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BBEJIEHME

ComacHO OTE€YECTBEHHOM U 3apyOeXHOM CTaTHCTHKE,
rubenbs npuMepHO 85 % OT 4HcIa XEepTB II0KAPOB B 3IHaHUAX
O0yCJIOBJIEHA MOPAXAIOUWIMM BO3JACUCTBHEM BBIIECISEMEBIX IIPO-
OYKTOB TFOpeHHs. MHTEHCHBHOE pacHpOCTpaHEHUE MNPOAYKTOB
FOpEeHUs NpPH MOXXapaX B 3MAHHUAX, MOCTPOCHHBIX B COOTBET-
CTBMM C COBPEMEHHBIMM apXUTEKTYPHO-TEXHOJOTrHYECKUMU
pPEeHICHUAMH, CONPOBOXAAECTCSA NMEPEHOCOM TOKCHYHBIX KOMIIO-
HEHTOB, IIOBBLILLIEHHEM TEMIIEpATYpPhl BO3AYIIHOH Cpeabl OO IIO-
SIBJICHUS BTOPHYHBIX 3arOpaHUHA U U3MEHEHHEM €€ ONTHYECCKOH
JIOTHOCTH BIUIOTH JO IIOJHOH HNOTEPH BUIAMMOCTH. B CBA3H
C 3THM B Halleil CTpaHE€ U 3a pyOeXOM BHHUMAHHE CIICLIHAJIH-
CTOB B IIOCJICIHHE NCCATHJICTHS OOpaileHO Ha pelIeHHe Ipo-
0JIeM MPOTHBOABIMHOM 3aIUMTHI 3AaHUHd. OgHa U3 BAXKHEHIIHX
3a/la4 B JAHHOM 00J1aCTH — CO34aHHUE METOAOJIOTHH pacyeTa OcC-
HOBHBIX I1apaMETPOB IIPOTUBOALIMHOA BEHTHIISIIUH.

B npakTtuke OT€YE€CTBEHHOI'O MPOECKTHPOBAHHSA OO Ha-
CTOALLIETO BPEMEHH HCIOJIB30BAJIUCH pPA3THYHBIE METOAHUYE-
ckue rocodbus [1}j-[3]. OHn OBLIH OPHEHTHPOBAHBLI IIPECHMY-
IIECTBEHHO Ha 3JaHHUA BBICOTOM 1625 sTaxe# ¢ TUIOBOH KO-
PHUAOPHON CTPYKTYPOH IPH YETHIPEX IJIAHMPOBOYHBIX CXEMax
JIECTHUYHO-JTH(TOBEIX Yy3JI0OB. B METOAMYECKOH OCHOBE BbI-
NOJIHAEMBIX PAaCYE€TOB IO CYIIECTBY OTCYTCTBOBaJia 0OBEKTUB-
HO HeoOXoauMas B3aMMOCBSI3b ¢ (DU3HYECKHMH IpOleCCaMH
Pa3BUTHA I10XXapPOB B IIOMEILCHUAX 3AaHHHA.

C BBeJeHHEM B ICHCTBHE OOHOBICHHBIX HOPM NPOEK-
THpOBaHH4 [4] BO3HHKI/IA HEOOXOMUMOCTH B COOTBETCTBYIOLIEM
npeodbpa3zoBaHUH METOAOJIOTHH pacueTa OCHOBHBIX NapaMeTpOB
MPOTHBOABIMHON BEHTHJILIMHK 30aHUH. Hacrosimme pexkoMeHna-
HUH 00001LIaI0T pe3ynbTarbl UCCIECAOBAHUH, BBITOIHABIIHXCA
cnenuanuctamy BHUHUIIO B paMkax miaHOBOH TEMaTHKH
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mo texudeckuM 3aaanusam ['YITIC MUC (MBJl) Poccuu
B nepuon 1996-2004 rr. JlanHad pa3paboTka HE OTHOCHTCH
K QOpMaTIU30BaHHBIM METOJMKAM, YCTAHABJIHBAIOIHUM COLEP-
XaHHE H IIOCJIEeHOBATE/JIBHOCThL PAacyeTOB B COOTBETCTBHH
C OCOOCHHOCTAMHM OOBEKTOB, MOCKONBKY COBPEMEHHBIE TCHICH-
IIHH Pa3sBUTUS apXUTEKTYPhl U TEXHOJIOTHH 3KCIUTyaTalluH 371a-
HHH HCKITIOYAIOT BO3MOKHOCTB IIOA0OHOro ActepMuHu3ma. [lpu
3TOM NpPEACTABJICHHBIE METOANYECKHUE MOJOXKEHHS HE HUILIIOCT-
PHUPYIOTCA NpUMEpPaMH pacyeTa, YTo 00YCIOBIEHO KaKk HEO0XO-
OTUMOCTBIO CYIIECTBEHHOIO COKpAIllCHUS O0BeMa HM3JIOKECHHUA,
TaK ¥ OOBCKTUBHBIMH YCJIOBHSAMH NPEAOTBpPALICHHS HEIOIYC-
THMOT0 MPAMOrO 3aMMCTBOBAHUS TaKHX IIPUMEPOB B IIPOECKT-
HEIX pelleHUsAX. PekoMeHayemMas METOHNOJIOrus pacnpoCTpaHs-
€TCA B OCHOBHOM Ha OOBEKTHI I'PAXAAHCKOTO CTPOHUTEIIHCTBA —
XWible U oOIIecTBEeHHBIE 3naHMA. C ydyeroM MHOrooOpasus
CTPOUTENBHBIX OOBEKTOB IIPEACTABIACTCH LEJ1€CO00PA3HBIM
NIPOAOJIKUTE paboTy IO CO3AAHHIO PACYETHBIX METOIOB, OPH-
€HTHPOBAaHHBIX Ha MHONOQYHKIHOHAIbHBIE KOMILIEKCHI, ITOJ-
3¢MHbIE M CYIEPBBICOTHBIE CTPOHMTEIBHBIE OOBEKTBI C MaccCo-
BbIM NIpeOLIBaHHEM JIIOLECH.

ABTOpbI OynyT OnarofapHbl CIEIHAIMCTAM B JaHHOM
obnacTH 3a NPHCIAHHBIE 3aMEYaHUA U NMPEIJIOKEHUS 10 COAep-
)KAHHUIO NPEJICTABJIICHHON METOAOJIOTHH H YUYTYT HX B JaJIbHEH-
e padore.

1. OBILIUME 110JIOXEHHAA

1.1. HacTossmmue pexkoMeHaanuM paspadoTaBbl B COOT-
BETCTBHH C JCHCTBYIOIIUMH TpeOOBaHMAMH IMOXApHON Oe3-
ONAaCHOCTH M PENIaMEHTUPYIOT IOPANOK pacueTa OCHOBHBIX
NapaMeTpoOB IPOTUBOABIMHOW BEHTH/IALIMM 3JaHHH, IpEHMY-
IIECTBEHHO XWILIX U 0OmiecTBeHHBIX. JlaHHBIE METOOUYCCKHUE
IOJIOXKEHHUS. MOTYT ObITh MCIIOJIL30BAHEI TAKXKE IJIA pacyera Ia-
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paMeTpOB NMNPOTHBOABIMHONW BEHTHJISUMH 30aHHUA U COOPYIKEHHH
pa3IM4YHOr0 Ha3HA4€HUsA (B TOM YHUCJIE 3aKPBITHIX IOA3EMHbIX
U HaA3€MHBIX aBTOCTOSHOK, IMPOU3BOACTBEHHBIX H CKJIAACKHX
30aHUH, MHOINOQYHKUMOHAJNIBHBIX KOMILUIEKCOB), I KOTOPBIX
He pa3paboTaHbl COOTBETCTBYIOIIUE METOIHKH.

1.2. PexoMennauuu npenHasHadyeHbl Ui COTPYIHHKOB
YI'TIH rmasubix ynpasienuit MUC Poccuu o cyorexkram Poc-
cuiickon denepanyu, NPOEKTHBIX OPraHHU3alMid H NpenIpH-
ATHH, OCYIIECTBISAIOIIUX JIMUEH3UPOBAHHYIO J€STeJIbHOCTD
110 pa3pabOTKE U BHEIPEHHUIO TEXHHYECKHX peIeHHH I10 KOM-
MIJIEKCHOH IPOTHBONOXAPHOH 3alllUTE 3IaHUHU U COOPYKECHUH.
MoryT OBITH MCIIOJIB30BAaHbI B AEATEIbHOCTH IMMPOEKTHBIX OHOPO
IUIUPOKOro NPOQHIIs U TNOCYJApPCTBEHHBIX YUYPECKIACHHH COOT-
BETCTBYIOUIHX HAA30PHBIX OPraHoB.

1.3. U3paHue HacToAIUX pPEKOMEHIALUMH He OTMEHSET
OCHCTBHA U HE HCK/IIOYACT BO3MOXHOCTh HUCIIOJIHE30BAHHA CIIC-
MMANTUCTAMH Pa3JIMYHOrO NPOQUIS HHEIX JOKYMEHTOB NOH00-
HOI'0 Ha3HA4YE€HH S, B TOM 4YHCJi€ HOBBIX pa3pabOTOK.

1.4. B nenax HUCKIIOYEHHUS BO3MOXKHBIX HCKAXKCHHH pe-
3yJIbTATOB MPAKTHYECCKOIO IIPUMEHEHHUA pa3paOOTaHHOH METOo-
IJOJIOTHH IIPH €€ MCIIOJIb30BaHHH HE JOMycKaloTcs 06obmeHue
H YIpOILNEeHHasd HHTEPIpETAllusi paCdeTHBIX JaHHBIX B BHJIE HO-
MOrpaMM, TaOJHMI H HHBIX OJOOHEIX MAaTEPHAJIOB.

2. ACXOAHBIE JAHHBIE

2.1. IlpoexkTHBie OOBEMHO-IUIAHHPOBOYHBIE PEIICHUS
B COCTaBE€ KOMILJIIEKTa 4YEPTEKEH aAPXUTEKTYPHO-CTPOHUTEIILHOH
4aCTH JOJIKHBI COOTBETCTBOBATh ACUCTBYIOINUM HOPMATUBHBIM
JOKYMEHTaM B 00JIaCTH MOXapHOM 0€30MaCHOCTH, B TOM YHCJIC
M0 YCTPOMCTBY NyTE€H 3BaKyallHH H 3BaKyallHOHHBIX BBIXOZOB,
ipeJgeiaM OTHECTOMKOCTH OCHOBHBIX CTPOHTEJBHBIX KOHCT-
PYKIIHH K pasAciCHUIO CTPOHTEJbHOH 4YacTH Ha OTHAC/IBHBIC
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moXkapHelie OTCEKH. llpu HEoOXOOMUMOCTH KpoMe yKa3aHHBIX
HOPMAaTHBHAIX JOKYMEHTOB MOTYT MCIOJIb30BaThCS IOJIOXKCHHS
pa3paOOTaHHBIX JONOJHHUTENHLHO CHEUHAIBHBEIX TEXHHYECKHX
YCIIOBHH Ha IPOECKTHPOBAHHUE IIPOTHBOIIOXXAPHOM 3alLMUTHI.

2.2. B xa4yecTBe pacyeTHHIX YCIOBHH JeHCTBHS IPOTH-
BOABIMHOH BEHTHJIALMH CIE€AyeT NPUHHUMATh BO3MOXHOCTH
BO3HHKHOBCHHS IIOXKapa B OJTHOM H3 IIOMEIICHUM, B KAOXXIOM H3
[IO)KApPHBIX OTCEKOB, Ha OJHOM M3 €ro J3Taxked, IpeHMylle-
CTBEHHO HHXXHEM, KaK B HAA3EMHOH, TaK U B IOA3EMHOM YacTH
3naHus. icxonHoe nmonoXxeHHe OKOHHBIX IPOEMOB — 3aKpHITOCE,
IBEPHBIX — COITIACHO TpeOoBaHUAIM [4].

PacdyeTHbeIi nepuox ACHCTBUSA HPOTHBOABIMHOH BEHTH-
JISAHUH NOJDKEH NMpPEeayCcMarpuBaThCs MO0 HaA IIEpHOJ 3BaKya-
IHH JOOAECH M3 MOMEIIEHHH, C 3TaXa UK H3 34aHHA B LIEJIOM,
nM00 Ha BpeMA INPOBEICHHSA MNOXAPHBEIMH IIOJpa3Ac/ICHUAMH
paboT IO CHACEeHHIO MOAeH, OOHApYXE€HHIO H JIOKAJIHM3allUH
oy4ara roxapa.

[TpoexTHOEe HCNONHEHUE CTPOUTEIBHOM YacTH 0OBEKTa
IOJDKHO IIPUHHUMATBCS B COOTBETCTBHH C YCTAHOBJICHHBIM

ypoBHEM KadecTBa. KOHCTpYKIMH ¥ 00OpynoBaHHME IPOTHBO-
IBIMHOH BEHTHIIALMH (BO3NYXOBOIbI, KOJUICKTOPBI, IPOTUBO-
MoXXapHbI€ KiallaHbl, BBITSXKHBIE BECHTHJISTODBI, ABEPH, B TOM
YUCJIE€ MPOTHBONOXAPHBIE ABIMOra3OHEIPOHULAEMBIE, IIPOTH-
BOIBIMHBIC 3KPaHBl H JIp.) AOJDKHEI COOTBETCTBOBATh TEXHHUYE-
CKHM JAaHHBIM MNpPEANPHATHHA-HU3INOTOBHTEICH H NPHMEHATHCA

B COCTaBe IPOTHBOABIMHOM 3alUTHl OOBEKTA NpH HAIUYUH
ceprupuxaroB coorBeTcTBHA cucTeMbl I'OCT P u ceprugpnka-

TOB NMOXapHOH 0€30MaCHOCTH.
2.3. ASponquHaMHMYEeCKHE XapaKTEPUCTUKH 3JaHHH OIl-

perensiorcs Ko3p@dHIMEeHTaMH BEeTPOBOIO Halopa Ha pa3iuy-
HeIX ¢acanax. PacnpenencHue ¥ 3Ha4CHHA a3pOAHHAMHYECKHUX
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KO3OPUIMEHTOB BETPOBOro HAmopa Ajis NMPOEKTHPYEMBIX 3/1a-
HHM HEOOXOIMMO NMPHHHMATH COITIACHO IIPOEKTHOM NOKYMEH-
TAlUM HIW N0 JKCINEPUMEHTANIBHBIM [AaHHBIM, [OJYYCHHLIM
B PE3YJIBTATE a3pPOIHHAMHYECCKUX UCIBITAHUHA (IIpOAyBKa MOJE-
jei B adpoauHamMHueckor TpyOe). [Ipu orcyrcTBHM HEOOX0au-
MBIX JAHHBIX a’3pOAMHAMHYECKHE XapaKTEPUCTUKH HOJIKHEI
YCTAHABJIMBATHCA PACUCTHBIM NYTEM B 3aBHCHUMOCTH OT Ha-
IPaBJICHHA BETPOBOINO BO3ICHCTBHS HAa pa3jH4HbIE (¢acalbl
30aHUM:

2

k, =k sin’w + k.cos’o, (1)

roe Ky — a3pondHaAaMHYECKHH KO3(Q@HUUMEHT BETPOBOIO HAIoOpa
NPpH BO3JECHCTBHH BETpa IO YIVIOM (O K IUIOCKOCTH (pacana;
k,, k. — a3poauHaMHYeckHe KO3QPHUUECHTH BETPOBOI0 HANopa
[P BO3LECHCTBHH BETPA COOTBETCTBEHHO IT0 HOPMAJIA H IO Ka-
CaTeJIbHOM K ITJIOCKOCTH (pacaja.

