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Hactoawue pekomeHgauun, paspaboTaHHble B pamkax [ocysapcTBeHHOro KoHTpakta N 36/3.3-
77/A5-29 ot 11.07.2011 no 3aka3y HayuHo-TexHu4yeckoro ynpasneHua MYC Poccuu, ycTaHaBAMBaloOT
HeobXo4MMbIV NepeYyeHb UCXOLHbIX AAHHbIX U NOPAAOK BbINOJHEHMA PACYETOB OCHOBHbLIX MapamMeTpoB
NPUTOYHO-BbITAXXHON MPOTUBOALIMHON BEHTUAALUMM 343aHUIM PA3NIMYHONO HasHavyeHusa. MeTtogonorus
pacyeToB OPWMEHTUPOBAHA Ha BHOBb BBEAEHHble HOPMATUBHblE AOKYMEHTbI, NPeAyCMOTPEHHbIe
depepanbHbIMM 3aKOHaMK OT 22 utona 2008 r. N 123-®3 "TexHMYECKU pernameHT o TpeboBaHUAX
noapHow 6esonacHoctn" u ot 10 utona 2012 r. N 117-d3 "O BHeceHUN nameHeHui B PepepasbHblit
3aKOH "TexHMYecKuit periameHT o TpeboBaHuMAX NoxKapHon besonacHocTn".

Pa3paboTka pekomeHaaunit npomsseseHa Ha 6a3e NoAroToBAEHHOTO paHee U u3aaHHoro B 2008
rogy MeTOAMYECKOTO [OKYMEHTa COrnacHO npoBeAeHHOW aBTopamu anpobaumm UM aHanusy
coAepKaTesibHOM YacTy 3aMmedaHnii B xoge nybmMyHoro obey»aeHuns nocaeaHero.

N3pgaHne npegHasHavyeHo 414 UCNO/Ib30BaHMA B NPAKTUYECKON AeATeNbHOCTM coTpyaHMKoB YITIH
rnaBHbIx ynpasaeHnit MYC Poccum no cybbekTam Poccuiickon Deaepaumm U NPOeKTHbIX OpraHM3auuii.

CornacoBaHbl [lenaptameHTom Haa3opHoi geatenbHoct MYC Poccmm 30.01.2013.

1. OBLWWME NMONOKEHNA

1.1. HacTtoAwmMe pekoMeHZaUMM pas3paboTaHbl B COOTBETCTBMM C BHOBb BBEAEHHbIMU
HOPMATUBHbIMWM AOKYMEHTaMM MO NOXKapHOW 6e3onacHocTH [1, 2] U pernameHTUPYIOT NOPALOK pacyeTa
OCHOBHbIX MapameTpoB MNPOTUBOALIMHOM  BEHTUAAUMM  343HMA  Pa3/IMYHOIO  HA3HaAYyeHuA -
NPEUMYLLECTBEHHO KM/bIX W  OOLLECTBEHHbIX; MPOM3BOACTBEHHbIX W  CKAAACKMX, a TaKkKe
MHOTOQYHKLMOHANbHBIX 34aHWUM U KOMNAEKCOB, 3aKPbITbIX NOA3EMHbIX U HaA3EMHbIX aBTOCTOAHOK.

1.2. PekomeHgaumn npegHasHaveHbl ana cotpygHukos YITIH rnasHbix ynpasneHnin MYC Poccum
no cybvektam Poccuiickon Penepaunn, NPOEKTHLIX OPraHM3auUn U NPeanpUATU, OCYLLECTBASIOLWMNX
JNINUEH3NPOBAHHYIO AEATENbHOCTb MO pa3paboTke U BHEOPEHUID TEXHUYECKUX PELUEHUA KOMMIEKCHOM
NPOTUBONOXAPHON 3aMUTbl 303HUIA W COOPYNKEHWUI, a TaK¥Ke MOryT OblTb WMCNONb30BaHbl B
0eATeNbHOCTU  MPOEKTHbIX 6lOpo  WKMPOKoro npoduna M B TFOCYAAPCTBEHHBIX  YYPENKAEHMUAX
COOTBETCTBYIOLWMX HaA30PHbIX OPraHos.

1.3. MonoXeHMA HACTOALLMX PEKOMEHAAUMA He WCKAYAOT BO3MOMKHOCTM MCMO/b30BaHUA
cneumanncTamm pasanyHoro Npoduasa NHbIX JOKYMEHTOB NOAOOHOro HasHavyeHUs, B TOM YMC/e HOBbIX
pa3paboToK, He NPOTMBOPEYALLUX YCTAHOBAEHHBIM HOPMATUBHbBIM TpeboBaHuam [1, 2].

1.4. Ana npenoTBpalLeHUA BO3MOMHbIX UCKAaXKEHWA pe3ynbTaTOB MPaKTUYECKOro MPUMEHEHUSA
pa3paboTaHHON MeToA0/10MMM He AonycKaeTca 0606LeHNe U yNPOLLEHHAA UHTePNpPeTaLmMa pacyeTHbIX
AaHHbIX B BUAE HOMOTrpamm, TabumL, U MHbIX NOAO0OHbIX MaTepManoB BTOPUYHOMO UCMO/Ib30BaHMA.

1.5. B uensx COKpaweHWa TEKCTOBOrO coaepXaHua HeobxoaAumble MO  MOJYYEHHbIM
pa3paboTunKkamm oT3biBaM B Nepmog anpobaunm U3gaHHbIX paHee pekomeHzaumi npumepbl pacyeTos
npeaycMmaTpmBaloTCA B KayecTBe [OOMOJIHEHMA OCHOBHbIX MOMOMEHWN [aHHOM pas3paboTkm B
NoAroTaBANBAEMbIX K U34aHUIO METOANYECKMX NOCOBUAX.



2. NICXOOHbIE JAHHbBIE

PacueTHoOe onpegeneHne OCHOBHbIX MAapPaMeTPOB NPOTMBOAbIMHON BEHTUAALMMU 34aHUIA OOKHO
NpPOM3BOAUTBLCA MPU NCNONB30BAHUN UCXOAHbIX AAHHbIX C1IeAYHOLLEro YCTaHOBNEHHOTO NepeyHs:

2.1. TMpoeKTHble 06bEMHO-NNAHNPOBOYHbIE pELIEHMA B COCTaBe KOMMNEKTa 4epTerkei
APXUTEKTYPHO-CTPOUTENBHON  YaCTU  AOJIKHbI  COOTBETCTBOBATb  AEWNCTBYIOWMM  HOPMATUBHbLIM
NPOTMBONOXAPHbLIM TpeboBaHMAM, B TOM YMC/E MO YCTPOMCTBY 3BaKyaLlMOHHbIX MNyTeN U BbIXOAOB, NO
TpebyeMbiMm npefenam OFHECTOMKOCTUM OCHOBHbIX CTPOWUTENbHbIX KOHCTPYKUMA W NO pasaefieHuto
CTPOUTENbHOM YaCTU HAa OTAE/bHbIE NOXKapHble oTCeKU. Mpn HeobXO0AMMOCTM YKa3aHHbIE HOPMATUBHbIE
NPOTMBONOXApPHbIe TpeboBaHMA A0MKHbI 6bITb AONOHEHDI NONOXKEHUAMM CNELNANBbHBIX TEXHUYECKUX
YCNOBUI HA NPOEKTUPOBAHME NPOTUBOMOXKAPHOM 3aLLUUTDI.

2.2. B KayecTBe pacyeTHbIX YCNOBUIA AEUCTBUA NPOTUBOALIMHON BEHTUAALMN CeayeT NPUHMMaThb
BO3MOHOCTb BO3HMKHOBEHMA NOXapa B OAHOM M3 MOMELLEHUI B KAaXKAOM M3 MOXKaPHbIX OTCEKOB, Ha
OZHOM M3 ero aTa)keh, NPenMyLLECTBEHHO HUXKHEM, B HaZ3€MHOM YacTu 34aHuA. [1na noa3eMHON YacTu
34aHUN AN g NOA3EMHbIX COOPYKEHUA HEOOXOAMMO YUUTbIBAaTb BO3MOMKHOCTb BO3HWMKHOBEHMWS
noXapa KaK Ha HWXHUX, TaK U Ha BEPXHUX MNOA3EMHbIX 3Taxax. NcxogHoe nonoKeHue OKOHHbIX
NPOEMOB - 3aKpPbITOE, ABEPHbIX - COrNacHO TpeboBaHuam [1].

PacueTHbIli nepuos AecTBUA NPOTUBOABIMHOM BEHTUAALMM AOMKEH NpesycmaTpusaTtbcs Mbo
Ha BpPeMmsA 3BaKyauUW NtOLein U3 NOMELLEHUI, C 3TaXKa MAM U3 34aHMA B Lesom, MBo Mo ycaoBuam
obecneyeHnn OeNCTBUIN NOXKaPHbIX NOAPA3LENEHUI MPU BbINOAHEHUW PABOT MO CnacaHWio NHOLEN,
o6HapyXeHUIo 1 I0KAM3auMKM ovara noxapa.

MpoeKTHOE UCMOAIHEHME CTPOUTENBHOM YacTM O0ObeKTa AO/IKHO MPUHUMATLCA B COOTBETCTBMM C
TpeboBaHMAMM YCTAaHOBJIEHHOTO YPOBHA KayecTBa W COM1aCHO HOPMMpPOBaHHbIM [3] MoKasatensam.
KoHcTpyKuMM 1 obopyaoBaHWe NPOTUBOALIMHOW  BEHTUAAUMKM  (BO34YyXOBOAbI,  KONJIEKTOPbI,
NPOTUBOMOXAPHbIE K/aMaHbl, BbITAXHbIE BEHTUAATOPbLI, ABEPU, B TOM 4UCAE MPOTUBOMOXKAPHbIE
ObIMOrasoHenpoHMLaemble, NPOTUBOAbIMHbIE 3KPaHbl U AP.) AOJXKHbl COOTBETCTBOBATb TEXHUYECKMM
OAHHbIM NpeanpuATUN-U3roTOBUTENEM U NPUMEHATLCA B COCTaBe MPOTMBOALIMHOM 3aWMTbl 06bEKTa
NPy HaMYMKM cepTUHUKATOB COOTBETCTBUA U NOXKapHOW 6e3onacHocTu Poccuum.

2.3. AspoanHaMMYECKME XapaKTEPUCTUKKU 34aHMK onpeaenarTca KosdduunmeHTamn BEeTPOBOrO
Hanopa Ha pa3nyHbiX ¢dacagax. PacnpepeneHve n 3HavyeHMA aspPOAMHAMMUYECKUX KO3pPULMEHTOB
BETPOBOro Hamnopa Ans MNPOEKTUPYEMbIX 343HWUIA HeobXoAMMO NPUHMMATb COMIACHO MPOEKTHOM
OOKYMEHTaLUN UAMU NO SKCNEePUMEHTANbHbIM AaHHbIM, NOJlYyYEHHbIM B pe3ynbTaTe adpoAnHAMUYECKUX
MCNbITAaHUI (NpoayBKa MoAenen B asapoanHaMmnyeckol Tpybe). Mpu oTcyTCTBUM HEOBXOANUMbBIX AaHHbIX
A9pOANHAMUYECKME XapPaKTEPUCTUKU [OONXHbI YCTaHAaBAMBATbCA MyTem pacyeTa B 3aBUCMMOCTU OT
HanpaB/ieHWA BETPOBOrO BO34ENCTBUA HA Pa3/iMdHble Ppacaabl 34aHUN:
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k, =k,sin“a+k_cos” «, (1)
roe ka - aspogMHamMyeckmn KoadpPuUMEHT BETPOBOro Hamnopa NpW BO3AENCTBMM BeTpa noa

Yraom & K NNOCKOCTU d)aca,u,a;
k - COOTBETCTBEHHO a3poAUNHaMUNYeCKne KOSd)d)MLI,MeHTbI BETPOBOro Hanopa npu

kn ’ T
BOBAemCTBMM Be€Tpa No HoOpmaaun n no KacaTe/IbHOM K NJI0OCKOCTU cbacap,a.
BennuuHbl KOQd)d)VIL],VIEHTOB BETPOBOro Hanopa kn n kr MoryT BbITb NPUHATbI B COOTBETCTBUN C

AaHHbIMM TabaunLbl.

AspoanHammyeckne KoapduumeHTbl BETPOBOro Hanopa
ANA pPa3NnYHbIX pacasoB 34aHUMN



CooTHOWeHne MepneHAUKYAAPHbIN HaseTpeHHasA bokoBas cTopoHa 3aBeTpeHHasn
rabapuTHbIX Hanpas/aeHUIo BeTpa CTOpOHa kWW W/ NNIOCKOCTb CTOpPOHa kwo
pasmepos dacasos dacag nokpbITua K,
I<L<H LxH 0,8 -0,4 -0,6
IxH 0,8 -0,4 -0,6
I<SH<L LxH 0,5..0,8 kX kI
IxH 0,6..08 ky -0,3...-0,2

COOTBETCTByI'OLLI,VIe 4YynucnoBble 3HaAYeHUA K03¢¢MLI,VIeHTOB BETPOBOro Hanopa MmoryT 6bITb
onpegeneHbl No cneaAytownm 3aBUCUMOCTAM:
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k, =—1,08exp| —2,7—~— |-0,05 npno<x<l,
LH

roe L, H - aanHa v BbicoTa dacaga, nepneHANKYNspHOro HanpaBieHUI0 BETPOBOro BO3AENCTBUS,
COOTBETCTBEHHO, M;

| - AnnHa 6oKoBbIX hacaaos, m;

X - yAaneHue oT NA0CKOCTM AaHHOro gacaja No NOBEPXHOCTAM MOKPbITUA M dacagos, MMEHLLIMX
pa3mepsbl | x H, m;

ky =—0,3H/y npn 0,5<y<3H;
ky =-0,1 npny > 3H,

roe y - ydaneHwe oT niockoctu dacaga, umetowero pasmepbl | x H, BAOAb noBepxHoCTeW
NOKpbITUA U PpacagoBs, MMelLMX pasmepbl L X H, m;

k =k, npux=1.

[N KOHEYHOro BbIYMCAEHUA a3POAMHAMMUYECKUX KOIPPUUMEHTOB MO 3aBUCMMOCTU (1) JOMKHO
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MCMNONb30BaTbCA  COOTBETCTBylOLLEe coyeTaHMe nap w3 KoadpouumeHtos K

ww 7 ws / wO /

npuoBpeTatoLLyx, TakMm 06pa3om, 3HaueHus Koappuumentos K, n K .

[nA BbINONIHEHWA PACYETOB OCHOBHbIX MAPAMETPOB MPOTUBOALIMHOW BEHTUNSALMMU C MeHbLuel
TOYHOCTbIO ZOMNYCKaeTCA BbIOOP aspOANHAMUYECKMX XAaPAKTEPUCTUK MO GUKCUPOBAHHBIM BeMYMHAM
K03ddMLUMEHTOB cornacHo TabnmurbiMm gaHHbiM npu | <L < H .

[nA yyeta usmeHeHus aspoaMHaMUYECKMX KO3dOULMEHTOB BETPOBOTO Harnopa no BbicoTe 34aHui
npeaycmoTpeHa Koppenauma npuBeaeHHbIX TabNUYHbIX 3HaUYEHUIA NO COOTHOLLEHMIO BMAA

Ak = (K, —K,0),

roe AK - nameHsembiit No BbicoTe 34aHMA nNapameTp, npuobpeTatowmin 3HadeHmna 0,95, 1,08 u
1,20 gna HUXKHEN, cpeaHen U BepXHElN TPETU YKa3aHHOM BbICOTbl COOTBETCTBEHHO.

2.4. MNMapameTpbl Hapy»KHOTO BO3AyXa ANA MPOEKTUPYeMbIX OOBEKTOB [O/KHbI COOTBETCTBOBATb
Hopmam [1, 2, 4]. BenuumHy CKOpOCTM M HanpasBieHMe BeTpa c/aedyeT MPUHUMATb MO AaHHbIM
METeOopPOo/IOrMYECKNX HabloAeHN, OTHOCALLMXCA K TEPPUTOPUN 3acTPOIKKU. TemnepaTypy BHYTPEHHero
BO3AyXa C/efyeT onpefenATb COrNAacHO MPOEKTHOM TEXHONOMMW 3KCMyaTauumn 3aaHusa. Ons cuctem



BbITAXKHOM NPOTUBOABIMHOW BEHTUNALMUM C €CTECTBEHHbLIM NOBYXKAEHMEM TATU onpeaeneHne OCHOBHbIX
napameTpoB A0JI}KHO NMPOU3BOAUTLCA KaK A/ TENAOro, TaK U Aas XON04HOro nepuoaa roga. Mpu atom
WTOroBble NapameTpbl cneayeT NPMHUMATL No Hanbosiee He6NAroNnPUATHLIM YCAOBUSIM.

3. BbITAXXHAA NPOTUBOAbIMHAA BEHTUNALINA

BbITAMKHAsA MPOTUBOAbIMHAA BEHTUAALMA NO YHKLMOHANbHBIM MPU3HAKam NoApasAenserca Ha
OB€ OCHOBHble Tpynnbl, 04HAa W3 KOTOPbIX 06beAMHAET CUCTEMbI, NpegHasHayYeHHble Aaa yAaneHus
NPOAYKTOB rOpeHuss HenocpeacTBEHHO U3 MOMELLEHUIA (M3 ropALero NomeleHus), apyras - cUMCTeMbl
ANA yAaneHUA NPOAYKTOB rOpPeHMUs N3 CMEXHbIX C FOPALLMM NOMELLEHMIA.

