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NMPEANCNOBME

B cOBpeMeHHbIX POCCUINCKUX CTPOUTESNbHBLIX HOPMax M PYKOBOACTBAX acrekTbl NPOTUBOALIMHON 3alUMThbl aTpUyMOB
n 6onbLIMX MOMeLLEeHUA OCBeLLeHbl B HEOGOMbLWOM 06beMe, YTO Bbi3biBAET MHOMO BOMPOCOB MpW MPOEKTUPOBaHWUK,
3KCNepTu3e, CTPOMTENbCTBE W 3KCMlyaTaumm aTpuyMHbIX 3aaHui. B faHHOM 0630pe MpuBOAMTCS OMUCAHUE MOAXo-
[I0B, MPUHSATLIX B 3apyBeXHOI NpakTUKe, U BbIAEPXKKU U3 psiia CTPOUTENbHBIX HOPM MO COOTBETCTBYIOLMM BOMPO-
caM. 3Ta HdopMaLms MOXET NOMOYb CreLmanucTaM npu paspaboTKe U YyTOUHEHUW NMPUHUMAEMbIX PELIEHU.

B 0630p BK/IIOYEHbI TEOPETUYECKME OCHOBbI U3 KHUMM aMepuKaHCKux crieumanuctoB [xoHa KnoyTa u [xeiimca
Munke «MpUHUMMBLI NPOTMBOALIMHOM 3alUMTbI», MOMOXEHUS 3apybexHbIX CTpouTenbHbiX HOpM IBC 2003 u NFPA
5000, craHpapTta NFPA 92B 1 psina Apyrx MCTOYHUKOB.

0630p He NpeTeHAyeT Ha BceobbeMtollee 1 06bLEKTUBHOE OMNMCaHWe AaHHOW NpobneMaTuky, a SIBASIETCS TOMbKO
N3n0XeHWeM MHQOpPMaLMKN U3 NCTOYHMKOB NO TeMe, KoTopble bblin 0606LeHbI cocTaBuTensMmn ob3opa.

Kosnnexkrns aBTopos
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OB30P UCTOYHUKOB

0630p «MpoTUBOABIMHAS 3alUMTa aTPUYMHbIX 3[aHUIA» COCTaBfIEH HA OCHOBE MHMOPMaLMK, U3NTOXEHHON B Crie-
AYOLWMX 3apyBexHbIX UCTOYHUKAX:

—  Knura Ix. Knoyta v . Munke «MpuHUMMbLI NPOTUBOABIMHON 3aLUMTbI»;

— CraHgapT HauuoHanbHOW accoumaummn no npotneonoxapHoi 3awmte (CLUA) - NFPA 92B «PykoBoaCTBO Mo
CUCTEMaM MPOTUBOALIMHOMN 3aLUUTbl aTPUYMOB, TOProBbIX LIEHTPOB U 60MbLIMX MOMELLEHNIN»;

— NFPA 5000 «CTpouTenbHble HOpMbI 1 npaBuna»;

— CraHgapTt NFPA 72 «HauvoHasnbHble HOpMbI MO MOXapHOM CUrHanM3aumm»;

— Knura 3. byyeHeHa «IpoTMBONOXapHOE NPOEKTUPOBAHNE KOHCTPYKLIMIN»;

— IBC 2003 «MexayHapoaHble CTpoUTEeSIbHblE HOPMbI»;

— PykoBoactBO «TpeboBaHWS K MPOTMBOABIMHOM 3aliMTe B MexayHapoAHbIX CTPoOuUTENbHbIX HopMax IBC
2003», 2BaHc . n KnoyTt [x.

B TekcTe coxpaHeHbl NOPSAOK U3NMOXEHUS U CTUIIUCTUKA 3apy6e>KHb|x NCTOYHUKOB.
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TEPMWHbI U ONPEAENEHNA

ATpnym (atrium) — 6onbloe cBob6oAHOE MPOCTPAHCTBO, 06pa30BaHHOE OAHWMM WM HECKONbKMMKM MpOeMaMu B
nepexkpbITUsX, 06beanHSIIOWMMK ABa M Bonee 3Taxa, NOKPLITOE Hag NpPoemMaMu KpOBNEN U UCMOMb3yeMoe Afs pas-
NNYHBIX Lenei, HO He B KayecTBe OrpaXKAEHHOM NECTHWLbI, WaxTbl AudTa, NpoeMa AN 3ckanaTtopa, LaxTbl 4ns
pa3MeLLEHNS MHXKEHEPHBIX KOMMYHWUKALWMA, TakuX KakK BOZOMPOBOZA, 3/1EKTPONPOBOAKA, CUCTEMbI KOHAWMLMOHMPOBA-
HWS BO3ayxa unu cpeactea ces3n [NFPA 92B] (u He aensioweecs monnom. [IBC 2003])

BbesonacHble ycnoBus (tenable environment) — ycnoBus, Npu KOTOpbIX pacnpocTpaHeHue AbiMa M Tenna
OrpaHMyeHo, B0 MX BIMSIHME Ha NloAel COKPaLLEHO Tak, YTObbl MX YPOBEHb He NMPeACTaBNss Yrpo3y XW3HW NtoaeN.
[NFPA 92B]

Bonblioe noMeweHue (large-volume space) — He pasaeneHHOe Ha OTCEKM MPOCTPAHCTBO BbICOTON 06bIYHO
B ZiBa WM bonee aTaxa, BHYTPU KOTOPOro AbiM OT noxapa, 6yab ToO B CaMOM MOMELLEHUM UM B CMEXHOM C HUM MO-
MELLEeHMK, MOXKET BecnpenaTCTBEHHO NepeMeLLaTbcs U HakanameaTbcs. [NFPA 92B]

Bepudpmkaunsa mopenu (model verification) — npouecc yCTaHOBNEHMS], YTO peann3aunsi pac4eTHOro MeTo-
[ia TOYHO OTPaXKaeT KOHUEeNTyasnbHOe OMMCaHWe pacyeTHOro MeToAa, CAenaHHoe pa3paboTuMKOM, U pelleHre K pac-
yeTHoMy MeTogy. OCHOBHOM CTpaTeryeil MPOBEPKU BbIYMCIUTENBHBIX MOAENEN SBASETCS BbISIBIEHWE M OLEHKA
OLUMBKM B BbIYMCITUTENBHOM MoAenu n eé pelueHnn. [NFPA 92B]

MpaHuua AbiIMOBOro cnosl (smoke layer interface) — TeopeTndyeckasl rpaHuLa Mexay AbIMOBbIM CIOEM U
He3aAbIM/IEHHbIM BO34yXOM. Ha npaKTMKe rpaHuua AbIMOBOrO CJosl SIBASIETCS PacYETHOM rpaHULIEN BHYTPU Nepexoa-
HOWM 30Hbl, KOTOpasi MOXET AOCTUraTb HECKOSIbKUX AECATKOB CAaHTUMETPOB B TOMLWMHY. oA pacyeTHOW rpaHuuen
NAOTHOCTb AbiIMa B NEPEXOAHON 30HE CHWXKaeTCs A0 Hyns. [NFPA 92B]

AbiM (smoke) — cMeCb TBepAbIX M XKNAKUX YacTuL, U ra30B, BO3HMKAIOWMX NPU NMPOSN3E WU FOPEHNU MaTepu-
ana, BMeCTe C BOB/IEKAEMbIM BO3AYXOM U/M BO3AYXOM MHbLIM 06pa3oM CMellnBatoLwmMmcs ¢ 3Tol Mmaccolt. [NFPA 92B]

AbIMOBOI1 cnoi (smoke layer)— ckonneHve abiMa noa Gusnyeckon unm TenIoBoi nperpanoii. JbiIMOBON croi
He SIBNSIETCA OAHOPOAHON CMEChIO M HE MMEET OAMHAKOBOM TemnepaTypsbl. [peacTaBneHHble B 0630pe MeToAdbl pac-
yeTa MOryT AOMycKaTb HanMume OfHOPOAHbIX YCNOBUI. [bIMOBOM CIOM BKIOYAET B cebsi MepexoiHyto 30Hy, KoTopas
HEOHOPOZHa W OTAENSAET ropsunit BEPXHUI CNOM AbiMa OT He3aAbIMIIeHHOro Bo3ayxa. [NFPA 92B]

AbiMo3awnTHan nperpapa (smoke barrier) — HenpepbiBHas Neperopojka, BepTukasnbHas UavM ropusoHTanb-
Has, Takas Kak 3/IEMEHT CTeHbl, NoJa UM NOTOJIKA, CNPOEKTUPOBAHHAA U BO3BeAEHHas C Lenbio OrpaHNYeHus nepe-
MeLleHus AbiMa. [bIMO3aluTHAs nperpaja MOXeT UMETb UM HE UMETL KI1acC OrHeCToMKocTU. Takue nperpagsl Mo-
ryT UMETb 3alumiLeHHble Npoémbl. [NFPA 92B]

AbiMO3alNTHBbIA KnanaH (smoke damper) — yCTpOiCTBO ANS NPeAoTBpaLUeHWsi NPOHUKHOBEHUSI BO3A4yXa
unun geima. [NFPA 92B]

3paHue kpbitoro monna (covered mall building) — otpenbHoe 3aaHve, BMellalollee psia apeHaaTopoB U
nonb30BaTesiei, HanpuMep, MarasuHbl, NPeANPUATUS 0BLIECTBEHHOTO NUTAHUS, Pa3B/IEKATENbHbIE U UFPOBbLIE 30HbI,
naccaXkMpckne TPaHCMOPTHbIE TEPMUHAnbI, OUChl U ApyrMe aHanorMyHbIe NpeanpuaTus, rae asa win 6onee nonb-
30BaTeNS UMEIOT OCHOBHOW BXOZ B OZIHY WM HECKOJbKO ranepeil. B KOHTEKCTe MeXayHapOAHbIX CTPOUTENbHBLIX HOPM
SIKOPHbIE 3AaHUS1 HE PacCMaTPMBAKOTCA KaK YacTb 3AaHus KpbiToro Monna. [IBC 2003]

UsonupoBaHHble noMmelleHusn (separated spaces) — noMeleHns BHYTPU 34aHus, M30MMpOBaHHble OT
60/1bLUMX NMOMELLEHWI AbIMO3ALUMTHBIMM Nperpagamu, KOTOpble He 3aBMCAT OT BO3AYLIHOIO MOTOKa B MjaHe orpaHu-
YyeHus nepemelleHns abiMa. [NFPA 92B]

KBagpaTuuHbiii noxkap (t-squared fire) — noxap, Npy KOTOPOM CKOPOCTb FOPEHNS U3MEHSIETCS MPOMOpLUMO-
HafnbHO kBagpaTy BpemMeHu. [NFPA 92B]

KomnnekcHas npoBepka (end-to-end verification) — MeToq CaMOAMArHOCTUKM, AQIOLWMIA MOMOXKUTENbHOE
noaTeBepXxaeHune, 4To XenaeMmbli pe3ynbTtat (T.e. MOTOK BO3AyXa WM MOnoXeHune KnanaHa) AOCTUTHYT NpU aKTuBa-
LMK KOHTPO/IMPYEMOro YCTPOICTBa, HanpuMep, BO BpeMs bIMOyAaNeHnsi, TECTUPOBAHUSI U PYYHON KOpPEKTUPOB-
ku. OTCyTCTBME WNM NpekpalleHne Takoro MoJSIOXUTENIbHOrO NOATBEPXAEHUS! YKa3blBAaeT Ha cboi cuctembl. [NFPA
92B]

KpbiTbiii Monn (covered mall) — KpbiTasi BHYTPEHHSISI 30Ha WMAKM 30Ha C KPOBJEM, UCMOMb3yeMasi B KauecTse

HELLIEXO,D,HOVI 30HbI, U COEDMHéHHaﬂ CO 34aHneM (3.U,aHMF|MM) mnnn 4actamun 3gaHuma ¢ OgHUM UM MHOrMMU apeHaaTo-
pamu. [NFPA 92B]
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Monn (mall) — xpbiTas CBEPXY KpbILEH MU NepekpbiTUeM 06Lasl NEWEX0AHast 30Ha BHYTPY 3[aHWsi KPbITOro
MOJI/1a, B KOTOPOWM pacriofaratoTcs ABa Waun 6onee rnosib3oBaTeNel, He Mnpesblllatolas TPeX 3TaXel, BbIXOASAWMX B
obuiee npoctpaHcTBo. [IBC 2003]

O6wan apeHaHasa nnowapab (gross leasable area) — obwas nnowaab 3Taxa, NpefHa3HaYeHHas Ansl apeH-
Abl U 3KcnyaTaumu. Mnowaab apeHAHbIX NOMELEHUIA N3MEPSIETCA OT CPeAHVX NIMHWUIN pa3aennTesbHbIX NePEropoaok
[10 BHELLHEN rpaHuLbl HAPY>XHbIX CTEH apeHAHOro NoMeLleHus. B pacyeTte obLlei apeHaAHOW NNowaan AOMKHbI yuu-
TbIBaTbCS BCE UCMOJIb3YEMbIE MJIOLWAAM, BKIOYas cknagackue nomewenus. [IBC 2003]

MepBble npusHaku AbiMa (first indication of smoke) — rpaHyLa Mexay nepexofHoW 30HOW M He3aAbIMIEH-
HbIM BO3AYXOM. YpaBHeHus (3) u (4) UCnonb3yloTcs A4S NPOrHO3MPOBaHMS BbICOTbI 3TOM MPaHULbl AN 3arnoSIHEHMS!
AbIMOM (3a4bIMIEHMST) MPU OTCYTCTBUM MEXaHMYECKoro AbimoyaaneHusi. [NFPA 92B]

MepexoaHas 30Ha (transition zone) — cnoi MeXxay rpaHULEN AbIMOBOrO CNOSi U YPOBHEM MepBbIX MPU3HAKOB
[biMa, B KOTOPOM TeMnepaTypa [AbIMOBOMO C/l0sl CHUXaeTCs 10 TEMMNepPaTypbl OKpyxatoLen cpeabl. [NFPA 92B]

MpunoTonouHas crpya (ceiling jet) — NnoTok AbiMa NoA MoTOJSIKOM, pacTeKaloLWMACS paararnibHO OT MecTa Co-
NMPUKOCHOBEHUSI C MOTOJSIKOM OCHOBHOM CTpyM OT OrHsl. Kak npaBumo, TemnepaTypa MpUMoTONOYHON CTPyW Bbllle
TeMnepaTypbl npuneratowero asiMosoro cnosi. [NFPA 92B]

PykoBOACTBO (guide) — NOKYMEHT, MMeloWmniA peKoOMeHAATENbHbIA UMW CPaBOYHLIA XapaKTep, CoAepXalumii
Heobsi3aTenbHble yCroBus. PYKOBOACTBO MOXET BK/ItOUYaTh B cebsi 06513aTenbHble MOMOXKEHUS, HANpUMep, O cyyasix
€ro NPUMEHEHNS, HO B LIE/TIOM KaK AOKYMEHT OHO He MoANeXuT y3akoHuBaHuto. [NFPA 92B]

CucteMa NpoTUBOALIMHON 3awWwmThl (smoke management system) — CNpoeKTYPOBaHHasi cUcTeMa, BKIIO-
vaiolas B cebsa Bce MeToAbl, KOTOpblE MOMYT UCMOMb30BaTbCA Kak N0 OTAENBHOCTM, Tak U B COBOKYMHOCTU AN KOp-
peKkTUpoBaHMs nepemMelleHns apima. [NFPA 92B]

CMexxHoe noMelleHue (communicating space) — noMelleHne B 34aHUN, HanpsiMyto Bbixoasulee B 60nbLioe
nomeLleHve MM6o CoeAMHEHHOE C HAM OTKPbITBIMU NPOXOAAMM TaK, YTO AbIM OT MoXapa SMbo B CMEXHOM nomelle-
HuM, b0 B BONBLIOM MOMeLLEHUM MOXET 6e3 orpaHuyeHnii nepemelLaThbcs U3 OAHOro noMelleHus B apyroe. [NFPA
92B]

®dyakopt (food court) — obuiecTBeHHas 30Ha B Mossle, 06Cy)XMBaeMasi PacrnosioXXEHHbIMU pSAOM MOMELLEHW-
amu anst npurotonenns nuwm. [IBC 2003]

Addexkt npokanbiBaHua (plugholing) — noacacbiBaHNe He3afbIM/IEHHONO BO34yXa B BbITSKHYIO MPOTUBO-
[bIMHYIO BEHTUNSALMIO U3-M0A AbIMOBOMO COSi 3@ CYET BbICOKOM CKOPOCTM AbiMoyaaneHusi. [NFPA 92B]

dddekT Taru (stack effect) — BepTvKanbHbIi BO3AYLUHbIA NMOTOK B 3[aHUSAX, BO3HWKAIOLMIA 3@ CYET pasHOCTU
NIOTHOCTEN BCNeACTBME Nepenaaa TeMNepaTyp CHapyXXM U BHYTPU 34aHWUS UK MeXAY ABYMS NMOMELLEHUSIMUA BHYTPU
3paHus. [NFPA 92B]

sikopHoe 3paHue (anchor building) — BHelHee obpamnsioLlee 34aHMe BCEX rpynn, Kpome rpynnsl H, ¢ nps-
MbIM AOCTYMOM B 3l@aHME KPbITOro MOJI/1a U HE3aBUCUMbIMK OT MOJINa HeobxoauMbIMK NyTaMu 3Bakyaumu. [IBC 2003]

COKPALLEHUA

HRR (Heat Release Rate) — ckopocTb BblaeneHus Tenaa, MOLWHOCTb TEM/IOBbIAENEHUS.
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C/1I0BAPb TEPMUHOB

Anchor building

Atrium

Ceiling jet
Communicating space
Covered mall building
Covered mall
End-to-end verification
First indication of smoke
Food court

Gross leasable area
Guide

Heat release rate (HRR)
Large volume space
Mall

Model verification
Plugholing

Separated space

Smoke barrier

Smoke damper

Smoke layer

Smoke layer interface
Smoke management system
Smoke

Stack effect

Tenable environment
Transition zone

T-squared fire

SIKOpHOEe 3AaHue

aTpuyMm

NpuNoTONIoYHas CTpys
CMEXHOE NnoMeLLeHne
3AaHne KpbITOro Mosna
KPbITbI MOJIN

KOMMJIEKCHas NpoBepKa
nepBble NpU3HakK AbiMa
dyakopT

obLas apeHaHas nnowaab
PYKOBOACTBO

ckopocTb BblaeneHust Tenna (HRR)
60/1bLLOE NOMeLLeHne

Mosn

BepudmKaums moaenm

3¢ deKkT npokanbiBaHUs
N30/MPOBaHHOE MOMELLEHME
[AbIMO3alUMTHas nperpaga
AbIMO3aLUMTHbIN KnanaH
[bIMOBOW CNoW

rpaHuLa AbIMOBOrO C/ost
cUcTeMa NpoTUBOAbIMHON 3aLLUUTLI
AbIM

3 dekT TArm

6e3onacHble ycrnoBust
nepexoaHas 30Ha

KBaﬂ,paTMHHbIVI noxap
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NMPUHLUMMNbI NPOTUBOALIMHOMN 3ALLUTbLI ATPUYMOB

WHdbopMaLma B AaHHOM rnaBe npeacTaBfieHa Ha OcHoBe KHurn [x.Knoyta u x.Munke «MpuHUMMLI NPOTMBO-
[IbIMHOW 3aluThI» [6].

OCHOBHbIE MOJIOXXEHUA NPOTUBOAbIMHOU 3ALLUNTbLI ATPUYMOB

B nocnegHue roabl CTPOWUTENLCTBO aTpUyMOB CTano O6blYHbIM siBNeHueM. K apyruMm 60nblIMM OTKPbITbIM MPO-
CTPaHCTBaM OTHOCATCS KpbITble MO/Ibl, apKabl, CMOPTUBHbIE KOMIMJIEKChI, BbICTAaBOYHbIE 3a/bl M aHrapbl. MeToabl,
OnucaHHble B 3TOM W CrieyioleM pasaene, NpUMeHUMbl U K 3TUM NpoCcTpaHCTBaM. Kak 6bl1o yNoMsiHYTO Bbille, Tep-
MUH «aTpuyM» WCMONb3yeTcs 3A4ecb B obobliaiolemM cmbicne U npuMmeHsieTcs K noboMy us atmx 6onblumx npo-
CTPaHCTB.

BONBLIMHCTBO MOMOXEHWI, NPUMEHSIEMbIX B Chepe NPOTUBOALIMHOW 3aLUWTbl, HanNpsiMylo CBsA3aHbl C 30HHLIM MO-
AeNMpoBaHMEM MOXapoB USIN UCXOAST U3 OCHOB 30HHOr0 MOAENMPOBaHWS MOXapoB. B AaHHOM pasaene npeacrasie-
Hbl OCHOBHbIE MOMOXEHUSI NPOTUBOALIMHOW 3alUMThbl aTPUYMOB, BKIOUas AMHAMUKY CTPYM AblMa, «3hdeKT npokasbi-
BaHUs» AbIMOBOrO Cosi (MoAcacbiBaHWE BO3A4yXa M3 HE3aAbIMNEHHOMO CNOSI HUXKE YPOBHS [blMa), FOPU30HTasbHbIN
MOTOK AbiMa, NMOAMOP BO3Ayxa ANs NpeaoTBpalleHns 0bpaTHOro NOToka AbiMa, U 3MMMPUYECKUe ypaBHEHMS MO 3a-
AbIMJIEHMIO.

OcecMMMeTpUYHan CTpys

BonbWKWHCTBO Ntoael Habntoaanu 3a AbIMOM, NOAHMMAIOWMMCS OT CUMrapeThl, U BUAENM, KaK AblM Clerka KiyouT-
CSi OKOJIO CUrapeThbl U 3aTeM pacnpsMISETCS Ha HEKOTOPOM BbiCOTe OT Heé. [N 60/bluMX NoXKapoB, KOTopble npea-
CTaBNSIOT OCOBbIM MHTEPEC B MiaHe NPOTUBOALIMHOM 3alUUTbl, XapaKTepHbl CTPYM AblMa, KOTOpblE MyNbCUMPYIOT U
o6pasytoT MHoro kiyboB no Mepe TOro, Kak AbiM NMOAHUMAETCS BBEPX.

MopToH, Teinop n TépHep (Morton, Taylor and Turner, 1956 [8]) pa3spaboTanu KNacCMYeCKUn aHanus cpefHero
Mo BpeMeHMW MoToKa CTpyh. OHM paccMaTpuBanIMn CTPYH, UCXOASLLYIO U3 TOYEUYHOrO WCTOYHMKA (UM JIMHEMHOMO MC-
TOYHMKA). YTO KacaeTcsl BbICOTbI CTPYM, OHW CUMTasM, YTO BO3AYX, 3aXBAYEHHbIA Ha Kpalo CTpyW, NMponopuuoHanieH
HEKOTOPOM XapaKTEPUCTUYECKOM CKOPOCTU CTPYM Ha 3Toi BbicoTe. KonebaHusi MAOTHOCTM B CTPYe CYMTaNNUCh Maribl-
MW MO CPaBHEHWIO C MJIOTHOCTbLIO OKpY>XXatowen cpeabl. Mpoduan cpegHein CKOpPoCcTU MO BEPTMKANM U CpeaHen Bbl-
TaNKMBAKOLWEN CUMbl B TOPU3OHTANIbHOM CEYEHUM PACCMATPUBANIUCL KakK MMEIOLLIME CXOAHY0 (POpPMYy Ha BCEX BbICOTaX.
Ha puc.13.1 usobparkeHa CTpysi psiAOM C TEOPETUYECKOWN MOAENbIO CTPYM.

Ctpysa Ha puc.13.1 Ha3blBaeTCS OCECUMMETPUYHON. pyrue UccneaoBaTenn Npoaomkuam paboty MopTtoHa, Tein-
nopa u TépHepa 1 paspaboTany Moaenun TypOyneHTHbIX CTPYM, BO3HUKAIOLWMX NPU NoXapax B CTPOSLUMXCS NoMeLLe-
Husx (Hanpumep, McCaffrey, 1983 [9]; Cetegan et al., 1982 [10]; Heskestad, 1984 [12]). YpaBHeHue CTpyu, npea-
NOXKEHHOE XEeCKecTaioM, M apyrue ero paboTbl B 3TOV 06/1acTi NIEr/IM B OCHOBY MHOMMX MHCTPYKUUIA U CTAHAQAPTOB B
CLLA.

/

Pacnpenenenne
CKOpoCTen

Bo3ayx Bo3ayx

[vnoTetyn-

D YECKNN
P MCTOYHUK

. [TpumeyaHue:
fMnoTeTnyecknmn
z UCTOUHWK  Dp-3TO AnaMeTp
CcTpyM

) (b) TeopeTtuueckas Mo-

(a) dckm3 CTPyn  pepp CTpyW: B CEOKY (c)TeopeTunyeckas Mo-

Aenb CTPyW: BUA CBEPXY
Puc. 13.1 OcecMMMeTpUYHas CTPyAl U3 TOYEYHOIr0 UCTOYHMUKA
(@) ackms, (b) TeopeTnueckas mopgenn: Bupg c60oKy,
n (c) TeopeTuueckas Mofenb: BUA CBEPXY

MaccoBbi¥ pacxog c nonpaBKo#i Ha rMIIOTETHYECKHI HCTOYHUK BO3ropaHns
YpaBHeHWe XeckecTada Afis MacCOBOMO pacxofa OCECMMMETPUYHON CTPYW BbIMISIAWT TaK:
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m=0,071 Q"%(z—z,)**[1+0,026 Q*°(z-2)™®| am (22 (13.1)

n

~0,0054Q,z
0166Q,7° + z,

anaz<z; (13.2)

roe
I = MaccoBbIit pacxoa B OCECMMMETPUYHON CTPYe Ha BbICOTE, Kr/C;

Q. = KOHBeKTMBHas TennooTAaYa Mpy noxape, kBT;

Z BbICOTa Haj TOM/IMBOM, M,
Zp = nonpaBKa Ha rMNOTETUYECKUIA UCTOUYHUK OCGCVIMMeTpVI‘-IHOI‘/'I cTpyu, M;
Z; = CpeaHsAa BbliCOTa NJ1aMEHU, M.

MockosbKy MO 3aiaHHOMY OnpeaenieHnto AblM BKIOYAEeT B cebsl BO3ayX, 3axXBayeHHbIN C MPOAYKTaMU CropaHusi,
BECb MAcCOBbI/i Pacxof B OCECMMMETPUYHON CTpye onpeaensieTcst kak AbiM. OTciofa cneayeT, YTo 3TU ypaBHEHWS
MOTYT paccMaTpuBaTbCA KakK ypaBHEHWSI ANS FeHepauuu AbiMa Npu noxxape. YNpolEéHHblE YpaBHEHMSI MacCOBOIO
pacxofa Ans 0CECMMETPUYHON CTpyu 6yayT NpeacTaBneHbl Aanee, M K HUM NPUMEHMUMbI 3TU XXe 3aMedaHusl.

Mo yCnoBUIO OCECMMMETPUYHOW CTPYM MOXap MMEeEeT KpyroByto hOpMy, U BO MHOMMX 3KCMEPUMEHTaNbHbIX Uccne-
[OBaHWSIX MCMOJSIb30BaIuCh MOXapbl MPOSMBa B KPYribiX pe3epByapax. OAHako, noxap He 06s3aTenbHO A0SHKEH
6bITb KPYroBOW (hOpMbl, UTOBbI MOXHO 6bII0 MPUMEHSATL YPaBHEHWUSI OCECUMMETPUYHON CTPYW. PacyéTHbIN AMaMeTp
nokapa MoXeT 6bITb BblpaXKeH Crieayiowmm o6pasomM:

Df =2JA/x (13.3)

roe A— nnowags noxapa. Ha HEKOTOPOM PacCTOsSIHUM HaZ OFHEM CTPYsl AblMa OT MoXapa, He SIBMISIIOLLErocs Kpy-
roBbIM, ByZIET MNOYTU TaKOW XXe, YTO U NPU KPYroBOM MOXape.

'mnorernyecknit HICTOYHNUK BO3ropaHis
CooTHoweHune Xeckectaaa (Heskestad, 1983 [11]) aAnsg runoTeTM4ECKOro UCTOMHUKA Zo BbIrNSAUT TakK:

z, = 0,083Q,,; —1,02D, (13.4)
roe
Q = TennooTtaaya noxapa, kBT;
Dr = pvameTp noxapa, M.

Ha puc.13.1 rMNOTETUYECKUIA UCTOYHMK MOKa3aH Hag TOM/IMBOM, HO OH TaKXXE MOXET 6bITb M NOA TOMNBOM.
MpaBnno 3HaKoB: 4718 rMNOTETUYECKOrO UCTOYHMKA HaZ MOBEPXHOCTLIO TOMNMBA, Zp - NOMOXMUTENBHO, a ANa rynoTte-
TUYECKOro MCTOYHMKA Mo NOBEPXHOCTbIO TOMNMBA Zp - OTpULaTesbHO. KOHBEKTMBHAas COCTaBnsoLWwas Teniootaadum

QC MOXeT 6bITb Bblpa>X€Ha TaK:

Q.= 1.Q (13.5)

rae jJ. — AONs KOHBEKTMBHOI Tennootaayun. [1ons KOHBEKTUBHOI TEnnooTAaun BapbupyeTcs OT npubnusu-

TenbHo 0,15 Ao 0,9; B 60MbLIMHCTBE NPOrPaMMHbIX CPEACTB ANS NPOEKTUPOBAHMS UCMONb3YETCs 3HaueHne y, =

0.7.

BbicoTa nsiameHn

YpaBHeHus (13.1) u (13.2) 3aBUCAT OT cpeaHel BbICOTbI MiaMeHW Mpu noxape. BbicoTa nnameHu 3aBUCKUT OT
reoMeTPUM NodXKapa, BHELUHUX YCOBWI, BbIAENSIEMOW MPU CrOpaHWM TEMIOTbl U CTEXMOMETPUYECKOrO OTHOLLEHMS.
CooTHolueHne (Heskestad, 2002 [14]) ana BbICOTbI MAaMEHM, KOTOPOE MOXXET MCMONb30BaTbCS AN MHOMMX BUAOB
TOMNMBA, BbIFNAAUT TaK:

z, = 0,2350Q%'° —1,02D, (13.6)

roe
Z; = CPeaHss BbiCOTA NIAMEHU, M.
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B AaHHOM crlyuae BbICOTa MIaMeHM — 3TO BbICOTA, Ha KOTOPOWM MakcMMalbHas TeMrepaTypa cTpyu paBHa 500 K.
BblcOTa NOTONKOB B aTpMyMax OTHOCMTENbHO 60/blUas, MO3TOMY ANl NPOTUBOALIMHOM 3alUMTbl aTPUYMOB XapaKTep-
HO TO, YTO MHTEpecylolme HaC 3HAYEHUs BbICOTbI, Z, 3HAUWUTENbHO 6OMblue MMNOTETUHECKOrO UCTOYHMKA, Zg WK

BbICOTbI MJ1aMeHN, Zz;.

TeMnepartypa cTpy#H 110 0CeBOH JIMHUN

TemnepaTypa BapbUPyeTCsl Mo MonepeqHoMy CEYEHUIO, C HaMBOSbLIMM 3HAYEHWEM MO OCEBOM NIMHUM CTPYM, KaK
nokasaHo Ha puc.13.2. TemMnepaTypa no OCEBOWN IMHWUM NPEACTABASET UHTEPEC B HEOBBIUHBIX Cy4Yasx, Koraa UCrbl-
TaHMs aTpuyMOB NPOBOAATCS C MPUMEHEHMEM HACTOALLEro Mno)kapa. YpaBHEHWE TeMnepaTypbl MO OCEBOW SIMHUM

(Heskestad, 1986 [13]) BbIrnaauT Tak:
1/3

5 2/3
T, Q
0
T, =T,+9, £ (13.7)
Y C 2 2 (Z_ )5/3
g o] pa ZO
roe
TCp = abcontoTHasi TeMMepaTypa OCECUMMETPUYHON CTPyM MO OCK Ha BbicoTe Z, K;
T0 = abcontoTHasa TeMnepaTypa okpyxatoLlei cpeasl, K;
P, = nNNOTHOCTb OKpyXatoLero Bo3ayxa, Kr/mM>;
g = YCKOPEHWE CUSibl TSKECTH, M/c2,

Mpw ycnoesumn 294 K, p, = 1,2 kr/M3, g = 9,8 M/c2 n G, = 1,00 kx/kr °C, ypaBHeHue (13.7) BbIrAANUT TaK:

N 2/3
Q.

13.8
(2-2)>" o

T,=To+25
roe

Tp = TeMmnepaTypa 0CECMMMETPUYHOM CTPYM MO OCU Ha BbicoTe Z, °C;

T0 = TeMmnepaTypa oKpyxatowei cpeapl, °C.

Temnepatypa

OceBasg nuHuA

4’

PacctosiHue  PaccTtosiHue
no paguvycy  no paauycy

Puc. 13.2 N3MeHeHMe paguasibHOW TeMnepaTypbl 0CECUMMETPUUYHOMN CTPyH

Anamerp cTpym

YunTbiBas TO, YTO CTPys Nnoxapa COCTOMT M3 KyboB AblMa, ONpeaenvTb AMaMeTp CTpym CnoxHo. OnpepeneHve
AMameTpa CTPyu CTPOUTCS Ha 3puTesibHOM HabnoaeHun u TemnepaTtypax. CornacHo OfiHOMY U3 orpefenieHuni, AaH-
HbI AMaMeTp — 3TO MOMOXeHWe, NPU KOTOPOM TeMnepaTypa CTpyu CokpaTunach A0 HEKOTOPOM AONM TeMnepaTypsbl
Mo OCeBOW NiMHMK. CrieaytoLlee ypaBHEHME OTPaXKaeT OXWUAAeMble Npeaesnbl Avamerpa (puc. 13.1) ocecuMMeTpuYHoOi

cTpym:

z
Dp = (13.9)
Ceo
roe
Dp = AVAMETP BUAUMOW OCECUMMETPUYHOW CTPYU, M;
z = BbICOTa Haz TOM/IMBOM, M;

CPD = K03dMUMEHT AnameTpa CTpym oT 2 A0 4.
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3TO ypaBHEHWE AEMOHCTPUPYET, UTO AMAMETP OCECMMMETPUUHON CTPYWM MOXET 3HauWTeNbHO BapbMpoBaThCs. B
CBSAI3M C 3TWUM, Npea/araeTcs BblbpaTh 3HaYeHne Cpp, UTO6bI NMOJTyYUThb YCTOWYMBBLIE PE3YIbTAThI PACUETOB.

OcecuMmMmeTpuyHas cTpya 6e3 zp

YpaBHEHUS1 OCECUMMETPUYHOMN CTPYM, KOTOPbIE HE YUMTLIBAIOT MUMOTETUYECKMIA UCTOYHUK BO3rOpaHusi, 4acto rnpw-
MEHAIOTCA ANna aTpUyMOB, MOCKOJIbKY Z 3HAYUTESIbHO 6onbLue 2p. YI'Ip0LIJ,eHHbIe YPaBHEHUA NMPUBOAATCA HUXKE, a pe-
3y1bTaTbl TAKOro ynpoweHna Mbl O6CY,L'1VIM aanee.

Maccosbiif pacxog
m=0,071Q.Y°z%% + 0,0018Q, & z>z (13.10)
n
m= 0,032Q03/52 NSt z<z (13.11)
roe

M = MaccoBbIli pacxoa B 0OCECMMMETPUYHON CTPYE Ha BbICOTE Z, Kr/C;
Qc = KOHBEKTMBHasi TeN00TAa4a Npu noxape, KBT;

Z = BbICOTa Haj TOM/IMBOM, M;

Z, = cpedHsisi BbICOTA NNaMeHu, M.

CnepyeT OTMETUTb, YTO KOrla Z MeHblUE Z;, YC/TIOBME Z HAMHOMO 6onbLie Zp, BO3MOXHO, HE 6y.qu cobnopaTbes.
TeM He MeHee, oTAeNbHOE YpaBHEHUe Ans Z<zi NPUBOAUTCS Bbllle ANS MNOSHOTbI KapTUHbI.

Bbicora niiamenn

Z = 0,166('362/5 (13.12)

TemnepaTypa no 0CeBoit IMHUAK:
13

2/3
Te=To+ 9, T;‘ 5 QCS/S (13.13)
gC.“p z
o] a

roe
T = abcontoTHas TemMnepaTypa OCECMMMETPUYHOM CTPYM MO OCK Ha BbicoTe z, K
7o = abconioTHas TeMnepaTypa oKpyxatowlen cpeapl, K;
Pa = MNOTHOCTb OKPY>XalOLLEro BO3Ayxa, Kr/M3;
g = YCKOpPEHWEe CUNbl TSXKECTU, M/C2.

Mpu ycnosum 294 K, p, = 1,2 kr/mM3, g= 9,8 M/c?, n G, = 1,00 kx/kr °C, ypaBHeHue (13.13) BbIrNsauT Tak:

Q 2/3

—_ C

T,=To+ 25—25,3 (13.14)
roe

T = TEMNepaTypa 0CECUMMETPUYHON CTPYM MO OCK Ha BbicoTe z, °C;

7o = TeMmnepaTtypa okpyxatollel cpeapl, °C.

Mpumep 13.1 TMpocTble pacyéTthbl CTPyU

Mpu noxxape MOLHOCTbIO 4220 KBT, KakoB MacCOBbIM pacxod U TeMnepaTtypa CTpyu no ocu, ecnn z=10,7 M Hapa
TOM/IMBOM, KOHBEKTUBHas fons 0,7 1 TemMrepaTypa OKpyxatowen cpeabl 22°C ?

CornacHo ypaBHeHuto (13.5), KOHBEKTMBHAs TennooTAa4a COCTaB/sEeT:
Q. = 7.Q=0,7(4220) = 2954 KBr.
CornacHo ypaBHeHuto (13.12), cpeaHss BbICOTa MaMeHn paBHa:
2 =0,66Q,”° = 0,166(2954)0% = 4 m.
MockonbKy z1 < Z, MAcCOBbI pacxod CTPYM paccumUTbIBaeTCs Mo ypaBHeHuto (13.10):
m=0,071Q_"°z*° +0,0018Q, = 0,071(2954)"'*(10,7)*'* +0,0018(2954) = 58,2x=/ c.

CornacHo ypaBHeHnto (13.14), TemnepaTypa CTpyuM Mo OCK paBHa:
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| 2/3 2/3
Tp=To+ 25QC =22+ 25&

Z5/3 (10 7) 5/3 = 1210 C

O6cywaernne
Ll,enb [OaHHOro pasaena - OUEHUTb BIUAHKE npeHe6pe>KeHV|ﬂ HOHpaBKOVI Ha rMNOTETUYECKUA UCTOUYHMUK BO3ropa-
Hus. YT06bI 3TO caenatb, H606XOD,VIMO 06paTVITbC$| K OWaMETpPY noXapa. [MNOTHOCTL TEennooTAaun noXxapa:

g= Q/ A. MoacTasme 3T0 cOOTHOLWEHME B ypaBHeHue (13.3), nonyyaem crepylollee ypaBHeHne Ais pacyeTHOro
AnameTpa:

D, =2 2 (13.15)
q

B Tabnuue 2 «CkopoCTb BblAeneHus Tenna Mnpu ropeHnyn HEKOTOPbIX MaTepuanoB Ha eavHuuy nnowaam» (Cm.
pasaen «PacyéTHble noxapbl» B rnaBe «PykoBoacTBo k IBC 2003. TpeboBaHusi K NPOTMBOALIMHOW 3alLuTe») npea-
CTaBneHbl 3HAYEHUS CKOPOCTU BbIAENEHUS Tensa Ha eavHUUy Nowaau Ans HEKOTOPbIX CKIaACKMX MaTepuanos M
noapoBs nponvea. B aToit Tabnuue g konebnercsa ot 90 kBT/mM2 oo 14,000 kBT/M2. Hu3koe 3HayeHue - ans upMeH-
HOr0 CUIMKOHOBOIO TPaHCHOPMaTOPHOrO Macsa, a HaMBbICLLee 3Ha4YeHne — 4151 NOIMCTUPONOBbIX COCYAO0B B KapTOH-
HbIX KOPOBKax C sivekaMm, MOCTaBNEHHbIX APYr Ha Apyra U AOCTUraloLWmX B BbICOTY 4,57 M. Takue KpalHue BapuaH-
Tbl FOPIOYNX MATEPUANOB BPSA /M BCTPEYAIOTCA B aTpUyMax, U eC/in UX UCKIII0UUTb, OCTAlOTCS 3HAYeHUs ¢ B Auana-
30He oT 400 kBT/M2 1o 10000 kBT/M2.

HRR, Q B 1000 kBT

0 5 10 15 20 25
T T T T ],
~ 10000KBT/M. 3
3400 KBT/M’ 2
1400 kBt/M? 1
0

680 KBT/M2

BblcoTa rMMNOTETUYECKOro
NCTOYHUKA Zo(M)

Puc. 13.3 BausiHMe CKOpPOCTHU BbiAe/IeHUsA TerJia Ha eaMHMUy nowaam, q,
Ha NMMNOTETUYECKUA UCTOUHUK BO3ropaHusa

Ha puc.13.3 nokasaHo BO3AENCTBME CKOPOCTU BbIAENEHUS TEMa Ha eAnHULY NOoLWaaun, ¢, Ha pacrosoXeHne rv-
MOTETUYECKOrO UCTOYHUKA. Ans 400 kBT/M2, 3HaueHne zp paBHO NpubnusutensHo —0,8 M npu Q =2000 kBt n 4,3

M npwm Q =25000 kBT. OTpuLATENbHbIE 3HAYEHUS Zp YKA3bIBA/IM, YTO MMMNOTETUYECKUIA UCTOUYHUK HAXOAUTCH HUDKE

noBepxHOCTK noxapa. Ana 10000 kBT/M2, z, cocTaBnsieT okono 1,2 M npu Q =2000 kBT 1 3 M npun Q =25000 kBT.

Ha puvc.13.4 nokasaHo, Kak MorpaBka Ha MMNOTETUYECKMI UCTOYHMK BIWUSIET HA MAcCoBbIA pacxog ans g = 400
kBT/M2 1 g =10000 kBT/M2. rHOpMpoBaHWe NoMpaBKM Ha MMNOTETUYECKUIA UCTOYHMK MPUBOAUT K NEPEnporHo3npo-
BaHWO aAna g = 400 kBT/M2 n HepgonporHosmposaHuio ana g = 10000 kBT/M2. 3T nepe- U HeaoNpOrHO3MPOBaHUS
UMEIOT OTHOLUEHME K ypaBHeHuto (13.1).
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BbicoTa, z (M)

0 30 60 90
L ] 1

MonpaBKka Ha rMNoTETUYECK U UCTOYHUK: < 4000
-----npuqg = 10 000 kBT/M? .

— — - npu q = 400 kBT/M*
6e3 nonpasku

3000

CKOpOCTb BblAeneHus

Tenna, B KBT: 2000

1000

MaccoBeblili pacxoa, m (Kr/c)

= o
Puc. 13.4 CpaBHeHMe NpOorHo3npyeMbixX 3HaueHUii MaccoBoro pacxoaa
C NonpaBKo# Ha TMNOTETUYECKUIT UICTOYHUK BO3ropaHus u 6e3 Hee

OueHka norpewHocTn ypaBHenus (13.1) HegocTynHa, HO CrleayeT OTMETUTb, UYTO COCTOsIHUE TEXHOOMMU CTpyu
TaKoBO, YTO BbIENPUBEAEHHBIN AMANa3oH MOXET ObiTb B 30HE MOrpelHocTV ypaBHeHust (13.1). B panbHenweM,
pacrnpocTpaHeHne noXxapa, pacxoAsLierocs U3 0AHOro LeHTPa, MOXET MPUBECTU K BO3HUKHOBEHWIO MO6/IM30CTU He-
CKOJbKMX MOXapOoB, KOrAa OTAe/bHbIE CTPYW, NOAHUMASICb, COEAUHSIIOTCS BMecTe. [nsi TaKMX MHOXECTBEHHBIX CTPYM
noxkapa eule npeacrtout paspabortatb Teopun. besycnosHo, oba ypaBHeHus (13.1) u (13.10) oTpaxkaloT BaXkHble
HanpaB/iEHNS MaCCOBOr0 PacxoAa, SIBASIOLLErocs CUSIbHOM (hyHKLMEN BbICOTHI, Z, U cnabo (yHKUMEN KOHBEKTUBHOM

Tennootaaun, Q.. OaHako, Mpu 1cronb3oBaHUM ypasHeHusi (13.10), pekOMeHAyeTCsi BbibpaTh 3aHWUKEHHOE MECTo

pacnonoXeHns UCTOYHMKA BO3ropaHus. HanpuMep, B cuTyauun, Koraa BO3HMKHOBEHUWE MOXKapa BO3MOXHO Ha NtoboM
YPOBHE OT nona A0 3 M HaZ YPOBHEM M0Ma, 3aHWXXEHHbIM BbiIBOPOM NOBEPXHOCTUN BO3ropaHus SBNSETCS Mos.

Ha puc.13.5 cpaBHMBAOTCA MPOrHO3NPYEMbIE BbICOTbI MaMeHn 13 ypaBHeHus (13.6) ¢ NpnbnmXeHHbIM COOTHO-
LWeHneM ypaBHeHus (13.12). BHOBb NpubnmKeHHOe COOTHOLLIEHNE HAaXOoAUTCA B LIEHTPe Anana3oHa NporHo3upyeMblX
3HaueHui. OueBMAHO, YTO BLICOTA MIAMEHW, Z;, BO3PACTaeT C ¢. B cdepe NpoTUBOALIMHOM 3alUMTbLI NPU NMPOEKTUPO-
BaHUM aTPMyMOB BbICOTa MJIAMEHN B OCHOBHOM MCMONb3yeTCsl, YTObbl YAOCTOBEPUTLCS B TOM, YTO YpaBHEHWUS Macco-
BOr0 pacxofa B CTpye sBAsOTCA LenecoobpasHbiMK. BbicOTa nnameHu, z; Bapbupyetcs oT 2,4 M ao 4,4 M npu 2100
KBT u ot npubnusntensHo 4,3 m go 12 m npu 26000 kBT.

HRR, Q B 1000 kBT

2 5 10 15 20 25
T

-
N

CpeaHsisi BbICOTa NiaMeHu, z (M)

o

1
w

= 2
= 4 .
’///21—;;’166.02/5/

rae Q.= 0,7 Q

o

Puc. 13.5 CpaBHeHue 3Ha4YeHU cpeAHe BbICOTbI NJIaMEHMU C NONpPaBKoOi
Ha rMNOTETUYECKUI UCTOYHUK BO3ropaHus u 6e3 Hee

MpuUcTeHHblIe U YrioBble CTPYM

OroHb, pasropeBLUMIACS Y CTEHbI, 3aXBaTbIBAET BO3AYX B MEHbLLEM MEPUMETPE, YEM OrOHb, PAcroOXKEHHbIM BAAM
OT CTeHbl. [pUCTeHHast 1 yrnoBas CTpys MOMyT CYMTaTbCS MOJSIOBUHOM OCECMMMETPUYHON CTpyn (puc.13.6). Takum
06pa3oM, MaCcCoBblii Pacxod NMPUCTEHHON CTPYM ABNSIETCA MOMOBMHOM MAacCoBOr0 pacxoda OCECUMMMETPUYHON CTPYM, HO
aHaNorMyHbIN NoXap Ans OCECMMMETPUYHON CTPYM B ABA pa3a MPEBLILLAET 3HAUYeHWs ANs «peasibHoro» noxapa, Bbl-
3bIBaIOLLIEro NMPUCTEHHYIO CTPYIO. MaccoBbIli pacxoa Anst MPUCTEHHON CTPYM MOXHO paccuMTaTh CleayHoLmM 06pasoM:
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1. Nycrb Q B ABa pasa 6onblue 3HAUEHNs AN MPUCTEHHOI CTPYW.

2. TpUMeH!Te ypaBHEHWE CTPYW ANs pacHeTa MaccoBoro pacxoaa, [, 0CeCMMMETPUYHON CTpyM.

3. TeHepauus AbiMa NPUCTEHHON CTpyM coctasnsier M/ 2.

Takol noaxoa AAET HETOUHbIE pe3y/bTaThl ANS BbICOT B AMAaNas3oHe BbICOThI MaMEHW, HO pacyéT MaccoBOro pac-
X0/la CTAHOBUTCS 6onee peanucTMYUHbIM Npy BOMbLUMX 3HAUEHUAX BbICOTbI, Z [aHHbIN NoAaXod MOXET 6biTb NpuMe-
HUM K No6o Moaeny 0CECUMMETPUYHOM CTPYU, HO B LIENSIX COrNlacoOBAaHHOCTU C MHGOPMaLIMEN, U3MOXXEHHON BbiLLE,

M 6ynet paccunTbIBaTLCA MO ypaBHeHuto (13.10).

Puc. 13.6 MpucreHHbIA noxap

TonnMBo n=1 TonnueBoZ p=>
(a) Noxap esganu oT cTeH (b) Moxap y creHbl
Tonnueo
n=4
3
n=4
7
Tonnueo 2z
(c) Noxxap BO BHYTPEHHEM yrny (d) Noxxap BO BHELWHEM Yriy

Puc. 13.7 KoHdurypauum no>kapos Nno OTHOLWEHUIO K CTeHaM
OnWCaHHbIN BbilLE MOAX0A MOXET 6blTb MPUMEHEH M K CTPYSIM YrTIOBbIX MOXapoB. MpyU OTHOCKMTENbHO 60/bLUMX

BbICOTaxX Haj TOMAUBOM, ypaBHeHue (13.10) MoxeT 6biTb pacluMpeHo, U MPUMEHSATLCS B KAYECTBE OOLYErO ypasHEHNS
A/151 IPUCTEHHBIX CTPYH.

m=1[0,071n1’3Qc”3z5’3 +0,0018ch] Ans 222, (13.16)
n

rae 1 —nokasaTesib PacrnoNIOXXEHUS MOXapa, KOTOPbI OTPaXEH Ha puc.13.7.

Mpumep 13.2 TMpUCTEHHbIE N YINOBbIE CTPYU
Mo Q, z u X #3 npumepa 13.1, KakoB MaccoBblii pacxo CTPYW A/st KaXKA0ro U3 MECT pacriofioKeHNs noxa-

pa, NoKasaHHbIX Ha puc.13.77?

MaccoBble pacxofbl PacCUMTLIBAIOTCA HA OCHOBE ypaBHeHUs (13.16) cieaytoluym o6pasom:

Maccosbilt pacxog, M
Kr/c
MNoxap BAanu ot CTeH 1 55
Moxxap BO BHELIHeM yrny 4/3 46
Moxap y CTeHbl 2 35
Moxap BO BHYTPEHHEM yriy 4 23
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Mpeanonaraercs, YTo MaccoBbIM PACcXofl, PacCHUTaHHbIM MO YpaBHeHWO (13.16) Ana noXapa BAAIM OT CTeH, Takow
)Ke, KaK MaccoBbli pacxof B OCECUMMETPUYHON CcTpye B npumepe 13.1. Hanuume cTeHbl MK yrna CHUXXaeT Moacoc Bo3-
AyXa K CTpye, NO3TOMY MacCOBbIM Pacxof 3TUX CTPYI MeHbLUE, YeM B OCECYMMETPUYHON CTPYE.

CTpym, npoHukatowme c 6ankoHa

PacTekatowmecs 6ankoHHble CTPyM BO3HMKAIOT NPU MoXxape, Koraa AbIM pacrnpocTpaHsercs nog H6ankoHoM u
npoHukaeT B atpuyM (puc. 13.8). Korga noxkap BO3HMKAET B MOMELLEHUN, KOTOPOE UMEET BbIxod Ha 6ankoH, Ko3d-
CbVILlVIEHT MacCCOBOIro pacxoaa MOXeT I'IpM6J'IVI3VITeJ'IbHO paBHATbLCA CNEAYIOLEMY:

m=0,36(QW?)"3(z, +0,25H) (13.17)
roe
M = MaccoBbIll pacxof B CTPYe Ha BbICOTE Zy, Kr/C;
Q = CKOpOCTb BblAeneHus Tenna, KBT;
W = wupuHa cTpyn, pacTekatolleincs nog 6ankoHoM, M;
Z, = BblCOTa Haj 6ankoHoM, M;
H = BblcoTa 6ankoHa Haj NOBEPXHOCTLIO TOMMBA, M.

Korga z, 60onble wvpuHel NpubnusntenbHo B 13 pas, npegnonaraercs, YTO pacTekalowasncs 6ankoHHas cTpys
MMeeT TaKylo e CKOPOCTb AbIMO06pa3oBaHMs, YTO M ocecMMMeTpudHas cTpys. CnegosaTenbHO, ecnn zp > 13W,
CKOPOCTb AbIMOO6Pa30BaHMS OT pacTeKatolencss 6anKoHHON CTPyW AO/KHA PacCUMTLIBATLCS HA OCHOBE YPaBHEHUS
(8) (cM. noppasgen «OcecMMMETPUYHBIE CTPYM» B pasaene «MeToabl pacyérta» rnasbl «MpUHUMMILI NPOTUBOALIMHON
3aLMTbl aTPUYMOB>)

Mpyn MCNonb3oBaHUM MPOTMBOABIMOBLIX WTOP (puc. 13.8), WMpWHa, W, pacTekatowelncs CTpyu — 3TO PacCTOsiHUE
Mexay LwrTopamu. MNpu OTCyTCTBMM NPOTUBOALIMOBBIX LLUTOP MOXET MCMOb30BaThCA Ceaytowas annpokcMMaums:

W=w+b (13.18)

roe
W = LUMPUHA NPOEMa ropsiLLero NoMeLLeHNs, M;
b = paccTosHue oT npoéma Ao kpas 6ankoHa, M.

’g

1
: MpoTtueBo-
__““‘W'“' = | ﬂBMOBbIe
LITOPSI
— W—>
[1BepHoiA
npoem |
: f

Bupa cnepeaun ¢
NPOTUBOAbLIMOBLIMU
LITOpamMu

[lBepHOV NpoeM
\

X

A P .
— W —>
/1BepHOIA
T ‘ npoem

Bua B pa3pese k ?
Bua cnepean 6e3
NPOTUBOAbLIMOBbIX LITOP

Puc. 13.8 Pacrekarowjasica 6ankoHHas cTpys

YpaBHeHus (13.17) n (13.18) npuMMeHSOTCS TONBbKO KOrAa BbiCOTa MPOEMA ropsero noMeLleHnst 3HaUMTENTbHO
HMKE YPOBHS MOTOMKA, T.4Y. ABMXYLLAS CUa NPUMNOTONOYHOM CTPYM B NMOMELLEHUM C NMOXAPOM HE BAUSIET HanpsiMyto
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Ha MOTOK, BbIXOAALWMIN U3 npoéMa. TonmHa NpUnoTonoYHon cTpym coctaensieT 10%-20% BbICOTbl OT OCHOBaHWs
noxxapa Ao noTosika. OCHOBbIBasACb Ha 3TOM, MOXHO YTBEPXAATb, UTO ABWXYLLAS CMNA MPUNOTOSIOYHON CTPyM He
SIBNIETCA AOMNOSTHUTENBHBIM (haKTOPOM BO3AEWCTBUS, KOrAa BbicOTa NpoémMa He npeBbilaeT 80% paccTosiHUA OT OC-
HOBaHWs noxXkapa Ao NoTorika.

[ns pacTeKatloWmMXCst CTPYW, HE COrnacylowmxcs C YCoBMsSIMM ypaBHeHUst (13.18), MOXET 6biTb MCMOMb30BaAHO
MaclwTabHoe MOAENMPOBaHWE, MOAENMPOBAHUE HA OCHOBE BbIYUCIUTENbHON MMAPOAMHAMUKW WK ApYrue Koppensi-
Luun.

YpaBHeHue (13.17) WmpoKo UCMonb3yeTcs Npyu NMPOEKTHOM aHanuie, HO CyLLEeCTBYIOT MPOTMBOPEYMBbLIE MHEHUS
OTHOCUTESNIbHO CTEMEHM ero NPUMEHEHMUS. TEXHUYECKNA KOMUTET 5.6 AMeprKaHCKOro obLLecTBa MHXXEHEPOB MO OTOM-
NEHUIO, OXJTAKAEHMIO U KOHAMLMOHMPOBaHUIO Bo3ayxa (ASHRAE) nnaHupyeT Hay4HO-UCCNEeAoBaTENbCKUIA MPOEKT,
COCTOSILUMIA M3 LUMPOKOMACILTABHBbIX 3KCMEPMMEHTOB C MOXapaMu C Lenbio MPOBEPKM MPUMEHUMOCTU YPaBHEHWS
(13.17) v nonyyeHuss nH@OpPMaLMM NO HEKOTOPLIM pacTeKatoWMMCS CTPYSIM, HE COrnacylowmMcs C YCIIOBUSIMU ypaB-
HeHus (13.18).

MNpumep 13.3 Crpys, npoHvkatowas ¢ 6ankoHa
KakoB MaccoBblIi pacxof pacTekatoLleincst 6ankoHHON CTpyu ANs NapaMeTpoB, NEPEYNCTIEHHBIX HUXKE?

CKOpOCTb BblAesneHus Tenna, Q =528 kBT

BeicoTa Hag 6ankoHoM, 2z, = 6,10 M

BbicoTa 6ankoHa Hag noBepxHoOCTbIO Tonnmea, H = 3,05 M
LLnprHa npoéma ropsiwero noMewlenmnss, w = 1,83 m
PaccTosiHne ot npoéma Ao kpast 6ankoHa, b = 3,66 M

CornacHo ypaBHeHuto (13.18), WwWMpmrHa CTpyu, pacTekarowencs nog 6ankoHoM, NpubM3nTesbHO paBHa:
W =w+b = 1,83+3,66 = 5,49 m.
CornacHo ypaBHeHMto (13.17), MaccoBbIi pacxof pacTekatoLencs CTpyu paBeH:

M= 0,36(QW?>)"3(z, +0,25H) = 0,36[(528)(5,49)* | °[6,10+ 0,25(3,05) | = 62,1x=/ c.

OKOHHbIE CTPyH
OKOHHasl CTpysi — 3TO CTpyS, BbiTeKalollasi Yepe3 NpoéM, HanpuMep, OKOHHbIV WX ABEPHON NPOEM MOMELLEHUS,
NOJIHOCTbKO OXBAYeHHOro no)xapom (puc. 13.9).

lMomMeLLeHne, NONHOCTbIO
OXBayeHHoe NoXKapoMm

Puc. 13.9 Crpys U3 oKkHa

Kak onwvcaHo B rnaBe 2, noxap, MOSHOCTbIO OXBaTUBLLMIA MOMELLEHME — 3TO MOXap, NP1 KOTOPOM ropsiT BCE ro-
prouvie MaTepuasbl, HaxoasLmecs B NoMelleHun. Bbicokasi MOLLHOCTb TaKoro rnoxapa O6bsCHSET TOT (aKT, yTo
OKOHHblE CTPyM 06bIYHO HE pacCcMaTpYBalOT KaK pacy&THbIE MOXapbl B 3[aHWSX C CUCTEMOM CMPUHKIEPOB. py TakoMm
noXkape TOM/IMBO, YNETYYMBaIOLIEECS B MOMELLEHWN, ByaeT ropeTb CHapyxu npoéma. CKOpOCTb BbIAENEHMS Tena
Npy CUNIbHOM MOXape OrpaHuYeHa BO34yXOM /S FOPeHusi, OCTUralolWmMM noxapa. Takoi noxap HasblBaloT noxa-
poM, perynupyembiM BeHTuUnsumen. COOTBETCTBEHHO, MOLLHOCTb MoXapa 3aBUCUT OT pa3MepoB U opMbl Npoéma
MOMELLEHMSI U FopsILUMX MaTepuanoB. OCHOBBIBAsICb HAa SKCMEPUMEHTAbHBIX AAHHbBIX MO MoXapam Ans Aepesa 1 no-
NypeTaHa B NMOMELLEHUN C OAHUM NPSIMOYTO/IbHBIM MPOEMOM, CPEeAHSIsi CKOPOCTb BbIAENEHNUS TeM/a paBHa:

Q=1260AH " (13.19)
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roe
Q = cKopocTb BblaeneHus Tenna npu noxape, KBT;

AN = nnowaab BEHTUIALUMOHHOIO OTBEPCTUSA, MZ;

H w — BblCOTa BEHTU/IALIMOHHOIO OTBEPCTUA, M.

YpaBHEHUS AN OCECUMMETPUYHOM CTPYWM WMAWU NMPUCTEHHBIX W YINOBLIX CTPYW MOryT 6biTb aAanTUpPOBaHbl ANs
OKOHHOW CTpyW. 3TO AOCTUraeTcsl NyTéM onpeaeneHns koadduumMeHTa noacoca Bo3ayxa Ha KOHUE MniiaMeHu, Bbipbl-
BAIOLLEroca M3 Mpoéma, U OnpeaesieHnss BbICOTbl B YPAaBHEHUM OCECMMMETPUYHON CTPYU, KOTOpas AaéT Takou e
noacocC Bo3ayXa K CTpye. YneH ypaBHEHMSI OCECUMMETPUYHON CTPYU «BbICOTa» HEOBXOAMMO CKOPPEKTMPOBaTb Crie-
AYIOLWMM Ko3(pdhULMEHTOM:

2/5,, 15
a=240A,""H,  -21H, (13.20)
MoacTaHoBKa 3Toro koadduumneHTa B ypaBHeHue (13.10) aaéTt ypaBHEHUE AN OCECUMMETPUYHbBIX CTPYM:

m=0,071Qc"3(z, +a)*'® + 0,0018Q, (13.21)

MoacraHoBka 3Toro xe koadduumeHTa B ypaBHeHue (13.16) aaét obuiee ypaBHEHME, KOTOPOE YUUTLIBAET HaNu-
yne CTeH:

= %[0’07]_.,]1/3('?61/3(ZW 4 a)5/3 4 0,0018ch] (13.22)
roe zy— BbiCOTa Haf BEpXOM OkHa. MoacTaBme ypaBHeHus (13.19) u (13.20) B ypaBHeHue (13.22), nonyumnm:
.1
Mm== [0,68(nANH SRz, + @) +1,59nA H Wl’z] (13.23)
n

YpaBHeHus (13.22) u (13.23) NpyMeHVMbI K MPUCTEHHBIM U YII0BbIM CTPYSIM, W MpU 17 = 1, 3TN ypaBHEHMUS CTaHO-
BSITCS TAKUMM XKe, YTO U YPaBHEHUS A1t OKOHHOM CTpyw. CTOWUT OTMETUTb, YTO ypaBHeHue (13.23) He COAEpPXKMT YneH
«CKOPOCTb BbIAENEHNS TeMa», U 3T0 MOXET NPOUCXOANTb U3-3a TOro, YTO MOXap PerynvpyeTcst BEHTUNSILMEN, U CKOPOCTb
BbIAENEHNSI TEMNA 3aBUCUT OT BEHTWISILMOHHOMO OTBEPCTUS. [aHHbI PacyET OKOHHbLIX CTPYM OCHOBAaH Ha AOMYLLEHMSX,
KacaroLLmxcs Moacoca Boayxa K CTpye M MPUMEHUMOCTM 0OBLLIEN MOZENN MPUCTEHHON CTPYW, HO OH He 6bll MPOBEpPEeH
3KCMEePUMEHTAsBHO.

CpenHsis TeMnepaTtypa CTpym

CpegHioto TemnepaTypy CTpyM MOXHO paccuuTaTtb, aHamM3upys CTPYHO Ha OCHOBE NepBOro 3akoHa TepMoAvHaMu-
K. PaccMOTpMM CTpYHO Kak YCTOMYMBBLIN MOTOK C KOHTPOJSIbHbIM 06bEMOM, MOKa3aHHbIM Ha puc.13.10. He yunTbiBas
HeboMbLIoe KONMMYECTBO Macchbl, A06aBNEHHON B MOTOK CTPyW MpW CrOpaHWM, MEPBbIA 3aKOH ANS CTPyW BbIFNSAUT
TaK:

Q, +Q =m(h, —h + AKE + APE) +W (13.24)

roe
Qg = TennoTa, BblAENAIOLLANACS BHYTPU KOHTPOSIbHOrO 06bEMa, KBT;
Qt = TennoTa, NepefaBaeMast U3 OKPYXKAMOLLEN Cpeabl B KOHTPOJbHbIN 06bEM, KBT;
m = MaccoBbli1 pacxon, Kr/c;
hi = 3HTaNbNUs MOTOKA, BXOASLLENO B KOHTPOJIbHbIN 06BbEM, KBT/KT;

R = 3HTasIbNUs MOTOKA, BbIXOASLLErO U3 KOHTPOLHOro 06bEMa, KBT/Kr:
AKE = usMeHeHWe B KUHETMUECKON 3Heprun, KBT/Kr;

APE = u3meHeHve B noTeHUMANbHON SHEpru, KBT/Kr;
W = paboTa, coBeplI&HHas CUCTEMOI HaA BHELLHUMU Tenamm, KBT.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 18



TeueHue cTpym
Ha BbICOTE Z

mi|T,

Moacoc Bo3ayxa

K CTpye
lNoBepxHOCTb -
KOHTPOJIbHOT m, T,, z
obbema
MNepemelyaemas %gﬁﬁg?g”ag

TennoTa

" Qr Qg

Puc. 13.10 KoHTpoOnbHbIi 06beM AN TEOPETUUECKOU MOAENN CTPYUN

Mpwu ycTonumneol cTpye paboTa paBHa HysO, M U3MEHEHWUS B KMHETUYECKON U MOTEHUMAbHON 3HEPrK He3HaUu-
TesbHbI. Bolaensiemas Ternnota — 370 Tennootaaya noxapa (Q, = Q). Tennota nepeaaetcs oT CTPyn OKpyXatoLLeit

cpese  nmocpencTBoM  mpoBoaMMocTM Mo msnyuennst (Q, =—Q,, rae Q- wusnyyaemas Tennota), T.u.

(' QC = Qg + Qt ). YnenbHas TENIOEMKOCTb MOXKET CUMTAThCsl MOCTOSIHHOM (A = C,T). MepBbiii 3aKOH BEAET K ypaBs-
HEHWIO AN TeMnepaTypbl CTPyMU.
Tp:15+r§§ (13.25)

roe
Tp = cpeAHsis TEMMepaTypa CTpyM Ha BbicoTe Z, °C;

T0 = TeMrepaTypa oKpyxatoLlel cpeabl, °C;
Cp = yaenbHas Tenn0éMKoCTb rasos cTpyu, kx/kr °C.
CTpyn no>kapa COCTOSIT B OCHOBHOM M3 BO3AyXa, CMELUAHHOIO C NPOAYKTaMn FOpeHus, U 3a YAENbHYI0 TENN0EM-

KOCTb ra30oB CTpyu 06bI4HO NPUHMMAETCS YAeNbHaa TennoémkocTb Bo3ayxa [ G, = 1,00 kx/kreC)].

Mpumep 13.4 CpeaHasa TeMnepatypa CTpyu

KakoBa cpegHsisa TemnepaTypa CTpyu B npuMepe 13.17?

CornacHo ypaBHeHuto (13.25), cpeaHsist TeMnepatypa CTpyv paBHa:

& 2, B0 _gp
mC 58,2(100)

p

R:R+

Kak npeanonaraeTcs, cpeaHss TeMnepaTypa CTpyM MeHblUe TeMNepaTypbl CTPYW NO OCEBOM JIMHUM.

MakcuManbHas BbiCOTa CTpym
YpaBHEHUs1 MACCOBOrO pacxofa CTpyu 6biiv pa3paboTaHbl Ans CTpyl 60NbLUOK NnaByvecTu. Koraa AbiM HegocTa-
TOYHO ropsu, YyTObbI NOAHATLCA, OH 3aCTauBaAETCA, UM €ro YHOCAT CYLLUECTBYIOLLME BO3AYLUHbIE MOTOKWU. OﬁbeﬂMHe-

Hve ypaBHeHui (13.10) u (13.25) gaeT cneayiolee BblpaXXeHNe MaKCMMasnbHOW BbICOTHI CTPYM, Ha KOTOPOW CTpysi
MOXET CUMTATbCS 3HAYUTENBHO MIaBYyYei.
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Z_ =03 ="__00254 13.26
Q. AT ( )

max
min
rge

erex = MaKCUMalibHaAa BbICOTQA, Ha KOTODOVI CTpya CHMTaETCA nnaByqeﬁ, M;

Qc = KOHBEKTMBHas TennooTtaaya, kBT;

AT, = MUHAMasNbHOE YBENUUYeHWe TeMnepaTypbl CTPyW Haj TemnepaTypoii okpyxatowuei cpeasl, °C.

YpaBHeHue (13.26) nNpuMeHsieTcs Ans 0CECUMMETPUYHBIX CTPY. MUHUManbHOE yBEIMYEHWE TeMMepaTypbl — 3TO
HaMMeHbLUee yBennyYeHne TeMnepaTypbl, NpM KOTOPOM CTpysl 061adaeT AOCTaTOMHOM NIaByyecTbio, YTobbl Nnepepac-
TW B CTPYHO CU/IbHOW NJIaByYecTu.

WccnepoBaHna no onpefeneHnio 3HadeHnsl MMHUManbHOMO YBEIMYEHUS TeMMepaTypbl, COOTBETCTBYIOLLEro pas-
JIMYHBIM MPUMEHEHMSIM U CKOPOCTSM BO3AYLUHbIX MOTOKOB, HE NMPOBOAUIUCK. loka He nosiBuTca 6onee ToYHas MH-
¢opmauus, npeanaraeTcs Ucnonb3oBaTb 3HadeHne 2°C. Puc.13.11 nokasbiBaeT MakCMMasbHYK BbICOTY CTpyu ANs
3TOr0 MMHWMANbLHOrO YBENNYEHUS TemMnepaTyp.

Mpu CyMMapHOW CKOpPOCTM BbigeneHust Tenna 530 kBT, MakcuManbHas BbicoTa CTpyu Ha puc.13.11 paBHa npu-
MepHo 40 M. Mpu cyMMapHOI CKOpOCTKU BblaeneHus Tenna 2100 kBT MakcMManbHasl BbiCOTa CTPyW COCTaB/SIET Npu-
61m3mTensHo 67 M. K 60bWIMHCTBY MPOEKTOB MaKcMMalbHas BbICOTa CTPYM HE MMeeT OTHOLUEHMS, HO ee Heobxoau-
MO YUYMUTbIBaTb AN aTPMYMOB C BbICOKMMW MOTOSIKAMM.

HRR, Q B 1000 kBT
053 5 10 15 20 25

180

135

90

MNpuMmeyaHus:

1.MakcumarnbHas BbiCOTa CTpyM - Ans
0CECUMMETPUYHON CTPYM C MUHUMAIL, 45
noALEMOM TeMnepaTypsl B 2°C.

2.37T0T pUcyHoK - ana Q, =0,7Q.

MakcManbHas BbICOTa CTPYM, Zmax (M)

0
Puc. 13.11 MaxkcuMasibHasi BbICOTa CTPyM

O6BbEMHDbIN pacxoa
O6bEMHBIV pacxof CTPyW paBeH

v="0 (13.27)
Pp
rge
M = MaccoBbllt pacxop B CTPye Ha BLICOTE Z, K7/C;
V= 06bEMHbII pacxoj AblMa Ha BbicoTe Z, M3/c:
P, = TIOTHOCTb ra30B CTPYM HA BbICOTE Z, KI/M?.

MnoTHOCTb BO3A4yXa U CTpyM
MnoTHoCTbL BO34yXa U ra3oB CTPyn pacCyYNTbIBAETCA MO 3aKOHY UAEAJIbHOIO rasa.

P
Yo RT (13.28)
roe
£ = NNOTHOCTb BO3AYyXa WM rasos CTpyu, Kr/m3;

p = abcontoTHoe aaBneHue, Ma;
R = rasoBas KOHcTaHTa, x/kr K;
T = abconoTHas TemnepaTtypa, K.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 20



3a abcontoTHOe AaBneHne 06bIYHO NPUMHUMAIOT CTaHAapTHoe aTMocdepHoe aaeneHne B 101325Ma, a 3a rasosyto
KOHCTaHTY — KOHCTaHTY BO34yxa, COOTBETCTBYOLY0 287 [x/kr K.

B 60nbLIMHCTBE MECT Npu pacyéTe MNOTHOCTM BO34yXa M AbiMa aTtMochepHoe AaBneHne MOXHO CYMTaTb NOCTO-
SAIHHBbIM. 3TO O3HAYaeT, YTO p/R MOXKHO CYMTaTb KOHCTaHTOMN U C YYETOM 3TOro paccynTaTtb NIOTHOCTb.

Tl'
pP= pr ? (13.29)
roe
P, = WVCXOAHas MNOTHOCTb, Kr/M>;
7, = abconoTHas ncxoaHas Temnepatypa, K.

CylecTByeT HECKOHEYHOE KOSIMUYECTBO BO3MOXHBIX Nap por - 7, U OAHa M3 TeX, YTO MOXXHO WCMOJb30BaTh AN Mo-
J0BHbIX pacyéToB - pr = 1,20 kr/M3, 7= 294 K.

3aMKHYTbIA NOTOK

Kak y>ke oTMeYanoch paHee, AMAMETP CTPyW YBENUYMBAETCS C BbICOTOW. B BbICOKOM Y3KOM aTpuyMe CTpysl MOXET
KacaTbCsi BCEX CTEH aTpUyMa, Mpexae YeM AOCTUTHET MoToMKa. TaM, rae CTPys KacaeTcs CTeHbl, MoACOoca Bo3dyxa K
CTpye He MPOUCXOAWT. B uensx ynpaeneHus AbIMOyAaneHWeM, rpaH1Leid AbIMOBOro C/osl CliedyeT CUMTaThb BbICOTY, Ha
KOTOPOW AbIM COMPUKACAETCS CO BCEMU WU C BOMBLIMHCTBOM CTEH aTpuyMa.

EcTtecTtBeHHasi BeHTUASILUS

BEHTU/ISIUMOHHBIE OTBEPCTUSI ECTECTBEHHOW BEHTUNALMM MPEACTaBST co60M NPOEMbI B MOTOMKE, Yepe3 KOTOo-
pble AblM BbiTekaeT braroaapst CBoeit nna.ydecTu. Croi ropsiyero AbiMa noj MOTOMIKOM BbITECHSIET AblM Yepe3 BEH-
TUNSLMOHHOE OTBEPCTUE M 3aTArMBaeT KOHAMLMOHMPOBAHHBIN BO3A4yX Yepes3 Apyrue oTBepcTust B aTpuyM. Mpusoau-
MbliA HWXKE PacYéT eCTECTBEHHOM BEHTWNSUMM ajanTMpoBaH Ha OCHOBE pacyéTa, MpoBeaéHHOro TomMacoM W Aap.
(Thomas et al., 1963 [17]), n npounnocTpMpoBaH Ha puc.13.12. Temnepatypa B aTpuyMe noA AblMOBbIM C/IOEM CUUTa-

€TCA TaKoW e, YTO U TemrnepaTtypa CHapy>Xu.
BHewHwit Bo3ayx T, p,

A, 4,

T Pe it

=

o

e
mi Mon To pr

(a) 2cku3 Boinycka abiMa nog  (b) Mpodunb agasneHus AbIMOBOrO Crosi
[OEACTBUEM CUMbl TIXKECTU

Puc. 13.12 Bbinyck AbiMa Nop AEACTBMEM CUJIbl TSHKECTH

Macca NpoTeKaeT Yepe3 BEHTUNALUMOHHOE OTBEPCTUE N BO BXOAHOM OTBEPCTUN MOXET 6bITb Bblpa)X€Ha ypaBHEHNEM
MOTOKa BO3/yXa Yepes OTBEPCTHE:

m/ = CVA/\/Zps(ps - pO) (13.30)
M =C A2p,(Po — Py) (13.31)

roe

MaccoBbIi pacxon 4yepe3 BEHTUNAUMOHHOE OTBEPCTUE, KI'/C;

m = MAacCCOBblii pacxon 4Yepes3 BXOAHOE OTBEPCTUE, KF/C;
C

y = KkoadULMEHT pacxosa BEHTUNSILMOHHOIO OTBEPCTUS (B OTHOCUTENbHBIX €ANHULAX);
C, = koadhuLMEHT pacxoaa BXOAHOMO OTBEPCTUS (B OTHOCUTENbHBIX EANHULIAX);
= MowWaab BEHTUNSLMOHHOMO OTBEPCTHUSI, M;
TP-
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A = nnowaab BXOAHOrO OTBEPCTUS, M2;
Ps = NMIOTHOCTb fibIMa, Kr/M3;

Po
Ps

Po = HapyxHoe naBnexue, [a;

MAOTHOCTb HapY)XHOro BO3ayxa, Kr/M3;

[aBneHne AbIMOBOro cosl y notoska, MNa;

pb = [daB/eHne Bo3ayXa noj AbIMOBbIM CITOEM, MNa.

Pa3HocTb ﬂaBJ'IeHVII7I nnaBy4yecTt AbIMOBOIO CN0oA paBHa

P, — B, = 9d, (0 — ps) (13.32)
roe
g = YCKOPEHMWE CUIbl TSHKECTH, M/C2;

db = F}'Iy6VIHa AbIMOBOI0 CNnod noA BEHTUNALUMOHHBLIM OTBEPCTUEM, M.

KoapduumeHTsl pacxoaa cumntatotes pasHbimu (C = C,, = C, ). MaccoBblit pacxos Ha BbIXOAE BEHTUNSILIMOHHOTO

OTBEPCTUS paBeH MaccoBOMY pacxody uepe3 BxoaHoe oteepcTue (M, =M ). MNOTHOCTL AblMa MOXHO BbIPasnTb
YpaBHEHWEM:

Ps=Po E (13.33)
T

S

O6beanHmB ypaBHeHus ¢ (13.30) no (13.33), nonyumm:

_ CAp, [ngb (Ts —To )(To /T, )]1/2
M+ (A/A)T [

M, = MaccoBblit pacxos Yepes BEHTUISLIMOHHOE OTBEPCTHE, Kr/C;

C
A
A

Lo MMIOTHOCTb HAPY)XHOTO BO3ayXa, Kr/m3;
g = YCKOpEHue cunbl Tsxectu, 9,80 m/c?;
d, =rny6uHa AbIMOBOTO CIOSi NOA BEHTUISILMOHHBIM OTBEPCTUEM, M;

(13.34)

roe

K03(pdMUMEHT pacxoaa (B OTHOCUTENbHBIX eaAnHULAX);
niowasb BEHTUSILMOHHOIO OTBEPCTUS, M%;

nnowaab BXOAHOro OTBEPCTUA, Mz;

7o = abconoTHas TemrepaTtypa Hapy>Horo Bo3ayxa, K;
7s = abconoTHas TemMnepatypa abiMa, K;

BpeMeHHOe oTcTaBaHue

CTpye TpebyeTtcsi BpeMsi, UTobbl NOAHSTLCSA K MOTOJIKY, U NMPUNOTONIOYHON CTpye TpebyeTcst BpeMs Ans obpa3oBa-
HWS1 AbLIMOBOrO cfiost nog notonikoM (Puc.13.13). CornacHo TEOpEeTUYECKOW 30HHOM Moaenu mnoxapos, (1) AbiM OT
CTPyV AOCTUraeT BEPXHErO CI0S B MOMEHT CropaHus U (2) Cr/IOLWHOM AbIMOBOM CIOM 06pa3yeTcs e B TOT MOMEHT,
Koraa ntobol AbiM JOCTUraeT noTosika.

MporpaMMbl 30HHOrO MOAENMPOBaHUSI MOXapPOoB BblM pa3paboTaHbl A1s TakuX MOMELLEHWI, KaK 0BblYHblE Crarb-
HW, CTOJIOBbIE M KOMHATbl OTAbIXa. B 3TVX NMOMeLLEeHNsX OWMOKK, BO3HUKAIOLME B pe3y/bTaTe NOAOOHbIX YNPOLLEHUH,
6bIIN HE3HAUUTENBbHLIMU. ATPUYMbl e MPeACTaBNsOT cO60M MOMelleHus 6OMbLIMX Pa3MepoB, U B MOC/EAYHOLIMX
pasgenax novaéT peyb 0 CPeACTBaX OLEHKU OLIMGOK, BO3HMKAIOLIMX MPU UrHOPUPOBaHMM BPEMEHHOrO OTCTaBaHUs.

MrHopvpoBaHWe 3TOro OTCTaBaHWsl MPUBOAUT K HEMPaBW/IbHOM OLEHKE BpeMeHW, TpebyIoLerocst Ha 3anosiHeHne
aTpuyMa AbIMOM U aKTMBaLUMIO MOXapHbIX AeTeKTOpPOoB. MMpu pacyéTe 3anosiHEHNS aTPpUyMOB AbIMOM 3TO HEKPUTUYHO,
T.K. Y Monb30BaTenei atpuyma 6yaer 60nbllue BpeMeHU Mpexae, YeM AbiM AOCTUIHET ONpeaenéHHOro ypoBHs. Mpu
pacyéTte paboTbl AETEKTOPOB AblMa, UrHOPMPOBAaHWE 3TOMO OTCTaBaHWS BO BPEMEHW NMPUBOAMT K MpeyMeHbLUEHMIO

BpPEMeHM, TpebyeMoro ansi cpabaTbiBaHWs AETEKTOPOB, YTO KPUTUYHO, NOCKOSbKY Y NtoAei OCTaéTCsl MeHblLe BpeMe-
HW ONsi CNaceHusi, yeM 6bIno CNporHO3MPOBAHO.
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(a) Pactywwas ocHoBHas CTpysi

(b) NMonHocTblo cchOpMMpPOBaBLLIASCA OCHOBHAs CTpys
W pacTyLiasl NpUNoToN0YHas CTpys

!
(c) NonHocTblo cchOpMMpPOBaBLLIASICS OCHOBHAs CTpys

1 NPUNOTOJIOYHASA CTPYS, 3aMoJIHMBLLAS BCE
MPOCTPaAHCTBO MoA MOTOIKOM

Puc. 13.13 ®dopMupoBaHHe OCHOBHOI M NMPUNOTOJIOYHON CTPYyM

Bpems 3ana3gbiBaHNsi OCHOBHOM CTPyH

HbtomaH 1 Maypep (Newman, 1988 [18] and Mowrer, 1990 [19]) pa3paboTanu COOTHOLUEHUSI BPEMEHHOIO OTCTa-
BaHWs1 ANSl OCHOBHbIX CTPYM MpY CTALMOHAPHOM M HECTALIMOHAPHOM Noxapax. MockosbKy OrHio CBOMCTBEHHO paspac-
TaTbCs, BpEMEHHOE OTCTaBaHWE MPU CTaLUMOHAPHbIX MNoXapax, BEPOSITHO, SIBMISIETC MEHEE BaXKHbIM.

Mpw CTauMOHapHOM NoXape,

H 4/3
tp| = 0,67W (13.35)
Mpu KBaapPaTUYHOM NOXape,
/ 2/5
t, =01H*"t (13.36)

roe
t,, = BpemeHHOe OTCTaBaHMe OCHOBHOW CTPYW, C;

tg = BpeMs pocTa, C;

H = sbicota noTonka Hag MOBEPXHOCTLIO TONAMBA, M;

Q = CKOpOCTb BblAeneHus Tenna, KBT.

B LienioM, Npu KBaapaTUYHbIX NoXapax BPEMEHHOE OTCTaBaHWE OCHOBHOW CTPyu GoJblue, YeM NpK CTaUMOHAPHBIX
noxapax, YTo BUAHO Ha pvc.13.14. 3To oxugaemMo, NOCKOMbKY KBapaTUUHbIE NOXapbl M HAYMHAKOTCS CO CKOPOCTM
BbIJENIEHWSI TEeMia PaBHOW HYNIO U pa3pacTaloTcs MpOnoOpLUMOHaibHO KBaApaTy BPEMEHM, B TO BPEMs Kak CTauuo-
HapHble MOXapbl HAYMHAKTCS Cpa3y C MOSIHOrO MoXapa, YTO BO MHOrOM HArNOMWHAET ra3oByo FOPEKY.

Mpy MeaneHHOM KBaZpaTUYHOM MoXape C BbICOTON noToska 30 M HaZl MOBEPXHOCTHIO TOMMBA, BPeMS 3ana3zbl-
BaHUSI CTPYM COCTaBIISIET BCEro OKo/o 18 cekyHA. Takoe Hebosbluoe 3HaYeHUE MOATBEPXKAAET PasyMHOCTb UFHOPW-
pOBaHWsl BPEMEHHOIO OTCTaBaHUsSI OCHOBHOM CTpyM.
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Puc. 13.14 BpeMeHHOe OTCTaBaHMe NP pa3BUTUN OCHOBHOI CTPyMm

Bpems 3anazgbiBaHNs MIPUITOTOSTIOYHOH CTPyH

HbloMaH 1 Maypep Takxe pa3paboTanu cleaytolmne COOTHOLWEHUS A1 BPEMEHHOMO OTCTaBaHUs MPUMOTONOYHbIX
CTPYM NpU CTaLMOHaPHbIX U HECTALIMOHAPHBIX MoXapax.

Mpy CTauMoHapHOM noXape,

~ 0833rt°
q Q1/3H 1/2 (13.37)
Mpun KBagpaTUYHOM noxxape,
2/5
O,72rtg
G = T (1338)
rae
tcj = BpeMeHHOe OTCTaBaHWe NP pa3BUTUM MNPUMOTONOYHOI CTPYW, C;
r = paavyc Wnu paccTosiHME NO rOpU30HTaNN OT OCEBOM NIMHUM CTPYM, M.

Kak u B C/lyyae CO BpeMEHEM 3anasgblBaHWsi OCHOBHOM CTPyM, KBaApaTUYHbIE MOXapbl XapaKTepuayrTcs
HanbosbLUMM BPEMEHEM 3ana3/blBaHWsl NMPUMOTONIOYHON CTPYM, Kak MokasaHo Ha puc.13.15. MpunoTonoyHas cTpys
6bICTPOro KBaAPATUYHOrO MoXkapa Mnpu BbicoTe H = 6 M B TeYeHue OKOMo 25 cekyHa pacnpocTpaHseTcs B paguyce
7,6 M.

PaccTosiHne no paauycy(m)
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Puc. 13.15 BpemeHHOe oTCTaBaHUe CTPYM NpyU pa3BUTUU NPUNOTOJIOUHON CTPyH

O6yee BpeMs1 3arna3gbiBanns
ObLuee BpeMs 3aMa3abiBaHNs €CTb CyMMa BpeMEHM 3amnasabiBaHWsl OCHOBHOW M MPUMOTONIOYHON CTPYW:
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to=t, +tg (13.39)

rae t, - obuiee Bpems 3anaszblBaHNs NPy PasBUTMM CTPYH, C.

«3¢pdheKT npokanbiBaHUNA>»

SddekT npokanbiBaHMs — NoAcCacbiBaHNE BO34yXa B BbITSHXKHYIO MPOTUBOABIMHYIO BEHTUMSLMIO U3 HE3aAbIMNEH-
HOro CNos1 HWXe ypoBHSA AbiMa. Koraa rnybuHa ApIMOBOro Cosi MOA BbITSHXKHBIM OTBEPCTMEM OTHOCUTENBHO Hebonb-
Lasi, BbICOKAsi CKOPOCTb AbIMOYAANIeHNsI MOXET MPUBECTM K BOB/IEYEHWUIO XOMIOAHOMO BO34yxa M3 He3afbIMIEHHOMO
cnos (puc 13.16). 3T0 ABNEHNE HA3LIBAETCH «IPPEKTOM I1POKA/IbIBAHUSI».

BbITﬂ)KKa

[MonagaHue
— He3a,quM.HeHHOI’O
; BO3AyXa B
BbITS>)XKHOU KaHan
I
-
o |
|
[ >
OroHb
RN ﬂg AN N AN N AN NN

Puc. 13.16 MNMonagaHue He3aAbIMIEHHOIO BO3A4yXa B BbITSXXKHOW KaHaN MoOXeT
npuBecTy K c60sM B paboTe BbITSHKHOM NPOTUBOALIMHOW BEHTUIALUN

KosinyecrBo BbITS)KHbIX OTBEPC THH

YT106bI NpeaoTBpaTMTL «3MEKT NPOKaNbIBaHUSA», MOXET NOTPeboBaTbLCS HE OAHO BbITSXXHOE OTBEpCTME. Makcu-

MasibHbI MacCoBbIM pacxod, KOTOpbIA MOXHO 3dEKTUBHO paccumnTaTb, UCMOMb3Ys OAHO BLITSHKHOE OTBEPCTUE, pa-
BEH:

5/2 Ts _To v To e
m., = 3134 T T (13.40)

roe

M., = MaKCUManbHbIA MaccoBbIi KO3MMULIMEHT NpU BhITsHKKE 6€3 «addeKTa NpokanbiBaHus», Kr/c;
TS = abconoTHasi TeMnepaTypa AbIMOBOro cos, K;

To = abcontoTHas TemMnepaTypa okpyxatoLein cpeasbl, K;

d = rny6uHa AbIMOBOrO CMOS N0J OCHOBAHMEM BBITSKHOTO OTBEPCTUS, M;
L = KO3DUUMEHT PACTIONOXKEHUS BLITSKKN (B OTHOCUTESBHBIX €AMHULAX).

Korga peub Maét o6 «addekTe npokanbiBaHMs», rnybuHa AplIMOBOro Cosi Bcerga eCTb pacCTosiHWME OT rpaHuubl
AblMa [0 OCHOBAHWS BbITSXKHOrO OTBEPCTUSA. [1N15 BbITSHKHOrO OTBEPCTUS, PACMOSIOXEHHOrO B CTEHe, riybuHa AbiMO-
BOIO C/10S1 MOA OCHOBAHMEM BbITSXXHOrO 0TBEpCTUS M3o6paxkeHa Ha puc.13.17.

A A A v 4 v 1 v v v |

BbITSHKHOE
[lbiMOBOM oTBEpCTUE
cnon ;‘- T
| d
11
%
/1

Puc. 13.17 I'ny6uHa, d, AIMOBOIro C/10s1 HN)XE OCHOBAHUS BbITSHDKHOIO OTBEpPCTUS
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OCHOBbIBasiCb Ha HEAOCTAaTOUHOM MH(OPMaLWK, NpeanaraeMble 3Hadenns ans [ : 2,0 — 4ns BbITSHKHOTO OTBEp-

CTVS Ha NOTONKe Y CTeHbl, 2,0 — Ans BbITSXKHOrO OTBEPCTUS Ha CTEHE Yy NOTonKa, U 2,8 — ANs BbITSHXKHOMO OTBEPCTUS
Ha noTosnke BAanm ot cTeH (puc.13.18). Mpeanaraetcs, 4Tobbl 3HaYeHne g/D 6bino 6onblue 2, rae D — aMameTp oT-
BEPCTUS. NS BbITSXKHLIX OTBEPCTUIN UCnonb3yinte D = 2ab/(a + b), rae a v b — pvHA 1 WMPWHA OTBepCTUs. Pe-
3yNbTaTbl 3KCNEPUMEHTOB, NPOBeAEHHbIX HaunoHanbHbIM KaHaackuM HayyHo-uccnegosaTensckum cosetoM (National
Research Council of Canada), cornacytoTcst ¢ AaHHBIM NOAX0AOM K «3ddekTy npokansiBaHus». (Lougheed and Hadj-
isophocleous, 1997, 2000 [20, 21]; Lougheed et al., 1999 [22]; Hadjisophocleous et al., 1999 [23]).

MoTonok OTtBepcTue
=28

(a) OTBepcTMe B NOTOSIKE BAANM OT CTEH

OTtBepcTue
[MoTonok [loTonok

p=2,0 OTBepcTue B=2,0

p

Crena CreHa

(b) OtBepcTyre B cTeHe Y NoOTOSIKa (c) OtBepcTMe B NOTOJIKE Y CTEHbI

Puc. 13.18 3HaueHus k03(phuLUMEeHTa PacnosIoXKEHUS BbITSKKM, B

YpaBHeHue (13.40) MoXeT ObITb BbIpaXXEHO Ha OCHOBE K03(hduUMeHTa 06bEMHOrO pacxoaa:

V. =0,008874d%2 [T, (T, -T,) (13.41)
rae

V, . = MakcumasbHbii 06bEMHBIN pacxod npu T, M/c.

anlHVlMaFI BO BHMMaHME TO, YTO 3HAYEHUA PacxoAdoB ANA KaXXAOro BbITAXHOIO OTBEPCTUA paBHbl, KONMMYECTBO
BbITsDKHBIX oTBepCTUi, N, 4, PACCUMTLIBAETCS CreaytoLmM 06pasoM:
Vv
Nipjes = ROUND| —— (13.42)
V

max

rae cyHkuma ROUND yKasblBa€eT Ha TO, UTO 3HAYUEHME B CKOBKax OKpYrNseTcs A0 BamKaillero Lenoro Ymcna.

PaccrosiHne mexxgy BbITSDKHbIMHU OTBEPCTHIMMU

Koraa BbiNyCK Ha BbITSHXKHOM OTBEPCTMM 630K K MakcMManbHOMY Ko3hduUmneHTy pacxoda, Heobxoanmo cobnto-
[aTb COOTBETCTBYIOLLEE PACCTOSIHWE MEXZY BbITSXKHBIMU OTBEPCTUSIMUA NS CBEAEHUS] K MUHUMYMY B3aUMOAEUCTBUS
MOTOKOB OKOJI0 0TBEPCTUA. OAMH U3 KPUTEPUEB AN UHTEpBana Mexzay OTBEPCTUSIMU 3aK/IloYaeTcsl B TOM, YTO AaH-
HbI MHTEPBaN AOMKEH 6bITh, MO MEHbLLEW Mepe, paBeH PacCTOSIHWIO OT €AUHCTBEHHOMO OTBEPCTUS, YTO MPUBEAET K
MPOM3BOJIbHO MAJIoN CKOPOCTM, OCHOBAHHOM Ha CTOKe. Mpy NMpou3BOJIbHOW CKOPOCTU B 12 M B MUHYTY, MUHUMaSIbHbIN
WHTEpBan A5 OTBEPCTMIA, PACMONOXEHHbIX B CTEHE OKOJI0 NOTOMKa (MM B NOTOJKE OKOJIO CTEHbI) PaBeH:

Sm'n - 0132ﬂ\/\7e (13.43)
rae

Sm-n = MWHUMAIbHBbIN WHTEPBa MeXAy OTBEPCTUAMU, M,

Ve = 06BEMHBIV pacxod, M3/c;

ﬂ = KO3(PDUUMEHT PacronoXeHNs BbITSHXKKN (B OTHOCUTENbHBIX eAnHMLAX).

MununmanbHas riiy6uHa A1 NPEAOTBPALYEHNS «IpgpeKTa npoKasIbIBaHHN s>
B noaxoae, onnMcaHHOM B npeabiayweM pasgene, pacCMaTpuBasioCb KOMMYECTBO BbITAXHbBIX OTBepCTMVI, Heobxo-
AUMbIX ANg NpeaoTBpalleHns <<3de)EKTa NpoKasnblBaHUA>», HO ﬂaHHblﬁ BOMPOC MOXHO TaKXXe pacCMaTpuBaTb C TOYKU
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3peHUst Fy6MHbI ABIMOBOrO C0sl, HEOBXOAMMOrO ANS NPeAoTBPaLUeHns «3tdeKTa NPoKabiBaHUA» NPU KOHKPETHOW
CKOPOCTU AbIMOYAANIEHMS.

MuHMManbHas raybuHa AbIMOBOMO CNosi ANS NpeaoTBpalleHns «addeKkTa NpoKasnblBaHWSA» MOXET ObiTb BblpaXxe-
Ha ypaBHEHMWEM:

725
Vv

e

" 0158771, (T, - T, F°

m (13.44)

rae dm = MWHUMaJIbHas I'J'IY6VIHa AbIMOBOro C/1os Anda npeaoTBpalleHns <<3d)d)e|<Ta NpPOKaJibiIBaHUA>», M.

YnoeneTtBopeHue ypaBHeHust (13.44) paBHO3HAYHO YAOBETBOPEHMIO KPUTEPUSI ANt KOMIMYECTBA BbITSKHLIX OT-
BEPCTUI, OMMCAHHOrO B MpefblaylleM pasgene. 3T0 03HayaeT, YTO COOTBETCTBUSI OAHOMY U3 3TUX KPUTEPUEB yXe
AOCTaTOYHO, YTO6bI 06EeCneyYnTb COOTBETCTBNE BTOPOMY KPUTEPUIO.

Pacxopg npmn «3gpgpexre npokasbiBaHns»
YcnoBusi BbITSKKM OTpaboTaHHOMO Bo3Ayxa WM AbiMa nokasaHbl Ha pvc.13.19. MaccoBblt pacxoa oTpaboTaHHOro
BO34yXa €CTb CyMMa yaandemoro gbiMa n Bo3ayxa. BbII'IYCK N3 BbITAXXHOIO OTBEPCTUA MOXET 6bITb BbIpa>X€H KakK:

m, =m, +my, (13.45)
roe
r‘ne = CyMMapHbI# BbIMYCK U3 OTBEPCTUS, Kr/C;

M, = BO3AyX W3 HIKHErO C/OSi, BbIMyCKaeMblii U3 OTBEPCTUS, Kr/C;

M = AbIM, BbiNyCKaeMblii U3 OTBEPCTHS, Kr/C.

-
1 \{ ==

!

(a) BbiTshxka BO3fyxa Npu OTCYTCTBUM [bIMOBOrO COSt
/

9

(b) BbITshXka BO3Ayxa C AbIMOM, KOraa rnybuHa AbIMOBOrO C/osl, d, MEHbLUE MUHUMAJIbHOM
rny6uHbl, d,, HeOBX0AMMON Afist NpefoTBpaLleHus «3dekTa NpoKasbiBaHWS»

(c) BbITsiXkka 0AHOrO TOMbKO AblMa, Koraa rnybuHa AbIMOBOro cnos, d, 6onble MUHUMarb-
HOW rNy6uHbI, dj;, HEOBXOAMMOWN ANS NpeaoTBpalleHns «addekTa NpokanbiBaHWS»

Puc. 13.19 YcnoBus BbITSXKKM AibIMa U OTPaboTaHHOro Bo3ayxa
Korpa rnybuHa AbIMOBOro CNosi paBHa MUHUManbHOW rnybruHe AbIMOBOro Closi, HeO6XoAMMON Ans NpefoTBpaLle-
HUst «atdekTa npokanbiBaHus», unu npesbiwaer eé (0 >d ), maccosbie pacxoabl cootsetcraytor M, =O0wu
mg = ,OSVe roe Ve - CyMMapHblit 06bEMHBIN BbINYCK, M3/C N O - MNOTHOCTb AbiMa, kr/m3. Koraa rnybuHa abiMo-

BOrO CN10si paBHa Hymio (d = 0), maccosble pacxogbl pasHbl M, = p V u My =0me roe p, - nnotHocts

HapY)XHOro MnK 6osiee HU3KOro Cos BO3AyXa, Kr/M3,
MocKosbKy He CyLIECTBYET oduLManbHO pa3paboTaHHOW M SKCNEPUMEHTANbHO MOATBEPXKAEHHOV TEOPUM pacxoaa
npu «addeKTe NpoKanbiBaHMa», NpeanaraeM 1UCrosb30BaTh CleaytoLmne COOTHOLLEHNS:
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My = psve d_ s 0<d<d, (13.46)
m
nnn
Mm,=pVN, as d_<d
n
. , d -d)’
m, = P V| 1- “a ama0<d<d, (13.47)
nnn

m,=0 ans d, <d

roe o - sKCnoHeHTa «3acddekTa NpoKanbiBaHUs». BAnsHWE 3TOM 3KCMOHEHTHLI HA BbICOTY AbIMOBOrO C/Osi NMoKa3a-
HO Ha puc.13.20. Hanborbluve nokasaTeny npuBoasT K MPOrHO3MPOBaHUIO MEHBLUMX [bIMOBbLIX C/TOEB.

Beicota atpuyma: 122m |12

Mnowaab atpuyma: 929 m? =

Beinyck: 57 M*/c g

'lstn KoadpurumeHT 1 o

“Débq?"le PACTIONIOXEHNS BbITSKKM: 2 S

"a,]elvr'yh, KONMYeCTBO BLITSKHbIX S

:‘ N oTBepcTuit: 1 110 =

S 795 HRR: 5300 kBT 3

S~ s 8

A L 6\ Y m
0 30 60 90 120 150 180

Bpems (c)

Puc. 13.20 BnusiHne 3KCNOHeHTbl «3ddekTa NpokanbiBaHUA»
Ha BbICOTY AbIMOBOIO €109 cornacHo moaenu AZONE

MuHuManbHasa rnybmuHa AbIMOBOIro C/os

B npeablayliemM pasgene wna peyb 0 rybuHe AbIMOBOrO CNosi, HeobxoaMMon ans npefoTspalleHns «addekta
MpoKasbiBaHWUs». B 3TOM pasgene peyb NMoMaET O MUHUMArbHOW FybrHe pacyéTHOro AbIMOBOrO C/0si, HEO6X0AMMOM
AJ1s TOro, YTo6bl BMECTUTb peasibHbIM MOTOK AbIMa MOA NOTOMKOM. MpeaynpexaaeM untaTeneil 0 pasHuue B onpeae-
neHunax rnybuHbl AbIMOBOro cnost. [ns NpuknagHbIX Nporpamm no pacyéty «addekTa npokanbiBaHWs», rnybuHa abl-
MOBOIO C/1051 — 3TO PacCTOsIHWE OT rPaHuLbl AbIMOBOrO C/1051 0 OCHOBaHMS BbITSPKHOrO 0TBEepCTUs. B aaHHOM pasge-
ne, rnybvHa AbIMOBOro C/10S — 3TO PAcCTOsiHWE OT rpaHMLbl AbIMOBOMO €105 4O MOTOSKA.

Korpa cTpysi AblMa JOCTUraeT MiOCKOM MOBEPXHOCTY MOTOJKA, AblM MEHSIET HarpasfieHve 1 obpasyeT npunoTo-
JIOYHYIO CTPYIO, pacTeKalollylocs paguanbHO OT TOro MecTa, rae OCHOBHasi CTpys COMpuKacaeTcs C MoToskoM. Kak
6bIsI0 ONMUCAHO BbIle, TyGMHA MPUMNOTOMOYHOM CTPyM NexuT B npegenax 10% - 20% pacCTosiHWS OT OCHOBAHMS
TONAMBa 4O NOTOMKA. JTO 3HAYMTENbHOE YNPOLEeHWe B TOM NfaHe, YTO MpUNOTONIOYHAs CTPyst COCTaBMSIET OKOMO
10% paccTosiHus, NOCKOJbKY, KOCHYBLUMCh CTEH, CTPYSl HAUMHaeT 0bpaTHOe ABWXEHME U NpoTeKaeT nog coboi. Ecnm
peyb MAET O 3aKPbLITOM MOMELLEHUN UMM aTPUyMe, TAe OKOJSIO NOTOJKa HET NPOEMOB, AbIMOBOM CNOM 0bpa3yeTcs Tak,
KaK NnokasaHo Ha puc.13.21. 1ng Takoro 3aKpbiTOro MoOMELUEeHUst UM aTpuyMa, PeKOMeHAyeTcs npuHMMaTh 3a pac-
YETHYI0 rNybMHY AbIMOBOro Cnost BeNu4YMHy He MeHee 20% pacCTosiHMSA OT OCHOBAHMS OrHS A0 NMOTOJIKa.

MpUNoTONOYHas CTPyS

(a) O6paszoBaHKe NpPUNOTONIOYHON CTpyU
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MpUnNoTonoYHag cTpys

Koraa (s e
MPUMNOTONOYHAN Y oo
CTpys AocTuraet C.pr-’:‘
CTeHbl,0Ha MeHsieT
HanpasneHue, 1
npoTeKkaeT nog coboi. \:

OroHb

(b) MpunoTonoyHas CTpys, AOCTUrLLIAsA CTEHbl U NOBEPHYBLUIAs Ha3aj
MNpunoTonoyHag cTpys

noMelLLeHmm
nnu aTpuyme
MWHMMasbHas rnybvHa
AbIMOBOrO C/1051 COCTaB-
nsetokono 20% paccTos\:
HWUS OT OCHOBAHMS
TOMNMBA A0 NOTOJIKA.

OroHb

(c) O6pasoBaHMe AbIMOBOIO C/10S1 MMHUMAsTbHOM FTy6UHbI B 3aMKHYTOM MOMELLEHUM
Puc. 13.21 O6pasoBaHne MMHUMAJILHOIO AbIMOBOrO CJ/1051 B 3aKPbITOM NMOMELYEHUN UK aTpuyMax

B nomelleHMsIX 1 aTpuyMax C Npoémamu B MOTOSKE, AblM MPUMNOTONIOYHOM CTPYM MpOTeKaeT yepes npoém (puc.
13.22). Mpwn ycnoBuu, 4To NPOEM AOCTATOYHO LUMPOKUIA, MUHUMaNbHasi rybuHa AbIMOBOrO CNOsi COCTaBASIET OKOJIO
10% paccTosiHMs OT OCHOBaHMWS OrHS A0 NOTOMKa.

MpunoToNoYHas CTpys

¥

B nomelueHun nnu

aTpuyMe,B KOTOPOM - lMoTok AbiMa,
€CTb [DOeM B MOTOSIKE, {(C1py BbIXOAALEro
MUHVMasbHas rnybuHa \7 ! yepes NpoeM
[AbIMOBOIO C/1051 COCTaB-
nset okono 10% paccros
HUS OT OCHOBAHWA
TOMN/MBa A0 NMOTOSKA.

OroHb

Puc. 13.22 [1bIMOBOI4 C/I0M B NOMELLEHUN UK aTpUyMaXx, rae ecTb NpoeM B NOTosNKe

rOpM3OHTaanblﬁ NnOTOK AbIMa

rOpVI3OHTa)'IbeIl71 NOTOK, BbITEKAOLWMIA U3 AbIMOBOMO Cnos, U COOTBETCTBYHOLLUE NOKa3aTeN AaB/IEHNA OTPaXKEHbI
Ha pVIC.13.23. OTW nokasaTenun JaBfieHns rmapocTtaTnyvyeckme, T.e. KOMNOHEHTbl ANHaMNYECKOro AaBneHNs HE3Ha4Yu-
TenbHO Manbl. [MpoéM cumMTaeTcs AOCTaTOYHO 60MblUMM — HACTOMbKO, YTO AaB/ieHWE MOA AbIMOBbIM C/TIOEM MOXET
CUYMNTATLCA PaBHbLIM [ABMEHNIO CHApYXW Npoéma. KpoMe Toro, BepxHsAS 4acTb Npoéma HaxoaUTCs 3HAUUTENbHO HUXE
noToNKa, T.4. ABMXYLasa cuna I'IpMI'IOTOJ'IO‘-IHOVI CTPYV HEe BNUSIET HA UCTEYEHUE AbiMa Yepes Npoém.
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[aBneHve 3a npegenamu
e ZbIMOBOTO Cflos
S
0
o
Lo bomertlmbipilimpit sl - RS BT vy i i i s s g e
LSRN WA S [asnexune
[biMoBOI crioit - [bIMOBOrO Cnos
[aBneHue
(a) ICKM3 ropmM3oHTaNIbHOMO MOTOKA (b) Npodwunu paeneHus

Puc. 13.23 Fopu3OHTaJIbHbI NOTOK Yepe3 NPOEM WM BEHTUNSALMOHHOE OTBEepCcTUe

MoToK AbiMa, NPOXOASLLMIA Yepe3 NPOEM 3aBUCUT OT NNABYYECTU AbIMA M TOSMLLUMHBI AbIMOBOMO C10S NMoA NepBbiM
YPOBHEM.

M= %CWhe"zx/ 2p.9(p, - p,) (13.48)

roe

M = MaccoBblil pacxof 13 AbIMOBOIO C/I0A Yepe3 MPoéM, Kr/c;
W = wvpunHa npoéma, M;

h = rnybuHa AbIMOBOro Cnosi, M;

g = YCKOpEeHWe CUIbl TSHKECTU [NpubnusuTensHo 9,8 m/c?];

., = IOTHOCTb OKPY>XKatoLLEero Bo3ayxa, Kr/m3;
P = NNOTHOCTb AbIMa, Kr/M3;

C = koapduumeHT pacxoaa (B OTHOCUTENbHBIX eanHULAX — NpuénnanTensHo 0,7).
YpaBHeHue (13.48) MoXeT Takke 6bITb 3aMMcaHo creayowmMM 0bpas3oMm:

m=2,0Mh*2/p. (0, - p.) (13.49)

MoacTaBmB ypaBHEHWE MaeanbHOro rasa B ypaBHeHue (13.49) 1 nepectaBmB YneHbl YPaBHEHUS, MNOy4YaeM:

(13.50)

rae

T, = temnepatypa abiMa, K;

T, =Temnepartypa okpyxatoiei cpeas, K.

Kak 6bino Cka3aHo Bblwe, 3TOT pacyéT npumeHsieTcs, koraa (1) npoém cumtaeTcs AOCTaTO4YHO 60MbLIMM, YTO
[aBJIEHNE HUXE AbIMOBOIO C/I0S1 MOXET CHMTATbCS PaBHbIM AAB/IEHUIO CHApY>XW Npoéma, v (2) ABWXyLIas cuna npu-
MOTOSIOYHOW CTPYM HE B/IMSIET Ha TeYeHue AbliMa Yepe3 NpoéM. KoMMeHTapum, KacatoLmecs ABMXKYLLEN CUAbl MpUIo-
TOJTOYHOW CTpYW, NPUBEAEHHBIE BbiLLE B pa3fese O pacTeKaloLWMXCs 6aNIKOHHBIX CTPYSIX, TakxKe NMPUMEHUMbI U 30ECh.
Korpa 3T ycnoBmsl OTCyTCTBYIOT, FOPU3OHTANIbHOE TEYEHME AbIMa MOXXHO aHann3MpoBaTb NOCPEACTBOM (PU3MYECKOr0
MOZENMPOBaHMS UM BbIMUCIIUTENBHON rMAPOAMHAMUKM.

MpuBEAEHHDBIN Bblle PAcyYET — 3TO COKPALUEHHbIA BapuaHT MoaxoAa, WMCMOoJSb3yeMOro MoAensiMU MHOFO30HHbIX
NnoXapoB. MHOrO30HHbIE MOAE/IN YYUTLIBAIOT BO3MOXHOCTb MPOTEKAHMS AblMa B MOMELLUEHWE, TAe UMEETCS AbIMOBOW
CNOW, CMyCTUBLUMICS HUXKE Bepxa NpoéMa. PasHuUa B AaBNEHWM M pacxodax Yy NMPOEMOB MeXAy OTCEKaMW 30HHOM
MOZENN MOXET BbITb CTIOXHOW.