Benuunnbl k09QPHIUEHTOB BETPOBOro Hamopa k, U k.
MOTyT OBITh NPHHATHI IO JaHHBIM Tabn. 1.

CoOTBETCTBYIOIIIHE YHCIOBBLIE 3HAYeHHS KOo3PPHULIHEH-
TOB BETPOBOIO Hamopa k., k,, k; MOryT OBITb OMNpEIEIICHBI

MO CJICAYIOMHM 3aBHCHMOCTSAM:
2

X
k. =-108exp(-2,7—)-0,05,
. exp( 7 H)

0<x<l|,
rne L, H — cooTBETCTBEHHO IJIMHA U BbICOTa (pacana, MEPIICH-
OUKYJIIPHOTO HAaIlpaBJICHHIO BETPOBOro BO3AEHCTBHA, M; [ —
uInHA OOKOBBIX (pacafoB, M; X — YAAJICHHE OT ILUIOCKOCTH JIaH-
Horo (acaza 1o ITOBEpXHOCTAM IOKPBHITHA M (pacagoB, UMEIO-
IMHX pasMepsl / X H, M;

k,=-0,3H/y npu ,5<y<3H,



k,=-0,1 opu y >3H,

IZle y ~ yAajJleHHe OT IUIOCKOCTH (hacana, HMEIOINEro pa3sMephl
[ x H, BIonb 1OBEpXHOCTEH IOKPHITHA M (PacalioB, MMEIOIIHX
pasMmepel L x H, M;

kK, =k tpu x=1.

g KOHEYHOro BBIYUCJICHHA a3pOOUHAMHYECKHX KO-
3 PUIHEHTOB 110 3aBHCHMOCTH (1) HOKHO HCHONB30BAaTHCA

COOTBETCTBYIOIIEE COYETAHHE IMap H3 KO3PDHIHECHTOB
k., k., .k, , IpAOOpeTAIOIINX TaKUM OOPa3oM 3HAYEHHSA KO-

3(ppULIHEHTOB £k, U k_.

WS 2?2 Vwo ?

Tabauya 1
AjpoanHaMHYecCKHE KOYPPHUHEHTHI BETPOBOIO
HANOPA AJs PA3IHYHbLIX pacaaoB 3JaHHH

boxoBas
CTOpOHA 3aBeTpEH-
WIH Hasl

rabapHTHLIX
II0CKOCTh CTOpPOHA

pa3MCcpoB NMOKPBLITUS k
¢dacanos Ew e
A3

I<L/ZH ExH
IxH

ISH/L 0,5...0,8
0,6...0,8 -0,3...-0,2

JUis BBIIOJIHEHHS PACcUYeTOB OCHOBHBIX IMapaMETPOB
IPOTHBOABIMHOA BCHTHJIIMH C MEHbBIIEH TOYHOCTBIO IOIYC-
KaeTCsd BHIOOP ad3pOAMHAMHYECKHUX XAPAKTEPUCTHK IO (PHUKCH-
POBaHHBEIM BeJIHYHHAM KO3(PQUIUEHTOB comacHO Tabia. 1 mpwu
|<L<H

2.4. IlapameTphl Hapy>XKHOr0 BO3AyXa Ui MPOEKTHPYeE-
MBIX OOBEKTOB JOJDKHBI COOTBETCTBOBATH [S]. Benuyuny cko-
POCTH H HaIlpaBJECHHE BETpa CAEAYEeT IIPHHUMATHL IO JAaHHBIM
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METECOPOJIOTHYSCKUX HAOMIONCHHN, OTHOCALIUXCA K TEPPHTO-
pUH 3aCTPOMKH. leMmeparypa HapyXHOI'0 BO3AyxXa AO/DKHA CO-
OTBETCTBOBAaTh NEPHONY MAKCHMAJILHOIO BETPOBOIO BO3JACH-

CTBUA. leMneparypy BHYTpeHHEro BoO3Ayxa CIEAYET OIpee-
JIATh COIJIACHO NMPOEKTHOH TEXHOJIOrHH IJKCIUTYaTallUH IIPOECK-

THPYEMOTO 31aHHS.

3. BBITSIDKHASI IPOTHBOABIMHAS
BEHTWISLIUA

Bermsbxnas npoTuBOABIMHAS BEeHTHJIAIHUS MO QYHKIHO-
HaJIbHBIM IIpH3HaKaM MOApa3AedeTCs Ha JBE OCHOBHBIE IDYII-
MBI, O[IHA U3 KOTOPBIX OOBEOUHAECT CHCTEMBEI, IIPEAHA3HAYCHHDIC
IV yAaJ€HUsS NPOAYKTOB NOPEHHS HEIOCPEACTBEHHO H3 rops-

IET0 MOMEUICHHS, Apyras — CHCTEMBI IJIA YAAJICHHS NPOAYKTOB
NOPEHHS U3 CMEXHEIX C MOPALIUM NIOMEILIEHUH.

3.1. Ynajenue npoxyKToB ropeHHs
HEeNOCPeACTBEHHO U3 ropsamero NOMemeHHua

MaccoBblif pacxo MPOAYKTOB NOPEHHSA, YAAISAEMbIX H3
ropsIIIEro MOMEHICHUS, PaCCUUTHIBAETCA HA OCHOBE ypaBHECHHA
Hepa3pbIBHOCTH BHJA:

d
A—=(Psmh) = Gy =Gy (2)
T

rne A — DKBHBAJIECHTHAA IJioNlanph CEeYEHUS IABIMOBOIO CJIOA

B FOPH30OHTAIIBHOM IIOCKOCTH, M~} T — BPEMHA, C; Pym — CPEIHAS

ICIOTHOCTH rasa B JABIMOBOM CJIo€, 00pa3ylomeMcsl B BEpXHEH
YaCTH TOPALIEro MOMELIEHUs, Kr/M>; A — TOJIIMHA 06pa3yrome-
rocsi AbIMOBOro ciosi, M, Gy, Gsm —— MAaCCOBBIM pacxon COOTBET-
CTBCHHO B KOHBEKTHBHOHM KOJIOHKE H YAUIIEMBIX IPOAYKTOB

rOpeHus, Kr/c.
Hns pemeHus ypaBHEHHA (2) HEOOXOOMMO IOIOJIHH-

TE€JIBHO HCHIOJNB30BaTh 3aBUCHMOCTH JIA MOIMHOCTH TCILJIOBbBI-
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OENCHHA o4ara Inoxapa M CpeJHEH TeMIeparypbl ABIMOBOIO
CJIOA:

Oy = anchch 0° (3)

I;m=];+_’.1'_Q’£__. l_exp _MM . (4)
a(2hl_ + A) C.G,

rac Oy — MOIMHOCTH TEIUIOBBIAEIEHHS, KBT; n — MoJjIHOTa cropa-
HAS, Quens Wep — NAPAMETPBI OKAPHOH HArPY3KH NMOMEIIEHHS

(mpun. 1); F, — miomans TOpeHHA NOXXApPHOMH Harpy3Kw, M ;
Tem, T, — cpenHAS TEMIIEparypa OBIMOBOIO CJIOS M TeMIleparypa
BO3AyXa B NoMemeHuy, K; o ~ KoaQPHUIUEHT TEeIUIO0TIa4M Mbl-
MOBOTO CJIOf B OTpaXKAAIOIIHE KOHCTPYKLMH, BT/M’; ry — Ko3(du-
ITHCHT, XapaKTepHU3YyIOLIUH TEIUIONOTEPH HA U3JIYYEHHUE; /5y — MAK-
CHMAJILHEIH TICPHMETP TIOPH30HTAJIBHOIO CEYEHHUA OABIMOBOIO
ciiosl, M; Cpx ~ yAeJbHas TEIUVIOEMKOCTh rasa IpH TeMIleparype
Tom, KIDK/KTK.

Ina noMermneHui HpAMOYTOJbHOH (OPMBI C pa3MEpaMH
nojla H NoToka aXxXb yKazaHHBIH IEPHUMETP COCTABRIACT
Iem = 2(a + b).

[IpuBeneHHbIe 3aBHCHMOCTH 3aMBIKAIOTCS YpPaBHEHHEM
COCTOSIHMA ra3za H (PYHKIHOHAILHOH CBA3BIO MAacCOBOIO pacxoza
B KOHBEKTHBHOM KOJIOHKE ¢ MOIHHOCTHIO TEIUIOBBLICIICHUSA
H TOJIIMHOH ALIMOBOIO CJIOS:

Pom =P.T, /Ty (>)

Gk = f(Qk sh) > (6)
[I€ P, — IVIOTHOCTH BO3AYXa, KI/M".

Pacuernas cxeMa ra3oo6MeHa, COOTBETCTBYIOIAA PYHK-

HOHAILHBIM 3aBHCHMOCTAM (2)«6), mpuBezneHa Ha pHC. 1.
[Topsnok H comepxaHHe pacyeTa € YYETOM CICHH(PHKH
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3alIUIIACMBIX MTOMEILICHHH OIpeaenseTcs BHIOOPOM (PYHKIIHO-
HAJILHOMN 3aBHCHMOCTH (6).

Puc. 1. Pacuemnasn cxema 2azo00mena 6 2opaujem nomeujeHuu,
3QUUUYACMOM BBIMANCHOU NPOMUBOOBIMHOU BEHMUARYUCH

(T, — memnepamypa KOHEeKMUGHOU KONOHKU,
R — NPEOENbHO CONYCIMUMAS MOTUUHA OBIMOBO20 CROR)

3.1.1. JIng 3abHBIX NNOMELICHUHN pa3IMYHOI0 Ha3HA4YCHHA,
B TOM YHCJI€ KOHQEPECHII-3aJI0B, 3pUTEIBHBIX 34JI0B, TOPIrOBBIX 3a-
JIOB, CIIOPT3QJIOB H JIp., 3aBUCUMOCTB (6) HCTIONIB3YyeTCs B BHIE [6]:

G, =0,0710)°(H - h)*"* +0,0018Q, , (7

rae H — BeICOTa IOMEILEHHA, M.

3.1.2. JIiia aTpuyMOB pa3/IMYHOIO0 apXHTEKTYPHOIO HCIIOJI-
HEHMS, C YyYeTOM HaJIM4yMA B X OoObEMax rajieped Ha HECKOJIbKHX
YPOBHSX WIHM KOHCTPYKTUBHOIO OTHEJIEHMA JTaXEH OT 3THMX 00Be-
MOB, pacyeTHbIe CXEMBI ra3000MeHa COOTBETCTBYIOT IIPHUBEICHHBIM
Ha puc. 2. Ilpu sToM mia BapuaHTa ra’ooOMeHa, IIPHBEICHHOIO
Ha pHC. 2, a, 3aBHCUMOCTD (6) HUCMOJIB3YETCs B BUJIE 3aBHCHMOCTH
(7), a [uIg BapHaHTa razoo0MEHa, IPUBEACHHOIO Ha pHC. 2, O, —
B CJieayromeM Bujae [6]:

G, =0,0350,. (8)
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Puc. 2. Pacuemnas cxema 2azoobmena npu nosxcape
8 ampuyme ¢ KOHCMPYKMUBHO HeOMOEe/IeHHBIMU 2anepeimu (a)
U C KOHCMPYKMUGHO omoenreHHbiMu smadicamu (6)



YacTHBIM Ciy4yaeM INEpBOr0 M3 YKa3gHHBIX BapHAHTOB
AB/IIETCS Tra3000MEH B arpuyMe INPH BO3HHKHOBEHHMH B HEM
oXKapa HEIOCPECACTBEHHO IIOJ rajepeei (Ha YpOBHE OCHOBa-
HAA arpuyma). B 3ToM ciy4yae (QYHKIHOHAJIbHAas 3aBHCH-
MOCTS (6) HCTIONIB3yeTCo B cieayromeM Buje [6]:

G, =036(Q,W*)"*(Z, +0,25H), (9)

rae W — HavanbHas TOJIIHHA CTPYHM razoo0pasHbIX NPOAYKTOB
FOPEHHS, UCTEKAIOLWIEH OT OrpaXXJaroLUeH KOHCTPYKIHH raje-
PEH arpvyMma, M; Zp — BBICOTa OT YPOBHA TaJICpCH, OMBIBACMOM
HCTEKAIOIIIEH CTPYEH, 1O HHXXHEHA I'PaHHLLI ILIMOBOIO CJIOA, M,
H — BBICOTa OT OCHOBAaHHSA aTpUyMa 10 YPOBHS PACIOJIOKEHHS
raji€peu, M.

CornacHO pa3l. 2 HacTOAIMX PEKOMEHIAlMH pacyer
OCHOBHEBIX IIapaMETPOB BBITSXKHOW INPOTHBOABIMHONW BCHTHIIA-
[IMM JaHHOI'O THIIA JOJDKEH IIPOBOAUTHCA IO YCIOBHAM 3aALIIATEHI
TOJILKO HA MEpHOJl 3BaKyallHH JIIOAEH U3 NOMEINeHHH 00 Ha
BpeMsi, HEOOXoauMoe IUid OOECIEedYeHHs ACHCTBHHM ITOXXKAPHBIX
noapasacieHuii. IlepBrie U3 yKa3saHHBIX YCJIIOBHH YIOBJIETBO-
PSIOT COOTHOLUECHUSIM BH/A:

0<t<t, O0ZLh<hgy; (10)

T>1T, h> hgy, (11)
rae 1, — Pacye€THOE BpEMS 9SBaKyallHH M3 IOMEILUCHHUH; Ay, —
IpEeOEJbHO AONYCTHMAas TOJIOHHA ABIMOBOIO CJIOfA, IPH KOTO-
poH coxpaHsercs ¢cBoOOaHAs OT 3aJbIMICHHSA BO3AYIIHAS 30HA

Ha FOPU30HTAJILHBIX ITYTAX 3BaKyalUH.
B stoM ciyuae Gy < Gy.
JI1s BTOPBIX M3 YKa3aHHBIX YCJIOBHH CIIpaBEIUIHBBI CO-

OTHOILICHHSA BHJA:
0<t<t, O0<LAh<hgy, (12)
rae T. — BpeMs OKOHYaHHSA CIacarebHbIX paborT.