3.1. YpaneHve npoayKTOB ropeHusa HeNnocpeaCcTBEHHO
M3 ropsALWwero nomeLLeHus

Onpep,eneHme MacCCOBOlro pacxoda yadanaembiX MPOAYKTOB ropeHunAa HenocpeacCcrtBeHHO w3
I'IOMELLI,EHMVI OCyLWwecTBAETCA Ha OCHOBE YypaBHEHWNA HEPA3PbIBHOCTU BUAA

d
A%m _(psmh) :Gk _Gsml (2)
dr

rae G,, G, - maccoBblit pacxos B KOHBEKTUBHOW KOJIOHKE U yAANAemMblX NPOAYKTOB rOpeHus
COOTBETCTBEHHO, Kr/c;

Psm - CPEAHAA NAOTHOCTL rasa B bIMOBOM C/l0e, 06pasylolemMca B BepXHell YacTu ropALLero
nomeLleHus, Kr/m3;

h - TonwmHa obpasyroLleroca AbIMOBOro €108, M;

A,,, - 9KBMBaNeHTHasA NOLWAAb CEYEHUA AbIMOBOTO C/10A B FOPU3OHTA/IbHOM NNOCKOCTH, M2.

[na pelweHna yKa3aHHOro ypaBHEHUA HeobxoAUMMO JOMONHUTENbHOE MWCMO/b30BaHUE

3aBUCUMOCTEN Aana MOWHOCTU TennoBblaeNneHNA o4ara noxapa “ CpEAHEVI TeMnepaTtypbl AbiIMOBOro
cnoA:

Qf = UQ:cpl//cp FO’ (3)

c r —a(hl
T ooyl R il Smc:pg’“)
k

T ey a(hlg, +A,)

, (4)

psm

rae Qf - MOLWHOCTb TEN0BblAENEHNA O4alra NoXapa, KBT;

1] - NONHOTa CropaHWA NOXKapHOWM Harpysku;

p 4 .
hep’ Vep - MAPAMETPbI NOXKAPHOM Harpysku nomettenus (Mpun. 1);

F, - nnowaab ropeHns noxapHow Harpysku, m2;
T, T, - cpeaHas TemnepaTypa AbIMOBOrO C/10A M TeMMepaTypa Bo3Ayxa B nomelleHuy, K;
Cpsms Cpx - YAENbHAA TeNN0eMKOCTb rasa npy Temnepatype T, T, , k[k/(kr) x rpag;

a - K03pPULUMEHT TENN00TAAUN AbIMOBOTO C/I0A B Orpaxaatolime KOHCTPYKUMK, KBT/(M2 x rpaa);

I - KO3GPUUMEHT, XaPAKTEPU3YIOLWMI TEMNIONOTEPU HA U3/TYYEHUE;

I, - MaKkcMasbHbI NEPUMETP FOPU3OHTAILHOTO CEYEHUs! AbIMOBOTO CM0s, M (A7 NOMELLEHMI
NPAMOYroNbHOM ¢GOopMbl C pasmMepamy Mona M MOTONKA a X b yKasaHHbI MepumeTp CoCTaBAseT

I, =2(a+Db)).

Ana onpegeneHnAa TemnepaTtypbl B KOHBEKTMBHOM KOJIOHKE MOXKeT ObITb peannsoBaHa
cneayroulad 3aBUCMMOCTb:



I
T =T + Qs .

Ckak

3aBNCMMOCTb K03¢¢MLI,VIeHTa TENNOOTAAYN OT TeMNepaTtypbl AbIMOBOro C/0A MOXKET 6bITb
NPUHATA B BUAE

a =0,01163exp(0,0023(T,, —273)).

anBe,D,EHHbIe 3aBUCMMOCTU 3aMbIKalOTCA YpPaBHEHMEM COCTOAHUA Ta3a WU q)yHI-(LI,MOHaﬂbHOﬁ
CBA3bKO MaCCOBOIo pacxoda B KOHBEKTMBHOM KOJIOHKE C MOLWHOCTbIO TenoBblaeneHnAa un TOJ'ILI.I,MHOﬁ
AbIMOBOTO CN0oA:

AT
=

sm

Py = ; (5)

G =f(Q. h),(6)

rae O, - NIOTHOCTb BO3/AyXa, Kr/M3.

3aBMCMMOCTb TEMNJI0EMKOCTM OT TEMMEpPATypbl YCTaHaBAMBAETCA cornacHo Mpua. 2 HacToAwMmMX
pekomeHaaunii.

MopsafaoK 1 coaepkaHne pacyeTa C Y4eTOM CneLMPUKmM 3aLlmaemMbIX MOMELLEHUI ONpeaenatoTcs
BbIBOPOM PYHKLMOHANbHOM 3aBUCUMOCTH (6).

3.1.1. [ns 3anbHbIX NOMELLEHWUA PA3/IMYHOIO Ha3HAYEHUSA, B TOM YNUC/IE 3PUTENbHBIX U TOProBblIX,
KOHdepeHL-3a10B, CMOPT3a/IoB C MeCcTaMu ANA 3puTeneir U Apyrux NoJ0O6HbIX MNOMELLEHUH,
3aBMCUMOCTb (6) MOKET BbITb MCNOb30BaHa COrNacHo cTaHaapTy [5] B Buge

G, =0,071(rQ, )"*(H —h)**+0,0018(rQ, ), (7)

roe H - BbicoTa nomeweHua, M.

3.1.2. na aTpMymMOB pPas/IMYHOIO apXMUTEKTYPHOrO MCMOJIHEHMA, NMPU HANMYMM B UX OoObemax
ranepei Ha HECKONbKUX YPOBHAX MAU MPU KOHCTPYKTUBHOM OTAE/NEHUM 3TUX OOBEMOB OT 3TarKen
3[aHWNIM, NPUHUMAIOTCA COOTBETCTBEHHO OT/IMYAIOLLIMECA PACYETHbIE CXeMbl ra3o0bmeHa MNpu noxape.
Mpw aTOM ONA aTPUYMOB rasiepeiHoro Tuna 3aBMCcMMOCTb (6) Mcnonb3yeTca B BUAE 3aBUcMMOCTH (7), a
ONA aTPUYMOB, KOHCTPYKTUBHO WM30/IMPOBAHHbLIX OT 3TaKel 34aHWUK, 3aBUCMMOCTb (6) MOMKeT 6biTb
NPWHATa B COOTBETCTBUM CO CTaHZApTOM [5] B crieaytowem Buae:

G, =0,032(rQ,)**(H —h). (8)

YacTHbIM Cy4aem NepBOro M3 yKasaHHbIX BapuaHTOB fBAAETCA ra3oobmeH B obbeme aTpuyma
NPy BO3HWKHOBEHWW NOXKapa HenocpeacTBEHHO NoJ ranepeei B ypoBHE OCHOBaHMA 3TOro aTpuyma. B
OAHHOM caydae QYHKUMOHANbHAA 3aBUCMMOCTb (6) MOXKeT 6biTb MCNO/Mb30BaHa COMMAacHO TOMY e
cTaHgapty [5] B BUAe

G, =0,36(Q,W)"*(z+0,25H), (9)

rae W - HavyanbHas LWKMPUHA CTPYM ra3oobpasHbIX NPOAYKTOB rOpeHusA, UCTeKalowel us-nog,
OrpaskAeHUi ranepen aTpuyma, m;

Z - BbICOTA OT YPOBHS OrpaxK4eHuA rajnepen, OMbIBAEMOro WCTEKalolWen CTpyel, A0 HUNKHeN
rpaHMLLbl AbIMOBOTO C/10f, M;



H - BbiCOTa OT OCHOBaAHMA aTpUyMa A0 YPOBHSA YKAa3aHHOTO Orpa*KaeHna ranepeu, m.

BbilweyKasaHHasa 061acTb NpMMEHEHMSA 3aBUCUMOCTM (8) npuemsiema v 41 3aKPbITbIX HaA3EMHbIX
M NOA3EMHbIX aBTOCTOSHOK, B TOM YMC/ie NMOMELLEHWNI XpaHEeHNA aBTOMOOMIEN U M30/IMPOBAHHbIX pamn
TaKUX aBTOCTOSHOK. Mpuyem B NOMELLEHUAX XPaHEHUA aBTOMOOUIEN C MaHEXHbIM TUNOM MapPKOBKM

pacyeTHas MOLYHOCTb TEM/IOBbIAENEHUs ouvara noxapa cocrasnset go Q, =5,0 MBT (no ycnosuio

BO3ropaHUA M MOJIHOTO OXBaTa MJiaMeHem OZHOro aBTOMob6WAA Ha SI0H6OM OZHOM M3 MAPKOBOYHBIX
M/MeCT 3alMLLaeMoro NoMelLeHna), a To/WWHA AbIMOBOrO C/10A ONpeAenaeTcs PacrnoioKeHNnem ero
HUXKHEN rPaHULbl HE HUXKE BEPXHEro YPOBHSA ABEPHbIX MPOEMOB 3BaKyaLMOHHbIX BbIXOA0B U3 AAaHHOIO
nomelleHns. B nomelLeHUsAX [ABYyX- WAM TPEXbAPYCHOTO XpaHeHWa aBToMobwsiein C noabemMHo-
NMOBOPOTHbIMM YCTPOMCTBAMM MAPKOBKM MOLLHOCTb TEM/IOBbIAENIEHMA OYara rnokapa, COOTBETCTBEHHO,
YyOBaMBAETCA WAW YTpPauMBaeTCs OT YKAa3aHHOro 3HayeHus (Mo yC/NOBUIO BO3MOKHOIO BO3ropaHus
aBTomobwuielt, YCTaHOB/NEHHbIX BO BCEX fPYCax OAHOIO W3 MAPKOBOYHbIX YCTPOMCTB). Mpu 3TOM
pacyeTHaA TO/IWMHA AbIMOBOFO C/1I0A AO/KHA OblTb OrpPaHUYEeHa YPOBHEM PACMOIOKEHUA BEPXHEN
OKOHEYHOCTM KOpMycoB aBTOMODOMAEN, YCTAHOB/IEHHbIX B BEPXHEM APYCE NAPKOBOYHbIX YCTPOMUCTB (1A
npeaoTBPaLLEHMA KATaCTPOPUUECKOrO Pa3BUTUA MOXKapa, 0O6YCNOBAEHHONO BOSMOXHOCTbIO BO3rOpaHua
60/1blUei YacTh UAK BCeX aBTOMOOWIEN BEPXHENO APYCa Ha PAasIMYHbIX NMAaPKOBOYHbIX YCTPOMCTBAX Nog,
TEMNNOBbIM BO34EMCTBMEM HArPEeTbIX NPOAYKTOB FOPeHMs B "oMbliBaloOLLEM" AbIMOBOM C/0E€).

MNpumeHeHne 3aBucumocteit (7) u (8) obycnosnaMBaeTcs B3aMMOPACTONONKEHUEM HUKHEN
rpaHULbl AbIMOBOTO €104 U dpaKkena NaamMeHn Hag, 04arom noxkapa:

ecnn Z; < Z (ypoBeHb HUXKHEN rpaHuLibl AbIMOBOrO C/10A PACMO/OXKeH Bbille daKkena nNaameHu),

TO cegyeT NPUMEHATbL 3aBUCUMOCTb (7);
ecnn Z, > Z (dpaken nnameHun BXOAMT B [ibIMOBOM C/10i1), TO NPUMEHAETCA 3aBUCUMOCTb (8).

an 3TOM BbICOTa d)aKena naameHun onpegenaeTca CooTHoweHnem Bnaa
— 2/5
z, =0,166(rQ, )*°.

CornacHo pasf. 2 HacTOAWMX PeKoMeHAauuid pacyeTHoe onpeaefeHne OCHOBHbIX MapameTpos
BbITA)KHOM NPOTMBOABLIMHON BEHTUAALUMW AAHHOW FPYMNbl AO/KHO MPOU3BOAUTLCA MO YC/A0BUAM
3alWMTbl TOMIbKO Ha Nepuoa 3Bakyauuu noaen u3 nomeuieHuin nmbo ana obecnedyeHus AOeNCTBUIA
NoKapHbIX NoApasaeneHni.

MepBoe 13 yKasaHHbIX YCN0BUIA YA0BAETBOPAET COOTHOLIEHUAM BUAA

0<7r<7,-0<h<hg;(10)

sm’

r>7,—h>hg,(11)

sm~’

roe 7, 7, - TeKkyliee spema 1 pac4eTHoe Bpemsa 3Bakyauunm us I'lOMeUJ,eHVIﬁ;

hsm - npeaenbHO AONYCTUMAaA TOZIWMHA AbIMOBOIO C/0A, Npwn KOTOpOﬁ COXpaHAeTCcA CBO6OAHaﬂ oT

3a[bIM/IEHUA BO3AYLLIHASA 30HA HA FTOPU3OHTA/IbHbIX MYTAX 3BaKyaLWK.
B atom cayuae G, <G, .
[N ApYroro 13 yKasaHHbIX yC/I0BWIA CpaBeAInBbl COOTHOLLEHMS BUAA

0<r<rz,—-0<hs<h,,(12)

sm’

roe v, 7, - TeKyllee Bpemsa n BpemAa OKOH4YaHMA CnacaTe/ibHbIX paGOT.

B stom cnyuyae Gy, =G, 1 pacueT napameTpoB BbITAXHOM NPOTUBOABIMHON BEHTUAALUM

ocyuiecTBaseTca 6e3 UHTErpupoBaHuA ypaBHeHUs (2).

3.2. YpaneHue npoAyKTOB rOpeHma U3 CMEXHbIX



C ropALWMM NoOMeLLeHUN

PacueTHoOe onpeaeneHve nNapameTpoB CUCTEM [A@HHOW rpynmnbl NPOU3BOAUTCA B 3aBUCMMOCTU OT
BMAA 06bEMHOro noxapa B NOMeLLEeHWUM, COOBLLAIOLEMCSA CO CMEKHbBIMU C HUM NOMELLEHUAMMW, B TOM
yncne BecTMBbONAMM, XONNAMMU, KOPUAOPAMM, TOProBbIMM MOANAMM, aTpuymamu u T.n. CornacHo
NoNOXeHUAM CTaHaapTa [6] n coaepkaHuto moHorpadum [7] onpeaeneHme BMaa o6bEMHOro noxapa B
NOMELLEHUN OCYLLECTBAAETCA NPU CPABHEHMUM BENNYMHDBI NPUBEAEHHON YAENbHON MOMKAPHOM HArpy3Ku
nomelLlleHunA C ee KPUTU4EeCKNM 3Ha4YeHnem:

ecm gy >0y, , TO B NOMeLeHUn byaeT nokap, peryiMpyemolii BeHTUNsALMEN (3aeck n danee -

nPB);
ecm g, <0y, TO B NOMeLieHUK byaeT noXkap, peryimpyemblin HarpysKkow (3geco n ganee - MPH).

Mpu MPB makcumanbHas cpefHeobbemHas TemnepaTypa B ropslLeM MOMELLEeHUM COr/lacHO
moHorpadum [7] cooTBeTCTBYET 3aBMCMMOCTM BUAA

T, . =T +940exp(0,0047g, —0,141), (13)

max

rae Ty - MaKCMManbHas cpefHeobbemHas TemnepaTypa B nomelyeHun, K;
T, - HauanbHas TemnepaTypa Bo3ayxa B nomelLeHnm, K;

g, - NoXapHaA Harpyska nomeleHna cornacHo n. 1 Mpun. 1.
3HayeHMe MaKCMMabHOW CcpegHeobbeMHOW TemnepaTypbl B ropsalem nomeuieHun npu MPH

onpeaenseTcs cornacHo moHorpadum [7] 3aBucMmocTblo cieaytowero suaa:

Tore =T, +22492°%, (14)

max

roe g, - NoXapHasa Harpyska nomelleHuna cornacHo n. 2 Mpun. 1.

YKa3zaHHble  3aBUCMMOCTM  WCMONbL3YIOTCA ANA  onpefeneHuAa  MNapameTpoB  BbITAXKHOWM
NPOTUBOAbIMHOM BEHTUAALMWN CUCTEM AaHHOW rpynnbl.
3.2.1. na onpeaeneHua TemnepaTypbl B NOTOKE ra3oB, BbITEKAOLWEM U3 FOPALLEro NOMELLEHMSA B
KOpKWAop, cornacHo MmoHorpaduu [7] 4oMKHO BbITb MCNONb30BaHO COOTHOLLEHWE BMAa
T, =0,8T, (15)

max /

rae T, - MCKOMOe 3HauyeHWe TemnepaTypbl ra3os, MOCTYMAlOWMX U3 TOPALLETO MOMELLEHUA B

Kopugaop, K;
T

Omax
OT BUAZa norkapa - MPB uau MPH), K.

Ons onpeaeneHns ycpegHeHHOM TemnepaTypbl AbIMOBOro €10 B KOpuUZope MCNonb3yercs
cnepyouwan 3aBMCUMOCTb, nony4YeHHan WMHTErpupoBaHMeEm SMMUPUYECKOTO  YpaBHEHMA,
XapaKTepU3yoLLero U3MeHeHne TemnepaTypbl B AbIMOBOM CJ/10€e MO AJNHE Kopuaopa:

- MaKCMma/JibHaA CpGAHGOﬁ'beMHaFI TeMnepartypa B ropAawem nomeweHnn (B 3aBUCUMOCTU

122(T,~T)| 20+ 2
} -0,58l
T.,=T + x|1-exp| —m—=

sm r I

, (16)

rae T, T

COOTBETCTBEHHO, K;

, - CpeAHAs TemnepaTypa AbIMOBOTO CNOA M TemnepaTypa BO3JyXa B Kopuaope



h,, - NnpegenbHan ToALWMHA 4bIMOBOTO COA, M;
A, - nnowaab Kopuaopa, m2;
| - AnvHa Kopugopa, m.

