3aperucTtpupoBaHo B MuHtocte P® 6 aBrycta 2009 r. N 14486

MUHUCTEPCTBO POCCVII7ICKO!7I ®EOEPALIUU NO OENAM MPAXOAHCKON
OBOPOHbI, YPE3BbIYAUHbIM CUTYALIUAM U NUKBUOALIUA
NOCNEACTBUU CTUXMUHBIX BEACTBUN

NPUKA3
ot 30 uroHsA 2009 r. N 382

OB YTBEPXOAEHUN METOOVKU
ONPEQENEHNA PACYHETHbIX BEJIMYMH MOXXAPHOIO PUCKA B 30AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3NIUYHbIX KITACCOB ®YHKLIMOHATNILHONU
MOXXAPHOW OMACHOCTU

(8 pea. MNpukaza MUC PO o1 12.12.2011 N 749)

B cootBetcTBUMM ¢ PepeparnbHbiM 3akoHOM OT 27 agekabps 2002 r. N 184-d3 "O TexHu4YecKom
perynupoBaHmun" <*> u lNoctaHoeneHunem lNpaButenbctea Poccuiickon ®epepauun ot 31 mapta 2009 r.
N 272 "O nopsiake NpoBeAeHMs1 pacyeTOB MO OLIEHKE MOXapHOro pucka" <**> npukasbiBato:

<*> CobpaHue 3akoHogaTtenbcTBa Poccuiickon ®egepaunn, 2002, N 52 (vactb 1), c1. 5140; 2005,
N 19, ct. 1752; 2007, N 19, cT. 2293; 2007, N 49, cT1. 6070; 2008, N 30 (yacTtb Il), cT. 3616.

<**> CobpaHue 3akoHogaTenbcTBa Poccunckon ®epepaunn, 2009, N 14, cT. 1656.

YTBEpauTb Npunaraemyid MeTOAuKY OnpefefieHust pacyeTHbIX BENUYMH MOXapHOro pucka B
30aHNAX, COOPYXKEHMSIX N CTPOEHUSIX PasnMYHbIX KNaccoB (YHKLMOHAMbHOM NOXapHOM ONacHOCTMW.

MwuHncTp
c.K.uowry

MpunoxeHune
k MNpukaszy MYC Poccun
o1 30.06.2009 N 382

METOOUKA
ONPEQRENEHNA PACYHETHbIX BEJIMYMH NMOXXAPHOIO PUCKA B 30AHUAX,
COOPYXEHUAX U CTPOEHNAX PA3NIUYHbIX KITACCOB ®YHKLIMOHANIbHON
MOXXAPHOM OMACHOCTHU

(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)
|. OOLUKMe nonoxeHus

1. Hactodwasa meTtoauka onpedeneHns pacyeTHbIX BEMNWYWH MOXapHOro pucka B 34aHUsX,
COOPYXEHUSIX U CTPOEHUSX PasfUYHbIX KNaccoB YHKLMOHANbHOW MNOXapHOW onacHocTu (Janee -
MeToauka) yctaHaBnvMBaeT NopsgoK ONpeAeneHnss pacyeTHbIX BENWYUH MOXApHOro pucka B 34aHUSX,
COOPYXXEHUAX U CTPOEHUAX (Qanee - 3gaHne) N pacnpoCcTpaHsaeTCst Ha 34aHus KNnaccoB PYHKLMOHaNbHOWM
MoXXapHOW ONacHOCTU:

®1 - 3gaHus, NpefHasHayeHHble AN MOCTOSHHOrO MPOXWBAHWS U BPEMEHHOrO npebbiBaHuSA
nogen, B TOM Yuche:

a) uckntoYeH. - Mpukasz MYC PP ot 12.12.2011 N 749;

6) ®1.2 - rocTnHMLbI, OBLLEXUTUSA, CnanbHbIe KOpryca caHaTopMeB U AOMOB OTAbIXa obLiero Tuna,
KEMMUHIoB, MOTENEN N NaHCUOHATOB;

B) uckntoueH. - MNMpukaz MYC PO ot 12.12.2011 N 749;

r) uckntoyeH. - MNMpukas MUC PO ot 12.12.2011 N 749;
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d2 - 30aHnsa 3pENULLIHBIX U KYNbTYPHO-MPOCBETUTENBHbLIX YYPEXOEHUA, B TOM YMCHIE:

a) ®2.1 - TeaTpbl, KNHOTEATPbI, KOHLUEPTHbIE 3anbl, KNybbl, LMPKA, CMOPTUBHbLIE COOPYXEHUs C
TpubyHamn, OMONMOTEKM U Opyrue Y4YpexOeHuss C pacyeTHbIM 4YKUCIIOM MOCafAOYHbIX MECT [AJfis
noceTuTenen B 3aKpbITbIX MOMELLEHMSX;

0) ®2.2 - My3eun, BbICTaBKW, TaHUEBasbHble 3anbl U Opyre NoAobHble yYpeXaeHUsl B 3aKpbITbIX
NOMELLEHUSIX;

B) ®2.3 - TeaTpbl, KMHOTEATPbl, KOHUEPTHbIE 3anbl, KNyObl, LUMPKU, CMOPTMBHbLIE COOPYXKEHUSA C
TpubyHamn, OubnuoTekn un Opyrue yypexaeHuss C pacyeTHbIM YUCIIOM MOCaAOYHbIX MEeCT [Ans
noceTutenen Ha OTKPbITOM BO34YXE;

r) ®2.4 - mysen, BbICTaBKkM, TaHLEBanbHbIe 3anbl 1 Apyrve nofobHbIE yYpexaeHUsa Ha OTKPbITOM
BO34yXe;

@3 - 3gaHnsa opraHmnsaumii No o6CcnykMBaHUKO HaceneHusl, B TOM YUCTIE:

a) ®3.1 - 3gaHnsa opraHM3auuin TOProenu;

6) 3.2 - 3gaHna opraHn3aumn obLLECTBEHHOIO NUTaHUS;

B) ®3.3 - Bok3ansl;

r) ®3.4 - NoNUKNMHUKKM 1 amBynaTopuu;

) ©3.5 - nomelleHna ons noceTuTenen opraHnsaumin ObITOBOrO U KOMMYHarbHOIo 06CnyXMBaHWs
C HepacyeTHbIM YMCIOM NOCaf04YHbIX MECT ANSA NOCETUTENEN;

e) 3.6 - PU3KynbTYPHO-0340POBUTENBHBIE KOMMMEKCHI Y CMOPTUBHO-TPEHMPOBOYHbIE YYpEXaeHNS
C nomeLleHussmMun 6e3 TpnbyH ansa aputenen, ObiToBble NOMeLLEHUs, BaHu;

®4 - 3p0aHMA HaydHbIX U OOpasoBaTeNbHbIX YUYPEXOEHUA, HAYYHbBIX M MPOEKTHBIX OpraHvM3auun,
OpraHoB YNpaBJiEHUs yUpPEXAEHWI, B TOM YMCheE:

a) ®4.1 - 3gaHus obweobpasoBaTeNbHbIX  ydYpexaeHun, obpas3oBaTeNbHbIX YYpeXAeHWU
[OMNONHUTENBHOrO obpasoBaHusi neten, obpasoBaTerbHbIX yypexaeHun HayanbHOro
npodeccnoHanbHoro 1 cpeaHero NpogeccnoHanbHoro obpasoBaHus;

6) ®4.2 - 3paHua obpasoBaTeNbHbIX YUPEXOAEHWUI BbICLLErO MPOheccnoHanbHoro obpasoBaHms 1
OOMONHUTENBHOIO NPodeccUoHanbLHOro obpasoBaHus (MOBbILLEHNS KBanudmkaumm) cneLmanuncTos;

B) ®4.3 - 30aHUA OpraHoB ynpaBneHus ydpexaeHuin, NPOEKTHO-KOHCTPYKTOPCKUX OpraHusauuin,
WHPOPMALIMOHHBIX N peaakLNOHHO-N34aTENbCKUX OpraHn3aLmi, Hay4HbIX OpraHu3aunin, 6aHKOB, KOHTOP,
0om1COB;

r) ®4.4 - 3gaHusa noxapHbIX eno;

®5 - noxapHble OTCEKM TMPOU3BOACTBEHHONO WIM CKMNAACKOrO Has3HayeHuss C KaTeropuen
nomMeLLeHnn MO B3PbIBONOXapPHOM M NoXapHon onacHoctn B1 - B4, I, [1, Bxogdwime B cocTaB 34aHUn C
dYHKUMOHANbLHON noxapHou onacHocTblo ®1, ®2, d3, d4, B TOM umcne 5.2 - CTOAHKM And
aBTomobunen 6e3 TexHN4eckoro o6CrnyXnMBaHUA N peMOHTA.

(ab3au BeeaeH Mpukazom MUC PO ot 12.12.2011 N 749)

2. PacyeTbl NO OLeHKe MOXapHOro pucka NpoBOAATCS NMyTEeM COMNOCTaBMEHUS pacyeTHbIX BENUYMH
MoXapHOro pucka C HOPMAaTUBHbIM 3HAYEHUEM MOXaPHOro pucka, ycTtaHoBneHHoro ®denepanbHbIM
3akoHOM oT 22 wuwona 2008 r. N 123-®3 "TexHunyeckuin pernameHT o TpeboBaHMAX NOXapHOWN
BesonacHocTu" <*> (ganee - TeXHUYECKUIN pernameHT).

<*> CobGpaHue 3akoHogaTenbcTBa Poccunckon ®enepaunm, 2008, N 30 (vactb 1), cT. 3579.

3. OnpegeneHne pacyeTHbIX BEMWYUH NOXAPHOIO pUcKa OCYLLECTBMASIETCA Ha OCHOBAHUM:

a) aHanusa noXkapHow ONacHoOCTW 3aaHui;

0) onpeaeneHnst YacToTbl peanusaumnmn NoXapoonacHbIX CUTYaLWii;

B) MOCTPOEHMS MONen onacHbix akTOpOB Noxapa AN pas3NnyHbIX CLLEHapWeEB ero pas3BuTus;

) OUEHKM MOCHeACTBUA BO3AENCTBMA OMAcHbIX (PakTOpPOB MNoXapa Ha mMoAen Ans pasfuyHbIX
CLIEHapWeEB €ro pasBuUTUS;

4) Hanmumna cuctem obecnedeHns noxapHon 6e30nacHOCTU 30aHUN.

4. OnpepeneHve pacyeTHbIX BENUYMH MNOXAPHOTO pUCKa 3akni4vaeTcd B pacyeTe
WHAMBUOYANbHOIO MOXaPHOIMo pucka Ans fogen, Haxoaswmuxcs B 34aHuMn. YUcreHHbIM BblpaKeHuem
WHAMBUAYANbHOIO MNOXaPHOro puUcka SBMSIETCS 4YacToTa BO3AEWCTBUS OMnacHbiX (bakTopoB noxapa
(panee - OO®I1) Ha 4enoBeka, Haxogdulerocss B 3gaHun. lMepedeHb O®I1 ycTaHoBneH ctatben 9
TexHun4yeckoro pernameHTa. Pe3ynbTaTbl M BbIBOAbI, MOMYYEHHbIE MPU ONpeaeneHnn NoXapHoro pucka,
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ucnonb3yloTca Ana obOCHOBaHWS MapaMeTPOB M XapaKTEPUCTMK 34aHWI, COOPY>KEHUM U CTPOEHUN,
KOTOpble y4nTbIBaOTCA B HacToswen Metoauke.
(n. 4 B pea. NMpukasza MYC P® ot 12.12.2011 N 749)

5. Yactota Bo3gencteua O®PI1 onpegensetcs AN NOXapoONacHOW CuUTyauun, Kotopas
XapakTepusyeTcs HanborbLUen ONacHOCTLIO A1 XXM3HU 1 300POBbS N0AEN, HAXOOSALWMXCA B 34aHWN.

6. [ina uenen HacTosawen MeTooMKn NCNOMNb3YTCS OCHOBHbLIE MOHSATUS, YCTAHOBMEHHbIE CTaTben
2 TexXHN4eCcKoro pernamMmeHTa.

Il. OCHOBHbIE pacyeTHble BENUYUHBI UHOAUBUOYANBHOMO
noXkapHoro pucka

7. iHanBrayanbHbIN NOXapHbIA pUCK oTBeYaeT TpebyeMoMy, ecru:

H
Q <=Q, €5)
B B
H
roe Q - HOPMATMBHOE 3HAUYeHMEe MHIMBUIYAJLHOTO I[OXAPHOTO pPUCKaA,
B
H -6 -1
0 =10 ronm ;
B
Q - pacueTHas BeJMUMHA UHAMUBUIOYAJILHOTO MMOXAPHOTO PUCKA.

B

PacyeTHasn BenuyMHa NoxapHOro pucka B 34aHWM, COOPYXEHUW UM CTPOEHWUM OnpeaenseTcs Kak
MaKkcumaribHOe 3Ha4YeHMe NOXKapHOro puUcka 13 PacCMOTPEHHBIX CLEHAPMEB Noxapa:
(ab3au BBegeH lNMpukazom MUC P® o1 12.12.2011 N 749)

QB = maX{QB,l""'QB,i""'QB,N}'
(ab3ay BeeaeH MNpukazom MYC PO ot 12.12.2011 N 749)

roe QBi - pac4yeTHaa BeNiM4nHa NnoXXapHoro pucka and i-ro cueHapua noxapa,

(ab3aL BBeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

N - KONIMYECTBO PACCMOTPEHHbIX CLEHapUeB noxapa.
(ab3aL BeeaeH Mpukazom MYUC PO ot 12.12.2011 N 749)

CueHapuii noxapa npeactasnsieTr cobon BapmaHT pasBUTULA Noxapa C y4eTOM NPUHATOro MecTa
BO3HMKHOBEHUS 1 XapakTepa ero passutus. CueHapui noxapa onpenensieTcss Ha OCHOBe AaHHbIX 00
00BbEMHO-MNAHMPOBOYHbLIX PELLUEHUNAX, O pasMeLLeHUn roptover Harpysku u nogen Ha obwbekte. [Npu
pacdeTe paccMaTpuBaloTCHA CLiEeHapuu noxapa, Npu KOTOpbIX peanusylTcs Hauxyglive ycrnoBus Ansi
obecneyeHns 6esonacHocTu nogen. B kayecTBe cueHapueB C HaUXyALLMMU YCIIOBUSIMU MOXapa crneayeT
paccmaTpvBaTh CLieHapum, XxapaktepusyemMble Hanbonee 3aTpyaHEHHBIMW YCITOBUAMU 3BaKyaLuun Mogen
n (unun) Handonee BbICOKON AUHaMKKon HapacTaHusa O®I1, a MIMeHHO noXxapb!:

(ab3av BBeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

B MOMELLEHUSIX, PACCUUTaHHbIX HA eAnHOBpPeMeHHoe npucytcTeue 50 n 6onee 4YenoBsek;
(ab3av BBeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

B cCuCTeMax TMOMELLEHNA, B KOTOPbIX u3-3a pacnpocTpaHeHnss Ol BO3MOXHO ObICTpoe
GrokMpoBaHue nyTen aBakyaumm (KOpMAOPOB, IBAKyaLMOHHbLIX BbIXOAO0B U T.4.). [1pyn aTom ovar noxapa
BblOMpaeTca B MoMeLleHMM Manoro obbema BOAM3M OT OQHOro M3 3BaKyaLMOHHbIX BbIXOAOB, nNMbo B
nomeLleHMn ¢ BOMbLIMM KONMMYECTBOM TFOPHOYEN Harpysku, XapakTepusyloLwencsl BbICOKOM CKOPOCTbIO
pacnpoCcTpaHeHWs NnameHu;

(ab3au BBegeH Mpukazom MYC PO ot 12.12.2011 N 749)

B MOMELLEHUSIX U CMCTEMAX NMOMELLEHUI aTPUYMHOTO TUNa;

(ab3ay BBegeH lMpukazom MYUC PP o1 12.12.2011 N 749)
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B CUCTEMax MOMELLEHNA, B KOTOPbIX W3-3a HEOOCTATOYHOW MPOMYCKHOM CMOCOBGHOCTU nyTen
3BaKyaL M1 BO3MOXHO BO3HMKHOBEHME MPOAOIPKUTENbHBIX CKOMMEHUIA MIOACKMX MOTOKOB.
(ab3au BeeaeH Mpukazom MYUC PO ot 12.12.2011 N 749)

B cnyyasix, korga nepedncrneHHble TUMbl CLEHapUEB He OTpaxaloT Bcex ocobeHHocTen obbekTa,
BO3MOXHO PacCMOTPEHME UHbIX CLieHapreB noxapa.

(ab3au BeeaeH Mpukazom MUC PO ot 12.12.2011 N 749)

B nomeweHnn, umerowlem fABa u OGonee 9BaKyaUMOHHbIX BbIXOAa, ovar noxapa crepyet
pasMewlatb B6NM3M BbIXxo4a, UMeEOLWEro HanbornbLUyo MPOMYCKHYI CMOCOBHOCTb. [pn 3TOM AaHHbIN
BbIXOJ cuMTaeTcsa 6nokMpoBaHHLIM C NEPBbIX CEKYHA, noXapa v npu onpeaeneHnm pacyeTHOro BpeMeHu
3Bakyauum He y4yuTbiBaeTcs. B nomelieHnn ¢ ogHMM 3BaKyaLMOHHbLIM BbIXOAOM BpeMsi GroKMpoBaHus
BblXO4a onpeaensieTcs pacyeToM.

(ab3au BeeaeH Mpukazom MYC PO ot 12.12.2011 N 749)

CueHapwuu noxapa, He peanuayembie Npy HOpMarnbHOM PeXuMe 3KcnyaTaumm obbekTa (TepakThl,
MOMXKOrN, XpaHeHWe roplYert Harpysku, He NpeayCcMOTPEHHOW Ha3HayeHneM obbekta M T.4.), He
paccmMaTpuBatoTCS.

(ab3au BBegeH lNMpukazom MYUC PP o1 12.12.2011 N 749)

8. PacyeTHasi BenuuMHa WHAMBUAYyanbHOro noxapHoro pucka Q. Ans i-ro cueHapusi noxapa
paccuuTbiBaeTCs Mo hopmyrne:

QB,i = Qn,i '(1_ Kan,i ) : Pnp,i '(1 _Pa,i )(1 _Kn.s,i ) , (2)

rae Q.. - yacToTa BO3HUKHOBEHWSI Moxapa B 3A4aHWM B TeyeHue ropa onpenensieTcs Ha

OCHOBaHUM CTaTUCTUYECKUX AaHHbIX, NpuBedeHHbIX B npunoxeHun N 1 k HacTosdwen Metoguke. MNpu
o -2

OTCYTCTBUM CTATUCTUYECKOI MHpopMaLmun gonyckaetcs npuHumate Q. =4-10™ ans kaxgoro sgaHus;

K . - KOS(b(bVILI,VIeHT, y‘-II/ITbIBaIOLU,I/Iﬁ cooTBeTCTBMNE YCTaHOBOK aBTomMaTtn4eckoro

ar,i
noxapoTtyLeHus (ganee - AYT) TpebGoBaHNsIM HOPMATUBHbBIX JOKYMEHTOB MO MOXapHoW Ge3onacHoCTw.
3Havenne napametpa K, . npuHumaetca pasHbim K . = 0,9, ecnn BbinonHseTcs xots 66l 0gHO 13

1
cnegyoLmnx ycrnoBum:
3gaHune obopynosaHo cuctemon AYT, cooTBeTcTBYOLWEN TPEBGOBaHNAM HOPMATMBHBLIX JOKYMEHTOB
no noxxapHoh 6e3onacHoCTy;
obopygoBaHue 3gaHua cuctemon AYIl He Tpebyetca B cooTBeTCTBMM C TpeboBaHUSMU
HOpMaTMBHbIX JOKYMEHTOB MO MoXapHon 6e3onacHoOCTU.

B octanbHbix criydasix K, . npuHMMaeTcs paBHoit Hynio;
P,i - BEPOSTHOCTb MNpUCYTCTBUS Tliofieli B 3/aHWM, OrpefiensieMas M3 COOTHOLIEHNS
toyueni 24 10 T

P,3i - BEPOATHOCTb 3BaKyaLuum nogen;

Pi=

1 - BpeMAa HaxoXgeHunda nogen B 3gaHnn B Yacax;

byHKIL,i

K .. - koapdpuumeHT, yunTbIBAKOLWMA COOTBETCTBME CUCTEMbI MPOTMBOMOXAPHOW 3aLUMTHI,

.3,1

HanpaBneHHoW Ha obecneyeHne 6e3onacHOM 9Bakyauuu rnogerd npu  noxape, TpeboBaHMAM
HOPMaTUBHbLIX JOKYMEHTOB MO NoXapHow 6e30nacHOCTW.
(n. 8 B pea. Mpukasza MYC P® ot 12.12.2011 N 749)
9. BepogaTHOCTbL »BakKyaluuu P pacCumMTHBAT IO dopmyJie:
€]
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0,8-t, —t

0,999- ~ecmut, <0,8-t, <t +t mt <6 wMun.

H3

P,=40,999, ecmt +t, <08t nt, <6 mun. 3)

0,000, ecnm t, 2 0,8-t;, wmm t, >6 MuH.

(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

roe t - pacdueTHOe BpeMsa »BakyaluuM JoOer, MUH.;
b
T - BpeMsa Hauajla 5BakKyaluuu (MHTEepBaJl BPEMEeHM OT BO3HUMKHOBEHMS IoXapa
HD
IO Hauajla sBakyaluuwu Jiomel), MUH.;
t - BpeMsa OT Hauajla Ioxapa IO OJIOKMPOBAHMS DBaKyalMOHHHX IYyTeW B
ol
pe3ynbTaTe pacopocTpaHeHMa Ha Hux OQCIl, uMeolMX NPenNesibHO NONYyCTHUMBIE IJIid
Joney 3HaueHMsa (BpeMs OJIOKMPOBAaHUA NyTeM 3BakKyaluu), MUH.;
T - BpeMdA CYyWeCTBOBAaHMSA CKOIJIEHMM JIIOIEM Ha ydacTKaxX NyTH (IIJIOTHOCTH
CK
JIIOOCKOTO IIOTOKA Ha NyTAX B3Bakyaluy INpeBemaeT 3HaueHume 0,5).
10. PacueTHOE BpeMsa BSBakyauum Jonen t M3 IIOMEeIEeHUN U 3OaHUM
p

omnpeneJyigeTcsa Ha OCHOBE MONEJIMPOBAHMSA IOBWXEHMUS JIOOEM IO BEIXOIA HAPYXYy OIOHUM
M3 CJenyrnlyx CIOCOOOB:

Nno yMpoOLEHHON aHanuUTUYEeCKOW MOAENU [OBWXKEHUS JIIOACKOro MOTOKa, nNpuBegeHHOW B
npunoxeHun N 2 k HacTosiwen MeTtoguke;

no maTteMaTMyeckom Mogenn UWHANBMAOYaNbHO-NOTOYMHOIO ABWXKEHUA nogerd u3  3aaHus,
npvBegeHHon B npunoxernun N 3 k HacTosawen MeToauke;

no MMWUTALMOHHO-CTOXacCTMYECKOM MOAENU ABWXKEHUS FOLCKMX MOTOKOB, MpMBEOEHHOW B
npunoxeHun N 4 K HacToswen MeTtoauke.

Beibop cnocoba onpegeneHuss pacyeTHOrOo BPEMEHM 3BaKyaluuMu MpPOU3BOAMTCA C  Y4ETOM
cneumduyecknx ocobeHHocTen 06beMHO-NNAHNPOBOYHbLIX PELUEeHU 34aHus, a Takke OcobeHHoCTewn
KOHTUHreHTa (ero o4HOPOAHOCTN) NMoAen, HaXOAALUXCH B HEM.

Mpn onpefeneHuMn pacyeTHOrO BpPEMEHM 3BaKyalMu YYUTLIBAOTCH [AaHHble, NpUBEAEHHble B
npunoxeHunn N 5 k Hactodwen MeTtoguke, B YACTHOCTM MPUHLMMbLI COCTaBNEHUS PaACYETHOM CXEeMbl
3BaKyauuMu nogen, napameTpbl OABWKEHUS MoAen pasfvMyHbiX rpynn MOOUITbHOCTU, a Takke 3HadeHus
nrowagen ropu3oHTasnbHbIX NPOEKUMIA pasfnmnyHbiX KOHTUHIFEHTOB NOAEMN.

Ab63au nckntoveH. - Npukasz MYC PP ot 12.12.2011 N 749.

11. Bpemsa Hauajla »Bakyauum t onpenesyigseTcsa B COOTBETCTBUM C IIYHKTOM 1
HD
npuioxeHma N 5 k HacToduwey MeTomouke.
12. BpemMma OJIOKMPOBAaHMUA NyTeM sBakyaluum t BEIUMCJIISIETCSA NIyTeM pacueTa
OJ1

BpeMeHM OOCTUMXEeHWMA OdI1 npengeJIbHO IOOITYy CTUMMEBIX 3HAUEHUM Ha S5BaAaKYallMOHHEIX IIYTAX
B pasJIMUHBIE MOMEHTEl BpeMeHM. [lopalOoK NpOBeIeHMA pacdueTa UM MaTeMaTudecKue
MO OeJIin OJI4 ornpenesyiIieHnsd BpeMeHNn 6J‘IOKV[pOBaHI/IH HyTeﬁ S5BaKyalln OIla CHBIMM
baxTopamMm noxapa NpuBeneH B NpuijioxeHuM N 6 K HacTosmey MeTonuke.

13. KoadhduumMeHT, yyuTbiBalOWMN COOTBETCTBME CUCTEMblI MPOTUBOMOXAPHON  3aLUUTHI,
HanpaBneHHon Ha obecneyeHne 6Ge3onacHOM 9Bakyauuu nOAerW nNpu  noxape, TpeboBaHMsM

HOPMaTUBHbIX [JOKYyMEHTOB Mo noxapHon 6esonacHoct, K . paccuntbiBaeTcsi no dopmyne:

K., :1_(1_ K, 'Kcoya)'(l_ K, 'Knm)! (4)
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rae K, - KoadhduumeHT, yuuTbiBalOWMA COOTBETCTBME CUCTEMbI MOXAPHOW CUrHanM3aumm
Tpe6oBaHNAM HOPMATUBHBIX JOKYMEHTOB MO NoXapHoi 6e30nacHoCTH;

Keoys - KOIPMULMEHT, YUNTbIBAIOLLMIA COOTBETCTBME CUCTEMbI OMOBELLEHUS! JIOAEN O NoXape v
ynpaBsreHus aBakyauueii niogei TpeboBaHNAM HOPMaTUBHBIX JOKYMEHTOB MO NOXapHOo 6e30nacHoCTH;

Kiz - KO3M®MUUMEHT, y4uTbIBAIOWMA COOTBETCTBME CUCTEMbI MPOTUBOALIMHON  3ALUNTI

TpeBoBaHUsIM HOPMATHBHBIX AOKYMEHTOB M0 NOXapHoK 6e30MacHoCTy.
Mopsigok ouenkn napametpos Ko, Kooy v Ky, npusesen B paspene IV nactosweit

MeToauku.
(n. 13 B pea. Npukaza MYC P ot 12.12.2011 N 749)

lll. NMopsigok npoBeAeHNst pacyeTa MHANBUAYANbHOIO
MoXXapHOro pucka

AHanus I'IO)KapHOVI onacHoCTu 3aaHuA

14. Ona npoBedeHMs aHanm3a NoXapHOW ONacHOCTW OCYLLEeCTBMASEeTCA cOOp AaHHbIX O 34aHuw,
KOTOpPbIN BKIOYaET:

06BEMHO-MNaHNPOBOYHbIE PELLEHMS;

Tennouanyeckme xapakTepUCTUKMA OrPaxaatoLLUmMX KOHCTPYKLMI 1 pa3meLleHHoro obopyaosaHus;

BV, KONMYECTBO U pasMeLLeHne ropoymnx BeLecTB 1 MaTepuarnos;

KONMYeCcTBO N MecTa BEPOATHOrO pasMeLLeHns niogen;

CUCTEMBI MOXapHOW CUrHanusaumm u noXxapoTyLleHUsi, NPOTUBOALIMHOW 3alluThl, OMOBELLEHUS
nogen o noxape n ynpasneHus sBakyauuven niogen.

15. Ha ocHoBaHWW Nomy4YeHHbIX AaHHbIX NPOU3BOAUTCS aHanu3 NoXapHoW onacHOCTU 3[4aHus, Npu
3TOM Y4UTbIBAETCS:

BO3MOXHas AUHaMuKa pa3BuUTUSA Noxapa;

COCTaB U XapaKTepUCTUKN CUCTEMbI MPOTUBOMOXaPHOW 3aLLMUThI;

BO3MOXHble NMOCNEeACTBUS BO3AENCTBUA NOXapa Ha Ntogen 1 KOHCTPYKUNN 30aHNS.

OnpepeneHve 4acToTbl peanu3auuy NoXapoonacHbIX CUTyaLWi

16. YacTtoTa peanusauuu noxapoonacHbIX CUTyauuh onpegendeTcs 4acToTOM BO3HUKHOBEHUSA
noxapa B 34aHuu B TeyeHue rofa. [Nopsaok onpegeneHns 4acToTbl BO3HWKHOBEHWS NoXxapa B 34aHuum
npusegeH B pasgene |l HacToswen MeToanku.

nOCTpDeHI/Ie noren onacHbIX (*)aKTOpOB noXapa ana passimyHbiX
CcueHapueB ero passutua

17. Ona nocTpoeHus nonen onacHbiX akTopoB Moxapa MNPOBOAUTCHA 3KCMNEPTHbIN BbIGOP
CUeHapusi unuM CcueHapueB noXxapa, Mpu KOTOPbIX OXWAAKTCHA Hauxyglme nocneacTensa  Ans
Haxo4ALWNXCA B 34aHUN Nogen.

dopmMynunpoBKa cueHapusi pa3BuTUs NoXxapa BKIo4YaeT B cebsi creayrolme aTanbi:

BbIOOP MecTa HaxoXAeHWsi NepBOHaYaribHOro ovara rnoxapa v 3aKOHOMEPHOCTEN ero pasBuUTuS;

3afjaHue pacyeTHol obnactu (BblOOp paccmaTpvBaeMon Mpu pacdeTe CUCTEMbl MOMELLEHUN,
onpeaeneHne y4ynTbiBaeMbiX NMpu pacyeTe 31EMEHTOB BHYTPEHHEN CTPYKTYpbl MOMELLEHUN, COCTOAHNSA
npoemoB);

3afjaHMe napamMeTpoB OKpYXKalLWen cpedbl W HadamnbHbIX 3HAYEHWA nNapameTpoB BHYTPU
NOMELLEHWIA.

B cootBetcTBUM ¢ npunoxeHnem N 6 K HacToswen Metoanke cdopmynupyeTca matemaTnyeckas
MOZeNb pas3BuUTUA NoXapa U NPOBOAUTCHA MOAENUPOBAHME €ro AUHAMUKN Pa3BUTUS.

Ha OCHOBAHUMN pPe3ysibTaTOB pacueToB ocCylmecCTBJIAeTCHd IIOCTpOEeHIME rnoJjien
ONaCHHEX (GakTOPOB [OXapa U OIpelesiseTCsa BHAadYeHMe BpeMeHM OJIOKMPOBAaHMUSA IIyTeln
spakyaumm OOl t .

61

CrpaHuua 6 13 90



OueHka nocrnefcTBUn BO3AENCTBMSA ONacHbIX hakTopoB noxapa
Ha niogen ons pasnuyHbIX CLEHapUEB ero pasBuTust

18. OueHka nocneacTBU BO3OENCTBUSI OMacHbIX (PaKTOPOB MoXapa Ha IoAel 3akrodaeTcs B
onpeeneHnn BepoATHOCTU dBaKyaLun Nogen 3 3gaHus npu noxape.

BepoaTHOCTb 9Bakyauum nwogen onpegensetca no dopmyne (3) Ha OCHOBE COMNOCTaBIEHUS
3HA4YeHMN BPEMEHW 3BaKkyaluu noaed u BpeMeHu OnokMpoBaHMS MNyTen 3Bakyauuum OnacHbIMU
dakTopamu noxapa.

(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)
IOnsa onpenejieHMsa pacyUeTHOI'O BPeMeHM sBakyaumumu Jjwone t B COOTBETCTBUM C
b
npuinoxenuaMuy N N 2 - 5 k Hacrodmey MeToIuke onpenensaeTrcsa MOIeJlb
SBaKyalum J'[IOJI@IX "3 30aHMA, NPpOBOOUTCHA IIOCTPOEHHME pacquHoﬁ CXeMBlI 5BakKyalun
VI OCYLUeCTBJIAeTCA MOIEeJIMPOBAHME 3SBAKyallM J'HO,I[eI\/JI.

19. B cooreeTcTBMM C paszzgeroM II HacrosAmwel MeTOoOMkKM HNPOBOIUTCSH

onpenesieHre PacUeTHOM BeJIMUMHBEL MHIMBUIOYAJIBHOT'O I[IOXAPHOT'O pMCKa Q n
B

COIIOCTaBJIECHUE ee C HOPMa TVBHBIM SHAUYEHMEM VHIOVMBYIOYAJIBHOI'O IIOXAPHOI'O pPMCKa

H

Q .

B

YyeT Hannuus cuctem obecneyeHns NoXxXapHoOn
©e3onacHOCTM 3aaHus

20. Hanuume cuctem obecneveHuns noxapHon 6e30nacHOCTM 34aHns yYMTbIBAeTCs B COOTBETCTBUN
¢ cbopmynon (4) n nonoxeHmamu pasgena IV HacTosiwen MeTtoguku.

Brnok-cxema, unniocTpupylowas nopsiAoK NPOoBeAdeHWst pacyeTa WMHAUBUAYanbHOrO MOXapHOro
pvcka, npeacTaBneHa Ha puc. 1.

/ AHaJM3 IOXapHOM ONaCHOCTM 3maHusa /

/ /
|

\/

OnpenejyieHMe YaCTOTHE peajM3alMM HOXapOOIIAaCHHEIX CUTyaLUM

>

\/

[locTpoeHMe IOJiel ONacHEX GaKTOPOB IoXxapa

Bufop clLeHapus Ioxapa
dopMyIMPOBKAE MAaTEMATUUYECKON MOIENM M MOIEJMPOBaHUE
IOVHAMUKM Pas3BUTUS IOXapa
[locTpoeHMe IOJiel ONacHHEX GaKTOPOB Ioxapa
OnpepejieHre BpeMeHM OJIOKMPOBAaHMSA IIyTell 3BakKyaluu

PaspaboTka \/

IOOIIOJIHUTEJIb HEIX

PO TUBOIMIOXAPHEIX OLeHKa MNOCJIeICTBUY BOBIOEMCTBMSA ONIACHEX (GakKTOpOB
MEePOIPUAaTUN moxapa Ha Jonen
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/\ POpPMyIUMPOBKAa MaTeMaTUYeCKOl MOOEeNU U
MOIeJIMPOBaHME BSBaKyaluuM JIOOEN M3 30aHUA
opu Ioxape
OnpenesieHre BpeMeHU OJIOKMPOBAHMUA NIYyTeM 3Bakyalumn
PacueT BEepPOSATHOCTM 3BakKyaluu JIOOEN

| PacuyeT BEJIMUMHE MHOMBUIYAJLHOTO
IIOXapHOTO PUCKa

|
| |
| \/ \/ |

| PacueTHOe 3HadYeHME IIOXAPHOTO PacueTHOe 3HadeHME MNOXAPHOTO |
pMCKa IIpPeBHIIAET HOPMATHBHOE pHrCKa HE [pPEBHIIAeT HOPMATMBHOE
| \/ \/ |
| BelBOII X BeiBOII & |
IOXaPHBIY PUCK IIPEBHIIAET IIOXaPHEIM PMCK He IIpeBHIIaeT
| OONyCTUMOE 3HA4YeHUe OONyCTHUMOE =BHAUYEeHUe |

Puc. 1. Mopsaaok npoBeaeHns pacyeTa MHOUBUOYaNbLHOMO
noXapHoro pvcka

IV. Mopsgok pa3paboTkun AONONHUTENbHbBIX
NPOTUBOMNOXapPHbLIX MEPONPUATUIA NPU ONpPeaeneHny pacHeTHOM
BEIMYMHbI MHOVBUAYaANbHOIO NOXapHOro puncka

21. B cnyyae, ecnu pacyeTHas BenuuMHa WHAMBMAYANbHOrMO MOXAPHOrO pucka npeBbILAET
HOpMaTMBHOE 3HayeHue, B 34aHuM criegyeT npeaycMoTpeTb OOMNOSfHUTENbHbIE MPOTUBONOXapHbIE
MepOonpuUaTUS, HanpaBreHHble Ha CHUXKEHWE BENNYMHbI NOXapHOro pucka.

K uucny npoTuBONOXapHbIX MEPONPUATUNA, HaMPaBIIEHHbIX HA CHWKEHWE BENUYMHbI MOXAPHOro
pucka, oTHOCATCS:

NpPUMeHeHNe LOMNONMHUTENbHBIX 00 BbEMHO-NNAaHMPOBOYHbBIX PELLEHUA U CpeacTB, obecnevymBaroLLnX
orpaHuM4YeHne pacnpocTpaHeHns noxapa;

YCTPOWCTBO AONOSTHUTENbHbIX 3BaKyaLMOHHbIX NyTEeN U BbIXOAO0B;

YCTPOMCTBO CUCTEM OMOBELLEeHUs Maen O noxape W ynpasreHus 9Bakyauuen nogen
NOBbILLEHHOrO TMNa;

opraHusaums No3TanHoW aBakyauumn nogen us 3gaHus;

npUMeHeHNe CUCTEM NPOTUBOLLIMHOW 3aLUNTbI;

YCTPOMCTBO CUCTEM aBTOMATUYECKOrO NOXapOoTYLLEHWS;

OrpaHM4YeHne KonuMyecTBa moden B 30aHUM OO0 3HadeHuir, obecneudmBarowmx 6e3omacHOCTb UX
3BaKyauuu U3 3gaHus.
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ObdheKkTUBHOCTE AOMOSMHUTENBHBLIX MPOTUBOMOXAPHBIX MEPONPUATUA OOJPKHA MOATBEPXKAATbCS
MOBTOPHBIM PacyeToOM BENMYNHbI MHAMBUAYaNbHOMO NOXapHOro pucka.
(n. 21 B pea. MNMpukaza MYC PP o1 12.12.2011 N 749)

22. OddEKTUBHOCTL KaXOoro Wu3 MNEepeyucrieHHbIX BbIlEe MPOTUBOMNOXAPHBIX MEPONpPUSATUIA
onpefensieTca CTeneHbld BIUSHUS Ha napamMeTpbl tp, t,,, 1., a ana cucTembl noxapHou

CUrHanusauum, nNpoTMBOABLIMHOWM 3alUTbl U CUCTEMbI OMOBELLEHUSI NOAEN MPU NOXape U ynpaBreHus
aBakyauven nioaen tawke napamerpamn K K

npuHumaeTcs paeBHbiM K

oon* Tcoyr U an[3-

3HauyeHve napametpa K = 0,8, ecnu BbINONHsAETCA XOTS Obl

00H,1 O0H, 1
OHO 13 CreayLnX YyCroBUM:

3gaHMe 00OpyaoBaHO CUCTEMOW MNOXAPHOW CUrHanu3auuu, COOTBeTCTBYyKLWeNn TpeboBaHUAM
HOPMaTUBHbIX JOKYMEHTOB MO NoXapHown 6e30nacHOCTY;

obopygoBaHMe 30aHWs CUCTEMOW MOXapHOW CurHanmsauum He TpebyeTcda B COOTBETCTBUM C

Tpe6oBaHNAMN HOPMAaTUBHBIX AOKYMEHTOB MO NoXapHon 6e3onacHoCTM.
B octanbhbix cniyuasx K g, . NpuHMaeTca pasHOM Hynio.

(n. 22 B pea. MNpukasza MYC PP ot 12.12.2011 N 749)

23. TlpvMeHeHVe B KayecTBe [OMOMHUTENBHOIO MPOTUBOMOXAPHOr0 MeponpuATUS OOBbEMHO-
NNaHMPOBOYHbIX PELIEHUA W CPeacTB, obecrneymBaloLMX OrpaHWYeHWe pacrnpocTpaHeHus noxapa,
gocturaetca obecnevyeHnem HOPMUPYEMbIX MPEOEerioB OrHEeCTOMKOCTU W MOHWXKEHHOW MOXapHOM
ONacHOCTN OGMMLOBOYHBLIX CTPOUTENBHBIX MaTepuanoB, UCMOMb3YEMbIX B OrpaxgatLmnx KOHCTPYKUUSAX
NMoMeLLEeHUs1, B KOTOPOM HaxoAMTCs BEPOSITHbLIN o4ar noxapa.