CMeXxxHble noMeLlleHuns

CMeXHble NMOMELLEHUS — 3TO NMPOCTPAHCTBA BHYTPU 34aHUS, UMEIOLLME OTKPbITbIA NMPOX0A K aTpuyMy TakuMm obpa-
30M, 4YTO AbIM OT NMoXapa B CMEXHOM MNMOMELLEHNN MOXET GECHpEHHTCTBEHHO NPOHUKATb B aTPUyM. ﬂ,bIM OT MNoXXapa B
dTPUyME MOXET TaKXe GECHpeI'IﬂTCTBeHHO NPOHNKATb B CMEXHOE MNMOMELLEHUE. CMeXHble MOMELLEHNA MOTYT BbIXO-
AUTb HAaNpsAMyto B aTPUYM WU COEAUHATBLCA C HAM Yepes ApYrne OTKPbITbIE MPOCTPAHCTBA.
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lMogriop Bo3gyxa ripy noxape B CMEXHOM NMOMELYEHNHN
Bo3ayLUHbIA NOTOK MOXET BbITb MCMONb30BaH AS1s NPeAoTBPALLEHUS U CAEPXXUBAHMS NPOHUKHOBEHUS B aTpUyM
[bIMa, BO3HUKAIOLLEro B CMEXHOM nomelleHumn (puc.13.24).

J

MpoCTpaHCTBO % Bbinmyck
atpuyma — ToMa >

Bo3ayuwiHein
MoTOK

L 1
Puc. 13.24 Bo3ayLHbI NOTOK, UCNOJIb3yeMbli AJIS NPeAoTBPaLLeHUs WK cAePXXUBAHUSA
NPOHNKHOBEHUA B aTPUYM AbiMa, BO3HUKLUEro B CM€XHOM NnoMeLleHnum

3TO AoCTUraeTcsl NyTEM BbiMycKa AblMa M3 CMEXHOrO MOMELLEHUS M HAarHETaHUS BO34yxa B aTPUyM TaK, 4TO CKO-
pOCTM Y NMPOEMa CMEXHOro NMoMeLLeHNs AOCTaTOYHO ANsl NpeaoTBpaLleHnst MonajaHus AeiMa B aTpuyM. [ng npenot-
BPaLLEHNS Takon MUrpaummn abiMa, CpeaHsis CKOPOCTb B NPOEMe A0/MKHa 6biTb paBHa unn 6biTb Hosblue npeaenbHoN
ckopocTtu notoka (Heskestad, 1989 [15]).

(13.51)

rae

V = npefenbHas cpeaHsis CKOpoCTb Bo3ayXa, M/C;

g = YCKOPEHMWE CUMbI TAXKECTU, M/C?;

H = BbICOTa Npoéma, M;

'I'f = abcontoTHas TeMnepaTypa ropsilero npocTpaHcTBea, K;

T, =a6contotHas TeMnepaTypa okpyxaioLueit cpeal, K.

Mognop Bo3gyxa npy noxxkape B atpuyme
Bo3ayLHbIi MOTOK MOXET Takxxe 6biTb UCMOMb30BaH AN NpeaoTBpalleHns nonadaHusl B CMEXHOEe MoMeLleHue
AbIMa, BO3HMKILEro B aTpuyMe. MNpeaenbHyo CKOPOCTb BO3AyXa MOXHO paccuutaTh Mo dopMyrne:

1/3

v, = 0,057 % (13.52)

roe
V, = npeaenbHas cpeaHsis CKopoCTb BO3AyXa, M/C;

Q = ckopocTb BbiaeneHus Tenna, kBT;
Z = paccTosiHue OT OCHOBAaHMS TOMMBA [0 OCHOBaHUSA NMpoéMa, M.

YpaBHeHve (13.52) HenpumeHuMo, koraa Z < 3 M. bonee Toro, V, He AOMKHO MpeBbiwate 1 M/c. Ecin npoém,

BEAYLUMIA B CMEXHOE MOMELLEHWE, BbIlIE rPaHULIbl AbIMOBOMO C/Osl, NMPeAebHY0 CKOPOCTb AbiMa C/IEAYET PacCUUTbI-
BaTb Mo ypaBHeHuto (13.51).

CUCTEMbI NPOTUBOAbIMHOU 3ALLUNTDLI B ATPUYMAX

M3BECTHO, YTO CMOCOBHOCTb CMPUHKIEPOB NOAABSTL NOXapbl B MOMELLEHNUSIX C MOTONKaMM Bblwe 11-15 MeTpoB
orpaHuyeHa. Mockosbky TemnepaTypa AbiMa YMEHbLIAETCS MO Mepe TOro, Kak AblM NoAHuMaeTcs BBepx (6naroaaps
BOBJ/IEYEHMIO OKPY>KAIOLLEro BO3AyXa), AblM MOXET CTaTb HEOCTATOYHO ropsiuMM, YTOEbl aKTMBMPOBATb CNIPUHKIIEPSI,
YCTaHOBJIEHHbIE MOA MOTOSIKOM aTpuyMa. [laXke ecnv ClpUHKIEpbl CpaboTaloT, OTCPOYKa aKTUBALMM MOXET MPUBECTU
K pa3pacTaHuio noxapa A0 MacluTaba, KOTOpbI He NoaAaéTcs NoAaBNeHMIO O6bIYHBIMM CMPUHKIEpaMU. YuuTbiBas
OrpaHuyeHusi, CB3aHHbIE C ieNIEHMEM aTPUYMOB Ha OTCEKU U C BO3MOXHOCTSIMU CMPUHKIEPOB, HEYAMBUTENBHO, YTO
BOMPOC O MNPOTUBOALIMHOM 3alUMTe aTPUYMOB KpalHe BaXKeH.

Cucremsl

Moaxoabl, KOTOpbIE MOMYT UCMOJIb30BaTLCS B LIEMSIX OpraH13aummn NpoTUBOALIMHON 3alUMTbl aTPUYMOB, BKIOYAOT
B cebs: (1) 3aabiMneHve/3anonHeHme AbiMOM, (2) MEXaHUYECKYHO BbITSXKHYIO BEHTUAAUMIO, (3) €CTECTBEHHYIO BEHTU-
nsaumto, u (4) cuctembl obecneyeHnst 6e3onacHbIX YCroBui. Lienbto 60MbLUMHCTBA STUX MOAXOAOB, 3@ UCKITIOYEHWUEM
cucTeM obecneveHust 6e30nacHbIX YCNOBUM, SBASIETCS 3aliMTUTL NOSb30BaTeNen aTpuymMa OT AblMa BO BPEMS 3BaKy-
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aumu. Llenbto cuctem obecrieveHus 6e30onacHbIX YCIOBWIA SIBASETCS 3alUMTUTL NOJSb30BaTeNen aTpuyMa OT YC/I0BUM
HECOBMECTUMbIX C JXU3HbIO.

Mpyn BCeX 3TWUX NMOAXOAAX PacHETHbLIVA NoXap MOXET 6biTb CTaUMOHAPHLIM UK HECTaUMOHapHLIM. MecTo BO3HWK-
HOBEHMS NOXXapa SBNSIETCS BaXKHbIM (hakTOPOM: HanpuMep, NoXxap B NPOCTPaHCTBE aTpuyMa MoXeT 0bpa3oBaTh oce-
CMMMETPUYHYIO CTPYIO, B TO BPEMS KaK MOXap B CMEXHOM C aTpUyMOM NPOCTPaHCTBE MOXET 06pa3oBaTh pacTekato-
Lwytocst 6ankoHHyto ctpyto (puc. 14.1). B CeBepHoii AMepuke cucTeMbl 06bIYHO NPOEKTUPYIOTCS ANst 6opb6bl ¢ NoXxa-
pamu B aTpuyme. B Asctpanuu, Benvkobputanun v apyrux Yactax EeBponbl pacyéTHble noxapbl 06bl4HO COpPUEHTU-
poBaHbl Ha MOMELLEHWS], NPUMBIKAIOLLME K aTPUyMy, Takmne Kak MarasmHbl U 0uChI.

AHanu3 3TMX NOAXOA0B MOXET OblTb NMPOU3BEAEH C MUCMOSIb30BAHUEM YPABHEHWIA UM KOMMBIOTEPHBLIX NMPOrpamMm
30HHOro MogenuposaHusl noxapos (Hanpumep, CFAST, ASET-C n AZONE). AZONE - nporpamma, crieuuasnbHo Co-
30aHHas Ans pacyéra ABWXEHUS [biMa B aTpuyMe. B KOHLe 3TON rnasbl NPUBOAMTCS NoApobHOe onvcaHue nporpam-
Mbl AZONE.

—>
Bbinyck gviMa

Odwmc

Odmc

Odmc

(a) Moxxap B aTpnyme, 06pasyroLLMii OCECUMMETPUUHYIO CTPYHO

—>
Bbinyck abiMa

Odwmc

Pacrekatowascs
6ankoHHas cTpys\

Odmc

(b) Moxap B CMEXHOM C aTPMyMOM NMPOCTPAHCTBE,
06pasytoLmii pacTeKatoLLyocs 6ankoHHY0 CTpyto

Puc. 14.1 MecTopacnosioXxeHue noxapa B/IMSIET Ha pa3HOBUAHOCTb CTPYyM

3apabiMneHue (3anosnHeHue AbIMOM)

[JlaHHbI NoAX0Z 3aK/YaeTCs B TOM, YTOObl 3BAaKyMpOBaThb MONb30BATENEN aTpUyMa WM Yepes aTpuyM B Mpo-
Lecce TOro, Kak MpOCTPaHCTBO aTpuyMa 3anofiHAeTCs AbiIMOM (puc.14.2). 3abiMeHne NpUMEHSIETCS TONbKO B MO-
MeLLeHnsX oveHb 6onblIoro 06bEMa, rae BpeMeHM 3anonHeHNs AbIMOM AOCTaTOYHO A 9BaKyauun, BKIOYas BpeMs,
Tpebyemoe Ans Toro, yYTobbl MOHSATb, YTO MPOM3OLEN MOXKap, U MPUrOTOBUTLCS ABUraTbCs K BbiXxody. Pacuértbl no
3arosIHEHMIO ABIMOM MOTYT BbIMOSHATHCS C MOMOLLBIO KOMMbIOTEPHBIX NMPOrpaMM 30HHOrO MOAENMPOBaHUS MOXapoB
WM SMMUPUYECKMX YPABHEHWI, NPEACTABAEHHBIX HUXKE.

SMnupunyeckne ypaBHEHMS MO 3al0JIHEHHIO aTpuyMa AbIMOM

3MI'IVIpVI‘-IeCKVIe YPaBHEHNA MO 3anoO/IHEHUIO aTpuyMa [AbIMOM OCHOBaHbl Ha WCNbITAaHUAX MO 3aAbIMIEHUIO
(Heskestad and Delichatsios, 1977 [16]; Nowler, 1987 [34]; Mulholland et al., 1981 [36]; Cooper et al., 1981 [24,
37]; Hagglund et al., 1985 [35]).
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MpumeyaHue:

1. Ecnn Bpemsi 3BakyauuuM MeHblue
BpEMEHMW 3anosiHeHusi atpuyma Apl-
MOM, MOAOMAET CuUCTEMa 3aabiMie-
HWUS aTpuyMma.

2. Bpemsa 3BakyauuuM COCTOUT U3
CMOAENIMPOBAHHOIO BPEMEHW 3BaKy-
aumm, YMHOXEHHOro Ha 3ddekTuB-
HOCTb MPOBefEeHNs 3BaKyaunu, nic
3afepXXka BO BPEMEHW Hayana 3Ba-
Kyauum.

3. Bpemsa 3anonHeHus aTpuyma Abl-
MOM — BpEMsl, 33 KOTOpOe AbIMOBOM
CNOW OMNycKaeTcs A0 KPUTUMYECKOrO
YPOBHS Haj CaMbIM BbICOKMM 3Ta-
>KOM, 3aHUMAEMbIM TIOAbMU.

Puc. 14.2 3anonHeHue aTpuyMa AbIMOM

M3-3a TPyAHOCTV B OMPEAENIEHNN  HUXKHEN rPaHULbl AbIMOBOMO C/I0S1 Ha OCHOBE 3KCMEPUMEHTasIbHbIX AaHHbIX, B
NPUBEAEHHBIX HMXXE KOPPENsUMsiX UCTMONb3YETCS YHUKaNIbHAs KOHLENUMsl nepBbiX Mpu3HakoB AbiMa (puc.14.3). B
TEOPETUYECKON 30HHOW MOAENM rpaHULEN AbIMOBOIO CrOSi CUMTAETCS BbICOTA, BbilLE KOTOPOW €CTb AbIM, @ HUXE —
HeT. MNpy peanbHbIX NoXapax MeXxay HWKHWUM NPOX/IagHbIM U BEPXHUM ropsiumMM CriosiMmM obpasyeTcsl 30Ha MOCTeneH-
Horo nepexoaa. MepBbiMM MpU3HaKaMM AbiIMA MOXHO CYMTATb HVDKHIOO IPaHWULy MEPEXOAHOM 30Hbl. Kak MOXHO
0XWAaTb, MPOrHO3bl C UCMOJSIb30BAHWEM YPaBHEHWI M3 AAHHOIO pasfena OT/IMYATCSA OT MPOrHO30B, CAENAHHBIX C
MCMOIb30BaHWEM MPOrPaMMbl 30HHOMO MOAE/TMPOBAHUS MOXKAPOB.
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Puc. 14.3 N306parkeHne AbIMOBbIX C/10€B 415 SMMUPUUECKUX YPaBHEHUN
3aAbIM/IEHUA 1 NPOrpaMM 30HHOIO MOAENIMPOBaHUSA NOXKApPoOB

3anosnenne AbIMOM 1PN CTaUNOHaPHOM rorKape
Mpun cTaumMoHapHOM noXape 3anosIHeHe AbIMOM MOXHO NMpUBAN3UTENBHO BblPa3uTb COOTHOLLEHMEM:

\1/3 -4/3
ﬁz _111-0.28In| Q- H : (14.1)

H2

= BbICOTa NOABNEHUS NEPBbIX NPU3HAKOB AbiMa Hafl NMOBEPXHOCTLIO OrHsl, M;
= BbICOTaA NOTOJIKA Haf OFHEM, M;

BpeMms, C;

= CKOpPOCTb Bblfie/IeHUsl Tena Npu CTaLMoHapHOM noxape, KBT;

= MAOLWaab NonepeyHoro CeYeHst aTpuyma, M.

>0 "N g
I}

YpaBHeHue (14.1) ocHOBaHO Ha CTpye, KOTOpasi He KacaeTcsl CTeH. MOCKOMbKy CONMpUKOCHOBEHWE CO CTEHOW CHU-
XaeT NoAcoC BO3Ayxa, 3TO YCI0BME 3aBblLLEHO.

YpaBHeHue (14.1) OTHOCWUTCA K MOWaan MOCTOSIHHOMO MOMEpPeYHOro cevyeHust ¢ y4&€TOM BbICOTbl. [ns Apyrux
opm aTpvymMa MOXHO MCNOMb30BaTb MPOrpaMMy 30HHOr0 MoaenupoBaHus noxapos AZONE, dusnyeckoe moaenu-
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pOBaHME UMW BbIUUCIUTENBHYIO TMAPOAMHAMUKY. YpaBHEHWE YMECTHO, Koraa A/H HaxoauTtcs B npegenax ot 0,9 ao
14, n z 6onblue unu pasHo 20% ot H. Ecnun z/H>1, 3T0 03HAYaeT, YTO AbIMOBOW C/IOM NOA MOTOJIKOM eLé He Hayan
onycKaTbCs. ITW YCN0BUS MOMYT BbiTb BblpaXkeHbl Crneayrowmm o6pasom:

A = KOHCTaHTa C y4éTOM Z, (14.2)
02<-2 <10, (14.3)
H
"
A
09< 7S 14 (14.4)

Korga ¢ nomolubto ypaBHeHus (14.1) BbIMMCNSIOT z/H, BbISICHSIETCS, UTO Z/H 4acTo BbiNaaaeT M3 AOMYCTUMbIX pa-
HWU. ypaBHeHVIe 3aAbIMNEHNA NpU CTalMOHAPHOM MOXXape MOXXHO NPUMEHUTb AJ19 BblYNCNIEHNA BPEMEHN:
A HY3 1 z
t= —exp 111-— (14.5)
H? Q" 71028 H

Ha puc.14.4 noka3aHo BpeMsi, CMPOrHO3MpoBaHHOE Ha OCHOBE ypaBHeHus (14.5), TpebyeMoe Ha 3anonHeHue Abl-
MoM BepxHuXx 80% atpuyMa (z/H = 0,2). YunTtbiBasi, UTO BpeMs 3BaKyauum Yacto konebnetcs ot 15 go 30 MUHyT, n3
3TUX UMdp BMAHO, YTO NOAXOA «3arojiHeHWe AbIMOM>» MpUeMsIeM TOSIbKO AN O4eHb 60bwmX aTpuyMoB. MyHKTMP-
HblE JIMHUM Ha 3TOM PUCYHKE MOKa3blBAOT rpaHuubl npuMeHenns (0,09 < A/H < 14) ypaBHeEHUS 3aabIMieHUs npu
CTaLMOHapHOM noXape.
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Bpemsi 3anonHeHus (MUH)

0 25 50 75 100 125 150
BbicoTa noTonka Haa NoBEPXHOCTLIO Tor/MBa (M)

Puc. 14.4 Bpems, 3a KOTOpPOE NpU NoXape MOLWHOCTbIO 5280 kBT AbIM 3anonHseT BepxHue 80% at-
puyma (z/H = 0,2) no nporHo3amM Ha OCHOBaHMM 3MNUPUYECKOIr0 YpaBHEHUS 3aAbIMJIEHUSA

MNpumep 14.1 3anonHeHue AbIMOM NPV CTalUMOHAPHOM MoXape

Kakoe Bpemsi TpebyeTcs npu noxxape MoLHOCTbio 5280 kBT ansi 3anonHeHust BepxHux 21,3 M aTpuyMma AbiMOM,
€CN1 BbICOTa aTpuyMa coctasnseT 30,5 M, a nnowaab — 9290 m2?

BbicoTa mepBbiX NPY3HAKOB AbiMa Hazg MOBEPXHOCTbIO MoXapa, z, coctaenser 30,5 — 21,3 = 9,2 M, n z7H =
9,2/30,5 = 0,3. U3 ypaBHeHus (14.5) BpeMs 3an0fHEHNS AbIMOM PaBHSETCS:

A HY3 1 z
t=—"1 ——|111-= || =
H? QY3 exp[o,zs[l Hﬂ

_[ 9290 (30,5)*3 [ 1

B 11— =1020c(1
(30,5)® 5280"° 0,28 @ 0’3)J 020c( 6,9Muﬂ)j

3arnosiHeHne AbIMOM NPHU HECTALHNOHaPHOM rNo)kape

KBazpaTuyHbIi NoXxap MOXET 6bITb UCMOMb30BaH B KA4YeCTBE anmnpokcMMaumMy 3Tana pocTa Npu pa3BUTUM Noxa-
pa. Ans ypaBHeHUs 384bIMIEHUS IPU HECTALMOHEPHOM [10XXaPE, ONMNCAaHHOIO HWXeE, rnoXxap NpOoAOos/HKaeT pa3pac-
TaTbCs B Mpouecce 3anofHeHns AbiMoM. Kak 66110 yka3aHo Bbllwe, Ha 3Bakyaumto Jacto Tpebyercs ot 15 go 30 mu-
HyT. MoXap K KOHUY 3BakKyauuu MOXeT 6biTb O4eHb 60MbLUMM, YTO OrPaHUYMBAET MPUMEHEHWE 3TOr0 YpaBHEHUS
(Tabnuua 14.1). Tem He MeHee, ypaBHEHWE 3adbIMIIEHNS NPU HECTALMOHAPHOM MNoXape NpUBOAUTCS 3A4eCb AN Mon-
HOTbI KapTUHbI.
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-1.45

tt —2/5H4/5(ij_3/5

& =09 : E (14.6)
roe
Z = BbICOTa MEPBbIX MPU3HAKOB AbIMa Haj NMOBEPXHOCTbIO MOXapa, M;
H = BblcOTa NOTOJIKA Haf, OTHEM, M;
t = Bpemsg, C;
fy; = BpeMms pa3BUTUS NoXxapa, C;

A = nnaowaab nonepeyHoro Ce4eHns aTtpuyma, M.

Kak B cnydyae c ypaBHeHveM (14.1), ypaBHeHue (14.6) 3aBbilleHO B TOM, UTO OHO OMNpeaensieT rnepsble NpUsHaKku
AblMa M paccyUTaHO Ha CTPYIO, HE UMEIOLLYIO KOHTAKTOB CO CTEHaMMU.

YpaBHeHue (14.6) Takxke OTHOCUTCS U K MOCTOSIHHOM NJOLAAN MONEpeYHOro ceveHus ¢ y4€TOM BbICOTbI, U 3aMe-
YaHWsl KacaTenbHO aTpuyMOB ApYrol GopMbl B paszaene Bbllle Takke UMET OTHOLLUEHUE M K 3TOMY pasaeny. Ypas-
HEHWe YMECTHO, Koraa A/H HaxoauTcs B npeaenax oT 1,0 1o 23 n 22> 20% oT H. 3HaueHue z/H >1 TakKe 03HaJaerT,
YTO AbIMOBOW CNOM NOA NOTONKOM eLUé He Hauan onyckaTbCsl. ITU YCNIOBUS MOXHO BbipasuTb CEAYHOLLMM 06pa3oM:

A = KOHCTaHTa C y4€TOM H, (14.7)
02<2<10 (14.8)
H
n
A
09< m <23 (14.9)

Bpemsi pa3BuTus noxapa, ¢;, obcyxaanoch Bblle. Kak U B c/lydyae C ypaBHEHUEM 3aAbiMIIEHUs NPU CTaUMOHap-
HOM MOXape, C MOMOLLbIO YPaBHEHUS 3aAbIMIIEHNS MPU CTaLMOHAPHOM MoXape MOXHO paccuuTaTb BpeMmst:

t = 0937t 2°H 5[ A A
- 0,937, AV (2
H H

Ta6bnuua 14.1 Tennootaava B KOHLE BpEMEHM 3BaKyaluuu 4 YpaBHeHUA 3aAbIMJIEHUSA NpU He-
CTaLMOHapPHOM no)ape

(14.10)

Bpemsi a3Bakyaumu | MeaneHHbIN noxap CpenHwii noxap BbICTpbIN Noxap CBepXObICTPLIN NOXap
t;=600 c t4=300 c ty=150 c ty=75c
MuH. KBT KBT KBT KBT
15 2 370 9 500 38 000 152 000
20 4220 16 900 67 500 270 000
25 6 590 26 400 106 000 422 000
30 9 500 38 000 152 000 608 000
MpumeyvaHus:

1. t; —3T0 BpemMs pa3BUTMS KBaAPaTUYHOIO MNoXapa, 3a KOTopoe noxap AocTuraeT mMowHoctn 1055 kBT.
2. MNockonbKy MOXapbl K KOHLY BPEMEHM 3BaKyauuun CUJibHble, YpaBHEHME 3aAbIMIIEHUS MPU HECTALMOHApHOM
noXkape MMeeT OrpaHN4YeHHOEe NMpUMEHEHME.

KomnbrorepHoe mogesmpoBaHne

BbICOTY AbIMOBOrO C/10Si HAZ MOBEPXHOCTLIO TOM/IMBA MHOMAA HA3bIBAKOT YHCTOH BbICOTOM, U Ha puc.14.5 nokasaHo
CpaBHEHME YUCTbIX BbICOT, CMOAENIMPOBAHHBIX Pa3HbIMW NMPOrpaMMaMn 30HHOMO MOAE/IMPOBaHMS MOXXapoB U YpaBHe-
HVeM 3aAbIMIEHNS NPU CTAaLUMOHAPHOM MoXape. JTW NPOrHo3bl COCTaBeHbl ANns 60MbLWOro aTpuyMa € ycnosmem H =
30,5M 1 A = 5280 M? nNpy CTaUMOHAPHOM MOXape MOLHOCTbIO 5270 KBT. MOXHO 3aMeTWTb, YTO MPOrHO3bI, MOMy-
YeHHble ¢ nomoubio nporpamm ASET-C n AZONE, noutu cosnagatoT. [MporHo3bl, NOSTyYEHHbIE C MOMOLLLIO npo-
rpammbl CFAST 1 ypaBHEHUS 3aAbIMIIEHMSI MPU CTaLIMOHAPHOM MoXape, AaloT 605ee HU3KUE NoKasaTenu YUCTOi Bbl-
COThbl.
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Puc. 14.5 CpaBHeHME YUCTbIX BbICOT, CMOAE/IMPOBAHHbIX Pa3HbIMM NPOrpaMMamMm

PasHMUa B MPOrHO3MPYEMbIX 3HAYEHWSIX YMCTON BbICOTbI MOXKET OblTb 06BbSICHEHA CYLLECTBEHHBIMU Pa3/vyMsiMU B
MHCTPYMEHTaX NMpPOrHo3upoBaHusl. 3T MHCTPYMEHTbI BKJItoYatoT B cebs: (1) mogenu ctpym, (2) onpeaeneHue YncTomn
BbICOTHI, U (3) noaxoa K Tennonepeaaye. B KaXxxaoi 30HHOM MOAENM MacCOBbIM pacxof CTPYW pPacCUMTLIBAETCS B CO-
OTBETCTBUM C PasHbIMU MOJENSAMU CTPYMU.

Kak yka3aHO BbllL€, SMMMPUYECKOE YPaBHEHUE 3aBbILLEHO B TOM, YTO OHO MPOrHO3MPYET 3HAYEHME YNCTOM BbICO-
Tbl KaK nepBble MPU3HAKWM AbiMa Haj OrHEM, YTO MOKAa3aHO Ha pwvc.14.3. MporpaMMbl 30HHOMO MOAENMPOBaHUS NpPo-
FHO3MPYIOT 3HAaUYEHME YMCTOMN BbICOTbl KaK FpaHuLy AbIMOBOro €rosi. Mo 3TUM MPUYMHAM OXMWZAAETCS, YTO MPOrHO3bl
Ha OCHOBE 3MMMPUYECKOro YPaBHEHUS 3a[bIM/IEHNS MPU CTAaLMOHAPHOM NoXape npuBeayT K 6onee HM3KUM Mokasa-
TeNaM BbICOT, YEM NPOrHO3bl MPOrpaMM 30HHOr0 MOAENMPOBaHKS.

B Kakaol 13 NporpaMM 30HHOrO MOAENMPOBaHMS Tensonepeaaya paccuuTbiBanach no-pasHomy. MNpu Mozenmpo-
BaHuM B nporpamMme CFAST pacyéT TennonornoweHns CTeHaMn 1 NOTONKOM M3 MMMCOKAapTOHa OCHOBAH Ha pasHuLe
TemMnepaTyp Mexay ObIMOBbIM C/10eM W TMNCOKapTOHOM. [ns pacuyéta Tennonepegayn B nporpammax ASET-C un
AZONE 1cnonb3yoTcs napaMeTpbl.

B nporpamMme ASET-C pacuyér Tennonepefayn OCYLLECTBASIETCS C MOMOLUbID KO3@D@UUMEHTa TEM/IONoTEDY, /16,

KOTOpbIN SIBASIETCS A0/EN BblAENEHWs Ternna Npy noXxape, NoriowaemMoin orpaHMYMBaoLLMMK NOBEPXHOCTSMU MOMe-
WeHus u ero cogepxmmbiM. KoadduumeHT Tennonotepu obbl4HO HaxoauTtes B npegenax ot 0,6 go 0,9. B nporpamme

AZONE noacyéT Tennonepeaayn OCyLLECTBISIETCS C MOMOLLbO KOHBEKTUBHOW [0/, X VW BONY TENNOMOrNOLWEHUS

cTeHaMmy, /). KOHBEKTMBHasa A0S — 3TO KOHBEKTMBHAs COCTaBAslowWas TernnooTaavu. Jons TennonornoweHus cre-
HaMW — 3TO A0S SHTaNbNUK CTPYW, BTEKaOLLEN B AbIMOBOM C/OM, NOFIOLLAEMasi CTEHaMU U NMOTOSKOM.
TemnepaTtypbl AblMa, CBSI3aHHbIE C YUCTbIMU BbICOTAMK, MOKa3aHHbIMM Ha puc.14.5, oTpaxeHbl Ha puc.14.6. Ans

nporpamMmbl ASET-C 661510 BbI6paHO 3HaueHne /'LC = 0,6. B nporpamme AZONE ncnonb3oBanuncb 3HadeHna ¥, = 0,7 u
n = 0,4. Mapametpbl cooTHOCSTCs Kak A, =1— ;(C(l— 77) W1, TakuM 06pa3oM, MOAENMPOBaHME C MOMOLLbIO MpPO-

rpamMmbl AZONE 3(peKTUBHO OCyLLEeCTBASN0Ch NpuU /'LC =1-0,7(1-0,4) = 0,58. HeyansutenbHo, 4To TeMnepary-

pbl AblMa MOYTU OAMHAKOBbLI AN MOAENEMN, CO3AaHHbIX C Momollbto nporpamMmbl ASET-C 1 nporpammbl AZONE
(pnc.14.6).

60
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40 I
[lporpamMmmbl 30HHOO E
MO/AENMPOBaHNsA NOXapos: 430 &
ASET-C =
~==- AZONE =
— —- CFAST —420
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Bpems (c)
Puc. 14.6 CpaBHeHue TeMniepaTyp AbIMOBOIO C/0sl, CMOAE/IMPOBAHHbIX pa3HbIMX NPOrpaMMamMm
TeMmnepaTypa AbiMa B MOAENW, CO3AAHHON C NMOMOLLbIO nporpamMmbl CFAST, 6bina Bbile, HO KO3MMULMEHTLI KOH-

BEKUMM, Ha KOTOPbIX OCHOBAHO TEM/IOMOr/IOWEHNE CTEHAMM, PACCUMTBLIBAIOTCS HA OCHOBaHWM O6LUMX KOppensiumil.
[Nt NpOTUBOMOXKAPHBIX OTCEKOB He BbII0 pa3paboTaHo crieumanbHbIX KO3hhULMEHTOB KOHBEKLIMM.
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MexaHunuyeckas BbITS)KHAaA BEHTUNALUSA

MexaHuuyeckas BbITSXKHAs BEHTUIALMS SBNSAETCA, BEPOATHO, Haubonee pacrnpocTpaHEéHHoW (opMor MpoTMBO-
ABIMHOM 3aWwmThl aTpuyMoB B CeBepHoi AMepuke. Kak M B Cllyyae C €CTECTBEHHOM BEHTUNISILMEN, MexaHUYeckas
AbIMOBBITSDKHAs BEHTUAALUMS MOXKET 6biTb OCHOBAaHa Ha CTALUMOHAPHOM WM HECTALMOHApHOM PacyETHOM MoXXape.
YpaBHeHUs, NPeACTaB/eHHbIE B CNEAYIOLLEM pa3aesie OTHOCATCA K CTaLMOHApHOMY MOoXapy, a NMporpamMMbl 30HHOMO
MOAEMPOBaHMA MOXXapPOB MOrYT MCMO/b30BaTLCA ANS pacyETa AbIMOBOrO MOTOKA NpW HECTALMOHAPHOM MoXape.

Ycnosns npyu craynoHapHoOM rioxape

MeTtop pacyéTta, NpeAcTaBfeHHbIM B AaHHOM pasjesie, OCHOBaH Ha YMpOLLAloWMX AONYLIEHUSX, MPUBEAEHHbIX
HWXe.

EAMHCTBEHHbIN MOTOK MAcchl, BXOASLLMIA B AbIMOBOM C/IOM — CTPYs OT MoXapa.

EAMHCTBEHHbIN MOTOK MacChl, BbIXOASLUMI U3 AbIMOBOIO C/1051 — BbITSHKHOM [AbIMOBOM MOTOK.

BbITshKHas BeHTMNAUMS yaanseT TONbKo AbiM, U B HEE He nonafjaeT Bo3AyX U3-rnoA AbIMOBOro cnos. Beicota Apl-
MOBOrO /1051 MOCTOsIHHA (puc.14.7). MoTokK, BXoAsilLME B AbIMOBOW C/IOM U BbIXOASLIME U3 HEr0, HAaXoaaTCs B paB-
HOBECUM.

TennoobMeH Mexay AbIMOBLIM C/TIOEM W OKPYXKaloLLEN Cpefoi AOCTUI PaBHOBECUS.

Mpexae YeM MCnoNb30BaTb 3TOT METOZ, MPOEKTUPOBLUMKAM HEOBXOAMMO YyAOCTOBEPUTLCS, UYTO 3TW AOMYLLEHUS
COOTBETCTBYIOT UX NPUKIaaHOW 3azade.

-BEHTUNALMOHHAs
%" YCTAHOBKa

I A A A A o -2

AbIMOBOIO
cnos g
LLELrTrrrr es

”

2 B i

Puc. 14.7 MexaHuueckas BbITSHKHasi BEHTUASAILMA U NOCTOSIHHOE 3Ha4YeHUe YUCTON BbICOTbI

YTo6bl paccumTaTb pPacxof BLITSXKHOrO MOTOKA, YPaBHEHWS! CTPYM M3 pasgena «OCHOBHbIE MOMIOXKEHUs NMPOTMBO-
AbIMHOM 3alMTbl aTPUyMOB» aAanTMPOBaHbl MEPEMEHHBIMU, KOTOpble 6biM MepeornpeaeneHbl Afis Creaylowero
NPaKTUYECKOro NpUMEHEHNS:

. N 1/3 <
m=0,071Q."°z°* +0,0018Q, aw z>2z (14.11)
n
m=0,0320.%°z 14.12
=0, . ansl z<zy (14.12)
roe
M = MaccoBbli pacxoa BLITSXKHOrO BO3AyXa, Kr/C;
Q. = KoHBeKTMBHas TennooTaaya npu noxape, KBT;
Z = BblCOTa rpaHnLbl AbIMOBOIro C/104 Haa TOMJINBOM, M,
21 = CpeaHasa BbiCOTa NjlaMeHn, M.

Cpeanm BbICOTa MNJlaMEHU paBHa:

z, =0166Q.*"° (14.13)

CobCTBEHHO roBOpsi, YpaBHeHust (14.11) u (14.12) npeaHasHayeHbl AN MAacCoBOro pacxoda O0CECUMMETPUYHOM
CTpyV B BEPXHWI CoW. Korga ypaBHEHUSI OCECMMMETPUYHOM CTPYW HE MOAXOASIT, MOXHO WCMoNb30BaTh Apyrue
YpaBHEHUS CTPYW. YPABHEHUSI pacTeKaoWMXCs 6aNKOHHbIX CTPYM M OKOHHBIX CTPYi cMOTpuTe B pasaene «OCHOBHble
MONIOXEHMSI NPOTUBO/ILIMHOMN 3aLUUTLI aTPUYMOB>.

KoHBekTuBHas TensnooTaaya, Qc , paBHa:
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Q.=xQ (14.14)
rge
}(C = KOHBEKTUBHas AoNsA TensiooTAaun,

Q = CYMMapHOe BblfeneHve Tenna, KBT.

Ons y,EI,O6CTBa TEPMWUH BbICOTa AbIMOBOIro /105 6y,qu MCNonb30BaTbCA B 3HA4YEHUU BbICOTa rpaHULbl AbIMOBOIo
Cnos. 3HaYeHne Z —3TO BbICOTa AbIMOBOr0 €108 Haj NMOBEPXHOCTbLIO TOM/IMBA.
TemnepaTtypa AbIMOBOr0 C/108 MOXET 6bITb Bblpa>X€Ha ypaBHEHNEM!

s~ o MmC (14.15)
roe
T, = Temnepatypa abiMoBoro cnosi, °C;

TO = TeMnepaTypa oKpyxatoLlei cpeapl, °C;
M = MaccoBbIl pacxop, BLITSHKHOrO BO3AyXa, Kr/c;

Q. = KOHBeKTWBHasi TennooTAaua npu noxape, kBT;

Cp = y[enbHas Ten10éMKOCTb ra3oB cTpyu, kIx/kr °C;

n = ponga TennonornoweHns cteHamu (B OTHOCUTENbHbIX e,Cl,VIHVILl,aX).

Kak onuncaHo Bbllle, napameTp «Aons TENAoMNOrfoWeHns CTeHaMn» eCTb KOHBEKTUBHAsA A0S TennooThayu, ne-
PEHOCMMOM K CTeHaM W MOTOSIKY aTpuyMa. 3TOT MapaMeTp 3aBWUCMT OT psida YCOBWI, BKJIHOYasi reOMETPUIO Mpo-
CTpaHCTBa, TeMnepaTypy AbIMOBOIO C10S U MaTepuansbl, U3 KOTOPbIX BbIMOAHEHbI CTEHbI U NMOTOMOK.

ATpWyM, B KOTOPOM HE MPOUCXOAWT Tersionepesaun, HasbiBaloT aguabatuueckum (77 =0). Aanabatudeckoe
YC/IOBME 3aBbILLEHO B TOM, YTO MNPV NPOrHO3XPOBAHMN OHO NMPUBOAUT K 6ONbLIMM 3Ha4YeHUsIM O6bEMHOrO yaaneHus
AbIMa@, HO OHO He 3aBblLLEHO B OTHOLEHUN «3ddeKTa NpokasnbiBaHus». M3-3a OTCYTCTBMS UCCNEefOBaHWI KacaTenbHO
AONN TEMIONOI/IOLEHNs CTEHAMU, NPeANonaraeTcs, YTo 3HayeHns 7) HaxomaaTtca B npedenax ot 0,3 ao 0,7 ans
CTEH M MOTOJIKOB U3 0BbIYHbIX CTPOMMaTEpUanos (KMpnuY, 6ETOH, CTEKIO, MMMNCOKAPTOH, U T.A4.).

MnoTHOCTb BbIXOASLLEro rasa MoXeT 6bITb paccyMTaHa Mo 3aKOHY MAEaNbHOro rasa,

b
R‘r (14.16)

S

ps =

roe

Ps = NNOTHOCTb BbIXOAALIETO rasa, Kr/m3;

p =atmocdhepHoe naenexue, MMa;

R =ra3osas koHcTaHTa, Ix/kr K;

T, = abconioTHasi TeMnepaTypa BbIXOASILLEro rasa, K.

KpOMe TOro, NNIOTHOCTb BbIXOAALLEro rada MOXHO BbIYUC/TUTb C NMOMOLLBIO YPaBHEHUSA:

Tr
Ps = LPr — (14.17)
TS
roe
Tr = abcontoTHas ucxoaHas TemnepaTypa, K;
L, = NIOTHOCTb NP UCXOAHON TeMnepaType, Kr/m3,

CywecTtByeT 6eckoHeYHoe KONMYECTBO nap 7, — Py, KOTOpble MOryT 6biTb MCMOMb30BaHbl B ypaBHeHun (14.17), n
OfHa 13 Takux nap — 294 K u 1,20 kr/m3.

O6bEMHDIN pacxod BbIXOASILLErO rasa B CTpye paBeH:

. m
V=— (14.18)
Pp
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roe
\Y}

m
Pp = MNOTHOCTb BLIXOAALLErO rasa, Kr/m3;

06BLEMHBIN pacxoj BbIxoasLlero rasa, M3/c;
MacCoBbIVi pacxof BbITSXKHOro BO3Ayxa, Kr/c;

Mpumep 14.2 YpaneHue AbiMa Npy CTauMOHapPHOM NoXape
KakoBo yaanedne AgbiMa, Heo6xop,MMoe Aans nogaepxXaHusa BbICOTbl AbIMOBOIo €10 Ha YpOBHE 11,0 M NMpu napa-
MeTpax MOAENMPOBAHUS, NEPEUNCTIEHHBIX HUKE?

TeMnepaTypa oKpy>atoLLen cpesbl 22°C
BbicoTa noTtosnika 13,7 m
KoHBekTuBHas fons 0,7
BbicoTa BEpPXHEN FpaHuLbl TOMMBA OM
CKopocCTb BblAeneHus Tenna 2110 kBT
[ons TennonornoweHns cteHamm 0,4

YaenbHas TennoéMKOoCTb ra3oB CTpyu 1,00 kx/kr °C

O6bpaTtute BHUMaHWeE, 4YTO rNybuHa AbIMOBOro crosi paBHa: 13,7 — 11 = 2,7 M, uto coctaBnsieT 20% BbICOTbI OT
TOMNMBa 4O NOTOMKa aTpuyMa. ITa rnybuHa BKIOYaeT B cebsi 06pa3oBaHMe NpUNOTONOYHON CTpyu (CM. noapasaen
«MuWHUManbHas rnyéuHa AbIMOBOro C/iosi» B pasaesie «OCHOBHbIE MOMOXKEHWS NPOTUBOALIMHOM 3aLLUMTbI aTPUYMOB» ).

CornacHo ypaBHeHuio (14.14), KOHBEKTMBHas TenaooTAaada pasHa:

Q. = 7.0 =0,7(2110) =1477xBm.
CornacHo ypasHeHuto (14.13), cpeaHsas BbiCOTa naaMeHn paBHa:
z, = 01660Q,”'° = 0166(1477)** = 3,0m

BbicoTa aAbiMoBOro cnosl, z, pasHa 11,0 m.

MocKOsbKY z1 < Z, MacCOBbIN Pacxof pacCUUTLIBAETCS MO ypaBHeHuto (14.11):

m=0,071Q,"°z°"* +0,0018Q, = 0,071(1477"%)(11°'®) + 0,0018(1477) = 46,6r2/ ¢

CornacHo ypaBHeHuto (14.15), TemnepaTypa AbiMa paBHa:
T, o7, Qo) oy 14770-04)
mC 46,6(1,00)

P

CornacHo ypaBHeHuio (14.17), NnnOTHOCTb AbiMa paBHa:

Ps =P, % =1122/ m°,

S

CornacHo ypaBHeHMto (14.18), 06bEMHBIN pacxos BbIXOASLLErO ra3a paBeH:
. m 46,6

V=—=—"""=416x"/c.
p, 112

YcnoBus nipn HeCcTaynoHapHOM rnoxxape

AHanus ycnosuit paboTbl BbITSXKHOW CMCTEMbI aTpUyMa NMpU HECTALMOHAPHOM MOXKape MOXET ObiTb NMPOBEAEH C
Lenbio:

o CMOJEeNnpoBaThb COYETaHME 3arnofIHEHUS AbIMOM C AblMOYAanieHneM,

o CMOJeNnpoBaTh YC/I0BUS HeCTaUMOHApHOro noxapa, u

. onpenenvTb BAUSIHWE BPEMEHW aKTMBALMW BbITSXKHbIX CUCTEM Ha ryOuHY AbIMOBOMO Cf0S.

CoyeTaHue 3aroIHEHUS ALIMOM C AbIMOY/ZIaNIEHUEM MOXET BbITb UCMOMb30BAHO AJIA aTpUyMa, KOTOpPbI MMEET He-
[OCTaTo4HO 6onblume pa3Mepbl, YTOObl NPOTMBOALIMHAA 3alUMTa OCYLLECTB/ISAIACh TOMbKO Ha OCHOBE AaHHbLIX MO 3a-
MOMIHEHWUIO AbIMOM. [Insi 3TOro KOMBMHMPOBAHHOIO NMOAXOAA BbITSXKHbIE BEHTUAATOPbI AO/MKHbI 6bITb TAaKMX pa3MepoB,
YTO6blI BpEMSs 3amnosiHeHUst AbIMOM 6b110 60/bLIE BpEMEHM 3BaKyaumu, BKIOYas BPEMS, HEO6X0AMMOE Ha TO, YTOObI
MOHSATb, YTO Ha4anCsa NoXxap M NPUroTOBUTLCS ABUraTbCs K BbIXOAY.

Mo cBoelt Npupoae rnoxxap SBASIETCS HEYCTOMYMBLIM MPOLECCOM. TMPUUMHON, OBBSACHSIIOWEN LMPOKOe MpUMEHe-
HMe CTaLMOHaPHbIX MOXapoB B MOAENMPOBAHMNM, BEPOSITHO, SIBASIETCS TO, YTO OHO MPUBOAUT K NPOCTOMY YCTOWUMBO-
MYy aHanu3y Hanogobue Toro, YTo NpMBOAMTCS Bbie. HecMOTpsl Ha TO, 4YTO 6onblME CTaUMOHAPHbIE PacYETHbIE Mo-
»Kapbl MOTyT 6bITb BbIGpaHbl B LIENSX MOSTYYEHNS! 3aBbILLEHHBIX MOAENEN, Takue PacuETHbIE NMoXapbl HEPEATMCTUYHBI,
MporpaMMbl 30HHOO MOAENMPOBaHNSA NoxapoBs, Takne kak CFAST n AZONE MoryT npuMeHsiTbCs Ans pacdéra pabo-
Tbl CUCTEM AbIMOBBITSXKHOWM BEHTUASALMMN aTPUYMOB NPU HECTALMOHaPHLIX MoXapax.
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Ans Toro ytobbl BKNOYMIACE AbIMOBBITSXKHAs BEHTUNSAUMS, HeobxoamMmo pacrno3HaTb noxap. CywecTsyer 3a-
[epXXKa Mex/ly BpEMEHeM pacrio3HaHusi noxapa v cpabaTblBaHUEM [bIMOBLITSXKHOW BEHTUNSLMU. KpoMe TOro, BeH-
TWISILMOHHOW YCTaHOBKe TpebyeTcst BpeMmsi, YTobbl HayaTb paboTaTb Ha MOJHYIO MOLHOCTb. Bpemsi pacrnosHaHus
noXxapa MOXET ObITb YCTAHOB/IEHO Ha OCHOBE MH(OPMaLMM O BPEMEHW 3anasablBaHWs OCHOBHOW M MOTOMOYHOM
CTPyW, O KOTOPOM LUMa peyb B pasaene «OCHOBHbIE MOSIOXEHWSI MPOTUBOABIMHON 3alUMTbl aTpUyMoB». Mpu Heobxo-
AMMOCTH, pacrno3HaHWe JO/HKHO YUYMTbIBATb BEPOSATHOCTb TOMO, YTO MOA MOTO/IKOM MOXET HaxoAMTbCs CTpatuduum-
pOBaHHbIV CNIOM ropsiyero Bosayxa. 1o Mbl 06cyanM aanee.

CyllecTByeT BEPOSTHOCTb TOrO, YTO AbIMOBOM C/OM MOXET OMYCTUTbCS 3HAYUTENIbHO HUXKE YPOBHSI AbIMOBOrO
CI10s1, MOJyYEHHOro B pe3ynbTaTe pacyéTa YCroBWi Npy CTauMOHapHOM noxxape. [ns npoBepku pesynbTaTa akTuBa-
ummn nporpamma AZONE no3BonsieT Nosb30BaTeNo 3a4aBaTb BpeMs aKTUBALMKN AbIMOBBITS)KHON BEHTUNSLIMN.

Ha puc.14.8a nokasaHo BAMSIHME NOWaan aTpuyMa Ha BbiCOTY AbIMOBOMO C/1051 COracHo pacyéram B nporpaMme
AZONE ans atpuyMma BbicoToi 9,14 M Npy BpeMEHM aKTUBaLMMK BbITSXKHOM CUCTEMbI paBHOM 90 C. MOXHO YBMAETb,
YTO MpuW Nnowaan atpuyMma A = 465 M?, OTCpoYKa aKTVMBaLMM He OKasblBaeT HeGNAronpusTHOrO BO3AEUCTBUS Ha
BbICOTY [AbIMOBOrO C/1051 B YCNOBUSIX MOAENUpoBaHus. Koraa A < 186 M?, AbIMOBOW CIOM ONYCKAETCS 3HAUUTENbHO
HMKE NPOEKTUPYEMOM BbICOTbI B YCTIOBUSIX MOAENMPOBAHMSI.

Ha puc.14.8b nokasaHo BNMSIHWE BPEMEHW aKTUBALMM BbITSDKHON CUCTEMBI, fi, Ha BbICOTY AbIMOBOMO CNOsi ANs
aTpuyMa BbicoTOl 9,14 M 1 nnowaabio A = 92,9 M2, Kak npeanonaranocb, YeM MeHblle BPeMst akTUBaLWKU, TEM
MEHbLLE BfIMSIHUE HA BbICOTY AbIMOBOro cnosi. Mpu ¢ = 30 ¢, AbIMOBOW COV OCTAETCS BbllLE NPOEKTUPYEMON BbICO-
Tbl B TE@YEHWE BCEro npouecca MoaeIMpoBaHus.

Ha puc.14.8c nokasaHo BNUsHWE BpeMeHU pasBUTUSA noxapa, f; Ha BbICOTY AbIMOBOrO /108 A5 aTpuyMa BbICO-
Toi 9,14 M n nnowaabio A = 92,9 M2, Kak npeanonaranocb, YeM MeHbLUE BPeMs pasBUTMS Moxapa (YeM BbicTpee
pacnpocTpaHseTcs noxap), Tem 6onblue BANSHWE Ha BbICOTY AbIMOBOIO C/OS.

e T i° = e =
Y P 18 % I 18 &
T = 1, © v 1; 2
15 : 176
ls g ——Tt=120 C : g
— A=92,9 M’ 8 """" Tact: 90 c 8
........ A=186M’ 1% = oo Ta=60C 44 8
— 5 {3 3 ~wwaT . =30€ |4 3
----- A=465m = _ 3 T
Eact_=90 C - == A=029M 42 © t;=150 ¢ , 1, ©
=150 ¢ 178 A=92,9 m I 8
A 1 - A 3 3 n %
0 60 120 180 240 308 o 0 60 120 180 240 308 @
Bpems (c) Bpems (c)
(a) N3meHeHWe abIMOBOro CNost B 3aBUCUMOCTU OT (b) N3MeHeHne AbIMOBOrO C0S B 3aBUCUMOCTH OT
nnowaan atpuyma, A BPEMEHM aKTVUBaLMK AbIMOBLITSXKHOW CUCTEMBI, tact
MpumeyaHve:
1. Mopa noXkapoM 3aecb NoapasyMeBaeTCs KBaApaTUUHbIN
noXxap MOLUHOCTbI0 Ao 2110 kBT, nocne 4yero CKOpoCTb
=8 39 'S BbIAENEHNS TeMNNa OCTaéTcs NOCTOSHHOV.
'-.‘.?‘\\ 18 j; 2. CKOpOCTb BbITSDKHOIO MOTOKA BblbpaHa C y4&TOM TOro,
NG i smea SRR RT] G uTo6bl TONWMHA ABIMOBOMO CNos cocTaenisna 1,83 M npu
% L U 5 NMOCTOSIHHON CKOPOCTW BblaeneHns Tenna 2110 kBT.
o t=75¢ 16 © 3. Kak 1 B gpyrux nporpammax 30HHOTO MOAENMPOBAHNS
........ t;=150 ¢ 1 5 Q MNOXapoB, 3MEMEHTbI MPUNOTONOYHON CTPYW HE MOoAenu-
..... t,=300cC 44 Cz) pytotcs nporpammoit AZONE. TM03TOMy peanucTUYHbIMMI
----t,=600C | 5 D SBNAIOTCA TONBKO T€ y4acTKi STUX rpacmkoB, rae AbIMo-
= Boit croit Hmke 7,3 M.
taa=90cC , 12 © 4. Opyrue napametpsi:
A =92,9m 11 8 TeMnepaTypa okpyxatoweit cpeabl, 7, = 22,2 °C
2 1 1 1 0o @ Bbicota notonka, H=9,1m
0 60 120 180 240 300 BbicoTa BepxHeii rpaHuUbl TONAMBa, Hy, = 0 M
Bpems (c) CKOPOCTb BbITSDKHOIO NoToka, V= 23,4 m3/s
KoadbdunumeHT pacnonoxeHust BbITSXKN, B = 2
(c) U3MeHeHune AbIMOBOro CNosl B 3aBUCMMOCTU OT KoacbduumeHT pacrnonoxeHns BbITSXKKU MOA, MOTOSIKOM,
BpeMeHu pa3suTus noxapa, tq d=0m

Konunuectso BbITSXKHBIX 0TBEPCTUM, Ninjets = 6
[ons TennonornoLeHns cteHam, 17 = 0,4
Puc. 14.8 Kone6aHus BbICOTbI ALIMOBOIO C/1051, CMOAE/IMPOBaHHOI B nporpamme AZONE
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HecMoTpsi Ha TO, YTO UCCNIeAOBaHUIA O BNUSIHAM BPEMEHM aKTUBALMM Ha BbICOTY AbIMOBOIO C/I0sl HE MPOBOAMIIOCH,
MOXXHO BbIBECTM HEKOTOpble 06LiMe npasBuna. [Ang aTpuyMoB OTHOCUTENLHO 6onbluoii nnowaan (A/H > 5, rae H—
BbICOT@ aTpuyMa) npeanonaraeTcs, YTOo BAUSIHWE akTMBauMmn BeHTunsaummn yepes 90 c. He byaeT MMeTb HeraTMBHOMO
BO3AEWCTBMS Ha BbICOTY AbIMOBOMO C/0s. [ aTpUyMOB OTHOCMTESIbHO Masnon nnowaaun (A/H < 5), AbiIMOBOW Con
MOXET OMnycKaTbCsl HUXKE PacYETHOM BbICOTbI, YTO MPUBEAET K KOHTAKTY ntoaei ¢ AbiMoM. MporpaMmma AZONE mMoxeT
MCNOJb30BaTbCA ANA pacyéTa B/IMSHUA BPEMEHWU aKTUBALMU Ha BbICOTY AbIMOBOrO Cr10sl.

lputoyHsiif Bo3gyx

[N yCTOMYMBOro NMOTOKA, MAccoBbI MOTOK BO3AyXa WM AbiMa, YAANSEMOro U3 BEpXHEN 4acTu aTpuyMma paBeH
MaCCOBOMY MOTOKY BO3AyXa, MOCTYNatoleMy noz AbIMOBOKM Croi. MOTOK Bo3ayXa, MOCTYMatoWero B aTpuyM, Hasbl-
BAOT NPUTOYHBLIM BO3AYXOM, U NPUTOYHbIN BO3AYX MOXET MOAaBaTbCs MO0 €CTECTBEHHLIM MYTEM, MO0 C NMOMOLLbIO
MEXaHNYECKON BEHTUNSILMOHHOMN CUCTEMBI.

MpUTOYHBIN BO3aYyX, NOCTYNAIOLWNA YEPE3 MEXAHUYECKYIO BEHTUNSALMOHHYIO CUCTEMY, UMEET CKOPOCTb, KOTOpas
06bl4HO cocTaBnsieT 90% u 97% CKOPOCTU BbLITSXKHOMO MOTOKa, M 6anaHc Bo3ayxa, He06X0AMMOro ANs Toro, YTobbl
BMECTUTb BbITS)KHOW MOTOK, €CTECTBEHHbIM 06Pa30OM HapyLUAeTCs M3-3a yTeyek yepe3 MpoéMbl U Apyrue KaHasbl.
MpUTOYHbIN BO3AYyX, MNOCTYMNatOLWMNA €CTECTBEHHBLIM MYTEM, NOCTYMNaeT Yyepe3 NpPoéMbl, Takue Kak OTKPbITble ABEPU U
BEHTU/ISIUMOHHbIE OTBEPCTMS, M MHOrAa MyTb, KOTOPbLIAN MPOAESibIBAET MPUTOYHbLIN BO34yX, NpeacTaBnsieT coboii
CIIOXHYIO KOMOMHALIMIO NMOMELLEHMI U KOpUAOPOB. KOMMNbIOTEPHBLIE NPOrPaMMbl, UCCEAYIOWME B3aUMOAENCTBME BO3-
AYLWHbIX NOTOKOB, Takne kak CONTAM, MOryT NpUMeHSTbCS ANs pacyéTa 3TUX COXHbLIX MOTOKOBbLIX CUCTEM.

CKOpOCTb MPUTOYHOIO BO3AyXa HE AOSKHA HapylaTb CTPYKTYPY CTPyM WKW 3HauUTENbHbIM 06pa3oM U3MEHSITb
HanpasneHue CTpyu nog yrnom. CunMTaeTcs, YTo YAEPXKMBAHWE CKOPOCTM Ha YpOBHE 1 M/C unn MeHee npefoTBpaLla-
€T TaKOe HapyLUeHUe CTpyu.

EcTrecTBeHHast BeHTUAALuNA

EcTtecTBeHHas AbIMOBLITS)XHAs BEHTUASAUMS pacnpoCcTpaHeHA BO MHOIMX 4acTsax CBeTa, Takux kak EBpona, As-
cTpanua n Hosasi 3enaHams. OHa nony4yuna pasBuTUE B pesynbTaTe psiaa Tpareauin, CBA3aHHbIX C noXxapamu, npo-
m3oweawmmm B XIX n Hayane XX Beka.

EcTecTBeHHas BEHTUNALMA CTPOUTCS HA CUIE NNABYYECTU FOPAYEro BO3AyXa, BbITA/IKMBAIOLLEN [bIM U3 OTKPbITbIX
BEHTUJISILUMOHHBIX OTBEPCTUI Ha Kpbille aTpuyMa WUnu psiaoM C Heit (puc.14.9). ECTecTBEHHAsi BEHTUNALMS MOXET
CTPOUTLCS Ha OCHOBE CTALMOHAPHOMO MM HECTALMOHAPHOMO PacyETHOro noXkapa. YpaBHEHUS! B CiedyiloweM pa3ae-
Ne npeaHasHa4yeHbl ANs CTauMOHApPHOro noxkapa, a ANns pacyéTta AbIMOBOrO MOTOKa MpU HECTAUMOHApHOM noxkape
MOXXHO MCMOJ/Ib30BaTh NPOrpaMMbl 30HHOIO MOAENMPOBAHUS MOXapoB.

Yucras
BbICOTA

LITTTEL

e
3
N
N
N
N
3
N
N
A,
A

Puc. 14.9 EctecTtBeHHasi BeHTUNALUMSA

YcroBus npm craynoHapHoM roxape
ypaBHEHMe, npeacTtaB/IiEHHOE B pa3aene «OCHOBHbIE MONOXEHMUS ﬂpOTMBO.U,bIMHOVI 3allnTbl aTpUyMmoB>» Angd Bbl-
YNCNIEHNUA MaCCOBOro pacxoia vepe3 BeEHTUIALMOHHOE OTBEPCTME BbIMAAUT TakK:

— CA/po[ngb(Ts _To)(TO/Ts) a

> (14.19)
[r+(asAFT]

roe

M, = MaccoBblit Pacxoa Yepe3 BEHTUMISILMOHHOE OTBEPCTHE, KI/C;

C = koadduumeHT pacxosa (B OTHOCUTENbHBIX €ANHNLAX);

A
A
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nnaowaab BEHTUNALMOHHOIO OTBEPCTUSA, M2;

nnowaab BXOAHOr0 BEHTUNALMOHHOIO OTBEPCTUSA, M2;



L, = MNOTHOCTb HAPYXXHOrO BO3AyXa, Kr/m3;
g = yckopeHve cunbl TsxkecTu, 9,80 M2

db = FJ'IY6VIHa AbIMOBOI0 CJ1051 HMXXE AbIMOBbITAXHOIO BEHTUNALWMOHHOIO OTBEPCTUA, M;

T

(0]

T

S

= abconoTHas TeMnepaTtypa HapyXHoro Bo3ayxa, K;

= abconioTHasa TeMnepaTypa AbiMa, K;

MockonbKy MnaBy4yecTb rOpsiyero Bo3dyXxa SIBMSIETCS ABWXKYLLEN CUIOM €CTECTBEHHOM BEHTWMSLMKM, MacCOBbIM
pacxoA Yepes BEHTU/ISIUMOHHOe oTBepcThe, [1),, yBENMUMBAETCS BMeCTe C yBENMUYEHMEM TeMnepaTypbl AbiMa, ..

Mo Mepe paspacTaHusi Mo)apa MacCoBbIA pacxol CTPYU B BEPXHWIA CNOM YBENMUMBAETCA, U TeMnepaTypa AbIMOBOro
cnosi Bo3pacTaeT. lNpu noxapax 6onbluero MacluTaba, YeM pacHETHbIN NoXxap, TEMMNepPaTypa [biMa NPEBbLILLAET Npo-
rHO3MPYEMOE 3HauYeHWe, N MacCoBbIN Pacxo[ Yepes BEHTUMSALMOHHOE OTBEPCTME TakxKe NPEBbILLAET NPOrHO3MpYeMoe
3HaueHue. ITO NPENMYLLECTBO XapaKTEPHO ANSi eCTECTBEHHON BEHTUNALUMKU U Bnaroaaps eMy yAaéTcs HenTpanuso-
BaTb 60MbLUYIO YacTb AbIMa, BO3HMKAIOLLErO MPU NoXapax, NPeBbILLAoLWMX N0 CBOMM MacllTabaM pacyETHbIN noxap.

B aTpuymMax C KOHAMLMOHEPAMU BO3HUKAET BEPOSITHOCTb TOrO, YTO TeMnepaTypa [ibiMa MOXET 0Ka3aTbCs HUXE
MPOrHO3MPYEMOIN Hapy>KHOW TeMnepaTypbl B NETHUIA NEpUOL. STO MOXET MPUBECTU K MPOHWUKHOBEHMIO HApY>XHOro
BO3/yXa B aTpuUyM 4Yepe3 [bIMOBbITS)KHbIE BEHTUIALMOHHbIE OTBEPCTUS. Bo M3bexaHWe nogobHOro HUCXOAALLEro
MOTOKa Yepe3 AbIMOBbITSXKHbIE BEHTUNALIMOHHBIE OTBEPCTUS ECTECTBEHHYIO [IbIMOBBITSKHYIO BEHTUNALIMIO HE CleayeT
MCTONb30BaTh, KOrAa TeMnepaTypa AblMa MOXET OKa3aTbCs MEHbLLUE MPOrHO3MPYeMOM HapyXXHOM TeMnepaTtypbl B
NETHWI Nepuo.

TeMmnepaTypy AbiMa M MaccoBblii pacxod CTPYM MOXHO paccuuMTaTb, UCMOJb3Ysl Te XKE YPaBHEHUS, KOTopble UC-
MoNb3yTCA AN MEXAHUUECKMX BbITSHKHBIX CUCTEM. DTO Mbl 06CYIMM Aanee.

Berep

Ecnu aTpuyM HaxoauTCsl psiioM C BbICOTHbIM 34@aHWEM, PacrofIOKEHHbIM Ha OTKPbITOM MECTHOCTU UK NPUMbIKAeT
K HEMY, BETEP MOXET CcO3AaBaTb MOJIOXKMTENbLHOE AABNEHME Ha BEpXy aTpuyMma, Kak nokasaHo Ha puc.14.10. Mo-
CKOMNbKY TaKue MonoXUTeNbHbIE 3HAYEHUS AaB/IEHNS1 MOMYT HapyLlaTb eCTECTBEHHYIO BEHTUNSLUMIO, HE peKoMeHayeT-
CS1 UICMNO/b30BaTb ECTECTBEHHYIO BEHTUMALUMIO B aTPUyMaX, NOABEPXKEHHbLIX TaKUM YCIOBUSIM.

CKOpOCTb, Ha KOTOPYIO HE BIUSIET 3A4aHWe

Mpumeyanue: Mockonbky
BETEp MOXET Bbl3blBaTb
M3BLITOYHOE AABNEHUE Ha |
Kpbllle aTpuyMa, He pe|<o~\>
MeHZlyeTcs UCNonb30BaTh
eCTeCTBEHHYI0 BEHTUNSLMIO
B aTpuyMe, NpUCTPOEHHOM
K MM HaxoAALEeMCs pAAOM]
C BbICOTHbIM 3AaHWEM Ha
Ha OTKPBITON MECTHOCTH. |

pPocTu

npocb”nb CKO

BbicoTHOE 3aaHue

l

70

© |Atpuy

Puc. 14.10 Cxema BeTpPOBOIro NOTOKA, Bbi3biBaloLlero n3bbiTouHoe faaBneHue
Ha Kpbllle aTpuyMa npu HaJIM4uMmu psaoM BbICOTHOIO 3faHus

lpnroyrsbiii Bo3gyx
Mpy €CTeCTBEHHON BEHTUSILIMM, ONMUCAHHOV ypaBHeHMeM (14.19), NPUTOYHLIA BO3AYX €CTECTBEHHLIM MYTEM Mpo-

XOAWUT Yepes BXOAHOM MPOéM nrowaasto A . MPUTOUHBI BO3AYX OBbIMHO MOCTYMAET Yepe3 OTKPbITbIE BEHTUMSLM-
OHHble OTBEPCTUSI UM ABEPHbIE NMPOEMbI. BbITAHYTHIA aTpUyM MOXET GblTb pasaenéH Ha HECKosbKo 60MbLUMX Mpo-

CTPaHCTB, MMEKLWUX AbIMOBbITS)XHbIE BEHTUNALMOHHbIE OTBEPCTUSA, Tak, YTO6b! ABIMOBBITSXKHbIE BEHTWISILMOHHbIE
OTBEPCTUA Ha TEPPUTOPUAX, HE3AHATBIX MOXapoM, MOrin 6bITb OTKPbIThI A1 NOCTYNNEHNA NMPUTOYHOIoO BO3Aayxa.

Cucrembl o6ecnevyeHus 6e3onacHbIX YC/10BUiA

Kak y»e ynoMWHanoch, BbilLENepeYnCciieHHbIe NOAXOAbl UMEIOT CBOEN Lienblo ybepedb Monb3oBaTenien aTpuyma
OT AblMa B XOA€ 3BaKyaluu, B TO BpeMs KaK CUCTEMbI obecnevyeHnss 6e3onacHbIX ycnosmﬁ CO34al0TCA C uenbko noa-
Aep>XaHUAa COBMECTUMbBIX C XXU3HbIO YCﬂOBMVi BO BpEMS BOBﬂ,ef/'iCTBVIFI AblMa Ha Nnosb30BaTeNen 30aHu4A.
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AHanM3 onacHOCTU 3aK/OYaeTCs B OLIEHKE MepeMELLEHMS AbiMa, ABWXEHMS Noael (BpeMeHu 3BaKyauun) 1 npe-
[EN0B ONacHoCTK. MNepeMelleHne abiMa MOXET 6biTb CMOAENMPOBAHO NPOrpamMMaMm 30HHOMO MOAENMPOBAHUS MOXa-
pOB, B TO BPeMsl Kak MOAENMPOBaHNE Ha OCHOBE BbIUMC/IUTENBHOWM MMAPOAMHAMUKN UMEET 3HAUUTENbHOE NpenMylLe-
CTBO B MOAENMPOBaHUM KonebaHuit TeMnepaTyp M KOHLEHTPaUMK NpoAyKTOB CropaHusl B AbIMOBOM cfoe. AHanus
BIMAHMSA ONacHbIX (DaKTOpOoB Moxapa A0/HKEH PACcCMATPUBaTh TakME BOMPOCH!, Kak AaslbHOCTb BUAMMOCTH, OTpaBe-
HWEe rasamm 1 TEMNoBOE BO3AENCTBME.

Crpatndmkaumsa n obHapyxeHue gbiMa

Croli ropsiyero Bo3ayxa 4acto (popMUpyeTcs Moj MOTONKOM aTpuyMa B pe3yfibTaTe COSIHEYHOrO M3NyyeHus Ha
Kpbllwe aTpuyma. HecMOTpsl Ha TO, YTO MUCCNEAO0BaHUS 3TOM0 CTPaTUMULMPOBAHHOMO C10S HE NPOBOAUINCH, NPOEeK-
TUPOBLUMKM 3AaHWIA OTMEYaloT, YTO TEMMepaTypbl TakMx CNOEB YacTo npeBbiwatoT 50°C. TeMmnepaTypbl Nog 3TUM
CNI0OEM KOHTPONMPYIOTCS OTOMUTENbHO-0X/TaANTENBbHON CUCTEMON 3AaHMSI, U MOXHO CYMTaTb, YTO Npodub Temnepa-
TYpPbl 3HAUNTENBHO YBENNUYMBAETCS NPU HEGO/LLLIOM YBENMYEHUM MO BLICOTE Kak Noka3aHo Ha puc.14.11.

MoTonok atpuyma

Cnoi
| {ropﬂqero
= = - - - “BO3ayxa
(1o}
’_.
o
o
0
m
TemnepaTtypa

Puc. 14.11 Mpodunb TeMnepaTtypbl C/108 rOpAYEro Bo3ayxa noa noTosiKkoM arpuyMma

Korga cpepHssi TeMnepaTypa CTPyM MeHblUue TeMnepaTypbl €105 ropsyero Bo3gyxa, AblM obpasyeT cTpatuduum-
POBaHHbIM CNOM MoA HUM, Kak MokasaHo Ha puc.14.12. CpegHue TemnepaTypbl CTpyM MoOKasaHbl Ha pvc.14.13, u
MOXHO OTMETUTb, YTO CPeAHSAs TeMnepaTypa CTPyM 4acTo UMEET MeHbLUEeEe 3HAYeHNEe, YEM NPOrHO3MpyeMble TeMre-
paTypbl Cosi ropsiyero Bosayxa. Takum 06pa3oM, koraa noj MoToNKOM aTpuyMa obpasyeTcsl Clov ropsivero Bo3ayxa,
Henb3s OXXMAaTb, YTO AblM CMOXET AOCTMYb MOTOMKA aTpuyMa, M 4To cpaboTatoT AETEKTOPbl AbiMa, 3aKpernnéHHble
Ha NoToJsIKe.

BeHTUNAUMOHHAs yCTaHoBKa
e\

Cnow ropsiyero Bo3ayxa
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Puc. 14.12 Crpatudmkaums abiMa nop cloem rdpﬂqero Bo3AyXxa

BeicoTa Haa TonAneoM (M)
30 60

0 90
CKkopoCTb BblaeneHus Tenna: -
10600 kBt 4100
5280 kBT
2110 kBt {80

TemnepaTypg

CpenHsas TemnepaTtypa(c)

120

Puc. 14.13 CpepHsia TeMnepaTypa 0CECUMMETPUYHOW CTPYM
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NS ycTpaHeHWsi 3TOro HefoCTaTKa MOXHO MCMOMb30BaTh JlydeBble AETEKTOPbI AbiMa. Hibke nepeyncnieHsl noa-
X0Abl K 0BHaPY>KEHMIO AbIMA, UCMOMb3Ya KOTOpble MOXHO o6ecnednTb 6bicTpoe 06Hapy)XeHne [biMa, HE3ABUCMMO OT
TeMnepaTypbl BO3AyXa Noj NOTOIKOM BO BPeMsl NMOSIBNEHNs NoxXapa.

a. Jlyy noa BOCXOAALWMM YIIOM Ans 06HapyXeHns AbIMOBOrO Cos

Llenbto faHHoOro noaxoda siBnsieTcst GuicTpoe obHapykeHue hopMUpYHOLLErocs AbIMOBOMO CNOsi Mpy CyLLECTBYIO-
LMX TemnepaTypHbIX ycnosusix. OAWH UM HECKOMBKO Jyyeld HanpaBneHbl BBEPX MOA YIIoM, YTOBbl nepecekaTb Abl-
MOBOW C/OW, HE3aBUCKMMO OT CTeMNeHn cTpaTudmKaumm abiMa.

C uenblo M3BLITOYHOCTU NPU UCMONBb30BAHUM AAHHOrO NOAXOAa PEKOMEHAYETCsl yCTaHaBnuBaTb 6oriee oAHOro
[eTeKTopa AbiMa.

b. Fopu3oHTanbHble Ny4r Ans 06HapyXXeHMs AbIMOBOrO C/I0A Ha PasHbIX YPOBHSX.

Llenbto faHHOro noaxoaa siBAsieTcs 6bICTPOE ornpeaeneHve pasBuUTUsS bIMOBOrO CJ0sl, HE3aBUCMMO OT Temnepa-
TYPHbIX ycnoBui. OauH unu 6onee nyyeBbIX AETEKTOPOB PacrofoXeHbl HA YPOBHE KpbIlUW. [JOMONHUTENbHbIE eTek-
TOPbI PacrosioXeHbl Ha APYrux bonee HU3KMX YPOBHSIX. TOYHOE pacrnonoXeHue slydei aBnseTcs 3agadei cneuunanb-
HOro MPOEKTUPOBaHWS, HO AOMKHO BK/IOYaTb Jlyyn B OCHOBAHUM ONpeAenéHHbIX noMelleHuid 6e3 KOHAMLMOHUPO-
BaHHOMO BO3AyXa M Ha YPOBHE CMOAENMPOBAHHOrO AbIMOBOIO CNOSt UMW PSIAOM C HUM C HECKONBbKUMU MPOMEXYTOY-
HbIMW Ny4aMK Ha APYrUX YPOBHSIX.

. [Op13oHTabHbIE NTyYn Anst 0bHapYXXEHWS AbIMOBOW CTPYM

Llenbto gaHHoro noaxofa sIBNSieTCs OBHapy)XeHWe pacTylleil CTpyu, a He AbIMOBOro cnosi. lMpu 3ToM noaxoae
KOMBMHaLMS Nyyei YCTaHAB/IMBAETCSl Ha YPOBHE HUXKE CaMOr0 HUMDKHErO MPOrHO3MPYEMOro YPOBHSI CTpaTUUKaLMU.
Heobxoanmo, 4tobbl 3TV nyun pacnonaranmce 651M3ko Apyr K Apyry, 4Tobbl obecneunTtb nepeceyeHne CTpyu C HUMK;
pacCcTosiHME MEXAY JlyYaMy OCHOBAHO Ha LIMPUHE Slyya Ha HaMMeHbLUEe BbICOTE Haj TOYKOM MoTeHUMana noxapa.

OnucaHHble BbilLe NOAXOAbl OTPaXeHbl Ha puc.14.14, 1 npenMyLwecTBO noaxoaa (a) 3akNoyaeTcs B TOM, Y4TO Npu
HEM He TpebyeTcs pacronoXeHUe HECKOSIbKMX rOPU30HTasbHbIX Jlydeld. HekoTopble nyyeBble AETEKTOPLI AbliMa Cpa-
6aTbiBAlOT NOA BO3AEMCTBMEM COMHEYHLIX Jly4Yei, a BapuaHT (@) CBOAUT K MUHUMYMY BEPOSITHOCTb TaKOM SI0XHOM
aKkTuBauum bnarogaps Tomy, 4To pecmBep (NMPUEMHMK) HanpaBfeH Noj YriioM BHU3.

Heobxoanmo, 4Tobbl BCE KOMMOHEHTbI Iy4EBOro AeTeKTopa AbiMa bbinn pacnonoxeHbl Tak, 4Tobbl 6bITb gocTyn-
HbIMW AN PEMOHTA WM TEXHMYECKOro obcnyxxuBaHust. MNpy pacnonoxenunu, nsobpaxxéHHoM Ha puc.14.14, poctyn
[ANS TEXHUYECKOro 06Cny>KnBaHns MOXeT OCYLLeCTBASATLCS Yepe3 OTBEPCTME Ha Kpbile (He nokasaHo).

(C—————— \
Jlyy b P il -
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Jlyy
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Bua B nnaHe Pa3pe3
(a) lyun, HanpaBneHHbIE NOA YrOM BBEPX, A1 0OOHapY>XeHWNS AbIMOBOMO C10si

i i S e e Mpeanaraemoe paccToske A
MEXAY ny4yamu:
_A
X =3

A A
Bua B nnaHe Pa3pe3
(b) F'opu3oHTanbHble Nyun aAnst o6Hapy>XeHns AbIMOBOIO /108 Ha Pa3HbIX YPOBHSAX
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Bua B nnaHe Paspes
(c) Fopr30HTanbHbIe Ny4Yn Ans 06HapyXeHWs AbIMOBOW CTPyM

Puc. 14.14 Pacnono)xeHue syuyeBbiX AETEKTOPOB AbiMa

MunnmanbHas riny6muHa gbIMOBOro cJ/iost

[bIMOBO €OV fO/MKEH BbITb AOCTATOYHO MYy6OKUM, UTOBbI BMECTUTH MPUMOTONIOUHYIO CTPYto. ToNWMHA npuno-
TONOYHOM CTpyV HaxoauTcsa B npedenax 10% - 20% BbICOTbI OT NMOBEPXHOCTM TOMJSIMBa A0 MNOTOJKA. B 60bLIMHCTBE
NPUKNaZHbIX NporpamMM TpebyeTcsi, YTobbl AbIMOBOW CNOM COCTaBns/, Kak MUHUMYM, 20% BbICOTbI OT BEpPXHEN rpa-
HWLbI TOMAMBA A0 NOTOJIKA, YTO6bl BMECTUTbL NMPUMNOTOIOYHYIO CTPYIO KakK MPU MEXaHW4YeCcKMX CUCTeMaXxX AbIMOBbITSXK-
HOW BEHTUNALMW, TaK U €CTECTBEHHOW BEHTUMALIMW.

«IgpgpbexT npokasviBaHns»

Korapa CKOpPOCTb AbIMOBOIO NMOTOKa B BEHTUNALMOHHOM OTBEPCTUN OTHOCUTENBHO BbICOKA, BO3AYyX M3-Nnoa AbIMO-
BOro CJ/10d MOXKET 3acCacCbiBaTbCA B AbIMOBBITAXHYIO CUCTEMY. 3TO sABNIEHME Ha3bIBAETCS <<3d’.)(b€KTOM NpoKasibiIBaHUA>»,
N OHO MOXET NpPOUCXoauTb U Npu €CTeCcTBEHHOM ﬂblMOBbITﬂ)KHOVI BEHTUNALUN. ,U,J'IFI npeaoTepalleHns <<3¢)(beKTa
NPOKasibIBAHUA» MOXXET I'IOTpe60BaTbCF| noaennTb Niowaab BbITAXKN NN BEHTUNALMOHHOIO OTBEPCTUA HA HECKOJ1b-
KO BbITAXHbIX OTBepCTVIl‘/II. YDaBHeHVIﬂ Aansa pacuéTa KONMNMYeCTBa BbITAXHbIX OTBepCTVIl\/'I, HEO6XO,E|,VIMOFO ana npeanoT-
BpalleHuns <<3Cb¢)eKTa NpoKasnblBaHUA>», U pacqéTa MWHUMaAJIbHOIO0 pPacCToAHUA MeXAy OTBEPCTUAMU MNMpuUBEAEHbI B
pasgene «OCHOBHbIE NOSIOXEHMUS I'IpOTVIBOD,bIMHOVI 3alnTbl aTpUyMoB>.

lMomelyeHns, pacriosioxwceHHbIe 3a npegesaamMmm atpuyma

MomeLlleHnsl, pacnonoXeHHble 3a Npegenamun atpuyma, MoryT 6biTb Mo oTaeneHbl OT atpuyma, Mbo HanpsaMyro
COEAMNHATLCA C NMPOCTPAHCTBOM aTpuyMa. OTAenéHHble NPOCTPaHCTBa M30/IMPOBaHbl OT aTpuyMa MpOTUBOABIMHBIMM
6apbepaMn, U 3TM NPOTUBOAbIMHbIE 6apbepbl ABAAIOTCA BEPTUKAbHBIMU WM FOPU30HTaNbHLIMU MEperopoakamu,
CMpPOEKTUPOBaHHBLIMU U COOPYXEHHLIMU C LiefIbl0 NPOTUBOCTOATb ABWXKEHWIO AbliMa. CTeHbl, MO WU MOTONAKU MOryT
6bITb MPOTUBOABIMHBIMK GapbepamMu, 1 3TV Gapbepbl MOTYT UMETb KO3(MOUUMEHT OrHECTOMKOCTU. MPOTUBOALIMHbIE
6apbepbl MOryT MMETb ABEpHbIE MW Apyrve Npoémbl, CHabXEHHble aBTOMaTUYEeCKM 3aKpbIBAOWMMUCSA CUCTEMAMK,
TakUMW KaK ABEPU UK AbIMOBbIE 3aCNOHKW. OTAenéHHble NPOCTPaHCTBA 3aBUCAT OT LEIOCTHOCTU NMPOTUBOALIMHbIX
6apbepoB, a Takxke MOryT 3aBUCETb OT NPOTUBOALIMHOIO KOHTPO/ISi HA OCHOBE MOAMOpa BO3ayXa.

CMeXHoe noMeLLeHne — 3TO MOMELLEHNE, KOTOPOe COEAMHEHO C aTPUyMOM OTKPLITOM 30HOW. Mogmnop Bo3ayxa
MOXET WCMOMb30BaTbCs AJI CO3/aHWsi NMPOTMBOABbIMHOM 3alUMTbl CMEXHbIX NMPOCTPAHCTB, KaK OMMcaHo B pasgesne
«OCHOBHbIE MOMOXEHUS MPOTUBOABIMHON 3alMThl aTpuyMoB». Mockonbky MoAnop Bo3ayxa obecrneuvBaeT noxap
BO3AYXOM ANl FOPeHusi, 3TOT METOA CriefyeT MCMOo/b30BaTb C OCTOPOXKHOCTbIO.

ATpuyMbI HENPaBHIIbHOH hopmbi

BOMbLWMHCTBO NPOrpamMM 30HHOMO MOAENMPOBaHMS MOXAPOB NpeAHasHaYeHo TOMbKO AJiS MOMELLEHWUI UK aTpu-
YMOB C MJIOWQAbI0 MOCTOSIHHOrO MOMepeyHoro ceveHns. Ha puc.14.15a nokasaHo 06pasoBaHME MPUMNOTONIOHHOM
CTPYM B MOMELLEHUN C MOCTOSIHHOM M/IOLAAbI0 MOMEPEYHOr0 CeyveHus. [OCTUIHYB CTeHbl, MPUMOTONIOYHas CTpys
HauMHaeT obpaTHoe ABWXXEHNE M NpoTeKaeT Noja cobou.

B nomeLueHnax c BbIrHYTbIM NMOTO/IKOM MPUNOTOMIOYHAsA CTPYS, KakK NpaBuno, COeaNHAETCH C NOTONKOM U CTEKaeT
no KpueoW. Ha puc.14.15b nokasaHa nNpunoTonoyHas CTpysi, CTEKatoLasi BHW3 BAO/b KPUBOW MOTOMKA; Takoe cTeka-
HWe MpensTCTBYET HOPMasibHOMY (DOPMMPOBAHMIO AbIMOBOrO C/10sl. TakoW BUA TEYEHWSI CTPYM HENb3si CMOAENUPO-
BaTb C NOMOLLbIO NPOrpamMM 30HHOrO0 MOAENMPOBaHMS MOXapoB, HO MOXXHO CMOAENMPOBaTb C NMOMOLLbLIO MacLITabHO-
ro MOAE/IMPOBAHUS U BbIYUCIIUTENBHOW MMAPOAVHAMMKM,

Mporpamma AZONE, onucaHHas B cneaytowem pasgene, AaéT BO3MOXHOCTb MOAENMPOBaTbL NoLWaan nepemMeHHo-
ro NnornepeyHoOro ce4YeHns U nosydaTb NoNe3Hble pe3ynbTaTbl NpyU YCIoBUM, YTO opMa aTpuyMa no3sonsieT cchopmu-
poBaTbCs HOpMasibHOMY AbIMOBOMY C/0HO.
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[puvnoTonoyHas
cTpys

[OCTUrHYB CTeHBbI,
NpUNoToONoYHas CTpys
Ha4ymHaeT obpaTHoe
LABWXEHWE U NpoTeKaeT
noa cobou

OroHb

(a) MpunoTonoyYHas CTpys, AOCTUIHYBLLAs CTEHbI, M HaYMHaloLWas 06paTHOE ABMKEHNE

Mpumeyanue: Takylo
CTEeKaloLLy0 BHU3 MO
KpMBOI1 NOTOMKA CTPYIO
Henb3s CMOAENMpPOoBaThL B
nporpamMmMax 30HHOro
MOAENMPOBAHUS NMOXapoB

OroHb

(b) MpunoTonoyHas cTpys, CTeKatowwas BHU3 Mo KPUBOKM MOTONKA

Puc. 14.15 [narpaMMbl TeUeHUs NPUNOTONIOYHON CTPyH
AZONE: nporpaMMma 30HHOI0 MOie/IMPOBaHM1A NOXKapoB B aTpuyMax

Mporpamma AZONE npeaHa3sHayeHa Ans 30HHOMO MOAEIMPOBAHMS MOXXAPOB U BbIMNOMHEHUS MHXKEHEPHbIX pacyé-
TOB. OCHOBHble BO3MOXHOCTM nporpamMmbl AZONE:

. CTauMOHApPHBIE N HEeCTauMOHapHbIe NoXapbl,

. YypaBHeHWe XeckecTafa AN MacCoBOro pacxoaa CTpym (B COOTBETCTBUM cO cTaHaapToM NFPA 92B [4]),

. naowaamn nocTostHHOMO U NEPEMEHHOro CeveHus,

. «3(PheKT NpoKanbiBaHNUS».

B Poccuum cywectByeT pycckosisblivHas agantaums nporpammbel AZONE — nporpamma CUTUC:ATpuyM, nHdopmaums
0 KOTOpOW [OCTYMHa Ha cailTe www.sitis.ru.

Ha puc.14.16 npeacraBneHa ynpowéHHas 6nok-cxema nporpammel AZONE.
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LLar 5: lNMposepbTe
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LLlar 6: BeiBOA,
JlaHHbIX
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Puc. 14.16 YnpouweHHasa 6nok-cxema ansa nporpammbl AZONE

Konyenuyns nporpammer AZONE
B nporpaMmmMe AZONE mopenvpyeTcsi AbIMOBOW CIOV M CUMTAETCSs, YTO [aB/IEHWE B HWXKENEXALUEM C/I0e PaBHO

aTMocdepHOMy AaBNeHMIO, @ ero TemnepaTypa — TEMMNEePAType OKpyxXatollei cpeapl. MockosnbKy nporpamMMa He Mo-

OENUPYET HU ﬂpMTOHHbIVI BO34YX, HU YTEYKY BO34yXa U3 HMXKENEXallero cnos, ux cneayetr MoaenmpoBaTtb OTAENbBHO
B CneunasbHOM NPUIOXKEHNN.

M3MeHeHne Macchbl AbIMOBOro Cosi MOXET 6bITb BbIpaXKeHO cneayroLwmm obpasom:
AM = (mp - me)At (14.20)
roe

AM = n3mMeHeHne Macchl IIMOBOTO C/I0S B TEYEHNE BPEMEHHOIO MHTEPBana, Kr;
Al = BpemeHHOI nHTEpBan, C;

m, = MacCOBbIi pacxod CTPyW B AbIMOBOM C/TOW, Kr/c;
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M, = MaccoBblii pacxoa 13 AbIMOBOrO CIlOs, Kr/C.

MaccoBblit pacxoa CTpyW, M, PACCUUTLIBAETCS! HA OCHOBE YPaBHEHMIA IS OCECUMMETPUYHOM CTPYH, HO MOXHO

MNCNonb30BaThb M YpaBHEHNs Ans APYriX BMAOB CTPYW. MaccoBbiit pacxoA BITSXKHOTO BO3AyXa, [T, BKIOYAET B cebs

«3(pheKT NpokasnbIBaHUS», KaK OMUCAHO HUXKE.

[ns NpOCTOTbI MacCoBblE Pacxofbl, /M U Me, PACCUUTHIBAIOTCS Ha KOHEL, MHTEpBasa, U UCMOMb3yeTCs ManeHbKUA
WHTEpBan C LUENblo CBECTU OWMOKM K MUHMMYMy. OfHaKo, 3TW MacCOBble pacxodbl MOXHO paccyMTaTb Ha MOMEHT
BPEMEHM BHYTPY BbIGpaHHOIr0 MHTEpBasa C TeM, YTO6bl MOXHO 6bI/I0 MCMOMb30BaTh H60/bLUMI UHTEPBA.

Macca abiMa B Cloe Ha KOHEL, MHTepBasia MOXET ObiTb BbipaXkeHa creaytowmm 06pasomM:

M,=M,+AM (14.21)

roe
|\/|l = Macca AbIMOBOrO CJ1091 B Hauane BpeMEHHOro MHTepBana, Kr.

M 2 = Macca AbIMOBOro €104 B KOHLE BpeMEHHéFO MHTEpPBana, Kr.
M3mMeHeHne 3Heprum AbIMOBOro C1I0S MOXET 6bITb BblpaXXeHO cneayrownm O6p330M:

AE=C, [mpr —MmTg —nm, (Tp —TO) JAI (14.22)
roe

AE = uameHeHne 3Heprum abiMoBoro cnos, KIx;

Cp = yAenbHas TeMN0EMKOCTb AbiMa, KIDK/Kr K;

n = aonga TennonorsioweHna cteHaMmu (B OTHOCUTEJIbHbIX ELI,VIHVILl,aX);

Tp = abconoTHas TemMnepaTypa rasos CTPyW, NPOHMKAOLLMX B AbIMOBOW Croi, K;

T, = abcontoTHasi TeMnepaTypa rasoB AbIMOBOIO C/0si B HauYasne oTpeska BpemeHi, K;

T, = abcontotHas TeMnepaTypa okpyxatoLuei cpeabl, K.

Kak 1 B c/lydae C MaccoBbIMU pacxofamu, Tp paccUNTLIBAETCA HA KOHEL, BpEMEHHOro MHTepBana. TemMnepaTypa

OKpY>XalOLLEN Cpefibl CUMTAETCS HEM3MEHHOW Ha MPOTSHKEHUM BCeX pacyéTos. Temnepatypa fbiMa, |, B Hauane

BPEMEHHOro MHTEPBA/a UCMoMb30Banack NOTOMY, YTO €€ 3HaYEHNE B KOHLIE MHTEpBasna HeU3BeCTHO. Bbibop ManeHb-
KOro MHTEpBana NpMBOANUT K TOMY, YTO CyMMapHasi MOrpeLlHoCcTb (MTOroBas OMOKa) HE3HAUMTENbHA.
SHeprus AbIMOBOro C/10s paBHa:

E,=E +AE (14.23)
roe
E1 = 3Heprua AbLIMOBOro C/1051 B Hauane BpeMeHHOro nHtepsana (kx);
E2 = 3Heprust AbIMOBOrO C/10S1 B KOHLIE BPEMEHHOro nHTepsana (kIx).

Temnepatypa AsiMa, T,,, B KOHLE BPEMEHHOrO MHTEpBana pasHa:

E
T,=—2— (14.24)
C,M,
MNOTHOCTb AbIMOBOrO CNOS paBHa:
Psr = Po (14.25)
RT,,
raoe
Pop = MNOTHOCTb AbIMA B KOHLIE MHTEpBana BpemMeHu, kr/M%;
P, = aaenenue okpyxartoweit cpeael, Ma;
R = rasosas koHcrtanTa, Ox/kr K.
06bém, V,, AbIMOBOrO CNOsi paBeH:
M
V2 =_2 (14.26)
psZ
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B aTpuyme ¢ NOCTOSHHLIM MONepeyYHbIM Ce4YEeHMEM BbICOTa AbIMOBOIO €108 Haj MOBEPXHOCTLIO TOM/IMBA paBHa:

V.
z,=H-H -2 (14.27)
A
roe
22 = BbICOTa AbIMOBOro C/104 Ha4 NOBEPXHOCTbIO TOMJINBA, M,
H = Bbicota atpuyma, ™m;

H 4 = BbicOTa TONNMBa, M;

A =

nnowaab nonepeyHoro Ce4YeHns aTpuyma, M2,

CneayeT oTMeTUTb, uTo onpeaenerve H B nporpamme AZONE oTnnuaeTcs OT eé onpeaeneHus, npUMeHsIoLEro-
CS B SMMUPUYECKUX YpaBHEHUSIX 3adblMSIeHNs. Pa3Hble BbICOTbI, MepeyncrieHHble Bbile, npeacTas/ieHbl Ha pyc.14.17.

OnpepeneHne 3HayeHns z; ANg atpuyma ﬂepeMEHHOVI naowaan Mol OGCY[WIM fJanee. 3Ha4YeHNs Ha KOHeL, TeKyLuero
BDEMEHHéFO lwara CTaHOBATCA 3HAYEHUAMM Ha Ha4ano cneaylouero BpeMeHHéFO wara.

BbITsXKHOE OTBEpCTUe ;
d
©
= H
A0
3 z
x
>
2
(&)
OroHb _y
TON/IMBO -
[}
(a) ATpunyM € naoLwanbio NOCTOSAHHOIO MOMEpPEYHOro Ce4YeHns
BbITS)XKHOE OTBEpCTUE
4 d
©
s H
= z
=x
>
=
(&)
OroHb _y
TOMNJINBO 1
[}

(b) ATprym ¢ nnowaabo NeEpeMEHHOro NONepevHoOro ceveHust

Puc. 14.17 Amarpammbl atpuyMa ansa anroputma AZONE

«3IgpghexT npokaspiBaHNs»

[nsa kaxaoro uHTepsana BpeMeHu MaccoBbIl pacxo BbITAXXHOIO BO3A4yXa U3 AbIMOBOIO CNos, /Me, PACCHUTbIBAET-

CS C YYETOM BO3MOXHOro «3ddekTa npokanbiBaHus». MuHUManbHas rnybuHa AbIMOBOro Cf10s Anst NpeaoTBpaLleHns
«3deKkTa NpoKasbiBaHWs» paBHa:

v 2/5
" 02557 T, T T, e
rpe
d

m = MWHUMalbHas FﬂyﬁMHa AObIMOBOI0O Cnoa Ans npeaoTepalleHns <<3cbq)e|<Ta NpoKasiblBaHUA>», M;
V.,

= OOBLEMHBLIN PacxoA Ha Ka/ioe BbITSHKHOE 0TBepCTue, M3/c;
L = KoaPDULMEHT PacronoXeHNs! BbITSXKHbIX OTBEPCTUI (B OTHOCUTENbHBIX €ANHULAX).
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O6b&MHBIN pacxos Ha kaxaoe oteepctvie paeH: Vo, =V, / N 4o, tAe N, qs- KONMMUECTBO BbITSKHBIX OTBEP-
CTUIA. MaccoBhbIli pacxo/ BITSHKHOMO BO3/lyXa U3 [IbIMOBOrO C/I0Si PaBeH:
d a
m, = Ninletspsvee q as 0<d<d, (14.29)
m
nm

rTL = Ninletspsvee ms d, <d
roe

d =rny6uHa AbIMOBOrO COSI HUXXE OCHOBAHUSI BITSHKHOrO OTBEPCTUSI, M;
(¢ = 3KCMOHEHTA «3deKTa NPoKanbiBaHUsA» (B OTHOCUTENbHbIX eAUHMLAX).

lNepemerHas niowjagpe arpuyma
Mapbl «BbICOTA — M/OWAAb» B YOLIBAIOLEM MOpAAKe 0603HAYaOTCA h n A c vHaekcamn ot I o n. ins kax-

JI011 BbICOTHI, h , 06bEM aTpuyMa, V.

ai » Hall 3TOW BbICOTOW paBeH:

L1
Ve = Z;E(hi A )AL +A) (14.30)
J:

EavHMUbI M3Mepenus uneHos ypasHeHus Ny, Au V- M, M? n M3 cooTBeTcTBEHHO. UneHbl ypasHenus Ny, A u
V,; SBNsiOTCA UneHamu Maccuea (MOCeA0BaTENbHOCTBIO YMCeN), @ MOACTPOUHbIE MHAEKCHI I 1 j— 3TO Tak HasbiBae-
Mble UKTUBHbIE NepeMerHbie. Hanpumep, N, rae 7= 3, sBnsetcs TpeTbuM 3HayeHWeM MaccuBa «BbicoTa». Mpexae

YeM BbIMOJIHSITb PACcUEThI /15 UHTEPBAIIOB BPEMEHM, PacCUMTLIBAIOT 3HaueHus V,; ot 740 1.
Mnowaab aTpuyMa Ha BbICOTE X paBHa:

(AJ - Aﬁ-l)(hj - X)

Alx)=A_ + (14.31)
h—h
roe
A(x) =nnowaab aTpuyMa Haj BbICOTON X, M2;
X = BbICOTa HaA NOJIOM aTpuyMma, M.
j = Takas (PUKTVUBHAs NEepPeMEeHHas, Npu KOTopoi hj <X< hj '

O6bEM Haa BbICOTOM X paBeH:

1
V(X) =V, + E(Lajl - XXA(X) + AH) (14.32)
roe V(x) —obbém aTpuyma (M3) Haa BbICOTON X.

BbicoTa AbIMOBOIO C/10S1 HaZl MOJIOM — 3HAYEHUE X, KOTOPOE YAOB/IETBOPSIET YPABHEHUIO:

V, -V(x)=0 (14.33)
3HauyeHne x, KOTOpoe YAOBNETBOPSET ypaBHeHuo (14.33), MOXHO onpeaennTb NobbiM M3 Lenoro psaa cnocobos

HaxoXaeHus kopHs. B nporpamme AZONE 1Mcnonb30Bancs METOA 33K/THOYEHMUS B CKOOKU 1 [E/IEHUS 10I10/1aM.
BbicoTa AbIMOBOIrO CNost Hag NOBEPXHOCTBLIO TOM/IMBA pPaBHa:

Z,=X—Hq4. (14.34)

BpemeHHO# HHTEPBaT

YTo6bl CBECTM OLIMEKM K MUHUMYMY, HEObXoaMMO BbibpaTh MHTepBan Bpemenun, Al (He cnemyer nytaTth BpemeH-
HOM MHTEpBan C UHTepBaA/IOM BbiBOAA AaHHbIX, paC‘-IéTbI Npon3BOAATCA B KaXXAOM WHTEPBAsie BPpEMEHU, HO AaHHbIE
3anncbiBatOTCA TOJIbKO B MHTEPBasiax BbiBOAA ,D,aHHbIX). TeopequeCKM, OLIJI/I6KVI, CBA3aHHbIE C BEMNYNHOMN MHTEpPBala
BO3HMKAOT MO MNPUYUHE MOrpeHOCTN 4YUCEN, MUCNOJIb30BaHHbLIX B MPEALIECTBYOLMNX UHTEPBaiax. B nporpamme

AZONE 3HaueHus Tsl, M IV E1 paccyMTbIBAIOTCA MO MpeALwecTBYoWeMy NHTEpBany, a 3Ha4eHNss CKOPOCTU Bbl-

JeNeHns Tenna 1 noToka BbITSXKHOMO BO3AyXa OLEHMBAIOTCS Ha onpeaenéHHbli MOMEHT MHTepBana. MNpu pacuyérax,
OCYLLECTB/SIEMbIX C UCMOSIb30BAHMEM MOCNEA0BATENbHO YMEHBLLUIAIOWMNXCS MHTEPBanoB, abCcoMOTHbIE 3HAaYEeHUs Mo-
[O6HbIX TEOPETUYECKMX OLIMOOK TOXKE YMEHBLLIAIOTCS.
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MOMNMO TEOPETUYECKMX OLUMOOK C BESIMUMHOW MHTEPBana MOryT 6biTb CBSI3aHbl MOrPeLHOCTY OKpyriieHus. MNpu-
pofa UMCNOBbIX MOFPELLUHOCTEN OKPYFNIEHWUS! TaKOBa, YTO MPOrHO3bl, CAENaHHbIE A1 OYEHb MasieHbKUX UHTEPBASIOB,
MOTYT COAepXaTb O4YeHb 6osbluMe OWNbKM. B CBA3M C 3TUM HEob6X0AMMO MoaobpaTh TakoW BpPEMEHHOW MHTepBa,
KOTOPbIN He BYAET HU CANLLKOM 60MbLIMM, HU CAIULLKOM MafiEHbKUM.

B Tabnuue 14.2 nepeuncneHbl NOrpeLiHoCTY pacy&TOB 3aAbIMIEHNS MO HECKONbKMM 3HadeHusM Al B aTpuymax
pasHbIx pa3mepos: (1) manblii, (2) Manbiit BbITAHYTLINA, (3) 60MbLIONR, U (4) 60NMBbLION BbITAHYTHIN. 3TU NOrPELIHOCTU
OTHOCSTCS K BblCOTE AbIMOBOIO C/1081, @ MOrPeLHOCTN B TeMnepaType AbIMOBOro cfosl (He oTpaxkeHbl B Tabnuue) 6bI-
NN MeHble. [nsi MHTepBasioB BPEMEHM, KOTOpble Obifiv MCMONb30BaHbl, MOrpeLHOCTEN OKPYr/IEHUs, Bbi3BaHHbIX

WIEHbKOI BEJIMYMHON MHTEPBaNa, He BO3HUKIIO.

Camas 6onbluasi NOrpeLwHOCTb, yKasaHHas B Tabnuue 14.2, coctaBuia 65% Ans CTaLMOHapHOro noxkapa B MasioM
aTtpuyMme, YTO CBMAETENbCTBYET O TOM, YTO 3TU MOrpewHOCTM MOryT 6biTb HACTONbKO 6OMbLWMMKM, YTO pe3ynbTaThl
MOAENNPOBaHUS TEPSIIOT CMbIC/. XenaTesrbHO noaobpaTh TakoW UHTepBas, MpU KOTOPOM MOrpeLHOCTY NpUEMSIEMbI
NS BCexX aTpuyMOB, KOTOpble MOryT noanexartb aHanusy. WHtepsan B 0,05 C. NpuMBOAUT K MOrPELHOCTSM MeHee
0,05% pns aTpUymMoB BCEX KAaTErOpWi, 3a UCKINIOYEHNEM MasiblX aTPUYMOB.

B ManbIx aTpnymax 3TOT MHTepBan NpUMBOAMT K norpewHocTsM B 0,1% npu kBagpaTMyHOM noxape u B 0,2% npu
CTaLUMOHApHOM noxape. Takum obpasoM, uHTepsan B 0,05 c. 6bin BbIGpaH B KauecTBe BPEMEHHOro MHTepBana ans
nporpammbl AZONE.

Ta6bnuua 14.2 BamsiHMe nHTepBasia BpEMEHU Ha TOYHOCTb
MOAE/INPOBaHMSA C NOMOLLbIO NporpaMMbl AZONE?

BbicoTa aT- Mnowaab UHTepBan CTauMoHapHbIH noXkap? BbICTPbIA KBagpaTUYHbIN
puyma, H nonepe4yHo- BpEeMEHH noxap 3
ro ceyeHums, At Bpema Morpeuw- Bpemsa mope- Morpew-
A Moaenwu- HOCTb? JIMpoBaHus HOCTb?
poBaHusA
M M2 C C % c %
Manblii aTpuym

9,14 93 0,005 30 0,0 90 0,0
0,01 30 0,0 90 0,0

0,05 30 0,2 90 0,1

0,20 30 1,2 90 0,2

0,50 30 3,7 90 0,6

1,00 30 7,7 90 1,2

5,00 30 65,0 90 6,1

Marbiil BbITSHYTbI aTpUyM

9,14 1110 0,01 240 0,0 300 0,0
0,05 240 0,0 300 0,0

0,20 240 0,1 300 01

0,50 240 0,1 300 0,1

1,00 240 0,3 300 0,3

5,00 240 1,5 300 1,5

20,00 240 6,3 300 6,4

BonbLUOi aTpUyM

45,7 2 320 0,01 480 0,0 300 0,0
0,05 480 0,0 300 0,0

0,20 480 0,0 300 0,1

0,50 480 0,1 300 0,1

1,00 480 0,3 300 0,3

5,00 480 14 300 1,4

20,00 480 6,0 300 58

BONbLUOH BbITAHYTbIA aTPUyM

44,7 27 900 0,01 1200 0,0 600 0,0
0,05 1200 0,0 600 0,0

0,20 1200 0,0 600 0,0

0,50 1200 0,0 600 0,0

1,00 1200 0,0 600 0,0

5,00 1200 0,1 600 0,2

20,00 1200 0,2 600 0,7

1. Ycnoeus mogenupoBaHus: (1) TeMnepaTypa OKpy»atoLei cpedbl paBHa 21°C; (2) NMoCTOsIHHOE MOMNEPeYHOe CeYEHME;
(3) yoaneHue gpiMa OTCyTCTBYET; (4) NOBEPXHOCTL TOMIMBA Ha ypoBHe nona; (5) agonsa Tennonepegayn creHam pasHa 0,3.

2. CTauvoHapHbIV NoXap MOLHOCTbIO 5 275 KkBT.

3. [lpun KBagpaTM4YHOM MOXape BpeMs pa3BuTus coctasnsno 150 c.

4,  TlorpelwHocTs O - MOrPeLlHOCTb BbICOThI IbIMOBOIO C/IOSI, Z BbUMCIEHHAs Mo ypaBHeHMio: O = 100 (zm—
2)/z, roe zZm — 3HaYeHVe Z Npy HauMeHbLIEM BpeMeHHOM WHTEpBane A1 aTpUyMa COOTBETCTBYIOLLEro pasMepa.
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PUSNYECKOE MO EJINPOBAHME NOXXAPOB

Korga TpaavumoHHble MeToabl aHann3a HenpueMeMbl, OAHUM U3 BO3MOXHbIX BApUAHTOB SIBASIETCS UCCNea0BaHne
noXxapa Ha npuMMepe MOAEM MeHbLIEro Maclutaba. HakonneH 60MbLWONM ONbIT N0 NPUMEHEHUIO (DU3NYECKOro Moae-
NnpoBaHus B cchepe NMpOTMBOMOXapHbIX TEXHONMOrMA. Takoe MacluTabHoe MoAENMPOBaHME UCMOSb3YETCs s BOCCO-
3[aHWst KapTWHbI NOXapa B Lensx NpPoBeAeHUs pacciiefoBaHuWid. [1Ba npuMepa noaobHbIX PEKOHCTPYKLMIA MOXapoB —
3TO noxap Ha cTaHumm meTpo KnHra Kpocc B JloHaoHe, Benmkobputanust (Moodie et al., 1988 [25]), n noxap B Top-
roBoM LieHTpe XapT 2n6mH (Quintiere and Dillon, 1997 [26]).

MogenupoBaHue no Ppyay SABMSETCS, BEPOSTHO, CaMbiM PacnpOCTPAHEHHBIM BUAOM (DM3NYECKOro MoAenMpoBa-
HUS, NMPUMEHSIEMOrO ANS M3YYeHUs pacnpocTpaHeHust AbiMa. B ctaHpgapte NFPA 92B [4] mogenvposaHue no ®pyay
NpM3HaHO OAHMM M3 METOAOB aHanM3a CUCTEM MPOTMBOALIMHONM 3almMTbl aTPMyMOB. B faHHOM paszene paccmaTpuvBa-
IOTCS1 OCHOBbI (DM3NYECKOTO MOAENMPOBAHUSA ABWKEHWS AbiMa, M 0C060e BHUMaHWe yaensieTcs MoAenMpoBaHWIO Mo

Opyay.

AHanus pasMmepHocTel U Teopua nogobus

CyTblo aHanM3a pa3MepPHOCTEN SBNSIETCS BbIPaXKEHME CIIOXHOr0O NpoLiecca NnocpeacTBOM OTHOCUTENTbHO HEGOMBLLIOIO
uncna 6e3pasMepHbIX NepeMeHHbIX. TO YMNpoLLaeT aHanm3 u genaet dhumsnyeckoe MoaennpoBaHne BO3MOXHbIM. MHO-
rme 6e3pa3MepHble NMapaMeTpbl MOXXHO PaccMaTpuMBaTb Kak COOTHOLUEHWS CWI, AEACTBYIOLUMX Ha XXMAKOCTWU WM Fa3bl.
Tpy 6e3pa3MepHbIX NapaMeTpa, NPeACTaBAAoLWMX 0COObIM MHTEPEC B paMKaX AaHHOM rfaBbl — 3TO YMcno PeiHonbAca,
uncno ®pyaa v uncno Mpanatns.

Moa uucnom PeiHonbAca noapasyMeBaeTCsl OTHOLLEHME CW MHEPLUMM K CUNaM BSI3KOCTM, M 3TO YUCIIO NMOMOraeTt
onpeaennTb NePeExos OT NaMUHAPHOro TeYeHus K TypbyneHTHoMy. Yncno PeltHoNbACa BblpaXaeTcs cneayowmm obpa-
30M:

U
R = Mp (15.1)
MU
roe
Re = yucno PelHonbAaCa,
/= pnvHa,
U = cKopoCTb,

O = NJIOTHOCTb, U
M = ANHaMn4ecKkas BA3KOCTb.

[JlaHHOE YpaBHEHWE HEMHOrO OT/IMYAETCS OT YPaBHEHWSI uMcna PeliHonbaca, MPMBOAVMMONO B APYrMX UCTOYHMKAX,
B KOTOPbIX YMCNIO PEfHOMbACA BbIPAXKEHO YEPe3 KMHEMATUUECKYIO BS3KOCTb, V, rae vV = st/ p . BonbwmHCTBO ypas-

HEHWI, NpMBEeAEHHbLIX B pasgesnie «Dusnyeckoe MOAENMPOBAHME NOXAPOB», NpeaHasHayveHbl AN onucaHus Gusmde-
CKOrO MOZENIMPOBAHWS, @ HE AJiSl OCYLLECTBNEHUS] PAacYETOB. B CBSA3M C 3TUM, eAnHULBI U3MEPEHUs ANs NepeMeHHbIX
He YKa3aHbl B 60MbLIMHCTBE YPaBHEHWIA aHHON rnaBbl. TEM He MEHEE, BO BCEX STUX YPaBHEHUSIX MOTYT UCMO/Nb30BaTb-
€ eayHULbI U3MepeHunst cuctembl CU unv nto6oid Apyrom cucTeMbl OAHOPOAHbIX EAVHWL,

Moa uucnom dpyaa noapasyMeBaeTCsl COOTHOLEHWE MEXAY CWaMU MHEPLMU U FPaBUTaLMOHHLIMU cuiamu. Mo-
CKOJbKY MJIaBYYeCTb FOpsiYEro AbiMa eCTb FpaBUTaLMOHHas cuna, Yncrio dpyaa sSBNsSIETCs OYeHb BaXKHbIM B (usnye-
CKOM MOAENVPOBaHUM ABWXEHUS AbiMa. Yvcno dpyaa* pasHo:

U2

=— (15.2)
al

r

rae
F, = uucno dpyaa,
g = YCKOPEHMe CUbl TSKECT, U

U = cKopocCTb.

Yucno MpaHaTng — 6e3pa3MepHoe 4ncno, asnaroueecs CO4ETaHMEM cneayrowmx CBOWCTB )l(MLlKOCTEVI/FEBOB:

HC,
k

P = (15.3)
roe

P- = uncno lMNpaHaTng,

C» = yAenbHasi TENI0EMKOCTb Cpefibl NPW NMOCTOSIHHOM AaBNEHNM,

M = OVHaMuyeckas BS3KOCTb, W

k = KoaddUUMEHT TENNONPOBOAHOCTY.

