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BBEJEHUE

CormracHO OTe4eCTBEHHOH H 3apyOeXHOH CTaTHCTHKE,
rubens npuMepHO 85 % OT umcna XKepTB MOXApOB B 3MaHUAX
o0ycoBNieHa NOpaXaloIUM BO3JEHCTBHEM BBIAEIAEMBIX IPO-
IyKTOB ropeHHs. MHTEHCHBHOE pacnpoCTpaHEHHE NPOAYKTOB
ropeHHs NpPH NOXapax B 3JaHUSAX, IOCTPOEHHBIX B COOTBET-
CTBHM C COBPCMEHHBIMH apXUTEKTYPHO-TEXHOJIOTHYECKUMH
pPEHICHUSMH, CONPOBOXIAETCS MEPEHOCOM TOKCHYHBIX KOMIIO-
HEHTOB, NOBHIIICHHEM TEMIIEpaTyphbl BO3JYIIHOH Cpelbl A0 MO-
SIBJICHHS. BTODHYHEIX 3arOpaHHi ¥ H3MEHEHHEM €€ ONITHYECKOH
IUIOTHOCTH BIUIOTH A0 IIOJHOH NMOTEPU BUIMMOCTH. B cBs3u
C3THM B Hameil cTpaHe U 3a py0ekoM BHUMAaHHE CIIELIHAIU-
CTOB B IIOCJIC[IHHE AECATHJIETHS OOpailleHO HAa peuleHHe Ipo-
6s1eM MPOTHBOABIMHON 3aIOUTHI 31aHui. OHa U3 BaOXHEHIIHX
3a7ia4 B JAHHOH 00nacTH — co3JaHue METOJOJIOTHH pacyeTa oc-
HOBHBIX [1apaMETPOB NIPOTHBOABIMHON BEHTHIALIMH.

B npaxTuke OTE€YECTBEHHOTO MPOEKTHPOBAaHHS IO Ha-
CTOSIIEr0 BPEMEHH HCIOJIB30BAJUCH pa3NUUHbIE METONMYE-
ckue nocobus [1]-[3]. OHu GBI OpHEHTHPOBaHBI IPEHMY-
IIECTBEHHO Ha 3JjaHus BBICOTOH 1625 31axei# ¢ TumoBoit xo-
PHAOPHOH CTPYKTYpO# NpH YeThIpeX INIaHHPOBOYHBIX CXEMax
JIECTHUYHO-JIH(TOBEIX Y3JI0B. B MeTomuyeckoit OCHOBE BBI-
NOJIHAEMBIX PacyeToB IO CYIIECTBY OTCYTCTBOBaJia 0ObEKTHB-
HO HeoOxoauMas B3aHMOCBA3b C (PM3HUECKHMH NpoLeccaMu
pa3BHUTHA NOXAPOB B IOMEMICHUAX 3/JaHHiA.

C BBeneHueM B JcHCTBHEe OOHOBNEHHBIX HOPM IPOEK-
THpoBaHuA [4] BO3HUKIA HEOOXOOMUMOCTh B COOTBETCTBYIOIIEM
npeobpa3zoBaHUU METOMOJIOTHH pacdeTa OCHOBHBIX TapaMeTpPOB
IPOTHBOABIMHON BeHTH/IALMH 3naHuH. Hacrosimmme pexoMeHna-
uH 00061IaOT pe3yNnbTaThl HCCICAOBaHHH, BBITOIHABLIHXCA
cnenuasiuctamu  BHUUIIO B pamkax niaHOBOH TEMaTHKH
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no TexuudeckuM 3amanuaM ['YITIC MUC (MBI) Poccuu
B epuon 1996-2004 rr. Jlannas pa3paboTka HE OTHOCHTCS
K GpopMaTH30BaHHBIM METONHKAM, YCTAHABIMBAIOLIUM COIEp-
JKaHWe H IOCJEHOBaTebHOCTH PacyeTOB B COOTBETCTBHHU
¢ 0c06EHHOCTAMH 0GBEKTOB, NOCKOJIBKY COBPEMEHHBIE TEHACH-
IHH Pa3BHTHS apXUTEKTYPhl M TEXHOJIOTHH SKCIUTyaTalluH 371a-
HHI{ HCKITFOYAIOT BO3MOXKHOCTH IIONO6HOTr0 AeTepmuHm3Ma. [Tpu
3TOM HpeACTaBIICHHBIE METOAMYECKHE TOJIOXKEHHUA He HILTIOCT-
PHpYIOTCA NpHMEpaMH pacdeTa, YTo 00yCIIOBIEHO KaK HEOOXo-
JHMOCTBIO CYLIECTBEHHOTO COKpalleHdus o0bema H3NOKEHHS,
TaKk H OOBEKTHBHBIMH YCIOBHSAMH IpEJOTBPAUICHHS HENOIyC-
THMOTO NPSMOTo 3aMMCTBOBAHHS TaKMX NMPUMEPOB B IPOEKT-
HBIX peIlCHHAX. PexoMeHmyeMass METONONIOTUS paclpoCTpaHs-
eTcsi B OCHOBHOM Ha OGBEKTHI MPaXXJaHCKOTO CTPOMTENLCTBA —
XKunble M oOmecTBeHHbIe 3MaHHA. C yd4eToM MHOrooGpasus
CTPOHMTENBHBIX OOBEKTOB MNpEACTaBIACTCA LENECO0Opa3HBIM
IIPOROJDKUTH paboTy MO CO3NAHHIO PACYETHHIX METOAOB, OPH-
€HTHPOBaHHBIX Ha MHOTO(YHKIHOHAIbHbIE KOMILIEKCHI, MO~
3eMHBIE H CYNEPBBICOTHBIE CTPOHTENBHBIE OOBEKTHI C Macco-
BbIM IIpeOBIBaHMEM JIIONEH.

ABTopsl OynyT GnarogapHbl CHENMANMCTaM B JaHHOM
o6J1acTH 3a MpUCIIaHHbIE 3aMEYaHUs M NIPEUIOKEHHS TI0 COIep-
JKaHHIO NIPEeJICTaBJICHHON METOLNOJIOTHH H YYTYT HX B JajbHei-
meH pabore.

1. OBIIHE ITOJIOXKEHUS

1.1. Hacrosmue pexoMeHOauuH pa3paboTaHbl B COOT-
BETCTBUH C JEHCTBYIOIMMH TpeOOBaHMAMM MNOXApHOH Oe3-
ONacHOCTH M pPerIaMEHTHPYIOT MOPANOK pacyeTa OCHOBHBIX
napaMeTpoB NpPOTHBOABIMHON BEHTH/ALIMM 3JaHMH, Npeumy-
IIECTBEHHO JKHJIBIX M 0OIeCTBEHHBIX. JlaHHBIE METOAHYECKHUE
TIOJIOXKEHHS MOTYT OBITH MCIIOJIBb30BAHBI TAKXKE AU pacyeTa na-
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paMeTpoB IPOTHBOABIMHON BEHTHJIALIMH 31aHUHA M COOPYXEHHH
Pa3IHYHOIO Ha3HAYeHHUS (B TOM YMCIIE 3aKPBITHIX HOA3EMHBIX
4 HaJ3EMHBIX aBTOCTOSHOK, IIPOM3BOACTBEHHBIX H CIJIAJICKHX
3n8aHui, MHOTOQYHKUHOHAIBHBIX KOMIUIEKCOB), I KOTOPBIX
He pa3paboTaHBI COOTBETCTBYIOIINE METOUKH.

1.2. PexomMeHauuy npegHa3Ha4YeHbl IS COTPYIHHKOB
VI'TIH maeHbix ynpaeneHuit MUC Poccun mo cy6sexram Poc-
cuiickoit Penepanyu, NPOEKTHBIX OPraHH3alMi H NpeIrpH-
)ITHﬁ, OCYLIECTB/IIOIUX JIHUCH3UPOBAHHYIO JA€ATEIBHOCTH
10 pa3paboTke W BHEAPEHHIO TEXHHYECKHX pElIeHHi [0 KOM-
IJIEKCHOH TPOTHBONOXKAPHOH 3allliTe 3JaHUi U COOpYKCHHH.
MoryT 6bITh HCITONB30BaHEI B AEATENLHOCTH NPOEKTHBIX GIOpO
IIMPOKOro NMpowis U TOCyAapCTBEHHBIX YYPEXICHHH COOT-
BETCTBYIOIIUX HaJ30PHEIX OPraHoOB.

1.3. U3panne Hacrosimqux peKOMEHOAUMi He OTMEHSET
IEeHCTBUS M He HCKIIOYAeT BO3MOXHOCTh HCIIONL30BaHHSA CIe-
UHATHCTaMH Pa3IMYHOro IPOGHIA HHBIX JOKYMEHTOB 1Hon06-
HOTo Ha3Ha4YeHHs, B TOM YHCJIe HOBBIX pa3paboToK.

1.4. B memsix HCKITIOYEHHS BO3MOXXHBIX HCKaXXECHHH pe-
3yJIBTaTOB IPAKTHYECKOTO NPUMEHEHHS pa3paGoTaHHOU MeTo-
JIOJIOTHH TIPH €€ MCIOJb30BaHMK HE AOMycKatoTcs o6obmenue
M YIpOILUEHHas HHTEPIpETalusa pacueTHBIX JaHHBIX B BHJE HO-
MorpamM, TabJHI ¥ HHBIX MOJOOHBIX MaTepHAIIOB.

2. ACXO/IHBIE TAHHBIE

2.1. TIpoexTHbie O0OBEMHO-IUIAHUPOBOYHBIE PEIICHUS
B COCTaBe KOMIUIEKTa YepTexeH apXHTeKTypHO-CTPOMTEILHOM
YacCTH JIOJDKHBI COOTBETCTBOBATh ACHCTBYIOINHM HOPMAaTHBHEIM
IOKyMEHTaM B 06JIaCTH NmoxapHO# 6€30acCHOCTH, B TOM 4HCJIE
N0 YCTpOHCTBY IyTeil 3BaKyalldd M 3BaKyalHOHHBIX BBIXOJOB,
npenenaM OTHECTOMKOCTH OCHOBHBIX CTPOMTENBHBIX KOHCT-
PYKUHIi M pasNeNeHHIO CTPOHTENLHOH 4acTH Ha OTHENBHBIC
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noXapHeie OTcekd. [Ipu HeoOXOOHMOCTH KpoMe yKa3aHHBIX
HOPMaTHBHBIX JOKyMEHTOB MOTYT HCIIONIB30BaThbCs IONOKEHHS
pa3paboTaHHBIX JONONHHTENHPHO CIENHANBHBIX TEXHHYECKHX
YCIIOBHH Ha IPOCKTHPOBAHHE IIPOTHBOIIOXKAPHOM 3aIMHTHI.

2.2. B Ka4ecTBe pacueTHBIX YCIOBHH JeHCTBHS NpPOTH-
BOABIMHOM BEHTHJIALMM ClEAYeT NPHHUMAaTh BO3MOXHOCTB
BO3HHKHOBCHHA IIOXKapa B OJHOM H3 IIOMCI]ICHP[ﬁ, B KOXIOM H3
HOKapHBIX OTCEKOB, Ha OJHOM H3 €ro 3Taxel, mpeumyuie-
CTBEHHO HHXXHEM, KaK B Ha3€MHOM, Tak H B MOA3EMHOM YacTH
3nannan. McxomHoe monoxeHHe OKOHHBIX IIPOEMOB — 3aKPhITOE,
IBEPHBIX — COIMIACHO TpeOoBaHMAM [4].

PacyeTHbli nepHOR AeHCTBHA NPOTHBOABIMHOH BEHTH-
JIIMHE NOJDKEH MpexycCMaTpUBaThCsa JHOO Ha MEPHOA 3BaKya-
LHH JHofeH U3 MOMEIIEHUH, C 3TaXa WIIH H3 3MaHHA B LEJOM,
m160 Ha BpeMs INPOBEACHHS INOKAPHBIMH IOApPA3lENCHASIMH
paboT no cmaceHmIO ymonei, oOHapyXeHHIO U JIOKAIHM3aLMH
oyara Imoxapa.

[TpoexTHOE HCHOMHEHHE CTPOMTENBHOM YacTH 00BEKTa
JOJDKHO NPUHHUMATBCS B COOTBEICTBHH C YCTAaHOBJIEHHBIM
ypoBHeM KadecTsa. KoHCTpyxumm u oBopynosanMe IpOTHBO-
JBIMHOM BEHTHIALMH (BO3XYXOBOABI, KOJUIEKTODBI, NPOTHUBO-
HOXapHble KJIAllaHBI, BHITSOKHBIE BEHTHJIATOPHI, JBEPH, B TOM
9HCIIe NPOTHBONOXAPHBIE IHIMOTa30HENPOHHLAEMBIE, MPOTH-
BOIBIMHBIC 3KPaHBI H JIp.) MOJDKHBI COOTBETCTBOBATh TEXHHYE-
CKHM JaHHBIM MNpEANPHATHH-H3rOTOBHTENEH M IIPHMEHSATHCA
B COCTaBe IPOTHBOALIMHON 3aIMUTHI OOBEKTa NpH HAIUYUH
ceprapuxaroB coorercTBHs cucteMsl OCT P u cepruduxa-
TOB NOXapHO# Ge30macHOCTH.

2.3. AsponuHaMP9eECKHE XapaKTEepUCTHKH 31aHM#l ol-
penemsnorcss Ko3hdHOUEHTaMH BETPOBOIO HAIOpa Ha pa3iny-
HEIX (acanax. PacnipenenchHye H 3Ha4eHHA a3pOAHHAMHYECKHX
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K03(bUIHEHTOB BETPOBOro Hamopa Jis MPOEKTHPYEMBIX 31a-
HHHf HEOOXOOMMO NPHHHMATh COIVIACHO MPOEKTHOW HOKYMEH-
TalM¥ WIH MO SKCHEPUMEHTANBHBIM [AHHBIM, MOIYyYEHHBIM
B pe3yJIbTaTe a3pOoAMHAMHYECKHX HCIBITAaHHH (POLyBKa Moze-
Jeit B aspoauHamudeckoii TpyGe). [Ipu oTcyTcTBHM HEOOXOMH-
MbIX OAaHHBIX a3pPOAMHAMHYCCKHE XapaKTCPUCTHKH IJOJDKHBI
YCTaHaBIHBATbCA DPAcUCTHBHIM IyTEM B 3aBHCHMOCTH OT Ha-
[IpaBJICHHs BETPOBONO BO3JEHCTBHS Ha pa3NuyHble (acamsl
3JIaHUI:

ky = k,,sinzco + k,coszw, 1
rae ko — a3ponuHaMudeckuii K03 pUuHEHT BETPOBOro Haropa
NP BO3JEHCTBHH BETpa NOA YIIOM K IUTOCKOCTH (hacana;
ky, k. — a3ponuHaMuyeckue K03 @UIMEHTH! BETPOBOTO Hanopa
NpH BO3JEHCTBUY BETpa COOTBETCTBEHHO IO HOPMAM M IO Ka-
careJIbHOM K IJIOCKOCTH dacaja.