CreneHb BJIMSHMSA OJAHHOT'O OOIIOJIHUTEJIBHOT'O IMNPOTUMBOIIOXAPHOT'O MEPOIIPUMATMA Ha
IVHaMURKYy PacIllipoCTpaHeHA I1oxapa 1, COOTBETCTBEHHO, 3Ha4YeHMe IlapaMeTpa t

O11
onpernejideTrcHd nyTeM InIpopeneHmMAa IIOBTOPHOTI'O pacueTa t I1ocrJie BHeCeHUMHA
o
COOTBETCTBYINMX M3MEHEeHUM B cxeMy O6%eMHO—HHaHMpOBOHHHX pemeHMﬁ 3O0aHMA.

24 . HpM IIPprMMEeHEeHUN B KauecTBe JOIIOJIHUMTEJIBHOI'O IIPOTUMBOIIOXAPHOTI'O
MEPOIIPMATNA yCTpOﬁCTBa JOIIOJIHMTEJIbHEIX SBaAKYALIMOHHBIX HyTeﬁ I BEIXOIOOB cCJienyeT
BEIITOJIHUTb HOBTOpHHﬁ pacueT I10 OlleHKe InapamMeTpa t C yaueTOoM

b
OTKOPPEKTUPOBAHHEIX O@EGMHO—HH&HMPOBOHHHX pemeHMﬁ.

25. HpM IIPVIMEHEHUIN B KauecTsBe JOIIOJIHUTEJIBHOI'O IIPOTUMBOIIOXAPHOTI'O
MEPOIIPMATNA yCTpOﬁCTBa ClHCTEeMEL OIIOBeIleHNA nmneﬁ (] IIoxape m ylpabBJIEHUA
3BaKyaumeﬁ nwneﬁ IIOBBILIEHHOTI'O TUIIa CJleoyeT BHIIOJIHUTDBb HOBTOpHHﬁ pacueT II0

OLIEHKEe nmapamMeTpa t C YJ4eTOoM IepepaclrpernejieHMa IMIOTOKOB JSBaAKYUMPYIMXCA U
p

MSMEHEHMA CXeMbI SBaKyalun B 3aBUCHMMOCTIU oT ClLieHapmesn BO3HMKHOBEHMA U

PasBuUTMA IIoxapa u, COOTBETCTBEHHO, ajiropmrTMa @yHKHMOHMpOBaHMH CHrCTEMEBL

ONOBEleHMA JIOOEM O [oXape M yIpaBJIeHMEM 3BaKyalLuM JIOOEN.
3nauenue napavetpa K ,y,; npuHumaetca pasHbim K4, = 0,8, ecrm BoinonHaeTcs xotsa 6bi

O[HO U3 crieayoLwmnx YyCnoBuiA:
(B pea. Mpukasa MYC PO ot 12.12.2011 N 749)

30aHMe 060pyAoBaHO CUCTEMON OMOBELLEHNS NIOAEN O NoXape U ynpaBrneHns sBakyalunei noaen,
COOTBETCTBYHOLLEN TPEBGOBAHNSAM HOPMATUBHbBIX LOKYMEHTOB MO NoXapHoi 6e3onacHoOCTY;
(B pea. Mpukaza MYUC PP o1 12.12.2011 N 749)

obopyaoBaHWe 34aHMsi CUCTEMOW OMOBELLEHMs MoAet O MoXape W yhnpaBreHus 3Bakyauuen
nogen He TpebyeTcs B COOTBETCTBMM C TpeboBaHMSMM HOPMAaTUBHLIX [OKYMEHTOB MO MOXapHOM
BesonacHocTw.
(B pea. Mpukaza MYUC PP o1 12.12.2011 N 749)

B octanbhbix cnyuasx K ,y,; NpuHnMaeTcs paBHO Hymio.
(B peq. Mpukasa MYC PO ot 12.12.2011 N 749)

26. BimsaHMe CMCTEeMBl [IPOTMBOIEIMHOM SallMTH Ha YPOBEHb OOECII€UYeHHOCTU
Oes30macHOM »BaKyauumu JIOOeM OpM [HOXape OLEeHMBAeTCAa [NOCPEeOCTBOM pacdeTa
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3SHAUEHUA t C ydaeTOoM TEXHUYECKUX XapaKTepPpUCTUK IIPMMEHAEMOT'O

671
BEHTUJISLMOHHOTO oBopyInoBaHMUSA NPOTUBOIBIMHOM  3amMTH. [lomfop OapaMeTpoB
BEHTUJISLMOHHOTO OOOpYyHOOBaHMSA OCYUECTBJISETCS B COOTBETCTBMM C HOPMATUBHEMU
OOKYMEHTaMM I[I0 I[IOXapHOM 6e30macHoCTM. I[IpM  3TOM IOJIS BHIIOJHEHMS PaCuyeTOB

cyenyeT MNPUMMEHSTh B0HHYH (30HAJIBHYW) WM TIOJIEBYID MOIEJNN.

3nauenne napametpa K, ;; npuHumaetcs pasHbim K ,; = 0,8, ecnu BhinonHseTcs xoTs 6Gbl

O[HO Y3 CreaylLnX YyCroBUM:
(B pea. MNpukasza MYUC P® o1 12.12.2011 N 749)

3gaHMe 000pyaoBaHO CUCTEMOW NPOTUBOALIMHOW 3aliuUTbl, COOTBETCTBYHOLLEN TpeboBaHMAM

HOpMaTMBHbIX OKYMEHTOB MO MoXapHo 6e3onacHoOCTH;
(B pea. Mpukasa MYUC PO ot 12.12.2011 N 749)

OGOpWJ,OBaHI/Ie 34aHNA CcUcTemMon l'lpOTI/IBO,EI,bIMHOVI 3awnTbl He Tpe6yeTc;| B COOTBETCTBUUN C

TpeboBaHNAMU HOPMATUBHbIX JIOKYMEHTOB MO NOXapHOW 6e30nacHOCTU.
(B pea. MNpukaza MYUC P® o1 12.12.2011 N 749)

B ocTtanbHbIX cnyyasax Knmi NPUHUMAETCHA PaBHOW HYMIO.
(B pea. MNpukaza MUC P® ot 12.12.2011 N 749)

27. OrpaHMYeHMe KOJMUECTBa JIOIEM B 3IaHUM OO 3HAUYeHUM, obecreumBamlmx
6esB0rIacHOCTL MX ®2BaKyaluuy M3 3IaHUS [OPpM [oXape, YUYUTHBAETCS [IOCPEeINCTBOM
IIOBTOPHOTO pacuera SHAYEHUS rnapaMeTpa t npu CylleCTBYIMX

P
0BBEMHO-TIJIAHMUPOBOUHEIX PeleHnax n OTPaHUYEHHOM 3HaYEHUN KOJIMYeCTBa
5BaKYUPYOILMXCS [IPU I1OXape.

28. [Ons nonyyeHuUst UCXOOHbIX AaHHbIX, HeobXxoOMMbIX AN NPOBedEHUs  pacyeTos,
NpedycMOTPEHHbIX  HacToswein MeTtoaukol, credyeT MCMoNb3oBaTb  CMpaBOYHble  WCTOYHMKM

VIH(*)OpMaLI,I/II/I N NMPOEKTHYKO OOKYMEHTaUuo 3aaHns.

Mpunoxexne N 1
K NyHKTY 8 MeToamnku

CTATUCTUYECKMNE OAHHBLIE
O YACTOTE BO3HMKHOBEHWNA MOXAPA B 30AHUAX

(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

N HavMeHOBaHME 3IaHUS JacToTa BO3HMKHOBEHUS IoXapa B
n/mn TeueHue ToIa
1. |OfbumeobpaszoBaTelbHbE yyupexneHus -2

(mxoJia, WKOJa-MHTEpHAaT, OeTCKUM 1,16-10

oM, JiMLeMN, I'UMHasusa, KOJIJIeIX)

2. |YupexnmeHusa HadaJIbHOT'O -2
npodecCcruoHaJIbLHOTO obpasoBaHUI 1,98-10
(npodbeccmonanbHOE TeXHUYEeCKOoe
YUUIIALILE )

3. |YupexmeHusa cpenHeTro -2
npodecCcrMoHaJIbHOTO obpas3oBaHUA 2,69-10
(cpenHee creumajbHOe yuebHoOe
3aBeleHue)

CtpaHuua 10 13 90



4. |HOpoune BHEIIKOJIbHEE " IOeTCKHue -2
yupexneHua 1,52-10
5. |[JeTckue 03O0POBUTEJILHEE Jarepsg, -3
JIeTHME OeTCKMe Oauu 1,26-10
6. |CamaTopumu, moMa OTIEIXA, -2
npoduraxkTopuUn 2,99-10
7. |AMOyJaTopMUM, MONUKJIVIHUKM, -3
OVCIIaHCEPH, MeOIYyHKTEH, 8,88:10
KOHCYJIbTaluumn
8. |lpemnpuaTusa PO3HUUHOMU TOPT'OBJIM -2
YHUBepMaru, IPOMTOBAPHEE 2,03-10
MaTasWHbL; YHUBEpPCaMEl,
IPONOBOJILCTBEHHEE Mal'a3WHBL;
MaTas3MHE CMeIaHHBIX TOBApPOB;
anTeky, alTedHsHe JlapbKM; [Ipouue
30aHUsA TOPTOBJM
9. |lpennpusarus PBEIHOUHOM TOPTOBJIM -2
KPEITEIE, OINTOBHE PHIHKM (M3 3OaHUU 1,13-10
CTaLMOHAPHOM IOCTPOMKM), TOPTOBHE
aBUJIbOHH, KMOCKM, JlapbKU,
rnajaTky, KOHTEMHEPH
10. |IpennpusaTus OOMECTBEHHOTO NMTAaHMUI -2
3,88-10
11. [TOCTUMHMLE, MOTEJU -2
2,81-10
12. |CIOPpTMBHEIE COOPYXEHMS -3
1,83-10
13. | KnyOHEEe u KYJIb TYyPHO—3pPEJIMIIHLE -3
yUpexneHus 6,90-10
14. | Bubanorexru -3
1,16-10
15. |Myzeu -2
1,38-10

YIMPOLWEHHAA AHAITMTUYECKAA MOMEJb
ABVKEHWA NIOACKOIO NMOTOKA (ONPEAENEHNE PACHETHOIO BPEMEHW
OBAKYALINU MIOOEN N3 MOMELLEHNW N 30AHU MO PACYETY BPEMEHN

Mpunoxenue N 2
K NyHKTY 10 MeToaukn
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AOBWXXEHWA OOHOIO NI HECKONBbKMX NMIOOCKNX MOTOKOB
HEPE3 3BAKYALIMIOHHBIE BbIXO[bl OT HAVBOJIEE
YOANEHHbBLIX MECT PASMELLEHWA NIOOEN)

(B pea. MNpukaza MYC PO ot 12.12.2011 N 749)

PacueTHOe BpeMda sBakKyalun Jonen t us [IOMEUle HUM U  3OaHUM
p
YyCTaHaBIVMBaETCad IO pPacueTy BPEeMeHUM IBWXEHMS OIHOTO MM HEeCKOJBbKUX JIOINCKUX
IIOTOKOB Uepes ©SBakKyallMOHHBIE BEIXONBE OT HamboJiee yIaJIeHHHX MeCT pas3MelleHUsd
JIonen .
Ipu pacueTe BeChb MYyTh IBMXEHMUs JIOICKOT'O I[IOTOKAa [OoIpasleligseTCs Ha
y4acTKM (IIPpOXOH, KOPMIOP, IBEPHOM IIpoeM, JIECTHUYHBIM Mapll, TamMOyp) IOAMHOM 1
i
¥ WMPMHOM OeJjibTa . HadajbHBEIMM & ydacTKaMM SABJIAITCS NPOXOIH Mexnay padoumMu
i
MecTaMy, OOOpPyIHOBaHMEM, PsSOaMM Kpecej M T.II.

[lpy onpenejyieHMM PaCUEeTHOT'O BPEeMeHM DSBaKyaluuyu JIoIel OIVMHY U WUPUHY
KaxIoT'0o ydacTKa NIOyTM o2BakKyaluy IJg OPOEKTUPYEMBIX 3IaHMM OIPUHMMAKT I10
IIPOeKTy, a IJd TIOCTPOEHHHEX - IO (QaKTUUeCKOMY IIOJIOXEHMIO. IJIMHY OYTU II0
JIECTHWMUHBIM MapmaM, a TaKXe II0 IIaHgyCcaM V[SMepHIOT I10 IOJIMHEe Mapma. ,HJ'IMHy IIyT™m
B IOBEPHOM IIPOEeMe IMPMHMMAKT PaBHOM HYyJW. I[IpoeM, pPaCIOJIOXEeHHE B CTEHE
ToJiuMHOM ©Oosiee 0,7 M, a Takxe TaMOyp cJemyeT CUMTaTb CaMOCTOSATEJIbHEMU
ydacTKaMy TOPMBOHTAJIbBHOTO IIYyTM, MMERUMMM KOHEUHYH IJMHY 1 .

i
PacueTHOE BpeMs 5SBakyaluM JIOIEeM t CcJenyeT ONpenesiaTh Kak CYyMMYy BPEMEHU
p
OBMXEHMS JIOOCKOIT'O IIOTOKa IO OTHEeJIbHEIM ydacTkaM nyTu t no dopwmyse:

t =t +t¢t +€+ ... + 1T, (f12.1)

rme t - BpeMsa OBMXEHUs JIOOCKOTO INOTOKAa Ha INepBOM (HadyajlbHOM) YydacTke,
1

MMH. ;

t, t, t, ... € - BpeMs IBWXEHMS JIOOCKOTO I[IOTOKa Ha KaxIoM U3

1 2 3 i

cJenywnilyx [IOCJe MNepBOTO0 ydacTKa NYyTH, MUH.

BpeMsa IOBMXEHMS JHOICKOTO I[IOTOKa [0 I[epBOMYy Yy4YacTKy OyTu t , MMH.,

i

paccumnTHBAT [0 dbopmyse:

1
t = -, (I1.2.2)

1 \Y,

1

roe 1 - mMHa [OEepBOTO ydacTka IIyTH, M;
1
\Y - CKOPOCTb IOBUXEHMS JIOOACKOT'O IIOTOKa IO I'OPMBOHTAJIbHOMY IIYyTHM Ha
1

nepBoM yuyacTke, M/MuH. (onpemensercsa o Tabmauue [2.1 B 3aBUCKMMOCTM OT

JoTHOCTM D) .
[ITOTHOCTE OIOHOPOZHOTO JIOACKOI'O I[OTOKa Ha [IepBOM YydacTke OyTu D

1
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paccumMTEBART IO dopMyJie:

N x Ff
1
D = —————————— , (Ir2.3)
1 1l x menbTa
1 1
rone N - UMCJIO JIOOEM Ha I[IepPBOM ydacTKe, dYell.;
1
T - cpenHsas IJiomanbk TOPMBOHTAJBLHOM NpoeKLuMM uYejioBeka, M2/ded.,
IpMHMUMaeMas B COOTBETCTBMM C IIYHKTOM 6 mnpuioxeHus N 5 k Hacrosdmey MeTonuke;
oeJjibTa - mmpMHa nepBoro ydyacTka InIyTm, M.
1
CxopocTb V IBMXEHMS JIOOCKOTO I[NOTOKa Ha ydYacTKax NOyTH, CJEeOYyRIMX I0CJe

1
IepBoTo, IIPVMHMMAKT I10 Tabauue I[12.1 B 3aBUCUMOCTU OT MHTEHCHMBHOCTMU IBUMXEeHNA
JIOOCKOI'O IIOTOKa I10 KaxIioMy 3 9TUX YYaCTKOB IIyTH, KOTOPYK BHEHUYMCIIAKT IOJI4
BCeX yd4"acCTKOB IIyTK, B TOM UMCJIe M IJIAd IBEPHBEIX IIPOEMOB, IIO @opMyﬂe:

q X mesibTa
i-1 i-1
q = ——mmmmmmm——— - , (M12.4)
i nejbTa
i
roe neJjbTa , IOeJbTa - mYpPMHa PacCMaTPMBAEMOTO 1-T0 M MNpPenuecTBYIEeIO
i i-1
eMy yuyacTka IyTu, M;
(;,0;4y - WHTEHCMBHOCTM [BWXXEHWA TIOACKOrO MOTOKa MO paccMmaTpuBaeMomy i-My w

npeaLwlecTsyloleMy yyacTkam nyTu, M/MUH. (MHTEHCUBHOCTb OBWXEHWS NIOACKOro NoToka Ha mnepBoM
yyactke nytn (; onpepensetca no tabnuue M2.1 no 3Ha4veHWo Dl, YCTaHOBIIEHHOMY MO hopmyne

(MN2.3)).
(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)
Ecim 3HaueHue J , olpenejseMoe o dopmyse (II2.4), MeHble I pPaBHO
I
q , TO BpeMsa IOBMXEHMA 10 Yy4acCTKy OyTu t , MMH., PaBHO:
max i
|
i
t = —, (n2.5)
i \Y,
i
IIpy 5TOM 3HAYEHUA J 7 M/MMH., crlienyeT INIPVMHMMATb PAaBHBEIMUA
max
16,5 - ona ropn3oHTanbHbIX NyTeNn;
19,6 - 4ng ABEpPHbLIX NPOEMOB;
16,0 - Anga necTHULbl BHU3;
11,0 - Ansg necTHUUbI BBEPX.
Ecnm 3HaueHue ( , OOpenejieHHOoe 1o ¢opmyse (I12.4), Oombme g , TO
I max

HLIMPVHY IOeJibTa JaHHOTI'O ydacCTKa IIyTHM CllenyeT yBeJIMdMBaATb Ha TaKOoe 3HadeHUue,
i

IpM KOTOPOM COBNOIaeTCs yCJOBUE:
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q <=

q .
max

(I12.6)

Ecnu sHaueHune (;, onpeageneHnHoe no dopmyne (M2.7), 6onbwe (.. , TO WAPUHY O. [aHHoro

yyacTka nyTu criefyeT yBenuuMBaTb Ha Takoe 3HadeHue, 4Tobbl cobntoganock ycnosue ([12.6). Mpwu
HEBO3MOXXHOCTU BbINOMHeHMs ycnosus ([12.6) MHTEHCMBHOCTb U CKOPOCTb ABWXKEHMWS FOACKOrO MOTOKa
no y4actky i onpegenstoT no tabnuue 2.1 npu 3HavyeHun D = 0,9 n Gonee. lNpu atom cneapyet
YUMTbIBaTb BPEMS 3aepXKuN OBWXKEHUS Nnoden u3-3a obpa3oBaBLUErOCH UX CKOMMEHMS B COOTBETCTBUM C
npunoxerHnem N 5 k HacTodwen MeToauke.

(B pea. Mpukaza MYUC PP o1 12.12.2011 N 749)

MHTEHCMBHOCTL U CKOPOCTb ABWXEHNA
JTIOACKOIo noToKa Ha pa3HblX y4acTKax I'IYTeIZ 3Bakyauun

B 3aBMUCUMOCTHU OT NJIOTHOCTU

Tabnuua M2.1

Mnot- Opn3oHTaNbHbLIN [BepHon JlecTHnua BHU3 JlecTHULa BBEPX
HOCTb nyTb npoem,
noToka CKO- WHTEHCKB- WNHTEH- CKo- WNHTEH- CKOPOCTb WHTEHCUBHOCTb
D, poCTb HOCTb (, CUBHOCTb pOCTb CUBHOCTb V, g, M/MUH.
M2/M2 V, M/MUH d, M/MUH V, g, M/MUH.

M/MUH. M/MUH. M/MUH.
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 5,0 5,0 100 5,0 60 3,0
0,10 80 8,0 8,7 95 9,5 53 5,3
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 15,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4
0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 24,5 14,1 18,5 10,75
0,70 23 16,1 18,5 18 12,6 15 10,5
0,80 19 15,2 17,3 13 10,4 13 10,4
0,90 n 15 13,5 8,5 8 7,2 11 9,9
bonee

lMpumeYyaHue - HTEHCUBHOCTb ABWXEHUS B ABEPHOM MPOEME MpU MAOTHOCTM NoToKa
0,9 n 6onee, paBHasa 8,5 M/MUH., yCTaHOBNEHa ANA ABEPHOro Npoema LUMPUHOM

1,6 M 1 Bonee, a Npu ABEPHOM NMPOEME MEHbLUEN LUMPUHBI MIHTEHCUBHOCTb ABUKEHUS
cnepyet onpeaensatb no gopmyne q = 2,5 + 3,75 x genvsra.

Puc. M2.1. CnusHue nodckMx NOTOKoB (HE NPUBOANTCS)

[Ipy CAMESHMM B Hauajle 1-T'0 ydacTKa IOByxX U 0OoJjiee JIOACKUX IIOTOKOB (puC.
[12.1) WMHTEHCUBHOCTBL IOBWUXEHUS J , M/MUH., PACCUMTHBAKLT 1O bopMmyJie:
i
SUM g X mesbTa
i-1 i-1
g = ——————————mmm— , (12.7)
i oenbTa

roe g — MHTEHCUMBHOCTBE IOBMXEHMA JIOIOCKUX IIOTOKOB, CJIMBaAKIMXCA B Haudalle

i-1

i-To yyacTka, M/MMH.;
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nesibTa - WMPVHAa YYaCTKOB MYyTM CJIUSHUS, M;
i-1
oesbTa - WMIMPMHA PacCMaTpPUBAEMOT'O ydacTKa IIyTH, M.
i
Ecnin 3HaueHMe ( , OIpeneJieHHoe 1o dopwmyJie (12.7), ©Gorabme g , TO
i max
LMPUHY OeJibTa JaHHOT'O ydYacTka IIyTM CJlelyeT yBeJMuMBaThb Ha TakKoe 3HaudeHue,
i
uTOOE CcoOJyonasiock ycjoBue (II12.6). B sTOM ciydyae BpeMsa IBWXEHMS IO ydacTKy 1

onpemendaoT no dopmyrne (I2.5).

Mpunoxenue N 3
K nyHkTy 10 MeTogukm

MATEMATUYECKAA MOJE/b 3
NMHOMBNOYANBHO-NMOTOYHOIO ABMXXEHNA NIOOEUV M3 30AHNA

(8 pea. Mpukaza MUC PO o1 12.12.2011 N 749)

PacueTtHoe BpemMA 3BaKyauunun J'HO/J,GIZ M3 34aHunA yCTaHaBnMBaeTCA MO BpeMeHU BbiXOoOda U3 Hero
nocnegHero 4yernoBeka.

I'Iepe,u, Ha4varnomMm moennpoBaHuA npouecca 3Bakyauunn 3agaeTcAa cxemMa 3BakKyaunOHHbIX nyTe|7| B
30aHNN. Bce 3BaKyalMOHHbIEe NYTU noapa3fendarTCcA Ha 3BaKyalMMOHHbIe y4YaCTKu D,ﬂl/lHOVI au LLII/IpMHOI7|
b. InnHa n wunpuHa Kaxgoro yvyactka nyTu 3Bakyauuu Ong NpoekTUpyeMblX 34aHWA MPUHUMAKOTCA Mo
NPOeKTY, a AN MOCTPOEHHbIX - MO PaKTUYECKOMY MONOXEHMUI0. [fiMHa nNyTM MO FAEeCTHUYHbIM MapLiam
namepsetTca nNo AnvHe Mapwa. [nuHa nytm B [BEpHOM Mpoeme MNPUHUMAeTCA pPaBHOW HYIHO.
OBaKyaLMOHHbIE Y4aCTKM MOTYT ObITb TOPU3OHTamNbHbIE W HAKMOHHbIE (1ECTHMLIA BHU3, JIECTHMLA BBEPX U
naHayc).

3a rabapuTH UeJiOBeka B IJlaHe IIPpMHMMAaeTCsd »3JUIMIC C pasMepamu ocer 0,5 M
(mpmHa uyesioBeka B mnjeuax) u 0,25 M (TonmmHa uyesoBeKa) . 3amalnTcs KOOPIMHATEH
KaxXIoTo UeJIOBEeKa X — PAaCCTOSHME OT lLEeHTpa SJJIMIcCa OO0 KOHIla 3BaKyalMOHHOTO

i
ydacTKa, Ha KOTOPOM OH Haxomurcsa (puc. II3.1).
(B pen. Ipuxaza MUC PO ot 12.12.2011 N 749)
KoopamHaTe KaxIooTo UYejioBekKa X B HaYaJIbHEIM MOMEHT BpPEeMeHM 3aIalTCcad B
i
COOTBETCTBUM CO CXEMOM PacCCTaHOBKM JIOOEM B MOMeElleHMAX (paboume MecTa, MecTa

oJjs  3puTejielr, CchnajibHee MecTa U T.I.). B cilydyae OTCYTCTBUSA TaKUX OAHHHIX,
HanpuUMep IOJsg MaTasVHOB, BHICTABOUYHEIX 3aJIOB M IpyToe, IOONyCKaeTCs pas3MellaTb
Jonen PaBHOMEPHO o BCen momany INOMEeNeHMs C Yy4YeTOM pPacCCTaHOBKU

TEXHOJIOTMYECKOI'O O60pyHOBaHMF{.
KoopanHata kaxgoro yenoBeka B MOMEHT BpeMeHM t onpegensietcs no opmyne:

X () = x (t - Oesbra t) - V (t) x HemerTa t, M, (I3.1)
i i i
roe x (t - IembTa t) - KoOpIMHaTa i-TO dYeJioOBEeKa B Npe eIy Mt MOMEHT
i
BpeMeHU, M;
V (t) - ckopocTb i-T0 uesyiloBeKa B MOMEHT BpeMeHu t, M/cC;
i
HenpTa t - ODPOMEXyTOK BPEMEeHM, C.

CtpaHuua 15 13 90



Puc. M3.1. KoopgmMHaTHas cxema pasmelleHns nogemn
Ha NyTsIX 3BaKyaumm (He NpMBOaUTCSA)

CkopocThs i-T0 uesoBexa V (t) B MOMEHT BpeMeHM t omnpenesseTcs o Tadauie
i
[12.1 npunoxeHus 2 k MeToauke B 3aBUCUMOCTM OT JIOKAJIbHOM IIJIOTHOCTM IIOTOKa, B
KOTOPOM OH IBuUxeTcs, D (t) ¥ TuIa B2BakKyalUMOHHOT'O ydacTKa.
i
JlokanpbHasa IJOTHOCTBL D (t) BHUMCJIIETCS [0 TpYyIIe, cocTodmer ™3 n

1
JeJIoBek, 10 dopmyJie:

D () =(n(t) - 1) x f/ (b x Oenvra x), M2/M2, (3.2)
i

roe n - Kofin4ecTBo mop,e|7| B rpynne, 4erioBek;

f- cpegHAAa nnowanb FOpVI3OHTaJ'IbHOl7I npoeKkunn 4erioBeka, M2;
(B pea. MNpukaza MYUC PP o1 12.12.2011 N 749)

b - LWMPpUHa 3BaKyalMOHHOro y4acTka, M;

,El,eana X - pPa3HOCTb KOOpAMHAT nocrneanHero U nepBoro 4Yefnoseka B rpynne, M.

Ecam B MOMEHT BpeMeHM L KooOpIMHaATa dejioBeka X (t), omnpemeseHHas IO

i

bopmysie (ri3.1), CTaHeT OTPMLATEJIbHOM - 2TO O3HAauaeT, UYTO YeJIOBEeK INOCTUT
TPaHMLBE Tekyllero 5BaKyalMOHHOTO YydacTka M LOJDKEH IePelTM Ha CJeIyolyi
QBaKyaLH/IOHHI:HZ Y4acCTOK.

B oatom Ccnydae KoopauHata JTOoro 4eqioBeka Ha cneagywulieMm sBakyalMOHHOM Yy4dacTke
onpegenseTcs:

X () =[x (E-dt) -V (t) xde] +a -1 , u, (113.3)
i i i i i

rne x (t - dt) - xoopmuHaTa i-TO 4YesyiloBEeKa B NPEIHAYUMIA MOMEHT BPEMEHU
i
Ha (Jj-1) »BakKyalMOHHOM ydYacCTKe, M;

V (t) - cxopocTte i-ro uemoBexka Ha (j-1)-oM 5BakyalMOHHOM ydYdacTKe B
i
MOMEHT BpeMeHu t, M/cC;
a - mIMHa j-TO 3BaKyalMOHHOTO YJYacTKa, M;
i
I - xoopamuaTa wMecTa camuauua j-ro M (j-1)-TO 3BaKyaLUMOHHHIX yUYaCTKOB
J

- paccTosgHMe OT Hauajia J-T0 3BaKyalMOHHOTO ydacTKa OO MeCTa CJIMSAHMA eIo C
(J-1)-bm 3BakyalMOHHEM y4acTKOM, M.
KonuuecTBo JIel, Nepexondmux C OJHOTO 3BaKyalMOHHOTO ydYacTKa Ha IPyToit

B EeIVHMIY BpPEeMeHM, OIpenejyiseTCsa MNPONYyCKHOM CIOCOBHOCTBI BHXOINA C ydacTKa
Q (D:
J
Q (t) = g (t) x ¢ xdt / (f x 60), uen., (I13.4)
J J J
rne g (t) - MHTEHCUMBHOCTBL IBWXEHMUS Ha BHEHXOHEe C J—I'0 3BaKyalMOHHOTO
J
yyacTka B MOMEHT BpeMeHu t, M/MuH.;
C - mMpMHaA BEXOZAa C J—-I'0 3BakyalMOHHOI'O yudacTKa, M;
i

dt - TpoOMeXyTOK BpEMEH!, C;
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f - cpegHAsa nNnowanb ropn3oHTaNbHOM NPOEKUMN YeroBeka, M2.
VIHTEHCUMBHOCTBL IBMXEHMS Ha BHXOIE C J—-T'0O BBaKyallMOHHOTO ydacTka gq (t) B
J
MOMEHT BpeMeHM t olpenejigeTcsa B 3aBUCUMOCTM OT ILJIOTHOCTM JIOOCKOT'O IIOTOKA Ha
oTOM ydacTke Dv (t).

J

[IJIOTHOCTH JIOACKOTO IIOTOKA Ha J—OM 3BakKyallMOHHOM yuyacTke Dv (t) B MOMEHT

J

BpeMeHM t ompenenseTcs O Qopmylie:

Dv () = (N x Fxdt) 7/ (a x b ), u2/u2, (13.5)
] J ] ]

rne N - umMcJo Jiofel Ha J-OM 3BaKyalMOHHOM ydacTKe, uell.;

J

f - cpennss miomans NOPUBOHTAJIBHOM MNPOEKLMUM deJioBeKa, M2;
a - miIMHa Jj-TO BBaKyalUMOHHOTO ydacTKa, M;

J

b - mwmpmna j-ro sBaKyalMOHHOTO ydacTKa, M;

J

dt - npomexyTok BpemMeHu, cC.

B MOMeHT BpeMeHM L ompenejngeTcsa KOJMUECTBO JIOOEM m C OTpMlaTebHEMU
KoopaMHaTaMu x (t), onpenesieHHEIMM 110 QopwmyJie (13.1) . Ecom 3HaueHMe m <=

i

Q (t), TO BCe m UeJIOBEK IEepexXOnAT Ha CJenyolMM SBaKyalUMOHHBIM YyUYaCTOK UM UX
J
KOOPAOMHATE ONPeNeJiSioTCa B COOTBEeTCTBUM C dopmysion (II3.3). Ecau 3HadueHMe m >
Q (t), TO KOJIMUECTBO UYEJIOBEK, paBHOe 3HaueHuo Q (t), HnepexoImT Ha CJenyWuh

J J
SBAKYAUMOHHHY YyYacCTOK M MX KOOPIOMHATEHE ONPEeIesyialnTCcsa B COOTBETCTBUM C
bopmysonr  (I13.3), a KOJIMUECTBO UYEJIOBEK, pPaBHOe 3HaueHMo (m - Q (t)), He

J

nepexonuT Ha cIle oy ommin SBAKYaLMOHHBIN y4yacTok (ocTalnTcsa Ha OaHHOM

5BakKyallMOHHOM YyYacCTKe) ¥  ¥MX KoOopIMHaTaM I[PMCBAMBATCS 3HaueHUs xX (t) =
1

k x 0,25 + 0,25,

roe k - Homep psaga, B KoTopoM ByayT HaxoauTbCs MNoan (MakCManbHO BO3MOXHOE KONMUYeCTBO
4yenoBeKk B OOHOM psiay cOOKy Apyr OT Apyra Ons KaxZoro 3BakyauWOHHOro yyacTka onpegensercsd
nepea Havanom pacuyeTtoB). Takum o06pa3oMm, BO3HMKAET CKOMMeHue nwgen nepen BbIXOAOM C
9BaKyalMOHHOro y4acTKa.

Ha puc. 3.2 nzobpaxeHa 6nok-cxema onpeaeneHnst pacHeTHOro BpEMEHN 3BaKyauun nogen us
30aHus.

Ha ocHoBaHuu 3a4aHHbIX Ha4allbHbIX ycnosmﬁ (Ha‘-IaJ'IbeIX KoopauHat J'IPOJJ,eVI, napameTpoB
3BaKyalNOHHbIX y‘-IaCTKOB) onpenendarTca MIOTHOCTU JIIOACKMX NOTOKOB Ha NyTdaxX 3Bakyauun w”
NponyCKHble cnocobHocTU BbIXOO0B C 3BaKyauUMOHHbIX y4aCTKOB. ,El,anee, B MOMEHT BpEMEHMU t=t+ dt,
onpegendaeTca Hanun4dmne O®PI1 Ha nyTaXx 3BaKkyauun. B 3aBucumocTm oT aToro BbI6V|paeTCﬂ HanpasneHne
OBWKEHUS KaXKO0ro Yenoseka 1 BblMMCNAETCH HOBas KoOpAMHaTa KaXaoro Yyenoseka. [locne aToro cHoBa
onpenensarTcsa NIOTHOCTU MIOACKMX NOTOKOB Ha MyTsX 3BaKyaLUn U NMPONYCKHbIE CMOCOOHOCTM BbIXOLOB.
3atem BHOBb AaeTcsi npupalleHme no BpemeHn dt n onpegensTcs HOBblIE KOOPAUHATLI NIOAEN C y4ETOM
Hanuuma O®I Ha nyTsax SBaKyauum B 3TOT MOMEHT BpemeHu. [locne 3Toro npouecc noBTOpSeTcs.
PacueTbl npoBOAsTCs 4O TeX Nop, Noka BCe NoAM He OyayT 3BaKynpOBaHbl U3 34aHus.

BBOIO MCXOIHBIX IOaHHEBIX

\/

CtpaHuua 17 u3 90



OnpegnejsieHre HadaJlbHEIX KOOPIMHAT JIOOEeN

\/

OnpenesyieHMe IapaMeTPOBR »BakKyallMOHHEIX YYaCTKOB (IyTen)

\/

OnpeneneHme BPEeMEHNM Haudajla 3JSBakKyaluM KaXIoI'O dYeJIOBeKa

\/

OnpenejieHMe IJIOTHOCTEM JIOOCKMX [IOTOKOB Ha SBaKYyaLUMOHHBIX yUaCTKax

\/

OnpenejyieHMe IMPOINYyCKHOM CIOCODOHOCTM NIPOEMOB

\/

BelBOI Ha IedYaThb XAPaKTEePUCTMK IIpoliecca 3BaKyalumu

\/

[lepexon kK cJjenyoleMy MOMEHTY BpeMeHU

|
\/

Onpeneneﬂme HallpaBJIEHMA IOBMXEHMA KaXOOI'O YeJIOBEeKa

\/

OnpeneneHme IIJIOTHOCTM JIIOOCKOI'O IIOTOKa Ilepel KaXIbBM YeJIOBEKOM
(paCCTOHHMe OO mMInymero BIlepeln quOBeKa)

\/

OnpenesyieHMe CKOPOCTM IOBMXEHMA KaXIOTO UYeJIOBEKa

\/

OnpenesieHre KOOPOMHATEL KaXIOI'O deJIOBEeKa
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\/ \/

OBakKyalud He 3aBeplleHa OBaKyalud BabeplleHa

\/

OxkoOHUaHMe pacueTa

Puc. M3.2. bnok-cxema onpegeneHnst pac4eTHOro BpeMeHN
3Bakyauuu nogen 13 agaHms

MpunoxeHue N 4
K nyHkTY 10 MeToauku

NMMNTALUNOHHO-CTOXACTUYECKAA MOOESb
OBVXEHWA NTIOOCKUX NMOTOKOB

(8 peq. Mpukaza MYUC PO o1 12.12.2011 N 749)

MHOXEeCTBO JIOOelM, OINHOBPEMEHHO WAOYIMX B OINHOM HAaNpaBJIEHUM 10 OOumyM
ydacTkaM 0oyTy, o0pas3yionT JIOACKOM [IOTOK. YuacTkaMy OQOpMMPOBaHMS JIOIOCKUX
IIOTOKOB B I[OMENEeHMAX CJenOyeT I[IPMHMMATL NPOXOIH Mexny ofopymoBaHueM. [Jis
NoCJIenyMxX YUaCTKOB 5SBaKyallMOHHEIX IIYyTeM OHM MNPEeICTaBJSnT COOOM NepBUUHEE
VICTOUHUKU JIIOOCKUX [IOTOKOB. Pacnpenesienue N yeJIOBEK Ha yudacTKax

i
bopMupoOBaHMSA, MMEOIMX WUMPUHY b U IJIUHY 1 , DpuH¥MMaeTcsa pPaBHOMEPHEIM.
i i
llosTOMYy B HaYaJIbHEM MOMEHT t Ha KaxIoM 5SJIeMeHTapHOM yuacTke [HembTa 1 ,
0 i
to
3aHMMAaeMOM IIOTOKOM, IIJIOTHOCTBL IIOTOKAa D onpenesseTcsa o dopMmyJie:
1

t0 t0
D =N / b x HenpTa 1 , uyemn./M2 (14 .1)
i i i i

[Ipy nDajpHeMmeM IBUWXEHUM JIOOCKMX I[IOTOKOB U3 IIE€PBUUHEIX MCTOUHMKOB II1O
ofmyM ydyacTKaM OyTM [OPOMCXOIOUT UX cauaHue. OOpaszyeTcsa odOmmMy NOTOK, YacCTU
KOTOPOTO MMEKT PpasjIMUHyl I[IJIOTHOCTL. I[IPOMCXOIOMT BbLPABHMBAHME ILJIOTHOCTEMN
PAa3JIMUHEIX YacTeM JIOACKOTO [OTOKa — ero nepedopMmpoBaHme. ClenyeT YUMUTHIBATE,
uyTO ero TOJIOBHAS 4YacCTh, MMeolas nepen coboy CBOOOOHEIM NyTh, pacTekaeTcsa -
JIIOOY CTPEMATCS MATM CBODOOIOHO NPM MJIOTHOCTM D . 3a mMHTepBaJl BpeMeHu JenbTa t

0
YacThb JIOIEeM IepexXOoOUT C D2TUX DBJIeMeHTapHHX y4acTKOB Ha I[ocJjenyoummne u
OPOUCXOOUT M3MEHEeHME COCTOSHUS JIOOCKOTO IOTOKA, €TI0 IOBWXEHME.
CKOPOCTBE OBWXEHMS JIOOCKOTO I[IOTOKa OPM IJIOTHOCTM D Ha i-om oTpeske
i
ydyacTka OyTM Kk-To BuIa CJeOyeT CUMTAThb CJYyYaMHOM BEeJUYMHOM V , ¥VIMeomemn
D,K

UMVICJIOBEIE XaAPAKTEPUCTUKN
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MaTemaTU4ecKkoe OXxuaaHue (cpegHee 3HadeHue)

\Y =V X(@A-a xInD /D )xm npmu D > D ,
D,k 0,k k i 0,k i 0,k

Vv =V npu D <=1D ; (a.2)
D,k 0,k i 0,k

cpenHee KBagpaTtn4dHOE OTKITOHEeHne

curma(V ) = curma(V ) x (@1 -a xInD /D ), (m4.3)
D,k 0,k k i 0,k

roe V n curMma (V ) - MaTeMaTHUUeCKOe OXMIaHMe CKOPOCTM CBOOOIHOTO
0,k 0,k
OBMXEHMSA JIogeM B IIOTOKe (mpm D <= D ) " ee cCcpenHee KBaIpaTUUHOE
i 0,k
OTKJIOHEHMEe, M/MUH.;
D — [OpeneJyibHOEe 3HadeHMe IUJIOTHOCTM JIOOCKOTO MNOTOKA, IO HOOCTWXEHMA
0,k
KOTOPOT'O BO3MOXHO CBODOIHOE IOBWXEHME JIoIel O K-My BUOY OyTM (IIJIOTHOCTHL He
BIMSET Ha CKOPOCTL IBMXEHUS JIOOeW) ;

a - ko2dduuUMeHT amanTauuM JioIeM K M3MEeHEeHMAM IIJIOTHOCTM [IOTOKa IIpKu
k
OBMXEHUM 110 k-My BUOY OYyTU;
D — 3HAauUeHMe IIJIOTHOCTM JIOACKOT'O I[IOTOKa Ha 1-0OM OTpe3Ke (JempTa 1)
i
yyacTka OyTu WMpuHOM b , ues./M2;
i
m - xKo2POMUMEHT BIMSHMSA IIpoeMa .

3HayeHus1 nepeyvmcneHHbIX NapaMeTpoB criegyeT NpuHumaTh no Tabnuue M4.1.