* [ipyroi BapuaHT uicna Opyaa: F. =U /(gl)™ . 31o npocto kBampaTHbIii kopeHb U3 uncia Opyaa, MCTIOrb3yEeMOro B

KHure [bk. KnoyTa v k. Munke «MpyHLMMbI MPOTUBOABIMHOM 3alUMTLE [6], @ OCHOBHbIE KOHLIENLMM, KacatoLLmecs uncia Gpyna v
COOTHOLLIEHWI Noaobys A1t MOAENMPOBaHUS dpy/aa oAvHaKOBbI HE3ABMCMMO OT TOrO, Kakol BapyaHT uncia dpyaa UcnonbayeTcs.

1/2
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DopMyJsibl pazsMEPHOCTH

3a cucTeMy OCHOBHbIX (MM 6a30BbIX) Pa3MEPHOCTEN MOXHO MPUHATL ANUHY L, BpeMs ¢ TemnepaTypy 7 U Maccy
M. ®opMyna pa3MepPHOCTM (USUYECKOW BENNUYMHBI NMPOUCXOAUT U3 ONpeaeneHnii unu hUsMYecknx 3aKoHoB. Hanpu-
Mep, ¢opMyna pasMEPHOCTU WMPUHBLI ABEPHOMO MpoéMa ecTb /L], ncxoas v onpeaeneHunst. KBagpaTHble ckobku [ ]
YKa3bIBalOT Ha TO, YTO BENMYMHA MMEET (PopMyny pasMepPHOCTU BHYTpu Ckobok. dopMyna pasMepHOCTU CKOpPOCTU —
[L/t], a yckopenusa — [L/E].

B cuctemMe oAHOPOAHbIX eanHNL BTopolt 3akoH HbloTOHa BbIFNSAMT Tak:

roe
F =cuna,
m = macca, u

F=ma (15.4)

a = YCKOpPEHMe.

®opMyna pasMepHOCTM Cuibl paBHa ¢opMysie pasMePHOCTM Macchl, YMHOXEHHOW Ha yckopeHwe, T.e. [ML /£].
PaboTta ecTb cuna Ha nepeMeLleHne, T.e. eaMHnLa pabotbl — 310 [MLZ/£]. ®opMybl pasMEPHOCTN HEKOTOPbIX U3N-
YEeCKUX BEIMUMH NpuBeaeHsbl B Tabnmue 15.1.

be3pa3mepHasi BeNMyMHa He UMEET pa3MEPHOCTM: HanpuMep, pa3MepHOCTb Yncna dpyaa MoxeT ObiTb BblpaXeHa

Takum obpasom:

2
F = U—;
al
(LY t)? 3 (55
eAVHNLbI: (L/'[Z)L = Hem (15.5)
Ta6bnuua 15-1: BennunHbl U COOTBETCTBYIOLLME (POPMYJibl Pa3MEPHOCTU
BenuuunHa 0O603HaueHne dopmMmyna
pa3MepHOCTH
OnvHa L x Z L
Bpems t t
Macca m M
Temnepatypa T T
Cuna F ML/E
TennoTta Q ML2/#
CkopocTb U L/t
YckopeHue a L/E
Pa6oTa w ML? /&
[aBneHue p M/EL
MnoTHOCTb P M/
BHYTpeHHsIsl sHeprus e L2/
SHTanbNus h 1[2/F
YpaenbHas TensioéMKoCTb TBEpAOro Tena C 12 /8T
YpenbHas TennoéMKoCTb Cpebl MNPy NOCTOSHHOM AaBfieHnn G 12 /8T
YaenbHas TENNOEMKOCTb Cpeabl MPU NOCTOSAHHOM 0BbEMe G 12 /T
OnHamnyeckas BA3KOCTb H M/Lt
KnHeMaTnyeckasi BA3KOCTb V= ,u/ 0 L2/t
TennonpoBoAHOCTb k ML/ET

Moao6HbIM 06pa3omM MOryT 6biTb BbipaXkeHbl U Apyrue 6e3pasmMepHble BeTMYMHBI.

IMu-reopema

CornacHo Mu-Teopeme, Ans Noboro rUanMUecKoro NPUIoXKEHNs UM NPOLEcca, BKIOYAtOLWEro B cebsi /7 BEIMYMH,
MCTONb3YIOLLMX /M Pa3MEPHOCTEN, BEIMUYMHBI MOTYT 6blTb CKOMIMOHOBAHbI B /7 — /1 HE3aBUCUMbIX 6e3pasMepHbIX Mna-
paMeTpoB. Bonee Toro, cywectByeT HekoTopasi yHKLMOHANbHAs 3aBUCUMOCTb 3TUX /7 — /17 HE3aBUCUMbIX 6e3pas-
MEepHbIX NMapamMeTpoB, KOTOpasi OMNMCLIBAET (U3nMUECKoe NPUIOXKEHME WU NPOoLIecC.
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PaccMoTpuM npunoxxeHune, npu KOTOpoM A;, Az As, ...,An SBASIOTCS ONpeaensiownumMm BeIMYMHaMmn, TakKuMn Kak
[ANVHa, CKOpOCTb, AaBfieHWe, Macca M T.n. Yepe3 YHKUMOHANbHYIO 3aBUCUMMOCTb 3TUX BEIMYMH MOXHO OMMcaTb
NpUNOXeHNe:

F(A1,A2,As,..., An) =0 (15.6)

BennuuHbl A1, Az Az, ... A MOXHO CKOMMOHOBaTb MO 6e3pa3MepHbIM rpynnaMm WM napameTpam
IT, TT, IT; IT, . Yepes dyHkuvoHanbHyto 3aBucuMocTs 3Tux [1-rpynn Takke moxHo onvcats npunoxenue:

f (11, IT, 11, 1T, ,,)=0. (15.7)

MpenMyuiecTBo ncnonb3osanus I1-rpynn 3aknouaercsa B TOM, UTO UMC/IO HE3ABMCHMMBIX MEPEMEHHBIX COKPALLAeT-
C OT /M A0 11 - M. AN KOHKPETHOIO NpUIoXeHUst HekoTopsle u3 T1-rpynn MoryT nMeTb nocTosHHOE 3HaueHwe.

Anre6panueckuit meton onpeaenenus II-rpynn, ocHoBaHHbIi Ha MW-TeopeMe, onucaH psAOM aBTOPOB, OHAKO,
HEAOCTaTOK [aHHOTrO METOAA 3aK/ouaeTcs B TOM, UTO He CYLIECTBYET OAHOTO eAMHCTBeHHoro peweHust ana I1-
rpynn, B CBA3U C YEM MOXET BO3HWUKHYTb HEOBXOAMMOCTb OLIEHUTb Psifl BO3MOXHbIX KoM6UHaumi 11-rpynn.

Mogobune

dusnyeckoe MoAaeNnnpoBaHME NPUMEHAETCA BO MHOIMX obnacrax MHXXEHEPHOIo Aena, Taknx Kak: UCMbITaHUA ne-
TaTeNlbHbIX annapaTtoB B a3p0ﬂMHaMMHeCKOVI pr6e, nccnenoBaHud TeHeHMP’I B pekax 1 nepeMmelleHnsa AbiMa B 34aHN-
AX. OCHOBHOW NMPUHLUMN 3aK/OYAETCS B TOM, YTO CO34AETCA MaclwTabHasi Mofenb 06beKTa-opurnHana, U 3afarTcs

TaKue YCnoBUS MCMbITaHWA, npu KoTopbix coxpaHstotcs II-rpynnbl. 310 03Hauaet, uTo B OMpeaenéHHOM MecTe B
mozenu kaxaas L1-rpynna umeer Takoe xe 3HaueHne, Kak U B COOTBETCTBYIOLLEM MeCTe B 06beKTe-opurmHare.

[ns nonHoro noaobus Heobxoammo coxpaHeHue cex 11-rpynn. K cuacTbio, nonHoe nopobue He Bceraa HeobXo-
AnMo. ToNEe3HbIX pe3ybTaToB MOXHO AOCTMUL M MPU COXpaHeHun Heckonbkux 11-rpynn npu ycnosum, uto BnmsHue
octanbHbix IT -rpynn He aBnseTtca BaxHbIM. MoapobHee 06 3TOM ByaeT HanucaHo Aanee.

Co3pgaHne 6e3pasMepHbIX rpyni

AnbTepHatuoi cosganua 1I-rpynn ¢ ucnonb3osanveM Mu-TeopeMbl SBASETCS Noaxos Ha ocHoBe AnddepeHLm-
anbHbIX YpaBHeHUI. OH 6onee n3sLleH 1 NPMBOAUT K 601ee BbICOKOMY YPOBHIO NMOHUMaHWUsS. KpoMe Toro, noaxoa Ha
OCHOBe AnddepeHLManbHbIX YpaBHEHUI MOXET UCNOoMb30BaThes Ansa co3aanus 11-rpynn ans dusmyeckoro Mopenu-
poBaHUA ABWMXKEHUA AbiMa B LUESIOM, a 3aTeM 3TU rpynnbl MOXXHO BbIYUCIUTb A1 KOHKPETHbLIX NOAX0A0B MOAENNPO-
BaHUA.

,U,J'Iﬂ CO3a4aHNA MHTEPECYIoWMX Hac 6e3pa3Mepr|x rpynn, nepeyncneHHble HMXXe OCHOBHbIE YpaBHEHUA TMAPO-
a3pOoANHaMUKN NpeacTaB/ieHbl B JIMHENHOM Buae.

Coxpal-lel-me MaccCbl:

6—’O+M =0 (15.8)
ot oX
CoxpaHeHue nMnyJsibCa B BEepTUKaJibHOM HanpaBJieHUU:
@+u@ __8_p’+g( - )+il a_2u (15.9)
Plaax) ax TP TRM e |
roe
P’=p-p, (15.10)
7]
ap, _ -p,0. (15.11)
dx
rge
/Oo - pacnpepeneHne aaBneHna OKDY)l(aIOU.leVI Ccpenbl.
CoxpaHeHue 3Heprum:
oT oT 0T ar . op
—+u— |=k —4koT*+| Wdo+Q"+— 15.12
PCe ot OX ox? IO Q ot ( )

CocrosiHue:
YpaBHEHWE COCTOSIHMSI MAEanbHOMO rasa:

p=pRT (15.13)
B I'IpVIBeLI,éHHbIX BbllLi€ OCHOBHbIX YPaBHEHUAX UCMOJIb3YIOTCA Cneaytowme nepemMeHHble:
Cp =YyAenbHasa TenﬂOéMKOCTb,
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g =YCKOPEHWE CUNbl TSXKECTH,

k =ko3ddUUMEHT TENIONPOBOAHOCTH,
T =TeMnepaTtypa,

p = [aBneHue,

Po = [aBNEHUE OKpYXXatoLei cpespbl,

U = X-COCTaBNAoLLas CKOPOCTH,

X =TnonoxeHue (KoopanHaThl),

Q" = BblaeneHre TENNOTbI XMMUYECKO! peakuMi Ha eAnHULY 06bEMa,

P, = NNOTHOCTb OKPYXaloLLen cpefbl,

I WHTEHCMBHOCTb M3/TyYeHUS,

K =K03(PUUMEHT MOrNOLLEHNS,

o nocrtosiHHas CtedaHa-bonbumaHa,
U JMHaMMYeckasl BA3KOCTb.

[nsa naeanbHOro rasa ra3oBas NOCTOSHHas!, R, cocTaBnseT:

R=C,-C, (15.14)
roe
Cv- yaAenbHast TEN0EMKOCTb NpY MOCTOSSHHOM 06bEMe.
Be3pa3mMepHble nepeMeHHbIe NpeacTaBeHbl HUXeE.

E=|5 (15.15)
@:5 (15.16)
ﬁ=;p (15.17)
ﬁ'z% (15.18)
ﬁ:pﬁ (15.19)
'ﬁ:_l_l (15.20)
E=l (15.21)
T
:% (15.22)
o p'o

= (15.23)

f=—

roe

/ = XapaKTepHbli1 pasmep,

U = xapaKTepucTmyeckast CKOpoCTb,

T =XapaKTepUCTUYECKOE BPeEMS,

7o =TemnepaTypa OKpy>XXatoLLel cpeabl,
Po =[aBNEHNE OKPY>XKALOLLEN cpeapl,
o= TNIOTHOCTb Cpefbl,

P+ = OTKJIOHEHME XapaKTEPUCTUYECKOro AaBneHus (px = pol/?).

MoacTaBmB 6e3pasMepHbIE NepeMeHHbIe YpaBHeHuit ¢ (15.15) no (15.23) B OCHOBHbIE YPaBHEHWSI, MOMyYaeM cne-
ayolme 6e3pasMepHble OCHOBHBIE YpaBHEHUS:
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Macca:

1, 9 , 28

=0 15.24
126 ok (1529
Umnynbc:
a@ o& aﬁ 4 0%€
+€&— |=-T1, — (- — 15.25
aﬁ j ? 0% H( A+ 301, 08 (1525
SHeprus:
oF a1€ 1 o%F op
I, —+ @ —— Z_ +TLILILIL,| (Re -4 |+ &+11, 15. 26
L o€ HH o I @ Q 8 oF ( )
CocrosiHue:

ﬁ={n9 _1}55 (15.27)

I,

Nepsas II-rpynna:

I
I, =— 15.28
Yur ( )

rae xapakTepucTUyeckoe Bpems, 7 , MpeacTaBneHo kak /U. 31o o3Hauaer, uto Il;= 1. Mockonmbky 3ta II-
rpynna — KOHCTaHTa, OHa BCEraa COXPaHAETCH, U €€ MOXHO HE YYUTbIBATh.

Bropas II-rpynna:

IT, = B (15.29)

rae p* - OTK/IOHEHWE XapPaKTEPUCTUYECKOIo AaBEHUSA (,D* = ppU Z) MoacTaBuB 3TO BblpaXkeHue p* B ypaBHEHUE

(15.29), nonyuaem IL,= 1, 1.e. a1y I1-rpynny Toxe MOXHO He yuMTbIBaT.

Tpetbs II-rpynna:
2
U
s
I14 - uncno ®pypa. Kak ykasaHo Bbiwe, nog 4mciom Gpyna noapasyMeBaeTcsl COOTHOLIEHME MEXAY CUMON MHEp-
LU U CUNaMKM NNaByYecTu.

(15.30)

Yereépras I1-rpynna:

U
I, = Po (15.31)
Y7,
I14- yncno PeliHonbAca.
Naraa I1-rpynna:
C
I, = % (15.32)

Hs - yucno lMpaHaTnsa. [Ana MHOrMX rasos, BKOYasA BO34yX, Yncio MNpaHATAS NOYTU BCeraa NOCTOSAHHO MO OTHO-
LWeHuIo K TeMnepaType. [biM — 3TO BO34yX C NPUMECLIO OTHOCUTENBHO HeboNbLWOoro konMyecTsa npoAyKTOB Cropa-
HUA, N NMPUHATO CYNTATb, YTO AbIM UMEET TE Xe CBOVICTBa, YTO M BO34yX. TakuMm 06pa30M, Hs MOXXHO HE y4UTbIBaTb
npu MoaennpoBaHunmn, BbINOJIHAEMOM B BO34YyXeE.

Cnenyrou.me ™Pn H-rpynnbl MMEIOT OTHOLWIEHME K TENoONepeaaye:

[y =4, (15.33)
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T, =—, 15.34
7 K ( )
n
Ip.
= . 15.35
8 pOCpUTOT ( )
Mocneanas Il-rpynna:
1 Co (15.36)
9 C . .

ITs - wupoko ncnonb3yeMoe COOTHOLIEHWNE YENbHBIX TEMNOEMKOCTEN, U ANS MAEANbHBIX ra30B 3TO COOTHOLLEHWE
MOCTOSIHHO. [Insi BO34yXa COOTHOLWIEHWE YAESbHbIX TEMIOEMKOCTEN MOYTM BCErAa UMEET MOCTOSIHHOE 3HauyeHue 1,4.
Takum 06pazom, I1s MOXHO He yunTbIBaTh NPU MOAENMPOBAHMM, BLINOMHAEMOM B BO3AyXE.

Buabl MOAENpPOBaHUA

MO/J,eJ'IVIpOBaHVIe no CDpyﬂy, mMoaennpoBaHme C MCNOJZIb30BaHUEM CONEHOM BOAbl N MOAENMPOBAHNE AaBNEHUA
NPUMEHAIOTCA ANna MOAENNPOBaHUA ABMXXEHUA AbiMa B MPUKiaAHbIX NporpamMMmax. Ka)KﬂbIVI n3 3aTnxX BnMaoB Moaenun-
poBaHUA UMEET AaNleKo He NOoJIHoEe n0n06me B TOM CMbIC/IE, YTO HM OAUH M3 MPaKTUYECKUX NOAXOA0B HE MOXET CO-
XpaHUTb BCe H-prl’ll’lbl. Tem He MEeHee, 3TN NoaxoAbl K MOAENTMPOBAHUIO NPUHECTN XOpoLllne Ka4eCTBEHHbIE PE3Yb-
TaTbl U MOMOIIN Nyylle NOHATb TaKoe dBJIeHNE KaK ABUXEHWE AbiMa.

MogpgesmmpoBaHne o Opygy

Kak onucaHo Bbliwe, MoaenmpoBaHue no dOpyay SBNSETCS, BEPOSTHO, Hambonee pacnpocTpaHEHHbLIM MOAXOAOM K
(Pu3nyeckoMy MoaenupoBaHuio ABwKeHus AbiMa. Co3pgaérca MacwTtabHasi Moaenb KOMHaThbl, aTpuymMa MM MHOro
COOpY>XeHusi. B Mogenun npoBoasTCS UCMbITaHUS B BO34yXe NPu HOPMarnbHbIX aTMOChEpHbIX YCIoBusIX. COOTHOLLEHMS
nofobus ncnonb3yloTcs, YTobbl oNpeaennTb BENNUYMHY PacyETHOMO Nnoxapa W BCeX NMPUHYAMTENbHBLIX NMOTOKOB BO3-
fyxa, a Takke yTobbl NepeHecTn U3MepeHus C MoAenu Ha obbekT-opurnHan. bonee noapobHO 3TW COOTHOLIEHUS
nopobus Mol 06cyaum panee.

MocKobKY MaByyecTb eCTb rPaBUTALMOHHAs CMIIa, M OHA OKa3biBAET peLualoLlee BMSIHME Ha MOTOK, BO3HMKA-
tolwwmit npu noxapax, uncno ®pyaa (113) pomkHo 6bITb coxpaHeHo. Mo NpuUuUMHAM, ONUCaHHBLIM BhillE, TAKKE COXpa-
nstores Iy, 11, I1s m Is.

Ecnu pasmep Moaenu nogobpaH AOMKHbIM 06pa3oM, MOTOK CTAaHOBWTCS MOMHOCTbIO TYpOyneHTHbIM, U 3deKTb
BA3KOCTM Ha TBEP/bIX NOBEPXHOCTSX NpeHeBpexnMo Manbl. B cesasu ¢ 3tum umncno Peitnonbaca (I14) moxHo He yum-
TbiBaTb. MHdOpMaums no onpeaeneHuio BenMYMHbl MOAENU C LUenbio cBefieHnsl 3hhEKTOB BA3KOCTU K MUHUMYMY,
YTO6bI MOXHO ObISIO HE YUMTbIBaTL YMCIO PeliHonbaca, NpMBOAMTCS fanee.

Mpu MogenunposaHun no ®pyay TemnepaTypbl B MOAENN TakUE XKe, YTO U B COOTBETCTBYIOLMX MecTax obbekTa-
opurvHana. MockonbKy TeMnepaTypbl B 060X ClyYasx OAMHAKOBbI, TO M Tennonepeaada NpMMepHO OAMHaKoBa. TeM
He meHee, rpynnbl Tennonepeaaun (11, I17,11s) He coxpaHstoTca. Temnepatypa AbiMa BAanu oT NaaMeHy A4OCTATOu-
HO HM3Kasi, MO3TOMY HET Heo6XOAMMOCTU COXPaHsATL rpynnbl Tensaonepesayn. OfHako, s ra3oB BbICOKON TeMnepa-
TYpbl, TaKMX Kak rasbl MiaMeHu, AaHHbIE FPynnbl HEMb3s He YYUTbIBATb.

HakonneH 3HaunTenbHbIN OMNbIT MO NpUMEHeHUIo MoaenuposaHus no ®pyay. CpaBHeHue TeMnepaTyp B obbekTe-
opurMHane n B moaenu macwraba 1:7 (puc.15.1), nponsBeaéHHoe KenHTbepoM, MakKadhdpu n Kawmearm (Quintiere,
McCaffrey and Kashiwagi, 1978 [27]), AeMOHCTpupyeT cTeneHb oxuaaemMoro cooteetcTaus. Yoy u Jlo (Chow and Lo,
1995 [28]) ucnonb3oBanu MoaenvposaHue no ®pyay Ans MOAENMPOBAHUS ABWXKEHWUS AblMa B aTpuyMe U 3anofiHe-
HWS aTpuyMa AbIMOM.
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Puc. 15.1 MopgenuposaHue no ®pyay: cpaBHeHUe TeMnepaTtypbl rasa B kKopuaope
(apanTupoBaHo Ha ocHoBe Quintiere, McCaffrey and Kashiwagi, 1978 [27])

MopgennpoBanmne c ncriosib30BaHneM CONNEHONH BOgbI

Mcnonb3oBaHMe OAHOM XMAKOCTM (MK rasa) ANs MOAENMPOBaHUS TEUYEHUsI APYroi XMAKOCTU (MK ra3a) HasbiBaeT-
CS aHaNoroBbIM MoAenMpoBaHueM. MoaennpoBaHMe C UCMOb30BAHNEM CONTEHOM BOABI LUMPOKO NMPUMEHSIETCS ANt MO-
[EeNMpoBaHNs ABWXEHUS AbiMa. MpUHLMN MOAENMPOBAHMS C UCMOMb30BaHMEM CONEHOM BOAbI 3aK/THOHAETCS B TOM, YTO
MacLUTabHyt0 MoZenb MOrpyXXatoT B pe3epByap C NMpecHON BoAoM M A06aBNstOT CONEHY0 BOAY, YTOObl CMOAENMPOBaTh
TEMMOBON UCTOYHMK. MOCKOMbKY COMéHas Bofa MMeeT 6osiee BbICOKYIO MIOTHOCTb, YEM MpecHasl, OHa UMEET TeHAEH-
LMo cTekaTb BHM3. [bIM e 06bl4HO nogHMMaeTcs kBepxy. C y4éTOM 3TOro mMofenb nepeBopayvMBaloT B pesepsyape
BBEPX AHOM.

YacTto Moaenb co3aaéTcs U3 Npo3payYyHoro NosMMepa, a CosiéHasi Bofa MoAKpalUMBAETCs B ronyboi uBeT. 3To no-
MoraeT yBuaeTb, ccoTorpacdmpoBaTb UM 3aCHSATb Ha BUAEO MOTOK CONMEHON BoAbl. OCHOBHOE MPEeVMYLLECTBO Moae-
NIMPOBAHMS C NMOMOLLbIO CONEHON BOAbI COCTOUT MMEHHO B TOM, YTO OHO MOMOraeT BU3yasnM3vMpoBaTb AbIMOBOW MOTOK.

MozenmpoBaH1e C NOMOLLbIO CONEHOIN BOABI MOXOXE Ha MoaenupoBaHue no ®pyay B ToM, 4To uncno dpyaa co-
XpaHsieTcs. KOHLEHTpauUmMst CONMM perynmpyeTcst TakuMm 0bpasoM, UTOObl MIOTHOCTb COMEHOM BOAbl B MOAENM COOTBET-
CTBOBasia NIOTHOCTM AblMa B 06bEKTE-OpUrMHane. B MoaenupoBaHWM C NOMOLLbIO CONEHON BOAbl OTCYTCTBYET Terno-
nepedaya, HoO B MpoLIECCe 3arosiHEHMSI MOAENM CONEHas Boda CMELUMBAETCS C MPecHoi Bogow. MockonbKky Tensone-
peaaya OTCYTCTBYET, MCMOJIb30BaHWE MOAENMPOBAHMS C MOMOLLbIO CONEHOW BOALI HEMPUEMIEMO A1l MOAENVMPOBAHWSI
NOTOKa NiiaMeHn Wimn NoToKa psiAoOM C MiaMeHeM.

Yoy n Cio (Chow and Siu, 1993 [29]) npoBenu 3KCNEPUMEHTLI MO BU3yanu3aunm 3anosiHEHUS] AbIMOM HECKOMbKUX
aTpUyMOB Ha OCHOBE MOJENMPOBaHUS C MOMOLLbIO CONéHol Boabl. Muii (Yii, 1998 [30]) NpoBE&N cepuio 3KCNEepUMEHTOB
MO MOAENMPOBAHUIO PacTeKaoLMXCS 6anKOHHbIX CTPYH C MOMOLLbLIO CONEHOM BOAbI.

MogesnmpoBanne gaB/ieHNs1
MHdopMaums o MoaenMpoBaHm AaBneHUs NPUBOANTCS 34eCb ANS1 NOMHOTbI KapTuHbL. Mpy 3TOM MoaennpoBaHum
COXPaHSETCS Kak uncno ®pyaa, Tak v umcno PerHonbaca. Yvcno PelHoNbACa COXpaHSETCS NOCPEACTBOM U3MEHEHNS

AaBNeHnA OKDY)KaIOU.IEﬁ cpenbl. [laBneHns MOXHO NPeacTaBuTb CreayowmM o6pa30M:
-3/2

& = I—m (15.37)
Py Uy

roe

Pm = AaBneHve B moaenu, MNa;

Pr= [aBneHne B 06bekTe-opuriHane, Ma;

/m= DNVHa B MoAenu, M;

h = pnvHa B obbekTe-opurnHane, M.

EanHvubl, npuBeaéHHble B ypaBHeHuu (15.37), aBnaioTcs eanHuuaMm, KoTopble MOXHO 6bino 6bl ynoTpebutb B
[@HHOM CJly4ae, HO 3TO He eVHCTBEHHbIN BO3MOXHbIN BapuaHT, Npu yCloBUK, YTO 0ba faBneHusl BbipaXKeHbl B Of-
HMX eauHuLax, Takke Kak 1 obe anuHbl. Hanpumep, aaeneHuns MoryT 6biTb BblpaXkeHbl B aTMOcdepax, a ANWHbI - B
AtoiiMax.
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Mogaenb B MaclTabe 1:8 6yaeT Heo6X0AMMO UCMbITaTb B Pe3epByape BbICOKOrO AaB/IEHUS! MO AAB/EHWEM OKO-
no 23 atMocdep. MoaennpoBaH1e AaBMEHWS NPUMEHSIETCS KpaiiHe peaKo, BEPOSITHO, MO MpUYKMHE TOro, YTo NpoBe-
AEHWE UCMbITAHWIA B pe3epByape BbICOKOMO AABMEHUS SIBNSIETCA AOPOroCTOAWMM, @ TaKxKe TOoro, YTo Npu MOAEnMpo-
BaHUM no ®pyay acdekTbl uMcna PeltHonbaca MOryT 6biTh CBEAEHbI K MUHUMYMY. MpWM MOAENMPOBaHWM AABNEHUS,
KaK 1 npy MoAenvpoBaHun no ®Opyay, rpynnbl TENONepeaaqn He COXpPaHSoTCS.

CooTHoweHns nogobus npn mogenupoBaHum no Gpyay
OCHOBHOW NPUHLMMA MacliTabHOM MOAENN MOXET 6bITb BbIpaXXeH CrieaytoWwmnM obpasom:

X, = X¢ I_m (15.38)
f
roe
Xm = NonoXxeHue (KOOpAuHaThbl) B MOAENN, M;
Xr = NoOnoxeHue (KOOPAWNHaThI) B 06beKTe-opuUrnHane, m;
I = ANWHa B MOAenw, M;

lf = OnuHa B 0bbeKTe-opuUrMHane, M.

CooTHolueHune (/n /) — 310 MacwTtab mopenu. Hanpumep, ana mogenu B macwtabe 1:10 cooTHoweHwe fy / =
1/10.

Kak 6bi10 onuncaHo Bbile, Npyu MoAennpoBaHun no ®pyay TemnepaTypbl B MOAENWN COBMAAAloT C TeMnepaTypamu
B COOTBETCTBYIOLMX MecTax obbekTa-opurnHana. TakuMm o6pa3oM, COOTHOLWeHWe nogobus ana temnepaTypbl npea-
CTaB/1IeHO KakK:

T.=T, (15.39)
roe

Tm» = TeMnepaTtypa rasa B mogenu, °C;
Tr= TemnepaTypa rasa B obbekTe-opurmHane, °C.

Mockonbky Moaens u 06'beKT-OpVIFVIHaJ'I MMEIOT OAMHAKOBYIO TEMNEPATYpy U AaBNEHWE, COOTHOLUEHUE nopobus
Anga NNOTHOCTU COCTaBNAET:

Pm = Ps (15.40)

roe
Pm = NNOTHOCTb rasa B MOAENU, Kr/m3 u
Pr = NNOTHOCTb rasa B 06bEKTE-OpUruHane, Kr/m3.

CoxpaHeHue uncna dpyaa MOXHO BblpasuTb CeaytowmnM 06pasoMm:

2 2
u: Ug
= =— (15.41)
gl m gl f
roe
Un = CKOPOCTb B MOZenu, M/c;
Urs= cKopocCTb B 06beKTe-opurmHane, M/c; u
g = YCKOPEHME CUNbI TSHKECTU, M/C2,
M3 ypaBHeHus (15.41) cneayet, 4To COOTHOLLEHNE NoA0OMS AN CKOPOCTU COCTaBASIET:
(15.42)

roe

Un = CcKOpoCTb B Moaenu, M/c;

Ur = ckopocTb B 06bekTe-opuruHane, mM/c;
Im = ANVHa B MOAENN, M; U

[ = AnnHa B 0bbeKkTe-opurmHane, M.

EAMHWLBI, NPUBEAEHHbIE BbIWE A1 MEPEMEHHBLIX ypaBHeHWs (15.42), SBNAOTCS eAMHULAMM, KOTOpblE MOXHO
6b110 6b YNOTPEBUTL B MPUIOXKEHUN, HO 3TO HE EAUHCTBEHHbIA BO3MOXHbIVA BapUaHT NpU YCIOBUW, YTO €AMHWLDI, B
KOTOPbIX BblpaXkeHbl Un U U; COBMafaloT, Kak U eOuMHWULbI, B KOTOPbLIX BbIpaXeHbl /, U / Hanpumep, obe ckopoctu
MOryT 6biTb BblpaXkeHbl B yTax B MUHYTY, a 0be AnuHblI B AtoViMax. Bce cooTHoLeHWs1 nonobus, obcyxaaeMmble B
AQHHOM pazaesnie, UMEIOT CXOXYH0 OpMY, M OCHOBHas Maest O BO3MOXXHOCTU MCMO/b30BaHMS LUMPOKOro CreKTpa eau-
HUL, TaKXXe BepHa A/11 BCEX OCTasIbHbIX NPUBEAEHHBIX 34€Cb COOTHOLLEHUI NOAOHMS.

O6bEMHBIN Pacxod eCTb CKOPOCTb, YMHOXEHHAs Ha MJIOLaab, U COOTHOLLEHUE MOXHO NPeLCTaBWTb B BUAE:
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Vo=V, | ™ (15.43)

roe
Vm = 06bEMHBIN pacxof B Mogenu, M3/c;

Vf = 06BEMHBIN pacxof B 06bekTe-opuruHane, M3/c.

MaccoBbIf pacxoll eCcTb O6bEMHbIA Pacxof, YMHOXEHHbIM Ha MAoTHOCTb. COBMecTMB YypaBHeHus (15.40) u
(15.43), nony4ymm:
5/2

m,=m,| - (15.44)

roe
mﬂ = MacCcOBbIli pacxof B MOAENH, Kr/c;

M, = MaccoBbIi pacxos B 06bekTe-opuriHane, Kr/c.

CKopoCTb ecTb A/IMHa 3a efMHUUy BpeMeHu. Noactasuns Um = |rn /'[m nU f = |f /tf B ypaBHeHue (15.43), no-

NyYmnM:

(15.45)

rae
tn = BpeMsa B MoJenw, c;
tr= BpeMmsi B 06bekTe-opurnHane, C.

ECM  MpeacTaBUTb  KOHBEKTMBHYIO —COCTaBMISIOLYIO TEMMOOTAAYM B  KayecTBe MOTOKOB  SHTaNbMNM,
Q.= mmeAT nQ, =m; CpAT(AT =AT,, =AT,), ypasHenue (15.44) npeobpazyeTcs B:

5/2
Q. =Q,| =™ (15.46)

roe
Q,, = TennooTaava B Moaen, kBT;

Q; = Tennootaava B obbekTe-opuruHane, KBT.

Ecnn koHBekTMBHasa aons noxxapa B Moaenu, /’L’C ms PaBHa KOHBEKTMBHOM aone B O6'b€KTe-OpVIFVIHaJ'Ie, /’L’C s 10

COOTHOLLEHME noaocbus ans KOHBEKTMBHO TennooTaayn BbIrNaanUT Tak:
5/2

_m

Qc,m: c,f |
f

(15.47)
roe
QC m = KOHBEKTWBHas Temnootaaya B Moaenu, KB;

QC ¢ = KOHBEKTUBHas TEMI00TAA4a B 06'bEKTe-OpMFMHaﬂe, KBT.

Mepenan AaBneHNs B CBSA3M CO CKOPOCTbIO cocTaBnseT: Apm = p U?n/ 2 v Apr= p U?% [ 2. NoacTasue 310 co-
OTHOLleHWe B ypaBHeHue (15.42), nonyyaem (NOMHWUTE, YTO P = Pm = Pr):
I
Ap,, = Ap; I_m (15.48)
f

roe
Apm = nepenaa aaenexHus B Moaenu, Ma;
Apr = nepenag faBneHus B 06bekTe-opuriHane, Ma.
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MpUMEHeHNe HEKOTOPbLIX COOTHOLLEHM A NoAo6Ws MPOMNNIOCTPUpPoOBaHo B mpuMepax 15.1 u 15.2. Llyaswmoto,
TakaHoy-uM n Yexapa (Tsujimoto, Takenou-chi, and Uehara, 1990 [31]) npoBenu 3kCnepuMeHTbl, NOATBEPAMBLUNE
KOPPEKTHOCTb Bbile NPUBEAEHHBLIX YPaBHEHUI NSt ABMXKEHUS AbiMa B aTpuyMax. KeuHtbep, MakKadbdpu n Kawwmsa-
rm (Quintiere, McCaffrey and Kashiwagi, 1978 [27]) npoBenu 3KCNepuMeHTbl MO ABMXKEHUIO AblMa, NOATBEpAMBLUME
KOPPEKTHOCTb MPUMEHEHUS 3TUX COOTHOLLEHWI NOAOBUS ANs MOAENMPOBaHUS NMepeMelleHus biMa No Kopuaopy u
BHYTPW MOMELLEHNS.

Mpumep 15.1 Moxap B Macwtabe

Ecnu mMowHOCTb noxapa B obbekTe-opurnHane coctaensiet 5280 kBT, kakoBa MOLHOCTb COOTBETCTBYIOLLErO noxapa
B MOAENM MacluTaba 1:7?

Mcnonb3ys ypaBHeHue (15.46), nonyyaem:

5/2

_ (] 1\%'2
Q=0 =5280[7j _ 40, 7xBm

f

Mpumep 15.2 TMpeobpa3oBaHme AaHHbIX O AbIMOBOM C/I0€

B mopgenn macwraba 1:8 ypoBeHb AbiMOBOro cnost onyckaetcs Ao 0,533 M Hag ypoBHEM nosa uvepes 42 c. nocne
BO3ropaHus. Kak 3Tu faHHble COOTHOCATCS C 06bEKTOM-OPUIMHANIOM?

MNpeobpasyem ypaBHeHMe (15.45):

I

 —42\/8=119c.

MNpeobpasyem ypaBHeHuWe (15.38):

|
X, =X, l—f =0,533(8) = 4,27

m

3TO 03HAYaEeT, YTO B 06bEKTE-OpUrMHane yepes 119 c. ypoBeHb AbIMOBOro C/ost onycTutcs Ao 4,27 M Hag YPOBHEM
nona.

lpnbnnznrenbHoe MacwrabupoBaHme Ternsionepegaymn
HecMoTps Ha To, YTO rpynMbl Tensonepeaaqn u Yncio PeitHonbaca He Bbinn CoXpaHeHbl, HEKOTOpbIE U3 atdek-
TOB Tennonepeaaym MoryT 6biTb YaCTUYHO COXPaHEeHbI MyTEM y4éTa NMOBEPXHOCTHOM Temonepeaayn v TenioobMeHa
Mexay TBEpabIMM Tenamu. [nsa nonybeckoHeUYHON NMOBEPXHOCTM K MaTepuasnaM CTeHbl 1 MOTOMKA MOXXHO NMPUMEHWUTb
cnepytoLlee COOTHOLLEHHE:
0,9

(kpC)W,m = (kpc)w,f - (15-49)

roe
(kpQuw,m = TENNOBAs MHEPUMS MaTepUanoB CTeHbI MU NOTOMKa Mogenu, kB2 M4K-2c;
(kpQu,r = TENNOBas MHEPLMS MaTEPUAsIOB CTEHbI UM NOTONKA 06beKTa-opuUrMHana, KBt M4K-2c.

TennoBas nHepums (k pC) HEKOTOPbLIX MaTepUanoB NpuBeaeHa B Tabnuue. B npumepe 15.3 npuBeaéH pacyér Tepmu-
YecKMx CBOMCTB B MacluTabHol mMoaenu. B 3Tom npumepe ypaBHeHwue (15.49) vcnonb3yeTcs ANt MpornopLyOHanbHOrO
YMEHbLLEHWS TEMNOBOW MHepuun B Moaenu ao 0,44 kBT2mM*K=2c. TennoBylo MHEPUMIO AOCTATOYHO MACLITabMPOBaTb
Wb NPUGAN3UTENBHO, U ANS 3TUX Lienell NoaonayT MmaTepuansl OT 6eToHa A0 MMNCoKapToHa.

Ta6nuua A-11. TepMuueckue CBOCTBa MaTepuasnios

MaTepmnan NMnoTtHoCTbL YaenbHas Ten- TennonpoBoAHOCTb kpC
P NOEMKOCTb k x 103 KBT2M*K2c
(xr/m3) (xOx/xr K) (xBT/M K)
ANMOMUHUI (YUCTBIN) 2710 0,895 206 500
Cranb (0,5% yrnepop) 7850 0,465 54 197
beToH 2400 0,75 1,6 2,9
Kupnny 2600 0,8 0,8 1,7
Crekno, nnuta 2710 0,8 0,76 1,6
K1pnnyHbIi/6ETOHHBIN 610K 1900 0,84 0,73 1,2
'vncosas nnuta 960 1,1 0,17 0,18
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QaHepa 540 2,5 0,12 0,16
MnuTa BOMOKHUCTOM W30Ns- 240 1,25 0,53 0,16
unn

acn 800 1,25 0,15 0,15
[a306eTOH 500 0,96 0,26 0,12
fMncokapToH 950 0,84 0,16 0,12
MaHenb 13 cunukata Kanb- 700 1,12 0,11-0,14 0,086-0,11
ums (Marinite XL)

ASTIOMOCUNNKATHBIN 6nok 260 1 0,14 0,036
(Kaowool)

CTeKnoBONOKOHHAs  u30ns- 60 0,8 0,037 0,036
ums

MNeHononucTnpon 20 1,5 0,034 0,0010

Mpumep 15.3 MacitabupoBaH1e TEPMUYECKMUX CBOMCTB

CTeHbl 1 MOTOSIOK 06bEKTa-OpUrHaNIa BbINo/HEHbI 13 6eToHa. MNepecunTaliTe 3HaUeHMs] TEPMUYECKMX CBOMCTB 1S MOAENM B
Macwwtabe 1:8.

CornacHo Tabnuue, k pC 6eToHa cocTasnseT 2,9 kBT M+ K2¢. Uanonk3ys ypasHeHme (15.49), nonydaem:

| 0,9 0,9

koC =(koC mo =2 1 =0,44xBm*m K ¢
( )W m ( )w f 8

TepMuyeckvie CBOMCTBA AOCTATOMHO MacLLTabupoBaTh SvLb MPUBMBUTENBHO, U ANS STUX Lenei NOAOMAET LUMPOKWA CriekTp
Marepyaros.

MpakTnyeckne BONpPoOCbl MoaenupoBaHus no ®pyay

Mpeanonaraercs, YTo MacluTabHas Modesnb AO/MHKHA CO3AaBaTbCs TakKMM 06pasoM, UTOObl KaXAabIl M3 e€ pa3MepoB
6bl71 MOMHOCTBIO MPOMOPLUMOHaNeH COOTBETCTBYIOWMM pa3MepaM 06beKTa-opurnHana, Ho npu 3TOM HeobsizaTenbHO
MOAENNPOBaTb KaXayl MenKylo AeTanb obbekTa-opurMHana. Hebonblume npegMeTbl, TakmMe Kak anekTpoapMmartypa,
BbIK/TIOYATENN, ABEPHbIE PYYKKU, AEKOPATMBHbIE 3IEMEHTHI, AETEKTOPbI AbIMa U CMIPUHKIEPbI HE AO/MKHbI MOBAMSATL Ha
NOTOK AblMa B LEIOM, M 3TU NPEeAMETbl MOXHO HE YUYnTbiBaTb. pu OTCYTCTBUM XOPOLIO pa3paboTaHHbIX KpUTEPUEB O
pa3Mepe Takux HebOMbLUMX NPEAMETOB, NPeAsiaraeTcs He Y4MThiBaTb NpeaMeTbl MeHee 0,23 M.

Kak 6b110 yKka3aHOo Bbille, pa3Mep MOAENM AO/MKEH 6biTb NogobpaH NpaBUIbHO, Tak YTO6bl 3dEKTbI BA3KOCTH
6L HUYTOXHO Marbl, 1 uncno PeiHonbaca (I11s) MoxHO 6bin0 6bl He yunTbiBaThb. Moaenb AoMKHaA 6biITb AOCTaToOY-
HO 60/bLLIOI, YTOBbI MOTOK 6bl1 MOMHOCTLIO TYPOYNEHTHLIM B TEX MECTax, KOTOpble NPeACTaBNstoT MHTepec. Obluee
NpaBuUIO TakoBO, YTO HaUMEHbLLAs [ANMHA, KOTOpas CNocobHa NoAAepXMBATb TakoW TypOYNEeHTHbI MNOTOK, COCTaB-
nset 0,3 m.

B cnepytowemM npumepe npmBoaATCs NosiCHEHUS K Bblbopy MacwTaba ans mogenu. Mpeanonoxum, 4to Tpebyercs
NpaBuIbHO ONpeaennTb NMOTOKKU, NPOXOAsLLIME Yepe3 MPOEMbl U3 aTpuyMa B CMEXHbIE MOMELLEHMS. DT NPOEMbI Bbl-
CoTOM - 2,4 M U WMpUHON — 3,7 M. ByaeM cunTaTb, YTO 3Ta BbICOTA ECTb HaUMEHbLLIEe 3HAYeHNe, rae byaeT npoxo-
[OUTb MOJIHOCTBIO Pa3BUTLIN MOTOK. Toraa COOTBETCTBYIOLMI NPOEM B MacluTabHON Moaenu AosikeH 6biTb HE MeHee
0,3 M. Takum 06pas3om, Mozesb Ao/mkHa 6biTb B MacwTabe 1:8. MacwTtab ans Kaxaol cuTyauuy MoAenvpoBaHus!
[OJKEH ONPeaenaTbCs C YY4ETOM TOro, Kakme NoToKN BaXKHO CMOAENMPOBaTh.

MockonbKy HekoTopble U3 3pdeKTOB TennonepeaayYn MoryT 6biTb YHaCTUYHO COXpPaHeHbl NYTEM MaclTabMpoBaHUs
TENI0BON MHEPLMM C MUCMOJIb30BaHUEM ypaBHeHus (15.49), AOCTaTOYHO OCYLECTBUTL Wb NPUBAM3UTENBHOE Mac-
wrabuposaHue, Kak 6bi10 OnNucaHo Bbiwe. YTo6bl 6blna BO3MOXHA BU3yanu3auusl AbIMOBOrO MOTOKA, HEKOTOpble
CTeHbI eNaloT U3 cTekna.

Kak ykasaHo Bbile, MoaenupoBaHve no ®pyay npuemnemo Ans TemnepaTtyp BAanum oT naaMeHu. MoaenupoBaHue
no ®pyay noaxoauT Ans MoAeNMpOBaHMS ABVKEHWUS AbiMa MpuW MOXape B aTpuyMe, rae nnamsi He A0CTUraeT noTos-
ka. Mnams, no-BmaMmoMy, He ByaeT cMOAeNMpoBaHO NPaBUiIbHO, HO OXXMAAETCS, YTO MOTOKM AbiMa BAanu oT niaMme-
HM ByayT cMOAEeNMpOBaHbl peaNNCTUYHO.

MogenvpoBaHve no ®pyay TakkKe noaxoauT AN MOAENMPOBAHMSA AbIMOBbIX MOTOKOB B 3[aHWMM, BO3HMKAMOLMX
npv noxkape, NOJIHOCTbIO OXBaTUBLLEM MOMelleHue. M3-3a BbICOKMX TeMMnepaTyp MOAeMpOBaHUE HENPUEMIEMO ANs
ropsiLiero nometleHns nnmn noboro nnameHu, BbipbIBAOLWErocs M3 3TOM0 MOMELLEHNS, HO OXWAAETCS, YTO MoAenu-
poBaHWe AbIMOBOro MOTOKa BAANM OT ropsiLLero nomelleHust byaet peanucTUYHbIM.
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NFPA 92B. PYKOBOACTBO N0 CUCTEMAM ﬂPOTVIBOﬂI?!MHOﬁ
3ALWLNTDBI ATPUYMOB, MOJ1J10B U BOJIbLUUX MOMELLYEHUN

MHbopMaums B AaHHOW rnaBe NpeAcTaB/ieHa Ha OCHOBE CTaHaapTa HaumoHanbHOM accoumaumm no NpoTMBOMO-
»apHou 3awwuTte (CLLUA) NFPA 92B «PykoBOACTBO MO CUCTEMaM MPOTMBOALIMHOW 3alUUTbl aTPUYMOB, TOProBbIX LIEH-
TPOB U 60MbLIMX MOMeLLeHnIA» [4].

OCHOBHbIE NPUHLUMINbI
Llenblo AaHHOMO pyKOBOACTBA SIBASIETCS 06ecneunTb 3aKa3umkoB, MPOEKTUPOBLUMKOB, NMpeacTaBuTenei Haasop-
HbIX OPraHOB W MOXKaPHbIX NOAPA3AENEeHUI METOANKOM NPOTMBOALIMHOM 3alUMTbl B 60/bLIMX, LUENbHbLIX (He noaenex-
HbIX Ha OTCEKN) NoMeLLeHnsIX. B pyKoBOACTBe npeacTaBneHa cneaytowas nHdopmaumns:
(1) Borpochl nepemMeLleHns AbiMa BHYTPY MOMELLEHUS;
(2) ®usnyeckme NpoLecchl, Nexaline B OCHOBE nepeMeLleHns AbiMa B NMOMELLEHNSX;
(3) MeToAbl NPOTMBOALIMHOM 3aLLMTHI;
(4)  [daHHble n TexHonoruu;
(5) O6opynoBaHue B 34aHUU W NEMEHTbI YNpaBIeHus;
(6) MeToabl NpOBEAEHMSI MPOBEPOK, TEXHUYECKOrO 06CYXXMBaHUSI U PEMOHTA.

B naHHOM pyKOBOACTBE MPEACTaBfeHa METOAOMNOrMS OLEHKM HaxOXAEHMS AbIMa BHYTPW GOMbLIOO MOMELLEHNS
Mpu noxkape B HEM NMB60 B MPUMEralolleM K HEMY MOMELLEHWUA. DTU METOAbI COCTaBNSAIOT TEXHUYECKYIO OCHOBY A/isi
MOMOLLM B NMPOEKTUPOBAHWUK, YCTAHOBKE, MPOBEPKE, SKCMyaTaLUum, TEXHUYECKOM 0BC/TY>XMBAHUN U PEMOHTE HOBLIX U
MOAEPHM3MPOBAHHbLIX CUCTEM NPOTUBOALIMHON 3aLUMTHI, YCTAHOBMEHHBIX B 34aHMAX C 60MbLUMMM MOMELLEHUAMU ANis
3alMThI OT [AblMa B MOMELLEHWUW, FAe NPOU3OLLSIO BO3ropaHue, UK Mexay NpoCTPaHCTBaMW, HE pasdenieHHbIMU Abl-
MO3alLUMTHLIMKU Mperpagamu. K 34aHKUsAM, pacCMaTpUBaEMbIM B A@HHOM PYKOBOACTBE, OTHOCATCA 3[aHusl C aTpuyMa-
MU, KPbITbIMA MOMINaMU U APYrMMU NOAOEHLIMU GOMbLWIMMK MOMELLEHNAMU. [JaHHOE PYKOBOACTBO HE MpeAHasHaueHo
AN NPUMEHEHUS K CKNAZACKMM, NMPOU3BOACTBEHHBLIM WM MPOYMUM aHANOMUYHBIM MOMELLEHNAM.

Anrebpanyeckme noaxodbl K NPOTMBOALIMHONM 3alLMTE, COAEPXALUMEC B AAHHOM PYKOBOACTBE, MpeanosaraoT,
YTO AbIMOyAaneHve 6yaeT Npou3BOANTLCA MEXaHUYECKUMM CPEACTBAMU.

Llenbio AQHHOrO PYKOBOACTBA SAB/AETCA MPEAOCTaBUTb PEKOMEHAALUMM MO CMCTEMAM MPOTUBOALIMHOMN 3alLUUTHI
Ans o6ecneyeHns MU CreaytoLero:

(1) noapepxaHue 6e30MacHbIX YCMOBUIA B NYTAX 3BaKyalMW M3 34aHUI C 60MbLIMMM NMOMELLEHUAMU B TeYeHue

BPEMEHU, TPeBYIOLLErocs Ha 3BaKyaLmio;

(2) KOHTPOJb M CHIKEHME NEPEMELLEHNS AbiMa MEXAY 30HOM MoXapa U CMEXHbIMU NOMELLIEHUAMU;

(3) obecneyeHne yCnoBUi BHYTPU M CHapPY>M 30HbI NOXapa Ans NoMoLUM nepcoHany no 6opbbe ¢ upesBblvaii-
HbIMW CUTYaLMsAIMU B NPOBEAEHUM MOUCKOBO-CMAcaTesbHbIX Ornepaumii U 06HapYXXeHUN M KOHTPOSIMPOBaHUM
pacnpocTpaHeHus Nnoxapa;

(4) noMOLLb B 3aLUMTE XM3HM JIIOAEN N CHUXKEHUM yulepba UMYLLIECTBY;

(5) noMolLb B yaaneHuu asiMa noce noxapa.

anHLIMﬂbI NMPOEKTUpPOBaHunA

ﬂomap B 60/1bLLINX NMMOMELYEHHSAX, MOJ1JIaxX U aTPpUyMax

MpeanonaraeTcs, YTO AbIM, BO3HUKAIOLWMIA NPU NoXape B 60/bLUOM CBOGOAHOM MPOCTPAHCTBE, ABNSIETCS MNaBy-
UMM, MOAHMMAIOLMMCS B BUE CTPYM Hafd OrHEM M AOCTUraloLWMM MOTOMKa NMB0 NpeTeprneBaowWmM cTpaTudmKaumio
U3-3a TeMnepaTypHON MHBepcuu. Mocne Toro, Kak AbiM AOCTUMHET MOTOJSIKA, WK NPOM3OMAET ero cTpaTudukaums,
MPOCTPAHCTBO HAYHET 3arosHATLCS AbIMOM, @ rFpaHuUa AbIMOBOMO C/I0sl OMyckaTbcsl. CKOPOCTb CHUXEHUSI TPaHuLbI
ABIMOBOTO C/10S1 3aBUCUT OT CKOPOCTHW, C KOTOPOM [ibIM MOCTYMNaeT B AbIMOBOW C/0ii U3 AbIMOBOW CTpyu. Takoe 3anosn-
HEHWe AbIMOM MPEACTABMEHO B ABYX30HHOW MOAENW, rae ecTb YETKas rpaHuLa MeXzay HU30M AbIMOBOMO C/osi U
OKPY>KQIOLLMM BO3AYXOM. B MHXKEHEpHbIX LieNsiXx CKOPOCTb MOCTYMAEHUS AbIMa U3 CTPYU B AbIMOBOW C/IOM MOXET 6bITb
onpepeneHa Kak CKOPOCTb BOBJIEYEHMSI BO3AyXa B CTPYIO NMoA rpaHuLEN AbIMOBOro cnosi. BosaeicTBue cnpuHKiepoB
MOXKET MPUBECTU K CHIDKEHMIO CKOPOCTU BblAENEHUS TEMNa 1 CKOPOCTU BOBNIEYEHUS BO3AYXa B CTPYHO.

BcreactBve METOAONOMMM 30HHOTO MOAENMPOBaHUS B MOAENM MCMONb3yeTcs AonylieHue o6 0ofHOpPOAHOCTU
CBOWMCTB (KOHLUEHTpaUMM AbiMa M TeMnepaTypbl) OT rpaHWLbl AbIMOBOrO C/0si 4O MOTOSKA M B FOPU30OHTANIbHOM
HarnpaBneHUn — CKBO3b BECb AbIMOBOW CINOVA.

PaBHOBECHOE MOMNOXEHWE FpaHNLbl AbIMOBOTO C/1I0S1 MOXET 6bITb AOCTUIHYTO MpU yAaneHuW AbiMa Npu Takown xe
CKOPOCTU, C KOTOPOW AblM MOCTYNaeT B AbIMOBOW Cov. Kpome TOro, AbiMOyAasieHne MOXET Bbi3BaTb 3aAEpXKKy B
CKOPOCTU OMyCKaHUs AbIMOBOTO CJI0S.

TaMm, rae AbIMOBOW CNOW ONYCTUNCS [0 YPOBHSI NMPUIEralowmMX NOMELLEHUI, B KOTOPbIX €CTb Jt0AM, NpeaoTBpalle-
HMEe NepeMeLLEHNS AbIMa U3 aTpUyMa UK MOoJIa B 3TU MOMELLEHWUS] MOXET OCYLLECTBNSATLCS C MOMOLLbIO PU3UYECKUX
nperpag WM BCTPEYHOrO BO3AYLUHOTO MOTOKA. BCTPEUHbIN BO3AYLUHbIM MOTOK MOXET UCMONb30BATLCS ANSt OrpaHu-
YeHWsl NepeMeLleHnsl AbiMa B OTKPbITbIE MPUJIEraloline MOMELLEHMS, MPU 3TOM BO3AYX NOAAETCS U3HYTpW mpunera-
folero nometeHns. HeobxoanMmblli 06bEMHBIN pacxod MoAaBaeMoro Bo3dyxa, TPeByoWwerocs AN AOCTWKEHUS He-
06X0AMMOIA CKOPOCTU, MOXET BbITb 3HAUUTENBHBIM,
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YTo6bl paboTa BbITSXHbIX BEHTUIATOPOB 6blna 3hdEKTUBHOW, HEOBXOAMMO HanMuMe NMPUTOYHOro Bosayxa. Mo-
CTYNJIEHWE NPUTOYHOIO BO3AYXA AO/MKHO MPOUCXOANUTL C HU3KOM CKOPOCTbIO. B Lensix achdekTnBHOM NpoTUBOALIMHON
3alWMTLl MOTOK MPUTOYHOrO BO3AyXa AO/MKEH ObITb AOCTATOYHO pacCesiHHbIM, YTOObl HE MOBAWSTL Ha Miams, AbIMO-
BYIO CTPYIO WM rpaHMLy AbIMOBOro cosi. TOYKM Nogayn NpUTOYHOro Bo3adyXa A0/HKHbI ObiTb PacronoXeHbl Noa rpa-
HMuUel AbiIMoBOro crosi. CKOpoCTb MOTOKa MPUTOYHOIO BO3AyXa HE AO/MKHA NPEBbIWATb CKOPOCTb AbIMOYAANEHUS,
4yTObbl B aTpnyMe uam Monse 66110 AOCTUrHYTO M3BbITOYHOE AaBEHNE MO CPABHEHMIO C NPUIEralLLMMmN NOMeLLEeHN-
amu. Ecnm Bo3ayx NocTynaeT B AbIMOBOWM CNON Hazj rpaHvuen AbIMOBOro Cosl, 3TO HEOBX0AMMO YYMTbIBaTL NPpU pac-
YéTe AbIMoyAaneHus.

”0)I(apbl B CME)KXHbIX MOMELYEHNAX

MoXxapbl B CMEXHbIX MOMELLEHMSIX MOrYT MPUBOAUTL K BO3HWKHOBEHWIO MMIABY4YMX ra30oB, PacTEKaloWMXCs B
60blLoe MoMelleHne. B TakoM cryyae pacyéT AO/MKEH ObiTb aHaMOrMYHbIM pPacyéTy noxapa B 60JbLIOM MoMelle-
HuMU. OfHaKo, pacyéT AOMKEH YUMTbIBaTb PasHWULY B BOBJIEYEHMM BO3AyXa B OCHOBHYIO M PaCTEKAIOLLYHCS CTPyM.
ECfiM CMeXHble OTKPbIThblE MOMELLEHUS 3aLUMLLEHbI aBTOMAaTUYECKUMU CMPUHKIIEPaMK, BbIYMCIEHUS, NPUBEAEHHbIE B
[aHHOM pYKOBOACTBE, MOMYT NOKa3aTb, YTO AOMOSIHUTENbHAs BEHTUNAUMS He Tpebyetcsi. C Apyron CTOPOHbI, He3a-
BMCMMO OT TOro, paboTaloT CMPUHKIEPHI B CMEXHBIX MOMELLEHNSX MW HET, NonaaaHue AbiMa B 60MbLIoe NMoMeLLeHne
MOXHO NPeaoTBpaTUTb, ECNM AbIMOyAANEHNE B CMEXHOM MOMELLEHUN OCYLLECTBIISIETCS CO CKOPOCTbIO, MpW KOTOpPOW
BO3HMKaeT JOCTaTOYHasi CKOPOCTb NMPUTOKA CKBO3b FpaHuLy B 60/1bLIOe NPOCTPaHCTBO.

Cucremsl NnolxKapoTyLIEHNS

CucTeMbl aBTOMATMYECKOrO MOXapOoTyLWeHUs MPOEKTUPYIOTCA AN OFPaHUYEHNS CKOPOCTU FOPEHUst MaccChbl TOMAN-
Ba W, KaK CNeAcTBME, OrpaHUYeHUsi BO3HUKHOBEHUS AbiMa. [py orpaHWMYeHun CKOPOCTU FOPEeHMs] MacCbl CHUMXXaeTcs
AbiMoobpazoBaHue. Moxapbl B MOMELLEHMSX CO CMPUHKIEpPaMu, Npuieralwmx K aTpuymMmaMm UM newexogHbiM 30HaMm
KPbITbIX MOJIIOB, TakXXe MOryT 6biTb 3(h(EKTUBHO OrpaHWUYEHbl C LEMbl0 CHU3UTL BO3AECTBME Ha aTpuyMHble Mpo-
CTPaHCTBa WK MeLexoAHble 30Hbl KPbITbIX MOMSIOB M, COOTBETCTBEHHO, MOBbICUTL 3PEKTUBHOCTL CUCTEMBI AbIMO-
yoanenums.

3agava yHKUMOHMPOBAHUSI aBTOMATUYECKUX CMPUHKIIEPOB, YCTAHOBNEHHBIX B COOTBETCTBUM C AOKYMeHTOM NFPA
13 «CraHaapT no yCTaHOBKE CMpPUHKIEPHbIX cuctem» [38], cocTouT B obecrnevyeHnn npoTMBOMNOXAPHOro KOHTPONS,
KOTOpbI MOXHO OMMCaThb CreayWwmMM 0b6pa3oM: OrpaHUYeHne MOLIHOCTY NoXkapa NyTEM pacnpefeneHvsl Boabl Ta-
KM 06pa3oM, YTobbl CHM3UTb CKOPOCTb BbIAENEHUS TeMNa U CMOYUTL MpUeratolme roprovme Matepuasnbl, KOHTPO-
NMpysl NpyU 3TOM TeMnepaTypy NPUNOTOMIOYHbIX Fa30B C Lenbio NpeaoTBpalleHns pa3pyLlleHnst KOHCTPYKUMK. Bbino
npoBeseHO HeBOSbLLIOE YMCIIO UCCIIEA0BaHWIA, B XOA4e KOTOPbIX MPOBOAUIMCH MOSHOMACLITabHble NMoXapHble UCTbITa-
HUS1, NMpY KOTOPbIX CMPUHKIEPHasi cucTeMa bblfia noaBeprHyTa 60MbLION Harpy3ke, HO obecrieynna npeanosaraembiii
YpOBEHb (hYHKLMOHUPOBaHUS. DT UCCNEeA0BaHUS NPOAEMOHCTPUPOBAN, YTO B YC/IOBUSIX NMPOTUBOMOXaPHOW 3aluTbl
CKOpOCTb Bbli€NeHns Tenna orpaHMYMBaeTcs, Ho obpasoBaHue AbiMa MOXET NpoaoKaTbCs. TeM He MeHee, Temne-
paTypa AblMa YMeHbLUaeTcs.

MonHoMaclTabHble MOXapHbIe UCMbITaHWS CMIPUHKIEPHBIX CUCTEM MPOBOAMUCL ANS ODMCOB OTKPBLITON MiaHu-
POBKW. ITW WUCMbITaHUS MOKasanu, YTO MpY MoXkapax B NMOMELEHNsX CO CMpUHKIepaMMn Nocse UX akTMeaumu u go-
CTVDXKEHWSI UMW KOHTPOJISt HaZ, OTHEM HabnloAaeTCsl SKCMOHEHUMAbHbIN Criaj CKOPOCTU BbieNeHnst Tenna. PesynbTa-
Tbl 3TUX UCMbITAHWUM TAKKE YKa3bIBalOT Ha TO, YTO PACYETHBINV MOXap C YCTAHOBUBLLEWCS CKOPOCTLIO BbIAENIEHMS Tem-
na B 500 kBT faéT 3aBblILLEHHYO OLIEHKY AnSt OPUCOB OTKPLITON MAAHMPOBKM CO CMPUHKIIEPaMMU.

CyLLecTBYIOT OrpaHMYeHHble AaHHble MOSHOMACLUTAbHbIX UCMbITaHWM ANns onpeaeneHus MOWHOCTM pacyéTHOro
noXkapa Anst ApYrux TUMOB MOMELLEHUIA CO CpuHKIepamu. Wccneposateny XaHcenn v MopraH npeaniaratoT 3aBbl-
LUEHHYIO OLEHKY [/1s1 KOHBEKTVBHOW TEN00TAauM, OCHOBBIBAsICb Ha CTaTUCTVKe noxapoB B CoeanHEHHOM Kopones-
cTBe BenukobputaHum n CeBepHoit MpnaHamun: 1 MBT ans oduca co cnpuHknepamu, ot 0,5 ao 1,0 MBT ans roctu-
HWYHOMO HOMepa CO CnpuHKnepamMu 1 5 MBT ans TOproBoro nNoMeLleHnst CO CNpUHKIEpPaMn. JTU CTauMoHapHble pac-
YETHbIE MOXapbl MPeAnonaratoT, YTO NOMELLEHUS OCHALLEHbI CNIPUHKIEPaMM CTAaHAAPTHOrO pearmpoBaHus.

B ABcTpanuu 6b1v NpoBeaeHbl NOSTHOMACILTAbHbIE UCMbITaHWS ANst TOProBbIX MOMELLEHWA. DTW UCTIbITaHUS MoKa-
3a/M, YTO B HEKOTOPbIX PacnpOCTPaHEHHbIX TUMaxX TOProBbIX MOMELEHMI (Mara3vHax oAeXAbl U KHUXKHbBIX Marasu-
Hax) MoXxap peryimpyeTcs U B UTore NMKBUAMPYETCS OAHMM CrpuHKIepoM. KpoMe Toro, 3T ucnblTaHusl nokasanu,
YTO CNOXHOCTb MPWU TYLUEHWM MOXapa CMPUHKIEPHBIMU CUCTEMaMW MOXET BO3HMKaTb B TOProBblX MOMELLEHUSX C
60/1bLLOI TOMMMBHOM Harpyskomn, HanpuMep, B MarasuHax UrpyLuex.

BeposiTHOCTb aKTUBaLWUM CIPUHKIEPOB 3aBUCUT OT MHOMMX (DaKTOpOB, BK/OYAsi CKOPOCTb BblAesieHus Tenaa npu
noXkape M BbICOTY MOTOMKa. TakuM 06pa3oM, mpu noXxapax HeGombLION MOLHOCTU cpabaTbiBaHMe CMPUHKIEPOB C
Hanbosblueil BEPOSITHOCTLIO MPOM30MAET B pasyMHbIM CPOK B MOMELLEHMSIX C 60Nee HU3KOWM BLICOTOM MOTOJKA,
Hanpumep, oT 2,4 M Ao 7,6 M. AKTMBaUMs CNpUHKIIEPOB B 30HE NOXapa Bbl3bIBAET OCTbIBaHWE AbiMa, YTO NPUBOAMUT K
CHVDKEHMIO ero nnaByyecTn. CHYXKEHHas niaBy4vecTb MOXKET NPUBOANUTD K OMYCKAHMIO AbiIMAa U CHUXKEHWUIO BUAMMOCTM.
YpaBHeHus B pazgene «Metoabl pacyéTta», WNKCTpupyowme 3anonHeHne asiMmoM [(3) u (4)] n apimoobpasoBaHne
[(8), (9) B maHHol rnase u (13.17), (13.23) B rnaBe «[pyHUMMbI NPOTVBOABIMHOW 3aLLUTLI aTPUYMOB»], HE NMpUMe-
HAIOTCS, €CNy NPon3oLwIa NoTeps naaBy4ecTv Npy paboTe CNpUHKIEPOB.

Ha HayanbHOM aKTMBHOM 3Tane pa3BUTUS MoXapa npu paboTe CNPUHKIEPOB AbIMOBOM C/IOM OCTAETcs cTpaTudu-
UMPOBAHHLIM Mo NOTONKOM. OKOMO CMPWHKIEPOB AbIM 3aTAMMBAETCS KarisiMvu BOAbl B XONOAHbLIA HVDKHUIA CIION U
3aTeM 6n1arogaps MiaBy4YecTV BO3BpaLlaeTcsl B AbIMOBOW C/OM. Kak TO/IbKO CMPUHKIEPbI HAUYMHAKOT (hYHKUMOHMPO-
BaTb Ha MOJIHYIO MOLLHOCTb M HauMHaIoT TYLLUMTb NOXap, TemMnepaTypa ra3oB B AbIMOBOM cfioe 6bICTPO nagaeT v AbliM
paccemBaeTcs No BceMy 06bEMY NMOMeLLeHNs, T.K. ero MaaByyecTb CHUXaeTcs.
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AKTMBaUMS CMPUHKIIEPOB B MOMELLEHMSIX, MPUEratoWwmx K aTpuyMy, NpMBOAMT K OCTbIBaHUIO AbiMa. MNpu noxapax
C HWU3KOW CKOPOCTbIO BblZIENIEHNs! Tenna TemnepaTypa AbiMa, BbITEKAKLero U3 oTceka, npubnmxeHa K TemMrneparype
OKpY>XaloLLeln cpefbl, U AbiM ByAeT paccesiH Haf BbiCOTOM NpoémMa. Mpy noxapax C BbICOKOM CKOPOCTHIO BblAeNeHUs
Tenna TemnepaTypa AbiMa OyAeT Bbille TeMnepaTypbl OKpYXXatowwei cpeabl, U AbiM, NMOCTYNaloWMin B aTpUyM, sBns-
€TCS NnaBy4vmM.

TemnepaTtypa AbiMa, 06pasytoLerocs nNpu noxape B NMOMELLEHUN CO CNPUHKIEPAMN 3aBUCUT OT Takux akTopoB,
KaK CKOpOCTb BblAeneHus Temnsa npy noxape, KonnyectBo paboTalomx CPUMHKAEPOB U MAOTHOCTb MPUMEHEHUS
cnpuHKNepos. MonHoMacwTabHble NoXapHble UCMbITaHUS Npy TemnepaTtype Boabl 10°C NoKasbiBaloT, YTO MpW YETbI-
péx paboTalolwmx CrpuHKiIepax TeMnepaTypa AbiMa CHUXAeTCs [0 YPOBHS TeMnepaTypbl OKpyXatowel cpeabl unu
HUXXE, eCNIU CKOPOCTb BblAeneHus Tenna <200 kBT npv yaenbHOW NpoM3BOAUTENBHOCTM CNPUHKIEPOB 4,06 N/MUH M2
1 <500 KBT npu yaenbHOW NpoM3BOAUTENBHOCTM CPUHKNEPOB 8,12 f/MUH M2, Mpun 6onee BbICOKMX 3HAYEHUSIX CKO-
pOCTV BblAENEHNs TeMa TemnepaTypa AbiMa Bblle TEMMEepaTypbl OKpY>Xatowen cpeabl, U AblM, NMOKUAAIOLWMIA 30HY
paboTbl CNPUHKIEPOB, HE TEPSIET CBOIO MNaBy4ecTb.

Mpy noxapax C HW3KOM CKOPOCTLIO BbIAENEHWSI Tenaa B MOMELEHUSX CO CMPUHKIEPAMU [blM Pa3HOPOAEH MO
BCe/l BbICOTE MoMeLleHus. [bIMOBOW MOTOK Yepe3 6o/blime NpoéMbl B aTpUyM MMEET MOCTOSIHHYHO TemnepaTypy B
3aBMCUMOCTM OT BbICOTHI.

Mpn 6onee BLICOKMX 3HAYEHUSIX CKOPOCTW BblAeNeHust Terna hopMUMPYeTCs ropsiuvMii BEPXHUI AbIMOBOW CIION.
TemnepaTypa BepxHero cfos 6yaeT HaxoAuTbCS Mex/y TeMnepaTypoi OKpyxatowei cpeabl U pabodeit TeMneparty-
pov cnpuHknepa. Ecnv TemMnepaTypa AbiMa Bbille paboyeit TeMnepaTypbl CrpUHKIepa, cpaboTatoT Apyrue CripuHKie-
pbl, ¥ TeMMepaTypa AbiMa NOHU3UTCSA. B Lensx NpoexTMpoBaHUs MOXHO MCNOMNb30BaTh AONYLUEHWE, YTO TeMnepaTypa
AbIMa paBHa pabouei TemnepaType CripUHK/IEPOB.

TexHnyeckoe cocrosiHme

KOMMOHEHTbI CUCTEMBI I'IpOTVIBO,CI,bIMHOl\;I 3dlnTbl A0JKHbI 6bITb npuroaHbl K HeNnpepbiBHOMY MUCMNOJZIb30BaHUIO MpU
MaKCUMalibHbIX OXXWAaeMbIX TeMNepaTypax, PaCcCHNTaHHbIX C MOMOLLbIO METOAO0B, COAEPXALLUMUXCA B AaHHOM pyKoBOA-
cTBe.

AHasinz onacHeix hakTopoB noxxapa
Korga npoekTMpoBaHME CUCTEM MPOTMBOABIMHOWM 3allMTbl OCHOBAHO Ha MOAAEPXaHWM 6e30MacHbIX YCNoBWUI B
onpeaenéHHoN YacTu MOMELLEHMSI, MOXHO MCMOMb30BaTb OAMH U3 ABYX MOAXOA0B. Bo-nepBbiX, pacyéT MOXET 3aBu-
CeTb OT NPeAOoTBPALLEHNS Pa3BUTUSI AbIMOBOIO C/IOS B 3TOM YacTu NOMELLEHUSI. BO-BTOPbIX, pacyéT MOXET bbITb OC-
HOBaH Ha CPaBHEHWX CBOMCTB AbIMOBOMO C/0S1 C MOPOroBbIMA 3HAYEHUSIMU OMACHOCTM. TaKoe OCHOBaHWe TpebyeT
OLIEHKM BNMSIHWS AblMa Ha Ntoaer. OnacHble hakTopbl NoXapa, KOTopble MOTYT BbiTb YUTEHbI, BK/OYAOT B Ce6Sl, HO
He OrpaHN4YMBaloTCsl, CreayoWmnM:
(1) TemnepaTypHOe BO3AEWCTBUE;
(2) TOKCMYHOCTbL AbIMa;
(3) BMAMMOCTD.

Pacyér spaxyauymnn

ECnv NpoeKTMpOBaHME CUCTEM MPOTVUBOALIMHON 3allMTbl OCHOBAHO Ha y4éTe JoAel, BbIXOAALMX U3 NMOMELLEHNS
[0 NOSIBNEHNSI B HEM AbiMa, nmbo [0 TOro, Kak AOCTUrHyTbl MOPOroBbl€ 3HAYEHNA ONACHOCTN, ANA 3TOro NOMeELEHUA
[0JKEH 6blTb OCYLLECTBEH pacYET BPEMEHM 3BaKyaUuM.

KpuTepun npoekTupoBaHus
KpuTepuu NpoeKTUpoBaHWUs A0/MKHbI ObITb OCHOBAHbI Ha MOHMMaHUM KOMMETEHTHbIMW OpraHaMu OXWAAEMbIX pa-
60UMX XapaKTEPUCTUK CUCTEMbI U MpoLieayp NPOBEAEHNS MPUEMOUHBIX UCMbITAHUIA.

3oHa yreyxn
KpVITepVIVI NPOEKTUPOBaAHNA U I'IpVIéMOl-IHbIe UCMNbITaHUA CUCTEM ﬂpOTMBO,EI,bIMHOﬁ 3alWnTbl A0/KHbI 6bITb OCHOBa-
Hbl Ha cneayowmx dhakTopax C YY4ETOM 30HbI 3a4bIMAEHNS U CMEXHDBIX 30H:
(1) c ManeHbKMMK OTBEPCTUAMM B AbIMO3ALMTHBIX Mperpagax, TakuMu kak pabouve wWsbl, Wenu, npome-
XXYTKW MOA4 3aKpbITbiIMM ABEPAMU U aHANTIOITMYHbIE 3a30pbl, CneayeT O6paLI.I,aTbCFI C no3uumn nopaepxa-
HUA Heo6XO£lVIMOl71 pa3HuLbl AaBHEHMVI yepe3 AbIMO3alUnUTHYO nperpagy Cc N36bITOYHbIM AaBJ/IEHNEM 3a
npeaenamm 3aibIMiIeHHON 30HbI;
(2) c 60MbWMMK OTBEPCTUSIMU B AbIMO3ALLUMTHBIX NPerpajax, Taknx Kak OTKpbITble ABEpU 1 Apyrue bonblune
I'lpOéMbI, MOXHO 06paIJ.|,aTbCFI C no3vunn nogaepxxaHua Heo6xo,q14M017| CKOpPOCTHK BO3ayXa 4epe3 I'IpOéMbI
C HanpaBNE€HHOCTbIO BO3AYLWHOIro NoToKa B 30HY BO3HUKHOBEHUSA NoXapa.

AaHHbIe 0 noroge

PasHOCTb TeMnepaTyp BHYTPY M CHapyXwu 34aHusi NpUBOAMT K 3PMheEKTY TArM n onpeaenseT ero HanpassieHve K
MOLLHOCTb. IPdEKT TArM AOMHKEH YUUTHIBATLCS MPU BbI6OPE AbIMOBLITSXKHBIX BEHTUASATOPOB. BnnsiHWe TemnepaTtypbl
U CKOPOCTb BETPa U3MEHSIIOTCS B 3aBUCMMOCTY OT BbICOTbI 34aHVsi, KOHUIypaLmm, yTeuyku 1 NnpoéMoB 1 OTBEPCTUI B
KOHCTPYKLMW CTEH W NEPEKPLITUIA.

B rnase 26 «MHdopMaums 0 NPOEKTUPOBaHMM KIMMATUYECKUX CUCTeM» PykoBoACTBa MO OCHOBaM MpOEKTUPOBa-
HUSA, BbINyLWEHHOro AMepVIKaHCKVIM O6LI.|,eCTBOM MHXXEHEPOB MO OTOMJIEHUKD, OXNaXXAEHUKO U KOHAULUWMOHUPOBAHUIO
BO3ayxa [32], npeanaraetcs MCnosib30BaTb B KaYeCTBE PAcUYETHbIX YCMIOBWIA Al 3MMHErO M JIETHErO nepuoaa cie-
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ayowme 3HadveHus: 99,6% TemnepaTypbl Harpesa no cyxoMmy TepMmoMmeTpy u 0,4% TemnepaTypbl OXMaXKAeHus no
CyXOMy TEPMOMETPY, COOTBETCTBEHHO. KpOMe TOro, B KayecTBe pacyéTHOro yCnoBus pekoMeHAyeTCs MUCNonb3oBaTh
1% npeaenbHOM CKOpOCTU BeTpa. Mo BO3MOXHOCTW, C/IeAyeT YUMTbIBaTb YC/IOBUS, XapaKTepHble AJis KOHKPETHOM
MECTHOCTM.

Mepenag pnasneHni

Cne,uyeT Y4unTbiBaTb MakCMMas/ibHO 1 MMHUMaJ/IbHO AOMYCTUMbIE NEpEnaabl ,ElaBJ'IeHVIVI Ha rpaHuuax 30H AbiMOyAa-
neHunst. MMHMManbHas Pa3HOCTb ,L'laBJ'IeHVIVI AOJKHa 6bITb TaKOﬁ, yTObbI HE npouncxoanno 3HaAYUTENbHOMU YTEYKKN AbIMa
B XOA€e 3BaKyauuu 13 3aaHus. Ha paboune XapaKTepUCTUKKM CUCTEMbI BAUSIOT CUibl BETpa, 3deKT Tarv v nnasy-
YeCTb rops4yero abiMa BO BpeEMS noXapa.

®AKTOPbI, YYUTBIBAEMBIE NMPU NPOEKTUPOBAHUU

OcHoBHbIe (paKTopbI
BbI6Op pa3HbIX 3a4a4 U METOAOB MPOEKTUPOBaHMSI 3aBUCUT OT Lienei 3almThbl, TakKMX Kak 3aluTa nyTen sBakya-
LMK, coaepXkaHue B UCMPABHOM COCTOSIHWMM 30H 6e3omacHoCTM, obecneyeHne AOCTyna NoXapHbiM NoapasaeneHnsam
unu 3awmTa nmywectea. Cnegyet yuntbiBaTh cneaytowme akTopbl:
(1) BbICOTa, NMOWaAb MOMEPEYHOro ceyeHns 1 niowaap B naaHe 60/bWoro NoMeLleH s, 3aWwmuTy KOTOporo
HeobX04AMMO OCyLLEeCTBUTD;
(2) TUMbI U PacronOXeHNe MOMELLEHNIA BHYTPU BOSbLLIOrO NMOMELLEHUS U CMEXHbIX C HUM;
(3) nperpagbl (ecnu uMetoTCs), OTAENSIOWME CMEXHOE NoMeLLeHne oT 60MbLIOro NoMeLLeHNs;
(4) nyTM 3BaKyauun 13 60MbLIOrO NMOMELLEHMS U TIOBOro U3 CMEXHBIX NMOMELLEHWI;
(5) 30HbI 6e30NacHoCTY;
(6) pacuéTHbIA MoXkap, MCMOSb3yeMblii ANs BblUMCIEHUS AbIMOOBpasoBaHust (CM. nogpasaen «Mpeaynpe-
XIAEHWE O MWHUMAJIbHOM MOLLHOCTM PAcYETHOro MnoXxapa»). Pacuét gorkeH BKIOYaTh B cebsi TUM, Me-
CTOHAXOX/JeHWe N KONUYECTBO TOM/IMBA, aBTOMaTUYECKOE NOXKAPOTYLUEHUE U BEHTUNSALMIO.

MeTOAO.HOl'MSI NMPOEKTUPOBaHNA
B 3agaun NpoeKTMpoBaHMSt 0ObIMHO BXOAUT MPOTUBOAbIMHAS 3aliMTa BHYTPW GOMBbLLOTO MOMELUEHUS U NOBbIX
CMEXHBIX C HUM MOMeLLeHUA. NCTOYHMKOM AblMa MOXET ObiTb Kak MoXap B 60MbLIOM MOMELLEHWNM, TaK U Noxap B
CMEXHOM MOMELLEeHUW. 3aJaqv NPOeKTUPOBaHMS BKIIOYAIOT B Cebsi, K MPUMepY, cheaytoLlee:
(1) nozaepxaHue 6e30MacHbIX YCIOBUIM BO BCEX MYTsIX, BEAYLUMX K BbIXOZAY M K 30HaM 6e3onacHoCcTH, B Te-
YyeHMe BPeMEeHM, JOCTaTOYHOM ANst TOro, YTODbI 0AM, HAXoAsMecs B 34aHnUKn, Aobpanvch A0 BbiXoaa
WK 30HbI Be30MacHoOCTK;
(2) nopaepXaHWe rpaHULbl AbIMOBOIO C/10Sl Ha 3apaHee YCTaHOBIIEHHOMN BbLICOTE;
(3) obecrneyeHne BO3MOXXHOCTU A1l MOXAPHbIX NOApa3AeneHuit Npubnn3nuTbLCS K OrHI0, ONpeaesnTb ero Me-
CTOMOJNOXEHWNE M MOTYLUNTL MoXKap;
(4) orpaHuyeHWe NOBbILWEHNS TEMNEPATYPbl AbIMOBOIO C/10S1, KOHLEHTPALMM TOKCUYHBIX Fa30B U CHUXXEHMS
BUOUMOCTM.

OrpaHuyeHus NPOeKTUpPOBaHUNA

Iny6una 3anosiHerHnss gbIMOM

CKOPOCTb CHWXXEHWSI AbIMOBOIO C/10s1 B 60/bLIOM MOMELLEHUN NWLLIb B HEBOJIBLLOW CTENEHU CBSI3aHa CO CKOPOCTbIO
BblAeNeHMs Tenna npu noxape. OnyckaHue AbIMOBOro C/osl, 0AHaKo, B GOJbLLON CTENEHM CBS3aHO C BbICOTOM Nome-
LEHMS U NOLWAAbIO ero NonepeyHoro ceveHusl. Heobxoamm TwaTenbHbIN pacyéT Ha OCHOBE MPUBEAEHHLIX B AAaHHOM
PYKOBOACTBE YpPaBHEHMWIA U METOZOB B NtO6OM CUTyauuu, rae 3ajadelt sBnsetcs obecrneyeHve npoTMBOALIMHOW 3a-
WMTbl NOCPEeACTBOM WUCMONb30BaHWs 06bEMa, B KOTOPOM He MPOUCXOAWUT AbIMOYAANeHWe, Takoro Kak, Hanpumep,
KOJIEKTOP AbIMa.

MuHMManbHasa pacyéTHas rybrHa AbIMOBOMO C/1051 ONPeaenseTcs Kak ToawmHa (rnybuHa) NpMNnoTONOYHONM CTPyM
1 TonwmHa, Tpebyowascs ana npegoTepalleHns «addekTa npokanbiBaHWs». 10 3TUM NpUYnHaM pacyéT He A0KEH
6bITb OCHOBAH Ha MOAAEPXXaHWM AbIMOBOrO C/10sl HA YPOBHE BbILLE YPOBHSI MPUMOTO/IOYHOWM CTPYV WM BhILIE YPOBHS
yCTpaHeHus «3cdekTa NpoKasbiBaHNS» — TOF0 U3 YPOBHEN, KOTOPbIN OKaXETCS HUXeE.

TosmMHa NpUNOTONOYHON CTpym cocTaBnsieT oT 10 10 20% paccTOSHUSA OT OrHS 10 BEPXa NMOMELLEHMS.

Hapywenune rpaHnybl AbIMOBOIo cJ1051
Jio6oii hakTop, BbI3bIBAIOWMIN YBENUYEHHYIO TYpOYNEHTHOCTb B AbIMOBOM C/I0E WM YBESIMUYEHHBIN MaCCOBbIN
NPUTOK B HEMO WM Y €r0 MPaHNLbl MOXET MOBNUATL Ha AbIMOBOW Col. Cloga OTHOCATCA cneaytowmne hakTopbl:

(1) paboTa aBTOMaTUYECKMX CMPUHKIEPOB Haj rpaHuuel AbIMOBOrO C/10sl MOXET yTArvBaTb AbIM MOA rpa-
HULLY AbIMOBOrO CNos;

(2) MoLLHblEe BO3AYLUHbIE MOTOKM OT CUCTEM OTOMJIEHMS, BEHTUAALUMM U KOHAMLIMOHUPOBAHMS BO3ayXa Wiu
3/1EMEHTOB CUCTEMbI MPOTUBOABLIMHOM 3aLLMThl, PACMONOXKEHHbIX Y rpaHuULbl AbIMOBOMO C/I0sl, MOMYT Bbl-
3blBaTb €€ HapyLIEHMWE, Bbi3blBasi ONYCKaHWE AbIMA HUXKE rPaHuLb;

(3) BO3AyLIHbIE MOTOKM CKOPOCTbIO 6osiee 61 M/MMH, Monafaloline B BOCXOASLLYIO [AbIMOBYIO CTPylO Mof
rpaHvUeli ObIMOBOrO C/Osi, MOTYT Bbl3blBaTb OTK/IOHEHWE CTPYWM U YBEIMUYEHME CKOPOCTM BOBEYEHMS
BO3AyXa, YTO NPUBOAMT K OMYCKAHMIO C/I0St HUXKE YPOBHS!, BbIYMCIIEHHOrO Ha OCHOBE YpaBHEHWI, NpuBe-
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AEHHbIX B 1aHHOM pyKoBOACTBE. HeO6XOAMMO paccuuTaTh pacnosfioXXeHUe MOXApHOW Harpysku, noTeH-
LMasbHYO AbIMOBYIO CTPYIO MpW TaKoM NOXapHOW Harpyske, pasMelleHne NpUTOYHbIX OTBEPCTUIA U CKO-
pOCTb Y MPUTOYHbIX OTBEPCTUIN B OTHOLLEHWUM PACMONOXKEHNS CTPYK;

(4) HanpaBneHHble KBepXy BO3AyLUHbIE MOTOKW, PAcMOJIOXXEHHbIE MOA rpaHuLEl AbIMOBOro cnost U obnaaa-
lolLME AOCTATOYHbIM UMMYIbCOM, YTOBbI AOCTUYL €ro, MOTyT MPUBOAUTL K TOMY, YTO Typ6yneHTHoe ne-
peMeLLVBaHNE BbI3OBET HapYyLUEHWE rpaHuLbl AbIMOBOro C/108 M Ao6aBneHne MacChl K HEMY, NMpUBOAA K
€ro OrycKaHuio;

(5) BO3AyX, HAarHETAEMbI UM BOB/IEKAEMbIN B BEPXHUI CIOW UHBLIM, YEM CO CTPYel, CrocoboM, NpuBeaéT K
MOBbLILIEHMIO MacChl B BEPXHEM CJIO€, Bbi3blBasi OMYCKAHWE oSt HUXKE PACYETHON ry6UHbI, ECNIU OHO He
6yAeT CKOMMEHCUPOBAHO 3a CYET ydyeTa 3Toro daktopa npu NPOEKTUPOBAHWUM CUCTEMbI NMPOTUBOALIMHOM
3aLUUTBI.

Ocobble (haKTopbl, KacaroLNeCcss eCTECTBEHHOH BEHTHIALNN

CnocobHOCTb MOABLEMHBLIX CMA MepeMellaTh AblM CKBO3b €CTECTBEHHOE BEHTUIISILMOHHOE OTBEpPCTME SIBISIETCS
(byHKUMEN KaK rNyBuHbI, Tak U TeMNePaTypbl ropsyero cnosi. MaccoBbli pacxof Yepe3 BEHTUNSILMOHHbBIE OTBEPCTUS
noa AENCTBMEM CWUIbl TSDKECTU YBENNUYMBAETCA C YBENMYEHUEM TNYyOMHbI M TeMMepaTypbl Cnosi. MeToanka OLEHKM
MacCoBOro pacxofa yepes3 BEHTUNSLMOHHOE OTBEepCTHe onucaHa B AokyMmeHTe NFPA 204 «PykoBoACTBO MO MpOTUBO-
[bIMHOW M TennoBoK BeHTUnsuumn» [40].

Kak npaBwio, ecTecTBEHHasl U MexaHuW4ecKas BEHTUISAUMS HECOBMECTUMbI APYr C APYroM B npeaenax OAHOro
BO3AYLUHOro 06béMa. CyLueCTBYET 3HauMTeNbHAs BEPOSITHOCTb B/IOKMPOBKM €CTECTBEHHOW BEHTUNSILMM 3@ CYET BO3-
HVWKHOBEHMWSI 0BpaTHOWM TAMM, KOrAa eCTECTBEHHbIE BEHTUMSLMOHHbLIE OTBEPCTUS CTAHOBSITCS WCTOYHMKOM BO34yXa
[N MEXAHWUYECKOW BEHTUNAUMKU. [ns NpoekTa, B KOTOPOM pPaccMaTpUBaeTCs NoAobHOe COYeTaHUE METOAO0B BEHTU-
NSUMKN, HEOBXOAMM TLLATENbHBIN TEXHUYECKUIA aHanu3 unun ¢usmdeckoe (MaclwTabHoe) MoaennpoBaHue, YTobbl yao-
CTOBEPUTLCS], YTO CNPOEKTUPOBaHHas cuctema byaeT yHKUMOHNPOBATb, KakK MOSIOXEHO.

Mo KaXaAoMy NPOEeKTY, 3aBUCSLLEMY OT €CTECTBEHHbLIX BEHTUNALIMOHHBIX OTBEPCTUI, HEOBXOAMMO paccyuTaTh No-
TEHUManbHblE BETPOBbIE YCOBUS, BKIOYash YUYET BAMSIHUS HaXOAALMXCS NOGAM30CTM YacTel 3AaHust UK ApYrux
COOPYXXEHMIN, KOTOPbIE MOrYT MPUBOAWUTL K BO3HMKHOBEHMIO TArM. Macca AbiMa NUllb B HE3HAYUTESbHOW CTEMEHW
CBsI3aHa CO CKOPOCTbIO BbIAENEHMS Tenna npu noXxxape, B TO BPEMS Kak M3MEHEHWs B TeMmnepaType AbIMOBOro Cos
NPaKTUYECKN HanpsMylo CBSA3aHbl CO CKOPOCTbIO BbigeneHus Tenna. CnegosaTenbHO, MOXap, MOLWHOCTb KOTOPOro
3HaUYUTENIbHO MEHbLLE PacYETHOro noXxapa, NPUMBEAET K 06pa30BaHUI0 TOMbKO HU3KOTEMMEPATYPHOroO AbIMOBOIO C/0S
C MEHbLUMM MacCOBbIM PacxofoM, YeM Mpu pac4ETHOM noxxape. OaHako, Anst obecneyeHns BEHTUNALMM NPU MeHee
MOLLIHOM MOXape W pacxoA Takxe Tpedyercs MeHblumid. Ha puc.2.3.3(a) npeactaBneHa oleHka 3 dekTUBHOCTU Mac-
COBOI0 pacxofa Yepe3 BEHTUNSILMOHHOE OTBEPCTUE, rAe TemrnepaTypa BO34yxa BHYTPU MOMELLEHUs paBHa TeMnepa-
Type Bo3ayxa CHapy>u. 'padmk NOCTPOEH C COXpaHEHMEM BCEX MapaMeTPOB MOCTOSHHbIMU 3@ UCKJIKOYEHWEM MOBbI-
LUEHUSI TEMNEepaTypPbl AbIMOBOMO CJ1081.
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Puc. 2.3.3(a) 3¢ dekTUBHOCTb MAaCCOBOIro pacxoaa Yepes BeHTUISALLMOHHOE OTBepcTue

XoTa Ha puc.2.3.3(a) NokasaHo CylecTBEHHOE CHWXeHWe 3DhEKTUBHOCTM eCTECTBEHHONO BEHTUISILMOHHOIO OT-
BEpCTMS, Npu HebonbluMX noxapax npusoswiee K HebONbOMY MNOBLILEHUIO TeMnepaTypbl AbIMOBOrO Cos, Mpu
TaKux noxxapax obpasyeTcsl U MeHblue AblMa, a, CNeaoBaTenbHO, TpebyeTcs MeHblue BeHTUnauuK. Dxeimc Munke u
[>xoH KnoyT npoBenu OUeHKY BAWUsSIHWASI pa3HOM TENooTAauM Mpy noXxapax Ha Naowajb BEHTUIISILMOHHOIO OTBEP-
CTUsl, HEOHXOAMMOro AJIS MOAAEPXKaHWSI ONPEeAENEHHOW YMCTOW BbICOTbI. [aHHbI pacyéT MoKasbiBaeT, YTO HeobXxo-
AMMas Nnowajb BEHTUISLUMOHHOINO OTBEPCTUS OTHOCUTENBHO HEYYBCTBUTENbHA K TENOOTAAYE MpW MoXape.

Ha puc.2.3.3(b), B3siToM 13 npoBeaeHHOro xeimcoM Munke u [pkoHOM KnoyToM pacyéTta, OTpaXkeHbl nnoLliaam
BEHTUMSLMOHHBLIX OTBEPCTUIA, HEO6XOAMMbIE AN NOAAEPXKaHUS Pa3fINYHbBIX BbICOT rpaHULbl AbIMOBOMO Clos Ans 3a-
AaHHbIX 3HAYEHUIA MOLLYHOCTM MOXKapOB ¥ BbICOTHI MOTOJIKOB.
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Puc.2.3.3(b) Mnowaab BeHTUIALMOHHbIX OTBEPCTUIA, Heo6xoauMas ANnsa noaaepIKaHUs YNCTOM Bbl-
COTbI

S DHEKTUBHOCTb ECTECTBEHHBIX BEHTUSILMOHHBIX OTBEPCTUIA MOXKET BbiTb CYLLLECTBEHHO CHIDKEHA UMW CBEAEHA K
HYJI0, eCnNKn TeMnepaTypa CHapyXu 34aHus Bbicoka. OAnH M3 cueHapues, Tpebytowmx 0coboro BHMMaHUs, Kacaetcs
noXxapa, NPOMCXoAsLLero B NOMeLLEeHMN, Korga TemnepaTtypa BHYTPU 3TOMO MOMELLEHUS HWUXKe TemMnepaTypbl CHapyXu
3aaHus (T.e. COYETaHWE NIETHWUX MOTrOAHbIX YCIO0BUMA C YCNOBUSIMU B aTpUyMe C KOHAMUMOHMPOBAHHBLIM BO34YXOM).
XOTS AbIM MOXET 6bITb NIAaBY4MM OTHOCUTENBHO BO3A4YXa BHYTPW NMOMELLEHMS U NOAHUMATLCS K MOTOJKY, KaK TONIbKO
BEHTU/ISILMOHHOE OTBEPCTME OTKPOETCS, HAPY>XKHbIM BO3AyX NOMAaAéET B 3aHWNe, eC/N TeMrepaTypa Bo3ayxa CHapyXu
3[aHuVsl Bbllwe TeMnepaTypbl AbIMOBOMO CMosl. B CBA3N C 3TUM AbIM yAanaTbcs He HyaeT, u rpaHuua AbIMOBOrO CNos
MOXET OMyCTUTbCS.

MpuMep orpaHNYeHuniA eCTECTBEHHBIX BEHTUMSILMOHHBIX OTBEPCTUI U3-3a TEMMNEPATYPbl CHAPYXW 3[4aHWs npuBe-
[OEH Ha puc.2.3.3(c). B aToM npuMepe npeanonaraeTcs, Y4To TeMnepaTypa CHapyxu coctaensetr 38°C. Temnepatypa
AbIMOBOMO C/10S1 MO OTHOLUEHMIO K YMCTOM BbICOTE OMpeaensieTcsl ypaBHEHMEM MOBbIWEHMS TemnepaTypbl (AT) B
BEPXHEM Cfl0e NMpu BEHTUIMPYEMOM noxape (cM. Tabnuuy 3.5) ans Tpéx noXapoB C pa3HbIMU CKOPOCTSIMW Bblaene-
HMa Tenna. Ecnv TemnepaTtypa AbIMOBOrO COS MeHbLUE TemrepaTypbl CHapy>Xu 34aHus, AbIMOYAANEHUs He Mpo-
n30MAET. Mo 3TOW NpUUMHE eCTECTBEHHAsI BEHTUISILMS He SBMSIETCS LienecoobpasHbiM METOAOM AbIMOyAaNeHUst Npy
noxkape MOLUHOCTbIO 2,7 MBT, Npu KOTOPOM MiiaHMpyeMasi uncTtas BbicoTa 6onblue 18 M. AHanornyHeiM obpasom uu-
CTble BbICOTbI 605iee 24 M U 27 M He MOryT 6blTb AOCTUrHYTbI C MOMOLLBIO ECTECTBEHHOW BEHTUNIALMM MPK MoXKapax
MOLLHOCTbIO 5,3 MBT 1 7,9 MBT.
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Yucras BbicoTta (M)

Puc.2.3.3(c) OrpaHMuyeHUs eCTeCTBEHHbIX BEHTUISILMOHHbIX OTBEPCTUA B 3aBUCMMOCTH OT TeMne-
paTypbl BO3AyXa CHapy»Xm

Moaxoabl K NpoekTUpoBaHuIo (MeToaoNorus)

MpOoEeKTHbIE peLIEHNs NMPU NMPOEKTUPOBAHUM MPOTUBOABIMHOW 3aLLUMThI 3aBUCAT OT MOMELLEHUS, B KOTOPOM [IOJXK-
HO 6bITb OpraHn3oBaHO AbIMOyaaneHne, 1 OT NOMELLEHNA, B KOTOPOM o6pa3yeTc9| AbIM, KaK OMUCaHO HUXE. Heobxo-
AUMMO Y4YUTbIBaTb METOA pacqéTa, €CNV TaKoBOW MMEETCA, ANd yaaneHusa AbiMa U3 NnoMeLeHNs (MexaqueCKoe AbIMO-
yaoaneHue no OTHOLUEHUIO K €CTECTBEHHOM BeHTVIJ'IﬂLl,I/II/I) nUnn Ansa caepXXmBaHUA AbiMa B npeaenax rnoMelleHusa (Me-
TOA BO34YLUHOro noToKa No OTHOLIEHUIO K METOAY noanopa Bo3,qyxa).
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”pOT”BOﬂbIMHaﬂ Jawunra B 60s1bLLIOM nomMmeLwyeHnmn
CylwlecTByeT psii METOAOB, NOAXOAALMX 4SS MPOTUBOABIMHOW 3alUMUTLl MpU NoXape B 60/bLLIOM MoMelleHun. B
Tabnmue 2.4.1 npvBeaeHbl OCHOBHbIE MOMEHTbI MO KaXAOMy M3 METOLOB, BKJIIOUatoLMe B cebs crneaytoee:

(1) wvcnonb3oBaHWe 60/IbLIONO MOMELLEHMSI B KQYECTBE pe3epByapa AbiMa U MOAENMPOBaHUE OMyCKaHWS Abl-
MOBOrO C/10s1 C Lie/Ibl0 ONpeaeneHnsl, AOCTUIHET NN rPaHULA AbIMOBOIO C/0si BbICOTbI, MPU KOTOPOM Nto-
AW, HaxoasilmMecs: B NMOMELLEHWW, NOABEPrHYTCS BO3AEMCTBUIO AbIMa A0 TOro, Kak CMOryT 3BaKyMpoBaTb-
cs;

(2) ymaneHwe AbiMa M3 6OMBLIOTO MOMELLEHUS C UCMONIb30BAHMEM MOLLHOCTEN MEXaHUYECKON BEHTUIISILMU,
[OCTaTOYHbIX AN MOAAEPXKaHWS FpaHMUbl AbIMOBOMO C/l0si B MOMELLEHUM Ha NpeaBapuTeNlbHO paccyu-
TaHHOW BbICOTE Ha NPOTSHXEHUW HEOMNPEAENIEHHOIO Nepuoaa BpeEMEHH;

(3) ymaneHue AbiMa M3 6OMBLIOTO MOMELLEHUS C UCMONb30BAHMEM MOLLHOCTEN MEXaHWUYECKON BEHTUIISILMK,
3aMeNIAoLWEN CKOPOCTb OMyCKaHWSt AbIMOBOMO C/0Si Ha CPOK, MO3BOMSIOWMIA JI0ASM, HaxXOAsSLMMCS B
romelLLeHnn, 6e30nacHo 3BaKyMpOBaTLCS U3 3TOrO MOMELLEHWS;

(4) obecneyeHne ecTeCTBEHHOW BEHTWUMALMM, AOCTATOYHOW ANS MOAAEPXKAHWUS rpaHWULbl AbIMOBOrO C/osi B
MOMELLUEHNN Ha NPeABAPWUTENbHO PacCYMTaHHOW BbICOTE Ha MPOTSHXKEHWM HEOMpPEeAeNn&HHOro nepuoga
BPEMEHW;

(5) obecrneyeHne ecTeCTBEHHON BEHTUNISLUMM, AOCTAaTOUHOM ANSt CHUXKEHMSI CKOPOCTU OMYCKAHWUS [bIMOBOIO
C/1051 Ha CPOK, MO3BOAIOLLMIA NOASAM, HAaXOASLMMCS B MOMELLEHWN, 6E30MaCcHO 3BaKyMpoBaThbCs M3 3TOrO
MOMELLEHWSI.

Mo KaxxaoMy M3 MOAXOA0B K NMPOEKTUPOBAHUIO, NEPEUNCIEHHBIX B Tabnuue 2.4.1, NpuBeaeHbl TONbKO METOAbI a-
rebpanyeckmx BbIYMCIEHMI. TakKe MOXHO WCMoJSb30BaTh MaclITabHoe MOAENMPOBaHME, 30HHOE MOAENMPOBaHME
WK BbIMUCTIUTESbHYIO TMAPOANHAMUKY, OMNMCAHHbIE B APYrUX YaCTSX AAHHOTO AOKYMEHTa.

Ta6nuua 2.4.1 Metoabl NPOTUBOABIMHONM 3aLWUTbI A1 60/1bLUMX NOMeLLeHU

Moaxon PacuéTHbIi noxap Anrebpaunueckmne mertoabl Pacuér nepe-
ANA pacuyéta nepeMelleHus MeLleHUs Jto-
AbiMa aeu
3anonHeHne AbIMOM B COMO- CTaumnoHapHbIi YpaBHeHue (3)
CTaB/fleHMn C pacyéTom Bpe- ObsizaTeneH

MEHW 3BaKyaLuu
MexaHuyeckoe AbIMoyaane-
HWe Ana AOCTWXKEHUSI MOCTO-
AAHHOM  BbICOTbI  [IbIMOBOIO
cnost*

MexaHuJeckoe [AbIMoyAaane-
HMe B COMOCTaB/IEHWUM C pac-
YETOM BPEMEHM 3BaKyaLun
EcTtecTBeHHas BeHTUNAUMS C
NMOCTOSAHHOW BbLICOTOM AbIMO-
BOro cnos*

EcTtecTBeHHas BeHTUNAUMSA B
COMOCTaBNEHNM C PaCUYETOM
BPEMEHM 3BaKyauuu

HecTaumoHapHbI YpaBHeHue (4)

CTaumnoHapHbIi YpaBHeHus (8), (9), He obs3aTeneH

(13.17), (13.23)

CTaumnoHapHbIi
YpaBHeHus (8), (9), (13.17), ObsizaTeneH

HecTaunoHapHbii1 (13.23)

CTaumnoHapHbIi CMm. pykosoactso NFPA 204 He obs3aTteneH

CTaumnoHapHbIi

CMm. pykosoacteo NFPA 204 ObsizaTeneH

HecTauunoHapHsbIi

*HeCTaLUMOHapHbIN NMoXap He NMOAXOAWT ANst AAHHOTO MOAXOAA, MOCKOMbKY TOMbKO CTaLMOHapHBIM MoXap NpuBo-
AWT K NOCTOSIHHOM BbICOTE AbIMOBOMO CIOSI.

3anoiHeHue AbIMOM B COMOCTAB/AEHUM C PACHETOM BPEMEHN IBAKYaLMHN

MpuMeHeHne abiMoyaaneHust M3 60bWOro noMewleHns Heoba3aTenbHO, eciv MOXHO NMPOAEMOHCTPMPOBATL, YTO
3BaKyauusl Nlo4ein U3 NoMeLleHns MOXeT BbiTb OCYLLECTBNEHA A0 TOro, Kak AbIMOBOM C/IOM OMYCTUTCS A0 YPOBHS, Ha
KOTOPOM /110N NOABEPratoTCsl BO3AENCTBUIO AbiMa. OnacHoe BO3AECTBME MOXET MPOSIBNSTLCS B HASIMUMK AbiMa Un
OMacHbIX hAaKTOPOB, BIMSIIOLWMX HA NIOAEN, HAXOAALWMXCS B MOMELLEHUN.

YpoBeHb NepBbIX MPU3HAKOB AbIMa AAET 3aHMKEHHYIO OLIEHKY MOMOXEHUS AbIMOBOrO C/1081, Kak MOKa3aHo Ha puC.
A.1.4.6, 1 paccuMTaHO Ha OCHOBE MOJSyYEHHbIX 3MMMPUYECKUM MyTeM ypaBHeHuin (3) 1 (4) B noapasaene «BbicoTa
YPOBHSI MEPBLIX MPU3HAKOB AbiMa B JIH060/ MOMEHT BPEMeHU». YpaBHeHUe (3) NPUMEHSIETCS K CTaLMOHAPHbIM MoXa-
paM, a ypaBHeHue (4) — K HECTaUMOHaPHbIM, Kak OMnucaHo B noapasaene «PacuyéTHbln noxap». YpaBHeHus (3) u (4)
KOCBEHHbIM 06pa3oM YUMTbIBAOT BPEMEHHOE OTCTaBaHWE, CBSA3AHHOE C MEPEMELLEHNEM [AbiMa OT OrHA B BEPXHWM
CIO.

YpaBHeHue (3) He MoXeT 6bITb 06beanHEHO C ypaBHeHMEM (4) ans pacyéTa onyckaHusl AbIMOBOrO C/osi Mpu pac-
TYLMX MOXapax CO CTaLUMOHApHbIM MakKcMMasbHbIM 3HadyeHueM. Kaxgoe W3 3TMX ypaBHEHWI MOJSTyYEHO SMMUpUYe-
CKMM NyTEM U He MOXET 6blTb UCMONb30BAHO B COYETAHWM CO BTOPLIM ypaBHEHMEM. Pacuét onyckaHusi AbIMOBOro
C/1051 NPU pacTyLwmX Noxapax CO CTauMOHAPHbIM MaKCMManbHbIM 3Ha4YeHWEM cneayeT BbiMOSHATL CNocoboM, aHano-
FMYHBIM TOMY, 4YTO ONWCaH B nogpasaene «[biMoyaaneHve B CONOCTaBAEHUN C BPEMEHHbI- =M PacHETOM 3BaKyaLum».

MNpumeyanue.
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YpoBeHb NepBbiX Npu3HakoB AbiMa (puc. A.1.4.6; Takke cM. puc.14.3 B nogpasaene «IMNMpUYeckme ypaBHeHWs
Mo 3anosIHEHNIO aTpUyMa AbIMOM» B rnaBe «[puHUMMNbI NPOTUBOALIMHOW 3alUMTbl aTPUYMOB» ).

[ns OUEHKM MpoeKTa C UCMONb30BaHMEM (PU3NYECKOrO MOAENMPOBAHMS WM BbIMUCIIUTENBHOW MAPOAVNHAMUKM
TpebyeTcs MeToa onpeaenieHnsl BbICOTbl FPpaHuLbl AbIMOBOrO C/1051 M YPOBHS NepBbIX NPU3HAKOB AblMa C UCMONb30Ba-
HMEM OrpaHWMYEHHOr0 KOJIMYECTBA TOUEUHBIX MU3MEPEHUI MO BbICOTE aTpuyMa. B 0CHOBE OAHOrO M3 MOAXOA0B NEXMUT
NWHENHas MHTEPNONAUMS TOYEUHbIX M3MepeHui. Mcrnonb3ys AaHHble O TeMmnepaType, MOXHO OMpeaesniuTb BbICOTY
rpaHuy. OHa ByAeT COOTBETCTBOBATb TOM BbICOTE, Ha KOTOPOM TeMnepaTypa paBHa:

Tn = Cn(Tn"ax _Tb)+Tb

rae

7, — TemnepaTypa Ha BbICOTe rpaHuLbl;

Tmx— TEMMEpATypa AbIMOBOrO C/108;

T» —TEeMnepaTypa XO/I04HOI0 HUXHErO CIlos;

Ch — MHTEPNONAUMOHHAsS NOCTOsIHHasA co 3HadveHuamu 0,1-0,2 ans ypoBHS nepsbiX Npu3HakosB AbiMa n 0,8-0,9 ans
rpaHuLbl AbIMOBOMO C/105, COOTBETCTBEHHO.

A

[bIMoBON :
cnou {paHMLa AbIMOBOIO
cnos (YpaBHeHus

8,9,13.17, 13.23)

L YpoBeHb nepBbix
NPU3HAKOB AblMa

(YpaBHeHus 3, 4)

Puc. A.1.4.6 I'paHuua AbIMOBOIO C/OS

ZbiMoysaneHmue ¢ Lesbio 0becreyerms IoCTOSHHOU BbICOTbI bIMOBOIO C/i0s]

BbINONHATL pacyéT BpeMeHu 3BaKyaunn He TpebyeTcs, ecin MOXXHO NPOAEMOHCTPUPOBaThL, YTO FpaHnUa AbIMOBO-
ro C/l0s COXPAHSIETCS Ha BbICOTE, NPU KOTOPOM NIOAN, HaxoAsLWMeCS B MOMELLEHWMWN, HE MOABEPraloTCs BO3AENCTBUIO
[bIMa Ha NPOTSPKEHUWN HEOrpaHUYEHHOro cpoka. MoCTosiHHas BbiCOTa AbIMOBOIO C/0ost AOCTUraeTcs, ecnn obecneun-
BAETCS MOLWIHOCTb AbIMOyZaneHusl paBHasi 06bEMY 06pa3oBaHWsl AblMa Ha PacYETHOM BbICOTE rpaHWubl AbIMOBOMO
cnosi. VHbIMK cnoBamu, 06bEM AbiMa, MOCTYMNAOWEro B AbLIMOBOW C/10M, paBeH 06bEMyY AbiMa, yAanseMoMy MexaHu-
Yyeckol BeHTuUNsumen. Kak npaBuio, AaHHbLIN METOA NPUMEHWUM TOJIbKO K CTaLMOHapPHbLIM NMoXapaM, 3a UCK/TIYEHNEM
C/lyyaeB, KOraa M3BEeCTHO MakCMMasibHOe 3HayeHue AbIMo06pa3oBaHUs NMpU HEeCTaLMOHApPHOM Mo)kape Ha npoTshxe-
HUM pacyéTHOro nepuopa paboTbl CUCTEMbI MPOTMBOALIMHOW 3almThl. CKOPOCTb AbIMOOGPA30BaHUS Ha 3afaHHON
BbICOTE IPaHMLIbl ALIMOBOIO C/IOSt MOXET 6biTb BblUMC/IEHA C MOMOLLBIO ypaBHeHui (8), (9), (13.17) n (13.23). Tem-
nepaTypy AblMa, NOCTYNaloLLEro B AbIMOBOW C/I0M, BbIYMCIIEHHYIO C MOMOLLBIO ypaBHeHUI B Tabnuue 3.5, Heobxoau-
MO Y4YMTbIBaTb NpU pacyETe NNOTHOCTU AblMA, UCMOMb3yeMON B ypaBHeHUM (13.27).

