MPOAYKTOB rOpeHus, Kr/c; n - KoadpdpuumeHt
ancbanaHca.

[dunanasoH gonyckaemoro aucbananca: -0,3<n<0,3.

[na onpepeneHuna Tpebyemoro o6bEMHOro pacxofa NoAaBaemoro Bosayxa NpUMEHAKTCS
3aBUCMMOCTHU
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. .4

s T_ :
Lo = Gsm/pa N e (46)

roe Ly, Lsm - OBbEMHbIN pacxol COOTBETCTBEHHO MOAABaeMOro BO34yXa M yAanfaembix
NPOAYKTOB roperus, M>/c unm m>/4; Ta, Tem - aBCOMIOTHBIE TEMMNEPATYPbI BO3AYXA M YAANAEMbIX
NPOAYKTOB ropeHus, K.

Cnocobbl nofaum Bo3gyxa MOryT 6biTb Pa3/IMYHBIMUK, HO B OCHOBHOM MOAPA3AENATCA Ha
MCNONIb30BaHME NPUHYAUTENbHON U eCTECTBEHHON BEHTUAAUMMU. EcTecTBEHHaA BEHTUAALMA
MOKeT 6bITb NpesycCMOTPeHa C NPUMEHEHMEM ABepei HAPYKHbIX BbIXOAOB NOMELLEHUA UK
CNeunanbHO BbINONHEHHbIX BO34YXOMPUTOYHbIX KaHanoB. Tpebyemble pa3mepbl MPOXOAHbLIX
CEeYEHWUI TaKNX ABEPEN N KAHANOB ONPEeAEeNatoTca C y4eTOM X GaKTUYECKOro rmapaBanyeckoro
CONPOTUB/IEHMA, COOTHOCMMOTO C YCTAaHOBAEHHbIM CTAaTUYECKMM [aBAEHMEM BbITAXKHOM
NPOTUBOALIMHOM BEHTUNALUN.

5. TEXHUYECKUE XAPAKTEPUCTUKU OBOPY1OBAHUA

[Nns cuctem BbITAXKHOW M NPUTOYHOM NPOTUBOALIMHON BEHTUIALMM B Ka4ecTBe OCHOBHbIX
napameTpoB, MOAJEXKALMX Y4YeTy, PacCMaATPMBAIOTCA BEJIMYMHLI AABMEHUMA W Mo4auYu
BEHTUIATOPOB.

5.1. OGopynoBaHue CHCTEM BBITSIZKHON MPOTHBOABIMHON BEeHTUJIALMU

5.1.1. C y4yeTOM NOAYYEHHbIX PAaCYETHbIX 3HAYEHUN Gsm, Ty ONA NOMELLEHWUN, 3aLLMLLAEMbIX
BbITA)KHOM MNPOTUBOAbIMHON BEHTUASUMEN, COFAAaCHO MPUHATbIM  MUCXOAHbIM  AAHHbIM,
onpeaenseTca HeobxoaMmoe KONMYeCTBO AbIMOMPUEMHbBIX YCTPOMCTB U MX pasmelleHue. B
COOTBETCTBMWN CO CTPYKTYPHOM CXEMOM CUCTEM HaMeYyaeTcA TPACCUPOBKA 3TaXKHbIX BbITAMXKHbIX
KaHa/10B, BEPTUKA/IbHbIX KONNEKTOPOB. [TpeaycmaTpuBarOTCA MeCTa YCTAHOBKU BEHTUNATOPOB C
OUKCMPOBAHHbBIM Hapy*KHbIM BbIGPOCOM NPOAYKTOB rOPEHMUS.

MpeaBapuTeNbHbI BbIOOP pasMepoB MPOXOAHbIX CeYEeHUIN COOPHbBIX 3NEMEHTOB BbITAMHbIX
KaHanoB u 06opya0BaHUA (pewweTok, KNanaHoB) NPOBOAUTCSA, UCXOAA U3 yC10BUA obecrneyeHuns
MaKCMMa/IbHOM CKOPOCTU TeYeHUs ras3os He 6osee 11 m/c (NnpeanoyTUTENbHO, B AManasoHe 9 -
11 m/c). EcnM yKasaHHOe YycC/ioBMe ABAAETCA HEBbINOJIHUMbIM BBUAY OrpaHUYEHHOM
BO3MOHOCTW NPOKNALAKN KOHCTPYKLUMI BbITAXKHbBIX KAHANI0B C COOTBETCTBYIOLWMMU pPasmepamu
Ha BCEM MPOTAXEHUU WAM JIOKA/NIbHO, BblOMPAETCA WMHOW TUMOPA3MEP CEYEHUN, KOTOPbIN
obecneymBan 6bl BO3SMOXKHO MEHbLUEE YBENNYEHNE CKOPOCTU TEYEHWUSA ra30B.