Tabnuua M4.1

Bun nyTtm, k \Y , curma (V ), D a m
0,k 0,k 0,k k
M/MVH . M/MMH . uej. /M2
T'OpPMBOHTAJIbHEIN 100 5 0,51 0,295 1

B 3I0aHUN

T'OpPUBOHTAJIE HEIM 100 5 0,70 0,407 1
BHE 3IaHudgd

[lpoem <*> 100 5 0,65 0,295 1,25 - 0,05D,
npu D >= 5

JlecTHMLIA BHUS 80 5 0,89 0,400 1
JlecTHMLIa BBEpPX 50 5 0,67 0,305 1
<*> Mpn D = 9 wuen/m2 3Hauenna (;=V;-D,,  onpegensiorca no copmyne

qi2210'(2,54'3,75'bi),M/MMH.
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(cHocka B peg. NMpukaza MYUC PO ot 12.12.2011 N 749)

t0 t0
[lpu J10OOM BO3MOXHOM 3HadeHUM V JIonu B KoauuecTee N, HaxomdamMecsa B
i
MOMeHT t Ha 1-oM ©»JeMeHTapHOM yudacTKe, IBUTANTCS I[I0 HEMY M HaudMHAWT
0
NepexoImUTh Ha Nocjenyommi yuacTok (i+l) (pmc. II4.1). Ha ydYyacToOK 1 B CBOD

ouepenb NEepexomuT UYacTh JIoIelr C npemsnaymero (i-1) »JeMeHTapHOTO ydacTKa U
13 MUCTOYHMUKA J.

IIo nmnpowecTeuM BpeMeHM [JlenbrTa t K MOMeHTy t = t + JesibTa t TOJIBKO
| 0
t0
yacTe Jiomem N C ydacTka 1 ycmneer mHNepeuTM Ha ydacTok (i+l). K sTomy
i, i+l
t0
MOMEHTY BpeMeHu us N Jgionert, ObBHMX Ha ydyacTke 1 B MOMeHT t , ocTaHeTcd
i 0
to t0
(N - N ) omeri. VX UKMCIIO TIONOJIHAETCA 3a CYeT JIIel, yCIeBuMx 3a
i i,i+1l
t0
3TOT MHTEepBaJl BPEMeHM IIepeMTM Ha HeT'o C IOpelpnymero ydacTka — N n  us
i-1,1
t0
UCTOUHMKa N . Torma TIIJIOTHOCTB MOTOKA Ha YydYacTke 1 B MOMeHT t Oymer
3.i 1
paBHaA:
tl t0 t0 t0 t0
D = (N - N + N + N )/ b x Jenvra L. (T14.4)
i i i, i+l i-1,1 i, i
CKOpOCTBb OBVWXEHMS JioIel, oKa3aBUMxXCa Ha YydyacTke 1 B MoMeHT t ,
1
omnpenesfeTcsa 0 QopmyJie:
tl t
Vv =V (l-a x1InD /D ) . (I14.5)
i 0,k k i 0,k

Puc. M4.1. NameHeHnsa cocTosiHUs MOTOKa B nocrneaoBaTeribHble
MOMEHTbI BpEMEHU (HE NPUBOANTCS)

CnepnyeT yuuTbiBaTb, YTO W3MEHEHWE MIIOTHOCTM MNOTOKA Ha KaXAOM Yy4acTke B pasfinyHble
MOMEHTbI BpEMEHW OTpaxaeT npouecc nepedopMUPOBaHUSA Pa3NNYHbIX YacTenl NoToka, U Kak YacTHbIN
cnyyau, npoLecc pactekaHus noToka.

M3MeHeHVe NMNOTHOCTM NOTOKa Ha KaXAOM M3 3reMeHTapHblX y4acTKOB B rocrnegoBaTerbHble
MOMEHTbI BPEMEHWN 3aBUCUT OT KONMYeCcTBa Mniogen, nepexogawux Yyepes rpaHuupbl yyactkos. B obwem
clnyyae Konn4ecTBO Noaen, nepexoadallimx 3a nHtepsan speMmeHn [lenbTa t ¢ yyacTka i Ha nocnegyrowmm
yyacTok i+1, coctaBnsert:

t1 to
Niin =D 'bivnep -At. (N4.6)
(B pea. Npukaza MYC PP o1 12.12.2011 N 749)
CKOpOCTb nepexona \Y% uepes I'PaHMIIBL CMEXHBIX 3JIEMEHTAPHEIX YYaCTKOB
nep
crjenyeT NPMHMMAaTL, PYKOBOICTBYSACH clenyiouyMmy GopMyJiaMu:
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t0 t0
v , ecmm D <= D npu max V x D =qg
i i+1 Di, k max
\Y =<
nep t0 t0
\Y , eciu D > D npu max V x D =qg . (4. 7)
i+1 i+1 Di, k max

CrnenyeT yuMTHBATL, YTO B TOT MOMEHT BpeMeHu t , KOI'la IIJIOTHOCTBL IIOTOKAa

n
Ha ydyacTke i JocTunja MaKCHMaJIbHOM BEJIMYVHEI, Ha 3STOT Yy4YaCTOK He MOXeT
HpMﬁTM HM OIOVIH JeJIOBEK, HM C IpefuecTBy lero ydJacTKa, HM M3 MCTOYHMKA. B

tn
pesyJsbTaTe [epen Yy4YacTKOM 1 3amepxmMBaeTCcs COOTBETCTBeHHO JesibTa N "
i-1
tn
OenrTa N Juomeri. B cilenmyommii MOMEHT BpeMeHu t YacThb JIOOEM C ydacTka
J,i n+1

i nepexoomuT Ha Yy4YacTOK i+l, IIJIOTHOCTE JIIOOCKOI'O IIOTOKa Ha HeM YMEHBUMTCAH U

JacCThb CKONIMBIIMXCA IIepen ero rpaHmueﬁ nmneﬁ CMOXeT HepeﬁTM Ha HeTOo. ﬂOnH nux

Yy4acTMAa B IIOINOJIHEHUM JIIOOBMM ydacCTKa i B MOMEHT t ornpernesideTrcsd @OpMyﬂOﬁ!
n+1

tn,tn+l tn,tn+l tn,tn+l tn,tn+l tn,tn+l tn,tn+l
IenbTa N / IDenbTa N =D x V X b / D x V x b . (II4.8)

i-1 3 i-1 i-1 i-1 3 3 3

Qopmysier  ([14.4) - (I14.8) IOJHOCTBIO ONMCHBAKT COCTOSHME JHOLCKOTO IOTOKAa

Ha DBJIEMEHTAapHBIX ydJacTKax M MX IIepexonbl B I[OCJeloBaTeJIbHbIE MOMEHTE BPEMEHU.

COBOKYIIHOCTb 3HaUEeHUN pacyeTHOTO BpeMeHM 5SBakyaumuy, I[IOJIyUEeHHEIX [Ipu

PasJIMYHEIX 3HadeHMax V , bopMmMpyeT sMIMpMUECKOE pacllpelleJIeHMe BepOsSTHOCTEMN
0,k

3HaueHuy SUM t . IIo sTOMy pacnpenejieHMO cienyeTt PacCuUMUTEBATH 3HaUYeHMre

P
BpPEMEHM 3aBeplleHMsa 3SBakyaluyu, COOTBETCTBylee BepoaTHoCTM P (t ) = 0,999.
p.s9B

MpunoxeHue N 5
k nyHktam 10, 11 MeToamnkm

OAHHbBIE
AnA ONPEAENEHNA PACHETHOIO BPEMEHWM SBAKYALIMA

(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

1. 3HauveHne BpemeHu Hauvana aBakyaumm 1, (c) AnA nomelleHus ovara noxapa criegyet

onpeaensaTb No gopmyre:
(B pea. Mpukaza MYC PO ot 12.12.2011 N 749)

t,, =5+0,01-F,
(B pea. Mpukasa MYC PO ot 12.12.2011 N 749)

roe F - nnowaab nomellenus, m2.
(B pea. Mpukaza MYC PO ot 12.12.2011 N 749)

[ns ocTanbHbIX MOMELLEHUI 3HAaYEHE BPEMEHM Havarna 3BaKyaumm tH3 crnepyeT onpeaenaTb no
Tabnuue M5.1.
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(B peq. Mpukasa MYC PO ot 12.12.2011 N 749)

Tabnuua 5.1

N Kiacc OyHKLUMOHAJIBHOM IIOXAaPHOM BHaueHMe BpeMeHM Hauajla
n/mn OINAaCHOCTM 3IOaHUM UM XapaKTepuCTUKa sBaKyaluuyu Jjiuoney t , MMH.
KOHTMHTEHTAa JIonen HD
30aHug, 3IOaHUsA, He
oO0opynOBaHHEIE 000pPyIOBAaHHEE
cucTeMomn cucTeMoMn
ONOBEIEeHUS U ONIOBEUEHUS U
yIpaBJIeHUSA yIIpaBJIeHUSA
sBakKyaluen Jooemn sBaKyalmen
Jonen
I - IT IIT -V
TUIA THUIIa
1 |UckioueH. - Ilpukasz MUC PO oT 12.12.2011 N 749
2 |TocTuHMLE, OOWEXUTUS, CllaJibHbEe 3,0 2,0 6,0
KOpIyca CaHaTOPMEB M IOMOB OTIHEXA
obmero Tuna, KEeMIVMHITOB, MOTeJIeV U
naHcuoHaTor (®1.2). XuJIbLUBE MOTYT
HaxXOOUTbCH B COCTOSHUM CHa U He
IOOCTAaTOUHO 3HAKOMEl CO CTPYKTYpPOM
DBaKYAalLMOHHEX [IYyTEeM UM BHXOIOB
3 |3maHusa 3pesMIHBIX Y KYJIbTYPHO— 3,0 1,0 6,0
IIPOCBETUTEJILHEIX YUpPeXIeHUM; 3IaHusg
opraHM3auui o OOCIJIYyXMBAHMUIO HaCeJIeHUS
(®2, ®3). IloceTUTeNM HaAXOOATCHI B
foOpCTRYyHIEM COCTOSHUM, HO MOI'YT OHTH
HEe 3HAKOMBl CO CTPYKTYypOMI
5BaKyaUMOHHEX IIyTEeMV I BEXOIOB
4 |3pmaHMsa Hay4dHHX U OOpa30BaTeJIbHEIX 3,0 1,5 6,0
YUPEeXIEeHNY, HAYUHEX U IIPOEKTHEIX
opraHm3aumii, OPIaHOB YyIpaBJIEHUSI
yupexneHmy (®4) . IloceTuTenm HaxXOOATCH
B OOIPCTBYWIEM COCTOSHUM M XOPOLO
3HAKOMEl CO CTPYKTYPOM 3BakKyalMOHHEX
IyTey M BEIXOIOB

2. MpuHUMNBI COCTaBNEHMS PacYeTHON CXeMbl 3BaKyaLuu.

PacyeTHas cxema aBakyauuu npeactaBnsieT cobon OTAENbHO BbIMOMHEHHYH, UM BO3MOXHO
HaHECEHHYI0 Ha NNnaH 34aHusi CXemy, Ha KOTOPOW OTPaXKeEHbI:

KONMMYeCTBO MoJdern Ha HavanbHbIX ydacTKax - UCTOYHMKaxX (Mpoxodbl Mexay pabouvmu mectamu,
obopynoBaHueM, psgamu kpecen v T.n.);

HanpaBneHue Ux OBUXEHWs (MapLIpyThl);

reoMeTpuyeckne napameTpbl y4acTKoB NyTW (ANUHA, LUMPUHA) U BUAbLI Y4aCTKOB MyTW.

PacueTHas cxema aBakyauuu JOMKHA y4UTbIBATL CUTYaLMIo, NPU KOTOPOW XOTs Bbl 0QMH YenoBek
HaxoamTcsi B Hanbornee yaaneHHoW OT BbIXOAa M3 30aHUs, COOPYXKEHUSI UM CTPOEHMUSI TOYKE.
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Mytv pgBwxeHus nogen m Bbixodbl BbiICOTOM MeHee 1,9 M v wupuHon meHee 0,7 M npwu
COCTaBfEHMM paCYETHOW CXeMbl 3BaKyauun He YYUTbIBAKOTCHA, 3a WCKIIOYEHUEM  Cryyaes,
YCTaHOBMEHHbBIX B HOPMaTUBHbIX JOKYMEHTaXx MO NoxapHou 6e3onacHoCTy.

(B peq. Mpukasa MYC PO ot 12.12.2011 N 749)

PaccmoTpeB KkonuyecTBO moJen Ha HadvanbHbIX yyacTkax nyTu, cnegyeTt onpefenurb
HanpaeneHne ux [OBWKEHWs. YCTaHOBMeHbl criegylowme Habniogaemble npasuna Bblbopa niogbMu
HanpaBneHus (MapLupyTa) ABWKEHUS NpY 3BaKyaLnm:

a) ABWXKEeHWe No TOMY NyTW, KOTOPLIM M0AW Nonanu B 34aHue;

0) ucknuveHve nyTen OBWXKEHUs, NMPOXOAALMX PSOOM C 30HOW TOpeHud, XOoTa noau MoryT
3BaKyMpoBaTbCH Yepes 3aAblMIIEHHbIE KOPUOOPbI;

B) BnusiHME nepcoHana. B oblwecTBeHHbIX 3[aHWsX, Kak MpaBuno, MOceTUuTenu npu noxape
cneayloT yKasaHUsM nepcoHana, Aaxe ecnm 3TW ykasaHus He COOTBETCTBYIOT ONTUMAarbHbIM;

r) Npy 9BaKyaLmmn C NepBOro ataxa - BWXEHUE K OTKPbITOMY BbIXOAY HAapPYXy U3 34aHus;

[) CnoXHas fnormctuyeckasl 3aBMCMMOCTb, OMUCbIBaloLas BbIOOP BbixO4a C 3Taxa 3pUTENbHOro
3ana (pwuc. 5.5);

€) MPU MPOYMX PaBHbIX YCITOBUSAX - ABWKEHME K Onvbkanemy BbIXOA4Y.

Kpome Toro, numetomecs gaHHble NOKasbIBaKT, YTO hakTopom BbibOpa HanpaBreHUst MOXET ObiTb
MECTO MapKOBKM JIMYHOIO aBTOMOBMIIA, MECTO BCTPEUM YNEHOB ceMby 1 T.M. OnpegeneHune WuprHbl Nyt
BbI3bIBAET 3aTPyAHEHNE TONLKO MNPY BbIXOAE MoAeN Ha y4acToK "HeorpaHM4eHHoON" LWMPUHBLI, Hanpumep B
BecTMGIoNb. B Takom cnydae wupuHa notoka (b) 3aBncut ot konmyectaa nogen (N) n gnudel (1) yyactka:
b=4mnpn N <1004en. nl <=6 m; b =6 m - B ocTanbHbIX crny4asx.

CornacHo paHHbIM HaTypHbIX HabNOAEHMIM YCTAHOBIIEHO, YTO MOBOPOTHI MYTWM HE BMAMAKOT Ha
napameTpbl ABUXKEHUS N0ACKOro NOToKa.

OnpepeneHve OnuHbl (BOOMb OCU MYTKU) OTNMYAETCH ANSA FOPU3OHTaNbHbIX U HAKMNOHHbLIX nyTen. K
HaKIMOHHbLIM NYTAM OTHOCATCS NECTHULbI U NaHgycbl. CBOGOAHAs WMpMHA b HAKNOHHOrO NyTU, HaNnpUMep
NeCTHUYHOro MaplLua, NpUHUMaeTCs B CBETY: OT Nepun 0 cTeHbl. [AnvHa HaknoHHoro nytu L (puc. 15.1)
NPUHUMAETCH MO UCTUHHOMY €ro 3HaYeHu0. OTaXHble N MeXAydTaXHble NMNOoLWaaKM B Lensax ynpoLeHns
N obrneryeHns BbIMUCIIEHWI, y4MTbIBas UX HebombliMe pasmepbl U MEHbLLUYK CIOXHOCTb ABWXEHUSA MO
HUM B CpaBHEHWUU C NTECTHUYHBIMW MapLLaMu, JOMYyCKaeTCa OTHECTU K HaKIMOHHbIM NyTAM. Toraa cpegHas
OJIMHa HaKMOHHOro NyTW B Npefernax OAHOro aTaxa, ¢ y4eToM ABMXEHUS Mo nrowagkam, COCTaBuT:

OJIS OBYXMAPUEBHEX JIECTHUL [, = ————————— )
cos anbda

roe L' - ropusoHTanbHasa npoekumnsa AnuHbl HAKNOHHOrO NyTu, M;

anbda - yron HaknoHa K ropu3oHTy;

He [Jonyckasi Cepbe3HOW MOrpeLlHOCTH, AfMHY NyTU N0 ABYXMapLlIeBOW NECTHULE MOXHO
NPUHUMAaTb pPaBHOM ero yTpoeHHon BeicoTe H, T.e. L =3 - H;

OJIS TPexXMaplleBHX JIECTHUL, L = ————————-— + o + L™ + 4 x b.
cos anbda cos anboda

Puc. 5.1. Pac4eTHas gnvHa nyTu no nectHuue:
a - AByxMapLueBas nectHuua; 6 - TpexmapLuesas necrtHuua
(He npuBoauTCH)

MaHaycbl, ecnu X HaKMoOH HesHauuTeneH (MeHbwe 1:8), MOXHO OTHOCUTb K FOPM3OHTarbHbIM
nyTam, npu 0Ooree 3HAuUUTENbHbIX HAaKNOHaxX - K fecTHuuaM. [nuHa HakMoHHOro NyTu TaKke
onpefenseTcs no ero ocu.

Mytm paBwxeHWs B npegenax 3gaHus  OObIMHO MepecekawTcd  ABEPHbIMUM  MpoeMamu,
AeKopaTMBHLIMKU NopTanamu, UMeEKT CYXXEHUS 3a CHET PasfINYHbIX apPXUTEKTYPHbBIX UNN TEXHOMOMMYECKNX
31IEMEHTOB, BbLICTYNAKOLWMNX U3 MIOCKOCTU OrpadkKAeHUA. Takne MeCTHble CYXEHUS He3aBUCUMO OT UX
XapakTepa B fdarnbHeNlleM HasblBaloTCs npoeMamu wunpuvHon b. [nvHa nytn L B npoeme MOXeT He
y4nTbIBaTLCH, €CNN OHa He npesbiwaeT 0,7 M, T.e. ANWHbLI OOHOrO Lara, B NPOTUBHOM Cly4vae ABWXeHune
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B MNpoeme cregyeT paccMaTpuBaTb Kak [OBWKEHWE Ha CaMOCTOSITENIbHOM pacyeTHOM Yy4yacTke
rOPM30HTaNbHOro NyTK.

JNleCcTHWYHbIE KNETKU SIBMAIOTCA LEHTpaMu TArOTEeHMs NIOACKMX MOTOKOB (OS1i MEepBOro ataxka -
BbIXOAbl HAPYXY), HA BXOAE B KOTOpble 3aKkaHYMBaeTCs BTOPOM 3Tan 3Bakyauun. [o3ToMy pacuyeTHble
CXeMmbl LenecoobpasHo COCTaBMnATb AN KaXOOoW YacTy 3Taxa, Mo KOTOPOi oAy 3BaKyMpyloTcs Yepes
NpeaycMOTPEHHYIO AN HUX NECTHWYHYI0 KneTky (Bbixond Hapyxy). Ha pwuc. M5.2 npvBeneH npumep
COCTaBMNEHUs1 pacyeTHON CXeMbl 3BaKyaL My Nioger Nno Yactu aTaxa [0 BXOAA B NNECTHUYHYIO KMETKY.

Puc. II5.2. IIpuMep COCTAaBJIEHUS PaCyYeTHOM CXeMH 53Bakyaluu
JIOOEM IO YacCTy 3Taxa OO BXOHa B JIECTHUUHYID KJIIETKY:
N - xommuecTBO Jsomert; b - mmpuHa; 1 — OJMHE;
b - wmpuna npoema (He npusomAUTCH)

0

B 3puTenbHbiX 3anax C MOCTOSHHLIMM MecTamMu Ans fnocetTutenen pacnpegeneHve niogen no
HanpaBneHNsIM ABWXEHMWS K 9BaKyaLMOHHbIM BbIxo4am nokasaHo Ha puc. [15.3 n 15.4.

Puc. M5.3. MapwwpyTnsaumns ABMXKXeHUS NIOLCKUX NOTOKOB
npu aBaKyaLumn N3 3puterbHbIX 3aroB ¢ 60KOBbIMU (MPOAONBHBIMM)
npoxogamu (He NPUBOAMUTCSA)

Puc. M5.4. MapwpyTnsaumns ABMXKXeHUS NIOACKUX NOTOKOB
npv 3BaKyaL 1 U3 3puTenbHbIX 3aM0B C NonepeYHbIM MPOXO40M
(He npuBoaguTCH)

Ecnv B panbHenwum nogn BbIXOAAT B dhovie unm BecTMOonb, T.e. 4epe3 MNOMELLEHMS, He
orpaHuMymuBarLne, Kak Kopuaop, LWWMPWUHBI FIOACKOrO MOTOKa, TO pacnpeferneHve nioaCcKUX MOTOKOB
MeXay BO3MOXHbIMWU 3BaKyaLVOHHbIMW BbIXO4AMW, KOr4a OHU He GIOKMPOBaHbI, MPOUCXOAUT COrMacHo
3aKOHOMEPHOCTSAM, NpMBeaeHHbIM Ha puc. 5.5, a, 6.

Puc. II5.5, a. Umcjo 3puUTelen
¥ BHIOOP BHIXOIA INPM SBaKyaluy B OBE JIECTHUUHEE
KJIETKM JIMGO B OBE OTKPHITHE JIECTHUIE MM B IBa BHXOIA

3 3naHusa: N — ofumee KOJIMUECTBO BBAKYUPYOIMXCS;
N - umMcio 3BaKyMPYKIMXCH Uepes OJMKHUIA BHEIXOI;
1

N - umMcio 3BaKyMpPYKIMXCH Uepes NaJIbHUM BHEIXOI;
2

Il - gnuua nyTtv mo 6amxHeTro BHXOHma; 1 - IOJAMHA
1 2

IIyTM OO IaJIbHEeI'O BEIXOIAa (He HpT/IBO,JIMTC,CI)

Puc. II5.5, 6. Yucio 3puresen,
5BAKYyMPYOUMXCS IO OTKPEITOM JiecTHMUe: N — ofuee
KOJIMUECTBO SBakKyMpyoumxcsa; N — UMCIO 3BaKyMpPYyOUUXCS

1
IO OTKPBEITOM JieCcTHMLe; 1 - IJuHa OYTU OO OTKPHEITOMN
1
JIECTHMUEI; 1 - »OJMHA NOYTM OO BHXOIA Ha JIECTHUUYHYIO

2

KJIETKY (He NIpUBOOUTCS)

3. MNpu ogHOpoAHOM COCTaBe NKOACKOro moToka rpynn mobuneHoctn M2, M3 n M4 3HadveHus
BenuyuH D, V 1 q cnegyeTt npyHMMaTh B COOTBETCTBUM C AaHHbIMK Tabnuubl 115.2.

Ta6bnwuua M5.2

CtpaHuua 25 13 90



PacuyeTHble 3HauyeHns napameTpoB Ang rpynn MobuneHoctn M2 - M4

Mpynna Bug nytu

mobunb- | D, rOpU3OHTamNbHbIN nectHuua BHU3 nectHuua naHayc BHU3 naHayc BBEpPX

HOCTU M2/M2 BBEpPX

v, a, v, a, \Z q \Z a. \Z a,
M/MUH. M2/m M/MUH. M2/m M/MUH. M2/m M/MUH. M2/m M/MUH. M2/
X MVUH. X MVUH. X MUH. X MUH. X MVUH.

M2 0,01 30,00 0,30 30,00 0,30 20,00 0,20 45,00 0,45 25,00 0,25
0,05 30,00 1,50 30,00 1,50 20,00 1,00 45,00 2,25 25,00 1,25
0,1 30,00 3,00 30,00 3,00 20,00 2,00 45,00 4,50 25,00 2,50
0,2 26,05 5,21 26,22 5,24 16,78 3,36 41,91 8,38 21,98 4,40
0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 5,43
0,4 19,08 7,63 19,03 7,61 11,96 4,78 28,25 11,30 15,32 6,13
0,5 16,84 8,42 16,71 8,36 10,41 5,20 23,85 11,93 13,18 6,59
0,6 15,01 9,01 14,82 8,89 9,14 5,48 20,26 12,16 11,43 6,86
0,7 13,46 9,42 13,22 9,25 8,07 5,65 17,22 12,05 9,95 6,97
0,8 12,12 9,69 11,83 9,47 7,14 571 14,59 11,67 8,67 6,94
0,9 10,93 9,84 10,61 9,55 6,32 5,68 12,27 11,04 7,54 6,79

M3 0,01 70,00 0,70 20,00 0,20 25,00 0,25 105,00 |1,05 55,00 0,55
0,05 70,00 3,50 20,00 1,00 25,00 1,25 105,00 |5,25 55,00 2,75
0,1 70,00 7,00 20,00 2,00 25,00 2,50 105,00 |10,50 55,00 5,50
0,1 53,50 10,70 20,00 4,00 20,57 411 83,41 16,68 45,54 9,11
0,3 43,57 13,07 16,67 5,00 17,05 5,12 65,70 19,71 35,59 10,68
0,4 36,52 14,61 14,06 5,62 14,56 5,82 53,13 21,25 28,54 11,41
0,5 31,05 15,53 12,04 6,02 12,62 6,31 43,39 21,69 23,06 11,53
0,6 26,59 15,95 10,38 6,23 11,04 6,62 35,42 21,25 18,59 11,15
0,7 22,81 15,97 8,98 6,29 9,70 6,79 28,69 20,08 14,81 10,37
0,8 19,54 15,63 7,77 6,21 8,54 6,83 22,86 18,28 11,53 9,23
0,9 16,65 14,99 6,70 6,03 7,52 6,77 17,71 15,94 8,64 7,78

M4 0,01 60,00 0,60 - - - - 115,00 |1,15 40,00 0,40
0,05 60,00 3,00 - - - - 115,00 |5,75 40,00 2,00
0,1 60,00 6,00 - - - - 115,00 |11,50 40,00 4,00

CrpaHuua 26 u3 90



0,2 50,57 10,11 99,65 19,93 35,17 7,03
0,3 40,84 12,25 79,88 23,97 28,36 8,51
0,4 33,93 13,57 65,86 26,34 23,52 9,41
0,5 28,58 14,29 54,98 27,49 19,77 9,89
0,6 24,20 14,52 46,09 27,65 16,71 10,03
0,7 20,50 14,35 38,57 27,00 14,12 9,88
0,8 17,30 13,84 32,06 25,65 11,88 9,50
0,9 14,47 13,02 26,32 23,68 9,90 8,91

CrpaHuua 27 us 90



MpumeyaHue:

M2 - HemoOLHbIE NN, MOBUNBHOCTE KOTOPbLIX CHWXXEHA U3-3a CTapeHns opraHuama (MHBanuapl no
CTapoCTun); UHBaNWAbl Ha NpoTe3ax; MHBanNuAbl C HeAoCcTaTkaMu 3peHus, Nonb3yoLwmnecs 6enomn TPoCTbIo;
noam ¢ NCUXUYECKUMU OTKIIOHEHUAMMU;

M3 - uHBanuapl, CNOMb3yoLmMe Npy ABMKEHUN OONONHUTENbHbIE ONOPbI (KOCTbINW, Nanku);

M4 - uHBanuapl, nepeasuraloLLMecs Ha Kpecnax-konsickax, NpUBOANUMbIX B ABUXEHUE BPYUYHYIO.

4. Tnowaab ropusoHTanbLHOM npoekumn 4yernoseka f, M2/4yen., NnPUHMMaeTcs B 3aBUCMMOCTU OT
cocTaBa ftofen B NOTOKe B COOTBETCTBUN C NPUBELAEHHBIMU HUXKE AaHHBIMU.

Puc. M5.6. MNnowaab ropusoHTanbHON NPoeKkumm Yyenoseka:
a) pacyeTHas; 0) gencTBuTenbHas (He NpuBoAUTCA)

Pasmepbl niogen M3amMeHaTCa B 3aBUCUMOCTM OT (PU3NYECKMX AaHHbIX, Bo3pacTa u ogexabl. B
Tabnuuax [15.3, 115.4, 115.5 n Ha pucyHke [15.7 npuBOAATCA yCpeAHEHHble pas3Mepbl Mnogen pasHoro
BO3pacTa, B pasfMyHON O4exae M C pasnuyHbiM rpy3oM. [Mpu 3TOM NpuBEOEHbl 3HAYeHWUs nnoLiaan
rOpM30OHTarNbHOW NPOEKUUN NHBANWAOB C HApyLUEHUEM OMOPHO-ABUraTeNbLHOro annapara.

Tabnuua 5.3

Mnowaan ropusoHTanbHON NPOeKLUMM B3POCHbIX MNoaeit

Tun onmexnel IlnmpuHa a, M TojmmHa C, M IInomwans TOPU30OHTAJIbLHOM
npoexkummu, M2/des.
JIeTHAS 0,46 0,28 0,100
BEeCEeHHEe—-0OCEeHHIS 0,48 0,30 0,113
3UMHSA S 0,50 0,32 0,125

Mnowagm FOpI/I3OHTaJ'IbHOIZ npoexkunn neTten n noapoCTKOB

Tun onmexnrl Bo3pacTHEE T'pPYNIED
MJIanuma s cpenHsasa cTapuas
no 9 jer 10 - 13 gjyer 14 - 16 jer
OOMamHag omexmna 0,04 0,06 0,08
OOMalmHSAS omexIa CO MKOJIbLHOM 0,07 0,10 0,14
CYMKOM
yIMdYHasa omexmna 0,09 0,13 0,16

Puc. M5.7. Nnowaab ropM3oHTansHoON NpoekLmmn noaemn
C pasnuyHbIM rpy3oM (He NPUBOAMUTCS)

Mnowanb ropu3oHTanbHOM NPOEKL MK NOLEN C OrPaHNYEHHOW

MOOUMNBHOCTbLIO, M2/4en.

Tabnuua N5.4

Tabnuua 5.5




300POBEIE Crensle C mnopaxeHMeM OIOPHO-IOBMUIATEJIbHOI'O alnapaTa
Jonu, cJja-
Socbnuamme , IepelBU— |IepenBu- |NepenBu— |IepelBM— |TPaHCIOP- |TpaHCIop-
C OorpaHu- ramoumyecs |ramomyecs |ramompecs |raommecs | TUPYyeMeEe | TUpyeMBEe
YeHUeM yM-— Ges C OHOHOM C OByMS Ha Ha Ha
CTBEHHOM OONOJIHM~ | OONOJIHM— |OONOJIHM- |KpecilaxX— |HOCHUJIIKax [kaTaJkax
mjedarejib— TEeJIbHBIX TeJ’[bHOIZ TeJIbHBIMM KOJIACKAax
HOCTU Omop onopomn onopamm
1 2 3 4 5 6 7 8
PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK
(He npmuso- | (He npu- | (He npmu— | (He npu- | (He npu- | (He npu- | (He npu- | (He npu-—
OUTCA) BOOUTCSA) BOOUTCS) BOOUTCS) BOOUTCSA) BOOUTCSA) BOOUTCS) BOOUTCS)
cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa
(He npueo- | (He npm- | (He npwu- | (He npu- | (He npu- | (He npu- | (He npu- | (He npu-
OUTCA) BOOUTCSA) BOOUTCSA) BOOUTCSA) BOOUTCSA) BOOUTCSA) BOOUTCS) BOOUTCS)
a=20,28 a =0,72|la = 0,40|la = 0,50|la = 0,50|la = 0,80|b = 0,50|b 0,75
1 2 3 4 5 1 2
c = 0,406 c = 0,82|c = 0,75|c = 0,65|c = 0,90(c = 1,20le = 2,10]e 2,10
1 2 3 4 5 1 2
f =20,10 f=20,40 (£ =0,25 |[£=0,20 |[£=0,30 |£f=20,96 |£f=1,05 |f 1,58
4. BpeMmsa 3alepxku t IOBMXXEHMS Ha YydacTke 1 m3-3a obpasoBaBlIeroCs
3

CKOIJIEHMS JIOOEM Ha TI'paHulle C IocjenyoumuMm ydacTkoMm (i1+1l) omnpezmensercs 1o
bopmysie:

1 1
t=NxFfx (-——————--——-—-—- - —————— ), (I5.1)
q X b q Xb
npu D=0,9 i+l i i
roe N - KOJIMYECTBO JIOOEeN, dei.;
f - mjowans TopuzOHTANBHOM NPOEKLUUM, M;
q - MHTEHCHMBHOCTBL IBWKEHMS udepes yuyacTok i+l mpm njmornoctm 0,9
npu D=0, 9
n Bojee, M/MMH.;
b - mMpMHa YydacTKa, M, IOPpM BXOXIEHMM Ha KOTOPHII oBpas3oBajiochb
i+l
CKOIJIEHME JIOIEN;
q - MHTEHCUMBHOCTL IBJKEHMsS Ha ydacTke i, M/MUH.;
i+l
b - wmpuna npemwmecTByomero yuvacrka i, M.
i
BpeMs CymecTBOBaHMSA CKOIJIEHMS T Ha ydyacTke 1 omnpenensercs no Qopmyse:
CcK
N x F
t S e e . (115.2)
CK q x b
npu D=0, 9 i+l

PacueTHOe BpeMs 5SBaKyaluuM 10 ydacCcTKy 1, B KOHIIe KOTOPOI'O Ha I'paHule C
YU4aCTKOM (1+1) oBpasoBaJIOCh CKOIJIEHME JIIEeM, PaBHO BPEMEHM CYHNEeCTBOBAaHUA
CKOILJIEHUS t . PacueTHOe BpeMsa »Bakyauum IO ydacTKy 1 momyckaeTcs




CcK
ompenesiaTe 10 dbopmye:

t = —+t . (I15.3)

MpunoxeHue N 6
K NyHKTY 12 MeToaukm

NOPAOOK
MPOBEJEHUA PACHETA N MATEMATUYECKWE MOJENW ONA ONPEJENEHNA
BPEMEHW BJTIOKMPOBAHWA MYTEN 3BAKYALIMW OMACHbBIMA
OAKTOPAMU MOXAPA

(B pea. Npukaza MYC PP o1 12.12.2011 N 749)
I. MNopsagok npoBegeHns pacyeTa

MpounssoauTcs 9KCNepTHbIN BbIOOP CUEeHapus WM CUueHapueB noxapa, Mpu KOTOPbIX OXUOAKTCS
Hauxyaluve nNocneacTBus Ans HaxoOAWNXCa B 34aHUK Noaen.

dopmynupoBKa cLieHapus pa3BuTKS Noxapa BKroyaeT B cebsi cnegytolime atansi:

BbIOOp MecTa HaxoXAeHUS NepBOHAYanbHOro o4ara noxapa v 3akOHOMEPHOCTEW €ro pa3BuUTUS;

3agaHve pacyeTHon obrnactu (BbIbOp paccmaTpvMBaeMOW MpU pacdeTe CUCTEMbI MOMELLEHUN,
onpeferneHne yyuTbiBaeMblX MpU pacyeTe 3NeMeHTOB BHYTPEHHEW CTPYKTYpbl NOMELLEeHWA, 3ajaHue
COCTOSIHMS MPOEMOB);

3ajaHne napamMeTpoB OKpyXalllen cpefbl W HadvanbHbIX 3HA4YEeHUW nNapamMeTpoB BHYTPU
MOMELLEHUN.

Boibop mMecTa HaxoxgeHus ovara noxapa Mpou3BOOUTCH 3SKCMepTHbIM nyteM. [lpy atom
YYNTBIBAETCA KOMUYECTBO rOPHOYEN Harpysku, ee CBOWCTBA W pacrnoniokeHue, BepoOATHOCTb
BO3HMKHOBEHUSA NoXapa, BO3MOXHas AMHaMVKa ero pasBuUTUS, pacrnofioXXeHne 3BaKyaunoHHbIX MyTen u
BbIXOJO0B.

Hanbonee 4yacto npu pacyetax paccMaTpuMBalOTCA TPU OCHOBHbIX BuAa pasBUTUA Noxapa:
KpyroBoe pacnpocTpaHeHue noxapa no TBepAOW roptoyer Harpyske, NMHENHOe pacnpocTpaHeHue
noxapa no TBepAon roproyen Harpyske, HeyCTaHOBUBLLUEECH FOpeHUe roproyen XuakocTu.

CKOpOCTb BblropaHust Ang 3Tux cryvyaes onpeaenseTrcs opmMynamu:

2 2
ncu X oM x v X t = »Ojud KpyT'OBOI'O PacCHpPOCTpPaHeHuA Ioxapa
ya
ncu X 2 x v x t x b - Omng AMHEMHOTO paclpocTpaHeHus noxapa (II6.1)
va
ncu = <
/t
ncum x F x /—-—-— - IOJa HeycTaHOBMuBUIETOCHS TopenHus I'K,
v / t
\/ cT




roe ICu — yOeJibHasd CKOPOCTBb BHIOPAHMA (OJIS XUIOKOCTEM YyCTAHOBUBLIAACAH),
ya

c X M2);

V - CKOPOCTbL PaCHPOCTPaHeHMsa IJlaMeHyu, M/cC;

b - mmpuua nomocw ropouer HarpPy3KM, M;

t - BpeMsa CcTabmnms3auuy TOPEeHMS TOpKnYeM XUIOKOCTHU, C;

KT/ (

cT

F - nmomanes ouara moxapa, M2.

C yyeTtom pasgena Il gaHHoro npunoxeHus BelbMpaeTcs MeETO4 MOAENUPOBaHWS, hOPMyNnpyeTcs
MaTemaTudeckas MoAenb, COOTBETCTBYIOLLAA OaHHOMY CLiEeHapuio, U NpouMsBoaUTCA MoAenvpoBaHue
OVWHaAMUKM  pas3BuUTMA Moxapa. Ha ocHoBaHMM MNOMNyYeHHbLIX pe3ynbTaToB pacCcyYUTbIBAETCH BpeMs
OOCTWKEHNST KaxabiM M3 onacHblX (DakTOpoB MnoXapa npeAernibHO AOMYCTMMOrO 3HaYeHUs Ha NyTax
3IBaKkyauum.

KpuTudeckoe Bpems No KakgoMmy M3 oOnacHbiX (QakTOpoB noXapa onpegensieTcs Kak Bpems
OOCTWKEHUS 9TUM hakTopoM NpeAernibHO AOMYCTMMOro 3Ha4YeHUs Ha NyTAX 3Bakyauun Ha BbicoTe 1,7 m
OT nona.

[MpenenbHO AOMYCTMMbIE 3HAYEHUS MO KaX4OMY U3 onacHbiX DakTOPOB NoXapa COCTaBNAT:

(B pea. Mpukasa MYUC PO ot 12.12.2011 N 749)
no nosblleHHOW TemnepaType - 70 °C;

(B pea. Mpukasa MYUC PO ot 12.12.2011 N 749)
no Tennosomy noToky - 1400 B1/m2;

(B pea. MNMpukasa MYUC PO ot 12.12.2011 N 749)

no notepe Buammoctn - 20 M (gns cnyyasd, korga oba ropusoHTanbHbIX NMHENHbIX pasMepa
nomewieHmss meHbwe 20 M, NpegenbHO AOMNYCTUMOE pacCTosHMe MO MoTepe BWAMMOCTM creayet
NPVMHUMAaTb paBHbIM HANBOOMbLLEMY FOPU3OHTaNbHOMY NIMHENHOMY pa3mepy);

(8 pea. Mpukaza MYC PO ot 12.12.2011 N 749)

Mo MOHWKEHHOMY coepXaHuto kucnopoga - 0,226 kr/m3;

(8 pea. Mpukasa MYUC PO o1 12.12.2011 N 749)

MO KaXOOMY U3 TOKCUUHBIX ra3006pasHbix NpoaykToB ropenus (CO2 - 0,11 kr/m3; CO—-1,16-107°

kr/m3; HCL—23-10°° kr/m3).
(B pea. Npukaza MUC PP o1 12.12.2011 N 749)

Heobxogumo OTMEeTUTb, YTO MPX UCMONb3OBaHMKU MONEBOM MOAENMW OnpeaerieHne KPUTUYECKOro
BPEMEHN UMeEeT CyLEeCTBEHHblE OCOBEHHOCTW, CBSA3aHHble C TEM, YTO KPUTUYECKoe 3HadeHue B
Pa3nNMyHbIX TOYKax MOMELLEHMS OOCTUraeTcs He O4HOBPEMEHHO. [ns nmoMeLleHWn C ConsMepuMbIMU
rOPU3OHTanbHbBIMM pa3MepaMn KpUTUYECKoe BPeMs ONpeaenseTcs Kak MakCcumarnbHOe U3 KPUTUYECKMX
BPEMEH ANS 3BaKyaLMOHHbIX BbIXOAOB M3 OAHHOrO rnomelleHus (Bpems 6rokvpoBaHMsA nocnegHero

BbIXo4a).
OnpemengeTrcsa BpeMsa OJOKMPOBaHMA t
(o))
@)
I.B T T.T. 2 T.II
t = min <t , t , t , t , t > (116.2)
011 [ KpP KpP KpP Kp Kp J

II. Knaccndukauus n obnacts npMMeHeHNss MeToa0B
MaTeMaTM4eCckoro MOAenMpoBaHns noxapa

Ona onucaHusi TepmMorasoAMHaMWU4eckux napameTpoB Moxapa MNPUMEHSIIOTCS TPU OCHOBHbIX
rpynnbl 4ETEPMUHUCTUYECKUX MOZENEN: MHTErparbHble, 30HHbIE (30HarbHbIE) U NONEBbLIE.