Mockornbky ypaBHeHus (8), (9), (13.17) n (13.23) ccbinatoTcst Ha BbICOTY MPaHWLbl, COOTBETCTBYHOLLYIO BEPXHEN
rpaHvLe NepexoaHoW 30HbI, MOKa3aHHOW Ha puc.A.1.4.6, HeO6x0AMMO BbIGpaTb TaKyl PacUHETHYHO BbICOTY TPaHWLbI,
npy KOTOPOM NtoaM He ByayT MnoaBepXKeHbl BO3AENCTBMIO AbiMa. MMpu BbIGOpe 3TOM pacyETHOW BbICOTbI FpaHMLbI
HE06X0ANMO YUMTBIBATL OXXMAAEMYHO TOMLIMHY NEPEXOAHOW 30HbI.

OnacHoe BO3AENCTBME MOXET MPOSIBAATLCS B HaNMuUMM AbIMa MM OMacHbIX (hakTOpOB, BAWSIIOWMX Ha Jitoaen,
HaXOoAsLMXCS B NMOMELLEHWMN.

LbiMoyaaneHne B cornocTasieHnm ¢ BDEMEHHBI - «M PacYETOM 3BaKyaLMH

[biMoyaaneHne MOXET NMPUMEHATLCA AN CHUXKEHUS CKOPOCTM OMyCKaHWs AbIMOBOrO C/105 Ha CPOK, MO3BONSHO-
LM NoasM OCyLLeCTBUTL 6e30MmacHyto 3BaKyaLmio 13 nomelleHus. [aHHbld Noaxo4 MOXET UCMONb30BaThCs B CIy-
Yasx, Korga HeBO3MOXXHO 06ecrneynTb MOLLHOCTb AbIMOyAANeHUs AOCTaTOYHYI0 ANS NoAAepXaHus AblMa Ha pacyéT-
HOW BbICOTE rpaHWubl AbIMOBOTO CJOs B TEUYEHWE HEOMPEAENEHHOro nepuofa BpeMeHu. [ns pacyéta MosoXKeHus
ABIMOBOIO C/10S1 3@ MEPUOA BPEMEHM HEOOXOAMMO MPOBECTU aHaNM3 MEPEXOAHbIX MPOLECCOB, KOTOPbIN YYUTHIBAET
n3MeHeHve B AbIMOO6Pa30BaHNM Kak (YHKLUMIO MOMOXEHUS rpaHuUbl AbIMOBOrO Cf0sl, @ TaKXe AbIMOyAaneHue,
obecrneuMBaemMoe MexaHU4ecKOn cCUCTEMON BeHTUNsUMU. [aHHbld noaxod noapobHo obcyxaaetcs B noapasaene
«PacyéT nonoxeHns AbIMOBOro cnos» pasgena «CnpasoyHas nHdopmaums». YpasHeHus (8), (9), (13.17) n (13.23)
MPUMEHSIIOTCS AJ1s1 onpeaeneHnst o6béMa AbiMa, NMOCTYMAOWEro B AbIMOBOM C/IOM B 3afaHHbIM BPEMEHHOW war. Yka-
3aHHOE KOJIMYECTBO YAANIIEMOr0 MeXaHW4ecKMM CrnocoboM AbiMa 3aTeM yzansieTcsl M3 AbIMOBOMO C10si 33 TakoW Xe
BPEMEHHON Luar. 3aTeM paccuMTbLIBAETCS HOBOE MOJIOXKEHME C/I0Si Ha KOHeL, BPEMEHHOrO Liara. TemnepaTypa AbiMa,
BXOASILLErO B AbIMOBOW C/IOM, BbIYMC/IEHHAs! HAa OCHOBE YpaBHEHMWI U3 Tabnumubl 3.5, AO/MKHA YYMTLIBATLCS MPU pac-
YéTe MIOTHOCTU AbIMa, MPUMEHSIEMOV B ypaBHeHun (13.27). BpeMeHHOe OTCTaBaHWe, CBSI3aHHOE C MepeMeLLeHNEM
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AbIMa OT OTHS B BEPXHWUI C/10i, MOXET 6bITb BKJIOYEHO, @ MOXET U He BbiTb BK/IOYEHO B 3TOT pacyéT. MrHopvpoBa-
HMe BPEMEHHOrO OTCTaBaHMs AAET 3aBblLEHHbIN 06bEM AbIMOYAaNeHNs, MOCKOMbKY NOAPa3yMEBAETCS, YTO AblM He-
MEANEHHO MOMAAaeT B BEPXHWM CMOWM, YTO NMpUBOAUT K 6osiee BbICTPOMY OMyCKaHWIO AbIMOBOroO Criosl. BpemeHHOe
OTCTaBaHWe MOXET ObITb CyLeCTBEHHbIM MPYU PaCCMOTPEHUM NOXAPOB B 60/bLIMX NOMEeLLEeHNsX.

MockonbKy ypaBHeHus (8), (9), (13.17) n (13.23) ccbinaloTcsa Ha BbICOTY rpaHULbl, COOTBETCTBYIOLLYIO BEPXY Me-
PEXOAHON 30HbI, M306paxxeHHON Ha puc.A.1.4.6, Heo6x0AMMO BbIGpaTb PACYETHYIO BbLICOTY MPaHWLbl, NPU KOTOPOM
NIOAN HE NOABEPrHYTCS BO3AENCTBUIO AbiMa. Mpu BbIGOPE 3TOM PacYETHOM BbICOTbI FPaHMLbl HEO6X0AMMO YUUTLIBATb
0XMAAEMYIO TOMLIMHY NEPEXOAHON 30HbI.

OnacHoe BO3AENCTBME MOXET MPOSBAATLCS B HaNMUMM AbiMa MW ONacHbIX (aKTopoB, BAMUSIIOWMX Ha Noaen,
HaxXoAsLMXCS B NMOMELLEHUMN.

EcrecTBeHHas BEHTWISUMNS C LIE/IbIO AOCTHKEHHUS [T0CTOSSHHOM BbICOTbI C/I0S

B HEKOTOpPbIX Cy4Yasx ecTecTBeHHas BEHTUIAUMS MOXKET MCMOAb30BaTbCA ANS NoAAEPXXaHWUS rpaHMUbl AbIMOBOIro
CNOS1 Ha 3aaHHON BbICOTE B TEYEHWE HEOrPaHWUYEHHOrO CPOKA. ITO MOXET ObiTb OCYLLECTBNEHO, €C/IN KOIMYECTBO
yAanseMoro AbiMa paBHO 06bEMY AbIMOO6pa30BaHMsl Ha PacyYETHOW BbICOTE rpaHuubl cnosi. O6bEMHOE AbiMoyaane-
HWe, obecneymBaeMoe ecTECTBEHHOW BEHTUASILMEN, MOXET OblTb PacCYMTaHO C MCMOSIb30BaHMEM METOAOB, OMMCaH-
HbIX B AokyMeHTe NFPA 204 «PykoBOACTBO MO NMPOTUBOALIMHOMN M TEMNOBOW BEHTUAAUMKU» [40].

EcrecTBeHHas BEHTWISLMSA B COMOCTAB/IEHNN C BDEMEHHS! = M PACYETOM IBaKyaLmmu

B HeKOTOpbIX CNy4Yasx eCTeCTBEHHas BEHTUNIALMS MOXET NPUMEHSATLCS aHaNoOrM4YHbIM YKa3aHHOMY B noapasjene
«[lbIMOyfaneHme B COMOCTAB/IEHNN C BPEMEHHBI- *M pacyeToOM 3BaKyaumm» crnocobom, 4tobbl 3amMeannTb CKOPOCTb
OMyCKaHWUs AbIMOBOMO C/I0Si Ha CPOK, HeobXoauMbIN Ans 6e30macHoW 3Bakyauuu niogen u3 noMelleHust. [aHHbIN
NoAXo4 MOXEeT MCMonb30BaTbCsl, KOrga HeET BO3MOXHOCTM obecneunTb MexaHW4yeckoe AblMOyJaneHue uau ecre-
CTBEHHYIO BEHTUSILMIO AOCTATOYHOM MOLHOCTY ANsi NOAAEPXaHWS AbiMa Ha BbICOTE PACUYETHOM rpaHuMUbl CNost B
TeyeHne HeonpeaeneHHoro cpoka. [ns pacyéra nonoXeHus AbIMOBOro C105 3a Nepvoa BpeMeHu Heobxoaumo npo-
BECTM aHaNM3 NepexofHbIX NPOLECCOB, KOTOPLIMA YUMTLIBAET M3MEHEHNE B AbIMOOOPa30BaHUM KakK (PyHKUMIO Noioxe-
HMSI FpaHMLbl AbIMOBOrO C0s, @ Takke AblMOyAasneHne, obecneyMBaeMoe eCTECTBEHHOW BEHTUASIUMEN. AHanorny-
HbIl NOAXOA ANSt MEXQHWYECKOrO AbIMOYAANIEHNs NoApoBHO 06CyXaaeTcs B nogpasaene «PacyéTt nonoxeHust AbIMo-
BOro cnosi» pasgena «CrnpaBoyHas MHdopMaums». O6bEMHOE AbIMOyAaneHne, obecrneymBaeMoe eCTeCTBEHHOW BEH-
TUNAUMEN, MOXET BbITb pacCYMTaHO C UCMONb30BAHNEM METOIOB, OMNUCaHHbLIX B A0KyMeHTe NFPA 204 «PyKoBOACTBO
Mo NpPOTMBOALIMHOW M TEMMOBOM BEHTUASLMM» [40].

38IUNTa OT PacrpOCTPaHEHNS [bIME B CMEXHAIE TOMELEHUS

[JpIMO3alLMTa CMEXHBIX MOMELLEHWUI MOXET OCYLLECTBASTLCA OAHUM U3 CIEAYIOLMX METOAOB:

(1) nopaep>xaHue rpaHuLbl AbIMOBOIO C/1I051 HA YPOBHE BbILLIE YPOBHS CaMOrO BbICOKOro NpoémMa, BeayLUero B
CMEXHO€e NPOCTPaHCTBO;

(2) ycTaHOBKa AbIMO3ALUMTHOMN Nperpaabl C Leblo OrpaHUYeHUst pacnpoCTPaHEHUsS AbiMa B CMEXHOE MoMe-
weHne (BoamMoxHO, NoTpebyeTcs NpUMeHUTL Nepenas AaBneHuid Yepes AbiIMO3alUMTHYIO0 nperpaay);

(3) obecneuyeHne BCTPEYHOrO BO3AYLIHOMO MOTOKA HA MOBEPXHOCTWU NMpoéma Ans NpefoTBpalLeHns pacnpo-
CTpaHeHus AblMa B CMEXHOE MPOCTPaHCTBO;

(4) nomoLb B NOXapOTYyLUEHWM C Liefblo NPeAoTBPaTUTbL Pa3BUTUE ropsiyel bIMOBOMN CTPYM.

[JbiMoyaaneHne MoxeT obecrneumBaTbCs BHYTPY 60MbLLOrO MOMELLEHUS C Lenbio OrpaHnynTb rnybuHy Hakonne-
HUS AbIMa WK YBENWYWUTbL BPEMS 3arnosiHeHns 60MbLIOro NOMeLLEHUs AbIMOM, YTO6bl rpaHuMua AbIMOBOrO Cos OCTa-
BafaCb Haj YPOBHEM CaMOro BbICOKOrO MpoéMa, BeAyLIEro B CMEXHOE MOMELIEHWE, Ha CPOK, HEOBXOAUMBIN Ans Ao-
CTWXXEHMS 33434 NPOEKTUPOBaHWS.

[na orpaHnyeHns pacnpoCTpaHeHUs AblMa B CMEXHOE MOMelleHne MOryT 6biTb YCTaHOBMEHbl AblMO3alUTHbIE
nperpagbl. B 3aBMCMMOCTY OT KONMYECTBA OTBEPCTUI B NMPErpaje MOXET NMOHaAobuTbCs NPUMEHWUTb METOA nepenasa
[ABNIEHMI K AbIMO3ALLMTHOM Mperpage. 3TOT MeToa onucaH B ctaHaapTe NFPA 92A «PekoMeHayeMble npaBwia Asst
cucTeM abiMoyaanenus» [39]. MNepenaaa faBneHWin MOXHO AOCTWYb, yAansis AbiM U3 60MbLIOrO MOMELUEHUS Tak,
yTo6bl B HEM 06pa3oBanochL OTpULUATENBHOE AABSIEHWE MO OTHOLIEHUIO K AABMEHWIO B CMEXHOM noMeLleHun. Mepe-
naj AaB/IEHWUI Takoke MOXET 06ecrneunBaThbCsl NyTEM Nojaym Bo3ayxa B CMEXHOE MOMeLLEeHMe.

MeToA BO3AYLWHOMO MOTOKa MOXET UCNONb30BaTbCS A5 NPefoTBpaLleHns nepemMelleHns abiMa n3 60nblworo no-
MeLLEeHNs B CMeXHble noMelleHns Ans 6onblimx NpoéMoB, Koraa METOA Noanopa BOo3Ayxa SABNSETCS HENPaKTUYHBIM.
Mpn MeTode BO3AYLWHOMO NOTOKA MCMOSb3yeTCs CKOPOCTb B cedeHun Bcero npoéma. B noapaspene «TpeboBaHus K
BCTPEYHOMY BO3AYLIHOMY MOTOKY» MPWBEAEH METOA pacyéra Heo6X0AUMOW MUHMMAIbHOW CKOPOCTU. [aHHbI MeTo
Takke NPUMEHUM ANs NpUieratolwmx NMoMeLEHUI HdKE FpaHuLbl bIMOBOMO C/10si C Liefiblo OrpaHWUYeHust pacnpo-
CTpaHeHUs AbiMa B 3TU MOMELLEHUSI MYTEM ero NornepeYyHoro pacrpocTpaHeHust OT Nepecekalomxes cTpyit. Mpu uc-
NoMb30BaHNM METOAa BO3AYLUHOr0 NOTOKA MNOTOK AOMKEH BbiTb NMpakTUYECKV NepreHanKynspeH naockocTy Npoéma.

lIpoTnBOoAbIMHASA 3aLYyNTa BHYTPH CMEIKHBIX TOMELYEHHNIH
[loXap B oMeLLeHSIX, OKPYXaroLmx O0/IbLIOE TOMELLEHNE
Cpeav KoHbUrypaumii COOTHOLIEHMSI MeXAY GOMbLIMM MOMELLEHUEM M OKPYXXaOLMMU MOMELLEHUSIMM BO3MOXHbI
cnepyowme BapuaHTbl:
(1) wv3onupoBaHHOE MOMeLleHue;
(2) cMmexHoe nomeLleHue.
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[loxap B U30/1MpPOBaHHBIX [TOMELLEHNSX
Korga KOHCTpyKumsi, oTaensowas 6onbLIOe NomeLleHre oT OKpy>Xatowmx ero MOMeLLEHMI AOCTAaTOYHO npo4Has,

yTOGbI Nepenaa AaBNeHU Mexay 30HOW NnoXxapa W 30HOW, rae HET noXxxapa, MOXHO bbl10 KOHTPONIMPOBATL, 60MbLIOE
MOMELLEHME MOXHO PacCMaTpMBaThb Kak OAHY U3 30H B 30HHOW CMCTEME MPOTUBOALIMHOMN 3aLUMTLI.

[loxxap B CMEXHbIX TOMELEHNIX

CMexHble nomeLleHns MoryT 6bITb CMPOEKTMPOBaHbI Tak, YTObbI AbiM MOr pacTekaTbCsl B 60nbluoe noMelleHve. B
3TOT MOMEHT pacTeKatolmics B 60/1blIOe NOMELLEHWE AblM JO/KEH PerynnpoBaTbCsl CUCTEMON NPOTUBOALIMHOW 3a-
LUMTbI, CPOEKTUPOBAHHOW C LieNbio MOAAEPXaHWSI PAacUYETHOM BbICOTbI FPaHMLbl AbIMOBOro Cosi. CMeXHble nomelle-
HWSI MOTyT Takke 6blTb CMPOEKTUPOBaHbI TakMM 0bpa3oM, UTobbl NpeaoTBpaTUTL NepemelleHne AbiMa B 6onbluoe
nomeLueHve. Takol NPOeKT TpebyeT A0CTaTOUHOMO AbIMOYAANEHUS U3 CMEXHOrO MOMeLleHUsl, YTobbl CBECTU AbIMO-
BOI MOTOK MeXZAy HUM U GONbLIMM MOMELLEHWNEM K MUHUMYMY.

[ObiMoyaanenune yepes 6onbluoe noMelieHune. Mpu noxapax B noMelleHnsx 6e3 CnpuHKIEpHbIX CMCTeM Heobxo-
AMMO MPOBECTU OLIEHKY CKOPOCTM AbIMOyZaneHns U3 60/1bWOoro NoMeLLeHns He TONbKO Anst CBO60AHON CTPyM OT OrHS
B 60/bLIOM MOMELLEHWN, HO U ANst CTPYM, BO3HMKAIOLLEW B CMEXHOM noMeLleHnn. CucTeMa npoTUBOLAbIMHOM 3aLUuThI
[O/MKHA BbITb CNOCOBHa perynnpoBaTb OAHO M3 3TUX YCIOBMIA, HO He 06a OAHOBPEMEHHO. MeToabl pacyéTa 06bEM-
HOro [bIMOO6pa3oBaHWsl ANsi pacTeKkaloWMXCs M OKOHHbIX CTPYW onucaHbl B noapasgenax «CTpyv, nMpoHUKalowme ¢
6ankoHa» U «OKOHHble CTpyW», COOTBETCTBEHHO. YpaBHEHWs B 3TUX NoApasaenax AeMCTBUTENbHbI TOMbKO ANSt Mo-
apoB B nomeLleHnsx 6e3 CrpuHKAEpHbIX CUCTEM, NMOCKObKY OHU Bblin BbiBeAeHbl SMAMPUYECKUM NYTEM Ha OCHOBE
AaHHbIX, MOJTyYeHHbIX B X0A€e UcrbiTaHui. Korga AbiM nonagaeT B 60nbLIoe NPOCTPaHCTBO, CyLIeCTBYeT BEPOSTHOCTb
TOro, YTO AblM NMOBEPHET Ha3az Ha BEPXHME 3TaXW WM CTONKHETCS C HaBUCAIOLWMMM NOTOSIKAMU BEPXHUX 3TaXew, u
3TO HeobxoaMMO yumuTbiBaTh. CyLLecTByeT BEPOSITHOCTb TOMO, YTO 3TOT AblM MPOHWKHET Ha BEPXHWE 3TaXWU CMEXHbIX
MOMELLEHWI, B CBSI3U C YEM HEOBXOAMMO MPOBECTM OLIEHKY OMAacHOCTY, KOTOPYHO AbiM MOXET NPeACTaBAATb ANs STUX
NoMeLLeHNN.

CoepxvBaHue AbiMa BHYTPU CMEXHBIX MOMeLIeHW. CMeXHble MOMeLLeHUs Takke MOryT OblTb CMPOEKTUPOBaHbI
TakuM 06pa3oM, YTobbl NpefoTBpallaTh NepeMelleHne AbiMa B 60/1bLUOe NMoMelleHne. Takol nNpoekT TpebyeT aocTa-
TOYHOrO [bIMOYZANEHNsl U3 CMEXHOMO MOMELLEHMS, YTOObI CBECTW [AbIMOBOM MOTOK MEXAY HUM W BOMbLUMM MOMeLLe-
HMEeM K MUHUMYMy. CKOPOCTb Yepe3 NpoéM, Npu KOTOPOW 3TO AOCTUraeTcs, onvcaHa B noapasaene «3awmTa oT pac-
NPOCTPaHeHUs [biMa B CMEXHble MOMELLeHUs», a B pa3fene «Metoabl pacyéra» MnpeacTas/ieHbl METOAbI pacyéTa
AbIMOOOPa30BaHMsl B CMEXHOM MPOCTpaHCTBe. KONMYecTBO yAaneHHoro AbiMa, Tpebyloleecs B AaHHON cuTyaumu,
MOXXET BO MHOIOM MPEB30MTU MOLUHOCTb OBbIYHbLIX CUCTEM OTOMJIEHMS, BEHTUISILMU U KOHAMLMOHMPOBAHWS BO3AyXa
1 noTpeboBaTh YCTaHOBKM CNeLMann3vpoBaHHON CUCTEMbI NPOTUBOABIMHOM 3aLlMTbl B CMEXHOM MOMELLEHUN.

OUEeHKY pasMeLLeHNs BbITSXKHbIX BEHTUISILMOHHBIX OTBEPCTUIA CredyeT MnpoBoAuTb C OOMbLIMM BHUMaHWEM.
BryckHble U BbIMYyCKHbIE OTBEPCTUS BBITSHKHOW CUCTEMBbI O/KHBI pacronaratbCs TakuM 06pas3oM, YTobbl nepemellie-
HVe AblMa He 3aTPyAHSNIo AOCTYN K BbiXxOAaM. BbiNyCkHble OTBEPCTUS ANS yAaneHus AbiMa HapyXy AOKHbI pa3me-
WaTbCs Aanblue OT BMNYCKHbIX OTBEPCTUIA HapYXXHOMO BO3Ayxa AJS CBEAEHUS] K MUHUMYMY BEPOSITHOCTU peLmpKynsi-
umm Bo3gyxa. Kpome TOro, mexay 60/bWIMM MOMELLEHUEM U CMEXHBLIMU MOMELLEHUSIMU MOTYT 6blTb YCTaHOB/EHBI
NMpOTMBOAbIMHbIE Mperpagbl. ECnn KOHCTPyKUUs, oTaensiiowast 60/blIoe MOMELLEHNE OT OKPYXXaLWMX MOMELLEHUH,
[OCTaTOYHO MpOYHasl, YTobbl Nepenaa AaBneHUi Mexay 30HOWN MoXapa W 30HaMu, TAe HET mnoxapa, MOXHO 6bino
KOHTpONMpoBaTh, HonbLUIoe MOMeLLeHNe MOXHO paccMaTpuBaTh Kak OfiHY M3 30H B 30HHOWN CUCTEME NPOTUBOALIMHOW
3aLMTbI. 30HHbIE CUCTEMbI AblMOyAaneHns onucaHbl B ctaHaapTe NFPA 92A «PekoMmeHayeMmble npasuia Ans cMCcTeM
AbiMoyaaneHus» [39].

Yuyer onacHbix ¢haKTopOB noxcapa npu rpoeKTUPOBaHNN CHCTEM MPOTHBOGbIMHON 3aLYNTbI
MpoeKTHbIE pelleHus Ans CUCTEM MPOTUBOABIMHOWM 3allMTbl, ONMCAHHbLIE B Moapasfenax «/[biMoyaaneHune yepes
60onblUoe NMoMeLleHne» U «CAepXMBaHME AbiMA BHYTPU CMEXHbIX MOMELLEHUIA», OCHOBaHbI Ha 3aJaye NoaaepXxaHus
CNOEB AblMa Ha AOCTAaTOYHbIX BbICOTaX Ha MPOTSHXKEHMM NMepuoaa BPeMeHW, AOCTaTOYMHOMO AN Toro, YTobbl NpeaoT-
BPaTUTb BO3AENCTBME AblMa Ha NIIOAEN, HAXOASLUMXCS B NMOMELLEHWMWN. B HEKOTOPLIX C/lyyasx CUCTEMbI AbIMOYAANEHNS
MOryT 6bITb CMPOEKTUPOBAHbI TakUM 06pa3oM, YTO KOHTAaKT JloAei C AbIMOM [AOMYCKAETCsl, Npy YC/IOBUK, YTO obec-
neynBaloTCs OCHOBHbIE 6e30mnacHble ycrnoBusi. OnacHble akTopbl MNoOXapa, KOTOpbIE MOMyT YYMTbIBATLCS MpW pacyé-
Te, BKJOYalOT B cebsi cneaytowme:
(1) ApanbHOCTbL BUAMMOCTU;
(2) TOKCMYHOCTbL AbIMa;
(3) Temnepatypa abima.

OnpepeneHne CTeNEHN TOKCUYHOCTM AbiMa 06bIYHO BK/OYAET B cebsl pacyéT BosaeicTeus yrapHoro rasa (CO).
Takke MOXET YUYMTbIBAaTbCA BO3AEMCTBME APYrUX TOKCMYHBIX ra3oB B 3aBMCMMOCTM OT Buaa Toruimea. loporosbie
3Ha4YeHUs1 OMacHOCTU, KaK B OTHOLUEHNWM TOKCUYHOCTM AbiMa, TaK M B OTHOLUEHUWU TeMMepaTypbl AbiMa, 06bI4YHO ornpe-
JenseTcs ¢ y4ETOM BPEMEHW, B TEUEHME KOTOPOI0 JI0AN HAaxXOAsTCA Mo ero BO3AENCTBUEM,

Bbluncnenus, uMmetowme OTHOLWIEHWE K OnpeaeneHuo AanbHOCTU BUAMMOCTM, ONucaHbl B nogpasgene «Pacuér
KOHLIEHTPaLUM rasoB U CHWXXEHUSI BUAMMOCTM NMpu noxape» pasgena «CnpaBoyvHas uHgopMaums».
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dkcnayaTtauusa CUCTEM NPOTUBOAbIMHOM 3alLMUTbl
CucteMbl NPOTUBOALIMHOM 3aWWMTbl 6OMbLWMX MOMELLEHWI MpeAHa3HaueHbl ANs YAepXXaHus AbIMOBOro C/ios B
BEPXHEN YacTu 60JbLIOr0 MOMELEHUS UM OrPaHWUYEHNSI KONTMYECTBA AbiMa, PacnpoCTPaHSIOWErocs B 30HbI 3a npe-
Aenamu 60MbLLIoro noMeLeHus. na JOCTMKEHNS 3TUX LieNlel HeobXoaNMbI CreaytoLume yCnoBus:
(1) paHHee obHapyXeHue noxapa (A0 TOro Kak ypoBeHb AbIMa WM CKOPOCTb €ro OMyCKaHUs NMpeBbICUT 3a-
Jlaum NpoeKTUpPOoBaHUs). ECnn Lienblo CUCTEMBI NMPOTUBOALIMHON 3aLUMThI SIBNSIETCS NOMOLLb B obecneye-
HWK yCcnoBui ans 6e3onacHoi aBakyaumn, HeobXoaMMO y4ecTb BPEMS peakuuy NtoAein Ha noxap v Bpe-
MS 3BaKyaumu;
(2) paboTy cUCTEMbI OTOMJIEHWS], BEHTUNSLMM U KOHAMLUMOHMPOBAHUS BO3A4yXa, 06C/y>XMBatoLwen 6onbluoe
MOMELLEHME U CMEXHbIE MOMELLEHUNS, HEOBXOANMO OCTAaHOBWTL, €C/IM OHa byAeT oTpuUaTeslbHO BAUSITbL
Ha CMCTEMy NPOTUBOALIMHOM 3aLUMTLI;
(3) AbIM AoMKeH yAansTbCs M3 60MbLIOro NOMELLEHNS Haf 3aaHHOW rpaHMLEN AbIMOBOIO Cos;
(4) pomkHO BbITb 0becnevyeHo AOCTaTOYHOE KOMMYECTBO CBEXEro BO3AyXa A/ KOMMEHCauuu yaansieMoro
BO3ayxa. HeobxoanMo, UTobbl NPUTOYHOE OTBEPCTME ANS MOAAYM OUMLLEHHOMO BO3AyXa M BbITSXKHOE OT-
BEpCTMEe OblIM OTAENEHbI APYr OT Apyra Tak, YTobbl yAansieMblil 3arpsi3HEHHBIN BO34yX He nonagan B
34aHue.

ABTOMarnyeckas aKktmBayms

Mpw BbIGOPE TWNa AeTEKTOpa ANS MCMOMb30BaHMS C LENblo aKTMBaUMM CUCTEMbI NPOTMBOABIMHOW 3alMTbl HEOH-
X0AMMO YYWTbIBaTb KOH(Urypaumio 60/blioro nomewleHns. HeobxoammMo oueHUTb pasmep, GopMy M BbICOTY MoMe-
LeHMs. TU (PaKTopbl B 3HAUMTENBHOW CTEMEHW OTIMYAIOTCS APYr OT Apyra B 3aBUCMMOCTM OT MPOEKTOB aTpUyMOB U
[O/KHbI BHAMATENbHO YUMTbIBaTLCA Mpy Bbibope AeTekTopoB Ans 6onblworo nomelleHns. Kpome toro, Heobxoammo
MPOBECTM OLIEHKY OrpaXkAatoLMX KOHCTPYKLUMA 6OMbLIOro MOMELLEHMSI Ha NPeaMET WX BIMSIHUS Ha TEMMEPaTYpPHYIO
CTpaTUdMKaLumMio. BbicoTa 60MbLLOrO MOMELLEHUS U ero apXUTEKTYPHbIE OCOBEHHOCTU, TaKME KaK BEPXHUI CBET, SIB-
NAOTCS OCHOBHbIMK (haKTOpaMun Npu onpeaeneHmmn cTpaTudukaumn.

daKTopbl OKpYyXatowwen cpeabl, TakMe Kak KOHBEKLMOHHbIE MOTOKM M MeXaHM4YecKoe MepeMelleHVe BO3ayXa,
Takke HeobxoaMMO yuuTbiBaTb Mpu BblIbOpe TMNa M MecTa pacrnofioXeHus AeTekTopa. PekomeHaauumm no Bblibopy
[ETEKTOPOB NpuBeaeHbl B cTaHaapTe NFPA 72 «HauuoHanbHble HOPMbI MO MOXapHOM curHanusaumu» [3]. ABToMa-
TUYECKas aKTMBaLMs CUCTEMbI MPOTUBOABIMHOW 3aLLMTbI MOXET 6biTb OCYLLECTB/IEHA CNeAYHOWMMUN CrocobaMm:

(1) peTekTOpbl AblMa TOYEYHOro TUMA;

(2) peTtekTOpbl AblMa Ny4EBOro TMNa;

(3) MOTOK BOAbl U3 aBTOMATUYECKOW CMPUHKIIEPHON CUCTEMBI;
(4) ppyrve noaxopswme AeTeKTopbl;

(5) co4yeTaHue BbILWENPUBEAEHHBIX CNOCO60B.

Kak npaBwio, BCe YCTPOWCTBA aBTOMATUYECKOro OBHApY)XXeHMs noXapa BHYTPU 60/bLIOrO MOMELLEHNUS U CMEX-
HbIX MOMELLEHWUI [O/MKHbI AaKTUBMPOBAaTb CUCTEMY MPOTUBOABIMHON 3alUmThbl. VCK/IHOUEHME MOMYT COCTABNSATh AETEK-
TOpbI Anst 0CoBbIX Lienei, HanpuMep, NMOBTOPHBIM BbI30B IMTa M MeXaHW3M OTKPbIBaHWUS ABEPU, M NSt 0COBLIX pUC-
KOB, HamnpuMep, cneumasbHble CUCTEMbI NOXKaAPOTYyLEHUs. YTo6bl n36exaTb HEHYXXHOM PaboTbl CUCTEMBI MPU aKTUBa-
UMM OETEKTOPOM AbiMa, CleayeT pacCMOTPETb BO3MOXHOCTb aKTMBauuuM CUCTEMbl ABYMS wiu 6onee peTekTopamu
AbIMa U NPOBEPKN CUrHana TPesoru.

YCTpoicTBa aBTOMaTUYECKOro OBHapyXXeHWs He AO/KHbI BblTb HaMPSIMylO MOACOEAMHEHBbI K CUCTEME MpPOTMBO-
AbIMHOW 3aluThl 6e3 AanbHeWLero yyeTa BOMPOCOB LIENIOCTHOCTM CUCTEMbI OBHapyXXeHus noxapa. LlenocTtHocTb
CUCTEMbI OBHApPYXXEHUSI MOXapa paccMaTpuBaeTcs B cTaHaapTe NFPA 72 «HaumoHarbHble HOPMbI MO MOXXapHOW Cur-
Hanusaummn» [3].

[JeTekTopbl AbIMa TOYEYHOrO TUMA MOTYT UCMOMb30BATLCA HA HU3KMX MOTONKAX WK PSAOM C HA3KMMU MOTOSKaMU
60/IbLUMX MOMELLEHWIA NP YCNOBUK, YTO AETEKTOPbI AOCTYMHbI AN TEXHUYECKOro OBCY>XMBaHUSI U pa3MeLleHbl C
YYETOM BNSHMSA CTpaTUdMKaLnm 1 BO3AYLIHbIX NMOTOKOB, BbI3BAHHbIX €CTECTBEHHBIMM U MEXAHUYECKMMU CUTaMW.

[eTexkTopbl AbiMa NIy4EBOro TUMa MOryT WMCMOMb30BaTbCA HA BbICOKMX MOTOMIKaX WM psSAOM C HUMKU B H0OMbLUMX
MOMELLEHMSIX U pacnonaratbCs TakuMm 06pa3oM, 4ToObl BbiMyCcKaTb Sy4 FOPU30HTasIbHO WM B APYruX npuemiembIx
HanpasneHusx. CTpaTudumKaums 1 ecTeCTBEHHbIE MIM MeXaHUYeCcKne BO3AYLUHbIE NMOTOKM MOTYT MPUBECTU K HEOOXO-
AMMOCTM WUCTIOJIb30BaHUS1 [OMOIHUTENBHBIX IyYel Ha MPOMEXYTOYHbIX YPOBHSX 60MbLIMX MOMELLEHWI, rae M3-3a
BbICOTbI MOTOJIKOB MOXET MPOMCXOAUTL OTCTaBaHWE B aKTUBaLMM CUCTEMbI MPOTUBOALIMHOMN 3aLUMTLI.

MoToK BOAbl M3 aBTOMATUYECKON CMPUHKIEPHON CUCTEMBI TaKXKe CNeayeT UCMOoNb30BaThb A/1s1 akTUBALIMKU CUCTEMBI
NPOTUBOABIMHOM 3alnTbl. YTO6bI MOMYUMUTb MPABUIIbHBIA OTK/IMK CUCTEMbI MPOTUBOALIMHOM 3aLLUWThI, BaXKHO, YTODLI
CMpUHKIEPHasl cMCTEMA DOblnia B OZIHOM U TOM e 30HE, UTO U CUCTEMA OBHAPYXXEHMSI AbiMa B 60/bLIOM MOMELLEHUN.
YTOb6bl YCTaHOBUTL BPEMS OTK/IMKA CUCTEMbI MPOTMBOALIMHOW 3aLUMUTLl NPU €€ aKTUBaLMM C NMOMOLLbIO CMPUHKIIEPOB,
cnegyeT paccuuTaTtb BbICOTY 60/bLIOrO MOMELLEHNS U MECTOPACrosIoXXeHNe CNpUHKNEPoB. Bpemsi akTvBaummn C no-
MOLLbIO CMPUHKIIEPOB MOXET ObiTb CMILUKOM AONTMM, €C/M CrIPUHKIEPbl PAcrosioXKeHbl B HECKOIbKUX 3Ta)ax Hag,
MoJIOM MOMELLEHUS, U B 3TOM c/lyuae 3hPEKTUBHON aKTUBALIMU CUCTEMBbI MPOTMBOABIMHOW 3aLUMTLI HE MPOU30MIET.
[ns pacuyéTa Kaxzaon cuTyauuu cnegyeT MCMosb30BaTb YPaBHEHWS M3 pasaena «Metogbl pacyérta». TeM He MeHee,
MOTOK BOAbl OT CMPUHKIEPOB AO/MKEH ObITb OAHUM M3 CPEACTB aKTUBALMM CUCTEMbI NPOTUBOALIMHOM 3alUMThI, AaXe
€C/IM OH U MPUMEHSIETCS B KayecTBe pe3epBHOro crnocoba. AKTMBaLMSI C MOMOLLbIO CMPUHKIIEPOB MOXET CIY>XUTb
3 PEKTUBHBIM OCHOBHbIM CPEACTBOM aKTMBaLMK B TEX CITyyasix, KOrAa CNpUHKIEPbl PacronoXeHbl Ha 6onee HU3Knx
noTo/NKaXx.
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PyuHoe ynpassieHmne
Cpe,Cl,CTBO PY4YHOro BKAKOYEHUA U OTKIKOYEHUA CUCTEMbI I'IpOTMBO,Cl,bIMHOVI 3awuTbl A01XKHO 6bITb YCTaHOB/IEHO B
MecTe, AOCTYMHOM AN COTPYHMKOB MOXapHOro noJpasaeneHuns.

HapéXHoCTb cMCcTeM NPOTUBOAbLIMHON 3aLUUThI

AHasin3 HencripaBHocrTeH

Kaxzasi cucteMa npoTMBOAbIMHON 3alUMTbl AO/HKHa NOABEPraTbCs aHanM3y HEUCMPABHOCTEN C Lesblo onpeaene-
HUSI BNUSIHWSI HEUCNPABHOCTM, HEMPaBWIbHON paboTbl UM YaCTUYHOM PaboTbl KaXAOro M3 OCHOBHbLIX KOMMOHEHTOB
CUCTEMBI B MpoLecce eé 3aniaHMpoBaHHON paboTbl. Ocob6oe BHUMaHWE cnefyeT 0bpaTUTb Ha TE€ CUCTEMbI, KOTOPbIE
npeaHasHayeHbl NOAAEPXUBAThL AABNEHNE UK 6anaHC NOTOKOB MEX/Y MPUNEraoWmMm NOMELLEHUSAMM C LENbIO KOH-
TPONs Hag nepemelleHneM abiMa. Ecnm o6HapyxeHo, YTo HencrnpaBHasi paboTa KOMMOHEHTa NPUBOAUT K 0bpaTHOMY
ABWKEHMIO [bIMOBOrO MOTOKa MM OMYCKAHWIO MpaHWUbl AbIMOBOTO C/1I0S1 Ha YPOBEHb OMACHbLIN AN XU3HWU JIIOAEN,
HeobX0AMMO OnpeaenuUTb BEPOSTHOCTb BO3HUKHOBEHMS 3TOrO COBLITUSA 1 CTENeHb, A0 KOTOPOM paboTa 3TOro KoMMo-
HEHTa MOXET 6bITb COKpaLleHa.

HagéxxHocrp

Haﬂé)KHOCTb CUCTEMDI I'IpOTVIBO,lJ,bIMHOVI 3aunTbl 3aBUCUT OT HaAEXHOCTU OTAENbHbIX KOMMOHEHTOB, CDYHKLI,VIO-
HaNbHOM 3aBUCUMOCTN KOMMOHEHTOB Apyr oT Apyra u CtenexHun MU36bITOYHOCTH. HaD,E)KHOCTb oTAENbHbIX KOMIMOHEHTOB
(HanpuMep, annapaTHoe obecrieyeHne, NporpaMMHoe obecnedeHne U MHTepdenchl Apyrux CUCTeM) BKIIOYAET B cebs
UX (bYHKLUMOHMPOBAHME NPU HOPMaJIbHbIX YCMOBUAX SKCMyaTauuy Nnog BAusiHUEM (DaKTOPOB OKpYXKatoLlei cpefbl Ha
NPOTSHKEHNM CPOKa CNYXObl CUCTEMBI M MX CNOCOBHOCTb NPOTUBOCTOSTL Harpy3kam npuv noxape. Kak npasuno, Takas
NpoBEPKa KOMMOHEHTOB NpOBOANTCA B daopMe OUEHKN 3TUX KOMMOHEHTOB He3aBMUCUMON MCCﬂe,U,OBaTeJ'IbCKOﬁ na60pa-
Topme17|. OﬂHaKO, CMnUCKa unn K)'IaCCVICbMKaLI,VIVI KOMMOHEHTOB HEAOCTATOYHO AN obecneyeHuns nx Haﬂ,é)KHOCTM. Kpo-
Me TOoro, BingHue d)YHKLI,VIOHaJ'IbHOl‘/II 3aBUCMMOCTMU KOMMOHEHTOB ApYr OT ApYyra HEBO3MOXHO JIErKO YCTaHOBUTb MO-
CpeacTtsoM oueHMBaHUA OTAE/bHbIX KOMMOHEHTOB. ﬂ,J'IFI 3TOro HEO6XOAMM dHa/IN3 HaAeXHOCTU CUCTEM UETUMKOM.
Takke Heo6XO.ClVIMbI YyacTtoe TeXO6Cﬂy>KVIBaHVIe N NPOBEPKN AN OLEHKU Ha,ﬂé)KHOCTM CUCTEMbI Ha NPOTSAXKXEHUU eé
CpOKa CJ'IY)K6bI. KOHTpOJ‘Ib Haa KOMMNOHEHTaMN CUCTEMbI YBEJTUYNBAET Ha,U,é)KHOCTb CUCTEMbI NOCPeACTBOM CBOEBpE-
MEHHOro BM3yaslbHOro WUn CnyxoBOro ykKa3aHus Ha HencnpaBHOCTb KOMMOHEHTa U obneryaert HESaMe,U,J'IVITe}'IbeIl\/'I
PEMOHT.

TlNepnognyeckme ncribitaHns

MNepuoaunyeckne UCrbITaHUS HeobXoaMMbl ANg TOro, YTobbl YAOCTOBEPUTLCS, YTO cucTeMa (DYHKUMOHMPYET U 6y-
[eT HapéxHo paboTaTh B ciyyae HeobxoammocTn. Heobxoammo obecneunTb cpeacTsa Ans NpoBeAeHus nepyuoanye-
CKMX MCMbITaHWMN CUCTEMbI MPOTMBOABIMHOM 3alUMTbl C LIENbO NPOBEPKN €€ (DYHKUMOHMPOBaHMSl. CUCTEMbI AOMKHBI
6bITb CNPOEKTUPOBaHbI TakuM 06pa3oM, 4Tobbl Hblla BOSMOXXHOCTL MPOBOAMTL UCMbITaHMS 6€3 MCnonb30BaHUS Crne-
umanbHoro obopyaoBaHuUs, 3a UCKIIIOYEHWUEM TOrO, YTO BXOAUT B KOMMIEKT CUCTEMbI. MOCKONbKY NpoBOANTL U3Mepe-
HWS NpWU NpoBepke paboumx XapakTePUCTMK CMCTEMbl 3a4acTyl0 CMOXHO M3-3a TPYAHOCTW AOCTYNa, >XenaTesbHo,
4YTO6bl MO BO3MOXHOCTU KOHTPOSIbHO-M3MepUTeNibHble NPUOOPbI 6bIIM MOMHOCTBIO MM YaCTUYHO BCTPOEHbI B CUCTe-
My, b0 YacTb ux 6blna cHabXxxeHa NOPTaTMBHBIMU MOHUTOPaMM.

METO[bl PACYETA
OCHOBHbI€ NMPUHLNIbI

lMogxoasI k npoekTupoBaHnto (MeTogosioruns)

Tpu pasHbIX NMOAX0AA K NMPOEKTUPOBAHMIO CUCTEM MPOTMBOALIMHOM 3aLiMThl OMUCHIBAOT CIEAYHOWMM 06pa3oM:

(1) MacwrabHoe MoaennpoBaHMe C MCMOSIb30BaHUEM (DU3UYECKON MOAENM MeHbLiero Macwrtaba ¢ cobnto-
[IEHMEM YCTaHOBJ/IEHHbIX 3aKOHOB MacLTabupoBaHUsi, B COOTBETCTBMM C YeM NPOBOASTCS MeskoMac-
WwrabHble UCMbITaHUS C Lenblo onpeaeneHvst TpeboBaHU U BO3MOXHOCTEN MOAENUPYEMOW CUCTEMBI
I'IpOTVIBOLl,bIMHOIZ 3auThl.

(2) Anrebpavyeckve ypaBHEHUS A aHanM3a psiAa PeLUeHuid, NoJlyyYeHHble MPeMyLLECTBEHHO HAa OCHOBE
KOppensiuMm pesynbTaToB KPYMHO- U MeNIKOMacLUTabHbIX UCMbITaHUIA.

(3) Mopgenu noxapoB B NMOMELLEHWUWN, B KOTOPbLIX UCMOMb3YIOTCS Kak TEOpeTUUECKMe 3HaYeHus!, Tak 1 3Hade-
HUA, Nony4vYeHHble SMMUPUYECKUM NYTEM, AN OLIEHKU yCJ'IOBVIVI B NoMeLleHnu.

Kaxzpblii U3 3TUX NOAXOA0B MMEET CBOW MPEUMMYLLeCTBa U orpaHuyeHusi. HU oamMH U3 HUX He SIBNSIeTCS UCcYepnbl-
BaloLMM. HecMOTpst Ha TO, YTO pe3ynbTaThbl, MOSyYeHHbIE C UCMOMIb30BAHUEM PasHbIX MOAXOLOB, ODObIMHO AOMKHbI
6bITb CXOXMMM, OHU He BCeraa MaeHTUYHbl. COBPEMEHHBIV YPOBEHb Pa3paboToK NMpW BCEW CBOEW MPOrpeccMBHOCTU
UMeeT nopa cobol IMNUPUYECKYIO OCHOBY, @ WTOrOBasl TEOpPUs, AOKasyeMasi CpeAcTBaMy hyHAAMEHTaNbHON U3MKM
elé He paspaboTaHa. Mo cBoel CcyTu Kaxzblii MEeTOA BbIMUCNEHUI OCHOBaH Ha BOBMEYEHUM BO3ayxa (MnM Apyrux
OKPYXXaILUMX ra30B) B BOCXOASLLYIO CTPYHO OT OrHsi. PasHuua npubnusutensHo B 20% B BOBNeYeHWM Habnioaaercs
Mexay WUPOKO NMpUMEHAEMbIMU 3MNMUPUYECKMMN YPaBHEHNSAMU BOBJIEYEHUSA, TaKUMUN, KaKue npeactaBfeHbl B AaH-
HOM rnaBe, NN B 30HHbIX MOAENAX NoXapa. Y nonb3oBaTenen MoXeT BO3HUKHYTb >XeJlaHne LI,OGaBVITb COOTBETCTBY-
oM KoabULMEHT 6e30NacHOCTU K BbITSHKHOW MOLLHOCTM ANst y4YeTa 3Tol HeonpeaenéHHocTu. [Janee npuBeaeHo
KpaTKoe On1caH1e NpPeuMMyLLECTB Bbille NepevncrieHHbIX NOAXOA0B.
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MacwrabHoe MoaempoBaHmue
MacwTtabHoe mMoAenMpoBaHue NpeanoYTUTENbHO B CyYasx, KOrAa OLEHMBaeMoe MoMeLLeHNe UMEET BbICTynato-

WMe YacTu UnM Apyroe HeobblyHOEe YCTPOMCTBO, Mellalolme hopMUpOBaHWi0 CBOGOAHO BOCXoAswwen cTpyun. Mpu
MacluTabHOM MOAENMpoBaHWKM Moaenb OBbIYHO NMPOMOpPLMOHabHA B pasMepax peanbHOMY 3AaHuio. MOLWHOCTb Mo-
Kapa W MHTepnpeTauus pe3ynbTaToB NOABEPXKEeHbI 3aKOHaM MacluTabupoBaHWs, Kak ONUCAHO B pasfene «3aKoHbl
MacluTabupoBaHus». HeCMOTPsi Ha ero pasyMHOCTb, AAHHbIA MOAXOA SIBASETCS [OPOroCTOSIUMM U TPYAOEMKUM, U
pe3ynbTaThbl €ro AeiCTBUTENbHbI TOMBKO ANSi MPOBEAEHHBIX UCMbITaHWIA. MOCKOMbKY AaHHbIM noaxos 06bIYHO NpuMe-
HSIETCS AN CIIOXKHBLIX KOHCTPYKLUMI, BaXKHO, YTOBbl CEpusi UCMbITaHUI OXBaTbliBana BCE MOTEHUMasbHblE M3MEHEHMS
(baKTOpOB, TaKMX Kak MOMIOXKEHWE U MOLLHOCTb MOXapa, PasMeLLEHNE U MOLHOCTb BbITSXKHBIX M NMPUTOYHbLIX MOTOKOB,
M3MEHEHUs1 TeMNEepaTypbl BHYTPU NOMeLLEeHNs (CTpaTUdUKaums UnM TemMnepaTypHble rpaaneHTbl OT Mosa A0 NoTosl-
Ka) W apyrve nepeMeHHble. ECTb BEpOSITHOCTb TOFO, YTO C MOMOLLbIO MacluTabHbIX MoZeNeln He yaacTcsl OLeHUTb 06-
Hapy>eHue noxapa.

Asirebpanyeckme ypaBHEHUS

Anrebpanyeckue ypaBHEHUS, cofep)allMecs B AaHHOM PYKOBOACTBE, MPeACTaBNAloT coboi CpeAcTBO pacyéTta
OTAENbHbIX CbaKTOpOB Ha HaCTO/1IbHOM KOMMbKOTEPE, KOTOPblE€ B COBOKYMHOCTU MOIyT UCMOJ1Ib30BaTbCA C LEJIbIO YCTa-
HOBKM TpeboBaHWI K NPOEKTUPOBAHUIO CUCTEMbI NPOTUBOALIMHON 3alumThl. MpeAcTaBeHHbIE YPaBHEHWS CUUTAIOTCS!
Hanbosnee TOYHbIMW, MPOCTbIMU anrebpanyeckuMi BbIPaXXEHUAMU AOCTYMHLIMU ANS NPEANOXKEHHbIX Lenei. B uenom,
OHW OrpaHMYeHbl ClydYasiMy, BKJIIOYAIOWMMKM B cebS Moxkapbl C MOCTOSIHHOM CKOPOCTLIO BblaeneHus Tenna ("'craumo-
HapHble NoXxapbl", KaK ONMCaHO B Moapasaene C OAHOMMEHHBLIM Ha3BaHWEM) WM MOXapbl, NP KOTOPbIX CKOPOCTb
BblleNIeHMs1 TeMnna Bo3pacTaeT Kak (hyHKUMA KBaapaTa BpeMeHu ("HecTauMoHapHble noXapbl', kak onucaHo B noj-
pasfaene C OAHOMMEHHBIM Ha3BaHWEM). YpaBHEHUS HE NMOAXOAAT ANa APYruX YCIoBUIA Moxapa Unv ANns YcrioBusi, Ko-
raa OroHb M3HA4asnbHO pa3pacTaeTcs Kak (QyHKUMS BpeMeHM, a 3aTeM, AOCTUrHYB MaKCMMyMa, ropuT B CTauuoHap-
HOM pexuMe. B 60NbLIMHCTBE C/Ty4aeB 3TO OrPaHUYEHNE MOXKHO YCTPaHUTb Pa3yMHbIM MCMOJIb30BAaHUEM YpPaBHEHWIN.
Kaxxgoe 13 ypaBHEHWI MOJTYYEHO Ha OCHOBE 3KCMEpPUMEHTasbHbIX aHHbIX. B HEKOTOpPBIX Cly4asix AaHHbIE UCMbITa-
HWI orpaHunyeHbl M60 cobpaHbl B Mpeaenax OrpaHMYeHHOro Yucia MOLLHOCTEN MOXapoB, pa3MepoB MOMELIEHNS
U1 TOYEK M3MepeHus. B pykoBOACTBO, rae 3To BO3MOXHO, BK/IHOUEHbI KOMMEHTapun no AnanasoHy AaHHbIX, UCMOSb-
30BaHHbIX MPW BbiBEAEHUN NpeacTaB/IEHHbIX ypaBHEHMf/II. BaxkHO Y4UTbIBATb 3TN OrpaHUYEHNS.

CnenyeT cobniofatb OCTOPOXHOCTb MpU NMPUMEHEHUW YpPaBHEHWUIA AN peLIEHUst NMEPEMEHHBIX, MOMUMO TEX, YTO
NpeAcTaB/ieHbl ClieBa OT 3HaKa PaBEHCTBA, 3a WCK/TIOUYEHMEM CMyYaeB, KOrAa OYEBM/IHO, HACKOMbKO pe3ynbTaT yyB-
cTBUTENEH K HEe3HAYUTebHbIM U3MEHEHUAM B )'IPO6OIZ M3 y4daCTBYHOLWMX NepeMEHHbIX. Ecnn AaHHble OrpaHn4yeHus
NpeacTaBnsoT coboit npeaesn, NpensaTCTBYIOWMIN NOTPEBHOCTAM MNMOMb30BaTeENS, CNeayeT pacCMOTPETb BO3MOXHOCTb
COBMECTUTb WUCMO/Nb30BaHWE YPaBHEHUI B COBOKYMHOCTU C MacliTabHOM MoAenbio UM MOAENSIMU MOXapoB B MoMe-
weHun. Mpy MCnonb30BaHUM YpaBHEHUI HEOBXOAMMO MPWHWMATb BO BHWMaHWE UyBCTBUTE/IbHOCTb M3MEHEHWUI B
pellaeMbiX nepeMeHHbIX.

Mousaesiu rnoxxapos B rioMeLeHnu

Bo3MoxxHOCTH COBPEMEHHbIX KOMMbOTEPOB MO3BOJIAIOT BbIMNOJIHATL HEKOTOPbIE MOAENN U3 CEpPUN Mo,qeneﬁ NnoXKa-
pOB B MOMeLLeHMN. Bce Moaeny noxapoB B MOMELLEHUM PELIAOT YPaBHEHWSI COXPAHEHUS AJist OTAENbHbIX obnacTen
(KOHTPONbHbIX 06bEMOB). K MoAENsM NoXapoB B MOMELLEHNN, KaK NpaBUI0, OTHOCSTCS 30HHbLIE MOAENN UM MOAENMU
BbIYUCIIUTENBHOW MMAPOAMHAMUKM.

30HHbIE MoAenu. 30HHbIE MOAENW MPeACTaBsioT coboi HGonee NPoCTbie MOAENN, U C HAMM MOXHO paboTaTh Ha
nepcoHanbHbIX KOMMbloTepax. 30HHblE MOAENW AENST NOMeLLEHWE Ha ABe 30Hbl: BEPXHIOI 30HY, coAepiallyto AbIM U
ropsiume rasbl, BblAENSAIOWMECS OT OTHS, U HUDKHIOIO 30HY, SBASIOLLYIOCS MCTOYHMKOM BOBNIEKAEMOro Bo3ayxa. Pa3me-
pbl 3TUX ABYX 30H MEHSIIOTCS B TEUEHME MoXKapa B 3aBMCMMOCTV OT CKOPOCTM MOTOKA M3 HWXKHEWN B BEPXHIOK 30HY,
CKOPOCTU AbIMOyAANEHNsl B BEPXHEN 30HE M TeMnepaTypbl AblMa M ra3oB B Hel. M3-3a Manoro KonvyecTsa 30H B
30HHBIX MOAENSX UCMOMb3YIOTCA NPOeKTHblE hOPMYNbl NO MEPEHOCY Temna M Macchl ANns OLEHKW MepeHoca Macchl U
3HEpruyn M3 HUXKHEN 30HbI B BEPXHIOIO, NOTEpU Tensa 1M Macchl M3 BEPXHEW 30HbI U APYrux CBOWCTB. Kak npasuio,
YpaBHEHUS JONYCKAOT, YTO YC/IOBUSI OAHOPOAHBI B KXXAO0W COOTBETCTBYHOLLEN 30HE.

B 30HHBIX MOAENsAX UCTOYHMKOM NOTOKA, HarnpaB/EHHOrO B BEPXHIOD 30HY, SBMSETCSA CTPYS OT OrHsA. Bce 30HHbIE
MOZEeNu MMEIOT ypaBHeHWe CTpyu. HekoTopble MOoAenn No3BONSIOT MONb30BaTeNO BbibUpaTb OAHO U3 HECKONbKUX
ypaBHeHUIA CTpyWU. B OCHOBE CaMbIx COBPEMEHHbIX MoZeNel NEXUT NOHSTUE OCECUMMETPUYHOW CTPYM.

MockonbKy paspaboTaHHble B HacTosiLee BpeMs 30HHbIE MOAENM AONYCKAKT, YTO B MOMELLEHNN HET YXe cyLue-
CTBYIOLUMX U3MEHEHMI B TEMNepaType, OHW He MOryT HanpsiMylo yuuTbiBaTb CTpaTudukaumio. Kpome Toro, 30HHbIE
MOZENN [ONYCKatoT, YTO MPUMOTONOUHBIN AbIMOBOM C/IOM (DOPMUPYETCS MIHOBEHHO M PaBHOMEPHO OT CTEHbI A0 CTe-
Hbl. DTO He MO3BOMSIET YYECTb HayasbHOE MornepevyHoe pacnpocTpaHeHue ApiMa Mo NOTONKOM. MToroeas norpelwu-
HOCTb MOXET OKa3aTbCsl CYLLECTBEHHOW B NMOMELLEHUSIX C 6OJIbLUION MOWAAbIO NOTOKOB.

TeM He MeHee, 30HHblE MOAENW, MOMyT pPaccyWTbIBaTb MHOTME BaxHble hakTopbl B mpoLecce CobbITUiA (Hanpu-
Mep, YPOBEHb, TeMnepaTypy, COCTaB U CKOPOCTb OMyCKaHMs AbiMa) npu niobom noxape, 3a4aHHOM MONb30BaTENEM.
BONILLUMHCTBO 30HHBIX MOAENEN PacCUMTBLIBAIOT CTEMEHb NMOTEPU TEMMA Ha rpaHuLax nomelleHust. OgHn Moaenu pac-
CYMTBLIBAIOT BO3LAEMCTBME MEXAHWYECKOTO AbIMOYAANeHWs, a APYyrue MPOrHO3MPYIOT OTK/IMK CUCTEM OBHapy»XeHus
noxxapa, pearvpyoLwmx Ha AbIM UK NOBbILLEHNE TeMNepaTypehl.
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Mogenu BblYUCAUTENbHOW MMAPOAMHAMUKW. MOAENN BbIYMCIUTENBHON MMAPOAMHAMUKM, TAKXKE Ha3blBaeMble Mo-
NEeBbIMU MOAENSIMU, 06bIYHO TPEBYIOT HaNMUMsl KOMMbIOTEPU30BAHHbLIX pabounmx MecT 60MblIOV MOLIHOCTM UK YHU-
BepcanbHbiX DBM 1 OTIMYHBIX HaBbIKOB PaboThl C HUMK U UHTEPNpeTaUMn AaHHbIX. TEM He MEHee, MOAENN BblYUC/TU-
TENbHOM I'MAPOAVMHAMMUKM MOMYT MO CBOEMY MOTEHUMasny NpeoaosieTb OrpPaHUYEHUSt 30HHBLIX MoAenen U AONOSHUTb
WK 3aMEHUTb MaclITabHble MoAENW.

Kak M 30HHblE MOAENn, MOAENWN BbIYMCIUTENBHON M’MAPOAMHAMMKN PELIAOT OCHOBHbIE YPaBHEHMSI COXpaHeHUs. B
MOZENSX BbIMUCIIUTENBHOW MMAPOAMHAMMKM MOMELLEHNE MOAENEHO Ha MHOXECTBO sideek (Mnu 30H), U Ansl pacyeTa
nepeMeLLeHnNs Tensa U Macchl Mexay 30HaMM MCMOJb3YOTCS YpaBHEHUSI COXpaHeHUs. M3-3a 60bLLIOro KoNM4yecTBa
30H B MOAENSIX BbIYMCIUTENbHON M’MAPOAMHAMUKIN CTApaloTCS HE UCMOSb30BaTh 6osee oblumne UHXKEHEPHbIE YpaBHE-
HWS, NMPUMEHsIEMble B 30HHbLIX MoAensix. bnarogaps MCNosb30BaHUIO ManeHbKUX SUYEEK MOAENM BblUMCITUTESBHON
rMapOAMHAMMKM MOMyT MCCNeaoBaTh CMTyaumto bonee noapobHO M yunThIBaTb BAUSIHUE HEMPABUbHBIX GOPM U He-
0ObIYHOMO MepeMeLleHnst BO3AyXa, KOTOpble He MOryT OblTb YYTEHbl HA 30HHBLIMWM MOAENSIMU, HU anrebpanyeckumMm
YpaBHEHUSAMU. YPOBEHb AETanu3aumu MpeBbLILAET YPOBEHb, KOTOPbIA O6bIYHO HabMoAaeTcs Npu UCNOJSb30BaHWMK
MacLITabHbIX MoAenel Unn MoXeT 6biTb BbIBEAEH U3 HUX.

MpvMeyaHue.

LLInpoko pacnpocTpaHEéHHbIE YMNPOLLEHMSI 30HHBIX MoAenel npueeaeHsl B Tabnuue A3.1.1.3(a).

Bepucdurkaumsi pesynbTaToB MOXapHbIX MOAENel Ba)KHa, MOCKOAbKY MHOr4a MpoLe Mony4YuTb pesyfbTaTbl, YeM
onpeaennTb UX TOYHOCTb. Pe3ynbTaTbl KOMNbIOTEPHBLIX MOXaPHbLIX MOAENEN MPOLLIM NPOBEPKY Ha AOCTOBEPHOCTb B
CPaBHEHWMW C OrPaAHUYEHHbIM [AMAMNa30oHOM 3KCMEPUMEHTANbHBIX YCIOBUIA; O3HAKOM/IEHWME C 3TUMW pe3y/bTaTaMu
[JOJHKHO MOBLICUTb YPOBEHb AOBEPUS MOMb30BaTeNs. TeM He MeHee, MOCKO/bKY CaMa nNpuMpoAa NpUMEHEHUs noxap-
HbIX MOZEnei COCTOUT B TOM, YTOBbI BbiTb MHCTPYMEHTOM Af1S1 UCCIeA0BaHNSI HEM3BECTHBIX YCNOBMWIA, ByayT BO3HM-
KaTb YCNOBWsl, ANl KOTOPbIX HEOBX0AMMO MPOBOANTL BepudMKaumio Moboin 13 Moaenei. MIMEHHO B TakuMX Ciydasix
nonb3oBaTento NnoTpedyeTcs NOMOLLb B OnNpeaesieHnn TOYHOCTM MOAENM.

YTo6bl AOCTUYb TOYHOMO MOXAPHOr0 MOAENMPOBaHMUS YC/TOBUI, NMPOBEPKa KOTOPbIX He 6blna npoBeaeHa, cylue-
CTBYIOT Tpu cepebl, Tpebyiowme noHuMaHus. MNepsas cdepa noapasymeBaeT NMOHWMaHWE TOro, Kakne o06bekTbl Mo-
penvpytotcs. Bropasi cchepa noapasymMeBaeT COOTBETCTBYHOLMIA NMEPeBOs OOLEKTOB peanbHOr0 MUpa BO BXOAHbIE
napameTpbl NoxapHoii Moaenu. TpeTbsi cdhepa BK/OYAET B Cebsi MOHMMaHWe mnpouecca NpeobpasoBaHust MOAENbio
BXOAHbIX AAHHbIX B BbIXOAHbIE.

Cneumannct no MoAenMpoBaHMI0 AomkeH 6e30WnMboYHO OxapakTepu30BaTh cieaylowme o6bekTbl: TONANBO, No-
MELLEHME W YCNTOBUS OKPYXKatoLLEel cpeabl, Kak yka3aHo B Tabnuue A3.1.1.3(b). CkopocTb BblAeNeHUs Tenna oT Ton-
NVBa SBASIETCS BaXKHOM XapaKTEPUCTUKON, KOTOPYK HeobXxoauMMo onucaTb. CylLecTBYeT MHOTO APYruX XapakTepu-
CTUK TOMNJIMBA, KOTOpblE TAKXe BAMAIOT HA POCT NOXapa, TakMe Kak 0bpa3oBaHve MpOAYKTOB rOpeHus, AONS ny4u-
CTOW TennomnoTepy, COOTHOLLEHME MacChbl TOM/IMBA K MAcce BO3AyXa MpW rOpeHUMMU M TennoTa cropaHusi. TeM He Me-
Hee, KenaeMasi TOYHOCTb OTBETA ONpeaensieT, Kaknue M3 3TUX XapakTepucTuK clneayeT BKIIOYUTb, @ Kakne MOXKHO He
YUnUTbIBaTb. ONKUCaHWSI BEHTUIISILMOHHBIX OTBEPCTUIA B MOMELLEHWNM TaKkXKe AC/MKHbI 6bITb HaanexalmM o6pasom oue-
HeHbl. YacTo 30HbI YTEUKM MOTYT SIBMISITbCA MPUUMHOW 3HAUUTENBHBIX HEMpPeaBUAEHHBIX NMOTOKOB rasa, 0COBeHHO B
YCNOBMSIX NPeAENbHbIX NOroAHbIX YC/IOBUIM C YYETOM TEMMEPATYPbI MM BETPa.

MepeBoa haAKTUUYECKUX XapaKTEPUCTMK B (popMaT BXOAHbIX AAHHbLIX MOAENM SIBMSETCS BTOPOW OCHOBHOM ccepol
MoaenupoBaHusl. HekoTopble 06beKTbl HE YUYUTBLIBAKOTCS, MOCKOMbKY MX BANSIHUE HE3HAuUTeNnbHO. [pyrne obbekTbl
JOMKHbI 6bITb NpeacTaBeHbl B HECKObKO M3MeHEHHOW dopMe. MpUMepoM NepBoro criyyast MOXET BbITb UCKIIIOYe-
HMe BO34yXOBOAA MEXaHWYeCKoW BeHTUNSILUMKM, koraa Gonbluas ABEPb B MOMELLEHME OCTAETCS OTKPbLITOM. MpuMepom
BTOPOro C/yyast SIBMSIETCA OrOHb, rOpSALLMI Ha NMOBEPXHOCTM CTEHbI HA paccTosiHuM 1,5 M no BepTMKanu. MNpuHUMaeT-
Csl, YTO OrOHb PACMOJIOKEH HA YPOBHE MOJia — CAaMOM HWXKHEM YPOBHE, MAe MOXET MPOMCXOAUTb BOBNIEYEHME BO3AyXa
B CTpY!O.

MocnepHsis cchepa aBNSETCs, NoXxanyi, Hambonee CNOXHOM ANS HauYMHAOWEro CneuuanncTa; oHa KacaeTcs no-
HMMaHUS TOro, Kak B MOAENM NPONCXOANT Npeobpa3oBaHMe BXOAHbIX AAHHBLIX B BbIXOAHbIE. [1Ns HauMHawoLwero cne-
umanucTa HeuenecoobpasHo MbITaTbCA MOCTMUL BCe NMOAPOBHOCTM npouecca npeobpa3oBaHUsi, OAHAKO, OH MOXET
npeayragaTe MHOMME pe3ynbTaThl, MMes 6a30Boe NpeacTaB/ieHVe O AMHAMUKE NoXkapa M NpakTUYeckne 3HaHus TPex
3aKOHOB COXPaHEHWs!. 3aKOHbl COXPAHEHUS! MOTYT BbITb BbipaXKeHbl C NOMOLLbIO AnddepeHUManbHbIX YpaBHEHUI Ans
BOCTNPOU3BEAEHMS MIaBHbIX HEMPEPbLIBHbIX M3MEHEHWUI CBOWCTB, MPOUCXOAALIMX NMPU peanbHbIX Noxapax. Yem 6onb-
e OTKIOHEHME OT AvddepeHumnansHOro NpeacTaBieHns 3aKOHOB COXpaHeHusl, TeM 6osnblie HeonpeaenéHHOCTb B
TOYHOCTM MOAeNu 3a npefenamu gvanasoHa Bepudukaumn. MoTeHumanbHas HETOYHOCTb MOAENM CBS3aHa C OTHOCU-
TeNbHbIM B/IMSHNEM KOHKPETHOMO YfieHa ypaBHeHMWsl. YneHbl ypaBHEHMs, OKasblBalowme Hanbornbluee BAMSIHUE, CO-
[epXxaT nepeMeHHble, KOTOpble BO3PacTaloT C NOKa3aTeneM 3KCNOHeHTbI >1.

[ns Bepudmkaumm TOYHOCTM MOAENN MOrYT MCMOb30BaTbCs anrebpanyeckme COOTHOLWEHUS, Apyrne NoXapHble
mMoZenu, MaclwTabHble MoAeNU 1 34paBblii CMbIC/. Bepudukaums ¢ NoMoLLbio anrebpanyecknx ypaBHEHMIN NpUMeHs-
€TCS TOMbKO MPU HaNM4YuK 3KCNIEPUMEHTASBbHBIX YC/TOBUIM, HA OCHOBE KOTOPbIX OHW 6biNW BbiBeAEHbI. Bbixoa 3a npe-
Jenbl 3TUX 3KCMEPUMEHTANbHBIX YC/TOBUM MOXET 6biTb OCHOBAH Ha TEHAEHLMAX B 3KCMEPUMEHTASIbHbIX FPaHUYHbIX
Toukax. Mcnonb3oBaHWe ofHOM Moaenu Ansi Bepudukaumy Apyrov Moaenu obecneumBaeT eé BOCMpPOU3BOAMMOCTD,
HO He 06513aTe/IbHO TOYHOCTb, 3a UCKIOYEHMEM ClyYaeB, Koraa BepudmKaums BTOPO Moaenu npoBeaeHa OTAENbHO.

DKCMepUMeHTanbHble MaclwTabHble MoAeny BCeraa MoryT MCMOb30BaTbCs Anst BepuduvKkaumMm pesysibTaToB KOM-
MbIOTEPHBIX MoAENeN. YMeHbLLEHHbIE MOZENN HAaMbomnee SKOHOMUYHBI; Ha OCHOBE NMOAOBHbLIX U3MEPEHUIA NIETKO Ornpe-
LenuTb TeHAEHUMW, HO Bonee TOYHble AaHHbIE MOSTYUYUTb CIIOXHO.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 76



Ta6bnuua A 3.1.1.3(a) YnpolieHus B 30HHbIX MOAENAX

Tonnuseo

+ CKOpOCTb BblAENEHNS TENA HE YBENMUMBAETCA Npy 06paTHOM NOTOKE TeMsa U3 AbIMOBOro C/0si.

+ HeT 4éTKOro NpeacTaBneHMs O CKOPOCTU BbIAENEHNS TEMNa Ha CTaaumM noXapa noce BCbIWKK, U Wb B
HECKOJIbKUX MOZENAX peanMsyeTcsl NorbiTka €€ MoOAEIMPOBaHMS.

+ Mopenupyetcs o6pasoBaHue CO, HO ero MexaHM3M He A0 KOHLIA MOHSTEH Ha CTaAuM BCMbILWKU.

+ HekoTopble MOAENU He YUMTbIBAOT FrOpeHne n3bbITOYHOro NMPOM3aTa Ha BbIXOAE U3 BEHTUISILMOHHOIO
oTBEpCTYUS.

Crpym

» BoBneuyeHune mMaccol B CTpyto coctaenseT £20%, 1 B NOMELLEHUSX C BbICOKMMU MOTONKaMWU €ro JOCTOBEP-
HOCTb He OCTAaTOYHO NOATBEPXKAEHA.

+ HeT BpeMeHHOro 0TCTaBaHusl Npy NepeMeLLEeHUM AbiMa OT OTHS A0 KOHKPETHOrO YPOBHSI B OCHOBHOM CTpye
WK NPUMNOTOJIOYHOM CTpye.

+ Mogenu pacTeKatoLmnxcs CTpy HefopaboTaHsbl.

+ He Bce Mozenu cTpyit yuuTbIBatOT reOMETPUIO 30HbI TOMSIMBA.

- BoBneueHve Bo3ayxa B NECTHUYHBIX LIAXTAX HE MOAENNPYeTCS.

+ BoBneyeHne Bo3ayxa M3 rOpU30HTasIbHbIX BEHTUASLIMOHHBIX OTBEPCTMI MOAENMPYETCS HE BO BCEX MoAe-
nax.

Cnon

+ Cnowu 3acTOMHOro ropsiyero AbiMa rnoj MoTOSIKOM He MOAENMPYHOTCS.
+ TeMnepaTypa ogHOpoaHa.

Tennonepenauya

* HekoTopble MoAenu He AenatoT pasnums Mexay TeEpMUYECKU TOHKUMU U TEPMUYECKM TOSICTbIMU CTEHAMW.
+ HeTt Tennonepenaun 4yepes nperpaabl U3 NOMELLEHUS B MOMELLEHNE.
* BnusHne MOMEHTOB CUN He YYUTLIBAETCS.

BeHTMnauusa

» CMelumBaHue BO3AyXa Yy BEHTUASALMOHHbIX OTBepCTVIVI onpeaenseTca Ha OCHoBe Koppenﬂumﬁ.

Ta6nuua A 3.1.1.3(b) YnpouweHusa B nosieBbiX MOAENsax

OnucaHue ropsilero TonJimea

* M3MeHeHne CKOpOCTU BbiAENEeHMs TeMa B 3aBUCMMOCTU OT BPEMEHMU
» BbicoTa orHs

« Jlyuncras pons

» CkopocTb 06pa3oBaHusi NPOAYKTOB roOpeHuns

» [Mnowaab noxapa (TBEpAas NOBEPXHOCTb, NPOSIUB, rOpPesKa)

OnucaHue noMeLleHns

 BobicoTa notonka;

+ Pa3mep, pacnonoxeHvie 1 AMHAMUYECKOE COCTOSIHWE (OTKPBITO UW 3aKPbITO) BEHTUSILMOHHOIO OTBEpP-
ctns  (BKJIKOYas 30HY YTEUKW)

+ Tennocusunyeckne CBOWCTBA MaTePUAsoB CTEH, NOTOJKA U Nosia

« PacnonoxeHwve, MOLHOCTb 1 COCTOSIHNE MEXaHWUYECKOW BEHTUNALMM

« Hanunuwne 6anok nnu depm

+ BpeMeHHOe OTCTaBaHWe Npy NepeMelLeHUn AbiIMa B OCHOBHOM CTpye WM NPUMNOTONOYHOI CTpye

+ Pa3pyleHne KOHCTpYKumm

« HavanbHas TemnepaTypa

OnucaHue yc/ioBMii OKpY)KaloLen cpeabl

« BbicoTa

+ [aBneHue oKpy>atoLlein cpeabl

« TeMmnepaTypa OKpyXaloLlei cpespi
» CKOpOCTb M HanpasneHune BeTpa
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+ OTHOCWTENbHAs BNaXXHOCTb
+ TemnepaTypa CHapy»Xu MoMeLLEHNS

3aKoHblI MaclwTabupoBaHns

Ba)kHOCTb npoueccoB MaclTabMpoBaHNa B aHHOM PYKOBOACTBE MPUMMCLIBAETCS MOAENMPOBAHUIO NepeMeLLEHUS
ropsiuvMx rasoB CKBO3b KOH(MIypauuu 3a4aHusl npy noxape. FopeHne n u3nyyeHue OT MJIAaMEHU HE Y4YMTLIBAKOTCS.
PocT noxapa He moaenupyetcs. Heobxoammo, UTobbl noxap 6bin 331aH Ha OCHOBE MOCTOSAHHOW MMM MEHSAIOLLECS CO
BPEMEHEM CKOPOCTbIO BblAENEHMs Tensa.

MoaenupoBaHMe AbIMOBOIO MOTOKA ANS 3AaHWiA OCHOBaHO Ha MOAAEPXKAaHUWM PaBHOBECUSI MeXAY MaBy4ecTblo
AbIMa M KOHBEKTUBHBIMM «CuilaMu» 6e3 yyeTa BNMSIHUSI BA3KOCTU M TennonpoBoaHocTn. OaHako, MrHopupoBaHue
3TUX YNEHOB B6/IM3M FpaHULL TBEPAbIX TN HE AAcT IOCTOBEPHLIX pe3ynbTaToB. OnpeaenéHHoM KOMNEHCALMN MOXHO
[AOCTMYb B MaclUTabHOW MOZENN NpU BbIBOpe ApYrUX MaTEPUAIOB KOHCTPYKLNK.

MacwTabHas Mogenb MOXeT 6biTb pa3paboTaHa, OCHOBLIBAsSICb Ha COOTHOWeEHMAX B Tabnuue 3.1.2.2. Mogenb
[0/XHa BblTb AOCTAaTOYHO 60MbLUOK, YTOObI MOXHO 6bIN10 A0BUTLCS TYpOYNEHTHOro NOTOKa NOJHOMAaclUTabHoW cu-
CTEMbl. YpaBHEHUS MacILTabuMpoBaHUS, COOTHOCALLME MONHOMACLUTA6HbIE ycnoBus (F) C yCNoBUAMU B MacLUTABHOM
mozenu (/m) npeactaeneHsl B Tabnuue 3.1.2.2, npu AONYLIEHWM, YTO CYLLECTBYIOT OAMHAKOBLIE YCNOBUS OKpYyXXato-
Wwen cpeapl.

Ta6nuua 3.1.2.2 YpaBHeHMA MacwTabupoBaHusa

eoMeTpryecKoe NonoXeHne Xm = X (In/1E)
Temnepatypa Tm=1TF

MNepenag aaBneHui Apm = Apr (I/1F)
CkopocTb Vi = Ve (Iln/lE)7?
CyMMapHasi CKOpOCTb BblAeneHus Tenna Qn = Qe (l/le)7?
KoHBekT1BHas TennooTaaya Qo m = Q. r (h/lef?
OB6bEMHBIN pacxoa BO3ayXa Npv AbIMOyAaneHum Vian, m = Vien, £ (ln/le)7?
Tennosble CBOUCTBa NOMELLEHMS (kpQ)w, m = (KpC)w,r(In/1E)>?
roe

C — yAenbHasi TENNOEMKOCTb MaTepuasoB nomelleHmnst (CTeHa, NoToMoK);

k — ypenbHas TensonpoBOAHOCTb MaTepuanos nomelleHus (CTeHa, NoToNoK);

/— pnviHa;

Ap — nepenaj OaBneHui;

Q — cKopoCTb BblaeneHus Tenna;

t — Bpems;

T— TeMmnepaTypa (OKpy>atowen cpeabl 1 asiMa);

V — CKOPOCTb;

V — 0bbéMHas CKOpOCTb AbIMOYAANEHNS;

X — MNOMNOXEHWE;

£ — NNOTHOCTb;

C — KOHBEKTUBHbIN;

F — nonHomacwTtabHas Moaenb;

m— MesikoMacluTabHas mogenb (MakeT);

W — CTeHa.
JononHutenbHyo MHdOpMaumio cMoTpute B noapasagene «COOTHOLWeHMs MacwTabupoBaHus» pasgena «Cnpa-
BOYHasi MHGOpMaLms».

B ocTanbHoi yacTtu pasgena «MeToabl pacyéTa» onucaHbl METOAbl BbIYMUCIIEHUS! Pa3HbIX PACYETHBLIX NapaMeTpoB,
OCHOBaHHble Ha anrebpanyecknx ypaBHEHUSIX.

Ob6pa3oBaHne ABYXC/IOHHOH cpeab]

3afepXXKa B aKTUBALMU BbITSDKHbIX BEHTUNATOPOB MOXET MPUBECTU K OMYCKaHMIO AbIMA HUXE PacYETHONM BbICOTbI
rpaHuLbl ABIMOBOrO C/osi. KpoMe TOro, HauMHaloLWEeEeCss HaKoMIeHNe AbiMa Ha HUXXHUX YPOBHSIX MOXET 6bITb yCyry6-
JIEHO HAUMHAOLLEWCS TEMNEPATYPHOMN CTpaTUdMKaALMEN NO BEPTUKANN, NPUBOASILEN K 3aAepXKe NepeMeLLeHNs Obl-
Ma B BEPXHME YPOBHM 60JIbLLOrO NoMeLleHust. OaHaKo, NPY aKTUBUMPOBAHHBIX CUCTEMaX AbIMOYAANEHUS! U KOHAUUMO-
HMPOBaHMWS BO3[yXa MOXHO 0XMAaTb 0B6pa3oBaHME YMCTOrO HUXXHErO C/10S1 B COOTBETCTBUM C MPOEKTHLIMK AONYyLLe-
HUAMU.

PacuértHblii noxap

Bce MPOEKTHbIE BbIYUCIIEHUA, NPeACTaB/€HHbIE B JdHHOM PYKOBOACTBE, 3aBUCAT OT CKOPOCTU BblAENEHUSA TEMa
npu noxape. TakuMm 06pa3oM, B KadecTse MepBoro Lara Heo6xoaMMo onpeaennTb MOLLHOCTb PacHETHOrO noxapa.
MouwHocCTb paCLIéTHOFO no>Xapa onpeaenseTca Ha OoCHOBE TEXHUYECKOIo aHa/im3a XapaKTEPUCTUK TOoMnnBa nmbo Ha
ocHoBe 3(h(PEKTOB, BbI3BaHHbLIX NOXapoM, Nnbo 1 TOro, n Apyroro. KpoMme Toro, noxapbl MOFyT paccMaTpuUBaTLCS Kak
CTalMOHapHbIe nméo HeCTalMOHapHbIE.
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[lns TOProBbIX MOMELLEHMI YacTO NPUBOAMTCS 3HAUYEHWE MOLLHOCTU PacyETHOro noxapa paBHoe 5275 kBT. OHo
NpenMyLLEeCTBEHHO OCHOBAHO Ha CTAaTMCTUYECKOM pacnpedesieHnM MOLLHOCTEW Moxapa B MarasuHax Benukobputa-
HWUW CO CMPUHKIIEPHBIMU cUCTEMaMU. MeHee 5% MoXKapoB B 3TOW KaTEropuv UMeNU MOWHOCTb 5275 kBT. FeoMeTpu-
YeCckM noxxap MOLHOCTbIO 5275 KBT B MarasunHe onucaH Kak KBaZpaT CO CTOPOHOW 3 M npu NpubAn3UTENbHOM 3Ha-
YEHWM CKOPOCTM BbIAENIEHMS TEMMA Ha eAnHULY NJIOLAAN PaBHOM 568 KBT/M2.

CraymoHapHble roxxkapsl

CTaLlMOHaprIVI Nno>XXap — 3TO NoXap C NMOCTOSIHHOM CKOpPOCTbIO BblAENEHNA TENNA. Asngsce CTaunoHapHbIM, No-
ap 6yaeT 6bICTPO pa3pacTaTbCs, MOKA He AOCTUIHET HEKOTOpPOro npefena. [arbHellee ero pacnpocTpaHeHue
OrpaHuyeHo 60 NPOTUBOMOXAPHLIMU AEMCTBUSMK (B PYYHOM WM aBTOMATUYECKOM pexuMe), Mbo Hanuumem fo-
CTaTOYHO 60NbLLIOro paccTosaHuna oo 6nvxanLmx ropro4nx MaTepumasnos.

BrvsiHue cripuHK/IEpPOB H3 MOLLIHOCTb 10)K3pa

Ecnn HET npuumHbl OXnaaTb, YTO noxap 6yaeT pacnpocTpaHATbCS MOCie aKTUBaUMWM CMPUHKIEPOB, BAWUSHUE
CMPUHKIEPOB Ha MOLLHOCTb PacyYéTHOMO MoXKapa MOXHO Y4YeCTb, AOMYCKasl, YTO POCT MoXapa NpeKkpaTuTCcs C UX ak-
TuBauuen. IHbIMM CNoBaMK, pacyETHBIN NoXap — 3TO pacYyéTHasi MOLHOCTb NoXKapa B MOMEHT aKTUBaLUW CPUHKIe-
poB. NpeanonaraeTcs, YTo OroHb NMPOACIKAET FOPETb C 3TOW MOLHOCTLIO BMJIOTb 0 TOrO, Kak CropuT BCE UMetoLLe-
€csl TONMBO, U MpW 3TOM pacnbifNsieMasi CpPUHKIepaMm Boa He OKa3blBaeT AanbHENLLEro BO3AEUCTBUA Ha NpoLecc
ropeHus. Kak BapuaHT, €Cin NoXXapHble WUCMbITaHUs 6yayT perynmpoBaThCsl paboTol CMpUHKIEPOB, HO He byayT
He3aMeANUTENbHO MOTYLIEHbI NOA UX BO3AENCTBUEM, MOXHO AOMYCTUTb 3KCMOHEHLIMANbHOE YMEHbLIEHWE CKOPOCTU
BblaeneHus Tenna. OgHaKo, eCnv UCMbITaHWs Ans Npeobaaatollein BbICOTbl MOTOMKA MOKaXyT, YTO NOXap roptoyero
MaTepuana byaet 6bICTPO MOTYLWEH C NOMOLLbIO BCTPOEHHOM CMPUHKIEPHON CUCTEMbI, MOXHO AOMNYCTUTb, YTO rope-
HWE B OCHOBHOM MpPeKpaTMTCS BO BpeMsi paboTbl CMPUHKIIEPOB.

[MpuMeyaHue.

MonHoMaclUTabHblE NOXAPHbIE UCMbITAHNUS ANs 0PUCOB OTKPLITON MAAHMPOBKM MOKasann, YTo Korda CrpuHKIEpsI
YCTaQHOBU/IM KOHTPOJIb HaZ OFHEM, HO He CMOCO6HbI MOTYLWNTb €r0 HEMEAJIEHHO U3-3a KOHMWUIypaumm TOMnmBea, CKo-
POCTb BbIAENEHMS TEM/A YMEHbLUAETCS 3KCMOHEHLMANbHO CleayoWmnM 06pasoMm:

Q(t) = (gact‘;kt

Q(t) — cKOpOCTb BblAENEHNS Tenna B MOMEHT BPeMEHHU, £, NoC/e akTMBauum CNpuHKIepoB, KBT;

Qac¢ — CKOPOCTb BblAeNeHns Tenna npy akTueauum CNpuHKIepos, KBT;

t — BpeMsl C MOMEHTa aKTMBaLUW CNPUHKIEPOB, C;

k — NOCTOSIHHAsA 3aTyXaHus, .

3HayeHMe MOCTOSIHHOW 3aTyXaHusi ANs OUCHBIX MOMELLEHWUI NPWU YAENBHON NPOU3BOAUTENBHOCTU CMPUHKIEPOB
4,06 n/MuH M2 coctasnset 0,0023 ans cuTyaumii C HE6OMbLLMMM MOXXAPHBIMI Harpy3kamMmn Ha OrpaHUYEHHbIX MAoLLa-
asx 1 0,00155 ¢t ansa cuTyaumit ¢ 60MbLUMMK NOXAPHLIMI HArpy3Kamu.

PaznenntesibHoe paccTosHne MEXAY y4acTkamu C roXapHOY Harpy3Kkou

PacuyéTHbIN NoXap cnegyer onpeaensTb C YY4ETOM TUMa TOMIMBA, €r0 PACroNIOXEHUSI M KOHUIypaLuum noMelle-
Hus. Bbibop pacyéTHOro noxkapa cneayer HauvHaTb C onpefeneHnss OCHOBHOMO Habopa ropiounx MaTepuanos M ero
MaKCMMasibHO BO3MOXHOIO pasMepa. PacyéTHbli Moxap cneayeT yBenMuuTb, e B Npeaenax paccTosiHus, R, yka-
3aHHOro Ha puc.3.2.2.2(a) u onpeaensieMoro ¢ NoMoLLbio ypaBHeHus (1), UMeloTCs MHble roprodre Bellectsa. Obpa-
TUTE BHUMAHWE, YTO €C/IM OCHOBHOM Habop roprouMX MaTepuanoB He Kpyrion hopMbl, HEOBXOAUMO paccuUWTaTb CO-
OTBETCTBYIOWMIA pagnyc NyTEM NpUpaBHMBAHWUS NOWAAM MOSa, 3aHWMaeMOM HabopoM rOpHYMX MaTepuanos, K
naowaan Kpyra paBHOLEHHOro paguyca. B pacuyérax HeobxoaMMo yunTbiBaTb BCIO MAOWAAb Mosa, 3acTaB/ieHHYIo
npeaMeTaMmmn MM HaxoasLyocs Mexay HuMu. Hanpumep, ecnv Habop roptounx matepuanosB COCTOUT U3 NpeaMeToB
mebenu, n3o6paxxéHHbIX Ha puc.3.2.2.2(b), nnowaap Habopa roproumx MaTepuanos BKAYaeT B cebs nnowaab, no-
KpbITyt0 Mebenbto, a Takxe niowaap Mexay npeameramu mebenu.

1/2
Ro_Q (1)
127Zq”

roe

R — paspenuTtenbHoe paccTosiHMe OT ropsillero obbekTa Ao LeHTpa Habopa roproumx MaTepuasnos, M;
Q — cKOpOCTb BbieneHus Tenna npv noxape, KBt;

g" - napatoLwmii TENNOBOI NOTOK, HEOBXOAUMBINA A1 CAMONPOU3BO/ILHOMO BO3ropaHus, KBT/M2,
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Monycdepa

DNIEMEHT, HanpaBJ/ieHHbIN

nepneHAuKYNsapHo K R
OroHb ROCHAIHIRP

Puc. 3.2.2.2(a) PaspenurtenbHoe paccrosiHne, R

EanHuubl
TONnNMBa

e

<

Puc. 3.2.2.2(b) EamHuubl TONIMBA

MoLUHOCTb PACYETHOIro noXapa

OnucaTb pMKCMPOBAHHYIO MOLLHOCTb PAcYeTHOro NoXapa, NPUMEHMMYIO0 KO BCEM CUTYaLMsM, HE NPeaCcTaBnseTcs
peanucTuyHbIM. pyn onpeaeneHnn MOLWHOCTM pacdETHOro noxkapa HeobxoanMOo yuuTbiBaTb TWUM U KOJIMYECTBO TOM-
nvBa.

HecraynoHapHsbie no>xapsl
HecTaunoHapHbIin noxap — noxap, W3MEHSIOLWMICS OTHOCUTENbHO BpeMeHW. [ns HecTaumoHapHbIX MOoXapoB
06bIYHO MCMOJb3YETCS 3aBUCMMOCTb OT KBafpaTa BPeMeHW. B TakoM criyyae CKOpPOCTb BblAEMEHWs! Teria B 6o
MOMEHT BPEMEHU MOXET ObITb BblMCIIEHA C MOMOLULIO YpaBHeHUs (2):
2
t
Q=1000 — @)
tg
roe
Q — ckopoCTb BblaeneHus Tenna npu noxape, KBT;
t — BpeMsi OT MOMeHTa pacyéTHOrO BO3ropanus, C;
t,— BpeMs pocTa, C.

Bpemsi pocTa noxapa — 3TO BpeMeHHOW MHTepBan OT MOMEHTa pacyY&THOro BO3ropaHusi 0 MOMEHTa, Koraa MoL-
HOCTb noxapa npesbicut 1000 KBT. Bonee noapobHyo MHMOPMaLMIo NO KBaAPaTUYHLIM MoXapaMm CMOTpUTE B NOA-
pasgene «KsagpaTuuHble noxapbl» pasgena «CnpaBoyHas nHdopMaums».

Bnaroaaps AvHaMUKe BTOPUYHbLIX BO3ropaHuid, Npoduib KBagpaTa BPEMEHU MOXET MUCMOMb30BaThCs B MHXEHEpP-
HbIX Lensax A0 MOMEHTa, KOora noxap pacnpocTpaHuTcs Ha 6onbluyto TeppuTopumio. Takum obpasom, npodunb KBaj-
paTa BpeMeHu pa3yMHO WMCMOMb30BaTh A0 TOr0 MOMEHTa, KOrAa POoCT noXapa OrpaHnymnsaeTcs nMbo npoTmsonoxap-
HbIMW MEPOTPUSTUSIMU, NGO HANMYMEM JOCTATOYHOrO PAacCTOSIHUS IO COCEAHUX YYaCTKOB C rOptoYel Harpyskow, 4To
MO3BOJISIET NPEeAOTBPaTUTL AalbHelluee Bo3ropaHue. Mocne 3Toro MoMeHTa NpeanonaraeTcsi, YTo MOLHOCTbL NoXa-
pa 6onblLue He yBenuuMBaeTCs.

lpegynpexgenmne o MUHUMAa/IbHOH MOLHOCTH PAaCYETHOIO Mo)Kapa
33 MOLYHOCTb PacYETHOrO NoXapa BbIBUPAETCA CaMblii HEGAronpPUATHBINM CLiEHapuii M3 BO3MOXHbIX. MpeaocTepe-
raeM NpoeKTUPOBLLMKOB M WHXXEHEPOB-UCCNEAOBATENeN OT Bbibopa CPeAHWMX MOLLHOCTEN MoXapa, OCHOBaHHOIO MC-
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K/IOYMTENBHO Ha TUME WX OrpaHUYEHHOM KOMIMYECTBE MOPHOYMX MaTepuanos, UMEIOWMUXCSA B HAIMYUK WU Npeano-
naraembix.

B nomeLLeHunsiX ¢ HU3KMMK NOTONKaMu [BbICOTa NMOTOMKA HWxe 7,6 M] Mpy HanmMumMmn CrpUHKIEPHbIX CUCTEM pac-
YETHbIM MoXap COCTOMUT NM60 U3 CTaUMOHAPHOro pacyéTHOro noxapa, nMbo M3 Moxkapa, PacTyLlero 40 HeKOTOporo
YCTOMUMBOrO Mopora MOLHOCTH, HanpuMep, 6narogapsi paboTe aBTOMATUUYECKON CUCTEMbI MOXAPOTYLLEHMS.

B nomeLLeHnax C BbICOKMMM MOTOJSIKAMK [BbICOTa NOTOJIKa H6onblue nnbo paBHa 7,6 M], rae CNpyHKIEpHbIE CuCTe-
Mbl IM6O OTCYTCTBYIOT, MO0 OXMAAETCS, YTO MX paboTa HaYHETCS C CyLEeCTBEHHON 3aAE€PXXKOM, PAaCUETHbIM noxap
MOXET COCTOSITb 60 M3 CTaUMOHAPHOro PacyETHOro noxxapa, nMbo M3 MnoXkapa, KOTOpbIM pacTéT A0 HEKOTOPOro
YCTOMUMBOro nopora MoLHOCTU. CKOpOCTb BblAENEHMS TeNa ANS CTALMOHAPHOW CTaauM pac4ETHOrO noxkapa A0NX-
Ha 6blITb, MO MeHbLUel Mepe, 2110 KBT. PacYéTHble NOXapbl C MEHbLLEN CKOPOCTLIO BbIAENEHUS TEMMa OCHOBLIBAOTCS
Ha CTPOroM KOHTpOJie TOM/MBa W NoAAEp)XaHUM MUHUMAnbHBIX PACCTOSIHUMA MEXAy y4acTKkaMu M He y4YMTbIBaloT Te-
Kywme nmbo ce30HHbIE «BPEMEHHbIE» BapuaHTbl MPYMEHEHMS MOMELLEHUS UM €r0 BUAOU3MEHEHUS.

O6Hapy)xeHuMe noXkapa M akTuBaumsi CpUHK/IEPOB

Peakuus noXxapHbIX AETEKTOPOB U CMPUHKIIEPOB, 3aKPEnEHHbIX MO NOTOIKOM, MOXET 6biTb OLeHeHa Ha OCHOBe
MOBbILLEHWNS TEMMEPATYPbI, BbI3BAHHOIO OrHEM B 3TUX MecTaX. [NoBblleHne TemMnepaTypbl 3aBUCUT OT PacCTOSIHUS MO
BEPTMKaNN OT OCHOBAHMWS OFHSI M paanyca OT LieHTparnbHoW ocu orHs. B ctaHaapte NFPA 72 «HaumoHanbHble HOpMbI
Mo MOXAapHON CUrHanmsauum» [3] coaepXuTcs MeToAMKa onpeaeneHusl pacCTosIHUS MeXay AeTeKTopaMu MoBbille-
HWS1 TemnepaTypbl [AN BbICOTbI MeHee 9 M], OCHOBaHHasi Ha MOLLHOCTM WM CKOPOCTM pOCTa Moxapa, KOTOpblii Heob-
XOAMMO 0BHapYXWTb, pa3HbIX BbICOTAX NOTOMKa U TeMriepaType OKpyxXatoLlel cpeabl. [N NOTONKOB BbICOTON 6onee
9 M Heob6X0ANMO MPOBECTU TEXHUYECKUI aHaNN3.

Crpatudmkaumsa abima

MoTeHUManbHash BO3MOXHOCTb CTpaTUdMKaLMKN CBSI3aHa C pasHULEN Mexay TEMMepaTypoi AbiMa M Temnepary-
PO OKpY)KaloLLEero Bo3Ayxa Ha oboM U3 ypoBHeN. MakcuManbHasi BbICOTA, Ha KOTOPYK MOAHUMAETCS AbIMOBast
CTpysl, OCOBEHHO Cpa3y MOC/fe BO3ropaHusi, 3aBUCUT OT KOHBEKTMBHOM CKOPOCTW BblAENEHUs Tenna MU KonebaHus
TeMMepaTypbl OKpYXatoLLein cpeabl B CBOGOAHOM MPOCTPaHCTBE.

Ocobblit HTEepeC NpeacTaBnsAlOT CUTYauuM, B KOTOPbIX TEMMepaTypa BO3AyXa B BepxXHeW 4YacTu 60/bLIOro CBO-
604HOro0 NPOCTpPaHCTBa BbilLe TEMMEPATYPbl HA HMXKHMX YPOBHSX A0 noXapa. TO MOXET NPOUCXOAUTb B pe3yrbTaTte
CO/THEYHOM Harpy3Ku, €CNn MOTONIOK COAEPXMT OCTeKneHue. [Ns OLEHKU MPOMEXYTOUYHOW CTpaTuduKauun cylle-
CTBYIOT BblYMCUTENbHbIE METOAbI.

OavH 13 npuMepoB nNpeacTaBneH Ha puc.3.4.1. B gaHHOM cnyyae TeMnepaTypa OKpPY>aroLero Bo3ayxa OTHOCK-
TENbHO MOCTOSIHHAS BM/IOTb 0 YPOBHS, Hafl KOTOPbIM €CTb C/I0M TEMSOro Bo3AyXa OAHOPOAHOW TeMnepaTypbl. Takas
CUTYaUMst MOXET NMPOUCXOAUTb, EC/TN BEPXHSIS YacTb MOJIIa, aTpuyMa uim Apyroro 60bLIOro NpoCTPaHCTBa He 3aHs-
Ta, T.€. BO34yX B 3TOW YaCTu OCTAETCS HEKOHANLMOHMPOBAHHLIM.

[ 3AaHMeca UYMOM P S ——
Uy I'Ipod)wnb CTyneH4yaToro

W3MEHEHMs TeMnepaTyphbl

Puc. 3.4.1 Mpocdunb TeMnepaTypbl 40 NOXapa.

CryneH4Yyaroe U3MeHeHNe TeMneparTypbl

Ecnu BO3ayX BHYTPU MOMELLEHWS UMEET MPEpLIBUCTOE WM3MEHEHWEe TeMnepaTypbl Ha HEKOTOPOW BbiCOTE HaA
YPOBHEM M0/1a, NOTEHUMANBHYIO BO3MOXHOCTb CTPaTU(MUKALMM MOXKHO OLIEHUTb, UCMOJb3Ysl COOTHOLLEHWE TeMrepa-
TYpbl CTPY¥ MO OCEBOM SMHWMK. ECnv TemMnepaTypa CTPyM MO OCEBOI IMHUM paBHa TEMMepaType OKPyXalowwel cpeabl,
CTpys 6onee He ABMSIETCA NaBydel, TePSET CNOCOBHOCTb NMOAHUMATLCA KBEPXY M Pacc/iaMBaeTCst Ha 3TOi BbICOTE.

YYér cTparngpnraymn gpoima rnpm rnpoeKTHPoBaHNN CHCTEM MTPOTHBOLbIMHON 3aLYNTbI

Mocne Toro, kKak cMcTeMa AbIMOyAaNieHus 3apaboTana B aTpuyMe Unu ApyroM 60/bLIOM MoMeLleHnm, cTpatudu-
Kaums 6yaeT ycTpaHeHa NocpeacTBOM yAaNeHUst ropsivero AbIMOBOMO C/iosl. 3afada, CTosiasl nepes npoeKTUPOBLUM-
KOM, COCTOMT B TOM, YTO6bl 06ecneumnTb HbICTpoe 06HapyXXeHWe AbiMa, UCMONb3ys BCe BO3MOXHbIE Npoduin Temne-
paTypbl Ao noxapa. Mpy HEKOTOPLIX YCIOBUSIX, HAaNpUMep, B HOYHOE BPEMSI U B XONOAHbIE AHW, €CTb BEPOSITHOCTD,
YTO CTpaTUdMKaLMM He NMPOoM30MAET, M Nobas AbiMoBas CTpysl 6yAeT GbICTPO MOAHMMATLCS K KPbIWE MU MOTOSKY
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MOMELLEHMS, U B 3TOM Cllyyae AETEKTOPbl AblMa B BEPXHEN YacTV MM Ha CaMOM BEPXY MOMeLlleHnst cpaboTaioT. B
APYruX cnydasix, Hanpumep, B XapKue NIETHUE AHW MW B AHW C BbICOKOW COSIHEYHOM HArpysKoW, CTpysi MOXKET He
[OCTUraTh Bepxa MOMELLEHUs, U AbIM MOXET pacrnpoCTpaHsATbCs Ha 6onee HWM3KOM YPOBHE, YeM npeanonaranocb. B
TaKoM C/lyyae AETEKTOpPbl HaBEPXY MOMELLEHMSI He cpaboTaloT, M cMCTeEMa NPOTUBOALIMHOM 3alUUTbl HE BKIOYUTCS.
Henb3s ¢ yBEpEeHHOCTbIO CKa3aTb, Kakue ycroBus MOryT 6biTb B MOMELEHWM Ha Hayano noxapa. HesaBucumo ot
YCNOBMIA HA MOMEHT Havana noxapa, ntobas u3 NpUBEAEHHBIX HIDKE CXEM MOXET 0becneunTb BbiCTpoe 06HapyXeHue
AbIMa:

(@ Jlyy, Harpas/ieHHbIV BBEDX, 4/18 0OHapy)XeHus AbIMOBOro ¢/105. Llenb AaHHOro noaxofa 3ak/oyaeTcs B
6bICTPOM O6Hapy>xeHMN 06pa30BaHNS AbIMOBOrO C/10s NMpW NtobbIX TeMMnepaTypHbIX YCnoBusix. OanH nnm
6onee nyyelt Hanpas/ieHbl BBEPX NOA Yr/IOM U MEPECEKAOT AbIMOBOM CNOM, HE3AaBUMCMMO OT YPOBHS
cTpatudukaumm asiMa. Mpu MCNONb30BaHMM AAHHOMO MoAXoAa B uensx Ay6amMpoBaHUs peKoMeHAyeTcs
ncnonb3oBaThb 6onee og4HOro Ny4eBoro AeTekTopa AbiMa.

(b) Topu3oHTa/IBHBIE J1y4u /15 OBHAPYIKEHMS ABIMOBOIO /1051 Ha Pa3HbIX ypoBHSX. Llenb fAaHHOro noaxoaa 3a-
K/IOYaEeTC B TOM, 4TOObl 6bICTPO 06HapYxUTb 06pa3oBaHue AbIMOBOMO C/1051 MPU NI0bbIX TeMnepaTypHbIX
ycnosusix. OanH mnn 6onee nyveBbIX AETEKTOPOB HaxoadTcs Ha noTosnke. [ononHUTeNbHble AETeKTOpbI
pacronoXeHbl Ha ApYyrux ypoBHAX MomelleHus. B 3agady kaXzaoro KOHKPETHOro MpoeKTa BXOAWUT TOYHOe
pacronoXeHue ydei, U OHO AO/MKHO YUMTbIBaTb, YTO JIyYM AODKHBI HAXOAUTHCS B OCHOBAHMM JOObIX Bbl-
ABNTEHHbIX HEKOHAULIMOHMPYEMBIX MPOCTPAHCTB (30H 3aCTOMHOMO BO34yXa) U Ha YPOBHE Win B6IM3K OT pac-
YETHOrO YPOBHS AbIMa C HECKO/IbKUMM MPOMEXYTOYHBLIMU MOSIOXKEHUSIMU JyYein Ha APYTUX YPOBHSIX.

(C) Topu3oHTa/IbHBIE JTyYM A/IS OBHAPYIXEHUS [bIMOBOM CTPyM. LIeNbio AaHHOro noaxoaa sSBNSETCs obHapy-
YKEHME BOCXOZASILLEN CTPYM, @ He AbIMOBOroO Ciost. [ AaHHOro Noaxoda Ha YPOBHE NMof CaMbiM HU3KKUM
MPOrHO3MPYEMbIM YPOBHEM CTpaTUMKaLMKU YCTaHaBAMBAETCS psf Nyyei Ha AOoCTaTovyHO 6/M3KOM pac-
CTOSiHUM Apyr OT Apyra, yYtobbl obecneunTb MX MepeceyeHne Co CTpyEil. PaccTosiHue Mexay nydamu
PACCUUTLIBAETCS HAa OCHOBE CaMOM Y3KOW BO3MOXKHOW LUMPUHBI CTPYW Ha YPOBHE OBHapY>XeHWS.

AHanornyHass wHdopMauus npuBegeHa B rnaBe  «[pUHUMMbLI MPOTMBOABIMHOW 3alUUTbl aATPUyMOB» (CM.
puc.14.14).

CBoiicTBa A4bIMOBOIroO CJ104

YpaBHeHus Anst pacyéTta rnybuHbl AbLIMOBOrO C/I0s, CPEAHEro MOBLILLIEHWS TEMMEPaTypbl, ONTUYECKON MIOTHOCTM
M KOHLEHTpaLMM ra3oB Ha 3Tane 3anojIHEHUs! AbIMOM M 3Tare KBa3WCTaLMOHAPHOro MoXapa, perynmpyemMoro BeHTH-
nauuen, npueeaeHsl B Tabnuue 3.5. ITU ypaBHEHUS NPUMEHUMbI K MOXapaM C MOCTOSIHHOW CKOPOCTbLIO BblAENEHMS
Tenna v K KBaapaThyHbIM No)apaM. ITU ypaBHEHUSI MOTYT TAKXKE UCMO/b30BaTLCA ANA BbIUUC/IEHMS YCNIOBUIA BHYTPU
ABIMOBOrO C/1051 OT Hauana paboTbl BEHTUAALMN.

BbicoTa YpPOBHS NepBbiX NPU3HAKOB AbIMA B JIO60 MOMEHT BpeMeHM

MonoXeHWe YPOBHS NepBbIX NMPU3HAKOB AbiMa B Nt060M MOMEHT BpEMEHU OMpeaensieTcsl Ha OCHOBE COOTHOLLEHMI
B rnofpasaene «BbicoTa YpOBHS NepBbIX MPU3HAKOB AbiMa Npu OTCYTCTBUW AbIMOYAANeHus» v noapasaene «Monoxe-
HWe rpaHuUbl AbIMOBOro €05t Npy paboTe AbIMOBbLITSXHbIX cucTeM». COOTHOLIEHUS KacaloTCs cneaytowmx Tpéx cu-
Tyauui:

(1) AbiMoynaneHue He ocyulecTBnsieTca (CM. nogpasgen «BbicoTa ypOBHSI NMepBbIX NPU3HAKoB AbliMa Mpw OT-
CYTCTBMW AbIMOYAQNEHNS»).

(2) MaccoBblt pacxos AbIMOyfaneHust paBeH MacCcoBOMY pacxody AblMa, MOCTyMalowwero 13 CTpyu B AbIMO-
BOM cnoi (cM. noapasaen «MaccoBbli pacxod yAansieMoro AbiMa paBeH MacCOBOMY pacxofy MocTynato-
Lero AapiMa»).

(3) MaccoBbll pacxoa AbIMOYAaneHUsl MeHblle, YeM MaccoBbld pacxof AbIMa, MOCTynalolero u3 cTpyu B
AbIMOBOW cnov (cM. nogpasaen «MaccoBblil pacxof yAanseMoro biMa He paBeH MacCoBOMY pacxofy no-
CTynatoLero apimMa»).

[prMeyaHue.

OrpaHuyeHvie pa3Mepa BO34yX03abOOPHUKOB BbITSDKHBIX BEHTUASATOPOB M WX paccpefoToyveHVe npeaHas’HayeHo
AN NpeaoTBpaLleHnst OCTbIBaHWS AbliMa [0 TOro, Kak ero MoxHo OyaeT yaanuTb, yaepxuBasi AbIMOBOM CNON noj
MOTO/IKOM. TO OCO6EHHO BaXKHO AJ151 MOMELLEHWUI, AIMHA KOTOPbLIX 60JIbLUE BbICOTbI, TAKUX Kak MOJIIbI.

Bo3ayx03ab0pHUKM BEHTUAATOPOB AO/MKHBI 6bITb paccpeAoToYeHbl, MOTOMY UTO BbICOKasi CKOPOCTb AblMOyAasne-
HUS B NIOOOIN U3 TOYEK B [1bIMOBbIX C/IOSIX Manoi TOMLMHbLI MOXKET Bbl3BaTb MOACAChIBAHWE HE3aAbIMIEHHOMO BO3AyXa
U3-nog AbIMOBOrO C/l0si, CO3/aBasi CUTyaLMio, HAMOMUHAIOLLYHO 3aKyMOpKY CTOKa BOAbl B BaHHOW. COOTBETCTBEHHO,
3aflayell paccpesoTOYEHUsI BO34yX03abOPHMKOB BEHTWUISTOPOB SIBMISIETCS YCTAHOB/EHUE YMEPEHHOW U OAHOPOAHOW
CKOPOCTW AbIMOYZaNeHns no BCEMY [bIMOBOMY CJ10t0.