5.1.2. Onpeaensaetca Tpebyemana Be/IMYMHA OABAEHMA Ha HA4Ya/lbHOM YYacCTKE BbITAXKHOIO
KaHana (B 3awmLLaeMmom NomeLL,eHMM) No 3aBUCUMOCTM BMAA:

Psmo = Po + 0;5psmo(zéoivzsmoi + Aozvzsmoi/oi/daoi); (47)

rae Psmo - CTaTMYECKOe AaB/fieHMe B BbITAXXHOM KaHane B KOHLE HayanbHOro y4vactka, Ma; P, -
[06aBoOYHOE CTaTUYECKOE AaBaeHMe B BbITAXKHOM KaHane, MNa; &, - KOapPULMEHT j-ro MecTHOro
COMPOTUB/IEHWNS Ha HAaYaIbHOM Y4acCTKe BbITAXKHOIO KaHana; A, - KoapdULUMEHT CONPOTUBAEHUSA
TPEHUS ANA BbITAXHOIO KaHana Ha Haya/lbHOM Yy4acTKe; l, - A/IMHA i-rT0 91eMEHTa BbITSKHOIO
KaHana Ha Ha4yanbHOM Yy4acTKe, M; d,oi - IKBMBANEHTHbIN TMAPABANYECKUN AUaMETP i-ro
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3/1eMeHTa BbITAXHOrO KaHana Ha Hauya/lbHOM Y4YacTKe, M; Psmo - NIOTHOCTb ra3a Npu pacyeTHon

3 .
TemnepaType AbIMOBOro €N0A, KI/M”; Vimoi - NOKaNbHas CKOPOCTb rasa, NepemMeLaemoro B j-m
3/1eMeHTe BbITAXHOrO KaHaa Ha Ha4vya/IbHOM y4YacTke, m/c.

BennmunHa o06aBOYHOro CTAaTMYECKOro AAaB/AEHMA B BbITAXKHOM KaHase onpegenserca no
CYMMApPHbIM NOTEPAM AaBNEHWUA B NPUTOYHbIX YCTPOMCTBAX KOMMEHCUPYIOLWEN NOAaYM BO3AyXa
C ecTecTBEHHbIM NobyKAeHNEM TATU:

- .2
Po=Ry" G q,
rae R, - S5KBUBANEHTHOE COMPOTUBIEHUE BO3AYXOMPUTOYHOTO KaHana, Kr'™ * m™; G, - MaccoBblil
pacxoz NPUTOYHOrO BO3A4yXa Mo 3aBUCUMMOCTH (45), Kr/c.

JlokanbHan CKOpPOCTb NnepemeLlaemMoro B KaHazie rasa onpegenaetca COotTHowWweHnem

I = Gma .

i 'Dm:?E:?i (48)

ana onpeaneneHna sKBUBaNEHTHOIoO rMapasaAnN4YeCcKoro gnameTpa npaAmMmoyrosibHoro ce4yeHumA
KaHa/z1la NcnosibdyeTca COoTHoOWeHNe

Zexh
a+h’ (49)

3

roe a, b - paamepbl CTOPOH CeYeHUn, M.

KoadppuumneHTbl MECTHOro CONpOTUBAEHMA ONPeaensaTca No CNpPaBoYHbIM AaHHbIM [11], a
K03 PULMEHTbI CONPOTUBIEHMA TPEHUA - MO U3BECTHOM 3aBUCMMOCTM A.[l. AnbTwynsA:

A=0,11(68/Re + k/d-)**, (50)

roe Re - Kputepuit PeiHoNbACa; k - 3KBMBANEHTHAA LLIEPOXOBATOCTb BHYTPEHHEW NOBEPXHOCTU
KaHana (gna Bo3gyxoBoaoB U3 ctanu k = 0,1 mm).

Mpu 3ToM Re onpepensaercs no Ten1opusnyeckum napameTpam, NpuBeLeHHbIM B Npu. 2:

Ee = Vd’.

v (51)

5.1.3. Ecnm mexay BepTUKANbHbIM KOJIIEKTOPOM M HadanbHbIM Y4Y4aCTKOM KaHana
paccMaTpMBaEMOMN CUCTEMbI CYLLECTBYET NMPOMEXKYTOUHbIA TPAH3UTHbIMA Y4acCTOK, TO BEAMYMHA
OAaBNEHUA B HEM MOMKET ObITb onpeaeneHa no 3aBUCMMOCTU (47) Npu COOTBETCTBYHOLLEN 3aMEHE
Psmo Ha Psmo M Py HA Psmo. NONpaBKa HA M3MeHeHMe BeIMYMHbI MAacCOBOr0 pacxoda B KOHUe
TAKOro NPOMEKYTOYHOI0 TPAH3UTHOIO Y4acTKa onpeaendaeTca caeayowmmm 3aBUCUMOCTAMM:

G'smo = Gsmo + AGy; (52)
AGa = paLaz(TCdlaoi ’ /2/)/3600r (53)

roe G'smo - MaCcCOBbIM pacxo rasa B KOHEYHOM CEYEHUM MPOMEIKYTOYHOIO y4acTKa KaHana, Kr/c;
AG, - NoAcocbl BO3AyXa Yepe3 KOHCTPYKLUMM MPOMENKYTOYHOrO y4vyacTKa KaHana, Kr/c; pg -
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NAOTHOCTb BO34yXa, Kr/m% L, - NOACOCHI BO3Ayxa, M>/u; 5oir I'si - 9KBUBaANEHTHbIN
r’MAPaBANYECKMIA ANAMETP U A/IMHA i-TO 3/1EMEHTa NPOMEXKYTOYHOrO y4acTKa KaHana, M.

3HayeHue L, onpeaenseTca No annpoKCMMMUPYIOLWEN 3aBMCMMOCTM coriacHo n. 1 npwua. 3.
Mpu 3TOM B annpoKcumupytowein popmyne gaa Bo34yx0BOAOB Knacca «» NpuHMMaeTca:

P=P',, 10°.