Bbibop KOHKpEeTHOM MoZenu pacdeTa BpeMeHu OnoKMpoBaHMS MyTen SBaKkyauum criegyet
OCYLLIeCTBNATL UCXOAA U3 CreayoLwnx NpeanochInok:

WHTerpanbHbI METOA;:

ONna  340aHviA, codepXaliux pasBUTYD CUCTEMY MNOMELUeHWA Manoro obbema npocToun
reomeTpuyeckon KoHdurypawmu,

ONa NOMeLLeHUN, rae XapaKTepHbI pa3Mep ouyara noxapa COU3MEpUM C XapakTepHbIMU
pasmepamMu MOMELLEHUS U pas3Mepbl MOMELLEHUS COU3MEPUMBbI Mexay cobon (NMHEenHble pasmepsbl
nomeLLeHns oTnu4aroTcs He 6onee 4Yem B 5 pas);

ONs npeaBapuTeNbHbIX PAacYeToB C LIENbIO BbisIBMIEHUSA Hanbonee onacHOro cLueHapus noxapa;

30HHbIV (30HANbHbLIN) METOA;:

Ons NOMELLUEHNA N CUCTEM MNOMELLEHUA MPOCTOM reoOMeTPUYECKON KOHurypaumm, fnUHENHble
pa3Mepbl KOTOPbIX COM3MEPUMbI MeXAy COOON (NMHEVHbIE pa3Mepbl NOMELLEHNsT oTMYarTca He Bonee
yeMm B 5 pas), koraa pasmep ovara noxapa CyLeCTBEHHO MEHbLLE pa3MepOB NMOMELLEHNS;

Onst pabouymx 30H, PacroNOXEHHbIX Ha pas3HbiX YPOBHAX B Mpegenax OZHOro MoMeLleHus
(HaKMNOHHbIV 3pUTENbHBIN 3an KMHoTeaTpa, aHTpeconu 1 T.4.);

nonesown mMeTon;

ONS NOMELLEHUI CITOXXHOW reoOMETPUYECKOM KOHUrypaumm, a Takke MOMeLleHMn ¢ Gonblimm
KONMMYECTBOM BHYTPEHHUX nperpag (atpuymbl C CUCTEMOW ranepen v NpUMbIKAKLUX KOPUAOPOB,
MHOrO(OYHKLMOHAbHbIE LEHTPbI CO CIIOXXHOW CUCTEMOW BeEPTUKANbHBIX WU FOPU3OHTAlbHbLIX CBA3EW U
T.0.);

ONsl NMOMELLEHUA, B KOTOPbIX OOMH W3 reOMETPUYECKUX pasMepoB ropasfgo Gornblie (MeHblue)
ocTasnbHbIX (TOHHENW, 3aKPbITble aBTOCTOSIHKM OOMbLUON Nowaaun 1 1.4.);

ONA WHbIX CnyyaeB, Korga MPUMEHMMOCTb WNU MHAOPMATUBHOCTb 30HHBIX WM UHTErparbHbIX
MoZenen BbI3blBa€T COMHeHMEe (YHUKamnbHbIE COOPYXEHUs, pacrnpocTpaHeHuMe noxapa no dacagy
30aHns, HeOOXOAMMOCTb yveTa paboTbl CUCTEM NMPOTMBOMOXAPHOW 3aLmUTbl, CMNOCOOHBLIX Ka4yeCTBEHHO
W3MEHUTb KapTUHY noxapa, 1 T.4.).

Mpn ncnonb3oBaHUM WHTErpasibHOW M 30HHOW MoAernen Ans MOMeLleHUs, OAWH U3 FMHENHbIX
pa3mepoB KOTOporo Oonee 4yem B NSATb pa3 npeBbiwaeT XoTs Obl OOMH U3 OBYX APYIUX JIMHEWHbIX
pasMepoB, HEOOXOAMMO 3TO MOMELLEeHMe AenuTb Ha Yy4acTKW, pa3Mepbl KOTOPbIX COM3MEPUMbI MEXAY
cobon, n paccmaTpvBaTb y4acTKM Kak OTAEeSbHble MOMELLEHNs, coobLialwmecs npoemMmamu, nnowanb
KOTOpPLIX paBHa MMowaan CeyeHus Ha rpaHuue y4yacTKoB. Vicnonb3oBaHWe aHanorM4yHon npoueaypbl B
cnydvae, Korga Ba NUHerHbIX pasmMepa npeBbIWatoT TpeTuin 6onee yem B 5 pas, He JonyckaeTcs.

lll. WHTerpanbHas maTemaTudeckas MoAenb pacdeTa rasoobmeHa
B 34aHWK, NpuU noxape

(8 pea. Mpukaza MUC PO o1 12.12.2011 N 749)

Ons pacyeTa pacrnpoCTpaHEeHNA NpPOAYKTOB TropeHua no 30aHUK COCTaBIIAKTCA W pellarTcA
ypaBHEeHUA aspauuun, Tenso- n MaccoobmeHa Kak Ons Kaxgoro NoMeLlleHust B OTAENbHOCTU, Tak 1 Onis
BCEro 3gaHusa B LLeJ1OM.

ypaBHeHI/IFI OBWXEHNA, CBA3bIiBalOLWne 3Ha4eHNdA nepenagos JaBreHun Ha npoemMax Cc pacxogamum
ra3oB 4epes npoembl, UMEKT BUA:

Gy, =sign(AP; )-£-F -2 p-|AP,| , (N6.3)

roe GJ—i - pacxof rasoB yepes npoeM Mexay ABYMS (j-M 1 i-M) CMEXHbIMWU NMOMELLEHUAMU, Kr/C;

& - koappuumeHT pacxopa npoema (& =0,8 pna sakpeitbix npoemos u & =0,64 gna
OTKPbITBIX);

F - nnowaas cevyeHnst npoema, M2;

p - NAOTHOCTb rasos, NPOXOASALUMX Yepes NpoeM, Kr/M3;




APji - cpeaHuin nepenap, NonHbIX AaBneHun Mexay j-M 1 i-M nomeLleHunem, Ma.

HanpasneHwne (3Hak) pacxofa onpefensieTcs 3HakoM pa3HOCTU JaBNEHU APji .

B 3aBMCMMOCTM OT 3TOro NSIOTHOCTb P NpUHUMaET pas3fn4vHble 3Ha4YeHus.

3Hak pacxofa rasos (BXxoAsLWiA B MOMELLEHNE pacxon CYATAETCS MOMOXUTENbHbIM, BbIXOOAALLNNA -
oTpuuaTenbHbIM) U 3HaYeHMe P 3aBUCAT OT 3HaKa nepenaaa AaBlieHUiA:

-1, p=p,0pu AP <0
sign(AP),p = £=Pi P (M6.4)

+1,p=pi,anAP>0’

[na nporHo3npoBaHWsl NapaMeTpoB NPOOYKTOB ropeHust (TemnepaTypbl, KOHLEHTPaUUIA TOKCUYHBIX
KOMMOHEHTOB MPOAYKTOB FOPEHMs1) B MOMELLEHNAX MHOTO3TaXHOMO 34aHUSA Ha aTaXkax, pacrnosioKeHHbIX
Bbllle 3Ta)ka, Ha KOTOPOM MOXET BO3HMKHYTb MOXap, pacCMaTpuBaloTCS MPOLLECChbl pacnpoCTpaHeHUs
NPOAYKTOB roOpeHnsi B BEPTMKASbHbIX kKaHanax (NECTHUYHbIE KNETKN, WaXThl TMATOB, BEHTKaHarbl 1 T.M.).

BepTukanbHyto LWaxTy MO BbICOTE pasdensioT Ha 30Hbl, KOTOpble NPeacTaBnsioT y3nbl B
rmapaBnn4ecKkon cxeme 3gaHusi. 30Ha Nno BbICOTE MOXET OXBaTblBaTb HECKONLKO aTaxen 3gaHna. B atom
cnydae pacxof rasza Mexagy 30HamMmu MOXHO Bblpa3uTb (bopMyrnon Buaa:

A
G= P , (M6.5)
S
1
roe S = W - XapakTepucTtuka rmapaBiin4eckoro ConpoTmBrieHna Ha rpaHuLe 30H;

F - nrnowaab NonepeyHoro ceYeHns WaxTbl;
k - koadhbpuumeHT (gonyckaeTcs NnpuHMMaTh paBHbiM 0,05 c2/m);
g = 9,81 m/c2 - yckopeHue cBoboaHOro nageHus;

AP - nepenapg AaBneHuii Mexay yanamu.

3paHve NpeacTaBnsioT B BUAE MMAPABIIMYECKOW CXEMbI, Y3rbl KOTOPO MOAENVPYIOT NOMELLEHUs,
a CBSI3W - MyTW OBWKEHUS NPOAYKTOB ropeHus u Bosgyxa. Kaxaoe nomelleHne 3aaHusi onucbiBaeTcs
CUCTEMOV ypaBHEHWI, COCTOSILLEN U3 ypaBHEHWSI GanaHca Macchl, ypaBHEHUS COXPaHEHWUs SHEPTUK W
ypaBHEHWs1 OCHOBHOIO ra3oBoro 3akoHa (MeHaeneeBa-KnaiinepoHa).

YpaBHeHue GanaHca Macchl BbIpaxaeTcst (YOPMYIIoN:

d(p;-V;)/dt=y+> G, —> G, (16.6)
k i

roe Vj - 06beM nomeLleHus, m3;

t - Bpemg, c;

ZGk - CyMMa pacxo[oB, BXOOSLLMX B NMOMELLEeHue, Kr/c;
K

ZGi - CyMMa pacxofoB, BbIXOASLLMX U3 MOMELLEeHMS, Kr/c;
i

\J - CKOPOCTb BbIrOpaHuWsi NOXapHOW Harpysku, Kr/c.
YpaBHeEHNe COXpaHEHUSI SHEPIMW BbipaXkaeTcs (DOPMYJIION:

d(CV 'pj'Vj'Tj)/dtch'Z(Tk -G, )-C,-T;- > G, +Q.-Q,,, (N6.7)
K i




roe CV . Cp - yOoenbHasi u3oxopHas n nsobapHasa tennoeMkocTu, Kx/(kr-K);

Ti , Tj - TemMnepaTypbl ra3oB B i-M U j-M nomeLleHusix, K;

QF - KONIMYECTBO Tenna, BblAENSEeMOro B MOMELLEHUN Mpu ropeHnu, KBT;

QW - TensI0BOW NOTOK, NOMNOLWAaeMbli KOHCTPYKLMAMN U U3fiydaemblin Yepes npoemsl, KBT.

[ns nomelueHna ovara noXxapa BermynHa QF onpegenaeTca no d)opmyne:

Q =(m-Q,+ Ny,

roe 77 - Koad@UUNEHT NOSHOTLI FOPEHUS;

QH - HM3LWas TennoTa cropaHus, KIXK/Kr;

| = C, -T - aHTanbLNUaA rasnuULMPOBaHHOR roptoYeit Harpysku, KIK/kr;
C, - yAenbHas TennoemkocTb NpoayKToB NMponu3a, kx/ (kr-K);

T - TemnepaTtypa NpoAaykToB nuponuaa, K.
[ns octanbHbix nomettennin Q. =0.
KoadhdmumneHT nonHoTbl ropeHnst 77 onpenensercs no gopmyne:

Z xox,k .Gk
n=n,- K +'(1— K)k\V‘—LOX, (M6.8)

rae 1), - KoaddULIMEHT NOMHOTbLI TOPEHNSI B PeXUMe noxapa, perynmpyemom roptoyeit Harpyakom,

onpegensembin GopMynon:

1, =0,63+0,2- X, , +1500- X ;. (M6.9)

ox,0

KoadpduumeHT K paccunteiBaetcs no chopmyne:

>(OXI’Tl ’ XOXm
K ' exp| B:|1-—= , (M6.10)
X X

ox,0 ox,0

2

Xox,O
rpe B=| —— | ;
Xoxo—0,01
X _ o - HayarnbHasa KOHLUEHTpaLusa KUCNopoaa B MOMELLEHUN odara noxapa, Kr/kr;

ox,0

X

oxm ~ TEKYLLAA KOHLUEHTpaLunsa Kncnopoaa B noMeLeHnn o4ara noxapa, Kr/Kr;

L, - xonnyecTso kucrnopoaa, nornowaeMoro npu cropaHuy 1 Kr roprodelt Harpyaku, K/Kr.

YpaBHeHne MeHgeneesa-KnannepoHa Bbipaxaetcs dhhopMyromn:

R
Py =p; Ty o (M6.11)




roe PJ. - faBneHve rasa B j-M nometleHuu, Ma;

TJ. - TeMnepatypa rasa B j-M nometieHuu, K;

R = 8,31 - yHuBepcanbHas rasoBast noctosiHHas, [hx/(monb-K);

M - MmonsipHasi macca rasa, Moflb.

MapameTpbl rasa B MNOMELLEHMN OMNPEAENSOTCA M3 ypaBHeHUs 6anaHca Macc OTAenbHbIX
KOMMOHEHTOB MPOAYKTOB FOPEHUS U KUCIOpoAa M ypaBHEHWUst 6anaHca ONTUYECKON NOTHOCTU AbiMa.

YpaBHeHue 6anaHca Macc OTAeNbHbIX KOMMOHEHTOB NPOAYKTOB rOPEHUs U KUCNOopoAa:

d(XL,j P, VJ)/dt:\VLL +Z(XL,k .Gk)_XL,j ZGI ,(M6.12)
k i

rae X ;, X,

j - KOHLeHTpauus L-ro KOMMOHeHTa NPOAYKTOB FOPEHUsI B i-M U j-M NOMELLEHUSIX,

KI/KT;
LL - KonmnyectBo L-ro KomMnoHeHTa npoAyKTOB ropeHus (Kucrnopopga), BblaensitoLierocs

(nornouatoLerocst) Npy CropaHmMm 04HOro KunorpaMmma noXapHOW Harpysku, Kr/Kr.
YpaBHeHne GanaHca onTUYECKON NAOTHOCTU AbiMA:

V,-dy,/dt=y-D +> (- Gy )/pye ;- D, Gi /p;. (M6.13)
k i

. . -1
roe M, },LJ- - onTn4yeckaa MNioTHOCTb AbiMa B I-M U J-M NMOMELLEHNAX, Hmr-m ;

Dm - ApiImoobpasytoLLias cnoCOBHOCTb NoXapHOW Harpy3ku, Hn-m2/kr.
OnTtuyeckasi NNOTHOCTb AbiMa MPU OObIYHLIX YCMOBUSIX CBsi3@aHa C pacCcTOsiHUEM MpeaeribHON

BMOMMOCTU B AbIMY OOPMYIION:

l,, = 2,38/ 1. (N6.14)

[na nomelleHnn 6e3 UCTOYHMKa Tenna cuctema ypasHeHun (16.6), (M6.7) u (16.8) ynpowaeTca n

npeacraesndaeTcd B Buae:
G, (t) =sign (AP, (t))-p-F-/2:p, :|AP, (1)

- Gij(T)
—=0
iZl: Pk

, (M6.15)

roe py =%-[pi +sign(APij)-pi +p; —sign(APij)-pj]

I'IepBoe ypaBHEHNE CBA3bIBAET nepenabl OaBMEHUN Ha COEAMHAILWINX NOMeLleHne npoemMax c
pacxoaom rasa 4epes 3T npoembl. BTopoe - BblpaXXaeT NoCTOAHCTBO obbema Ans gaHHOro NOMeLLEeHMs.

aT

Takum obpasom, Ana Bcero 3gaHus TpebyeTca pellatb CUCTEMY, COCTOSLLYK W13 (mm+mgc)-n
HenvHenHbIX ypaBHeHun Buaa (16.12) un n,-n, NHenHbIX ypaBHeHwui Buaa (M6.13). 3gece M n

M__. - COOTBETCTBEHHO YNCMNO rOPU3OHTAalbHbLIX N BEPTUKATBbHbBIX CBSI3€l Ha aTaxe; ny - YANCJIO Y3I10B;

BC

N_ - yucno ataxen.

3T




Cuctema ypaBHeHWI, Bkntovawwas B cebs ypaBHeHus ([16.6), ([16.7) ana nomelieHus ovara
noxapa u (M6.12), (M6.13) ana ocrtanbHbIX MOMeWeHun un ypaBHeHue ([16.11), onucbiBalowwas
rMOpaBNYECKYI0 CXEMY 30aHWS, pellaeTcs YMCIEHHO MEeTOAOM WTepauuyM B COBOKYMHOCTU C METOAOM
CEeKyLLUX.

OcHOBHblE ypaBHeHNA AN onpefeneHns TemnepaTypbl ra3a v KOHUEeHTpaLumum NPoAYKTOB ropeHus
B NOMeELLEeHNAX 34aHUsi NOSyYeHbl U3 ypaBHEHWUA COXPaHEHMWS AHEPrMU 1 MacCh.

TemnepaTtypa rasa B NoMmeLleHUW, roe OTCYTCTBYET oyar noxapa, onpenensietcsl U3 ypaBHeEHUs
Tennosoro BanaHca, KOTOPOe MOXHO MNOMNy4YMTb M3 ypaBHEHUs coxpaHeHus aHeprum ([16.7). Popmyna

ana onpeneneHna tTemneparypbl ra3a B j-M nomMeLLeHnn 3ganuns B "n"-bIn MOMEHT BpeMeHu:

T, = k=l +
CVZ-[ZGk—ZG[}+CPZ-ZGi+a*jn-an+a*jCT-FjCT
k=1 i=1 i=1
(CPB Gk'Tk)"'QJ
+ T = : — - ., (M6.16)
C.. ZG,{—ZGI +C,, Zelm*jn F,+a*. F.
k=1 i=1 i=1
C. (ZG,{—ZG,)+CW > G +a*, F,+a* F.
exp | — = =L c ; v At
ve Fjo V)

roe Qj - CyMMa WUCTOYHUKOB (CTOKOB) Tenfa B o6beme j-ro MoMmeLleHuns 1 Tenna, yxonsiero B

orpaxgatoLime KOHCTPYKLNK;

T(1)-T. (v)

T(r)—T0

a*=a- - NpUBEAEHHbIN KOSPDULMEHT TENNOOTAAUM;

TO - Ha4YalibHaa TemMnepartypa B NnoMeLleHnn;

F. - nnowanb NnoBepXHOCTY OrpaXaatoLLmMX KOHCTPYKLIMIA B j-M MOMELLEHNN.

jer

KoadhduumneHT TennooTgadum ¢ MOXET OblTb paccymMTaH no amnmpudeckon dopmyrne:

4,07-3T, -T, npu T,, <60 °C
o= .(M6.17)
11,63-exp[ 0,0023-(T, - T,)] mpu T, >60 °C

KoHueHTpaumsa oTAenbHbIX KOMNOHEHTOB ra3oBblX CMECEeN B NOMELLEHNSX 34aHUS BblYUCISAETCH U3
ypaBHeHusa 6anaHca macchl AaHHOro komnoHeHTta ([16.12). KoHueHTpaums L-ro KOMNoHeHTa NpoayKToB
rOpeHust B j-M NomMeLLeHUn B "n"-bIl MOMEHT BPEMEHU onpeaenseTca ypaBHEeHeM:




(XLk Gk) (XLk'Gk) ZGk

XLJ'(n) = n + XLj(n—l) — n exp k=l At |. (M6.18)
ZGk sz PV
k=1 k=1

OnTuyeckast KOHLEHTpauus AbiMa B MOMeELLeHUsX onpendenseTca u3 6anaHcoBOro ypaBHEHUS

(M6.19). HatypanbHbI NokasaTenb ocrnabneHus cpedbl B j-OM MOMELLEHUN B "N"-bIl MOMEHT BPEMEHU
onpegensieTcsi ypaBHEHNEM:

n n n
Z(Hk'Gk) Z(Hk'Gk) sz
H(n)jzkzln—Jr H(n-l)j_k:ln— -exp _k:1V -At |. (M6.19)
ZGK sz PV
k=1 k=1

AHanuTnyeckme COOTHOLLIEHNS OS1s onpepgeneHuna KpI/ITVI‘-IeCKOIZ
npoOoOJIKUTESNTbHOCTU NMOXKapa

[na ogMHOYHOro nomMeLleHns BoICOTON He Bonee 6 M, yAOBNETBOPSIOLLErO YCNOBUAM NPUMEHEHNS
WHTErpanbHON Mogenu, Npu OTCYTCTBMM CUCTEM MPOTMBOMOXAPHOMW 3aLUnThl, BIUSIOWNX HA pasBuTue
noxapa, 4OnyckaeTcs onpeaensiTb KpUTUYECKME BpeMeHa Mo KaXaoMy M3 onacHbIX hakTopoB noxapa ¢
NMOMOLLIbIO aHANUTUYECKNX COOTHOLLIEHWIA:

Mo NOBbILLIEHHOW TeMnepaType

%
7 21B oy 1407t , (M6.20)
(273+t,)-z

no nortepe BMANMOCTU

-1 n
= B in|1- Y In(@.05-0-E , (M6.21)
* 1A l,-B-D, z
no NOHWXeHHOMY CoAepXaHUo Kucrnopoaa
A
B 44
te: = Xln 1- 5 LO’O , (N6.22)
(°2+O,27}-z
Vv

no Kaxgomy m3 ra3006pa3Hblx TOKCUYHbIX MPOAYKTOB ropeHus




1

.. |B V-X
ty =1—-In| 1-—— , (M6.23)
A B-L-z
353~cp -V
rae == - pasmepr||7| KoOMMNnekc, 3aBI/ICF|LLI,I/Il71 OT TenrnoTbl CropaHna matepuana un
(1-¢)-n-Q,

cBoOoAHOro o6beMa NoMeLLEeHNS, Kr;
t, - HauanbHas TemnepaTypa Bo3ayxa B nomelleHnu, °C;

N - nokKasaTellb CTeneHu, y‘-IMTbIBal'OIJJ,MIZ M3MeHeHne Maccbl BbIropalwLwero martepuana BO
BpeMEHMN;

A - pasmeprHZ napameTp, y‘-IMTbIBal'OLIJ,MIZ yOenbHyH0 MacCOBYH) CKOPOCTb BbIrOpaHuA roprodero
MaTtepuana u nnowanb noxapa, KF/Cn ;

Z - Ge3pa3mepHbIii NapameTp, YYMTbIBalOLWMA HepaBHOMEPHOCTL pacnpeaeneHus OPI no BbicoTe
NOMELLEHNS;

QH - HM3LWaga TennoTa cropaHua matepuana, MIOx/kr;

Cp - yaenbHas usobapHas TennoemMKocTb AblMOBbIX razoB, MIxx/(kr-K) (qonyckaeTtcs npuHUMaTh

paBHOW TENNOEMKOCTH Bo3ayxa npu 45 °C);

@ - koadpUUMeHT Tennonotepb (MPUHMMAaETCH NO AaHHbIM CMAPaBOYHOW NUTepaTtypbl, Mpu
OTCYTCTBMM OaHHbIX MOXET ObITb MPUHAT paBHbIM 0,55);

M - KO3PDULMEHT NONHOTLI ropeHus (onpegensetcsa no dopmyne 16.9);

V - cBo6OAHbIN 06bEM NOMeELLEeHUs, M3;

a - KO3a(PULMNEHT OTpaKeHUs NpeaMeToB Ha NyTAX 3BaKyauuu;
E - HayanbHas 0CBELLEHHOCTb, NK;

|np - NnpegenbHast 4anbHOCTb BUAMMOCTY B AbIMY, M;
D,, - abiMooBpasyrowas crnocobHOCTb ropsilero Matepuana, Hn-m2/kr;
L - yaenbHbIi BbIXOA TOKCUYHbIX ra3oB Npuv cropaHumn 1 kr MaTepuana, Kr/kr;

X - npegenbHO JONYCTUMOE COoAepPXXaHWe TOKCUYHOrO rasa B NMOMELLEHNN, Kr/™m”> ( XCOZ =0,11
k/m3; Xoo =1,16-107 kr/m3; X, =23-107° kr/m3);
LO2 - YOenbHbIA pacxog Kucropoaa, Kr/kr.

Ecnn nog 3Hakom norapudma nonyyaetrcsa oTpuuaTenbHOe 4ucno, To AaHHbii Ol He
npencTaBnsieT OnacHoOCTy.

MapameTp z BbIYMCIISIOT Mo opMyrne:

h h
Z=—-exp|l,4-— npu H <6 M, (N6.24
H p H p ( )

roe h - Beicota paboyein 30HbI, M;
H - BblCOTa NOMELLEHNSA, M.
OnpepenseTcs BoicOTa pabo4yen 30HbI:

h=h_+17-0,5-5, (16.25)

rge hnn - BbICOTa nmiiowagkuy, Ha KOTOpOVI HaxogAaTca nogun, Hag nosioM nNnoMelweHnd, m;

0 - Pa3HOCTb BbICOT nona, paBHaA HYIMHO NMpu ropu3oHTallbHOM ero pacnosioXXeHunu, M.




CrnegyeT vMmeTb B BuAy, 4YTO Haubornblueli OMacHOCTM Mpv MoXape MoaBepralTcs Joau,
HaxoZswuecs Ha Goree BbICOKOM OTMeTke. [MoaToMy, HampuMep, NpU OnpeaesieHnn HeoGXOAMMOro
BPEMEHM 3BaKyauuu fiofden U3 naptepa 3pUTENbHOTO 3ara C HaKMOHHbIM MOfIoM 3HayeHue h criegyet
HaxoauTb, OPUEHTUPYACb Ha Havbornee BbLICOKO pacronoXeHHble psaabl kpecen. MapameTpul A U n
BbIYMCIIAOT TakK:

ANS cryyas ropeHus XXMOKOCTU C YCTaHOBUBLLEACA CKOPOCTLHO:

A=y, -Fn=1,

rae - yAenbHas MaccoBasi CKOpOCTb BbIrOPaHWst KUAKOCTH, Kr/(M2-C);
ANSA cryyas ropeHust XXUAKOCTU C HeYCTaHOBMBLLIENCA CKOPOCTLIO:

Ao 0,67-W}70-F
t

cm

n=15,

ANs KPYroBOro pacnpocTpaHeHus noxapa:
—_— 2 —_—
A=105vy, -V n=3,

rae V - nuHenHasa CKopoCTb pacnpoCcTpaHeHns nnameHu, m/c;

ANs BEPTUKaNbHOW UMM ropU3OHTarIbHON NOBEPXHOCTU FOPEHUS B BMAE NPSMOYrofibHUKA, ogHa n3
CTOPOH KOTOPOrO YBENMYMBaETCS B ABYX HaMpaBreHUsaxX 3a cHeT pacnpocTpaHeHNs nnameHn (Hanpumep,
pacnpocTpaHeHne OrHA B rOpU3OHTanbHOM HanpasneHMn No 3aHaBecy Mocne oxeBaTta ero nnameHem no
BCEW BbICOTE):

A=y, -V:bn=2

roe b - nepneHgnKynapHbIA K HarnpasneHo OBUKEHWS NaMeHn pasMmep 30HbI FOPEHNS, M.
Mpwn oTcyTCcTBMM cneumanbHbiX TpeboBaHMi 3Ha4yeHus a u E npuHumatotcs paBHbimu 0,3 n 50 nk

cooTBETCTBEHHO, a 3Havenne | =20 m.

IV. MaTemaTtnyeckas OBYX30HHaA Moerb noXapa B 34aHuun

npl/l peweHnn 3agavy ¢ ncnonb3oBaHNEM ,D,ByXSOHHOIZ Moenn noXap B 30aHUN XapaKTepusyeTca
yCcpeOHeHHbIMU NO Macce n o61=emy 3Ha4YeHnAMn napamMmeTpoB Sa,D,bIMHeHHOVI 30HblI:
T - Temnepatypa cpeabl B 3adbIMIIEHHON 30He, K;
MIO - OonTU4ecKas NMnoTHOCTb AbiMa, Hn/wm;
X - MaccoBas KOHLEHTpalUusa 1-TOrO0 TOKCMUYHOTO MNPOAYKTa TOPEeHUus B
i
3aIBMIIEHHOM B0OHe, KI/KI;
X - MaccoBas KOHLEHTpaumus KUCIOoOpoma, KI/KI;
K
Z - BblCOTa HUXHEN rpaHnubl Cnoda AbiMa, M.
B cBowo o4yepenb nepedyYncrnieHHble napaMeTpbl BblpaXakdTCA 4Yepe3 OCHOBHble WHTEerpalibHble
napameTpbl 3a4bIMIEHHON 30HbI C MOMOLLbIO creayoLwmnx hopmMyn:

T
Q = mHTerpan m x c¢ (T) x dT, (I16.26)
3 0 p




i K
X = --, X =--, (16.27)
i m K m
S
MO = ——, (116.28)
V
I
\Y
m bi
po = —-, 2Z=H - --, (116.29)
V A
I
rme m, m - ofmas Macca OpMa M COOTBETCTBEHHO 1-T0 TOKCMUYHOTO NPOOYKTa
i
TOpEeHMs B BaObMIIEHHOM 30HEe, KI';
m - Macca Kucjopola B 3BaIbBIMIIEHHOM 30He, KI';
K
Q - >2HTaNbLOMA NPOOYKTOB TOPEHMS B BAIOBIMIIEHHOM 30He, KIX;
3
S - onTuMyeckoe KOJMYECTBO mObMa, HI X M2;
PO - IUJIOTHOCTH mOeMa Npu Temnepatrype T, Kr/m3;
V - obbeM 3ameIMJIEHHOM SOHH, M3;
o
H, A - BocoTa u Iomwanb NOMELEHUS, M;
C - yHmeJsbHasd TelJioeMKOoCTb meMa, kIx/ (K x xr).
p

[nHaMmnka OCHOBHBbIX MHTErpanbHbIX MNapamMeTpoB 3a4bIMITEHHOM  30HbI onpeaendaeTca
MHTErpnpoBaHnemM CUCTeMbl crnegyrLinx ©anaHcoBbIX ypaBHeHMﬁ:

obLen maccbl KOMMNOHEHTOB 3a4bIMNEHHOM 30HbI C y4€TOM AbiMa, BHOCMMOIO B 30HY KOHBEKTMBHOM
KONOHKOWN 1 AbiMa, yoandaemoro 4epes npoembl B coceaHne nomeLleHna:

dm
--=G6G -G, (I16.30)
dt K I
roe t - Tekyumee BpeMHa, C;
G , G - MaccoBul pacxon IbMa COOTBETCTBEHHO Uepes KOHBEKTMBHYK KOJIOHKY
K I

M OTKPEHITBEIE IIPOEMEI B IIOMEUEeHUN, KI‘/C,‘
3HTaNbNNA KOMMOHEHTOB 3a4blMIEHHON 30HbI C y4eToM Tenna, BHOCMMOro B 30HY KOHBEKTMBHOWM
KOJTOHKOW, TennooTaayn B KOHCTPYKUUM U YHOCA AblMa B NPOEMbI:

dQ
--=0Q -0 -0 , (I16.31)
dt K I1 KOH

roe Q , Q , Q - TerJioBad MOIHOCTE, COOTBETCTBEHHO BHOCUMAas B

K I KOH
3aIBIMJIEHHYIO 30HY KOHBEKTMBHOM KOJIOHKOM, yIajiseMas C IOEMOM Yepe3 OTKPBITHE
NpOeMEl M TepAeMasa B KOHCTPYyKUUM, KBT;
MaccChbl KMcrnopoja ¢ y4eToM NoTepb Ha OKUCIIEHME NPOAYKTOB NMUPONn3a roptovnx BeLLeCTB:




dmOX

-G, (M6.32)

0

:O,23-(GK—n-\y-LOX)—X
(B peq. Mpukasa MYC PO ot 12.12.2011 N 749)

T - NONHOTa CropaHns roploYero Matepuana, Kr/kr;
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

/- CKOPOCTb BbIrOpaHWs roptoyero marepuana, Kr/c;
(B pea. Mpukaza MYUC PO o1 12.12.2011 N 749)

LOX —n0Tpe6neHmechnopouaan(xopanmenMHMublMaccuropwqu)MaTepmana,KHKH

(B pea. Mpukaza MYC PO o1 12.12.2011 N 749)
ONTUYECKOro KoNn4ecTsa AblMa C y4eTOM AbIMoobpasytoLen cnocobHOCTH ropsLero Matepuana:
(B pea. Mpukaza MYUC PO ot 12.12.2011 N 749)

:l—szyx- D, -G, el , (M6.33)
t p

(B peq. Mpukasa MYC PO ot 12.12.2011 N 749)

roe Dm - AbIMoobpasytoLas cnocobHOCTL roptoyero maTepmana, Hn/(m2-kr);

(B pea. Mpukasa MYC PO o1 12.12.2011 N 749)
Macchl i-ro TOKCMYHOIO NPOAYKTA FOPEHUs:

dm
i
-——=mnmecu X L -x x G, (16.34)
dt i i I
roe L - MACCOBHIM BEIXOL 1-T'0 TOKCHMUYHOT'O MNPOOYyKTa I'OPEeHMs, KI'/KT.
i
Macca KOMIIOHEHTOB IObIMa G ’ BHOCUMMEBEIX B 3aIbIMJIEHHYIO 30HY KOHBEKTUBHOMN
K
KOHOHKOVI, OLl€eHMBaeTC4da C yyeTOoM KoJInmuecTBa BO3OyXa, BOBJIEKaAeMOTI'O B
KOHBEKTMBHYK KOJIOHKY IIO BCeM ee BECOTEe IO HMWXHEeM I'PaHMUBl CJIOS OeMa. B
VMHXEHEPHBIX pacueTax pacxon KOMIIOHEHTOB JIbIMa uepes OCEeCHVIMMETPUYUHYIO
KOHBEKTVMBHYIO KOJIOHKY Ha BEICOTE HVXHEeTI O YPOBHA Ba,I[bIMJTeHHOﬁ 3O0OHEL Z (B
3aBUCHMOCTIU oT TOTO, Kakad obJyacThb KOHBEKTUBHOMN KOJIOHKM nJin @aKena

IOTPYyXEeHa B 3aIObIMJIEHHYIO BOHY) 3alaeTCs [IOJIySMIMPUUECKOM (QOPMYyJION :

Z 0,566
0,011 x Q x (===-) ojns objactu dakerna
2/5
Q
z 0,909
G = <0,026 x Q x (----) 0Ji9 T[epexXOoIHOoM obJjacTu (116.35)
K 2/5
Q
Z 1,895
0,124 x Q x (=-=---) nyia obJjiacTy KOJIOHKM,
2/5




rae Q - MOLLHOCTL oYara noxapa, KBT.

JuHaMuKka napaMeTpoB ouara rnoxapa OnpeaensieTcs pasBuTMEM MIIOLWAaan roOpeHust C y4eToMm
CINOXHOrO COCTaBa roploYMX MaTepuanos, UX PacriofioXeHWsl, MecTa BO3HUKHOBEHWS o4ara rnoxapa u
MOSHOTbI CropaHus:

Q=7-v,-Q,-F(t).(m6.36)
(8 pea. Mpukasa MYC PO ot 12.12.2011 N 749)
[loTepu Tensa B oTpaxiapiye KOHCTPYKLUMM PaCCUMTEBATCSA C YyUeTOM
TeMIepaTyprl Topsuyer cTpyu T , CKOPOCTU UM M3JIydaTeJIbHOM CIOCOOHOCTU CTPYH,

c
OMEIBAKMEY KOHCTPYKLUMM M OpOTpeBa caMoM 1-1 KoHCTpykumm T (y) DO ToJsmmHe Y.

i
IJida 2TOIO UMCJIEHHO VHTerprpyeTcd HeCTalMOHApPpHOe YypaBHEHUEe @ypbe:

dT (y) d nambpa (T) x dT (y)

—————— i G (16.37)

C rpaHN4YHbIMU N Ha4YallbHbIMU YCIOBUAMMWU:

dT (y)
i
(ampdpa + amvda ) x (T - T ) = -;mambma x —--————- , (II16.38)
K JI c w % dy
y=0
dT (y)
i
(anmbba + anvda ) x (T - T (menbra)) = -namdbma(T) X —————-— , (I16.39)
K JI 0 i dy
y=meJyibTa
T (O,y) =T , 0 <=y <= pgenbra, (I16.40)
i 0
roe anbba , anbda — COOTBETCTBEHHO KOHBEKTMBHEIM U JIYUUCTHM KO30IMLIMEHT
K JI

TerooTmaum, BT/ (M2 x K);
[AenbTa - TOMWMHa OrpaXaatoLLen KOHCTPYKLMK, M;
C(T) - TennoemKoCTb MaTepuana KoHCTpykuum npu temnepatype T(y), Ix /(kr2 x °K);
nam6aa(T) - TennonpoBOAHOCTb MaTepuana KoHCTpyKuum npu TemnepaTtype T(y), B1/(m x °K);
- - TeMIIepaTypa COOTBETCTBEHHO oéorpeBaeMoﬁ HYacCTM KOHCTPYKUUUM U
w 0]
cpenbl y HeoborperaeMoy noBepxHocTH, K;
PO - NNIOTHOCTb MaTepuana KOHCTPYKLMK, Kr/M.
TennoBble M MaccoBble MOTOKM Yepe3 MPOeM B Kaxablh MOMEHT BPEMEHU pacCyUTLIBAKTCH C
y4eToM TeKyLlero nepenaza AaBfieHuUsi MO BbICOTE MPoOemMa, CoCTaBa M TeMnepaTypbl ra3oBoi cpeabl Mo




006e cTopoHbl MpoeMa (cxema pacyeTa Ha puc. I16.1). Tak, MaccoBbIli pacxod AbiMa 13 NoOMeLLEeHUs oyara
noxapa B cocefHee NoMeLLEHNE PacCYnTbIBAETCS CrneayroLmmMm o6pasom:

Y
max  ------—-———-—-"-""-""-""—-""\"—""-"""—"—-"———"———-
G =B x xkcu x mHTerpan \/2 x po x (P(h) - P (h)) x dh, (I16.41)
II Y 2

min
roe B - wupuHa npoema, wm;
KCW - a3poanHaMMNYECKNn KO3IPPULMEHT NPoeMa;
P(h) - P (h) - pasHuuua maBsieHMI B NOMEWEHMAX Ha BHCOTE hj

PO - NNIOTHOCTbL AbiMa B 3a4bIMIEHHOM 30HE COCeaHEro NoMeLLeHNs npun temnepartype gbima T.

Puc. M6.1. MacconoToku yepes Nnpoem (He NpuBOAMTCS)

[lpenesiel MHTEIPUPOBaHMA Y ny BEIOMPATCA B Npenejlax CTBOpa IpoeMma,
max min
crosd OeIMa [IOMEIeH A ouara Imoxapa ¥ TaM, TOe u30HTOUHOE IaBJIEHUE
HOensrra P = (P(h) - P(h) ) > 0, xaxk »TO ykKaszaHo Ha puc. II6.1.
2

Heobxooumasi anst oueHku nepenaga AaBreHMsi MO CTBOPY MPOeMa 3aBUCUMOCTb OaBReHUs oT
BbICOTbI B i-M MOMELLEHUN (C y4eTOM 3abIMIIEHHOW 30HbI 3TOFO NOMELLIEHUS) OLleHMBAaETCs Kak:

P —p -o-h ecimh<Z.
P.(h)= 0P8 ' (N6.42)
Po—P,-9-Z,—p,-g-h ecnuh>Z,

(8 pea. MNpukaza MYUC P® o1 12.12.2011 N 749)

roge P - Tekyllee IaBJIEHME B 1-M IOMEIeHUM Ha HYJEeBOMW OTMeTKe (ujan
i0
IpMBeIeHHOe K HYJIeBOM OTMEeTKe, €eCJM ypPOBEeHb I[I0Jla [IOMEUeHMS BHIIe HYJIEBOM
OTMETKU) ;
PO - IJIOTHOCTL BO3Oyxa IIpM HadaJIbHOM TeMiepaType T ;
0 0
Z - Tekymasd BECOTa HE3aILMIIEHHOM BOHE B 1-M [IOMEUEHUMU .

1
PaccuntaHHble napameTpbl TennomMmaccoobmeHa B npoemMe UCNosnb3yrTCA KaK rpaHNU4YHbIe YyCIloBUA
ana cocegHero noMmeLleHuns.

V. lNoneBon MeToa MOAENMPOBaHMSA NoXapa B 3a4aHnn

OcHoBOM Ansi NONEBbIX MOAENeN MoXapoB SABMNSTCA YpaBHEHWs, Bblpa)alolue 3aKoHbI
COXpaHeHMUs Macchbl, MMNYIbca, 3HEPTUN U MacC KOMMOHEHTOB B pacCMaTpUBaeMOM MasioM KOHTPOSbHOM
obbeme.