13



B atoM cinyyae G, = Gx ¥ pacyeT nmapaMeTpoB BBITSK-
HOM MPOTUBOABIMHOM BEHTHJIALMH OCYILICCTBIAETCA O€3 UHTET-
PHpPOBaHUA YPAaBHECHHA (2).
3.2. YnaneHue NpoayKTOB rOpeHHs H3 CMEXKHbIX
¢ ropaImHuM NoMeIneHH M

Pacuer napamMeTrpoB CHCTEM AAHHOH I'PymIibl IPOBOAUT-
Cs B 3aBHCHMOCTH OT BHJa OOBEMHOI0 MoXapa B IOMELICHHUH,
coodbIaromeMcst o CMEXHBIMH C HHM HOMEIICHHSIMH, B TOM
4YHUCJie BECTUOIONAMH, XOJJIaMH, KOPHAOPAMH, TOPrOBBIMH MOJI-
naMu, arpuymaMH 4 T. 11. CornacHo [7], [8], BuA 0OBEMHOIO
[10)Kapa B [IOMEILIECHUH ONPEAENIACTCS IIPU CPaBHEHUH 3HAYCHUA
[IPUBEICHHON YACIBbHOHW MOXXKAPHOM HArpy3KH ITOMEIICHHS £y
C €€ KpHTHYECKHUM 3HAYEHHEM Ly

ECIH gx < Zuxp, TO B NIOMEILEHUHU OyAeT noxxap, peryiu-
pyeMsiii Harpy3ko# (I11IPH);

€CIIH gx > Luxp, TO B TIOMEILLECHUHU OyneT noxap, peryiu-
pyembiii BeHTHIIANuEeH (I1IPB).

3HayeHHe MaKCHMAaJIbHON cpeaHeoOBeMHON TeMnepary-
phl B ropsmieM noMelneHud npu I1PH onpenensercs 3aBucumo-
CTbIO [7], UMEIOLIEH CIeAYIOIIUMA BHL:

T. =T +224g°% (13)

0 K 2

rae 1o max— MaKCHMaJIBHaA cpeaHeoOBbEeMHas Temieparypa, K;
T, — Temneparypa Bo3ayxa, K; g« — IpuBeneHHas yaenbHas I1o-
KapHas Harpy3ka (cornacHo 1. 2 mpun. 1).

[Ipu IIPB MakcumanbHas cpenqHeoObeMHas TEMIEpaTy-
pa B ropsilieM ITOMELICHHH COOTBETCTBYET 3aBHUCHMOCTH BH-

na [7]:
1, . =1, +940exp(0,0047g, —0,141), (14)

rae g, — NpUBEACHHAs yAeabHas I0XapHas Harpy3ka (COmIacHo
n. 1 mpuin. 1).
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YKa3zaHHBIE 3aBUCHMOCTH HCIONB3YIOTCH IS OIpee-
JICHHS apaMETPOB BBITXKHOH IPOTHBOABIMHOH BEHTHJIALHH
JAHHOH I'PYIIELL.

3.2.1. PacueTtHas cxema raszooOMeHa B KOpHIOpE Ha
3TaXKe, Ha KOTOPOM BO3HHK MOXAap, NpuBeaeHa Ha pHc. 3.
ONpEHEICHUS] TEMIIEpATyYpPhl B NMOTOKE r'a30B, BBITEKAIOIIEM H3
FOPSILIErO MOMELICHUS B KOPHAOP, HCIOJIBF30BAHO COOTHOIIEHHE
BuUaa [7]:

16 = 0,870 maxs (15)
rae 1, — HCKOMOE 3HAYEHHE TEMIIEPATyphl ra3oB, MMOCTYIIAIOIIHX
U3 FOPALUETO ITOMEHIECHHUSA B KOPUIOP, K; T4 max — MAaKCHMAJILHAA
cpeaHeoObEMHAs TeEMIIEparypa B ropslleM IMOMeEIeHHH (B 3a-
BUCHUMOCTH OT Buja noxapa — [1PB uiau IIPH), K.

Ilns onipeeneHusl YCpEAHEHHON TEMIIEPATYPhI IBIMOBO-
ro CJI0f B KOPHIOPE HMCHONL3YETCA CICAYIOHIas 3aBHCHMOCTD,
[IOJIyYE€HHass UHTETPHPOBAHHEM YPaBHEHMA, XapaKTepH3YIOlle-
ro U3MEHEHUE TeMNEparyphl B IBIMOBOM CJIOE MO JUIMHE KOPH-

nopa [9]:
I =1 +1722

(T, -T,)2h,+A /1) y

C

) |

16
0,8/, (16)

2h, + A /1
rae Agm— NpeaenbHas TOJNIHHA ABIMOBOrO Ciosd, M; A.— IUIO-
liaab KOpUaopa, Mz; [, — IJIHHA KOPHZIOPA, M.

[Ipu ucnonn3oBaHUH B pacyeTax JaHHOH 3aBHCHMOCTH

rnpeJieibHas TONINMHA JbIMOBOIO CJIOS JIOJDKHA YHAOBJIETBOPSTH
YCJIOBHIO:

05<h, /H<00,
rne A — BbIcOTa KOpHAOpa.

x| 1—-exp(—
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PacyeT 3akaHYHBAacTCAd ONpEAEICHHEM MacCOBOIO pac-
Xofa yaaJiseMbIX H3 KOpUAopa NPOAYKTOB FOpeHHS MPH NoXape
o ¢popmyie [2], [3]:

Gsm = ksmAdH}S ’ (17)
rne Gy, — MacCoOBBIM pacxoll YAAJSE€MEBIX IPOAYKTOB FOPEHHH,
Kr/c; Az — IIomanab JBEPH NPH BBIXOAE M3 KOPHIOpa IO MyTSIM
YBaKyaluu, M°; H; — BBICOTA 3TOi IIBEPH, M.

3HayeHus ko3pduUuHUEHTa Ky, B JNAHHOM 3aBHCHMOCTH
coctaB/OT 1,0 ¥ 1,2 COOTBETCTBEHHO IS XKHJIBIX K OOIIECT-
BEHHBIX 3JaHUM.

I — i

Puc. 3. Pacuemnan cxema zazoobmerna ¢ xopuoope
HA 3Macice, Ha KOMOPOM NPOUOULER NONCAD

3aucumMocTH (16), (17) MOryT OBITH HCHIOJIB30BAHBI JJIA
OnpeAc/ICHUS NMapaMEeTPOB BBITSHOH NPOTUBOABRIMHOH BEHTH-

JISUMH, NpeaHa3Ha4YEeHHOH TakKXe MUIS 3allUThl APYIrHX CMEX-
HEIX C IMOPSAIIMM IIOMEUICHHH: XOJUIOB H OJHOYPOBHEBBIX BEC-

THOIOJIEH.
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3.2.2. Ins Bectubroneit, coobaromuxcs ¢ AsyMs U 60-
JIe€ YPOBHSAMH, a TaKXe A1 TOProBbIX MOJUIOB (3aKpPBIThIX Ia-
nepel, cooOInaromuxcsi ¢ TOProBbIMU 3aJ1aMH pa3/IMYHOHN IUIO-
I ) U aTPHYMOB MOXET OBITh HCIIOJIb30BaHa periiaMeHTHPO-
BaHHad [6] 3aBUCHMOCTD BHJA:

G, =0,68(4, H/*)"(Z +a)”” +154 H?, (18)

rae A, — IIOmAaAb NpoeMa ropsauero NOMEIEeHns, COO0LIar0-
HIerocsd C 3aliMINacMbIMH BeCTHOIOIEM, MOJIIOM, arpHyMa-
mu, M°; H, — BBICOTa 3TOTO mpoema, M; Z, — DacCTOsHHE
OT Bépxa AAHHOIO IpOoeMa A0 HMO)KHEH T'pPaHHLB! ABIMOBOIC
CJ1051, M;

a=2442°H.° -21H,,.
B nononHeHue K HaHHOW 3aBHCHMOCTH MUl OIpenacse-

HUS YCPEOHEHHOH TeMmeparypbl ALIMOBOIO CIIOS MOXET OBITh
HCIIOJIb30BaHa 3aBUCHMOCTD (4).

4. IPUTOYHAS NMPOTHBOABLIMHAS
BEHTIIALIMA

CucreMpl NPUTOYHOH MNPOTHBOABIMHOM BEHTHIIALHHA
pEeAHA3HAYECHBI VIS CO3aHHs U30BITOYHOIO NABJIEHHS BO3yXa
B 3alMIaeMbIX JIECTHHYHO-THQTOBBIX Yy371aX H TaMOyp-
[IUTI0O3aX, a TAaKXe MUIS KOMIICHCHpYIolleH mnomayd BO3ayXa
B rOpslMe NOMEIUCHHSA, 3alIHIICHHBIE BEHITSHXKHOH IPOTHBO-
ABIMHOM BeHTHWIIsSLMEH. [IpHRIMN AEHCTBHA TaKHX CHCTEM Ka-
XI0ro BHAA CYILIECTBEHHO pa3jIM4acTCs, [IO3TOMY M OIpeEeie-
HHE HX [TapaMeTPOB HMeEEeT 0COOEHHOCTH.

CornacHo pa3f. 2 HacTodlMX PEKOMEHAALMH pachnpe-
AeJIEHHE JaBJICHHA 0 NMPOTHBONOJIOXKHEIM ¢acanaM onpenens-
€TCSA COOTHOLUCHUSIMH BUJIA:

Pw'f =_ghf (pa —pr)+kawpaVa2 /2; (19)
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voi = =81 (P, —P,) + KooPVs 72, (20)

rae wa,-, P, — niepenan JaBJICHHS Ha HAPYXXHBIX Orpaxkaaro-
HIUX KOHCTPYKUHMAX 3MaHHUA IO BHICOTE COOTBETCTBEHHO C Ha-
BETPEHHOM M 3aBEeTpEeHHOH CTOpOHEL, I1a; A, — BRICOTA i-rO 3Ta-
)Xa (OT YPOBHSA CpeAHEH IUIaHHPOBOYHON OTMETKH 3€MHOH MO-
BEPXHOCTH MO0 YpPOBHS HEHTpPa OBEPHBIX IPOEMOB [-I'0 ITa-
xa), I1a; p,, pr — MIOTHOCTE HAPYXKHOIO RO3/AYXA IIPH TEMIIEPaA-
Type 1, ¥ IOTHOCTH BO3AyXa B MOMEUICHUAX 3TAHUS IIPH TEM-
neparype 7,, K; kowws Kowo — K03QPHUHEHTHI BETPOBOIO HANmopa
JUI HAPY>KHBIX OrpaXIaIOlNX KOHCTPYKUHH, pacnoOXEHHBIX
[IOJ YITIOM O K HAIIpaBJICHHIO BETPA, COOTBETCTBEHHO C HABET-
PCHHOH M 3aBETPEHHOM CTOPOHBI; V, — BEJINUMHA CKOPOCTH BET-
pa, M/C.

JIlia TeMreparypsl BO34yXa BHYTPH 3JaHHS HMCIIOJb3Y-
€TCA OOLIECNIPHHATOE COOTHOLIICHHE

T?' = O’S(Tﬂ + I‘G)’

rne 1,, — HadaJbHas TEMIIEparypa BO3ayXa BHYTpH 30aHu4, K.
CoOTBeTCTBYIOIIEE PACIPELCIICHHE NaBJICHUSA BHYTPH
3/IaHHA 110 €10 BHICOTE OMNPEACIAECTCA COOTHOLUCHUEM BHA:

P =-gh(p. —p)+05(k +k )p V32 21)

[TapameTpsl NPUTOYHOH MPOTHBOABIMHOM BEHTHIIALHH
JUIA JIECTHHYHO-TM(DTOBBIX Y3/I0B HAN3€MHOM YacTH 3HaHMi
ONPENCNSIOTCd B 3aBHCHMOCTH OT PasMEIUEHHS 3THX Y3JIOB:
[IPH MPUMBIKAHHH K HAPYXKHBIM OrPaXXJAIOIUM KOHCTPYKLIHSIM
HIIM B LEHTPAIBLHOM SIZPE.

4.1. Ilogaqua Bo3ayxa B JIeCTHHYHBIE KJIETKH

4.1.1. lnd NEeCTHHYHBIX KIJICTOK HAI3€MHOM YacTH,

NPUMBIKAIOIIUX K HApyXHBIM OIPaXXAAIOLIMM KOHCTPYKIIHSAM
C YCTPOKCTBOM 000COOJIEHHOrO HApYXHOIo BBIXOAA, BBUAY OT-
CYTCTBHA BHYTPEHHEHW CBA3M Ha YPOBHE HHXXHEro (IIE€pBOIo)

18



3Ta)ka, H3OBEITOYHOE JIABJICHHE BO3/[yXa Ha YPOBHE BHIIIEJIC)KA-
IIEro 3Taxa XOJDKHO COCTABIIATH:

P, =P,+20, (22)

rae P, — InaBj€HHE BO3AyXa, ompeiaenseMoe Mo 3aBHCHMOCTH
(21), Ha ypOoBHE paccMarpHBacMoro 3taxa, I1a.

IIpy 3TOM MAacCOBBEIM pacxoa BO3dyXa, HCTEKAIOMIETO
yepe3 HapYXHbIH BBLIXOJA JIECTHHYHOH KIIETKH, OIIPENACIIETCA
3aBUCHMOCTBIO BH/IA:

G.m = (”'F)anl[zpr (‘thl — })'nla'.'::nl):lm5 ? (23)

rae (UF).xs1 — SKBHBAJICHTHAS IUIOWIAKL IPOEMOB B TaMOype
Hapy>XHOIO BBIXOAA, M> ; Py — DaBJIeHHE B JIECTHHYHOM KJIETKE
Ha yPOBHE Hapy>XHOro Beixoaa, Ila; P,, — JaBieHHE IO 3aBH-
cuMOCTH (20) Ha ypOBHE HapyXHOIro BeIxona, I1a.