Benuuunbl K03pOHIMEHTOB BEeTPOBOrO Hamopa k, u k;
MOTYT ObITh NPHHATHI O JaHHBIM Tabm. 1.

COOTBeTCTBYIOIIME YHCIOBHIE 3Ha4YeHHs KoddduumeH-
TOB BETPOBOIO Hamopa k;, k,, k; Moryr ObiTh ONpeneNcHbI
IO CJICAYIOMIUM 3aBHCHMOCTSM:

2
x
k, =-1,08exp(-2,7—) - 0,05,
< exp(=2.7177)

0<x<l,
rae L, H — cOOTBETCTBEHHO JUIMHA H BhICOTa ¢acana, mepreH-
IUKYISPHOTO HAlpaBJICHHIO BETPOBOrO BO3AEHCTBHA, M; /—
IutnHa GOKOBBIX (acafoB, M; X — YOAJIEHHE OT IJIOCKOCTH JaH-
HOTo ¢dacaja 0 NOBEPXHOCTAM IOKDHITHA M (acanoB, HMEIO-
mux pasmepst / x H, M;

k,=-03H/y npu 05<y<3H,



ky =-0,1 npu y>3H,

IIe y — yAajleHue OT IUIOCKOCTH ¢acasia, HMEIOINEro pasMepsl
I x H, Boons moBepxHOCTeH NMOKPHITHA M (acaloB, UMEIOLIHMX
pasMepsl L x H, M;

k, =k, mpu x=1I.

JIng KOHEYHOro BBIYHCJIEHHA a3pOJHHAMHYECKHX KO-
s¢dunuenToB no 3aBucumocta (1) IOMKHO HCHONB30BATHCS
COOTBETCTBYIOIlEE COodYeTaHHe Map u3 Kko3hduiueHToB
k. sk, k,,, NpaoGpeTalomux TakuM o6pa3oM 3HAaYEHHS KO-

s¢p¢punmeHTOB £, M £, .

Tabruya 1
AjponrRamEvecKHe K03} PHIHEHTHI BETPOBOIO
HAnopa AJis pa3iHYHbLIX pacanos 3naHmH

CoorHome- | Ilepnennu- H Boxosas
HHe KynspHBI aBeTpeH- CTOpOHa 3aBeTpeH-
rabapHTHBIX | Hampasie- Had Hin Has
pazuepos 150 BeTp CTOpOHa UIOCKOCTh CTOpOHa
tbacazon dbacan Ky HOKE:ITHH ko
ISLZ/H | ExH 0,8 04 -0,6
IxH 0,8 -0,4 -0,6
ISHZL LxH 0,5...0,8 ky ki
IxH 0,6...0,8 k, -0,3...-0,2

s BHIIONHEHHS pacyeToB OCHOBHBIX MNapaMETPOB
TIPOTHBOABIMHOM BEHTIJILMH C MEHBINEH TOYHOCTRIO JIOIYyC-
Kaercs BHIOOp adpoaMHAMHYECKHX XapaKTEPHCTHK IO (HKCH-
POBaHHEIM BeJHYHHaM ko3¢dduuneHToB cornacHo Tabn. 1 mpu
I<I<H

2.4. [lapameTpsl HapyXHOro BO3JyXa JUli IPOEKTHpYe-
MBIX OGBEKTOB JOJDKHEI COOTBETCTBOBarh [5]. Benuunny cko-
POCTH H HanpaBiieHHE BETpa CleAyeT IPHHHUMATH 10 JAHHBIM
8



METEOPOJIOTHYCCKHX HaGMONECHAMN, OTHOCAUIMXCS K TEpPPUTO-
pun 3acTpoiiku. Temmeparypa HapyHOTO BO3[yXa HOJDKHA CO-
OTBETCTBOBAaTh NEPHONY MaKCHMAJBHOTO BETPOBOrO BO3IEH-
ctBua. Temmeparypy BHyTpeHHEro Bo3AyXa CIEAyeT ONpende-
JSTH COIIACHO NPOEKTHOM TEXHOJOrHHM JKCIUTyaTalluH HpOeK-
THPYEMOTO 3[aHHs.

3. BBITSDKHASI TIPOTHBOJIBIMHAS
BEHTWISILIUAS

BeITskHas NMPOTHBOABIMHAS BEeHTHIANMA MO (QyHKIHO-
HaJIbHBIM IpH3HAKaM IMOApPA3NeNsAeTcs Ha JBE OCHOBHEIE IpyIl-
IBbI, OJJHA M3 KOTOPBIX OOBEIMHAET CHCTEMBI, MIpeHA3HAYCHHbIE
Ul yOan€Rus NMPORYKTOB FOPEHHS HENOCPENCTBEHHO M3 Iops-
IIETO IIOMELIEHH, APyras — CHCTEMBI I yIaJIeHHS TPOXYKTOB
TOpPEHHS U3 CMEXHBIX C TOPAIIMM NOMEIIECHHIA.

3.1. YnaneHne NpoxyKToB ropeHHst
HeMnoCpeACTBEeHHO U3 ropsamiero noMemeHust

MaccoBslif pacXof NPOAYKTOB FOPEHHS, YRAISEMBIX H3
TOPSIIETO MOMEMICHHS, PACCYUTHIBAETCA HAa OCHOBE YPaBHEHHA
HEpa3pbIBHOCTH BHJA:

d
Ad_(psmh) = Gk _Gsm > (2)
T

rae A — SKBHBICHTHas IUIOIIAAb CEYECHHSI IBIMOBOTO CJIOA
B FOPH3OHTANIBHOM IIOCKOCTH, M’} T — BPEMS, C; Pym — cpenHss
ILIOTHOCTh ra3a B ABIMOBOM clioe, obpasylomeMcsi B BEpXHeit
YaCTH TOPAIIEro NOMEINEHNs, Kr/M’; i — TommuHa o6pasyolme-
rocst ALIMOBOTO c10s, M; G, Gm -- MaCCOBBIH PacXoZ COOTBET-
CTBEHHO B KOHBEKTHBHOH KOJIOHKE M YHAIS€MBIX IPOXYKTOB
rOpeHHus, Kr/c.

Jins pemneHus ypaBHEHHS (2) HeoOXOOMMO IONOJIHH-
TEJIbHO MCNOJB30BaTh 3aBHCHMOCTH ISl MOIHOCTH TCIUIOBBI-
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JIeTIEHAA odara 1oXapa H CPefHell TeMIepaTypsl AHIMOBOTO
cJ08:

O = nQrﬁ;p‘chFo B ©)
TG |l @Chly +4)
T =Lt S on_ 7 ) {1 e"p[ C..G, }} @

rae O — MOLIHOCTD TEIUIOBBIENEeHNs, KBT; 1 — mojHoTa cropa-

HHES; Q,’,’cp, Wcp — MapaMeTpsl NOKAPHOH HArpy3KH NMOMEIIEHHs
(mpun. 1); F, — miomans roOpeHUA NOXapHOM Harpy3KH, M
Tem, T, — cpenmsa TeMmeparypa JbIMOBOTO CJIOS M TEMIIEparypa
BO3AyXa B moMemneHuH, K; o ~ ko3¢ duimenT Terootnaun abi-
MOBOTO CJIOS B OTPDKIAIONTHE KOHCTPYKIHH, BT/M%; 7y — K09(H-
IIHEHT, XapaKTePH3YIOUMH TEIUIONOTEPH Ha H3Ny4YeHHE; /g, — MaK-
CHMAILHEIH TNEPHMETP TOPH3OHTAIBHOTO CEYEHHS JBIMOBOIO
cios, M; Cpi — yHe/IbHas TEIUIOEMKOCTh Iasa HpH TeMIIEparype
Tom, kIbx/xrK.

Jna nomemenu#t npsMoyronbHOM GOpMBI ¢ pasMepaMu
Hola M NOTONKA aXb yKasaHHBIi NEPUMETP COCTABIAET
Im=2(a+b).

INpuBenenHble 3aBHCHMOCTH 3aMBIKAIOTC YPABHCHHEM
COCTOSHHA Ia3a ¥ (QyHKIHOHAILHOM CBA3BI0 MAacCOBOIO Pacxona
B KOHBEKTHBHOH KOJIOHKE C MOINHOCTBIO TEIUIOBBUICNICHHUS
H TO/MIIHHON JEIMOBOIO CJIOS:

Pom =PI,/ Ty 5)

G, =S(Q:,h), ©)
IH€ P, — IVIOTHOCTB BO3YXa, KI/M .

Pacgernas cxema razoo6MeHa, COOTBETCTBYIOIIAsA PYHK-
[HOHAMBHBIM 3aBHCHMOCTAM (2)6), mpuBeneHa Ha pHc. 1.
Tlopsmok ® conmepxaHme pacyera C ydeToM chelHGHKH
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3aIMMINAeMBIX TTOMENIEHHH onpezensercs BEIOOpoM (GyHKIHO-
HAJTEHOH 3aBUCHUMOCTH (6).

| —— 1 _~:_____,_ A

/

t Gu T, \}l ]

a
Puc. 1. Pacuemnan cxema eazoobmena 6 2o0pawjem nomewjeHuy,
3auuyaeMom bIMANCHOU NPOMUBOOLIMHOU 8eHMUNRYUEl
(Ty — memnepamypa KOH8eKMUGHOU KONOHKU,
hy, — npedensHo donycmumas momyuna ObIMoBo20 C0s)

3.1.1. Insa 3anbHBIX NIOMEINCHMH pa3IMMHOIO Ha3Ha4YcHMs,
B TOM YHCJi€ KOH(EPEHI-3a/I0B, 3PHTELHBIX 32JI0B, TOPIOBHIX 3a-
JIOB, CIIOPT34JIOB H JIP., 3aBUCHMOCTH (6) ucmiosb3yerca B BuAe [6]:

G, =0,0710,°(H - h)>"* +0,0018Q,, @
rae H — BBIcOTa NOMEINEHHS, M.

3.1.2. JIia arpayMOB pa’IM4HOrO apXMTEKTypPHOIO HMCIIOJ-
HEHMs1, C YYETOM HalMYHA B MX 00beMax rajiepeil Ha HECKONBKHX
YPOBHAX WIH KOHCTPYKTHBHOIO OTIEJICHMA 3Taxed oT 3THX 00be-
MOB, pacyeTHbIE CXeMBI ra3000MeHa COOTBETCTBYIOT IIPUBEICHHBIM
Ha puc. 2. Ilpu 3TOM I8 BapHaHTa ras’ooOMeHa, IPHBEIECHHOIO
HAa PUC. 2, a, 3aBUCUMOCTB (6) HUCIIONB3YeTCs B BUJE 3aBHCHMOCTH
(7), a nna papuaHTa rasoo0MeHa, IPUBENEHHOIO Ha puc. 2, 6, —
B criemyomeM suge [6]:

G, =0,0350,. ®)

11




hsm
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Puc. 2. Pacuemnas cxema zazoobmena npu noxcape
8 ampuyme ¢ KOHCMPYKMUBHO HEOMOENEHHVIMU 2anepeamu (a)
U C KOHCMPYKMUGHO omoeneHHbMu smacamu (6)



YacTHEIM CiIydaeM IIE€pBOro H3 yKa3gHHBIX BapHaHTOB
SIBJIAETCA Ta3o00MEH B arpuyMe HpPH BO3HMKHOBEHHH B HeEM
10XKapa HEMOCPEACTBEHHO NOA raiepeeif (Ha ypoBHEe OCHOBa-
HUA arpuyMa). B stoM ciyyae ¢QyHKIHOHAIbHAsS 3aBHCH-
MOCTb (6) HCTIONB3yeTcs B caeayromeM Buge [6]:

G, =036(Q,W?*)""*(Z, +0,25H), )
rae W — HavanpHas TONMIIMHA CTPYHM ra3000pa3HBIX NPOXYKTOB
TOpEHHMsI, HCTEKAomEeH OT orpaxaaromed KOHCTPYKLMH raje-
peH aTpHyMa, M; Zp — BbICOTa OT YPOBHA rajipeH, OMbIBaCMO#H
HCTEKAIOLEH CTpyeH, A0 HHKHEH IPaHHIBI ABIMOBOTO CJIOf, M;
H — BBICOTa OT OCHOBaHHs aTpHyMa JI0 YPOBHS DaCIONIOXKEHHS
rajepey, M.

CornacHo pasi. 2 HACTOAIMX pPeKOMEHJAUHH pacder
OCHOBHBIX [IapaMETPOB BBITAXKHOH NPOTHBOABIMHOH BEHTHIIA-
LM JAHHOTO THIA JOJDKEH NPOBOAUTECA O YCIOBHSAM 3aLIHTHI
TOJNBKO Ha IepHOJ 3BaKyallMd JIofel W3 noMerneHuil mu6o Ha
BpeMsi, HeoOxomumoe i obecriedeHus NCHCTBHH NOKapHBIX
nofpasaencHui. [lepBrie M3 yKa3aHHBIX YCIIOBHH YIOBJIETBO-
PSIOT COOTHOLICHUSIM BHAA!

0<t<t, O0<h<hg (10)

T>1, h>hgy, (1)
rie T,— pacyeTHOE BpeMs 3BaKyallHH H3 OMCIMEHHH; gy, —
NpeAenbHO JONMYCTHMAs TOJINHHA ABIMOBOIO CJIOS, IPH KOTO-
poit coxpaHsercs cBob6oaHas OT 3aAbIMJIEHHS BO3MYIIHAas 30HA
Ha FOPU30HTAIBHBIX MYTAX 3BaKyallMH.