YpaBHeHne coxpaHeHUs Maccbl:

dpo d
-——— + ——— (po x u ) = 0. (I16.43)
dt dx j

]

YpaBHeHne coxpaHeHuns nMmnynbca:




d d dpo ij
-— (poxu) + -—— (PpOXUu xXUu) == —7++ —————= + po x g . (II6.44)
dt i dx J i dx dx i

i i i

ONs HbIOTOHOBCKUX >KMOKOCTEN, MOAYMHSIOWNXCA 3akoHy CTOKca, TEH30p BHA3KUX HanpshKeHWn
onpeaensieTcs opMynon:

du du du
i j 2 K
Tay = MO X (--— + -==) - - x MO X -—- X IejbTa . (I16.45)
ij dx dx 3 dx ij
J i k
YpaBHeHuWe 3Hepruu:
R
dqg
d d dp d Jambna dh 3
--(po x h) + ———(po xu x h) = —— + ——(-—————- X -—=) - -——, (II6.46)
dt dx J dt dx c dx dx
i i p J J
T
rone h = h + wmHTerpasn ¢ dT + SUM (Y x H ) - craTruueckas SHTaNbNMA
0 T p k k k
0
CcMecu,
H - rennmora obBpaszoBaHus k-To KOMIOHEHTA;
k
c =SUMY x c - TEeIJIOEMKOCTH CMECU MNP [OCTOSHHOM IIaBJIEHUM;
p k Kk p,.k
R
J - paIMalMOHHBEI NOTOK DHEPIMM B HANPaBJIEHUM X .
J J
ypaBHeHI/Ie COXpaHeHnAa XMMN4eCKkoro KOMnoHeHTa k:
dy
d d d k
-——(poxY )+ ——((o xu XY)=-—((poXxXxDx---) +S . (16.47)
dt k dx J k dx dx k
i i i

Ons 3ambikaHus cuctembl ypaBHeHwu (16.43) - (I16.47) ucnonb3dyeTcs ypaBHEHME COCTOSHMSA
naeanbHoro rasa. [na cmecu rasoB OHO UMeeT BuA;

Y
k
p=poXR XTxSUM -, (116.48)
0 k M
k
roe R — YHUBEpPCaJibHad I'al30oBad IIOCTOAHHAaA;

0




M - mMomgpHas Macca k-T'O KOMIIOHEHTA .

k

3apeructpupoaHo B MuHuctepctae KOctuumm PO 6 asrycta 2009 r. N 14486

MWHUCTEPCTBO POCCUACKOW ®EOEPALIMM NO AENAM MPAXOAHCKON
OBOPOHbI, YPE3BbIYAAHbIM CUTYALIMAM U NIUKBUOALMA
NOCNEONCTBUA CTUXUUHBLIX BEOACTBUN

NMPUKA3
ot 30 utoHa 2009 r. N 382

OB YTBEPXXOAEHUN METOOUKU
OMNPEAENEHNA PACYETHbIX BENTMYMNH NOXXAPHOIO PUCKA B 30AHUAX,
COOPYXEHUAX U CTPOEHUAX PA3JTUYHbIX KNACCOB ®YHKLMOHAIIbHOWN
NMOXAPHOW OMACHOCTH

B cootBetcTBUM Cc PepepanbHbiM 3akOHOM OT 27 aekabps 2002 r. N 184-d3 "O TexHuyeckom
perynupoBaHmun" <*> u NMoctaHoeneHnem lNpaeButenbctea Poccuiickon ®epgepauumn ot 31 mapta 2009 r.
N 272 "O nopsiake NpoBeAEHMS1 pacyeTOB MO OLLEHKE NOXapHOro pucka" <**> npukasbiBato:

<*> CobpaHue 3akoHogaTensctBa Poccuickon ®egepaumm, 2002, N 52 (vactb 1), cT. 5140; 2005,
N 19, ct. 1752; 2007, N 19, cT. 2293; 2007, N 49, c1. 6070; 2008, N 30 (4acTtb Il), cT. 3616.
<**> CobpaHue 3akoHogaTenbcTBa Poccunckon ®enepaunn, 2009, N 14, c1. 1656.

YTBepauTe npunaraemyro MeTOAMKY OfpederieHnsi pacyeTHbIX BerWYUH MOXapHOro pucka B
30aHNAX, COOPYXKEHMSIX N CTPOEHUSIX Pa3NMYHbIX KNaccoB (OYHKLMOHAMNbHOM NOXapHOM ONacHOCTY.

MwuHuncTp
C.K.LLuownry

MpunoxeHue
K Mpukazy MYC Poccun
o1 30.06.2009 N 382

METOOVKA
OMNPEAENEHNA PACHETHbIX BENNYNH NMO>XXAPHOIO PUCKA B 30AHNAX,
COOPYXEHMAX 1 CTPOEHUAX PA3JIMYHBIX KNACCOB ®YHKLIMOHANBHOW
MOXAPHOW ONACHOCTW

|. OOLKMe nonoxeHus

1. HacTosiwaa meToavka onpedeneHus pacyeTHbIX BEMWYMH MOXapHOro pucka B 34aHusIX,
COOPYXKEHUSIX U CTPOEHMSIX PasfiMYHbIX KaccoB (PYHKUMOHANbHOW MOXapHOW onacHocTu (danee -
MeToanka) ycTaHaBnvMBaeT MOpsiAoK onpederieHnst pacyeTHbIX BENUMYMH MOXAPHOro pucka B 3daHusIX,
COOPYXKEHUSIX 1 CTPOEHUSIX (Janee - 34aHne) U pacnpocTpaHsaeTcs Ha 34aHUs KNaccoB yHKLUMOHaNbHOM
NoXapHOiA ONacHOCTHU:




®1 - 3gaHud, NpegHasHayeHHble AN MOCTOSHHOrO MPOXWBAHWS U BPEMEHHOro npebbiBaHuS
nogen, B TOM Yucne:

a) ®1.1 - 3gaHNss OETCKUX LOLIKOSbHbIX 0bOpasoBaTeribHbIX YUYpeXaeHun, crneunannu3npoBaHHbIX
[OMOB npecTapenbiX U MHBanuMaoB (HeKBapTUPHbIE), BOMbHULBI, cnanbHble Kopnyca obpasoBaTenbHbIX
yupexaeHun UHTEPHATHOrO TUMNa U AETCKUX YUPEXAEHUN;

6) ®1.2 - rocTMHULBI, OBLLEXUTUS, CnanbHble Kopryca caHaTopueB U AOMOB OTAbixa obLiero Tuna,
KEMMWHIOB, MOTENEeN U NaHCUOHATOB;

B) ®1.3 - MHOroKBapTMpPHbIE XWMble A0MA;

r) ®1.4 - ogHOKBApPTUPHbIE XUnble AoMa, B TOM Yucne 6nokMpoBaHHbIE;

®2 - 3gaHnA 3penmLLHBIX U KyNbTYPHO-NMPOCBETUTENBHBIX YYPEXOEHWI, B TOM YMCHE:

a) ®2.1 - TeaTpbl, KNHOTEATPbl, KOHLEPTHbIE 3arnbl, KNybbl, LMPKW, CMOPTUBHbIE COOPYXEHUS C
TpubyHamn, OUBNMOTEKM W Opyrve Y4YpexOeHus C pacyeTHbIM YWCIIOM MOCAOOYHbIX MecCT [AJis
noceTuTenemn B 3aKpbITbIX MOMELLEHUSIX;

6) ®2.2 - my3en, BbICTaBKW, TaHUEBarnbHble 3anbl U Apyrne nofgobHble y4pexaeHus B 3aKpbITbIX
NOMELLEHUSIX;

B) #2.3 - TeaTpbl, KNHOTEATPbIl, KOHUEPTHbIE 3anbl, KyObl, LMPKA, CMOPTUBHBIE COOPYXEHUS C
TpubyHamn, OMONMOTEKM U Opyrue YYpexaeHuss C pacyeTHbIM YUCIIOM MOCaAOYHbIX MECT [Anis
noceTuTenen Ha OTKPbITOM BO3OYXE;

r) 2.4 - myseu, BbICTaBKM, TaHUeBarbHble 3anbl 1 gpyrve nodobHble yupexaeHus Ha OTKPbITOM
BO34yXE;

®3 - 3gaHua opraHnsauuin no obCcny>KMBaHUIO HaceneHusi, B TOM Y1che:

a) ®3.1 - 3gaHua opraHm3auun Toproenu;

6) 3.2 - 3gaHna opraHn3aLmn obLLEeCTBEHHOIO NUTaHUS;

B) 3.3 - Bok3ankl;

r) ®3.4 - NoNUKNMHUKKM 1 ambBynaTopuuy;

) ©3.5 - nomeLleHna ona noceTuTenen opraHnaaumin ObITOBOrO U KOMMYHarbHOIo 0bCnyXMBaHus
C HepacyeTHbIM YMCIIOM NOCaA04YHbIX MECT ANS MOCETUTENEN;

e) #3.6 - hun3KynbTYPHO-0300POBUTENBHBIE KOMIMIEKCHI U CMOPTUBHO-TPEHMPOBOYHbIE YUYpEXOEHUS
C nomMeLleHusiMmn 6e3 TpndyH ansa 3putenen, ObiToBble NOMELLEHUS, BaHu;

®4 - 3gaHMa HaydHbIX U 0OpasoBaTeNbHbIX YYPEXOEHWN, Hay4HbIX WU MPOEKTHbIX OpraHv3auum,
OpraHoB ynpaBneHUs y4pexaeHun, B TOM Yucre:

a) ®4.1 - 3paHua obweobpasoBaTenbHbIX YyypexaeHun, obpasoBaTernbHbIX YUpPEeXAEHUN
[OMNOMNHUTENBHOTO obpasoBaHus aeten, obpasoBarenbHbIX yupexaeHun HayarnbHoro
npodgeccuoHansHoro 1 cpeaHero npogeccnoHanbHoro obpasoBaHus;

6) ®4.2 - 3naHna obpasoBaTenbHbIX yUpexaeHuUi Bbicllero npodeccnoHansHoro obpasoBaHus u
[OMNOMNHUTENBHOrO NpodeccnoHanbHoro obpasosaHus (MOBbLILLIEHUSA KBanugukaLlmm) cneunanucTos;

B) ®4.3 - 30aHUA OpraHoB ynpaBneHust ydpexaeHuin, NPOEKTHO-KOHCTPYKTOPCKUX OpraHusauuin,
MHGOPMALIMOHHBIX Y peAaKLNOHHO-M30aTeNbCKNX OpraHn3aLmin, HayqHbIX opraHu3aumin, 6aHKoB, KOHTOP,
0m1CoB;

r) ®4.4 - 3gaHusa noxapHbIx geno.

2. PacyeTbl MO OLEHKe NOXapHOro pucka NPOBOAATCA MyTEM COMOCTABMEHUSA PacYETHbIX BENUYNH
MOXapHOro pucka C HOPMAaTUBHbIM 3HA4YEeHVWEM MOXAPHOrO pucKa, YcTaHoBreHHoro ®PegepanbHbIM
3akoHOM oT 22 wutonsa 2008 r. N 123-®3 "TexHunyeckuin pernameHT o TpeboBaHUSX MNOXapHOW
BesonacHocTu" <*> (ganee - TeXHUYECKUIN pernameHT).

<*> CobGpaHue 3akoHogaTenbcTBa Poccunckon ®egepaunm, 2008, N 30 (vactb 1), cT. 3579.

3. Onpe,u,eneHme pacyeTHbIX BEJTMYMNH NOXaPHOro p1UcKka ocyulecTeideTcAa Ha OCHOBaHU:

a) aHanmMsa NoXKapHow ONacHOCTY 34aHuN;

6) onpeneneHns 4YacToTbl peanusaunm NoXXapoonacHbIX CUTYaLuii;

B) NOCTPOEHUS NMOMel onacHbIX (akToOpPoB NoXapa A pasfuYHbIX CLIeHapyUeB ero pasBuTUs;

) OLEHKU MOCNeACTBUI BO3AEUCTBUS OMAcHbIX (paKTOPOB Moxapa Ha nogert Ans pasniuyHblX
CLleHapueB ero pasBuUTUs;

4) Hanuuusi cucteM obecneveHuns noxapHown 6esonacHOCTY 3aaHWiA.




4, OnpepeneHve pacyeTHbIX BENUYMH  MOXAPHOr0  pUCKa  3akf4yaeTcs B pacyeTe
WHOVBMAOYAINbHOrO MOXapHOro pucka Ansi XWUMbLOB, MepcoHana u nocetuTenen B 3gaHun. YvcneHHbIM
BbIpa)XX€HMeM VMHAMBUOYaNbHOIO MOXapHOro puUcka SABMSIETCS YacToTa BO3LAENCTBMS OMNacHbIX hakTopoB
noxapa (ganee - O®I1) Ha YenoBeka, Haxogsdwerocs B 3gaHuun. lNepeveHb OPIT ycTaHOBNEH cTaTben 9
TexHu4eckoro pernameHTa.

5. Yactota Bosgencteua OO®PI1 onpepensetcs AnNd nNoXapoonacHoOW CuTyauunm, Kotopas
XapaktepusyeTcs HanbonbLUuen ONacHOCTbIO ANS XXU3HU U 300POBbA MNM0AEN, HAXOOALWMXCSA B 34aHUN.

6. [lna uenen Hactoswen MeToamkn NCNONb3YIOTCA OCHOBHbIE NMOHATUS, YCTAaHOBMNEHHbIE CTaTben
2 TexHu4eckoro pernameHTa.

Il. OcHOBHbIE pac4yeTHble BeJIMYHbI HOUBUAyal1bHOIro
NoXXapHOro pucka

7. lHanBmayanbHbIN NOXapHbIA pUCK oTBeYaeT TpebyeMoMy, ecru:

H

Q <=0Q, @

B B

roe Q - HOPMaATMBHOE 3Ha4YeHune MHIOIVBUIOYAJIBEHOTI'O IIOXapHOTO pucka,

Q - pacueTHas BelMuUMHA MHIOIMBUIYAJLHOTO IOXAPHOTO PUCKA .

8. PacueTHasa BeJIMUMHAa VMHINBVYIOYAJIBHOTI'O IIOXapHOTI'O pucka Q B KaXIoM
B
SOAaHVV PaCCUMTBEIBAETCHA II0 @opmyne:

Q =0 x@-R )xP x(@-P)Yx@-P D, )

B an np 3 n.s

roe Q - dYacToTa BO3HMKHOBEHMSA I[oXapa B 3OaHMM B TedeHMe Iona,
I
onpeneyideTCcd Ha OCHOBAHUMM CTATUCTUUECKMX IOAHHEIX, IIPUMBEIOEHHBIX B IIPUJIIOXEHUN N
1 x HacToOdmWeM MEeTOIMKE. [Ipy HaIMUMM HOAHHBEIX O KOJMUECTBE JIoNeM B 3OaHUU
HeOoOXOOMMO MCIIOJIB30BAaTh YTOWHEHHYK OLEeHKY, a OpM MX OTCYTCTBMM — OLIEHKY B
pacdeTe Ha OINHO YydYpexneHue. IlpuM OTCYTCTBMM CTATUCTUUECKOM MHOOPMaLUMU
-2
momnyckaeTcsa npuHmMMaTte Q = 4 x 10 oJia Kaxnoro s3naHudgd. OLleHKY YaCTOTHBIX
b
XapPaKTEPUCTUK BO3HMKHOBEHMSA IOXapa TaKXe INONYyCKaeTCHd BBIIOJHATH MCXOOS U3
CTATUCTUUECKMX ITaHHBEIX, NYyOJIMKYyEeMBIXx B Hay4YHO-TEXHMYECKOM XypHaJe "IloxapHasda
feszonacHocTh";
R — BEPOATHOCTH 30PeKTMBHOTO cpabaTeBaHMS YyCTaHOBOK aBTOMaTUUECKOTO
an
[IOXapOTYIEHNA (majee - AVYIIT) . 3HaueHMe napamerpa R omnpenesdeTcda
an
TEeXHUYEeCKOU HaOeXHOCTBIO BJIEMEHTOB AYIT, [IPUBOOVMBIX B TeXHUYECKOM
OOKyMeHTauumu. Ipy OTCYTCTBUM CBEIESHMM IO IapaMeTpaM TEeXHMUUECKOM HaIeXHOCTU
OomnycKaeTcs NPUHMMAaThb R = 0,9. Ipu OTCYTCTBMM B 3IOAaHUM CUCTEM
an
ABTOMATMYECKOTI'O IIOXapPOTYyULEHMA R IIPMHVMaeTCAa paBHOﬁ HYJIO;




an
P - BEPOATHOCTb NPMCYTCTBMA JIOOEM B 3I0aHUM, OIOpejejdaeMas us3
np
COOTHOmeHus P =t / 24, rme t - BpeMs HaxOXIeHMus JioOdel B 3OaHuu
np bynkiy bynxi
B dacax;
P - BeposaTHOCTL ®Bakyaumm Jonen;
e}
P — BEPOATHOCTb 50OekTMBHONM PAOOTEl CUCTEMB NPOTUBOINOXAPHOM 3allMTHL,
n.s
HalpaBJIEHHOM Ha obecleueHMre Oe30IacCHOM sBaKyallMM JIOIOEe) NpU IoXape.
9. BepoATHOCTL 3BakyaluM P pacCumMTHBALT 1O QopMmyJie:
]

0,8 x t -t
oI P
—————————————— , ecoim t < 0,8 x t <t 4+t u t <= 6 MUH.
t P ol P HD CK
HD
P =< (3)
e} 0,999, ecoim t + t <= 0,8 x t u t <= 6 MUH.
o) HB o CK
0,000, ecim t >= 0,8 x t unmu t > 6 MMH.,
P 611 CK
roe t - pacueTHOe BpeMsa 5BBaKyaluuu JIOIeM, MMUH. ;
IS
T - BpeMs Hauajla B%Bakyaluuu (MHTepBaJl BPEMEHM OT BOBHUKHOBEHUS IIoXapa
HD
IO HauaJla 2BaKyaluuu JIOew), MHWH.;
t - BpeMsS OT Hauaja ooxXapa OO OJOKMPOBaHMSA BBakKyalMOHHBIX NyTeN B
61
pesyJbTaTe paclnpocTpaHeHmsa Ha Hux OO0, mumMemmMx HpenesyibHO OOINYyCTUMEE IJId
Joner 3HadueHusa (BpeMmsa OJIOKMPOBAHMA NyTeM sBakKyaluM), MMUH.;
T - BpeMs CylLeCTBOBAHMS CKOIIJIEHMM JIOIEM Ha ydacTkax NyTHu (IIJIOTHOCTH
CK
JIOOCKOTO IIOTOKA Ha [IyTAxX 5Bakyaluu IpeBemaeT 3HaueHme 0,5).
10. PacueTHOEe BpeMsa DBBakyauum Jmomenm t U3 I[IOMEeUEeHUM W 3IOaHuM

P
onpernejideTrcHd Ha OCHOBEe MOIEeJIMPOBAHMA IOBVXEHUA Joney oo BHXOIA Hapyxy OIHVM

n3 Cclyienoymommx CriocofoB:

Mo YNPOLLEHHOW aHanUTUYECKOW MOLENUN [LOBWXKEHWUs JIIOOCKOrO MNOTOKa, MpPUBEOEHHOW B
npunoxeHun N 2 K HacTosiwen MeTtoauke;

no MaTemMaTM4eckon MOLENU WHOMBUOYANbHO-MOTOYHOrO [ABWXKEHUS noderd M3 3aaHus
npusegeHHon B npunoxeHunn N 3 Kk HacTosiwen MeTtoauke;

no WMMUTALMNOHHO-CTOXaCTUYECKOM MOAenu [OBWXKEHUSI NOACKMX MNOTOKOB, NPUBEOEHHON B
npunoxeHun N 4 K HacTosilen MeTtoauke.

Beibop cnocoba onpegeneHuss pacydeTHOrO0 BPEMEHM 3BaKyaluMu MNpPOU3BOAUTCA C  Y4ETOM
crneundunyecknx ocobeHHoCcTe O0OBEMHO-MMaHNPOBOYHbBIX PELUEHU 34aHud, a Takke ocobeHHocTewn
KOHTMHreHTa (ero 04HOPOAHOCTWN) NOAEN, HAXOASALNXCHA B HEM.

Mpn onpeneneHuMn pacyeTHOrO BPEMEHM 3BaKyalMu YYMTbIBAKOTCS AaHHble, NPUBEAEHHblE B
npunoxeHun N 5 k Hactodwen MeToguke, B YaCTHOCTM MPUHLMMbLI COCTaABNEHUS pacYeTHOM CXeMbl




3BaKyauuu nogen, napameTpbl OABWKEHUS MOAeN pasfvMyHbiX rpynn MOOUIIbHOCTU, a Takke 3HadeHus
nrowagen ropn3oHTasnbHbIX NPOEKUMIA pasnmnyHbliX KOHTUHIEHTOB MNOOEMN.

Mpn npoBedeHWn pacyeToB CcriefyeT Takke YyYuTbiBaTb, YTO MNpU Hanuyum OByX u 6onee
3BaKyaLMOHHbIX BbIXOA4OB Ob6LLas npornyckHasi CnocoOBHOCTb BCEX BbIXOAOB, KPOME KaXaoro OAHOro u3
HUX, JomkHa obecneunTb 6e30nacHyo aBakyauuio BCex Noaen, Haxoadalmxcsa B NoOMeLLEeHM, Ha aTaxe
N B 3aaHUMN.

11. BpemMmsa Hauaja 5Bakyaumum t onpenesyiseTcsa B COOTBETCTBUM C NYyHKTOM 1
HD
npuinoxeHus N 5 Kk HacrTosmelr MeTonmke.
12. Bpemsa OJOKMPOBaHMA NyTey sBakyaumum t BBIUMCJIIIETCS NyTEeM pacueTa
Ot

BpPEMEHNM OOCTVMXEHWUA OdI1 npeneJyIbHO OOITYy CTUMBIX 3HAUEeHUM Ha O5BAKYALIMOHHBIX IIYTHAX
B PasJIindHbeIE MOMEHTEI BpPEeMeHN. HOpH,HOK IIpoOBENEeHMA pacdeTa UM MaTeMaTUudeCKHUue
MOIEeNnM IJid OIpelefieHMsa BpeMeHM OJIOKMPOBAaHMA NOyTeM 5SBakKyaluy OllaCHBIMU
baxTopaMu noxapa npuBeneH B HNpuioxeHur N 6 K HacTosumey MeTonuke.

13. BeposaTHOCTL 50bekTMBHONM pabOTEl CHUCTEMB NPOTUBOIOXAPHOM 3auMTH P,

3

HanpaBJIEHHOM Ha obecrnedeHyue 6e30NaCHOM BBaKyalUM JIOIEM, PaCCUMTHBAETCH I10
bopmysie:

P =1-(-R x R ) x (1 -R xR ), (0
n3 obH Coy3 06H a3
roe R - BepOATHOCTbL 50PeKTUBHOTO cpabaTElBaHMS CUCTEMEl [1OXapHOM
obH
CUTHaaM3auuM. 3HadeHMe napamerpa R onpenesyiseTCcd TEeXHMUECKOM HaIeXHOCTLIO
obH
DJIEMEHTOB CUCTEMEI [IOXapHOWM CUTHaIM3aum, IPUBOIMMEIX B TEeXHUUEeCKOMU
OOoKyMeHTauumu. Ipy OTCYTCTBUM CBEeIEHMM IO IIapaMeTpaM TEeXHMUUeCKOM HAaIeXHOCTU
OomnyckKaeTcsa NpuHMMaTb R = 0,8;
obH
R - YCJIOBHAA BEPOATHOCTE 30OeKTUBHOTO CcpabaTeEBaAHUA CUCTEME
COoyd
OTOBEleHUS Jionen O IHnoxape ¥ yOpaBJIeHMI DHBaKyalMeM Jomery B Ccjydae
50dexTMBHOTO cpab®aTEBAHMSA CHUCTEMBl [IOXAPHOM CUTHANIM3ALUMA;
R - YCJIOBHAA BEPOSATHOCTD sbdexTUBHOTO CcpabaTeBaHUA CUCTEMH
a3

NPOTUBOIEIMHOM  3alMTEl B ciydae 5SO0PeKTMBHOTO cpabaTeBaHMA CUCTEMEl NOXapHOM
CUTHaIM3aLUun .
[lopAanok OLEHKM I[apaMeTpoB R ;, R n R NpMUBeneH B pasgeie IV
O0H Coy3 a3
HacTosamey MeTOOMKM.

Il. Mopsagok NnpoBeAeHUsa pacyeTa MHANBUAOYaNbHOrO
noXkapHoro pucka

AHarnua noXxapHow onacHOCTW 30aHuUS

14. [Ina npoBefeHUs aHanmsa MOXapHOW OMacCHOCTU OCYLLEeCTBRseTcs cOop AaHHbIX O 34aHuu,
KOTOPbIN BKIMOYAET:

06 bEMHO-NNAHNPOBOYHLIE PELLEHNS;

Tennousnyeckue xapakTepucTMKN OrpaxaatoLLmx KOHCTPYKLMIA U pa3MeLLeHHOro 06opyaoBaHus;

BMO, KONIMYECTBO M pas3MeLLeHne roproumnx BewecTB 1 maTepuanos;

KONMU4YEeCTBO U MeCTa BEPOSITHOIO pa3MeLLeHNs NIoaen;




CUCTEMbI MOXAPHOW CUrHanmMsauuu M NoXapoTyLeHUsl, NPOTUBOALIMHON 3allMTbl, OMOBELLEHNS
nogen o noxape u ynpaeneHnsa aBakyaumen nogen.

15. Ha ocHOBaHUM NONYYEHHbIX AaHHbIX NPOM3BOANTCS aHanmn3 NoXapHoW ONacHOCTU 34aHus, Npu
3TOM YYUTbIBAETCH:

BO3MOXHasi AMHaMKKa pas3BuUTUSA NOoXapa;

COCTaB U XapaKTepUCTUKN CUCTEMbI NPOTUBOMNOXAPHOW 3aLUUTHI;

BO3MOXHble nocrieacTtBuA BO3JJ,€I7ICTBVIF| noxapa Ha J'HOD,GVI N KOHCTPYKUNWN 30aHUA.

OnpeaeneHve 4acToTbl peanusaLum NoXxapoonacHbIX CUTyaLuid

16. YacTtoTa peanusaumm noxapoonacHbIX CUTyauun onpeaensieTcss 4actoTod BO3HUKHOBEHWUS
noxapa B 34aHun B TeveHue roga. [opsaok onpeaeneHnst YacToTbl BO3HMKHOBEHUS MoXapa B 34aHunm
npusegeH B pasgene |l HacToswen MeToanku.

MocTpoeHune nonen onacHbIX aKTOPOB Noxapa ANA pasnnyHbIX
CLieHapveB ero passutus

17. Onsa nocTpoeHus nomen onacHbiXx (OakTopoB Mnoxapa nNpoBOAUTCHA 3KCMEepTHbIN BblBop
cueHapusi unM  cueHapueB noxapa, Mpu KOTOPbIX OXWAAKTCHA Hauxygluve nocneacTens  Ans
HaxoAsALMXCA B 34aHUN Noaen.

dopmynMpoBKa cLeHapusa pasBUTUS Nnoxapa BknoyaeT B cebsi cneyoLwme atanbi:

BbIOOp MeCTa HaxoXAeHNs NepBOHa4YarnbHOro oyara noxapa v 3akOHOMEPHOCTEN ero pa3BuTKS;

3agaHne pacveTHonm obnactu (BblboOp paccmaTpvBaemMoV MpU pacyeTe CUCTEMbl MOMELLEeHWHN,
onpeferieHne y4yuTbiBaeMblX NpU pacyeTe 3reMEHTOB BHYTPEHHEW CTPYKTYPbl NOMELLEHWUA, COCTOSHUS
npoemoB);

3ajaHve napameTpoB OKpyXaloLen cpefbl W HayanbHbIX 3HAYEeHUM napameTpoB BHYTPU
NOMELLEHNN.

B cootBetcTBUMM ¢ npunoxeHnem N 6 k HacToswen MeToguke popmynupyeTcss matemaTnyeckas
MoAennb pasBUTUA Nnoxapa v NPoBOAUTCH MOAENMPOBaHNE ero ANHaMUKN pa3BuUTUS.

Ha ocHoBaHWM pes3ynbTaToB pacyeToB OCYLLECTBMAETCH MNOCTPOEeHWe nonem
onacHbix hakTopoB noxapa n onpefenseTcs 3HayeHne BpemeHmn 6roknupoBaHusa nyTemn
aBakyauum Ol t .

6n

OueHka nocnencTauii BO34eNCTBUSA onacHbIX hakTopoB noxapa
Ha nogen ona pasnuyHbiX CLeHapueB ero pasBuTus

18. OueHka nocneacTBUi BO3OENCTBUSI OMacHbIX (PaKTOPOB MoXapa Ha Iofeln 3akrodaeTcs B
onpeaeneHnn BepoATHOCTU 3BaKyauunmn ﬂFOﬂeVI 13 34aHnA Npu noxape.

BeposTHoCcTb 3sBakyauun ntogen onpegensietcs no ¢opmyrne (3) Ha OCHOBE COMOCTaBIIEHUS
3HAYEHMN pacyeTHOro BpPEMEHM 3BaKyauuu Joder U BpeMeHn ONoKMpoBaHUS NyTen 3BaKyauuu
onacHbIMKU hakTopamu noxapa.

71 omnpemnesyieHMS PACUYETHOT'O BPEMEHM sBaKyaluuu Joney t B COOTBETCTBUM C

p
npuioxeHuaMmuy N N 2 - 5 k HacrodmeM Merolduke onpemesseTcsa MOIENb
SBakKyalUMM JIOOEN M3 3OaHMS, NPOBOIMTCHS NOCTPOEHME PACUETHOM CXEeMBl 3BaKyaluu
M OCYWECTBJISETCS MOIEJMPOBAaHME BBaKyalluM JIOOel.

19. B cooTBeTcTBMM C pazzesoM II Hacrosmel MeToOouMkM [NIPOBOIUTCSH

omnpeneJyieHne pacyeTHOM BEJMYMHE MHIMBMIYaJIBHOT'O IIOXAPHOT'O pucka Q n
B

COIIOCTAaBJIECHME ee C HOPMa TV BHBEIM 3HAUEHMEM VHIOVMBMIOYAJIBHOT'O IIOXAaPHOIT'O PHMCKa

H

Q .

B




Y4yeT Hanmuus cuctemM obecneyeHnst NoXxxapHom
6e3onacHoOCTU 3aaHus

20. Hanu4yune cnctem obecneveHuns noxapHor 6e30nacHOCTU 30aHUSA yUUTbIBAETCS B COOTBETCTBUM
¢ cbopmynon (4) n nonoxeHuamu pasgena IV HacToswen Metogmku.

Bbnok-cxema, unnoCTpupylolasi nopsgok NpoBedeHust pacyeta WHAUBMAYANbHOrO MOXapHOro
pucka, npeacTtaBrneHa Ha puc. 1.

/ AHANM3 [OXAPHOM ONACHOCTM 3maums /

/ /
|

\/

OnpeneneHme WYaCTOTHE peanm3alny INOXapoOoIllaCHBIX CUTyauum

>

\/

[IocTpoeHMe [OJIEM OINAaCHEX (akTOPOB IoOXapa

BelOOp clLeHapma noxapa
POpPMYyIMPOBKAa MaTeMaTMYEeCKOM MOLEeJNM M MOIeJIMPOBaHMe
OVMHaMMKM PasBUTUA NoXapa
IIocTpoeHMe MoJied ONacHEX (aKTOPOB IoXapa
OnpenesieHne BpeMeHM OJIOKMPOBAHUA IIyTel 3Bakyalun

PaszpaboTka \/
OOIOJIHUTEJIb HEIX
IPOTUBOIMOXaPHIX OLeHKa [OCJIeNCTBMUI BO3IENCTBMA ONAaCHHX (aKTOPOB
MEepPONpPUATUNA noxapa Ha Jonen
/\ QOpMYyIMPOBKAa MaTeMaTHYeCKOM MOIesn U

MOINEMPOBAaHME SBaKyalUuM JIOAEN M3 3HaHU
npy noxape
OnpenesieHre BpeMeHM OJIOKMPOBAHMS IIyTel SBaKyalun
PacueT BEPOSTHOCTM SBaKyalUuy JIOLEN

r-——"—=—"—>=—"~>="—7> "™ "™ 7™ ™% |

| \/ |

| PacueT BeJMUMHBEI MHOVMBUIOYAJIbHOIT'O
IIOXAapHOT'O pHMCKa

| \Y \/ |
| PacueTHOe 3HaueHMEe MNOXAPHOTO PacueTHOe 3HaueHMEe MNOXAPHOTO |
pUCKa IpeBhllaeT HOPMaTUBHOE pPUCKa He IpeBHIlaeT HOPMaTMBHOE
| \/ \/ |
| Beieon: Beieon:
TIOXAaPHBI PUCK I[IPEBHIIAET MOXAaPHHEI PUCK HE IIPeBHaeT
| OONyCTUMOE 3HadeHMre OONyCTUMOE 3HadeHMre




Puc. 1. lNMopsgok npoBeaeHus pacyeta MHANBMUAYanbHOro
noXkapHoro pucka

IV. NMopsgok pa3paboTkn AONOMHUTENbHbBIX
NPOTUBOMNOXAaPHbLIX MEPONPUATUIA NPU ONpeaeneHnn pacHeTHoOn
BENUYMHbI MHANBUAYANBHOIO NOXapHOro pucka

21. B cnyyae, ecnu pacyeTHas BenMYMHaA WHOMBMOYANbHOIO MOXapHOro pucka mnpesblaeT
HOpMaTMBHOE 3Ha4yeHwe, B 30aHUKW criefyeT NpefycMoTpeTb [OOMOMNHUTElNbHbIE MPOTUBOMOXAapPHbIE
MeponpuATUS, HanpaeneHHble Ha ob6ecneveHye 6esonacHoON aBaKkyaL M Naen Npy noxape.

K uncny npoTuBOMOXapHbIX MEpOMNpUATUA, HanpaBfeHHbIX Ha obecneyeHne 6GesonacHow
3BaKyauuun niogewn npu noxxape, oTHOCATCSA:

npUMeHeHne OONONMHUTENbHbIX 06 bEMHO-NIaHUPOBOYHBIX PELUEHU U cpeacTB, obecnevmBaloLLmnx
orpaHuyeHue pacnpocTpaHeHus noxapa;

YCTPONCTBO [OOMOSTHUTENbHBIX 9BaKyaLMOHHbIX MNyTeW, oTBevallwmx TpeboBaHusMm GesonacHowm
3BaKkyaLuu roaen npu noxape;

YCTPOMCTBO CWUCTEM OMOBELUEeHUss ngen O noxape W ynpasreHus SBakyauuen nofen
NOBbILLEHHOro T1Na;

NpUMeHeHUe CUCTEM NPOTMBOALIMHON 3aLLMThI OT BO3AENCTBUS OnacHbIX hakTOpOB Noxapa;

orpaHMyeHne KonuuyecTBa fnogen B 34aHMM OO0 3HadveHun, obecneumBatownx 6e30MacHOCTb WX
3BaKyaLmun 13 3gaHns.

22. QQQGKTMBHOCTB KaXxngoIro nus IIepedurCIJIEHHBIX BHIIIE IIPOTUMBOIIOXAPHEIX
MEPOIPUATHUN ONpeleyiseTCsa CTeleHbI BAMSAHMSA Ha HapamMeTpel t , € , T , a noj4g

P o HD
CHCTEMEBIL noxapHoﬁ CUT'HaJIM3aumm, HpOTMBOHHMHOﬁ 3allMTEI M CUMCTEMBEI OIIOBEUEeHUHA
ﬂmneﬁ IIpm rnoxape un ylipaBJIEHUA SBaKyauMeﬁ nmneﬁ TaKXxe YCHOBHOﬁ BEPOATHOCTBIO
BBIIIOJIHEHMA 3ajaum npu noxape (R ;, R n R ) .
OOH COY3 o3

23. TpyMeHeHne B KayecTBe AOMOMHUTENBHOrO MPOTMBOMOXaAPHOTO MeponpuaTus OBbeMHO-
NNaHMPOBOYHbIX peLUeHWn W cpefcTs, obecneuymBaloLMX OrpaHMYeHne pacnpocTpaHeHWs noxapa,
pocturaetcs obecneyeHMeM HOPMUPYEMbIX MpederioB OrHEeCTOMKOCTM U MOHWKEHHOW MOoXapHOon
OMNacHOCTU OBSIMLOBOYHBLIX CTPOUTENBHBIX MaTepUanos, UCMONb3YEMbIX B OrpaxaatoLmx KOHCTPYKLMSX
NoMeLLEeHUs, B KOTOPOM HaxoaMTCs BEPOSTHLIN ovar noxapa.

CTeneHb BJIMSAHMA IOAHHOTO IOIOJIHUTEJIBHOI'O IIPOTUBOIIOXAPHOI'O MEPOIIPMATUA Ha
IOIVHaMURKY paclpoCcTpaHeHN A Iroxapa 1, COOTBETCTBEHHO, 3HaAaYeHMEe IlapaMeTpa t

OJ1
onpenesigaeTcHd oyTeM IIpOBeIeHMa I[IOBTOPHOTO pacueTa t [ocJyie BHECEeHUHA
(oM
COOTBEeTCTBYIIMX M3MEeHEHUM B cxemMy O6EeMHO—HHaHMpOBOqHHX pemeHMﬁ 30aHMA.

24. HpM IIPMMEHEHUN B KauecTee IOOIIOJIHNTEJIBHOTI'O IIPOTUMBOIIOXAPHOTI'O
MEPOIIPUATNUA yCTpOﬁCTBa JOIIOJIHUTEJIbHBEIX 5BaKYyaLUMOHHBIX HYTeﬁ M BEIXOIOB cCJlengyeT
BEIIIOJIHUTb IIOBTOPHEIM pacuertT o OlLleHKe napaMerpa t c yueToM

p
OTKOPPEKTMPOBAHHBIX O@%eMHO—HHaHMpOBOQHHX pemeHMﬁ.

25. HpM IIPVMIMEHEHUNU B KauecTee JOIIOJIHUTEJIBHOT'O IIPOTUMBOIIOXAPHOTI'O
MEepOoIIpmMATA yCTpOﬁCTBa CrCTEeMEBL OIIOBEIleHNA nmneﬁ ) IIoxape mM yIlpaBJIEeHUA
eBaKyaumeﬁ nmneﬁ TIOBBILIEHHOI'O TUIIa cJyiengyeT BHIIOJIHUTDb HOBTOpHHﬁ pacueT IIO
OLleHKe TIapameTpa t C YdUeTOM IlepepaclpelelieHsa NOTOKOB 3BaKyMPYRIUMXCH U

p
MBMEeHEeHNHA CXeMBlL SBaKyalum B 3aBUCHMOCTU oT CLlEeHapmeB BO3HMKHOBEHMA U
PasBUTUA IIoXxapa mu, COOTBETCTBEHHO, ajJjiropmTMa ®YHKHMOHMp0BaHMH CHrCTEeMBIL
OINOBEUEeHUS JIoOem O Inoxape m ylipabBJIEHMEM SBaKyalulM Jonen.
3HaueHue rnapamMeTpa R OJId HOAaHHOT'O TEXHUMUECKOI'O pPelleHUMA OollpenejigdeTcsd
COoY3




TEXHUUECKOM HAOEeXHOCTBI BJIEMEHTOB CHCTEMH OIOBEIEeHMS JIoOel O IIoXxape u
yIOpaBJieHMeM 5SBaKyaluyM JOIel, OPUBOIOUMEIX B TEXHUUECKOM IOOKyMeHTaumm. llpu
OTCYTCTBUU CBeIeHMV) [0 IapaMeTpaM TexXHUUYEeCKOM HaIeXHOCTM HOOINyCKaeTCs
IPUHUMATL R = 0,8.

Coy3

26. BamaHMe CHUCTEeMBl MIPOTMBOINBIMHOM 3allMThl Ha YPOBEeHb ODECIIE€UeHHOCTU

6es30macHoOM SBakyauuu JHOAEM IMpM [OXape OlleHMBAEeTCS [IOCPEACTBOM pacueTa
SHAUYEeHNMA t C ydaeToM TEXHNMUYECKUX XapaKTepmucTmnK IIPMMEHAEMOTI'O

61

BEHTUJIALUMOHHOTO oBopyInoBaHMUSA IPOTMBOINBIMHOY  3amMTH. [lomfop DapaMeTpoB
BEHTUJIALUMOHHOTO OOOpPYyHOOBaHMSA OCYULECTBJIAETCSA B COOTBETCTBMM C HOPMAaTMBHEMU
OOKyMEeHTaMM IO [OoXapHoM 6eszomnmacHocTM. IIpM STOM IJisA BHIIOJHEHMS pPacuyeTOoB
cylenyeT NPMMEHATH BO0HHY (30HAJIBHYK) WMJIM [IOJIEBYI MOIEJM.