JKBHBAJICHTHAA IUIOIIAAL NPOEMOB HAPY>XHOIO BBIXOZA
NIECTHUYHOM KIIETKH COOTBETCTBYET BBIPAXKCHUIO

(WF ) = F(nE, +&, +1)77, (24)

rae F — mimowmaas IOBEPHOrO IpoeMa, M°: N — KOJIHYEeCTBO

nMpoeMoOB (aABepei) HapyXHOIro BeIxoaa, &4, &, — K03 PHIH-
€HT MECTHOrO COINPOTHBICHHA COOTBETCTBEHHO MpOEMa

H TaMOypa Hapy»XHOro BEIXOa.
YucnoBble 3Ha4¢HAA KOIPPHILHEHTOB MECTHOIO COMPO-

THUBJICHUA COCTABJIAIOT:

8= 2,44;

&, = 0 (ma mpamoro tamOypa);

E, = 0,99 (ans npaMoOyTroJIbHOro TaMOypa);

&, =2,9...4,0 (w11 z-o6pasHoro TamOypa).

MaccoBEIi pacXxoX BO3yXa 4yepe3 OTKPHITHH IIpOeM Jie-
CTHHYHOM IUIETKM HAa YPOBHE BTOPOro 3TaXa 3JaHHs ONpenesa-
€TCA 110 COOTHOIIECHHIO
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Gy, =G, /n, (25)

rne Gsm — MacCOBBIA pacxoll yAAJIAEMBIX IIPOXYKTOB FOpeHHS,
onpeneasieMeld 1o 3aBucuMocTIM (7)«9), (17), (18) ¢ yueToM
cootHomeHu# (10), (11); n — pacyeTHOE KOJIHYECTBO JIECTHUY-
HBIX KJIETOK, HMEIOIMX BBIXOAbI B TOT K€ KOpHJAOp (momelue-
HUE) TOrO XK€ 3Ta)Xka ¥ 3alHUIIAEMbIX NPUTOYHOH HPOTHBOIBIM-
HOH BEHTHJIALMEH (ITpU OMHON JIECTHHYHOM KJIETKe — n = 1, npH
IBYX U Oojiee NECTHUYHBIX KIETKaX — n=m— 1, rne m — dak-
THYECKOE KOJIMYECTBO JISCTHUYHBIX KJIETOK).

Ecin Gsp > Gs, TO HA NOCHEAYIOMINX 3TAalax pacyeTra
IpUHUMAETCAd 3HauyeHUE Gyp, B MIPOTHBHOM ClIydae JAJIBHEH-
U pacyeT OCYIHECTBIACTCA 110 3HaYeHHIO Gyy.

llocaenoBareasHO onpenenseMele I KaXXJ0ro BBILIE-
JIEXKALIEro 3raXka JAaBJICHUE U MACCOBBIH pacXoj Bo3ayxa COOT-
BETCTBYIOT 3aBUCHMOCTSM:

P.s't(:+1) = Psn + &.ﬂ'prVSi / 2 ’ (26)

G t(i+1) = Gsu + AC;::n'(‘f+1) ’ (27)

§

roe P, Psg+1) — JaBNEHUE B JIECCTHHYHOM KJIETKE Ha YPOBHE €2
i-ro 3taxa u (i + 1)-ro saraxa, [1a; &;, — k03 PUIIHEHT MECTHOIO
CONMPOTHUBJICHHSA JIECTHHYHON KIETKU; V, — CKOPOCTH BO3AyXa
Ha YpPOBHE i-I'0 3Ta)Xka JIECTHUYHOH KIEeTKH, M/C; Gy, Ggu+1) —
MacCCOBBIH pacXxod BO3AyXa Ha ypoBHe i-ro H (i + 1)-ro 3taxa
JICCTHHYHON KIeTKH, Kr/C; AQGg+1)— YTEYKH BO34yXa Yepes
HEILUIOTHOCTH IMPOEMOB Ha YpOBHE (i + 1)-ro ataxka J€CTHUYHOMH
KJIETKH, KI/C.

3HadeHHe KO3(PQPHUIIMEHTA CONPOTHBICHHS JICCTHHYHOMH

KJIETKH MOXET OBITh NPUHATO &5, = 60 (IIpH OTCYTCTBHH JOMOJI-
HUTEJIBHBIX JAaHHBIX B COCTaBE IIPOCKTHOM JOKYMEHTAIIUH ).
CxopocTh BO34yXa Ha YPOBHE i-I0 3Ta)ka JIECTHUYHOMH

KJICTKH ONIpEACIACTCA COOTHOIHCHHUCM BH/IA.
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.-m = su/(er.‘st)]a
2

rae F, — rmnomanb CeUeHHS JICCTHHYHOH KJIETKH, M.

YTeukH BO3IyXa 4Yepe3 HEIUIOTHOCTH ABEPHEIX MIPOEMOB
Ha ypoBHE (i + 1)-ro ataxa j1€CTHHYHOH KIETKH OIPEHACIAOTCA
3aBHUCUMOCTBIO

AG.ﬂd(Hl) = d(l+|)[( st(i+1) 1"(J+l))/‘S'ari.:::lmsi'I (28)

rne Sga — yneanoe COIIpOTHBJIeHHe BO3ZYXOINPOHHUIIAHHIO 3a-

KpBITOH IBEPH, Kr' M Fai + D ITomans aseper Ha (i + 1)-M
3TaXE JICCTHHYHOM KJICTKH, M.

[Ipu ycTpoiicTBe ABIMOra30oHENPOHULIAEMEIX ABEPEH Jie-
CTHUYHOH KJICTKH YTE€YKH BO3AyXa Y€pe3 HUX ONPEHACIIIOTCA
3aBUCHMOCTBIO

AGSId(!+l) T d(:+l)[( st(u+l) r(:+1))/Sdsm]05 (29)

INe Sdsm — YAENBHOE COINPOTHBICHHE ABIMOra3ONpOHHUILIAHHIO,

KT M

3HaYCHHA XapaKTePHCTHK YACIBHOIO CONMPOTHBIICHHSA
BO3AyXO- H IbIMOra30NpPOHHUAHHIO MAOJDKHBI ONpPEneIATHCA
B COOTBETCTBHH C TEXHHYECKHMH NaHHBIMH H3IEJIHNH (KOHCT-
PYKUIHH ABEpEH, NPEeAyCMOTPEHHBIX MPOEKTHOH NOKYMEHTAIH-
eil). JInga pacyeTtoB MeHbIIeH TOYHOCTH MOTrYT OBITH IIPHHSTHI

3HAYCHHS:
DA
Sda = 26p,1252
Sasm = 50 000 kr'-m°.
rne £, — Ko3(HIHMEHT CONPOTHBICHHS IIEJH IIPHTBOpA

nBepei; [y — IUMHA 1eH, M; O — IHPUHA IIEH, M.
JUIs yKa3aHHBIX pacyeTOB MOTYT OBITH NMPHHSATHI 3HAYeE-

aua: £, = 4 (w1 onHOCTBOpUATOl ABepH), £, = 8,76 (ms ABY-
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CTBOpYaTOH ABEpH), 04 = 1,5 107 M, [z onipefienigeTCs No MepHU-
METPY ABEPHOTO MOJIOTHA.

YTedKH BO3dyXa 4Yepe3 OKOHHEIM IIpoeM JICCTHHYHOM
KJICTKH Ha YPOBHE (i + 1)-10 3Ta)Ka onpeaesiorcs 3aBUCHMOCTBIO

k (P 0,67

AG i1y = ____5_’(“1);‘;______1*:&”_1)_)__ , (30)

n
rae Py + 1) — AaBiaeHue Ha Qacane, puHUMaeTcs JTHO0 110 3aBH-~
cimMoctH  (19), mib6o mo dopmyne (20) B COOTBETCTBHH
C IPOCKTHBIM PaCIOIOXKECHHUEM JICCTHUYHOH KJieTKkH, [la; R, — co-
[IPOTHBJICHUE BO3AYXOIIPOHHUIIAHHUIO 3AIIOJIHEHHUH OKOHHBIX IIPO-
€MOB, ofpeieNizeMoe B COOTBETCTBHH ¢ [10], My Tla/kr:
CyMMapHsble YTEYKH BO3AyXa COCTABJIAIOT:

AGsr(Hl) = AGsrd(:'H) T AG.W(M)- (31)

Pacyer mo 3aBucumoctsM (22)+(31) momkeH IIPOBO-
JHUTBCS 10 NOCTHXXEHUA BEPXHErO 3Taxka JICCTHUYHOU KIIETKH:
I =N, rae N — nopsakOBEI HOMEP BEPXHEro 3Ta)ka JECTHHYHOH
kietku. Ilpu 3toM  HU30BITOYHOE  JaBJIEHHE  BO3JyXa
B JIECTHUYHOH KJIETKEC HE MOJ/DKHO INPEBBINIATh MAKCHMAJIBHO
JOMyCTUMOE 3HayeHue, paBHoe 150 []a.

Ecnu B xome pacyera BenumunHa Py, > 150 Ila, 1O
He BBIIE YPOBHSA AJAHHOIO 3Ta)a JICCTHHYHAA KJIETKA I10AJIe-
XXHUT pa3dclIEHHIO pacCeyKkaMHM Ha 30HBI. IS BhILIEIEKAUICH
30HbI JIECCTHHYHOM KJICTKH MOJDKEH OBITH IIPOBEIEH pacyer
B aHAJIOTHYHO# NMOCIEeAOBAaTEILHOCTH 0€e3 y4yeTa BhIOpOCa BO3-
AyXa 4Yepe3 Hapy>KHbIA BHIXOIX HHMXKHEro 3Taka. B3aMeH KOHCT-
PYKTHBHOIO pa3fc/ICHUsA JICCTHUYHOH KJIETKH pacCedkKaMH MO-
XeT OBITh HpeayCMOTpEHA pachnpeleliIcHHas Iofada BO3Jyxa
B 3TY JIECTHHYHYIO KJIETKY Ha pa3jIMYHBIX YPOBHAX (3Taxkax).
Bo3moxkHBIC II8 peasi3aldd BapHaHThI IPUBEIECHEI Ha PHUC. 4.
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Puc. 4. Cxema pacnpeoenennou nooauu 6030yxa
8 NeCMHUYHYIO KIemKy:
a — uepe3 KaHaR-CNymHUK U pezyrupyemule peulemxu (Knanawul),
6 — OMOeNbHBIMU CUCMEMAMU NPUMOYHOU NPOMUBOOBIMHOU

geHmuIAYuu

4.1.2. J{i1g necTHHYHBIX KJIETOK Mo 1. 4.1.1 npu aonon-
HHUTEJIBHOM HX COOOIIEHHH C XOJUIaMH, BeCTHOIONIAMH HHIXKHETO
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3TaXka, HaAMpUMeEp, depe3 TaMOyp-IUIIO3b], 3alHINACMbIe aBTO-
HOMHBIMH CHCTEMaMHU IIPHUTOYHOH NPOTHBOABIMHOH BEHTHILA-
I[MH, PEKOMEHAOBAHHLIC BHIIIE€ MOCICAOBATEILHOCTE U COHEP-
)KaHHE PacYeTOB OCTAIOTCH HEH3MEHHBIMH.

B cnydae ycrpolicTBa IO3TaXXHBIX BBHIXOHOB B IIOJOO-
HEIE JIECTHHUYHbIE KJICTKH 4epe3 TaMOyp-IUTIO3bl ¢ aHaJIOruy-
HOH 3allIHTOH IOCICAHHX MPUTOYHOHA IPOTUBOALIMHON BEHTH-
JIAIHEH H3 H3JI0KCHHOH BBIIIE IOCJIEAOBAaTEILHOCTH pacdeTa
HCKITIOYAlOTCA 3aBUCHMOCTH (28), (29).

Ecim B3ameH TaMOyp-LUTiO3a MpU JOHOJIHUTEIHHOM
BBIXOJE B TAKYIO XK€ JIECTHHYHYIO KJIETKY U3 BECTHOIOMA, X0J1a
HIDKHETO 3TaXka NpeayCMOTpEHa OJHHApHas ABEPh, TO B NOCIIE-
JOBaTeJIbHOCTh H COACP)KaHHE pacyeTa JO/DKHBI ObITh BHECEHBI

CICAYIOLINE U3MECHEHHUS:
3aBHCHUMOCTH (22) npeodpasyercs MOCPEICTBOM 3aMEHBI

Psp Ha Py ¥ Py Ha Ppy;

3aBHCUMOCTE (23) JOMNOJHAETCH CllaraéMbIM, YYHTBbI-
BalOIMUM JOTOJHUTEAbHBEIA BHIOPOC BO3AyXa M3 JIECTHHYHOM
KJIETKH B XOJUI, BeCTHOIOJIE.

4.1.3. JIna 1eCTHHYHBIX KJIETOK HaA3EMHOM YacTH, pac-
[IOJIOXKCHHBIX B IEHTPAJBLHOM sOpe, U3HAYANBHO HEOOXOIUMO
ONpEHEIUTh KOJIHYECTBO BO3[YyXa, BBIOpAcHIBAEMOro B XOJL,
BecTHOIONP HMXKHEro 3taxa. B cnydae ycrpoiictBa TaMOyp-
IIUTF030B, ABTOHOMHO 3al0HIIAEMBIX NMPHTOYHOH IIPOTHBOJBIM-
HOM BECHTHJIALIHCH H OTACIAIOIMX YKa3aHHBIE XOJUI, BECTHOKOMNb
OT TaKHX JICCTHHYHBLIX KJIETOK, pacXoX BO3AyXa B 3THX JIECT-
HMYHBIX KJICTKaX Ha YPOBHE HHXKHEIO 3TaXa IPUHHUMACTCA paB-
HhIM HYBO. B-TakoM ciyyae 3Ha4€¢HHE pacxoja BO3AyXa
Ha ypOBHE BTOPOIO 3Ta)ka JIECTHHYHOH KIICTKH PacCCUHUTHIBACT-
CA 110 3aBHCHMOCTH (25), U ero BeJIHYHHA, ONpeAcICHHAA Ta-
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KUM 00pa3oM, UCIIO/Ib3YETCS Ha MOCIEeAYIOIHX 3Talax pacyeTa
COIVIACHO 3aBUCHMOCTAM (26)—(31).