B atom ciydae Gsm < Gi.

Jlns BTOphIX M3 yKa3aHHBIX YCJIOBHH CIIpaBeUIMBEHI CO-
OTHOILIEHHSA BHA!

0<t<t. O0<Lh<hyy, (12)
IJI€ Tc — BPEMs OKOHYAHHs CTacaTeNIbHbIX paboT.
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B atoM ciydae Gin = Gi M pacueT napaMeTpoB BHITSK-
HOH IpOTHBOABIMHOM BEHTHWJIALMH OCYILECTBIAETCA 6€3 UHTer-
PHpOBAHHSA ypaBHEHHS (2).

3.2. YnajieHHe NPOXYKTOB ropeHHs H3 CMEXKHBIX

¢ ropsimuM NoMeImeHHii

Pacyer mapamMeTpoB cHCTEM NaHHOMH IPYyNIIB! IIPOBOIUT-
Csl B 3aBHCHMOCTH OT BHJa OOBEMHOr0 NOXapa B OMELICHHH,
COOBIIAIOIEMCS CO CMEXHBIMH C HHM MOMELIEHHSMH, B TOM
4uClie BECTHOIOMSIMH, XOJUIaMH, KOPHIOPaMH, TOPrOBEIMH MOJI-
namu, arpuymamu H T. . CornacHo [7], [8], Bun o6veMHOro
NOXapa B IOMEIIECHAH ONPENEIIACTCS IPH CPaBHEHUH 3HAYEHHS
MIPUBEACHHOH YHENBHON NOXapHOH HAarpy3KH NOMEIIEHHS gy
C €€ KPHTHYECKHM 3HAYCHHUEM Zyip:

€CIH g« < Zixp, TO B NOMEIIECHUH OyIeT noxap, perynu-
pyemsiit Harpyskoi (ITPH);

€CIH Zx > Zixp, TO B TIOMEMIEHHH OyaeT moxap, peryiu-
pyemsiit BenTrauei ([IPB).

3HayeHHe MaKCHMaJIbHOH cpeHeoOBeMHOM TeMiepary-
pH! B ropsimieM noMemnennu npu I1PH onpenensercs 3aBucumo-
cThlo [7], HMelomelt ceayromuii BHI;

T, e =T, +2248,°% (13)

rae To max— MaKCHMaNbHasA cpefHeoOBEMHas Temmeparypa, K;
T, — Temneparypa Bo3nyxa, K; g« — npuBenenHas ynenbHas mo-
JapHas Harpyska (coriacHo . 2 npui. 1).

Ipu ITPB mMaxcuManbHas cpenHeoGbeMHas TeMIeEpary-
pa B ropsieM NOMEIIEHHH COOTBETCTBYET 3aBUCHMOCTH BH-
nmaf[7):

T, wax =T, +940exp(0,0047g, —0,141), (14)

TZie g, — NpUBEJCHHAas ynenbHas oXapHas Harpy3ka (CoIacHo
n. 1 mpun. I).

14



‘Vka3aHHBIE 3aBHCHMOCTH MCHONB3YIOTCA I OIpene-
JICHHA NapaMeTpoB BHITSDKHOM INPOTHBOABIMHON BEHTHIIAILIMH
JaHHOH rpynmnsl.

3.2.1. PacuetHas cxeMa razoo6MeHa B KOpHUAOpe Ha
3Take, Ha KOTOPOM BO3HHK IOXap, NpuBeAeHa Ha puc. 3. na
OIpeneNeHs TEMIEPaTyphl B IOTOKE I'a30B, BBHITEKAIOLIEM M3
rOpsIIETo MOMELIEHUS B KOPUAOP, HCIOJIE30BAHO COOTHOIEHHE
Buza [7]:

To = 0,875 max, (15)
rae T, — HICKOMOE 3HaYeHHe TEMIIEPaTyphl [a30B, MOCTYAIOIHNX
U3 rOpSAIIEro MOMEIEHHs B KOpHIOp, K; Ty max — MAKCHMAaJIbHAS
cpenHeoOBEMHaAs TeMIlieparypa B ropsileM NOMELIeHHH (B 3a-
BHCHMOCTH OT Buaa noxapa — [1PB umu ITPH), K.

Jlns onpeneneHys yCpeTHEHHOH TEMNEPaTypEI IHIMOBO-
ro CJIOS B KOPHIOPE UCIIONB3YeTCs CIEAyIoHIas 3aBHCHMOCTE,
[OJTyY€HHass MHTETPHPOBAHHEM YPaBHEHHSA, XapaKTepH3ylolle-
ro H3MEHEHHE TeMNepaTyphl B ABIMOBOM CIIO€ IO JUIMHE KOpPH-
nopa [9]:

T, =T,+122

(T, =T, 2hyy +4,/1)
I

c

(16)
o 1-exp( 0,81, )

2h, +4,/1° [
rae A, — NpelenbHas TONIMHA ABIMOBOIO CJod, M; A.— Imo-
1Iaas KOpHAOpa, M2; l.— NHHA KOPHIOPa, M.

ITpu ucnons3oBaHMM B pacyeTax HaHHOH 3aBHCHMOCTH
TNpeacabHas TOAILMHA AbiMOBOIO CJIOA DO/KHA yAOBJICTBOPATH
YCJIOBHIO:

05<h, /H<06,

rae H — BBICOTa KOpHIOpa.
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PacueT 3akaHYHBaeTCHA OMpENENEHHEM MAacCOBOTO pac-
XOJia yaNseMbIX H3 KOpPHIOpa IPOAYKTOB FOPEHHS IIPH MoXape
o popmyrne 2], [3]:

G, =k, A,HY, a7n
rae Gyn — MaccoOBBIH pacxo]] yAQISEMEBIX NPOAYKTOB FOpEeHHs,
Kr/c; A4 — TUIOIANb ABEPH MPH BBIXOAE U3 KOPHIOpA IO MYTSM
3BaKyaluH, Mz; H,; — BbIcoTa 3TO# ABEpH, M.

3HayeHHs Ko3ddHuHMeHTa k;n B JAHHOH 3aBHCHMOCTH
cocTtaBmoT 1,0 ¥ 1,2 COOTBETCTBEHHO IS XHIBIX H 0OIIecT-
BEHHBIX 31aHHMH.

A /

O T~

v

Puc. 3. Pacuemnan cxema 2a3000Mera 6 kopuoope
Ha 5madice, HA KOMOPOM NPOUOULEN NONCAD

3apucumoctd (16), (17) MOTyT GBITH HCIIONIB30BAHb! IS
OIIpefieNIeHHs NTapaMeTPOB BBHITSHKHOM MPOTHBOABIMHON BEHTH-
JSILMY, TpeJHA3HAYEHHOH Takke UL 3alllUTHl JPYIHX CMEX-
HEIX C IOpsLIMM TIOMEIICHHH: XO/UIOB H ONHOYPOBHEBBHIX BEC-
THOKONEH.
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3.2.2. {na Bectubioneit, coobmatomuxcs ¢ apyms u 60o-
Jiee YPOBHSAMH, a TaKXe JUIA TOPrOBBIX MOJUIOB (3aKpHITHIX Ta-
nepeit, coOO6IAIOMMXCs C TOPIOBEIMHU 3a1aMH pa3JIHYHOM IUTO-
IIagn) U aTPHYMOB MOXET OBITh HCIONB30BaHa PErIAMEHTHPO-
BaHHa# [6] 3aBHCHMOCTb BHA:

G, =0,68(4,HY*)(Z,+a) " +1,54 HY?, (18)
rae A, — Iomank MpoeMa ropsuero noMeIeHus, coodua-
LIErocs € 3alUMINAacMBIMH BeCTHOIONEM, MOJUIOM, arpHyMa-
mu, M>; H, — BHICOTa 3TOro mpoema, M; Z, — pacCTOHHE
OT Bepxa AAHHOTO INpOEMa OO HHXKHEH IpaHHUBI JBIMOBOTO
cnosi, M;

a=2442°HY* -21H,,.

B nononHeHHe K JaHHOH 3aBHCHMOCTH MUIS OIpenene-
HHS YCPEIHEHHOHM TeMIIepaTyphl JLIMOBOTO CJIOS MOXET OBITH
HCIIONB30BaHa 3aBUCHMOCTb (4).

4. IPUTOYHASA NITPOTUBOABIMHASA
BEHTHJIAAIIUA

CucteMbl NPUTOYHOM MPOTHBOABIMHON BEHTHIALMH
NpeAHa3Ha4Y€eHb! A CO3aHHs H3OBITOYHOrO JaBlICHHS BO3yXa
B 3aIUINAEMBIX JECTHUYHO-THTOBBIX Yy3nax M TamOyp-
IUTI03aX, @ TaKxke I KOMIICHCHpyiomne# nonxauys BO3Ayxa
B ropsiide MOMEILIECHHs, 3AMMINCHHBIC BBITAXKHOH IPOTHBO-
AbIMHOM BeHTHIIALMEH. [TpHRUMN AeHCTBHA TakUX CHCTEM Ka-
XIOTO BHJIA CYIIIECTBEHHO Pa3IHYAeTCs, MOITOMY H ONpence-
HHE HX [TapaMEeTPOB HMeeT OCOOEHHOCTH.

CornacHo pasf. 2 HAacTOAIMX PEKOMEHAALHH pacnpe-
JeJleHHe JaBJICHHS N0 MPOTHBONONOXHLIM dacanaM onpenens-
€TCs COOTHOIICHUAMH BHAA:

P, =—-gh(p, -p,)+ko.pV2/2; 19)
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Pwoi = —ghi(pa - pr) + kawopaV: /2 ’ (20)
A€ Pywi, Pwoi — Ti€peNaf MaBICHHA Ha HapY)XHBIX Orpakaalo-
I¥X KOHCTPYKLHAX 3[aHHA IO BBICOTE COOTBETCTBEHHO C Ha-
BETPEHHOH M 3aBeTpPeHHOH cTOpOHEL, [1a; h; — BEICOTa i-rO 3Ta-
%a (0T YPOBHA cpeHEH IIAHHPOBOYHOM OTMETKH 3€MHOH MO-
BEPXHOCTH 10 YPOBHS ILI€HTpa IBEPHHIX IIPOEMOB i-ro 3Ta-
xa), Ia; p,, pr — IIIOTHOCTE HAPYXKHOTO RO3AyXa IPH TEMIIEPa-
Type T, ¥ MIOTHOCTH BO3yXa B MOMEINCHUAX 3AaHHUSA IIPH TeM-
neparype T;, K; kaww, Kawo — k03¢ dHIHEHTEI BETPOBOTO Hamopa
JUIS HAapY>XHBIX OTpaXXJAIOIIHX KOHCTPYKIHH, pacnoN0KEHHbIX
NIOA YIIOM O K HallpaBJICHHIO BETPa, COOTBETCTBEHHO C HaBET-
PEHHOI M 3aBETPEHHO CTOPOHBI; ¥, — BETHYHHA CKOPOCTH BET-
pa, M/c.

Jna TeMmrepaTyphl BO3AyXa BHYTPH 3[aHHS HCIOJB3Y-
eTcs OOIIENPHHATOE COOTHOIICHHE

T, =05(T,+T,),
rae T,, — HadanbHas TEMIIEparypa BO3yXa BHYTpH 31aHus, K.

CooTBeTcTBYyIOLIEE pACIPELCICHHE JaBlIECHHSA BHYTPH
3[aHHS 110 €70 BBICOTE ONpPEAEIAETCA COOTHOLIEHHEM BHA:

P, =~gh(P, =P,) +0.5(Kepns+ Koo PV /2. @n

ITapameTps! NpUTOYHOH NPOTHBOABIMHON BEHTHIIALIUH
U JIECTHUYHO-TH(TOBEIX Y3JIOB Haa3eMHON 4acTH 314aHuM
OIPENENIAIOTCS B 3aBHCHMOCTH OT pasMELICHHS 3THX Y3JIOB:
[IPH NPHMBIKAHAH K HApY>KHBIM OrPaXAAIOIIUM KOHCTPYKIHIM
WM B HEHTPAIBLHOM SIZIpE.

4.1. Iloga4a Bo3ayxa B JIeCTHHYHbIE KJIETKH

4.1.1. JIna NeCTHMYHBIX KJIETOK HAJ3€MHOM 4YacTH,
IPUMBIKAOMMX K HapyXHBIM OTPaXXAAIOIIMM KOHCTPYKIIHAM
¢ ycTpo#cTBOM 060CO6IEHHOTO Hapy»KHOTO BBIXOZQ, BBHAY OT-
CYTCTBHA BHYTPEHHEH CBS3H Ha YPOBHE HM)KHEro (IIEpBOIo)
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3Taxka, H3GEITOYHOE JaBlICHHE BO3AyXa Ha YPOBHE BBIIIEJIeXKa-
IHero 3Taxa JO/DKHO COCTABJIATE:

P,=P,+20, 22)
rae P, — maBneHme BO3iyXa, ompeleiseMoe MO 3aBHCHMOCTH
(21), Ha ypoBHe paccMaTpHBacMoOro Taxa, Ila.

Ilpu 3TOM MaccOBHI pacxol BO3AyXa, HCTEKAIOMIErO
Yepe3 HapYKHBIH BBIXOJ| JICCTHUYHOH KIICTKH, ONpeAeseTca
3aBHCHMOCTHIO BHJIA:

G = (WF),0[2p,(Py — P, )]o.s ’ (23)

rae (WF)sxs) — SKBHBAJIIEHTHad ILUIOIIANb IPOEMOB B TaMOype
HAPYIKHOTO BRIXOJ, M; Py — IaBIEHHE B IECTHHIHON KIIETKE
Ha YypOBHE HapyKHOToO BhIXoza, Ila; Py, — ZaBileHHe IO 3aBH-
caMocTH (20) Ha ypoBHE Hapy»KHOro Beixona, Ila.