MpM NCNONb30BaHUM B pacyeTax AaHHOM 3aBMCMMOCTM MpedesibHas TONUMHA AbIMOBOFO C10fA
[0/1’KHa yA0B/NIETBOPATL YC/I0BUIO:

0,5<h, /H<0,6,

roe H - BbicoTa Kopuaopa.
PacueT 3akaHuYMBaeTcA onpenesieHMEemM MaCcCOBOro pacxoda yaansaembix U3 Kopuaopa NpoayKToB
ropeHnA Npu noxape CornacHo 3aBUCUMOCTU

Gsm = ksmA\i HC?'S’ (17)

rae G, - MaccoBblit pacxos, yAanfAemMbXx HEMoCpPeACTBEHHO M3 KOPWUAOPA MPOAYKTOB rOpeHus,
Kr/c;

A, - nnowaap ABepy Npu BbIXOAE U3 KOPUAOPA MO NYTAM 3BaKyaLUmn, M2;

H, - BbicoTa 3T0i1 ABEPU, M.

3HavyeHua KoadPpuumeHTa kSrn B OaHHOWM 3aBUCUMOCTU cocTaBasalT 1,0 n 1,2 ans »Kunbix u

06LecTBEHHbIX 34aHNI COOTBETCTBEHHO.

MpuBeaeHHble 3aBucumoctM (16) u (17) moryt ObiTb MCNONL30BaHbl AN  ONpeAeneHus
NapameTPOB BbITAXKHOM NPOTUBOALIMHOM BEHTUAALMK, NPeAHA3HAYEHHOWN TaKXKe ANA 3aLlWUTbl U APYIUX
CMEKHbIX C FOPALLMM MOMELLEHNIA: XONI0B M OAHOYPOBHEBbLIX BECTUBIO/EN.

3.2.2. Ona Bectmbloneit, coobuatomxca ¢ 4ByMA U bonee ypoBHAMM, a TaKKe A4 TOProsbixX
MOI/I0B (3aKpbITbIX ranepen, CoobLAIOWNXCA C TOProBbIMM 3a1aMWN PA3INYHOM NAOLWAAN) U aTPUYMOB
MOXeT 6bITb MCNONb30BaHa PernaMeHTUPOBaHHan cTaHAapTom [5] 3aBMCMMOCTb BUAA

G, =0,68(AHY?)" (, +2)*° +159A,HY?, (18)

rae G, - maccoBblii pacxos B KOHBEKTUBHOI KOJIOHKE, Kr/c;

A, - nnowanb Npoema ropAlLero NomeLieHUs, coobLiaoLLEroca ¢ 3aluMLaeMbiM BecTUGIONEM,
MOJIIOM, aTPUYMOM, M2;
H,, - Bbicota sToro npoema, m;

ZW - PaCCToOAHUE OT BEPXA AaHHOIO Npoema Ao HUXKHEN rPaHnLUbl AbIMOBOIO C/10A4, M.

Bxo4swmin B AaHHYIO 3aBUCMMOCTb FEOMETPUYECKUII KOMMJIEKC COOTBETCTBYET COOTHOLIEHWUIO
BMAa

a=2,4N"HY*-2,1H,,.

B pononHeHuwe K 3aBucumoctn (1) ana pacyeTa ycpegHeHHOW TemnepaTypbl AbIMOBOrO C/10f
MOKeT BbITb MPUHATA 3aBUCMMOCTD (4).

C y4yeTom C/NOXKHOCTU NPUMEHSAEMbIX B HacTosee Bpemsa MPOEKTHbIX 06beMHO-NAaHUPOBOYHbIX
peweHni U TEXHONOTUU 3SKCMyaTauuu COBPEMEHHbIX 34aHUI Npu HeobXoAMMOM M AO0CTaTOYHOM
060CHOBaHMM AoMNycKaeTca MoaudUKauma pacyeTHbiXx 3aBucumocTeit (4), (7) - (9), (16) - (18).
MoanduumpoBaHHble TakMm 06pa3om 3aBUCMMOCTM He [ONXHbl MPOTUBOPEUUTb  GU3UYECKMM
3aKOHOMEPHOCTAM MPOLEeCcCOB TenaomaccoobmeHa MNOMeELLEHUI NpU MNosKape M YCTaHOBAEHHbIM
HOpMaTUBHbIM TpeboBaHuam [1, 2].



4. NMPUTOYHAA NMPOTMBOAbIMHAA BEHTUIALNA

Cuctembl NMPUTOYHOM MPOTUBOALIMHOM BEHTUAALMKW MpPeAHasHa4YeHbl A8 NoAayyM HapyKHOro
BO34yXa M CO34aHUA M3ObITOYHOrO AaB/AEHUA B 3alLMLLIAEMbIX NECTHUYHO-INDTOBbLIX y3/1ax U Tambyp-
LWIH03aX, @ TaKXe A1 KOMMNEeHCUPYIOLWEN Noaaym Bo3ayxa B NMOMELLEHUS U KOPUAOPbI, 3almuiaemMble
BbITS)KHOM MPOTMBOABIMHOM BeHTUAsUMEN. Kpome TOro, cucTeMbl MNPUTOYHOM MPOTUBOALIMHOM
BEHTUIALUMN HEobXoAUMbl ANA 3aLLMUTbl NMOMELLEHUI 6e30nacHbiX 30H. MPUHUMN AEUCTBUA KarKaoWn
TAKOW CUCTEMbI CYLLECTBEHHO pa3/nMyaeTca B 3aBMCMMOCTM OT ee Buaa, 4YTo obycnosauBaer
0C0b6EHHOCTM onpeaeneHns ee NapameTpos.

CornacHo pa3f. 2 HacTosWMX PEKOMeHaaUMN pacnpegeneHme AaBaeHus no NpPoTUBOMOMAOMKHbIM
dacagam Haa3eMHOM YacTu 34aHUA oNpeaenaeTcs COOTHOWEHUAMU BUAA

wai = _ghi (pa _pr) + O! 5kawwpaV§ ; (19)
PWOi T _ghi (pa _pr) + O, 5kawoPaV§ , (20)

rae wai - nepenag gasneHnAa Ha HAPYXHbIX orpaxgalownx KOHCTPYKUMAX 340aHNA NO BbiCOoTe C

HaBeTPeHHOM cTopoHbI, MNa;

P.oi - TO e, c 3aBeTpeHHoI CTOPOHBI, Ma;

hi - BbICOTA i-r0 3Tarka (OT YPOBHA I'IJ'IaHMpOBOHHOﬁ OTMETKU HUXXHErTro HaA3eMHOro 3Tta*a A0

YPOBHA OTMETKM Mona i-ro ataxa), MNa;

K,ow - KOIOOULMEHT BETPOBOTO HAMoOpa AR HAPYKHbIX OrPaXKAAIOWMX  KOHCTPYKLMM,

PaCNoNOXKeHHbIX NOA YIIOM ¢ K HanpaBNeHUIo BeTpa;
Ko - TO €, 417 NPOTUBOMONOKHOIO pacasa;

Pas Pr - NNOTHOCTb HaPYXHOro BO3A4yXa MNpu Temnepartype Ta M NJIOTHOCTb BO34yXa B
nomeuwleHnAX 34aHNA NpU TeMmnepaTtype Tr COOTBETCTBEHHO, K;

Va - B€JIN4NHA CKOPOCTH BETPA, M/C.

TemnepaTypy BO34yXa BHYTPU 34aHWA, KPOME KOPUAOPOB U XO/JI0B Ha 3Ta)Ke Moxkapa, a TaKkKe
BeCTMOIONA TNaBHOTO BXOAa (NomelleHMIA BXOAHOM rpynnbl), cnedyeT NPUHMMaTb B COOTBETCTBUU C
NPOEKTHOM TEXHONOTMEN IKCNIyaTaL MK,

B cBolo ouvepeab, TemnepaTypa BO34yxa B 3aLMLIAEMbIX NECTHUYHO-AMPTOBLIX Yy3nax
onpeaenseTca COOTHOWEHNEM BUAA

T, =T,=0,5T,+T,).(21)

COOTBeTCTBYPOLLI,ee pacnpeaeneHne aassieHUA BHYTPU Ha/.'l,3eMHO[;I 4aCTun 34aHUNA onpeaenAaeTca
COOTHOLWEHNnEM BMUAA

_ 2
F)ri - _ghi (pa _pr) + O’ 25(kavwv + kawo)pava . (22)

OnpegeneHne napameTpoB NPUTOYHON MPOTUBOALIMHON BEHTUASALUN ONA NECTHUYHO-TNDTOBLIX
Y3/10B Ha3eMHOM YacCTu 34aHUN OCYLLEeCTBAAETCS B 3aBUCMMOCTM OT UX PasmeLLeHMA: Npu NPUMbIKaHUU
K HapY*KHbIM OTrpaXAatoWmMmM KOHCTPYKUUAM UK B LEHTPaIbHOM Agpe.

4.1. MNopaya Bo3ayxa B NECTHUYHbIE KETKN
4.1.1. Ona NeCTHUYHbIX KAETOK Hag3eMHOWM YacTu, NMPUMbIKAIOLWMX K HAPYKHbIM OrpaKgatoLmm

KOHCTPYKLMAM C YCTPOWCTBOM 060CO6/NEHHOTO HApPYKHOTO BbIXOAA, BBWUAY OTCYTCTBUA BHYTPEHHEMN
CBA3K (ABEpPHbIX NMPOEMOB, COOBLLAIOLMXCA C MPUIETAOWMMIN KOPUAOPAMK, XOANamK, BecTUboNaMM)



Ha YyPOBHE HMKHEro HaA3emMHOoro (MepBoro) aTaxKa, BHyTPeHHee AaBAeHMe Ha YPOBHE reOMeTPUYEeCcKoro
LeHTpa ABepu NECTHUYHOMN KNETKW BbllUeeXalllero 3Taxa A0/1HO COCTaBAATh:

F)2 =20- g(hz +0, 5hd2)(ps _pr) +0, 25(kaww B kawo)pavg -(23)

S

MpuM 3TOM pacxol BO3AyXa, WCTEKAIOWEro 4Yepes HapyXHbld BbIXOA, NECTHUYHOW KNEeTKM,
onpefensercs 3aBUCMMOCTbIO BUAA

_ 2, ) 2
Gsa - ngd +§r +1+ 60z [0'25(k0‘WW kawo)pava +

Fdi F52
+20-g(h, +0,50,,)(p, — 2,) + 0,50, (0, — )]}, (24)

rae GSa - MaCCOBbI Pacxo/, BO3AyXa Yepes HapyKHbI BbIXOL NECTHUYHOWN KNETKU, Kr/c;
Fia - MI0Waab ABEPU HAPYIKHOTO BbIXOAA JIECTHUYHOW KNETKU, M2;

Fs - N/IOWWab rOpM30HTaIbHON NMPOEKLNM MapLLEr U NAOLWAA0K IECTHUYHOM KNIETKU, M2;

h,y - BbIcOTa ABEPYM HAPYKHOTO BbLIXOZA NIECTHUYHOI KNETKM, M;

hdz - BbICOTa ABEPU NECTHUYHOMN KNETKN HA 2-M HaA3EMHOM 3TaXKe, M;

N - KOAWMYECTBO NOCNEA0BATE/IbHO PACNOIONKEHHbIX ABEPEN HAPYKHOIo BbiIXOAA NECTHUYHOWM
KNEeTKu;

Z - KO3pPUUMEHT COMPOTMBAEHUSA MapLUei NIeCTHUYHOW KneTku (z = 1 ana aByx mapluei
NIECTHUYHOW KNETKWN B MogbeMe Ha 2-M 3Tax 34aHus);

&y - K03dOULMEHT MECTHOrO CONPOTUB/IEHUA NPOEMa;

&, - KOIGPULMEHT MECTHOTO CONPOTUBAEHMA TaMBypa HaPYKHOTO BbIXOAA.
Yucnosble 3HaYeHUA KOIPOULIMEHTOB MECTHOrO CONPOTUBNEHUA COCTAaBNAIOT:
&, =2,44;

& =0 (ana npamoro Tambypa);

& =0,99 (ana npamoyronbHoro Tambypa);

& =2,9—-4,0 (ana z-o6pasHoro Tambypa).

MaccoBblli pacxog, BO34yxa 4Yepes OTKPbITbIA NPOem JeCTHUYHOW KAETKM Ha ypoBHE BTOPOro
HaA3eMHOro 3Taka 34,aHunA onpeaenaeTca No COOTHOLWEHUIO

ng = %/ (25)
q

rae G, - MaccoBblii pacxoA, BO3ayxa, MOCTYNatoLLEro Yepes OTKPbITbIN ABEPHOI NPOEM Ha 3Taxe
noskapa, Kr/c;

G, - MaccoBblil pacxog, yaanaembix NPOAYKTOB ropeHus no 3asucumoctam (7) - (9), (17), (18) ¢

y4eTom cooTHowweHui (10) - (12);

g - pacyeTHOE KO/IMYECTBO JIECTHUYHbIX K/ETOK, MMEILWMX BbiIXoAbl B TOT e Kopugop
(nomellieHMe) TOro e 3Taka U 3alUMLAEMbIX NPUTOYHOM NPOTUBOABIMHOW BEHTUAALMEN (Npu ogHOM
NEeCTHUYHOM KneTke: q = 1, npu AByX U 6onee NeCcTHUUHbIX KNeTKax: q = p - 1, rae p - dakTnyeckoe
KO/IMYECTBO IECTHUYHbIX KNETOK).

Ecan Gsz >G TO Ha nocneayrwmnx aTanax pacdieta NPpUHMMaAETCA 3Ha4YEHNE GsZ' B NPOTUBHOM

sa’

Cniy4dae AaﬂbHeﬁLLlVlﬁ PacyeT OCywecTBaAETCA NO 3HAYEHUIO Gsa .



MocnepoBaTenbHO A4NA KaXXAOro Bbllenerkallero staxa onpegenaemoe gassieHne U MacCOoBbIi
pacxoa BOo34yxXa COOTBETCTBYHOT 3aBUCUMOCTAM:

R =Py +0,5£,0,V5 ; (26)

Gy = Gy +AGy ., (27)

rae Psi - JaBneHune B JNIECTHUYHOW KNeTKe Ha YpoBHEe i-ro ataxa, MNa;

Ps(i+1) - TO e, B ypoBHe (i + 1)-ro ataxa, Ma;

55 - K03¢¢MLI,MEHT MeCTHOIro conpotmnsneHmA NIEeCTHUYHOM KNeTKu;

Vsi - CKOPOCTb BO34yXa B ypoBHe i-ro aTaxka NeCTHUYHOM KNEeTKn, M/C,'

G,; - MaccoBblit pacxos Bo3zyxa B YPOBHE i-ro 3TaxKa NeCTHUYHOI KNeTku, Kr/c;

GS(M) - TO ke, B ypoBHe (i + 1)-ro aTaa, Kr/c;

AGS(M) - YTEUKM BO3AyXa Yepe3 HenNOTHOCTU MPOemoB B ypoBHe (i + 1)-ro 3Taska NecTHUYHOMN
KNeTKu, Kr/c.

3HauyeHne KoapPULMEHTa COMPOTMB/IEHUA NECTHUYHOM KNETKM MOoKeT BbiTb npuHato &, =60

(an OTCYTCTBUU OONONTHUTENbHbLIX AAaHHbIX B COCTaBe FIpOEKTHOI\;I AOKVMEHTaLI,VIVI).
CKOpOCTb BO34yXa B ypoBHe i-ro aTa*ka NECTHUYHOM KNETKU onpeagenAaeTca COoTHoWweHnem snaa

Gsi
Vg = . (28)
psF

YTeukn Bo3ayxa Yepes HeMIOTHOCTU ABEPHbIX MPoOemoB B ypoBHe (i + 1)-ro sTa)ka SIeCTHUYHOM
K/JIETKM ONpeaenstoTcs 3aBUCMMOCTbIO C/ieayioLero Buaa:

F 1/2
AGsd(i+1) B %[Ps(iﬂ) +J (h(i+l)0’ 5hd(i+1) )X (0, =) —0,25(K s — kawo)pavj] , (29)

da

roe Fd(”l) - NJowaab ABEepPU NECTHUYHOM KNeTKM Ha (i + 1)-m aTaxe;

S,. - XapaKTepucTKa yAeNbHOro COMPOTUB/EHWUA BO3AYXOMPOHWULLAHWMIO 3aKpPbITON ABepu

NECTHUYHOM KNETKM, M3/Kr.
Mpu ycTpoiicTBE AbIMOra3OHENPOHULAEMbIX ABEPEN NEeCTHUUYHON KNETKM YTEeUYKU BO3ayxa yepes
HUX ONpPeaenstoTCs 3aBUCUMOCTbIO

F.. 1/2
_d(i+) 2
AGsd(i+1) =< |:Ps(i+1) +J (h(i+l)0’5hd(i+1))(ps —p.)—0,25(K,,., _kawo)PaVa] , (30)
dsm
rae Sy, - XapaKTepUCTUKa yA4eNbHOro CONPOTUBIEHUA AbIMOra3soNPOHULLAHUIO 3aKPbITOW ABEpU
NECTHUYHOM KNeTKu, M3/Kr.