Ecinu 3TH JEeCTHHYHBIE KJIETKH COOOMIalOTCA C XOJI-
JIOM, BECTHOIOJIEM HHXKHEr0 3Ta)ka 4epe3 OJAHHAPHBIEC JBEP-
HbI€ IPOEMBI, TO pacxoj BO3AyXa OIPEHCISECTCA 3aBHCHMO-
cTaMHU (22)~25). Ilpu 3TOoM 3Hauenue F, onpenesnsercd Ho
3aBHCUMOCTH (26) Kak a1 aBeped TaMOypOB HapyXHBIX BhI-
XOJOB XOJ1J1a, BECTUOION, TaK ¥ IJjIi AOMOJHUTEILHOH IBEpH
JIECTHUYHOHN KJIeTKH. C yyeToM OTMEYEHHBIX ocobeHHOCTEH
NAJIBHEHIIHH pacyeT TPOBOOUTCH COIJIAaCHO 3aBHCHMO-
cTaM (26)—31).

4.1.4. JlecTHHYHBIE KJICTKH MNOO3€MHOW 4YacTH BBIIIOJI-
HSIOTCH, KaK MPaBUJIO, ¢ HEIIOCPEICTBEHHBIM BBIXOJIOM HapYXKy
Ha YPOBHE HHIXKHETO 3Ta)Xa HaA3eMHOH 4acTH 31aHHA.

JlaBjIeHHE Ha YpPOBHE BEPXHEINo MNOA3ECMHOINO 23TaXa
B JaHHOH JIECTHUYHOHU KIIETKE ONpenessieTcd 3aBUCUMOCTBIO

R;r—l =20+ qh—l (pa - pro) ’ (32)

rae h.) — rIyOMHa OT ypOBHSA HYJIEBOH OTMETKH (IIOBEPXHOCTH
3eMJIM) IO YPOBHS LICHTpa ABEPHOro NpoeMa Ha AAHHOM IJTa-

X€E, M; p_,P,, — INIOTHOCTh BO3AyXa IIPH TEMIIEpATypPE COOTBET-

CTBE€HHO 1,, 1,,, K.

Pacxon Bo3agyxa 4depe3 HapyXHBIA BBIXOJ JIECTHHYHOH
KJIETKH OINpecasiaeTCs ¢ HCIOJh30BaHHEM 3aBHCHMOCTEH (23),
(24). laBneHHe M pacxol BO3AyXa HA HHXKENEXAIHX ITaxKax
ONpPENENSIOTCA TIOCICAOBATEIIbHO COITNIACHO 3aBHCHMOCTIM
(26)~31) npu HCKMOYCHUH BEIHYHH YTE€YEK BO3AyXa IO 3aBH-
cuMoctH (30). IIpu 3TOM pacnpeneneHue JaBJICHHSA 10 [TyOHHE
MOA3EMHOM 4acTH (IIOMEIEHUSAM 3TOH YacTH) pacCYMTHIBACTCH

10 3dBHCHUMOCTH
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P, =qh(p,—P,), (33)

rne P, — JaBJeHHe Ha i-M 3TaXke Nnoa3leMHOM uacrtu, Ila; h; —
IyOHHA OT HYJIEBOIO YPOBHS (IIOBEPXHOCTH 3€MJIH) 10 LIEHTpA
JABEPHOI0 NMpoeMa JIECTHHYHOH KIIETKH I-I'0 3TaXa, M.
MaccoBslii pacxoa BO3yxa 4€pe3 OTKPHIThIH ABEPHOH
IPOEM JIECTHHYHOHN KJIETKH OIpEeAECIISIETCS Ha YPOBHE HHXHE-
ro 3Taxka NMOA3€MHOM YaCTH ¢ HMCHOJBL30BAaHHEM COOTHOIMIE-

HuA (25). Bemuuwnna Gy, NpH 3TOM PACCYHTHIBACTCS IIO 3aBH-
cumoctaM (7), (17). CxemMa nmoaa4yu BO3nyxa B yKa3aHHYIO Jie-
CTHHYHYIO KJIETKY IIPUBECHA Ha PHUC. I, 4.

IIpn ycTpoiicTBe BBIXOHA U3 ITOM JIECTHUYHOM KJIETKH B
X0JUI, BECTHOIONP HHXKHEIO JTa)a HAJ3eMHOM 4YacTH 3aHHA
Tpedyerca NPHMEHATh 3aUUINCHHBIA aBTOHOMHOM IPOTHBO-
ABIMHOH BEHTHIALMEH TaMOyp-uLII03. B 3TOM Ciyyae BelIHYH-
Ha MAacCOBOI0 pacxoia BO3AyXa I10 3aBUCHMOCTH (23) npupas-
HHBAETCA K HYJIIO, @ BCE OCTAIIBHLIE NTAapaMeTPhl ONPEACIAIOTCA

no 3aBucumocTsM (7), (17), (26)«29), (31).
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Puc. 5. Cxemubl nodauu 6030yxa 6 AeCmHuyHble Kiemku (a) u 8 augpmosuie wiaxmoi (6)
NOO3EMHOU Yacmu 30aHUR




4.2. Ilonauya Bo3ayxa B JHPTOBBIE MAXTHI

4.2.1. Inga nudToBLIX IMAaXT HaA3eMHOH 4acTH (C OCTa-
HOBKAMH JH(PTOB HAa YPOBHAX TOJILKO HAA3EMHBIX 3TaXxeH)
C BBITOPOKEHHBIMU JTH(QTOBBIMH XOJUIAMH Ha KaXKIOM 3TaXe,
KpOME HHXHEr0 (OCHOBHOIO MOCAAOYHOrO 3Taxa), BEJIMYHUHA

U30BbITOYHOrO AABJIEHHS BO3lAyXa Ha YpPOBHE BHILEJEXAIIEro
ATa)kKa QOJKHA COCTaBIATH:

P,=P,+20. (34)

Pacxon Bo3nyxa U3 THQTOBOM IIaXThl Ha YPOBHE HHXK-
HEero (I1epBoro) 3Ta)a onpeaeIfaeTca 3aBHCHMOCTHIO BHAA:

GH = (I'I'F)axsl [2pr(])£2 o 1:):'1)]0”S ’ (35)

rae (UWF)xel — IKBHB&IEHTHAsA IUIOWIAAbL ABEPHBIX ITPOEMOB
IAGTOBOHN HIAXTHI, M.

BenyynHa 5KBHBAJIEHTHOH IUIOIIAAM MPOEMOB JTHPTOBOH
LIaXThl ONPEACTAACTCA 3aBUCHMOCTBIO

nk
(UF) s = = (36)

/
rne n — KOIM4eCcTBO kabun nu¢TorR B mWaxre; Fiy — naomansb

nBepeii MAGTOBOM LIaxThl NPH BBHIXOAE W3 KaGHHBI, M’} &/ —
KO3 PHIUEHT MECTHOIO COINIPOTHBIICHHA.

YucnoBele 3HaYCHM S &; JOJDKHBI IPHHHUMATHCA COTJIACHO
TEXHAYECKOH NOKYMEHTAUHH Ha JH(TOBBIE YCTAHOBKH 3JaHHA.

17 npubIMIKEHHBIX BBIYUCJICHHH MOXET OBITh HCHOJIB30OBAHO
COOTHOIICHUE BUAA.

F;
£, =43+ (37)
Fig
roe F., Fj; — miomans nonepeyHoro CEYeHUss COOTBETCTBEHHO

LT 2
Ka0uHbI UG TAa U TMPTOBOH IIAXTHI, M".
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Pacxoasl Bo3ayxa, QHIBTPYIOLIEroca MOCACA0BATEIBHO
yepe3 ABEPH JM(PTOBBIX MAXT H JTHPTOBEIX XOJUIOB Ha KAXKIOM
i-M 3TaXe, BKIIIOYas 3TaXX KOHEYHOH OCTAaHOBKH, ONPEAC/IAIOTCA
3aBHCHMOCTSMH:

AG, = F,{(B, - B,)S,]"", (38)
AG, = F,[(B, - P,)/S m ]0'5 ’ (39)

rae P; — naBieHne B JHQTOBOH IMaxTe HA YpOBHE i-I0 3Ta-
xa, Ila; Fy — cymMmmapHas 1utomaxs aseped mudToBOM MAXTHI
WIH JMPTOBOIO XOJUTA Ha MPOMEXYTOYHOM ITOCANOYHOM 3Ta-
XeE, M; Sga, Sdsm — XaPAKTEPHUCTHKH YHEIBHOIO CONPOTHBICHHS
aBepet MMPTOBOrO XOJUIa COOTBETCTBEHHO BO3AYXONPOHHIIA-

HHIO H JbIMOTa30IpOHHLIRHHIO, K[ M.

C yyerom P, = P, =const CyMMapHbI# pacxoj] BO3yXa,
¢uasTpYIOmeErocd U3 MM TOBOM MAXThI, COCTABISAET:
G, =G, + ) AG,, (40)

rae G; — TpebyeMeiii 110 pacyeTy CYMMapHBIH pacxol BO3MyXa,
MOaBaEMOI0 B JIH(TOBYIO INAXTY, KI/C.

4.2,2. Acnonnenne nu¢TOBRIX maxt mo 1. 4.2.1 ¢ po-
MOJTHUTENBHBIM YCTPOKCTBOM BRITOPOXEHHOIO JHPTOBOrO XOJI-
Jla Ha OCHOBHOM IOCAJOYHOM 3TaXe 00YyC/IOBJIMBACT BO3MOXK-
HOCTh HCHNONB30BaHHA 3aBHCHUMOCTeH (34), (38)—(40). IIpum
ITOM Ppacxol Bo3mayxa H3 JHGTOBOH LIaXThl HA YPOBHE IIEPBOroO
3TaXa 3MaHHA NOJDKECH OMNpEACNATHCA MO 3aBHCHMOCTIM (38)
i (39).

4.2.3. na mapToBBIX WAXT NOA3EMHOH 4yacTH (C OCTa-
HOBKAMH HAa YPOBHSAX INMOA3EMHBIX 3TAXECH) C BHIMOPOXCHHBIMH
MHPTOBRIMH XOJUIAMH Ha KAXIOM JTaxe, BKIIOYas OCHOBHOMH
MOCANOYHbBIN 3TaX (HIOKHHH HaA3EMHBIH), NOC/IEAOBAaTEIbHOCTD
H coacpKaHHe paciera TpedyeMbIx 3HaYeHHH H30BITOYHOIO JaB-
JICHMS H CYMMapHOIO pacxojia BO3AyXa ClieAyeT IpUHHUMATL aHa-
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NOTHYHBIMH YKa3aHHBIM B I1. 4.2.2. Ilpu 3TOoM pacyeTrHOE€ pac-
pee/ICHHE AaBJICHHA NOo MyOHHE MOA3EMHOH 4YacTH JOJDKHO
COOTBETCTBOBaTh 3aBHCHMOCTH (33). Cxembl mojgayd BO3AyXa
B TM(TOBBIC LIAXTHI JAHHOTO BHJA IIPHBECHHI HA PHC. J, 0.
4.2.4. Ilpu ycrpoiicTBe THPTOBBIX LIAXT, COOOIAIOIHX-
CA C MOA3CMHOH M HAaJA3EMHOH 4acThiO, HEOOXOAMMO MNpenay-
CMaTpHBaTh pa3feNbHYIO IOJaYy BO3JyXa COIJIaCHO CXEME,
NpUBCACHHON Ha puC. 6. PacueTHBIC 3HAYECHUS NTApaMETPOB IIPH

3TOM CJIEAYET ONpPEACNIATh 110 3aBUCHUMOCTSIM, YKa3aHHBIM
Brn.4.2.1 1 4.2.3.

HE
A I I e B B
ot o1
et

Puc. 6. Cxema pacnpeodenernnou nooauu 6030yxa
8 waxmy auGdmos, umerowux 0CMarHo8KuU 6 NOO3eMHou
U HAO3eMHOU YACMAX 30AHUR
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4.2.5. Ina wmaxt 1MPTOB C pPEXXUMOM «IIEPEBO3Ka IIO-
XKapHBIX MNOApa3fCIICHUN» HEOOXO0AMMO ONpeAcsATh PaCXOJ
BO3JAyXa Ha OCHOBHOM IIOCRJOYHOM JTaXe II0 3aBHCHMO-

cTH (35) Oe3 yyeTa BHINOPOXKEHHOIO JIH(YTOBOrO XOJIjIa Ha 3TOM
ITANKE.

4.3. Ilonauya Bo3ayxa B TaMOyp-I1I03b]

4.3.1. Pacxoa Bo3ayxa, mogaBacMoro B TaMOyp-1IITIO36]
IPH BBIXOAAX M3 JICCTHHYHBIX KJIETOK H JIMPTOBBIX LIAXT B XOJI-
JIbl, BECTHOKOJIM HH)XHEro HaA3eMHOI0 JTaxa 3OaHHA,
ONpeAcnACTCa COOTHOLICHHEM BHAA:

Gﬂ =Vannpr! (41)

rae V, — MUHUMaNbHO IONYCTUMAs CKOPOCTh HCTEYEHHS BO3-

JyXa 4yepe3 OAHY OTKPBITYIO ABeph TaMOyp-uuito3a, m/c; F, —

MAoAanhk ABEPH TaMOyp-lLIIO3a, M, P, — MIOTHOCTh BO3AyXa

npu temneparype 7, .
4.3.2. Pacxon Bo3ayxa, nogaBaeMoro B TaMOyp-LITIO3E]

[MPH NMOJ3TAXHAIX BBIXOJAX B JICCTHHYHBIC KIICTKH, ONIPCACIIACT-
Ci 3daBHCHMOCTAMH BHU/J1A.

G, =G +AG,, (42)
AG, = (n=1)F,(P./S4)", (43)

rae Ggm — MaCCOBBIH pacXonx BO31yXa, IMOCTYMNAIOIIErO B BEPTH-
KaJIbHBIA KOJUIEKTOp, Kr/c; AG, — yredkd Bo3gyXa 4epe3 3a-

KPBITbIC KJlanaHbl KOJUIEKTOPA, KI/C; # — KOJIMYECTBO KJIAIIAaHOB
B KOJUIEKTOpE; Fy4n — miowmiaab NPOXOAHOTO CEHYEHHUA KJalna-
Ha, Mz; P, — cpenHee H30BITOYHOE AaBlEHHE B KojuiekTope, [la;
Sdm — YACJIBHOE COMPOTHRBJICHHE ABIMOTIA30NPOHUIIAHHIO KJlaria-
Ha, kr ™,

4.3.3. Pacxon BO3ayxa, nmogaBaemMoro B JHGTOBBIE XOJI-

Jbl Ha MOA3EMHBIX VPOBHSX, TaMOyp-LILTIO3bI MIPH BBIXOAAX U3
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[IOMEIEHNHA NMOA3EMHOM 4acTH B JICCTHHYHBIE KJIETKH, CO00-
IMAIOLHEC ¢ BECTHOONEM HAaA3€MHOH 4acTH 34aHMs, Oonpene-
JISIETCA 3aBUCHMOCTBIO

Gc = Fdsm (‘F:: /Sdsm )O.S ’ (44)

rae Fusm — mnomanes aeeped TaMOyp-1uto3a, M; P — n30bITo4-
HO€ JaBJICHHE BO3JyXa B 3aluiiaeMoM TaMOyp-uumose, Ila;
Sdsm — YHACIBHOE COIPOTHBICHHE IBIMOTAa3ONPOHHUILIAHHIO IBE-
peii Tam6yp-1LTI03a, Kr'' M.