OKBHBaJICHTHAA IUIOLIAJb IPOEMOB HapY>XHOTO BBIXOAa
JIECTHHYHOH KJIETKH COOTBETCTBYET BHIPAXEHHIO

(WFy) = F(nE, +&, +1)°%, (24)
rae F - miomans NBEPHOTO IpoeMa, M>; 7 — KOJHYECTBO
nmpoeMoB (Bepeif) HapyxHOro Bexoaa; &4, &, — Koaddumu-
€HT MECTHOTO CONIPOTHBIEHHS COOTBETCTBEHHO IpoeMa
4 TaMOypa HapyXHOro BEIXOAA.

YucnoBble 3Ha9CHAA KOIPPHIHEHTOB MECTHOTO COIPO-
THBJICHHS COCTABJIAIOT:

£a=2,44;

&, = 0 (ana npsmoro taMGypa);

&, = 0,99 (ana npsMoyroasHOro TaMGypa);

& =29...4,0 (mna z-o6pazHoro Tambypa).

MaccoBsilt pacxoz Bo3ayXa 4epe3 OTKPHITHI MPOeM je-
CTHHYHON KJIETKH Ha YPOBHE BTOPOro TaXka 3/IaHus Onpenesd-
€TCsA 0 COOTHOIIECHHIO
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G, =G,,/n, (25)
rae Gy — MaccoBBbI pacxoll yNaIAEMBIX IPOXYKTOB FOpEHHH,
onpeznenseMslii no 3asucuMoctsM (7)~9), (17), (18) ¢ yuerom
cootHomeHu# (10), (11); n — pacdeTHOE KOJIHMIECTBO JIECTHHY-
HBIX KJIETOK, UMEIOIIHX BBIXOJABI B TOT XK€ KOpHIOp (moMelne-
HHE) TOrO K€ 3Taka M 3alHNIAeMbIX NPUTOYHON MPOTHBOIBIM-
HOM BeHTHJIKEH (TIpH OXHOM JIECTHHYIHOM KJIeTKe — n = 1, npu
JBYX U Oolee JIECTHHYHBIX KJIETKaX — n=m — 1, rae m — ¢ax-
THYECKOE KOJINIECTBO JICCTHUYHBIX KJIETOK).

Ecmu Gyp > Gy, TO Ha NOCHEAYIOIUX 3TAlax pacdeTa
upuHMMaercs 3HaueHHE Gsp, B NMPOTHBHOM Cllydyae NaJbHeH-
MM pacdeT OCYINECTBIAETCA 0 3HAYEHHUIO G-

IlocnenoBarensHO onmpenenseMble IS KaXJ0ro BbIIe-
JIeXKAMIEro 3raxka JaBJICHUE H MacCCOBBIN pacxoll BO3dyxa COOT-
BETCTBYIOT 3aBHCHMOCTSM:

Psl(1+1) = 1)5!1 +€nPerﬁ /2’ (26)
G t(1+1) = Gsu + AG.\'!(H»I) b4 (27)

Si
rae P, Pyyy+1) — AaBICHHE B JIECTHUYHOMR KJIETKE HA YPOBHE €€
i-ro 3taxa u (i + 1)-ro araxa, [1a; &; — koappunueHT mectHOrO
CONIPOTHBIICHHS JIECCTHUYHOH KIJIETKH; Vg — CKOpOCTH BO3IyXa
Ha YPOBHE i-TO 3TaXKa JICCTHHYHOR KIeTKH, M/C; Gy, Garr1) —
MacCOBBIH pacxoi Bo3Ayxa Ha ypoBHe i-ro u (i + 1)-ro staxa
JIECTHHYHOR KNeTkH, Kr/c; AGgq+1)— YTEUKH BO3OyXa depes
HEIUIOTHOCTH IIpOeMOB Ha ypoBHE (i + 1)-ro aTaka JIeCTHUYHOH
KJIETKH, Kr/C.

3nauenue Ko3(pdHLMEHTA CONPOTHBICHUS JECTHUYHON
KJIETKH MOXeT OBITh MPHHATO &5 = 60 (IIpH OTCYTCTBHH JOTIOJ-
HHUTEJIBHBIX JaHHBIX B COCTAaBE IPOEKTHOM JOKYMEHTAIIHH).

CKopoCTh BO3AyXa Ha YPOBHE i-T0 3Taxka JIECTHHYHOH
KJIETKH OIPEAENSeTCS COOTHOIIEHHEM BHJA:
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Ve =[Gl(P, F )1,
e Fy — Iiomas CeveHns JIECTHHIHOM KIICTKH, M.

YTeyku Bo3ayXa 4yepe3 HEIUIOTHOCTH ABEPHBIX MIPOEMOB
Ha ypoBHe (i + 1)-ro 3Taxa JICCTHHYHOH KJIETKH ONPERENAIOTCS
3aBHCHMOCTBIO

AGsld(n]) = d(:+l)[(P St(i+1) "Pr(m))/ S’h]o,s’ (28)
rae Sz — YOENbHOE CONPOTHBICHHE BO3XYXONPOHHIIAHHIO 3a-
KpBITOH J1BEpH, Kkl Fy + 1y — womany nsepeit Ha (i + 1)-M
3TaXe JIECTHHYHOH KJIETKH, M

IMpu ycrpoiicTBe ApIMOra3oHeNPOHHUIIAEMEIX JBEpeii Jie-
CTHHYHOH KJIETKH YTEYKH BO3/yXa 4epe3 HUX ONpeleNsioTca
3aBHCHMOCTBIO

AGM(M) = d(nl)[(Pn(-H) _Pr(nl))/skm 0'5’ (29)
rne Sd,,., YAEIBbHOE CONPOTHBICHHE ABIMOTa3oINpPOHHILAHHIO,
ke,

3HayeHHs XapaKTEpHCTHK YHACNBHOTO CONPOTHBIICHHA
BO3MyX0- H IHIMOTa3ONpOHHIIAHHIO MHOJDKHBI ONPENENATHCS
B COOTBETCTBHH C TEXHHYECKHMH JaHHRIMH H3fieimii (KOHCT-
pyKUHi IBepei, NpeayCMOTPEHHBIX IPOEKTHOH JOKyMEHTaIH-
eif). Jina pacyeroB MeHbIIeH TOYHOCTH MOTYT OBITH IIPHHATHI
3HAYEHHUA:

DX

Sa = 26p,1%82°
Sasm =50 000 kM.
rae &, — xko3(pGHUMEHT CONPOTHBNEHHS WENH NPHTBOPA
IBepeit; [;— IMHA WeH, M; 8y — MIMPHHA ey, M.
JIlns yxazaHHBIX pacdeToB MOTYT OBITH PHHATH 3HaYe-
mus: &Y = 4 (w1 opnocTBOpUaToit nBepn), £, = 8,76 (ws mvy-
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CTBOpYaToH ABepH), Oy = 1,5:10% m, Iy OIIpEAENAeTCS 110 NMEPH-
METPY ABEPHOro MOJIOTHA.

YTeukn Bo3myxa udepe3 OKOHHBIH IPOEM JIECTHHYHOM
KJIETKH Ha YpoBHE (i + 1)-Io 3TaxKa ONpenesIoTcs 3aBUCHMOCTHIO

k P 0,67
o , (30)

—-P . )
_ st(i+1) w(i+1)
AG.\'M(I'+1) -

R

n

rae Py + 1) — naBneHue Ha Qacane, NPUHAMAETCS MO0 MO 3aBH-
cumoctd (19), mubo mno dopmyne (20) B COOTBETCTBHM
C IPOEKTHBIM PACIIONIOKEHUEM JIECTHHYHOM KieTkH, [1a; R, — co-
HPOTHBIICHHE BO3AYXONPOHHIAHUIO 3allOIHEHHH OKOHHBIX IIPO-
€MOB, OfpeziesgeMoe B COOTBETCTBHH ¢ [10], M2 Tla/kr,
CyMMapHBIe YTEYKH BO3yXa COCTABILIIOT:
AG.:!(H»I) = AG_ﬂd(ul) + AGstw(H»l)‘ (31)

Pacuer mo 3aBucumocTaM (22)~31) nmomkeH npoBo-
JUTBCS IO JOCTHXXEHHMS BEPXHETO 3TaXa JICCTHUYHON KJIETKH:
i= N, rne N — NOpsAKOBBIH HOMED BEPXHETO 3TaXka JICCTHUYHOM
kietku. Ilpy 3ToM  H30BITOYHOE  HaBJIEeHHE  BO3AyXa
B JIECTHUYHOM KJIETKE HE HOJDKHO MPEBBINATh MaKCHMAJIBHO
IONyCcTHMOE 3HadeHue, paBHoe 150 Ila.

Ecniu B xome pacyera BenuwuuHa Pg,;> 150 Ila, TO
HE BBILIE YPOBHS JNaHHOTO 3TaXka JIECTHMYHAsA KJIETKa IOJyIe-
JKHT pasfielieHHI0 pacceykaMH Ha 30HBL JIng BelenexauieH
30HBI JICCTHHYHON IKJIETKM NODKEH OBITh NpOBel€eH pacyer
B aHAJIOrMYHOM MMOCIEeNOBaTeNbHOCTH 6e3 ydeTa BrIOpoca BO3-
JAyXa depe3 HapyKHBIH BBIXOJ HH)KHETO 3Taka. B3aMeH KOHCT-
PYKTHBHOIO pa3fie/ieHUs JIECTHHYHOHN KJIETKH paccedKaMH MoO-
XkeT OBITH HpPEAYCMOTpEHA paclpeleficHHas Iojada BO3AyXa
B 3Ty JIECTHHYHYIO KJIETKYy Ha Pa3lHYHbIX YPOBHAX (3TaXKax).
Bo3moxHbIe I8 peaTn3auidi BApHaHTEI IPUBEACHEI Ha PUC. 4.
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Puc. 4. Cxema pacnpedenennoii nooayu 6030yxa
8 NIeCMHUYHYIO KNIemKY:
a — Yepe3 KAHAN-CNYMHUK U pezynupyembie peuemKy (Kianansl);
6 — omoenvHLIMU CUCMEMaMU NPUMOYHOY NPOMUBOOLIMHOU
eenmunayuu
4.1.2. Jing necTHHYHEIX KJIETOK Mo n. 4.1.1 npu aonon-
HHUTEIBHOM HX COOOILEHNH ¢ XOJUIaMH, BECTHOIONAMH HHIKHETO
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JTaxka, HaMpHMEp, Yepe3 TaMOyp-IUIO3E], 3alUINacMbIe aBTO-
HOMHBIMH CHCTEMaMHM IIPHTOYHOH NPOTHBOABIMHOH BEHTHIIS-
[[HH, PEKOMEHIOBAHHEBIE BRINIE IOCIEJOBATEIBHOCTE H COAEP-
JKaHHEe PacyeTOB OCTAIOTCSH HEH3MEHHBIMH.

B ciyyae ycTpolicTBa NO3TaXKHBIX BBIXOHOB B IoH00-
HBIE JIECTHHYHBIE KJIETKH 4epe3 TaMOyp-IILTIO3bl ¢ aHAJOrHy-
HOH 3allIMTOH NOCNEAHHX MPHTOYHOH NPOTHBOABIMHON BEHTH-
nAuHe B3 H3VIOKEHHOH BEHIIE MOCIENOBAaTENLHOCTH pacyeTa
HCKTIodatoTcs 3aBUcHMOcTH (28), (29).

Ecnu B3ameH TamOyp-Inmo3a NpH JONMOTHUTENHEHOM
BBIXO/IE B TAKYIO Xe€ JIECTHHIHYIO KJIETKY 3 BeCTHOION, X0Ju1a
HIDKHETO 3TaXKa NpeyCcMOTpEHa oMHApHas ABEph, TO B MOCIE-
JOBaTe/IbHOCTh H COZICPKAHHE pacyeTa AOJDKHEI OBITH BHECEHEI
ClIEAYIOIHKE U3MECHEHUS:

3aBHCHMOCT5 (22) mpeobpa3syeTcsi OCPEACTBOM 3aMEHEI
Py, na Py 1 Py Ha Py

3aBHCHMOCTh (23) mOmOJNHSAETCA ClaraeMbIM, YYHTHI-
BalOMIMM JOIOJHUTENbHBIH BBIOPOC BO3AyXa M3 JICCTHHYHOMH
KJIETKH B XOJU1, BECTHOHOb.

4.1.3. Ina necTHUYHBIX KJIETOK HAaJ3€MHOU YacTH, pac-
MOJIOKEHHBIX B LEHTPAIFHOM spe, H3HaYalbHO HEOOXOAUMO
ONpeJIe/INTh KOJIHYECTBO BO3IyXa, BHIOpachlBacMOro B XOJUI,
BecTHOIONs HMXKHEro 3taxa. B ciyuae ycrpoiictBa TaMOyp-
[IUTIO30B, aBTOHOMHO 3aIIMINACMBIX MPHUTOYHOM NPOTHBOIBIM-
HOIf BEHTWIALIHEH H OTAENMIOIIMX YKa3aHHBIE XOJUI, BECTHOIOND
OT TaKHX JIECTHMYHBIX KJIETOK, pacXoj BO3IyXa B 3THX JIECT-
HHYHEIX KJIETKAX Ha YPOBHE HHIXKHETO 3Taka IPUHUMAETCS paB-
HRIM Hymo. B'TakoM ciiyyae 3Ha4eHHe pacxoga BO3XyXa
Ha ypoBHE BTOPOTO 3TaXa JIECCTHHYHOH KJIETKH PacCYHTHIBACT-
CA MO 3aBHCHMOCTH (25), U ero BeJIMYMHA, ONpeJecHHAsA Ta-
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KUM 006pa3oM, HCHOJIb3yeTCs Ha MOCIEAYIOMHX dTaax pacyera
COIIacHo 3aBUCHMOCTIM (26)—(31).

Ecnu 3TH N1eCTHHYHBIE KIETKH cOOOINaloOTCA C XOJI-
JIOM, BeCTHOIONIEM HMXKHEro 3Taxa 4epe3 OJAMHApHHIE ABEp-
HbI€ NPOEMBI, TO pacxoji BO3JyXa ONPEAEIACTCH 3aBHCHMO-
ctaMu (22)—~25). Ilpu 3ToM 3HaueHue F,, onpeaensercs mo
3aBHCHMOCTH (26) Kak aJis aBepeii TaMOypOoB Hapy)XHBIX BEI-
XOIIOB X0JIJia, BECTHOIONS, TaK ¥ JjIs AONOIHUTEIBHOH ABEpH
JnecTHUYHOM KieTku. C yueToM OTMEYEHHBIX 0COOEHHOCTEH
JajpHEHIIMH pacyeT NPOBOOUTCA COIIACHO 3aBHCHMO-
cTam (26)—31).