BennunHbl XapaKTepuCTUK yAeNbHbIX CONPOTUBAEHMI BO3/4YyXOMNPOHMLAHWUIO "
[AbIMOTra30MNPOHNLIAHMIO OO/KHbI ONPeAenaTbCa B COOTBETCTBUU C TEXHUYECKMMM JaHHbIMWU U34enmni
(KOHCTPYKUMIA ABepeit, NpeayCMOTPEHHbIX MPOEKTHOW [OKYMeHTauuel) Ha OCHOBE pes3ynbTaTos
CTaHAAPTHbIX UCMbITaHMI 06pPa3sLOB cepuitHOM NpoayKuMn. [na pacyeToB MeHbluei TOYHOCTU MOTyT

6bITb NPUHATbI 3HAYEHUA:



YTeuku BO34yXa Yepe3 OKOHHbIA MNPOoem JIECTHUYHOW KAeTKM Ha ypoBHe (i + 1)-ro aTaxa
onpeaensaoTca 3aBUCUMMOCTbIO BUAA

(P + 9 (M +0.5hy ) (0, =)
AGsw(iJrl):kz sivn T 9Ny 'R i) J\Ps — Pr 31)

n

rae R, - conpotuBneHune Bo3ayXonpoHULL@HUIO 3aN0NHEHUIA OKOHHbBIX MPOEMOB, Oonpeaensemoe
cornacHo Hopmam [3], m2 x 4 x Na/kr.

CymmapHble yTeUYKM BO34yXa Yepes ABEPHON M OKOHHbIIM NPOEMbl IECTHUYHOW K/ETKM Ha YPOBHE
(i + 1)-ro aTaxka cocTaBnAoT:

AG; ) = AGyy (i) +AG (32)

sw(i+l) *

PacyeT no npuBeaeHHbIM 3aBUcMMOCTAM (23) - (32) A0NKEH NPOM3BOAMTLCA A0 AOCTUMKEHMSA
BEPXHEro 3TaKa NeCTHUYHOMN KNETKU:

i=N,

roe N - NopsAKoBbI HOMEP BEPXHErO 3TaXKa JIECTHUYHOM KEeTKM.

Mpwn aTomM nepenag AaBAeHMA HA 3aKPbITbIX ABEPAX NECTHUYHOM KNETKU He A0J/IKEH MpPeBbiwaTb
MaKcumanbHo gonyctumoe 3HadeHue 150 MNa. Ecauv B xoae pacyeTta onpegendaemasn BeqMyMHa nepenaga
[ABNIEHNA [OCTUrAaeT YKa3aHHOrO0 MaKCMMaAJIbHO AOMYCTUMOrO 3Ha4YeHWA WAM MpeBbllaeT ero, To
JNIECTHUYHAA KNEeTKa He Bblle YPOBHA AAHHOMO 3TaXKa NOSNEXUT pa3feNeHNI0 PacCeYKkon Ha 30Hbl. Ans
BbllLUeNeXKalleh 30Hbl JIECTHUYHOW KAETKM [OJIKEeH ObiTb Npou3BeseH pacyeT B aHaNOMMYHOWM
nocsefoBaTesibHOCTM 6e3 yyeTa Bblbpoca BO34yxa Yepes HAPYKHbIM BbIXOL HUKHErO 3TaXKa 3TOM 30HbI.

B3ameH cocpefO0TOYEHHOM NOAayYM BO34yXa B BEPXHIOK YACTb 3alUULLLAEMON IECTHUYHOM KNETKU
WAN KaXKAOW KOHCTPYKTMBHO BblAENEHHOW 30HbI 3TOM NECTHUYHOMN KNETKM MOXKET ObITb NpeaycMoTpeHa
pacnpezeneHHas noAayva BO34yxa Ha Pas/IMYHbIX YPOBHSAX (3Taxax).

MpuBeaeHHan Bbllle NOCAEL0BATE/IbHOCTb pPacyeTa He MOXKET BbiTb BOCNPOM3BEAEHA B BApMaAHTAX
Nnogauv HapyKHOro BO34yXa C HUMKeNeXKaliMx YPOBHEN OTHOCMTENIbHO BEpPXHEro ypoBHA (3Tarka)
3aLMLLAEMOM IECTHUYHOM KNETKM UAN OTHOCUTENIbHO BEPXHUX YPOBHEN KOHCTPYKTUBHO BblAENEHHbIX
30H 3TOM IECTHUYHOM KNETKW.

4.1.2. Ona NecTHUYHbIX KNeToK no n. 4.1.1 npuM AONONHUTENLHOM WX COOBLLEHMU C XOANaMu,
BECTUOIONSAMMN HUMKHETO HaZ3EeMHOro 3Taxa, Hanpumep, Yepes Tambyp-Luo3bl, KOTOPble 3aLUMULLEHDI
aBTOHOMHbBIMM CUCTEMAMW MNPUTOYHOM NPOTUBOABIMHOM BEHTUAAUUM, PEKOMEHAOBAHHblE Bbile
nocneaoBaTeNbHOCTb U COAEPXKaHMe pacyeToB OCTAOTCA HEU3MEHHbIMU.

B cnyyae ycTpoiCTBa MO3TaXKHbIX BbIXOA4OB B NOAOGHblE NECTHWYHbIE KAETKM yepe3 Tambyp-
WA3bl € QHA/ZIOTMYHOW  3alUMTON NOCAeHMX MNPUTOYHOW MNPOTUBOABIMHOM BEHTUAALMEN U3
M3/10’KeHHOW NOoCc/1eL0BaTe/IbHOCTU PACYETa MCKNOYAETCA 3aBUCMMOCTb (25).

Ecnn B3ameH Tambyp-wwnto3a Npu AOMNOAHUTE/IbHOM BbIXOAE B TAKYHO YKE JIECTHUYHYIO KIETKY M3
BECTUOIONA, XONANA WAM KOPUAOPA HUMKHEro 3Taxa npeaycMoTpeHa OAMHapHas [ABepb, TO B
nocneaoBaTeIbHOCTU U COAEPKAHMM pacyeTa A0MXKHbI 6biTb NPeayCMOTPEHbI CAeaytowme U3MEHEHUS.

3asucumocTb (23) npeobpasyeTca B 3aBUCMMOCTb BUAA



Psl =20 _O’ 59hl(ps _pr) + O! 25(kaww - kawo)pavg -(33)

3aBucMocCTb (24) npMBOAMTCA K 3aBUCUMOCTU BMAA

1/2

_J_2p _ 2 _
G =4z L 2710250, o) X V2 +20+0,58h, (0, = p) | -39

2
I:da

4.1.3. InAa NeCcTHUYHbIX KNEeTOK Ha,D,3EMHOﬁ 4acCTH, pPacCnoJIOXKEeHHbIX B UEHTpa/bHOM AApe U
MMeWnNX 1n301MpPoBaHHbIE HApPYXHblE BbIXOAbl (663 AONO/THUTE/NIbHOTO COO6LLI,eHMﬂ C BeCTM6I'OI'IEM,
Xxonnom wan Kopmnaopom HWUXKHEro Hag3emHoro 3Ta>+<a), BHYTpEHHEE JOdaBNeHNe Ha YpOBHE
BbileneXxXawero 3aTa*xka A40/1XKHO COCTaBNATb:

PSZ = 20_ g(hz +0' 5hd2)(ps _pr) i (35)

Mpu 3TOM pacxof BO3AyXa, UCTEKaIOWEro Yepes Hapy>KHbIA BbIXOA TaKOM JIECTHUUYHOW KNETKW,
onpeaensaeTca no BbillenpuBeAeHHON 3aBUCMMOCTK (24).

[NA NEeCTHUYHbIX KNETOK HaA3eMHOM 4acTW, PacnosIOXeHHbIX B LEHTPa/sbHOM aape U He
MMeIoLWUX HernocpeaCcTBEHHOrO BbIXOAA Hapy)Ky, HEObXoAMMO HOPMaTMBHO Tpebyemoe YCTPOMCTBO
Tambyp-L1/1t03a, aBTOHOMHO 3alLUMLIAEMOrO NPUTOYHOW NPOTUBOALIMHOMN BEHTUAALMEN N OTALNAIOLLENO
BHYTPEHHME BbIXOAbl TAKMX JIECTHUYHBIX K/IETOK OT BECTMOIONA (MOMELLLEHMI BXOLHOM rpynnbl 34aHKs).
B 3TOM C/lyyae 3Ha4YeHMe pacxoaa Bo3ayxa Ha YPOBHE BTOPOro 3Ta)Ka IeCTHUYHOM KNETKU onpeaenaercs
3aBMCMMOCTbIO (25), Ucnonb3yeTca Ha nocnedylolMx 3Tanax pacyeTta cornacHo ¢popmynam (26) - (28),
(32) n B coveTaHMM C 3aBUCUMOCTAMM BMAA

1/2
Py + (M +0.50 .0 ) (o, — o)
s(i+1) i+1 d(i+1) S r
AGsol(i+1) = Fa(in) S ; (36)
da
P (. +0,5h, . ) € N
iy TO\ N, U, i Ps =P
s(i+1) i+1 d (i+1) S r
AGyy i1y = Fyioy .(37)

S

dsm

BBMAY OTCYTCTBUA B IECTHUYHDBIX KJETKaX LeHTPa/IbHOro A4pa OKOHHbIX NPOEMOB YTEYKM BO3A4yXa
yepes 3anojIHeHUs 3TUX MNPOEMOB B pacyeTe WCKAYATCA, U CcooTHolWeHue (32) cTaHoBMUTCA
TOXAeCTBEeHHbIM 3aBUCUMOCTU (36) anbo (37).

4.1.4. NleCTHUYHbIE KNETKM MOA3EMHOW YacTU AOXKHbI BbIMNONHATLCA COrNacHO HOPMaTUBHbIM
TpeboBaHMAM C HENOCPeACTBEHHbIM U KOHCTPYKTUBHO W30/IMPOBAHHbIM BbIXOAOM HApyy Ha ypoBHe
HUWXKHEro 3Taka HaA3eMHOW YacTu 34aHus.

CooTBeTcTBYlOWLEE pacnpeaeneHue OaBfieHUss BHYTPU MOA3EMHOM 4acTu 34aHUsA COOTBETCTByeT
cneaytouwein 3aBUCUMOCTHU:

Pr—i = g(h—n _h—i)(pa _pr) ’ (38)

rae Pr—i - AaBQ1eHNe B NoOMelleHNAX Ha YPOBHE NoJla MUHYC i-ro N0A3eMHOro 3Tarka 3aaHus, Ma;

h—n - I'ﬂY6VIHa HOASGMHOVI 4aCT WUAMN ypoBeHb OTMETKMU NOoJila HUXKHEero noa3emMHOro 3TaXka

OTHOCUTE/IbHO YPOBHA OTMETKM NOoJ1a HUXKHEro Hag3emMHOro 3Ta*<a (OTpVILI,aTEHbHaﬂ BeﬂVI‘-IVIHa), m;
h—i - YPOBEHb OTMETKHM NOJ1a MUHYC i-ro N0A3eMHOro 3Ta*ka OTHOCUTE/IbHO YPOBHA OTMETKWN NOJ1a

HUXHEro Haa3eMHOro aTaxa (OTpVILI,aTe!'IbHaH BEHVILIVIHa), M.



Mepenas AasneHWA B YPOBHE TrEOMETPUYECKOro LeHTpa [ABepeit BHYTPEHHWX BbIXOA0B
NECTHUYHOM K/IETKM Ha KaXKAO0M NOA3EeMHOM 3Take A0/XeH COOTBETCTBOBaTb YC/N0BUIO:

AP, >20Tla.

Mp 3TOM MUHMMaNbHO HeobxoaMmoe JaBfeHWe B JIECTHUYHOW KNeTKe B  YPOBHe
reoMeTPUYECKOro LIeHTPa ee ABepei Ha BEPXHEM NMOA3EMHOM 3TaxKe A0/XHO 6bITh HE MeHee:

P, =20+ (., ~(h, +0.50, ))(p,—p,). (39

COOTBETCTByI'OLLI,ee MWHUMAIbHOE 3Ha4YeHWe pacxoda BO34AyXa 4epes Hapymeu‘/'l BbIXO/,
JNIECTHUYHOW KNETKK onpegenaeTca 3aBUCMMOCTbIO BUAa

1/2

_ 2105 _ 2 _ _ _
Gsa - néd + é:r +1+ 602 I:O’ 25(kaWW kawo) ><pava + Ps—l g(h—n O’Shda)(pa ps):l : (40)
Fdza I:52

[aBneHvie U pacxos BO34yXa Ha HWXKeNeXalux 3Ta)kax onpeaensloTca nocaefoBaTeNbHO
COrIacHO 3aBUCMMOCTAM (26) - (28) U COOTHOLLIEHMAM CNeayoLLero Buaa:

F, .
AGyy( iy = %[Ps(fu) -9 (h—n =~ (h(—i—l) = 0,5y iy )) x(ps— pr)]llzi (41)

F
AG, G %[Ps(fi—l) -9 (h—n _(h(—i—l) —0,5h, (=i-1) ))X (o5 — pr)le- (42)

dsm

MaccoBbili pacxos BO34yXa Yepes OTKPbITbI ABEPHON NPOEM IECTHUUYHOM KNETKM onpeaensaerca
Ha ypOBHe BEPXHEro MoA3eMHOro 3Taxa C MUCMO/Ib30BaHWEM COOTHolWeHMA (25). Beanmunna G, npu

3TOM onpeaensieTca No ogHou 13 3asucumocten (7), (8), (17). Mo aHanorMm ¢ NECTHUYHBIMU KNETKamuU

HaA3EMHOI‘;1 4aCTn B Cay4dae, ecnm Gs—l>G TO Ha nocneayrwuwmx 3Tanax pacyeta NpPpUHUMaETCA

sa’

3HavyeHne G

s_1, B MPOTMBHOM Cny4ae AaﬂbHEVILUMVI pacyeT OoCyLwecTBnAeTCA NO 3HAYEHUIO Gsa .

4.2. Mogaya Bo3ayxa B IMPTOBbIE LIAXTbI
4.2.1. B i TOBbIX WIAXTaxX LEHTPANbHOTO A4Pa HaA3EMHOM YacTu 34aHWUIN, C OCTaHOBKaMU ANGTOB
Ha YPOBHAX TO/IbKO HaZ3EMHbIX 3TaXKel U C BbIFOPOXKEHHbIMU NNGTOBLIMM XO/IJIAMM Ha KaxKA0M 3TaxKe,

Kpome HUXHEro, Be/IMYMHA [OaBNEHUA BO34AyXa B YPOBHE TreoMeTpUYeCKoro ueHTpa p,Bepeﬁ
BbILLEPaCno/IOKEHHOIo OTHOCUTE/IbHO OCHOBHOTO NOCaA04YHOr0 3Ta*xa A0/1XKHa COCTaBNATb:

R, =20-g(h, +0,5h,,)(0, ). (43)

Pacxog, BO34yXa WU3 ﬂMd)TOBOlZ WwaxTbl Ha YpPOBHE HWXHEro Hag3emMHOro (nepBoro) 3TaXa
onpegenAaeTca 3aBUCMMOCTbIO BUAaA



1/2

2
G, - %[20— g(h, +0,5n,,)(0, — p,) +0,50hy, (0. — p)]} . (44)

(nFy)’

rae G, - maccoBblit pacxog, Bo3ayxa 13 IMGTOBOM LUAXTbl HA YPOBHE HUXKHETO HaA3EMHOTO 3Taxa,
Kr/c;

N - KOANMYeCTBO KabWH NMPTOB B LIaXTE;

FdI - naowaap aAsepen AMGTOBOM WaxXTbl NPU BbIXOAE U3 KabUHbI, M2;

& - KOIGOUUMEHT MeCTHOro COMpOTMB/IEHWA y3na "KabuHa-waxta' npu OTKPbITbIX ABEepAX
KabWHbI U WaxTbl HA OCHOBHOM NOCAA04YHOM 3TA)KeE.
Yucnosble 3HaueHMA KoapduumeHTa & AOMKHBI  MPUHUMATBCA COMNACHO  TEXHWUYECKOi

AOKYMEHTaUNUN Ha }'IMCbTOBbIe YCTAHOBKM 34aHMA. A BblYMCNEHMA YKA3aHHOIo K03¢¢MLI,MEHT8 MOXeT
6bITb MCMO/Ib30BAHO COOTHOLLEHUE Bunaa

F
=4,3+—", (45
S -+ 43)

Is

rae l:,C - naolaab NonepeyHoro cevyeHus KabuHbl AndTa (N0 BHELIHEMY KOHTYPY OrpaskaeHui

KabuHbl), m2;

F. - niowaab nonepeyHoro ceyeHna NMPTOBON LWaxTbl (MO BHYTPEHHEMY KOHTYPY OrpaxAeHui),

M2.

Pacxopn Bo3ayxa, nocnefoBaTeslbHO GUBTPYIOLWLErOCa Yepes 3aKpbiTble ABEPU TMGTOBOM LIAXTbI U
NMOTOBbIX XO/JIOB Ha KaXAOM i-M 3Tarke, BK/OYas STaX KOHEYHOW (BepxHei) ocTaHoBKM nndTa,
onpeaensaeTca cAeAyoLLMMmN 3aBUCUMOCTMU:

S, = Sl + S
" (niFdIi)2 (miFdri)2

(46)

R =R,; (47)

1/2

B +9(h,+0,5n,,)(p, — o)

AG, =
S

, (48)

Iri

rae Pn - faBfeHne B INGTOBOM LLAXTE HAa YPOBHE reOMETPUYECKOro LieHTpa ABepen i-ro aTaxa,
Ma;
n, FdIi - COOTBETCTBEHHO KOJINYECTBO M Naowaab ABepei NMPTOBOM LWaxTbl HA NPOMEKYTOYHOM

(i-m) nocagoyHoM aTaxe, M2;
m,, F,,; - COOTBETCTBEHHO KONIMYECTBO M NIOLWAAb ABEPeil MMOTOBOrO X0/1/1a Ha MPOMEKYTOYHOM

(i-m) nocagoyHoM aTaxe, M2;
S, - xapaKTepucTMKa y[eNbHOTO COMPOTWUBNEHWUA BO3AYXOMPOHULAHUIO ABEpeit NUPTOBOIM

waxTbl, M3/Kr;
S, - XapaKTepuCTWKa YAEeNbHOTO COMPOTMBIEHUA BO3AYXOMPOHULAHUIO ABepeit NUPTOBOro

xonna, M3/Kr;
S, - cymmapHaa XxapaKTepucTuKa YAenbHOro CONPOTUBAEHUA BO3AYXOMPOHWULAHUIO ABepel

v . -1 -1
NNPTOBON WaxTbl U MMPTOBOTO X0/1a Ha (i-m) nocagoyHOM 3TaxKe, KT~ M .