Ta6nuua 3.5 YpaBHeHust Ansa pacyera CBOWCTB AbIMOBOIO CJ10Si

MapameTpbl HeperynupyeMble BeHTUASILMEN NoXapbl PerynupyeMbie BeH-
CrauMoHapHble noxa- KBapgpaTuuHble no)apbl TUNSILMEN noXkapbl
pbl
AT To{[exp(Qn/Qo)] -1} To{[exp(Qn/Qo)] -1} [60(1 - %1)Qc)/(PocpV)
D (DmQY)/[x«AHA(H = 2)] (Dmot®)/[3xAHAH - 2)] (60DmQ)/(x=AHV)
Yi (fiQt)/[poxoAHA(H — 2)] (fioe £3)/[3poxoAHA(H — 2)] (60fiQ)/(pox«AHV)
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A — nnowaab ropusoHTaNIbHOMO NOMNEPeYHOro CeYeHNs noMeLLieHuns, M2;

G, — yAenbHast TeENNoéMKoCTb, KIX/kreC;

D = [ 1og(Io/I), onTnyeckas nnoTHOCTb;

D DV/my— MaccoBas onTuyeckas niaoTHOCTb (M2/Kr), U3MepsieMasi B NMOTOKE, COLEPXKALLEM BECb [bIM M3 UCTbI-
TbiBaeMoro obpasua mMatepuana;

fi — K03 MUMEHT BblAENEHNS NPOAYKTOB ropeHust / (Kr MpOAyKTOB ropeHust i/Kr Tonnnea);

H — BbICOTa NOTOMKA, M;

AHc — TennoTta NosIHOro cropaHust, KIK/Kr;

Q- CKOpOCTb BblAeNeHNs Tensa npuy noxape, KBT;

Q- — KOHBEKTMBHas A0Ns CKOPOCTU BblAeneHns Tenna, KBT;

Qn = I(1 - x1)Qat;

NS CTaunoHapHbIX noxapos: @, = (1 - y1) Qf x;
ANS KBaApaTUYHbIX noxapoB: Q, = (1 - y1)at3/3, Ox;

Qo = poCpToA(H — 2), Ox;

t — BpeMsi C MOMeHTa BO3ropaHus, C;

7o —abconoTHaa TeMnepaTypa oKpyxatolen cpeasbl, K;

AT—-noBblWeHWe TeMnepaTypbl AbIMOBOro cnos, °C;

V/ — 06BbEMHBIN pacxoq Bo3dyXa npy BEHTUAALMK, M3/MUH;

¥;— MaccoBasi oonsi NpoAyKToB ropeHus 7 (Kr NpoayKTOB ropeHus i/Kr abiMa);

Z — paccTosiHve OT Bepxa TOM/MBa A0 FPaHuLbl AbIMOBOrO Cfosl, M;

o — K03(hdULIMEHT poCcTa KBapaTUUHOro noxapa, [x/c3;

po — MIOTHOCTb OKPYXKaloLLEero Bo3ayxa, Kr/M3;

Za — KO3(OULMEHT MOSTHOTHI CrOPaHMsl C MaKCMMasibHbIM 3HAYEHMEM paBHbIM 1;

x1 — KO3(PULMEHT CyMMapHOiA TENIONOTEPU U3 AIMOBOIO C/1051 Ha rpaHMLAX aTpUyMa, MaKCMMaslbHOE 3HaueHue
- 1, MaKkcMManbHoe NoBbILLEHNE TeMNepaTypbl NPOU30AAET, ecn x1 = 0.

Bbicora ypoBHSI neEpPBbIX MPU3IHAKOB AbIMa NPy OTCYTCTBUN AbIMOYAASIEHNST

CTaLMOHEPHBIE [TOXKAPbI

[ns cTauMoHapHbIX MOXXapOB BbICOTA YPOBHS MEPBbIX NMPU3HAKOB AbiMa Hafj MOBEPXHOCTBLIO OTHS, Z, MOXET ObiTb
onpeaeneHa ans noboro 3HayeHus BpeMeHu, £, C UCMONb30BaHWEM ypaBHeHus (3); nMpu 3TOM, ecnu B pesyfbTaTe
PacYyé&TOB MOMYYNNOCH 3HaYeHne z/H > 1,0, 3TO 03HAYaEeT, YTO AbIMOBOW C/IOM elLé He Hayas onycKaTbCs.

QU3 H 3
A/H?

& ~111-0,28In a)

rae

Z — BbICOTa YPOBHS MepBbIX NPU3HAKOB AbiMa Haj NOBEPXHOCTLIO OTHS, M;

H —BbICOTa MOTOMKa Haj NOBEPXHOCTbLIO OrHA, M;

t — Bpems4, C;

Q — CKOpOCTb BblAENeHMs Tena Npu CTaumoHapHOM noxape, KBT;

A — nnowaab nNonepeyHoro Ce4eHMs NOMELLEHMS, 3ar0/IHAEMOro AbIMOM, M2,

YpaBHeHue (3) OCHOBaHO Ha 3KCMEpUMEHTAsIbHbIX AaHHBIX U3 UCCNEeLOBaHWM C UCMONb30BaHWEM OAHOPOAHbIX
nnowazei nonepeyHoro ceYeHMst OTHOCUTENBHO BbICOTbI CO 3HaYeHusaMK A/H B ananasoHe ot 0,9 ao 14 v ang 3Ha-
yeHuit z/Hf > 0,2. [JaHHOE ypaBHEHWE WCMOb3yeTcs ANs NPUMEHEHUS B Crlyyae Haubonee HebnaronpusTHOro cue-
Hapusi, OTHS BAANW OT BCEX CTeH. YpaBHeHWe AAET 3aBbllUEHHYIO OLEHKY OMAacCHOCTU, MOCKOSbKY Z OTHOCMTCS K BbICO-
Te YPOBHS MepBbIX NPU3HAKOB AblMa, @ He rPaHuULbl AbIMOBOrO COS.

HecraumoHapHbIe noxape!

OnyckaHme ypOoBHSI NMepBbIX MPU3HAKOB AblMa TaKXKe MOXET ObiTb OLEHEHO A1 HEKOTOPbLIX TUMOB HEeCTauMoHap-
HbIX MOXKapoB, HanpuMep, KBaapaTUYHbIX NOXapoB. Ha ocHoBe 6a30BOI TEOPUM U HEBOSbLUMX IKCNEPUMEHTANbHBIX
JlaHHbIX BbICOTa@ YPOBHSI NMEPBbIX NMPU3HAKOB [ibIMa Hajd MOBEPXHOCTbIO OTHS, Z, MOXET ObiTh OLIEHEHA Ha 3aAaHHbIN
MOMEHT BPEMEHWN B COOTBETCTBMM C YKA3aHHbIM HMXXE COOTHOLUEHUEM; Mpu 3TOM, €C/iM B pe3ynbTaTe pacyéTtoB nony-

yMNoch 3HadeHne z/H > 1,0, 3To 03HAYAET, YTO [bIMOBOM C/IOW ELLE HE HAYan OMyCKaTbCs.
-1,45

Z t
H t§/5H 4/5(A/H2)3/5

roe
Z — BbICOTa YPOBHS NEPBbIX MPU3HAKOB AblMa Haj MOBEPXHOCTbLIO OFHS, M;
H —BbICOTa MOTO/KA HAZ NMOBEPXHOCTLIO OTHsl, M;

t — Bpems, C;

t; — BpeMms pocTa, C.
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YpaBHeHue (4) OCHOBAHO Ha 3KCMEPUMEHTANbHbIX AQHHbIX U3 UCCNEA0BaHWUI CO 3HaYeHuaMU A/ B AManasoHe
oT 1,0 0o 23 v ang 3HaueHuit z/H > 0,2. YpaBHeHue (4) Takke OCHOBAHO Ha OAHOPOAHbIX M/OLWAASX MONepeYyHoro
CEeYEHMS C YYETOM BbICOThI. [JaHHOE ypaBHEHWE MCMONb3YETCs AN NPUMEHEHUS B Clydae Havbonee HebnaronpuaT-
HOrO CLieHapus, OrHS BAanW OT CTeH. YpaBHEHME TakKe AAET 3aBbllUEHHYH0 OLIEHKY OMacHOCTW, MOCKOJbKY Z OTHO-
CWTCA K BbICOTE YPOBHS NEPBbIX NMPU3HAKOB AbiMa, @ HE FPaHNLbl AbIMOBOrO CMOS.

Pacxoa maccel
YpaBHeHWs1, NpeacTaB/eHHbIE B ABYX Mpeablaylumx noapasgenax, NpurofHbl Ans OLEHKM MOSIOXKEHUS AbIMOBOIO

cnosi B 1060 MOMEHT BpeMeHW Mocie BO3ropaHusi. [ CTauMoHapHOro noXapa CyMMapHbI pacxo Macchl, Heob-
XOAVIMbIVI ana noaaepXxXaHus NOCTOSAHHOW CKOpPOCTHU BblaeneHna tenna 3a OHDEAGHéHHbIVI nepunoa BpeMeHu, MOXeT
6bITb ONpeaenéH cneaytowmm 06paszom:

roe

m — CyMMapHbI pacxoj Macchl TOMMBA, Kr;

Q — CKOpOCTb BbifeneHus Tennaa npu noxape, KBT;
At — NpoAoMKUTENBbHOCTb NOXapa, C;

H: — TennoTa cropaHusa Tonnmea, KIx/Kr.

[ns KBaApaTMYHOro MoXkapa CyMMapHbIii pacxod Macchl 3a KOHKPETHLI Nepuo BPEMEHM MOXET 6biTb onpeae-
NEH Ha OCHOBE ypaBHeEHUS:

333At3
M= ——

(6)
2
H. tg

roe

m — CyMMapHbI pacxoA Macckl TOMMBA, Kr;
At — NpoAoMKNTENBbHOCTb NOXapa, C;

H: — TennoTa cropanusa Tonnmea, KIx/Kr;
T4 — BpeMs pocTa, C.

Paz/inyHble reoMeTpuyeckue XapakTepUCTUKU MONEPEYHBLIX CEYEHMI U CIIOKHBIE [EOMETDUHECKUE XapPaKTEPUCTH-
K
YpaBHeHus (3) un (4) OCHOBaHbl Ha 3KCMepUMEHTax, NPOBEAEHHbIX B OAHOPOAHbIX NIOWAASX MONepeyHoro ceye-
HUSA. Ha npakTuke npu3Haértcs, YTO OLEeHMBAEMble NPOCTPAHCTBA He BCerAa UMEIOT MPOCTY0 OAHOPOAHYIO FeoMeT-
puio. Ha onyckaHue ypoBHS MepBbIX NPU3HAKOB AbiMa B Pa3HbIX MOMEPEYHbIX CEYEHUSAX WK CIIOXHbIX reoMeTpuye-
CKWMX MPOCTPAHCTBaX MOryT OKa3aTb TaKue YC/I0BUS, KaK HaK/IOHHbIE MOTOSIKM, U3MEHEHUS B Nowwaasx nonepevyHoro
ceyeHuns B NMOMELLEHNN U BbICTYMaKoLLME YacTU Ha NyTu BOCXOAsILLEN CTPyW. B Takux HecTaHAapTHLIX Clydasix cneay-
€T pacCMOTPETb MPUMEHEHWE UHBIX METOAOB pacyéTa, KOTOpble Pa3MYaloTCs NO CTENeHU C0XKHOCTM, HO MOTyT 6biTb
Mosie3Hbl Npy paboTe CO CIIOXHBIMU Y HEOAHOPOAHLIMM FEOMETPUYECKMMMU XapaKTEPUCTMKaMU NMOMELLEHWIA:
(1) MacwTtabHble Mogenn (cM. rnogpasgesisl «MaclTabHoe MOAE/TNPOBaHNE» U «38KOHbI MacLLTabuposa-
HUS»),
(2) Mogenu BbIMUCIUTENBHON MTMAPOANHAMWKN (CM. OfHOUMEHHBIN TO4PA3AEN);
(3) BuaomsMeHEHHbIe 30HHblE MOAENU:
30HHas Mofenb, OCHOBaHHAsi Ha 3aroSIHEHUW AbIMOM MOMELLEHNS C OAHOPOAHBLIMM FEOMETPUYECKUMUN XapaK-
TEPUCTMKAMK MOMEPEYHOro CeYeHusi, NOABEPraeTcsl M3MeHEeHUsIM C YY4ETOM M3MEHEHHbIX Molajei norne-
PEeYHOro ceyeHust NPOCTpaHCTBa. MICTOYHMK BOBAEYEHUS BO34yxa MOXET ObiTb N3MEHEH C YY4ETOM NPOrHO3U-
PYEMOrO YBENWYEHUS| UM COKPALLEHUSI BOBJIEYEHUSI BO34yXa BCMEACTBME FEOMETPUYUECKMX XapaKTepUCTUK
MOMELLEHUS], TaKMX, KaK BbICTyMNatoLme 31EMEHTI;
(4) KoMmnnekcHbli aHanms:
PacuyéT nomelLeHunii HepaBHOMEPHOW (hOPMbl MPOM3BOAWTCS MPU MOMOLUM ypaBHeHUN (3) u (4) C NpUMeHeHW-
€M MaKCMMasbHbIX, MUHUMaJbHBIX U MPOMEXYTOUYHBIX 3HAYEHWIA BbICOTbI MOMELLEHMS], BbIYMCISIEMbIX MO Feo-
METPUYECKMM XapaKTEPUCTUKAM MOMELLEHNS B COOTBETCTBUM C 3KBUBASNIEHTHBIMU MEOMETPUYECKUMWN Xapak-
TEPUCTUKAMK BbICOTbI Unn 06bEMa.
bonee noapobHy0 MHGOPMaUMIO CMOTpUTE B Noapasaene «Pacuér ans noMelleHui CIOXHBIX reOMETPUYECKUX
¢opm» pasgena «CnpaBoyHas nHdopmauns».

Mono>xeHne rpaH1LUbl AbIMOBOIO C/1051 NpU paboTe AbIMOBLITMKHbIX CUCTEM

MaccoBbiif pacxos yaansemMoro AbiMa paBeH MacCOBOMY pacxogy NocTynaroLero AbiMa

Mocne TOro, Kak cucrtema AbiMOoyaaneHus npopa60Tana 3HaUUTENbHbIN nepuoa BpPEMEHU, rpaHuua AbIMOBOIro
Cnosa AOCTUra€T paBHOBECHOIO MNOJIOXKEHUA, MaccoBbIl pacxod yoansemMoro AbiMa paBeH MaCCOBOMY pacxoay AbiMa,
noctynatoulero n3 CTpyn B OCHoBaHne AbIMOBOIO CJ10S. Mocne TOro, Kak 3TO MonoXeHue 6y,qu AOCTUrHYTO, €ero cne-
AYET noaaep>XnBaTb Ha NPOTSAXXEHUN TOro0 BPEMEHU, NMOKa MaCCoBble pacxoAbl OCTAlOTCA paBHbIMU. MaccoBbii pacxon
AblMa, NOCTynatowero B OCHoBaHMeE AbIMOBOIO CN0A MpU pa3HbIX KOHCerypaLl,MﬂX CTpyHn, onncaH HWXXe B noapasaene
«MaccoBasi CKOpPOCTb .U,bIM006p33OBaH na»,
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MaccoBbi¥ pacxog yaaisseMoro AbiMa He paBeH MacCoBOMYy Pacxogy NnocTynarouero 4biMa

Ecnn MaccoBblii pacxos NOCTyrarowero AbiMa 6osblie yaansieMoro AbiMa, paBHOBECHOE MOJIOXKEHME rpaHULb
AbIMOBOIO C/osi AOCTUrHYTO He 6yaer. MoXHO oxuaaTb, YTO rpaHuua AbIMOBOro criosi 6yfet omnyckaTbCsl, HO C
MEHbLLEN CKOPOCTbO, YEM MPU OTCYTCTBUM AbIMOyAaneHus (CM. noapasaen «BbicoTa YpoBHS NepPBbIX NMPU3HAKOB Abl-
Ma npu OTCYTCTBMM AbiMOyAaneHus»). B Tabnuue 3.7.2 npeactaBneHa MHMOpPMaUMS O MOSIOXEHMM AbIMOBOrO C/lost
Kak (pyHKUMM BPEMEHW AN OCECUMMETPUYHBIX CTPYI NPU CTALMOHAPHBIX NoXapax C YC/IOBMEM HEPaBHbIX 3HAYEHUN
MacCoBbIX pacxoAoB. [nst Apyrux KOHPUrypaLmnin CTpym HEO6X0ANM KOMMbIOTEPHbIN PacyéT.

Ta6bnuua 3.7.2 YBennueHue BO BpeMeHM, Heo6XxoaMMoM Ans AOCTMKEHUS AbIMOBbIM C/10€M
Bbl6paHHOIo NOJIOYKEHUs!

t/t

z/ m/me= 0,25 0,35 0,5 0,7 0,85 0,95
H

0, 1,12 1,19 1,3 1,55 1,89 2,49
2

0, 1,14 1,21 1,35 1,63 2,05 2,78
3

0, 1,16 1,24 1,4 1,72 2,24 3,15
4

0, 1,17 1,28 1,45 1,84 2,48 3,57
5

0, 1,20 1,32 1,52 2,00 2,78 4,11
6

0, 1,23 1,36 1,61 2,20 3,17 4,98
7

0, 1,26 1,41 1,71 2,46 3,71 6,25
8

roe

Z — pacy€THas BbICOTa rpaHuLbl AbIMOBOMO COSt HaJ, UCTOYHWUKOM OrHS;

H — BbiCOTa NOTONKA HaA UCTOYHUKOM OTHS;

t — BpeMs onyckaHusi rpaH1ubl AbIMOBOrO C10s O YPOBHS Z;

to — 3HauyeHue t Npu OTCYyTCTBUM AbIMOYyAaneHus [cM. ypaBHeHue (3)];

M — MaccoBbli1 pacxoa AbiMoyAaneHust (MMHYC MaccoBblii pacxos B AbIMOBOM C/IOM U3 APYrMX WCTOYHMKOB, MO-

MUMO CTpyM)
Me — 3HayeHVWe m, HeobxoanMoe AN COXPaHEHWUS rPaHuLbl AbIMOBOMO C/10S1 HA YPOBHE Z HEOrpaHWYeHHoe KO-
JIM4ECTBO BpeMeHu [cM. ypaBHeHue (8)].

MaccoBasi CKOpOCTb AibiIMOO6pasoBaHus

BbicoTa rpaHuLbl AbIMOBOMO C/I0S1 MOXET MOAAEPXMBATLCS HA MOCTOSIHHOM YPOBHE NOCPEACTBOM yAasneHusl Tako-
ro »Ke MaccoBOr0 pacxoAa U3 AbIMOBOMO C/l0sl, KaKoi MOCTYNaeT B HEro M3 CTpyu. MaccoBbIvi pacxod, noCTymnatoLmii
CO CTPYEW, 3aBUCUT OT KOH(Urypaummn AbIMOBOW CTpyW. B IaHHOM pyKOBOACTBE pacCMaTpMBAKOTCS TpU KOHMUrypa-
unm cTpyn. Bo3ayxo3abopHMKIN BbITSHXKHBIX BEHTUISTOPOB A0/KHbI 6bITh NogobpaHbl Mo pa3Mepy v pacnpeaeneHbl Mo
NMOMeLLEeHMIO TakuM 06pa3oM, YTobbl CBECTU K MUHMMYMY BEPOSITHOCTb TOro, YTO BO3AYX M3-NoA AbIMOBOroO crios by-
JET 3acacbiBaTbCA CKBO3b AbIMOBOM COM, 06pasysl sBNieHNe, Ha3biBaeMoe «3(hdEKTOM MpoKasbiBaHUs». [Nns 3Toro
CKOPOCTb B BbITSXKHOM BO34yx03ab0OpHMKE He A0/MKHA NPEBbLIWATb TO 3Ha4YeHUe, Nocsie KOTOPOro HauYMHaEeTCs noaca-
CblBaHMe He3aabIMEHHOro BO3a4yXa B AbIMOBOW C/TON.

OcecuMMeTpuYHbIe CTPYH

Mpeanonaraercs, 4To OCECMMMETpUYHAs CTpys (CM. puc.3.8.1) NPOUCXOAMT OT OrHsl, BO3HUKAIOLLEro Ha nosy at-
pyuyMa BAanM OT BCEX CTEH. B 3TOM C/lydae MpOMCXOAUT BOBMIEUEHME BO3AyXa CO BCEX CTOPOH U MO BCE BbICOTE
CTPyV [0 YPOBHSI, Ha KOTOPOM CTpPysi pacTBOPSIETCS B ALIMOBOM CJI0€.
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Puc. 3.8.1 OcecuMmMeTpuuHas cTpys

MaccoByto CKOPOCTb AbIMOO6Pa30BaHMS MOXHO OMNpPEeAe/MTb, OCHOBbIBAsiCb Ha CKOPOCTU BOBJIEYEHHOMO BO3AYyXa,
NMOCKOJIbKY KOMMYECTBO NPOAYKTOB rOPEeHMsl, BO3HUKAKOLWMX NMPKU NOXape, Kak NpaBuio, HAMHOMO MeHbLUe CKOPOCTU
BO34YyXa, BOB/EKAEMOro B CTpY!o.

CyLLEeCTBYET HECKONbKO YPaBHEHMIN ANt OCECUMMETPUYHBIX CTPYM. MpeacTaBneHHbIe Aanee ypaBHEHUS! NpuBeae-
Hbl Ha ocHoBe cTtaHaapTa NFPA 204 «PykoBOACTBO MO NPOTMBOALIMHOM M TENMOBOW BeHTUNauum» [40]. Bo3aeicTaus
rMNOTETUYECKOrO UCTOYHUKA HE YYUTBLIBAETCS, NMOCKOMbKY OHM OObIMHO Manbl Npu NOAOO6HOM MPUMEHEHWUU, N A0 CUX
Mop WX MOXHO 6blJTI0 AOCTAaTOYHO TOYHO CMPOrHO3MPOBaTh TOSILKO A/t MOXapPOoB nponunea. OnpeaenuTb NpeaenbHblii
YPOBEHb, COOTBETCTBYIOLLMNIA NPUBIM3NTENBHO BbICOTE CBETOBOMO MIaMEHM, MOXHO C NMOMOLLbIO YPABHEHUS:

7, =0166Q7"° )
roe
Z] — npe,qeanaﬂ BbICOTa I'IJ'IaMeHVI, M;
Qc— KOHBEKTMBHasi TENI00TAAYa Npu noxape, KBT.

MaccoBbIi pacxoa CTpyw, /1, Haa NpeaesbHbLIM YPOBHEM PAacCUUTLIBAETCSA HA OCHOBE CNEAYIOLLEro YpaBHEHUS:
m=0,071Q"*2"*+0,0018Q, (z>2) ®8)

roe
/M — MaccoBblii Pacxof B CTPye Ha BbICOTE Z, Kr/C;
Z — BbICOTa HaA TOMNBOM, M.

MaccoBblit pacxoa CTpyu noa A3bikaMu niaMeHN onpeaensaeTcsad Ha OCHOBE YpaBHEHUSA:
m=0,032Q”°z  (z<z) 9)

MaccoBbIi pacxoa, NOCTynatowWwmin co CTPYEn B AbIMOBOM C/IOW, NOACHUTHIBAETCS Ha OCHOBE ypaBHeHUs (9), ecnu
UYMCTast BbICOTA MeHbLUE BbICOTbI M/aMeHu [CM. ypaBHeHue (7)], B OCTanbHbIX Cly4asx - Ha OCHOBE ypaBHeHus (8).
YncTas BbICOTa NPUHMMAETCS 3@ PACHETHYIO BbICOTY rpaHMUbl AbIMOBOMO CNOSt HAZ4 MCTOYHWKOM OrHS.

Cnepyet OTMETUTb, UTO YpaBHeHus (8) v (9) HanpsMyl0 HEe YUYMUTLIBAIOT TUMbl FOPSALLMX MaTeEpPUanoB Npu noxape,
a /MLb OMOCPEeOBAHHO — Yepe3 CKOPOCTb BblAENEHUs Tenna. ITO CBS3aHO C TEM, YTO MacCOBbIM PacXof BOBJIEKae-
MOro BO3AyXa 3HaunTenbHO 60sbLue MaccoBoro pacxoda obpasyeMblX MPOAYKTOB FOPEHUst U C TeM, YTO KOIMYECTBO
BOB/IEKAEMOrO BO3AyXa SBMSIETCS NMLb (PYHKLMEN MOLHOCTH, T.€. CKOPOCTW BbIAENEHNS TENIA NPU NoXxape.

OroHb MOXET HaxoAMTbCs Y Kpast unn B yriy cBob6oAHOro NpocTpaHcTBa. B TakoMm criyyae BoBneyeHue BO3gyxa B
CTPYIO MOXET NPOUCXOAUTb HE CO BCEX CTOPOH CTPYW, YTO NpMUBEAET K MeHbLUEMY AbIMOO6pa30oBaHuUio, YeM B Ciydae,
KOrza BOB/leYeHue BO3AyXa NPOMCXOAUT CO BCEX CTOPOH. TakuMm 06pa3oM, 3aBbllUeHHble pacqéTbl AO/MKHbI OCHOBbI-
BaTbCS Ha AONYLIEHMM, YTO BOB/IEYeHME BO34yXa B CTPYIO MPOMCXOAUT CO BCEX CTOPOH.

MNpuMeyaHue.

McnblTaHus CTauMoOHapHbIX NOXapoB METOAOM (DM3MUECKOr0 MOAEIMPOBaHWSA NOKasann, YTo ypaBHeHue (8) paér
[OBOJIbHO TOYHYK OLIEHKY MacCOBOTO pacxoja AbIMOBOWM CTpyu AJisl CUCTEMbl MPOTVMBOABIMHOM 3alUWTbl aTpUyMOB,
paboTatoLLein NpyM paBHOBECHLIX YCIOBUSX. Pe3ynbTaThl Takke Mokasanau, YTo AbIMOBOM CIOM Bbl1 CUABbHO CMELLaH-
HbiM. CpeaHsis TemnepaTypa B AbIMOBOM Cfloe MOXET 6blTb NpubnuanTenbHO BbipaXkeHa Npu NoMowm agnabatuye-
CKOro pacyéta TemnepaTypbl CTPYM Ha BbICOTE FPaHuLbl AbIMOBOrO Criosi [CM. ypaBHeHue (13.25) B rnaee «[MpuHUK-
Mbl NPOTUBOALIMHOM 3aLUMTbI aTPUYMOB>].

Mpn paBHOBECHBIX YCOBUSX BbICOTa z B ypaBHeHWUM (8) 0603HayaeT MonoXeHne rpaHuubl AbIMOBOrO CNos Haj
YpoBHeM ropeHusi (puc. A.1.4.6). Hxe rpaHvubl AbIMOBOrO C/IOSi HAXOAWUTCS MepexofHas 30Ha. Ana achdekTUBHOM
paboTbl CUCTEMbI MPOTUBOABIMHOMN 3alMTbl ryGMHA NEPEXOAHON 30HbI A0JHKHA COCTaBAATb NpubnmsuTenbHo 10% ot
BbICOTbI aTpuyMa. TemnepaTypa v Apyrve napameTpbl AbiMa B MEPEXOAHOW 30HE CHWMXAOTCS JIMHENHO MO BbiCOTE
MeXay rpaHULEN AbIMOBOIO C/lI0St U HUXKHEN MPAHULIEN NEPEXOAHOM 30HbI.

CTpyH, npoHukKarowme ¢ 6asiKkoHa
PacTtekatowasica 6ankoHHas CTpys — 3TO CTpys, KOTopas npoTekaeT nog 6ankoHoM, ormbaer ero, 4To CO34aET
Bne4vyaTtneHue, 6y,CI,TO OHa pacCTeEKaeTcsa C CaMoro 6aﬂKOHa, N NOAHUMAETCA KBEPXY. CLl,eHapMM C pacTreKkatowmmncs
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6aNIKOHHLIMU CTPYSIMM BKJTIOYAIOT B ceBsi AbIM OT OrHSI, AOCTUraloWMi NnoToska, 6ankoHa uian Apyroro ropusoHTasb-
HOrO BbLICTYNa 3HaYUTENbHLIX Pa3MepPOB, @ 3aTeM pacTeKaloLlerocs ropusoHTanbHO 0 Kpasi «bankoHa». CBOMCTBa
obpasytoLLelics B pe3ynbTaTe 3TOro pacTekaroleicst 6anKoHHON CTPYM 3aBUCST OT XapaKTepUCTUK noxapa, WWpWHLI
pacTeKaloLLeicsl CTpyM M BbICOTbI MOTONKA HaA OrHéM. Kpome TOro, BaXKeH MyTb FOPU3OHTaNIbHOTO NepeMeLleHus
AbIMa OT OCEBOWN NUHWUK CTPYM [0 kpas 6ankoHa.

YpaBHeHus (13.17, 13.18) v pucyHkm (puc.13.8), kacatolmecs CTpyid, NPOHMKaLWMX ¢ 6ankoHa, CMOTpUTE B 0A-
HOMMEHHOM pa3gene rnasbl «[1pyHLUMNBI NPOTUBOABIMHON 3alUMThbl aTPUYMOB».

OKOHHbIE CTPpyH

CTpyw, BbiTeKalowwyme U3 NpoEMOB B CTeHax, ABEPHbIX WM OKOHHbIX, B 60MbLIoe nomelleHve, ceoboaHoe npo-
CTPAHCTBO Ha3blBalOT OKOHHbIMK CTpysMu (cM. puc.3.8.3.1). YpaBHenus (13.19-13.23) un pucyHkn (puc.13.9), kaca-
tOLIMECS OKOHHBLIX CTPYW, CMOTPUTE B OAHOMMEHHOM pasgene rnasbl «[pUHUMMbBI NPOTMBOABIMHOM 3aLMTbl aTpu-
YMOB>.

)

Bua cboky Bua cnepeaun
Puc. 3.8.3.1 OkoHHas cTpyn

WinpuHa cTpym
o Mepe TOro, KaK CTpys NOAHUMAETCS BBEPX, NPOMCXOAUT BOBJleYeHMe BO34yXa B Heé, 1 oHa pacwmpsetcs. Kak
npaBuno, obLLIMIA AMAaMETP CTPYWM MOXET BbITb paccymTaH no dopmyne:

d=K,z (10)

roe

d — puameTp CTpym, M;

Z — BbICOTa, M;

Ky — nocTosiHHas anameTpa.

MocTosiHHas anameTpa MoxeT BapbupoBaTtbcs oT 0,25 o 0,5. PekomeHayeTcs BbibupaTb Takoe 3HauyeHue K,
YTO6bI UTOrOBbIE BbIYNCIIEHUS BbIN 3aBbILIEHHBIMM:
(1) Kz =0,5 NpMBOAMUT K 3aBbILLEHHON OLIEHKE KOHTAKTa CTPYM CO CTEHaMW;
(2) Kz =0,25 NpMBOANT K 3aBbILLEHHLIM OLIEHKaM Mpu y4éTe 06Hapy>XeHUsl AbIMOBOI CTPYM C MOMOLLbIO Ae-
TEKTOPOB JIy4EBOro TMna.

Temneparypa cTpymn
WMHdopMaumio o cpeaHelt TemnepaType CTpyu v TemnepaType CTPyM MO OCEBOW IMHUM, @ TakXXe COOTBETCTBYIO-
Wwye ypaBHeHust (13.25 u 13.7) cmoTpuTe B rnaBe «MpUHUMIbI MPOTUBOALIMHOW 3aLLUThl aTPUYMOB>.

KosnmyecrBo BbITS)KHBIX OTBEPCTHIH

WMHbopMaumio 0 pacyéTe KOMYECTBa BbITSHXKHLIX OTBEPCTMIM M COOTBETCTBYHOWME YypaBHeHusi (13.40-13.43)
CMOTpWTE B OAHOMMEHHOM noapasaese rnasbl «MpUHUMMLI NPOTUBOABIMHOMN 3aLUMTbI aTpUyMOB>.

YpaBHeHus anst pacuéta «addekTa npokasnbiBaHWs» NepBoHaYanbHO pa3pabaTtbiBanunch AN pacyéra OTBEpCTUi
€CTECTBEHHON BeHTUNsAUMU. OHM Takxke MPUMEHSIIOTCS NS pacyéTa CUCTEMbl MEXaHWYECKOro AbiMoyzaneHus. Yuc-
NeHHble K03 dUUMEHTDI, BKIIOYEHHble B ypaBHeHus (13.40) u (13.41), aaHbl ¢ pacyéToM, YTO BbITSXKHbIE OTBEPCTUS
pacronoXeHbl 6IM3K0 K CTeHe. Mpu pasMeLLeHUM BbITSHKHBIX OTBEPCTUIM 6/vpke K LIEHTPY pe3epByapa AbiMa, MOryT
MCMONb30BaTLCS KO3I(POULMEHTBI C 6OBLUMMK 3HAYEHVSMU.

HecMoTpsi Ha TO, YTO AaHHble ypaBHeHUs! BbinK pa3paboTaHbl s eCTECTBEHHOW BEHTUNSALMK, UCCNEeA0BaHUS My-
TEM (DM3NYECKOr0 M YMCIIEHHOrO MOAENMPOBAHUS NMOKa3anu, YTO OHU TaKXKe NPUIroAHbl AN CUCTEM MEXaHNYECKOro
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AbIMOyAaneHns. B nccnenoBaHUaX MCMonb30Bannch hU3NMYECKME MOAENWN BbICOTOM 5,5 M 1 12,2 M ¢ 06bEMHBIM pac-
X0A0M A0 25 M3/C Ha KaXXA0e BbITSHXKHOE 0TBEpCTME (MPU CpedHel CKOpOoCTM AbiMoyAaneHus yepes oteepcTve Ao 30
M/C). Pe3ynbTatbl pun3nyeckoro MoaenmMpoBaHnsa yKasblBaloT Ha TO, YTO rnybuHa AbIMOBOrO CNos MOXET 6biTb CHU-
XeHa npubnusutenbHo Ao 10% OT YMCTOM BLICOTbI MPU UCMONBb30BaHMM HECKOSIbKUX BbITSKHBIX OTBEPCTUM C LIEbIO
MUHUMU3NPOBATb MAcCOBbIN/OOBEMHBIA PAcXod Ha KaXXAoM OTAE/IbHOM BbITSXKHOM OTBEPCTUMW. MccneaoBaHUs MeTo-
[IOM YMC/IEHHOIrO MOAENMPOBAHMS NMOKasanu, YTO pe3yNbTaTbl MOXHO MacliTabupoBaTh M ANns 6onee BbICOKUX aTpu-
YMOB.

YBENNYMB KOSIMYECTBO BbITSXKHbIX OTBEPCTUM, MOXHO CHM3UTb CKOPOCTb AbIMOYAANEHMS Yepe3 Kaxaoe OTBep-
cTve. Hanbonblas 3pheKTUBHOCTb GU3NYECKON MOAENN BbITSXKHOM CUCTEMBI 6blla NOMYYEHA NPY CHKEHUU CKOPO-
CTn yepe3 otBepcTie Ao 10 M/c n bonee. Takke pekoMeHAyeTcs, YTOObl OTHOLWEHWE FNy6uHbI AbIMOBOrO C0s K
AVaMeTpy BbITSXKHOrO oTBepcTust (d/D) nNpeBbilwano 3HayeHue 2 (a1s NPSIMOYrofbHbLIX BbITSXKHLIX OTBEPCTUI CleayeT
npuMeHsiTe dopmyny D = 2 abl/(a + b), rae a v b SBNSIOTCA ANVHOM U LUMPUHOMN BbITSXKHOrO OTBEPCTUS). B TakoM
C/lyyae, CKOPOCTb MOTOKA B HWXKHEM CJI0€ MEPEXOAHON 30Hbl, MPOM3BOAUMOrO BbITSKHOM CMCTEMOM, ByneT cyule-
CTBEHHO HUKE CKOPOCTM Yepes BbITSXKHOE OTBEPCTME, M AOMUHUPYIOLMIA NOTOK ByAET HanpaBieH U3 AbIMOBOro C/los
K BbITSDKHOMY OTBEPCTUIO.

MonbITKM COKpaTWUTb FNYOUHY AbIMOBOIO C/10S A0 YPOBHSI MEHbLUE MUHUMASIbHOM FyOuHBI MPpY MOMOLUM BbICOKOM
BbITSDKHOW CKOPOCTW OKasanucb 6e3ycrelwHbiMi. B 3TOM criyyae cucTeMa AbIMOyAaneHusl Bbi3blBAaeT CMELLUMBaHWE
XOSI0AHOMO BO34yXa C AbIMOBbIM CNOeM. [bIMOBON CNOW OX/1aXKAAETCS W CTAHOBUTCS 6osiee paspsiKeHHbIM, HO ero
rnybuHa ysennumnsaetcs.

25

—— T= 5°C ’ &
g | eeeseene T= 10°C by
8 20 —--=-T=25C /1y
S5 | ee—— T= 50°C 4
o A 2/
§ = 15+ —--— T=100°C /'/,'/
gz —— — T=125°C p /'/ .
= @ wpnre Ta1507C P d
% E l'/.'/ o/
5 o010 // / s
8 % 7 / A /,
s = Gl
L7
=

1 L J

FnybuHa AbiIMOBOro cnos (M)

Puc. A.3.9 Bausinne rny6muHbl U TeMnepaTypbl AbIMOBOIO C/10S1 HA CKOPOCTb AbIMOYAasIEHUS.

BrnvsHue rnybuHbl AbIMOBOrO /oS M TeMNepaTypbl AblMa Ha MakCUMasibHYHO CKOPOCTb AblMOYAaneHns npeacras-
neHo Ha puc.A.3.9. SPdEeKTUBHOCTb CUCTEMBI AbIMOYAANEHUS CTPEMUTENbHO PacTéT Npu yBeNUYeHUW rnybuHbl Abl-
MOBOIO C/1051 U B MeHbLLEN CTeneHu - Npy yBenMYeHun TeMnepaTypbl B bIMOBOM cfioe. ITU (haKTopbl B COMETaHUM CO
CHWXKEHMEM MACCOBOrO pacxoda AbIMa Mpu CHMKEHWUM 3HadyeHus z obecneyvBaloT MexaHW3M CaMOKOMMEHcaUuun cu-
CTeMbl AbIMOYAAneHus B aTtpuvymax. Bompochkl, pacCMOTpeHHble B AaHHOM MoApasgene, uMeloT 6onbluoe 3HaveHue
npu paboTte C cucTteMamu, B KOTOPbIX COMMACHO MPOEKTHbIM TpeboBaHMsM YncTas BbicOTa AOMKHA BbiTb MpsSMO noa
BbITSXKHbIM OTBEPCTUEM.

O6bEMHDbIN pacxopn
NHdopmMaumio 06 06bEMHOM pacxoae, a Takxke COOTBETCTByHOLee ypaBHeHue (13.27) cMoTpuTe B OAHOMMEHHOM
noapasgene rnasbl «MPUHLMMbLI NPOTUBOALIMHON 3aLUMUTLl aTPUYMOB>».

MakcuManbHasa CKOPOCTb Nogayu Bo3gyxa

CKOpOCTb MOAQYM OYMLLIEHHOIO BO3AyXa Mo nepuMeTpy 60Mbloro cBO60AHOr0 NpPOCTpaHCTBa HeobXxoaAMMO orpa-
HWYUTb AOCTATOYHO HM3KMMM 3HAYEHWUSMW, YTOGLI HE MPOUCXOAMSIO 3HAUUTESIBHOrO OTKIOHEHMSI AbIMOBOMN CTpyW,
KOTOpoe 6yAeT BbI3blBaTh YBENIMUYEHME CKOPOCTM BOBNIEUYEHUS BO3AyXa B CTPYIO WM NPUBEAET K HapYLUEHWIO FpaHu-
Ubl AbIMOBOro cnosi. OCHOBbIBasiCb Ha AaHHbIX 06 OTKMNOHEHWM MNaMeHM, PEKOMEHAYETCS MaKcMMasbHasi CKOpPOCTb
noaauv Bosayxa okono 1 m/c. B cnyyasx, koraa noaaep)KaHue YpoBHS rpaHuLbl IbIMOBOMO C/0s HAa OZIHOW BbICOTE He
ABNSIETCS LIENbIO NPOEKTUPOBaHMSI CUCTEMbI, HapyLIEHWe AbIMOBOM CTPyM M3-3a CKOPOCTM MOAAuM BO3AyXa MOXHO
CYMTaTb HE HaHOCSALWMM yuepba.

Tpe6oBaHMs K BCTPEYHOMY BO3YLWWHOMY MOTOKY

[ns npepoTBpalleHns NMPOHUKHOBEHUS B 6onblioe nomelleHne AbiMa, BO3HUKAlOLWEro B CMEXHOM MNMOMELLEHUN,
AbIMOyAanieHne B CMeXHOM MOMELWIEHUN AO/MKHO NMpOoM3BOAUTBLCA C JOCTATOUYHOW CKOPOCTbIO, YTObbI cpegHaa CKo-
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poCTb BO3AyXa B NPoéMe U3 6OoMbLLOro noMelleHns 6bina 6osblue MUHUMAnNbHOro npeaena. Mpeaen cpeaHeit CKopo-
CTU, V, MOXET 6bITb BbIUUC/IEH HA OCHOBE YpaBHEHUS, NPEANIOKEHHOTO XeCKECTaioM:

v=064gH(T, =T, /T, (11)

roe

V — CKOPOCTb BO3ayxa, M/C;

g— ycKkopeHue ceoboaHoro naaeHus (9,8 m/c?);

H — BbicOTa Npoéma, M;

Tr — TeMnepaTtypa HarpeToro AbiMa, K;

To— TemMnepaTypa OKpyxatoLleli cpeasl, K.

Hanpumep, npu H = 3,05 M, Tr= 347 K (3HauyeHUe, cUMTAIOLLEECS PEANIUCTUYHBIM AN NMOMELLEHUI CO CrpUHKIe-
pamn) n Tp = 294 K, npegenbHas ckopocTb paBHa 1,37 m/c. Mpu Tex xe ycnoBusix, HO ¢ 7r = 1166°K (3HayeHue,
CYMTAIOLLEECS! PeanMCTUYHBIM A5 MOMeLLeHnA 6e3 CNPUHKIEPOB) NpeaesibHas CKOPOCTb paBHa 3 M/c.

[ns npepoTBpaLleHnsl MPOHMKHOBEHMSI B CMEXHOE MOMELLEHNe AblMa, BO3HMKAOWEro B 60/bLIOM NOMELLEHNHN,
BO3JyX M3 CMEXHOrO NMOMeLLEeHUs JOMKEH NMoAABaTbCs C JOCTAaTOUHOW CKOPOCTbIO, UTODbI CPefiHssi CKOPOCTb BO3AyXa
B Npoéme, BeaylleM B 60/bLIOe MOMeLleHne, bbina bonblue MUHMMaNbHOrO Npeaena [T.e. npeaena cpeaHein CKopo-
CTn (Ve) cornacHo ypaBHeHuto (12)]. MoXHO BblAENWUTb ABa C/lydasi. B ogHOM criyyae, NpoéM, Beaylwmii B CMeXHoe
noMmelleHne, pacrnonaraeTcs Hwke ypOBHS rpaHuubl AbIMOBOrO C/i0si, U CMEXHOe MOMeLLeHne noaBepraeTcs Bnus-
HUIO AbIMa OT CTPyM Y Kpas nepumeTpa cBO6OAHOro MpocTpaHcTBa. B TakoMm cnyvae npeaenbHash cpeaHsisi CKOpoCTb
MOXET 6bITb BbluMCeHa No dopmyne:

3
v, =0,0571Q/ Z] (12)
rae
Ve — NpeAenbHas CpeaHsst CKopocTb, M/C;
@ — CKOpOCTb BblAeneHus Tenna npy noxape, KBT;
Z — paccTosiHMe OT OCHOBaHWUS OrHS A0 HM3a Npoéma, M (cM. puc.3.13.2).

MpenenbHas cpefHsisi CKOpoCTb (Ve) HE AO/MKHa npeBbiwaTtb 1 M/c. [laHHOe ypaBHeHWe He creayeT MpPUMEHSITb,
koraa z < 3,05 M. B gpyrom cnyyae, Npoém, BeayLwmin B CMEXHOE MOMELLEHWE, PacnoslaraeTcs Bbille YPOBHS rpaHu-
Ubl ABIMOBOrO C/l0sl, M Torda AN BbIUUC/IEHWUS MpeaesibHOM CpedHeil CKOpOCTU UCMonb3yeTcs ypaBHeHue (12) (c
YCNOBUEM V = V), rae Tr— Tp aBnseTcs 3HadeHneM AT u3 t1abnuupl 3.5 n 7r= AT+ Ty

BonbLoe nomeleHne

N

CMexHoe nomelleHue

—~ N

i |

Y

Puc. 3.13.2 NaMmepeHMne pacCcTosiHUS OT OCHOBaHMS OrHSA A0 HM3a Npoéma

OBOPYAIOBAHMUE U 3JIEMEHTbI YINPABJIEHUA

Mpw BbIGOPE CUCTEMBI MPOTUBOABIMHON 3aLLUMTLI HEOBXOAMMO YUMTLIBATh AMHAMUKY, MIAaBYYECTb, CTPYIO M CTpa-
TUOUKALMIO NPU MOTEHLIMANBHOM MOXAPE, a TaKXXe LUMPUHY U BbICOTY 6O/bLLOTO NoMelleHus. Kak npaBuio, CUCTEMBbI
OTOMJIEHUS!, BEHTUIAILMM U KOHAMLMOHUPOBAHWS BO34yXa, CNPOEKTUPOBAHHbIE A/ 3TUX MOMELLEHWI, HE UMEIOT BO3-
MO>HOCTW WMCMOJIb30BaTbCs B KAUECTBE CUCTEM MPOTMBOABIMHOW 3aLUUTLI, M BEHTUISILMOHHBIE PELLETKM NoJaum BO3-
JlyXa v AbIMOYJaneHns pacrnosnoXeHbl HE B TEX MECTaX, rAe MoJOXeEHO AN1S CUCTEM NPOTMBO/LIMHOM 3alUuThl. B cBS3u
C 3TM, B BONbLUMHCTBE C/yYaeB criefyeT pacCMOTPETb BOMPOC YCTAHOBKM CrieLMaM3MpoBaHHON CUCTEMbI NMPOTUBO-
[AbIMHOW 3aLLM1Tbl.

Mo AaHHBIM U3 OTUYETOB, HEKOTOPLIE CYLLIECTBYHOLLME 60/bLUIME NMOMELLEHNS, UMEIOLLNE CTEKNSHHBIE CTEHbI UK 3a-
CTEKNEHHYIO Kpbily, HarpeBatoTcsa Ao 93°C rnoa BO3AEMCTBMEM COSIHEYHBIX HArpy3ok. CTpouTesbHble MaTepuansbl,
PACroNIOXKEHHbIE B TaKMX 30HAX, AO/HKHbI O6bITb CMIOCO6HbI BbIAEPXXMBATL TAKWE YCIIOBUSI Harpesa.

BbITShHKHbIE BEHTUNATOPbLI
Heobxoaumo ﬂO,CI,O6paTb TAKME BbITAXHbIE BEHTUNATOPbI, KOTOPbIE CMOIyT dJYHKLlVIOHMpOBaTb B paC‘-léTHbIX no-
XKaPHbIX U AbIMOBbIX YCNOBMSAX. XOTS NP CMELUMBAHUN C OKPY>KatoLLMM BO3AYXOM MOXET NPOMUCXOANUTb 3HAaUUTENbHOE
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CHVDKEHWE TEMMEPATYPbI AbiMa, B HEKOTOPbIX Cllyuasix OroHb MOXET OKasblBaTb NPSMOE BO3AEWCTBME HAa 060pyaoBa-
Hue.

CucreMa nofaum OYMLLEHHOro Bo3ayxa

CamMbli1 MpoOCTON crnocob noaaun CBEXEro Bo3ayxa B NMOMELLEHNE — 3TO €ro MOCTYMN/IEHNE Yepe3 NPoéMbl, Beayllme
Hapy>Xy, Takue KakK ABEPW W BEHTU/ISIUMOHHbIE PELIETKU, KOTOPbIe MOryT OTKPbIBAaTbCS MPW aKTUBALMKU cucTeMbl. Ta-
Kune NpoéMbl MOTYT BbITb COOTHECEHBI C apXUTEKTYPHBIM MPOEKTOM M PaCcrosioXXeHbl B COOTBETCTBUM C TpeboBaHWUAMU
HMXXE PacUYETHOro ABIMOBOrO Ciosl. B MecTax, rae Takue NpoéMbl pacronaraTb HEMPAKTUYHO, CNeayeT pacCMOTPETb
BO3MOXXHOCTb YCTQHOBKM MEXaHMYEeCKOW BEHTUNSALMW. DTOW CUCTEMOM MOXET CTaTb W afanTUPOBaHHbIN MPOEKT Cu-
CTEMbl OTOMMEHUS, BEHTUNSILMM W KOHAMUMOHWPOBAHWUS BO3AyXa, €CAM MOLIHOCTM U CKOPOCTU CUCTEMbI, @ TaKKe
PACroNIOXKEHNE BbIMYCKHbIX BEHTUNSALMOHHBIX PELLETOK SBASIOTCA NOAXOAAWMMM. [ANA TaKUX CUCTEM HEO6XOAMMO
obecneunTb CpeacTBa, NpeaoTBpallaolne paboTy CUCTEM MoAaYM BO3AyXa A0 MOMEHTa, KOr[a BbITSXKHOW MOTOK
YCTaHOBUTCS, UTO6bI N36€XKaTh MOBLILIEHUS 1AB/IEHUS B 30HE MnoXapa. [Ana Tex MecT, rae cpeaa TakoBa, uTo yluepb
MOMELLEHMIO UMM €ro COAEPXKMMOMY MOXET OKa3aTbCsl 3HAUMTE/bHLIM BO BPEMSI UCMbITAHUIA WU YacToro C/ly4aiHoro
(bYHKLIMOHMPOBAHNUSA CUCTEMBI, CNEAYET PAaCCMOTPETb BO3MOXXHOCTb HarpeBaHUsS OUULLEHHOTO BO3ayXa.

CucreMbl ynipassieHusi

B ocHoBe nt0boii cucTeMbl MPOTUBOABIMHOM 3alUMTbI AO/MKHA 6bITb NpocToTa. CNoXHbIX CUCTeM cnegyeT u3be-
raTb, NOCKOJSIbKY C TaKUMW CUCTEMaMW MOXET MPOUCXOAUTb NMyTaHULA, OHU MOrYT ObiTb HEMPaBUIbHO YCTAHOBNEHbI,
HEKOPPEKTHO MPOTECTUPOBaHbI, UMETb HU3KUI YPOBEHb HALEXHOCTU, U UM MOXET BbiTb He obecriedeHo Heobxoau-
MOe TeXHWYeckoe 06CNyXnBaHe U PEMOHT.

CucteMa ynpaBnieHus [O/MKHaA NOMTHOCTbIO KOOPAVHMPOBATb B3aMMOBIOKMPOBKY U 06/1acTy B3aMMOAENCTBUS CU-
CTEMbl MPOTUBOABIMHON 3aLlUMTbl C CUCTEMOW, M3BELLAIOLLEN O noxape, CNPUHKIEPHON CUCTEMOM, CUCTEMOW OTOomMse-
HUS, BEHTUNAUMM U KOHAMLUMOHWUPOBAHUS BO3AYXa WU APYrMMM CONPSXXEHHBIMU CUCTEMaMM.

CpencTsa yrnpaBfieHWsi CUCTEMOW OTOMIEHUS], BEHTUMSALUMM U KOHAMLMOHMPOBAHWS BO3AyXa AOKHbI BKIKOYaTb B
cebsi pexuM NpPOTUBOALIMHOM 3alUMTbl, KOTOPbIA [O/MKEH OblTb CaMbiM MPUOPUTETHBIM Cpeay APYruX PeXuMoB
ynpaeneHus.

AKTMBaUMSI CUCTEMbI MPOTMBOALIMHOWM 3alUMThl AO/HKHA MPOUCXOAUTL HEMEANIEHHO MOCTEe MOMyYeHUsl COOTBET-
CTBytOLLEW kOMaHabl 06 akTuBauun. CUCTEMA MPOTMBOALIMHOM 3alUMThbl AO/KHA aKTUBMPOBaTb OTAESbHbIE KOMMO-
HEHTbI, Takue Kak KranaHbl U BEHTUNSTOPbI, B TOW NOCNeA0oBaTeNbHOCTH, KOTopasi HeobxoauMa Anst npeaoTBpalle-
Hus dusmnueckoro ywepba obopyaosaHuio. Takke cneayeT yaenuTb ocoboe BHMMaHWe ocTaHOBKe paboTbl 06opyao-
BaHUSI B HaA/eXalleM MopsiaKe, MOCKOSIbKY A0 OKOHYATENbHOM OCTaHOBKWM HEKOTOPLIX BEHTUISTOPOB MPOXOAWUT
60nblIOE KONMYECTBO BPEMEHW, W 3aKpbiTUE KIanaHoB MpW BO3AYLIHOM MOTOKE MOXET MpPUBECTU K CEpbE3HOMY
ywepby. CyMmapHOe BpeMs OTKMKa CUCTEMbI, BKOYas BpeMsi HeobxoanMoe Ha obHapyXeHue noxapa, Bblkoye-
HWe (yHKUMOHMpPYIOLLEro 0bopyaoBaHUs U aKTUBALMIO CUCTEMbl MPOTUBOABIMHOM 3alUMThbl, JO/HKHO YYUTLIBATH, YTO
cucTeMa O/MKHA BOMTU B PEXWM MOSIHOM paboToCNOCOBHOCTM A0 TOro, Kak YCNoBUS B MOMELLEHUW BbIMAYT 3a npe-
AeNbl PaCYETHBIX AbIMOBBIX YC/TOBUN.

Heobxoammo obecneunTb BO3MOXHOCTb NPOBEPKM KaX/AOW M3 CUCTEM, YTObbl yBeanTbCsl, UTO NPy akTUBaLUK Cu-
crema 6yaeT dyHKUMOHMPOBATb HOPMasibHO. MeToAbl M YacTOTHOCTb 3aBUCAT OT C/OXHOCTU U BaXKHOCTU CUCTEMbI.
MpoBepka MOXET BKtOYaThb B Cebsi:

(1) KOMMMEKCHY NMPOBEPKY 3NEeKTPONpPOBOAKW, 0D0OpYAOBaHUSI U YCTPOWCTB METOAOM CaMOAMAarHOCTUKM, KOTO-
pbiii BKtOYaeT obecneveHne MOMOXUTENBHOrO MOATBEPXKAEHUS NPU aKTMBaLMK, NEPUOANYECKOM TEeCTUPOBaHWUMN U
paboTe B peXuMe py4yHOro ynpasnieHus;

(2) npoBepKy HannuMsi paboyei MOLLHOCTU HMXKE BCEX Pa3pbiBOB LiEny;

(3) nonoxwuTenbHoe NOATBEPXAEHWE aKTUBALMKM BEHTUISTOPA NPU NOMOLLM AABNEHUS B BEHTUISLUMOHHOM KaHa-
ne, BO3AYLUHOrO MOTOKAa MM COOTBETCTBYIOLUMX AATUMKOB, cpabaTbiBalowwmx Npy noTepe paboyein MowwHOCTH; cboun B
pa3BoAKe Lenu ynpaBneHns Uiav Lenn 3HeprocHabXXeHns; orpaHnyeHns BO3AYLHOMO NOTOKa; OTKa3 peMHS, NpuBOA-
HOW MycbTbl MM CaMOTO ABUraTens;

(4) nonoxwuTenbHoe noaTBepXxAeHue paboTbl AbIMO3ALWMTHOIO KfaanaHa MyTéM YCTaHOBNEHWS KOHTakTa, mpwu-
GNMKEHUS UM MPU NMOMOLLM COOTBETCTBYIOLUMX AaT4MKOB, cpabaTbiBaloWwmx npu notepe pabouein MOLHOCTU WK
OKaTOM BO3AyXe; HEUCMPABHOCTU B LENW YNpaBieHus, LUenun SHepProcHabXeHus unm NHEBMONNHUAX; OTKa3 Npueoaa
[bIMO3aLLUMTHOrO KflanaHa, CoeAMHEHNA UK CaMOro AbIMO3aLLUMTHOMO KanaHa;

(5) apyrvie cpeactsa unm mMetoAbl (Npy HeobxoauMocCTy).

B nyHkTax (1) - (4) npMBeAeHbl HEKOTOPblE METOAbI, KOTOPbIE MOTYT MUCMO/Ib30BaTLCS Kak Mo OTAENbHOCTH, Tak U
B KOMOMHaumMn ans npoeepku paboTbl BCEX KOMMOHEHTOB yrnpasreHust n obopyaoBaHus. Hanpumep, MoxeT 6biTb
OCYLLECTBMEH TPAAULIMOHHBIN KOHTPOSb (3NEKTPUYECKUM METOAO0M) ANsi NMPOBEPKMU LeNOCTHOCTU MPOBOAHWMKOB OT
NPUEMHO-KOHTPONBHOIO NpMbopa CUCTEMbI MOXaPHOW CUrHaANMU3aLUMK K peflelHOMY BbIK/THoUaTesto, pacronoXkeHHOMY
Ha paccTosiHum 1 MeTpa OT BXOAHOrO YCTPOMCTBA CUCTEMbI YNPaBieHus], @ KOMM/IEKCHasi MPOBEPKA MOXET BbiTb Npo-
BEZ€Ha AN1s OLEHKU paboTbl OT BXOAHOMO YCTPOWCTBA CMCTEMbI YMPABMEHUS A0 XKEIAEMOr0 KOHEYHOMO pesysibTaTa.
Ecnn ncnonb3yloTcs pasHble cMCTEMbI AJ1S NMPOBEPKM Pa3HbIX KOMMOHEHTOB Lieny yrnpaBneHns U KOHTPOSMPYeMOro
obopyaoBaHus, UM U TOrO U ApYroro, TO KaXkaas M3 CUCTEM AOKHA YKasbiBaTb Ha ycnoBus c60s MO COOTBETCTBY-
IOLLEMY €/ CErMEHTY.

KoMnnekcHas npoBepka OTCNEXMBAET Kak 31eKTpuyeckune, Tak 1 MexaHn4eckne KOMMOHEHTbI CUCTEMBbI AbIMOYAa-
neHus. KomMnnekcHas NpoBepka AaeT MosioXWUTeNbHOE NOATBEPXKAEHUE, UTO XKeaeMblii pe3ynbTaT 6bi1 JOCTUMHYT B
TeueHve BPEMEHW, Koraa yrnpaBnsieMoe YCTPOUCTBO Obl10 akTMBMPOBaHO. 3aayun KOMMIEKCHOW NPOBEPKU BbIXOAAT
3a paMKu BbisiBNIEHWs] COOEB B LIEMU, B HUX BXOAWT MOATBEPAUTD, Bbl NN AOCTUIHYT XKeNaeMbli pesynbTaT (TO eCTb,
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BO3YLLUHbIN MOTOK WK MOMOXEHWE KnanaHa). TakuM o6pa3oM, MOAJIMHHAs KOMMJIeKCHasi NpoBepka TpebyeT cono-
CTaB/IEHMS XKeNaeMblX pe3ynbTaToB YHKUMOHMPOBaHUS C (haKTUUYECKMMM KOHEYHBIMU pe3y/ibTaTaMu.

Pa3pbiB B LIENW YNpaBieHUs, OTKa3 PEMHS BEHTUNIATOPA, Pa3MblkaHWe NpUBOAHON MydThl, 3aCOpEHNEe BO3AYLIHO-
ro ¢punbTpa, oTka3 ABuraTens WAM Apyrue aBapuiiHble YCNOBMWSI, KOTOpble MOryT MpensTCTBOBaTb HOpPMasibHOMY
(byHKLUMOHMPOBAHMIO, HE MOryT YKa3biBaTb Ha COOK, MOKa YNpaB/SIEMOE YCTPOMCTBO HE aKTUBMPOBAHO, CNeAoBa-
TENbHO, U3MEPSIEMbIN pe3yNbTaT B 3TO BPeEMsSi COOTBETCTBYET OXWMAAEMOMY pe3ynbTaTy. Ecnv kakoe-nubo ycnosue,
NpensTCTBYIOLLEE HOPMaSibHOMY (YHKLMOHUPOBAHMIO, COXPAHSIETCS B TeYeHMe nocreaylolein akTvBauum yCTpou-
CTBa, TOrAa AO/MKEH 6bITb 3adukcMpoBaH cOoM.

Py4Hoe ynpaBneHuMe BCEMM CUCTEMAMM AO/MKHO 0b6ecrneymBaTbCs U3 LIEHTPANM30BAHHOMO MyHKTA YMpaBlieHUs.
Takoe ynpaBneHne JO/MKHO 6biTb CNOCOBHbIM 6/10KMpOBaTh B3aMMOCBSI3aHHbIE 3/1IEMEHTbI, BCTPOEHHbIE B CUCTEMY,
HaxoAsLLYytOCs MO aBTOMATUYECKMM YNpaB/iEHWEM.

dnekTpocHabxeHne

CraHfapTHOe 3HeprocHabeHue ansi paboTbl CUCTEM KOHAMLMOHWPOBaHMSI BO3AyXa 06bIYHO GbiBAaET AOCTAaTOYHO
HaAéXHbIM ANs1 HecrneuMann3nmpoBaHHbIX CUCTEM 30HHOTO AbIMOYAAneHus. [N CUCTEM AblMOYAANEHUSt U CUCTEM
yrpaBneHnsi UMW CneflyeT pacCMOTPETb BOMPOC O TOM, CYLUECTBYET /I HEOBXOAMMOCTb B HaNMUMM UCTOYHWUKA pe-
3epBHOr0 MUTaHMS.

Marepwmansl, y3bl M geTanu o6opyaoBaHus

HeobxoanmMo BbIbpaTb MaTepuasbl BO34YXOBOAOB M CMPOEKTMPOBATb BO3A4YXOBOAbI Tak, UTOBbI OHM nepemeLlanu
AblM, 6bIN YCTOWUMBBIMU K AOMOSTHUTENbHOMY AABMEHWIO (KaK MOMOXWTENbHOMY, Tak U OTpULATENbHOMY) OT Npu-
TOYHBIX W BbITSHKHBIX BEHTUIATOPOB Npu paboTe B peXxmme AbIMOYAaneHnst U COXPaHsInM CBOK CTPYKTYPHYIO LienocT-
HOCTb B TeYeHue npeanonaraeMoro nepmoaa GyHKUMOHMPOBaHNS CUCTEMBI.

O6opynoBaHue (BKAKYasl, HO HE OrpaHMuYMBasiCb BEHTUNATOpPaMK, BO3AyXOBOAaMM M HanaHcupylowWmMMK Knana-
HaMW) [LO/MKHO MOAXOAUTb LeNsIM ero npeanosiaraeMoro MCnosib30BaHUS U TeMnepaTypaM, BO3AEUCTBUIO KOTOPbIX
OHO MOXET 6bITb NOABEPrHYTO.

UCINbITAHUA CUCTEM NPOTUBOAbIMHOU 3ALLNTDI

B AaHHOM paspene npeacTaBneHbl peKoOMeHAALUUM MO UCMbITaHWMI0 CUCTEM MPOTUBOABIMHON 3alwmThl. Kaxxaas cu-
CTeMa A0SKHa ObITb UCMbITaHa Ha COOTBETCTBME KPUTEPUSIM NMPOEKTUPOBaHMS. OnUCaHHbIe HIKE METOAbI UCTbITaHWI
noeneHbl Ha cneaylowme Tpy KaTeropum:

(1) ncnbITaHMA KOMMOHEHTOB CUCTEMBI;

(2) npyémMoyHble ncnblTaHus;

(3) neproanyeckne NCnbiTaHNs U TeEXHUYecKoe obcnyxmBaHue.

PekomeHpayeTcs, uTobbl MpeAcTaBUTENM 3aKa3umKa, NPOEKTUPOBLUMKA U HaA30pPHOMO OpraHa BCTPETUUCH Ha 3Ta-
ne MJaHMpOBaHWUs MpoekTa Ansi 0bMeHa uaesMu M 0bCyXAEHUS 3afa4 NPOEKTUPOBAHUSI CUCTEMbI NMPOTUBOALIMHOMN
3alnThl, @ TaKXKe COrnacoBaHusl KpUTEPUEB NPOEKTUPOBAHUSA CUCTEMbI N NMPOXOXAEHWUA SKCMyaTaUMOHHbIX UCMbITa-
HWA. Takoe cornacoBaHve NMoMoraeT NPeAoTBpaTUTb MHOMOUUCNEHHbIE MPO6EMbl, BO3HUKAIOLME B XOAE UTOrOBbIX
MPUEMOYHBIX UCTILITAHWUM, M NMOMOraeT NPOUTU NpoLeAypy CAauM 34aHWs B SKCMUTyaTaumio.

KoHTpaKTHast AOKyMeHTauus A0/MKHa BKIIOYaTh B cebs BCe NPUEMOYHbIE UCMbITaHUS, YTOObI BCE CTOPOHbI UMenn
YETKOe MpeacTaBfieHne O 3afja4ax CUCTEMbI, NpoLeaypax NPoBeAEHUS UCTIBITAHUI U KPUTEPUSIX UX MPOXOXAEHUS.

UcnbiTaHUA KOMMNOHEHTOB CUCTEMbI

3agayeit UCMbITaHWSi KOMIMOHEHTOB CUCTEMbI SIBNISIETCA MOATBEPANTL, YTO UTOroBasi YCTaHOBKa COOTBETCTBYET 3a-
[AaHHOMY MpoeKTY, YHKLMOHMPYET Haanexalmm obpa3oM 1 roToBa K NPOXOXKAEHMIO MPUEMOYHBIX UCMbITaHuiA. CTo-
pOHa, OTBETCTBEHHAsi 3@ NMPOBEAEHUE WCMbITaHWi, A0/MKHA 6biTb YETKO OMpeaeneHa A0 NMPOBEAEHUs! WUCTbITaHWiA
KOMMOHEHTOB CUCTEMBI.

Mepen HayanoM NPOBEAEHWS UCMbITAHWI CTOPOHA, OTBETCTBEHHasl 3a AaHHOE WUCMbITaHWe, AO/HKHa MPOBEPUTH
3aKOHYEHHOCTb CTPOUTENLCTBA 3[aHUS, BKIOYAa Cneaytowme apXuTekTypHble AeTanu:

(1) uenocTHocTb /06OK MEPEropoAky, MEPEKPLITUS WM APYroro 3feMeHTa, NpeAHasHaYeHHoro Asist
npeaoTBpaLLEHNS MPOXOXAEHWS AbIMa;

(2) npoTuBoONOXapHble Nperpaabl;

(3) ABepw 1 3anopHble YCTPOWCTBa;

(4) octeknenwue, orpaxgatoiiee 60sbLIOE NMOMELLEHNE.

McnbiTaHns B peasibHbIX YCNOBUSAX KaXAOro OTAENbHOrO KOMMOHEHTa CUCTEMbl AO/HKHO BbIMOMHATLCA MO Mepe
3aBEPLUEHNS €0 M3rOTOBNEHNUS. DTU UCNbITAHUS B PeasibHbIX YCNOBUSX, KaK NpaBuio, BbIMOSHAKOTCA pa3HbIMK Mpo-
U3BOAMTENAMM Nepes TeM, KaK NMPOUCXOANUT COeAMHEHNE KOMMOHEHTOB B €AMHYI0 CUCTEMY MPOTMBOAbIMHONM 3aLLMUTHI.
B nnucbMeHHOM BuAae AOMKHO BbiTb 3aPMKCMPOBAHO, YTO YCTAaHOBKA KaXXAOro OTAENbHOr0 KOMMOHEHTa 3aBepLueHa, v
KOMMOHEHT (YHKLUMOHUPYET HOpManbHO. McCMbiTaHMe Kaxaoro KOMMOHeHTa (BK/OYas Takue MnapaMeTpbl Kak CKO-
pocTb, 06bEM, KannbpoBKa YYBCTBUTENIbHOCTM, INEKTPUYECKOE HAMNpsHKEHWE U aMnepHas Harpyska) AO/KHO ObiTb
33/10KYMEHTUPOBAHO.

McnblTaHve AOMMHKHO BKIIIOYaTh Criefyiolme NoACUCTEMbI (C YUETOM TOM CTEMEHM, B KaKOW OHU BUSIOT Ha paboTty
CUCTEMbI MPOTUBOALIMHON 3aLLWTbI, MO0 OHa BIUSIET Ha HUX):

(1) cucTeMa NoOXXapHOW CUrHanM3auum;

(2) cncTtema ynpasneHust sHeprocHabxeHueM;

(3) cucTtema ynpasneHus 3aaHveM;
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(4) cucTtema OTOMMEHMS, BEHTUIALUMU U KOHAMLUMOHUPOBAHUS BO3AYXa;
(5) anekTpoobopynoBaHue;

(6) cuctema perynupoBaHus TeMnepaTypbl;

(7) WCTOYHWMKKM NUTaHUS;

(8) pe3epBHOE NUTAHWE;

(9) cucTtembl aBTOMaTUYECKOrO MOXAPOTYLLEHUS;

(10) ABepw M 3anopHble YCTPOWCTBA, cpabaThiBatlolme aBTOMaTUYECKH;
(11) wvHble cucTeMBI AbIMOyAaNeHns;

(12) aBapuiiHbINA NUMT.

MpuémMouHblie ucnbiTaHus

3apgaven NpUEMOYHbBIX UCMBbITAHUI SIBASIETCS NPOAEMOHCTPUPOBATh, YTO UTOroBasi YCTaHOBKA KOMMIEKCHOM CW-
CTEMbl COOTBETCTBYET KOHKPETHOMY MPOEKTY U (YHKLUMOHMPYET AO/MKHbIM 06pa3oM. [ns npoBeaeHUs NpUEMOUHbIX
UCMbITaHWIM HeOBX0AMMO NPUCYTCTBUE NPEACTABUTENEN OAHON UK 60ee CTOPOH:

(1) Haa30pHbIV OpraH;

(2) 3aka3uuk;

(3) MpOEKTUPOBLUMK.

Bcsa nokymMeHTaums no UCMbITaHMSAM KOMMOHEHTOB CMCTEMbI A0SKHA 6bITb AOCTYMHA ANS MHCMEKTUPOBaHUS.

Mapamerpb! ucnpitaHni
Bo BpeMsi NPMEMOYHbIX UCMbITAHWIA CriefyeT U3MEPUTb CrieflytoLME NapamMeTpbl:
(1) cyMMapHbI 06BEMHbIN pacxos;
(2) cKOpOCTWU BO3AYLUHOMO NOTOKA;
(3) HanpasneHue BO34YLUHOro NOTOKa;
(4) ycunue ans oTKpbIBaHWS ABEPEN;
(5) nepenap AaBneHW;
(6) TemnepaTypa OKpy)atoLlei cpeabl.

CreHgoBoe obopygoBaHne
[ns npoBeaeHust NPUEMOYHBLIX UCMbITaHUIA MOXET NOTPeboBaTLCs cneaytollee 0b6opyaoBaHMe:
(1) anddepeHumanbHble MaHOMETPbI, HAK/TOHHbIE BOASHbIE MAHOMETPbI UM 3NIEKTPOHHbIE MAHOMETPbLI [Avana-
30H n3mepeHuii ot 0 7o 62,5 Ma v ot 0 go 125 Ma ¢ Tpybkamu 15,2 M];
(2) AvHaMOMETp ANsl UMEPEHUSI YCUNNS OTKPbIBaHUS ABEpeN;
(3) aHemoMeTp;
(4) amnepmeTp;
(5) ABepHbIe KNNHBLS;
(6) pynoH ToHKOMN ByMaru (candeTok) UM MHOW YAOBHBLIN MHCTPYMEHT ANS yKa3aHUs HanpaBfieHUst BO3AYLLUHO-
ro NOTOKa;
(7) TabnuukM C yKasaHUEM, YTO MPOXOAUT UCTIbITAHWE CUCTEMbI NMPOTUBOABIMHON 3aLlUMThI, ¥ YTO ABEPU OTKPbI-
BaTb HesNb3s;
(8) HECKONbKO MEPEHOCHBLIX paumMit (UX NpUMEHEHWE LienecoobpasHo ANs NOMOLLM B KOOPAMHMPOBaHUM paboTbl
060pyaoBaHMS M perncTpaummn AaHHbIX).

lpoyeaypa npoBegeHns NcrnbITaHui

Mepen HayanoM NpUEMOYHbLIX UCMbITaHWI BCE 0b0pyaoBaHME B 34aHWUK AOMKHO 6biTb NepeBeseHo B PeXnUM HOp-
MasbHOW paboTbl, BKOYas 0bopyaoBaHWeE, KOTOpOe He MCMOMb3yeTcs Afis NPOTMBOALIMHOW 3aluuThbl, HanpuMep,
BbITSDKHAs BEHTUNAUMS B TyaneTax, BEHTUNAUMOHHbIE OTBEPCTMS B LAxTax NMGTOB, BEHTUASTOPbI B IMGMTOBbLIX M
WHbIE aHaNornyHbIe CUCTEMBI.

CKOpOCTb M HanpaB/ieHne BETpa U TemMnepaTypa BO3Ayxa CHapyXu A0XHbI PErMCTPUPOBaTLCS Kaxabli AeHb u1c-
MbITaHUM. ECN yCroOBWSI MEHSIIOTCS B 3HAUMTESIbHOW CTEMEHM B XOAE MCTbITAHUM, HOBbIE YC/IOBUSI TakXKe AOSDKHbI
6bITb 3aperncTprpoBaHbI.

Ecnu ansa paboTbl cuCTEMbl MPOTMBOABIMHONM 3alUMUTLI NPEeAYCMOTPEHO pe3epBHOE NWUTaHWe, TO MPUEMOYHbIE UC-
MbITaHWS O/MKHbI NPOBOANTLCS Kak Npu 0BbIYHOM, Tak M MPU pe3epBHOM NWUTaHUW. [ANg MOAENUpOBaHWUS peasnbHbIX
3KCM/yaTaUMOHHbIX YC/TOBUI B 3TOM peXuMe HeobX0AMMO OTKOUMTL 0BbIYHOE SHEProcHabXeHVe 3aaHus.

MpnémMoyHble ucnblTaHs AO/MKHbI NPOAEMOHCTPUPOBaTh, YTO AN KaXAOro 3aA4aHHOro BXOAHOrO napameTpa mno-
NyYeHbl NpeayCMOTPEHHbIE BbIXOAHbIE AaHHbIE MO KaXA0W U3 3a/laHHbIX MocneaoBaTensHoCTeNn ynpasnenus. Cneay-
€T paccMOTpeTb Cneaylolme nocneaoBaTenbHOCTU ynpaBneHus, 4Tobbl NPoAEMOHCTPUPOBATL MOJSHYIO MOCNefoBa-
TENIbHOCTb YMNPaBJIEHVSI CUCTEMOMN MPOTUBOABIMHON 3aLUMTbI:

(1) 0BbIYHbIN peXxUM;

(2) aBTOMaTMUECKUI PEXUM MPOTUBOALIMHON 3alLUWThI MO NEPBOMY CpabaTbiBaHUIO MOXAPHON CUrHanu3aumu;
(3) py4Has KOppeKTUPOBKa O6bIYHOrO M @aBTOMATUYECKOMO PEXMMOB NPOTUBOALIMHOM 3aLUUThI;

(4) BO3BpaT K 06BIYHOMY pexumy.

[JlonyckaeTcs npoBeAeHne NpUEMOYHBIX UCTILITAHUIA CUCTEMbI MOXXAPHOW CUIHANM3aUMn B COYETAHUU C CUCTEMOM
NpOTMBOABLIMHONM 3awWwmThl. OgHa unu 6onee uLeneit CUCTEMbI NOXAPHOW CUrHanM3auuyM MOryT nofaTb OfHOKPATHbIN
BXOZHOW CUrHan cucteme NpoTMBOALIMHOW 3alMTbl. B CBS3M € 3TUM, crnefyeT paccMOTpeTb BOMpoC 06 yCTaHOBKE
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COOTBETCTBYIOLLENO YMCNA MYCKOBbLIX YCTPOMCTB U UX LEnei Ans AeMOHCTpaumMu paboTbl CUCTEMbI MPOTUBOALIMHOM
3aLUMThI.

Cucremsl NPoTHBOABIMHOM 3aLYNTbI B OO/IbLLINX [TOMELYEHUIX

Bonblume noMeLleHnst MOryT 6biTb pasHbiX KOHMOUIypaLmii, Kaxaas U3 KOTOPbIX MMEET CBOM 0CO6EHHOCTU. OHM
MOTYT 6bITb BBICOKMMMN U Y3KUMU UM HU3KMMU U LIMPOKUMMU; UMETb B6aNKOHbI U B3aUMOCBSA3aHHbIE 3TAXM; OTKPbLITOE
WM 3aKPbITOE COEAMHEHWNE CO CMEXHBIMM 3Ta)kaMu; KOPMAOPbLI U NIECTHULbI AN1S 3BaKyaLMM WM TOMbKO HapyXXHble
CTEHbl W OKHa; M BbITb YacTblO MOCTUHMLbI, BONbHMULI, TOPFOBOIO LIEHTPa WM CMOPTKOMMJIEKCa. B kaxzaoM cnydae
[OSKHbI 6bITb pa3paboTaHbl KOHKPETHbLIE KPUTEPUM NPOTUBOALIMHON 3aLUMThI.

HeobxoaMMO NpoBEpUTb TOYHOE PAcMONOXKEHUE BHELLHMX MPaHULL KaXKaon 13 CUCTEM MPOTUBOABIMHOM 3aLUMUThI B
60/1bLIOM MOMELLEHNUM, ONPeAEnnUTb BCE ABEPHbIE NMPOEMbI, BEAYLUME B 3TO MOMELLEHME U BCE CMEXHbIE 30HbI, KOTO-
pble JO/MKHBI OCTaBaTbCsl OTKPbITHIMK M ByAyT 3alMLIATLCS TObKO C MOMOLLbI0 BO3AYLWHOMO NnoToka. Ans 6omblumx
NPOEMOB A0JIKHa ObITb U3MEPEHA CPEeAHSS CKOPOCTb NMOCPEACTBOM COOTBETCTBYIOLLErO pacnpeaeneHns CKopocTei no
rnonepeYyHoMy CEYEHUIO MOTOKa.

Mpu paboTe cUCTEM OTOM/IEHUS, BEHTUISILMU MU KOHAMLMOHMPOBAHMS BO3Ayxa B 06bIMHOM pexmme HeobxoamMo
M3MepUTb Pa3HOCTb [aBsieHNUI Mo 06e CTOPOHbI ABEPEN U CKOPOCTM BO3AYLUHBIX MOTOKOB Ha FpaHMLaxX C OTKPbITbIM
NpocTpaHCTBaMu. Monb3ysacb AMHAMOMETPOM, OMPEAENUTE yCune, Heo6XoaAMMOe ANs OTKPLIBAHWS KaXon ABEpU.

AKTVBMpPYITE CUCTEMY MPOTMBOABIMHOM 3almMTbl. [poBepbTE U 3aperucTpupyite paboTy BCEX BEHTUNSITOPOB,
K/larnaHoB, ABEpei M KOMMEKTYyoWwero o60pyaoBaHust. M3MepbTe BbITSXKHbIE MOLWHOCTUM BEHTUNSTOPOB M CKOPOCTU
BO3JyXa Yepe3 CTBOPKW BO3AYyX03a6OPHMKA U BEHTUMALMOHHBLIE PELIETKA WM MPUTOYHbIE PELETKU NPpU Hanuumm
MEXaHWUYECKOMN MPUTOYHON BEHTUNALMKU. U3MepbTe ycunue Ans OTKPbITUS BXOAHbLIX ABEPEN.

M3MepbTe M 3aperncTpupyiTe pasHOCTb [aB/ieHUi Mo o6e CTOpOHbI BCEX ABEPEN, KOTOpble OTAENSOT 30HY CU-
CTEMbl NMPOTUBOABIMHON 3aLLMTbI OT CMEXHbIX MOMELLIEHUI 1 CKOPOCTEN Ha FpaHMLAaxX C OTKPbITbIMA NPOCTPAHCTBaMM.

Apyrne mMerogs! ncrbITaHmi

OnucaHHble Bblle METOAbI UCMbITaHWUI NpefHa3HayeHbl 06ecneYnTb COOTBETCTBYIOLWME CPEeACTBa AN OLEHKM
(byHKLUMOHMPOBaHMS CUCTEMbI NPOTUBOALIMHOW 3aLUMTbI. [pyrne MeToAbl UCNbITaHUIA NPUMEHSIUCE PaHeEe B Cly4as,
KOr[la Ha[I30pHbIV OpraH TpeboBan NpoBeAeHUS OMNONHUTENbHbBIX UCMbITAaHWI. ITU METOAbI UCTLITAHUIA UMEIOT orpa-
HWYEHHOE 3HauyeHWe ANSt OLUEHKM (DYHKLIMOHMPOBAHUS KOHKPETHOW CUMCTEMbI MPOTUBOABIMHOM 3aLUMUTBl U UX HaAEX-
HOCTb BbI3bIBAET COMHEHWS.

Kak onucaHo B npeablaylunx rnaBax, AMHaMmMka AbIMOBOM CTPYW, NOABEMHbIE CUAbI U CTpaTUdMKaUMUA AbiMa SB-
NATCA OCHOBHbIMW OMNPEAENAOLWMMU 3NIEMEHTAMU MPU NPOEKTUPOBAHUM CUCTEMBI NPOTUBOALIMHON 3alnTbl. Cneao-
BaTeNbHO, ANS TOro YTo6bl AOMKHBIM 06pa3oM MCNbITaTb CUCTEMY, Hanbonee NoaxoAaWmMM 1 3p@PEKTUBHBIM UCMbITa-
HUEM SIBNISIETCS UCMbITaHWE B YCNIOBUSIX peanbHoro noxapa. CyllecTByeT, 04HaKo, MHOXECTBO BECKUX MPUYMH, MO
KOTOPbIM MPOBOAUTbL TAaKOE UCMbITaHME B 3aKOHYEHHOM 3A4aHMK HepaumoHasnbHO. VCnbiTaHWe B YCOBUSIX peasibHOro
noxkapa MoXeT 6blTb OMacHbIM, U OBbIMHO TakMe WCMblITaHUS NPOBOAWUTL He cneayeT. NpuéEMOoYHbIE UCMbITaHUS B
YCIOBUSIX MOXKapa HeCyT peasnbHyt0 ONacHOCTb AN XMU3HM U MMYLLEeCTBa, 0OYCNIOBNIEHHYIO KOJIMYECTBOM BhbIAENSIEMO-
ro Tenna v TOKCUMYHOCTBIO AblMa. B kayecTBe anbTepHaTUBbI MOXET BbICTYNUTL /11060 ApYyrov TN ucnbiTaHus. Ecnun
Ke MpoBeeHNe TaKoro MCMbITaHUsS CUCTEMbI MPOTUBOALIMHOM 3allMTbl NPEAnUCcaHO HAA30PHLIM OpPraHoOM B LIENSX
npuéma 30aHus B 3KCMyaTaumto, AaHHbIN TUM UCMbITAHUS NMPUHUMAETCS 338 OCHOBY MPOEKTMPOBAHUS, U Toraa UMU-
Taumsa Kakoro-nmMbo ycrnoBusi peasibHOro no)kapa HeaomnycTuMa, MOCKOSIbKY OHa MOXET MPUMBECTM K JIOXKHOMY npef-
CTaBfieHMIO 0 6e30NacHOCTN U HaAEXHOCTU paboTbl CUCTEMbI MPOTUBOALIMHON 3aLUMTbI NPU NOXape.

McnbITaHMsi C MOMOLLbIO AbIMOBBIX LUALLEK HE AAKOT TOW TEMNEPATYPbl, NOABLEMHON CUMbl U BOB/IEYEHUS BO3AYyXa B
CTpYlO, KOTOpbIE BbLIBAIOT B YC/IOBUSIX PEASIBHOIO MoXXapa, U HEMPUIroAHbl NPY OLEHKE AENCTBUTENIbHOTO (DYHKLIMOHN-
poBaHusa cucteMbl. CucTeMa, CNpPOEKTMPOBaHHasi B COOTBETCTBMM C AaHHbIM PYKOBOACTBOM M crocobHas obecneuu-
BaTb HAaMEYEHHYIO NMPOTMBOABLIMHYIO 3aLUUTY, MOXET HEe NPOUTW WUCMbITAHUS C MPUMEHEHWEM AbIMOBLIX LiALlEK. U
HaobopoT, eCcTb BEPOSITHOCTb, YTO CMCTEeMa HecnocobHas obecneurBaTe HaMEUEHHYO NPOTUBOALIMHYIO 3aLUMTY, MO-
Ka)XKEeT Xopowme pe3ynbTaTbl MpY UCMbITAHUU C MPUMEHEHNEM AbIMOBbIX LalleK. /13-3a HepaumMoHanbHOCTH npoBese-
HUS UCMbITAHUI B YCNOBUSIX peanbHOr0 rno)apa MPUEMOYHbIE UCMbITAHWUSA, OMUCaHHblE B AAHHOM [AOKYMEHTE,
HarnpaB/eHbl HA Te acneKTbl CUCTEM MPOTUBOABIMHOMN 3alLiMTbl, COOTBETCTBME KOTOPbIX KPUTEPUAM MOXET BbiTh MOA-
TBEPXXAEHO MYTEM MPOBEPKU AOCTOBEPHOCTY.

ﬂOKyMEH Tayns o UcrnbiTaHUSAM

Mo 3aBepLieHUM NMPUEMOYHBIX UCMbITAHWI 3K3EMNISP BCEN [OKYMEHTaUMM MO UCMbITaHWUSIM (hyHKLIMOHUPOBAHWS
CUCTEMBbI AOMKEH BbITb NPEAOCTaBNEH 3aKa3umKy. 3Ta AOKYMEHTaUMsl A0/MKHA BbiTb AOCTYNHa NpW NpOBEAEHUM Me-
pUOAMYECKUX UCTIBITAHWUIM, TEXHUYECKOTO 06CYXXMBaAHUS U PEMOHTA.

PyxoBoAcCTBa r10/1b30BaTesIsi M MHCTPYKTa) /151 3aKa3ynKa

3aKasunKy J0/MKHa 6bITb NpefoCTaBeHa MHhOPMaLWs, XapakTepuaytolas paboTy, TEXHUYECKoe 06CnyXnBaHue
N PEMOHT cUCTeMbl. Ba3oBblili MHCTPYKTaX MO 3KCMyaTauuyM CUCTEMbI [O/MKeH 6biTb NPOBEAEH C NpeacTaBUTENSAMU
3aKa3umka. MockosbKy MO OKOHYAHWUM NPUEMOYHBIX UCMbITAHUIA 3aKa3uMK MOXET BbpaTb OTBETCTBEHHOCTb 3a 3ddek-
TUBHOE WCMOJIb30BaHME CUCTEMbI MPOTMBOALIMHONM 3alUMThl Ha cebsl, 6a30BbI MHCTPYKTaX AO/MKEH 6biTb NMPOBEAEH
JI0 UX Hayana.
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lMpuémra B IKCn/TyaTaymro M rnosib30BaHNe roToBOH YacTbiO CTPONTE/IbHOIo O6beKTa

ﬂ,J'IFI NOJTy4EHUA aKTa I'IpVIéMKM 34aHnsa B 3KCNNyaTauuto I'IpVIéMO‘-leIe UCNblTaHUA AO0J1XXHbI 6bITb npoBeAeHbl 3a
OAMH 3Tan. TeM He MeHee, eCin NpeaCToUT Mo3TanHoe CTPOUTENBbCTBO UMTU 3acefieHUe 34aHus, I'IpVIéMOLIHbIe nucnbl-
TaHNA CUCTEM MPOBOAATCA MO KaXXAoMy 3Tany Anda noslydeHna BPpEMEHHbLIX aKTOB I'IpVIéMKVI.

H3meHeHns1 B ripoeKkTe

Bce akcnnyaTauMoHHbIE M MPUEMOYHBIE UCMBITAHUS AOSKHBI ObITb NPOBEAEHbI HAa COOTBETCTBYHIOLIEN YacTu Cu-
CTEMbI B TOM C/ly4ae, ecniu OHa NoABepriach M3MEHEHWSIM UK Npeobpa3oBaHNaM. B AOKYMeHTaumMio A0/MKHbI BbiTb
BHeCEeHbl COOTBETCTBYHOLLME 0BHOBMEHMS], OTpaxkatowwme nHhopMaumio 06 M3MeHeHUsIX U Npeobpa3oBaHmsIX.

Mepuoanuyeckne UCNbITaHUA

Bo Bpems skcnnyaTaumu 3aaHns Heo6X0AMMO NPOBOAUTL TEXHUYECKoe 06CyxumBaHue, YTobbl yAOCTOBEPUTLCS B
TOM, YTO CUCTEMA MPOTUBOABLIMHOM 3alUMTbl CNOCOGHA BbIMOMHATL HaMEYEHHYH (YHKLMIO B YCIOBUSX MoOXapa.
Hagnexallee TexHuyeckoe obcnyxuBaHWe AOMKHO, KaK MUHWMYM, BKIOYaTb B ceba nepuognyeckme UCMbITaHWs
060py0BaHKsl, TaKOro Kak MycKoBble YCTPOWCTBA, BEHTUISTOPbI, KflamnaHbl, 3NEeMeHTbl YrpaBneHus, ABEPU U OKHa.
O6opyanoBaHve AOMKHO NPOXOAUTb TeXHUYeckoe 06CnyxuBaHWe B COOTBETCTBUM C peKOMeHAALUUsaMU npov3BoanTe-
ns.

Mepuoanyeckue ucnbITaHUs AOMKHBI MOATBEPXAATL, YTO YCTAHOB/IEHHbIE CMCTEMBbI MPOAOIKAIOT (PYHKLMOHUPO-
BaTb B COOTBETCTBMM C YTBEPXAEHHLIM MPOEKTOM. [lpeanoyTUTENbHO BKKYMTL B WUCMBITAHUS Kak M3MepeHue
CBOWCTB BO3AYLUHOMO MOTOKA, TaK U Nepenajsl AaBNeHWUI B CNIEAYIOWMX MecTax:

(1) no obe CTOpOHbI MPOEMOB AbIMO3ALUMTHBIX Nperpag;

(2) Ha MCTOYHMKAX NPUTOYHOIO BO3AYXA;

(3) Ha BbITSXXHOM 060pYyAOBaHUN.

Bce Toukn cbopa AaHHbIX AOMKHbLI COBMagaTb C MX PACrONIOXKEHMEM NMpU NPUEMOYHBIX UCMBITAHUAX ANS TOro,
YTO6bLI 0B6NErUNTL CPABHEHUE M3MEPEHUIA.

CucteMa AoMmKHa NPOXOAUTL WUCMbITaHUS, MO KpaviHel Mepe, pa3 B nonroaa. McnbiTaHust AOMKHLI NPOBOAUTHLCS
nvuaMmM, KOMMETEHTHBIMM B BOMpPOCax 3KCMyaTauuu, TECTUPOBaHUS, TEXHUYECKOro 06CNyXMBaHUS U PEMOHTA Cu-
cTeM. Pe3ynbTaTbl UCMbITAHWUI AOMKHBI ObITb 3aJ0KYMEHTUPOBAHBI B XYpHasie aKCryaTaumm U TEXHUYEeCKoro obcny-
YXMBaHUS 1 AOSKHbI 6bITb AOCTYMHBI /15 NPOBEPKU. PaboTa cucTeMbl MPOTUBOABIMHOM 3aLUMThI AO/KHa 6biTb NpoBe-
peHa Mo KaXaou M3 KOMOMHaUMIA TekylMX pacy€THbIX MokasaTenei. HeobxoanMMo oTcnexuBaTb NpaBUIbHOCTb Bbl-
XOAHbIX AaHHbIX MO KaXAOMy 3ajlaHHOMYy BXOAHOMY napameTpy. Ecnn HeobxoanMo, UCnbITaHWs Takxke A0SKHbI 6biTb
npoBeAeHb! C UCMOJIb30BAaHWEM pe3epBHOro NUTaHus.

Ocobble Mepbl MOryT notpeboBaTbCa AN BHeApeHus 60bwnx 06bEMOB Hapy>KHOrO BO34yxa B apeHAyeMble no-
MeLLEHWNS UM KOMMbIOTEPHbIE LIEHTPbI, KOrAa TemnepaTypa BO3Ayxa CHapyXu W BAAXHOCTb AOCTUraloT NpeaesbHbIX
3HAYEHW U TaKON HeyAOBNETBOPSIOWMI TPebOBaHMSIM BO3AYX MOXET HAaHECTU yuiepb CoAepXXMMOMY MOMELLEHMS.
MocKobKy CUCTEMbI MPOTUBOABIMHOMN 3alMTbl MOFYT 6/10KMPOBaTh 3MEMEHTbI YNpaBeHns NpeaenbHbIMY napameT-
pamy, TakMe Kak MOpO303alUWTHbIE TEPMOCTaThl, UCMbITAHWS CledyeT NPoBOAWTL, KOrAa COCTOSIHWE HapYXHOro BO3-
Ayxa He HaHec&T ywepba 060pyAoBaHUIO U CUCTEMAM.

CMNMPABOYHAA NHO®OPMALINA

PacuéTt nono)xeHnsa AbIMOBOIO C/10A

KoMnbloTepHast Mogernb (HanucaHHasi Ha si3blke MporpamMMMPOBaHKS UM MCMOMb3YHOLWAs SNEKTPOHHYHO Tabnuuy)
MOXeT 6blTb paspaboTaHa Ha OCHOBe anrebpanyeckux ypaBHEHWI, coaepXalunxcs B pasgene «Metoabl pacyéta»,
AN1S1 BbIYMCIIEHNS] YPOBHS FpaHULibl ALIMOBOrO C/1051 MPW HAIMYMKU U NPU OTCYTCTBUM AbIMOYA@NeHus. JaHHbi noaxos,
BK/IOYAET B cebsi pacyéT MaccoBOr0O pacxoda AblMa, MoCTynatowwero B AbIMOBOM C/0W, TeMnepaTypy AbiMa, NocTyna-
IOLLEro B bIMOBOM C/10M M MAcCCOBbIi pacxoA AbliMa, yAansieMoro M3 AbIMOBOMO CI0si MPU MEXaHUYECKOW Mn aspaum-
OHHOM BeHTUNAUMK. LLlarn no pacyéTy ypoBHS rpaHuLibl IbIMOBOIO C/10s1 CrieAytoLmne:

(1) BoblbepuTe BpeMeHHOM LWar Ans pacyéra, At

(2) OnpepenuTte pacyéTHbIM NoXap (HanpuMep, CTaUMOHAPHbIM, PacTYLUMI, PacTyLMii C MOCTOSIHHBIM MOPOroM
MOLLHOCTM MMM ipyroe OnucaHue CKOPOCTM BbIAENEHMS Tensa Kak yHKUMY BPEMEHH).

(3) BbluMcnMTe MM 3apaiTe CKOPOCTb BbIAENEHUS TEMa NpU PacyéTHOM noxape, @, Npu TeKyLeM BPEMEHHOM
Lware, a Takke KOHBEKTUBHYIO Tennootaayy, Q-

(4) BbluMcnMTe MaccoBbIN pacxos AbiMA, NOCTYNAOLEro B AbIMOBOM C/IOW 3a TEKYLUMIA BPEMEHHO Wwar. s oce-
CMMMETPUYHOMN CTPYM MAcCOBbI Pacxof CTPYW CNEAYET BbIYMC/IATL Ha OCHOBE ypaBHeHus (8) wnu ypaBHeHus (9) B
3aBUCUMOCTM OT MOJIOXEHWUSI AbIMOBOIO C/I0Si HA KOHEL, MpeablAyLero BPEMEHHOrO Lara no OTHOLUEHWIO K BbiCOTe
nnaMeHn pacyéTHOro noxapa. [ns 6ankoHHOM pacTeKkaloLencst CTpyW, pacxoA MacChl CTPYW ClefyeT BblYMCNSaTb Ha
OCHOBe ypaBHeHusi (13.17), AN OKOHHOW CTpyM — Ha OCHOBe ypaBHeHui (13.20), (13.21) u (13.23). Ans HecTaumo-
HapPHOro MoXapa pacxof Macchl BbIYMUCASIETCS NMPU CKOPOCTYM BblAENEHWS TEMNA B CPeAHEN TOUKE BPEMEHHOrO Lwara.

(5) BbluncnuTe TeMnepaTypy AbiMa, MOCTYNAOLEro B 1bIMOBOK C/l0M Ha OCHOBE ypaBHeHust (13.25).

(6) BbluncnuTe Maccy AbiMa B AbIMOBOM C/IOE Ha KOHEL, 3TOr0 BPEMEHHOrO Luara.

Mz = Ml—l—(rTE—n‘l)At
roe

M>— Macca AbiMa B AbIMOBOM C/0€ Ha KOHeL, TeKyLLero AbIMOBOro Lwara, Kr;
M; — Macca AbiMa B AbIMOBOM C/O€ Ha Hayaso TeKyLUero AbIMOBOro Lara, Kr;
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/M — MaccoBbIi pacxof CTpyW, Kr/c;

/M —MaccoBbIii pacxoa AblMOyAaneHus, Kr/c;

At — BpEMEHHOW Luar, C.

(7) BbluncnuTte HOBYIO TEMMNEpaTYpy AbIMOBOMO C/1051 H3 OCHOBAHUM COXPAHEHUS SHEPrUn.

At
Ts,2 =ls1 + [(1_77)mp(Tp _TO)_ rne(Ts _TO)_(TS _TO)(mp - rne) M_
1

roe

752 — TeMnepaTypa AbIMOBOMO C/10s1 Ha KOHEL| TEKYLLEro BPEMEHHOro wara, °C;

75,7 — TEMNepaTypa AbIMOBOIO C/I0s1 HA HAYasno TEKYLIEro BPEMEHHOro wara, °C;

T» — Temnepatypa cTpym, °C;

7o — TeMnepaTypa oKpy><atoLen cpeasl, °C;

n — gons Tennonotepun (6e3pasmepHas BENUYMHA);

M), — MaccoBbIVi pacxop, CTpyw, Kr/c;

Me— MaccoBbIV pacxog, AbIMoyaAaneHusl, Kr/c.

[Jons Tennonotepy — 3TO AONS KOHBEKTUBHOM TEMI00TAAYM, NOCTYMAtoLWeN 13 AbIMOBOMO C/0si K MOTOJKY U CTe-
HaMm 1 uMeroLlas MakcuManbHoe 3HadeHune 1,0. MakcuManbHOe MOoBblleHMe TemnepaTypbl NPOMCXOAUT B Cy4ae,
Koraa [ons TenonoTepyn paBHa Hyio.

(8) BbluncnuTe NAOTHOCTbL AbIMOBOIO C/I0S:

1,2(T, +273)
I Y

rae ps— NAOTHOCTb AbIMOBOMO C/0Si HA KOHEL, BPEMEHHOTO wara, Kr/m3,
(9) Bbluncnute 06bEM ABIMOBOMO C10Si:
M
V,=—2
Ps

roe V>— 06bEM AbIMOBOrO C/10sl Ha KOHEL, BPEMEHHOTO Lara, M3,

(10) OnpenennTe HOBLIM YPOBEHb MPaHuLIbl ILIMOBOMO C/0st KaK (hyHKLMIO 06bEMa BEPXHEro Clos U reoMeTpum
[bIMOBOrO pe3epByapa. sl NOCTOSIHHbIX M/IOLAAeN NonepeyHoro ceyeHnsl YpoBeHb AbIMOBOIrO CIOSi pacCUMTbLIBAET-
cs1 no opmyne:

Vz
22 = H nomonok
pesepsyap

roe

Z — BbICOTa rpaHu1Lbl AbIMOBOrO €108 OT YPOBHS Mona, M;

Hroronox— BbICOTA NOTOJIKA, M;

Apesepsyap — NNOWAAb pe3epByapa, M2.

(11) NpekpaTuTe BbIYMCIEHNS, €CIM AOCTUIHYTO MakKCMMasibHOEe KOMYEeCTBO BpeMeHHbIX LWaros, nMbo ecnu rpa-
HMLQ [bIMOBOrO CNIOSi HAXOAUTCS Ha YPOBHE BEPXHEMN MPaHULbl TOMIMBA UMK HUDKE €€,

(12) BepHuTech K wary (3) 1 UCMosb3yiTe NoJTyYeHHbIE B pe3ysibTaTe BblYMCIIEHUI 3HAUEHWsI Asl PpacYEéToB Cre-
AYIOLLEro BPEMEHHOrO LUara.

CooTHoOwWwEeHUs MacuTabupoBaHus

bespa3MepHble rpynnbl MOryT 6biTb BblpaXeHbl B Buae (OpMysfbl ANl CUTyauuu, B KOTOPOM €CTb WCTOYHMK
HarpeBaHWs, NPeACTaBNSAOWMIA OFOHb, @ TaKXKe BbITSXKHbIE U NMPUTOYHbIE BEHTUNSTOPLI C 3alaHHbIM 06 BEMHBIM pac-
xoaoM. CooTHoLIEHME TeMnepaTypsbl rasa (7), ckopoctu (v), naeneHus (p) n Temnepatypbl noBepxHocTu ( 75), Bblpa-
XeHHoe B 6e3pa3MepHbIX YneHax v B Buae MYHKUMK X, ¥, Z Y BpeMenw (1), COCTaBnseT:

T

TO

v

Jo[_ffxyz t o oo
p Illyllllgyly 21143

Podl

T
0

rae

| - xapakTepuctuyeckas anuna;

g — YCKOPEHUE CUbl TSXECTH;

7»— TeMnepaTypa OKpyXatoLLei cpefbi;
o~ MNIOTHOCTb OKPY>XKatoLLEN Cpesbl.
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IT,,I1, u Il sBnsioTcs Ge3pasmepHbIMU rpynnamu, NPOUCXOASLIMMU U3 BbIAENEHUS! SHEPrM MpU Moxape,

NOTOKOB OT BEHTUIATOPOB U Tennonepeaayn CTeHam:

OHeEpe Ul noasitcapa

I, = Q ~
t T /al 32 OHepeus  Nomoxa
PoCplov 9

roe
Q — CKOpOCTb BbIAENEHMS SHEPTUM MPU MOXKAPE;
Cp — YOENbHAsA TEMNOEMKOCTb OKpYXKaloLLEro Bo3ayxa.

I Vian NnOMOK  Om  BEHMUISIMOPOS
2 2 o
[l o nAasydutl  NOMoK
roe Vfan— 06bEMHBIN pacxop BbITSXKHOrO BEHTUNSITOPA.
16
L — 1 Po go%k2%° ~ KOHBEKMUBHASL  Menionepeoaid
s =T
(koc),, | mennionepeoaya  CmeHam

roe

(kpc)w— TEPMUYECKUME CBOWCTBA (TEMONPOBOAHOCTb, MIOTHOCTb U YAENbHAs TEMNOEMKOCTb) CTEHbI;
[ — BA3KOCTb rasa;

k — YAENbHada TENJIONPOBOAHOCTL rasa.

Beipaxkenne I1,; npumennmo k Tepmuueckn ToncToMy MaTepuany KOHCTPYKLMM. [JOMONHUTENbHble Ge3pasmep-

Hbl€ YJIEHbI (HS) HEOGXO,D,VIMbI, €C/IN BaXXHbl TOJILLUMHA CTEHbI N BJIUAHUE TEMJIOBOro MU3Nny4vyeHUs. H3 BBOAUT NO-

MpaBKy Ha TennoBble NOTEPU Y FPaHuLbl, JOMYyCKasi UCMOMb30BaHWE APYroro MaTepuana KOHCTPYKUMM B MacluTabHo
MOZENN B LieNisiX COXpaHEeHUs! paBHOBECUS C YYETOM TemnsoBbIX MOTepb.
[Ans TMNOBOro 3aHns pekoMeHayeMoe MUHUMaNbHOE reoMeTprYeckoe MacluTabmupoBaHme A0MKHO 6biTh 1:8.

BblpaxkeHne MaclITabupoBaH1s ANsi CKOPOCTU BblAeNeHns Tenna cneayeT u3 coxpaHenus [1,;. Ananornunbim o6-
pa3oM, BblpaXeHusi Ans 06bEMHOro pacxofa Bo3ayxa Npu AbiIMOyAaneHun U TePMUYECKUX CBOMCTB CTeHbl MOJSyYeHsbl
npu coxpaHenmn I1,u I1;. Ycnosne Tepmuueckinx CBOICTB CTeHbI NIErko yAOBNETBOPSIETCS NOCPEACTBOM BbiGOPa

TaKoro mMaTtepuana KOHCTPYKLUM, KOTOPbI SIBNSIETCS HEBO3ropaeMbiM U Hanbonee TOYHO COOTBETCTBYET (KDC)w Ma-
Tepuana [A0CTaTOYHOW TOMWMHBI A8 NOAAEPXKaHUS YC/TOBUSI O TEPMUYECKM TOJICTOM MaTepuane.

MpuBeaéHHbIE HMXKE NPUMepbl AT NpeacTaBieHne O TOM, KaK MCMosb30BaTb COOTHOLUEHMS MaclTabupoBaHus
npu MozenuposaHum no ®pyay.

lMpumep 1. Kakyto macwtabHyto Moaenb cneayer MCnonb3oBaTb AN MOJa, eClv MUHMManbHas paccMaTtpvBae-
Masl 30Ha, paBHasl 3 M, SIBNISIETCSA BbICOTOM OT Mona Ao NoTosika Ha 6ankoHax?

ObpaTtute BHMMaHWEe Ha TO, YTO MOTOK B MOAeNW AO/MKEH ObiTb MNOMHOCTbIO Pa3BMBLUMMCS TypOyneHTHbIM NOTO-
KOM. YTO6bl AOCTMYbL 3TOrO, MpeasiaraeTcs, YTobbl pacCMaTpMBAEMbIe 30HbI B MaclUTabHOW Moaenu 6binn, No Kpau-
Hell Mepe, paBHbl 0,3 M. COOTBETCTBYIOLLAA BbICOTAa MOZENM OT Mosia A0 MOTOJIKa AOSIKHA COCTaBMATb, MO KpalHen

mepe, 0,3 M. Ycnosuwe |, =0,3m u | =3m, torpa |/l =0,1. CnenosatensHo, Mopen MOXeT 6biTb B Mac-
wrabe 1:10.

lpumep 2. Pac4éTHbIN Noxap ANs KOHKPETHOMO MOMELLEHUS SIBASIETCS NMOXapoM C NMOCTOSIHHOW CKOPOCTbIO Bblfe-
nennsa Tenna 5000 kBT. Kakas MOLWHOCTb noxapa Heobxoamma ans mogenu B macwrabe 1:10?

I _01

l F
| 5/2
Q. =Q: lﬂ =5000(0,1)"* =158 «Bm
F

lpumep 3. Ecnu ans nosHoMacliTabHoro noMellleHnss 06bEMHBIM pacxosl Bo3ayxa Npu AbIMoyAaneHun cocTaBns-
eT 250 M3/c, KakoB ByaeT pacxod Bo3dyxa npv AbiMoyAaneHuu Ans Moaeny Maclwraba 1:10?
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lTpumep 4. CTeHbl B NMOMAHOMACLITAabHOM MOMeLLeHnM BbINOMHEHbl U3 6eToHa. KakoBO BAMsHME CTEeH Monenu B
MacwTtabe 1:10, BbINOMHEHHBIX U3 MMMCOKApPTOHA?

KoC kupnnua coctaensiet 1,7 kBT2/M4+K2-c.

Haunbonee noaxoasiiye TEPMUYECKNE CBOMCTBa MoAenu MoryT 6bITb BblUMCIEHDI cneagyrownm o6pa30M:
| 0,9

(ko) = (ko). 17 | =@7X02P* =021 (B K -]
F

3HauyeHne TEePMUYECKUX CBOWCTB MMMCOKapToHa paBHo 0,18 kBT/M*+K2.c, uTo aBnsaetca 6nmn3kuMm K Hambonee
NOAXOASALEMY 3HAYEHWUIO, MOSlYyYEHHOMY Bbille, T.€. B MOAENM MOXHO MCNONb30BaTb MMNCOKapToH. CneayeT oTMme-
TUTb, YTO WUCMOJIb30BAHME CTEKSHHBLIX CTEH ANs BUAEO M DOTOCLEMKM aBnsieTca bonee BaXKHbIM, YeM MaclwTabupo-
BaHWEe TEPMUYECKUX CBOMCTB.

lMpumep 5. B mopenn macwtabom 1:10 Habnoganuch crneaytowme 3Ha4eHNs YACTbIX BbICOT: 2,5 M yepes 26 ¢, 1,5
M uyepe3 85 c n 1,0 M yepe3 152 c. KakoBbl COOTBETCTBYHIOLLME 3HAYEHUSI YMCTBIX BLICOT st MOIHOMAcWTabHoro no-
MeLeHmns?

[ns nepBoi napbl 3HAYEHWIN YUCTOM BbICOTbI U BPEMEHW, FAE Zm = 2,5M U ¢, =26 C:

\%

fanm —

z- =2, :—F =2510/1)=25 m

n
12
|

te =t l—F =26(10/1)"? =82 ¢

m

Ans Apyrux nap Y1cToi BbICOTbl M BPEMEHW, MPEACTABNEHHbIX HUXKE, PAaCHET OCYLLECTBNSETCS aHaNOMM4YHbIM 06-
pa3om.

Yucras BbIiCOTa, M Bpemsi, c Yucras BbIiCOTa, M Bpemsi, c
2,5 26 25 82
1,5 85 15 269
1,0 152 10 480

Pacuyér KoOHLeHTpauuu rasoB U CHMYXEHUS BUAMMOCTH NpyU noxkape

B uensx npoekTupoBaHus Bonpoc 06 anrebpanyeckux ypaBHEHUSIX A1 KOHLEHTPaLMM ra3oB U CHUXKEHWS| BUAW-
MOCTU MOXET KacaTbCsl ABYX KpalHUX CrlyYaes:

(1) cueHapwii 3anonHeHUs AbIMOM, FAe UCMOMb3YETCS AOMYLIEHWE, YTO BCE NPOAYKTbI CropaH1si akKyMyMpyoTcst
B OMYCKALWEMCS AbIMOBOM CJI0€;

(2) cueHapwii perynupyeMoro BEHTWUISILMEN KBa3WCTaLMOHAPHOrO Moxapa, rae CyLecTBYET KBa3WyCTOMUMBOE
paBHOBECME MeXAy CKOPOCTSIMM MOTOKOB, BXOASLUMMU B AbIMOBOK C/IOM U BLIXOASLMMM U3 HErO.

Kak npaBuno, CUeHapwii peryiMpyeMoro BEHTWUISILMEN KBA3UCTALMOHAPHOro MoXxapa NpeacTaBnsieT MHTepec B
Lensix NpoeKkTUpOoBaHWUs, NMOTOMY YTO 3TOT CLIEHApUIA NPEACTaBNSET KBA3UCTALMOHAPHbLIE YCIIOBUS, KOTOpble pPa3Bu-
BatoTcs npu paboTe cucTeMbl AbiMoydaneHusi. CueHapui 3amofiHEHVst AbIMOM MOXET NpeACTaBsTb MHTEpeC ANs
aHanMsa ycnoBwii, KOTOpbIe MOMyT pPa3BUTLCS 40 aKTVMBaLUMM CUCTEMbI AbiMoyAaneHus. CyllecTByeT NepexoaHblii ne-
puoa Mexay 3TUMWU ABYMsl KpalHUMM CriydasiMi. Bo BpeMsi 3TOro nepexogHoro NpoMeXyTouyHOro neproaa npoucxo-
AWT KaK HanosIHeHWe AbIMOBOrO C/10si, TaK U yAaneHue AbiMa U3 Hero. PacuéT aToro nepexoAHoro nepuoaa, Kak npa-
BWUMO, TpebyeT MCMonb30BaHWUs YMCNIEHHBIX MOAXOLOB C MPUMEHEHMEM KoMrmbloTepa. C MO3vUMM MPOEKTMPOBaHWS
3TOT NepUOA HECYLLECTBEHEH, MOCKO/bKY 3TO HE KpalHWii Ciyyai, NosTOMy 3aeck OH 6oniee NoapobHO He paccmart-
pu1BaeTCs.