BenuuuHa H3O0BITOYHOrO JaBlEHUS B TaMOyp-lII03€

AOJDKHA YAOBIETBOPATH ycioBuio: P 2 20 Ila.

4.4. KomneHcHpylomas nmoaada Bo3ayxa

Bo3Menenne 00beMOB yAQIIEMBIX M3 TOMEUIEHHH NIPO-
OYKTOB TOpEHHUS MNpH IoXape obecneyuBacTcs MNOCPEACTBOM
MOJA4YH HAPY>KHOTO BO3Z[yXa B HHXKHIOIO 4YacCTh TAKHUX IIOMEINe-
Hu. Pacxon nomasaeMoro Bo3ayxa ONpeaensercs COOTHOIIE-
HUEM

N (45)
l-n

rie Ggnm — MacCoOBBIM pacxoj YAISEMBIX MPOAYKTOB Iope-
HUS, KI/C; n — K03pPULUHEeHT aucbanaHca.
Huana3oH monyckaemoro aucbananca: —0,3<n<0,3.
Ilna onpenenenus Tpebyemoro o6breMHO0O pacxona mno-
JIaBa€MOI0 BO3/IyXa NPHUMEHAIOTCA 3aBUCHUMOCTH

T
., 46
T (46)

sm

roe Lg, Lgm — 0OBEMHBIH pacxo COOTBETCTBEHHO NMOAABAEMOI0
BO3YXa M YAQIAEMBIX IIPOAYKTOB TIOPEHHA, M/c wH M/
Ta, Tsm— aOCOMIOTHBIE TEMIIEPATYPH BO3JyXa H ylalseMbIX
MPOAYKTOB ropenus, K.

G

L,=G,/p, uma L, =
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CrocoObl nmosayM BO3AyXa MOTYT OBITH pa3IMUHBIMA,
HO B OCHOBHOM NOAPA3NEIAIOTCA HA MCIOJIb30BAHHE IIPHHYAH-
TEJIbHOH M €CTECTBCHHON BEHTHNSLMH. EcTecTBeHHas BEHTH-
JALUA MOXET OBITH IPEAYCMOTPEHAa C NPHUMEHEHHEM JBepeif
HapY>XHbBIX BBIXOHAOB IMOMEIIECHUS HJIH CIElHAJIbHO BBIMOHEH-
HBIX BO3AYXONMPHTOYHBIX KaHAJIOB. Tpebyembie pasMepnl Hpo-
XOMHBIX CEYEHHH TaKMX J[OBEPEH H KaHAJIOB ONpPENeNAIOTCH
C YYETOM MX (PAKTHYECKOIO MAPABIHYECKOrO COMPOTHBIIEHHUS,
COOTHOCHMOIO C YCTAHOBJIECHHBIM CTaTHYECKHM JIaBJICHUEM
BBITSDKHOH NMPOTHBOABIMHON BEHTHU/IALIHH.

S. TEXHUYECKHE XAPAKTEPHCTHKH
ObOPYAOBAHUS

I cucTeM BBITAXKHOH H NPHTOYHOH NMPOTHBOABIMHOM
BCHTH/ISILIHH B Ka4YE€CTBE OCHOBHBIX MapaMeTpOB, HOJICKAIIHMX
Y4€Ty, paCCMaTpHBAIOTCA BEJIHYMHBI JaBJICHHSA M NOJA4YH BEH-
THJIATOPGB.

5.1. OGopynoBaHune CHCTEM BBLITHKHOM
NPOTHBOALIMHOH BEHTH/ISAIIHH

5.1.1. C yyeTtoM nmony4YeHHBIX pacuyeTHBIX 3Ha4eHHH Gy,
Tsm DA NMOMEWIEHHUH, 3allfHIIAEMBIX BBLITAXXHOK ITPOTHBOABIM-
HOH BEHTH/ISLHEN, COINTACHO IMPUHATHIM HCXOJHBIM IOAHHBIM,
ONpeae/IseTCs HEOOXOAUMOE KOJIHYECTBO JBIMOIIPHEMHBIX YCT-
pOMCTB H HX pa3MeElLICHHE. B COOTBETCTBHH CO CTPYKTYPHOH
CXEeMOH CHCTEM HaMeE4yacTCAad TPACCHPOBKA 3TAXXHBIX BBITAXKHBIX
KaHAJIOB, BEPTHKAJIbHBIX KOJUIEKTOPOB. llpenycMmarpusarorcd
MECTA YCTAHOBKH BEHTHJISTOPOB C (PUKCHPOBAHHBIM HAPYKHbBIM
BbIOPOCOM MPOAYKTOB NOPEHHS.

[IpenBapuTebHBIL BHIOOD pa3sMepoB IIPOXOIHEBIX CEYEHHH
cOOpHBIX JIEMEHTOB BBITSDKHBIX KaHaIOB H 0OOpynoBaHus (pe-
LIIETOK, KJIAMaHOB) NMPOBOAUTCS, HCXONS H3 YCIOBHSA 00€CIICUCHH
MaKCHMAaJIbHOM CKOpOCTH TeuYeHHSA razoB He Oonee 11 M/c (npen-
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IOYTHUTENIBHO, B AHana3zoHe 9—11 m/c). Ecim ykazaHHOe ycioBHE
SIBJIICTCSI HEBBIIOMHHMBIM BBHIY OIpPaHHYE€HHOH BO3MOXXHOCTH
[IPOKJIAZKH KOHCTPYKLIMH BBITSDKHBIX KaHAJIOB C COOTBETCTBYIO-
IIMMH pa3sMEpaMHU Ha BCEM MNPOTHKEHHH WIHM JIOKAIBHO, BBIOHpa-
€TCS. HHOM TUIIOpa3sMep CEYEHMH, KOTOphId obecrieunBai Obl BO3-
MOXHO MEHBIIIEE YBEIMYEHHE CKOPOCTH TEUEHHS ra3oB.

5.1.2. Onpenensiercsa Tpebyemas BeTHYHHA JaBJICHUS Ha
HaYaJIbHOM Y4YacTKe BBITSDKHOIO KaHana (B 3alMINAceMOM IIO-
MEIIIEHHH ) 10 3aBUCHMOCTH BHA:

Psmq = Po + Oispsmo (ZEMJJ stznm + }“o Z Vsrzno:lm / dam ) > (47)

rne Py, — CTaTHUYECKOE NABJIEHHE B BEITAXKHOM KaHaJIe B KOHIIE
HayanbHOro yvacrka, Ila; P, — n1o6aBoyHoe cTarMyeCcKoe NaB-

JICHHE B BHITSOKHOM KaHane, Ila; &,; — ko3¢ duuueHT i-ro MecT-
HOI0 COIPOTHUBICHHA HA HAYAJLHOM Y4YaCTKE BRITSXKHOIO KaHa-

1a; A, — KO3POULUEHT COITPOTUBICHHSA TPEHHSA IS BEITSIXXHOIO
KaHaJIa Ha Ha4YaJIbHOM yd4actke; /,; — JUIHHA i-ro 3JIEMEHTA BHI-
TSOKHOTO KaHAJIa HA HAYaJIbHOM YYaCTKe, M; dp; — IKBUBAJICHT-
HbIF THOPABIHYECKHH NUAMETP I-N0 3JIEMEHTA BEHITKHOIO Ka-

Hajla Ha HAYallbHOM YYaCTKe, M; Psmo — IUIOTHOCTH Fasa IpH
pac4yeTHOH TeMmIreparype ALIMOBOIO CJIOA, Kr/M> . Vimoi — NO-
KaJIbHass CKOPOCTh rasza, nmepeMeriaeMoro B I-M 3JIEMEHTE BBHI-
TSHKHOTO KaHAJIa Ha HaYaJIbHOM y4acTKe, M/C.

BennunHa 106aBOYHOro CTaTHYCCKOIO JABJICHHUS B BhI-
TSXKHOM KaHaJIE ONPEAE/IAECTCS 10 CYMMApHBIM NOTEPSAM JaBiie-
HHUS B IPHUTOYHBIX YCTPOMCTBAX KOMIICHCHPYIOIHEH NOJaAYH

BO3/IyX4d C €CTECTBEHHBIM NMOOYXIEHHUEM TATH:
_ 2
P o Ra ' Ga ’
rae R; — S3KBHBAICHTHOE COIMPOTHBIICHHE BO3NYXOIPHTOYHOIO
kaHana, X ‘M ; G, — MacCOBEIit pacxol IMPHTOYHOIO BO3ayXa

1o 3aBHCUMOCTH (495), Kr/C.
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JlokasibHast CKOpOCTHL NEepeMellaeMoro B KaHajle rasa
onpenenseTcs COOTHOUIEHHEM

G
Vtmm = — . 4
[ @)

Jns onpeneneHus 3IKBHBANCHTHOTO THAPABIHYECKOTO
AHAMETpa MpAMOYIrOJIBHOIO CEYEHHS KaHala UCNOJIb3YeTCsl CO-
OTHOLIIEHHE

d. = 2ab

?
a+b
rae a, b — paaMepbl CTOPOH CEUEHHS, M.
Kos¢ppHiueHTs! MECTHOIO CONIPOTHBIIEHHS ONPEIEIISIOT-

CA MO CrpaBOYHbIM JaHHBM [11], a k03 PHIHEHTH CONPOTHB-
JICHHS TPEHHA — M0 U3BECTHOH 3aBUCHMOCTH A.Jl. AnbpTInyns:

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

rae Re — kputepuii PeitHonbaca; k — 3KBHBaJIECHTHas 1LIEPOXOBa-
TOCTb BHYTPEHHEH NOBEPXHOCTH KaHaya (11 BO3YXOBOIOB H3
ctaiu k= 0,1 Mm).

[Ipu 3TOM Re onpenensercd 1o Temiopu3n4YecKHUM Ma-
paMeTpaM, MPHUBEIACHHBIM B IIPHIL. 2:

Re= % 51)
V

5.1.3. Ecnn Mexay BEepTHKaJIbHBIM KOJIJIEKTOPOM H Ha-
YaJIbHbIM Y4YaCTKOM KaHaJjla pacCMarpHBaeMOH CHCTEMbI Cylle-
CTBYET NMPOMEXYTOUHLIH TPaH3UTHBIA YYacTOK, TO BEJIHYHHA
JABJICHHA B HEM MOXET OBITH OIIpeNe/IeHa N0 3aBUCHMOCTH (47)

NpH COOTBETCTBYIOLUEH 3ameRe P, HA P W P, HA Pgpp. 1o-

Yo

npaBka Ha H3IMEHEHHE BEJHYHHBLI MAaCCOBOro pacxo/ia B KOHILE
TAaKONo NPOMEXYTOYHOINO TPAH3WTHOIO Y4YacTKa OMNpeaeaseTcs
CNEeAYIOLMMH 3aBHCHMOCTAMM:

(49)
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Gono = Gono + AG, ; (52)
AG, =p,L,» (nd,, -1,)/3600, (53)

rne G, — MacCOBBI pacxoll rasa B KOHEYHOM CEUYEHHH IPO-

Smo

MEXXYTOYHOIO y4acTKa KaHaua, Kr/c; AG, — noacocsl BO3qyxa
yepe3 KOHCTPYKIMH MPOMEXYTOYHOro y4dacTka KaHala, Kr/c;

3 ,
Pa — TUIOTHOCTh BO3AyXa, Kr/M”; L,— Moacocel BO3AyXa, M3/‘I;

d, ., |l — 5KBHBJCHTHBIH I'MPABIMYECKHM THAMETP H IJIMHA

3pi ?
i-ro 3JIEMEHTA NPOMEXYTOYHOTO Y4acTKa KaHala, M.
3HaueHue L, ompeAensieTcs mo annpoKCHMHpYIoleH
3aBUCHMOCTH comacHo 1. 1 npui. 3. IIpu 3ToM B annpokcu-
MHUpYyIolIeH ¢popmyne I BO3AyXoBOAOB knacca «I1» nmpuHH-
MaeTCA:

P=P_ -107.

Smo

HA3MeHeHHe TeMrnepaTyphl razda B KOHEYHOM CEYEHHH
IIPOMEXYTOUHOIO Y4YacTKa KaHajla ONpeaeNseTcs 3aBHCHMO-
CTBIO

CPonGonaTine + AG,T, =gl

sSmo  smo

7;:”0 T Cy G; (5 4)

psmo

IIe q; — NOTEPH TeIJia Ha €AUHUNY JUTHHBI KaHana, KB1/Mm; [ —

CyMMapHas JUIHHA NMPOMEXYTOYHOI0 y4acTKa BBITSXKHOIO Ka-
Hajia, M.

YaenpHBIE OTEPH TEIIA ONPEACIIAIOTCA 3aBUCHMOCTS-

MH BHAA.

kn( -1,); (535)

1, dy 1 d, VL (56)

+-— In
ad A d 27&. d2 a,d.,

3} 3

sSmo

k= (

roe k; — xo3¢duuneHT temwonepenaun, kBr/m-K; a,;, a; — xo-
3¢ PHIHEHTHI TEIIOOTAAYH OT ra3a K BRYTpeHHeH NOBEpXHOCTH
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H OT BHEIIHCH MOBEPXHOCTH KaHalla K OKpYXalOIEMY BO3IYyXY,
kBr/M*K; Ai, A2 — KOODDHIHEHTH TEILIONPOBONHOCTH MarTe-
pHaIOB COOCTBEHHO KaHajJla H OrHE3alMTHOIO MOKPHITHA,
kB1/M°'K; d51, dy;, dy3 — PKBHBaJICHTHBIN rHApaBIHYECKHH aua-
METP, COOTBETCTBYIOIHA BHYTPEHHEH MOBEPXHOCTH, BHEINHEH
NOBEPXHOCTH KaHajla (BHYTPEHHEH IIOBEpXHOCTH OrHE3allHT-
HOTO CJIOA) H BHENIHEH MOBEPXHOCTH 3TONO CJIOA, M.