Iri



BeAnunHbl yAeNbHOro CONpPOTUBAEHMA BO3AYXOMNPOHULAHUIO ABepeilt NMPTOBLIX WAXT U NMPTOBbIX
XO/N/I0B [0/IKHbl COOTBETCTBOBATb TEXHWYECKMM [aHHbIM NPeanpuATUIA - U3roTOBUTEsNe YKasaHHbIX
nsaenunin. Jonyckaerca pacyeTHoe onpeaeneHne 3TUX BeJIMUYNH MO COOTHOLLIEHUAM BUAA

2600
Sa = )
P
s, = 5300 '
P

Taknm 06pasom, CymMMapHbIN pacxon Bo3Ayxa, HeobxoAuMbl AnA nNogayn B 3alMllaeMyto
NNPTOBYIO LLAXTY, COCTABUT:

G =G, +2AG,, (49)

rae G, - Tpebyembiit No pacyeTy CyMMapHbIi pacxos Bo3jyxa, NOAABAEMOrO B 3aLUULIAEMYIO
NMTOBYIO LIAXTY, Kr/c.

4.2.2. Ona nudTtoBbiXx Waxt no n. 4.2.1 c [AONOAHUTENbHbIM YCTPONCTBOM BbIFOPOMKEHHOO
NMPTOBOro xon1a Ha OCHOBHOM MOCAZ04YHOM 3TaXKe onpegenieHne pacxona Bo3ayxa, NOCTyNaowWwero us
NMOTOBOM WaxTbl Ha HWMKHEM HaZ3eMHOM (MepBOM) 3Ta)ke 34aHWKI, AO/MKHO OCYLEeCTBAATbLCA MO
33aBMCMMOCTU CNenytoLwWwero BMaa:

1/2

2
G, = & _:_OI &y 1 [20_ g(h, +0,5h,,)(p, — p,) +0,5gh,, (0, —p|)] . (50)

(nFy)?  (MmF,)°

Mpu 3TOM pasneHne B ANPTOBOM LaxTe AAHHOM Pa3HOBUAHOCTU MOANENKWUT ONpeneseHuto
cornacHo 3asucumoctam (43) u (47), a Tpebyemblii No pacyeTy CyMMapHbI pacxos nogaBaemoro B 3Ty
LIaxXTy BO34yxa - Mo 3aBMcumocTam (45), (46), (48), (49).

4.2.3. IndToBble WaxTbl, Pa3MeLLEHHbIE Y HApPYMKHbIX OrpaAeHui 3paHus n coobuatowmecs
TONbKO C HAA3EMHbIMWU 3Ta)KaMu, NPU YCTPONCTBE BbIFOPOMKEHHOFO AMPTOBOrO XO//1a HA HUMKHEM
HAO3EMHOM 3TarKe, XapPaKTEPU3YHKOTCA PaACYETHbIMU 3HAYEHMAMM pPaCXofa BO34yXa 4epe3 OTKPbITble
ABEPU HUIKHEro 3TaXKa, onpesesiAeMoro CoracHoO 3aBUCUMOCTU BUAA

_ 2p,
Gn = g n G +1 [
(nFy)*  (MF,)?

2 1/2
+0,25(K 1, ~K o) 22V2 + 0,500y, (0, — p) ]} - (51)

20-g(h, +0,5h,,)(p, — p,) +

Mpu 3ToM AgaBneHune B AMPTOBOIA LWaxXTe onpesensaeTca 3aBUCUMOCTbIO BUAA
R =R, =20-9g(h, +0,5hy,)(0 —p,) +0,25(K,,,, — kawo)pavs .(52)

[na onpeaeneHunn yTeyek Bo3ayxa Yepes 3aKkpbiTble ABepn NMGTOBOM LWAXTbl U NTMDTOBbIX X008
KaXk4oro Bblwenexaliero (i-ro) ataska npumeHMma 3aBUCMMOCTb BMAA



AG, =S, [ R+ 9 (R +0,50,)(2 — £,) —0,25(K 1, —K,uo)22V2 | - (53)
NTorosoe onpeaeneHne CymMapHOro pacxo4a Bo3ayxa, NoAnexallero nogave 8 AMPTOBYHO LWAXTY
paccmaTpuBaemMon PasHOBWUAHOCTU, MPOU3BOAMTCA MO BbIYMCAEHHBIM TaKMM 0OpPa3OM 3HAYEHUAM C
OO0MNOJIHUTENbHBIM NPUMEHEHUEM 3aBUCUMoOcTei (45), (46), (49).
4.2.4. Ana nndTtosbix WaxT no n. 4.2.3, HO 6e3 BbIrOPOXKEHHbIX NMPTOBbLIX XOAOB Ha HUXKHEM
HaA3eMHOM 3TaKe, PACYETHbIN pacxod BO34yXa 4Yepes3 OTKpbiTble ABepu NMGTOBOM LWAXTbl HA 3TOM
aTarKe onpeaenaeTca 3aBUCMMOCTbIO BUAA

2
G, = %[20_ g(h, +0,5h,,)(p, — p,) +

(nFy)’

2 1/2
+0, 25(kaww 1 kawo)pava + O!Sghdll(pa - pl)]} : (54)

Mpu 3Tom agasneHue B 3alMLaeMoit MMGTOBOW LaxTe, YTEUKM U3 Hee BO3ayxa yYepes 3aKpbiTble
ABEPU Ha BblllieNexalumx 3TaXkax n Tpebyemblilii CyMMapHbI pacxoj nofiaBaemoro B 3Ty LWaxTy Bo3ayxa
ycTaHaBaAmBatoTca no 3asucumoctam (52) u (53) ¢ ydyetom HeobXoAMMOro AOMONHUTENLHOIO
npumeHeHus 3aBucumocten (45), (46), (49).

4.2.5. Ona waxt AMdTOB NOA3EMHOMN YacTU, C OCTaHOBKAMM Ha MOA3EMHbIX 3TayKaX U HUMKHEM
HaZ3eMHOM 3Ta)Ke, C BbIFOPOMKEHHbIMU NNGDTOBLIMW XON/TAMM Ha KayKAOM 3TayKe, BK/OYas OCHOBHOWM
NoCaflouHbIi (HUMXKHUIA HaA3EMHbI), MNOoCNeAoBaTe/NbHOCTb W COAEpPKaHMe pacdyeta Tpebyembix
3HaYeHWI JaBneHUa U CYMMAPHOro pacxoga NogaBaemMoro Bo3gyxa c/edyeT MPUHUMaTb COracHO
3aBMCUMMOCTAM BMAA

R.,=20+9 (hfn —(h, +0, 5hd|—n))(pl —p,); (55)

2p
G,= z Ifd 1 [20-0,5gh,, (o, - o) +

+
(nF,)?  (mF,)?

1/2
+O’ 25(kaww - kawo)pavs - g(h—n - 07 5hd|1)(pa - pl):|} ; (56)

R, =R.:(57)

-n

1/2

R.+g (h—n —(h; +015hd|—i))(pl - ) . (58)

S

G =G, +

Ir—i

4.2.6. MNpun yctpolictBe AMGTOBbLIX LIAXT, COOOLAOLMXCA C NOA3EMHON U HaA3EMHOM 4acTblo,
HeobxoAMMO NpeaycMaTpMBaTh Pasfe/ibHyo Nogady Bo3ayxa COOTBETCTBEHHO B BEPXHIO U HUMKHIOK
YacTM 3awMuiaemblx ANPTOBbIX LWAXT. PacyeTHble 3HaYeHWsA MNapamMeTpPoB NpW 3TOM noafaexat
onpeaeneHuMio Kak no 3asucumoctam (43) - (54), Tak u no 3asucumoctam (55) - (58) - ¢ yyeTom
MPOEKTHOrO pasMelLeHUs 3almLLaemMblX AMPTOBbIX LIAXT U YCTPOMCTBA 3TaXKHbIX NMGPTOBLIX XON10B B
HaZ3eMHOMW W NOA3eMHOM 4YacTAX 3A4aHui. [Npuuem p[aBneHWe B MNOA3EMHO-HAL3EMHbIX 4acTax
3aWwmiLaemblx AMGTOBbIX LWAXT ceayeT onpeaenatTb TOAbKO MO 3aBMcMmocT (55), a BblYMCNEHHble
3HaUYeHMA pacxoaa BO3Ayxa Yepes OTKpbITble ABepW IMGTOBON LWAXTbl HA OCHOBHOM MOCAA0YHOM STaxe
OOMKHbI  ObITb  pacnpefeneHbl B MNPOU3BOJIBHOM COOTHOLUEHMU MeXKay obeumn cuctemamm,



obecneunBalolLMMM Mofady BO3AyXa B HaA3eMHYI0 M MOA3EMHYI0 YacTu 3alumuiaemon AnGToBoM
LLAXTbl.

4.3. Nopaya Bo3ayxa B Tambyp-LU/to3bl

4.3.1. Pacxop BO3ayxa, MofaBaemMoro B TamOyp-L/itO3bl, PACNONOXKEHHbIE MNPM BbIXOdaX B
He3aabiMAsieMble NeCTHUYHbIE KneTKkn Tuna H3 namn H2 (B BbICOTHbIX MHOTOQYHKLMOHANbHbIX 34aHUAX U
KOMMNIEKCaX, B XW/bIX 34aHUAX BbICOTON 6onee 75 M, B 06LIECTBEHHbIX 34aHUAX BbicoTOM 6onee 50 m),
BO BHYTPEHHME OTKPbITble JIeCTHUUbI 2-T0 TUNA, Ha BXOAAax B aTPMyMbl WU MacCCaXM C YypOBHel
noABanbHbIX N LOKONbHbIX 3Taxen, nepes AMGTOBbIMU XONNaMWN NOA3EMHbIX aBTOCTOAHOK, @ TaK»Ke B
Tambyp-wo3bl NPW BbIXOAAX B BECTUOIOAM U3 He3aAbIMASEMbIX JIECTHUYHbIX KNeTOK Tuna H2,
COOBLWAWMXCA € HAA3EMHbIMW  3Ta)kaMW  343aHUN  Pa3IMYHOrO HasHayeHus, onpegenserca
COOTHOLWIEHWEM BMAA

Gr = Vrpa I:dr 4 (59)

rae G, - maccoBblii pacxog Bo3ayxa, NO4aBaemMoro B 3almLiaemblit Tambyp-Lunios, Kr/c;

V, - MWMHMMaNbHO AOMYCTMMaA CKOPOCTb WCTEYEHWA BO3Ayxa Yepe3 OAHY OTKPbITYIO ABepb
3awuiLaemoro Tambyp-wniosa, m/c;

F, - nnowanp ABepu 3awmiLaemoro Tambyp-Liniosa, m2;

P, - NJIOTHOCTb HaPY)XHOTO BO3/yXa NpW pacyeTHoii Temnepatype T, .

HOpMMpOBaHHaﬂ MWUHUMaNbHO A0NYCTUMaAA CKOPOCTb UCTe4YeHUNA BO34yXa 4epe3 oAHY OTKPbITYO
ABepb 3allnliaemoro TaM6yp-LIJ}'II'O3a COCTaBIAEeT:

v, 21,3 m/c.

4.3.2. Pacxop Bo34yxa, N04aBAaEMOro B TaMbyp-Luo3bl, OTAENAOWME NOMELLEHUA AN XPaHEHUSA
aBToMobwuielt 3aKpbITbIX HaA3EMHbIX U NOA3EMHbIX aBTOCTOAHOK OT NOMELLEHMIA MHOFO HasHayeHus, B
Tambyp-LwAto3bl, OTAENAIOWME MNOMELLEHUA XPaHEHWA aBTOMOOMAEH OT M30AMPOBAHHBIX pamn
noA3eMHbIX aBTOCTOAHOK, onpeaenaeTca No 3aBUCMMOCTU BMAA

1/2

G, =nF, 5—0 , (60)

dr

rae Sdr - XapPaKTepPUCTUKa yaeNnbHOro conpotunBneHna BO3AYXONMPOHUUAHUIO /J,Bepeﬁ

3awmiLaemoro Tambyp-wnio3sa, m3/Kr;

N - KOJIMYECTBO ABepeit 3aWwuLLLaemoro Tambyp-Luto3a.

PacuyeTHble 3HaYeHUA XapaKTEPUCTUKU yaAeNbHOTO COMPOTUBEHUS BO3AYXONPOHULAHUIO ABepel
3aWMLLIaeMbIX TaMbyp-LWA30B MOTYT BbITb oNpeaeneHbl N0 COOTHOLWEHUIO BUAA

5300
Pa

S

r

Mpn NpUMEHEeHUM HACTUAbHBIX BO3AYLWHbLIX 3aBeC B3aMeH TaM6yp-LUI1IO3OB, oTaenArwnx
nomeuieHnA XpaHeHuA aBTomobunen ot M30/IMPOBAHHbLIX pamMn 3aKpPbITbIX HaA3EMHbIX U NOA3EMHDbIX
dBTOCTOAHOK, Tpe6yeMbu7| pacxon BO34yxXa, NOdaBaemoro B connosou annapat BO3,EI,YUJH0171 3aBecbl
AaHHOTOo ThNa, chegyet onpeaenAatb No 3aBUCUMMOCTU

G, =v,p,bo, (61)



rae V, - CKOPOCTb MCTeYeHWA BO3/lyxa M3 CONMOBOrO annapata, M/c;

b, 0 - COOTBETCTBEHHO A/1IMHA W LIMPUHA COMA B FTOPU3OHTANIbHOM NPOEKLUN, M.
HopmunpoBaHHble napameTpbl CONIOBbIX annapaToB COOTBETCTBYIOT C/IEAYIOLLMM 3HAYEHUAM:

v, 210 m/c;
b>B,, 0=0,03m,

rae Bd - WKMPUHa 3alimiiaemMbiX BOPOT M30ﬂMpOBaHHOﬁ pPammnbl aBTOCTOAHKW.

4.3.3. Pacxog Bo3ayxa, NoAaBaemoro B Tambyp-wo3bl (AMPGTOBble XONMbl) NPU BbIXOAaX U3
NMOTOB C pexxknMmom ynpasnaeHua "moxapHaa onacHOCTb" B LIOKOJIbHble, MoABajibHble, NOA3EMHble
3TaXkM 34aHNI Pa3IMYHOro HazHayeHMs, onpeaenaeTca 3aBUCUMOCTbIO BUAA

20 1/2 20 1/2
G =nF,|— | +mF,| — | ,(62)
dr dl
roe Sdr - XapaKTepWUCTMKA YAe/bHOrO COMPOTUB/EHUA BO3AYXOMPOHWULAHUIO ABepen

3almwaemoro Tambyp-watosa (Angrtosoro xonna), m3/Kr;

N - KOAWYECTBO ABepeit 3almiLLaemoro Tambyp-wniosa (nMdrosoro xonna);

S, - xapaKTepucCTMKa y[eNbHOTO COMPOTWUBNEHUA BO3AYXOMPOHULAHUIO ABepeit NUPTOBOI
waxTbl, M3/Kr;

m - KOJIMYeCTBO ABepen NMPTOBOM LIAXTbI.

Pacxon Bo3ayxa, NoAaBaemMoro B XO/Jbl MMGTOB, MMEIOWMX PEXUM yMpaB/eHUa '"nepeBo3Ka
noKapHbIX noapasfaeneHuin”, Ha UOKO/NbHbIX, MOABaNbHbIX, MOA3EMHbIX 3Ta)Kax 34aHui cneayet
onpeaensaTb COrNacHo 3aBucuMmoctu (59), ucKoyaa nNpu 3TOM 3alUMLAEMbIE XONbl TaknMx NUTOB,
oTAeNeHHble Tambyp-LL/03amMM OT NOMELLEHMI XpaHEHNS aBTOMObBMNe Noa3eMHbIX aBTOCTOAHOK.

4.3.4. BenvunHy AaBfieHMA B 3allMLLaeMblX Tambyp-Linto3ax Heobxoaumo onpeaenaTb COriacHo
cnenyowmm 3aBUCUMOCTAM:

B HaZ3eMHOW YacTn

P.=20-g(h +0,5h,.)(p, —0,); (63)
B MOA3EMHOWM 4acTu

P, =20+g(h,—(h;+0,5h,.))(p,—p,), (64)

rae hy, - BbicoTa ABEpPHbIX MPOEMOB 3aLLMILAEMbIX TaMBYp-LI/O30B HA i-M 3Ta)ke HaA3eMHOW
yacTu, m;
h,_; - BbICOTa ABEPHbIX NPOEMOB 3aLUMLLAEMbIX TAMBYP-LUNO30B HA MUHYC i-M ITaKe NOA3EMHOIA

4yacTu, M.
4.4, KomneHcumpyiowaa nogaya sosgyxa
BosmeleHne o06beMOB yAanAaemblXx MPOAYKTOB TOPEHUA W3 MNOMELLEHUA Npu  no¥Kape

obecneunBaetcs nocpeacTtBom nNogavyn HapyHOro Bo3ayxa B HAXKHKOK YaCTb TaKUX I'IOMeLLI,eHMf/‘I.
Pacxog, KOMI'IEHCVIpYIOLLI,Ef/‘I nogayn Bo3ayxa onpeaenAaertca COOTHoWeHNneEm



G, =2 (65)
1-n

rae Gy, - pacxop ypanaembix NPOAYKTOB TOPEHMA HEMocpeACTBEHHO W3 3alMLIAeMOro
nomeLleHus, Kr/c;

n - koadpdnumneHT gucbanaHca.