N3meHeHune TeMnepaTtypbl rasa B KOHEYHOM CeYeEHUUN MNPOMEXKYTOYHOro y4aCTtKa KaHana
onpegenAaeTca 3aBUCUMMOCTbIO

L Cp:maG T +'&Gf1?:l B ﬁi’rf

T SHA T S
A I I
Cpmagma (54)
roe g - noTepu Tenaa Ha eaMHWULY ANWHbI KaHana, KBT/m; | - cymmapHas paavHa
NPOMENKYTOUYHOIO YHACTKA BbITAXKHOIO KaHana, M.
YaenbHble noTepun Tenaa onpeaenatoTca 3aBUCUMOCTAMN BMAA:
a= kln(Tsmo - Ta)r (55)
1 1. dy. 1 ds. 1Y
k, = t—ln 2+ 2+ )
andy A dy 2k dy ody (56)

roe ki - koadpduumneHT Tennonepeaaumn, KBT/m * K; oy, a, - KoapPpuumeHTbl TeNN00TAaUM OT rasa
K BHYTPEHHE NOBEPXHOCTM M OT BHELUHEM NOBEPXHOCTM KaHaNa K OKPY)KAIOLLEMY BO3AYXY,
KBT/M® * K; A1, A> - KOIDOULMEHTbI TEMNONPOBOAHOCTU MATEPUANOB COBCTBEHHO KaHana u
OrHe3alMTHOro NOKPbITUA, KBT/M * K; ds1, ds2, ds3 - 3KBMBANEHTHbIW rMApPaBANYECKUI AnameTp,
COOTBETCTBYIOLWMA BHYTPEHHEW MNOBEPXHOCTM, BHELUHEW MOBEPXHOCTM KaHana (BHYTpeHHel
NMOBEPXHOCTN OFHE3ALLUTHOIO C/10AA) U BHELLUHEN NOBEPXHOCTU 3TOMO CNOSA, M.

KoaddpuumneHTbl TennonposogHoctTM A1 1 A, HaxoaATCcA MO CNPABOYHbIM AaHHbIM. 3HaYeHue
o, onpeaenseTca U3 KpuTepmanbHOM 3aBUCUMOCTU BUAA:

Nus = 0,021Re;”*Pr ¥ (Pr/Pr,,) " e er, (57)

rae Nu, Pr - kputepum Hyccenbta u [lpaHATNA COOTBETCTBEHHO; €&, €r - NOMNPaBOYHbIE
KO3bDULUMEHTDI;

o = Nqusmo/dsl-

KonnuyectBeHHble 3HayeHMAa KoadPUUMEHTa € YCTaHaABAMBAOTCA MO  TabAWYHbIM
CNPaBOYHbIM AaHHbIM [11], @ KO3ddULMEHTa € - ONPEAENAOTCA MO COOTHOLLIEHWUIO

er = (I+1,77d/R), (58)

roe R - paaunyc u3rnba KaHana, m.
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Beuay TOro 4to Temnepatypa Ha BHELWHEN MOBEPXHOCTU OFHE3aLMTHOFO CNOA BbITAXKHOIO
KaHana nABAAETCS HEU3BECTHOM BEJIMYMHOM, pacdyeT g, NPoOBOAMTCA MOCAeAO0BaTe/IbHbIMU
NPUMBANKEHNAMM, HA NEPBOM LUAre KOTOPbIX 3agaeTca 3HaYeHue T, < T3 < Tgpo.

5.1.4. MapameTpbl NepemelaemMoro rasa fnpu BXOAE €ero B BepPTMKa/bHbIA KOJJIEKTOP
COOTBETCTBYIOT 3HaYEHUAM G'smo, T'smo, P'smo-

I'IpM YC/10BUN COXpPaHEHNA HEU3MEHHbIMW NOWaAN NPOXOAHbIX CEeYEHWNI N COOCHOCTU TaKUX
ceyeHui KONNeKTopa no BCE ero BbicoTe npon3sBoaunTCA yCcnoBHOe pa3geneHne Ha y4acCtku C
rPaHnUaMmn Ha YPOBHE MEKITAXKHbIX I'IeperbITMﬁ 34aHHUA.

ana NepBOro Takoro y4aCtka BHa4dase onpeaenaeTtca AaBneHne B KOHEYHOM Ce4YeHnn:

2
Psml = P’smo + é:lp'smov sm1/2;
roe &; - KoaddUUMEHT MECTHOTO CONPOTUBAEHUA; P'smo - NNOTHOCTb NpK TemnepaType T'smo, K.
3HaueHuAa &; onpeaenAlTCA MO CNPaBOYHbIM AAHHbIM [12] € y4yeTOM reomeTpuyecKux
XapaKTEPUCTUK 3/IEMEHTOB NPUCOEAUHEHUA 3TAXKHOMO KaHana K BEPTUKA/IbHOMY KOMNEKTOpY

NpPU HATMYUUN NPOTUBOMOXKAPHOIO KaanaHa. Koad)d)mu,meHT MeCTHOro conpotmsaneHuma gna aTtoro
KNnanaHa onpeaenaetca no TexHn4YeCKMm AaHHbIM U3roToBUTENA.