3HaueHMe InmapamMeTpa R OJId HOAaHHOI'O TEXHUMUECKOI'O pPelleHMA OollpenejideTcsHd

a3

TEeXHUUECKOM HaOeXHOCTbI HSJIEMEeHTOB aBTOMATMKM YIpPaBJIEHMS IPOTUBOIEIMHOM
3aWMTE, a TaKXe TEexXHUMUeCKOM HaIeXHOCThI BJIEMEHTOB IIPOTMBOIBIMHOM 3alUTH,
IIPUB O OMMEBIX B TeXHUYECKOM OOKyMeHTauuu. Ilpy OTCYyTCTBUM CBEOEHUM IO
napaMeTpaM TEeXHUUYECKOM HaIeXHOCTM IOINyCKaeTCsa NPMHMMATb R = 0,8.

o3

27. OPpaHquHMe KOJIMUYeCTBa JIoOey B 3OaHUM IO BHaquMﬁ, obecrneunBamnlnx

0e30MnacHOCTL UX 5SBakyaluy U3 30aHUsS OPpY [IoXape, YUUTHBAETCS [IOCPEeICTBOM
IIOBTOPHOTO pacuera 3HAUEeHUS napamMeTpa t npu CcyleCcTBYIIMX

P

0B BEMHO-TIJIAHMUPOBOUHEIX peleHnax u OTPaHUYEHHOM 3HaYEHUN KOJIMYeCTBa
3BAKYUPYOILMUXCS [IPU I1OXape.

28. [Ons nony4vyeHna UCXoAHbIX  AOaHHbIX, HeobGxoauMbIX AN npoBeageHna pacyeTos,

npeaycMoOTpeHHbIX HacTosawen MeToaukon, cneayet uMcnonb3oBatb  CnpaBOYHble  UCTOYHUKU
I/IH(*)OpMaLI,I/II/I N NMPOEKTHYKO JOKYMEHTaUno 30aHnA.

Mpunoxexne N 1
K NyHKTY 8 MeToaunkm

CTATUCTUYECKUE OAHHBIE
O YACTOTE BO3HMKHOBEHUA MOXAPA B 30AHUAX

n/mo

HamMmeHOBaHMe 3maHUSa YJacToTa BO3HMKHOBEHMA I[oxXapa B
TeueHue IoIa

B pacueTe Ha YTOYHEHHAA OLE€HKa
OOHO YyUpEeXIeHNME

1. IJeTcKMe IOOWKOJIbHBIE yUpPeXIeHUSI -3 -5
(DeTcxuit caznm, dciau, IOoM pebeHKa) 7,34 x 10 9,72 x 10
(B pacueTe Ha
OOHOTO pebeHKa)
2. ObmeobpasoBaTEeJIbHEE YyUYpexXIeHUI -2 -5
(mxoJia, WKoOJa-MHTEPHAT, IEeTCKUM 1,16 x 10 4,16 x 10

oOOoM, JIMLEelM, T'VMMHAasWUs, KOJIJIeIX) (B pacueTe Ha




OIOHOTO yuyalerocs)

3. YupexneHrs HadaJlIbHOI'O -2 -5
npobeccruoHalbHOTO OOpPa30BaHUA 1,98 10 4,59 x 10
(mpobeccroHaJIbHOE TEeXHUUEeCKOe (B pacueTe Ha

YUUIIAIIE ) OIOHOTO yuyallerocs)

4. YupexOeHMs CpelHEeTIo -2 -5

npodeCcCcroHaJIbHOTO 0Opa30BaHMUA 2,69 10 2,94 x 10
(cpenHee crneumajibHOe yuebOHOE (B pacueTe Ha
3aBegeHue) OIOHOTO Yyuyallerocs)

5. YupexneHMsa BEICILETO -1 -5
npodeCcCMOHAJIEHOTO ODpa30BaHUSI 1,398 10 2,43 x 10

(BrICcmIEEe yuebDHOEe 3BaBemeHue) (B pacueTe Ha
OOHOTO YyuameTrocs)
6. [Ipoume BHEWKOJIBHEE U HOEeTCKUE -2 -5
YUpPEeXOeHU s 1,52 10 2,38 x 10
(B pacueTe Ha
OOHOTO YyualeI'oCsH)
7. IeTcKkMe OBIOPOBUTEJILHEE JaTrepsd, -3 -5
JIeTHME IeTCKMe nadu 1,26 10 3,23 x 10
(B pacueTe Ha
OHOT'O
OTIBEIXanWero)
8. BOJIBHULEI, TOCHOMUTAJ M, KJIVHUKM, -2 -4
POIUJIbHEIE IOMa, 3,66 10 2,358 x 10
IICUXOHEBPOJIOTUUYECKHME UHTEPHATH U (B pacueTe Ha OIHO
OpyTMe CTalXOHAaPBL KOMKO—MECTO)
9. CaHaTopumM, noma OTIHXA, -2 -4
npoduaxkTopuM, IoOMa IIpPecTapesblx U 2,99 10 1,767 x 10
VHBAJIMOOB (B pacueTe Ha OIHO
KOMKO-MeCTO)
10. AMDyJaTopuM, IOJIUKIMHUKY, -3 -5
OVCIIaHCEPRl, MEINIIYyHKTH, 8,88 10 5,37 x 10
KOHCYJIbTalun (B pacueTe Ha OIHO
nmoceleHmue
MIaueHTOM)
11.| [pennpmusaTuUs PO3HUYUHOM TOPTOBJIIM: -2 -3
YHUBEPMaIry, IPOMTOBapHBE MaTlas3WHE; 2,03 10 1,579 x 10
YHMBEPCAaMbl, [IPONOBOJIECTBEHHEE (B pacueTe Ha
MaT'a3MHB; MaTl'a3MHE CMeMaHHBIX OHOT'O
TOBAPOB; alTekKM, allTeuHble JIapbKU; paboTanmero)
npoume 30aHMdad TOPIOBJIM

12. [MpennpmusaTrs PEIHOUHOM TOPTOBJIM : -2 -3

KPEITEIE, OINTOBHE PHHKM (M3 3OaHUN 1,13 x 10 1,678 x 10
CTaUMOHAPHOM MOCTPOMKM), TOPIOBHE (B pacueTe Ha
MaBWUJILOHBEI, KUOCKM, JapbKu, OIHOTO




najlaTky, KOHTEMHEPEH paboTanmero)
13. |IpennpusaTus OOMECTBEHHOTO NMTAaHMUI -2 -3
3,88 x 10 2,063 x 10
(B pacueTe Ha
OHOTO
paboTanmero)
14. T'oCcTUMHMLE, MOTEJU -2 -4
2,81 x 10 3,255 x 10
(B pacueTe Ha OXIHO
MEeCTO)
15. CHOPTHMBHEIE COOPYXEHUA -3 -
1,83 x 10
16. KnyOHBIE M KYyJIbTYPHO—3PEJIMIIHEE -3 -
YUpEexXneHms 6,90 x 10
17. BubnuoTrexu -3 -
1,16 x 10
18. My3zeu -2 -
1,38 x 10
19. SpenuiHbEe ydpexIeHMs (TeaTpHl, -2 =7
LUPKMK) 9,66 x 10 4,03 x 10
(B pacueTe Ha OIHO
rnocemeHme
3pUTEJIEM)

MpunoxeHue N 2
K nyHkTy 10 MeToaukum

YMPOLWEHHAA AHAITMTUYECKAA MOMEJb
OBVXKEHWA NOOCKOIO NOTOKA (ONPEAOENEHME PACYHETHOIO BPEMEHW
OBAKYALIN NIOOEWV 13 MOMELLEHWN U 30AHWN MO PACYETY BPEMEHM
AOBWXXEHVA OOHOIO UM HECKONBbKMX NMIOOCKNX MOTOKOB
YEPE3 3BAKYALIMOHHBIE BbIXOAbl OT HAMBOJIEE
YOANEHHBIX MECT PASMELLEHUSA NKOOEN)

PacueTHOE BpeMda SBaKyaluumu Jionen t us roMeueHmMm U BIOaHumn
P
YyCTaHaBJIMBaeTCA MO pacdeTy BPEMEeHM IOBMXEHUSA OIOHOTO MJIM HECKOJBKMX JIOOCKUX
IIOTOKOB dYepes 5BakKyalMOHHBIE BEIXOOEI OT HamuboJiee yIaJIeHHHX MeCT pas3MelleHUd
Jonen.
[Ipy pacueTe BeCchb NYyTh IOBMXEHMA JIOOCKOTO IIOTOKa IoJdpa3nesyiseTcHd Ha
YYacCTKM (IIPpOXOH, KOPMIOP, IOBEPHOM NpOeM, JIECTHUYHBI Mapll, TaMOyp) IOJIMHOM 1
1




¥ WMPMHOM OesbTa . HadajbHBEMM & ydYacTKaMM SBJISIOTCS IPOXONE MeXOy padoumMm
i
MecTaMmM, OOOPyIOBaHMEM, paAlaMM Kpeceyl M T.II.
[lpy omnpenejieHMM PACUETHOT'O BPEMEeHM SBaKyaluuu JIoOel JIMHY UM WMPUHY

Kaxmgoro yuacTKa IIyTm SBaKyaluum OJ1A IIPOEKTUPYEMEIX 30aHUN IIPUMHVIMAKT I10

IPpOeKTy, a IJsg TOCTPOEHHHEX - IO G(GaKTUMUeCKOMY MOJIOXEHUID. IJIMHY OYTU II0
JIECTHMYHEIM MapiiaM, a TakKxe IO MaHOyCaM M3MepsSiT OO0 IJMHEe Mapma. OIMHY OYyTH
B IBEpPHOM I[poeMe I[PUMHMMAKnT pPaBHOMW HYJO. I[IpoeM, pPAaCIOJIOKEHHEI B CTeHe

ToJimMHOM ©Bojgee 0,7 M, a Takxe TamMOyp CcJenyeT CUMTaThb CaMOCTOSTEJIbHBIMU
ydYacTKaMy TOPM3OHTAJILHOTO MNyTH, MMEOIMMM KOHEUHYH IJIMHY 1 .
i
PacueTHOe BpeMsa sBakKyaluu Jomey t cJenyeT OINpenesidTh KakK CyMMYy BPEMEeHU’
P
OBMXEHMS JIOOCKOI'O IIOTOKA I10 OTIEJIbHBEIM ydacTkaM nyTtmu t no popwmye:
1

t =t +t +t+ ... + t, (I12.1)
P 1 2 3 i
rme t - BpeMsa OBMXEHUS JIOOCKOTO INOTOKAa Ha IepBOM (HadyajlbHOM) YydacTke,
1
MUH. ;
t, t, t, ... € - BpeMs IOBWXEHMS JIOICKOTO IIOTOKAa Ha KaxXxIoM U3
1 2 3 i

cllenypumMx IOCJie IIepBOT'0 ydYacTKa IIyTH, MUH.
BpemMsa IOBMXeHMS JIOOCKOI'O I[IOTOKa O I[epBOMy ydYacTKy nytu t , MuUH.,
i
paccumMTEBaART IO dopMyJie:

1
t = -, (I1.2.2)

1 \

1

roe 1 - OamMHa OepBOTO ydacTKa OyTH, M;
1
\ - CKOPOCTBb HOBMXEHMSA JIOOCKOTO MOTOKa [0 TOPM3OHTAaJIbHOMY INYTHM Ha
1

mepBOM ydyacTke, M/MuH. (ompernmensgercsa 1o Tabmuue I[12.1 B 3aBUCHMMOCTM OT

JIoOTHOCTM D) .
I[IJIOTHOCTBL OIOHOPOIHOTO JIOOCKOT'O IIOTOKAa Ha I[epBOM ydacTke nyTmu D

1
PacCuMTHBAT 10 QopMyJie:
N x F
1
D = —————————— , (I12.3)
1 1l x menbTa
1 1
roe N - UpcJIO JIOOEeM Ha [IepPBOM ydacCTKe, uell.;
1
T - cpenHasd IJiomank TOPMBOHTAJIBHOM MPOeKLUMM uYejioBeka, M2/uent.,

IpMHMMAaeMass B COOTBETCTBMM C IYHKTOM 6 npuioxeHms N 5 xk Hacrogmel MeTonmuke;




neJjibTa — WMPMHa IIepBOI'O ydYacCcTKa IIyTHM, M.

1
CkopocTh V IBMXEHMS JIOOCKOTO I[NOTOKAa Ha ydJacTKax NOyTH, CJeOYRIMX [I0CJe
1
IepBOTO, NOpMHMMAKLT no Tabmauie [I2.1 B 3aBUCUMOCTM OT MHTEHCUBHOCTU IOBWXESHUI

JIIOAICKOTO IOTOKa IO KaxIoMy M3 BTUX YYaCTKOB MNYyTH, KOTOPYK BHUMCISIOT IJISg
BCeX y4YaCTKOB INyTM, B TOM UMCIJIE ¥ IJIS OBEPHEX IPOEeMOB, IO bopMyJe:

q X ImeJjsibTa
i-1 i-1
q = ——————————— , (12.4)
i oenbLTa
i
TIoe mesnTa , OejbTa - WMpPMHA PaCCMATPMBAEMOI'O 1-T0 M OpenmecTBYOLETO
i i-1
eMy ydyacTka 0OyTHu, M;
q., g — MHTEHCMBHOCTM IOBMXEHMS JIIOACKOI'O IIOTOKa MO paccMaTpMBaeMOMYy
i i-1
i-my U IOpenmecTByolleMy ydacTkaM OyTu, M/MUH. (MHTEHCUBHOCTL IOBWXEHUS
JIOOCKOT'O IIOTOKa Ha I[IepBOM YydacTke NyTM q = g onpeznesigeTcsa IO Tabjauile
i-1
[12.1 no 3HaueHuMoO D , yCTaHOBJIEHHOMY 0O ¢opmyse (I12.3)).
1
Ecnim 3HaueHue J , olpenejseMoe o dopmyse (II2.4), MeHble ZRpaZ PaBHO
i
q , TO BpeMs IBUXEHMS [0 ydacTKy OyTu t , MMH., PaBHO:
max i
|
i
t = —, (12.5)
i \Y
i
IIpy 5TOM 3HAYEHUMA J 7 M/MI/IH ., CllegyeT IPUMHVMMAaTb PaBHBIMU
max
16,5 - ons ropmMsoHTanbHbIX NyTEN;
19,6 - ong ABEpPHbLIX NPOEMOB;
16,0 - ans NecTHULbI BHUS;
11,0 - ang necTHUUbI BBEPX.
Ecnim 3HaueHuMe ( , OlpelejleHHoe 1o OdopMmysie (II2.4), Oojblme g , TO
1 max

IMPUMHY IOeJibTa JAaHHOT'O yYd4acTKa IIyTM CJengyeT YyBeJIMdMBATBh Ha TaKOoe 3HadveHue,
i
IIpmM KOTOPOM cobJyonaeTcsa yCJIOBUE:

qa <=4 . (I2.6)

Mpn HeBO3MOXHOCTU BbiNONHeHUs ycrosusa (M2.6) WHTEHCUMBHOCTb U CKOPOCTb ABMXKEHUS
nACKOro NoToka no yvacTky i onpegenstoT no tabnuue M2.1 npu 3HaveHun D = 0,9 n 6onee. Npu aTom
cnefyeT yunTblBaTb BpPEMSA 3a[epXKUM OBMXEHUS niofen u3-3a obpasoBaBLUErocsi UX CKOMMNEHWs B
COOTBETCTBUY C NyHKTOM 4 npunoxeHusa N 5 k HacToswen MeTtoauke.




MHTEHCMBHOCTL U CKOpPOCTb ABWXEeHUA
JIOOCKOIro NOTOKa Ha pa3HblX yd4aCTKax nyTe|7| 3BaKyauum
B 3aBMCUMOCTHU OT NJIOTHOCTU

Tabnuua M2.1

Mnot- [Opn3oHTanbHbLIN [BepHon JlecTHuua BHU3 JlecTHuLa BBEPX
HOCTb nyTb npoem,
noToka CKo- WHTEHCUB- WNHTEH- CKO- WNHTEH- CKOpPOCTb MHTEHCMBHOCTb
D, poCTb HOCTb (, CUBHOCTb pOCTb CUBHOCTb V, g, M/MUH.
mM2/m2 Vv, M/MUH q, M/MUH Vv, q, M/MWH.

M/MWH. M/MWH. M/MWH.
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 5,0 5,0 100 5,0 60 3,0
0,10 80 8,0 8,7 95 9,5 53 5,3
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 15,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4
0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 24,5 14,1 18,5 10,75
0,70 23 16,1 18,5 18 12,6 15 10,5
0,80 19 15,2 17,3 13 10,4 13 10,4
0,90 n 15 13,5 8,5 8 7,2 11 9,9
bonee

MpumeYvaHue - UHTEHCUBHOCTL ABWXEHUS B ABEPHOM MPOEME NMPU MNOTHOCTM NOTOKa
0,9 n 6onee, paBHasa 8,5 M/MUH., yCTaHOBNEHa ANA ABEPHOro Npoema LLUMPUHOM

1,6 M 1 Bonee, a Npu ABEPHOM MPOEME MEHbLUEN LUMPUHBI MIHTEHCUBHOCTb ABUXKEHUS
cnegyet onpegenstb no dopmyne q = 2,5 + 3,75 x genbTa.

ITpn

CIIMMAHUU

Puc. M2.1. CnuaHue niogckmx NoToKoB (He NpuBOANTCS)

B HauajJle 1-T0o ydyacTKa OBYyxX M 0OoJjiee JIOACKUX MTOTOKOB

[12.1) MHTEHCMBHOCTBL IOBWXEHUS ¢ , M/MUH., PACCUMTHBAKT IO GopMyJie:

Toe g

1-1

i-To yuyacTka, M/MMH.;

IoeJibTa

-1

X nmeJsibTa

1-1

IoeJipTa

— WMPpVHa y4YaCTKOB IIYyTM CJIMAHMA, M;

— MHTEHCMBHOCTB IOBMXEHNMA JIIOOCKMX IIOTOKOB,

IoeJjibTa — WMPMHa paccCMaTpMBaeMOIr'o0 ydacTkKa IIyTr, M.

Ecan

HLIMPVHY -OeJibTa

3HaAUeHUe

a,
1

UTOOE COOJIIIAJIOCE YCJIOBUE

OornpeneJyIeHHOE

(12.6) .

10

bopmysie

(112

(puc.

(I12..7)

CJIMBapIMXCHd B HadarlJle

1)y

IJaHHOI'O ydacCTKa IIyTu cJlengyeT yBeJiMdMBaTb Ha TaKoe

Bospe g

, TO
max
3HaAUEHNe,

B sToM crayuae BpeMAa IOBUMXEHMA II0 YyHJaCTKYy i




onpemensioT no dbopmyse ([I2.5).

MpunoxeHue N 3
K nyHkTy 10 MeToaukum

MATEMATUYECKAA MOOEJb 3
NMHONBNOYANBHO-MOTOYHOIO ABUWXEHNA NIOOEUV M3 3O0AHNA

PacueTtHoe BpeMA 3BakKyauuun J'IPO,CI,GVI M3 30aHnA yCctaHaBIiMBaeTCAd NO BpeMeHU BbiXOda U3 HEro
nocneagHero 4yenoBeka.

I'lepep, Ha4vyalioM MoennpoBaHunA npouecca 3Bakyauun 3afaeTcd cxema 3BaKyaluMOHHbIX nyTe17| B
30aHNN. Bce 9BakKyauMOHHbIE NYTUN noapa3fenAarTCA Ha 3BaKyalUMOHHbIE Yy4aCTKU ,CI,J'II/IHOVI au LIJI/IpVIHOIZ
b. ,D,J'IVIHa N WNPpUHa Ka)Xaoro y4Yactka nyTtu aBakKyauun Ona npoekTupyembixX 3,an|/||7| NPUHNMaKOTCA Mo
NpoeKTy, a And NOCTPOEHHbIX - Mo (*)aKTI/ILIeCKOMy MOJIOXKEHUIO. ,D,J'II/IHa nyTn no nNecTtHM4YHbIM MapLlam
usMmepsieTcs No AnuHe mMapwa. [nuMHa nyTm B ABEpPHOM nNpoeMe MPUHUMAETCs pPaBHOM HYyMHo.
aBaKyaLI,I/IOHHbIe Y4acTKu MoryTt ObITb ropn3oHTarnbHble U HAKNOHHbIE (J'IeCTHI/ILI,a BHM3, NecCTHULa BBEpPX U
naHayc).

3a rabapuTH YeJIOBEeKa B ILJIaHE IPMHMMAETCS 3SJUIMIC C pasMmepamm ocem 0,5 M
(mpmHa yesioBeka B mjeuax) u 0,25 M (TonmmHa uYesioOBeKa) . 3amalnTcs KOOPIMHATEL
KaxXIoT'0 UYeJIOBEKa X — PACCTOSHME OT LEeHTpa D3JIIMICa OO KOHIa 3BaKyalLMOHHOT'O

i

ydacTka, Ha KOTOpPOM OH Haxomurca (puc. I[I3.1). EcaM pas’HOCTb KOOPOMHAT
HEKOTOPHIX JIOIEM, HaXONANMXCS Ha DBaKyalMOHHOM y4YyacCTKe, COCTAaBJISIET MEHee
0,25 M, TO T[OpPMHMMAETCs, UTO JIOOM C DTUMM KOOPAMHATAMM PACIIOJIOXKEHE PSIIOM
Opyr C gpyroM — cOOKy OIOMH OT Opyroro (ycjoBHO: "B pan"). IIpm >3ToM mMcCxonsa
3 rabapuUTOB UeJloBeka B IIJIaHe U pasMepoB »BaKyallMOHHOT'O ydacTka (IOJIMHa U
mMpMrHa) IoJid  KaxZoT'0 SBakKyalMOHHOI'O ydYacTKa OIpenNesigioTca: MaKCKMMaJlbHO
BO3BMOXHOE KOJMUECTBO UYEJIOBEK B OIOHOM panOy COOKYy IPYyTr OT Ipyra M MaKCHMMaJibHO
BOBMOXHOE KOJMUECTRBO JIOIOEV Ha ydJYaCTKe.

KoopomHaTE KaxXIoI'o UYeJjioBeKa X B HaYaJIbHEIM MOMEHT BPEeMEeHM 33aIalTCsa B

1
COOTBETCTBUM CO CXEMOM pPacCcCTaHOBKMA JIIoIeM B IIOMEUeHUAX (paGOqlAe MecTa, MecTa

OJ  3pUTeJieN, ClaJIbHEle MecTa M T.II.). B cilydyae OTCYTCTBMS TaKUX IAaHHEIX,
HanpuUMep OJjs MaTrla3MHOB, BHCTABOUHEIX 3aJiIOB UM OPYyToe, OONYyCKaeTCs pasMellaTb
Jonen PaBHOMEPHO o BCen JomanM TIOMENEeHMS C YyUYeTOM pPaCCTaHOBKU

TEXHOJIOTMYECKOTI'O O@Opy,JIOBaHMH.
KoopauHnata kaxxaoro yenoBeka B MOMEHT BpeMEHHU t orpenensercs mno ¢popmyie:

X () = x (t - Jenmpra t) - V (t) x JembTa t, ™, (13.1)
i i i
rne x (t - IeyxbpTa t) - koopIMHaTa 1-T0 uUeJioBeka B npensnymmn MOMEHT
i
BpEeMeHMu, M;
V (t) - ckopocTb i-T0 uesyiloBEKa B MOMEHT BpeMeHu t, M/cC;
i
HenpTa t - NpOMEeXyTOK BpPeMeHM, C.

Puc. MNM3.1. KoopanHaTHasa cxema pasMeLleHus noaemn




Ha NyTsIX 3BaKyaumm (He NpMBOaUTCSA)

CkopocTb 1i-T70 uejyioBeka V (t) B MOMEHT BpeMeHU t onpenmesigseTcsa 10 Tadiule
i
[12.1 npwunoxeHus 2 k MeTomuke B BaBUCUMOCTM OT JIOKAJILHOM IJIOTHOCTM I[IOTOKa, B
KOTOPOM OH IOBmWXeTcs, D (t) m TMDa 3BakyalMOHHOTO ydacTKa.
i
JlokanmpHas IJIOTHOCTBL D (t) BrHUMCISeTCs IO TIpylne, COCTosAllerM U3 n
i
JeJIOBeK, 10 QopmyJie:

D () =(n() - 1) x £/ (b x Oenbra x), M2/M2, (I3.2)
i

roe n - KoNnM4ecTBo nogen B rpynne, Yenosek;

f - cpeaHas nnowaab ropu3oHTanbHOM NPOEKLUKN YernoBeka, M2/mM2;

b - wWnprHa sBakyaLMOHHOro y4acTka, M;

[enbTa X - pasHOCTb KOOPAMHAT NOCNeAHEero U NepBOro Yenoseka B rpynne, M.

Ecim B MOMEHT BpeMeHM T KkoopIMHaTa dejioBeka X (t), omnpemesieHHasa IO

i

bopmysie (I13.1), cTaHeT OTPUIATEJILHOM — DTO O3HAYaeT, UTO UeJIOBeK IOCTUT
T'PaHUIIEL Teryumero SBaAKyalLMOHHOI' O ydacCcTKa u IOOJIXKEeH nepeﬁTM Ha CJ'Ie,JIYIOLL[Mﬁ
9BaKyaLLMOHHI:;HZ ydacCcTOK.

B sTtoM ciyyae koopauHaTa 3TOrO 4eloBEKa Ha CIEAYIONIEM 3BAKYyallMOHHOM YYacTKe

ONpCaACIISICTCA:

XM =[x x-dt) -V (@) xdt] +a -1, um, (n3.3)
i i i J J
rone x (t - dt) - xoopamHaTa i-To uUesloBeka B NpPEOHOyIMM MOMEHT BpeMeHU
i
Ha (Jj-1) oBakyalMOHHOM ydYyacCcTKe, M;

V (t) - ckopocTts 1i-ro wuesnoBeka Ha (j-1)-oM B5BakyalMOHHOM ydYacTKe B
i
MOMEHT BpeMmeHu t, m/c;
a - mmHAa J-TO0 5BAKyalLMOHHOTO ydYacTKa, M;
i
Il - xoopmuHara wMmecTa cauaHud j-ro U (j-1)-r0 3BaAKYAUMOHHEIX YUYaCTKOB
J

- paccTosHMe OT Hadaja J-TO 3BaKyalMOHHOTO ydacTKa IO MeCTa CIMSAHUA eTo C
(J-1)-bom 3BakyalMOHHBEM y4acTKOM, M.
KoJiMuecTBO JOAEM, NepexXOondAllMX C OIHOTO 3BaKyalUMOHHOT'O ydyacTKa Ha OpyTon

B EeIUHMIY BpPEMeHM, OIpelesigseTCs MNPONYyCKHOM CIOCOBHOCTBI BHXOIAa C ydacTKa
Q (O:
J
QO (t) =g (t) x ¢ xdt / (f x 60), uemn., (I13.4)
J J J
roe g (t) - MHTEHCUBHOCTL IOBUXEHMS Ha BBIXOINE C J—T'0 3BaKyalLMOHHOTO
J
yyacTka B MOMEHT BpeMeHM t, M/MUH.;
C - mMpMHa BHXOIAa C J-I'0 3BaKyalUMOHHOT'O ydyacTKa, M;

J




dt - NpoMeXxXyToK BPEMEHMW, C;
f - cpegHasA Nnowaab ropM3oHTaNNbHON NPOEKLUMM YeroBeka, M2.
VIHTEHCUMBHOCTBL IBUMXEHMS Ha BHIXOIE C J—-T'0 ®BaKyallMOHHOTO ydacTka g (t) B
i
MOMEHT BpPEMEHU t ornpenesyideTcd B 3aBUCUMMOCTM OT IIJIOTHOCTM JIIOOCKOTI'O IIOTOKa Ha
oTOM ydacTke Dv (t).

J
[IJIOTHOCTH JIOACKOTO IOTOKA Ha Jj—OM 3BakKyallMOHHOM yudyacTke Dv (t) B MOMEHT
J
BpeMeHu t onpenensgercs 1o Qopmyle:
Dv (t) = (N x Ffxdt) /7 (a x b ), m2/m2, (13.5)
J J J J
rome N - uUuMCJIO JIOOEM Ha Jj—-OM DBaKyalUMOHHOM ydacTKe, Uel.;
J
f - cpennss njomanms TOPMBOHTAJIBEHOM NPOEKLMM deJioBeKa, M2;
a - miIMHa Jj-TO BBaKyalUMOHHOTO ydacTKa, M;
J
b - mwmpuna j-ro sBaKyaLUMOHHOTO ydacTKa, M;
J
dt - npomexyTok BpemeHu, C.
B MOMeHT BpeMeHM L ompenejngeTcsa KOJMUECTBO JIOIOEM m C OTpMUlaTebHEMU
KoopaMHaTaMu x (t), onpeneseHHEIMM 110 QopmyJie (I13.1) . Ecam 3sHaueHme m <=

1
Q (t), TO BCe m UeJIOBEK IEepPexXOonAT Ha CJenyolMM SBaKyalUMOHHBM YyUYaCTOK M UX

J

KOOPIMHATH ONpPenesidioTcsa B COOTBeTCTBUM C dopmyrnom (II3.3). Ecam 3HadeHue m >
QO (t), TO KONIMUECTBO YEJIOBEK, pPaBHOe 3HaueHMio Q (t), IepexomouT Ha CJenyommi
J J

SBaKyaLMOHHE YYaCTOK M MX KOOPIMHATEL ONPEeNesisiioTCs B COOTBETCTBUM C
bopmyson  (I13.3), a KOJMMUECTBO UEJIOBEK, PaBHOe 3HaueHmwo (m — Q (t)), He

J

IepexonuT Ha CcJle oy ommin 5BaKyalUVOHHEIMA y4acTok (ocTawnTcsa Ha IaHHOM
5BaKyalMOHHOM YyYacCTKe) M MX KOOpAMHATaM [IPMCBAMBATCH 3HaueHus X (t) =

i
k x 0,25 + 0,25,

roe k - Homep psiga, B KOTOPOM GyayT HaxogouTbes noan (MakcumarbHO BO3MOXKHOE KONMMYEeCTBO
4yenoBek B OAHOM psiny cOOKy Apyr OT gpyra Ans KaX4oro 3BaKyalMOHHOro yyactka onpepensiercs
neped Hadvanom pacyeToB). Takum o6pa3oM, BO3HWKAET CKOMMEHWE Ntodel nepen BbIXOAOM C
3BaKyaLMOHHOrO y4yacTka.

Ha puc. M3.2 nsobpaxeHa Gnok-cxeMa onpefeneHnss pacyeTHOro BpEMEHU 3BaKyauuu nogen us
30aHms.

Ha ocHoBaHWM 3afaHHbIX HayvanbHbIX YCMOBWMIA (Ha4arbHbIX KOOPAMHAT niodel, napaMeTpoB
9BaKyaLUMOHHbIX Y4acTKOB) OMpeadensiioTcs NMOTHOCTU JIOACKMX MOTOKOB Ha MyTAX 9Bakyauun Wu
MPOMYCKHblE CMOCOBHOCTM BbIXOAOB C 9BakKyalLMOHHbIX y4acTKoB. [lanee, B MOMEHT BpeMeHu t = t + dt,
onpenensietca Hanndne Ol Ha NyTAX aBakyauuu. B 3aBUCUMMOCTM OT 3TOro BbiGMpaeTcs HanpaBsreHue
OBWKEHNS KaXOoro YernoBeka 1 BblYUCMSAETCA HoBasl KoopauHaTa Kaxaoro Yenoseka. Mocne aToro cHosa
onpenensTcs NNOTHOCTU NIOACKUX NMOTOKOB Ha MyTAX 3BaKyaluu U NPOMYCKHbIe CNOCOGHOCTM BbIXOAOB.
3aTeM BHOBb AaeTcs npuvpalleHune no BpeMeru dt n onpeaensioTcs HOBble KOOpPAUHATLI NOAEN C y4eTOM
Hanuums OOl Ha nyTax 3Bakyauuu B 3TOT MOMEHT BpeMeHW. [locne aToro mnpouecc NoBTopsieTcs
PacueTbl npoBoOAATCS 40 TEX MOp, Nnoka Bce ntoaun He ByayT aBakyMpoBaHbl U3 34aHUS.

BBOIO MCXOIOHBIX IaHHBIX




\/

OnpeneneHme HadaJIbHEIX KOOpIMHAT Jonen

\/

OnpenesieHMe NnapaMeTpPOB 3BakKyalMOHHBIX Yy4YaCTKOB (IIyTel)

\/

OnpeneneHme BPEeMEHM HadaJla 3BakKyallMM KaXIoT'o dYeJIOBeKa

\/

OnpeneneHme MJIOTHOCTEM JIOIOCKMX IIOTOKOB Ha SBAKYALUMOHHEIX Yy4YaCTKaXx

\/

OnpemersieHMe MPOIYCKHOM CIOCOBGHOCTM [IPOEMOB

\/

BHIBOI Ha [IeYaTb XapPaKTEePpMCTMK Ipoliecca sBaKyaluu

\/

llepexon K cjenyolieMy MOMEHTY BPEMeHU

\/

OnpeneneHMe HalpaBJIEHMA IOBMXEHMSA KaXIOoI'O 4YeJIOBEKa

\/

OnpeneneHme IIJIOTHOCTM JIIOOCKOI'O IIOTOKa IIepeln KaXIbM YeJIOBEKOM
(paCCTOHHMe OO0 yoymero BIepenn yeJjioBeKa)

\/

OnpeneneHne CKOPOCTM IOBMXEHMA KaXIOI'0O 4YeJjiOBEKa

\/

OnpeneneHme KOOpIOMHATEL KaxXIoI'O dYeJIOBEeKa

\/ \/
OBaKyauus He 3aBeplleHa OBaKyauus 3aBepleHa
\/

OxoHUaHUe pacueTa




Puc. M3.2. bnok-cxema onpegeneHns pac4eTHOro BpeMeHun
3BaKyauuu nogen 13 agaHms

Mpunoxenue N 4
K nyHkTy 10 MeToaukm

NMUTALIMOHHO-CTOXACTUYECKAA MOJEJb
OBWXXEHWA NMIOACKNX NMOTOKOB

MHOXeCcTBO JIOOEM, OHOHOBPEMEHHO WMAOyLMX B OIHOM HalpaBJIeHUM 10 OOLIMM
ydacTkaM yTu, oO0pas3ylonT JIOOCKOM IIOTOK. YdUacTkaMu QOPMMPOBaHMA JIOOCKMX
INIOTOKOB B IIOMENEHMAX CJengyeT [IPMHUMMAaThE NPOXOIH MexIny obopyHmoBaHMeM. [Iyd
NocJelyolMx YyYacTKOB 5BaKyalMOHHEIX IIyTEM OHM MNPEeICTaBJIADT COOOM NepPBUUHEIE
MCTOUYHUKU JIOOCKMX IIOTOKOB. Pacnpemesnenne N 4JeJIOBEeK Ha ydacCTKax

i
bopMmpoOBaHMA, MMEeRIMX WMPUMHY b © OJIMHY 1l , ODpMHMMaeTCda pPaBHOMEDPHEIM.
i i
[IosTOoMy B HaUaJIbHBIM MOMEHT T Ha KaxXIOM SJIEMeHTapHOM YyudacTke J[enbTa 1 ,
0 i
t0
3aHMMaeMOM IIOTOKOM, IIJIOTHOCTBb INOTOKa D onpemenseTca no dopmye:
1

to 10
D =N / b x Henera 1 , uyein./M2 (Im4.1)
i i i i

[Ipy JDajlbHeMIeM OBWXEHUM JIOOCKMX I[IOTOKOB U3 IIE€PBUUHHIX MCTOUHMUKOB II0
ofmyM ydacTKaM [OyTUM [OPOUCXOIOUT UX causgHue. OBpaszyeTcsa ofOmuM IOTOK, YacCTU
KOTOPOT'O MMEIT pPa3JIMUHYyl I[IJIOTHOCTbL. I[IPOMCXOIMT BHPABHMBAHME IIJIOTHOCTEMN
Pas3JIMUHEIX YacTeM JIOICKOTO IIOTOKa — ero nepedpopMmmpoBaHue. ClenyeT YyUUTHBATEH,
4yTO ero TOJIOBHAas 4YacTh, muMenlas IIepel coOoy CBOOOXHHM IIyTh, pacTeKaeTcs -
JIIOOM CTPEeMATCH MATKM CBOOOIOHO MNpM MJIOTHOCTM D . 3a mMHTepBaJ BpeMeHHu JenbTa t

0

YacTb JoOer I[IepexoIuT C  2TUX DBJIEMeHTapPHBIX y4acTKOB Ha I[ocJjenywuuie u
IIPOMUCXOOUT M3MEeHEeHMEe COCTOSHUSA JIOLOCKOT'O IIOTOKa, eI'0 IOBMXEHUE.

CKOpPOCTbL OBMXEHMS JIOOCKOI'O IIOTOKa OIpM IIJIOTHOCTM D Ha i-oM oTpeske

i
ydyacTKa OyTM Kk-To BuIa CJelyeT CUMTATh CJy4dYaMHOW BeJMuMHOU V , uMenuen
D,K

UMCJIOBEIE XAPaKTEPUCTUKUA :

MaTeMaTuyeckoe oxugaHve (CpegHee 3HavyeHue)

\ =V XxX(@-a xInD /D )xm npmu D > D ,
D,k 0,k k i 0,k i 0,k

vV =V mpu D <= D ; (14.2)
D,k 0,k i 0,k

cpegHee KBagpaTnu4HOE OTKIOHEeHne




curma(V ) = curma(V ) x (1 -a xInD /D ), (4.3)
K _

D,k o, k i 0,k
roe V um curma (V ) - MaTeMaTUUeCKOe OXMIaHMe CKOPOCTM CBOOOIHOTO
0,k 0,k
OBMXEHMSA JIogeM B IIOTOKe (mpm D <= D ) ¥ ee cCcpenHee KBaIpaTUUHOE
i 0,k
OTKJIOHEHMEe, M/MUH.;
D - I[peneJibHOe 3HaudeHMe I[JIOTHOCTM JIOOCKOTO INOTOKa, IO HOCTWXEHUS

0,k
KOTOPOT'O BO3MOXHO CBODOOIHOE IOBMXEHME JIoIel N0 K-My BUAOYy OyTM (IIJIOTHOCTHL He
BIMSAET Ha CKOPOCTb IOBMXEHMA JIOOEN) ;

a - ko2dduuMeHT amanTauuM JIOIEeM K M3MEHEeHMAM IIJIOTHOCTM [IOTOKa IIpKu
k
IOBUMXEHUM [0 k-My BUOY OYTU;
D — 3HAauUeHMe IIJIOTHOCTM JIOIACKOT'O I[IOTOKa Ha 1-0M OTpe3kKe (JempTa 1)
i
yyacTka OyTu WMpuHOM b , ues./M2;
i
m - xKo2POMUMEHT BIAMSHMSA IpoeMa.

3HayeHns1 nepeyvmcneHHbIX NapamMeTpoB cregyeT NpuHumaTh no Tabnuue M4.1.

Tabnuua M4.1

Bun nyTtu, k \Y , curma (V ), D a m
0,k 0,k 0,k k
M/MMVH . M/MMH . uey. /M2
T'OpMBOHTAJIEL HEM 100 5 0,51 0,295 1

B 3I0aHUN

T'OpUBOHTAJIE HEIM 100 5 0,70 0,407 1
BHE 3IaHudg

[lpoem <*> 100 5 0,65 0,295 1,25 - 0,05D,
npu D >= 5

JlecTHMIA BHUS 80 5 0,89 0,400 1
JlecTHMLIa BBEpPX 50 5 0,67 0,305 1
<*> Tpm D = 9 ues./M2 3HaueHuma q =V x D onpemesgalTca o bopmyse

q =10 x (3,75 + 2,5 x b ), m/vuu.
i

t0 t0
[Ipy J1000M BO3MOXHOM 3HAadeHuUu V Jiooy B koamyecTBe N, Haxojaummecsa B

1
MOMeHT t Ha 1-0OM BJIEMeHTapHOM YydYacTke, IOBUITAKTCS IO HEMY M HAUMHAKT

0]




NIepexoImMTh Ha NocJenyommi yuyacTok (i+l) (pmc. II4.1). Ha ydyacTOK 1 B CBOK
ouepenb TMEepPexXomuT UYacCThb JIoAel C npemsaymero (i-1) »JeMeHTapHOTO ydacTKa U
M3 MUCTOYHMUKA J.