4.1.4. JlecTHHYHBIE KJIETKH MOA3EMHOH YaCTH BBIOJI-
HSIFOTCS, KaK NPaBUJIO, C HETOCPEACTBEHHBIM BBIXOAOM Hapyxy
Ha YpOBHE HH)KHETO 3Taxka HaA3eMHOM YacTH 31aHHs.

JlaBieHHe Ha ypOBHE BEPXHEN0 MOI3EMHOIO 3TaXa
B JAHHOH JIECTHUYHOM KIIETKE ONpeAesseTCs 3aBUCHMOCTRIO

Py 1 =20+4h,(p, —Pr)> (32)
rae h.) — ryOuHa OT YPOBHS HyNEBOU OTMETKH (IIOBEPXHOCTH
3€MIIM) IO YPOBHS IEHTpa IBEPHOrO IIpoeMa Ha JaHHOM I3Ta-
Xe€, M; p,,p,, — IVNIOTHOCTb BO3/yXa [IPH TEMIIEParype COOTBET-
CcTBeHHO T, T,,, K.

Pacxom Bo3myxa depes HapyKHBIH BBIXOX JIECTHHUHOMH
KJIETKH OIIpeAENaeTcs ¢ HCMOAb30BaHHEM 3aBHCHMOCTEH (23),
(24). aBnenne U pacxol BO3AyXa Ha HIDKEJIEKAINHX ITaxax
OMpENENSIOTCA  TIOCHEAOBATENIBHO COIIaCHO 3aBUCHMOCTAM
(26)—<(31) npu UCKMIOYECHHH BEIHYHH yTeYeK BO3AyXa IO 3aBH-
cumocTu (30). [Tpu 3TOM pacnpenenesne NaBlieHAs 0O ITyOHHE
MIOA3eMHOM 4acTH (MMOMELICHHUSM 3TOH 4YacTH) pacCYHTHIBACTCSH
HO 3aBUCHMOCTH
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£ =qh(p, =P, (33)
rne P, — NaBIeHME Ha i-M 3Taxe MOA3eMHOM uactH, Ila; h; —
DIyOHHA OT HYJIEBOTO YPOBHS (IIOBEPXHOCTH 3€MJIH) IO LCHTpa
JBEPHOIO NMPOEMa JICCTHAYHOH KIETKH I-I0 3TaXa, M.

MaccoBblit pacxol BO34yxa Yepe3 OTKPHITHIH JBEpHOH
MPOEM JIECTHHYHOHN KJIETKH OINpeleNseTCs Ha YPOBHE HUXKHE-
ro 3Ta)ka NOA3EMHON YacTH C HCHOJB30BAaHHEM COOTHOHIE-
HHA (25). BenmuuuHa Gy, IPA 3TOM PacCYMTHIBAETCH IO 3aBH-
cumocTaM (7), (17). Cxema moga4y Bo3gyxa B yKa3aHHYIO Jie-
CTHHYHYIO KJIETKY IpUBEJICHA Ha pHuC. 5, a.

IIpu yerpoiicTee BbIXOAA U3 ITOM NECTHHYHON KIIETKH B
XOJUI, BECTHOIOb HHXKHETO 3TaXKa HAJ3EMHOM YacTH 3aHHA
Tpebyercss HpPHMEHATh 3allHINEHHBIH aBTOHOMHOH IMPOTHBO-
IbIMHON BeHTWIANMEH TamOyp-1Lmo3. B 3ToM ciyuae Benudu-
Ha MaccOBOIO pacxoja BO3dyXa II0 3aBHCHMMOCTH (23) mpupas-
HMBAaeTCA K HYJIO, 8 BCE OCTaIbHBIE NTapaMeTpPhl ONPEACIAIOTCA
o 3asucuMoctaM (7), (17), (26)«29), (31).
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Puc. 5. Cxembl nodauu 6030yxa 8 1eCmHuuyHble Kiemku (a) u 8 1ugpmogoie waxmei (6)
noo3eMHOn yacmu 30aHus




4.2. Ilopava Bo3ayxa B JJHPTOBbIE MAXThI

4.2.1. Ina nu¢pTOBLIX IIAXT HaA3eMHOM yacTu (C oCTa-
HOBKaMH JIH(TOB Ha YPOBHAX TOJBKO HaA3€MHBIX JTaxeH)
C BBITOPOXXEHHBIMH JTH(TOBHIMH XOJUIAaMH Ha KaKAOM I3Taxe,
KpPOME HHKHETO (OCHOBHOrO MOCAAOYHOrO 3Taxa), BENWYHHA
M30BITOYHOTO JABICHHA BO3AyXa Ha YPOBHE BBHILIEJIEKALIETO
3Ta)ka JOJDKHA COCTABIATh:

P,=P,+20. (34)

Pacxon Bo3nyxa U3 nHGTOBOM IIAxXTHl Ha YPOBHE HHX-
Hero (IIEpBOro) 3TaXa ONpPEAEAETCA 3aBHCHMOCTHIO BHAA:

G, = (WF),a[20,(B, - PDI”, 35)

rae (UF)xsl — SKBHBICHTHas IVIOWIAAbL JBEPHBIX NPOEMOB
G TOBOH AXTEI, M.

BenuuuHa 5KBUBAJICHTHOH IUIOMAIH NPOeMOB THGTOBOMK
1IaxThl ONPEAEIETCA 3aBUCHMOCTBIO

nF,
(‘J'F)anl _1—,5’ (36)

i
TAe n — KOMHYeCcTBO KabHH NMHTOBR B WaxTe; Fiy — naomans
nsepeli MMQTOBOM WIAXTHI NPH BHIXOAE W3 KaGHHEI, M’} & —
KO3(GHIHEHT MECTHOTO CONPOTHBIIEHHS.

YucnoBsle 3HaYeHMs &) JOIDKHBI NPHHAMATECS COITIACHO
TEXHHYECKOH HOKYMEHTAllHH Ha MHQTOBBIE YCTAHOBKH 3[aHHI.
Jlnst mpubIMKEHHBIX BBIMHCICHHH MOXET GBITH HCIOJIB30BaHO
COOTHOUICHHE BHAA!

F
E:l 43+ le
F’

rae F, Fi; — nnomans NonepeyHoro ceqe}ma COOTBETCTBEHHO
KaGUHBI MH(Ta U THTOBOH MAXTEHI, M>.

(37
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Pacxoasl Bo3ayxa, GHABTPYIOMErocs MOCHENOBATENHHO
Yepe3 ABepH JHGTOBHIX MAXT U IHPTOBHIX XOIUIOB Ha KKAOM
i-M 3TaXke, BKJIIOYAsA ITaXX KOHEYHOM OCTaHOBKH, ONpPEACIAIOTCS
3aBHCHMOCTSMH:

AG, = F)((R, - R,)SLI", (38

AG, =F[((F, - Ppi)/Sd.un]o’s’ (39)
rae P, — naBnenwe B nHQTOBOM maxTe HA YPOBHE i-T0 3Ta-
xa, I1a; F; — cymmapHas miomanb ABeped nMu¢TOBOM ImaxTHI
WIH JMPTOBOro XOUla Ha MPOMEXYTOYHOM IMOCAJOYHOM ITa-
*e, M; Sga, Sdsm — XapAKTEPHCTHKH YAEIBHOIO CONPOTHBICHHS
nBepel MMGTOBOTO XOJUTa COOTBETCTBEHHO BO3AYXONPOHHMIIA-
HHMIO H JbIMOTa30[IPOHHLAHHIO, xrl Ml

C yueroMm P, = F; =const CyMMapHEI} pacxoJl BO3XyXa,
($uIsTpyIomerocs u3 JM(TOBOM MaxThl, COCTABIAET;

G, =G, + Y AG,, (40)
rae G; — TpebyeMelif MO pacyeTy CyMMapHBI pacXoj BO3[yXa,
NOZaBaeMoro B THGTOBYIO maxTy, Kr/c.

4.2,2. Ucnonnenue nudToBRIX maxr no n. 4.2.1 ¢ go-
MOJHUTENBHBIM YCTPOHCTBOM BHITOPOXXEHHOIO JIMTOBOIO XONI-
Jla HA OCHOBHOM IOCAJIOYHOM 3TaXe OOYC/IOBIHBAECT BO3MOXK-
HOCTh HCHOJIB30BaHHA 3aBHcumocTed (34), (38)—(40). Ilpm
3TOM pacXoi Bo3AyXa M3 JIH(TOBOH INaxThl Ha YPOBHE NEPBOTO
3TaXa 3/IaHUs JOJDKEH OmpefensTbes no 3aBucuMocTaM (38)
i (39).

4.2.3. ia mudTOBBIX LIAXT NOA3EMHON 4acTH (C OcTa-
HOBKAMH HA YPOBHAX NOA3EMHBIX 3TaxeH) C BHINOPOKEHHBIMH
JHQTOBRIMH XOJUIAMH Ha KAXKJIOM JTaXe, BKIIOYas OCHOBHOM
NMOCaOYHBIN 3TaX (HIKHHMH Ha3eMHEI), NOC/IEA0BaTEIbHOCTD
H copepxaHHne paciera TpebyeMbIX 3Ha4eHHH H3GBLITOYHOrO JaB-
JICHHS M CyMMapHOTIO pacxofia BO3AyXa cCiiefyeT IPUHHUMATh aHa-
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NOTMYHBIMHM yKa3aHHBIM B 1. 4.2.2. Ilpu stom pacuetHoe pac-
TIpe/ie/ICHHE JaBleHUS N0 ITyOMHEe MOA3EMHOM YacTH AOJDKHO
COOTBETCTBOBaTh 3aBHCHMOCTH (33). Cxembl mojgaud BO3MyXa
B TH(TOBBIE IIAXTHI JAHHOTO BUAA IPHBENCHEI Ha PUC. 5, 6.

4.2.4. TIpu ycTpoiicTBe TMTOBBIX LIAXT, COOOIIAIOMMX-
¢ ¢ MOA3EMHOH H HAaA3eMHOM 4acThio, HEOOXOMMMO Hpexy-
CMaTpHBaTh pa3feNBHYIO MMOAa4y BO3JyXa COIJIACHO CXEME,
NpUBEICHHOM Ha puc. 6. PacueTHble 3HAYEHHS NTapaMETPOB IIPH
3TOM CJELYET ONpeHeNsTh IO 3aBHCHMOCTAM, YKa3aHHBIM
pmn.4.2.1u4.2.3.

Puc. 6. Cxema pacnpedenennoii nooauu 6o30yxa
6 waxmy nughmos, umeloWUX OCMaHo8KY 8 NOO3EMHOU
U Ha03eMHOU YacmAax 30aHus
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4.2.5. lna wmaxt JIAPTOB C peXHUMOM «IEPeBO3Ka IO-
XapHEIX MNOApa3JieNicHHi» HeoOXOAMMO ONpeNeNATh pacxon
BO3JyXa Ha OCHOBHOM MOCAJOYHOM 3Taxe IO 3aBHCHUMO-
cTH (35) 6e3 yyera BBHINOPOXEHHOTO JHGTOBOrO XOJIa Ha ITOM
JTaxe.

4.3. Ilonauya Bo3ayxa B TaMOyp-InJ1103b1

4.3.1. Pacxox Bo3ayxa, noaaBaeMoro B TaMOyp-1LTIO36I
TIPH BBIXOAaX U3 JICCTHHYHbIX KJIETOK H JIHPTOBBIX IIAXT B XOJ-
JIbl, BECTHOIONM HIDKHEro HAA3€MHOTO 3TaXa 3/[aHuf,
olpeaesseTcs COOTHOIEHHEM BUAA:

G, =V,F,p,. @1
rae V, - MHHUMaNLHO IONYCTHMAas CKOPOCTh MCTEYEHHS BO3-
JlyXa uepe3 OfiHy OTKpBITYIO ABepb TamOyp-uumo3a, m/c; F, —
niomanb ABepH TamMOyp-luTo3a, M2; p, — IUIOTHOCTh BO3AyXa
npH Temneparype T, .

4.3.2. Pacxonx Bo3jiyxa, NOJaBaeMoOro B TaMOyp-IUTIO3bI
IIPH MOJTAXHKIX BBIXOJAX B JIECTHHYHbIE KIIETKH, ONpEAeieT-
sl 3aBHCHMOCTAMH BHJA:

G, =G, +AG,, (42)

AG, =(n-1)F,,(P./S,)", (43)
rAe Gym — MaCCOBBIH PacXOZ BO3/yXa, NOCTYHAIOIIEro B BEPTH-
KaJbHBIi KOJUIeKTOp, Kr/c; AG, — yredykd BO3dyXa 4yepe3 3a-

KpbITble KJanaHbl KOJUIEKTOPA, KI/C; 7 — KOJIMYECTBO KJIAlaHOB
B KoJuleKTOpe; Fym — IUIOLIANL IPOXOAHOTO CEYEHHA Kilana-
Ha, Mz; P, — cpensee u3bbITOUHOE NaBleHHe B Kosulektope, [la;
Sdm — YACIBHOE CONPOTHBIECHHE JHIMOTa30IIPOHUNIAHHUIO KJTamna-
Ha, ko,

4.3.3. Pacxox Bo3ayxa, noxasaeMoro B JuTOBBIE XOJI-
ALl Ha MOA3EMHBIX YPOBHSIX, TaMOyp-1UTIO36I IPH BBIXOAAX M3
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MOMEIEHHH NOA3eMHOM YacTH B JICCTHHYHBIE KJIETKH, C000-
maroluecs ¢ BecTHO0NEM HaJ3eMHON 4YacTH 3JaHHs, onpene-
JIeTCA 3aBUCUMOCTBIO

G, = Fun(P./ Sim)™ 44)
rae Fym — miomans apepeif TaM6yp-numosa, M; P, — u36bITOY-
HOE IaBJICHHE BO3/lyXa B 3aiuiiaemMoM TaMOyp-uumose, Ila;
Sdsm — YAENHHOE CONPOTHBICHHE IHIMOTa3oNpOHMIAHMIO IBE-
peit TaMGyp-1wmosa, Kr' M.