5.1.5. Npu nepexofe Ha CneayoLmil yHacTOK BEPTUKabHOrO KOIEKTopa NPUHUMaeTCA, 4To
npu AaBAeHUn Py OCTaNnbHble NapaMeTpbl UMEIOT 3HaYeHUA:
Tsm1 = T'smo;
Gsm1 = Ismo-

[aBneHue B KOHUE AaHHOIO y4acTKa onpeaenaeTca 3aBUCMMOCTbIO

Pst = Psml + (/\hz/da)psml‘/zsml/2 - th(pa - psml): (59)
roe hz - BbICOTa (,CI,/WIHa) KON1IEKTOPa Ha AaHHOM Yy4acCTKe, M; Vsml - CKOPOCTb nepemelweHnAa

rasa, m/c.

COOTBETCTBYPOLU,ee M3IMEHEHNE MACCOBOIO pacxodad ra3a B KaHasne K KOHUy AaHHOTro y4acCTKka
COCTaBuUT

Gsm2 = Gsm1 + AGy, + AG, (60)

roe AGy, - pacxon Bo3ayxa, OGUAbTPYIOLLErocA B KOJINEKTOP 4Yepe3  HEeMJIOTHOCTU
NPOTUBOMNOXKAPHOTO HOPMAJIbHO 3aKPbLITOro K/AanaHa Ha AaHHOM y4acTKe, Kr/c.

M3meHeHHas K KOHLY AaHHOro y4acTKa TeMnepaTtypa rasa onpeaensierca 3aBUCUMOCTbIO

snil

T - Cpsmlg T-;:wl + T;(&Ga‘a + Mﬂ) B qtuk}!
2 .

M

Cpngmﬂ (61)

YaenbHble TeN0NOTEPU ONPEAENstoTCA COrNacHo Bbllle NpUBeAeHHbIM 3aBUCUMOCTAM (55) -
(58).
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[na NpuBAMMNKEHHbIX BbIYMCAEHUI TemnepaTypbl rasa B KOHUE /-f0 y4aCTKa KaHana
[OMNYCKAeTCA He YyYMTbiBaTb MNOTEPU TEMaa Yepes orparkaaroliume KOHCTPYKUUKM KaHana. B atom
c/lyyae B3aMeH 3aBMCUMOCTU (61) MOKeT 6bITb MCMONb30BAHO COOTHOLLEHME:

_ (0,89163+0,0001418)" - 0,94426
0,0007 ’

T

s

ﬁ = Cpmgmlﬁml + (‘&Ga‘a + Maj?:z
roe Ig.s:wl + &G:ia + Mﬂ
5.1.6. Tony4yeHHble B WTOre aHaNOTM4YHbIX BbIYMCAEHUIN (ONA Bcex noc/aeayroLmnx
BblLLENEXKALLMX YH4ACTKOB KOI/IeKTOpa) NnapameTpbl gna BepxHei Yyacti konnektopa (Psmn, Tsmn,
Gsmn) NCNONB3YHOTCA AN KOHEYHOro onpeaeneHns NnapameTpoB BEHTUAATOPA CUCTEMbI:

I, = 3600 Zmr.
& sl (62)
Ps, = (PsmN + Pd)llz/pSle (63)

rae L, - noAaya BEHTUAATOPA, M>/4; Ps, - NPUBEAEHHOE K CTaHAAPTHLIM YCI0BUAM CTaTUYECKOe
AaBneHue BeHTMnATopa, [a; Py - CymMmMapHoe COMpOTUBAEHWE NPUCOEANHUTENbHbIX
BO34yXOBOA0B (OT KOJI/IEKTOPA A0 YCTPOMCTBA Hapy*KHOro Bbibpoca), Ma.

5.1.7. Ana cuctem BbITANKHOW NPOTUBOALIMHOM BEHTUAALMN C ECTECTBEHHbIM NOOYKAEHNEM
TAMTM MMHUMANIbHO HEO6X0AMMOE NPOXOAHOE CeYyeHMe AbIMOBbIX /IIOKOB, YCTAaHaB/IMBAEMbIX B
NOKPbITUAX 34aHUM, onNpeaenseTca 3aBUCUMOCTbIO

EE; = Gjm

) P’f;‘[z.ﬂm[g}gm(ﬂa _-'5'5?4!:' - U,ﬁkgﬂglvj Llu'j ,

rae Fi - NAOWAAb NPOXOAHOTO i-TO AbIMOBOTO MtOKa, M%; G - CYMMapHbIi MaccoBblit pacxos,

rasa yepes AbIMOBbIE MIIOKM, KI/M>; Ui - KO3bOULMEHT pacxoda i-ro AbIMOBOrO JIOKA; Psm -
MNOTHOCTb rasa B AbIMOBOM C/10€ MPU TEMNEPATYPE Tsm, KI/M>; Agm - TONLLMHA 46IMOBOTO CAOS,
M; Pg - MIOTHOCTb Hapy»KHOTO BO34yXa Mpu Temnepatype T, Kr/M>; kg - adapoanmHaMUyecKkuit
K03dPULMEHT BETPOBOro Hanopa A1a NOKPbITUA 34aHuA; V, - CKOPOCTb BeTpa, m/c.

YKa3aHHaA 3aBMCMMOCTb CNpaBeasivMBa AAA ObIMOBbIX /JIHOKOB OAHOTUMHbLIX KOHCTPYKLUMM
(pasnuuarowmxcs TONbKO TUNOpasmepamu). Ons Bblbopa 3HaveHun Gg,, Tsn cnepyet
PYKOBOACTBOBATLCA AAHHbIMWU pa3fd. 3, a 3HauveHuAa T, k, V, cnegyeT npuvHMMaTb COrnacHoO
pasAd. 2 HacToAWMX PeKOMeHAauWi. 3HavyeHue L AOJ/IKHO COOTBETCTBOBATb TEXHUYECKMM
OAHHbIM NpPeAnpUATUA-U3rOTOBUTENA.