NS aHanu3a cocTaBa rasa M ONTUYECKUX XapaKTEPUCTMK B ABYX KpaWHMX Cydasix MOTyT MCMO/b30BaTbCs HEKO-
Topble anrebpanyeckue ypaBHeHUsi. Camu no cebe ypaBHEHUS SIBNSIOTCS TOYHLIMKM, HO AaHHbIE, UCMOJb3yeMble B
3TUX YpaBHEHMSIX, HETOUHBI. [10/1b30BaTENb AO/MKEH 6bITb NPeaynpeXxaéH 06 3TUX HeoNpeaenEHHOCTSIX.

3ran 3ano/siHeHns AbIMOM. aHaJIN3 ONTHUYECKNX CBOHCTB

CpenHsisi onTuyeckas NIOTHOCTb OMYCKAMLLEerocsl AbIMOBOrO C/lI0si MOXET ObITb OnpeaeneHa, eciv A0CTaTOuYHO
TOYHO yAacTcsl onpeaenvTb MAacCOBYHO OMTMYECKYIO MIOTHOCTb TOMuBa. YpaBHeHue (A.1) ucnonb3yeTcs Ans onpe-
[ENEHVSI OMTUYECKONM MIOTHOCTM Kak (DYHKLMM MacCOBOW OMTWUYECKOW MIOTHOCTM, Macchl NOTPebsieMoro Tonamea v
06bEMa AbIMOBOr0 C/0S1.
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D,m,  Dnl,mydt
V, Azt

u

D= (A.1)

roe
Dy, — MaccoBast onTuyeckas NoTHOCTb, M2/Kr;

M; - cKOpOCTb ropeHuns TonNnBa, Kr/c;

M, — cyMMapHasi notpebnsiemasi Macca TOrnea, Kr;

A — nnouiasb ropusoHTaNLHOro NonepeyYyHoro ceveHuns aTpuyMma, M2
Zy — TOJILMHA BEPXHETO CJI0K, M;
V,— 06bEM BepxHero cnos, M3,

Mpy nnockom noTorike, HE3HaYMTENbHOM NoLaam CTpyu 1 noXXape € NOCTOAHHbIM MaCCOBbIM pacxoAoM U MOCTO-

SIHHOM CKOPOCTbIO BblAENEHNs Tenna, ypaBHeHue (A.1) npeobpasyeTcs B:
-1

-3/2
O P (A2)
2.AH AH 3r
V AH AH
_ (A.3)

V., = k,QVH®? - kv(an'[n)ugH 5/3

roe

V — 06béM aTpuyma, M3;

Vent — 06bEMHBIV pacxof BOB/ieYeHUs Bo3ayxa, M3/c;

kv — nocTosiHHas 06bEMHOro BoBieyeHus Bo3ayxa (0,064 M¥3/kB1Y/3c);
Q — cKOpOCTb BbiAeNEHMA Tena npy noxape, kBT;

AH. — TennoTa cropanus, KI/Kr;

H — BbicoTa noToska, M;

X, — MONHOTa cropaHus.

Mpu1 NNIOCKOM MOTOJIKE, HE3HAUYUTENBHOWN NOLWAAN CTPYU U KBAAPAaTUYHOM Mnoxape, ypaBHeHue (A.1) npeobpasy-
eTcs B:

-3/2

D 3 2 1/3 5/3H2/3
Do DPnd |y [, 2a T

3y, AH_AH 5A

(A.4)

roe o — CKopocTb pocTa noxapa = 1000/(tg)?, c.

Mpun apyrux cueHapusx COOTBETCTBYIOLME 3HAYEHUS AO/MKHbI 6bITb NOACTaBNEHbl B ypaBHeHue (A.1). Mpu Heko-
TOpbIX CLeHapusaX MOXET NoTpeboBaTbCs YNCIIEHHOE MHTErPUPOBAHUE.

Dran 3arno/IHeHNST AbIMOM: aHaJIN3 coCcTaBa bIMOBOIO C/1051

AHanus cocTaBa AbIMOBOrO C/105 BO MHOMOM @HaNIOrMYeH aHanmn3y OMNTUYECKOW MIOTHOCTM AbIMOBOro crosi. Ans
pacyéTa cocTaBa AbIMOBOIO CNOs Kak (hyHKLMM BPEMEHU KaXXAOMY M3 MHTEPECYEMbIX MPOAYKTOB FOPEHUsl / AOMKEH
6bITb NPUCBOEH KO3(MUUMNEHT BbIXOAA:

m = f,m, (A.5)

rae fi — KO3(PPULIMEHT BbIXOAA, KIpogyxros roperms | KT ronmsa.

MaccoBas gons, ¥, KaXzaoro 13 npoayKToB FOPeHusi B AbIMOBOM C/I0€ paBHa:

Yi = L (A.6)
M
roe Y;— maccosast 4018 (KMnpogykros ropenus / KMcymmapHoe)-
YneH B uncnutene ypasHeHus (A.6) BbIUMCASIETCA MO aHanorum ¢ ypasHeHvem (A.1):
t t t
m:J'r‘ndtz.[firhfdt:J'fiLdt (A7)
0 0 o XaAH.
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Mpy NocTosiHHOM KO3 PUUMEHTE BbIXOAA M CKOPOCTM POCTa KBagpaTU4HOro noxapa ypasBHeHue (A.7) npeobpa-
3yeTCs B YypaBHEHME:

fat®

m—fj ot” dt = (A.8)
IOZaAHC 3ZaAHC .

Mpn NOCTOSIHHOM KO3 ULMEHTE BbIXOAA M CTaLMOHApHOM Moxape ypasHeHue (A.7) npeobpa3yeTtcs B ypaBHe-

Hue:
t
mz_[fi Q 4 il (A.9)
0

X.AH XoAH

YneH B 3HaMeHaTene ypaBHeHus (A.6) NpeaCTaBAsSiET CyMMapHYH0 Maccy AbIMOBOro ciosi. Kak npaBwno, Bbiaens-
eMasi Macca TOM/IMBa HMYTOXXHO Mana Mo CPaBHEHWIO C MAacCOM BO3AyXa, BOB/IEKAEMOro B AbIMOBOM C/OM, MO3TOMY
CyMMapHasl Macca AbIMOBOro Clost MOXeT 6biTb NPpUBAN3UTENBHO BblpaXKeHa CNeayoLwmMM YpaBHEHNEM:

PoloV,
zm :p_\/uM (A.10)
i T

B cnyvae, koraa noBblleHVe TeMmnepaTypbl AbIMOBOMO €105 HEGO/bLLOE OTHOCMTENBHO abCoMOTHOM TeMnepaTy-

pbl OKpYyXatoLueii cpeabl (T.e. T /T0 ~1), ypasHeHue (A.10) npuobpeTaeT cneaytowmii BUA:

.M =pV, (A.11)
i
Moacraeme ypaBHeHus (A.8) u (A.11) B ypaBHeHue (A.6), nonydaem (Ans KBagpaTUYHOMO NoXapa):
f.at®
= (A.12)
3oV, 1, AH,

Moactaeme ypaBHeHus (A.9) n(A.11) B ypaBHeHue (A.6), nonyyaem (Ans CTauMOHApHOro NoXxapa):
f.Qt
Yi = L (A.13)
pOVuZaAHc

Koraa oroHb paspactaeTcs Kak npu KBagpaTU4HOM noxape oT @ = 0 B MOMeHT BpeMeHu £ = 080 Q = Qys B MO-
MEHT BPEMEHU [ = [;;, @ 3aTEM NPOAOIIKAET rOPETb HEOrPaHUYEHHO NpU Q = Q,s, ypaBHeHus (A.12) u (A.13) moryT
6bITb 06bEAMHEHBI CeayowmM obpa3omM:

3
] |2, 13+ Quift —to )| e
pOVuZaAH c

O61EM AbIMOBOro cnosi, V, B 3TUX ypaBHEHMSIX BbIYUCIISETCS Ha OCHOBE METOAOB, NMPeACTaBNeHHbIX B noapasae-
ne «MaccoBasi ckopocCTb AbiMoobpasoBaHus», u V, = A(H — z).

PerynupyemMbisi BeHTUISUNEH KBA3UCTaLHOHAPHbIH 3Tal: aHaJIn3 ONTHYECKUX CBOKHCTB
Mpu perynupyembix BEHTUNALMEN KBA3UCTaLMOHAPHBIX YCMOBUSIX CYLLIECTBYET paBHOBECUE MEXAY CKOPOCTbIO
NpUTOKa MaccChbl B AbIMOBOl‘/lI cnov u CKOPOCTbIO OTTOKa MacCCbl U3 AbIMOBOIo Cfo4. Cpe,qHsm onTunyecKkas NJ0THOCTb
AbIMOBOI'o C/nosd MOXeET ObITb BbIYMC/IEHA HA OCHOBE CKOPOCTU AbIMOYyAaNEHUA:
D_m
p=—nM __ D@ (A.15)
\Y X.AH YV

YpaBHeHue (A.15) MOXET MCroNb30BaThCs AJis ONpeAeNieHnst CpeaHei OnMTUYECKON MIOTHOCTY AbIMOBOIO C/10S
Mpy 3afaHHOW CKOpPOCTU AbiMOyAaneHusi. Kak BapuaHT, TpebyeMylo CKOpOCTb AbIMOYAANiEHMs, HEOBXOAUMYIO AJist
NonyyYeHns onpeaenéHHoN oNTUYECKoW NIOTHOCTH, D, MOXHO onpeaenuTb, Npeobpa3osas ypasHeHue (A.15):

D..Q
V=—"-"" (A.16)
Dy.AH,

Ons npumeHeHns ypasHeHuit (A.15) v (A.16) Heo6X0AMMO 3HaTb MAcCOBYIO OMTMYECKYIO NNOTHOCTb AbiMa, D
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Perynmpyemsbiif BeHTHASUNENH KBa3NCTaLHOHAPHBIH 3Tan: aHa/In3 COCTaBa AbIMOBOIo C/105
MaccoBast oons Kaxkaoro u3 NPOAYKTOB rOpPEHNA /B AbIMOBOM CJ10€ MNMpU YCNoBMAX KBasnCTaUMOHApPHOro noToka,
KaK npaBwuo, onpeaenseTcsd Ha OCHOBE ypaBHEHUSA:

Cm
i
anI YCNoBUAX KBa3MCTaLMOHapPHOIo MoTOKa MaCCOBbIVI pacxo KaXkaoro U3 npoayKToOB ropeHus onpeaenderca

KakK:
m=fm, =f _Q (A.18)
XaAH
CyMMapHbI MaccoBbIi pacxo NpU KBa3MCTaLMOHAPHbIX YCI0BUSIX OMpefensieTcsl Ha OCHOBE CreayHoLLero ypas-

HEHUSA:

(A.17)

Zm =pV = pVe = pO(V _Vap) (A.19)

Moacraeme ypaBHeHus (A.18) n (A.19) B ypaBHeHue (A.17), MOXHO BbIYMCIUTL MAacCOBYHO AOJO KaXXA0ro U3 UH-
TEPEeCyHoLWMX NPOAYKTOB rOPeHust 7, UCX0As U3 U3BECTHOW CKOPOCTU AbIMOYAANIEHMS.

Q
Y -Y,= '
I "0 pOZaAHc(\/ _Vap)

(A.20)

YT1o6bl OnpeaenvTb TpebyeMyto CKOPOCTb AbIMOYAANIEHUS, HEO6XOANMYIO ANS OrPaHWUYEHMS MacCOBOW 40NN HEKO-
TOPbIX NPOAYKTOB rOPEHUA /0 NPeAenbHOro 3HaueHns, Y, , ypaBHeHue (A.26) npeobpa3osbiBaeTca B:

fiQ

V=V, + (A.21)
p
pOZaAHC(Yi _Yi,O)
O6BEMHBIV pacxod pacLUMpeHus, Vap, BbIYMCNAETCS NO YPABHEHUIO:
1— .
Q _@-xR 222

exp

PonTo pOCpTO

MporHo3upyowasa cnoco6HOCTb ypaBHEHU M

YpaBHeHus (3) u (4) BbiBEAEHbI AMNUPUYECKUM MYTEM U NpefHa3HavyeHbl 415 OnpeaeneHns MoIoKeH s rpaHmupl
AbIMOBOMO C/10s1 B NPOLIECCEe 3arOfIHEHNS MOMELLEHMS AbIMOM. [aHHbI 0630p ypaBHeHu (3) u (4) pa3aenéH Ha ase
yacTu:

(1) cpaBHeHWe pe3ynbTaTOB BbIYMCIEHUI MO ypaBHEHWsIM (3) v (4) C pe3ynbTaTamu, MOy4YEHHLIMU Ha OCHOBE
TEOPETNYECKW BbIBEAEHHbIX YPaBHEHUI (C MOCTOSIHHBIMM, OMPEAENEHHbIMM 3MMUPUYECKUM MYTEM), Aaniee HasbiBae-
MbIMW YPaBHEHUSIMU, UCNOSb3yeMbIMK B NporpamMme ASET;

(2) oueHka NpoOrHo3upytoLWwei cnocobHOCTN ypaBHeHUst (3) M ypaBHEHMS, UCMONb3yeMoro B nporpamme ASET,
MyTEM CPaBHEHUS PE3Y/IbTAaTOB BbIYMCIIEHWUI HA OCHOBE YPABHEHUI C SKCNEPUMEHTASIbHBIMU aHHbLIMM.

CpaBHEeHMsI C ypaBHEHHNSMH, HCIOJ/Ib3yEMbIMYU B riporpamme ASET

CpaBHeHWe ypaBHEHMIA MO 3arofIHEHWIO AbIMOM, NPUBEAEHHBLIX B cTaHaapTe NFPA 92B [4], ¢ ypaBHEHWSIMU, UC-
nonb3yembiMn B nporpaMme ASET, yKasblBalOT Ha pasHULY MexXay YpaBHEHWUSIMU, MOSTYYEHHbIMW SMMUPUYECKUM MNY-
TéM, Hanpumep, ypaBHeHuaMu (3) u (4), N ypaBHEHNSAMX, OCHOBAHHbIMU FNaBHLIM 06pa3oM Ha TeopUK.

CTalLMOHAPHBIE [10XKaDb!

TeopeTVI‘-IECKVI obocHoBaHHOE YpaBHEHWE NO 3arnoJIHEHUIO AbIMOM MOXET 6bITb BbIB€AEHO C UCMNOJIb30BAHUEM 3a-
KOHOB COXPaHEHWS1 MacChbl U 3HEPrUKU ANs onpeaeneHnst AoNONHUTENBHOrO 06bEMa, NOAABAaEMOro B BEPXHUI CIOW.
Mcnonb3yeM COOTHOLLEHWE MO BOB/IEUEHMIO BO34yXa B CTPYIO, BbiBeAeHHOe nccneaoBateneM 3ykockmn (Zukoski [33]):

13 g 43)]732
&: 1+ Zkvga/ H/ :') ) (A23)

rae
Z— BbICOTa rpaHuLbl AbIMOBOIO C/0S, M;

H — BbICOTa NOTOMIKA, M;

t — BpeMs OT BO3ropaHus, C;

Q — CKOpPOCTb BblfieneHus Tenna, KBT;

A — nnowwaab nonepeyHoro CeYEHNs NoOMeLLEHNs], M%;
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k, — nocTosiHHas BosneyeHus Bo3ayxa (0,064 m¥3/(c-kBTY3)

CpaBHeHue z/H, cnporHo3npoBaHHoe ypaBHeHusiMu (3) n (A.23) npeacTtaBneHo Ha puc.A.3.6.2.2(a), npu BbicoTe
notosika 30 M, CTaLMOHAPHOM MOXXape MOLUHOCTbIO 5 MBT ¥ LIMPOKMM AMAMNasoHOM COOTHOWeHWn A/H. B uenom,
COOTBETCTBME MEXAY 3TUMU ABYMSI YPABHEHUSAMM SBMSIETCA NpUEMsIEMbIM. YpaBHeHue (3) nporHosupyeT 6onee Hu3-
Kyt0 BbICOTY FpaHMLbl AbIMOBOro Cnosi B H60MbLWIMHCTBE C/Ty4aeB, 3a MCKIOYEHMEM NoMelleHns 6onblioro obbéma,
NPeACTaBNEHHOro COOTHoLeHWeM A/ =10. B gaHHOM cryyae ypaBHeHue (3) yKasblBaeT Ha OTCTaBaHWe Npubansm-
TenbHo B 100 cekyHA A0 hOpMMPOBaHMS AbIMOBOMO C/10s, B TO BpeMs Kak ypaBHeHue (A.23) cBuAeTenbCTBYET O He-
MefNeHHOM 06pa3oBaHMK AbIMOBOMO C/105. Takoe OTCTaBaHMe CrpaBeasMBO A1 MOMELLEHUS Takoro 60MbLoro pas-
Mepa. OTO BpeMEHHOE OTCTaBaHME MOXHO Y4YeCTb, A06aBVB AOMNOSMHUTENbHBIVA YNeH B ypaBHeHue (A.23). BpemeHHOe
OTCTaBaHWe B [JaHHOM C/llyyae OuUeHMBaeTCs kak paBHoe 37 ¢ npwv BbicoTe 30 M M NAOLWAAN MOMEPEeYHOro ceveHus
9000 M2,

XoTs cpaBHeHUe B puc.A.3.6.2.2(a) sBnsieTcs 3 heKTUBHBIM, OHO KacaeTcsl TONbKO BblGpaHHbIX 3HaUYeHWn A, H u
Q. 3T0 cpaBHEHWNE MOXET 6bITb MPUMEHEHO KO BCEM 3HaueHusiM A, H n @, 06pasysi COOTHOLLEHME ABYX YPaBHEHWUN,
BbIPaXXEHHbIX Ncxoas u3 t:

teanzg _ 3 [(Z/ H )_2/3 —1]
t.. 2k _ [111-2z/H
0,28

(A.24)
egn3

PN Moxap: 5 MBT
Seo Beicota: 30 M

~ao Bentunauunsa
S~ ~..__ OTCyTCTBYET
-

—
- -
-~

0.3 4
0.24
0.1 -

YpoBeHb HOPMUPOBAHHOIO
AbIMOBOro cnost (z/H)
OO0 oo
S~ 00N
1 1 1

| | 1 |
0 100 200 300 400 500 600
Bpems (¢)

———VYp-e (3), A/H2= 0.5 === Yp-e (A.23), A/H2=0.5
— =Ype(3),AH2=10 - - - Yp-e(A23), AH2=1.0
----Ype(3), AH2=10 ====Yp-e(A.23), AH2=10

Puc. A.3.6.2.2 (a) ConoctaBneHue anre6panyeckunx ypaBsHeHui (3) n (A.23): cTauMOHapHbIiA No)ap

Ha puc. A.3.6.2.2(b) nokas3aHO COOTHOLUEHME KO3(DULMEHTA BPEMEHU U HOPMUPOBAHHOW TNyOMHbI AbIMOBOrO
cnosi, (H - z)/H. NonHoe COOTBETCTBUE ABYX YPaBHEHUI BO3MOXHO NMPU 3HaYeHUM Ko3dhuLUMEHTa BPDEMEHW, PaBHOM
1,0. OaHako KO03(PUUMEHT BpEMEHU CYLLECTBEHHO BapbupyeTcs u HaxoauTtcs B npegenax 20% ot 1,0 nvwb ans
HeboNbLWOro AvanasoHa. Mpyu 3HaYeHUsIX HOPMMPOBaHHOM YBUHbI AbIMOBOro cnosi MeHee 0,13 (MM HOPMUPOBAH-
HOMN uucTol BbicoTe, paBHoi 0,87), ypaBHeHue (A.23) Bceraa nporHosupyet 6onee KOpoTKoe BPEMSt IOCTUXKEHUS
onpeaeneHHoW rybuHbl, yeM ypaBHeHue (3). U HanpoTvs, ypaBHeHue (3) mporHosupyet 6onee KOPOTKOE BpeMs
[OCTVKEHWSI 060N HOPMMPOBAHHOM TTy6MHBI BIMOBOIO CII0sl, MpeBbILLatoLLeil 3HaveHre 0,13.
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1.8
1.6- e
1.4 /
1.2

1]
0.8
0.6

0.4 -
0.2 -

Bpems (Yp-e A.23) / Bpems (Yp-e 3)

1 { I i | | | ) l
0O 01t 02 03 04 05 06 07 08 09 1

HopmupoBaHHas rnybuHa asimosoro cnos (H - 2)/H

Puc. A.3.6.2.2(b) ConocTtaBneHue anrebpanueckux ypasHeHuii (3) u (A.23): ctauMoHapHbIii NoXap

KoachduumeHT BpeMeHn OTHOCUTENBHO MHAMMdEPEHTEH K 3HaveHusaM (H-z)/ H, konebniowmmcs ot 0,4 go 0,6. B
npeaenax 3TUX 3HayeHun KoaddUUMEHT BpeMeHM B cpedHeM cocTaBnseT 1,5, To ecTb, BpPeMsi, MPOrHo3upyemoe
ypaBHeHueM (A.23) Ans NosydeHus onpeaeneHHon rnybuHbl AbIMOBOrO c/iost Ha 50% NpeBbILAET 3Ha4YeHUe, Npo-
rHo3upyemoe ypasHeHueM (3). MNpu 3ToM, ypaBHeHue (3) NporHo3MpyeT 6onee 6bICTPOE NMOHWXKEHWE A0 3TOW rNy6u-
Hbl AbIMOBOrO €081, YeM ypaBHeHue (A.23).

KBaapatmy4Hble noxapsl

MO>XHO MPOBECTM aHANOrMYHOE COMoOCTaBfeHNe ypaBHeHUs (4), NOTyYEeHHOro AMNUPUYECKUM NYTEM, U TEOpEeTU-
Yyeckn 060CHOBAHHOMO YpaBHEHUS ANS KBaapaTUYHbIX MOXapoB. Huxe npuBeaeHO ypaBHEHUE, UCMOb3YEMOE B NpOo-
rpamMme ASET:

-3/2
53 -4/3
1, 20kt /H

Z
Sl (A.25)
23 2
H tg A/ H

roe ty = CKopocTb pocTa noxapa, C.

Ha puc. A.3.6.2.2(C) nNpeacTaBieHO COMOCTaBIeHNe MPOrHO3UPYEMbIX 3HaYeHW z/ H Ans BbICOTbI NoToska 30 M,
CpenHel cKopocTu passBuTus noxapa (fy = 300 €) U pa3nuyHbIX 3HaueHuin A/ H 2. Mpu 3Hauenusix A/H 2 po 1,0 cos-
nafeHve SIBASIETCS OCTAaTOYHO TOYHBIM B MOMEHT MOC/E OKOHYaHWUs HOpMMPOBaHMS AbiMOBOrO cnosi. C Apyroi cTo-
POHbI, YpaBHEHWE, MOJlyYEHHOE SMMUPUYECKUM MYTEM, B HESIBHOM BMAE YUWUTLIBAET BPEMEHHOE OTCTaBaHue. [pu
A/H 2 paBHoM 10,0, 3apepxka OpMMpPOBaHUS AbIMOBOrO CNOSt 3aHMMaEeT 6osiee ANUTENbHOE BPEMS, YeM MPU MeHb-
LUMX 3HAYEHMAX COOTHOLIEHUA A/H 2, TakuMm 06pa3oM, COBMAAEHUE YPOBHA rpaHWLbl AbLIMOBOrO C/I0si AOCTMraeTcs
npuénusutensHo nocne 800 cekyHa. PacuéTHoe BpeMeHHOe OTCcTaBaHue cocTasnseT 206 cekyHa.
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Puc. A.3.6.2.2(c) ConocraBneHue anre6panyeckux ypasHenuii (4) u (A.25):
KBaApaTUuHbIA noxap (t2)

3HayeHue z/H, paBHoe 0,59 Ans TOUKM MepeceyeHust PasIMUHbIX KPUBLIX AN 060MX YpaBHEHWI, SBNSETCS No-
CTOSIHHbIM, HE3aBUCSLLUMM OT 3HayeHuit A, H, u Q. Takum obpa3oM, ypaBHeHue (A.25) nporHo3upyeT boriee KOpoTKoe
BpeMs ANs AOCTWXKEeHWs onpedesieHHOro YpoBHS rpaHuLbl AbIMOBOro cnost npn z/H > 0,59, B To BpeMs Kak ypaBHe-
Hue (4) nporHo3upyet 6onee KopoTkoe BpeMs npu zZ/H < 0,59.

Mpy pasnnyHbIX SKCMOHEHTaX B MPaBOM YacTu 060MX YPaBHEHMIA MX CPaBHEHWE BO3MOXHO TOJbKO MYTEM BbIUKC-
NeHus nokasaTenien BpeMeHn 1 OpMUPOBaHUSI COOTHOLLIEHMS:

tpaenzs | (0.92)°% [[(z/H)?®-11%
t - 4k;°° (z/ H) %

CooTHolleHVEe KkO3DULMEHTA BPEMEHN MpPU PasNNYHON HOPMUPOBAHHOM rNybuHe AbIMOBOro cnosl, (H-z)/H,
npeactaeneHo Ha puc. A.3.6.2.2(d). B uenom, nporHosmpyeMble nokasaTenu BpeMeHu ANs KBaApaTUUHbIX MOXXapoB
COBMaaaloT ropasgo 6onee TOUHO, YeM MoKas3aTenu BPEMEHWU A5 CTauMOHapHbIX MoXapoBs. [porHo3vpyemoe Bpems
ypaBHeHus (A.25) HaxoaguTtcs B npegenax 20% nporHo3upyeMoro BpeMeHu ypaBHeHus (4) npu 3Hadvenusx (H-z)/H
ot 0,26 go 0,80. Kak 1 B cnydae CO CTaUMOHapHbLIMK MoXapamu, Ko3(pdUUMEHT BPEMEHN COCTaBnsieT MeHblue 1,0
npy HebOMbLLON HOPMUPOBAHHOMN rNybMHE AbIMOBOro cnosi. OaHaKo, B AAHHOM criyyae, KO3 MULMEHT BpEMEHU He
npesbiwaet 1,0 4o Tex Nop, NOKa HOpMMpOBaHHas rNybuHa AbIMOBOrO CNos He AOCTUrHET 3HadveHuns 0,40.

(A.26)

ypas4
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Puc. A.3.6.2.2(d) ConocTtaBneHue anrebpanueckux ypasHeHui (4) u (A.25): kBagpaTUUHbIA NoXap

[IporpamMmbl KPYITHOMACLUTAOHbIX UCITLITAHUY B [TOMELUEHUSX C BbICOKUMU TOTOSIKAMU

MporHo3upytowme cnocobHOCTM KaXaoro ypaBHeHuUs MOryT BbiTb MCCneaoBaHbl MyTeM COMoCTaB/eHnsl pesynbTa-
TOB BbIYUC/IEHNI C 3KCNEPUMEHTANIbHBIMW AaHHBIMU.

MporHo3umpytowas cnocobHocTb ypaBHeHus (A.23) 6bina nccneaoBaHa MyTEM COMOCTAB/IEHUS Pe3yNbTaToOB Bbl-
UYNCNIEHWI C AAHHBIMWU KPYMHOMACWTABHbIX MCMbITAHUIA. VICTOUYHWMKN 3KCMEPUMEHTAsbHBIX AaHHbIX, BKIOYAOLWMX MO-
KasaTenu pasfIMyYHOW BbICOTbI MOTONKOB OT 2,4 M A0 12,5 M, a Takke pa3Mepbl MOMELEHW 1 CLEeHapuM noxapa,
npuBeaeHbl B Tabnmue A.3.6.2.2. B Tabnuuy BOLAM UCTOYHUKW AaHHBIX, KOTOPblE UCMOMb30BasIMCh MpY HaYaslbHOW pas-
pabotke ypaBHeHus1 (3). Co BpeMeHu NMpoBeAeHUs MePBOHAYabHbIX PacYeTOB MOSIBUINCH AaHHbIE ABYX AOMOMHM-
TeNbHbIX UCCNeaoBaHU. [JaHHble ABYX AOMOSIHUTENbHbIX UCCIEA0BAHMUI NPeaCcTaBnsioT cobol 0cobblit MHTEpEC, Nno-
CKOMbKY OHM 6bln cobpaHbl Npy noXapax B ropa3fgo 6osee BbICOKMX MOMELLEHNSX, YEM B NepBOHaYasbHbIX UCMbITa-
HUSIX.

M3MepeHHble M MPOrHO3upyeMble YPOBHU AbIMOBOMO Cf0s Mpeabiaywmnx M AByX HOBbIX HAabOpOB AaHHbIX npea-
CTaBneHbl Kak DyHKUMM BpeMeHn Ha puc. A.3.6.2.2(e). [daHHble, Noa 3arofioBKOM «[laHHble KOMUTETa» BKJIOYAOT
BCE JaHHble, Ha KOTOpble KOMWUTET OMMpasncs Npu nepeBoHayasnbHOM paspaboTke ypaBHeHust (3). OTAenbHO npea-
CTaBneHbl HoBble HAabopbl AaHHbIX. Kak MoKa3aHo Ha PUCYHKE, YPOBEHb AbIMOBOrO C0St U3 PaCYETHBIX AAHHbBIX HAX0-
ANTCS MeXAy YPOBHEM, U3MepeHHbIM KaHaaCKMM HauMOHanbHbIM COBETOM MO HayudHbiM mnccneposaHmam (NRCC) wm
Hay4yHo-uccnegoBaTenbCkMM CTPOUTENbHBIM MHCTUTYTOM (BRI). Takum obpa3oM, HECMOTPS Ha pas3nnuus B BbiCOTE
MOMELLIEHNI, HOBbIE 1 MEpPBOHaYasbHble HAbOPbl AaHHbLIX AOCTAaTOYHO cxoxu. KpuBas «NFPA 92B» neMOHCTpupyet
MPOrHO3bl HAa OCHOBE ypaBHeHus (3). B LenoM, NporHosmpyemble AaHHble 060vx ypaBHeHui (3) u (A.23) v skcnepu-
MEHTAsIbHbIX AAaHHbIX COBMaaaoT. YpaBHeHue (3) 3a4aéT HUDKHIOK rpaHuLy SKCNEPUMEHTaNbHbIX AaHHbIX, BKIKOYas
HOBble AaHHble KaHaacKoro HaumoHanbHOro coseta no Hay4yHbiM uccnegoBaHusiM (NRCC). YpaBHenue (A.23) npo-
rHO3MpYyeT CpeaHee 3HayeHne AaHHbIX.
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Puc. A.3.6.2.2(e) ConocrtaB/ieHMe ypoBHei AbIMOBOIO C/10s:
3KCNepuMeHTasibHble U MPOrHo3upyeMble faHHble
Ta6nuua A.3.6.2.2 lMepeyeHb NOJIHOMACLUTAGHbIX UCNbITAHUA
UccnepoBaTenbckasn Tonnueo CkopocTb Bbie- Pa3Mepbl ucnobiTa- U3mepeHus
rpynna neHms Tensa TeJIbHOIro CTeHAA | YPOBHSA AbIMOBO-
ro cnosi
HoBble gaHHble
HayuHo- Pe3sepByap MeTaHo- 1,3 MBT 30Mx24mMm, 3putenbHole
nccnenoBaTenbCKuin na, 3,24 m? (cTaumoHapHbIit) BblCOTa: 26,3 M HabnoaeHus, nep-
CTPOUTENbHbIN BOE noBbILLEHNE
UHCTUTYT (BRI) Temneparypsl

KaHapckui Haumo-
HanbHbIN  COBET MO
Hay4HbIM  MCCnefoBa-

Huam (NRCC)

PesepByap aTtaHona,
avameTp: 3,6 M

8 MBT
(cTaumoHapHbIi)

55Mx33 M,
BbicOTa: 12,5 M

MepBoe noBbllLeHNE
TeMnepaTypbi

[JaHHble KOMUTETa

Canaus, MponuneHoBass ro- 516 kBT 18,3 M x 12,2 M, | lNepBoe nosbieHne
UcnbiTanne 7 [34] penka, BbiCOTa: 6,1 M TeMmnepaTtypbl, KOH-
anametp: 0,91 M LeHTpaums OMOKCU-
Ja yrnepojaa
ManxonnaHg [36] AueTuneHosass ro- 16,2 kBT 3,7Mx 3,7 M, MoBblWweHne TeMmne-
pernka BbiCOTa: 2,4 M paTypbl, CHWXeHne
BMANMOCTU
Kynep [37] MeTaHoBas ropesnka 25 kBT, 100 kBT, nomeuleHve ¢ Ko- | loBbiweHne Temne-
225 kBT pvaopoM W MpuUXo- | paTypsl
e,
nnowgaab: 89,6 M2,
BblCOTa: 2,4 M
XarrnyHg [35] PesepByap c Kkepo- 280 kBT 562 M x 5,62 M, | 3putencHble
cuHoM, 0,5 M2 BbicOTa: 6,15 M Habnoaexus, nep-
BOE NnoBbILLEHNE
Temneparypsl
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YpaBHEHUs, COMOCTaBMMble C ypaBHeHUAMU (3) 1 (A.23), MOryT 6biTb 3aMMCTBOBaHbI AN Pa3fIMYHbIX NoLaaei
MonepeyYyHoro ceyeHusi U AN NoXapos, KOTOPbIE U3MEHAIOTCS HAa OCHOBE CTEMEHHOW 3aBUCMMOCTM (HanpuMep, KBaj-
paTUYHbIX NOXapoB). KpoMe Toro, CyLlecTBYIOT anrebpanyeckue ypaBHEHMS, OTHOCSILUMECS K Pa3/IMYHbIM CBOMCTBaM
AbIMOBOMO CJ108, BK/tOYasi TeMnepaTypy, CHWXKEHNE BUAMMOCTM U KOHLEHTPALMIO MPOAYKTOB ropeHusi. 3T ypaBHe-
HMSI MOTYT MPUMEHSTLCS ANSt OLIEHKU MEPEXOAHbIX YCII0BUI Nepea 3armyCKoM CUMCTEMbl NPOTMBOALIMHOM 3alLMTbl UK
PaBHOBECHbIX YC0BUI NMpu paboTatoLleli cucTeMe NpPOTUBOABIMHOW 3alUMTLl. TakuM 06pa3oM, B pacnopsiKeHUn nme-
€TCS1 MHOXECTBO anrebpanyeckux ypaBHEHWIM, KOTOPbIE MOTYT CIYXWUTb B Ka4ecTBe MOSIE3HbIX CPeACTB A/l OTHOCH-
TENbHO MPOCTLIX PACYETOB WM ANS MPOBEPKM OTAENbHBIX 3/1IEMEHTOB KOMMbIOTEPHLIX PAcyYETOB B 601e€e CNOXHbIX
cUTYyaumsx.

PacuéTt ans noMeLweHni CJI0XKHbIX reoMeTpruuyeckux popm

B oTCyTCTBMM aHanu3a C NpUMeHeHMeM MacliTabHbIX MoAenen, NoneBblX Moaenen Unn BUAOU3IMEHEHHBIX 30HHbBIX
MoZeneil CneayeT MCronb3oBaTb aHau3 YyBCTBUTENIbHOCTM. AHaNN3 YyBCTBUMTENBHOCTU MOXET NPefoCTaBUTb BaX-
Hyt0 MHdOpMaLmio, koTopas ByaeT cnocobCTBOBATL MHXKEHEPHOW OLIEHKE OTHOCUTENIbHO NMPUMEHEHUS ypaBHEHMI (3)
n (4) ans NOMELLEHWI CO CNOXHBLIMW M HEOAHOPOAHLIMU FEOMETPUYECKUMU XapaKTepucTukamu. Hwxe npvsBeneH
NpuMep aHanmsa YyBCTBUTENbHOCTY AJ1s1 60IbLIOr0 MOMELLEHMS C MOTO/IKOM HEMIOCKON reoMeTpryeckon hopmbl.

MepBbIit 3Tan aHanM3a 3aK/YaeTcs B TOM, YTO6bI Npeobpa3oBaTh HEMIOCKY FreOMEeTpUYecKyto hopMy MoToMKa
B (hOpMyY, CXOXYIO UM PaBHO3HAYHYHO MO 06BEMY MIIOCKOM reoMeTpuyeckon opme.

B cnyyae c reomeTpuyeckoi ¢topmoi, n3obpaxkeHHon Ha puc. A.3.6.2.4(a), nNpeobpasoBaHMe AOMHKHO MPOBO-
ANTbCS CneayowmmM obpasomM:

(1) npeobpazoBaTb HEMPSIMOYrO/bHYIO MIOWaAb BEPTMKAIbHOIO MOMEPEYHOro ceYeHns B NpsiMOYrofibHOe BepTy-
KasibHoe NnornepeyHoe ceyeHne paBHO3HAYHOW NoWwaau;

(2) pasmep BbICOTbI, COOTBETCTBYIOLIMI SKBUBANIEHTHOMY MPSIMOYrO/IbHOMY MOMEPEYHOMY CeYeHMto, 3aTeM byaet
MCMOJIb30BaH B Ka4yecTBe 3ameLuatowero koadbuumneHTa BolCOTbl Hsup B YpaBHeHUN (4).

Pe3ynbTaThbl ypaBHeHMs (4) HEOBXOAMMO COMOCTaBUTb C APYrMMU MUHUMAMbHLIMU M MAaKCUMasbHBIMU YCITOBUSIMMU,
KaK MokasaHo Ha puc. A.3.6.2.4(b).

65M2
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Puc. A.3.6.2.4(a) MNMomeweHne 601bLIOK NIOLWAAN C NOTOJIKOM HEMJIOCKOW reoMeTpuyeckoii (popmbl
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Puc. A.3.6.2.4(c) CpaBHUTeNIbHbIE AAaHHbIE PYKOBOACTBA MO NOMELLEHUAM
HEeNpsAMOYroJibHOW reoMeTpuyeckoii (hopMbl — HapacTaroLWKMii NoXap

MoaxoasaWwmMM METOAOM ANsl COMOCTAB/EHUSI MOXET CNYXWUTb rpaduk ypaBHeHWs (4), NpuUBEAEHHbIN HA puC.
A.3.6.2.4(c). NMpeanonoxwM, BpeMs 3BaKyaLUn W3 AAHHOIO 3[4aHUsl COCTaBNSIET 3 MUHYTbl, U COMIaCHO KpUTEPUSM
MPOEKTUPOBaHUSI HEO6X0AMMO, YTOBbI AbLIMOBON C/10M OCTaBasiCs Ha BbicOTe 3 MEeTpa Haj YPOBHEM rosia Ha MpoTs-
YKEHWM BCEro BPEMEHW 3BaKyauuu. AHanM3 KpuBbIX rpadvka rMokasblBaeT, YTO 3HAYEHWUs BbICOTbI AbIMOBOIO CJlos,
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pacCcuMTaHHble ANS 3aMeLLaloWmMX 3HaYeHU, COOTBETCTBYIOT pacyéTy. DTOT BbIBOA MOXHO CAEMaTb Ha OCHOBaHWM
Toro hakTa, UTO HU MapaMeTpbl MUHWUManbHOM BbiCOTbl (H =9 M, W =18 M), HM NapaMeTpbl MaKCUManbHOM BbICOTbI
(H =18 M) He NpuBOAAT K 0XXMAAEMOMY OTBETY, HO COOTHECEHHbIE AaHHble 060Mx napameTpoB (H =12 M, W =18 m;
n H=9 M, W=25 M) No3BONSIOT BbISIBUTb MPUOAN3UTENBHYIO OLEHKY MOBEAEHWUS AbIMOBOrO C/1051 B MPOCTPaHCTBE
HEeoAHOPOAHOW hopMbl. TakMM 06pasoM, OXuaaHWEe NOBeAEHUS, NPOrHO3MPYEMOro MakCMManbHbIMU UM MUHUMab-
HbIMW NMNapaMeTpaMn, HEe MMEET CMbICNa.

NMPOrHO3NMPOBAHUE CKOPOCTU BbIAENTEHUSA TEIMJIA NMPU NMNOXXAPE

B naHHOM pasaene rnpefcTaB/ieHbl METOAbl OLEHKM CKOPOCTU BblENEHNUs Tena Npyu ropeHun pasnuyHbIx Habo-
pOB rOPIOYMX MaTepUasnioB, XapaKTepHbIX ANs 34aHWI, B KOTOPbIX B KayeCTBE OAHOr0 M3 CPeACTB MOXapHoW 6e3-
OMacHOCTK MOryT MCMOMb30BaTbCs CUCTEMbI AbIMOYAaneHus. B nepBylo ouepeab OHM KacaloTCsl OLEHKU KOHLEHTpa-
LMK ropoYnX MaTepuanoB B MOMELLEHUSIX PO3HUYHON TOProB/W, CTaAMoHax, oducax M Npoymx nomelleHmsax 6onb-
oW nnowaan. Metoabl OLEHKM CKOPOCTU BblAENeHUs Tenna, NpUMBeLEHHbIE B JaHHOM pa3fiesfie, OCHOBaHbl Ha ycno-
BUM «CBOGOAHOIO MOPEHUsI», MPU KOTOPOM MCKITHOHAETCsl BO3AEUCTBME MOTOMKA WK C/I0si FOpsiYero rasa Ha noxap.
CnepoBaTenbHO, NpeanosaraeTcs, YTO CKOPOCTb FOPEHUS MPAKTUYECKN He 3aBUCUT OT ropsiyero Crosi.

MUCTOUHUKM AaHHbIX

MICTOYHWMKM faHHBIX NPUBELEHBI B MOPSAKE O4epeAHOCTU, NPU paBHOM KayecTse MeToAoB cbopa AaHHbIX:

(1) HaTypHble UCMbITaHUSA C MCNOMb30BaHNEM UCXOAHbLIX HABOPOB roploYMX MaTepuasnos;

(2) HaTypHble UCMbITAHUS aHaNOrMYHbIX HAbOPOB rOPIOYNX MaTeEpUanos;

(3) anropuTMbl, MOAYYEHHbIE NPU UCMbITAHNAX HABOPOB C aHanoOrMYHLIMK FOPIOYMMU MaTepuanaMmn n pasMepHbl-
MW XapaKTepuCTUKaMu;

(4) pacyéTbl, OCHOBaHHbIE Ha UCMbITaHHBIX CBOMCTBaX, MaTepuanax v NporHo3upyeMoM OrHeBOM MOTOKE;

(5) maTemaTuyeckue MoAenu pacrpoCcTpaHEHUs W pa3BUTUA noxXapa.

HaTypHble ucnbiTaHnsa C UCMOJZIb30BaAaHMEM UCXOAHbIX HA60pPOB roprounx MaTepmasnos

ECnM HaTypHble TEMOBbIE UCMbITAHUS OMNpeAeneHHOro Habopa roploYnx MaTepuasnoB UMEIOT pesynbTaTbl Npea-
CTaB/iEHHblE B BMAE CKOPOCTU BbIAENEHWS Temnna, TO 3TW pe3ynbTaTbl MOryT BMOCIEACTBUM GbiTb UCMOMb30BaHbI B
KauecTBe BXOAHbIX AaHHbIX AJ11 METOAOB, NPEACTAB/EHHbIX B AAHHOM PYKOBOACTBE. MMOCKOMbKY pesysbTaTbl HaTyp-
HbIX UCMbITAHWI PEAKO AAIOT CTAUMOHAPHDIA PEXMM, CBOUCTBEHHBIN MOXapaM C OrpaHUYeHHbIM POCTOM, MW KBagpa-
TWUYHBII POCT, CBOWCTBEHHbIN MOXXapaM C HEMPEPbIBHBIM POCTOM (KBaZpaTUUHLIM MOXapaMm), TO, KaK Npaeuno, Tpeby-
€TCS MHXKEHEepHasi OLieHKa ANs MoyYeHUst TOYHbIX BXOAHbIX AaHHbIX, HEO6XOAMMBIX ANl MPUMEHEHUS OAHOrO M3 ne-
peYnCIEHHbIX NOAXOAO0B. B crlyyae ecnm NpUMeHSIETCS KOMMbOTEPHAs MOAESb, CNOCO6Hast pearpoBaTh Ha CKOPOCTb
BblAENEHUS] TEMNA B COOTHOLIEHUU C KPUBOW BPEMEHW, AaHHble MOryT 6biTb WCMO/b30BaHbl HamnpsiMyto. Ha cero-
AHSILHWIA iEHb €lLe He CYLLEeCTBYET YCTAHOBJIEHHOrO KaTanora UCMbITaHW onpeaenieHHbIX HabopoB ropiounx MaTte-
pyanoB. OAHaKo, HEKOTOpble Pe3ynbTaTbl UCMbITAHUIA COAEPXKATC B TEXHUYECKMX OTYETAX, a NMpu HEOBXOAMMOCTU
MOTYT 6bITb NMOBEAEHbI MHAUBUAYASbHBIE UCTbITAHKS.

MHorve noXapHble UCMbITaHWS He NPeayCMaTpPUBALOT PAcUET CKOPOCTM BblAENEHUs Tenia HanpsMylo. B otaens-
HbIX C/ly4asix OHa MOXET 6bITb paccyMTaHa, UCXOAS U3 UBMEPEHHON CKOPOCTM MOTEPM MACChl, MpW NMOMOLWM Creayto-
el chopMyrbl:

Q= mhec (B.1)
roe
Q— CKOpOCTb BblAeneHus Tenna, kBt
M — CKOPOCTb NOTEPU Macchl, Kr/c
h- — TennoTa ropenus, KIx/kr

B apyrux cnyyasix CKOpoCTb BblAeNeHns Tenna MoXxeT 6bITb NoJly4€eHa, ncxoas m3 M3Mep6HMl71 BbICOTbI NJIaMeHN:

Q= 37(L+1,02D)>2 (B.2)
roe
Q — cKopoCTb BblaeneHuns Tenna, KBt
L — BbicOTa nnameHu, M
D — anametp noxapa, M

HaTyprle UCNbITAHUA aHAJIOTNYHbIX HaGOpOB roprouMx MmatTepuanos

Ecnv nHdopMaummn o HaTypHOM TENI0OBOM UCMbITaHUM KOHKPETHOrO Habopa roplouMx MaTepuanoB HaTu He yaa-
NOCb, MOXHO WCMO/Nb30BaTb AAaHHbIE OAHOMO MM HECKOMBbKMX UCTIBITAHWUI CO CXOXMMM rOpoYMMM MaTepuanamm rno
Hanbosnee BaXKHbIM MOKa3aTeNsM, TakM KaK TWUM roproYero Matepuana, ero pacrnosio)XeHUe U CLEHapuidi Bocriame-
HeHusi. YeM 6onblue HaTypHble WUCMbITAHUS CXOXM C WUCMbITAHUSAMU UCXOAHOMO FOproYero Matepuana, TeM 6osblue
YBEPEHHOCTb B TOM, YTO MOXET OblTb MCMOMb30BAHO MOSyYEHHOE 3HAUYEHME CKOPOCTM BbIAENEHMS Tena Npu rope-
HWMU QHANOMMYHOrO roptodero mMartepuana. OgHako, MOXET NoTpeboBaTbCs UHXEHEPHas! OLEHKa, YTObbl NMpPUBECTU B
COOTBETCTBUE [aHHblE UCXOAHbIX WCMbITAHWA C AAHHLIMM, MPUBIIMXKEHHBIMA K UCTBITAHUSM C UCXOAHBLIM TOPHOUUM
mMaTepuanoM. Ecnm ckopocTb BblAeneHust Tensa He 6bifla M3MepeHa HanpsiMyto, OHa MOXKET ObITb paccyMTaHa MeTo-
JIOM BbIYNC/IEHUSI CKOPOCTU FOPEHUST C MOMOLLIO BbICOTbI N/TaMEHW, KOTOPLIV NpUBEAEH B NpeabiayLeM noapasaerne.
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AnNropmTMbl, NOJsIy4yeHHbI€ NMPU UCMbITAHUAX HaGOpOB C dHaJIOr'MYHbIMU TOPHOYMMMN MaTe-
punasiaMm U pa3MepHbIMU XapaKTEPUCTUKaMU

lMoxkaper nposimsBa

Bo MHormx Cny4yasx 3HadyeHue CKOpOoCTU BblAeNeHNA Tensia Npu ropeHnn UCnblTbiBae€Moro Ha6opa ropro4ymnx Mate-
pvanoB AenuTcs Ha obLylo BENMYMHY, TaKyto Kak oblias 3aHsTas naowagb, 4Tobbl paccuMTaTe HOPMUPOBAaHHYHO
CKOpPOCTb BblAENEHUA TEMIA Ha €AUHULY nnolaaun. Hanbonee nonHo CCbOpMyrIVIpOBaH n 06L1.ler|pVIH$|T anropuTM,
Kacaloumﬁcn CKOpPOCTU BblAENEHUSA TEMMa NPU NOXXapax nposinea.

CKOpOCTb noTepn Maccbl NMpu NoXape nposinBa onpeaendaeTcd npu noMoLwm cneayrouwero ypaBHeEHUA:

m"= m"(1-e*tP) (B.3)
MNepeMeHHble ans ypaBHeHus (B.3) npueeaeHsl B Tabnuue B.5.1.

Ta6nuua B.5.1 PacuétHble AaHHbIE€ OLLEHKNU CKOPOCTU ropeHus B 60nbLinx nponmBax

Martepuan MnotHoOCTL he (kb /kr) m"s (kr/m?c) | kB(m1)
(xr/m3)
KpuvoreHHble Buabl Tonamsa*
Xuakuii Bogopoa (Ha) 70 129100 0,0170 6,22
CXXMXKEHHbIN NPUPOAHBIN ra3 416 50000 0,078 1,08
(npenmyectBeHHO CH4)
COXKMKEHHBIN HehTAHOM ra3 592 46500 0,097 1,40
(npenmyLecTtBeHHO C3Hs)
CnvpTbl
MetaHon (CH3OH) 800 19770 0,0170
StaHon (CHsOH) 800 26750 0,0151 T
MpocTble opraHMyeckue BUAbI TOMIMBA T
bytaH (C4Hi0) 576 46500 0,078 2,68
BeH3nH (CsHe) 848 39500 0,083 2,68
lekcaH (CsHa4) 656 44200 0,073 1,90
lentaH (C7He) 672 44200 0,102 1,11
Kcunon (CgHio) 864 40700 0,087 1,37
AueToH (C3HeO) 784 25600 0,041 1,90
JnokcaH (C4Hg02) 1040 25600 0,0180** 5,24**
Ovatunosbin acmp (C4H100) 720 33700 0,082 0,68
HedTenpoaykTsl
BeH3uH 736 44200 0,047 3,60
la3onunH 736 44200 0,053 2,09
KepocuH 816 43050 0,039 3,60
PeakTtnBHOe Tonnmneo JP-4 752 43050 0,048 3,60
PeakTnBHoe Tonnmneo JP-5 816 43050 0,053 1,60
TpaHchopMaTopHOE Maco, 752 46500 0,039** 0,68 **
yrnesoaopoa
TonnueHas HedTb, Tshkenas 944-992 39500 0,035 1,70
HeouuwieHHas HedTb 832-880 41900 0,0219 -0,044 2,78
Teepable BelecTsa
Nonumetnnmetakpunat (CsHg02)n 1184 23260 0,019 3,27
MNonunponunen (CsHe)n 896 43050 0,018
MNonunctnpon (CgHg)n 1056 39500 0,034

* 115 NPOSIMBOB HA CyXOWi NMOBEPXHOCTH, HE Ha Boae
** yCTAHOBNIEHO HETOYHO, MOCKOJIbKY AOCTYMHbI TONbKO ABA 3HAYEHMUsI
t - 3HauYeHue He 3aBUCUT OT AMAMETPA B TYpPOYNIEHTHOM pexuMe

3HayeHns1 CKOPOCTW BbICBODOXXAEHWNS MaCChbl, MOMy4YeHHbIE NMpy nomowm ypaBHeHust (B.3), cnegyet npeobpaso-
BaTb B CKOPOCTb BblAENEHMSI Tenna, ucrnonb3ys ypasHeHme (B.1) n 3HayeHne TennoTbl cropaHvs n3 Tabnuupl B.5.1.
CKOpOCTb BblAENEHMS Tenna Ha eavHuLy Niowaam, NOMHOXEHHas Ha nnowaab NponvBea, AAET 3HaYeHWe BblaeneHns
Tenna rnpu npeanonaraeMoMm noxxape.

Apyrne HopMupoBaHHbIe aHHbIe

Mpy ucnbiTaHMsX 6binn BbISIBNEHBI U APYre AaHHbIE, OCHOBAHHbIE HA CKOPOCTWM FOPEHUS Ha €AMHWLY NNOoLWaau.
Haunbonee goctynHble U3 HUX NpeacTasnexbl B Tabnuuax B.5.2.(a) n B.5.2.(b).
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Ta6bnuua B.5.2.(a) CkopocTb BbifesieHUsl TernJia Ha eAuHMULYY TJIowWanm

NPy rOpeHuM pas/inyHbIX usgenuim

WU3spenune KBT\M?2 o6L1ei nnowanmn
[lepeBsiHHbIE MOAAOHbI, CIIOXKEHHBLIE OAWH Ha ApYroW, 1418
0,45 M BbicoTOW (BNaXHOCTb 6-12%)
[epeBsiHHbIE MNOAAOHbI, CTOXEHHbIE OAWH Ha ApYroWn, 3972
1,5 M BblcoTOM (BNAXXHOCTb 6-12%)
[lepeBsiHHblE NOAAOHbI, CIIOXEHHbIE OAWH Ha ApYyroM, 6810
3 M BbICOTOV (BN@XXHOCTb 6-12%)
[epeBsiHHblE MOAAOHbI, CNIOXKEHHbIE OAVH Ha ApYroM, 10215
5 M BbICOTON (BNAXHOCTb 6-12%)
HanonHeHHbIE NOYTOBbIE CYMKW, CIOXKEHHbIE OfiHA Ha Apyryto, 1,5 M BbicoTOM 397
KapTOHHblEe KOPOOKU, CIIOXXEHHbIE OfIHA Ha APYrYo, 1702
4,5 M BbicOTOM
HanonHeHHble NONSTUNEHOBbIE NIOTKW /11 MTUCEM, C/IOKEHHBbIE OAMH Ha ApYron, 8512
BbICOTOM 1,5 M Ha Tenexke
MonusTnneHoBble MyCcOpHble 6akM B KapTOHHbLIX KOPOOKax, CNOXEHHble OanH 1986
Ha Apyron, BbICOTON 4,5 M
MonuatuneHoBble AyleBble KAOMHKN M3 CTEKSIOMNIACTUKA B KapPTOHHBIX KOpobKax, 1418
CMNIOXEHHbIE OfiHA Ha ApYryto, BbICOTON 4,5 M
MonusTnneHosble 6yTbIIKM B KAPTOHHbLIX KOPObKax C AeneHnsaIMu 6242
MonuaTuneHoBble BYTHINIKM B KAPTOHHbIX KOPOOKaX, CNOXEHHbLIX OfAHa Ha Apy- 1986
ryto, BbICOTON 4,5 M
MonuypeTaHoBble TENTON30MSLMOHHbBIE MAUTLI U3 XKECTKOro MeHonsacra, cio- 1829
YKEHHbIE 0fiHa Ha ApYryto, BbICOTON 4,5 M
MonncTuponoBble EMKOCTM, YNAKOBaHHbIE B KAPTOHHbIE KOPO6KK C AeneHnsaMu 14187
Monuctuponosble 6aHKM B KApTOHHBIX KOPO6KaX, CIOXKEHHbIX OAHA Ha ApYryto, 5391
BblcoTOM 4,3 M
MonucTMponoBble AETanu Urpyliek B KapTOHHbIX KOpOOKax, CMOXEHHbIX OfHa 2043
Ha Apyryto, BbicoTol 4,5 M
MonncTnponoBble TEMMOU30NSALUMOHHBIE MAUTLI U3 XKECTKOro NeHonniacra, crio- 3291
YKEHHbIE 0fiHa Ha ApYryto, BbICOTOM 4,3 M
BYTbINKN 13 NONMBUHWAXIOPMAA B KaPTOHHBLIX KOPobKax C AeneHusMm 3405
MonunponuneHoBble 6aHKN, YNaKoBaHHbIE B KAPTOHHbIE KOPOOKM C AeNeHUsMN 4426
MonunponuneHoBas W MNOAN3TUNEHOBas NEHKA B PY/IOHAX, COXEHHbIX OAWH 6242
Ha ApYroi, BbicoTon 4,3 M
MeTunoBbIi CnpT 738
lasonuH 3291
KepocuH 3291
[un3enbHoe TonanBo 1986

I'IpMMeanme: CKOPOCTb BblAeNeHna Tensla Ha eaAuHuLly niowaan noJIHOCTbO OXBa4Y€HHOro OrHéM roptoyero ma-

Tepuana npu He3HauYUTEe/IbHOM OBMEHE W3MTyYEHWEM CO CTOPOHbI OKPYXKAMOLLEN Cpefbl M CTOMPOLIEHTHOW MOSHOTE
cropaHus. Takke CMOTpUTE aHanormyHyio Tabnuuy (Tabnvua 2) B noapasaene «PacyéTHble noxapbl» pasgena «Py-

koBoAcTBO K IBC 2003. TpeboBaHUsi K NPOTUBOALIMHON 3aLLMTE»,

Ta6nuua B.5.2(b) MakcuMmanbHble 3Ha4YeHUSI CKOPOCTH Bbi€JIEHUA Tenia

Cknapckue Mmatepuaribl Bpems pocra MnoTHOCTb Knaccucpmkaums
noxxapa, c Bbifle/IeHUA TEMJ1a | CKOPOCTH Bbigene-
q) HMA Tena
(m—mMepneHHan)
(c—cpepHnssn)
(6—6bicTpasn)
[lepeBaHHbIE MOAAOHBI, CNIOXKEHHbIE OAWMH Ha 150-310 1248 c-6
ZpyroW, Bblcotoi 0,45 M (BnaxkHoCTb 6-12%)
[epeBsHHbIE NOAAOHbI, CNOXEHHbIE OAUH Ha 90-190 3745 6
Apyrow, BbicoTol 1,5 M (BnaxHocTb 6-12%)
[epeBsHHbIE NOAAOHBI, CNOXEHHbIE OAMH Ha 80-110 6810 6
[pYroi, BbICOTOMN 3 M (BaXHOCTb 6-12%)
[epeBsHHble MOAAOHbI, C/IOKEHHblE OAUH Ha 75-105 10215 6
[ipyroi, BblcoTol 5 M (BnaxHocTb 6-12%)
HanosHeHHbIe MOoYTOBbIE CYMKW, CITOXEHHbIE 190 397 6
0fiHa Ha ApYryo, BbICOTON 1,5 M
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KapToHHble KOpPOOKM, CNOXEHHble OAHa Ha 60 2270 *
[pyryto, BblcoTon 4,5 M

ByMaXkHble pYynoHbl, BepTUKANbHO CIIOXEH- 15-28 - *
Hbl€ OAMH Ha APYrow, BbICOTON 6 M
MpeameTbl opexabl M3 Xxonka (a Takke 20-42 — *

rnonuacTepa, MONMM3CTEPA/XNONKA,  aKpu-
Nna/HeNNoHa/nonnacTepa) Ha  CTennaxe,
BblCOTOM 3,6 M

KapToHHble KOpPOBKM Ha MOAZOHaX, BbICOTOW 40-280 - c-6
4,5-9m

bymarn, nnoTHO 3anakoBaHHblE B KApTOH- 470 - M-C
Hble KOPOBKM, Ha CTennaxe, BbICOToN 6,1 M

HanosnHeHHble MONUSTUNEHOBLIE NOTKW AN 190 8512 6

MMCeM, CJIOXKEHHbIE OAMH Ha APYroW, BbICOTON
1,5 M Ha Tenexke

MonuaTuneHoBble MycopHble 6akn B KapTOH- 55 2837 *
HbIX KOpPOOKaX, CNOXEHHbIE OAVH Ha ApYrown,
BbicOTOMN 4,5 M

MonuaTuneHoBble AyleBble KabuUHKM U3 CTek- 85 1248 *
NIoNnacTvka B KapTOHHbIX KOPObKax, CroXeH-
Hble OfiHa Ha ApYryto, BbicoTol 4,5 M

MonustuneHoBble OyTbIIKM B KAPTOHHBIX 85 6242 *
KOpobKax C AeneHnsMm
MonuatuneHoBble 6YTbIIKM B KapTOHHbIX 75 1929 *

KOpobKkax, CNOXeHHbIX OfHa Ha APYrylo, Bbl-
coton 4,5 M

MonunatuneHoBble  MOAAOHbLI,  CMOXEHHble 130 —_ 6
OfIMH Ha ApYyro, BbicoTon 1 M

MonuaTuneHoBble  MOAAOHbI,  CNIOXEHHbIE 30-55 — *
OAVH Ha ApyroW, Bbicoton 1,8 —2,5 M

OOHOMECTHbIM  MaTpac M3 MNONUYPETaHa, 110 - 6
paCnosIOXKEHHbIV rOPU30HTANIbHO

MeHodeHoNNacToBblE  TEMTON30/ISILUMOHHbIE 8 1929 *

NAUTbl U3 KECTKOro MEeHOoMnNacTa, CHOXeH-
Hble 0AHa Ha ApYryto, BbICOTOM 4,5 M

Monuctnponoeble EMKOCTH, YNaKOBaHHblE B 55 13620 *
KapTOHHble KOPObKkU C AeNeHnsaMu

MonuctponoBble 6aHKM B KAPTOHHbBIX KOPO6- 105 5107 6
Kax, CNOXEHHbIX OAHa Ha APYryto, BbICOTON

43 M

Monuctuponosble AeTanu urpywek B Kap- 110 2043 6

TOHHBIX KOPOOKaX, CIOXEHHbIX OfHa Ha ApY-
ryto, BbICOTON 4,5 M

MonncTuponoBble TEnoOM30ASALUUOHHbIE MAn- 7 3291 *
Tbl M3 XECTKOrO MEHOMACcTa, CJIOXKEHHbIE
0flHa Ha [pyryto, BbicoTon 4,3 M

ByTblIKM 13 MOAMBUHUNXIOpUAA B KAPTOH- 9 3405 *
HbIX KOpPobKax C AeneHnsaMm

MonunponuneHosble 6aHKM, yNakoOBaHHbIE B 10 4426 *
KapTOHHble KOPObKU C AeNeHnsIMM

MonunponuneHoBas W  MNOAUITUNIEHOBas 40 4972 *

MNEHKA B PY/IOHAX, CJIOXKEHHbIX OAMH Ha
[pYrow, BbicoTol 4,3 M

OuMLIEHHBIN CNMPT B 60YKax, COCTaBNEHHbIX 23-40 - *
OflHa Ha ApYryo, BbICOTOM 6,1 M

MeTunoBbIN CnMpT — 738 -
a30nuH —_ 2270 —_
KepocuH — 2270 —
[un3enbHoe TonanBo —_ 2043 —_

MNpuMeyaHue:

1. @m = gA, rpe @m — MakcuMarnbHas CKOpPOCTb BblAenieHus Tenna, KBT; g — MNOTHOCTb BblAeNeHus Tenna,

kBT/M%Z; A— 06las nnowaas, M2,

2. 3HayeHns1 CKOPOCTW BbIAENIEHUS TENa Ha eAnHULY NIoWaan AaHbl A5 NOMHOCTbIO OXBAa4E€HHOro OFHEM ropto-
yero MaTepuasna rnpv CTOMPOLEHTHOW MOSIHOTE cropaHus. MpuBeAéHHbIE NMOKasaTen BPEMEHM pocTa Moxapa — 3T0
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nokasartenu, Tpebyemble ans Toro, 4Tobbl CKOPOCTb BbiAeNeHMsl Tenna npesbicuna 1000 kBT gns pacTywmx noxapos
Npy CTONPOLIEHTHOW NOMHOTE CropaHus.
*CKOpOCTb pOCTa noXxapa BbIXOAMT 3a Npeaesbl KpuTepues Knaccudukaumm.,

ﬂpyr Hne Ba)>kKHble faHHbie
[Jpyrue HEHOPMMPOBaHHbIE AaHHblE MOFYT 6bITb MCMOMb30BaHbI NPU MOCTPOEHUM KPUBOI CKOPOCTU BblAENEHUS

Tenna. MNpumepbl NnpyBeaeHsl B Tabnuuax B.5.3 (a) - B.5.3 (h).

Ta6nuua 6.5.3(a) MakcMManbHble 3HaUEHUS CKOPOCTU BbiAeJIeH!A Tenna,
nonyyeHHble MHCTUTYTOM CMCTEM NOXAapHO CUrHaM3auum

EauHMua roproyero MatTepuvana

MpubnuautenbHblie 3HaYeHus, KBT

MycopHasi KOp3vHa CpeiHei BEIMYMHbI MOJIHasi NAKETOB ANst MOJIOKa 105
Bonbluas 6o4ka ¢ nakeTamMmu Ans MoJsioKa 150
MSrkuiA CTyn C HaMoOJIHUTENEM U3 MOSINYTEPaHOBOW NeHBbI 370
MaTpac M3 naTekcHol neHbl (HarpeBaHWe CO CTOPOHbI ABEpPU MoMe- 1270
LEHMS)
O6cTaBneHHas rocTMHas (HarpeBaHVe CO CTOPOHbI OTKPbITON ABEpPK) 4200-8500
Ta6nuua B.5.3(b) CBoiicTBa NICTOUHUKOB BO3ropaHusi
UcTouHmk Bo3ropalusa | CraHaapTHbIi Bpemsa MakcumanbHas WupuHa | MakcuManbHbIi
BbIXOA, ropeHunsa?® BbiCOTa nsaMmeHun TenJoBou
Tervia (c) naaMeHun (Mm) MoToK
(BT) (Mm) (xBT/M2)
Cuvrapeta Maccoit 1.1 r (He
NMPUKYpeHHasi,  nexallas
Ha TBEPAON MOBEPXHOCTK),
abcontoTHO cyxas
npu npeaBapuTeNbHOM 5 1200 - - 42
ob6pabotke 50%
npv OTHOCUTENIbHOM 5 1200 - - 35
BNI2XXKHOCTU
Tabnetka MeTeHaMWHa, 45 90 - - 4
Maccon 0,15
[epeBsHHas cnvuka (ne- 80 20-30 30 14 18-20
Xallas Ha TBepaow mno-
BEPXHOCTK)
[JepeBsiHHbIE MONIeHNLbI
Monennua N 4, 8,5 1000 190 15d
Monennua N2 5, 17 1 1900 200 174
MoneHnua N2 6, 60 r 2600 190 204
Monennua N2 7, 126 6400 350 254
CMSITbIN  KOPUYHEBLINA Na- 1200 80
KeT ans obena, 6 r
MsiTas BowéHas 6ymara, 1800 25
4,5 r (nnoTHO okatas)
Msitaa BowEHas 6ymara, 5300 20
4,5 r (pacnpaeneHHas)
CNOXeHHbIN [ABOWHON ra- 4000 100
3€THbIA nnct, 22 r (Bo3ro-
paHue CHM3y)
CMATbIA  OBOWMHOW raset- 7400 40
HbI ucT, 22 1 (BO3ropa-
HUe cBepxy)
CMATbIN  [BOWHOM raseT- 17000 20
HbI nucT, 22 1 (BO3ropa-
HUE CHU3Y)
MonuatnneHosas  Mycop- 50000 200° 550 200 35¢
Has  kop3uHa, 285 T,
HarnonHeHHas 12-10 Kap-
TOHHBIMWM MakeTamMu Ans
mosoka (390 r)
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MnactukoBble  MycopHble | oT 120000 go
nakeTbl, HanosTHEHHblEe 350000
LeNIOMNO3HBIM  MYCOPOM

(1,2-1,4«kr)e

200°

@ NPOAOMKUTENBHOCTb CYLLECTBEHHOIO BOCM/ITAMEHEHUS;
b Bpemsi noniHoro cropanus npesbiwaeTt 1800 cekyHA;

¢ UI3MEPEHO Ha CMOAENNPOBAHHON ropersike;
9 M3MEepEHO C PaccTosiHMA 25 MM;

€ pe3ynbTaThbl 3HAUYMTENBHO PA3NNYalOTCsA B 3aBUCUMOCTY OT MIOTHOCTM YNaKOBKM.

Ta6nunua B.5.3(c) CBOICTBa TUNOBbIX NpeAMETOB Me6esim Kak UCTOUHVUKOB BO3ropaHusi

O6uwan Mmacca

O6was Tennioem-

MakcumarnbHas

MakcumanbHoe

(xr) kocTb (M) CKOPOCTb Bblienie- | U3JslyyeHue Tenna,
Hus Tenna (kBT) HanpasJ/IeHHOe K
LIeHTpY 3TaKa®
(xBT/M?)

MycopHas - kop3uta 0,73-1,04 0,7-7,3 4-18 0,1
ans 6ymar ! ! o !
LTopbl, 6ap- 1,9 24 160-240 1,3-3,4
XaT/XNoMnoK
Lropel, ak- 1,4 15-16 130-150 0,9-1,2
pyn/XNonok
Tenesn3opsbl 27-33 145-150 120-290 0,3-2,6
Mogenb cTyna 1,36 21-22 63-66 0,4-0,5
Mopenb anBaHa 2,8 42 130 0,9
Kpecno 26 18 160 1,2
PoxaecTBeHckue 6,5-7,4 11-41 500-650 3,4-14

EnKn, cyxme

@ U3MepeHo I'IpM6J'IVI3MTerIbH0 C paccTosiHMs 2 M OT ropsiliero npeameTa

Ta6bnuua B.5.3(d) CkopocCTb BbiAeNeH!s Ternsia B UCNbITaHUAX CO CTY/IbIMU
n kpecnamm HaunoHanbHoro 6ropo ctanpaaptos (NBS)

06- | (xr) Macca Tun Kapkac Ha6uBOUYHbI TkaHb Mpome- Makcu- Makcu-
pa- roproue- MaTepuan XKYTO4Y- | MasibHOe | MaJsibHoe
3ey ro marte- HbI 3Have- 3Have-
pvnana cnow Hue m Hue q
(xr) (r/c) (xBT)
C12 | 179 17,0 CraHgapTHoe LepeBo X0MoK HEeWnoH - 19,0 290?
Msirkoe Kpecno
F22 319 CraHpapTHoe AepeBo X0roK (orHe- XJTOMOK - 25,0 370
Msirkoe Kpecsno CTOMKMI)
F23 31,2 CraHpapTHoe aepeBso XNonoK (orHe- onedwH — 42,0 700
Msirkoe Kpecno CTOViKUI)
F27 | 29,0 CraHpapTHoe fepeBo KOM6UHMpPOBaH- X/T0NOK - 58,0 920
Msirkoe Kpecno HbliA
F28 29,2 CraHpapTHoe aepeBso KOM6UHMpPOBAH- XJ10MOK — 42,0 730
Msirkoe Kpecno HblVi
Cco2 13,1 12,2 CraHpapTHoe aepeBso XN0MNOK, Nonu- onedwH —_ 13,2 800°
Msirkoe Kpecno ypeTaH
Co3 13,6 12,7 CraHpapTHoe AepeBo XJ10MOK, Nonn- XJI0MOK —_ 17,5 4602
Msirkoe Kpecno ypeTaH
co1l | 12,6 11,7 CTaHgapTHoe [epeBo XOMOoK, Nonun- X/10MOK - 17,5 2602
Msrkoe Kpecno ypeTaH
co4 12,2 11,3 CraHpapTHoe fAepeso nonuypetaH HEWMOoH - 75,7 1350P
Msirkoe Kpecno
C16 19,1 18,2 CraHpapTHoe fAepeBo nonuypeTaH HEWMMOoH HeonpeH HeTt paH- 180
Msrkoe Kpecno HbIX
F25 27,8 CraHpapTHoe AepeBo nonuypeTaH onecdvH - 80,0 1990
Msrkoe Kpecno
T66 | 23,0 CraHpapTHoe fAepeBso NonunypeTaH, X/10MOK - 27,7 640
Msirkoe Kpecno nonuacrep
F21 28,3 CraHpapTHoe AepeBo nonnypeTaH onedvH - 83,0 1970
MSIrKoe Kpecsno (orHecTomKuit)
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F24 28,3 CraHgapTHoe aepeso nonuypeTaH XJ1I0MOK _ 46,0 700
MSArkoe Kpecno (orHecTolkuin)
C13 19,1 18,2 CraHpapTHoe fepeBso nonnypeTaH HennoH HeorpeH 15,0 2302
MSArkoe Kpecno
Ci4 | 21,8 20,9 CraHpapTHOe [lepeBO nosimypeTaH onedwH HeonpeH 13,7 2202
MSArkoe Kpecno
Ci5 | 21,8 20,9 CraHpapTHoe fepeBo nonuypeTaH onedvH HeonpeH 13,1 210b
MSArkoe Kpecno
T49 15,7 Msirkoe Kpecno Aepeso nonavypeTaH XJ1I0MOK —_ 14,3 210
F26 19,2 Bonee ToHkoe fepeBo nonuypeTaH onedvH - 61,0 810
Msrkoe Kpecno (orHecTovKuiA)
F33 39,2 CTaHzapTHbIV aepeso KOMBMHMpPOBaH- XJ1I0MOK _ 75,0 940
[IBYXMECTHbIV HbIl
AMBaH
F31 | 40,0 CTaHaapTHbIiA fepeso nonuypeTaH onedwH - 130,0 2890
[IBYXMECTHbIV (orHecTolkuin)
anBaH
F32 51,5 CTaHaapTHbIiA fepeso nonunypeTaH onedwH — 145,0 3120
[MBaH (OrHecToVKMiA)
T57 54,6 [IByXMEeCTHBbIi aepeso nonnypeTaH, MNBX _ 61,9 1100
AMBaH X/10MOK
T56 | 11,2 OduCHbIN cTyn fepeBo naTekc MBX — 3,1 80
Co9/ | 16,6 16,2 CTyn 13 neHo- aepeso nonnypeTaH, nonuype- —_ 19,9 460
T64 nnacrta (yactnu- nonunacrep TaH
HO)
coz7/ | 11,4 11,2 Msrkoe Kpecrno | MOAUCTU- nonuypeTaH nonunype- - 38,0 960
T48 (coBpeMeHHblit posnoBas TaH
An3aiiH) neHa
Ci0 | 121 8,6 Kpecno Ha WECTKMIA nonuypeTaH nonuype- - 15,2 2402
BbICOKOM HOXKe | nonuype- TaH
TaHoOBbIN
neHo-
nnacr
C11 14,3 14,3 CTyn 13 neHo- — nosimypeTaH HeWnoH — HeT naH- 810P
njacra HbIX
F29 14,0 CraHpapTHoe nonunpo- nonuypeTaH onedpuH - 72,0 1950
Msrkoe Kpecno nuneHo-
Bas neHa
F30 25,2 CraHnpapTHoe KECTKUA nonuypeTaH onedpuH — 41,0 1060
Msrkoe Kpecno | nonuvype-
TaHOBbIN
neHo-
nnacr
Co8 | 16,3 15,4 BpaLuatoLumiica npecco- nonuypeTaH MnBX - 112,0 830b
CTYN Ha BbICO- BaHHbIM
KOM HOXKe nonuaTu-
NleH
CO5 7,3 7,3 Kpecno- —_ NOMNCTEPUH NBX —_ 22,2 3702
nogyuika
Co6 | 204 20,4 Kpecno- - nonuypeTaH aKpun - 151,0 24800
noayLuka ¢
MEHOMIacToBOM
CMUHKOW
T50 16,5 OBbIKHOBEHHbI MeTann XJI0NOK NBX — HeT paH- <10
cTyn HbIX
T53 15,5 1,9 O6bIKHOBEHHbIN MeTann nonuypeTaH MBX _ 13,1 270
cTyn
T54 | 27,3 5,8 [IByXMeCTHbI metann nonnypeTaH MNBX — 19,9 370
AMBaH C MeTan-
JIMYECKMM Kap-
Kacom
T75/ | 7,5 2,6 CknagHble MeTann nonuypeTaH NBX —_ 7,2 160
F20 | (X4) CTynbs (4 wr)
@ paccuMTaHo Mpy NOMOLLM MoKasaTesielt NoTepu Macchl U npeanonaraemoro Wh.
b paccuMTaHo Mo MokasaTensaM KOHLEHTpaLmMn rasa y BbiXxoaa
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Ta6nuua B.5.3(e) 3aBUCMMOCTb CKOPOCTH BbiA€/IEHUS TEMNJ1a OT TUMA TKaHU
B Tabnuue B.5.3(a) (BHYTpM KaXkA0OW rpynnbl BCe OCTasibHble 3/1eMeHTbl OCTAlOTCA NOCTOSAHHbIMM)

O6pasey MaxkcuManbHoe 3Ha- TkaHb Ha6uBouHblii MaTepuan
yeHue g (kBT)
npu NoJIHoMacwTa6-
HbIX UCMbITAHUSAX
pynna 1
F24 700 xnonok (750 r/m?) OrHecToviKas NoiMypeTaHoBas NeHa
F21 1970 nonvoneduH (560 r/m2) OrHecToviKas NosiMypeTaHoBas NeHa
Ipynna 2
F22 370 xnonok (750 r/m?) BaTHas Habueka
F23 700 nonvoneduH (560 r/m2) BaTHas Habueka
Ipynna 3
28 760 OTCYTCTBYET OrHecToviKas NoiMypeTaHoBas nNeHa
17 530 xnonok (650 r/m?) OrHeCToVKas NoMypeTaHoBas NeHa
21 900 xnonok (110 r/m?) OrHECTOVKasi NonMypeTaHoBas NeHa
14 1020 nonvoneduH (650 r/m2) OrHecToviKas NoIMypeTaHoBas NeHa
7,19 1340 nonnoneduH (360 r/m2) OrHeCToviKas NofMypeTaHoBas NeHa
Ta6nuua 8.5.3(f) 3aBUCMMOCTb MAKCUMaJIbHOW CKOPOCTHU Bbie/IeHUsl Tensia
OT TMNa HabuBouHOro MaTepmasna B Tabnuue B.5.3(d) (BHYTpKu KaXkgoi
rpynnbl BCE OCTa/IbHbIE 3JIEMEHTbI OCTAlOTCA MNOCTOSAHHbIMM)
O6pasey MakcuMmanbHoe 3Ha- Ha6uBouHbIi MaTepuan TkaHb
yeHue g (kBT)
B NMOJIHOMacWTabHbIX
MUCMbITAaHUAX
pynna 1
F21 1970 OrHecToikas nonuypetaHoBas | nonuoneduH (560 r/m?)
neHa
F23 1990 HEOrHecTolKkass nonnypeTaHo- | nonvoneduH (560 r/m?2)
Basi NeHa
pynna 2
F21 1970 OrHecTolkas nonuypeTtaHosas | nonvoneduH (560 r/m2)
neHa
F23 700 BaTHas Habumeka nonvoneduH (560 r/m2)
Ipynna 3
F24 700 OrHEeCToMlKas nonuypeTaHosas | xionok (750 r/m2)
neHa
F22 370 BaTHas Habueka xnonok (750 r/m?)
21 900 xnonok (110 r/m?) OrHECTOVKasl NoNMypeTaHoBasi NeHa
14 1020 nonvoneduH (650 r/m?) OrHEeCToVKasi NoNMypeTaHoBasi NeHa
7,19 1340 nonuoneduH (360 r/m?) OrHecToliKasi NoNnypeTaHoBas NexHa
pynna 4
12, 27 1460 HeorHecToikas nonuypetaHo- | nonvoneduH (360 r/m2)
Basi NeHa
7,19 1340 OrHecTonkasi nonuypeTaHoBas | nonvoneduH (360 r/m?2)
neHa
15 120 HeornpeHoBas neHa nonvoneduH (360 r/m?)
pynna 5
20 430 HeorHecToikas MonuypeTaHo- | xnionok (650 r/m2)
Basi NeHa
17 530 OFHECTOMKas MonuypeTaHosas | xionok (650 r/m2)
neHa
22 0 HeonpeHoBas NneHa xnonok (650 r/m?)

Ta6bnunua B.5.3(g) 3aBMCUMOCTb CKOPOCTHU BbleNieHUs1 Tensia 06pa3LoB C HEOrHEeCTOMKUM nonuype-
TaHOBbIM HA6MBOUYHbIM MaTeEpPUasioM U NosinonedpUHOBON TKaHbIO OT MaTepuasia Kapkaca

O6paszey Macca (kr) MakcuManbHoe 3HaueHue g Kapkac
(xBT1)
F25 27,8 1990 AepeBo
F30 25,2 1060 nosivypeTaH
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F29 | 14,0 | 1950 | nonunponuieH

Ta6nuua B.5.3(h) MapameTpbl Bbi6bopa CKOPOCTH BbiAeIEHUA TEIJla NPy pacuyére

Moxxapbl € NOCTOSIHHOM CKOPOCTbIO BblAeiIeHusa Tensa

Teobanba [17] (Ha TeppUTOPUM MPOMBILLIEHHOrO npeanpus- | 260 KBT/M2
™A)
J10 [49] (B ohncHOM nomeLLeHnn) 290 kB1/M?
XaHcenn n MopraH [50] (B koMHaTax oTens) 249 kB1/M2
Moxkapbl C pa3/IM4HONI CKOPOCTbIO BbiAesIeHUs Tena
KoHdburypaums roprouero matepmana CkopocTb pocTa nox)apa
(NBSIR 88-3695)
Paboyee MecTo, OCHaLEeHHOEe KOMMbIOTEPOM
CsobogHoe ropenune HM3Kasl - BbICOKas
MNomelleHve O4YeHb HM3Kas
Crennaxu
CsobogHoe ropexune cpenHss ao 200 c, Bbicokas nocne 200 ¢
OducHbIN Moaynb O4YeHb HM3Kas — cpeaHsis
EavHuua roprouero matepmana MakcuManbHasi CKOpOCTb BbigesieHus Ten-
(NBSIR 483) na (xBT)
Paboyee MecTo, OCHalLEHHOE KOMMbIOTEPOM 1000-1300
EavHuUa roprouero matepuana MakcuManbHasi CKOpOCTb BbiesieHus Ten-
(NBS, moHorpacua 173) na (kBt)
Crynbs 80-2480 (<10, MeTannM4ecKkni kapkac)
[BYXMeCTHbIE ANBaHbI 940-2890 (370, METANIMYECKMI KapKac)
OvnBaH 3120

OnucaHue paccYMTaHHOIO No)kapa, OCHOBAHHOE Ha UCMbITaHHbIX CBOMCTBAX

06Ll.lail OLUEeHKa CKOPOCTW BblAeNeHUa Tensla ropiovynx MatepuasoB Npon3BoanTCA Ha OCHOBE MOXXapHbIX CBOWCTB
3TUX MaTepuanoB. [aHHble NoXapHble CBOMCTBA MOryT ObiTb OnpeaeneHbl NPy NOMOLM MENKOMaCcLUTabHbIX UCMbITa-
HWI. Hanbonee 3HauYMMbIMM MENIKOMACLUTAOHLIMU UCMLITAHUAMKU SBASIOTCS KaJIOPUMETPUYECKME UCTbITaHUS, BKJILO-
vatowme B cebs kanopuMeTpUIO KMCIOPOAHOrO0 06eAHEHNS U MPUMEHEHME BHELLHEro TeMNI0BOro notoka Ha obpased,
C Uenblo onpeaeneHna BpeEMEHN BO3ropaHns, CKOpPOCTHU BblCBOﬁO)K,EI,EHVIFI MacCCbl 1 CKOPOCTU BblAeNIeHNUA TeNNa npu
onpeaeneHHOM BO3AENCTBYIOLWEM NOTOKe. Hanbonee BaXKHbIMM U3 COBPEMEHHBIX UCMbITATENbHLIX NPUBOPOB SIBNSIHOT-
CSt KOHMYECKUIA KaSIOpUMETP U KaNopuMETp, cepTUULMPOBaHHbIA No ctaHgaptam FM (Factory Mutual). OcHoBbiBa-
SICb HA AAHHbIX, MOSYYEHHbIX MPU MOMOLLM KaNOPUMETPOB, TAKXKE MOXHO paccyMTaTb TEMMNEPATYPY BO3ropaHus, Kpu-
TUYECKMI NOTOK BO3ropaHus, 3pheKTUBHYIO TEMMOBYIO MHEpUMIO (kpc), TEMMOTY CropaHus, U TEMNOTY ra3oobpaso-
BaHUA. CBOIZCTBa, HGOﬁXO,Cl,VIMbIe Anga onpeaeneHna pacnpocTpaHeEHUA NlaMeHN B HanpaBJieHUAX, He coBnaaatrowmx C
NMOTOKOM M/iIaMeHu, He NOoAAAIOLMECS U3MEPEHMIO MPW NMOMOLLM KalIOPUMETPOB, MOryT ObiTb M3MepeHbl Mpy NOMOLLK
npubopa Ans onpeaeneHns pacnpocTpaHeHUs niaaMeHn M 6okoBbix Bo3ropaHuii (LIFT). B gaHHoOM pasgene paércs
NMOHATUE UCMONb30BaHUA PE3YJIbTATOB UCMbITaHUI NOXXapHbIX CBOWCTB KaK OCHOBbI Aang aHaIMTU4eCcKoro pacuéTa
CKOPOCTW BblAeneHua tenna, H€06XO,C[VIMOF0 Npu NCNOIb30BaHNN UCMbITbIBAEMbIX MaTEPUAIOB.

AHasm3 n3MepeHHbIX CBOHCTB

B Tabnuue B.6.2. npuBeaeHbl BUAbl MOXAPHbLIX CBOWCTB, KOTOPble MOryT 6biTb MOSyYeEHbl MPU MOMOLIM KOHUYE-
CKOro KasiopumeTpa WK KanopuMeTpa, cepTuduumpoBaHHOro no ctaHaaptam FM (Factory Mutual), unu apyrux no-
[06HbIX NpnbopoB.

Ta6nuuya B.6.2 CBOMACTBa, U3MEepeHHble NpY NOMOLUU KaJIopuMeTpa,
B COOTHOLUEHWUM C PacYETOM NOXKapoB

CBoiicTBO BoaropaHue PacnpocrpaHeHue Pazmep noxapa
nJiaMeHu (oHeprus)
CKopoCTb BbleneHus Tenna* XXX XXX
MoTepst MacchbI* XXX
Bpemsi o Bo3ropaHusa* XXX XXX
PacuéTHble TepMuyeckue caoicTea T XXX XXX
Tennota cropaHus XXX XXX
Tennota rasoobpasoBaHus T XXX
MOTOK KpUTUYECKOrO Bo3ropaHus T XXX XXX
TemnepaTypa Bo3ropaHus XXX XXX
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* CBOMCTBO SIBNSIETCS PYHKLUMEN BHELUHErO BO3LAENCTBYIOLLErO NaAatoLLEero noToka.
T cBOViCTBA, NOJTyYEHHbIE U3 KaJIOPUMETPUYECKMX U3MEPEHWUA.

CBOWCTBA CKOPOCTM BbIAENEHNS Tennia, NOTEPU MacCbl M BPEMEHWM A0 BO3ropaHus, MpuBedeHHble B Tabnvue
B.6.2, aBnatoTCS (YHKUMSIMM BHELUHErO Mafatollero TEMS0BOro MoToKa, HamnpaBNeHHOro0 Ha WCMbITbiBAEMbIN 0bpa-
3el. 3a/laya BHELLUHEro MOTOKa 3aK/IIYaeTcs B TOM, YTO6bl CMOAENNPOBaTb Cpeady MoXapa, OKPYXXaloLLyto ropsLmi
06bEKT. B LEenoM, MOXHO paccuntaTb, YTO Ha Habop cBOGOAHO rOpsILLUMX rOpOUYMX MaTepuanoB (TO ecTb, Habop Ma-
TEpWanoB, KOTOPble FOPAT B OTKPLITOM MPOCTPAHCTBE, HE MOABEPrasiCb BO3AENCTBUIO 06paTHOroO NoToKa 3Heprum oT
ropsiyero rasoBoro Cfost Apyroro UCTOYHMKa TEMNa, KPOMe CBOEro CO6CTBEHHOMO MyiaMeHu), BO3AENCTBYET NOTOK OT
25 kBT1/M2 o 50 kBT/M2. ECniv noXap NpOTEKAeT B MOMELLEHWM, U YC/IOBUA NPUBOAAT K OBLLEN BCMbILLKE, NOTOK MO-
XeT gocturaTtb oT 50 kBT/M2 go 75 kBT/M2. B MOMHOCTbIO pPa3BMBLLEMCS MOXApe Ha 3Tane nocsie o6Len BCMbILLKM

MOTOK MOXET BapbMpoBaTbCa OT 75 kKBT/M2 40 100 KBT/M2 1 Bbiwe. [Janee KaXaoe CBOMCTBO pacCMOTPEHO MHAMBMAY-
anbHo.

(a) Ckopocrs BbigeneHns Tervia. CKOpPOCTb BbIAENEHNS Tenna onpeaenseTcs npy noMoLy KasopuMeTpum KUcno-
poaHoro obeaHeHus. Kaxaoe ucnbiTaHMe NpoBOAMTCS NpW NOTOKE, 3a4aHHOM Mosb3oBaTtesneM, Mo Ha NPOTSHKEHWUN
3a4aHHOMO NPOMeXyTKa BpeMeHn, Nnbo Ao Tex nop, noka obpasey He 6yaeT YHUUTOXEH orHeM. /ToroBble pesynb-
TaTbl NPefoCTaBnATCA B BuAe rpaduka 3aBUCMMOCTM CKOPOCTU BbieneHns Temnna OT BPeMeHM, C 0603Ha4YeHHbIM
YPOBHEM BO3AEUCTBYIOLLEr0 NOTOKa. B HEKOTOPLIX CNyYasx CKOPOCTb BbIAENEHUS TEMA B HECKOSIbKMX UCMbITAHUSX C
OfHMM N TEM >X€ MaTepuasioM Mpy pasHOM YPOBHE BO3AEWCTBYHOLLEr0 MOTOKA OTOOPAXKAETCS B BUAE HECKOSIbKUX
KPMBbIX ANsi cpaBHeHus. Mpumep Takoro rpacdvka npyeeaeH Ha puc. B.6.2(a).

2000
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200 400 600 800 1000 1200 1400 1600
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Puc. B.6.2(a) TunuuHbIii rpacduk BbIXOAHbIX AaHHbIX UCMbITAaHUS B KOHYCHOM KaJiopuMeTpe

Yacto B pesynbratax oTobpaxaeTcs TOMbKO MaKCMMarnbHasi CKOPOCTb BblAENEHNs Tenna npu 3aJaHHOM MOTOKe.
Mpumep cMm. B Tabnuue B.6.2(a).

Ta6nuua B.6.2(a) CpeaHue nokasaTesiM MaKCUMaJZIbHOW CKOPOCTHU BbiAeneHus Tensa (kBt/m2)

Marepuan OpueHTauma Bo3pgeiicTByowuii | Bosgeiicteyrowmii | Bo3geiicTByrowmi
NOTOK: NMoOTOK: NOTOK:
25 kBt/Mm2 50 kBt/m? 75 kBt/Mm2
Monumetnnmetakpunat | opu3oHTanbHas 57 79 114
BepTukanbHas 49 63 114
CocHa [opv3oHTanbHas 12 21 23
BepTukanbHas 11 15 56
Obpazen A ['opu3oHTanbLHas 11 18 22
BepTukanbHas 8 11 19
Obpazen, B ['opv3oHTanbHas 12 15 21
BepTukanbHas 5,3 18 29
Obpazen C [opu3oHTanbHas 19 22
BepTukanbHas 15 15
Ob6pazen D [opv3oHTanbHas 6,2 13 13
BepTukanbHas 11 11

(b) Cxopocry rorepn macce! (m). CKOpOCTb MOTEPU MacChl onpeaensieTcs npu NoMOLWM AVHAaMOMETPUYECKOro
JaTuvka. MeToa NpenocTaB/ieHUst UTOTOBbIX AaHHBLIX B TOYHOCTU TaKoM e, KaK NSl CKOPOCTW BbleneHus Tenna. B
TUMWYHBIX YCNIOBMSIX, KOraa MaTepuan obnaaaeT yCTOMYMBON TEMIOTOM CropaHusi, KPMBbLIE CKOPOCTU NOTEPU MacChl 1
CKOPOCTY BblaeneHns Tenna byayt uMeTb CXOXyto (popmy.

(c) Bpems go BosropaHus (q;). JaHHble BpEMEHU A0 BO3ropaHusi NpeaoCTaBsoTCS OTAENbHO ANS KaXaoro nc-
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MbITaHUS W ANt YPOBHSI BO3AENCTBYIOLLEro NOTOKa, MPUMEHSIEMOrO B UCTbITaHUM.

(d) Spgpextusras tennosas mHepuns (kpc). IbdekTMBHOM TENIOBOM MHEpUMElN Ha3biBAeTCs MokasaTesb OT-
BETHOMO YBESIMYEHUS TEMNa UCMbITLIBAEMOr0 MaTepuana rnogj BO3AEMCTBMEM TEMNOBOr0 MOTOKA, HanpaBNeHHOrO Ha
obpazeu. OHa paccuMTLIBAETCS B MOMEHT BO3ropaHunsl M OCHOBLIBAETCS Ha COOTHOLUEHUM NajaloLero noToka u noTo-
Ka KPUTUYECKOro BO3ropaHus U BpeMeHW [0 Bo3ropaHus. [ns onpepeneHus 3chdeKTVBHOW TENIoBON MHepLMK
HeobXoAMMO MPOBECTV CEPUI0 UCMbITaHWIA NMPKU Pa3NMYHBbIX YPOBHSX BO3AEMCTBYIOLIEro NoToka. dddeKkTuBHas Ten-
NoBas MHepuMs, paccyMTaHHas TakMM CrocoboM, MOXET OTAM4YaTbCs OT pe3ynbTaToB, MOMYYEHHbIX MPU MOMOLLM
AaHHbIX PYKOBOACTBA AN 3HayeHun (k, p n ¢) 6e3 npoBeaeHUs NOXapHbIX WUCMbITaHWA M MOXET oKasaTbcst Hbonee
npeanoYTUTENbHON.

(e) Tenntora cropanms (Hg). TennoTta cropaHusi pacCuMTbiBaeTCs MyTEM AeNeHUst U3MepeHHOWM CKOpOCTU Bbiae-
NeHVst Tenna Ha U3MepeHHyl0 CKOpPOCTb NOTepu Macchl. Kak npaBuio, TennoTa CropaHus NpefaocTaBnseTcs B Buae
OTAENbHON BENWYMHLI, e obpasel He SBNSIeTCS KOMMO3WTHBIM MaTepuarnioM WM 3HaueHUst CKOPOCTU BblAeNeHus
Tenna u CKOpPOCTW NOTEpU MacChl HE M3MEHSIIOTCS 3HAaYMTENbHBIM 06pa3oM B 3aBUCMMOCTU OT BpeMEHW M BO3aeMn-
CTBMS NOXapa.

(f) Tennora razoobpazosarus (hg). Tennota ra3oobpa3oBaHusl NpPeaACTaBnseT coboit NOTOK, HeO6XoaAMMbINA Ans
MMponM3a eanHULI Macchl roptodero BellecTsa. OHa paccuMTLIBAETCS Kak TerioBol 6anaHc 1 NpeacTaBnseTcs Kak
OTAeNbHas BENWYMHA B eAMHMLAX KOIMYECTBa SHEPrMmn Ha Maccy BbicBOboAMBLLErOCS BelecTsa (Hanpumep, KAx/r).

(g) lMorok kKpuTMYeckoro Bo3ropaHms (qer). MOTOKOM KPUTUYECKOrO BO3rOpaHMsi Ha3blBaeTCs! MUHUMATbHBIA Ypo-
BEHb NajaloLLero NoToka, BO3AEWCTBYIOLWEro Ha obpaseLl, HeobxoaMMbIA A1t er0 BO3ropaHusi, Npu HeorpaHUYEHHOM
BPEMEeHW BO3aelCTBUs. ECnv ypoBHM NafatoLlero noToka UMEKT MeHbluee 3HaYeHUe, YeM YpPOBEHb MOTOKa KpUTuYe-
CKOro BO3ropaHusi, TO BO3ropaHusl He NpoUCXOAMmT.

(h) Temneparypa Bosroparnns (T;). TeMnepaTypoii BO3ropaHns Ha3blBaeTCca TemMnepaTypa noBepxXHOCTM 06pasua,
Mpy KOTOPOMN MPOUCXOAWT BOCMIaMeHeHue. [laHHasi BefMYMHa XapaKTepusyeT MaTepuan obpasua M He 3aBUCUT OT
CBOWCTB Majatowlero notoka. OHa MoXeT 6bITb MOMyYeHa Npy MNOMOLUM KaopUMETPUYECKMX UCTIbITaHWUM, UCMbITaHWi
C npubopoM Ans onpeAeneHUsl pacnpocTpaHeHust niamMeHn U 60KoBbIx Bo3ropaHui (LIFT) u Apyrux ucnbiTaHui.
TemnepaTypa BO3ropaHus pacCYMTLIBAETCS NP MOMOLUM 3HAYEHUS| BPDEMEHU A0 BO3rOpaHUsi B AAHHOM UCMbITaHWU,
BO3AEWCTBYIOLLEro NoToka U 3 hEKTUBHON TEMOBON MHEPLMM AaHHOrO obpasua. OHa npeacTaBnsieTcs B BuAE OT-
[enbHOM TeMmnepaTypHOW BeNuUMHbL. ECM Mpu MUCNbITaHUM UCMONb3YeTCsl KOHTPOSibHasi ropenka Wnv noaroToBu-
TeNnbHbI UCKPOBOW 3apsia, TO TeMnepaTypHasi BeNMYMHA yKasblBaeTcs AJis YNpaBisieMoro BO3ropaHusi; ecivu BHeLL-
Hee yrnpaBfieHne OTCYTCTBYET, TO YKa3bIBaeTCs TeMrnepaTypHas BenMYMHa A5 CaMOBOCTIaMEHEHNS.

Bo3zropanne

YpaBHeHus Ans pacyéta BpeMeHu A0 BO3ropaHus (fg) AaHbl AN TEPMUYECKM TOHKUX U TEPMUYECKN TONCTbIX Ma-
Tepuanos, 0 KOTOPbIX CKa3aHO B nogpasaenax Hmke. Pacyér ¢y ans MaTepuanos NMpOMEXYTOYHON TOSLUMHBI HE BXO-
anT B obnactb NPUMEHEHNA AaHHOIo AOKYMEHTA.

(a) Tepmudecku ToHKkme matepuasbl. Tpy BO3ropaHUM OT YCTOMYMBOIO Majalollero TEMsIoBOro MOTOoKa, &y Ha
HarpeBaeMol NOBEPXHOCTU U OTHOCMTENLHO MasbiX MOTEpPsAX MpW Ternsonepeaaye Ha HeHarpeBaeMylo NOBEPXHOCTb
TEPMMYECKM TOHKUM Ha3blBAETCA MaTepuas, TeMnepaTypa KOTOPOro OCTA&TCs OTHOCMTEbHO OAHOPOAHOW MO BCei

ero TonwwuHe (/), npu ¢t = tjg. Hanpumep, npun t= tg:

THazpee _THeHazpes :-rig _Tm) 2pe6 < 0’1(-|-ig _TO) (B4)
YpaBHeHue (B.4) MOXET MCMO/b30BaThCA /151 BbISIBMIEHWUSI TEPMUYECKM TOHKUX MaTepWasios, Npu YCI0BUM:
1 < 0,6(tgHY? (B.5)

Hanpumep, Ans NUCTOBOro Matepuana us KnéHa unu ayba (c TennonpoBoaHOCTbIO a = 1,28 x 107 M%/c), npu tig =
35 ceKkyHa, M3MEPEHHOM B UCMbITaHWM C YNpaBfsieMbiM BO3rOpaHWeM, COrfacHo ypasHeHuto (B.5), ecnu TtonwmHa
obpasua coctaBnsieT MeHee, yem 0,0013 M, TO TemMnepaTypa HeHarpeBaeMoii NMoBEPXHOCTU ByAeT NpUBIM3UTENBHO
paBHa 7jg B MOMEHT BO3ropaHus, cneaosaTtesibHo, obpasel, 6yaeT cumtaTbcs TEPMUYECKN TOHKUM MaTepuanom.

BpeMs 40 BO3ropaHus TePMUYECKM TOHKOMO MaTepuana, NoABEpraeMoro BO34EMCTBMUIO MadatoLero noToka, npe-
BbILLIAIOLLEMY KPUTUYECKMIA NadatoLLmMii MOTOK, PaBHO:

(Ty = To)
ty = pd = (8.6)

q
(b) Tepmugecku TOsICTBIE MATEPMA/LI. OTHOCUTENBHO TWUMA WMCMBITAHUS Ha BOCM/IAMEHEHWE, OMUCAHHOro B

npeabiayleM noapasaene, obpasel Matepuana ¢ TonwyHon (/) NpUHUMAETCs 32 TepMUYECKM TOJCTbIA MaTepuarn,
€CN YBENIMYEHWE TeMrepaTypbl Ha HEHarpeBaeMoi NOBEPXHOCTM OTHOCUTENBHO Majo Mo CPAaBHEHWIO C TeMnepaTy-

po¥i Ha HarpeBaeMol NOBEPXHOCTU NpU ¢ = . Hanpumep, npu £ = ty:
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THeHazpee BTO < 0’1(Tyaepe3 BTO) = Oil(-rig BTO) (B7)
YpaBHeHue (B.7) MOXET MCNOMb30BaTbCs ANS BbISBAEHUS TEPMUYECKM TOSICTbIX MaTEpManoB Npu yCIoBumn:
/> 2(£410)12 (B.8)

Hanpumep, B ciyyae € UCMbITAaHWEM Ha BOCM/IAMEHSIEMOCTb JIMCTOBOMO MaTepuana u3 knéHa unu ayba, cornacHo
ypaBHeHuto (B.8), npu fiy = 35 cekyHA, N3MEpPEHHOM B UCMbITaHUW C YrpaBisieMblM BO3ropaHWeM, 1 TonwmHe obpas-
ua, npesbiwatowen 0,0042 M, TemMnepaTypa HeHarpeBaemoW MOBEPXHOCTM obpasua 6ydeT npubnnsuTenbHO paBHa
7o, v 0bpaszeL, byaeT cuMTaThCs TEPMUYECKM TONCTLIM MaTepUasnom.

BpeMs [0 BO3ropaHus TEPMUYECKUN TOJICTOrO MaTepuara, NoJIBepraeMoro BO3AECTBYIO NaJatoLLero noToka, npe-
BbILLAIOLLEr0 KPUTUUECKMI NaZiAloLLMIA MOTOK, PaBHO:
2

B T, BT,

tig: —kpC

B.9
" 0 (B.9)

HeobxoaMMO 3aMeTWUTb, YTO OTAENbHbIA MaTepuasn caM Mo cebe He ABMAETCA TEPMUUYECKM TOHKUM UMW TepMUYe-
CKM TONCTbIM (XapaKTepuCTKa MaTepuana Kak TEPMUYECKM TOHKOIrO MM TOJICTOrO He SIBASIETCS CBOWCTBOM CaMoro
MaTepuana), Ho 3Ta XapaKTePUCTVKA 3aBUCUT OT TOJILWMHbI OnpeaeneHHoro obpasua (To ecTb, OTAENbHbIN MaTepuan
MOXXET 06/1aAaTh KOHMUrypaLmen TepMUYECKM TOHKOrO UM TEPMUYECKM TOJICTOrO Matepuana).

(3) PacnpoctpaHerue Tenna Mexay AByMs Habopamu roproynx Matepmuasios. Npu UCCNeaoBaHUM pacnpocTpaHe-
HUSA Temnna Mexay OTAeNbHbIMU HabopaMM roproUMX MaTeEPUanoBs, NaaaloLLMii MOTOK MOXET 6biTb paccuMTaH C NMoMo-
L0 CTaHAAPTHLIX METOAOB SIYYMUCTON Tenonepeaaqn.

Jlyuncraa Tennonepedaya OT ropswero Habopa roproyMx MatepuanoB C 06Lleli CKOPOCTbIO BbICBOGOXAEHMSA
3HEpPriM, paBHOW @, K BHELUHE MOBEpPXHOCTW APYroro Habopa ropiouMx MaTepuanosB MOXET 6biTb paccuMTaHa mnpu
MOMOLLM CNEeayIoLEro ypaBHEHS:

" XrQ

qinc :47Zf2

(B.10)

roe:
Gind’ — NaAaloLWMIA MOTOK, HANPaB/EHHbIN Ha roproyee BELLECTBO
X:— 0ONs U3NydYeHns BO3AENCTBYIOLLErO OrHS
Q— CKOPOCTb BbIAENEHWS TEMA BO3AEMCTBYIOLIErO OrHS
F— paamanbHoe paccTosiHWe OT LIEHTPa BO3AENCTBYIOLLEr0O OrHs [0 FOPIOYEero BELLECTBa, NOABEpPraemMoro Bo3aeii-
CTBUIO

Pacyér cxopocrv Bbigesienns Tenia

Kak 6blf10 cKa3aHo Bblile, COrMacHO UCMblTaHWsIM, BbICBOBOXAEHME SHEPrnM Npy ropeHnn Habopa roproumx maTe-
pyYanoB BapbuUpyeTcs NpubnmsutensHo ot 25 kBT/M2 ao 50 kBT/M2. [ins nNpeaBapuTenbHOrO aHanvsa npeanaraercst
UCMONb30BaTb AaHHbIE UCMbITAHWUIA CO 3HAUYEHMEM MAAAIOLLENO NMOTOKA, paBHbIM 50 KBT/M2. 1151 nepBbiX NpUEAMKeH-
HbIX 3Ha4YeHWi HeobXxoaMMOo AoMyCKaTb, YTO BCE MOBEPXHOCTM, KOTOPbIE MOryT 6biTb OAHOBPEMEHHO OXBaY€Hbl Or-
HeM, BbICBOOOXAAIOT SHEPTUI0 CO CKOPOCTbIO PaBHOM CKOPOCTM, YCTAHOB/IEHHOWM MpPW MCMbITAHUW FOPHOYMX CBOWCTB
MaTepuana B KaJlopuMETPe C NadaloLmM MOTOKOM, paBHbiM 50 KBT/M2 ana cBo6oaHO ropsuiero Matepuana v ot 75
A0 100 kBT/M2 B ycnoBumsx nocsie o6Liei BCrbILLIKK.

Mpw ocyLlecTBieHnn 3Toro pacyéta HeobXxoaMMO AOMyCKaTb, YTO BCE MOBEPXHOCTM, OTKPbLITbIE AN BO3AENCTBY-
tOLLLEro OrHs (MW NeperpeToro rasa, B yCNOBMSIX Noc/e o6Lei BCbIWKK), Takke ropsiT, BbICBOBOXAAS SHEPTUO U
Maccy C OnpefesieHHOM CKOPOCTbIO. ECnv ropeHve conpoBOXAAETCS AOCTATOYHbIM KOJIMYECTBOM BO34yXa, PacyéT
CKOPOCTU BbIAENIEHMS Teria NPOU3BOAMTCS YMHOXEHUEM MIIOLAAM BO3AENCTBUS MoXapa Ha CKOPOCTb BblAeNeHMs
Tenna Ha eauHuly Nowaamn, pacCuYMTaHHYIO B KanopUMETPUYECKOM WCMbITaHuW. Ecnu B3siTbl AaHHbIE UCTIbITAHWUNA
MajatoLlero noToka BO3AEMCTBYIOLLErO OrHsi, HeobXOoAMMO MCMONb30BaTh 3HAYeHME CKOPOCTW BblAeneHus Tenna,
MOJTyYeHHbIE MPY UCTIbITaHNUSIX. ECIM B3STbl AaHHbIE UCTbITAHUIA APYroro MafaroLiero NnoToka, TO CKOPOCTb FOPEHws!
AOomKHa BbITb paccunTaHa, MCNosb3ys TENIOTy ra3oobpa3oBaHNs, Kak nokasaHo B ypaBHeHuu (B.11), uTobbl Bblumc-

JIUTb CKOPOCTb MOPEHna MacCbl Ha eAnHULY nnowaan:
"

m" — qi

Mony4yeHHas CKOPOCTb MOTEPU MACChl YMHOXAETCS Ha PACYETHYIO TeM/I0Ty CropaHus U Mowaab ropeHusl, Ha Ko-
TOpYIO BO3AEUCTBYET NafaloLMi MOTOK, YTOBbI MOYYUTb PACYETHYIO CKOPOCTb BbIAENEHUS TEMa Mo CheaytoLlen
dopmyne:

(B.11)

"
Q =n'h,A (B.12)
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PacnpocrpareHmne rnaamMeHm

Mpy HEoBXOAMMOCTM MPOrHO3MPOBATh POCT MOXapa MpV €ro pacrnpoCTPaHEHUM MO TOPIOYMM MOBEPXHOCTAM,
Heo6X0AMMO paccuynUTaTb PacnpocTpaHeHMe NnaMeHn. Ha cerogHaWHNI AeHb BbIYUCTIEHWE CKOPOCTU pacrnpocTpaHe-
HUSA MNIaMEHN ABNAETCA Pa3BUBAOLLENCA TEXHOMOMMEN, BCE ellle HaXoAsALWEeNcs Ha 3Tane 3apoXaeHus. MporHo3unpy-
eMble JaHHble A0SKHbI PAaCCMaTPUBATLCA B KAYECTBE OLEHOK MopsiAKa BESIMYMHDI.