BennuuHa H3GBITOYHOrO JaBleHHA B TamOyp-1umo3e
JIOJDKHA YIOBIETBOPATH ycioBHio: P, > 20 Tla.

4.4. KomneHcHpyiomas noaa4a Bo3xyxa

Bo3smenienne 065eMOB yaaiseMbIX H3 OMELIEHHH Npo-
IYKTOB TOpEHHs NpH noxape obGecneunBaercss MOCPEACTBOM
TIOa4H HapY>KHOTO BO3/TyXa B HHXKHIOIO 4acTh TaKHMX IOMele-
Huit. Pacxon monaBaeMoro Bo3ayxa ONpeNeNnsAeTcs COOTHOIIE-
HHUEM

G,=Zom 45)

l-n

roe Ggn — MaccoBBIH pacxol yJalseMbIX NPOXYKTOB rope-
HH, Kr/C; n — ko3 duuueHT nucbananca.

Junana3soH nonmyckaeMoro qucbananca: —0,3<n<0,3.

Jnsa onpepenenuns TpeGyeMoro o6seMHOIO pacxoza mo-
JIaBa€MOT0 BO3yXa NPUMEHAIOTCS 3aBHCHMOCTH

1,=G,/p, unu L, = ; , (46)

sm

rae Lg, Lgn — OOBEMHBI pacXOX COOTBETCTBEHHO NOAABAEMOIO
BO3IYXa M YNAIAEMBIX NPOXYKTOB TOPEHHS, M/C Wik M /4
T,, Tsm— abCOMOTHBlE TEMNEPATYypHl BO3AyXa H yHalseMbIX
MpoXyKTOB ropenns, K.
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Crnoco6Bl monaym BO3AyXa MOIYT ObITh pa3IMYHBIMH,
HO B OCHOBHOM INOJpa3fe/AIOTCA Ha HCIONb30BaHHE NPHHYAH-
TENbHOH H €CTECTBEHHON BEHTHJMLUMH. EcTecTBeHHas BEHTH-
nAuMs MOXeT OBITh NPENYCMOTpEHa ¢ NMpHMEHEHHEM aBepei
HapYXHbIX BBIXOJOB MOMEIICHHSA HJH CIEHHAIBHO BHIMOIHEH-
HBIX BO3AYXONPHTOYHBIX KaHaJOB. TpeGyemble pasMepsl mpo-
XOAHBIX CEYEHHH TakMx JBeped H KaHAJIOB ONpEAeNsIOTCA
C y4eToM HX (aKTH4ECKOro rHAPaBIHYECKOrO CONMPOTHBIIEHHUS,
COOTHOCHMOI'0O € YCTaHOBJICHHBIM CTaTHYCCKHM JaBJICHHEM
BBITSDKHOM NMPOTHBOJBIMHOM BEHTHJIALIUH.

5. TEXHUYECKHUE XAPAKTEPHCTHUKH
OBOPYAOBAHHUSA
JUns crHcTeM BBITSXKHOM M [IPHUTOYHONM MPOTHBOABIMHOM
BEHTHJIALIHH B KaY€CTBE OCHOBHBIX MapaMeTpOB, HOIIEKAUIHX
y4€eTy, paCCMaTpHBAIOTCS BEJIHYMHBI JaBJIEHHs M NMOAAYH BEH-
THJIATOPGB.

5.1. OGopynoBaHne CHCTEM BBHITHKHOM
NPOTHBOABIMHOMN BEHTHIAIHHA

5.1.1. C yueTom noMy4eHHBIX pacyeTHBIX 3Ha4eHUH G,
T;» s NOMEWICHHI, 3alIMIIAEMBIX BHITAXKHONH NPOTHBOABIM-
HOH BEHTHIAIHEH, COIIaCHO IPHHATHIM HMCXOAHBIM JAHHBIM,
onpenenseTcs Heo6xoquMoe KOJHYECTBO ABIMONIPHEMHBIX YCT-
POCTB H HX pa3MelleHHe. B COOTBETCTBHM CO CTPYKTYPHOM
CXeMO# CHCTEM HaMe4aeTCs TPAaCCHPOBKA TaXHBIX BHITS)KHBIX
KaHAJIOB, BEPTHKAIBHBIX KOJUlekTOpoB. IIpenycmarpupaiorcs
MeCTa YCTAHOBKH BEHTHJISTOPOB € (PHKCHPOBAHHBIM HapYKHBIM
BbIOPOCOM NPOLYKTOB N'OPEHHS.

INpenpapurensHbIi BHIOOP pasMEPOB MIPOXOIHBIX CEUCHHMH
COOpHBIX 3MIEMEHTOB BBITSDKHBIX KaHAIOB H 00OpyHoBaHuA (pe-
LIETOK, KJIANaHOB) MPOBOJMTCH, HCXONS M3 ycnoBUs 00eCIICYeHHA
MaKCHMAIbHOH CKOPOCTH TeueHHs rasoB He Gonee 11 m/c (mpen-
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HIOYTHTENBHO, B qHanasoHe 9-11 m/c). Ecim ykazaHHOe ycioBHe
SIBJIAETCS HEBBIOMHAMBIM BBHIY OrpPaHHYCHHOH BO3MOXXHOCTH
TIPOKJIAJIKH KOHCTPYKIMH BHITSDKHBIX KAHAJIOB C COOTBETCTBYIO-
IIIMMH pa3MepaMi Ha BCEM MNPOTHKEHUH WM JIOKANBLHO, BHIOHpa-
€Tcs HHOM THNopasMep CEYEeHMH, KoTophIii obecneunBan Ob1 BO3-
MOXHO MEHbIIIee YBEIHYECHHE CKOPOCTH TEYEHHS ra3oB.

5.1.2. Ompenensercs TpeGyeMas BeTMYHHA NaBJICHHS Ha
Ha4yaJIbHOM YY4acTKE BBITSADKHOIO KaHaja (B 3alIMINAcMOM IIO-
MEIIEHUH) 10 3aBUCHMOCTH BHIA!

})smq = PO + O’Spsmo (ng VSilOl + A'0 Z VSf’IOIIOI / d305 ) 4 (47)

1€ Psmo — CTaTHYECKOE AaBJIEHHE B BBHITSXKHOM KaHAJE B KOHIIE
HavajpHOro y4acrtka, Ila; P, — no6aBoynoe CTaTH4ecKoe AaB-
JIeHHE B BBITSOKHOM KkaHane, Ila; &,; — ko3¢ ¢uuueHT i-ro Mect-
HOT'O COIPOTHBJICHHS HA HAYaJIbHOM Y4acTKe BRITSDKHOIO KaHa-
na; A, — K0O3pPUIHEHT CONPOTHBIIEHHS TPEHHUS I BHITSIKHOTO
KaHaJla Ha HaYaJbHOM y4acTke; /,; — JUIHHA i-TO JJIEMEHTa BBI-
TSOKHOTO KaHaja Ha Ha4YaJbHOM YYacTKe, M; dso; — IKBHBAJICHT-
HBIM THIpPaBIMYECKHH JHAMETD i-N0 3JIEMEHTa BHITAXKHOIO Ka-
Hajla Ha HAYalBHOM YYacTKe, M, Psme — IIOTHOCTH rasa IpH
PACUETHOR TeMIIEpaType ABIMOBOTO CIOf, KI/M’; Vimoi — JO-
KaJIbHasi CKOPOCTh ras3a, MepeMellaeMoro B i-M 3JIEMEHTE BbI-
TSDKHOTO KaHajla Ha HayalbHOM y4acTKe, M/C.

Bennuuna 106aBOYHOIO CTaTHYECKOTO JABJICHHUS B BhI-
TSDKHOM KaHauie ONpeReNsAeTCs N0 CyMMapHBIM NTOTEPSM JaBiie-
HUSA B IIPUTOYHBIX YCTPOMCTBAX KOMIICHCHPYIOIIEH MoOJa4H
BO3/IyXd C €CTECTBEHHBIM NOOYKICHHEM TATH:

P =R, -G,
rae R, — 3KBHBaJICHTHOE COIIPOTHBICHHE BO3XyXOIPHTOYHOIO
Kanana, k&' M’} G, — MaccoB pacxol NPHTOYHOIO BO3AyXa
II0 3aBHCHUMOCTH (45), kr/c.
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JlokansHas CKOpOCTb INEpEMEIIAEMOro B KaHaje rasa
ONnpeacniaeTcsa COOTHOLUCHHEM

G.\‘Mfl
P F. (48)

Ilns onpeneneHHs 3KBHBAJEHTHOTO THAPABIHYECKOTO
JAHMaMETpa NpAMOYTOJBLHOIO CEUYeHHS KaHala UCIIONb3YeTcs Co-
OTHOLlIEHHE

d, =22, 49)

a+b
rze a, b — pa3mMeps! CTOPOH CEUEHHUA, M.

Ko>¢duuneHTsl MECTHOTO CONPOTHBIEHHS ONPEAESIOT-
€A 1O CnpaBoYHBIM NaHHBIM [11], a ko3pHuIMEHTH COMPOTHB-
JIEHHS TPEHHA — 110 H3BECTHOM 3aBHCHMOCTH A.Jl. AJIBTIIYIIA:

A=011(68/Re+k/d) *, (50)

rae Re — xputepnii Pefinonbaca; k — 9KBUBAJIEHTHAs LIEPOXOBa-
TOCTb BHYTpPEHHE# MOBEPXHOCTH KaHasa (LU BO3AYXOBOIOB H3
ctanu k= 0,1 MM).

ITpu 3toM Re onpexnensercs no TemwopuU3MYECKUM Ma-
paMeTpaM, MPHBEICHHBIM B NPHIL. 2:

Re = vd, . (628
v

5.1.3. Ecnin Mexay BepTHKaJIbHBIM KOJUIEKTOPOM H Ha-
YalbHbIM YYacCTKOM KaHajla pacCMarpHBaeMoii CHCTEMBI CyLle-
CTBYET NPOMEXYTOUHbIH TPaH3UTHBIH Y4acTOK, TO BEJIHYHHA
JABJICHHS B HEM MOXeET GBITh OIpelesieHa 1o 3aBUCHMOCTH (47)

NpH CooTBeTCTBYIOLIEH 3aMeHe Pgn, HA P, U P, Ha Pyp,. Tlo-

smo
npaBka Ha M3MEHEHHE BENTHYHHBI MAacCOBOTO pacxoja B KOHILE
TaKoro MPOMEXYTOYHONO TPAH3HTHOIO YYacTKa OMpeReNseTcs
CNeAYIOLMMH 3aBUCHMOCTAMM:

smor
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G,,=G,.,+AG,; (52)
AG,=p,L,Y (nd,,-1,)/3600, (53)
rze G,,,— MacCcOBBIH pacXoj| rasa B KOHEYHOM CEYEHHH IpPO-

ME)XYTOYHOTO y4acTKa KaHana, Kr/c; AG, — NOACOCH BO3IayXa
yepe3 KOHCTPYKUHMH IMPOMEXYTOYHOrO y4yacTKa KaHana, Kr/c;
Pg — IUIOTHOCTH BO3/yXa, K]"/M3; L, - noncocsl Bo3myxa, M3/‘I;
d,,;, 1, — SKBHBAJICHTHbIH IM/PaBIMYECKAN IHAMETP H JVTHHA
i-ro 3JIeMEHTa IPOMEXYTOYHOTO YUacTKa KaHaa, M.

3nayenue L, ompenenseTcs MO annpoOKCHMHpYIomeH
3aBUCHMOCTH cortacHo 1. 1 mpun. 3. [lpu sToM B annpokcu-
Mmupyome#t GpopMyne Ui BO3nyxoBonoB knacca «I1» npuHu-
MaeTcs:

P=P,  -107.

H3MeHeHHe TeMnepaTyphl ra3a B KOHEYHOM CEUCHHH
MPOMEXYTOYHOTO Y4YacTKa KaHala ONpeHeNseTcs 3aBHCHMO-
CTBIO

T! = CpsmoGsma]:mo + AGGT:'I _ qll (54)

smo C' GI 4
psmo ™ smo
[I€ g; — NOTEpH TeIlla Ha eAWHHUIlY JUIHHBI KaHana, KBt/M; /-
CyMMapHas JUIMHA IPOMEXYTOYHOTNO y4acTKa BBITSXKHOIO Ka-
HaJia, M.

VnensHBIE MOTEPH TENa ONPENENAIOTCS 3aBHCHMOCTS-
MH BHIQ:

q9 =kln(Tsmo_Ta); (55)

he(—— sl 2y Lpda, Ly (s

ad, A d, 2\, d, ayd,

3l
rae k; — xo3bdunuenT temnonepenadd, kBr/m'K; oy, o; — xo-
3¢ }HIMEHTH TEMIOOTAAYH OT ra3a K BHyTpeHHelH NOBEPXHOCTH
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H OT BHEIIHeH MOBEPXHOCTH KaHa/A K OKPYKAIOMEMY BO3IYXY,
KBT/M>K; Aq, A2 — K03 )HIHEHTH TEMIONPOBOAHOCTH Mare-
pHANOB COGCTBCHHO KaHala H OrHE3amMTHOIO MOKPHITHA,
kB1/MK; dy1, ds;, di3 — SKBHBANICHTHBI IHAPABIHYECKHN MHa-
METp, COOTBETCTBYIOIMHA BHYTPEHHEH OBEPXHOCTH, BHEIIHEH
MOBEPXHOCTH KaHA/la (BHYTpPeHHEH NOBEPXHOCTH OrHE3alIAT-
HOTO CJIOS) H BHEIIHEH IIOBEPXHOCTH 3TOTO CJIOA, M.

Ko3pbHumeHTH TeIonpoBOAHOCTH A H A2 HAXOAATCA
O CIIPABOYHBIM JAHHBIM. 3HaY€HHE QU ONPENEIAETCA H3 KpH-
TepHaNbLHOR 3aBHCHMOCTH BHJA:

Nu, =0,021Re}*Pr)* (Pr, /Pr,)" g €4, )

rae Nu, Pr — xpurepun Hyccensra u Ilpasaris coorBeTcTBEH-
HO; €/, €g — IONMPABOYHBIE KO3 PHIHEHTEI;
a,=Nu, /d,.