5.2. O6opynoBaHue cucTEeM NPUTOYHON NPOTUBOABIMHON BEHTHISILIUH

OcHoBHble napameTpbl CUCTEM I'IpVITO‘-IHOIZ I'IpOTVIBO,EI,bIMHO[;I BEHTUNALUN onpenenAaroTca
cornacHo cnegyrouwmm 3aBUCUMOCTAM:

® ONA NEeCTHUYHbIX KNETOK:
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L, =3600Gsn/pr;

Psy = (Psinv + Pa)1,2/pr;

® NNA l'IMd)TOBbIX LaxT:
L, =3600Gn/pr;

Psy = (Pstn + Pa)1,2/pr;

e AN Tambyp-LNt0308:
L, =3600Gy, ¢, stn/ Pa;

Psy = (20 + Pgq)1,2/pa,

roe Py - CyMmapHOe COMpPOTUB/IEHME MPUCOEAMHUTE/bHBIX BO34YyXOBOAOB (OT 3alMLLIaEMbIX
JIECTHUYHbIX K/IETOK, TNGTOBbIX LIAXT A0 BEHTU/IATOPOB C BO3AyX03abOpPHbIMK YCTPOCTBaMM),
Na; Pgq - CYyMMapHOe COMPOTUB/IEHWE MPUCOEAMHUTE/IbHBIX BO3AYXOBOAOB (OT 3alluLiaeMbIX
Tambyp-lWA030B [0 BEHTUAATOPOB C BO34YyX03abOPHbIMM  YCTPOMCTBAMKM) C  y4eTOM
rpaBUTALMOHHOrO Nepenaaa gasneHus, MNa.

6. PEXKUMBbI YIIPABJIEHUA ITPU ITIOKAPE

YnpaBneHne  MNPUTOYHO-BLITAXKHBIMW  CUCTEMAaMM  MPOTMBOAbIMHOM  BEHTUAALMM
npeaycMaTpuBaeTcs B aBTOMATUMYECKOM (OT CUCTeMbl OOHapy)KeHus noxkapa) U B
AVCTAaHUMOHHOM (OT KHOMOK Y 3BaKyaUMOHHbIX BbIXOA4O0B C 3TaXKeW MAU B MOMKAPHbIX WKadax)
peXXumax. YKasaHHble pPeXUMbl YNpaBieHUs AO/KHbl OblTb Npuemaembl AN Pas3UYHbIX
MOXapoonacHbIX  CUTyauuin, onpeaensieMblx MeCTOM  BO3HWKHOBEHMA  Mo)apa -
PacroNoKeHNEM ropALLErO NOMELLEHNA Ha OAHOM M3 3TayKel, B 04HOM M3 NOMKaPHbIX OTCEKOB
(B cnyyae pasgeneHns Ha NOXapHble OTCEKM CTPOUTENbHOM 4acTu 3a4aHus). lNepeyeHb
COBMECTHO AEeNCTBYIOWMX CUCTEM MPOTUBOALIMHOM BEHTUAALMM ONPEAENAeTcs B 3aBUCUMOCTU
OT TAaKMX NOXKAPOOMNACHbIX CUTYALMNNA.

B rpaHuuax OTceKka, B KOTOPOM BO3HMK MOXap, MNOANEXKaT OTKAKYEHUID BCE CUCTEMBDI
06WweobMeHHOM BEHTUAALMN U KOHANLMOHUPOBAHMA, KpOMe GYHKLMOHAIbHO COBMELLEHHbIX C
CUCTEMAMM  NPOTUBOAbIMHOM  BeHTUAAUMWU. [na obecnevyeHMAa pacyeTHbIX pPEXMMOB
COBMECTHOIO A€eNCTBUA CUCTEM MNPOTMBOABLIMHOM BEHTUAALMWU, BXOAALWMX B YCTAHOBAEHHbIN
nepevyeHb, HeoHXOAMMO oOMepeXKatolee BKAOYEHME BbITAMXHbIX CUCTEM OTHOCUTE/NIbHO
NPUTOYHbIX cuctem. [Mepuog oneperkeHUa AomkeH b6biTb He 6onee 30 c. B oCTanbHbIX
NOXapHbIX OTCEKax cUcTeMbl 0OWEOOMEHHON BEHTUNAUMU U KOHAMUMOHWMPOBAHMA MOTYT
OCTaBaTbCsA BK/AKOYEHHbIMW (B TOM 4YMCAE C WCNO/Ab30BAaHMEM CUCTEM, COBMELLEHHbIX C
NPOTUBOAbIMHbBIMM).