PacnpocTpaHeHune nnaMeHn NpeacTaBnseT coboi NPOABMKEHNE OMHS MO NMOBEPXHOCTU ropsiliero Matepuana (Mnm
BOCMN/TaMEHUBLLEroCs MaTepuana), Npu KOTOPOM ropsLLas NoBEpPXHOCTb €Elle He MOJSIHOCTbI0 0XBayeHa orHeM. C Tou-
KW 3peHust HM3MKKM, PacnpoCcTpaHeHUe NMiaMeHn NpeacTaBnsieT coboi NocneaoBaTelbHOCTb BO3ropaHuiA, BO3HMKato-
Lylo B pe3ynbTaTe TENJI0BON 3HEPrK, BbIAENSIEMOW FOPSILLEN YACTblO MaTepuara, eé niaMeHeM 1 NiobbiIMU ApYruMm
CNyYaliHbIMM UCTOYHUKAMM TEMIOBOW 3HEPrUM, BO3AEUCTBYIOWMMI Ha HECTOPEBLLYIO MOBEPXHOCTb. B uMcno apyrux
WCTOYHMKOB C/TyYaliHOW 3HEpPruM MoryT BXOAMTb Apyrue ropsilive npeaMeTsl, BbICOKOTEMMNEPATYPHbIE rasbl, CNoco6-
Hble CKamnIMBaTbCS B BEPXHEM C/IOE 3aKPbITOrO MOMELLEHUS, U U3NyYaloLMe UCTOYHMKM TEMsa, UCNosb3yeMble B UC-
MblTaTeNbHbIX NPUMBopaXx, TakKMX KaK KOHUYECKWI KaNIOPUMETP MM annapaT Mo onpeaesieHnio pacnpoCcTpaHeHus na-
MeHU U 60KOBbIX BO3ropaHuit (LIFT). s aHanuMTMYeckux Lenei pacnpocTpaHeHue MNyaMeHn MOXET AeUTbCA Ha
JIBE KaTEeropuu: pacrnpocTpaHeHWUe NIaMeHN B OJHOM HarnpaBfieHun C dhakenoM nnamMmeHn (ConyTcTBylolLee UK COB-
NafaroLlee C HanpaB/eHWEM BETPA) M PaCnpoCTpaHEHUE NnaMeHu, ABMXKYLLEeecs B t06OM APYroM HanpaeneHum (6o-
KOBOE WM MPOTMBONMOJIOXHO HanpasfieHHoe). ConyTCTBYIOLLEE pacnpoCTpaHeHNe MaMeHN CONMpOBOXAAETCS Naja-
IOLIMM TEM/OBbIM MOTOKOM B HAmnpaB/ieHWU MOBEPXHOCTEN ropsilero MaTepuana, HeoxXBaudeHHbIX OrHeM. Bokosoe
pacrnpocTpaHeHUe NIaMeHn He UMEET TaKoW MOAAEPXKKU U, KakK MPaBuo, NPOrpeccMpyeT ropasao MeasieHHee, ecnu
He NpeaycMOTPEH BHELIHWUI UCTOYHMK TEMSIOBOrO NOToka. COMyTCTBYIOWEE pacrpoCTPAHEHWE MTaMEHN MOXET 6biTb

BbIpa)XeHO cneaytoLelt hbopmynoin:
14

V = q L
koe(Tyy —T,)°

3HaueHns ApC 1M TeMnepaTypbl BO3ropaHns PacCUUTLIBAIOTCSA C MOMOLULI0 KOHUYECKOrO KanopuMETpa, Kak 6biio
OnucaHo paHee. [Ins AaHHOTO YpaBHEHUS AJIMHa NiaMeHu (L) u3MepsieTcsl Ha NepeaHeM Kpae yyacTka ropeHus.

(B.13)

KBAAPATUYHDLIE NMOXXAPbDI

B TeueHne nocnegHero AeCATUNETUS UCCNEAOBaTENN, 3aMHTEPECOBaHHbIE B pa3paboTke 060OLEHHON XapakTe-
PUCTUKM CKOPOCTW BbIAENEHWUS Tennia CryyaiHblX CBOOOAHO rOPALIMX MOXapoB, WCMOMb30BanAM ANs 3TOM uenn
«KBaApaTWUYHYIO» anmnpoKC/MaumMio. KBagpaTUyHbIM MOXapOM Ha3blBaeTCsl TaKoW MoXap, Npu KOTOPOM CKOPOCTb Fo-
peHMs M3MEHSIeTC MPONOPLMOHANbLHO KBaApaTy BpeMeHw. KeagpaTuyHble MOXXapbl YacTo KnaccuuumpyroTcs no
CKOpOCTM pocTa noxapa: 6bICTpble, cpeaHne u MeafieHHble (M MHoraa cBepx6boicTpble). JaHHas knaccudmkaums oc-
HOBbIBAETCS HA BPEMEHW, 3aTPa4yMBaeMOM Ha POCT MoXapa A0 MOMEHTa, Npy KOTOPOM CKOPOCTb BblAeneHns Tenna
pocturHet 1000 KBT. Huxe npeacTaBneHbl NoKasaTennm BpEMEHW AN KaXKA0ro Knacca noxapa:

Knaccbi Bpemsi o aoctmxeHus 1000 kBt
CBepx6bICTPbIii 75¢
BbICTPbIN 150 c
CpegHuit 300 c
MeaneHHbIN 600 c
Obwas dopmyna:
q=at?

rae

g — CKOpPOCTb BblAeneHus Tenna, KBt

& — MOCTOSIHHbIV KO3hPULMEHT CKOPOCTM pocTa
t—Bpems, C

CooTBeTCTBME annpoKCMMaLMM KBaApaTUYHOIO No)Xapa 1 peasibHOro no)apa

KBafpaTUYHbIi NoXap MOXET PAacCMaTpUBaTbCs Kak MoXap, B KOTOPOM CKOPOCTb BbIAENIEHUS TEM/A Ha eaAnHULY
naowaan NocTosiHHA Mo BCEW ropsileit NMoBEpXHOCTM M NMPU KOTOPOM OrOHb PacrpoCTPaHSIETCA MO OKPYXXHOCTU C
NOCTOSIHHO YBENMYMBAIOLLMMCS paauycoM. B Takux crydyasix, Miowaab ropeHus yBENMUMBAETCS MpPornopLUMOHAnbHO
KBagpaTy paguyca noxapa. PasymeeTcs, Apyrye BuAbl MOXApOB, KOTOPble HE PacrofaratloT HACTONbKO YAOGHbLIMU
yrnopsifoYeHHbIMU HabopaMu roOprOYMX MaTepUanoB M YCTOMYMBOWM CKOPOCTbIO MOPEHMUS!, Takke MOryT CTPOUTLCS MO
KPUBOW KBaapaTa BPEMEHM WM HE CTPOUTLCA MO Heil. MoapasyMeBaeTcs NpearosfioXXeHne, YTo KBaapaTuyHas an-
NPOKCMMaLUs SBNSIETCA AOCTAaTOMHO TOYHOW AN PALMOHANbHBIX PACHETHBIX PELLEHNA.

Ha puc. C.2(a) nokasaHo, YTo 60/bWKMHCTBO MOXapPOB NPOXOASAT Yepe3 MHKYOGaLMOHHbLIN Nepuos, B TEYEHME KO-
TOPOro MoXap He COOTBETCTBYET KBaapaTWYHOW anmnpokcMMauuu. B oTAenbHbIX Clydasx MHKY6aLMOHHbIA nepuof
MOXET HAHECTU CepbE3HbIii Bpea MCMoNb30BaHUI0 KBaAPAaTUYHOM anmnpoKcMMauun. B 60MbLUMHCTBE CllydYaeB 3TO He
COCTaBNsIET cepbé3Hoi NpobnieMbl ANs aTpUyMOB M APYyrux GOMblUMX MOMELLEHWit. MpeanonaraeTcs, YTo CKOpPOCTM
BblJENEHNSI TEM/Ma B TeYeHMe MHKY6aLUMOHHOrO Nepuoaa, Kak rnpasunio, 6bIBAaeT HeAOCTaTOYHO ANS aKTMBALMM Cu-
cTeMbl OBHapy>eHus AbiMa. B no6oM criydae, ecnn akTMBaUMS CUCTEMbl OBHapyXXeHWsi AbiMa HacTyrnaer, win
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HabnogeHne YenoBeKOM MpuBOAUT K 6onee paHHel akTMBaLMM CUCTEMbl AbIMOyAaneHus, TO HeobxoauMble Mepbl
6e3onacHocTV 6yayT NPUHATLI.

HapacTaiowmin noxap

3165
=
£ 2110 s
o
[o4
o i

1055 — — — o — e — e — — T G

MNHKy6aLNOHHbIN
nepuoj, ""‘—'—"l
0 -
Bpems pocTa
noxapa

Bpems
PacueTHOoe Bpems
BO3ropaHus

Puc. C.2(a) CxemaTtnueckoe nsobpaxkeHne nNpoAo/HKUTENIbHOIO pocTa noxapa

Ha puc. C.2(b) conocTaBneHbl KpMBbIE CKOPOCTYM BbIAENEHWS TEMMA, XapaKTEpU3YIOLWME BbILLIEYMNOMSIHYTbIE KNacchl
KBaZpaTUYHbIX MOXapoB, M [Ba UCMbITATENbHLIX NOXapa, Kak NpaBuio, UCMOMb3YIOWMXCS AN UCMbITATENbHbIX Lie-
neit. UcnbiTatenbHble noXapbl MokasaHbl MYHKTUPHLIMU IMHUAMKU M 0603HAYEHbl KaK «Mebefib» U «CKIaj BbICOTON
1,8 M». MyHKTUPHLIMA NIMHUAMM, OTAANIEHHLIMA OT TOYKM Hauana KOOpAMHAT, o6o3HadyeHa (aKTMyecKkasi CKOpOCTb
BbIJENEHNSI TEMMA UCTIbITATENbHbBIX MOXAPOB, NPUMEHSBLUMXCS NPY Pa3paboTke CMPUHKIEPOB SIS XW/bIX MOMeLLe-
HWIA, U CTAHAAPTHOrO TUMa UCMbITaHUs C HABOPOM rOPIOYMX MAaTEPUANoB M3 KapTOHHBIX KOPOBGOK C MEHOMIACTOBbIMY
Beapamu 1,8 M B BbICOTY, TaK)Xe YacTo MCMOSb3YEMOrO B CTaHAAPTHbIX UCTbITATENbHBLIX MOXapax.

Heckonbko Apyrux MyHKTUPHbIX UMHKMIA Ha puc. C.2(b) npeacTaBnsioT coboli Te e CaMble KpUBblE, NepeMELLEH-
Hble B HAYano KOOPAMHAT Ans cpaBHeHUs. OYEBMIHO, YTO CKOPOCTb POCTa AaHHbIX MOXApoB (aKkTuyecku 6osblue,
YyeM CKOPOCTb POCTa YCTAHOB/EHHas AN CBepXBbICTPOro noxapa. ITo YMECTHO ANs NoXkapa, NpeAHasHauYeHHoro Ans
UCMbITaHWS CUCTEMBI MOXAPOTYLUEHNS.

Ha puc. C.2(C) COOTHOCATCA KNACChl KPUBbLIX POCTa KBaAPaTUYHbLIX MOXAPOB C HEKOTOPbIMM HabopaMu HaTypHbIX
roptounx mMatepuanoB. OTaenbHble Habopbl FOPIOYMX MaTepuasnoB onucaHbl B noapasaene «MporHo3npoBaHWe CKo-
pOCTU BblAeNEeHUs Tensa npu noxape» pasaena «CrnpaBoyHasi MHbopMaLms».
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CBepx6bICTpbii BLICTPbIN CpeaHuii
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Bpems oT Hauana Bo3ropanus (c)
Puc. C.2(b) KBappaTuuHblii NO)ap, CKOPOCTHU BbiAeIeHUs SHeprun
KapToHHble KOPOo6KkK BbICOTOM 4,6 M
C pasHbIM COAEPXMMbIM, 6LICTPOropsLLMe
€CNN NYCTble WAN HaMOJIHEHbI NEHOMIAacTOM
Lkad 13 ToHKON haHepbI HanonHeHHble
[lepeBsiHHble MOYTOBbIE CYMKU
NoAAOHbI 0,91 M B BbICOTY
BeicTporopsiuas 1,52 M B BbICOTY "
Msrkas Mebenb l MPY>XUHHBIN
maTpac us x/6
Csepx6bICTpbIN BbICTpbIN 1 nonuacTepa CpegHuii
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Bpems oT Ha4ana Bo3ropaHus (C)

Puc C.2(c) Ces3b MeXAy KBaApaTUYHbIMU NOXAapaMyU U HEKOTOPbIMM NOXKAaPHbLIMU UCMIbITAHUAMU

NPUMEPbI PELLEHWUA 3AQAY NMPU MOMOLUW YPABHEHWIA, NPUBEAEHHbIX B
CTAHOAPTE NFPA 92B

Ycnosus 3apgaum
/laro.; ATpUyM C 0AHOPOAHOW NPSAMOYrO/bHOMN MOLWIAAbLI0 NMOMNEPEYHOro CEYEHNS.

Beicota 36,6 M

Mnowaab 1 858 m2

A/H* 1,4

PacuyéTHbIl noxap (CTaumMoHapHbi) 5275 kBT

Hambonee BbICOKO pacrosioXeHHasi TOBEPXHOCTb NEPEMELLEHMS Niloaein 28 M

S3agaya 1. OnpepenuTtb BPEMSI, KOr4a nepeble NPU3HaKM AblMa OKaXyTcs Ha BbicoTe 1,83 M Haa Hanbonee BbICOKO
PacrooXXEHHOW NMOBEPXHOCTbIO NEPEMELLEHUS NIOAEN.

PeLuenne:

(a) Wcnonb3ysa ypasHeHue (3):
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1/3 4/3
£ -111-028In %
H AIH

z 30,5m
H 36,6 M
Q 5275 kBt

Q¥ 17,4
H 121,4
AIH? 1.4

0,83 =1,11-0,28 In (17’4”1214j
1.4

0,83=111 0,281In 2%
14

0,83=1,11-0,28In[0,14

1=In[0,1t]
2,8=0,1¢t
t=28

t= 28 cekyHa

(b) Ucnonb3ysi MeToA MaccoBOro pacxofa CTPyW, OCHOBAHHbIN Ha ypaBHeHUU (8):

MoryT 6bITb MCMOMb30BaHbl ABa MeToAa pacyéTa. MepBblii pacyéT npeanosaraet, YTo 3Ha4YeHMe MAOTHOCTU Abl-
MOBOrO C/10s1 paBHO 1,2 Kr/m3, UTO 3KBMBANEHTHO 3HAUYEHMIO [1LIMOBOMO C/losi Npu TemnepaType 21°C. BTopolt pacyér
npeanonaraet, YTo TemMrnepaTypa AbIMOBOIO C/I0sl paBHa CpeaHeit TemMrnepaType NoToka Ha YPOBHE rpaHuLbl ibIMOBO-
ro cnosi. B obonx cnyyasx TennoBbie NOTepy AbIMOBOrO C0S Y FpaHuL aTpuyMa He yunTbiBaloTcs. [Ans oboux pacyé-
TOB Bbl6paH BPEMEHHOMN MHTEpBas, paBHbIi 1 cekyHae.

Pacuét 1 — be3 koppeKkLuMn NNOTHOCTU AbIMa.

L/ar 1. PaccunTtaTb MaccoBbIi pacxoa cTpym (Kr/c) npu z=H, ncnonb3ys ypaBHeHue (8).

L/ar 2. Npeobpa3oBaTb MacCoBbI pacxol B 06bEMHbLIN pacxod, Npu TeMrepaType AbiMa, paBHoW 21°C, ucnonb-
3ysa opmyny:

V [ —
P
roe
/- 06bEMHBIN pacxoa, M3/c
/m— MaccoBbIi pacxop, Kr/c
p — NIOTHOCTb AbIMa, Kr/m3

Lar 3. Qonyckas, 4To 06bEM AbIMa, 06pasyOWMICS B TeYEHWE YCTaHOB/IEHHONO BPEMEHHOMO MHTEpBana, MrHo-
BEHHO WM PaBHOMEPHO PacrnpoCTPaHSAETCs MO Naowaan aTpuyMma, onpeaenvTb TOAWMUHY AbIMOBOMO cnios dz (M), obpa-
30BaBLLErocs B TeYEHWE YCTaHOBIEHHOMO NPOMEXYTKa BPEMEHM.

Lllar 4. PaccunTaTb BbICOTY rpaHuUbl AbIMOBOr0 Cnos (B MeTpax).

MosTopsaTh warn (1)—-(4) go Tex nop, noka rpaHvua AbIMOBOMO CNOsi HE OCTUTHET PacYETHOM BbICOTHI.

O6pasLbl 3HauYeHWUI NpuBeaeHsbl B Tabnuue E.1, rae nokasaHbl METOAbI pacyéTa.

3anadya 2. Onpenenntb 06bEMHbLIN pacxofl, TPebyeMblil, YTOBbI YaEpPXMBaTh YPOBEHb AblMa Ha BbicoTe 1,5 M oT
Hanbosiee BbICOKO pacrosIOXKEHHOIO YPOBHSI MOBEPXHOCTM NMEPEMELLEHUS NIIOAEN B aTPUyMe, B AaHHOM cnydae, 6an-
KOH 9-ro 3Taka. PaccMOTpeTb Cnyyvaid NpoTEKaHWs MoXapa B LEHTPE 3TaXa aTpuyMma.

Mpu npoTekaHWM MoXkapa B LEHTPe aTpuyMa MpeanonaraeTcs HajvuMe OCECMMMETPUYHONM CTpywu. Bo-nepsbiX,
[NS orpeaeneHns BbICOTbl NIAaMEHN HYXXHO MCMNOSb30BaTh ypaBHeHue (7).

LaHo:

Q-= 3692 kBT

z/= 0,166 Q.%°

z/= 0,166 (3692) %>

z1=4,2M

Mpu BbICOTE PACUYETHOW MpaHULIbl AbIMOBOIO CMOSI, paBHOM 26 M HaJl YPOBHEM 3TaXa, BbICOTa MNaMeHU COCTaBNsi-
€T MeHblle, YeM BbICOTa pacyETHOro AbiMOBOro cosi. CnefoBaTesibHO, NPUMeEHsIst ypaBHeHWe (8) ana onpeaeneHus
CKOpPOCTM AbiIMOOOpa30BaHUsi Ha YPOBHE BbICOTbI FPaHMLbl AbIMOBOrO C/10s1, MOJy4aeM:

Z=26M

m = 0,071Q.13 23+ 0,0018 Q.

m = 0,071(3692) 1/3(26) >3+ 0,0018 (3692)
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m = 242,6 kr/c

MpK yCNoBMM, YTO CKOPOCTb AbIMOYZAANEHUS paBHA CKOPOCTU AbIMOO6pasoBaHusl, FybuHa AbIMOBOro crost 6yaeT
CTabunMsnpoBaHa Ha pacyéTHOM BbicoTe. TakuM 06pa3oM, npeobpasoBaHME CKOPOCTM MACCOBOrO pacxoda B CKO-
pOCTb 06BLEMHOMO pacxoaa NpPou3BOAUTCA MO YPaBHEHUIO:

v="

P
roe

p=1,2 kr/m3

V=242,6 /1,2

V= 202,2 m3/c vnm 12132 m3/MuH

Ta6bnuua E.1 MNMpumepbl pacyETHbIX 3HAUYEHU

Bpems (c) z (M) MaccoBeblIii pacxog (Kr/c) O6bEMHBIN pacxoa (M3/c)
1 36,4 445,5 369,6
2 36,2 441,5 366,2
3 36 437,4 363
4 35,8 433,8 359,7
5 35,6 429,8 356,5
6 35,4 425,7 353,3
7 35,2 422,1 350,2
8 35 418,5 347,1
9 34,8 415 344
10 34,6 411,3 341,1
11 34,4 407,7 338,1
12 34,2 404,1 335,1
13 34 400,5 332,2
14 33,9 397 3294
15 33,7 393,8 326,5
16 33,5 390,2 323,7
17 33,4 387 321
18 33,2 383,4 318,2
19 33 380,3 315,6
20 32,9 377,1 312,8
21 32,7 374 310,2
22 32,5 370,8 307,6
23 32,4 367,7 305
24 32,2 364,5 302,5
25 32 361,8 300
26 31,8 358,6 297,5
27 31,7 355,5 295,1
28 31,5 352,8 292,6
29 31,4 349,7 290,2
30 31,2 347 288
31 31 3443 285,5
32 30,9 341,5 283,2
33 30,8 338,4 281
34 30,6 335,7 278,7
35 30,5 333 276,4

3apada 3. OnpepenvTb, ByAeT M NOTOK COMPUKACaATbCsl CO BCEMM CTEHAMW, MpeXae YeM OH AOCTUrHET pacyér-
HOW BbICOTbI, 3afaHHoi B 3agauye 2 (1,5 M Hag Hauboree BbICOKO PacnofioKEHHbIM YPOBHEM 30HbI MEPEMELLEHNSI
noaen).

Pacuért B 3agaye 2 npeanonaraeT, YTo AbIMOBOW NMOTOK HE PacLUMpsNCs, YTOObl COMPUKAcaTbCcsl CO CTEHaMU aTpu-
yMa, npexzae YeM OH AOCTUM BbICOTbl PaCYETHOM FpaHuULbl. TOT PacyET CNYXWT B KauecTBe NPOBEPKMU.

Wcnonb3ys ypaBHeHWe (10) ¢ BbICOTOM rpaHuMLibl, paBHOM 26 M (z= 26 M)

d=0,5z

d=10,5(26)

d=13m

CrnepoBaTe/ibHO, AbIM HE COMPUKACAeTCs CO CTEHaMW aTpuyMa, NMPEXAe YEM OH AOCTUIHET BbICOTbI PacUETHOM
rpaHuubl.

3agayqa 4. Ha 10-m sTaxe TpebyeTca co3aatb NPoéM 3 M B WMPUHY X 1,8 M B BbICOTY U3 NOMELLEHNS apeHAaTopa
B aTpuyM.
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(a) Ans noxapa Ha nnolaaM apeHaaTopa OnpeaenuTb BCTPEYHbIA BO3AYLUHbIA MOTOK, Tpebyemblid, UTO6bI

yOepXuBaTb AbiM B Mpeaenax NpocTpaHCTBa apeHaaTopa (NpeanonaraeMasi TemnepaTypa noxapa paBHa
811°K)

Mcnonb3ys ypaBHeHue (11):

LaHo:

H=183m

g=9,8m/c?

7Tr= 811°K

To= 294°K

v=10,64 [gH (Tr- To) | (T)]"2

v= 0,64 [(9,8) (1,83) (811-294) / (811)] 1/2
v=2,16 M/c

(b) Ansa noxapa B aTpuyMe OnpeaenuTb BCTPEYHbIV BO3AYLUHbIA NOTOK, TpebyeMblli At OrpaHUYEHUsI NMPOHWMK-
HOBEHWS AbIMa B NMOMELLEHNe apeHaaTopa.

HaHo:
Q = 5275 kBt
z=274M

Ve = 0,057 [Q/z] '/
Vve= 0,057 [5275/27,4] 1/
ve= 0,33 m/c
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NFPA 5000. TPEBOBAHMSA K ﬂPQTMBOﬂbIMHOVI SALLUTE AT-
PUYMOB U CMEXXHbIX NOMELLEHUA

MHpopmaumsa no atpuyMaM M CMEXHBIM MOMELLEHVSM NpUBEAEHa B AaHHOW raBe Ha ocHoee cTaHaapTa NFPA
5000 «CrpouTtenbHble HOpMbI U NpasBuia 6e3onacHOCTV Npu cTpouTenscTee» [2].

ATPUYMbI

Mcnonb3oBaHue aTpMyMOB AOMYCKAETCS Npy COBNOAEHUN CReayoWmMX YCIIOBUI:

— aTPUyM JO/KEH ObITb OTAENEH OT MPUJIEraloLLMX NOMELLEHUI NPOTUBOMNOXaPHBIMU MPerpagaMn C MUHUMasbHbIM

npeaesnioMm OrHeCTOMKOCTM, PaBHbIM 1 yacy, C OTKPbIBAOLWWMMMUCS MperpajamMu Ans CTEH KOPUMAOPOB 3a UCKIIHOYe-

HMEM CneayoLmX Cyyaes:

a) ponyckaertcs Noboe KoMMYeCTBO YPOBHENM 3AaHus C BbIXOAOM K aTpuyMy 6e3 orpaxaeHus.
b) ponyckaeTcs MCNonb30BaHWE 3aCTEKNEHHBLIX CTEH U FNyXMX (HEOTKPbIBAOLUMXCS) OKOH BMECTO MPOTMBOMO-
»KapHbIX Nperpaa npv cobntoaeHnn Bcex CneaytoLwmx yCroBuii:
= BAOSIb OBEMX CTOPOH 3aCTEKSIEHHOW CTEHbl M FNYXMX OKOH AO/MKHbI ObiTb YCTAaHOB/IEHbI aBTOMaTUYeCKue
CMpUHKNEpbl C UHTEPBAIOM He MeHee 1828 MMm.
= aBTOMaTU4ECKWUE CMPUHKNEPLI A0KHbI OblTb YCTAHOBMEHBI HA PaccTosiHUM He 6onee yeM 0,3 M OT NoBepx-
HOCTW CTEK/Ia U pacronoXeHbl TaknuM 06pa3oM, YTobbl Niowaab CTekna NOMHOCTLIO OpoLanacb BOAOW Mpwu
paboTe CNpUHKIEPOB.
= 3aCTEKSIEHHbIE CTEHbI U IyXMe OKHa AOMKHbI COCTOSTb U3 3aKaNEHHOro, apMMPOBAHHOMO UM MHOTOCIOMHO-
ro CTeks1a, 3aKpensieHHOro YNIOTHUTENIbHON CUCTEMOM, MO3BOJISIIOLLEN OCTEK/IEHHOW pamMHOMN cUCTeMe Npo-
rmbaTbCsl, He Bbi3blBasi pa3pyLLeHUsi MOCPEACTBOM Harpy3kM Ha CTEKNO Npexae YeM cpaboTaloT CnpuHKIe-
pbl.
= [IONYCKaeTCsl OTCYTCTBME aBTOMATUYECKMX CMPUHKIIEPOB Ha 3acCTEKSIEHHOMN CTEHE U MyXMX OKHax CO CTOpO-
Hbl aTpuyMa, B C/ly4ae, eciivM CO CTOPOHbI aTpuyMa OTCYTCTBYET 30Ha NepeMelLeHus Nioaen unu apyrast
3Ta)kHas nnowaab HaA YPOBHEM FNaBHOMO 3Taxa.
= [IBEPU B MPOEMax 3aCTEKNEHHbIX CTEH AO/MKHbLI COCTOSATb M3 CTEKMA MM APYroro Matepvana, NpensTcTByio-
LLero NPOHUKHOBEHUIO AbIMa.
= [1BEPU AO/MKHbI 6bITb CAMO3aKPbIBAOLMMUCS UM aBTOMATUYECKM 3aKPbIBAIOLWMMUCS NPy OBHAPYXXEHWUW Aibi-
Ma.

B 30HE aTpuMyMa AONYCKaEeTCs pacrnosioXKeHMe JOCTyna K BbIXOAAM U BbIXOLOB HapyXy.

— 0bopynoBaHWe, HaxoZsieecs B MOMELLEHMM, JO/MKHO COOTBETCTBOBAThL CrieumdUKaLmMsM KIaccoB Manonoxapo-
onacHbIX UM YMEPEHHOMOXaPOOoNacHbIX MaTepuasos.

— 3[aHNe A0SHKHO BbiTb MOTHOCTBIO 3aLUMLLEHO CEpTUMULMPOBAHHOW aBTOMATUYECKON CMPUHKIIEPHOW CUCTEMOMN.

— B MOMELLEHNN [OMKEH OblTb MPOBEAEH TEXHWYECKWUI aHanu3, MOATBEPXKAAIOLWMIA, YTO KOHMMUIypaumus 3aaHus
MO3BOSISIET YAEPXMBaTb FpaHuLy AbIMOBOrO C/Osi Bbllle YPOBHS Hambosiee BblICOKOPACMONOXEHHOMO OTKPbLITOrO
npoema K npunaeralowmm nNoMeLLEHNSIM, UM Ha pacCcTosiHnM 1828 MM Hapg ypoBHeM Hambonee BbICOKOPacnono-
)KEHHOrO 3TaXka C BbIXOAOM K aTpuyMy nnbo B TEYEHWE NPOMEXyTKa BpeMeHu, B 1,5 pasa npeBbiwarowlero pac-
YyeTHoe BpeMs 3BaKyaumm, Mbo B TeyeHne 20 MUH, B 3aBUCMMOCTM OT TOrO, Kakoe 3HayeHue 6orsblue.

— B MOMELLEHUN JOMKHa BbITb YCTAHOBNEHA CUCTEMA AbIMOYAANIEHMUS, HE3ABUCKMO aKTUBMpYeMasl NtobbiM K3 cre-
AyoLwmx cnocobos:

a) npwv cpabaTbiBaHUW OMNpeaesiEHHOW aBTOMaTUYECKON CNPUHKIIEPHON CUCTEMbI B 30HE aTpUyMa WS NoMeLLe-
HUWSIX, NMPUNEraloWmMX K aTpuymy
b) npv nomowww pyyHoro ynpaeneHusi, AOCTYMHOMO NOXapHOMY NMOAPa3AeneHuto.

CME)XXHbIE NOMELLLEHUA
Mcnonb3oBaHMe OTKPbITHIX MPOEMOB B MEPEKPbITUSX, 06PasyoWMUX CMEXHbIE MOMELLEHUS MeXAy STaxamu, [o-
MYCKAETCs NMpY COBMIOAEHNN CIEAYIOLLMX YCIOBUIM:

— CMEXHble NOMELLEHNS A0MKHbI 06bEANHATL He 6oMee Tpex COCEAHUX STaXeN.

— HWKHUA WM COCEAHWI C HDKHUM 3TaX, HaxXoAALWMWCS B Mpeaenax CMeXHbIX MOMELLEHWd, NMpUHUMaeTCs 3a
3TaX, PaCroNIOXXEHHbIV HA YPOBHE YNuLib.

— obLas niowWaab CMEXHbIX MOMELLEHWUI Ha 3Taxxe A0MKHA 6biTb OTKPLITA M NMLLIEHa 3arpaXKaeHui, TakuM obpa-
30M, YTO6bI B Clly4ae BO3HMKHOBEHMS MoXapa B J0601 YacTu CMEXHbIX MOMELLEHMIA Nosb30BaTeNM bbl He3a-
MEANWUTENBHO OMOBELLEHbI O MOXAape, A0 HACTYMIEHWS YIPO3bl UX XXM3HW U 3[0POBbIO.

— CM@eXHble MOMELLEHUSI A0SKHbI BbITh OTZEMNEHbI OT OCTaNbHOM YacTW 34aHUS NPOTUBOMOXAPHLIMK Nperpasiamm C
NpeaesnioM OrHeCTOMKOCTM HEe MeHee YeM 1 Yac, 3a MCKIIIYEHWEM CieaytoLMX CyYaeB:

a) B 3[4aHWsIX, OCHALUEHHbIX CEPTUMOMLMPOBAHHON aBTOMATUYECKOW CMPUHKIIEPHON CUCTEMONM MO BCEM MioLLa-
AW, BMECTO NPOTMBOMNOXaPHbIX Nperpas A0oMnycKaeTCsl UCMONb30BaHWeE AbIMO3aLUMTHBIX Nperpaj.

b) B >Xunbix KOpnycax CNeACTBEHHbIX TIOPEM W WCMPaBUTENbHbLIX YYPEXAEHWUN, MOMHOCTBIO OCHALLEHHbIX
CMPUHKIIEPHBIMM CUCTEMaMU, AaHHOE TpeboBaHMe He AeNCTBYET.

— B CMEXHbIX MOMELLEHUSX AO/MKHbI COAEPXATbCS YMEPEHHOMOXaPOOoMnacHble MaTepuarbl, MOMHOCTBIO 3aLUMLLEH-
Hble CepTMhULMPOBAHHOW aBTOMaTUYECKOW CMPUHKIIEPHON CUCTEMOM, UMK TOMbKO ManonoXapoonacHble MaTe-
pvarnbl.
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— MPOMNYyCKHasi CrocO6HOCTb BLIXOJOB A0MKHA 06ecrneunBaTb OAHOBPEMEHHYHO 3BaKyaLMO BCEX JIOAEN, Haxoas-
LUMXCA HA BCEX 3TaXKaX CMEXHbIX MOMELLEHWI, NPUHUMAEMbIX 33 €AMHYIO STAXKHYIO NIOWaab.

— KaXAbli NONb30BaTe b, HAXOASALMIACA B CMEXHOM MOMELLEHUN, AO/HKEH UMETb AOCTYN K OAHOMY MMM HECKOJb-
KUM BbIX0ZlaM 6€3 He06X0IMMOCTMN NPOXOANTb Yepes APYron 3TaXK CMEXHOIO NMOMELLEHMUS.

— KaXAblM Nosib30BaTeslb, HAXOASAWMICS 3@ NPeaenaMm CMEXHOro MOMELLEHMS, AO/MKEH UMETb AOCTYN K OAHOMY
WX HECKOJIbKUM BbIXOAaM 6e3 Heo6X0ANMMOCTU BXOAUTb B CMEXHOE MOMELLEHNME.
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IBC 2003. MPOTUBOAbLIMHAS 3ALUUTA ATPUYMOB U 30AHUM
KPbITbIX MOJ1J10B

VHdbopMaums no 34aHusiM KpbiTbIX MOJIOB, aTpUyMaM, a Takke cUcTeMaM NpOTMBOABIMHON 3alUWTbl NpUBeaeHa B
[laHHOM rnaee Ha ocHoBe IBC 2003 «MexayHapoaHble CTpouTenbHble HopMbl» 2003 roaa [1]. B aaHHOM AokymeHTe
BCTPEYaoTCs cneayowme NoHATUS:

Fpynna B — 37aHusi, COOpY>XEHUS WU UX YacTb, MpeAHa3HayeHHble AN 0UCHOW, npodeccnoHanbHoW aes-
TeNbHOCTW UNK onepaumii NO NPeAoCTaBNEHNIO YCIYT U BKITIOHAOLME XPaHEHNE YYETHBIX JOKYMEHTOB M OTYETHOCTY.
B AaHHyto rpynny BXOASAT: KOMaHAHblE ANCNIETYEPCKME MYHKTbI a3pOMNOpPTOB, BETEPUHAPHbBIE NeYebHULbI, MMTOMHUKN
U NPpUIOTbl ANS1 XKMUBOTHBIX; BaHKM; CanoHbl KPacoTbl M MapuKMaxepckue; aBTOMOBUIbHbIE MOMKM; 3faHus oblue-
CTBEHHOrO YnpaBneHus; NOAUKINHUKN — Af19 aMOynaTOpHOrO NeYeHNsl; XMMYUCTKM U MpadveyHble; MyHKTbl Npuema,
AOCTaBKM U caMoobcnyxuBaHus; obpasoBaTesibHble yupexaeHns Boilwe 12 knacca; 3nekTpoHHas 06paboTka AaHHbIX;
LIeHTPbl 3/1EKTPOHHOM 06paboTKM AaHHbIX; NabopaTopun ANs UCMbITaHWMA U UCCIEA0BaHWUIA; aBTOCA/IOHbI; MOYTOBbIE
oTAeNeHus; Tunorpacun; opraHuMsaumu, okasblBarolwme npodeccuoHanbHble YCnyr (MPOeKTHbIE, UHXEHEPHble, Te-
paneBTUYecKMe, YCINyrn aaBoKaTa, CToMaTosiora); paano- 1 TeNEBU3NOHHbIE CTaHUMK; TenedOoHHbIE CTaHLUK.

Fpynna H — 38aH1s1, COOPYXXEHUS MM UX YacCTb, NpeaHasHayeHHble AN Npou3BOACTBa, 06paboTkn unm xpaHe-
HUS MaTepuanos, NPeACTaBASOWMX (PU3NUECKYIO OMACHOCTb WK YIpo3y 340POBbLIO.

Fpynna I — 34aHUs, COOPY>XEHUS UKW UX YacTb, NpeAHa3HayeHHble And yXoAa 3a NoAbMU, UKW COAepXKaHus
nioget noa HabnoaeHWeM K3-3a OrpaHUYeHU U3NYECKOro XapakTepa, Bbi3BaHHbIX 3ab0neBaHus MM UK MO BO3-
pacTHbIM MPUYMHAM, HaMpaBNEHHbIX HAa MEAMLMHCKOE JSIeYeHNE WM APYroro pofa yxof, Win ydpexaeHus, npeaHa-
3HaYeHHble ANs CcoAepXaHusl 3aepXXaHHbIX B KapaTebHbIX UKW UCMPaBUTENbHBIX LEensiX, Ui B KOTOPbIX OrpaHuye-
Ha cBobopa, Ntoael, HaXoAALWMXCs B 3TUX yupexaeHusx. Fpynna I BkatovaeT B cebs cneayrolme noarpynmbi:

Moarpynna I-2 — 31aHKs, COOPYXEHUS UM UX YacTb, MPeAHa3HaYeHHble AN NPeAoCTaBNeHNs KpYrnoCyTOYHOM
MEAMLMHCKOMW, XMPYPruyeckom, NCMXMaTpuyeckolr NoMoLLM UM NOBCEAHEBHOrO yxoAa 3a bonee YeM NsATbiO NauneH-
TaMW, He CNOCOBHBIMM K CaMOCTOSATENbHOMY MOAAEPXKAHMIO XM3HW. B AaHHyt0 moarpynny BXoasaT: 60nbHMUBI, AOMa
npecTapenbix, ncuxmaTpuyeckme 60bHULbBI, HAPKOTOMMYECKUE LIEHTPbI.

Moarpynna I-3 — 38aHKs WK COOPYXXEHUS, HAaceneHHble 6onee YeM NATbIO N0AbMU, HAXOASALWMMUCA B YCI0BU-
AX M3019UMU UK NnweHns cBoboabl. B AaHHy0 MoArpynny BXOASAT: TIOPbMbl, UCMpPaBUTENbHbIE 3aBeAeHWs ANns
HEeCOBEepLUEHHONIETHUX MPECTYMNHUKOB, MecTa NpeaBapuTeNbHOro 3aKNIOYEHNUS, UCNPaBUTENbHbIE KOMOHWM, LEHTPbI
npeaBapuTenbHOro ocBo6oOXAEHMS.

Fpynna R — 34aHKs, COOPY>XEHUS UK UX YacTb, NpeaHa3HadyeHHble AN MPOXMUBaHUS, B OT/IMYME OT y4ypexae-
HWiA. Fpynna R BKOYaeT cneaytome noarpynnbi:

Moarpynna R-1: XXwunble 34aHKd, npefHasHayYeHHble AN KPaTKOBPEMEHHOIO MPOXWBAHUS, BKOYas: NaHCuo-
HaTbl (AN BpeMeHHoro npebbiBanus), otenu (ANs BpeMeHHOro npebbiBaHus), aBTOAOPOXKHbIE FOCTUHULBI (ANS Bpe-
MEHHOro npebbiBaHNs).

Moarpynna R-2: Xwunble 34aHns, cogepxalume cnanbHble Mecta unu bonee ABYX eAuHUL XWibs, nNpenMylue-
CTBEHHO MpeAHa3HaYeHHble A5 NOCTOSHHOIO MPOXWBAHWUS, BK/OYas: KBApTUPHbIE A0OMA; MaHCWOHaThl (Ans AONro-
BPEMEHHOI0 NPOXMBAHWSA); XEHCKME MOHACTbIPKU; OBLLUEXUTUS; MYXKCKME N XKEHCKME OBLLUMHDBI; MYXCKUE MOHACTbIpK;
anapTaMeHTbl Ha YCNOoBUSIX TalMLep; oTenu (Ans AONrOBPEMEHHOIO NPOXWMBAHMWS); aBTOAOPOXHbIE FOCTUHWUbI (ANS
[ONTOBPEMEHHOMO MPOXWBAHMUS).

30AHUSA KPbITbIX MOJIJ10B

TpeboBaHMS AAHHOrO pasferna OTHOCATCA K 3[4aHWSIM WJIM COOPYXKEHMAM, ONPEeAENeHHbIM 3AECh Kak 3[aHust Kpbl-
TbIX MOJI/IOB, HE MPEBbILLAOLME YPOBHS TPEX 3TaXKel B /060N TOUKE UM HE BbIlLE TPEX 3TaXel Haj YPOBHEM 3eM-
NW. 303HMA KPbITbIX MOJSIOB A0/KHBI COOTBETCTBOBATh MPUMEHSEMbIM TPEOOBAHUAM AAHHBIX CTPOUTENLHBLIX HOPM,
KpoMe HeobX0AMMOCTM BbIMOHEHUS O0COBbIX TpebGoBaHMIA AaHHOro pasadena. MckiioueHust cocTaBnstoT doiie u Be-
cTmbtonum rpynnsl B v noarpynn R-1 n R-2, KOTOpble MOTYT HEe COOTBETCTBOBaTb AaHHOMY pasfesly, a Takxke 34aHus
MOTyT He COOTBETCTBOBAaTb TPeGOBaHUSIM 3TOr0 pasfena, eciiv OHW MOSHOCTbIO COOTBETCTBYIOT APYrMM MpUMEHsie-
MbIM TPe6OBaHUSIM CTPOUTENBHBIX HOPM.

MnaH apeHAHoOW Nnowanm

Mocne noJsly4eHns CBUAETENIbCTBa O NPUEMKE 3[4aHUA B 3KCrlyaTauuio, Blladeney KaXxaoro 3qaHna Kpbitoro MoJi-
Nla AO/MKEH NpeacTaBUTb B CTpOVITEI'IbeIﬁ 7] FIO)KaprIl‘;i KOMUTETbI NaH aPEH,D,HOl‘/JI nnowaan C ykasaHMeM pacnono-
XKEHNS KaXkAoro noMeLleHuns ¢ Bbixogamu. bes npeaBapuUTeNnbHOro cornacoBaHna C npeactaBUTENAMU CTPOUTENBHOIO
HaA30pa He AO0/MKHO NMPOU3BOAUTLCA HUKaKUX N3MEHEHUI B apeHae unu skcrlyatauumn, yKa3aHHbIX Ha NMJlaHeE apeHa-
HOW naoLwaan.

Myt 3Bakyauumn

Kaxxgoe apeHAHOe NOMELLEHVE U 34aHME KPbITOro MoJiia A0MKHbl UMETb MyTW 3BaKyaLUK COTMTAacHO TPeboBaHUAM
JAHHOW rNaBbl.
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onpeaesieHne HaceslIeHHOCTH

ﬂ,OI'IYCTMMaFI HaCceNeHHOCTb B /1l060M OTAENbHOM apeHAHOM MOMELLEHNN B 30aHNN KPbITOro MO1a onpeaendaeTcs
COrnacHoO HactodluM HopMaM. Tpe6OBaHVI$I K MyTaAM 3BaKyauun Ans oTAeNbHbIX apeHAHbIX I'IOMGLIJ,GHVIVI AOJIXXHO OC-
HOBbIBATbCA Ha onpep,eneHHoﬁ TakKnM 06pa3OM HaCceneHHOCTU.

Pacyer HacesieHHoCcTU

Mpu pacyeTe TpebyeMbix NyTelN 3BaKyaUUy MOJIA YMCIIO YENOBEK, ANS KOTOPbIX OHW NpeAHa3HayeHbl, OCHOBbI-
BAETCS Ha 06LLEeN apeHAHOW NNoWwaan 3aaHus KpbiToro Monna (KpoMe SIKOPHbIX 3aaHui) u koadduumneHTe HaceneH-
HOCTM, BbIYMCIIEHHOM MO crieaytoLein hopmyne:

OLF=(0,00007) (GLA) + 25

roe:

OLF - k03(ULIMEHT HaceNeHHOCTH, B M? Ha YesioBeka

GLA - o6Las apeHaHas nnowaib, M2

[nanazoH ko3 duumeHTa HaceneHHocT (OLF) He gomkeH 6biTb MeHblue 30 u 6onblue 50.

SKkopHble 34aHus. HaceneHHOCTb SKOPHbIX 34aHWUM, BbIXOASLUMX B MOJIA, HE A0SKHA BKIOYATLCS B pacyeT obue-
ro unicna ntoaent B Mosne.

@yaKkopTbl. ONs onpeaeneHust TpeboBaHMi K NyTsSIM 3BaKyauuu A4S MOSla HaCceneHHOCTb dyakopTa npubaenseT-
CS K paCCUYMTaHHON BbILE HACeNEHHOCTH 34aHNS KpPbITOro Mosina.

KosnnyecrBo nyre# 3Bakyaynm

Ecnu paccTosiHve fo Monnia oT nto6ol TOUkU B npeaenax apeHAHOro MoMELLEeHUs, UCMOMb3YEMOro MuUamMu, He
OTHOCSLLMMUCS K MEPCOHaNy, npeBbiaeT 22860 MM MM HaceNeHHOCTb apeHAHOro MOMELUEHUS NMPeBbILIAeT 3Have-
Hue 50, Heob6x0aAMMO obecneunTb HanMune Kak MUHUMYM ABYX MyTel 3BaKyaLuu.

Pacrnionos»xeHne nyres 3Bakyaymm

nOMELLI,EHVIﬂ C HaceneHHocTblo 500 1 6onee yenosek B 34aHNN KpbITOro MOJ1Jla AO/MDKHbI pacnonaratbCa TakK, YTo-
6bl BbIXOAbl HAMpPsAMYK0 COEANHANUCH C MMaBHbIM BXOAOM B MO/, U HE MEHee NOJIOBUHbI HeO6XO£|,VIMbIX HyTEI)lI 3BaKy-
alnn BbIXOAUNN HapyXy 34aHNA KpbITOro MoJssa.

HEOGXO,CIVIMbIe nNyTN 3BaKyauln B AKOPHbIX 34aHUAX AOJIXKHbI ObITb HE3ABUCUMMbI OT CUCTEMBI I'IYTel\;I 3BaKyauunmn
Monna. HaceneHHocTb AKOPHbIX 34ElaHV|l\;1, BbIXOAALWMX B MO/, HE AO/MKHA BKIOYATbCA B pacyeT HYTEVI 3BaKyauumn
Monna. rlyTb 3BaKyauun B MOJIIE HE AOJ/DKEH MpOXoAUTb Yepe3 AKOPHble 34aHUA. MOJ'IJ'IbI, 3adKaH4yunBawWwnecs B
SAKOPHOM 34aHWU, rae OTCYTCTBYIOT Apyrme nyTu aBakyauun, CHUTaATCA TYNMKOBbIMKA MOJ1JTaMW.

PaccrosiHmne 4o Bbixo4osB

B npepenax kaxgoro OTAENbHOrO apeHAHOro MOMeLeHMs B 34aHWMK KPbITOro MOsia MakCUMMarnbHOE paccTosiHue
oT Ntoboi TOYKM A0 BbIXOAA WM BXOAA B MO/ HE AOMKHO NnpeBbiwatbh 60960 MM. MakcMManbHOe paccTosiHUE OT
noboii TOUKKU B Npeaenax Mosa Ao BbiXxoAa He A0/MKHO npeBbiwatbh 60960 MM.

Hocryn k Bbixogam

Ecnn HEO6X0,DMMO Hanu4dne 6onee OAHOro BbIXoAa, OHW AOJIKHbI 6bITb PacnonoXXeHbl Tak, YTO6bI MOXHO 6bINIO
ABUraTbCA B nobom HanpaBneHnn n3 No60oi TOUKU B MoNse K OTAENbHbLIM BbIXO4aM. MuHuManbHas LLMpUHa BbiXxoAa
WM KOpMZOopa M3 MoJIfa A0JKHA COCTaBNATb 1676 MM. UckoueHne COCTaBASOT TYMUKW ANIMHOW, HE MPEBbLILIAIOLLEN
,ElBOIZHer LWWPpUHY MOJ1/1a B CaMOM Y3KOM MECTe TYMNMWUKOBOIro y4acTka Mosia. Ecnmn npoxoAbl K BbIX0AaM OCHaLLEHbI
AONOJIHUTENBbHBIMM NYTAMU 3BaKyaLlMn U3 apeHAHOro NnoMeLweHns, ABeEpU BbIXOA0B AOJTXKHbI 6bITb NPOTUBONOXXAapPHbI-
MM C YaCoBbIM MpeaenioM OFHECTOVIKOCTM. 3" ABEPU AOJDKHbI 6bITb aBTOMATUUYECKUMUN N OCTaBaTbCS 3aKpbITbIMU UNTN
AO/MKHbI 3aKpbIBaTbCA aBTOMAaTUYECKU MPU 06Hapy>|<eva| AbiMa.

Cﬂy)l( €ebHbIe nomeLlyernnsi, Bbixogsawyne B ripoxoabl K Bbixogam

MalnHHbIe OTAENEHUS], SNEKTPOLUUTOBbIE, KOMMYHUKALUMOHHbIE MOMELLEHNST U rPy30Bble J'IVId)TbI MOryT BbIXOAUTb
HENOCpeACTBEHHO B MPOXOA K BbIXOAY MpU YCNOBUWU, YTO 3TOT MPOXOA OTAENIEH OT AaHHbIX MOMELLEHWI CTEHAMU C
4aCoBbIM Npeaenom OFHECTOWKOCTW 1 3aLUUTHLIMK cpeacTteamMun ana npoemMoB C TaKUM XXeE NpeaesioM OrHECTOMKOCTY.

LnpuHa monna

C uenbto obecneyeHns: HeO6X0AMMOW 3BaKyaLMM, MOJ/IbI MOFYT PacCMaTpUBaTbC Kak KOPWUAOPLI, MPU 3TOM LUK-
pVHa MOMfa AO/MKHA COOTBETCTBOBaTb TPebOBaHMAM AaHHOro pasgena. MuHMManbHas WWpWMHA MOAa AOMKHA COo-
cTaBnaTb 6096 MM. LLvpvHa mMonna fomkHa 6biTb OCTaTOYHON Afis pa3MeLLeHUst TOrO KOMMYEeCTBa SIloAen, ANns Ko-
TOPOro OH MpeAHasHayeH. Heobxoanmo obecneyeHne MUHUMaNbHOM CBOB6OAHONW LuMpuHbI 3048 MM 1 BbICOTHI 2438
MM Mexay Noboii NpoeKuneid apeHaHOro NMOMELLEHNS, TPaHUYALLErO C MOJIIIOM, M BIMXKANLWIMM KOCKOM, TOProBbIM
aBTOMaTOM, CKaMbel, UH(POPMaLMOHHbIM Tabno, dyaKOPTOM WU APYrUM MPEnsTCTBUEM MpU ABWKEHUW MO MyTK
3BaKyauuu.

Tunbl KOHCTPYKLMIA
Tunbl I n II — TMNbI KOHCTPYKHMVI, B KOTOPbIX KOHCTPYKTUBHbIE 3/IEMEHTbI COCTOAT U3 HEBO3ropaEMbIX MaTeEpUa-
NOB.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 129



Tun III — TMN KOHCTPYKUMK, NMPU KOTOPOM BHELUHWE CTEHbl COCTOSIT U3 HEBO3rOPAeMbIX MaTepuanos, @ BHYTPEH-
HME 3N1EMEHTbI 34aHUs COCTOAT M3 Ntoboro TMNa Matepuana, NpeayCMOTPEHHOro AaHHbIM CTaHAapToM. OrHeynopHas
[epeBsHHas pamMHas KOHCTPYKUMSI AOMYCKAETCS BHYTPU BHEWHMX COOpHbIX CTeH C ABYyX4acOBblM NpeaenoM OrHe-
CTOWKOCTMW.

Tun VI = TMN KOHCTPYKUWMW, NPU KOTOPOM BHELLUHME CTEHbl COCTOAT M3 HEBO3rOpaeMbiX MaTepuasnos, a BHYTpeH-
HME 3NEMEHTBI 3[aHNsl COCTOAT U3 LeNbHOW WM MHOrOCNOMHOM ApeBecuHbl 63 CKpbITbIX MycToT. OrHeynopHas ae-
peBsiHHasi paMHasi KOHCTPYKLMSI AOMYCKAETCS BHYTPU BHELWHMX COOPHbIX CTEH C ABYX4YacOBbIM MpeaenoM OrHeCToM-
KOCTH.

Mnowaab Ntoboro 3aaHNa KpbITOro Mossia, BKIOYAs SIKOPHbIE 3a4aHMsl € KOHCTpykumsimm Tunos I, II, III n IV, He
[O/MKHA OrpaHMuMBaTLCA NPW YCOBUW, YTO 3[4aHME KPLITOro MOMIa 1 npuiexalune siKopHble 34aHNa U MHOMOYpOBHe-
Bble MNapKOBKM CO BCEX CTOPOH OKPY>XEHbI OTKPbITHIM MPOCTPAHCTBOM He MeHee 18288 MM, a BbiCOTa SIKOPHbIX 34aHWM
He MpeBbILLAET TPEX TAXKEN.

OrHecroiikue nperpagbl
ME)K.CIY dpeHAHbIMWN MOMELLEHUAMN U MONNIaMU, @ TaKXE MeEXay be,QKODTOM n npunerarvowmmMmn apeHaHbIMM no-
MELWEHNAMNU Hann4vmne OTHECTOMKMX nperpag He Tpe6yeTC$|.

lpnmbikarowass CTossHKa

|-|pVIMbIKaIOLIJ,a$| CTOsIHKa Anda naCCaXUpCKOro aBTOTpaHCNopTa BMECTUMOCTbIO HE 6onee 9 YENoBEK, N OTKPbITbIE
MHOIOypOBHEBbIE MAapPKOBKMN PaCcCMaTpMBalOTCA KaK OTAENIbHOE 34aHUE, €CTU OHU OTAENEHBI OT 34aHNUA KpbITOro Mos-
Na NpOTUBOMOXAPHOMN NPErpajon C Kak MUHUMYM ABYXYacCOBbIM NPEAENIOM OrHECTOMKOCTHU.

lperpapasr Me)xay apeHAHbIMH TOMELYEHNIMH
Kaxzoe apeHZHOe MoMeLLeHne JOMKHO OTAENSTbCS OT APYrUX apeHAHbIX MOMELLEHWI OrHECTOWMKON Nperpajoin.
Mexay apeHAHbIM MOMELLEHWEM U MOJIIIOM HanMune OrHECTOMKUX nperpas He TpebyeTcs.

lperpapabl Mexay SKOPHbIM 34aHNEM U 34aHNUEM KPbITOIo MOJ1/1a

SIKOpHOe 3AaHue A0/MKHO 6biTb OTAENIEHO OT 3A4AHWSI KPbITOrO MOJIIA OFHECTOMKMMM CTeHaMu. WckodeHne co-
CTaB/SIOT SIKOPHbIE 34aHMS BbICOTON He 6osiee Tpex 3Taxel Hazd YPOBHEM 3eM/U, C KaccudUKaumen HaceneHHoCTH
TakoW e, KaK M Y apeH4aToOpOB 34aHWSi KPbITOrO MOfia, KOTOpble AOMKHbI BbiTb OTAENEHbI NMPOTUBOMOXKAPHLIMM
Nperpagamm C AByX4acoBbIM NPeaesioM OrHECTOMKOCTY.

Kpome nperpag mexay cnasfbHbiMM 6710KaMu noarpynnbl R-1 1 MOSIOM, NPOeMbl MeXAy SKOPHbIMUA 3AaHMSAMU C
KOHCTpyKumsimMu Tuna I v II (M. npyMeYaHue BbIlE) U MOSISIOM HE AOMKHbI ObiTh 3aLLMLLEHDI.

ABTOMaTHUeECKUe CnpuUHKIEepHble CUCTEMbI
30aHMS KPbITbIX MOJIJIOB Y CMEXHbIE C HUMW 34aHUS AOSKHbI ObiTb MOMHOCTLIO 060PYAOBaHbI aBTOMATUYECKOW
CMPUHKIEPHON CUCTEMOW, COOTBETCTBYIOLLEN CNEAYIOLLIMM NapaMeTpaM:

— aBTOMaTuUyeckasl CpUHK/IEpHas cUcTeMa A0MKHA 6biTb MOMHOW M AENCTBYIOLLE HA BCEM 3aHMMAeMOM Mpo-
CTPaHCTBE 3AaHWsi KPbITOro MoJijia A0 PasMELLEHNs] apeEHAATOPOB B MOMELLEHUSIX. He3aHsITble apeHaHble Mo-
MELLEHNS IO/DKHbI BbIThb 3alUMLLEHbI aHANOTMYHBIM 06pa30M, EC/IM OHU HE OCHALLIEHbI anbTEPHATUBHOMN CEpTU-
Gu1UMpoBaHHON 3aLLMTOMN.

—  CMpUWHK/IEpHas 3aliMTa Mosna AO/KHA ObiTb HE3ABMCMMOW OT CUCTEM 3alUUTbl apeHAHbIX MOMELLEHWUI WUnn
AKOPHBIX 3AaHWUIA. ECnu apeHiHble NOMELLEHUs 06CY>KMBAKOTCS 3TOM XXe CUCTEMOM, OHWN I0/KHbI KOHTPONINPO-
BATbCS OTAENbHO.

cucrema rugpaHToB
3paHve KPbITOro MoJsi1a AO/HKHO 6bITb NOBCEMECTHO O6ODYLlOBaHO cuctemom rMApaHTOB.

AbiMmoygasienne
Mpn HeobxoanMOCTY cneayeT NpefycMOTpeTb CUCTEMY AbIMOYAANEHNS AN aTPUyMOB.

Knockn
KMOCKM M aHanormyHble UM KOHCTPYKUMM (MOCTOSIHHLIE MM BPEMEHHbIE) AO/MKHBI COOTBETCTBOBATL C/ieAyHOLWNM
TpeboBaHuaM:

— BOCM/IaMeHsIEMble KNOCKU UK ApYyrve KOHCTPYKLUMM He AO/MKHbI pa3MeLlaTtbCs B MOJIIE, €CIM OHU HEe Mpous-
BeAeHbl U3 CeayloLWmnX MaTepuanoB: [epeBa, 06paboTaHHOIrO aHTUMMPEHOM; MEHOMIacTa C MaKCMMasbHOM
CKOpOCTbIO BbleneHns Tenna He 6onee 100 kBT; antOMMHMEBOro KOMMO3MTHOMO MaTepuana ¢ koadduuneH-
TOM pacnpocTpaHeHus noxxapa He 6onee 25 n koadpdumumeHToM AbIMOO6pa3oBaHmMs He Bbiwe 450.

—  KWOCKW WSIX aHanorm4yHble UM KOHCTPYKLUMM, PacrofioXXeHHbIe BHYTPY MOJa, AO/MKHbI OCHAWWATbCs cepTudun-
LMPOBaHHbIMU YCTPOMCTBaMM OBHapPYXXEHUS U TyLUEHUS MoXapa.

—  MWHWMasnbHasi FOPM30HTA/IbHOE PacCTOSIHUE MEXAY KMOCKAMM MK FPYMMNoM KMOCKOB M APYTMMU KOHCTPYKLMSI-
MW BHYTPWU MOJINa AO/MKHA COCTaBNSATbL 6 METPOB.

—  M/IOWaAb KaXaoro K1ocka Wn aHanorMyHon KOHCTPYKLUMM UK FPyMbl KMOCKOB A0/MKHA COCTaBNsATL He bonee
28 M2,
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3awnrtHele peweTku 1 gBEPH
FOpW30HTasIbHbIE Pa3ABMXKHBIE UMM BEPTUKAJIbHbIE 3aLUUTHbIE PELLETKM WK ABEPY, SBASIOLLMECS YacTbio MyTel
3BaKyauuu, AO/MKHbI COOTBETCTBOBATL CieAytoWMM TpeboBaHUSIM:

— [BEPU UNW PELUETKU AO/MKHbI OCTaBaTbCsA B MOSIHOCTbIO OTKPLITOM MOSIOXKEHUM BO BpeMsi NpebblBaHUSi OCHOB-
HOW Macchl noaei.

— [BEPU WM PELLETKU HE AO/DKHbI 3aKpbIBAaTbCsl, €C/IM B MOMELLEHUN C OAHMM BbIXOAOM HaxoauTcs 6onee 10
yenoBek, U 50 yenoBek B MOMeELLEHUM C 6OJIEe YEM OHMM BbIXOLOM.

— [OBEpW WM PELLETKM B 3aHMMAEMOM MOMELLEHUWN A0KHbI OTKPbIBaTbCS M3HYTPU 6€3 NpUMEHEeHUs1 cneuuanb-
HbIX 3HAHWUIN UK YCUMUI.

— ecm TpebyeTcs Hanuuve AByX win 6o/ee BbIXOA0B, AOMYCKAETCS OCHalleHWe He 6o/iee MOMOBUHbI BbIXOAOB
rOpPU30HTasIbHBIMU Pa3aBUXKHBLIMU UMM BEPTUKASbHBIMU NMOABEMHBIMM PELIETKAMN UK ABEPSIMU.

Pe3epBHbIe NCTOYHHKH IMTUTaHHNSA
30aHMA KpbITbIX MOJUIOB Mowaabio 6onee 4645 M2 [0/KHbI OCHALLATLCA PE3EPBHLIMU UCTOUHWMKAMU MUTaHMS,
KOTOpblE MOryT MPUBECTM B AEWCTBME CUCTEMBI FOJIOCOBOIO aBapUIMHOMO OMOBELLEHUS/aBapUMHON CBA3U.

Cucrema ros10coBoro aBapmifHoro ornoBeLeHNs]/aBapHiiHOH CBA3N

30aHMA KPbITbIX MOMIOB C O6LLEl NNoLWaAbio NoMelleHnin 6onee 4645 M2, NO/MKHbI OCHALLATLCA CUCTEMOW rONo-
COBOr0 aBapUHOro OMOBELLUEHUS/aBapuiiHOl CBA3M. CUCTEMbl FOMIOCOBOMO aBapuMHOIO OMOBELLEHWS/aBapUAHOM
CBA3M, NpeAHa3HayveHHble Anst Mosna, obs3aTenbHble UK HET, AO/MKHbI 6bITb AOCTYMHbI MOXAPHbLIM MOAPA3AENEHN-
aM.

InacrukoBelie yxkasaresin

Ha KaxgoMm aTaxe MM ypoBHE M OT CTeHbl A0 CTeHbl KaXA0ro apeHAHOro MOMeELLeHUs, BbIXOASLWEro B MO,
HeobXoAMMO HanMuMe MNacTUKOBLIX ykasaTenel. MnacTukoBble yKasaTenun He AOMkHbI 3aHuMaTth 6onee 20% nno-
Waan CTeHbl, BbIXOASLIEN B MO, BbicOTa MNacTVKOBLIX yKasaTenen He AokHa npeBbilwatb 914 MM, Npu UCNonb30-
BaHUWM BEPTUKaNbHbIX YKa3aTenen ux BbicOTa HE AO0/MKHA MNpeBbiwaTth 2438 MM, a WnpuHa — 914 MM. MnacTMkoBble
yKasaTeNn JO/MKHbI pa3MeLLlaTbCsl Ha PacCTOSIHUM Kak MUHUMYM 457 MM OT CMEXHbIX apeHAHbIX MOMELLEHW.

[nacTuk (33 UCK/IIOYEHNEM [IEHOI/IACTA)

MpuMeHsieMbI B yKasaTensax nnacTuk (3a WCKIIOYEHWMEM MeHomnacTa) AO/MKEH ObiTb CBETOMPO3PayHbIM MM
UMETb TeMnepaTypy camoBo3ropaHust 343°C unm Bbiwe, ¢ KO3GUUMEHTOM pacnpoCcTpaHeHUs noxapa He Bbiwe 75, n
koapULMEHTOM AbiIMOO6pa3oBaHusl He Bbilwe 450. Kpasi U 3agHsiss CTOpOHa MNacTUMKOBLIX yKasaTesnel B Mosiie
[O/MXKHbI 6bITb MNOMHOCTLIO NOKPbITHI METASI/IOM.

[leHonact

MpuMeHsieMbIli B yKasaTensax NMeHoniacT A0/MHKEH COOTBETCTBOBATb KPUTEPUSIM OMHECTOMKOCTU, TaK YTObbl Mak-
CMManbHas CKOpOCTb BblaeneHus Tenna coctasnsna 150 kBT. MMHMManbHas NAOTHOCTb NPUMEHSIEMOrO B YKa3aTensx
neHomnnacta He Ao/MkHa 6biTb MeHee 320 kr/m3. TonlmHa yKasaTenei M3 neHonnacta He [o/MkHa npeBbiwaTh 12,7
MM.

Aocryn noxapHseix nogpasgeneHni Kk 060pyJ0BaHNIO

MoMelLLeHNUsI UK 30HbI C 3/IEMEHTaMK YNpPaB/iEHUs CUCTEMaMM KOHAMLIMOHUPOBaHKS, aBTOMaTUUYECKOro MoXapo-
TYLWIEHVSI WM APYTMMM CUCTEMaMK OBHapy>XeHUst U TYLIEHWsI MOXapa, A0JHKHbI 6bITb COOTBETCTBYIOWMM 06pa3oMm
0603HaueHbl /15 X MPUMEHEHWS NMOXAPHLIMU NOAPa3AeNeHUsIMU.

ATPUYMbI

BepTuKasnbHble NMPOeMbl, COOTBETCTBYIOLLME TPEBOBAHMAM AAHHOMO pasaena, He AO0MKHbI 6biTb OrpaXaeHbl, Kpo-
Me MoMeLLEeHni rpynnbi H.

dkcnnyataumnsa

MpocTpaHCTBO aTpuyMa He [AO/MKHO WCMOMb30BaTbCs B LENSX, NPEeACTaBNSOWMX MOBbILEHHYIO Mo)apoonac-
HOCTb, ¥ B HEM AOSKHbI MPUMEHSTCS TONIbKO CEPTUMULIMPOBaAHHbIE MaTepuasbl U OTAENKA B COOTBETCTBUM C «Mex-
AYHapOAHbIMU MOXaPHbIMKM HOpPMaMmK». UCK/oYeHWe: nowaab NPOCTPaHCTBa aTpUyMa MOXET BbiTb MCMOIb30BaHa B
NMOBbIX LieNsx npy ycrioBUM, YTO KaXAoe OTAENbHOE MoMelleHne 060pyA0BaHO aBTOMAaTUYECKON CMPUHKIIEPHON Cu-
CTEMOIA.

ABTOMaTUUYECKMNE CMPUHK/IEPHbIE CUCTEMDI
Bo BCeM 3paHWM HeOBX0AMMO YCTaHOBUTL CEPTUMDULIMPOBaHHYIO aBTOMaTUYECKYO CMPUHKIIEPHYIO cucTemy. Hanunume
CMPUHKIIEPHOI CUCTEMBI HE SIBNISIETCS 06513aTENbHLIM TPEGOBAHWEM B CIIEAYIOLLMX ClTyYasX:

—  €C/M 30Ha 3A4aHWsi, CMEXHasl WM PacrosfioXXeHHAss Hag aTpUyMOM, OTAENeHa OT 30Hbl aTpuyma NpOTMBOMO-
YXapHOW Mperpagovi ¢ AByX4acoBbIM NPeAenoM OrHECTOMKOCTU UM ropU30HTasIbHOW CTEHOM, UK 06eMMK KOH-
CTPYKUMSIMU,

—  €C/M BbICOTa MOJO/Ka aTpuyMa Bhile 16 METPOB OT YpOBHS Noa.
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ObiMoyaaneHue
Cucrema AbIMOyAaneHusa Ao/mKHa 6bITb YCTaHOBJ1EHa B COOTBETCTBUU TpGGOBaHMﬂMM pa3aena «Cucrtembl npotu-
BOAbIMHOW 3aLLUTbI».

OTpeneHune atpuymoB
MpocTpaHCTBa aTPMYyMOB AO/MKHbI OTAENSATHCS OT CMEXHbIX MOMELLEHUA MPOTUBONOXAPHOW Mperpagoi ¢ yaco-
BbIM NMPEAEIOM OrHECTOMKOCTU. UCKoYeHMe COCTaBNSIOT:

— CTEKNsiHHble CTeHbl, 06pa3ytolme NpOTUBOABIMHYIO Mperpajy TaMm, rae aBToMaTUYecKue CNpUHKIEpbl pacrnono-
XeHbl Yepes Kaxaple 1800 MM 1 MeHee BAOSb 06enx CTOPOH MPOCTEHKA, UM Ha CTOPOHE MOMELLEHNs, €CNN Ha
CTOpPOHe aTpuyMa HeT ranepeu, n Ha pacctosiHum oT 100 mm Ao 300 MM OT CTekna, U YCTAHOBAEHbI Tak, YTO Npu
aKTVBaLMW CNIPUHKIIEPHOM CUCTEMBbI BOAA Pasbpbi3rMBaETCs Mo BCeW MOBEPXHOCTU cTekna. CTEKNo A0MKHO bbiTb
YCT@HOBNEHO B paMy C YNJIOTHUTENSMU Tak, YTobbl KapkacHas cucteMa aedopmMmnpoBanach 6e3 pasbueHus cTek-
na Ao aKTMBaLUMKW CMPUHKIIEPHON CUCTEMBI.

— CTEHbl U3 CTEKT06I0KOB C MPeaenoM OrHECTOMKOCTU 45 MUHYT.

— CMEXHble NnoMeLLeHns Ha NiobbIX Tpex Taxax aTpuyma, KOoTopble Heobs3aTenbHO OTAeNsATb OT Hero, ecnu AaH-
Hble MOMELLEHMS BKTIOYAKOTCA B pacyeT naowaan aTpuyma npu npoekTMpoBaHMM CUCTEMbI AbIMOYAANeHus.

Pe3epBHble UCTOYHUKU NMUTaHUA
Ob6opynoBaHue, npegHasHadeHHoe Ans paboTbl CUCTEMbl AbIMOYAANeHNs, A0/MKHO BbiTb NOAKIOYEHO K pe3eps-
HOMY UCTOYHUKY NUTAHUA.

BHyTpeHHSss oTAENKA
BHYTpeHHSsIS OTAENKa CTeH U MOTOJMIKOB aTpuyMa [A0/kHa BbiTh He HUXeE Knacca B (TpyaHoBocnnameHsemas) 6e3
MOHWKEHUS K/lacCa B OTHOLUEHWUW CMPUHKNIEPHbIX CUCTEM.

PaccrosiHue o BbIxoAa
Ha nioboM ypoBHe aTpuvyMma, KpoMe CaMoro HWKHero, rae Tpebyemble nyTW 3BaKyauuu NPOXOAST Yepe3 mnpo-
CTPaHCTBO aTpuyMa, pacCTosiHME A0 BbIXOAA B Npeaenax npocTpaHCTBa aTpuyMa He A0/MKHO npesbiwatb 60960 MM,

CUCTEMbI NPOTUBOABIMHOU 3ALLAUTDI

[JlaHHbIN pasaen MocBsilLeH MEXaHWYEeCKUM WM MacCUBHBIM CUCTEMaM AblMOyzaneHust. Llenbto AaHHOro paspena
SIBNSIETCS YCTAHOB/IEHNE MUHUMASbHLIX TPeBOBaHWA K MPOEKTUPOBAHMIO, YCTAHOBKE W MPUEMOYHBIM WCMbITaHWSM
cuCTeM AbiMOyAaneHusl, npegHasHadeHHbIX anst obecrneveHnst 6e3onacHbIX YCNOBWI Npy 3BaKyalMn UK nepeMelle-
HUM nioaelt No 3aaHuio. [laHHble yCnoBUsl He NpeAHasHayeHbl A1 COXPaHEHUs COAEPXXMMOro, CBOEBPEMEHHOIO BO3-
06HOBMEHUS OMepaLyMin UM COAENCTBUS NOXKAPOTYLUEHWIO MM PEMOHTHBIM paboTam.

O6wue TpeboBaHNA K NPOEKTUPOBaHUIO

3,anvm, KOHCTPYKLUUN N UX YaCTn, B KOTOPbIX H€06XOAVIMO MMETb CUCTEMY UNTU CUCTEMBI AbiMOYyAANEHNSA, AOJHKHbI
OCHalWaTbCA AaHHbIMKN CUCTEMaMU, CNPOEKTMPOBAHHbLIMKN B COOTBETCTBUU C 3TUM pa3aesioM U O6LI.|,eI'IpVIHFITbIMVI CTpo-
nTeNbHLIMU HOPpMaMU. npOEKTHO-CMETHaﬂ AOKYMEHTaLUMAa AO/MKHa BKIOYaTb MNOMHYKO U CNELManbHYO VIHd)OpMaLIM}O,
He06X0,DMMYIO ana I'IOLl,pO6HOI'O OnuncaHns yacTen KOHCTpYKLlMVI, HY>XHbIX ANna HaaneXallero BHeEAPEHUA CUCTEM Abl-
MoyaaneHud. K AaHHbIM AOKYMEHTaM AOJ/DKHa npuiaratbCqa CONpoBOAUTENIbHAA AOKYMEHTauua C NosiHoOM VIHdJOpMa-
lee[/'l N pacyeTaMun Ang noaTBepXXAeHUA COOTBETCTBUA TDGGOBaHMFIM HacTogdLllero pasaena.

Ocob6bie npoBepkn u Tpe6oBaHUA K UCNIbITAHUAM

B AOMNOJIHEHNE K 06bIYHbIM NpoBEPKaM U Tp66OBaHI/I9|M K UCNbITaHNUAM, KOTOPbIM AO/DKHbI COOTBETCTBOBATbL 3[a-
HUA, KOHCTPYKUUU U UX HaCTU, CUCTEMbI AbIMOYyAANEHNSA H806XOAVIMO noABEPrHyTb 0Cco6bIM npoBepkaM 1 UCNbITaHU-
AM ANnga KOHTponda uUx HaaneXxaullero BBoAa B 3KCrnJlyaTauuto nocne OKOHYaTeNbHOM YCTaHOBKM AaHHbIX CUCTEM. an
npeacTtaBneHnn NpoeKkTa, ConpoBoXXAaeMoro I'IpOEKTHO-CMETHOVI ﬂOKYMEHTaLI,VIeVI, Heo6XO,C|,MMO AaTb 4YeTKoe onuca-
HUWEe npoueayp n MeEToA0B, UCMOMb3yeMbIX A1 NPOBEPKU U MpoBEAEHUA VICI'IbIT3HVII7I, a TaKXXe 3JIEMEHTOB CUCTEMBbI,
KOTOpble 6y,qu MCMNbITbIBATbCA. I'Ipouecc BBOAa B 3KCrlyaTauuto AO/MKEH COOTBETCTBOBATb O6LLI,EI'IpMH$ITOl71 NHXe-
HepHO-TEXHVILIECKOl‘/JI NPaKTUKe, N No BO3MOXXHOCTU, OCHOBbIBATbCA Ha CYLWECTBYHOLUMX CTaHAapTaxX ANA KOHKPETHbIX
TUMOB UCMbITAHWMN.

Pacuer

ﬂpe,D,CTaB)'IFIEMaFI NMPOEKTHO-CMETHAA AOKYMEHTaUMA AO/MKHA CONpPOBOXAaTbCA pauMOHalbHbIM pac4ETOM 3a.qe171-
CTBOBaHHbIX TUMOB CUCTEM AbIMOyAaJlieHUsa, METOAOB UX pa60Tb|, noaaepXXmBaroLLnX UX CUCTEM, a TakKXXe UCNOoJib3ye-
MbIX CTPOUTENbHbIX TGXHOJ‘IOFVII)]. ﬂaHHbIVI pacyeT AO/MKEH YYUTbIBATb HMXENpUBEAEHHbIE YCNTIOBUA, HO HE OrpaHU4yun-
BATbCA UMU.

Igdpexr tarn
CucteMa fomkHa 6bITb CMPOEKTUPOBAHA TakMM 06pasoM, YTobbl MaKCMMasibHO BO3MOXHbI OBbIYHbIA MK 0bpaT-
HbI 3pdeKT TArM He okasbiBan HebNaronpusiTHOrO BO3AENCTBUSI HA TEXHUYECKME XapaKTEPUCTUKKU cucTembl. [ns
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onpesneneHnst MakCMManbHO BO3MOXHOMO 3ctdekTa TAry CledyeT yuuTbiBaTb BbICOTY, MOBLILEHWE, UCTOPUIO MOTOA-
HbIX YCNOBMWIA M BHYTPEHHWE TEMMEPATYpbI.

TennoBos 3¢hghexT noxwapa

B cooTBETCTBUM C paspenoM «PacuyeTHbIi noxap» HeobXxoAMMO MpoaHanM3vMpoBaTh MaByvyeCTb U paclunpeHue
noJ BO3AENCTBMEM pacyeTHOro noxapa. Cuctema Ao/mkHa ObITb CNpOeKTMpoBaHa TakMM 06pa3oM, YTobbl AaHHbINA
acdeKT He oka3biBan HEONAronpUATHOMO BO3AENCTBUSI HA TEXHUYECKME XapaKTepUCTUKN CUCTEMBI.

BerpoBasi Harpy3ka
B npoekTe HEO6X0AUMO YUUTbIBaTL HEGNAroNpUSTHOE BO3AENCTBUE BETPA.

Cucremsi OTOIT/IEHNS], BEHTUJIALNN U KOHOQNLHNOHHNPOBaHNST

B npoekTte HeobxoanMo Y4nUTbIBaTb BO3JENCTBME CUCTEM OTOoNNEHNA, BEHTUNALMN N KOHAMLUMOHMPOBAHUA Ha
pacrnpocTpaHeHue AbiMa U rnoxapa. B pacyeTe AOMKHbI YUMTLIBATLCA BCE U3MEHEHWUS COCTOSHUS CUCTEM. B npoekTe
Heobxoanmo Y4UTbIBaTb BO3AENCTBME noXxapa Ha CUCTEMbI OTOMNIEHUA, BEHTUNALMN N KOHAULUNOHUPOBAHNUA.

Knnmar

B NnpoeKTe HEOGXOD,VIMO YUnTbIBATb BJIMAHNE HU3KUX TEMNEPATYP Ha CUCTEMbI, UMYLLLECTBO U nonb3oBaTenemn 30a-
HUA. rlpMTOl-IHbIe N BEHTUNALWNOHHbIE OTBEPCTUA AO0/DKHbI BbITb PacnonoXXeHbl TakKnM O6p330M, YyTObbI NpenAaTCTBO-
BaTb 06pa30BaHMI0 CHEXHbIX 3aHOCOB U NeAsiHbIX NPO6OoK.

lpogosmxnresnbHOCTs paborsi
Bce aneMeHTbl aKkTUBHbIX MM NAaCCMBHBIX CUCTEM AbIMOYAANEHUs MOC/ie ObHapyXeHus noxxapa AO/MKHbI Henpe-
pbIBHO paboTaTb B TeYeHNE Kak MUHUMYM 20 MUHYT.

KOHCTpYyKUMS AbIMO3aLYUTHbIX Nperpan

[JbIMO3alMTHbIE Mperpagbl A0/MKHbI ObiTb CKOHCTPYMPOBaHbl M 3anasiHbl ANsi OrpaHWYeHusl 30H yTeuku 6e3 3a-
LUMLLEHHBIX NPOEMOB. MaKcMMaribHO AOMyCcTUMas Nolaab yTeukM A0/KHA 6biTb 06LLEN NioLWaablo, PAacCUUTaHHOM C
MOMOLLBIO Cleayowmx Koah@UUMEHTOB MOLWAAN YTEUKHN:

Crenbl: A/A, = 0,00100

Momewlenns Bbixoaos: A/A, = 0,00035

Bce octanbHble waxtbl: A/A, = 0,00150

MepekpbiTns u Kpbiwn: A/Ar= 0,00050

roe:

A — nonHas nnowaab yTeuku, M2

ArF— eanHnLa Nowaam sKkpaHa nepekpbITUS UK Kpbiliu, M2

Aw— eayH1ua noLlaan 3KpaHa CTeHbl, M2

YkasaHHble K03hPULUMEHTbI NOLWAAM YTEUKM HE YUUTLIBAKOT NPOEMbl ABEPeN, PasABWMKHBIX OKOH WM aHanorny-
HbIX OTBEPCTUI, KOTOPblE HEOBXOAMMO BK/OYATb B pacyeT MOJIHOW MIOWaAN YTEUKU.

Inowage yreyxn

MonHas nnowaab YTeYKU Mperpadbl pacCuUMTLIBAETCS CeaylowmM obpasoM: oblias niowaib AbIMO3aLUTHOM
nperpagbl YMHOXaeTCsl Ha KO3 ULMEHT AOMYCTUMOW MOWaAW YTeUKM, 1 NpubaBnsieTcs K niowaan apyrux oTeep-
CTVIVI, TaKNX KaK MpoeMbl U pa3aBMXXHbIE OKHa. CooTBeTtcTBue onpeaendeTca C NoOMOLbO AOCTUXEHUA MUHUMAJTbHOW
Pa3HOCTU AaBJIEHNA BO34yXa MO obe CTOPOHbI Nperpaabl, U NpUBEAEHNA CUCTEMbI B PEXUM AbIMOYyAaNneHNUAa ANns Me-
XaHN4YeCKnxX CUCTEM AbiMOyAaleHnd. [MaccmBHbIE CUCTEMBI AbIMOyAaneHusa, UCNbiTaHHbIE NPU NOMOLLUU APYruX CeEPTU-
CbVILlI/IpOBaHHbIX METOA0B, TaKNX KaK UCMbiITaHWE ABEPHOro BEHTUNATOPA, CNeAyeT UCNOJIb30BaTb MPW COrinacoBaHUU
C NpeaAcTaBUTENIEM CTPOUTENBHOIO Haa3opa.

Sawymnra npoemos

MpoeMbl B AbIMO3ALWMTHbBIX Mperpagax AO/MKHbI 3alUMLATLCS aBTOMaTUYECKW 3aKpbiBalOLMMUCS YCTPOMCTBAMM,
3anyckaemMbiMM C MOMOLUbIO OMpeAeneHHbIX 3N1eMEHTOB YMpaBneHus AN MeXaHW4ecKUX CUCTEM AbIMOyAaneHus.
[BepHble NpoeMbl JOMKHbI 3aLUMLLATHCS C NMOMOLLbIO OrHE3aLWMTHBIX ABepel. VicknioueHne cocTaBnsioT:

—  MacCcUBHblE CUCTEMbI AbIMOYAANIEHUs] C aBTOMATUYECKW 3aKPbIBAIOLLMMICS YCTPOUCTBaMM, 3aryckaeMble C MOMO-
LLbIO AATUYMKOB AbIMa;

— CTaumMoHapHble NpoeMbl MEXAY 30HaMM 3aAbIMIIEHNS, 3aLUMLLAEMbIMU NPY NOMOLLM METOAA MOAMOpPa BO3AYXa;

— B noarpynne I-2, roe Takue ABEpW YCTaHOBNEHbI B KOPMAOPaX, ABe OTKpblBaloLmecs B 0be CTOpoHbI ABepu He3
LIieHTpanbHbIX BEPTUKAbHLIX UMMOCTOB AO/MKHBI 6bITb YCTAHOBMEHbI B KOMMNIEKTE C MPO3PayHbIMU NaHENSaMU U3
cepTUdULMPOBAHHBIX OFHECTOWMKMX MaTepuarnioB OCTEK/IEHWUS B OFHECTOWMKMX paMax, Mnowaab KOTopbiX He npe-
BbILLAET MOWaAb UCMbITaHHbIX ABepei. [Bepu AOMKHbI UMeTb HebosbluMe 3a30pbl B NpeAenax CTaHAapTHbIX
AOMYCKOB, a TakXe He JO/MKHbI UMETb NOAPE30B, XXano3n UIN peleTok. [Bepn AO/MKHBI OCHAWATLCS Aekopa-
TUBHBIMW [eTansiMM, OTMEYaloWMMKX MecTa OMMpaHWsi CaHApUKa Ha KPOHLUTEMHbI, OrpaHUYUTENSIMUA CTOWKM
ABEPHOW KOPO6KM, NPUTBOPHLIMY MAaHKaM1 UV NPUTBOPaMK Ha CTbIKOBbLIX COEAMHEHUSIX, @ TaKXKe aBToMaTnye-
CKMMM 3aKpbIBalOLLMMUCS YCTPONCTBaMU. [IBEPHbIE 3aABMXKMN He TpebytoTcs;

— noarpynna I-3;
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—  MpoeMbl Mexay 30HaMW 3aAbIMNEHNUs NPU rabapuUTHOW BbiCOTE MOTOMKA 4267 MM 1 6onee, 1 BO3MOXHOCTbIO €ro
06pyLieHns B TedeHne 20 MUHYT B 3aBUCMMOCTM OT MOLLHOCTM pacyeTHOro noxapa.

MeTtopa nopnopa Bo3ayxa

K OCHOBHbIM MeXaHWU4YeCKuM cpeacteamM aAbiMoyaaneHna OTHOCUTCA B NMEPBYHO o4vepenb METOA Pa3HOCTU ﬂaBﬂeHMVI
no obenM CTOpoHaM AbIMO3alUUTHbIX Nperpaa. Moaaep)xaHne 6e3onacHON OKpyXXatoLlel cpeabl B 30He AbiMoyaase-
HUA U3 o4ara BO3ropaHusa He Tpe6YETCF|.

MuHumManbHas pazHoCTb faB/IeHNIH

MuHUManbHas pa3HOCTb AaBNEHWI MO 06e CTOPOHbI AbIMO3aLUMTHOW Nperpaabl AoskHa coctaBnaTb 0,0124 kMa B
MOMHOCTbIO 060PYAOBaHHBIX CMPUHKIEPHBIMU CUCTEMaMK 3AaHusIX. B 3aaHMsax 6e3 CnpuHKIEpHON 3alumThbl cucTeMa
AbIMOYAQNIEHNs AOMXKHa BbITb CNPOEKTUPOBaHa TakMM 06pa3oM, UTO6bl Pa3HOCTb AaBMIEHUI NpeBbIWana MakcMMarb-
HYIO PaCYETHYIO pa3HOCTb AaBMEHMI NPU PAcYETHOM MoXKape Kak MMHUMYM B [Ba pas3a.

MaxcnmasibHas pasHoOCTb 4aB/ICHNH

MakcvMarbHasi pasHOCTb AaBfieHWi No obe CTOPOHbI AbIMO3aLWMTHOW MNperpaabl A0/MKHA ONPeaensiTbcs C NoMo-
WO YCUNWIA ANsi OTKPbIBAaHWUS W 3aKpblBaHUs ABEpel. YCUnus Ans OTKPbIBaHWUS U 3aKpbiBaHUS ABEPEN AOKHBbI
onpeaenaTbCs Npy NMoMOLM CTaHAAPTHBLIX MHXEHEPHbIX METOAOB MO Pa3fIoXKEHMIO YCUIM M peakumil. PacyeTHoe
ycunue Ans OTKPbIBaHUS M 3aKpbiBaHWSI BpaLLaloLLleics B 06e CTOPOHbI HAaBECHOW ABEPU BbIUYUCISIETCS MO ClEAYHo-
el chopmyne:

F=Fa+ KIWADP)/2(W-d) (1)

roe

A - nnowaab asepu, M2

d— paccTosiHWe OT ABEPHOW PyYKU A0 Kpasi ABEPHOM 3aABVKKU, M

F— nonHoe ycunve ans oTkpbiBaHusa asepu, H

Fac— younue, Heobxoammoe Ans NpeofoneHns 3akpolsatens asepu, H

K- ko3pdumumeHt 1,0

W — wwnpuHa asepu, M

AP — pacyeTHasi pa3HOCTb AaBneHui, MNa

MeToA BO3AYLLIHONO NOTOKA

rlpM cornacosaHun C npeacraBuUTeneM CTPOUTENBLHONO Haa3opa AOMYCKaeTCd nepeHoC AbiMa 4epe3 CTauMoHap-
Hbl€ OTKPbITblE MPOEMbI, PAaCnoONOXXEHHbIE MEXAY 30HaMW AbiMOyAaneHus, C UCNob30BaHMEM METOAA BO3AYyLUHOIo
NOTOKa. BOB,EI,quHbIVI NOTOK H806X0£|,VIMO HanpaBUTb Ha OrpaHW4YeHne nepeHoCa AbiMa U3 30Hbl BO3ropaHus. ﬂ,ﬂﬂ
npeaoTBpalleHnsa n3MeHeHUa HanpaB/eHUA NOTOKa BCEACTBME BUXPEBDBIX BCDCbeKTOB AOJ/DKHA Y4YUTbIBAaTbCA rEOMET-
pus NpoeMos.

CxopocTs
CpenHsisi MMHUMarbHasi CKOPOCTb MO CTALMOHAPHOMY MPOEMyY PacCUMTBLIBAETCS MO CreayoLen dhopmyne:

v =1199h(T, -T,)/T, "> @

roe

h— BbicoTa npoema, M

Tr— TeMnepaTtypa AbiMa, °K

7o — TeMnepatypa oKpyxatollen cpeapl, °K
V — CKOPOCTb BO34yXa, M/MWH.

[laHHbIli MeToA He AOJHKEH WUCMOb30BAThCS, €CIM O6BEM WJIM CKOPOCTb BO3AYLUHOrO MOTOKA OKaXeT Hebnaro-
NpUsSITHOE BO3AENCTBME Ha paboTy ApYrvx 3/1EMEHTOB CUCTEMbI AbiMOYAANneHUs, GyAeT Ype3MepHO YCUNBaTb MaMs,
HapylLaTb AMHAMUKY CTPYM UK NPEnsTCTBOBATh BbixoAy. CKOPOCTb BO3AYLIHOMO NMOTOKA MO HanpasfeHUIo K niaMe-
HM HW B KOEM C/lydae He A0/MKHa MpeBbilwaTh 3HadeHne 1,02 M/c. B clyyae NpeBbILLEHMS AaHHOTO 3HAUYEHWSt CKOPOCTU
BO3AYLUHOMO MOTOKAa MPW pacyeTe MO BbllLENpPUBEAEHHOW (opMyse, METOA PErynmMpoBaHuUs BO3AYLUHOMO MOTOKa WC-
NOMb30BaTLCA HE AOMKEH.

MeTtopa AbiMoyAaneHus

rlpM cornacosaHun C NpeacTtaBUTENEM CTPOUTENIBHOIO Haa30pa AONYCKAETCA MUCNOMb30BaHWE METOAA AbiMOyAa-
JIEHUA NOCPeACTBOM MeXaHU4YeCKMX CUCTEM AbiMOyAasieHUs B 60nbLUMX 3aKpbITbIX NPOCTPAHCTBAX, TakKMUX KaK aTpu-
YMbl U1 MONJbI.

CKopocTs AbIMoyAas1eHHS

BbicoTa Hanbonee HU3KON rOpU30HTaNIbHOM MOBEPXHOCTU HAKOMMBLLENOCS AbIMOBOIO C/I0S AOJDKHA COXPaHSTbCS
Ha OTMeTKe Kak MuHMMyM 3048 MM Hag Nto60i newwexoaHoM 30HOM, GopMUpyioLLei YacTb HEOBXOAUMOW CUCTEMBI
3BaKyauuu B npeaenax 30Hbl 3afbiMneHusi. TpebyeMas CKOpOCTb AbIMOyAaneHust ANl AaHHOM 30Hbl AOMKHA ObiTb
Hanborbluei U3 pacyeTHbIX CKOPOCTEN MacCOBOro pacxoAa CTpyM Ansi BO3MOXHbIX KOH(uUrypaumin ctpyun. Heobxoau-
MO CO3AaTb YC/OBUS ANst €CTECTBEHHOWN MM MEXAHUYECKOW MoAayu BO3Ayxa CHapy>XW WM CO CMEXHbIX 30H 3aAblM-
NEeHUs ANs KOMMEHCAUMM yAaNIEHHOTO Bo3ayxa. CKOPOCTb KOHAMLMOHMPOBAHHOIO BO3AYLUHOMO NMOTOKA NMpU M3Mepe-
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HUM B MOTEHLMaNbHbIX 30HaxX Mo)apa, He AOo/MKHA npesbiwaTtb 60960 MM/MUH MO HaNpaB/EHUIO K NaMeHu. Temne-
paTypa KOHAMLUMOHMPOBAHHOMO BO3A4yXa HE AO/MKHA MpeBbllaTh npeaenbHble TeMnepaTypHble 3Ha4YeHns TepMoYyB-
CTBUTESIbHBIX CUCTEM MPOTUBOMOXAPHOMN 3aLUMThI.

OcecuMMeETPHYHbIE CTPYH
CkopoCTb MaccoBOro pacxopga CTpyu B Kr/c (/1) onpefensercs nyTeM pasMeLleHnsi pacyeTHOro rnoxapa no LeH-
TPY OCU aHanM3MpyemMoro NpocTpaHcTBa. MpeaenbHas BbiCoTa NIaMeHN paccumuThIBaeTCs No ceaytowen gopmyne:

2= 0,166Q7° (3)
roe
My — CKOPOCTb MacCoOBOr0 pacxopa CTpyw, Kr/c
Q- nonHas TennooTtaava
Q-— KOHBEKTMBHas TennooTaaya, kBT, 3HaueHne Q- Heobxoamnmo bpatk He MeHee 0,70Q
Z— BbICOTa OT BEpPXHeW NOBEPXHOCTM TOM/IMBA O HUXKHEN YacTW AbIMOBOIO C1Osi, M
Z/— npefAenibHasi BbICOTa NaMeHn, M, 3HaYeHue Z A0IHKHO NPEBbILIATb AMaMEeTP YCII0BHOMO TOMMBa
npu z>2z my =0,071Q/°27 + 0,0018Q
npy z =2z mp =0,035Q:
npuz<z my, =0,032Q3°z
[Ansa npeobpaszoBaHus /17, U3 Kr/C MaccoBOro pacxofa B 06beMHbIN pacxod, Heo6xoaMMO UCMOsb30BaTh CIEAYIOLLYIO
topmyny:
V=milp (4)
roe
I/— ckopocTb 06bEMHOI0 pacxoaa, M3/c
p — NIOTHOCTb BO3/yXa Npu TeMNepaType AbIMOBOro ciosl, kr/m3 (7B °C)

Crpym, npoHnkarowmne ¢ 6asiKkoHa

CKOpOCTb MacCoBOro pacxofia CTpyw (7,) AN pacTeKaloLWmMXcs CTPY onpeaensieTcst MyTeM MCMosib30BaHus reo-
METPUYECKM BO3MOXHOW LUMPWHBI, OCHOBAHHOW Ha apXWUTEKTYPHbIX 3M1EMEHTaX U MPOeKUMsX, Mo creaytowein dopmy-
ne:

mp = 0,36(QUA)/3(z, +0,25H) (5)

roe

H — BbICOTa HaZ NIAMEHEM [10 HUXKHEN NMOBEPXHOCTM 6ankoHa, M

Mp— CKOPOCTb MacCoBOro pacxoaa CTpyu, Kr/c

Q— MOJIHaga TennooTaa4va

W — wnpuHa cTpyu B TOUKE pacTekaHus, M

Zp— BblCOTa Haa 6aNKoOHOM, M

CTpy#H, MpOHUKaIOLNE C OKOH
CKOpOCTb MaccoBOro pacxoaa CTpym (771,) onpefensieTcs no crneayouein dopmyne:
mp = 0,68(AwHW/2) 3 (z, + ap® + 1,5AuHM? (6)
roe
Aw— nNolwaab npoema, M?
Hy — BbICOTA NpoemMa, M
Mp — CKOPOCTb MAacCOBOr0O pacxoAa CTpyM, Kr/c
Zy — BbICOTa OT BEPXHEN MOBEPXHOCTU OKHA MM MPOEMa [10 HKHEN YacTu AbIMOBOMO CNosi, M
a= 2,4A P Hy\> — 2,1Hy

ConpuKOCHOBEHHE CTPYH CO CTeHaMH

Ecnn cTpys abiMa conpukacaeTcs C 0AHOW WUnv 6oMee U3 OKPYXKatoLwmX CTeH, HEO6X0AMMO CKOPPEKTUPOBATL CKO-
pOCTb MaccoBOro pacxofa BC/EACTBME MOHMKEHHOrO BOBJIEYEHWUS B pe3ysibTaTe COMPUKOCHOBEHWSA, NpU YC/I0BUK
HEeNpepbLIBHOrO COMPVKOCHOBEHMS. [pUMEHeHMe AaHHOIO YCI0BKS TPeBYeT pacyeTa AvaMeTpa CTPyM Mo CrieayroLLen
¢opmyne:

d=0,48(7/Ta)2z (7)

rae

d— onameTp CTpyu, M

7. — TeMnepaTypa oKpyxatolen cpeabl, °K

7-— TeMnepaTypa CTpyu Mo 0CEBOW NMHMK, °K

Z— BbICOTA, NMPU KOTOPOW pacCcuMTLIBAeTCA 7. M

7.=008 T, Q¥ 73 + T,

PacueTtHblii noxap

PacyeTHbIl NnoXxap AO/MKEH OCHOBLIBATbCA Ha 3HayeHWn Q He MeHee 5275 kBT, B C/lyyae HEBLINOMHEHWS pauyo-
HanbHOro pacyeTra MLUEH3UMPOBaHHbLIM CNeunanucToM Mo MPOEKTUPOBAHUIO C MOC/eAYyoWMM ero yTBepXaeHnem
npeacTaBUTENEM CTPOUTENBLHOMO HaZ30pa. VHXEHEPHbIN pacyeT A0MKeH coaepXxaTb MHGOPMaLMIO O XapaKTepucTyu-
Kax W 3arace TOornunea, NOCNeaCcTBUSAX NoXapa U ero CTauMoHApHOCTU WM HECTaLMOHAPHOCTY.
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PazpgesinresibHoe paccTtosiHue

B XapPaKTEPUCTUKE paCHETHONO noXapa HeoGXO,El,MMO y4nTbiBaTb TUN, 06beM N cocTaB TOMJMBA. KO:—)(bq)MLl,MEHT
pa3faenvTenbHOro pacCTosHUS K paamycy YCIOBHOMO TOMMBa AO/MKEH ObiTb He MeHee 4. Paanyc ycnoBHOro Tonavea
[IOJXeH 6bITb paaMycoM Kpyra Mnollaabio, paBHOW 06LLeln nnowaan Habopa roptoumx MaTepuanoB. PacyeTHbIN Mo-
Xap HEOGXOAVIMO YCUnuTb, €Cnn B npeaenax pasaennTtesibHoOro pacCTtoaHnUa HaxoadaTca apyrue roprodume Mmatepuansl,
npu 3TOM UCMONb3yeTcs cneaytowas dopmyna:

R =[Q/(12xq")]V* (8)

roe

g"— NaaatoLLMi NYYNUCTBINA TEMSIOBO MOTOK, HEOBXOANMBIN A5l CAMOMPOU3BOSILHOMO BO3ropaHus, Bt/m?

Q— TENNOBOE M3JTy4EHMNE OT NJZIAaMEHWU, KBT

R — pa3genuTenbHoe paccTosiHue oT obbekTa Ao LeHTpa Habopa roproumx MaTepuanos, M

ﬂonyuleﬂ”ﬂ CKOpPOCTH BbIfEJIEHNSA Terl/ia
B pacuete HeobXx0AnMO MCMosb30BaTh CaMble COBpPEMEHHbIE AOCTYMHbIE AAdHHbIE aBTOPUTETHbLIX NCTOYHUKOB, N OH
He A0/HKEH OCHOBLIBATLCS Ha abCOMOTHO TOUHbIX npeaenbHbIX 3HA4YEHUAX roproyero MmaTepmana.

HAonyuwenns sgpghexTnBHOCTH CrIPHHKIEPOB
HeobxoaMMO MpeaocTaBUTh [JOKYMEHTUPOBAHHBIN UHXEHEPHBIN pacyeT Ans YCNOBUIM, MpU KOTOPbIX 3aAaHHbIN
pOCT no>xapa Np1oCTaHaB/INBAETCS B MOMEHT aKTUBALMMW CNIPUHK/IEPOB.

O6opypoBaHue

O6opynoBaHue, Takoe Kak, BEHTUNATOPbI, BO3AYXOBOAbI, aBTOMaTMYEeCKNe AbIMO3aLUMTHbIE KanaHbl U 6anaHcu-
POBOYHbIE KJlanaHbl U Apyroe, AO/MKHO NoAXOoAUTb ANA LUeNeBOro UCNoJsib30BaHUA, a TakXKe BblAEPXXMBATb YKa3aHHbIE
B pauMOHaNbHOM pacyeTe N YyTBEPXAEHHbLIE NMPEACTABUTENEM CTPOUTENIbHOINO Haa30pa BO3MOXHbIE TEMMEPATYPHbIE
BO3AENCTBUA.

BbITs)KHbBIE BEHTU/ISATOPDI

Mpoun3BoanTENb AOMKEH NPOBEPSTH COOTBETCTBUE 3/IEMEHTOB BbITSPKHLIX BEHTUISTOPOB CBOEMY KacCy M UCMbI-
TblBaTb MX Ha MpeaMET BO34EMCTBUSI BbICOKMX TeMmrepaTyp, a Takke cepTuduumpoBaTb. TeMnepaTypa neperpesa
paccuMTbiBaETCS MO creayroLlen popmyne:

Ts = (Q/mc) + (T3) (9)

roe

C— yaenbHasi TenoTa AblMa Npy TeMMepaType AbIMOBOro crosi, kx/kr-K

M — CKOPOCTb BbITSXKKM, Kr/C

Q-— KOHBEKTMBHas Tenn0oTAa4a nnameHu, kBT

T-— TeMnepaTtypa okpyxatoLlen cpeasl, °K

7.— Temnepatypa gbiMa, °K

MckntoueHne: AOCTaToYHbI 06beM NoAaumn CBEXEro Bo3ayxa 0bycnaBnnBaeT HU3Koe 3HayeHue 7.

Bo3agyxosogsi

MaTepuansl, U3 KOTOPbIX N3roTOB/IEHLI BO3YXOBOAbI U COEAUHUTENbHBIE 3NIEMEHTbI, [O/IXHbI BbIAEPXMBATL BO3-
MOXHOe BO3[EMCTBME BbICOKMX TeMnepaTyp U AaBneHusi. Bo3ayxoBoabl AOMKHbI NPOXOAMTb UCMbITAHUS Ha yTeuky
npv AaBNeHUM, Kak MMHMMYM B MONTOpa pa3a MpeBbilaloWeM pacyeTHOe AaBfieHne, B COOTBETCTBUM C 0bLenpuHS-
TbIMW HOPMaMu. MI3MepeHHas yTeuka He AOo/mKHa npesbiwaTtb 5% OT pacyeTHOro noToka. Pe3ynbTaTbl MPOBEAEHHbIX
UCMbITAHWI HEOBXOAMMO BHOCUTb B COMPOBOAMTENBHYIO AOKYMEHTaumio. Bo3ayxoBofbl [OMKHbI yCTaHaBIMBaTbCS
NpsIMO Ha OrHECTOMKNE KOHCTPYKTUBHbBIE 31IEMEHTbI 31aHWsi MPU NMOMOLUM NPOYHbIX HECrOpaeMbIx ornop. UcknoueHne
COCTaBNSOT rMbKue coeanHeHust C uenbio obecrneyeHnss Bubpom3onsaummn, U3roToBMEHHbIE M3 CEpTUDULMPOBAHHbIX
OrHECTOWKUX MaTepuanos.

O6opyaoBaHne, NPUTOYHbBIE H BbITSI)KHbIE OTBEPCTHUS

O6opynoBaHMe A0/MKHO BbITb PACTONOXKEHO TaKUM 06pa3oM, UTOBLI He NOABEPraTbh HE3aAECTBOBAHHbIE B MOXa-
pe 4acTu 3[aHusi AOMOJTIHUTENBHON MOXapHOW OMACHOCTU. HapyXXHble MPUTOYHbIE OTBEPCTUSI HEOHGXOAMMO Pacrono-
XWUTb TaknuM 06pasoM, UYTobbl MUHMMM3NPOBATb BEPOSTHOCTb MPOHWMKHOBEHMS AblMa UM OrHS B 3AaHue. BbITskHble
OTBEPCTUS AO/MKHbI BbITb PacrofioXeHbl TakuM 06pa3oM, 4TO6bl MMHUMU3UPOBaTbL MNOBTOPHOE NMPOHWKHOBEHME AblMa
B 34aHNE U OrpaHN4nTb BOBAeVICTBMe ,ElOI'IOﬂHI/ITGJ'IbHOVI no>|<apH017| ONAacCHOCTU Ha 34aHuUe UIN CMeXHble 30aHus.

ABTOMarnyeckmne AbIMO3aLNTHbIE K/1allaHbl
Heobxoanmo YKa3blBaTb aBTOMaTU4eCKMUE AbIMO3allUTHbIE KNnanaHbl BHE 3aBUCMMOCTU OT UENN UX YCTAaHOBKWN B
cuctemy AbiMoyaaneHus, U OHM AO/MKHbI COOTBETCTBOBATb Tpe6OBaHVI9|M O6LI.|,€I'IpVIH$lTbIX HOPMaTuBHbIX CTaHAAPTOB.

Benrunsiropsr

Konunyectso BEHTUNATOPOB C peMEHHbIM NMPUBOAOM AO/MKHO B MOSITOPA pa3a MpeBbIWaTh KOJIMYECTBO UCMOb3ye-
MbIX B PaCYyETHbIX LENSAX BEHTUNATOPOB, NPU MUHUMAJIbBHOM HallMuiun ABYX LUTYK. BeHTVIJ'ISITopr HeOGXOAVIMO BbIbU-
paTb MpW YCNOBUM UX HaAeXHOW paboTbl NOA BO3AEWCTBMEM O6bIYHBIX U, ecnu TpebyeTcs, BbICOKUX TemnepaTtyp.
BbInonHeHHble Npon3BoANTENEM pacCyETbl N KPUBbIE pa6OTbI BEHTUNATOPOB HEOGXO,U,MMO BHOCUTb B CONpoBOAUTESb-
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HYIO [OKYMEHTaUMto. BeHTUNSTOpbI AOMKHBI MOAAEPXKUBATLCS M YCTAHABNMBATbLCS MPU MOMOLM HECTOPAEMbIX
YCTPOICTB. BEHTUNATOPLI C MOTOPHBIM MPUBOLOM HE AOMKHbI paboTaTb CBEPX HOMMHAsbHOW MolHOCTU (KBT) co-
rfacHoO JaHHbIM 3aMepoB NOTPeBNEHUs Toka, NPYM MUHUMaNbHOM koaddULMEHTE XapakTepa Harpysku 1,15.

MUCTOUYHUKM NUTaHUSA

CucteMa AbIMOYAQNEHMS AOMKHA OCHALLATLCA ABYMSI UCTOYHMKAMU MUTAHWS. OCHOBHBIM MCTOYHWMKOM MUTaHMS
MOXET C/YXXWTb CTaHAapTHasl CUCTEMa MUTaHUs 34aHMA. B KauecTBe pe3epBHOM0 MUCTOYHWMKA MUTAHUS MOXHO MC-
No/b30BaTh COOTBETCTBYIOLLYIO HOPMaM CEPTUMULMPOBAHHYIO CUCTEMY PE3EPBHOMO MUTaHUs. Pe3epBHbINA UCTOUHMK
MUTaHWS C NEPEKTOYATENAMM [O/DKEH HAXOAUTLCA B OTAE/bHOM MOMELIeHUN 6e3 CTaHaapTHbIX TpaHcdopMaTopos
MUTaHWS U PacnpeaenMTeNbHbIX YCTPOUCTB. [JaHHOE NoMeLleHne [O/MKHO COCTOATh M3 NPOTUMBOMOXKaPHLIX Nperpag C
YacoBbIM 1 6osiee NPeaenoM OrHeCTOMKOCTY, BEHTUNMPYEMbIX U3HYTPU U CHApY>W. PacnpeaeneHue sHeprum oT AByX
WCTOYHMKOB AO/MKHO MPOM3BOAMTBLCSA HE3ABMCMMO APYr OT Apyra. MofHbIA Nepexod Ha pe3epBHbIN UCTOYHWK MWUTa-
HMS JO/KEH OCYLLECTBNSATLCA aBTOMATMUYECKU B TedeHne 60 cekyHa nocnie OTKYEHUS OCHOBHOMO MCTOYHMKA MUTa-
HUS.

HCTOYHMKM MTUTaHNS U CKaYKH HaripsiKeHns

OneMeHTbl CUCTEMbI NPOTMBOALIMHON 3alMThl, paboTatolmMe C UCMONb30BaHWEM SHEPrO3aBUCUMbIX 3arnOMUHal0-
LUMX YCTPOWCTB, AO/MKHbI H6bITb 060pyA0BaHbI UCTOUHMKaAMK 6ecrnepeboMHOro NMUTaHMs 4OCTaTOYHOW MOLYHOCTM Ans
obecneyeHust HempepbIBHOM paboTbl CUCTEMbI NPU OTKJTFOYEHUUN OCHOBHOMO MCTOYHWMKA NWUTaHWs Ha 15 MuHyT. YyB-
CTBUTESIbHbIE K CK@4YKaM HanpsKeHUs! SN1EMEHTbl CUCTEMbI MPOTUMBOALIMHOM 3alUMThbl JOMKHbI COOTBETCTBYIOLMM 06-
pa3oM 3aLUMLLATBCS C MOMOLLbIO KOHAULIMOHHBIX YCTAHOBOK, YCTPOMCTB 3alMThbl OT NMeperpy3oK v Apyrmx ceptuduum-
pOBaHHbIX METO/OB.

Cucrembl ynpaB/i€eHua n 06|-|apy)|<e|-|m| noXxapa

CucteMbl 06HapPYXKEHWSI NOXapa AO/MKHbI NepeaaBaTb BXOAHbIE U BbIXOAHbIE CUrHasbl HA MEXaHWYECKMe CUCTEMDI
AbIMOYJ@NeHVst UM 3NEMEHTbI 3TUX cuCTeM. [laHHble cucTeMbl HeobXxoaMMO 060pyaoBaTh YCTPOUCTBOM YNpaB/ieHus],
OTHOCSILUMMCS K 060pYAOBaHUIO AbiMOyfaneHusi. CUCTEMbI yrNpaBfeHus A1 MeXaHWYeCcKUX CUCTEM AbIMOYAaNieHus
[OIKHBI COOTBETCTBOBaTL TpebGOBaHUSAM rpoLiecca Bepudmkaumn. B npouecc BepudmKaLmm BXOAUT NOATBEPXKAEHWE
BbIMOJIHEHMS 3arycka, TECTUPOBaHWS, paboTbl PYYHOrO YNpPaBNEeHUs, HaWYKs NepenagoB Hamnps>KeHUs U OTKIoYe-
HUWIA, a TaKkxXe co3daHve NUCbMEHHOro rpacdnyeckoro otyeTa 06 aHOMasnbHbIX YCNIOBUSIX SKCMUTyaTaumMm C UCNoNb30Ba-
HWeM npeaBapuTeNbHO 3anporpaMMMPOBaHHOIO eXeHeAeNbHOro 0T4eTa Mo LUMKIY UCTbITaHWUM.

AnexrporipoBogka
Bcs 3JIEKTPONPOBOAKA BHE 3aBUCMMOCTU OT HanpsXeEHUA AO0JHKHA NOMHOCTbIO 3almLlaTbCA CrJIOWHbIMU Kkabenb-
HbIMW NMpOBOAAMMU.