Hopmupyemblit ananasoH gonyckaemoro ancbanaHca:

—-0,3<n<0,3.

[Ona onpegeneHna Tpebyemoro o6beMHOr0 pacxoda NoLaBaemoro Bo3gyxa HenocpeacTBEHHO B
3aWyLLIaemoe NoMeLLLeHMe NPUMEHAETCA 3aBUCUMOCTb

L :%,(66)

)

rae L, - obbemHblii pacxos nogasaemoro Bosayxa, m3/c.

Cnocobbl nogauM BO3AyXa MOFYT 6biTb Pa3MYHLIMM M B OCHOBHOM NOApPa3AenaoTcA Ha
MCNONb30BaHNE NPUHYAMUTENbHOW W ecTecTBeHHON BeHTUAAUuuK. [locneaHAs MoXKeT  6biTb
npeaycmoTpeHa C WCNo/ib30BaHWEM [Bepeit Hapy)KHbIX BbIXOAOB MOMELLEHMSA WAWU  CrheuuanbHo
BbINO/IHEHHbIX BO34YXOMPUTOYHbIX KaHanoB. Tpebyemble pasmepbl MPOXOAHbIX CEYEHUIA TaKUX ABEpeit 1
KaHaNoB ONpeaenatoTcs C y4eTom UX GpakTUUECKoro rmapasanyeckoro ConpoTMBAEHNA, COOTHOCMMOTO C
YCTaHOB/IEHHbIM CTaTUYECKUM AaBJEHUEM BbITAXKHON NPOTUBOABbIMHOW BEHTUAALUMN.

4.5. Mopgaya Bo3ayxa B NOMeLL,EeHUA 30H 6e30MnacHOCTH

3awmnTa NPUTOYHON MNPOTMBOALIMHON BEHTUAALMENA NOMELLEHUI 30H 6e30MacHOCTU A0JIKHA
OCYLLECTBAATLCA NOCPEeACTBOM MOAAYM HAPYMKHOFO BO3AyXa HEMocpeaCcTBEHHO B 3TUM MOMELLEHUA ANA
CO34aHMA B HUX M3bbITOYHOTO AaBneHnAa npn 3aKpbITbIX AOBepAx WU obecneyeHMs MUHUMANbHO
O0MNYCTUMOM CKOPOCTM UCTEYEHMA BO3AYyXA Yepe3 OA4HY OTKPLITYHO ABEPb 3alLiMaeMoro nomeweHus. C
YY4ETOM HOPMMPOBAHHO OOYCNOBNEHHON HEOBOXOAMMOCTM NOALEPNKAHMA TemnepaTypbl BO3AyXa B
3aWMLLAEMbBIX MOMELLEHMAX B [AMANasoHe 3HAYeHWI, YCTAHOB/IEHHbIX MPOEKTHOM TeXHONOrnel
3KcnayaTauum 34aHuA, LenecoobpasHo NPUMEHEHME Pa3IMYHbIX CUCTEM MPUTOYHOW MPOTUBOAbLIMHOM
BEHTUNALMM ANA NOAAYN HAPYKHOIO BO3AyXa B 3TU NOMELLEHUA.

CucTeMbl 04HOM M3 TAaKMX Pa3HOBUAHOCTEN AO/MKHBI 06ecneymMBaTb Nogavy Hapy»KHOro BO34yxa B
3aWMLLAEMOe MOMELLEHWE B KOAMYECTBE, AOCTAaTOYHOM [AS1A €ro UCTeYEHUA Yepes OAHY OTKPbITYLO
OBEPb C MWHMMaNbHO [AOMYCTMMOM CKOPOCTblO (B nNepuvog 3BaKyauuu ogeid B NOMeLLeHue
nokapobesonacHoi 30Hbl). BeanumHa pacxofa NofaBaemoro B 3aliMlLaemMoe NOMELLEHME HaPYKHOro
BO34yXa onpegenserca 3asucumocTbio (59). Mpuyem HOPMUMPOBAHHAA MMHUMMANBHO A[O0MNYCTUMAn
CKOPOCTb UCTEYEHMUA BO3YXa Yepes 04 HY OTKPbITYHO ABEPb 3aLLMLLAEMOrO NOMELLEHMA COCTaBAAET:

v, 215 wm/c.

Cucrtemsl ,Cl,perVI Pa3HOBUOHOCTM npeaHa3HadYeHbl AnA noAayn OOMNOJIHUTENbHO HarpeBaemoro
HAPYXHOro BO34yXa B 3alluulaemble NMOMeEWEHNA NMPU UX 3aKPbITbIX OBEPAX (B nepmnong C MOMEHTa
3aBepweHnAa 3BakKyauum I'II-OAEﬁ B nomeweHne 30HbI 6e30nacHOCTM M B TeyeHue BpeEMEHN UX
I'Ipe6bIBaHWr'I B 3TOM NnomelweHnn A0 Ha4vasia cnacatesibHbIX p360T NOoXXapHbiMuH FIO,CI,pa3,CI,EHEHVIFIMM).
Tpe6yeMb|e 3Ha4YeHMA OaBE€eHMA B 3aWlMlaemMoOmM NomeueHMn un pacxoga nogaBaemoro B HEro
noaorpeToro Bo3agyxa onpeanenAaroTca npu asTom 3aBUCUMMOCTAMM BU A

Pi =20—-g(h +0,5h,)(o, — oy ) ; (67)



Rii=20+9 (h—n —(h;+0, 5hdsf—i))(psl —Py); (68)

1/2

Gy =nky & , (69)

dsf

rae Py - naBnenue B 3awmiaeMom NnomeLLeHUM Ha i-M HaA3eMHOM aTaxe, Ma;

Psf—i - AaBaeHune B 3allmuaeMoM nNnomeweHMM Ha MUHYC i-m noaszemHom aTaxe, Ma;

Pq - MNIOTHOCTb BO3AyXa Npyu pacyeTHoii Temnepatype T, uam T, Kr/m3;

Pg - NNOTHOCTb BO3AyXa NpW pacyeTHoM Temnepatype Ty , Kr/m3;
G4 - pacxog Bo3ayxa, N0AABAEMOrO B 3aLUMLLAEMOE NOMELLEHUE, Kr/C;

Sdsf - XapPaKTePUCTUKa yaOeNbHOINo conpotunBiaeHnAa BO3AYXOMPOHUUAHUIKO 3aKPbITbIX p,Bepeﬁ

3alWMLLIAEMOro nomelleHus, M3/Kr;
Fy - nnowaas ABepHOro Nnpoema 3almILaeMoro NnoMeLLeHNs, M2;

N - KOJIMYECTBO ABEPHbIX NPOEMOB 3aLLMLLAEMOro NoMeLLeHNA;
Ny - BbICOTa ABEpEt 3aLMLAEMOTO NOMELLEHNA Ha i-M HAA3EMHOM 3TaXe, M;

Ny - BbICOTa ABEpPE 3aLWMLLAEMOTO NOMELLEHUA HA MUHYC i-M NOA3EMHOM 3TaKe, M.

TemnepaTtypa nogorpesaemoro Bo3gyxa B 3alLUaeMoMm NoMeLLeHNN JO/IKHA 6bITb He Huxke 18

°c (T, =291K).

5. TEXHUWYECKWNE XAPAKTEPUCTUKMN OBOPYAOBAHWA

Ona cucrtem BbITAXXHON U I'IpMTOLIHOﬁ I'IpOTMBOAbIMHOVI BEHTUNAUMN B KayeCTBeE OCHOBHbIX
napamMmeTpos, noanexawnmx y4yety, paCCMaTpmnBaloTCA BEINMYUHDbI JaB1eHUA U No4a4n BEHTUNATOPOB.

5.1. O6opyaoBaHME CUCTEM BbITAKHOW NPOTUBOABIMHON BEHTUAALMM

5.1.1. C y4eTom nosy4eHHbIX pacyeTHbix 3HadeHnit G, u T, Ana nomelieHuit, 3awmiiaembix

BbITAXKHOM MPOTMBOAbIMHON BEHTUAALMEN, COFNACHO MPUHATBIM MCXOAHbIM OaHHbIM OnpegenseTcs
HeobXoAMMOE KOAMYECTBO [AbIMONPUEMHbIX YCTPOMCTB M UX pasmelieHne. B cooTBETCTBUMM CO
CTPYKTYPHOM CXEMOM CUCTEM HaMeyaeTCs TPACCMPOBKA 3TarKHbIX BbITAMKHbLIX KaHa/loB, BEPTUKA/bHbIX
KoNnekTopoB. MNpeaycmaTpuBaloTCA MeCTa YCTAHOBKM BEHTUIATOPOB C QUKCUMPOBAHHLIM HAPYXKHbIM
BbIOPOCOM NPOAYKTOB FOPEHUS.

MpeagapuTenbHbI BbIGOP PAasMepoB MNPOXOAHbIX CEYEHUM COOPHBLIX 3N1EMEHTOB BbITAMKHbIX
KaHanoB u obopyaoBaHWA (peleToKk, KNanaHoB) MPOWM3BOAUTCA, MUCXOAA U3 yCnoBus obecnevyeHus
MaKCMMaIbHOW CKOPOCTU TedyeHus ra3os He 6onee 11 m/c (NnpegnoytutensHo B AnanasoHe 9 - 11 m/c).
Ecnv yKasaHHOe yc/ioBMe SIBNIETCA HEBbIMOJHUMbIM, BBUAY OrPaHUYEHHOW BO3MOMKHOCTU MPOKIALAKM
KOHCTPYKLMIA BbITAMKHbIX KaHa/NOB C COOTBETCTBYIOLLMMM pPasMepamMu Ha BCEM MPOTAXKEHUM WU
NIOKaNbHO, BbIBMPAETCA MHOM TUMOpPasMep CEYEHWUI C BO3MOXKHO MEHbLUUM YBE/IMYEHUEM CKOPOCTM.

5.1.2. Ha HayanbHOM y4acTKe BbITAMKHOrO KaHana (B 3alMliIaeMOM NomelleHUn) onpegensaeTcs
Tpebyemas BeMUMHA AaBAEHUA NOCPEACTBOM 3aBUCMMOCTM BMAA

P

smO0

2
=R+ 0,500 Zlétoivsszi +Z% ,(70)

e0i

roe P

smo ~ CTaTU4ECKOoe AaB/ieHNe B BbITAXXHOM KaHa/ié B KOHLe Ha4a/1IbHOTO y4acCTKa, MNa;



P, - nobasouHoe ctaTnueckoe gasneHue, Ma;
&oi - KOIPOULMEHT i-ro MECTHOTO CONPOTMBAEHWUA HAa HAaYa/IbHOM YYacTKe BbITAMXKHOIO KaHana;

Agi - KO3DDULMEHT CONPOTUBNEHUA TPEHMA i-TO 3/IEMEHTA BbITAXKHOMO KaHana Ha HayasbHOM
YYaCTKE;
ly; - AnvHa i-ro anemeHTa BbITAXKHOTO KaHana Ha HaYaNbHOM Y4YaCTKe, M;

Oepi - 9KBMBANEHTHBIA TMAPABAMYECKUIA AMaMeTp i-ro 37eMEeHTa BbITAXXHOTO KaHana Ha
Haya/IbHOM y4YacTKe, M;

Psno - NNOTHOCTb rasa Npu pacyeTHoi Temnepatype T, . AbIMOBOro €noA B 3aliWLLAEMOM
nomeLleHuu, Kr/m3;

Vv

<moi -~ CKOPOCTb rasa, nepemellaemoro B i-M 3/1eMeHTe BbITAXHOMO KaHaia Ha HayalbHOM
yyacTke, m/c.

BennunHa [06aBOYHOrO CTAaTUYECKOrO [AaB/IEHUA B BbLITAXXHOM KaHase onpegenserca no
CYMMapHbIM MOTEPAM [3B/NEHUA B MPUTOYHbIX YCTPOMCTBAX KOMMEHCUPYIOLLEN Mogayvn Bo3ayxa C

€CTEeCTBEHHbIM MNOBYXAEHNEM TATU:

P, =R,G’

amea /

-1 -1
rae R, - sKBMBaneHTHOe conpoTMBNEHME BO3AYXONPUTOYHOTO KaHana, KI' M ;

G, - pacxoa npuToYHOro Bo3ayxa no 3asmucumocty (65), Kr/c.

JlokanbHaa CKOPOCTb NepemMeLLaeMoro B KaHasle ra3a onpeenifaeTca COOTHOWEeHNeM

— GSI’ﬂO : (71)

V. .. =
smoi
I:0

sm0 " Oi

rae FOi - naowaab NpPoxoaHOro ce4yeHuA i-r0 anemeHTa BbITAXHOIO KaHasa Ha Ha4YanbHOM

y4yacTKe, Mm2.
Ona onpeaeneHna 3KBMBAJIEHTHOTO FMAPABANYECKOTO AMameTpa NPAMOYro/ibHOrO CeYyeHus i-ro
3/leMeHTa KaHana Ha Ha4a/lbHOM Y4YaCTKe UCNO0/1b3yeTcA COOTHOLEHNE

rae a, b - pasmepbl CTOPOH ceyeHus, m.
KoadduumeHTbl MeCTHOro COMPOTUBAEHUA OMPEeAenAloTCA MO CNpaBoYHbIM AaHHbIM [8], a
K03 PMLMEHTbI CONPOTUBAEHUA TPEHUA - MO MU3BECTHOM 3aBucumocTu A.[l. AnbTlwyns:

1/4
2, =011 8 L KT 3
ReOi e0i

roe k - aKBMBaNeHTHas LIEPOX0OBATOCTb BHYTPEHHEN NOBEPXHOCTU KaHana (ana BO34yx0BOAOB U3
ctann k = 0,1 mm).

Mpu stom kputepuit Re;, onpepensetca no Tennopusnyeckum napameTpam ApIMOBbIX rasos,
npmeeaeHHbIM B [puUA. 2 HACTOALLMX PEKOMEHAAUMIA:

d ..
Reoi — psmOVsm0| e0i , (74)

sm0



rae U, - AMHAMMUYeCcKan BA3KOCTb rasa npu Temnepatype T o, Krx m/c.

smo ’

5.1.3. Ecam mexay BepTUKaZbHbIM  KONNEKTOPOM WM HayalbHbIM  YY4acTKOM  KaHana
paccMmaTpuUBaeMOM CUCTEMbI CYLLECTBYET MPOMEXKYTOUHbIN TPAH3UTHbIN Y4acTOK, TO COOTBETCTBYHOLLAA
BE/MYMHA OaBJEHUS B HEM MOXKeT bbiTb onpeaeneHa no 3asucumoctu (70) Npu COOTBETCTBYIOLLEM

!
samere P, , Ha P, P, Ha P, . Monpaska Ha M3meHeHMe BENMYMHbI MAacCOBOTO Pacxoa B KOHLLE

smo /
TAKOro NpoMeXXyTo4yHOro TpaH3nTHOIo y4aCTKa onpeaenAaeTca 3aBUCUMOCTbIO

Gl =Gy +AG,,, (75)

smO0

rae GS'mo - MaccoBblii Pacxof rasa B KOHEYHOM CeYEHUMN NMPOMEXKYTOYHOTO yHacTKa KaHana, Kr/c;

AGda - NOACOCHI BO34YyXa Yepes KOHCTPYKLMM MPOMEKYTOYHOrO yYacTKa KaHana, Kr/c.

BenunymHa AGa onpepenAaeTca CcornacHo 3asucmmoctam no n. 1 [Mpua. 3 HacToAwmx
pekomeHaaunii.

M3meHeHMe TemnepaTypbl rasa B KOHEYHOM CeYEeHUW TMNPOMENKYTOYHOro Yy4yacTKa KaHana
onpeaenaeTca 3aBUCMMOCTbIO

TsmO + AGdaTr a8 qll

' '
CpsmoGsmO

C..noO
r _ “psm0
TsmO T

sm0

, (76)

rae Q, - noTepu Tenna Ha eAMHULY ANMHbI KaHana, BT/m;

| - cymmapHan 4 vHa NPOMEXKYTOUYHOrO y4acTKa BbITAXKHOIO KaHana, M.
YaenoHble NoTepu Tenia onpeaenatoTca 3aBUCMMOCTAMM BUAA

g = I(Iﬂ.(TsmO _Tr); (77)

1
k = L+iln%+ilnd*’3+ 1
ad, 4 d, 24, d, ad,

,(78)

rae K, - koapduument tennonepesaum, Bt/(m x rpaa);
a,, O, - Ko3GOUUMEeHTbl TennooTAaun OT rasa K BHYTPEHHeN MOBEPXHOCTM W OT BHELUHeMN

MOBEPXHOCTM KaHana K OKpysKatoliemy 8o3ayxy, Bt/(m2 x rpaa);
A, A, - K03GOULMEHTbI TENNONPOBOAHOCTM MaTepuanoB COBCTBEHHO KOHCTPYKLMM KaHana

(BO3ayx0BOAA) M OrHE3aLMUTHOO NOKPbLITUA, BT/(M X rpas);
d,, d.,, d.; - aKBMBanNeHTHbIN rMAPaBANYECKUIT AMAMETD, COOTBETCTBYIOWMIA BHYTPEHHEI!