YKa3aHHble 0cobeHHOCTH O6yCJ'IOBJ'IMBaI-OT BO3MOXHOCTb onpeaeneHna B 06LI.I,eM nepeyHe
MaKCMMa/IbHOIro Koan4yectBa CUCTEM I'IpOTMBO,CI,bIMHOl‘/‘I BeHTUAALMN  eaUHOBPEMEHHOTO
AGVICTBMH. OTHOLWeEeHMe TaKOro KO/AMYecTBa CUCTEM K WUX o6u.|,eMy ypucny npu M3BECTHOWM
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YCTAaHOBOYHON MOLLHOCTM KaXX4oW, B KOHEYHOM C4yeTe, COOTBETCTBYET KO3pPUUMEHTY
3¢pPEeKTUBHOro NCNONb30BaHMNA BEHTUAALMOHHOIrO 0bopyaoBaHus.
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IIPUJ/IOJKEHHUE 1
(cnpasoyHoe)

OnpenesneHue 0CHOBHBIX NAPAMETPOB MOKAPHOI HATPY3KH MOMeIeHUH

B nepeyeHb OCHOBHbIX MAPaMETPOB MOXKAPHOM Harpy3KM BXOAAT yAe/bHble, B TOM 4uCie
npuBeAeHHbIe N KPUTUYECKUE BE/IMUMHBI, @ TAK}KE YCPeAHEHHbIE NOKa3aTeNn Tennopusnyeckmx
CBOMCTB. A onpeaeneHna AaHHbIX NapameTpoB UCMO/b3YIOTCA COOTHOWEHUA U 3aBUCMMOCTH
cneaytollero suaa:
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1. YaenbHas npuBeAeHHan NoXapHas Harpyska (OTHeceHHan K Naolaam nosa NoMeLeHns)
COOTBETCTBYET BbIPaXKeHMIo

_ 2O
Fol

raoe mj - OTHOCUTE/NIbHAA MmaCCoBaA O0NA i-ro BewecTtea UM Mmatepuasia B CoOCtaBe nomapHoﬁ

&y

2

Harpysku; Q°;, Q°,, - COOTBETCTBEHHO TEM/IOTa CrOpaHWA i-ro BewecTBa MAM maTepuana B
cocTaBe MOXKAPHOW HarpyskM M TennoTa CropaHua ApesecuHbl, KOX/Kr; Fr - nnowanb nona

nomeLeHus, m>.

3Hayenusa Q°,;, Q”HFL onpeaenArTca No CrNpPaBoOYHbIM AaHHbIM, NPUBELAEHHbIM, B YaCTHOCTH, B
ctaHgapTe [13] u moHorpadum [14].

2. YpenobHas npuBeAEeHHas  MnoXapHaA  Harpyska (oTHeceHHas K naowagu
TENNOBOCMPUHMMAIOLLEN  MOBEPXHOCTU  OrParkAaloWmx  CTPOUTE/IbHbIX  KOHCTPYKLMIA
nomMeLLeHnA) COOTBETCTBYET 3aBUCMMOCTAM:

I
g = 2oy

(7~ 405
Fu =6V
AO:ZAiI

roe F, - CymmapHas n/olwagb BHYTPEHHeN MOBEPXHOCTU OrpaxAaloWmX CTPOUTENbHbIX
KOHCTPYKLMI nomelueHus, m% A, A, - COOTBETCTBEHHO M/OLWAAb i-T0 MPOEMa M CyMmMapHas
NAOLWaAb NPOEMOB NOMeLLEHUA, M’; V - 06bEM NOMELLEHUSA, M.

3. YaenbHOe KPUTUYECKOE KONMYECTBO MOXAapHOW Harpysku (Kr/m?) cootseTcTByeT

3aBUCUMOCTAM!

_ 45001
1+500IT° &),

E-ﬂ _;31."2

I = el

V? i3

¥
P; - 0,263 E'WiQ;ui
1000

2

roe M - NpoOeMHOCTb NoOMeLLEeHMUS, Mm% v, - yAenbHOe KOJIMYecTBO Bo3Ayxa, Heobxoanmoe ans
MONHOTO CropaHWUA MONAPHOM Harpy3kM nomelleHus, M>/Kr; ho - BbICOTA i-r0 MpPoema
nomeLeHusa, M.

4. CpeaHAn TenoTa CropaHna NoXKapHoM Harpysku (KOK/Kr) cooTBETCTBYET BblparkeHUo

G = 20
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5. CpefHAs CKOPOCTb MOTEPM Macchbl MONKAPHOW Harpysku (Kr/m> ° c) cooTseTcTByeT
BbIpaXeHMo:

K.I.J@ = Emz'\{-‘rz"
rae ;- CKoOpoCtb noTepn maccobl i-ro maTepuana I'IO)KapHOﬁ Harpysku (KI'/M2 ’ C).

6. JInHelHana CKOPOCTb PacnNpPOCTPAHEHMA NMAAMEHW MO MOBEPXHOCTM MOXKAPHOM HArpysKu
(M/c) MOXeT NPUHUMATBCA NO MAaKCMMaNbHOMN BE/IMYMHE, XaPaKTEPHOM AN COCTAaBAAIOLWMX Ty
Harpysky maTtepuanos:

Ucp = Umaxis

rae Umax i - MaKCMMasibHOE 3HaYeHWe CKOPOCTM PACcNPOCTPaAHEHMA NAAMEHU MO NOBEPXHOCTY i-
ro MaTepuana noKapHown Harpysku nomeLLeHus, m/c.

3HayeHUs TennoTbl CropaHMA, CKOPOCTU MOTEPU MacCbl M CKOPOCTM pPacrnpoOCTpaHeHus
N/JlaMeHM Mo NOBEPXHOCTU ANA PA3/IMYHbIX MaTepManoB, KOTOPble MOTYT HAXOAUTLCA B COCTaBe
NoXapHOW HarpysKkn NnomMmeLLeHn, npuseaeHsbl B [8], [13].