3anyck cucrem gbiMoy[aseHns

MexaHn4eckmne CUCTeMbI AbIMOyAaneHunsa, ncnonb3yrowmne METO noanopa Bo3Ayxa, PEryiMpoBaHna Bo3ayxa Unn
METoA AbIMOoyAaneHus, AO/MKHbI MMETb MOJTHOE aBTOMATUYECKOE YrnpaBlEHUE. ,U,OI'IYCKaeTCﬂ MCnonb30BaHMe Naccus-
HbIX CUCTEM AbIMOYAAJIEHUA, 3alyCKaeMbIX C NMOMOLLbIO CepTVIq)VILI,VIpOBaHHbIX AaTYMNKOB AbiMa.

ABTOMaTHYeckoe yrnpas/eHne

I'IpM MCNoNb30BaHUN N HeO6XO,ElVIMOCTVI MCNOJ1Ib30BaHUA NOJTHOIO aBTOMaTU4YeCKOro ynpasieHus, Leno4Kn aBTo-
MaTU4ECKOro ynpaBneHna AO/MKHbI 3alMyCKaTbCA aBTOMaTUYecKomn CﬂpMHKﬂepHOVI CUCTEMOW. KpOMe 3TOro, HEO6XO,DM'
MO obecne4ynTb AOCTYN MNOXXapHbIX HOﬂpaBAEHEHMﬁ K py4YHOMY YynpaB/eHUIO, a TakKe Halnyme AaTyMKoB AbiMa ANnd
nposeaeHnsa MHXXEHEPHbIX PpacyHeToB.

Perynupyrowme Bo3ayxoBoabl

Perynupytowme Bo3ayxoBOZbl [OMKHbI BbITb JOCTAaTOYHOrO pasMepa Anst obecneyeHnst HeobxoaMMOro HbICTporo
cpabaTbiBaHusi. TpybonpoBOAbl ACMKHbI 6bITb HAYMCTO MPOMBITHI U BbICYLLUEHBI 0 UX OKOHYATENBbHOMO COEAMHEHMS, a
TaKkKe AO0/MKHbI COOTBETCTBYHOLMM 06Pa3oM KpenuTbCs M 3aluMILaThCsl OT MoBpeXAeHuin. TpybonpoBoabl, Npoxoas-
Lme yepe3 BETOHHYIO UM KaMeHHYIO KaZiky, JO/MKHbI UMEThb pyKaBa M 3alumiiaTbCsl OT abpa3vBHOrO M3HOCa U 3eK-
TPONUTUYECKOrO BO3AEWUCTBUS.

Marepunanst
Perynupytowme Bo3ayxoBoAbl JOMKHbI U3rOTaBNAMBATLCS U3 TBEPLAOTAHYTOM Meam Tmna L. ObBsi3ka Ao/mKHa cocTo-
SITb U3 KOBaHON MeaM U KOBKOM BPOH3bI C NpynoeM. Mi3MeHeHne HanpaBieHus O/MKHO OCYLLEeCTBASTHCS MPU MOMOLLM
COOTBETCTBYIOLMX M3rMBAOLLMX VHCTPYMEHTOB. [J1S OKOHYATENIbHOMO COEAVMHEHMUSI YCTPOMUCTB HEOBXOANMO MCMOMb30-
BaTb NlAaTyHHYO 06BS3KY OKMMAIOLLEro TMMa, OCTalnbHble COeANHEHNS A0/MKHbI 6bITh CBapeHbl NpY MOMOLLM Crinaea Ans
TBepzoi naiku BCuP5 ¢ conuaycom Boiwe 593°C npu TemnepaTtype xuakoctein Huwke 816°C. [ing coeanHeHwin mesb-
naTyHb HEO6XOAMMO MCMOMb30BaTb TOMLKO MasibHbIN (IIOC. VICKIIoYEHNe COCTABNSIOT HEMETanMJeckme Tpybonpo-
BOAbl, UCMOMb3yeMble B MAHENSX YMNPABAEHUS U MPU OKOHYATESIbHOM COEAMHEHWMWM C YCTPOWCTBaMW, MpW YCI0BWM
cobnofeHNs cneayowwmx YCIoBUiA:
— Tpy6onpoBoabl A0/MKHbI 6bITb CEPTUDMLMPOBAHHBIMU U COOTBETCTBOBATL TpedyeMbiM MOXapHbIM U AbIMOBbIM Xa-
paKTepUCTUKaM.
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— Tpy6onpoBoAbl U MOAKTIOYEHHbIE YCTPOMCTBA AO/KHBI BbITh MOTHOCTLIO 3alUMLLEHbI B Mpeaenax OUMHKOBaHHOMO
WK MOMELLEHNSI U3 OKPALLEHHON BbICOKOKAYECTBEHHOM CTa/u TONLWMHON He MeHee 0,76 MM (OLMHKOBAHHbIX Kanu-
6epHbIX NNacTuH u3 nMctoBoro Metasia N222). Bxoa B nmoMelleHve Ao/mKeH 6biTb M3 MeaHbIX TpybonpoBoAoB C 3a-
LUMTHON HEOMPEHOBOW MM Te(NIOHOBONM NEHLKOBOM NPSAbIO, KM COOTBETCTBYIOLIMX IATYHHbIX NPOKIaA0K K HeU3o-
JNIMPOBAHHOMY LUTEMNCEIbHOMY MEPEXOAHUKY.

— TpybonpoBoabl HE06X0ANMO NAEHTUDULMPOBATL B COOTBETCTBUM C JOKYMEHTUPOBAHHOM MapKMPOBKOM.

— TpybonpoBoabl A0MKHbI BbITb akKypaTHO COEAMHEHBI U AepXXaTbCs Ha onopax B npeaenax nomelieHus. Tpybonpo-
BOAbI, COEAMHAIOLLME NMOMELLEHWNE C ABEPLIO WM MOABWKHBIM YCTPOMCTBOM AOMKHbI 6bITb AOCTAaTOYHOWN AAMHbI BO
nsbexxaHne pactsxkeHuss u nepeHanpsbkeHusi. Tpybonposogbl HeobxoanMo 3awmwaTte oT abpa3vBHOrO M3HOCA.
TpybonpoBoabl, nayLme K yCTpoiCcTBaM Ha ABEPsIX, AO/KHbI 3aKPennsTbCs BAOMb NeTeNb.

OTKIII04EeHNne Apyrux pyHKynH
PerynupytoLime Bo3ayxoBobl, HE MpeaHasHaveHHble AN MYHKUMIA AbIMOYAANEHUS, AO/HKHO 6biTh OTKIOYEHBI C
MOMOLLbIO aBTOMATUUYECKMX 3aMOPHbIX KanaHoB UKW A0/MKHbI NPEACTaBNATL COBOM HE3aBUCUMYIO CUCTEMY.

lpoBegexne ncrnpitaHni

I'Iepe,u OKOH4aTeNbHbIM MOAKJ/TIOYEHNEM K YCTpOVICTBaM perynupyrowme Bo3ayxoBsoabl HeO6XO,L'WIMO NCNbITbIBATb
npu AaBneHuu, B TpY pasa npesbilatolweM paboyee faBneHve B TedeHue Kak MUHUMYM 30 MUHYT, 6e3 3HauuTenb-
HbIX NOTEPb MaHOMETPUYECKOIo M36bITOUYHOrO AaBneHunsa.

MapkupoBka U naeHTuduKaums
Cucrembl O6Hapy)KeHVIﬂ noxxapa 1 AbiMoyaaneHnsa AO0JDKHbI ObITb YETKO NpOMapKnpoBaHbl Ha BCEX COEAUHEHUAX,
npoxoaax U Bbixodax.

CxeMbl ynpaBneHust

O,CI,VIHaKOBbIe CXeMbl yrnpaBneHuns, NoKa3blBatoLlne Bce yCTpOl\/IICTBa B CUCTEME C YKa3aHUEM UX MECTOMOIOXKEHNA U
d)YHKLlMVI, HeOGXO.El,VIMO nepnoanyeckmn 06HOBNSATb U OCTaBNATb Ha XpaHeHne npeacTtaBuUTeENAM CTPOUTENIbHOIMO
HaA30pa M noXkapHOro noapasaenieHnsl, 3K3eMnasip Takxke Ao/MKeH 6biTb B noxapHoMm nyHkTe. ®opma n dhopmat
CX€eMbl yrnpaBJieHUs OO/DKHbI 6bITb YTBEPXAEHbI HAa4a/IbHMKOM MOXXapHOro ynpasJieHUA.

MaHenb ynpaBneHnst CUCTEMOW AbIMOYAANIEHUS AJIS NOXKAPHbIX

HEOGXO,D,VIMO Hann4ne naHenun ynpaBieHNA cucTeMon AbiMOoyaaneHna anga noXXapHbixX C UENbo 6bICTp0r0 pearun-
pOBaHUA MOXXapHbIX no,qpa3,qeneHvu7|, KOTOpas AOJKHa BK/OYaTb py4yHOE yrnpaBJieHMe UK OTKoYaTb aBTOMaTu4e-
CKO€ ynpaBneHune ana MeXaHn4eCckmnx CUCTeEM AbiMOoyaAaeHns. MaHenb AO0/MKHA HaxoAUTbCA B NOXapPHOM MYyHKTE.

CucremMsl gbIMoygasIeHNus
Ha naHenu ynpaBneHus CUCTEMOMN AbIMOYAANEHUS ANS MOXAPHbIX AO/MKHbI OTOBpaXKaTbCsl PACrofIoXKEHHbIE B
npenenax 34aHuUs BEHTUNATOPLI, @ TakkKe UMETbCH TOYHOE YKa3aHue HanpasfeHuUs BO3AYLIHbIX NOTOKOB U B3anUMO-
CBSI3b 3/1EMEHTOB cucTeMbl. Heobxoanmo Hannune MHAMKATOPOB COCTOSIHUS BCero 060pyaoBaHMs Mo AbIMOYAANEHMIO,
3arnyCcKaemMoro BEHTUISTOPAMM M 30HaMK, @ TaKXKe MHAMKATOpaMmM (CBeToCurHanmsaTtopamm). HankaTopbl COCTOSIHUS
UMEIOT creaylollee upeTa:
— BEHTWUNATOPbI, AbIMO3ALLMTHbIE KNanaHbl 1 Apyroe paboyee 060pyaoBaHue B CTaHAApPTHOM coCTosHUM — BESIBIN.
— BEHTMNATOPbI, AbIMO3ALUMTHBIE KNanaHbl U Apyroe paboyee obopyaoBaHMe B OTKKOYEHHOM MM 3aKPbITOM COCTOS-
HUM — KPACHBIN.
— BEHTUNATOPbI, AbIMO3aLUMTHBIE KNanaHbl U apyroe paboyee o6opyaoBaHMe BO BKIKOYEHHOM MMM OTKPLITOM COCTO-
aHun — 3EJTEHBIN.
— BEHTUNATOPbI, AbIMO3aLLMTHBIE KnanaHbl U Apyroe paboyee o6opynoBaHve B HEMCMPABHOM COCTOSIHUM — XKENTBIN.

lNManens ynpassienns AbIMOy[a/l1€HNEM
MaHenb ynpaBneHus CUCTEMOWN AbIMOyAANEHVSI ANS MOXAPHbIX AO/HKHA MPEAOCTaBNATb AOCTYN K YNPABNEHUIO

BCceM 060pyAoBaHMEM CUCTEMbI AbIMOYAANeHNs B 3gaHnn. CyLeCcTBYIOT Cleaytolme peXxmmbl YNpaBneHus:

— BK/1-ABTO-BbIKJ1. 3nemMeHT ynpaBneHus KaxablM OTAESIbHbIM KOMMOHEHTOM paboyero obopyaoBaHUSt CUCTEMbI
AbIMOYZaneHusl, ynpasiieHne KOTOPbIM TakXke MOXHO OCYLLEeCTBAATb C APYrMX MCTOYHMKOB B 3AaHuW. [daHHbIMU
dNEMEHTaMN MOXHO YNpaBAsATb CNeayloWwmMMy KOMMOHEHTaMU: BEHTUNATOPaMM Moanopa BO3AyXa Ha NecTHUUaXx,
BEHTUNIITOPAMU AbIMOYAASIEHUS, BEHTUAATOPaMM NoAayYn M obpaTHOM Noaaun BO3AyXa, BbITSHKHbIMU BEHTUNSTO-
paMu, BEHTUNIATOPaMM WAxXT NMndTOB 1M ApyruM paboumm obopyaoBaHMeM, UCMOb3YEMOM WM NMpeaHa3HaYeHHOM
Ans abiMoyaaneHus.

— OTKPbITO-ABTO-3AKPbITO. 2nemMeHT ynpaBneHus OTAENbHbIMU [bIMO3ALMTHLIMK KanaHamMu Ans ApiMoyaane-
HWS, YNpaBieHne KOTOPbIMU TaKXKE MOXHO OCYLLECTB/IATb C APYrMX UCTOYHMKOB B 3aHWM.

— BKN-BbIKJT nnn OTKPbITO-3AKPbLITO. dnemeHT ynpaBneHus AbIMOydaneHWeM 1 apyrmm HeobxoammbiM 0bopyao-
BaHWEM, CBSI3aHHbIM C MOXApoOM WSIN KPUTUYECKOW CUTYaUMel C AbIMOM, YNpaB/iEHNE KOTOPbIM MOXHO OCYLLECTB-
NIATb TOSIbKO C MAHENMN yrpaBneHUsl CUCTEMOW AbIMOYAANEHUS AN MOXKaPHbIX.

McknoueHne cocTaBnaioT KOMMIEKCHbIE CUCTEMbI, B KOTOPbIX 3/IEMEHTbI YNPaBAEHNS U MHANKATOPbl 06beaAMHEHbI

B OZIHOM YCTPOMCTBE A/ YrpaBieHUs U MHAMKALMKN BCEX KOMMOHEHTOB KaXXAoM OTAENbHONM AbIMOBOM 30HbI, @ Takxe
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KOMMJIEKCHbIE CUCTEMbI C KOMMNbIOTEPU3NPOBAHHBIM YNpaB/iEHNEM MPU NOMOLLUU CnelunanbHOro MHTedeEﬁca Aans BBO-
Aa onpeaeneHHbIX HECTOXHbIX KOMaHA Ha QHITINMCKOM A3bIKE.

Pe>xnMbl yripaBsieHus1 M NPHOPHUTETHI
MaHenb ynpaBneHuns Ans noXxapHblx 40/kHa obecrneumBaTh Cneaytowme pexxvMbl ynpaBneHus:

— BKJ1-BbIKJ1, OTKPbITO-3AKPbITO. [aHHble 31eMeHTbI yrpaBieHUs A0MKHbl MMETb HAaUBOSbLLKIA NPUOPUTET C Jto-
6oro nyHkTa ynpaeneHus B 3gaHun. ECin 3ajaya yxxe 3anylleHa C naHenu ynpasfeHus ANS NOXapHbIX, aBToMa-
TUYECKOe M/IM PyYHOEe ynpaBneHue C Noboro Apyroro nyHKTa yrnpasieHus B 34aHUM He [JO/MKHO NoMellaTh Bbl-
MOMHEHMIO 3TOM 3ajaun. Ecnn ans M3MeHeHus CTaHAapTHOM HeaBapuiiHOW paboTbl 060pya0BaHUsS UM AOCTUXE-
HMs ocoboro pesynbTata A5 3aWmTbl 34aHWUs MM 060pyaoBaHUS MPeaoCTaBAsSOTCS aBTOMaTuyeckme CpeacTsa
(T.e. MOpO303alMTHBIE TEPMOCTaThl BO3AYXOBOAOB, AaTYMKM AbiMa BO34YXOBOAOB, BbICOKOTeMNnepaTypHble npeao-
XpaHWUTENN, TEPMOYCTPOMCTBA U aHaNorMyHble YCTPOMCTBA), HeobxoaMMa BO3MOXHOCTb OTMEHbI AaHHbLIX aBTOMa-
TUYECKMX CPEACTB C MOMOLLLIO MaHeNnn yrnpaBneHus Ans noXxapHbiX. MpuopuTeT A0/MKEH UMETb MOCNEAHWUI Bbl-
6paHHbIN PEXMM YynpaBieHuUs, yKasaHHbIN MOIOXKEHMEM KaXKAOro nepeksoyaTenss Ha NaHenu ynpaeneHus ans
noXapHbIX. H1 B KOEM Cnyyae peXuMbl YNpaBfieHnUst He AO/MKHbI TpeboBaTb OAHOBPEMEHHOrO 3arnycka CUCTEMOW
AbIMoyzianeHust 6onee oaHON KOHbUrypauum.

— Tonbko nonoxeHve ABTO Kaxaoro TPeXMO3MLMOHHOrO NepeksoyaTens naHenu ynpasneHus AN NOXapHbIX
[O/MKHO 3amnyckaTb aBTOMATUYECKWIA WKW PYYHOM PEXWUM yNpaBieHust C APYrMX NMyHKTOB YMPaBfeHWs B 34aHWW.
MonoxeHvem ABTO cuutaetcs CTAHIAPTHOE, HeaBapuiiHOe MOJSIOXEHWE yrpaBneHust 3paHveM. Ecnu naHenb
yrnpaBfeHus Ans noXxapHbIX HAX0AUTCS B NosioxeHun ABTO, BbILLIEOMNMCAHHbIN MHAMKATOP COCTOSIHUS JOMKEH YKa-
3blBaTb COCTOSIHWE YCTPOWCTBA B peasibHOM BPeMeHM (BKJ1, BbIK/1, OTKPbITO, 3aKPbITO).

— Ecnn ans BKOYEHWS aBAapUMHONO MOJIOXEHUS ModaeTcs aBToMaTudeckuit curdan, CTAHOAPTHOE nonoxeHue
[O/MKHO CTaTb aBapUiiHbIM MOMOXEHWEM ANt JAHHOMO YCTPOWCTBA MM MPYMMbl YCTPOMCTB B Npeaenax 30Hbl. Hu B
KOEM C/lydae peXuMbl YNpaBieHUs He A0/MKHbI TpeboBaTb OAHOBPEMEHHOrO 3amnycka CUCTEMOW AbIMOyAaneHus!
6onee oAHOM KOHGUIypauuu.

Bpems cpabaTtbiBaHUSi CUCTEMbI

AKTMBaLMS CUCTEMbI AbIMOYAQNEHUS AO/MKHA OCYLLECTBNSTLCA HEMEANIEHHO MOC/IE NOJTYYEHUS) COOTBETCTBYIOLLEW aB-
TOMATUYECKOM WM PYYHON KOMaHAbl akTuBaumn. CUCTEMbI AbIMOYAQNEHUS AOMKHbI aKTVBMPOBaTb OTAENbHbIE KOMMO-
HEHTbI, TaKMe KaK AbIMO3aLMTHbIE KNamnaHbl U BEHTUNATOPbI, B NOC/EA0BATENbHOCTY, HEOBX0AMMOWN ANs npeaoTBpalle-
HUSI MEXaHWYECKOTO MOBPEXAEHNS BEHTUISTOPOB, AbIMO3ALLUMTHBIX K/lanaHoB, BO3AYXOBOAOB U ApYroro 060pyAoBaHuS.
B uensix gbIMoyaaneHus BpeMsi cpabaTbiBaHWsl NaHeNM ynpaBneHust A1 MOXapHbIX AO/KHO 6biTb OAMHAKOBLIM As aB-
TOMaTMYECKOrO WM PYYHOro 3amnycka AbIMOYAANEHWsl, OCYLLECTB/ISIEMOrO C ft0b0oro Apyroro KOHTPOSIbHOMO MyHKTa B
3aaHuK. Obluee BpeMmsi cpabaTbiBaHus, BKIKOYas BpeMs, Heobxoammoe ans obHapyXeHws, OTKtoYeHns paboyero obo-
pYAOBaHWsS M 3amycka CUCTEMbI AbIMOYAANEHUS, AOMKHO BbITb AOCTAaTOUHBLIM AJ11 AOCTUXKEHWUS PEXMMA NOSTHOrO (PYHKLM-
OHMPOBaHWS A0 TOro, Kak YC/IOBUS B MOMELLEHNM MPEBBLICAT pacyeTHbIE YCI0BUS 3adbiMiieHus. BpeMsi cpabaTbiBaHMs
CUCTEMBI OIS KAXAOro KOMMOHEHTA M MX MOCNeA0BaTEIbHOMrO B3aMMOAENCTBIS AOMKHO BbiTb TOYHO YKa3aHO B HEOBXO-
AMMOM pauMoHanbHOM pacyeTe, U BepudmKaLumsl YCTaHOBIEHHOMO COCTOSIHUS KOMMOHEHTOB A0/MKHA ONWChIBaTbCS B Tpe-
6yeMOM OKOHYaTEIbHOM OTYETE.

aneMOqule UCNbITaHNA

YcTpoiicTBa, 060pyAOBaHNE, MX KOMMOHEHTbI U MOCEA0BATENNbHOCTM AO/MDKHbI UCMbITLIBATLCS OTAENbHO. [aHHble
UCMbITaHWSt AOMKHBI COCTOSTL M3 OnpeaeneHnst MYHKUMIA, NOCNeaoBaTeNbHOCTY U, eCcrin TPpebyeTcs, TEXHUYECKUX Xa-
PaKTEPUCTVK 060PYAOBaHMS B €r0 YCTAHOBIEHHOM COCTOSIHUM.

YcrposicTBa o6Hapy»eHHns rnoxapa

Jatuvkuy abiMa Unu noxapHble AaTumky, SBASIIOLMECS YaCTbi0 CUCTEMbI AbIMOYZAneHusl, AOMKHbI UCTIbITbIBATLCS B UX
YCTaHOB/IEHHOM COCTOsSIHUW. Ecnn TpebyeTcsi, ucnblTaHe JO/MKHO BKIOYaTh BepUMKaLMIO pacxofa BO3Ayxa, Kak npwu
MaKCUMasbHbIX, Tak U MY MUHMMASTbHBIX YCTTOBMSIX.

Bosagyxosogsbi
BOBAYXOBO,El,bI, ABNAOWMecs 4actbto CUCTEMbI AbIMOYyAaNEHUA, HeO6XO,C|,VIMO UCMbITbiIBaTb B peXxuMme 06paTHOVI no-
Aa4yn BO34yxXa C UCMOJIb30BaHMEM 06LLleI'IpVIH9|TOI7I NPaKTUKKN Ana onpeaeneHns peasibHoro obbema BO3AyXa.

AbIMO3aLlYNTHbIE K/1arnaHbl
[bIMO3aLUMTHBIE KanaHbl AO/MKHbI UCTbITLIBAaTLCS Ha npeamMer d)YHKLl,VIOHVIDOBaHVIﬂ B UX YCTAQHOB/1EHHbIX COCTOAHUSAX.

”p” TOYHbIE€ U BbITSAXCHbIE OTBEPCTHUSA
WHbopMaumsi C NPUTOYHBIX U BBITSXKHBIX OTBEPCTUM AO/MKHA CYMTHIBATBCS C WUCMOSb30BAaHUEM OBLLENPUHSTON
NPaKTUKK AN ONPeAeseHns peanbHoro o6bemMa Bo3ayxa.

Benrunsiropsr

BeHTUnATOpbl HEO6XOAVMO MPOBEPUTL Ha MCMPABHOCTb BPALLEHMS], @ TaloKe 3aMEpUTb HampshkeHWe, CUITy TOKa, YnC-
110 060POTOB B MUHYTY M HaTSHDKEHWUE PEMHSI.
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AbIimo3awymnrHele nperpagsl

Mp1 NOMOLWM HAKMOHHbIX MaHOMETPOB WNU APYruMX CEpPTUMUUMPOBAHHBIX OTKaNMOPOBaHHBIX WU3MEPUTESNbHbIX
YCTPOWCTB HEOBX0AMMO 3aMepuThb PasHOCTb AaBEHWI N0 06e CTOPOHbI AbIMO3ALUMTHBIX Mperpag. [JaHHble 3aMepbl
BODKHbI MPOU3BOAMTLCS ANS KaXA0ro BO3MOXHOMO COCTOSIHUS AbIMOYAANEHMS.

J/1eMeHTbI yrpasrieHnsa

Kaxxpas 30Ha 3aabiMiieHus, 060pyAoBaHHas YCTPOMCTBOM C aBTOMaTUYECKMM 3anyckoM, AO/mKHa cpabaTtbiBaTb npu
3anycke OfHOrO MX TakuX YCTPOWCTB. Kaxaoe AOMOMHUTENbHOE YCTPOMCTBO B Npedenax 30Hbl [OMKHO NMpOBEPSTLCS Ha
aHanorMyHyto cucteMy (byHKUMOHMPOBaHUS, 6e3 3anycka ABuraTenieil BEHTUNSTOPOB B LIENSX HeAOMYLIEHWS] BO3MOXHbIX
noBpexaeHui. MNocnenoBaTenbHOCTb YpaBeHUs A0/MKHa NPOBEPSATLCS BO BCEM CUCTEME, BKIKOYas BepUdUKaLMIO KO-
MaHZbl OTMEHbI C MaHeNu ynpaBneHus 1S NMoXapHbIX, @ Takke MOAENMPOBaHWe 3KCrlyaTaumm B YCIIoBUSIX paboTsl pe-
3epBHOI0 UCTOYHUKA NUTaHUS.

Ocobbie NpoBEPKH CUCTEM AbIMOYAANTEHNS

CucTeMbl AbIMOyAaNneHuUst AOMKHbI UCMbITLIBATLCS M0A 0COBbIM KOHTposieM. Ocobble NMpoBepkn HeO6X0AMMO Mpo-
BOAMTb Ha Cliefytowmx sTanax:

— BO BpeMs YCTaHOBKW BO3A4yXOBOZAOB M 10 MX MAaCKMPOBaHWSI, B LIENSX NPOBEAEHNS] UCMbITAHMIA Ha YTEUKY W 3anu-
CV MECTOMOSIOXXEHUS YCTPOICTBa.

— [0 BBOAA B 3KCMJlyaTaLMio U MPU 3aBEPLUEHUN BCEX HEOBXOAUMbBIX PaboT, B LiENSX NpPOBEAEHWS UCTbITaHWI Ha
pa3HOCTb AAB/IEHMWIA, 3aMEPOB MNOTOKA, 06HaPY>XEHWE U NPOBEPKY BepUdUKaLMM.

YupexaeHusi, creumanmavpyroLmMecs Ha NpoBEPKE CUCTEM AbIMOYAANeHWs, AOMKHbI 0bnajaTtb COOTBETCTBYHOLLEN
KOMneTeHUuel B cchepe MPOTMBOMOXAPHOMN 3alUMThl M TEXHUYECKOTO MPOEKTUPOBaHUS, @ Takke UMETb CcepTUdUKaTbl
creumanvcToB Mo npoBepke 6anaHca Bo3ayxoobMeHa. COTPYAHMK YUPEXAEHUs], CNeLManM3npytoLwerocs Ha npoBepke
CUCTEM [bIMOYAANEHUs, UM CaMO YupeXAeHWe [LO/HKHO MOAFOTOBUTL MOJSHLIM OTYET 06 McMbiTaHusx. B otuete
[O/MKHA 6bITb MpeacTaBneHa credytolwas MHdopMaums: naeHTUdMKaums Bcex YCTPOMCTB MpOM3BOAMTENEM, nac-
MOPTHbIE AaHHbIE, PACYETHbIE MapaMeTpbl, U3MEPEHHbIE 3HAUYEHWUSI M MapKMPOBOYHAs 3TUKETKA Wnu 3Hak. CooTBeT-
CTBYIOLMIA NIULEH3UPOBAHHBIA CrELManMCT B 06/1acT NPOEKTMPOBaHWUS [O/HKEH NPOBEPUTb OTYET, U MpU MOATBEp-
YKOEHWWM COOTBETCTBUSI OTYETA 3aayaM MPOEKTUPOBaHWS, AaHHbIM CreuuanucT LO/KEH yKasaTb B OTYeTe AaTy, no-
CTaBWTb NeyaTb U Moanucb. OAWH SK3EMMASP OKOHYATENbHOMO OTYETA AOMKEH 3aMOSHSATLCS MPeacTaBUTENIeEM CTpOU-
TE/bHOTO HAZ30Pa, Y MAEHTUYHbIN 3K3EMNAAP AO/MKEH XPAHUTLCS B YCTAHOB/IEHHOM MOMELLEHWN 3AaHMS.

HNaenTngpmnrayns m JOKyMeHTayns

TexHonornyeckue KapTbl, YEPTEXN U Apyrasd AOKYMEHTauuA, VI,CI,eHTMCbMLI,Mpy}OU.laFI N yKa3blBalollaa MeCTOonosno-
XXEHME KaXAoro KOMMOHEHTa CUCTEMbI AbIMOyAaneHUA, a TakXXe OnucCbiBalollasa Haasiexatllee (byHKLI,VIOHVIpOBaHVIe
CUCTEMDBI U TDEGOBaHVIFI K TEXHN4YeCKoMY O6Cﬂy)KVIBaHVII'O, AO/DKHA XpPaHUTbCA B cbaﬁnax N npunaratbCAa K Bbllleonu-
CaHHOMY OTYETY. yCTpOVICTBa AO/MKHbI UMETb CepTMCbVILlVIpOBaHHbIe MapKUpOBOYHbIE 3TUKETKU WU 3HAKWU, COOTBET-
cTByouime TDE6YEMOI7I AOOKYMEHTaLUMN, TaKXXE Ha YCTDOVICTBaX HEO6XO,CMMO YKa3biBaTb AaTy U UHUUKMabI Cneunanun-
CTa, KOTOprIz npoBen nocnegHee ycnewHoe UcrnbiTaHne.

NMpuneMka cucremol

Bblgaya AOKYMEHTOB Ha BBOA 3[aHWUS UM €r0 YacTeil B SKCMyaTaLmio He NMPOUCXOAUT [0 TeX Mop, NMoka NpeacTaBu-
Te€Nlb CTPOUTENBHOINO Haa30pa He NoATBEPAUT MNOIHOE COOTBETCTBUE 3AaHUA YCNOBUAM AAHHOrO pasaena, U noXXapHoe
noapasgeneHmne He nonyydynuT NONNOXUTENIbHOIO 3aKto4veEHUA MNo CDYHKLMOHVIDOBaHVI}O CUCTEMbI KaK B aBTOMaTU4€CKOM,
TaK U B pPy4HOM peXunMe. B 3aaHMax ¢ no3TanHbIM CTpPOUTENBCTBOM MpU corsiacoBaHn € NpeacTtaBUTENEM CTPOUTENb-
HOro Haa3opa AOMyCKaeTCa Bblda4da BPEMEHHbIX AOKYMEHTOB Ha BBOA 3A4aHWA WM €ro yactein B 3KCnyaTauuio npu
YCNOBWUU, YTO 3TN HYaCTu 34aHUA AN 3KCJlyaTaunun COOTBETCTBYIOT YCNIOBUAM AaHHOMO pa3fena, U oCTaBlimnecs 4actun
HE NpeacTaBnsaroT 60/bLLUOM Yrpo3bl 6e3onacHocTH ANga AaHHbIX yacren unm npunerarLmnx 3ﬂaHMl7'I.

anMOHeﬂpOHMLIaeMbIe noMeLlgeHusa

[JbIMOHENPOHMLAEMOE MOMELLEHME AOMKHO COCTOSTb M3 3aLUMILEHHON BHYTPEHHEW BXOAHOW NECTHULbI U HapyX-
Horo 6ankoHa unu nNpoBeTpyBaeMoro xonna. Ecnu TpebyeTtcs OCTyN Ha Kpbilly, NPOXOA AO/MKEH OCYLLECTBAATLCS MO
AbIMOHENPOHMLIAEMOMY MOMELLEHMNIO, eCN1 TakoBOE HEO6XOAMMO.

Tpoxogsi

Mpoxoa K NecTHuue AO/MKEH OCYLECTBASTLCA MO XOMY WAM HapyXHOMY OTKpbITOMY 6ankoHy. MuHuMmanbHas
niowaab Xosia A0/MKHA BbiTb HE MEHbLLE HEOOXOAMMON LWMPUHBI KOPUAOPA, BEAYLLEro B X0/, NPU WUPWHE He Me-
Hee 1,1 MeTpa u A/IMHe He MeHee 1,8 MeTpa Mo HanpaeB/IEHUIO K BbIXOAY.

Koncrpyxynmn

,U,bIMOHeI'IDOHI/ILI.aeMoe noMeLlleHne OO0/MKHO OTAENATbCA OT OCTasIbHOM 4acTu 34aHuna npu noMoLwun npoTuBono-
>KapHOM nperpagbl C Kak MMHUMYM [BYXYaCOBbIM MPEAESIOM OrHECTOMKOCTU 6e3 MPOeMOoB, KPOME ABEPHbIX NMPOEMOB
ana HYTef/'i 3BaKyauuu. Xonn ponmkeH oTaensTbCs OT NECTHULbI npu noMmouin I'IpOTVIBOI'IO)KapHOﬁ nperpagbl C Kak Mn-
HUMYM ABYyX4aCOBbIM Nnpeaenom OrHECTOMKOCTMU. Hapy>KHbIl71 OTKprTbIVI 6ankoH AOJIXKeH 6bITb CKOHCTPYMpoOBaH B CO-
OTBETCTBMM C TPeBOBAHWSIMU MO OrHECTOMKOCTU AMsi KOHCTPYKUMIA MEpeKpbITWiA. [BEPU AbIMOHENPOHULIAEMOrO MO-
MeLweHUsa OO0/MKHbI 6bITb aBTOMAaTUYECKUMUN WU AO/MKHbI 3aKpbIBaTbCA aBTOMaTU4YECKN NpU cpa6aTb|Bava| AaTynKa
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AblMa, YCTAHOBJIEHHOIO Yy 60okoBOro BXxofa C aTaxa B AbIMOHENPOHUL@EMOE MOMELLEHNE. CpaGaTblBaHVle AaTyuKa
AblMa Ha ntobolt 13 ,depeﬁ AOJDKHO 3anyCkaTb A0OBOAYMKM Ha BCEX ABEPAX B AbIMOHEMPOHULIAEMbIX MOMELLEHNAX Ha
BCEX 3TaXax.

AlbTEepHaTHBAa eCcTeCTBEHHOH BEHTH/ISNN

YcnoBusi AaHHOro pasgena HeobxoauMo cobntogaTb B C/lydae ecTECTBEHHON BEHTUNSILMM AbIMOHENPOHULAEMbIX
nomelleHuin. Ecnnm npoxoa Ha NEeCTHULY OCYLLECTBASIETCS MO HapPY>XHOMY OTKPbITOMY 6ankoHy, 6ankoHHasi ABepb
[OJ/KHA COOTBETCTBOBATb 3aLUMTHBIM MPOTUBOMNOXapHbLIM XapaKTepucTukaM. Ecnu npoxoa Ha nectHUUy OCylwecTBhs-
€TCA Yepes X0/, ABepb B X0/ AO/MKHA COOTBETCTBOBATh 3alUUTHLIM NPOTUBOMOXAPHbLIM XapakTepucTukaM. [Bepb
M3 XO//a Ha NeCTHULY AO/KHA UMETb Mpefen OrHECTOMKOCTU He MeHee 20 MUHYT. MUHMMasbHasi NosnesHas nno-
Waab npoeMa B CTEHE KaXAOro XO/fa, BbIXOASLLEro BO ABOP Mepes 34aHWEM, ABOP WM MELEXOAHbI MpOoXoa,
JIO/KHA CoCTaBnAThb 1,5 M2 npu wmprHe 6096 MM,

Aﬂbrepﬂarnsa MexXaHNYeCcKoH BEHTH/ISLUNN

Ycnosus aaHHOro pasgena Heobxoaumo cobniofaTh B CllyYae MeXaHW4ecKoW BEHTUNISLMU AbIMOHENPOHMLIAEMbIX
roMmeLUeHuin. [1gepb U3 34aHUS B X0 JO/KHA COOTBETCTBOBATb 3alUMTHBLIM MPOTUBOMNOXAPHLIM XapakTepUCTUKaM.
[Bepb 13 X0nna Ha NecTHULY AOMKHA UMETb Npeaen OrHeCTOMKOCTU He MeHee 20 MUHYT. [IBepb U3 34aHWst B XOMS
AomkHa 06pabaTtbiBaTbCa YNIOTHUTENEM UNIN APYTUMU MaTepuanaMmy Ansi MUHAMU3aUMKM YTeUKM BO3AyXa.

BeHrwiaums B xo/ie

B xonne pomkeH OCyleCTBASATLCA KaK MMHUMYM OAWH BO34yX00O6MeH B MUHYTY, Mpu 3TOM 06BbEM BbITSXKKM A0N-
EH COCTaBnsATb He MeHee 150% ob6beMa noaaum Bo3ayxa. [logaya v BbITSXKKA BO3AyXa B M U3 XO1a AOSHKHA OCY-
LLECTBNATLCA NPWM NMOMOLUM OTAENbHbIX MAIOTHO COeAMHEHHbIX NpeAHa3HAaYeHHbIX A1s1 3TOro BO34AyX0BoAoB. [Mputoy-
Hbl BO3AYX OOSKEH MOAABATLCA B XOJ1 Ha BbICOTY A0 150 MM OT ypOBHS Nosa. BepxHss YacTb peryimpyemMon Bbi-
TSKHOM peLIeTKN A0/MKHA BbITb PacrosioXXeHa Ha paccTosiHuK He 6onee 150 MM OT BEPXHEN YacTW AbIMOYOBUTENS,
W [OMKHA MOJSTHOCTbIO HaxoAWTbCA B Mpeaenax 30Hbl AbiMoynoBuTeneit. OTKpbITble ABEPU HE A0MKHbI 6/10KMpPOBaTh
OTBEPCTMS BO3AYXOBOAOB. B Liensx cOOTBETCTBUSI TEXHUYECKMM TpeboBaHMSIM AOMYCKAETCS UCMOSIb30BaHUE perysnu-
pYIOLWMX AbIMO3ALMTHBIX KaNaHOB B OTBEPCTMAX BO34YXOBOAOB, B MPOTMBHOM C/ly4Yae Halvyne AaHHbIX KanaHoB
Heobs13aTenbHo.

B cnyyae 1cnonb3oBaHWUsA CrelmanbHO CpPOeKTUPOBAHHOM CUCTEMbI, OHa [O/MKHA BbITArMBATL BO3AyX B 06beMe
PaBHOM, HO He MeHblleM 90 BO3Ayx00BMEHOB B Yac, U3 N0bOro xonnia B pexume aBapuiHON cuTyauun, U UMETb pas-
Mepbl, HEOBXoAMMbIE A1 OAHOBPEMEHHOM PaboThbl B TpeX Xosax. JaTunku AbiMa AO/MKHbI pacronaraTbes Y 60KOBOro
BXO[a C 3TaXka B KaXKAbIM X0/, U 3aryckaTb CUCTEMY B COOTBETCTBYIOLLEM XOJE.

Lbimoyrniosurem

MoToNOK Xonna AoMKeH 6bITb Kak MUHUMYM Ha 508 MM Bbllle ABEPHOrO NpoeMa B XOJ1/1, YTOBbl CyXWTb B Kade-
CTBE AbIMO- W TEMOYNoBUTENS], a Takxke obecneunBaTb ABWKEHWE BO3AYLUHLIX MOTOKOB BBepX. [lJaHHas BbiCOTa He
AOJDKHA YMEHbLUIATBCS!, €CNIM 3TO HE YTBEPXAEHO U He J0Ka3aHO PacyeTHbIM MyTeM WM NPOBeAEHNEM UCTbITaHWUMN.

cucrema ABWMKEHNS BO3AYXA HA JIECTHUYHBIX KITETKaX

JlecTHWYHbIE KNETKM AOMKHbI ObITb 060py,C|,OBaHbI BbIMYCKHbIM BEHTUNAUUOHHbLIM OTBEPCTUEM, U HA HUX Heobxo-
AMMa nofaya AoCTaTovHoro obbema BO34yXa ANna noaaep>XaHua Ha NIECTHUYHOW KJIETKE MUHUMASIbHOrO U36bLITOYHOIO
faenenus 25 MMa, Mpn 3TOM KNETKa AO0/MKHA BbIXOAUTb B XOJ11 C 3aKpPbITbIMM ABEPAMU.

A/sibTepHaTuBa rogrnopy Bo3gyxa Ha J1ECTHHLax

Ecnu 3paHne no Bcel cBoel nnowaan obopy0BaHO aBTOMaTUYECKON CMPUHKIIEPHON CUCTEMON, Hanuume Xonna
He TpebyeTcs, Npu YCNOBUM, UYTO HA BHYTPEHHWUX BXOAHbIX JIECTHUYHBIX KNEeTKax CO3A4aeTcs NMOAnop BO3AyXa npu
faeneHnn ot MuHuMyM 37 lMa o makeumym 87 Ma. [JaBneHve JOMKHO M3MepATbCA MpU BCEX 3aKpbITbiX ABEPSX Ha
NEeCTHWLbI M NPU MaKCMMasibHOM OXXMAAEMOM AABMEHUM B BEHTUNALMOHHBIX Tpybax.

BeHTH/ISUNOHHOE 060pygoBaHne

3anyck BEHTUNSLMOHHOrO 060pYAOBaHUS AOMKEH OCYLIECTBASTLCS MPWU MOMOLLM AATYMKOB AbIMa, YCTaHOBJIEH-
HbIX Ha Ka)OM 3Ta)ke B OnpeaesieHHOM MecTe y BXoAa B AbIMOHENpoHMLAeMoe noMmelueHue. Mpu cpabaTbiBaHWK
3aKpbIBAIOLLEro YCTPOMCTBA HA JIECTHUYHOM KIIETKE U ABEPSIX B XOJI/1 MyTEM 3amnycka AaTYMKOB [blMa MM aBapunHO-
ro OTKJIIOUYEHUSI MUTAHUSA, B COOTBETCTBYIOLLEM PEXMME A0SIHKHO HayaTb (YHKLMOHMPOBAaTL MexaHU4eckoe obopyao-
BaHue.

BEeHTUAALIMOHHBIE CUCTEMbI
BEHTUNSAILUMOHHBIE CUCTEMBI AbIMOHEMNPOHULIAEMbIX MOMELLUEHUIA HE [IO/KHbI 3aBUCETb OT APYrUX BEHTUISILMOHHBIX
cucTeM 3aaHus. ObopyaoBaHMe U CUCTEMA BO34YXOBOAOB AO/MKHbLI COOTBETCTBOBATL OAHOMY M3 crieaytowmx Tpebo-
BaHWI:
— pacnonaraTtbCs CHapYXW 34aHUs U HaNpsIMY0 COEAVHATLCS C AbIMOHENMPOHULAEMbIM MOMELLEHUEM, UMK Coean-
HATbCS C AbIMOHEMNMPOHWULAEMbIM MOMELLEHMEM NPU MOMOLUM CUCTEMbl BO3AYXOBOAOB, 3alUMLLEHHON MPOTUBOMO-
»KapHbIMK Nperpagamy ¢ ABYX4YacoBbIM NpeAenoM OrHECTOMKOCTY.
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— pacrionaratbCsl B npefenax AbIMOHENPOHMLAEMOrO MOMELLEHNSI C BO3AYX03ab0PHMKOM MMM BbITSXKHBIM OTBEp-
CTMEM ANsi HanpaBneHUs BO34yXa U3HYTPW HapyXy, UM Yepe3 CUCTEMY BO3yXOBOZOB, 3aLUMLLEHHYIO NPOTMBO-
MOXXapHbIMK NperpagamMy C ABYX4YacoBbIM NPEeLEeNioOM OrHECTOMKOCTY.

— pacrionaratbCsl B MpeAenax 34aHusi, eCliv OHW OTAeNeHbl OT OCTaNlbHOM YacTy 34aHus1, BKOYas Apyroe MexaHu-
yeckoe 06opyaoBaHWe, Npy NOMOLLM NPOTUBOMNOXAPHbLIX NPErpaa C AByX4acoBbIM NPEAesioM OrHECTOMKOCTU.

Pe3€epBHbIe UCTOYHUKU TUTAHUT
MexaHu4yeckme BEHTUMSILMOHHBIE CUCTEMbI B XOJI/IaX U Ha IECTHUYHBIX KNETKAaX, a Takke aBTOMaTUYeCcKue cucTe-
Mbl 06Hapy>XeHWsl NoXapa A0KHbI paboTaTb 0T CepTUMMLIMPOBAHHON PE3EPBHOM CUCTEMbI SN1EKTPONUTAHMUS.

[Ipuemka u rpoBEAEHUE UCITbITAHUM

Mepen cepTuduKaumelri MexaHUYecKoro obopyaoBaHUsl B NPUCYTCTBUM NPEACTaBUTENSI CTPOMTENbHOMO Haa3opa
CUCTEMA [IO/MKHA MPOWTU UCTIbITaHWS ANst NOATBEPXAEHUS ee (DYHKLIMOHUPOBAHWSI B COOTBETCTBUM C Tpe6oBaHUAMU
JlaHHOro pasaena.

CucreMbl AbIMOyAasieHUS B NOA3EMHbIX 3laHUAX
[ns noA3eMHbIX 3A4aHW CUCTEMa AbIMOyAaneHWsl AOSKHA NPeAoCTaBNsSTbCA B COOTBETCTBUM C TPeboBaHUAMU
JlaHHoro pasfena. Ecnm HeobxoaMMo pasaeneHue Ha OTCEKW, KaXKAbIA OTCeK AOKeH 6biTb 060pyA0oBaH OTAENLHOM
CUCTEMON AbIMOYAANEHNSI C aBTOMATMUYECKMM 3aryCKOM W BO3MOXHOCTbIO Py4YHOro yrpaeneHus. CucTeMa AofkHa
6bITb AOCTAaTOUMHO MOLLHOM ANs ob6ecneyeHns noaady Bo3ayxa U AbIMOYAANEHUS KaK MUHUMYM 6 BO3[yXOOOMEHOB B
yac. CvcteMa AbiMOyaaneHus AomkHa cpabatbiBaTb B OTCEKE C OYaroM BO3ropaHust Mpy NOMOLUM CeayHoLLmMX HE3aBUCS-
LLWX ApYr OT ApYyra 3/1EMEHTOB:
— [BYX AaTuMKOB AbIMa, MEpeceKkalolmxcs B Npeaenax OAHOW 3alLUMLLAEMON 30HbI C MOMOLLBIO OAHOrO AaTuuka
JbIMa, KOHTPOSIMPYEMOrO 30HOI MPOBEPKM CUIHAMA TPEBOMM UM aHaNOrMYHbIM NPOBEPEHHBIM METO/OM.
— aBTOMATMYECKOW CNPUHKIEPHOW CUCTEMBI.
— PYYHbIX 3/1EMEHTOB YNPABEHUS, BCEraa AOCTYMNHbIX MNOXaPHbIM MNOAPA3AENEHNAM,
3arnycK cucTeMbl bIMOYAANEHUA AOMKEH aKTUBUPOBATb 3BYKOBOM CUrHaN TPEBOrM B Npeaenax uyacTo rnocelaemMon
30HbI.
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PYKOBOACTBO K IBC 2003. TPEBOBAHUSA K NMPOTUBOAbIM-
HOW 3ALUMTE

MHbopMaums 0 MOLHOCTM NoXXapa M TeMOBbIAENIEHNN NPpUBEAEHa B AaHHON riaBe Ha OCHOBe KHWr [1. 3BaHca u
k. Knoyta «TpeboBaHusi K MPOTUBOABIMHOM 3alimTe B MexayHapoaHbIX CTpoMTENbHbIX HopMax 2003 roaa» [7],
SHapto ByyeHeHa «MpoTUBOMNOXAPHOE MPOEKTUPOBAHME KOHCTPYKUMI» [5], @ Takke CTaHAApPTOB HauuoHasbHoM
accoumaumun no npotusonoxapHoi 3awmTte (CLUA) NFPA 92B «PyKoBOACTBO MO CMCTEMaM MPOTUBOALIMHON 3alLWThI
aTpUyMOB, TOProBbIX LEHTPOB M 60MbLIMX NoMelleHniA» [4] n NFPA 72 «HauvoHanbHble HOpMbI MO NOXAapHOM CUrHa-
nmsaunn» [3].

B NpoTMBOALIMHOM 3alMTe OAHMM M3 Hauboriee BaXKHbIX (DAKTOPOB MpW MoXKape B 34aHUM SIBNSIETCS CKOPOCTb
BblaeneHust Tenna. Co CKOPOCTbIO BblAENeHNs Tensa HamnpsiMyto CBsi3aHbl TeMnepaTypa M 06beM ra3os, BblAENSIEMbIX
npuv noxXkape, NO3TOMY NPOrHO3MPYIOLWME KOMMbIOTEPHbIE MOAENN MUCMOMb3YIOT BO BXOAHBLIX AaHHLIX MapaMeTp «CKo-
poCTb BblAeneHns Terna». [0BOpS O MOLHOCTU MoXapa, CneumanucTbl NpakTUYeckn Bcerga WMCNosb3ylT TEPMUH
«CKOPOCTb BblA€NeHWst Tenna». B gaHHON rnaBe Moa TEPMUHOM < MOLYHOCTH r1OXapa» NOAPa3yMEBAETCH CKOPOCTb
BblAeNeHns Tenna.

Llenbto aaHHOM rnaBbl SIBASETCS NpeAoCTaBieHNne OCHOBHOM MHMOPMaLMM O MOLLHOCTM M pa3BUTUM MoXapa, Ko-
Topasi 6yAeT nonie3Ha Mpu OLEHKE M OMpeaeneHMM pacyeTHbIX MOXapoB. PacyeTHbIM Noxap — 3TO TaKoW noxap,
NMPOTUBOCTOSITb CU/IE KOTOPOrO BXOAMT B 3agayy CMCTEMbl MPOTMBOABIMHOW 3aliMTbl. B AaHHONM rnaBe Takxe pac-
CMaTpMBAIOTCSA CMPUHKNEPDLI, TaK KakK 3a4acTyld MMEHHO WX Halu4yuMe WrpaeT peLuarollyo posb npu onpeaeneHuu
pacyeTHOro noXxapa. PacyeTHblii noXap MOXeT 6biTb Kak CTaLMOHapHbIM, Tak W HecTaumMoHapHbIM. He aBnsisch du-
3UYECKM peasibHbIM, CTaLMOHAPHBbIN NOXap MOXET MUCMOMb30BaTLCA B pacyeTax C 3arnacoM Ans YrpOLEHUS KOHCTPYK-
TOPCKOro aHanusa.

CTAAUUN PA3SBUTNA NMOXXAPA

Moxapbl B KOMHaTax M APYyrux MOMELLEHUSIX BCEraa OnNMChIBAKOTCS C UCMOMb30BaHWMEM CTaZui pa3BUTUS MoXapa,
NpeacTaBfieHHbIX Ha pyc.1l. [laHHble cTaguu SIBASOTCS YAOBHBIMM MPU 06CYXXAEHUM NOXAPOB, HO 6OJBLUMHCTBO NO-
)KapoB He MpoXoasT Yepe3 BCe 3TU CTaAuu Mo NpUYMHE HeLOCTaTOUHOMO KONMMYecTBa Tonnavea unv bnarogaps pabo-
Te CUCTEMbI NOXapPOTYLUEHMS.
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Puc. 1 Craguu passutusa noxxapa

PasnuuatoT cnegytowme CTaauy passuTHs Noxapa:

Bo3ropaHue — 3TO HayaslbHbli NMepuoa pasBuUTHS Moxapa. MpoTMBOABIMHASA 3alUMTa Hanpas/ieHa Ha 60pbby C
nocneacTBnsIMK NoXxapa nocsie Bo3ropaHus, a He C NpUYMHaMKN BO3ropaHusl.

PocT — 370 nepuoa nocne Bo3ropaHus. POCT noxxapa xapaKTepusyeTcs ropeHneM maTepuasnioB BHE 3aBUCMMOCTYU
WM B HE3HAUMTENBbHOW 3aBMCMMOCTM OT TWMa MOMELLEHMS, @ TakXKe HaluuneM usbbiTka Bo3ayxa npuv noxape. Mo
Mepe pocTa noxXkapa, TemnepaTtypa B MoMeLLeHMn NoBbilwaeTcs. MNoxap ¢ AoCTaTo4HbIM 06beMOM BO3Ayxa ANs rope-
HWS1 HA3bIBAETCA < PEry/IMpyEMbIM Harpy3Kou roxapom», a Takxke NoXXapoM B CBOOOJHOU BO3AYILIHOH CPEJE.

BcnbiliKa — 3TO Pe3KUA Nepexof M3 COCTOSIHMS YCIOBHOMO CTaLMOHApHOro noXapa, OrpaHUYeHHOro OTHOCW-
TENbHO HEBOMbIUMM MPOCTPAHCTBOM, B MOXap, PaCcnpOCTPaHMBLLMIACA Ha 3HAUWUTENbHO 60MblUee MPOCTPAHCTBO,
HanpuMep OXBaTMBLUMI BCE MoMelleHne. B oYeHb GOJbLLIOM MOMELLEHUM, TAKOM KaK Mpu CBOBOAHON MNIaHUpPOBKE
oduca, NMWb B YacTV MOMELLEHUS MOXET MPOM30MTU BCMbillKa. OBbIYHO BCMbIWKA MPOUCXOAUT MPU TemnepaTtype
AbIMoBoro cnos B npeaenax ot 500°C go 700°C. MokasaTeneM BCMbIWKKM UHOTAA ABNSETCA TemnepaTtypa AbIMOBOro
cnosi 600°C unm Ny4uncTblil TenoBol NoTok B 20 KBT/M2 Ha ypOBHE Nosia KOMHaThI, FAe NpOUCXOAMT MNoxap.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 143



MonHoe pasBuTHE MoOXapa — 3TO CTaaus pasBUTUS MoOXapa C AOCTUXKEHWEM MaKCMMaslbHbIX TeMMepaTypHbIX
OTMETOK. [nsi HeBOMbLUMX U CPeaHUX MOMELLEHWUIN CKOPOCTb BbIAENEHUS Temna Npy NOSIHOCTbIO Pa3BUBLLEMCS MOXKa-
pe 3aBUCUT OT obbeMa AOCTYMHOIO BO3Ayxa. [aHHbIM TUM MOTHOCTLIO Pa3BMBLLErOCS MoXKapa HasblBaeTCS «perysiv-
pyembiM BEHTwISLUmer. TIpy perynMpyeMoM BEHTUASILMEN NoXape, ropsiume mMaTepuanbl BblAeNsoT 6osblie nety-
UYMX ra3oB, KOTOPbIE MOrYT FOPETb B KOMHATE Mpu AOCTYNHOM 06beMe KMCNOPOAa, M NoXap MOXET XapaKTepusoBaTb-
C NflaMeHeM C coAaepXXaHueM JeTyuYnx ra3oB, pacnpoCTPAHSIOLLMXCA Yepe3 OTKPbITble ABEPHbIE MPOEMbl MOMELLe-
HWSI, FAe NPoOMCX0oAMT noxap. B oueHb 60MbLIMX NMOMELLEHMSX, TaKuX Kak Npy CBOBOAHOM NaHMpoBKe 3Taxa oduca,
noXxap He 06513aTeNbHO CTaHOBUTCS perympyemMbiM BeHTUAsSIUMEN. CTaams NOMHOrO pasBUTUS MOXapa XapaKTepusy-
eTcs HeadhEKTUBHBIM FOPEHNEM U BbICOKON KOHLIEHTpaLWel yrapHoro rasa (cM. Tabnuuy 1).

3aTyxaHue — 3TO CTaausl 3aBepLUEHUs roOpeHns TOMAMBa, Npy KOTOPOM NPOUCXOAUT CHWXKEHME TemnepaTypbl U
CKOpOCTW BblAeneHus Tenna B nomelleHun. Mpyn 3TOM, XapaKTep noxapa MOXEeT U3MEHUTbCA C peryimpyeMoro
Harpy3KkoM Ha perynuMpyembiii BeHTunsumein. CTporo roBopsl, TEPMUH «/10XXap 10C/Ee BCIIbILLKy/» BKIIOYaeT obe cTa-
AWW: MOJSIHOE Pas3BMTME MOXKapa W ero 3aTyxaHWe, HO 3a4acTylo AaHHbIM TEPMWMH UCMONb3YETCA AN 0603HauYEHMS
TOMBbKO MOSIHOCTLIO pa3BMBLUErocs noxxapa.

Ta6bnuua 1. NMpubankeHHble 3HaYEeHUS KOHLUeHTpaumu CO npu no)Xkapax B NOMeLLeHUAX

KoHueHTpauusa CO !

Moxapbl B «cBO6OAHON BO3AYLUHOW cpeae» 0,04

MoNHOCTLIO pasBMBLLMIACA NoXap (B KOMHaTe 6e3
cofepXXaHus LIeSINToN03HbIX MaTepuanoB Ha MoToske 0,2
UM BEPXHEN YacTu CTeH) 2

1 KoHueHTpaums CO — cooTHowweHue CO (B rpaMMax), BbiAESEMOrO Ha eAnHWUy Tonauea (B rpamMmax) npu cro-
paHuu.

2 [Mp1 NONHOCTbIO Pa3BMBLLEMCS MOXAPE B MOMELLEHMSX C COAEPXKAHWEM LIENI/IONO3HbIX MaTepPUanoB (ApPEBECUHDI,
6yMary, KapToHa W T.O4.) Ha MOTOJIKE UMM BEPXHEN YacTM CTEH, oxuaaeMas KoHueHTpauus CO byaeT B HECKObKO
pas3 Bblle NpPeACTaB/eHHbIX AaHHbIX.

CKOPOCTb BbIAEJIEHUA TEMJIA NPU TOPEHUU PA3HbIX NPEAMETOB

CKOpOCTb BbifeneHns Tenaa B OCHOBHOM U3MepsieTCsl NMpu ropeHun npeaMeTa B nabopaTopumn € MCNOb30BaHNEM
KanopuMeTpa AN U3MepeHUs NOrOLWEHUs KCNIOPOAA, OTKPLITOrO CO BCEX CTOPOH 6e3 orpaHuyeHns ABMXKEHUS BO3-
AYLIHBIX NOTOKOB K OTHIO. Ha CKOpOCTb BblAeneHus Tenna matepuanamu, ropswMMmy Npu peanbHbiX MoXapax, B He-
KOTOPOW CTEMEHN BIMSIET NIYYNCTOE B3aMMOAENCTBME C OKpYXatolen cpeaoin. HecMoTps Ha To, YTO Ka/lopuMeTp Ansi
U3MEPEHMS MOFOLLEHUS KUCIIOPOAa OrPaHUYMBAET Jy4YMCTOE B3aUMOLEMNCTBUE, labopaToOpHble AaHHbIE O CKOPOCTM
BblAENeHMs Tenaa 4acTo UCMONb3YIOTCS B KaYeCTBE OCHOBbI A1l CTaAuM poCTa pacyeTHOro noxapa.

Ha puc.2-10 npeacraBneHa CKOPOCTb BblAENEHUS Terna Npy ropeHnn pasHbix NpeaMeToB. Mpu ropeHun napHbiX
npeaMeToB HabNIOAAIOTCS OTK/IOHEHMSI 3HAUYEHUIA CKOPOCTW BbIAENEHUSI TeMna, Kak 3TO MokKasaHo Ha puc.2 npu no-
)Kape B Tpex kuockax. Pasmep 3TUX KMOCKOB OTHOCWUTENbHO HEBOMbLUON, AfMHA CTOPOHbI cocTaBnsna 1,22 metpa.
Cneumnanuctbl TabopaTopum CKOHCTPYMPOBaNM 3TU KMOCKM W 3aMOfHUAM UX GyTOoNKaMu C Lenblo MOAENMpOBaHMS
CUTyauun, NpUBAMKEHHON K peanbHOM. Ha OTKIOHEHWE 3HAYEHWUIn CKOPOCTW BblAENEHUS Tensa MoBAUSIN Crleayto-
wue dakTopbl: (1) HE3HaUUTENbHbIE pasnuuusl B pa3MelleHnn dytbonok, (2) pasnuums B coctaBe dyTbonok, (3)
pasnnuna B pasMepax Kuocka, (4) pasnuuus B maTepuanax, u3 KoTopbix cobpaHbl kuocku, u (5) pasnnumna B BO3-
AYLHBIX MOTOKax OKOMO Kuocka. OaHako hOpMbl KPMBBLIX M MaKCMMasbHble 3HA4YeHUSt CKOPOCTM BblAeNeHns Tenna
NMpY ropeHnn KNOCKOB OKa3asiCb CXOAHBIMU.
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Puc. 2 Ckopoctb BbiaeneHus tenna (HRR) npu ropeHnn Tpex KNoCKoB
(npuMep TMNNYHOW NOBTOPSIEMOCTN FOPEHUs1 MaTepnanoB)

Kak nokas3aHo Ha puc.3, MakcMMasibHble 3Ha4YeHWs CKOPOCTM BblAENEHWS TeMna Npu rOPEHNU POXAECTBEHCKOM
enku (CocHbl 06bIKHOBEHHOM) BapbupoBanuch B npeaenax ot 1900 go 5275 kBT. B aopyrom ucnbiTaHun Npu ropeHnm
MeHee KpYMHbIX eneil MakCUMarbHble 3HaYeHWsi CKOPOCTU BblAENeHUs Tenna BapbupoBanuck oT 45 Ao 655 kBT. Mpu
FOPEHWM BCEX POXKAECTBEHCKMX €JTOK Habnoaancs GuiCTpblii poCT noXapa C NoC/eayowmUM 3aTyXaHMeM No Mepe Cro-
paHus aepesa. Moxapbl, CBSI3aHHbIE C BO3ropaHUEM POXAECTBEHCKUX €M10K, MNPeACTaBAstoT 0COObI MHTEPEC M3-3a
MOTEHUMaNbHOM BO3MOXHOCTM PacrnpoCTpaHeHUs MIaMeHN Ha Apyrve NpeaMeTbl.
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Puc. 3 Ckopoctb Bbigenenus tenna (HRR) npy ropeHnn poxxaecTBEHCKON e/IKu
(cocHbl 06bIKHOBEHHOI)

Ha puc.4-8 npeacTtaBneHa CKOpOCTb BblAENEHUS TeNa Npyu ropeHun pasHbix BUAoB Mebenu. Ha puc.9 npeacras-
JIEHa CKOPOCTb BbIAENEHNS TEMIa Npu ropeHnn pabounx MecT. ITO CMOAEeNMpOBaHHbIE paboune MecTa B oduce co
CneaytoLein KOMMEeKTaUmnen: Kpecno, paboumnii cTon ¢ nonkamm unmn 6es, 6ymara, nepcoHanbHbI KOMMNbIOTEP U Mne-
peropoaku, otTaensiolme paboyee MECTO OT OCTasIbHOMO NMPOCTPAHCTBA.

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 145



5275 ¢

4220

3165

2110

HRR (kBT)

1055

0 J 1 1 1 ] ) )
0 300 600 900 1200 1500 1800
Bpems (c)

Puc. 4 CkopocTb BbigeneHus Tenna (HRR) npu ropeHnm AByxbsApyCHOW KpoBaTH
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Puc. 5 Ckopoctb BbigeneHus tenna (HRR) npu ropeHMu Npy)>XMHHOro MaTpaca c HanoJIHuTeNneM us
neHonosimypetaHa
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Puc. 6 CkopocTb Bbigenenusa Tenna (HRR) npu ropeHum kpecna Becom 28,3 KIr C MArKoii 06MBKOM 1
HanoJIHUTE/NIEM U3 NeHonoInypeTaHa
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Puc. 9 Pa6ouee MecTo C TpeMs neperopoakaMm, pabouymMM CTO/IOM U NOJIKOM

Ha puc.10 nokasaHbl AaHHbIE O CKOPOCTM BbiAENEHNS TeNa npy ropeHuy aBToMobuneil, UsMepeHHoON UccnesoBaTe-
nem Xyaiio (Joyeux, 1997 [41]). Xyalto nokasan, 4to aBTOMO6UNM, Npom3BesaeHHble B 1990-x rr., umenu 6onee BbICO-
Kue CKOPOCTM BbIAENEHNS Temna No CpaBHEHWIO C MPOM3BEAEHHBIMU PaHee aBTOMOGUNSAMM, YTO MOXET ObiTb CBSI3aHO C
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YBENUUMBLUMMCS MPUMEHEHMEM MOSIMMEPOB W APYrMX HEMETaNIMYECKUX MaTepuanos. M3-3a 6o5iee BbICOKON CKOPOCTM
BblAENEHNS TENa rnoxap B aBTOMOGM/IE HA aBTOCTOSIHKE MOXKET BbI3BaTb BO3ropaHu1e CTOALLEro psiAoOM aBTOMOGUNS.

HRR (kBT)

8440
6330 [-
4220 Bec aBTOoMobuns:
1302 kr
! ST— 830 Kkr
2110 | wdei U
0 = ! TR T }
0 20 40 60 80

Bpemsi (MuH)

Puc. 10 ABTomo6unun

PEFYINPYEMBbBIE BEHTUNALWMEN NOXKAPbDI
Kak onuncaHo Bbille, CKOPOCTb BbIAENEHUS TEMNa MpU peryiMpyeMoM BEHTUNSUMEN MoXape 3aBUCUT OT 0bbéMa
BO34yXa, OOCTYMHOro OrHio. KpoMe Toro, CKOpPOCTb BblAEMNEHUS TeMa MOXET OblTb BblpaXXeHa Kak (DYHKUUS BEHTUNS-

LIMOHHbIX OTBepCI'VIl\/'I NOMELLEHNA, rAe NMPOU30oLLEN NoXKap.

roe

Q- CKOpOCTb BbleNeHus Tenna, KBt
Ay— NNOLLAAb BEHTUMNALIMOHHOMO OTBEpPCTUS, M2
Hy— BbICOTa BEHTUMALIMOHHOIO OTBEPCTUSI, M

Q = 1260 AwHw!/? Ypasrenne 1

[laHHOe ypaBHEHWE MpUMEHSIETCS ANs MOMeLLeHUit 06bIMHOrO0 pasMepa M KOHCTPYKLUMW C OAHUM MPSIMOYTOSIbHbIM
npoémoM. Ha puc.11 ckopocTb BbiAeNeHUs Tenna npy perynMpyeMoM BEHTUNSILMEN NoXape npeacTaBneHa kak dyHK-
LMs WMPYHBI ABEPU UK APYroro npoéma. Ha ocHOBEe ypaBHEHUSI 1 MOXXHO MOMy4YuTb Mose3Hble AaHHbIe AJ1S MoMelle-
HWIA, BbIMO/HEHHBIX M3 06bIYHbLIX CTPOUTENBHBLIX MaTepuanos (MMMNCOKapTOH, 6ETOH, AEPEBO U T.4.), HO OHO He MOAXO-
OWT ANS MOMELLEHUIA M3 MeTasa, Takux kak Ha kopabne co CTanbHbIMU nanybamu u nepebopkamu. B npumepe 1 no-
Ka3aHo, KaK BblYMC/IUTb CKOPOCTb BblAENEeHUs Tenna A peryimpyeMoro BeHTUsILMEN noxapa.

HRR (KBT)

6330

4220

2110

00,76

|

Bbicota aoBepu 2,13 m

0,84

0,92 0,99 1,07 1,14 1,22
LunpuHa asepu (M)

Puc. 11 Ckopoctb BbigeneHus tenna (HRR) nosiHOCTbIO pa3BMBLUErocsi NoXapa B MaJIeHbKOM Wun
cpeAHeM noMelleHMy 06bIYHOW KOHCTPYKLUK

Mpumep 1. PerynupyeMblii BeHTUASLMEN NOXKap

B noMelLeHnm ¢ oHWMM [BEPHBIM MPOEMOM, KOTOPOE MOJHOCTLIO OXBAYEHO NOXAPOM, KakoBa ByAET MOLLHOCTb 3TOMO MoXa-

pa?
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LLinpmHa aepHoro npoéma - 914 MM, BbicoTa - 2134 MM.
Hy = 2,13 m; Ay = 0,914 * 2,134 = 1,9510 m2
IMockonbKy NoXap pPerynmpyeTcs BEHTUNALMEN, MPUMEHUMO ypaBHEHWe 1:
Q= 1260 Ay Hy"? =1260 * 1,9510 * 2,13Y2 = 3587 kBT

[na nomeLlieHni nnoLwaasio 6onee 30 M2 a1eKBAaTHOCTb YPaBHEHWS 1 ABAAETCA COMHUTENBLHON.

YpaBHeHue 1 6bin0 pa3paboTaHo A/1s MOMELLEHNS TOSIbKO C OAHWM MPOEMOM, HO B HEKOTOPLIX Cly4Yasix OHO MO-
XKET MPUMEHSATLCA AN MOMELLEHWUIA C HECKOSIbKMMM NpoéMamMu. [na psaa npsMoyrofibHbIX MPOEMOB C OAHUM U TeM
)KE YPOBHEM BEpXa W HM3a BbICOTa OAMHAKOBA, a Nose3Has naoLwaab SBASETCS CYMMOWN OTAENbHbIX 30H.

CNPUHKIIEPLI

Ha puc.12 nokasaH pocT KBaapaTUYHOIO MnoXxapa C TPEMSI BO3MOXHBIMM PeaKkUMSIMU Ha pacribliieHne BoAbl CPUH-
K/lepaMun: OroHb MPEBOCXOAWT BO3AEMCTBUE CTPUHK/IEPOB; MOCTOSIHHAs CKOPOCTb BbIAENEHUS TEMMA; U CHUDKEHWE
CKOPOCTY BblaeneHus Tenna. Kak onMcaHo Hue, KBaapaTUUHbIi NoXap — 3TO NoXap, KOTOPbIN pacnpocTpaHSIeTCcs C
KBagpaToM BpeMeHW. OroHb MOXeT MOAaBMTb BAWSIHWE CMPUHK/IEPOB B Cly4ae O4eHb BbICTPO paspacTatoLierocs
noXxapa BCNeACTBME FOPEHWUs MaTepuanoB, KOTOPbIE MPEBLILIAIOT MOKa3aTen, 3a0XKeHHbIE NPU NPOEKTUPOBaHWUK
CMpUHKNEPOB. KpoMe TOro, CpuHK/EPbl MOryT He cpaboTaTb, €Ccnv AOCTUraloLWMN UX AblM OXNaXAAEeTCs M3-3a BO-
B/IEYEHVMSI BO3AYXA B CTPYHO, YTO MOXET NPOUCXOAUTb MPU NoXKapax B 30HaX, rae NoTONKM OTHOCUTENBHO BbICOKME MO
CPaBHEHMIO C PacnosioXKeHNeM TomnnmBa. B 3ToM crlyyae, BbICOTa MjiaMeHN 0BbIYHO MEHbLUE BbICOTHI MOTOMKA, U BO-
B/IEYEHME BO3AYXa NPUBOANUT K OXNaXAEHMIO ra3oB B CTpye AbiMa. Ecnm cnpuHkiepsl cpaboTatoT, pacnbliseMasi Boga
MOXET MUCMapuUTbCs A0 NoMafaHns Ha TOMJIMBO.
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2 g/
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Q 212
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(a) OroHb NpeeocxoauT BO3AeiCTBNe
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Bpemsa
(b) 3asblweHHas oueHka nocrosHHON HRR
nocse aKkTUeaumum CNPUHKIEPOB
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(c) 3aryxaHue noxapa nocne cpabarbiBaHus
CNPUHKNEPOB

Puc. 12 B3auMogeiicTBMe No)xapa v CNPUHK/IEpPOB

CHMIKEeHMe CKOPOCTHU BblfiesIeHUS TenJ1a u3-3a CrpUMHK/1epoB

MoCTosIHHasi CKOPOCTb BbIAENEHWs Tenna nocne cpabaTbiBaHWUsl CMPUHKIEPA SBMISIETCS 3aBbILUEHHBIM OLEHOYHbLIM
nokasaTesnieM B 60/1bLUMHCTBE MPUKNAAHbIX NPorpaMM. 3aTyxaHue noxapa noc/ie cpabaTbiBaHus CNpUHKIepoB Gonee
peanncTUYHO. 3aTyxaHWe no)apa MOXeT 6biTb BbIpaXKEHO crieaytoLlei hopMyon:

Q = Qe t-@rr Ypasrenne 2

roe

@ — CKOpOCTb BbIAENEHMS TEMMA Nocne cpabaTbiBaHWS CMPUHKIEPOB, KBT
Qact — CKOPOCTb BblA€NEHUS Temnna npu cpabaTbiBaHUK CNPUHKIIEPOB, KBT

t - BpeMsl OT Ha4ana BO3ropaHus, C

t; - BpeMs cpabaTbiBaHWsl CNPUHKIEPOB, C

7 — NOCTOSIHHasi BPEMEHM TYLIEHMS MoXapa, C

MapapyxykoBcku n Bettopm (Madrzykovski and Vettori, 1992 [42]) npoBenu noxapHble UCMbITaHUS! CO CMPUHKIIE-
paMy C MJIOTHOCTbIO BoAHOW cTpyu 0,07 MM/C Ans HaboOpOB roproUMX MaTepuarioB, KOTOPblE MOryT HaxoAWTbCS B
oucax. OHW onpeaenunu, YTo KpuBasi 3aTyxXaHWsl NMoXapa C NMOCTOSIHHOM BpeMeHM, paBHoW 435 cekyHaaM, uMmena
60nee BbICOKYIO CKOPOCTb BbifeNeHns Ternaa No CpaBHEHMIO C 60NbLIMHCTBOM MOXapoB B NOMELLEHNSX CO CNPUHKIe-
pamu (puc.13). 3BaHc (Evans, 1993 [43]) Mcnonb3oBan AaHHbIE 3TUX UCMbITAHUIA, @ TakXKe AaHHble O NoXapax Aepe-
BSHHOWM MOJSIEHNLBI M MIOTHOCTU CTpyy cripuHkniepa 0,041 mm/c u 0,066 MM/c 13 vcnbiTaHn TamaHuHu (Tamanini,
1976 [44]) v BbIBEN CneaytoLlee COOTHOLLEHNE:

T =3/wl Ypasrenne 3
roe
W— NNOTHOCTb CTPYM, MM/C

HecMoTpst Ha TO, YTO ypaBHeHME 3 He Obl/I0 MPOBEPEHO 3KCMEPUMEHTAIbHO, OHO BCE XXE MO3BOJISIET CKOPPEKTY-

poBaTb BPEMs 3aTyXaHusl ANns MIOTHOCTEN CTPyM CNPUHKIEPOB 3@ MUCK/IOYEHMEM TeEX, UTO WMCMONb30Banu Maapxy-
KOBCKM 1 BeTTopw.
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HAEOPbLI FOPHOYUX MATEPUAIIOB:

= ITAXEPKA Ona BYMATr
= = =~ CEKPETAPCKWA CTON
o CTON PYKOBOOWTENA
—— = OPUC |
. oduUC Il
— = = OUBAH
* PAEOYEE MECTOI
== == PABOYEE MECTOIl
z AEPEBAHHBLIE MNONEHULbLI

Puc. 13 3atyxaHue no)xapa npu cpabatbiBaHUM CNPUHKJIEPOB C MJIOTHOCTbIO cTpymn 0,07 MM/ C

Peakums cnpuHkiepos

HecmoTps Ha TO, YTO B A@HHOM MyHKTE MHMOPMaUMs AaHa B OCHOBHOM O CMIpUHK/EPax, OHa TakxXe NPUMEHSIETCS K
BEHTUNSLUMOHHBIM OTBEPCTMSIM, aKTUBMPYEMbIM NMPU MOMOLUM MAABKUX 3aLUMTHBIX 3/IEMEHTOB U MOXXAPHbIX TENI0BbIX
n3BeLlaTeNen ¢ 3aaaHHoM TeMnepaTypon.

BbiCTpoTa peakuum CNpUHKIEPOB MPOBEPSETCS MCMbITAHUEM Ha MOrpyXeHWe, B XOoAe KOTOPOro CrpuHKIep no-
rPY)XQETCs B HarpeTyto Mneyb, rae NpoucXoauT UMPKYISIUMS HArpeToro Bo3dyxa. [aHHbI pacyeT OCHOBAH Ha Aony-
LEeHMsX, YTO: 1) BHYTpeHHee COMpOTMBEHME CMPUHKEPA SABNSETCS HE3HAUYUTENbHbIM; 2) CMPUHKIEP HeMeAseHHO
rnomellaeTcst B nedb; 3) koaphULIMEHT KOHBEKTUBHOM TeMonepeaaqn SBASETCS NOCTOsIHHLIM; 4) TemMnepaTypa rasa
B Me4un NOCTOsIHHAS; U 5) eanHCTBEHHas Tennonepeaaya - OT rasa K CNpuHKIepy.

TemnepaTypa CnpuvHKIEpa MOBbIWAETCA 3KCMOHEHLUMANbHO, KaK MOKasaHO Ha puc.14. MocTosiHHas BpeMeHw, 7,
CMpVHKIepa COCTaB/SIET:

T =mc/(h:A) YpasHenne 4

roe:
7 — MOCTOSIHHAs! BpEMeHU, C

m— BeC CNpuWHKNepa, Kr

C — yAernbHas TennoeMKoCTb cnpuHknepa, x/kr °C

A — k03h(DULMEHT KOHBEKTUBHOW Tennonepeaayun, Br/m2 °C
A — nnolasb NOBEPXHOCTM CNIPUHKIEPa, M2

MocTosiHHasi BpeMeHW, 7, NPeAcTaBnseT coboil BpeMsi, 3a KOTOpPOe TeMrepatypa CnpuHKiepa aocturaet 63% ot

Temnepatypbl rasa. KoadduumneHT KOHBEKTVMBHOWM Tennonepenayn, /A, W3MEHSIETCS B 3aBMCMMOCTUM OT CKOPOCTH,
BCNEACTBME YEro NOCTOSIHHAs BPEMEHM TaloKe M3MEHSIETCS B 3aBUCMMOCTY OT CKOPOCTM, Ha KOTOPOI OHa U3MepSieTcs.
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Puc. 14 TemnepaTtypbl B UCNbITAHUU NMOrpy>KEeHUEM CpUHKIepa

MHpekc BpemeHu cpabatbiBanus (RTI) 6bin BBEAEH Ans n3MepeHus 6bICTPOTbI peakumm CNpUHKIEPOB, HE3aBUCK-
MOW OT ckopocTU. OH paccumuTbiBaeTCcs Nno dopmyne:

RTITI=T1u? Ypasrerne 5
roe:

RTI- vHAeKC BpeMeHu cpabaTbiBaHusi, MY2 cl/2
U/ — CKOpOCTb, M/C

B 1CMbITaHMM MOrpy>KEHWEM U3MEPSIETCS BPEMSI aKTUBALIMM CMPUHKIIEPA M CKOPOCTb rasa. 3aTeM MOCTOsiHHas Bpe-
MEHW MOXET BbITb BblUMC/IEHA Ha OCHOBE BPEMEHM aKTMBALMM, @ MHAEKC BpeMeHu cpabaTbiBaHus (RTI) MOXKET 6biTb
BbIYMC/IEH Ha OCHOBE YpaBHEHMS 5. MHaeKkc BpeMeHu cpabaTbiBaHus (RTI) AN1s cTaHAAPTHbLIX CMPUHKIEPOB Bapbupy-
eTcs NpubnuanTensHo ot 77 ao 155 mY2cl/2, ans 6GbICTPOAENCTBYIOLWMX CMIPUHKIEPOB — NPUBANU3UTENLHO OT 28 A0 55
MY2 12, Hpekc BpeMeHu cpabaTbiBaHWS HE yUMThIBAET KOHAYKTVUBHYIO Ternionepeaady oT CrpuHKIepa.

AKTUBaLMA CNPUHK/IEPOB

AKTMBaUMA CNpUHKIEpa 3aBUCUT OT TeMnepaTypbl U CKOPOCTM MOTOKa rasos B6/M3M cnpuHkiepa. Mpu noxape
CTPyM ropsiunx rasos pacripoCTpaHsIoTCA Mo NOTOMIKOM B paanasibHOM HanpasfieHMM OT MecTa CTONIKHOBEHWS CTPyM
AblMa € NoTonkoM. [Ins onpefeneHns BpeMeHu akTusaummn 6binv paspaboTaHbl cneumasibHble KOMMbIOTEPHbIE MPO-
rpamMMbl, B KOTOPbIX MUCMOJIb3YIOTCS COOTHOLLEHUS AJ1s1 TAKMX MPUMOTONIOYHBIX CTPYM.

B nporpamme DETACT-QS MCnonb3ytoTcs AOMyWEHWsi, 4TO: 1) TEmnnoBOM AAaTUMK PacrofiOXXEH Ha AOBOJIbHO
60nbLION MoWwaam; 2) ToNbKO NPUNOTOJIOMHAs CTPYsl HarpeBaeT AaTyumk; U 3) He NPOUCXOAUT HarpeBaHus 3a cyeT
ropsiuMx rasos, CKOMMBLLMXCS B NoMeLlleHnn. Tpebyemble BXOAHbIE AaHHbIE MPOrpaMMmbl: BbICOTa NOTOMKA HaA ropto-
4YMM MaTepuasniom, paccTosiHue A0 TENAO0BOro Aatymka OT OCU MnaMeHu, TemnepaTtypa cpabaTtbiBaHUS TEMIOBOMO AaT-
ynKa, UHAEKC BpeMeHn cpabatbiBaHus (RTI) TennoBoro gatymka M CKOpOCTb BbiAeneHns Tenna npu noxape. Boixoa-
Hble [JaHHble NporpaMMbl: TemnepaTypa ra3oB Ha YpOBHE MOTO/KA, TemnepaTypa Aatyvka (oba nokasatens kak
(yHKUMM BpeMeHn) 1 BpeMsa A0 cpabaTbiBaHua Aatumka. MNporpamma DETACT-T2 cxoxa ¢ nporpammoli DETACT-QS,
3@ MUCKJIIOYEHMEM TOro, YTO OHa paspaboTaHa cneumanbHO ANS KBaApaTUYHBIX MOXapoB. HecKonbko 30HHBIX MoAe-
neit noxapa, Takne kak FAST, LAVENT v JET, cnocobHbl paccuuTbIBaTh TEMMEpaTypy NPUMOTONIOYHON CTPYU U Bbl-
YNCNATb BpeMsi cpabaTbiBaHMS AaTumMKa. STW KOMMbIOTEPHbIE MOAENN HaxXoAaTCs B CBOGOAHOM JOCTYNE, U UX MOXHO
6ecnnatHo 3akas3aTb B HauWOHanbHOM MHCTUTYTE CTaHZApToOB M TexHonorui (r. leitepcbepr, wrat MapuneHg,
CLLA).

PACYETHbIE NMOXXAPbDI

KpuBasi pac4eTHOro MoXxapa — 3TO OMMCaHWE Pa3BUTWSI MoXKapa, KOTOPOE MOXET WCMOMb30BaTbCs B CLEHapuu
noxkapa. KpvBasi npeactaBnsieT coboi CKOPOCTb BbIAENEHUS Tenna Kak (GyHKUMIO BpeMeHW. [laHHasi KpuBasi MOXET
MMETb NMPOCTOE 3HaYEHNE KaK KOHCTaHTa UM MOXET 6bITb NPOCTOi hyHKLUMEN BpeMeHn. KpuBasi pacueTHOro noxapa
TakXKe MOXET SIBNSTHCS CIOXKHON NMOCNIEA0BaTENbHOCTHIO KPUBBIX.

B cueHapuii noxxapa BXoAMT 60siblue, YeM MPOCTO KpUBasi PacHeTHOroO mnoXapa. TEPMUH «CLieHapuii» O3Havaet
HaMeYeHHbIN NnaH cobbITWiA (MO aHaMormM C NbeCco UK ApyruMK TeaTpasbHbIMM NOCTaHOBKaMm). CLeHapuii noxapa
MOXET paccMaTpyBaTbCs Kak HaMEYEHHBIN MiaH CoBbITWIA U YCIOBUI, UMEIOLLMX PELLIAlOLLEE 3HaYeHUe ANns onpeae-
NEHUs1 UTOrOB aflbTEPHATUBHBIX pacyeToB. KpoMe CKOpOCTU BhiAENeHUs Tenna v MeCTOMOMOXKEHUS NoXapa, CLeHa-
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pl/ll7l MOXET BK/tOYaTb BUAbI MCNONb3YEMbIX FOPIOYNX MaTepuanoB, TOKCMYECKMe BelleCcTBa B BO3ayxe, obpa3oBaHue
CaXu u nepeasmxeHmne NOJEN B TeYEHNE noxapa.

Foproune MmaTepuasibl Bp€MEHHOIro XpaHeHus

Bo MHOrMX BUAax NOMELLEHWA NPUHUMAIOTCS CTPOrMe Mepbl MO OrpaHUYEHMIO NMOXAPHOWM Harpysku C Liesbio orpa-
HUYEHMS1 MOLLHOCTM MoXapa. Takoro poja NMoMeLLEHUs XapaKTePU3YOTC BHYTPEHHEN OTAENKOW M3 MeTanna, Kup-
nuMya, KaMHS MM TMNCOKapTOHa M, Kak MpaBuio, obCTaBneHbl NpeaMeTaMn U3 CXOXWX MaTepuanos, B TOM 4uche,
XKMBbIMW pacTeHunsIMK. [axke Ha TaKOW NNOWAAN C OrpPaHUYEHHBIM KOIMYECTBOM FOPIOYMX MaTepHa/IoB MOXET Haxo-
AUTbCA NPAaKTUYECKN HEOrpaHWYeHHOE KOMMYECTBO BOCMIAMEHSIOWMXCA NPEeAMETOB, HaXOAsLWMXCA Ha KpaTkospe-
MEHHOM XpaHeHuW. Takoro poAa roproyve MaTtepuansl, He MpegHasHayeHHble A1 MOCTOSIHHOMO pa3MeLUeHust Ha
[aHHOW MNOLWAAM, Ha3bIBAOTCS rOPOYMMU MATEPHATIAMU BDEMEHHOIO XPAaHEHMS.

MpruMepamy ropiounx MaTepuanoB BPEMEHHOrO XPaHEHWUs! CNyXXaT POXAECTBEHCKME AeKopauuu, Kpacka M pac-
TBOPUTENb, HAXOASALIMECS B NIECTHUYHbIX LUAxTaX B TEYEHME pEMOHTa MOMELLEHMUI, AOCTaBNEeHHbIE U elé He pacna-
KOBaHHble MNAcTMKOBbIE CTaKaHYMKM B KApTOHHbIX KOpPOOKaX, pa3pe3aHHble KapTOHHble KOPOOKM, MPUroTOBMEHHbIE
Ha BbIBpPOC, MK cocTaBneHHas BNAOTHYIO Mebesnb, ewé He paccTaBieHHas No MecTam nocne gocrasku. WMHorga ro-
ptouve mMaTepuasnbl BpEMEHHOMO XpPaHeHMs! HAaAoro OCTaloTC B OAHOM M TOM e Mecte. Hanpumep: (1) naptus no-
NNypeTaHOBbIX MaTpaLEeB, AOCTABMIEHHBIX B OBLLEXUTUE M 0XMUAAIOLMX pacnpeaeneHus B creaytowem yuebHoMm roay,
(2) aBTOMO6MAN, BbICTaBMEHHbIE HA MOKa3 B TOProBoM LieHTpe, (3) N0AKM M Xuible aBTONpULENbl, BbICTaBMEHHbIE B
CMOPTVMBHOM KOMMJieKce uan (4) ABYX3TaXHbIA JOM KOSIOHMANIbHOMO CTWUAS, BLICTPOEHHbIN ANsi AEMOHCTpaLMK B TOp-
rOBOM LIEHTpe.

Mpn BbIGOpE pacyeTHOro noXxxapa He CToMT 3abbiBaTb O rOPOYMX MaTepuanax BPEMEHHOro XpaHeHus. OguH 13
NOAXOA0B K YYETY roproYMX MaTepuanoB BPEMEHHOrO XpaHeHWs! B OCHALLEHHbIX CPUHKIEPaMM MOMELLEHUSX C HU3-
KMMWU WNN CPEAHMMM MOTOJSIKaMM 3aK/tOYaeTCsl B TOM, YTOBbl paCcCMOTPETb MoXap, NMPOMCXoAsLWMiA Ha nnowaamn 9,3
M2 CO CKOPOCTbIO BblAeneHust Tenna 225 kBT/M2. 3To npeanonaraeTt AONyCcKaeMylo BEIMUMHY FOpOYMX MaTepuarnos
BpeMeHHOro xpaHeHusi B 2110 kBT.

CraumoHapHblie no)xapbl

Mo cBoel npupoae NoXap MPOTEKAET HEPABHOMEPHO, OAHAKO CTaLMOHAPHbIN (paBHOMEpPHbIN) MoXap ABNSETCS
OYeHb yAobHOW mpeanusaumeil. PaBHOMEpHbIE MOXapbl UMEKT HEM3MEHHOE 3HAYEHWe CKOPOCTU BblAENeHUs Terna.
Bo MHOMMX npuknagHbIX NporpaMmMax MCrosib30BaHMe MOAENM CTauMOHapHOMo noxkapa MpyMBOAWT K MPOCTbIM pacye-
TaM U OLUEHKe C 3anacom.

CKOpOCTb Bble/IeHUSA TenJ1a Ha eAMHULY naowaam

B KauecTBe TUMOBOIo 3HaYeHUs1 CKOPOCTU BblAENEHMS Tenna Ans KoMMepyeckux 3aaHuin Moprad (Morgan, 1979
[45]) npeanaraeT 3HadeHune 500 kBT/mM2. ®3Hr 1 Bpus (Fang, Breese, 1980 [46]) onpeaenvnun npubnmManTenbHO Takoe
)Ke 3HauyeHue Ans XUnbIX 34aHui. MopraH u XaHcenn (Morgan, Hansell, 1987 [47]) v Jlo (Law, 1982 [48]) npeano-
UM Crieayrollee 3HaYeHe CKOPOCTM BblAENEHUS TEMMa Ha eauHuUy niowaan ans oducHbIX 3aaHui: 225 kBT/M2,
Ans cucteM BEHTUASUMM M AbIMOYZANeHns npeasiaraeTcs 3HauyeHne CKOPOCTW BbiAeNneHus Temnna Ha eavHuuy nno-
Waam paBHoe 225 KBT/M? B MOMELLEHNSX C OFpaHUYEHWEM roproUMx MaTepranoB U 500 KBT/M? B NOMELLEHUSIX C Me-
6€enblo, APEBECMHON U APYTMMM roploYnMKM MaTepuanamu. Moxap Ha Tepputopumn nnowaasto 9,3 M2 naet 2110 kBT B
30HaX C OrpaHNYEHHbIM KOIMYECTBOM FOpHOYMX MaTepuanos M 4642 KBT B 30HaX, 3amosIHEHHbIX rOPIOYMMK MaTepua-
namn. 3HavyeHnst CKOPOCTM BblAeNeHnsl Tenia Ha eavHuly niowaan, npueeaeHHble B Tabnuue 2, noMoryT onpege-
NUTb PacyeTHbIN noxXap.
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Ta6bnuua 2. CKOpPOCTb BbiAENIEHUS TEN/a NPV rOPEeHNN HEKOTOPbIX MaTepuasioB Ha eAUHULY nJowaamn

Foprounit MaTepuan CKopocTb Bbie-
JNiIeHus TenJsia Ha
eavHuuy nno-
waam, g
KBT/M2

1. [epeBsHHble NoaaoHbl, 0,46 M B BbICOTY (BNaXHOCTb: 6-12%) 1400

2. [JepeBsiHHble NOAAOHLI, 1,52 M B BbICOTY (BNaXKHOCTb: 6-12%) 4000
3. [epeBsHHbIE NoaaoHbl, 3,05 M B BbICOTY (BNaXXHOCTb: 6-12%) 6800
4. [epeBsiHHble NoaaoHbl, 4,88 M B BbICOTY (BNaXXHOCTb: 6-12%) 10 000
5. MouToBbIE CYMKM, HAaNONHEHHbIE, 1,52 M B BbICOTY 400

6. KapToHHble KOpPobkM C siyelikamu, 4,57 M B BbICOTY 1700
7. MonnaTuneHoBsble NOTKM ANS NMCEM, HAaMOSHEHHbIE, 1,52 M B BbICOTY Ha Tenexke 8500
8. MonusTuneHoBble MyCOpHble 6aku B KapTOHHbIX KOpobkax, 4,57 M B BbICOTY 2000
9. [JyweBble kKabuHbl U3 NONUSTUIEHA M CTEK/TOBOSIOKHA B KAPTOHHLIX KOpobkax, 4,57 1400

M B BbICOTY

10. MonuatuneHoBble 6YTbINIKK, YNAKOBaHHbIE B CM. MYHKT 6 6200
11. MonusTuneHoBble 6YTbIIKM B KAPTOHHbLIX kOpobkax, 4,57 M B BbICOTY 2000
12. MonnypetaHoBas N30N5LMOHHAs NAnTa, noponnacTt, 4,57 M B BbICOTY 1900
13. MonncTMponosble cocyabl, ynakoBaHHbIE B CM. NYHKT 6 14 000
14. Monuctmuponosble TPyOKkM B KAPTOHHbLIX KOpobkax, 4,27 M B BbICOTY 5400
15. MonucTnponoeble AeTanu UrpyLllek B KAPTOHHBIX Kopobkax, 4,57 M B BbICOTY 2000
16. MNonncTtnponosas M3onsauMoHHas naunTa, noponnact, 4,27 M B BbICOTY 3300
17. ByTbinku 3 MBX, ynakoBaHHbIE B CM. MYHKT 6 3400
18. MonunponuneHoBble TPpybKK, ynakoBaHHbIE B CM. NYHKT 6 4400
19. MonunponuneHosas v NOM3TUIEHOBAs MNJIEHKa B pynoHax, 4,27 M B BbICOTY 6200
20. Pe3epsyap c meTaHonom, & 0,16 M 2000
21. | Pesepsyap c MeTaHonoMm, & 1,22 m 400
22. | Pe3epsyap c MeTaHoNOM, & 1,74 M 400
23. Pe3epByap ¢ MeTaHonoM, & 2,44 M 420
24, Pe3epsyap ¢ meTaHonoM, & 0,97 M 745
25. PesepByap c cMnMKoHOBbLIM TpaHCOPMaTOPHLIM MacnoM, & 1,74 M 90
26. Pe3epByap ¢ cMnMKOHOBbLIM TpaHCOPMATOPHLIM MacioM, & 2,44 M 90
27. PesepByap ¢ yrneBoaopoAHbIM TpaHCOpMaTOpHbIM MacioM, & 1,22 M 940
28. PesepByap c yrneBoaopoAHbIM TpaHChopMaTOpHbIM MacioM, & 1,74 M 900
29. Pesepsyap c rentaHoMm, & 1,22 3000
30. PesepByap c rentaHom, & 1,74 3200

B AaHHOW Tabnvue npuBeaeHbl OKPYrNEHHbIE 3HaYeHWs. AHaNorMyHyto Tabnuuy B.5.2(a) ¢ 6onee TOYHbIMU 3Ha-
YeHusMM cMOTpuTe B noapasgene «CnpasBoyHas MHdopmaums» pasgena «NFPA 92B. PykoBoACTBO MO cuCTeMaMm
NpOTMBOABLIMHOM 3aLUNTLI aTPUYMOB, MOJINIOB U 6O/bLIMX NOMELLEHUIA».

HectaunoHapHblie no)apbl

HecTaumnoHapHbIM (HEPaBHOMEPHBLIM) MOXAPOM Ha3bIBalOT MoXap, NPy KOTOPOM CKOPOCTb BbIAENEHWUs Tenna us-
MEHSIETCA C TEYEHMEM BpPeMeHW. YacTo CUMTAeTCs, YTO Ha CTaaumM pocTa MoXap YCUIMBAETCA C KBAAPAaTOM BPEMEHU,
1 TaKoW MoxKap NMPUHATO Ha3blBaTb KBA4PATUYHBLIM MOXaPOM. YPaBHEHNE KBAAPATUUYHOMO NoXapa NpuBEAEHO HUXE:

roe:

Q=at?

Q — CKOpOCTb BblAeneHus Tenna npy noxape, KBt
a — KoaduLUMeHT pocTa noxapa, kBT/c?
t — BpeMsi OT BO3ropaHusi, C

YpaBHenne 6

PocCT KBagpaTUYHOMO MoXapa MokasaH Ha puc.15. B ypaBHeHWE 6 He BKJIIOYEH MHKYBAUVOHHBIV Nepuog MeasieH-
HOro0 W HEPaBHOMEPHOIO Pa3BUTHUSI, KOTOPbINA YacTo UMEET MEeCTO nepes CTaaueil pocTa noxapa, Ho oblienpusHaH-
HbIM OCTAEeTCs TOT DaKT, YTO NPV MNPOEKTUPOBAHUN CUCTEM AbIMOYAANEHNS YYET MHKYOALMOHHOro nepuoga He sBns-
eTca HeobXxoanMbIM.
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HRR, Q

Bpemsi, t
Puc. 15 KpuBas pocrta no)apa

B Tabnuue 3 npuBeaeHbl 3HaYeHWst pocTa NoXxapa M3 CTaHAapToB HauuoHarnbHOWM accoumauuy no NpoTUBOMO-
»kapHoi 3awmTe (CLLUA) NFPA 92B «PykoBOACTBO MO CMCTEMaM MPOTUBOALIMHOM 3alUMTbl aTPUYMOB, TOPrOBbIX LIEH-
TpoB 1 6onblunx nomelieHnn» [4] n NFPA 72 «HaumoHanbHble HOPMbl MO NOXapHoW curHanusaumm» [3]. daHHble
pocTa noxkapa, COOTBETCTBYKOLWME 3HaYeHusaM u3 ctaHgapta NFPA 92B, npusefeHbl Ha puc.16. Ecnn He ykasaHo
WHOE, TO Aanee Mo TEKCTY TEPMUHbI « MEA/IEHHBIN», «CPEAHMI», < ObICTDBIN» W «CBEPXObICTPBIN», XapaKTepusytowme

pOCT NoXapa, OTHOCATCA K 3HaYeHus

M un3 ctaHaapta NFPA 92B.

Ta6auua 3. MocTosiHHbIE pOCTa NOXapa ANS KBaApaTUUHbIX NOXapoB

NFPA 92B NFPA 72
a (kBt/c?) t, (c) Avana3oH £, (c)
MenneHHbIi 0,002931 600 t; 2400
CpepHumii 0,01127 300 150< ¢, <400
BbICTpbIii 0,04689 150 t; <150
CBepXx6bICTpbIii 0,1878 75 -
LLkad 13 ToHKOM
Kopobia us HanonHeHHble

daHepsbl

Pesepeyap ¢
METaHOI0M

rocprpoBaHHOIro KapToHa
C PasHbIM COAEPXXMUMBIM

0,46 M B BbICOTY
N

MOYTOBbIE CYMKM
0,92 M B BbICOTY

BeicTporopsLas
Msarkas mebenb

6330 - 44

AN

T

5275

T

4220

)
Q
G
g
g
)

3165

HRR (kBT)

2110

1055

[epeBsaHHble

NOAAOHbI
1,52 M B BbICOTY

MpY>XVUHHbIN
Marpac us x/6
1 nonuacrepa

0!

(0] 200

400

600 800

BpeMs oT Hayana Bo3ropaHus (c)

Puc. 16 CooTHolwleHue KBaApaTU4YHbIX NOXXapoB K HEKOTOPbIM NOXXAPHbIM UCMbITAHUAM
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Moaxoa, OCHOBaHHbIW HA Habope roprYMX MaTepuanos

OCHOBHOWM Habop roproYmx MaTepUasios NPeACTaBnseT coboit Habop MaTepuanoB MaKCMMarbHO BO3MOXHbIX pas-
MEPOB, KOTOPbI MOXET 6bITb OXBAYeH MOXapoM, MUCMOMb3yeMbI B KOHKPETHOWM MpUKNaaHoN nporpamMme. Habop ro-
pIOYMX MaTEpPUANIoB MOXET COCTOSTb M3 HECKONIbKMX FOPHOUMX 3IEMEHTOB (AMBAH, CTyn, KpoBaTb, CTOM, LUTOPbI U
T.0.). KnoueBoe 3HaueHue B BbIGOPE 3/1IEMEHTOB, KOTOPblE ByAyT COCTABNATL OCHOBHOM HAbop, 3aK/IH0YAETCA B TOM,
YTO MOTOK WU3/Ty4EHMSt OT OHOMO M3 rOPIOUMX 3/IEMEHTOB MPUBELAET K BO3rOPAHUI0 OCTaslbHbIX 3/IEMEHTOB, Haxoas-
LUMXCA B OCHOBHOM Habope, He Bbi3BaB Mpy 3TOM BO3ropaHMsi MOCTOPOHHMX FOPHOUMX 3IEMEHTOB.

Moaenb TOYEYHOro UCTOUYHMKA TEMSIOBOrO M3ydeHnst (puc. 17) paccMaTpuBaeT MiaMs Kak He6GOsbLLON TemnnoBom
UCTOYHWK TakMM 06pa3oM, YTO MHTEHCUBHOCTb TEM/IOBOMO M3/yYeHnst 06paTHO NponopLMOHanbHa KBaapaTy paccTos-
HMS OT UCTOYHMKA. TENNOBOE U3JTyYEHME TAKXKE HA3bIBAETCS JIyYMCThIM TEM/IOBbIM TOTOKOM.

SneMeHT, HanpaBneHHbIN
NepPNeHANKYNSPHO
K R

I'Ipmmeanme: MOAENb TOYEYHOro NCTOYHUMKA
NO3BONAET TOUHEE NPUBNU3UTLCA K LIEHTPY
npu ycnoeuu, 4to R>2D

Puc. 17 Mopgenb TOYEYHOro UCTOUHUKA TENJIOBOro U3JTly4eHU s

g =Qr/(47R?) Vpasrenne 7

roe:
Gr — VIHTEHCMBHOCTb TEM/IOBOrO M3MydeHusi, KBT/M?
Q — ny4yuctasa TennooTaadva, kBT

R — paccTosiHWe OT UeHTpa OrHs, M

Mogaesnb TOYEYHOr0 UCTOUHMKA M3/TyUeHWs AECTBEHHA NPW YCIIOBMM, UTO PAcCTOSIHWE OT LIEHTPa MiaMeHu npeeoc-
XOAMT AMaMeTp noxapa 6onee, YeM B fBa pasa (R > 2D). VIHTEHCMBHOCTb TEMSIOBOIO M3MYUEHMS, g, TaKKe Ha3blBa-
10T JIYYUCTBIM [TOTOKOM.

ﬂy‘-IVICTaﬂ TENJI00TAa4a Npu noXXape CoCTaBNSAET:

Q=XQ YpasreHne 8
roe
Q — CKOpOCTb BblAeneHusl Tenna, KBt
Xr — [ONs TENMOBOrO MU3ydYeHus

Tenno nepesaeTcs OT MjlaMeHN MyTeM MPOBOAMMOCTU, KOHBEKLMM U M3MydeHust. [t 6ONbLUIMHCTBA NOXapoB Ten-
nonepefaya MNpOBOAUMOCTbIO He3HauuTesbHa. [loNs TEMIOBOro M3/ydeHusi MOXET ObiTb BblpaXeHa CreayloLmm
ypaBHeHMEM:

X =1-X YpaBrenne 9
roe X — KOHBEKTMBHas Aons.

[lons TennoBOro M3ny4yeHnsl 3aBMCUT OT FOPIOYEro Matepuana u guameTpa noxapa, U ee 3HayeHue BapbupyeTcs
ot 0,1 go 0,6. Foptoune MaTepuarnbl C HU3KOM CTEMEHBIO CaXXeobpasoBaHUs, Takne Kak METaHOJ, UMEIOT HU3KYIO [10-
JII0 TEMSIOBOr0 U3JTyUYeHUs!, B TO BPeMsl Kak MaTepuasbl C BbICOKOM CTENEHbIO Caxeobpa3oBaHusi, Takue Kak BeH3MH U
noamcT1posn, obnafatoT BbICOKON fonei mnanydenusi. OaHaKo, B MpUKIAAHbIX NporpamMMax MOAENMPOBaHUS pacrpo-
CTpaHeHbl 3HavyeHna X =0,3mn X: =0,7.

[MoHsTHe «pa3pgenuTtesibHoe pacCTosgHME» MOMOraeT OLUEHUTb, Kakue 3/1EMEHTbI AOJTXHbl MPUMEHATLCA B OCHOB-
HoM Habope roptoumx matepuanos. CornacHoO Mogeny TOMEYHOro MCTOYHMKA TEMIOBOrO M3/TydeHust pa3aenmnTenibHoe
paccTosiHWE paBHoO:

Rso= (Qsi] 4rq )2 Ypasrenune 10

roe
Rsp— paspgenuTenbHOe paccTosiHWE OT LieHTpa OrHS [0 06beKTa, M

TP-5045 MpoTrBOALIMHASA 3aliMTa aTpUyMHbIX 3a4aHuii. O630p 3apybeXHbIX NCTOYHMKOB Crp 156



Q.i— VHTEHCMBHOCTb TEM/IOBOIO U3/yYeHNs, HeO6X0AMMast A1l CAaMOMPOU3BOIIbHOTO BO3ropaHus, KBT/m?
Gr.i— TYYUCTbIA NMOTOK, HEOGXOAMMBIN ANs CAaMONPOW3BOSILHOTO BO3ropaHus, kKBT/M?2

SneMeHTbl FOpYMX MaTepuanos, PacrnofiOXEHHbIE Ha MEHbLUEM PacCTOSIHUW OT OrHsl, YeM Rsp, AO/MKHbI 3aro-
peTbcs, B TO BpeMs KaK 3/1eMEHTbl, pacrofioXXeHHble Ha 6onblueM paccTosHUM, YeM Rsp, 3aropeTbCst He AOMMKHbI.
JlyuncTbi NOTOK, HEOBXOAUMBIV ANst CAaMONPOK3BOSILHOMO BO3ropaHusi, BapbupyeTcs oT 10 kKBT/M? ans TOHKWX ner-
KOBOCT/1aMeHsieMblX MaTepuanos Ao 20 KBT/M? ans TONCTbIX MaTepuanos.

Mpn noxape ckopocTb BbiaeneHus Tenna, @.;, HeobxoanMas ANs BOCMMaMeHeHMs 06bekTa, HaxoAsLerocs Ha
pacctosHuu R, paBHa:

Q.i=47Rq,i Ypasrerne 11

[ns nyuncTon Tennonepeaayun, ecim 3HayeHne R MeHblue YABOEHHOro AvaMeTpa noxapa, Moaesb TOYEYHOro 1c-
TOYHMKA M3NYyYEHUs] HE MOXET ObITb MCMob3oBaHa. HeobxoaMMo MpUMeHsTL Apyrol mMeToa. B npumepe 2 nokasaH
pacyeT Habopa ropruYMx MaTepuanoB BPEMEHHOIO XpPaHEHWS M AaHa OLEHKa BOCMaMEHEeHUst MoA BO3AEWCTBMEM
TEMN/I0BOrO M3NyUeHus.

Mpumep 2. Habop roprounx MaTepmasioB BpeMEeHHOro XpaHeH1s U3 BOCbMU AUBAHOB

MoxxapHasi HarpysKka npeacTaBfieHa HabopoM roploUMX MaTepuasnoB, B KOTOPLIN BXOAST 8 AMBAHOB C HAMOMHUTE-
NEM M3 NEHOMNONNYpeTaHa, Nocse AOCTaBKM B 34aHNE BPEMEHHO XPaHSLLMXCA B 60MbLIOM aTpuyMe. [IMBaHbl COCTaB-
NeHbl B psia Ha pacctosiHum 0,305 M apyr oT Apyra, Kak noka3aHo Ha puc.18. MoTonok aTpuyMa AOCTaTOMHO BbICOKMIA
W, CnepoBaTesibHO, YCMELLHOW NIMKBUAALMM MoXapa Npy MOMOLUM CMPUHKIEPHON cucTeMbl He oxuaaeTcst. CKOpoCTb
BblA€NEHMS Tensia AMBAHOB COOTBETCTBYET NMoKasaTensiM, NpMBeAeHHbIM Ha puc.7. MakcMManbHas CKOpPOCTb Bblaene-
HMsa Tenna coctaenset 3102 kBT.

3HayeHu1e Nly4MCToro NoToKa /s CaMONpPOU3BOJIbHOrO BO3ropaHust gr;, = 20 KBT/M? 6bif10 BbIGpaHO C LiENbIO Mosy-
YeHus1 pe3ynbTaToB C 3anacoM.

Pagnyc R npoxoamn OT LeHTpa OrHa A0 Kpas cocepHero avBaHa u coctasnsan 0,762 M. CKOpOCTb BblAENeHUs
Tenna, Bbi3blBalOLLAs BO3ropaHMe Ha paccTosiHMM R, pacCYUTBLIBAaETCS Ha OCHOBe ypaBHeHus 11:

Q.= 47R2q,i= 47(0,762)%(20) = 146 kBT

TakuM 06pasoM, Koraa MOLHOCTb NoXkapa AvBaHa 1 AOCTUrHET 146 KBT, AOMKHO NMPOU3OWTH BOCMIaMEHEHME M-
BaHa 2. JTO 3aBbllLUEHHAs OLEHKA, MOCKOSIbKY UCMOJb3yeTCs 3HAaYeHMe NTyYUCTOro NOTOoKa AN TONCTbIX MaTepuasos.

O6Lwas ckopoCTb BblAeneHus Tenna npy ropeHun rpynnbl M3 BOCbMU AUBAHOB MOXeT ObITb paccunTaHa YnCiIeHHO
n rpaduyeckun. padmyeckme BblUMCNIEHNS NOKa3aHbl Ha puc.19. CKOpOCTb BblAeNEeHMS Tenna anBaHa B3siTa U3 puc.7,
MOMEHT BO3ropaHusi BTOPOro AvBaHa usobpaxkeH Ha puc.19 (a). MNpeanonaraetcs, 4TO nocneayrowme AnBaHbl BOC-
NJAMEHSAIOTCSA MPY TOM XKe IYYUCTOM MOTOKE, NepexoasileM OT coceaHero AnBaHa, Kak nokasaHo Ha puc.19 (b). 06-
LAs CKOPOCTb BblieNeHMs Ternnaa rnpyu ropeHnun rpynnsl AMBAHOB CKAAbIBAETCH U3 CYMMbl MHAMBUAYANbHBIX KPUBbLIX
CKOpOCTY BbIAENEeHNs TeMna KaXaoro AnBaHa, Kak nokasaHo Ha puc.19 (c).

Hackonbko MOXHO cyauTb no pvc.19 (c), AaHHbIN NoXap SIBASIETCS A0BOSIbHO KPYMHbIM, HO OH MOr 6bITh elle
KpyrnHee, ecnu Bbl pacnosioXXeHHble MO COCEACTBY MaTepuasbl TOXe 3aropesicb Noj BO3AENCTBMEM JIYYUCTOrO NOTO-
Ka OT ropsiLmx AnBaHoOB.

Puc.18 PacnonoxxeHue gMBaHOB B aTpuyme (npumep 2)
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Puc. 19 I'pacdmueckoe npeacTaBneHne 4sisi OCHOBHOro Habopa roprounx MaTepmasos U3 npuMepa 2
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