NOBEPXHOCTHU, BHeLLHelM NOBEPXHOCTU KaHaNa (BHYTpeHHEVI NOBEPXHOCTU OrHe3awunTHOro CI'IO’r'I) n
BHELUHeMN NOBEPXHOCTU 3TOTO C/N10A, M.

Koadduumnentsl TennonposogHoct A, ¥ A, HaxomAaTcA MO CNPaBOYHBIM AaHHBIM  ANA

KOHKPETHbIX MaTepunanos. 3HayeHMe 0, onpepenaeTca us KpMTepmaanoﬁ 3aBUCMMOCTU BUAa

0,25

Pr
Nu, =0,021Re%® Pro* P—rf &g, (79)

w

rae Nu, Re, Pr - kputepumn HyccenobTa, PeltHonbaca v MNpaHATnA COOTBETCTBEHHO;
&, € - NONPaBOYHble KO3POULIMEHTDI;



Nu . A,
__f7smo (80)
d

o, =
el

KonnyectBeHHble 3HAYeHUA KOSd)d)VILI,VIEHTa &, YCTaHaB/auBaloTCA NO TabAMYHbIM CNpaBOYHbIM

[aHHbIM, a 3HaYeHNA KoapdUuLMeHTa £, ONPeaenatoTCca COOTHOWEHNEM

1+1,77d
&g = R ,(81)

roe R - pagmyc usrnba KaHana, m.
BBuay TOro, Yto TemnepaTypa Ha BHELHEW MNOBEPXHOCTM OrHe3aWMTHOro cos (NOKpbITUA)

BbITA)KHOIO KaHafa ABAAETCA HEW3BECTHOW BEANYUHOMN, pacyeTr 3HayeHuA ql nponssogunTca

nocneaposarte/sibHbiMn I'IpM6J'IVI)-KEHVIF|MM, Ha NepBOM LWare KOTopbiX 3a4aeTCA 3Ha4YeHUe Tr <T <T5m0 .

5.1.4. Ona y3/1a NnpucoegnHeHnA K BEPTUKAZIbHOMY KONJIEKTOPY HAYa/IbHOIoO y4acCTKa BbITAXKHOIO
KaHana (C YNOMAHYTbIM Bbille NPOMEKYTOYHbIM TPAH3UTHbLIM y‘-IaCTKOM) onpeaenAaeTca AaBneHne B
KOHEeYHOM CeYeHUNUN 3TOro y3aa (Ha BXo4e B BepTMKaﬂbeIﬁ KO!'IJ'IEKTOp)Z

Pars = Pano + 0,58 Pl (Varo)”, (82)

rae Vi, - CKOPOCTb ra3oBOro NoToKa, M/c;
i i .
Psno - NNOTHOCTb NepemeLLlaeMoro rasa npu tTemnepatype T o, K;

!
&y - KOIGPULMEHT MECTHOTO CONPOTUBNEHNUA.

' '
Ona onpepeneHna CKOpocTH VsmO N TeMnNepaTypbl TsmO MOoryT 6bITb UCNONB30BaHbI 3aBUCUMOCTHU

(71), (75) v (76). 3HaueHue 56 onpeaensieTcA No CnpaBoYHbIM AaHHbIM [8] C y4eTOM reomMeTpuyYecknx
XapaKTepUCTUK y3/1a NPUCOeAMHEHUA STaXKHOTFO KaHana K BEePTUKa/NbHOMY KOIEKTOPY NPU Haanudmu
NPOTUBONOXAapHOro KnanaHa. Ko3adduUMEHT MecTHOro COnpoTMBAEHUA ANA 3TOr0  KjaanaHa
onpeaenseTca no TeXHUYECKUM AaHHbIM NPeanpPUATUA-U3rOTOBUTENS.

5.1.5. [lanee npou3BoAMTCA YC/0BHOE pa3defnieHue BepTUKaNbHOIO KONNEKTOPa Ha Y4acTKu C
rPaHULAMM B YPOBHAX MENKITAXKHbIX MEPEKPbITUIA 34aHUA. B KayecTBe BXOAHbLIX MapamMeTpoB A4S
NepBOro TaKoro y4yacTKa NPUHUMAOTCA BbIYMC/IEHHbIE Bbille 3HaYeHun:

P Ton =To

sml’ s sm0

el
Gsml - GsmO :

B cooTBETCTBMM C [AaHHBIMM MapameTpamy M TEOMETPUYECKMMMU  XapaKTepuCTUKamm
BEPTUKANBLHOTO KOINIEKTOPA JOMNONHUTE/IbHO OMNPEAeNAtOTCA BEANUUHb! Og, Mo s Tors Vo RE, A,

npn MUCNoab30BaHUN KOTOPbLIX BbIYNCNAAKOTCA 3HAYEHUA U3MEHAEMDbIX NAPaMeETPOB B KOHLE AOaHHOIO
Yy4aCTKa BbITAXHOIO KaHasia Nno 3aBUCMMOCTAM CcheayroLwero snaa:

l.+h
I:>sm2 = Psml + 07 5psm1 zgl + w ><Vszml - ghdl(pr - psml); (83)
el
0,65
AG,, =3,556-10° p, [ Tt Fenz 1 Fa gy Ly )0 (aa)
2 d.,
P 1/2
Adeal = del m2 ; (85)

dpsm



Gsm2 = Gsml + AGdal + Adeal ; (86)
T _ CpsmlemlTsml +Ta (AGdal + Adeal) - qll(ll + hl) (87)
sm2 ’
CpstGst

rae AG,,, - noacockl Bo3ayxa Yepes KOHCTPYKLMM JaHHOTO Y4acTKa BbITAXKHOTO KaHana (cornacHo
n. 1 Mpun. 3 HacToALLMX PEKOMEHZaUMI), M;
Adeal

BbITA)KHOTO KaHana (cornacHo n. 2 Mpwua. 3 HacToAWMX peKoMeHaauuit), m;

noAacocCbl BO3A4yxXa 4yepes 3aKprTbIﬁ HpOTMBOﬂO)KaprIVI KnanaH AaHHOro y4acTtka

Idl - CyMMapHaAa A/IMHa TOPU30OHTA/IbHO OPUEHTUPOBAHHbLIX 31EMEHTOB BbITAXXHOIO KaHasla Ha

AaHHOM y4aCTKe, M,
hdl - CYMMapHaAa A/IMHa BEPTUKA/IbHO OPUEHTUPOBAHHbLIX 3/1EMEHTOB BbITAXXHOIFO KaHa/sla Ha

OaHHOM yyacTKe, M;
F,, - nnowaap NpoXoAHOTO CEYEHMA BbITAXKHOIO KaHaa Ha JaHHOM y4acTke, M2;

Fy

pL ~ naowanb NPoxXoaAHOro ce4eHMA 3aKPbITOro KaanaHa AaHHONO y4acCTKa BbITAXXHOMO KaHana,

Mm2;

S

LAHHOro y4acTKa BbITAXHOrO KaHana rnpu temnepatype Tsml (cornacHo n. 2 Mpua. 3 HacToALLUX

dpsm - XAPAKTEPUCTUKA YAENbHOMO COMPOTUBAEHNS AbIMOrasonpPOHULAHMIO 3aKPbITOTO KanaHa

pekomeHaaumii), m3/Kkr;
P, - MIOTHOCTb BO3AyXa npu Temnepatype T, K.
YaenbHble Tennonotepun ), onpeaensloTcA COMNACHO BbllENPUBEAEHHbIM 3aBucumocTam (77) -

(81). HeobxoaMMOCTb OnNpeaeneHnn yKasaHHbIX TEMI0NOTEPb AO/KHA ObiTb YCTaHOBAEHA PacYeTHOM
OLLeHKOM MO 3aBMCMMOCTU (87) NpM YCIOBHOM MCKAHOYEHUWU NOACOCOB BO3AyXa B BbITAMKHOM KaHan Ha

paccmatpusaemom yuactke (npu Gy, =0, G, ,, =0): ecam pacuyetHoe nagenue Temnepatypbl npw

dpal
3TOM B KOHLE OaHHOr0 y4acTKa cocTaBuT meHee 1 K, To nocienoBaTe/ibHOCTb BbIMOJIHEHUA pacyeTa Ha
BCEX Y4YaCTKaX BbITAXKHOIo KaHana MoXeT bblTb BOCnpounsseseHa 6e3 yyeta 3TUX TensonoTepsb.

5.1.6. BbluncneHHble 3HaYeHMA N3MeHAeMbIX MAapaMeTPOB B KOHLE YYaCTKa BbITAXKHOMO KaHaaa no
n. 5.1.5 npuHMMaloTCcA B KayecTBe BXOZAHbIX MapameTpoB A1A CAeAyloLero ydacTKa 3TOro KaHasna.
Mony4yeHHble B UTOTe aHa/IOMMYHbIX BbIMMCAEHUI (AN1A BCEX NOC/eAYIOWMNX YHAaCTKOB BbITAXHOIO KaHana)

T, G,y VCNOMb3yOTCA ANA KOHEYHOro onpegeneHus Tpebyembix napameTpoB

3Hauenunsa P, N

smN 7

BEHTUNATOPA CUCTEMDI:

L, = 360065—"““; (88)

smN

I:)smN + Pd)

P, =1,2( , (89)

smN

rae L, - nogava BeHTUnATOpa, m3/y;

Psv - npuBeaeHHOE K CTaHOAPTHbIM YC10BUAM CTaTUYECKOE OAaB1ieHNE BEHTUNATOPaA, MNa;

Pd - CYMMapHoOe conpoTtusneHne npuncoegnHuUTesibHbiXx BO34yXOBOOOB (OT KO/ZINEKTOpa 40

YCTPOICTBA Hapy»KHOTo BblIBpOCa, BK/IOYan BO34yx0BOAbI 06BA3KKM BeHTUAATOPA), Ma.

Mpu ycTpoicTBe HapyKHOro Bblibpoca NPOAYKTOB ropeHus Ha dacage 34aHuA B COOTBETCTBUM C
HOpMaTMBHbIMM TpeboBaHWAMM [1] NpuBegeHHOE CTAaTUYECKOe JaB/JeHWE BEHTUAATOpa creayer
onpeaensaTb No 3aBUCMMOCTU BUAA



P

smN

+ F)d + 01 5/05va$)
Psmn

P. :l,2(

sV

,(90)

roe Vi - MUMHMMaNbHO HeobX0AMMan CKOPOCTb UCTeYEeHUA NPOAYKTOB rOpeHnA Yepes yCTPOCTBO
Hapy*KHOTo BblbpOCa B NepneHANKyIApHOM dacagy HanpasaeHun, m/c.
HopmupoBaHHOe 3HauYeHWe yKasaHHoM ckopocTu coctasnseT: V, =20 M/c.

5.1.7. Ansa cuctem BbITAXKHOM NPOTUBOALIMHOM BEHTUAALMU C eCTeCTBEHHbIM NobyKaeHUem TAru
MWHUMaNbHO HeobxoaMmoe MPOXoAHOEe ceyeHUe AbIMOBbIX JIIOKOB, YCTaHaBAMBAEMbIX B MOKPbITUAX
34aHNI, onpeaenseTcs 3aBUCMMOCTbIO

-1/2
2
ZF _ZG 2psm(ghsm(pa_psm)+o'25(kaww+kawo_kaws)pava)
smi T smi , (91)
o +1

rae F,, - nnowaab npoxogHoOro ceueHus i-ro AbIMOBOTO /0K, M2;
é‘di - KO3OPULMEHT a3POANHAMMNYECKOTO CONPOTUBIEHUSA i-TO AbIMOBOTO /IHOKa;
Psm - TIOTHOCTb rasa B bIMOBOM C/10€ Npyu Temnepatype T, Kr/m3;
h,, - ToAwWmMHa abIMOBOrO C/10A, M;
GSmi - MacCOBbI pacxog, rasa yepes i-i AbIMOBOM /IOK, Kr/c;
P, - JIOTHOCTb HaPY)XHOTO BO3AyXa Npv Temnepatype T, Kr/m3;
V, - CKOpOCTb BeTpa, M/c;
Kowr Kowor Kous - @9pOamMHammueckue Ko3bGULMEHTbI BETPOBOTO Hamopa COrnacHo n. 2.3

HACTOALLMX PEKOMEHAALMN.
Ona sbibopa 3HauyeHuint G, T, cnenyet pykoBOACTBOBATLCA AaHHbIMK pasA. 3, a 3HaueHus T,

K K k

K0apduLMeHToB & AOMKHbBI COOTBETCTBOBATL TEXHUYECKUM AAHHBIM NPEANPUATUIA-U3rOTOBUTENEN.

V., cnegyeTr NPUHUMATb COMNAcHO pash. 2 HACTOAWMX peKoMeHgaumii. 3HavyeHus

aww ’ aw0 7 aws ! a

5.1.8. MwuHUManNbHO Heobxoaumaa naowWaAb MPOXOLHOrO CeYEeHWs AbIMOBbIX  JIOKOB,
YCTaHaB/MBAEMbIX B HAPYXHbIX orpaxgeHuax ¢acagos 34aHUIK (B TOM 4yucne B OKOHHbIX Mpoemax
dpamyr ¢ aBTOMaTMYECKU U AUCTAaHLUOHHO YNpaBAseMbiMU NMPUBOLAMM), ONPEAENAETCA 3aBUCUMOCTbIO
Buaa

F - Cam (92)

sm ) 1/2 7
2psm (ghf (pa o psm) +0, 25(kaw0 o kaww)pava )
Sa

rae F. - cymmapHas nnowaas npoxoaHOro ceueHms NpuHyaMTENbHO OTKPbIBA@MbIX amyr, m2;
sm

&y - KOIDOULMEHT a3POAMHAMMUECKOTO CONPOTUBIEHUA OAHOTUMHBIX GPamyr;

Pqm - NNOTHOCTb rasa B AbIMOBOM C/l0€ Npu Temnepatype T, Kr/m3;

sm’
hf - BbICOTa OT pPACYETHOro YypPOBHA PacCnosioXKeHUA HUMXKHEN rpaHunubl AbIMOBOro cnoAa Ao

reoMeTpUYecKoro LeHTpa ¢ppamyr o4HOPSALHOIO PACTIONOKEHUA, M;

G,,, - CYMMapHbIi1 MacCcoBbIi Pacxoz rasa Yepes oTKpbITble Gpamyru, Kr/c.

Bbibop HeobxoaAMMbIX gnsi pacyeTa NapameTpoB U KoapoULMEHTOB caeayeT MPOU3BOAUTL MO
aHanoruu c n. 5.1.7 HacToALMX PpEKOMEHAALNIA.



5.2. ObopyaoBaHue cUCTEM NPUTOYHOM NPOTUBOALIMHOM BEHTUAALMN

OCHOBHble MapameTpbl CUCTEM MNPUTOYHOM MNPOTUBOALIMHOM BEHTUAALUW ONpeaensatoTca
COr/IAaCHO CaeAyoLWmnm 3aBUCUMOCTAM.
LA NeCTHUYHbIX KNeTok

36006,
P

L,

;(93)

-1 2(P5N +ghsN (pa_ps)+gh05(pa_pr)+Pds)
v d 0.