XapakTepHble ycpeaHeHHble 3Ha4YeHWa 3TUX MNapameTpoB A/A MOXAPHOW Harpysku
Pa3NYHbIX MOMELLEHWUIM NpeacTaB/ieHbl B Tabanue [14].

YcpeaHeHHble 3HaYeHUA NapameTpPoB NOXKAPHOWU Harpy3KM Pas/IMYHbIX NOMeLLeHU

Huswas paboyasn JInHenHan YpenbHas
TensnoTa CKOpOCTb CKOpPOCTb
MokapHaa Harpyska
Ccropanus, pPacnpocCTpaHeHUs | BbIFOPAHUA,
MIxK/Kr naameHu, m/c Kr/m? * C
3paHusa | n |l cTeneHn orHecToMKocTU: mebenb +
6bITOBbIE U3aenA 13,8 0,0108 0,0145
3paHus | n Il cteneHn orHectokoctu: mebenb +
TKaHU 14,7 0,0108 0,0145
3n0aHusA | cTeneHn orHecTokocTu: Mebenb + TKaHu
(0,75 + 0,25) 14,9 0,0125 0,0162
KabuHet: mebensb + bymara (0,75 + 0,25) 14,002 0,042 0,0129
MNomeuleHus, 0banLoBaHHble NaHenamu OBMN 18,1 0,0405 130
AOMUHUCTPATUBHOE NOoMeLleHne: mebenb +
6ymara (0,75 + 0,25) 14,002 0,022 0,021
Ob6uwecTBeHHble 34aHMA: mebenb + aAnHoneym MBX
(0,9+0,1) 14 0,015 0,0137
BMBANOTEKM, aPXUBbI: KHUTU, XKYPHabI Ha
cTennarkax 14,5 0,0103 0,011
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Huswas paboyasn NnHenHan YaenbHas
Tennota CKOpOCTb CKOpOCTb
MoxkapHas Harpyska
cropaHums, pacnpocTpaHeHusa | BbiropaHus,

MIK/Kr naameHu, m/c Kr/m? * ¢
CueHMYecKas YacTb 3pUTE/bHbIX 33/10B
(apeBecuHa) 13,8 0,0368 0,0145
BepxHaa oaerkaa: BOpc, TKaHU (LWepCcTb + HEMIOoH) 23,3 0,0835 0,013
Pe3nHOTEeXHUYECKME U3AeNUNA: pe3nHa, U3aenuns 13
Hee 36 0,0184 0,0112
OKpaleHHble Nosbl, CTEHbI: AepeBo + Kpacka PXO
(0,9+0,1) 14,1 0,0151 0,0145
BbicTaBoOYHbIe 3a/1bl, MacTepPCKMe: AepPeBo + TKaHU
+ Kpacka (0,9 + 0,09 + 0,01) 14 0,0163 0,0152
Meb6enb: nepeso + 06MLOBKa 14,4 0,0154 0,0135
MpomToBapbl (TEKCTUbHbIE U3aenns) 16,7 0,0071 0,0244
KabenbHbit nogsan/notok (kabenn ABBI + AMBI) 30,7 0,0071 0,0244
PaguomaTepuanbl: NOANITUNAEH, CTUPON,
NpPonuAeH, reTUHaKC 34,8 0,0137 0,0177
INEeKTPOoTEXHUYECKME MaTepMasbl: TEKCTONNT,
Kapbonut 20,9 0,0125 0,0076
dnekTpokabenb ABBI: NMBX 060104Ka + U3onsaumn 25 0,0071 0,0244
dnekTpokabeno  AMBI: MBX ob6onoyka +
NoJIN3TUNIEH 36,4 0,0071 0,0244
TenedoHHbIN Kabenb TMB: MBX + noanatunex 34,6 0,0062 0,0085
JlnctBeHHble ApeBecHble cTpoMimaTtepuansl
(wtabennb) 13,8 0,0585 0,014
KneeHble cTpoiimaTepuans! (paHepa) 18,4 0,0167 0,0089

IIPH/IOJKEHHUE 2
(cnpasoyHoe)

Temnopusnyeckue CBOMCTBA AbIMOBBIX I'a30B

Tennodusmyeckme CBOMCTBA ra3000pa3HbIX MNPOAYKTOB rOpeHUs, Heobxogumble Ans
pacyeToB 3aBMCMMOCTM PA3/IMYHbLIX MAaPaMeTPOB OT TemnepaTypbl AAHHOM ra3oBOM cpeabl,
MOryT ObITb YCTAaHOBAEHbl HAa OCHOBE NPWBEAEHHbIX B Tabnuue 3HauyeHuK. B yacTHOCTM,
YKa3aHHble 3aBUCMMOCTU AN1A TENN0EMKOCTU NONYYEHbI B BUAE:
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Cosm = a[l + exp(b - CTsm)]_l/d;

rae a =1,3615803; b = 7,0065648; ¢ = 0,0053034712; d = 20,761095;

Cpsm =a+bTs,+ CTzsm;

rae a = 0,94426057; b = 0,00035133267; ¢ = -0,0000000539.