[Io mnpomecTtBUMM BpeMeHM JenbpTa t K MOMeHTy t =t + JesibTa t TOJIBKO
| 0
t0
yacTtk Jiogem N C yyacTka 1 ycmeeT mnepeuTs Ha yudacTok (i+l). K sTomy
i, i+l
t0
MOMEHTY BpeMeHMr u3 N Jgioner, OuBHIMX Ha ydyacTke 1 B MOoMeHT t , ocTaHeTcd
i 0
t0 t0
(N - N ) momeri.  Mx  UKMCJIO TOMNOJIHAETCH 3a CUeT JIoIei, yCIeBIMX 3a
i i,i+1l
t0
3TOT MHTEepBaJl BPEMeHM IIepeVTu Ha HeT'o C IOpelpnymero ydacTka — N u us
i-1,1
t0
MCTOUHMKa N . Torma IIJIOTHOCTB MOTOKA Ha YydYacTke 1 B MOMeHT t Oymer
J.i 1
paBHa:
tl t0 t0 t0 t0
D = (N - N + N + N )/ b X Jenvra L. (114 .4)
i i i, i+l i-1,1 j.l i
CKOpPOCTH OBUMXEeHUS Jioneu, OKal3aBIIMXCS Ha YydyacTke 1 B MOMeHT t ,
1
onpenensgeTcsa no dopwmyJe:
Tl T
\Y =V (l-a x1InD /D ) . (I14.5)
i 0,k k i 0,k

Pwuc. M4.1. NameHeHnsa cocTosiHUS MOTOKa B NOcrneaoBaTeribHble
MOMEHTbI BpeEMeHM (He NpuBoanUTCS)

CnenyeT y4nTbiBaTh, YTO M3MEHEHMEe TMJIOTHOCTU NOTOKa Ha KaXAOM Yy4aCTke B pasfyinyHble
MOMEHTblI BpEMEHWN OTpaXaeT npolecc I'Ieped)OpMMpOBaHI/IFl pPa3fmM4HbIX yacTen NOoTOKa, U Kak YacTHbIN

crnyyait, NpoLecec pacTekaHnsa noToka.

M3meHeHMe NNOTHOCTU MOTOKA HAa KaXAOM W3 3feMeHTapHbIX Y4acTKOB B MocrnefoBaTernbHble
MOMEHTbI BPEMEHW 3aBMCUT OT KONMMYECTBa NoAeNn, nepexosimx Yepes rpaHuubl ydacTtkoB. B obuwem
cny4ae KOnvMyecTBO N0AeN, nepexoasLlmx 3a uHTepaan spemeHun fenbta t ¢ yyactka i Ha nocnegyroLwun

y4yacTok i+1, coctaBnsert:

tl t0
N =D x b x Oenbra 1 x V x JenbpTa t. (I14.6)
i,1+1 i i nep
CxopocTh mnepexoma V yepes TPaHMUB CMEXHBX SJIEMEHTAPHBEIX yUaCTKOB
nep

cienyeT INPMHMMAaTb, PYKOBOINCTBYACH CJIeOY VMM @OpMyJ'IaMT/I:

t0 t0
vV , ecim D <= D mpm max V x D =qg
i i+1 Di,k max




nep t0 t0
\Y% , ecam D > D npm max V x D =qg

i+1 i+1 Di, k max

(114.7)

CnenyeT y4YMTEBATb, YTO B TOT MOMEHT BpeMeHM t ; KOI'ma IIJIOTHOCTB IIOTOKa

n

Ha ydyacTke i JocTunja MaKCHMaJIbHOM BEJIMYVHEI, Ha 3STOT YyYaCTOK He MOXeT

HpMﬁTM HN OIOVIH JeJIOBEK, HM C IIpenuecTBy lero ydJacTKa,

HM M3 MCTOUYHMKA. B

tn
pesyJsibTaTe [epen YydYacTKOM 1 3amepxmMBaeTCcs COOTBETCTBeHHO JesibTa N b%8
i-1
tn
OensTa N Juomer. B cilenyommii MOMEHT BpeMeHu t YacThb JIOOEeM C ydacTka
J,i n+1

i nepexoomuT Ha y4acCTOK i+l, IIJIOTHOCTB JIIOOCKOI'O IIOTOKa Ha HeM YMEHBUUTCHA U
JacTb CKONIMBIIMXCA IIepen ero rpaHmueﬁ JIOnEeM CMOXeT nepeﬁTM Ha Hero. Jlond ux

yUacCTHss B IONOJIHEHMM JIOObMM ydacTkKa 1 B MOMEHT t onpemnensgeTcs QopMyJIONn:
n+1
tn,tn+l tn,tn+l tn,tn+l tn,tn+l tn,tn+l tn,tn+l
IenbTa N / IDenvTa N =D x V X b / D x V x b . (II4.8)
i-1 i i-1 i-1 i-1 i i
Qopmysier  ([14.4) - (I14.8) IOJHOCTBIO ONMCHBAKT COCTOMHME JHOACKOTO IOTOKAa
Ha DSJIEMEHTAaPHHX ydYacTKax M MX Iepexonb B [I0CJIeNOBaTEJIbHEIE MOMEHTH BPEMEHM.
COBOKYIIHOCTb 3HaAYEHUN pacyeTHOTO BpEeMeHM SBakKyaluuu, [OJIyYeHHEIX Ipu
PasJIMUHEIX 3HAUEeHUsx V , bopMmMpyeT sMOMpuueckoe paclpelnejieHVe BepOsTHOCTENR
0,k
3HadeHuyt SUM t . Ilo BTOMy pacnpeneyeHMO cienyer PacCUmUTEBAThb 3HadYeHMre
p
BpEeMeHM 3aBeplieHMs SBaKyaluy, COOTBETCTBykllee BeposaTHOCTU P (t ) = 0,999.
p.5B
MpunoxeHue N 5
K nyHkTam 10, 11 MeTtoguku
OAHHBIE
OnA OrNnPEAENEHNA PACYHETHOI O BPEMEHW 3BAKYALIMU
1. 3HaueHue BpeMeHN Hadaljia sBakKkyauum t OJid IIOMEeIeHMA Oodar'a IIoXapa
HS
ciienyeT IIPMHVIMaTb pPaBHBIM O, 5 MUH. ,I[J'IFI OCTaJIbHEIX HOMeLU,eHMVI 3HaUEHNVE BpPEMEHU
Hauvajla sBakyaumm t cyjenyeT onpemenaTb no Tabiauue II5.1.
HS
Tao6mmma I15.1
N Kiacc OyHKLUMOHAJIBHOM IIOXAaPHOM BHaueHMe BpPeMeHM Hauajla

n/mo OMaCHOCTM 3IaHUM ¥ XapaKTepuCcTUKa
KOHTUMHI'€HTa JioIen

oBaKyaumy Jiomerm t , MUH.
HD

30aHuL, 30aHUS, He
O00OpPynOBaHHEIE O0DOpPyOOBaHHEE




CUCTEMOM CUCTEMOM
ONOBEIEHNS U OTOBEIEHUS U
yIpaBJIeHUs yIIpaBJIeHUSA
sBakyaluen Jonen SBaKyalumemn
Jonen

I - I |IIT -V
THIIa THUIIa

1 |3maHmMs meTCcKMX OOMKOJIbLHEIX 6,0 4,0 9,0
o0pasoBaTEJIbHEX YyUYpexXIeHUM,
CrelMaM3UPOBAHHEIX IOOMOB IIpeCTapeliblxX
Y MHBaJIMIOOB (HEKBAPTUPHEE), OOJIbHUIIEL,
CIlaJIbHEIE KOpIlyca o6paszoBaTeJibHBIX
yUpexXxIeHNY MHTEPHATHOIT'O THUIa U
OeTCKUX YUPEXIeHMUM; MHOT'OKBapTUPHEE
XMJIEIE HOOMa; OHOHOKBAPTUPHEE XUJIEE
IooMa, B TOM uucjie OJIOKMPOBAHHEIE
(1.1, ®1.3, ®1.4). Jooy MOTYT
HaxXxOOUTHLCSA B COCTOSHMM CHa, HO
3HAKOMEl CO CTPYKTYPOM 3BakyalMOHHHX
IyTer M BEXOIOB

2 |TocTuHMLE, OOMEXUTUS, CIaJibHEE 3,0 2,0 6,0
KOpIlyca CaHaTOpMEB M IOMOB OTIHXA
obmero Tuna, KEeMIVHI'OB, MOTeJIeV U
naHcuoHaTor (®1.2). XuJIbLUE MOTYT
HaxXOOMTBCA B COCTOSHUM CHa M He
OIOCTATOUYHO 3HAKOMH CO CTPYKTYPOM
3BAKYALMOHHEIX [IYTEV U BHXOIOB

3 |3maHusa 3PesMUHBIX Y KYJIbTYPHO— 3,0 1,0 6,0
NPOCBETUTENILHEIX YUPEeXIeHUM; 3IaHusg
opraHmM3auuy no OOCIHYyXMBAHMIO HACEJIEHUS
(®2, @®3). IloceTuTeNM HaAxXOOATCS B
BoOpCTBYyWIEM COCTOSHMM, HO MOTYT OBITH
HEe 3HAKOMBI CO CTPYKTYypOM
5BaKYAaLUMOHHEX IIYyTEeMV M BHEXOIOB

4 |3maHusa Hay4YHHX UM OOpa30BaTeJIbHEIX 3,0 1,5 6,0
YUPEeXIOEeHNY, HAYUHHEX U IIPOEKTHEIX
opraHm3aumii, OPIaHOB YyIpPaBJIEHUSI
yupexneHnuy (04). IloceTUTeNnM HaAXOOATCH
B OOIPCTBYWIEM COCTOSHUM M XOPOLO
3HAKOMEl CO CTPYKTYPOM 3BaKyalLMOHHEIX
IyTey M BEXOIOB

2. MprHUMNbI COCTaBMNEHNs pacYETHOW CXeMbl aBaKyaLuu.

PacueTHas cxema aBakyauuu npegctaBnsieT cobOW OTAENbHO BbIMOMHEHHYI, WM BO3MOXHO
HaHeCeHHY0 Ha MnaH 34aHus CXeMy, Ha KOTOPOW OTpaXkeHbl:

KOMMYEeCTBO NIOAEN Ha HavarbHbIX y4acTkax - UCTOYHMKAxX (Mpoxodbl Mexay pabounmu mectamu,
obopynoBaHuem, pagamm Kpecen u T.n.);

HanpasneHne nx ABMxXeHust (MapLUpyThl);

reoMeTpuyeckne napameTpbl y4acTKoB NyTH (ANMHA, LUMPUHA) U BUAbI y4aCTKOB MyTy.




PacyeTHas cxema aBaKyauuu OOMKHA Y4UTbIBATb CUTyaLMiO, MPU KOTOPOM XOTSA Obl 0AWMH YernoBek
HaxoauTca B Hamboree yaaneHHON OT BbIXOAA U3 34aHUS, COOPY>KEHMNS NN CTPOEHUS TOYKE.

B pacyeTHON cxeme yuuTbIBAlOTCA TOMbKO Te€ MNYTU OBWKEHUSA TMIOAEN, KOTopble OTBevaloT
TpeboBaHWaM, NpeabABSeMbIM K MyTSM 3BaKyaLumu.

PaccMoTpeB KOMMYeCcTBO Noderd Ha HavanbHbIX ydacTkax MyTu, crepyeT onpeaenutb
HanpasneHne WX [OBWKeHWs. YCTaHOBMeHbl criegylowme Habniogaemble npasuna Bbibopa niogbMu
HanpasneHus (MapLipyTa) OBWKEHUS Npu 3BaKyaumm:

a) ABWXKeHWe No TOMY NyTW, KOTOPLIM f0AW Nonanu B 34aHue;

0) ucknouveHve nyTen OBWXKEHUs, NPOXOAALMX PSOOM C 30HOW TOpPeHus, XOoTa mnoau MoryT
3BaKynpoBaTbCs Yepes 3abIMIeHHbIe Kopuaopsbl;

B) BnusHWe nepcoHana. B obLwecTBeHHbIX 34aHWAX, Kak MnpaBuno, noceTuTenu npu noxape
cnenyloT yKasaHWsM nepcoHara, faxe ecrnv 3TW yKasaHusl He COOTBETCTBYIOT ONTUMarbHbIM;

r) Npu 3BaKyauun c NepBOro aTaxa - ABWXEHMEe K OTKPbITOMY BbIXOAY HAapyXy U3 34aHus;

[) CnoxHas norMctuyeckasl 3aBMCUMOCTb, OMWCbiBaloLWas BbIOOp BbixoAa C 3Taxa 3puUTenbHOro
3ana (puc. 15.5);

€) MPK NPOYMX PaBHbIX YCIOBUSX - ABWXKEHME K Brvpkanwemy BbIXOAY.

Kpome Toro, nmetomecs gaHHble NoKasbiBaloT, YTO hakTopom Bbibopa HanpasneHnss MOXET ObITb
MECTO MapKOBKM JIMYHOIO aBTOMOBMIIA, MECTO BCTPEYM YNEHOB ceMby 1 T.M. OnpegeneHmne WuprHbl NyTu
BbI3bIBAET 3aTPyAHEHNE TONbKO MNpU BbIXOAE MoAeN Ha y4acToK "HeorpaHM4eHHON" WMPUHBLI, Hanpumep B
BecTMbIoNb. B Takom cnydae wupuHa notoka (b) 3aBncut ot konmyectaa nogen (N) n gnudel (1) yyactka:
b=4mMnpu N<1004en.nl <=6 m; b =6 M- B oCcTanbHbIX Cny4asx.

CornacHo OaHHbIM HaTypHbIX HaOMOEHUI YCTaHOBMEHO, YTO MOBOPOTbI MYyTW HE BUSIOT Ha
napameTpbl ABWKEHWSI FTIOACKOro NoToKa.

OnpepeneHne AnvHbl (BAOMb OCKU NYTU) OTNNYAETCH ANS FTOPU3OHTAaNbHLIX W HAKMOHHbLIX nyTen. K
HaKIMOHHbIM MYTAM OTHOCHATCS NeCTHUUbI U naHaycbl. CBoboaHas WwmpuHa b HaknoHHoro nyTu, Hanpumep
NeCTHNYHOro MapLua, NPUHUMaeTCa B CBETY: OT Nepun 0 cTeHbl. [AnuHa HaknoHHoro nytu L (puc. 15.1)
NPVHUMAETCS MO UCTUHHOMY €ro 3HaYeHMI0. JTaXHbIE U MEXAYITAKHbIE MITOLWAAKN B LENsAxX ynpoLeHns
1 obrneryeHns BbIMUCIIEHWN, y4MTbIBas UX HebomMblUMe pa3mepbl U MEHbLUYK CIOXHOCTb ABWXEHUSA MO
HUM B CPaBHEHUW C NTECTHUYHBIMM MapLUamMu, JOMNYyCKaeTCA OTHECTU K HAKIMOHHbIM NyTaM. Torga cpefHss
ANMHA HaKIMOHHOro NyTW B Npegenax o4Horo ataxa, ¢ y4eToM ABWXKEHMSA Mo nrowankamM, CoCTaBuT:

OJI9 IOBYXMapUEeBEX JIECTHUL [, = ————————-— )
cos aJabbda

raoe L' - ropusoHTanbHasi NpoeKkunst AfvHbI HAKMOHHOIO NyTw, M;

anbda - yros HakrmoHa K rOpuU30HTY;

He [Jornyckasi Cepbe3HOW MOrpeLlHOCTH, AfIMHY NyTWU N0 ABYXMapLlIeBOW NeCTHULE MOXHO
NpUHUMATb PaBHOM ero yTpoeHHou BbicoTe H, T.e. L =3 - H;

OJis TPEexXMapUeBHX JIECTHUL L, = ——————=—= + ———————— + L" + 4 x b.
Cos anbbda cos anboda

Puc. 5.1. PacyeTHasa gnvHa nyTu no necTHuue:
a - AByxXMapLieBas NecTHuua; 6 - TpexmapLueBasi nectHuLa
(He npuBoguTcs)

MaHaychbl, ecnu MX HakMoH HesHauuTeneH (MeHblle 1:8), MOXHO OTHOCUTb K FOPU3OHTamNbHbIM
nyTssM, npy 0Oonee 3HaYWUTENbHbIX HaKMOHax - K necTHuuam. [nuHa HaKMoHHOro nyTu Takke
onpeaensieTcs rno ero ocu.

MyTv pOBwXKeHuMs B npegenax 34aHus OObIMHO  MepecekaloTcss  ABEPHbIMUM  NMpoeMamu,
[EKOPaTMBHLIMU NMopTanamu, UMEKT CY)KEHUS 3a CHET Pa3SINYHbIX apXUTEKTYPHbIX U TEXHONOMMYECKNX
3M1EMEHTOB, BbLICTYNAKLWMNX U3 MIOCKOCTU OrPaXXOeHWA. Takne MecTHble CY)XeHUsi He3aBUCUMO OT UX




XapakTtepa B JarnbHehweM HasblBalTCsa npoeMamu wupuvHon b. OnvHa nytm L B npoeme MOXeT He
Yy4nTbIBaTLCS, €Cnn OHa He npesbiwaeT 0,7 M, T.e. ANVHbI OAHOrO Liara, B MPOTUBHOM CriyyYae ABWKeHue
B MpoemMe cregyeT paccMaTpuBaTb Kak [ABWKEHWE Ha CaMOCTOSTENbHOM pacyeTHOM Yy4yacTke
FOPU3OHTarbLHOro MyTW.

JleCTHUYHbIE KNeTKn ABNAKTCA LEeHTpaMu TAroTeHUs NIOACKMX NOTOKOB (ANs MepBoro araxa -
BbIXOAbl HapyXy), Ha BXode B KOTOpble 3akaH4YMBaeTCs BTOPOW aTan 3Bakyauuw. [1oaToMy pacdeTHble
cxeMbl LenecoobpasHo COCTaBnATb ANS KaXOOoW YacTu 3Taxa, Mo KOTOPOW Noau 3BaKympyrloTcs vepes
NPeayCMOTPEHHYI0 ANS HUX NECTHUYHYK KneTky (Bbixod Hapyxy). Ha puc. [15.2 npusegeH npumep
COCTaBMeHUs pacyeTHON CXeMbl 3BaKyauum Nogen No 4acTu aTaxa A0 BXoAa B NNECTHUYHYIO KIETKY.

Puc. II5.2. IIpuMep COCTAaBJIEHMS PaCUYeTHOM CXeMH 3Bakyalun
JIOOEM IO YacCTM 3Taxa OO BXOHAa B JIECTHUUHYI KJIETKY:
N - xommuecTBO Jsomet; b - mmpuHa; 1 - OJMHA;
b - mmupuna npoema (He npusomuTCH)

0

B 3puUTeNibHbIX 3anax C MNOCTOAHHbIMM MeCTaMun AOna noceTuTenemn pacnpeneneHune nogen no
HanpaBneHnaM OBMXeHUA K 3BakyaluMOHHbIM BbiXO4aM NOKa3aHO Ha pUC. M5.3unl5.4.

Puc. M5.3. MapwpyTusaumnsa ABMKEHUS NIOOCKMX NOTOKOB
npuW 9BaKyaLuun N3 3puterbHbIX 3aroB ¢ 60KOBbIMM (MPOLONBHBIMM)
npoxogamu (He NPUBOANTCS)

Puc. 15.4. MapLwpyTusaums ABMXKEHNSA NIOLACKNX NOTOKOB
npv 3BaKyaLuu U3 3pUTENbHbIX 3a50B C NonepeYHbIM MPOXOA0M
(He npuBoguTCA)

Ecnn B panbHenwum nogn BbIXxoasaT B dove unnu BecTublrnb, T.e. 4Yepe3 MOMELLEHUNS, He
orpaHumymMBalrLWmMe, Kak Kopuaop, LWWPWUHBI NIOACKOrO MOTOKa, TO pacnpegeneHve nioACKUX MOTOKOB
MeXay BO3MOXHbIMW 3BaKyaLMOHHbIMWU BbIXOA4amu, Korga OHU He 6MOKMpOBaHbl, MPOMCXOAUT COrfnacHo
3aKOHOMEPHOCTSM, NpMBeAEHHbIM Ha puc. [15.5, a, 6.

Puc. II5.5, a. Umcio szpurenen
¥ BBIOOP BEIXOHIA IPM DBakKyalMM B IBe JIECTHMUHBE
KJIETKM JIMOO B IOBEe OTKPHITHIE JIECTHMLE MJIM B IBa BHXOIA

13 3paHua: N - ofllee KOJIMUECTBO BBaKyUPYOUMXCSH;
N - umMcio 5BaKyMPYOUIMXCA uyepes OJMXHMIA BHEIXOI;
1

N - uncio 3BaKyUPYOUMXCH UYepes NaJIbHUM BBIXOI;
2

Il - muHa nyTtr mo GAMXHEroO BHIXOHA; 1 - IUIMHA
1 2

IIyTM OO IOaJIbBHEI'O BEIXOIAa (He HpMBO,J:LMTCFI)

Puc. I15.5, ©. Umcino 3pureseu,
5BAKYUPYRIMXCS MO OTKPHEITOM JiecTHuie: N — obmee
KOJIMUECTBO »BaKyupywommuxcsg; N - UKCIJIO 2BaKyUPYOIUXCI

1
10 OTKPBITOM JiecTHMUe; 1 - IjuHa OYyTU IO OTKPHTOMN
1
JIECTHMUE; 1 — OJIMHA OYyTKM OO BHXOIA Ha JIECTHUUHYIO

2

KJIETKY (He NPpMBOAOUTCS)




3. Mpu ogoHOpoOHOM cocTaBe MHACKOro MoToka rpynn mobunsHocTM M2, M3 u M4 3HadeHus
BenuuuH D, V n q cnegyet npuHnMmaTth B COOTBETCTBUU C AaHHbIMU Tabnuupl 15.2.

Tabnuua 5.2




Pac4yeTHble 3HauYeHnss napaMeTpoB Ang rpynn ModuneHoctn M2 - M4

pynna Bua nytn

mobunb- | D, rOpM30oHTarbHbIN necTHuua BHU3 nectHuua naHayc BHU3 naHayc BBEpPX

HOCTH M2/M2 BBEPX

Vr q! Vr q! V! q V! q! Va q,
M/MWH. M2/m M/MWH. M2/m M/MWH. M2/m M/MWH. M2/m M/MWH. m2/
X MVUH. X MVUH. X MUH. X MUH. X MVH.

M2 0,01 30,00 0,30 30,00 0,30 20,00 0,20 45,00 0,45 25,00 0,25
0,05 30,00 1,50 30,00 1,50 20,00 1,00 45,00 2,25 25,00 1,25
0,1 30,00 3,00 30,00 3,00 20,00 2,00 45,00 4,50 25,00 2,50
0,2 26,05 5,21 26,22 5,24 16,78 3,36 41,91 8,38 21,98 4,40
0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 5,43
0,4 19,08 7,63 19,03 7,61 11,96 4,78 28,25 11,30 15,32 6,13
0,5 16,84 8,42 16,71 8,36 10,41 5,20 23,85 11,93 13,18 6,59
0,6 15,01 9,01 14,82 8,89 9,14 5,48 20,26 12,16 11,43 6,86
0,7 13,46 9,42 13,22 9,25 8,07 5,65 17,22 12,05 9,95 6,97
0,8 12,12 9,69 11,83 9,47 7,14 571 14,59 11,67 8,67 6,94
0,9 10,93 9,84 10,61 9,55 6,32 5,68 12,27 11,04 7,54 6,79

M3 0,01 70,00 0,70 20,00 0,20 25,00 0,25 105,00 |1,05 55,00 0,55
0,05 70,00 3,50 20,00 1,00 25,00 1,25 105,00 |5,25 55,00 2,75
0,1 70,00 7,00 20,00 2,00 25,00 2,50 105,00 |10,50 55,00 5,50
0,1 53,50 10,70 20,00 4,00 20,57 4,11 83,41 16,68 45,54 9,11
0,3 43,57 13,07 16,67 5,00 17,05 5,12 65,70 19,71 35,59 10,68
0,4 36,52 14,61 14,06 5,62 14,56 5,82 53,13 21,25 28,54 11,41
0,5 31,05 15,53 12,04 6,02 12,62 6,31 43,39 21,69 23,06 11,53
0,6 26,59 15,95 10,38 6,23 11,04 6,62 35,42 21,25 18,59 11,15
0,7 22,81 15,97 8,98 6,29 9,70 6,79 28,69 20,08 14,81 10,37
0,8 19,54 15,63 7,77 6,21 8,54 6,83 22,86 18,28 11,53 9,23

CrpaHuua 71 u3 90



0,9 16,65 14,99 6,70 6,03 7,52 6,77 17,71 15,94 8,64 7,78
M4 0,01 60,00 0,60 - - - - 115,00 |1,15 40,00 0,40
0,05 60,00 3,00 - - - - 115,00 |5,75 40,00 2,00
0,1 60,00 6,00 - - - - 115,00 |11,50 40,00 4,00
0,2 50,57 10,11 - - - - 99,65 19,93 35,17 7,03
0,3 40,84 12,25 - - - - 79,88 23,97 28,36 8,51
0,4 33,93 13,57 - - - - 65,86 26,34 23,52 9,41
0,5 28,58 14,29 - - - - 54,98 27,49 19,77 9,89
0,6 24,20 14,52 - - - - 46,09 27,65 16,71 10,03
0,7 20,50 14,35 - - - - 38,57 27,00 14,12 9,88
0,8 17,30 13,84 - - - - 32,06 25,65 11,88 9,50
0,9 14,47 13,02 - - - - 26,32 23,68 9,90 8,91

CrpaHuua 72 u3 90



MpumeyaHue:

M2 - HemolHbIe NoanU, MOBUNBHOCTbL KOTOPbLIX CHMKEHA U3-3a CTapeHus opraHusma (MHBanuabl N0 CTapocTw);
MHBanNWAbl Ha NpoTe3ax; UHBanNuAbl C HeJoCTaTKaMM 3peHusi, Nonb3ywmecs 6enon TPOoCTbi; MAN C MCUXMYECKUMM
OTKINOHEHNsMM;

M3 - HBanMAabl, NCMONb3YOLWNE NPU ABMKEHUW OOMNOMHUTENBHBIE ONOPbI (KOCTLINN, Nanku);

M4 - HBanuAabl, NepeaBurarLnecs Ha Kpecnax-Konsickax, NPUBOOUMbIX B ABVXXEHNE BPY4YHYHO.

4. Mnowagb FOpI/I3OHTaJ'IbHOl7I npoeKkunmn 4enoBeka f, m2/ven., npunHMMaeTcAa B 3aBMCMMOCTU OT COCTaBa niogen B
NOTOKEe B COOTBETCTBMU C NpuBegeHHbIMUN HMXXEe OaHHbIMU.

Puc. IM5.6. MNnowanb ropM3oHTansHON NpoeKLMm Yernoseka:
a) pacyeTHas; 6) gencTBUTENbHAsA (He NPUBOAMTCS)

Pa3mepbl ntogern N3MeHsItoTCsS B 3aBUCUMOCTUM OT (PU3NYECKUX AaHHbIX, Bo3pacTta u oaexabl. B tabnuuax I15.3,
5.4, 5.5 n Ha pucyHke 5.7 npuBoAATCA ycpeAHeHHble pasMepbl Maen pasHoro Bo3pacTa, B pasfnnyHon ogexae u ¢

pa3nnyHbIM rpy30oM. I'IpM 9TOM npumBedeHbl 3Ha4vYeHnda nnowaamn FOpI/I3OHTaﬂbHOl7I npoekunn nHeanngos C HapyweHnem
OMNOpHO-ABUraTesibHOro annaparta.

Tabnwuya M5.3

lMnowanm ropnsoHTanbLHOM NPOEKLNN B3pOCHbIX NtoAeNn

Tun onmexnbl llmpuHa a, M TonumuHa C, M [Inomwanb I'OPMUBOHTAaJIbHOM
npoexkumm, M2/4er.

JIeTHASA 0,46 0,28 0,100
BEeCeHHe—-OCEeHHHad 0,48 0,30 0,113
SUMHASA 0,50 0,32 0,125

Tabnuua 5.4

Mnowagm FOpI/I3OHTaJ'IbHOIZ npoeKkunn neten n noapoCTKOB

Tun omeXxnel BospacTHEe I'pYyNNE
MIIamuma s cpenHas crapumas
no 9 jer 10 = 13 Jer 14 - 16 jer
IoMallHAg onexna 0,04 0,06 0,08
IOMalHAS OomexIa CO WKOJbHOM 0,07 0,10 0,14
CYMKOM
yIMYHAas omexmna 0,09 0,13 0,16

Puc. M5.7. Nnowaab ropM3oHTansHON NpoeKkLmmn noaemn
C pasnu4yHbIM rpy3oM (He NPUBOAMUTCS)

Tabnuua 5.5

Mnowanb ropu3oHTanbHOM NPOEKL MK NoAEN C OrpaHNYEHHOWN
MOOUMNBHOCTbLIO, M2/4en.

300pOBEIE Crensle C nopaxeHMeM OINOPHO-ABUIATEJIBHOTO alnapara




Jonn, cia-

OocJblamme , nepenBu— |NepenBu- |[nepenByu—- |NepenBuU— |TPaHCIOP- |TpPaHCIOp-—

C orpaHu- rapuMecs |ramompecs |TrawompMecs |TraoumMecs |TUpYyeMble |THUpyeMbe

YeHUEeM yM-— tes C OOHOM Cc IOByMS Ha Ha Ha

CTBEHHOM IOOMNOJIHM— | OOMNOJIHM— |IOONOJIHM— [Kpecjlax— |HOCMJIKax [KaTaJikax

nesaTesb- TeJIbHEIX TeJIbHOM TeJIbHEIMM | KOJISCKax

HOCTM orop OIIOPOM ornopamm

1 2 3 4 5 6 7 8

PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK PUCYHOK

(He npmso- | (He npu— | (He npu- | (He npu- | (He npu- | (He npu- | (He npu- | (He Hnpu-

OUTCH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH)

cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa cxeMa

(He npmso- | (He npu- | (He npu- | (He npu- | (He npu- | (He npu- | (He npu- | (He Hnpu-

IUTCH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH) BOIUTCSH)

a = 0,28 a =0,72la = 0,40|a = 0,50|a = 0,50|la = 0,80|b = 0,50b = 0,75
1 2 3 4 5 1 2

c = 0,46 c =20,82(c =0,75|c = 0,65[c =0,90|c =1,20le = 2,10le = 2,10
1 2 3 4 5 1 2

f =20,10 f=20,40 |£f = 0,25 |£f =0,20 |[£=0,30 |£f=0,96 [£=1,05 |f =1,58

4. BpemMsa 3ajepxkmu t OBVXEHMS Ha ydacTke 1 m3-3a oOpaszsoBaBLIETOCH
3
CKOIUJIEHMSA Juodel Ha TI'paHulle C HOoCJenyomuM ydacTkoM (i+l) onpememnsercsa mo
dbopmysie:

1 1
t=Nxfx (-———-—--—---—— - ————— ), (1I5.1)
o} X b qg Xb
npu D=0,9 i+1 i i
rge N - KOIMYECTBO JoOel, ded.;
f - mjowans TOPMBOHTANBHOM MPOEKUUM, M;
q - MHTEHCUBHOCTBb IOBIXKEHMSA dYepes ydacTok i+l npm njmorHoctm 0,9
npmu D=0,9
n 6ojee, M/MMH.;
b - mMpMHAa ydYacTkKa, M, I[IpM BXOXIEHMM Ha KOTOPBI 00pasoBajioChb
i+l
CKOIIJIEHME JIOIEeN;
q - MHTEHCMBHOCTBL IBMWXEHMSA Ha ydacTkKe i, M/MMH.;
i+l
b - wmpuua npemmecrmyomero yvacrka i, M.
i
BpeMmsa CymecTBOBaHMUS CKOIUIEHMS T Ha ydacTke 1 omnpenenseTcs 1o dopmyie:
CK
N x F
t e et . (I15.2)
CK q x b
npu D=0, 9 i+1

PacueTHOe BpeMsa 5SBakyaluuy O y4acTKy 1, B KOHIE KOTOPOT'O Ha I'PaHuie C
yuacTkoM (i+1l) oOpaz30BajioCh CKOIJIEHME JIOIel, PaBHO BPEMEHM CYHNEeCTBOBaHMUSA
CKOIJIEHUA t . PacueTHOe BpeMs 5Bakyauuu I[IO0 YydYacTKy 1 pmonyckaercs

CK
onpenesnAaTe o dQopmysie:




t = —-+ ¢t . (I15.3)

MpunoxeHue N 6
K NyHKTY 12 MeToaukn

NOPAOOK
MPOBEJEHUNA PACHETA N MATEMATWUYECKWE MOJENW ONA ONPEOENEHNA
BPEMEHW BJTIOKMPOBAHWA MYTEN 3BAKYALIMW OMACHbBIMA
GAKTOPAMW MOXAPA

I. Mopsgok npoBeaeHus pacyeta

MpounssoanTca aKkcnepTHbIA BbIGOP CueHapust UM CueHapueB noXxapa, Mpu KOTOPbIX OXUOAKTCA Hauxydliuve
nocneacTema Ansa HaxoasLWMXCa B 30aHUN NoOeN.

dopmynumpoBka cLieHapus pasBuTusa Noxapa BKroyaeT B cebs criegytolime atansi:

BbIOOp MecTa HaxoXAeHUs NepBOHaYanbHOro o4ara noxapa v 3aKOHOMEPHOCTEW ero pasBuTus;

3agaHve pacuyeTHonm obnactm (Bbibop paccMaTpvBaemow Npu pacdeTe CUCTeEMbl MOMELLEHWI, onpeneneHve
YYUTBIBAEMbIX MPU pacyeTe 3NIEMEHTOB BHYTPEHHEW CTPYKTYpbl NOMELLEHWIA, 3adaHne COCTOSIHUSA NPOEMOB);

3ajaHve NapameTpOB OKPYKaoLLEN cpeabl U HayarbHbIX 3HAYeHWI NapaMeTPOB BHYTPU MOMELLLEHWIA.

Bbibop MecTa HaxoxaeHus ovara noxapa Npou3BOAUTCS 3KCMEPTHLIM NyTeMm. [py 3TOM y4nTbIBAETCA KONMMYECTBO
roprtoyen Harpysku, ee CBOWCTBa M PacrorfioXeHne, BEepOSiTHOCTb BO3HMKHOBEHUS MnoXapa, BO3MOXHas AMHaMuKa ero
pa3BnTuA, pacnonoxeHne aBakyauMOHHbIX nyTe|7| N BbIXOOO0B.

Hanbonee 4yacto npu pacdeTax paccMaTpuBaloTCs TpU OCHOBHbIX BUAa pPasBUTMS MNoXapa: KpyroBoe
pacrnpocTpaHeHue noxapa no TBepAown roproyen Harpyske, IMHeNHOEe pacnpocTpaHeHWe noxapa no TBepAown roptoyen
Harpyske, HeyCTaHOBUBLLEECS TOPEHME FOPIOYEN XXUOKOCTMU.

CkopoCTb BbIrOpaHus A5is 9TUX criydaes onpegenseTcs hopmynamum:

2 2
ncu X OIM Xx v X t = »OJjg KpyT'OBOT'O PACHPOCTpPaHeHMsa Ioxapa
va
ncu X 2 x v x t x b - Ong JMHEMHOT'O paclpocTpaHeHus noxapa (II6.1)
va
ncu = <
/t
rcm x F x /—-——- - IOJa HeyCTaHOBuBIETrocd ropenmus I'K,
Mg / t
\/ cT
Tae Icu - yIOeJibHas CKOPOCTbL BHIOPaHMA (IOJ18 XMIOIKOCTEM YyCTaHOBMBIIAACH),
va
kr/ (c x M2);
V - CKOPOCTH pPaclpOCTpPaHeHMud IJlaMeHu, M/C;

b - wmpuna nosocm rTopwouer Harpysku, M;




T - BpemMA CTa@MJ’H/IBaLU/H/I I'oOpeHMA I‘OpIO‘{eIZ XnMaogrocTm, Cy

CcT

F - nnomanes ouara moxapa, M2.

C ydetom pasgena |l pgaHHOro npunoxeHus BblIOMpaeTcs MeTod  MOLENUpoBaHus, OpMynuMpyeTcs
mMaTemMaTtuyeckas Mofenb, COOTBETCTBYWOLlAA [AHHOMY CLEHapuio, M MpOU3BOAUTCS MOAENMPOBaHUE OUHAMUKK
pa3BuTMS noxapa. Ha ocHoBaHMM MOMyYEHHbIX Pe3ynbTaToB PacCYUTHIBAETCS BPEMS AOCTWKEHUS KaXKAbIM M3 OMacHbIX
(hakTopOB NoXapa npefenbHO AONYCTUMOMO 3HAa4YEHUS Ha MyTAX IBaKyaLu .

Kputnueckoe Bpems no Kaxaomy M3 OnacHbIX (PaKTOPOB Moxapa onpefensietcs Kak Bpemsi JOCTUXEHMS 3TUM
¢akTopOM npeaenbHO JONYCTMMOro 3Ha4YEeHMs Ha NyTSX 3BaKyauum Ha BeicoTe 1,7 M OT nona.

MpenenbHO AONYCTUMBIE 3HAYEHUS MO KaXXAOMY M3 ONacHbIX (haKTOPOB NOXapa COCTaBMsAoT:

no noBbILLEeHHOW TemnepaType - 70 °C;

no TennoBomy noToky - 1400 BT1/m2;

no notepe BnamMmocTu - 20 m;

Mo MOHMKXEHHOMY cofepXaHuto kucnopoaa - 0,226 kr/m3;

o KaxIoMy M3 TOKCUUHHEX T'a3000pas3HEX MPOIyKTOB ropenumsa (CO - 0,11

2
-3 -6
xr/mM3; CO - 1,16 X 10 xkr/M3; HCL - 23 x 10 kT /M3) .

Heobxooumo oTMEeTUTb, YTO MPU MCMONb30OBaHMKN MONEBOW MOAENWU onpeaerneHne KpUTUYEeCcKoro BpeMeHn nuveet
CyLEeCTBEHHble OCODEHHOCTW, CBS3aHHble C TeM, YTO KPUTMYECKOe 3HayeHWe B pasfMyHbiX TOYKax MoMeLLeHus
OOCTUraeTcsl He 0gHOBpPeMeHHo. [1ng nomeLeHin ¢ COM3MepMMbIMU TOPU3OHTANbHBIMU pa3mMepaMy KpuTnyeckoe Bpems
onpegensieTcs Kak MakCMManbHOe U3 KPUTMYECKUX BPeMEeH ANs 3BaKyalMOHHbIX BbIXOAOB M3 AaHHOrO NOMELLEHUs
(Bpems 61OKMpPOBaHMA NocregHero BoIxoAa).

OnpemengeTcsa BpeMsa OJIOKMPOBaHMA t ¢

011
I ]
0
I.B T T.T. 2 T.I.
t = min <t , €, t , €t , t >. (I16.2)
oI L KpP KpP KpP Kp Kp J

1. Knaccmndukaumnsa n obnacts NpUMEHEHNs METOAOB
MaTemaTU4YecKoro MoAenMpoBaHus noxapa

Ona onucaHua TepMorasoguMHaMM4eckMx MapameTpoB noxapa MNPUMEHSAITCS TPW  OCHOBHbLIX  Tpymnbl
OEeTePMUHUCTUYECKUX MOAENEN: UHTerparnbHble, 30HHbIE (30HarnbHbIE) U NoneBble.

BbiGop KOHKpeTHOM MoAeNu pacyeTa BpeMeHn 6rioKMpoBaHUS NyTen aBakyauny cnegyet ocyLecTBASATb UCXOAs U3
creayoLwmnx NpeanochIsokK:

WHTerpasnbHbIN METOA:

Ons  34aHWiA, CcoAepXalimx pasBUTYI0O CUCTEeMYy MOMELLeHU Maroro obbema npocTO reoMeTpUYecKon
KOHpurypaumm;

Ans noMeLLeHnIA, rae XapakTepHbI pa3sMep oyara noxxapa ConsmepuM C XapakTepHbIMW pa3MepamMu NoMeLLeHNs un
pa3mepbl NOMELLEHUsI COn3MeprMbl Mexxay cobon (NMMHenHbIe pasMepbl MOMeLLeHMS oTNnYaTca He 6onee Yyem B 5 pas);

ANS npeaBapuTenbHbIX Pac4eToB C Lenblo BbisiBNeHNs Hanbonee onacHOro cueHapusi noxapa;

30HHbIN (30HanNbHbLIN) MeToA;:

AN NOMeLEeHU N CUCTEM MOMELLIEHUA NMPOCTON reoMeTpPUYECKON KOHMUIypaLmu, NMHENHbIE pasMepbl KOTOPbIX
COM3MepUMbl MEXAY coObon (NMHenHble pa3mepbl NOMELLEHNs OTMYalTca He Bonee Yem B 5 pas), korga pasmep o4vara
noxapa CyLeCTBEHHO MEHbLLE Pa3MepPOB NOMELLEHNS;

Ans paboynx 30H, pacnonoXeHHbIX Ha pasHbIX YPOBHSX B Npegenax ogHOro NoMeLLeHNs (HaKMOHHbIN 3PUTENbHBIN
3an KkmHoTeaTpa, aHTpeconu u T.4.);

noneBow MeToA;:




Ons NOMELLEHMN CMOXHOW reoMeTpuveckonm KoHdurypauuu, a Takke nomelleHud ¢ 60onblIMM KONMYecTBOM
BHYTPEHHUX nperpag (aTpuymbl C CUCTEMOW ranepen 1 NpUMbIKaoLLMX KOPUAOPOB, MHOMOMYHKLMOHANbHbIE LIEHTPbI CO
CMNOXHOW CUCTEMOWN BEPTUKANbHbIX U TOPU3OHTAarbHbLIX CBA3EN U T.4.);

01151 MOMELLIEHWIA, B KOTOPbIX OAMH U3 reOMeTPUYECKMX pasMepoB ropasao 6onblie (MeHbLUe) ocTanbHbIX (TOHHENM,
3aKpbITble aBTOCTOSIHKM O0nbLUOW niowaam v T1.4.);

AN MHbIX Cry4YaeBs, Korga MpUMEHUMMOCTb MM MHAPOPMATUBHOCTL 30HHBIX U MHTErpasbHbIX MoOernen Bbi3biBaeT
COMHeHMe (YHUKarbHble COOPY)XEHUS, pacnpocTpaHeHue noxapa no cacagy 3gaHus, HeobxXxoouMOCTb yyYeTa paboThl
CUCTEM MPOTMBOMOXAPHOM 3aLLNTLI, CMOCOOHBLIX KAYECTBEHHO M3MEHUTbL KapTUHY noxapa, U T.4.).