KonudyecrBeHHble 3HaueHHA koddpdHuueHTa € ycra-
HaBJIMBAIOTCA MO TaGMHYHBIM CIIPaBOYHEIM HaHHBIM [11], a Ko-
3¢ dHHeHTa €8 — ONPENENAIOTCA O COOTHOMIEHHIO

e, =(1+1,77d/R), (58)
rae R — pamuyc u3rn6a kaHaia, M.

BBHAY TOro YTO TeMIeparypa Ha BHEINHEH MOBEPXHO-
CTH OTHE3amMTHOIO C/OS BEITADKHOIO KaHala ABIAETCA HEH3-
BECTHOH BEJHYHMHON, pacdeT g; NMPOBOAHTCA IOC/IEAOBATEIb-
HBIMA NpHOMOKEHMAMH, Ha NEPBOM Ijare KOTOPHIX 3ajaeTca
sHaveHne T, < T3 < Tomo.

5.1.4. ITapaMeTpE! mepeMemaeMoOro rasa npH BXofe
€ro B BEPTHKAJIBHEIH KOJUIEKTOP COOTBETCTBYIOT 3HaYCHHAM
Gros Tonos Poro

IIpu ycnoBHH COXpaHeHHS HEM3MEHHBIMH IUIOLIAIH
NPOXOAHBIX CEYEHHH H COOCHOCTH TaKHX CE€YEHHH KOJUIEKTO-
pa no Bcel ero BHICOTE NPOH3BOLHTCA YCIOBHOE pa3fieieHHe
38



Ha yYaCTKH C TPaHHHAMH Ha YPOBHE MEXITaXHBIX MEPEKpPhI-
THH 31aHHA.

Jins mepBOro Takoro y4acrka BHadaje OINpeleNseTcs
JIaBJICHHE B KOHEYHOM CEYCHHH:

oy s

Psml - Rvmo +§lpsmoVsml /2 ’
rae & — Ko3(p}HUHEHT MECTHOro CONPOTHMBIEHHS; P,
IUIOTHOCTB TipH Temneparype T, K.

3HaueHHs &) ONpENeNAIOTCA MO CNPABOYHBIM JAHHBIM
[12] ¢ yyerom reoMeTPHYECKHX XapaKTEPHCTHK 3JIEMEHTOB
MPHCOEAMHEHHS 3TAKHOIO KaHaIa K BEPTHKATLHOMY KOJUIEKTO-
py IIpH HAIHYHH NPOTHBONOXKAPHOro KianmaHa. KoapduumeHt
MECTHOTIO CONPOTHBICHHS JUIA 3TOTO KJanaHa onpe/ensercs no
TEXHHYECKHM JaHHBIM H3TOTOBHTENA.

5.1.5. Ilpn mepexone Ha cnemylOmMH Y4acTOK BEPTH-
KaJIbHOTO KOJUIEKTOpPa NMPHHHMACTCS, YTO NpPH JABICHHH Pom
OCTaJIbHbIE TaPAMETPhl HMEIOT 3HAYEHHUA:

T;ml = T;ma;

Gsml = Gsmo'

JlapneHHe B KOHIE JAHHOIO y4acTKa ONpeNeNseTcs 3a-
BHCHMOCTBIO

Psmz = P:ml + (A'hl /da)pslesfnl /2 - th(pa - p:ml) ’ (59)
rae h; — BicOTa (JUIMHA) KOJUIEKTOpPa HAa JAHHOM Y4YacTKe, M;
Vsmi — CKOPOCTB NIEPEMEILIEHHS ra3a, M/C.
CooTBeTcTBYIOIIEE H3MEHEHHE MAacCOBOIO pacxoja rasa
B KaHaJle K KOHIy JAaHHOTO y4acTKa COCTaBHT
G,y =G, +AG, +AG,, (60)

sml
rae AGg — pacxon Bosmyxa, GMIBTpyoLIerocs B KOJUIEKTOP
yepe3 HEIUIOTHOCTH NPOTHBOIOXAPHOTO HOPMAJILHO 3aKPhITOrO
KJlaraHa Ha JaHHOM Y4acTKe, KI/c.
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H3MmeHeHHas K KOHIY HAaHHOIO y4acTKa TeMIepaTrypa
rasa OInpefeseTCs 3aBHCUMOCThIO

T = Cp.mImelrml + Ta(AGda + AGﬂ) - q12h2
2 Cp,..,G.» '

sm2T om

VnenbHbIe TEMIONOTEPH ONpPEENAIOTCS COINIACHO BhILIE
NpUBEJIEHHBIM 3aBUCHMOCTAM (55)(58).

Jns npHOIMIKEHHBIX BHIMUC/ICHUH TeMMNeparyphl rasa B
KOHIIE i-I0 yYacTKa KaHaJia JONyCKaeTcd He YYHTHIBATh NIOTEPH
Terla 4epe3 orpaxaarolue KOHCTPYKIHH kaHaia. B 3toM ciy-
Yae B3aMEH 3aBHCHMOCTH (61) MoxeT GBITH HCIIOJIB30BAHO CO-
OTHOUIEHHE:

_ (0,89163+0,000141 B)** —0,94426

(61)

e 0,0007 ’
rae B = Cpsmelel + (AGda + AGa)Ta
G, +AG,, +AG, ’

5.1.6. ITonyyeHHbIe B HTOre aHAIOrHYHBIX BEIYHCICHHH
(ans Bcex MoCNenyIOMMX BBILIEIEKAIHX YYaCTKOB KOJJIEKTO-
pa) mapametpbl Ans BepxHeit yactu komnekropa (Psuy, Tsmw,
Gsmn) HCTIONB3YIOTCH JUISI KOHEYHOTO ONpEENeHHs IapaMeTpoB
BEHTHJIATOPA CHCTEMBI:

L, = 3600 % (62)
p.unN
P:v = (RtmN + P|1)112/p:mN > (63)

rae L, — moaa4Ya BEHTHIATOpA, M’/q; P,, ~ npuBenesHoe
K CTAHAApPTHHIM YCJIOBHAM CTaTHYECKOE AaB/iEHHE BEHTHIIA-
Topa, [la; Ps — cyMMapHOE CONpOTHBICHHE MPHUCOENHHH-
TEJBHHX BO3AYXOBOAOB (OT KOJIIEKTOpPa KO YCTPOHCTBa Ha-
pyxHoro Buibpoca), I1a.
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5.1.7. ina cucreM BHITSKHOM OPOTHBOALIMHONH BEHTH-
JSIUHHM C €CTECTBEHHBIM MOOYXIECHHEM TATH MHHHMAJBHO He-
006X0INMOE MIPOXOAHOE CEYEHHE NBIMOBBIX JIIOKOB, YCTaHAB/IH-
BaeMBIX B NOKPHITHAX 3MaHH}H, ONIPEeNsAeTC 3aBHCHMOCTBIO

YF Co

- 3’

1,208, (0. — p.) - 0.5k, V21
rae F; — nmnomans NpoxofHOro i-ro ALIMOBOTO JIOKa, M2 G —
CyMMapHEI MacCOBBIH pacxol rasa uepe3 ILIMOBHIE JIOKH,
Kr/v; Hi — K03hPHUIMEHT pacxofa i-ro ABIMOBOTO JIHOKA; Psm —
TUIOTHOCTb Ta3a B JLIMOBOM CJIO€ TpH TeMmeparype Tym, KI/M’;
hsm — TONIMHEA JEIMOBOTO CIOS, M; P — INIOTHOCTH HapY>KHOTO
BO34yxa npn Temneparype T, Kr/m’; kg — a3pOAHHAMHYECKHH
k03(¢GUIMEHT BETPOBOrO HaNopa IIA MOKPHITHS 3AaHus; V, —
CKOPOCTE BETpa, M/C.

VxaszaHHas 3aBHCHMOCTH CIpaBEIIMBA U ABIMOBBIX
JIIOKOB ONHOTHNHBIX KOHCTPYKIMA (pa3/iM4aloIUXCs TOJNBKO
THIOpasMepamH). Jna Beibopa 3HayeHu# Gon Tom CHEOYET PY-
KOBOACTBOBATHCA NaHHBIMH pa3h. 3, a 3HaveHus 1, K, V, cie-
IOyeT MpHHMMATH COTIaCHO pa3ll. 2 HACTOSIIMX PEeKOMEHIalHH.
3Ha4yeHHe |, JOKHO COOTBETCTBOBATh TEXHUYECKHM JaHHBIM
NIPEAIPUATHSA-A3TOTOBHTEIA.

5.2. OGopynoBaHHe CHCTEM NPUTOIHOMK
NPOTHBOABLIMHOI BEHTHIAIHH

OcCHOBHEIE NapaMeTpsl CHCTEM IPATOYHOH NPOTHBO-
IBIMHOH BEHTHIALHMH ONPEAENAIOTCS COMIACHO CIEAYIOIMHM
3aBHCHMOCTAM:

® I NECTHHYHBIX KIETOK:

L,=3600 Guv/ pr;

P.w = (PslN+Pd)1a2 / Prs
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e uia THQTOBHIX LIAXT:

L,=3600 G/ pr

Py =(Pan+P)1,2/py;

e Ui TaMOyp-LIUTIO30B:

L,=3600 G, c. e/ pa;

Pg, = (20 + Pg)1,2/ pg,
rae Py — CyMMapHOe COTIDOTHRICHHE NPHCOENHHHTENLHBIX BO3-
IyXoBOZOB (OT 3alMINAEMBIX JIECTHHYHBIX KIETOK, JH(TOBBIX
WAXT OO0 BEHTWIATOPOB C BO3AYX03a00pPHBIMH YCTpOICTBa-
Mu), [1a; Py;— cyMMapHOE COMpPOTHBICHHE MPHCOEIMHHTEIND-
HBIX BO3AYXOBOJOB (OT 3alIMIAEeMbIX TaMOyp-1UTI030B OO0 BEH-
THJIATOPOB C BO34YX03a0OpHBIMH YCTPOHCTBaMH) C Y4YETOM
rpaBHTAlLMOHHOIO Nepenana fasnenns, [1a.

6. PEXXUMbI YHPABJIEHHA IIPH MHOXXKAPE

VripaBnex#e NpHTOYHO-BLITDKHBIMH CHCTEMaMH NPOTHBO-
JbIMHOH BEHTWIALIMM MpPEXYCMATPHBACTC B ABTOMAaTHYECKOM
(or cucTeMbl OOHapyXeHHS TOXapa) M B JHCTAHIHOHHOM
(OT KHOMOK Y 3BaKyalIHOHHBIX BBIXOZIOB C 3TXEH HIIH B MIOXKapHBIX
ukagax) pexumax. YkasaHHble PEXUMBl YNPABICHUS JODKHBI
6bITh TPHEMIEMBI U PA3IIMYHBIX [T0XKAPOONACHBIX CHTYalHH, OI-
penenseMbIX MECTOM BO3HMKHOBEHHS IIOXapa — PacrolOKEHHEM
TOpALLIETO MOMEILEHUS HA OJHOM M3 3TaXeH, B OTHOM H3 IOXap-
HBIX OTCekOB (b ClTydae pa3lesieHHs Ha NOXAapHbIC OTCEKH CTPOH-
TenbHOM 4acTH 3maHus). [lepeyeHb COBMECTHO JEHCTBYIOIMX CHC-
TEM TPOTHBOALIMHON BEHTWIALIMH ONpENENACTCS B 3aBUCHMOCTH
OT TaKHX N0XapOOTaCHbIX CHTyalHH.

B rpanHiax orceka, B KOTOpOM BO3HHK NOXap, NOpIexar
OTK/IIOYEHHIO BCE CHCTEMbI OOLIICOOMEHHOM BEHTWIALMH U KOHIH-
LIMOHMPOBaHHUS, KpoMe (YHKUHMOHAILHO COBMELIEHHBIX C CHCTE-
MaMH NPOTHBOALIMHOM BeHTWIALHMH. [list obecrieueHns: pacueTHbIX
PEXHUMOB COBMECTHOIO ACHCTBHS CHCTEM NPOTHBO/LIMHOM BEHTH-
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JUIMH, BXOMSIIMX B YCTAaHORJIEHHBIH MepeyeHb, HeoOXomMMo ore-
pexarolliee BITIOYEHHE BBITSDKHBIX CHCTEM OTHOCHTENILHO MpH-
TOuHBIX cHcTeM. [lepron onepexxeHus noJvkeH ObITh He 6onee 30 c.
B ocTambHBIX NOXapHBIX OTCEKaX CHCTEMBI OOLeOOMEHHOM BeH-
TWIILMH ¥ KOHJHIMOHHPOBAHUS MOI'YT OCTAaBATHCS BKITIOYEHHBIMH
(B TOM uHClIE C HCNIOMB30BAHUEM CHUCTEM, COBMEIIIEHHBIX C MIPOTH-
BOABIMHBIMH).

YkazaHHblE OCOOEHHOCTH OOYCIIOBIIMBAIOT BO3MOXHOCTh
ompeneneHus B o01ieM NepeuHe MaKCUMAITBLHOTO KOMYECTBA CHC-
TEM NPOTUBOALIMHOM BEHTWIALMH €IUHOBPEMEHHOIO ACHCTBHA.
OTHollIeHHE TaKOTO KOMYECTBA CHCTEM K KX 00LIeMy YMCITy MpH
M3BECTHOH YCTAHOBOYHOM MOLIHOCTH KKIOH, B KOHEYHOM CYETE,
coorBeTcTBYeT Kodhduimenty 3ddexrTuBHOro HcnoNB3OBAHUA
BEHTWISIIHOHHOIO 000pYHOBaHHS.
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ITPHIIO)KEHHE 1
(cnpasounoe)

Onpenenerne 0CHOBHBIX NApaMeTPoB
MOXKAPHO# Harpy3KkHu noMemeHuii

B nepeuyeHb OCHOBHBIX MapaMeTPOB MOXAPHOH Harpys-
KH BXOZAT yJeNbHbIE, B TOM 4HCJE NPHBEJEHHBIE M KpUTHYE-
CKHe BEIHYHHBI, a TaKXKe YCpeIHEHHbIE MOKa3aTreNH Tennodu-
3WYECKUX CBOMCTB. J[JIs onpeneneHns JaHHBIX NapaMeTpoB HC-
MONB3YIOTCA COOTHOLUCHHS H 3aBUCHMOCTH CJIEAYIOIIETo BUAA:

1. VnenpHas nmpHuBelcHHas NoXapHas Harpyska (OT-
HECEHHAad K MaomanaH noJja HOMCIHCHHSI) COOTBETCTBYET BBI-

PaXEeHHIO
P
_2mo

P
Ff Qlul
rae m, — OTHOCHUTENbHAsA MacCOBas A0JA i-ro BELECTBA UM Ma-

B

8o

TepHala B COCTaBe MOXapHo# Harpysku; QF,OF — coorser-
CTBEHHO TEIUIOTa CTOPaHHA i-ro BelECTBA MJIM Marepuaia
B COCTaBe MOXapHOH Harpy3KH W TEIIOTa CTOpaHHUs [peBECH-
Hbl, KJDi/Kr; Fy — minomans nosa noMeleHHsl, M.
P OP
3uayenns Q) O, ONPENENIIOTCA O CIPABOYHBIM HaH-

HBIM, MPHBEAECHHBIM, B YaCTHOCTH, B craHaapre [13] u MoHo-
rpadun [14].