I'IepBaﬂ 3aBNCMMOCTb ABNAETCA I'IpELI,I'IO‘-ITVITE}'IbHOVI No TOYHOCTU annpoKCMMmaunun, BTOpPaAA
3aBUCUMOCTb MOXKET bbITb NPUHATaA ANA nposeaeHnA pacyeTos MeHbLLEeN TOYHOCTH.

dusnyeckne napameTpbl AbIMOBbIX ra308
(npn P =0,0981 MMa; pcoz = 0,13; pr2o = 0,11; pn2 = 0,76 [14])

£ o oH Cor BT(—Il\l\Z' A-loz,_?r(m a'lOi,MZ' u10° Na- v'lOi,N\Z' or
°C) " K) C C C

0 12,704 1,04 2,28 16,89 15,78 12,20 0,72
100 9,320 1,07 3,13 30,83 20,39 21,54 0,69
200 7,338 1,10 4,01 48,89 24,50 32,80 0,67
300 6,053 1,12 4,84 69,89 28,23 45,81 0,65
400 5,150 1,15 5,70 94,28 31,69 60,38 0,64
500 4,483 1,18 6,56 121,14 34,85 76,30 0,63
600 3,973 1,21 7,42 150,89 37,87 93,61 0,62
700 3,561 1,24 8,27 183,81 40,69 112,10 0,61
800 3,237 1,26 9,15 219,69 43,38 131,80 0,60
900 2,953 1,29 10,01 257,97 45,91 152,50 0,59
1000 2,698 1,31 10,90 303,36 48,36 174,30 0,58
1100 2,521 1,32 11,75 345,47 40,90 197,10 0,57
1200 2,354 1,34 12,62 392,42 52,99 221,00 0,56

IIPH/IOKEHHE 3

(cnpasoyHoe)

B03z[yx0- U ALIMONMPOHUIAEMOCTDb BO3YX0BO/10B U KJIAIIaHOB

1. Ons onpeaeneHns yTeyek WUam noacocoB BO3AyXa MPUMEHUTENbHO K BEHTUIALMOHHbLIM
KaHanam npoTMBOAbIMHbBIX CUCTEM MOrYyT ObiTb WMCMNONb30BaHbl cneayowme ¢opmybl,
NoNy4YeHHble annpoKcMMmaumneln TabanyHbIX AaHHbIX [4]:
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[ANA BO34yX0BOA0B Knacca H (B gnanasone aasnennii 0,2 - 1,4 kMa): AL = a(P - b)S, rae AL -
NoAcock! (yTeukun) Bo3ayxa, m>/m” * u; P - nasnenue, kMa; a = 10,752331; b = 0,0069397038; ¢ =
0,66419906;

_ ah+oP?
ONs BO34yX0BOoAOB Knacca I (B ananasoHe aasnenuii 0,2 - 5,0 KMa): b+ Pl roe a =
0,00913545; b =-3,1647682 - 10%, ¢ =-1,2724412 - 10°; d = 0,68424233.

2. lna NpoTMBOMNOXKAPHbIX HOPMANbHO 3aKPbITbIX KNAaNnaHOB YNC/OBblE 3HAYEHUA YAeNbHOM
XapaKTepUCTUKM COMPOTUBNEHNA AbIMOMa3onNpPOHULLAHUIO B 3aBUCMMOCTM OT TemMMepaTypbl rasa
COOTBETCTBYIOT [aHHbIM, MOAYYEHHbIM MNPU CTEHAOBbLIX OFHEBbIX WCMbITAHUAX pPa3UYHbIX
n3aenunii Ha akcnepumeHTanbHol 6aze BHUNNO:

. XapaKTepuCcTUKa yaenbHOro CONPOTUBAEHMUA
Temneparypa, °C 3. 1
AbIMOra3onpPoHNLAHNIO, M~ * K

20 29900
20...100 30300
100 ... 200 38300
200 ... 300 37900
300 ... 500 29300

COOEPHAHME

1. O61mue nonoxeHus
2. UcxonHble naHHbIE
3. BeITsKHAs IPOTUBOABIMHAS BEHTHIIALINS
3.1. Y naneHne npoayKkTOB FOPEHHs HETOCPEACTBEHHO U3 TOPSIIETO TOMEIEHUS
3.2. Y naneHnue nNpoayKTOB TOPEHUS U3 CMEKHBIX C TOPSIINM MTOMEIICHUMA
4. IlpuTouHas NPOTUBOBIMHASL BEHTUIISILINS
4.1. [lonaya Bo3/1yxa B JIECCTHUYHBIE KIETKH
4.2. Ilonaua Bo3yxa B TU(TOBbIE MIAXTHI
4.3. [logaua Bo3myxa B TaMOyp-IILTIO3bI
4.4. KomneHcupyromas nojadya Bo3ayxa
5. TexHnyeckue XapakTepUCTUKU 000PYAOBAHUS
5.1. O6opynoBaHHe CUCTEM BBITSKHOMN MPOTHUBOIBIMHON BEHTHIISALIUH
5.2. O6opynoBaHue CUCTEM MTPUTOYHON TPOTUBOIBIMHOM BEHTHIISILIIHI
6. Pexxumbl yripaBiieHUs IIPHU OXKape
Cnucok nurepaTypbl
ITpunoxxenune 1. OnpeneneHne OCHOBHBIX TAPAMETPOB MOXKAPHOM HArpy3KH IOMEIIEHNN
[Tpunoxxenue 2. Teropuznyeckrue CBOMCTBA JIMOBBIX I'a30B
ITpunoxxenne 3. Bo3ayxo- 1 ABIMONPOHUIIAEMOCTh BO31YXOBOJOB U KJIallaHOB
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