Ko>pdHIHEHTH TEIUIONPOBOIHOCTH A H A2 HAXOASTCA

10 CHIPaBOYHHIM AAHHBIM. 3HAYECHHE O ONpEAC/IAETCA H3 KpH-
TEPHAJIbHOH 3aBHCHMOCTH BHJA.

Nu, =0,021Re"Pr;*(Pr, / Pr,)*"¢,e,, (57)

rae Nu, Pr — xpurepun Hyccensra u Ilpanarig coorBeTcTBeH-
HO; €, Eg — NONPABOYHEIE KOIPPHIIHECHTEI,
o, =Nu,,, /d,.

Komu4yecTBeHHBIC 3Ha4€HHA KOX(pOHUHEHTa € YCTa-
HABJIMBAIOTCA N0 TAaOJIMYHEIM CIIPaBOYHEIM JAaHHBIM [11], a Ko-

b PHIHEHTa € — ONPENEAIOTCA N0 COOTHOMIEHHIO

e, =(1+1,77d/ R), (58)
rae R — pamuyc u3ruba kaHasa, M.

BBHAy TOro 4ro TEMIeparypa Ha BHEIDHEH MOBEPXHO-
CTH OTHE3alMTHOIO CJIOA BEITSDKHOINO KaHajla ABIAETCA HEH3-
BECTHOH BEJIMYHHON, pacyeT ¢; MPOBOAHTCA IOCJECIOBATEIIb-
HHIMH NpHOMMXCHMSIMH, Ha NEPBOM Iare KOTOPBHIX 3aaeTCA
3HaYeHHe T, < T3 < Tmo.

5.1.4. [TapameTps!l nepemMemacMoro rasa npH BXOZe
€ro B BEPTHKAJIbHBIH KOJUICKTOP COOTBETCTBYIOT 3HAYCHHAM

4 4 Pl

smo? “smo? “ smo’

[Ipn ycnoBHH COXpaHEHHS HEH3MEHHBIMH IIJIOLIAIH
NPOXOAHKIX CEYCHHH H COOCHOCTH TaKHX CeYeHHH KOJIJIEKTO-
pa no Bceil ero BHICOTE NPOH3BOAUTCH YCIOBHOE pa3fieiCHHE
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Ha y4acTKU ¢ TpPaHHIAMH Ha YPOBHE MEXITAXHBIX NEPEKPHI-
THH 3/1aHHUA.

I8 nmepBOro Takoro ydyacrka BHA4alie ONpEaEsseTCS
JABJICHHE B KOHEYHOM CCUYCHHH:

P = Ps;m + E.!Ip;mﬂVf /2 >

smy ml

rne & — ko3pOdHUHEHT MECTHOTO CONPOTHUBJIEHHS;, P, —
I0THOCTH NpH TeMneparype T, , K.

3HaYeHUA &| ONPEHENSIOTCS MO CIPaBOYHBIM JaHHLIM
[12] ¢ ydyeroM reoMETpPHYECKUX XApaKTEPHUCTHK 3JIEMECHTOB
IPUCOEAUHEHHS ITAKHONO KaHAIA K BEPTHKAIIBHOMY KOJUIEKTO-
pY IpH HAIWYMM IIPOTHBONOXApPHOro KianaHa. KoagpduumeHt
MECTHOI'O COMIPOTUBIICHHUS Ui ITOr0 KJlariaHa onpeaesnsercs 1no
TEXHUYECCKHUM AAHHBIM U3TOTOBHUTEJIA.

5.1.5. Ilpu nepexone Ha cneayiomMil y4acTOK BEPTH-

KaJIbHOIO KOJUIEKTOpa IPUHHUMAETCSA, YTO IPH HOABJICHUH Py
OCTaJIbHBIE NTapaMEeTPhl UMEIOT 3HAYCHHUA:

Tsml = Ema;
Gsml = Gsma y

JlaBneHUe B KOHLE JaHHOIO y4yacTKa ONnpeaessercs 3a-
BUCHUMOCTBIO

})smz = Lom + (kh2 /da)psles.-znl /2 o th(pa — psml) ’ (59)

rae Ay — BBICOTA (MUIMHA) KOJUJIEKTOpPA Ha JAHHOM Y4YacCTKe, M;
Vsm1 — CKOPOCTH NEpEMEIICHUA ra3a, M/C.

CQOTBETCTBYIOLIEE H3MEHEHHE MAaCCOBOr0 pacxoa rasa
B KaHaJIE€ K KOHLly AAHHOTO y4acTKa COCTABHT

G, ,=G_,+AG, +AG,, (60)

sm]
rne AGg4, — pacxoR Bo3OyXa, (QUIBTPYIOLIETOCA B KOJUIEKTOP
yepe3 HEMJIOTHOCTH NMPOTHBOMOXKAPHOIO HOPMAJILHO 3aKPEITONO
KJIallaHa Ha JaHHOM y4acTKe, KI/c.
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M3MeHeHHass K KOHIY JaHHOro ydacTka TeMIeparypa
rasa onpeaecasercs 3aBUCUMOCTHIO

T;mz _ _gplesmlzml + ]__.‘Q_(AGda T AGa) - Qthz _ (61)
CPon2 G oms
YaenbHble TEIUIONOTEPH ONPEAcSIOTCS COINaCHO BBIIIE
NPUBEACHHBIM 3aBUCUMOCTAM (535)—58).
s npuOnmKeHHbIX BEUUCICHHA TEMIIEpaTypsl ra3a B
KOHIIE /-0 Y4YacTKa KaHajla AONYCKAETCA HE YYHUTHIBATH NOTEPH
TENJa yepe3 orpaxarolliie KOHCTPYKIIHU KaHaa. B 3ToM ciy-

yae B3aM€H 3aBHCHMOCTH (61) MoxeTt OBITH HCNOJIB30BAHO CO-
OTHOIIIEHHE:

(0,89163 + 0,000141 B)*° —0,94426

T - .
m2 0,0007
roe B _ CpsmGsmlnml + (AGda + AGa )Ta
G, +AG, +AG, |

5.1.6. [lonydyeHHBIE B HTOT€ aHAJTOMMYHbLIX BBHIMHCIICHUMH
(1 BceX NOCHCAYIOUIMX BBILUCNEKAIUUX YYaCTKOB KOJUIEKTO-
pa) nmapaMmeTphbl s BepxHedl 4dactu komiektopa (Pgnn, 1 smw,
G smn) HCIIONB3YIOTCA JJ18 KOHEYHOIO ONpEeAcICHHs MapaMeTpoB

BEHTHJIATOPA CHCTEMBI:
L =3600 G om . (62)
p.-mlN
P,=(P.y+P)L2/p,ns (63)

rae L, — moaaya BEHTHJIATOPA, M>/4; P,, ~ TIpUBEIEHHOE
K CTaHJAApTHBIM YCJIOBHSAM CTaTHY€CKOE JaBJICHHE BECHTHIIA-
topa, [la; P; — cyMMapHO€ CONpOTHBIICHHE INMPHCOEIHHH-
TEJBHBIX BO3AYXOBOJAOB (OT KOJUIEKTOpa A0 YCTPOHCTBa Ha-
pyXHoro BeOpoca), I1a.
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5.1.7. ing cucTeM BBITSOKHOM [OPOTHBOABLIMHOH BECHTH-
JIAIUE C €CTECTBEHHBIM NOOYXACHHEM TATH MMHHMAJIBHO He-
00XoaNMOe MPOXOAHOE CEYEHHE NBIMOBEIX JIIOKOB, YCTAHAB/IH-
BacMBIX B MOKPBITHAX 3MaHHH, oNpelenseTcs 3aBHCHMOCTBIO

G
rFr=———
Z | l"’;‘ {2p.ﬂn [ghsm (pa — psm) - O,SkapaV: ]}0’5

rae F; — nnomane MpOXOAHOrO i-ro ALIMOBOTO JTIOKA, M G —
CYMMAapHBIH MAacCCOBBIH pacxol rasa 4epe3 IObIMOBHIE JIIOKH,
Kr/M; W — K03ppHIHEeHT pacxoda i-r0 AbIMOBOIO JIIOKA; Psm —
IUIOTHOCTH r'a3a B JILIMOBOM CJIO€ NpH TeMIiieparype 7 m, Kr/M;
Ngm — TOJIMHA JEIMOBOIO CJIOSA, M; Py — IJIOTHOCTH HAPYKHOIO

BO3Ayxa npH temneparype T, xr/m; k, — adpOAHHAMHYECKHH

KO3G@HULUMEHT BETPOBOIO Hamopa IS MOKPHITHA 34aHHA; V, —
CKOPOCTbB BeTpa, M/C.

YKa3aHHas 3aBHCHMOCTb CHIpaBeIMBA IS IABIMOBEIX
JIIOKOB OJHOTHNHBIX KOHCTPYKUHHK (pa3IU4aroIUXCA TOJIBKO
TunopasMepamu). [na Beibopa 3nayeHu# Gy, T5m CREOYET PYy-
KOBOJACTBOBATbCA JaHHBIMH pa3l. 3, a 3HA4CHUA 1, &k, V, che-
AyET NPHHUMATH COTTIAaCHO pa3id. 2 HACTOAIMX PEKOMEHAALHH.
3HaYCHHUE L; JOJDKHO COOTBETCTBOBAThH TCXHHYECKHM JaHHBLIM
PEATIPUATHSA-A3TOTOBUTEIA.

S.2. O6opynoBaHHe CHCTEM NPHTOYHOMH
NPOTHBOALIMHOH BEHTHIAIIHH

OCHOBHEIE NAapaMETpbl CHCTEM IIPHTOYHOH IPOTHBO-
OBIMHOHA BECHTHILILIUM ONPEHACIAIOTCA COITIAaCHO CIECAYIOINUM
3aBUCUMOCTSM.

® JUIS JIECTHUYHBIX KJIETOK:
L,=3600 G/ pr:
Po=(Pun+ Py)1,2 / Prs
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® Ui NTMQTOBBIX HIAXT:

L,=3600 G/ py;

Psv= (PstN+Pd)1:2/pr;

e I TaMOyp-1111030B:

L,=3600G, ;. sn/ pa;

Ps, =20+ Py)1,2/ pg,
rae Py — CyMMapHO€ CONPOTHRICHHE NMPUCOCAHHHTEILHBIX BO3-
OYXOBOAOB (OT 3allMIIAEMBbIX JECTHHYHBIX KIJIETOK, JTH(TOBBIX
IaXT JO BEHTHISNTOPOB € BO3AYX03a0OpHBIMH YyCTpPOHCTBa-
MH), [1a; Pg,— cymMMapHOE CONpPOTHBICHHE HNMPHCOEIHHHUTEIb-
HBIX BO3AYXOBOJOB (OT 3alHIAaeMbIX TaMOyp-LIUIIO30B 10 BEH-

TUIATOPOB € BO3AYyX03a0OpHBIMH YCTPOHCTBAMH) C Y4YE€TOM
I'PAaBUTALIMOHHOIO Nepenana nasneHus, [1a.

6. PEXKHUMbI YHIPABJIEHHSA IIPH IHOXAPE

YnpaBneHHe NMPUTOYHO-BBITYDKHBIMH CHCTEMaMH NPOTUBO~
ObIMHOH BEHTHMIIMH MpPEeOyCMarpyBacTCsi B aBTOMAaTrHYE€CKOM
(OoT cucTeMbl ODHAapy)XeHHs TMOXapa) U B JUCTAHIMOHHOM
(OT KHOINOK Y 3BaKyallHOHHBIX BBIXOJOB C ITAXKEH HJIM B ITOXKAPHBIX
lKadax) pexumax. YKasaHHbIC PEKUMBI YIIPaBICHUS HOJDKHBI
OLITH MpHEMIEMBI U PA3THYHBIX MOXKAPOOIMACHBIX CUTYALMH, OI-
penensieMbIX MECTOM BO3HMKHOBEHHS I10)Kapa — pacloOIOKEHUEM
MOPSALLEIO MOMELIEHUS Ha OMHOM H3 3TaXEH, B OMHOM H3 IOXap-
HBbIX OTCEKOB (b ClTyyae pa3iesieHHs Ha IT0)KapHbBIE OTCEKH CTpPOM-
TeJbHOH 4acTH 34aHuA). [lepeyeHb COBMECTHO JAEHCTBYIOIIMX CHC-
T€M IPOTHBOABIMHOH BEHTWIALIMH ONpeEesfeTcs B 3aBUCHMOCTH
OT TaKHX MOXapOONaCHbIX CHTYalHH.

B rpanuiiax orceka, B KOTOpOM BO3HHK [OXKap, noiexar
OTKTIOYEHHIO BCE CHCTEMBI O0LIICOOMEHHON BEHTWIAIIMK U KOH/TU-
LIMOHUPOBaHHSA, KpOME (QYHKUHMOHAILHO COBMELICHHBIX C CHCTE-
MaMH NMPOTHBOALIMHOH BEHTWIALHMH. 1 obecrieueHus pacueTHBIX
PEXHUMOB COBMECTHOIO JCHCTBHA CHCTEM NPOTHBOIBIMHON BEHTH-
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JISLIMHM, BXONALIMX B YCTAHOBJICHHBIN IepeyeHb, HeOOXOAMMO ore-
pexaroliiee BK/IIOYEHHUE BBITSDKHBIX CHCTEM OTHOCHTEJILHO MpH-
TouHbIX cucteM. [lepuon onepexeHust nomkeH ObrTe He Oonee 30 c.
B ocTampHBIX MOXAPHBIX OTCEKaX CHCTEMBbl 00IIe0OMEHHOI BEH-
TWISALMH i KOHIALHOHUPOBAHHS MOI'YT OCTABaThC BKIFOYCHHBIMH
(B TOM 4HCJie C UCMOB30BAHUEM CUCTEM, COBMEIIIEHHBIX C IPOTH-
BOABLIMHBIMH ).