Mpn ncnonb3oBaHUN UHTErpanbHOM M 30HHOW MoAenen Ans NoMeLLeHWs, OOUH N3 NIMHENHbIX pa3MepPoB KOTOPOro
fbonee Yem B NATb pa3 MpeBblaeT XoTA 6bl OANH N3 ABYX APYrUX NUHEWHbIX pa3MepoB, HEOH6XOAMMO 3TO MOMeELLEHMe
OenuTb Ha y4yacTKu, pasmepbl KOTOPbIX COM3MEpPUMbI Mexay cobon, M paccmaTpuBaTbh Y4acTKM Kak OTAEnNbHble
nomelleHus, coobliarlimecs npoemMamu, nnowanb KOTOpbIX paBHa MMoWaAn CEeYEeHUA Ha rpaHuue Yy4acTKOB.
Mcnonb3oBaHue aHanorMyHom npoueaypbl B cryyae, Korga Asa fMHEnHbIX pa3mepa npesbllwatoT Tpetun bornee yem B 5
pas, He JonyckaeTcs.

lll. MHTerpanbHas maTemaTuyeckas MOAenb pacdeTa rasoobmeHa
B 34aHMM Npu noxape

Ins pacyeTa pacnpocTpaHeHUsl MPOAYKTOB ropeHusi Mo 34aHWI0 COCTaBIIAOTCA M PELLaloTCA YpaBHEHUS aspauuu,
Tenno- n maccoobMeHa Kak Ans Kaxaoro rnoMeLleHusa B oTAeNbHOCTU, Tak U A4S BCero 34aHus B LiernoMm.

YpaBHeHNA OBWKEHUs, CBsA3bIBalOLWME 3HAYeHWUs nepenasoB OaBMneHWin Ha npoemax C pacxoJamu rasos Yepes
npoembl, UMEIT BUA:

G = sign(JeaerTa P ) x Mo X F x \/2 x po x |Heana p |, (I16.3)
Ji Ji Ji
roe G - pacxom Tas30B Uepes IpoeM MexOy OBYMS (J-M M 1-M) CMEXHBIMU
Ji
IOMeleHUaMM, Kr/c;
MO - ko2bbuumeHT pacxonma npoema (Mo = 0,8 InJsg 3aKPHTHEX IPOEMOB U M =
0,64 njsa OTKPBITEIX) ;
F - nnomans ceuenus npoema, M2;
PO — IUIOTHOCTL Tas30B, MNPOXONANMX Uyepes npoeMm, KI/m3;
IenbTa P - CcpenmHuM mepenan I[OJIHBIX MNaBJIEHUM MexXIay J-M ¥ 1-M
Ji
nomMmemeHuemMm, Ila.
HampaBjeuue (3HaK) pacxola OnpenesgeTcs 3HAKOM pasHoCTHU OaBJICHUN
IOeneTa P . B 3aBUCUMOCTM OT STOTO MJIOTHOCTH PO IMIPUHUMAET pPasInYHLE
Ji
3HAUEeHUHA.

3HaK pacxoaa Ta30B (BXOIAIIMI B TMOMEIICHHE PACXOJ[ CUYUTACTCS TOJOKHUTEIbHBIM, BBIXOSIIANA -
OTPHULIATENILHBIM) U 3HAYEHUE PO 3aBUCST OT 3HAKa Mepenaja 1aBJICHH:

-1, po = po , npu Henpra P < 0
J
sign (HenbTaP), po = < . (I16.4)
+1, po po , npu Henbta P > 0
i

[ns NporHo3npoBaHUa napamMeTpoB MPOAYKTOB rOpeHUsi (TemMnepartypbl, KOHLEHTPaLUWUA TOKCUYHBIX KOMMOHEHTOB
MPOAYKTOB TOPEHUS) B MOMELLEHUSIX MHOTO3TaXHOTO 34aHUs Ha dTaax, PacrofiOXKeHHbIX Bbllle 3Taxa, Ha KOTOPOM




MOXET BO3HWKHYTb MOXap, paccMaTpuBalTCHA MpPOLIECChl PacnpoCTpaHeHWs MNPOAYKTOB FOPEHUS B BepTUKamnbHbIX
KaHanax (NeCTHUYHbIE KNEeTKN, LaxXTbl NUTOB, BEHTKaHanbl 1 T.M.).

BepTukanbHylo LWaxTy Mo BbICOTE pasfensaloT Ha 30Hbl, KOTOpble NPeacTaBnsioT y3nbl B rMapaBrnyeckon cxeme
30aHus. 30Ha MO BbICOTE MOXET OXBaTblBaTb HECKONbKO 3Taxen 3gaHus. B aTom cnydae pacxop rasa mexgy 30Hamu
MOXHO BblpasnTb oOpMyrion Buaa:

G= [/ ——————- , (116.5)

rge S = ——-—-—m——m——m———m - XapaKTEepUCTUKa TUIPaBJINYECKOTO

2 xgxpox kxF

COIIPOTUBRIIEHNMA Ha I'PaHMIEe 30H;

F - nnowaab nonepe4yHoro ceyeHus WaxTol;

k - KoadppumumeHT (aonyckaetca npuHUMaTh paBHbiM 0,05 c2/m);

g = 9,81 m/c2 - yckopeHne cBo60AHOro NnageHus;

OenbTa p - nepenag gaBneHun Mexay y3namu.

34aHuve npeacTaBnsaloT B BUAE MMAPaABIMYECKON CXEMbI, Y3Mbl KOTOPON MOOENUPYIOT NMOMELLEHNWS, @ CBA3N - MYyTU
OBWKEHMSA NPOAYKTOB ropeHus n Bo3gyxa. Kaxgoe nomMelleHne 3gaHust ONUCBLIBAETCS CUCTEMOW YPaBHEHUN, COCTOSALLEN
U3 ypaBHeHus 6anaHca MaccCbl, YpPaBHEHWsI COXPAHEHUSI SHEPIMM U YypaBHEHMS OCHOBHOMO ra3oBOr0 3aKoHa
(MeHoeneeBa-KnannepoHa).

YpaBHeHue 6anaHca macchl BolpaxaeTcs hopmMynon:

d(po XV ) /7 dt = ncu + SUM G - SUM G , (16.6)
J J k k i i
roe Vo - oBbeM [OMelleHMs, M3;
J

t - Bpems, c;
SUM G - cymMma pacxomoB, BXOIANMX B [OMENleHue, KI/cC;

k k
SUM G - cyMma pacxomoB, BHIXONAIMX U3 [OMENeHUs, KI'/C;

i i
lMcK - cKopOCThb BbIrOpaHus NOXapHOW Harpysku, Kr/c.
YpaBHeHWe coXpaHeHUs aHeprn BblpaxkaeTcst POpPMYIou:

d(C Xpo xV xT)Y)/dt=C xSUIM((T xG)-C xT xSUIMG +Q -Q , (u6.7)
v ] b ] p k k k p b i i T w

rme C , C - ymejbHas mM30xOopHad M ms3obapHada TerioeMkocTu, kIx/ (k0 x K);

v p

T, T - TemnepaType razoB B i-M M j-M noMmemeHuax, K;

i ]

Q - xosMuecTBO Tema, BHIOEJNSEMOTO B I[OMEWEHUM NPpU [OpeHur, KBT;
r

Q - TeIJIOBOM MNOTOK, MNOIJIOWAEMBl KOHCTPYKLUMAMM U M3JIydaeMelll depes
w

npoeMrel, KBT.
s moMelleHMA odara Ioxapa BejMuMHa Q omnpeznesnseTcsa 0O QopMmyJie:
T

Q =o2T7a X Q + I,
T H




roe sTa — KOSOOMUMEHT I[IOJIHOTE I'OPEeHMA;
Q - uuBmasa Temyora cropaHma, KIx/KD;
H
|l - sHTanmbnus raz’uUOUMUMPOBAHHOM TOPKUYEr HATPY3KMU.
IlJia oCTaJIbHEIX nomemeHumr Q = 0.
T

KoadhpummeHT nomHOTE TopeHus 3Ta onpeensercs mo Gpopmyre:

X X G

ox,a a

T7a = 3T X K+ (1 - K) X —————————- , (I16.8)
a e x L

oX

roe sTa -  KOP(QOUIUMEHT MOJIHOTE T'OPEHMs B PeXMMe IoXapa, PeryJMpyeMOM
a
TopuYey Harpys3koM, onpemnesseMelt QOpMyJIon:

6

sra = 0,63 + 0,2 X X + 1500 x X R (16.9)
a oX,a oX,a

Koaddumuent K paccuntsiBaercs mo popmyie:

X X
ox,m B ox,m
K= (-—--- ) exp(B x (1 - -——-- ), (116.10)
X X
ox,a oX,a
X
oX,a 2
e B = (-——————————- ) ;
X - 0,01
oX,a
X — HauaJibHad KOHIEHTpaluMd KMUCJIOpona B IOMEIUEeHMM odara Iroxapa;
ox,a
X - TeKyllad KOHLEHTpalUuMda KUCJIOpOoIa B IIOMEIeHMM ouara Ioxapa.
ox,m

YpaBHeHve MeHpaeneesa-KnarinepoHa BbipaxaeTcsa (oopMynoi:

R
P =po xT x -, (Ime.11)
J J J M
rne P - @maBJieHMe Tasza B Jj-M noMemeHwuyu, Ila;
J
T - rmevmneparypa rasza B j—-M nomemenun, K;

J

R = 8,31 - yHuBepcanbHas rasoBasi noctosiHHas, x/(monb x K);

M - MonsipHasi Macca rasa, Mosib.

MapameTpbl rasza B NOMeLLEHUM ONPEAENnATCA N3 ypaBHeHMs GanaHca Macc OTAEeNbHbIX KOMMNOHEHTOB MPOAYKTOB
ropeHusi n Kucrnopoga v ypaBHeHUss 6anaHca onTUYecKon NIOTHOCTU AbiMa.

YpaBHeHue GanaHca Macc OTAEeNbHbIX KOMMOHEHTOB NPOAYKTOB rOPEHUS U KMCNOPOAa:

d(X xpo xV)/Zdt=ncuxL +SUM((X xG)-X xSUMG , (16.12)

L,j | i L k L,k k L,j i i




’ X — KOHLIEeHTpalumAa L-70 KOMIIOHEHTa IPOOYKTOB T'OPEHMA B i-M
L,i L,j
¥ j-M IOMEUEeHUIX, KI'/KID;
L - KOJIMYeCTBO L-T'O KOMIIOHEHTAa MNPONYKTOB TI'OPEeHUA (kmciopona) ,
L
BEIOEJIAKIEeTI0CH (morsyomwammerocs) OpM CTOpaHMM OIHOTO Kujlo'paMMa I[1OXapHOM
HATPy3KM, KI'/KID.
YpaBHeHMe GanaHca ONnTUYEeCKON NIIOTHOCTU AbiMa:

roe X

V xdvo / dt = nmcu x D + SUM (Mo x G ) / po - Mo x SUM G / po , (I16.13)
i i m k k kK k § i i j

roe MO , MO - onTuy¥eckas IUJIOTHOCTb IHeMa B 1-M M Jj-M IOMeUWeHMAX,

i ]
-1

Ho x M

D - memooBpasyomas CIOCOOHOCTH [IOXAPHOM HATpPys3kM, Hm x M2/KD.

m

OnTnyeckas NNOTHOCTb AbiMa Npu 0BbIYHBLIX YCMOBUSIX CBA3aHa C PacCTOSHUEM MpefenbHOW BUAMMOCTU B AbIMY
GOpMYyIION:

1 = 2,38 / mo. (I16.14)
op

Ona nomeweHun 6e3 uWCTOYHMKA Tenna cuctema ypasHeHun (I16.6), (M16.7) wn ([16.8) ynpowaetca wu
npeacTaBnseTcsa B BUAE:

G (ray) = sign (HesnbTa P (ray)) x Mo x F x \/2 x po x |ﬂeana P (Tay)l
ij ij k ij
< G (Tay) (I16.15)
n ij
SUM ——=—————-— =0,
i=1 pPo
k
1
roe po = - x [po + sign(HenbTa P ) X po + po -
k 2 i ij i i
- sign(emsrta P ) X po ]-
ij J
[lepBOoe ypaBHEHME CBSABBIBAET IIepenanbl HaBJIEHUM Ha COEOMHAIMX I[IOMelleHUe
npoemMax C pacxoIoM Tasa uYepes 3TU IIpoeMel. BTopoe — BHpaxaeT NOCTOSHCTBO
obwreMa IOJIS OaHHOTO IIOMEIeHMA. TakuM oOpasz30M, mOJisS BCEero 3IaHusa TpebyeTcs
pemaTb CUCTEMY, COCTOAULYy U3 (m +m ) xn HeJIMHEMHEIX ypPaBHEHUN BUIa
TC BC 3T
(I16.12) M n X n JIMHEMHBIX ypaBHeHuM Buna (I[16.13). 3mece m M m -
N 3T TC BC
COOTBETCTBEHHO UMCJIO I'OPMBOHTAJIBHEIX M BEPTMKAJIBHEIX CBS3€M Ha 2Taxe; n -
Y
UMCJIO Y3JIOB; N - UMCJIO DTaxemn.
T

Cuctema ypaBHeHWI, BkItovatowlasi B cebs ypaBHeHus ([16.6), ([16.7) ana nomelleHnst oyara noxapa u ([16.12),
(M6.13) pnsa octanbHbIX NomelleHnin n ypaeHeHue (I16.11), onucbiBatowasa rmapaBiMyeckylo CXeMy 34aHus, peluaeTcs
YUCNEHHO METOOOM MUTEpaLMM B COBOKYNHOCTU C METOOM CEKYLLUX.




OcHoOBHble ypaBHeHUs ANsi onpeaeneHnst TemnepaTtypbl ra3a U KOHUEHTpauuM NpoaykToB ropeHnst B NOMeELLEHNSX
3[aHu1s Nony4eHbl U3 ypaBHEHUI COXPaHEHUS SHEPTUN N MaCChI.

Temnepatypa rasa B noMeLleHUW, rae OTCYTCTBYeT ouvar noxapa, onpefdensiercs 13 ypaBHEHUSI TEMroBOro
GanaHca, KOTOpOE MOXHO MOMyYUTb U3 YypaBHEHUS coxpaHeHus aHeprum ([16.7). Popmyna Ana onpegeneHus
TemnepaTypbl rasa B j-M NOMeLLeHUN 3gaHns B "n"-i MOMEHT BPEMEHMU:

n
SUM (C X6 xT)+0Q

k=1 PB k k ]
T T - +
nj n m m * *
C X (SUM G - SUMG) +C X SUM G + amnboda X F + ansda X F
\s k=1 k i=1 i prT i=1 i jo jo jcc jcc
n
SUM (C xG xT) +0Q
k=1 PB k k ]
+ |T - e X
(n=1)73 n m m * *
C x (SUM G - SUMG) +C X SUM G + amboda X F + anboda X F
v k=1 k i=1 i pT i=1 i jo jo jcc jcc
n m m * *
C x (SUM G - SUMG) +C x SUM G + ansbda x F + amnsda X F
VT k=1 k i=1 i pr i=1l i Jjo Jjo jcc jcc
X exp|-——————— x IemnbTa Tay|, ([I6.16)
C X po x V
VI J J
roe Q - CcyMMa MCTOYHMKOB (CTOKOB) Temjia B oObeMe Jj—T0 MNOMEUEHUS U
i
TemJa, YXOAAWEro B OTpaxIaniye KOHCTPYKLIMM;
T(ray) - T (rTay)
* w
aneba = anpda X |—————m——————————— - NIpUBEIeHHEMN xo2bOULIIMEeHT
T(ray) - T
0
TeIJIOOTHaYN;
T - HauasibHaa TeMneparypa B [IOMELEHWN;
0
F - IJIOWaAb I[IOBEPXHOCTM OTPaXIallMX KOHCTPYKLMNM B J—M IIOMELEeHUM.
jer

KoapdmumeHT Tennootgaum anbda MoxeT b6bITb paccunTaH no amnupuyeckon popmyne:

4,07 x \/T -T mpu T <= 60 °C

aneba = < . (Mo .17)
11,63 x exp[0,0023 x (T - T )] ompm T > 60 °C
m 0 m

KoHueHTpauuma oTaeribHbIX KOMMOHEHTOB ra3oBblX CMecer B MOMELLEeHUAX 34aHUs BbIYUCIIAITCA U3 ypaBHEHMUS
6anaHca macchl gaHHoro komnoHeHTa (I16.12). KoHueHTpauus L-ro KOMnoHeHTa NpoayKTOB rOpeHUst B j-M MOMELLEHUN B
"n"-n MOMEHT BpPEMEHW onpeaenseTcs ypaBHEHUEM:

n n n
SUM (X X G ) SUM (X X G ) SUM G




k=1 Lk k k=1 Lk k k=1 k
- ) x exp(- ——————-—- X Ilenbra Tay). (116.18)

Lj(n) n Lj(n-1) n po XV
SUM G SUM G j j

OnTuyeckas KOHUEHTpauus [gbiMa B MNOMeLWeHnsax onpegensietca u3 6anaHcoBoro ypaBHeHust (116.19).
HaTtypanbeHbIn nokasatens ocnabneHnst cpedbl B j-OM nomelleHmumr B "n"-i MOMEHT BpEMEHU onpeaenseTcs ypaBHEHUEM:

n n n
SUM (uo X G ) SUM (uo X G ) SUM G
k=1 k k k=1 k k k=1 k
MO = mmm e + (M0 - ) x exp(- ————————- x JlenbTa Tay). (I6.19)
nj n (n-1)7 n po x V
SUM G SUM G ] J
k=1 k k=1 k

AHanuTnyeckme COOTHOLUEHUS NS onpeaeneHns KpuTudeckon
NPOAOITKUTESNIBHOCTU NoXapa

[ns ogMHO4YHOro NnomeLLeHns BbICOTOM He Gonee 6 M, yaoBrneTBopdowero ycnosnam npuMeHeHmnsa I/IHTeraJ'IbHOﬁ
mogenun, npu OTCYTCTBUM CUCTEM I'IpOTMBOI'IO)KapHOﬁ 3alunTbl, BIMAKOWKMX Ha pa3BuUTUe nNnoxXxapa, AonyckaeTcd
onpenenAaAtb KpUTU4eCKMe BpemMeHa Nno KaxXxaomMy U3 onacHbIX (baKTOpOB noxapa C nNOMOLWbKO aHaNMUMTU4YeCKnXx

COOTHOLLEHWIA;
no NOBbILLEHHOW TeMnepaType
1/n
70 - t
T B 0
t =<-xIn[l+ -~ >, (116.20)
xp |2 (273 + t ) x z |
L o]
10 IIOTEPE BUAUMOCTHU
1/n
-1
n.B B V x In (1,05 x ansda x E)
t =<-x In[1 - ~———————— 1>, (16.21)
Kp A 1 x BxD x z
np m
10 IOHM)XKEHHOMY COJICPKAHHUIO KHUCIIOpOoaa
1/n
0 -1
2 B 0,044
t = |- X In[1l - —————————— ] , (116.22)
Kp A B x L




1/n
-1
T.T B V x X
t =<-xIn1 - -————-——- 1 > . (I16.23)
Kp A BxL x z J
33 xc xV
p
roe B=--——-—-----——--—- Pa3MEPHHM KOMIIJIEKC, SBaBUCALMM OT TENJIOTEH
(1 - on) x sTa x Q
H
CropaHusa Marepmaljia UM CBOOOONHOIO OOBEeMa IIOMeleHMs, KI';
t - HavasbHasa TemmepaTypa BO3Iyxa B HoMemeHwmu, ~C;
0
n - IIO0Kas3aTeJIb CTeIlleHN, yLH/I'I‘I:IBaIOU_U/Iﬁ 3SMEHEeHUEe MaCCHL BEIT'OpaKmero
MaTepralja BO BPEMEHMN;
A - PasMepHBEM IIapaMeTp, YUMTHBALLMM YHOEJIbHYID MaCCOBYKD CKOPOCTH
n
BHITOPAHMA TOPKUEro MaTrepualia M [JIomanab noxapa, Kr/c ;
Z - O©Oe3spasMEpHHM [apaMeTp, YUMTHBALIMY HEPaBHOMEPHOCTHL paclpelelieHus
O®Il mo BEICOTE IIOMEUEHMUH;
Q - HusBwasa TemyoTa cropaumsa Marepuana, MIx/kr;
H
C - ypmesnbHasa m3o06apHas TEIJIOEMKOCTHL Tasa, MIx/kr;
p
on - KO20OMUMEHT TEeIJIONOTEPD (mpMHMMaeTCcsa TI©IO IaHHEIM CIPaBOYHOMU
JINTEPATYPH, IIPU OTCYTCTBMUM INAHHEX MOXeT ObBTb NpUHAT paBHeM 0, 3);
5Ta — KOOOOMUMEHT MOJIHOTH TOPeHMus (onpenmensercs no dopwmyse I16.9) ;
V - cBoGOOHEI O06BEeM MHOMeleHUa, M3;
a - xo20PMLUMEHT OTpaxeHMs NPeIMEeTOB Ha NyTAX 32BakyaluM;
E - nHauvanbHas OCBEMEHHOCTL, JIK;
1 - InpengeJjyibHad IOaJIbHOCTb BUIAMMOCTM B IOBIMY, M;
np
D - memMooBpasywomas CnocoBHOCTL Topdmero marepuasna, Hn X M2/Kr;
m
L - ymesbHBEIT BHXOI TOKCUYHLEIX I'a30B opu cropaHum 1 KI' MaTepuala, KI'/KI;
-3
X - mpemesibHO AOMNYyCTMMOE COINEepXaHMe TOKCHMUYHOTO Tasa B MOMENEHMM, KI' M
-3 -6
(X = 0,11 xr/mM3; X =1,16 x 10 xr/m3; X = 23 x 10 xkr/mM3) ;
co co HCL
2
L - YIOeJIbHBEIM pacxXol KuUCJiopoma, KI'/KT.
0
2

Ecnu nog 3Hakom norapmudma nonyvyaeTca oTpyuatenbHoe YMcno, To AaHHbin OPI1 He npeacTaBnseT onacHOCTH.




MapameTp z BblYnCNAT No opmyne:

h h
z=-xexp(l,4 X -) npu H <= 6 M, (I16.24)
H H

roe h - Bbicota paboyeit 30HbI, M;
H - BbiCOTa NOMELLEHNS, M.
OnpepnenseTca BoicoTa pabo4yelt 30HbI.

h =h + 1,7 - 0,5 x mesnsrTa, (II6.25)
I

roe h - BEICOTa IJIomwangkKm, Ha KOTOpOﬁ HaXongdaTcCc4d JIIOOV, Haznd II0JIOM
I1JI
IIoMelleHm+a, My,

AenbTa - pasHOCTb BbICOT MOMa, paBHas HYMH0 NPU FOPU3OHTarbHOM €ro pacnonoXeHun, M.

CnepyeT umeTb B BUAY, 4TO HanbonbLlUEn ONnacHOCTW MpW noxape noasepralTcs noau, Haxoaswmecs Ha bonee
BbICOKON oOTMeTke. [1oaTomy, Hanpumep, Npu onpegeneHun HeobXxoaAMMOro BpeMEHW 3Bakyauuu noger u3 naprepa
3pUTENbHOrO 3ana C HakMoOHHLIM MOSIOM 3HadyeHue h cregyeT HaxoouTb, OPUEHTUMPYACL Ha Haubonee BbICOKO
pacnonoXeHHble pagbl kpecen. NapameTpbl A U N BBIMUCTIAKOT Tak:

ana cnydyada ropeHuna XnagkocTtu ¢ yCTaHOBI/IBLIJeVICFl CKOpPOCTbIO:

A = ncu x F, n=1,
ya

I'ge IICru - YyIOeJIbHad MaccoBad CKOPOCTb BBII'OpPaHMA XMIKOCTNM, KP/(M2 X C);
v
[N KPYroBoro pacnpocTpaHeHus noxapa:

A = 1,05 x ncu xV , n=3,
ya

roe V - NnnHeHas CKopoCTb pacnpoCTpaHeHus NiiaMeHu, M/c;

ONS BEPTMKanbHOW MIM FOPM3OHTAalNbHOW MOBEPXHOCTU FOPEHNst B BUAE MPSMOYrofibHUKA, O4Ha U3 CTOPOH KOTOPOTo
yBENUYMBAETCA B OBYX HaMpaBfeHUsX 3a CcYeT pacnpoCTpaHeHusi nnameHu (Hampumep, pacnpocTpaHeHWe OrHea B
rOpM30OHTaNbHOM HanpaBeHUn No 3aHaBeCy MOCIe OXBaTa ero ninamMmeHeMm no BCEN BbICOTE):

A = ncu XV X b, n=2,
vo

rae b - meprneHauKyIIpHBIA K HAlTPaBICHUIO JBKEHUS IJIAMEHU pa3Mep 30HBI TOPSHUS, M.
[Ipyi OTCYTCTBUM CIeUMaJIbHEIX TpeBoBaHMM SHaAUueHMs a ¥ E IOpuHMMaKnTCs
paBuemMu 0,3 m 50 JIK COOTBETCTBEHHO, a 3HaueHue 1 = 20 M.
op

IV. MaTemaTnyeckasi ABYX30HHas MoJenb noxapa B 34aHuK
Mpwv pelleHnn 3agay ¢ UCMOSIb30BaHMEM ABYX30HHOM MOAENW NoXap B 34aHWU XapaKTepu3yeTcsl yepeAHEeHHbIMU

no Macce 1 0GbeMy 3Ha4YeHUsIMM NapamMeTPOB 3a4bIMITEHHON 30HbI:
T - Temnepatypa cpefbl B 3aabIMIIEHHON 30HE, K;




MIO - OMTMYeCcKas MAOTHOCTb AbiMa, Hn/Mm;
X - MaccoBad KOHLIEHTPpalumAa i—‘I‘OI‘O TOKCHUUHOTI'O InpooykTa I'OpeHMA B
i
3aIOEIMJIEHHOM 3O0HEe, KI/KT;
X — MacCCOBad KOHLeHTpaluud KMCJIopoIna, KI‘/KI‘,‘
K
Z - BbICOTa HWXKHEW rpaHuLibl cnos asiMa, M.
B cBOWO ouyepedb MepeducrieHHble napamMeTpbl BbIpaXkaloTCA Yepe3 OCHOBHbIE WHTerpanbHble napameTpbl
3abIMIIEHHON 30HbI C MOMOLLILIO crieayoLWwmnx dopMyr:

T
Q = mHTerpanm m x c¢ (T) x dT, (I16.26)
3 0 p
m m
i K
X = --, X = -=, (16.27)
i m K m
S
MO = -—, (116.28)
\
I
\
m I
po = -——, Z=H - -, (116.29)
\Y A
I
Toe m, m - obmas Macca OHMa M COOTBETCTBEHHO 1-T'0 TOKCUYHOI'O MNPOOYKTAa
i
TOpeHrs B 3aIEMJIEHHOM 30He, KI';
m - Macca KucjJopoa B 3aIHMIIEHHOM 30He, KI';
K
Q - sHTaNENMA OPOAYKTOB TOPEHMSA B BaObMIIEHHOM 30He, KIX;
3
S - onTuyeckoe KOJIMUECTBO mOeMa, Ho x M2;
PO - IJIOTHOCTEL MeIMa Npu Tewmrnepatype T, Kr/Mm3;
V - obbeM 3ansMIIEHHOM SOHEl, M3;
i
H, A - BocOoTa M Momanb IOMEUIEHUSA, M;
C - yIOejsbHad TEIJIOEMKOCTL IeMa, KkKIx/ (K x Kr).
p

[nHammnka OCHOBHbIX MHTErpanbHbIX NapaMeTpPOB 3aAbIMIIEHHON 30HbI ONPeAensaeTcs MHTENPUPOBAHNEM CUCTEMDI
cnegyrowmnx 6anaHcoBbIX YPaBHEHWIA:

o6Len Maccbl KOMMNOHEHTOB 3a4bIMIIEHHOW 30HbI C Y4€TOM [biMa, BHOCUMOIO B 30HY KOHBEKTMBHOW KOMOHKOW U
AbiMa, yoansiemMoro Yepes npoemMbl B cOCeaHne NOMELLEHNS !

dm
-—-— =6 -6, (I16.30)

rme t - Tekyllee BpeMsA, C;
G , G - Maccoswll pacxol IOeMa COOTBETCTBEHHO Uepes KOHBEKTMBHYI KOJIOHKY




K I1
M OTKPEHITBEIE IIPOEMELI B IIOMEUEeHUN, KI‘/C,‘

3HTaNbNUA KOMMOHEHTOB 3aAdbIMIIEHHOW 30Hbl C y4eToM Tenmna, BHOCUMOIO B 30HY KOHBEKTMBHOW KOJOHKOW,
Tennootaayn B KOHCTPYKUMKU N YHOCa ObiMa B NMpoeMbl:

dQ
-—-=Q0 -Q -2 (116.31)
dt K 11 KOH

roe Q , Q , Q - TerJjioBad MOIHOCTB, COOTBETCTBEHHO BHOCHUMAas B

K II KOH

SameIMIIEHHY 30HY KOHBEKTMBHOM KOJIOHKOM, yrajideMas C OEIMOM dYepes OTKPBITHE
IpOeMEl ¥ TepseMas B KOHCTPYKUMM, KBT;

MaccChbl Kncrnopoga C y4eToM noTepb Ha OKMUCI1eHne NpoayKTOB NMMPOJin3a roproymx BeecTB:

dm
K
-——-=0,23x (G -zraxnmnmxDL)-x xG, (II16.32)
dt K K K I
3Ta - MOSIHOTA CropaHus roproYero maTepwana, Kr/Kr;
MCK - CKOPOCTb BLIrOPaHUsi roploYero matepuana, Kr/c;
L - rnoTrpeblleHMe KUCJIOPOAa IpPM CTOPaHUM eOMHMLUE MAacCCh TOpoYero

K
Marepuana, KI/KI;

OnTn4eCKoro Kkonn4yecTea gbiMa C y4eToM ,El,bIMOO6p83yI'OLIJ,eﬁ cnocobHOCTY ropsilero matepuvana:

das MIO
--=necmxD-G X --, (I6.33)
dt I Po

rae D - meimoo6pa3yromias crmocoOHOCTh roprodero Marepuana, Hn/(M2 X kr);
MacChl i-ro TOKCHYHOTO TPOYKTa TOPEHHSI.

dm
i
-——=mem X L - x X G, (16.34)
dt i i I
roe L — MaCCOBHMN BEIXOL 1-T70 TOKCUUHOTO InpongykTa I'OpeHMuA, KI‘/KI‘.

1
Macca KOMIIOHEHTOB JeMa G , BHOCUMEIX B SaIbMIIEHHYI B0HY KOHBEKTUBHOM
K

KOJIOHKOM, OllIEHUBAETCs c yyeToM KOJIMUecTBa BO3IOyxXa, BOBJIEKAaeMOI'O B
KOHBEKTHMBHYO KOJIOHKY I10 Bceﬁ ee BBEICOTE oo HI/DKHeﬁ I‘paHMLLbI CJIOA IObIMA . B
VHXEHEPHEIX pacueTax pacxoxn KOMIIOHEHTOB IObpMa depes OCEeCHUMMETPUUHYIO
KOHBEKTHMBHYI KOJIOHKY Ha BECOTE HWXHEIO YPOBHS 3aXbMJIEHHOM 30HHEL Z (B
3aBUCUMOCTHU oT TOTO, kKakasg o06JlaCTh KOHBEKTMBHOM KOJIOHKM UM dakeja
NOTPyXeHa B 3albIMJIEHHYIO 30HY) 3aldaeTcs OJIySMIMPUMUECKOM QOPpMYyJION:

Z 0,566

‘0,011 X Q x (-——-) mis obsacTy dakena
2/5




Q
Z 0,909
G = <0,026 x Q x (-—--) IJIS TepexonHoM o6JacTu (II16.35)
K 2/5
Q
Z 1,895
0,124 x Q x (===—-) njsa obJjlacTy KOJIOHKWU,
2/5
Q

roe Q - MOLLHOCTbL o4ara noxapa, kBT.
[1HaMuka napamMeTpoB ovara noxapa onpeaenserca passuTUeM MnoLiann ropeHns ¢ y4eToM CrOXHOro cocTasa

ropro4mx MaTepuanoB, UX pacronoXeHuda, Mecta BO3HUKHOBEHUSA o4ara noxapa 1 NofiHOTbl CropaHus.

P
Q = sTa X ncu X Q x F(t). (116 .36)

va H
lloTepu Tensa B orpaxiawnime KOHCTPYKLMM PAaCCUMTHIBATCS C YUETOM
TeMIepaTypu TopadYeirn crTpyu T , CKOPOCTM M MBJIYyUATEJIbHOM CIOCOOHOCTU CTPYH,

c
OMEIBAWIEY KOHCTPYKLMM M IpoIpeBa camMoM 1-M KoHCcTpykumm T (y) IO TOJIMHE V.
i

IS ®TOTI'O UMCJIEHHO MHTETIPMPYETCsS HEeCTalMOHAPHOE ypaBHeHue Odypbe:

daT (y) d nambpa (T) x dT (y)

------ = oo X mmmmmmmmmmmm (116.37)

C rpaHU4YHbIMUN N Ha4YarbHbIMW YCIIOBUAMMW.

dT (y)
i
(ambda + ambda ) x (T - T ) = -jmambma x —-—-—-—- ’ (I16.38)
K J c W w dy
y=0
dT (v)
i
(anmbdpa + anpda ) x (T - T (menbra)) = -nambuma(T) x —-—-—-—-—- , (I16.39)
K J 0 i dy
y=mejibTa
T (O,y) =T , 0 <=y <= menbra, (I16.40)
i 0
rme anbba , anbba - COOTBETCTBEHHO KOHBEKTUBHBEIN M JIYUMCTHEIM KO3bOMLMEeHT
K J

Teryioornaum, BT/ (M2 x K);




AenbTa - TOMNWWHa orpaxaatoLent KOHCTPYKLUUK, M;

C(T) - TennoemMKoCTb MaTepuana KoHCTpykuun npu temnepatype T(y), Ox /(kr2 x °K);

nambaa(T) - TennonpoBOAHOCTL MaTepuarna KOHCTpyKuun npu TemnepaTtype T(y), BT/(m x °K);

, T - TeMIepaTrTypa COOTBETCTBEHHO OOOTpeBaeMOM uYaCTU KOHCTPYKLUUM U

w 0
cpensl y HeoborperaeMoM NOBepxHOCTM, K;

PO - NNOTHOCTb MaTepuana KOHCTPYKLWK, KI/M.

TennoBble M MaccoBble MOTOKM Yepes MPOeM B KaXKAbl MOMEHT BPEMEHU PacCUUTLIBAIOTCA C YYETOM TeKyLlero
nepenaga AdaBreHus NO BbICOTE Mpoema, CocTaBa M TemnepaTypbl ra3oBon cpedbl No obe CTOPoHbI Npoema (cxema
pacdeta Ha pwuc. [16.1). Tak, mMaccoBbll pacxoj OblMa M3 MOMELLEHWA ovara noxapa B coceHee MNoMeLleHune
paccynTbiBaeTCs criegyowmm obpasom:

Y
max - ------—-—-—-—-——"—-—-—--"-—--—"—-—-—-—\——-—-
G =B x kcu x mHTerpaia \/2 x po x (P(h) - P (h)) x dh, (M6 .41)
I Y 2

min

roe B - wumpuHa npoema, m;

KCM - aspoanHaMmn4ecknin KoaddbuumMeHT npoema,;

P(h) - P (h) - pazauna maBjeHmull B NMOMEmEHMAX Ha BEICOTE h;
2

PO - TIIOTHOCTH JIbIMA B 33JILIMJICHHOW 30HE COCEIHETO MOMEIICHHS IPH TeMIiepatype abima T.

Puc. 1M6.1. MacconoToku Yepes npoem (He nNpuBoamnTCcs)

[lpenesiel MHTETPUPOBaHMA Y nY BEIOMPAKTCHA B Ipenejlax CTBOopa IIpoeMa,
max min
cJo4a OeIMa IOMEeIeHUA ouara Inoxapa u TaMm, TIOe WU30HTOYHOE IaBJIeHUNE
IOenvTa P = (P(h) - P(h) ) > 0, xak »TO ykKaszsaHO Ha puc. I6.1.
2

Heobxoaumasa Ons oueHkM nepenaga AaBrieHus No CTBOPY MpoeMa 3aBUCUMOCTb [aBMEHUs OT BbICOThbl B i-M
nomMeLLeHum (C y4eTOM 3abIMIIEHHON 30HbI 3TOMO MOMELLEHMS) OLLEHMBAETCH Kak:

P + po x g x h ecau h <= Z
i0 0 i
P (h) =< , (116.42)
i P + po XgXZ +po Xxgxh ecmmh>2Z
i0 0 i i i
roe P - TeKkyllee IaBJIEHMEe B 1-M I[IOMEUEHMM Ha HYJIEBOM OTMETKe (MM
i0
IpMBENEHHOE K HYJIeBOM OTMEeTKe, eCJiM YyPOBEHb I[10Jla [IOMEIEeHMS BHIIe HYJIEBOMU
OTMEeTKMU) ;
PO - IUJIOTHOCTL BO3IOyxa P HadYaJIbHOM TemnepaTrype T ;
0 0
Z - Tekymas BHCOTA HE3aNBMJIEHHOM SOHHE B 1-M IIOMEUEeHUMN .

1
PaccuntaHHble napamMmeTpbl TennomaccoobmeHa B npoemMe UCNoJib3yrTCA KaK rpaHU4YHble yCrnoBuA ONA coceaHero
nomMeLleHun4.

V. lNoneBon meTog MOAENMPOBaHMSA NoXxapa B 34aHnn




OcHoBon ansa noneebix mMogenen NnoXapoB ABMAKTCA YpaBHEHUA, BblpaXakllne 3aKOHbl COXpPaHEeHUA Macchl,
nMmnynbca, 3Heprmm n macc KOMNOHEHTOB B paccMaTpnBaeMOM MalioM KOHTPOJ1IbHOM obbewme.
ypaBHeHMeCOXpaHeHMHIwaCCbH

dpo d
-—= 4+ ——— (po x u ) = 0. (I16.43)
dt dx j

i

YpaBHeHWNe coxXpaHeHUst UMnyribca

-—— (poxu) + -——— (PO XU xXxUu) =—- ——— + —————— + po x g . (I16.44)

[Ons HbIOTOHOBCKUX >XKMOKOCTEN, MOAYMHSIOWMXCA 3akoHy CTOKca, TEH30p BSI3KMX HanpshkeHun onpegensercs
copmyrnom:

du du du
i J 2 k
Tay =mo x (- + -===) - - x MO X --— X @ejbTa . (II16.45)
ij dx dx 3 dx ij
J i k
YpaBHeHWE 3Hepruu:
R
dq
d d dp d mnauboa dh J
-—(po x h) + ——=(po x u x h) = == + ——=(===——- X ===) - ——, (116.46)
dt dx J dt dx C dx dx
i J p 3 ]
T
roe h = h + wmHTerpanm ¢ dT + SUM (Y x H ) - craTruueckas DHTAJILIMSA
0 T p k k k
0
cMecu,
H - mennora obBpasoBaHusa k-TO KOMIIOHEHTA;
k
c =SUMY xc - TEeNnJIOEMKOCTb CMECU IPMY MNOCTOSHHOM IaBJICHUN;
P k Kk P,k
R
gJ - PaIvalMOHHBEIM MOTOK SDHEPIMM B HANpPaBJIEHUU X .
J J
YpaBHeHMe CoXpaHeHNss XMMUYECKOro KOMMOHeHTa K:
dy
d d d k
——(po XY )+ —(poxu XY)=-—(po XDx---) +S . (16.47)

dt k dx ] k dx dx k




J J J

[nsa 3ambikaHnsa cuctembl ypaBHeHun (I16.43) - ([16.47) ncnonb3yeTcsl ypaBHEHNE COCTOSIHUS MAearlbHOro rasa.
[na cmecn rasoB OHO UMeET BUA!

Y
k
p=poXxR XTxSUM --, (116.48)
0 k M
k
roe R — YHUBEpPCaJZibHad I'a30Bad INOCTOAHHAadA;
0
M - momsapHas mMacca k-T0O KOMIIOHEHTA.

k
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