P, , (94)

rae L, - nopaua BeHTMNATOPA, M3/y;

Psv - NpuBeAeHHOe CTaTUYeCcKoe gaBneHue BeHTUNATopa, Ma;

GSN - pacxon Bo34yxa, N04aBaeMoro B 1IeCTHUYHYHO KNETKY NN eeé KOHCTPYKTUBHO BblaeNeEHHYIO

30HY, Kr/c;

P, - ZaBneHve B OronoBKe JIECTHUYHOW KNETKU WAW B BEPXHEN 4YacTU ee KOHCTPYKTUBHO
Bble/I€HHOW 30HbI, N3]

P, CYMMapHOe COMPOTUBAEHNE MPUCOEANHUTENbHBLIX BO3AYXOBOAOB (OT 3aluMLIaEeMOMN

NECTHUYHOM KNEeTKU Unun ee KOHCTPYKTUBHO Bbl,[],eneHHOVI 30HblI 40 NpPUEMHOro YCTpOﬁCTBa HapPy*XHOTo
BO34yXa, BK/Z1K0YaA BO34yxX0BO4bl 06Ba3KMU BEHTMJ'IFITopa), Ma;

P, - NIOTHOCTb BO3Ayxa Npu Temnepatype T, , Kr/m3;
P, - NIOTHOCTb BO3AyXa Npu Temnepatype T, Kr/m3;
P, - NNIOTHOCTb BO3Jyxa Npu Temnepatype T, Kr/m3;

h,, - BbICOTa NECTHUYHOW KNETKM WMAN ee KOHCTPYKTUBHO BbIAENEHHOM 30HbI MEXAY YPOBHAMM
HWMKHETO N BEPXHErO 3TaXeW, m;
Ny, - PasHOCTb Mexkay YPOBHAMM PacmoIOKEHWs MPUEMHOTO YCTPOWCTBA HapPYKHOTO BO3Ayxa W

Oro0/I0BKa IECTHUYHOW KNETKM MW BEPXHE YacTU ee KOHCTPYKTUBHO BblAe/IeHHOM 30Hbl, M.
Onsa nndToBbIX WaxT

~ 3600G,

L, ; (95)

a

(PIN +ahy (P, —p)+ 90y (0, — o)+ Pdl)

P,=12 , (96)
Pa
rae G, - pacxoa Bo3ayxa, nofaBaemMoro B IMGTOBYHO LWAXTY, Kr/C;
Py - AaBneHue B oronoske NMdTOBOIA WaxTbl, Ma;
P, - cymmapHoe conpoTvBneHMe NPUCOEAMHUTENBHBIX BO3AYXOBOAOB (OT 3alyMLLAEMOI

AMOTOBOMN LWaxTbl A0 MPUEMHOro YCTPOMCTBA Hapy»KHOrO BO3A4yXa, BKAOYas BO34yX0BOAbl 06BA3KM
BeHTUNATopa), Na;
£, - NIOTHOCTb BO3AyXa npu Temnepatype T,, Kr/m3;

h, - BblcOTa MMPTOBOM LAXTHI MEXKAY YPOBHAMM HUKHETO U BEPXHETO 3Tael, m;

Ny - Pa3HOCTb Mexay YpPOBHAMM PacnooXeHWs NPUEMHOTO YCTPOMCTBA HAPYXHOTO BO3ZyXa M

0roJioBKa NM$TOBOM WAXTbl, M.
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MpunoxeHue 1
(cnpaBoyHoOE)

ONPEAENEHWE OCHOBHbIX MAPAMETPOB MOYAPHOW HATPY3KW MOMELLEHWN

B nepeyeHb OCHOBHbIX MapaMeTPOB MNOMKaPHOW Harpy3kM BXOAAT yAe/fibHble, B TOM u4uCae
npueBedeHHble U KPUTMYECKME BE/IMYMHbI, a TaKKe YycpedHeHHble NoKasatenu Tenaodm3nYeckux
CBOMCTB. [na onpeaeneHWa AaHHbIX NapaMeTpoB WCMOAb3YIOTCA COOTHOWEHUA W 3aBUCUMOCTM
cneaytoulero sMaa:

1. YaenbHaa npusBedgHHas MoOMapHaA Harpyska, OTHECeHHas K naollagM nona nomelleHus,
COOTBETCTBYET 3aBUCUMOCTH

_ M ZmiQ:i
0= = ~5
Ff QII;H
rae go - NOXXapHaAa Harpyska, KI‘/MZ,‘
p

Hi /

Harpysku un TenaoTa CropaHnAa ApeBECUHDbI, ﬂ,)‘l‘(/KF,’
I’ni

Harpysku;

F; - nnowaab nona nomellenus, m2;

lfﬂ - COOTBETCTBEHHO TeN/10Ta CropaHnA i-ro Bewecrtsa nam mMaTepunana B CoOCTtaBe no»(apHoﬁ

- OTHOCUTE/IbHAA MaccoBaA A0NA i-f0 BellecTBa WU MaTepmana B COCTaBe no>+<apH0171

M - macca NosKapHOoM Harpy3Kn NoOMeLLeHUs, Kr.

p p
Hi HIT

3Hauenuna Q onpeaensaloTca Mo CNpaBoYHbIM AaHHbIM, NPUBEAEHHbIM B CTaHaapTe [6] u

moHorpadum [7].



2. YaenbHaa npuBeAeHHan No)KapHas Harpyska, oTHeceHHas K naouwaam TenaosocnpuHumaloLeit
NOBEPXHOCTU OrpaKAatloLNX CTPOUTENbHbIX KOHCTPYKLMA MOMELLEHMUA, COOTBETCTBYET Caedyouimm
3aBMCUMOCTAM:

g, = M2mQi |
‘ (FW_A\))Q}}:H’

F :6\/2/3'

A=2A,

roe g, - NoXapHasa Harpyska, kr/m2;

F, - cymmapHas nnowaab BHYTPEHHeW NOBEPXHOCTM OrPaKAAIOLLMX CTPOUTE/IbHBIX KOHCTPYKLIWIA
nomeLeHua, m2;

A, A, - nnowagp i-ro npoema 1 cymmapHas niowasb NPoemoB NMOMeLLeHNA COOTBETCTBEHHO,
Mm2;

V - 06bem nomeleHus, m3;

M - macca NosKapHoI Harpy3Kn NoOMeLLEeHUs, Kr.
3. YaenbHoe KpUTUYECKoe KOJIMYECTBO NOXKaPHOM Harpy3Kkn COOTBETCTBYET 3aBUCMMOCTAM

o M 45001°  V*? .
“P - 14+500I1° 6V,

II= Z:'Ablh(:)LI/Z .
V2/3 !

P
v, =0,263 =M%
1000

rae Oy, - YAeNbHOE KPUTUYECKOE KONMYECTBO MOXKAPHOM HArpysku, Kr/m2;

12
MM - NPOEMHOCTb NOMELLEHNA, M~ ;

h,; - BbICOTa i-ro Npoema nomeweHus, m;

V, - yAenbHoe KOAMYeCTBO BO3AyXa, HEOBXOAMMOE /1A MONHOTO CTOPaHWUA MOXaPHOMN Harpysku

nomeLleHus, m3/Kr.
4. CpeaHAa TeNNOTa CropaHuUA NosKapHOM Harpy3Ku COOTBETCTBYET COOTHOLLEHUIO

Ecp = Z“mi :i :
5. Cpeﬂ,Hﬂﬂ CKOPOCTb NOTEPU MaCChI nomapHoﬁ Harpy3kum cCooTBeTCTBYET COOTHOLUEHUIO
Ve =2My;,
rae ¥, - CKopocCTb NoTepu macchbl i-ro maTepunana nomapHoﬁ Harpysku, KF/(MZ X C).
6. /InHenHasn CKOPOCTb pacnpocCTpaHeHNA Na1amMeHn No NOBEPXHOCTU nomapHoﬁ Harpyskmn mMoxet

NPMHMMATLCA MO MAKCMMaNbHOM BENMYMHE, XapaKTEePHOW ANA COCTaBAAOWMX 3Ty Harpysky
MaTepuanos:



u_=U

cp maxi ’/

roe U - MaKCMMa/ibHOe 3Ha4YeHne CKOPOCTM PacnpoCTpaHeHUsA NAameHn no NMoBepPXHOCTH i-ro

maxi1
maTepuana nosKapHom Harpyskun nomelleHuns, m/c.

3Ha4yeHuA TenoTbl CFOPaHUA, CKOPOCTU NOTEPN MACCbl U CKOPOCTW PACNpPOCTPaAHEHMA NAAMEHMN MO
NOBEPXHOCTU ANA Pa3/IMYHbIX MATEPMAJIOB, KOTOPblE MOTYT HAaXOAUTbCA B COCTaBE MOXKapHOW Harpysku
nomeLLeHni, npmueeaeHbl B cTaHaapTe [6] n moHorpadum [7].

XapaKTepHble ycpeAHEHHble 3HayYeHUA 3TUX MapameTpPoB A8 MOXKApPHOW Harpysku PassinyHbIX
NMOMELLLEHWNI COOTBETCTBYIOT HUMKENPUBEAEHHbIM TabNYHbIM AaHHbIM nocobus [9].

YcpeaHeHHble 3Ha4YeHUst NapaMeTPOB MOMKaPHOMN Harpy3Ku
Pa3/INYHbIX MOMELLEHUN



MoKapHaa Harpyska Huswas JInHeMHan ckopocTb YpaenoHas
pabouas pacnpocTpaHeHun CKOPOCTb
TennoTa naameHu, m/c BbIrOpaHus,
cropaHms, Kr/(M2 X c)
MIxK/Kr

3aaHua | n Il cteneHu orHecTokocTn: mebesnb 13,8 0,0108 0,0145

+ bbITOBbIE M3AENUA

3aaHua | n Il cteneHn orHecTokocTu: mebesnb 14,7 0,0108 0,0145

+ TKaHu

3aaHuA | cTeneHn orHecTonmKkocTu: mebenb + 14,9 0,0125 0,0162

TKaHu (0,75 + 0,25)

Kabunet: mebensb + bymara (0,75 + 0,25) 14,0 0,0420 0,0129

MomeleHus, o6anuoBaHHble naHenamm OBM 18,1 0,0405 0,0130

AZLMUHUCTPATMBHOE NOMeLLeHMe: mebenb + 14,0 0,0220 0,0210

bymara (0,75 + 0,25)

ObuwiecTBeHHble 3gaHus: mebenb + nMHoNeyM 14,0 0,0150 0,0137

nBXx (0,9 +0,1)

BubanoTekn, apxmBbl: KHUMM, XKypHabl HA 14,5 0,0103 0,0110

cTennaxax

CueHn4yeckas 4acTb 3pUTENbHbIX 3a108B: 13,8 0,0368 0,0145

LpeBecuHa

BepxHssa oaerkaa: BOPC, TKaHU (wepcTb + 23,3 0,0835 0,0130

HenNoH)

Pe3nHOTeXHUYECKUEe U3aenma: pesnHa, 36,0 0,0184 0,0112

n3[enns U3 Hee

OKpaleHHble NoJibl, CTEeHbI: AepeBo + KpackKa 14,1 0,0151 0,0145

PX0O (0,9 +0,1)

BbicTaBOYHbIE 3a1bl, MAacTEpPCKMe: AepeBo + 14,0 0,0163 0,0152

TKaHM + Kpacka (0,9 + 0,09 + 0,01)

N3patenbcTBa, TMNorpadum 15,4 0,0040 0,0061

Mebenb: gepeso + 0611LOBKa 14,4 0,0154 0,0135

MpomToBapbl: TEKCTUbHbIE U3a4enna 16,7 0,0071 0,0244




KabenbHblii noasan/notoK: Kabenn ABBT + 30,7 0,0071 0,0244
AMNBT

Pagmomatepuansl: NOANITUNAEH, CTUPON, 34,8 0,0137 0,0177
NpoOnNuaeH, reTMHaKC

DNEeKTPOTEXHUYECKME MaTePUANbl: TEKCTOINT, 20,9 0,0125 0,0076
Kapbonut

dneKkTpokabenb ABBI: MBX ob6onouKa + 25,0 0,0071 0,0244
msonauma

dnekTpokabenb AMNBI: NBX obonoyka + 36,4 0,0071 0,0244
NoNN3TUNEH

TenedoHHbIN Kabenb TMB: MBX + nonnatunex 34,6 0,0062 0,0085
JlnctBeHHble ApeBeCHble CTpoiMaTepuabl: 13,8 0,0585 0,0140
wrabenb

KneeHble cTpolimatepuansl: paHepa 18,4 0,0167 0,0089

TEN/IO®U3NYECKUE CBOMCTBA AbIMOBbIX FA30B

MpunoxxeHune 2
(cnpaBoyHoE)

Tennod)mamqecr(vle CBOWCTBA I'a3006pa3HbIX NPOAYKTOB ropeHusa, HEO6XOAI/IMbIe AnAa pacdeTos 3aBUCMMOCTU Pa3/INYHbIX MAaPamMeTpoB OT TeEMNEPATYpPbI
AaHHOVI rasoBow cpeabl, moryTt 6bITb YCTaHOB/1EHbI HA OCHOBE NpuBegEHHbIX B Ta6nmu,e 3HayeHui. B YaCTHOCTU, YKa3aHHbl€ 3aBUCMMOCTUN ONA TENNNOEMKOCTU ra3sa

noJsiy4yeHbl B BUAE

c, =a(l+exp(b— cT))_“d )

roe a=1,3615803; b = 7,0065648; c = 0,0053034712; d = 20,761095;



c,=a+bT +cT?,

rae a=0,94426057; b = 0,00035133267; ¢ = -0,0000000539.
MepBan 3aBUCMMOCTb ABNAETCA NPEANOYTUTENbHOM MO TOYHOCTU anNMPOKCMMALIMK, BTOPaA 3aBMCMMOCTb MOXeT bbiTb MPUHATA A4 NPOBEAEHUA pacyeTos
MeHbLLEeN TOYHOCTH.

dur3myeckne napameTpbl AbIMOBbIX ra3os npu P = 0,0981 MMa [10]

(Peo, =013; Py o =011; py, =0,76)

t,°C | p,Kkr/m3 C, , KO/(Kr X 4-10%, B/(m x a-10°, 1-10°%, kr/(m | v-10°, Pr
rpag) rpag,) m2/c X c) m2/c

0 1,296 1,04 2,28 16,89 15,78 12,20 0,72
100 0,951 1,07 3,13 30,83 20,39 21,54 0,69
200 0,749 1,10 4,01 48,89 24,50 32,80 0,67
300 0,618 1,12 4,84 69,89 28,23 45,81 0,65
400 0,526 1,15 5,70 94,28 31,69 60,38 0,64
500 0,457 1,18 6,56 121,14 34,85 76,30 0,63
600 0,405 1,21 7,42 150,89 37,87 93,61 0,62
700 0,363 1,24 8,27 183,81 40,69 112,10 0,61
800 0,330 1,26 9,15 219,69 43,38 131,80 0,60
900 0,301 1,29 10,01 257,97 45,91 152,50 0,59
1000 0,275 1,31 10,90 303,36 48,36 174,30 0,58
1100 0,257 1,32 11,75 345,47 40,90 197,10 0,57
1200 0,240 1,34 12,62 392,42 52,99 221,00 0,56




MpunnoxxeHune 3
(o6asaTenbHoe)

BO34YXOMNPOHNUAEMOCTb U AbIMOIA3OMNPOHULAEMOCTb
BO34QyXOBO4O0B N K/TATMAHOB

1. OnpegeneHne yTeyeK MAM MOACOCOB BO3AyXa Yepes KaHajlbl CUCTEM MPOTUBOAbLIMHOM
BEHTUNALUM AONKHO NPON3BOAMUTLCA C UCMOJIb30BAHUEM CNEAYHOLLMX OCHOBHbIX 3aBUCUMOCTEN.

Ona BEHTUNALMOHHbBIX KaHa/NOB Pas/IMYHOro, B TOM YMC/Ie CTPOUTENIbHOTO, UCMOJIHEHUA CUCTEM
NPUTOYHO-BbITAXXHON MPOTMBOALIMHON BEHTUASLMM COFaCHO HopmMpoBaHHOM [1, 2] nAOTHOCTM
KOHCTPYKLMIA 3TUX KaHa/oB Mo Knaccy repmeTnyHoctn "B" (Kpome BO34yx03abOpHbIX KaHa/I0B CUCTEM
NPUTOYHOM NPOTUBOALIMHOMN BEHTUAALMM):

0,65
— P+PR "
AG,, =3,556-10 > Par 12 -
2 d

rae AG,, - yTeuku nam nopcockbl BO3AyXa Yepes HennoTHOCTU KOHCTPYKLMIA BEHTUAALMOHHOMO
KaHaJsia UM yyacTKa 3TOro KaHana, Kr/c;

P, - NIOTHOCTb BO3AyXa Npu Temnepatype T, uan T, npu onpeaeneHnn yteyek uam noAcocos
BO3/yXa COOTBETCTBEHHO, KI/M3;

P, - naBneHve Bo BXOAHOM CEYEHWUM BEHTUNALIMOHHOTO KaHana UM yyacTKa 3Toro KaHana, Ma;

P, - naBneHwue B BbIXOAHOM CeYEHUM BEHTUNALMOHHOTO KaHala MW y4acTKa STOoro KaHana, MNa;
F, - nnowaab npoxofHOro ceyeHUa BEHTUNALMOHHOTO KaHasla MM YHaCcTKa 3TOro KaHana, M2;

de - 3KBUBAJIEHTHbIN rm,u,pasnmqecmﬁ AnamMmeTp NPoXoaHOro ce4eHMA BEHTUNALMNOHHOIO KaHana

WK y4acTKa 3TOro KaHana, m;
|, - AMHa BEHTUAALMOHHOIO KaHana MM YHACTKa 3TOTO KaHana, M.

[nsa Bo34yx03ab60pPHbIX KAHAN0B CTPOUTENLHOTO UCMIOAHEHNA CUCTEM NPUTOYHOMN NPOTUBOALIMHOM
BEeHTMNALMMK (B AnanasoHe gasneHuii 200 - 1400 Na):

Foly

AG,, =a(P-b)°
da ( ) pr3600del

rae AGda - NOACOChbl BO34yXa 4epe3 HEeNNOTHOCTH KOHCprKLI,VIﬁ BEHTUNAUMOHHOIO KaHasna Unun

y4acTKa 3TOro KaHana, Kr/c;
P - naBneHue B BbIXOAHOM CEYEHUN BEHTUAALMOHHOTO KaHaa Wau ydacTKa 3TOoro KaHana, Ma;

P, - NNIOTHOCTb BO3Ayxa Npu Temnepatype T, Kr/m3;

a=10,752331; b = 0,0069397038; c = 0,66419906.

2. 0na npOTMBOMOKAPHLIX HOPMA/ZIbHO 3aKPbITbIX K/AAnNaHOB YMUCNOBble 3HAYEHWUA YAe/IbHOM
XapaKTEPUCTUKN COMNPOTUBAEHUA [AbIMOra3onpoOHULAHUIO B 33aBMCMMOCTM OT TemnepaTypbl rasa
COOTBETCTBYIOT HUMKENPUBEAEHHbIM Tab/MYHBbIM AaHHBIM, NOJYYEeHHbIM Npu 06paboTke pesynbTaToB
CTaHAAPTHbIX CePTUOUKALMOHHBIX WCMbITAHUN Ha 3KcnepumeHTanbHon 6ase BHUMUMO o6pasuos
NPOAYKLMM Pa3NnNYHbIX NPeanpuUATUN-U3rotToButenei.



Temnepatypa, °C XapaKTepuCTUKa yAeNbHOTo CONPOTUB/IEHUS
AbIMOrasonpoHULaHUI, M3/Kr

20 29900
20-100 30300
100 - 200 38300
200 - 300 37900

300 - 500 29300