YkazaHHble OCOOCHHOCTH OOYCJIOBIMBAIOT BO3MOXHOCTH
onpeaccHUs B 001eM NepeyHe MaKCHMAITLHOIO KOJIMYECTBA CUC-
TEM INPOTUBOOLIMHOA BEHTW LMK €OUHOBPEMEHHOIO NEHCTBHA.
OTHOIIEHHE TaKOro KOJMYECTBA CHCTEM K HX OOIIEMY UHCITY IPH
M3BECTHON YCTAHOBOYHOM MOIIMHOCTH K&KIOH, B KOHEUHOM CYETE,
COOTBETCTBYET KO3pIHIHEHTY 3PPEKTHBHOIO HCNOIB30BAHMA
BEHTHJISIIIMIOHHOIO 000OpyIOBaHHA.
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ITPHIIOKEHHUE 1
(cnpasounoe)

Onpeaenenne 0CHOBHLIX NMAPAMETPOB
MOXXAPHOH HArPY3KH NOMEIMEHHH

B nepeyeHb OCHOBHBIX MapaMeTpOB MOXAPHOH Harpys-
KM BXOIAT YAECNbHBLIC, B TOM 4YHUCJI€ NMPHBEACHHbLIC U KPUTHYE-
CKHE BEIIHYHHBI, a TaK)XXe yCpeAHEHHbIE IMOKa3arejin Tennogu-
3HYECKUX CBOMCTB. IS OMnpeneieHus JaHHBIX TapaMEeTpoB HC-
MONB3YIOTCA COOTHOWIEHHSA H 3aBUCHMOCTH CJIEAYIOIIETO BHIA:

1. YnenoHas npuBelcHHAs MOXapHas Harpy3ka (OT-
HECEHHAas K NJOLaAH MoJjia NOMEIEeHHA) COOTBETCTBYET BhI-
PaXXKEHUIO

_)mQn
Eo = pr >

rae m, — OTHOCUTEJIbHAsA MacCoBas 0JIA -0 BELIECCTBA HJIK Ma-

Tepuajia B COCTaBe MOXapHoi Harpysku; (.05 — COOTBeT-

CTBEHHO TEIUIOTA CrOpaHHA [-I'0 BeEIUeCTBa HJH MarepHala

B COCTaBC Honcapnoiii Harpy3kd B TCILIOTa CrOpaHHs APCBCCH-

2
Hbl, KJDK/KT; Fy — nnowane noia noMeueHust, M-

3uauenus Q) Q;, ONpenensoTcs N0 CIPaBOuYHbIM HaH-

HbIM, NPHBEIEHHBIM, B YaCTHOCTH, B craHaaprte [13] 1 MoHO-
rpaguu [14].

2. YnenoHas npUBEJCHHas MNoXcapHas Harpyska (OTHeE-
CeCHHad K IJIOILNAAH TErUIOBOCIIPHUHUMAIOLLIEH NMOBEPXHOCTH Or-
PAXIAIOIIHX CTPOUTEIbHBIX KOHCTPYKIHH NMOMELUEHHA) COOT-
BETCTBYET 3aBUCHMOCTAM:
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__omo
(Fw_Ao)Qlfn ,
F =6V2/3_

4,-T 4,

rae F,— cyMMapHas IUIOINaab BHYTPEHHEH MOBEPXHOCTH OT-
paXxnarlUuX CTPOHTEIbHBLIX KOHCTPYKLMH ITOMEIEHHA, Mz;
A;, Ao — COOTBETCTBEHHO IUIOMIALb i-r0 MPOeMa H CyMMapHas
[UIOMIAb TPOEMOB NIOMEIIEHHS, M*; V — 06beM NIOMEIIEHH, M.

3. YnenpHOE KpHTHYECKOE KOJHYECTBO IIOXAPHOH Ha-

2
I'PY3KH (KI/M”) COOTBETCTBYET 3aBHCHMOCTSIM

Ex

4500I1° V3
oo =T 3 t+ ;
1+500IT° 6V,
/2
H — xjﬂf:’m ;
7

P
V =0,263 2.mon ,
1000

rne I1— npoemMHOCTS oMetneHus, M™"2; V, — VAEIEHOE KOMMHYIECTBO
BO3/yXa, HeOOXOMMMOE U1 NOJIHONO CrOPaHHUs NMOXAPHOH Harpys-
KH TIOMEIICHHS, M /KT; Mo — BBICOTA -0 IIpOEMa MOMELUCHHA, M.

4. CpenHss TeIIOTa CrOpaHHMs IIOXKApHOH Harpy3KH
(xJIX/Kr) COOTBETCTBYET BHIPAXKECHHIO

lfcp = Z m: Q: P e
5. CpeqHsaa CKOPOCTh MOTEPH MAcCChl NMOXKapHOH Harpys-
KH (KF/MZ‘C) COOTBETCTBYET BBIPAXKEHHIO:

lPt:-;:a = Zmqu: ?

rae ¥, — CKOpOCTh NMOTEPH MAacCHl i-N0 MarepHajla NoXXapHOH
Harpy3Ku (KI‘/MZ'C).
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6. JIuHeHHad CKOPOCTh paclpOCTPAHCHHUS IUIAMEHH IIO
[TIOBEPXHOCTH MOXApPHOH Harpy3ku (M/C) MOXET NMPHHHMATHCH
10 MAKCUMAJIbHOH BEJIMYHHE, XapaKTEPHOH IS COCTABJIAIOLIHX
3Ty Harpy3Ky MarepHaJioB:

U,=U
rae Umax ; — MAKCHUMAJIBHOE 3HAYEHHE CKOPOCTH pacnpocTpaHe-
HHUS IJIAMEHH IO NMOBEPXHOCTH i-I'0 MaTE€pHalia NoXXapHOH Ha-
IPy3KH NNOMEIMIECHHA, M/C.

3Ha4CHHUA TEIJIOTHI CTOPAHHA, CKOPOCTH NOTEPH MAacCChI
H CKOPOCTH pacnpOoCTpPaHECHHS IUIAMECHH MO MOBEPXHOCTH JIA
pPa3IHYHbIX MAaTEPHAJIOB, KOTOPHIE MOTYT HAXOOUTHCA B COCTARE
MOXKapHOW HArpy3KH MoOMeIneHui, npuBeacHs! B [8], [13].

XapakTepHble YCPEOHCHHBIE 3HAYCHHUA JTHX NapaMmer-
POB IJiA IOXXApHOH Harpy3kH pasjiMYHBIX NMOMEILUCHHH Mpea-
cTaBiicHb! B Tabnune {14].

YcpeaneHnnble 3HAYEHHS NApPaAMeTpPOB NOXKAPHOH
HArpy3KH pa3jiHYHbIX NOMELIeHHH

maxi?

JInHelHas

CKOPOCTh YnenbHas
IToxapuas pacnpocTpa- CKOPOCTh
HArpy3Ka HEHHUA BbIMOPAHHA,

nnaMeHH, Kr/m*-c

3nauus I u Il
CTelneHH OrHeCTon-
KOCTH: Mebenb +

ObITOBBIE H3ACIIUA
3nanus I u Il crene-
HH OTHECTOHKOCTH:

Mebenb + TKaHH

M/C
0,0108 0,0145
0,0108 m

48



IIpoooanxenue mabauyuw

Hu3sas
pabouas

[ToxxapHas

TEIUIoTa
CrOpaHHs,

MJx/kr

Harpy3ka

3aauHus I crenedu
OI'HECTOHUKOCTH:
MebDeJib + TKaHH

KaOuHer: Mebensp +
O6ymara (0,75+0,25)

ITomeleHus, obu-
[HOBaHHbIE NAHEIAMH

ABII

AIMUHHCTPATUBHOE
[TOMELLEHHE:
mebenp + OyMara

(0,75+0,25
O6LIecTBEHHbIE
3naHus; Mebens +

nuHoneyM [1BX
(0,9+0,1
bubnunorexu, apxu-
Bbl: KHHTH, YpHa-

14

JInHetiHas
CKOpPOCTD
pacnpocTpa-
HEeHHA
NJ1aMEHHU,
M/C

YnensHas
CKOPOCTb
BbINOPAHUA,
KI/M®-C

0,0125 0,0162

0,042 0,0129

0,015 0,0137

JIBI Ha cTeJTaKax 14,5
CueHuueckas
YacTh 3PUTENBHBIX
e_gecuua

BepxHss onexnaa:

BOPC, TKaHH

(luepcTh + HEHJIOH 23,3

0,0103 m
0,0368 0,0145

0,013

0,0835
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ITpooonxwenue mabauuybs

Jiuueitnas
HusLias CKOPOCTh YnenbHad
[ToxxapHas paboyas pacrnpocTpa- CKOpPOCTh
Harpy3ka TeILIoTa HEHUS BbINOpaHUA
cropaHms, 2
MI/kr | [UTAMEHH, KI/M”-C
M/C
Pe3nHOTEXHHUYECKHE
H3AENHA:. PE3UHa,
M3JECNIHA U3 HEe 36 0,0184

OxkpalleHHbIe NOoJbl,
CTEHbI: AepeBo +
kpacka PXO

l’

14,1 0,0151

14 0,0163 0,0152
0,0154 0,0135

0,0071 0,0244
0,0071 0,0244

Panuomarepuansl:

MOJUITUIIEH,

CTUPOJI, NPOMNMKJIIEH,

FreTHHAKC 34,8 0,0137

INEKTPOTEXHHUYE-

CKHE MaTepHaIbl:

TEKCTONUT, KapOonu 20,9 0,0125

50

BeicTaBouHBIEC 325161,
MacCTEpPCKHE: Aepe-

BO + TKaAHH + Kpacka
(0,9+0,09+0,01

Mebens: aepeso +
0oOIHMLIOBKA

KabenpHpIH
NoABaJ/JIOTOK
(kabesan ABBI +

[IpomTOBaphbI (TEK-
CTWIbHbIE U3lle/THA 16,7
30,7




OxkonHuanue mabauybw

JInHelHasA
CKOPOCTh

pacnpocTpa-

Husmas

pabouas

TEIU10Ta
CrOpaHus,

MJDx/kr

YnenbHas

[ToxapHas CKOPOCTh

Harpy3ka HEHHA

IUIAMEHHN,

BBITOPaHHA,
KI/M>C

JIucTBeHHbIE
I pE€BECHBIE CTPOH-

MaTepPHAaIb]
| (turadenp

Kneensie cTpoiMa-
TCPpHAJIbI { DaHEPAa

0,0585 0,014

0,0167 0,0089

M/C

Anekrpokadbenp

ABBI': IIBX

000ouKa +

H30IALIUA 0,0071 0,0244
Onekrpoxadensb

AIIBI': [IBX

o0oJioyka +

IOJIMITHIIEH 0,0071 0,0244
Tenedonnsiii kabens
TIIB: JIBX +

[OJUATHIICH 0,0062 0,0085
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ITPHJIOXKEHHUE 2
(cnpaeounoe)

TennogpuindeckHe CBOHCTBA ALIMOBLIX ra3oB

Terogusuyeckue CBOMCTBA razoo0pasHbIX NMPOAYKTOB
rOpEeHHs, HEOOXOMMMBIC I pacyeTOB 3aBUCHMOCTH pa3JiHy-
HBIX [1apaMETPOB OT TeEMIIEpaTyphbl JaHHOHU ra3oBO# Cpelbl, MO-

ryT ObITb YCTAHOBJIIEHbI HAa OCHOBE NMPHBEACHHBIX B TaOnune
3HaYCHUH. B 4aCTHOCTH, yKa3aHHBIE 3aBHCHMOCTH I TEILIO-

€MKOCTH IIOJTY4YEHBI B BHJE:
— _ -1 d
Com =all+exp(b—cT, )] ",

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

C._=a+bT, +cT;

psm sm ?

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

[leppasg 3aBMCHUMOCTBL HABJACTCH MPEANOYTHTEIIHLHOH
MO TOYHOCTH anmnpOKCHMAIlHH, BTOpas 3aBUCHUMOCTb MOXET
ObITH NPHHATA 1A NPOBEACHUA PaCYe€TOB MEHBLIIEH TOYHOCTH.
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£S

Pu3HYEeCKHEe NapaMeTpPbl ALIMOBbLIX ra3oB
(npu P = 0,0981 MIIa; Pco, = 0,13; Pu,0= 0,115 py =0,76 {14])

o 3 c A-10%, a-10°, u-10°, v-10°,
BT(MEOC)-I BT(M-K)-I Mz.c-l Pr

-_ 15,78 [ 12,20
30,83

100 | 9320 | 1,07 | 3,13 20,39

600 | 3973 | 1,21 | 742 | 15089 | 3787 | 9361 | 062
700 | 3561 | 1,24 | 827 18381 | 4069 | 11210 | 061
m
900 | 2953 | 129 | 10,01 | 25797 4591
1000 | 2698 | 1,31 | 1090 [30336 | 4836 | 17430 | 0,58
1100 | 2521 | 132 | 11,75 | 34547 | 4090 | 197,10 | 057



IHPH/IOJKEHHE 3
(cnpasounoe)

Bo3xyxo- H ALIMOIPOHHIAEMOCTD
BO3XYXOBO0B H KJIaNIaHOB
1. lnsa ompeaeneHus yTedeK HIIHM TMOACOCOB BO3JyXa
NPHMEHUTENIBHO K BEHTUJISUMOHHBIM KaHalaM IPOTHBOIBIM-
HbIX CHCTEM MOTYT ObITh HCIONB30BaHbl CIACAYIOIIHE POPMYIIEI,
NOJYYCHHBIE annpoKCHMalMed TaOMHYHBIX JaHHEIX [4]:

e JUI BO3AYXOBOIOB Kiacca H (B Auana3oHe AaBjICHHH
0,2-1,4 klla): AL = a (P - b)", rne AL - noacocsl (yTe4dkH)
BO3/YyXa, M3/M2“1; P — nasnenue, klla; a=10,752331;
b =0,0069397038; ¢ = 0,66419906;

s BO3AYyX0BOAOB Kiacca Il (B auama3zone paBjicHUH

d
0,2-5,0 lla): AL = 22
b+ P

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

2. Jlns npoTHBOMOMXXApPHBIX HOPMAJIBHO 3aKPBITHIX Kiia-
NIAaHOB YMCJIOBLIC 3HAYMCHUS YAEJIHHOH XapaKTEPHUCTHKH COINpPO-
THBJIEHUS ABIMOra3OINpPOHUIAHHIO B 3aBUCHMOCTH OT TEMIICpa-
TYpblI raza COOTBETCTBYIOT JAHHBIM, NMOJIYYEHHBIM IIpH CTCHIO-
BEIX OTIHEBBIX HCIBITAHUSX pa3IMYHBIX H3JCIHH HAa 3KCIEPH-

MeHTanbHOM 0aze BHUNAUIIO:

XapakTepUCTHKA YAENbHOTO

Temneparypa, C COMPOTHBJIECHHS
ILIMOTa30NPOHULAHHIO, M KT
20 29 900
20...100 30 300
100...200 38 300
200...300 37 900
300...500 29 300
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