2. VaenbHas npMBeJCHHAA MoXkapHas Harpyska (OTHe-
CEHHas K IUIOLIaAM TEMJIOBOCIPUHHMAIOLIEH MOBEPXHOCTH OT-
paXJAIOIIHX CTPOHTENbHBIX KOHCTPYKLHMH HOMELIEHHs) COOT-
BETCTBYET 3aBHCHMOCTAM:!
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__2mon
(F, - 4,)0L°
F, =6V

4,= ZA: s
rae F,, — cyMMapHas IUIOINafs BHYTPEHHEH MOBEPXHOCTH OT-
PKIAIOMMX CTPOMTENBHEIX KOHCTPYKIMH MOMEINeHHS, M’
A, A, — COOTBETCTBEHHO ILIOWIANb i-TO MpPOeMa M CyMMapHas
IUIOLIAAb IPOEMOB IOMEIIEHH, Mz; V — oOpeM noMeImeHus, M.
3. YnenvHOe KpHTHYECKOE KOJMHYECTBO IIOKAapHOH Ha-
TpY3KH (xr/uz) COOTBETCTBYET 3aBUCHMOCTSAM:

&«

" 1+500I° 6V, °
172
n- TR
T

P
V= 026322m20 ,
1000

rne I1— mpoemHoOCTS NoMelnens, M'2; V, - YAENHHOE KOJIHIECTBO
BO3yXa, HeOOXOMMMOE VI MOJIHOTO CTOPAaHKsA NMOXAPHOH HArpys-
KH TIOMEIIEHHS, M*/KT; K — BHICOT i-TO IIPOEMA [IOMEITICHHS, M.

4. Cpemsis TEIUIOTa CropaHHs IOXKApHOH Harpy3kH
(xJDK/KT) COOTBETCTBYET BHIPAXEHHIO

anp = Zml :l *

5. CpenHsis CKOPOCTH IIOTEPH MAcChl TIOXapHOH Harpys-
KH (xr/Mz-c) COOTBETCTBYET BHIPaXKEHHIO:

¥, =) mY,,
rae ¥, — cKOpOCTb MOTEPH MaccCHl i-r0 MaTepHala NOXapHOR
Harpysku (Kr/M2~c).
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6. JlunediHas CKOPOCTh PacnpOCTpPaHEHHS IUIAMEHH IO
MOBEPXHOCTH NOXAPHOH Harpy3ku (M/C) MOXET MPUHHMAThHCS
10 MaKCHMAJIbHOH BETHYHHE, XapaKTEPHO#H U1 COCTABIIAIOLIHX
3Ty Harpy3Ky MarepHaJioB:

Uu,=U

wp max 1/ ?

rae Unax ; — MaKCHMaJIbHOE 3HaUYEHHE CKOPOCTH pacnpoCTpaHe-
HHUS IJIAMEHH IO MTOBEPXHOCTH i-r0 MaTepHalia NoXKapHo# Ha-
rpY3KH NIOMELICHHSA, M/C.

3Ha4yeHHs TEIIOTH! CTOPaHMA, CKOPOCTH IOTEPH MaccChl
H CKOPOCTH pacnpOCTPaHEHHsS IUIAMEHH MO MOBEPXHOCTH I
Pa3IMYHBIX MAaTEPHAJIOB, KOTOPBIE MOT'YT HAXOAUTHCSA B COCTaRe
MOXapHoii Harpy3ku noMemenuit, npusenexs! B [8], [13].

XapakTepHble YCPEAHCHHbIE 3HAYCHHA 3THX NapaMmer-
POB I NOXApHOH Harpy3KH pa3slHYHMbIX MOMEIIEHHH Mpen-
crasiieHb! B Tabnune [14].

Ycpeaunennsie 3Ha49eHHS NapaMeTPoB NOKAPHOH
HArpY3KH Pa3IHYHbIX NOMeEIeHH i

JInnetiHas
Huswasn
CKOpPOCTb ‘YnenbHas
pabouas
HNoxapxas TemioTa pacnpocTpa- CKOpOCTh
Harpyska HEHHA BBITOpaHuA,
CrOpaHHi, IIAMEHH, Kr/m*c
MHw/kr we
3nanus I u 1l

CTeneHH OrHeCToH-
kocTH: mebensb +
ObITOBBIE H3AENIHA 13,8 0,0108 0,0145
3nanus I u Il crene-
HH OTHECTOHKOCTH:
Mmebens + TKaHH 14,7 0,0108 0,0145
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ITpodonxwenue

mabaruywm

Husuas JlnHe#inas
paGouas CKOpPOCTb VaenbHas
ToxapHas Teiora pacnpocTpa- CKOpOCTb
Harpyska cropanus, HEHHA sblropazuux,
MIx/kr TU1aMEHH, Kr/m“-c
M/c
3nanua I crenenu
OrHECTOHKOCTH:
Mebenb + TKaHK
0,75+0,25) 14,9 0,0125 0,0162
Ka6uner: mebens +
| 6ymara (0,75+0,25) 14,002 0,042 0,0129
ITomelueHus, 061u-
LIOBaHHbBIE NAaHENAMH|
JBIT 18,1 0,0405 130
AIMMHHCTPaTHBHOE
MOMELIEHHE:
Mebenb + 6ymara
(0,75+0,25) 14,002 0,022 0,021
O611ecTBeHHbIE
3naHus: Mebens +
muHoneym [1BX
0,9+0,1) 14 0,015 0,0137
Bbubnuotexu, apxu-
BBI: KHHIH, XypHa-
JIbl Ha CTEJJIaKaxX 14,5 0,0103 0,011
CueHnueckas
YacCTb 3PHTEIILHBIX
3aJ10B (IpeBeCHHA) 13,8 0,0368 0,0145
BepxHas onexna:
BOpC, TKaHH
(1epcThb + HEHIIOH) 23,3 0,0835 0,013
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IIpodoonxenue mabruyw

Hustmas Jlunetinas
paboaas CKOpOCTh YnenpHas
MMoxapHas Temiora pacripoctpa- CKOpOCTh
Ha Ka HEHHUA Bbl
bl cropanus, [U1aMEHH, 1::,/2?'0“’
MIx/xr Mm/c
Pe3uHoTexHHyeckue
U3JENNA: pe3rHa,
HU3AENIUSA U3 Hee 36 0,0184 0,0112
OkpatlleHHbIe NONbl,
CTEHBI: epeBo +
kpacka PXO
0,9+0,1) 14,1 0,0151 0,0145
BeicTaBOYHBIE 3aJTb1,
MacTepCcKHe: aAepe-
BO + TKaHH + Kpacka
(0,9+0,09+0,01) 14 0,0163 0,0152
Mebens: nepeso +
OONIHLIOBKA 14,4 0,0154 0,0135
TIpomToBaphi (Tek-
CTWIbHBIE M3/IeNHs) 16,7 0,0071 0,0244
KabenbHplit
NoABaN/NOTOK
(xabenu ABBI +
AIIBIN) 30,7 0,0071 0,0244
Paguomarepuanst:
MOMHUITUIEH,
CTHPOJI, NMPONMKIEH,
FeTHHAKC 34,8 0,0137 0,0177 |
DNeKTpoTeXHHYe-
CKHE MarepHaibl:
TEKCTOJIHT, KapOoauT 20,9 0,0125 0,0076
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Okonyanue mabauywn

Husmas Junelnas
o pa6ouas CKOpOCTh VYaensHas
oxapHas TeroTa pacnpocTpa- CKOPOCTb
Harpyska cropanms, n;-leﬂ“ﬂ BHl'U/pazHcHﬂ,
aMeHH, Kr/m*
M]Dx/xr wo
Onexrpokabenb
ABBI': [IBX
obonouxa +
H30JIALMS 25 0,0071 0,0244
Onexrpokabes
AIIBI: [IBX
oGonoyka +
TIOJIH3THIIEH 36,4 0,0071 0,0244
TenedonHsI kabens)
TIIB: IIBX +
MONM3THIIEH 34,6 0,0062 0,0085
JIncTBenHbIe
JPEBECHBIE CTPOM-~
MaTepHabl
(wwraGesip) 13,8 0,0585 0,014
Kneenble cTpoiima-
Tepuansl (panepa) 18,4 0,0167 0,0089

51




ITPHJIOKEHHE 2
(cnpasoynoe)

TennodusnyeckHe cBOHCTBa IbIMOBBIX ra30B

Tenno¢pusuyeckne cpoicTBa razoo6pasHEIX NPOAYKTOB
TOpEHHsA, HEOOXOOUMEIE JUI PacueTOB 3aBHCHMOCTH pa3iHy-
HBIX [1apaMeTPOB OT TEMINEPaTyphl JaHHOMH ra3oBo# cpebl, Mo-
ryT OBITH YCTAHOBJIEHBI Ha OCHOBE NMpPHBEJEHHBHIX B Tabnune
3Ha4eHWH. B 4acTHOCTH, yka3aHHbIE 3aBHCHUMOCTH Ul TEILIO-
€MKOCTH IICJIy4€eHbI B BUE:

C,,, = all +exp(b—cT,)" “,
rae a=1,3615803; b=7,0065648; ¢ =0,0053034712;
d=20,761095;

C,, =a+bT, +cT}

psm sm 2
rae a = 0,94426057; b = 0,00035133267; ¢ =— 0,0000000539.
IepBas 3aBUCHMOCTb SIBIAETCA IPEANOYTHTEIHHOMH
[0 TOYHOCTH AaNNpOKCHMAllHH, BTOpas 3aBHCHMOCTb MOXET
OLITH MPHHATA JUIS NPOBEAECHHSA PacuyeTOB MEHBIIEH TOYHOCTH.
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€5

PuznueckHe napaMeTpbl ALIMOBBIX ra3os

(npu P =0,0981 MIla; po, =0,13; py o= 0,11; py, =0,76 [14])
0 ¥ q 1107 a-10%, -10°, v-10°,
5°C | RH | prdeoy | k) | e Tiac mic! Pr

0 {12,704 1,04 2,28 16,89 15,78 12,20 0,72
100 9,320 1,07 3,13 30,83 20,39 21,54 0,69
200 7,338 1,10 4,01 48,89 24,50 32,80 0,67
300 6,053 1,12 4,84 69,89 28,23 45,81 0,65
400 5,150 1,15 5,70 94,28 31,69 60,38 0,64
500 4,483 1,18 6,56 121,14 34,85 76,30 0,63
600 3,973 1,21 7,42 150,89 37,87 93,61 0,62
700 3,561 1,24 8,27 183,81 40,69 | 112,10 0,61
800 3,237 1,26 9,15 219,69 4338 | 131,80 0,60
900 2,953 1,29 10,01 257,97 4591 152,50 0,59
1000 2,698 1,31 10,90 303,36 48,36 174,30 0,58
1100 2,521 1,32 11,75 345,47 40,90 197,10 0,57
1200 2,354 1,34 12,62 392,42 52,99 221,00 0,56




IIPHJIOKEHHE 3
(cnpasounoe)

Bo3xyxo- H ALIMONIPOHHIIAEMOCTD
BO3XYXOBOJ0B H KJIallaHOB

1. Jlna onmpemeneHHs yTedeK MM MOACOCOB BO3AyXa
NPHMEHUTENPHO K BEHTHISLUMOHHBIM KaHajlaM IPOTHBOABIM-
HBIX CHCTEM MOTYT OBITh HCIIOJB30BaHb! CleAyIOLIHE GOPMYIBI,
NIOJTy4eHHbIE annpoKCHMaLHelt TabMHYHbIX JaHHBIX [4]:

® 14 BO3Ayx0BOIOB Kiacca H (B ananasoHe naeneHui
0,2-1,4 xIla): AL = a (P - b)°, tae AL - noncoce! (yTeukn)
BO3JyXa, M3/M2"l; P — nasnenue, klla; a=10,752331;
b =0,0069397038; ¢ = 0,66419906;

eI BO3MyxoBoJOB Kiacca Il (B amanmasone gaBiieHwmik

ab +cP*
0,2-5,0 lla): AL =22+
illa) b+ P!

rae a = 0,00913545; b = -3,1647682:10%; ¢ = —1,2724412-10%;
d=0,68424233.

2. Jlnsg npoTHBONOXAPHBIX HOPMAIBHO 3aKPHITHIX KJIa-
TIAHOB YMCJIOBbIE 3HAYECHUS YAEJIBHOM XapaKTEPUCTHKH CONpPO-
THBJICHMS JBIMOra3soNpPOHHLAHMIO B 3aBUCHMOCTH OT TeMIepa-
TYpBI ra3a COOTBETCTBYIOT AaHHBIM, IOJyYEHHBIM IIPH CTEHHO-
BBIX OTHEBBIX HCIBITAHUAX PA3IMYHBIX W3ACIHA Ha IKCIEpH-
MeHTanbsHO# 6aze BHUHIIO:

XapakTepHcTHKa yaenbHOTO

Temneparypa, 'C COMpOTHBIEHHS
ALIMOra30NPOHULAHHIO, MK’
20 29 900
20...100 30 300
100...200 38300
200...300 37900
300...500 29300
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